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Introduction
 

Approach 
TropSoils' goal is to develop and adopt improved soil-
management technology that will reduce constraints to 
plant growth; TropSoils also seeks to ensure that this 
technology is agronomically, economically, 6nd ecologi-
cally sound for developing countries in the tropics. The 
research effort, previously partitioned into agroecological 
zones assigned to lead universities, has now been consoli-
dated into two global thrusts: natural-resourcemanage-
ment and sustainableagriculture.A third global thrust, 
outreach, links research networks, training, decisica-
support systems, and communications. The research 
projects described in this report were developed after 
identifying and prioritizing the constraints and research 
problems detailed below. 

Global Thrust 1: Natural-Resource 
Management 
Sustainable development requires the management, 
conservation, and enhancement of those natural resources 
which are most critical to meeting food, fiber, fuel, and 
shelter requirements, as well as to preserving genetic 
diversity and attenuating climatic change. TropSoils 
identifies five constraints to sound management of the 
natural-resource base: 1)land-clearing pressure, 2) 
landscape restrictions, 3) climatic variability, 4) inade-
quate resource information, and 5)production-demand 
pressures. 


Land-Clearing Pressure 
Population growth in the tropics places extreme press"re 
on the soil resources. As farm numbers increase, the soil 
recovery period shortens, and soils rapidly degrade to 
nonproductive levels. Farmers must clear mop. land to 
grow the same amount of food. 

Landscape Restrictions 
The effects of climate pose serious problems to soil 
conservation in the tropics. Even on rolling or gently 
sloping tropical landscapes, wind or water erosion may be 
common. Without reliable information about natural 

processes, it is impossible to formulate sound management 
practices. There are few good baseline studies about 
hydrology and erosion in tropical rainforests. 

Climatic Variability 
In regions where rainfall or temperature are extreme, 
climate can exert an important influence on soil manage
ment. Climate influences the physical, chemical, and 
biological properties of soils, as well as the choice of 
cropping system. The pronounced regional variability of 
rainfall and temperature in the tropics makes climate an 
important consideration in any soil-management system. 

Inadequate Resource Information 
Policies to achieve sustainable agricultural production 
must be based on an adequate technical assessment of 
natural-resource inventories. In many developing coun
tries, these inventories are not available. Almost no 
reliable information exists on how forest conversion 
affects soil dynamics. 

Production-Demand Pressure 
Population growth, accompanied by increased demand for 
food, fiber, fuel, and shelter materials, places extreme 
pressure on the soil resources. Because many countries 
lack a strong industrial base, their economies depend on 
the production and export of agricultural commodities. 
Larger and larger areas must be brought into production to 
meet the demand for food and exports. These two de
mands, while not reversible, can be eased with the 
development of soil-management technologies that 
conserve natural resources while increasing production. 

Global Thrust 2: Sustainable Agricultural 
Production 
TropSoil's concept of sustainable agriculture is consistent 
with the definition proposed by USAID (1990): 

Sustainable agriculture is a management system for 
renewable natural resources that provides food, 
income, and livelihood for present and future genera
tions and that maintains or improves the economic 
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productivity and ecosystem services of these re-
sources. 

The benefits of developing sustainable agriculture include 
reduced tropical deforestation and desertification, in-
creased soil productivity, and increased soil stability. In 
short, sustainable agriculture will enhance the environ-
ment while providing food, fiber, and fuel at affordable 
prices. Tropsoils identifies five constraints to sustainable 
agriculture: 1)soil acidity, 2) nutrient deficiencies and 
losses, 3) soil physical limitations, 4) topographic limita
tions, and 5) water stress. 

Soil Acidity 
Many soils common in the tropics are very acid, low in 
exchangeable bas! s, and high in exchangeable aluminum. 
Soil acidity is also a major constraint in the Sahel. The 
acidity and toxicity in these soils constrain agricultural
production in several ways. Sensitivity of plant species
and cultivars to soil acidity and associated soil problems 
limits crop selection. Phosphorus fixation associated with 
soil acidity reduces the crop's ability to take up nutrients 
and use them efficiently. Because soil acidity is a barrier 
to root development, plants cannot reach moisturc stored 
in acid subsoils. Therefore, water stress is common, and 
crop yields are reduced. Soil acidity and associated 
problems lead to land abandonment and the perpetuation 
of slash-and-burn agriculture in the humid tropics. In the 
semiarid tropics, soil acidity causes uneven growth of food 
crops and contributes to desertification. 

Nutrient Deficiencies and Losses 
Soils of the tropics, in addition to acidity constraints, are 

often low or deficient in one or more primary and secon-

dary nutrients. Low crop yields attributable to poor 

nutrition and accelerating soil degradation are major

contributors to rainforest destruction and land abandon-

ment in the humid tropics, and of desert encroachment in 

the semiarid tropics. 


Soil Physical Limitations 
Soils of the tropics are characteristically highly weathered, 
and because of climate and other natural factors, they vary
in the amount of organic matter they contain. The overuse 
of traditional management systems and heavy implements
often leads to soil physical degradation. Specifically, the 
productivity limitations imposed by improper manage-
ment include the development of subsurface root-restrict-
ing pans in savanna soils; surface hardening; excessive 
water runoff; soil loss by erosion in the humid tropics; and 
crust formation resulting in low water infiltration, runoff, 
and poor moisture harvesting in semiarid regions. The 
consequences of inappropriate management are the 
destruction of rainforests with slash-and-bum clearing, 
land abandonment, and desertification. 
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Topographic Limitations 
Landscape configurations impose special challenges in the 
development of appropriate soil-management technolo
gies. Tropical soils of the steeplands are especially 
vulnerable to degradation as a result of water erosion, 
even in the semiarid tropics. Selection of crops, cultivars,
cropping sequences, and crop mixtures without consider
ing landscape configuration often results in losses of food 
and fuel production capabilities. 

Water Stress 
Moisture stress, natural or imposed, may result from either
excessive or inadequate amounts of water. The conse
quence of water stress is often a loss of crop yield.
Selection of the best ecologically adaptable and socially
acceptable con.,-wations of crop, plant species, cultivars, 
and cropping sequences is a necessary production
management decision tempered by experience, financial 
constraints, and risk assessment. 

Global Thrust 3: Outreach 
Achieving sustainable agriculture and natural-resource
 
conservation requires the effective validation, extrapola
tion, and communicatic-i of scientific information and
 
user-oriented technologies. In the TropSoils approach,

outreach includes those extrapolation, communication,
 
training, networking, and decision-support activities that
 
translate into useful knowledge.
 

TropSoils identifies four constraints to the extrapola
tion and adoption of improved technologies: 1) the
number and diversity of potential users, 2) the site
specificity of soil-management practices, 3) the lack of
 
local expertise and communications channels, and 4) the
 
gap between new information and useable knowledge.
 

Number and Diversity of Potential Users 
People throughout the tropics lack appropriate soil
management technologies. They are diverse in their needs, 
languages, and cultures. Extension and communication 
channels in developing countries are rudimentary; ethnic, 
cultural, and linguistic barriers are common. 

Constraint: Site-Specificity of Management Practices 
To be effective, soil-management practices must accom
modate a range of conditions, including soil chemical and 
physical processes, crop and cultivar, climate and land
scape, and social and economic conditions. While certain 
soil-management problems are common to many sites,
solutions appropriate for one location may be inappropri
ate for another. Recommendations must therefore be 
specific to sites or regions. 



Lack of Local Expertise and Ccmmunication 
Channels 
The sophisticated, broad-based programs of extension and 
education that helped give rise to modem agriculture in 
developed countries are rare in developing countries. The 
lack of trained soil scientists, agronomists, educators, and 
communicators in developing countries impedes the 
transfer and adoption of new agricultural technologies. 

Gap Between New Information and Useable 
Knowledge 
Traditionally, research results become scientific knowl
edge through a lengthy process of consensus-building that 
includes peer review, publishing, public comment, and 
application. In agriculture and natural-resource conserva-
tion, responsibility for interpreting and applying this 
knowledge for practical use has for the most part been 
assigned to highly trained specialists in industry or in 
universi.y extension services. Simply publishing and 
disseminating experimental results to developing countries 
are not in themselves sufficient to achieve the widespread 
adoption of appropriate soil-management technologies. 

Lack of Education, Training, and Research Capability 
A constrai.t to natural-resource management in develop-
ing countries is the lack of trained professionals to 
implement appropriate policies and programs. Research is 
constrained by a lack of trained scientists, by inadequate 
research infrastructures, and by a shortage of financial 
resources. 

Additional Information 
This document details the progress of TropSoils' research 

in each of the three thrusts outlined above. For more infor
mation about administrative matters and opportunites for 
collaboration contact: 

Dr. Roger G. Hanson, Director 
TropSoils Management Entity 
Box 7113 Williams Hall 
North Carolina State University 
Raleigh, NC 27695-7113
 
Phone: (919) 515-3922
 
Fax: (919) 515-3942
 

For more information about publications contact: 

Box 7603 Ricks Hall 
North Carolina State University 
Raleigh, NC 27695-7113
 
Phone: (919) 515-3173
 
Fax: (919) 515-7191
 

For more information about research and education 
programs at one of the universities, contact one of the 
following program coordinators: 

Department of Agronomy 
907 Bradfield Hall
 
Cornell University
 
Ithaca, NY 14853
 

Phone: (607) 255-1729
 
Fax: (607) 255-2644
 

Dr. Goro Uehara
 
Department of Agronomy & Soil Science
 
University of Hawaii
 
Honolulu, HI 96822
 
Phone: (808) 956-6593
 
Fax: (808) 956-3421
 

Dr. T. Jot Smyth
 
Soil Science Department
 
Box 7619, North Carolina State University
 
Raleigh, NC 27650-7619
 
Phone: (919) 515-2838
 
Fax: (919) 515-7422
 

Dr. Tony Juo
 
Department of Soil and Crop Science
 
Texas A&M University
 
College Station, Texas 77843-2474
 
Phone: (409) 845-8841
 
Fax: (409) 845-0456
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Natural-Resource Management
 



Hydraulic Processes in a Steepland
 
Primary Forest: NC-5
 

In the humid tropics, the increased conversion of forests to searchers need benchmark data on hydrologic and erosion 
agroecosystems has caused concerns about environmental processes in an undisturbed forest ecosystem. This study 
quality and land productivity, particularly in steep areas begins an extensive investigation into the suitability of 
subject to erosion. To assess the consequences of such various agroecosystems to maintain productivity and to 
conversions in a quantitative and comparative fashion, re- allay the environmental impact of forest conversion. 
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1.Natural-Resource Management: Hydraulic Processes in a Steepland
 

Approach and Strategy: Y-800 

lelmut Elsenbeer,N.C. State University 
D. Keith Cassel,N.C. State University 

Luis Zafiiga,INIAA, Yurimaguas,Peru 


Objectives 
The objectives of this study are 1) to monitor catchment 
inputs (rainfall and solutes) and outputs (streamflow, 
solutes, and sediments) and 2) to define source areas of 
runoff, sediments, and solutes within the catchment as a 
function of topographic and pedologic conditions, 

Procedures 
A catchment called La Cuenca was selected in a forest 
reserve at the La Esperanza station. The catchment is rep-
resentative of the dissected uplands between the Pichis 
River and the.San Matias Cordillera. Rainfall is measured 
with an automatic recording rain gauge; solute input is 
analyzed in weekly samples collected outside and within 
the forest. Streamflow is monitored at the catchment 
outlet by an automatic water-level recorder; stream water 
is collected on a weekly and a within-event basis and 
analyzed for solutes and sediments. On two topographi
cally different hillslopes, tensiometers, piezometers, 
pressure-vacuum soil water samplers, and runoff-collect
ing devices were installed to monitor water, solute, and 
sediment fluxes. The spatial distribution of the surface 
runoff is defined by a large number of surface-runoff
 
detectors. A system of plankways ensures that human
 
traffic does not distort watershed measurement
 

Summary 
A first-order catchment in the primary rainforest was 
monitored to identify the hillslope's dominant hydrologi
cal processes and to explain them as a function of the pre
vailing environmental controls. The research site is 
located in the Subandean region of the Western Amazon 
Basin (75" 5'W, 10' 13'S) on an old, dissected Ultisol 
surface. 

Three continuous monitoring sites for overland flow,
 
and one for pipeflow, and 72 ovfcrland flow detectors were
 
employed to assess the temporal and spatial frequency of
 
these near-surface flow processes. Overland flow is a
 
common phenomenon: one-third of 187 rainfall events 
evaluated led to a response in at least 50% of the detec
tors. At the continuous monitoring sites, one out of four 
rainfall events in 1987 and 1988 resulted in overland flow 
in a convex upslope position, and three out of four events 
in a straight downslope position. Overland flow was found 
in concentrated-flow lines, many of which were traced to 
pipe outlets on the hillslopes. In the one pipe monitored, 
flow occurred only in the rainy season, and then only in 
response to sustained high-intensity rainfall events. 
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These near-surface hydrological processes were a 
consequence of the interaction between rainfall character
istics on the one hand, and the soil hydraulic conductivity
depth function and its spatial variability on the other hand. 
This interaction was evaluatcd on the basis of nearly 1400 
undisturbed soil cores. A hydraulic discontinuity was 
found at a depth of 0.1 to 0.2 m, corresponding to a 
decrease in Ksat of four to five orders of magnitude
throughout the catchment, except for the sideslopes, where 
the decrease was only two orders of magnitude. The 
medians of the maximum rainfall intensities are smaller 
than the surface Ksat everywhere but on the sideslopes, 
but they exceed the Ksat below a depth of 0.1 m. 

Three overland flow-generating mechanisms can be 
inferred: 1)localized Horton overland flow on steep
sideslopes; 2) saturation overland flow when a temporary 
water table perched where the shallow hydraulic disconti
nuity reaches the soil surface; 3) return flow from soil 
pipes and macropores whose extensive network drains the 
perched water table. 



Soil Hydraulic Conductivity and Land- Procedure 
Ksat was determined by using the constant-head methodscape Position: Y-810A on undisturbed soil cores. These were sampled according 

Helmut Elsenbeer,N.C. State University 
D. Keith Cassel,N.C. State University 
JorgeCastro, INIAA, Yurimaguas,Peru 
Luis Ztaiiga,INIAA, Yurimaguas,Peru 

The complex soilscape at La Cuenca reflects an adjust-
ment to regional fluvial rejuvenation. Soil hydraulic 
conductivity (Ksat) integrates various other soil properties 
which, in turn, are time-dependent. This time dependency 
is expressed as spatial dependency, on the premise that 
different landscape positions have a different histo.y. 
Ksat, then, might vary in a predictable fashion with 
landscape position. 

Objective 
The objective of this study was to compare the Ksat of 
different landscape positions and depths. 

N 2 

to landscape position (Figure 1). Each batch representing 
one combination of depth/landscape position was analyzed 
to decide on the appropriate estimator of location and 
scale. 

Results 
Table I summarizes the dependency of Ksat on depth and 
landscape position. Ksat at a depth of 0 to 0.1 m varied 
considerably among landscape positions. Most striking is 
the low estimate for the steep lower sideslope (B) com
pared to the more gentle upper sideslope (D) and the two 
geomorphologically stable surfaces (C and E). Thie 
estimates for the three stable surfaces were not signifi
cantly different. Although the differences among the 
topographic positions tend to diminish with depth, the 
Ksat-depth functions are distinct. The decrease was 
sharpest on the interfluve (E), comparatively gradual on 
the intermediate terrace (C), and intermediate on the upper 

Scale: 1 0 Valley Floor 0 Pipe Outlet 
Contour interval: 1m \ 9 Stream 0 PermanentSpring 

D 
Sampling Plots 
ForSoil UndisturbedCores 

- 1 Rill 
Concentrated
Flow Line 

P1,2,3: Soil Pits 
B,C,D,E: Slope Units 

Figure 1.The research cachment at La Cuenca. 
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sideslope (D). The decrease in Ksat with depth on the 
lower sideslope (B) was of the same magnitude as that of 
slope-units C and D, but it was restricted to the upper 0.3 
m. 

In absolute terms, the decrease in Ksat with depth was 
very sharp, regardless of landscape position. This finding
is due mainly to the shallowness of the surface layer
affected by biological activity. On the steep lower 
sideslope (B), this activity seems to be even more reduced 
as a result of active surficial processes such as overland 
flow and rill formation. 

Conclusions 
The relationship between soil hydraulic conductivity and 
landscape position is clearly established. The Ksat-depth 

function, in particular, is characteristic for each landscape 
position. 

Implications 
The results support the formulation of hypotheses whose 
testing would require regional sampling (e.g. Pichis 
Valley, lower Pachitea, or Huallaga Basin). 

Validation of the La Cuenca results at the regional
scale would encourage the use of geographical informa
tion in extrapolating site-specific soil information to other 
areas. 

Table 1. Saturated soil hydraulic conductivity as a function of depth and 
landscape position. 

Lower Upper
confidence confidenceSlope unit n Depth limits' Tbl limits 

- m -.: mm/hour
Lower 	 50 0.0-0.1 27 45 71sideslope 	 50 0.1-0.2 0.22 0.40 0.76
(B) 	 50 0.2-0.3 0.054 0.097 0.16
 

10 0.3-0.4 0.047 0.144 0.45
 

Intermediate 	 75 0.0-0.1 375 462 562 
terrace 	 75 0.1-0.2 2.23 3.74 6.19(C) 	 50 0.2-0.3 0.47 0.83 1.48


10 0.3-0.4 0.04 0.10 
 0.26 

Upper 	 75 0.0-0.1 256 334
sideslope 	 75 0.1-0.2 0.58 1.08 

429 
2.12

(D) 	 50 0.2-0.3 0.036 0.054 0.076 
10 0.3-0.4 0.007 0.014 0.025 

Interfluve 	 50 0.0-0.1 413 549 703
(E) 	 50 0.1-0.2 0.11 0.20 0.36

50 0.2-0.3 0.015 0.019 0.024
10 0.3-0.4 0.007 0.015 0.032 

The confidence limits are based on asignificance level of 0.05.
* The location estimates (Tb) are based on Tukey's biweight. 
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Frequency of Overland Flow and 
Pipeflow: Y-810B 

H. Elsenbeer, N.C. State University 
D. K. Cassel,N.C. State University 
Luis Zfiiiga,INIAA, Yurimaguas,Peru 
JorgeCastro, INIAA, Yurimaguas, Peru 

Microtopographic expressions of surficial processes, such 

as rills and gullies, are conspicuous features of the primary 
rainforest soilscape in the Pichis Valley. These features 

suggest that water moves laterally near the soil's surface. 
The almost instantaneous catchment response to rainfall 

events suggests a rapid hydrological pathway, which 
would be consistent with the previous suggestion. 

Objective 
The objective of this study was to assess the spatial and 
temporal frequency of overland flow (OF) and the 
temporal frequency of outflow from one soil pipe (P 

12 -2
 

12~ 


1~~ 

Procedure 
Seventy-two OF detectors were installed throughout the 
catchment to cover all possible configurations of slope 

profile and contour curvature (Figure 1). They were 
checked after a total of 187 rainfall events. For nearly two 

years, the temporal frequency was determined in detail at 

three continuous monitoring sites for OF and one for PF. 

Results
Table 1 summarizes the qualitative assessment of OF oc
curne Overlnalia omnocrenc tempo
currence. Overland flow is a common occurrence tempo
rally as well as spatially. A spatial frequency of at least 
50% in one of three events might be considered wide
spread.However, that term is not to be equated with 
spatially continuous OF in the sense of sheetflow. Table 2 
clarifies the discontinuous nature of OF in this environ

ment. The degree of variability, and thus the discontinuity 
of hillslope flowpaths, is best appreciated by comparing 
the frequencies of detectors 4, 11, 12, and 16 in the left
hand gully. They are located within a few meters of each 

24
 

16502
 

2m__ 

Scale: -4 

Contour interval: m 
___ Valley floor 

Stream 

0 Pipe outlet 

* Permanent spring 

Si, S2, S3: Continous monitoring 
sites of overland flow 

in=]l- Rifl 

Concentrated 
1,2,.... 20: Locations of overland

flow detector 
flow line 

Figure 1. Locations of overland-flow monitoriqg sites and flow detectors. 
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Table 1. Frequency of overland flow, based on 187 however, was attributed mainly to the interception of anstorms between September 1986 and January 1988. active concentrated-flow line. This line could be traced 
upslope for a considerable distance; it was also fed bySpatial frequency Temporal frequency outflow from pipe 6 (Figure 1).

(%of sites) (%of events) Outflow seldom occurred from the continuously
monitored pipe 1.A coaiplete record of rainfall character25 74

50 33 istics of PF-generating events is given in Table 4. Mostsuch events occur in the rainy season, none in the dry
season, and few (ef minor volumetric importance) during
the transition periods. It would be premature to concludeother, and all are in an area of con verging flow. And yet, from this one example that pipeflow rarely occurs, sinceOF occurs 16 times as frequently at one site as at the site a field observations, including the contribution of outflow
few meters away. Similar examples can be found else-
 from pipe 6 to OF at S3, suggest otherwise.

where in the catchment. These findings imply that OF 
occurs in concentrated-flow lines. ConclusionsThe continucas monitoring of OF at sites SI, S2, and Overland flow is a frequent and widespread phenomenonS3 confirms the above results (Table 3). The highest in this primary rainforest. One out of three rainfall eventsfrequency was observed on the lower sideslope at site S2, generated OF at 50% or more of the sites. The temporaland the lowest on the convex upper sideslope at site S1 frequency of OF occurrence at the continuous monitoring(Figure 1). This suggests a topographic control of OF sites varied between 25 and 85% of all rainfall events.generation. The high frequency of OF observed at site S3, 

Table 2. Frequency of overland flow InIndividual detectors. 

Detector Sampling unlt§

no. CLO 
 CL1 CL2 CL3 Gully 1 Gully 2 

Number of storms
1 10 8 22 3 40 23
2 23 8 87 42 37 13
3 2 74 59 35 28
4 81 69 23 1605 141 25 77 1436 281 7 58 103
7 531 35 
 22 40
8 108 15 65 39
9 64 43 81 102

10 57 26 
 6 3611 17 50 
 37 26

12 2 13 15 1013 55 57 6 5314 81 53 
 26

15 
 4 89 22

16 
 8 112 24
17 
 29  38

18 
 - 32
19 25 
20 60 

9CLO: a:ong 1-rn contour line. 
CL: along 4-m contour line.
 
CL2: along 12-m contour line.
 
CL3: along 20-m contour line.
 
Gully 1: in source area of orographically right-side gully.

Gully 2: insource area of orographically left-side gully.


I Incomplete record. 
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Table 3. Frequency of overland flow at three continu- Implications 
ously monitored sites In 1987 and 1988. The widely accepted notion that overland flow does not 

occur in tropical rainforest environments deserves a 
Number of events§ careful revision. The existence of near-surface lateral 

flow, as documented for La Cuenca, has its bearing on 
Site 291 (1987) 270 (1988) sediment and solute transpoit, especially on estimates of 

nutrient recycling.84 71 
II 244 221 
III 150 146 

§Only events with magnitudes > 0.2 mm were considered. 

Table 4. Characteristics of pipeflow-generating events, antecedent soil moisture conditions, 

and total volume of pipeflow. 

Date MAGI 160 130 1 10 hp30 V, 

mm mm/h - (mb) - I

18-04-87 40.0 40.0 60.0 61.2 -31 -19 34 

18-04-87 25.0 16.0 25.6 31.2 - - 66 
05-05-87 37.5 21.2 39.4 60.0 10 13 12 

06-05-87 30.7 24.9 32.4 48.0 -24 -14 40 

28-10-87 47.6 28.0 36.0 60.0 -18 -16 6 

09-11-87 41.6 33.0 37.0 38.4 -20 -11 44 
24-12-87 78.9 49.0 54.0 60.0 -13 -14 
29-12-87 34.2 23.8 49.2 54.0 -22 -20 
30-12-87 83.4 47.0 64.0 78.0 2 12 
13-01-88 68.1 34.8 44.0 48.0 -5 -4 22 
04-02-88 18.6 18.5 33.0 44.4 -28 -23 43 
12-03-88 58.7 34.7 50.0 52.0 -1 -6 202 
20-05-88 40.9 28.2 36.0 42.0 -42 -31 37 
31-05-88 42.7 20.6 24.4 38.4 -15 -11 26 
09-02-89 103.0 33.0 35.0 60.0 - 

12-03-89 49.5 25.0 31.0 48.0 - - 54 
27-03-89 77.2 45.8 70.0 82.8 -

I MAG: rainfall amount; 160, 130, Il0: 60-min, 30-min, 10-min maximum intensities; hP10, h30: soil
 
water matrix potential at depths of 0.1 and 0.3 m; V: total volume.
 
I Total volume exceeds storage capacity of container.
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Descriptive Statistics of Precipitation
Events: Y-810C Procedure 

A tipping-bucket rain gauge was installed in a clearing
H. Elsenbeer,D. K. Cassel, N.C.N.C. StateState UniversityUniversity adjacent to the research catchment; its cutput was recorded continuously with a resolution of 0.1 mm ofL. Ziiga,INIAA, Yurimaguas, Peru rainfall. The following variables were extracted from dailyJ.Castro,INIAA, Yurimaguas, Peru charts for each event: amount (mm), duration (min),antecedent dry period (h), average rainfall intensity, and
Information about rainfall variables in Western Amazonia The rain had to stop for one hour before a new event could 
is very scarce. The few and functioning meteorological begin. Events separated by less than one hour were 

maximum intensities at 60, 30, 20, 15, 10, and 5 minutes. 

constations report only daily rainfall totals. As a consequence, sidered one event. During the study period, 842 events
researchers have little information about such variables as occured.
rainfall intensities. Information of this sort is indispen- occurred. 
sable for the correct interpretation of various hydrological Resultsprocesses. During 2.5 years of continuous operation, a re- Table I summarizes the descriptive statistics on rainfallcording rain gauge at La Cuencahas provided information event variables. Exploratory data analysis suggested thatabotut many rainfall variables. vn aibe.Epoaoydt nlsssgetdtatransforming all variables would promote symmetry;
Objective hence, the means are re-expressed means. Rainfall amountThe objective of this study was provide descriptive (mag) is based on logarithmic transformation. All otherstatistics of precipitation events. cases are based on fourth-root transformation. 

Table 1. Descriptive statistics or rainfall-event variables. 

Variable Mean 0259 Median 075 Max 

mag (mm) 3.2 0.8 3.3 13.2 121.2dur (min) 87 30 8C 190 970
160 6.3 2.3 6.2 14.0 50 
130 7.2 2.2 6.4 17.4 76120 7.3 2.1 7.5 19.8 90
I11(mm/h) 8.8 2.4 8.0 21.6110 929.5 2.4 9.0 24.0 12015 11.5 3.6 10.8 26.4 120Ia 3.0 1.2 2.9 5.6 37.2adp 13 9 13 28 347 

1Q25: 25% quantile; Q75: 75%. 
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Mechanisms of Overland Flow Genera-
tion: Y-810D 

H. Elsenbeer,N.C. State University
D. K. Cassel,N.C. State University 

Three mechanisms of overland flow generation are 
generally distinguished: 1)Horton overland flow, HOF 
(rainfall intensity exceeds infiltration rate); 2) saturation 
overland flow, SOF (rainfall on saturated soil, regardless 
of intensity); and 3) return flow, RF (subsurface flow 
forced to the surface). 

These processes have been classified according to an 
environmental scheme which essentially rules out over-
land flow, generated by whatever mechanism, in the 
humid tropics. Common prejudices concerning the 
permicability of rainforest soils and the effect of the 
rainforest canopy on rainfall intensity may have contrib-
uted to this popular idea. 

Objective 
The objective of this study was to seek a causal explana-
tion of overland flow based on the available information 
about soilscape and rainfall variables. 

Procedure 
Rainfall intensities of various durations were compared 
with soil-satuiated hydraulic conductivity at various 
depths. Soil water-pressure potential was used as a proxy 
for soil moisture to assess antecedent moisture conditionsthroughout the year. Soil water-pressure potential was 

measured at 15 sites and four depths at 24 h intervals for 
two years. 

Results 

Table I shows how frequently, in the tempoi-al and spatial 

sense, selected maximum rainfall intensities exceed soil 
saturated hydraulic conductivity (Ksat) at four depths. For 
HOF to occur, rainfall intensity must exceed surface Ksat. 
The results for soil depth 0 to 0.1 m show that HOF may 
occur at least in a localized fashion. For example, Table I 

reveals that 50% of all rainfall events evaluated have a 30
minute mZ:,.mum intensity, which exceeds the Ksat of 
13% for all undisturbed samples from that depth interval. 

Table I also suggests that surface saturation, and thus 
SOF, may be achieved as a consequence of a perchedwater table: the spatial frequency with which rainfall 

intensity exceeds Ksot increases drastically at the shallow 
depth of 0.1 to 0.2 m. This postulated perched water table 
forms solely as a consequence of the ratio of rainfall 
intensity to Ksat at this depth increment, regardless of 
preceding moisture conditions. 

Figure 1 summarizes the seasonal changes in sail 
water-pressure potential at 0.1,0.3, 0.6, and 0.9 in, based 
on the median of 15 observations per depth. Except for a 
two-month period during the dry season, the soil profile is 
at near-saturation regardless of depth. It is therefore 
conceivable that complete surface saturation is achieved 
rapidly during the early stage of an event. As a conse
quence, surface saturation, and thus SOF, may occur as a 
result of the permanently high antecedent soil moisture 
conditions on account of frequent rainfall and/or the inter
action of rainfall intensity and Ksat-depth function. In 
practice, intensity and frequency cannot be separated. 
Field evidence points to a dense network of pipes and 

100 
0 

0 

-1 o . 

2 -300 
.200 ., 

°11 

-500 -o.3 m , .i 
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-600 "0.9 m ' 

-700 
-800 ,
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Figure 1. Soil water-pressure potential versus time at 
four soil depths. 

Table 1. Comparison of soil saturated hydraulic conductivitles and maximum rainfall Intensities. 

Soil depth 160- 130 115 
quartiles: 25 50 75 25 50 75 25 50 75 

-m- Exceedance probability 
0-0.1 15 13 9 16 13 9 16 13 9 
0.1-0.2 56 49 39 60 49 38 63 54 39 
0.2-0.3 71 59 55 76 61 55 80 63 55 
0.3-0.4 93 89 85 93 89 81 93 89 85 

15
 



1.Natural-Resource Management: Hydraulic Processes in a Steepland
 

macropores associated with the surface soil, here defined 
by the 0- to 0.1-m depth interval. This network may drain 
a perched water table, which forms in Y'esponse to a 
precipitation event, before it reaches the soil surface, 
Overland flow, in tle form of RF, is generated where pipe
and macropore outlets of this network occur on the 
hilislopes. The close association of pipe outlets with 
concentrated-flow lines observed in the field and the 
results from pipeflow monitoring support this interpreta-
tion. 

Conclusions 
The environmental controls at La Cuenca account for any 
of the above-mentioned mechanisms (i.e. they are poten-
tial pathways). The actual mechanism may change from 

event to event and, furthermore, from place to place
within the catchment during the same event. Both the 
interaction between rainfall intensity and Ksat, and the 
prevailing antecedent soil moisture conditions favor 
saturation overland flow as the generating mechanism. 
Retum flov from pipe and macropore outlets appears to 
be an equally important mechanism. 

Implications 
The results are at variance with the common environ
mental classification of the mechanisms that generate
overland flow. The results suggest a redefinition of these 
mechanisms on the basis of the controlling soilscape and 
meteorological variables. 
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Soil Physical Properties: CU-108
 

Physical characteristics of medium- and fine-textured 
Cerrado Oxisols generally have been considered excellent 
for mechanized agriculture because of the very stable but 
weakly coherent microaggregate structure. Hovever, 
evidence is mounting that deleterious soil physical 
conditions are developing in areas subjected to continuous 
annual cropping. In some fields in the Sao Gotardo region 
of Minas Gerais State, a decade of intensive cultivation 
has resulted in the formation of an extremely hard 
compacted layer 10 to 15 cm deep. Shallow rooting of the 
predominant crop in this region, soybeans, has been 
attributed to increased soil strength, reduced macropo-
rosity, and poor aeration rather than to aluminum toxicity 
or low nutrient status of the subsoil. As a consequence of 
the shallow rooting of annual crops, the relatively costly 
investments in lime and fertilizer in Cerrado soils may not 
be utilized to maximum extent. Tillage pans reduce water 
capture from the frequently brief, intense storms, thus 

limiting replenishment of subsoil moisture. Reduced 
infiltration and increased runoff associated with subsoil 
compaction increase the severity of erosion under these 
circumstances. 

Several factors are suspected of contributing to the 
formation of compacted layers in Cerrado soils. Normal 
farm traffic with heavy tractors and harvesters contributes 
to wheel-track packing, while the traditional practice of 
soil tillage with heavy disk harrows is almost certainly a 
major aggravating factor. Once compacted, Cerrado soils 
may have no natural correction mechanisms since there 
are no cycles of shrink and swell or freeze and thaw. The 
presence of tree roots in cleared Cerrado soils has discour
aged any form of deep tillage in the initial years of 
cultivation. Also, because many of the region's farms are 
cash-grain operations with no cattle, there is almost no use 
of crop rotation or grass legume leys-either of which 
would help maintain soil physical properties. 
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Characterization of Structure Stability
and Root-Restricting Pans in Cerrado 
Soils 

EricR. Stoner, CornellUniversity 

MlurrayB. McBride, CornellUniversity
Jose Da Silva, CPACEMBRAPA 

Dimas Resek, CPACIEMBRAPA 


Eliasde Freitas,CPACIEMBRAPA 

Objectives 
The objectives of this study are 1)to diagnose soil and 
management conditions that result in the development ofroot-restricting zones in Cerrado soils subjected to 
continuous annual cropping, 2) to determine the effects ofcropin, 
root-restricting zones on soil water dynamics in the field 
and the resulting implications for crop yields and soil 
erosion, and 3) to identify management practices that limit 
the formation of root-restricting zones. 

contnuos anua2 todetrmin th efect of 

Procedure 
Laboratory, greenhouse, and field studies will be con-
ducted to assess the interactions between soil bulk density,water content, matric potential and mechanical imped-
ance, and the effects of these interactions on root growth 
in Cerrado Oxisols. Mineralogical and micromorphologi-
cal work on these soils will be conducted at Cornell to aid 
in the interpretation of results. The studies will be coordi-
nated with similar work on U.S. soils being conducted at 
Cornell University. 

Soil-management factors responsible for the formation 
of root-restricting zones will be evaluated and, if possible, 
ranked in order of importance. The effects of different 
tillage operations and traffic patterns at various levels ofsoil moisture will be studied. Paired comparisons betweenb 

virgin soils and adjacent fields that have been cultivated 


soilmoiturstdie.wilParedcomarionsbeteen 

different periods ofo time will be made to assessforfor ifferent eidedchnes iewilberude ogascultivation-induced changes in soil structure, organic-
matter content, chemical properties, and clay migration in 
the soil profile. 

The effects of tillage and traffic pans on the field soil 
water regime and resulting crop yields will be evaluated. 
Factors to be considered are rainfall runoff, infiltration 
adrdstributonsidrot grwhrandallren iniratnand redistribution, root growth and corresponding watrextraction patterns, and the onset of water stress in plants. 

Results 
Controlled growth chamber studies indicate that the highclay (80% clay content), Red-Yellow Latosol (Typic 
Acrustox) is susceptible to compaction. Soil mechanical
impedance as measured by cone penetrometer was theb 
single parameter best correlated with root length density
of soybeans (r = -0.9 14). This is encouraging because the 
penetrometer is easy to read in the field compared with 

imne ameaurd coe pettedwithrot wgthey 

bulk density and aggregate stability measurements. A 
threshold level representing 70% of the maximum root 
length density for soybean (cultivar IAC 8)was attained at 
a mechanical impedance of 1.6 MPa. Precise characteriza
tion of root-impeding layers is necessary to understand the 
influence of mechanical resistance on root growth. Withthe difficulty of measuring total root length density in the 
field, certain anatomical signs of root response to com

pacted conditions serve as diagnostic tools for evaluating 
root penetration and radial expansion for comparison with 
micromorphological evidence of soil structural degrada
tion. 

To verify root growth restriction in the field, bulk andundisturbed soil samples were collected in soybean fieldsi h eea ititwt ichro ilg itreain the Federal District with disc-harrow tillage histories, aswell as from adjacent native savanna vegetation sites. Soil 
wer e peace d the 7- to5-cm laer 

her ecical ipeae was he t n claed 
soils. Soil chemical status would not be expected to 

represent a barrier to soybean root penetration in these 
corrected soils (Table 1). At the time of soybean flower
ing, roots were sampled at 1-m intervals in 10 m of two 
adjoining rows after measuring penetration resistance with 
a penetrograph, 5 cm to either side of each plant.A Root Deformation Index (RDI) was formulated to
 
qualify morphological evidence of lateral deviation,
 
constriction, and thinning of the axial soybean root. RDI
 
values of 0 to 1 represent unimpeded root development,
 

values of to 2 3 inicatedseasodallompate
 
cdion es oo stinetate wen moiste
 
conditions exist (roots still penetrate when moisture
 
conditions are optimum), and RDI values of 4 to 5 signal
 
high-strength soil layers. Index levels are as follows:
 

i-tretical axaroo develpme wt ovi
dencetalainror dvieningi
dence of strangulation or thinning;
RDI-1, axial root with slight deflection from vertical
 

but nstalation orthinig;

btosrnuaino hnigRDI-2, axial root with 90-degree deflection but still nosign of strangulation or thinning; 

Rf ai r thipdeo i r 
RDI-3, axial root with multiple deflections in corkscrew fashion as root seeks path of least resistance, but 

still no strangulation or thinning; 
RDI-4, vertical axial root development, but with 

defined strangulation point, root thickening and fissuringabove this point and marked thinning beneath it indicatingrestricted radial root expansion; and 

RDI-5, axial root with 180-degree deflection with
defined strangulation point and marked thinning.In a field cultivated for 17 years (Fazenda Verda), highmechanical impedance (0.9 MPa) was encountered under 
fieldcap ahe tml sallw epofthefield capacity at the extremely shallow depth of 5 cm, thepoint of first lateral deviation in the axial root. Root 
growth terminated at 16.5 cm length at a resistance of 1.6 
MPa. Fifty-two percent of the roots were severely de
formed (RDI-4-5). 
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Micromorphological analysis of the cultivated soils of thin sections show that movement of dispensable clay 
showed more evidence of structural degradation, rounding into microaggregates effectively clogs pore space, causes 
of aggregates, partial coalescence of primary particles, pore discontinuities, and causes smearing of clay particles 
and packing of the ultrafine granular structure with by disc surface contact at the interface between the 
pseudo-silt granules than was present in native soils. This loosened soil layer and the hardened soil itself. 
finding strengthens the hypothesis thit root growth is Field sampling of soybean root deformation, along with 
obstructed by physical clogging of soil macropores. Thin penetrometer measurements taken in January 1989, has 
section studies corroborate laboratory-measured reduction further confirmed the relationship between high soil 
in macroporosity and aggregate size distribution (Table 2). mechanical impedance and root growth. An index has 
Structural degradation and consequent root impedance is been developed to describe the extent of root deformation 
evident in the midst of the pulverized layer of traditional in morphological terms related to simple lateral deviation, 
disc tillage, and not immediately beneath the zone of tool multiple deviations, strangulation and thickening, and 
engagement as might be expected. cessation of axial root development. 

Conclusions Implications 
On-farm sampling of soil physical and chemical properties A major area of emphasis of the TropSoils Acid Savanna 
in a field with a long-term history (16 years) of monocul- program is increasing the use of biologically fixed 
ture soybean cultivation and primary tillage only with disc nitrogen in organic residues for sustained crop production 
harrows revealed a surprisingly shallow zone of root and maintenance of soil productivity. Production systems 
restriction. In spite of relatively low bulk densities, at utilizing legume green-manure crops, which may be 
times not exceeding 1.05 Mg/m3, mechanical resistance, developed as part of this program, are likely to help 
permeability, and macroporosity are severely altered in alleviate some of the effects of mechanical impedance for 
the shallow 7- to 15-cm layer. High aluminum saturation, succeeding crops. Management techniques to avoid 
low pH, low Ca, Mg, and P content (comparable to native serious soil compaction must be an integral part of any 
soils) just below this hardened layer at a depth of 15 cm system for sustained crop production and maintenance of 
confirm the lack of effective tillage below this depth. soil productivity. Understanding soil-management 
Growth-chamber studies at CPAC have confirmed severe interactions leading to soil compaction in Cerrado soils 
root restrictions under conditions found in these fields. should help identify the best management techniques. 

Aggregate stability tests show the 0- to 15-cm soil layer Management practices developed under this project should 
to be highly altered compared to soils in the native state or have wide applicability to many other soil conditions, 
even to fields with reduced disc-harrow tillage. Analyses including those found in U.S. agriculture. 

Table 1. Chemical properties of the 7- to 15-cm layer Innative soil and at Fazenda Vereda. 

Site pH Al Ca Ca + Mg P K O.M. 

Native 5.4 0.68 0.12 0.40 0.4 29 3.37
 

Vereda 5.1 0.56 0.90 1.22 4.0 13 3.13
 

Table 2. Physical properties of tho 7- to 15-cm layer In native soil and at Fazenda Vereda. 

Bulk Penetr. - Aggregates 
Site density resist. Permeab. Poros. Macropor. 2mm 1mm 0.5 mm 

Native 0.88 0.4 425.1 66.0 24.9 82 8 6 

Vereda 1.05 1.5 17.2 59.3 17.3 32 18 21 
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Land Resources Characterization and
 
Evaluation in the
 

Semiarid Tropics: TAMU-406
 

Most soil resources in semiarid Africa are highly fragile, 
droughty, and commonly exhibit chemical toxicities or 
nutrient deficiencies. Soil and climatic constraints pose 
the major limitations to agricultural development. Soil 
physical, chemical, and mineralogical conditions control 
soil/water/fertility interactions, which in turn are closely 
interlinked to topography/geomorphology/hydrology. 

A knowledge of soil resources is fundamental for 
selection and operation of target sites for research design, 
interpretation of research results, and technology transfer. 
Soil resource inventories and characterization databases 
serve as the only meaningful basis for linkage among 
IARCs, NARS and specific TropSoils target research sites. 
Further, such research is necessary to determine which of 
the various technology packages, research innovations, 
and farmer experiences can appropriately be transferred 
among soil regions of the tropics. Principles of soil 
management are universal, but applications are site-
specific and depend on soil resource knowledge. This 
project continues with the characterization of research 
sites. Representative soils from N'Dounga, Kala Pate, and 

Chikal Institut National de la Recherche Agronomique du 
Niger (INRAN) centers have been already described in 
previous reports (sec TropSoils TechnicalReport, 1986
1987, p. 349). 

Most of the grain production in sub-Saharan Africa is 
on sandy and loamy Ustalfs, Ustults, and Psamments. 
Major constraints of these soils are low water-holding 
capacity, restrictive subsurface layers (plinthite iron pans 
and laterite), weak structural stability (soil compaction 
and surface crusting), infertility (low organic-matter 
content, low cation-exchange capacity, few weatherable 
minerals, and low available P and N contents), soil acidity 
(Al and Mn toxicities), and susceptibility to wind and 
water erosion. Vertisols, while not extensive in Niger or 
Mali, are extensive in semiarid tropics. Potential produc
tivity of Vertisols is high, but management is extremely 
difficult under traditional technology because of the high 
energy demands and unique soil-water interactions that 
result in a narrow soil-moisture workability range and 
highly critical timing of operations, particularly under 
low-input farming systems. 
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1.Natural-Resource Management: Land Resources Characterization
 

Characterization of Research Sites in 
Niger and the Interactive Effect of Rainfall 
and Soils in Three Agroecological Zones 
A.Manu,Texas A&M University
S.C.Geiger, Texas A&M University 
B.Idrissa,INRAN 

S.Moussa, INRAN 

The intricate relationship between climate and soils can be 

a major determinant in the agricultural development of 
any given region. It is a well-documented fact that 
different cropping systems are possible under the same 
climatic regimes because of differences in soil types. It is
thus imperative to establish baseline conditions for soils 
and climate for better comprehension and analysis of 

reserese tes hTyeleda,Three research sites have been established in three 
different rainfall zones in Niger (Figure 1). These sites 
will allow scientists to observe the effect of soil and 
climatic interactions on crop growth, which will lead to 
better extension and adaptation of new managementtechnologies to areas with similar climate and soil 
tcloito swith s ali

combinations within the Sahel. 

Objectives 
The objectives of this study were 1) to undertake physico-
chemical characterization of the three Tropoils' research 
sites of western Niger; 2) to obtain climatic baseline data 

NIGER 

at the sites; and 3)to evaluate the effect of soil-water 
interaction on millet production at each site. 

Procedures 
Two pedons were characterized and sampled at eachresearch site. Field observations were made of horizona
tion, color, texture, consistence, and structure. Samples
taken to the laboratory were analyzed for the following: 

texture, pH, cation-exchange capacity (CEC), exchange
able bases, total nitrogen, organic carbon, available P, and 
exchangeable acidity. Rainfall was monitored using
 
nonrecording rain gauges.
 

Results 
Soils 
Soil textures at Malgorou and Ounditan were loamy sands 
and sands, respectively, throughout the entire profile. At 

a sandy topsoil graded into a loamy sand subsoil(Table 1). Average clay contents for Malgorou, Tyeleda,
and Ounditan were 10, 9, and 5%, respectively. At 
Malgorou, fine sands constituted the dominant sand 
fraction, while coarser sands dominated the sand fraction 
at Ounditan. However, almost equal proportions of finea udtn oeeams qa rprin ffn
 
and coarse sands were obtained at Tyeleda (Table 1).The soils at each site were acidic throughout the 

profiles. Only two horizons (out of seven) at Tyeledacontained any measurable amounts of exchangeable Al.However, exchangeable Al occurred in all horizons at 
both Ounditan and Malgorou. 

Algeria Libya 

"NigerW 

100 km 

/ \ " 9 Malgorou 

Figure 1. Location of three TropSolls' experimental sites. 

22
 



Available Phosphorus
(ppm)

Cation-Exchange Capacity 
(cmOlc /Kg) 

1.0 2.0 3.0 4.0 5.0 5 10 15 20 

40- 40

. 80- 80
80 -Malgorou I _ Malgorou 

O . Tyeleda oTyeleda 
-- o Ounditan
 

120- o-.oOunditan 120

160 160
 

Figure 2. Depth of distribution of cation-exchange Figure 3. Depth of distribution of available phosphorus. 
capacity. 

Table 1. Selected physical and chemical data of soils at Malgorou, Tyeleda, and Ounditan. 

pH Exch. Base Tot. Tot. 
Horizon Depth H20 Sand Clay P CEC Al sat. C N 

cm - % - ppm - cmol/kg -- % 

Malgorou (Typic Kanhaplustults) 

Al 0-9 5.8 84.9 4.0 3.17 2.18 0.12 36 0.23 0.026 
A2 9-22 5.0 84.5 9.1 1.6 3.34 0.74 16 0.21 0.026 
Btl 22-37 5.1 81.9 12.0 1.1 3.73 0.66 25 0.16 0.021 
Bt2 37-65 5.2 81.7 11.5 0.5 3.35 0.46 25 0.10 0.015 
Bt3 65-87 5.4 81.8 10.2 0.9 2.99 0.46 18 0.00 0.000 
BC1 87-109 5.2 80.3 10.6 0.5 2.87 0.47 26 0.00 0.000 
BC2 109-135 5.1 81.3 10.7 0.5 2.94 0.32 30 0.00 0.000 

Tyeleda (Typic Kanhaplustalfs) 

Ap 0-14 6.2 93.0 2.8 15.3 2.30 0.00 97 0.26 0.016 
Btl 14-27 5.9 92.5 4.1 16.0 2.10 0.00 91 0.19 0.015 
Bt2 27-47 5.4 91.4 5.0 16.4 2.2 0.00 91 0.14 0.012 
Bt3 47-68 6.1 86.4 9.5 17.3 3.9 0.00 67 0.13 0.015 
Bt4 68-93 6.3 82.2 12.8 6.3 4.4 0.00 64 0.00 0.000 
8t5 93-120 6.2 84.5 12.7 3.7 3.8 0.00 69 0.00 0.000 
Bt6 120-153 6.4 85.0 11.9 2.8 3.1 0.00 78 0.00 0.000 

Ounditan (Typic Kanhaplustalfs) 

Al 0-14 5.9 95.2 2.6 3.4 1.6 0.00 61 0.22 0.008 
A2 14-28 5.5 94.5 3.8 3.8 1.9 0.11 47 0.20 0.007 
Btl 28-46 5.3 91.4 6.2 3.7 2.6 0.39 33 0.20 0.009 
Bt2 46-73 5.0 90.0 7.5 1.9 2.6 0.72 24 0.14 0.009 
Bt3 73-103 5.0 91.5 6.7 1.7 2.7 0.64 30 0.00 0.000 
Bt4 103-129 5.0 91.8 5.9 1.2 2.8 0.27 40 0.00 0.000 
Bt5 129-150 5.2 92.2 5.3 1.1 2.6 0.17 38 0.00 0.000 
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1.Natural-Resource Management: Land Resources Characterization
 

Soil fertility was generally low at all sites, as indicated Interaction between Rainfall and Soil Properties on 
by the low CEC values of the A and Btl horizons of each Millet Yields
profile (Figure 2). Cation-exchange capacities appeared to General yield results of the experimental sites and other 
be controlled by the clay fraction, with organic carbon on-farm field trials demonstrated the interactive effect of
playing only a minor role (Table 2). While base satura- rainfall and soil properties on millet yields. Available P 
tions were less than 35% throughout the profiles at (Bray 1) was used to assess soil fertility, as it has been 
Malgorou, high-percentage base saturations were obtained documented that P is probably the most limiting nutrient 
at both Tyeleda and Ounditan (Table 1). At all sites, Ca to millet production in the Sahel. Available P contents
 
was the dominant exchangeable cation, 
 were low at Malgorou and Ounditan. At Malgorou, this 

Organic carbon contents were very low in all soils reading could be related to increased quantities of ex
(Table 1), and no significant differences between sites 
were observed. Barely measurable amounts of total N Table 2. Regression relationships relating soil CEC to 
were obtained, which was probably a consequence of low the soil clay and organic carbon fraction (n = 14).
organic-carbon contents. Available P was low at Malgorou 

2
and Ounditan. However, unusually high amounts of Site Relationship r 
available P were obtained at the Tyeleda site (Figure 3). In 
terms of depth distribution, P at the surface was generally Malgorou CEC = 0.35 +0.3 Clay 0.65"" 
higher, possibly as an effect of nutrient recycling from CEC = 0.24 + 1.59 Organic carbon 0.01 ns 
crop plants and animal manure. While there was a sharp
decline in available P with depth at Malgorou, both Tyeleda CEC = 1.21 +0.18 Clay 0.66"'"
Tyeleda and Ounditan soils contained considerable CEC =3.27 - 4.75 Organic carbon 0.23 ns 
amounts of available P in the subsoil. 

Free Fe oxides were found in all pedons (Table 1). Ounditan CEC = 0.94 + 0.27 Clay 0.86"'"
Depth distribution of the Fe oxides followed the distribu- CEC = 2.51 - 1.76 Organic carbon 0.17 ns 
tion of the soil's clay fraction, which could indicate the 
presence of Fe oxide coatings around clay particle,. = r2 significant at P=0.0001. 

ns = r2 nonsignificant at P = 0.05. 
Amount and Distribution of Rainfall 
Rainfall distribution for 1987 at the three sites is shown in Table 3. Cumulative rainfall for each of the three
Figure 4. Malgorou, the southernmost site, received the TropSolls experimental sites for 1987, 1988, and 1989. 
highest rainfall (550 mm), followed by Tyeleda (320 mm),
and Ounditan (210 mm). Although distribution of rainfall Cumulative rainfall
 
during the growing season was excellent, all three sites
 
received below-average rainfall in 1987 (Table 3). 
 *N Rainfall
 

In 1988 (Figure 5), three early rains occurred well Site latitude zone§ 1987 1988 1989
 
before the growing season at Malgorou. If the cumulative
 
rainfall curve was adjusted to remove this rainfall, (which 
 mm 
most likely did not contribute to seed germination or Malgorou 12'10' 600-700 550 696 769 
seedling establishment due to loss by evaporation), Tyeleda 13'12' 400-500 320 501 615
Tyeleda actually received a greater amount of "available" Ounditan 13'50' 250-300 210 406 439 
rainfall for the first 70 days of the cropping season than 
did Malgorou. Ounditan, the northerrrmost site, received a 0Mean annual rainfall for the last 20 years. 
greater or equal amount as Malgorou for the first 50 days
of the growing season. However, 1988 proved to be an Table 4. Biomass yield of HKP millet variety In 1988
excellent year in terms of the amount and distribution of and 1989 with the addition of N and P fertilizers at the 
rainfall at all sites. three TropSolls experimental sites. 

Total rainfall during 1989 was 769 mm, 615 mm, and 
439 mm for Malgorou, Tyeleda, and Ounditan, respec- Site 1988 1989 
tively. The distributions presented in Figure 6 show three 
distinctive dry spells during the season. An early season kg/ha
drought had an adverse effect on germination and seedling Malgorou 2250 1429 
establishment. Rainfall was also scarce for a considerable Tyeleda 4153 2143
length of time between the tillering and flowering stages. Ounditan 2178 696 
For Tyeleda and Ounditan, there was also a drought spell 
toward the end of the growing season. 
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changeable Al and free iron oxides that fix both native and 2) Rainfall was not a limiting factor at any of the three 
applied phosphorus. At Ounditan, the sandy parent sites in 1988. 
material of low nutrient reserves could account for the low 3) Although higher amounts of rainfall fell in 1989 than 
P levels. However, unusually high levels of P were in 1988 at all three sites, of poor rainfall distribution in 
obtained at Tyeleda. 1989 resulted in consistently lower yields. This suggests 

Grain yields in Tyeleda were adversely affected by bird that distribution of rainfall during the season is as impor
damage both in 1988 and 1989. Hence, biomass was used tant as the absolute amounts in influencing millet produc
as a yield parameter at all three sites (Table 4). Adequate tion. 
rainfall coupled with generally better fertility status of 4)Strong soil-rainfall interaction was obtained in both 
soils at Tyeleda promoted considerable millet yields. The years. Millet yields were higher on lower rainfall areas 
highest yields were obtained at this site, although Mal- with high soil fertility, provided that the minimum 
gorou had the highest rainfall. It is interesting to note that moisture requirement was met. 
yields at Ounditan and Malgorou were practically similar Malgorou 
in 1988, although the latter received 58% more rainfall /than the former. This finding reinforces the importance of 

the fertility-water interaction: in a year with adequate 
rainfall, the northern, more-fertile soils benefit from /00 Tyaleda 
increased rains and become as productive as the soils in 
the high-rainfall southern zone. E OundltanE 400.Considerable influence of rainfall distribution on millet 
yields was observed at all sites. Increased rainfall (abso
lute amounts) in 1989 compared to 1988 did not translate ._o. 
into increased millet yields due to erratic distribution 0 
(Figure 6). Three drought episodes that occurred at very /zoo 

critical stages during the zh of millet had an adverse 
,00effect on millet productio... 

Conclusions 1 0 80 ;0 0 2 20 40 260 2610
I0 0 1 0 140 Julian Day

1)Soils of the three TropSoils sites of western Niger are 


generally sandy and have inherently low nutrient status.
 

Tyeleda soils have high levels of available P in both the Figure 5. Cumulative rainfall for 1988.
 
topsoil and subsoils.
 

70oo. Malgorou 

Wo- Malgorou 
700. 

Tyeleda 
...............
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Figure 4. Cumulative rainfall for 1987. Figure 6. Cumulative rainfall for 1989. 
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Classification and Characterization of 

Research Sites inMali 


M. Doumbia, Texas A&M University 
L. P. Wilding, Texas A&M University 
L. R. lossner,Texas A&M University 

The soil variability problem at Cinzana Station has 
developed into a special sorghum (Sorghum bicolor [L.] 
Moench) problem in sandy soils. However, no study has 
been conducted to describe and classify problem soils at 
the Cinzana Station according to the U.S. soil taxonomy 
system. This project focused only on a study site used for 
a research in defining the causes of poor early sorghum
growth (TAMU-407). 

Objective 
The objective of this study was to classify one of the 
sandy soils displaying poor early sorghum growth at the 
Cinzana Station. 

Procedures 
Two pits (B and C) were dug at the site. Aprofile descrip-
tion was made in each pit. Soil samples were taken prom 
each horizon for analysis (duplicate determination), 

Laboratory determinations on soil samples included 
particle-size distribution, pH, exchangeable basic cations, 
organic matter content and clay mineralogy. In addition 
the sand fraction was separated into very coarse (2.0 to 1.0 
mm), coarse (1.0 mm to 0.5 mm), medium (0.50 to 0.25 
mm), fine (0.25 to 0.10 mm), and very fine (0.10 to 0.005 
mm) components. Calcium-feldspar and K-feldspar were 
also determined in the silt and sand fractions. Then soils 

were classified according to the U.S. soil taxonomy 
system. 

Results 
The soil parent material is an colian sand over loamy
fluvial sediments. The geology of this soil is as follows:Surface deposits are a sequence of sandy materials that 

cover ironstone caps, which, in turn, cover loamy Miocene 
(possibly as young as Eocene) deposits called the Conti
nental Terminal. 

Profile B represented the major soil of the research 
plot. Its plinthite horizon had a very high penetration 
resistance. This plinthite horizon restricted water move
ment and root growth. Profile C was shallow to plinthite,
which was maximum in 50 to 77 cm. This profile had live 
termites in pit faces and termite chambers (1 to 4 cm in 
diameter). Both profile B and C had an argillic horizon. 

The mineralogy of profiles B and C is generally 
similar. Quartz was the major mineral of both sand and silt 
fractions, while kaolinite was the dominant clay mineral. 
A small amount of K-feldspars was found in the sand 
fraction. K-feldspars, kaolinite, and muscovite were 
contained in minor quantities in the silt fracmon. The clay
fraction contained muscovite, albite, and quartz as 
secondary minerals. The mineralogy of each profile did 
not change with depth, but there were small variations in 
the proportion of these minerals. 

The Fertility Capability Classification (FCC) for both 
profiles was defined as SLdeh. Classification for profile B 
was sandy, mixed, isohyperthermic Grossarenic Paleu
stalfs. Profile C was classified as sandy, mixed, isohyper
thermic Plinthic Paleustalfs. 

Table 5. Soil classification and characterization, Profile B: particle size distribution. 

Particle size distribution 

Sand 

Textural v.coarse coarse medium fine v.fine total Silt ClayDepth Horizon class (2.0-1.0) (1.0-.5) (.5-.25) (.25-.1) (.1-.05) (2.0-.05) (.5-.002) (<.002) 

cm % 
0-14 Apl L.sand§ 1.2 10.7 25.6 25.8 19.1 82.4 13.7 3.914-43 Ap2 L.sand 1.0 12.5 25.5 25.5 20.5 85.0 10.9 4.143-57 Btl L.sand 1.8 8.7 27.8 22.4 24.5 85.2 9.9 4.9

57-73 Bt2 L.sand 1.3 10.6 28.1 22.8 22.2 85.0 9.3 5.773-85 Bt3 L.sand 1.3 10.8 26.0 26.8 19.6 84.5 9.5 6.0
85-102 Bvl L.sand 1.0 10.9 28.1 18.9 16.0 84.9 8.1 7.0102-125 Bv2 L.sand 0.9 16.1 28.1 29.8 10.1 85.0 7.1 7.9125-160 Bv3 L.sand 1.0 16.7 27.3 25.9 12.5 83.4 5.1 11.5 

§L = loamy. 
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Data on particle size distribution and selected chemical while the profile C was a sandy, mixed, isohyperthermic 
properties of profile B (major soil of the research plot) are Plinthic Paleustalf. 
given in Tables 5 and 6. 

Conclusions 
The major soil of the research plot (profile B) was a 
sandy, mixed, isohyperthermic Grossarenic Paleustalf 

Table 6. Soil classification and characterization, Profile B: selected -oll chemical properties. 

Diagnostic Organic pH - NH4OAc-extractable bases -
Depth Horizon Horizon C (H20,1:2) Ca Mg K Na Al + H ECEC 

cm % cmol/kg 
0-14 
1A-43 

Apil 
Ap2 

Ochric 
Ochric 

0.14 
0.17 

5.85 
5.56 

0.56 
0.53 

0.13 
0.13 

0.10 
0.09 

0.01 
0.01 

0.08 
0.08 

0.88 
0.84 

43-57 Btl Argillic 0.16 5.40 0.58 0.11 0.08 0.01 0.05 0.83 
57-'3 Bt2 Argillic 0.19 5.44 0.63 0.16 0.12 0.01 0.10 1.02 
73-85 Bt3 Argillic 0.10 5.64 0.56 0.16 0.09 0.01 0.10 0.92 
85-102 Bvl Argillic 0.10 4.93 0.52 0.18 1.09 1.01 0.20 1.00 

102--125 Bv2 Argillic 0.11 5.23 0.50 0.18 0.09 0.02 0.15 0.94 
125-160 Bv3 Argillic 0.13 4.87 0.16 0.16 0.09 0.01 0.35 1.07 

167-169 Bv C.D.§ 0.08 4.84 0.63 0.44 0.09 0.01 0.35 1.52 

§Critical depth (125 cm below the upper boundary of the argillic horizon) for base saturation. 
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1.Natural-Resource Management: Land Resources Characterization 

Dynamics of Soil-Moisture Movement and are rather general and do not accomodate variations in soil
Chemical Characteristics of Sandy characteristics. The present study proposes that land-
Toposequences of Niger characterization methods based on such factors as available soil moisture, plant mineral reserves, base status, and 

M. Quattara,Texas A&M University erosion hazards. Land units may exhibit edaphic charac-
L. P. Wilding, Texas A&M University teristics requiring specific management, such as fertilization, varying plant densities, and type or variety of crops,

and should, therefore, be dealt with separately by research 
In the western part of Niger (Tillabery, Dosso, and Tahoua and extension. 
departments), most dryland agriculture occurs on the adetnindepatmets),mosdryandagrcultre ccur ontheThe hypothesis of this study was that soil characteris
slopes of dry valley systems separated by flat ironstone- Ticimpotnt pto tugrowth s cidtphshrs
cappd pateus.Theubsratm o thesois i farlytics important to plant growth such as acidity, phosphoruscapped plateaus. The substratum of the soils is fairly fixation, and moisture regime are a function of landscape 

sediments of sandy and loamy Continental Terminal position on the sandy valley toposequences of West Niger. 
deposits overlain by colian sand presumably derived from Objectives
these sediments. Mineral reserves in these soils are low. The objectives of this study were 1)to determine physical,
The soils are acidic, they crust on the surface, and they chemical, and mineralogical characteristics of the soil and
often have a low water-holding capacity. to classify soils along the toposequences; 2) to determine

It has been long recognized that soils developed on soil moisture regimes as a function of position on theslopes are systematically variable bodies, both vertically toposequence; and to assess the variability of selected
and horizontally, and that they are linked by transfer physical and chemical characteristics of soils as a function
mechanisms, sometimes over long distances. It is only of position on the toposequence.
recently that these implications have begun to receive due 
attention in terms of their consequences for soil manage- Procedures 
ment. Relationship between landscape position and soil charac-

In western Niger, soil characteristics important to crop teristics (moisture regime, phosphorus-fixing capacity, andproduction, such as moisture content, plant-available acidity) were investigated on two toposequences of
nutrients, and base status, may also be linked to position western Niger (Figure 7). The toposequences studied
in the landscape. Technologies offered to farmers in Niger overlie the Continental Terminal geologic deposits and 
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Figure 7. Map of Niger showing Isohylets for mean and annual rainfall
(mm) (adapted from Sivakumar et al n.d.) and location of the experimental
sites. 
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have different mean annual rainfall (Hamdallaye, 550 cultivation by farmers), and absence of incised drainage 
mm; Malgorou, 750 mm). 

One toposequence was selected in each of the sites by 
using aerial photographs at a scale of 1/60,000, topo-
graphic maps, and a rapid field survey. The criteria used 
for selecting the toposequences were geology (clayey 
sandstone of "Moyen Niger" or "ancient erg"), slope 
aspect and slope length (representative of valley systems 
in the landscape), land use (toposequences mostly under 

Landscape Unit Jnit1 Unit 2 Unit 3 

Length 87m 496m lOOm 

50 m 

~2000 m 

ironstone 

____Continental Terminal 
material 

cJ Eollan sand 

ways that traverse the toposequence and drastically 
modify the moisture regime. 

The toposequence at Hamdallaye was se>-cted first 
(Figure 8); the toposequence at Malgorou (Figure 9) was 
selected to approximate the length (2 km) and the aspect 
(SW-facing, azimuth 230') of the Hamdallaye site. 

The initial survey was conducted along a transecL 
extending from the top of the plateau to the valley floor, 

Unit 4 Unit 5 

725m 540m 

ADSI 

, P1 Pedon I 

Figure 8.Schematic diagram of the Hamadallaye toposequence. 

Landscape Unit Unit 1 Unit 2 Unit 31 

Length 550 m 1200 m 80 

40 rm[ 

2000 m 

Sontinental Terminal 
residumA 

Sand ADS1 

M Continental Terminal Ironstone * P1 Pedon I 

Figure 9. Schematic diagram of the Maigorou toposequence. 
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1. Natural-Resource Management: Land Resources Characterization 

with observations every 100 to 200 meters. On each with landscape position at Hamdallaye. At Malgorou, antoposequence, seven Areas of Detailed Study (ADS) were increase in P sorption was observed for the upper segmentinitiated at 300-m intervals from the edge of the plateau to of the toposequence corresponding to a major portion ofthe valley floo (Figure 8 and 9). Each ADS consisted of the backslope position. At both sites, P sorption as
a square 70 m by 70 m. A nonrecording rain gauge was 
 estimated by SPR increased over 2.5-fold from surfaceplaced one meter above the ground in the center of each 
ADS. 	

horizons to the upper Bt horizons. At Hamdallaye, the 
SPR values appear to be highly correlated with clayIn addition to routine characterization data, soil content, exchangeable acidity, exchangeable Al, Bray P,measurements included soil moisture retention, soil and organic carbon; at Malgorou, values were correlatedmoisture content throughout the year, phosphorus availa- with clay content, exchangeable acidity, exchangeable Al,bility and retention, and clay mineralogy. 	 Al saturation, and free iron. Erosion and soil management 

Results Table 7. Classification of the soils of the HamdallayeAt the Hamdallaye toposequence, soils are formed on a and Malgorou toposequences by the U.S. (Soil Taxondeep-colian sand mantle (2- to 5-m thick) covering the omy) and French (CPCS) classifications.
valley slope; they were classified as Aridic Alfic Quartzip
samments, Aridic (Rhodic) Kandiustalfs (Table 7), and ClassificationPsammentic Kandiustalfs. Characteristics common to allthe toposequence members are low clay content (3 to 6% Pedon LP Soii Taxonomy CPCSin the epipedon, 6 to 12% in the subsoils), low organic
matter content (organic carbon is less than 0.2% for all Hamdaliayesoils), and low effective cation exchange capacity 1 Upper Aridic Al Ic Sol(ECEC)-generally less than I cmol(+)/kg. The soils of backslope Quartzipsamment, 	 ferrugineuxthe Hamdallaye toposequence are moderately to strongly sandy, siliceous, Tropical, peuacid. 

isohyperthermic lessiv6At the Malgorou toposequence, soils, except those of
the footslope position, are formed dominantly on Conti-
 2 Mid- Aridic (Rhodic) Solnental Terminal residuum and have limited contributions backslope Kandiustailf, ferrugineuxof eolian sand to the surface; these soils are generally isohyperthermic lessiv6
shallow (less than 0.5 m to 2 m deep) and increase in
gravel content with depth, toward the lower end of the 3 Footslope Psammentic Sol
backslope position, they are often associated with an
ironstone outcrop. Soils of the footslope position, on the Kandiustalf, ferrugineuxother hand, are formed on a wind-reworked, fluvial 
riverine levee. They are deep (> 2 m) and do not contain	 

sandy, siliceous, Tropical, peu 

gravels. 
Malgorou

The Malgorou toposequence members have claycontents that vary from 7 to 18% on the surface and from 1 Upper Aridic (Rhodic) Sol
13 to 34% in the subsoil; in both surface and subsurface backslope Kandlustalf, ferrugineux
horizons, their clay contents are 2 to 5 times higher than 
 fine loamy, Tropical,
those of the Hamdallaye toposequence. All soils of the siliceous, lessiv6Malgorou toposequence have low organic-matter contents isohyperthermic
and low ECEC. Their base saturation is generally 50 to 85 2 Lower Aridic (Rhodic)percent in the epipedon, and 34 to 75 percent in the Bt 	

Sol 
backslope Kanhaplustalf, ferrugineuxhorizons; the Al saturation varies from 10 to 36% in fine loamy, Tropical,surface horizons and 19 to 57% in subsoils. The soils are siliceous, lessiv6,classified as Rhodic Kanhaplustalfs, Rhodic and Typic isohyperthermic indur6

Kandiustalfs (Table 7).
The standard P requirements (SPR), defined as the 3 Footslope Typicamount of phosphorus retained by soil at 0.2 g P/cm 3 	 Sal 

Kandiustalf, ferrugineuxequilibrium solution concentration, was low for both coarse loamy, Tropical, peutoposequences, although P retention was much higher for isohyperthermic hydromorphiethe Malgorou toposequence than the Hamdallaye topose- c hromorphiequence (Table 8). No trend in P sorption was observed 0 procondeur
3 Landscape position. 
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also control P behavior in these soils by influencing the 
determinant properties identified above. 

Soil moisture, monitored from June 1988 to May 1989, 
was strongly dependent on rainfall at both Hamdallaye 
and Malgorou. Due to their higher clay content, soils on 
the Malgorou toposequence have cumulative water 
retention difference values more than twice as high as 
those of the Hamdallaye toposequence. There was no 
simple relationship between soil moisture availability and 
topographic position at either toposequence; main factors 
controlling moisture availability of soils were surface 
texture, surface degradation (sealing and crusting), and 
evapotranspiration. 

Soils on ADS4 and ADS5 positions of the Malgorou 
toposequence were particularly crusted and sealed, and 
they had moisture deficits even during the rainy season. At 
Hamdallaye, Soil Taxonomy placements of soil moisture 
regimes are Ustic; even though soils at Malgorou are ip a 
zone of higher mean annual rainfall, they are marginally 
Ustic to Aridic because of impeded surface infiltration and 
high water demand by plants. 

At Hamdallaye, soil characteristics important to plant 
growth are controlled by factors such as surface degrada-
tion, management, and vegetative cover, rather than 
position on the toposequence. At Malgorou, surface 
degradation, management, and vegetative cover are also 
important factors controlling soil characteristics important 
to plant growth; however, characteristics that influence 
production, such as phosphorus retention, varied along 
segments of the toposequence. Soil texture and soil depth 
are also closely related to landscape position at Malgorou. 
Characteristics important to plant growth are thus related 
to landscape position at Malgorou. 

Soils at the Hamdallaye toposequence have been highly 
degraded through cultivation and by wind and water 
erosion. Conservation practices, including wind breaks, 
agroforestry, and the incorporation of manure and crop 
residue, are highly desirable for reversing the trend in 
degradation of the soil resources of the area and for 
restoring soil fertility. Low application rates of P fertilizer 
will be necessary on these soils. Split applications of other 
fertilizers should be used because the soils are very sandy. 
Water conservation practices and water erosion control are 
particularly needed in the upper portion of the topose
quence. 

At the Malgorou toposequence, soils are very sensitive 
to clearing of the vegetative cover and to cultivation 
because of their loamy texture and their high susceptibility 
to crusting. Once degraded, these soils develop character
istics unfavorable to plant growth, such as low moisture 
reserve due to impeded surface water infiltration, rela

tively important P-fixation capacity, and crusting, which is 
detrimental to seedling emergence. Management of these 
soils should include soil- and water-conservation practices 

to protect the topsoil from water erosion, increase infiltra
tion rates, and control soil crusting. The phosphorus 
requirement of the soils will depend on surface texture and 
the extent of surface degradation; topographic position 
may be used to predict the P-fixing capacity of these soils. 
Effects of soil acidity on both natural and cultivated 
systems and the effect of burning as a regenerative or 
degradational practice should be further investigated at 
Malgorou. 

Although trends in soil characteristics along the 
toposequences have not always been observed, the soil 
landscape approach is still a useful approach to land 
evaluation. This is particularly true in the Malgorou area, 
where soil texture, depth of soil, P-fixing capacity, and 
moisture are related to landscape position on specific 
segments of the toposequence; at Malgorou, landscape 
variation is also taken into account by local farmers when 
managing their land. 

Table 8. Standard P requirement (SPR) values (In og P/ 
g soil) at ADS's positions for Hamdallaye and Mal
gorou. 

0-20 cm 40-60 cm 
Position (Ap) (Bt) 
Position_(Ap)_(Bt)_R _ 

Hamdallaya 

ADS1 22.6 61.4 2.7 
ADS2 13.5 34.6 2.6 
ADS3 45.6 84.2 1.8 
ADS4 16.4 56.7 3.5 
ADS5 24.4 61.7 2.5 
ADS6 22.7 55.0 2.4 
ADS7 15.1 52.0 3.4 

mean 22.9 57.9 2.5 

Malgorou 
ADS1 45.0 87.9 2.0 
ADS2 44.2 198.0 4.5 
ADS3 62.4 224.2 3.6 
ADS4 75.5 248.5 3.3 

ADS5 141.7 344.4 2.4 

ADS6 34.3 104.5 3.0 
ADS7 59.3 57.2 1.0 

mean 66.1 180.7 2.7 

v R Isthe ratio of he 0- to 20-m to 40- to 60-r SPR 
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Phosphorus Status of Selected Millet- The sandy texture and the consequent low inherent
Producing West African Soils fertility of the majority of soils in this region result in a 

strong yield response of crops with the use of fertilizers or 
A. Manu, Texas A&M University organic amendments. Phosphorus has been shown to be
A. Bationo, ICRISAT/IFDC one of the most limiting nutrients to millet growth in the
S. C. Geiger, Texas A&M University Sahel. However, further work to improve the fertility 

status of these soils should be preceded by an understand-
The West African subregion produces 74% of the total ing of the chemical interactions influencing nutrient 
millet (Pennisetumglaucum (L.) R. Br.) grown in Africa availability.
 
and 28% worldwide, making it an important millet-pro
ducing area. The majority of this production occurs in the Objectives

Sahelian and Sudanian ecological zones, where annual The objectives of this study were 1) to survey the nutrientrainfall averages between 200 to 1200 mm/yr and poten- status of selected millet-producing soils of the West
tial evapotranspiration (PET) can range from 220 to 1200 African subregion and 2) to examine the factors influenc
mm/yr. ing phosphorus sorption and availability. 

Table 9. Chemical and physical soil properties. 

-pH - Total ExchangeableLocation H20 KCI OC N Clay Ca Mg K Na Acidity ECEC 

Physical Properties % ppm % cmol/kg 

1 Makalondi 6.8 5.5 0.36 177 1.2 0.60 0.33 0.020.25 0.07
7.1 6.3 2.94 1160 7.3 9.14 2.16 0.13 

1.262 Fada 0.04 0.11 12.573 Bittou 6.8 6.1 0.72 181 2.7 2.25 0.88 0.60 0.03 0.09 6.824 Tenkodogo 6.0 4.8 0.72 192 3.0 1.55 0.73 0.15 0.06 0.08 2.57
5 Pya 6.5 5.0 0.72 226 5.1 1.53 0.83 0.07 0.04 0.07 2.54
6 Dapaong 6.4 5.8 0.51 219 1.7 0.90 0.43 0.12 0.200.04 1.687 a Bambey 6.4 4.5 0.23 87 1.3 0.59 0.36 0.03 0.03 0.13 1.147 b Bambey 6.6 5.2 0.26 93 1.0 0.89 0.57 0.04 0.03 0.05 1.588 a Sinkou c 6.0 4.7 0.75 333 9.0 1.58 0.72 0.29 0.06 0.10 2.758 b Sinkou f 6.5 5.5 0.95 336 5.5 2.42 0.87 0.22 0.04 0.06 3.609 a Gaya c 5.8 4.3 0.52 226 3.9 1.15 0.42 0.06 0.04 0.20 1.879 b Gaya c 5.7 4.2 0.56 235 4.0 1.03 0.38 0.06 0.05 0.22 1.739 c Gaya f 5.9 4.7 0.84 298 4.7 1.98 0.63 0.12 0.04 0.08 2.859 d Gayaf 6.3 5.4 0.69 189 2.9 1.14 0.30 0.16 0.02 0.07 1.6910 Gobery 5.7 4.2 0.32 103 1.5 0.23 0.12 0.05 0.03 0.21 0.6411 Tara 5.6 4.1 0.45 197 3.1 0.47 0.27 0.10 0.02 0.39 1.2012 Navrongo 6.2 5.1 0.94 225 1.3 1.84 0.63 0.09 0.03 0.07 2.6613a Sadore f 5.7 4.3 0.42 123 1.3 0.37 0.23 0.08 0.02 0.22 0.9113b Sadore c 6.0 4.8 0.34 163 1.8 0.44 0.33 0.16 0.070.02 1.0113c Sadore c 5.2 4.1 0.22 74 1.0 0.15 0.08 0.06 0.02 0.23 0.5414 Daoura 6.1 5.4 0.39 128 1.1 0.83 0.50 0.06 0.02 0.07 1.4815 Samaru 6.0 4.9 0.96 299 5.3 1.77 0.94 0.33 0.02 0.10 3.1416 Bakura 5.6 4.3 0.80 243 11.7 3.32 1.41 0.15 0.04 0.23 5.1517 Funtua 7.6 6.8 2.76 1180 4.4 16.45 2.07 0.41 0.05 0.23 9.2018 Bembereke 7.0 6.4 2.17 701 4.4 4.13 0.32 0.060.05 0.14 4.7019 Kandl 6.6 5.8 1.10 251 3.7 2.67 0.13 0.16 0.04 0.08 3.0820 Sotuba 6.2 4.9 0.48 142 3.0 1.49 0.13 0.16 0.05 0.06 1.8921 Bamako 5.6 4.3 0.64 194 6.0 1.86 0.09 0.15 0.09 0.19 2.3622 Cinzana 5.3 4.0 0.41 178 3.2 0.93 0.07 0.09 0.06 0.45 1.5923 Zinder 6.7 5.3 0.08 31 0.530.7 0.02 0.06 0.05 0.06 0.7124 Yeda 6.7 5.5 0.15 69 1.0 0.98 0.08 0.07 0.06 0.05 1.23 

mean 6.2 5.0 0.75 266 3. .10 0.55 0.18 0.140.04 3.10 
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Procedures Results 
Thirty-one surface (0 to 20 cm) soil samples were ran- Fertility Parameters 
domly selected from six West African countries for this Data on soil chemical and physical properties are pre
study. Air-dried soils were analyzed for texture, pH, sented in Table 9. All soils were sandy to sandy loam in 
exchangeable Al and total acidity, exchangeable bases, texture. Clay contents ranged from 0.7 to 11.7%, with an 
and organic carbon. Total and available P, as well as P- average of 3.5%. 
sorption characteristics, were also determined. 

Table 9.(continued) 

Dithionite Oxalate 
Bray Total 

Location BS Alsat Al Fe Fe Al P P b Pe*t 

% % mg/kg
 

Chemical soil properties 

1 Makalondl 94.84 0.00 312 4500 247 171 3.7 51 46.08 12.3 
2 Fada 99.16 0.00 1455 14400 1025 663 15.8 237 141.32 22.8 
3 Bittou 98.68 0.00 312 3400 539 202 6.9 71 77.32 19.9 
4 
5 
6 
7 , 
7 b 
8 a 

Tenkodogo 
Pya 
Dapaong 
Bambey 
Bambey 
Sinkou c 

96.88 
97.23 
87.88 
88.59 
96.82 
96.36 

0.00 
0.00 
1.12 
0.00 
0.00 
0.00 

581 
2509 
738 
289 
289 

1971 

5900 
25100 
9300 
2100 
2100 

18600 

69 
150 
42 

256 
236 

184 
337 
229 
192 
233 

5.6 
1.0 
4.1 
3.1 
4.1 
9.1 

64 
87 
82 
89 
77 

180 

82.34 
94.91 
52.04 
52.78 
48.10 

130.68 

23.1 
28.2 
14.4 
17.2 
28.2 
33.8 

8 b Sinkou f 98.33 0.00 1657 18900 669 430 6.7 135 123.72 15.6 
9 a Gaya c 89.11 1.00 670 8400 445 257 3.2 96 101.00 20.8 
9 b Gaya c 87.53 0.00 626 6800 4.3 109 91.12 23.3 
9 c Gayaf 97.19 0.00 693 8200 616 450 1.7 114 104.88 25.9 
9 d 

10 
Gaya f 
Gobery 

95.84 
61.71 

0.00 
10.99 

1141 
513 

19200 
7500 

694 
214 

247 
157 

5.9 
2.0 

191 
73 

101.00 
61.37 

30.7 
25.0 

11 Tara 58.06 10.04 850 14100 550 481 3.3 129 129.20 27.7 
12 
13 a 

Navrongo 
Sadore f 

97.55 
76.24 

0.00 
2.20 

648 
469 

7300 
6000 

500 
225 

184 
148 

4.5 
2.8 

73 
68 

66.69 
55.31 

14.9 
15.8 

13 b Sadore c 93.06 0.00 312 5600 297 275 8.5 85 51.51 12.4 
13 c Sadore c 57.00 9.34 357 6300 198 112 6.9 68 51.67 15.9 
14 Daoura 95.25 0.00 132 1500 323 130 4.6 41 28.76 10.5 
15 Samaru 96.94 0.00 1007 7500 878 502 9.6 132 130.43 26.1 
16 Bakura 95.52 0.00 1253 10200 2225 761 1.4 112 192.61 56.8 
17 Funtua 98.80 0.00 1007 8600 1116 654 30.3 349 253.08 11.6 
18 Bembereke 97.10 0.00 1388 14600 1138 595 7.9 160 155.35 38.6 
19 Kandi 97.39 0.00 693 7000 385 295 3.2 101 78.11 20.5 
20 Sotuba 36.82 0.00 670 7800 321 336 1.7 87 93.06 23.2 
21 Bamako 92.14 0.42 895 8800 822 502 12.3 149 137.39 33.6 
22 Cinzana 71.92 14.51 895 8800 507 502 11.1 124 133.77 39.2 
23 Zinder 92.25 0.00 155 2900 111 49 1.9 43 27.80 11.0 
24 Yeda 95.93 0.00 110 1700 214 147 2.4 25 30.15 11.8 

mean 88.33 1.60 79 8810 599 325 6.1 109 94.30 22.9 

f fallow in year preceding sampling. 
c = cultivated inyear preceding sampling. 
OC = organic carbon. 
A= Al saturation. 
BS = base saturation. 
b = P sorption maximum. 
P*, = P external requirement (mg P/kg). 
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These soils exhibited a wide range of pH, from a 
slightly acid (pH 5.2) to a high value of pH 7.6. However, 
only one soil had a pH higher than 7.2. While percent Al 
saturation ranged to 14.51 cmol/kg, four out of the 31 soils
(31%) had any measurable amount of exchangeable Al. 

General nutrient status of these soils was low, as 
expressed through low levels of organic matter, total 
nitrogen, and effective CEC. The interrelationships 
bctween these fertility-related variables are listed in Table 
10. Native levels of organic carbon (although very slight) 
were highly correlated with total nitrogen (r = 0.97***),
which indicated that crop production within these systems,
where N fertilizers are not used to any great extent, is 
most likely dependent on the maintenance of soil organic
matter. Organic carbon was also highly correlated with 

ECEC (r = 0.87***), which iidicated that soil organic 

matter might be a more dominant influence on soil CEC 

than the soil clay fraction. 

Native Phosphorus Status 
The amount of total P in these soils ranged from 25 to 349 
mg/kg. Available P ranged to 30 mg/kg in some of these 
soils, indicating that P is most likely not a limiting factor 
for millet growth in some soils in this region (Table 9).
However, 87% of these soils had available P values of less 
than 10 mg/kg, and 58% had available P values of less 
than 5 mg/kg. With none of these soils having a history of 
phosphorus fertilization, the available P parameter could 
represent a background level for agricultural soils of this 
region. The low contents of the P parameters may be 
related to several factors, including the following:

1)Parent materials, which are mainly composed of 
eolian sands deposited on the continental terminal; and 

2) Low levels of organic phosphorus, which are a con-
sequence of both low levels of organic matter accumula-
tion under the environmental conditions found in the
semiarid tropics and a lack of nutrient recycling, where 
biomass, as well as grain, is generally removed from the 
field to be used for animal feed or traditional village 
industries. 

Phosphorus-sorption Characteristics 
Uptake of phosphorus by growing crops is affected by
total P levels in the soil and the interaction of total P with 
constituents of the soil matrix. 

To gain a greater appreciation of the dynamics of P 
within these soil systems, P-sorption characteristics were 
determined. The P external requirement, which is the 
critical level of P in the soi! solution needed to obtain 95% 
of maximum yield, was also determined using the P
sorption data. A value of 0.2 g P/ml has been observed as 
the P external requirement for millet when grown in pots
in an Ultisol. This value was used as a reference level 
within this document for the calculation of the P external 
requirement. 

A large range of P-sorption maxima was obtained on 
these soils (Table 9). Soils of this region can be consid
ered as having relatively low P-sorption capacities 
compared to the Ultisols and Oxisols found in more humid 
tropical regions. The low P-sorption capacity is also
reflected in the low range of the P external requirement.

Total P was highly correlated with organic matter and 
the poorly crystalline Al phase (as measured by oxalate 
extraction), and to a lesser extent with clay, poorly
crystalline Fe, and the free Al- and Fe- oxide phases
(citrate-dithionite extraction) (Table 11). 

Phosphorus-adsorption maxima were most highly
correlated with organic matter, clay, and poorly crystalline
Al and Fe phases. The interrelationships between clay and 
poorly crystalline Al and Fe phases appear to control not 
only P availability, but also the potential reactivity of P 
(as measured by the adsorption maxima). 

The relationships between organic matter, clay, and 
poorly crystalline Al and Fe are presented in Table 12. 
These models indicated that poorly crystalline Al and Fe 
are highly associated with the clay fraction occurring in 
these soils. 

Bray-I P was most highly correlated with organic 
matter and poorly crystalline Al, but no significant
correlation was obtained with the free Al and Fe phases. 

Table 10. Simple correlations (r) between selected soil fertility para
meters and average annual rainfall (n =31). 

Organic
Ca ECEC matter Total N Clay Rainfall 

pH KCI 
Ca 
ECEC 
Organic matter 

.62- .64"' 
.98-

.65"" 
.88-
.86"" 
.97"' 

.62"' 

.92"'" 
.91-
.46"" 

-.02 
.36-
.40"' 
.42" 

.25" 

.31"" 

.36" 

Total N .44"'" .34"" 
Clay .40"" 

* and ***indicate significance at the .05 and .0005 levels, respectively. 
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Table 11. Simple correlations (r) relating selected 
soil properties, P sorption, and availability Indices (n = 
31). 

Total P Bray-1 P b Pext 

Organic matter .81", .71 .71 .12 
Clay .52- .24" .75"" .71 

Oxalate: 
Al .73"" .51 .91"" .64-
Fe .48"" .24 .75"'" .69"" 

Dithionite: 
Al .52"'" .21 .60"" .50"" 

Fe .48- .11 .49"" .42-
P parameters: 

total P .83"" .85- .24 
Bray 1P .66"" -.06 
b .55"" 

* and ***indicate significance at the .05 and .0005 levels, 

respectively, 
b = P -adsorptionmaximum. 
P.X = P external requirement. 

Table 12. Stepwlse multiple regression models 
describing relationships between organic matter, clay, 
and poorly crystalline Al and Fe (n = 29). 

2r

Poorly crystalline Al: 
Al = 184 + 185 organic matter .45" 
AI = 105 + 67 clay .72" 
Al = 79 + 92 organic matter +54 clay .80" 

Poorly crystalline Fe: 
Fe = 340 + 340 organic matter .24"' 
Fe 45 + 168 clay .78"'" 
Fe = 27 + 63 organic matter + 160 clay .80"" 

Poorly crystalline Al + Fe: 
Al + Fe = 534 + 520 organic matter .33"" 
Al + Fe = 166 +234 clay .84"'" 
Al + Fe = 123 + 154 organic matter + 211 clay .86"" 

indicates significance at the .0005 level. 

Conclusions 
The results of this study indicate that millet-growing soils 
of the semiarid tropical region of West Africa can be 
described by the following characteristics:1) sandy to 
sandy loam textures in the surface horizon; 2) low levels 
of clay and organic matter resulting in low effective CEC, 
where organic matter contributes to CEC to a greater 
extent than clay; 3)asmall percentage of soils containing 
any appreciable amount of exchangeable Al; 4) low levels 
of native soil P; 5) relatively low P-sorption capacity; 6) 
P-sorption and availability parameters controlled 
by Al and Fe oxides, organic matter, and clay soil 
fractions. 

The management of these soils for increased millet 
production will generally require the addition of low to 
moderate amounts of phosphorus. The application of 
urganic materials (i.e., crop residues, manures) will have a 
beoeficial effect on the retention and availability of 
nutrients. Sustainable agricultural production will most 
likely necessitate the use of low-level application of 

residues, manures, or fertilizers with lime, as these poorly 
buffered soil systems become depleted. 
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Structural Restoration in Vertisols under
Pastures 

R. Puentes,Texas A&M UniversityL. P. Wilding, Texas A&M University 

Productivity of Vertisols is closely correlated with the 
evolution of their structure. Porosity is the best guide to
structural status. Structural degradation under cultivation 
is mainly due to 1) tillage and traffic, 2) changes in soil 
moisture regime, and 3) altered biotic activity. The 
dynamic nature 	of soil structure in Vertisols could 
enhance its ability for recovery once disturbance from 
cultivation ceases. 

Ot" ctives 
The objectives of this study were 1) to develop and test 
procedures for evaluation and quantification of soil 
macroporosity 	in Vertisols (microfabric analysis coupled 
with image-processing techniques) and 2) to analyze
changes in porosity and pedality that characterize a 
structural recovery process associated with a shift in land 
use from continuous cultivation to pastures. 

Procedures 
Three sites were selected at the USDA Research Station at 
Riesel, Texas. Soil at site HC-50 was a Udic Chromustert; 
at sites HB-25 and HB-15, soils were Udic Pellusterts. 
Each site consisted of homogeneous soils and topography, 
but with contrasting long-term, land-management systems: 
cultivated fields and regenerated pastures located a few 
meters apart. The cultivated treatments have been under 
continuous annual crops for at least 50 years. The pasture 
treatments consisted of permanent, regenerated pastures
from 15 to 50 years old. 

Image analysis (IA) of high-contrast negatives of 
polished blocks was advantageous in terms of time and 
labor requirements. Pore identification was facilitated with 
a UV dye included in the impregnating mixture. A high 

correlation (r = 0.8) was observed between porosity 
measurements 	by fully automated and manual IA systems.
Fully automated systems are particularly appropriate for 
total macroporosity determinations. Some of their automatic features, 	however, cannot be used for objectspecific measurements such as pore orientation. 

Results 
Regenerated pastures exhibited drastic changes in pedality
and porosity. Topsoils with weakly expressed structures 
became self-mulched; porosity patterns, which are very
simple under continuous cropping, became more diversi
fied, with abundant tubular voids, vesicles, vughs, and 
chambers. The transition between topsoil and the com
pacted subsoil was abrupt under continuous cropping and 
much more gradual under pastures. Compacted layers and 
plow pans disappeared or became discontinuous due to 
vertical cracking. 

Structural changes were not restricted to surface 
horizons. The Bw horizons evolved from a moderate, 
coarse, subangular, blocky structure under continuous 
cropping, to a compound, strong prismatic/subangular 
blocky structure under pastures. Indications of enhanced 
faunal activity, such as pedotubules and fecal pellets, were 
more common under pastures where roots were more 
abundant and deeper. 

Image analysis confirmed observational evidence. 
Macroporosity 	(defined as pores > 0.02 mm 2) doubled 
under pastures; it shifted from 7% to 14% between 2 and
32 cm deep (Table 13, Figure 10). A strong shift in size 
distribution of equant pores toward larger sizes under 
pastures was also observed (Figure 11). 

Changes in total macroporosity and pore-size distribu
tion were combined with a radical modification in the 
orientation of elongated pores. Cultivated samples showed 
a preferred orientation, parallel to the soil surface. 
Samples from pastures, on the contrary, developed a 
random orientation. Quantification through IA is graphi
cally expressed in polar coordinates plots (Figure 12).
Cultivated samples showed elongated pores with a strong 

Table 13. Means for percentage of macroporoslty (averaged over sites). 

Site Site Site
Treatment Depth§ HC-50 HB-25 HB-15 

Continuous 	 DI 5.9 4.0 9.0 
cropping D2 7.8 5.6 11.0 

Pasture 	 Di 18.2 12.9 17.1 
D2 12.4 9.4 17.0

Average 11.1 8.0 13.5 

Means by:
Depth Treatment 

6.3 7a 
8.1 

16.1 14b 
12.9 
10.9 

Values with different letters are significantly different at P= 0.04.
Depths of sampling: D1 = 2-16 cm and D2 = 16-32 cm. 
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preferred orientation at low angles with the horizontal, under pastures is facilitated by the increase in macropore 

Samples from pastures showed elongated pores randomly volume, the increase in size of macropores, and the 

distributed at all angles. disappearance of the horizontally oriented planar voids 

These morphological changes are significant from the close to the soil surface. The gradual transition in pore 

standpoint of soil hydrologic properties. Water movement geometry with depth under pastures favors interconnected 

, , 1.0. ....... ,,,................... .
 

HB-25/PST - E0 .0.8 .................. .- .........................
..........
I/............... 


HC-50/PST -// 

0.6 ...............................
 

0. t...... Pasture
L 'V2/C0UA . ............. ......... ,... 1...................... [.........................

_ _ _ _ ............
HB-1 5/CULT - _ _ __ _ _a__ 0.2 ...... ...... )........................
 

' ' 0.0 

0.01 0.10 1.00 10.000 10 20 30 

Percentage of porosity Size (mm2 ) 

Figure 10. Multiple boxplots for percent of macropo- Figure 11. Cumulative sample distributions for size of 
rosity for different site/treatment combinations. Sites: equant pores. Cumulative distributions are plotted as a 
HC-50, HB-25, and HB-15. Treatments: pasture (PAST) function of soil treatments: cultivated ( ----) and 
and continuous cropping (CULT). pasture (.... ). The x-axis (size of pores In mm2 ) Is 

logarithmic. 
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CULTIVATED PASTURE 

Figure 12. Star plots for cumulative length of pores and angular oriontation (angle of longest 
diameter with the horizontal) for (a) continuous cropping and (b) pasture fields. The distance 
from the center of the circle (radius) Indicates total length In mm/1 00 mm 2 of vertical section, 
at different angles with the horizontal. 
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pores with fewer pore-size discontinuities. The increase in 
biotic activity under pastures results in an abundance ofvertically oriented channels. 

Conclusions 

These soils had been cultivated for decades before beingconverted to pastures. Nevertheless, the cessation of 
cultivation disturbance, the beneficial effects of the 
grasses, and a reactivated soil fauna have triggered a 
complex process of structural recovery. These changes
confirmed the resilience of the structure of Vertisols and 
the potential of using pastures as key components in 
strategies for reversing structural degradation processes. 

Characteristics of Eolian Dusts in Niger 

L. R. Drees, Texas A&M University 

L. P. Wilding, Texas A&M UniversityA. Manu, Texas A&M University 

Some of the most important soils used for crop production
in the Sahel region of Africa are often sandy, strongly
leached, acid, weakly buffered, kaolinitic, and contain few 
weatherable mineral reserves. Despite the coarse texture 
of these soils and leaching up to 2 m under current 
rainfall, base saturation may increase from less than 35%
in the upper 50 cm to 60-70% at 1.5 to 2 m. A possible 
base renewal vector in these soils is dust inputs. Thus,
atmospheric dusts from Niger were evaluated for their 
potential role of nutrient cycling in the Sahel. 

Procedures 
Dust traps were installed in the major crop-production
regions of western Niger (Figure 13). The Sadore site is 
located at the ICRISAT Sahelian Center, about 40 km 
southeast of Niamey. The Chikal site is near Filinque,
about 200 km northeast of Niamey. Traps were installed at
2.5 and 5 m above the soil surface and sampled on or 
about January 15, April 15, July 15, and October 15.
Water contained in the buckets was allowed to evaporate 
and the remaining contents were removed and sent to 
Texas A&M University for analysis. 

Results 
Total yearly infall averaged 2000 kg/ha, but was highly

seasonal. Almost 60% of the infall occurred during the
 
April to July pre-rainy season, averaging about 400 kg/ha/
month (Figure 14). The period of Harmattan winds 
(January to March) contributed only about 11% of the
total infall. Convectional storms associated with major
rainstorms appear to be responsible for major dust inputs.
There were no substantial differences between location or
 
sampling height.


Particles in the dust ranged from clays to sands up to I 
mm in diameter, as determined by electrolyte dispersion.
Total sand and fine silt were correlated with sampling
dates. The greatest proportion of fine silt was measured 
during the period of maximum dust infall (April to July).
The dust was coarsest during periods of lowest infall,
when 50 to 65% of the dust was greater than 50 m (Figure 
15). 

The mineralogy of the dust is quite similar to reference 
soils adjacent to the sampl'ng sites. The clay fraction is
predominantly kaolinite. The occasional presence of 
smectite and mica does not appear to be correlated with 
site or sampling data. The coarser materials are primarily
quartz with smaller amounts of feldspars and trace
quantities of kaolinite and mica. Calcite was identified in 
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a few samples, but did not correlate with sampling data or relative to adjacent crop-producing soils, contain low Al 
location, compared to high levels in soils and have high base status 

These dusts were also analyzed for exchangeable and (Table 14). These soils seldom show a crop response to K 
water-soluble cations. Annually, dusts add about 5kg/ha fertilization; thus, dusts may serve as a readily available 
of Ca, about 2.7 kg/ha of K, and less than 1kg/ha of Mg source of available K, providing a nutrient renewal to 
and Na (Figure 16). Most of the available Ca and Mg is in these soils. 
the exchangeable form, while Na and K exist mostly in the 
water-soluble form. Conclusions 

Although the yearly inputs of available cations by dusts Dust inputs in the Sahel region of West Africa are highly 
may appear low, dusts are enriched in nutrient bases variable with season, with greater than 50% of the dust 

Total Dust lafal Pa tNl- i e sria u io
 
Jan. AprGER 

Figure 13. Location of dust traps inNiger. 
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Figure 14. Dust Infall by season averaged for both 
sites and heights. Bars represent plus or minus 1 Fi3ure 15. Particle-size distribution by season aver
standard deviation about the mean. aged for both sites and heights. 

39
 



I. Natural-Resource Management: Land Resources Characterization 

infall occurring during the April 15 to July 15 pre-rainy
 
season. If all measured inputs were not redistributed, the
 
study area would receive about 2000 kg/ha/year. This
 
would amount to about 10 to 15 mm deposition over 100
 
years.
 

Available cations from dust inputs are a continual input
 
vector that, over time, may supply needed bases and main
tain the nutrient balance of these crop-producing soils.
 
Soil-management practices should be designed to entrap

these dusts by using residue management, wind- and
 
water-control practices, alley-cropping, and agroforestry.
 

Table 14. Chemical analysis of dust and adjacent

reference soils.
 

Soil Surface
 
Dust (cmol (+)/kg)
 

Ca 5-24 0.1-0.3
 
Mg 1-4 0.1-0.2
 
Na 0.1-1.5 0
 
k" 0.3-4 0.1
 
Ai 0 0.25-0.65
 
CLC 6-22 1-1.8
 
Base Sat. 100% 18-42%
 

Values =plus or minus 1standard deviation. 

Summary of Chemical Inputs from Dust 

Ca 

Mg 2 M Exchangeable 

Na -] W11t;r SokibleH7 

0 1 2 3 4 5 
kg/ha/year
 

Figure 16. Summary of exchangeable and water
soluble catlons averaged for season, site, and height. 
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Evaluation of Indigenous Soil- and Crop-

Management Technologies: TAMU-405
 

Attempts to modernize agricultural production systems in 
Africa often overlook the role of indigenous knowledge 
evolved through centuries of continuing interaction 
between t.e sub-Saharan farmer and the environment, 
Many successful innovations in soil and crop management 
for the semiarid tropics are indigenous. Local agricultural 
skills and ecological knowledge should be part of the 
essential knowledge base for future research and develop-
ment. Most published work on indigenous knowledge has 
been conducted by social scientists. Quantitative studies 
by soil scientists and agronomists are extremely scarce. 

Farmers in West Africa possess a thorough knowledge 
of soil diversity. They recognize different types of soils by 
using criteria such as soil texture, colors, drainage, and 
workability. Natural vegetation is often considered an 
indicator of soil fertility, 

Sub-Saharan farmers are also acutely sensitive to the 
problem of drought and particularly to the problem of 
forecasting the onset of the rainy season. Ways of coping 
with these uncertainties vary from area to area; however, 
most communities have developed a range of forecasting 
techniques. At the same time, they have developed 
different strategies aimed at adapting their farming 

systems to the inherent unreliability of rainfall at the 
beginning of the rainy season. These systems do not serve 
to maximize yields, but, under such circumstances, the 
farmers choose to minimize risk rather than maximize 
yield. 

Sahelian farmers are also usually aware of deteriorat
ing trends in soil productivity. This perception is not only 
based on direct recall from past harvests, but also on 
knowledge passed from generation to generation. Kasar 
mu, ta gaji ("the land is tired"), and Laabu, y bu ("the land 
is dead") are Hausa and Zarma farmers' common expres
sions that suggest an unambiguous awareness of soil deg
radation. The most frequently mentioned indicator of the 
problem is the decline in grain production; whenever 
harvest is discussed, the comment is that fields do not 
produce as many bundles of millet as they used to. While 
some farmers da not see any remedy to this problem, oth
ers have been testing soil conservation and traditional 
land-regeneration practices. These indigenous skills can 
provide valuable information to TropSoils scientists in 
planning and designing research, training programs, and 
technology transfer. 
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Evaluation of Indigenous Soil- and Crop-
Management Technologies in the 
Hamdallaye Watershed 

E. Taylor-Powell,TropSoils consultant 
F.Beidari,INRANA.Manu,Texas A&M University 


S. C. Geiger,Te .asA&M University 

Indigenous or local knowledge is unique to a given cultureor society. It is dynamic knowledge that changes throughornsoiety.ouis dynicaknowledge et ltus change 

local creativity and innovativeness or in response to 
contact with other cultures. An important type of indige-
nous knowledge is the appreciation and comprehension of 
the natural and physical environment. 

The goal of the TropSoils program in Niger is to 

develop sustainable agricultural watershed-management

technologies for semiarid regions. The program was 
planned with the recognition that local agricultural skills 
and ecological knowledge should be integrated with 

appropriate modem technologies, enabling farmers to 

adopt sustainaole agricultural practices. 


Objectives
 
Work at the Hamdallaye watershed was carried out 1)to
 
identify all farmers within the watershed and document
 
land history of cultivated and fallow areas and 2) to 

obtain, through interviews with farmers, their general as-

sessment of land tenure, a sense of their indigenousknowledge of soil and crop management, and their 

perceptions of problems and solutions, 


Procedures 
The pilot watershed selected for the project is near the 
village of Hamdallaye, 30 kilometers east of Niamey.
Fifty-six farmers were identified within the watershed; 42 
of them were interviewed. During the interview processs,
the researcher walked with the farmer on his or her field 
soliciting comments and probing for explanations related 
to soil management. Several group interviews were held 
with village elders and three village chiefs who have 
administrative responsibility over territory in the water-
shed. 

Results 
Description of the Project Watershed 
The 589-hectare pilot watershed is located two kilometers 
east of the village of Hamdallaye. The region was origi
nally settled and claimed by Zarma cultivators. Of the 42
interviewed farmers, 32 are Zarma (76%), 6 are Hausa 
(14%), and 4 are Peul (10%). 

Four villages have administrative territory within the 
watershed (TAMU-402, Figure 1). Approximately 13% of 
the land in the project watershed falls within the territory 

of Hamdallaye, the chef-lieu du canton.The village of 
Bokotchili Kaina, four kilometers east of Hamdallaye, 
falls outside the project boundaries, but 56% of the 
watershed land area falls under its administration. Falanke 
Kaina, a hamlet entirely located within the project 
boundaries, lies about six kilometers east of Hamdallaye;25% of land within the watershed boundaries comes under 

the administration of the Chef de Famille of Falanke 
Kaina. Outside the watershed boundaries on the eastern
most comer lies Falanke Beri, whose administrativefalling within each village territory is reported in Table 1.district covers about 6% of the watershed land. Land area 

Table Land area each 
1. In village distict. 

Village territory Land area 

(ha)
Hamdallaye 71.6
 
Bokotchill Kaina 308.7 
Falanke Kaina 137.8
 
Falanke Bed 
 30.6
 
Total 
 548.7 

Land tenure
 
The land tenure system in the watershed is based on the
 
settlement history of the region. Zarma pioneers, usually
single families, moved into areas of virgin land, gaining 
rights to what they cleared. Villages gradually grew, andholdings were accumulated until they reached the borders 
of neighboring village land.
 

Today, all land in the watershed is claimed by families
 
of the original settlers. Forty-one families claim rights 
over land distributed among four villages and used by 56 
cultivators. Thirty-two (57%) of these cultivators are 
farring on family land. Six (15%) are nonresident land
owners.
 

Under Zarma land tenure, land rights in the watershed
rest in the lineage (group of people claiming descent from
 
a common ancestor) of the original Zarma settlers. Land
 
passes from father to sons through a patrilineal inheritance
 
system. When a son marries, he is allocated land for his
 
household needs. Through this process, land has come
 
under the management of individuai household heads
 
(windi koy) fragmenting the original family land.
 

Land agreements
 
Besides inheritance, cultivators acquire land through loan.
 
Forty-three percent of the cultivators in the watershed are
 
farming on borrowed land. Verbal agrecanents are reached
 
between the household head and the bon.ower, providing
 
access to the land as long as he/she uses it. No formal time
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periods are set. The general understanding is that the land 
will be cultivated until the field becomes too old and too 
difficult to cultivate, at which point the land is fallowed 
and ownership reverts to the lending family. The borrower 
may acquire another field from the same family, negotiate 
land use with another family, or subdivide the field so that 
portions can be fallowed. Few instances were reported 
where land was actually reclaimed. Tenure security 
appears to exist through established lender-borrower 
relationships. Several cultivators were subleasing parcels 
of their borrowed land. 

For use of the land, the cultivator typically gives the 
lending household head a proportion of the harvest-
reportedly 10% of the yield, though amounts vary accord-
ing to relationship and yield. No money transactions fur 
use of land are reported in tie region, nor is land sold. 

Perceived Agricultural Problems 
Principal farming problems as expressed by farmers are 
related to the same agroecological changes affecting the 
region: 

1) inadequate and irregular rainfall, 

2) low soil fertility, 

3) unavailability of animal mw .are and limited access 
and capital to purchase chemical fertilizer, 

4) labor shortages due to out-migration of young men 
in the household and expense of hired labor, and 

5)wind erosion, which carries away topsoil and 
buries millet seedlings, 

Insects and pests were not often mentioned in discus- productive white soil. Further degradation results in redsions of agricultural problems, perhaps because pestsolWihnecsi-oorlafrmsdstguh 

the potential deleterious effects of wind erosion. Water 
erosion, in contrast is more site-specific, depending upon 
location and slope of fields. 

Indigenous Classification Systems 
Land types 
Farmers in the watershed classify land by elevation. 
Typically, farmers classify lands at higher elevations as 
less fertile, given the water and nutrient runoff. Land 
closest to the plateau is considered the poorest in struc
ture. Farmers recognize, however, that management 
practices affect land productivity, and they distinguish 
attributes of particular soils within a topographical 
sequence. Consequently, farmers now tend to associate 
land quality more with cultivation/fallow practice than 
with topography. Recently marginal cultivated land near 
the plateau is considered more productive than older fields 
downslope. 

Soil classification 
Farmers principally use sight and touch to determine the 
physical properties of the soil. Attention is focused on the 
topsoil. Properties that farmers distinguish are color, 
organic matter, texture, drainage condition, and depth.
Chemical properties do not seem to figure in their soil 
classification system. 

Soil color is related to the presence or absence of 
organic matter, the process of soil erosion, and exposure 
of subsoil. Black soil contains more organic materials and 
is considered more fertile. Through cultivation and 
erosion, valuable nutrients are depleted, leaving the less 

incidence varies with respect to annual rainfall. However, 
when in the field, farmers quickly point to insect damage 
in process. In this context, farmers attribute yield losses in 
1989 to mice attacks on cowpea seed, a nocturnal millet 
beetle, grasshoppers, and various millet-grain-eating 
worms. 

Perceptions of Land Degradation 
Most commonly, farmers attribute land degradation first to 
loss of vegetation and second to increase in wind. Farmers 
attribute loss of vegetation to general climatic changes, 
the severe drought which ended in 1974, and increased 
cultivation. They speak not only of reduced flora but also 
of changes in species composition. 

At the same time that the vegetative cover ha.: been 
decreasing, farmers note an increase in the frequency and 
velocity of the dry-season wind. These winds carry away 
valuable topsoil, leaving unproductive gangani,(literally, 
"bare earth"). Farmers also complain of wind damage 
when transported soil buries millet seedlings, 

Water erosion was seldom mentioned as an agricultural 
problem. This may be because all farmers are faced with 

soil. Within each soil-color class, farmers distinguish 
gradations in fertility.

The second major soil classification system distin
guishes three basic textures: 

1) taissi: sandy soils, 
2)botogo: soils with some clay content, 

3)gangani: concreted, lateritic soils. 

Classification of Vegetation in the Watershed 
Various indigenous species are valued in the production 
system. Table 2 lists, in order of priority, the principal 
plants and trees and their uses as identified by local 
farmers. 

Soil-management Practices 
Fallowing 
Fallowing continues to be the principal management 
practice to restore soil productivity. Almost 49% of the 
land in the watershed was in fallow during the 1989 
cultivation season. The traditional practice of long-term 
bush fallow, however, is breaking down. Farmers report 
that former fallow periods were generally ten years or 
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Table 2. Farmer use of beneficial plants and trees Inthe watershed. 

Zarma name Scientific name Use 

Plants 
Subu nya Andropogon gayanus mats; roofing; leaf sheath fed to animalsBata Aristida longiflora mats; roofing as underneath layer to Andropogon
Borboto Pennisetum pedicellatum animal feed; can replace Aristida in roofing
Ganda bani Cassia mimosoides soil fertility; mats; can replace Aristida in roofingHaramdam Diheteropogon hagerupfi animal feed; roofing as underneath layer to Aristida
Tutu Setaria pallide fusca animal feed 

Trees 
Kosey Piliostigma reticulatum bark used for cord; soil fertility; consume fruit; dried fruit and new 

leaf growth as animal feedKorko jy Combretum glutinosum medicine; soil fertility
Darey Ziziphus mauritiana consume fruit; leaves as animal feed; thorny branches used to 

protect mats and granaries from animalsZamturi Prosopis africana 	 construction; soil fertility; cut branches for animal feed in late dry 
season; wood for mortar, daba, etc.Sabara Guiera senegalensis medicine; leaves as sheep feed; firewood

Deli-nya Combretum nigricans 	 firewood; consume/sell fruit 

more, but now seldom exceed three to five years on land 
that is owned. On borrowed land, the fallow period can 
only be two to three years. Organization of fallowing 
among farmers in the watershed varies. The main types 
include the following: 

1. Half-year fallow. Land is not used during the period
between harvest and the following growing season. Crop
residues are grazed by livestock. Residues may be 
mulched, but no field crops are grown. Half-year fallow-
ing is practiced by all farmers, 

2. Full-field fallow. Land productivity declines to such 
an extent that further cultivation is not economical. Thus, 
the entire field is left fallow. The usual fallow interval is 
two to five years. 

3. Within-field fallow. The least productive areas 
within a field are fallowed, and the remaining land is 
cultivated. In this manner, a field can be composed of 
several parcels of varying fallow lengths. Usually the 
fallow interval is two to three years. 

4. Emergency fallow. A field or portion of a field is 
fallowed due to illness, lack of labor or some other 
circumstance that impedes planting. 

Use of manure 
Farmers prefer animal manure to chemical fertilizer since 
its benefit to crop production is said to last from five to 
ten years depending upon amount and type applied (goat,
sheep, cattle, or donkey), soil, method of application 
(kraaling vs. transporting manure from compound to 

field), and season ot application 	(rainy vs. dry season).
Eleven of 39 (28%) cultivators with cropped fields 
reported applying animal manure during 1989, principally 
by kraaling animals on crop land. 

Use of fertilizer 
Nearly 60% of the those interviewed have used fertilizer 
at some time. Half discontinued use in 1989. Reported 
usage ranged from one 50-kilo bag of either triple super
phosphate (TSP) or urea, to 20 bags of phosphate and 14 
bags of urea. Overall, application rates were minimal in 
relation to total cultivated area per household. Timing of 
application also varied depending upon when farmers 
obtained their supplies. 

Compound sites and refuse-accumulation sites 
The Peul herders living in the watershed move their 
compounds up to three times per year so that the accumu
lated household and animal refuse can improve land 
productivity. Sites for locating compounds are purpose
fully chosen where fertility amendments are most needed. 
Three Zarma cultivators who reside on their fields also 
move their compound sites at least annually to capitalize 
on the fertility from accumulated refuse.

Another practice to enhance productivity is to cultivate 
sites formerly used for pounding grain. Some farmers bum 
the accumulated grain refuse, which is thought to produce 
a particularly fertile area. Typically, these sites are in the 
shade of a tree or on ganganiwhere millet is laid to dry. 
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Reportedly, men may request that their wives pound grain 
at a degraded site inorder to restore the soil there. 

Crop-residue management 
Cultivators report that they have changed crop-residue 
management over the past ten years in response to 
increasing wind erosion. Previously, unused crop residue 
and debris were gathered and burned on the field. Now, 
crop residues and small bushes are left on the field to 
combat wind erosion. 

Mulching 
Mulching is practiced principally to build up eroded soils 
or combat potential wind erosion. Among the various 
crop, plnt, and household residues used as mulch are the 
following: 1)branches of .'ative shrubs, kosey (Piliostigma 
reticulaturn), korkobey (Combretun glutinosum), and 
sabara(Guiera senegalensis);2) millet stalk residue; 3) 
refuse from old granaries; 4) old roof thatching from 
dismantled homes; 5) fallen tree limbs; 6) cut grasses. 

Mulching materials may be generally distributed over a 
field or placed strategically on severely eroded areas. The 
purpose is to entrap windblown soil and to provide an 
adequate soil depth for plant growth without having to 
break up the lateritic crust. Mulch may also be placed on 
the windward side of a field to inhibit wind erosion. 

Indigenous Perception of Soil Erosion 
within the Hamdallaye Watershed (Niger) 

S. C. Geiger,Texas A&M University 
A. Manu, Texas A&M University 
A. Foumakoye, TropSoils/INRAN 
E. Taylor-Powell,TropSoils consultant 

Farmers on the Hamdallaye watershed see land degrada
tion as a result of a general loss of vegetation and an 
increase in wind erosion due to climatic changes within 
the past 20 years. 

Water erosion within the watershed is associated with 
runoff from the laterite plateau and lateritic outcrops and 
from large areas of exposed Bt horizons with surface 
crusts. Gullies are also common, but do not appear to take 
up a large part of the land surface. Farmers state that they 
are relatively powerless to control water erosion, as runoff 
from the plateau and adjacent talus slopes involves 
erosion-control works that are not on farmers' fields and, 
therefore, are of little interest. 

Wind has gradually eroded the Al horizon, in extreme 
cases leaving an exposed Bt horizon that is prone to 
surface crusting. Such crusting increases surface runoff 
and water erosion hazard. 

Objectives 
The objectives of this study were 1) to investigate the 
indigenous perception of soil erosion, 2) to estimate the 
aerial extent of wind and water erosion within selected 
landscape units at the Hamdallaye watershed, and 3) to 
survey farmers' methods for controlling erosion. 

Procedure 

Site Description 
The study site is a 600-ha watershed located 4 km NE of 
the village of Hamdallaye, Niger (approximately 30 km 
NE of Niamey). Geomorphology is representative of the 
plateau-sand valley systems. Soils extending through the 
toposequence from the edge of the laterite plateau to the 
valley bottom are sandy to loamy sand in texture. A 
secondary and tertiary lateritic outcrop bisect the topose
quence, so that soil depth to laterite is a function of 
toposequence position. 

Water-eroded gullies arise from the plateau surface and 
adjacent talus slopes and also from the exposed areas of 
the secondary and tertiary lateritic outcrops. Only one 
gully traverses the entire length of the toposequence. All 
other gullies disappear into alluvial sand fans as a result of 
a decrease in slope closer to the secondary and tertiary 
laterite outcrops. 
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Types of Erosional Surfaces 
Erosional surfaces are referred to by farmers by their 
names in Zarma, which is the language spoken in the 
region of the watershed. 

Tassigande:Depositional surface of alluvial sand fans 
resulting from a decrease in slope at the end of a gully,
rill, or ravine. Generally devoid of plant growth due to 
high-energy water flow during intense rainstorms. Good 
water balance for crop growth, but the soil is generally 
depleted of nutrients and organic matter. Farmers state
that once millet is established, it grows well in these areas.

Gorou gande. Sheet erosional surface, as evidenced by
stratification of the upper Al horizon, 

Gorou. Gully erosion as a result of water concentration
from impermeable surfaces, such as those found on 
laterite plateau and outcrop surfaces and Ganganikirey
soils. 

Ganganikware: White gangani (a denuded soil 
resulting from the effects of wind erosion) in which part of 
the surface soil is removed exposing the lower A horizon 
and sometimes upper Bt horizon, 

Ganganikirey: Red gangani (a denuded soil resulting
from water erosion) in which the surface horizons are 
completely removed and the Bt horizon is exposed. These 
are generally crusted and are more difficult to regenerate
than the ganganikware. These areas may represent sites 
of old termite mounds. 

Estimation of Aerial Extent of Erosion 
Three hundred of the approximately 600 ha of the water-
shed were surveyed to estimate the extent of erosion and 
to investigate indigenous perception of the problem. This 
area included those landscape units where farming was 
most concentrated. Twenty-five farmers were interviewed 
in their fields regarding soil type and erosion-control
methods. Each field was toured, erosional surfaces were 
classified, and their extent was measured with a tape. 

Results 
Distribution of Erosional Surfaces 
Ganganikirey comprises the largest erosional surface
within the surveyed area, followed by tassi gande. 
However, less than 2% of farmers' fields are affected by 
ganganikirey. Almost 4% of farmers' fields within thesurveyed area were affected by one of the five types of 
erosional surfaces. However, distribution of erosional 
surfaces was not uniform, as evidenced by the largestandard deviations for each type of surface (Figure 1).

The aerial extent of erosion was broken down by 
position on the landscape, from the valley bottom to thelaterite plateau (Figure 2). Ganganikirey is the largest
erosion surface at all five positions. Tassigande and gorou
gande occur between 0 to 1% slopes in the valley bottom,
decrease with elevation within the toposequence, and then 

increase rapidly closer to the laterite plateau. Gorou and 
gangani kware show no evident trends. 

Farmers associate Ganganikware with wind erosion. 
The results of this survey indicate that, as a percentage of 
total fields surveyed, this effect is not very pronounced.
However, ganganikirey may also result, in part, from 
wind erosion, therefore, the two ganganisurfaces might
indicate a substantial contribution of both wind and water 
to the erosion process. 

Farmer Practices to Control Erosion 
Several native plant species are used by local farmers to 
control wind erosion, primarily on areas with gangani
kware surfaces (Table 3). Forty-eight percent of farmers
interviewed use Guierasenegalensis to control gangani
kvare, 40% use Piliostigmareticulatum. Branches from 
these plants are generally cut twice a year and laid out on 
the erosional surfaces to trap wind-borne soil and there
fore building up the surface horizon. To a lesser extent,
farmers use Combretumglutinosum, Cassiamimosoides 
a'id Combretum micranthum for the same purposes.

A few other methods are used to control erosion (Table
4). Sixteen percent of the farmers use the millet stalks that 
remain on the soil during the dry season. The stalks are 
cut and laid on the surface to trap wind-borne soil. One 
farmer used millet chaff for this purpose. Two farmers 
used animal manure exclusively to combat erosion, laying 
it on the surface to build soil fertility, trap wind-borne
soil, and therefore provide a seedbed for crop establish
ment. The manures were generally applied to the gangani
kirey soils. One farmer used animal traction to break up 

Table 3. Native plants used for erosion control (n = 25 
farmers). 

Scientific # fields %fields 
name Zarma name used used 

Guiera senegalensis Sabara 12 48

Piliostigma reticulatum Kosey 10 40
 
Combretumglutinosum Kokorbey 6 24
 
Cassiamimosoidos Ganda bani 1 4
 
Combretum micranthum Kubu 1 4
 

Table 4. Different methods of erosion control prac
ticed by local farmers (n = 25) farmers. 

# fields % fields 
Method used used 

Millet surface mulch: stalk 4 16 
Chaff 1 4 
Animal manure 2 8 
Animal traction 1 4 
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the surface crust and loosen the soil surface in a gangani 
kirey soil; afterward he applied manure to prevent the 
crust from reforming. 

Conclusions 
A survey was taken to estimate the indigenous perception 
of farmers and the aerial extent and topographic distribu-
tion of soil erosion within selected landscape units at the 
Hamdallaye watershed. Mean erosional surface areas were 
3.7% for all farmers' fields; however, there was consider
able variation. Ganganikirey was the most prevalent
erosional surface. Erosion was most prevalent close to the 

plateau (upper part of the toposequence) and in the valley 
bottom. However, ganganikirey was also associated with 
shallow soils at the secondary and tertiary laterite out-
crops. 

Farmers used several species of native plants to control 
wind erosion (primarily on gangani kware surfaces). 
These include Guierasenegalensis,which is the predomi
nant ligneous species for this ecological zone, andPilios
tigma reticulatum. A few farmers lay millet stalks on their 
fields to control wind erosion. Ganganikirey surfaces 
have been regenerated by plowing and in one case, by 
applying manure. The results of this survey also indicate 
that farmers are more prone to try to control wind erosion 
than water erosion. 
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Figure 1. Aerial extent of erosional surfaces. Values 
above each bar are standarddeviations, Inpercent 
(n=25). 
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Development and Evaluation of
 
Agroforestry Systems for Control of Wind
 

and Water Erosion and Modification of
 
Microclimate: TAMU-404
 

Increased population pressure coupled with climatic 
changes in recent decades has resulted in severe land 
degradation, water and wind erosion, and loss of abun-
dance and diversity of natural vegetation in the semiarid 
tropics of Africa (SAT). Systematic long-term research 
therefore is needed to develop effective agroforestry-
related systems of land rejuvenation, 

Past TropSoils-SAT research has addressed the topic of 
microclimate modification with Neem windbreaks. The 
Neem tree (Azadirachiaindica), introduced from India, is 
now ubiquitous in the zone south of the 250 to 300 isoyet 
in Niger. Windbreaks established by CARE irthe Maggia 
Valley provided an opportunity for studying the role of 
shelterbelts and windbreaks for improving crop growih 
and yield in millet. The hypothesis for these windbreak 
studies was that by modifying the influence of hot, dry, 
desiccating winds in Niger, tree windbreaks serve as a 
semi permanent method for soil-water conservation and as 
a practical preventative against wind erosion. The trees, if 

rationally harvested, can provide much-needed fuel wood 
without seriously impairing their wind-protective effi
ciency. In addition to its effects on grain yield, this 
technology has an implicit and strong resource-conserva
tion component, although Sahelian farmers' adoption may 
be triggered by perceived increases in comfort and 
protection. These studies have been summariv.ed in 
TropSoils Technical Report, 1986-1987. 

The beneficial effects of trees and perennials on soil 
and water conservation in the semiarid tropics are widely 
recognized. Leguminous trees such as Acacia albidaand 
Prosopisspp. have for centuries constituted an integral 
part of traditional farming systems. In recent years, 
however, agroforestry research and development has dealt 
primarily dealt with soil fertility maintenance (i.e., alley
cropping) and fuel-wood production. Little attention has 
been given to the use of different tree species for soil and 
water conservation. 
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A Survey of the Distribution of Vegetation 
Within the Hamdallaye Watershed 

M. Saadou, Unive,,sity ofNiamey 
S.C.Geiger, Texas A&M University 
A. Manu, Texas A&M University 

The integration of natural-resource management with 
agriculture is widely practiced by both farmers and 
herders within the Sahel. This management requires that 
farmland be used for wet season crop production and for
dry season grazin'!As is typical ir subsistence ecno-
mies, farmers expioit many native plant species for food, 
fodder, fuel, construction materials, and otler uses. 

Two types of vegetation occur in the watershed as 

functions of topography: vegetation of the laterite plateaus
and vegetation of the toposequence soils. The vegetation
of the laterite plateaus of the Continental Terminal is 
typically a thicket of Combretum micranthum which 
occurs in a "tiger bush" pattern. 

The forest is exploited daily by local people, and the
plateau itself is a passageway for livestock, especially in 
the rainy season when entering cultivated areas is forbid
den. The vegetation on the plateau is a source of wood and
medicine for the local populace. 

The vegetation of the toposequence soils consists of a 
shrub savanna of Guiera senegalensis, which is defined as 
a dominant strata of shrubs at least 80 cm in height and 
inferior strata of annual grasses and woody plants. 

Objectives 
In order to gain a complete understanding of the natural-
resource base within the 600-ha Hamd"llaye watershed 
(30 km NE of Niamey, Niger), we conducted a survey to 
estimate species diversity and distribution. These species 
were also defined according to their local use. 

Procedure 
The vegetation survey was conducted between Octoberand December 1989 along a transect running from theand 

surface of the primary plateau to the valley bottom. Study 
areas within the transect were located on the primary
plateau, the secondary plateau, and in seven positions
within the toposequence. All sample areas within the 
toposequence were in fallow, enabling a description of 
native species. 

Two methods were used to determine the distribution 
of vegetation: 1) the linear or segment method, which is 
best adapted to the study of herbaceous vegetation, and 2)
the surface-area method, which is best adapted to the dis-
tribution of woody species. 

The linear method consisted of measuring the distribu
tion of all species occurring along a fixed line. For the 
toposequence, lines were 50 m long with 0.5 m-intervals. 

CA~ 

For the plateaus, lines were 100 m long with 0.1-mintervals. In each case, 100 segments were studied. Each
individual species was counted only once within a 
segment; thus, the final frequency represents lineardistribution, not total numbers along the line of study.

The surface area used in the measurement of the 
distribution of lignaceous vegetation was determined to be 
100 x 50 m (5000 in2) on the toposequence. On the lateriteplateaus, the homogeneity of vegetation did not permit an 
accurate determination of the minimal surface area for 
counting plants. 

Species were categorized by the relative frequency of
distribution within each linear segment. This report will 
describe vegetation that is primarily of importance to the 
local populace. (For a complete listing of vegetation 
occurring along the transect, see the report entitled 
Integrated Management ofAgricultural Watershed
 
(IMAW) Feasibility Study, TropSoils, Depi. of Soil and
 
Crop Sciences, Texas A&M University.)
 

Table 1. Dominant species of the laterite plateau. 

Dominant Less dominant 

Firewood: 
Combretum micranthum Combretum nigricans 
Guiera senegalensis 

Pasture: 
Zomia glochidiata Alysicarpus ovalifolius 
Schoenefeldia gracilIs 
Aristida adscencionis
 
Brachiaria disticophylla
 
Dactyloctenium aegyptium
 

Others: 
Microchloa indica Tripogon minlmus
 
Aristidaadscencionis Polycarpaea eriantha
 
Pandiaka heudelotil Evolvulus alsinoides
 
Borreria scabra lpomoea vagans

Eragrostis pilosa Sporobolus festivus
 
Achyranthes aspera ".,bolus panicoides
Desmodium setigerumSetaria pallide-Fusca Mitzacarpusscaber 
Dig/tariahorizontals 
Mollugo nudicaulis
 
Panicum laetum
 
Pycreus macrostachyos
 
Acacia erythrocalyx
 
Persitrophe bicalyculata
 

Dominant species: relative frequency > 4%. 
Less dominant species: relative frequency 1-4%. 
Relevant frequency = Individual species frequency x 100 

total species frequency. 



Results 
Description of Plateau Vegetation 
The plateau vegetation occurs in a network of thickets, 
which vary in size and floral composition. These thickets 
are separated by spaces containing pieces of disseminated 
wood, and herbs growing in small mounds of sand. These 
mounds often form around dead tree or shrub stumps and 
rest'ict surface flow after a heavy rainfall. The slowirig of 
die water permits greater percolation into the soil and also 
creates small pools in which certain semiaquatic species 
grow (such as Microchloa indica, Tripogon minimus, and 
Pycreus macrostachyos). 

Vegetation on the plateau is in three strata: 1)herba-
ceous strata within bare areas that are sufficiently open 
and are more dense under the thickets (up to 40 cm in 
height); 2) strata of shrubs with an open nature in the bare 
areas and a more dense growth within the thickets (height 
varies from 0.5 to 2.5 m); and 3) strata of trees at the 
center of the thicket (up to 10 m in height). 

Within the thickets the principal species are Combre-
tum micranthum and Guiera senegalensis. Because the 
thickets are low (0.5 to 2.5 m) and dense, they create a 
vault that diverts air currents and reflects solar radiation. 
At the same time, they trap eolian sands that slowly create 
a thin layer of soil on the thicket floor. 

Lignaceous species that demand the most water 
(Combretum nigricans, Acacia macrostachya,Grewia 
flavescens, Acacia eryihroculyx, and Acacia ataxacantha, 
etc.) grow at the center of the thickets. These species often 
have creeping roots, which exploit rainwater efficiently. 

Underneath the thickets grow Microchloa indica, 
Tripon minimus, Triumphetta pendandra, Cardiospermum 
halicacabrum, Aspilia kotschyii, Commelinaforskalaei, 
Iponoea heterotricha, Sporobolus panicoides, Borreria 
scabra, Hybanthusenneaspermus, Cyanotis lanata, 
Archidium tenellum, and Riccia trichocarpa. The last two 
species are Muscinees, which indicate a favorable water 
balance within the soil in the thickets. 

In the bare areas between thickets grow Combretum 
glutinosum, Commiphora africana, Boscia senegalensis, 
Boscia augustifolia, Schyzachirium exile, Arislia 
adscencionis, Evolvulus alsinoides, Indigofera 
bracteolata, Jacquemontia tarnnifolia, Brachiaria 
disticophylla, Merrimea pinnate, Polycarp"ea spp., 
Dactyloctenium aegyptium, Schoenefeldia gracilis, and 
Alysicarpus ovalifolius. Nothing generally grows within 1 
m of termite mounds. Dominant species on the plateau are 
listed in Table 1. 

Toposequence Vegetation 
Vegetation on the toposequence is structured into three 
strata: 1)Herbaceous strata dominated by grasses; 2) strata 
of scattered shrubs; and 3) strata composed of a few trees 
higher than 10 meters. 

The horizontal structure of this vegetation allows solar 
radiation to reach the soil. In areas where fallows have 
existed for some time, the vegetation is somewhat 
reconstituted, and some trees are permited to develop. 

The spatial distribution of flora follows topography; the 
species with a greater need for water are found close to 
ravines that collect runoff water from the plateau. 

Table 2 li,;ts the dominant species found within each 
linear measurement for the toposequence sites. Table 3 

Table 2. Dominant species of the toposequence. 

Very dominant Less dominant 

Firewood: 
Piiostigma reticulatum 
Guiera senegalensis 
Combretum micranthum 
Combretum glutinosum 

Pasture: 
Eragrostis tremula 
Aristida adscencionis 
Zornia glochidiata 
Cenchrus biflorus 
Digitaria horizontalis 
Dactyloctenium aegyptium 
Alysicarpus ovalifolius 
Fabrication: 
Fabrication: 

Arlstida sieberiana 
Ctenlurnelegans 
Andropogon gayanus 

Others: 
Mtracarpus scaber Waltheria Indicd 
Borreria radlata Ceratotheca sesarnoides 
Merrimia pinnata Digitaria gayana 
Indigofera herhautiana Annona senegalensis 
Jacquemontia tamnifolia Monechma ciliatum 
Tephrosia linearis Schoenefeldia gracilis 
Cassia memosoides lpomoea vagans 
Indigofera bracteolata Guiera senegalensis 
Kohautia senegalensis Pennisetum pedicellatum 

Combretum micranthum 
Piiostigma reticulatum 
Polycarpaea linarifolia 
Chrozophora brocchiana 
Indigofera pilosa 
Aristida stipoides 
Fimbristylishispidula 
Stereospermum kunthia 
num 

Dominant species: relative frequency > 4%; less dominant 
species: relative frequency 1-4%; relevant frequency = 
Individual species frequency x 100 total species frequency. 
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Table 3. Distribution of lignaceous species within a 5000 m2 area at each toposequence 
position. 

Toposequence positionO
Species 1 2 3 4 5 6 7 

Number of species
Guiera senegalensis 79 50 55 92 111 14 31 
Piliostigmareticulatum 
Combretum glutinosum 

4 
17 

13 
18 1 

8 
13 

22 
34 

20 7 
1 

Combretum nigricans 2 3 1 
Combretum aculeatum 2 
Combretum micranthum 7 
Terminalia avicennioides 5 5 6 4 2 3 
Acacia albida 2 
Acacia macrostachya 1 
Annona senegalensis 
Stereospermum kunthianum 

10 
1 

2 16 27 
5 

14 

Balanites aegyptiaca 
Prosopis africana 

3 
1 1 

Calotropis procera 1 
Sclerocarya birrea 4 
Detarium microcarpum 1 
Ziziphus mauritiana 2 

OToposequence position 1corresponds to the site closest to the laterite plateau, with position 7 
corresponding to the valley floor. 

Table 4. Species Important to the local populace. 

Name Use 

1. Species utilized by man: 

Andropogon gayanus Perennial grass used to make mats for the construction of roofs for houses and 
granaries. Serves to stabilize dunes and soils from wind erosion. 

Aristida s;eberiana Perennial grass used to construct curtains, mats, and brooms. Sometimes used 
for house roofs. 

Ctenium elegans Annual species. Very sensitive to variations in rainfall. Used to make house roofs. 
Cenchrus biflorus Dominant grass, due to dispersal of thistle-like seeds that stick to animals (and 

pants). 
Pennisetumpedicellatum Annual grass that is not very dominant within the watershed. Used to make cord and 

as a fodder plant when fresh. 
Dactyloctenium aegyptium Annual pasture. 
Digitaria horizontalis Annual pasture. 
Brachiaria disticophylla Annual used as fodder for hors6s. 
Brachiaria xantholenca Annual pasture. 
Corchorus tridens Annual, fresh, or dried leaves used to thicken sauces. 
Ceratotheca sesamoides Annual found on dune fallows. Fresh or dried leaves used to make sauces. 
Zorniaglochidiata Annual pasture (legume). 



Table 4. (continued). 

Name 

1. Species utilized by man: 

Alysicarpus ovalifolius 

Cassia italica 

Merremia tridentata 

Pergularia tomentosa 

Calotropis procera 

Leptadenia hastata 

Citrillus colocynthus 

Prosopisafricana 

Acacia albida 

Termninalia avicennioides 

Combretum aculeatum 

Balanites aegyptica 

Commiphora africana 

Boscia senegalensis 

Piliostigmareticulatum 

Combretum nigricans 

Use 

Annual used as fodder for horses.
 

Perennial used as a medicine to cure constipation.
 

Annual found on dune fallows. Fodder for small ruminants.
 

Perennial containing tannins. Used to tan hides.
 

Perennial used for framing. Wood is resistant to insect attack.
 

Perennial. Boiled leaves eaten with peanut sauce.
 

Perennial. Fruit eaten by man and animals; rich in water.
 

Wood used to make mortars, pestles, and other household utensils. Wood also
 
makes good charcoal, which is used by blacksmiths, jewelers, and launderers.
 

Protected by the state and farmers bvcause of its beneficial effect on the environ
ment. Wood used to make mortars, and fruit fed to small ruminants.
 

Fodder for livestock during the rainy season.
 

Fruit eaten by man and small ruminants.
 

Fodder for small ruminants; rich in protein. Fruit used to prepare millet pate. The nut
 
Is eaten boiled. The flower Is eaten boiled and mixed with peanut. The sap is used as
 
a perfume.
 

Used as a living fence.
 

Animal fodder during the rainy season (on plateau). Grain boiled and eaten. Fruit
 
eaten by children.
 

Flowers and young leaves eaten. Immature fruit is grilled. Fibers from the bark are
 
used as cord material.
 

Gum arabic. Preferred fuelwood, along with Combretum micranthum, Combretum
 
glutinosum, and Guiera senegalensis.
 

2. Species parasitic on cultivated plants: 

Striga gesnerioides Parasitic on Vigna unguiculata (cowpea). 

Striga hermonthica Parasitic on Pennisetum glaucum (millet). 

3. Species Indicating poor soil conditions: 

Borreria radiata 

Fimbristylishispidulla 

Mitrocarpus scaber 

Indigofera berhautiana 

Ceratotheca sesamoides 

Aristida stipoides 
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shows the distribution of lignaceous species within the

5,000 m2 of each site within the toposequence. Table 4
 
lists species found within the watershed and used by the
 
local populace.
 

Annual plants are predominant in the watershed (65%

of all species), indicating their adaptation to the arid
 
conditions of this ecological zone. This environment does
 
not favor large trees, and tree and shrub species are
 
dominated by the micro- and nano-phanerophytes and the
 
chamephytes (15, 5, and 6% of all species, respectively).

The hemicryptophytes (2% of all species) are well adapted
 
to this environment, occupying a relatively large amount
 
of space.
 

Species generally found within the Guineo-congolais

and the Soudano-Zambesien ecological zones represent

46% and 51% of the plants, respectively.


A total of 119 species of plants were found along the
 
chosen transect: 117 were angiosperms and 2 were
 
bryophytes. Thirty-four families of angiosperms were
 
represented: 4 were monocots (31 species) and 30 were
 
dicots. 

The families most represented along the transect were 
the Fabaceae (39 species), the Poaceae (23 species), the 
Convolvulaceae (8 species) and the Combrataceae (6
species). The most represented genera were Acacia (4
species), Indigofera (5 species), Tephrosia (4 species),
Combretum (4 species), and Ipomea (4 species).

The generic coefficient (# genera/# species) is 0.73. 
This ratio indicates an impoverished flora that can be 
described as degradated to very degradated. The vegeta
tion's evolution has been influenced by low rainfall and a 
long dry season (8 to 9 months), instability of the soil 
(especially on the toposequence), and human activities. 
The vegetation on the toposequerce is very different from 
the original vegetation within this geomorphic unit and 
climatic regime. 
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Extent, Cause, and Control of Pronounced
 
Growth Variability Over Short
 

Distances: TAMU-407
 
Microvariability has been defined as the local and often 
recurrent variation at the scale of a single field or smaller, 
variation that is either permanent or persists through at 
least several cropping cycles. In addition to yield effects, 
such va,iability in crop growth exposes the soil surface to 
the erosive forces of wind and water. Past TropSoils 
research on short-distance, soil-related crop variability has 
been summarized in TropSoils Technical Reports for 
1985-1986 and 1986-1987. 

Areas of poor growth in millet fields are a significant 
problem in sandy soils of Niger. Millet growth diminishes 
from very productive spots to completely barren patches 

of 2 to 10 m. Plants germinate and grow uniformly across 
the field until two to three weeks after emergence, when 
plants in the poorly responsive areas begin to show signs 
of stress and mature very slowly, produce less grain, or 
die. Problems arising from this plant response result in a 
decrease in food production, and they confound agricul
tural research. The problem is linked to short-distance 
variability of soil properties. A similar problem has been 
observed in Mali. It has been seriously affecting sorghum 
research at the Cinzana Agronomic Research Station. 
Symptoms are described as root necrosis and leaf yellow
ing at the 3 to 4 leaf stage. 
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Application of Infrared Video Imagery to 
Evaluate Crop Spatial Variability in the 
Sahel 

A. Pfordresher,Texas A&M University 
L. P. Wilding, Texas A&M University 
A. Manu, Texas A&M University 
S. C. Geiger, Texas A&M University 

Seedling establishment and growth of millet in sandy soils 
of western Niger is highly variable. Very productive
regions often give way to nonproductive areas of 2 to 10 
m. In ihis region, millet germinates uniformly across a 
field. Differences in plant growth occur one to two weeks
after emergence. This short-rage variability in seedling
establishment and plant growth results in decreased yields
and poses a major constraint to field research. 

Objectives 
This research was conducted 1) to determine the pro, or-
tion of farmed area that exhibits nonproductive millet 
growth and 2) to observe the differences in soil chemical 
and merphological parameters between productive and 
adjacent nonproductive areas over a wide range of siles in 
western Niger. 
Procedures 
Remote sensing was chosen as the most appropriate
method for measuring the extent of nonproductive areas. 

Color infrared videography was used to obtain imagery

with resolution sufficient to identify nonproductive

regions within farmers' fields. The entire study area 
(Figure 1)was filmed along transects in three soil-geo
morphic zones in western Niger. These zones were the 
Dallol Bosso (a "fossil" river valley), a river terrace west 
of the Dallol Bosso, and the plateau and valley system east 
of the Dallol Bosso. Transects totaled over 300 km in
length and were flown at an altitude of 650 m, which gave 
a pixel resolution of 3.3 m2.Each image at this altitude 
encompassed approximately 15.7 ha (Figure 2). Imageswere recorded after the head stage of the millet crop to 
obtain as much vegetative canopy cover on the ground as 
possible. Imagery was processed and classified by taking aratio of data from three wavelength bands (Figures 3 and 
4). 

Ground verification was done in areas where imagery
had been collected. Productive are..s had millet that was at 
least 1 m tall and showed evidence of grain production. 
Nonproductive areas had plants that were shorter than I m 
and had produced no grain. Adjacent productive and 
nonproductive areas were sampled to a depth of 30 cm formorphological observations and laboratory analyses.
Morphological observations included surface crusting,
eolian deposition and horizonation. Samples were taken 
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from the 0-to 10-cm and 10- to 30-cm depths and ana
lyzed for total exchangeable acidity and Al, available 
phosphorus, and pH. 

Results
Video image analysis shows that an average of 14% of 
farmers' fields were not producing millet. Values obtained 
ranged from 2 to 36% with over 50% of the fields having
22% of the field nonproductive. The percentage of 
nonproductive land was not significantly different between the three geomorphic regions. These values 
represent percent nonproductive land during a favorable 
rainfall season in terms of amount and distribution. During 
years with inadequate rainfall, the perceitage of nonpro
ductive land would probably be higher.

Morphological observations indicate that productive 
areas have thicker surface horizons and fewer surface 
c,
usts; they are also located in microtopographic "highs" 
relative to nonproductive areas (Table 1). Productive areashad an average of 19 cm of topsoil above the argillic
horizon, whereas nonproductive areas had an average of 
13 cm. Productive areas were, on average, 8 cm higher
than adjacent nonproductive areas. Over 60% of all sites 
evaluated exhibited these microtopographic differences, 

NIGER 

A 
C 

/
 
B/ 

Dosso 
Falmey Scale (ki) 

FIgure 1. Map of western Niger with flight lines corre
sponding to transcets of video IRImagery and sam
pling areas: (a) the Dallol Bosso, (b) river terrace, and 
(c) plateau and sand valley system. 



which are thought to reflect recent redistribution of eolian lower pH and available P in the lower sampling depth as 
sands. compared to the upper 10 cm. 

Chemical analyses showed significantly higher levels 
of exchangeable acidity and Al and lower .;oil pH in Conclusions 
nonproductive areas than in associated areas (Table 2). This research has shown that spatial variability negatively 
This finding was observed at both the 0- to 10-cm and 10- affects 14% of the sandy millet-production areas in 
to 30-cm sampling depth increments. Available P levels western Niger. These nonproductive areas have thinner 
were not found to be significantly different between paired surface soils, lower pH levels, higher exchangeable Al and 
sites. Comparisons between sampling depths showed acidity, and are often associated with microtopographic 
significantly higher exchangeable acidity and Al and low positions in the field. 

Implications
 
Major implications of this work include the following:
 

1. Spatial variability negatively affects a significant 
proportion of the sandy millet-production areas in 
western Niger. 

k 	 '2. Color infrared videography is a potentially 
powerful means to document the loci and extent of 
poorly productive areas. 

Figure 2. Adigitized scene from IRImagery of the 
plateau and valley sand transcet. Dark areas represent 
fallow fields (straight-edge outlines) or healthy millet 
growth In cropped fields. Gray tones are sparsely 
vegetated areas, and white tones are nonproductive 
soil areas. 

Figure 4. Classified Image of Figure 3 Illustrating non
productive and sparsely vegetated areas. 

Table 1. Summary of morphological characteristics 
over all transects. 

Productive Nonproductive 

cm 

13Depth to subsoil 19 

Figure 3. Acomputer enhancement of the Image In 

Figure 2. Dark areas are vegetated, grayish areas and 

lighter areas are sparsely vegetated or nonproductive. 

Sites located 
in microtopographic 

high positions 

Sites classified as 

57 

3 

0 

16 
Areas 1 and 2 are classification training sets for non- severely eroded 
productive areas. 
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3. Thicker surface soils and greater depths to subsoils 4. Thicker topsoils in topographic microhighs provide ain productive areas reflect local eolian redistribution better growth medium for seedling establishment
of sandy soil material from topographic microlow to and root development.
 
microhigh positions.
 

Table 2. Summary of chemical data over all transects. 

Productive* Nonproductive* 

(0-10 cm) (10-30 cm) (0-10 cm) (10-30 cm)
Parameter mean std.dev mean std.dev mean std.dev mean std.dev
 
Total acidity 0.1 
 0.1 0.2 0.2 0.3 0.2 0.5 0.3
(cmol/k. 
Exchangeable AL <0.1 <0.1 0.1 0.2 0.1 0.2 0.3 0.3
(cmol/kg) 
pH (2:5 H20) 6.0 0.4 5.6 0.6 5.6 0.4 5.3 0.4
pH (1NHCI) 4.9 0.5 4.4 0.6 4.3 0.5 4.0 0.3
Phosphorus 5.5 3.8 4.1 5.0 45.6 4.0 3.0 4.9 
(g P/g) 
*Comparisons between sampling depths are significantly different for all parameters except available P at the 1% level for
both productive and nonproductive sites. 
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Causes of Poor Sorghum Growth in Objective 

Sandy Soils of the Cinzana Station, Mali The objective of this research was to define the nature of 
poor early sorghum growth in Grossarenic and Plinthic 

M. D. Doumbia,Texas A&M University 	 Paleustalfs of the Cinzana Station. 

L. R. Hossner,Texas A&M University 	 Procedures 
A.B. Onken, Texas A&M University 	 A greenhouse experiment was designed to determine the 

In the acid, sandy soils of West Africa's Sahel region, a causes of poor early sorghum growth. Researchers used a 

severe soil variability problem is reducing food produc- combination of soil amendments (lime and rock phos

tion, inhibiting agricultural field research, contributing to phate) and fertilizers (urea, triple superphosphate (TSP), 

environmental degradation, enhancing desertification, and diammonium phosphate (DAP) and potassium nitrate). 

disturbing the balance of pastoral and agrarian agriculture. Twenty-four treatments were applied to pots of unproduc-

This problem appears as a marked spatial variability in tive soils. Three replications were used, and sorghum was 
grown for 37 days.crop establishment, growth, and yield within a single field. 


At the Cinzana Agronomic Research Station, Mali (West Laboratory analyses were performed to determine the
 
it has developed into a special sorghum (Sorghum effects of treatments on selected soil chemical propertiesAfica)r [and 	 nutrient concentrations in plant tissue. Exchangeable 

bicolor [L.] Moench) problem in sandy soils. Sorghum A n ,pecagal ai ainadBa

seedling emergence is, in general, uniform throughout the extact ablere i ons ae Plant 

field, then, one to two weeks after emergence, the symp- sacple werenalyz ed o, Cam A land 

toms develop in irregularly distributed areas. The symp- samples were analyzed for N, P, Ca, Mg, Al, Mn, and Fe. 

toms of poor early growth appear as purpling or yellowing Results 
of the leaves and death of the leaf tips. In extreme cases,seedlings become completely brown. The roots show Application of urea (100 mg N/kg of soil) neither inhib
necrotic spots and do not grow below the first 10 or 15 cm ited symptoms of poor growth nor resulted in significantof topsoil. Plants in the most severely affected areas dry-matter production (Figure 5). Liming followed by theevetuasoly dilainglargeareasof cthe soil suverfaceeventually die, leaving large areas of the soil surfaceP above N rate had the same result. However, application ofal n 	or ny t e m ntc bi t on o t i i g Pcompletely devoid of vegetation. 	 P alone or any treatment combination containing P 

resulted in good sorghum growth and yield (Figure 5). 
Amending the soil with Tilemsi 

10 -A RP did not change the soil pH 
(Figure 6), but increased the con-

A M 8 A M centration of exchangeable Ca. 
8 AM" Tilemsi RP also reduced Al + H 

h b b 

*C abI 
* 

T 
b "saturation 	 of the soil (Figure 7) 

o 	 No nutrient and shoot Al concentration. As 
6 N expected, it significantly increased 

* P-TSP shoot P concentration (Figure 8). 
a , 44 - NP-DAP Liming increased soil pH (Figure 
0 , 0] NP-TSP 6), soil exchangeable Ca, shoot 

r NPK concentration of N, Ca, and Fe. 
2 - Lime amendment significantly 

reduced Al + H saturation (Figure 
7) and shoot Al and Mn concentra
tion. Applying N and P (as TSP) 

Check Lime 2 x Lime Rock P 	 had a greater impact on dry matter 

Amendments 	 production (Figure 5), soil pH 
(Figure 6), soil concentration of 

Figure 5. Sorghum dry-matter yield as Influenced by lime, rock phosphate, exchangeable Ca, and Al + H 
and various nutrient combinations under greenhouse conditions. Interaction saturation (Figure 7) than using 
means are tested at the P = 0.05 level, using Duncan's new multiple range DAP. Shot P concentration
 
test as follows: lower-case letters indicate significance of nutrients within (Figure 8) was significantly higher
 
each amendment; capital letters indicate significance of amnendments when DAP was used.
 
within each nutrient.
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Dry matter yield correlated well with Bray-I P (r = Conclusions 
0.74**). Both exchangeable soil Al (34% Al saturation) Phosphorus deficiency apears to be one of the major
and shoot Al concentration had a significant negative factors limiting sorghum growth and yield in acid, sandy
impact on dry-matter yield, but neither was strongly soils of the Cinzana Station. Exchangeable Al, due to its 
correlated with that yield (four values of -0.42** and negative and significant impact on dry-matter yield, seems 
-0.31**, respectively), to be a secondary cause of this soil problem. 

7 
A A AA A A 

C Al AG 0 ABS6 - a b 	 A C 
AlOB * * 

5 

. 4 	 IllNo nutrient 
4	 aN 

3 	 P-TSP 
3	 . 13P NP-DAP 

2J 3 NP-TSP 

2 
E3[ NPK 

0 
Check Lime 2 x Lime Rock P

Amendments 

Figure 6. Soil pH as Influenced by lime, rock phosphate, and various nutrient 
combinations under greenhouse conditions. Interaction means are tested at 
the P = 0.05 level, using Duncan's new multiple range test as follows: lower
case letters Indicate significance of nutrients within each amendment; capital
letters Indicate significance of amnendments within each nutrient. 

30 " 

A 

A 

A A
 

20 

2F No nutrient 

A A 	 P-TSP 
10 	 = 

J NP-DAP10 k	 
I e 

| CB • 

[ NP-TSP 
UC C h NPK 

0 4 
Check Lime 2 x Ume Rock P 

Amendments 

Figure 7. Aluminum + H saturation as Influenced by lime, rock phosphate, and 
various nutrient combinations under greenhouse conditions. Interaction means 
are tested at the P = 0.05 level, using Duncan's new multiple range test as 
follows: lower-case letters indicate significance of nutrients within each 
amendment; capital letters indicate significance of amnendments within each 
nutrient. 

60
 



10

8 IA 

A A No nutrient6 
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" " •P-TSP 
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0
 
Check Lime 2 x Lime Rock P
 

Amendments 

Figure 8. Phosphorus concentration In sorghum shoot (37 days old) as Influ
enced by lime, rock phosphate, and various nutrient combinations under green
house conditions. Interaction means are tested at the P = 0.05 level, using 
Duncan's new multiple range test as follows: lower-case letters indicate signifi
cance of nutrients within each amendment; capital letters Indicate significance 
of amnendments within each nutrient. 
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Variable Soil Fertility in West Africa: 
Characteristics of Impoverished Soils 
and Comparison with Fertile Soils 

JamesB. Gardiner,Texas A&M University

James Gainer,Texas A&M University
R. 

Inprevious studies on spatial variability in Niger, soil 
infertility has been associated with a deficiency of plant-
available phosphorus. Before attempting or prescribing a
remedy, however, researchers need to understand the 
phenomenon more fully. We need to know what produces 
the localized deficiency of phosphorus, what other traits 
may be associated with it, how consistently the deficiency 
occurs, and why the depleted 'egions are distributed as 
they are. Also, since variable soil fertility is a widespread
problem in the Sahel, researchers need to determine 
whether the same nutrient deficiency occurs wherever the 
variability is found. 

Objective 
This study sought to characte:ize impoverised and fertile 
soils associated with the phenomenon of short-distance 

spatial variability in Niger. 


Procedures 
At the end of the 1986 growing season, eight millet fields 
displaying substantial variability were chosen for study.
These fields were located near eight widely separated
villages, all within the Department of Niamey, in western 
Niger. To be certain that transient causes of variability
would be excluded from consideration, we asked farmers 
in each village to identify sites that never produced well. 
In the course of locating these sites and interviewing the 
farmers, we repeatedly heard the word gangani,which 
means "crusted" in the Zarma language . Quite a number 
of the farmers held forth at length about their gangani
soils, complaining of their worthlessness and of the 
difficulty of cultivating a field dotted with them. The 
Nigerien farmers distinguished the ganganiproblem from 

the sealing of the surface that results when an abandoned 

termite mound melts under rain-a phenomenon with 

which it is often confus,a by western agronomists. This 

native understanding of the problem was employed to help
limit the focus of the present research. Villagers were 
asked to show not merely si,s that never produced well, 
but ganganisites that never produced well.

At each village but one, a brief history of the field 
was obtained (at the exception, the proprietor could not be 
located). Two soil profiles were sampled in each field, one 
at a ganganisite, and one at a site that had produced well, 
as evidenced by the millet stubble from the previous crop.
Samples were taken at 5-cm increments, to a depth of 30 
cm. At one site, complete profile descriptions to a depth of 

160 cm were obtained. Soil colors were determined with 
the aid of a Munsell color book. Soil pH values were 
determined by placing 10 g (oven-dry weight) of each 
sample in a beaker with 10 ml of distilled water, stirring 
for one minute, allowing the suspension to settle for 30 
minutes, and immersing a pH electrode in the supernatant.Texture, structure, and the topography at each site were 

also noted. Plar' 2vailable P was estimated by means of 
the Bray-la ext. action. 

Results 
A description of a typical ganganiprofile follows (all
 
colors are for moist soil):
 

Ap--0 to 1 cm, sand, yellowish red (5YR 5/8), single
grained, structureless, pH about 4.5, clear boundary.
AI- I to 4 cm, sand, reddish brown (2.5YR 4/4),
subangular, blocky structure, pH 4.5, clear boundary.
Btl-4 to 15 cm, loamy sand, red (2.5YR 4/6), weak, 
subangular, blocky structure, pH 4.5, gradual boundary. 

Bt2-15 to 160+ cm, loamy sand, red (2.5YR 4/8), 
weak, subangular, blocky structure, pH 4.5. 

The Ap horizon is eolian deposition. The Btl horizon 
is distinguished from the Bt2 by slight differences in color 
and texture, the Bt2 being a little redder and sandier. 
Ironstone pebbles as large as 15 cm in diameter are strewn 
about the surface and can be found in the Al and Btl 
horizons. They cover less than 1%of the surface and 
account for less than 1% of the volume of these two 
horizons. The Al and Btl horizons both have light
colored mottles; these are apparently pockets of the Ap

horizon material that have been incorporated by termites,
 
mice, or cultivation.
 

For the sake of comparison, we will describe a
 
productive site profile about six meters away from the
 
previously described ganganiprofile:
 

Ap-0 to 12 cm, sand, yellowish red (5YR 5/8), single
grained, structureless, contains several very thin and
 
discontinuous organic strata, pH about 5.6, clear
 
boundary.
 
A1-12 to 25 cm, loamy sand, yellowish red (5YR 4/

6), weak crumb structure, clear boundary.

Btl-25 to 33 cin, loamy sand, dark red (2.5YR 3/6),

weak crumb structure, gradual boundary.

Bt2-33 to 70+ cm, loamy sand, red (2.5YR 4/6), weak
 
crumb structure.
 

The surface elevation at this site is visibly higher, by
roughly 25 cm, than the surface at the ganganispot. This 
means that although the ground level undulates slightly,
the top of the Bt horizon is almost level. 

In all seven cases where it was possible to talk to the 
proprietor of the field, we affirmed that the ganganisites 
had been barren for as long as they had been farmed. This 
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varied from a maximum of 17 years, to a minimum of one five hectares; and at Kona, the ground was liberally strewn 
year. with the fragments of broken clay pots. 

Surface color and pH values are given in Table 3. In sum, we can describe a typical ganganisoil as 
Five of the eight surface samples of ganganisoils had, follows: 1) Munsell color, when dry, around 5YR 5/6 
when dry, Munsell colors of 5YR 5/6 (yellowish red), and (yellowish red) or, when moist, around 2.5YR 4/8 (red); 2) 
one rated 5YR 5/4 (reddish brown). The sample from pH in a rather wide range from 4.0 to almost 6.0; 3) loamy 
Guesselbodi had a color of 2.5YR 4/6 (red), and the sand texture; 4) weak, subangular blocky structure; 5) 
sample from Kollo had a color of 1OYR 7/3 (very pale surface 10 to 15 cm lower than that of nearby productive 
brown). Samples from the top 5 cm of soil profiles at soil; 6) hard crust on surface; and 7) history of low crop 
productive sites rated 5YR 5/8 (yellowish red) or 7.5YR 5/ productivity. These characteristics that can easily be 
8 (strong brown), except for the sample from Guilheal, identified in the field with the help of a Munsell color 
which rated 7.5YR 5/4 (brown), and the one from Kollo, book, a field pH kit, and the testimony of someone who 
which rated lOYR 6/3 (pale brown). In general, gangani knows the field. The soil at only one site departs from this 
soils tend to be redder than the productive soils, indicating set of characteristics to an important degree: the Kollo site 
that pigmentation by iron oxides is more important in the exhibits a very light color so different from that of the 
former. other samples as to perhaps disqualify it as a gangani soil. 

Ganganisoil pH values ranged from 4.0 to 5.7 (Table Small-scale ganganisites (from four square meters to 
4), with a mean value of 5.0 and acoefficient of variation hall a hectare) can be found in every field, pasture, and 
(CV) of 12%. Productive soil pH values ranged from 5.5
 
to 6.6, with a mean of 6.0 and a CV of 7%. Though the Table 4. Bray extractable P from eight ganganlsltes
 
ranges overlap, each gangani sample was more acid than and eight productive sites.
 
its productive counterpart from the same field.
 

All gangani surface samples were loamy sands, while Ganganl Productive Abandoned 
the surface samples of productive soils were sands. The profiles profiles village site 
ganganisamples had weak, subangular blocky structure, Depth n = 8 CV n = 7 CV n = 1 
while the productive sanples were essentially structure
less. Regions of ganganisoil occurred an estimated 10 to cm mg/kg % mg/kg % mg/kg 
15 cm lower on the topography than regions of productive 0-5 2.50 52 2.66 28 13.21 
soil. By definition, ganganisoils bore a hard crust, while 5-10 1.68 34 2.71 60 18.42 
the surface of productive soils consisted of loose sand. 10-15 1.33 32 2.32 55 18.30 

Three of the ganganisamples exhibited distinctive 15-20 1.27 27 1.82 53 9.45 
attributes: the sample fiom Kollo was a much lighter color 20-25 1.20 47 2.09 60 12.97 
(very pale brown) than the others; at Tillabery, the 25-30 1.13 60 2.23 65 8.73 
afflicted region encompassed an entire field of perhaps _ 

Table 3. Munseli color and pH of surface samples of paired gangani and productive soils. 

Munsell color (dry) ph 

Village Gangani Productive Gangani Productive 

Guilheal 5YR 5/6 7.5YR 5/4 4.43 5.56 
Damari 5YR 3/4 7.5YR 5/8 5.22 6.13 
Guesselbodi 2.5YR 4/6 5YR 5/8 4.00 5.4 
Baleyara 5YR 5/6 5YR 5/8 5.60 6.10 
Kollo 1OYR 7/3 1OYR 6/3 5.50 5.60 
Tillabery 5YR 5/6 7.5YR 5/8 5.72 6.63 
Diakinde 5YR 5/6 7.5YR 5/8 4.87 6.31 
Kona 5YR 5/6 5YR 5/8 5.05 6.33 

Mean 5.05 6.02 
Coefficient of variation, % 12 7 
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tract of forest in the Sahel of western Niger. Larger 
expanses can also be found. Several 10- or 15-ha areas 
consisting of nothing but ganganisoil supported not so 
much as a blade of grass. Atop the laterite plateau, where 
the soils are thin and gravelly, one can also find barren 
patches that appear to bear the seven traits enumerated 
above; however, further research would need to verify this 
assertion since the present study did not examine such 

soils closely. 


Values for available P, determined by means of the 
Bray-la extraction, are given in Table 4. Values in excess 
of 20 mg/kg may be considered high; between 7 and 20, 
medium; between 3 and 7, low; and below 3, very low. By
this standard, all the ganganiprofiles and seven of the 
eight productive profiles have very low levels of available 
P. The one exception is the productive profile from the 
field near Guilheal, which gave much higher values for 
available P at all depths. This site was once a village. The 
relative fertility of its soil may be attributed to the 
deposition of bones, ash, and the other detritus of human 
occupation. The other productive profiles have only
marginally more extractable P than the ganganiprofiles. If 
the Bray-la extraction is a fair estimate of available P, the 
crep itself appears to have depleted each of these produc-
tive sites of whatever P had been available at the begin-
ning of the season, since the sampling was done at the end 
of the growing season. Since levels of available P such as 
these are clearly insufficient to produce another crop,
 
these data imply that either some process is at work that
 
can rejuvenate the supply of available P before the next
 
growing season or that the fertility of the productive
 
locations must decline sharply. Dust borne by the winter
 
wind (the Harmattan), blowing south off the Sahara 
Desert, appears to have a modestly restorative effect, 
which is amplified by the traditional practice of abandon
ing the field for several years between cultivations. 
However, this practice, known as bush-fallowing, has been 
all but given up in the vicinity of the study area due to the 
pressure of population on arable land. Consequently, the 
fertility status and the amount of vegetation at the produc
tive locations are likely to decrease in succeeding years. 
Since all these sites were located on slopes, a loss of 
vegetation could cause further erosion and crusting of 
what soil remains. 

Of particular note are the levels of Bray extractable P 
for the productive site in the field near Balcyara. This site 
had been cleared of brush only the previous year (stumps 
were still visible) yet the soil was already low in available 
P. This finding demonstrates the insufficiency of tradi
tional bush fallowing. 

Conclusion 
Ganganisoils occur where erosion has carried off the 
surface horizons, exposing the argillic horizon. Redder 
hue, heavier texture, more developed structure, lower 
topographic position, tendency to crust, and more acid 
reaction-all these characteristize soils of an 
argillic horizon. Ganganisoils are invariably barren, but 
are not always sufficiently acid to mobilize Al in toxic 
concentrations. This finding suggests that the theory 
attributing spatially variable fertility to localized Al 
toxicity may be insufficient. The extremely low 
levels of Bray-la P found in ganganisoils appears to 
indicate a widespread and severe dzficiency. Low levels 
of plant-available P are not a necessary attribute of an 
argillic horizon. Nor do they, in an. ' case but one, distin
guish the ganganisoils from adjacent productive areas. 
Tests for P availability discovered few or no differences in 
P content between samples from productive and unproduc
tive sites. Researchers concluded that available P must, 
therefore, be sufficient and supposed that, for unexplained 
reasons, the test of availability was giving misleadingly
low readings. The present study suggests that the produc
tive and unproductive sites may display no differences in 
levels of plant-available P because samples were taken at 
the end of the growing season, by which time the crop of 
millet had depleted the soil of virtually all available P. 
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Spatial Variability of Soil Chemical Prop-
erties in Sandy Soils in Niger 

Jessica Davis-Carter,Texas A&M University 
L. R. Ilossner,Texras A&M University 
L. P. Wilding, Texas A&M University 

Variability in crop stands over very short distances (2 to 
20 m) is a widespread problem on the sandy soils of Niger 
and throughout the Sahelian zone of Africa. Variability in 
stand establishment is already visible when millet seed-
lings are about three weeks old, and it persists until 
harvest. Sand blasting, soil crusting, termite activity, high 
soil temperature, and low soil water content have been 
proposed as causes of the stand variability. The hypothesis 

of this work is that soil chemical problems limit early root 
growth and seedling establishment and make seedlings 
vulnerable to the harsh physical conditions. 

Objective 
The objective of this study was to quantify the variability 
of some soil chemical properties in order to identify those
that contribute to the variability in crop yields. 

Procedures 
Two soils were sampled extensively from newly cleared 
plots on the International Crops Research Institute for the 
Semiarid Tropics (ICRISAT) Sahelian Center in Sadore. 
Niger, 40 km south of the capital of Niamey. Both soils 
were classified as Psammentic Paleustalfs; however, the 
Zogoti soil occurs upslope from the Labucheri soil and is 
redder and shallower. When the profiles were sampled for 
characterization, three multiple lateral samples were taken 
to gain an index of pedon variability. The soil characteri-
zation work was done at the Institut National de la 
Recherche Agronomique du Niger (INRAN) Soils 
Laboratory in Niamey, Niger.

Plots of approximately 1/3 ha in area were mapped on 

both soils, and the land was cleared by hand with ma

chetes and rakes. Each of these plots was split into 72 
subplots (6 x 8 m each), and each subplot was sampled in 
the center to a 100-cm depth in 20-cm increments. Thethe entr t a n 2-cmincemets.The00-m dpth 
variability over these 1/3-ha plots will be referred to as 

macrovariability, 
On each of these soils, three pits win 

domly within the 1/3-ha plots. The pits were 100 cm deep,and oilsamlesweretaknfom he it-fce sin a rid 

and soil samples were taken from the pit-face using a grid 
(100 cm x 100 cm) with grid squres of 400 cm2 (20 x 20cm). Thus, each depth increment was replicated five times 
wTh ac depthof10crmet vasrilit dve teswith in a d istan ce o f 100 c m . T he variab ility o ver th ese
100 cm long pits will be referred to as nmicrovariability.
Other field measurements included depth to laterite 

Othrfielaeeeatinlaucehso olying a 
bedrock, rcalculated, 

surveying transit), and depth to very acid subsoil (defined 
as depth to soil with KCI pH less than 4.0). 

The coefficients of variation (CVs) were calculated 

for each pit and then averaged for an estimated inicrovari
ability. The SAS PROC MEANS program was used to 
determine sample means and CVs. Semivariograms were 
constructed using a FORTRAN program. The semivari
ograms on the macroscale were calculated at four angles: 

0, 60, 90' and 120. The 0' angle was the east-west, 
downslope direction. The minimum number of couples for 
graphing was 20, with the exception of the microscale 
data, which ranged from only 3 couples at 0.8 m distance 
to 12 couples at 0.2 m distance. The SAS PROC NLIN 
program was used to determine the best-fitting asymptotic 
lines for each semivariogram. 

Results 
Both Labucheri and Zogoti soils increase in percent clay 
and decrease in percent sand with depth; however, the 

Zogoti soil has more clay in the B/A and BTI horizons,
while the Labucheri soil has more clay from the BT2 
hizo don Boh soil have a hron and are 
horizon down.Both soils have argillic horizons and are 
described as Alfisols. Both decrease in pH just below the 
soil surface, but the decrease is greater in the Zogoti soils. 

Tables 5 and 6 list the CVs for soil characteristics in 
the Labucheri and Zogoti soils for the triple lateral 
sampling. Coefficients of variation for total N were high, 
in general, for both soils. This may be due to very low 
mean values, which could have caused the CVs 
to be inflated. Both soils had low CVs for pH (H20), pH 
(KCI), and percent sand; both had moderate CVs for 
available P and exchangeable Al. On the Labucheri soil, 
the highest CVs were for exchangeable Mg and percent 
silt, though exchangeable K, Ca, and Na also had high 
CVs. Exchangeable K and Na had the highest CVs on the 
Zogoti soil, though Mg and silt also had high CVs. 

The pH, organic matter, exchangeable K, and soilthickness CVs for these two soils are on the low end of 
C agsfudi h ieaue(al ) h x 

changeable Ca and Mg CVs are within the range of those 
reported in the literature.

The microvariance for available P was very high onTemcoainefraalbePwsvr iho
the soil surface for both the Labucheri and Zogoti soils; it 

was actually greater than the macrovariance (Table 8). 
This may be due to the different analytical methods used 

the laboratory measurements of P. Ion chromatography
((used for microvariability samples) is less sensitive to low 
levels of P than the colorimetric method (used for mac

les. Coimet sured
me as
rovariability samples). Consequently, P was measured as 
zero for all samples below the 0.4-m depth. At 0.2- to 0.4,th La u er so l eg t r d no P b t t e Z g ti olm, the Labucheri soil registered no P, but the Zogoti soil 
did have some measurable P at this depth. When the 
values for P are all zeros, the semivariogram cannot be 

hence the missing microscale data on the sem
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Table 5. Coefficients of variation for Labucheri soil characterization data. 

Horizon 

Soil property Al A2 B/A Btl Bt2 Bt3 Bt4 

pH (H20) 0.8 3.0 3.4 0.8 1.7 1.1 2.1 
pH (KCI) 0.6 0.3 0.8 0.9 0.3 0.4 0.3 
Ca* 15.7 0.0 0.0 24.7 20.4 36.7 20.0 
Mg+ 9.1 10.8 34.6 45.8 49.5 0.0 65.5 

° K 9.1 10.8 34.6 12.4 15.7 43.3 44.6 
Na* 0.0 0.0 0.0 24.7 0.0 0.0 0.0 
Acidity+ 9.8 8.6 4.4 8.2 7.4 2.2 4.1 
AI 17.8 7.2 7.2 16.2 5.1 12.4 6.9 
P. 13.6 0.0 0.0 0.0 14.4 13.3 0.0 
Clay 4.9 7.1 6.2 11.1 7.3 7.3 7.7 
Silt 28.1 21.3 35.2 37.8 65.7 47.5 39.8 
Sand 3.9 0.5 0.3 0.6 1.8 0.9 0.6 
o 18.1 12.4 5.4 0.0 63.0 10.2 13.3 
OM 18.3 14.4 6.3 0.0 64.1 6.0 15.1 
N 102.3 86.6 86.6 0.0 100.0 83.3 44.1 

*Exchangeable 
-Extractable 

Table 6. Coefficients of variation for Zogoti soil characterization data. 

Horizon 

Soil property AI A2 B/A sti Bt2 Bt3 Bt4 

pH (H20) 30.4 2.9 2.2 3.6 1.3 1.2 1.1
 
pH (KCI) 1.8 1.7 
 0.6 3.5 0.8 0.9 1.2 
Ca+ 16.7 13.3 14.3 24.1 16.7 19.9 19.9
 
Mg+ 33.3 24.7 13.3 41.7 33.3 78.7 34.6
 
K- 90.1 81.0 44.6 21.7 61.5 101.3 36.7 
Na# 22.4 37.5 52.8 74.3 82.1 83.4 80.4 
Acidity* 36.6 11.712.0 40.7 4.0 7.7 8.7 
Al+ 15.7 10.4 10.2 42.1 0.0 9.2 24,8
P. 6.4 25.8 15.1 13.3 0.0 0.0 13.3 
Clay 8.0 7.1 10.5 4.5 7.6 6.4 2.7 
Silt 19.7 43.3 27.8 48.0 38.0 31.3 23.8 
Sand 0.6 1.5 1.6 0.9 2.1 1.40.6 
C 10.8 22.9 201. 11.2 28.614.3 19.9 
OM 10.5 23.3 20.8 10.6 16.7 28.5 22.9 
N 134.9 44.8 28.2 54.6 125.6 155.0 119.65 

+Exchangeable
 
-Extractable 
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ivariograms at the greater depths. For P, the nugget For the P semivariogram, the sills were a satisfactory 
variances are difficult to determine since, without the estimate of the macrovariance in all cases except the soil 
microscale data, the pattern near the origin cannot be surface on both soils. The Zogoti soil had higher mac
determined. Nevertheless, nugget variance was high for rovariance and sill values than the Labucheri soil from 
available P in several cases, especially at the soil surface, 0.2- to 0.8-m deen. On the soil surface, the Labucheri soil 
where 90% or more of the variation was random. had greater microvariance than the Zogoti soil. The ranges 

for these soils are very similar, except that the Labucheri 

Table 7. Comparison of Labucheri and Zogotl CVs to soil had a greater range at the 0.2- to 0.4-m depth, and the 

those In the literature for mapping units within a soil Zogoti soil had a much greater range at the 0.8- to 1.0-m 
depth.series, 

The Labucheri soil had lower pH, lower cation-

Soil exchange capacity, less organic matter, and less N than 

property Literature§ Labucheri Zogotl the Zogoti soil, though the Labucheri had slightly greater 
available P levels. In the soil characterization data, soil pH 

% and percent sand had the lowest CVs for both soils. 
Exchangeable Mg and percent silt had the highest CVs on

Soil pH 5--1 2-3 3-6 the Labucheri soil, and exchangeable K and Na had the 
Organic matter 20-61 20 23 

32-75 highest CVs on the Zogoti soil.Exchangeable Ca 30-73 36-77 
The KCI pH was least variable for both soils on theExchangeable K 31-121 74-108 84-114p 

Depth to acid subsoil 60 80 macroscale and the microscale. Depth to acid subsoil was 
thmore variable than indicated in the literature (Table 7); its

Soilhtickneitess 25variability is on the same scale as the factors mentioned
Depth to laterite 8 21 above. Acid subsoil depth may be an important factor in 

§I terature values taken from: Wilding, L.P. 1988. Improv- understanding limitations to root growth and the resulting 
ing our understanding of the composition of the soil stand variability. If rooting depth varies in these low

landscape. InProc. of the International Interactive Work- fertility soils, then aboveground plant growth will also 
shop on Soil Resources: Their Inventory, Analysis and vary. Magnesium, Ca, AI, depth to acid subsoil, and P are
Interpretation for Use inthe 1990s, March 22-24, 1988. the most variable soil chemical properties, and may, 
ineptation for Usepinp139 Mtherefore, the ones most closely related to uneven stand 

Minneapolis, MN. pp. 13-39. establishment and crop growth. 

Table 8. Critical values from semlvarlograms for available soil P for the Labucherl and 
Zogotl soils. 

Variance 
Random
 

Depth Range Sill Micro Macro Nugget variation 

m m % 
Labucherl
 

0.0-0.2 2262 2.00 3.568 1.067 1.808 90 
0.2-0.4 177 0.611 - 0.602 0.560 92 
0.4-0.6 15 0.560 - 0.530 0.070 12 
0.6-0.8 9 0.337 - 0.358 0.000 0 
0.8-1.0 24 0.292 - 0.267 0.050 17 

Zogotl 
0.0-0.2 2078 0.864 1.856 0.547 0.795 92 
0.2-0.4 22 1.018 0.338 0.935 0.365 36 
0.4-0.6 15 0.700 - 0.651 0.050 7 

0.6-0.8 24 0.480 - 0.492 0.166 35 

0.8-1.0 1454 0.257 - 0.234 0.246 96 
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1. Natural-Resource Management: Growth Variability 

Sorghum Response to Phosphorus in Al and H, pH, and Bray-I extractable P were measured on
Sandy Soils of the Cinzana Station, Mall soil samples. Plant samples were analyzed for N,P, Ca, 

Mg, Al, Mn, and Fe. 
M. D. Doumbia, Texas A&M University Results 
L. R.Iossner, Texas A&M University Symptoms of poor growth were observed only in treat

ment combinations containing no P (combinations of lime 
Phosphorus was found to be highly correlated with poor levels with N, NK, and the 0 rate of P). Application of P at 
early sorghum (Sorghum bicolor [L.] Moench) growth in a rate as low as 2.5 mg/kg not only prevented symptoms
Grossarenic and Pliithic Paleustalfs on the Cinzana of poor growth, but also increased dry matter significantly.
Station. Symptoms are root necrosis and leaf yellowing at Increasing the rate of P beyond 15 mg/kg did not result in 
the three to four leaf stage. However, no study has been a significant increase in dry-matter production (Figure 9).
conducted to determine inputs necessary to suppress A cubic model best described dry-matter yield as influ
symptoms of poor growth and achieve optimum crop enced by P rates in both unlimed and limed soils. The
 
growth and yield. This was a preliminary study upon regression equations are as follows:
 
which to base P rates for field research on the response of Unlimed:
 
sorghum to applied P. 2
y = 1.17 + 0.36P - 0.0006P 2+ 0.0003P3 ; r = 0.8411 

Limed:Objectives y=med:
The objective of this study was to establish a response Y= 2.13 = 0.33P - 0.007P 2 = 0.00004p 3 ; r2 = 0.7092 
curve to P in Grossarenic and Plinthic Paleustalfs of the Liming significantly enhanced the effects of applied P
Cinzana Station. on dry-matter yield only at a rate of 5 mg P/kg (Figure 9). 

Despite earlier data (100 mg P/kg), liming tended toProcedures decrease the effects of applied P at rates higher than 20A greenhouse experiment was designed to cstablish a mg P/kg. Lime application significantly increased soil pH
response curve to P, using limed and unlimed unproduc- and shoot concentration of N, P, and Ca (Tables 9 and 10).
tive soils. Ten rates of P and three replications were used. Liming significantly reduced exchangeab! , soil acidity
A mineral supplement (N and K) was addee to each P rate, and shoot concentrations of Al and Mn.
and sorghum was grown for 31 days. Bray-I P significantly increased with each increment

Laboratory analyses were performed to determine the of applied P (Table 11). Soil pH and exchangeable aidity
effects of treatments on selected soil chemical properties were significantly influenced by the different P rates
and nutrient concentrations in plant tissue. Exchangeable (Table 11). The rates of applied P had a significant impact 

Table 9. Selected soil chemical properties as Influenced by the main effect of 
lime In a lime x P rates (2x 10) factorial experiment conducted under green
house conditions. 

Dry pH, Bray-1 Exchangeable
Treatment matter (water, 1:2) P acidity 

g/pot cmolc/kg g/g cmolc/kg 
Check 4.15 5.04 b 18.68 a 0.20 
Liming 4.56 5.46 a 19.36 a 0.07 

Interaction' S NS NS S 
CV (%) 16.86 4.98 11.46 36.33 

Bulk sample 5.10 5.24 0.40
 

0Means followed by the same letter are not significantly different at P= 0.05, using

Duncan's new multiple range test.
 
I Lime x Prates.
 
S, NS: significant and nonsignificant interactions, respectively, at 0.05 level of
 
significance.
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on shoot nutrient concentration. With increasing rates of P o
application, shoot concentrations of N, P, Ca, and Mn 
were increased, while shoot Al concentration was reduced 
(Table 12). 60 

0 

Conclusions 
An application rate of 15 mg P/kg of soil in a greenhouse 
study appears to provide adequate P for optimum sorghum 
growth in Grossarenic and Plinthic Paleustalfs of the 20 -- 0-	 Unlimed 

LimedCinzana Station. This rate is slightly higher than the 
recommended economic rate of 20 kg P/ha for sorghum 
and millet (Pennisetmtyphoides) in most soils of Mali. 00- , 

0 20 40 60 80 100 

Applied P (mg/1q) 

Figure 9. Sorghum dry-matter yield as Influenced by 
lime, P rates, and a mineral supplement (N and K). 

Table 10. Sorghum shoot (31 days old) mineral composition as Influenced by the main 
effect of lime in a lime x P rates (2x 10) factorial experiment conducted under green
house conditions. 

Selected Nutrients 
Dry 

Treatment matter N P Ca Al Mn Fo 

g/pot g/kg 	 mg/kg 

Check 4.15 32.50 b 2.51 4.55 523 a 429 327 a
 
Liming 4.56 33.66 a 2.74 5.10 466 b 151 333 a
 

Interaction' S NS S S NS S NS
 
CV(%) 17 7 8 10 10 13 27
 

Means followed by the same letter are not significantly different at P = 0.05, using Duncan's 
new multiple range test. 
I Lime x P rates. 
S, NS: significant and nonsignificant interactions, respectively, at 0.05 level of significance. 

69
 



1.Natural-Resource Management: Growth Variability
 

Table 11. Selected soil chemical properties as Influenced by the main effect of P
rates In a lime x P rates (2 x 10) factorial experiment under greenhouse conditions. 

Dry pH Bray-1 Exchangeable
NK§ + P matter (water, 1:2) P acidity 

mg P/kg g/pot ug/g cmoic/kg 
0 0.85 5.11 cde 2.99 h* 0.20

N + 0 0.44 4.97 e 4.09 h
NK+ 0 0.40 4.96e 4.13h 

0.22 
0.17

NK + 2.5 2.29 5.06 cde 4.48 h 0.16
NK+ 5 4.63 5.03 de 5.23 h 
NK + 10 4.62 5.34 abcd 7.97 g 

0.15 
0.09NK+ 15 6.20 5.25 bcde 11.60, 0.13NK + 20 6.02 5.38 abc 14.72 e 0.13

NK + 40 6.88 5.29 abcde 24.86 d 0.14
NK+ 60 6.43 5.50 ab 37.59 c 0.10NK+ 80 7.13 5.54 ab 49.07b 0.10NK + 100 6.39 5.60 a 61.48 a 0.08 

Interaction' S NS NS SCV(%) 16.68 4.98 11.46 36.33 

Bulk sample 5. 0 5.24 0.40 

§N was applied at a rate of 100 mg/kg and K at 50 mg/kg; *Means followed by the sameletter are not significantly different at P = 0.05, using Duncan's new multiple range test;I Lime x P rates; S, NS = significant and nonsignificant interactions, respectively, at 0.05 
level of signifcance. 

Table 12. Sorghum shoot (31 days old) mineral composition as Influenced by the main effect of P rates In a limex P rates (2 x 10) factorial experiment conducted under greenhouse conditions. 

Selected nutrients
Dry
 

Treatment§ matter N 
 P Ca Al Mn Fe 

g/pot g/kg mg/kg
0 28.22 e 1.75 5.86 552 ab 151 340 aN + 30.04 de 1.72 5.36 581 a* 191 298 aNK + 0 28.02 e 0.81 4.13 580 a 232 273 aNK + 2.5 33.45 bc 1.70 4.34 550 ab 407 309 aNK + 5 32.05 cd 1.80 4.60 524 abc 363 303 aNK + 10 30.48 de 2.14 4.60 509 bcd 376 301 aNK w, 15 33.89 bc 2.13 4.65 490 bcd 294 376 a
NK + 20 
 34.08 bc 2.29 4.78 482 dc 251 351 aNK + 40 35.96 ab 3.04 4.91 492 bcd 266 395 aNK + 60 37.17 a 3.99 4.96 458 d 321 356 aNK + 80 36.31 ab 4.71 4.93 284388 e 305NK + 100 37.29 a 5.41 4.76 342 e 326 373 a 

Interaction' S NS S S NS 8 NSCV(%) 17 7 8 10 10 13 27 

SN was applied at a rate of 100 mg/kg and K at 50 mg/kg; *Means followed by the same letter are not significantlydifferent at P = 0.05, using Duncan's new multiple range test; I Lime x P rates; S, NS = significant and nonsignificant
interactions, respectively, at 0.05 level of signifcance. 
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Organic-Matter Dynamics and Nutrient
 
Cycling in Tropical Agrosystems:
 

TAM U-410
 

Poor soil nutrient reserve is among the major constraints 
limiting crop and livestock production in the drier regions 
of sub-Saharan West Africa. Although the importance of 
organic matter in supplying and conserving plant nutrients 
in the region's predominantly sandy, kaolinitic soils is 
widely recognized, quantitative data on the gain and loss 
of nutrients from organic sources in tropical agroecosys- 
tens are scarce. 

Much experimental evidence has shown that on well- 
drained, sandy soils in the semiarid and subhumid tropics, 
crop residue mulch and minimum tillage can improve soil 
productivity and sustain crop yield for a longer period of 
time without returning land to bush fallow. However, in 
the semiarid region of Africa, traditional farming practices 
generally remove the bulk of the crop residues (i.e., 
sorghum, millet, maize, atid cowpea) from the field after 
each harvest. Crop residues are used for fodder, fuel, and 
fence materials in the farm compound. Moreover, cowpea 
stover is often sold for livestock feed during the dry 
season. Such practices eventually deplete soil nutrient 
reserves and prevent the land from regenerating its natural 
vegetative cover when it is returned to the fallow phase. 

Improving crop and fodder yields by adopting commer
cial production systems that use high-yielding cultivars 

and chemical inputs is generally regarded as uneconom
ical for the foreseeable future. Research aimed at develop
ing new farming systems to include low-cost nutrient
management practices are needed to sustain optimum crop 
yield while conserving the soil resource base. To be 
successful, we need to better understand the processes and 
mechanisms that control the decomposition and turnover 
of organic matter. Nutrient cycling in tropical environ
ments and the rolr of cropping systems, fallow vegetation, 
soil fauna, and microbial biomass as they affect cycling of 
nutrients, modification of soil properties, and the supply of 
nutrients for plant growth also require further investiga
tion. 

This project, which has not yet started, will focus on a 
comparative study of organic-matter dynamics and 
nutrient-cycling budgets in selected agroecosystems 
consisting of cereals and annual, perennial, and tree 
legumes in the cropping systems. Nutrient-cycling studies 
should improve our understanding of how agroecosystems 
operate as a unit. Such knowledge is essential for the 
development of sustainable and productive agricultural 
systems in the tropics. 
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Decomposition of Legumes During the 
Rainy Season of the Semiarid Climate of 
Niger (proposal) 

A. S. R. Juo, Texas A&M UniversityK. Grahammer,Texas A&M UniversityA. Manu, Texas A&M University 

Poor soil fertility is a major constraint to increased food 
production in large areas of the Sahel. The soils in ,heregion are predominantly sandy, have low water and
nutrentretion amint sand harver low, eran c 
nutrient-retention capacities, and are very low in organicmatter. An intercropped green manure will temporarily 

increase the soil's organic matter and improve its physical, 
chemical, and biological structure. It is hypothesized that 
legumes intercropped with millet during the first part of 
the growing season will not significantly compete for 
water with millet, and that decomposition of incorporated
legumes is sufficiently rapid to contribute to millet 
nutri!ion. 

Objectives 
The specific objectives of this study arc as follows 1)to 
evaluate various legumes' contributions to millet nutrition 
as they decompose; 2) to quantify the effect of legumes
intercropped during the first part of the growing season on 
available water for millet; 3) to estimate decomposition 
rates of soil organic matter and added plant material by
release of inorganic N and carbon dioxide (CO 2); 4) to 
understand transformations and movement or released N;
and 5) to quantify the effect of added plant material on the 
decomposition of native soil organic matter. 

Procedures 
A field experiment will be conducted in Niger, West
 
Africa. Local millet, Pennisetumglaucum (L.), will be
 
grown. Legumes will be grown as intercrop for six weeks
 
followed by incorporation toward the millet rows. Leg
umes will include one commonly used in the area
 
(cowpea), a native wild legume well adapted to the area 
but not used for production, and a legume cultivated in 
other semiarid areas. The following treatments will also be 
established: millet monoculture, inillet in intercrop with 
cowpea grown to maturity, legume only, and bare soil. P 
fertilizer will be a second consideration in this study.

Decomposition of organic matter and incorporated
legumes will be monitored by release of inorganic N and 
evolution of CO2. These parameters will be related to soil 
temperature, soil water content, and swge of decomposi
tion. The static chamber method and alkali absorption will 
be used to measure CO2evolution from soil and decom
posing legumes. Cumulative CO 2evolution for each 
treatment will be compared, and the CO2 released from 
decomposing legumes estimated by difference. Any 
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priming effect of added fresh organic material on soil 
organic-matter decomposition will be indicated in a prior
lab experiment. 

Under controlled conditions experiments will be 
performed with the same legumes used in the field study.
Legume N will be labeled by application of INH4 5NO3After soil organic matter and legume tops and rootsdecompose, the release ofCO2 and of tolal and labeled 

inorganic N will be maintained for 90 days. 
Additional studies under controlled conditions mayinclude 1)screening wild legumes for N content and 

growth rate during the first six weeks; 2' examining the 
effect of soil water content and temperature on C and Nreleased from decomposing legumes; and 3) examining 
the effect of incorporated legumes and stage of 
dec t on te ls ate-rteo 
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Soil Acidity and Infertility: UH-1
 

For resource-poor farmers, lime is expensive and difficult 
to incorporate into the subsoil. where it is needed to 
detoxify aluminum. Without lime, only a limited number 
of acid-tolerant crops of low nutritional value can be 
grown. With lime, farmers can choose from a wider 
variety of marketable crops, minimize yield losses from 
drought, obtain higher use efficiency of N, P, and K 
fertilizers and pest control measures, produce the desired 
quantity of commodities on a smaller area, and extend the 
length of the growing season by increasing water-use 
efficiency. 

The precise cost-effectiveness of lime application is not 
known because 1) the residual effect and therefore the 
amortization of costs over several years cannot be quanti
fled for sound economic analysis, 2) the optimum depth of 
lime incorporation that depends on the amount and 
distribution of rainfall cannot yet be readily determined, 
3) the rate of lime leaching is not yet predictable, and 4) 
the role of organic matter as a substitute for lime is not 
known. These knowledge gaps prevent the large knowl
edge base on liming from being used to assess the eco
nomic feasibility ,f liming and fertilizer use. 
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Diagnosing and Correcting Soil Acidity
and Infertility 

LalitArya, University ofHawaii
 
Nguyen Hue, University ofHawaii 

I Putu GedgerWidjaja-Adhi, Centerfor Soiland 


Agroclimate Research 

M. Oka, SukaramiAgriculturalResearchInstitutefor 

Food CropsB. Rusman, PadjaaranUniversityRussell Yost, University ofHawaii 

Objectives 
The objectives of this study were 1) to measure the long-
term residual effect of lime, phosphorus, and organic
matter on crop performance and the economics of produc-
tion; 2) to identify the optimum depth of lime and organic 
matter incorporation with different water retentioncharacteristics under dry- and wet-season farming; 3) to 
collect lime-leaching data to develop transport equations
that will predict movement of lime in the rhizosphere. 

Procedure 
Lime was incorporated into the subsoil at rates of one or 
two tons per hectare per 10-cm depth to varying depths.
The treatments were: 

LODO: no lime 
LID10: 1 ton lime/ha/10-cm depth to a depth of 10 cm 
LI D20: I ton lime/ha/10-cm depth to a depth of 20 cm 
Li D30: 1 ton lime/ha/10-cm depth to a depth of 30 cm 
LID40: I ton lime/ha/10-cm depth to a depth of 40 cm 
L1D50: I ton lime/ha/10-cm depth to a depth of 50 cm 
L2D10: 2 tons lime/ha/10-cm depth to a depth of 10 cm 
L2D20:2 tons lime/ha/10-cm depth t. a depth of 20 cm 
L2D30:2 lime/hi10-cm a cmL2D30: 2 tonstons lime/ha/10-cm depthdepth toto a depthdepth ofof 3030 cm 
L2D40: 2 tons lime/ha/10-cm depth to a depth of 40 cm 
L2D50:2 tons lime/ha/10-cm depth to a depth of 50 cm 
The soil in each plot was removed in 10-cm depth

increments to a depth of 40 cm and placed on plastic
sheets. The 40- to 50-cm layer was tilled in place, and the
prescribed amount of lime was incorporated in it by
thorough mixing. Thereafter, successive layers were 
returned to their original positions one by one, levelled, 
and limed. All plots were excavated to 40 cm to eliminate 
the "tillage" effect on the experimental results. The 
treatments were replicated three times in a randomized 
complete-block design. After the liming treatment was
completed, all treatments were fertilized with 222 kg urea/
ha to give 100 kg N/ha, 150 kg TSP/ha, and 50 kg KCI/ha.

Three successful maize crops were harvested from 
these plots. One additional crop was destroyed by feral 
pigs. 

Tiie chemisty of the soil prior to liming was as follows: 
Depth pH Al Ca Mg K Al sat. 

(cm) 
0-10 3.77 3.28 

(emol/kg) 
0.71 0.36 0.08 74 

10-20 3.76 3.48 0.58 0.25 0.08 79 
20-30 3.74 3.78 0.78 0.31 0.06 77 
30-40
40-50
50-60 

3.69
3.723.86 

3.38
3.30
3.13 

0.49
0.500.50 

0.19
0.20
0.19 

0.04
0.040.07 
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80 

Results 
Top Growth 
Grain yield and total biomass for three harvestable crops 
are shown in Table 1.The results clearly show that deep
incorporation of lime improves crop performance. 

However, it is not clear whether improvement is due to theamount of lime applied or to the depth of application. For 
example, what would the results be if 5 tons of lime were 
incorporated to a depth of only 10 cm and the result 

compared with that of lime distributed to a depth of 50cm? Data in an earlier experiment in which varying rates 
of lime were surface applied showed a potential grain
yield of 4.5 tons per hectare from 5 tons per hectare lime 
applied to the surface 10 cm. The same amount of lime 
incorporated to a depth of 50 cm in the present experiment 
yielded 5.83 tons of grain per hectare. In fact, 3 tons of 
lime incorporated to a depth of 30 cm produced 5.43 tons 
of grain per hectare. 

Root Growth 
Selected treatments were sampled for root distribution at 
full crop growth. Data are presented in Table 2. Data show 
that rooting depth increased with greater depth of limeincorporation. Root zone depth for no-lime treatment was 
limited to 20 to 30 cm, whereas roots grew to 60 cm 
where liming depth was 50 cm. Most of the roots (73 to 
95%) grew in the top 10 cm of the soil. However, the 
fraction of the total root mass growing in the subsoil (that
growing below the 10-cm depth) increased as the liming
depth increased. For example, subsoil root growth for the 
no-lime plot accounted for only 5% of the total root mass. 
Compared to this, subsoil root growth for the L2D30 
treatment was 27% of the total root mass. Lime also 
affected rooting density in the subsoil. At any given depth
in the subsoil, root density increased with an increase in 
the amount of lime. 

Total root mass does not appear to be as important as 
root distribution. Root mass in the topsoil for the no-lime 
treatnent was nearly as high as that for the treatment 
where lime had been incorporated to 50-cm depth.
However, biomasss yield for the no-lime treatment was 
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only 33% of that for the latter. The subsoil root growth in Soil Water 
the two cases was quite different, however. For the no- Soil water status was measured as a function of lime and 

lime treatment, only 5% of the total root mass grew in the depth for selected treatments. A neutron probe was used to 

subsoil and was limited to an effective depth of 20 cm. In measure soil water content, and tensiometers were used to 

the case of the 50-cm liming depth, 25% of the total root monitor soil water pressure. For the purpose of this report, 

mass grew in the subsoil and reached a depth of 60 ,. n. only the soil water pressure data are presented to elucidate 

These data clearly demonstratc; the importance of subsoil the effects of deep liming on water availability. Temporal 

root growth for plant productioa. The relationship of patterns of soil water pressure for LODO, L2D20, and 

biomass production to root growth is illustrated in Figures L2D50 treatments are presented in Figures 2, 3, and 4. 

la and lb. Maize biomass wse clearly related to subsoil Figure 2 shows the patterns at 22.5-cm depth. Data show 

root growth. No relationship seemed to exist between that -oil water pressures for the L2D50 treatment were 

maize biomass and root growth in the topsoil. highly negative compared to those for the LODO treatment. 

Table 1. Effect of deep liming on corn grain and biomass yields In a Sitiung 
Ultisol (variable rate and depth). 

Crop2 Crop 11 Crop III 
Treatment Grain Biomass Grain Biomass Grain Blomass 

Yield kg/ha 

LODO 1911 4332 575 1978 1054 3756 
LiD10 3241 7407 1633 4349 2824 7757 
L1D20 4745 11655 2736 7238 ' 523 10171 
L1D30 5426 12973 2968 7549 5172 12905 
L1D40 5400 13002 3361 8057 5506 11901 
L1D50 5830 15064 3896 8989 5507 12612 
L2D10 4415 10802 2523 6472 4169 9650 
L2D20 4682 10550 3024 8751 5357 12267 
L2D30 5254 12468 3186 7795 5383 12252 

L2D40 5610 13180 3778 9902 6326 14651 
L2D50 5488 13195 4577 10703 6136 14472 

Table 2. Effect of deep application of lime on corn root and top growth In a Sitiung 
Ultisol. 

Treatment 
Depth LODO LID10 L2D10 LID30 L2D30 LID50 L2D50 

(cm) Root mass (g/l) 

0-1OA 10.14 7.87 6.20 4.92 8.53 6.82 7.95 
0-1OF 8.89 9.81 10.68 8.34 9.73 11.37 12.91 
0-1OT 19.03 17.68 16.88 13.31 18.26 18.19 20.86 
10-20 0.93 1.62 2.26 1.85 3.91 2.90 3.48 
20-30 0.09 0.15 0.24 0.90 1.84 1.63 1.95 
30-40 0.00 0.05 0.03 0.23 0.85 0.60 1.01 
40-50 0.00 0.00 0.00 0.02 0.04 0.22 0.30 
50-60 0.00 0.00 0.00 0.00 0.00 0.06 0.10 
60-70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

kg/ha 

Biomass 4,332 7,407 10,802 12,973 12,468 15,064 13,195 
Grain 1,911 3,241 4,415 5,426 5,254 5,830 5,488 

A: anchor roots. 
F: fine roots. 
T: total. 
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Data indicate that roots under the L2D50 treatment were Sharp differences began to appear when the rootingextracting water much more rapidly. Pressures for the patterns changed and differences in growth causedL2D20 treatment were somewhat less negative than those differential evapotranspiration demand. Pressure patternsfor the L2D50 treatment, but were significantly more also fluctuated with the rainfall. Rainfall data are shownnegative than those for the LODO treatment. Data also as inverted bars at the top of Figure 2.indicate that during the early stages of crop growth, At 37.5-cm depth, pressures for the L2D50 treatmentpressure patterns for the three treatments were similar. were quite negative (Figure 3). However, those for the 
LODO and L2D20 treatments were much 
less negative and quite similar in magni15 0 tude. These patterns seem to be related to 
liming depth. Although the L2D20 Lreat

0 had reasonably good plant growth,0ment 
0 there was no added lime at 37.5-cm depth 

under this treatment. It seems, therefore, 
10 that liming to 20-cm depth did not influence root growth at the 37.5-cm depth. The 

L2D50 treatment, on the other hand, had 
lime distributed to 50-cm depth. More roots 

0 grew and, hence, there was more wateretraction activity at 37.5-cm depth. 
Pressure patterns at 52.5-cm deph (Figure 
4) are quite similar to those at 37.5-cm 
depth, except that absolute values of 
pressures are smaller. Here again, the 
presence of lime at 50-cm depth helped 
roots to grow in die vicinity of 52.5-cm0 1 2 3 4 5 6 7 8 depth. Presence of roots at 50-cm resulted 

Subsoil soil root mass (g/100 cm in increased extraction of water, which is2 ) 	 quite clearly reflected in tie pressure
Figure la. Corn blomass as a function of subsoil root growth. patterns. 

Differences in the temporal patterns of 
soil water pressure at various depths, for thethree liming treatments, are consistent with11 1 1 the root distributions presented in Table 2.15 --

Soil Calcium 
Calcium content increased at all soil depths 
where lime was applied. Soil distribution 
data of calcium, three weeks after applica

to0 	 tion of lime, are shown in Figure 5. The 
distribution, however, was quite uneven. 
The treatment without lime showed very 

E -	 6low values of calcium and a smoothdistribution with almost no calcium below 

20-cm. 'he treatment where I t/ha lime per10-cm depth was supposed to have been 
applied to a depth of 50-cm showed 
increases in calcium content only up to 35cm depth. The distributions indicate 
problems with the method of incorporation.0 1 I 1 1 Most likely, lime was not completely13 14 15 16 17 18 19 20 212 mixed. 

Topsoil root mass (g/100 cm2 ) 
Distribution of Ca after the first harvest

Figure lb. Corn biomass as a function of topsoil root growth. of maize, 15 weeks after lime application, 
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is shown in Figure 6. The unevenness in Ca distribution normally even during rainless periods of several days. 
still existed, although sharp bulges in the distribution Both water- and nutrient-use efficiencies are :ncreased. A 
decreased somewhat. There was a slight indication that shallow-rooted plant, on the otter hand, cannot utilize 
there may have been some redistribution of calcium water and nutrients stored in tht. 3ubsoil. The effect is not 
within the zone treated with lime. However, the fact that temporary. Since movement of lme in the soil is negli
shapes of the distribution curves did not change in 15 gible, the residual effect may las,: several years. Although 
weeks suggests that movement of lime was negligible, deep liming is a labor-intensive peration, it appears to be 

a worthwhile investment. 
Conclusions 
Results from this study indicate that deep liming hps a Implications 
significant positive effect on maize production in Sitiung Owing to its relative immobility and long residual effect, 
soils. Deep liming promotes deep rooting an. makes lime may be looked upon as a capital cost toy agricultural 
available a larger volume of soil for water and nutrient development agencies. Lime acts as an inexpensive 
absorption. As a result, plants continue to function substitute for an irrigation system. This research demon

strates that the main benefit of liming is to 
0 increase water availability to crops. Deep 

600 'E incorporation of lime not only results in yield 

50 = increases but contributes to yield stability by 
500 enabling a crop to weather drought. 

- 100 
"I 

400 Corn 

-No lime
 

Lime to20-cm
••,Lime to 20cm depthdepth 
0300 -Lime to50-cm depth 

200 

1001 -,-V 

2- I,s ' 

I II I I0 

6 11 21 26 1 6 11 16
 
Nov. Dec
 

Flure 2. Soil water pressure at 22.5-cm depth as afunction of time. 
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Figure 3. Soil water pressure at 37.5-cm depth as afunction of time. 
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Agroforestry: UH-2
 

Inexpensive, locally available agroforesty and other 
organic resources constitute alternatives to lime and 
chemical fertilizers. Fast-growing, acid-tolerant, nitrogen-
fixing trees and ground cover, along with other organic 
residues, serve as sources of nitrogen, fuelwood, fodder, 
lime substitutes, and windbreaks. They may also help 
control soil erosion. For two reasons, however, the 
relatively large knowledge base on agroforestry and 
organic residue management has not been organized in a 
way that helps producers make decisions and solve 
problems. First, until recently, information technology did 

not provide an efficient, user-friendly format for organiz
ing and representing data; indeed, some confusion still 
exists concerning the best way to put information into 
rules and to encode those rules into computer language. 
Second, knowledge is still incomplete concerning 1) the 
effect of soil temperature, moisture, and microbiology on 
the nitrogen dynamics associated with residue decomposi
tion; 2) the role of nutrient cycling by acid-tolerant, deep
rooted plants in managed agroecosystems (as opposed to 
unmanaged forests); and 3) the degree to which decom
posing organic residue can complex aluminum ions. 
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Integration and Utilization of Agroforestry
and Organic Resources in Sustainable, 
Low-Input Farming Systems: UH-2A 

LalitArya, University ofHawaii 

Tom Dierolf,UniversityofHawaii 

CarlEvensen, University ofHawaii

James Hansen, University ofHawaii 

Nguyen Hue, University ofHawaii 

Iswandi, SukaramiAgriculturalResearchInstitutefor 


FoodCrops 
I. Suwardjo, Centerfor Soil andAgroclimateResearch 

Objectives 
The objectives of this study are as follows: 1)to quantify
the nitrogen-supplying capacity of nitrogen-fixing trees 
and cover legumes relative to a standard nitrogen source 
(e.g., urea); 2) to evaluate the role of nutrient recycling of 
trees in low-input, sustainable farming systems; and 3) to
identify organic compounds responsible for detoxifying
aluminum and develop procedures for estimating "lime" 
equivalence of green manures.(control)

Problem-solving strategies will be developed, written 
as rules, and encoded into co puter language. These 
problem-solv;ng strategies will become available to a
large audience of users. 

The marked response of some crops to green manures 
in previous experiments in Sitiung suggests that the proper
management of organic materials might reduce the need 
for lime and fertilizers on Sitiung farms. A series of 
experiments has been initiated in Sitiung to 1)determine 
the influence of green manures on crop yields, 2) evaluate 

tree and herbaceous legumes for use in Sitiung farms, and 

3) incorporate information from Sitiung transmigrants in 

the selection and design of green-manuring systems.
Findings from these studies should contribute to better 

management of organic materials on similar soils in 

Indonesia and elsewhere in the humid tropics. The 

identification of useful tree and cover crop species for use 

in intercropping or relay cropping with food crops would 

be an important contribution. 


A methodology was developed for economic analysis
of experimental data and comparison of potential changes
in farming practices over multiyear periods. This analysis 
assesses the economic implications of crop yield increases 
observed in response to alley-cropping and liming. Such 
analysis provides a more thorough utilization of the 
research results than agronomic analyses alone and allows 
initial farmer recommendations to be developed, 

Previous research in West Sumatra (Wade et al., 1988)
indicated that herbaceous green manuring temporarily
alleviated Al toxicity, enhanced P availability, and 
supplied other nutrients such as K and Mn. The research 

described here was initiated to compare alley-cropping, 
herbaceous green manuring, and liming for upland crop 
production on an acid soil in West Sumatra. This research 
focuses on Objective 2 of the overall UH-2 project. 

Procedure 
Alley-cropping Experiment 

The experiment was planted on a Tropeptic Haplorthoxsoil in Sitiung Vc and laid out in a split-plot design with 
four replications. Main plots consisted of three hedgerows
of a single tree species planted 4 m apart. Subplot size was 
5.5 m x 12 m for the alley-cropped plots and 5.5 m x 6 m 
for the treeless plots. The harvest area of the subplots 
consisted of the central 3 m of the center tree hedge and 2 m to either side of the hedge for food crop yields. The 
harvest area for the treeless subplots was also the central 3 
m x 4 m of the subplot. The treatments were as follows: 
Main plots-tree species 

1)Paraserianthesfalcataria(syn. Albiziafalcataria) 
zirect seeded) 

2) Calliandracalothyrsus (direct seeded) 
3) Gliricidiasepium (grown from hardwood cuttings) 

4)bNotrees (cntol 
Subplot-liming levels 

1)No lime 
2) Low liming rate (375 kg lime/ha applied in December 

1984 and in September 985, but none applied in 
1986, 1987, or 1988)

3) High liming rate to reduce AI+H saturation to 25% (2 
t lime/ha applied in December 1984; 240 to 810 kg
lime/ha, varying with individual plots, in September
1985; 500 to 1810 kg lime/ha, varying with replica
tions, in September 1986; no lime applied in 1987 or 
1988). 

This report covers the crops grown during the 1986-87
 
and 1987-88 seasons, including upland rice and cowpeas,

and the growth of the tree hedges themselves. The
 
experiment was initiated and the trees planted in Decem
ber 1984. The lime rates were broadcast over the subplots
along with a blanket application of triple superphosphate

(TSP) at 40 kg P/ha. Thereafter, TSP and Muriate of
 
Potash (KCI) were broadcast and incorporated to 15-cm
 
depth at rates of 10 kg P/ha and 25 kg K/ha before 
planting each upland rice or cowpea crop. 

The trees were pruned in September 1985, nine months 
after planting, and before planting the upland rice crop at 
the beginning of the rainy season. The trees were cut to 
40-cm stump heights, and the prunings were spread in the 
alleys to dry. After four days, the wood was removed from 
the plots. Thereafter, the trees were pruned four times per 
year, i.e., before planting the upland rice or the cowpea 
crops and during the growth of each crop. The most 
vigorous hedges were pruned at I to 1.5 m in height to 
reduce shading of the food crops. 
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Prunings made before planting the alley crops were 
dried in the alleys, the wood removed, and the leaf 
incorporated into the soil to about 15-cm depth. Prunings 
made during crop growth we-e mulched without removing 
the small amounts of wood produced at those times. At 
each pruning, samples were taken to determine leaf 
fraction, wood fraction, and dry-matter content. Each 
sample was separated by hand into leaf (leaflet and 
rachises) and wood (twig and stem) fractions. Tree leaf 
tissue samples from selected prunings were also analyzed 
for nutrient contents. 

A local variety of upland rice was planted at a spacing 
of 40 cm x 15 cm in September 1986. Rice leaf samples 
(fully expanded new leaves) were collected for nutrient 
analysis at approximately 50% panicle initiation in mid-
December 1986. In January 1987, one rice plant per row 
in each plot was measured for height, number of fertile 
tillers, and total number of tillers. Rice panicles we-e also 
harvested row by row to determine competition effects 
with the hedges. A local variety of cowpea was planted at 
a spacing of 40 cm x 25 cm in February 1987. The germi- 
nation of seed was very poor due to diseased seed and dry 
weather at planting. HarvL st of pods and vines was 
completed in May 1987. T:-h; trees were allowed to grow 
uncut into the dry season. 

The 1987 dry season was quite severe and delayed 
normal pruning and crop-management practices. Hedges 
were pruned in October 1987 in preparation for planting 
upland rice. However, lack of rain delayed rice planting 
until November, at which time TSP, KCI, and urea were 
applied at rates of 10 kg P/ha, 25 kg K/ha, and 25 kg N/ha. 
The trees were pruned in December 1987 and again in 
February 1988 to reduce shading of the rice. Prunings 
were mulched at both of these times. The rice crop grew 
very poorly due to infrequent rains and a heavy infestation 
of rice blast. Rice was harvested in May 1988. 

The trees were pruned agaip in May 1988, the prunings 
spread in the alleys to dry, and the wood removed. TSP 
was broadcast at a rate of 50 kg/ha and then incorporated, 
A local variety of cowpea was planted at a spacing of 20 
cm x 40 cm in early June. Growth was very poor. 
Cowpeas were harvested in August 1988. 

Farmer-managed Alley-cropping 
A farmer-managed follow-up study of alley-crnpping was 
initiated in November 1986 in the village of Sitiung Vc to 
assess farmer reactions and to obtain farmer recommenda-
tions for improvement of the system. The tree species 
Paraserianthesfalcatariaand Calliandracalothyrsus 
were selected for study, due to promising growth in the 
main alley-cropping experiment. Four farmers participated 
in the study. They received tree seed and planting instruc
tions only since additional inputs might have influenced 
their retention of the system. 

Scarified seeds were given to the farmers in sufficient 
quantities to plant two 25-m-long hedges of each species. 
The seeds were planted at a spacing of 3 seeds every 10 
cm in a hedgerow and 3 to 6 m between hedgerows. The 
farmers were instructed that the trees could be used as 
fertilizer and might help to prevent erosion. Cropping 
practices were determined entirely by the farmers, so that 
they were free to adapt the system to their own require
ments. 

Economic Analysis of Alley-cropping 
Partial budgeting and cash flow discounting were used to 
analyze the alley-cropping data. When implementation of 
a technology extends over a several-year period, as does 
alley-cropping, the times when costs ane benefits occur 
determine how valuable they are. Discounting procedures 
can be used to "standardize the values of cost and benefit 
streams extending over several years to provide a proper 
basis for comparison" (Brown, 1979). Present values were 
calculated by reducing future benefit and cost streams to 
their present worths through discounting at an estimated 
discount interest rate. 

Net present values can be calculated on the change in 
net benefits associated with a change from one treatment 
to another (Hogg et al., 1976). The equatio, used for 
calculating the ne! present value of changing treatments 
(trmt.) is: 

n 
NPV of change = X (NB trmt. I - NB trmt.2)/ 1 + i)1 

x 1 
where: 

n = number of discounting periods (seasons or years) 
i = the discounting interest rate 
nb = net benefit 

This is analogous to the marginal analysis used in partial 
budgeting, except that discounted changes in net benefits 
are compared. The change in net benefits associated with 
a change from the farmer's practice to another !tchnology 
was calculated for each year. These changes in net 
benefits were then discounted at an appropriate interest 
rate, and the change in technology with the highest net 
present value was selected. 

Source and Management of Green Manure 
This experiment also took place in Sitiung Vc ont a soil 
similar to that of the alley-cropping experiment. It was 
conducted using a randomized complete-block design with 
three replication'. The plot dimensions were 4 m x 6 m. 
The experimental factors studied were the folowing: 
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Experimental Factors Maize Peanut 
Species: 3) N2 = 120 30 kg N/ha (split application)1)Calopogoniummucunoides (CAL) 4) N3 = 180 60 kg N/ha (split application)2) Crotalariausaramoensis(CRO) These experimental factors were combined to produce3) Centrosemapubescens (CEN) 20 experimental treatments in four groupings of related
 
Methods of green-manure application: 
 treatments. The treatments used are list.-d in the box

1)In situ incorporation (INC) 
 below.
2) Cut and carry (CUT) This report covers the crops grown during the 1986-873) Root residue and stubble from plots that were used to cropping season, which include the green-manure (GM)produce the cut-arnd-carry material (RES) crops grown during the 1986 dry season, and .hen maize 
Levcls of Lime: and peanuts grown during the following rainy season.1) LO = no lime Green-manure crops were planted in May 1986 in rows2) LI = 375 kg lime/ha 50 cm apart. Dry weather reduced germination, but a3) L2 = liming to 40% acid (AI+H) saturation uniform stand was obtained by replanting gaps in the rows4) L3 = liming 	to 20% acid saturation of green manures. The green-manure crops were harvested 
Level of Nitrogen: in September 1986 using 2-m x 4-m harvest areas, and 

Maize Peanut they were incorporated according to the treatment plan.
1) NO = 0 0 kg N/ha Estimates were made of litter and root residue of the green
2) NI = 60 15 kg N/ha (split application) manures. TSP and KCI were applied to all plots at rates of

10 kg P/ha and 25 kg K/ha. Lime treatments were applied 
initially in June 1985 and were reapplied in September1986 on only the highest lime 

level treatment to reestablishExperimental Treatments 120%soil acid saturation (Table 
Green-manure Application 1). Soil samples taken to 15-cmTrt no. species method Nitrogen, Lime (Code) 	 depth in April 1986 indicated 

that the target acid saturation ofGroup 1: (GM species and application methods) 40% was achieved for the third1) CAL INC (N0,L2) (021/CAL) lime rate, but that the highest2) CRO INC (NO,L2) (021/CRO) lime rate averaged 27% acid3) CAL CUT (N0,L2) (02C/CAL) saturation.4) CRO CUT (NO,L2) (02C/CRO) Maize (Cargill C-1 Hybrid)5) CAL RES (N0,L2) (02R/CAL) was planted at a spacing of 806) CRO RES (NO,L2) (02R/CRO) cm x 20cm in October 1986.7) Check (no GM) - (NO,L2) (02) During the first two weeks of8) CEN INC (NO,L2) (021/CEIN December, ear leaves were
 
Group 2: (Lime response with GM also applied) 
 collected wiaen 50% of the9) CRO INC (N0,Lu) (01I/CRO) plants showed silk extrusion. 

11) CRO 	 (NO,L2) (021/CRO)12) CRO 
INC 	 The maize was sprayed severalINC (NO,L3) (031/CRO)Group 3: (Lime response with 	 times with diazinon for insectno GM applied) 

control. Some minor damage byGroup13: Ccrespons with (Lime awild13) Check - (N2,LO)§ 0) pigs occurred in early(20 or 00) January but was corrected by

15) Check 
 -	 (N2,L2)§ (22 or 02) slightly reducing harvest areas to16) Check - (N2,L3)0 (23 or 03) exclude damaged plants. Maize 

Group 4: (Inorganic nitrogen response) was harvested in January 1987
17) Check (no GM) - (N0,L2) (02) (99 days from planting). Maize
18) Check (no GM) - (N1,L2) (12) stover was removed from the
19) Check (no GM) - (N2,L2) 
 (22) plots (as is usual farmer practice20) Check (no GM)  (N3,L2) (32) in Sitiung), and TSP and KCL 

were incorporatedNitrogen was applied to maize at the N2 level and to peanut at the NO level in the 	
on all plots at 

rates of 10 kg P/ha and 25 kg K/
Group-3 treatments. ha. 
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Table 1. Rates of lime applied to each replication on 13 
June 1985 and (for the 20% acid saturation level only) 
on 11 September 1986. 

- 20% Acid sat. _40% 

Rep. Lime 1 Acid sat. 13/6/85 11/9/86 Total 


1 375 1000 1604 354 1958 
II 375 1396 2083 396 2476 
III 375 1208 1900 278 2174 

Pcanuts were planted in January 1987 at aspacing of 
25 cm x 25 cm with one to two seeds per planting hole. 
The peanuts established well and required no replanting. 
After several weeks, all of the zero- and low-lime plots 
had high rates of seedling death and leaf necrosis, but 
other plots had excellent growth. To determine the effects 
of Napplication on pearnui. yields, urea was applied on 10 
February to the inorganic N treatments (18, 19, and 20) at 
rates of 15, 30, and 60 kg/ha. The peanuts were harvested 
in April 1987 using a 2-in x 4-m harvest area. 

Soil and Plant Tissue Analyses 
Soil samples were collected in the all'y-cropping and 
green-manuring experiments at 0- to 15-cm depths. The 
samples were air dried and ground to pass a2-mm sieve, 
Determinations of exchangeabl-, Al + H were made by 
extraction in I N KCI and titrated with NaOH !o the 
phcnolplhthalein end point. Separate deterlninaions of Al 
were not made since Al + H levels were found to be 
highly correlated with Al in previous studies in Sitiung 
(Wade ct al., 1986). Exchangeable Ca and Mg were 
extracted with 1 N KCI, while K and Pwere extracted 
with Mehlich I (double acid) extractant. Ca, Mg, and K 
were measured using an Atomic Absorption Spectro-
photometer, while Pwas measured using acolorimetric 
procedure (Murphy and Riley, 1962). Effective cation-
exchange capacity (ECEC) was calculated as exchange-
able Ca + Mg + K + extractable-Al + H. Percentage of 
acid saturation was calculated as (extractable Al + H)/ 
ECEC) x 100. Organic carbon was analyzed using acid 
dichroinate digestion; total nitrogen, using a semimicro 
Kjcldahl procedure; and pH, using a 1:2.5 soil to water 
suspension (Soil Conservation Service, 1972). 

Rice and maize leaf tissue, green lzaf manure (GLM) 
from the alley-cropped trees, and herbaceous green 
manure samples were sun dried and later oven dried at 60 
°C. Samples were ground in aWiley mill to pass a 1-mm 
mesh. Total elemental analysis was done at the University 
of Hawaii Agricultural Diagnostic Service Center using an 
ICP Spectrometer. Nitrogen was analyzed using asemiau-
tomated itidophenol blue colorimetric method (Suehisa, 
1980). 

Crop grain and straw samples were taken at each 
harvest to determine moisture content. Grain moisture 

content was measured with an electronic moisture tester, 
and yields were calculated at 14% moisture for upland 
rice, 15% moisture for maize, and 12% for cowpea and 

peanut. Straw samples were sun dried to constant weight. 

Five or six randomly selected straw samples per harvest 
were oven dried at 60 oC to calculate oven dry weights. 

Results 
Alley-cropping Experiment 
Data on leaf yield, wood yield, and heights of hedges at 
pruning for the 1986-87 season are presented in Tables 
2a, 2b, and 2c, respectively. Unlike tLe 1985-86 season, 
Calliandra produced more total biomass than Paraserian
thes in the same season. However, at the first pruning in 
September both Calliandra and Paraserianthes produced 
about the same amounts of leaf and wood. This was the 
most important GLM application since it was the largest 
and preceded the first crop of the season. GLM application 
at this time would probably allow complete decomposition 
and availability of nutrients for the crops. Gliricidia 
produced the lowest yields of all prunings. 

Yields of leaf and wood and heights of the hedges at 
pruning for the 1987-88 season are presented in Tables 
3a, 3b, and 3c, respectively. A prolonged dry spell (May 
to September 1987) preceded this season of growth and 
delayed the first hedge pruning until October 1987. The 
alley crop of upland rice was not planted until November, 
aud subsequent tree prunings were each abhiut amonth 
latet than in the two previous seasons. As in the 1986-87 
season, the highest leaf and wood yields were produced by 
Paraserianthes hedges in the first pruning, while Callian
e,-a yields were highest in the three subsequent prunings 
(Table 3). Total leaf yields for the season were highest for 
Calliandra hedges, while total wood yields for the season 
were equal for Calliandra and Paraserianthes. 

To provide an indication of the relationship between 
tree growth and soil fertility, total biomass yields (leaf + 
wood) were regressed on various soil test parameters. In 
the 1986-87 season, Paraserianthes biornass yields were 
significantly related to percentage of organic matter and to 
percentage of total N (Table 4). Calliandra biomass yields 
were significantly related to exchangeable Mg. Gliricidia 
biomass yields were strongly related to exchangeable Ca, 
extractable acidity, and to percentage of acid saturation. 
These regressions provide indications of the adaptability 
of the different tree species to sites of varying soil 
fertility. Calliandra and Paraserianties both appear to be 
species that tolerate acidic soils with low base status. 
Calliandra, however, may respond to Mg application on 
such soils. Gliricidia isclearly responsive to Ca applied as 
lime. 

Data on yields of upland rice and cowpea for the 1986
87 season are shown in Figure 1.The yields of grain and 
straw for both rice and cowpea crops increased signifi
cantly with the application of the low rate of lime (Table 
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5); however, yields at low and high lime rates did not 
differ significantly. Although Calliandrahedges produced 
more GLM, rice grain and straw yields were significantly
lower than with Paraseriantheshedges. The mean ric,-
yields of all treatments with trees did not differ 6ignifi-
cantly from the no-tree (control) treatments (Table 5). The 
interaction of lime x tree species caused significant 
differences in rice yields, which indicates that the rice 
yield respons.s to different tree species varied at different 
levels of lime application (Figure 1). Rice yields were 
highest at the low rate of lime for Paraserianthes,Gniri-
cidia,and the no-tree plots, while rice yields were lowest 
for Calliandraat the low rate of lime. 

Although cowpea yields were quite low due to a poor 
stand and drought at planting, there were significant 

differences in response to GLM application from the 
different tree species (Table 5). However, there was no 
significant interaction between lime rate x tree species.
Figure 1 shows that cowpea yield response to Paraseriaj
thes was significantly higher than to the Gliricidiaor no
tree treatments. See Table 5 for the coefficients of vari
ation for both upland rice and the cowpea crops. They 
were especially high for the cowpea crop, probably due to 
nonuniform stand. 

Data on yields of upland rice and cowpea for the 
1987-88 season are shown in Figure 2. Yields were very 
low due to a combination of irregular rainfall and heavy
disease infestations. However, crop response to Paraseri
anthes relative to the other species was much higher than 

Table 2.Growth and yields of tree hedges during 1986-87. 

Tree species Sept. 1986 

Paraserianthes 1027 
Caliandra 1248 
Gliricidia 101 

LSD (0.05) 271 

Tree species Sept. 1986 

Paraserianthes 45 
Calliandra 185 
Giricidia 31 

LSD (0.05) 44 

Tree species Sept. 1986 

Paraserianthes 317 
Calliandra 264 
Giricidia 101 

LSD (0.05) 42 

a. Leaf yleld§ 

Tree pruning date 
Nov. 1986 Feb. 1987 

kg/ha
217 292 
550 948 
122 86 

123 254 

Mar. 1987 

189 
446 

70 

96 

Total: 4 
prunlngs 

1725 
3192 

379 

628 

b.Wood yield 

Tree pruning date 
Nov. 1986 Feb. 1987 

kg/ha
508 75 
919 197 

79 21 

113 60 

Mar. 1987 

3308 
3941 
264 

1155 

Total: 4 
prunings 

3198 
3559 

212 

1075 

Fuel 
wood' 

2680 
2640 

133 

928 

c. Tree heights at pruning 

Tree pruning date 
Nov. 1986 Feb. 1987 

cm 
95 189 

117 200 
66 88 

Mar. 1987 

89 
102 
65 

10 25 16 

§Yield inkg/ha was calculated on the basis of total intercropped land area, rather than yield per hedgerow.IFuelwood isthe sum of only the Sept. 1986 and Feb. 1987 harvests, since the wood was taken off the 
plots only at these times. 
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in previous scasons. Significantly lower crop yields were 
produced with Calliandra than with Paraserianthes(Table 
6), despite the higher GLM production of the Calliandra 
hedges (Table 3). As in previous seasons, crops responded 
only up to the lc v rate of lime. However, the tree species 
x lime interaction for both the upland rice and cowpea 
crops was significant (Table 6). Yields of the Paraserian-
thes treatments were maximum at the low lime rate while 
yield responses for the other species increased up to the 
high lime rate (Figure 2). Nutrient yields from four 
prunings during the 1986-87 season are shown in Table 7. 
Calliandra GLM contained the greatest amounts of N, P, 
and Ca due to high yields of prunings. However, nutrient 
yields of K and Mg did not differ significantly between 
Paraserianthesand Calliandradue to the high K and Mg 
contents of the ParaserianthesGLM. Gliricidianutrient 

yields were much lower due to low yields of prunings. 
Nutrient yields in Calliandraand GliricidiaGLM were 
significantly higher at the higher lime rates, while Parase
rianthesnutrient yields were not significantly affected by 
lime rates. 

These findings show that substantial nutrient accumula
tion occurred with both 'he Paraserianthesand Calliandra 
hedges. In the 1986-87 season, K in GLM represented 
about 40% of the annual KCI application, and the P in 
GLM represented 16% (Paraserianthes)to 24% (Callian
dra)of the annual TSP application. Recycling of bases 
such as Ca, Mg, and K, which are prone to loss by 
leaching, may be an important benefit of alley-cropping. 
Paraserianthesmaintained high nutrient yields at all lime 
rates, while nutrient yield of Calliandra and Gliricidia 
increased with lime application. 

Table 3. Growth and yields of tree hedges during 1987-88. 

Tree species Oct. 1987 

Paraserianthes 
Calliandra 
Gliricidia 

2423 
1838 
220 

LSD (0.05) 490 

Tree species Oct. 19871 

Paraserianthes 
Calliandra 
Gliricidia 

LSD (0.05) 

4586 
3517 

279 

1429 

Paraserianthes 
Calliandra 
Gliricidia 

LSD (0.05) 

351. 
269. 
095. 

0.74 

a. Leaf yield 

Tree pruning date - Total: 4 
Dec. 1987 Feb. 1988 May 1988 prunings 

kg/ha 
458 884 261 4025 
783 1741 722 5084 
163 365 57 805 

118 327 166 780 

b. Wood yield§ 

Tree pruning date - Total: 4 
Dec. 1987 Feb. 1988 May 1988 prunlngs 

-kg/ha 

673 240 177 5676 
1121 507 504 5649 

191 85 35 590 

211 79 134 1647 

c. Tree height (cm) at October 1988 pruning. 

§ Yield in kg/ha was calculated on the basis of total intercropped land area, rather than yield
 
per hedgerow.
 
I Fuelwood was removed from the plot,. only at the October harvest, since the usual pruning
 
schedule was delayed and the three subsequent prunings had to be applied as mulch.
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In soil samples taken in February 1987 (Table 8), the rice (70%) and cowpea (55%). Wade et al. (1988) alsoacid saturation of soil from the high lime rates was higher reported critical levels for upland rice of 0.20 and 0.21than the desired level of 25%, but still well below the cmoljL for K and Mg, respectively. This indicates thatcritical values reported by Wade et al. (1988) for upland soil K levels were probably adequate, but that Mg was 

Table 4.Correlation coefficients for total tree biomass regressed on various
soil test parameters Inthe 1986-87 season. 

Soil Test 

Parameter 
AI+H 
Ca 
Mg 
K 
P 
Acid 
Sat.pH 
OC 

Total N 

Ranges Insoil 

Test values 
0.77 - 2.58 cmol/L 
0.18 - 1.71 cmol/L 
0.03 - 0.40 cmol/L 
0.09 - 0.27 cmoi,/L 
2.37- 8.63 mg/kg
29 - 80% 
4.13 - 4.83 
1.26 - 2.27% 
0.11 -0.23 % 

Correlation coefficients (r) 

Paraserianthes Calliandra Gliricidia 


0.224 0.244 0.836-
0.041 0.168 0.932"' 
0.385 0.627" 0.604" 
0.275 0.062 0.204 
0.059 0.147 0.083 
0.030 0.242 0.925" 
0.116 0.322 0.566 
0.707" 0.188 0.010 
0.646" 0.039 0.110 

significant at the 0.05, 0.01, and 0.001 levels, respectively, 

Upland rice 
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Figure 1. Upland rice and cowpea grain yields during
the 1986-8'7 season. Numbers above bars are percent-
age of no-tree treatment yields at each lime level. 
Vertical lines are LSD (0.05) values (1) to compare
species means at the same or different lime rates and 
(2) to compare lime means for the same species. 

probably deficient. 
Treatments with trees did not 

cause significant differences in 
any of the soil chemical
properties measured, except that 
the Paraserianthestreatments 
had significantly higher 
exchangeable Mg than the other 
species. Lime application 
caused significantly higher 
exchangeable Ca and Mg 
elshaswbl a and Mg
 

levels, as well asiower AI+H 
and acid saturation levels 
(Table 8). The increase in 
exchangeable Mg at the first 
lime increment may be due to
increased Mg uptake by more 
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,:,ire 2. Upland rice and cowpea grain yields during
the 1987-88 season. Numbers above bars are percent
age of no-tree treatment yields at each lime level. 
Vertical lines are LSD (0.05) values (1) to compare
species means at the same or different lime rates and 
(2) to compare lime means for the same species. 
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Table 5. Analysis of variance for upland rice and cowpea yields during the 1986-87 
season.
 

Upland rice - - Cowpea 

Source df Grain MS' Straw MS Grain MS Straw MS 

Rep 3 24392 8767 31560 48260 
Tree Spp. (3) 444456 21650 . 197452 289808 
Tree vs No Tree 1 79571 90F j2 218119 96293 
GLI.' vs PAR. §§+CAL." 1 4356 823045 249071 4116C8 
PAR. vs CAL. 1 1249441 4766850 162134 416185 
Error A 9 134342 595109 55012 62529 

Lime Rates (2) 549620 928444 116461 266223 
Lime vs No lime 1 1042709- 1852040 232344 474390" 

Low vs FIgh lime 1 56532 4851 578 58055 
Lime x Tree Spp. 6 195298 687431 3392 33929 
Error B 24 72789 206816 19982 32703 

CV (%)Mainplot 33 32 101 64
 
CV (%)Subplot 25 19 58 45
 

S," = significant at the 0.05, 0.01, and 0.001 probability levels, respectively.
 
§Mean square; IGliricidia.
 
f Paraserianthes; 11Callinadra.
 

Table 6. Analysis of variance for upland rice and cowpea yields during the 1987-88
 
season.
 

Upland rice -- Cowpea 

Source df Grain MSI Straw MS Grain MS Straw MS 

Rep 3 133 1690443 1301 3092 
Tree Spp. (3) 157669 3866963 92969- 90771 
Tree vs No Tree 1 112583 2663506 66573 38596 

GLI. vs PAR. o§+CAL." 1 195636" 4644695 69391 59501 

PAR. vs C/P L. 1 164789 4292689 142944- 174217 
Error A 9 17309 808893 7016 6939 

Lime Rates (2) 166114 4390688- 38631 146175" 
Lime vs No lime 1 252796*"' 7478596- 74070- 241803" 

Low vs High lime 1 79431 1302780 3192 50546 

Lime xTr:3e Spp. 6 49117 1314084 9860 7139 
Error B 24 19272 469435 2731 7936 

CV (%) Mainplot 53 61 93 48 
CV (%)Subplot 56 47 58 51 

= significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
Mean square; 'Gliricidia. 

§§ Paraserianthes; 'CIallinadra, 

89 



____ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ 

2. SustainableAgriculture:Agroforestry
 

vigorous root systems and better retention on the exchange 
complex. Lower Mg levels at the high lime rate may be 
due to leaching losses after replacement on the exchange
complex. Exchangeable K and available P were not 
significantly affected by either tree species or lime rates. 

Nutrient concentrations in rice leaf tissue sampled at 
50% panicle initiation during the 1986-87 season are 
shown in Table 9. Nitrogen concentrations in rice leaves 
from the no-tree and Gliricidiatreatments were not 
significantly different. hl,! both were significantly higher 
than Paraserianthesand Calliandratreatments at the zero 
lime rate. This suggests that the added N from the Parase-
rianthes and CalliardraGLM did not significantly 
increase yields. Since no nitrogen was applied to the no-
tree treatments and GliricidiaGLM did not contribute 
much N (Table 7), the higher rice leaf nitrogen levels in 
tnese treatments suggest that lack of N did i;ot limit 
upland rice yields. Rice leaf N concentrations were 
significantly higher at the zero lime rate (Table 9), which 

can be explained by a dilution effect, since crop growth 
was much greater when lime was applied.

Phosphorus corcentration of rice leaves was signifi
cantly higher in no-tree treatments than in treatments with 
trees. This could indicate some P depletion by trees and 
may indicate that slightly higher P-fertilization rates are 
required for alley-cropping systems than for food crops
without trees. The zero lime treatments were associated 
with significantly higher P levels in rice leaves. This also 
is likely to be a dilution effect, since soil P .vailability 
was not reduced by lime application (Table 8).

Concentrations of Kand Mg were not significantly
different in rice leaves from different tree species or 
treeless treatments (Table 9) a- might be expected if the 
trees were actively recycling K or Mg from deeper soil 
layers to the surface. Long-term data are needed from this 
trial to determine whether there is, in fact, increased 
recycling and availability of bases under this alley
cropping system. Potassium concentrations in rice leaves 

Table 7. Nutrients contained Ingreen leaf manure as totals of four prunings Inthe
1986-87 season. 

Treatment N P K Ca Mg 

Paraserianthes 
No lime 73.2 3.3 20.0 7.2 5.0 
Low lime 68.5 3.0 21.3 9.0 5.8
High lime 68.7 3.3 20.5 12.4 5.1 

Calliandra 

No lime 88.2 3.8 18.8 10.7 5.5 
Low lime 119.7 5.2 24.2 23.1 5.8
High lime 129.3 5.5 19.8 29.7 3.9 

Gliricidia
oGlime 4..3limed 
Low lime 12.1 0.8 4.9 2.9 0.3 


High lime 28.7 2.0 10.3 9.0 0.9 

Species means: 
Paraserianthes 70.1 3.2 20.5 9.5 5.3
Callianda 112.4 4.8 21.0 21.2 5.1
Gliricidia 16.2 1.1 5.8 4.6 0.6 

Lime rate means: 
No lime 60.0 2.6 14.3 6.8 3.9

Low lime 66.7 3.0 16.8 11.7 4.0
High lime 75.6 3.6 16.8 17.0 3.3 

LSD (0.05) between: 
Species means 26.4 1.0 5.9 4.4 1.4
Lime-rate means ns 0.6 3.- 3.4 ns

Lima means for same sp. 28.5 1.1 5.6 6.0 1.7
Species means for same 
or different ine rates 35.1 1.3 6.57.5 1.9 
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were significantly higher in
the zero lime treatments than 
when lime was applied, 
indicating that calcium may
have interfered with potas

sium availability or uptake. 
Magnesium levels in rice 
were significantly lower in 
the zero lime treatments than 
when lime was applied. Since 
Mg was not applied to this 
experiment and Mg is not 
very mobile in the soil, more 
vigorous root systems in the

plots may account for 
the higher Mg concentrations. 

There was a strong 
increase in Ca concentraiion 
in rice leaf tissue with 
increasing lime rates. 
Calcium levels in rice leaves 
were also higher in tle no
tree treatments than intreatments with trees, which 
is possibly due to calcium 
uptake by the trees. Alumi
ua byntentr eesunum concentration decreased 

in rice leaves with increasing 
lime rates, but there were no 
significant differences among 
tree species or in the no-tree 
treatments. Ca and Al levels 
in rice leaves were inversely 
related. 



Manganese concentration in rice leaves was not sented in Table 9 were low but within reported sufficiency 
significantly influenced by tree species; however, there ranges, indicating that these nutrients we,- not the main 
was a trend for higher Mn concentrations with Paraserian- factors limiting rice yield. Phosphorus was probably 
thes and Calliandra alley-cropping (Table 9). Mn levels deficient, while Mg and Mn were well below reported 
were also significantly higher at the low lime rate than at sufficiency ranges, indicating that they probably did limit 
the zero or high lime rates. This soil may be quite defi- yields. Increasing P-fertilization rates may be advisable, 
cient in manganese. but Mg or Mn fertilizers are not currently available to 

Table 9 aiso contains sufficiency ranges for nutrient farmers in West Sumatra. 
concentrations in rice leaves as reported by Ward et al. During the 1986-87 season, a special study was con
1973 for irrigated rice. Sufficiency ranges are the nutrient ducted on the effects of competition between tree hedges 
concentrations associated with opt'mal growth under a and the upland rice crop. Crop growth and yield parame
variety of conditions. Nitrogen, K, and Ca values pre-

Table 8. Soil analysis (0- to 15-cm depth) of samples taken on 12 April 1986 (sampled during cowpea crop). 

Acid 
Treatment AI+H§ Ca 0 Mg§ K' LCEC Sat. p1 

cmol/L % mg/kg 

No tree 
No lime 1.87 0.24 0.07 0.19 2.37 79 7.5 
Low lime 1.45 0.83 0.16 0.22 2.66 54 5.5 
High lime 0.69 1.89 0.12 0.22 2.92 25 6.0 

Paraserianthes 
No lime 1.75 0.27 0.10 0.23 2.35 76 4.8 
Low lime 1.11 1.27 0.26 0.24 2.87 40 4.5 
High lime 0.54 1.61 0.13 0.25 2.53 22 5.8 

Calliandra 
No lime 1.66 0.29 0.11 0.22 2.28 72 5.3 
Low lime 1.29 0.78 0.15 0.18 2.40 54 7.0 
High lime 0.87 1.58 0.13 0.18 2.76 32 7.0 

Gliricidia 
No lime 1.41 0.58 0.10 0.21 2.30 63 6.8 
Low lime 1.39 0.,34 0.10 0.18 2.30 60 6.8 

High lime 0.94 1.41 0.11 0.21 2.66 36 4.5 

Species means: 
No tree 1.34 0.99 0.12 0.21 2.65 53 6.3 
Paraserianthes 1.13 1.05 0.17 0.24 2.5e 46 5.0 
Calliandra 1.27 0.88 0.13 0.19 2.48 53 6.4 
Gliricidia 1.25 0.87 0.1 0.20 2.42 53 6.0 

Lime rate means: 
No lime 1.67 0.34 0.10 0.21 2.32 73 6.0 
Low lime 1.31 0.89 0.17 0.21 2.56 52 5.9 
High lime 0.76 1.62 0.12 0.21 2.71 28 5.8 

LSD (0.05) between: 
Species means ns ns 0.03 ns ns ns ns 
Lime-rate means 0.21 0.25 0.04 ns 0.16 9 ns 
Lime means for same sp. 0.43 0.51 0.08 ns 0.32 17 ns 
Species means for same 

or different lime rates 0.40 0.48 0.OP ns 0.39 16 ns 

i Extracted with I N KCI.
 
IExtracted with Mehlich I (double acid) extructant.
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ters were measured on individual rows (of 3-m length the five row positions were averaged over lime rates since 
each) in the harvest area of each subplot. Five row neither the lime rate x row position nor the tree species x 
positions were characterized in each plot by averaging iime rate x row position interactions were significant. 
measurements of two rows at each of five distances from Yields of rows of rice closest to hedges were reduced due 
the hedges. In the no-tree plots, all 10 rows in the harvest to competition with the trees. This yield reduction was 
areas were measured. Grain yields and several compo- most severe near Calliandra hedges, due to strong shading 
nents of yield were taken to better characterize this of the widely spreading Calliandra canopy. At harvest 
competition. time, Calliandrahedges had extended out to the second 

Data on yields of rice grain at each row position are row of rice, 60 cm from the hedge. Paraserianthesand the 
shown in Figure 3a. Yields of tree species treatments at Gliricidiahedges covered only up to the first row of rice 

Table 9. Nutrient concentrations In rice leaf tissue sampled at panicle Initiation during the 1986-f)7 sea

son. 

Treatment N P K Ca Mg Mn Al 

g/kg --mg/kg -
No Tree
 

No lime 28.9 1.65 13.8 2.1 0.65 49 54
 
Low lime 23.7 1.40 14.7 4.4 1.05 75 29
 
High lime 24.7 1.68 12.0 6.0 1.00 47 35
 

Paraserianthes 
No lime 25.0 1.38 15.2 2.0 0.78 66 51 
Low lime 23.3 1.25 13.0 3.8 1.08 92 38 
High lime 23.8 1.25 14.9 4.3 0.80 59 31 

Calliandra 
No lime 25.9 1.43 14.9 2.0 0.78 76 43 
Low lime 24.6 1.38 12.2 3.6 0.93 85 37 
High lime .3.8 1.38 14.9 4.6 1.00 58 26 

Gliricidia 
No lime 29.9 1.55 16.8 1.7 0.55 40 44
 
Low lime 24.9 1.40 13.9 4.4 0.88 91 30
 
High lime 25.5 1.20 13.2 4.6 0.95 57 24
 

Species means:
 
No Tree 25.7 1.58 13.5 
 ,.2 0.90 57 39
 
Paraser. 24.0 1.29 14.3 
 3.4 0.88 72 40
 
Calliandra 24.8 1.39 14.0 3.4 0.90 
 73 35 
Gliricidia 26.7 1.38 14.6 3.6 0.79 63 33 

Lime rate means:
 
No lime 
 27.4 1.50 15.1 1.9 0.69 58 48
 
Low lime 
 24.1 1.36 13.4 4.0 0.98 86 33
 
High lime 
 24.4 1.38 13.3 4.9 0.94 55 29 

LSD (0.05) between:
 
Species means 1.6 0.12 ns ns 
 ns ns ns
 
Lime-rate means 1.2 0.09 1.1 0.6 
 0.23 18 10
 
Lime means for same sp. 2.4 0.18 2.3 1.1 0.47 35 
 20
 
Species means for same
 

or different lime rates 
 2.5 0.19 3.0 1.2 0.47 38 21 

Sufficiency Ranges 28-42 2-3 12-25 2-4 2-4 252-792 n/a 

aSource is Ward et al. (1973). 
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(20 cm from the hedges) and reduced yields of this inner 
row much less. 

Among the three tree species, Calliandra regrew most 
vigorously after pruning. While this is an advantage in 
maintaining vigorous hedges, it does increase shading of 
food crops. Competition for light is probably the main 
cause of rice yield reduction, since plots were cultivated 
twice a year. This cultivation destroyed tree roots in the 
surface 15 cm of soil and should have lessened root 
competition. 

The distance of rice rows from hedges affected plant 
height (Figure 3b). The height of rice plants in the 
Paraserianthes treatments increased adjacent to the 
hedges, suggesting that there was moderate competition 
for light with the trees. Plants often respond to moderate 
shading by increasing in height (Eriksen, 1978). Callian-
dra, on the other hand, severely shaded the rice plants 
close to the hedge, causing them to shorten. The row 
adjacent to the hedge was completely covered at harvest. 
Figure 3b shows that rice height at 20 cm was signifi-
cantly lower and height at 60 cm was significantly higher 
than at 100-, 140-, or 180-cm row distances. This indicates 

A Grain yield 
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2 150 -- - Gliricidia 
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Figure 3. Effects of distance from tree hedges on rice 
growth and yield. Vertical lines Pe, LSV (0.05) values 
to compare row position means for ;ne same species 
(averaged over all lime rates). 

that the firqt row (20 cm) was severely stunted while the 
second row (60 cm) was only moderately shaded. 

The potential for rice yield increase if competition 
were minimized can be calculated by dividing the yield of 
rows farthest from the hedges by the average yield of all 
rows. According to this calculation, a yield increase of 
32% for Calliandra, 13% for Paraserianthes, and 7% for 
Gliricidia is possible if competition were eliminated. 
Pruning hedges more frequently would reduce competition 
and probably raise yields. More frequent pruning would be 
most beneficial with Calliandra; however the added yield 
must be balanced with increased labor costs. Also, lower 
pruning heights of Calliandra hedges might increase crop 
yields by reducing shading. 

FarrIer-managed Alley-cropping 
Periodic observations showed that trees had germinated 
well and hedges had established well on all but one farm. 
Growth of trees was quite variable on different sites. 
Young seedlings were quite susceptible to erosion dam
age. On the farm where hedges were slow to establish, 
most seedlings were lost to erosion during the first 6 
months after planting, and other trees were destroyed by 
an accidental fire (Farmer 1 in Table 10). According to the 
farmer, surviving seedlings were very stunted (only 50 cm 
in height at 6 months) due to low soil fertility. In February 
1987, one farmer planted hedges of the short-lived woody 
species Crotalariausaranoensis in an alley-cropping 
system that he said would establish itself and grow more 
vigorously 1han the trees. 

Two years after the hedges were planted, a survey was conducted to assess farmers reactions to alley-cropping. 

the four farmers, only one was still alley-cropping, two 
had removed the trees, and the fourth farmer's hedges had 
never established well (Tabie 10). The main reasons given 
by the farmers for removing hedges were 1)lack of time 
for pruning, 2) infestation of insect pests on hedges (grass

plant hoppe"s, and other insects), 3) loss of crop
land, and 4) shading of crops. 

Both farmers who removed their hedges seemed not to 
the prunings as fertilizer and did not prune the 

regularly. This lack of pruning undoubtedly caused
competition with their food crops at the time hedges were 
removed, although Farmer 3 indicated that an east-west 
hedge orientation reduced shading of his crops by the 

hedges. Farmer 4 also indicated that insufficient seed was 
to him to plant the full length of his terraces, and he 

felt that this would impair erosion control. 
The farmer who had maintained the alley-cropping 

system (Farmer 2)was very happy with it. He had very 
perceptively developed management practices for his 
hedges. He pruned the hedges three times per year, just 
before planting acrop in August, Jdnuary, and May. The 
prunings were mulched or, if he had time, he incorporated 
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them. Wood from the prunings was placed on the uphill
side of hedges to dry and to act as a mechanical barrier to 
soil loss. The wood was later collected for fuelwood. 

Farmer 2 pruned Paraserianthesto a 20-cm stump 
height the first time and cut it 10- to 20-cm higher ai eaci 
subsequent pruning since he was afraid it might di,: ff 
pruned too heavily. He was also trying to establish a fence 
with Paraserianthes.However, he pruned Calliandrato a 
20-cm stump height at every pruning due to its bushy,
vigorous growth habit. He was afraid that it would shade 
his crops too much if pruned higher. These seem to be 
very logical management strategies for the two different 
species. Farmer 2 wanted to plant more hedges, but he 
lacked seed. He was especially interested in Calliandra 
since it grows fast and yields the most green leaf manure 
and wood. 

It is inappropriate to draw far-reaching conclusions 
from such a small sample size, but some generalizations 
can be made. The fact that only one farmer out of four 
was still alley-cropping after two years indicates that the 
technology may have limited appeal to farmers in this 
village. However, if more interaction had occurred 
between researchers and farmers, perhaps early problems 
with the system could have been solved and more farmers 
would have retained alley-cropping. Also, interaction 
among farmers could have been encouraged so that they 
discussed failures and shared successful management
practices. Since one farmer failed to establish hedges due 
to erosion and low soil fertility, more attention should be 
paid to erosion control and fertilizing hedges during
establishment. If this is not possible, then alley-cropping 

Table 10. Responses of farmers In the on-farm alley-farming trial to a survey taken In1988, two years
after hedge planting. 

Su ndanese 
Farmer 1 

Date surveyed 17 Nov. 
Slope of site Steep 
Alley width 3m 
Alleys retained No 
Large trees retained No 

Crop sequence peanut, 

after hedge peanut,§

planting rice, 


(annual cycle) 

Hedges pruned


regularly No 
First pruning height 

a. Paraser. 2m 
b. Calliandra 2.5m 

Uses of hedges 

by the farmers 


Age of hedges 6 months 
wher, removed 

Reasons Hedge destroyed
for discontinuing by erosion, fire. 
alley-cropping Poor tree growth 

due to low soil 
fertility 

Civerall 
attitude Uncertain 

IHedge removal. 

Farmer 2 

23 Sept. 
Moderate 
4.-5 m 
Yes 
Yes (2Paraser 5.5 M) 

soybean, 

soybean, 

peanut, 

rice 


Yes 

6-7 m 
5 m 
Fuelwood 
green manure, 
erosion 
control, 
fence 

Very Positive 
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Javanese 
Farmer 3 Farmer 4 

23 Sept. 17 Nov.
 
Gentle Gentle
 
5-6 m 5-6 m
 
No No
 
No Yes (2
 

Paraser.9 m)
 
soybean, soybean +
 
soybean, peanut,

soybean +
 
peanut
 

No No 

>2m 
>2m 
Fuelwood, Green manure 
green manure (used 
(gathered once when 
senesced hedge
leaves) removed) 
1year 8months 

Lacked time Loss of 
to prune crop light
hedges. to hedge. 
Hedges harbored Shading of crop. 
pests 

Negative Negative 



should not be recommended on very steep sites with 
highly infertile soils. 

Economic Analysis ofAlley-cropping 
The discounting analysis of the costs and benefit streams 
of four selected alley-cropping treatments over a four-
year-period is presented in Table 11. Since there is no 
universally appropriate value for the discounting interest 
rate (i), five values are used to provide a sensitivity 
Pnalysis. Higher discounting interest rates indicate a 
greater preference for current over future income, as is 
likely with poor farmers. 

A discounting interest rate of about 12% would 
probably apply to "progressive" farmers who are part of a 
cash economy and have access to government loans. A 
discounting interest rate of about 50% might apply to 
poorer, subsistence-level farmers who require relatively 
high initial returns on their investment in a new technol-
ogy. However, differences in discounting interest rates do 
not reflect differences in risk aversion, which is also 
important to subsistence farmers but is not considered in 
this "ialysis. Given the limited data on alley-cropping, it 
is difficult to assess the risk involved in this technology, 

Table 11 shows net present value calculations for the 
change from the Control to Alley, Liming, or 
Alley+Liming treatments at discounting interest rates of 
0%, 12%, 25%, 50%, anI 100%. The profitability of 
changing from the Control to Alley, Lime, or Alley+Lime 
treatments can be compared by the magnitude of the net 
present value of making this change. This represents the 
"present-day" value to the farmer of making these changes 
in his or her farming practices. 

The change to the Alley+Lime treatmen clearly results 
in the greatest net present values at discounting intcrest 
rates below 50%. At higher interest rates, liming alone 
may be most profitable. This inidicates that alley-cropping 
with Paraserianthes and application of lime at an annual 
rate of 250 kg/ha may be the most profitable enterprise for 
progressive farmers, while liming may be most profitable 
for poor farmers who require high rates of return. This 
analysis is biased in favor of the Lime treatment since it 

was associated with high early yields followed by a 
general decline in the yields of all treatments. If treatment 
yields are averaged over the four years, the Alley+Lime 
treatment would be most profitable at all discounting 
interest rates. 

These calculations for the net present value of changing 
do not represent the farmer's actual profit, since fixed 
costs were not calculated. They do, however, indicate 
relative profitability and the increase in profit that a 
farmer can expect above that obtained with current 
practices. It could be assumed that the farmer's current 
practices are profitable, or else they would be discontin
ued. 

Data in Table 11 also indicate that the Lime treatment 
is more profitable than the Alley treatment at all discount
ing interest rates. However, the net present value of 
change from the Control to the Alley treatment is also 
positive at all five interest rates. This is important since 
there are areas in Indonesia (and elsewhere in the humid 
tropics) where lime is not available and where transporta
tion would be costly and reliable delivery, impossible. In 
such areas, alley-cropping with Paraseriantheswould be a 
profitable change from farmers' current practices. Since 
the Alley+Lime treatment was more profitable than the 
Lime treatment, this also suggests that alley-cropping may 
be profitable even in areas with less acidic soils. 

Source and Management of Green Manure 
Data on yields of green-manure crops grown in the 1986 
dry season (June to August) are shown in Table 12. 
Aboveground dry-matter yields of Crotalariaincreased 
with increasing liming rates and were higher than yields of 
Calopogonium and Centrosemaat the equivalent lime rate 
(lime 2) in both seasons. Crotalariaresidues (surface litter 
and roots) were only about 25% as large as aboveground 
biomass, while Calopogonium residues were about 50% as 
large as aboveground biomass. However, all green manure 
crops grew well and produced large amounts of dry 
matter, considering the dryness of the growing seasons. 
Apparently, all three green-manure crops are suitable for 

Table 11. Net present value over four yars of actual yield data of changing from the 
Control to Alley, Lime, or Alley + Lime treatments at various discounting Interest 
rates. 

Treatment Discounting Interest rate (%) 
Changed to 0 12 25 50 100 

- (Rp/ha) 

Alley 151246 107731 77801 45529 19534 
Lime 183672 141420 109716 71839 36480 

Alley + lime 237503 168712 121273 70007 28701 
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growth during the dry season in Table 12. Green-manure blomass yields In1986 (for the 110-day growth

Sitiung. The nutrient contributions period of 21 May to 8 September 1986).
 
of the green manures (Table 13)
 
were fairly low compared to nutrient Green manure Lime Aboveground Surface Root
 
yields from trees in a related alley- species rate dry matter litter residue
 
cropping study (Table 7). However, 
 kg/ha
the [ zen-manure crops provided Crotalaria Lime 0 1782 - 
important amounts of at least N and Lime 1 2806 -
K for low-input cropping systems. Lime 2 



3477 346 494 
Maize growth increased with Lime 3 3651 - 

increasing lime levels from the first Calopogonium Lime 2 1590 475 347 
few weeks of growth, but not with Centrosema Lime 2 2405 - -
the addition of urea or GM (Table
 
14). There were no significant dif- LSD (0.05) 1264
 
ferences in maize yields due to the Lime rates:
 
different methods ofgreen-manure 0, 1 = 375 kg/a.
 
application (in situ incorporation, 2 = liming to 40% acid saturation.
 
cut and carry, or root residues). 3 = liming to 20% acid saturation.
 
However, green-manure application

significantly increased maize yields compared to no green 
 yield response to lime was significantly greater when GM 
manure (Table 15). The response of maize to lime was was added than when no GM was added. 
strongly linear, and there was a significant lime x GM Linear, quadratic, and cubic effects of grain or straw 
versus No Gm interaction (Table 16). This interaction in- yields regressed on nitrogen rates were not significant for 
dicates that maize yield response was significantly greater any of the four test crops. There was, however, a signifi
when green manure was applied, cant maize grain yield response to the first level of 

The peanut crop responded strongly to increasing inorganic nitrogen (Table 14). Response to this modest 
liming rates (Table 14), with higher rates producing addition of 60 kg N/ha is similar to the response found by
larger, greener tops and better filling of pods. Excellent Fox, et al. (1974), who determined that oh Oxisols and
nodulation was observed on most plots during harvest. Ultisols in Puerto Rico, maximum maize grain yields were
However, green manures applied in September did not obtained with 67 kg of urea kg N/ha. However, response
have a significant influence on yields. Liming signifi- to N fertilizers is clearly related to the N-supplying ability
cantly increased peanut yields in a linear fashion (Table of the soil, which was not studied. It is also interesting to
16), while quadratic and cubic effects were not significant. note that the urea Napplication to the second peanut crop
Crotalaria green manure applied before the previous grain (at rates of 15, 30, and 60 kg N/ha in treatments 18, 19, 
crop significantly increased peanut yields over the lime and 20 in Table 14) caused a significant decrease in nut 
treatments without green manure. The lime by GM versus yields and a trend (nonsignificant) of increasing straw 
No GM interaction was significant, indicating that peanut 

Table 13. Nutrient yields per hectare In green manures harvested In September 1986. 

Green manure Lime rate N P K Ca Mg Mn Cu Zn B 

Crotalaria Lime 0 29 1.0 
kg/ha 
21 7.4 1.4 161 19 

g/ha 
57 

-
23 

Lime 1 
Lime 2 

46 
59 

1.8 
2.2 

27 
29 

15.8 
21.6 

4.0 
3.8 

270 
196 

28 
27 

112 
105 

42 
50 

Calopogonium 
Centrosema 

Lime 3 
Lime 2 
Lime 2 

46 
31 
57 

1.7 
1.8 
1.8 

32 
16 
38 

17.3 
17.2 
21.9 

5.0 
2.5 
3.2 

133 
89 

187 

29 
17 
38 

93 
51 
80 

41 
34 
47 

LSD (0.05) 25 ns ns 10.3 ns 109 13 45 ns 
Lime rates: 

0, 1 = 375 kg/ha. 
2 = liming to 40% acid saturation. 
3 = liming to 20% acid saturation. 
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yields. Nitrogen fertilization of peanuts does not appear to both the maize and peanut crops within the range of 25%
 
be warranted, because of this yield decrease. to 80% acid saturations support the critical acid satura-


Soil analyses for samples taken in January 1987 are tions of 28% and 29% estimated for peanut and maize by
 
shown in Table 17. The unamended soils are quite acidic, Wade et al. (1988) in Sitiung.
 
with high acid (AI+H) saturation. Application of lime at
 
the two highest rates achieved close-to-ithe-target acid Conclusions
 
saturations of 40% and 20% in both seasons. There was Green-manuring and alley-cropping were tested as a
 
also an apparent increase in exchangeable Mg with means of improving upland crop production on acid and
 
increasing lime rates. This increase in Mg coincided with infertile soils in Sitiung, West Sumatra. In alley-cropping
 
increasing ECEC's and might be explained by better Mg plantings, the tree species Paraserianthesfalcataria
and
 
retention on the soil exchange complex. Calliandracalothyrsuswere shown to be well idapted to
 

Linear regressions of crop yields versus soil acid soils at the experimental site in Sitiung. These species
 
saturation are presented in Figure 4 for liming treatments produced an average of about 3 tons of leafy dry matter
 
with and without green manure. The linear responses for and about 4 tons of woody dry
 

matter/ha/year from hedgerows 

Table 14. Yield response of maize and peanut to treatments In the 1986-87 at 4-m spacings. Growth of 
season. these species was good at high 

acid (AI+H) saturations (70 to 
Maize Peanut 90%) and there was little 

response to lime application. 
Treatment Code Grain Straw Nut Straw Gliricidiasepium did not grow 

well in this study, producing 
(kg/ha) about 1/2 ton of leafy dry-only 

1 (021/CAL) 2392 3216 754 1449 matter and about 400 kg of 
2 (021/CRO) 2530 3525 1058 1611 woody dry matter/ha/year. The 
3 (02C/CAL) 2071 2870 874 1433 poor growth of Gliricidiawas 
4 (02C/CRO) 2277 3362 845 1956 most strongly related to low Ca 
5 (02R/CAL) 2205 3010 713 1408 availability. 
6 (02R/CRO) 1918 2821 882 1615 ailbility. 
7 (02) 1361 2228 862 1541 Yields of upland rice and 
8 (021/CEN) 2520 3537 958 1622 cowpea crops increased with 

(Lime rates with GM) both lime and green leaf 
9 (001/CRO) 314 743 58 1133 manure (GLM) application. The 
10 (01 I/CRO) 1845 2213 720 1648 highest yields of upland rice 
11 (021/CRO) 2111 2813 955 1637 and cowpea were obtained 
12 (031/CRO) 2900 3756 1268 1668 	 when intercropped with 

Paraseriantheshedges. Parase(Lime rates without GM) 
20 486 rianthesalley-cropping approxi13 (20) 90 587 

14 (21) 1246 1769 188 2042 mately doublcd rice yields and 
15 (22) 2616 3054 658 1604 quadrupled cowpea yields 
16 (23) 3906 4585 957 1700 compued to control plots. Crop 

response to Calliandra alley(Inorganic N rates) 
17 (02) 1881 2808 692 1589 cropping was less, probably due 

18 (12) 3100 3722 1005 1799 to sh,iding competition, while 
19 (22) 2712 2973 801 1902 Gliricidiahedges did not grow 
20 (32) 3072 3619 514 2247 well enough to influence crop 

yields. 
LSD (0.05) 985 1031 418 691 It is likely that part of the 
CV (%) 28 22 34 26 crop response to Paraserianthes 

alley-cropping was due to the 
Code key: first number codes for N level; second number codes for lime level, amelioration of Al toxicity. 
N Level Lime level GM species With application of Paraserian
0 = No N 0 = No lime CAL = Calopogonium thes GLM, crop yields did not 
1 =60 kg/ha 1 = 375 kg/ha CRO = Crotalaria decrease at the highest acid 
2 = 120 kg/ha 2 = 40% Acid sat. CEN = Centrosema saturation levels, while without 
3 = 180 kg/ha 3 = 20% Acid sat. 
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GLM, crop yields decreased above critical acid saturation Paraseriantheswent beyond simply substituting for limelevels (70% and about 60% for upland rice and cowpea, and may be beneficial even in areas where upland rice andrespectively). If labile Al-organic matter complexes are cowpea crop yields are not limited by soil acidity.important in reducing Al toxicity to crops, frequent Economic analysis also indicated that Paraserianthes
application of GLM in alley-cropping would be especially alley-cropping plus the low rate of lime application was
beneficial. Beneficial effects of GLM addition on crop the most profitable treatment. However, if lime is notyie!ds may be transient; therefore, the repeated application available, Paraserianthesalley-cropping was shown to be
of prunings at regular intervals through the cropping more profitable than the control treatment, which was 
season may help to maintain crop responses. considered to be current farmer practice.

Of the green leaf manures, Paraserianthesalso con- In a related study, Crtalariausaramoensis,Calopogo
tained the highest concentrations of Mg and Mn (which nium mucunoides, and Centrosenapubescens were grownwere probably very deficient in the soils) and returned as green-manure crops during the dry season in Sitiung.important amounts of plant nutrients to the soils (e.g. and the green manures were used on a rotation of maize
about 80 kg N, 30 kg K, and 6 kg Mg ha/year). Therefore, followed by peanuts. On many farms in Sitiung, the dryimproved mineral nutrition may also explain the crop season is a fallow period, so food crops were not displacedresponse to Paraserianthesalley-cropping, by the green-manure crops. Green-manure yields of 1.7 to 

3.7 t dry matter/ha were obtained with Crotalariawhile
The highest crop yields were obtained in the Paraseri-

anthes + Low lime rate (750 kg/ha) treatment. This yiclds of 1.6 and 2.4 tons dry matter/ha were obtined
suggestfc that the beneficial effects of alley-cropping with with Calopogonium and Centrosema,respectivel 

Table 15. Analysis of variance for the effects of methods of green manure application on maize
and peanut yields In the 1986-87 season. 

Source df 
_ Maize -

Grain MS Straw MS 
- Peanut 

Nut MS Straw MS 

Replication 
GM treatments 

2 
6 

807182 
445750 

588522 
549347 

226467' 
36310 

183280 
106366 

GM vs. no GM 1 1950692" 2112974' 160 3728 
CAL vs. CRO 1 1659 187333 98213 396822 
CAL,RES vs.INC+CUT 
CRO,RES vs.INC+CUT 

1 
1 

470288 
1401 

774888 
2113 

9763 
20510 

56740 
2145 

CAL,INC vs.CUT 
CRO, INC vs.CUT 

Error 

1 
1 

12 

96089 
154369 
199320 

39544 
179228 
309956 

67756 
21456 
27615 

178400 
363 

87059 

Code Key: MS = Mean square; GM Green manure; CAL = Calopogonium; CRO = Crotalaria; RES
Root residue; INC = Insitu Incorporation; CUT = Cut and Carry. 

Table 16. Analysis of variance for the effects of lime application with and without green manure
application on maize and peanut yields In the 1986-87 season. 

Maize-- - PeanutSource df Grain MS Straw MS Nut MS Straw MS 

Replication 2 124174 222559 40266 118799
GM vs. No GM 1 177797 82791 520087"' 24143 
Lime rates (3) 10962500"- 13182700"- 1282359" 1287584" 

Lime linear 1 32580900"" 39397900"" 3829256"- 1725889" 
Lime quadratic 1 139492 11935 17734 1416982' 
Lime cubic 1 167097 138190 86 719882
 
Plus or minus GM x Lime 3 777698' 456085"" 60873' 279963 

Error 12 225055 70739 14778 265815 

98 



Crotalariawas grown at four lime rates, to which it (grown in place, cut and carried within the field, and 
responded strongly, with biomass and nutrient yields mere residue remaining after cutting) did not cause significant 
than doubling with increasing lime application, differences in crop yields. 

Maize and peanut crops responded strongly to liming Inorganic N was also applied at four rates, and there 
and less strongly to Crotalariagreen manuring. Increases was little or no response of the upland crops to this N 
in maize and peanut yields were more strongly related to during the two cropping seasons. Apparently, adequate 
soil exchangeable Ca than to AI+H saturation. Overall, amounts of N were available in the soil for the moderate 
there was little response to green manure application, yields. Therefore, the response of crops to the N contained 
Also, different methods of green-manure application in the green manures was probably limited, and the slight 

maize and peanut crop responses to Crotalariagreen 
Maize 1986/87 manure may have been related to increased availability of 

5000 Y=6327 - 82.4 X 0 GM bases. It is also possible that the geen manure additions 
=20.858 A No GM reduced aluminum toxicity. 

4000 Overall, crop response to green manuring was slight, 
and the increased labor costs of this activity may make 

"oS 300U - A& green manuring unattractive to farmers. These results are 

-' quite different from the large yield increases obtained with'205'A green leaf manure application in the alley-cropping 

. 10 Y= 4313- 54.0 X experiment. Although the sites were fairly similar, the 
R2 =0.770 green-manure management experiment had a slightly 

0 1 1 more fertile and less acid soil, which may explain the lack 
10 20 30 40 50 60 70 80 90 of response to green manures. Also the amounts of 

%Acid (Al + H)saturation nutrients contained in the green manures was slightly less 
than in the ParaserianthesGLM. 

Another major difference between alley-cropping and 
Peanut 1986/87 green manuring may be the timing of application of GLM 

1500 = 1744 23.5 X * GM versus green manure. All of the green manure was applied 
2 = NoG at the beginning of the rainy season, while the GLM was

R 0.764 A applied in four smaller applicatior over the rainy season. 

= 1000 A' 0 The nutrients contained in the GLM may have been more 
eA . readily available to crops at times of greatest requirement 

.A than nutrients from green manures. Conversely, the green 
5 500 manures were somewhat fibrous and had low N, P, Ca, 
Z and Mg concentrations, which may have resulted in some 

A immobilization of these nutrients in microbial biomass. 
0 The general philosophy followed in designing and 
10 20 30 40 50 60 70 80 90 managing these experiments was to set fertilizer rates and 

%Acid (Al + H)saturation crop-management practices within the ranges of current 
farmer practice and to deviate from farmer practice only

Figure 4. Crop response to percent acid saturation (AI in experimental factors. This "farming-systems" approach
+ H/ECEC) Inthe 1986-87 season. 

Table 17. Analyses of soil samples (0-15 cm) taken before planting peanut on 13 January 1987. 

Acid Org. Tot. 
Lime rate pH AI+H Ca Mg K ECEC P sat. C N 

cmol/kg ppm % 
0 4.7 1.00 0.24 0.08 0.16 1.47 4.4 67 2.16 0.18 
375 kg/ha 4.7 0.96 0.41 0.10 0.16 1.63 4.8 58 1.91 0.16 
40% Acid Sat. 4.8 0.80 0.69 0.12 0.16 1.76 4.0 45 2.00 0.17 
20% Acid Sat. 5.0 0.48 0.96 0.18 0.17 1.79 4.0 27 2.11 0.19 

Extracted with 1N KCI.
 
Extracted with Mehllch I extractant.
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to research was intended to ensure that research results 
would be more readily applicable to farmers needs and 
resources than research conducted under high-input 
systems or under more controlled conditions. However, by 
not making blanket applications of nutrients, such as Mg, 
or micronutrients, crop yield responses to treatments could 
have been confounded with variability in availability of 
these nontreatment nutrients. The treatments that caused 
significant increases in crop yields, such as Paraserianthes portant farming environments in a region should be
alley-cropping, were very strong, and such technology is 
likely to be readily transferred to Sifiung farmers, 

Implications 
Alley-cropping studies indicate an urgent need to deter-
mine Lhe pruning management of Paraserianthesand 
Calliandrato optimize the production of leaf and wood 
and yields of intercropped food crops. Less frequent
prunings (I to 2 times per year) of Paraserianthesshould 
be studied to determine the effects on tree yields and 
longevity. In this study, pruning heights of 40 cm were 
maintained at each pruning. It may be beneficial to cut the 
hedges higher initially or to raise the pruning height at 
each subsequent pruning. Also, intercropping of taller-
growing crops such as maize, cassava, or tree crops would 
allow use of higher pruning heights withoLt excessive 
competition for light. 

Conversely, more frequent pruning and lower pruning
heights of Calliandrahedge: should be studied to try to 
reduce competition with alley crops. The appropriate 
number of prunings per year depends on the alley crop to 
be grown, but prunings as frequent as monthly may be 
tolerated by this species. However, increased iabor costs 
of the more frequent prunings must also be considered, 

Studies of alternative tree species for alley-cropping in
 
humid environments with acidic soils is also urgently
 
needed.
 

This research has shown that alley-cropping with 
Paraserianthesand possibly with Calliandracan increase 
crop yields on an acid and infertile soil in the humid 
tropics. However, there has not. been an adequate assess
ment of the relevance and acceptability of this technology 
to farmers in these areas in Indonesia. One method of 
introducing and testing alley-cropping is through on-farm 
research, which allows adaptation of a technology to farm 
conditions and provides rcsearchers and extension 
personnel with farmer insights on management under farm 
conditions. Also, evaluation under different environmental 
conditions allows determination of the range of applicabil
ity of alley-cropping. This should involve assessment of 
the physical environment and biological response to alley
cropping, as well as the resources, goals, social obliga
tions, and economic circumstances of a farm family.
Situations where alley-cropping is inappropriate or offers 

only marginal benefits must be clearly identified along
with those situations where it is beneficial. 

The results of the farmer-managed alley-cropping trial 
reported here provide ,ome guidance for conducting future 
research. The following recommendations could help I , 
improve the scope and usefulness of results from on-farm 
studies: 

1)A sufficient number of farmers representing the im

involved, so that the potential foi improved agricultural
production with alley-cropping can be assessed. 

2) Initial interactions with farmers should be frequent.
Preferably this could occur in small group meetings 
among neighbors, so that farmers can discuss management 
of the hedges with researchers and with each other. 

3) Periodic follow-up should be planned with each 
farmer, especially in the first year after planting the 
hedges, so that problems can be identified and possible
solutions discussed. This would also provide the research
ers with an opportunity to personally assess the system. 

4) Sufficient seed should be given to farmers to plant 
an entire hillside or small drainage area, so that good 
erosion control is achieved. On especially steep slopes, 
some mechanical barriers or grass strips may need to be 
established along with hedges. 

5) Soil froi., each research site should be sampled for 
chemical analysis and the soil profile, topography, and 
vegetation (or cropping system) described. This will allow 
determination of the range of biophysical conditions for 
which alley-cropping is applicable. 

6) Potential interactions of alley-cropping with live
stock components of the farming systems should be 
assessed (i.e., "alley-farming"). 
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Integration and Utilization of Agroforestry 
and Other Organic Resources in Sustain-
able, Low-Input Farming Systems: UH-2B 

LalitArya, University ofHawaii 
Tom Dierolf,University ofHawaii 
CarlEvensen, University ofHawaii 
James Hansen, University ofHawaii 
Nguyen Hue, University ofHawaii 
Iswandi,Sukarami AgriculturalResearchInstitutefor 

Food Crops 
11. Suwardjo, Centerfor Soil and AgroclimateResearch 

Objectives 

The objectives of this study are as follows: 1) to quantify 

the nitrogen-supplying capacity of nitrogen-fixing trees 

and cover legumes relative to a standara nitrogen source 
(e.g. urea); 2) to evaluate nutrient recycling by trees in 
low-input, sustainable farming systems; and 3) to identify 
organic compounds responsible for detoxifying aluminum 
and develop procedures for estimating the "lime" equiva-
lence of green manures. 

Soil acidity problems can be readily corrected by 

applying lime, but lime is not always available to re-

source-poor farmers. Although organic matter can 

substitute for lime, the chemical basis for the "liming" 

remains unknown. In rtcommending organic matter as a 

substitute for lime, we need to know the liming equiva-

lence of a given amount and type of organic matter. This 

research focuses on objective 3 of the 3vera!l UH-2 

project. 


Procedures 
In order to test hypotheses about the influence of decom-
posing organic material on aluminum chemistry and 
toxicity, an incubation experiment was conducted in 
which soil-solution chemistry and toxicity were monitored 
over a six month (175-day) period. Two types of treat-
ments were used. For one set of treatments, various levels 
of organic material were added to soils. In order to 
provide a range of Al concentrations and toxicities without 
added organic material for comparison, various levels of 
lime, as Ca(OH)2, were added to a second set of soils. 
Each treatment was replicated twice. Tabies 1and 2 
summarize thetreatmentsandprovidethechemicalprop-
erties of the test soil. 

Rrsulits 
The decomposition effects of varying additions of ground 
cowpea on root growth, soil pH, and soil-solution Al are 
shown in Figure 1. 

Table 1.Summary of treatments used InIncubation
 
experiment.
 

Treatment Units Levels 

Cowpea g/kg 0,5,10,20,40 
Lime cmol(OH) kg"1 0,0.9,2.0,3.6,7.2,11.2 

Table 2. Chemical properties of acid subsoil bofore
 
and after adding Ca(NO 3)2 kg-1 .
 

+ 5.5 mmol 
"1 

Unamended Ca(NO 3)2 kg 
Water pH 4.0 3.8 
KC-extr actabl
 

Al (cmol(+) kg') 8.4 8.6
 

ECEC (cmol(+) kg-1) 12.9 15.9
 
Organic C (percent) 12 12
 

70
 
E-

Z 60- 20
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gnat damage 10fungus 
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Figure 1. The decomposition effects of varying addi
tions of ground cowpea and Ca(OH)2 on root growth, 
soil pH, and soil solution Al (continued on next page). 

101
 



2. Sustainable Agriculture: Agroforestry 
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Figure 1(continued). The decomposition effects of varying additions of ground cowpea and Ca(OH) 2on root 
growth, soil pH, and soil solution .1 

Root Growth 
Root growth increased significantly in response to added 
cowpea (P < 0.001) and lime (P < 0.01). Cowpea and lime 
improved root growth at relatively consistenrt 	sates during
the incubation period. Root response to amendments of 
both lime and cowpea conformed to a Mitscherlitch 
functicti (Figure2). 

SoilpH and Al 
Increases in root growth in response to cowpea and lime 
amendments were closely related to significant (P < 0.01)
increases in soil pH and decreases in soil-solution Al and 
KCl-extractable Al (Figure 1). Most of the benefit to 
plants can be explained by the liming effect of the 
decomposing cowpea; reduced concentrations of toxic 
soil-solution aluminum are associated with reduced 
quantities of exchangeable Al and increased soil pH. 

Although the cause of increased soil pH-in response to 
,;owpea amrendments could not be determined, displace-
merit of OH-from variable-charged oxide surfaces by
specifically adsorbed organic anions appears to be a 
reasonable explanation. 

Change inToxicityofAl 
The difference in plant response to soil-solution Al in the 
lime and the cowpea treatments (Figure 1)indicates that 
intermediate concentrations of Al from soils treated with 
cowpea were less toxic than those from soils treated with 
Ca(OH)2, particularly at 21 days of incubation. The 
difference between the two types of amendments was less 
at later sampling times.

The reduction of toxicity of soil-solution Al in the 
presence of decomposing cowpea could not be explained 
adequately by formation of nontoxic complex¢es with 
organic acid anions measured by HPLC. Calculated 
complexes with organic anions accounted for no more 
than 7% of the total concentration of soil-solution Al. The 
lower toxicity in the cowpea treatments was probably due 
to one or a combinatiJn of the following: 1)the formation 
of unidentified organic complexes, 2) the formation of 
sulfate complexe3 , and 3) the reduction of activity 
coefficients sociated with increased ionic strength. 

Lime Replacement Value 
A regression function was derived to describe the ability 
of cowpea to substitute for lime in ameliorating Al 
toxicity to roots. The lime replacement value (LRV) 
function 
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ln(B) - ln(A1 - A + B * e (.cow i) )LRV=, 

is a combination of the Mitscherlich functions for plant 
response to each type of amendment 

Y=-B. (C'X) 

where Y represents root growth and X represents amend-
ment level. Subscripts c and I refer to cowpea and lime 
amendments. 

The result (Figure 3) indicates that the cowpea 
amendment provided an effective alternative to liming 
and that incremental additions of cowpea were more 
effective at replacing lime at high levels of amendment 
than at low levels. 

Conclusion and Implications 
This study suggests that organic materials can help 
manage aluminum toxicity. The incubation experiment 
demonstrated that organic amendments can substantially 
raise soil pH and eliminate aluminum phytotoxicity for a 
longer period than was pre vicusly believed posc ible. 
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Figure 2. Root response to amendments of lime and 
cov'pea. 
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Figure 3.The effectiveness of cowpea amendments as 
an alternative to liming. 

The long-tern ameliorative effect of cowpea in this 
study suggests that cumulative applications of green manure 
or hedgerow prunings may prove more effective than a 
single application. 

Although the ability of cowpea to produce the same 
effects as lime in this experiment should not be extrapolated 
to other combinations of soils and organic amendments, this 
study provides a procedure for determining optimum 
amendment levels and predicting baefits. 

Implications for Further Research 
An obv;,us question needing further research is what other 
soils will show the same benefit from organic amendments 
as the Kaneohe subsoil. However, the mechanism of the pH 
increase must be understood in order to know what soil 
characteristics are important. Once the mechanism for the 
pH increases, soils with oxidic mineralogies and high 

specific surfaces would probably benefit the most. 
Longer studies-greater than one year-are needed to 

evaluate the duration of the ameliorative effect of organic 
amendments and the possible cumulative effects of sequen
tial applications. Although the effectiveness of the cowpea 
amendments persisted and increased over a six-month 
period, the results should not be extrapolated to a longer 
period. These methods also need to be evaluated in field 

with organic-material application rates that are 
for the lozal farmer. 
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Soil and Crop Modeling: CU-104
 

In order to develop sustainable agricultural systems that 
conserve our water and fossil fuel resources, we must base 
our water- and nitrogen-management strategies on a 
comprehensive understanding of the physical, chemical 
and biological processes that affect water and nitrogen 
fate. Several aspects of soil and climate conditions of acid 
tropical savannas, such as the Cerrado in Brazil, make 
such an understanding a prerequisite for evaluating 
agricultural and environmental objectives for these 
regions. In the Cerrado, low water-holding capacities of 
the predominant soil orders (Oxisols and Ultisols) corn-
bined with frequently occurring droughts during the wet 
season can cause water stress and reduce crop yield, 
During intermittent drought, the growth and survival of 
the crop is largely determined by the amount of stored 
water that is accessible to the root system. In these highly-
weathered acid soils, rooting depth is dependent on soil-
fertility management, since roots are largely restricted to 
the portion of the soil profile where Al toxicity and Ca 
deficiency have been corrected by amendments. High 
rainfall in combination with shallow rooting and high soil 
hydraulic conductivity can lead to rapid leaching of nitrate 
below the root zone, making efficient nitrogen manage

ment difficilt. However, the ability of the deeper soil to 
retain nitrate may make nutrients available to crops grown 
during the dry seas;on. The degree to which local and 
regional advzction may affect the water requirements of 
dry season crops is largeiy unknown, despite the interest 
in producing irrigated cash crops and rain-fed green 
manures during this period. 

Field experiments in temperate regions have addressed 
similar issues. It remains to generalize these studies into a 
broadly based set of water- and nitrogen-management 
guidelines agronomically and environmentally appropriate 
to tropical acid savannas. One method of achieving this 
goal is to summarize our knowledge of water and nitrogen 
processes into dynamic simulation models of water and 
nitrogen fate in cropped systems and to evaluate their 
appropriateness to acid tropical savannas. On a scientific 
level, dynamic simulation models can provide a concep
tual framework, integrate knowledge from many experi
ments, and pinpoint areas of interest. On a research 
management level, such models can provide support to 
research programs and can establish a basis for collabora
tive research. 
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Understanding Water and Nitrogen
Dynamics in Cropped Acid Soils of the 
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Objectives 
The objectives of this study are: 1)to develop a compre-
hensive description in simulation-model form of water and 
nitrogen movement and nitrogen transformation in 
cropped soils of the acid soil regions of the tropics: a) to 
quantify the effects of soil physical properties upon water 
availability and soil water movement and their impact 
upon crop yield, evapotranspiration, and transient soil-

water regimes in a manner useful to irrigation and crop

production programs, b) to quantify the effects of soil 

chemical and biological properties on nitrogen transforma-
tion and transport, crop residue properties on nitrogen
mineralization, and nitrate movement on base cation 
.ransport; and 2) to use the model of (1)as a guide in 
interpreting previous studies and in designing further 
experiment to a'd in natural-resource assessment, agro-
economic analysis, crop- and soil-management programs,
and technology delivery. 

Procedures 
The software produced as part of this project, called 
GAPS (Buttler and Riha, 1987), was developed to make 

simulation modeling more accessible to users and adapt-

able to various research objectives. The program contains 

"user-friendly" inp'at and output routines and allows the 

user to select from procedures to simulate various compo-

nents of the soil-plant-atmosphere system. In addition, the 

user can choose from a variety of procedures with differ-

ing representations of the same component. Program 
structure allows the user to incorporate additional proce-
dures into the program, linking them to procedures already
present. Procedures can be selected on the basis of the 
data available to the user, the particular modeling objec-
tive, or the level of complexity required. Extensive 
documentation of the simulation procedures accompanies
the software package. 

Several field experiments were designed and conducted 
at the Cerrados Agricultural Research Center (CPAC),
Planaltina, Brazil, to address key aspects of water and 
nitrogen dynamics in tropical acid savanna systems. These 
experiments were also used to test and validate models of 
water dynamics and crop growth. 
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Results 
Potential Evapotranspiration 
The major portion of water that infiltrates the soil insavanna cropping systems is lost to the atmosphere 

through evapotranspiration. Ability to estimate such lossesis important for design and management of cropping 
systems and for water-resource planning, including
irrigation design. Compared to work in the United States 
and Europe, very few studies on evapotranspiration have 
been conducted in tropical savannas, despite their largeextent and potential importance as agricultural regions.

Several common approaches can be used to estimate 
potential evapotranspiration (PET). These include tem
perature-driven estimates such as the Linacre method; the 
Priestley-Taylor equation, which requires a measure of 
incoming solar radiation; the Penman-Monteith equation,
which additionally requires measures of wind speed and 
relative humidity; and the pan methud, in which water loss 
from a standardized pan of water is measured. All four of 
these methods are available as options for estimating PET 
in our simulation software, GAPS. 

Comparison of these methods is useful 1)to evaluate 
how well the simpler methods, such as the Linacre, 
estimate PET, 2) to estimate the appropriate value to use 
for the Priestley-Taylor coefficient, and 3) to determine if 
there is significant advection by comparing the Priestley-
Taylor estimate of PET to pan data or to the Penman-

Monteith equation. We found that the Linacre method
 
gives estimates of PET that are very similar to thePriestley-Taylor method using a value of 1.2 (non
advective conditions). Using a value of 1.5 in the Pries
tley-Tayior equation (advective conditions) results in 
estimates of PET very similar to the Penman-Monteith 
equation. We also found that regional advection cou!d 
occur during the latter part of the dry season (late July and 
August) at the CPAC. The degree of advection appears to 
vary from year to year, with little occurring in 1982 and 
an approximately 12% increase in PET in 1983 due to this 
type of advection. Such advection also occurred at this 
time in 1988. Weather patterns related to this type of 
advection and their frequency of occurrence in the 
Cerrado are not known. Gaining knowledge in this area 
will be important for estimating crop water requirements 
on a regional and long-term basis. 

Actual Transpiration 
While PET sets the upper limit for water loss from soil 
and crop surfaces, actual evapotranspiration can be much 
less than PET. As the soil dries, evaporation from soil 
surfaces and transpiration from crops can fall below 
potential rates. Since reduction in actual transpiration
(AT) from potential is usually associated with decreases in 
crop growth and yield, being able to predict actual 
transpiration is useful not only from the perspective of 



crop water budgets but also crop production. Actual 
transpiration is determined from the dynamic interaction 
of the soil, crop, and atmosphere, so predicting AT 
requires consideration of this entire system. 

Bulk Surface Resistance 
In the Penman-Monteith equation for predicting 
evapotranspiration, one component, the bulk surface 
resistance (rb), can limit PET in response to crop, atmos- 
phere, and soil conditions. We characterized rb of irrigated 
wheat and evaluated its use for predictive purposes. 
Hourly measurements of actual evapotranspiration using 
the Bowen ratio approach were made over an irrigated 
wheat field during the entire 1983 growing season. Data 
from four days were used to calculate rb using both energy 
balance and residual methods. Crop surface temperatures 
predicted from measurement of wind speed and air 
temperature at one height above the canopy were in good 
agreement with infrared-measured canopy temperatures. 
Both the energy balance and residual methods gave 
similar values for rb, which increased from time of 
irrigation (Figure 1). This change in rb could not be 
attributed primarily to stomatal behavior, since the crop 

radiation penetration models, which assume no sensible 
heat transfer, the rate of soil evaporation could have 
declined rapidly, affecting an increase in rb with time from 
irrigation. This would mean that soil surface properties 
play an important role in determining actual evapotranspi
ration even under closed canopies, suggesting that the 
extent to which heat at the crop surface can be transferred 
to the soil may reduce crop water requirements. 

In this study we also found r bremained fairly constant 
during the day, until approximately 1530 h, at which time 
it rapidly increased (Figure 1). At the same time, latent 
heat loss in proportion to net radiation increased and 
canopy temperature decreased more rapidly than air 
temperature. Interestingly, this increase in rb occurs after 
canopy temperatures have peaked and have actually begun 
decreasing relative to air temperature. An increase in r. at 
this time appears to limit the cooling of the canopy below 
air temperature. The cause of this increase in rb is not 
clear. 

The Penman-Monteith equation was used to predict 
evapotranspiration for several periods during another crop 
growing season. The rb was assumed to vary from a 
minimum of 40 s/m immediately after irrigation to 70 s/m 

was irrigated when soil water potential at 10 cm was -70 J/ immediately after irrigation. On all days rb was assumed to 
kg, and, consequently, soil water status was not considered equal 100 s/m after 1530 h. Predicted and measured values 
limiting to plant growth and yield. If energy transfer to the were similar both on an hourly and a daily basis (Figures 2 
soil surface was greater than that estimated from simple and 3). 
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Figure 1. Bulk surface resistance as a function of time of day before (11 August and 19 
August) and after (12 August and 19 August) Irrigation. 
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Crop Water Uptake 
Since crops store very little water, crop water uptake is 
generally considered to equal actual transpiration. Crop 
water uptake can be predicted if the amount of soil water 
available to crops is known. One approach to predicting 
crop water uptake is to assume all soil water above some 
lower soil limit is available to plants to the depth of crop 
rooting. Another approach is to assume that water flows in 
direct proportion to a potential gradient between the soil 
and plant and in inverse proportion to the resistance to 
water flow in the soil and plant. Using this latter approach, 
either the plant water potential is not allowed to fall below 
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3. Dally predicted (model) and measured 
(Bowen) actual evapotranspiration for three crop
growth periods. 

some minimum value, or rb is increased with decreasing
plant potential, thus limiting plant water uptake. In the 

software GAPS, both these representations ofplant water uptake are available for use and have been 

specifically evaluated in this project. The former approach 
is referred to as the Tipping Bucket (TB) and the latter as 
the Richards Equation (RE).

A variable line source sprinkler experiment with maize 
was conducted during the dry season (April to September)of 1988 at the -PAC. Actual transpiration, as well as soil 
evaporation and drainage for a range of irrigation rates
from 0.3 PET to 1.6 PET were modeled using both TB 
and RE methods (Figure 4). For irrigation rates less than 
PET (640 mm for the season), the RE method predicts
slightly higher AT rates than the TB approach. Both 
models predict an almost linear decrease in AT with 
decreasing irrigation rates below PET. Both methods
predict soil water content at irrigation rates less than PET 
very well, whereas the RE method overpredicts and the 
TB approach generally underpredicts soil water content at 
irrigation rates above PET (Figure 5). In both methods, 
soil water content is overpredicted toward the end of the 
growing season, almost certainly because our method for 
estimating PET (Priestley-Taylor, coefficeint of 1.2) did 
not account for elevated rates of PET due to advection. 
The close similarity between predicted actual transpiration 
of both methods under the entire range of irrigation 
treatments suggests that the concept of "plant available 
water," though simplistic, is very powerful. 

Soil Water Movement 
Prediction of soil water movement is important not only 
for estimating crop water uptake, as mentioned previously, 
but also for estimating drainage, leaching, and solute 
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DR (TB27) have their respective strengths and weaknesses. The RE 
---- V (TB27) performed better in predicting soil water contents over the 

TR (T27) whole range of irrigation water treatments and is better 

500 E (R) able to predict soil profile water content distributions. 
Planted to Cor - -- T (RE Continuous drainage fluxes are predicted by the RE, 

whereas discrete flux events are predicted by TB.
400 

Capacity-type flow representations such as the TB 
Eroutine are used extensively in crop simulation models due 
, 300 	 to their perceived conceptual simplicity and computational 

U,- efficiency. It is often argued that input parameters for the 
Z 200 - TB approach are more easily available than the parameters 
Inecessary to estimate the water content-water potential 

100 relationship needed for the RE. We found the TB water 
C ,7,DR
 flow procedure to be very sensitive to the value chosen for 

0 	 2 0 field-capacity water content (Table 1). This was particu
200 400 600 800 1000 1200 larly obvious in the simulations of fallow soil conditions. 

Irrigation (mm) 	 Given this sensitivity, the choice of!the appropriate soil 

Figure 4. Predicted actual transpiration (TR), soil water potential for field capacity is crucial to this method. 

evaporation (EV), and drainage (DR) using the The predictions of water content and plant water uptake 
Richards equation (RE) and Tipping Bucket (TB) using the RE approach are highly sensitive to the parame
methods for maize over the entire crop season for a ters calculated for the moisture-release curve. If tested 
range of irrigation treatments. only under a narrow set of environmental conditions, this 

sensitivity is not always apparent. The wide range of 
movement within the profile. Both the Richards equation irrigation water treatments used in this study made the 
moEment wihin p B r sensitivity of the predictions to moisture-release paramethe rofile. te ds 


E aters 
 under certain conditions apparent. The soil moisture
were found to predict soil profile water contents reasona- release curve of the Oxisol studied resembled a silt loam 
bly well (Figure 5, Table 1). Predictions of water fluxes 
over the entire growing season and even shorter timeontewtndadcyonheryn.Teto-rmter function used to model the moisture-release curve didperiods were very similar (Figure 4). The similarity not provide a good fit to moisture-release data for these 
between predicted water fluxes of both methods under the soils, when fitted over the whole range of water potentials 
entire range of irrigationmodesimp,istth ugh c,treatmentsus suggests that ful.B ot theodsTB thei ver met to -1500 3/kg. If the em phasis of the modeling effort is th 
model, though simplistic, is very useful. Both methods prediction of water flow and water contents under well-

Table 1. Summary statistics of simulated versus measured soil node water contents. 
Regression coefficients were obtained by regressing simulated against measured soil 
water contents for all eight sampling dates, for all eight sampling depths, and for the four 
treatments 1.6, 1.0, 0.6, and 0.3 PET. TB method used field-capacity value at 0.27 or 0.30 
mI/m3. 

Fallow 	 Planted 

RE TB(0.27) TB(C.30) RE TB(0.27) TB(0.30) 

Mean 0.279 0.274 0.304 0.282 0.275 0.301 
sd: 0.026 0.003 0.005 0.031 0.006 0.019 
Slope 0.808 0.99 1.21 0.87 0.71 0.917 
Intercept 0.056 -0.01 0.05 0.04 0.07 0.03 
R2 
 0.80 0.55 0.59 0.83 0.66 0.70 
s.e.Yest 0.016 0.039 0.043 0.023 0.03 0.036 
s.e.slope 0.044 0.107 0.118 0.043 0.058 0.069 

Measured mean: 0.278 0.261 
sd: 0.026 0.038 
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Figurij 5. Measured and predicted (RE and TB) total profile soil water for four irrIgation 
treatments over the course of the growing season. 

irrigated conditions, it is advisable to use parameters fitted 
to the wet range (to -100 J/kg) only. 

Saturated water contents never reach total porosity in 
the field for these soils, and the percentage of total 
porosity at field-saturated water contents appears to be 
much lower than the percentages assumed for temperate 
soils. A knowledge of the soil water content at saturation 
in the field is essential in order to predict soil water 
contents correctly. The effect of decreased total porosity 
due to compaction, and reflected in increased bulk 
densities, does not result in an equivalent decrease in 
saturated water contents under field conditions, 

Maize Growth and Yield under Variable Water Inputs 
In order to evaluate the feasibility of maize production 
and to prescribe maize management in various parts of the 
Cerrado region, it is necessary to understand the interac-
tions of climate and soil with plant growth in the context 
of fertility treatments that affect rooting depth. Such 
understanding is explicitly described in dynamic simula-
tion models of plant-environmental interactions. We 
wished to assess whether maize simulation models 
developed and tested in the temperate regions were 
applicable to t, ipical savannas like the Cerrado. 

The maize model of Stockle and Campbell (1985) was 
evaluat 'I because it represents physiological processes 

affected by water stress and is relatively simple. Compo
nents of this model were incorporated into GAPS. An 
experiment in which a line. .ource sprinkler irrigation 
system was used to establisn a gradient of water treat
ments for maize was conducted in the Cerrado and used to 
assess the maize model. Only data from the highest level 
of nitrogen treatment are discussed in this section. 

Dry-matter production, yield and harvest index were all 
highly dependent on the amount of water applied (Figure 
6, 200 kg N/ha treatment). The assumptions relating to the 
effect of water stress on crop growth inherent in the crop
simulation model appear to be generally valid when 
applied to a tropical acid savanna such as the Cerrado. 
Predicted leaf area indices and dry-matter accumulation 
over time compared reasonably well with measured data 
(Figure 7). Model predictions of final aboveground dry
matter accumulation were about 10% greater than meas
ured production (Figure 8). Under nonstressed conditions, 
development of LAI during the vegetative period was 
slightly underpredicted (Figure 7). The leaf area ratio, 
which effects this prediction, may vary with variety and 
was found to decline over time for the variety used here. 
Model predictions of total dry-matter accumulation are 
very sensitive to the time when the period of rapid leaf 
senescence begins, since dry-matter accumulation stops at 
this stage. The thermal unit approach used to estimate this 
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Figure 6. Measured aboveground dry matter, grain 
yield, and harvest Index for maize under a range of 
Irrigation treatments. 

stage predicted it to within a few days of actual occur
but this amount of error can result in 10% error in 

predicted total dry-matter production. Harvest index was 
better related to water stress accumulated throughout the 
growing season than to water stress accumulated during 
pollination (Table 2). 

the water regimes of this experiment, limiting 
the predicted maximum rooting aepth obtainable to less 

I m reduced predicted actual transpiration and dry
matter accumulation in the water-stressed treatments (0.3 

and 0.6 PET). Predicted reductions of about 25% in
dry-matter accumulation resulted when roots 

were restricted to a depth of 0.38 m, compared with 1.05 
m. This probably represents the minimum effect of 
restricted rooting on growth, since in our treatment 
system, irrigation water for the stressed treatments was 
applied at low rates, and therefore the wetting front was 
shallow. 

Maize Growth and Yield under Variable Nitrogen and 
Water TreatmentsEfficient nitrogen management is dependent on the crop 

water regime, both because lack of water can reduce the 
crop demand for nitrogen and because excess water can 

leaching. To investigate significant nitrogen-water 
interactions in the line source experiment already de

we applied nitrogen fertilizer as ammonium 
shortly after planting at rates of 0, 100, and 200 kg

N/ha. 

Crop growth was delayed in the excess water treatment 
(1.6 PET) at the 100 kg N/ha rate and to a lesser degree in 
the 200 kg N/ha treatment until tassel initiation, presuma
bly due to nitrogen deficiency caused by leaching of N 

below the root zone. This initial depression in dry-matter 
accumulation translated into reduced final dry matter and 
grain yields in the 100 kg N/ha treatment, but not in the 
200 kg N/ha treatment (Figure 6). In the 200 kg N/ha 
treatment, grain yields increased to a maximum of 10 t/ha 
with the amount of irrigation water applied. 

The 100 kg N/ha treatment had a maximum grain yield 
6 t/ha at an irrigation rate corresponding to 1.2 x PET. 

Without nitrogen fertilizer, dry matter and grain yields 
were affected by irrigation (Figure 6). Although 

harvest index was affected by irrigation water application, 
was not affected by nitrogen fertilizer rate. 
Work is continuing to model the rate of nitrogen 

movement in the soil profile in relation to crop nitrogen 
uptake and the consequence of limited nitrogen availabil
ity on maize yield. 

Conclusions and Implications 
The task of developing sustainable agricultural systems 
that contribute to better management of our natural
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resource base requires a sound and thorough understand-
ing of that base (in this case, the soils, climate, plants and 
water resources), the dynamic interactions of the compo-
nents of the system being studied, and the response of that 
system to human manipulation. Such understanding is 
only beginning to b - developed for tropical acid savannas. 

This project is contributing to a better understanding of 
the dynamic interactions of soils, crops, climate and 
water. These interactions influence what type of informa-tion is deemed most important to gather about the resource 
base. For example, the results of this project indicate that 
better predictions of dry-season potential evapotranspira-
tion for the Cerrado will require being able to predict if 
and when regional advection will occur due to changes in 
major weather systems. Also, results indicate that simple
approaches to predict soil water movement for these soils 
will require accurate measurements of soil water content 
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at field capacity. To use potential-driven approaches to 
modeling soil water movement, a two-parameter, soil 
water potential-soil water content relationship may suffice 
for irrigated systems, but not for rain-fed systems. Such 
results can help us decide which properties should be 
characterized as part of soil surveys, 

Understanding the dynamic interactions of system 
components also can lead to insights into ways these 
systems could be managed more efficiently. For example, 
results from our crop-growth study suggest that the 
relationship between leaf water potential and stomatal 
conductance may vary with maize cultivar and signifi-
candy affect the drought response of the crop. Screening 

maize varieties for differences in this trait and further field 
testing might prove useful. Increased rooting depth will 
probably be more effective in increasing productivity the 
more highly variable the rainfall. Soil surfaces that 
conduct heat quickly into the soil may reduce crop 
transpiration. 

Since tropical acid savannas, perhaps more than any 
other regions in the world, have greater untapped potential 
for sustainable agricultural production, the formation of a 
good knowledge base for this region seems particularly 
crucial. We hope to see continued international collabora
tion in this effort. 

Table 2. Harvest Index calculated from experimental data (Him) and predicted (HIP), 
from accumulated stress during pollination and early grain filling (SIP), and pre
dicted (Hit) from total accumulated stress (Sit) (PET = potential evapotranspratlon). 

Irrigation irrigation 
(mm) PET SIP sit HIp0 Hit' HI 

5C. 0.80 0.01 0.04 0.48 0.28 0.28 

430 0.67 0.29 3.68 0.46 0.22 0.25
 

327 0.51 0.36 4.70 0.46 0.21 0.20
 

316 0.49 5.25 6.88 0.16 0.18 0.19
 

188 0.29 5.96 10.86 0.12 0.12 0.12
 

OHIP =0.48 - 0.06 Sip, r2 = 0.99, Stockle and Campbell, 1985. 
2'HI= 0.28 - 0.15 SIt, r = 0.95. 
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Cation Movement: CU-111
 
The use of legume green manures in cropping systems will 
decrease reliance on industrial nitrogen fertilizer. How-
ever, sustaining this cropping system will require inpuls of 
other nutrients such as P, Ca, Mg, and K to meet both crop 
and green-manure requirements. These nutrients inevita-
bly will be depleted from the soil as plant products 
containing them are removed from the land. In addition, 
the increased nitrogen supply from the use of green 
manures likely will lead to nitrate leaching, which will be 
accompanied by an equivalent amount of cation leaching. 

Highly weathered soils of the tropics, such as Ultisols 
and Oxisols, contain few, if an:, primary minerals. Thus 
the exchangeable pool of the most important plant nutrient 
bases, Ca, Mg and K, is the only source of these nutrients, 
This pool is relatively small and, if depleted, can be 
restored only by soil amendments. Reducing reliance on 
such amendments and conserving soil nutrients as much as 

possible will require the development of green-manure 
cropping systems that minimize leaching losses and 
promote the recovery of these nutrient bases. Although 
data are relatively sparse, observation of different legumes 
during the dry season at CPAC/EMBRAPA, Planaltina, 
Brazil, suggests that rooting depth among species can vary 
greatly. If this is true, we would expect differences in the 
ability of legumes to recovur base nutrients from the lower 
portion of the soil profile. Perhaps the leaching of nutrient 
bases beyond the root zone can be :r.mnimized by combin
ing a deep-rooting legume green manure with an appropri
ate nonlegume crop. This would be prudent from both an 
economic and an environmental standpoint. Legume green 
manures also reduce the loss of soil nutrients by furnishing 
ground cover that protects the soil from the impact of rain 
and helps maintain the infiltration capacity of the soil. 
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Nutrient Balance for Cropping Systems
Based on Legume Green Manures !n 
Oxisols and Ultisols 

DavidBouldin, Cornell University 

MAS.Cravo, UEPAElEMBRAPy 


Objectivesobjectives 
The objectives of this study are 1)to develop cropping 
sequences using legume green manures which keep lossesof Ca, Mg, K, and NO3 to economically and environme~i-

tally sound levels, and 2) to develop models that describe 
the losses of Ca, Mg, K, and NO 3 under different soil and 
climatic regimes and to define the input data required for 
these models. 

Procedure 
An experimental area has been established at UEPAE/ 
EMBRAPA, Manaus, Brazil. The soil and climatic regime 
at Manaus is nearly ideal for this study. The climatic 
regime is favorable for continuous crop production: 
precipitation is greater than potential evapotranspiration, 
so leaching potential is high but not excessive. The soil 
structure is favorable for deep rooting provided thechemical limitations are ameliorated by liming. The 

erosion potential is appreciable but not excessive. The
eral oi sson otetippr ci ab e b t n t ex ess ve.Thee 
Oxisols and Ultisols furnish superior experimental soils 
for developing croppingg, ndbesystemsaus with acceptable losses of. T is i 

Ca, Mg, and K. This is because the total of these elements 

is usually small enough that any appreciable loss can be 

measured over a period of a very few years. 


Rotations of legume green manure and corn have been 

implemented, and soil hydraulic properties measured, 
Collection of soil samples with depth have been initiated, 
Soil pH in water and KCI, exchangeable ions, and NO 3 
analyses are being performed. 

A method for describing uptake and leaching of NO3 is 
being developed. Another model has been developed to 
describe the uptake of Ca, Mg, K, and NO 3 for individual 
roots (Bouldin, 1989). The resulting models will be 
combined and expanded to describe the uptake and 
ieachiag of these ions. 

Ca, th toal o th se lem nts 

Results 
The goal of this program is to collect the necc gsarydata 
for a nutrient balance sheet for rotations of legume green 
manure and corn in the humid tropics. During the past 14 
months, two corn crops and two legume green-lanure 
crops have been grow onothe experimental area. Soilwater tension has been recorded in both fallow and 

cropped plots. Field data needed for a water release curve, 
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and data on unsaturated conductivity have been collected. 
Three sets of soil samples to a depth of one meter have 
been collected, and some parameters have been measured. 
This field work continues. 

Laboratory studies of soil samples taken at CPAC andManaus showed negligible NO3 sorption in the surface 30 
cm, but sorption increased with depth. In the Manaus
samples, at a depth of about one meter, 40 to 60% of NO 3-

N was sorbed when soils contained about 100 kg/ha of 
NO 3-N.A relatively simple water flow model has been devel
oped as the first part of a model to describe base cation 
and nitrate loss. The model represents nitrogen mineralization, transport and NO3 sorption. Experiments at CPAC 
have ro t ind NO3 aorptiof simes t a 
have routinely included NO 3 analysis of soil samples to a 
depth of as much as two meters, so some of this data was 
used to evaluate the model. Data was taken from fallow 
plots in which different green manures had been incorpo
rated at the beginning of the previous dry season (Carsky,
1989).

During the dry season, the plots were irrigated periodically, and considerable NO 3 accum'ilated. During the wet 
season, NO 3 leached fairly rapidly ,rom the upper 30 to 45 
cm of soil and accumulated below 90 cm, indicating that 
NO3 was sorbed in the lower portions of the soil profile 
(Figure 1). Data were collected 203 to 354 days after 
igre1.ata wee lee 203 ta ys atrincorporation of the legume green manure. Precipitation 

during this period was 134 cm. Using the model gave anstim a ted ni rogen m in eralization of 80 kg N/ha .L each
ing loss at 180 cm was 60 kg N/ha. While this model is
 

ins a r80ucmsws60 kN aW ithm oi
preliminary and results should be interpreted with caution, 
t d hing was very sensitive to 
estimated NO3 sorpton and relatively insensitive to 
estimated water movement. In fact, to agree with experi
mental results, the model must include NO3 sorption
increasing significantly with depth. Similar results were 
obtained using data from both wet and dry seasons at 
CPAC and from Manaus. 

Conclusions and Implications 
Preliminary observations and model results indicate 
several important implications for management of N and 
green manures. First, anion sorption reduces the hazards 
of NO3leaching. In effect it retards the rate but does not 
stop leaching. Because of differences in the degree of 

sorption with soil depth, NO3 tends to accumulate below 
45 to 60 cm and only slowly moves beyond this point.Second, NO 3 in the lower part of the soil profile presuma
bly will be available to plant roots growing into this zone. 
However, NO3 efficiency probably will be lower for the 
subsoil than the upper zone because NO 3 sorption reduces 
the mobility of NO 3 and hence its movement toward theplant roots by mass flow or diffusion. Perhaps one green
manu roo ul y itroor wo nonegme 
manure crop could supply nitrogen for two nonlegume 



crops with modest nitrogen demand by using the "storage 
capacity" associated with NO3 sorption. Most of the 
current sysmems using green manures are based on a 
rotation of green manure and nonlegume crops. This 
merais that cropping time allocated to the green manure 
must be approximately equal to the cropping time allo
cated to the nonlegume. Perhaps a rotation of legume 
grmen manure, nonlegume, nonlegume is feasible if the 
second ninlegume is deep rooted and the green manure 
adds sufficient N for both crops. 

3 
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Figure 1.Measured and estimated concentration of 
N03-N In specified iayers of soil at day 354. 
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Nitrogen Mineralization: CU-110
 

The previous report on this project (TropSoils Technical broadened to investigate the effects of lime, gypsum, and 
Report, 1986-87)described effects of inorganic (Ca, P, green manures on soil-charge characteristics, pH, and 
and S)and organic (green manures) amendments on sulfur KCI-exiractable Al. 
availability in Oxisols. This work has been extended and 
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Ion Movement InCerrado Soils: The 
Effects of Inorganic and Organic Amend-
ments on Soil Properties and Sulfur 
Availability 

John M. Duxbury, Cornell University 

PeterMotavalli,CornellUniversity 

DjalmaM. G. de Souza, CPAC 


Objectives 
One objective of this research was to compare the effec-
tiveness of green manures with lime or gypsum for 
increasing soil cation-exchange capacity (CEC) and 
reducing soil acidity and extractable Al. A second 
objective was to determine the impact of the various 
treatments on sulfur availability. 

Procedure 
A field experiment with three successive maize crops (two 
wet season, one dry season) was carried out on a Dark-
Red Latosol beginning with the 1986-87 wet season. The 
experimental design was arandomized block, incomplete
factorial containing 2 lime (0and 3.4 t/ha) x 2crop (with
and without maize) x 3gypsum (0,60, and 600 kg S/ha) x 
3 green manure (0, 10 t/ha of either Canavaliaensiformis 
L. or Panicummaximum Jacq.) treatments x 3 replica-
tions. The green manures were harvested from adjoining 
areas, chopped, and applied b-fore planting the first two 
crops. Gypsum and lime were broadcast at the beginning
of the experiment. Fertilizer N, P, and K were broadcast 

annually at average rates of 165, 70, and 100 kg/ha 

(elemental), respectively. All treatments were incorpo-

rated to 20 cm with a rotary cultivator. All data on soil 

properties are from plots without plants. 


Laboratory experiments utilized soil collected from an 
untreated area adjacent to the field experiment. The 30- to 
90-cm depth was used to minimize effects of the native 
soil organic matter. Soil was mixed 1:1 with sand and 
incubated at 30C and 0.025 MPa water content in low-
density polyethylene bags, either as bulk samples or in 
Buchner funnels. Samples in the funnels were leached 
with water at each sampling time after removing a 
subsample for analysis. 

Results 
Effects on Surface Charge 
The Dark-Red Latosol had low surface charge. CEC 
decreased from 1.75 cmol,(-)/kg at 0 to 15 cm to 1.30 
cmol,(-)/kg at 90 to 120 cm, and anion-exchange capacity
(AEC) increased from 0.11 cmol(+)/kg at 0 to 15 cm to 
0.82 cmol(+)/kg at 90 to 120 cm. None of the field 
treatments showed significant effects on either positive or 
negative charge. However, in laboratory incubation 
experiments, additions of plant material equivalent to 40 t 

dry matter significantly increased negative charge up to 59 
dbut had no effect on positive charge (Figure 1). The 
transitory effect of plant materials on negative charge
suggests that the active organic components of thematerials or active organic fractions generated during 

decomposition were quickly decomposed. 

' 50 
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E 4.0 "im 
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Figure 1.Effect of adding plant materials at a rate 
equivalent to 40 t dry matter/ha on surface negative
charge of aDark-Red Latosol subsoil Incubated In the 
laboratory at 30'C. Bars Indicate one standard devia
tlon. 

Effects on pH and KCI-extractable Al 
In the field experiment, addition of lime alone or in 
combination with gypsum significantly increased soil pH
in the 0- to 15- and 15- to 30-cm soil depths by 0.3 to 0.7 
units. Gypsum alone did not significantly increase pH. 
Tillage resulted in a 0.3 to 0.4 unit drop in pH, which 
increased over the growing season. No significant effect of 
organic materials on soil pH was observed in the field 
experiment, but pH increased in laboratory incubation at 
rates equivalent to 40 t/ha dry matter (Figure 2). Additions 
of Canavaliacaused the greatest short-term increase in 
pH, but Panicum showed a more persistent effect. Periodic 
leaching with water shortened the duration of the pH
increase after addition of Canavaliabut did not affect the 
result with Panicum. 

Treatment effects on KCI-extractable Al followed the
trends observed with pH. After three growing seasons in 
the field experiment, addition of lime, but not gypsum, 
significantly decreased extractable Al in the 0- to 15-cm 
and 15- to 30-cm depths of fallow plots (Table 1). Addi
tion of the green manures tended to temporarily reduce 
exchangeable Al, although most of these differences were 
not significant (Figure 3). Nevertheless, the temporal 
patterns of these effects mirrored those observed in 
laboratory incubations (Figure 4). 
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5.0-	 Effects on K and CaA. Nonleaching 	 After three crop cycles and addition of 300 kg K/ha, the 

4.8 	 fallow plots of all treatments showed substantial leaching 
losses of K. In contrast to other studies, lime or gypsum 

4.6 	 reduced K loss and were most effective when added 
together (Figure 5). These results cannot be explained by

4.4 	 pH effects on CEC since gypsum did not measurably alter 
pH, and lime and lime plus gypsum had comparable 

4.2 	- effects on pH, which increased at the end of three crop 
_cycles from 4.6 to 5.2 in both the 0- to 15-cm and 15- to 

14.0 30-cm depth increments and from 4.6 to 4.9 in the 30- to 
01 B. Leaching 45-cm depth increment. However, lime plus gypsum was 

4.8 -Conaolia 	 -- also more effective than lime alone at reducing KCl-ex-
Canavalia (L)-- w- tractable Al in the 15- to 45-cm soil depth, perhaps 

4.6 -Panicum L 	 increasing availability of exchange sites. 

4.4 	 3.0 A. 

4.2 	 i Control 

4.0 	 4 .0 I _ _ _ 2.0 0 Canavalia
 
IPanicum
 

0 100 200 300
 

Time (days) 

Figure 2. Effect of plant materials and leaching on pH 1 
of a Dark-Red Latosol Incubated In the laboratory at 0 
30"C. Levels Land H refer to additions equivalent to 10 EE 
and 40 t dry matter/ha, respectively. Bars Indicate one . 
standard deviation. S 0 B. 

U' 

2.0 
Table 1. Effects of lime (3.4 t/ha) and gypsum (2.8 t/ha) O 

on KCI-extractable Al Insoils 500 days after Incorpora
tion Into fallow field plots. 

1.0 
Soil depth (cm) 

Treatment 0-15 15-30 30-45 

cmolc-g 
0.0 

33 2 23 59 148 190 253 326 373 500 

No lime, no gypsum' 1.00a* 0.99a 0.55bc Days After 1st Treatment Incorporation 
No lime, no gypsum' 1.1 2a 1.01a 0.72b Figure 3. KCI-extractable Al In fallow field plots with 
Lime, no gypsum 0.47bc 0.40bc 0.40bc and without adding plant materials (10 t dry matter/ha) 
No lime, gypsum 1.26a 0.95a 0.54bc with (B)and without (A)gypsum (2.0 t/ha). Arrows 
Lime, gypsum 0.36c 0.28c 0.25c indicate times of tillage and plant Incorporation (first 

two times only).
 
Tillage 1-Plant material Incorporated.


Values followed by the same letter are not significantly Tillage 2-Plant material Incorporated.
 
different at the 5% level. Tillage 3-Tillage only.
 
§Value at day 0. Tillage 4-Plant material Incorporated.
 
'Value at day 500. Tillage 5-Plant material Incorporated.
 

Tillage 6-Tillage only. 
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Figure 4. Effects of adding plant materials and leach-
Ing on KC-extractable Al In a Dark-Red Latosol subsoil 
Incubated in the laboratory at 30'C. Levels Land H 
refer to additions equivalent to 10 and 40 t dry matter/ 
ha, respectively.Bars Indicate one standard deviation. 


Additions of green manures did not affect K levels in 
the field experiment, but effects on leaching of Ca and K 
were observed in the laboratory incubation study when the 
equivalent of 40 t dry matter/ha was added. Both Ca and 
K were added in the green manures, and periodic leaching 
of the soils led to greater relative loss of Ca and K from 
the Canavalia amendment than from the Panicumamend-
ment. This result isconsistent with the pH and surface 
charge differences induced by additions of these plants 
(Figs. 1 and 2). Evidence for preferential loss of K relative 
to Ca was found with the Panicum addition but not with 
the Canavaliaaddition. 

Effects on Sulfate Adsorption 
Adsorbed sulfate was measured as the difference between 
that extracted by Ca(H 2PO4)2and KCI. To aid compari-
sons over a range of soil sulfate contents, sulfate adsorbed 
(SAD) was expressed on aproportional basis where SAD 
(%)= (P sulfate S- K sulfate S)/P sulfate S x 100. For 
results of the field experiment on the effects of lime and 
plant residues on SAD, see Figure 6. Additions of Pani-
cum or lime reduced SAD to about 65% of the initial 
value, but the effect of the Canavaliaaddition was smaller 
and less persistent. No consistent effects of green manures 
in combination with lime were observed, 
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- -+ 

U • k-k + + 

45 0.1 0.2 
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Figure 5. Exchangeable K In soils of fallow field plots
500 days after Initiation of the experiment. Lime (3.4 t/ 
ha) and gypsum (2.8 t/ha) amendments were made at 
the beginning of the experiment, and additions of K
 
(-100 kg/ha) were made at days 0, 148, and 326.
 

Effects of Nutrient Uptake and Yield of Maize 
No consistent grain yield response was detected with 
green-manure additions. However, these materials 
increased total dry-matter yield by .3to 3.5 /ha.Addi

tions of 60 or 600 kg S/ha as gypsum also increased total 
dry-matter yield by 0.5 to 3.2 t/ha. Maize yield response 
to additions of organic materials was attributed to in
creased K availability. With gypsum, asulfur response 
was detected the first two growing seasons. Due to the di
minishing residual effects of added lime, a Ca response 
was seen in the third growing season. 

Conclusions 
As expected, incorporation of lime into an acid Oxisol 
significantly increased negative charge and pH, and 
reduced KCI-extractable Al. Effects of gypsum and plant
materials, however, were dependent on the rate applied. 
Gypsum at the 2.8 t/ha rate did not have any of the effects 
on surface charge, KCI-extractable Al, pH, and cation 
movement reported in experiments that utilized higher 
rates. In general, the combination of lime and gypsum was 
more effective than lime alone in reducing soil acidity and 
improving soil base status. 

Green manures increased negative charge, pH, and 
cation retention, and reduced KCI-extractable Al and 
sulfate adsorption in laboratory studies when applied at 
rates equivalent to 40 t dry matter/ha. However, the extent 
and duration of these effects were dependent on the type
of material applied. Microbial decomposition processes 
may both generate and degrade organic components, such 
as organic acids, which can complex with AI or provide
increased negative charge. Except for the effect ofPanicum on sulfate adsorption, effects of plant materials 
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added in the field at 10 t dry matter/ha were barely 
perceptible. However, trends consistent with the labora-
tory results were observed. Because the application of 
large quantities of organic matter is not practical, manage-
ment practices that concentrate organic materials, perhaps 
with other amendnents, might be beneficial. 

Implications 
The research demonstrates that adding green manures to 
acid soils can have a beneficial influence on several soil 
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properties important to crop growth. Actual effects depend 
upon both residue type and quantity added. In general, the 
quantity of residue necessary for soil improvement 
appears to be so high as to make application impractical. 
Since the effects of one of the two residues studied were 
quite persistent, the long-term application of appropriate 
green manures should be investigated. Alternatively, 
short-term benefits may be realized in the growing season 
by concentrating green-manue ammendments in small soil 
volumes (i.e., "banding"). 
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Figure 6. Effects of adding lime and plant materials (10 t dry matter/ha) on 
sulfate adsorption in fallow field plots following addition of gypsum (2.8 t/ha)
at day 0. Bars represent one standard deviation. Arrows Indicate times of 
tillage and plant Incorporation (first two times only). 
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Soil and Crop Management: CU-103
 

Nitrogen is the nutrient that most often limits maize yields 
in the tropics. The N must be obtained either as commer-
cial fertilizer or through N fixation by legume. The cost or 
availability of commercial fertilizers often prohibits their 
use; therefore, legume green manures can play an impor-
tant role in supplying N. The legume green-manure crop 
must be able to fix and supply sufficient N for the suc-
ceeding crop(s) without large excesses. This requires that 
the system be balanced with respect to N fixation by the 
legume, rate of N mineralized by the green manure, N 

used by the crop, and N losses from the system. To 
develop systems that maximize the use of the legume 
green manures, N requirements and uptake patterns of the 
succeeding crop(s), N fixation characteristics of the 
legume green manure, N mineralization rates, and N 
losses from the system must be determined. Currently, 
legume green manures require relatively high manage
ment and produce some uncertainty relative to N availa
bility and management; thus green manures are not used 
as intensively as they should be. 
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Soil- and Crop-Management for Acid 
Savanna/Humid Tropical Soils Using 
Green Manures and Crop Residues as 
Nitrogen Sources 

David Bouldin, Cornell University 
Robert Carsky, Cornell University 
Stuart Klausner, Cornell University 
Douglas Lathwell, Cornell University 
IV.Shaw Reid, Cornell University 

Allert Suhet, EMBRAPA/CPAC 

Jose Peres,EMBRAPA/CPAC 


Objectives 
The objective of this project is to evaluate legume green 
manures as sources of N for succeeding nonlegume crops 
in rotations. Since the number of potential green manures 
is very large in relation to the number that can be tested in 
specific rotations, we are evaluating procedures for 
screening large numbers of potential green manures along
with our tests in actual rotations. 

Procedure 
An experiment with green manures in rotations with maize 
was performed in the period 1986 to 1988 at Planaltina, 
Brazil (Carsky, 1989). The green manures were grown 
during the rainy season (December 1986 to April 1987),
followed by maize (Cargill IIs) with irrigation (April to 
October 1988) and a second maize crop during the 
following rainy season (November 1988 to March 1989). 
ResulIts 

Relevant data is listed in Table 1. The yields of the first 
crop of maize obtained with the two best legume green 
manures (Canavalia ensiformis and Crotalaria striata) 
were equivalent to that obtained with 175 kg/ha fertilizer 
N. The residual effects measured with the second crop of 
maize were equal to an additional 35 kg/ha of fertilizer N; 
the total effect was thus equal to over 200 kg/ha offertilizer N. 

Three methods ' screening legume green manures 
were studied in several field experiments. One method, 
referred to here as the fallow soil method, involved 
establishing bare fallow plots that were treated the same as 
the plots cropped to maize except that no maize was 
planted and the plots were kept free of weeds during the 
period when the remainder of the plots were cropped to 
maize. Periodically these plots were sampled to depths of 
about one meter, and the inorganic Ncontent was deter-
mined. Another method, referred to as laboratory incuba-
tion, was carried out by taking samples from field plots
after incorporation of green manures and incubating 
samples in the laboratory for one or two weeks under ideal 
conditions. A third method, referred to here as the buried 

bag method, is similar to the laboratory incubation method 
described above except the incubation was carried out in 
the field in buried plastic bags. Periodically the bags are 
retrieved and analyzed for inorganic N.

All three methods have proven useful, and the results 
generally have been correlated with yields. Results with
the fallow soil and buried bag methods are shown in
 
Figure 1 (Carksy, 1989, p. 118, Figures 4-23).
 

Our experience with the screening methods has been 
favorable. Each has its wcaknesses and strengths. With all 
methods, careful attention to experimental protocol is 
necessary. The fallow soil method is useful when it is 
practical to take samples to the rooting depth and where 
leaching beyond the rooting depth is not likely to be a 
problem- thiese problems have not been important in our 
experiments. Both incubation procedures require very 
careful sampling procedures of the soil following incorpo
ration of the green manure and taking subsamples for the 
experimental incubation units to ensure that the samples
 
are representative of the field plots. The buried bag
 
method is useful because the temperature regime during

incubation is similar to cropped field temperature, while
 
in the laboratory method, the temperature regime is very

different from the field temperatures. Studies of laboratory 
incubation indicated that as long as there is some degree 
of soil aggregation, soil disturbance encountered in 
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Figure 1.Relationship between the sum of the above
ground maize Nand cropped soil residual Inorganic N 
at harvest and available soil Nas determined by the 
fallow and buried bag methods. 
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sampling has no effect on N mineralization. Laboratory 
incubations may be effective for quantifying differences in 
N mineralization due, for example, to soil-management 
practices, but do not appear to be a quantitative measure 
of the residual effects of a legume green manure on a 
succeeding crop (Klausner, Suhet, and Duxbury, 1990). In 
all methods, the water regimes are different from those in 
the cropped plots; in our experiments, severe water 
deficits in the cropped plots were uncommon, so effects of 
differential water contents were not very important. 

Conclusions and Implications 
One of the more useful aspects of the fallow soil method 
is that the time-course of mineralization and nitrification 

in the field can be followed if samples are taken at about 
every two weeks following incorporation. Our experience 
in several studies in Planaltina is that mineralization of N 
is rapid over about the first six to eight weeks and then 
becomes very slow. Usually mineralization is more rapid 
than the capacity of a developing maize crop to take up N, 
and thus considerable inorganic N may accumulate early 
in the season. Although leaching of this NO3 from the 
plow layer may occur, it is "captured" by NO3 sorption in 
the layers deeper than about 45 cm. The total quantity of 
N fixed and subsequently mineralized is equivalent to 200 
kg of fertilizer N. Yields of maize using only legume 
green manures have reached 8000 kg/ha. 

Table 1: Production of grain by two succession crops of maize, at PlanaltIna, 
Brazil, following Incorporation of several legume green manures. The first crop 
was grown during the dry season with Irrigation, and the second crop was grown 
during the wet season. Fertilizer Nwas applied to both crops, but only one green 
manure crop was grown. 

Treatment Nadded 

kg/ha 
Control 0 
Fertilizer, 100 kg N/ha 200 
Fertilizer, 200 kg/N/ha 400 
Cajanus 229 
Calopogonium§ 
Canavalia bi 

142 
228 

Canavalia el 231 
Crotalaria- 306 
Pueraria § 116 
Mucunal' 152 

Cajanus cajan (pegeon pea) 
§Calopogonium mucunoldes 
1Canavalia brasiliensis (jackbean) 
"Canavalia ensiformes 
-Crotalaria striata 
§§Pueraria phaseoloides (Kudzu) 
"Mucuna aterrima (velvet bean) 

Yield of grain N In crop 
Crop 1 Crop 2 Crop 1 Crop 2 

- mt/ha - - kg/ha 
3.3 3.1 69 67 
5.0 5.4 119 113 
7.2 6.9 198 177 
6.9 3.9 149 86 
6.1 3.4 186 72 
6.6 3.8 159 79 
6.4 4.1 177 82 
6.6 4.3 180 96 
5.7 2.9 112 60 
6.5 3.0 130 67 
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Low-input Cropping Systems: NC-2
 

Significant progress has been made on this project during 
the last five years. A low-input cropping system has been 
developed in Yurimaguas to serve as a transition technol-
ogy between shifting and continuous cultivation for acid 
soils of the humid tropics. Its principal features are 1) 
clearing forest fallow with traditional slash-and-burn 
methods; 2) rotating acid-tolerant rice and cowpea 
cultivars and removing only the grain, thus maximizing 
nutrient cycling; 3) working without fertilizers, lime, or 
organic inputs brought from outside the field; 4) using 
locally available herbicides and insecticides; 5) terminat 
ing cropping after two to three years due to increasing 
weed pressure and deficiency of phosphorus and potas-
sium; 6) planting a kudzu fallow to smother weeds and 
slashing-and-burning it after one year; and 7) subsequent 
options: grass-legume pastures, agroforestry, or inten- 
sively fertilized continuous cropping. 

During a three-year period, five crops of upland rice 
and two of cowpeas were produced on soil with pH 4.5. 
Nutrients accumulated by crops were recyled back to the 
soil as follows: more than 50% of the biomass N and Mg, 
about 90% of the K and Ca, but only 37% of the P. 
Herbicide accounted for 8% of total production costs. The 
system was highly profitable when compared to traditional 
shifting cultivation. These results have aroused consider
able interest by network cooperators and AID. 

The questions now arising are those of sustainability. 
How can the system-which is presently considered 
transitional-be transformed into a sustainable, hi-tech 
version of shifting cultivation? Instead of one year of 
crops and 12 years of fallow, this system may produce two 
to three years of crops and only one year of fallow. The 
constraints to that possibility are clearly two: nutrient 
depletion and weed encroachment. There are no major 
soil-loss considerations because there is no tillage and 
because the soil surface is always protected by a crop 
canbopy, a mulch, or crop residues. 

Our germplasm base for the low-input system remains 
very narrow: one upland rice variety with poor grain 
quality and two cowpea varieties. A major effort is needed 
to find acid-tolerant rice varieties with good grain quality, 
to broaden the germplasm base of cowpea cultivars, and to 
search for high Al tolerance in other crops, particularly 
grain sorghum and sweet potatoes. Our managed fallow 
germplasm base is even narrower: kudzu. Other species 
that have shown promise in Yurimaguas and Manaus must 
be tested for growth pattern, weed suppression, rooting 
depth, and nutrient-release characteristics under acid soil 
conditions. 
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Summary of Results: Y-200A 

Pedro Sanchez, N.C. State University 

The second cropping period after one or more years of 
kudzu fallow was shorter than the first. Instead of produc-
ing seven crops in three years without external nutrient 
inputs, only three acceptable crops can be produced in the 
second go-around. Weed pressure becomes progressively 
worse and fertility depletion continues, probably due to 
net phosphorus export via grain removal. Attempting to 
prolong the initial cropping period with unrealistically 
high levels of herbicide application did not improve the 
performance of the second cropping period. Mucuna 
cochinchinensiswas not an adequate fallow because itset 

,,czIand died in August, leaving opportunities for greater
wee] encroachment. Kudzu continues to be the best 
fall )w species at Yurimaguas. 

The search for corn and soybean varieties that are both 
high-yielding and Al-tolerant continues to produce
promising results, but no solid findings. Two new upland
rice lines, IRAT 120 and ITA 235, appear to perform
better than traditional lines under high Al saturation and to 
have more desirable grain characteristics and greater
tolerance to fungal diseases. Some peanut varieties appear 
very tolerant to Al toxicity but have low yield potential. A 
host of new cowpea varieties showed both Al-tolerance 
and high yield potential. Some promising sweet potato
varieties have been identified, 

A 12-crop potassium-dy.amics experiment shows that 
returning crop residues practically eliminates the need for 
K fertilization in this system. 

Achronological nutrient-depletion study shows that 
with appropriate weed management, eight crops of rice 
and cowpea were produced in three years without a
significant response to nitrogen or phosphorus fertiliza-
tion. 

Central Low-input Cropping Experiment: 
Second Cropping Cycle: Y-210 

Julio C. Alegre, N.C. State UniversityLawrence T. Szott, N.C. State University
 
PedroA. Sanchez, N.C. State University
 

The objectives, procedures, and results of the first three 
years of this low-input system have previously been 
described (TropSoilsTechnical Report, 1985-1986). The 
low-input system consists of slash-and-burn clearing,
planming acid-tolerant crop cultivars, and recycling crop
residues. Five upland rice crops and two cowpea crops 
were harvested before the system collapsed in June 1985 
(Table 1). At that time, the one-ha field was divided into 
eight 1250 m2 plots. 

In the current study, four treatments were randomly
assigned with replicates blocking the previous fertilizer 
differential. The treatments consisted of 1)converting to a 
high-input system; 2) continuing tie low-input system
with conventional weed control (preemergence application
of contact herbicides); 3) continuing the low-input system
with full, but economically unrealistic, weed control 
(preemergence application of metolachlor and sethoxydim
supplemented by hand weeding as needed); and 4)
converting to a kudzu fallow and starting a second 
cropping cycle, four years after land clearing. Treatments 
2 and 3 were designed to test whether weeds significantly
limited crop production. Treatment 4 was designed to 
determine whether a short-term kudzu fallow could restoLe 
productivity to the system. An economic analysis of the 
system was also presented in TropSoils Technical Report,
1986-1987.A full history of each system with planting
dates and crop yields is shown in Table 1. 

The Second Cropping Cycle 
System 4 follows the original concept: a first cropping 
cycle of seven crops lasted three years; a kudzu fallow 
lasted one year; and a second cropping cycle's duration 
was determined by crop performance, soil fertility 
degradation, and weed encroachment. Burning the kudzu 
fallow prox ided significant nutrient inputs from the ash 
(see 1986-87 technical report) and resulted in an excellent 
rice crop, yielding 3.9 tons/ha of grain. Weed suppression 
by the kudzu fallow and favorable rainfall also contributed 
to high yields. Crop 9 received 30-22-40 kg/ha of an NPK 
fertilizer. Although the fertilizer application produ- ,?no 
significant yield response for crops 9 or 10, a significant
residual yield response was evident for crops 11 and 12 
(Table 1).

With time, yields declined, and the system was then put
in a second managed fallow after the fourth consecutive 
crop. Mucuna cochinchinensis was used as a fallow, but 
after the seeds were set in August, it died, perhaps as the 
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Table 1. Planting and harvesting history of control low-Input experiment. 

Crop or Harvest
 
Crop no. fallow Planting date date Grain yield (t/ha)
 

First cropping cycle (uniform) 
1. Rice 9-01-82 1-17-83 2.4 
2. Rice 2-11-83 6-11-83 3.0 
3. Cowpea 9-07-83 11-11-83 1.1 
4. Rice 12-15-83 4-23-84 2.8 
5. Cowpea 5-09-84 7-21-84 1.2 
6. Rice 9-05-84 1-02-85 1.8 
7. Rice 2-26-85 6-30-85 1.5 

Experiment subdivided Into 4 systems, 2 reps each (August 1985) 

High-input cropping (system 1) 
8. Corn cv. 9-09-85 1-10-86 3.86 
9. Corn cv 3-22-86 7-24-86 2.90 
10. Soybean cv. 9-11-86 12-23-86 1.87 
11. Corn cv. 4-11-87 8-28-87 2.31 
12. Corn cv. 10-05-87 1-29-88 3.31 
13. Mucuna fallow 3-14-88 3-3-90 
14. Kudzu fallow 3-3-90 in progress 

Low-input conventional weed control for 10 crops Infirst cropping cycle (system 2) 
8. Cowpea 8-19-85 10-31-85 0.58 
9. Rice 1-09-86 5-09-86 0.09 
10. Cowpea 7-15-86 9-25-86 0.43 
11. Kudzu fallow #1 11-26-86 9-15-87 
12. Rice 10-15-87 2-15-88 2.05 
13. Rice 3-11.88 7-14-88 0.87 
14. Cowpea 8-17-88 10-24-88 0.45 
15. Kudzu fallow #2 11-01-88 In progress 

Extended low-input cropping with full weed control for 12 crops (system 3) 
8. Cowpea 8-19-85 10-31-85 0.58 
9. Rice 1-09-86 5-09-86 1.60 
10. Cowpea 7-15-86 9-25-86 0.42 
11. Rice 11-21-86 4-10-87 
12. Cowpea 5-08-87 7-16-87 0.78 
13. Kudzu fallow #1 10-26-87 11-23-89 
14. Rice (ITA 235) 12-11-89 4-26-89 § 
15. Kudzu fallow #2 5-9-90 inprogress 

Original system 7 crops-1 fallow-4 crops, second fallow (system 4) 

- Fertilizer Applied'-
No Yes LSD.05 

8. Kudzu fallow #1 8-28-85 9-13-86 
9. Rice 9-26-86 1-22-87 3.86 3.98* 0.41 
10. Rice 2-13-87 6-18-87 1.87 2.09 0.36 
11. Cowpea 7-13-87 0-23-87 0.79 1.02 0.16 
12. Rice 10-15-87 2-15-88 0.65 1.24 0.45 
13. Mucuna fallow 3-14-88 9-01-88 
14. Kudzu fallow #2 9-02-88 in progress 
15. Rice (ITA-235) 12-11-89 4-26-90 
16. Kudzu fallow #3 5-9-90 In progress 

Crop destroyed by disease.
 
Fertilizer was 30-22-40 kg/ha NPK to crop 9.
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result of a photoperiod problem, which would certainly 
limit the effectiveness of mucuna as a long-term fallow. 
Planted on March 14, it lasted only 5.5 months. Although 
mucuna reseeded itself, weed encroachment became 
evident. We then reverted to our tried-and-true standby
and planted a kudzu fallow in September 1988. That 
fallow is still on the ground. 

The second cropping cycle in this low input system 
therefore lasted effectively for three crops before yields 
0"clined below an acceptable level. The first cycle
produced seven such crops. A one-time NPK application 
lengthened the cropping period to four crops (Table 1). 
Weed pressure was fairly high. Despite two hand weed-
ings during the cropping cycle, weed biomass at harvest 
was 2 t/ha (Table 2). It is likely that increasing weed 
competition and declining soil fertility were responsible 
for decreasing yields. 

Second Cropping Cycle after an Extended First 
Cropping Cycle (System 2) 
A kudzu fallow was established in System 2 following the 
10th crop to determine whether a short-term fallow could 

increase subsequent crop productivity. This was the first 
kudzu fallow ever planted in this treatment. The system 
was under continuous cropping since September 1985 
(five years before) with no nutrient inputs from outside the 
field. After 10 months of growth, kudzu was slashed and 
then burned. Then, an upland rice crop was planted, and 
the weeding regime in this system was changed. Contact 
herbicide use was discontinued, and, when necessary, 
crops were weeded manually. 

The aboveground and belowground biomass and the 
nutrient content of the 10-month-old kudzu fallow (just 
before burning) are shown in Table 3. During 10 months 
of growth, it accumulated large quantities of all macronu
trients. The majority of these nutrients were found above 
the ground. 

Slashing-and-burning the kudzu fallow resulted in 
marked improvements in topsoil chemical properties. 
Levels of all major nutrient cations increased by 50% or 
more, and Al saturation decreased by approximately 35% 
(Table 4). 

After the rice was planted (crop 12), the field was 
manually weeded once to remove Roettboellia exaltata,a 

Table 2.Distribution of weed blomass by specles§ In the various low-Input systems
 

Weed blomass
 
System
(Date) RE TO EP DS PG CY PT CP Other Total 

t/ha
2(10/87) 1.53 0.05 1.58
 

2(2/88) 0.37 
 0.29 0.20 0.12 0.11 0.09 1.18 

3(4/87) 1.31 0.87 0.06 0.09 0.09 2.42 

4(12/87) 0.35 0.41 0.93 0.22 0.17 2.08 

4(1/88) 0.25 0.33 0.970.08 0.34 0.04 2.01 

§ RE = Roettboe/ia exaltata, TO torourco (Paspalum conjugatum), EP = escama de pescado (Lindemia humilis), DS = Digitaria sanguinalis, PG = pata de gallo (Elausine indica), CY = Cyperaceae sp, PT = Panicum trichoides, CD = Com
medlina sp. 

Table 3.Biomass and nutrient content, above and below the ground, Inthe 10-month-old kudzu fallow in System 

2 Immediately before burning, Yurlmaguas, Peru, September 15, 1987, five years after clearing the forest. 

Part Blomass. N P K Ca Mg Zn Mn Fe Cu 

(t/ha) kg/ha
Above
ground 8.5 252 33 158 49 16 0.16 1.96 1.4 0.08 

Rootsf 0.44 9 1.2 3 1.5 0.5 0.002 0.02 0.27 0.01 

§Measured to adepth of 25 cm. 
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pernicious weed. Three months afterward, at crop harvest, the effectiveness of a hand weeding approximately one 
weed biomass was low, on the order of 1.2 t/ha (Table 2). month after planting. 
The grain yield of upland rice (2.03 t/ha) was.comparable Weed biomass was distributed among a greater number 
to that obtained in the first crop following the slash-and- of species in System 2 than in System 3. In System 2, 
burn clearing of the forest (Table 1). Reduced weed Paspalum conjugatum and Digitariasanguinalis,both 
competition and improved topsoil fertility are probably annual grasses, and escama de pescado (Lindenia 
responsible for the large improvement in crop production humilis), a broadleaf herb, contributed approximately 80% 
compared to yields obtained before establishment of the of the weed biomass. In System 3, Paspalum conjugatum 
kudzu fallow. The positive effect of a short-erm (less than and Digitarin sanguinalis contributed approximately 90% 
one year) kudzu fallow on subsequent crops declined to of the weed biomass (Table 2). Increases in weed biomass 
less than half due to an increase in soil fertility and weeds, and the shift to a weed spectrum previously dominated by 
Consequently, the plots were again planted to kudzu. The grasses have been observed in low-input systems at 
second cropping cycle under this sequence was able to Yurimaguas. It is not possible to determine if these 
produce only one good crop of rice. Pushing the system differences are due to the kudzu fallow or to types of weed 
with 10 consecutive crops during the first cycle prior to control. Both P. conjugatum and D. sanguinalisproduce 
the kudzu fallow, therefore, does not seem appropriate, large quantities of seed; D. sanguinalisalso reproduces 

vegetatively. These attributes may be responsible for their 
Continuation of the First Cropping Cycle with Full increasing dominance with time.
 
Weed Control (System 3) System 4 underwent the same weed-control regime as
 
Crop yields slowly declined with time (Table I) and the System 2 but had a shorter first cropping cycle. Weed
 
field was put into a kudzu fallow following the 12th crop biomass at the harvest of the fourth crop following a year
 
(cowpea). of kudzu fallow was approximately 80% greater than in
 

Yield decline was due to low levels of N and K in the System 2, but was approximately 15% rss than in System 
soil (total N in the soil was 0.04% and exchangeable K 3.This pattern probably was related to the number of 
was 0.07 cmol/L). However, even with full weed control cropping periods during which viable weed seeds could 
and a highly competitive cowpea crop, weed biomass accumulate in the soil. 
measured soon after harvest was high (2.42 t/ha) (Table The systems' weed populations differed. Panicum 
2). This suggests that after a long period of continuous trichoidesand Commedlina sp. were present at very low 
cropping in a no-till system, weeds become extremely levels in System 2 and System 3, but they composed 
difficult to control (even with economically unrealistic approximately 50% and 35%, respectively, of the weed 
prevention measures) and aft -t crop yields. Tillage is biomass in System 4. The low levels of these weed species 
probably needed in order to properly control weeds as 
determined by Mt. Pleasant and McCollum in the 1986-87 Table 4. Topsoil nutrients before and after burning the 
technical report. 10-month-old kudzu fallow In System 2, Yurlmaguas, 

Peru, September 15, 1987. 
High-input Cropping 
Corn grain yields in the 11 th crop of System 1 were low Topsoil 
(2.3 t/ha), but yields in the 12th crop (corn) were similar Before After 
to previous corn yields in this system (3.3 t/ha). After the 
12th crop, Mucuna cochinchinensiswas planted as a pH 4.7 4.6 
fallow in order to reduce weed populations (Table 1). - cmol/L -

Yields for the system appear as stable as the other high- Al 1.96 1.56 
input systems at the station. a 0.6 0.93 

Mg 0.11 0.18 
K 0.07 0.22Comparisons of Weed Populations 

- ug/I -A comparison of weed biomass at or near the harvest of 

the 12th crop shows that total weed biomass in System 2 P 10 15 
was approximately half that of system 3--even though the Zn 2.9 3.4 
latter received the full herbicide treatment (Table 2). The Mn 4.8 8.2 
result from System 3 suggests that even with large Fe 374 537 
investments in herbicides, chemical control of weeds Cu C.45 0.4 
becomes increasingly difficult to sustain. Reduced weed % 
biomass in System 2 was probably due to the effect of the Al sat. 71.5 48.7 
10-month kudzu fallow which preceded the 12th crop and 
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in System 3 were probal 1v due to the herbicide regime.
Metolachlor controls Commedlina, and sethoxydim 
controls all grasses. Differences between Systems 2 and 4, 
both of which had the same weed-control regime, were 
probably due to the longer time allowed for the build-up
Lufthese species in System 4. The biomasses of P. 

conjugatum,pata de gallo (an annual grass, Elausine 
indica),and D. sanguinaliswere similar in Systems 2 and 
4, but low in System 3, while the biomass of D. sangui-
nalis was greater than in Systems 2 or 4. Apparently, P. 
conjugatum and E. indica were susceptible to the herbi-
cide treatments in System 3. The large biomass of D. 
sanguinalisin this system may be due to its ability to
reproduce both vegetatively and by seed and to the greater
number of cropping cycles. 

Comparison of weed population dynamics during a 
cropping cycle in Systems 2 and 4 suggests that popula-
tions of P. trichoides,P. conjugatum, Commedlina sp., 
and D. sanguinaliseither maintain themselves or increase 
in the presence of hand weeding within a given crop cycle, 
Populations of E. indica and R. exaltata tend to decrease, 
After one manual weeding in System 2, the spectrum of 
weed species abruptly changed from one dominated by R. 
exaltata to one dominated by grasses and herbs similar to 
those found in System 4. This change suggests the 
following: soil seed pools of R. exaltata are small, R. 
exaltata immigration into the field is limited, or the seeds 
of this species have a different dormancy than seeds of 
other common weeds. 

Implications 
A low-input system with full herbicide-based weed control 
can apparently be sustained for approximately 12 crop 
cycles. Eventually, problems with weeds and soil fertility 
cause agronomically unacceptable yields. With more 
economically acceptable weed-control practices, produc-
tivity of the low-input system may be sustained for only 
seven crops during the first cycle and three during the 
second cycle.

Data from this study suggest that short-term legumi-
nous fallows such as kudzu can play a valuable role in 
reducing weed biomass, thereby increasing crop produc-
tivity. The beneficial effect of a kudzu fallow, however, 
appears to be fairly short-lived. Further research is needed 
on the effects of different short-term fallows, on the 
duration of those effects, and on the timing best suited to 
produce an effective crop-fallow system. 

The Selection of Aluminum-tolerant Corn,
Rice, Peanut, Cowpea, and Sweet Potato: 
Y-203A 

Wilfredo Bustamante,INIAA , Estacin Experimental 
Yurimaguas 

Marco Galvez, INIAA, Estaci6nExperimental Yurimaguas 
Wilfredo Guilln, INIAA 
MargaritaRuz, INIAA, Estaci6n Experimental 

Yurimaguas 
PedroRuz, InternationalPotato Center, Yurinaguas 

Acid Ultisols cover large areas of the Peruvian jungle. If 
annual crops are to be produced in these areas, producers 
must apply P and lime in relatively large amounts. 
Because such techniques are expensive, crop varieties 
tolerant of Al and low soil P must be developed. This 
study consists of five experiments designed to develop
such varieties for corn, upland rice, peanut, cowpea, and 
sweet potato. 

Corn 
Selections for Al-tolerant corn were begun in 1987:605 
families from CIMMYT (Table 1) were planted in a 
Yurimaguas soil with 45% Al saturation and a high P 
content. From them, 412 families were chosen for the next 
cycle. The maximum yield achieved was 5887 kg/ha by
line 28-28 Across 7928 (Table 2). 

Table 1. Yellow corn lines (605 total) selected for acid 
soil tolerance, Yurimaguas, Peru. 
Total entries Corn lines 

31 
58 
12 
06 

Mezcla Amarilla (Pop. 26) 
BRA 042439 (CMS 36) 
BRA 01 4931 (CMS - 30) 
18-Comp. Thai No. 01-22 

0 C m p T h ai o. 01 -22 
60 CIMMYT-Selec.Res.A . 
40 Marginal 28 
42 MB 123 C3 
48 Across 7926 
43 Suwan 8027 
43 Pichilingue 1928 
16 Across 7729 
56 Across 7928 

24 Setelagoas 7931 
27 Pichilingue 7931 
39 Across 7936 
29 8136 
31 Suwan x La Posta Amarilla. 
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Table 2. Corn grain (14% moisture) yield of the 10 best 
lines on a soil with 45% Al saturation and high P, (40 

In 1988, the 412 selected families were planted on a 
soil with a 65% Al saturation and given two P treatments 
(20 and 40 kg P/ha); 337 families were selected for the 
1989 cycle. Line 5-6 BRA 014931 (CMS 30) with 7118
 
kg/ha (Table 3) and line 3-25 BRA 042439 (MCS 36) with 

6550 kg/ha (Table 4) excelled in 1988. Only the yields of 
the 10 best families out of the 412 selected are shown inTables 3 and 4. Lines 23, 53, and 392 had good yields at
 
the 20-P and 40-P levels. This result implies the need for a 
simultaneous selection to both Al and P stress. 

In 1989, the 337 previously selected families were 
evaluated on a soil with high (65%) Al saturation and low 
P. Grain yields were generally high, even though plot size 
was small. Results are therefore promising; they will be 
included in the next technical report. 

Upland Rice
 
In the first evaluation cycle (1985 to 1986), 100 lines from
 
eautdiIITA were tested on acid soils.il Ofrathese lines, 62 wererlmnr 18 o18)o 
evaluated in a preliminary yield trial (1986 to 1987) on 
acid soils. The 39 best lines were then evaluated in two 
types of trials in 1987 and 1988: a uniform yield trial 
(UYT), in which the yields of the 39 lines were compared 
to the Carolino variety on soils with an Al saturation 
percentage of 51%; and a trial in which yields of the 20
 
best lines were evaluated on limed (34% Al saturation) 
and nonlimed (77% Al saturation) soil. 

Based on the results of UYT, seven lines superior to the 
Carolino variety were selected (Table 5). The yields of the 
10 best varieties in the liming-response trial are shown in 
Table 6. 

During 1988 and 1989, the ten best lines from the two 
prior trials (UYT and the liming-response trial) were 
included in an advanced yield trial on a soil with a 60% Al 
saturation. The yields of the four lines that compared best 
to the Carolino control are shown in Table 7. 

Table 5. Rice lines selected from a uniform yield trial 
(UYT) on a soil with 51% Al saturation, 1987-88. 

Lines Yields 

t/ha 

Tox 854-101-3-201-1-1-1 2.70 
DJ 12-539-2 2.16 
ITA 235 2.04 
PL 110 1.72 
RAU 4072-13 1.69 
SERATUS MALAM 1.65 
ITA 128 1.64 
Carolino (control) 1.58 

Average of three repetitions. 

kg P/ha), Yurimaguas, 1987. 

Entry Genealogy 

435 28-28 Across 7928 

608 0. P. Suwan x La Posta Amarilla 

610 0. P. Suwan x La Posta Amarilia 

150 14-4 CIMMYT Sel. Res. Al. 

340 25-36 Suwan 8027 

594 0. P. Suwan x La Posta Amarilla 

605 0. P. Suwan x La Posta Amarilla 

565 36-12 Across 7936 

429 28-22 Across 7928 

234 17-21 MB 123 C3 


Table 3. Corn grain (14% moisture) yield of the 10 best 

lines on a soil with 65% Al saturation and a high level 
(40 kg/ha) of applied P, Yurlmaguas, 1988. 

Entry Genealogy 

157 5-6 BRA 014931 (CMS 30) 

404 132 Suwan x La Posta Amarilla 

392 36-18 Across 8136 


53 3-42 BRA 042439 (CMS 36) 

403 0. P. Suwan x La Posta Amarilla 

289 BRA 201 

351 33-19 Pichilingue 

38 3-21 BRA 042439 (CMS 36) 


243 26-6 Pichilingue 7928 

190 24-21 Across 7926 


Yield 

t/ha 
7.12 
6.81 
6.76 
6.69 
6.14 
6.07 
5.94 
5.80 
5.73 
5.66 

applied P (20 kg/ha), 1988. 

Entry Genealogy 

41 3-25 042439 (CMS 36) 

155 17-24 MB 123 C3 

53 3-42 BRA 042439 (CMS 36) 

38 3-21 BRA 042439 (CMS 36) 


392 36-18 Across 8136 

62 4-14 042439 (CMS 36) 

30 3-10 BRA 042439 (CMS 36) 


398 0. P. Suwan x La Posta Amarilla 

148 15-31 Marginal 28 

141 15-24 Marginal 28 


Yield 

t/h a 
5.89 
5.84 
5.76 
5.40 
5.19 
5.07 
504 

4.85 
4.85 
4.76 

Table 4. Corn grain (14% moisture) yield of the 10 best 
lines on a soil with 65% Al saturation and a low level of 

Yield 

t/ha 
6.65 
6.32 
6.29 
6.22 
6.14 
5.92 
5.82 
5.72 
5.53 
5.39 
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Samples from the four lines were also analyzed for 
milling quality. The results can be seen in Table 8. Line 
TOX 854-101-3-201-1-1-1 had the best yield, but also a 

Table 6. Lines selected Ina liming-response trial, 1987-
1988. 

Lines with lme without lime
selected (34% AI sat.) (77% Al sat.) 

t/ha 
ITA 128 2.08 1.65RAT 170 2.07 1.63IT 170 2.07 1.63ITA 235 1.76 1.00 
ISA 6 1.75 1.21 
ITA 139 1.73 1.17 
TA 139 1.73 1.17 
ITA 182 1.62 1.32
IRAT182 1.6 1.32RAT 161 1.49 1.30 
Carolina (control) 1.38 0.71 
§Yields with and without lime are the average of three 
repetitions. 

Table 7. Lines selected Inan advanced yield trial (AYT) 
on a soil with 65% Al saturation, 1988-1989. 

Lines 
selected Yield§ 

t/h
Tox 854-101-3-201-1-1-1 3.05 
ITA 128 2.45 
IRAT 170 2.31 
ITA 235 2.28 
Carolina (control) 0.93 

§Average of four repetitions. 

Table 8. Analysis of milling quality, 

Lines Clean grain %Grain %Grain 
selected (%of total) (whole) (broken) 

Tox 854-101-3-
201-1-1-1 74.19 54.60 19.54 

ITA 128 76.27 67.50 8.77 
IRAT 170 76.77 66.26 10.51 
ITA 235 74.04 63.10 10.94 
Carolina (control) 73.42 55.50 17.92 

Samples tested in a Miller No.2 Mill, El PorvenirAgricultural 
Experiment Station, Tarapoto. 
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low milling quality (% whole grain). Consequently, this 
line was dropped in favor of lines IRAT 170 and ITA 235. 

During 1989 and 1990, we intend to establish valida
tion plots with ITA 235 on soils differing in percentage Al
saturation. Using technology developed at the station, we 
will compare the results with those obtained from both the 
Carolino variety and farmers' traditional technologies. 

The rice lines IRAT 170 and ITA 235 appear to 
perform better than the traditional Carolino variety on acid 
upland soils. They produce more grain, are tolerant to 
local fungal diseases, and have good milling qualities. 

Pent 
The trials were conducted on a sandy, well-drained uplandsoil whose chemical characteristics are shown in Table 9. 
Grain yields differed significantly among varieties, but 
there was no response to liming, nor were there any
interactions between varieties and liming (Table 10). 

Highest average grain yields were measured for the
Rojo 4 (0.92 t/ha) and Rojo rastrero (0.82 t/ha) varieties.
Rojo rastrero showed greater stability in acid and limed 
soils. In limed soils, average grain production was 35% of 
the unshucked yield. On nonlimed soils, this figure was 
24%. The low shucking percentages in both cases are 

probably caused by the absence of Ca fertilizer on the 
plots. 

Relative grain yields indicate that the Rojo rastrero 
variety appears to tolerate acid soil conditions, but it has a 
low yield potential. The other varieties were sensitive to 
acid soil and had a low yield potential. 

Cowpea
The experiment was carried out on an acid upland soil 
with a sandy-clay texture, good drainage, and characterir. 
tics similar to those described above. 

Before planting the 1987 experiment, we applied an 
average of 1.6 t/ha of dolomitic lime in the limed treat
ment to reduce Al saturation to 20%. In the 1988 trial, 
neither lime nor fertilizer was applied.

There were no statistically significant differences 
among varieties or liming treatments (Table 11). Hence, 
most varieties were tolerant of soil acidity. Variety IT63 
S-689-4 (1.04 t/ha) had the highest 1988 yield. Also, the 
varieties were tolerant to pests Crisomelidaeand diseases 
Thanatephoruscucumeris. 

Sweet Potato 
Twenty varieties of sweet potatoes were tested. Sixteen 
varieties were selected from a sweet potato germplasm
trial conducted on limed soils since 1984. Three varieties 
were obtained from a previous study conducted at the 
Yurimaguas Experiment Station. One high-yielding 



Table 9. Soil chemical characteristics of the peanut evaluation trial. 

Lime Depth pH Acid. Ca Mg K P Al sat. 

(cm) cmol/L soil mg/L % 

Limed 0-20 5.3 0.5 0.88 0.43 0.13 11.2 26 

Unlimed 0-20 4.7 1.5 0.34 0.13 0.14 15.1 71 

Average of three repetitions; samples were obtained prior to planting. 

Table 10. Absolute yield, relative yield, and shucking percentages of 16 peanut varieties evaluated* 

In unlimed and limed soils, Yurimaguas, Peru. 1988. 

Grain yields (t/ha)* Shucking % 

Limed Unlimed Limed Unllmed 
(26% Al (71% Al (26% Al (71% Al Relative 

Variety sat.) sat.) Average sat.) sat.) yleld§ 

V1 Rojo Rastrero 0.87 0.76 0.82ab 41 43 87 
V2 Rosado (COPSA) 0.43 0.23 0.33 cd 42 40 53 

S-44-68 
V3 Argentina 0.58 0.14 0.36 bcd 48 27 24 
V4 Dakar 0.33 0.08 0.21 d 35 14 24 
V5 Cuba 15607 0.64 0.23 0.44 bcd 44 20 36 
V6 E-412 0.37 0.11 0.24 d 31 23 30 
V7 Castafo Masizea 0.68 0.02 0.35 bcd 28 4 3 
V8 Rojo 4 1.46 0.38 0.92a 43 21 26 
V9 lCGS (E) -22 0.40 0.10 0.10 cd 27 21 25 
V10 501 0.23 0.04 0.14 d 25 10 17 
Vl 1 2339 Flarunner 1.05 0.39 0.72abc 66 55 37 
V12 Improved Span 0.47 0.19 0.29 cd 42 17 21 
V13 Blanco Tarapoto 0.61 0.34 0.48abcd 18 27 56 
V14 E-290 0.36 0.05 0.21 d 15 7 14 
VI5 Rosado Caftete 0.65 0.41 0.53abcd 50 46 63 

S-47-68 
V16 Local control 0.32 0.02 0.17 d 11 2 6 

Mean 0.59 0.21 35 24 

* Treatments followed by the same letter are not significantly different at the 5% level. 

Grain yield 
'Shucking percentage = x 100 

Total yield 

Grain yield in unlimed treatment 
§Relative yield = x 100 

Grain yield in limed treatment 

137
 



2. Sustainable Agriculture: Low-input Cropping
 

Table 11. Absolute and relative grain yield of 16 variety, introduced from North Carolina in 1983, was also
varieties of cowpea evaluated on acid (unlImed) and included.
limed soils, Yurlmaguas, Peru, 1988. The sweet potatoes were planted in a newly cleared 

Limed Unlimed secondary forest. Fertilizer was applied at a rate of 80 kg 
(23% (74% Al Relative N (urea), 80 kg P20 5 (supertriple phosphate), and 160 kg


Variety Al sat) sat) yield 
 K20 (KCI) on a per hectare basis, half applied at 15 days
and 30 days. Liming treatments were 2 t/ha and no lime. 

t/ha - % Table 12 indicates that the yields of most varieties wereV1 IT82D-7Q9 1.15 0.95 83 higher in limed soil (the soil analysis is shown in Table
V2 IT82-E16 0.71 0.73 103 13). Some varieties performed well in limed and unlimed
V3 IT82 E-18 0.84 0.84 100 conditions: GEM, Pelican Processor, NC 213 221-9, L3-
V4 IT82 E-32 0.73 0.76 104 66, Ecotipo #1,and Impala. In others, tuber yields and
V5 IT82 D-885 0.57 0.60 105 shoot fresh weight were greater in nonlimed than in limed
V6 IT82 D-875 0.78 0.60 77 soils: Centennial, Kander, CAL-461, Taiwan 57, GEM,
V7 CNC x 252-1E 0.76 0.67 88 and Pelican Processor. 
V8 BRI-POTY 0.53 0.72 136 Under acid soil conditions, Pelican Processor and GEM
V9 IT82 E-9 0.98 0.74 76 had the greatest tuber yields; shoot yields were greatest in 
VI 0 VITA 3 0.88 0.76 86 .jewel.
V11 IT83 S-689-4 1.04 1.01 97 The higher root yields obtained by some varieties in
V1 2 CNC x 0434 0.67 0.44 66 acid soils suggest that these cultivars tolerate acid soils. Al
V13 CNC x 105-8F 0.69 0.74 107 saturation in these soils was fairly low, under the critical 
V14 IT83 D-442 0.91 0.82 90 level (51%) for sweet potatoes.
V1 5 TESTIGO 1 0.80 0.74 93 

(VITA 7) 
V16 TESTIGO 2 0.76 0.86 113 

Table 12. Fresh root and shoot yields of 20 varieties of sweet potatoes 

under unlimed and limed soil conditions, Yurimaguas, Peru. 

Fresh root yield Fresh shoot yield 

Unlimed Limed Unlimed Limed 

kg/ha
Nemagold 6943 9667 16223 11733
Centennial 10510 7223 16777 14557 
Kander 10110 9557 17667 12777 
Julian 10133 10490 16110 16110
 
CAL-461 10490 6987 16557 12000 
Taiwan 57 10910 9567 14690 15467 
GEM 17463 10823 15156 13443
 
Pelican Processor 19223 15333 15600 9110 
US -700 12367 5667 8777 6443
 
Jewel (NC - 240) 9087 10823 11223 11600 
nc -213 X 221 -2 8890 9890 3557. 2820
 
nc -213 X 221 -9 16423 17276 10823 10110
 
13-66 16787 17177 10643 
 12223
 
Ecotipo #1 13777 16710 7310 10890 
Impala 11910 14823 8800 9400 
Mafutha 8643 
 9043 11267 12667
 
Navarro 5777 9667 500 9557
 
Juan do Dios I 11333 13443 10443 10557 
Juan de Dios II 8443 10523 17000 17223 
Jewel 9087 15267 
 12443 23443
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Table 13. Chemicai characteritlcs after lime application of soil In sweet 

potato study. 

pH Acid Ca Mg K P Al sat 

Unlimed 4.6 2.4 1.65 0.41 0.21 4.14 51 

Limed 4.7 1.5 1.90 0.65 0.17 3.10 35 
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The Search for Field Tolerance to 
Aluminum Toxicity in Soybean: Y-203B 

Wilfredo Guilldn, INIAA, Estaci6nExperimentalde 
Yurimaguas 

Thomas E. Carter,Jr.,N.C. State University/USDA-ARS 
Julio Alegre, N.C. State University 

Latin American soybean varieties, although carrying 
indigenous-sounding names like Parand or Tropical, are 
really pioneering stock only one or two generations 
removed from their U.S. forebears. U.S. (and thus Latin 
American) soybean varieties trace most of their ancestry 
back to a small germplasm base of only 15 Chinese land 
races. Because of the photoperiod sensitivity of the spe
cies, these land races were cohected in China at approxi-
mately the same latitudes where soybeans are currently 
grown in the U.S. Soils in China at these latitudes are not 
Al toxic (pH > 5), so few if any of the old land races 
originally brought to the U.S. were adapted to Al-toxic 
soils. Fifty years of siybean breeding in the midwestern 
U.S. has made no impact on the Al tolerance of the U.S. 
germplasm because Al is not a problem there. Even in the 
southern U.S., where acid soils occur, the common 
practice of liming in experimental plots makes it improb-
able that breeders could have selected for Al tolerance in 
their yield trials. Thus it is likely that little variability for 
Al tolerance exists in the genetic materials available for 
farmers in the western hemisphere. Incontrovertible field 
tolerance to Al in soybean has never been demonstratedon tests with rigorous plot protocol with appropriate
statistical analysis. 

Objectives 
Given the poor prospects of finding Al tolerance in 
soybean of U.S. extraction, we have begun a program to 
evaluate exotic Oriental plant introductions that have no 
common ancestry with U.S. cultivars. Because one such 
plant introduction appears to be Al tolerant in our 1-.ora-
tory experiments, we are attempting to validate its Al 
tolerance through field tests in Yurimaguas, Peru, and 
Orange, Virginia, USA. If field Al tolerance is docu-
mented in this exotic type, then we hope to expand the 
field program to examine other promising sources from 
the Orient that have been identified in our N.C. State 
University lab. This work is part of our overall breeding 
goal to transfer Al tolerance to productive soybean 
varieties for the Southeastern United States. 

Preliminary Study in Yurimaguas and Virginia 
Genetic materials for this study were P1416937 and 
Essex. PI 416937 was introduced from the USDA soybean 
germplasm collection; it is native to Japan and exhibits Al 
tolerance in solution culture. Essex is a U.S. variety 

sensitive to Al in solution culture. The biomass of the 
genotypes was compared on limed and unlimed soil. 
Locations were chosen because of their high native Al 
levels (Table 1). Each plot consisted of three 2-m-long 
rows with 0.4- or 0.75-m spaces between rows at Yurima
guas and Orange, respectively; 1 m of bordered row from 
the center of each plot was harvested for weighing at ap
proximately 35 days after planting. Planting dates were 
early-to-mid June in Orange and early November 1988 
and early September 1989 in Yurimaguas. In each test, 
two replications of whole plots (liming treatments) were 
employed, and in each subplot, duplicate plots of the 
genotypes were enlisted to improve the precision of 
genotypic means. 

Results and Discussion 
All preliminary results indicate clearly that the PI pro
duced a larger plant than Essex in the highly Ai-saturated 
plots (Table 1). This important finding indicates that the 
Prmay be a useful control genotype in future field 
programs designed to evaluate Al-tolerant soybean 
gerinplasm. However, when one assesses the larger
question of how to breed new cultivars adapted to highly 
Al-saturated soils, the picture is not clear. Although the PI 
was larger than Essex, uncontestable field tolerance to Al 
was not demonstrated in these experiments. From the 
breeder's viewpoint, the definition of Al tolerance in the 
Pt could be demonstrated by the P a'srelative superiority 
to Essex in highly Al-saturated soils as compared to their 
performances on limed soils. In a statistical sense, thismeans that one must detect a genotype x lime interaction 
if one is to say that Al tolerance has been demonstrated inthe experiment. Unfortunately, no significant interaction 
was detected because the PI tended to be larger than Essex 
in the limed as well as the unlimed plots. 

The presence or absence of a genotype x lime interac
tion plays a critical role in the choice of a breeding meth
odology to develop Al-tolerant cultivars: presence
 
indicates that testing in highly Al-saturated soils is
 
absolutely necessary in the early phases of breeding, while 
absence indicates that testing unlimed plots of the same 
soil type is sufficient. These alternative testing methods 
present different logistical difficulties. Limed plots are 
generally far more accessible to the breeder. 

The lack of a genotype x lime interaction in this study 
may reflect a lack of true Al tolerance in the PI, or it may 
simply reflect a lack of precision in our current field tests, 
specifically in the limed plots. Further tests of the PI and 
Essex are under way at Yurimaguas to gain the precision 
necessary to distinguish between the two possibilities. 
Once this initial phase of testing has been completed, we 
hope to evaluate a wider array of germplasm to assess 
more accurately the extent of Al tolerance in the soybean 
germplasm. 
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Selection of Advanced Lines 
This report includes two cropping cycles (1987 and 1988) 
carried out on an upland acid soil having a sandy texture 
and good drainage. Soil chemical characteristics are 
shown in Table 2. 

The experimental design was a split-plot with three 
repetitions. The experimental units consisted of four rows, 
0.4 m long and 0.60 m apart. Treatments were as follows: 
1)whole plots: with and without lime; 2) sub-plots: 10 
varieties including the control. 

Dolomitic lime (165 kg/ha) was applied to the limed 
treatment prior to the start of the 1987 trial in order to 
reduce Al saturation to 20%. No lime was applied in 1988. 
Crops were planted on July 27, 1987, and July 11, 1988, 
using a planting stick and a spacing of 0.60 m between 
rows and 0.20 m within rows, with six seeds planted per 
hole. At the thinning stage, three plants were left per hole 

(250,000 plants/ha). Crops in both cycles were fertilized 
with 25 kg N, 26 kg P, and 33 kg K/ba. The Piha-Nicho
laides (1981) method was used to evaluate Al tolerance. 

There was no statistically significant difference due to 
varieties or liming during the first year, but in 1988 there 
was a statistically significant response to both liming and 
soybean variety (Table 3). 

Most varieties had low yields under acid conditions 
except for the Cristalino variety, which had a yield of 1.21 
t/ha. Yields in the nonlimed treatment were as much as 
48% lower than those in the limed treatment. 

Relative yields indicate that most varieties were 
sensitive to acidity and had low production potentials. The 
exception was variety TG.x 854-02-D-A, which was acid 
tolerant, but low yielding. 

Under acid soil conditions, Cristalino (1.10 t/ha), TG x 
713-09D (1.10 t/ha), and TG x 297-15F produced accept-

Table 1. Biomass of two soybean genotypes at 35 days after planting in limed and 

unlimed soil at two field sites. 

Location Year Genotype Limed Unlimed Control 

- kg/ha % 
Yurimaguas, Peru 1988 Pi 7975 4600 58 

Essex 	 9250 3225 35
 

1989 	 PI 3225 2200 68
 
Essex 2725 1450 53
 

Orange, VA, USA 1988 PI 720 390 54 
Essex 630 340 54
 

1989 	 PI 1149 770 67
 
Essex 1047 670 64
 

Al saturation for limed and unlimed plots was 48 and 87%, respectively, for Yurimaguas, 
Peru, and 11 and 61%, respectively, for Orange, USA. Biomass was determined on a fresh
weight basis at Yurimaguas and on a dry-weight basis at Orange. 

Table 2. Soil chemical characteristics of the soybean evaluation trial, Yurimaguas, Peru. 

Year Lime Depth pH Acid. Ca Mg K P Al sat. 

(cm) cmol/L soil mg/L % 
1987 Limed 0-15 5.2 0.5 0.98 0.45 0.08 8.3 24 

15-30 5 1 0.8 1.00 0.51 0.04 7.1 34 

Unlimed 0-15 4.5 1.5 0.47 0.17 0.08 9.5 68 
15-30 4.4 2.4 0.43 0.14 0.04 7.7 78 

1988 Limed 0-20 5.4 0.5 1.03 0.51 0.10 13.9 23 
Unlimed 0-20 4.7 2.0 0.32 0.12 0.10 16.2 78 

§Average of three repetitions; samples were obtained before planting. 
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able grain yields in the 1988 trial (Table 3). TG x 713- ever, the Bilox variety exhibited acid tolerance and low 
09D and Cristalino varieties also responded to liming and potential yield. Soybean yields decreased by about half 
had the highest average (1.59 and 1.56 t/ha) grain yields, when topsoil Al saturation increased from 24 to 78%. 

Relative yields indicate that all varieties were sensitive 
to soil acidity and had low production potentials. How-

Table 3. Statistical significance of the grain and relative yields of ten soybean
varieties evaluated on acid (unlimed) and limed soils, Yurimaguas, Peru, 1988. 

Grain yield (t/ha)

Soybean 
 Relative 
variety Limed Un~lmed yield§ 

(23% Al Sat.) (78% Al sat.)
 
TG x 539-5E 1.94 ab 0.87 efg 
 45 
TG x 573-1E 1.31 cde 0.75 fg 57 
Cristalino 2.03 a 1.10 cdefg 54 
TG x 854 D-1 1.04 defg 0.86 efg 83 
TG x 713-09 D 2.07 a 1.10 cdefg 53 
TG x 297-15F 1.60 abc 1.00 defg 63 
Bilox 0.71 fg 0.60 9 85 
IAC-2 1.46 bcd 0.69 g 47 
Tropical 1.84 ab 0.66 g 36 
Jupiter 1.22 0.74 fg 61 

Mean 1.52 0.84 

Grain yield no lime treatment 
* Relative yield = x 100 

Grain yield lime treatment 
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Evaluating Individual Nutrient Con- manually to avoid confounding yield response to treat
straints in Low-input Cropping: ments with weed competition.
 
Y-215 The 10-year-old secondary forest on the Ultisol was 

cleared in October 1986 by slash-and-burn and initially
planted to rice without any additional treatments. Seven

T. Jot Smyth, N.C. State University more rice and cowpea crops and one legume cover crop
Julio C. Alegre, N.C. State University were then planted in the sequence shown in Table 1. 

Varieties used in all crops were. Africano for rice andThe low-input cropping system is currently perceived as a VITA 7 for cowpea. Mucunv"conchichinensiswas used as 

transition technology between shifting cultivation and the legume cover crop because it tolerates acidity, 
provides 100% ground cover within 30 days, and achieves permanent agriculture. Current results suggest that the 


system collapses after three years and approximately maximum aboveground biomass roduction within 105
 
oge) bom pan ti n imaguas.
seven continuous crops because of increased weed may (flowering 

pressure and P and K deficiencies. After a subsequent one- Changes in surface (0 to 15 cm) soil acidity parameters 

year kudzu fallow, weed populations are largely reduced during three years of cultivation are shown in Figure 1 for 

and soil fertility improves. A possible alternative to the the absolute check treatment. One week after the forest 
present system would be to replace one of the three crops was burned, soil pH increased by 0.2, and Al saturation 
per year with an acid-tolerant and fast-growing legume decreased by 26%. However the liming effect of the ash 
cover crop, thus suppressing weeds and recycling nutrients 
susccptiblh to rapid downward movement into the subsoil. 
Such changes might lengthen the period of continuous Table 1. Sequence of crops and time after burning for 
culvation in low-input systems and alter the type and cultivation of each crop.
 
sequeoce of nutrien! constraints.
 

Time from
 
Objectives Crop planting to harvest
 
The objectives of this study were 1)to monitor soil- Months after burning
 
fertility dynamics during continuous low-input cropping Rice 0.3 - 4.9
 
and 2) to evaluate the extent to which the cropping period Rice 5.6 - 9.8
 
can be prolonged by the annual inclusion of a legume Cowpea 10.4 -12.8
 
cover crop in rotation with rice and cowpea. Rice 13.8 - 17.2
 

Rice 18.4- 22.3
Procedures Cowpea 23.3 - 26.0
 
A long-term experiment was initiated at Yurimaguas in Mucuna cover crop 26.3 - 29.9
 
1986. Thirteen treatments with four replications, in a Rice 30.1 -34.4
 
randomized, complete-block design, were planned. In Cowpea 35.6 - 37.8
 
addition to an absolute check and a crop-residue removal
 
treatment, crop respoase to N, P, and K will be evaluated
 
by three treatments for each nutrient (levels 0, 1,and 2). 80
 
Two additional treatments, with and without 0.5 t lime/ha, Of "E._ 
will evaluate crop response to Ca. With the exception of / 60 .
 
the absolute check and crop-residue removal treatments,
 
all other treatments will not be initiated until yields, as _
 
well as soil and plant analysis data from preceding crops, 40
 
suggest that an N, P, K, or Ca deficiency is likely to occur x 4
 
in succeeding crops. After a yield response to a given 2
 
nutrient is obtained, blanket fertilizer applications will be 20
 
made to all other plots, except those for the absolute
 
check, to avoid confounding individual nutrient responses. 3 - ' 0 

Low-input practices that concentrate forest biomass 0 10 20 30 40 
nutrierts in ash, use acid-tolerant species, require no Months after burning 
tillage, and promote crop-residue return after harvest will 
be maintained as general management practices. To Figure 1. Surface soil pH and Al saturation Inthe 
ensure accuracy in monitoring available soil P, however, absolute check treatment during three Initial years of 
fertilizer-P inputs will be broadcast and incorporated with low-input cropping. 
a two-wheeled rotary tiller. Weeds will be controlled 
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lasted only for the first two rice crops. Twelve months 

after the forest was burned, both pH and Al saturation 

were at the same levels observed before burning, 


Mean grain yields, across all treatments, aie shown in 
Figure 2 for each successive crop. Cumulative yields 
during these three years of cultivation were 6.9 t/ha of rice 
and 1.4 t/ha of cowpea. After the first crop, treatments 
designated for N received 0, 30, and 60 kg of N/ha in all 
subsequent rice crops. All other treatments, except the 
absolute check, received 3C kg N/ha in the third rice crop.
However, this blanket N application was discontinued in 
subsequent rice crops, because there was no significant
yield response to N. Nevertheless, in all rice crops, yields
with 60 kg of N/ha were consistently greater than those 
with lower N rates (Table 2): the cumulative yield
difference between the 0- and 60-kg N/ha rates was 1.2 t/
ha. 

Treatments designated for P were initiated during the 
first cowpea crop with applications of 0, 22, and 44 kg P/
ha. In the subsequent crop, the same P rates were reap-
plied to the P treatments, and 44 kg P/ha was applied to all 
other treatments, except for the absolute check. Modified 
Olsen soil P levels for the three P treatments are shown in 
Figure 3 as a function of time after burning. Phosphorus 
additions by ash and/or by transformations in soil "pools"
raised the forest's available soil P to 11 mg/L from the 
initial level of 4 mg/L. By five months after burning, 
however, available P had declined to 5 mg/L. Despite the 
low level of soil P maintained for the remaining crops that 
received no P, yields for neither rice nor cowpea were 
increased by fertilizer P inputs (Table 3). These results 
suggest that the critical soil P level of 10 mg/U-used in 
Yurimaguas for determining fertilizer P inpt;ts under
 
mechanized continuous cultivation-may be excessive for 

rice and cowpea under low-input cropping. 


Establishment of the mucuna ground cover was 
scverely affected by leaf-cutting ants. At the time it was 
cut and placed as a mulch for the subsequent rice crop, the 
range among plots in percentage ground cover and 

aboveground mucuna biomass was 10 to 100% and 0.2 to 

3.0 t/ha, respectively. In the subsequent rice crop, there
 
was a significant correlation between grain plus residue 

dry matter and aboveground mucuna biomass among those 
plots which previously had received only a blanket 
application of 44 kg P/ha (Figure 4). In an attempt to 
evaluate how the N contributed by the legume cover crop 
influenced subsequent rice yields, researchers did not 
plant mucuna on the N treatments. However, rice showed 
no significant yield response to fertilizer N inputs. Soil 
data for acidity, exchangeable bases, and P-taken before 
and after the subsequent rice crop-could not explain the 
correlation between rice and mucuna dry matter. 

Surface-soil K levels in the absolute check and crop
residue removal treatments are compared in Figure 5. 
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Potassium inputs from the ash after burning caused a 
fourfold increase in soil K for both treatments. With 
subsequent cultivation and Kremoval in harvested grain, 
soil K in both treatments declined progressively. After two 
years of cultivation, however, soil K after crop residue 
was removed declined to half the value obtained when 
crop residues remained in the field. Grain K export in the 
seve.i initial crops was similar for both treatments, 37.7 
kg/ha for the absolute check and 39.7 for the residue 
removal treatment. However, removal of residues for the 
same crops resulted in an additional export of 162 kg K/ 
ha. Depletion of soil K after residue removal is considered 
the main cause of the significant yield reduction in the 
final cowpea crop. Yields for this treatment were 0.3 t/ha 
as opposed to 0.5 t/ha in the absolute check. 

Results suggest that the critical soil P level for rice and 
cowpea in Yurimaguas Ultisols may be considerably 
lower than the level used in mechanized cultivation of 
corn, soybean, and peanut. Further investigations are 
needed to delineate the beneficial effect of mucuna mulch 
on subsequent rice yields. With appropriate weed manage
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Crop number 

Figure 2. Mean rdce and cowpea yields for eight Initial 
crops Inthe low-Input experiment. 

Table 2. Grain yields for four consecutive rice crops as 
a function of Nrates applied to each crop. 

Applied Rice crop 
N 2 3 4 5 

kg/ha yield Uha 
0 1.24 1.53 1.13 1.31 
30 1.17 1.60 1.16 1.28 
60 1.44 1.82 1.38 1.77 
LSD.05 NS NS NS NS 



ment, eight crops of rice and cowpea were produced in RISTROP network. Comparisons of crop performance and 
three years without obtaining a significant response to N soil nutrient dynamics among the five locations will help 
or P fertilizer inputs. An adequate supply of native soil K to delineate the appropriate range of soil conditions anc' 
was prolonged by allowing crop residues to remain in the length of cultivation for this transitional cropping system. 
field. Four similar experiments are currently under way in 
Bolivia, Brazil, Costa Rica, and Peru as part of the 5 

F y=1.67+0.62x 0 

Table 3. Grain yield!: for six consecutive crops of rice i r0.63 0 
and cowpea as a function of P rates applied to crops3 0 00 

000and 4. 
___ ___ ___ ___ _0 0 0E 0

Applied Crop Number .2 2 '0 2
P 3 4 5 6 7 8 0 

kg/ha yield t/ha -_ 1 
0 0.5 1.3 1.1 0.2 1.3 0.5 0 r 

22 0.7 1.4 1.1 0.4 1.6 0.6 0 1 2 3 
44 0.7 1.5 1.1 0.3 1.2 0.6
 
LSD.05 NS NS NS NS NS NS Mucuna dry matter (t/ha)
 

Figure 4. Relationship between dry matter of mucuna 
aboveground mulch and grain plus straw of the 

25 subsequent rice crop among plots with uniform 
P rate management. 
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Figure 3. Available soil P dynamics for fertilizer P rates 0 10 20 30 40 
applied to the first cowpea crops and the subsequent Months after burning 
rice crop. 

Figure 5. Soil K dynamics comparison between low-
Input treatments with and without removal of residues 
for eight consecutive crops of rice and cowpea. 
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Legume-based Pastures for the Humid
 
Tropics: NC-3
 

Using pastures for dual-purpose (beef-milk) production is 
one of the most widespread management options in the 
humid tropics and one with a bad reputation as an ecosys-
tern degrader. This reputation is well earned in cases 
where high-fertility requiring grasses are planted and no 
legumes or fertilizers are used. When this Lppens, 
grazing pressure increases as pasture productivity de-
clines, leading to economic collapse and ecological 
damage. CIAT's Tropical Pastures Program has collected 
a large number of grass and legume ecotypes adapted to 
acid soil conditions. We have put together the most 
promising CIAT selections in grazing trials established in 
Yurimaguas and Pucallpa and continue to acquire im-
proved material on a routine basis, 

The central grazing experiment (Y-302) is one of the 
longest running replicated grass-legume grazing trial 
based on low-input concepts in the humid tropics. While 
some mixtures have remained persistent and have been 
responsible for large gains in animal weight, others have 
become unstable after a few years of grazing. Even under 
controlled experimental conditions, we have observed that 
animal weight loss probably resulted from jack of legume 
persistence and subsequent low pasture quality. We are 
now facing a problem of reduced pasture persistence after 
a few years of grazing. The problems of sustainability at 
early stages have been resolved, but the key problems are 
low pasture quality (not quantity). 

There is very little knowledge about how nutrient 
cycles operate in these pastures and what fluxes are 
involved. Pastures behave very differently from crops in 
their interactions with soils. The acid-tolerant species we 

use are highly productive, deep-rooted perennials, subject 
to an accelerated root recycling process caused by 
frequent defoliation and trampling. Earlier estimates from 
experiment Y-302 show that approximately 80% of the P 
and over 90% of the K and Ca added as maintenance 
fertilization are cycled back to the soil. The phosphorus 
level contrasts sharply with the 37% recycling obtained 
with low-input cropping. We have discovered that many 
of the soil fertility changes occur in the 0- to 5-cm layer 
and that by sampling from a 0- to 15-cm layer, we have 
been diluting these effects. 

The grazing animal is the driving force in nutrient 
recycling. Grazing pressure (animal liveweight units per 
unit of forage on offer) and resting periods are the main 
management tools. Increased grazing pressures result in 
more trampling, more animal excreta, possibly faster root 
turnover because of defoliation, but less litter accumula
tion. 

Longer rest periods alter the grass and the legume 
balance. They also build up the litter layer and perhaps 
slow root turnover. Differential palatability of the grasses 
and legumes will alter the amount consumed by animals 
and hence the composition of the litter layer. There is no 
quantitative assessment of the processes in improved, 
acid-tolerant pastures in the humid tropics. We have 
started experiments about the cycling of nitrogen, carbon, 
and potassium under grazing. There are indications that 
soil organic-matter contents are improving with time in 
grazed pastures. We are also continuing to evaluate new 
germplasm accessions. 
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2. SustainableAgriculture:Legume-based Pastures
 

Summary of Results: Y-300B 

PedroA. Sanchez, N.C. State University 

A pure legume pasture of Centrosemapubescens 438 
continues to produce the highest and most consistent 
levels of animal production after eight years of grazing. A 
mixture of creeping relatively unpalatable grass (Brachi-
ariahumidicola)and legume (Desmodium ovalifolium) 
has also produced sustainable results with simple manage-
ment practices. Other grass-legume mixtures-Brachiaria 
decumbens, Desmodium ovalifolium x Brachiaria 
dyctioneum-have proven to be unsustainable or difficult 
to manage at Yurimaguas. 

Under a drier climate (1500 mm rainfall) and clayey
Ultisols a, -'ucallpa, Peru, the mixture of Brachiaria 
decumben- with Desmodium ovalifolium provided as 
much nitrogen to the pasture biomass as an application of 
300 kg N/ha/year of urea to the pure grass. Animal intake 
also suggests the same relationship. Over a 30-month 
grazing season, the inclusion of the legume provided
about half the nitrogen consumed by the animals, the rest 
coming from recycling of the grass components. Only
about 1/3 of the legume contribution was via direct intake. 
The rest was contributed by the enhanced nitrogen content 
of the grass. Of the remaining 2/3, only about 10% was 
due to N transfer through legume litterfall to the grass.
The remainder is assumed to be legume-N recycled via 
animal excreta and root turnover.
 

A culture solution experiment indicates that-under
 
low carbohydrate supplies similar to that after defolia
tion-the more rustic Brachiariahumidicola is able to ac
cumulate either NO- 3 or NH 4 in larger quantities than the
 
less rustic species, Brachiariabrizantha.This feature may

be part of the mechanism for adaptation to poor environ
ments.
 

The Century model for soil organic-matter dynamics 
was modified for Yurimaguas conditions using the long
term experiment data. Simulation predicts that roots are 
primarily responsible for maintaining organic carbon in 
the topsoil. Sustainable pastures have increased topsoil
organic-matter contents in Yurimaguas. 

Studies on potassium dynamics provided some new 
insights: specific adsorption of K by small quantities of 
2:1 clay minerals in predominantly kaolinitic soils holds 
large quantities of K in the subsoil, confirming similar 
findings from Oxisols of Colombia. This Kcould other
wise be lost by leaching. Leaching losses in a clipped
Brachiariahumidicolax Desmodium ovalifolium field 
were negligible even with K applications as high as 150 
kg K/ha in well-drained soils with 2700 mm of rainfall 
during 15 months. Potassium recycling by cut pastures
with residue returned was extremely efficient. Potassium 
recycling under grazing was surprisingly less efficient; 
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leaching in localized urine spots was suspected of causing 
a major overall loss in the system on the order of 30 to 90 
kg K/ha/year. Maintenance applications of potassium may
be needed to counteract that effect. 

Overgrazing causes a crash in the endogenic earthworm 
population, while adequate grazing pressures may allow 
earthworms to decompact the topsoil. 

Three ecotypes of Desnodium ovalifolium were found 
to be more palatable than CIAT 350, and several acces
sions of Centrosemapubescens and Centrosemaacutifo-
Hum show agronomic promise at Yurimaguas. A farmer in 
Schucshuyacu is experimenting with these improved 
pasture technologies. 



Persistence of Grass-Legume Mixtures 
under Grazing: Y-302 

Carlos E. Castilla,N.C. State University 
Miguel A. Ayarza, N.C. State Universty 
Deysy Lara,INIAA, YurimaguasExperiment Station 
PedroA. Sanchez, N.C. State University 

The central grazing experiment is now on its ninth year. 
Pasture persistence with simp: - animal management and 
maintenance fertilizer applications has been documented 
in previous reports and is now sufficiently demonstrated. 

Compared with native pastures, the 
combination of high animal gains 
and high stocking rates allowed low-
input pastures to produce high levels 
of beef production in the seventh, 
eight, and ninth years (Tables 1,2, 
and 3). Animal management contin-
ues to consist of a simple alternate 
grazing system: 28 days of grazing 
and 28 days of recuperation, with 
two fixed stocking rates at periods of 
maximum and minimum precipita-
tion. Animals used in this trial are 
two-year-old steers weighing 160 to 
190 kg; they are typically crosses of 
Brown Swiss and Cebu. In 1988, two 
lots of animals were used. 

Unsustainable Mixtures 
One important modification was to 
discontinue maintenance fertilization 
after February 1987. Continuous 
maintenance fertilization improved 
topsoil conditions (see previous 
technical reports), and since nutrient 
exports by animals are thought to below, we determined not to ferilize
low w tme d 
for a time.__________________________________ 

Of the six mixtures, the associa-
tions of Desmodium ovalifolium with 
either Brachiariadecumbens or Bra
chiariadyctioneurashow disappoint-

Aing animal performance despite high 
biomass production. Ingeneral, ani
mals gain weight once they are intro-
duced from native grasses (besides 
initial compensatory gains), and after 
the animals graze for three to four 
months, average gains diminish and 
cannot be restored in the B. 
decumbens x D. ovalifolium mixture 

(Figure 1). Photosensitivity has been blamed for this 
syndrome, but to date no research has been done on the 
subject. Some animals seem to be more affected than 
others, but skin lesions have not been evident. In an effort 
to alleviate this condition, the B. decumbens x D. ovalifo
lium association was burned during November 1987 and 
was left to recuperate during 1988. The grass recuperated 
well, but the legume had to be reseeded during 1988. Only 
light grazing was allowed during that year. During 1989, 
the syndrome appeared again despite a 14-day rotation and 
high animal stocking rates aimed at supplying a high
quality forage. 

Table 1. Animal production, grazing periods, and percentage of legume In 
five pasiures under alternate grazing In 1987. Grazing period: January 30 
to December 4. 

Association 

C. pubescens (pure) 
B. humidicola 
D. ovalifolium 
B. decumbens 
D.ovalifolium 
A.gayanus 
S. guianensis 

A.gayanus 
C.macrocarpum 

Stocking rate LIveweight gains 

Rainy Dry Total Indlv. Legume 
season season prod. prod. content 

- an/ha -- kg/ha/yr g/an/day 

3.3 3.3 574 566 100 
5.5 5.5 764 423 62 

5.5 5.5 231 135 14 

3.3 3.3 458 451 9 

3.3 3.3 615 667 31 

Table 2. Animal production, grazing periods, and percentage of legume In 
five pastures under alternate grazing In1988. 

Stocking rates 

Grazing Rainy Dry
Association period season season 

- an/ha -
C. pubescens 1/20-12/21 4.4 4.4 

B. humidicola 2/18-12/22 5.5 4.4D. ovafifofium 

Liveweight gains 

Total 
prod. 

Inliv. 
prod. 

Legume 
content 

kg/ha/yr g/an/day % 
771 537 100 

782 485 52 

B. decumbens pasture recuperation after burn 
D.ovalifolium 
A. gayanus 1/18-12/12 4.4 3.3 802 599 9 
S. guianensis 
A. gayanus 2/16-12/13 5.5 3.3 611 468 40 
C. macrocarpum 
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2. Sustainable Agriculture: Legume-based Pastures 

Sustainable Mixtures years. The effect on animal performance was not clear;
The association of B. dyctioneurawith D. ovalifolium was animal gains have been sustained (Tables 1,2, and 3).
discontinued in 1989 because two lots of animals lost Percent legume content appears to decrease with time
considerable weight in 1988. in the B. humidicola x D. ovalifolium mixture. Legume

In the case of B. humidicola x D. ovalifolium, produc- stability o,,er time may be a good indicator of sustainabil
tivity and a good legume grass balance were maintained ity since it appears that the legume is preferred by the
without negative effects on animal performance (Figure animals and thus tends to dominate in the long run. In the
1). Two years after the last maintenance fertilization, Al B. humidicola x D. ovalifolium association, the decrease in 
saturation had increased, and Ca and Mg contents had legume presence could be attributed to the lack of mainte
diminished (Table 4). Also, there were differences in soil nance fertilization (Figure 2).
cheinical composition among blocks despite homogeneous For the A. gayanusx S. guianensisassociation, legume
fertilizer and animal management during the last nine content dropped from an average 36% in 1986 to less than 
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Figure 1.Average daily gains of apure C.pubescens stand and two 
associaltons of D.ovalifollum with B. decumbens and B. humidicola. 

Table 3.Animal production, grazing periods, and percentage of legume in 
five pastures under alternate grazing In 1989. Grazing season: March 10 to 
December 12. 

Stocking rates Liveweight gains 

Grazing Rainy Dry Total Indlv. Legume
Association years season season prod. prod. content 

- an/ha - kg/ha/yr g/an/day % 
C.pubescens 8 4.4 3.3 574 479 100 
(pure) 
B. humidicola 7 5.5 4.4 584 492 18 
D. ovalifolium 
B.decumbens 9 5.5 4.4 433 308 16 
D.ovalifolium 
A. gayanus 9 5.5 3.3 468 389 4 
S. guianensis 
A. gayanus 6 4.4 3.3 577 544 46 
C.macrocarpum 
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Table 4. Fertility status of the topsoil (0 to 15 cm) of four pastures after eight years of grazing. 

Olsen - Exchangeable - Al 
Association Year Rep pH P Ca+Mg K Al sat 

mg/L cmol/L % 
C. pubescens 87 1 4.3 12.2 1.46 0.17 2.57 61 
(pure) 2 4.5 13.9 2.04 0.26 1.62 41 

88 	 1 - 14.2 1.25 0.21 2.88 66 
2 - 12.7 1.45 0.30 1.84 51 

A. gayanus 87 1 4.6 11.1 1.09 0.09 3.30 76 
C.macrocarpum 2 4.6 10.2 1.36 0.08 0.92 39 

88 1 - 11.2 1.24 0.17 3.96 74 
2 - 8.7 0.93 0.10 1.18 53 

A.gayanus 87 1 4.6 14.5 1.12 0.19 2.38 65 
S. guianensls 	 2 4.6 11.3 1.98 0.10 2.24 52 

88 	 1 - 13.6 1.15 0.21 2.13 61 
2 - 9.2 1.59 0.14 2.24 56 

B. humidicola 87 1 4.6 16.1 1.40 0.14 1.08 41 
D. ovalifolium 	 2 4.8 13.7 1.96 0.26 1.19 33 

88 	 1 - 16.0 1.22 0.19 1.20 46 
2 - 13.4 1.24 0.16 1.38 50 
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____ 

2. Sustainable Agriculture:Legume-based Pastures 

1.2 	 A pure legume stand can be grazed, as in the case of C. 
1.1 	 10878 1opubescens, which was the best overall performing pasture
I (Tables 1, 2, and 3). It is not clear what is the correct 

-0.0 

0 Rep I 	 proportion of legume in a pasture, but legume contents of07+ 50% or higher do not appear to reduce animal weight 
0+6 , +Rep2gains. However, legume contents less than 10% will 

,0.5 , reduce animal weight gains over time, as seems to be the 
, 0.4  case with A. gayanus x S. guianensis(Figure 3). The loss 

03 	 of S. guianensis often results in invasion by other forage
0.2 species and weeds, but this loss may be overcome by 
01 -	 weeding, which requires between two and three man-day/

Ap,0i-a,--- --- -.- , --- ha/year. 
17 .-1 ",-Z, -0,- Irab AprJon J,I Sep No, Ma, May Jal -Sp Nov
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Figure 4.Average daily gains and legume content (%)
of the two reps In tha A. gayanus x C. macrocarpum 
association. 

5% in 1989. It is not clear if the decrease in legume per
centage is due to a lack of fertilization, since S. guianensis 
is not a true perennial and since the legume ,leclined even 
when the pasture was fertilized in 1987 (Figure 3). Still, 
low animal performance (1989) is likely to be related to 
the low legume content in this treatment (Figure 3, Table 
3). 

The two repetitions of the A. gayanusx C. macrocar
pum association show contrasting botanical composition 
and soil characteristics (Figure 4 and Table 4). The 
legume is now dominant in repetition 2, and the grass is 
likely to disappear from the association during 1990. In 
this case, legume persistence appears to be related to soil 
chemical conditions (Table 4). With higher Al saturation, 
the grass tends to dominate, even though animals prefer it; 
with a lower Al saturation, the legume dominates. 

This suggests that a low Al saturation may be required 
in order to maintain the legume component. The differ
ence in animal gains between grass and legume-dominated 
paddocks strongly indicates that animals prefer grass, but 
it also indicates that they will not lose weight despite the 
lack of a grass. 
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Nitrogen Contribution of the Legume to a replications. The effect of D. ovalifolium was measured on 
Grazed Pasture: Y-308A the herbage mass, on the Nconcentration of B.decum

bens, and in the N yield of the sward. 
Miguel A. Ara, N.C. State University Inclusion of D. ovalifolium did not increase herbage 
PedroA. Sanchez, N.C. State University mass (Figure 1)but did increase (p < 0.01) the N concentration of B. decumbens (Figure 2) and the total N yield of 

Leguminous plants can derive most of the N required for the sward (Figure 3). No significant difference between
 
their nutrition from an association with Rhizobium or grazing pressures was detected. Nitrogen fertilizer
 
Bradyrhizobiumbacteria possessing an N-fi:ing system. equivalents (NFE) of D. ovalifolium inclusion were 206
 
Portions of this fixed N are transferred to the grass via
 
four main pathways: 1)direct animal ingestion of legume, 22000
2) recycling of the ingested legume via excreta, 3) leaf A B.decumbens, N-fertilized (wet season) 

litter, and 4) decomp. , l*ion of legume i ots and nodules. e B.decumbens,N-fertiliz (dry season)
 
The relative contribution of each pathway to the transfer 18000 B.decumbens x D.ovalifolium(dry season)
 
process is of particular importance in the humid tropics. cc V
E :), y = 11027 +6.52x 
High cost and limited availability of N fertilizers prevent 0)' 14000 a r=0.99 
their use for beef or dual-purpose cattle production.A 

Legumes can play a key offsetting role, but low palatabil- C0
 

ity of most tropical legumes and year-round grass growth 10000 (b
are believed to hinder legume use in the humid tropics as
 
compared with seasonal ustic regimes where grass growth y.. .-0.99
 
stops during the dry season, as is the case in the savannas. 0 150 300 
These factors make management of mixtures more Nitrogen 
difficult than for grasses alone in udic moisture regions. (kg/hayr) 

Quantifying the N contributed by legumes under fieldconditions is difficult. The effects of uneven distribution Figure 1. Mean herbage mass production, as affected
by N fertilization and by the Inclusion of D. ovalifollum.of animal excreta on the field, localized gaseous or Herbage mass for the mixture treatments Is the 

leaching N losses, and the competition of legumes for N average of HGP and LPG treatments. Least significant 
uptake make interpreting N output data in any one differences (0.05) for the comparison of B. decumbens 
pathway difficult. Measurements are further complicated with no Nadded to the mixture are shown for (a) wot 
in a grass-legume mixture because the associated grass season and (b) dry season (dry season: 
response must also be measured. Competitive and non- June-September; wet season: October-May). 
competitive interferences must be taken into account when 
interpreting the grass response. 24 

An alternative to quantifying the legume N contribution A B. decumbens, N-fertilized 
is to estimate the difference between the N yield of the . B.decumbensx D.ovalifottum 
grass-legume mixture and the grass alone, without N , . 20 
fertilizer. This difference expresses the net legume N 
contribution to the mixed sward and is independent of C A 
interferences between components of the mixture. When 16 
this contribution is compared with N fertilizer response 
from pure grass swards, an estimation of its value in o i y = 14.3 +O.0x 
nitrogen fertilizer equivalents (NFE) is obtained. z o 12 r = 0.99 

The N contribution of the legume Desmodium ovalifo- I , - , - 
lium Wall to its associated grass Brachiariadecumbens 0 150 300 
Stapf was estimated in the humid tropics near Pucallpa, Nitrogen
Peru. Treatments consisted of grass-legume mixtures (kg/ha/yr) 
stocked at two grazing pressures (herbage allowances 
were 3 and 4 kg dry matter per 100 kg bodyweight per dayfor heresureighgrazng an Figure 2. Nitrogen concentration of B. decumbensasHGP lowgraingaffected by N fertilization and by the Inclusion of 0. 
for the high grazing pressure [1HGP] and low grazing ovallfollum. Nitrogen concentration of the mixtures Is 
pressure [LGPJ, respectively), and grass alone topdressed the average of the HGP and LGP treatments. Least 
with 0, 150, and 300 kg N/ha/yr at the low grazing significant (0.05) difference for the comparison of B. 
pressure. All treatments were grazed for 2.5 years. The decumbens with no Nadded to the mixture Is shown. 
design was a randomized complete block with three Mean of 14 grazing cycles. 

153 



2. Sustainable Agriculture: Legume-based Pastures
 

A B. decumbens, N-fertilized (wet season) and 282 kg N/ha/yr for the N concentration of the mixed 
400 -A B.documbensx D.ovalifolium (wet season) grass and for the total N yield of the sward, respectively.

* B.decuabens, N-fertilized (dry season) The B. decumbens response to N was significant but small. 
V 	 c B. decumbens xD.ovalifolium (dry season) The effect of D. ovalifolium on the herbage mass and on 

300 y=149.0+0.26x the total N yield of the sward appeared to be independent 

* 	.= r= 0.99 of the legume percentage in the sward. Legume content of 
200 ; the sward approached an equilibrium level of about 50% 

(al) after one year of grazing and remained stable afterwards 
(Figure 4). The increase in N concentration in the associ

100 	 y=103,8 +0.26x r=0.99 ated grass, therefore, was the major effect produced by 
,0 360,,including the legume in the mixture.0 150 300 

Nitrogen 
(kg/ha/yr) 

Figure 3. Mean N yield of the sward as affected by N 
fertilization and by the Inclusion of D. ovalifollum. 
Nitrogen yield for the mixtures Is the average of the 
HGP and LGP treatments. Least significant differences 
(0.05) for the comparison of B. decumbens with no N 
added to the mixture are shown for (a) wet season and 
(b) dry season (dry season: June-September; wet 
season: October-May). 

80 
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Figure 4. Changes In D. ovalifollum herbage mass percentage in the sward 
through the grazing cycles. 
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Nitrogen Contribution of the Legume to 

the Grazing Animal: Y-308B 


Miguel A. Ara, N.C. State University
Pedro A.Sanchez,N.C.State University 


Improving the N intake of grazing animals contributes to 
the animal gains that result from N fertilization of pastures 
or from the inclusion of a legume. Improving the N intake 
also increases the amount of N returned to the soil after 

With the increasing concernaniml rerquiemetset.15 
for the nutrient recycling ability of agroecosystems in the 
humid tropics, it is important to estimate the amounts of 
potentially recyclable N consumed by grazing animals. It 
is also important to know how these amounts are affected

yfertilization or legume inclusion and by managementby sfrom 
practicc such as grazing pressure. 

Thu role that legumes play in improving the Nquality 
of the diet, and consequently in the potential of N recy-
cling via animals, is still obscure. In a few circumstances, 
legumes have significantly increased the dry-matter yield 
of pastures. In the high productivity environment of the 
humid tropics, pure grass swards show high dry-matter 
productivity, and they support relatively high stocking 
rates, thus allowing more efficient nutrient recycling. On 
the other hand, low palatability of most tropical legumes 
may reduce the fixed N in the animal pathway of the N 
cycle, 

Objectives 
The purpose of this study was to test the following set of 
hypotheses. 

1)Including a legume in a grass pasture increases the N 
concentration of the grazing animal's diet at a level 
comparable to that caused by adding N fertilizer to the 
grass monoculture. The degree of the dietary N enrich-
ment of the mixed pasture should be directly proportional 
to percentage of legume in the diet. 

tends to2) Any grazing management practice that 
decrease species selectivity (such as increasing grazing 
pressure) from a relatively unpalatable legume-based 
pasture would increase legume utilization and dietary N 
enrichment 

3) The percentage of N in the herbage mass consumed 
by grazing animals would be higher in pure grass pastures 
than in mixed pastures grazed by animals with a strong 
preference for the grass, especially if the proportion oflegume and the difference in N concentration between the 
two components are high. 

Procedures 
To test the above hypotheses, we used the grazing 
experiment described in the preceding section. Ten steers 
ranging from 150 to 250 kg of liveweight were previously 
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selected from the experimental animals and esophageal
fistulated in June 1985, using the surgical procedure and 
the sleeve-type silicon cannulae. However, after several 
sampling attempts, the cannulae proved completely 
inoperative and extremely fragile, so they were replacedwith removable plugs (type 3c) as described by van Dyne 

and Torell. Two fistulated steers were randomly assigned 
to each of the five treatment areas, where they grazed for 
the whole experimental period (January 1986 to June 
1988). Both fistulated and intact animals rotated through 
the replicates within treatments. They were weighed everyto 27 days, i.e. immediately before they clanged 

paddocks. Intact animals were used to balance the 
liveweight allotted to each paddock based on the herbage 
mass and the desired grazing pressure.

Diet selected by fistulated animals was sampled dailythe 5th to the 10th grazing day from June 1987 to 

June 1988. At each sampling date, fistulated animals were 
subject to an early-morning (0500 to 0900 h) fasting 
period and returned to their respective paddocks for a 20
minute sampling period. Extrusa samples, after being 
collected, were drained of excess saliva and frozen. 
Samples were thawed, thoroughly mixed, and botanical 
composition estimated using the microscopic point-hit 
technique. In this procedure, about 300 g of plant material 
was placed in a20 x 35 cm plastic tray and examined 
under abinocular microscope with magnification of 15x 
and with a center-point in one eyepiece. A board equipped 
with a guide rail allowed the sample to be examined at 
regularly spaced points (hits). At each point, the particle 
immediately under the center-point was identified as grass 
or legume. After 400 points were identified, the percent
age was calculated from the number of points that were 
identified as grass or legume. 

Dry-matter intake was estimated for each treatment and 
for each grazing period by using the average liveweight 
gain of the grazing animals. The N concentration of the 
herbage for the mixtures was obtained from the total mean 
of N concentrations of B. decumbens and D. ovalifoliumaduteeonterspcivdecetgs nthtwrdoh 
adjusted for the respective percentages inthe sward.The 
N content of the sward was calculated from the average N 
concentration and the herbage mass of the sward. The 
potential Nreturn in the excreta of the grazing animals 
was calculated from the N intake values after 17% of the 
N retained by the animals had been considered. 

Results 

D. ovalifolium increased the dietary N concentration and 
estimated N intake of the grazing animals in amountscomparable to the addition of 518 and 330 kg/ha/yr of N 
fertilizer, respectively. There was no significant effect 
from the different grazing pressures, so the mean results 
are shown in Figure 1. Selectivity index values, obtained 
from the botanical composition of the diet, consistently 
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indicated preference for B. decumbens (Figure 2). The 
percentage of D. ovaiifolium in the diet showed little 
correlation with the D. ovalifolium percentage in the 
sward (Figure 3). D. ovalifolium inclusion significantly 
improved the N quality of the diet, in spite of the prefer-
ence for B. decumbens (Figure 4). Animals grazing the 
grass-legume mixture averaged 226 kg/ha/yr of dietary N 
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Figure 1. Dietary N concentration as affected by N 
fertilization and by the Inclusion of D. ovalifolium. 
Nitrogen concentration for the mixture was the aver-
age of the HGP and LPG treatments. Least significant 
difference (0.05) for the comparison between B. do-
cumbens with no N and the mixtures is shown. Mean 
of seven grazing cycles. 
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intake, representing an estimated 187 kg N/ha/yr returned 
to the soil via excreta. 

Conclusions 
D. ovalifolium's N contritution to the mixed sward was 
clearly evident in the dietary N concentration and N intake 
of grazing animals, despite the low legume utilization. In 
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Figure 3. Nitrogen Intake as affected by N fertilization 
and by the Inclusion of D. ovalifollum. Nitrogen Intake 
for the mixtures Is the average of the HGP and LGP 
treatments. Least significant difference (0.05) bar for 
the comparlons of B. decumbens with no N In the 
mixture Is shown. 
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Figure 2. Relationship between the D. ovalifollum percentage In the 
sward and In the diet. The broken line represents the selectivity Index; a 
= 0.5 (no specific preference). The solid lines fitted to the equation Y = 
100x/[(100 - x) a] + 2x-100 show selectivity against D. ovalifollum mean a 
values shown on top left-hand corner for high (HGP) and low (LGP) 
grazing pressure. 
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practical terms, the impact of this low palatability legume 
on the animal's consumption was equivalent to a fertilizer 
application of 330 kg N/ha/yr to the grass pasture. Results 
suggest that benefits from D. ovalifolium in the grass
legume mixture depend more on the increased N concen
tration of B. decumbens than on D. ovalifolium consump-
tion. Lack of dependence of dietary N levels and N intake 
on dietary legume percentage indicates that no benefitwoud b obaind 
fom ratics tat ncraseD.ovalifo-

would be obtained from practices that increase D. 

>% 

a- 300 A B.decumbens, N-fertilized 
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Figure 4. Calculated N return to the soil by the grazing 
animal. Nitrogen return for the mixtures is the average
-f HGP and LGP treatments. Least slqnificant differ-

ice bar for the comparison of B. decumbens with no 
In the mixture is shown. 

Limited Rule of Legume Leaf-litter De
composition as a Nitr: gen Contribution 
Pathway: Y-308C 

Miguel A. Ara, N.C. State University 
Pedro A. Sanchez, N.C. State University 

The decomposition of legume leaf-litter is considered to 
be one of the main avenues of N contribution from the
legume to the growing grass. Desmodium ovalifolium leaf
litter biomass accumulated from two grazed Brachiaria 
decumbens x Desmodium ovalifolium pastures (described 
in the preceding sections) was sampled and its N concen
tration determined five times over a 452-day period. 
Nitrogen concentration of the leaf-litter was fairly 

uniform, averaging 15.7 g/kg, which is approximately
68% of the N concentration in the standing biomass 

(Table 1). Estimated D. ovalifolium leaf-litter N pool size 
was 70 kg N/ha. Annual leaflitter production, calculated 
from accumulated leaflitter measurements and from a 
reported decomposition constant, amounted to 6700 kg/ha,
and the amount of N returned to the soil via this pathway 

was 103 kg N/ha/yr (Table 2). Nitrogen released from D. 

ovalifolium leaf-litter and its recovery by B. decumbens 
were estimated by incubation of 15N-tagged D. ovalifolium 
leaf-litter in field microplots during a five-month period
(Table 3). Therefore, in spite of a large flux of N via 
legume leaf-litter accumulation, only a small amount was 
actually recovered by the plant, perhaps because of tb 
low decomposition rate of D. ovalifolium due to its high 
polyphenolics contents. The remainder is assumed to go 

directly into the soil organic-matter pools, because all D. 
ovalifolium litter eventually decomposes. It is doubtful 

Table 1. Nitrogen concentration of D. ovalifollum leaf
litter biomass as compared to the N concentration of 
D. ovalifollumstanding biomass. 

N concentration N concentra
of leaf-litter tion of stand-

Sampling date biomass Ing biomass Ratio§ 

g/kg g/kg 
20 Oct 1986 16.4 24.2 68 
11 Dec 1986 16.2 26.0 62 
28 Mar 1987 16.4 21.6 76 
5Oct 1987 14.7 20.3 72 
15 Jan 1988 14.9 23.3 64 
Mean 15.7 23.1 68 
s.d. 0.82 2.22 5.72 
CV(%) 5.3 9.6 8 

§N concentration leaf-litter/N concentration standing 
biomass x 100 
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that the D. ovalifolium leaf-litter N diverted to the soil would form stable organic complexes with proteins and 
organic pool would benefit the grass in the short term. It is that the N not available in the first flush of mineralization
likely that the high polypheolic content of D. ovalifolium would be released very slowly. 

Table 2. Desmodlum ovalifollum leaf-litter N concentration, calculated leaf-litter 
production, and N return per year, at different sampling dates. 

Sampling N 
Calculated 

annual litter 
Calculated 
N returned 

date concentration production with leaf-litter 

9/kg kg/ha/yr 
20 Oct 1986 16.4 
11 Dec 1986 
28 Mar 1987 
5 Oct 1987 

16.2 
16.4 
14.7 

1035 
1382 
4285 

16.7 
22.7 
63.0 

15Jan 1988 14.9 
Per year§ 6702 102.4 

Mean 15.7 
std. 0.82 
CV(%) 5 

§The total per year is the sum of the values for sampling dates 11 December 1986, and 
28 March 1987, and 5 October 1988 (350 days). 

Table 3. Labelled N enrichment, total N uptake, N uptake, and percentage of N recovery from D. ovallfollum
labelled litter by B. decumbens grown In three field microplots during a five-month period. 

Labelled 
15N 

applied 
to 

legume 
B. decumbens 

'IN 

% of 'IN 
recovered 
by grass 

D. ovallfollum B. decumbens 
litter B. decumbens N from 

application total N labelled 
rate uptake litter 

15N recovery 
by the grass 
from legume 

leaflltter 

Mean 0.6043 0.0643 9.996 7.97 4.01 3.90 5.73 
s.d 0.0538 0.0376 5.77 2.57 0.97 2.42 3.54 
CV(%) 9 62 58 4 22 62 62 

158
 



Estimating the Overall Nitrogen Contribu- quantify the legume contribution may not be the best way
tion of the Legume: Y-308D to budget N in certain pools and fluxes because these 

methods rely principally on the net effects of certain 
Miguel A. Ara, N.C. State University pools, and, as a consequence, values for pasture pools and 
PedroA. Sanchez, N.C. State University leaf-litter production are not calculated in the conven

tional manner. It was necessary, therefore, to make 
Few attempts have been made to charactcrize the compo- indirect calculations and specific assumptions and also to 
nents of the N cycle under practical grazing conditions, use data from the literature to estimate additional inputs, 
and no reports of this subject exist for the humid tropics. outputs, fluxes, and compartments. Furthermore, the soil 
Modelling the different N fluxes to the grazing animal is a is a complete black box. With these limitations in mind, 
good way to assess the nature of the leguiie contribution, we analyzed the Ncontribution of D. ovalifolium in terms 
and it also provides a basis to identify gaps in information of N fluxes toward the grazing animal, based cn results 
and to formulate additional hypotheses. However, definite obtained with a 30-month grazing experiment near 
limitations exist when we try to model these processes Pucallpa, Peru, described in the previous three sections. 
using the data given in the preceding sections. First, not M.el Description 
all avenues of legume Ncontribution were studied: root 
litter and soil organic-matter turnover were not examined. A fw diagram (Figure 1)depicting the main N compart-
Second, the methods used in the preceding section to 
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Figure 1.Nitrogen pools and fulxes for a grazed mixture of BrachlarIa decumbens x Desmodlum ovalifollum.
Numbers in pools are kg N/ha; numbers Influxes are kg N/ha/vr. Numbers Inregular type are either hard data or
calculations from them. Numbers In Italics are based on assumptIors from the literature rather than on actual 
data. 
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ovalifolium system was used as a model. The 
model has two overall assumptions: 1)no N is
removed or added to the system by movementof plant, animal, or excreta material and 2) 

additions of N from nonsymbiotic fixation, 
ammonia adsorption by the soil, or precipita
tion are negligible. Numbers in boldface are 
either hard data or calculations from them, 
while numbers in script are based on assump-
tions from the literature. The latter represent 
at best unsubstantiated estimates that need to 
be validated by future research. 

Four main pools are included in the model 
(Figure 1). The N in D. ovalifolium is 
considered the primary N input and most of it 
is assumed to come from symbiotic N fixa-tion. The B. decumbens pool includes N 

~00Incesrootscontributed from D. ovalifolium as well as 
from the soil. The grass and legume pools are 
divided into herbage, leaflitter, and root com-
partments. The animal N pool represents the 
N incorporated into animal tissue, both from 
B. decumbens and D. ovalifolium. The soil 
pool is the total amount of N to a depth of 15 
cm after 30 months of grazing. 

Main fluxes include the following: 1) N 
fixation (calculated), 2) N uptake by grass 
and legume (calculated), 3) N intake by 
animals from B. decumbens and D. ovalifo-
lium (measured), 4) N return through animal 
excreta (calculated), 5) N return by litterfall 
(measured), and 6) volatilization and leaching 
loss of N fluxes from feces and urine (calcu-
lated). Also, considered are D. ovalifolium's 
indirect contribution fluxes via B. decumbens 
intake, both through leaf-litter production and 
root and nodule decomposition (Figure 1). 

Amounts calculated for the different pools 
and fluxes correspond to the mixtures (Figure 1)and to B. 
decumbens fertilized with 0 (Figure 2) and 300 kg N/ha/yr
(Figure 3) (Treatments NO and N300, respectively), 
Values for the mixture are based on the average of the 
high and low grazing pressure treatments, as there were 
not significant differences between them. Specific details 
on the assumption are described in Miguel Ara's Ph.D. 
thesis (1990, North Carolina State University). 

Pools 

Desmodium ovalifolium 
Nitrogen in the herbage compartment of the D. ovalifo-
lium pool amounted to 18 kg N/ha (Figure 1). The N in the 
root and nodules compartment was 3 kg/N/ha. Nitrogen in 
the leaflitter on the soil amounted to 70 kg/ha. 
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kg N/ha; numbers In fluxes are kg N/ha/yr. Numbers Inregular 
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Brachiariadecumbens 
The N in the different compartments ofB. decumbens 
totalled 19, 28, and 40 kg N/ha for mixed grass, NO, and 
N300, respectively (Figures 1,2, and 3). About 65% of 
this N occurred in the herbage, 25% in the leaflitter, and 
only 10% in the root compartments. 
Animal Pool 
Nitrogen in the animals grazing the mixture and the 
treatments NO and N300 amounted to 42, 42, and 46 kg NI 
ha respectively (Table 1).
Soil Pool 
Desmodium ovalifolium inclusion or N fertilization did not 
have significant effects on the N concentration of the soil 
at either depth. The average size of this pool at a depth of 
0 to 15 cm was 2870 kg/N/ha for the mixtures, and 2514 
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Figure 3. Nitrogen pools and fuixes for agrazed pasture of Brachlarla decumbens fertilized 
with 300 kg N/ha. Numbers In pools are kg N/ha; numbers In fluxes are kg N/ha/yr. Numbers 
In regular type are either hard data or calculations from them. Numbers InItalics are based 
on assumptions from the literature rather than on actual data collected. 

and 2867 kg N/ha for the NO and N300 treatments Table 1.Animal pool per grazing cycle for the compo
(Figures 1,2,and 3,respectively). The different treat- nents of a Brachlarla decumbens x Desmodium 
ments had no significant effect on N build-up (Table 2). ovalifollum mixture and for B. decumbens fertilized 
The buildup was consistently positive, but since there was with 0and 300 kg/N/ha/yr. 
also abuildup in the NO treatment, these estimates may Grazingnot be reliable. Grzn -Treatments 

One thing iscertain: topsoil organic nitrogen contents 
cycle Mixture NO N300 

do not decrease within 30 months of grazing. This kg N/ha 
observation is consistent with our longer-term experience 9 37.1 38.7 41.9 
in Yurimaguas and contrasts sharply with what happens 10 42.2 39.3 48.4under annual crop production systems. 11 38.0 46.8 40.7 

Fluxes 14 46.3 44.0 47.0 
Animal Intake 15 46.5 40.6 50.0 
Fluxes of N from the mixed swards toward the grazing 
animal were 190 and 36 kg/ha/yr for B. decumbens and D. Mean 42.0 41.9 45.o 
ovalifolium respectively (Figure 1). The flux of N toward 
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the grazing animal from NO and N300 treatments was 117 
and 224 kg N/ha/yr, respectively (Figures 2 and 3). 

Animal Excreta 
Nitrogen return to the soil via animal excreta was calcu- 
lated from the total Nintake minus 17%, which, according 
to the literature, is the N retained in the body tissue. This 
total return in the excreta was partitioned according to the 
rates established in the literature: 74% of the N is excreted 
in the urine, and the remaining 26% is excreted in the 
feces. Flux of urine Ninto the soil was adjusted by taking 
into account assumed losses by volatilization, which have 
been reported to average about 37%. Leaching losses from 
urine were assumed to be about 4%. Nitrogen flux toward 
the soil through fecal excreta was adjusted in a way 
similar to that used for the urine N. N volatilization losses 
of 8% were used, as established in the literature. 

Nitrogen in the excreta from animals grazing the 
mixtures was calculated to be 187 kg N/ha/yr (Figure 1) 
From this amount, 138 and 49 kg N/ha/yr were returned as 
urine and fecal N, respectively. Volatilization losses in 
urine and feces from this flux were 51 and 4 kg N/ha/yr, 
respectively. Assumed leaching losses from urine were 6 
kg N/ha/yr. The remaining 81 kg N/ha/yr entered the 
mineral pool Nof the soil. No leaching losses from fecal 
Nwere assumed. The remaining 45 kg N/ha/yr of fecal 
return were assumed to enter the labile and stable organic 
N soil pools in unknown proportion. 

Desmodium Ovalifolium Leaf-litter Production 
Desmodium ovalifolium leaf-litter production amounted to 
102 kg N/ha/yr toward the litter pool of D. ovalifolium 
(Figure 1). An assumed loss of 20 kg N/ha/yr occurred as 
NH3 volatilization. The remaining 82 kg N/ha/yr was 
considered to enter the labile and stable N pools in 
unknown proportions. 

Nitrogen Fixation 
The flux of N fixation toward D. ovalifolium was assumed 
to be the result of N accumulated in the herbage plus the 
root growth in a year minus 7%, which is the average N 
uptake from the soil of a number of tropical legume 
species including Desmodium spp. The amount of N 
fixation obtained from preceding calculations was on the 
order of 123 kg N/ha/yr. 

Nitrogen Uptake 
Nitrogen uptake for the mixed D. ovalifolium and B. 
decumbens amounted to 9 and 115 kg N/ha/yr, respec
tively (Figure 1). Nitrogen uptake for the NO and N300 
treatments amounted to 159 and 248 kg N/ha/yr (Figures 2 
and 3, respectively). 

Desmodium ovalifolium N Contribution 
Direct Ncontribution through D. ovalifolium intake 
amounted to 36 kg N/ha and represented 16% of the N 
consumption from mixtures (Figure 1). On the other hand, 
the N consumed from nixtures of B. decumbens amounted 

Table 2.Soil N concentration before (preplanting) and after 30 months of grazing and N
buildup for B. decumbens with 0, 150, and 300 kg/ha/yr, and for Its mixture with D. 
ovallfollum. Mean of three replications. 

Treatments 
Depth NO N150 N300 Mixture 

Before 0-15 0.93 0.70 
g/kg 

1.07 0.98 
(March 1985) 
After 0-5 
(July 1988) 5-15 

0-15 
Buildup§ 0-15 

1.46 
0.93 
1.14 
0.21 

1.78 
1.14 
1.35 
0.65 

1.59 
1.16 
1.30 
0.23 

1.51 
1.22 
1.30 
0.33 

kg/ha 
Buildup 0-15 463 1433 507 728 
Buildup 0-15 185 573 203 291 
per year 

0Calculated as the difference between the Nconcentration before and after only for a soil 
depth of 0 to 15 cm. 

162
 



to 190 kg N/ha/yr and represented 84% of the total N 
consumption from mixtures. The N consumed by B. 
decumbens comes from both D. ovalifolium transfer and 
from the soil. The contribution from D. ovalifolium was 
73 kg N/ha/yr, which represents 38% of the total N flux 
via B. decumbens. The remaining 62% is assumed to come 
from the soil. The part coming from D. ovalifolium leaf-
litter amounted to 19 kg N/ha/yr toward the grazing 
animal (Table 3). Thus, 26% (19:73) of the indirect N 
contribution can be explained by leaf-litter accumulation. 

Desmodium ovalifolium's total N contribution to the 
grazing animal was 109 kg N/ha/yr (Table 3). Direct 
legume intake accounted for 33%, and the remaining 67% 
was indirectly contributed via B. decumbens intake and 
partitioned as follows: 17% came from legume leaflitter 
decomposition, and 50% came from recycling of animal 
excreta and legume root decomposition. Low palatability 
of D. ovalifolum limits the direct contribution, but the 
total contribution was enough to maintain grass N concen-
trations above the critical levels set to meet cattle require-
ments. 

Discussion 
Table 3 indicates that only 48% of the N intake by 
animals came from the legume source in the mixture. The 
N intake via mixed B. decumbens (117 kg N/ha/yr) came 
from other sources besides the legume. This is a high 
proportion of the total Nand suggests a good N-supplying 
ability of the soil or a very effective recycling of the B. 
decumbens litter and the animal excreta. In the humid 

tropics, grazed pastures of pure B. decumbens often look 
greener than one would expect, even when they receive no 
nitrogen fertilization. The authors have made this observa
tion in several countries. Although our calculations do not 
explain such observations, they are thought provoking. 

Results from calculated pools and fluxes must be 
interpreted cautiously until our assumptions can be 
verified. Some independent calculations, however, seem 
to agree remarkably well. For example, the N uptake of B. 
decumbens with no N (154 kg N/ha/yr)--calculated from 
the N intake by grazing animals plus the calculated leaf
litter production is close to 150 kg N/ha/yr. That figure is 
determined by taking the annual Nyield ofB. decumbens 
herbage plus the calculated N accumulation in the root 
growth obtained from reported herbage (root N yield ratio) 
(Figure 2). However, this agreement does not occur for B. 
decumbens fertilized with 300 kg N/ha/yr (Figure 3). 

One of the main information gaps concerns the role of 
B. decumbens leaf-litter in Ncycling. Calculations from 
Australia on accumulation rates for Digitaria decumbens 
leaf-litter show a rather low B. decumbens leaf-litter N 
pool (Figure 1). Results from a grazed B. humidicola x D. 
ovalifolium experiment in Yurimaguas, Peru, show that 
the grass leaf-litter mass is as high as the legume leaf-litter 
mass (see potassium dynamics section). Less palatable 
than B. decumbens, B. humidicolashows a higher poten
tial for grass leaf-litter accumulation. No matter how 
much N accumulates in the grass leaf-litter, a higher 
proportion of this N might have been recovered in a short 
time by B. decumbens because of the low content of 

Table 3. Partitioning of animal N Intake from different pathways In a Brachlarla decumbens x 

D.oval/follmmixture and Inpure B.decumbens with N fertilization. 

Pathways 

1. Direct legume intake 
2.Grass intake (total): 

3. From legume leaflitter 
4. From legume via excreta and roots 
5.From nonlegume sources (2- 3 - 4) 

6.Total Intake (1 + 2) 
7. Legume contribution (1 + 3 + 4) 
8. Percentage due to legume (7/6) 

Partition of legume contribution inthe mixture: 

Direct intake 
Leaflitter decomposition 
Recycling of excreta and legume root turnover 
Total 

Mixture 0 kg/N/ha 300 kg/N/ha 

kg N/ha/yr 
36 - 

190 117 224 
19 - 
54 - 

117 117 224 
226 117 224 
109 - 
48 - 

kg N/ha/yr % 
36 33 
19 17 
54 50 

109 100 
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polyphenolic compounds. This higher recovery rate should 
account for the apparent sustained production of B. 
decumbens with no N in Pucallpa. We need data concern
ing the rate of B. decumbens leaf-litter production, both 
from associated and pure grass with no N. Such data will 
need to be complemented with data about N concentration 
of the litterfall and estimates of the rate of decomposition. 

Most of the indirect N contributed by D. ovalifolium 
(74%) comes from legume root and nodule decomposition 
and recycling via excreta. But we do not know the 
proportion of these two pathways. Our guess is that a 
higher proportion must come from excreta because 
relatively high stocking rates were used, rotational grazing 
was employed, and the soil and climate do not seem to 
favor extensive leaching or gaseous losses. But, again,
data concerning the root dynamics of D. ovalifolium and 
the rate and pattern of excrta deposition, as well as 
leaching and gaseous losses, are necessary to confirm or 
deny the assumptions made in Figures 1, 2, and 3. 

Fortunately, this experiment is being continued by Dr. 
Ara, who is now with CIAT in Pucallpa. Although Trop-
Soils involvement is discontinued, it is hoped that the gaps
indicated will be closed by CIAT and the counterpart's 
Peruvian institutions in Pucallpa, IVITA, and INIAA. 

Nitrogen Uptake Mechanism in Two
 
Brachiaria Species: Y-315
 

CarosCasilla,N. C. State University
 
ailliam
A.Jackson, N. C. State University 

Grass pasture species successfully introduced on acid soils 
must adapt to high Al contents, produce under low 
nutrient conditions, and rely on N fixed by the companion 
legume. Of the several species of the Brachiariagenus
used extensively in tropical America research at CIAT,B. 
humidicola has proven capable of sustained uptake and 
growth in the presence of increasing quantities of ammo
niui. Other Brachiariaspecies, hrwever, showed 
decreasing uptake and yields with increasing ammonium 
although they took up nitrate-N in increasing quantities 
without negative effects. Under field conditions, B. hu
midicola shows low nitrate-N soil contents (Tropoils 

Technical Report, 1986-87). 
Objectives 
The purpose of this experiment was to determine if two 
species of the Brachiariagenus differ in their ammonium 
and nitrate uptake patterns under conditions that simulate 

grazing. 

Procedures 
Two Brachiariaspecies were chosen for this experiment: 
B. humidicola(Bh) CIAT 679 and B. brizantha(Bb) CIAT 
6780 c.v. Marandd. Both species tolerate high aluminum 
contents in the soil, but Bh is much less demanding in 
overall nutrient requirements under field conditions. The 
experiment was carried out in the greenhouse at N.C. State 
University during March 1988. Plants were germinated
from seed in pots containing sandy topsoil. At eight 
weeks, plants were transferred to an acclimation nutrient 
solution containing ammonium as the only source of N. 
The acclimation solution had the following composition: 
1.0 mM (NH4)SO4, 0.25 mM CaSO 4, 0.25 mM MgSO , 0.1 
mM KH2PO4, 0.9 mM KCI, and 0.02 mM AISO4. Micro
nutrient content was 17.0 uM B, 3.0 uM Mn, 0.3 uM Zn, 
0.1 uM Cu, 0.04 uM Mo, and 1 mg Fe 1.1as Fe-EDTA. 
Plants were acclimatized in solution for two weeks. Initial 
solution pH was 4.5, and it was adjusted daily. Acclima
tion solutions were changed every four days and con
stantly aerated. Four days prior to the experiment, the 
acclimation solution was changed daily to prevent N 
depletion. This solution was also used during the experi
ment, and only N sources were modified according to 
treatments. Negative effects due to a continuous low-level 
supply of NH4+ were not observed. 
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Treatments consisted of the following combination of Acidity Changes 
N sources and cutting regimes: The effect of the N source on the pH of the final solution 
Treatment N source Concentration Cutting regime at the end of each two-hour period is shown in Figure 1. 

I NH4+ lmM cut The two species behaved similarly, but differed in the 
2 NH4NO 3 2mM not cut magnitude of their responses. At a given Nsource, pH 
3 NH4NO3 1mM cut decreases were greatest for Bh, but pH increases were 
4 NO 3- 1mM cut greatest for Bb, the difference beir.g greatest at the end of 

period 2. Whole plants sharply decreased the pH in the 
The combined N solution concentration for the intact treatment solution t( around 4.0. 

plants was 2 mM, thus minimizing differential depletion Cut plants of Bh supplied with NH4NO 3 increased the 
of the ambient solution. Selected plants were cut 10 cm solution pH to a maximum of 4.9 in the second period, but 
from the base approximately 16 hours before the initiation the pH later declined below initial levels. Cut plants of Bb 
of the experiment in order to simulate grazing effects. followed the same pattern, but did not decrease the pH to 

At the beginning of the experiment, three plants from levels below those of the initial solution. A similar trend 
each treatment (an experimental unit) were placed in two was observed with NO3- In the presence of NH4 alone, 
liters of the corresponding solution (pH 4.6) for two hours Bh decreased solution pH to levels lower than initial pH. 
and then transferred to a fresh treatment solution. Treat- However, Bb increased the pH during the second period; 
ment solutions were changed every two hours during 10 pH decreased slightly afteiwards and levelled off at higher 
hours of total exposure. values than those for the initial solution (Figure 1). 

At the end of each two-hour period, measurements of 
solution pH were made. Ammonium-N was determined by Uptake Patterns 
the same NaOCI analysis used to determine nitrate-N. Net For each ion, uptake patterns were similar for the two 
uptake of each ion was calculated as the difference species, but differed significantly in the magnitude of the 
between the initial and final concentration per unit of root 
fresh weight (rfwt). S -

B. humidicola679 

Results 4.9 

The statistical analysis indicates a strong species x 4.8 

treatment-period effect (Table 1). Although the coefficient 4.7 

of variability was high for all ions studied, r2 values were 4.6 . 
also high, indicating that the high CV did not obscure the 4.5 
effects of the individual treatments on the response of 44 
each species. 4.3 

4.2 

4.1 4.1 Cutplat + NH . Whole plant . NH, NO. 

Table 1.Statistical significance ter the different 4- Cuplant+NH NO. 

treatments on the response variables. 1.9 . - . . . ACul p+N6

0 2 2 4 4 0 6 8 8 10 

Dependent variable 5.1 

5 B.brkWatu 6780 

Treatments NH4 NO3- pH 49 
uptake uptake change 4.8 A 

.4.7Period (P)

Species (S) .... 6
 

4.5 
Treatment (T) 4.4.4 

S x T 4.3 N 

S x P 4.2
 

Tx P a. 4.1 E Ct+.'NH;
S2~~~~~ TxPNNS* WhlCuplan +NH.NO,
4 A Cutplant + NHNO,S2 x TxP NS ACurplant+NO;2 NSr 0.309 .939 L- -- , -- - - - -- I-- 0.93 0.92 0.99 4 6 6 8 10 

CV 99.74 8.2 0.85 ime (nhrs) 

Figure 1.The effect of cutting treatment and NsourceIndicates significance at 1%. on the pH of the external solution with two Brachlarla 
NS: not significant, species. 
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response (Table 1). Figure 2 shows the NH4+ uptake tendencies. The rate of NO 3- taken up by whole plants
patterns. Whole plants exhibited a nearly constant contin- declined after the first two periods. Cut plants offered

ued NH4 uptake, except in period 3. Period 3 corresponds NH 4NO3 behaved similarly, but after period 3, they

to the hotter part of the day when decreased transpiration exhibited efflux, which was higher for Bh. Cut plants

may have affected ion uptake. Cut plants of both species offered NO3
- alone took progressively less NO3-, with Bh 
supplied with NH4NO3 took up NH4+during the first two being more effective than Bb throughout.
 
to four hours, but this uptake was followed by a net efflux.
 
When fed NH 4+alone, however, cut Bh plants took 41% as Discussion and Implications

much NH 4+as intact plants. Incontrast, cut Bb plants When grazed, forage species are subject to cycles of
 
exhibited uptake only during the first period, followed by 
 cutting and regrowth. Depending on the grazing pressure,
no net uptake in subsequent periods. Cut plants of both defoliation may lead to drastic reductions in carbohydrate
species exposed to NO3' alone also exhibited a net efflux synthesis and supply to the roots, leading to reductions in
of NH4+during period 1 (and 2 for Bb) with negligible mineral absorption and respiration. Upon recovery of
efflux afterwards (Figure 2). foliage, plants tend to revert to the original situation. This

NO3- uptake patterns are shown in Figure 3. On first cycle, called functional equilibrium, suggests that plants 
exposure to NO3-, both species showed the same uptake attempt to maintain a constant growth pattern rather than a 

constant size. While there is still much controversy 
60 regarding the effects of defoliation on carbohydrate 

B. hmi~ola679B. brizntha 6780 supply and subsequent plant recovery, cutting may
5 .	 contribute to a direct carbohydrate deficiency, 

, 0 Cutplant.NH; effects on growth hormones, or other indirect 
"a 40 Whole plant NH NO
 

v 4 Cutplant+ NO.NO.
" Cut plant . NO,	 effects. 

30/ Whole Plants 
;0/ - .,~t1 	 .Prior growth in NH4 typically sets up inhibitory 

-,"and/or repressive mechanisms which lower the 
SO NH uptake rate in N-replete plants. The state of 

S-such repression and/or inhibition is not known for 
z 0 .A- .. these plants, but may be assumed to have taken 

A- A place because treatment plants were never pur
- ; posely N-starved. Therefore, net uptake rates for0 2 4 6 8 10 0 2 4 6 8 10 NH4 may be underestimated relative to the

Thne (inhours) 	 maximum possible rates that the plants could 

Figure 2. Net cumulative NH4 uptake of two Brachlarla sp. as express.
affected by cutting treatment and Nsource. 	 Whole plants exhibited the capacity to take up

both NH4 and NO3. Compared to Bb, Bh exhibited 
3a greater total capacity to take up NH4 , but the two 
28 B.humidola 6792 	 . 6 

uB. batha6780 species did not differ in NO 3- uptake. These results 
seem to accord with field observations that Bh is 

24 	 better adapted to poorer environments, possibly
'8 22A NH4 dominated. The similar capacity for NO 3 

20 	 uptake implies that plants differ in their NH418 A, 0 Wholplant NH.NO, uptake capacity as part of the adaptation mecha
- Cct.ntNO14 	 nism. The sharp pH decrease after 2 hours in the 

V2 1,/treatment solution indicates greater cation than 
_A _ anion uptake. Lower solution pH with Bh was 

E8 	 probably due to Bh's enhanced capacity for NH+-

r, 6 uptake. 
4 Diminished NO 3 uptake over time indicates an2' 	 / inhibition by NH 4+.The inhibition of NO 3 uptake0 2 4 6 8 10 0 2 4 6 8 10 by NH 4+has been reported for many grasses and 

Time(in hours) 	 cereals. In contrast to NH 4 , uptake of NO 3",in NO3deprived plants, has been shown to have an induc- ' 

Figure 3. Net cumulative NO3uptake of two Brachlarlasp as tion phase followed by a rapid absorption phase. No 
affected by cutting treatment and Nsource. 

1 

http:Cutplant.NH


such lag was observed in the species tested (Figure 3). 
Because uptake was measured during two-hour periods, it 
is possible that a short induction phase followed by the 
rapid phase might have been offset by NH4 inhibition and 
thus not detected. A short lag phase might be an advantage 
in tropical acid soils because NO 3' availability may occur 
as pulses rather than as a continued supply. 

Cut Plants
utaP lants 

N uptake by cut plants of both species showed a differen-
tial uptake due to N source (Figures 2 and 3). Since 
cutting was performed about 16 hours before the experi-
ment, it is assumed that a carbohydrate limitation or itsxis ed , lth sue 

consequences existed, although a tissue carbohydrate 


anai ngrass 


c o ns que ces ug h a ti carb h yd ateog 

eu 
Because NH4NO3 incrcased NH4+efflux more than did 

NO3 alone, one can infer that, in contrast to whole plants, 
cut plants preferentially absorbed NO3-. As a result, a 
greater ratio of anion/cation uptake occurred with a 
resulting pH increase (Figure 1). ApH increase may be 
beneficial in Al-saturated soils because of decreased Alactvit. oweerbeaue woleplntsshw adifern-
activity. However, because whole plants show a differen-
ticl capacity to take up NH4 (with a pH decrease as a 
result), the mechanism of adaptation must also involve the 
capacity for continued growth at a low pH. 

Cut plants of Bh in NH4 +alone continued to take up 
NH4 at about half the rate of whole plants exposed to 
NH4NO3. In contrast, Bb was only able to take up small 
quantities of NH4+ initially, when NO3"was absent, and 
later showed no further gain (Figure 2). The possibility of 
a more severely lowered carbohydrate supply in Bb may 
account for this difference between the two genotypes. 
This reasoning implies that the more acid-tolerant species 
has the ability to sustain a higher relative root carbohy-
drate supply and thus an enhanced capacity to absorb 
NH4 than does the more demanding Bb species. Since Bh 
in the presence of NH 4 alone was able to lower the pH 
progressively over time. if is possible that either the 
effects of carbohydrate limitations were not as severe as in 
Bb or a faster recovery took place. A very fast regrowth 
commonly is observed for Bh under field conditions, 

When supplied with NO3-, cut Bh plants were also able 
to take up nearly as much NO3- as whole plants, indicating 
that carbohydrate supply for the energy-requiring process 
of NO3 uptake was not severed. At a given level of 
carbohydrate deficiency, Bh seemed to be able to take 
advantage of both sources of N, suggesting that the 
capacity to take advantage of any available N resource 
may be a part of the mechanism of adaptation to poorer 
environments. 
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Simulated Topsoil Carbon Dynamics in a 
Legume-based Pasture: Y-31 2 

CarlosE. Castilla,N. C. State University 
PedroA. Sanchez, N. C. State University 

Pastures can serve as low-input systems suitable for humid 

tropical conditions. With low amounts of purchased
inputs, mainly P and adapted grass and legume species,
beef production can be very high. However, millions of 
hectares have been cleared and planted to poorly adapted 
pasture species and/or managed without adequate technol

y, resulting in ecosystem degradation. In he Peruvian 
Amazon, under semi-commercial conditions, five legume

associations have been grazed for nine years, and the 
data suggest that these pastures can be stable and highly
productive (see this report). Little is known, however, 
about the carbon source-sink relations in humid tropical 

pastures 

Objectives 
The purpose of this simulation is 1)to determine if theCentury model developed for high-fertility grasslands in 
the United States can predict the behavior of soil organic
matter (SOM) levels over time in tropical pastures with 
acid soils and 2) to determine what parameters need to be 
included and preferentially researched in order to ade
quately predict C flow in the soil-plant-animal system. 

Model Description 
The Century model was developed by Parton and collabo
rators at Colorado State University. It has been modified 
to predict short-term SOM changes in less than 25 years. 
The Century model attempts to simulate processes that 
operate on different time scales. Basically, it consists of 
two parts (Figure 1): a dynamic C flow where microbial 
processes decompose organic material in periods ranging 
from .1 to 25 years, represented by the active and the slow 
soil-C pools; and a passive pool in which turnover rates 
are measured on the order of 1000 years. The passivity of 
this organic fraction has been suggested to be due to its 
chemical complexity or physical inaccessibility. Because 
the organic fraction is of little value in short-term studies, 
it was eliminated from this simulation. This pool is 
assumed to represent 50% of the total organic C present in 
the pasture of the Great Plains in the United States. 

In the Century model, decomposition rates due to 
microbial activity vary with temperature and moisture 
levels. For this simulation, it is assumed that such limita
tions are not present under tropical conditions, and thus 

temperate-region parameters are taken at 100% efficiency. 
This simplification takes into account the lack of strong 
seasonal fluctuation in udic isohyperthermic regimes and 
sets up a worst-case scenario for SOM decomposition. 
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the nonlignin structural, the metabolic, and 
Structural C High L/N the slow fraction. Lignin stabilization into the 

(3 yr) slow SOM is a fairly efficient process with 
only a 30% respiration loss. 

Plant Adaptations for the Humid Tropics 
Residue Aboveground C inputs are fecal matter and 

Metabolic C trampled-on senescent leaf-litter. Carbon 
(0.5 yr) inputs from animal intake are based on 

Low UN experiment Y-302, the long-term grazing
02 1 1 1 experiment. Depending on rainfall, three to 

Active Fraction five animals per hectare gain weight through-

Microbial Soil | 

0O2 I (1.5 yr) 
CO2 


CO .--


I-

Labile Soil 

C 

(25 yr) 


L__-_-_-_-_-_composition, 

Passive Soil 
C 


CO2 (1000 yr) 

Figure 1. The Century Model (parton et al., 1987, SSAJ 
51:1173-1179). 

The decomposition rates used for the simulation are 
calculated with the following equation, which eliminates 
the temperature and moisture variables, as described by
tP erate o vTheand ste 

d C 
- = Ki. Ci 

dt 

where C. = the carbon in the state variable (kg/ha), 
K = maximum decomposition rate parameter per 

day, 
t = time, measured in days. 

For each state, variable i refers to the following: 1= 

metabolic, 2 = nonlignin structural, 3 = lignin structural, 
4 = active, and 5 = slow pools. K rates per day are as 
follows: i = 0.051, 0.0137, 0.0137, 0.0207, and 0.00056, 
respectively. 

The Century model assumes that 55% of the C is lost as 
CO2 via microbial respiration from the decomposition of 

out the year at Yurimaguas. Animal intake is 
not assumed to be limiting and is 2% of the 
animal body weight. An average animal of 
300 kg is considered representative for the 
simulation and consumes 6 kg/d of dry 
matter. Die, selection may be of little signifi
cance with respect to fecal C since only the 
animal seems to benefit from a richer diet. 
This assumption helps researchers avoid the 
very complex diet-selection process, and it 
allows them to consider the animal as a 
substrate homogenizer. Feces still vary in 

but they are far less variable 
than the plant component being grazed. It is 
also assumed that the dry matter is 45% C and 
that the C returned in the feces is only 30% of 
the C consumed but is 20% lignin.

The grazing cycle consists of 30 days of 

grazing and 30 days of rest. There are five 
cycles per year, and two months are assigned 
to pasture recuperation. Thus, during grazing, 
an effective stocking rate of either six or 10 
animals per hectare per day is achieved, 
depending on the species or association being 

grazed. Stocking rates are fixed during the year.input due to trampling is assigned as a constant 

fraction of the animal intake and estimated at 30% of 
daily consumption. Carbon inputs from leaf-litter account 
for half of the aboveground inputs (Table I). It is assumed 
that trampling accelerates the fall of dead plants and that 
the initial litter quality is equivalent to the quality of the 
standing dead plants. Leaf-litter quantity may be related to 
the grazing pressure and to the relative proportion of the 
species in a pasture. In Yurimaguas, legumes make up
from 10 to 95% of pasture composition. Initial litterquality is assumed to range from 8% lignin and 2% Nin 
the case of a pure legume pasture to 10% lignin and 1% N 
for the grasses. This difference provides lN ratios 
ranging from 4 to 10. Lignin has a 65% C content (Table 
2). 

Belowground C inputs are due to roots and root death. 
The rate of root production and turnover has not been 
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Table 1. Estimated CInputs In atropical pasture, lignin fraction controls the decay rate of the structural 
depending on root turnover speed and stocking rate. pools, and it isalso incorporated into the slow soil pool. 

The L/N ratio of the different plant inputs is given in 
Root turnover Table 2. 

As in the Century model, plant residues are divided 
according to the following equations: 

Stocking rate Stocking rate FM = 0.85 - 0.018. L/N
F= i-FM 

Carbon source 3 5 3 5FsI-mwhere FM = metabolic fraction of the plant material, 

t C/ha 
Aboveground 1.4 2.4 1.4 2.*4 
Belowground 2.9 2.9 9.6 9.6 
Total 4.4 5.4 11.0 12.0 

Root biomass = 6.2 t/ha. 
Root biomass = 4.0 t/ha. 

studied for humid tropical pastures. The few available 
estimates of root production vary greatly and depend on 
the species composition and the grazing pressure. Root 
production was estimated to range from 6.2 to 4.0 tons/ha, 
with aslow (4%per month) or fast (20% per month) 
turnover rate, respectively (Table 1). At these rates, 
complete root turnover isachieved in either 2 or 0.5 years, 
respectively. Such rates occur in both temperate and 
tropical regions. 

The Century model assumes that root lignin is a 
function of annual rainfall. In our case, root-lignin 
contents were determined from six grazed pastures at 
Yurimaguas (experiment Y-302 and Y-307). Lignin 
ranged from 11 to 15% for grass and legume associations. 
We used aconstant value of 13% during the simulation 
period. With good management, leaf and root biomass 
production should not be negatively affected over time, 
and aconstant root production and turnover can be 
achieved and may remain constant. 

As in the Century model, the lignin to N ratio (L/N) 
controls the partitioning of plant residues into the struc-
tural and metabolic pools, and all the plants' residual 
lignin flows into the lignin structural compartment. The 

Table 2.Estimated llgnin/N ratios of the different C 
sources. 

Carbon source Lignin: Nratio 
Feces 21.3 

20:0.5 
Grass litter 10:1.0
Legume litter 8:2.0 

Dead roots 13:1.0 
Live roots 13:2.0 

Fs = structural fraction of the plant material, 
L/N = lignin to Nitrogen ratio. 

The equations assume that the inputs to the system are 
immediately transferred into the metabolic and thestructural pools. F. isdivided between lignin and non

lignin structural Cpools (Ls and NL s, respectively). As in 
the Century model, all of the lignin flows into L. to be 
later transferred via microbial decomposition into the slow 
pool. The decomposition rate of Ls and NL, depends on 
what fraction of these materials is lignin and on the 
maximum decay rate. Therefore (for K2 and K3) 

K2 = K2 e(-3.0' LS). 
t = K es LS). 

The equation indicates that the ability of microorganisms 
to decompose SOM decreases as the lignin content 
increases. 

The Century model also includes texture as afactor in 
the decomposition of the active SOM compartment. The 
effect of the silt fraction plus the clay fraction on the 
decay of the active SOM is 

K4 = K4 (1-.75 F), 
where F= silt + clay fraction in the soil. 

The effect of texture on the stabilization efficiency of 
active SOM is considered to be 

E = (.85-.68 F), 

where E,= efficiency of stabilizing active SOM 
into slow SOM. 

A higher proportion of silt and clay decreases the decay 
rate of the active component and increases the amount of 
Cstabilized in the slow SOM. 

The adapted model for this simulation isshown in 
Figure 2.The initial values of the state variables were 
calculated for arepresentative typic Paleudult, fine loamy, 
siliceous, isohyperthermic soil containing 50% silt and 
clay, along with 2%SOM, and having abulk density of 

g/cm3 to adepth of 20 cm. We have assumed that 50% 
of the total C is assigned to the passive pool. These values 
are as follows. 
Active pool: consists of microbial biomass and microbial 
byproducts: 2000 kg/ha. 

Structural pool: shoot and root plant biomass, as de
scribed by R.Scholes (1989) for a pasture in Yurimaguas: 

169
 



2. SustainableAgriculture:Legume-based Pastures 

Plant Residues
 
Feces
 
Litter
 

(Roots)
 

UN 
FS = 1 - FM 

FM =.85 -. 018 L/N NLS = DM-FM- LS LS- DM L 

Metabolic Nonlignin Lignin-Re!ated 
C Structural Structural C 

C 

c 2 002 CO2 

.45 .45 0O2 F (F) = .85- .68F .70 

.45 1-F (F) I 

Active Slow 
C C 

002 

UN = Lignin-to-nitrogen ratio LS = Lignin-related structural fraction 
DM = Dry matter NLS = Nonlignin structural fraction 
FM = Metabolic fraction F =S.! i clay content 
FS = Structural fraction L= Lignin fraction 

Figure 2.Adapted Century Model to predict Cflow In a tropical pasture. 

6000 kg C/ha equally divided into the nonlignin and the appear to make a significant impact on the final C content 
lignin structural pools. of the different carbon pools (Figure 3). 

Slow pool: assigned a value to complete 50% of the Initial values for the C pools are very different from 
labile C because 50% corresponds to the passive pool: ste-,dy-state values (Figures 4 to 7). Over- and underesti
6.900 kg C/ha. mations due to a lack of an appreciation of an average 

value (as in the case of the active pool), or an attempt to 
Metabolic pool: Assigned an arbitrary value of 100 kg C/ correlate measurable soil fractions to one C pool, help 
ha. This fraction corresponds to sugars, proteins, and identify apparent sources of error, such as live rcot 
amino acids present in the plant and rapidly converted biomass in the structural pool. The structural pool should 
into microbial C. Root exudates may also contribute to be estimated by dad roots only (root litter). 
the metabolic pool, but their contribution is iargely Overall, total plant inputs associated with a fast root 
unknown. No data is available, but contents are small turnover provided more C than did those with a slow root 
compared to other pools. turnover. At steady state, the C values of the different 

pools provide estimates which need to be confirmed in the 
Results field: i.e. leaf- and root-litter. Metabolic C approached 
Simultnatinstted daily C inputs for 25 years in an field values, as described in the previous TropSoils 
alternate grazing system. The soil depth considered was a Technical Report, 1986-1987. 
0- to 15-cm layer. By 15 years, all of e vari bles had Animals exert a measurable effect (Figures 7, 8, and 9). 
obtained steady-state equilibrium. The different L/N The higher the stocking rate a given association can 
ratios of the aboveground and belowground inputs did not support at adequate grazing pressure, the higher the final C 
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Figure 3. Simulated steady-state C content of the dy-

namic C pool as affected by Inputs of different L/N
ratios. 

content. Nearly 2 t/ha more C is achieved at the higher 

stocking rate. This is not an attempt to infer the effects of 
differential grazing pressures on aboveground and 
belowground production in one particular association. 
Different stocking rates on the same association, undoubt-
edly, will have an effect on the long-term production of 
leaf and root biomass and their turnover rates. 

An estimate of the relative importance of roots anid 
shoots can be obtained if one of these fractions is not 
included in the simulation (Figure 8). Aboveground inputs 
alone (no roots) accounted for a naximum c" 5 of the 15 
tons of the initial C. With slow root turnover, total 
biomass inputs accounted for a maximum of 9 t C, which 
is as much C accounted for by roots alone (0 an/ha) if a 
fast root turnover is considered-that is, 60% of the total 
initial C. Total plant inputs associated with a fast root 
turnover account for most of the initial C. 

At steady state, predicted total soil SOM contents are 
given in Figure 9. The passive pool is included and 
assumed to remain unchanged for the simulation period 
(50% of the initial soil SOM). Total inputs associated with 
slow root turnover accounted for a maximum of 80% of 
the initial SOM, while fast root turnover accounted for 
98%. Aboveground inputs alone (no roots) accounted for a 
maximum of 69% initial SOM, while the contribution 
from roots alone (0 an/ha) was between 62 to 79% of the 
total SM for slow and fast root turnover, respectively. 

Seven years into the grazing experiment, SaM levels at 
the Y-302 experiment average 2.16%. Organic carbon has 
increased with grazing in this experiment 
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Conclusions 
model, therefore, seems to underestimate SOM
 

content (Figure 9). Decomposition rates in the field may
 
not be at a maximum. The model also indicates that to
 

initial SOM levels, a fast root turnover must
 

occur. The model also estimates that plant inputs are on 
the order of 10 t C/yr. 

The simulation predicts that roots are the major force in 
maintaining the more dynamic C pools. It also indicates 
that aboveground inputs alone are not enough to maintain 
SOM levels. The model emphasizes the importance of 
roots in the maintenance of SOM and suggests that a 
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rational management of the aboveground biomass should 
strive to maintain a strong root system. Adapted species 
are able to tolerate Al toxicities and develop very prolific
root systems. But even with adapted species, excessive 
stocking rates may put undue pressure on the shoot system
and eventually decrease overall root production. A better 
understanding of shoot to root interactions can lead to 
more stable systems. Root production and interactions 
should be an active research topic, one which must 
include the effect of animals. 

Overall the Century model seems to work reasonably
well for short-term simulations of C under tropical 
conditions. A further separation of the structural compart
ments into surface and subsurface compartments may help 
to keep track of the corresponding litter values. It will also 
help to validate the overall model performance. 
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Potassium Dynamics In a Legume-based 
Pasture: Y-307A 

Miguel A. Ayarza, N.C. State University
PedroA. Sanchez, N.C. State University 

Deysy Lara,INIAA, Yurimaguas Experiment Station 

Well-drained acid soils of the humid tropics are, as a rule, 
highly susceptible to potassium leaching. Potassium 
deficiency is commonly found, and leaching losses ofK 
applied as fertilizer or as animal excreta are believed to be 
large. There is, however, little quantitative description of 
the movement and losses of applied K under field-pasture 
conditions. 

Objective 
This study was undertaken to address K dynamics in a 
Brachiariahumidicola x Desmodium ovalifolium pasture 
grown in Yurimaguas. 

Pr)cedures 
The study consisted of four parts: 1)K retention in the 
laboratory, 2) K dynamics in bare plots, 3) K dynamics in 

clipped plots, and 4) K dynamics under grazing. 

Laboratory Study 
Samples from different horizons of a fine-loamy siliceous 
Typic Paleudult located in the paddocks used in experi
ment Y-307 were analyzed for clay mineralogy and K 
retention. The clay mineralogical composition, which was 
uniform with depth, is shown in Table 1. Kaolinite is the 
dominant mineral (65%), but there are significant quanti
ties of micas, interlayered smectite, and vermiculite, 
which together account for 25% of the clay fraction. This 
soil has less than 10% weatherable minerals in the sand 
and silt fractions and therefore is classified as essentially 
devoid of weatherable minerals in Soil Taxonomy. 

Table 1. Estimated mineralogical composition of the 
clay fraction of a Yurlmaguas Ultlsol at a depth of 0 to 
100 cm. Mean of five soil depths. 

Clay mineral Percentage Method 

Kaolinite 65 TGA 
Mica 10 Total K allocation 

Fe, Al oxides 10 Citrate dithionhe 
Interlayered smectite 10 Difference and X

ray pattern 
Vermiculite 5 X-ray patterns 
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Samples taken from five depth intervals were incubated 
with various rates of K and extracted with buffered IM 
solutions of NH4OAc and Mg(OAc) 2 after 24 hours of 
equilibration. About 98% of the applied K was recovered 
with NH4OAc, eliminating the possibility of K fixation 
(Figure 1). 

About 30% of the applied K recovered with NH 4OAc 
after 24 hours of equilibration was not displaced by Mg
(Ac) 2, suggesting that specific adsorption of K occurs in 
wedge zones of partially closed smectites and partially 
opened micas, where exchangeable Ca, Mg, or Al cannot 
penetrate. The proportion of specifically absorbed K 
increased with increasing clay content and decreased with 
increasing K fertilizer rate. Specific adsorption of Kin 
wedge zones of small quantities of 2:1 minerals present in 
predominantly kaclinitic soils, therefore, plays a positive 
role in potassium retention. 

Potassium Movement in Bare Soils 
Bare plots, kept devoid of vegetation by frequent weeding, 
were used to 1)describe the rate of disappearance of 
applied Kfrom the 0- to 5-cm soil layer, 2) monitor its 
subsequent downward movement, and 3)estimate the net 
K leaching losses below 100 cm. The experiment was 
conducted with seven K rates ranging from 0 to 300 kg K/ 

% K fixed or adsorbed 

0 10 20 30 40 50 

ha, applied once. Changes in the levels of exchangeable K 
were determined at five soil depth intervals during 15 
months. The rate of disappearance of applied K from the 
0- to 5-cm topsoil was adequately predicted by a descrip
tive model as a function of time and cumulative rainfall 
(Figure 2). Potassium loss from the 0- to 5-cm soil layer
coincided with an accumulation of K in the subsoil. After 
15 months, most cf the K added at a rate below 150 kg K/
ha was found at a depth of 5 to 40 cm. Leaching losses 
below 100 cm occurred only at the -ates of 300 kg K/ha 
(Table 2). Accumulation of K in the subsoil is probably
related to the increase in the number of specific adsorption 
sites for K, as shown in Figure 1. 

The results indicate that leaching of applied K can be 
quantitatively described under field conditions using bare 
plots. Usually, such studies are conducted using undis
turbed soil columns and lysimeters. Although both 
approaches have advantages over the method used in this
study, bare plots are simple to install in the field, and they
provide a good estimate of the leaching potential under 
field conditions. Bare plots can present problems in 
leaching studies: surface sealing can occur when raindrops
hit the exposcd suriace. In the present work, surface 
sealing was eliminated by frequent hand-raking. 

In the same area, Krates ranging from 0 to 300 kg K/ha 
were applied to a set of clipped plots with either plant
biomass removed or plant biomass returned. Changes in 
exchangeable K levels in the 0- to 100-cm soil depth were 
monitored during 15 months on a well-established B. 

' ' ' "humidicola x D. ovalifolium mixture. Plants significantly
0 5 

52 
5-20 0witia 

• •200- 2 -J 
20-40 

I 
I150*, 40-40 0 

60-100 L 0 

fixed adsorbed 

Figure 1. Proportion of applied Kfixed or specificallyadsorbed as a function of depth inan Ultisol of Yur-maguas. Mean of four rates. 

decreased the levels of exchangeable K in the entire soil 
profile (Table 3). This decrease was attributed to fast K 
accumulation in the herbage mass due to a large fine-root 
biomass (7.4 tons of dry matter/ha) and good distribution 

depth (Figure 3). After 15 months, plants recovered 

20 Exch K = (Yeq - Bo)e-(BIX) - Yeq Krates (kg/ha) 

• 0 
1 *50ioo 

4S 100 
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0 150 
*300 

!e 

X 
' 50 0 
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Time (days)25 400 970 1591 270'F 

Cum muilative rainfall (mm) 

Figure 2.Disappearance of applied Kfrom the 0-to 5cm layer as explained by a nogative exponentialmodel. 
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Table 2. Potassium gains and losses (-) In the profile of a bare soil one and 60 weeks after fertilizer application
and 2700 mm cumulative rainfall. 

Depth 
cm 

Time 
weeks 0 25 50 

K rate (kg ha) 
75 100 150 300 

0-5 1 25.8 33.7 39.2 52.5 52.5 72.9 180.4 
60 12.5 15.6 14.2 20.4 18.0 18.8 25.88 

Balance -13.4 -18.0 -25.0 -32.1 -34.5 -54.1 -154.3 

5-20 1 30.0 25.0 25.0 30.0 25.0 27.5 37.55 
60 35.0 32.5 35.0 45.0 40.0 55.0 45.0 

Balance 5.0 7.5 10.0 15.0 15.2 25.5 17.5 

20--40 1 37.0 30.3 33.3 43.9 30.4 47.3 43.9 
60 40.4 40.4 40.4 43.8 43.8 60.6 52.2 

Balance 3.3 10.1 16.8 16.8 10.0 33.7 25.3 

40-60 1 40.5 33.3 33.3 43.9 30.4 47.3 43.9 
60 37.1 33.7 37.1 40.5 33.7 47.3 54.0 

Balance -3.3 0.4 3.3 -3.4 3.3 0.0 10.1 

60-100 1 87.5 94.8 87.1 87.5 87.5 92.1 116.7 

60 87.0 87.5 72.9 87.5 94.8 109.4 124.7 

Balance 0.56 -7.3 -14.1 0.0 7.3 17.2 7.3 

0-100 Net 
balance -8.90 -7.34 -8.8 -3.6 1.3 22.3 -104.3 

100% of the K fertilizer added at rates up to 150 kg K/ha yields were achieved only with 25 kg K/ha (Figure 4).
and 76% of the fertilizer added at the rate of 300 kg K/ha Higher K rates decreased the efficiency of K utilization 
(Table 4). Potassium accumulation by the plants is (Figure 5). Potassium added through plant residues was 
associated with increased dry-matter production and a efficiently reycled within the soil-plant system (Figure
high K luxury consumption, but near maximum biomass 

50 

20 1.6 
 40 .4642 - 0.4021x + 7.785e-4x^2 R = 0.98 

30 0.7 tha 30 
40 ,so 2 
60 Total fine root biomass 7.37 Vha 

70 (0-30 cm) C 10 
807 t hS( 100 %Krecycling efficiency) 
90 

0 10 20 30 40 50 0 50 100 150 200 250 300 
Percentage of allroofs 
 K added (kg K/ha) 

Figure 3. Total root biomass and distribution of a B. Figure 4. Effect of several K rates on the dry-matter
humidicola and D. ovalifollum pasture grown Inan production of B. humidicola x D. ovalifollum under 
Ultisol of Yurlmaguas. cutting. Mean of eight cuts. 

175
 



2. Sustainable Agriculture: Legume-based Pastures 

Table 3. Net potassium losses from the 0- to 100-cm soil depth In three vegetation systems. 

K applied (kg/ha) 

Treatment 0 25 50 75 100 150 300 Equation R2 

Bare plot 8.9' 2.1a -1.1a 4.0' -15.78 9.0' 89.3' Y= 9.31-0.329x + 0.002x2 0.98 

Biomass 
removed 24.7' 9 3 .5b 107 .2b 1 2 9 .6b6 4 .0 b 17 4 .4 b 2 4 1 .5 b Y = 49.99 +0.692x 0.97 

Biomass 
returned 28.9' 2 7 .4b 4 8 .4b 77 .1b 7 8 .6b 1 0 7 .2b 183.1c Y = 25.30 + 0.533x 0.99 

Values in columns followed by the same letter are not statistically different according to the LSD test (P< 0.05). 

Table 4. Potassium balance In the 0- to 100-cm soil under a pasture subjected to clipping and 
removal of plant blomass during 15 months. 

Potassium added (kg K/ha)
0 25 50 

Disappearance
from soil 24.7 64.0 93.5 

Total plant 
uptake 96.5 133.4 143.6 

Efficiency of 
recovery - 147.0 94.0 

Leaching losses - - 2.9 

6). Recycling efficiency was higher in the control treat-
ment and decreased with increasing K rate. 

In the presence of B. humidicola x D. ovalifolium, plant 
uptake is the main process controlling exchangeable K in 
the soil. At most sampling depths, levels of exchangeable
K were consistently lower when plants were present than 
when they were absent. High K uptake values may be 
related to the high root biomass and the ability of grasses 
to absorb K from the soil in large quantities. 

Plant uptake appeared to be largely responsible for the 
disappearance of exchangeable K from the 0- to 100-cm 
soil depth as suggested by the correlation between these 
two variables (r = 0.72**). The actual amounts of K 
absorbed by the plants after 15 months were even higher 
than those disappearing from the exchangeable K pool. 
This suggests that plants are able to remove specifically 
absorbed K from the soil. 

Potassium initially accumulated by plants was effi-
ciently recycled within the soil-plant system, as demon-
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Figure 5. Effect of Increasing K rates on the efficiency 
of K cycling through plant residues In a B. humidicola 
x D. ovalifollum pasture under cutting and return of 
clippings. 
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Figure 6. Changes In K uptake Influenced by the 
removal or return of clipped blomass of a B. humid-
cola x D. ovalifollumpasture. Mean of 21 observations, 
Treatments followed by the same letter are not signlfl-
cantly different according to an LSD test at the 0.05 
level of probability. 

strated from the balance between K additions via residues 
return and the uptake in subsequent cuttings. The cycling 
process appears to be fast enough to prevent K accumula-
tion in the soil. This inference is based on the similar 
levels of exchangeable K observed in the plots where 
biomass was either removed or returned. 

Potassium leaching losses under a cut pasture of B. 
humidicola x D. ovalifolium are negligible in an environ-
rn-nt with 2700 mm of rain in 452 days. These pasture 
species absorb large amounts of K, perhaps due to their 
high root biomass distribution with depth. 

Potassium Cycling under Grazing 
Cattle play an important role in the nutrient dynamics of 
pastures because they modify the amounts and composi-
tion of litter and return most of the consumed K through 
urine and feces. In order to test the impact of grazing on K 
cycling, a grazing experiment was conducted in an crea 
adjacent to the clipping plots. Two stocking rates (3.3 and 
6.6 animals/ha) and three K rates (0, 50, and 10 kg K/ha) 
were arranged in a split-plot design with three replica-
tions. A rotational grazing scheme was employed with 12 
to 16 days of grazing and 24 to 36 days of resting, with 10 
grazing cycles during 15 months. Results are expressed on 
a per year basis. 

Potassium cycling was assumed to consist of two 
inputs: K in the rain plus dust and K from fertilizer. 
Potassium outputs were animal harvest and leaching. The 
pools were measured or estimated as follows: exchange-
able K in the soil (0 to 100 cm), specifically adsorbed K in 
the soil (0 to 100 cm), total pasture biomass, residual 

standing biomass, aboveground litter, and belowground 
litter-all of which were measured or estimated as 
averages per grazing cycle and animal biomass. The 
fluxes include aboveground and belowground litter de

animal intake, urine, and feces. The reader is 
referred to Miguel Ayarza's thesis (Ph.D, North Carolina 
State University, 1988) for a description of the methodolo
gies used. 

Biomass Pools and Fluxes 
Calculated sizes of the biomass pools are shown in Table 
5. Total pasture biomass increased with increasing Krate 
and stocking rate, averaging 2 tons of dry matter per 
hectare. This calculation includes the initial available 
forage prior to grazing and reflects the high levels of 
pasture biomass present throughout the grazing period. 

Animal intake of pasture biomass increased somewhat 
with K rate, but it almost doubled with a doubling of the 
stocking rate, suggesting an excess availability of forage 
and a general undergrazing trend in the entire experiment. 

Residual standing biomass was calculated as the 
difference between total pasture biomass and animal 
intake. Residual standing biomass responded sharply to K 
fertilization at both stocking rates, averaging 1.1 and 1.2 
tons/ha for the low and high stocking rates, respectively. 
This means that 64% of the available forage in the low 
stocking rate was not consumed by the animals, and an 
even lower proportion, 54%, was not consumed at the high 
stocking rate. Low pasture quality has been considered a 
limiting factor with this mixture in Yurimaguas. 

The standing stocks of aboveground litter did not show 
a clear trend with K fertilization, but they decreased with 
increasing stocking rate, averaging 1.3 tons/ha in the low 
stocking rate and 1.1 in the high stocking rate. Most of the 
pasture biomass after grazing, therefore, was live standing 
litter, rather than dead litter. 

The live biomass of the belowground litter was only 
measured in the 0 kg K/ha treatments. The values 4.5 and 
3.6 tons/ha in the low and high stocking rates also indicate 
a decrease in root biomass with increasing stocking rate. 
Perhaps more importantly, these values show that the 
majority of itter biomass (75%) consists of roots. 

Animal biomass increased with iKrates and stocking 
rates. Animal biomass includes both the initial weight of 
the animals when introduced to the pasture plus the 
liveweight gains (Table 6). 

Three biomass fluxes are shown in Table 5. Feces 
production was not affected by K rates but increased from 
3.0 to 5.2 t/ha/yr when the stocking rate was doubled. 
Since feces were calculated as animal intake and dry 
matter digestibility, these values reflect the trends in 
animal intake. 

Aboveground litter production averaged 3.5 t/ha/yr in 
the low stocking rate and 3.0 f/ha/yr in the high stocking 
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rate. These figures reflect a 3.66 turnover rate, indicating variance appears to be due an the increase in the number 
that litter decomposed 2.66 times during the year. Be- of animals, rather than an increase in intake per animal. 
lowground litter decay decreased from 5.1 to 4.4 t/ha/yr Residual standing biomass also responded positively to K 
with increasing stocking rate, based on values determined rate and stocking rate. 
only at the rate of 0 kg K/ha. Root turnover averaged 1.13 Two soil K pools are presented in Table 7, exchange
times in the low stocking rate and 1.19 times in the high able K and specifically adsorbed K, both comprising the 
stocking rate, or less than half the aboveground litter 0- to 100-cm soil depth, with average values of 160 and 81 
turnover rate. kg K/ha, respectively. No trends are observed with K 

fertilization rate or stocking rate. Because the sum of these 
Potassium Cycling pools did not change with a year of grazing, it is reason-
Calculated K pools, fluxes, inputs, and outputs are shown able to conclude that the size of the available K pools in 
in Table 7. Total pasture biomass ranged from 17 to 38 kg the soil is stable. 
K/ha in the low and high stocking rates, respectively. This 

Table 5. Biomass pools and fluxes In the soil-plant-animal system on an annual basis. 

- Stocking rate (an/ha) 
3.3 	 6.6 

K applied (kg/ha)
Pastures 0 50 100 X 0 50 100 X 

Pasture pools: (kg/DM)' 
Total pasture biomass 1577 1747 1756 1693 1841 2452 2575 2290 
Residual standing biomass 9853 1141 1142 1087 7944 1375 1567 1246 
Aboveground litter biomass 1290 1280 1380 1317 1270 1070 1090 1143 
Belowground live root biomass 4510 4510 4510 4510 3650 3650 3650 3650 

Animal pool 
of liveweight: (kg/ha)§ 481 506 521 503 713 768 641 707 

Fluxes (kg DM/ha/yr) 
Animal intake of pasture 5918 6055 6137 6037 10474 10775 10079 10443 
Feces output 2959 3027 3068 3018 4237 5387 5039 5221 
Aboveground litter production 3431 3411 3678 3507 3384 2851 2904 3046 
Belowground litter decay 5130 5130 5130 5130 4370 4370 4370 4370 

§Animal liveweight. Other figures are dry matter. 
'Mean of 10 grazing cycles. 

Table 6. Performance of steers grazing a mixture of B. humidicola x D. 
ovaflifollumreceiving three K fertilization rates (grazing period 365 days). 

K rates (kg ha) 

Stocking rate 	 Animal gains 0 50 100 Mean 

an/ha 
3.3 	 g/an/day 331 347 366 348 

kg/ha/yr 481 506 521 502 
6.6 	 g/an/day 279 274 192 248 

kg/ha/yr 713 768 641 707 
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Outputs from the system consisted almost exclusively therefore, that the percentage of K in the roots did not 
of Kremoval via the harvested animals since no leaching increase with K fertilizer rate in these calculations. 
was detected in the soil samples. Animal export was less The contribution of K via feces was not affected by K 
than 2 kg K/ha, a figure lower than the estimated input via fertilization rate, but it increased with stocking rate (20 to 
rain and dust. The other major input was the applied 34 kg K/ha/yr) reflecting the increase in fecal output with 
fertilizer. increasing numbers of animals. 

Potassium fluxes from the plant to the soil consisted of Major discrepancies were observed between calculated 
aboveground and belowground litter decay, along with urine (K in animal intake minus K exported by the animal 
feces and urine inputs (Table 6). Potassium transferred via minus K in feces) and the effective urine (the increase in 
aboveground litter decay varied somewhat with treatments exchangeable K in the soil affected by urination) (Table
averaging 41 kg K/ha/yr. Potassium transferred via root 8). "naverage of only 40% of the calculated urine flux 
decay was lower, 26 kg K/ha/yr in the low stocking rate, was accounted for by the effective urine. Where did the
 
decreasing to 22 kg K/ha/yr in the high stocking rate. It 
 rest go? After examining the basis for calculations and 
was not possible to detect the effect of K fertilization rate considering the area affected by each urination (0.12 m2 or 
was possible to detect because the estimate is based on 6283 m), one can plausibly assume that the differences 
root analysis only at the level of 0 kg K/ha. It is assumed, were rapidly leached out of the soil at depths below 100 

Table 7. Calculated potassium pools, fluxes, Inputs, and outputs In the soll-plant-animal
 
system on an annual basis.
 

Stocking rate (an/ha) 
3.3 	 6.6 

Parameters 	 0 50 100 X 0 50 100 X 

Mean concentration
 
aboveground pasture (%K) 1.05 1.25 1.34 1.21 1.25 1.40 
 1.49 1.38 
Pools (kg K/ha)
 

Total pasture biomass 16.56 21.84 23.54 20.49 23.02 34.33 38.38 31.60
 
Residual standing biomass 0.64 0.64 0.69 0.65 0.63 0.53 0.54 0.57 
Belowground litter biomass 22.55 22.55 22.55 22.55 18.25 18.25 18.25 18.25 
Exch. K (0-100 cm) 155.30 132.76 158.28 148.78 160.71 156.16 163.53 160.13 
Spec. adsorbed K (0-100 cm) 78.65 67.24 80.17 75.35 81.38 79.09 82.67 81.05 

Inputs and outputs (kg K/ha/yr) 
Animal export 1.17 1.21 1.23 1.20 1.97 2.05 1.86 1.96 
Animal input 0.45 0.45 0.45 0.45 0.90 0.90 0.90 0.90 
Rain and dust 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 
Fertilizers 0.00 50.00 100.00 - 0.00 50.00 100.00 -

Fluxes (kg K/ha/yr) 
Aboveground litter production 36.02 42.64 49.28 41.31 42.30 39.91 43.26 41.82 
Belowground litter decay 25.65 25.65 25.65 25.65 21.85 21.85 21.85 21.85 
Feces 20.41 18.46 19.94 19.60 36.13 32.86 32.75 33.91 
Urine, calculated§ 40.56 63.51 61.16 55.07 92.82 115.94 23.64 21.94 
Leached urine' 30.44 52.54 49.84 44.27 72.58 94.00 91.93 86.17 
Animal intake 62.14 75.69 82.23 73.04 130.92 150.85 150.18 144.11 
Plant uptake 91.68 121.75 182.05 131.82 126.83 159.94 199.48 162.08 

§	Animal intake minus animal removal minus feces. 
Calculated urine K minus effective urine K inth') soil. 
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cm. If one assumes a K input of 1.35 g K/urination and an 
impact area of 9-cm radius/urination, the K rate applied to 
each spot averaged 465 kg K/ha. The effective urine, as 
previously indicated, averaged 0.57 kg K/ha, or about half 
the calculated urine amount. Data from bare soils show 
that K leaches below the 100-cm soil depth when a rate of 
300 kg K/ha is applied. It seems reasonable to assume that 
this has occurred in the urinated areas and that leaching 
occurred so fast that it was not detected by soil sampling 
one day after urination. Consequently, the K flux via urine 
is limited to the effective urine, which ranged from 10 to 
23 kg K/ha/yr, while the leached urine ranged from 30 to 
94 kg K/ha/yr. This discrepancy represents a major loss of 
K from the system. 

A summary of K leached from urine, shown in Table 8, 
indicates that leached K increased more with increasing 
stocking rate than with increasing K fertilization rate. 
Although there was a measurable increase in leaching 
from 0 to 50 kg K/ha, doubling the stocking rate almost 
doubled the leached K estimate (Table 8).

Plant uptake of K-calculated by mult;plying the daily 
biomass growth rate obtained from the %rippingexperi
ment by the mean percentage K in the available forage-
increased with increasing K rate and stocking rate (Table 
7), showing both a clear response to K fertilization and to 
increased grazing pressure. 

Balance 
The potassium nutrient cycle for the one of the six 
treatments is illustrated in Figure 7. Considering the broad 
assumptions leading to estimates of animal intake, fecal 
output, and effective urine, the balance betwepn the fluxes 
of K into the soil and the higher K rates in the pasture is 
quite close. 

The nutrient cycling data indicate that potassium is 
efficiently recycled in this soil-plant-animal system but 
not for the reasons assumed in the literature. It had been 
hypothesized that, under grazing, most of the K recycling 
takes place via excreta. The data show that this is defi-
nitely not the case. The overall contribution of feces and 
effective urine ranged from 15 to 45% of the recycled K, 
while that of litter decomposition varied from 28 to 65%. 
These findings are due to the direct measurement of 
effective urine on soil exchangeable K, which has not 
been reported in the literature. In accordancu with the 
literature, this experiment shows that urine and feces 
distribution is uneven and will eventually result in a 
significant redistribution of available K ir, the pasture, 
with the open areas gradually being depleted 4nd the 
shaded areas or those near water sources enrich(A. This 
work extends this observation to the humid tropics. 

Although K cycling seems very efficient, much of the 
K in urine is lost through leaching. Annual leaching losses 
in urine spots cause an overall loss of 30 to 94 kg K/ha/yr 
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from the entire pasture. Coupled with the unevenness of 
excreta deposition, such losses suggest that pastures need 
maintenance levels of potassium fertilization to counteract 
leached urine losses. 

Table 8. Effect of urine on the levels of exchangeable 
K In the 0-to 5-cm soil In a pasture of B.humidicolax 
D.ovalifollumreceiving 0 and 100 kg K/ha. Initial exch. 
KIn soil: 0.09 cmol/L. 

Distance from the center (cm) 

K Time after 
added urination 0 10 20 Mean 
kg K/ha 

0 1 day .60 
Exch. K (cmo/L) 

.37 .09 .35 
2 weeks .39 .24 .06 .23 
4 weeks .39 .28 .18 .32 
8 weeks .22 .12 .09 .14 

Mean .43 .25 .10 .26 

100 1 day .82 .40 .10 .44 
2 weeks .62 .38 .16 .38 
4 weeks .48 .32 .26 .35 
8 weeks .30 .20 .15 .34 

Mean .55 .32 .16 .37 
Statistical significance 

Klevel N.S. 
Time 
KxTime N.S. 
Distance 
Distance x Time 
K x Distance N.S. 
CV (%) 57 

*° Significance effect at the 0.01 level of probability. 
N.S. Not significant at the 0.05 level. 



Treatment: 
K = 50 kg K/ha 
S. R = 3.3 an/ha 

Animal Intake 
Total Pasture 76 Animal 

Biomass Biomass 
22 1 Urine64 

Feces 18 

Standing Residual Aboveground Belowground 
Pasture Biomass Litter Biomass Litter Biomass 

14 0.6 23 Leached 

i Effective Urine 11 
Urine 

<Exchangeable K(0 - 100 cm) Feces 18 

Plant uptake 122 67 

Specifically Adsorbed K Rain and Dust 

Figure 7. Pottaslum cycle In the treatment with 50 kg K/ha and 3.3 an/ha stocking rate. Fluxes are kg k /ha/yr. 
Fluxes: Plant uptake (122) = AG litter (43) + BG litter (26) + Feces (18) + Effective urine (11) + Rain (3) + Fertll.er 
(5 :)- Unaccounted (29). 
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Grazing Pressure Effects on the Pasture 
Degradation Process: Y-307B 

Pedro A.Sanchez,
Carlos E.Castilla,N.C.N.C.StateStateUniversityUniversity 
Julio C.Alegre,N.C. State University 

Objectives 
As a result of the simulation on soil organic matter with 
the Century model, Experiment Y-307 was modified to 
evaluate the effect of a differential grazing pressure on 
aboveground and belowground biomass dynamics-after 
the termination of the potassium dynamics study. 

Procedures 
Experiment Y-307 originally consisted of a combination 
of two grazing pressures (high and low) and 3 K rates (0,
50, and 100 kg/ha) applied once in 1985 with three 
replications. Of the six available treatments, the four 
which received K during 1985 were chosen to set up the 
core experiment with a range of stocking rates: 1)no 
grazing (NG); 2) low stocking rate (LSR); 3.3 an/ha/year,
with a surplus of forage on offer; 3) adequate stocking rate 
(ASR): 6.6 an/ha/year, with allowances to go down to 5.5 
an/ha in periods of low forage availability-ideal manage-
ment conditions; and 4) overgrazing (OG): 8.3 an/ha/year 
with lack of available forage. Stocking rates were set to 
establish widely different aboveground root biomasses. 
These plots received a blanket -)plicationof 50 kg k/hain 1988 to eliminate differences due to previous treat-
ments. 

Two dditional plots had never received K fertilization;
Twnecontinued as such, and the other received 20 kg P/ha 

'able 1.Chronogram of activities to be performed In Y-307B. 

Activity 	 Description 

Available biomass 	 Every 42 days. 
Total biomass Before and after grazing. Began incycle 3. 
Root biomass Every 42 days. 
Root dynamics 	 During maximum and minimum precipitation periods,

Intensive sampling every seven days during a 42-day cycle.
daiy, xlep 

Soil moisture tension 
 Daily,except weekends. 

Decomposition trials During maximum and minimum precipitation periods, 

Buried bags sampled at different intervals for six 
months. 

Animal performance Liveweight gains every grazing cycle (42 days). 
Fecal production Evaluated in lots of animals at 200, 240, and 280 kg 

of bodyweight. 
Bulk density Every six months. 
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as triple superphosphate. These additional treatments will 
help evaluate the relative response to fertilizer K and P 
additions. 

Even though no P had been applied since 1985, overallavailable biomass and animal performance were good
during 1988, suggesting that P was not limiting pasture
biomass production. 

Experiment Y-307B began on March !-4,1989. Grazing 
treatments were set up in a randomized complete-block 
design with 3 replications. Animals rotated from rep I to 
rep 3 in 42 days. Each rep involved 14 days of grazing 
followed by 28 days of recuperation. Animals are two
year-old Brown Swiss x Cebu steers initially weighing 180 
kg. The pasture was rested three months before beginning 
the experiment. 

Table 1contains the chronogram of activities which 
will be performed over a two-year period. Measurements 
are being made during maximum and minimum precipita
tion periods. 
SodFertility 
Chemiliy
 

Chemical soil properties at the beginning of the experi
ment are shown in Table 2. Most of the fertility is concen
trated in the 0- to 5-cm soil depth, where conditions for 
plant growth seem adequate for low-input pastures. Below 
5 cm, Al saturation is at least 90%, and it increases with 
depth. 

Rainfall and Soil MoistureRather than showing the common monthly averages. 
Figure 1shows 10-day cumulative precipitation periods
for 1989 to illustrate the good rainfall distribution during
the year in a udic moisture regime. Only three times wasaccumulated rainfall less than 10 

mm/10 days, and at no point was 
rainfall less than 10 rm/20 days.
Furthermore, there were no 	10-day 
periods without rainfall. 

Soil moisture tension for periods 
with at least four days between 
rainfall events is shown in Figures 2 
and 3, for 3- and 30-cm soil depths,respectively. These data can be used 
to describe drying patterns. Eachodsrb rigpten.Ec
 
point in the graphs is the median of 
three locations per plot and 3 reps for 
each depth; only treatment I (with
out grazing) is depicted, since other 
treatments show the same tenden
cics. During rainy periods, soil 
moisture tension rarely exceeded
 
field capacity even at the 3-cm soil
 
depth.
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Table 2. Soil chemical properties of an actively grazed four-year-old B. humidlcola x D. 

oval/follum pasture. 

Depth C pf Al Ca Mg K Sat Al 

cm g/kg mg/L cmol(+)/L % 
0-5 1.8 10.8 1.7 .51 .26 .13 64 

5-20 - 4.4 3.2 .26 .04 .04 90 
20-40 - 1.9 3.9 .30 .04 .03 91 
40-60 - 1.3 5.0 .25 .05 .03 94 
60-100 - 0.4 6.6 .21 .06 .02 96 

Olsen P 

1 .50 	 Pasture Production 
Forage biomasses are shown in Figure 4. Despite low 

12 0-	 fertility levels, biomass production is high. Because the 
legume content was less than 5%, biomass consisted 
mainly of grass. Total aboveground biomass stabilized 

90- around 10 t/ha after two grazing cycles. Available biomass 
,-o estimates the forage that animals may consume and 

1• , 60 correlates well with stocking-rate treatments. The addition 
ITcE of K did not seem to have an effect on available biomass.E 30- Phosphorus additions also did not increase available 

IL biomass, but the legume content in the pasture increased. 
" - I This effect was dramatic in the number of seeds germinat-

J F M A M J J A S 0 N D ing in the feces. At the same grazing pressure, an average 
of 14 seedlings germinated per fecal deposition in the P 

Month treatment (treatment 6), compared to 2.4 and 1.0 seed
lings/deposition in the +K treatment and the control (-K),

Figure 1. Rainfall distribution during 1989 at Yurlma- respectively. 
guas, Peru. 

Animal Production 
80 	 . Depth = 3 cm Animal performance due to stocking rate 

is presented in Figure 5. Liveweight gains 
70 -at low and adequate stocking rates 

increased with grazing periods and have 
60 not shown drastic fluctuations despite 

0rainfall patterns. Animals in the over
so grazed treatment showed large initial 

0=gains, but gains declined and losses ,, 40  occurred at the end of 1989. The drier
 
0) 

• 0 Field capacity season from July to September accentu-

F0l capac-it-y -- ated animal weight loss, as available
 

E / ibiomass 
 also declined, but even under 
10 - loss would be expected, since biomass in 

10 	 the over-grazed treatment decreased 
rapidly and is expected to reach a steady

o I 2 L 	 state low production in 1990. Despite a 
0 31 61 92 122 153 184 214 245 275 306 very high stocking rate in the over-grazed

Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. treatment, B. humidicola recovers well 
after each rotation and has not yet reached 

Figure 2.Soil moisture tension at 3 cm during 1989. 
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Depth -3 cm 
80 

70 

-60 -

C 50 o 
D 4decomposition 

Field capacity 
5 30 -. 
E 

20 
U) 20 

10 

1 mm in diameter, respectively. Almost 
- no roots had diameters greater than 2 mm. 

Live roots accounted for the great
majority of roots. The proportion of dead 

0 roots was around 20%. Coarse roots 
.' accounted for an average of 13% of the 

* * total root biomass. 
*1 Data on root dynamics, total biomass, 

rates of roots and leaves, 
4 and fecal output are being evaluated and
0 will be completed during 1990. 

- - - -- bd
• 

0 Soil Compaction 
0 

Soil moisture conditions at Yurimaguas 
* * * are ideal for compaction. The effect of 

:W00 0 •stocking rate on bulk density (BD) is 
_shown0_ • • •" _ _I 1 1 in Figure6. Bulk density was 

0 31 61 92 122 153 184 214 245 275 306 measured three times in a one-year period. 
Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Measurements were taken during April 

Figure 3. Soil moisture tension at 30 cm during 1989. 

Stocking rote 
12-1 

U, 

(on/ho)
li0 0 

E 9 3.3 

[] 66.6 
0]Z 66 

8-3 

3

0-1 
Mar Apr Jun Jul Aug Oct Nov Jon 

Month 

Figure 4. Forage biomass production during 1989. 

a completely over-grazed condition after nine months of 
over-grazing at excessively high stocking rates. Five years 
after grazing began, findings indicate that B. humidicola 
does not degrade easily, even under poor management 
conditions. 

Root ProductionRoot rodutionEarthworm 
Root biomass was evaluated with a 4.1-cm diameterGiddngsproe. issh-reerootbioassdisribtio 
shown in Table 3. Root biomass is the average of 15 
samples. At the beginning of the experiment, root biomass 
averaged 4.7 t/ha to a depth of 50 cm, and 74% of the 
rootwere c tatedd inthe fi 0 cm.nd74%presented

ritiallyerootegume con teaseiated the byInitially roo t legume content, as estima ted by there 
proportion of live roots only, was less than 3% in all plots, 
Coarse and fine roots were those 2 to 1mm and less than 

1989 and 1990 at the peak of the rainy
peio and at the peiod in

period and after the drier period in 

September 1989 when the soil became saturated with two 
rainfall events. 

The ANOVA of treatment over time indicates a 
significant interaction. If one starts with an actively 
managed pasture, the overall effect is for BD to decrease 
with decreasing stocking rates. One year of rest in the 
nongrazed plots achieves Br values similar to those 
reported for virgin or secon iry forest, indicating that 
changes in BD due to cattle grazing are transitory Also, 
with the higher stocking rates, no-grazing and low-grazing 
pressure treatments were significantly different thao they 
were for adequate grazing and over-grazing: the former 
retained BD values similar to those at the beginning of the 
experiment. 

Because BD is a measure of compaction, soil water 
relationships were also evaluated one year after the 
treatments were established (Figure 7). Overall, the 
contrast between animal trampling and no trampling was 
not significant, indicating increased root turnover andfecal deposition. The overall effect of trampling is to 
reduce total porosity linearly (r2= .65). Because differ
ences are better expressed at low water tensions, the 

macroporosity is most affected by trampling. 

Dynamics
Earthworm DynmcsEarthworms are an important biological mediator of soil 
processes in pasture ecosystems, account for most of the 
macrofauna, and may be affected by grazing treatments. A 
single sampling one year after the experiment began is 

in Figure 8. Only two kinds of earthworms were 
used in the experiment: endogeics, soil-feeding wormses n d b y P to c l x o eh u u , a l h mi 
represented by Pontoscolex coreihrurus,a polyhumic 
pantropical earthworm; and epigeics, litter-feeding and 
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surface-dwelling earthworms. Most of the biomass Earthworm biomass and BD are negatively correlated 
consists of P. corethrurus. With large populations, (Figure 8). Despite a relatively high bulk density, the ade
substantial amounts of soil pass through the gut of the quate grazing treatment still has a high earthworm 
worm and marked effects on soil structure have been biomass. However, in the over-grazed treatment, the 
observed elsewhere. Graziiig pressures do not affect earthworm population crashes with only a small increase 
numbers and biomass until over-grazing occurs, at which in bulk density. This finding suggests that a biological in
point P. corethrurus is replaced by the surface-dwelling dicator such as earthworms may better indicate damage or 
earthworms, possibly indicating a physical effect of degradation than a physical parameter such as bulk 
trampling. density. 

Table 3. Root blomass distribution at the beginning of the experl
mont. 

DIstributIon 
Grazing Root of total 
pressure biomass Dead roots with 
treatment Depth Total Live roots depth 

cm - t/ha - - % 
No grazing 0-10 3.49 2.90 17 72 

10-30 0.87 0.61 30 18 
30-50 0.46 0.32 29 10 

LL:w 0-10 3.33 2.72 18 69 
10-30 0.92 0.68 23 19 
30-50 0.57 0.42 25 12 

Adequate 0-10 
10-30 

3.57 
0.67 

2.84 
0.49 

20 
31 

77 
15 

30-50 0.35 0.27 24 8 
Overgrazed 0-10 3.49 2.79 20 76 

10-30 0.77 0.58 26 17 
30-50 0.35 0.26 25 7 

600- Grazing cycle
300 days grazing (42 days) 

Mar 13 

* Apr 24" 400 

CI Jun 6 
7. JUl 18 

. 200 20 AugOc t 11 

Nav 2?1 
, Jan 2 

3.3 6.6 8.3 

Stocking rate (an/ha) 

Figure 5.The effect of stocking rate on Ilveweight gains during 1989. 

185
 



2. Sustainable Agriculture: Legume-based Pastures
 

1.4
 

0 
o S .o 

Figure 6. The effect of stocking rate over time on bulk 
density. 

Water tension 
.6_ (cm H20) 

m-ni-- Isd3 - 06"L / ----

-A- .3 

-'- 60 

-ft- 200 
400 

o 3.3 6.6 
Stocking rate (an/ha) 

8.3 

Figure 7. The effect of stocking rate on soil water 
content. 

- endogeic (g/ml) 

150 -0- epigeic (g/ml) 

E
0 

EI.sd
 

60
 
-0i 0 

"' 30- 

0 3.3 6.6 

Stocking rate (an/ha) 

Figure 8. The effect of stocking rate on earthworm 
biomass at peak populations. 
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Comparative Soil Dynamics Under
 
Different Management Systems: NC-6
 

Much of the research at Yurimaguas has been devoted to 
defining and refining production systems for different soil/ 
landscape positions and socioeconomic conditions found 
throughout the humid tropics. Although such systems 
clearly differ in their biological, chemical, physical, and 
economic characteristics, underlying causes of these 
differences are not well understood. Moreover, it is often 
difficult to compare the performance of systems studied at 
different sites due to the confounding effects of temporal 
and soil spatial variability. Central experiment Y-41 2 was 
begun in September 1985 to compare traditional awi 
promising management pracices of the same age on 
similar soil types. The management systems included the 
following: 1)shifting agriculture, 2) high-input continuous 
cropping, 3) low-input cropping, 4) a multistrata agro-
forestry system, 5) a peach-paln plantation, and 6) an 
uncut IC-year-old secondary forest. Each was established 
on a sandy-loam and a loamy-sand phase of a Typic 
Paleudult. Texture was blocked by replications. The 
loamy-sand block averaged 7% clay, while the sandy-
loam block averaged 17% clay. 

The objective was to monitor and compare changes in 
soil properties and vegetation production after a secondary 
forest was cleared arid the land subjected to the manage-
ment practices mentioned above. We hypothesized that 
these practices would have varied effects on the soil's 
physical, chemical, and biological properties and proc-
esses and that these differences could be related to 
differences in plant production. 

Management practices and results from the first year 
after forest clearing were described in the 1986-87 
TropSoils Annual Report. During the first year, there were 

few significant differences among treatments in soil 
chemical properties or in total or light-fraction C. Micro
bial C, however, was significantly higher in the secondary 
forest than in the other treatments. Moreover, greater 
quantities of microbial and total C were associated with 
clayier soil textures. Tree growth and crop production 
were also generally greater at the sites with finer-textured 
soils. 

This report describes various components of the central 
experiment denoted by the symbol Y-412, as well as 
associated observations on other experiments at Yurima
guas. Included are crop-production and tree-growth data, 
both of which are strongly associated with soil physical 
properties, soil fertility dynamics, organic inputs, soil 
crganic matter, soil respiration, macrofaural activity, and 
my,-orrhiza interventions. The report is tli., first systematic 
comparison of how various management options affect 
soil properties. It will also explore the potential productiv
i,y of specific systems. 

This project is a joint effort supported by various 
funding sources. In addition to CRSP funds, the Tropical 
Soil Biology and Fertility Program (TSBF) has been 
active, with particular support from the European Eco
nomic Community to the tcole Nationale Supdrieur of 
France for macrofauna work, a National Science Founda
tion grant on tropical soil organic-matter dynamic
awarded to Colorado State University and North Carolina 
State University, and an AID-sponsored strengthening 
grant awarded jointly to Florida A&M and North Carolina 
State University. Furthermore, INIAA has allocated 
considerable resources from their IDRC-Canada project in 
agroforestry. 
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Comparative Soil Dynamics Under Differ-
ent Management Systems: Y-412B 

P.A. Sanchez, N.C. State University 

Lawrence T. Szott, N.C. State University 

C.A. Palm,N.C. State University 

Summary of Results 
After three years, the multistrata system produced much 
more understory biomass than the other systems (i.e. low.. 
input, shifting cultivation, forest fallow, and peach palm). 
Nutrient stocks in the understory biomass and above
ground litter compartments on the treatments with a 
planted legume showed higher nitrogen levels than with 
shifting cultivation or peach palm. The multistrata system, 
with a well established Centrosemamacrocarpumunder-
story, produced the highest or nearly the highest stocks of 
nitrogen, phosphorus, potassium, calcium, and magne-
sium, with the low-input system in second place. The first 
nonfood harvest of the multistrata system was Inga edulis 
firewood at 18 to 20 months after transplanting. Firewood 
production was high (83 m3 in sandy-loam blocks). 

Examining the soil chemical dynamics over the first 
three years, one finds that the low-input, peach-palm, and 
multistrata systems showed significantly higher base status 
and lower acidity than the forest-fallow check. These 
findings show the residual effect of the ash. the high-
input system produced the most positive changes in soil 
fertility parameters, including rapid improvement of 
subsoil base saturation. Significant phosphorus leaching 
was detected on the loamy sand soil. 

Resu,!ts from the first four years show clearly that crop 
performance is affected by topsoil texture, which influ-
ences the soil's moisture-retention capacity. Both high-
and low-input cropping systems showed similar soil 
respiration values. A litter-bag method was successful in 
detecting surface-soil erosion losses at levels less than 0.1 
t/ha. Soil macrofauna activity was measured in 11 
systems. Pastures presented higher microfaunal biomass 
than even the primary forest. Inoculating earthworms to 
seedlings in the nursery enhanced growth of achiote (Bixa 
orellana)but not of peach palm. Termite mounds were 
found to be more fertile than adjacent soil or ant hills, 
Although not all plants in Yurimaguas are mycorrhizal, 
one species seems to be particularly associated with peach 
palm. Three unidentified species were observed and are 
presently being studied at laboratories in Europe to 
ascertain whether they are new to science. 
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Crop Production and Soil Physical
 
Properties: Y-412C
 

Julio C. Alegre, N.C. State University 
Jorge K. Pgrez,INIAA, Yurimaguas,Peru 
Lawrence T. Szott, N.C. State University 

Crops yields and time of planting for different treatments 
are shown in Table 1and the timing and quantity of 
nutrient inputs in Table 2. The annual precipitation pattern 
is shown in Figure 1. 

Shiftinq Agriculture 
Plots were abandoned after a year of cropping. In October 
of 1988 and 1989, when secondary vegetation was 
approximately 24 and 36 months old, respectively, 
understory biomass production and the diameters of trees 
(> 1.0 cm/dbh) were measured. Tree biomass will be 
estimated using regression equations based on dbh. 

High-input System 
The fourth, fifth, sixth, seventh, eight, and ninth crops 
(alternately corn and soybeans) were planted with conven
tional tillage using a bush hog, a disk plow, a five-tine 
field cultivator, a bed shaper, and a planter. Soybeans 
were treated with rhizobia before planting. The corn 
variety used was Marginal 28, and the soybean variety 
was Jupiter. Herbicide (Dual) was applied to corn and soy
beans; weeds in the soybean crop were treated with Poast 
as well. In the fourth crop, yields were moderate; the fifth 
and ninth crops (soybean) yielded well, despite the 
absence of fertilization, indicating that soil fertility had 
been built up by fertilization during the third and seventh 
crops. Mean yields for the fourth (corn), fifth (soybean), 
sixth (corn), seventh (soybean), eighth (corn), and ninth 
(soybean) were 3.08, 2.03, 3.45, 1.90, 3.09, and 2.55 t/ha, 
respectively. Total grain yield for the nine crops was 25.5 
t/ha (Table 1). 

Low-input System 
Yields were maintained through five crops and totalled 5.9 
t/ha. Mean yields for the fourth (rice) and fifth (cowpea) 
crops were 1.44 and 0.90 t/ha, respectively. An attempt 
was made to establish kudzu following the fourth crop. 
However, a low rate of establishment and a lack of seeds 
for replanting caused kudzu to be replaced by cowpea in 
April 1987. Kudzu was again planted following the 
cowpea harvest, in September 1987. As of January 1988, 
kudzu ground cover was 25 to 50% on both soil textures, 
but was higher on the sandy loam than on the loamy sand. 
Ground cover reached 100% by May 1988. Ground-cover 
biomass was estimated in September of 1988 and 1989. 



Table 1.Crop yields (t/ha) and the time of planting for the different treat-
ments. 

High-input Low-Input Multistrata Peach-palm 
cropping cropping agroforestry plantation 

t/ha 

4th Crop 


Rice (09/86) 1.44al 0.77b 1.35a 

Corn (11/86) 3.08 


5th 	Crop 

Rice (02/87) 0.52 

Cowpea (04/87) 0.90 

Soybean (06/87) 2.03 


6th Crop
Cowpea (07/87) 	 0.46Corn (10/87) 3.45 


7th Crop 

Soybean (05/88) 1.90 


8th Crop 


Corn (09/88) 3.09 

9th Crop 


Soybean (06/89) 2.55 


Total 	 25.54 5.9 4.4 6.4 

Means followed by the same letter for rice are not significantly different at the 
5% level using the Waller-Duncan multiple comparison test. 

Table 2. Ash, lime, and fertilizer additions (kg/ha) to the different manage. 
ment systems during 28 months, Yurlmaguas, Peru. 

Planting 	 De;omltlc
System Crop date N P K lime 

kg/ha
Ag/ha 0of 

High-input corni 10/85 100 43 100 1000 
High-input corn 02/86 100 35 83 1000 
High-input soybean 06/86 40 35 83 0 
High-input corn 11/86 100 35 83 0 
High-input soybean 06/87 0 0 0 0 
High-input corn 10/87 100 35 83 0 
High-input soybean 05/88 0 35 83 2000 
High-input corn 09/88 100 35 83 0 
High-input soybean 06/89 0 0 0 0 
Peach palm rice 11/86 30 0 0 0 
Peach palm rice 02/87 60 0 0 0 

0Nutrient added in ash. The fi(st number refers to the average additions on the 
loamy sand, the second to additions on the sandy loam. 

,Nitrogen added as urea, P as triple superphosphate, Kas KCI. 
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Multistrata Agroforestry System
The total grain yield for four crops 
was 4.4 t/ha. The yield (0.77 t/ha) 
from the fourth and final crop in this 
system was low compared to that in 
the low-input or peach-palm planta
tion systems. Presumably, the low 
yield was due to shading by the trees 
with which rice was associated. After 
the fourth crop, aCentrosema macro
carpum ground cover was planted 
(January 1987), and it covered 
approximately 100% of the ground
within nine months. Ground-cover 
biomass was estimated in September 
1988 and 1989. Eugeniastipitata 

(arazd) was replaced by cacao at the 
end of October 1987 due to poor 
growth and survival under shade. Inga
edulis branches were pruned in 
September 1988, and the biomass of 
the responding shoots was estimated in 
October 1989. In September 1988 and 
1989, diameters of all trees were 
measured and will be used to estimate 
biomass; the biomass of the understory 
was also estimated via destructive 
sampling. Shaina (Collombrina sp.), a 
fast-growLig tree used in construction, 
was planted in the last quarter of 1989. 

Peach-palm Plantation 
The yield of the fourth crop (rice) was 
similar to that obtained in the low
input system (1.35 t/ha), but the yield

the fifth crop (!ice) was much 
reduced (0.52 t/ha) despite the appli
cation of 60 kg N/ha. The yield of the 
sixth crop (c'wpea) was also low 
(0.46 t/ha). Total grain yield for the 
six crops was 6.41 t/ha. A Centrosema 
macrocarpumground cover was 
planted in September 1987. Ground 
cover was less than 25% by January 
1988, but it had reached 100% by Jt,'y 
1988. Ground-cover biomass was 
estimated via destructive sampling in 
September of 1988 and 1989. Palm 
heights and diameters were also 
measured periodically. 
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Secondary Vegetation In all three low-input systems, (i.e. low input, multis-
The secondary forest was approximately 13 years old in trata, and peach-palm plantation), crop production was 
January 1988. During September 1988, individual trees positively correlated with the percentage of clay in the 
along three 50-m-long by 2-m-wide transects/plot were topsoil (Figure 2). The sandy loam soil had greater soil 
tagged, and their diameters were measured. This process moisture retention (Table 3, Figure 3) and better nutri
was repeated in September 1989. Tree biomass will be es- tional properties. 
timated using regression equations based on dbh. Under
story biomass in 1988 and 1989 was estimated via Economic Analysis of the Cropping Phase oi the 
destructive sampling. Low-input Systems 

500 The costs of manually clearing secondary 
forests and the costs associated with a succeed
ing rotation of rice-rice-cowpea are shown in 

400 Table 4. Weeding costs increased with time due 
to greater weed pressure, while harvesting costs 

z 300 decreased with decreases in the harvested 
material. Given realistic yields and current 
prices (Table 5), the net profit from a 

•- 200 rice-rice-cowpea rotation was approximately 
iU.S.n380/ha. a rotation in the initialUsing .uc;i 

100 phase of either a multistrata system or a peach
palm plantation would thus help defray the costs

0 __. _ ................... _ ................._of tree establishment, presumably without a 
ASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASO detrimental effect on tree production. Similar 

1985 1986 191 - 1 , analyses of the high-input and shifting-agricul
ture systems are being developed. Such analyses 

Figure 1. Monthly precipitation during the study (August 1985 will be extended to cover the effect of manage
through October 1989), Yurlmaguas, Peru. ment interventions after the first year. 

1st crop rice 	 2nd crop rice 

2.5 -	 2.5 

2.0- ~ : 	 2.0
1.5 	 1.5 
1.0 • ,1.0
 
0.5 	 Y-- 1.201+0.025 0.5 Y=0.283+0.078Xr=0.20 NS r=0.56 ... 

, 0.0 ' 0.0 '
 5 10 15 20 	 5 10 15 20 

2D 
o 3rd crop cowpea 	 4th crop rice 
.0 2.5 Y=0.693+0.026X 2.5 	 Y=0.647+0.044X 

2.0- r=0.30 * 	 2.0 . r=0.33 . 

1.5 - , .	 1.5: 
1.0 	 1.0. 

0.5 • 	 0.5 * " : : " 
0.0. 	 0.0

5 10 15 20 5 10 15 20 

Percent clay 

Figure 2. Relationship between grain yields and percent clay inthe top 15 cm of soil Inthe nonfer
tilized systems, Yurlmaguas, Peru. 
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Table 5. Crop yields, unit prices, and net profit 
for a rlce-rice-cowpea rotation, Yurlmaguas, 0 

Clay__ slt. 
A2 o6 

Sand 
5 

Peru, 1986. 6
0 16 

20 6
22 

2
62 

Crop Yield Price/kg Total 40
40 \13 

0-07 
12 
6 

75 
87 

(kg/ha) --- U.S.$ -30 
Rice 1605 0.27 428 

Rice 1265 0.27 372 
Cowpea 1090 0.53 581 

Total income 1346
 
Total direct costs 864 -030,
 

0 -10 -20 -30 -40
 

Gross profit 483 Soilwater pressuie (KPa) 

Transportation (20%) 103 
- Figure 3. Soil water characteristics for different-textured 

Net profit 380 soils from the various management systems, Yurlmaguas, 
Peru. 

Table 3. Avallable water in different-textured topsoils In the different man
agement systems, Yurlmaguas, Peru. 

In situ Wilting Available 
Clay Silt Sand field capacity point water 

3% % % cm3/cm
7 6 87 0.09 0.02 0.07 
1 12 76 0.15 0.04 0.11 
16 22 62 0.24 0.07 0.17 
20 26 54 0.27 0.07 0.20 

Table 4. Costs to hand-clear a 10-year-old secondary forest and to plant
and harvest three succeeding crops of a rlce-rice-cowpea rotation, 
Yurimaguas, Peru, 1985-86. 

Activity Preplanting Rice 1 Rice 2 Cowpa 1 

U.S. $/ha (man-days/ha)§ -
Clearing brush 30 (15) 
Felling trees 30 (15) 
Burning 4 (2) 
Field prep. 50 (25) 50 (25) 
Planting 60 (30) 60 (30) 60 (30)
 
Weeding &
 
maintenance 90 (45) 100 (50) 100 (50)
 
Harvest 64 (32) 64 (32) 66 (33) 
Threshing 30 (15) 20 (15) 20 (10) 

Total 64 (32) 244 (122) 294 (152) 296 (148) 

§Man-days/ha are listed inparenthesis. 
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Tree Growth: Y-412D Tree height and diameter growth in the multistrata 
system are shown in Table 2. For all tree species, height 

Lawrence T. Szot, N.C. State University growth was more rapid on the sandy loam than on the 
JorgeM. Pdrez, INIAA, Yurimaguas,Peru loamy sand. In inga, height growth was nearly exponential 
Luis A. Arivalo, INIAA, Yurimaguas,Peru during the first two years, but decreased thereafter, and 

differences in height between the soil types were compara-
Multistrata Agroforestry System tively small. For the other tree species, differences in 
At least 90% of all tree species were alive 12 months after height between the different soil types developed during 
transplanting. Tree canopy cover 18 months after trans- the first two years and remained relatively constant there
planting was 98% on tih:,,aitdy-loam and 49% on the after. 
loamy-sand blocks (Table 1). The majority of the ground Species showed srikiig differences in diameter 
cover was contributed by inga: 88% on the sandy-loam growth. Diameters of inga greatly exceeded those of peach 
and 45% on the loamy-sand blocks. Peach-palm covet was palm which, in turn, were about double those of 
6% on the sandy-loam and 2% on Ihn loamy-sand block's. Cedrelinga cataeniformis(Tornillo). Greater heights and 

Inga edulis began to flower between 18 and 20 months diameters of inga compared to the other species indicate 
after transplanting, and fruit harvest began at 24 months its ability to grow well on infertile and acid soils. Within 
after transplanting. Fruits were removed fron. the trees species, differences in tree diameters due to soil types 
when immature to prevent losses due to unauthorized har- were smaller; diameters were greater on the sandy loam 
vests; the yield was 12,500 units/ha. As a result of branch than on the loamy sand. 
pruning in September 1988, inga produced 83 m3 of 
firewood on the sandy loam and an average of 53 m3 on Pen-h-palm Plantation 
the loamy sand. The biomass of resprouting shoots one Soil type had similar effects on height and diameter 
year after pruning was estimated to be 12.3 t/ha on the grc, wth of palms in the peach-palm plantation (Table 2).
loamy sand and 9.6 t/ha on the sandy loam. The following At 36 and 48 months, the heights and diameters of the 
equations were developed to predict the biomass -ofthe palms in the plantation exceeded those in the multistrata 
resprouting shoots: treatment. This difference may be due to lesser nutrient 

immobilization in litter (and hence greater nutrient
R2Equation N availability) in the palm plantation as compared to the 

Total biomass/sprout = multistrata system. Greater competition with other trees in 
-2.377 + 1.391D - 0.075D 2 0.58 30 the MS system may also be responsible for reduced 

Stem biomass = heights and diameters. Racime production in the planta
tion during the 36- to 48-month period wrs greater on the-1.151 + 0.638D -0.039D 2 0.51 30 sandy loam than on the loamy sand (2.8 versus 3.3 

Leaf biomass = racimes/trea for the trees which produced racimes or 1.45 
-0.849 + 0.514D - 0.027D 2 0.56 30 versus 2.74 racimes/tree when averaged over all trees). 

where D = diameter of the sprout 10 cm above the base. 

Table 1. Changes In canopy area and percentage cover provided by three species on 
topsoils of different textures In the multi-str3ta agroforestry system. 

Months after transplanting 
Clay

Species % 6 12 18 

m2/plot % m2/plot % m2/plot % 

Peach palm 7 5.8 0.5 13.9 C.7 37.3 2.0 
17 16.2 0* 9.0 2.1 112.7 6.0 

Tornillo 7 6.7 0.4 13.4 ).7 32.4 2.0 
17 16.6 0.9 26.8 1.4 70.3 4.0 

Inga 7 61.1 3.3 341.2 19.3 852.0 45.0 
17 198.9 10.6 607.5 32.4 1645.0 88.0 
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Young Secondary Forest 	 (dbh) grea'er than 1cm was 11556/ha, but by two and 
The secondary fallow forest that grew in the shifting three years after abandonment, tree density had decreased 
agriculture treatment was dynamic with regard to tree by 17% and 45%, respectively. Between abandonment and 
density and numbers of species (Table 3). At abandon- the third year, average annual mortality increased with 
ment, the density of woody individuals with diameters time, and the average annual recruitment raze decreased. 

Table 2. Average heights and diameters of trees Inte multistrata (MS) and peach-palm plantation (PP) treat
ments In relation to topsoil (0 to 15 cm) clay content, Yurlmaguas, Peru. 

Months after transplanting 
Clay 3 6 12 24 36 48 36 48 

Systems Species % Height (m) Diameter (cm) 

MS 	 Tornillo 7 0.36 0.45 0.89 1.63 3.63 6.49 3.7 8.3 
17 0.40 0.58 1.27 3.53 3.98 8.1 4.2 8.8 

MS 	 Inga 7 0.15 0.63 2.09 5.18 7.45 § 47.6 
17 0.22 1.05 3.13 6.28 7.89 § 50.6 

MS 	 Peach 7 0.%2 0.26 0.74 1.58 3.73 6.40 9.0 15.3 
palm 17 0.13 0.42 1.33 3.53 4.74 7.48 12.4 15.6 

PP 	 Peach 7 0.09 0.23 0.73 5.06 8.02 15.7 19.4 
p.lm 17 0.09 0.,33 0.97 6.01 9.04 17.1 18.? 

*Pruned after 36-month evaluation. 

Table 3. Temporal changes In the population of trees with diameters > 1.0 cm In 

an abandonment shIfting-cultivation system. 

Years after abandonment 

Parameter 0 	 2 3 

Tree density 11556 9645 6356 
(#/ha) 

Mortality 4622 5022 
(#/ha) 

Recruitment 2711 1733 
(#/ha) 

Netchange .11911 	 -3.89
 
(#/ha) 

Avg. Height 3.08 4.03 4.66 
(m) 

Avg. Diameter 2.1 3.2 3.9 
(m) 

# of trbe 21 20 31 
categories 

(#/225 M2) 
Avg. # of tree 12 15 16 
categories per 
rep 

(75 M2 ) 
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During the first three years following abandonment, the 
total number of tree categories found in all replications 
increased from 21 to 31, ZIthough the average number of 
categories per repetition changed little (from 12 to 16). 
Ocuera and yanavara were found in all repetitions, and 
together accounted for 56, 49, and 34% of the trees 
present at abandonment and at two and three years 
afterwards, respectively. During this period, the percent
age of the population composed of yanavara remained
relatively constant (between 26 and 31 %),but ocuera'sresatiecntenpopulatin decreasd fo %), nitaly tpresence in the p opulatio n decreased from 27%initially to18 ad 6 inthesecnd afernd tirdyea banon-

18 and 6% in the second and third year after abandon-
ment. Other species of importance were cetico (Cecropia 
sp.), cetico colorado, bellacocaspi (llynanthusplatanofo-
lia), and acerocaspi (Ingasp.). They each composed 2 to 
10%on 

Average tree height increased approximately 0.5 m/y

after abandonment. Average diameter increased 1.1 cm 

during the first two years and 0.7 cm in the third year. 


Old Secondary Forest FallowOldh codary Fset Fllo iin 
The characteristics of the tree population in the secondary 
forest changed little between the 13th and 14th year.. 
(Table 4). The number of species and individuals with 
diameters greaser than 1.0 cm decreased by 4 and 33/ha, 
respectively, but average diameter increased slightly (0.4 
cm). Six species accounted for approximately 50% of the 
individuals at year 13 and 14. Five of these were common 
to both years: cetico, shimbillo (Inga sp.), huamansamana 
(Jacarandacopaia), yurac (Croton, sp.), ciprana, and 
moena (Lauraceae).In year 13, cedro caspi was anmocneae (Luraye r 13 ro anC.I ce asp wa 
important species, but it was replaced by ordoncillo 
(Pipersp.) in year 14. Equations will be developed for the 
various species to predict biomass based on diameter. 

Table 4.Changes Inthe population of trees with 
greater than 1-cm diameter In the 13- to 14-year-old
secondary forest treatment, Yurimaguas, Peru. 

Parameter October 1988 -. October 1989 

Avg. density 2433 2400 
(#/ha) 

Mortality 250 
(#/ha) 

Recruitment 217 
(#/ha) 

Net change -33 
(#/ha) 

# of species 37 33 
Avg. dbh (cm) 10.6 11.0 

194
 

Understory Biomass and Nutrient Stocks: 
Y-412E 

Lawrence T. Szctt, N.C. State University
Luis A. ArSzvalo, INIAA, Yurimaguas, Peru 
Luis A. Ale gre, IV.C. Slate U er 
Jorge M. Prez,INIAA, Yurimaguas, Peru 

Accumulation of mass and nutrients in the understory or 

cover crops and the litter in the five nonfertilized systemswa es i t d i nS p mb r 1 8 a d 19 .D ta f owas estimated in September 1988 and 1989. Data from 
1988 are presented in Table 1. Understory or cover-cropbiomass excludes trees with dbh > 2.5 cm. Litter includes 
recognizable litter plus a fragmented, partially decom
posed fraction that had been floated in water and collected 

screens to remove adhering soil particles. 

Understory Biomass 
The total accumulation of aboveground understory 

biomass was greatest in the multistrata treatment and leastthe peach-paln treatment (Table 1). Differences among 
treatments were chiefly due to differences in litter 
accumulation si . most treatments except the low-input 
c on si5 ot teat m s ttelo

contained 2.5 to 3.5 t/ha of living biomass. Litter ac
and low-input treatments and fo[ more than 80% in the 
others. The reason for the large litter accumulation in the 

cover (Cenrosema) was planted at thethe samesame time in both 
the peach-palm and multistrata treatments. Higher rates of 

entrosema turnover, additions of slow ly decomposing
inga litt rnover temperatures due to greater shading 

motrata trea is ulartsince gro 

may be causes of greater litter accumulation in themultisrata treatment. 

Over 95% of living aboveground biomass accumulation 
in the low -input, multistrata, and peach-palm treatments 

Table 1. Living blomass and litter (t/ha) Inthe nonfertll-
Ized treatments 36 months after burning, Yurimaguas,
Peru. 

Understory 

Live 
Treatment blomass Litter Total 

t/ha 
Shifting 

cultivation 2.63 10.45 13.08 
Low-input 5.59 5.85 11.44 
Multistrata 3.35 15.65 19.00 
Peach palm 3.59 4.70 8.28 
Forest 'allow 2.44 14.00 16.45 



came from the legume cover crop. In the forest-fallow Total K stocks were greatest in the low-input and least 
treatment, lianas made up about 50% and of the total in the forct-fallow treatments, mainly due to differences 
understory biomass, tree seedlings about 30%. in K storage in the living biomass. In the low-input, 

multistrata, and peach-palm treatments, the majority of K 
Understory Nutrient Stocks was found in living biomass; in the shifting cultivation 
Treatment-related patterns in N accumulation were and forest-fallow treatments, the majority of K was in 
generally similar to patterns of biomass accumulation litter. Litter from the forest-fallow treatment, especially, 
(Table 2). With the exception of the low-input treatment, was K-depleted. 
more than 50% of the N was found in the litter. In the Treatment-related patterns of total Ca and Mg accumu
low-input treatment, living biomass (primarily Pueraria) lation were similar to patterns in understory biomass. The 
contributed more than 50% of aboveground N. Litter in majority of Ca and Mg in all treatments was found in the 
the low-input was also N-enriched compared to the other litter, and concentrations of both elements in litter were
 
treatments. similar among treatments.
 

With the exception of the low-input treatment, litter These data refer only to a portion of the ecosystem's 
also stored the majority of P. In the low-input treatment, biomass and nutrient stocks; trees whose dbh exceeded 2.5 
however, living biomass accounted for approximately cm were excluded, as were belowground biomass and 
65% of P stocks. Litter in this treatment also had compara- soils. 
tively high P concentrations. In the forest-fallow treat
ment, litter was comparatively P-depleted. 

Table 2. Quantities (kg/ha) of nutrients contained In understory or ground-cover blomass (B) and litter (L) for 
the nonfertilized treatments In September 1988, three years after burning. Blomass estimates exclude trees 
In which dbh exceeds 2.5 cm. 

System 
Understory 
biomass Shifting Low- Multi- Peach Forest 
and litter cultivation Input strata palm fallow 

kg/ha 
Nitrogen 

Biomass 37 140 66 83 41
 
Litter !5 119 72 2 26
 
Total 192 259 438 165 
 301 

Phosphorus 
Biomass 5.1 11.3 70 7.9 2.8 
Litter 14.8 .5L7.3 1.0 
Total 19.9 17.6 22.3 13.6 13.7 

Potassium 
Biomass 44 117 70 78 37 
Litter 77 a 5 22 47 
Total 121 148 128 100 84 

Calcium 
Biomass 19 44 40 39 23
 
Litter 181 94. au D5 2
 
Total 200 137 345 124 289
 

Magnesium 
Biomass 4.2 13.8 8.3 7.7 4.4
 
Litter 34.0 14.1 M 2A AU
 
Total 38.2 27.9 47.3 17.1 47.7
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Organic Inputs: Y-412F 800 m Forest fallow,L Sh'i'ting cultivation 

C. A.Palm,N.C. State University 0o ML Itistrata agroforestry 

J. C. Alegre, N.C. State University 6 600 

Aboveground organic inputs, as litterfall
 
and crop residues, have been measured in 

the various treatments according to the
 
methodologies of the Tropical Soil Biology Z 200 
and Fertility Program. Litterfall is collected < 
biweekly from seven litterfall traps (0.5 x 
0.5m) in each of the forest-fallow, shifting- 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
cultivation, and multistrata plots. Litter is Week of the year
 
dried and separated into leaves, branches,
 
flowers, and small fragmented material. Figure 1. Litterfall pattern Inthree land-use systems, Yurlmahuas,
 
The components are analyzed for nutrients Peru. Values represent three-year averages.
 
from composites made every three months.
 
Crop residues are measured and analyzed for nutrient fallow) and the multistrata treatment. This amount is sig
content at each harvest. nificantly less than the 11.7 t/ha/yr in the forest-fallow 

Annual litterfall averages 7.5 t/ha for both the shifting- control treatment (Table 1). Leaves account for 90% of 
cultivation treatment (which is now a four-year-old forest the litterfall for the three treatments. The litterfall pattern 

is similar for all the treatments, showing a slight peak
Table 1. Aboveground Inputs as Iitterf during the dry season (Figure 1)." or crapduigterysao(Fue1)residues for the various management options. The N concentration of the leaflitter in the multistratasystem averages 2.45%, compared to 1.62%, and 1.87% 

Litter or Residue N for the shifting-cultivation and forest-fallow treatments,
respectively (Table 2). These values correspond to 184, 

t/ha/yr kg/ha/yr 211, and 120 kg N/ha/yr for the multistrata, forest-fallow, 
Shifting cultivation 7.4 120 and shifting-cultivation treatments, respectiveiy. Phospho
High-input cropping 7.4 60 rus concentrations were similar for the multistrata and 

shifting-cultivation system, but lower for the forest fallow.Low-input cropping§ 4.8 60 Concentrations of the basic cations were higher for the 
Multistrata agroforestry§ 7.4 184 shifting cultivation system compared to the multistrata and 
Fallow control 11.7 211 forest-fallow treatments. 

Aboveground inputs as crop residues in the high-input 
§Numbers do not include litte rfall frem cover crops. cultivation were similar to input via litterfall in the 

Table 2.Nutrient concentration of aboveground Inputs for different treatments. 

N P K Ca Mg 

Shifting cultivation 
(leaves) 1.62 .14 .94 2.03 .31 

High-input 
corn stalks .91 .19 1.54 .21 .14 
soybean residues .51 .39 0.70 1.04 .22 

Low-input 
rice straw 1.10 .;8 2.08 .35 .22 
cowpea residues 1.90 .26 1.91 1.28 .18 

Multistrata 
agroforestry 2.42 .15 .70 1.67 .21 

Forest fallow 
(leaves) 1.87 .10 .50 1.62 .21 
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multistrata treatments, whereas residues in the low-input 
treatment were significantly lower. Nitrogen inputs in 
residues were much lower than that added via litterfall 
because of the low N concentrations of the plant material. 
Calcium inputs with residues would also be lower than 
with litterfall. 

Soil Fertility Dynamics: Y-412G 

Eduardo Uribe,N.C. State University
 
Lawrence T. Szott, N.C. State University
 
Julio C. Alegre, N.C. State University
 

High-input System 
The high-input system is treated separately from the other 
systems because periodic lime and fertilizer applications 
cause clear differences in its soil chemical properties. 
Furthermore, the analysis of the high-input system 
concentrates on the downward movement of nutrients, 
since subsoil chemical constraints often limit root growth 
in Ultisols. The downward movement of nutrients to the 
subsoil would improve the rooting environment of this 
layer and would permit greater root proliferation. This, in 
turn, would increase the amounts of water and nutrients 
available to crop plants. 

To detect changes in the extractable nutrient pool at the 
four depths (0 to 15, 15 to 30, 30 to 50, and 53 to 100 cm), 
we selected the soil nutrient levels three days after burning 
as reference points against which to compare measure
ments at 3, 6, 12, 18, and 24 months after burning. The 
differences between succeeding observations and the 
reference points are called delta values. Reference values 
are presented in Table 1. 

PotassiumMovemen! 
Table 2 presents the delta K values for the two soil 
textures. For the loamy sand and for the sandy loam, the 
post-bum topsoil K level was 0.23 cmol/L (Table 1). 
Table 2 indicates that this surface K level could not be 
maintained by applications of K fertilizers to the loamy 
sand; delta K values at the surface after burning were 
negative. On the other hand, the surface K level of the 
sandy-loam surface horizon was increased by subsequent 
K fertilizer applications. The ability of the sandy-loam 
surface horizon to maintain its Klevels for longer periods 
after K additions was related to its higher CEC and clay 
content, and hence its higher K-buffering capacity. This 
finding indicates that those managing K fertilizers in high
input systems must consider the way in which texture 
controls the residual effect of K additions. 

As indicated in Table 2, K applications resulted in net 
positive and statistically significant increases in subsoil K 
levels for the two soils. This finding suggests that K 
moves downward. That pattern was much more pro
nounced for the loamy sand, which, as indicated above, 
exhibited a short residual effect from K additions in the 
surface horizon. Therefore, the short residual effect of K 
applications in Ultisols of loamy-sand surface texture was 
associated with very rapid leaching of the applied K. 

Twenty-four months after the rotation was established, 
the residual effect of previous Kadditions had virtually 
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disappeared from both soils. The delta K values indicate tion of Ca at lower depths was of greater importance in the 
that the 252 kg/ha of K applied during 24 months (Table loamy sand. For the sandy loam, significant increases in
2) could not be detected. However, since the crop was Ca contents between 15 and 30 cm were detected only at 
close to physiological maturity, a significant portion of the 24 months after burning.
applied K may have been contained in the crop biomass at 
a fairly high yield level (Table 1)and therefore could not Magnesium Movement 
be detected by soil analysis. 	 Mg movement exceeded that of Ca for the two textures
 

(Tables 3 and 4). Magnesium levels for the loamy sand
 
Calcium Movement increased significantly down to 100 cm at 12 months after
The effect of Ca additions, in the form of ash and as 2000 burning, but in the sandy loam, Mg levels between 30 and 
kg/ha of dolomitic lime, on subsoil Ca levels is presented 50 cm were inicreased only 18 months after burning. This 
in Table 3. Although some Ca leaching took place in the difference suggests that texture also has an important
loamy sand, downward Ca movement was of a lesser effect on the leaching rate of this cation. 
magnitude than in the case of K. As with K, the accumula-

Table 1. Nutrient levels to 1-m depth for the two different-textured soils In the high-Input system three days after
burning, Yurimaguas, Peru. These values served as reference points against which values from later dates were 
compared. 

Loamy sand 	 Sandy loam 

Depth P K Ca Mg Al P K Ca Mg A 

cm mg/L cmo;/L mg/L cmol/L 
0-15 10.4 .23 
 .84 .14 1.0 12.5 .23 .61 .22 3.8 
15-30 3.5 .06 .54 .06 2.1 3.1 .06 .41 .08 4.9 
30-50 4.5 .04 .48 .07 2.5 1.9 .04 .45 .o 5.6 
50-100 6.0 .06 .24 .05 2.3 1.8 .06 .22 .07 6.4 

Table 2. Delta K values for the two soils 100-cm depth during the first 24 months of the high-input
rotation, Yurimaguas, Peru. Delta K Isthe difference between the actual value and original value
 
(see Table 1).
 

Delta K (cmol/L) 

Months after burning 

-0.25 3 6 12 18 24 

Depth (cm) 	 Loamy sand 
0-15 -0.14 -0.03 -0.05 -0.09 -0.08 -0.10
 
15-30 -0.02 0.13" 0.04*
0.13" 0.02* 0.00
 
30-50 °
0.00 0.08" 0.09" 0.04 0.04" 0.01
 
50-100 0.00 
 0.00 0.02 0.02* 0.02 0.00 

Sandy loam 
0-15 -0.14 0.18" 0.10" 0.03 -0.05 -0.02


°
15-30 -0.02 0.16 0.09* 0.12 0.07 0.03
 
30-50 -0.01 0.08 0.06 0.07 0.05 
 0.03 
50-100 0.00 0.00 	 0.000.00 	 0.04* 0.01 

= Statistically significant P < 0.05 charge. 
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Changes in Soil Exchangeable Acidity change was consistent throughout the loamy-sand profile;
Accumulation of Ca and Mg at Ir'wer depths should result significant decreases of exchangeable acidity took place
from the movement of those cations with their respective down to 50 cm from the sixth to the 24th month. In the 
anions. Thus, accumulation of Ca and Mg carbonates at loamy sand, the pattern was more erratic; exchangeable
lower depths should decrease exchangeable acidity. Table acidity decreased significantly down to 100 cm only at 12 
5 indicates that e;:changeable acidity significantly months after establishment. 
decreased at lower depths for the two soil textures. This 

Table 3. Delta Ca values for the two soils to 100-cm depth during the first 24 months of the high-

Input rotation, Yurimaguas, Peru. 

Delta Ca (cmol/L) 

Months after burning 

-0.25 3 6 12 18 24 

Depth (cm) Loamy sand 
0-15 
15-30 

0.01 
-0.02 

-0.08 
-0.21 

0.76* 
0.18 

0.63* 
0.25 

0.72* 
0.I33 

0.90* 
0.45' 

30-50 -0.08 -0.17 -0.06 -0.15 0.20 -0.04 
50-100 0.00 0.00 0.01 0.02 0.20* -0.09 

Sandy loam 
0-15 -0.13 0.52* 0.80* 1.45* 1.50* 1.62" 
15-30 -0.08 0.04 -0.08 0.22 0.62 0.18" 
30--50 -0.24 -0.16 -0.21 -0.16 -0.05 -0.28 
50-100 0.00 0.00 -0.07 -0.02 0.09 -0.13 

* = Statistically significant p < 0.05 charge. 

Table 4. Delta Mg values for the two soils to 100-cm depth during the first 24 months of the high-

Input rotation, Yurlmaguas, Peru. 

Delta Mg (cmol/L) 

Months after burning 

-0.25 3 6 12 18 24 

Depth (cm) Loamy sand 
0-15 -0.01 0.06 0.33' 0.37" 0.35* 0.83* 
15-30 -0.01 0.03" 0.14* 0.21 0.47* 0.32* 
30-50 -0.03 0.02 0.02 0.03 0.20* 0.11' 
50-100 0.00 0.00 -0.01 0.03' 0.1i' 0.01 

Sandy loam 
0-15 -0.70 0.31' 0.34* 0.62* 0.64* 1.23 ° 

15-30 -0.02 0.10 0.03 0.20* 0.43 0.23* 
30-50 -0.04 -0.03 -0.01 0.03 0.09* 0.01 
50-100 0.00 0.00 -0.01 0.00 0.05 -0.02 

* = Statistically significant p < 0.05 charge. 
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Table 5. Delta Ac changes InKCI-extractable acidity values for the two soils down to 100 cm during
the first 24 months of the high-input rotation, Yurlmaguas, Peru. 

Delta Ac (cmol/L) 

Months after burning 

-0.25 3 6 12 18 24 

Depth (cm) 	 Loamy sand 
0-15 0.34 0.32 -0.82* -0.40 -0.86* -0.94"
15-30 -0.01 -0.06 -0.83" -1.24" -1.73" -1.05 
30-50 -0.20 1.34 -0.59" -0.83* -1.00, -0.71* 
50-100 0.00 0.00 -0.20 -0.59* -0.32 0.07 

Sandy loam 
0-15 0.54 -0.92* -1.32" -2.68* -2.64* -3.14* 
15-30 -0.12 0.52 -0.32 -2.08* -1.24* 0.03
30-50 0.04 -3.78* -0.74 -2.12* -0.70 0.02 
50-100 0.00 0.00 0.26 -1.62* -1.00 -0.02 

*= Statistically significant p < 0.05 charge. 

In order to better quantify the relationship between of approximately 138 kg/ha. Phosphorus leaching in the
changes in soil av"idity and changes in Ca and Mg contents 	 sandy loam, however, was less. The fact that P leaching
at each depth, we developed a series of linear equations. 	 appears less in the soil with higher clay content suggests
The regressions indicate that increases in Ca contents at that fixation sites must be saturated before downward 
lower depths and decreases in subsoil exchangeable 	 movement of P becomes important. Downward movement 
acidity were significantly related, but that increases in Mg 	 of P in organic forms not susceptible to fixation may also
could not explain the observed decreases in exchangeable 	 be a possibility. These soils, although acid, have a low P
acidity. The relationships for the loamy sand are as fixation capacity aad low P-buffering power, both of 
follows: which make the size of the labile pool sensitive to P 
Depth Re_ression equation R2 Sig ddditions. 
cm 
 Low-input and Agroforestry Systems0-15 Delta Ac = 0.193-1.193 Delta Ca 0.602 0.01 	 Levels of exchangeab- Al, K, Ca, Mg, and available 

15-30 Delta Ac = 0.422-0.152 Delta Ca 0.595 0.01 (Olsen) P in the 0- to 15-cm and 15- to 30-cm horizons
 
30-50 Delta Ac = 0.442-2.171 Delta Ca 0 280 0.01 
 were compared among systems receiving little or no
50-100 No variables in the'model are significant. fertilizers (i.e. the high-input system was not included in 

For the sandy loam, there was no significant relation- these comparisons). At each date, Duncan-WaIler LSD's
ship between subsoil exchangeable acidity and Ca or Mg 	 were used to compare treatment means for each soil 
levels, perhaps because Ca and Mg leaching on this soil 	 texture. Furthermore, orthogonal contrasts ".',reused to 
was reduced. However, a relationship was found between 	 test the following hypotheses: 1)the soil under the old
Delta Ca and Delta Ac at the surface: 	 forest fallows would be impoverished compared to the 

Delta Ac = 0.14-1.46 Delta Ca r1= 0.913 (a=0.001) other treatments because of greater nutrient extraction andimmobilization in the forest biomass; 2) the soil nutrient 

Phosphorus Movement levels would be lower and exchangeable Al levels would 
Phosphorus leaching in acid soils has usually been be higher in the low-input cropping systems than in the 
considered to have only academic interest. However, the other three systems (shifting agriculture, multistrata, and 
data in Table 6 indicate that P leaching in sandy acid soils peach-palm plantation) due to greater nutrient removal in 
may be of practical importance. crop harvests; 3) the soil nutrient levels would be higher in 

Statistically significant increases in scil P levels down the shifting-agriculture system, compared to the muitis
to 100 cm were observed for the loamy sand after 12 trata and peach-palm systems, because fewer nutrients areremoved in crop harvests; and 4) relatively minor differ
months and after a total P application (ash plus fertilizers) 	 ence in onurves wd e beteen the 

ences in soil nutrient levels would exist between the 
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Table 6. Delta Pvalues for the two soils down to 100 cm during the first 24 months of the high-

Input rotation, Yurimaguas, Peru. 

Delta P (cmol/L) 

Months after burning 

-0.25 3 6 12 18 24 

Depth (cm) Loamy sand 
0-15 -0.23 2.53 
15-30 1.52 2.69* 
30-50 1.66 2.55 

0.84 
3.74* 

-1.78 

11.16" 
7.00* 
2.50* 

11.92* 
10.36* 
5.17* 

15.84* 
0.34* 
3.38* 

50-100 0.00 0.00 -0.20 3.67* 2.76* 4.71* 
Sandy loam 

0-15 -4.90 -0.02 -1.80 5.06 8.52 9.84* 
15-30 0.96 0.26 -1.28 1.08 4.54* 1.72* 
30-50 -1.32 0.40 -0.96 1.86 3.38* 1.32 
50-100 0.00 0.00 1.20 1.34* 1.80* 2.40 

*= Statistically significant p <0.05 charge 

multistrata system and the peach-palm plantation because trata system and after 18 months in the peach-palm
of similar rates of nutrient removal in crop and tree plantation were probably due to K limitation and the shade 
production. produced by the associated trees. 

The contrasts are shown in Table 7. The topsoil under 
the 13-year-old forest fallow is less fertile than under any Potassium 
of the other systems in terms of lower base contents and In the soil's upper 15 cm, K approximately doubled withi.,
higher Al content. This difference probably shows the three months after burning, decreased to near preburn
effect of ash in increasing soil fertility, an effect which levels by 12 months, and was maintained around these 
was still significant after 36 months in the topsoil. There levels to 36 months (I'able 8). In the forest-fallow treat
were no consistently significant differences in the con- ment, K levels fluctuated with time. They were lower than 
trasts between the low-input, shifting-agriculture, peach- in the other treatments up to 12 months after burning, but 
palm, or multistrata systems-a simi!arity which suggests intermediate thereafter. At 24 and 36 months, K levels 
similar soil chemical dynamics. 	 differed among treatments, but there were no clear 

patterns in these differences. 
Overall Trends In the 15- to 30-cm horizon, K levels more than tripled
At most dates, available P in the soil's upper 15 cm was as a result of the burn, but declined to preburn levels by 24 
approximately 25 to 50% greater in the loamy sand than in months (Table 9). Potassium levels in the forest-fallow 
the sandy loam; K, Mg, and Al levels were approximately treatment fluctuated with time and were significantly
30 to 50% greater; and Ca levels were only slightly lower than in the other treatments at three and six months; 
greater. Nevertheless, absolute changes in the level of after six months, there were few differences among 
each nutrient over time in the different soils were similar, treatments. 

In the 15- to 30-cm horizon, nutrient cations and 
available P levels were less than 50% of those measured in Calcium and Magnesium 
the top 15 cm, and exchangeable Al in the lower horizon In the soil's upper 15 cm, patterns of change in Ca and Mg 
was more than double that in the upper layer. As in the over time were qualitatively similar (Table 8). Levels of 
upper layer, available P was greater in the loamy sand both elr.ments peaked within three to six months after 
than in the sandy loam, while the reverse was observed for burning and declined to near prebum levels within 24 to 
K, Mg, Ca, and Al. 36 months. Ca and Mg levels in the forest-fallow treat-

Greater soil moisture retention and nutrient levels were ment tended to decline with time and were lower than in 
probably responsible for the greater crop yields and tree the other treatments. In the shifting-cultivation, low-input,
growth on the sandy loam than on the loamy sand. and multistrata treatments, both Ca and Mg increased 
Reductions in crop yields after 12 months in the multis- between 12 and 18 months. We are unable to determine 
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Table 7. Pairwlse contrasts of soil nutrlent ievels at two depths among management sys
tems, Yurlmaguas, Peru. The <or > signs refer to the comparison of the first treatment of the
pair with the other. The numbers following the signs are the months after burning Inwhich a 
significant difference (p < .05) was present. 

Contrast§ 

Nutrie6*t SF vs LI,SA,MS,PP LI vs SA,MS,PP SA vs MS,PP MS vs PP 

0- to 15-cm soil depth 
Al >3,6,18,24,36 >3 
K <3,6,12,36 <3, >36 <6,24 
Ca <6,12,18,24,36 
Mg <3,6,12,18,24,36 

15- to 30-cm soil depth 
Al >3,36 >3,18 
K <3,6,24 
Ca <3,18,36 
Mg <3,18,36 >3 

§SF= old secondary forest; LI= low-input cropping; SA= shifting agriculture; MS= multistrata agro
forestry; PP= peach-palm plantation. 

the cause of this peak, but we have seen it before. One 
possibility is the release of bases from tree stumps and 
large roots. 

In the 15- to 30-cm horizon, the peak due to burning 
was observed immediately for Ca and three months 
afterwards for Mg (Table 9). Values of both elements 
declined b.tween three and 12 months, increased between 
12 to 18 months, decreased between 18 and 24 months, 
and increased between 24 and 36 months. In the forest-
fallow treatment, Ca levels tended to decrease during the 
first 25 mont:s, but Mg levels w-re appioximately 
constant over time. With the exception of the 36-month 
sampling, there were few significant differences among 
treatments in Ca or Mg levels at any date. At 36 months, 
Ca and Mg levels tended to be higher in the shifting-
cultivar and peach-palm treatments and lowest in the 
forest-fallow treatment. 

Phosphorus 
In the soil's upper 15 cm, levels of modified Olsen 
available P fluctuated between 8and 11 mg/L at most 
sampling dates (Table 8). At 18 months, however, P levels 
tended to be higher than at other sampling dates, but at 36 
months, levels were lower. There were no significant 
differences among treatments at any date. 

Available P levels in the 15- to 30-cm horizon tended 
to fluctuate between 3 and 6 mg/L (Table 9). Once again, 
the highest levels of P (6 to 8 mg/L) were observed at 18 
months. There were no significant differences among 
treatments at any sampling date. 

Exchangeable c'.idity 
In the soil's upper 15 cm, exchangeable acidity declined 
within 12 to 18 months following burning, and except for 
the multistrata and forest-fallow treatments, acidity levels 
at 36 months were still v ell under preburn levels (Table 
8). In the multistrata treatment, acidity at 36 months was 
similar to the preburn level; in the forest-fallow treatment, 
acidity levels generally tended to increase with. time. At 
the majority of sampling dates, treatments differed 
significantly in acidity levels: acidity was significantly 
greater in the forest-fallow treatment than in the others. 

In the 15- to 30-cm horizon, temporal patterns in 
exchangeable acidity levels were similar to those in the 
upper soil layer with the exception that acidity levels 
approached or exceeded preburn levels at 24 months 
before dropping to below preburn levels once again at 36 
months (Table 9). There were few treatment-related
 
differences at any sampling date: only at 3 and 36 months
 
were acidity levels significantly greater in the forest
fallow treatment than in the others.
 

Conclusions
 
The following conclusions are clear:
 

1)More treatment-related differences were observed in 
the soil's upper 15 cm than at 15 to 30 cm, probably due 
to greater nutrient fluxes (plant nutrient uptake, leaching, 
mineralization) in the upper layer. 

2)Apait from the forest-fallow treatment, which had 
lower soil nutrient and higher acidity levels than the other 
treatments at most sampling dates (Tables 7 to 9), there 
were few differences among the other treatments. This 
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Table 8. Changes* In soil (0 to 15 cml) chemical properties with time In the nonfertilized manage
ment systems. 

Months 
System 

after Shifting Low Multi- Peach Forest 
burning cultlv. Input strata palm 'allow 

-1 1.57 b 2.47 a 
Exch. Ai (cmol/L) 

1.16 b 1.36 b 1.97 ab 
0 
3 
6 

12 

1.56 
1.09 b 
0.76 b 
1.11 

1.84 
1.79 ab 
1.35 ab 
1.11 

1.45 
0.94 b 
0.75 b 
0.61 

1.39 
0.89 b 
0.68 b 
0.45 

-
2.25 a 
2.07 a 
0.69 

ns 

ns 
18. 0.55 b 1.35 ab 0.53 b 0.69 .b 1.97 a 
24 
36 

0.92 b 
0.64 b 

1.61 ab 
1.45 ab 

0.97 b 
1.15 ab 

0.97 b 
0.94 ab 

2.19 a 
2.33 a 

-1 
0 
3 

0.11 
0.20 
0.23 a 

0.09 
0.19 
0.29 a 

Exch. K (cmol/L) 
0.10 
0.17 
0.21 ab 

0.10 
0,16 
0.26 a 

0.09 
-

0.11 b 

ns 
ns 

6 0.18b 0.19 ab 0.17b 0.21 a 0.11 c 
12 
18 

0.07 b 
010 

0.09 a 
0.10 

0.08 ab 
0.10 

0.11 a 
0.12 

0.07 b 
0.10 ns 

24 0.09 ab 0.09 ab 0.07 b 0.10 a 0.08 ab 
36 0.12 a 0.08 b 0.08 b 0.08 b 0.11 ab 

-1 1.01 0.86 
Exch. Ca (cmol/L) 

0.92 C.93 1.01 ns 
0 
3 

0.77 
0.77 

1.12 
0.92 

0.87 
1.23 

0.83 
1.09 

-
0.63 

ns 
ns 

6 1.19 ab 1.10 ab 1.09 ab 1.27 a 0.72 b 
12 1.14 ab 1.01 ab 0.97 ab 1.35 a 0.66 b 
18 
24 
36 

1.37 a 
1.11 a 
0.89 a 

1.10 ab 
0.88 ab 
0.92 a 

1.32 a 
0.95 a 
0.68 a 

1.20 a 
1.08 a 
1.02 a 

0.68 b 
0.50 b 
0.38 b 

-1 
0 
3 

0.18 
0.15 
0.32 ab 

0.17 
0.22 
0.30 ab 

Exch. Mg (cmol/L) 
0.17 
0.18 
0.34 a 

0.15 
0.16 
0.31 ab 

0.17 
-

0.15 b 

ns 
ns 

6 0.28 a 0.27 a 0.26 a 0.25 a 0.14 b 
12 0.25 a 0.22 ab 0.21 ab 0.23 a 0.15 b ns 
18 0.30 a 0.25 ab 0.28 a 0.24 ab 0.20 b 
24 
36 

0.21 
0.23 a 

0.20 
0.20 ab 

0.21 
0.19 a 

0.20 
0.19 a 

0.12 
0.13 b 

ns 

-1 
0 
3 

9.6 
10.5 
12.1 

9.0 
10.9 

8.6 

Olson P (mg/L) 
9.9 
8.9 

11.0 

10.7 
9.9 

11.6 

10.7 
-

6.5 

ns 
ns 
ns 

6 
12 
18 
24 
36 

8.1 
10.5 
10.7 
8.4 
6.6 

7.3 
8.1 

13.1 
9.1 
6.3 

7.4 
9.1 

11.0 
7.5 
5.1 

8.8 
10.7 
13.4 

9.0 
7.3 

5.3 
7.0 

14.1 
7.8 
8.4 

ns 
ns 
ns 
ns 
ns 

* For a given date, treatments followed by the same letter are not significantly different (p = 0.05), based
 
on the Duncan-Waller test.
 
SF = secondary forest.
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Table 9. Changes* in soil (15 to 30 cm) chemical properties with time In the nonfertilized manage
ment systems. 

System 
Months 
after Shifting Low Multi- Peach Forest 
burning cultlv. Input strata palm fallow 

Exch. Al (cmol/L) 
-1 2.64 bc 3.73 a 2.37 c 2.73 bc 3.31 ab ns 
0 2.62 3.31 2.66 2.65 - ns 
3 2.49 ab 3.30 ab 2.11 b 2.18 b 3.56 a 
6 2.35 3.00 2.17 2.21 3.19 ns 

12 1.75 2.19 1.68 1.61 2.23 ns 
18 2.68 ab 3.39 a 1.90 b 2.73 ab 2.85 ab 
24 3.04 3.67 2.65 2.83 4.11 ns 
36 2.21 3.11 2.30 2.09 3.68 ns 

Exch. K (cmol/L) 
-1 0.04 0.04 0.04 0.04 0.05 ns 
0 0.04 0.06 0.05 0.06 - ns 
3 0.16 a 0.14 a 0.14 ab 0.17 a 0.06 b 
6 0.11 a 0.12a 0.11 a 0.14a 0.05b 

12 0.08 0.08 0.12 0.09 0.04 ns 
18 0.08 0.08 0.07 0.07 0.10 ns 
24 0.04 ab 0.05 ab 0.05 ab 0.06 a 0.03 b 
36 0.06 0.07 0.07 0.07 0.07 ns 

Exch. Ca (cmol/L) 
-1 0.50 0.48 0.54 0.51 0.54 ns 
0 0.52 0.55 0.60 0.60 - ns 
3 0.41 ab 0.37 ab 0.51 a 0.47 a 0.27 b 
6 0.35 0.35 0.36 0.37 0.36 ns 

12 0.29 0.31 0.33 0.44 0.31 ns 
18 0.48 0.50 0.50 0.37 0.31 ns 
24 0.24 0.24 0.21 0.24 0.20 ns 
36 0.40 a 0.38 a 0.33 ,b 0.43 a 0.20 b 

Exch. Mg (cmol/L) 
-1 0.06 0.07 0.08 0.06 0.07 ns 
0 0.06 0.09 0.07 0.07 - ns 
3 0.10 ab 0.10 ab 0.14 a 0.10 ab 0.07 b 
6 0.06 0.06 0.06 0.05 0.04 ns 

12 0.07 0.08 0.08 0.07 0.07 ns 
18 0.14 a 0.14 a 0.15 a 0.11 ab 0.07 b 
24 0.07 0.07 0.07 0.08 0.05 ns 
36 0.10 a 0.08 ab 0.09 ab 0.10 a 0.05 b 

Avail. P (mg/L) 
-1 6.4 5.0 5.5 6.2 5.0 ns 
0 2.8 3.3 4.2 4.2 - ns 
3 5.8 4.6 5.8 6.4 3.7 ns 
6 3.3. 3.0 4.0 4.0 3.5 ns 

12 4.5 4.2 5.4 5.7 4.0 ns 
18 6.1 7.4 8.4 7.6 8.4 ns 
24 4.7 4.2 4.2 5.8 4.5 ns 
36 5.0 5.0 5.1 6.7 4.9 ns 

* For a given date, treatments followed by the same letter are not significantly different (P = 0.05), based 
on the Duncan-Waller test. 
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uniformity was probably due to similar amounts of 
nutrient removal in harvested products, biomass inobili-
zation in the treatments, and the relatively short period in 
which the soil had been exposed to these effects. In the 
forest-fallow treatment, lower soil nutrient levels were 
likely the result of greater nutrient immobilization in 
vegetation. These treatment differences were more 
accentuated on the loamy sand than on the sandy !oam 
since the greater CEC and higher clay content of the sandy 
loam tended to buffer soil nutrient levels. 

3) Available P and K appeared to be well-buffered 
since P levels changed little after burning and since therewas itte cangein 12monhs.methods.leelsafte waslTle effchang he m s eae2emon s innu4) The effect of the burn was delayed. Peaks in nutrient 

levels or low acidity levels were usually observed three to 
six months after burning; furthermore, the residual effect 
appeared to last approximately 24 months. In the 15- to 
30-cm soil layer, the effect of the burn was less pro-
nounced, and the residual effect appeared to be shorter, 

5) Peaks in nutrients and acidity in both soil depths at 
18 months (in the midst of the wet season) and the obser
vation of higher peaks on the loamy sand may have been 
caused by rapid nuLriei!t release from organic material; 
alternatively, the peaks may be the result of our analytical 
method. 

Soil Carbon and Nitrogen Dynamics:
Y-412H 

C.A. Palm, N.C.State University 
GloriaMelindez, INIAA, Yurimaguas, Peru 

Total soil C and N, microbial N, and mineralizable N are 
monitored yearly. The de'erminations are made on three 
subsamples from each plot at two depths: 0 to 15 cm and 
15 to 30 cm. Total C is determined by the Nelson-and-
Sommer method and total N by the mico-Kjeldahl 

Mineralizable N is determined from a 10-day
laboratory incubation. Subsamples are analy7cd for K 2S04extractable ammonium and nitrate (inorganic nitrogen) at 
time zero. Soils are incubated at room temperature (26 C) 
for 10 days and then extracted for exchangeable ammo-

Table 1. Total soil carbon and nitrogen Inthe topsoil (0 
to 15 cm) three years after the treatment was estab
lished. 

Block 

1 2 3 
Loamy Sandy Loamy 

System sand loam sand 

%C 

Shifting
cultivation 1.16 0.95 .66 

High-input
cropping .96 1.12 .73 

Low-input
cropping 1.04 1.24 1.12 

Multistrata 
agroforestry 1.17 1.09 0.71 

Peach-palm
plantation 1.21 0.82 1.13 

Forest fallow 1.06 1.18 0.86 
% N 

Shifting
cultivation .07 .08 .06 

High-input 
cropping .06 .09 .07 

Low-input 
cropping .07 .09 .07 

Multistrata 
agroforestry .08 .10 .07 

Peach-palm
plantation .08 .07 .08 

Forest fallow .08 .10 .07 
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nium and nitrate. The difference in exc'hangeable inor-
ganic nitrogen during the 10-day period is considered net 
N mineralization. The laboratory incubation is pertermed 
on soils at the moisture content at which they were 
collected. Microbial N is determined by the fumigation 
direct-extraction method, and the K2S04 extract is ana
lyzed for ninhydrin-reactive Nat time zero and after a 
five-day fumigation. 

Three years after the treatments were established, there 
were no significant differences in total soil C or N among 
treatments, including the forest-fallow control treatment 
(Table 1). This implies that there was no significant 
change in soil C or N with time in any of the treatments, a 
finding confirmed by the lack of significant difference in 
soil C and Nbetween any of the sampling dates (data not 
shown). There were differences in C and N contents 
among blocks. The differences in topsoil C were not 
related to soil texture, but N was highest in the block with 
the highest clay content. The similarity in soil C with the 
different management options is surprising given the 
different amounts of aboveground and belowground 
organic inputs, fertility treatments, and tillage treatments.
Other studies in the humid tropics have shown large
differences between forest and managed sites after only a 
few months. In this experiment, we are comparing 
treatments to a secondary forest, which could explain the 
lack of response to management. 

Nitrogen mineralization was consistently highest in the 
forest-fallow control treatment compared to the other 
treatments (Table 2). There were no further trends among 
treatme..ts from year to year, none being consistently high 
or low. Measurements of nitrogen mineralization lje time-
consuming and often give extremely variable results,
especially in the humid tropics. Modelling mineralization 
according to temperature and soil-moisture trends may
provide an alternative method for predicting nitrogen
availability 0 roughout the year. 

Soil microbial N, expressed as extractable ninhydrin
reactive N, also was generally higher in the foicst-.allow 
treatment and tended to be lowest in the high-input 
cropping system (Table 3). Microbial N was higher in the 
treatment with a sandy-loam texture as compared to the 
treatments with loamy-sand texture. There was no 
correlation between N mineralization and microbial N for 
any of the three years, This !ack of correlation was 
unexpected and brings into question what the measure
ments represent in terms of soil microbial biomass. A 
measurement for microbial turnover rates would perhaps
be more meaningful for nitrogen availability. 

Table 2. Mineralizable nitrogen* Inthe topsoil (0 to 15 
cm) for three years after the treatment was estab
lished. 

System 1987* 1988 1989 

-- g N/g soil/10 days
 
Shifting
 

cultivation 1.26 - 5.32 be
 
High-Input
 

cropping 3.90 a 4.99 a 3.34 d
 

Low-input
 
cropping 4.01 a 4.15 ab 5.60 bc
 

Multistrata
 
agroforestry 3.71 a 4.14 ab 4.93 c
 

Peach-palm
 
plantation 2.66 ab 2.59 b 5.94 b
 

Forest fallow 4.10 a 6.08 a 7.05 a
 

* Values within a column followed by the same letter are
 
not significantly different
 

Table 3. Microbial NIn the topsoil (10 to 15 cm)

expressed as extractable nlnhydrin-reactive NIn the
 
different treatments.
 

System 1987 1988 1989 

g N/g soil
 
Shifting
 

cultivation 22.5 b 4.4 bc 9.1 a
 

High-input 
cropping 15.6 d 2.9 d 9.2 a 

Low-input 
cropping 19.2 c 5.2 b 8.0 a 

Multistrata 
agroforestry 20.0 bc 4.6 bc 17.4 a 

Peach-palm 
plantation 16.2 d 4.0 d 11.1 a 

Forest idllow 33.6 a 6.4 a 10.7 a 

* Values within a co!umn followed by the same letter are 
not significantly different. 
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Agroforestry: NC-4
 

Shifting cultivation is no longer a sustainable farming 
system in many areas of the humid tropics because 
increased population pressure and land-tenure systems 
have decreased fallow periods. Often an insufficient 
infrastructure or inaccessible markets preclude continuous 
cultivation as an economically viable alternative. Under 
the traditional system, land is in production one year for 
every five years in unproductive fallow. The low-input 
system provides two to three years of profitable cropping, 
but then productivity declines due to decreasing fertility 
and increasing weed problems. At this point, the system 
has to be abandoned. Agroforestry offers a variety of land-
use options ranging in degrees of management and inputs, 

Agroforestry research in Yurimaguas started in 1983 
and has focused on three areas of research: food-tree 
systems, alley-cropping, and improved fallows. Current 
problems in agroforestry research relate to the sustainabil-
ity of these systems. 

Food-tree systems include combinaions of trees or 
woody perennials that produce edible fruit in combination 
with ground-cover plants. Relatively unknown native food 
trees with market potential have been collected and 
screened for acid tolerance in Yurimaguas and Manaus. 
The principal species include peach palm (Bactris 
gasepaes),guaranA (Paulinacupana), araz, (Eugenia 
stipitata),carambola (Averrhoa carambola),and achiote 
(Bixa orellana).Various aspects of nursery management 
and fertilization have been investigated, as has the 
management of peach palm in acid soils. A technological 
package is being developed for extrapolation. 

Tree-crop systems need research on the role of mycor-
rhizae in nursery management and transplanting survival, 
the selection of appropriate cover crops, :nd the impor-
tance of fertilization during the establishment and produc-
tion phase of food-tree crops. Work is just beginning on 

species other than peach palm and guarand. The research 
design for that work will be the same one used for 
investigating the establishment and management of the 
peach palm. 

In the subhumid tropics, alley-cropping is a successful 
agroforestry system for soils with a high base status. Thus 
far, we have had limited success with alley-cropping in 
sandy Ultisols. We need to investigate nutrient budgets 
and related biological processes (decomposiiion and 
mineralization as related to mulch quality, N-fixation, 
mycorrhizal associations, root dynamics, and tree-crop 
competition) in order to understand the nutrient dynamics 
and related crop yields. 

Several alley-cropping studies monitor mulch quality, 
nutrient cycling, root dynamics, weed biomass, and 
physical properties of the soils. In addition, tree selections 
and management trials continue to look for trees appropri
ate to the alley-cropping systems used in the region's 
various soils. Selection trials for leguminous trees that 
tolerate acid soils have thus far concentrated on the genera 
Inga and Gliricidia. 

Research on improved fallows is important because the 
fallow period has become shortened in many areas of the 
tropics, often reaching a point at which there is insuffi
cient time for the site to regenerate. This regeneration 
appears to involve soil fertility and weed control. Efforts 
must be made to manage and improve the fallows. These 
efforts should seek to reduce the size and vigor of the 
weeds' seed pool and to enrich the soil with nitrogen by 
including nitrogen-fixing species in the fallow vegetation. 

Farmers must see some tangible reason for adopting 
new technologies. If species used in the improved fallows 
provide some economic product during or at the end of the 
fallow phase, farmers may be more inclined to plant 
managed fallows. 
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Summary of Results: Y-400B 

C. A. Palm,N.C. State University 

Peach-palm Research 
Fertilization and liming trials have been conducted for the 
vegetative stage of peach-palm fruit production. These 
trials indicate the need for N and P fertilization during the 
establishment phase. Using cover crops during this phase 
may help supply the necessary N. An experiment was 
established in 1987 for testing various cover crops 
(mucuna, centrosema, desmodium, and inga) and estab-
lishment practices (low-input cropping and fertilization), 
Early results indicate that a year of low-input intercrop-
ping was not harmful to the establishment of the palm, but 
immediate establishment of the cover crop retarded palm 
growth. Mucuna was a particularly.competitive cover 
crop. Macuna and centrosema planted following a year of 
cropping appear to be the best choices. The rest of this 
experiment will focus on managing various types of cover 
crops. In some treatments, the cover crop will be cut 
periodically, while in others, a continuous cover will be 
kept. Nitrogen availability patterns will be monitored in 
all treatments. 

A 10-year-old plantation is bei,,g uscd to test the 
effects of K fertilization on fruit production. The response 
to K has varied: 80 kg/ha was an optimum rate one year, 
but there was little response the other two years. 

Validation trials for peach-palm fruit and heart-of-palm 
production have been established on six farms. 

Alley-cropping Research 
Selection trials for leguminous trees tolerant to acid soils 
are concentrating on the genera Inga, Cassic, and Gliri-
cidia. The inga project began in 1988 wi'h a search and 
collection of local species. To date, 303 trees from 14 
provenances have been sampled. The samples have been 
sent off to several international herbaria for identification. 
In late 1990 and 1991, field trials will begin to test 10 to 
15 of these inga species for biomass production, tree 
architecture, mulch characteristics, and tree-management 
practices. Gliricidiasepium provenance trials began in 
1988. Of 15 original varieties, only iwo or three have been 
shown to grow well in the Yurimaguas region. Provenance 
14/84 from Guatemala produced significantly more 
biomass the first year. This trial will continue in order to 
determine sustainability in biomass production. In 
addition, provenance 14/84 will be tested at other sites via 
the RISTROP network. 

An alley-cropping trial on alluvial soils, begun in 1985, 
has been successful for corn and cowpea production. Rice, 
however, did not perform well in the alley-cropped plots. 

Several farmers indicated interest in alley-cropping 
because of the effective weed control provided by inga 
mulch. A field day and subsequent farmer selection is 
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planned to begin on-farm trials of alley-cropping with 
Inga edulis on alluvial soils. 

Alley-cropping has been tested unsuccessfully in 
upland acid soils, where nutrient deficiencies showed up 
after the first crop. In 1987, two new alley-cropping trials 
were established and are giving contradictory results. 

One of the trials on a sandy loam soil has shown 
continued high yields of rice and cowpea--even after 
eight crops. There is no difference in yields for the various 
mulch treatments (Inga edulis. Gliricidiasepium, and 
Cassiareticulata)or P fertilization. The other study on a 
loamy sand with Inga edulis as the hedgerow species 
shows low and declining yields without fertilization. 
Yields are maintained with fertilization, but competition 
with the hedgerows reduces yields close to the trees. 
Pruning hedgerow roots increases rice yields. The differ
ences obtained in the two studies may be related to soil 
texture, the sandy loam soil having a higher nutrient
storing and buffering capacity than the loamy sand. 

Managed Fallows 
Planted leguminous fallows that included a tree compo
nent stored more nutrients than the herbaceous fallows and 
in some cases even more nutrients than the natural fallow 
after 4.5 years. Rice yields following clearing and burning 
of the natural and managed fallows were higher in the 
managed Desmodium ovalifolium and Inga edulis treat
ments compared to the others. Nitrogen mineralization 
was initially higher in plots with trees but did iiot correlate 
to crop yields overall. Weeds were controlled better and 
faster by the herbaceous, ground-cover types of managed 
fallows. 

After three rice crops, the plots have been planted to 
fallow again. For the second fallow phase, a combination 
of tree (Ingaedulis) and cover crops (Centrosemamacro
carpum or Desinodium ovalifolium) has been planted. The 
fallows will be allowed to grow for two or three more 
years, at which time they will be cut, burned, and cropped 
to upland rice. Rice yields and the number of crops will be 
compared for the two managed fallow treatments and a 
traditional shifting-cultivation system. 

The search for economically valuable tree species that 
can be used in managed fallows has just begun. Several 
local species-including Ingaedulis, Colubrinaglandu
losa, and Calicophyllum sprucianum-havebeen identi
fied for their rapid growth, their resistance to weeds, and 
their usefulness as fuel wood. Demonstration plots and 
management trails using these and other local species are 
planned for 1991-1992. 



AIlometric Relationship to Predict Heart-
of-Palm Yields: Y-439 

L.T. Szott, N.C. State University 

Luis Arivalo, INI4AA, Yurimaguas, Peru 

Jorge Pirez,INIAA, Yurinmar'uas, Peru 


Objectives 
Basic information is needed regarding biomass partition-
ing in both adult and juvenile peach-palm plants. With 
juvenile plants used for heart-of-palm, such information 
can be used to develop more efficient harvesting and 
processing procedures. The objectives of this study were 
to describe biomass allocation in juvenile palms and to 
relate this allocation to easily measurable plant parame-
ters. 

Procedures 
In the first study, 40 small palms less than 6.3 m tall were 
harvested at ground level in order to establish relation-
ships between heart-of-palm fresh weight (HPFW) and 
length (HPL) and external morphological characteristics. 
Diameters were measured at 0.10, 0.65, and 1.30 m above 
the soil surface and at the origin of the oldest leaf. The 
aboveground height of the oldest and youngest leaves 
(excluding the spikelet) were also measured, and theleaves were counted. 


leave wer couted.of

The middle section of the plant containing the heart-of-

palm was cut out, and overlying layers of tissue were 
removed. The length and fresh weight of the heart-of-palm 
were measured, as were the diameters at the base and tip. 

In the second study, 30 small palms were harvested to 
establish relationships between heart-of-palm quantity and 
various parameters of agro-industrial importance such as 
transport weight. Diameters were measured at the points 
where the three newest leaves originated and at the top of 
the arch of the newest unfolded leaf, and the leaves were 
counted. The section of the plant containing the heart-of-
palm was cut out, leaving three leaf layers on the outside 
for protection during transport. 

At a heart-of-palm factory in Iquitos, the palm seg-
ments were weighed, their lengths measured, and the three 
outer leaf layers removed and weighed. Other unmer-
chantable parts (the ends, which have a harder or more 
fibrous texture) were also removed, measured, and 
weighed, as a result of which the heart-of-palm was ready 
for canning. The diameters at the butt and tip were 
measured, and the heart-of-palm was cut to fit the can. 
The resulting heart-of-palm pieces were counted ana 
weighed. 

Relationships among variables were examined. 
Correlation procedures and regression models were used 
to describe these relationships. 

Results 
In the first study, mean heart-of-palm fresh weight 
(HPFW) was 242 g (maximum 474 g, minimum 77 g), and 
mean heart-of-palm length (HPL) was 48.3 cm (maximum 
62 cm, minimum 36 cm) (Table 1). Variation in HPFW 
was large (cv = 48%), but there was less variation in HPL 
(cv = 15%). HPFW and HPL were significantly correlated 
with a number of external characteristics of the tree (Table 
2). 

Table 1. Descriptive statistics for the peach palms 
harvested for heart-of-palm at Yurlmaguas, Peru. 

Variable 
Study a 

Mean 
Study b 

Mean 

Heart-of-palm fresh weight
(HPFW) (g) 

242.0 184.1 

Heart-of-palm length 48.33 5.5 
(HPL) 

Height to origin of the 2.63 1.66 
3 newest leaves (H3) 
(m) 

Stem diameter at origin of 4.1 3.9 
3 newest leaves (D3) (cm) 

Stem diameter at the origIn 13.2 
the 2 oldest leaves

(D2) (cm) 

Stem diameter at the neck 13.8 5.1 
(DC) (cm) 

Distance between H3 and 1.99 
the neck (DHN) (cm) 

Number of live leaves (L) 7.7 6.3 

Table 2. Correlations and (significance level) between 
heart-of-palm fresh weight (HPFW) or length (HPL) and 
various peach-palm morphological characteristics at 
Vurmaguas, Peru. 
Morphological 

variable HPFW HPL 

D3 0.75 (.0001) 0.55 (.0002) 
D2 0.32 (.0466) 0.35 (.0269) 
DN 0.56 (.0002) 0.45 (.0033)
D32 0.73 (.0001) 0.53 (.0005) 
D22 0.33 (.0363) 0.36 (.0210) 
DN2 0.55 (.0002) 0.43 (.0051) 
H3 0.64 (.0001) 0.64 (.0001) 
DHC 0.63 (.0001) 0.68 (.0001) 
L 0.77 (.0001) 0.72 (.0001) 
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The best field predictor of HPFW was the number of 
leaves (NI,). The best two-variable regression model 
contained NL and diameter at tho origin of the three 
youngest leaves (D3). The regression equations are shown 
in Table 3. 

The single best predictor of HPL was also NL (Table 
3). The best two-variable model contained NL and the 
ratio of NL to the distance between the origin of the three 
youngest leaves and the neck. 

Further work is needed to clarify the relationship of the 
heart-of-palm segment to an external characteristic, such 
as the second leaf. Clarifying such relationships will 
produce more efficient harvests and lowe r transport costs. 

In the second study, the bulk of the material transported 
to the factory was waste (approximately 88%). Approxi-
mately 65% of the transport weight was due to the three 
outer protective layers of leaves and the fibrous tip. A 
hard base, similar to water chestnuts and having market 
potential, comprised 25% of the transport weight. The 
usable length of the segment transported to the factory 
represented approximately 50% of the total length. 

Clearly, the traditional criteria used for deciding where the 
palm should be cut can be improved. A key issue is to 
establish the optimal number of outer leaf layers needed to 
provide protection during transport while keeping excess 
weight to a minimum. 

In the factory, the volume of the heart-of-palm, based 
on its length and the average of the radii at both ends, was 
a good predictor of HPFW (equation 5, Table 3). This 
finding suggests that the density of heart-of-palm tissue 
(approximately 0.86 g/cm 3, based on the regression 
equation) was relatively constant under the conditions of 
the study. 

There was a weak relationship between the basal 
diameter of the heart-of-palm and the diameter of the neck 
measured in the field and also between the heart-of-palm 
apical diameter and D3 (equations 6 and 7, Table 3). 
Predictors of heart-of-palm diameter (especially smaller 
diameters) are needed in order to ensure compliance with 
minimum or maximum critical diameters specified by the 
market. 

Table 3. Regression equations for predicting heart-of-palm fresh weight (HPFW) and 

length (HPL). 

1 HPFW (g)= 
2 HPFW (g)= 
3 HPL (cm) = 
4 HPL (cm) = 
5 HPFW (g)= 
6 HPAD (cm)= 
7 	 HPBD (cm)= 

Key 	 HPW 
HPL 
HPAD 
HPBD 
N 
D3 
LHR 
R 
DN 

Equation 

-2.53 + 31.954N 
-142.07 + 56.303"d3 +20.0N 

34.54 + 1.787N 
39.18 + 2.242N -2.087LHR 
17.72 + 0.895 ( *HPL*R2)

1.96 	+ 0.292"D3 
2.92 + 0.0356 dn 

R2 P 

0.59 0.0001 
0.70 0.0001 
0.49 0.0001 
0.58 0.0001 
0.90 0.0003 
0.27 0.0036 
0.24 0.0064 

= heart-of-palm fresh weight 
= heart-of-palm length 
= heart-of-palm apical diameter 
= heart-of-palm basal diameter 
= number of leaves 
= diameter of the stem at the origin of the three youngest leaves 
= N/DHN 
= average radius of the heart-of-palm basal and apical radii 
= diameter of the neck 
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International Provenance Trail of 

GliricidlaSepium: Y-407B 


Erick C. M. Fernandes,N. C. State University 
C.B.Davey,N.C.State University
A.RicseI,N. Yuri guas,Peru 

Fast-growing tree species are major components of 
agroforestry technologies. With the exception of Leucaena 
leucocephala,most species currently used have not been 
tested for their biological potential and adaptability to site 
conditions and management. 

Gliricidiasepium (Jacq.) Walp. is a leguminous tree 
native to Mexico and Central America. It has been 
introduced to many tropical countries, is easy to establish 
via seeds or cuttings, and is used by farmers for a variety 
of purposes-such as fuel wood, fodder, live fences, and 
green manure. 


International collaboration with centrally coordinated 
exploration and collection efforts organized by the Oxford 
Forestry Institute (OFI), University of Oxford, England, 
has resulted in rangewide seed collections sampled from 
over 2400 individuals from 30 provenances (sources of 
origin) in eight countries. These collections represent a 
broad genetic base and will allow flexibility in future 
selection and improvement. 

The trial at Yurimaguas represents the only site on very 
acid soils (pH 4.2 to 4.5, Al saturation 70 to 92%) in the 
International Network of the gliricidia provenance trial. 
This network aims to study genotype-environment 
interactions and promote the exchange of information and 
genetic material on an international scale. 

Objectives 
The objectives of this study were 1)to evaluate growth 
and biomass productivity of selected OFI accessions of 
Gliricidiasepium on an Ultisol in the Peruvian Amazon 
and 2) to select provenances with tolerance to acid soil 
conditions for further testing at different locations. 

Procedures 
The experimental protocol for the provenance trial 
provided by the OFI served as the major reference for 
experimental design and methods. 

Seeds of 15 provenances from five countries in Central 
America were obtained from OFI. All seeds were inocu-
lated with a gliricidia-specific strain of Rhizobium 
supplied by NitTAL and sown in nursery beds containing 
a soil similar to the experimental site. This soil contained 
an abundance of fine Puerariaphaseoloides (kudzu) roots,
which served as a source of vesicular-arbuscular mycor-
rhizae (VAM) fungi. Three weeks after germination, the 
seedlings were planted in polyethylene pots. At about four 
months, seedlings were planted in the field, 
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The experimental design is a randomized complete 
block with six replications and 12 tree-line plots. The , 
basic layout consisted of single rows of trees at 0.5-m 
spaces within rows and 4-m spaces between rows. Three 
rows of annual crops were planted between rows of trees.Provenances were randomized within replications. 

Results 
Plant heights six months after planting show significant 
differences among provenances (Figure 1). Pro,;enance 
14/84 from Guatemala was significantly better than all the 
others: these plants were 40% taller than those in the 
second-ranked provenance. Interestingly, provenances 14/ 
84, 11/86, 31/84, and l0/86---all of which had high 
germination percentages-were among the provenances 
with the tallest plants at six months. 

Cumulative leaf, wood, and total biomass production
after three cuttings (20 months after planting in the field) 
differed significantly among provenances (Figure 2). Once 
again, provenance 14/84 was significantly more produc
tive and yielded 41% more leaves, 98% more wood, and 
70% more total biomass than the second ranked prove
nance. Provenance 14/84 may have broad adaptability to a 
variety of site and environmental conditions, but further
 
tests over a range of soil types and environmental condi
tions are needed to confirm this inference.
 

Given the scarcity of fast-growing tree species suitable
 
for agroforestry technologies on acid soils, identifying
 
provenances of G. sepium tolerant to soil acidity would
 
provide a potentially important multipurpose species for 
farmers. Provenance 14/84 shows good leaf- and wood
production potential for acid soils. In addition, it does not 
appear to be attacked by leaf-cutter ants and is relatively 
easy to establish via cuttings. G. sepium could become an 

-_ ____ ____ 

2 
6months 

14/8 4 - a
 
2 5/84 b
 

a 10/6b

2 31/84 - b
 

11 / 8 6
 
C_14 / 8 6 - c
 
2984
•D 2q/ 
2/584 

012 / 86 -de 

39 / 85 ef 
34 / 85 f _____. 

0 40 80 120 160 200 

Plant height (cm)
Figure 1. Plant heights at two and six months in the 
field. Heights at six months with the same letter are 
not significantly different at k = 100 (Waller Duncan). 
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14 / 84 a important component of alley-cropping on slopes. It could 
* 25 / 84 b also be useful as shade/browse trees in grass pastures and 

11/86 b live fences for agro-silvo-pastoral systems. 
10/86- bc The large differences in growth rates and productivity

S14/86 cdcd of the G. sepium provenances emphasize the importance0"12/86
o.13/84 cd of identifying the right seed source, especially when 

/13/84 Cd exotic or nonadapted species are being tested. It is likely 
231/84 cd that many potentially promising species are discarded on 
= 39/85 cd the basis of trials involving only a single seed source. 

F3 24/84 d 
34/85 d 
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Cumulative loaf biomass
 
after three cuttings (g/tree)
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Figure 2.Cumulative leaf, wood, and total biomass 
after three cuttings. Columns with 'he same letter are 
not significantly different at k = 100 (Waller Duncan). 
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Leguminous Mulch Quality and Its ing of how input quality affects soil nitrogen dynamics

Effects on Soil C and N Dynamics and and crop yields.
 
Crop Yields: Y-405B Objectives 

C. A.Palm, N. C. State University The objectives of this study were 1) to investigate nitro-
P. A. Sanchez, N. C. State University gen-release patterns from a range of tropical legumes and 

determine the chemical constituents that influence quality; 
2) to investigate how the quality of leguminous mulchesAs agriculture is expanding onto marginal lands--where affects soil organic-matter fractions and nitrogen dynam

the use of fertilizers and tillage equipment is often uneco- ics; and 3) to observe the effects of mulch quality and soil 
nomical-attention has again focused on the importance organic matter on crop yields. 
of soil organic matter and organic inputs to crop produc
tion. Particular emphasis has been placed on leguminous Procedures 
mulches because of the N they supply. However, nitrogen A laboratory study was designed to address the first 
utilization efficiencies from leguminous mulch are low as objective. Leaves of 10 tropical leguminous trees and 
compared to inorganic N sources. Apossible reason for shrubs and rice straw were analyzed for nitrogen, lignin,
the inefficiency is asynchronous release of N compared to and polypherolic concentrations. Nit:ogen-release patterns 
crop demand. Efficiency of N utilization might be were related to the N, lignin, and polyphenolic concentraimproved if release of N from the mulches were synchro- tions of the leaves. Ground leaf material was incubated in 
nized to crop demand. This synchrony will depend on the an acid soil, pH 4.5, and the soil was analyzed for ex
timing of application and the N-release patterns or on the tractable NH4-Nand NO 3-N at 0, 1,2, 3, 4, and 8 weeks. 
quality of the mulch relative to crop uptake patterns. Three patterns of net N mineralization emerged over theThe quality of mulches can also be important in the eight-week period. One of the patterns exhibited by themaintenance of soil organic matter. Materials high in control soil, rice straw, and leaves of the two Inga species
lignin or polyphenolic content and those with high C/N was a low, positive net mineralization. Another pattern
ratios will help form and maintain stable forms of soil exhibited by Erythrina sp, Gliricidiasepium, and Sama
organic matter. Organic materials of higher quality (lower nea saman was a much higher and more rapid mineraliza
in lignins, polyphenolics, or C/N ratio), on the other hand, tion rate than that of the control soi!. The third pattern 
may provide a short-term increase in more labile forms of exhibited by Cajanuscajan and the Desmodium species
C and N, but they do little to maintain soil organic-matter was an initial immobilization followed by low but positive 
content. mineralization rates. The amount of nitrogen mineralized 

Inorder to maintain crop production through the as compared to the contouo nirogem +46 to -2% of 
additions of organic inputs, we need a better understand- as copaedo tecntltsoil ae ro +46 to the nitrogen added in plant material (Table 1). Mineraliza-

Table 1. Characteristics of organic additions, eight-week cumulative mineralization, and 
percentage of nitrogen mineralized. 

Eight-week %of 
cumulative aded N

Treatment N Lignin Phenolic mineralization mineralized 

Gliricidia sepium 3.74 7.8 1.02 54.00 a* 45
Erythrina sp. 3.52 9.7 1.04 48.25 a* 39
Samanea samam 3.20 6.3 1.48 40.68 c* 29 
/nga edulis 3.18 16.3 3.43 21.62 ef -4 
Oryza sativa 1.13 6.2 0.69 23.32 de -3 
Ingasp. 2.97 17.9 1.61 22.21 e -3
Leucaena leucocepha/a 3.94 5.2 2.94 25.19 d 1
Cassla reticulata 2.50 10.8 2.20 23.52 de -1 
Cajanus cajan 3.48 10.2 3.34 18.74 fg* -8
Desmodium gyroides 2.99 11.7 1.91 17.53 g* -12
Desmodium ovalifolium 2.37 9.1 3.61 15.91 g* -19 

* Values within each column followed by are significantly different from the control, Dunnet's LSD, 
p = 0.05.
 
Values followed by the same letter are not different, LSD p = 0.05.
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tion was not correlated to %N or % lignin in the leaf 
material, but it was found to be negatively correlated to 
the polyphenolic concentration. 

The two other objectives were investigated in a 
modified alley-cropping trial (details of the experimental 
design are described in TropSoils Technical Report, 1986-
1987). 

Prunings from three leguminous trees-Ingaedulis, 
Cajanuscajan, and Erythrina sp.-were used as a mulch 
at rates of 0 (mulch level 1), 3.3 (mulch level 2), and 6.7 
(mulch level 3) t/ha/crop for four consecutive crops of 
upland rice. The leaves of the three species differed in 
quality: erythrina leaves had low lignin and low soluble 
polyphenolic concentrations, and they decomposed and 
released nitrogen faster than leaves of inga and cajanus, 
which decomposed at similar rates. Leaves of inga were 
high in both lignin and polyphenolics whereas cajanus had 
high polyphenolics but low lignin. The following effects 
were measured: rate and quality of prunings on soil N 
mineralization, soil Cand N, light fraction C and N, soil 
microbial N, and corresponding crop yields. 

Soil N and C 
Soil N mineralization rates were highest in erythrina plots 
immediately after applying mulch. The differences in 
mineralization rates lasted only two to three weeks, after 
which they were similar in all treatments. Total soil C and 
N did not differ significantly among the species and mulch 
rates 20 months after the initiation of the experiment 
(Table 2), despite additions totaling 27 t/ha to some of the 
plots and 0 to others. Light-fraction C and N comprised 
only 2 to 3% of the total soil C and N. These fractions 
were highly variable and did not differ among treatments.
Microbial biomass N, however, did differ significantly 

among species and mulch rates. In general, microbial N 
values in erythrina plots were higher or equal to those in 
inga plots. Microbial N values in cajanus plots were 
significantly lower and more similar to those of plots 
without mulch. Microbial biomass N increased with 
increasing mulch rates. 

Crop Yields 
Rice grain yields for the first four crops in the centralxb 
experiment are shown in Figure 1. 

The analyses of variance by crop, in general, showed 
no significant diffa'rences in rice grain yields among 
species of mulch but significant differences among rates 
of mulch applications: Mulch Level 3> Mulch Level 2> 
Mulch Level 1 (Figure 1). By the fourth crop, yields 
declined to 29% of the first crop's yield in plots with no 
mulch. Plots with the higher rate of erythrina pruning were 
still r-aintaining 70% of initial yields. 

A simple N budget was calculated for each treatment 
during the 20-month period covering the four consecutive 
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rice crops. Nitrogen uptake and N recovery were low for 
all treatments, Nrecovery averaging only 16% (Table 3). 
The N-utilization efficiency of inga was about half that of 
erythrina and cajanus, but erythrina had larger losses or 
more unaccounted for N. Cajanus had the lowest losses of 
N. For increasing mulch level, the N utilization efficiency 
of erythrina remained the same, but it decreased for inga. 
Nlosses more than doubled for both species. The N-P-K
fertilized treatment showed a somewhat higher utilization 
efficiency of 23%, but % N recovery in the grain (8.0%) 
was low compared to the other treatments. Nitrogen losses 
were high, similar to those for the highest mulch rate. The 
highest N utilization efficiency and lowest N losses were 
obtained for the treatment in which inga prunings were 
incorporated. 

Mulch level 1 

2000 a 
0 b Inga 

E2 Cajanus 
Erythrina 

1000 
a a aa 

0 
Mulch level 2 

a 
. 2000 - a 
'a 

b b b 
-.1 1000 - ab a a a a aa 

a 

0 A 
Mulch level 3 

3000 
a 

a 

2000 b 

b a 
1000 

0 
Crop 1 Crop 2 Crop 3 Crop 4 

Figure 1. Rice grain yields for the different types and 
rates of mulch application. Yield values with the same 
letter are not significantly different from others within 
the same mulch level and crop. 



Several influences may contribute to the low apparent 
N utilization efficiencies. For inga and cajanus, part of the 
inefficiency occurs because 30% of the N added in the 
pruning is still tied up in the undecomposed mulch. 
Another reason for the inetficiency could be volatilization 
of NH3 since the mulch was applied to the surface. A 
third reason for the generally low efficiencies could be a 
synchrony of N availability and crop demand. 

Conclusions 
The nitrogen-release patterns observed from the leaves of 
a variety of tropical legumes and the possible role of 
polyphenolics have several management implications. 

When legumes with low polyphenolic contents are used as 
green manures or mulches, they may release N rapidly and 
provide sufficient N for plant growth, but the nitrogen 
may be readily lost by leaching if it is not released when 
the plants need it. Legumes with a high polyphenolic 
content immobilize nitrogen. Plants with a high polyphe
nolic content may not provide enough nitrogen for plant 
growth in the short term, but they may contribute to the 
build-up of organic nitrogen in the soil and provide a low 
but continual supply of nitrogen in the long-term. A 
combination of the two types of legumes may provide the 
best agroecosystem management. 

Table 2. Total soil C and N, light-fraction C and N, and microbial N at 20 months In the top 10 cm of soil. 

Total Light- Total Light- Microbial 
Treatments C fraction C N fraction N N 

t/ha kg/ha t/ha kg/ha ug g/kg g/ha % 
No mulch 25.01 384.7 1.82 21.5 57.5 85.9 4.7Inga-2 24.48 315.6 1.60 20.1 68.6 107.6 6.7
Inga-3 24.85 295.2 1.71 18.5 76.1 117.5 6.9Cajanus-2 25.59 464.8 1.76 28.5 59.8 89.6 5.1Erythrina-2 25.96 286.6 1.94 15.8 69.8 106.3 5.5
Erythrina-3 28.50 454.2 2.12 25.6 86.7 131.1 6.2
Isd p = 0.05 3.12 340.2 0.27 20.2 3.81 18.4 

Number following treatment Indicates mulch rate, 2 =3.3 t/ ha, 3 = 6.7 t/ ha crop. 

Table 3. Nitrogen budgets and nitrogen utilization efficiencies for tha various types of mulch, rates ofmulch application, mulch management strategies, and N fertilization rates for four rice crops. 

Treatment 

No Mulch 

3.3 t/ha Mulch 
Inga 
Cajanus 
Erythrina 

6.7 t/ha Mulch 
Inga 


Erythrina 

Inga/
Erythrina a 

Inga/
incorporated b 

N-P-K 
Fertilizer c 

N utilization 

N added 
N removed: 

grain +straw 
efficiency:

grain + straw 
N remaining

in mulch 
Unaccounted 

for N 

- kg/ha - kg/ha - % 

284 
235 
216 

125 
137 
135 

11.9 
19.7 
20.6 

91 
64 
13 

68 
34 
68 

24 
14 
32 

567 137 8.1 183 248 44 
431 171 19.8 25 235 54 

250 126 14.3 52 71 28 

284 157 23.5 91 35 12 

400 182 23.0 NA 217 54 
Assumes same rate of decomposition of surface-applied mulch.
 
a,b,c: Three additional treatments were also compared: a = an equal split of Inga and Erythrina prunings
applied at a combined rate of 3.3 t/ha/crop; b = 3.3 t/ha of Inga prunings Incorporated with rototiller; and c = fertilizer applied at 100 kg/ha N (urea), 100 kg/ha K (KCI), and 25 kg/ha (P2O). 
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Root and Leaf Decomposition in Agro-
ecosystems: Y-433D 

Lawrence 7. Szott, N.C. State University 
Gloria Mel6ndez, N.C. State University 

Objectives 
Little is known about rates of decomposition and nutrient 
re>,ase from crop residues and green manure in humid 
tropical agroecosystems. The objectives of this study wereas follows: 1) to measure these rates for a range of 
agriulllys: i)tomorantrg resdatessa inbed in aagric ultu rally imp ortant o rganic residues incuba ted in acropedeteminehowtheeiel; 2)to raes arymucuna,cropped field ; 2) to d eterm ine how these rates vary 
seasonally, especially with soil Moisture; and 3) tocompare these rates with those of similar materials 
incubated in pastures. 

Procedures 
The following fresh materials were gathered: leaves, fine 

Half the repetitions of each leaf and root type were ashed 
in order to determine ash content; the samples in the other 
repetitions were ground, and their nutrient content was 
then analyzed. All weights and calculations are expressed 
on an ash-free basis. 

Two or three ceramic cup tensiometers were installed 
at a 3-cm depth in each block and were read e'ier, other 
day. 

Results 
LeavesLae
 
Temporal patterns of mass loss for leaves of centrosema,u na a d ri e w e s ml r b t f s er h nt e r te oand rice were similar but faster than the rate of m s o s o n al a e F g r ) o e v s o h
 
fmass loss of inga leaves (Figure 1). For leaves of the
former species, mass loss during the first two weeks was 

around 30% in the large mesh bags and 15 to 25% in thesmall mesh bags. In c.-trast, inga leaves lost approxi
mately 15% of their mass during the same period, regard
less of mesh size. For both types of bags, rates of mass 

roots (< 2 mm diameter, unlignified), coarse roots (2- to 3- loss either remained relatively constant or tended to 
mm diameter, lignified) of Inga edulis,Mucuna cochinch-
inensis, rice (near harvest), and Centrosemamacrocar-Ine wis, t gafter
pum. It was thought that these materials, besides having 

agricultural importance as crops, mulches, and cover 
in organic-matterquality. 


The materials were allowed to dry for a few hours 
before being weighed and placed in bags. Prior to weigh-
ing, roots were chopped into pieces 2- to 3-cm long. Ap-
proximately 1.5 g of root material was evenly distributed 
within 5- by 10-cm mesh bags (mesh size 9 by 9 mam). 
Also, 7.5 g of inga and rice leaves, 8.0 g of centrosemaleaves, and 11.0 g of mucuna leaves were placed (trying to 
lavid compacting the salenas (10e byaced20 r o 

two differing mesh sizes (10 mm and 52 mam). Subsamples 
of all plant materials were taken for determinations of dry 
weight, ash content, and nutrient concentrations. 


In August 1989, bags were placed in the crop-interrows 
midway between the hedges of an alley-cropping experi-
ment (Y-433). Root bags were placed in vertical slits 
made in the soil to a depth of 5 cm; leaf bags were placed 
on the soil surface. Two block replications were installedon a flat area and two on an approximately 20% slope,
Each block contained 14 bags of a given root material 
(two bags x seven sa pling dates) and sever bags of a 
(twbagi xseven thed bags oneachleafmateria.epoion 
given leaf material. The position of the bags ithinloss 

replication and the date on which a given bag was har-
vested were randomized. Centrosema roots and leaveswere also included in a comparison experiment in pastures
(see Y-307). 

(see Y307).nutrient 
A subset consisting of eight bags for a given type of 

root and four bags for leaves was harvested at 4, 7, 14, 30,instllaton.ll lantmateial 
60, 90, and 180 days after iof 
was cleaned of adhering soil, dried, and then weighed. 

decrease with time after the initial two weeks. The 
percentage of material remaining in the 52-mm mesh bagsfour months was 67%, 31%, 22%, and 13%, for inga,
cntomarieadmunrsptvlyInhe9m 

mesh bags, the percentage of leaf material remaining was 
67%, 38%, 22%, and 36% for the same species. Hence, 

mesh size had little effect on rates of mass loss of inga and 
rice leaves during four months, but for mucuna and 
centroseina, rates of mass loss were slower in the bags 
with smaller mesh size. 

RootsTemporal patterns of mass loss of both fine and coarse 
roots were similar (Figure 2). An initial period (rangingfrom four to 15 days), during which losses were rapid, wasfollowed by a period in which rates of mass loss were 
slower. After one month, rates of mass loss were very 

slow for fine an coarse roots of centrosema and fine rootsof mucuna. 
Although temporal trends were similar for different 
altho t t e era mos were are 

species and root diameters, at most dates there were large 
differences in mass loss among species. After two weeksof incubation, mass loss ranged between 21% (inga) and 
45% (mucuna) for fine and coarse roots. After two 
months, mass loss of fine roots was 26%, 43%, 59%, and 
78% for inga, rice, centro~ema, and mucuna, respectively; 

was 34%,
46%, 54%, and 76%. Presumably, differences in disap
pearan d76%.Pesuad differnce iospearance rates of leaves and roots among the various 

species were due to differences in lignin, polyphenol, orconcentrations. These hypotheses will be exam
nutrien coetion tse ypth ses 
ied plant tissue analyses.upon completionWith the exception ofof inucuna, the disappearance rates 
leaves and fine and coarse roots for a given species 
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during two months differed by 12% or less. Mucuna roots Differences related to mesh size in the disappearance
in both diameter classes disappeared much more rapidly rate of leave,- probably result from the greater accessibility
than lcaves because they were transported from the bags to macrofauna and the comminution of material in the 
by termites. bags with larger mesh. That mesh size did not affect the 

52-mm mesh 9-mm mesh 
100 100. 

80 Inga \..8 .. Inga 

60 60. 

ca 40* 40 - Centro 

Cno. Mucuna 
20 ...Rice 20 Rice 

Mucuna 

714 30 60 90 120 0 714 30 60 90 120 

Days 

Figure 1. Ratas of mass loss from air-dried leaves of four plant species Incubated In 9-mm and 52-mm mesh
 
bags placed on the soil surface In a cropped field, Yurlmaguas, Peru.
 

Fine roots Coarse roots 
100 100 

803 80 -
CY 6-Inga 
c ...-..-....." 'EE.......... "..-.. ".. .\..............................60ga _Inga60 •Rie6 ............... Icea
E 0 -R c 0 Centro 

("'- .... Rice 
40 ".. Centro 40 

0 

Mucuna20 - Mucuna 20 

0 1 0 1 , , 
0 7 14 go 60 0 7 14 30 60 

Days 

Figure 2. Rates of mass loss from fine (<2 mm diameter), unlignifled roots and coarse (2-to 3-mm diameter),
lignified roots of four plant species incubated In9-mm mesh bags placed at the 0- to 5-cm soil depth In a 
cropped field, Yurlmaguas, Peru. 

217
 



2. Sustainable Agriculture:Agroforestry
 

loss of inga and rice leaves (specieq which, however, 
differ greatly in the percentage of material lost after four 
months) suggests tha. large soil macrofauna play a 
reduced role in the disappearance of these materials. The 
slightly greater disappearance rates of coarse, as compared 
to fine, roots may be due to the presence of higher
concentrations of allelopathic compounds in fine, unligni-
fied roots. 

This study was installed during the dry season when 
soil moisture in the top 3 to 5 cm of soil was often scarce. 
Rates of disappearance from the dry season will be 
compared with those obtained, using the same materials 
and techniques, during the wet season, when the topsoil is 
often near saturation. Results obtained with centrosema 
leaves and roots in this study will also be compared with 
results for the same materials incubated in a pasture. 

Conclusions 
1)Leaves of Centrosemamacrocarpum,Mucuna coch-
inchinensis,and rice lost mass much more rapidly than 
those of Inga edulis. Large (diameter > 9 mm) soil 
macrofauna do not appear to play an important role in leaf 
decomposition t 

2) Species exhibited greatly differing disappearance.
rates for fine and coarse roots, but for a given species, 
there was little difference in rates of mass loss for roots 
differing in diameter. Rapid losses of mucuna roots appear 
to be caused by termites. 

3) Despite differences in location (upon the soil surface 
versus within the soil profile), disappearance rates of 
leaves and roots for a given species were generally 
similar. 

Alley-cropping on Alluvial Soils: Y-417 

AngelA. Salazar,INIAA, Yurimaguas,Peru 
Cheryl A. Palm, N. C. State University 
L. T. Szott, N. C. State University 

Alley-cropping has shown promise for sustained crop 
production on high base status Alfisols of West Africa, 
and therefore it is a potential alternative for food produc
tion on high base status alluvial soils in the Amazon 
Basin. An alley-cropping experiment was installed on a 
high base status alluvial soil in Yurimaguas in October 
1985. The details of the experimental design arc described 
in TropSc;ls TechnicalReport, 1986-87. 

Objectives 
The objectives of this study were 1) to determine the 
effects of prunings and alley widh (4 m or 8 m) on crop
yields and yield stability; 2) to assess the suitability of 
three leguminous tree species (Leucaena leucocephala, 
Inga edulis, and Erythrinasp.) based on their survival, 
bioinass production, and ability to withstand repeated 
pruning; 3) to measure changes in soil chemical properties
due to mulch addiions; and 4) to measure changes in thebiomass and species composition of weeds. 

Results 
An update of results for this experiment will focus on 
trends in crop yields. Yields will be compared to those of 
two control treatments without tree prunings, one with 
crop residues applied, the other with residues removed. 
Observations on tree growth and weed control will also be 
mentioned. 

To date, nine crops have been harvested in a rice
cowpea-corn rotation. Prior to the fourth crop (rice), 125 
kg/ha of triple superphosphate was applied because of 
declining yields and very low soil P (< 3 ppm Olsen P).
Yields obtained for the nine crops are presented in Figures 
1,2, and 3, which represent rice, cowpea, and corn, 
respectively. 

For all crops, yields are greater in alley widths of 8 m 
as compared to 4 m because less area is planted to trees in 
the 8-m treatment, resulting in less tree/crop competition. 

There are little differences in crop yields among the 
three types of prunings. However, there are differences in 
crop yields between the alley-cropped trees and the 
controls. These differences, which change with time, 
depend on the type of crop growing between the alleys. 
Rice planted in alleys performed better than rice in control 
plots where crci residues were not returned, but yields 
were only 50 to 75% of those obtained in control plots 
where crop residues were returned. Cowpea yield response 
varies: yields are sometimes greater when cowpea is 
planted in alleys and other times greater when planted 
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alone. For the first corn crop, (3rd crop overall), yields 25-*
 
were better in the control plots, but the trend was reversed Er- Er ,,,,op.

dramatically for the second corn crop (8th crop overall). T 200 Le- Check Awithedue
 

The results indicate that alley-cropping yields for corn re- Check without residues 
and cowpea are maintained with time when compared to 2 ISM 
cropping without Lees. Rice yields were never greater

than the control treatment with residues. Perhaps rice is 

_ 

Ioe
 
affected more by shading than corn or cowpea. To avoid
 
shade, corn is able to grow taller than trees, and cowpea is 50
 
somewhat shade-tolerant. These observations are con
firmed by the fact that yield reductions of rice growing 0
 
near the tree rows are more pronounced than those of 
 tn Er Le Tc Ts In Er Le Tc Ts inEr Lo Tc Ts In Er Lorc Te 
cowpea or corn. 1st Crop 4th Crop 6th Crop gft Crop 

Tree Performance Figure 1. Effect of tree prunlngs on rice yield3 during
Inga edulis produced more leaf biomass than L. leu- four cropping seasons.
 
cocephalaor Erythrinasp. for the first two-and-one-half
 
years. After that, the inga trees decreased in productivity, 800 In-Ingedulls

and many died. This decline was apparently caused by the Er- Ernesp.

pruning regimes. Initially, the trees were pruned at exactly Le - Checkwith rlusdus
 

the same height (70 Lrm), often leaving no leaves on the 4 600 Ts-Check without residues
 
trees and forming scars. Since that time, the remaining
 
trees have been pruned at varying heights, the trees have 4I
 
recovered, and biomass production has increased.
 

0 

Weed Control 200 
The thick layer of mulch provided by the slowly 
decomposing inga leaves continues to provide effective 0
weed control compared to the rapidly decomposing mulch In Er Le Tc Ts In Er Le Tc Ts In Er Le Tc" T". 

of leucaena and erythrina. ' C C ' 
2nd Crop 5th Crop 7th Crop 

Soil Properties Figure 2. Effect of tree prunings on cowpea yields

For the majority of the treatments, soil p1; decreased during three cropping seasons.
 
slightly and Al saturation increased slightly with time
 
(Table 1). For the check treatment in which crop residues
 
were returned, the pattern was the opposite. Aluminum 
 In- I,, egdus

Er- Eytlhrna sp.saturation in all treatments was very low and would not Le-Leaua Jucoacphal 
constrain crop production. 3000 Tc- Check with residues 

Ts - Check without residuesThe continual decrease in soil P levels, despite P
 
application, is difficult to explain, but it may be due to the 
 '
 
large amount of P exported during crop harvest. Potassium
 
levels decreased with time, and by 20 months, they were 

nearing the critical level of crop production. The Ca and 

. 

I0o
 
Mg content of the soil increased with time in all treat
ments. 

In Er La Tc Ts In Er Le Tc TsConclusions 3rd Crap 8th Crop
Alley-cropping appears to be a viable and sustainable 
option for corn and soybean production on high base Figure 3. Effect of tree prunings on maize yields during
status alluvial soils. In contrast, rice production does not three cropping seasons. 
benefit from alley-cropping. The efficient weed control 
provided by Inga edulis prunings is an additional factor to 
consider when planning an alley-cropping system. On
farm alley cropping trials using corn, cowpea, and Inga 
edulis will begin in the next year. 
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Table 1. Soil chemical characteristics (0- to 15-cm depth) at four and 20 months In three alley-cropping systems. 

Tree Al 
species Time Ph O.M. P Ac Ca Mg K sat. N 

% ppm cmol (+) % % 
Inga 4 5.7 3.2 2.6 0.4 18.09 2.55 0.17 1.9 0.12 

20 5.5 3.2 0.9 0.5 22.89 3.62 0.15 2.1 0.15 
Erythrina 4 5.7 4.1 2.2 0.5 18.54 2.82 0.18 2.4 0.11 

20 5.7 3.4 0.7 0.2 24.59 3.85 0.16 1.0 0.15 
Leucaena 4 5.6 2.9 1.9 0.3 17.00 2.84 0.22 1.5 0.10 

20 5.6 2.6 0.7 0.5 22.15 3.68 0.14 2.0 0.12 
No 4 5.5 3.2 7.9 0.4 12.99 2.60 0.24 2.8 -

Residue 20 5.4 2.3 1.3 2.1 15.26 3.02 0.12 10.6 -

Residue 20 5.7 2.4 1.5 0.4 17.19 3.59 0.16 1.9 

Eight-meter alley widths only. 
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Alley-cropping on Ultisols: Y-425 

Angel A. Salazar, INIAA, Yurimaguas,Peru 
C. A. Palm,N. C. State University 

Most alley-cropping trials have been conducted on 
relatively fertile Alfisols and Inceptisols. In fertile soils, 
the hedgerow trees are able to pump up nutrients from the 
subsoil, and yields of the crops growing in the alleys are 
maintained by mulches supplied by the prunings of the 
hedgerow trees. Supplemental P and K fertilizers are often 
added, N being supplied by the N-fixing trees. 

Alley-cropping may not be sustainable on acid, infertile 
Ultisols or Oxisols because there are few nutrients stored 
in the subsoil for hedgerow trees to recycle. Previous 
alley-cropping trials on Yurimaguas Ultisols were deemed 
unsuccessful because the leguminous trees used as 
hedgerows did not perform well, competition between 
crops and trees was severe, and soil P levels were quite
low. Further tree-selection trials described in TropSoils 
Technical Report, 1986-87 have provided several legumi-
nous trees that have potential for use in alley-cropping on 
acid soils. 

In 1987, a new alley-cropping trial was established on a 
loamy Ultisol of pH 4.4, 80% aluminum saturation, and 5 
ppm Olson extractable P. 

Objectives 
The objectives of this study were 1) to assess the effects of 
P fertilization on tree biomass production, crop yields, and 
the sustainability of the alley-cropping system; 2) to assess 
the effects of alley width on crop yields; and 3) to address 
problems encountered in previous trials. 

Procedures 
The design used for the alley-cropping experiment was a 
split-split plot with three replications. Treatments included 
alley width (4 m versus 8 m)as the split-plot treatment, 
species of tree for the hedgerows (Ingaedulis, Gliricidia 
sepium, or Cassiareticulata)as the main-plot treatment, 
and P fertilization (0 vs 25 kg P) for the split-split-plot 
treatment. 

A cowpea-cowpea-rice rotation was interplanted with 
the trees. The phosphorus treatment was applied only to 
the rice crops. Each hedgerow consisted of two closely
planted rows of trees, which were planted 0.5 m by 0.25 m 
within hedgerows. 

Results 
Pruning biomass production by hedgerow species does not 
appear to be significantly affected by P fertilization (Table 
1), although there is a tendency for higher gliricidia 
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production with fertilization. Information is not yet 
available on the P content of the prunings with and 
without P fertilization. 

At 30 months, the C. reticulatatrees began to produce 
less and to die. The pruning method was modified by 
pruning dead branches, a process which initates resprout
ing from the trunk. This method is now being followed for 
all the tree species. 

In general, crop yields are higher on plots with trees 
than on control plots without them (Table 2). Crop yields 
are somewhat higher in association with Inga edulis 
hedgerows than with the other two species. Alley width or 
P treatment have had no dramatic effect on crop yields. 

Yields do not appear to decline with time as they have 
in previous trials on acid soils. This finding may be related 
to the higher clay content (25%) of the soils in this trial as 
compared to the others. The higher clay content could 
improve cation retention and recycling and also maintain 
adequate soil moisture levels for longer time intervals. 

Changes in soil chemical parameters (Table 3) indicate 
a considerable decrease in exchangeable potassium but 
little change in other basic or acidic cations. Phosphorus 
levels have increased slightly even in the plots that receive 
no P fertilization. This finding contrasts with previous 
studies and raises interesting questions considering the 
large amount of P exported in crops relative to the amount 
recycled in prunings. This stability could indicate redis
tributing and recycling of soil P through the trees and into 
more available forms. Soil P fractions will be compared 
among the different treatments and controls to see if this 
recycling has happened. 

Table 1. Pruning yields of three leguminous species as 
affected by P treatments. 

Phosphorus treatment 
Tree species + P - P 

- kg/r of hedgerow -
Inga edulis 0.37 0.36 
Cassiareticulata 0.39 0.39 
Gliricidiasepium 0.20 0.16 
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Table 2. Grain yields of eight consecutive crops grown In alley-cropping with Inga edulls (le), Cassla reticulata 
(Cr), and Gliricidla seplum (Gs) at two alley widths, with and without P. Yields are compared to control plots 
without trees. 

Crop 
1 2 3 4 5 6 7 8 

Treatments C§ C R C C R C R 

Tree Alley P 
species width treatment t/ha 

le 4 + 1.1 0.7 0.7 1.0 0.8 1.9 1.1 2.6 
0.6 0.8 0.9 1.7 1.0 2.7 

8 + 0.9 0.8 0.9 0.7 0.8 1.6 1.0 2.4 
1.0 0.7 0.8 1.8 0.9 2.4 

Cr 4 + 1.0 0.3 0.5 0.7 0.7 1.1 0.8 2.3 
0.5 0.6 0.6 0.9 0.7 2.5 

8 + 1.1 0.5 0.7 0.6 0.8 1.2 0.8 2.3 
0.8 0.7 0.8 2.6 0.8 2.5 

Gs 4 + 0.8 0.5 0.7 0.6 0.5 1.3 0.7 2.2 
0.7 0.5 0.4 1.4 0.5 1.7 

8 + 1.0 0.6 1.0 0.6 0.7 1.6 0.7 2.0 
0.9 0.5 0.7 1.6 0.7 2.0 

Control 	 + - - - - - 1.1 0.6 1.0 
.- 1.0 0.4 1.3 

0C = Cowpea; R = Rice. 

Table 3. Changes In soil chemical characteristics after eight consecutive crops. 

Treatment pH P Acid Ca Mg L Al sat. 

ug/ml cmol(+) /L 
C1 4.46 4.87 4.86 0.83 0.27 0.18 78 
C8 +P 4.31 5.94 4.91 0.75 0.23 0.07 82 
C8 -P 4.33 5.27 4.51 1.02 0.23 0.09 77 
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Alley-cropping on an Ultisol in the 
Peruvian Amazon: Mulch, Fertilizer, and 
Hedgerow Root-pruning Effects: Y-433A 

Erick C.A. Fernandes,N. C.State University 
C. B.Davey, N. C.State University
J. A. Sdnchez, INIAA, Yurimaguas, Peru 

Alley-cropping has received considerable aitention over 

the last decade as an agroforestry technology with the 
potential to sustain crop productivity via enhanced soil
protection, nutrient cycling, and/or reduced weed pressure.protectio,nutin cypcl iand/rvityrenancdweedpsu. 
Experimental results from several studies on high base 
status soils (mainly Alfisols and Entisols) show that alley-

can sustain crop yields, maintain soil nutrientcroppingcropping an susvetaic iedmaitclain. sederoilnufor 
status, and prevent organic-mtter decline. Hedgerows 
planted along the contours on sloping land can minimize 

unffansohilh sern san 
On some high base status soils (Alfisols, Entisols, andAndisols), nutrients recycled in hedgerow prunings vary 

between 50 to 180 kg N, 2 to 10 kg P, 10 to 150 kg K, 10 
to 60 kg Ca, and 5 to 25 kg Mg/ha/pruning on a two- to

thre-mothycl. runngTe nuriet-cclig ptenialthree-month pruning cycle. The nutrient-cycling potential
of hedgerows on acid soils (Ultisols and Oxisols) is lowerthan for fertile soils. The nutrient content of prunings on 

acid soils varies from 20 to 100 kg N, 2 to 5 kg P, 10 to 90 
kg K, 2 to 25 kg Ca, and 1 to 10 kg Mg/ha/pruning on a 
three- to four-month pruning cycle. Nutrient uptake by the 
trees is likely to result in greater nutrient competition 
between trees and agronomic crops on soils with low
subsoil nutrient status (e.g. Ultisols) than on base-richsubsoils (e.g. Alfisols). 

subsoilsey-c. ppin ds) hfactors: 
Many alley-cropping studies have shown that crop 

yields tend to decreaselse toehedgerows. It is hypothe-
sized that the lowered yields are due to aboveground 
co etitionoigh bater.Hedgerowgsrun c n fand 
nutrients and water. Hedgerow shoot prunings can 
alleviate shading of crops, and they may also reduce root 
competition because some of the hedgerow roots die 
immediately following such prunings. No published data 

fromunabiguusrot copettionbeteentudis ofedero un uossde ond orcsotiinbetwen 
tropics. 


Objectives 
 Ot 
The objectives of this study were to evaluate the effects of 
mulch, a moderate level of fertilizer, and root pruning of 
hedgerows on the following: 1)crop yields with time and 
distance from hedgeroi 2) weed biomas, 3) hedgerow 
biomass and nutrient content of prunings, and 4) soil 
chemical properties with time. 

We hypothesized that on acid mineral soils, high levels 
of aluminum saturation in the subsoil restrict hedgerow 
root growth largely to the topsoil. As the hedgerows age, 

their increasing root biomass in the crop rooting zone 
(close to the hedgerow and within the alleys) results in 
greater root competition between the hedgerows and 
crops, thus offseting the beneficial effects of mulch 
additions and the nutrients recycled in the mulch. 

Procedures

PoeueThe study was conducted in a secondary forest on an 
12 years previously. A portion of the site was on a northupland terrace, cultivated and abandoned approximately 

facing slope of 21%. The soil was a fine-loamy, siliceous, 
isohyperthermic Typic Paleudult. Clay content in the top15 cm averaged 16.5% with kaolinite as the predominant 
mineral in the clay fraction. The vegetation was cleared 
manually in October 1987, and after being allowed to dry
mnal nOtbr18,adatrbigalwdt r

10 days, it was burned in situ. Partly burned logs and 
branches remaining after the burn were removed from the 
site by hand. After burning, the topsoil (0 to 15 cm) had 

effective-cation exchange capacity of 5.62 cmolL', 
acidity of pH 4.3, and aluminum saturation of 74%. Totalcarbon and nitrogen in the soil were 1.10 and 0.11%, 
respectively. 

epeie ndi 
The experimental design was a randomized complete

block with four blocks and eight treatments. The site was 
blocked on the basis of clay content, Al saturation, andslope, so as to maximize the variation of these variables 
between blocks and minimize the variation within blocks. 
Blocks 1and 2 were located on a flat portion of the site, 
whereas blocks 3 and 4 were located on uniform north
facing slopes of 17% and 21% respectively. The eight 

atnsopsed a 21fa ctil ll. c iattreatments comprised a 21 factorial (i.e. all combinations 
of the two levels-presence and absence-of each of the 

mulch, fertilizer, and hedgerow root pruning). The 
full factorial not only was more precise, but it also 
estimated interaction effects. Except where stated other
wise, means were further examined only if the correspond
ing main effect or interaction effects were significant at p< 0.05. 

bare-root plants (two months old) that had been raised 

A a pw ls 
di art. was used H edgerowsr i ng 

bare-rootpas (two m o sold) th tabised 
from seed in a cleared area adjacent to the site. At sowing, 
inga seeds were immersed for 12 h in a slurry of soil, fine 
roots, and nodules collected from mature inga trees in the 

area. The slurry served as a source of inoculum of nativerhizobia and VA mycorrhizal fungi. At field planting, all 
inga seedlings were profusely nodulated, and an examina
tion of the nodules revealed that most had leghemoglobin, 
as evidenced by a reddish pink coloration. 

The hedgerows in all blocks had an east-west orienta
tion to minimize the shading of crops in the alleys. 
Hedgerows were inspected weekly for a month after 
establishment, and dead trees were replaced with healthy 
seedlings of the same age. The test crops grown in the 
alleys followed an annual rotation of upland rice (Oryza 
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sativaL. var. africano desconocido)-rice-cowpea (Vigna the alley portion of the plot. Nitrogen was only applied to 
unguiculataL. var Vita 7). The first rice crop after rice crops, not cowpea, and applications were split, 30%
burning (subsequently referred to as Rice 1) was harvested prior to sowing and 70% at tillering. Other nutrients were 
in March 1988. The mean grain yield harvested from the applied prior to sowing each crop.
site was 1.5 Mg/ha, while 2.3 Mg/ha of dry crop residue Root pruning of inga hedgerows (R) was done by 
was left in place. The next six crops were referred to as slicing vertically to a depth of 20 cm with a square-end
Rice 2, Cowpea 3, Rice 4, Rice 5, Cowpea 6, and Rice 7. machete at a distance of 25 cm from the base of the 
Crop residues were retained on the plots for all crops. hedgerow. For each crop, hedgerow roots were pruned

Beginning with rice, treatments were as follows: the immediately after sowing the crop and again just prior to 
mulch (M) consisted of inga prunings (leaves + branches) tillering (rice) or flowering (cowpea).
applied at a rate of 3.33 Mg/ha dry matter (DM) per crop. Plots were 7-m long by 4-m wide. As each hedgerow
Prunings were applied approximately four weeks after comprised two rows of trees, prunings for each plot were 
crop germination because prior experiments with inga obtained from the tree row immediately adjacent to the 
mulch showed that the slowly decomposing mulch layer plot. The hedgerows were pruned only once per crop. An 
prevented the emergence of germinating rice and cowpea informal survey of 16 local farmers had revealed that most 
crops. Plots not receiving mulch had the hedgerow would be unwilling to prune hedgerows twice per crop
prunings placed within the hedgerow so as to minimize because of the extra labor required. Hedgerows were first 
nutrient export from the site. pruned 11 months after field establishment. A pruning

The fertilizer (F)contained 50 kg N/ha (urea), 25 kg P/ height of between 0.65 and 0.75 m was selected, as this is 
ha (triple superphosphate), 20 kg K/ha (KCI), 35 kg Ca/ha, a comfortable height to prune with machetes or pruning
and 16 kg Mg/ha (dolomite). It was broadcast evenly in shears. Varying the pruning height up or down by 5 to 10 
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Figure 1.Mean rice grain and straw yields for alley-cropped and non
alley-cropped (fertilized and unfertilized) controls for five consecu
tive rice crops. 
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cm at each pruning appears to be important for Inga
edulis, as observations indicated a marked decrease in 
vigor and resprouting if the stem were repeatedly pruned 
at the same height. 

Crops were harvested by row in order to estimate the 
regression relationship between crop yields and the 
distance from the hedgerow. The remainder of the within-
plot variation was used as an error term to test the polyno-
mial components of the row-to-row variation, 

Results 
Data for seven consecutive crops show that alley-cropping 
yields were generally lower than non-alley-cropped 
controls (Figure 1). In alley-cropped plots, grain yields 
were significantly higher for +M versus -M only for crop
2, higher for +F versus -F for crops 4 to 7, and higher for 
+R versus -R plots for crops 5 to 7 (Figure 2). Reduced 
crop yields due to root competition between hedgerows 
and crops in the alleys were detected at 11 months after 
hedgerow establishment, and competition increased with 
the age of the hedgerow, as measured by steadily declin-
ing crop yields close to the hedgerow (Figure 3). 

1600. 
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0'0 

" 800 
0 0 

a) 0 Q) a)
U (DU U 

o 
SL) 

Soil available P, along with exchangeable Ca and Mg,
increased significantly only in +F versus -F plots, with 
exchangeable acidity and Al saturation showing a reverse 
trend. Weed biomass was significantly higher in +F versus 
-F plots and significantly lower in +M versus -M plots.
Mean pruning yields of inga hedgerows ranged from 2.69 
to 3.72 Mg/ha/pruning, with significantly higher N, P, K, 
Ca, and Mg content of prunings from hedgerows next to 
fertilized alleys than from nonfertilized alleys. The cata 
provide evidence of the nutrient recycling capacity of the 
hedgeiow trees. 

Despite the large amount of nutrients recycled in inga 
prunings applied as mulch and the reduced weed biomass 
in mulched versus nonmulched plots, crop yields from 
alley-cropped plots were generally lower than yields from 
non-alley-cropped controls. Other studies have shown that 
inga leaves decompose slowly, with close to 70% of 
original leaf mass remaining after 30 weeks of decomposi
tion. The major factors responsible for low crop yields are 
probably increasing root competition between hedgerows 
and crops, asynchrony of nutrient release from slow
decomposing inga mulch, and nutrient demand by crops. 
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Figure 2.Mulch, fertilizer, and hedgerow root-pruning effects on rice and cowpea straw yields (circles Indicate 
significantlydifferent at p <0.05). 
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Figure 3. Rice grain yield with distance from hedgerow as af
fected by age of hedgerow and pruning of hedgerow roots. 
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Runoff and Erosion Losses Under Forest Table 2.Erosion and runoff from December 1988

Low-input and Alley-cropping on Slopes: through August 1989.
 
Y-433B Treatments Erosion Runoff Runoff 

Julio C. Alegre, N.C. State University t/ha mm %
Erick C.M. Fernandes, N.C. State University Continuous 

cropping 2.32 57.4 4.4Mulch or crop residues have proven very efficient in soil Alley
and water conservation. Furthermore, on-site vegetation cropping§ 0.60 11.0 0.8 
can provide a barrier to soil erosion, especially on slopes.
Alley-cropping originated on the heavily populated slopes ForestS 0.07 3.5 0.3
of southeast Asia. The tree hedgerows planted along the Bare plot' 13.00 241.0 4.4 
contour help stabilize the slopes and allow for continued 
crop production. Although slopes provide perhaps the ITotal rain: 1317 mm (nine months).

most promising use of this land-management practice,

little research has been done on them.
 

Objective Eight runoff plots 22 m long by 2 m wide were in-
The objective of this study was to measure and compare stalled in December 1988. Each runoff plot had woodensoil and water erosion on slopes for three systems: forest, borders on three sides to keep out runoff from surrounding
low-input, and alley-cropping. areas. On the remaining downhill side, a system of 

cylinders collected water and sediment. The first cylinderProcedures (200 L) of each plot had a multislot divisor with eleven
The study was installed in the previously descrik iey- slots. The central slot led to a second cylinder (100 liters),
cropping study. Slopes at the site ranged betweei. .. and which accumulated one-eleventh of the runoff water that20%. The soil's texture was a relatively uniform sandy overflowed from the first cylinder. Rainfall was read daily
clay loam. from a recording rain gauge, and water runoff was read

One rice (Carolina var.) crop was planted to reduce site the day after a rainfall event. 
variability. In March 1988, two treatments with three reps
 
were installed: 1)low-input continuous cropping with a Results
 
rotation of rice and cowpea planted in rows along the During 1988, the total precipitation was 1700 mm, well

contour (all residues were left on the soil surface); 2) below the long-term average of 2200 mm. Rainfall in
hedges of Inga edulis planted along the contour with 4 m 1989 was also below the long-term average. Crop yields

between hedges. A rice-cowpea rotation was grown were not significantly different for the hedge and lowbetween the hedges, and prunings from the trees and crop 
 input systems (Table 1). In general, yields were low inresidues were placed on the soil surface. Two additional both due to late planting or diseases (virus in cowpea).plots (secondary-forest and bare-plot) with no replications Preliminary data for soil erosion and runoff during nine were also included, months are shown in Table 2. There were few intense 

Table 1.Grain and stover yields for five crops grown on slopes by different management practices. 

2nd Rice 3rd Cowpea 4th Rice 5th Rice 6th Cowpea 
Treatment Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw 

t/ha 
Continuous 

cropping 0.93 1.79 0.38 0.52 1.09 1.43 0.52 0.55 0.53 0.43 
Alley

cropping 0.93 0.331.70 0.49 0.81 0.90 0.44 0.43 0.35 0.32 

§The first rice crop was planted uniformly over the whole area before the treatments were Installed. Mean grain yield was 
1.5 t/ha. 
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rainfall events during the period of measurement. The 
low-input cropping system had approximately four times 
the erosion and runoff of the alley-cropping system. 
Runoff losses from the secondary forest were very low. 
Losses from the bare plots were very high, five times that 
of continuous-cropping plots and 21 times that of the 
alley-cropping systems. Consistent long-term data are not 
yet available, but the preliminary results are promising for 
slope stabilization through alley-cropping. 

Vesicular-Arbuscular Mycorrhizae and 
the Growth of Tropical Leguminous Tree 
and Pasture Legumes in Acid Soils, 

Part I: Rock Phosphate Effects: Y-437 

Erick C. M. Fernandes,N. C. State University 
C. B. Davey, N. C. State University 
G. Melndez, INIAA, Yurimaguas,Peru 

The potential contributions of leguminous tree, crop, and 
pasture species to the productivity and sustainability of 
low-input land-use systems are often not realized on acid 
soils because of low phosphorus availability, high alumi
num toxicity, low exchangeable base contents, and low 
nutrient reserves. 

Leguminous species require large amounts of P for 
growth, nodulation, and nitrogen fixation. Consequently, 
they are often unable to grow on acid soils with low 
available P. Research has shown that effective associa
tions between many leguminous species and VA mycor
rhizal fungi significantly improve growth and nitrogen 
fixation relative to nonmycorrhizal plants in P-deficient 
soils. IncreaseA productivity of mycorrhizal leguminous 
species has also been reported for soils with low P content 
where 20 to 50 kg/ha of P was applied either in soluble 
form or as rock phosphate. 

In P-deficient soils, VA mycorrhizal fungi increase 
plant growth by enhancing P uptake. Plant specie3 differ 
in their growth responses to VAM fungal infection 
depending upon their demand for P and their ability to 
absorb it from the soil. Species having a low root density 
or few root hairs are very dependent on mycorrhizae. 
Although leguminous species are generally quite depend
ent on VAM for good growth on P-deficient soils, the 
dependency varies with the plant species, the soil
available P level, and the species of VA mycorrhizal fungi 
involved. 

D,.spite the potential of agroforestry systems to 
contribute to a sustainable level of production on acid 
soils in the tropics, relatively few leguminous tree species 
have been systematically evaluated for their mycorrhizal 
dependencies and for associations with VA mycorrhizal 
fungi adapted to acid soils. Effective VAM in leguminous 
species could be important for increasing plant productiv
ity in the tropics for several reasons: the low available soil 
P of many tropical soils, the high cost of importing soluble 
P fertilizers or the raw materials (e.g. H2S04) for manufac
turing soluble phosphate fertilizers, and the mycorrhizal 
dependency of many tropical legumes. 

Objectives 
The predominant VA mycorrhizal fungi in Ultisols at 
Yurimaguas were identified and used as inocula in a 
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greenhouse experiment. The objective was to determine 
the effects of levels of rock phosphate applications and 
mycorrhizal infection on nitrogen and phosphorus accu-
mulation in several leguminous species used in alley-
cropping and pasture systems on acid soils in the humid 
tropics. 

Procedures Proceures-a-
A Yurimaguas series soil was collected from a 15-year-old 
secondary forest. The soil was sieved (4 mm) and thor-
oughly mixed. Portions (7 kg, dry weight basis) were then 
transferred to heavy-gauge polythene pots. The pots
containing the soil were fumigated in a gas-tight enclosure 
by exposing them to 48 g of methyl bromide and 1.0 g of 
chloropicrin Lor five days. The pots were removed from 
the enclosure and left to swiid for 10 days to allow the 
fumigants to dissipate from the soil. Before sterilization, 
the soil pH was 4.6; P 5.9 mg/kg (modified Olsen extract); 
exchangeable acidity 0.89; CA 0.50, Mg 0.10, K 0.06 

cmolJL; and aluminum saturation 57%. Fumigation
 
doubled the level of available soil P but did not signifi-

cantly change the nutrient levels. Since the soil was 
thoroughly sieved before fumigation, it is assumed that the 
increased P after fumigation originated mainly from 
microbial biomass. 

Pot cultures of native VAM fungal species were 

established by inoculating fumigated soil with fine roots 

from a range of annual crops, pasture, and tree production 

systems at the experiment station. Corn was the host plant, 

.ind after three months of growth, spores of VA mycorrhi-

zal fungi were excised by wet-sieving and decanting. 


The experimental design was a 4 x 4 x 3 factorial 
consisting of four plant species, four inoculation treat-

ments, and three P treatments. The plant species com-

prised two tree species (Inga edulis Mart. and Erythrina 

sp.) and two pasture species (Centrosema macrocarpum 
Benth. CIAT 5412 and Desmodium ovalifolium Wall). The 

inoculation treatments included no inoculation (01), native
 
rhizobia (R), native VA mycorrhizal fungi (M), and native
 
VA mycorrhizal fungi plus native rhizobia (MR). The P 

treatments were 0, 7.7, and 15.4 mg P/kg as Bayovar rock 

phosphate (equivalent to 0, 20, and 40 kg P/ha, assuming a
20 cm depth of soil/ha and bulk density of 1.3 g/cm). The 
48 treatments were replicated six times and arranged on 
greenhouse benches in a completely randomized design. 

Plants were harvested after 80 days of growth because 
differences between treatments appeared to be at a 
maximum. In addition, rerandomization of plants became 
increasingly difficult because they were large. Plants of 
Desmodium ovalifolium failed to grow in all the treat-
ments, so the species was eliminated from the trial. 

Results 
The most prevalent species of VA mycorrhizal fungi 
encountered in the acid soil at Yurimaguas and used as 
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inocula included Acaulosporafoveata,Acaulospora 
spinosa,Scutellosporaheterogama,and Giga'spora
decipiens. Percent root length of Erythrinasp. and I. 
edulis colonized by VA mycorrhizal fungi increased with 
added P, while that of C. macrocarpumincreased to a 
maximum at 20 kg P/ha and then declined slightly at 40 

VAM+Rhizobia 
VAM 

- VAM 

"90 
Centrosema macrocarpum 

-.---1 

._ 60 

-

-0 30 1 
OP 20P 40P 

P added to soil (kg/ho) 

U 30 /!sErythrina sp.
U w/ 

25. 
C 

.. 
20-

Ir" 
- 15 
0 

P 
20P2o 40P

40P 
P added to soil (kg/ha) 

j" 75 
Inga edulis 

u .A 
- - - . 

"- 501 
- 4 /-



r 


o250p- 20P 46P 
OPP 

P added to soil (kg/ha) 

Figure 1.Effect of Papplied as rock phosphate on 
Infection by VAM fungi. 
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kg P/ha (Figure 1). The exception to the decline was 
erythrina, whose percent root length colonized by VAM 
increased continuously with added phosphorus. 

Shoot, root, and total plant dry weights were signifi-

cantly correlated with percent root length infected with 

vesicular-arbuscular mycorrhizae (VAM). Shoot dry 

weights of all species increased significantly with the 
addition of 20 and 40 kg P/ha. Plants without mycorrhizae
needed additions of between 30 and 40 kg P/ha (Bayovar 
rock phosphate) to achieve the same shoot dry weight as 
mycorrhizal plants without P additions (Figure 2). Increas-
ing plant P content increased the nodulation and nitrogen 
content of inga, erythrina, and centrosema. Plants inocu-
lated with both VA mycorrhizal fungi and rhizobia had 
more nodules and higher shoot N than plants inoculated 
with rhizobia alone. 

Increasing soil phosphorus availability via the addition 
of rock phosphate increased shoot P content, shoot N 
content, and the numbers of nodules of C. macrocarpum,
Erythrinasp., and I. edulis. Increasing plant P content 
increased the nodulation and nitrogen content of cen-
trosema, rythrina, and inga. Plants inoculated with MR 
had a significantly greater number of nodules than plants 
inoculated with R. 

ICentrosemamacrocarpum [dj~j 
15. 15-
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Native VA mycorrhizal fungi effectively colonized the 
roots of Centrosemamacrocarpum,Erythrinasp., and 
Inga edulis at available soil P levels between 11.3 and 
20.8 mg/kg (modified Olsen extract). It is important to 
note that the responses to VAM were obtained despite an 
initial available-P level of 11 mg/kg (Olsen), which is 
probably above the critical level for acid-tolerant legumes. 
The improvement in growth and nodulation by VA 
mycorrhizal fungi at this relatively high P level supports 
the importance of VAM for inga, erythrina, and cen
trosema. 

Implications 
Since the status of VAM fungal inoculum in the field is 
unpredictable, the initial survival and subsequent produc
tivity of nitrogen-fixing tree species used in agroforestry 
could be significantly improved by ensuring adequate 
levels of effective VAM fungal inoculum in the nursery 
seed beds used for seedling production. Tree seedlings
with a high percentage of their root systems infected with 
VAM fungi are likely to establish quickly and be more 
productive in the field than directly seeded or poorly 
mycorrhizal plants. 
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Innoculation (01) on shoot and root dry weight of Centrosema macrocarpum, Inga edulls,and Erythrina sp. In 
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Vesicular-Arbuscular Mycorrhizae and 
the Growth of Tropical Leguminous Treeand Pasture Species in Acid Soils, 
Part I1: Shoot-Pruning Effects: Y-436 

Erick C. M. Fernandes,N. C. State University 
C. B. Davey, N. C. State University 
G. Melindez, INIAA, Yurimaguas,Peru 

The management of leguminous tree and forage species in 
many agroforestry systems involves cutting the shoots for 
green manure, mulch, wood, and livestock forage or 
fodder. The excessive removal of shoots can severely
reduce regrowth, and in some cases, the plant dies. It is a 
common observation in the literature that shoot removal 
causes a reduction in root growth. Within a few hours 
following defoliation, all root growth can stop, a condition 
eventually leading to increased root mortality, 

The effects of leguminous-species management (such 
as pruning or grazing) on the dynamics of root growth, 
infection by arbuscular (VA) mycorrhizal fungi, and 
nodulation are relatively unknown and constitute one of 
the fundamental research gaps in agroforestry. 

In pastures, grazing of aboveground biomass results in 
decreased root biomass. Research on pruning the shoots of 
leguminous tree species indicates that the greater the shoot 
biomass removed in pruning, the slower the subsequent
regrowth of the shoot, presumably due to greater reduc-
tions in root growth by the heavier pruning. In addition to 
reduced levels of available photosynthate for nodules and 
VA mycorrhizal fungi, root mortality due to shoot pruning 
or grazing may result in decreased levels of infection by
VA mycorrhizae, thereby reducing P uptake, nodule 
activity, and regrowth of the entire leguminous host 
species. 

Objectives 
The objectives of this study were to measure how shoot 
pruning of Inga edulis Mart. (a tree species) and Cen-
trosema macrocarpumBenth. (a forage species) influences 
the following: 1)shoot and root dynamics, VAM fungal 
infection, and nodulation ard 2) nitrogen and phosphorus 
accumulation in shoot regrowth. 

Procedures 
The experiment was conducted in a greenhouse as a 2 x 4 
x 5 factorial consisting of two plant species, four shoot-
pruning intensities, and five sampling times. The plant 
species included a tree species (Inga edulis Mart.) and a 
herbaceous forage species (Centrosemamacrocarpum 
Benth. CIAT 5412). Shoot-pruning treatments removed 
0%, 25%, 50%, and 75% of the leaf biomass. Nonpruned 
controls were also performed. Shoots were pruned 90 days 

after sowing the seed. Plants were sampled at 4, 8,16, 32, 
and 64 days after shoot pruning. It was decided to sample 
more frequently immediately after shoot pruning becauseexploratory observations in the field revealed that rapid 
changes in the growth of fine roots occurred in the first 
two weeks following shoot pruning. The 40 treatments 
were replicated 10 times and arranged on greenhouse 
benches in a completely randomized design. 

Soil for the experiment (Typic Paleudult) was collected 
from the topsoil (0 to 15 cm) of a secondary forest. The 
soil had a pH value of4.7; P 2.6 mg/kg (modified Olsen 
extract); exchangeable acidity 1.5; Ca 0.42, Mg 0.06, K 
0.05 cmolJL; and an aluminum saturation of 74%. The 
soil was sieved (4 mm) and thoroughly mixed. Portions (7
kg, dry weight basis) were then transferred to heavy-gauge 
polythene pots. Bayovar rock phosphate (13% P content) 
equivalent to 20 kg P/ha was added to each pot and 
thoroughly mixed into the soil. Before the seed was sown, 
the soil received the following nutrients in solution: the 
equivalent of 30 kg K, 50 kg Ca, 20 kg Mg, 3 kg Zn, 1kg 
Cu, 1 kg B,and 0.5 kg Mo/ha.. 

Results 
Intensified shoot pruning reduced the total root biomass of 
both inga and centrosema. Pruned inga (Figure 1)regrew 
roots more rapidly than did centrosema. At a shoot
pruning intensity of 75%, centrosema plants recovered 
total root biomass within 64 DASP (day after shoot 
pruning), whereas inga had a significantly lower total root 
biomass for the lowest shoot pruning intensity of 25%, 
even at 64 DASP. 

Shoot pruning significantly reduced only the fine-root 
growth of centrosema, whereas both fine- and coarse-root 
biomass of inga decreased with increased pruning inten
sity. Remobilization of root-storage carbohydrates and/or 
proteins may be important in shoot and root regrowth 
following pruning of inga. As root biomass declined, P
concentration in the shoots increased (especially for inga),
despite increasing shoot biomass. The data suggest 
translocation of P from dying roots to the shoots. 

Shoot pruning resulted in a decline in percent root 
length infected by VA mycorrhizal fungi (Figure 2). In 
Centrosema, recolonization of fine roots commenced 
within 16 DASP, and total root length infected with VA 
mycorrhizal fungi was significantly lower than control
plants at 64 DASP only for 75% shoot-pruning intensity. 
Infection levels in inga did not increase till 32 DASP, and 
total root length infected at 64 DASP was significantly 
lower than controls for both 50% and 75% shoot-pruning 
intensities. Plant biomass was significantly correlated with 
total root length infected by VA mycorrhizal fungi at all 
pruning intensities for centrosema and the nonpruned 
plants of inga. 
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A significant decrease in the number of active nodules 
in pruned relative to nonpruned plants was detected at 16 
DASP for inga and 32 DASP for centrosema. Inga plants 
at 75% shoot-pruning intensity had significantly lower 
numbers of active nodules than did controls and other 
pruning intensities. Despite the significant increase in 
active nodules between 32 and 64 DASP at shoot-pruning 
intensities of 25% and 50%, shoot nitrogen content 
equalled or exceeded that of control plants only for the 
25% shoot-pruning level. At higher shoot-pruning intensi-
ties, the percentage of total root length infected with VA 
mycorrhizal fungi and shoot P content was significantly 
lower than for nonpruned plants. 

Conclusions 
Caution is required in the extrapolation of these results to 
the field management of tree and pasture species. Never-
theless, the general trends of shoot and root responses to 
pruning are likely to be similar. For the forage legume C. 
macrocarpum,plant biomass and N and P contents recover 
to original levels within 32 DASP at a pruning level of 
25%. The data fit the specifications for the rotation of 
animals in pastures where the animals are allowed to graze 
for 14 days and the grazed pasture is then allowed to 
recuperate for 28 days (assuming no overgrazing), 

Centrosema macrocarpum 
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The responses of I. edulis to shoot pruning (as in alley
cropping) are likely to differ at the field level because the 
trees are generally much older (10 to 12 months) at first 
pruning. The data from this experiment show that both 
fine- and coarse-root biomass decrease after pruning, 
probably due to the remobilization of storage carbohydrate 
for shoot regrowth. If one assumes that shoot pruning 
affects the root growth of 10-month-old hedgerow trees in 
the same way it affects three-month-old seedlings, root 
competition between hedgerows and crops for the nutri
ents released from the prunings might be minimized by 
cutting the hedgerows two to three weeks prior to sowing 
the crops. 

At shoot-pruning intensities between 25% and 50%, 
inga plants formed new and active nodules between 32 
and 64 DASP, suggesting that the shoot-pruning intervals 
of between three to four months commonly used in alley
cropping systems would allow the hedgerow trees to 
improve the soil's N status via nitrogen fixation. On acid 
soils, more intensive shoot pruning (greater than 50% 
shoot biomass removed) cr more frequent cutting (inter
vals of 60 days or shorter) is likely not only to reduce root 
growth, VA mycorrhizal infection of roots, and nitrogen 
fixation by the hedgerow trees, but may also lead to tree 
death. 
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Figure 1. Effect of shoot-pruning Intensity on shoot and root biomass of Centrosema macrocarpum and 
Inga edullsat different times after shoot pruning. 
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Crop Yields, Soil Nitrogen Mineralization, 
and Soil Chemical Properties Following 
4.5 years of Managed Leguminous 

Fallows: Y-409
 

Lawrence T. Szott, N. C. State University 
GloriaMelindez, INIAA, Yurinaguas,Peru 

In January 1984, seven fallow treatments were established 
in an abandoned field in a randomized complete-block 
design with four repetitions. The treatments included the 
following: Centrosema macrocarpum(CM); Stylosanthes 
guianensis(SG); Puerariaphaseoloides(PP); Cajanus 
cajan (CC); Desmodium ovalifolium (DO); Inga edulis 
(IE); and purina (PUR), the secondary vegetation which 
invaded naturally. Apart from a hand weeding in the first 
month after planting, the vegetation was allowed to grow 
without management for 4.5 years. Results on biomass 
and nutrient content have been published in previous 
TropSoils Technical Reports. At 4.5 years, biomass in the 
fallows was measured, the fallows were cut and burned, 
and an upland rice-rice-cowpea rotation was planted. 

Objectives 
The objectives of this study were to determine the effect 
of the fallow treatments on soil chemical properties, 
patterns of Nmineralization in soil, and crop yields. 

Procedures 
Grain yields in each of three continuous crops were 
determined. Routine soil chemical analyses were per-
formed after burning the fallows and after harvesting each 
crop. Soil N mineralization was also measured two or 
three times during each crop; two composite samples (0-
to 10-cm depth) were taken from each plot, and ex-
tractable NH+4and NO- 3 contents were measured. The soil 
was incubated in the laboratory under ambient tempera-
ture and 75% field moisture capacity. After 10 days, the 
soil samples were again extracted for NH*4 and NO-3. The 
difference in NH 4 and N03 between the two dates was 
considered the net N mineralized. That figure indicated 
the Navailability of the different treatments 

Results 
Total mass (live aboveground biomass + roots to a 45-cm 
depth + litter) at 4.5 years was greatest in the natural 
fallow and least in the centrosema treatment (Table 1). 
Treatments with trees (IE, DO, CC, and PUR) had much 
greater biomass than those without (or with few) trees. 
Generally, grain yields for all three crops were greater in 
the IE, DO, CC, and PUR treatments than in the others 
(Table 2). In comparison with the control (PUR) treat-
ment, relative total yields for the three crops were greater 
by 21% and 34% in the DO and IEtreatments, respec-

Table 1.Mass accumulated by the fallow treatments 
after 4.5 years of growth. Mass Includes live above
ground blomass, litter, and roots to a soil depth of 45 cm, Yurlmaguas, Peru. 

Treatment Mass (t/ha) 

CM 7.86 

SG 26.33
IE 43.75 
cc 35.04 
PP 9.28 
DO 56.14 

PUR 66.42 

tively, but lower by 17%, 35%, and 40% in the SG, CM, 
and PP treatments. Relative total yields in the CC treat
ment were similar to the control. 

Changes with time in N mineralization are shown in 
Table 3. Generally, mineralization was at a maximum in 
the initial phase of the first crop cycle, declined in the 
mid-cycle, and then remained relatively constant until the 
mid-cycle of the second crop. After that, mineralization 
declined with time, becoming negative in the mid-cycle of 
the third crop. At the last sampling, mineralization was 
positive, but very low. 

Soil mineralization differed significantly among 
treatment for certain sampling dates. Except for the 
control, treating the first crop with greater amounts of 
biomass at clearing (IE, CC, DO) tended to produce 
higher mineralization rates. At the other dates, this pattern 
was reversed, again with the exception of the control. At 
all dates, mineralization in the control tended to be an 
intermediate value when compared to the other treatments, 
even though the control had the highest biomass. 

Chemical properties of soil collected 27 days after 
burning were similar in all treatments. Levels of ex
changeable nutrient cations (0.13, 0.54, and 0.25 cmol /L 
for K, Ca, and Mg, respectively) and available P (6.0 mg/ 
L) were low, and Al saturation percentage was high 
(85%). After three crops, exchangeable nutrient cation 
values had decreased in the CM, SG,and PP treatments, 
but had remained constant or even increased in the IE,
DO, CC, and PUR treatments (Table 4). Available P 
decreased slightly in all treatments, with the exception of 
IE. 

In the first crop cycle, crop yields were more highly 
correlated with the amount of biomass present at fallow 
clearing than with the amount of net N mineralized during 
the cycle (Table 5). In subsequent crop cycles, the 
correlations of crop yields and net N mineralized were 
negative. A possible explanation for this pattern is that 
crop production was limited by nutritional factors, 
including N, and that treatments with greater biomass (IE, 
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DO, PUR, CC) contributed greater amounts of nutrients in treatments were 21 and 34% greater than in the natural 
ash and thus enriched the soil more than did the other fallow treatment, indicating that it is possible to improve
treatments. Lower rates of mineralization in the IE, DO, crop yields by managing fallow vegetation. Crop yields in 
CC, and PUR treatments may have been due to the greater the other fallow treatments were equal to or less than 
quantity of woody material present in these treatments. those in the natural fallow. The improved performance of 
Besides buffering the release of nutrient cations, this low- the desmodium and inga fallows may be related to the 
N-containing material may have immobilized N, hence the storage of greater quantities of nutrients that become
 
lower rates of N mineralization, available for crop growth upon fallow clearing.
 

Crop yields in the best treatments were typical of those
Conclusions obtained in the region. Further research is needed to
After 4.5 years of fallow growth, accumulation of biomass determine how fallow length and the sequence of fallow 
and litter was greater in the natural secondary vegetation and cropping periods can be manipulated to iinpruve

than in the managed leguminous fallow treatments. yields.
 
Nevertheless, crop yields in the desmodium and inga
 

Table 2. Absolute (tlha) and relative (%) grain yields' obtained after clearing and burning the 4.5
year-old managed fallow treatments, Yurimaguas, Peru. 

Relative
Treatment Rice 1 Rice 2 Cowpea 1 Total total yleldf 

IE 1.82 a 1.14 a 0.62 a 3.58 a 1.34 
DO 1.65 ab 1.09 a 0.49 a b 3.22 a b 1.21 
CC 1.32 abc 1.12 a 0.54 a b 2.72 a b c 1.02 
PUR 1.13 bc 1.08 a 0.46 b 2.67 a b c 1.00 
SG 1.43 abc 0.50 b 0.29 c 2.21 b c d 0.83 
CM 0.91 c 0.56 b 0.26 c 1.73 c d 0.65 
PP 0.98 c 0.41 b 0.20 c 1.60 d 0.60 

* Within a given crop cycle, yields having the same letter are not significantly (p = 0.05) different. 
Relative to the total yield obtained in the PUR treatment. 

Table 3. Net N (NH4 + NO3) mineralized from soil obtained from the fallow treatments at various times during the 

first three crops following fallow clearing. 

Treatment 

N mln CM SG IE CC PP DO PUR 

(ug/g/10 days soil) 
Crop 1 (Rice)
Post-plant. 24.2ab 14.2 b 37.7a 38.9a 25.8ab 34.2a 21.7ab 
Mid-cycle 12.2 12.5 14.4 13.6 13.1 14.1 9,9
Harvest 15.5a 10.4 bcd 8.6 cd 7.7 d 12.7abc 10.5 14.31b 

Crop 2 (Rice)
Post-plant. 13.4 13.5 12.8 11.7 13.7 11.4 16.1
Mid-cycle 12.5 11.2 1.2 2.4 10.0 3.3 6.8
Harvest 9.9ab 8.9a bc 5.5 d 6.7 cd 7.6 9.7ab 

Crop 3 (Cowpea)

Mid-cycle 3.9 -0.6 -0.4 
 0.6 -0.2 0.1 -1.4
Harvest 3.5ab 3.2a b 3.3a b 3.7a 3.lab 2.9 b 3.Oab 

* For a given date, treatment means followed by the same letter are not significantly different (p = 0.05).
NS = not significant. 
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Table 4.Topsoil (0 to 15 cm) chemical properties Inthe 
fallow treatments one year (three crops) after clearing, 
Yurlmaguas, Peru. 

Exchangeable 

Treatment Al Ca Mg K P 

(cmol/L) (mg/L) 
CM 6.0 0.39 0.12 0.07 5 
SG 6.1 0.38 0.14 0.08 4 
iE 5.1 0.85 0.29 0.14 6 
CC 6.3 0.45 0.17 0.11 5 
PP 6.2 0.27 0.07 0.06 5 
DO 5.8 0.54 0.20 0.11 5 
PUR 6.6 0.50 0.21 0.12 5 

Table 5. Correlation coefficients (and significance 
levels) for the relationship between crop yield and 
fallow biomass present at clearing or total net N 
mineralized from soil during the course of the crop 
cycle, Yurlmaguas, Peru. 

Crop Fallow biomass Total net N mineralized 

Rice 1 0 70 (0.0004) 0.16 (0.421)
Rice 2 0.38 (0.704) -0.62 (0.0004)
Cowpea 1 0.35 (0.084) -0.38 (0.0640) 

Viable Weed Seed Pools in Managed
Fallows: Y-409D 

Lawrence T. Szott, N. C. State University 

In comparison to natural secondary vegetation fallows, 
managed fallows may more rapidly suppress weeds and 
reduce weed seed pools in soil. Previous work (Szott, 
Ph.D. dissertation, 1987) has shown that the number of 
viable weed seeds in the soil 33 months after fallow 
planting is related to how quickly the planted fallows 
suppress weeds. 

Objectives 
The objectives of this study were to evaluate and charac

terize viable weed seed pools in soil: I) after 4.5 years of 
fallow growth, 2)after cutting and burning the fallow 
vegetation, and 3)after one year of short-cycle food crops. 
Procedures 

Soil samples were obtained from each of the seven fallow 
treatments previously described. Two samples, each 
consisting of six 5.5-cm-diameter cores of the top 5 cm of 
soil, were taken from random locations in each plot. Each 
sample was mixed with vermiculite (approximately 10:1 
ratio of soil to vermiculite by volume) and placed in a 
divided tray. Soil filled the trays to adepth of approxi
mately 3 cm. Trays were placed outdoors under aroof and 

watered daily with rain water. Additional soil was heated 
at 2500C for five hours to destroy viable seeds. The soil 
was then placed in four trays as an assay to control for 
seed contamination during the course of the study. 

During 12.5 months, seedlings growing in the trays 
were identified, counted, and then removed. Soil in the 
trays was mixed when germinations decreased; soil was 
mixed a total of four times (including the first). The 
numbers obtained serve as an index of readily germinating 
seeds, not the total soil seed pool, since a few seeds were 
still germinating after one year. 

Results 
The number of viable weed seeds in the soil before cutting 
and burning ranged from 3400/m2 in the stylosanthes 
treatment to 79000/m2 in the pueraria treatment (Table 1). 
The low number of germinations in the stylosanthes 
treatment may be due to the reported allelopathic effects 
of that species. The high germination rate in pueraria was 
primarily due to agreater number of germinations of 
Linderniahumilis. 

Germinations were distributed among 25 identified 
species and an additional category: unidentified broad
leaved species. Germination of lindemia accounted for 
approximately '0 to 70% of the total seed germinations in 
all treatments. The majority of the remaining germinations 
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were accounted for by Panicum trichoides(5 to 15%),
Pteridiumaquilinum(3 to 10%), Digitariasanguinalis(1 
to 8%), Cyperaceaespp. (3 to 7%), Axonopus compressus
(2 to 7%), and unidentified broad-leaved herbaceous 
plants (2 to 8%). Few seeds from the leguminous fallows 
or the secondary forest tree species germinated, 

After clearing and burning were completed, the number 
of germinations was reduced by 50 to 75% (Table 2). The 
number of seed germinations was greatest, and the 
percentage reduction in germinations least, in the 
desmodium treatment, mainly due to greater numbers of 
lindernia, Cyperaceaespp., and pteridium than in the 
other treatments. The number of germinations was least in 
the stylosanthes treatment, chiefly due to fewer germina-
tions of Cyperaceae spp., Phillanthuscorcovadensis, 
lindernia, and pteridium than in the other treatments. The 
greatest percentage reduction in seed germination (ap-
proximately 50%) due to clearing and burning was meas
ured in the centrosema and pueraria treatments. 

After burning, lindernia still accounted for 45 to 70% 
of the germinations in all treatments, followed by 
pteridum (6 to 17%), unidentified broad-leaved weeds (6 
to 14%), Cyperaceaespp. (3 to 9%), phillanthus (1 to 
8%), and Panicum trichoides(2 to 5%). 

Viable seeds of most species were reduced by clearing
and burning. Phillanthus seedlings increased in all treat
ments, and desmodium increased in the desmodium 
treatment, perhaps because seeds from desmodium bushes 
fell onto the soil as a result of clearing. The effect of 
clearing and burning on the germination of pteridum and 
unidentified broad-leaved weeds varied. There is a 
suggestion that germinations in both classes of weeds 
increased when fires were hotter. 

For most weed species in both sets of samples (pre- and 
post-clearing), the majority of the germinations occurred 
within a few months of incubation. Germinations of 
Cyperaceaespp., phillanthus, lindernia, and unidentified 
broad-leaved weeds, however, continued to occur during
the latter part of the incubation period, suggesting that soil 
seed pools of these species are large and/or that these 
seeds possess dormancy roechanisms. 

Conclusions 
1)Before and after clearing, Linderniahumidilis,a 
nonpernicious weed, contributed most to the soil's readily 
germinating seed pool. Grasses and sedges accounted for 
most of the remaining seed germinations. 

Table 1.Numbers (#/m2) of seedlings germinating Insoil (0 to 5 cm) obtained from 4.5-year-old managed fallow 

treatments, Yurlmaguas, Peru. 

Weed 
Class' CM SG IE 

TOU 1200 1065 5118 

CYP 2319 960 3999 

CHP 0 0 0 

DiG 3877 2134 1065 

ESP 30311 18395 39294 

HAD 1158 2454 4479 

BOR 201 
 0 374 

PAT 2601 3413 7838 

SHA 3317 2774 4053 

TREES 160 854 54 

LEGS 160 1599 265 

OTHER 320 265 
 214 


TOTAL 45624 33913 66753 


Fallow treatments§ 

CC 

2104 

1705 


0 

1974 


35030 

1225 

640 


6024 

3305 

214 

105 

320 


52676 


PP DO SF 

4239 2479 2479 
2319 2079 3077 

0 0 0 
1599 3093 2678 

54503 46121 18155 
2879 2294 3279 
720 54 240 

4917 4693 7998 
7198 1654 3557 
281 54 438 
0 3413 278 

160 54 358 

78815 64948 42537 

§CM = Centrosema macrocarpum,SG = Stylosanthes guianensis,IE = Inga edulis,CC Cajanus cajan, PP = Pueraria 
phaseoloides, DO = Desmodium ovalifolium,and SF = natural secondary vegetation. 
ITOU = Axonopus compresus, CYP = Cyperaceae app., CHP = Phillanthus corcovadensis, DIG = Digitaria sanguinalis,
ESP = Lindernia humilis, HAD = unidentified broad-leaved weeds, BOR = Borrerla leavis, PAT = Panicum trichoides,
SHA = Pteridium aquilium, TREES = various secondary forest tree species, LEGS =planted leguminous fallow species,
and OTHER = other weed species. 
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2) Clearing and burning reduced readily germinating had smaller soil pools of readily germinating
seed pools by 25 to 50%. The numbers of germinations weed seeds. This finding suggests the importance 
were reduced for the majority of weed classes. Germina- of controlling within-field weed reproduction as a 
tions of phillanthus, pteridium, and some unidentified means of reducing weed seed pools in soil and 
broad-leaved weeds increased, indicating that these weed populations in succeeding cropping periods.
species may become a problem with increasing use of fire 4) Germinations of weed seeds in soil after one year 
as a management tool. of cropping are being evaluated. 

3) Treatments which suppressed weeds during the 
fallow period (centrosema and stylosanthes) also 

Table 2. Numbers (#/m 2) of seedlings germinating after clearing and burning In managed fallows, Yurlmaguas, 

Peru. 

Fallow treatmentsf 

Weed 
Class' CM SG IE CC PP DO SF 

TOU 
CYP 
CHP 

560 
640 
281 

438 
601 
400 

1078 
3237 
1999 

480 
2038 
2601 

601 
1238 
2038 

720 
3519 
1919 

800 
1855 
1376 

DIG 0 160 240 240 281 121 352 
ESP 15714 12956 19393 17153 24911 28152 12828 
HAD 1280 2518 3039 2118 2639 2879 3903 
BOR 
PAT 
SHA 

0 
720 

3039 

80 
1040 
1360 

201 
1958 
4677 

80 
1439 
4239 

41 
1001 
6958 

121 
1040 
6398 

96 
1408 
4703 

TREES 
LEGS 
OTHER 

80 
0 

80 

281 
320 
240 

201 
80 

358 

678 
80 

160 

201 
281 
201 

160 
3717 

240 

192 
64 

192 
TOTAL 22394 20394 36461 31306 40091 48986 27769 

(49%) (60%) (55%) (59%) (51%) (75%) (65%) 

§CM = Centrosema macrocarpum, SG = Stylosanthes guianensis, IE = Inga edulis, CC = Cajanus cajan, PP = Pueraria 
phaseoloides, DO = Desmodium ovalifolium, and SF = natural secondary vegetation. 

ITOU= Axonopus compressus, CYP= Cyperaceae spp., CHP= Phillanthus corcovadensis, DIG= Digitaria sanguinalis,
ESP= Lindemia humidilis, HAD= unidentified broad-leaved herb, BOR= Borreria leavis, PAT= Panicum trichoides, SHA= 
Pterddiumaquilinum, TREES= a variety of secondary forest species, LEGS= planted leguminous fallow species, OTHER= 
other weed species. 
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Root Dynamics in a Peach-Palm Planta-
tion and an Undisturbed Forest: Y-435 

L. T. Szott, N. C. State University 

There are few data on root dynamics in agroforestry sys-
tems or undisturbed forests in the humid tropics. Such data 
are necessary in order to develop an understanding of 
organic matter and nutrient cycling in these systems. 

Objectives 
To qualitatively and quantitatively describe root produc-
tion, mortality, and disappearence during a year in an old 
secondary forest and a five-year-old peach-palm planta
tion associated with a leguminous (Centrosemamacrocar-pum) cover crop. 

Procedures 
Two compelementary techniques were used to gather root 
data: sequential coring and mini-rhizotrons. 

Sequential Coring 
Sequential coring was done at monthly intervals. At each 
date, five random points were sampled along three 
transects in the undisturbed forest. In the palm plantation, 
a stratified random sampling method was used: at each of 
four trees, samples were taken at 0.5, 1.0, 1.5, and 2.0 m 
from the trunk along a compass heading randomly chosen 
for each tree. A fifth point, whose distance from the trunk 
along the same heading varied randomly between 2.0 m 
and 5.0 m, was also included. A preliminary study has 
shown that at distances from the trunk greater than 2.0 m, 
root biomass distribution was effectively random with 
respect to distance. 

Soil cores 42 mm in diameter were taken to a depth of
50 cm, separated into three portions (0 to 15, 15 to 30, and 
30 to 50 cm), and the roots were separated from the soil 
by hydropneumatic elutriation. After elutriation, live and 
dead roots were manually separated from intermixed or-
ganic detritus and were then further divided into two 
classes based on diameter: fine (< 2 mm diameter) and 
coarse (> 2 mm diameter). Roots from the palm plantation 
were also classified according to plant types-palm and 
other-resulting in a total of eight root categories for the 
plantation. 

After classification, roots were dried and weighed. 
Subsamples were then taken for nutrient analyses and 
ashing. All weights reported were corrected for ash. 

Mini-rhizotions 
Root observation boxes, or rhizotions having a wood 
frame and a plexiglass viewing surface, were constructed. 
Four boxes were installed at four random locations in the 
undisturbed forest and palm plantation so that the viewing 

surface (20-cm width by 12.5-cm length) began at a soil 
depth of approximately 4 cm. Each box had four viewing 
surfaces. 

At intervals of two weeks, live and clearly dead roots 
found next to the viewing surface were traced onto 
transparent plastic sheets with waterproof pens. 

Lengths of live and dead roots will be estimated using a 
leaf-area meter or the modified Newman root-intersection 
method. The results will provide a qualitative estimate oftemporal patterns of root production and mortality. 

Results 
for six months and will continue for another six months. 

Undisturbed ForestUdsubdFrs
Figure 1depicts the temporal changes in root mass (live 
and dead) to a depth of 50 cm in the undisturbed forest. 
Total live and dead roots fluctuated over time, and the 
mass of live roots greatly exceeded that of the dead. 

Temporal fluctuations in live root mass may in fact 
have occurred. However, since 65 to 80% of live roots are 
coarse, the fluctuations may also be an artifact of the 
sampling method: it is difficult to obtain good estimates of 
coarse root mass by sequential coring. 

The mass of live fine roots fluctuated around 3 to 4 t/ha 
during the first four months, but remained constant 
thereafter at around 3.5 t/ha. Live fine-root mass appears 
to increase with increasing rainfall and to decrease during 
dry periuds. The mass of dead fine roots declined slowly 
with time (from approximately 1.5 t/ha to 0.7 t/ha), 
without large temporal fluctuations. The decline in dead 
root mass appears to accelerate with the onset of rains, 
perhaps because of the decreased mortality of live fine 

20 ---
-0- Total live 

Live fine 

Total dead 
- e--Deadl ine 

15 

t 10 
0 
,,

0 
1 2 3 n 5 6 

Months 

Figure 1.Temporal changes Inroot mass to a depth of 
50 cm Inan undisturbed, old secondary forest. Fine 
roots are those with diameters < 2 mm. Data were 
obtained by sequential coring, Yurlmaguas, Peru. 
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roots and/or the increased decomposition rates (and 
disappearence) of dead roots. 

Both total live and live fine roots were concentrated in 
the top 15 cm of soil (50 to 90% and 60 to 70%, respec-
tively, depending on the sampling date). The remaining 
roots were about equally distributed between the 15- to 
30-cm and 30- to 50-cm soil layers. Given this pattern, it 
is not surprising that 60 to 75% of the dead fine roots were 
also found in the top 15 cm of soil; the percentage of dead 
fine roots in the lower soil horizons, however, declined 
with depth. 

Peach-palm Plantation 
Total live-root biomass exceeded total dead-root biomass 
by four to six times, and the majority of live- and dead
root biomass in the peach-palm plantation was contributed 
by the palms (Figure 2). Due to the predominance of 
peach-palm roots, the remaining discussion will focus on 
those roots alone. 

Most live peach-palm roots were coarse (> 2 mm 
diameter). Fine roots accounted for 20 to 30% of the total 
live-root mass, and 50 to 60% of the total dead-root mass. 
Live fine-root mass fluctuated greatly over time; fluctua-
tions in dead fine-root mass were of lesser magnitude. 

Approximately 65% of the mass of the peach palms' 
live roots and live fine roots were concentrated in the top 
15 cm of soil; about 20% in the 15- to 30-cm layer; and 
15% in the 30- to 50-cm layer. Approximately 70%, 20%, 
and 10% of the total dead and dead fine roots were found, 
respectively, in the following horizons: 0-15, 15-30, and 
30-50 cm. 

Mass tended to decrease curvilinearly with distance 
from the bole for the following root categories: live fine, 
total dead, and dead fine. Quantities of root mass found at 
distances greater than 2.5 m from the bole were about 
50% of that at 0.5 m from the bole. Total live roots, 
however, tended to increase between 2.0 and 2.5 m from 
the bole. Since total live root mass showed a clear 
trendency to decrease with distance (up to 2 m) from the 
bole, the increase at distances greater than 2 m may be an 
artifact of the sampling method. 

The magnitudes and temporal trends of live fine-root 
masses in the palm plantation and the undisturbed forest 
were very similar. The mass of total dead and dead fine 
roots in the plantation exceeded that in the forest. How
ever, temporal trends in total dead-root mass were similar 
in both systems during the latter four months. Temporal 
fluctuations in the mass of dead fine roots were greater in 
the plactation than in the forest. 

Implications 
Broadly similar temporal trends and fine-root masses 
suggest that root dynamics in both ecosystems are respo
ding similarly to environmental variation. Calculations of 
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root production and mortality via the balancing transfer 
method will be based only on significant differences in 
root mass between sampling intervals. Calculations of 
live- and dead-root length using data from the rhizotions 
will serve as a check on the results from sequential coring 
and will enable us to estimate root production and 
mortality during periods when these appear to be constant 
based on the latter method. 
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Figure 2.Temporal changes in root mass Ina peach
palm (Bactris gaslpeaes) plantation having a Cen
trosema macrocarpum cover crop. Fine roots are 
those with diameters < 2 mm. Data were obtained by 
sequential coring, Yurlmaguas, Peru. 
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Alternatives to Tropical Deforestation: 
Y-100 

Pedro A.Sanchez, N. C. State University 
Cheryl A. Palm, N.C. State University 
Thomas JotSmyth, N.C. State University 

Recent estimates indicate that about 18% of all global 
warming is caused by the clearing of tropical rainforests. 
Each year, 14 million hectares of primary forests disap- 
pear. Deforestation is also decimating the world's largest 
depository of plant and animal diversity. Tropical defores-
tation is driven by a complex set of demographic, biologi-
cal, social, and economic forces (Figure 1). Third World 
population growth continues at a high rate, while most of 
the fertile and accessible lands are used intensively. Gov-
ernment policies often exacerbate land scarcity by 
allowing gross inequities in land tenure. These factors 
increase the landless rural population, which essentially 
has three choices: stp.gnate where they are, migrate to the 
cities, or migrate to the rainforests that constitute the 
frontier of many Third World counties. Although urban 
migrations occur spontxieously, migrations to rainforests 
in such key countries as Brazil, Peru, and Indonesia are 
the result of national colonization programs. 

Densely populated rural environments such as the 
Andean valleys, Northeast Brazil, and Java suffer from 
ever-decreasing farm size and overuse of steeplands. 
These changes cause widespread soil erosion, siltation of 
reservoirs, and other off-site problems. Migration to the 
cities brings disappointment rather than a better life, in 
part because populations far exceed cities' carrying 
capacity and infrastructure, 

Migration to the humid tropics seldom results in a 
cornucopia (with a few notable exceptions). The equilib-
rium between the rainforest and the shifting cultivation 
practiced by traditional societies is broken by the colon ists 
and, in some countries, by land speculators as well. As a 
result, shifting cultivation is quickly replaced by various 
forms of unsustainable agriculture. Traditional societies 
are disrupted, economic failures abound, and migration to 
urban centers follows. 

The two end points are urban unemployment and 
further deforestation. The former causes abject poverty, 
which leads to widespread crime, poor health, and in 
many cases social upheaval. Deforestation depletes the 
ecosystems' limited nutrient capital; decimates plant and 
animal genetic diversity; and accelerates global warming 
due to carbon dioxide, methane, and nitrous oxideemissions, 

Strategies Toward a Solution 
Strategies that attempt to mitigate tropical deforestation 
include 1)developing both the economy and a more 
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equitable system of land tenure in densely pupulated 
areas; 2) encouraging migration to less fragile areas, such 
as the Cerrado of Brazil; 3) preserving the remaining 
forests by a vast network of well-protected national parks; 
and 4) using forests as extractive reserves. While these 
four strategies are necessary and should be pursued, they 
are insufficient to stop deforestation. The first strategy 
requires long periods of real economic growth, which 
occur too slowly to offset current deforestation rates. The 
second strategy is demonstrably insufficient in deflecting 
migration; the third is unrealistic: hungry people will go 
on clearing the land; and the fourth, extractive reserves, is 
likely to suppc,rt a very small segment of the region's 
population. 

A fifth strategy is to stop deforestation in situ by 
eliminating the need to abandon cleared land. Urgently 
needed are land-management options that improve the 
economic status of subsistence farmers, maintain agricul
tural productivity on deforested lands, and recuperate 
productivity of degraded lands. Such options will provide 
sustainable development of the Amazon and other humid 
tropical regions in a way that satisfies human needs and 
preserves the ecosystem. These options must be compat
ible with the various socioeconomic needs in the region so 
that they are readily and widely adopted. 

Is such an approach possible in the predominantly acid, 
low-fertility soils of the humid tropics? Our answer, based 
on long-term TropSoils research, is an emphatic yes
provided that alternatives to slash-and-burn methods are 
employed. The key is an integrated approach that 1) 
develops and applies sustainable management technolo
gies for tropical soils, 2) establishes government policies 
to provide incentives against further deforestation, and 3) 
implements effective, economically sound conservation 
methods. 

Farmers do not cut tropical rainforests because they 
like to; they clear them out of sheer necessity to grow 
more food. Deforestation, therefore, can be reduced by the 
widespread adoption of sustainable management practices. 
For acid soils of the humid tropics, such practices havebeen developed at Yurimaguas, Peru, and elsewhere to fit
deen landspe tions, soil, and els ofi 
different landscape positions, soils, and levels of socioeco
nomic development. 

The principal sustainable management options and 
alternatives to slash-and-burn methods are: paddy rice 
production on alluvial soils, low-input cropping, continu
ots cultivation, legume-based pastures, and agroforestry. 
Each option's place in the landscape is shown in Figure 2. 
Options developed by other research institutes include
perennial crop production (rubber, oil palm), plantationforestry, and alley-cropping for the more highly fertile 
soils. Such practices are also part of the solution. 

In spite of the continuing need for both strategic and 
applied research, there is no question that the technologi
cal basis for sustainable management options for acid soils 



of the humid tropics is available now. The following We found that the slash-and-bum system is better because
describe some of the main management options. the ash provides a liming and fertilizing effect and does 

not disturb the topsoil, while conventional bulldozerLand Clearing That Does Not Damage the Soil clearing often compacts the soil and removes valuable
All the options are based on slash-and-burn clearing, using topsoil. We also found that the ash of secondary forests 
axes, machetes, and chain-saws as opposed to bulldozers, differed little in fertilizer content from the ash of primary 
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forests, giving a further impetus to clear the former and 
conserve the latter. 

Paddy Rice in Alluvial Soils 
Alluvial soils encompass approximately 11% of the 
Amazon region. Situated near water supplies and river 
transportation, large proportions of these soils are highly 
fertile. Adaptation of Asian flooded rice Irchnology to 
Yurimaguas' alluvial soils has established the following 
management principles: 1)land is cleared by slash-and-
burn, and land leveling is performed only to ensure the 
gravity flow of water along natural contours; 2) supple-
mental irrigation, either by gravity flow or by pumping 
rivers, increases yields by about 50% relative to crops 
dependent on rainfall; 3) transplanting provides higher 
yields for initial crops but may be replaced by broadcast-
ing pregerminated seeds in subsequent crops after paddies 
are adequately leveled; 4) fertilizer responses are thus far 
limited to nitrogen deficiencies with continuous use; and 
5) with yields averaging 5.5 tons/ha/ciop, at the farmer 
level, one hectare of paddy rice provides the equivalent of 
14 hectares of upland rice under shifting cultivation, since 
two crops are grown per year. 

This technology has been adapted rapidly by settlers 
migrating into the Amazon Basin from rice-producing 
areas in the coast of Peru. Approximately 75,000 new 
hectares of irrigated rice land were put into production 
within five years in the Peruvian Amazon, making it one 
of the major rice producing regions of Peru. In Brazil, the 
State of Amazonas alone contains about 25 million 
hectares of such soils, underscoring the 
vast rice-production potential of the 
Western Amazon. 

Low-input Cropping 

organic inputs; 4) establishing legume fallows when weed 
competition and nutrient deficiencies make cropping • 
unfeasible; and 5) eliminating the fallows by slash-and
burn after one year and shifting to other management 
options such as grass-legume pastures, agroforestry, or 
mechanized continuous cropping. Results indicate that the 
initial cropping cycle lasts two or three years and that 
there is a progressive reduction in cycle length after each 
legume fallow. The system is considered transitional 
because of two major constraints: nutrient depletion and 
weed encroachment. Ongoing investigations seek to 
prolong low input cropping by 1)broadening the base of 
acid-tolerant cultivars and species; 2) increasing knowl
edge oii components of the nutrient depletion process; and 
3) improving weed management through crop rotations, 
plant density, and both frequency and duration of legume 
cover-crop fallows. 

Agroforestry 
Comprehensive research on agroforestry for acid soils 
began in Yurimaguas in 1983. Agroforestry is an attractive 
management option for much of the humid tropics because 
it can be adapted to a wide range of socioeconomic and 
soil-landscape conditions. Research has focused on 1)se
lection and management of acid-tolerant leguminous trees, 
2) food-tree production systems, 3) managed fallows, and 
4) alley-cropping. Legume selection trials have identified 
Inga edulis, Cassia reticulata, Erythrinasp., and certain 
varieties of Gliricidiasepium as promising species. They 
grow fast and respond well to pruning, making them good 
multipurpose trees for acid soils. 

Mountains . 

High Flood Hills 

This management option has evolved Low Food Terraces . .... 

as a transitional technology between X 
shifting cultivation and several Paen ,,..,,, 
sustainable options. It enables the " " 
farmers to drastically increase short
term crop production while preparing 
themselves and their land for sustained 
land-use alternatives. This option is Paddy Rice 
most suitable for farmers on acid, Continuous Cropping 
infertile soils in rural areas with limited (good Infrastructure) 
capital and marketing infrastructure Low-Input Cropping 

and is therefore applicable to large p astructure) 

areas of the humid tropics. It involves Agro;orestry 
1) clearing secondary forest fallows by Forest/Farming Mosaic 
slash-and-burn; 2) using acid-tolerant 
upland rice and cowpea cultivars in Regenerating Slopes 
rotation, with only grain removal to Alluvial Soils Acid Soils Young Soils 
minimize nutrient export; 3) workingwithout fertilizers, lime, or external Figure 2. Some soil-management options for humid tropical landscapesdominated by Oxisols and UltIsols. 
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Work with native fruit trees has concentrated on peach
palm (Bactrisgasipaes)for fruit and heart of palm, but 
work has also begun on arazi (Eugeniastipitata),achiote 
(Bixa orellana),and carambola (Averrhoa carambola). 
Managed leguminous fallows performed well compared to 
natural secondary fallows. Some of the managed fallows 
restored stocks of nitrogen, phosphorus, and potassium 
and suppressed weeds faster than the natural fallow. 
Current work in managed fallows seeks optimum crop-to-
fallow ratios. 

Alley-cropping trials, however, have had limited 

success on acid soils. Soil phosphorus levels soon limit 

crop production because of severe competition between 

trees and crops. Current research is aimed at overcoming 

these problems and testing alley-cropping on slopes,

where its obvious soil-conservation advantages could be 

maximized. 


Grass-Legume Pastures 
To avoid the problems associated with Amazon beef 
production, our soil-plant-animal research has focused on 

developing pastures for dual-purpose (beef-dairy) produc
tion in small land holdings where farmers will also grow 

crops and trees. Initial investigations sought to adapt 

technology from CIAT's Tropical Pastures Program 

(developed primarily in savanna ecosystems) to humid 

tropical conditions. Legume and grass ecotypes were 

screened for their performance under acid soil conditions 

and subsequently evaluated for their persistence and 

compatibility when subjected to various grazing intensi-

ties. An ongoing 11-year-old grazing trial in Yurimaguas 
is among the longest replicated trial test of an acid-
tolerant grass-legume mixture in the humid tropics. If the 
legume-dominated pastures prove sustainable, then a new 
concept for cattle production may emerge in the humid 
tropics. New studies are also under way to provide further 
insight into nutrient cycling and to refirtn management 

practices for transitions between pastures and crop or tree 

production. 


Mechanized Continuous Cropping 
Initial investigations seeking to quantify the production 
potential and primary soil constraints of humid tropical 
ecosystems focused on this management option. It is 
intended for farmers near urban areas where markets are 
favorable for fertilk er-based, continuous food-crop 
production. Large Amazonian cities currently import most 
of their food from other areas. There is a potential
comparative advantage in growing such food crops near 
the marketing centers. Sustained crop yields have been 
obtained with continuous cropping trials for 37 crops (17
years) in Yurimaguas Ultisols and 17 crops (9 years) in 
Manaus Oxisols. The keys to continuous production are 
effective crop rotations and the judicious application of 
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lime and fertilizers. If vigorous crop growth is ensured by
adequate liming, fertilization, and mechanzation, then 
soil chemical properties improve with continuous cultiva
tion. Primary research thrusts in this soil-management 
option are currently directed toward improving nutrient
use efficiency, weed control, and tillage practices. 

Nutrient Cycling Efficiency 
Nutrient cycling must be maximized in all systems in 
order to minimize the need for external nutrient inputs.
The management of crop and root residues is crucial in 
this regard. Approaches proposed by TSBF (Tropical Soil 
Biology and Fertility Program) on quantifying the nutrient 
release of organic inputs and the management of soil 
organic carbon, nitrogen, and phosphorus are major 
components of low-input cropping, agroforestry, and 
pasture research. The promising results at Yuirimaguas in 
Iedicting the rate of nutrients released from leguminous 
sources provide an opportunity for the quantitative man
agement of organic inputs in a manner comparable to the 
management of chemical fertilizers. 

Deforestation Reduction Potential 
For every hectare put into these sustainable soil-manage
ment technologies by farmers, five to ten hectares per year 
of tropical rainforests can be saved since the new tech
nologies are more productive than traditional shifting 
cultivation. Estimates at Yurimaguas for the various 
management options are shown in Table 1.These esti
mates will vary with climate and soils. 

Soil-management technologies are particularly appli
cable to secondary-forest fallows, because clearing small
tree biomass does not contribute significantly to global
warming. Such clearing offers a viable alternative to 
primary-forest clearing. Many pastures or croplands 
degraded by poor management practices can also be 
reclaimed using some, but not all, of these technologies. 

Such technologies, however, are useless without 
effective government policies that encourage, support, and 
regulate them. Likewise, well-conceived policies will fail 
without sustainable technologies. Therefore, the hope lies 

Table 1. Potential for reducing deforestation using 
technologies developed at Yurimaguas. 

One hectare In sustainable Hectares saved from 
management oi;.i';s deforestation annually 

Flooded rice 11.0 
Low-input cropping (transitional) 4.6 
High-input cropping 8.8 
Legume-based pastures 10.5 
Agroforestry systems not determined 
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on a joint policy-technology approach: a worldwide 
deforestation reduction initiative. 

The present situation is analogous to the Green Revolu-
tion launched by the world's technical-assistance commu-
nity in the late 1960s. At that time, sustainable technolo-
gies for high-yielding rice and wheat production were 
sufficiently developed to be tested at a large scale. Key 
government officials were convinced of the technologies' 
importance by leading scientists and instituted the 
necessary policies to ensure their adoption in India, 
Pakistan, the Philippines, and other countries. The Green 
Revolution became a worldwide success during the next 
twenty years: it arrested worldwide famine. Unlike the 
Green Revolution, however, a deforestation reduction 
initiative will have a gradual and less spectacular impact 
because we are focusing on ma inal ecosystems and on 
more complex technological anc policy problems. 

A worldwide deforestation reduction initiative will 
provide direct help to both Third-World and developed 
countries. Sustainable agricultural options for the humid 
tropics are necessary but not sufficient conditions to stop 
tropical deforestation. Coupled with appropriate, conser-
vation-oriented government policies, the following 
objectives can be achieved simultaneously: 1)increasing 
food and fiber production by farmers now practicing 
shifting cultivation; 2) reversing the pattern of land degra-
dation in tropical rainforests; 3) preserving much of the 
remaining tropical rainforests with their rich genetic 
diversity; and 4) reducing the emission of greenhouse 
gases by as much as 18%. 

Approach and Strategy: Y-100A 

PedroA. Sanchez, N.C. State University 
Cheryl A. Palm, N.C. State University 
Thomas Jot Smyth, N.C. State University 

Most of the population in the Amazon is urban, not rural. 
Large cities are many: Belem (1.5 million people), 
Manaus (1 million), Iquitos and Ciudad Guayana (over 
half a million), Pucallpa, Porto Velho, Rio Branco, 
Leticia, Tarapoto, Florencia, Santarem, and others (over 
100,000). 

These cities provide favorable markets for intensively 
managed, sustainable, and continuous crops. Continuous 
production would avoid further deforestation by shifting 
cultivation and would ensure a steady food supply to 
urban areas. Fertilizers, lime, and farm machinery, 
although expensive, are increasingly available in these 
urban centers of the humid tropics. When chemical inputs 
and mechanization are introduced to new areas, they are 
often used excessively and inefficiently. Well-managed 
continuous cropping systems would avoid this waste. 

Because farmers using this technology are not likely to 
depend exclusively on hand labor, land-preparation studies 
are being conducted in both conventional and conserva
tion tillage. Conventional tillage in sandy Ultisols has 
resulted in poor plant anchorage during wet periods. 
Conservation tillage is considered to be any form of tillage 
that conserves natural resources such as soil, water, and 
energy. Various conservation tillage systems using tractor
drawn equipment alter both chemical and physical soil 
properties. A key question is this: Can timely conserva
tion-tillage practices by tractor-drawn machinery be 
effective in the humid tropics under high rainfall condi
tions? 

New land-preparation practices minimize tractor 
passes. Mechanization has identified the need for further 
refining the interactions among weed control, tillage, and 
fertilization. The inability to perform mechanized land 
preparations during the peak of the rainy season has led to 
reductions in annual cropping frequency and thus in
creased opportunities for weed encroachment, surface 
runoff, and erosion. Weed populations also have changed 
in response to chemical weed-control practices. 

The goal of this project is to develop soil-management 
practices for fertilizer-based mechanized cropping 
systems. The practices should sustain long-term productiv
ity in humid tropical areas with favorable infrastructure. 

Operational Plan 
The project's operational plan approved by TropSoils for 
the 1987-1991 quinquenium is illustrated in Figure 1, 
starting from the problems, continuing with component 
research and its interactions, and integrating the result into 
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Figure 1.Continuous cultivation project flow. Shaded boxes Indicate research sponsored by TropSolls. 

continuous cropping systems for sandy Ultisols and 
clayey Oxisols. Information about these systems can be 
passed on to the network project.Rounded boxesrepresent TropSoiis-sponsored research. Experiment 

codes are indicated inthe text as appopriate,
This project used primary sites at Yurimaguas and 

Manaus to provide arange of soil and climatic condi-

tions. Several experiments initiated during the last 

quinquennium are being continued,due to either their
long-term nature or the timing of their initiation. 
Examples of the former are the central continuous 
cropping study in Ultisols (Y-101) and the nutrient 
dynamics study in clayey Oxisols (M-901). Examples 
of the latter are the conventional (Y- 104) and conserva-
tion tillage (Y-1 13) studies and studies on potassium 
fertilizer efficiency (Y- 103) or nitrogen management
(M-910) and the potential of green manures in amelio-
rating soil acidity (Y- 117). 

Sum ryof Results 
Sustaability
 
The long-term sustainability of intensively managed crop
rotations requiring crops such as corn,soybeans, and other 

grain legumes isamply demonstrated by the two long-term
experiments reported in this section: 37 consecutive crop 

harvests during 17 years of continuous cultivation inasandy
 
Ultisol of Yurimaguas,Peru,and 17 consecutive crop
 
harvests during 9 years of continuous cultivation inaclayey
Oxisol of Manaus. In both cases, crop yields have been 
maintained at adequate levels and soil properties have 
improved rather than deteriorated, contrary to common 
beliefs. Without adequate management, however, yields drop 
to zero and soil properties deteriorate rapidly under continu
ous cultivation. 

Managementof PhysicalSoil Properties 
Improvements in these systems are becoming evident, but the 
switch from conventional to minimum tillage has yet to 
produce significant yield differences during the first five 
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crops. Subsoiling conventionally tilled fields increased 
corn grain yields by 30%, indicating the presence of 
compacted layers due to mismanagement. Switching from 
conventional to minimum tillage reduced runoff losses by 
half, in an environment where 50% of the rainfall events 
are highly erosive. Soil trafficability studies show that 
conventional tillage the day after a heavy rain does not 
reduce yields in a loamy sand soil (10% clay), but such 
practices produce severe compaction and yield losses in a 
sandy loam soil with 20% clay. 

Fertilizer-use Efficiency 
Considerable advances were made towards improving the 
efficiency of nitrogen, phosphorus, and potassium fertili-
zation in corn-based systems. The nitrogen studies 
conducted in Manaus show that native-soil nitrogen is 
initially higher in the Entisols of vdirzeas, or alluvial 
plains, than in the upland Oxisols. Management practices 
to alleviate subsoil aluminum toxicity allow corn roots to 
penetrate deeper into the Oxisol, making use of available 
subsoil nitrogen, which results in increasing yields and 
fertilizer recovery. In the high soil fertility, low solar-
radiation environment of the vdrzeas, favored upland rice 
requires less fertilizer nitrogen for maximum yields than 
corn, even though their nitrogen-use efficiency and 
nitrogen-uptake efficiencies were the same. 

An 11-crop experiment with a corn-cowpea rotation in 
Manaus' clayey Oxisols with high phosphorus-fixation 
capacity shows the phosphorus fertilizer needs for sustain
able crop productivity to be much smaller than commonly 
thought: banded applications of 22 kg P/ha per corn crop 
and 44 kg P/ha per cowpea crop, under manual-tillage 
practices used in the region. Critical soil test and tissue 
phosphorus levels were established for corn, cowpea, and 
peanut crops growing in clayey Oxisols. Among the 
findings was the calcium requirement for peanuts. 

Efficiency in the use of potassium fertilizers was also 
dramatically increased in a corn-soybean rotation, 
decreasing the recommended fertilizer rates by half. A six
crop experiment conducted at Yurimaguas on sandy and 
loamy Ultisols shows that with appropriate timing and 
crop-residue return, a single annual potassium application 
of 60 to 90 kg K/ha applied to the corn crop is sufficient to 
meet the potassium needs of both crops. Previous recom
mendations were on the order of 160 to 200 kg K/ha per 
year. 

Green Manures 
Incorporating green manures instead of a third annual crop 
in corn-grain legume rotations would provide a ground 
cover during the rainiest part of the year, smother weeds, 
fix nitrogen, and complex aluminum. Advances have been 
made in some of these approaches. The rate of decomposi
tion of green manures after incorporation into the soil will 
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determine how fast nutrients will be released. We found 
that for leguminous green manures, the conventional 
criterion for predicting rate of decay, the C/N ratio, was 
useless. Instead, the lignin and polyphenolic contents of 
green manures were the main determinants of their decay
rate under extremely acid soil conditions. Furthermore, 
high-quality green manures that have low lignin and 
polyphenolic contents, such as kudzu and rice straw, 
ameliorated soil acidity temporarily. Low-quality green 
manures like Inga edulis exacerbated soil acidity. 

Included in the rotation to control weeds, Centrosema 
macrocarpumproved disappointing. A four-month green 
manure crop did not control weeds in a subsequent corn 
crop as well as did chemical herbicides, particularly when 
the green manure crop was grown during the wettest time 
of the year. Centrosemamacrocarpun needed a minimum 
of six to eight months of growth in order to control weeds 
more effectively than herbicide applications. 

Future Plans 
Research for the next pe-iod should concentrate on 
understanding the water balance and nutrient movement in 
the most efficient systems that contrast conventional 
tillage with no tillage. It should fully concentrate on the 
practical incorporation of green manures into these 
rotations, including species and weed-control effects. 



Central Continuous Cropping Experiment
in Yurimaguas: Y-101 

Julio C.Alegre, N.C. State University 
PedroA. Sanchez, N.C. State University 

Objectives 
The objectives of this study were 1) to maintain a fertil-
izer-based continuous cropping system that-effectively 
manages the physical and chemical properties of acid soils 
in the humid tropics and 2) to assess the long-term sus-
tainability of such a system. 

Procedures 
The experiment was initiated in September 1972 at 
Yurimaguas, and the results have been reported periodi-
cally. The 34th crop (corn cv. Marginal 28) was planted 
on Ociober 17, 1986, at a spacing of 20 cm; 100, 45, and 
83 kg/ha of N, P, and K, respectively, were applied. 
Residues from the previous corn crop were chopped with abush-hog and disked with a five-tine field cultivator-disk 
bedder at 80 cm between beds. The residues were disked
simultaneously with a disk shaper and planter. Dual
herbicide was applied at the rate of 2 L/ha after planting.

The 35th crop (soybean cv. Jupiter) was planted June 
17, 1987; 36 kg P/ha and 3 t lime/ha were applied. After
residues from the previous corn crop were chopped with a
bush-hog, lime was broadcast on the surface with a Gandy
broadcast applicator, and the soil was disked with a five-
brocat alatanted so wN or K was applied.
tine cultivator and flat planted. No NoKwaaple.
The herbicide Poast was applied at the rate of 2 L/ha. 

The 36th crop (corn cv. Marginal 28) was planted 
November 11, 1987, by the same methods as the 34th 
crop. Nitrogen (120 kg/ha), but no P or K, was applied. 

On March 29, 1988, the whole area was planted with 
Mucuna cochinchinensisas a fallow to give the soil its 
first rest in 16 years. Mucuna density was 10,000 plants/ 

ha. Mucuna was weeded manually once; complete soil 
cover was obtained after two months. InSeptember 1988, 
the soil cover produced seed and began to die, but newly 
produced seeds germinated, resulting in canopy recovery 
within one month. 

On May 30, 1989, the mucuna fallow was cut with a 
bush hog and incorporated with adisk plow followed by a 
disk harrow. The 37th crop (corn cv. Marginal 27) was 
planted shortly afterwards. Fertilizers were applied at the 
rate of 40-45-67-10 kg/ha of N, P, K, and Mn, respec
tively. On September 26, 1989, the 37th crop (corn cv. 
Marginal 27) was harvested, and the soil was sampled at 
depths of 0 to 20, 20 to 40, and 40 to 60 cm. 

Results 
Mean yields for the 34th crop (Figure 1) were 2.49 /ha oft 
corn grain for the complete fertilization treatment and 
zero for the nonfertilized check. Average yield for the 
35th crop was 2.34 t/ha in the fertilized treatments; in the 
check plot, the yield was around 0.7 t/ha due to fertilizer
contamination from surrounding fertilized plots. The mean
yield of the 36th corn crop was 3.4 t/ha for the complete
fertilizer treatment and zero for the check. 

Mucuna produced 9.85 t/ha of dry matter at the time of
incorporation. The corn crop (37th) following muzuna 
performed very well with a mean yield of 4.0 t/ha in the
complete fertilizer treatment and 0.98 t/ha for the check. It 
was estimated that mucuna contributed around 400 kg of
N/ha (approximately 4% N in the biomass).The effect of fallow on crop is not apparent. The yields
obtained with the 37th crop (4 ton/ha) are similar to theobtained i n ades im nt 
equivalent treatment obtained in an adjacent experiment 
(3.75 tons/ha) of a corn crop planted the same day
(Experiment Y-1 13, Table 5, this report). In this experi
ment two extra crops were planted and harvested during 
the time mucuna was planted in the long-term plots. 

Rice (e) - Corn (A)-Soybean (mn)- Rotation (Y-101) _]5 

4 e4 

3 3
,2 

0 1Check 
4 -1 1 197 1975 167 .41977 1 1.x-8 1 1'IL.118 -1-7- .19z 

~~W 19821i198 i 199_4 1285 1198P i 987 ,9818
1 234 5 67 8 9 10111'2 1314 151617 181920 21 222324252627 28 293 3 32 3334 3536 37 

Mucuna
Crops sequence and year cover 

Figure 1.Crop yields In the continuous cropping experiment, Yurlmaguas, Peru. A 14-month fallow was grown
between crops 36 and 37. 
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The changes in topsoil (0 to 15 cm) organic carbon and 
1.6 	 oCheck Checkx - 0.66 total N from years 7 to 1I and the changes at 0 to 20 cm 

so05 (years 12 to 15) are shown in Figure 2. The complete fer

1.2 	 Time -0 2 tilization treatment did not differ significantly from the 
L2 0-20 cm Fen. ns 

,8 	 nonfertilized treatment. With the change in sampling pro
cedure at a depth of 0 to 20 cm, average organic carbon 

.477. contenl decreased due to the mixing of a less fertile and9 9 10 ,1 	 I? 13 14 15 
more heavily textured soil layer with the 0- to 7-cm layer 
of topsoil. This change reflects increasing tillage depth. 
However, 14 years after clearing, organic C values began 

.10- Lucplee X-0.05 LS%5 to inci'ease. They stabilized at about 0.6%. Total N 

0.04 Time- 001 stabilized at 0.05% after the 14th year. 
- Check x -Z 	 Fe,-oo0 Until March 1988, topsoil pH was maintained around .06/

.06 	 with complete fertilization and around 4.9 in the-6.0 

.04 - -nonfertilized check treatment. However, after 14 months 

.02 .... of fallow, the topsoil pH increased to 5.2 in the nonfertil
7 8 9 10 1 12 13 14 1 ized check and was maintained in the complete fertiliza-

Years after clearing tion treatment. Acidity and Al saturation were maintained 

at low levels in the fertilized treatment, but were higher inFigure 2.Organic matter and Ndynamics in Chacra 1. thcek(Fgr3) 
Arrows denote liming applications. 

7 Complete 	 LSD05 5 Complete
7 Check 	 Time = 0.3 C eck LSD05
 

Fe1=-0.3 I
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Figure 3. Soil acidity dynamics In Chacra 1.Arrows Figure 4. Dynamics of exchangeable bases In Chacra 
denote lime applications. 1.Arrows denote lime applications. 
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The dynamics of exchangeable Ca, Mg, and K are (March 1988). However, after 14 months, the levels for
shown in Figure 4. Lime application 12 years after the check and complete fertilization treatments were

clearing increased or stabilized exchangeable Ca levels similar: 0.09 cmol(p*)/L. Most of the K was probably

between 2 and 3 cmol(p+)/L. After the application of 3 1/ 
 located in the biomass since this analysis was done before
ha of lime and 14 months of mucuna, Mg levels stabilized cutting the fallow. 
at I cmol/L. Potassium levels in the fertilized plots Ten years after continuous cultivation (April 1982) afluctuated around 0.2 cmol(p+)/L until the 36th crop significant movement of Ca and Mg down to a depth of 45 

cm was observed. This movement was 
Exch Ca [cmol(p+)/Kg] Exch Mg [cmol(p+)/Kg] accompanied by a significant decrease0 1 2 3 4 0 .2 3 .4 in subsoil Al saturation at this depth

o ~ (Figure 5). After 15 years of continu

15 ous cultivation (Figure 6), a downward
movement of Ca and Mg and a 
reduction in the acidity to 40 cm were 

30 also apparent. The increases in topsoil30-

eck (April 1982) Mg from years 10 to 15 appear to have 
45 Complete (April 1982) 45 provided a Mg bulge in the 20- to 40

cm layer. The Al saturation profileo pH % Al Saturation shows less subsoil acidity decrease in 
0 1 2 3 4 5 6~ 0- 0 25 50 75 100 

year 15 than in year 10. 
5 


5 0 Implications 
15The15 continuous cropping system 

remains stable into its 17th year of
3030 operation with a continued improve

ment in subsoil chemical properties.
45 45 

Figure 5. Improvement In subsoil chemical properties after 10 years of

continuous cultivation In an Ultlsol In Yurlmaguas.
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Figure 6. Improvement in subsoil chemical properties after 15 years of 
:ontlnuous cultivation In an Ultisol In Yurimaguas. 
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Continuous Cropping Experiment in 
Manaus: M-901 

T.Jot Smnyth, N.C. State University
Manoel S.Crave, EMBRAPA, Manaus,Brazil 

In fields undergoing mcchanized continuous cultivation, 

crop rotation and site- pecific soil properties can influence
croproation andrequecand timing of fertilizer and lime 

the quantity, frequency, 

inputs. 


Objective 

The objective of this study was to determine the extent to 

which lime and fertilizer recommendations for the 

Yurimaguas Ultisols should be changed to sustain continu-

ous cultivation in the clayey Oxisols, which are predomi-

nate in the Central Amazon. 


Procedures 
A long-term experiment was initiated at Manaus in 1981. 
The experiment involves 35 treatments with four replica-
tions in a randomized complete-block design. In addition 
to an absolute check, crop responses to N, P, K, S, Mg,
toB bsolutelch c intoan ek responsuaeCu, B,Zn, Mn, and lime are evaluated individually by 

increasing rates in three or four treatments for each 
nutrient. Treatments for each nutrient were not initiated 
until the soil and plant analyses from preceding crops and 
the yields suggested that a particular nutrient deficiency 
was likely to occur. Once a yield response was obtained 

using a given nutrient, the nutrient was added to all 

subsequent treatments (except the absolute check) to avoid 
confounding yield responses to the other nutrients. Rates 
of individual nutrients included in the blanket applications 
were adjusted for each crop, based on previous cropperformance on treatments designated to evaluate yield 

responses to each nutrient. 
The sequ nce of crops, varieties, and fertilizer treat

ments initiated during the nine years since clearing the 
primary forest by slash-and-burn are shown in Table 1.
Three treatments each for N and P were initiated with the 

first crop, because N needs are difficult to assess without 
local crop response data and because initial laboratory 
measurements of P sorption suggested that this element 
would be an immediate constraint for any crop in this 
Oxisol. Phosphorus was applied uniformly to all remain
ing plots before planting the subsequent soybean crop. 
Similarly, K and calcitic lime have been applied uni
formly to all treatments after obtaining significant 
responses in the second and third crops, respectively. 
Responses to Cu were sporadic and not associated with 
any specific crop in the rotation. Nevertheless, Cu was 
included in the blanket applications for the first corn crop 

avoid potential interaction with other nutrients underinetgio.PetalMcnsrnswreviddih 
investigation. Potential Me constraints were avoided with 
applications of 20 g/ha to the first soybean crop and the 
fifth cowpea crop. 

Potential S losses during initial clearing (by burning) 
and the avoidance of S-carrying fertilizers for N, P, and K 

Table 1.Cropping sequence and time after burning when lime and fertilizer 
treatments were Initiated. 

Time from planting Treatments 
Crop Variety to harvest Initiated 

Rice IAC 47 3.0- 7.4 N& P 
Soybean Tropical 8.9-12.6 K 
Soybean Tropical 18.5 -22.3 Lime & Cu 
Cowpea Manaus 22.9 -25.2 
Corn BR 5102 27.6 -31.3 S 
Cowpea VITA 3 32.7 -34.9 
Corn BR 5102 37.2-41.8 B &Zn 
Soybean Tropical 42.3 -46.2 
Cowpea IPEAN V-69 46.9 -48.9 Mn 
Corn BR 5102 52.1 -56.2 
Cowpea IPEAN V-69 58.1 -61.0 
Corn BR 5102 63.1 -67.3 Mg 
Cowpea IPEAN V-69 69.2-71.5 
Corn BR 5102 76.1 -80.1 
Cowpea IPEAN V-69 82.2 -84.4 
Corn BR5110 , 87.0-91.2 
Cowpea IPEAN V-69 93.9 -96.2 
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applications suggested a possible early depletion of soil 
reserves for this nutrient. Although treatments to evaluate 
responses to S and all remaining nutrients were initiated 
after the second year of cultivation, no significant re-
sponses have been obtained during any particular crop. 
During the last two cowpea crops, responses to Mg have 
been associated with imbalances caused by a buildup of 
soil K. Likewise, Mn deficiencies in legumes have only 
occurred with overliming at the highest lime rate. 

In Figure 1, cumulative yield responses to variable 
rates of P, K, and lime during 17 consecutive crops are 
compared to yields obtained without lime and fertilizers 
(absolute check). Additional nutrients applied at constant 
rates to all fertilized treatments were 634 kg N/ha and 1 
kg Cu/ha. Without lime and fertilizer inputs, total yield for 
17 crops was 1.7 t/ha. The importance of lime to continu-
ous cropping is exemplified by yield comparisons among 
0, 2, and 4 t lime/ha at fixed levels of P and K. Across 
these lime rates, cumulative yield was increased from 8.5 
to 32.5 t/ha. 

Magnitude of the yield response to lime depended on 
both the crop and the time after lime was applied (Figure 
2). Without lime, soybean yield declined markedly 
between 1983 and 1985. During the four initial corn crops, 
yields were not increased significantly beyond the rate of 
2 t lime/ha. In the two final corn crops, yields were almost 
doubled between 2 and 4 t lime/ha. Therefore, the residual 
effect of 2 t lime/ha, for corn-based cropping systems on 
this Oxisol, would be about five years. In contrast to corn, 
cowpea yield response to lime was considerably lower, 
never exceeding the rate of 2 t/ha. Relationships between 
relative yield and soil acidity levels for corn and soybean 
differed from those observed for cowpea (Figure 3). Corn 
and soybean yields remained within 80% of the maxi-
mum, with Al saturation levels of less the 20%, as 
opposed to 58% with cowpea. Previous annual reports on 
comparisons between lime and gypsum treatments in this 

Lime P K 
t/ha kg/ha 

4264600 
.30 2 264 600Z 3 264 350 

. 20 3 132 650 

E 1- 0 264 600 
0 L -, - -- - -- -- 0 0 

1 3 5 7 9 11 13 15 17 
Crop Number 

Figure 1. Cumulative yields of 17 consecutive crops of 
rice (1), soybean (3), corn (6), and cowpea (7), as a 
function of lime, P,and KInputs during nine years of 
cultivation Ina clayey OxIsol of the Central Amazon. 

soil indicated that the cowpea response to lime was due 
primarily zo a Ca effect rather than a reduction in Al 
toxicity. 

Treatments in Figure 1 with 3 t lime/ha received an 
initial lime application of 2 t/ha in the first corn crop, 
followed by 1 t/ha in the fifth corn crop, when residual 
effects from the first application began to decline. Reduc
tions in P inputs from an average of 16 to 8 kg/ha/crop 
decreased total yields by 10.5 t/ha. Similarly, reductions 
in K inputs from an average of 35 to 21 kg/ha/crop 

Soybean
 

" 2 

1 

0 
83 85 

-

Year 

4 Corn 
LIme 
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.2 
, 2 

1 
6 

0 _ 
84 85 86 87 88 89 

Year 

1.5 Cowpea 

1.0
 
2 

.5 

0.0 - 8 
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Figure 2.Grain yields for Individual soybean, corn, and 
cowpea crops to lime rates applied to a clayey Oxisol 
before plantIng soybeans In1983. 
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Figure 3. Relationships between relative yields of 15 
consecutive crops of soybean, corn, and cowpea and 
Al-saturatlosi levels of four lime rates Ina clayey 
Oxisol of the Central Amazon 

reduced yields by 9.2 t/ha. Individual response to applica
tions of 25, 50, and 100 kg K/ha/crop are shown in Figure 

4. Potassium was applied to all crops, except numbers 4 
16. There was no yield advantage in any crop to rates 

greater than 50 kg K/ha. In general, the optimum rate for 
corn and soybean was 50 kg K/ha; the optimum rate for 
cowpea was 25 kg K/ha. Soil analysis data indicated that 
yield depressions with the highest K rate were associated 
with reductions in the Mg saturation to less than 5% of the 

effective CEC. The absence of a buildup in soil K levels 
during the 17 crops suggested that the frequency of K 
inputs should be based on individual crops. 

Fertilizer N requirements for corn have been continu
ally evaluated on treatments with three urea-N rates 
(Table 2). Within the range of 40 to 120 kg N/ha, there 
was no increase in yield for the two initial crops. With a 
subsequent reduction in N rates, yields for the third and 
fourth crops were increased with the application of 80 kg 
N/ha. In the two final crops, the fertilizer N requirement 
increased from 80 to 120 kg N/ha. Collectively, corn-yield 
response to variable rates of N suggested that Ninputs 

should be increased progressively from 40 to 120 kg N/ha 
during six years of continuous cropping. 

data conf;rm that mechanized continuous 
cultivation is possible in clayey Oxisols, v.hich represent 
one extreme in the range of well-drained acid soils of the 
humid tropics-the Ultisols of Yurimaguas representing 
the other. As in the Ultisols, judicious management of 

and fertilizer inputs guided by routine soil analysis 
plays a key role. The sequence of nutrient constraints, 
their remedies, and the residual effects of inputs during 
continuous cultivation differed between Manaus and Yuri
maguas. There is n. single fertilization recipe capable of 
replacing the requirement for soil-management expertise 
at the site-specific or regional level. 

Table 2. Corn-yield response to Nduring six consecutive years of continuous 
cropping. 

Corn Crop 
Applied 
N 1984 1985 1986 1987 1988 1989
 

kg/ha t/ha 

20 - - 1.5 1.5 ... 
40 2.7 2.2 1.7 1.7 - 
80 2.5 1.8 2.7 2.2 2.0 2.8
 
120 2.9 2.3 - - 2.2 3.1
 
160 - - - 2.0 3.2
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Figure 4. Grain yields for Individual soybaan, corn, and 
cowpea crops as a function of three fertilizer-K rates in 
a clayey Oxisol. 

Introducing Conservation Tillage in Con
tinuous Cropping: Y-113 
Julio C.Alegre,N. C. State University 

D.Keith Cassel,N.C. State University 

Objectives 
The objectives of this study were 1) to determine the 
feasability of introducing minimum and no-till planting 
practices into continuous crop-production systems in the 
humid tropics and 2) to compare conventional plantingpractices with minimum and no-till practices and to 

evaluate their impact on soil physical and chemical prop
crties. 

Procedures 
The experimental area was located in part of Chacra 1, 
Yurimaguas, Peru. Chacra 1 has a Typic Paleudult soil 
and was intensively cropped from 1972 until September
1986, when tillage treatments were installed (Table 1).
Planting and harvest dates and fertilization rates are given 
in Table 2. 

The first ciup was corn (Marginal 28) planted at 0.80 m 
x 0.20 m.Phosphorus was banded at planting. Two L/ha 
of Dual and Paraquat were applied in the minimum (MT)
and no-till (NT) treatments before planting.

Before the second crop was seeded (soybean cv. 
Jupiter), lime, and phosphorus were broadcast, and they 
were incorporated with a disk plow and disk harrow in the 
conventional tillage treatments; with a disk harrow in the 
minimum-till treatments, and in the no-till treatments, the 
fertilizers were left on the soil surface. Nitrogen and K 
were not applied. Soybean was planted at 0.50-m x 0.05-m 
distance. Seeds were inoculated with appropriate 
Rhizobium. 

The third crop (corn) was managed in the same way as 
the first. Nitrogen was applied at a rate of 120 kg/ha, but 
no P or K was applied. The fourth crop (soybean) was 
planted in the same way as the second soybean crop, but 
no fertilizers were applied since soil nutrient levels were 
adequate, with the exception of Mn. The next crop (corn) 
was fertilized with N, P, K, and Mn (Table 2). The sixth 
crop (corn cv. Marginal 27) was planted in the same way 
as the previous crop and was fertilized with N, P, and K. 
Chemical properties (P, Ca, Mg, and K)and physical
properties (bulk density and mechanical resistance) were 
measured before planting and after harvesting each of the 
crops. 

Results 
Initial bulk density at adepth of 0 to 10 cm was 1.40 Mg/ 
m3 for all treatments (Table 3). After five crops, bulk 
density values in the subsoiling treatments were similar to 
initial values for both depths. In the nonsubsoiled treat
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ments, bulk densities at both depths increased over the 
initial values. Bulk density values at a depth of 0 to 10 cm 
in the nonsubsoiled treatments wece significantly higher in 
the no-till treatment than in the others. At a depth of 10 to 
20 cm, there were no significant differences among 
treatments. 

In the top 5 cm of soil, P and Ca accumulated in the 
no-till subsoiling (NTS) treatment, whereas Mg accumu-
lated in the conventional-till subsoiling treatment(CTS), 
the minimum-till subsoiling treatment (MTS), and the no-
tillage subsoiling (NTS) treatment (Table 4). 

Table 5 shows the grain and stover yields for the four 
corn crops. For the first crop, subsoiling resulted in 
increased yields in the NTS and MTS treatments. In 
general, yields were low due to high-intensity rains, 
Rainfall in December 1986 was 418 mm (Figure 1). The 

highest rainfall intensity was 50.8 mm/h. The no-till 
treatment without su'soiling was waterlogged during 
heavy rains, while the subsoiled treatment allowed free 
percolation. Leaching losses of NH 4 and NO 3 appear to be 
significant in all treatments (Table 6). In general, corn
grain yields tended to be greater for a given tillage 
practice when in-row subsoiling was performed at plant
ing. 

Soybean yields were higher in the no-till than in the 
conventional- cr minimum-till treatments (Table 7). In the 
first soybean crop, yields were good despite the late 
planting date--d:. to low rainfall during November 1986 
(110 mm)-which permitted the harvest of grain. In the 
second soybean crop, yields were lower, and there were no 
significant differences between treatments. Plants pre-

Table 1. Tillage treatments carried out since 1986, Chacra 1, Yurimaguas, Peru. 

Treatment 

I.No tillage-subsoiling 

II.No tillage (NT) 


Ill. Minimum tillage-subsoiling 


IV. Minimum tillage (MT) 


V. Conventional tillage- 
subsoiling 

VI. Conventional tillage (CT) 

D e s c rI p t Io n 

Bush-hog, burn with herbicide (NTS) (Dual & Paraquat); no-till planting with subsoiler 
(Coulter subsoiler) and planter. Subsoil shanks extended to a depth of 0.30 m. 
Subsoiling was done for each crop. 

Same as I without subsoiling. 

Bush-hog, treated with (MTS) herbicide (Dual & Paraquat) followed by no-till planting 
(Coulter subsoiler and planter). Lime and P incorporated every two years with disk 
harrow. Subsoiling was done for each crop. 

Same as III without subsoiling. 

Bush-hog, disk plow, five-tine (CTS) field cultivator, disk bedder and subsoller, bed
shaper, and planter. Subsoiler used once a year. Herbicide (Dual) weed control. 
Subsoiling was done for each crop. 

Same as V without subsoiling. 

Table 2. Planting and harvesting dates and fertilization rates for six continuous crops In the conservation tillage 

experiment, Yurimaguas, Peru. 

Date Fertilization 

No. Crop Planted Harvested N P K Mn Lime 

kg/ha 
1 corn Oct. 17, 86 Feb. 1,87 100 45 67 - 

2 soybean June 17, 87 Sept. 25, 87 - 45 - - 3000 
3 corn Nov. 11,87 March 16, 88 120 - 

4 soybean May 23, 88 Sept. 1, 88 - - 

5 corn Sept.13, 88 Jan. 5, 89 120 45 67 10 

6 corn May 29, 89 Sept. 26, 89 120 45 67 
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sented symptoms of Mn deficiency. Soil Mn levels were over time and at lower values than non-subsoiled treat
less than 1ppm. ments, 2) crop yields for no-tillage, minimum-ti!lage, and 

conventional-tillage treatments were not different when
Conclusions accompanied by in-row subsoiling, and 3) P, Ca, and Mg
Based on this study, the following conclusions are drawn: accumulated in the topsoil under the no-tillage regime.
1) in-row subsoiling maintained initial bulk-density vaiues 

Table 3. Bulk density Inthe crop row at the 0- to 10-cm and 10- to 20-cm soil depths
before and after growing five consecutive row crops using various types of tillage. 

0 Lo 10 cm 10 to 20 cm 

Tillage Pre Post Pre Post 

Mg/m 3 

No tillage-subsoil 1.40 1.45 1.45 1.47 
No tillage 1.40 1.55 1.45 1.56 
Minimum tillage-subsoil 1.40 1.43 1.45 1.50
Minimum tillage 1.40 1.51 1.45 1.55 
Conventional tillage-subsoil 1.40 1.41 1.45 1.44 
Conventional tillage 1.40 1.44 1.45 1.55 

LSD 
.05 0.05 0.07 

Table 4. Nutrient contents In the 0- to 5-cm soil depth before and after growing three crops (soybean-corn-soy

bean) In different tillage systems. 

Olsen P K Ca Mg 

Tillage Pre Post Pre Post Pre Post Pre Post 

- ug/L - cmol/L 
Conventional tillage-subsoil 26 22 0.293 0.312 1.95 2.01 0.47 1.10
Minimum tillage-subsoil 32 29 0.345 0.270 2.38 1.73 0.46 1.22
No tillage-subsoil 28 0.33536 0.312 1.47 2.45 0.41 1.23 

Table 5. Grain and stover yield for the four corn crops as affected by tillage. 

1st crop 3rd crop 5th crop 7th crop Mean 

Tillage Grain Stov. Grain Stov. Grain GrainStov. Stov. Grain Stov. 

Mg/ha 
No till-subsoil 
No till 
Min till-subsoil 
Min till 
Cony till-subsoil 
Conv till 

1.90 
1.39 
2.20 
1.44 
2.00 
1.90 

2.40 
1.89 
2.70 
1.94 
2.50 
2.40 

2.83 
2.58 
2.41 
2.66 
3.39 
2.35 

3.27 
2.21 
2.90 
2.32 
3.89 
1.94 

3.27 
2.90 
3.40 
2.58 
2.68 
2.91 

3.26 
3.53 
4.36 
4.07 
4.53 
3.99 

3.44 
1.78 
3.50 
2.05 
3.94 
3.16 

4.26 
2.86 
4.25 
2.97 
4.58 
3.75 

2.86 
2.16 
2.88 
2.18 
3.00 
2.58 

3.30 
2.62 
3.55 
2.83 
3.88 
3.02 

LSD 
.05 0.63 NS 0.96 0.69 NS NS 0.66 0.44 
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2. Sustainable Agriculture: Continuous Cropping 

50o r 1stTable 6. NO3and NH4 concentrations Ir the water corn 

leached at 1-m soil depth for each treatment after 79 
mm of rain on December 12, 1986, Yurimaguas, Peru. 

Treatment NH4NO3 

ppm 
No tillage-subsoil 1.39 53 

. 200O 
No tillage 1.81 28 
Min till-subsoil 3.20 40 
Min till 1.62 29 

100 
k 

Conventional-subsoil 2.64 13 
Conventional 2.40 23 ONDJFM 

F-4t-- 

2 d5 

soybean corn soyben corn corn 

7 

MJJASONDJFMAMJJASONDJFMAMJJASO
 

I I I 

1986 1987 1988 1989
 

Figure 1. Monthly rainfall and chronological distribu
tion of six e:rop seasolns In an Ultisol In Yurlmaguas. 

Table 7. Grain and stover yield for the two soybean crops as affected by tillage. 

Tillage 

No tillage-subsoil 
No tillage 
Minlmun tillage-subsoil 
Minimun tillage 
Conventional till-subsoil 
Conventional 
LSD 
.05 

2nd crop 4th crop Mean 

Grain Stover Grain Stover Grain Stover 

Mg/ha 
2.25 1.37 1.25 1.40 1.75 1.39 
2.18 1.20 0.90 1.15 1.54 1.18 
1.63 1.22 1.40 1.10 1.52 1.16 
1.7? 1.27 1.20 1.00 1.50 1.14 
1.99 1.42 1.18 1.50 1.59 1.46 
1.80 1.32 0.80 1.05 1.30 1.19 

0.52 NS NS NS 

258
 

1 



Subsoiling and Bedding Effects with Table 2.Date of planting and harvesting of six con-
Conventional Tillage: Y-114 secutive corn crops inthe conventional-tillage experi

ment. 
Julio C.Alegre, N. C.State University 
D. Keith Cassel,N.C. State University 

Objectives 
The objectives of this study were to investigate the impact
of subsoiling and bedding on compacted soil, root devel-
opment, and yields in continuous cropping systems. 

Procedures 
Details about the experimental procedures were given inica Re ort,198 
the Tropoil Technical Report, 1986-87. This expcrimen-

th e rop oil Tech -87 Thi ex eri en 

tal plot has been under continuous cultivation since 1972. 
Treatments are described in Table 1. Six crops were 
planted on a Typic Paleudult soil during September 1986 
to October 1989 (Table 2). Each corn crop in treatments 1 
to 4 received 45 kg P/ha incorporated with a disk harrow. 
Treatments 5 and 6 also were disk-harrowed, with P 
banded at planting. All crops received 120 and 83 kg/ha of 
N and K respectively, in a split application, 

Two methods were used for root measurements, 
Roots were washed from cores of soil taken at different 
positions (on-the-row, non-trafficked, and trafficked 
inter-row). Roots were also counted in a grid of 0.10 x0.10 m to a depth of 60 cm using the trench-profile
method. 

Results 
The chemical constraints of these sandy-loam soils were 
eliminated by liming and fertilization (Table 3). Alumin-
ium saturation was reduced from 80% to 10%, and the P, 
Ca, and Mg levels were increased. Only K was below the 
critical level, brt with split-banding application after 
planting, the supply was sufficient for crop growth. 

Crop number Date planted Date harvested 

1 Sept. 17,1986 Jan.23,1987
2 June 4, 1987 Oct. 6,1987 
3 Dec. 15, 1987 Mzrch 28, 1988 
4 May 11, 1988 Sept. 14, 1988 
5 Nov. 18, 1988 March 17, 1989 
6 June 7, 1989 Oct. 11, 1989 

Monthly rainfall rates during the six corn seasons are
 
shown in Figure 1 of the previous experiment. The first
orn in uofr s nocure the e perie d 
corn season occurred during the wettest period, and 
rainfall was normal. The second season was very dry, 
which is typical for that period; the third and sixth seasons 
were drier than normal. 

After the third corn season, we measured bulk density 
and volume wetness (Table 4). At the 0- to 15-cm soil 
depth, ther were no significant differences among 
treatments, but for the 15- to 30-cm soil depth, bulk 
density was significantly lower in the subsoiled than in the 
non-subsoiled treatment, and cone resistance to the 40-cm 
depth was also significantly lower in the former treatmentthan in the latter (Figures 1 and 2). 

Corn-grain yields for the six treatments are shown inTable 5. The first crop did not respond to subsoiling. 
Howeve-r, for the next five crop seasons, subsoiling 
produced significant responses. Moreover, the response 
was greater with lower amounts of rainfall. In general, the 
trend for grain yields was the same from year to year: The 
subsoiled treatments usually had higher yields than non
subsoiled treatments. When P was broadcast, the subsoil
ing treatments yielded 30% more grain than non-subsoiled 
treatments. 

Table 1. Treatments In the conventional tillage experiment, Yurlmaguas. 

Treatments De s c ri p t Io n 

I Bedding, subsoiling: beds of 0.8-m spacing with subsoiling at the 30-cm soil depth Inone tractor pass;
bed shaped and corn planted inanother tractor pass. Herbicide (Dual) weed control after planting. 

II Bedding: similar to (1)without subsoiling. 
III Flat-planted, subsoiling: subsoiling at 0.8-m spacing and the 30-cm soil depth Inthe one tractor pass; 

corn planted inanother tractor pass. Herbicide (Dual) weed control after planting.
IV Flat-planted: similar to (3)without subsoiling. 
V Bedding and subsoiling with banded P: similar to (1). Pwas banded at planting using a Soda Flo 

applicator 
VI Beds with banded P: similar to (2). Pwas banded at planting time with Soda Flo applicator. 

259 



2. Sustainable Agriculture: Continuous Cropping 

For the 4th crop, root distribution was measured by the Conclusions 
trench-profile method. In the flat-planted subsoiling 1) Subsoiling increased corn-grain yields 30% over that 
treatment, there were greater numbers of roots to the 50- of non-subsoiled treatments; 2) subsoiling decreased bulk 
cm depth, whereas in the non-subsoiled treatments, density and mechanical impedance to a depth of 40 cm; 
rooting depth was shallow. In the subsoiled treatment, and 3) Subsoiling promoted higher root densities deeper in 
roots tended to follow the slit of the subsoiler (Figure 3). the soil profile. 

Table 3. Soil chemical properties after Installing the tillage treatments. 

Depth pH 

Exchangeable 

Acidity Ca Mg 

Avail. 

K P 
Al 

sat. 

cm cmol (+)/L mg/L % 

0-15 
20-40 
40-60 

5.6 
4.8 
4.7 

0.33 
1.84 
2.10 

2.1 
1.0 
0.1 

0.6 
0.2 
0.14 

0.08 
0.04 
0.03 

18 
5 
5 

10 
58 
86 

Table 4. Bulk density (B.D.) and volume wetness (0) at 0- to 15-cm 

and 15- to 30-cm soil depths before harvesting the third corn crop. 

0 to 15 cm 15 to 30 cm 

Treatment B.D. 0 B.D. 0 

Mg/m 3 cm 3/cm 3 Mg/m 3 cm/cm 3 

Bed-subsoil 1.43 14.2 1.50 18.0 
Bed 1.47 14.8 1.67 150 
Flat-subsoil 1.45 16.4 1.52 17.6 
Flat 1.51 15.0 1.65 16.8 
Bed-subsoil-P band 1.42 14.0 1.55 17.0 
Bed-P band 1.50 15.0 1.64 16.5 

LSD (0.05) 0.09 1.8 0.08 2.5 

Table 5. Grain yields for six corn crops as affected by tillage. 

1st 2nd 3rd 4th 5th 6th 
Treatment crop crop crop crop crop crop Mean 

Mg/ha 

Bed-subsoil 3.54 3.97 3.61 4.23 4.09 4.49 3.99 
Bed 3.44 3.15 2.47 2.46 2.32 2.68 2.75 
Flat-subsoil 3.43 3.52 3.69 3.88 3.88 3.71 3.69 
Flat 3.40 3.25 2.10 1.95 2.21 2.01 2.49 
Bed-subsoil-P band 4.06 3.25 3.41 3.55 2.82 4.33 3.70 
Bed-P band 3.82 3.41 3.21 2.35 2.82 3.21 3.14 

LSD (0.05) 0.50 0.71 0.54 0.75 0.56 0.41 
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Figure 3. Root distribution for the fourth crop. 
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2. Sustainable Agriculture:Continuous Cropping 

Rainfall Intensity and Runoff Losses in Rainfall in 1988 and 1989 was below the long-term 
Yurimaguas: Y-115 annual average of 2200 mm. Rainfall events were also less 

intense and less frequent than average (Table 1). For this 
Julio C. Alegre, N.C. State University period of evaluation, we can conclude that 50% of the 

rainfall came in intense events. 
Objective Six runoff plots 10-m long by 3.2-m wide were 
The objective of this study was to obtain a long-term installed in October 1987. Slopes ranged from 0 to 2%. 
record of rainfall intensities and relate them to soil Each runoff plot has wooden borders on three sides tomanagement under intensive continuous croppingl 	 prohibit runoff from surrounding areas. On the lowest 

side, a collection system of small channels and cylinders 

Rainfall Intensity was installed to catch water and sediment. The first 
The total annual rainfall in 1986 was 2746 mm; in 1987, cylinder on each plot had an eleven-slot divisor. Only the 
2290 mm; in 1988, 1709 mm; and through October 1989, central slot led to the second cylinder, so it accumulated 
1525 mm. Measurements taken during rainfall events of one-eleventh of the runoff water from the first cylinder. 
intensity greater than 10 mm/hr during 37 months are Rainfall was recorded daily from the rain gauge, and 
shown in Table 1. Such data sets are extremely scarce in water runoff was read the day after a rain. 
the tropics. From October 1986 to October 1989, there The runoff collectors are being calibrated; preliminary 
were several long, intense rainfall events, the most intense data are shown in Table 2. Runoff was less with mini
being 55.9 mm/hr for 1 hr. These intense rainfall events mum-till subsoiling than with conventional-tillage 
produced runoff under conventional tillage, especially at subsoiling. Factors affecting the water balance will be 
the initial stage of crop development (see next report). monitored over a longer period. 

Table 1.Record of high Intensity (>10 mm/hr) storms at the Yurlmaguas Experiment Station, October 1986 
through October 1989. 

Date Time Duration Rainfall Intensity 
Monthly
precip. 

Monthly
precip. 

minutes mm mm/hr % mm 
1986 
Octcber 201.4 
11 05:30/06:15 45 26.7 35.6 17.7 
11 
26 

10:00/11:00 
16:30/17:00 

60 
30 

19.1 
29.8 

19.1 
59.6 

9.5 
14.8 
42.0 

November 263.2 
04 06:30/08:00 90 29.2 19.5 11.1 
11 
11 
17 
17 

09:30/12:00 
12:00/14:00 
04:00/05:30 
09:00/13:00 

150 
120 
90 

240 

26.7 
48.3 
45.7 
43.2 

10.7 
24.2 
30.4 
10.8 

10.1 
18.2 
17.4 
16.4 

24 11:30/12:00 30 15.2 30.4 U 
78.9 

December 428.0 
02 08:00/09:00 60 50.8 50.8 11.9 
02 09:00/10:00 60 20.3 20.3 4.7 
03 13:00/14:00 60 41.9 41.9 9.8 
05 
08 

02:00/03:00 
17:00/18:00 

60 
60 

26.7 
21.6 

26.7 
21.6 

6.2 
5.0 

09 16:00/18:00 120 38.1 19.1 8.9 
29 03:30/05:00 90 62.2 41.5 14.5 
29 05:00/06:00 60 22.9 22.9 5,A 

66.4 
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Table 1. (continued) 

Date Time Duration Rainfall Intensity 
Monthly
precip. 

Monthly
precip. 

minutes mm mm/hr % mm 
1987 
Januar;, 
01 
03 

09:00/10:00 
20:50/22:00 

60 
70 

30.5 
77.6 

30.5 
66.5 

10.1 
M 

303.4 

35.7 
February 133.9 
March 
04 
05 
05 
06 
30 

22:30/24:00 
05:00/06:00 
06:00/07:00 
19:30/20:00 
07:00/08:00 

90 
60 
60 
30 
60 

25.4 
55.9 
15.2 
15.2 
21.6 

16.9 
55.9 
15.2 
30.4 
21.6 

10.1 
22.2 
6.0 
6.0 
A& 

251.7 

52.9 
April 
09 
09 
28 
29 

09:00/10:00 
10:00/13:00 
07:00/11:00 
16:00/17:00 

60 
180 
240 

60 

21.6 
44.5 
53.4 
19.1 

21.6 
14.8 
13.4 
29.1 

8.4 
17.3 
20.8 

7.4 

257.1 

53.9 
May 
06 
10 
17 
17 
23 

02:00/03:00 
07:30/08:00 
05:00/06:15 
11:00/12:00 
03:00/05:00 

60 
30 
75 
60 

120 

19.1 
15.2 
12.7 
17.8 
44.4 

19.1 
30.4 
10.2 
17.8 
22.2 

9.3 
7.4 
6.2 
8.7 

2.6 

205.1 

53.2 
June 
14 12:00/13:00 60 11.4 11.4 20.1 

56.8 

July 
10 03:00/04:00 60 17.8 17.8 17.2 

103.6 

29 10:00/12:00 120 20.3 10.2 
36.8 

August 
18 00:00/00:30 30 14.6 29.2 15.7 

92.7 

30 14:45/16:00 75 19.1 15.3 2. 

36.3 
September 
07 
12 
16 
17 

11:00/12:00 
21:15/22:15 
14:00/15:00 
10:00/11:00 

60 
60 
60 
60 

12.7 
45.7 
17.8 
13.1 

12.7 
45.7 
17.8 
13.1 

7.5 
27.0 
10.5 
7.7 

169.4 

52.7 

Continued 
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2. Sustainable Agriculture: Continuous Cropping
 

Table 1. (continued) 

Monthly Monthly 
Date Time Duration Rainfall Intensity preclp. preclp. 

minutes mm mm/hr % mm 

October 211.5 
14 16:00/17:00 60 15.2 15.2 7.2 
20 11:00/12:00 60 18.0 18.0 8.5 
22 15:30/16:00 30 12.7 25.4 6.0 
31 00:15/01:45 90 31.4 20.9 14.8 

36.5 

November 295.8 
02 10:00/11:00 60 47.0 47.0 15.9 
20 15:00/16:30 90 17.1 11.4 5.8 
24 05:00/06:00 60 14.0 14.0 4.7 
26 06:15/07:15 60 40.6 40.6 11. 

40.1 

December 209.6 
07 04:00/08:00 240 85.2 21.3 40.6 
28 13:00/14:00 60 15.2 15.2 7.3 
31 12:00/13:15 75 14.0 11.2 U 

54.6 

1988 
January 59.2 
10 10:30/12:00 90 16.50 11.0 27.9 

February 139.7 
27 05:00/06:00 60 10.3 10.3 7.4 

March 265.0 
01 14:00/15:00 60 12.1 12.1 4.6 
02 17:00/17:30 30 30.5 61.0 11.5 
07 15:00/16:00 60 12.7 12.7 4.8 
08 06:00/07:00 60 33.7 33.7 12.7 
08 07:00/08:00 60 17.8 17.8 6.7 
14 12:15/13:15 60 20.3 20.3 7.7 
18 02:30/03:00 30 19.1 38.2 72 

55.2 

April 183.7 
02 12:00/13:00 60 14.0 14.0 7.6 
02 16:00/17:00 60 11.4 11.4 6.2 
17 14:00/15:00 60 15.2 15.2 8.3 
23 12:15/13:00 45 19.1 25.5 10.4 

32.5 

May 137.1 
04 14:00/15:00 60 12.7 12.7 9.3 
04 15:00/16:00 60 15.2 15.2 11.1 

20.4 

June 54.0 
23 15:00/16:00 60 27.9 27.9 51.7 
23 16:00/17:00 60 12.7 12.7 M 

75.2 
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Table 1. (continued) 

Date Time Duration Rainfall Intensity 
Monthly
precIp. 

Monthly
precIp. 

minutes mm mm/hr % mm 
July 16.7 
August 
17 
21 
27 

02:00/03:00 
18:45/19:30 
12:30/13:00 

60 
45 
30 

24.1 
19.1 
21.6 

24.1 
25.5 
43.2 

26.5 
21.0 
2.8 

90.8 

71.3 
September 87.8 
15 11:00/12:00 60 17.8 17.8 
October 
03 
08 
08 

02:30/04:00 
03:00/04:00 
04:00/04:30 

60 
60 
30 

27.9 
16.5 
15.2 

18.6 
16.5 
30.4 

15.1 
9.0 
8.2 

184.3 

08 09:15/10:00 45 15.2 20.3 8.2 
27 08:00/09:00 60 12.7 12.7 U 

47.4 
November 
02 
09 
15 
15 

07:30/08:30 
12:00/12:30 
01:00/02:00 
18:00/19:00 

60 
30 
60 
60 

22.9 
13.9 
12.7 
35.6 

22.9 
27.8 
12.7 
35.6 

6.8 
4.1 
3.7 

10.5 

338.8 

23 
23 

11:30/12:00 
12:00/13:00 

30 
60 

38.1 
25.4 

76.2 
25.4 

11.2 
7.5 

28 12:30/13:30 60 31.8 31.8 %4 
53.2 

December 
08 
24 

11:00/12:00 
12:00/13:00 

60 
60 

10.2 
24.1 

10.2 
24.1 

6.7 
15.8 

152.6 

24 14:30/15:00 30 16.5 33.0 1. 
33.3 

1989 
January 
20 
23 
28 

15:00/16:00 
05:00/06:00 
11:00/12:00 

60 
60 
60 

15.2 
29.2 
30.5 

15.2 
29.2 
30.5 

7.2 
13.8 
I4.4 

211.9 

35.4 
February 
02 
02 

03:30/04:30 
04:30/05:30 

60 
60 

24.1 
19.1 

24.1 
19.1 

11.6 
9.2 

208.3 

28 12:30/13:00 30 25.4 50.8 Ma 
33.1 

March 
03 
16 
25 
28 

13:15/14:00 
16:00/17:00 
18:15/18:30 
02:00/03:00 

45 
60 
15 
60 

29.8 
20.3 
12.7 
20.3 

39.7 
20.3 
50.8 
20.3 

12.3 
8.4 
5.2 
1A 

242.3 

34.3 

Continued 
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2. Sustainable Agriculture: Continuous Cropping
 

Table 1. (continued) 

Date Time Duration Rainfall Intensity 
Monthly 
precip. 

Monthly 
preclp. 

minutes mm mm/hr % mm 

April 
08 
27 

14:00/15:00 
10:00/12:00 

60 
120 

16.5 
21.6 

16.5 
10.8 

18.4 
24.1 
42.5 

89.6 

May 
02 
04 
04 
06 
14 

00:00/01:00 
08:15/09:00 
10:00/11:00 
18:00/19:00 
02:00/02:10 

60 
45 
60 
60 
10 

21.6 
13.1 
37.5 
11.4 
14.0 

21.6 
17.5 
37.5 
11.4 
84.0 

13.1 
7.9 

22.7 
6.9 
15 

59.1 

165.1 

June 
11 
17 

09:30/11:00 
14:00/15:00 

9.0 
6.0 

33.0 
30.2 

22.0 
30.2 

24.6 
22. 
47.1 

134.1 

July 
02 21:30/23:00 90 26.7 17.8 60.4 

44.2 

August 
09 
18 
28 

15:30/16:00 
09:30/11:00 
16:00/17:00 

30 
90 
60 

17.8 
28.6 
14.0 

35.6 
1e, * 
14.0 

13.9 
22.3 
1U 
47.1 

128.0 

September 
29 14:00/15:00 60 19.1 19.1 28.3 

67.4 

October 
10 
13 
31 

07:30/08:30 
06:00/07:00 
07:30/08:00 

60 
60 
30 

22.9 
20.3 
17.8 

22.9 
20.3 
35.6 

9.9 
8.8 
7.7 

26.4 

230.5 

266
 



Table 2. Preliminary runoff losses for various tillage
practices for row crops from November 1987 through
January 1989. Total precipitation was 1757 mm. 

Runoff 
Treatment losses Runoff % 

(mm) 
Conventional tillage 

with subsoiling 249 14.0 
Minimum tillage with subsoiling 120 6.8No tllae wih sbsoling1659.4 
No 	tillage with subsoiling 165 9.4 

LSD 0.05 43 

Soil Trafficability in a Loamy Sand 
Ultisol: Y-1 11 

Julio C. Alegre, N.C. State University 
D. Keith Cassel,N.C. State University 

Intensive continuous cropping in the humid tropics often 
promotes soil degradation and decreases crop yields when 
machinery is used under excessively wet soil conditions. 

Objectives 
The objectives of this study were 1) to examine soil
compaction caused by tractor passes on a loamy sand 
Ultisol with varying water content in Yurimaguas and 2) 
to quantify the reduction in corn yields that one might 
anticipate from compaction. 

Procedures 
The experimental area was a loamy sand (80% sand, 10% 
clay) soil that had been continuously cropped by mechani
cal farm machinery since 1987. The whole area was 
treated with herbicide, and P was incorporated with a disk 
harrow. 

The experimental design was a split-plot compacted by 
tractor traffic at three soil moisture contents (15, 25, and 
35% by volume) at the 0- to 15-cm soil depth as main 
plots and zero to ten tractor passes (using a Kubota 65 HP 
tractor with disk harrow) as subplots. Three hours after 38 
mm of rain on October 3, 1988, we imposed the subtreat
ments at 35% soil moisture. Seven hours later, we im
posed the subtreatments at 25% soil moisture, and the next 
afternoon (24 hours later), we imposed the subtreatment at 
15% soil moisture. Corn seeds were planted 0.2 m apart
with a planting stick in the wheel track. Wheel tracks were 
0.8 m apart. Nitrogen and potassium were applied after 
planting at 120 and 80 kg/ha in a split application. Bulk 
density, total porosity, soil water characteristics, and 
mechanical resistance were determined in the wheel track 
immediately after the tractor passes. 

Results 
Soil bulk density after compaction at different moisture 
contents is shown in Table 1. It is clear that the first 
tractor pass inflicts the greatest amount of compaction and 
that each succeeding pass causes little or no compaction.
Only with ten passes did we observe a decline in yields at 
35 and 25% moisture contents (Table 2). At 15% moisture 
content, no significant reduction in corn yields occurred. 
There was no significant correlation between crop yield 
and tractor passes (zero to five passes). This loamy sand 
soil has a very high infiltration rate, and it is difficult to 
find soil moisture contents higher than field capacity 
(25%). 
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2. Sustainable Agriculture: Continuous Cropping 

A similar experiment in a sandy loam Ultisol (65% creased bulk density, but did not significantly reduce corn 
sand, 20% clay) found that one tractor pass under the yields. 
highest soil moisture conte,,t caused soil compaction and a 
50% reduction in corn yields (TropSoils TechnicalReport, Implication 
1986-87). This loamy sand Ultisol can be plowcJ (conventional 

tillage) the day after a heavy rain without negatively
Conclusion affecting corn yields. 
For this loamy sand soil, we conclude that one to five 
tractor passes reduced total porosity (Table 3) and in-

Table 1. The Impact of tractor passes and soil moisture on the bulk density of a loamy sand ultlsol at 
0- to 10-cm soil depth. 

Number of tractor passes 
Soil 

moisture 0 1 2 3 4 5 10 Mean 

(m3/m3 ) 
0.35 
0.25 
0.15 

1.45 
1.45 
1.47 

1.65 
1.58 
1.58 

1.67 
1.63 
1.61 

Mg/rn 
1.69 
1.63 
1.64 

1.68 
1.67 
1.65 

1.70 
1.67 
1.66 

1.71 
1.69 
1.65 

1.65 
1.62 
1.61 

Mean 1.46 1.60 1.64 1.65 1.66 1.68 1.68 

LSD 	 Soil rr.isture = 0.02 
.05 	 Tractor passes = 0.03 

Two soil moisture Insame tractor passes = 0.07 
Two tractor passes In same soil moisture = 0.07 

Table 2. Impact of tractor passes and soil moisture on corn grain yields In a loamy sand Ultisol. 

Number of tractor passes 
Soil 
moisture 0 1 2 3 4 5 10 Mean 

% by volume 	 t/ha 
35 2.90 2.76 3.05 2.51 2.35 2.00 1.30 2.77 
25 3.08 3.75 3.24 3.08 3.67 2.92 2.36 2.98 
15 2.90 3.28 2.84 3.37 2.90 2.81 2.76 2.88 

Mean 2.96 3.26 3.04 2.99 2.96 2.58 2.14 

LSD Soil moisture = 0.94 
.05 	 Ti actor passes = 0.58 

Two soil moisture in same tractor passes = 0.90 
Two tractor passes In same soil moisture = 0.95 
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Table 3. Impact of tractor passes and soil moisture on the total porosity of a loamy sand Ultisol at 0
to 10-cm soil depth. 

Number of tractor passesSoil 
moisture 0 1 2 3 4 5 10 Mean 

%by volume % 

35 
25 
15 

45.3 
45.3 
44.5 

37.7 
40.4 
40.4 

37.0 
38.5 
39.3 

36.2 
38.5 
38.1 

36.6 
37.0 
37.7 

35.9 
37.0 
38.1 

35.5 
36.2 
37.7 

37.7 
39.0 
39.4 

Mean 45.0 39.6 38.3 37.6 37.1 37.0 36.5 

LSD Soli moisture =0.9 
.05 Tractor passes = 1.0 

Two soil moisture Insame tractor passes = 2.6 
Two tractor passes In same soil moisture = 2.5 
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Fertilizer N Requirements for Long-term 
Corn Production: M-910A 

Thomas Jot Smyth, N.C. State University 

Manoel S. Cravo, EMBRAPA, Manaus,Brazil 

The Central Amazon is characterized by two major soil 
ecosystems. Upland landscapes occupy approximately 
60% of the region and are predominated by Oxisols with 
high subsoil acidity, clay contents reaching 80%, strong 
aggregation, medium water-holding capacity, and high 
permeability. The heterogenous group of Entisols on the 
flood plains of sediment-rich rivers forms the second soil 
ecosystem. These soils have high fertility, negligible soil 
acidity, silty textures, poor aggregation, high water-
holding capacity, and low permeability. Intensive annual 
crop production is possible in the Entisols during an eight-
month flood-free period. Even whenlime and fertilizers 
are applied to eliminate acidity and P and K constraints in 
the Oxisols, corn yields after initial slash-and-burn 
clearing are inferior to those obtained in the Entisols. 
Since apparent recovery of fertilizer N is similar betweenecosystems, it is likely that there are intrinsic differences 

ecoystmsittht her inrinic iffreness lkel ar 
in the native soil's N supply or its availability during cropgrowth. 

Objectives 
Since 1984, the purpose of this study has been to conduct 
N fertilization trials with corn to compare the following 
qualities of an Entisol and an Oxisol: 1) the impact of 
fertilizer N on yield, the efficiency of N use, and the 
growth rate; and 2) the movement of i .- ganic soil N. 

Procedures 
Relevant properties for soil profiles at each site are shown 
in Table 1.One corn crop was grown at each site duringthe wet seasons of 1984 to 1987. An exception was the 

fourth crop in the Oxisol, which was planted in the wet 
season but completed its growth cycle during the dry 
season (<100 mm/month). A fifth crop was grown in the 
Entisol during 1988. Urea-N rates for each site and year 
are described in Table 2. In 1986 N was placed as a single 
broadcast application to monitor soil-N dynamics. 
Treatments were arranged in a randomized complete
block design with four replications in the Oxisol and three 
in the Entisol. Lime, P, K, Mg, S, and micronutrients wereaplidenfomlsoeretmnsnndh Oislbtinll 
applied uniformly to treatments in the Oxisol, bat only N 
was applied to the Entisol. Locally adapted, open
pollinated corn varieties were used in all crops. 

Results 

Grain yields for each crop are shown in Figure 1.In each 
year, maximum yields were greater in the Entisol than in 
the Oxisol. Nitrogen rates to achieve the yield plateaus at 
both sites increased with each successive crop. The linearresponse to N for the 1985 crop in the Oxisol may be due 
to the absence o an N rate between 60 and 120 kg N/ha. 
tte ae nce nNrebewn and 120eg N/ha.Yield performances in previous and succeeding crops in
the Oxisol suggest that the yield plateau may have 
occurred between 60 and 80 kg N/ha. 

In the absence of fertilizer N, yields declined with each 
succeeding crop. The magnitude of this decrease was 
greater in the Entisol than in the Oxisol. The trend in both 
soils suggests a decreasing supply of native-soil N, a view 
supported by laboratory measurements of the net inorganic 

Table 1. Selected chemical and physical prop3rtles for the Oxisol and Entlsol. 

Porosity 

Depth Clay Slit Db Micro Macro 

cm - % Mg/cm 3 -m 3 -

0-15 82 7 1.04 516 278 
15-30 82 9 1.12 703 132 
30-45 85 8 1.11 731 136 
45-60 92 1 1.04 685 127 

0-15 21 64 1.18 636 204 
15-30 18 60 1.52 853 270 
30-45 16 56 1.61 822 340 
45-60 13 53 1.65 842 346 

Total Soil Charge 
Hyd. 


cond. C 


cm/hr -%-

Typic acrudox 
28.1 20.4 

8.1 11.2 
9.6 5.8 

10.4 -

Typic tropofluvent 
5.5 14.0 
0.6 10l 6 
1.5 5.'L 
0.6 -

N pH 
Al 

sat. ECEC NeV, Pos. 

. cmol/kg 

1.8 
1.0 
0.6 
-

4.7 
4.5 
4.5 
4.4 

38 
68 
72 
73 

2.36 
2.24 
1.65 
1.56 

2.06 
0.77 
0.82 
0.43 

0.88 
1.55 
1.82 
2.12 

1.5 
0.9 
0.7 
-

6.1 
6.1 
5.0 
5.8 

2 
2 
2 
2 

10.18 
9.56 
9.81 
9.35 

13.75 
11.24 
12.59 
11.54 

0.27 
0.25 
0.24 
0.28 

I' 7M 



Table 2. Nitrogen rates and method of placement for each corn crop.
 

Soil Year Season Placement N Rates
 

Entisol 	 1984 Wet 
1985 Wet 
1986 Wet 
1987 Wet 
1988 Wet 

Oxlsol 	 1984 Wet 
1985 Wet 
1986 Wet 
1987 Wet/Dry 

Entisol 
5 	

A1904 

4 	 15 

3,1987	 1986 

:. 	 2 

1 

0 40 80 .20 1(60 
Applied N (kg/ha) 

4Oxisol 

1985 

18A 

1986
2 ,consistent 

1987 

2" 1content 

.G 
_resulting 

0 ,the
0 4 0 80 120 1 60 

Applied N(kg/ha) 

Figurg1. C',rn-grain yields as a function of urea-N 
rates during consecutive years of cultivation In a 
Central Amazon Entlsol and Oxisol. 

kg/ha 
Split-applied 0,30,60,90,120 
Split-applied 0,30,60,90,120 
Single 0,40,80,120,160 
Split-applied 0,40,80,120,160 
Split-applied 0,40,80,120,160 

Split-applied 0,20,40,60,120 
Split-applied 0,20,40,60,120 
Single 0,40,80,120,160 
Split-applied 0,40,80,120 

" 60 a 
co 	 0
tM 0tig_40 0 Entisol 

.Y=51-12.OX
.9.~~~20 I.../-	 "Z 	 " 

0 0 Y=16-4.6X 

-20
 
0 1 2 3
 

Years under Cultivation 

Flguro2. Relationships between time under contlnu
os cultivation and net Inorganic N mineralized from 
soil samples during seven days of anaerobic Incuba
tion for a Central Amazon Entisol and Oxisol. 

N released by soil samples from these plots during seven 
days of anaerobic incubation (Figure 2). The higher initial 
levels of inorganic-N supply (51 vs. 16 mg N/kg/wk) and 
the greater rate of decline in inorganic-N mineralization 
for zero-N plots in the Entisol than in the Oxisol are 

with the yield trends across time for these 
treatments (Figure 1). The Oxisol contained higher levels 
of total C and N than did the Entisol. The higher clay

and microaggregation of the Oxisol may have 
protected organic-N compounds from biological activity,

in a slower rate of inorganic-N release than in 

Entisol.
Fertilizer N requirements (N) to obtain maximum
 

yields in each crop were estimated by the following
 

equation: 
Nf = (Ny-Ns)/Ef

where Ny is the amount of N in aboveground biomass at 
the maximum yield, Ns is the amount of plant N derived 
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from native-soil N (as measured by N uptake in the zero-N Table 4. Site and fertilizer-N effects on mean crop 
treatments), and Ef is the amount of N uptake in above- growth rates of corn during selected periods In the 
ground biomass per unit of applied N. Predicted and Entlsol and Oxisol. 
observed fertilizer-N requirements for crops in 1984 to 
1987 are compared in Table 3 for each site. There is closer Growth Interval 
agreement between predicted and observed fertilizer-N Appled 
requirements during the two initial crops in both soils. 
Mean Ef values, although similar between sites, were also kg/ha kg/ha/day 
lower than values reported for corn hybrids in other 0 32 103 47 
temperate and tropical regions. 40 81 126 130 

Crop growth and N uptake were measured throughout 80 91 174 150 
the 1987 crop cycle at both sites. Nitrogen fertilization 120 92 161 160 
increased mean crop growth rates (CGR) at both sites, but 160 93 220 150 
there was no site-by-N-rate interaction (Table 4). Mean Site hMeans 
CGR was higher in the Entisol than in the Oxisol during Entisol 86 164 163 
all growth intervals, but the major difference between sites Oxisol 72 151 103 
occurred after silking: Growth rate was reduced in the 
Oxisol and relatively unchanged in the Entisol. Dry-matter LSD 0.05: 
accumulation patterns for leaves and stalks showed not NRate 24 42 62 
only a greater buildup of these plant components but also Site NS NS 48 
a longer period of growth to reach he maximum levels Nx Site NS NS NS 
(Figure 3). With the highest N rate, maximum dry-matter 
accumulation in leaves and stalks occurred at 70 days after 
planting in the Entisol as opposed to 56 days in the Oxisol. tion and translocation in the Entisol resulted in higher 
Leaf and stalk dry weight decreased during reproductive yields than in the Oxisol. Without applied N, yields in the 
development because dry matter was partitioned to the Entisol were 0.6 t/ha greater than in the Oxisol. Between 
developing ears. Grain production at both sites exceeded 40 and 160 kg N/ha, grain yield in the Entisol exceeded 
the amount of t,:al aboveground dry matter accumulated yield in the Oxisol by about I t/ha. 
after silking (Table 5). Consequently, their difference Growth and yield of the 1987 crop could also have 
should indicate the net translocation of leaf and stalk dry been related to climatic differences between sites (Figure 
matter accumulated in the developing ears prior to silking. 4). Rainfall in the Oxisol was greater than in the Entisol 
Net translocation averaged across N rates was 666 and 541 throughout the growing season. During the 105-day 
kg/ha for the Entisol and Oxisol, respectively. Longer growing season, mean maximum and minimum tempera
growth duration and higher rates of dry-matter accumula- tures differed by less than 10C between sites, but mean 

Table 3. Observed and predicted fertilizer-N requirements (Nf) to produce maximum yields during 
four crops Inthe Entisol and Oxisol. Estimated by Nf = (Ny-Ns)/Ef. 

Maximum Fertilizer N 

N N form Required 
N 

fertil. 
requirement 

Soil Year 
Grain 
yield 

uptake 
(Ny) 

soil 
(Ns) 

N 
(Ny-Ns) 

effic. 
(Ef) 

Predicted Observed 
(Nf) 

t/ha -- kg/ha kg/kg - kg/ha -

Entisol 1984 4.3 118 89 29 0.53 55 60 
1985 3.8 105 72 33 0.54 62 60 
1986 2.9 79 32 47 0.39 122 40 
1987 3.2 89 41 48 0.33 144 80 

OxIsol 1984 2.7 75 48 27 0.54 50 28 
1985 3.7 102 31 71 0.38 188 120 
1986 2.4 66 24 42 0.34 123 86 
1987 1.7 46 34 12 0.36 35 80 
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solar radiation was 328 mWh/cm/day in the Entisol as yields for the Entisol were greater than in the Oxisol foropposed to 307 mWh/cm/day in the Oxisol. Crop growth planting dates from November 11, 1986, to January 10,simulations with the CERES-Maize model were used to 1987. A maximum yield difference of 0.3 t/ha was 
assess how climatic differences between sites could predicted by simulations at the actual planting dates.influence corn yield. Two weather files were created using However, this yield difference would only account for 
daily values of rainfall, solar radiation, and maximum and 
minimum temperatures measured at each site. Soil para- Rainfall Evapotranspiration
meters were fixed to adequate N supply, and soil water 
and root distribution characteristics measured in the Z Entisol O Entisol
Entisol profile. Crop parameters were based on meqsure
ments made during the 1987 crop. Predicted yields for W4 Oxisol El Oxisol
 
simulations under the climatic regime at each site and at
 
several planting dates are shown in Table 6. Predicted 

4 
-.1000 

E3 E
3~ 800 

MS 

0 600 

A 400 
= i EU) 200 

0 - , , 0 
20 50 
 80 110 26 
 42 54 70 105
 

Days after Planting 
N Rate 

Soil1a Figure 4. Rainfall and evapotranspiration '-,ttems
A Entisol 160 during tha 1987 corn crop In aCentral Amazon Entlsol
A 0 and Oxisol. 

U Oxisol 160 
El 0 Table 5.Comparisons between final corn-grain yields

and post-silklng gains In aboveground total dry matter2 0 -, . among N rates In the Entlsol and Oxlsol. 

Applied TDM gain Grain
Soil N after sliking yield 

~1.0 kg/ha - t/ha-

Entlsol 0 0.61 
 0.89 

40 2.11 2.86 
120 2.85 3.26 
160 2.43 3.44
 

0.0 Oxisol 0 -0.03 0.3320 50 
 80 110 40 0.94 '31 
Days after Planting 80 1.32 2.16

120 1.70 2.10 
Figure 3.Accumulation of stalk and leaf dry matter 160 1.93 2.73 
during the 1987 corn crop at two rates In a Central 
Amazon Entisol and Oxisol. 
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Table 6. Predicted corn-grain yields by the CERES-
Maize model for several simulated planting dates 
under actual climatic regimes at both sites. 

Predicted grain yields 

Date Entlsol Oxlsol 


t/h a -
November 1 4.0 4.0 
November 11 1.4 4.0 
November 21 4.2 4.0 
December 1 4.0 3.9 
December 11 4.1 4.0 
December 31 4.0 3.9 
January 10 4.1 4.0 
Mean 4.1 4.0 

Actual planting dates for corn were November 21 Inthe 
Entlsol and December 11 inthe Oxisol. 

30% of the observed yield variation between sites under 
conditions of adequate N supply (Table 5). 

Soil inorganic N distribution in the profiles (0 to 60 
cm) was also monitored during the 1987 crop. Fertilizer-
derived soil N was estimated as the difference in inorganic
N between urea-N treatments and the zero-N treatment at 
each sampling date. When averaged across N rates, 
quantities of fe1i.iizer-derived soil N or its rate of disap-
pearance from the 0- to 60-cm soil depth through leaching 
and crop uptake differed little between sites during the 
growing season (Figure 5). However, noticeable differ-
ences occurred between sites in the distribution of soil N 
within the 60-cm profile depth which was sampled. 
Whereas more than 60% of the N in the Ent'sol remained 
in the surface 30 cm during the period from planting to 
silking, N in the Oxisol moved progressively to lower 
depths during the same period (Figure 6). Faster move-
ment of fertilizer-derived soil N into the Oxisol subsoil 
was attributed to superior hydraulic conductivity and 
porosity relative to the Entisol (Table 1). The greater 
anion exchange capacity and net positive charge of subsoil 
layers in the Oxisol would also favor a higher retention of 
NO3 , thus reducing downward movement. Measurements 
of corn root distribution in the Oxisol and Entisol profiles 
revealed asmaller proportion and total number of roots in 
the subsoil layers of the Oxisol (Figure 7). Although both 
soils contained similar amounts of fertilizer-derived soil N 
in the profile, this N was less accessibile in the Oxisol 
because it was primarily retained in the subsoil layers 
where root growth was restricted by high AI saturation. 

Conclusions 
Results from this study suggest that cropping history plays 
amajor role in determining fertilizer N requirements for 
corn in this humid tropical environment. Native soil N
supply to corn is initially higher in the Entisols than in the 
Oxisols, but decreases rapidly with progressive cultiva
tion. Management practices to alleviate Al toxicity 

constraints to deep root proliferation in the Oxisol should 
improve the accessibility of subsoil N to corn and increase 
both yields and fertilizer-N recovery in this soil. 

150 A Oxisol 
- A Entisol 

120 E 

. 90 

0 60 A 

o 30 

0 .C> 
0 30 60 90 120 

Days after NApplication 

Figure 5. FertIlizer-derived Inorganic N In the 0- to 60
cm profill. depth of an Entlsol and Oxisol during the 
growth cycle of the 1987 corn crop. 

Entisol 
100
 
1 00 Oxisol
 

Z
 
M 80
 

0 60 

"B 4 0 

0 20 
0 J 

0 
25 42 

Days After Planting 

Figure 6.Proportion of fertilizer-derived N in a Central 
Amazon Entisol and Oxisol profile (0to 60 cm) remain-
Ing In the surface 30 cm at three different sampling 
dates In the 1987 corn crop. 
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Figure 7. Corn root distribution as a function of so!I 
depth Inan Entlsol and Oxisol during the 1987 crop. 

Timing and Distribution of Fertilizer N 
Placement for Corn in a Central Amazon 
Oxisol: M-910B 
RicardoJ. Melgar, N.C. State University 

Manoel S. Cravo, EMBRAPA, Manaus,Brazil
 
Thomas JotSmyth, N.C. State University
 

Oxisols in the Central Amazon have a high permeability 
and a low water-holding capacity. The potential for Nmovement into the acid subsoil below the rooting zone is 
high under such conditions. Fertilizer N availability and 
recovery may be improved by distributing N in several 
applications when crop needs are high. 
Objectives 

The objectives of this study were 1)to determine the 
optimum rate and method of N application for corn and 2)
to estimate the effect and efficiency of the different N 
rates and application treatments on corn growth, N uptake, 
and grain yield. 

Procedures 
Two consecutive corn crops were grown during the 1986 
and 1987 wet seasons in the clayey Oxisol in Manaus. 
Experimental design was a randomized corhplete block 
with four replications. Treatments consisted of a factorial 
arrangement of three urea-N levels (40, 80, and 120 kg NI 
ha) split-applied in five methods. A control with no N 
applied was included as an additional treatment. Nitrogen 
was applied either by single application or by splitting 
rates into two or three equal parts. Single-application 
treatments occurred 1)at planting in the seed bed (1-0-0) 
and 2) at 25 days after planting (DAP) (0-1-0). Treatments 
with two equal split applications occurred either 3) at 
planting and 25 DAP (1/2-1/2-0) or 4) at 25 DAP and 
silking (55 DAP) (0-1/2-1/2). The fifth method consisted 
of three equal split applications made at planting and at 25 
and 55 DAP (1/3-1/3-1/3). All N applications were banded 
and incorporated soon thereafter with a manual hoe. 
Phosphorus, K, micronutrients, and lime were applied 
uniformly to all treatments before planting the first corn 
crop.

Since there were no significant crop-by-treatment 
interactions, the effects of N rates, the timing of the 
applications, and the distribution of fertilizer N on 
measured plant variables are presented using the means of 
treatments across both crops. The absence of interactions 
between N rates and methods of N application also 
indicates that the effects of timing and distribution of 
fertilizer N on corn growth were similar across all fertil
izer N rates evaluated. The primary difference between 
crops was a reduction in maximum grain yield (3.4 vs 1.8 
t/ha) for the second crop, a reduction associated with a 
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lower plant population density (9.4 vs 5.7 plants/m 2). 
There was a linear increase in grain yield, N uptake, and 
total dry matter to N rates when averaged across methods 
of N application (Figure 1). There was no yield advantage 
to distributing fertilizer N in multiple applications (Figure 
2). However, yi,' 's among treatments with single N 
applications were improved when fertilizer Nwas delayed 
from planting (1-0-0) to 25 DAP (0-1-0). Among the five 
methods of N application, there was a trend for increasing 
yields as a greater proportion of applied N was concen
trated in the two final application times. 

Aboveground corn dry matter at silking represented an 
average of 57 and 78% of the total dry matter accumulated 
at harvest in the first and second crops, respectively. 
Nitrogen fertilization decreased the proportion of total dry 
matter at harvest which had accumulated in plants by the 
silking stage (Table 1). The highest proportions of total 
dry matter at harvest accumulated by silking stage were 
obtained with treatments receiving all fertilizer Nbetween 
planting and 25 DAP. This suggested that dry matter 
accumulation was delayed to post-silking stages when 
fertilizer N was concentrated in applications at 25 DAP 
and at silking. The absence of a fertilizer N timing and 
distribution effect on measured dry-matter accumulation 
at either 25 DAP or at silking also supports this observa
tion. 

Nitrogen uptake at harvest in treatments without 
applied N decreased from 28 kg/ha in the first crop to 15 
kg/ha in the second crop. Despite the lower contribution of 
native soil N to the second crop, apparent fertilizer N 
recovery was higher for the initial crop (46% in crop one 
vs 35% in crop two). Apparent N recovery decreased with 
increasing rates of applid N. When averaged across all 
application methods and crops, recoveries were 48, 36, 
and 36% for rates of 40, 80, and 120 kg N/ha, respec- 
tively. Single applications of N at 25 DAP gave higher 
apparent N recovery levels than single applications at 
planting (Figure 3). Maximum apparent recovery was 70% 
with the application of 40 kg N/ha at 25 DAP in the first 
crop. A mean of 46% N recovery was obtained with a 
single application of N at 25 DAP averaged across all N 
rates. Apparent N recovery decreased with both split 
applications and treatments having a greater proportion of 
N applied at planting. The lowest mean value of 30% 
apparent N recovery was obtained for treatments that 
received all N at planting. 

Even the highest N recoveries for corn in this study are 

lower than the values achieved at equivalent N rates in the 
Brazilian Cerrados region, where corn-grain yields are 
approximately 6 to 8 t/ha. However, observed apparent N 
recoveries, grain yields, and recommended N rates are 
similar to values reported for corn in the high rainfall 
regions of Africa. 

Corn-grain yield, total dry matter, N uptake, and 
apparent N recovery in this humid tropical environment 

were increased by delaying Napplications from planting 
to 25 days after planting. There was no yield advantage to 
partitioning a single fertilizer N application at 25 days 
after planting into two or three equal split applications 
between the planting and silking stages. The higher yields 
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o 2.0 
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0.0 
0 	 40 80 120 
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Fi,.iure 1. Total dry matter, grain yield, and Nuptake at 
ha 'est as a function of applied N In a Central Amazon 
OxI. 
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obtained with N applications at 25 days after planting and 
silking, relative to planting, were associated with an 
increase in the proportion of total dry matter assimilated 
during post-silking growth. 

Grain 
Distribution of 

Applied N 
1-0-0 

-- Dry Matter 

1 / 2-1 / 2-0 __________ _- __ 

1/3-1/3-1/3 

0-1-0 7=11011111111 --

0-1/2-1/2 --

0 20 40 60 80 100 
%Relative Yield 

Figure 2. Relative corn-grain and total dry-matter 
yields as a function of fertilizer N timing and distrlbu-
tion methods In a Central Amazon Oxlsol. 

Distribution of 
Applied N 

1-0-0 

1/2-1/2-0 

1/3-1/3-1/3
 

0-1-0 

0-1/2-1/2 

0 10 20 30 40 50 
Apparent NRecovery (%) 

Figure 3. Apparent fertilizer N recovery by corn for 
different timing and distribution methods of applied N 
In a Central Amazon OxIsol. 

Table 1. Effect of timing and distribution of fertilizer N 
on the ratio of total dry matter at harvest to the dry 
matter which had accumulated by sllkIng stage In two 
consecutive corn crops In a Central Amazon Oxisol. 

Total dry matter at sliking
 
T
 

Treatments 1986 1987 Mean 
N rates (kg/ha) Dry matter at harvest (%) 

0 75 98 87 
40 59 74 67
80 56 76 66 

120 51 78 65
 
0-1-0 52 73 62
 
1-0-0 66 82 74
 

1/2-1/2-0 61 83 72
 
0-1/2-1/2 48 67 57
 

1/3-1/3-1/3 51 75 63
 

LSD:0.05 

N Rates - - 10 
Timing - - 13 
Rate x Timing - - 30 
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Potential Productivityand Nitrogen-Use 
Efficiency of Corn and Rice in Vrzeas: 
M-91 0C 

Ricardo 1. Melgar,N.C. State University 
P. A. Sanchez, N.C. State University 
Thomas Jot Smyth, N.C. State University 
Manoel S. Cravo, N.C. State University 

Alluvial soils along the white water rivers, locally known 

May to August.The soil in the corn experiment is a fine
loamy, mixed, nonacid, isohyperthermic Typic Tro
pofluvent. The soil in the rice experiment is a coarse
loamy, mixed, nonacid, isohyperthermic Aquic Tro
pofluvent. The two experiments were 200 m apart but the same distance from the river bank. Although the site for 
the rice experiment had more mottles in the subsoil, both 
sites were otherwise morphologically similar. 

Initial soil (0 to 20 cm) characteristics for the corn 

experiment were as follows: 118 mg/kg of P (Mehlich 1);1.7 and 14.1 g/kg of organic N and C; and 14.9, 2.9, 0.3, 
as vdrzeas, are a major land resource in the Amazon basin, and 0.2 cmol/kg of exchangeable Ca, Mg, and A1,respec-

The state of Amazonas in Brazil has about 25 million an0. mlkofecngbeCMadArsp
hetae of Amazoils iBrazlhighbaseabotus25amillitively. The nitrogen availability index, as evaluated by nethectares of such soils. Their high base status, adequate anaerobic incubation during one week, gave 3 and 9 mg/ 

water supply, and eight-month flood-free period provide
appropriate conditions for intensive food production in a 

reginy lwdmintedfrtilty xisls ad Ufisls.region dominated by low fertility Oxisols and Ultisols. 

Total soil Nis low in many of these soils, suggesting a 
potential nutrient deficiency. Yield response to N has been 

noted to increase during successive corn crops in vdrzea 
soils. This response would be magnified with the use of 
improved, high yielding varieties, 

Despite the high native fertility and adequate water 
supply in this environment, yields for locally selected corn 
have seldom exceeded 5.0 t/ha when N was applied. These 
yields are similar to yields reported in the Peruvian 
Amazon but 1 to 2 t/ha less than yield maxima reported in 
the humid tropical lowlands of Sumatra, Indonesia, and 

extnsily nth
Riceis lso row Amzoa.Becuse
Rice is also grown extensivly in the Amazon. Because 
of the soil's high water-holding capacity and the absence 
of severe drought stress periods, the vdrzea ecosystem is a 
favored upland rice condition. In the top 30 cm of soil, 
approxima'ely 120 mm of available water are retained in 
the 0.01 to 1.0 MPa tensioai range. Although a limited numer o azrngerice triasi teo Althougcliednumber of rice trials in the Amazon have included N 
fertiiaton, results showed a relatively high grain yield 
potential, on the order of 6 to 7 it/ha for improved vae-
ties. Results from irrigated rice in the Peruvian Amazon 
also showed grain yields in the same range. 

Yield differences between corn (C4) and rice (C3) may 
be related to differences in N-use efficiency by their 
photosynthetic pathways and could result in contrasting N 
responses. 

Objective
Obective oabsence 
Tne purpose of this study was to assess the potential 
nitrogen-use efficiency of corn and rice in vdrzeas, 

Procedures 
Two experiments were conducted at the Caldeirao 
research field of the EMBRAPA/UEPAE Experiment 
saonrcted50kmwestof AAUsPA mntrStation, located 50 km west of Manaus,Amazonas,Brazil. 


The site is an alluvial cuaternary terrace on the Amazonas
River, which is occasionally flooded during the periods of 

kg of NH, production for soil samples of the corn and rice 
eprmns epciey hs olts ausdtr
experiments, respectively. These soil test values determined that no fertilizer, other than N, was applied to the 
experiment. Weather data are shown in Figure 1. 

Graip Yields 
Cra i yield responses to applied N in the two corn crops 
and rice varieties are shown in Figure 2. Grain yields for 
both corn crops were increased by fertilizer Nup to the 60 
kg/ha rate. This N rate produced yield maxima of 4.4t/ha, 
in the first crop, and 3.9 y/hain the second crop. Differ
encesmo as may hae sted ro weater
 
contribution from haineralized
organic matter. 

Yield plateaus for both rice varieties were achieved 

with 20 kg N/ha, but maximum yields of CICA 8 exceeded that of BR-i1 by 0.9 t/ha. Differences in grain yield 
between varieties were attributed to differences in grain 
weight for CICA 8, although there was no N-rate effect on 

weight i ei th hereas1). 
grain weight in either variety (Table ). 

Maximum grain yield for the first corn crop was
representative of the potential yield for this species at this
location. Yield maxima of CICA 8 rice variety approached 
the potential yield of this species under favored upland 
conditions. Crops were grown under near-average weather 
conditions with no nutrient limitations. Nitrogen uptake 
continued to increase beyond N rates that resulted in 
maximum grain yields. The N rates associated with 
maximum grain yields were low and suggested other 
limitations for grain production. 

Low solar radiation may account for the lack of 

response to applied N above the lowest rate in r.oe. In the
of a water deficit, solar radiation received during 

the 4.-day period before harvest is the foremost climatic 
variable affecting rice response to N. IRRI scientists 

related grai' Nresponses at several planting dates to four 
categories of solar energy. The category with the highest 
solar energy (> 489 mWh/cm 2/day) contained linear yield 
responses up to 120 kg N/ha with progressive declines of
optimum N rates with lower solar energy levels. Our solar
radiation values averaged 330 mWh/cm2/day during the 45
days prior to harvest. Low solar-energy levels, maximum 
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- -

yields, and N responses for improved rice varieties grown
under favored upland conditions in the Peruvian Amazon Corn
 
are similar to those reported herein. a 5.0
 

Glucose-equivalent yield for the two rice varieties and
 
the corn corps are presented in Table 2. To compare yields 4.0
 
of crops grown under different years, we assumed that >.

weather effect was constant across years. Corn yields 30 o 1984 Crop N>60 Y=3.6+0.01
If 2N 
simulated with the CERES-Maize program under no water (9 1 3. 0 01984CropIf N>60 Y=4.3 R2.0.96 

or N limitations averaged 4 t/ha using several planting 	 I1N<60 Y=2.8+0.018N2 ,1985 Crop IfN>60 Y=3.8, R =0.95dates of the 1986 weather data. Differences in maximum 2.00 30, 60 90 12012030 60_90_
grain yield between corn and rice remained when 	glucose
equivalent yields were considered. Equivalent yields from 	 Applied N(kg/ha)
unfertilized treatments appeared higher for rice than for
 
both corn corps even with a lower soil-N availability Rice
 
index. Maximum equivalent yields did not differ between 3
 
corn and BR-I rice, but corn required three times as much a 5.0a 
N as rice to produce the maximum equivalent yield. 

4.0 
50 CICA-8 ItN<20 Y=4.3+0.063N 2

E5 3.0 If N>20 Y=5.5 R =0.96E 400
"i0Corn1984 ,BR-i IfN<20 Y=4.1+0.025N2 

rn19C52.0300 	 r7 - IfN>20 Y=4.5 R =0.98_L ,i 

S200' 	 Rice 1986 0 40 80 12020 	 -o- 5 Yr mean Applied N (kg/ha) 
r 100"
 

0
 

Figure 2.Grain yield response to Nfertilization Intwo0 NOV DEC JAN FEB MAR APR consecutive corn crops and two rice varieties. 

Table 1. Nitrogen effect on grain yield components of 
two rice varieties. 

3 Maximum30.0 --c- Corn 1984 
•--	

Yield components
e--Corn 1985
 

,3 25.0. A.... Rice 1986
E 	 Panicle Panicle Grain wt.
 Rice variety N rate density size 	 x 1000 

c 20.0M 
S 15.0: kg/ha pan/m grn/pan - g -

NOV DC JAN FEB MAR APR BR-1 0 307 5720 	 23.3305 63 23.8 
40 310 62 23.9E 80 317 63 23.3S500 120 324 60 23.7 

E 400-
 CICA 8 0 284 54 27.5 
300 Corn 1984 20 291 65 28.6 

12rCorn 1985 40 308 61 28.8 
103 Rice 1986 80 324 62 28.5 
-o-3Yr mean 120 339 51 28.3 

100LSD 
 0.05 

NOV DEC JAN FEB MAR APR " 	 Variety - NS NS 0.6 
Rate x Variety - NS NS NS 
SEN Rate BR-1Figure 1. Monthly rainfall, maximum and minimum air CICA 8 

- 29 5 0.2 
- 34 10 0.5temperatures, and solar radiation during the crop- CV % - 22 28 3 

growth cycles. 
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2. SustainableAgriculture:Continuous Cropping 

Table 2.Nitrogen effect on glucose-equivalent yield and harvest Index of the corn and rice experiments. 

Equivalent yield Harvest Index 

Corn crop Rice variety Corn crop Rice variety 

N Rate 1984 1985 BR-1 CICA 8 1984 1985 BR-1 CICA 8 

t/ha Gw/TDM 
N-0 5.0 4.0 5.6 5.8 0.46 0.35 0.52 0.57 
N-1 5.7 4.4 6.2 7.3 0.43 0.32 0.50 0.59 
N-2 6.1 5.5 6.2 7.3 0.48 0.38 0.48 0.56 
N-3 6.2 5.5 6.2 7.7 0.47 0.36 0.50 0.53 
N-4 6.1 5.5 6.2 6.6 0.44 0.38 0.47 0.49 
SE 0.2* 0.4 0.2" 0.4" 0.02 0.02 0.01 0.02*
 
CV % 7.6 16.0 9.9 9.9 7.5 11.2 8.5 8.5
 

",** = Significant treatment effect at the 0.05 and 0.01 probability levels. 

§ Nitrogen rates for the corn experiment are: 0, 30, 60, 90, and 120 kg/ha; and 0, 20, 40. 80, and 120 kg/ha for the 
rice experiment. 

Maximum yield for CICA 8 rice was higher than for BR- Rice grain yields reached a plateau at concentrations in 
1.Variations in HI's accounted for grain yield difference TDM of 8.0 and 9.5 g/kg, respectively, for BR- I and 
between species, because maximum TDM was coincident CICA 8.These values were in close agreement with the 
for both species. Grain equivalent yield of rice varieties internal requirement suggested by studies in Peru. Internal 
and corn crops correlated (= 0.77**) with their harvest N requirements reported for corn average 12.0 g/kg, with 
indices. little deviation across environments or between genotypes. 

Plots with maximum yields in this experiment averaged 11 
N-Use Efficiency 
Lack of differences in TDM between corn and either rice Table 3.Mean nitrogen effect on N-use efficiencies 
variety was paralleled by alack of differences in either N- (plant biomass/unit of plant N) for total dry matter and 
use (Figure 3)or uptake efficiencies (Figure 4) for grain production of corn and rice. 
biomass production, indicating no differences in the 
amount of either absorbed N or TDM produced per unit of Nitrogen-use efficiency 
applied N. However, differences were observed among Total dry matter Grain 
mean utilization efficiencies for both TDM or grain in 
corn and rice (Table 3 ). No differences were observed NRate§ Corn Rice Corn Rice 
between corn crops or rice varieties. Overall mean 
efficiency of plant N in biomass and grain production for - TDM/Nt - - Gw/Nt 
rice was 20 and 50% superior to corn, respectively. N-0 100 120 41 65 
Unfertilized treatments produced 41 kg of corn grain and N-1 100 115 37 62 
65 kg of rice grain per kg of absorbed N. This relationship N-2 85 114 37 59 
decreased progressively with N fertilization in rice N-3 95 102 40 53 
because further uptake and accumulation of N brought no N-4 91 102 38 49 
concomitant grain yield increase (Figure 2). These N-use Mean 94 111 39 57 
efficiency values were lower than the average 70 kg of SE 6 * 8. 2 4* 
rice per kg of accumulated N suggested by Mori and co- CV % 16 19 14 21 
workers (1986) and significantly lower than the efficiency 
values greater than 85 reported under irrigated conditions , = Significant treatment effect at the 0.05 and 0.01 
in the high-yielding environments of Peru apd California. probability levels. 
Fertilizer N did not affect the use efficiency for corn 0Nitrogen levels for the corn experiments were 0,30, 60, 
grain. 90 and 120 kg/ha; and 0, 20, 40, 80, and 120 kg/ha for the 

Part of the differences in N-use efficiency may be rice experiment. 
because rice has a lower internal N requirement than corn. 
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g N/kg, which approaches the internal requirement 
recommended by Stanford and Legg. 

Since climatic factors impose a limit to obtaining
higher biomass in annual crops, breeding programs should 
emphasize both N-use efficiency and harvest index to 
improve cereal productivity. The harvest index is an easy
field determination, and it provides a quick estimate of the 
relative photosynthae partitioning potential among 
genotypes. Selecting efficient genotypes for N use would 
also contribute to a higher productivity on low-N environ-
ments or higher fertilizer-use efficiency. 

S7.0- 01984 Crop
*1985 Crop CrRic985 

6.0 oCICA 8 
6.0- ythe 

AD" 

5.0 

a, 
- Y6.25 - .017N R. 

0 30 60 90 120 
Applied N (kg/ha) 

Figure 3. Effect of applied Non N-use efficiency for
dry-matter production.Tw/Ns Indicates total dryweight per unit of soil N. 


2.0-
01985 Crop Corn 
BR-1
IC Rice

>" 1.0-


" 


=a0.0-

6 0.09 

z -1.0 Y=1.56- 0.015N R2 =095 
, . , 

0 30 60 90 120 
Applied N (kg/ha) 

Figure 4. Effect of applied Non N-uptake efficiency for 
dry-matter production. Nt/Ns Indicates the proportion
of soil N taken up by the plant. 

Lime and P Requirements for Peanut in a 
Clayey Oxisol: M-905
 

Thomas Jot Smyth, N.C. State Univeristy
 
Manoel S.Cravo, EMBRAPA, Manaus, Brazil
 

Although there is little tradition of peanut production in 
the Central Amazon, data from Yurimaguas suggest that it 
would be a suitable crop for continuous production 
systems in these ustic or near-ustic soil-moisture regimes. 
Because of potential harvest problems in these clayey 

Oxisols, preliminary peanut trials compared different land 
preparation methods (plant beds, hilling vs. no-hilling). 
Results showed little seed loss when peanuts were planted
toward the end of the rainy season for harvesting during 
the driest months (<100 mm) of the year. Planting on
 
raised beds brought no yield advantage, but hilling near
 

pegging stage did.
 

Objective
The objective of this study was to assess soil Ca and P 
requirements for peanut production in these Oxisols

through residual lime and P fertilization trials.
 

Procedures 
The lime experiment contained five rates of calcitic lime 
(0, 0.5, 1,2, and 4 t/ha; 83% CaCO3 equivalency) applied 
once in 1983. Three additional treatments with 0, 1,and 2t lime/ha also received I t gypsum/ha in 1983 and 1986. 

There were four replications arranged in a randomized
 
complete-block design. Two peanut varieties were
 
compared in both 1987 and 1988 in subplots of the eight

lime treatmnts. Varieties were Blanco Tarapoto,selected 
from trials in the Yurimaguas Ultisols, and Tatu Vermelho, which is used in Southern Brazil. In both crops, 
gypsum was applied at planting to the three designated
treatments, as in previous years af this study. Blanket 
applications were also made of P and K fertilizers. 

Rsut
Results
Chemical properties of the surface soil layer (0 to 15 cm) 
were measured at the flowering stage of both peanut crops 
(Table 1). Between the two years, exchangeable bases 
decreased and acidity increased in all plots. Aluminum 
saturation ranged from 17 to 79% in 1987 and from 83 to 
32% in 1988. Gypsum applications caused significant
increases in exchangeable Ca and small reductions in 
exchangeable Al. The net result was to decrease Al 
saturation by as much as 25% relative to comparable lime 
rates without gypsum. 

Inboth years, shelled peanut yields, shelling percent
age, and leaf Ca content at flowering were increased 
significantly by lime treatments (Table 2). Mean yields for 
Blanco Tarapotowere significantly higher than for Tatu 
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2. Sustainable Agriculture: Continuous Cropping 

Table 1. Surface soil (0 to 15 cm) chemical properties at flowering stage of both peanut crops in the 
clayey Oxisol of Manaus 

Exchangeable 
Lime Al Avail. 
rate Year pH Ca Mg K Al sat. P 

t/ha cmol/L % mg/kg 

0 1987 4.3 0.26 0.04 0.16 1.7 79 19 
1988 4.4 9.19 0.07 0.14 2.0 83 13 

0.5 1987 4.4 0.37 0.10 0.18 1.4 68 24 
1988 4.4 0.28 0.09 0.13 1.8 78 14 

1 1987 4.6 0.62 0.15 0.19 1.2 56 24 
1988 4.6 0.44 0.11 0.19 1.6 68 12 

2 1987 4.6 0.71 0.16 0.21 1.0 48 20 
1988 4.6 0.55 0.11 0.13 1.5 66 10 

4 1987 5.0 1.49 0.29 0.21 0.4 17 17 
1988 4.9 1.23 0.15 0.14 0.7 32 9 

0 + G 1987 4.2 0.71 0.02 0.16 1.4 61 24 
1988 4.3 0.61 0.06 0.10 1.8 70 19 

1 +G 1987 4.3 1.13 0.13 0.19 1.1 43 22 
1988 4.5 0.86 0.09 0.12 1.3 55 12 

2+G 1987 4.6 1.60 0.19 0.17 0.6 23 22 
1988 4.5 1.08 0.09 0.10 1.3 51 12 

G denotes the application of 1 t gypsun/ha to each crop. 

Table 2. Seed yield, shelling percentage, and leaf Ca levels for two peanut varieties as a 
function of lime treatments during two crops In the Manaus Oxisol. 

Blanco Tarapoto 	 Tatu Vermelho 
Lime 
rate Year Yield Shelling Leaf Ca Yield Shelling Leaf Ca 

t/ha 	 t/ha % t/ha % 

0 	 1987 0.8 27 0.58 1.3 64 0.68 
1988 0.1 34 0.67 0.2 56 0.50 

0.5 	 1987 1.1 42 0.68 1.0 62 1.16 
1988 0.4 41 0.73 0.2 54 0.53 

1 1987 2.1 56 0.88 1.5 69 1.10 
1988 0.7 52 1.03 0.7 68 1.00 

2 1987 2.3 60 0.93 2.0 73 1.15 
1988 1.0 59 1.28 0.7 68 1.06 

4 1987 3.0 71 1.16 2.1 73 1.36 
1988 1.5 69 1.46 1.0 74 1.58 

0 + Go 1987 3.3 71 1.00 2.0 74 1.33 
1988 1.3 70 1.30 1.1 74 1.34 

1 +G 1987 3.2 69 1.03 2.0 74 1.23 
1988 1.4 69 1.39 1.2 74 1.56 

2+G 	 1987 3.5 72 1.23 2.4 74 1.20 
1988 1.4 71 1.62 1.3 74 1.75 

§G denotes the application of 1t gypsum/ha to each crop. 
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Figure 1. Relative yield of shelled peanut varieties 
Blanco Tarapoto (solid symbols) and Tatu Vermelho 
(open symbols) as a function of the exchangeable
Ca:AI ratio in lime and lime plus gypsum treatments in 
a clayey Oxisol of the Brazilian Amazon. 

Vermelho. Blanco Tarapoto also showed a greaterresponse in both yield and shelling percentage tc limetreatments than did Tatu Vermelho. At their maximum 
yields, both varieties had similar shelling percentages and 
leaf Ca contents. Among the chemical soil properties 
measured, the ratio between exchangeabl, Ca and AIgave
the best agreement with relative peanut yields (Figure 1). 
There was a linear increase in yields up to an exchange-

Ther wa a inyiels u toan echage-inreaslnea 
able Ca:AI ratio of 0.52. Above this value, there was no 
response in yield. There were no differences between 
varieties or years in this relationship. Similar relationships 
were also found with percentage Ca and Al saturation, 
with critical levels of 20 and 60%, respectively. The 
exchangeable Ca:AI ratio, however, accounted for more of 
the varidbility in yield among varieties and years thaneither of the cation-saturation indices. That finding is 

consistent with those treatments that attain maximum 
yields by using lime to reduce Al toxicity and gypsum to 
provide supplementary Ca (Table 2). 

Soil P requirements for peanuts were assessed in 1987 
by planting Tatu Vermelho in a long-term P fertilizer 
rates-and-placement st.udy. The experiment consisted of a 
split-plot arrangement of broadcast and banded P place-
ment with four replications in a randomized complete
block design. Main plots are broadcast P .,tes (0, 22, 44, 
88, and 176 kg P/ha) applied once before planting the 
initial crop in 1981. Subplots are banded P rates (0, 11, 22, 
and 44 kg P/ha) applied with variable frequency to the 11 
crops preceding peanuts. Whereas a rate of 11 kg P/ha was 
applied to all former crops, rates of 22 and 44 kg P/ha 
were band-applied only to the first eight and four crops,
respectively. Total band-applied P in the previous crops 
was, therefore, 121,176, and 176 kg/ha, respectively. The 
experiment was planted in an annual corn-cowpea rotation 
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each year. Peanuts were planted in May 1987 after 
harvesting corn without additional P inputs.relationship between Mehlich I extractable soil P 

T r b(1:10 soil to solution ratio, 5 minutes shaking) and relative 
yield of shelled peanut in all P treatments is shown in 
Figure 2. P fertilization increased yields from 0.5 t/ha 

applied P to a maximum of 2.0 t/ha. The Mehlich 
1 critical value of 9 mg/kg is superior to the levels of 6 
and 8 mg/kg established for corn and cowpea, respec
tively, during preceding crops in this study. There were 
significant linear correlations between Mehlich I soil P 
and both the Bray 1 (r=0.96) and Modified Olsen (r=0.80) 
extractants. Based on linear relationships between extrac
tants, the respective critical soil-P levels for corn, cowpea, 

and peanut were estimated to be 9, 13, and 15 mg/kg with 
the Bray 1method and 8, 9, and 10 mg/kg with the 
Modified Olsen method. Higher soil P requirements for 
the legumes relative to corn were associated with a 
significant increase in foliar N concentration for cowpea 
and peanut with increasing P applications. These data 
suggested a higher soil-P requirement for plants, depend
ing on symbiotic N2 fixation as their primary source of N.The soil test calibration data provide guidelines for 
managing acidity and P constraints for peanuts in mecha
nized continuous crop rotations on clayey Oxisols of the 
Central Amazon. Although the variety Blanco Tarapoto 
has a higher yield potential than Tatu Vermelho, the latter 
provided higher yields under extreme soil conditions of 
low Ca and high acidity. 

1 00 
V 

Z 80 
> • F P<9 
E3 60 Y-.+. P 
X Fcr P>9 

4 0 = 
.Y 

20 R 2 .87 

0 
0 5 1 0 15 2 0 25 

Mhllch 1 Soil P (mg/kg) 

Figure 2. Relative peanut yields as a function of 
Mehilch 1 extractable soil P treatments containing 
variable rates of broadcast and/or barded P. 



2. SustainableAgriculture:Continuous Cropping 

Decomposition Rates of Green Manures All green manures presented with a peak rate of C02-C 
during the first week of incubation evolved and reachedin an Acid UItisol: Y-117A 
the plateau between 4 to 9 weeks, depending upon the 

source and the rate of application. The highest peak was
.!osj R. Davelouis,N.C. State University 

for the highest rate of all green manures applied, follow-
PedroA. Sanchez, N.C. State University 

ing this order: kudzu > rice > cowpea > desmodium >Y.P. ilsieh, FloridaA.M. University 

Larry A. Nelson, N.C. State University inga.
 

Tie decomposition rate of green manures is related to 

Soil acidity is a major problem in those Ultisols of the the quality of green-manure leaves, expressed through 

Amazon jungle subjected to continuous rotations of their lignin or polyphenolics content. The decomposition 
rate of green manures is controlled by the rate applied and

alumin um-sensitive crops such as corn. Reports from 
the lignin and total soluble polyphenolics contents. The

Alabama and TropSoils research conducted in Brazil and 
higher the amount of green manure applied and the lower

Hawaii suggest that green-manure incorporations may 

alleviate aluminum toxicity in Oxisols and Ultisols. the lignin and polyphenolics contents, the higher will be 

the rate of decomposition of green manure or the total
Work conducted elsewhere suggests that organic acids 

amount of CO-C evolved per amount of soil and per unitand other components of the metabolic carbon pool 
of time.temporarily complex exchangeable aluminum until these 

Ageneral model describing the above relationships and
compounds decompose and enter the microbial carbon 

the data in Figure I is as follows:pool. Aluminum levels are believed to increase again 
when this next step of organic-matter decomposition takes Y = 60.5 + 4.8 R - 0.9 L - 2.3 PP 

R2place. Previous observations at Yurimaguas show that = 0.72 
leguminous plant materials left on the surface as mulch p < 0.0001 
decompose at different rates in spite of having almost n = 45 
identical C/N ratios. Where 

Y = CO2evolved (mg C02-C 100g soil/9 weeks)Objectives 
Since we hypothesized that the rate of green-manuie 	 R = Rate of green manure 

L = % lignindecomposition would be directly related to the degree of 
= % total soluble polyphenolicssoil-acidity a.nelioration, our first objective in this study PP 

was to c'.aracterize the decay-rates of 6reen manure No relationship was found between the rate of decom
materials that grow well in the Amazon. position and C/N ratios. Rice straw, with a C/N ratio of 

56, decomposed faster than legumes such as inga or kudzu 
Procedure with C/N ratios of 19 and 16, respectively (Figure 1). 
Five potential green-manure sources were selected: kudzu Even among legumes, C/N ratios were not indicative of 
(Puerariaphaseoloides),Desmodium ovalifolium, cowpea decay rates. Kudzu and inga, with similar C/N ratios, 
(Vigna unguiculatacv Vita 7), Ingaeaulis, and rice straw produced the highest and lowest decay rues among the 
(Oryza sativa). In the laboratory, -aves of the leguminous legumes, while desmodium and cowpea, with C/N ratios 
materials plus rice straw were incubated in an Ultisol of of 33 and 23, respectively (Table 1), occupied intermedi-
Yurimaguas (pH 4.2, exchangeable Al 4.9 cmollL, Al ate positions in C0 2-C evolution (Figure 1). 
saturation 86%, ECEC 5.7 cmol]L) at 80% of field These data suggest that low lignin and polyphenolic 
capacity and 26"C. Three rates of application were used: contents of potential green manure sources indicate fast 
1.7, 3.3, and 6.7 t/ha of dry matter, giving a range of rates of decomposition when incorporated in an acid 
agronomically relevant rates. Ultisol. 

The nitrogen, lignin, and polyphenolics contents of the 
green-manure ratios are shown in Table 1.The materials 
varied widely in li un, polyphenolic contents, and C/N 
ratios. It has been hypothesized that green-manure quality 
can be measured by ratios such as C/N, lignin/N, or 
polyphenolics/N. High quality indicates fast rates of 
nitrogen release and is estimated by low values of C/N and 
the other ratios. Thc green-manure sources showed similar 
patterns of decomposition, with significant differences 
from the control during the 9-week incubation time 
(Figure 1). 
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Table 1. Chemical characteristics of plant materials9 

Green Lignin Phenolics Ratios
 
manures N (LIG) (PP) C/N LIG/N 
 PP/N 

Rice 0.80 5.40 0.69 56 6.8 0.9 
Kudzu 2.39 8.77 1.07 19 3.7 0.5 
Desmodium 1.38 6.17 3.60 33 4.5 2.6 
Cowpea 1.95 13.80 1.87 23 7.1 1.0 
Inga 2.75 16.47 3.43 16 6.0 1.3 

§Assuming 45% C content in all plant materials. 

Cumulative CO2-C Evolution (mg/100g soil) 

100 Rice straw Kudzu Inga
 
Yh = 16. 4+13.5T-0.6T 2 Yh = 18.9+11.8T-0.5T 2 yh = 7. 7+9.1T.0.4T 2
 

-80 Ym = 13.1+9.9T-0.5T 2 Ym = 13.2+7.2T-0.3T 2 Ym '8.0+7.T.0.3 
"
80= 10.2+8.4T-o.4T 2 -t YI =10.6+6.5T-0.2T 2 YI - 78.+7.T-.3 = Y1 7."1+7.6T-0.3T
 

60- [nYh: 6.7 t DM/ha
 
OYm: 3.3 t DMha
40- AYI: 1.7 t Ift
 

LIG = 16.5%
2LG =5.41% LIG 8.8% OCheck 

20 
 PP 0=7% PP =1.1% , r 

01.
 
0 1 234567890 12345678901 234567 89 

Weeks
 

100 Desmodium Cowpea
 
Yh = 15. 8+11.1 r-0.4T2 Yh = 17. 2+10.9T-0.4T 2
 

80 Ym = 13.1+8.5T-0.3T 2 Ym =12.3+9.1T-0.31 2

4060 2 12.6+8.4T-0.3 ~YYI = 11.3+7.4T-O.3T 

LIG =6.2% LIG =13.8%
20 PP 3.6%,, 1313 1.9%/ 

0 ; , . , , .. , , ,0 12345678901 2345 6789 

Weeks 

Figure 1. Cumulative CO2 evolution with time from various rates of green manures Incubated in an Ultlsol of
Yurlmaguas, Peru. All general model F tests are slgniflcan, at 0.0001 level. Letters H, M, and, L refer to high,
triedium, and low rates of dry-matter appllcation(Lig. = Ilignin; PP = polyphnollc contents). 
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2. Sustainable Agriculture:Continuous Cropping
 

Green-Manure Incorporation and Soil effect between nutrient inputs and acidity effects, 160 N, 
Acidity Amelioration: Y117-B 44 P, and 83 Kin kg/ha were applied from the second to 

the fifth corn crop. 

Jos6R. Davelouis, UniversidadNacionalAgraria,La The five con, crops were grown during the period of
 
1987, to June 5, 1989. Total precipitation for
Molina June 11, 


PedroA. Sanchez, N.C. State University each crop was 477, 619, 388, 667, and 767 mm respec-

Julio C. Alegre, N.C. State University tively. Aluminum in the soil solution was determined by
 

periodically leaching one pore volume of water from
 
Objectives undisturbed upland cores sampled from the field.
 
The objective of the second phase of this study was to
 
measure the effects of green-manure incorporation on soil- Results
inludng r cuulaiveLittle 

acidity parameters, including residual or cumulative the low rate of application (1.3 and 3.3 t DM/ha/crop).
 

With 6.6 t DM/ha/crop, green manures decreased soil 

acidty aramter,esidal changes in soil acidity parameters were observed at 

Procedures acidity in the following order: rice straw > kudzu > 
The previously described green manures were applied to desmodium > cowpea> inga. Lower lignin or polypheno
the field, and five consecutive corn corps were grown. The lies contents had four effects: (1) lower soil-solution Al 
experiment was conducted on a loamy Ultisol of an (Table 2), (2) higher exchangeable Ca + Mg (Table 3), (3) 
upland terrace at Yurimaguas. The top 20 cm had a clay lower exchangeable Al and Al saturation (Table 4), and 
content of 21%. Kaolinite was the predominant mineral (4) higher corn-grain yield (Table 5). No significant effect 
(,%) in the clay fraction, the rest being partially interlay- on the soil pH value was obtained compared to the check 
ered smectite, probably hydroxy interlayer polymers (15% without lime. 
of the clay fraction). The chemical properties (0 to 20cmn) A transient effect of green manures on the Al in the soilsouin( gre )a don xc n e bl Al( gre2 
of the soil were among the most acid encountered at 
Yurimaguas: pH 4.2, exchangeable Al 4.9 cmol)L, soil- during the field experiment was observed for the first four 
solution Al 0.6 cmol/L (Table 1), and 86% Al saturation. corn crops. Green manures applied at the high rate showed 

Kudzu, desmodium, cowpea, inga, and rice straw were a ntsidual effect through the build-up of exchangeable
Ca Mg. At the high rate during the first four corn crops, 

applied at 1.7, 3.3, and 6.7 t DM/ha/crop during five corn A
 
crops and incorporated into the soil with a rototiller to a the amounts of Ca+Mg added to the soil via green
 
depth of 20 cm. Inga was incoporated as leaves, whereas manures were 255 kg/ha for rice straw, 433 kg/ha for

other green i.nurgs were incorporated as aboveground desmodium, 434 kg/ha for kudzu, 463 kg/ha for cowpea,biomass. Two check-s were included, one limed to pH 5.5 and 393 kg/ha for inga. Rice straw, a harvest residue with 
bas Tweno wr apssiblied tnounpHlow lignin (5.4%) and low polyphenolic (0.7%) contents,chme.s ichidone 
and one not limed. To elintinate a possible confounding 

Table 1.Initial and final topsoil properties (0to 20 cm) In the green manure and soil acidity experiment (Yurlma
guas 1987 to 1989). 

FInal (Juno 1989) 
Green manures - Checks -

Initial Rice Kudzu Inga 
Not 

June 1987 L§ M H L M H L M H Limed limed 

Al sol. 
m/mol/L 0.6 1.6 0.9 0.7 2.2 1.6 1.2 2.6 1.7 1.8 0.1 1.4 

Exch Al 
cmol/L 4.9 4.1 4 3.5 4.4 4.1 3.8 4.6 4.2 3.9 0.9 0.1 

Ex. Ca+Mg
cmol/L 0.7 0.6 0.7 1.0 0.5 0.7 0.9 0.5 0.6 0.8 5.3 0.6 

Alsat. % 86 84 81 73 86 82 76 88 83 79 13 84 
pH 4.2 3.9 3.9 4.0 3.9 3.9 4.0 3.9 3.9 3.9 4.9 4.0 

L,M,and Hrefer to low, medium, and high fertilization levels. 
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Table 2. Average Al in the soil-solution content (4 crops). Mean of 135 deter
minations per treatment combination. 

GM rate: DM/ha/crop
Treatment Lignin phenolics 0 3.3 6.7 

- %- - Soluble Al (mmoli/L) -

Rice , 5.4 0.7 - 0.51 0.36 
Kudzu 8.8 1.1 - 0.63 0.66
Inga 16.5 3.4 - 0.75 0.81 
Check without lime -  0.72 - -
Check with lime - - 0.17 -

Table 3. Average exchangeable calcium + magnesium content (4 crops). Mean of 135 determinctions per
treatment combination. 100% Is 0.72 cmol/L (check without lime). 

GM rate
 
DM/ha/crop
 

Treatment LIgnin phenollcs 0 1.7 
Mean


3.3 6.7 effect 

- %- Exchangeable Ca + Mg (cmol/L)

Rice 
 5.4 0.7 - 0.59 0.68 0.93 0.73Descmodium 6.2 3.6  0.60 0.77 0.89 0.75
Kudzu 8.8 1.1 - 0.55 0.63 0.83 0.67Cowpea 13.8 1.7 - 0.69 0.81 0.70 0.73
Inga 16.5 3.4  0.51 0.66 0.71 0.63
Check without lime - - 0.72 -  - -Check with lime  - 4.30 -  -

Rate mean 'iffect 0.59 0.71 0.81 

Relative value (check without lime = 100%) 

Al in the soil solution
200 
160- GM rate: 3.3 t/ha 3M rate: 6.7 t/ha 

120. (.6) (.5) (.4) (1.4) Inga 

El Check: no lime80' GM rate: 1.7 t/ha Kudzu 

Rice 
0_ L ~. Check with lime1 2 34 .1 234 1 23 4 

Corn crops 

Figure 1. Effect of rice straw, kudzu, and Inga green manures on aluminum in the soil solution, Numbers inparenthesis are absolute values for 100% relative yields expressed in mr.,'i/L, mean of three or four samplings 
per crop. 
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2. Sustainable Agriculture:Continuous Cropping 

Table 4. Average effect on aluminum saturation (4 applied as green manure at the high rate during four 
crops). consecutive corn crops decreased Al in the soil solution by 

GMI rate half, increased exchangeable Ca+Mg by 29%, lowered 
Gre rae exchangeable Al by 12%, and lowered Al saturation by

Green-manure 	 tha/crop 6% (Table 4). This green manure produced 2.7 t/ha of 
source L PP 1.7 3.3 6.7 

corn grain as an average of 4 crops in Yurimaguas, or 88% 

- - Al saturation (%) of the yield produced by liming (Table 5). 
Straw 5.4 0.7 86 84 78 Kudzu is a leguminous species containing 8.8% lignin

Ricu 8and 1.1% polyphenolic. Growing in Yurimaguas as a
 
Ingo 16.5 3.4 88 86 84 weed, kudzu increased ext.hangeable Ca+Mg by 15%,
 

decreased Al in the scil solution by 8%, and decreased
 

Check without lime = 84%. exchangeable Al and Al saturation by 4%. These effects
 

Check limed = 24%. were produced when kudzu was applied at the high rate.
 

Relative value (check without lime -100%) 

Exchangeable aluminum
 
120
 

GM rate: 1.7 t/ha GM rate: 3.3 t/ha GM rate: 6.7 t/ha
 

100"4 	 no lime2Check: 
100. ~LSD 0.05 	 IngaIg 

90' 	 . Kudzu 
(4.3) (5.1) (5.1) (4.1) 	 Rice 

80-1 

Corn crops 

Figure 2. Effect of rice straw, kudzu, and Inga green manures on exchangeable aluminum. Numbers In parenthe
sis are absolute values for 100% relative yields expressed in cmol AlIL, mean of three or four samplings per 
crop. 

Relative value (check without lime = 100%) 

Exchangeable calcium + magnesium 

160" GM rate: 1.7 tlha GM rate: 3.3 tlha 	 Rice
 
Kudzu
 

120n 

80P 0 	 Cheek: no lime 
LSD 0.05 

40 (.9) (.7) (.7) (.6)
 
GM rate: 6.7 t/ha
 

01W1 	 i W1_ W 4 
Corn crops 

Figure 3. Effect of rice straw, kudzu, and Inga green manures on exchangeable calcium + magnesium. Numbers 
In parenthesis are absolute values for 100% relative yields expressed In cmol,Ca + Mg/L, mean of three or four 
samplings per crop. 
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This source produced 2.3 t/ha of corn grain as an average 
of 4 crops (7,, %of limed check plots), 

Desmodium ovalifolium contains 6.2% lignin and 3.6% 
polyphenolics. Applied at the high rate, it decreased soil-
solution Al by 32%, increased exchangeable Ca+Mg by 
23%, decreased Al saturation by 3%, and had no effect on 
exchangeable Al. It produced 2 t/ha of corn grain as an 
average of 4 crops (65% of limed check plots), 

Cowpea contains 13.8% lignin and 1.7% polyphenolics. 
Incorporated at the high rate, it decreased soluble Al by 
13%, lowered exchangeable Al by 2%, and had no effect 
on exchangeable Ca + Mg. This green manure produced 
1.7 t/ha of corn grain as an average of 4 crops (56% of 
limed ch'ck plots). 

Inga edulis (16.5% lignin, 3.4% polyphenolics) leaves 
applied at the high rate produced the least ef,ect. Inga 
actually increased Al concentration in the soil solution by
12%. Plots with this green manure produced 1.6 t/ha of 
corn grain a. an average of 4 crops, or 51% of limed 
check plots, 

Green manures varied in their effect on soil acidity. 
High-quality green manures of low lignin or total soluble 

polyphcnolics reduced the soil acidity more than did low
quality green manures. The overall effect, however, varied 
with time. Corn roots growing in low-quality green
manure plots seemed affected by Al oxicity and Ca 
deficiency in the same way as th, s,; growing in the no
lime check plots. These effects 'oserved during the first 
crops, diminished with the suc ssi-e applications of 
green manures, producing m, ; favorable conditions for 
corn-root initiation and growtn in the latter crops. The 
build-up of exchangeable Ca and Mg with time as a result 
of successive green-manure applications may be largely 
responsible for this effect. Yields of the third and four 
crops g.ven high-quality green manures were similar to or 
exceeded yields obtained wiih liming to pH 5.5. This 
effect, however, disappeared in the fifth crop, for reasons 
not presently understood. 

Green manures of high quality (low lignin and polyphe
nolic contents) applied at ag, anomically relevant rates are 
not as effective in decreasing soil acidity as liming, but 
they provide definitive temporary benefits. 

Table 5. Corn-grain yield obtained during four consecutive corn crops, by source* and rate. 

Green-
manure 
source Rate Second 

Rice Low 0.36 * 
Medium 1.36 * 
High 1.93 

Kudzu Low 0.50 * 
Medium 0.91 * 

Desmodlum 
High 
Low 

1.75 * 
0.31 * 

Medium 1.02 * 

Cowpea 
High 
Low 

1.19 * 
0.65 * 

Medium 1.04 * 

Inga 
High 
Low 

0.99 * 
0.18 * 

Medium 0.53 * 
High 0.98 ' 

Check w/o lime 0.59 * 
Check w/lime 2.96 

Corn crops 

Third Fourth 

Corn grain (t/ha) 
1.25 * 0.89 * 
1.47 1.76 
2.44 2.85 
1.05 * 0.59 * 
1.62 0.94 * 
2.11 2.43 
0.72 * 0.57 * 
1.75 1.53 
2.15 2.44 
1.41 * 1.20 ' 
1.31 * 2.09 
1.86 1.75 
0.44 * 0.35 * 
1.19 * 0.98 * 
1.37 * 1.94 
1.01 * 1.09 * 
2.37 2.07 

* Values are significantly different from the control with lime. Dunnett LSD, p = 
test. 

Fifth 

1.25 * 
2.22 * 
3.52 * 
0.83 * 
1.60* 
2.76 * 
0.55 * 
1.56 * 
2.13 * 
1.64 *
 
1.46*
 
2.29 * 
1.02 * 
1.47 * 
1.93 * 
0.86 * 
4.82 

0.05, one-tailed t 
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2. SustainableAgriculture:Continuous Cropping
 

Limited Effects of a Green-Manure Crop The treatments were arranged in arandomized corn
in Weed Control: Y-116 plete-block design, with four replications. The experimen

tal plot was 46 x 4.8 m,suitable for fully mechanized 

JosiR. Davelouis, UniversidadNacionalAgraria,La farming. The legume was inoculated with rhizobium. 

Molina Then, it was sown by planting stick, at a rate of 15 kg/ha. 

PedroA. Sanchez, N.C. State University Weeds were controlled manually in all but management-

JulioC. Alegre, N.C. State University system five, where pre-emergent and post-emergent 
herbicides were used (Dual, Metolachlor 1.2 L/ha and 

Although it is possible to grow three crops per year in ddic Gramoxone, Paraquat 1.9 L/ha). During the first year, corn 
we have plots were weeded three times, and C. macrocarpumplotsisohyperthermic environments like Yurimaguas,isohyertheinicfour times. Those plots with chemical weeding did not 

experienzed considerable practical difficulties in preparing reiean manu win 
land and planting and managing a crop during the wettest y g 

trimester of the year, January to April. Because the land is Results 
often not used during these months, weeds take over. Weeds were not conrolled by a four-month Centrosema 

Objective macrocarpumfallow (&eatm,.nt 1,Table 2). The popula-

The objective of this study was to determine if growing a tion of weeds by species showed ihe same pattern of 
green-manure crop during the wettest trimeseter of the distribution in trealment 1'and control plots of corn with genanr cightrope weeding (Table 2). Both treatments showed 144%gmanual 
year might provide ground cover, smother weeds, and 

more weeds than the control plots with chemicals.provide fixed nitrogen. 
Digitariasanguinalisand Eleusine indica were the 

Procedures dominant species, comprising around 70% of the total 

A field experiment was conducted from November 1986 weed population (Table 2). 

until December 1988 on a portion of Chacra I which had Increasing the duration of the centrosema crop de

been under a high-input rotation of rice, corn, and soy- creased weed populations in the subsequent corn crop. 
beans since Oct,)ber 1972. A total of 33 crops were Total weed biomass decreased from 886 kg/ha when 

harvested in that period. CentrosernamacrocarpumCIAT centrosema was grown for four months, to less than half 
5065 was the species selected as a green manure. The five (396 kg/ha) when :.was grown for eight months, to about 
treatments used are shown in Table 1.The first four were one-third (292 kg/ha) whcn grown for 12 months (Table 
rotations of corn (c.v. Marginal 28) with one trimester of 2). Cunventional chemical weed cont:,l on corn resulted 
green manure, either duriig the wettest (March-May) or in a weed biomas, of 662 kg/ha, equivalent to a cen
the driest (June-August) trimester; two trimesters of green trosema fallow of about six months.

The results suggest that a short-terral (four months)
manure; and a full year of green manures followed by a Cer s a u m cro isot an a ttiw 

corncro. Th fith ornCentrosemiamacrocarpumcrop is not an attractive weedteatentwas cotinuuscorn crop. The fifth treatment was a continuous corn
 

monoculture with chemical weed control. All corn crops control alternative. Either a longer period o, a more
 
received N, P, K, micronutrient fertilization, and dolo- aggressive green-manure species is neede(.
 
mitic lime to keep aluminum saturation below 40%.
 

Table 1.Treatment descrlitlon of corn and Centrosema macrocarpum green-manure crops of 

different duration (dates Indicate the month a trimester began). 

Systems Nov '86 Mar '87 Jul '87 Nov '87 Mar '88 Jul '88 

Corn-GM sequence 

Corn-corn GM 

Corn 

Corn 

GM 

Corn 

Corn 

GM 

GM 

Corn 

Corn 

Corn 

GM 

GM 

Corn-two trimesters of 
green manures per year Corn I. GM - Corn - GM -

One full year green manures - GM Corr, - GM -

C,ntinuous corn, inorganic 
N + chemical weeding Corn Corn Corn Corn 

§ GM: Centr.)sema macrocarpum CIAT 5063 fallow, incorporated to the soil (green manure) before 
corn crops. 
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Table 2. Weed dry matter 108 days after planting the corn crop during the third 
semester (July to October 1987). 

Corn after 
centrosema 
G. manure 

Weeds (tmt 1) 

Paspalum

conjugatum 42 


Digitaria
 
sanguinalis 365 


Eleusine 
ind/ca 669 

Other grass
species 245 

Commelina 
sp. 58 

Other 
species 169 

Total 1548 

Centrosema fallow growing Corn w/chemical 
weeding 

4 months 8 months 12 months 
(tint 2) (tmt 3) (tmt 4) (tmt 5) 

kg/ha 

155 246 42 101 

375 7 0 58 

41 0 0 103 

97 18 0 106 

161 101:1 250 150 

57 23 0 105 

886 396 292 662 
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Development and Evaluation of Soil and
 
Water Management and Conservation
 

Practices for Rainfed Agriculture in Sandy
 
Soil of Sub-Saharan Africa: TAMU-402
 

Rainfall in sub-Saharan Africa is scarce, but its variability
is the major constraint to stable food production. Soil 
fertility is also a limiting factor, and water-fertility 
interactions should be better understood in order to make 
efficient use of limited water. African farmers are well 
aware of these constraints, and farming strategies reflect a 
long process of adaptation to low and variable rainfall, 
poor and fragile soils, and readily available land. The 
farmers' main goal is to avoid risks. The hypothesis of this 
project is that it is possible to manipulate the soil water-
fertility-plant system in such a way as to increase total 
yields or to decrease year-to-year yield fluctuations by 
improving traditional strategies through the application of 
scientific soil- and crop-management principles. 

Farmers and agronomists in Niger are also aware of 
the trend in ecosystem degradation. Although sandy soils 
usually have high infiltration rates, loss of natural vegeta-
tion, surface crusts and soil-restricting layers generate
high volumes of surface runoff and soil erosion. Wind 
erosion is also a serious problem because soil surfaces 
remain dr, and unprotected during extended periods of 
high-velocity winds. 

Inseverely degraded areas, appropriate watershed
management systems are needed to prevent further soil 
losses and to restore soil fertility. Research is needed tn 
assess the effectiveness of (1)appropriate tillage practices 
designed to increase water infiltration, (2) systems of 
water diversion or collection, (3) microclimate modifica
tion to decrease evaporative demands, (4) revegetation, 
and (5)supplemental irrigation. There are also several 
ways to remove chemical constraints and imprv- water
use efficiency with moderate amounts of fertil; er. Most 
of these practices are based on the strategy of intensifying 
crop production on more fertile land while alleviating the 
pressure on the less fertile or more fragile lands. 

Conclusions from small-scale studies cannot be 
extrapolated to full-scale land-management problems.
Corzsequently, for this second phase, TropSoils-SAT is 
devoting most of its research efforts in small agricultural 
watershed management and on the improvement of whole 
farm systems through environmentally sound soil- and 
water-management systems. 
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2. SustainableAgriculture:Soil and Water Management 

Integrated Management of Agricultural Objectives 

Watersheds The objectives of this study are as follows: 1)to select an 
experimental watershed representative of the plateau-

A. Manu, Texas A&M University sand-valley system and conduct baseline studies; specific 
components of the baseline studies are a) inventories ofI. Mahaman, INRAN 

S.C. Geiger, Texas A&M University soil and vegetation resources within the watershed, and b) 

A. Pfordresher,Texas A&M University assessment of indigenous knowledge with respect to 

L. P. Wilding, Texas A&M University traditional farming systems and farmers' conceptions of 

R. Puentes,Texas A&M University soil conservation and land degradation.; and 2) to integrate 

A. S. R. Juo, Texas A&M University baseline information into a Geographic Information 
System (GIS) to delineate and characterize land-manage
ment units which will serve as the basis for the establish-The Sahel has seen increased demands for cropping and 


grazing land in recent years. These factors threaten the ing sustainable management strategies.
 

sustainability of the inherently fragile environment in
 
Niger in particular and in the Sahelian region as a whole. Proedes

The TIropSoils project, which has been working in the St eeto n ecito
semitropis sinjcet18, sichhas thenurt 
 n te Apilot site was selected near the village of Hamdallaye,deve ropiustainleagricultural ans eoure-neme nt in western Niger. This watershed occupies an area of 589meestuthang hurmanee tha. It is divided into four major administrative zones:
systems and practices to meetHamdallaye, Bokotili Kaina, Falanke Be, and Falanke 
while enhancing the region's natural-resource base. Kaina (Figure 1). Farmers from the four villages have 

In line with the new global trust, TropSois decided to lands in the watershed. 
undertake research to develop a more productive and Tis watershed. 
sustainable agriculture in this region to integrate the risk- This watershed was selected for several reasons: 1) a reducing and resource-conserving components of tradi- good reception by villagers to a previous research study

reduingandresurc-coservng ompnens o trdi- undertaker, by a TAMU Ph.D. student, 2) its proximity to 
tional farming systems, as well as the appropriate ele- Niartaerndby)aiTAMprPh.D.ttudentp2)eitsoproximityst 
ments of modem technology. In collaboration with Niamey, and 3) its proximity to a paved road for easy 
INRAN, the Integrated Management of Agricultural access. 
Watersheds project was initiated. 

N
 

" .il. i
,,g "-L 


. ~~ Vilag Scal (m)ke"--..., 

___ Astrativ boundary
 

Figure 1. The four major administrative ,zones of the Hamdallaye wa
tershed. 
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The watershed is in an area where improved varieties 
of millet (Pennisetumglaucum (L.) R. Br.) and cowpea
(Vigna unguiculata),as well as fertilizers (urea and simple
and triple superphosphates) are readily available. The 
available technologies, and farmers' familiarity with them, 
were also considerations in choosing this site. 

(Figure 2). Extensive gully systems are observed on slopes 
greater than 2%. Water filoving in gullieq from the 
laterite-capped plateaus loses velocity on slopes less than 
1%to form depos~tional 'ans. One water course in the 
eastern portion o:-i: watershed, however, does extend 
from plateau to valley floor. This water course is rela
tively shallow nearest the plateau but cuts deeply midwayGeomorphology to the valley floor and in places forms a 2-m deep ravine.The watershed is situated in the plateau-valley geomor- A very large depositional fan is formed by this ravine nearphic system, which consists of a laterite-capped plateau the village of Falankd. 

that slopes gently to a dominant depression or valley. The
major distinctive geomorphic units identified in the Activities Carried Out In the Watershed 
watershed are as follows: 1)a broad, level laterite-capped Aerial survey
plateau, which occurs on high peneplain remnants; 2) Aerial photographs of the watershed are needed for thesteep talus slopes (2 to 5%), which occur directly below following: 1)mapping of soils, geology, and vegetation;the plateau; 3) a large region of broad, gentle slopes (0.5 2) locating spatially the information obtained in bothto 2%); and 4) steep slopes that descend to the valley vegetation and farmer surveys; and 3) estimating the size
floor. of farmers' fields.Laterite outcrops occur at two places below the plateau. Three flights were made to photograph the watershed.
One is in the northern region of the watershed, below Aprel*minary flight was made in late September 1989,outwash fans leading from the plateau. Laterite in this area during which black-and-white film was used with standard occurs within 80 cm of the surface and, in some places, 35 mm Nikon and Canon cameras mounted with 50 mm occurs at the surface. Another outcrop occurs nearer the lenses. Elevations varied between 2,000 and 14,000 feetvalley floor and forms a steep slope (5 to 7%) composed above ground level to obtain photographs of 1:5,000 andentirely of ironstone concretions and a broader region of 1:10,000 scale. Transects were run to obtain 60% overlap
shallow soils overlying laterite. between photos. 

A second flight was made in early October 1989, andDrainage System both color and black-and-white photographs were taken atIntermittent watercourses are observed throughout the elevations varying from 4,000 to 12,000 feet. 
watershed and are closely related to geomorphology 

-w% ' ,-

N\ 

< \ .-.-. S,',.. 

\ '- \, I\. 

V 0 5 10 '.. 0 

\ . . 

Flgu.. Inermittent waterway
---- -rshe boudar-- ca-e (m) 

SLaterite outrop 
. . ... Unpaved road 

S Village .O, 50, 000 
.... Watershed boundary Scale (in) 

Figure 2. Interrnlttent watercourses and geomorphology. 
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2. SustainableAgriculture:Soil and Water Management
 

A third aerial survey was conducted in mid-October. 
Black-and- white stereo photos were taken at 3,700 feet 
with a 500 EL/M 70 mm Hasselblad camera. Due to some 
technical problems, good photos were not obtained with 
this camera. Additional aerial coverage was collected with 
a Biovision color infrared video camera, which will be 
used to determine what percentages of farmers' fields are 
productive, nonproductive, or in fallow, 

Topography 
A team was engaged to conduct a topographic survey of 
the watershed. Traditional field survey methods were used 
to make elevation measurements every 50 m on a grid 
pattern. A contour map with a minimum contour interval 
of 1 m was produced from this survey, 

Pedologic Survey 
Soils were examined along five transects running from the 
plateau to the valley floor. Sampling sites were chosen 
along each transect, based primarily on landscape posi
tion. Field determination of soil texture, pH, structure, and 
color were made at the selected sites, and samples were 
taken with a bucket auger to a depth of 3.2 m or to the 
depth at which laterite was impenetrable. Based on this 
preliminary survey, six distinct map units were identified 
within the project's watershed boundaries below the 
plateau. 

Two pedons from each map unit were described from a 
pit wal, using standard procedures, to a depth of 2 meters 
or to a lithic contact, whichever was shallower. Samples 
were taken to the laboratory for analysis. Based on both 
the field and laboratory observations, a large-scale 
(1:5,000) soil map of the watershed was prepared. Below 
is a brief description of map units identified. 

I. Tondo Kakasia series (TO) 3 to 8% slope 
This deep, severely eroded soil occurs on undulating 
slopes adjacent to the laterite plateau. The surface soil is 
typically 30 cm of dark-red sandy clay loam with crypto-
gamic crusts. The Bt horizon is a red sandy clay loam to 
sandy loam that extends below 2 m. Soil structure below 
the surface 6 cm is a strongly developed subangular 
blocky. No lateritic gravels were observed within the 
profile, and lateritic contact was not observed within 340 
cm. Eroded and stony phases of this map unit were 
identified. 

II. Dantiandou series (Da) 
This deep, gently sloping soil lies downslope of the Tondo 
Kakasia series The surface horizon of this soil is yel
lowish-red 2 to 3 cm of loose, structureless sand over 7 to 
8 cm of thin sand lamellae. The pH ranges from slightly to 

strongly acid. The Bt horizon is a yellowish-red to red 
sandy loam that extends below 2 m and has pH values 
between 5.0 and 5.2. Available P values range from 1.1 to 
3.7 ppm in the surface horizon ana 0.8 to 1.0 ppm in the
 
subsoil. Organic-matter content ranges from 0.2% in the
 
surface to less than 0.1% in the subsoil.
 

An eroded phase with intermittent streams which form 
gullies ranging in depth from 15 to 100 cm was identified. 

Il1. Hamdallaye series (Ha) 
This is a very deep, gently sloping soil in the middle 
backslope region of the toposequence. The surface (50 cm 
thick) is yellowish red sand that has a pH between 5.0 and 
5.2. It has 7 cm of platy top horizon. The Bt horizon is a 
red sand that extends to a lateritic contact at 160 cm. 
Available P values range from 0.8 to 1.9, and from 0.4 to 
0.8 ppm in the topsoil and subsoil, respectively. 

A depositional phase where intermittent streams have 
formed outwash fans was also identified. 

IV. Gangani Kirey series (Ga) 0 to .5% slope 
This nearly level, shallow soil occurs in the northern 
portion of the watershed. The surface is 8 cm of stratified 
red loamy sand (pH 5.6), which contains a lot of vesicular 
pores. A dark-brown loamy sand (25 cm thick) is buried 
below this layer. 

The Bt horizon is a red sandy loam that extends to an 
indurated laterite. This Bt horizon is composed of 2 to 
10% ironstone gravels. Depth to laterite varies between 30 
and 80 cm. Available P levels range from 2.2 ppm in the 
surface to 0.8 ppm in the subsoil. Organic-matter content 
is 0.2%. In approximately 40% of the area in which this 
soil occurs, the surface horizons are eroded. 

V. Bokotchili series .5 to 2% slopes 
This is a very deep, gently sloping soil located in the 
lower backslope region of the toposequence, just upslope 
of the valley bottom soils. The surface is a strong brown 
sand up to 32 cm thick, the upper 15 cm of which is 
composed of 2 to 3 cm of loose sand underlain by 7 to 8 
cm of thin lamellae. The Bt horizon is a yellowish red 
sand that extends to a depth of about I m, below which 
occurs a C horizon that extends below 2 meters. This soil 
has the highest level of available P within the watershed. 
The values range from 8.5 ppm in the surface to 0.9 ppm 
in the subsoil. Soil pH ranges from 5.0 at the surface of 
the Bt horizon to 6.0 at the surface. 

An eroded phase was identified in two places where 
intermittent streams have cut deep gullies. 

VI. Falanke series 5 to 7% slopes 
This very deep, moderately sloping soil is on the valley 
walls of the main drainage way. The surface soil is 15 cm 
of strong brown sand, the upper 4 cm of which is com
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posed of thin lamellae. The Bt is yellowish red loamy sand 
that extends below a depth of 2 m. Soil pH values range
from 5.3 in the surface horizon to 5.8 in the subsurface. 
Available P values range from 2.2 ppm at the surface to 
1.0 ppm in the subsoil. In the western portion of this map
unit, a lithic phase of indurated laterite occurs at 140 cm 
below the soil surface. Ade.,sitional phase of this soil 
was also identified at the base of each of the gullies, 
where there are extensive o'itwash fans. 

Survey on VegetationandIndigenousKnowledge 
In the attempt to develop a reference data base against
which the effects of further interventions can be com-
pared, a vegetation survey was carried out in the water-
shed between October and December, 1989. The survey
recorded the abundance and diversity of trees, shrubs, and 
herbaceous species on plateaus, cultivated land, and 
fallow areas. The survey was carried out along one of the 
transects established during the soil survey. Results of this 
survey are presented under project TAMU-404. 

Another significant component of the baseline studies 
is the assessment and documentation of indigenous
knowledge, traditional farming systems, and related social 
and cultural factors. A survey involving all cultivators in 
the watershed was carried out by a social scientist. The 
major findings of this survey are reported in project
TAMU-405. 

Development of a Geographic Information System 
(GIS) 
Information gathered on geomorphology, topography, 
pedology, vegetation, indigenous knowledge and any
other spatially related information will be used in the 
development of a GIS. This will permit identification or 
definition of land-management units on which research 
will be carried out. 

Conclusions 
1)In line with TropSoils' new global thrust, a project

has been identified which takes an integrated approach in 
addressing issues of land management for agricultural 
sustainability in Niger and in the Sahel in general.

2) A 589-ha pilot watershed was identified in western 
Niger for activities of the first phase of the project. 

3) Baseline information on geology, Eomorphology, 
topography, pedology, vegetation, and indigenous knowl-
edge has been gathered. Land-management units will be 
identified based on above information through the 
development of a geographic information system. 
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Deep Placement of Phosphorus Fertilizer 

A. Manu, Texas A&M University 
S. C. Geiger, Texas A&M University 

Water is generally not the only limitation to crop growth 
in the Sahel. Natural soil fertility is low, with phosphorus
(P) probably being the most limiting nutrient. The use of P 
amendments is generally necessary to a,.preciably
 
augment yields. Research has shown that there is no
effective difference in yield if these are applied broadcast, 
banded, or hill-placed. 

Phosphorus is very immobile due to reduced diffusion 
through the soil matrix. Thus, surface-applied P requires 
that a good root distribution occurs at the soil surface to 
enable uptake of this element. However, soil surfaces 
within the Sahel are very dry, as temperatures can exceed 
60C in the top few centimeters. These high temperatures, 
combined with low relative humidity and sandy soi" 
textures, result in vaporization of soil water, most likely to 
a depth of at least 30 cm, so that actual soil water contents 
above 30 cm might not be adequate for plant growth. This 
implies that millet roots must be distributed in such a way 
that LCy can take advantage of the P (and other) fertilizers 
at the soil surface, and also water stored within the
 
subsoil.
 

It has been shown that deep placement of P fertilizers
 
in semiarid cropping systems resulted in improved grain
yield. This was due to a deeper distribution of roots within 
the soil profile, as P was placed nearer to the water supply.
One study placed phosphorus fertilizers at different depths 
around seeds of winter wheat and found that they could 
predict a best placement strategy for conditions in which 
wheat was grown. Another showed that soybean root and 
shoot growth was affected by the placement of P within 
pots. As the same amount of P was localized in smaller 
areas of the pot, growth decreased. The investigatorsconcluded that placement strategies are important for 
optimum utilization of applied fertilizer phosphorus.

When the surface of the soil dries, roots in this zone 
will die. As soil-water contents are increased from 
precipitation, there will be a drain of photosynthates to 
regrow these roots for uptake of water and surface-applied 
nutrients. If the rain was not heavy enough to result in 
soil-water recharge, by the time new root growth appears
the soil surface will again be dry, and reduced P uptake 
will then recur. 

Objectives 

The objectives of this research were to study the effects of 
surface and subsurface placement of P fertilizer on millet 
growth in the semiarid environment of the Sahel. 
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Procedures 
Eaqh experiment was replicated in three rainfall zones of 
Niger. Seven treatments were used: 

1)P hill-placed 
2) P broadcast 
3) P banded 
4) P point-placed at a depth of 15 cm 
5) P point-placed at a depth of 30 cm 
6) P hill-placed + P point-placed at a depth of 15 cm 

7) P hill-placed + P point-placed at a depth of 30 cm 


Nitrogen was applied as urea in a split application at 


the rate of 45.0 kg N/ha. Phosphorus was applied as triple 


superphosphate (TSP) at the rate of 22.5 kg P2O/ha. In the 

1combination treatments (6 and 7), h- r this amount of P 

was surface-applied in each hill and half was deep-placed 
to the appropriate depth. Phosphorus was applied to the 
soil prior to planting millet. A soil auger was used to 

remove either 15 or 30 cm of soil to deep-place the P, and 
the soil was replaced on top of the fertilizer.Plot size was 8 x 9 m, and millet (variety HKP) was 
planted at x 1 m8 intervals, with each hill thinned to 3 
plants/hill. Three repetitions were used for this experi-
ment. 

Results 
Millet grain and biomass yield are presented in Figure 3. 

A significant difference in yields existed among treat-
ments. However, no consistent trend in yields was 
observed among the three research sites. Crop growth was 
much higher at the intermediate rainfall site (Tyeleda). 
Table 1shows statistics for the relative biomass yield at 

each site. 

The following trends were observed for this study: 1) 
At Malgorou, highest yields were obtained with surface 
applications of P. Generally, deep placement of P did not 
augment yield. In this climatic zone, broadcast or banded 
surface applications were more efficient than pocket 
placement. 

2) At Tycleda, the highest yield was obtained when P 
was deeply placed (30 cm). Yields with surface placement 
were generally lower, with placement at the intermediate 
depth (15 cm) lying roughly between these two extremes. 
For surface applications, pocket and broadcast applica
tions were more efficient than banding. 

3)At Ounditan, the intermediate P placement gave the 

highest yield, while deeper placement generally produced 
the lowest yield. For surface applications, the same trend 
was observed as for Tyeleda: pocket and broadcast 
applications were more efficient than banding. 

Conclusions 
AnclusionsAn experiment employed different methods uf applying P 

fertilizer in three rainfall zones of Niger. General trends 
indicate a greater efficiency of deep placement with lower 
rainfall, but the deepest placement (30 cm) yielded highest 
at the intermediate-rainfall site, while the intermediate 
placement (15 cm) yielded highest in the low-rainfall 
zone. 

Since 1988 was a wet year for the Sahel, the experi
ment will be continued in 1989 to observe the effects of 
residual P on millet yield and also the effects of placement 
when water stress might be more limiting. Field observa
tions at the start of the 1989 growing season showed that P 

fertilizer granules were still identifiable within the soil. 

Table 1. Relative millet biomass yield as a result of P placement strategy 
Inthree rainfall zones of Niger. 

Malgorou Tyeleda Ounditan 

Treatment Yield % Treatment Yield % Treatment 'ield % 

7 74 A 3 64 A 5 72 A 

6 81 A 6 76 AB 3 85 B 

4 81 A 2 88 BC 2 89 BC 

1 82 A 4 90 BO 7 91 BC 

7 85 AB 1 92 BC 1 91 BC 

3 99 BC 5 97 C 4 95 BC 

2 100 C 7 100 C 6 100 C 

The same letter within a column Indicates no significant difference at the 
0.05 level according to the LSD test. 
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PPlacement Milet Production with the Use of Surface 
Biomass yield (kg/ha) Mulches, Phosphorus, and Nitrogen Fer

4364 4153 4261 4587 4722 tilizers in Three Agroclimatic Zones of 
3572 Niger 

216 17 33 352207 1 S. C. Geiger, Texas A&M University00 
A. Manu, Texas A&M University

835 75 826 20 A. Foumakoye, TropSoi/slINRAN 

Crop residues are used sparingly by farmers in the Sahel 
as a surface mulch. This mulch has been shown toPocket BroadcaI Band 15 cm 30cm Split 15 plit 30 augment soil fertility while at the same time stabilizing

Treatment the soil surface against the erosive action of strong winds. 

Site Phosphorus fertilizer use results in !arge yield responses ofMalgorou Ounditan Tyeleda millet in the sandy soils of western Niger. The use ofnitrogen fertilizer also produces yield response, but 

Figure 3.Millet biomass yield as afunction of Pplace- generally not as effectively as phosphorus.ment. 
 Since millet residues are prized for purl )ses other than 

agriculture (i.e., construction of houses ana ,ails, animal 
feed) iheir use as soil amendments may be linited. It is 
therefore necessary to obtain an idea of the effects of 
residue and fertilizer additions on millet yield in different 
rainfall zones, so as to devise a recommendation for their 
use that will conform to village economies. 

Objective 
The objective of this experiment was to compare the 
effect of millet residue as a surface mulch with the direct 
effects and interactions of N and P fertilizt.rs within 
different agroecological zones of Niger. 

Procedure 
Experiment 1 
For both the 1988 and 1989 growing seasons, an experi
ment was conducted to compare the effects of residue 
addition as a su race mulch with the use of P and N 
fertilizer. These xperiments were conducted in three 
different rainfall zoi:es of Niger. The sites and their long
term average rainfalls (mm) are as follows: Malgorou
(700), Tyeleda (500), and Ounditan (350). Residue applied 
consisted of the millet hiomass nroduced on each plot in 
the previous year. Phosptiorus was applied at the rate of 
22.5 kg P205/ha as TSP, and N was applied at the rate of 
45 kg N/ha as urea. The millet variety HKP was used at all 
three sites. In the 1989 cropping season, plots were split to 
allow for different P-fertilizer applicatioa rates. Rates 
applied were 0, 12.25, 22.5, and 45.0 kg P20/ha as TSP. 

Experiment 2 
A second experiment was initiated in 1988 to quantify the 
effect on millet yield of different amounts of millet 
residue as a surface mulch. The field trials were installed 
at the same experimental sites as in experiment 1.Treat
ments were 0, 1.5, 3.0, and 6 t/ha of millet residue. No 
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fertilizer was added; however, these trials were located on 
land that had been evenly fertilized with Nand P in 1987. 

Results 
1988 Cropping Season 
There was considerable variability in millet grain yields at 
Malgorou and Tyeleda in 1988, due to crickets and bird 
damage, respectively. For these reasons, millet biomass 
(stalks and leaves as dry matter) is presented as an 
indicator of treatment effects on millet yield. 

Generally, there was no response to residue application 
in the first year of the study (Table 2). The strongest P 
response was at the high-rainfall site, which is also the 
most acidic. Little P response occurred at the low-rainfall 
site. There was Nresponse at all three sites in 1988. 

Yield values with differential residue application were 
generally not significantly n different among treatments inMalgrouandTyeeda
188 Tabe 3) Hoeve, tere 
Malgorou and Tycleda in 1988 (Table 3). However, there 
was a significant difference between the control and 
residue addition at Ounditan. This difference was apparent 
at all rates of residue application, and there was no change 
in yield with an increase in the quantity of residue added. 

1989 Cropping Seao n 
There was a slight yield response with the use of millet Theryildwa a rsposesigh wth he se o milet 
residue at the high-rainfall site in 1989, when no addi-
tional inputs were used. However, in experiment 1 in the 
other sites, and in all sites for experiment 2, there was no 
significant effect of residue use (Figures 4a, b, c). Phos-
phorus response was strongest at the highest rainfall site, 
which corresponds with the low acidity and low a ts 
of extractable P found at the soils of this site. There was 
little P response at either of the other two research sites, 
due to adequate levels of soil P. Nitrogen response was 

Table 2. Millet blomass yield at Malgorou, Tyeleda,
and Ounditan with respect to P, N, and residue appli-
cationcation__In1988.In1988.tractable 

Site 

Treatment Malgorou Tyeleda Oundltari 

kg/ha 
P level: -P 977 A 2282 A 2124 A 

+P 1790 C 2722 B 2221 AB 

Nlevel: -N 1364 A 2375 A 2132 A 
+N 1607 B 3079 B 2337 B 

Residue: -residue 1474 A 2666 A 2259 A 
+residue 1498 A 2788 A 2211 A 

Treatment means within each level followed by the same 
letter are not significantly different according to the 
Duncan's multiple range test at the 0.05 level, 

Malgorou 

0-0 -R,-N 

2500 *- -O-R,+N 

A . A +R,-N 

, 2000 A--A +R,+N - . " 

-..... .5 . ..........
 

. 

0 
f 

o 

500V 

. • 
-

-,

0 
0.0 22.5 45.0 67.5 90.0 

P fertilizaticn rate (kg P205/ha) 

Figure 4a. Millet biomass yield at Magorou In1989 as 

strongest at the low-rainfall site but was generally not very 
significant at the other two sites. 

Conclusions 
First-year results of the effects of residue additions on 
millet yields were generally not significant. The fact that 

residue application as a surface mulch resulted in a slight 
yield increase in the most northern site (Ounditan)indicated that one benefit of residue use might be a short
indicaeduthon nit orie us e eshrterm reduction in soil water evaporation. However, neither 
soil temperature (measured at depths of 10, 20, and 50 
cm) nor soil water contents (data not reported) differed 
wm)the so f residu s ta nt rorte d y. 

with the use of frt yeaote tudy 
Generally, the use of P fertilize increased yields, while 

teso Neri 
also applied.The second year of application of millet residue as a 
surface mulch resulted in a yield increase only at the high

rainfall site. However, since this response occurred in only 
one of the two experiments, it may be anomalous. Phos
phorus response was greatest where low levels of ex-

P are found in the soil, which generally corre
sponds with high soil acidity and exchangeable Al 
contents. Nitrogen effects were variable. 

Overall conclusions of this research indicate that the 
use of residues as surface mulches does not have an 
immediate effect on soils that are generally productive. 
Since there is acompetition for use of the millet residue 
by the local populace, it is suggested that efforts to use 
this residue for soil-productivity enhancement be re
stricted to marginally productive soils and that the 
productive soils on the landscape be managed with the use 

of fertilizers. It is generally believed that P fertilization 
results in the best yield responses in Niger. However', the 
research presented within this report suggests that not all 
soils in the Sahel are P deficient and that selection of a 
fertility program will need to be closely tied to the fertility 
conditions of the soil to be managed. 
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Figure 4b. Millet biomass yield at Tyeleda in ',989 as a Figure 4c. Millet blomass yield at Ounditan In 1989 asfunction of P, N, and residue additions, a function of P, N,and residue additions. 

Table 3.Millet blomass yield with additions of crop residue. 

Malgorou Tyeleda Ounditan 
Residue 
added 1988 1989 
 1988 1989 1988 1989
 

kg/ha

0.0 1247 A 1207 A 2875 B 2425 A 1581 A 
 317 A
 
1.5 1278 A 1136 A 2437 A 2577 A 1964 B 376 A
 
3.0 1212 A 1430 A 2929 B 2605 A 1917 B 417 A
 
6.0 1308 A 1258 A 2536 AB 2761 A 2004 B 398 A
 

The same letter following treatment means for each site within a year indicates no
 
significant difference according to Duncan's multiple range test at the 0.05 level.
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The Long-Term Effects of Millet Residue 
as a Surface Mulch and P Fertilizer on the 
Chemistry of a Sandy Soil in the Saheuian 
Zone of West Africa 

S. C. Geiger, Texas A&M University 
A. Manu, Texas A&M University 
A. Bationo,IFDC/ICRISAT 

Technologies to improve the fertility status of sandy soils 
found within the semiariJ uplands of West Africa include 
'he use of inorganic fertilizers and organic amendments 
(manure and crop residues). The use of manure as a soil 
amendment is limited to fields in which herders are paid 
by local farmers to graze their cattle (and thus leave the 
manure on the field) during the dry season, and in the 
areas immediately surrounding villages where local 
animals (goats, sheep) are kept. Millet residue iLa readily 
available form of organic material, although it is exten-
sively used for village industries and animal feed during 
the dry season. 

A long-term experiment to observe the effects of millet 
residue anJ/or phosphorus fertilizer on millet growth was 
established in 1983 at the ICRISAT Sahelian Center. After 
five years, the addition of millet residue resulted in a 
three-fold increase in millet grain yield over the control. 
Yield increases with P fertilizer were slightly greater than 
those obtained with the additions of millet residue. When 
residues were added in combination with phosphorus 
fertilizer, yields were increased by three-fold over those 
found with the fertilizer or residue additions alone, 

Objectives 
The primary objective of this study was to examine the 
differences in soil chemical parameters after long-term 
additions of residue and/or phosphorus fertilizer in the 
above-mentioned experiment. A secondary objective was 
to deduce the mechanisms responsible for the increase in 
millet yields with the addition of millet residue as a 
surface mulch. 

Procedure 
Soils 
The experiment was conducted at the ICRISAT Sahelian 
Center, approximately 30 km south of Niamey, in Niger, 
West Africa. The geomorphology of this area consists of 
sand plains (terraces) sloping towards the Niger river 
valley, which are composed of eolian sands deposited over 
a layer of cemented gravel (Continental terminus). The 
field plot was located on a Labucheri soil (Psammentic 
Paleustalfs; sandy, siliceous, isohyperthermic). 

Soil sampling 
Soils were sampled from three of the four replications of 
the field trial during the .dry season of 1987, prior to 
preparation for planting for the 1988 growing season. Soil 
samples were taken at 10-cm increments to a depth of 120 
cm at two locations within each plot and were pooled into 
one sample. Soils were then air-drie:, and sieved (< 2 mm) 
prior to analysis. 

A topographic survey of the research site was made on 
a 3-m x 3-m grid pattern, using standard survey equip
ment. The lowest grid mark on the field was used as the 
reference soil height, and was adjusted to zero meters. 
Values fbr grid points falling within each plot were 
averaged, and were again averaged over the 4 repetitions 
of each treatment of the field trial. All soil analys's were 
made using standard procedures at the INRAN soils 
laboratory. 

Results 
Soil Acidity Parameters 
Native soil pH was low in the control plots (Figure 5). The 
pH increased slightly with depth to approximately 30 cm 
andi remained relatively constant until the 60-cm depth, 
where pH again increased down the profile. There was a 
large treatment effect on soil acidity parameters. Soil pH 
was significantly higher in the two treatments receiving 
residue application. However, this effect only occurred in 
the top 0 to 10 cm of the soil profile, and below that 
depth, pH values were similar to those of the control plots. 

Aluminum saturation in the control plots followed a 
trend opposite to that of pH (i.,., % Al saturation in
creased to the 30- to 40-cm depth and then decreased 
thereafter) (Figure 6). In plots that received crop residues,
there was a complete absence of exchangeable Al in the 
surface 10 cm. There was also a significant decrease in Al 
saturation, relative to the control, after the long-term 
addition of P fertilizer. 

It is worth noting that differences in soil acidity 
parameters were operative only within the first 20-cm 
depth of the soil profile. 

Exchangeable Bases (Ca, Mg, K, and Na) 
Calcium was the dominant basic cation on the exchange 
complex, which was followed by Mg, K, and Na. Total 
exchangeable bases re.lect the distribution of Ca within 
each profile (Figure 7). Exchangeable Ca in the control 
plots ranged from 0.01 cmol (+)/kg at the surface to 0.38 
cmol (+)/kg at the 120-cm depth. The addition of residue 
resulted in increased Ca levels in the surface 10 cm. The 
addition of P fertilizer resulted inan increase in Ca 
intermediate between those of the control and the residue 
Leatments. The residue plus P fertilizer treatment con
tained an amount of Ca at the surface equal to the additive 
effect of residue alone plus P fertilizer alone. Magnesium 
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and K were significantly higher in the surface 10 cm of 
only the plus-residue plots, since there was no extraneous 
addition of either of these elements from the super-
phosphate. Sodium was not a significant factor. 

Available Phosphorus
The Bray 1extractant is widely used in the Sahel and 
throughcut West Africa to measure available soil P. 
Phosphorus in the surface of the control plots was low 
(<4.0 mg P/kg) and decreased to approxim,.tely 2 mg Pfr: 
,ithin 20 cm of the surface. There was no variation in 
Bray I P beyond this depth (i.e., Bray 1 P levels were 
similar throughout the rest of the profile; Figure 8). Upon 
the addition of millet residue, available P levels increased 
slightly, but significantly, in the first 10 cm. The addition 
of P fertilizer resulted in a large increase in available P in 
the surface 20 cm of the soil. The combination of residue 
plus P fertilizer produced an additive effect approximately
equal to the amounts of P extracted when residue was 
added alone, plus the P from the treatment receiving
additions of fertilizer alone. As with the acidity compo
nents of these systems, changes in available P occurred 
only within the surface 10 to 20 cm of twxc soil profile. 

Organic Carbon 
Organic carbon was measured in the top 30 cm of each 
plot (Table 4). Levels were low, ranging between 0.17 and 
0.22%. As expected in this temperature regime, there were 
no significant differences in organic carbon levels be-
tween treatments. 

The result of these analyses indicated that organic-matter levels most probably cannot be increased over the 
long term in the Sahel with the application of moderate 
rates of organic material, as an equilibrium level appears 
to be reached at a relatively rapid rate. Both microbial and 
termite activity are high in this environment, and field 
observations indicate that residues applied as a surface 
mulch can disappear within one year. 

pH (H20) 
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Figure 5.Soil pH In1:1 (soil:water)throughout the 
profile. 
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Depositicn of wind-blown material 
The surfaces of the plots receiving residues were higher in 
elevation than the plots not ieceiving residue. Results of 
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Figure 6. Al saturation throughout the soil profile. 
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Table 4. Organic carbon In the top 30 cm of each 
treatment. 

Depth Control Residue Fertilizer + I' 

(cm) %. 

0-10 .21 .22 .19 .21 

10-20 .20 .21 .19 .20 
20-30 .17 .19 .20 .21 

There were no significant differences between treatments 
within a depth, or at different depths within a treatment, at 
the 0.05 level according to the Duncan's multiple range 

test. 

the topographic survey are shown in Figure 9. There was 
no significant difference ini surface elevations between the 
control and the P fertilizer plots. However, the addition of 
residue for five years resulted in a difference in soil 
surface elevation approximately 15 cm higher than that of 
the control. The use of residue plus P fertilizer resulted in 
a slightly higher surface (approximately 20 cm) when 
compared to the control. 

Mechanisms of Soil-tertility Enhancement 
Two mechanisms could operate to increase soil fertility 
within the system described in this document-recycling 
of nutrient elements from the millet residue and stabiliza-
tion of the soil surface. Beneficial elements can be 
returned to the soil through microbial decomposition of 
the millet residue. This process could account, in part, for 
the elevated base saturation and ele'ated P contents found 
in the plus-residue plots. 

Short-range variability in plant growth and in soil 
physical and chemical properties is common in this area of 
the Sahel. It has been observed that wind-blown material 
has chemical properties similar to those on the surface of 
productive soils found in the same area. The surface of 
nearby nonproductive soils had a more deficient nutrient 
balance and higher exchangeable Al contents, indicating 
that the wind-blown material most likely arose from 
productive areas of the landscape. 

The research presented in this report implies that the 
eroded material trapped by the residue was most likely 
local in origin, being the coarser-textured fraction that was 
displaced by either saltation or surface creep. The rela
tively low nutrient contents found in the control plot were 
probably due to the removal of part of the surface horizon 
by erosion. 

Conclusions 
The long-term effect of millet residue and/or P fertilizer 
applications on the chemical properties of a sandy soil in 
the West African Sahel were studied. Residue systems had 
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Figure 9.Average relative surface heights of the four 
treatments. 

higher exchangeable bases and extractable P, and lower 
percent Al saturation and pH than the control plots. The 
addition cf P fertilizer resulted in an increase in P and a 
slight increase in exchangeable Ca. The combination of 
residue + P fertilizer resulted in an additive effect of 
additions of residue and P fertilizer alone. 

Changes in soil chemistry after five years of continuous 

experimentation were found only in the top 10 to 20 cm 
from the soil surface, indicating no downward movement 
of nutrients and no long-term effects of treatments on sub
surface chemical properties. 

A model for the effect of residue can be explained as 
follows: wind-blown materials are trapped by residue on 
the soil surface. These trapped soils are more fertile (or 
less infertile) than the underlying soil. Adding to the 
process is the recycling of nutrients from decomposing 
residue, which tends to make the deposited soil an even 
more suitable substrate for plant growth. Areas from 
which the wind-blown materials originate, however, may 
be severely degraded with respect to soil fertility. 

The implications of this research are that stabilization 
of the soil surface against high winds and erosive water 
flow can lead either to a regeneration or to preservation of 
native soil fertility in fragile soils of the Sahel. 
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The Use of Liming Materials and Millet 
Residues as Surface Mulches in a High-
Rajinfall Zone of Niger 

S. C. Geiger, Texas A&M University 
A. Manu, Texas A&M University 
A.Foumakoye, TropSoils/INRAN 

Soils of the Sudanian zone of southern Niger often exhibit 
high levels of exchangeable acidity. While total amounts 
of Al are not large, Al saturation of the exchange complex 
can exceed 50%. It has been observed that Al saturation 
above 30% can result in reduced millet dry-matter yield in 
pot studies. 

The use of lime (CaCO3) to neutralize Al has not been 
thoroughly investigated in Niger. Crop residues applied as 
a surface mulch have had a beneficial effect on millet 
yield. If the effect of residue is due to nutrient and 
organic-matter recycling, there might be a complementary 

reactioln products or complexation with functional groups 
of organic-matter decomposition products. 

Objectives 
The objective of this study was to observe the effect of 
liming and/or millet residue additions on millet response
in an acid soil of the Sudanian ecological zone of Niger. 

Procedure 
The experiment was conducted in Malgorou, a village in 
southern Niger where long-term average annual rainfall 
exceeds 700 mm. The soil at the site is a Typic Kan-
haplustult, loamy, siliceous, and isohyperthermic. 

The cxperiment was conducted for two years and
consisted of the following treatments: 1) control, 2) liming
material to neutralize one-half the exchangeable Al, 3) 
liming material to neutralize all exchangeable Al, 4)
millet residue added as a surface mulch at the rate of 3 T/
ha, 5) treatment #2 plus treatment #4, and 6) treatment #3 
plus treatment #4. 

The lime source in the first year was reagent grade
CaCO 3, as limne was unavailable in Niger. Agricultural-
grade dolomite was used for the second year of the study. 

over each plot. Lime was also broadcast at the same time, 
and both P and lime were iacorporated by raking. Nitro
gen was applied as urea at the rate of 45 kg N/ha in twoapplications-one after the first weeding and the other 

after the second weeding. 
Soils were sampled from each plot prior to treatment 

application. All soil analyses were performed at theINRAN Soils Laboratory. 

Results 
Soil Variability 
Soil chemistry was variable at this site. As Figure 10 
indicates, the exchangeable Al calculated from the bulk 
sample did not give a true representation of actual field 
conditions. Similar variability was found for other soilfertility parameters (Table 5). 

Lime Effect on Millet Yield 
Millet grain and biomass (stalk and leaves) yields for both 
years are shown in Table 6. Differences in biomass yieldeffect of CaCO 3 and residue additions, through theeffet o Ca03nd rside aditonsthrughtheoccurred only with additions of residue (treatments 4neutralization of exchangeable Al by reaction with CaCO 3 

A bulk sample of the soil at this site was analyzed for 
exchangeable Al prior to the first and second year field 
preparations. Liming materials were added at the rate of 
135 and 270 kg CaCO3/ha to neutralize one-half and all 
exchangeable Al in the first year, and 370 and 740 kg/ha
dolomite to neutralize one-half and all of the exchange-
able Al in the second year. 

Plot size was 9 x 8 m, with a plant density of 
30,000 plants/ ha. The millet variety HKP was used. 
Phosphorus was broadcast at the rate of 22.5 kg P20s/ha 
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Figure 10. Variability In exchangeable Al within the 
experimental site. Each value represents a plot. 

Table 5. Variability In soil chemical parameters be
tween plots prior to the 1988 field preparation (n=18). 

Parameter Mean 
Exchangeable: 

Ca (cmol/kg) .30 
Mg 
K " 
bases 
Al 
acidity 

ECEC 
Al Saturation (%) 
Bray 1 P (mg/kg) 

.13 
.10 
.53 
.43 
.80 

1.34 
.32 

2.19 

Standard 
Range deviation 

.14-.63 .12 

.07  .20 .04 
.07- .15 .03 
.29  .95 .17 
.28  .70 .13 
.64-1.07 .15 

1.18-1.59 .08 
.18 - .50 .10 

1.37 -3.02 .55 
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through 6) and not with addition of liming material in the 
first year. In a separate pot study utilizing the same soil 
and treatmcnts, it was determinei that the fine mesh siz.
of the reagent grade CaCO 3most likely resulted in rapid 
dissolution and neutralization or leaching of the material 
out of the soil. 

The use of dolomite in the second year of the experi-
ment resulted in an increased biomass yield (cricket attack 
resulted in variable grain yield within plots) Soil analyses 
of each plot prior to field preparation in the second year 
indicated that the CaCO 3applied in the first year had no 
effect on exchangeable Al or acidity. 

Effect of Residues on Millet Yield 
The use of millet residue as a surface mulch resulted in a 
38% grain yield increase in die firsL year. During the 
second year, at all levels of dolomite application (where 
there was an increase in yield due to dolomite) there was a 
significant increase in yield with the addition of millet 

residue as a surface mulch compared to the nonresidue 
plots. 

ConcluGions 
In spite of the problems encountered with the availability 
of suitable liming materials in Niger, the following 
conclusions can be drawn. 

1)In the acidic soil sys'ems found in the higher
rainfall zone of Niger, the usc of limng materials can 
result in an increase in millet yield. 

2) Millet residue as a surface mulch resulted in a yield 
increase. However, it must be cautioned that variable 
re,.ults have been found with mulches used in other 
experiments within the area of this experiment, and further 
research will be required toassess the relative effect oi 
surface mulches on farmers' fields. 

3) So" 'ariability, especially of the acid-producing 
components, will make field-plot research difficult in this 
agroecological zone. 

Table 6. Millet grain and biomass yield with additions of liming materials and/or millet 

residue as a surface mulch. 

Treatment 

Control 

0.5exch. AI 

Exch. Al 

Residue 

Residue+0.5exch. AI 

Residue + exch. Al 

1988 1989 

Grain Blomass Grain Blomass 

kg/ha 
819 A 2316 A 369 A 1663 A 

899 AB 2168 A 512 AB 1756 A 

911 AB 2261 A 587 AB 2233 AB 

1131 C 3143 B 702 B 2096 AB 

1108 C 2991 B 434 AB 2192 AB 

1044 BC 2949 B 657 AB 2544 B 

Similar letters following treatment means within each column Indicate no significant difference 
by Duncan's multiple range test at the 0.05 level.
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Correlation of the Soil Chemical Proper-
ties with the Incidence of Striga in Millet 

A. Manu, Texas A&M UniversityS. C. Geiger, Texas A&M UniversityJ. Werder, ISC 

A collaborative effort was undertaken with the millet 

pathologist at ICR'SAT to ascertain the effect of native 

soil fertility on the incidence of Striga on millet growth. 

This section reports the results of the collaboration.
 

Striga (Strigahermonthica)is a noxious weed (para-

site) that commonly infects the roots of millet (Penni-
setum glacum (L.) R. Br.). Field observations generally 
indicate a decrease in Striga populations when N fertiliz-
ers are applied. This observation suggests tha the allevia
tion of stress factors to the host plant might enable either a 
stronger resistance to Striga attack or a decreased ability 
of the Striga to infect the plant. 

Variability in soil physical and chemical properties 

over small distances is common in the Sahel. Striga 

occurrence has also Leen observed to occur irregularly
within a field. However, interactions between short-range 

soil spatial vaiability and occurrence of Striga within a 

field have ,iot b,en investigated, 


Objective 

The objective of this study was to correlate Striga occur-

rence with differences in native soil fertility within a field 

in which Striga infestation was not uniform, 


Procedures 
Site Description 
The research was ronducted at the ICRISAT Sahelian 
Center (ISC), approximately 45 km southeast of Niamey. 

The plot has been under continual observation since 1985,

with millet grain yield and occurrence of Striga being

measured each of those years. Plot size was 25 x 60 m. 

Millet (cv. CIVT) was planted on a 1-x 1-m spacing with 
three plants per pocket, for a final plant density of 30,000 
plants/ha. Striga plants were counted on a 1- x 1-mE 
spacing on a two-week interval from first emergence, and 
millet grain yield (kg/ha) was taken in 5- x 5-m subplots. 
Striga occurrence was reported as number of plants per 5-
x 5-m subplot. The field trial and measurement of yield
and Striga occurrerice were conducted by J. Werder, millet 
pathologist/ICRISAT. 

Soil Sampling andAnalysis 
Soils were sampled in April 1988 in the same 5- x 5-in 
subplots as used for yield determination. Each subplot was 
randomly sampled at 10 different spots to a depth of 20 
cm and pooled into one sample. There were 60 samples 
for analysis. 
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Soils were air-dried and ground to pass a2-mm sieve 
prior to analysis. Soil pH was measured in a 2:1 H20:soil 
paste and in N KCI. Exchangeable Al and total acidit) 
were measured. Exchangeable bases were displaced withN NH4OAc and determined by AAS (Ca and Mg) or flameemission photospectroscopy (K and Na). Effective cation

exchange capacity (ECEC) was calculated as the sum of 
total acidity and exchangeable bases. Labile P was 
extracted with the Bray 1 extractant and measured 
spectrometrically, using the molybdate blue method. 

StatisticalDesign
A cross-correlation matrix was composed to elucidate the 
relationships between Striga occurrence, soil chemical 
parameters, and millet grain yield. 

Results 
Soil Properties 
The means and ranges of the soil chemical parameters 
measured are presented in Table 7, as are those of the 
Striga occurrence and millet grain yield. Exchangeable Al 
levels were low to nonexistent. Only six subplots hadmeasurable amounts of exchangeable Al. This was 

reflected in the pH, which averaged 5.7 (in H20 ) with
 
little variability (%CV 3.6).
 

Total exchangeable base contents were low, as was the 
variability between subplots (%CV 8.1). Exchangeable Na 
was very low. 

Labile P, as measured by the Bray I extraction, was
 
highly variable throughout the subplots (%CV 26.9).
 

Table 7.Means and ranges of selected soil chemical 
properties, Striga counts, and millet grain yield. 

Parameter Mean Range 

pH (H20) 5.71 5.11 - 5.99 
ph (NKCI) 4.66 4.05 - 5.09 
Exch. Al cmol (+)/kg 0.008 0.00 - 0.25 
Exch acidity cmol (+)/7kg 0.149 0.08 - 0.35 

Exch: [creol (+)/kg] 
Ca 0.73 0.63 - 0.86 
Mg 0.04 0.03 - 0.05 
K 0.10 0.07 - 0.13 
Na 0.01 0.01 - 0.02 
Bases 0.88 0.75 1.04 

ECEC cmol (+)/kg 1.02 0.85 - 1.18 
Bray 1 P mg/kg 5.56 2.85 - 9.38 
Striga # 102 8 -655 

Millet grain kg/ha 257 105 -441 
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Values were low to optimum for millet growth, with an 
average that was much higher than that found in other 
soils of the ISC (5.56 mg/kg). 

In summary, the surface soil at this site had a low-to-
nonexistent exchangeable Al content, and low base 
availability. However, labile P levels appeared on the 
average to be higher with respect to the other fertility 
parameters (Ca, Mg, and K). 

Striga and Millet Yield 
Striga infestation was highly variable (%CV 104) between 
all subplots. The mean value was fairly high (102). For all 
soil and grain parameters measured, the mean, median, 
and modal values were similar, suggesting a normal 
distribution throughout the field. However, for Striga these 
values varied extensively: mean 102; median 77; mode 19 
with a standard deviation of 106. 

Grain yields were low, with a mean of 257 kg/ha and a 
high of 441 kg/ha, suggesting that native soil fertility was 
limiting crop growth, especially with respect to the "wet" 
growing season that occurred in 1988. 

Relation between Soil and Plant Yield Parameters 
A correlation matrix relating soil chemical parameters 
with Striga occurrence and millet grain yield is presented 
in Table 8. In all cases, correlation coefficients (r) were 
low. The highest correlations found between soil fertility 
parameters were between the exchangeable bases (Ca, 
Mg, K, and total) and ECEC. There was little correlation 
of labile P with any other soil parameter. 

While millet grain yield was positively correlated with 
the base status of the soil, the correlation was weak. The 

largest correlation with millet grain yield was with Striga 
occurrence. Surprisingly, this correlation was positive, and 
greater than those obtained with the bases. This fact 
indicates that Striga occurrence might be linked to the 
general health of the host plant and that a healthy host 
plant is able to support a higher level of Striga infection 
without serious yield loss. 

Striga occurrence was positively correlated with millet 
grain yield and exchangeable bases (Ca, Mg, and K). 
There was no correlation between labile P and Striga 
occurrence. 

Conclusions 
Native soil fertility at this site was low and variable. 
However, the variability was not expressed as strongly as 
in other sites at the ISC and elsewhere in the Sahel where 
soil variability is a constraint to crop production. 

There was a weak correlation between soil chemical 
properties and either Striga occurrence or millet grain 
yield. Striga occurrence was most highly correlated with 
millet grain yield. 

The results of this study indicate that areas of relatively 
high native soil fertility might be able to support both 
higher infestations of Striga and higher grain yields. The 
ability of a plant to grow under more favorable conditions 
also appears to enable it to withstand the stress imposed 
by the parasitic attack by Striga. However, water stress 
was probably not a large factor influencing millet yield in 
1988. The conclusions of this report might not be valid 
during a dry year, when water stress will have more of an 
influence on crop growth and possibly the Striga/millet 
interaction. 

Table 8.Correlation matrix relating soil chemical parameters, Striga occurrence, and millet grain yield (n =60). 

Exchangeable
Al Bases Ca Mg K 

pH -. 30 .46 .51 .17 .35 
Acidity -. 22 -. 22 -. 08 -.17 
Bases .93 .61 .80 


Ca .53 .65 

Mg .5 

K 


ECEC 

P 

Striga 


Significance levels found at the corresponding r values:
 
level_
 
.05 .15-.18
 
.005 .18-.20
 
.0005 > .20 

Na ECEC P Striga Yield 

-. 08 .25 -. 07 .20 .33 
.07 .54 -. 10 -. 15 -.18 

-. 25 .70 .11 .32 .53 
-. 29 .64 .07 .27 .48 
-. 26 .46 -. 25 .32 .35 
-. 20 .56 .10 .39 .46 

.02 .17 .33 
.14 .17 

.47 
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Tillage, Cultural Practices, and Fertilization
 
Effects on Infiltration, Soil Erosion, Soil
 

Water Storage, and Crop Yield: TAMU-403
 

Inefficient use of rainfall is a major factor in the deteriora-
tion of the Sahelian ecosystem. Declining soil physical
properties are caused by low organic matter, high soil 
temperatures, raindrop impact on exposed soils, and poor
tillage practices. These combine to destroy soil structure, 
resulting in compaction, reduced infiltration, increased 
runoff, decreased soil water storage, and soil erosion. 
Other factors in the deteriorating ecosystem of the Sahel 
are problems of soil fertility (low N and P) and soil 
chemistry (low pH, Al toxicity). Insome cases, these 
problems are so severe that crops and rangelands cannot 
efficiently use the limited precipitation. 

Both qualitative and quantitative information on the 
factors behind the degradation of the ecosystem are 

lacking. In developed countries, tillage techniques, 
engineering structures, and cropping systems have been 
developed to increase soil water storage and crop yields 
and to reduce soil erosion. In Sahelian countries, farmers 
have developed adaptive strategies over the centuries. 
Concepts derived from these techniques have value for 
further adaptation and development. Additionally, the 
deteriorated fertility and chemical properties of the soil 
should be amended so that crops can use stored water 
more efficiently. 

The hypothesis of this study is that tillage, cultural, 
and fertilization techniques can be developed so that soil 
erosion can be minimized and rai~fall can be used more 
efficiently in the Sahel. 
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Tillage and Fertilization Effects on Grain 
Sorghum and Cowpea Yields and Water-
Use Efficiencies in Mali 

CW. Wendt, Texas AgriculturalExperiment Station 
Z. Kouyate, IER 
A.B. Onken, Texas AgriculturalExperiment Station 

Mali is typical of the Sahelian countries, with an increas-
ing opuatin addereaingagrcultralproucton.

ing population and decreasing agricultural production. 
Techniques to stabilize or increase cereal grain production 
are needed. 

Objectivesobjective
The objective of this study was to compare several 

techniques of soil preparation alone and in combination 
with fertilizer application and to evaluate their effect on 

ieldofwate-usnd eficiecy orgum.years
water-use efficiency and yield of sorghum. 

This study was initiated in 1986 at the Agronomic
T h Stywainiate in Mali,6at reviroously fa
Research Station at Cinzana, Mali, on a previously fallow 
loam soil. This study involved the influence of tillage and 
fertilization on sorghum growth and yield. After the first 
year, the sorghum was rotated with cowpeas. Appropriate 
measurements of the soil physical and chemical properties 
were made. Tillage treatments were no tillage (ST), 
subsoiling (SS), ridging (B), subsoiling + ridging (SSB),
tied ridging (Bcl) and subsoiling + tied ridging (SSBcl). 

Fertilization treatments were no fertilizer (F,) and fertil-
izer (FI). Fertilization consisted of 100 kg/ha of 17-46-0 at 

seeding and 50 kg/ha of46-0-0 at jointing or stem
 
elongation.
 
Results 
Sorghum grain yields for 1988 and 1989 are presented in 
Table 1.The most surprising result was that the subsoiling 
(SS) treatment produced lower yields than the no-till 
treatment both years. All treatments that included ridging
produced higher yields than did the no-till treatment. 
Tre wer o ifan difenes betent 

There were no significant differences between the yields 
of ridging and tied-ridging treatments. Fertilization 
significantly increased the yield of all tillage treatments. 
The fertilized treatments had lower yields in 1989 (1807 

kg/ha) than in 1988 (2133 kg/ha). This was probably due 
to rainfall which was higher in 1988 (701 mm) than in
1989 (626 mam).
 

The differences in cowpea yields (Table 2) between
 
ye werenas inica ate fs (Table
 

were not as signifioant as those of sorghum (Table 
1). The cowpea yields were slightly higher in the dry year, 

1989, than in the wet year, 1988, which was the reverse of 

sorghum. The unfertilized (F,) subsoiled treatment (SS) 
had lower yields than the untilled treatment (ST) while the 
reverse was true for the fertilized treatment (F1 ). Ridging 
increased cowpea yields both years. The effect was larger 
in 1989, the year of lower rainfall. Yields of the tied-ridge 
treatment (Bcl) were not different from the ridge treatment 
(B). 

Percentage increases due to fertilization and tillage are 
presented in Table 3. In 1988, percentage increases for
both grain sorghum and cowpeas were higher in the 
fertilizer treatment than in the tillage treatment. The 

Table 1. Grain sorghum (cv. CSM 219) yields (kg/ha) of different tillage treatments with and 
without fertilizer at Cinzana, Mali, In1988 and 1989. 

1988 1989 
Treatments Treatment 

Fertility Fertility 

Tillage F, F1 Mean Tillage F, F1 Mean 

ST 1023 1941 1482 bc ST 863 1170 1017 c 
SS 742 1861 1302 c SS 311 903 607 d 
B 1479 2370 1925 a B 1790 1922 1856 ab 
SSB 1527 2258 1893 ab SSB 1507 2247 1877 ab 
Bcl 1682 2164 1923 a Bcl 1457 1998 1728 b 
SSBc 1320 2132 1760 ab SSBcI 1722 2606 2164 a 
Mean 1296 2132 1714 1275 1807 1541 

Test of 
significance HS HS 
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reverse was true in 1989. The tillage treatments, especially
ridging, had higher percentage increasen than did the 
fertilization treatment. 

Water-use efficiency data for selected treatments for 
1989 are presented in Table 4. More water was available 
for use in grain sorghum in the tilled than in the untilled 
treatment. The most intense treatment, subsoiling + tied 
ridges (SSBcl) had the highest water-use efficiency. 
Fertilization had little effect on the water-use efficiency of
ridged treatment (BF0 vs. BF1). The overall water-use 
efficiency was less in cowpeas than grain sorghum. Water-
use efficiency due to treatment was affected the same way 
in both grain sorghum and cowpeas. 

Conclusions 
Conclusions based on the two years of data are as follows: 

1)Subsoiling (SS) is not a worthwhile practice on loam 
soils such as those on the Cinzana station. 

2) Ridging (B) appears to be the best tillage treatment 
for increasing yields. 

3) From this study, there does not appear to be any 
advantage to tied beds (Bcl). However, it should be 
pointed out that the site of this study is very level. 

4) Since fertilization (F) was effective in increasing
yields both years, the practice can be recommended, 
assuming it is economically sound. 

5) Fertilization is more effective in increasing yields in 
wet years, although tillage is more effective in dry years.
Since the weather cannot as yet be predicted, it will be 
necessary to use both practices to get maximum yields.

6) In 1989, tillage was more effective than fertilization 
in the data obtained. However, it should be pointed out 
that all treatments were not evaluated for water-use 
efficiency. 

Table 3. Tillage and fertilization effects on grain 
sorghum (cv. CSM 219) and cowpea (cv. KN1) yields at 
Cinzana, Mall, In1988 and 1989. 

Grain yield Increase (%) 

Crop Year 
Fertilization 

(F) 
All 

tillage 
Ridging 

only 

Sorghum 1988 65 19 27 
1989 42 62 83 

Mean 53 40 55 

Cowpea 1988 68 10 16 
1989 58 59 70 

Mean 63 34 43 

Table 2. Cowpea (cv. KN1) yields (kg/ha) of different tillage treatments with and without 
fertilizer at Cinzana, Mall, in 1988 and 1989.
 

1988 
 1989 
Treatments Treatment 

Fertility Fertility 

Tillage FO F1 Mean Tillage Fo MeanF1 

ST 449 874 662 ab ST 410 593 502 bSS 216 942 579 b SS 323 627 475 b
B 737 841 789 a 
 B 796 911 854 a
SSB 596 927 762 a SSB 732 1181 957 a
Bcl 645 963 804 a Bcl 682 993 
 838 a

SSBcl 570 841 706 ab SSBcl 542 1215 879 a
Mean 536 898 717 
 581 920 750
 
Test of 
significance HS HS 
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Table 4. Estimated water-use efficiency In selected treatments of grain sorghum 
(cv. CSM 219) and cowpeas (cv. KN1) at Cinzana, Mall, In 1988 and 1989. 

Grain Sorghum Cowpeas 

Water Grain Water-use Water Grain Water-use 
Treatments use yield efficiency use yield efficiency 

mm kg/ha kg/mm mm kg/ha kg/mm 

STFo 307 b 863 c 2,81 261 410 c 1,57 
BF, 356 a 1790 b 5,03 292 796 b 2,73 

359 a 1922 b 5,36 285 911 b 3,20BF1 
SSBcI F1 371 a 2606 a 7,02 324 1215 a 3,75 

Test of 
significance HS HS - NS HS 
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Tillage Effects on Infiltration and Millet 
Yield 

C. W. Wendt, Texas AgriculturalExperimentStation 
Z. Kouyate, IER 
R. L. Baumhardt, Texas AgriculturalExperiment Station 
D. McCool, ARS-USDA 

The rainfall in the Sahel is irregular in amount and 
distribution. Much of it is lost to runoff because of the 
high intensity of many rainstorms. Techniques that would 
decrease runoff and increase soil water storage would 
improve crop yields. 

Objective 
The objective of this study was to compare the effects of 
different tillage techniques on infiltration and millet yield, 

Procedures
 
In 1988, a rotating-disk rainfall simulator was used on a 

loamy sand soil with three different tillage treatments. 


In 1989, the study was expanded to include simulation 
on both loamy sand and loam soils with three different 
tillage treatments in both the rainy and dry seasons. Water 
was applied with the simulator at the rate of 50 mm/hr for 
1hr. Periodic measurements of runoff were made to 
determine infiltration. The data were fitted to the Philips 
equation. Yield data were obtained from the plots-at the

end of the season. 


Results 
T he in filtra tio n da ta ob tained in the p relim inary study are 

presented in Figure 1.The data were obtained during the
dry season and are what would be expected-with the
highes finanran w ateoud teepected-wiate
highest final infiltration rate in the plowed treatment,followed by the scraped and no-till plots. 
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Figure 1.Effect of tillage on Infiltration In a loamy sand 
soil, Clnzana, Mail, 1988. 
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During the rainy season in 1989, the no-till treatment 
had the highest final infiltration rate (Figure 2). However,
during the dry season, the plowed treatment had the 
highest infiltration rate (Figure 3). 

Infiltration rates on the loam soil were lower in the 
rainy season (Figure 4) than the dry season (Figure 5). 
There was no difference due to tillage treatments in either 
the wet or dry season. 

Millet yield data are presented in Table 5. Although 
differences in yield were obtained on the loamy sand soil 
due to tillage, the differences were not significant due to 
variation (C.V. = 30%). Tillage treatments affected the 
yields on the loam soil even less than on the sandy soil. 

Conclusions 
1)Plowing will increase infiltration during the dry 

season on loamy sand soils. However, the effect does not 
hold through the rainy season. It appears that it will be 
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necessary to use some form of plowing after each rainfall 
to maintain increases in infiltration. Although tillage did 
increase millet yields on the loamy sand soil, the increases 
were not statistically significant. 

2) Neither infiltration nor millet yields were affected by 
tillage on the loam soil. 

3) Tillage will probably have to be a part of a system 
including the management of fertility and/or organic 
matter if it is to have a major impact on infiltration and 
millet production. 
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Figure 4. Effect of tillage on Infiltration in a loam soil 
during the rainy season, Cinzana, Mall, 1989. 
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Figure 5. Effect of tillage on Infiltration in loam soil 
during the rainy season, Clnzana, Mall, 1989. 

Table S. Millet yields (kg/ha) of different tillage 
treatments on different soil types at Cinzana, Mall, 
1989. 

Soil Types 

Treatments Loamy sand soil Loam soil 

No till 778 1109 
Scraped 1025 1126 
Plowed 1030 1253 
Test of significance NS NS 
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Water Requirements and Low-Cost Water
 
Management Technologies for Sorghum
 

and Millet Production: TAMU-408
 
Rainfall in the Sahel is extremely variable in yearly 
amount, distribution, and intensity. Over the long term, 
the rainy season can fail for several years in succession, 
Such failures occurred in 1909-1916, in 1940-1948 and, 
most recently, in 1968-1973. The rainfall patterns of 
multiple locations in Niger, including overall trends and 
probabilities, have been summarized already (see Trop-
Soils Technical Report, 1986-1987). Physical and hydro-
logical properties of major cropped soils in Niger have 
been reported in the same publication, 

The potential of water-harvesting techniques, the 
effects of a modification of the microclimate between 
windbreaks, and different soil- and crop-management 
practices such as tiller removal in millet have been 
explored by the TropSoils-SAT, and research results have 
been reported (see TropsoilsTechnicalReport, 

1986-1987). A strategy to improve and sustain food oro
duction is to intensify crop production on better soils 
along the river valleys, whe.e a supplemental water supply
is readily available. Before crop yield on more productive
soils is increased, basic information is needed on the water 
requirements of the crops grown in the area. Informatiua 
is also needed on th water requirements when different 
levels of soil chemical amendments (lime and fertilizer) 
are added. Once the water requirements are known, it 
should be possible to design low-input, water-management 
systems to stabilize crop yield. 

The overall hypothesis of this study is that low-input, 
water-management systems and fertilization techniques 
can be developed to overcome the variability in water and 
soil resources after the water and soil requirements for the 
crops are known. 
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Interactive Effects of Water and Nutrients 
on Sorghum Growth in a Sahelian Soil
Plant-Atmosphere Continuum (proposal) 

C.Zaongo, Texas A&M University 
C.W. Wendt, Texas A &M University 
M. Gandah,INRAN 
A.S. Juo, Texas A&M University 

The Sahel is characterized by rainfall which is extremely 
variable in yearly amount, distribution, and intensity. Over 
the long term, the rainy season can fail for several years in 
succession. Such failures occurred in 1909-1916, 
1940-1948, and most recently 1968-1973. A strategy to 
improve and sustain food production is to intensify crop 
production on better soils along the river valleys, where a 
supplemental water supply is readily available. 

Before crop yield on more productive soils can be 
increased, basic information is needed on the water 
requirements of the crops grown in the area. Information 
is also needed on the water requirements when different 
levels of soil chemical amendments (lime and fertilizer) 
are added. Once the water requirements are known, it 
should be possible to design low-input water-management 
systems to stabilize crop yield. 

The overall hypothesis of this project is that low-input 
water-management systems and fertilization techniques 
can be developed to overcome the variability in water and 
soil resources after the water and soil requirements for the 
crops are known. 

Objectives 
The objectives of this study are 1)to determine the yield 
of West African food crops grown at different water and 
fertility levels and 2) to increase or stabilize crop yields 
through supplemental irrigation and optimum fertilization. 

Methods 
No research was conducted on this project during the past 
two years. C. Zaongo has written a dissertation proposal 
entitled InteractiveEffects of Water and Nutrientson 
Sorghum Growth in a SahelianSoil-Plant-Atmosphere-
Continuum. The proposal has been approved both by his 
committee at Texas A&M University and INRAN. He will 
begin his research in May 1990 at the INRAN national 
irrigation research station at Tama, Maradi, Niger. 
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Water-Use Efficiency and Soil Fertility
 
Relationships: TAMU-409
 

In many arid and semiarid regions, rainfall is the primary 
or the only sou:rce of water and must be used to the fullest 
extent to increase food production. Cultural practices that 
reduce runoff and evaporation and enhance infiltration are 
important in making the maximum amount of water 
available o a crop. However, such practices are economi-
cal only if the crop uses water efficiently. 

Water use efficiency (WUE) s defined as either yield 
(Y) per unit of transpired .vater ('7) or yield per unit of 
evapotranspiration (ET) and is expressed as follows: 

WUE r = Y/T o; WUEr = YET 
Yield can be total bioma,s or useable product such as 
grain. WUE1r is known as the transpiration efficiency 
while WUEm. isknown as tie evapotuanspiratiot effi-
ciency. WUE1r is important in basic studies of crops while 
WUE r is the common parameter evaluated under field 
conditions. 

Research shows that the water requirement of crops 
grown on poor soil may be reduced one-half to two-thirds 
by the addition of fertilizers. Many studies iave showr, 
that fertilizers increase yield, but there has been little 
emphasis on using fertilizers to increase water-use 

efficiency. Management practices can increase the 
efficient use of water, but the influence of nutrients on 
WUEr is hard to assess under field conditions because of 
the variation in water loss to soil evaporation among 
treatments. 

In preliminary studies (see TropSoils TechnicalReport, 
1986-1987), we investigated the relationship between 
yield and ET and yield and Y/ET for grain sorghum geno
types diffcring in nutrient-use efficiency (kg grain/kg 
nutrient available) on nutrient-deficient soils. Results 
showed a significant, positive, linear relationship betweengrain produced and ET. This relationship, however, wasnot as pronounced as the one we found between grain
yield and WUELr, for which we ft-:nd a highly significant 
positive linear correlajion. Thus, factors that affect grain 
yield for sorghum will also affect ET and WUE . 

The hypotheses for this project are 1) that crop utiliza
tion of available soil moisture in the Sahelian environment 
is closely linked with fertility level and 2) that increased 
crop production and introduction of new cereal germplasm 
can be facilitated by minimizing soil physical and chemi
cal constraints. 
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Effects of Scal Fertility, Crop Genotypes, 
and Available Soil Water on Water-Use 
Efficiency of Sorghum 

Arthur B. Onken, Texas AgriculturalExperiment Station 
Charles W. Wendt, Texas AgriculturalExperiment Station 
J. Robert Lascano,Texas AgriculturalExperiment Station 
A. Sow, Texas A&M University 
Z. Kouyate, IER 

One factor that significantly affects efficient water use by 
crops is the chemical nature of the soil, including, but no,
limited to, soil fertility. In West Africa, soil fertility is a 
major consideration because most soils of the region are 
deficient in one or more nutrients. A second factor 
influencing efficient water use is crop genotype. Drought
tolerance, water-use efficiency, nutrient-use efficiency,
and responses to applied fertilizer have been found to 
differ among crop genotypes. Most countries in arid and 
semiarid West Africa have major breeding programs
directed at sorghum improvement. Such programs will be 
more productive if they include an understanding of the 
various factors influencing water use and how those 
fa -tors interact to affect crop production. 

Objectives 
Two studies were conducted in cooperation with 
INTSORMIL it Lubbock, Texas, with the following 
objectives: 1) to delineate the interaction effects among
sorghum genotypes, nitrogen nutrition, and available soil 
water on evapotranspirational and transpirational water-
use efficiencies under field conditions; and 2) to deter-
mine the effects of the interaction among sorghum 
genotype, phosphorus nutrition, and available soil water 
on transpirational water-use efficiency. 

Procedures 
The first objective was addressed in a field study con-
ducted at the Texas A&M University Agricultural Re-
search and Extension Center at Lubbock on an Amarillo 
loam (fine-loamy, mixed thermic) Aridic Paleustalfs. This 
study consisted of two sorghum breeding lines grown in 
factorial combinations of three water levels and three N 
levels arranged in a randomized block with three replica-
tions. 

Water levels were as follows: 
Wl-a preplant application of 10.2 cm ha/ha plus 5.6 

cm ha/ha on June 10; 
W2-a preplant application of 10.2 cm ha/ha plus 5.6 

cm ha/ha on June 10, then weekly irrigation to replace
approximately 50% of evapotranspiration (ET) beginning
July 25 (20.8 cm ha/ha after planting); 

W3-a preplant application of 10.2 cm ha/ha plus 5.6 
cm ha/ha on June 10, and then weekly irrigation to replace 

approximately 95% of ET beginning July 18 (40.6 cm ha/ 
ha after planting). Water was applied through atrickle
irrigation system with orifices on a grid 30 x30 cm. 
Evapotranspiration was calculated as the sum of rainfall,
irrigation, and soil-water depletion. Water-use efficiency
based upon ET (WUEr) was calculated as grain yield/unit 
of ET. 

In order to determine the effect of N fertilizer on 
transpirational water-use efficiency (WUEr) under field 
conditions, data were obtained for use in a model. These 
included data on soil water content, soil temperature, soil
evaporation using microlysimeters, and leaf area index 
(LA) for the high-water, low-N, and high-N plots of MB9. 
These data, along with daily weather data, were used to 
calibrate the model. Leaf area index and soil water content 
were collected periodically on all plots and daily weather 
data for the entire season. 

The sorghum breeding lines were MB9 and B35. They 
are of similar maturity but differ in drought and nutrient 
responses. The line B35 has the stay-green characteristic 
(post-flowering drought resistance), which MB9 does not, 
and MB9 yields well under low fertility and available
water conditions. Nitrogen levels were 0, 22, and 90 kg/
 
ha, broadcast as urea before bedding.
 

The second study addressed Objective 2 and was con
ducted in minilysi-. "ters in a rainout shelter at the TAMUAgricultural Research and Extension Center at Lubbock.
 
The 75-liter minilysimeters were filled with a P-deficient
 
Amarillo loamy fine sand. Treatments consisted of two
 
sorghum genotypes of similar maturity grown on a 
factorial combination of four P levels and two water 
levels. The sorghum genotypes were the Malian sorghum 
CSM-63 and the improved TX 7078. The four P levels 
were 0, 20, 40, and 80 mg/kg of soil. The water levels 
were sufficient to bring the lysimeters to 50% and 100% 
of field capacity when 75% and 50% of the available 
water had been used, respectively. Water use was determined by periodic weighing. After two plants per lysime
terwere established, the soil surface was sealed to prevent

evaporation. Plants, including roots, were harvested at
 
black layer. 

Results 
Grain yields, evapotranspiration, water-use efficiency and 
nitrogen-use efficiency as affected by treatment and 
sorghum genotype are given in Table 1.Grain yields
ranged from 2778 kg/ha to 7179 kg/ha for MB9 and from 
1456 kg/ha to 5085 kg/ha for B35. Both sorghum lines 
produced their lowest yield at the lowest level of water 
and N, while highest yields were produced at the highest 
level of water and N. MB9 yield increased with increased 
water supply for each N rate; however, B35 responded to 
increased water only at the highet N level. The highest 
grain yield at the lowest water and N levels was produced 
by MB9, which did not respond to applied N at this water 
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level (WI). In contrast, B35 responded to applied N at the highest grain yield but rather at the highest N rate at theWI water level and produced a statistically similar yield moderate water level.
to MB9 at the 90 kg/ha rate. Grain yield of MB9 increased Calculations using a crop-growth model to determinesignificantly with each increase in Napplication at the W2 the effects of N of WUE r under field conditions are notand W3 water levels. Grain yield of B35 increased complete. Preliminary results indicate a 31% decrease insignificantly with each increase in Nrate at the V2 water evaporation due to a 62% increase in LAI with thelevel, as it did at the WI water level, but produced a application of 90 kg of N/ha at the high water level. Thissignificant yield increase only at the 90 kg/ha N rate at the finding, coupled with a 100% increase in yield, indicates aW3 water level. Thus, the grain-yield response between potential increase in WUE r due to N application.
these two genotypes as related to N and water levels is Results from the minilysimeter study indicate thatvery different. Evapotranspiration was generally inde- WUET was greatest for CSM-63 when total biomass
pendent of N rate and yield for MB9; however, at the low produced was used as the basis for calculation, but wasand moderate water levels, N applications increased ET greatest for Tx 7078 when grain yield was used as the
for B35. Increased grain yields (and therefore N levels) basis for calculation.
resulted in increased WUELr with M139 having much Total dry-matter production was positively and linearlygreater WUEFr than B35 for any given treatment combina- related to transpiration (R2 = 0.95) when data for all Ption. However, the highest WUELr was not obtained at the levels and water levels were combined for both genotypes. 

Table 1. The effect of nitrogen fertilizer and Irrigation level on grain yield, evapotransplration,
and water-use efficiency of two grain sorghum breeding lines at the Texas Agricultural Experi
ment Station, Lubbock, Texas, 1988. 

Irrigation 
Level 

Sorghum 
Line 

Fertilzer 
rate 

Grain 
yield ET 

WUE 
Grain yield/ 
water used 

kg/ha kg/ha cm (kg/ha cm) 
Wl MB9 0-22-0 2778 ghi* 37.3 f 74.5 d 

22-22-0 3136 efg 37.6 f 83.4 d 
90-22-0 3058 fgh 37.8 f 80.9 d 

B35 0-22-0 1456 k 37.1 f 39.2 f 
22-?2-0 
90-22-0 

2374 
3158 

ij 
efg 

40.6 
40.4 

e 
e 

58.5 
78.2 

e 
d 

W2 MB9 0-22-0 3696 e 47.0 cd 78.6 d 
22-22-0 
90-22-0 

4469 
6608 

d 
b 

48.3 
49.0 

c 
c 

92.5 
134.8 

c 
a 

B35 0-22-0 1714 k 45.7 d 37.5 f 
22-22-0 2352 j 47.0 cd 50.0 e 
90-22-0 4670 cd 48.5 c 96.3 c 

W3 MB9 0-22-0 3573 ef 63.5 ab 56.3 e 
22-22-0 4659 cd 62.5 b 74.5 d 
90-22-0 7179 a 65.3 a 109.9 b 

B35 0-22-0 1949 jk 62.7 b 31.1 f 
22-22-0 2509 hij 63.2 b 39.7 f 
90-22-0 5085 c 63.8 ab 79.7 d 

'Values followed by the same letter are not significantly different (0.05 Duncan's Multiple
Range Test). 
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Phosphorus application increased WUE r for both geno-
types. Highest WUEr was obtained at the lowest water 
level. A positive and linear relationship (R2 = 0.94) was 
found between WUE1r and harvest index. 

Conclusions 
1) Grain sorghum genotypes vary in their responsive-

ness to applications of Nand P fertilizer. 
2) A three-way interaction exists among genotype, 

water level, and nutrient level for grain production of 
sorghum. 

3) Evapotranspirational and transpirational water- use 
efficiencies of grain sorghum are affected by a three-way 
interaction among genotype, water level, and nutrient 
level. 

Implications 
1)Responsive sorghum types will be required to 

increase efficient use of limited supplies of avail 
able water by fertilizer application to nutrient de 
ficient soils. 

2) Appropriate sorghum genotypes should be 
coupled with appropriate fertilizer applications to 
derive the maximum economic benefit from 
cultural practices designed to increase available 
soil water. 

3) The relationship between WUE r and harvest 
index should be investigated further for its 
potential to provide useful information to plant 
breeders. 

Effects of Soil Phosphorus and Water 
Supply on Growth Analysis and Transpi
rational Water-Use Efficiency of Pearl 
Millet 

William A.Payne, Texas A&M University 
Arthur B. Onken, Texas AgriculturalExperiment Station 
Charles W.Wendt, Texas AgriculturalExperiment Station 
RobertJ. Lascano,Texas AgriculturalExperiment Station 

It has been well-documented that nutrient deficiency and 
low, erratic water supply strongly influence pearl millet 
production in the Sahel. The interaction of soil nutrients, 
plant growth, and water-use efficiency is therefore of 
paramount importance. In Niger, scientists have observed 
a lack of millet response to nitrogen when no phosphorus 
is added. The interaction of soil phosphorus and water 
supply in this agronomic system must therefore be 
understood to stabilize and increase millet production. 

Objectives 
The objectives of this experiment were to observe the 
effects of water and phosphorus supply on 1)growth 
analysis of pearl millet under Sahelien-like conditions; 
and 2) transpirational water-use efficiency, defined 
gravimetrically and in terms of gas exchange. 

Procedures 
A field experiment using minilysimeters was conducted in 
Lubbock, Texas, which has a semiarid environment. 
Lysimeters were filled with 85 kg of Betis sand (Psam
mentic Paleustalf, sandy, silicious, thermic), which has 
physical, chemical, and miceralogical characteristics 
similar to those of sandy millet fields of Niger, Mali, and 
Senegal. Lysimeters received a blanket treatment of 
potassium (5.6 g of K2SO,) and nitrogen (a total of 31.1 g 
of NH4NO3 in three applications). An African variety of 
millet (ICTP 8203, provided by D. J. Andrews of Ne
braska) was planted and thinned to two plants per con
tainer at seven days after emergence (DAE). Treatments 
consisted of four phosphorus doses (0.00, 0.16, 0.47, and 
1.08 g P per container) and two water treatments (approxi
mately 0.06 m3/m3 and 0.16 m3/m3 water content, i.e. 
stressed and nonstressed). Lysimeters were sealed so that 
water loss, which was determined using a load cell 
balance, was restricted to transpiration. Five pots from 
each treatment were harvested at two-week intervals 
beginning at 14 DAE for dry-matter analysis, for a total of 
six harvests. At each harvest, plants were separated into 
components for dry-matter analyses. 

In a second experiment, pots containing 6.00 kg of 
Betis sand were treated with seven phosphorus doses (four 
replicates) ranging from 0.00 g to 0.931 g P/pot. After the 
seedlings were six days old, they were transferred to a 
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growth chamber with photosynthetically active radiation 
(PAR) set at 500 W/m3, temperature at 35'C day/25"C 
night, and relative humidity at about 40%. All pots were 
watered to a volumetric water content of 0.17 m3/m3 and 
covered to restrict water loss to evaporation. Transpiration 
was measured gravimetrically every two or three days.
After weighing, pots were watered so as to achieve a soil-
water content of 0.17 m3/m3.At 28 days after sowing
(DAS), photosynthesis and transpiration rates were 
measured on the youngest/fully-expanded leaf using a 
calibrated infrared gas analyzer. Plants were harvested at 
29 DAS, at which time dry-matter production and patti-
tioning were determined. 

Results 
Total plant dry-matter accumulation (Figure 1)responded 
positively to P supply, with differences becoming most 
pronounced during the exponential growth phase. A 
substantial difference in dry-matter accumulation was also 
apparent between water treatments. For storage organs or 
heads (Figure 2), dry-matter accumulation appeared to be 
linear with time. Slope magnitude, however, differed with 
water and phosphorus treatments. Significant differences 
were also noted between water and phosphorus treatments 
for the other individual organs and dead material. 

In the field experiment, transpirational water-use 
efficiency, defined as kg dry matter produced/L water 
transpired, responded to both phosphorus and water supply
and also changed with time (Figure 3). Water stress 
increased transpirational water-use efficiency, whereas 

decreasing phosphorus supply decreased water-use 

efficiency.


In the growth-chamber experiment, decreasing phos-
phorus supply again was associated with decreased 
transpirational water-use efficiency on a gravimetric basis 
(date not shown). Gas-exchange measurements offer at 
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Figure 1. Total plant dry-matter accumulation of millet,
Lubbock, Texas, 1988. Source: Payne, Wendt, Onken, 
and Lascano, 1990. 

least a partial physiological explanation for this observed 
phenomenon (Figure 4). As phosphorus supply decreases, 
specific transpiration remains relatively constant until 
deficiency is severe, at which point transpiration appar
ently increases. Photosynthesis, on the other hand, 
decreases rapidly as phosphorus deficiency becomes 
severe. The ratio of photosynthesis to transpiration
provides another measure of water-use efficiency on a leaf 
gas exchange basis. Data in Figure 5 indicate that water
use efficiency, defined now in terms of gas exchange, 
decreases dramatically as phosphorus supply becomes 
low. 

Conclusions 
Gas-exchange data, along with leaf-mass data from the 
field experiment (data not shown), suggest that water will 
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Figure 2. Head dry-matter accumulation of millet, Lub
bock, Texas, 1988. Source: Payne, Wendt, Onken, and 
Lascano, 1990. 
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Figure 3. Transplratlonal water-use efficiency of millet 
as a function of time, Lubbock, Texas, 1988. Source: 
Payne, Wendt, Onken, and Lascano, 1990. 
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2. Sustainable Agriculture: Water-Use Efficiency 

be used very inefficiently for growth in severely nutrient
deficient millet fields for two important reasons: 1)on a 
field basis, low leaf area will result from low fertility, 
resulting in greater evaporative loss from the soil; 2) on a 
plant basis, very little carbon is fixed per unit amount of 
water transpired under nutrient-deficient conditions. As a 
result, water-conservation measures that do not take into 
account fertility needs in phosphorus-deficient millet 
fields will not effectively raise millet production. Further, 
although data in this study reaffirm the importance of 
good water supply to millet growth and production, it is 
noted that relatively small phosphorus doses significantly 
increased total and head dry-matter accumulation even 
under water-stressed conditions. 
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Figure 4. Leaf CO2 and H20 flux density in millet as a function of 
applied phosphorus, College Station, Texas, 1989. Source: 
Payne, Wendt, Onken, and Lascano, 1990. 
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Figure 5. Leaf water-use efficiency Inmillet as a function of 
applied phosphorus, College Station, Texas, 1989. Source: 
Payne, Wendt, Onken, and Lascano, 1990. 
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Decision Support Systems: UH-4
 
The soil management knowledge base is large, but not problem-solving product may also expose gaps in our
effectively used by resource-poor farmers. Existing knowledge and thus guide research priorities. Information
knowledge needs to be organized in a way that enables organized in decision support systems also becomes our
extension agents and policy makers to diagnose problems institutional memory. It helps us to avoid doing what has
and prescribe solutions. Organizing what we know into a already been done and discovering what is already known. 
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3. Outreach: Decision Support Systems 

Decision Support Systems for Diagnos-
ing and Recommending Economically 

Environmentally Safe Soil-Management 
Practices: UH-4A 

A. Sofyan, Centerfor Soil andAgroclimate Research 
LalitArya, University ofHawaii 
I Putu Gedjer Widjaja-Adhi, Centerfor Soil and 

Agroclimate Research 

Stephen Itoga, University ofHawaii 

A. Istiqlal,Centerfor Soil andAgroclimate Research 
Z. Li, University ofHawaii 
M. Oka, SukaramiAgriculturalResearch Institutefor 

Food Crops 

Vickie A. Sigman, Universityof Hawaii 
Russell Yost, University of Hawaii 
Yunizar, SukaramiAgriculturalResearchInstitutefor 

Food Crops 

Objectives 
The objectives of this study are as follows: 1) to translate 
the exisiting ACID4 soil acidity expert system into Prolog 
with extensions of improved user interface, multiple-
objective consultation, and preliminary natural language; 
2) to test expert systems for managing soil acidity and soil 
phosphorus and evaluate performance and integrity 
relative to requirements and expectations; 3) to expand the 
interface between the soil data base and the expert system 
by increasing the soil information accessible to the expert 
system; 4) to incorporate learning capability into Prolog 
version of the expert system; and 5) to add output from 
TropSoils research into an expert system and provide 
feedback to researchers on critical information gaps. 

Procedure 
What are the Soil-Acidity Decision Support System 
(ADSS) and the PhosphorusDecisionSupport Systems 
(PDSS)? 

The Soil-Acidity Decision Support System (formerly 
ACID4) and the Phosphorus Decision Support System are 
computer programs designed to turn knowledge about 
crops and soils into tools for diagnosing and evaluating the 
impact of soil acidity or phosphorus deficiency in a 
farmer's field or site. They enable the user to determine 
what corrective measures are needed and what economic 
consequences those measures will impose. 

ADSS was initially developed for Center for Soils 
Research in Bogor, Indonesia, a collaborating partner of 
the TROPSOILS/Indonesia project. ADSS implements the 
Cochrane equation (Cochrane et al. 1980) as a way of 
determining how much aluminum (Al) in the soil needs to 
be neutralized with limestone in order to reduce Al 

toxicity so that the selected crop can produce its maxi
mum yield. The amount of lime needed to neutralize the 
Al is, therefore, influenced by the crop tolerance to Al,
the depth of incorporation, the quality of the limestone 
being used, and the amount of organic material added. An 
economic analysis isalso performed; it compares the 
benefits of the probable yield increase from the lime 
application to the costs of the lime, its transport, distribu
tion, and incorporation. ADSS is available in English and 
will soon be translated into Spanish. 

The Phosphorus Decision Support System is designed 
to determine whether a phosphorus deficiency is likely 
and, if so, to estimate how much fertilizer P should be 
added to correct the deiiciency. The diagnosis is made by 
comparing the levels of extractable soil P in field samples 
with estimated critical values for soils with similar texture 
and mineralogy. PDSS is in an early stage of develop
ment. 

flow do Soil ADSS and PDSS work? 
ADDS and PDSS are a type of computer program for
merly called "expert systems." This term was often 
misunderstood as an ambitious claim to excellence. 
Knowledge-based systems, to use more current terminol
ogy, are intended to emulate expert behaviour in diagnos
ing problems, suggesting solutions, and evaluating 
alternatives. Decision-support systems are typically more 
general aids that may be as simple as a small spreadsheet 
or as complex as a combined knowledge-based system and 
a mathematical simulation model. 

Although knowledge-based systems can never be quite 
as expert as human experts, they can excel at certain kinds 
of tasks. For example, such systems can carry out mathe
matical calculations with speed, accuracy, and near 
perfect repeatability. The ability to recalculate complex 
calculations quickly and reliably helps users evaluate 
many management alternatives. Evaluating alternatives is 
one of the most important functions of the systems and has 
led to the term "decision-support," which indicates that 
decisions can now be made by choosing the most desirable 
of many possible consequences predicted by the computer 
system. It should be emphasized that the human must 
make the decision, and that the computer is the tool, not 
vice versa. 

Ilow are ADSS andPDSS structured? 
ADSS is composed of the following modules: Soil 
database, Crop requirements, Management alternatives, 
and Economic analysis. 

The Soil-Acidity Decision Support System structure is 
primarily a set of rules that are linked together in a 
manner similar to that used when reasoning logically. The 
rules are sequences of IF and THEN phrases, which 
operate by attempting to satisfy the IF conditions. If the 
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phrases in the IF part of the rule can be satisfied, then the 
conclusions and actions listed in the THEN part of the rule 
are considered true, and they are either shown to the user 
as conclusions, or they cause another computer program to 
run or other actions to occur, 

The program looks at all possible conclusions and 
employs four methods to determine whether rules are true 
or false: 1) it uses already entered facts; 2) it uses already
inferred conclusions; 3) it uses linked rules (e.g. IF a 
THEN b, IF b THEN c, IF c THEN d, IF d THEN e) to 
infer from facts already entered or conclusions already
made; or 4) as a last resort, it directly asks the user. To use 
linked rules, the software attempts to determine whether 
the conditions of the IF part of the rules are true or false. 
After the program examines all rules and determines 
which are true and which are false, the conclusions are 
gathered and displayed to the user. More details on rule-
based systems, semantic nets, frames, and object-oriented 
systems are available in the following texts: Waterman,
1986; Barrett and Jones, 1990. 

Newer methods of inference are being intensely studied 
and are available in some systems (semantic nets, object-
oriented structures, logic programming languages, and 
neural nets). Other methods are being explored to develop
rules from a given s xamples. This effort focuses on 
Objective 1-4 of the uverall UH-4 project. 

What criteriaare used by ADSS? 
As suggested earlier, the Cochrane equation provides a 

way to estimate the amount of lime needed to neutralize 

the extractable Al and thus reduce toxicity to a level 

tolerated by the specified plant. 
 The equation is originally
written as follows: 

LR = 1.5*(Extral - (CAS/100 * ECEC)) (1) 
where LR is the lime requirement, Extral is the extractable 
Al (determined using IN KCI), CAS is the criticalaluminum saturation (aluminum saturation in the soil atalumiuatreation (almie, saturatininftie soiat
about 95% relative yield), and ECEC is effective cation-


Wexhavge aadito tavailable 

We have added to the equation several terms that
express other variables used by the ADSS in modifying 

the lime requirement:
1)Depth of incorporation:If the lime is to be incorpo-

rated to a depth other than 15 cm, there should be a term 
such as (Depth/15), where "Depth" is the intended depth
of incorporation. 

2)Bulk density: Because there is a conversion from 
weight (cmol Al/kg or meq/100g) to volume (t/ha), the 
weight-to-volume conversion is needed. Where soilanalyses are already so converted, this factor need not be 
considered. 

3)Lime quality:The basic lime recommendation 
assumes high-quality limestone, both from a physical (100 

percent smaller than 60 mesh) and chemical (100 percent
calcium carbonate equivalent). The final recommendation 
is modified to reflect the quality of the limestone actually
used. Currently, we are considering how the Ca and Mg
content of the limestone could be used to estimate the 
level of Ca and Mg that would result in the soil after the 
applied limestone has reacted with the soil. 

What sort ofeconomic analysis will be employed?
The economic consequences of lime application are 
estimated by performing a partial budget analysis. This 
analysis compares the costs of lime and its application to 
the expected benefits. The cost of purchase, transporta
tion, application, incorporation, and labor are considered 
in the anaysis. Benefits are those associated with the 
increase in yield predicted from the neutralization of 
aluminum and the reduction in aluminum saturation. Yield 
increases occurring from other benefits of liming are not 
currently included. 

One of the more useful features of the economic 
analysis has been the inclusion of the residual effects of 
lime. This information helps researchers evaluate the 
economic consequences of lime applications (Gonzalez,
1979; Salinas and Sanchez, 1971). Until now, however, 
procedures for including residual effects in economic 
analyses have not been readily available to agronomists.
 
In attempting to describe residual effects in the mathematical form used inan economic analysis, we have
 
adopted an algorithm in ADSS (below). The approach rep
resented in the algorithm is preliminary; however, the
 
residual-effect values can be changed to reflect regional

differences should such data be available.
 

The benefits of lime may be realized for several years 
as the lime continues to neutralize soil Al. The prorated

lime cost option reduces lime cost for the current year in
proportion to the expected residual effect. The other
 
option (total cost) charges all current lime costs to the

opin(tacs)chrealcuetlmeotsote
 
present cropping season. The latter option may reflect the
subsistence farmer's situation: very limited cash is 

for investment in lime.
 
The prorated cost is calculated by summing the
effectiveness of the lime during each of five successive 

years. The effectiveness is expressed in terms of theamount of lime that would have been needed to reduce 
AI+H saturation to the observed value. This value was 
taken from field data of the TropSoils Project, Indonesia, 
for ground limestone, and Yurimaguas, Peru, for burnt 
lime (Dr. M. Wade, personal communication). The 
prorated cost also considers the interest on the initial lime 
investment when benefits are not received as long as fiveyears. Compute theprorated cost as follows: 

PT = 1/ (1 + 0.67*w + 0.45*w2 + 0.30*w3 + 
0.20*w4) (2) 
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where PT is the ratio of prorated cost to total cost. Total 
cost is the total cost of lime the first year. The terms w, 
w2, w3, and w4 are expressions of interest calculated as 
follow: 

w= 1/(1 + interest/cost) (3) 

where interest is the amount of interest and cost is the cost 
of lime. The terms w2, w3, and w4 are w*w, w*w*w, and 
w*w*w*w, respectively. 

The above expression for PT is valid for ground lime 

and reflects the observation that about 1/3 is lost per year 
(Wade, personal communication 1985). Burnt limestone 
appears to have a shorter residual value and is calculated 
as follows: 

PT= 1/(l+w+w2+0.50*w3+0.25*w4) (4) 

where the w's are the same as those above. This expres-
sion reflects the estimate that lime effectiveness does not 
seem to decrease markedly until years four and five. The 
data used for this estimate are only three-year data, so we 
are not sure of the later approximations, which, conse-
quently, are rather conservative. 

What modifications are being considered? 
The Cochrane equation assumes a straight-line rrlation-
ship between the lime added and the Al neutralized. This 
relationship is depicted in Figure 1. Data collected in 
Indonesia, however, suggests that some of the extractable 
Al is held more tightly, particularly the last few incre-
ments on the exchange complex (Wade et al., 1988). 
Aluminum held in this manner probably varies with 
sources of negative charge and the sources of the Al + H 
removed in the KCI extraction. Using the compulsive and 
exchange approach, Gillman and Sumner (1986) ha!. e 
described some extractable Al portions that are harder to 
exchange than others. 

Another assumption in our use of the Cochrane equa-
tion is that there is a straight-line response from the 
critical value to zero relative yield at 100% Al saturation 
(Figure 2). However, many types of data do not show this 
resporise. Often, yields decrease at Al saturation levels 
grea!er than the critical Al saturation; however, where 
there are sufficient data, relative yields decrease more 
slowly than assumed in the initial equation (also shown in 
Figure 2 from Wade et al., 1988). As indicated in Figure 
2, an extrapolation of the curve for relative yield of 
mungbean will reach 0% slightly before 60% aluminum 
saturation. Consequently, the straigb!-line estimate would 
underestimate mungbean response to lime. For rice, 
however, the straight-line interpolation between critical 
aluminum saturation and the point of 0% relative yield 
and 100% aluminum saturation will tend to overestimate 
the response to lime. A more accurate representation of 
these responses is needed, particularly because the slope 
of the response curve at Al saturatation levels above the 
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Figure 1.Adjusting soil Al saturation to crop needs. 

critical level is crucial in estimating yield increases due to 
liming. One way to include such informa.ion would be to 
obtain the Al saturation at both 95% relative yield and at 
50% relative yield (Figure 2). The additional point on the 
curve would permit substantially more accurate predic
tions of yield increases. 

Eventually we would like to see more fundamental Al 
processes included, such as direct assessment of Ca 
availability in the soil solution and the interaction with 
phosphorus, and water availability due to restricted 
rooting as well as reduced access to subsoil nitrogen 
(Souza and Ritchey, 1985). 

Using extractable Al to estimate the lime requirement 
has been extended to soils with less than 20% clay and 
those with more than 60% clay. Results of this approach 
have been compared with those of the "base saturation ap
proach" (Quaggio, 1983). According to the latter, one 
seeks to determine the amount of bases that should be 
added to provide about 50% saturation (based on a CEC 
measured at pH 7.0), (Sousa et al., 1989). This approach 
gives lower lime requirement estimates than the ex
tractable Al approach on soils with less than about 20% 
clay; it gives higher estimates of lime requirement than 
the extractable Al approach on soils with greater than 60% 
clay. Field studies show that lime requirement estimated 
from crop-response curves compares more favorably with 
the base-saturation approach than the extractable-Al 
approach for the extremes in texture. For intermediate 
textures, the two approaches give similar lime require
ments (Scusa et al., 1989). These results need to be 
compared over a wider group of soil textures and miner
alogies. 
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Figure 2.Acidity tolerance of crop plants. 

We speculate that with soils of textures less than 20% regional information, i.e., the likelihood of havingclay, the ratio of KCI to extractable Al is far higher than deficiency in the region, soils, or under-cropping patternsthat occurring with intermediate-textured soils, and thus in the region. For example, in Niger, if the field had notrelatively more Al is extracted. At clay percentages been previously cropped, we would predict a phosphorusgreater than 60%, we would similarly speculate that the deficiency, although with less confidence than with soilratio of KCI to Al surface would be less than that at tests (Manu et al., 1989).
intermediate texture and, hence, the procedure may not Critical levels are taken from Souza's tabulated values,extract all the Al that might eventually react with added which have been determined for soils of the Brazilian
limestone. Again, this influence is highly speculative and Cerrado. At present, the estimated critical levels for
needs closer examination. 
 Mehlich 1, as influenced by %clay, are given in Table 1.Nonetheless, researchers need to consider more directly Similar values from Kang and Osiname (1979), for
the Ca needed by the plant root to counteract the effects of Mali and Niger, arid Widjaja-adhi (1988), for Indoensia,
Al toxicity, as well as the pH-increasing effect of the are also included in the prototype PEX4.
carbonate anion in the liming material. More accurate,
process-reflecting approaches are needed for use in new Table 1. Interpretation of soil analysis results of thedecision-support software for the management of acid Mehilch 1 method: lime and fertilizer recommendations
soils. for soybean In the Cerrado (Portuguese). 

What criteriaare used in PDSS? Clay Soil P Level (Mehlich) ....
PDSS, in contrast, is less well defined, conceptually. The content Very low Low Medium Good 
approach being considered at this stage of development is ppma combination of diagnosis and recommendation based on 61-80 0-1.0 1.1-2.0 2.1-3.0 >3.0 
soil tests. 1- 0 0- .0 .1- .0 .1- .1 > .0
The diagnosis step primarily compares critical soil-test 41-60 0-3.0 3.1-6.0 6.1-8.1 >8.0values for various crops with values measured from a 21-40 5.0 5.1-10.0 10.1-14.0 >14.)specific farmer's field. Another less reliable but often 0-20 0-6.0 6.1-12.0 12.1-18.0 >18.0 
more available source of diagnostic information is the 

Source: Sousa D. M.G. 1989. 
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Estimates of critical levels are also given for the Bray I 
extractant. Attempts have been made to determine the 
equivalence among various extractants. Unfortunately, 
most studies that compare extractants do not provide 
sufficient characterization data to establish the range of 
surface area and surface reactivity necessary to group the E 15 
soils with respect to sorption properties. In addition most g. 
comparisons of methods do not include field studies or 
field results. Data that provide estimates of critical levels 2 10 

for a range of soil textures and mineralogies are clearly 
needed for the development of the appropriate regression 5 
relationships so that critical levels can be interpolated to 
soils for which no field-determined critical levels are 
available. Such a tabulation of critical level .vith %clay 0 
on one axis and CEC/% clay (where CEC is determined 20 
by ammonium acetate pH 7) on the other axis would 40 . 5 
greatly assist efforts to extrapolate and generalize results 6 1. 
from one field to another (Figure 3). /0 

0.0 05"G'r.1.601 

Conclusion and Recommendation 
If PDSS concludes that a phosphorus deficiency exists, 
then it will request soil texture as represented by % clay Figure 3. Atabulation of critical level with %clay on 
and either Mehlich I or 3 or Bray I extractants. This one axis and cation-exchange capacity/% clay on the 
choice of extractant reflects the choices made by Lins and 
Cox (1989). The equation predicting the phosphorus 
requirement based on % clay and soil-test value is thcn The second factor, surface reactivity, should reflect 
used to estimate the basic phosphorus requirement. We mineralogy. To estimate this factor, we are considering an 
will soon be adding the option whereby the user specifies index widely used in Soil Taxomony, clay activity (cation
the type of phosphate material available in the region so exchange capacity per unit % clay), as represented by 
that the recommendation will be given in convenient CEC/% clay (Soil Taxonomy, 1975). Other measures such 
units. Many other details remain to be organized and as pH in NaF or oxalate extractable Al and Fe also need to 
logically linked in this ongoing effort. be considered in order to indicate the quantity of short-

One of the major problems in assembling the P knowl- range order minerals. In some cases, P's buffering 
edge base has been that while estimates of critical values capacity might be a more direct and more useful measure. 
are similar for the same crop and the same extractant, the The choice and possible use of this index is markedly 
next step is difficult: one must use both the soil-test P influenced by the likely availability of data or by the cost 
values and the relation between P added and the critical of acquisition. Considering the former, we emphasize that 
value to predict the quantity of P needed to restore or data for such an index needs to be available for the field 
increase soil test levels to the critical level. This problem experiments where P responses are being measured as well 
is clearly reflected in diagnostic approaches that interpret as for new locations for which we seek to make recom
soil-test data. In the Cate-Nelson approach, for example, mendations. It is also clear that organic compounds 
the intent is primarily to provide a yes/no answer: is there modify surface reactivity; consequently, a readily avail
or is there not a deficiency? Soil sorption of fertilizer P is able measure of that reactivity is needed. As useful 
a crucial issue, and predicting how P will react with the measures are discovered for such phenomena, we hope to 
soil is central to successfully estimating the P requirement. improve diagnosis and recommendations. 
We are considering P sorption as composed of two This brief description of the two decision support 
processes: (1)a factor related to the surface available for systems makes it clear that the conceptual framework for 
sorption and 2) the reactivity of the surface with the added the phosphorus system is less well-developed mathemati
phosphorus: cally than that of the nitrogen system. This is probably 

P sorption (P reactivity) = area (m2) x reactivity because the phosphorus fertilizer requirements, at least 
(mg P/m2) (5) initially, reflect variations in the soil's sorption of P. 

Adequately describing P sorption by soils for site-specific
The most commonly available data that relate to surface recommendations requires detailed data. 
area is % clay. 
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Implications
Knowledge-based or decision support systems can be used
in the following scenarios. 

Diagnosis and Recommendation 
The systems can be used (1) where the user is unfamiliar 
with the factors involved in making a diagnosis of a 
growth- or production-limiting condition, (2)where the 
user does not know how much amendment is needed to 
.solve a problem, (3) where the user is unaware of 

limitations or special precautions that should be exercised 
in intervening with applications or control measures, (4)
where the user is not aware of the major cautions that 
should be exercised in interpreting field observations or
data, and (5) in the case of the ADSS, when the user 
wishes to evaluate the profit of liming acid soil, the 
relationship between profit and liming materials of various 
quality, the impact of residual effects on profitability, the 
impact of crop selection on profit, or the impact of 
different soil types on profit. 

Planning 
Decision support systems can be useful for planning soil 
and crop management because they permit site-specific

recommendations to be made. These recommendations 

require not only the decision support system but the on-

site observations and local data needed to drive the 

decision aids. 


As indicated above, in order to plan well, one needs to 
identify alternatives and describe their probable conse-
quences. Decision support systems are one way to provide
this information, 

Evaluating Alternatives 
A recent study at Purdue University indicated that users of 
expert systems evaluated more alternatives when using
computer-based decision aids than when consulting with a
human expert. Producers considered the decision aids 
more accessible than the human expert. Also, producers
sometimes reported more confidence in the decision aid 
because they felt that the expert's personal bias had been 
taken out of the decision process (Smith, 1988).

The increased evaluation of alternatives emphasizes 
one of the major benefits of decision support systems: they
explore the implications of different soil-management,
cropping-management, and economic conditions so that 
farmers and planners can be prepared to act quickly when 
certain events occur-rather than missing opportunities 
or not being prepared for rapid action. Farming has always
been fraught with risk. Being able to work through the 
consequences of various management scenarios with 
expert advice and doing so ahead of time can turn farming
from a major gamble to a choice among thoroughly 
examined alternatives. 
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Improving the Quality of Soil Research 
Well-designed decision aids can also improve the research 
process (Rauscher, 1987). If one assembles he informa
tion needed for the best possible diagnosis and recommen
dation, weak links in the rationale will often become 
apparent. The weak links may include (1) inadequate
knowledge of which factors reduce yield, (2) an inade
quate algorithm to relate the identified factors, (3) site
specific empirical measurements that cannot be general
ized, (4) insufficient data due to the high cost of measure
ment or inadequate infrastructure, or (5)faulty logic in 
relating the information. 

Ways Network Members Might Use the Decision Aids 
Network members can best determine possible benefits 
from the use of decision aids. Certainly a comparison of 
diagnoses and consequent recommendations from the 
decision aids described herein could be compared with 
network trials and field results. We would encourage such 
comparisons and would be especially pleased to discussthe results, particularly when the decision-aid predictions
do not fit or agree with the field results. We recognize that 
decision aids are incomplete and that additional details or 
changes in approach may be needed. An ideal time to 
discuss such changes would be during the regular network 
visits. Articles might also be published in the network 
newsletter to share with other members. 

In some cases, local conditions and situations cannot be 
entered into the decision aid because of certain assump
tions about the cropping or farming system. In such cases, 
we would like to discuss the problems and try to modify 
the software to reduce such difficulties in future releases. 

Appendix 
What follows are suggestions for adding your own dBASE
 
III file into the ADSS DB. Note that in this description

capital letters refer either to programs or variables in
 
dBASE III.
 

1)To add your own dBASE III files into the ADSS DB 
without changing the linkage between the expert system
and the DB files, you must use the same format on the 
new DB files as on the existing files. By using the COPY 
STRUCTURE command in dBASE III, you can easily set 
up a new data base file, say ABCDE.DBF, from any of the 
existing DB files EXCEPT the file SMAP3.DBF. 

Next enter the data into ABCDE.DBF. In ADSS DB,
each pedon has no more than three layers, the depths of 
which are 0 to 15, 15 to 30, and 30 to 45 cm, respectively.
All numeric data should be depth-normalized (meaning an 
average value calculated for each 15 centimeters). Each 
pedon must have a unique name: IDPED (used as the 
database 'key'). SSNAME's are the Soil Series names 
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which will be displayed to indicate the location. You can Decision Support Systems for Diagnos
assign your own names to this dBASE field. The ing and Recommending Economically 
TXOSGG are the taxonomy codes used by the Soil Feasible, Farmer-Acceptable, and Envi-
Conservation Service (SCS) USA (see TX.DAT for the 
list). You may fill the field with word 'blank' if you do ronmentally Safe, Soil-Management 
not have the code. Practices: UH-4B 

For the numeric data, values of '-3' or '-3.0' indicate 
missing data. The naming of all fields follows exactly the Vickie A. Sigman, UniversityofHawaii 
convention of SCS. Among other data, the SNCFIP2, OC, Tom Dierolf,Universityof Hawaii 
N, P, PHSP, PHNAF, PSORP, IDSAM can just be blanks A. Sofyan, Centerfor Soil andAgroclimate Research 
if there are no such data available. Lalit Arya, University ofHawaii 

2) Create an ASCII file ABCDE.CAT with the I Putu Gedjer Widjaja-Adhi, Centerfor Soil and 
SSNAME and IDPED values already specified in the Agroclimate Research 
ABCDE.DBF. Use one line per pcdon. This file, as all Stephen hoga, University ofHawaii 
other .CAT files, serves as the catalog file. A. Istiqlal,Centerfor Soil andAgroclimateResearch 

3) Find the log file CAT.DAT. Add the following line Z. Li, University ofHawaii 
into ti,,e file: M. Oka, SukaramiAgriculturalResearch Institutefor 

'3 Continent S1 New Country/Area Name Food Crops 

$b:abcde.dbf Sb:abcde.catS' Russell Yost, University ofHawaii
Yunizar, Sukarami AgriculturalResearchInst itute for 

You may use your own words or descriptions for "Conti- Food Crops 

nent,"" New Country/Area Name," while B:abcde.dbf 

tells the system where the soil database file is stored and Objectives 
its file name. Make sure the fields are separated by $. The objectives of this study are as follows: 1)to translate 

4) Run the whole system. the exisiting ACID4 soil acidity expert system into Prolog 

with extensions of improved user interface, multiple
objective consultation, and preliminary natural language; 
2) to test expert systems for managing soil acidity and soil 
phosphorus and evaluate performance and integrity 
relative to requirements and expectations; 3) to expand the 
interface between the soil data base and the expert system 
by increasing the soil information accessible to the expert 
system; 4) to incorporate learning capability into Prolog 
version of the expert system; and 5) to add output from 
TropSoils research into an expert system and provide 
feedback to researchers on critical information gaps. 

Procedure 
Since 1983, TropSoils Indonesia has conducted a field 
research program aimed at overcoming severe soil acid 
and fertility constraints in Sitiung, West Sumatera, a 
transmigration area. The goal of the research program is to 
make sustained production of basic food crops possible in 
the transmigration area (TropSoils Bulletin No.88-01, 
1988, p. 3). 

In order to extend the results of the research program to 
the farmer and extension community, a complementary 
effort within TropSoils Indonesia was undertaken from 
March 1989 to February 1990. This effort was termed the 
Outreach Project. 

The Outreach Project focused on twin problems: how 
to convert scientific knowledge and research findings into 
improved agricultural practices useful to resource-poor 
farm families and how to keep such families informed of 
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improved agricultura, practices. The Outreach Project
addressed these problems by engaging extension to build a 
continuum between researchers and farm families. This 
outreach effort focuses on Objective 5 of the overall UH-4 
project. 

The following outlines the overall strategy for implem-
entation of the Outreach Project. 

1)Develop an understanding of the existing research-
extension-farmer continuum in West Sumatera. 

2) Develop collaborative working relationships with 
organizations and people in the system.

3) Identify potential improved agricultural practices 
for dissemination through the Outreach Project.

4) Develop an understanding of farmers' current 
practices relative to these improved agricultural 
practices. 

5) Center Outreach activities on on-farm "outreach 
plots" to be managed by farmers and by extension 
research personnel. These plots are to be collabor 
tively designed to validate improved agricultural 
practices and to provide training and information-
dissemination opportunities for extension and 
farmers. 

6) Initially assess the role of Decision-Support Systems 
in Outreach efforts. 

Results 
The following discussion is organized by highlighting 

procedures used and results obtained as a result of
 
carrying out each of the strategies listed above. 


The Research-Extension-Farmer Continuum 
Information-seeking meetings were held with key actors in 
research, extension, and the farming community at the 
Central, Provincial, District, and Subdistrict levels; and 
appropriate documents were identified and reviewed. This 
resulted in a working document developed for use in the 
field; it identified people and organizations to involve in 
Outreach efforts. 

CollaborativeWorking Relationships 
After understanding who to involve, Outreach obtained 
very close collaboration with the extension system and 
with farmers in general. Outreach collaborated primarily 
with one local Rural Extension Center, the home-base of 
field-level extension agents. Other research institutions 
collaborated in Outreach field plots and activities, 

Identificationof Improved Agricultural Practices 
Several working meetings were held with staff from both alocal research institution and from Tropoils. The follow-
lolpraceswer identified and providcd the primarying practices were efied 
focus of Outreach efforts: 
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1)amount and depth of lime incorporation, 
2) alternative methods for establishing lime recom

endations, including decision support system 
Acid4, on-site scientists' expertise, field histories, 
and pH meters, 

3)phosphorous and/or lime and phosphorous 
interaction, 

4) improved soybean seed, 
5) spacing and planting methods for soybeans. 

Other practices were identified. Specific supporting 
data on these practices were limited. Thus, these practices 
were not thoroughly incorporated into Outreach efforts: 

1)soil-management practices related to timing of 
application and depth of fertilizer incorporation, 
particularly TSP and animal manure; 

2) amount and method of application of animal 
manure; 

3) inclusion of grasses in the farming system for 
sloping areas and contouring purposes; and 

4) seed growers' production of improved seed for 
sale. 

Farmer Practices Related to Improved Agricultural
 
Practices
 
Several limited studies of farmer practices and constraints 
to adoption of improved agricultural technologies were 
completed. Methods included focus-group interviews, 
survey questionnaires, and farmer group discussions. 

Focus-group interviews
Results from Focus Group Interviews conducted with 19
 
contact farmers from three Rural Extension Centers
 
showed the following respondent characteristics:
 
Transmigrant/indigenousfarmers:15 of 19 farmers
 
interviewed were transmigrant farmers; the remaining 4
 
were born in Sumatra.
 
Age: The youngest respondent was 30, the oldest 59. The
 
average age was 45; the standard deviation was 7 years.
 
Householdsize: There were between 3 and 11 people in
 
the respondents' households. The average was 6, with a

standard deviation of 2.
 
Land in food crops: The respondents had a mode and
 
average of one hectare of land in food crops. The mini
mum was 1/16 ha and the maximum was 2.5 ha. The
 
standard deviation was about .5 ha.
 
Respondents use of inputsforfood crops: Of 18 farmers
 
responding, 16 had previously applied lime to their fields;
 

8had applied oiganic manure to their fields; 15 had
applied chemical fertilizers.
 
apple heal fetl ers
Only one of the responding farmers had previously 
purchased lime (300 kgs). All other respondents reportedhaving applied lime that was provided through the 

government program. 
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When queried about the relative importance of lime in 

increasing food-crop production, respondents generally 

identified it as less important than NPK, pesticides, 

capital, and management ability, 


Survey questionnaire: farmer liming practices 
To further explore liming practices in the Sitiung area, a 
survey questionnaire was administered to 31 farmers who 
attended one of our field days. Results of the survey 
questionnaire follow, 

Of 30 farmers responding, over four-fifths indicated 
that they had previously applied lime to their fields. Of 21 
farmers providing data, the large majority indicated they 
had previously applied between 3 and 3.9 t/ha of lime to 
their fields. The majority of these had applied lime in 
1983 or 1984. 

Of the 25 farmers who indicated they had previously 
applied lime, 80% reported that, in their opinion, they 
needed to apply it again. 

Farmers were asked if, in their opinions, lime increased 
the productivity of their fields. Of 19 farmers responding, 
17 (almost 90%) reported increased productivity. Two 
farmers reported no increase in productivity. 

In order to understand farmer perceptioo of the residual 
effect of lime on productivity, farmers who indicated they 
observed increased productivity were asked to indicate 
how many cropping-seasons of improved productivity 
they observed on land where they had applied lime: one-
half of the farmers reported increased productivity for two 
subsequent cropping-seasons after the initial lime applica-
tion. The remaining one-half were about equally split 
between increases seen in one and three subsequent 
cropping-seasons. 

Informal conversations with farmers suggest that they 
were interested in knowing how much lime they should 
currently apply to those fields limed three to five years 
ago. Farmers also informally and ingeneral advise that the 
availability of lime for purchase and ease of purchase, the 
purchase cost, and problems with transporting lime to 
fields were constraints to their future use of lime. The 
recurring theme was that farmers are awaiting the govern-
ment's help in supplying lime. 

Survey questionnaire: extension perceptions of farmer 
practice relative to use of TSP 
Area extension agents were asked to respond to a survey 
questionnaire about their perceptions of farmer practices 
relative to the application of TSP. Earlier discussions had 
identified possible differences between farmer practice 
and recommended practice for TSP application. The 
recommended practice is to broadcast and incorporate 
TSP two to three days before planting palawija crops. 

Results of the survey, based on responses from 43 
extension agents, suggest that, of farmc.rs that extension 
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agents know, about one-half apply TSP to food crops 
before planting, and the remaining one-half apply after 
planting. Of those that apply TSP before planting, about 
one-half broadcast and then incorporate. The remaining 
one-half broadcast without incorporating. Of those that 
apply TSP after planting, about one-third broadcast and 
then incorporate. The remaining two-thirds, broadcast 
without incorporating. 

For the group of farmers that extension agents know, 
about three-fourths do not seem to follow the recom
mended practice for applying. 

Farmer group discussions: farmer-perceived con
straints to adopting improved soybean production 
practices 
The following summarizes data gathered through farmer 
group discussion. At a field day, farmers were asked to 
collectively identify, write-down, and discuss those 
problems and constraints they felt inhibited their use of 
improved agricultural practices for soybean production. 

Major problems/constraints identified by farmers were 
the following: 

A) Obtaining the recommended inputs was difficult 
because they were not available for purchase in their 
village or because producers lacked the money to purchase 
them or because of difficulties in purchasing from the 
local government-sponsored cooperative. Inputs particu
larly difficult to obtain were improved seed, lime, and 
organic manure. In the last case, farmers noted that there 
are few animals in their area-hence the difficulty. 

B)Transportation for inputs/harvests to and from their 
area is too expensive. 

C) Producers are uncertain about the different recom
mendations (e.g., amount, time of application, method of 
application). Specific questions were asked about method 
of inoculation and timing of application of TSP plus 
broadcasting versus incorporating TSP. 

D) Too much time is required to plant in rows. Some 
farmers said they thought it might be easier to weed/spray 
the rows. They added, however, that while these activities 
could be completed over time (thus lessening the need for 
labor at one specific time), planting needed to be com
pleted within one day and, thus, could not be spread over 
time. 

E) Management of soybeans is time-consuming. 
Farmers pointed out that soybeans require a lot of atten
tion and that they have other competing demands on their 
time. They also noted the lack of available labor (or the 
money to hire workers) as a constraint. 

F) Soybeans frequently have a number of pests and 
diseases. Such concerns were mentioned as contributing to 
the time and money required for properly managing 
soybean production. 
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G) The farmers were uncertain about the best time to 
plant. Farmers appeared to think this was an important
problem, noting that not everyone planted at the same 
time. 

H) Farmers were concerned about whether they could 
make a profit. Concerns were raised about previous 
experiences in which good soybean harvests were fol-
lowed by a drop in market prices. Additionally, when 
farmers were asked if :iiey "usually" made a profit on 
soybeans, much good-natured laughter and discussion 
preceded their final, tentative, answer of "sometimes." 

Outreach Plots and Related Training 
Outreach plots 
Three Outreach Plots were collaboratively designed, 
installed, maintained, and harvested by research, exten-
sion, and farmer participants. All plots were located on the 
collaborating farmers' fields. All plots were planted with 
soybeans, and included lime as a treatment variable. The 
Decision Support System, Acid4, was 'ised to determine 
lime recommendations. Other variables (details of which 
are included in Appendix A) included a comparison of 
farmer-stored seed and improved seed; an analysis of lime 
and TSP interaction; a comparison of a farmer-package of
production methods and a recommended-package of 
production methods. Farmer-perception of the treatment 
variables was of primary interest in all Outreach Plots. A 
questionnaire was developed to obtain systematic feed-
back from farmers about their perceptions of the improved 
agricultural practices shown on their fields. Additionally,
there were numerous informal conversations with farmers, 
focusing on this aspect of Outreach Plots. Aqualitative 
summary of participating farmers' perceptions follows. 

Farmer A's perception was that applying lime together
with TSP resulted in better production than applying lime 
or TSP alone. He also said that the improved seed resulted 
in better production than did the seed he previously stored. 

Farmer B suggested that as the amount of lime applic 
to his field increased, so did his production. He also felt 
that the seed he stored resulted in better production than 
did the imprc ved seed. 

Farmer C's perception of the effect of lime on produc-
tion was not clear. He viewed production from improved
seed as better than production from seed he had previously 
stored. He observed that production from the package of
recommended practices was better than production from 
his package of practices. 

These perceptions are generally supported by produc-
tion data reported in Appendix A. 

Related training 
To support Outreach Plots, in-service training for exten-
sion agents and field days for farmers, researchers, and 

extension agents were held. Area farmers and staff from 
TropSoils, local research institutions, and local rural 
extension centers presented and participated in Outreach 
training activities. 

Eight formal one-half to one-day training workshops,
each attended by about 15 extension staff from BPP 
Sitiung, were conducted. Workshops included in-class 
instruction and field visits to Outreach Plots. Individual 
Workshop sessions focused on technical aspects of 
Outreach Plots or on the educational aspects of using
Outreach Plots in extension programs. 

Two farmnei *ic!d days were held; both field days
focused on Outreach Plots. Participating farmers visited 
the Plots and discussed the improved agricultural prac
tices. Extension staff were critically involved in planning
and implementing these field days. A total of 133 people 
attended. 

Inorder to strengthen the working relationships
between research and exteasion, an Information Day was 
held to apprise area extension staff of ongoing research 
work at TropSoils and a local research institution. About 
50 extension staff from three Rural Extension Centers in 
the area participated in the day's activities, touring both 
research stations. 

Assessing Decision Support System 
The Decision Support System, Acid4, was initially
assessed by using Acid4 to determine lime recommenda
tions for Outreach Plots. Validation of the lime recom
mendations obtained and used in Outreach Plots was not 
accomplished. Rather, use of Acid4 raised the following
question: toward which users, located where, should the 
system be targeted? The infrastructure required to use 
Acid4-such as a good soil analysis laboratory, a depend
able source of electricity, and computer-literate users-in 
part, defines its potential users. 

Conclusions and Implications 
The above demonstrates that the Outreach Project did 
build on the research-extension-farmer continuum and that 
it did increase the flow of information within the contin
uum. The extent to which Outreach strengthened the 
continuum and the effect of an increased flow of informa
tion on the behavior of people in the continuum are not 
known. Obtaining this knowledge requires a larger, 
lengthier effort. 

The above report supports the tentative conclusion that 
the constraints faced by Sitiung farmers may override their 
willingness to utilize much of the avai!able technology or 
improved agricultural practices. This bottleneck must be 
addressed. 

In what ways might the technology itself be better 
adapted to the situation, and/or in what ways might the 
existing situation be altered? In the case of liming, the 
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data show that a majority of farmers contacted had already 
used lime and that they may not have perceived liming as 
a major overriding problem. Implications include structur-
ing a research orientation that focuses most closely on 
farmer-perceived problems and that develops stronger ties 
to policy-makers who are willing to effect changes that 
will address constraints farmers face in adopting improved 
technologies, 

Farmers are continually faced with the task of allocat- 
ing time and resources to efforts that are lkely to produce 
desired results. The results, however, often depend as 

much on weather and other uncontrolled factors as on the 
application of lime or fertilizer. Thus, to assess the true 
benefits of lime or fertilizer, the recommended practice 
should be tested over many years to expose hidden 
dangers and benefits which one or two years of on-farm 
trial cannot reveal. One way to subject recommended 
practice to long-term testing is to do so ex ante through 
simulation. In this way, innovations can be rapidly 
screened so that only the most promising options are 
recommended for on-farm testing. 

Appendix 
Outreach Plots 

Field Design #1 
OutreachPlot 
Farmer: Pak Lardi 
Location: Sitiung I, Blok C 
Extension Worker: Yunida 
Rural Extension Center: Sitiung 
PlantingDate: August 30, 1989 
HarvestDate: November 27, 1989 
Collaborators:Farmer/Extension/S ARIF/TropS oils 

#5 
0 lime 
100 kg/ha TSP 
Farmer seed: 
Orba 

#1 
Lime and TSP 
same as above 
but 
Improved seed: 
Kerinici 

#6 
0 lime 
0TSP 
Farmer seed: 
Orba 

#2 
Lime and TSP 
same as above 
but 
Improved seed: 
Kerinici 

Land preparation:Farmer prepared land using cow/plow. 


Otherfertilizer added: Farmer added approximately I t/ 

ha cow manure before planting to all treatments. 

Total areaof thisfield: 480 m2, about 1/20 ha. 

Plantingdistance: All planted in rows at 40 x 10 cm, 2
 
seeds per hole.
 
- In plots (", 3, 5, 7) where TSP was applied, TSP was
 
broadcasted and then hoed-in.
 
*In plots (3,4, 7, 8) where lime was applied, furrows 
were opened to between 10-12 cm lime was applied. 

#7 
200 kg/ha lime 
100 kg/ha TSP 
Farmer seed: 
Orba 

#3 
Lime and TSP 
same as above 
but 
Improved seed: 
Kerinici 

8m 

#8 
0lime 
0 TSP 
Farmer seed: 
Orba 

7.5 m 

#4 
Lime and TSP 
same as above 
but 
Improved seed: 
Kerinici 

7.5 m 

8m 

Furrows were covered up. Seeds were planted on furrow 
line. 
• Dibble-sticks were used for planting. 
• Curator was applied at planting with seed. 
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Yield Data: Field Design #1
 
Yield data should be interpreted with caution. Estimating
 
production per hectare from harvest data taken from small
 
plots results in per-hectare production figures that are
 
imprecise.
 

Plot # t/ha 

1 1.025 
2 0.912 
3 1.313 
4 1.185 
5 0.576 
6 0.598 
7 0.551 
8 0.570 

Field Design #2 
Outreach Plot
 
FarmerandLocation: Pak Sampan, Sitiung I Blok C
 
Extension Worker: Yunida
 
Rural Extension Center: Sitiung
 
PlantingDate:September 9, 1989
 
HarvestDate: December 8, 1989
 
Collaborators:Farmer/Extension/SARIF/TropSoils 
 8.8 m 

#8 #7 #6 #5 10 n 
200 kg/ha lime 0 t/ha lime 1.25 t/ha lime 2.5 t/ha lime 
Improved Improved Improved Improved 
seed: seed: 
 seed: seed:
 
Wills Wills Wills Wills 

#1 #2 
 #3 #4
 
Lime same as Lime same as Lime same as Lime same as 
above but above but above but above but 
Farmer seed: Farmer seed: Farmer seed: Farmer seed: 
Wills Wills Wills Wills 

lOrn 

Shed 
 8.8 m 

Landpreparation:Farmer initially prepared land. On Method of applicationof lime: For plots (3, 4, 5, 6) where 
September 5, work crew added lime and hoed entire field 1.25 t/ha or 2.5 Vha lime addeo, broadcasted by hand and 
to about 7 to 10 cm. hoed-in. For plots (1, 8) where 200 kg/ha lime added, 

•Otherfertilizeradded: Farmer provided approximately banded lime by hand about 15cm (width of band) on top
2.8 Vha cow manure for all treatments; manure was incor- of soil, hoed in to about 10 cm. 
porated at time of final land preparation (September 5). •Dibble-sticks were used for planting. Field all planted in 
NPK was not added to any treatments. rows. Curator was applied at planting with seed. 
Total areaof thisfield: 704 m2, about 1/14 ha. 
Plantingdistance: All planted in rows at 40 x 15 cm, 2 
seeds per hole. 

337
 



3. Outreach: Decision Support Systems 

Yield Data Field Design #2 
Yield data should be interpreted with caution. Estimating 
production per hectare from harvest data taken from small 
plots results in per-hectare production figures that are 
imprecise. 

Plot # Tons/ha 
1 0.355 
2 0.295 
3 0.909 
4 1.281 
5 0.994 
6 0.653 
7 0.127 
8 0.295 

Field Design #3 
OutreachPlot 
Farmer: Pak Semin 
Location: Sitiung V, Blok C 
Extension Worker: Pak Amdi 
Rural Extension Center: Sitiung 
PlantingDate: October 5, 1989 
Collaborators:Farmer/Extension/SARIFfIropSoils 

Visual orientation 

Looking towards road 

TXXX 
You are here 

Crop: Soybeans. 

Road 

#6 #5 

1 t/ha lime 0 lime 

Farmer Farmer 

practices practices 

#2#1
1 t/ha lime 0 lime 

Improved Improved 
practices practices 

Plotsize: Each 22.5m x 8m; area of Petak Pengalaman = 


1092m2; approximately 1/10 ha. 

Liming: Farmer advised this field had not been previously 

limed. Lime recommendation was computed, based on 

results of soil sample analysis from three sections of the 

School 8 m 

#4 
.5 t/ha lime 
Farmer 
practices 

#3 
.5t/ha lime 
Improved 
practices 

22.5 m 

.5m 

field, using Acid 4. Sample results showed high varia
bility; thus, the average lime recommendation (1 t/ha) was 
selected as the recommended rate. 

Improved practices: Recommended doses from extension 
of NPK: Urea = 25 kg/ha; TSP = 100 kg/ha; KCL = 50kg/ 
ha. Recommended doses from SARIF of cow manure: 2 t/ 
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ha. Recommended seed from SARIF: Orba; planted in 
rows 40 x 10cm, 2 seeds per hole, with dibble-stick,
applied Curator at planting in seed holes. Recommended 
spraying schedule and dosage from SARIF. 
Farmerpractices:Seed: locally-purchased mixed-seed 
(Galunggung, Wilis, Orba); planted according to farmer
method with dibble-sticks using farmer spacing of about 
25 cm x 17.5cm, 2 to 3 seeds per hole, and adding Curator 

mixed with cow manure to each seed hole at planting. 

Farmer added about 1 1/3 t/ha cow manure to farmer
 
practice treatments. All other inputs and practices deter-

mined and provided by farmer. 

Fieldmeasurement and layout: Completed September 26. 
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Technical Support To Research 
Networks: Y-700 

Thomas Jot Smyth 

Approach 
Many key components of soil-management options can 
now be transferred to national institutions for validation 
and extrapolation across the humid tropics. National 
institution involvement is important for several reasons: 1) 

available resources limit the extent to which TropSoils 
alone can systematically validate developed technology; 
2) if developed technology is to be used, informatica must 
be disseminated, and local soil-management expertise 
must be acquired; and 3) feedback to.TropSoils from its 
eventual users will enhance TropSoils' abidity to develop 
agronomically and economically sound soil-management 
practices through refinements or modifications of ongoing 
c-earch. 

Attempts to perform such technology transfer require a 
minimum level of on-site expertise in participating 
nationmal institutions and an organizational framework 
conducive to and supportive of systematic evaluations of 
their results. Research networks are an effective means for 

both tapping personnel resources and providing useful 
training to scientists in collaborating countries,

Throughout the humid tropics, several sil-manage-

ment networks at various stages of development are 

fostering technology transferral, validation, and extrapola-
tion with emphasis on specific research areas. ALatinAerianwtrompicas soilane research e tk 
(Ameica Stropa forR e en resacenSuelos 
(named RISTROP for Red de particianena 
Tropicaics) was developed by participants of a training 
workshop conducted by North Carolina State University at 
Yurimaguas during 1986. RISTROP now opcrates in eight 
Latin American countries with network experiments in 
low-input systems, mechanized continuous cropping, 
agroforestry, legume-based pastures, and paddy rice. 
Network coordination and tec'inical backstopping supportare rovied yNCU/Top~ols.research 
are provided by NCSUfTropSoils. 

The Tropical Soil Biology and Fertility (TSBF) 
network initiated the research phase after its third work-
shop, held in Yurimaguas during 1986. The TSBF network 
focuses on the role of soil biological processes in tropical 
soil fertility. The research program is based on four major 
themes: 1)synchrony of decomposition processes with 
plant growth demands, 2) soil organic-matter manage-
ment, 3) soil-water relations in natural and managed 
systems, and 4) socioeconomic characteristics of tradi-
tional and improved management systems. Research was 
initiated in late 1986 at program centers selected on the 
basis of their commitment to perform a set of measure-
ments by standardized procedures on natural and managed 
ecosystems. Current centers are in Australia, Cote 

d'Ivoire, Peru (Yurimaguas), Puerto Rico, Sri Lanka, 
Venezuela, Zimbabwe, Zambia, Malawi, Uganda, 
Rwanda, Tanzania, and Kenya. 

Since its creation :n 1983, the International Board for 
Soil Research and Maragement, Inc. (IBSRAM) has 
sought to promote the development and utilization of 
sustainable soil-management technologies in developing 
countries as a means of removing constraints to food 
production. IBSRAM's emphasis on acid tropical soils is a 
result of their large geographical concentration in the 
humid tropics and savannas of the least-developed 
countries. After several workshops and regional meetings 
on acid soils in Latin America, Africa, and Asia, regional 
research networks were developed among countries in 
Africa and Asia. Two types of network studies have been 
developed: core experiments, designed to compare 
alternative management options for acid tropical soils; and 
component research projects, focusing on liming, 
germiplasm screening for soil constraints, residual fertil
izer-P effects, quality of organic inputs, and fertility 
capability classification. National cooperators in Africa 
have expressed concern for improving the tropical soil
management expertise of scientists who would conduct 
such investigations. Consequently, IBSRAM was encour
aged to develop training courses which would expose 
front-line scientists in participating African countries to 
recent research advances in the management of acid 
tropical soils. 

The goal of this project is to help transfer TropSoils' 
knowledge of acid soil management to national research 
institutions already participating in research networks in 
humid tropical regions. In so doing, the project makes the 
result of CRSP-sponsored research available to national
research institutions. The specific objectives are as 
follows: 1) to help personnel at network-collaborating 
national research institutions conduct, interpret, aid report 
user-oriented soil-management research; and 2) to system

v a g y 
atically validate and extrapolate available soil-manage
ment technologies to regions beyond Tropoils' primarysites. 

This project involves major institutional and financial 
collaboration. Supplementing Tropoils' CRSP input, the 
RRISTROP network is directly supported by national 

a yinstitutions and their donor agencies in 11 yLatin American 
countries, plus a grant for small activities from AID/S&T. 
TSBF activities were supported by various donors. The 
Yurimaguas African workshop, a joint effort of Tropoils, 
TSBF, ar.dIBSRAM, was supported primarily by a grant 
.r e R AM, w a t ort h ari atopp Sat 
from the Rockefeller Foundation to North Carolina State 
Uniert 

This report describes the activities in which NCSU 
prnlae lead rA iforti s 
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Summary of Results 
After four years of operation, the RISTROP network is
producing positive results and has expanded to 15 coun-
tries in Latin America. Site-specific adaptations in each 
country ensure the realistic transfer of technologies. 

The link between soil-management research in Africa 
and South America has effectively been established by the 
Yurimaguas African workshop and follow-up acivities. 
TSBF and IBSRAM have been established (with African 
scientists trained in Yuri.-naguas) in Zimbabwe, Zambia,
Madagascary, Uganda, Rwanda, Kenya, C6te d'lvoire, 
and Guinde. Continued participation of TropSoils person-
nel in the TSBF African network provides follow-up
advice and, in the case of Zimbabwe and Zambia, direct 
collaborative research, 

RISTROP Network Follow-up: Y-770 

Thomas Jot Smyth, N.C. State University 

RISTROP (Red de Investigaci6nde Suelos Tropicales) 
was created in 1986 by the 31 scientists from 15 national 
institutions in ten Latin American countries attending the 
soil-management workshop in Yurimaguas, Peru. The 
nemwork's primary objective is to help transfer and vali
date improved soil-management technologies throughout
tropical Latin America. Network collaborators obtain local 
support for their research, and NCSU provides the central 
coordination and technical backstopping. 

The locations of ongoing field experiments and the 
national institutions collaborating vith RISTROP are 
shown in Figure 1.The research topics and coilaborators 
for each experiment are enumerated in Table 1.Ongoing
network activities are based on the direct collaboration of 
27 scientists distributed among eight Latin American 
countries. Investigations include local evaluations of the 
Soil Fertility Capability Classification (FCC) system or
validation of technologies in five different soil-manage
ment options: low-input cropping with acid-tolerant 
species, mechanized continuous cropping, agroforestry, 
improved pastures, and paddy rice. 

Chemical surface-soil properties for the network sites 
are shown in Table 2. Annual rainfall varies from 1000 
mm in Danli to 5000 mm in Bolivia. Research sites 
include Entisols, Inceptisols, Ultisols, and Oxisols. Soil-

ICTA MRN/Ganaderia

3uatFmala Danli
 

Santiagoa.,. / Univ. Cent. Venezuela/ Llanos Centrales 

Univ. C. Rica 
Rio Frio 

UEPAE/EMBRAPA 
Manaus & Porto Velho

INlAA/Yurimaguas 

Pichis-Patcazu 

IBTA/Chapare 
La Jota & Chlpirirl 

Figure 1. Distribution of national Institutes and loca
tions actively collaborating Inthe RISTROP network In 
Latin America. 
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3. Outreach: Technical Support 

management options are being evaluated across a range of into basic, intermediate, and advanced research modules 
soil and climatic regimes. Evaluations of low-input corresponding to the different levels of knowledge at each 
cropping, for example, include ranges from 2 to 88% Al research site. Field experiments were designed to allow a 
saturation, 4 to 21 mg/L Modified Olsen P, and 175 to 450 systematic progression in research: selecting of adapted 
mg/kg sorbed P at solution P levels of 0.1 M CaCI2. tree species, managing pruning frequency, monitoring 
Comparisons of results for the rice-cowpea crop rotation tree-crop interactions, and monitoring soil-tree-crop 
among these sites should provide a good indication of the nutrient interactions. As a result of this meeting, agro
minimum fertilizer inputs required across a range of soil forestry trials compared biomass production, pruning 
acidity and P conditions. frequency, and the ability of locally selected and intro-

Once TropSoils' results clearly indicated that alley- duced legume tree species to survive. Network results will 
cropping systems in nutrient-poor Oxisols and Ultisols help validate existing technology and refine methodolo
would not succeed without the selection of acid-tolerant gies for evaluating alley-cropping practices. 
species, interested national institute scientists were invited Strong working linkages were established with CIM
to participate in a meeting to discuss future research plans. MYT's Central American network of Strategic Agronomic 
The Workshop for Alley-Cropping in Acid Soils was held Trials, coordinated by Dr. William Raun (CIMMYT
in December 1987 at Yurimaguas with support from IDRC Guatemala). Scientists from national institutes throughout 
(Canada). Sixteen scientists conducting agroforestry the region collaborate with CIMMYT in corn trials, which 
research in eight different locations in Latin America include investigations seeking I) to overcome P and S 
attended the seven-day workshop. Priorities were grouped constraints in soils derived from volcanic ash and 2) to 

Table 1. Distribution by country, Institution, and research topic of scientists collaborating In the RIS-

TROP network. 

Country Institution Research topic Collaborator 

Bolivia IBTA/Chapare Low input &Agroforesty Ing. Jorge Aldunate 
Ing. Raul Mejia
Ing. Roberto Delgadillo 

Improve Pastures Ing. Franklin Lastra 
Ing. Armando Ferrufino 

FCC System Dr. Alfredo Alvarado 
Brazil EMBRAPA/Manaus Paddy Rice Ing. Manoel Cravo 

EMBRAPA/Porto Velho Low input Dr. Nelson Sampaio 
Ing. Haroldo Duarte 

Agroforestry Ing. Marilia Locatelli 

Costa Rica Univ. Costa Rica Low Input Ing. Florla Bertsch 
Guatemala ICTA & CIMMYT Continuous Cropping Ing. Rosa M.Mayorga 

Ing. Francisco Olivet 
Dr. William Raun 

Honduras Ministerlo de 
Recursos Naturales Improved Pastures Ing. Jorge Rivera 

Ing. Conrado Burgos
Dr. Linus Wege 

FCC System Dr. Manuel Zantua 
Ing. Roque Morris 

Panama IDIAP & CIMMYT Continuous Cropping Ing. Benjamin Name 
Dr. William Raun 

FCC System Ing. Santander Jaramillo 

Peru INIAA Low Input Ing. Luis z0iga 
Ing. Rafael Chumbimune 
Dr. Julio Alegre 

Venezuela Univ. Central de Paddy Rice Dr. Melinton Adams 
Venezuela/Maracay Continuous Cropping Dr. Eduardo Cassanova 

Ing. Pedrc 3olorzano 
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develop management practices for rotating legume cover among the networks in Central America has increased the 
crops with com. NCSU has collaborated in planning the accessibility of 'oth RISTROP and CIMMYT expertise to
studies and analyzing the soil. Coordination of activities national institute collaborators in Central America. 

Table 2. Selected surface soil properties for RISTROP sites. 

Extractable PNetwork - Exchangeable- Eff. Al Sorbed Org.Country Location trials pH Ca Mg K CAl CEC sat. Melich Olsen P 

cmol/L % - mg/L - mg/kg % 
Bolivia Chipiriri 3 4.5 1.52 0.23 0.19 2.7 4.64 58 9 10 150 1.00

La Jota 1 & 2 4.5 1.51 0.50 0.22 3.3 5.53 60 14 21 450 2.00 

Brazil Manaus 5 5.8 11.40 2.30 0.27 0.2 14.17 1 118 -  1.00
P. Velho 1 3.8 0.13 0.11 0.08 2.4 2.72 88 6 10 375 2.09

2 4.5 0.38 0.12 0.11 1.7 2.31 74 3 -  -

Costa Rica Rio Frio 1 5.:? 7.66 1.52 0.29 0.2 9.67 2 2 4 - 4.61 

Guatemala Cristina 1 5.2 1.33 0.43 0.28 0.8 2.84 28 9 6 175 1.37 

Honduras Danli 3 5.5 6.03 1.83 0.32 0.2 8.38 2 -- 4 - 2.85 

Panama Calabacito 4 4.5 1.90 0.32 0.10 5.1 7.42 69 2 3 350 1.10 

Peru Pichis 1 4.3 0.29 0.23 0.12 9.9 10.54 94  5 - 1.78
Yurimaguas 1 4.4 0.56 0.23 0.08 0.8 1.67 48 6 7 175 1.08 

1 = Low Input, 2 =Agroforestry, 3 = Improved pastures, 4 = Continuous cropping, 5 = Paddy rice. 
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3. Outreach: Technical Support 

Yurimaguas African Workshop: Y-771 

ThonasJot Smyth, N.C. State University 

The commonality in soil resources vind soil constraints 
between the humid and subhumid tropics of Africa and 
South America is evident from glancing at maps of both 
continents. Key questions on how to provide alternatives 
to slash-and-burn agriculture and how to develop sustain-
able low-input systems on soils low in native fertility are 
common to both continents. Many African visitors to 
research sites in Latin America consider the work highly 
relevant to African conditions. 

From August 28 to September 11, 1988, 24 scientists 
from 16 African countries participated in the Workshop on 
Acid -opical Soils Management and Land Development 
PracticLs in Yurimaguas, Peru. Countries and institutions 
represented at the workshop are shown in Figure 1. 
Workshop participants are listed in Table 1.The workshop 
was organized and conducted by INIAA, IBSRAM, and 
NCSU. Support came from the Rockefeller Foundation, 
IRDC (Canada), the German Ministry for Economic 
Cooperation, U.S. AID, TropSoils, and TSBF. The 
workshop's objectives were 1) to acquaint African 
scientists with the most recent techniques in acid tropical 

Secret. Recherche 
Scientiflque/Conakry 

IDESSAtBouke 
Univ. Cape Coast/Cape CoastORSTO.....e
ORSTOM/LI-orneY' 

CENAP/Cotolou 

Univ. NigemraNsua

Univ. Ife/Ife
Univ. Ibadan/ibadan 
IRA -CNSiaounde 
DGST -ORSTOM/Brazzaville 
Mt. Makulu Res, StnJChianga
Misamfu Res. t./Kasama-
Soil Productivity Res. Lab./Marondera 

soils management, 2) to foster the exchange of soil
management technologies between South America and 
Africa, and 3) to help IBSRAM-network participants 
implement experiments to be conducted by their national 
institutions. 

The workshop staff of 25 scientists combined a broad 
range of theoretical and practical experience. They 
included 10 professors from NCSU, Cornell, Texas A&M, 
and the University of Hawaii; two IBSRAM coordinators; 
10 INIAA scientists; and four NCSU graduate students 
conducting their thesis research in Yurimaguas. 

The workshop program, patterned after the 1986 Latin 
American workshop that launched the RISTROP network, 
consisted of a mixture of lectures, field and laboratory 
exercises, computer work, and group discussions. Partici
pants were updated on the basic concepts of, and provided 
hands-on training in, field and laboratory techniques for 
soil classification, physics, chemistry, fertility, biology, 
and experimental design. Extensive coverage was also 
given to sustainable soil-management options for the 
humid tropics, including low-input cropping, paddy rice, 
continuous mechanized cultivation, legume-based pas
tures, and agroforestry. 

Workshop evaluations by participants emphasized 1) 
the value of being exposed to simple, but scientifically 

Makerere Univ./Kampala 

Nat. Agdc. Lab./Nalrobi 
Univ. Nat. Rwanda/Butare
Univ. Arkansas/Kigali 
ISABU/Bujumbura 

INIA/Maputo
 

Figure 1. Distribution of primary research locations and national research Institu
tions InAfrica represented at the Yurimaguas workshop InSeptmeber 1988. 
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ound, field and laboratory methods; 2) the need for long-
,rm research plots to evaluate sustainability; and 3) the 
inportance of an integrated multidisciplinary approach to 
olving the soil-management problems of relatively 

isolated locations with limited budgets. Exposing African 
scientists to long-term research on tropical soils in South 
America was perceived by all as an effective way to 
transfer technology. 

Table 1. Participants Inthe Yurlmaguas African Workshop. 

Country Participants 

Benin Attanda M. Igue 

Burundi Christine Kibiriti 
Yves B. Goblet 

Cameroon Onguene Mala 

Central African Damegaza, Edouard David 
Republic 

Congo Blyse Nyete 

C6te d'lvoire Assemian S. Aman 
Gballou R. Yoro 

Ghana Daniel L. Lamptey 

Guin6e Ibrahim T. Diallo 

Kenya Frederick N. Muchena 

Mozambique C~ndida Xavier 

Nigeria Nnameka N.Agbim 
Olubunni A. Obi 
John A.I. Omueti 

Rwand Aloys Muhawenimana 

Charles F. Yamoah 

Togo Kodjo S. Wouru 

Uganda Julius Y.K. Zake 

Zambia Benson H. Chishala 
Masauso K. Sakala 

Zimbabwe Linus Mukurumbira 

Institution 

Centre National d'Agro-Pedologle 

Institut des Sciences Agronomiques
 
Universit6 de Burundi
 

Centre National de Sols, Yaounde
 

Bureau National de la Pedologie
 

DGRST/ORSTOM, Brazaville 

Institut des Savannes, Bouak6 
ORSTOM/IIRSD, Abidjan
 

University of Cape Coast
 

Secretaire de la Recherche Scientifique
 

National Agricultural Laboratories 

Instituto Nacional de Investigacao 
Agron6mica 

University of Nsukka 
University of Ife 
University of Ibadan 
Universit6 Nationale du Rwanda 
Farming Systems Project, USAID/Kigall 

ORSTOM, Lom6 

Mekerere University 

Mt. Makulu Station, Chilanga 
Misamfu Research Station, Kasama 

Soil Productivity Research Lab., Marondera 
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Personnel 

Cornell University 

David Bouldin, Professor, Cornell University Jose da Silva Madeira Neto, Researcher, Nat. Res.,
Walter Bowen, Sr. Research Associate, Cornell University CPAC/EMBRAPA
Ray Bryant, Associate Professor, Cornell University 
John Duxbury, Professor, Cornell University 
Stuart Klausner, Sr. Ext. Associate, Cornell University
Douglas Lathwell, Professor, Cornell University 
Murray McBride, Professor, Cornell University
Shaw Reid, Professor, Cornell University 
Susan Riha, Associate Professor, Cornell University
Eric Stoner, Sr. Research Associate, Cornell University 
R. J. Wagenet, Professor and Chair, Cornell University
Airton dos Santos Alonco, Researcher, Ag. Eng., 

CPAC/EMBRAPA 
Mannoel Cravo, Researcher, Soil Fertility, UEPAE/ 

EMBRAPA 
Elias de Freitas, Jr.,Researcher, Soil Physics, CPAC/ 

EMBRAPA 
Pedro Jaime de Carvalho Genu, Administrative Dir., 

CPAC/EMBRAPA 
Wenceslau J.Goedert, Chief, CPAC/EMBRAPA 
Euclides Kornelius,Technical Dir., CPAC/EMBRAPA 
Edson Lobato, Researcher, Soil Fertility, 

CPAC/EMBRAPA 
Ariovaldo Luchiari, Jr., Researcher, Env. Biophysics, 

CPAC/EMBRAPA 
Jimal Macedo, Researcher, Soil Genesis, 

CPAC/EMBRAPA 
Leo Nobre de Miranda, Researcher, Soil Fertility, 

CPAC/EMBRAPA 

Jciao Pereira, Researcher, Soil Conser., CPAC/EMBRAPA 
Jose Roberto Rodrigues Peres, Researcher, Technical Dir. 

& Chief, CPAC/EMBRAPA 
Dimas Vital Siqueira Resck, Researcher, Soil Physics, 

CPAC/EMBRAPA 
Carlos Magno Campos da Rocha, Chief, 

CPAC/EMBRAPA 
Gustavo Costa Rodrigues, Researcher, Plant Physiology, 

CPAC/EMBRAPA 
Jose Euripedes da Silva, Administrative Dir., CPAC/ 

EMBRAPA 
Djalma Martinhao Gomes de Sousa, Researcher, Soil 

Chemistry, CPAC/EMBRAPA 
Allert Rosa Suhet, Researcher & Technical Dir., 

CPAC/EMBRAPA 

Graduate Students 
Imo Buttler 
Mike Cahn 
Robert Carsky 
Francisco Costa 
Jean Fruci 
Ariovaldo Luchiari, Jr. 
Eugenio Marcano-Martinez 
Beverly McIntyre 
Peter Motavalli 
Deanna Osmond 
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Personnel
 

University of Hawaii 

A. Sofyan, Center for Soil and Agroclimate Research B.Rusman, Padjadjaran University 
Lalit Arya, University of Hawaii V. Sigman, University of Hawaii 
R. Caldwell, University of Hawaii 	 M. R. Smith, University of Hawaii 
T. Dierolf, University of Hawaii 	 H. Suwardjo, Center for Soil and Agroclimate Research 
S. A. EI-Swaify, University of Hawaii 	 G. Uchara, University of Hawaii 
J.Fownes, University of Hawaii 	 Yunizar, Sukarami Agricultural Research Institute for 
I Putu Gedjer Widjaja-Adhi, Center for Soil and Food Crops 

Agroclimate Research Russell Yost, University of Hawaii 
N. Habte, University of Hawaii 
Nguyen 	Hue, University of Hawaii, Center for Soil and Graduate Students 

Agroclimate Research Name Degree Institute Year 
A. Istiqlal, Center for Soil and Agroclimate Research Carl Evensen Ph.D. Univ. of Hawaii 1989 
Iswandi, 	Sukarami Agricultural Research Institute for James Hansen M.S. Univ. of Hawaii 1989 

Food Crops Bujung Rusman Ph.D. Padjadjaran Univ. 1990 
S. Itoga, University of Hawaii 	 Kasli Ph.D. Padjadjaran Univ. 1991 
Z. Li, University of Hawaii 
M. Oka, Sukarami Agricultural Research Institute for 

Food Crops 

North Carolina State University 

Faculty Juan C. Palma Soil & Plant Analysis 
Robert H. Miller* Department Head Laboratory,Yurimaguas 
Eugene J. Kamprath Department Head Graciela del Aguila* Bilingual Secretary, 
Pedro A. Sanchez Program Coordinator Yurimaguas 
Dale E.Bandy Chief, NCSU Mission to Peru Trinidad Trigoso Bilingual Secretary, 
T. Jot Smyth Assist. Professor of Tropical 	 Yurimaguas 

Soils 
Lawrence T. Szott Project Leader, Yurimaguas Graduate Students 
Julio C. Alegre Assist. Professor of Soil, Miguel A. Ara 

Physics, Yurimaguas Miguel A. Ayarza 
Dennis del Castillo* Project Leader, Pichis Palcazu Dan W. Gill 
Stanley W. Buol Prof. of Soil Genesis and Ricardo J. Melgar 

Classification 	 Helmut Elsenbeer 
D. Keith Cassel Prof. of Soil Physics Jos6 R. Davelouis 
Fred R. Cox Prof. of Soil Fertility Cheryl A. Palm 
Charles B. Davey Prof. of Forestry and Soil Erick C. M. Fernandes 

Science Carlos E. Castilla 
Kenneth Retegui* Research Associate, Pichis Christopher W. Smith 

Palcazu Hardjosubroto Subagjo 
Eduardo Uribe 

Staff Jonathan Hooper 
Bertha I. Monar Program Administrator Marisa R. Fontes 
Milagro M. Rumble Bilingual Secretary Brett Groshgal 
Mariela Gonzalez Administrative Assistant, Lima Michel Beck 

Office Kande Matungulu 
Marcia Lieber Research Technician Funakoshi Muamba 
Tonya K. Forbes* Research Technician Joachim Nurwakera 
Olinda Ayre* Soil Analysis Laboratory, *Resigned during the year. 

Yurimaguas 
Rafael Romfn* Plant Analysis Laboratory, 

Yurimaguas 
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Instituto Nacional de Investigaci6n Agropecuaria y
Agroindustrial (INIAA), Peru 

Lander Pacora 

Julio Benavides 

Angel Salazar 

Jorge M. P6rez 

Pedro 0. Ruiz 


Luis A. Ardvalo 
Beto Pashanasi 
Miguel Bustamante 
Daysi Lara 
Cdsar Tepe 

Alfredo Racchumf 

Jonathan L6pez 

Mercedes Escobar* 

Principal Investigators 
Ed C. A. Runge 

Anthony S.R. Juo 


Program Managers 
R. Puentes 
R. Schwartz 

Senior Scientists 
L. Hossner 
R. Lascano 
A. Manu 
A. Onken 
N. Persuad 
T. Thurow 
C. Wendt 
L. Wilding 

Junior Scientists 
S. Geiger
I. Mahaman 
A. Pfordresher 
A. Foumakoye 
A. Bationo 
Z. Kouyate 

Head of INIAA (and TropSoils 
Board Member) 
Director, Yurimaguas Station 
Agroforestry, Yurimaguas 
Agroforestry, Yurimaguas 
Mycorrhiza specialist, 
Yurimaguas 
Agroforestry, Yurimaguas 
Soil zoology, Yurimaguas 
Trainir.g officer, Yurimaguas 
Pastures specialist, Yurimaguas 
Paddy rice specialist, 
Yurimaguas 
Upland rice specialist, 
Yurimaguas 
Corn and sorghum specialist, 
Yurimaguas
Economist, Yurimaguas 

Wilfredo Guill6n 

Juan Lermo 

R. Ruiz 

G. Cantera 

E. Acufla 

Grain legumes specialist, 
Yurimaguas 
Agronomist, Proyecto Especial 
Pichis Palcazu, Puerto 
B6rmudez 
Pastures Specialist, Proyecto 
Especial Pichis Palcazu, Puerto 
B6rmudez 
Pastures Specialist, Proyecto 
Especial Pichis Palcazu, Puerto 
Bdrmudez 
Pastures Specialist, Proyecto 
Especial Pichis Palcazu, Puerto 
B6rmudez 

Empresa Brasileira de Pesquisa Agropecuiria 
(EMBRAPA), Brazil 

Erci de Moraes Chief, UEPAE de Manaus 
Station 
Stati 

Manoel S. Cravo Soil fertility specialit, Manaus 

*Resigned during the year. 

Texas A&M University 

M. Saadou 
F. Bedari 
B. Idrissa 
S.Moussa 
M. Doumbia 
M. Ouattara 
L. Drees 
J. Gardiner 
J. Davis-Carter 
C. Zaongo 
M. Gandah 
A. Sow 
K. Grahammer 
J. Takow 
J.Heil 
C. Coulombe 
M. Thompson 

M. Bachir 
W. Payne 

Clerical and Support Staff 
C. Clement 
K. Ferrari 
P. King 

351
 



Publications
 
Graduate student theses completed: 

Ayarza, M. A. 1988. Potassium dynamics in a humid 
tropical pasture in the Peruvian Amazon. Ph.D. disserta-
tion, North Carolina State University, Raleigh, N.C. 

Buttler, Imo. 1989. Predicting water constraints to 
productivity of corn using plant-environmental simulation 
models. Ph.D. dissertation, Cornell University, Ithaca, 
N.Y. 

Carsky, Robert James. 1989. Estimating availability of 

nitrogen from green manure to subsequent maize crops

using a buried bag technique. Ph.D. dissertation, Cornell 

University, Ithaca, N.Y. 


Costa, F. J. 1988. Evaluation of the nitrogen supplying 
potential of legumes placed on the surface or incorporated
in a Brazilian Oxisol. M.S. thesis, Cornell University,
Ithaca, N.Y. 

Davis-Carter, Jessica Gwyn. 1989. Influence of spatial

variability of soil physical and chemical properties on the 

rooting patterns of pearl millet and sorghum. Ph.D. 

dissertation, Texas A&M University, College Station,

Texas. 


Elsenbeer, Helmut. 1989. Hillslope hydrological processes 

and their controls in a tropical rainforest environment. 

Ph.D. dissertation, North Carolina State University,

Raleigh, N.C. 


Evenson, Carl 1.1989. Alley cropping and green manuring 
for upland crop production in West Sumatra. Ph.D. 
dissertation, University of Hawaii, Honolulu, Hawaii.
Fontes, Mauricio Paulo Ferreira. 1988. Iron oxide mineral-
ogy of some Brazilian Oxisols. Ph.D. dissertation, North 
Carolina State University, Raleigh, N.C. 

Gandah, Mamadou. 1988. Response of pearl millet 
[Pennisetum americanumL. (K. Schum)] to soil moisture 
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in one agroclimatological zone of Niger West Africa. M.S. 
,thesis, Texas A&M University, College Station, Texas. 

Hansen, James W. 1989. Influence of decomposing
organic materials on soil solution aluminum activity and 
phytotoxicity. M.S. thesis, University of Hawaii, Hon
olulu, Hawaii. 

Kasli. 1991. Pertumbuhan dan hasil tanaman kacang hijau 
no. 129 pada tanah Podsolik Merah Kuning (Ultisol) 
Sitiung Yang diberi pupiik organik dan rapur (Growth and 
yield of mungbean no. 129 on Sitiung Red Yellow 
Podzolic soil (Ultisol) as affected by organic fertilizer and 
lime application). Ph.D. dissertation, Universitas Padjad
jaran, Bandung, Indonesia. 

Luchiari, Ariovaldo. 1988. Measurements and predictions 
of evapotranspiration rates from irrigated wheat in the 
Cerrados region of central Brazil. Ph.D. dissertation, 
Cornell University, Ithaca, N.Y. 

Melgar, R. J. 1989. Nitrogen utilization by annual crops in 
the central Amazon. Ph.D. dissertation, North Carolina 
State University, Raleigh, N.C. 

Motavalli, Peter. 1989. The effe,,- of inorganic and
 
organic amendments on sulfur a. ,%lability to maize in an

Oxisol of Brazil. Ph.D. dissertation, Cornell University,
 
Ithaca, N.Y.
 

Nagachie, V. 1988. Comparison of magnesium sources 
and relationships between soil acidity estimates among
lime trials in North Carolina. M.S. thesis, North Carolina 
State University, Raleigh, N.C. 

Palm, Cheryl A. 1988. Mulch quality and nitrogen 
dynamics in an alley-cropping system in the Peruvian 
Amazon. Ph.D. dissertation, North Carolina State Univer
sity, Raleigh, N.C. 



Publications 

Pfordresher, Anne A. 1988. Evaluation of vegetative cover 
on reclaimed land by color infrared videography relative 
to soil properties. M.S. thesis, Texas A&M University, 
College Station, Texas. 

Rusman, B. 1990. Perbaikan beberapa sifat kimia dan 
kandungan air tanah Podsolik Merah Kuning Sitiung 
dengan pemberian kapur padla berbagai kedalaran serta 
efeknya terhadap perakaran dan hasil jagung (Improve-
ments in soil chemical properties and soil water condition 
in a Red Yellow Podzolic Soil in Sitiung from liming to 
various depths, and their effects on root growth and yield 
of corn). Ph.D. dissertation, Universitas Padjadjaran, 
Bandung, Indonesia. 

Smith, Christopher, Ward. 1989. The fertility capability 
classification system (FCC)-third approximation: A tech-
nical soil classification system relating pedon characteri-
zation data and inherent fertility characteristics. Ph.D. 
dissertation, North Carolina State University, Raleigh, 
N.C. 

Subagjo, Hardjosubroto. 1988. Volcanic ash influence and 
characterization on the eastern plains of the Barisan range 
between Sitiung-Kotabaru and Bangko, Sumatra. Ph.D. 
dissertation, North Carolina State University, Raleigh, 
N.C. 

Uribe, E. 1989. Potassium dynamics and management in a 
humid tropical Ultisol under low- and high-i-lput cropping 
systems. Ph.D. dissertation, North Carolina State Univer
sity, Raleigh, N.C. 

Zaongo, Christophe Guy Ludouic. 1988. Contour strip 
rainfall harvesting for cereals production on sandy soil in 
Niger (West Africa). M.S. thesis, Texas A&M University, 
College Station, Texas. 

Publications in serial journals, technical bulle
tins, monographs, and workshop proceedings: 

Alegre, J. C., D. K. Cassel, and D. E. Bandy. 1988. Effect 
of land clearing method on chemical properties of an 
Ultisol in the Amazon. Soil Sci. Soc. Am. J. 52:1283-1288. 
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