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PREFACE

TropSoils’ goal is to develop and adopt improved soil-management technology that will reduce con-
straints to plant growth, and to ensure that this technology is agroromically, economically and ecological-
ly sound for developing countries in the tropics. Because it is impractical to do this in every tropical
nation or region at once, the program has situated and developed its research projects in a way that
makes their results applicable over broad areas having similar soils and environments. These areas,
or “‘agro-ccological zones,” are the basic units of TropSoils™ organization.

This document reports the progress of TropSoils research in three agro-ecological zones: the humid
tropics, the acid savannas and the semiarid tropics. Each parcicipating university has taken a lead role
in one of these zones. For more information about any of the projects covered in this report, contact
the Management Entity or one of the program coordinators listed below.

Program Coordinators

Pedro A. Sanchez Lloyd Hossner

Soil Science Department Dept. of Soil and Crop Science
Box 7619, N.C. State University Texas A&M University

Raleigh, NC 27650-7619 College Station, TX 77843
Goro Uchara Douglas Lathwell

Dept. of Agronomy & Soil Science Department of Agronomy
University of Hawaii Cornell University

Honolulu, HI 95822 Ithaca, NY 14853
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Humip Trorics
NoORTH CAROLINA STATE UNIVERSITY

Tradivional shifting cultivation with slash-and-burn clearing has been singled out as a major con-
tributor to deforestation. This deforestation has raised concern world-wide over the prospect of economic
and ecological disaster in the tropics. The pressure for new clearing arrises in part from the nature
of tropical-rainforest soils, which are typically acid and infertile. Lacking the capital and technology
to overcome these soil constraints, shifting cultivators slash and burn the forest, raise one or two marginal
crops in its fertile ash, then move on to clear a new field. Many hectares of cleared land are abandon-
ed after only one or two years of usc.

The objective of North Carolina State University's TropSoils program in the humid tropics is to
develop and rransfer, together with national institutions and other universitics, improved soil-management
technologies that are agronomically, economically and ccologically sound for productive and sustain-
ed farming systems in the humid tropics and acid savannas. The program has been rooted in the premise
that a stable, productive agriculture 1s the best means for conserving tropical forests and improving
the living standard of farm families in developing countries. The emphasis in on relieving the pressure
for new clearing by increasing and stabilizing the production of lands alrcady cleared.

Rather than advocate a single solution for the humid tropics, the program seeks to provide a series
of management options to farmers in the process of transition from shifting cultivation to settled
agriculture. These management options cover the principal soils, landscape positions and levels of in-
frastructure development in the humid tropics, and include low-input cropping, continuous cultiva-
tion, agroforestry, legume-based pastures, paddy-rice production, and reclamation of humid tropical
steeplands.

The program’s primary rescarch sice is the Yurimaguas Experiment Station in Yurimaguas, Peru.
Research is also conducted in Indonesia (supporting TropSoils work in the Sitiung transmigration
settlements); at Manaus, Brazil; in the Cerrado of Brazil; and at Pucallpa and Pichis-Palcazu, in the
Selva of Peru. These sites represent a range of environments. Soils and climate ac Manaus, for exam-
ple, are intermediate to Yurimaguas (loamy Ultisols and a weak dry season) and the Cerrado (clayey
Ouisols with the strong dry scason). Pichis-Palcazu has a perudic soil-moisture regime (3400 mm rain-
fall, Ultisols and Dystropeprs), and Pucallpa a ncar-ustic regime (1500 mm). Technologies showing
protaise at one site are tested and adapred at others, and arc introduced to other countries through
a research network, so as to improve the transfer and application of results.

Some of the work reported here is complete; some is only beginning to produce results. While
the research is presented as individual projects, most projects were conceived as parts of broader in-
vestigations supported by many collaborating scientists and institutions sharing a common goal: to
increase food production while conserving natural resources in developing countries in the tropics.
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Low-INnpuT CROPPING SYSTEMS

Because it is unlikely that many farmers in the humid tropics can abruptly switch from traditional
shifting cultivation to a fertilizer-based agriculture with continuous cropping, an intermediate system
of low-cost, *‘low-input” technologies might be useful as a transitional agriculture that could produce
ample food while reducing the need to clear more forest land. The emphasis of this low-input ap-
proach is on adapting plants to the soil, rather than correcting soil constraints to meet the plants’
needs.

Previous research and interviews with farmers have led to an experimental low-input system largely
based on traditional tarming practices, with innovations introduced in stages. The strategy developed
at Yurimaguas includes slash-and-burn clearing, aluminum-tolerant cultivars, a rotation of upland rice
and cowpeas, zero or minimum tillage, chemical weed control, modest rates of fertilizers, and crop-
residue management. As soil fertility and crop yields decline with time, the system would shift to
such options a. continuous cropping, pastures, tree crops or marnaged fallows.

The low-input system is considered transitory, but has remained productive considerably longer
than expected. In the central experiment, seven continuous crops in three years have yielded a total
of 13.8 t/ha of rice and cowpea grain, without application of lime or fertilizers in a soil with pH
4.4 and 68% Al saturation. Studics presented here indicate that soil fertility is not the major con-
straint in this system, as crop yields remain high with only small amounts of phosphorus and potassium
after the second year.

As predicted by farmers during the interviews, weeds are a primary constraint to sustained produc-
tion. Results are not yert available from a study of weed control in low-input systems, but preliminary
observations suggest that, without tillage, weeds will limit the system'’s useful life to about six crop
cycles. Research is planned to develop practical weed-control strategies that will prolong the produc-
tivity of the low-input system and increase its appeal as a soil-management option in the humid tropics.
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Low-Ivputr CroPPING

Central Low-Input Experiment

José R. Benites, N.C. State University
Marco A. Nurena, INIPA
Pedro A. Sanchez, N.C. State University

A central experiment was established at Yurimaguas,
Peru, to determine the potential of a low-input, crop-
production system based on a rotation of upland rice
and cow peas, and to determine how long the system
might remain productive. A one-heetare plot of a ten-
year-old sccondary forest fallow was cleared by slash
and burn in ]ulv 1982, In /\ugust, a stud\ was
established consisting of upland rice and cow pea with
twe o catments: one-half hectare fertilized at the rate
of 30 kg N, 22 kg P and 48 kg K/ha per rice crop,
beginning with the second rice crop, and the other
half-hectare not fertilized. The traditional upland rice

Table 1. Productivity of a low input system during the first 34

months.
Planting Grain Yields
Crop and Cultivar Date ot Fertilized Fertilized*
Month t/ha
Rice, Carolino Sept. 82 24 2.4
Rice, Africano Feb. 83 3.0 3.1
Cowpea, Vita 7 Sept. 83 1.1 1.2
Rice, Africano Dec. 63 2.8 3.2
Cowpea, Vita 7 May 84 1.2 0.9
Rice, Africano Sept. 84 1.8 2.0
Rice, Africano Feb. 85 1.5 25
Total 34 Months 13.8 156.3

* 30 kg N/ha, 22 kg P/ha, 48 kg K/ha to Aficano rice crops.

variety was sown with a plannng stick (tacarpo) at the
wide spacing common to the region; a post-emergence
herbicide was used to control broad-leaf weeds. After
the first rice harvest, at the time farmers typically aban-
don the field, several practices were introduced:

1. All the rice straw was cut and spread evenly.

“Africano Desconocido,” an acid-tolerant, im-

proved rice cultivar, was planted with tacarpo at 30
X 5O ¢m spacing.

3. Rice was followed by an acid-tolerant cowpea
{culuvar Vita 6 or Vita 7), also planted with tacarpo.

+. Afeer threshing, all the rice straw or cowpea stover
was spread evenly on the ficld.

§. The rotation continued for 34 months, fertiliz-
ing only the rice crops in the fertilization treatment.

6. Pre- -plant application of 2-4 D (1.5 L/ha) and

Paraquat (2.5 L/ha) were used for weed control.

Crop Yields

Yields of both rice and cowpea were high. Table
1 shows the yields of seven continuous crops harvested
within three years after the experiment began. A total
of 13.8 t/ha of rice and cowpea grain was produced
during this period without any addition of fertilizer
or lime. These results contrast slmrplv with those from
the continuous-cropping system, in which yields ap-
proached zero without fertilizers within a year. The
use of Al-tolerant cultivars, maximum residue return
and zero tillage are helieved to be responsible for this
difference. The first six rice crops showed no response
to the fertilizers applied. A sharp yield response to fer-
tilizer was ohserved in the seventh crop, indicating a
fertility decline in the check plots, and modest NPK
applications became important at the end of the third
yedr.

Table 2. Topsoil (0-15cm) fertility dynamics within the first 34 months of the low input cropping system at

Yurimaguas.

Months after Exchangeable Al Avail.

Clearing Fertilized? pH Al Ca Mg K ECEC Sat. P oM
cmollL____ % mg/kg %
3 No 4.4 1.10 0.30 0.09 013 1.62 68 20 2.12
14 No 4.6 1.46 0.92 0.28 0.19 2.85 51 13 2.0
Yes 4.7 1.14 0.97 0.27 0.19 2.58 45 18 2.07
34 No 4.6 1.65 1.00 0.23 0.10 2.99 53 5 1.92
Yes 4.6 1.23 1.16 0.20 016 2.76 44 16 1.77

CV%:2 6 46 46 41 43 9 37 39 20
LSD.052 0.1 0.25 0.17 0.04 0.03 0.20 7 2 0.15

1 Cumulative amount over 34 months: 120 kg N/ha, 88 kg P/ha as OSP, 192 kg/ha as KCl.
2 Comparisons do not include sampling at three months after clearing.



Soil Properties

Topsoil chemical properties (Table 2) improved dur-
ing the period three to 14 months after clearing, in
response to the fertilizer value of the ash, which in-
creased the base status. From 14 to 34 months, there
was hitde change in pH. organic matter and ex-
changeable bases, and a more favorable Al saturation
level was maintained. It is noteworthy that soil organic
matter decreased only shightly, a Shdlp contrast to the
25% decrease observed in similar soils under a
continuous-cropping system. Apparently this was duce
to the residue return and absence of tillage.

The check plots showed a pattern of dulmmg soil
ferality less drastic than results from continuous-
cultivation experiments. Available P and exchangeable
K decreased below the critical levels (12 ppm for P
and 0.15 cmol/L for K). The small P and K additions
in the fertilized treatment were apparently sutficient
to oftset this decrease.

Conclusions

It scems reasonable to assume that this low- -input
system could be sustained l)y modest fertilizer applica-
tions. The crucial limiting factor is a gradual buildup
of grassy weeds, particularly during the rice crops. The
cettect of fertilizer r application on weed growth does
not appear to be important. The studies on weed con-
trol for low-input systems show that much needs to
be learned about how tw control these weeds
cconomically by herbicides, and, as a consequence,
avoiding nlldgc does not help, cither. It is possible to
control the weeds with hand labor cconomically, or
with herbicides at a prohibitiv ely high cost. Conse-
qucntlv we have reached a crossroads in this transi-
tion technology. For the low-i -Input system to succeed,
effective and affordable weed control measures are
nceded to bridge the gap between year two and year
five.

Results are promising for the low-input strategy as
a transition from shifting agriculture to a more per-
manent system of management. With relativ cly sim-
ple practices farmers can grow seven Crops w here they
were able to grow only one. This system cannot be
considered stable at this time, and is viewed as a tran-
sition technology.

Low-Input CRrOPPING

Tillage-Phosphorus Interactions
Under Low-Input Croppirg Systems

Muwenja P. Gichuru, N.C. State University
Pedro A. Sanchez, N.C. State University

This experiment was begun in May 1982 to study
the management of phosphorus in the low-i -input crop-
pmg system  being developed on an Ultisol at
Yurimaguas, Peru. Its ol)]cm\ es were to study the ef-
fect of no-till versus rotovation on continuous cropp-
ing without liming, using acid-tolerant crops, and to
determine efficient rates and sources of phosphorus
for a rotation of acid-tolerant upland rice (Oryza sativa
I.) and cowpea (Vigna ngmculata)

Relevant soil chemical propcmcs at the initation
of the experiment are shown in Table 1. The main
plot treatments were tillage methods: 1) no-till, wirh
broadcast ferilizers, and 2) rotovation before cach crop,
with fertilizers broadeast and incorporated to a depth
ot about 8-10 cm. Subplot treatments were phosphorus
sources, ordinary  superphosphate and  Sechura
phosphate rock. The sub- -subplot treatments were 0,
25, 50, 100 and 200 kg P,0,/ha. C ‘rop residues were
left on the surface.

Tillage Effects

Figure 1 shows the influence of tillage on relative
vields of five consecutive crops (relative yield is a
pereentage of maximum absolute yield). T he first crop
produced significantly more grain in  rotovated
treatments compared with no-till plots. The better
growth in rotovated plots is probably due to improv-
cd soil physical properties and a better distribution of
nutrients trom the ash left by stash-and-burn.

The second and third crops” grain yields showed no
difterences due to tillage treatments. The advantage
of rotovation in terms of improved physical proper-
tics may have disappeared, probably due to constant
traffic durlng weeding and harvest. Rotovation follow-
ed by human tratfic is likely to result in greater soil
compaction and poorer crop performance, compared
with no-tll.

In the fourth and fifth crop dramatic yield reduc-
tions occured in rotovated treatments u)mpdr(d with
no-till plots. Rotovated treatments produced 80% and
76% relative yields, respectiv elv, in the fourth and fifth
harvests (Fy igure 1). The reason for this sudden negative
response  to tlll.q_,c ts not clear. Bulk density
measurements in the 0 to 7.5 ¢m depth, taken im-
mediately after harvesting the fifth crop, showed high



Low-Inputr CRrOPPING

% of Maximum Yield

Table 1. Relevant soil chemical properties at the initiation

of the tillage-phosphorus experiment.

Soil Exchangeable Etfective Al Avail P
Depth pH Acid Ca Mg K CEC Sat. (Mod. Olsen)
cm c mol/lL _ % mg/kg
0-15 4.5 1.9 1.3 04 0.15 3.7 53 14
15-30 4.3 3.9 0.5 0.1 0.1 4.6 84 4
30-45 4.3 4.1 0.4 0.1 0.09 4.7 88 3

bulk density values both in rotovated plots (1.46 g/cc)
and in no-till treatments (1.42 g/cc). These high values
are believed to be mainly due to human traffic.
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Figure 1. Relative yields of five consecutive crops as
influenced by tillage. Numbers in parenthesis at the
top are maximum yields in tons/ha, and numbers to

the right are average vields of five crops. R = rice;
C = cowpea.
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Figure 2. Relative yields of five consecutive crops as
influenced by phosphorus application. Numbers in
parenthesis are maximum yields in tons/ha, and
numbers to the right are P rates (kg P = 20 = 5/ha) and
average relative yields, respectively.

Phosphorus Effects

The grain yields ranged from a low of 1.41 t/ha
to a high of 3.26 t/ha among the five crops. However,
no significant differences were found between the
phosphorus sources in any of the crops. Thus,
phosphate rock was comparable to ordinary super-
phosphate in supplying P.

The data in Figure 2 show that, in general, only
the control produced less than 80% relative yield in
the first three consecutive harvests. The first P incre-
ment produced slightly over 80% while higher rates
generally produced over 90% relative viclds during
the same period. The absence of a strong P response
is believed to be due to the mitially favorable P status
i the soil, as shown i Table 1.

The fourth crop showed vigorous growth, probably
due to N fixed by the cowpea crop, but severe lodg-
ing occurea during the grain-fiiling stage. Al treatments
produced yields over 90% of the maximum yield, but
the grain quality was very poor; it had a high percen-
tage of half-filled grain because of the lodging. The
fifth harvest produced yields at least 80% of maximum,
with the 100 kg P,0¢/ha rate producing the max-
imum yield.

Conclusions

1 The eftect of tillage appears to follow a trend in
which: rotovation is superior to no tillage during the
first crop, about equal for the second and third crops,
and inferior during the fourth and fifth rice crops. A
combination of initial tillage followed by no-till ap-
pears advantageous, but firmer conclusions require ad-
ditional daca.

2. Rock phosphate at the rate of 50 kg P,O:/ha,
applied to the surface, was sufficient to produce 95%
of the maximum vields in the low-input system, bas-
ed on crop varicties highly tolerant to aluminum. A
total of 12.9 t/ha of rice and Cowpea grain was pro-
duced by five crops on an Ultisol with pH 4.5 and
no lime application.

3. The data show no significant interaction between
tillage and phosphorus.



Calcium and Magnesium Movement
In Low-Input Cropping Systems

Mwenja P. Gichuru, N.C. State University
Pedro A. Sanchez, N.C. State University
José R. Benites, N. C. State University

This experiment was initiated in May 1982 to studv
the eftect of small additions of dolomitic limestone or
gypsum on the downward movement of Ca and Mg
as part of the low-input, crop-production strategy under
development at Yurimaguas. A second objective was
to determine the etfect of tillage methods on the rates
at which these cations moved into the subsoil.

Main plot treatments were a combination of tillage
methods and nutrient ncorporation: 1) no-till and
broadeast tertlizers with no incorporation; 2) strip-
nillage, with fertilizers applied in strips 15 em wide
(about one-third the total area) and incorporated with
a hoe to a depth of approximately 8 to 10 em, and
3) rotovator tillage with fertilizers broadcast and in-
corporated to rotovator depth (about 8 to 10 cm).
Subplot treatment: were calcivm sources (dolomiric
hmestone and gypsum). Sul)-sul)pl()t treatments were
0, 33,100, 300 and 600 kg Ca/ha. Treatments with
gypsum as the Ca source were supplemented w': Mg
from MgSO, 7H,O in amounts cquivalent o that
supplied by dolomitic limestone. The crop rotation
was rice (Oryza sativa L), rice, cowpea (Vigna
unguiculata), rice, rice, cowpea.
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Exchangeable Ca

Strip-tillage resulted in higher inital fevels of ex-
changeable Ca in the topsoil because the calcium was
applied to about a third of the soil surface area, but
there were no significant rillage effects at other depths,
and the effeet on the topsoil had disappeared at twen-
ty months.

The pattern of exchangeable Ca distribution appears
nevertheless to be influenced by ullage treatments.
Generally, seven months after application, dolomitic
limestone resulted in significantly higher exchangeable
Ca in the topsolil compared with gypsum trearments.
The lower exchangeable Ca in the topsoil of gypsum-
treated plots was due to downward movement, as in-
dicated by higher exchangeable Ca at lower depths
compared with the check and dolomitic-limestone
treatments. Downward movement of Ca was more
pronounced when gyvpsum was incorporated than
when it was applied to the surface, as indicated by a
larger bulge at the 15 to 16 ¢m depth in both st'rip
tillage and rotovated treatments compared with no-
ull treatments (Figure 1).

The effect of gypsum on downward movement of
Ca was still measurable 20 months after application.
However, the exchangeable Ca bulge at the 15 to 45
em layer had slightly shrunk despite a substantial
deerease in exchangeable Ca in the above layers.

Slight increases in exchangeable Ca were found at
100 em, suggesting that some Ca from gvpsum had
moved beyond the sampled depth. The application of

Exchangeable Ca (cmol (p+) L)
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Figure 1. Exchangeable Ca as influenced by Ca source and rate under three tillage systems.
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Table 1. Exchangeable Mg as influenced by’ the npplication of dolomitic limestone and gypsum.

Calcium No—Till Strip—Till Rotovated
Applied Dolt Gyp? Dol Gyp Dol Gyp
kgCrina — ¢ mol/L
7 Months After Application
0 .21 .28 .27 .26 .22 .20
33 . 27 .25 .35 .29 .30 .20
100 31 A7 75 .23 .37 .39
300 .67 .23 1.03 .24 .55 .23
600 .56 12 .98 .16 .90 .18
Rate LSD (.05) .25 NS .45 NS 19 NS
Source LSD (.05) 0.09 0.14 0.08
20 Months After Application
0 .15 a7 .18 .20 .1 13
33 A7 15 19 .21 14 .10
100 A7 A7 47 .20 .20 .24
600 .58 .26 .97 41 .53 .29
Rate LSD (.05) 14 NS .25 .16 .10 11
Source LSD (0.05) 0.06 0.08 NS

' Dol = dolomitic limestone
2 Gyp = gypsum

300 kg Casha showed a similar trend (data not
presented here), but the magnitudes were smaller com-
pared with the application of 600 kg Ca/ha. An ex-
ception was observed in no-till treatments, where the
calcium bulge was comparable to that of the 600 kg
Ca/ha rate in the rotovated treatment.

Exchangeable Mg

Statistical analysis of exchangeable Mg data reveal-
ed that treatments had littde or no significant effect
below the O to 15 em layer. This was probably due
to the initial variability of exchangeable Mg in the soil
(coefficients of variation of 42, 87, 108, 55, 67 and
59% at increasing depth intervals, respectively). Ex-
changeable Mg status of the topsoil, however, was im-
proved by the application of dolomitic limestone (Table
D. But little or no change in exchangeable Mg oceured
in gypsum treatments after seven months, although
they had received supplemental Mg in equivalent
amounts supplied by dolomitic limestone. The high
solubility of the Mg source may have resulted in rapid
leaching heyond the sampled depth. A similar trend
was observed 13 months later, except that the highest
rates of gypsum produced some increase in ex-
changeable Mg. In these high rates of gypsum the sup-

plemental magnesium was split over the cropping cycles
and applicd at planting.

Conclusions

1. The applications of 300 or 600 kg Ca/ha as gyp-
sum restdted in substantial downward movement of
Ca in less than two years, whereas dolomitic limestone
application resulted in little or no change in ex-
changeable Ca below the O to 15 em depth. However,
it was difficult to detect the effect of rates lower than
300 kg Ca/ha, probably because of vartability in the
field, which had recently been cleared by slash and
burn.

2. Rovovation resulted in greater and more uniform
downward movement of Ca, compared with surface
application.

3. Gypsum application will result in subsoil enrich-
ment with Ca in a short time.

4. The data from this experiment suggest that, 20
months after application, some Ca had moved
downward beyond the sampling depth.

Results of this study indicate that relatively low rates
of gypsum can promote a significant movement of
calcium into the subsoil.
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Pastures are good news and bad news for soil management in the tropics. Well-managed, they pro-
tect the soil, require relatively few cash inputs, make good use of soils unsuitable for food crops, and
produce milk and meat with grazing animals, which recycle most of the nutrients they consume. But
poorly managed pastures are an cconomic and ccological liability. The use of pasture species badly
adapted to tropical soils and environments leads to poor animal nutrition and therefore low produc-
tivity. Many thousands of hectares of rainforest have been cleared for pastures, only to be abandoned
as the pastures became degraded by overgrazing, soil compaction and crosion.

Pastures research at Yurimaguas, Peru has been closely integrated with the Tropical Pastures Pro-
gram of Centro Internacional de Agricultura Tropical (CIAT), and with INIPA’s National Selva Pro-
gram, which is now conducting most .f the agronomic studies. Rescarch reported here has for the
most part concentrated on the rclmionships among soil fcrtility, pasture quality, pasture persistence,
grazing, the transfer of N from legumes to grasses, and the recycling of nutrients. Several promising
grass-legume pastures have produced stable pastures and animal weight gains many times greater than
those en the typical humid-tropicnl farm. After years of sustained production at Yurimaguas, the best
of these associations and management techniques are being tested at extrapolation sites.

Some of these extrapolation studies have been initiated near Pucallpa, Peru, but are not reported
because they are still in the establishment phase. Two projects are examining the N contribution of
legumes to mixed pastures, and determining the optimum schedule for herbicide application during
pasture establishment.

Central in the work reported here is the role of legumes in pasture associations. Legume-based pastures
have not been studied extensively in humid tropical environments, and the information about their
response to such management variables as fertility, grazing pressures and establishment methods are
expected to be of use throughout the humid tropics.
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Legume-Based Pastures:
Central Experiment

Rolando Dextre, INIPA
Miguel A. Ayarza, N. C. State University
Pedro A. Sanchez, N. C. State University

The central experiment with pastures, begun in
1980, has sought to develop a practical management
system for improving tropical pastures with stable mix-
tures of acid-tolerant legumes and grasses. Sincee its in-
wiation, the experiment has evolved in response to new
information gained from companion experiments and
from collaboration with the International Center for
Tropical Agriculture (CIAT) and it Tropical Pastures
Network. Work so far has shown that proper manage-
ment of some grass-legume associations can greatly im-
prove the xt.llnht\ and productivity of previously
degraded tropical pastures, while consery ing the soil-
resource base.

The objectives of this experiment are 1) to measure
pasturc and animal productivity on ditferent associa-
tions, in terms of daily weight gain and annual

liveweight production; 2) to evaluate the compatibili-
ty and the persistence of the different grass-legume mix-
tures under grazing, and 3) to evaluate changes in soil
properties as a consequence of long-term pasture
production.

Four associations remain unchanged, but during the
four years the project has been in progress, Panicum
maximum -+ Pueruaria phaseoloides was replaced by An-
a’ropogon gayanus + Centrosema macrocarpum 5056 in
October 1984, Table 1 shows the species. animal
management and years of evaluation for cach associa-
tion.

Animal Production and Botanical Composition

Changes in animal production are shown in Figure
I. During the first year, most associations vielded above
600 kg/ha/vr of liv eweight gains. However, only C.
pubmcns and the Brachiaria-based pastures were able
to maintain that level of productivity beyond the first
year.

A remarkable pertormance by Centrosema pubescens
438 has been observed. After the firse year, A. gayanus
disappeared trom this mixture because of establishment

Table 1. Grazing trial mixtures with starting dates of continuous and alternate grazing. (Planting dates: March
to July, 1980 for first four, February, 1982 for fifth and October, 1984 for sixth mixture.)

Treatments Initiation of Grazing Initiation of Grazing Days
Gra~s Legume Continuous Grazing Days Alternate Grazing Through Sept. 1985
B. decumbens/D. ovalifolium 350 Nov. 15, 1980 238 Oct. 7, 1981 370
P. maximum/P. phaseoloides 9900 Nov. 20, 1980 238 Oct. 6, 1981 1005
A. gayanus/S. guianensis 134-186 May 15, 1981 57 Oct. 6, 1981 1370
C. pubescens 438 - 0 Oct. 7, 191 1370
B. humidicola/D. ovalifolium 350 — 0 Oct. 10, 1982 1056
A. gayanus/C. macrocarpum 5056 - 0 May 1985 120

' Replaced Pm/Pp.

Table 2. Nutrient levels of grass and legume mixture components and tannin content of legumes May, 1983.

Species N P K Ca Mg S Zn Tannin
% ppm %
Legumes:
Centrosema pubescens 438 4.46 0.26 1.30 0.93 0.26 0.18 31 2.5
Desmodium ovalifolium 350 2.69 0.16 0.72 0.83 0.21 0.12 10 21.0
Stylosanthes guianensis 136 3.89 0.22 0.32 1.13 0.32 0.16 37 4.0
Pueraria phaseoloides 9900 3.90 0.22 1.30 0.45 0.32 0.12 25 4.0
Grasses:
Brachiaria decumbens 606 2.38 0.24 1.57 0.42 0.42 0.11 14 —_
Brachiaria humidicola 1.70 0.21 1.66 0.28 0.27 0.10 16 —
Androgogon gayanus 2.1 0.17 1.05 0.36 0.14 0.11 10 -




LEGUME-BASED PASTURES

900 90
5 a1 39 .
1
800
s 52 -
r—-— 78
700 40 2 42
[—L—-
—_ - 42 -
£ 29 100
gi 600 ——1 = — 1004
=
2 -
£ 40 T
© 60
O 500 p~—i —— ——
= | 100 i
‘©
§ 400 j~—- — — L 274
5
= B 66 -
=] 89
c 300 g—o e — R —— b -
E 60 :
| 10
200 — 1 — ~— [ =
100 —— X L—- — —— — 1
R ]
Years: 1 2 3 4 &5 1 2 3 1 2 3 4 1 2 3 4 5 123ﬂ
Mixture: B. decumbens . B. humidicola Centrosema A. gayanus P. maximum

D. ovalifolium D. ovalifolium

pubescens 438

S. guianensis P. phaseoloides

Figure 1. Changes in animal production from grass-legume pastures with time in Yurimaguas. A number at
the top of a bar is an average annual percentage of legume in the mixture.

problems. In spite of this, the legume has persisted and
maintained high levels of production. This must be
related to the high quality of the species (excellent
palatability and high nutritional content) in comparison
to the other legumes in the experiment (Table 2).

The change trom continuous to alternate grazing has
favored the presence of grass in the mixtures of B.
decumbens + D. ovalifolium and B. bumidicola + D.
ovalifolium (Table 2). This has resulted in sustained
animal gains based mainly on consumption of the grass,
since the legume is of low palatability (Figure 1). Levels
ot D. avalifolion in the misture with B. decumbens,
however, decereased sharply i May 1984, This was
refated to an unusual intake of legume and a rejec-
tion of the grass during a short drought at that time.
In the mixture of A gayanus + S. guianensis the an-
nual animal performance was closely related 1o the con-
tent of legume in the wssociation (2 J.75). The
legume almost disappeared in the same pertod as in-
dicated for D. ovalifolium with b, decumbens.

Poor animal gains were observed in P omaximum

-

800
=
S =
£
o
X 600}
g
.E N o]
(&)
= -
© 400
Q
2 R
-]
2
-

200 @ S. guianensis

O D. ovalifolium
- A P. phaseoloides
°'C 1 | 1 L 1
0 25 50 75 100

Legume in Forage on Offer (%)

Figure 2. Effect of the content of legume in the forage
on offer on animal gains in three grass-legume
pastures growing in an Ultisol of Yurimaguas. (%
legume expressed as annual mean value.)



LEGUME-BASED PASTURES

Exch. Acidity {cmoliL)

Avail. P (ppm)

| 1980
at 1980 sl B 1984
IF T S5
[« %
- ‘c al
2 wn
1 ] o
h“‘l
i 2 3 4
Associations Associations
1. Panicum maximum + 4. Brachiaria decumbens +
Pueraria phaseoloides Desmodium ovalifolium
2. Centrosema sp. 438 5. Brachiaria humidicola +
3. Andropogon gayanus + Desmodium ovalifolium
Stylosanthes guianensis
0
1980
)
8 % 1980
£ M 1984
6f s 3
(=]
aF = 2k
+
3]
2} o r
]
Q
b
1 17]
1 2 3 4 5 1 2 3 4 5

Associations Associations

Figure 3. Changes in the topsoil chemical properties
in five grass-legume associations after four years of
grazing.

+ P. phaseolotdes after three years of evaluation. This
appears to be related to the increasing content of
Pueraria. The negatve effect of this lngumt on animal
gains 1s reflected ina negative correlation cocfficient
ot -0.77 (Figure 2).

Centrosema pubescens 438 as a pure legume and the
B. bumidicola + D. ovalifolium mixture were the hest
pastures in terms of individual animal gains and kg/ha

Table 3. Average annual productivity of five associations under
grazing. Stocking rate 4.4 animals/ha.

Years of

Association Grazing Liveweight Gains

kg/hal/yr g/an/day
B. humidicola/D. ovalifolium 2 691 429
B. decumbens D. ovalifolium 4 626 379
Centrosema pubescens 438 3 619 459
A. gauanus S. guanensis 4 467 357
P. maxim/P. phaseoloides 3 455 296

weight/ha (Table 3). The association of B. bumidicola
+ D. ovalifolium performed well but had only two
vears of evaluation.

Changes in Soil Chemical Properties

In order to follow the changes in the soil properties
as a function of time in these pasturcs, the treatments
were sampled in 1980 (before gr grazing, and six months
after fertilization for establishment) and in 1983 and
1984, Fi igurc 3 shows that some of the properties have
changed in the 0-20 em depth in several pastures. It
I mt(rcsrmg to observe that exchangeable acidity has
decreased in all associations except Poomaximum +
P. phascoloides and that pH has increased to 5.0 in B.
decumbens + D. ovalifolium. Phosphorus levels have
increased in o all  associations, probably duc to
maintenance applications of phosphorus (25 kg P
ha/yr). Most changes have occurred in the 0-20 em
d(pth.

Progress in 1985

Several changes have been introduced in the manage-
ment of the assoctations. D. ovali joluml and S. gumnm-
sis were replanted in their respective associations in
order 1o investigate the effects of different grazing-
management procedures.

(xmnng periods were reduced from 42 to 28 days
and stocking rates were increased from 4.4 to 5.5
animals per ha during the rainy scason, and maintain-
ed at 4.4 during the dry scason, in pastures of B.
decumbens + D. ovalxjolmm and B. bumidicola + D.
ovalifolium. These changes more cfficiently use the high
levels of available forage and prevent losses in the quali-
ty of the grass when the pasture remains ungrazed for
longcr periods.

‘The C. pubescens pasture is being maintained with
the same 4.4 animals/ha and 28-day grazing and resting
periods. Stocking rates for the associations A. gayanus
and S, guianensis and A. gayanus and C. macrocarpum
have been Jdlusud to 3.3 animals/ha and 20 to 28
days of grazing.

The new management has produced positive results
in B. bumidicola and D. ovalifoliunr. In seven months
of g Lraving, animal gains passed the annual gains for
the previous two vears. Furthermore, individual gams
are excellent at this time, and if this trend continues
for the remaining four months of the vear, it will be
p()ssll)lc to reach levels up to 900 kg Tivew cight per
vear in this pasture. The sward is in excellent shape
with a 40% legume intimately mixed with the grass.

The Brachiaria decumbens and D. ovali ifolium pasture
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Table 4. Preliminary results of animal production levels in five associations under grazing until Sept., 1985,

Yurimaguas, Peru.

Stocking Rales

Animal Gains Legume

Associations Rainy season Dry Season Kg/live weight/ha gm-head/d %
Brachiaria humidicola + 5.5 4.4 697.6 597.6 40
D. ovalifolium?

B. decumbens + 5.5 4.4 530.2 470.3 40
D. ovalifolium?

Centrosema pubescens 438" 4.4 4.4 399.4 419.8 100
A. gayanus + 3.3 3.3 387.2 751.4 20
C. macrocarpum 50662

A. gayanus + Stylosanthes 3.3 3.3 282 641.8 60
guianensis?

! Grazing from January—September
2 Grazing from May—September

is once again showing the problems observed in 1984,
Although the grass appears to be doing well, the
animals are grazing only the legume and making littde
use of the ygrass. This seems to indicate that this grass
is very sensitive to drought stress normally occurring
during the dry season. As a result, digestibility pro-
bably talls to levels preventng its consumption.
Measurements will be conducted to test this statement.

Centrosema appears likely to maintain the animal pro-
ductivity observed in 198+ The other two pastures
have ()nl\ six months of evaluation and it 15 oo carly
to make any conclusions. A, gayanus + C. macrocar-
pun 5065 is well established with a 15% legume base.

Conclusions

1) To date, Centrosema pubescens +38 as a pure legume
and the B bumidicola + D. ovalifolium mixture have
provided the best pastures in terms of individual animal
gains and kg/ha weight/ha.

2) The association of B. bumidicola + D. ovalifolium
performed well but had only two years of evaluation.

3) Exchangeable acidity has deereased and soil P
levels have increased in most of the pastures during
the course of this study.

4) Adjustments in stocking rates and grazing periods
have improved the quality of grasses and made more
efficient use of available forage in several of the grass-
legume associations.

Potassium Dynamics
In Legume-Based Pastures

Miguel Ayarza, N. C. State University
Pedro A. Sanchez, N. C. State University
Rolan-4o Dextre, INIPA

Tropical pastures on acid soils are stable and pro-
ductive only when nutrients are sufficient to sustain
a vigorous forage crop. Maintaining this fertility re-
quires a management method that takes into account
the nutrient leaching common in arcas of high rain-
fall, as well as the cyeling of nutrients among soil,
forage and animals. This study, which was conducted
at the Yurimaguas Experiment Station, concentrated
on one nutrient, potassium. Its objectives were 1) to
quantify leaching losses of K in pastures under clipp-
ing and grazing; 2) to monitor the eftect of K levels
on the productivity of the pasture and on the dynamics
of K in the soil; 3) to estimate the eftect of K return
by animal excretions, and 4) to compare estimated K
losses from pastures with losses from crops grown in
the same area.

The grazing experiment was a factorial of three an-
nual rates of K fertilization (0, 50 and 100 kg K/ha)
by two grazing pressures (11 and 7.8 kg green forage
dry matter/ 100 kg livewceighu), with three repetitions.
Two additional experiments were established on 3 x
4 m plots with K rates of 0, 25, 50, 75, 100, 150,
and 300 kg K/ha/yr. The first, in which some plots
had clippings removed while others had clippings
returned, provides a comparison of the eftect of graz-
ing on K dynamics. The sccond was a bare-plot ex-
periment designed to account for soil chemical and

15
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Table 1. Effect of cummulative rainfall on exchangeable K status
of 0-5 cm layer in hare and clipped plots.

Bare Plots Clipped Plots
Cumulative Rainfall, mm Cumulative Rainfall, mm
K Rate 25 150 25 150
kg/ha Exchangeable K, emol/L. ___
0 0.07 0.06 0.07 0.07
25 0.16 0.09 0.10 0.07
50 0.26 0.12 0.15 0.16
75 0.28 0.14 0.17 0.18
100 0.32 0.18 0.18 0.19
100 0.42 0.29 0.25 0.24
300 0.78 0.47 0.61 0.48
LSD .05 0.09 0.28 0.09 0.28
Exchangeable K (cmol/L)
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Figure 1. Effect of application of potassium on the
distribution of exchangeable K in the profile of a san-
dy loam Ultisol, following 25 mm of rain.

physical propertics related to K leaching, and to
estimate the effect of plant growth on K dynamics.

Four hectares were planted with a mixture of
Brachiaria bumidicola and Desmmodium ovalifolium in
December, 1984, Potassium treatments were applied
on May 13, 1985, and grazing began on July 4.
Potassium  distribution in the soil with depth was
monitored as a function of precipitation. Changes in
sotl and plant K were determined in the small plots
and grazing experiments. Amounts and composition
of plant residues were evaluated under grazing. The
cffect of urine on the return of K to the soil is being
studied, comparing plant growth and changes in soil
K in affected vs. unaffected areas under grazing.

Exchangeable K Dynamics

The Ultisol in the experimental arca was characteriz-
ed as having a sandy loam topsoil texture, Al satura-
tion of 74% and K contents of 0.06 cmol/L. far below
the critical range of 0.15 to 0.20. Most of the K ap-
plied to the bare soil, however, remained in the top
5 em, even though 25 mm of rain fell during applica-
tion (Figure 1). After an additional 159 mm of rain,
topsoil exchangeable K levels remained constant, ex-
cept in plots receiving 300 kg K/ha, which lost 0.13
cmol K/Z7L (Table 1. In the clipping plots, where the
grass-legume mixture was growing rapidly, this decrease
at the 300 kg K/ha rate was more pronounced (Table

D.

Pasture Response

Results of the first cut of the mixture growing in
the small plots are presented in Table 2. Toral dry
matter was not affected by the potassium  rates,
although the content of the grass in the mixture tend-
ed to increase with K rate. Foliar K in the grass in-

Table 2. Effect of seven K rates on dry matter yields and uptake of Brachiaria humidicola and D. ovalifoliumb

growing in association in an Ultisol

of Yurimaguas, Peru (first cut).

Plant K Content

Grass Tota! Uptake

K Applied Dry Matter Component Grass Legume B.humidicola D.ovalifolium

kg/ha g/m2 % % K kg/ha
0] 196.6 a 54 0.96 ¢ 0.74 d 1.32 0.54

25 2178 a 61 221b 0.91 d 1.83 0.74

50 219.5 a 62 151 b 0.90 d 2.29 0.66

75 183.6 a 63 1.62b 1.31 ab 1.80 0.93
100 2015 a 51 1.65b 1.06 bcd 1.72 1.04
150 229.3 a 59 219 a 1.24 abc 3.00 1.12
300 268.0 a 71 2.56 a 1.58 a 4.95 1.18
LSD 67.5 14
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Table 3. Effect of K applications on dry yields and botanical composition in a pasture of B. humidicola and

D. ovalifolium before grazing.

Dry matter K in Kin
K Applied Yield Grass Legume Grass Legume
kg/ha t/ha %
0 2.51 53 a 47 a 0.98 1.02
50 3.03 65b 35b 1.51 1.29
100 2,95 68 b 32h 1.72 1.38

creased with potassium applications, and the highest
application rate multiplied foliar K 2.6 times the level
found in grass with no K applied. Compared to the
grass, the legume accumulated less foliar K in response
to K fertilization.

The relation between the potassium content in leaves
and dry matter vield was not consistent in cither
species, suggesting a high luxury consumption by the
grass. Only ar 300 kg K/ha was there an increase in
dry matter of B bumidicola.

The etfect of K fertilization on the growth and K
content of leaves before grazing is shown in Table 3.
As observed in the clipping plots, grass composed a
larger share of the forage mixture when the pasture
was fertilized with K. This was true under grazing,
as well,

Animal Behavior

Grazing has shown an expected animal preference
for the grass, regardless of the potassium level. Little
consumption of the legume was observed, even at the
higher grazing pressure. However, grass recovery after
grazing was excellent, especially when potassium was
present. After 86 days of grazing there was an overall
increase of 36 kg per animal. Individual gains appear
to be slightly beteer in the 50 kg K/ha treatment.

Conclusions

The first stages of this continuing study vield the
following initial conclusions:

1) Rainfall did not significantly reduce exchangeable
K in the topsoil exeept on plots with the highest rate
of K fertilization (300 kg K/ha).

2) Plots recciving K showed an increased pereen-
tage of grass in the forage mixture.

3) Foliar K levels increased sharply with K fertiliza-
tion in grass, but only slightly in the legume.

Pasture Germplasm
Evaluation and Agronomy

Rolando Dextre, INIPA

Miguel Ayarza, N.C. State University
José M. Toledo, CIAT

Mario Calderén, CIAT

Jill Lenné, CIAT

Esteban Pizarro, CIAT

Twenty-three species of grasses and legumes have
been tested for their adapration to Yurimaguas condi-
tions according to the methodology suggested by CIAT
for regional trials type B. The objectives of these studies
are 1) to introduce new acid-tolerant grass and legume
accessions through regional trials and seed production,
and 2) to evaluate tolerance to spittlebug in grasses
and to anthracnose in legumes.

Species are harvested at four cutting intervals (three,
six, nine and 12 weeks). Cover and resistance to pests
and diseases are also recorded.

Yields at Cutting Interval

Figure 1 presents the eftect of four intervals of cut-
ting on four legumes and three grasses growing on an
Ultisol at Yurimaguas. At the 12-week cutting inter-
val, Brachiaria dictyoneura produced yields similar tc
those of B. decumnbens and Andropogon species. Ground
cover ability and vigorous growth of this species make
it a promusing grass tor further evaluation under graz-
ing. Among legumes, the Centrosema macrocarpum
5065, 5062, and §452 appear to have potential for
the Yurimaguas arcas. Stable yields during dry and wet
periods is an importany attribute for their selection.
Centrosema pubescens $189 produces yields similar to
those from the 438 ccotype, which is the most suc-
cessful legume ar present under Yurimaguas conditions.
New Desmodiuan accessions have not shown superior
yields to the 350 ccotype.

These species seem to require a minimum of six
weeks to recover from cutting,
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Maximum Precipitation

Minimum Precipitation
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Figure 1. Effect of four intervals of cutting on four
legumes (a) and three grasses (b) growing in an
Ultisol of Yurimaguas. (Mean of two years.)

Seed Production of Promising [()r.lge Species

Four grasses and five legumes, drawn from the most
promlsms_ accessions described above, are under evalua-
tion for their potential to pr()ducc seed, an important
attribute of a good forage spectes. All grasses exeept
A. gayanus have to be propagated vegetatively, as they
do not produce viable seed under Y urimaguas condi-
tions. Between four and five hectares could be plnmcd
with the available material of the Brachiaria accessions.
Relatively good vield potential was observed for Cen-
trosema accessions $713 and §4952.

Tolerance to Pests and Diseases

Twenty-six aceessions of Stvlosantbes guianensis hive
been studied for tolerance 1o anthracnose and 26
ceotypes of Brachiaria have been seudied for tolerance
to spittlebug. Results after two years of observation
indicate a wide range of tolerance to anthracnose in
most S. guanensis species. Although the disease is pre-
sent, 1t scrl()usl\ attects ()nl\ tive accessions: 97, 1091,
1017, 1951 and 1893. S. guianensis 136 and 184 are
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the most tolerant accessions to this disease. Spittlebug
does not appear to be a major px()l)lcm in any of the
species of Brachiaria under testing. High lev els of in-
festation can be observed in B, bumidicola pasture under
grazing: however, there is no apparent damage.

Animal Preference

A new criterion was added to the Brachiaria acces-
stons. Animal preference was tested in March, 1984
(rainy scason) for a period of 18 hours using four
animals. The entire area was fenced and the animals
were left to graze after spending a night without food.
The number of times the animal grazed cach acees-
sion was recorded every 15 minutes and the total
period of time the animals grazed cach species are il-
lustrated in Figure 2 Results indicate a difference in
prctcrcnu not only among species but also within
species. Brachiaria decrumbens 6009, B. bybrid 6298 and
B. bumidicola 629 were among the most preferred
.spccics' It is interesting to observe the low prcfcrcnce
for B. dictyoneura accessions. A new evaluation is pro-
posed for the dry scason next year.

1T

NN
/)

Number of Times
Grazed Every 15 min.

3 8. emini

B. ruziziensis
t=! B. radicums
@ 8. humidicola
X1 8. dictyoneura

B/ B. decumbens
G S.p. hibrido
[3 8. brizantha

Time (minutes)
S
1

DN ODO™OTDIOOMNANNNNDOT =N
Or MO POTLONRNNDrEr AN OBPOLOr DANOMOMO
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Figure 2. Animal preference for 26 brachiaria acces-
sions ranked by number of times grazed every 15
minutes in 18-hour period, and by time animal spent
grazing in 18 hours.



Pasture Reclamation in Steeplands

Rolando Dextre, INIPA
Miguel A. Ayarza, N.C. State University
Pedro A. Samhcl N.C. State University

There is a substanual arca of pasture land in the
humid tropics that has very low produm\lt\ because
of poor soll management, overgrazing or badly adapted
forage species. The purpose of this project is to develop
a slmplc technique for reclaiming, degraded pastures
in Ultisol steeplands.

A vvo-factor experiment was installed i a degrad-
ed pasture occupying a0 518 ha watershed with
stdeslopes of 20 10 50% . Treatments were establish-
ed in an amphitheater fashion, following slope con-

New-Project Update

This project bas not been under way long enough
to yield substantive reports, but should be mentioned
because of its importance to the program as a whole.

tours, with tillage methods as main plots and improy-
ed species as subplots. The nllage treatments are 1)
zero tillage (pastures planted in an arrav of holes 20

LEGUME-BASED PASTURES

cm in diameter); 2) mimimum allage (pastures planted
in 50 cm wide, rototilled furrows 2 m apar); and 3)
total tillage (5O cmwide furrows, with spaces between
furrows ¢ th(illd“\ cultvated as forage crops grow). The
only fertilizer was Bayvovar rock phmph.m, applied
at the rate of 50 ke P/ha in the hole or turrow.

Although data are not vet available, visual evalua-
tion of the etfect of treatments on the replacement
of the native species (torouren) can be summarized as
tolows: "The grasses, Brachiaria bumidicola and B,
decumbens, which are planted by vegetative propaga-
tion. are both well established, but B, bumidicola ap-
pears to be better i the zero-ullage treatment. Both
grasses have almost replaced the twroureo between fur-
rows in the minimum-ullage treatment.

The legumes tested, which were planted by seed,
initially did not compete as well with the torowrco. Cen-
trosema pubescens 438 is doing beter than D. ovalifolium,
but both require some tillage betore planting, in order
to diminish competition tor light and nutrients in the
carly stages of growth.

Evaluation of biomass production and pereent cover
of nanve grass is planned at four and eight months
after planting. The information gathered so far sug-
gests that some tillage is required to establish grass and
fegames successtully.
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Anyone regarding the luxuriant growth of a rainforest might gather that trees are the natural voca-
tion of the humid tropics. Because a variety of commercially valuable species can succeed in this en-
vironment, agroforestry, the production of trees alongside crops or pastures, is an important soil-
management option. In many cases, annual crops may be the wise choice for alluvial siies and soils
with a high base status, while trees might be better suited to rolling, upland sites, where they require
relatively little maintenance, tolerate acid soils, and afford long-term protection against erosion. Even
so, most of the data available on tropical tree production are from areas with fertile soils. Collection
and screening of the wide variety of germplasm available for use on acid soils have only begun.

Agroforestry projects at Yurimaguas are focused on tree-soil relationships on well-drained, acid soils.
This work has been linked to agroforestry programs supported by INIPA, the International Council
for Research in Forestry (ICRAF) and the International Development and Research Center of Canada
(IDRC), and the principles heing tested are expected to be applicable in the humid tropics world-wide.

The studies presented here have explored three gencral arcas: 1) the selection and production of
trees and shrubs valued for fruit and timber production or soil improvement; 2) the integration of
trees and annual crops in systems such as alley-cropping; and 3) the role of secondary forest fallows
in the improvement of soil properties. Because trees require months or years to become established
and productive, these experiments are long-term, and some are in the earliest phases.
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Trees as Soil Improvers
In the Humid Tropics?

Pedro A. Sanchez, N. C. State University

It is commonly believed that trees are the best op-
tion for producing food and fiber on a sustained basis
in the humid tropics. Because tree plantations resem-
ble the natural ceosystem more closely than do an-
nual crops, tree management might be expected to re-
quire fewer inputs. The accumulation of large amounts
of biomass on acid, infertile soils, scemingly due to
rapid and efficient nutrient cycling, suggests that
tropical forests function in a fundamentally different
way than do annual crops and pastures. It is not known
if the same conditions exist in production-oriented tree
crops. The objective of the activity reported here was
1) to bring together reliable information on the effects
of deliberately planted tree crops on soil properties in
the humid tropics, and 2) to develop working
hypotheses for agroforestry research.

Available information on the effect of deliberately
planted tree crops on soil properties in the humid
tropics wis compiled, examined, and, whenever possi-
ble, compared to alternative systems such as native
forests, annual crops, pastures or fallows. Only data
sets meeting a set of soil uniformity criteria were us-
edin the analysis. A complete report has been publish-
ed. (See pubications list.)

Working Hypotheses

The main conclusions or working hypotheses are:

1. Tree crops make the soils nitially more vulnerable
to runoff and erosion than annual Crops or pastures
because of their lower rate of canopy development dur-
ing the establishment phase.

2. The degree of changes in oil propertics during
the tree establishment phase depends largely on land-
clearing methods.

3. Protection of the soil surface with well-managed
leguminous covers during the tree-establishment phase
can largely prevent deterioration of physical and
chemical propertics.

+ When trees closc their canopy, they begin to ex-
ert four major positive effects on soil properties: (a)
soil-surface prozection with a double layer (canopy and
litter); (b) opening soil pores via root expansion and
decomposition; (¢) capture of nutrients and storage in
biomass, and (d) recycling nutrients back to the soil.

§. Closed tree canopices provide virtually complete
protection agaiust crosion unless the  trees are
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deciduous, and provided the litter layer is not remov-
ed or burned.

6. Closed tree canopies tend to improve soil struc-
ture and decrease topsoil bulk density, but this effect
varies substantially with tree species.

7. Closed tree canopices do not increase topsoil
organic matter contents. In most cases, soil organic
matter is maintained relative to pre-clearing levels.
When products such as rubber or oil palm are
harvested, soil organic matter decreases and then
reaches a new cquilibrium level.

8. Some tree species tend to increase topsoil Ca and
Mg by mechanisms not clearly understood. The cf-
fect is marked with Genelina arborea, which appears
to be a calcium accumulator in Nigeria and Brazil. Ex-
changeable K often decreases to very low levels and
may trigger defictencices. Tree species difter in their abili-
ty to alter soil acidity.

9. Leaching losses occur mainly during the tree-
establishment phase. When well managed tree plan-
tatins develop a full canopy, leaching losses are as low
as in undisturbed  forests. The nutrient-cycling
mechanisms of many perennial tree crops appear to
be very efficient. Sometimes their cfficiency is enhanced
by fertilization.

10. Fertilization and other management practices are
likely to be needed for second rotations of tmber crops,
as has been clearly demonstrated with perennial crops.
Expectations are likely to be erroncous that sustained
tropical forestry is possible in acid soils of the humid
tropics without using fertilizers.

1. Trees, therefore, generally maintain or improve
soil properties in the humid tropics after they have
established a closed canopy. Maintenance can be in-
itiated carly with a leguminous cover. The main ad-
vantages of trees over annual Crops or pastures seem
to be related to the longer period of time during which
they exert their influence on soijl propertics.



Alley-Cropping on Ultisols
Lawrence T. Szott, N. C. State University

Charles B. Davey, N. C. State Universtiy
Cheryl A. Palm, N. C. State University

In arcas with increasing demographic pressure, tradi-
tional forms of shifting cultivation must be supplanted
by pr()duumn systems that vield more food on the
.1\.111.1h|c land. One luhmquc shown to be promis-
ing in Alfisols of West Africa, 1s the combination of
I'OWwWsS ()1 I(.i_lll“ln()llh rees w l[h dnnu.ll kr()P.\ gr()\\ n l)(.'['
ween them. Prunings from the trees form a muleh that
mav aid in weed control and providc nitrogen and
other nutrients. eveled from deep i the s()ll to the
crops. The use of such organic additions may prolom_
the productivity of the acid, infertile soils found in
much of the hunud tropics.

This study was conducted at the Yurimaguas Ex-
periment Station. Its objectives were: 1) to assess the
suitability of various leguminous trees or shrubs in an
alley-cropping system, an assessment based on survival,
biomass production, ability to withstand repeated prun-
ngs, and litter-decomposition characteristics; 2) to
determine the appropriate spacing between tree rows,
as 1t affeets crop vield; 3) to study changes in soil
chemical pr()pcmc s and how they are affected by the
amount of prumnp added, and 4) to measure the ef-
fects of pruning additions on crop vields and yield
stability.

Six leguminous species were chosen: Inga edulis,
Evythrina sp. Cajanus cajan. and Cedrelinga catenacfor-
mis were obtained locally while mem'na lencocephala
and L. diversifolia were obtained from the ! Nitrogen
Fixing ‘Tree Assoctation (NFTA) in Hawait. Cedrelinga
was replaced n late January, 1985 by Desmodium
gyroides, direct-sceded.

Most species were raised from seed in the nursery
and after four to six months were transplanted (Oc-
tober 1984) to a field that had been slashed, burned
and planted with rice.

An experiment was established with variable alley
spacings, using a randomized, complete-block design
and four replications. Three rows of trees were planted
in 9.5 x 23 m plots; the middle tree row was periodical-
ly staggered to provide six different intervals between
adjacent tree rows. These intervals accommodate two
to seven rows of annual crops (Figure 1). All the trees
in cach plot received one of three fertility treatments:
1) none, 2) two tons lime/ha or 3) two tons lime +
100 kg P/ha, which were applied once, on an
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cquivalent-area basis, only to the 1 m wide tree rows.
In March, 1985, some of the trees showed signs of
K deficiency. Therefore, 100 kg K/ha was applied on
an equivalent-area basis to the 1 m wide tree rows in
the lime + P treatment in both experiments. The alley
crops receiving K were Cajanus, Inga, and Erythrina.

Food crops were grown between the tree rows,
without direct fertilization and at a constant spacing
within and between rows. The checks were two ad-
ditional treatments of crops grown without trees —
“sole™ crops, with and without fertilization. Soll
chemical properties were monitored after cach crop
harvest.

Trees were pruned before each planting or soon
thereafter, and during crop growth as needed. Prun-
ing biomass was measured and subsamples taken te
measure dry matter and nutrients. Prunings from
plot were divided into six equal parts; each part wus
spread over one spacing interval. Therefore, the
amount of prunings per arca varied with cach spac-
ing.

Weed biomass was measured approximately two
weeks before every crop harvest. Crop yield was in-
wially recorded by row position and fertility level.
Subsequently, yield data were obtained by spacing in-
terval, row position and fertility treatment.

Crop Rows Trees
| | T I I O B |
| lal P del 1 I
| 20m& || lagm || |
| 1 BN |
I I N I
I ] Ll el | I
| IIIIIIIIII |
I Iéml L1 laom || I
| [T T < T T T TTT |
| III§IIIIIII |
I [ 1] I I
RN EERoREEEENCE
| I30m! | |3.5m | | I
I ] I I
| I I L |
I Il [ I
\,_J e
75¢cm 50cm

Figure 1. Plot design, variable spacing plots of alley-
cropping experiment. Uapital letters identify spacing
treatment.
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The first rice crop was harvested in February 1984.
Most of it was severely infected with rice blast caused
by Pyricularia oryzae and was left in the field.

Pruning of Cajanus began in March 1984; of Inga
in August 1984; and of Erythrina in April 1985. Cedrel-
inga was climinated in January 1985 and replaced with
Desmodium gyroides. By April 1985, biomass produc-
tion and growth of the two Lencaena species Were poor.
At this time, the average tree height per plot was
estimated, all plants were pruned 1 m above the soil,
pruning yields were measured, and the prunings were
placed around the trees.

L. leucocephala yiclded 576, 667, and 859 kg of dry
prunings per hectare for the no-input, lime, and lime
+ P treatments, respectively; L diversifolia prunings
averaged 481, 384, and 438 kg/ha for the same
treatments. While in some cases vertical growth was
good, reaching over three meters, the majority of the
plants appeared spindly, without much foliage. The
Leucaenas have subsequently been eliminated from the
experiment.

By mid-August 1985, Cajanus had been pruned four
times; four crops (corn, cowpea, rice, and rice) were
harvested trom these plots. Inga had been prunced four
times also; three crops were harvested (cowpea, rice,

9r

¢ Inga
sl O Cajanus
V Erythrina

Cumulative Pruning Dry Matter Yields (t/ha)
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Figure 2. Cumulative pruning dry matter yields of
alley crops during the first 18 months after transplan-
ting. Alley length: 3160 m/ha.
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and rice). Erythrina had been pruned once and one
rice crop was harvested.

Pruning Yields

Cumulative pruning yields of the alley-crop species,
averaged over fertility treatment and replications, are
shown in Figure 2. Yields, based on 3160 m of tree-
row length per hectare, are 8.3 tons of dry matter per
hectare for Inga and 3.1 t/ha for Cajanus. Erythrina
has been pruned only once, producing slightly higher
biomass than Inga and Cajanus at six months of age.

There was no response to lime additions, but the
lime + P treatment, in comparison with the no-input
treatment, yielded approximately 8% more prunings
in Inga and 6% for Cajanus. Erytbrina appears to res-
pond to P. The lime Ca + P treatment yiclded 625
kg or 38% more prunings than cither the no-input
or the lime treatment. In addition, there appears to
be a positive response to increases in the clay content
of the topsoil in all alley-crop specics.

"The rate of biomass production by Inga appears fairly
constant over time and averages 8.7 t/ha/yr after the
first pruning. In contrast, Cajanus production averages
1.8 t/ha/yr and appears to decline with time. Much
of this decrease is due to plant senescence. By January
1985, only about 65% of the original Cajanus plants
were still alive, indicating the need for continual
replacement. Because of different establishment prac-
tices, Some species were ready for a first pruning before
others.

The decomposition characteristics of the prunings
ditfer by species. Erythrina prunings decompose rapidly;
few last longer than one month. A signiicant propor-
tion of the Inga prunings, on the other hand, can sl
be observed after three months. The decomposition
rate of Cajanus prunings is intermediate to those of
Erytbrina and Inga.

Weed Control and Biomass

Weeds were controlled by herbicide use prior to
planting and hand weeding during the crop, as need-
ed. Herbicide application before planting was the on-
ly form of weed control used in the corn and cowpea
crops. Weeds in the first rice crop following cowpea
were + mntrolled with preplant herbicides and two hand-
weedings; in the subsequent rice crop, all treatments
received preplant herbicides and one hand-weeding.
In addition, the Cajanus and control plots required a
sccond hand-weeding.

Duc to the weed-control regimens used, and the dif-
ferent lengths of time plots have been in cultivation,



the most appropriate comparisons of weed-biomass
data are within alley-crop species.

A comparison of weed biomass by spacing subplot
for the most recent sampling (7/85) shows surprisingly
firtle relation between subplot and weed biomass (Table
1). Tt might be expected that weed levels would be
lowest at the closest spacing due to shading and a

greater muleh concentration, especially in the case of

Inga, which has a long-lasting mulch. The darta,
however, do not appear to support this hypothesis.

There is a suggestion that weed biomass decreases
with closeness to the tree rows and that the redue-
tion is likely due to shading. The effect appears to be
less pronounced in the Cajanus than in the Inga
treatments, presumably due to less biomass and less
shade production in the former.

For cach alley- cropping species, there appear to be
significant differences in weed biomass among replica-
tions, but the pattern over time is variable and dif-
ficult to explain.

[n general, weed biomass s usually higher in the
untilled, unfertilized control plots than in the alley-
cropping treatments. It is also interesting to note that
tertilization was related to decreased weed biomass in
all sole-crop checks.

As might be expected, the effectiveness of weed con-
trol by the prunings is less pronounccd in Cajanus than
Inga due to the reduced quantity of Cajanus mulch
produced. One should note that similar levels of weed
biomass were measured tfor the Inga and Cajanus
neatments (7/1985). despite an additional hand
weeding in the Cajanus plots requiring approximately
60 man-hours of labor,

Soil Chemical Properties

In general, topsoil chemical p: opcmcs degrade with
time after burning. Exchangeable cations and available
P decrease while acidity and exchangeable Al increase,
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for all treatments with the exception of the fertilized
check. There are only minor differences between the
unfertilized check, Cajanus, and Inga treatments. The
Inga plots have slightly higher levels of Ca + Mg and
K, but they have also been used for one less crop than
Cajanus. Both Inga and Cajanus have slightly higher
levels of soil organic matter than the unfertilized check.

In an attempe to further define whether mulch ad-
dittons aftect sotl chemical pmpcrtics the soil was
sampled i March 1985 by spacing sub-plot (six com-
posited samples per plot) for the Cajanus and Inga
treatments. Data for the closest and farthest spacings
tor cach spauc s are shown in Table 2. For Inga, the
closest spacings, which have received 1.75 times more
pruning dry matter than the widest spacings, have
shightly hth(l levels of exchangeable Ca, Mg, and K.
The dosest spacing for Cq/amu, on the other hand,
has virtually the same soil nutrient levels as the widest
spacing. The topsoil base status under Inga is higher
than under Cajanus, and it appears that, at least in the
case ot Inga. there is some slight improvement in soll
properties.

Crop Yields
Crop yicids have been adversely affected by insects,
discase and wearher. Consequently, yiclds are low, bear

Table 1. Weed biomass as affected by alley crop species and

by svacing sub-plot, July 1985.

Tree Aliey crop species

spacing Cajanus inga Erythrina
m g/m2

2.0 40+ 34 35+ 39 87+43

2.5 20+ 26 42+ 32 65 + 55

3.0 37+24 47 + 30 48 + 21

3.5 43442 40+ 26 58 + 23

4.0 39+27 51+33 57 +34

4.5 32+15 36+ 27 89+ 61

Table 2. Effect of alley crop species and mulch application rate on tonsoil chemical properties 18 months after planting

tree crops (3/85).

Alley crop Alley Mulch Exchangeable Al Avail.
species spacing added pH Al Ca Mg K ECEC Sat. P
m t/ha/18 mos. cmol/L % ppm
Cajanus 4.5 2.6 4.5 1.6 0.64 0.16 0.07 2.47 65 8
2.0 4.5 4.5 1.4 0.65 0.16 0.07 2.28 61 9
Inga 4.5 6.9 4.6 1.6 0.85 0.18 0.10 2.73 59 7
2.0 11.8 4.6 1.5 1.03 0.23 0.13 2.89 52 8
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little relation to treatments, and are probably not in-
terpretable. In general, row position appears to have
an effect on yield. but it is uncertain whether these
differences are significant. The data suggest that, with
rice and cowpea, vields increase with distance from
the tree rows. It may be oo carly in the cropping se-
quence to idenufy nudmnutul pateerns. Furthermore,
since soil texture scems to affeet vields, covariance
techniques may be necessary to pick out trends in yield.

Conclusions

1 Of the six original Teguminous trees or shrubs
assaved noan JHL\ -cropping. svstem. Lencaena
lewcocepbala, L. a’mm/a/m and € m’nlmga catenaeformis
have been chiminated due to poor survival and low
biomass production. Cajanus cajan is also unsuitable
duc to increased plant senescence and decreased pro-
dum\nt\ at about one vear of age.

2. Both Inga edulis and L)vr/nu.u appear to have good
\'Ur\l\.ll and coppicing .1h1|1t\ Inga biomass prodm-
tion is high (8.3 t drv 111.1ttu/h.1/\r based on 3160
m of tree-row l(nuh per hectace); Evythrina produc-
tion must be asessed for a longer period. Cajanus. In-
ga and Erythrina production appears to respond to P
fcrtili/.;m(m.

3. Inga prunings resist decomposition, Erythring
prumnﬂx are readily du()mp(md and Cajamu prun-
ings are intermediate in their rate of decomposition.

4. Weather, inscets and disease severely reduced crop
vields and made them for the most part uninter-
prcml)lc

§. A correct comparison of weed levels can only be
made among spacings within a given alley-crop species
in this studv There appears 1o be little relation bet-
ween weed biomass and spdung/muldung

6. Soil chemical properties decline with time and
are similar in all alley-crop treatments #nd in the unfer-
tilized check. Soil chemical properties have improved
in the fertilized check. Comparisons of the highest and
lowest pruning-addition levels show increases in ex-
changeable cations at the highest mulching rates for
Inga and no difference between rates for Cajanus.

New work in this project will investigate the effect
of mulching, nutrient transfers between prunings and
crops, the effects of different types of prunings, and
competition between the trees and crops.
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Peach Palm as a Soil Management
Option on Uldisols

Jorge Perez, INIPA

Charles B. Davey, N. C. State University
Robert E. McCollum, N. C. State University
Beto Pashanasi, INIPA

Jos¢ R. Benites, N. C. State University

The production of peach palm, Guilielma gasipacs,
has several advantages as a management option for the
Amazon Basin. It is indigenous and adapted o acid
sotls. does not require \a.lrl\ tillage. has been known
to remain produuna for 20 vears, and has potential
as a source of fruit, heart of p‘llm and lumber tor par-
quet. Results from peach palm experiments establish-
ed at Yurimagaus in 1980 indicate that the crop can
produce fruit at the rate of 15 ton/ha/yr, beginning
with the fitth yvear. At present prices (L0 S. 0.1 7/kg
fruit), gros proceeds from a peach palm plantation pro-
duunﬂ 15 ton/ha/vr would he about $2600/ha/yr.
\lth()uLh prices would vary with production and
market conditions, the cconomic potential of pn.uh
palm appears to compare favorably with paddy rice
pr()duul()n on atluvial soils, the most cconomically at-
tractive option in Yurimaguas so far. Because of this
potential, several projects related to })C.th palm pro-
duction have heen conducted at the Y urimaguas Ex-
periment Station.

Collection and Propagation

The objectives of this work were 1) to collect and
maintain a permanent collection of speless-trunk and
spiny-trunk peach palm germplasm from Amazonia
nations in order to improve certain characteristics for
higher agronomic value, and 2) to establish a
phenological calendar for cach accession.

Yurimaguas is a center of origin tor spincless-trunk
peach palm. Over 120 spinclcss accessions have been
collected in the area, varying considerably i fruit
characteristics. In addition, 80 spiney-trunk accessions
i an imernational collection from Brazil, Colombia
and Ecuador have been planted in an arca sufficient]y
distant from the spincless collection to prevent
cross-pollination.

Peach palm accessions have been planted in two
agrotorestry sequences. The spincless collection had
an upl.md rice-cowpea rotation, while the spIny one
was interplanted with cassava, which viclded 10-30
ton/ha. After the cassava harvest, a «-mund cover of
Desmodium ovalifolium, was established.



The range in nutritional composition of fruits col-
lected around Yurimaguas is shown in Table 1. It has
higher mean protein content than sweet potatoes with
comparable values. The range indicates the possibili-
v of selectung fruits with very high protein or fat
contents.

Nutritional Requirements of Peach Palm

A tertlization expe riment was established in peach
palms trmspl anted in August, 198’ in order to deter-
mine optimum levels of No P K, and Mg and the
response to lime and Zn i peach palm production.
Trees weresetata 3 x 3 mospacing on an Ultisol with
topsoil of pH 4401 cmol/L of Ca + Mg, 90% Al
saturation and 3.5 ppm available P. The main response
has been to No This response was lincar during the

second vear but developed a clear nptimum rate of

100 ke .\/hll)\ the third vear (Table 2). Trees without
N\ showed strong chlorosis. No response to P Mg or
lime has been detected. Potassium luponsu hecame
evident tlu second vear with a clear peak at 50 kg
}\/h.l/\l Table 3). There was also a dear response
to 2 l\g Zn/ha the third vear.

Cover Crops in Plantations

This project’s objective was to observe the effect of

difterent leguminous ground covers on peach palm
development and production. Peach palms were
planted in October, 1980 at 5 x ¥ m spacing in a 0.7
ha pl()t Four legume covers were planted in Febru: arv,
1982, in strips without replications. The feames were:
Puceraria phaseoloides (kudzw), Desmodium be runplw//um
D. ovalidolivon and Centrosema hyvbrid 438. Two of the
legumes D. beteropbylhem and Centrosema had disap-
peared. apparently because of drought and shade,
despite the ract that sunlight passed through the peach
palm canopy. The other two legumes were well
adapted, and began invading 1d|1unt arcas. Fach pro-
duced drv matter of about 800 kp/ha/yr,

lagunu ground covers showed no signiticant dif-
terences i their effect on tree growth, After 28
months, neach palm trunk diameter breast heighe
(DBH) mnund from 17410 18.5 cm, and height r.mud
from 5.0 to 6.1 m.

Three-year topsoil samples show sharp increases in

acidity and base depletion. No fertilizers or lime have

l)(‘('ll added to [his f.lkld o dil((‘.
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Table 1. Nutritional composition of peach palm fruits collected

around Yurimaguas. Fresh-weight basis.

Parameter Mean Range
Carbohydrate (%) 33 23.4 - 42.6
Water (%) 56 52 - 72
Protein (%) 4.7 3.0 - 12.8
Fats (%) 6.1 0.7 - 20.0
Ash (%) 0.9 0.51 - 1.11
Fiber (%) 1.0 0.56 - 1.J2
Energy (cal/100gr) 194 126 - 281

Ca (mg/100gr) 45 27 - 86

P (mg/100gr) 102 41 - 166

Fe (mg/100fr) 2.8 0.7 - 8.0
Thiamin (mg/100gr) 0.03 0.007 - 0.042
Riboflavin (mg/100gr) 0.063 0.006 - 0.216
Niacin (mg/100gr) 0.455 0.150 - 2.08

Table 2. Effect of applied N on the growth in height
of peach palm.

Applied N (kg/ha)

0 50 100 200
Tree age (years) Tree height (m)
One 0.6 1.0 1.2 1.2
Two 1.8 2.3 3.1 4.1
Three 2.6 55 71 7.4

Table 3. Efiect of applied K on the growth in height
af peach palm

K Applied kg/ha

0 50 100 200
Tree age (years) Tree height (m)
One 0.8 1.0 1.0 0.8
Two 2.2 3.4 3.4 3.2
Three 5.8 7.0 6.8 4.6
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Gmelina arborea: Intercropping, Coppic-
ing and Nutritional Requirements

Jorge Perez, INIPA
Charles B. Davey, N. C. State University
Robert E. McCollum, N. C. State University

Gmelina arborea 1s a promising, fast-growing
timber species for the humid tropics. The first <tand
in Yurimaguas was planted in Apnl 1981, and several
experiments were conducted in order to evaluate
Gmelina’s potential in agroforestry, including systems
of intercropping. The objectives of the experiments
reported here were 1) to observe the effects of ground
covers on growth and coppicing behavior of Gaelina
arborea, and 2) to determine this tree's response to ap-
plications of N, P, K, Mg, lime and Zn.

Effects of Understories

Gmielina plantedata 3 x 3 m spacing grew quickly
and reached a height of over 7 m with a 10 cm
diameter at breast height (DBH) in three and a half
years (Table 1). Gmelina did not grow significantly less
when pincapple, plantain, or a rotation of three an-

Table 1. Effects of understories on the growth of
Gmelina arborea 3.5 years after planting.

Diameter

at Breast Tree
Understory Height Height

cm m

None 10.0 7.4
Pineapple 11.8 7.3
Corn-rice-soybeans 1.3 6.8
Plantain 9.1 7.0
Cassava 8.5 5.3
Pueraria phaseoloides 9.7 5.9
Desmodium ovalifolium 8.9 5.7
Desmodium heterophyllum 7.8 5.6
Brachiaria decumbens 7.9 5.8
Brachiaria humidicola 6.7 5.3
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nual crops were raised in its understory. T'ree growth
was retarded by cassava and the fegume species, and
stunted by the grasses. The effect of the Brachiaria was
so severe that it may be allelopathic.

Soil Properties

This experiment was installed in an area which was
limed to pH 5.5, With time, soil acidity increased and
avatlable P declined. Reports from other regions sug-
gest that Gonelina is a topsoil-calcium accumulator.
Although soil tests do not provide evidence of this hap-
pening up to this time, analysis of leaves reveals a very
high Ca content, about triple that of pasture grasses
and leguminous plants grown at Yurimaguas.

Coppicing Behavior

When the trees were five vears old, they were cut
and allowed to coppice. A cutting height variable was
introduced but did not show any mnfluence on the
growth of sprouts. The remarkable aspect is the rate
of regrowth—3 m in 60 days. An upland rice crop
planted in the area grew so poorly that no vield was
produced. Apparently the stump regrowth was too
competitive for water and perhaps nutrients.

Nutritional Requirements

The Gmelina fertilization experiment was planted
in November, 1982 on an Ultisol at pH4.3and 75%
Al saturation in the top 15 em. Trees were spaced at
3 x 3 m. During the first year, trees attained an average
height of 4 m and a DBH of 3.6 em. Eighteen months
later, average height reached 9.7 m (a growth rate of
32 ¢m per month) and DBH reached 11.2 ¢m. By the
third year, the canopy had closed, impeding the growth
of weeds. Damage by leaf-cutting ants continues, but
is not critical. Gmeling arborea is susceptible to dry
periods greater than 60 days. Such droughts cause a
general chlorosis and strong defoliation.

No significant responses to N, P, K, Mg, Zn and
lime have been observed. Variability in growth is
primarily related to areas that are poorly drained.



Contrasting Effect of Pinus caribaea and
Gmelina arborea on Soil Properties

Pedro A. Sanchez, N. C. State University
Charles E. Russell, Institute of Ecology,
University of Georgia

Reliable data are scarce on soil-fertility dynamics
under fast-growing timber species in the humid tropics
This project was conducted to complement thesis
rescarch by Charles E. Russell of the University of
Georgia, who sought additional soils data to quanuty
the influence of Gueelina arborea and Pinus caribaca
plantetions on soil properties of Tvpic Paleudults at
Jari Florestal Agropecuaria in the state of Pard, Brazil.
The discussion that follows draws on his thesis and
Inl)()rarory analysis conducted at N.C. Starte University.

Gnelina arborea significantly increased soil pH and

pH (soil surface)
Ggmelina
5 -
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) 1 ']
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Ping
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N
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J ol 1 |
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exchangeable Ca in the top 1 m of this soil, while Pinus
caribaca decreased these parameters as well as available
P, exchangeable K. Mg and total N (Figure 1). A syn-
thesis of the changes in total nutrient stocks during
the course of plantation establishment and growth is
presented in Figure 2. Total nutrient stock is defined
as the sum ot all the nutrients in the plant biomass
(aboveground, litter. detritus, roots) plus total N,
available P (by the Mchlich | method), and ex-
changeable K, Ca, and Mg in the top meter of the
soll. This estimate, theretore, nores the total P, Ca,
Mg, and K contents of the soil.

Tortal plant biomass decreased to about 40 1o 60%
that of the virgin rainforest at the end of the first rota-
uon of Gmeling or Pinus. Most of the losses are quan-
teatively accounted for by the newly planted trees and
the dry matter extracted by harvest.

[ Total N (tons/ha/100 cm)

Gmelina A

Pine

[~ Exch. Mg (tons/ha/100 cim)

04f
i Gmelin,
0.2fF
- Pi’?e
0 B 1 ] {
100 [ Avail. P (kg/hal100 cm)
B Gmelina
60 -
P/,7e
20 o 1 ] __f
0.5 85 9.5

Years after Clearing Virgin Rainforest
Figure 1. Effects of Pinus caribaea and Gmelina arborea plantings on surface soil pH and nutrient content of

the top 1 m of a sandy Ultiso! in Jari, Brazil.
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Figure 2. Changes in nutrient stock in fast-growing
tree plantations on a sandy Uitisol in .lari, Brazil.
Amount equivalent to 100 indicated in t/ha. H =
harvest loss; L leaching loss; RF = rainforest;
P-0.5 and P-9.5 = Pinus caribaea plantations of 0.5
and 9.5 years old, respectively; G-8.5 = Gmelina ar-
borea plantation of 8.5 years old; Pll = 1.5 year Pinus
caribaea second rotation after harvesting eight-year
Gmelina.

Nutrient Stocks

The plantations, of all ages, contained approximately
60% of the total N stock of the rainforest. Most of
the decrease i N occured at clearing. Because none
of the plantation trees were legumes and no legume
cover crops were used, no N l)mldup oceurred. The
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ecosystem, therefore, lost 40% of its total N, and then
reached a new cquilibrium.

A remarkable conservation of P is shown in Figure
2. Nutrient stocks ranged from 76 to 116% of the
rainforest values. The decrease in P at the second rota-
tion is l.lrgcl) accounted for by the P removed in the
first rotation harvest. These values reflect only the frac-
tion of total P extracted by the Mchlich procedure.
Calculations from total elemental analysis of soils of
the Amazon by Marbut and Manifold in 1926 indicate
an average total P content of the top meter on the
order of 60 times the total P stock indicated in Figure
2.

Significant losses of K oceur when rainforests are
converted into tree plantations. Potassium stocks after
clearing decreased to about 32% those of the native
forest. Most of the losses are accounted for by the
removal of harvested trees and the rapid leaching losses
recorded during this period. After clearing, there were
slight increases to about 40% of the rainforest value.
The overall stocks and losses of exchangeable K
presented in Figure 2 (1.06 t/ha), however, are small
considering the total K content of these soils, estimated
at 73 t/ha of K (Marbut and Manifold, 1926). It is
not surprising that research on perennial crops such
as rubber and oil palm on Ultisols shows rapid deple-
tion of K and the need to fertlize the trees with this
clement.

The calcium nutrient stock decreased to about §6%
of the rainforest value upon pl.mnnu the first Pinus
rotation. The losses were apain accounted for by
harvest and slight leaching., ‘This level remained relatve-
Iy stable with Pinus but increased to above pre-clearing
levels with Ganelina (I igure 2). The seeond rotation
started at a lower level, but much of the loss was related
to the amount removed by Gmielina harvest. Losses
were slight compared to the total Ca in the top meter,
about 13.6 t/ha.

The magnesium nutrient stocks decrease with age
of Pinus pl‘mmn()ns but mature Gmelina pl.mt(m(ms
maintained a steady level of about 75% of the level
in the rainforest. The 259 loss appears to be related
to the harvest of the rainforest. The overall losses are
small relative to the total Mg content of these soils,
about 144 t/ha of Mg at the 100 ¢m depth.



Improved Fallows

Lawrence T. Szott, N. C. State University
Charles B. Davey, N. C. State University
Cheryl A. Palm, N. C. State University

Pedro A. Sanchez, N. C. State University

Much of the land available to shifting cultivators
remains idle cach year, due to the long fallow periods
requnrcd for scaondar) forests to restore the produc-
tivity of abandoned agricultural fields. The purpose
of this project, which was conducted at the Yurimaguas
Experiment Station, was to determine whether pro-
ductivity in such fields might be regenerated more
rapidly with the use of selected, high-biomass, nitrogen-
fixing fallow species, and to measure the eftects of these
species on soil physical and chemical properties, weed
supression, and, subsequently, crop yield.

A one-hectare, 15-to-20-year-old secondary forest
on a loamy topsoil and clay loam subsoil was cut, burn-
ed, and pldntcd with upl‘md rice using traditional
methods in August 1983, The rice was harvested in
January 1984, and the following treatments were in-
stalled in 100 m? plots, with four replications, in a
randomized complete block design: Natural purma
(sccondary vegeration); Cajanus cajan; Inga edulis;
Stylosanthes guianensis 136; Centrosema macrocarpuni;
Desmodium ovalifolium 3 50; Pueraria phaseolvides (kud-
zu);  high-input croppmg check  (ferulization and
mechanization); low-input cropping check (without fer-
tilization or mechanization).

Changes in soil and vegetation properties during the
first 16 months after fallow establishment are reported.
‘The experiment will be continued for at least 32 ad-
ditional months, atter which the plots will be prepared
for low-input crop rotations. Crop harvest data will
be used to assess fallow performance.

Discussion

Fallows may restore the productivity of abandoned
agricultural land by one or more of the following: 1)
enrichment of the topsoll vegetation system by retain-
g nutrients added in rainfall, dust, or mineral weather-
ing. or by direet contributions from N, fixation or the
rcuglmu of nutrients from the subsoil; 2) improve-
ment in soil phvsical propertics; 3) control of weeds.

Aboveground Living Biomass

The importance of possibility (1) can be ascertain-
¢d through the construction of a nutrient budget for
the topsoil-vegetation system. While complete soil and
plant-tissuc nutrient analyses are presently lacking, it
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is worthwhile to consider biomass accumulation, since
nutrient immobilization is a function of both the quan-
tity of biomass and its nutrient concentration. Con-
sideration of the planted-fallow biomass only shows
that there is litde difference umong treatments after
16 months. On average, living ;11)()\'cgr0und hiomass
approaches 7.5 t/ha; kudzu accumulation is about 2.5
t/ha lower, and that of Desmodium 2 t/ha greater
(Figure 1), There are, however, differences in the rate
of biomass accumulation. Stylosantbes and Cajanus pro-
duction, for example, is concentrated in the first cight
months; that of Centrosema and Desmodium appear
lincar with time; and a large part of the Inga and kudzu
accumulation occurs between cight and 16 months.
Mecasurements of total living aboveground biomass
(planted fallow plus other vegetation), on the other
hand, show treatment-related differences (Figure 2).
At 16 months, Desmodium has outperformed the
natural purma, wile the Inga and Cajanus treatments
are about equal to it. The biomass of the “spreading”™
type fallows (kudzw, Centrosema. and Stylosanthes) is
much lower. The ditference between the two groups
is due to the presence of non-planted fallow vegeta-
tion, primarily trees, bushes, and lianas. This vegeta-
tion is naturally excluded from the “spreading™ d“OWS
but has rcadlly mnvaded the tree or bush fallows. Tt
is noteworthy that at 16 months after establisment,

10 — A Desmodium
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Figure 1. Living aboveground biomass of planted
fallows.
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weed (grass and broad-leaf herbaceous plants) popula-
tions are low in all treatments and are lower in the
planted fallows than in the natural fallows,

Root Biomass

The pattern of root-biomass accumulation ar 16
months parallels that of aboveground biomass (Table
1). No planted fallow has a greater root biomass than
the natural purma, although the Inga and Cajanus

20.0 A Desmodium
O  Caanus
QO inga
® Stylosanthes .
A Centrosema
¢ Kudzu
0 Check
15.0
= | —
c LSD .05 at
S
< 16 months
(4]
(] L0 —
4 10.0
E
0
m
50
.
25— .
“significantly different from the check
0 1 | ] )

] 4 8 12 16
Fallow Age (months)

dre 2. Total living aboveground biomass ac-
amulation in fallow treatments.

Table 1.Total Root Biomass, by Treatment and Depth.

fallows are similar to it. In general, the “spreading”
type fallows have much less root biomass. Kudzu root
biomass, for example, is only about 40% that of the
natural purma. The large root biomass observed in the
Stylosanthes treatment is due to the presence of a large
root ( >10 mm in diameter) remaining from the
previous forest. If this root is discounted, root biomass
for Stylosantbes is similar to that of the other
Uspreading” fallows,

The quantity and distribution of fine roots, most ac-
tive in water and nutrient uptake, should also taken
into account. Moreover, their presence in significant
quantity in the subsoil may indicate nutrient “pump-
ing,” one means by which the topsoil-vegetation system
may be enriched.

In general, fine root (< 3 mm in diameter) biomass
comprises around 85% of the total root biomass,
although this proportion is only 65% in the natural
purma. Again, fine root hiomass patterns parallel
aboveground  biomass—-treatments  with great
aboveground  biomass also have greater fine-root
biomass. The majority of fine roots are found in the
upper 15 em of the soil for all species (Figure 3). Signifi-
cant quantities ( ~ 700 kg/ha) of fine roots, however,
are also found in the subsoil in the Inga, Cajanus, and
natural purma  treatments. The Centrosema and
Desmodium treatments contain about 500 kg of fine
roots per hectare, and the Stylosanthes and kudzu
fallows approximately half that much. Hence, the
possibility for recyeling nutrients from great soil depths
appears limited for the Stylosantbes and kudzu fallows.

Vegetation Structure

The speed of lcaf-canopy development has a number
of important consequences. The development of the
photosynthetic machinery affects vegetative growth
rates and concomitnntly water and nutrient uptake,
while canopy formation reduces rainfall impact and

Treatments kg/na

Soil

Depth Centro Stylo Inga Cajanus Kudzu Desmo Check
cm

0-5 1074ab 585 b 748 b 1268ab 949ab 998ab 2014a
5-15 576 b 1776a 1019ab 478 b 262 b 621 b 891ab
15-30 256 768 499 457 134 399 297 ns
30-50 234 383 543 515 110 170 563 ns

Treatments significantly different (0.05) from the check at given soil depths are shown by different letters.
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Fine Root Biomass (kg/ha)
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Figure 3. Fine root (less than or equal to 3 mm diam.)
with soil depth. Treatments differing significantly
{.05) in fine root biomass, at given soil depths, are
shown. The average biomass is shown when there
are no significant differences when comparisons are
made across treatments.

the potential for crosion, as well as moderating the
soil microcliraate. Indicators of foliage development

are the leat-arca index (LAD and the percentage of

ground cover.

In general, LAL correlates well with increasing
biomass, although Centrosema and the natural purma
have lower LAIs at 16 -han at cight months, and ranges
between tour and eight at 16 months. It is also notable
that all fallows develop a fairly high LAI(LAL = §-6)
and an almost complete ground cover within four to
cight months after establishment tor all fallows.

Soil Physical Pr()pertiC‘

Soil physical properties are affected by vegeration
growth and development and associated lenucs in the
phvsu.ll environment. Changes in soll phvslml pro-
pcrtlu are shown in Table 2. Bulk density, while in-
creasing in the first eight months after ficld abandon-
ment, appears to decrease to pre- -cultivation levels by
16 months. Generally, the treatments with a high fine-
root biomass (purma, Cajanus, Inga) have lower bulk
densitics than those with littde fine-root production
tkudzw). These differences are not statistically signifi-
cant, however.

Field capacity (see Table 2) was measured in the field
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24 honrs after fairly heavy rainfalls. Depending as it
does on the amount and intensity of rainfall and the
initial moisture status of the soil, a comparison of field
L.lp.lLl(\ over time may not have the validity of com-
parisons among treatments at a given time. For all
fallows, ficld capacity at 16 months is greater than or
cqual to that measured at field abandonment.
However, there are few treatment-related differences
in the values at a given tme. At 16 months, field
capacity tor Desmodium and Inga is lower, and higher
tor Centrosema, than that of the purma. Few differences
among treatments are observed innfiltration rates
measured at 16 months. Differences, 1f present, may
be obscured by variability in the data. All plantcd
fallows, with the exception of Stylosanthes, have in-
filtration rates that equal or exceed that of the natural
purma.

Soil Chemical Properties

Soil chemical data for the first cight months after
establishment indicate a reduction with time in ex-
changeable Ca + Mg and available P levels in the top-
soil. Topsoil K, on the other hand, increases during
the first four months, probably due to K release from
the decomposition of 2 t/ha of rice straw. It soon
declines to levels similar to those measured at fallow
establishment. The reduction in topsoil nutrients can
probably be attributed to plant uptake and immobiliza-
tion in the biomass. The lack of significant ditferences
among treatments in soil chemical properties can pro-
bably be attributed to all treatments having similar
biomass at cight months, and the relatively short time
span during which measurements were recorded.

There scems to be a direct relationship betwesn top-
soil organic matter and available P contents Both
parameters increase after burning, drop precipitously
during the first cight months of fallow, and increase
afterwards.

Table 2. Representative values for topsoil bulk density, field
capacity {0-15 cm) and infiltration rate at various times follow-

ing fallow establishment.

Months After Establishment

0 8
Bulk Density (g/cm3)
0 - 75cm 1.16 1.19
7.5-15 cm 1.32 1.33
Field Capacity (% H;0) 26 28

Infiltration Rate
at 3 hrs (cm/hr)
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Weed Control

As noted previously, all plarited fallows are successful
at controlling grasses and broad-leaf weeds (Figure 4).
The best and quickest weed control is afforded by the
“spreading” type of fallow. In effect, these fallows
screen out almost all other types of vegetation. The
bush- and tree-type fallows, while allowing a somewhat
greater invasion of weeds, also permit the establish-
ment of other bushes and trees, resulting in greater
total biomass in those treatments. This may be advan-
tageous in that more biomass may result in greater
nutrient immobilization. Morcover, a mixture of
vegetation types may exploit the soil more complete-
ly. Furthermore, as observed in the fine-root biomass
data, treatments with significant quantities of tree, bush
and liana biomass not only tend to have more fine
roots, but also the roots are encountered at greater
soil depths, thus raising the possibility of the recyel-
ing of nutrients from the subsoil.

Comparisons With Continuous Cultivation

Gran vields for the mechanically incorporated fer-
tilizer treatment are about double those from the unfer-
tilized plots — 10 t/ha vs. 6.3 t/ha (Table 3).
However, it is significant that the latter treatment con-
tinues to vicld reasonable quantitics of grain two years
ateer clearing. Similar phenomena have been obsery-
cd clsewhere at the Yurimaguas Experiment Station
and suggest that factors other than the decline in soil
fertility — weed control, for example — are critical
to a farmer’s decision to abandon his land.

Ii. comparison with the fallows, soil chemical pro-
perties are more favorable to crop production in the

Table 3. Grain yield from continuously cultivated plots included
in the managed fallow experiment.

Date
Crop Harvested Treatment Grain Yield
__ tha___
Rice 01-14-84 None 282 + .38
Corn 06-04-84 Fertilized 093 + .32
Unfertilized 044 + .11
Cowpea 08-29-84 Fertilized 0.86 + 0.71
Unfertilized 048 + ™ 4
Rice 12-30-84 Fertilized 23 + 1.0
Unfertilized 1.0 + 04
Rice 05-14-85 Fertilized 1.91 + 0.45
Unfertilized 0.82 + 0.19
Cowpea 07-30-85 Fertilized 1.26 + 0.58
Unfertilized 0.76 + 0.36
Total Grain Production Fertilized 10.08
Unfertilized 6.32
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Figure 4. Changes in weed biomass with time in
fallow treatments.

continuous-cultivation treatments. This is expected in
the fertilized treatment duce to periodic nutrient addi-
tions. In the unfertilized, continuously cultivated treat-
ment, the level of nutrient removal via harvest, which
may be likened to long-term nutrient immobilization
in the fallows, is likely to be much less. For example,
only the nutrients contained in 6.3 ¢ grain/ha have
been removed from the cultivated plots vs. the nutrients
contained in 8 to 17 t biomass/ha in the fallows.
Furthermore, decompoasition of soil organic marter and
crop residues releases nutrients to the soil. With time,
of course, soil nutrient levels in the cultivated, unfer-
tilized treatment should approach or decrease below
that of the fallows due to continued nutrient removal
during harvests, a reduction in the quantity of nutricnts
recycled as plant production declines, and leaching
losscs.

Conclusions

Comparisons of the rates at which natural and im-
proved fallows restore productivity can be based on
soil physical propertics, the quantity of nutrient stocks
in both soil and biomass, the weed population, and
crop yiclds after the fallow. Considering these factors,



the following conclusions can be drawn:

1. Physical properties improve with time under ail
fallows, and there are few treatment-related differences
in infiltration rate, field capacity or topsoil bulk den-
sity. Ficld capacity and topsoil bulk density improve
with tme, the bulk-density values at 16 months ap-
proaghm& those tollo“m{, th.lI‘ln}:

2. Available nutrient levels in the topsotl decrease
with time in all treatments, except continuous cultiva-
tion, probably due to immobihization in the biomass.
Biomass nutrient stocks are determined by the quan-
tity of bhiomass present and the concentrations of
nutrients tn che tissues.

3. After 16 months of growth, total biomass ac-
cumulation is highest in the bush or tree fallows (ap-
proximately 14 t/ha) and lowest in the spreading types
(approximatcly 7-10 t/ha). The natural purma biomass
is 14.1 t/ha. High biomass in the bush or tree fallows
1s due prlmdrll) to the mvasion of trees, since the
planted-fallow biomass is similar in the majority of
treatments at 16 months, about 7 t/ha. These dif-
ferences in total biomass are accentuated with time.

4. Planted tallow biomass accumulation was greatest
in Desmodium (9.7 t/ha) and least in Cajanus (5.1 t/ha).
The difference between total and planted fallow
biomass is due to the presence of other vegetation,
primarily trees.

5. Foliage development and the establishment of an
almost complete ground cover oceur within four to
cight months in all trearments.

6. Weed control is better than the natural purma
except for Cajanus cajan in all planted fallows. Con-
trol is quickest and most effective with the “spreading”
fallow types.

7. Based on biomass production, finc-root produc-
tion and distribution. weed control, and changes in
soil properties, Desmodium may serve as a good short-
term 1 6-month) fallow. Desmodium, Centrosema, or
Stylosanthes may be suitable for fallows of eight months.
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The period of vegetative regrowth following the
abandonment of agricultural fields has often been
credited with the restoration of site productivity. Sur-
pnsmnl\ there have been few studies of soil and vegeta-
tion dvnamies in shifting cuttvation fallows, even
lhmwh such studies are necessary for an understan-
ding of how the most common Aylulltur.ll produc-
tion system in the humid tropies tunctions, and may
p()ml the w ay to potential improvements in the system.
Theretore, two u)mplumnt.ln projects, .uldlcssmg dif-
ferent aspects of old field secondary succession, were
undertaken. One compared secondary successional sites
of different ages but similar soils (Udults), in order to
determine how soil properties and vegetation strue-
ture and composition change over tairly long periods
ot ume. The other project is a long-term study, at a
single site, of the eftects of different levels of soil fer-
tlity on sccondary succession inan - abandoned
.wnulluu.ll ficld.

The two studies are complementary in the sense that
they address different aspects of old field secondary
succession: how soil properties and vegetation change
over fairly long periods of time, and how soil fertility
affects these processes. They physically complement
cach other in that the non-fertilized control plots in
the ferility study have been used to provide data points
in the study of different-aged purmas.

Soil and Vegetation Dynamics
In Shifting-Cultivation Purmas

Three purmas within approximately | km of one
another were identified. According to their otvners,
all were previously farmed in the traditional manner
and had suffered little disturbance since abandonment.
The purmas were approximately three, seven and 11
years old. A fourth purma, nearby, used for the un-
disturbed check plots of the fertlity studv was included
to provide data for purmas of age zero (ficld abandon-
ment) to 17 months. Soil texture in all the purmas
appeared similar, and are classifice as sandy loams. Fur-
ther analysis revealed that the zero-year purma had
a lower clay content, with a classification of loamy
sand.
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Figure 1. Changes in aboveground biomass with time
by vegetation type.

Table 1. Changes in purma vegetation structure with time after

adandoment,

Average Leaf
Time After Dominant Area
Abandonment Height, m Index Cover, %
0 1.35 + .28 14 + 7 58 + 17
4 mo. 228 + .29 36 + 11 93 + 12
8 mo. 3.56 + .47 6.3 + 15 98 + 5
17 mo. 404 + 51 48 + 1.3 98 + 5
3 years 5.99 + 1.52 not measured
7 years 12.89 + 1.39 not measured
11 years 1468 + 2.24 not measured
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The older purmas were sampled during a two-month
period. Soil properties measured included infiltration
rate, bulk density, field capacity, pore-size distribution,
organic-matter percentage, pH, exchangeable Al, and
nutrient contents (exchangeable Ca + Mg, K, and
available P). Biomass estimates of above-ground vegeta-
tion, litter, and roots to a $0-cm depth were also ob-
tained. Subsamples of cach vegetation component were
taken for nutrient analysis and included tissue samples
of all trees greater than 2.5 em DBH (diameter 1.4
m above the ground), by species. Heights and diameters
of all trees greater than 2.5 e DBH were also
measured.

Changes in Biomass

Changes in living above-ground biomass are shown
in Figure 1. Biomass accumulation shows a typical
growth curve with a decline after seven years. The
average rate of biomass accumulation, 6 t/ha/yr, is
a bit low for humid tropical forests, which average
around 10 t/ha/yr. The seven-year-old  purma,
however, accumulated biomass at a rate of 8.3 t/ha/ yr.
In general, grasses dominate during the first year of
succession and decrease thereafter, presumably due to
shading by trees and other vegetation. The biomass
of lianas appears to increase in the carly years of suc-
cession, maintaining itself at around 2 t/ha thereafter.
Tree biomass, while low during the first year, increases
rapidly thereafter and composes the majority of the
total biomass after three vears, Recruitment of trees
into the population, as represented by the understory
(trees < 2.5 ecm DBH) biomass, remains fairly con-
stant with time (about 1.5 t/ha).

Root biomass, down to a 50-cm depth, is shown
in Figure 2. Discounting roots having diameters greater
than 10 mm, root biomass appears to increase with
time. The large quantity of roots and the number of
large roots found at abandonment likely represent rem-
nants of the previous forest. It is generally cited that
root biomass is usually about 20% that of the above-
ground living biomass. Clearly that is not the case here,
as root biomass declines from 39% at 17 months of
age, 10 21%, 10% and 9% at three, seven and 11 years
of age, respectively. Root turnover, which may be rapid
and hence contribute greatly to production estimates,
was not measured.

The standing-crop biomass of tine roots—those most
important in the uptake of water and nutrients—is also
shown in Figure 2. In general, fine root biomass in-
creases with time. This pattern is maintained to a soil
depth of 30 em; at greater depths, all purmas, regardless



of age, have similar fine root biomass. In general, fine
root biomass declines with depth. The majority of the
fine roots are in the upper 15 em of the soil, while
very few are found at depths greater than 30 cm.

Changes in Vegetation Structure

Rapid changes in vegetation structure occur during
the first 17 months (Table 1). Folage development,
as measured by the leat-area index (LAI and percen-
tage of ground cover, occurs quickly. Within eight
mouths there is almost complete ground cover and a
fairly high T.AL The decrease in LAI between eighe
and 17 months is pr()lml)l\' due to the senescence of
grasses, herbs, and many of the dominant, short-lived
trees. At the same ume, carly vertical growth of trees
is extremely rapid (5.33 m/\' r at eight months), even-
tually durmsmb to an average growth rate of 1.33
m/\'r at 11 years.

These dmnucs have a number of important conse-
quences. The dculopmuu of a mulu-layered canopy
will tend to moderate soil temperature and humidity
and buffer any changes in these environmental

variables. Microbial activities and the decomposition
of organic matter may also be aftected. The develop-
ment of a high ph()tox\mhcm potcn(ml also allows
rapid ;crm\th to occur and, with 1t, a high demand
for water and nutrients. Nutrients arriving at the roots,
via water uptake and ditfusion along concentration gra-
dients, and their uptake in the biomass, are a conser-
vation mechanism by which losses n leaching, runoft,
or crosion can be reduced.

Diversity

The diversity of the purmus' i.e., the number of
genera of trees greater than 2.5 ¢m DBH present, ap-
pears to decrease with time. The three-, seven- and
11-year-old purmas contained 60, 56, and §1 genera
per sampling unit, respectively. Very few genera pre-

Table 2. Effects of purma age on topsoil field capacity,
cores).
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Purma Root Biomass  (kg/ha) to 50 cm soil depth
Age (yn) All Roots Fine Roots ( <3mm diameter)
0 5,070 1,058
1.4 3,350 2,922
3 3,400 2,474
7 10,310 2,858
11 5,790 3,706
50l A ﬂ

Figure 2. Distribution of fine-root biomass in purmas
of different age.

sent in the three-year-old purma, however, are also
found in the seven- or 11-year purmas, indicating a
very rapid species turnover or nonhomogenous plant
population distributions. The only genera in common
to the three-, seven-, and 11-year-old purmas were
Cecropia (cetico), Inga (shimbillo) and  Pollalestra
(yanavara), and these accounted for 60%, 62.5% and
39.29% of the individuals in the three-, seven-, and
I I-ycar-old purmas, respectively. Apparently, although

infiltration rates and bulk density (g/cm3 using Uhland

Field Capacity

Infiltration Rate

Soil Depth (cm)

Purma Age 0-15¢cm at 3 hrs. 0-7.5 7.5-15
% cm/hr g/cm3

0 14.0 + 2.2 — 1.36 + .07 1.53 + .03

17 mo. 149 + 1.9 539 + 84 — —

3yrs 16.0 + 0.8 222 + 134 1.28 + /10 148 + .11

7 yrs 19.1 + 2.7 299 + 58 1.18 + .05 1.35 ; .10

11 yrs 16.0 + 1.3 248 + 219 1.21 + .13 1.42 + .13

' Measured at 15 months.
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the number of genera present may decrease with time,
dominance also decr-ases.

Soil Physical Properties

Bulk density was measured using two different
methods, Uhland cores and the excavation of a known
volume of soil. Results obtained using Uhland cores
suggest that topsoil bulk density decreases with time,
the greatest change occurring in the first year or two.
The bulk density in the seven-year old purma is a bit
low and may be due to the lower sand content in this
soil. The excavation method shows similar results. Bulk
density at the 0-7.5 and 7.5-15 ¢m soil depths generally
decreases with time, presumably due to organic-matter
additions and root growth. At greater depths, however
soil bulk density is higher and does not appear to
change significantly with time.

Topsoll ficld capacity, measured in the field approx-
imately 24 hours after a heavy rainfall, appears to in-
crease shghtly with time (Table 2). Once again, the
higher value for the seven-year-old purma may be due
to the lower sand content and. hence, Macropores in
this soil. Infiltration rate was measured in the field using
a double-ring infiltrometer. There are probably no
significant differences in infiltration rates for the three-,
seven- or 1l-year-old purmas (see Table 2). The rate
measured at 17 months is significantly higher and is
probably duc to the high sand and low clay content
of this soll.

.

Soil Chemical Properties

In general, topsoil acidity, as measured by pH value,
and exchangeable Al both increase with time (Tabie
3). There is a suggestion that exchangeable nutrient
cation levels in the topsoil decrease. A fairly large
decrease in cation levels appears in the first year after
abandonment. This is followed by a period (six to seven
years) of little change in the exchangeable cation con-
tent of the topsoil before a subsequent decrease s
observed in the 1 I-year old purma. A similar pattern
1s observed at the 15-30 em soil depth, while litde
change with time occurs at depths greater than 30 em.

A number of factors make the mterpretation of this
pattern rather difficult. It is unclear, for example,
whether the changes observed in the purmas of dif-
ferent ages are, in fact, due only to the growth of the
vegetation and passage of time, or whether there are
significant differences in such things as site history and
clay mineralogy. Additionally, there is a fair amount
of variability in the dara, especially in the results for
the seven-vear old purmia, which obscures trends and
makes interpretation difficult.

The decline in topsoil nutrients during the first ycar
can probably be attributed to nutrient immobilization
in living biomass (6.3 t/ha above ground) and leaching
losses. After this decline, topsoil nutrients appear to
change little for six years, while living above-ground
biomass increases nine-fold during the same period.
It is likely that the nutrients sustaining this growth are

Table 3. Changes in soil chemical properties with time after abandonment.

Years After Abandonment

Soil Months After Abandonment
Parameter Depth 0 4 10 3 7 11
cm
pH 0-15 51 + .2 50 + .3 48 + .1 48 + .2 46 + A1 45 + .2
15-30 44 + A 45 + A 46 + .04 47 + A1 44 4+ 1 45 + 2
30-45 44 + A — 46 + .04 48 + 1 45 + A 48 + .1
Exch Al 0-15 02 + .3 09 + 3 08 + .4 06 + 1 18 + .4 11 + .3
(cmol L) 15-30 1.3 + 4 1.6 + 4 20 + 8 16 + 4 34 + 6 22 + 7
30-45 1.7 + .3 — 25 + 4 23 + 4 33 + 6 28 + 6
Exch Ca* 0-15 13 + 9 08 + 3 10 + .2 10 + .2 1.2 + 15 05 + .2
(cmol L) 15-30 05 + A1 04 + A1 05 + 1 05 + A 05 + 1 04 + 1
30-45 03 + A1 — 04 4+ A 03 + A 04 + A1 03 + 1
Exch K 0-15 10 + .07 .07 + .03 09 + .02 09 + .02 A1+ 01 .08 + .01
(cmol LY) 15-30 .08 + .05 .07 + .03 .08 + .03 .06 + .01 07 + .02 .06 + .02
30-45 .06 + .03 — .075 + .02 .06 + .01 07 + .02 .05 + .01
Avail P 0-15 14 + 4 8 + 2 7 + 1 5 + 1 5 + 1 4 + 1
(ppm) 15-30 7 + 2 4 + 2 4 + 1 3 + 0 2 + 1 2 + 1
30-45 4 + 1 - 3 + 1 3 + 1 2 + 1 2 + 1

* Values for exch Ca for 0 and 4 months are exch. Ca + Mg.
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Table 4. Changes in soil organic matter with time.

AGROVORESTRY SYSTEMS

Solil Depth Months After Abandonment!
(cm) 0 2 9 12
% organic matter

0-5 211 + 1.00 1.25 1.34 + .37 1.69 + .50
5-15 1.50 + .46 0.96 095 i .17 1.20 £ .11
15-30 1.26 + .18 — — —
Soil Depth Months After Abandonment

(cm) 0 36 84 132
0-15 207 + .40 1.05 + .13 1.67 + .19 1.21 + .20
15-30 1.26 + .18 0.63 + .06 0.84 + .32 0.85 + .23
30-45 — 0.44 + 24 083 + .17 0.50 + .17
45-100 — 023 + .09 0.65 + .11 0.29 + .10

1 0-12 month data were measured at the same site; 3-, 7-, and 11year-old data are from different sites.

provided by atmospheric inputs and the decomposi-
tion of organic matter in and on the soil, and
retranslocation within the vegetation itself. A build-
up in soil organic matter, presumably due to liteer fall,
between three and seven years is observed (Table 4).
Changes in the biomass of the forest floor have been
measured, but the data are not available at this ume.

Inany case, turther analysis, including the contribu-
tion of atmospheric inputs and the construction of a
nutrient budget, is needed.

Conclusions

1. Sccondary succession is in general very dyvnamic.
Pioncer vegetation quickly establishes its ph()t()s\ n-
thetic material and a soil cover. Photosynthesis and
transpiration sct up soil-water and nutrient gradients
that enable rapid biomass accumalation and nutrient
immohilization in the hiomass.

2. Rapid vegetation growth affects soil propertics
through root growth and turnover, organic matter ad-
ditions, vegetation-mediated changes in soil
microclimate. and the canopy’'s ability to reduce the
impact of rainfall on the topsoll, all prol)dl)l\' con-
tributing to the deerease in bulk density and 1 improy-
ing the retention of soil moisture, It is interesting to
note that where root biomass is similar, bulk dmsl(\'
is also similar. And. while diftferences in sand content
may influence the increase in field capacity over time,
this increase during the first fifteen months agrees well
with increases in soil Organic matter over ‘the same
period.

3. Nutrients become impoverished in che topsoil over
time, largely as a conscquence of nutrient uptake and
immobilization by vegetation.

4+ It is unclear whether the higher biomass accumula-
ton and productivity of the seven-year-old purma

should be attributed to a growth phase common to
this stage of succession, or to differences in sites. Data
show that the site of the seven-yvear-old purma was
less sandy and somewhat more fertile than the others.

A number of questions remain. The effect and
impertance of changes in soil physical properties on
vegetation growth remain largely unknown, as does
the effect of soil fertlity on biomass pr()dum()n and
vegetation u)mpoxm()n The relative 1mpormmc of
.umosphuu inputs, N fixation, soil organic matter,
and litter as sources of nutrients for developing vegeta-
tion is likely to vary according to soll type, and these
factors also need further evaluation. It is lmport.mt
to conduct long-term studies at permanent sites, in
order to avoid the problems ereated when site and time
are confounded.

Effect of Soil Fertlity
On Shifting Cultvation Fallows

The purpose of this study was to answer some of
the questions regarding the effect of soil fertility on
secondary succession in abandoned agricultural fields.
Specifically, the study was designed to quantify the
size of potential or actual nutrient pools in an aban-
doned agriculrural field, and to investigate the effects
of soil chemical properties on secondary succession by
manipulating soil fertility.

A 0.5 ha abandoned ficld that had been cropped
with a rice-corn mixture was sampled on 24 plots of
64m < 2. Analyses included total soil nutrients to
a 1 m depeh; exchangeable Al Ca + Mg, K; available
P contents in the upper 100 cm; and soil organic
matter.

Biomuass measurements and subsamples for nutrient
analysis were obtained for liteer, crop residue, and living
vegetation. The leaf-area index (LA, average heighes
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of the five dominant individuals per plot. and pereen-
tage of cover were also measured.

Three rainfall collectors were installed, as well as
six zero-tension leachate collectors. The Ivsimeters were
placed in zones of textural change. usually between
15 and 20 ¢m depth.

Soil physical properties—texture. butk density, field
capacity. and pore size distribution—were also sampled.

After the inital sampling, four fertility treatments
were established: 1) undisturbed controls, 2 liteer
removal, 3) litter additions (the cquivalent of 3.25 ¢
of rice straw and 17 4 1 of wood per hectare) and +)
fertdization with 100 kg P/7ha. 100 kg N/ha, 100 kg
K/ha and and 50 kg Mg/ha,

Soil and vegetation dynamics were studied by means
of penodic measurements. These included: topsoil
organic mateer approximately every two months; ex-
changeable AL Ca + Mg, Ko available P pH at four,
ten and 17 months atter abandonment: topsoi} bulk
density at zero, ten and 17 months after abandonment;
ficld capacity at 0 and 15 months; infiltration rate at
17 months; and pore size distribution at zero. ten and
17 months. The heights of the five dominant in-
dividuals per plot, LAL % cover, and biomass (weght
and nutrient concentration by vegetation wpe. i
grasses, lanas, herbs, and trees) were measured at zero,
tour, ten and 17 months. Root biomass down to a
30 em sotl depth was measured at one and 17 months.
Ramtall and leachate samples were collected within
two davs after a rain. the quantty collected was
measured, and a subsamiple was taken for chemical
analysis,

Nutrient Pools

Soil total nutrient analyses are shown in Table 5.
The increase in nutrients observed in the 15-60 ¢m
horizon is due o an increased clay content. The
relatively large amounts of total K and Mg reported
may be due to the presence of vermiculite-like minerals
having impertect substitution or Al oxide minerals hav-

Table 5 Total soil nutrient stocks present at field abandoment

(mean at three replications).

Depth (cm) Kjeldahl Ca Mg P K
kg/ha
0-15 857 292 361 173 669
15-60 2410 67 1264 613 3507
60-100 1431 25 1041 505 2393
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ing K or Mg entrapped in the interlayers. These
nutrients are, for the most part, probably unavailable.
It hag been reported that, after kaolinite, vermiculite
is the nexe most common soil mineral in the
Yurimaguas soils.

In general, the total quantity of nutrients in the soil
appears sufficient to support more than one crop
harvest. However, the slow release of minerals into
plant available forms and the possibility of Ca defi-
aencies or Ca/Mg imbalances would probably
negatively afteet crop productivity. N'orcover, available
nutrient levels in the topsoil, while not high, general-
Iy appear sutficient, although K availability may be
alimiting factor. The existence of large total nutrient
pools deep i the soil profile, on the other hand, raises
the possibility of nutrient “pumping” by deep-rooted
plants.

Preliminary analvses of atmospheric inputs suggest
that inputs may be stzcable for K. Na. and Ca. but
may be within the range reported i the literature. An
unexplained anomaly s the rainfall pH value ot 6.9,
Rainfall should have a pH of around 5.5 A higher
pH value may indicate contamination. In any case,
atmospheric inputs fall far short of supplving the
nutrients needed for continual crop production. Ad-
ditions over a ten-vear period, however, may be suf-
ficient to support one or two crop harvests, assuming
total nutrient conservation and similar atmospheric in-
put levels for all vears,

The importance of large and small liceer pools pre-
sent at abandonment cannot be assessed at this tme
due to the absence of nutrient wnalvses of liver. Con-
sidering that litter biomass ranges between approx-
mately three and 11 t/ha, liver decomposition may
supply large quantitics of nutricnts to vegetation
regrowth.

[n comparison to nutrient additions, leaching losses
appear relatively small. Losses were greatest tor K, as
might be expected based on its chemical characteristics.
In general, leaching losses varied by treatment. Losses
were greater in those treatments wich larger quantities
of available nutrients.

Vegetation Dvnamics

In general. a grear deal of within-treatment variabiliny
ts observed in the measurements of hving above-ground
biomass (Table 6). In many cases, cocticients of varia-
ton are 100% or more. Such variation s due to the
Uclumpy™ nature of vegetauon distribution and the
quadrat samphing techniques used. Such variability
obscures trends and makes mterpretation difficult.
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Table 6. Changes in living aboveground biomass following field adandonment (kg/ha).

Broad-leafed Trees, Trees, Crop
Treatment*® Grass Weeds Lianas <2.5cm dbh >2.5¢cm dbh Remnants
1 Month After Abandonment
1. 28 43 214 108 0 2590
2. 28 35 447 821 0 2113
3. 204 34 249 234 0 2617
4, 210 203 99 272 0 2030
4 Months After Abandonment
1. 928 165 445 763 0 144
2. 520 361 421 531 0 511
3. 1029 477 894 825 0 147
4. 1006 449 1555 3243 0 72
10 Months After Abandonment
1. 3372 628 741 1539 0 0
2. 2085 89 382 720 625 0
3. 2190 54 241 1300 1475 0
4. 2394 549 315 1211 9150 0
17 Months After Abandonment
1. 2467 14 1481 1745 1841 0
2. 2775 177 287 2934 5562 0
3. 1072 72 616 872 5037 0
4. 456 346 638 2217 7038 0

' Key to Treatments: 1) Natural secondary succession control; 2) residue removed; 3) residue added; 4) fertilized.

A number of patterns in biomass accumulation are 13
apparent. regardless of tertnhity treacment (Table 0 and
Figure ) Above-ground living biomass decreases dur-

mg the tirst four months atter abandonment as crop 12F

plants remaming atter harvest senesee. The crop plants Treatment

are quickly upl aced by grasses and trees which are !

2
codominant for a while. The arasses  eventually 3
4

iy
o
k]

decrease m bomass as tree hiomass continues 1o -

crease hoth absolutely and i relative | importance. Her-
baccous weeds and Tanas, although present. are of
much lesser importance: Their hiomiss generally peaks
between four and cight montheand decline thereatier.

There appear to be very few treammentrelated dit-
ferences m biomass accumulation Up to ten months
atter abandonment. total abor c-ground Iving biomass
is similar i the undisturhed check and the residue
treatments. Biomass Tevels, considered by vegetation

Living Aboveground Biomass (t/ha)

tvpe.are also similar across these treatments During
thiv period. however, greater biomass levels were
recorded i the chemigs 1l|\ tertilized reatment. primari- 2k
Iv duc to a greater tree hiomass. These differences m. 1
not be sigmificant due o varabiliny in the data,
Biomass measurements at 1~ months show hietle dit-
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Months After Abandonment

terence between the check and residuc-addition . s .
L ¢ ¢ CRlET Figure 3. Changes in living above-ground biomass

treatments, while the residuc-removal and chemical- with time.
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Figure 4. Changes in soil organic matter with time
(0-15 cm).
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ly fertilized treatments have similar levels of biomass,
averaging 2-3 t/ha more than the check. The data sug-
gest that tree growth responds quickly to chemical fer-
tilizer additions. There is litle difference among
treatments in topsoil or subsoil chemical properties at
ten months, with the exception of higher P levels in
the chemically fertilized treatment. This suggests that
the nutrients which were added were lost either in sur-
face runoff or crosion, converted to an unavailable
form, or immobilized in litter and biomass. The lat-
ter possibility, at least, can be investigated via nutrient-
budget caleulations.

Soil Organic Matter

Topsoil (0-5 cm) organic matter declined in the first
six months after the field was abandoned, but increased
from six to 12 months (Figure ). There was no ap-
parent effect of the different treatment. Similar but
less marked changes were also observed in the 5-1§
em layer.

Conclusions

1. The recovery of vegetation in an abandoned
agricultural field appears to respond to the application
of 100 kg N, 100 kg K. 100 kg P, and 50 kg Mg per
hectare. This response is mainly apparent in increas-
ed tree growth, Despite differences in tree growth,
there was litdle effect of treatment on soil physical or
chemical propertics. This suggests the amounts of
nutrients added or removed in vegetation residue is
small relative to soil pools and that nutrients added
via the application of fertilizers may only be available
to the vegetation for a short period of time before they
are taken up, leached, or converted to chemical forms
unavailable to plants,

2. Further work is needed on the quantity and rate
of release of nutrients from soil pools as well as in-
puts to and losses from these pools.
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New-Project Update

This project bas not been under way long enough to yield substantive reports, but should be
mentioned because of its importance to the program as a whole.

Comparative Soil Dynamics

Julio C. Alegre, N. C. State University
Pedro A. Sanchez, N. C. State University
Luis Arevalo, N. C. State University
Jorge Perez, INIPA

Manuel Villavicencio, INIPA

This project. established on a tract of ten-year-old
secondary forest at the Yurimaguas Experiment Sta-
tion, compares the etfects of various crop-management
systems on changes i the physical, chemical and
Im)lnuml Pl()])(l‘[lcs ot an Ulusol upon clearing. The
experiment consists of six management options as
treatments, which are: 1) shifting ullm.ulon, with plots
contracted out to a farmer who planted upland rice
ntcrumppui with cassava and plantain; 2) mechaniz-
ed continuous cropping, with corn and soybean, on
a plot cleared with a tractor and straight blade, then
logged. burned, disked and fertilized .uu)rdlm, to soil-
test recommendations; 3) low- mpul tuhnolm,\ in
which a rotation of two crops of rice follow d by
cowpea w il be carried out unail productivity declines;
then it will be placed in managed fallow; 4) combin-
ed tree and crop production, “with rice mterplanted
with tomillo (Cedrelinga catenacformis), and Inga edulis
planted between the Cedrelinga: 5) peach pnlm
(Gulielma gmzpm’s interplanted with the first crop in
a sequence of rice, rice and cowpea; and 6) a forest
fallow check, in which the plots were not disturbed.

Plots were sampled before and after clearing, and
after burning. Soil chemical, physical and biological
properties are being monitored intensively.

Collection and Propagation
Of Agroforestry Species

Angel Salazar, INIPA

Jorge Perez, INIPA

Cheryl A. Palm, N.C. State University
Alwyn Gentry, Missouri Botanical Garden
Kenneth MacDicken, University of Hawaii

Most tree and shrub species used tor agroforestry
in the humid tropics are successful in high base status
soils. “This project seeks to identify species that can sue-
ceed on acid soils. ‘There was progress during 1985
in several areas:

1) At Yurimaguas, seed of cleven legumes with
potential in agroforestry were collected, identified and
planted at the nursery.

2) Some 200 trees, shrubs and vines, collected
around Yurimaguas during a survey by the Flora of
Peru Project, are being identified.

3) A trial o evaluate trees tor alley- cmppim, was
established, with eight of twenty tree species planted.
The trees will be studied for survival, growth rarte,
regrowth after pruning, biomass prodnetion and
nutrient accumulation.

4) In collaboration with the Nitrogen Fixing Tree
Association (Hawaiy), a site was prepared for a trial
designed to measure hiomass production and N ac-
cumulation in species considered strong N-fixers on
acid soils.
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New-Project Update

Living Fences

Jorge Perez, INIPA
José Benites. N.C. State University

The objectves of this project are 1) to determine
the most suitable tree species for use in living fences,
and 2) to test rhe idea that living posts, sprouted from
stakes or poles, could persist on acid soils, reducing
the high cost of tence maintenance on farms in the
humid tropics.

Research was hegun at Yurimaguas with three pro-
mising species: mullohuavo (Seca Sloribunda), lambo
pashaco (Exlorabium sp.) and huina caspi (genus and
species unknown).

Mullohuayo

Sprouting pereentage was derermined with 0.5 or
1.0 m long mullohuayo stakes as a function of days
of storage after cutting.

Over 80% sprouting was achieved with seven-day-
old stakes of cither size. Similar results were obtained
with 2.5 m long stakes.
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Llambo pashaco

For this species, 2.5 m stakes were used. Seven days
after planting, 80% of the stakes had sprouts, but the
vigor disappeared quickly and all stakes died.

Huina caspi

This species grows on upland soils. It is traditional-
Iy used as fencing material in the gardens of pueblos
Jovenes of Yurimaguas. The same experiment was car-
ricd out as with mullohuayo, using 0.5 mand 1.0 m
stakes. Results were negative because the MAacroporosi-
ty of this species allows a very quick loss of its water
content. Ninety days after planting the survival rate
was 829%. At 180 days after planting, only 26% of
the living plants were found. The causes of mortality
are not known but sprouts began drying and fell from
the trunks.

Further study will test ways to stimulate rooting
and rapid growth. Native legumes with a high poten-
tal for vegetative propagation will also be tested in
the living fences.
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Continuous cropping is in many ways an attractive system to those in the humid tropics who seek
to produce more food on less land, conserving natural forests while developing a more stable agricultural
base. Research has shown that the effective use of modern fertilizers and lime can dramatically in-
crease crop yields in the acid, infertile soils of the humid tropics. Before this technology can be applied
successfully in developing nations, however, it must first be adapred to local economic, social and
environmental conditions,

A stable system of continuous cultivation must overcome several soil-related constraints. The com-
mon humid-rr()piczll weather pattern of intense rainstorms followed by dry periods promotes soil cro-
sion and water stress in crops. Most of the available soils are acid and infertile, and are subject to
nutrient lcuching during heavy rains. Tropical weeds, which have traditionally been controlled by
extended fallows and very brief periods of cropping, soon dominate food crops if they are allowed
to establish themselves in the fields.

The reports that follow describe rescarch aimed at managing cach of these primary constraints. Most
of the research has been conducted at the Yurimaguas Experiment Station in Peru. Several projects
examine various tillage methods and their effect on soil physical and chemical pronerties. A sccond
group reports experiments in fertilizer management, while a third deals with methods of weed con-
trol. The central continuous-cropping experiment incorporates information and methods generated
by cach of these experiments, so as to develop and refine a comprehensive soil-management program
for the continuous cultivation of focd crops in the humid tropics.
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Land-Clearing and Post-Clearing
Soil Management Practices

Julio C. Alegre, N. C. State University
D. Keith Cassel, N. C. State University
Dale E. Bandy, N. C. State University

In the humid tropics, large areas of cleared land have
been abandoned because their soils were too com-
pacted, eroded or infertile to support crops. Much of
this damage has been blamed on the use of bulldozers
with straight blades in land-clearing. There has been
aneed for information on alternatives to straight-blade
bulldozing, as well as for soil-management practices
that could improve the productivity of cleared land.
The purposc of this project, which was conducted at
the Yurimaguas Experiment Station, was 1) to deter-
mine the rate of change of sclected soil physical pro-
perties resulting from alternative land-clearing and soil-
management practices, and 2) to evaluate crop per-

formance as affected by Iand-clearing and soil-
management practices of a humid tropical Ultisol.

Soil Physical Properties

Clearing methods and burning and tillage treatments
are shown in Table 1, along with bulk-density
measurements for two depth intervals, taken 1§ days
before harvesting the first and last crops. Soils in the
treauments were 8 to 10% clay, and particle-size
distribution at the 0 to 15 ¢m depth was not altered
by land-clearing. Topsoil removal and mixing of top-
sotl and subsoil are probably more a function of the
bulldozer operator than of the clearing method itself.

Clearing tended to increase the variation in Db
(Table 2), as indicated by the higher standard devia-
tions. Compaction occurred for slash-and-burn clear-
ing due to foot traffic during slashing and trunk
removal. The greatest numerical increase in Db oc-
curred for straight-blade clearing, but it was not
significantly different from the shear-blade and slash-

Table 1. Mean bulk density and standard deviation (in parentheses) of Yurimaguas soil at two depths for two
times as a function of land clearing methods, burning and soil tillage treatments.

8 Months After Clearning

23 Months After Clearing

Treatment 01to 15cm 15 to 25 cm 0to 15 cm 15 to 25 cm
Mg/m3
Slash/burn 1.17(+0.10)a"* 1.37 (0.10) b 1.32 (0.04) ¢ 1.38 (0.04)b
Straight blade/rototill 1.26 (+0.16)a 1.44 (0.19)ab 1.42 (0.06)ab 1.56 (0.15)a
Straight blade/chisel/rototill 1.25 (+0.09)a 1.49 (0.09)ab 1.46 (0.11)a 1.57 (0.07)a
Shear blade/burn/disk/rototill  1.18 (+£0.11)a 1.45 (0.15)ab 1.34 (0.11) bc 1.52 (0.11)a
Shear blade/rototill 1.28 (+0.24)a 1.52 (0.12)a 1.32 (0.12) ¢ 1.58 (0.04)a
Shear blade/disk/rototill 1.31 (+0.14)a 1.56 (0.16)a 1.33 (0.11) bc 1.57 (0.06)a

* Ewch value is the mean of nine measurements in cores of 76 x 76 mm.
** Means in a given column with the same letter are not significantly different at the 5% level by the Waller-Duncan
multiple comparison test.

Table 2. Mean bulk density and standard deviaton (in parentheses) of Yurimaguzs soil prior to and three months
after land clearing.

Depth (cm)

Time Clearing Method 0to 15 15 to 25

Mg/m3

Before clearing*
Three months

1.16 (0.09)b" ** 1.39 (0.08)b

after ciearing* * slash/burn 1.27 (0.07)a 1.37 (0.10)b
straight blade 1.42 (0.12)a 1.49 (0.12)a
shear blade 1.28 (0.25)a 1.50 (0.15)a

* Each value is the mean of 36 measurements.
** Each value is the mean of 18 measurements.

*** Means in a given column with the same letter are not si

Duncan comparison test.

46

gnificantly different at the 5% level with the Waller-



and-burn clearing methods. This lack of difference may
be attributed to the high variability produced by the
mechanical clearing methods.

Bulk density in the 15 to 25 em depth increased
for both types of mechanical clearing, but not for slash
and burn. No differences were found ac the upper
depth before harvesting the first crop, but ac the lower
depth greater Db values were observed for some ran-
dom treatments compared to slash and burn. After 23
months, Db of the upper depth for the slash-and-burn
treatments was significantly lower than Db for two
other random treatments. At the lower depth, all
mechanized land-clearing treatments had greater Db's
compared to the slash-and-burn treatment.

Water-Holding and Infiltration

The soil water characteristics for the 0 to 15 ¢m
depth prior to clearing are shown in Figure 1A, The
vertical bar through cach point is two standard-
deviation units long. The amount of water held bet-
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ween soil water pressures of <13 to -1,500 KPa was
assumed to approximate the soil's capacity for holding
plant-available water before clearing, and was equal
to 0.187 m*/m*. The diameter of the largest pore neck
that retained water at the applied soil water pressures
is also shown in Figure 1A, Pores with neck diameters
>23 e m were drained at i situ field capacity.
"The soil water characteristics at the 0 to 15 em depth
three months after clearing are presented in Figure 1B,
Straight-blade dlearing increased soil water content for
soil water pressures < -2 KPa when compared to the
slash-and-burn and  shear-blade  treatments. These
higher water contents are attributed to destruction of
macropores by compaction, which, in turn, increased
the volume of micropores. Soil water characteristics
for the 15 10 25 em depth showed the same trend three
months after clearing (Figure 1C). The soil water
characteristics for the 0 to 15 em dcpth tor the three
soil-management subtreatments cight months after
clearing are shown in Figure 1D, The bedded treat-
ment had che greatest total porosity and greatest

B.

Three Months After Clearing
0 — 15 cm depth
0.4 }— 4 Stash and Burn —
@ Straight Blade
A Shear Blade
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D.
Eight Months After Clearing
0 — 15 cm depth
0.4 I— O Flat Planted -
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02| fE=f— -
I LsD .05
0 pee —
| | ] ] | ]
- 40 ~-30 -20 -10 0

Pressure Head (k Pascal)

Figure 1. Soil water characteristics of Yurimaguas soil before and several times after clearing.
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volume of large pores because less soil disturbance oc-
curred due o land preparation by hand.

The mean infiltration rate betore clearing was 420
mm/hr over a two-hour period  (Figure  2A).
Mechanical clearing with both the straight blade and
the shear blade significantly reduced infiltration rate.
Mean infileration rates during the first two hours of
mfltration were 304, 14, and 32 mm/hr three months
after clearing for the slash-and-hurn, straight-blade and
shear-blade methods, respectivelv. Because intiltration
MEBUICIMENTs WEre so- tme-consuming, it was not
possible to measure cumulative infiltration for all
treatment-subtreatment  combinations. | lowever,
measurements were replicated six times for those com-
binations measured. Cumulative infileration during a
two-hour period  tor selected land-clearing  sub-
treaments 23 months after clearing is shown in Figure
2B. Continuously cropping the Yurimaguas soil for

A.

A Stash and Burn (before clearing)
O stash and Burn

B Shear Blade
@ Straight Blade

800 |~
} 3 mos. after
clearing

A Straight Blade, Chisel, Flat Planted
@ Straight Blade, Flat Planted
® Shear Blade. Burn, Flat Planted

600 -
. 400}
E
E
c 200 |-
.2
8 *
£ i I l_
£
) B.
2
% 250 = O Slash, Burn, Flat Planted
]
E
3
O

200 -

150 §=

100 j-~

] ] ] | I ] J
0 20 40 60 80 100 120

Time (min)

Figure 2. Cumulative infiltration of Yurimaguas soil
before and after clearing for three land-clearing
methods (A), and cumulative infiltration for selected

land-clearing methods 23 months after clearing (B).
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23 months after seraight-blade clearing resulted in a
low infiltration rate when no orher soil-management
treatment was used before planting. However, when
straighe-blade clearing was covpled with chisel plow-
mg before planting the tirst crop, cumulative infilera-
tion values were similar to those for the slash-and-burn
treatment.

During the 23-month-long period of continuous
cropping, cumulative infiltration over a two-hour
period decreased trom 800 to 200 mm for the slash-
and-burn treatment (compare Figures 2A and 2B). On
the other hand, cumulative infiltration increased for
the straight blade/chisel and the shear blade/disk
treatment.

Crop Response

Grain yield of rice, the first crop seeded after the
treatments were imposed, was highest for the slash-
and-burn treatment (Table 3). This was expected
because slash and burn supplics nutrients in ash and
leaves the topsoil in place. The shear blade/burn/disk
treatment also incorporated nutrients from ash into
the soil and produced the second highest yield. Very
little removal of topsoil or mixing of subsoil with top-
soil occurred for the shear-blade treatment. The
bed/fertilization subtreatment had the highest grain
vields followed by the flac/fertilization. Soil in the beds
maintained good structure, partly because field laborers
never walked on the elevaced beds. The highest grain
vield for the second rice crop (the fourth consecutive
crop in the rotation) was for the shear/burn/disk treat-
ment followed by the slash-and-burn and the straight-
blade/chisel treatments (Table 3).

In general, rice grain yield was 0.5 10 0.7 Mg/ha
less for the fourth crop compared to the firse crop.
This was espectally true for those plots where no fer-
rilizer was added because most of the nutrients had
been removed by the previous Crops.

A very poor soybean crop resulted from poor ger-
mination duc to dry conditions and l()\v-qlmliry seed.
Yields (Table 4) were low compared to the 2.5 Mg/ha
yield obtained from other studics ncarby. The highest
grain yields occurred for the slash-and-burn, straight-
blade/chisel, and shear-blade/burn/disk treatments.
The response to chiseling land cleared by straight blade
was 0.38 Mg/ha. Based on the general response to
chiseling and disking, it appears that soil compaction
constrained soyhean growth and vyield.

Corn height for the third crop vas significantly
greater for the slash-and-burn  and  shear-
blade/burn/disk  treatments (Table 5. For both



treatments involving burning, some available nutrients
still remained and plant height was 0.85 m. Grain
vields for the fifth crop were greateste for the slash-
and-burn and shear-blade/burn/disk treatments (Table
5). There was good response to all treatments receiv-
ing disk or chisel tillage. Without fertilizer and lime
plants did not survive. Although application of fertilizer
and lime dppmrui to compensate for some of the ef-
fect of compaction, corn growth and yield were bet-
ter on chiseled land. Soil structure in the bedding
system was favorable to germination and root distribu-
tion, and bedding produced higher grain yiclds.
For the slash-and-burn treatment, the bed /feriliza-
tion management resulted in the best soil physical con-
ditions, less lodging and higher yields. Physical pro-
perties of the subsoil tor this treatment were never

ConTiNuvous CROPPING

altered by clearing or management from their initial
condition, and therefore provided a good environment
for roots.

Conclusions

1. Most of the changes in soil physical properties
oceur during the land-clearing process rather than after
clearing,

2. Degradation of physical properties due to
mechanical land-clearing is sufficient to decrease crop
vields if no eftort is made to improve soil physical con-
ditions.

3. The least deterioration in soil physical proper-
ties occurred i the slash-and-burn treatment.

4. Chiseling and disking after mechanical land-
clearing tended to offset some of the undesirable ef-

Table 3. Rice grain for the first and fourth consecutive crops as affected by land clearing, tillage and soil

management.
Grain
Treatment Flat/No Fert. Flat/Fert, Bed/FFert. Mean
Mg/ha
First crop
Slash/burn 3.1 3.56 3.98 3.55a **
Straight blade 0.91 2.75 3.38 235 cd
Straight blade/Chisel 1.14 2.84 2.85 2.28 cd
Shear blade/burn/disk 2.39 3.06 3.68 3.04 b
Shear blade 1.27 3.02 3.20 249 ¢
shear blade/disk 0.91 2.58 2.74 207 d
Fourth Crop
Slash/burn 0.75 3.48 2.82 235 b
Straight blade 0.26 1.56 2.00 127 d
Straight blade/chisel 0.70 3.04 2.91 222 b
Shear blade/burn/disk 1.58 3.44 2.96 2.66a
Shear blade 0.97 2.13 2.28 180 ¢
Shear blade/disk 0.63 1.83 1.96 147 d

Table 4. Soybean grain yields for the second crop as affected by land clearing-tillage and soil management.

Grain (Mg/ha)

Treatments Flat/No Fert, Flat/Fert. Bed/Fert. Mean
Slash/burn 0.42 2.32 1.86 1.53ab **
Straight blade 0.10 1.03 1.50 088 d
Straight blade/chisel 0.32 1.44 2.03 1.26abc
Straight blade/burn/disk 0.48 2.17 2.05 1.57a
Shear blade 0.18 1.37 1.87 1.14 cd
Shear blade/disk 0.12 2.01 1.56 1.23 bc

** Means in a given column followed by the same small letter and means in rows followed by the same capital
letter are not significantly different at the 5% level by the Waller-Duncan multiple comparison test.
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Table 5. Corn height for the third crop and corn grain yield for the fifth crop harvest as affected by land clear-

ing tillage and soil management.

Treatment Flat/no Fert. Flat/Fert. Bed/Fert. Mean
Plant height,m

Third crop

Siash/burn 0.85 2.58 2.34 1.92a ***

Straight blade 0.00 1.48 2.20 123 d

Straight blade/chisel 0.28 2,29 2.35 1.64 bc

Shear blade/burn/disk 1.03 2.63 2.23 1.96a

Shear blade 0.45 2.51 2.25 1.74 b

Shear blade/disk 0.31 2.43 2.03 159 ¢
Grain yield, Mg/ha

Fifth crop

Slash/burn 0.39 2.86 3.30 2.18a

Straight blade 0.00 1.47 1.18 0.88 ¢

Straight blade/chisel 0.00 *.85 2.87 1.58ab

Straight blade/burn/disk 0.04 2.45 2.82 1.77ab

Shear blade 0.00 1.36 1.76 1.04 ¢

Shear blade/disk 0.00 0.94 1.95 096 ¢

LY

Means in calumns for a given harvest followed by the same small letter and means in rows followed by the

same capital letter are not significantly different at the 5% level by the Waller-Duncan multiple comparison test.

fects of Izlnd-clcuring on soil physical properties. For
example, the infiltration rates for soil cleared by the
mechanized methods were increased by disking and
chisel plowing prior to planting the first crop.

5. Declines in soil physical properties under con-
tinuous cropping were minimized when soil was bedd-
ed using a hand hoe.

6. Slash-and-burn clearing resulted in higher yields
for rice, soyhean and corn compared to mechanized
clearing. Of the mechanical lzmd-clcnring and tillage
methods examined, shear blade/burn/disk produced
the highest rice, sovhean and corn yields. All crops
showed a positive vield response to treatments in which
soils were chiseled or disked after clearing.

Implications

While all of the land-clcuring methods examined
adversely affect these soils to some extent, traditional
slash and burn does the least amount of damage.
Machinery can apparently be used to clear secondary
forests for crop production if its use is coupled with
effective soil-management techniques after clearing. Of
the mechanical methods examined, the best aleernative
to slash-and-burn clearing was a combination of fell-
ing with a shear blade. then burning the vegetation
on-site as traditicnally practiced. However, unless
followed by disking or chiscl-plowing this method will
tend to produce lower crop viclds and less favorable
soil properties than traditional slash-and-burn clearing.

50

Tillage With Tractors
In Continuously Cropped Ultisols

Robert E. McCollum, N. C. State Universiry

Before January, 1984, the long-term continuous-
cropping experiment at Yurimaguas had been tilled
with a small hand rototiller to a depth of 7 to 10 em
since it was first cleared in 1972, While rototilling had
been considered a possible intermediate step between
hand tllage and tractor-drawn implements, it has
several disnd\';mmgcs: Tillage with rototillers has
resulted in a shallow root system limited to the zone
of fertilizer incorporacion; small rototillers do not pro-
perly incorporate crop residues; and rototilling is slow.
The objectives of this project are 1) to determine
whether tillage with tractor-mounted farm equipment
is possible on humid tropical Ultisols; and 2) to deter-
muine whether tillage with tractors is agriculeurally and
ceologically sound in humid tropical environments.

Tillage Practices

An abandoned portion of Chacra I, which is the site
of the continuous-cropping experiment at Yurimaguas,
was prepared during July-August, 1983 via the follow-
ing steps: 1) Chop crop residues with rotary mower;
allow to dry; burn; repeat as necessary; 2) disk as
necessary to reduce remaining residues o a manageable
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Table 1. Crop yields on Chacra | after initiating tractor-mounted tillage. Months refer to harvest date.

Comparisons Rice Corn Corn Corn Corn!

Jan 84 Jan 84 July 84 Jan 85 July 85
— GGrain yields, th/a, and (number of observations)

General Mean 2.47 (101) 2.96 (42) 3.15 (216) 3.48 (125) 2.90 (36)

Clearing Method

Burned, 1972: 2.56 ( 41) 3.00 ( 8) 3.27 ( 99) 3.50 ( 64) 2.70 (15)

Bulldozed, 1972: 2.54 ( 43) 2.93 (33) 2.93 ( 90) 3.70 ( 32) 2.87 (12)

Peripheral Areas? 210 ( 17) 349( 1) 3.42 ( 27) 3.19 ( 29) 3.28 ( 9)

Lime + P

None 2.74 ( 16) 2.35 (17) 2.71 ( 56) — —

Lime + P3 2.42 ( 85) 3.38 (25) 3.30 (160) — —_

Banded P

None — 2.54 (15) — — —_—

Banded P — 3.19 (27) — - —_

' Low Corn popuiation (29,000 plants/ha)
2 Clearing method unknown
3 251t lime/ha + 100 kg/P/ha

bulk: 3) plow to 20-25 e¢m with a moldboard plow
to incorporate plant residues and soil amendments; 4)
disk again; 5) make tractor tracks as row markers; 6)
construct 75 ¢m beds; 7) prepare seedbed  with
rototitler. and 8) plant crop, cither by hand or with
tractor-mounted Cole planters. Lime and ferulizer ap-
pheations were consistent with practices developed for
Chacra 1. Weeds were controlled chemicallv with
mctolachlor. '

Corn and upland rice were planted in August, 1983
and harvested inJJnu.m 1984, The same tillage opera-
tions were repeated prior to planting three consecutive
corn crops, which were harvested in July, 1984,
Januarv, 1985 and Julv, 1985,

Yields

Product yields during tour biological cycles tollow-
ing initiation of tractor-mounted tillage are shown in
Table 1. While there were no treatments in an ex-
perimental sense, some comparisons based on previous
treatment and current management can be made regar-
ding clearing method, and the effects of lime and P.

Clearing Method

The site was cleared in 1972 by bulldozing or by
traditional cutting and burning, The data show that
any differences between initial clearing methods were
\utu.lllv climinated by tlling to 20 cm.

Effects of Lime + Phosphorus

Lime and phosphorus, broadeast betore the first crop,
increased corn yields but had not effect on rice. In-
row banded P resulted ina 26% increase in corn yields
during the first cycle.

Observations
Initial observations have been that mechanized tillage
is possible on Ultisols in the Yurimaguas environment.
Illl.lg,c can be accomplished once a year, during the
“dry” season, July-September. Mechanized tlllagc at
other times should only be undertaken with strict at-
tention to soil moisture. Continuing work in this area
will seck to determine if mechanized ullage is
agriculturally and ecologically sound in humid tropical

environments.
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Continuous Cropping:
Central Experiment

Robert E. McCollum, N. C. State University
Pedro A. Sanchez, N. C. State University
Dale E. Bandy, N. C. State University

This experiment is a long-term demonstration of a
continuous-cropping system for acid soils of the humid
tropics. The system is based on the judicious use of
fertilizers and the best available soil-management prac-
tices. It oceupies eight 10 m by 28 m main plots in
cach of two fields known as Chacra I (ite one) and
Chacra I, There were seven fcrtili(y-m;m;1gcmcm
treatments under cach of two rotations, rice-corn-
soybeans and ritc-pcnnut-soyhcnns, and four replica-
tions cach in 4 x 10 m plots. These plots have been
cropped conunuously since September of 1972, pro-
ducing 31 crops to date in Chacra 1.

From May, 1982 unuil January, 1984, the seven
fcrti|ity-m;mngcmcnl treaunents were:

F. A check, with no tllage and no fertilizer or lime
added.

2. Complete fertilization plus 1 kg Mn/ha, applied

onc month after planting, to the foliage of cither corn
or peanut.

3. Complete fertilization as follows (in kg/ha/crop):
rice, 100 N; corn, 80 N, 30 P, 100 K, and 30 Mg
to all crops.

4. Complete fertilization plus 2 kg Mn/ha, applied
as in treatment 2,

5. Previous crop residues left on soil and
incorporated.

6. Previous crop residues left on soil but not incor-
porated.

7. 1.3 umes the complete fertilization.

This report describes results from July, 1981 10 Ju-
Iy, 1985, including the harvests of crops 25 through
31 (Table 1). Prior to January, 1984, all of the plots
exeept the cheek (treatment 1) were rototilled with
4 hand tractor to a depth of about 7.5 em. Tillage with
tractor-drawn mplements to a depth of 20-25 cmi was
mtroduced with crop 29, and was used thereafter in
the corn crops discussed in this Ireport.

Continous cropping on Chacra HI was discontinued
in September, 1983, No significant vield differences
were noted berween Chacras 1 and 1] during the last
four harvests. Twenty-one crops were harvested from
Chacra 11 within a span of 112 months,

Table 1. Crop yields of continuously cultivated plots from January, 1982 to July, 1985,

Crop No., Species and Harvest Date?

25 25 26

27 28 28 29 30 31

Treatments? Corn Peanut Rice Corn Peanut Corn Rice Corn Corn  Corn
1/82 8/82 1/83 6/83 6/83 1/84 1/84 7/84 1/85 7/85
. Yields,t/ha

1. Checks 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2. Complete + Mn 297a 4.63a 3.04c 1.93b 271a 1.21c  1.51b 1.82ab 2.56c 1.85ab

3. Complete 3.28a 4.39a 345b 1.62b 2.74a 1.91bc 155b 2.76b 3.02bc 1.56b

4. Complete + 2 Mn 2.87a 4.75a 368b 1.88b 2-76a 248ab 1.99a 3.05ab 2.94bc 2.06ab

5. Complete + residue 3.21a 454a 4.48a 1680 2423 2.76a 2.00a 3.58ab 3.73a 2.80a
incorporated

6. Complete + residue  3.20a 3.28b 3.71b 204b 2513 2.61ab 1.44b 3.91a 3.21ap 2.48ab
mulch

7. 1.5 x complete 349a 454 3.54b 2.66a 2.50a 2.31ab 1.80ab 3.06ab 3.15 1.98ab

Mean 3.17 4.35 3.65 1.97 2.61 2.21 1.72 3.20 3.10 2.12

(No. of obs ) 8 8 16 8 8 4 4 8 8 8

C.V. (%) 19 14 12 28 15 23 14 27 17 39

' Crop yields from 1/82 through 6/83 are pooled data from Chacras | and liI; subsequent harvests are from Chacra

| only.

2 Treatments up to crop #28: uniform fertility and conventional tillage to 20-25 cm to all but treatment 1 for crops

29, 30, 31.

3 Treatment 1 dropped from data array for statistical analysis.

52



ConTtiNuous CROPPING

Table 2. Effects of selected treatments on relative yields January, 1982 — January, 1984. Crops 25 — 28

in Chacra I.

Corn Rice Peanut
Treatment (3 crops) (2 crops) (2 crops)

Relative Yield!

3. Complete + residue removed 91b 94 b 103 a
5. Complete + residue incorporated 104 a 121 a 99 a
6. Compete + residue as mulch 107 a 98 b 86 b
7. 1.5 x complete + residue removed 116 ¢ 99 b 100 a

" Mean yield over all treatments within a cycle =

Crop Performance

Yields of crops 25 to 31 from Chacra I. Check-plot
vields have been zero for the last ten years. The first
five harvests include pooled data from e two chacras
because there were no chacra effects. Crop 28 (rice)
was aftected by pathogen attacks on the grain. Corn
crops 29 and 30 showed nitrogen-deticiency symptoms
from tasscling to maturity. Crop 31's stand was
decreased 1o 26,700 pl.mts/lm by an intense raintall

100.

following observations can be ¢ gleaned from crop per-
formance, expressed as relative yields in Table 2
Incorporating residues produud slgnmmntlv higher
vields than residue removal in corn and rice, but not
on peanut (Table 2). Leaving residues as mulch had
a positive effect on corn, neutral on rice, and negative
on peanut. Peanuts are more susceptible to attack from
soil discase organisms such as Sclerotium rolfsii, which
causes southern stem rot, when residues remain in the

(225 mm in six hours) immediacely after planting. The  field.
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Months After Clearing

Figure 1. Trends in effective cation exchange capaci-
ty (ECEC), exchangeable acidity and extractable Ca-
plus-Mg of soil on continuously cultivated plots in
Chacra I.

Months After Clearing

Figure 2. Trends in soil pH, % Al saturation and ex-
tractable soil P in soil on continuously cultivated plots
in Chacra |. The shaded bar at month 148 represents
the first tillage with tractor-mounted tools.
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The 1.5 x complete” fertilization treatment pro-
duced significanty higher corn vields than others. sug-
gesung the need for N rates greater than 80 kg/ha
for this crop. In view of the deficiency symptoms
observed, nitrogen may have been the limiting nutrient,
Rice and peanut did not display this effect (Table 2).

Topsoil Properties

Figures 1 and 2 show relevant topsoll fertility in-
dices from January, 1982 to January, 1985, during
the growth of crops 25 to 30. Treatments 2, 3 and
4 were pooled as the “complete” because thev were
similar with respect to measured soil properties.
Freatments § and 7 were likewise pooled to summarize
the effect of residue cveling.

The check treatment had the least desirable soil pro-
perties in all feruliey categorices, Returning crop residue
showed consister and statistically higher fertility in-
dices except for P Obviowsly. treatments § and 6 have
received less fertilizer Pothan treatments 2. 3 and 4,
The positive effects of residue return on phystcal pro-
perties were apparent cach time the land was tilled.

Lime was applied to these plots at the rate of 2 t/ha
four vears before the results shown in Figures 1 and
2. So'il-acidi[.\' indices were stable with less than 20%
Al saturation in treatments other than the check plot.
This observation indicates a considerable residual of-
fect of lime.

Effects of Tillage 0 20-25 ¢m

There was an abrupt change in most fertility indices
when the soil was tilled to 20 em. Soil pH and available:
P dropped while exchangeable acidity, percen: Al
saturation and effective cation exchange capacity in-
creased. Exchangeable Ca + Mg remzined stable,
however. These changes are a consequence of mixing
a less fertile and heavier-textured, 7-20 ¢m soil layer
with the 0-7 em topsoil. The situation was beginning
to stabilize by the third crop under the 20 em tillage
regime, because the lime and incorporated fertilizers
were then well mixed with a 20 em plowed layer.

Conclusions

D) Returning crop residues, either by incorporation
or as mulch, had a slight positive effect on corn and
rice, but not on peanut.

2) An apparent response of corn vields to fertilizer
n the 1.5 complete™ treatment, together with
observed symptoms of N dcﬁcicncy, suggest that N
fertilization should be increased for this crop, though
not for rice.
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3) Most 1adices showed abrupt declines in soil fer-
tility immediately after the introduction of tillage to
20 ¢m and the mixing of subsoil with topsoil. Testable
fertiliey improved by the third crop, however, as lime
and fertilizers were more thoroughly mixed in the soil.

Implications

After 31 harvests in 12 vears, vields of corn, rice
and peanut remain high by local standards. With
judicious use of lime and fertilizers, it is apparent that
acid soils in the humid tropics will produce aceeptable
vields of short-cvele food crops under continuous
cultivation. It is also apparent that soil chemical pro-
perties can be improved while producing high vields.

Production Potential of Corn-Peanut
Intercrops in the Humid Tropics

José R. Benites, N.C. State University
Robert E. McCollum, N.C. State University
Andres Aznaran, INIPA

This experiment was conducted to compare the pro-
ductive cfficiency of a corn-peanut intercrop with
monocultures (sole crops) of the intercrop components
grown i rotation and with continuous corn. A se-
cond objective was to determine the effect of nitrogen
tertilization on cropping-system cfficiency. Corn (Zea
mays L.} and peanut (Arachis bypogea 1..) were grown
in a “strip-intercrop” arrangement for three biological
cycles (trimesters). The srrip-inrcrcrop consisted of two
75 ¢m rows of corn in an altcrnnting pattern with three
38 em rows of peanut. This row arrangement permit-
ted the intererop to be Hrown as a corn-peanut rota-
tion. Monocultures of the interplanted species, with
corn in 75 ¢m rows and peanut in 38 cm rows, serv-
ed as the reference standard (monocultre checek) dur-
g cach cycle. These monoculture checks were also
grown as a corn-peanut rotation. The third cropping
System was continuous corn.

Corn in both monoculture and in[crcrop received
three levels of N fertilization (0, 100, or 200 kg N/ha),
and the experiment was arranged in a split-plot design
with four replications. Main plots were cropping
system, and subplots were N fertilization. The experi-
ment site was an Ultisol that had been limed and
phosphated before mitiating the expeniment.

All three cropping svstems were planted with tractor-
mounted planters on the same date. Within-row
seeding rates were the same for cach species in each
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Table 1. Yields of corn grain and peanuts as influenced by applied nitrogen and cropping systems.

Cropping Species & Crop N Rates (kg/ha)
Systems Trimester duration 0 100 200
days yield, kg/ha

Strip Intercrop:

Corn/Peanuts: Corn (1) 108 779 1751 1602
Peanuts (1) 110 1034 782 795
Corn (2) 109 1806 1980 2297
Peanuts (2) 111 243 175 210
Corn (3) 119 1652 2295 2365
Peanuts (3) 122 357 299 322

Suequential monocuttures:

Corn — Peanuts — Corn:
Corn (1) 108 917 2625 3218
Peanuts (2) 111 1086 1086 1086
Corn (3) 119 2595 3450 3185

Peanuts — Corn — Peanuts:
Peanuts (1) 110 2275 2275 2275
Corn (2) 109 3191 3800 3758
Peanuts (3) 122 859 1092 855

Corn — Corn — Corn:
Corn (1) 108 861 2757 3227
Corn (2) 109 2441 3590 3561
Corn (3) 119 2334 3106 3692

Trimester Trimester Trimester
1 2 3

Corn LSD 0.05 Cropping system 452 303 330
LSD 0.05 Nitrogen level 232 257 389
LSD 0.05 Int. CS x N 557 472 640

Peanuts LSD 0.05 Cropping system 544 184 226
LSD 0.05 Nitrogen level 56 36 119
LSD 0.05 Int. CS x N 547 188 260

system. While this methodology provided near-
cquivalent total plant densities for cach cropping,
syatem, it should be noted that the corn-peanut inter-
crop had only one-halt as many corn plants and one-
halt: as many peanut plants as e companion
monocultures.

Product Yields

Corn was virtually unaffected by its association with
peanuts (Table 1): the intererop produced more than
60% of its reference monoculture during each cyele
(average relative vield of intercropped corn during three
cveles = 0.64). The N response was positive for all
cropping systems, and vields were near-maximal at 100
kg N/ha. There is some evidence that com followi ing
peanuts was less responsive to N than corn followi ing
corn (Figure 1).

In contrast to comn, the vield of inte rplanted peanuts
was severely reduced by ov enstory corn. When averag-
ed over three cveles, the i intercrop produced 31% of
its monoculture cheek. Peanut plants were severely
atfected by Cercospora leaf spot during the second cy-
cle, and the detrimental effect of this pathogen seem-
cd more pronounced in the i intercrop.

Intercrop Efficiency

Table 2 shows the effect of N fertilization on arca-
tme cquivalency ratios (ATER) during each cyele
(ATER =LER because intercrop duration ((]lldl\
production-cycle duration for each species). When corn
was grown without N fertilization, the corn-peanut
tercrop used area and time more efficienty than
monocultures (ATER >1.0) during two of the three
cveles. When corn was fertilized with 100-plus kg

b



Corn Yields
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Table 2. Effects of N fertilization to corn in a corn- peanut inter-
crop on Area-Time Equivalency Ratio during three biological
cycles.

kg N/ha Cycle N
to corn 1 2 3 Mean
ATER!

0 1.34 0.78 1.05 1.06
100 0.97 0.67 0.94 0.86
200 0.84 0.81 1.00 0.88
Cycle Mean 1.05 0.75 1.00 0.93

VATER relative to sole-crop corn and sole-crop peanuts in the corn-
peanut rotation.

Table 3.Effects of N fertilization and cropping systems on rate
of caloric yield and relative croppping-system efficiency.

Cropping N Fertilization (kg N/ha) CS
System 0 100 200 Mean
Caloric Yield
M cal/ha/year _

Cont. Corn 16.36 27.44 30.42 24,74
Corn-Peanut 20.06 25.29 25.12 23.49
Rotation
Corn-Peanut 20.34 23.68 24,71 22.91
Intercrop

N Mean 18.92 25.47 26.75

Relative Efficiency (Continuous Corn = 100)
Corn-Peanut 123 92 83 99
Rotation
Corn-Peanut 124 86 81 97
Intercrop
N Mean 124 89 82
r Second Crop Cycle Prior r Thud Crop Cycle
~ crop: B
— Pnior
] o Peanut 4 crop

1
1 ] | 1 J
100 200 0 33 100 200

N Appliad (kg N/ha)

Figure 1. Apparent N carryover from preceeding
peanut crops to subsequent corn crop.
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N/ha, however, there was no evidence of any inter-
crop advantage (ATER = < 1.0). Low ATE R's dur-
ing the second biological cvele were due exclusiv cly
to extremely low relative \'wlds()t interplanted peanuts
(relative peanut vields = 0.19 for cvele two versus
0.40 for cycles one and three). This obscrvation lends
support to the carlier supposition that Cercospora leat
spot was more severe in the intercrop.

C roppmg-Svstcm E fhucnu'

Contnuots corn was u)mp‘md with the two comn-
peanut rotations by converting absolute vields o caloric
u]lu\.llum and summing over three L\LI(\ Ettects of
cropping svstem and N ferdilization ‘on the rate of

caloric v ield (Meal/h: a/vr)are shown in Table 3. (All

entries in Table 3 are unnp.lrll)k because cach entry
sums over three harvests of the relevant spulu) Im-
plications from the Table 2 data are quite clear: 1)
Without tertilizer nitrogen, the two systems that in-
clude peanuts are \anl'IL.lnll\ \upumr to continuous
corn i storing, energy: but 2) continuous corn with
adequate N (100- plm kg/ha) gives a higher rate of
caloric vield than the comn- peanut lntcru()p or
monocultures of its COMpPURCNs grown in rotation.
If. in fact, caloric vield were the ])nnu]ml basis for deci-
sion making, the (ml\ near-cquivalent system o well-
fertitized continuous corn would be continuous peanuts
(approximately 25§ Meaals/ha/vear, not shown).

Implications

A two-crop intercrop of corn and peanuts may have
merit under low-N regimes in humid tro; m.ll cn-
vironments. In most such environments, hm\ ever, the
inherent soil condition s high acidity  (high ex-
changeable aluminum) and low phosphorus These in-
itial conditions must e corrected with massive doses
of lime and phosphorus before cither species can be
expected to produce the vields reported here.

There are some other favorable aspects to the in-
tcrcr()p svstem deseribed here:

. Three cveles per vear are possible because cach
spcuu can he grown vear-round and because all have
nearly identical pmduul()n cvele durations,

2. Mot field operations can be done with machines
or l))' hand.

3. Since the \trip-ilm-rcmp system can be managed
as a corn-peanut rotation, there may be some nitrogen
carryover from the peanuts o the following crop of
corn.



Phosphorus, Zinc and
Copper Fertilization

Robert E. McCollum, N. C. State University
Luis Arevalo, INIPA
Andres Aznaran, INIPA

This project evolved after observations on several
Yurimaguas sites suggested  that - band- ;1})plicd
ph()\ph()m\ induces a micronutrient deficiencey in corn.
The phenomenon was tirst observed inan c\')uumm.ll
field that had been limed and fertilized with N.P. K.
Me, Cuand Zn at recommended rates. The first corn
crop had been machine-planted in January, 1984 with
TSP in the tertlizer hoppers. Within ten dayvs after
corn emergence, virtually the enure pl.mum_ had
developed a chlorosis sy mpton; atic of Zn deficieney.
The possibility of & micronutrient toxicity was ruled
out because the rate of Zn or Cu .lpplud was only
I kg/ha.

[n response to these observations, a project was
designed 1o meet the tollowing objectives: 1) to deter-
mine the ctteet of banded phosphorus fertilizer on
growth and vield of corn on continuously cropped
Ultisols: 2) to explore the hypothesis that band- -applicd
phosphorus exacerbates zine deficieney on low-7Zn soll,
and 1) 1o determine if the nutritional abnormalities
induced by band- .1ppl1ul phosphorus can be
amcliorated by applving zine or copper to the soil.

In July- \ll“ll\[ ot 1984, cight plots (two contiguous
sets of tour p]()[\ cachy that had not reecived lime or
phosphate m.gml\ were selected for a “handed-P (BP)
by soil zine™ experiment. All plots received applica-
tions of ime (2.5 t/ha). phosphate (100 kg P7ha) and

Conrtinuous CROPPING

coppcr (+ kg Cu/ha). Zine variables were to have heen
0,2, 4 and 8 kg Zn/han 7.5 m by 12 m plots with
cight rcpllt.l[l()n\ but an crror resulted in a double
.1pp|u‘1t1()n of P, Cu and 7n on one four-plot group
and a double application ot lime on two of them. In-
stead of one experiment with cight replications, this
dosage error made it necessary o consider the “zine
by banded-P™ endeavor as two SCPAFALE CXPCTIMEnts:
1) acthree-factor experiment (2 lime x 4 zine x 2 BP)
with two replications, and 2) a two-factor experiment
(+ zinc x 2 BP) with four replications.

At the same time (Julv-Nugust, 1984, a second con-
tiguous, cight-plot arca that had received lllm and
phmph e a vear carlier was selected for a “zine by
copper by banded-P experiment. Copper was .1ppllcd
at O and 4 kgZha in tactorial combination with 0, 2
+and 8 kg Zn/ha. All plots were plowed. disked. bedd-
ed, and rotoulled. For the first corn crop (September,
1984 1o January, 1985), the banded-P treatment was
achieved by planting tour rows without banded P and
six rows with banded P This P-banding procedure was
reversed tor the following crop.

Crop Yields

Corn showed  statistically significant, positive
Tesponses to ;1pplic;1ri()nx of banded P, broadeast Zn
and broadeast Cu in terms of grain vields and pl.mt
populations (l.ll)lu 1 and 2), but there was no “7n
x banded P or “Cu x banded P interaction. Plant
p()pul WON Wil muah lower in the second crop hecause
of intense raintall (226 mm in six hours) immediately
after pl.mnnu(l.ll)lu Iand 2), and poor pmduu vields
tor this cevele are primarily the result of low plant
density,

Table 1. Corn grain yields and plant population as affected by boradcast ZN and banded P application in two

consecutive crops

Corn Crop Zn Banded P Applied Banded P Applied
(Harvest Date) Applied No Yes Mean(Zn) No Yes  Mean (Zn)
Yield, ttha ___ 1000 Plants/ha
Jan 85 None 2.42 3.08 2.75 36.0 38.2 36.8
Yes® 3.32 3.43 3.38 36.3 37.3 37.1
Mean (BP)* * 3.09 3.34 36.2 37.6
July 85 None 1.79 2.01 1.90 20.5 25.5 23.0
Yes 2.28 2.59 2.44 24.3 27.1 25.7
Mean (BP) 2.16 2.45 23.4 26.7

* Means of 2, 4 and 8 kg Zn/ha (36 plots) vs. 12 plots for 0 Zn.

** Weighted means.
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Table 2. Corn grain yields and plant population as affected by broadcast Cu and banded P application in two

consecutive crops.

Corn Crop Cu Banded P Applied Banded P Applied
(Harvest Date) Applied! No Yes Mean (Cu) No Yes  Mean (Cu)
kg/ha Yield, t/ha — . 1000 Plants/ha

Jan 85 0 3.06 3.27 3.17 33.6 35.0 34.3

4 3.72 3.71 3.72 34.8 37.7 36.2
Mean (BP) 3.39 3.49 34.2 36.3
July 85 0 1.80 2.51 2.15 20.1 25.0 22.6

4 2.39 2.52 2.46 23.3 24.6 24.0
Mean (BP) 2.09 2.52 215 24.8

' Extractable Cu levels in the soil were 0.94 and 2.05 ppm Cu for levels 0 and 4 kg Cu/ha.

Banded P

Banding P increased corn vields by 8 and 13% in
the P-Zn plots (Table 1), and by 3 and 219 in the
P-Cu plots (Fable 2). with an average overall effect
of 11%  While some of these apparent treatment cf-
feets were related to inereased plant population, there
was a marked growth response to banded P, which,
unlike similar experiences in North Carolina, was
reflected in-grain vields.

Zinc Response

Corn responded significantly to the first increment
of 7Zn (2 kg/hay. Since there was no significant response
to the second or third increment in applied Zn, all plus-
ane treatments (2.4 8. or 16 Zn/ha) were pooled.
and the data analyzed as a minus-Zn versus plus-Zn
experiment. Data tfrom all relevant plots in the “*zine
by copper by banded-P™ experiment were analyzed
with the Zn-handed P data, and are included in Table
1.

Zinc plus handed P apphications caused a 429 vield
inerease in the first crop with no effect on plant popula-
ton (Fable 1). Zine alone caused a 23% vield increase.
Zine plus banded P and Zn alone caused a similar vield
mncrease in the second crop, and a 12% increase in
plant population.

Copper Response

Response trends for the “copper by banded-P" data
are highly positive. Incorporating 4 kg of Cu/ha in
the top 20 em of soil caused a 6% population increase
during cach cropping cvele buta 1417% increase in
yvield (Table 2).
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Plant Population

This study underscores the difheulty of assessing
treatment  effects in crops whose populations are
variable or inadequate because of such factors as heavy
raintall, poor seed quality or inconsistencies i sow-
g and thinning. A clear-cut estimate of trentment of-
feets is confounded by the fact that additions of banded
P and micronutrients aftect not only the growth and
vield of individual plants but also the number of plants
that emerge.

The positive relationship between band-applicd P
and plant population has been apparent in virtually
every banding v, no-banding comparison to date.
Figure 1 shows the relationship between plant popula-
tion and vield when the comparison was first made
(January. 1983 corn harvested from Chacra I, one of
the original experimental fields at Yurimaguas). Banded
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Figure 1. Relationship between corn population and
grain yield with and without banded-in-row P.



P not only resulted in a higher plant population at
harvest. but the slope of the vield v, population curve
was also steeper. Yield versus population curves have
aho been generated for other examples, and they show
the same trends for more surviving plants wich band-
applicd P-The slopes of the carves show that cach
additional 1000 ])l;lnl\ up to $0.000 ])];lm\/h‘.l pro-
duces an additional 60 10 120 kg of grain. These
caleulations also show that the com population is usual-
v madequate. In no instance has there been a signifi-
cant quadratic response to population. and only rare-
v have there been 50,000 plants/ha.

Observations

While it is too carly to draw firm conclusions from
this study, prehminary observations suggest the
fn”n\\‘ing:

) Corn vield and plant populations significantly
responded to handed P and broadeast Zn or Cu.

2y Although there has been no apparent cftect of

banding P on the response of corn to Zn or Cu in
the fir two crops (no measurcable banded Pox

micronutricnt nteraction), vields were low because of

reduced population dcn\i(.\'.'Sim'c plant population was
also treatment-related. the effects of treatment on pro-
duct vield are confounded with population ctfects,

3) While the observed chlorosis was corrected by
micronutricnts. the nitial hypothesis s still unproven.

ConTtiNuous CROPPING

Potassium, Lime and Magnesium
Interactions and Corn Yields

Rob Schnaar, Wageningen University
Robert E, McCollum, N.C. State University

A lime-by-potassium studv was initiated  at
Yurimaguas during July and Auguse, 1984, The ob-
jectives of this study were 1) to construct a potassium
response curve for continuously cropped Ultisols in
humid tropical environments; 2) w estimate a critical
soil K level for corn in the soils; 3) to quantity the
recyeling of K via crop residues in the soils; and 4)
to determine the effect of lime on K responses by food
crops, K utilization by crops, and K retention in the
solls. A herweenssite magnesium variable was introduc-
ed because two liming materials were used. *While this
was not part of the original plan, site-related vield dif-
ferences provided some useful msights about cation
balance and Mg nutrition.

Two experimental sites were selected because the
soil represents the teatural extremes for upland posi-
tions in the Yurimaguas enviconment (Table 1), At
site #1, the top 45 em of soil is a clay loam and its
texture grades to clay between 45 and 60 ¢m. Site #2
has a transitonal sandy loam—sandy clay loam sur-
face (0-20 ¢cm) with licde or no textural change to 60
cm.

Procedures

Each site was cleared of secondary forest with a
bulldozer in 1980 and left to regrow without chemical
amendments. The sandy site was recleared and made

Table 1. Textural characteristics and effective cation exchange
capacity (EC=C) of two Ultisols used for lime-by-potassium

siudies at Yurimaguas.

Depth
Range Site Sand Clay Textural ECEC
cm No. Class
% % meq/100cm?3
0-20% 1 40 31 Clay Loam (C1) 4.66
2 62 B Trans. S1-SC1 2.69
20-30 1 35 37 C1 5.20
2 58 25 SC1 3.28
30-45 1 38 36 C1 5.80
2 52 29 SCH 3.63
45-60 1 36 42 c 6.86
2 52 32 SCH 3.89

! Texture of surface layer determined after mixing to 20cm
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ullable in mid-1983. It was then used for about one
year to screen germplasm (rice, cowpeas, comn) for
aluminum tolerance with a lime differential of 0 and
2.0 t/ha [lime source = Ca(OH),] as main plots. The
lime was incorporated to 20 cm by routine tillage when
the site was acquired.

‘The clayey site was renovated by mowing and plow-
ing to 20 cm. The soil was sampled in detail. Initial
soll properties were: pll =46, Ac = 3.78; Ca+ Mg
= 0.89; Al satn. = 81%, K = 0.07.. P = 3ppm.
A factorial experiment consisting of three rates of lime
and five rates of K was established. Lime levels (whole
plots) were chosen to neutralize 0, 50% and 100%
of the exchangeable acidity in the top 20 ¢m (0, 2,
and 4 t/ha). One-half of the intended lime dose
(dolomitic limestone) and one-half of the intended
blanket doses of P, Zn, and Cu (100, 8, and + kg/ha,

Al" "7 sat'n.

Exch. Acidity

I | 1 1

|

| Exch. (Ca + Mg)

I -
| 1 | | |

0 1 2 3 4

Tons CaCO, equiv./ha

A Clay loam, limed Aug.. 1984
O Sandy loam, limed Aug. 1983

Figure 1. Effect of liming on two Yurimaguas Ultisols
on pH-related properties. Both sites sampled in
January, 1985.
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respectively) were applied to the once-plowed soil and
incorporated by plowing again with a two-bottom
moldboard plow. After the second plowing, the re-
maining halt of the various soil amendments [lime
source = Ca(OlD),| was applied and incorporated by
routine disking, bedding and rototilling.

Potassium treatments (sub-plots) were selected to in-
crease the K level in the top 20 em of soil by 0, 0.05,
0.10, 0.15, or 0.20 meq 100/cm?® (0, 39, 78, 117,
and 156 kg K/ha). The potassium (as KCI) was hand-
drilled on the bedded rows and incorporated by routine
pre-plant rototilling,

Corn was machine-planted on cach site in late
September of 1984 (harvested January,  1985).
Nitrogen fertilization (as urea) was 150 kg N/ha with
one-third of the total applied pre-plant and the remain-
ing two-thirds at about 40 days after corn emergence.
Total dry matter accumalation at carly car formation
(maximumt K accumulation) was  estimated by
harvesting and processing for analysis six whole plants
per subplot. The soil was sampled to 60 ¢cm (0-20,
20-30, 30-45, and 45-60) at comn maturity and ana-
lyzed for relevant propertics.

A seeond com crop was planted in late March of
1985 with the same K additions as indicated for cycle
one, but excessive rainfall of high intensity resulted
in a low plant population as well as poor weed con-
trol, and no meaningful treatment-related yield data
were obtained. The following summary of treatment
cffects on soil properties as well as product yield is
for the first biological cyele only.

Soil Properties

Two tons of hme applied to the sandy loam soil in
1983 had reduced aluminum saturation from 62% (pH
= 4.4) 10 38% (pH = 4.7) when the soil was sam-
pled about 18 months later (IFigure 1), On the clay
loam soil, aluminum saturation at about six months
after applying 0, 2, or 4 tons of lime was 68% (pH
= +.3), 2% (pH = 4.5) and 34% (pH = 4.8),
respectively. Other pHerelated properties followed
predictable trends (Iigure 1), but there was no
measurable increase in effective cation exchange capaci-
tv (LCLEC) due to liming.

Extractable soil potassium in the top 20 ¢m of soil
was a lincar function of K applied on cach site (Figure
2), but the steeper response slope for the sandy soil
shows that a higher pereentage of the K applied was
recoverable by the extractant used. These results are
typacal for soils of differing texture.
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Product Yields
Grain yields on the sandy soil were less than 50% K Applied (kgiha)

of those measured on the L|J\’ loam soil (Table 2). a9 78 17 156

\While there was a positive response to lime on each ! J ! '

site, the oaly measurable response to K was on the 024
clay loam soil, and grain vields on this soil were near-
maximal with 78 l\z, K/ha. Figure 3 shows the rela-
tonship between aluminum saturation and corn vield
when data from the two sites were pooled. Since ali-

solute vields from the two soils differed drastically,

a “relative vield™ was first caleulated (Relative \1dd
= 100 * absolute vield/mean maximum vield at ‘cach
siee), and refative vields were cegressed on the percen-
tage of aluminum saturation. 'The data show thar corn
vields are maximal when aluminum saturation s
around 30% of the cavon exchange capacity. They
are therefore i cose agreement with results from 0.0a}-
similar studies on Udsols in southcastern U.S
cnvironments.

& Clay toam (Y-103A)
O Sandy toam {Y-103B)

0.16|

Extr. Soil K (Meq/100 cm’)

0.084

ORp————f—————— e - Jo

1 | | |

0.05 0.10 0.15 0.20

Since the clay loam soil was the only site wich a ,
: : K Applied (Meq/100 cm® in surface 20 cm)

measurable K response, vield data from this experi-

, PO 1I0(? WCEIYY 1T e Certieal el W N Meq. extr. soil K . 437 (2 0.04). R = 0.62
ment were used to estmarte the “eritical” soil K level & stope (et et =0 (2 004.8 =0
for corn in this environment. Figure + shows that vields

Meq. extr. soil Ky - pg7 (2 0.12), A = 0.60
were near maximal when extractable soil K w as 0.12 0 Sloee (peq. K applied
meq/ 100 em?®. Given the fact that these were among Dashed line shows approximate critical level of soil K (seo Fig. 4}
the highest corn vields ever recorded for upland posi- Figure 2. Effect of applied potassium on extractable

tions at Yurimaguas, the data should provide the most 3cil K in two Yurimaguas Ultisols after one biological
reliable estimate to date of the critical K level; but cycle (six months).

similar data from succeeding corn crops and other soils
are needed to confirm this estimate.

Table 2. Effects of lime and potassium applications to two Yurimaguas soils on corn yield. Jan. '85 harvest.

Tons of Lime/ha

Soil Kg K/ha 0 2 4 K Mean
____ kggraintha
Clay Loam 0 3724 4525 4968 44086
39 3823 5409 5535 4922
78 3750 5460 6074 5095
117 4197 5587 5619 5134
156 3653 5810 5598 5020
Lime Mean 3830 5358 5559 4916

LSD (0.05); K = 48; Lime = 503; Lime x K = NS.

Sandy Loam 0 968 2653 — 1810
39 1889 2517 — 2203

78 1522 2443 — 1982

117 1672 2761 — 2216

156 1592 2794 - 2193

Lime Mean 1529 2634 — 2081

LSD (0.05); K = NS; Lime = 819; Lime x K = NS.
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Figure 3. Effect of Al saturation in two Yurimaguas
Ultisols on corn yield. Quadratic part: Relative yield
= 82.64 = 1.045 (Al*** sat'n)?, R2 = 0.48. Solid
symbols: K = 0.
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Figure 4. Effect of soil potassium in a heavy-textured
(clay loam) Yurimaguas Ultisol on corn yield (each
symbol is the mean yield of one to eight observations
at indicated level of soil K). Quadratic part: Yield =
2.65 + 49.66K - 205.5K2, *‘Critical’’ K level = 0.12
meq/100cm3,
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Potassium Recycling

Whole-plant samples taken at early car formation
were used to esumate the amount of K returned o
the soil in corn stover.

Since K accumulation by corn is maximal at car for-
mation, any K not remosvd in the grain is returned
to the soil. Harvested corn Jrain was not analyzed for
K. but its concentration in mature corn seed is vir-
tually constant at about 0.30%; and this value was
used to estimate K removan, “Reeveled™ K was then
estimated as total plant K at car formation minus K
removed in the grain, and a relationship between pro-
duct yield and recyeled K was shown by least-squares
multiple regression (Figure ).

Several features of Figure § merit special comment:
1) Data from the two sites could not be pooled because
the sandy loam produced as much vegetative dry mat-
ter as the clay loam but less than one-half as much
grain; 2) reeyeled K was a linear function of product
yield a each site, but the rate of K reeyeling was greater
on the low-viclding sandy loam soil—(reeveled K (san-
dy loam) = 0.022 kg K/kg grain versus 0.016 kg
K7kg grain (clay loam))—because a smaller pereentage
of silking-stage potassium was stored in grain; 3) recyel-
ed K is highly corrclated with silking-stage dry mat-
ter; and 4 all of the Figure § data serve o emphasize
the point that nutrient cycling via crop residues is a
critical component of fertility: maintenance.

Site #1 versus Site #2

With one exeeption (the exception being soil tex-
ture and other properties associated with texture), these
two experiments were supposed to be conceprually
identical. Obviously, they were not identical in prac-
tice, and it scems worthwhile to speculate on a pro-
bable cause for the two-fold vield difference between
the two sites. The clues point to a problem in cation
balance (Table 3).

Limed plots on the clay loam soil received a sizeable
dose of magnesium (120 or 240 kg Mg/ha) because
dolomitic limestone (12% Mg) was used. The sandy
loam soil, by contrast, was limed with Ca(OH), and
no magnesium was applicd. By virtue of using two
different liming materials, widely differing soil chemical
environments were created on the two experimental
sites (Table 3-A), and silking-stage cation concentra-
tons, as well as concentration ratios in corn plants
(Table 3-B), are a dircet reflection of the suite of
nutrient cations in the soil that produced them.

While the Table 3 data do not “prove’ that the
sandy loam soil was deficient in magnesium, they do



show that limed plots on the clay loam site were well
supplied with this clement, and several picces of
evidence support the view that magnesium nutrition
was at least a part of the problem on the sandy soil:

1) In the unaltered state, cach soil was “nutritionally
fow™ in Mg (0.18 and 0.12 meq/ 100 em? soil) because
Mg saturation of the exchange complex was less than
§% (5% Mg saturation 1s considered a “limiting value”
for many crops).

2) After liming with dolomite, extractable Mg as
well as percent Mg saturation in the clay loam soil
mcreased i direct proportion to the amount of Mg
applied: two tons of slaked lime on the sandy soil had
no eftect on extractable Mg nor Mg saturadion.

3) Two tons of dolomite on the clay loam lowered
the Ca:Mg ratio in the soil by 22%; two tons of slak-
ed lime on the sandy loan raised this ratio by 48%.

4) On the clay loam soil. whole-plant Mg coneen-
tration in silking-stage corn increased in direct propor-
tion to extractable soil Mg, Corn grown on the san-
dy loam had less tissue Mg than the unlimed check
of the day loam, and it was virtually unaftected by
treatment.

$) Without lime, the ratio of Ca to Mg in corn tissue
wis the same on both sites. This ratio was decreased
by liming the clay loam soil with dolomite; it was in-
creased when soil acidity in the sandy soil was neutraliz-
ed with Ca (OHD,.

6) On the sandy soil. there was assignificant positive
cffect of K fertlization on the K:Mg ratio in silking-
stage corn plants (K/Mg = 215 when K = 0., K/Mg
= 419 when K = 156 kp/ha); the effect of K wreat-
ment of the K:Mg ratio was not measurable on the
clay loam.

7) There was a highly signiticant positive response
to K on the clay loam soil (Table 2): there was no
measurable response to K on the sandy soil.

None of these observations constitutes direct cause-
and-ctfect support for the Mg-deficiency hypothesis.
They do show, however, that the suite of cations in
the two soils and i the plants differed appreciably
because the practices followed were not comparable.
[t 15 also clear that a high-lime, high-Mg clay loam
soil produced 5.5 tons of corn per hectare during the
same period that a igh-lime but low-Mg sandy soil
was producing less than half as much. Furthermore,
the vield-component data of Table 3 suggest that the
sandy-soil problem was associated with pollenation and
gram filling. Fach site produced comparable amounts
of silking-stage vegetative dry matter and would ap-
pear to have similar vield potentials. Yet the day loam

ConTtiNuoUs CROPPING

Recycled K (kg/ha)

1 1 I 1 L

1 2 3 4 5
Product Yield (10° kg grain/ha)

Figure 5. Relationship between 1) corn yield and
silking-stage dry matter (open symbols), and 2) corn
yield and potassium recycled in corn stover (closed
symbols). Corn grown at the sarie time on differing
soils in the Yurimaguas environment. Data plotted
over range in product yield for each site.

soil produced nearly S0% more cars per p.lnnr (0.94
vs 0.64), and the harvested cars were more than twice
as large (208 vs 98 g/car). ‘The relatvely minor dif-
ference in soil texture is not considered to be the cause
tor the large differences in reproductive behavior, The
Mg-deficieney hy; sthesis is therefore the more plausi-
ble: it is supporte though indircetly, by the data at
hand.

Summary

In summary, the explanation for the widely differ-
ing corn yiclds between the clayey site and the sandy
site follows: Initially, the soil on cach site was too |1igi1
in exchangeable aluminum and too low in bases (K.
Ca, and Mg) to produce corn. When the clay loam
was limed with dolomite, the Mg problem wits resolv-
ed simultancously with the acidity and Ca problems,
and corn responded to K fertilization as hypothesiz-
cd. Liming the sandy soil with Ca(OF), resolved two
of the initial problems (acidity and Ca), but it inten-
sified the inherene Mg deticiencey,

This “imbalance™ in nutrient cations was further ex-
acerbated by cach increment in K fertilization, and corn
could not respond to K because inadequate Mg had
become the principal growth-limiting factor.
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Table 3. (A) Properties of the soil on two sites used for lime-by-K experiments at Yurimaguas; and (B) some characteristics
of corn plants grown on each site under near-equal aerial environments.

A. Soil Property Site No. B. Plant Characteristic Site No.

1 2 ! 2

1. Textural class (0-20cm) Clay loam  Sandy loam 1. Harvested population (plants/ha) 36350 39560

2. ECEC (meq/100cm?) 4.66 2.79 2. Total dry matter at silking (Kg/ha) 5884 5528

3. Mg applied (kg/ha) 3. Product yield (Kg grain/ha) 4916 2081
Lime (t/ha) = 0 0 0 4. Ears per plant 0.9y4 0.64
Lime (t/ha) = 2 120 0 5. Weight per ear (gm) 208 98
Lime (t/ha) = 4 240 —_ 6. [Mg] at silking (%, whole-plant)

4. Extractable Mg (meq/100cm3)2 Lime (t/ha) = 0 0.18 0.14
Lime (t/ha) = 0 0.18 0.12 Lime (t/ha) = 2 0.26 0.17
Lime (t/ha) = 2 0.36 0.13 Lime (t/ha) = 4 0.34 -
Lime (t/ha) = 4 0.58 — 7. [cation) at silking (meq/100gmO)3

5. Mg saturation (%) Lime (t/ha) = 0 67 62
Lime (t/ha) = 0 3.8 4.3 Lime (t/ha) = 2 86 73
Lime (t/ha) = 2 7.7 4.7 Lime (t/ha) = 4 89 —
Lime (t/ha) = 4 12.4 — 8. Ratio: total cations/Mg, at silking®

6. Cal mg Lime (t/ha) = 0 4.75 5.52
Lime (t/ha) = 0 6.82 9.25 Lime (t/ha) = 2 4.14 5.41
Lime (t/ha) = 2 5.31 13.73 Lime (t/ha) = 4 3.36 —
Lime (t/ha) = 4 4.54 — 9. Ratio: Ca/Mg, at silking®

Lime (t/ha) = 0 1.10 1.13
Lime (t/ha) = 2 0.97 1.45
Lime (t/ha) = 4 0.83 —
10. Ratio: K/Mg, at silking®

K (Kg/ha) = 0 2.06 2.15
K (Kg/ha} = 39 1.88 2.51
K (Kgha) = 78 2.06 3.47
K (Kg/ha) = 117 2.20 3.52
K (Kg/ha) = 156 2.40 4.19

! One-half of the limestone applied to site -1 was dolomitic (12% Mg); site -2 was limed with Ca (OH),.
2 All soil chemical data are based on samples taken at crop maturity.

3 [cation] = summation of Ca. Mg, and K (chem. equivalents).

4 Ratios are as chemical equivalents.
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Weed Population Shifts Under

Continuous Cropping Systems

Jane Mt Pleasant, N. C. State University
Robert E. McCollum, N. C, State University

In traditional slash-and-burn agriculture, fields are
abandoned as weeds begin to dominate tood crops,
and a forest fallow is the primary agent in weed con-
trol. Stable continuous-cropping, svstems, however,
could be expected 1o require a comprehensive program

of weed management. probably including the use of

chemical herbicides. The objective of this project was
to test the following hypotheses:
1) A given set of weed-control measares, i practic-

ed over ume. will cause a change in the spectrum of

weed species. With intensive chemical control, a few
species will become dominant, requiring new conrrol
Measures,

2) Effective weed-management programs can be
devised for high-input, continuous-cropping svstems
in the Amazon Basin.

A sphit-plot experimental design was used in a rice-
corn-sovhean-rice-corn rotation. Weed-control prac-
tices in rice were the main plot treatments; methods
of weed control in corn and soybeans represented split-
plot treatments. In rice, the herbicides used were pro-
panil and oxadiazon: n corn, metolachlor, and in soy-
beans, metolachlor, sethoxvdim, and bentazon. In the
second vear of the experiment, a no-till treatment was
introduced in which paraquat was used to kill existing
vegetation. In all crops, hand-weeded and check
treavments (no weed control) were also included.

ConTiNnuous CROPPING

Observations

Analysis of data from this experiment has not yet
been u)mplctcd Therefore, only prcllmlnnr\ conclu-
sions and observations will be given.

Grassy weeds are by far the most important weed
pr()l)lclﬁ in continuously cultivated, short-cyele food
crops (Table 1). Rottboelia exaltata, an annual grass, is
potentially the most noxious w ced (Figure 1). Rott-
boelia cannot be controlled in corn exeept by hand
weeding, and controlling it in rice and grain lcs_umc
requires a large herbicide | mput. In corn and sovlmms
the continued use of metolachlor alone eliminates all
weeds except R, exaltata, which establishes pure stands
among the crops.

O—O—A  dry wt g/m?

O0—O—0O % plots infested -

60 b % -

E 50 |- —
]

E 40 - —
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Cycle1* Cycle2 Cycle3 Cycled4 Cycleb

Figure 1. Trends in the level of infestation by R. ex-
altata during five production cycles. Yurimaguas,
1983-84.

Table 1. Weight and composition of weed population during five production cycles.

Total dry wt* BLW** Grasses Other Monocots
Cycle/Crop g/m? % of total
1/Rice (11-83)" "~ 188 20 52 15
2/Corn (3-84) 46 15 70 15
3/Soybean (9-84) 128 27 69 4
4/Rice (1-85) 266 14 63 23
5/Corn (6-85) 178 6 79 15

* Data are an average of four or five weed control treaments per ciop, which included hand weeded,

chemcial control and no weed control.

‘** BLW = Broad leaf weeds

maturity.

Numbers in parentheses are date of weed sampling. In each case samples were taken near crop
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Cyperaceae species are not competitive with cither
crops or prassy species. In addition, they are readily
controlled with most of the herbicides in use at the
station. The majority of the evperaceae found in
Yurimaguas are annuals, rather than nutlet-forming

perennials. This probably accounts for their case of

control. \With few exeeptions, broad-leaf species are
not important weeds,

Crop species have been observed o difter greatly
in their ability to compete against weeds. Lack of weed
control in upland rice often means crop failure. Corn,
however, appears to be far more competitive. Yields
may he reduced without weed control, but thev are
greater than zero,

Preliminary Conclusions, Implications

Even though data are sill being analvzed, direct
observations over the course of this experiment strongly
suggest the following: Weeds can be controlled in in-
tensively: managed, short-cvele food crops in this en-
vironment. but the cost i likely to be high. With the
products and rates used in this experiment, the average
price of chemical control is approximatelv $100/ha.
This is not cconomical control within the present
price/profit structure in Yurimaguas.

Observations during this study also suggest that
upland rice should be removed from the high-input
Cropping svstem, unless vields can be signiﬁcalml,\' in-
creased to oftser the high cost of weed control. Crops
more competitive against weeds, such as corn and grain
legumes, offer a broader range of weed-control options,
and may therefore be more practical than rice in the
high-input svsten,

This experiment will be continued for at least rwo
more cropping cveles, with corn replacing rice in the
rotation.
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Chemical Weed Control in Corn

Jonathan Lopez, INIPA
Jane M. Pleasant, N. C. State University
Robert E. McCollum, N. C. State University

In the selva, chemical weed control in corn may be
pracucal when hand labor is scarce or expensive. There
are several herbicides available in Peru for controlling
a broad spectrum of weeds in corn. In Yurimaguas,
where  the primary weed problem s grasses,
metolachlor  has generally - given good  control.
Metolachlor is a preemergence herbicide effective
against grasses. It alse controls a large number of broad-
leat weeds. The objective of this project was to deter-
mine whether other herbicides such as atrazine, used
alone or in combination with metolachlor, might im-
prove weed control, or expand the spectrum of specics
controlled, and thereby unprove corn vields.

Atrazine was selected for the experiment because
it has been used extensively in temperate regions. Ap-
plied together, atrazine and metolachlor control a much
broader spectrum of weeds than does cither alone. In
some treatments, metolachlor was also combined with
other herbicrdes eftective against broad-leat” weeds.

Corn was grown for two cveles using cight weed-
control treatments in a randomized complete block
design: Hand weeding; no control; atrazine pre(2.25
kg/ha); metolachlor pre(2.25 ke/ha); metolachlor pre
+ bifenox pre (2.25 + 1.25 kg/ha); metolachlor pre
+ atrazine pre (1.75 + 1.5 kg/ha); metolachlor pre
followed by 2, 4D post (2.25 + 30 kg/ha), and
metolachlor pre followed by bentazon post (2.25 +
1.0 kg/hay.

Weeds were counted by species in cach plot seven
weeks  after planting.  Prior to corn  harvest,
aboveground dry-matter weights of weed species were
recorded. Corn vields on all plots were very low, rang-
ing from 1754 to 2349 kg/ha, due to poor germina-
tion and irregular stands. As a result, there were no
significant differences in vield among treatments.

Weed Counts

Weed counts taken carlv in the season indicated large
differences among treatments. Cheek plots (those with
no weed control) had 874 weeds/m?, while treatments
with chemical control or hand weeding ranged from
16 to 109 weeds/m?. Grass species were the domi-
nant weeds in all plots, accounting tor 47-87% of the
total weed population (Table 1). Three grass specics,
Axonopus - compressus,  Digitaria sanguinalis, and
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Table 1. Effect of weed contro! treatment on number of weeds and composition of weed population in corn

seven weeks after planting.

Treatment Total Weeds AII Grasses AII BLW+ All Cyperac. Commelina
No. Plants/m2 __ % of total weeds

1. Hand weed 109 47 41 6 5
2. No control-check 874 53 34 10 2
3. Atrazine 88 84 1 11 3
4. Metolachlor 56 61 14 23 2
5. Metolachlor + bifenox 31 52 3 33 16
6. Metolachlor + bifenox 16 56 0 44 0
7. Metolachlor + 2, 4-D 42 67 0 31 2
8. Metolachlor + bentazon 46 87 7 4 2
+BLW = broad leat weeds
Level of significant main

effects b b .t ns ns
Species within grasses

A.compressus ns

D.sanguinalis
P pan/culatum

n/m/um paniculatum . represented 75-96% of the grass
weeds inall treatments.,

('\‘pcr'lcc;u' species and commeling species were not
present in signiticant numbers inany treatments, while
hroad-leal weeds were found in l.utm numbers in on-
v two treatments, hand-weeded and cheek. In both

cases Lindernia bumilis comprised more than 85% of

the broad-leaf population. This low-growing weed is

uncompetitive with culuvated plants and is of little

Importance.

Planacd comparisons were used to determine which
of the t-atments were responsible for the signiticant
differences identified by the F test. Single degree-ot-
freedom comparisons tor relevant treatments are shown
in Table 2. For all categories of weeds listed, plots with

no weed control had significantly more weeds than
other treatments. There was no difference between
hand-weeded plots and those receiving chemical con-
trol. Metolachlor alone was cqual to or better than
all other treatments in controlling hoth the total
number of weeds and also the different components
of the weed population. No additional control of any
weed group was ()ht.nnul by the use of bitenos,
atrazine, hentazon, or 2. 4-D with metolachlor. In ad-
dinon, the data showed that atrazine alone did not
control D. sanguinalis. \When atrazine alone was com-
p'n'cd with metolachlor alone or metolachlor plus
atrazine, plots with atrazine alone had a significantly
greater number of D. sanguinalis.

Table 2. Tests of significance for differences in weed counts for planned treatment comparisons.

Level of Significance

All All P. D.
Contrast Weeds Grasses BLW Paniculatum  Sanguin.
1. Handweed vs. all chemical trts, ns ns ns ns ns
2. No control vs. all others .. ‘e .. .. .
3. Metolachlor vs. atrazine ns ns ns ns ot
4. Mete'achlor vs. (metol. + atrazine) ns ns ns ns ns
5. Atrazine vs. (metol. + atrazine) ns ns ns ns vt
6. Metolachlor vs. (metol. + bifenox) ns ns ns ns ns
7. Metolachlor vs. (metol. + 2,4-D) ns ns ns ns ns
8. Metolachlor vs. (metol + bentazon) ns ns ns ns ns

= Not significant; ** = Highly significant
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ConTiNuous CROPPING

Weed Weights Before Harvest

In all treatments, the poor stand of corn provided
litlle or no competition to emerging weeds, which at-
tained heavy growth by late scason. Toral dry weights
ranged from 147 1o 366 g/m?. Grasses were the domi-
nant species, comprising 83 to 98% of the total weed
weight. Two species. A, compressus and D. sanguinalis,

comprised 65-98% of the grass population. Broad-leaf

weeds, cvperaceae species and commelina species were
unimportant components of the weed population.

Stnee A, compressus was the only weed affected by
treatment, single degrec-of-freedom contrasts were
made in order to determine which treatments were
relevant o its control. Plots with metolachlor alone
had much higher weights of this species than plots with
atrazine alone or atrazine plus metolachlor. All
chemical-control treatments also had a much higher
weight of A compressus than did hand-weeded plots.
The data indicated that atrazine controls A, compressis
while metolachlor does nor.

Conclusions

Despite the lack of corn-yield response o weed-
control treatments, two conclusions can be drawn from
the first cyvele of this experiment:

1. Use of metolachlor plus atrazine increased the
spectrum of weeds controlled compared to cither her-
bicide alone. Atrazine alone did not control D.
sanguinalis carly in season, while metolachlor alone
failcd o control A, compressus later in the scason,

2. Broad-leat weeds and non-grass monocots such
as ayperacea sp. and commelina sp. are not important
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components of the weed population. It is unlikcly that
there would be any benefit in using additional her-
bicides in combination with metolachlor to control
them.

Implications

D. sanguinalis is an important species in most fields
at the station. Rescarch in temperate regions has shown
that atrazine has little effect on this grass. Confirming
this information neder Yurimaguas conditions enables
the development of more effective weed-control
measures tor corn. A. compressus, a perennial grass, has
not heen an important weed species in short-scason
food crops in Yurimaguas. An additional cvele of this
experiment s required to determine A, compressus’
resistance to metolachlor and its importance as a weed
in corn.

Weeds are a critical factor in contmuous cropping
systems. They are as important in limiting vields as
sotl fertiliey while their management is considerably
more difficult. Two vears of rescarch has shown that
the weed populations will change in response to
chemical control practices. Species resistant to her-
bicides dominate with time, and their control becomes
increasingly difficult and expensive. At present,
chemical weed  control FCPrOSCnts  an - enormous
Cconomic input; it averaged $100/ha for upland crops
n Yurimaguas. Hand weeding is often much cheaper,
but in many cases labor iy simply not available. Con-
tnued rescarch effort will be required to develop weed
management practices that are agronomically effective
as well as cconomically viable,



Pabppy Rice IN ALLuviaL SoiLs

Technology tested at Yurimaguas for sustained irrigated rice production in fertile alluvial soils of
the Amazon has been validated and 1s now being transferred to producers through Peruvian extension
programs. Peru recently became self-sufficient in rice, due in part to the expansion of flooded-rice
agriculture into the Amazon. Several general principles of Amazon flooded-rice production have been
established, including the following:

1) Land can be cleared by slash and burn or by bulldozing, as the usually detrimental eftects of
soil compaction by bulldozers do not seriously affect paddy rice. Care must be given not to displace
topsoil during the land-leveling operation.

2) Supplemental irrigation every two weeks increases yields by about 50% as compared to yields
from crops dependent entirely on rainfall. The source of water may be gravity canals or pumping
from rivers.

3) Transplanting provides higher yields than broadceasting seeds for the first two crops due to insuffi-
cient leveling. Broadeasting pregerminated seeds is highly advantageous after the paddies are adequartely
leveled.

4) Ferdilization will be minimal. No significant responses to N or P fertilization have been observed
during cight consecutive crops grown in a four-year period. N deficiencies are expected to appear
with continous use.

5) A combination of herbicides provides satistactory weed control.

6) Two crops a year with recommended short- statured varicties can produce annual yields of 12
to 15 ton/ha or 5.2 1o 6.6 t/ha/crop. Considering that one hectare of acid soils must be cleared
every year to produce one ton of upland rice, every hectare under irrigated rice production might
save from 12 to 15 hectares of tropical forests annually from deforestation.

Research and extension activities are nov the responsibility of INIPA's National Rice Program.
The work reported here is conducted to further test and refine this technology for long-term flooded-
rice production.
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Pappy Rice

Intensive Management of Alluvial Soils
For Irrigated Rice Production

Luis Arevalo, N. C. Stute University

Robert E. McCollum, N. C. State University

José R. Benites, N. C. State University

Alfredo Rachumi, INIPA

Cesar Tepe, INIPA

Kristinaa Hormia, Institute of Development
Studies, Finland

Research on this important management option has
progressed to the point of widespread technology
transter, contributing to a 40% increase in rice pro-
duction on fertile, alluvial soils of the Amazon Basin
of Peru. The objectives of this project, which was con-
ducted at the Yurimaguas Experiment Station, were
1) to determine the best methods of planting to achieve
maxitmum viclds in paddy rice: 2) 1o determine the
best fertilizer sources, schedules and rates; 35 to deter-
mine optimal irrgation frequency, and +4) to determine

the effect of water-level fluctuation on the survival of

p;ldd'\'-ri(c .\ccdling\.

Transplanting vs. Direct Sceding

A project was nitiated in August, 1981 with the
objective of determining the hest planting methods in
paddies newly developed on an Eutric Haplaquept
(clayey, mixed. sohvperthermic), on a high terrace near
the Shanusi river at Yurimaguas. The results shown
in ‘Fable 1 indicate that annual mean production was
only slightly less with direer seeding than with
transplanting. Two new experiments were initiated in
1985 1o develop seeding methods and weed-control
pracuces tor direct-seeded rice. The first found that
there was no signiicant difference in vields between
crops broadeast-seeded by hand and those broadcase

with a Cyclone-type seeder. One man can seed 1.5
to 2.0 ha per day by hand, but the same person can
plant 5.0 ha in one day with the Cyclone seeder .

In the second experiment, three twpes of herbicides
were tested with direct-seeded rice. Ten davs after
seeding, the thiobencarl and oxadiazon treatments pro-
duced harmful effects. The cheek plots gave 100% ger-
mination. but all the other herbicide reatments give
onlv 30 1o 50% . The effects on vields are shown in
Table 2. Lsing 2-4 1) amine alone at a rate of 2.0 1./ha
resulted ina 204 higher vield than the cheek plot and
performed better than the other herbicides. The low
vields obtained in this experiment are probably duc
to herbicide toxicity and an attact of molluses Arion.
the two together affecting initial plant growth severely.

Nitrogen and Phosphorus Fertilization

After cight consceutive rice crops, there have been
no significant respenses to either fertilizer N oat rates
up to 200 kg/ha or to P at rates up o 100 kg
P,0;7ha. In the N experimer:, mean grain yvields
were in the range of 6 1 7 t/ha for all treauments,
In the P oexperiment, mean grain vields were also
around 6 t/ha regardless of P rate or P source.

Supplcmentury Irrigation

The paddy-rice production svstem developed by the
project includes supplemental irnigation. ‘Table 3 shows
that the hest vields were obtained with supplemental
Irrigation once every two weeks, as compared with
ramnfall (ltpﬂ]d(‘ﬂ()’. Table + shows the effect of dif-
ferent water depths on crop vields through three
harvests. The data indicate that highest vields were
obtained when warter depth was maintained benween
10and 20 em. At higher and lower levels, vields tend
to decrease,

Table 1. Performance of floooded IR4-2 rice in different land preparation systems in an Eutric Haplaquept
at a “'restinga’ in Yurimaguas, during the first 26 months after ciearing.

Mean
Land Planting First Second Third Fourth Fifth Mean per annual
preparation system crop crop crop crop crop crop  productiont
Grain Yields, ton/ha
Puddled: Transplanted 7.9 52 7.1 6.0 6.8 6.6 15.2
Broadcast/direct-seeded? 3.2 4.9 6.4 4.8 6.7 5.2 12.0
Dry: Transplanted 8.3 6.7 6.2 5.6 6.3 6.6 15.3
Broadcast/direct-seeded? 6.3 5.6 4.9 4.6 6.0 55 12.6

' Assuming 2.3 crops per year
2 Hand-weeded
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Conclusions

1) Direct-seeded paddy rice produced mean annual
vields only slightly lower than those from tansplanted
rice. Direct seeding eliminates pre-plant soil puddling
and thereby reduces labor costs.

2) Broadeast- -seeding rice with a cyclone-type seeder
was as eftective as broadeasting by hand, and required
less than half the manpower.

3) Of the three herbicides tested for use in broadcast-
seeded rice, 2-4 D amine used alone gave the bese
results.

4 Best rice vields were obrained with supplemen-
tal irrigation once every two weeks, which maintain-
ed the water level beoween 10 and 20 em.

Table 2. Effects of week-control methods on direct-
seeded IR4-2 paddy rice.

Herbicide Rate, L/ha Rice Grain Yield, t/ha
Thiobencarb 7.0 + 3.0 4.64
2-4 D amine

Thiobencarb 80 + 20 4,56
2-4 4 D amine

Oxadiazon 2.0 + 3.0 4.51
2-4 D amine

Oxadiazon 40 + 2.0 4,32
2-4 D amine

2-4 D amine 2.0 4.79
Check —_—— 3.90

Pabpy Rice

Implications

Recommended varieties of paddy rice can produce
yields in the range of 12 10 15 ton/ha/yr on alluvial
Amazon soils without fertilization for the first three
vears. Direct seeding with a Cyclone-type broadeaster,
u)uplui with |ud1u()us herbicide use, Can save substan-
tially on labor, an important t.luor hecause skilled
laborers are scarce in this area. Despite the heavy rain-
fall tn the Amazon, s‘upplcmcnml irrigation from rivers
or ponds every two weeks i improves rice production
50%. These results are being tested in farmers” fields
in the Tupac Amaru settlement near Yurimaguas.

Table 3. Effect of the irrigation frequency on the rice yield for

cultivar IR4-2.

Supplemental

Irrigation Number of Harvests

Frequency 1st 2nd 3rd Mean
L/ha

Once/2weeks 5.78 6.74 6.00 6.17

Rainfall only 4.08 5113 3.99 4.40

Table 4. Grain yield as affected by different water levels. Rice

variety IR4-2.

Number of Harvests

Water Levels 1st 2nd 3rd Average
cmn L/ha

0 5.48 3.80 5.13 4.80
10 6.77 5.03 5.44 5.75
20 6.45 5.18 6.18 5.94
30 5.66 4.92 4.48 5.02
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So1L CHARACTERIZATION AND INTERPRETATION

Knowledge of the properties and distribution of soils in the humid tropics serves as the basis for
soil management. Proper selection of sites for extrapolation work requires good soil characterization
and classification by Soil Taxonomy, as well as interpretations practical in agronomic terms. The Fer-
tility Capability Classification (FCC) system is being adopted in many arcas of the world as a basis
for research planning and technology transfer because it helps identify the soil characteristics that af-
fect crop production. Coupled with Soil Taxonomy, the FCC system 1s an effective tool in the develop-
ment of soil-management technologies adapted to specific sites and conditions.

An example of the widespread applicability of this approach is an FCC map of Africa, being developed
by the Food and Agriculture Organization of the United Nations (FAQ). By providing planners with
an inventory of Africa’s soils characterized by their productive potential, the FAO's map will assist
in long-range agricultural rescarch and development. N.C. State University collaborators on this pro-
ject are developing software for personal computers that will allow soil maps to be digitized, so that
users might have at their fingertips maps with any soil grouping desired. The work described here
concentrates on two general areas. The first is the adaptation and refinement of the FCC system for
various tropical ccosystems and crops. The second is the study of soils in several humid tropical regions
on the agricultural frontier, where soil characterization lays the groundwork for future research and
development.
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SoiL CHARACTERIZATION

Pedro A. Sanchez, N. C. State University
Stanley W. Buol, N. C. State University

The Fertility Capability Classification system (FCC)
has been tested on many sites around the world in
order to adapt it to various soils and conditions. In
each case, the primary aim has been to identify soil
CONSLraints to crop production and to guide decisions
about how to relieve or offset these constraints. At
the request of the International Rice Research Institute
(IRRD) and Soil Management Support Services (SMSS),
the FCC system was applied to soils with aquic soil-
moisture regimes in order to relat: soil classification
with soil—producrivity parameters that are important
for flooded-rice production.

Interpretations for FCC soil types and substrata types
for wetland soils are shown in Table 1, and for con-
dition modifiers in Table 2. The FCC system iden-
tified specific soil characteristics dircctly related to most
of the physiological disorders of rice, except for odine
and boron toxicity. Iron toxicity caused by Fe-rich in-
terflow from adjacent uplands requires an FCC
classification of such upland soils. One additional con-
dition modifier was necessary to include in the FCC:
a g’ modifier for constantly tlooded soils.

The FCC interpretations of aquic soils were tested
by workshop participants from the International Net-
work on Soil Fertility and Fertilizer Evaluation for i .
(INSFFER) and Soil Management Support Service
(SMSS), during a five-day ficld trip in Central Luzon,
Phillipines, where 16 profiles were examined. Infor-
mation from these profiles was related to the condi-
tion of rice plants growing on adjacent plots established
for INSFFER fertilizer trials. The FCC system was
successful in predicting Zn deficiency by the presence
of cither the b (calcarcous) or the g' (prolonged
flooding) modifiers. ‘Two other characteristics, ease of
puddling and difficultics in regencrating the puddled
structure for rotaton with upland crops, were also
readily identified by FCC classes. The possibility of
low N fertilizer cfficiency indicated by the v (vertic)
and b (calcarcous) modifiers was confirmed by the
results of the INSFERR trails. Table 3 shows the Soil
Taxonomy and FCC designation of the pits studied
and the fertility problems encountered.

Conclusions

The workshop’s soil-fertility group recommended
the following in relation to FCC:

I. The FCC system should be tested and applied
to wetland rice soils as a means for grouping together
soils with similar constraints.

Table 1. Interpretations sf FCC type and substrata types for rice cultivation in aquic soil moisture regimes.

S

High in infiltration, low water-holding capacity, more difficult to do thorough puddling; traffic pans infrequent; relatively
easy 1o regenerate structure for rotation with other crops. Level of management (nutrients and water) required for

high rice yields is b ner than in L or C soils.

L

Medium infiltration, medium water-holding capacity, usualiy easy to puddle (except Lx), and medium difficulty in
regenerating structure. Traffic pans important in these soils except for Lx. L soils are generally more productive
for rice than S soils and less than C soils, provided condition modifiers are similar.

c

Low infiltration rates, high water-holding capacity (except Ci), easy to puddle and difficult to regenerate previous
structure (except Ci); traffic pans not common. Generally higher productivity for rice than L or S soils provided con-

dition modifiers are similar.

0]

Deep organic or peat soils, with little 1o no potential for rice production.

OC, OL or OS

Shallow organic soils with a mineral layer of less than 50 ¢cm depth. Potential for rice production

SL, SC

Somewhat better water-holding capacity and thus better suitability for rice production than S soils.
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SoiL CHARACTERIZATION

Table 2. Interpretations of FCC condition modifiers for rice cultivation in aquic soil moisture regimes.

When only one moditier is 1ncluded in the FCC unit, the following limitations or management requirements apply
to the soil. Interpretations may ditfer when two or more modifiers are present simultanecusly or when textural types
are different.

9
Defines wetland soils. Preferred moisture regime for rice cultivation.

9
Prolonged submergence causes Zn and perhaps Cu deficiency.

d
Topsoil moisture limited during dry season unless irrigated. Generally only one rainfed rice crop can be grown a
year. lrrigated rice during the dry season has higher yield potential and responds to higher N rates.

k
Low inherent fertility because of low reserves of weatherable minerals. Management levels higher than in soils without
this modifier. Potential K deficiency depending on base contents of irrigation water.

e
Low ECEC reflects less gradual N release, more exacting N management. Identifies degraded paddy soils with SLa
or LCa and low organic matter contents. If so, potential H,S toxicity can occur it (NH,),S0, is used as N source.
Potential Fe toxicity it adjacent uplands have Fe-rich soils.

a
Aluminum toxicity will occur in aerobic layers. Soil test for identifying P deficiency recommended.

h
Potential P deficiency under continuous rice cropping. Otherwise optimum aerobic pH for flooded rice production,
If combined with SLe or LCe, potential Si deficiency.

b

High pH may induce Fe deticiency when aerobic, and Zn deficiency when water-logged. High N volatilization loss
potential from broadcast N applications. NH,* fixation by 2:1 clays possible. Mollusk shells indicative of Zn
deficiency.

i

High P fixation by Fe; P deficiency likaly; Fe toxicity potential; soils difficult to puddle and will regenerate original
structure rapidly. Inter-flow from Ci uplands may cause Fe toxicity to e soils with lower topographic position.

X
Voicanic materials indicate high inherent fertility with no potential Si deficiency; N and P deficiencies common and
soil may fix large quantities of P; soils ditficult to puddie and will regenerate original structure rapidly.

v

Soils will shrink and crack when dry, causing excessive percolation losses afterwards. Easy to puddle but difficult
to regenerate structure. P deficiency suspect and should be determined by soil tests. Soil fixes applied NH,* and
releases it later to the rice crop - a positive attribute. Cracks may not close after reflooding due to ripening-water
percolation and additional N losses.

s
Defines saline soils. Drainage needed but must consider conductivity of irrigation water.

n
Defines alkali soils. Reclaiming with drainage and gypsum applications may be needed.
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c
Acid sulfate soils causing Fe and S toxicity when anaerobic and Al toxicity when aerobic. Depth at which ¢ modifier

occurs determines feasibility of rice production. Strong P deficiency likely and Al toxicity when aerobic.

Presence of gravel limits land preparation and water holding capacity.

Skeletal soils with limited potential for rice production.

%:
The higher the % slope, the narrower the paddies will be an the higher the rise between terraces will be.

2. The FCC modifier for acid-sulfate soils (¢) nceds  to characterize in a systematic and quantitative basis
turther refinement to establish a better limit. An ad- extremely important factors such as: 1) water-table
ditional moditier for cation imbalance ratios (r) should  depth during dry and wet seasons, 2) frequency, depth,
be developed; additional modifiers for high organic  speed, and duration of natural ﬂooding, 3) quality of
nitrogen in the topsoil (), and for high available native  irrigation, flood or ground water and other relevant
topsoil phosphorus (p). should be investigated and n- h)’drological parameters. A working group should be
corporated into the system if reliable quaniiative limits— established to develop the HCC, Hydrological con-
can be identified. straints often override soil constraints in rice produc-

3. Field tria's in rice fertility and soil management  tion. The declopment of this technical system s,
should have the soil classified according to Soil Tax-  therefore, considered an urgent matter.
onomy at the family level. Emphasis should be given In addition, the INSFFER netwark meeting con-
to mineralogy characterization, in relation to fixation  cluded that Soil Taxonomy is to be used to characterize
and release mechanisms. FCC should not be considered — network sites and that the FCC system is to be tested
an altenative to Soil Taxonomy, but as a technical by all countries parucipating in the network, which
system that facilitates s interpretation for agronomic — are: Burma, Bangladesh, China, India, Indonesia,
purposcs. Malaysia, Nigeria, Nepal, Pekistan, Philippines, Sri

4. A Hydrological Capability Classification (HCC)  Lanka, Thailand, and Vietnam. Tests are under way
system should be developed along similar lines as FCC - in many of these countries.

Table 3. Field testing of FCC system in 14 pedons of Luzon, Philippines, and nutritional deficiencies observ-
ed in adjacent INSFERR trials.

Zn P N Mg/K
Taxonomy FCC deff response inefficiency imbalance
Andaqueptic Fluvaquent CLg’ X
Vertic Haplaquoll Cg'v X
Vertic Tropaqualf Cgh X
Udorthentic Pellustert Cgdv X X
Aeric Tropaquept Cg
Entic Pellustert Cgdhv X X
Aeric Tropaquert LCgd
Fluvaquentic Haplustoli ClLdbg X
Entic Chromustert Cdvbg X
Andic Palehumuit Lkax no trial
Typic Haplaquoll Lgdbk X X
Cummulic Haplaquoll LCgdbk X X
Typic Tropaquept Lgd
Aquic Ustifluvent LSdeh
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New-Project Update

Several projects in this series have not been under
way long enough to yield substantive reports, but should
be mentivned because of their importance to the pro-
gram as a whole.

Volcanic Ash Influence on
Transmigration Areas of Sumatra

Hardjosubroto Subagjo, Center for Soil
Research

Stanley W. Buol, N.C. State University

John R. Thompson, University of Hawaii

Michael K. Wade, N.C. State University

Mohammed Sudjadi, Center for Soil
Reseaich

L. Putu Gedjer, Center for Soil Research

Agus B. Siswanto, Center for Soil Research

The objective of this project is to determine the
amount, thickness and effect on phosphate chemistry
of amorphous material in the major soil and geographic
arcas around the Sitiung-Bangko transmigration sct-
tlements, on the island of Sumatra. The western part
of Sumatra belongs to the Bukit Barisan mountain
range, where faulting and folding have been accom-
panicd by volcanism. Alone the foor of these moun-
tains lies a vast, undulating and rolling plain.

Two transcets extending from the lowland to
volcanoes were studied, along with sites intermediate
to them in the transmigration arcas. Profiles were
described and soils were sampled to a depth of 2 m
at cach site. The tentative classification of these soils
is generally Paleudults or Haplorthox at the lower
altitudes (40-160 m), Topudults at the middle altitudes
(300-350 m), and Dystrandepts or Hydrandepts on
the lower slopes of the voleanoes (1200-1350 m). As
this project continues, soils will be further characterized
and analyzed at the Center for Soil Research and ar

N.C. State University.

SoiL. CHARACTERIZATION

FCC and Site Characterization
In Relation to Caribbean Pine

Leon H. Liegel, USDA Southern Forestry
Station, Puerto Rico

Stanley W. Buol, N.C. State University

Robert E. Hoag, N.C. State University

Pedro A. Sanchez, N.C. State University

"The purpose of this project was to evaluate the Fer-
tility Capability Classification system (IFCC) in rela-
tion to an important commercial tree crop, Caribbean
pine, and to determine it the system needs modifica-
tion for use with perennial tiee crops. To date samples
have been taken at 46 sites in Venezuela, 44 n Jamaica,
and 29 under Caribbean pine (Pinus caribaca, var.
honurensts). These samples were analyzed for particle-
size distribution, pH value, extractable Al, Ca, Mg,
K, and P. Brief profile notes were made at cach site.
Using these data, cach site was classified by FCC
Criteria,

A preliminary summary of the data reveals that the
majority of the Venezuela sites were coarse to medium
in texture, types S, 1, or SL, and had high Al concen-
trations (a), low CEC (¢), an ustic soil moisture regime
(d), and low potential to supply potassium (k). The
Jamaican sites were medium to fine in texture, types
L or C, with many having no obvious chemical con-
straints. Some did have acidity constraints (h), and a
few had Al constraints (a). A low potential to supply
K was also present at several sites. Soils studied in Puer-
to Rico were also medium and fine in texrure, types
L and C, with no subtype texture modifier. These
generally contained more Al, and were universally low
in their potential to supply K. Further work on this
project will compile soils data, comparing tree growth
and FCC grouping for cach site.

77



Soi. CHARACTERIZATION

Alluvial Soils of the Amazon Basin

Robert E. Hoag, N.C. State University
Stanley W. Buol, N.C. State University
Jorge Perez, INIPA

Alluvial soils are usually considered to be of high
native fertility. The purpose of this work was to test
such a hypothesis, which would be useful in ex-
trapolating soil-management options for alluvial soils
in the humid tropics. To do so, the investigators sampl-
ed soils from three different types of deposits in the
Amazon Basin of Peru, determined their physical,
chemical and mineralogical properties, and developed
a means of predicting the occurrence of the contrasting
soil properties on flood-plain landscapes in the region.

‘The 20 sampling sites, placed into three groups, were
selected on the basis of the geologic formation from
which the tributaries originate. Representative data are
given in Table 1. Sampling sites in Group One were
along rivers that originate within the Eastern Peruvian
Cordillera. As predicted, these soils have relatively high
pH values throughout their profiles, ranging from 6.5
to 8.5. (Complete data for cach of the profiles sampl-
ed are in Mr. Hoag's thesis).

Sampling sites in Group Two were along rivers that
originate in the foothills of the Peruvian Andes, where
carbonaceous and non-carbonaccous sandstones
predominate in the headwaters. These soils have
chemical properties similar to those sampled along cer-
tain rivers that originate in the Ecuadorian Cordillera.
Although upper clevations of the Ecuadorian Andes
are composed predominantly of acid igneous and

Table 1. Summary of topsoil fertility and FCC classification
representative of sampling sites in three groups of soils in the
Amazon Basin of Peru. (Chemical values are for top 20 cm)

Location

Group 1 Group 2 Group 3
Soil Property Rio Mayo Rio Cashiboya Rio Yavari
FCC Ciassification Cgvb Cg Cga
Ph 7.5 5.6 4.0
Al Saturation 0 0 78
Ca, meq/100 g 39.7 29.7 1.8
Mg, meq/100 g 9.7 7.0 0.5
K, meqg/100 g 2.02 0.69 0.36
Mn, ppm 90 130 35
Cu, ppm 6.2 4.9 2.3
Zn, ppm 4.5 3.2 3.3
P, ppm 145 29 6
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volcanic rock strata, the tributaries dissect limestone-
bearing marine deposits along the eastern flank of the
mountains. This group of nine sampling sites has pH
values throughout their profiles of 5.0 to 6.5, and tend
to be near a value of 6.0 in the upper horizons.
Min. ~" gy of the sand fraction is mixed, and mont-
morillorute dominates the clay fraction. Characteriza-
tion data for the sampling site along the Cashiboya
are representative of this group, although textures may
be loamy rather than clayey.

The third group of soils includes those sampled along
rivers that originate among pre-weathered, within-basin
sediments of Peru. Chemical properties of soils sampled
along two rivers that originate from within-basin
sediments and northern portions of the Andes in
Ecuador are also included with this group. These soils
are strongly acid, with pH values ranging from 4.0
to 5.0. The clay fractions of these soils are dominated
by ecither montmorillonite or kaolinite, with both
minerals being present in abundance. Aluminum
saturation is high and may exceed 85% of the exchange
complex.

The soil profiles were classified according to soil tax-
onomy and results are presented in Table 2. Classifica-
tion according to the Fertility Capability Classifica-
tion system (FCC) was based upon data obtained from
samples submitted to the N.C. State University Soil
Testing Laboratory.

Conclusions

Physical, chemical and mineralogical data support
the premise that information describing the geologic
formations from which tributaries in the Amazon Basin
of Peru originate may be useful in predicting soil pro-
perties on floodplains. Soils along rivers with head-
waters in the Eastern Peruvian Cordillera are general-
ly of high base status and pH values. Montmorillonite
dominates the clay fraction of these soils. There may
be some question as to the availability of P ard
micronutrients due to complexing at the high pH
levels. Soils developing in sediments eroded from the
calcarcous sedimentary deposits of the Andean foothills
in both Peru and Ecuador tend to be slightly acid with
no serious chemical or mineralogical problems. In the
Eastern portion of the Peruvian Basin, the floodplain
soils tend to be strongly acid with very high levels of
aluminum saturation. Repeated sequences of weather-
ing, erosion and deposition over a long period of time
have apparently contributed to the leaching of solu-
ble bases and dominance of Al on the exchange
complex.
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Table 2. Taxonomic classification of representative profiles of alluvial soils of the Upper Amazon.

Location Classification
Rio Aguaytia -Typic Tropofluvent, clayey over loamy, mixed (nonacid) isohyperthermic.
Rio Blanco -Aeric Tropaquept, fine, montomorillonitic (acid), ischyperthermic.

Rio Cashiboya

Rio Cumbaza

Rio Cushabatay
Rio Mayo

Rio Mazan

Ric Nanay

Rio Napo

Rio Nucuray

Rio Paranapura
Rio Pastaza

Rio Putumayo

Rio Samiria

Rio Tamshiyacu
Rio Tapiche (upper)
Rio Tapiche (lower)

-Aeric Tropic Fluvaquent, very-fine, montmorillonitic (acid), isohyperthermic.
-Typic Tropofluvent, coarse-loamy, siliceous (nonacid), ischype:ithermic.
-Aeric Tropic Fluvaquent, coarse-loamy, mixed (nonacid), isohyperthermic.
-Aquic Hapludoll, very-fine, montomorillonitic (calcareous), isohyperthermic.
-Aeric Tropic Fluvaquent, fine, kaolinitic (acid), isohyperthermic.

-Aeric Tropic Fluvaquent, fine-loamy, siliceous (acid), isohyperthermic.
-Typic Tropofluvent, coarse-silty over clayeyv, mixed (nonacid), isohyperthermic.
-Typic Eutropept, fine-silty, mixed, ischyperthermic.

-Typic Tropofluvent, coarse-loamy mixed (nonacid), isohyperthermic.

-Typic Fluvaquent, coarse-loamy, mixed (nonacid)

-Aeric Tropaquept, very-fine, kaolinitic (acid), isohyperthermic.

-Typic Tropofluvent, fine-silty, mixed (nonacid), isohyperthermic.

-Typic Fluvaquent, fine, montmorillonitic (acid), isohyperthermic.

-Aquic Fluvaquent, fine montmorillonitic (acid), isohyperthermic.

-Aquic Eutropept, fine-silty, mixed, isohyperthermic.

Rio Tigre -Aeric Tropic Fluvaquent, fine-loamy, mixed (acid), isohyperthermic.
Rio Utoquinea -Aeric Tropic Fluvaquent, fine-silty, mixed (acid), isohyperthermic.
Rio Yavari -Typic Tropaquept, very-fine, montmorillonitic, (acid), isohyperthermic.
Implications

Soils of the humid tropics are diverse not only on
uplands and mountains, but also on floodplains. The
notion that all alluvial scils within the Amazon Basin
of Peru are homogencous is clearly mistaken. As
chemical and physical properties diverge from one loca-
tion to another, so must management recommenda-
tions. Results of this study may help to identify the
geographical boundaries within which research data

may be extrapolated. The study may serve to iden-
tify regions thar may require additional research if
agriculture 1s to expaind in them. As an example, it
may be necessary to use lime or Al-tolerant genotypes
in the very acid alluvial soils in Eastern Peru. Data
from this study may also prove to be useful in selec-
ting drainage systems for more intensive soil-genesis
or ferrility investigations.
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Ultisol Dominated Landscapes
In Southeastern Peru

Laurie J. Newman, N.C. State University

Stanley W. Buol, N.C. State University

Rafael Chumbimune, INIPA-CIPA XVII,
Madre de Dios

An area of southzastern Peru was selected for a study
whose objectives where 1) to characterize the physical,
chemical and mincralogical properties of the soils of
the region, and 2) to determipe e relationship of soil
propertics to landscape position. The rescarch site, 450
ha near Puerto Maldonado, Madre de Dios, is con-
sidered representative of the soils, climaric conditions,
landscapes and vegetation in the region. Results trom
this project may assist in the extrapolation of research
to arcas within the region where knowledge of the
soil resource is scarce.

The topography of the region is characterized by
level uplands, dissected side slopes and recent flood
plains. Lower base levels caused drainage entrenchment
and formation of the associated conveyx and planar side
slopes. The flood-plain soils are forming in Holocene,
local diluvium and organic parent materials,

Ultisuis with ustic soil moisture regimes are the
predominant soils of the uplands. These Ultisols can
be characterized as having pH values ranging from 3.9
to 4.9, aluminum saturation values greater than 70%
of the effective CEC in the argillic horizons, and sur-
ace horizon cation exchange capacities of 1 to 6 emol
(+)/kg. Textures of the Ustults vary from clayey to
course-loamy, as a function of the texture of the n-
itial materials and position on the landscape. There
are few weatherable minerals in the sand size fractions
of these soils. The dominant clay mineral is kaolinite.
Some muscovite mica, vermiculite and hydroxy-Al-
interlayered vermiculite are present. Paleusults, located
in positions where water tables fluctuare within the

-profile, have features associated with oxidizing and
reducing conditions such as motting, plinthite and in-
durated iron.

The poorly drained soils formed in recent alluvium
are Placaquods and Troposaprists. The texture of these
soils is dependent on the depositional environment of
the alluvial materials. The sand fraction ts primarily
quartz. Magnetite, pyrize and kyanite are present in
trace quantitics. The soils are strongly acid to medium
acid and vary in base status.

Three geomorphic surfaces have been defined within
the arca. Two of these are located on the upland, and
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the other occupies the lower areas associated with
stream drains.

Surtace 1 covers the level and ncarly level uplands.
It is the oldest and most stable surface of the three,
Surface 2 consists of the side slopes and dissected por-
tions of the uplands. Within this group are landscape
positions with greater than 3% slope. Surface 3, on
the recent flood plains, occupies the smallest portion
of the study arca. This surface is the youngest and may
be subject to rapid changes in morphology with the
movement of the ncarby channel.

The soils have textures ranging from loamy fine sand
to clay. All of the upland soils in the sandy arca have
an increase in clay content and a decrease in sand con-
tent with depth. In the flood plain of the third order
stream, organic soils are dominant. On the uplands
of the sandy area, clayey soil families are located beside
solls with coarse loamy control sections. These abrupt
changes in texture laterally across the landscape are
characteristic of areas where soils have dcvclopcd in
alluvial parent materials.

Soil pH values for the upland soils are generally
higher at depth in the profile than ar the soil surface.
Values determined in water range from 3.4 to 4.9
(Table 1). The soils in the recent flood plain of the
second-order streams have pH values ranging from 1.9
to §.6. The pH values of the upland soils of the region
may be a result of soil formation in acid -parent
materials, or of formation in higher pH matcrials where
bases have been Ieached out over time.

Soil reaction data from the flood plains of the ivladre
de Dios and Tambopata Rivers indicate thar recent
alluvium is neutral to slightly acid reaction, having pH
values ranging from 5.2 10 6.9. Because the present-
day rivers have a similar source as the sediments in
which the upland soils are formed, it is assumed that
the soils of the upland have developed in sediments
with neutral reaction and that post depositional
removal of bases is responsiole for the increase in soil
acidity.

Extremely low pH values of 1.9 10 2.1 have been
measured in the cpipedon and subsurface horizon of
a buried soil in the second-order stream drain (Table
D). pH values of less than three are rare in saturated
soils, but have been recorded in sulphitic soils, a resule
of oxidation after soil drainage. Pyrite (Fe,S) may be
present in these horizons and may be assumed to be
controlling the very acid soil reaction. The organic soils
assoctated with the Rio Chonta have pH values similar
in range to those on the upland.

The amount of exchangeable aluminum of the



SoiL. CHARACTERIZATION

Table 1. Physical and chemical properties of selected profiles in Puerto Maldonado, Peru.

Extractable
Depth Clay Sand Org.C pH Al Ca Mg K ECEC ECEC Al sat.
(cm) % H.0 - -~ cmoi(+)kg - == cmoi( +)kg clay %
Soils of the Level Upland (Surface 1):
Carretera; Typic Paleustult; clayey, kaolinitic, isohyperthermic
0-9 27 26 1.6 3.9 4.1 0.1 0.2 0.2 5 19 81
9-25 30 22 0.7 3.9 4.2 0.1 0.1 0.1 5 17 82
25-52 39 y 0.6 4.2 5.3 0.1 0.1 0.2 7 17 79
52-70 44 18 0.5 4.4 6.4 0.1 0.1 0.1 7 16 90
70-118 48 17 0.5 45 6.8 0.0 0.1 0.1 8 16 89
118-155 47 16 0.7 4.6 6.7 0.0 0.2 0.1 8 17 86
155-200 46 21 0.3 4.6 6.3 0.0 0.2 0.1 8 16 86
Estacion; Typic Paleustult; coarse-loamy, siliceous, isohyperthermic
0-9 3 81 0.4 4.3 0.3 0.4 0.4 0.1 2 53 18
9-24 2 70 — 3.9 1.0 0.1 0.2 0.1 2 73 60
24-53 5 69 - 3.9 1.7 0.1 0.1 0.1 2 43 73
53-82 15 62 — 4.1 1.4 0.2 0.2 0.1 2 14 68
82-110 16 68 0.3 4.1 1.4 0.0 0.0 0.1 2 12 74
110-153 18 66 — 4.1 1.4 0.0 0.0 0.1 2 10 79
153-200 19 64 — 4.1 1.7 0.0 0.0 0.1 2 10 84

upland soils in the study area range from 0.1 to 7.5
cmol(+)/kg. The maximum occurs in the lower B
horizon of the Palma Real profile, a somewhat poor-
ly drained soil with clayey textures throughout the
solum. The minimum occurs in the surface horizon
of the Amable protile, a sandy textured epipedon on
a 12% slope. In the upland soils, exchangeable
hydrogen is a significant portion of the acidity, com-
prising up to 25 percent in B horizons. In ali well drain-
ed soils, the total exchangeable acidity is higher in B
horizons than in the surface horizons.

All upland soils in undisturbed forests have low con-
tents of exchangeable bases throughout. Soils that have
recently been cut and burned for agricultural use have
concentrations of calcium and magnesium in the sur-
face horizon: of 0.30 to 0.41 cmol( +)/kg. Basic ca-
ton content ranges in most B horizons are 0.01 to
0.05 cmol(+)/kg for calcium, 0.0 tw 0.22 for
magnesium, and 0.2 to 0.15 for potassium. The highest
values are found in soils with clayey family particle
size classes. The location of Estacion profile has been
used in the past for lime rate experiments. This may
account for the calcium concentrations of 0.10
cmol(+)/kg to 82 cm in the profile.

Soils of the recent flood plain have cation satura-
tion values for calcium, magnesium, and potassium in
mineral soils ranging from 0.06 to 0.89, 0.26 10 4.49,
and 0.02 to 0.06, respectively and values for calcium,
magnesium, sodium and potassium in organic horizons
ranging from 2.37 to 4.71, 8.95 to 18.10, 0.10 10
0.33 10 0.17 to 0.68 cmol(+)/kg, respectively. High
concentrations of calcium and magnesium could be
a result of the deposition of sediments from more basic
waters of the Tambopata that flood the Chonta River
during the wet season.

In the surface and some subsurtace horizons of the
coarser-textured soils, effective CEC values range from
23 to 82 cmol(+)/kg. The presence of muscovite mica,
vermiculite and hydroxy-Al-interlayered vermiculite
with cation exchange capacities of 20-40, 100-150, and
10-40 cmol( +)/kg account for the greater CEC. Soll
horizons that have organic carbon contents greater than
2% have higher exchange capacities than clayey con-
tent CEC correlations could suggest as a result of the
100-300 c¢mol(+)/kg CEC associated with organic
matter. In these samples, effective CEC values range
from 44 to 275.

‘The pH-dependent charge ie., CEC, ECEC, increases
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Figure 1. Relationship of soil map units to landscape
positions,

with depth in all mineral soil profiles, reflecting an in-
crease in kaolinite in the clay fraction. This property
has been observed in Ultisols of the southeastern
United States,

X-ray difiraction was used to identity and quantity
the minerals present in the clay fraction of selected
horizons. Diffraction patterns show the predominance
of kaolinite in all of the horizons analvzed. Muscovite
mica, low-charge vermiculite and hydroxy-aluminum
interlayered vermiculite are present in varying quan-
tties, as are minor amounts of gocthite, gibbsite, and
tale. i )

Soils with clayey family particle size classes have ver-
miculite as the second most abundant clay mineral.
AlF other soils in loamy, sandy and organic particle
size classses have muscovite mica as their second most
abundant clay mineral. The sandy, poorly drained soils
in the secon border stream drain have the lowest
amount of vermiculite of any of the soils. Gibbsite
is present in the B horizons of profiles that contain
plinthite. The trace contents of tale, which is a stable
product  of metomorphism,  have probably been
transported from the sedimentary parent marerial
source in the Andes.

In the clay fraction the sequence: mica —s ver-
miculite (expanded hvdrous mica)—hydroxy in-
terlavered vermiculite —kaolinite represents the sue-
cession of the stages of weathering.

All sand fractions examined by petrographic analysis
were grearer than 95% quartz. Muscovite mica was
present in small amounts as were the heavy minerals,
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anisotrapic kyanite and the isotropic magnetite.

All of the soils in the study arca have developed from
unconsolidated sediments. Most have formed in an-
cient alluvium, and some are formed from More re-
centalluvial deposits. Soil morphology and genesis dif-
fer in these soils as a result of ditfering textures of the
origmal parent materials, their geomorphic position
and their r<'l;ui()nship with the present day water table.
The idealized block diagram in Figure T presents seven
major map units and their position on the landscape.

Soils of Pichis Valley Extrapolation Sites

Laurie J. Newman, N. C. State University
Dennis del Custillo, N. C. State University
-PEPP

‘The purpose of this project was to characterize the
soils where the Pichis Estrapolation Project is adap-
ting - soil-manag: ment  technologies developed  at
Yurimaguas to a locatior “n the High Sclva of Peru.
The extrapolation sites are two neighboring experi-
ment stations situated on opposite sides of the Pichis
River. Compared to Yurimaguas, this arca has lower
night temperatures, S0% more rainfall and steeper
slopes. The important landscapes for agriculture are
alluvial positions and gently rolling to steep uplands.

Four pedons were sampled in October 1984 and
samples were analyzed at the Yurimaguas laboratory.
Mineral faryily was infc. od from the sum of eations
and clay content. The results shown in Table | in-
dicate that the alluvial terrace soils are Fluventic
Eutropcpts, slightly acid, but with otherwise high
native fertility (Pedon A). Soils on the upland, rolling
sites at La Esperanza Station are clayey, kaolinitic Typic
Paleudults (Pedon B). Soils on the high, nearly level
terraces at both stations are Typic Palchumults and
Typic Tropohumults, with high topsoil organic mat-
ter contents (Pedons C and D).

On the basis of the four pedons described and analyz-
ed, soils at the extrapoladon sites differ only slightly
from thosc at Yurimaguas. The Pichis soils contained
proportionately more clay and organic marter, and
there are probably more 2] clays. These
characteristics, taken together, indicate that chese soils
will retain more exchangeable Al Lime requirements
are expected to be higher, and percolation of bases less
than those on soils at Yurimaguas. The high base status
soils on the low terraces at the extrapolation site ap-
pear comparable to soils on the low terrace at
Yurimaguas.



Table 1. Characteristics of four soi! profiles on the Pichis Valley, Peru.

Soi. CHARACTERIZATION

Exchangeable Al Organic
Horizon Texture pH A1 Ca Mg K ECEC sat. matter
cm (H20) __ cmol(+)/L % %
El Vivero, low terrace, Fluvaquentic Eutropept, cla: ey, mixed, isohyperthermic. FCC:LCh,
Ap 0-9 silt loam 5.4 0.3 9.00 2.08 0.24 11.62 3 5.4
Bt1 9-24 silty clay 5.5 0.5 9.45 1.83 0.14 11.92 4 1.3
Bw 254 silty clay 5.1 5.4 4.53 1.50 0.10 10.53 51 0.7
Ab 54-89 loam 5.3 37 3.77 1.24 0.09 8.80 42 0.3
ewgl 89-130 5.4 1.8 6.75 2.48 0.15 11.18 16 0.3
Bwgl 130-151 silty clay 5.7 1.0 7.44 341 0.16 12.01 8 0.2
Cg 151-180 clay 6.0 0.4 8.59 3.79 0.16 12.94 3 0.4

Esperanza Experiment Station, upland area secondary forest. 11% slopes. Typic Paleudult, clayey, mixed, isohyper-

thermic. FCC:LCak.

A 0-6
Bt1 6-33
Bt2 33-65
Bt3 65-114
Bt4 114-150
BC 150-180

El Vivero, high terrace, 3% slope on gently undulating topograph. Typic Palehumult, claey, mixed, ischyperthermic.

FCC:LCa.

Ap 0-2
Apb 2-13
A 13-36
Bt 36-84
Btg 84-123
BC 123-165
Cg 165-180

Esperanza Experiment Station, virjin forest.

A 0-8
AB 8-19
Bt1 19-46
8T2 46-79
Bt3 75-96
Bt3 96-120
Btg 120-142
Bx1 142-162
Bx2 162-180
Bx2 180-200

loam
clay loam
clay loam
clay
fine sandy
clay
fine sandy
clay

silt loam
clay loam
claylocm
clay loam
clav
clav
clay

clay loam

clay loam

clay loam
clay
clay
clay

si. clay

loam
loam
loam
loam

3.8
4.2
4.3
4.5
4.7

4.7

4.2
4.3
4.4
4.4
4.3
4.7
4.8

5.3
5.8
6.7
8.4
9.3

6.9

5.9
6.9
7.3
8.8
9.1
10.1
15.3

0.20
0.20
0.24
0.23
0.20

0.20

1.74
0.40
0.27
0.27
0.47
0.43
0.20

0.20
0.17
0.14
0,10
0.09

0.09

1.02
024
0.24
0.23
0.16
0.14
0.14

0.16
0.05
0.06
0.03
0.05

0.05

0.22
0.16
0.12
0.08
0.07
0.06
0.06

5.86 90
6.22 93
7.14 94
8.76 96
9.44 99
7.24 95

8.88 66
7.82 88
7.93 92
9.38 94
9.80 93
10.73 94
15.7v 97

5.2
1.4
1.0
0.3
0.3

0.3

6.2
1.7
1.3
1.2
0.5
0.4
0.2

0-2% slopes. Typic tropo humult, mixed, isohyperthermic. FCC: LCak.

3.7
4.1
4.6
4.5
4.5
4.6
4.7

4.7
4.8
4.8

7.9
5.6
4.4
7.0
6.1
5.6
5.2

5.1
4.8
4.8

0.23
0.27
0.53
0.23
0.20
0.20
0.20

0.23
0.23
0.13

0.18
0.18
0.17
0.10
0.10.
0.10
0.10

0.09
0.09
0.09

0.12
0.10
0.08
0.03
0.C3
0.03
0.03

0.03
0.03
0.04

84,3 94
6.15 91
5.18 85
7.36 95
6.43 95
5.93 94
5.53 94
5.45 <4
5.15 93
5.06 95

4.2
23
1.13
0.8
0.9
0.7
0.2

0.2
0.4
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Soil Survey of the Puerto Maldonado
Experiment Station

Laurie J. Newman, N. C. State University
Stanley W. Buol, N. C. State Universiry
Rafael Chumbimune, INIPA, CIPA XVII,

Puerto Maldonado

The purpose of this study was to obtain an
understanding of soils, including their genesis and mor-
phology, at the Pucrto Maldonado Experiment St
tion, so that local agriculturalists will be able to recoin-

mend management options for similar soils in the
region. The station is in the Acre alluvial basin of
southeastern Peru. The upland soils have ustic soil
moisture regimes, and the natural vegetation is seasonal
semi-evergreen forest,

Table 1 presents the soils classified by Soil Tax-
onomy and Fertility Capability Classification (FCC).
The complete Soif Survey of the Puerto Maldonado Ex-
periment Station (Newman, L. J. 1985) is available from
the Tropical Soils Rescarch Program, Box 7619, N.
C. State University, Raleigh, NC 27695-7619, USA.

Table 1. Classitication of the soils of the Puerto Maldonado Station, Peru

Soil Taxonomy

Name Sub Group Family FCC
Solls of the Level Upland
Carretera Typic! Paleustult clayey, kaolinitic, isohyperthermic LCadk
Estacion Typic! Paleustult coarse-loamy,siliceous, SlLadek
isohyperthermic
Palma Real Plinthaquic' Paleustuit clavey, kaolinitic, isohyperthermic Cadgk
Soil of the Upland Sideslopes
Astillero Typic' Paleustult fine-loamy, siliceous, Ladek
isohyperthermic
Amable Typic! Paleustult coarse-loamy, siliceous, Ladek
isohyperthermic
Mashco Aquic' Palestult coarse-loamy, siliceous, SLadegk
isohyperthermic
Soils of the Recent Floodp!ain
Laberinto Aeric! Placaquod sandy, siliceous, isohyperthermic Sdeghk
Chonta Typic Troposaprist dysic, isohyperthermic Ok

! Sub group not presently defined in Soil Taxonomy (Soil Management Support Systems, 1985).
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Soi. MANAGEMENT ResEarcH NETWORK

In the humid tropics, the limited resources and qualified professionals of national institutions often
prevent programs from pursuing improved soil-management practices beyond the primary research
sites. Lirking programs and institutions into a network, however, can pool talent and resources, ac-
celerating the flow of information among scientists and specialises, 2nd the transfer of soil-management
technology to producers.

Work led by TropSoils, REDINNA and IBSRAM scientists has launched the development of a
soil-management research network for the humid tropizs. The network’s objectives are 1) to develop
the capability of collaborating country personnel to conduct, interpret, and report user-oriented, soil-
management research, and 2) to validate and extrapolate available soil-management technologies to

other countries beyond the TropSoils primary rescarch sites.

Approach

Work during 1985 was geared at promoting the establishment of such a network at three levels:
nationally in Peru in cooperaiion with INIPA; regionally in Tropical America in cooperation with
REDINNA and AID's Latin America and Caribbean Bureau; and tropics-wide in cooperation with
IBSRAM. An underlying assumption has been the need to link with other insitutions, because of
the limited time and resources available for research validation in TropSoils and the fact that actual
technology transfer is the mandate of other projects or institutions. TropSoils' role in networking
is viewed as catalytic, educational and as a major source of new management technology for the humid
tropics. Agencies with a clear mandate for technology transfer such as national insitutions like INIPA,
and network institutions like REDINNA and IRSRAM, are viewed as the means to conduct the net-
works. The U.S. Agency for International Development (USAID) participates in the network, and
the project has engaged the cooperation of several USAID bureaus, as well as USAID missions in
the humid tropics around rhe world.

Although countries with significant areas in the humid tropics differ widely in their stage of soil-
manageineat technology development, they all share one common limitation: lack of up-to-date know-
how on management of humid tropical soils by scientists and extension agents stationed in the humid
tropics. They may have excellent backing from top scientists, most of whom are in the nation's capital.
Although they may exert considerable positive influence on program direction, it is the people in
the field who determine the success of technology transfer. The vast majority of them are the B.S.
level (ingeniero agrénomo or similar title) who received university training based on now oboslete con-
cepts of tropical soil management (lime to pH 7, for example). This project intends to focus on such
individuals as the real validators and transformers of technology.
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Catalyzing Events

In order to promote network development, TropSoils personnel in 1985 helped conduct a series
of workshops, courses and meetings, organized jointly with several agencies and institutions. Highlights
included;

* IBSRAM'’s Inaugural Workshop to Launch the Acid Tropical Soils Management Network,
in Yurimaguas, Manaus and Brasilia, April 24-May 3. There were 67 participants, representing 13
national institutions, seven donor agencies and a number of international centers and universities. The
sponsoring mstitctions were INIPA, EMBRAPA | ACIAR-Australia, ORSTRM-France, Soil Manage-
ment Support Services (SMSS), USAID ana N.C. State University. Acting on expressed country in-
terests, participants determined that the Acid Tropical Soils Management Network will concentrate
its technology-validation activities on 1) pedology and fertlity interactions, 2) soil acidity, 3) phosphorus
fertilization, 4) management of the soil surface, §) rehabilitation of degraded, acid tropical lands, and
6) soil dynamics. A "FropSoils scienrist participates in the follow-up acitivities as a member of the
network's coordinating committee. Inital emphasis will be given to humid tropical Africa.

Also supported was IBSRAM's sister Inaugural Workshop on Land Clearing and Development,
held in Jakarta in August, 1985, which was attended by a scie.itist who summarized TropSoils research
experience on land clearing and reclamation in both Peru and Indonesia. The TropSoils scientist is
a member of that netwerk's coordinating committee.

® Agroforestry Research Course for the Humid Tropics, in Yurimaguas, June 3-22. This course
was co-sponsored by INIPA and ICRAF with IDRC-Cunada. There were 27 participants from Bolivia,
Brazil, Colombia, Ecuador, Peru, and Venezuela, Follow-up acitivities include rescarch validation in
soil management for agroforestry systems throughout the Amazon.

¢ National Selva Program Planning Workshop, in Yurimaguas, October 24-31. Ninety Peruvian
research and extension workers of INIPA's National Selva Program met and determined priorities
for zechnology transfer throught the Selva. Other participants came from Peruvian universities, from
LIAP and from the USAID-sponsored Sclva Special Projects. A TropSoils senior scientist was assigned
the tash »f coordinating technical aspects of the Selva Program. The 22 soil scientists present developed
and recommended 11 specific activities for technology validation and transfer.

New Collaboration

Plans are to expand the network by capitalizing on collaborative research and training activities
already planned or conducted by NCSU and TropSoils in some 33 countries around the world, and
by maintaining contact with the several hundred students and professionals who have received train-
ing or degrees whil: participating in NCSU and TropSeils projects. Interest is especially strong in
Asia, where the INSFERR Network has begun widespread testing of the Fertility Classification System
(FCC).  Countries with collaborative, necwork relationships with N.C. State University TropSo:. . are:

Latin America (13): Bolivia, Brazil, Colombia, Costa Rica, Dominican Republic, Ecuador,
Jamaica, Mexico, Panama, Peru, Puerto Rico, Triridad, Venezuela.

Africa (8): Burundi, Cameroon, Congo, Ivory Coast, Madagascar, Nigeria, Zambia, Zimbabwe.

Asisa (11): Burma, China, India, Indonesia, Malaysia, Nepal, Pakistan, Phillipines, Sri Lanka,
Taiwan, Thailand.
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ExtrAaPOLATION TO CLAYEY OXISOLS

Research conducted at Manaus, Brazil has oftered the opportunity to select promising soil-management
technologies from the primary rescarch site at Yurimaguas, Peru, and test them in an ecosystem with
different soils and climate. The ccosystem which includes Manaus ()uupxr‘s Jppro\lm.ltcly §7 percent
of the Amazon Basin. It 1s near-ustic, and the prcdomm.mt vegeration is semi-evergreen, seasonal,
primary forest, whercas vegetation at Yurimaguas is typically sccondary forest. The seils at Manaus
are Oxisols, found in +§ percent of the Amazon Basin, mostly in near-ustic and ustic soil-moisture
regimes. They are clayey, very fine, kaolinitic Typic Acrorthox on flat platc.lus in contrast to the
fine loamy, siliccous [\pu Paleudults of Y urimaguas. Phosphorus sorption capacity for the clayey
Oxisol at Manaus is intermediate between the hlL{h levels for the Cerrado Oxisols and the low levels
found in Yurimaguas Ulusols.

Research has been conducted to discover how these differences in soils and climate affect the adap-
tation of soil-management technologies to the ccosystem found at Manaus. The first experiment ex-
amined the responsc of crops under continuous cultivation to a range of nutrients. It was designed
to establish the times at which the application of cach nutrient was required in order to sustain long-
term production. As this central experiment indicated the need for more detailed information related
to individual nutrients, satellite experiments were established. The work reported here is a cooperative
project conducted at the UEPALE/Manaus Sration (Unidade de Exceucao de Pesquisa de Ambito Estadual
de Manaus), conducted jointly with EMBRAPA (Empresa Brasileira de Pesquisa Agropecuaria).

This seetion also includes a report on work conducted in the Cerrado region, in collaboration with
the Centro de Pesquisa Agropecuaria dos Cerrados (CPAC/EMBRAPA,).
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Soil Nutrient Dynamics and Fertility
Management for Sustained

Crop Production on Oxisols

In the Brazilian Amazon

Thomas Jot Smyth, N. C. State University
Manoel Cravo, EMBRAPA
Joaquim B. Bastos, EMBRAPA

The objectives of this project were 1) to establish
the patterns of soil-nutrient depletion as a function of
time after clearing for @ Central Brazilian Amazon Ox-
isol under continuous cultivation; 2) to determine the
tertilizer inputs required tor SUSLUNING continous crop
production on these Oxisols; and 3) to determine how
asotl-fertility management system for the Manaus Ox-
wols would ditfer from one for the Yurimaguas Ultisols.

During the tour years in which this study has been
conducted, cight crops have been harvested in the se-
quence described in Table 1. Table 2 shows selected
feralizer treatments during continuous cultivation,
Other treatments included a check (o fertilization),
and a treatment with residue incorporation. A judicious
monitoring of soil and plant nutrient levels for every
crop determined when cach treatment was establish-
ed. Treatments for copper and lime were initiated in
the second soyhean crop, for sulfur in the second corn
crop. tor boron and zinc in the third comn crop, and
for manganese in the third Cowpea crop.

Topsoil nutrient-depletion patterns for this Oxisol
are shown in Figure T and Table 3 for the absolute
cheek treatment, which has not received any fertilizer
or lime. Soi! nutrient levels mitially increased as a result
of ash additions from burning the primary forest. The
liming ctect of the ash reduced Al saturation values
from 739% 1o 18% during the first crop.

Table 1, Sequence of crops, varieties and time after
burning for the cultivation of each crop.

Crop Variety  Planting to Harvest Time
Months After Burning
Rice IAC 47 30- 74
Soybeans Tropical 89 - 126
Soybeans Tropical 18.5 - 22.3
Cowpeas Manaus 229 - 252
Corn BR 5102 27.6 - 31.3
Cowpesc VITA 3 32.7 - 349
Corn BR 5102 372 - 418
Soybeans Tropical 42.3 - 46.2

88

Phosphorus

Ash analysis indicated that approximarely 10 kg/ha
of P were added 1o the soil by the burn. Crop yiclds
for the absolute check treatment (Figure 2) suggested
that vields, in the absence of fertlizer inputs. would
he negligible after the first crop. Despite the initial in-
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Figure 1. Soil dynamics for carbon, total N, acidity,
exchangeable Al, Ca, Mg, K and Mehlich | P durirg
the initial 44 months after clearing the primary forest
on a Manaus Oxisol.



crease in Mchlich 1 extractable soil P (Figure 1), rice
\lclds were d. ubled by the broadeast .lpplu.mon of

2 kg P/ha (Figure 2). Although all succeeding crops
\ho\\ ed asignificant response to P fertilization., the
optimum P rate was related to the timing of fresh P
applications and crop P requirements. RLI.][I()I]\hIP\
bhetween crop vield and soil-test P suggested optimal
Mehlich 1P levels in the range of 5-10 ppm for corn,
8-10 ppm for cowpeas and 10-15 ppm tor soybeans.
Cumulative vields for the total applications of 88, 176,
and 264 l\u P/ha were 1130135, and 16.7 «/ha,
rupuu\nl_\
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Potassium

Topsoil K levels had declined from 107 o 56 ppm
hefore pl.mnm: the second crop (Figure 1). Treatments
evaluating three rates of K were, therefore, initiated
with this crop. Yicld responses to K and the incor-
po aton of residues from the previous crop are shown
in Figure 3. The crop-residue treatment was included
to evaluate the effects of returning residues when these
arce harvested tor threshing the grain. Yield for this
treatment was low on the initial soyhean crop, since
P was only .1;)[)|1Ld prior to ])l.ln[lnL the third crop
in the \lud\ (Table 2. Yields for the crop-residue treat-

Table 2. Fertilization history for selected treatments in the nutrient-dynamics study.

Treatment
P, P, P N, N N3 K, K, Ks

Crop Fert.

(kg/ha)
Rice

N 60 60 60 30 60 90

P 22 44 66 44 44 44
Soybeans

N 20 20 20 0 0 0 20 20 20

P 22 44 66 44 44 44 £ 88 88

K 50 50 50 50 50 50 25 50 100

Mo .02 .02 .02 .02 .02 .02 .02 .02 .02
Corn*

N 54 54 54 27 54 80 54 54 54

P 0 0 0 0 0 0 22 22 22

K 50 50 50 50 50 50 25 50 100

Cu 1 1 1 1 1 1 1 1 1
Soybeans

(no tertilizer applications in these treatments)

Cowpeas

K 0 0 0 0 0 0 25 50 100
Corn

N 80 80 80 40 80 120 80 80 80

P 22 44 66 22 22 22 22 22 22

K 50 50 50 50 50 50 0 0 0

Lime (i/ha) 2 2 2 2 2 2 2 2 e
Cowpeas

K 0 0 0 0 0 0 25 50 100
Corn

N 80 80 80 40 80 120 80 80 80

K 50 50 50 50 50 50 25 50 100
Soybeans

P 22 44 66 44 44 44 44 44 44

K 50 50 50 50 50 50 25 50 100
Cowpeas

K 50 50 50 50 50 50 25 50 100

* Crop failed in 43-day drought. Corn was cut and the stover incorporated.
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Figure 2. Grain yields for eight consecutive crops on
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Figure 3. Effects of K fertilization and crop residue
incorporation on yields of seven crops.

ment, relative to the K treatments, declined progrssive-
Iy following the first corn crop and were prirarily
related 1o a continual decline in soil K (Table 4) and
incrc;lsing levels of soll acidity,

Yield response wo fertilizer K has not exceeded 50
ke K/7ha for any crop. Foliar K levels with this treat-
ment approached the recommended values in most
crops (Lable . Topsoil K data suggested that residual
cttects from fertilizer K were low (Table 4). This was

Table 3. Mehlich 1 extractable soil micronutrient
levels on the absolute check treatment as a function
of time after burning.

Time After Melich 1 Extractable
Burning Cu Mn Zn
months ppm
0 0.1 2 1.0
2.6 1.8 10 0.9
6.3 1.5 4 0.5
8.7 2.2 6 1.2
11.8 0.8 6 1.0
18.6 1.8 5 1.0
19.7 2.0 6 1.0
24.3 1.5 6 25
29.8 1.0 2 0.8
341 1.1 3 1.0
39.2 3
44.0 2
LSD .05 0.6 2 0.5

Table 4. Effects of K fertilization and crop-residue incorporation on soil K and foliar K levels at flowering

stage during seven consecutive crops.

Applied Crop Sequence
K Soyb. Soyb. Cowp. Corn Cowp. Corn Soyb.
kg/ha o ___soil K, ppm
25 61 20 29 16 30 18 23
50 91 26 48 19 50 25 48
100 78 30 68 19 97 64 110
Crop Residues 124 32 52 24 50 21 25
LSD .05 19 9 12 ns 15 1" 15
leaf K, %
25 1.26 1.40 0.90 1.23 1.25 1.14 1.44
50 1.85 1.70 1.16 1.68 1.56 1.50 1.63
100 1.99 1.86 1.12 1.80 1.95 1.64 1.81
CropResidues 1.64 1.92 1.08 1.93 1.44 1.29 1.45
LSD.05 0.35 0.21 0.26 0.31 0.36 0.17 0.19
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particularly evident with the first corn crop, where no
K was applied at planting. Data tor K distribution in
the profile also supported this observation (Figure 4).
Between 2.6 and 39.2 months after burning, K add-
ed by the ash to the check trearment declined
significantly at all depths measured. At the latter sampl-
ing date soil K levels with applications of 100 kg K/ha
were significantly higher ac ali depths sampled than

Cravey OxisoLs

with applications of 25 kg K/ha.

Results have suggested that the best approach to K
tertilizer management would be on an individual-crop
basis. For corn and sovbeans, a rate of 50 kg
K/ha/crop appeared to be near optimal. Crop residue
incorporation was beneticial in reducing the amounts
of K exported by cach crop harvest.

Table 5. Rice and corn yield and foliar N levels as a function of

K(ppm) N fertilization rates applied to each crop.
0 215 5|° 715 190 Applied Yield Leaf N
0
N Rice Corn Corn Rice Corn Corn
E .a0— kg/ha t/ha %
A
c Months After Burni 30 2.9 2.68
S o (‘)’"; X ter Burning 40 27 22 233 224
g .
m 57 60 3.0 2.70
. {1 39.2 80 2.5 1.8 2.52 2.30
- — [ —
LSD .05 90 2.1 2.63
120 2.9 2.3 2.59 244
K(ppm) LSD .05 ns ns ns ns 0.25 ns
0 20 40 60 80
] | I 1
0 Table 6. Effects ¢ Cu fertilization on grain yields and
LSD 05 foliar Cu levels at flowering stage in two corn crops
3 ) from a six-crop succession of soybean, cowpea,
A corn, cowpea corn and soybean.
% / K Rate (kg/ha) Applied Corn 1 Corn 2
e / : ;Z Cu Yield Leaf Cu VYield Leaf Cu
— (1 100 kg/ha t/ha ppm t/ha ppm
0 2.4 4 2.2 8
Figure 4. Potassium distribution in the soil profile for 1 2.8 8 26 10
different times after burning on the check treatment, 2 3.0 10 2.4 13
and K rates at 39 months after burning. LSD .05 ns 2 ns 3
Tablc 7. Effects of B and Zn fertilization on crop yields and soil and foliar Zn levels.
Yield Soil Zn Foliar Zn
Nutrient Rate Corn Soyb. Corn Soyb. Corn Soyb.
kg/ha t/ha ppm
B 0 2.1 1.3 - - -- -
0.5 25 1.6 - - - -
1.0 2.2 1.2 - - - -
Zn 0 2.3 1.8 4 4 16 34
5 2.5 1.8 .8 1.3 17 43
10 2.5 1.8 1.8 1.9 20 41
LSD .05 ns ns 3 2 3 9
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Nitrogen

Yield responses to N fertilization were evaluated for
rice and corn (Table §). Nitrogen rates were split into
three equal parts and applicd between planting and
flowering for cach crop. There was no vield difterence
duc to nitrogen rate, although the rice Crop receiving
20 kg N/ha had more lodging than rice receiving 60
kg N/ha. Nitrogen supplied by previous legume-crop
residucs, native soil N and split applications of fertilizer
N have apparently contributed to the reduction in
corn’s yield response to applied N. These aspects of
N tertilization are being investigated further in another
study.

()}'gamic-nmttcr dvnamics for the check treatment
showed that total N levels declined to 60% of initial
levels, with a progressive increase in C/N ratios (Figure
1). Nitrogen fertilizer requirements may increase in
future crops it these trends result in decreased soil N
availability.

Corn 1984
= 3 Corn 1985
£
E Soyb. 1983
T
® I
> Soyb. 1985
£ R
T (Lo \ﬂ% Cowp. 1983
(&) Cowp. 1984
0 b
L | | |
0 2 4 6

Lime Rate (t/ha)

Figure 5. Yield response to four rates of lime for six
consecutive crops.

Copper

Results for Cu fertilization have varied among suc-
ceeding crops. Trends for Cu response were evident
in the vield- and foliar-analyses data for corn (Table
6), whereas cowpeas and sovbeans have not indicated
a response to Cu,

Liming

Treatments for lime were established at 18 months
after burning, when Al saturation values had risen to
40%. The lime was obtained locally from a calcitic
deposit (33% Ca. 0.8% Mg and 83% CaCO,
cquivalent). The rates of 2, 4, and 6 t/ha would be
cqual to 2.3, 4.6, and 6.9 t/ha, respectively, on a
CaCOg cquivalency basis,

Yields for corn and sovheans mcreased significantly
to the application of 2 t/ha of lime (Iigure 5). Corn
and soybean yiclds without lime declined with cach
succeeding crop, as Al saturation levels increased from
3210 77%. Relationships between relative vields and
Al saturation for these lime treatments indicated a
decline in corn and sovbean yields for Al saturation
fevels greater than 20% (Figure 6). In the range of
0-60% Al saturation, cowpeas have not demonstrated
a response to Lime. Soybean and cowpea yieid redue-
tions with 6 t/ha of lime were associated with a
decrease in foliar Mn levels.

Yield data for the lime treatments have indicated
a prolonged residual effect o applications as low as
2 t/ha. Topsoil chemical properties support this obser-
vation (FFigure 7). Lime treatments have maintained
higher levels of pH and Ca and lower levels of Al dur-
ing the initial 26 months. During this period, Al levels
for the no-lime treatment have fluctuated between 1.1
and 1.4 meq/ 100 ml. Consequently, increases in Al
saturation have resulted from a progressive decline in
the levels of exchangeable bases Topsoil levels of Ca
and Mg have also declined during the initial 20 months

100 ® Soybeans 2 Crops __ 100 @ Corn 2 Crops 100 AP Cowpeas 2 Crops
I o) — ®
x © s ® 9 ®
o - 5T 2 5P ®
3 ® ©
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Figure 6. Relationships between relative yield and soil Al saturation for six consecutive crops grown on

treatments with four lime rates.
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on the three lime rates. Profile data for these lime
treatments at 21 months after liming indicated that
Ca had increased and Al had decreased in the subsoil
(Figure 8). Liming, thercfore, should also improve the
proliferation of roots in the subsoil for acid-sensitive
crops.

Sulfur

Fetilizers have been applied in concentrated forms
in order to reduce Lransportation costs. Sulfur-carrying
tertilizers, with the exception of Cu and Zn, have
therefore been excluded thus far, Sulfur treatments,
with rates of 0, 10, 20 and 30 kg/ha, were establish-
ed with the first corn crop by adding varying propor-
tions of anmonium sulfate to the fixed N rate. Yield
data for four successive crops have not shown a signifi-
cant response to these single S applications. Corn yields
ranged from 2.4 to 2.8 t/ha, soybean yields from 1.4
to 1.6 t/ha, and cowpea yields from 1.1 to 1.3 t/ha.
Although foliar S levels in general were low, from (1§
to . 18%, S applications did not increase leat' S con-
centrations.

Boron and Zinc
Treatments for these elements have been evaluated
during the last two crops. Yield data and soil and leaf

Cravyey OxisoLs

Zn data are shown in Table 7. Neither crop presented
a significant yield response to B or Zn, although foliar
7n levels tor corn were below the norraal sufficiency
range in the treatment without Zn.

Conclusions

Results from this study have provided insight into
the timing and quantities for fertilizer inputs required
for sustaining continuous crop production on these Ox-
isols. When compared with similar data obtained on
Ultisols in Yurimaguas, inputs were noted to vary both
in quantity and time of application. In summary:

1) Fertilizer P requirements were higher and occur-
red at an carlier stage in this clayey Oxisol, when com-
pared to those on the Ultisols.

2) Lime applications for this Oxisol were delayed
for a longer period in cultivation than for the
Yurimaguas Ultisol.

3) Yield responses to micronutrients on the Manaus
Onxisol have not been as consistent as those observed
for the Ultisols in Peru.

Implications

The study shows, in general, that a farmer growing
food crops in an ecosystem like that at Manaus will
need to apply phosphorus immediately after slash and
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burn, potassium by the third crop, and lime at or before
the 18th month after burning. Yields under this
management system will be high by local standards,
and comparable to those at Yurimaguas. Differences
in the patterns of nutrient dynamics at Manaus and
Yurimaguas point to the need for obtaining similar
information on other major soil types in the humid
tropics.
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Figure &. Soil-profile acidity acidity characteristics for

the lime treatments at 21 months after liming.
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Phosphorus Management
In Humid Tropical Oxisols

Thomas Jot Smyth, N. C. State Universily
Manoel Cravo, EMBRAPA

Joaquim B. Bastos, EMBRAPA

P. Le Mare, Reading University, UK

Phosphorus deficiency is common in Oxisols of the
Brazilian Amazon. For clayey Oxisols, P fertilization
could become an important economic factor, as their
P sorption capacitics are high, in the same range as
those in Oxisols of the Cerrado region. Although
several studics have demonstrated marked yield
responses to P fertilization with annual crops on these
soils, infermation has been needed on soil-test calibra-
tions and the long-term effects of different strategies
for P fertilization.

The objectives of this project were: 1) to obtain
detailed P response curves and soil-test calibration data
for the matn annual crops cultivated in the re:rion; 2)
to obtain a description of the residual P fertilizer value,
and 3) to provide indications of appropriate
maintenance P fertilizer rates for sustaining adequate
crop yields.

Eight consecutive crops of the annual corn-cowpea
rotation have been harvested in this study. The ex-

1985
= 1983

A 1984

Corn Yield (t/ha)

0 44 88 132 176

Cowpea Yield (t/ha)

0 44 88 132 176

Broadcast P (kg/ha)

Figure 1. Corn and cowpea yield responses to initial
broadcast P applications during the first four years.
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Figure 2. Availal:le soil tes: P dynamics with time and
rate of P application.

periment consists of a split-plot design in which the
main plots were broadcast P rates (0, 22, 44, 88, and
176 kg P/ha), and the subplots were banded P rates.
Broadcast P was applied once, before planting the in-
itial corn crop. All other nutrients were maintained
under nonlimiting conditions.

Yield Responses to Phosphorus

Corn was the first crop planted after felling and bur-
ning the primary forest in 1981. Yields on this initial
crop were reduced by discases (primarily mycoplasma)
and showed a significant response only to 22 kg P/ha
(data not reported due to the very low yields). Yield
response of corn and cowpeas to the P broadcast in
1981 are shown in Figure 1. Maximum yields for
cowpeas in 1982 and for corn in 1983 and 1984 were
;1pproachcd with 88 kg P/l In subscquent crops,
maximum vyields for both spcucs were approached with
176 kg P/ha. These changes in yield response curves
during successive years of cultivation arc in agreement
with changes in soil-test P with time after broadcast
P fertilization (Figure 2). For 88 kg/ha of broadcast
P, Mehlich 1 extractable P values declined from 20
ppm vith cowpeas in 1982 to 7 ppm with cowpeas
in 1983,

Data in Figure 1 also indicate that, for a fixed level
of broadcast P, corn yiclds were sustained for a greater
succession of crops than were cowpea yields. This
observation is supported by the higher critical level
of soil-test P for cowpeas than for corn (Figure 3). Dur-
ing three consecutive years, cowpea yields above 80%
of maximum occurred when Mehlich 1 extractable P
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was greater than 10 ppm. Similar corn yield levels were
obtained with soil-test P values of §-7 ppm.

Broadcast vs. Banded P

Yield trends for successive crops of corn and cowpeas
arc compared in Figure 4 for various treatments of
broadeast and banded P. Yiclds in cach crop are
presented as a pereentage of yields for the broadeast
P rate of 176 kg/ha. Data for both corn and cowpeas
indicate that P supplied solely by banding 11 kg
P/ha/crop does not increase soil Pavailanility, as yield
levels on the final crops were similar to the initial crops.
However, banded applications of 22 kg P/ha/crop
provided corn yields comparable to those obtained with
a single broadeast application of 176 kg P/ha. Yiclds
of cowpeas with this banded P rate increased from 86%
on the first crop to 95% on the fourth crop, relative
to yield obtained with the maximum broadcast P rate.
The negligible difference in yield response between
banded applications of 22 and 44 kg P/ha/crop led
to discontinuing applications of the latter rate after the
fourth crop in the study. Comparisons of yield trends
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Figure 3. Cate-Nelson diagram suggesting Mehlich |
P critical levels of 10 ppm for cowpeas and 5 ppm
for corn in Manaus.
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Figure 4. Residual effect of different P rates and placement methods in a corn-cowpea rotation in Manaus.
Yields are expressed as percentages of yields obtained from a single application of 176 kg P/ha, broadcast
prior to planting tirst crop. Numbers in parentheses are absolute yields (t/ha) for the broadcast 176 kg P/ha.

between combinations of broadcast P with the band-
ed rate of 22 kg P/ha/crop do not indicate a consis-
tent yield increase to broadcast P. Apparently P re-
quirements for optimum corn and cowpea yields were
approached with this banded P rate alone.

Conclusions

Cumulative yiclds for corn and cowpeas are shown
in Figure 5, as a function of total P applied in all the
banded and broadcast combinations. The similarities

96

i yields among the different fertilizer-application
methods at a given P level suggest that grain yields,
for the crop rotation under study, were primarily a
function of the amount of P applied. Results, therefore,
point to different P fertilization strategies with similar
outcomes. Banded P applications would be preferred
by most farmers in the region, since most crops are
planted by hand. With a banded P rate of 22
kg/ha/crop, total yiclds were 15.9 t/ha, as opposed
o 1.4 t/ha in the absence of P tertilizer inputs.
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Figure 5. Cumulative corn and cowpea yields in rela-
tion to total applied P during four years in Manaus.

Implications

Results from this study have been used in the farmer-
demonstration  trials which UEPAE/Manuas  has
established s its participation in the State Rural In-
tegration ana Development Program. Soil-test critical
levels for P have aided in the selection of appropriate
sites tor corn and cowpea trials. In P deficient arcas,
cowpea trials were established with and without 22

kg/ha of banded P.
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Potassium Management

In Humid Tropical Oxisols

Manoel S. Cravo, EMBRAPA
Thomas Jot Smyth, N.C. State University
Joaquim B. Bastos, EMBRAPA

Abundant rainfall in the Central Brazilian Amazon,
and the naturally low cation exchange capacities of
the regions’s clayey Oxisols, promote the rapid lcaching
of potassium from the soils. Native soil K reserves can
be expected to be small, sinee clay mincralogy s
predominantly kaolinitic. These conditions suggest that
crop production on these soils will require continual
K fertilization, and that management systems should
be considered to minimize K losses.

The objectives of this project were 1) to establish
K response curves and soil-test calibration data for the
main annual crops cultivated in the region, and 2) to
determine whether splic applications would improve
the ctficiency of K fertilization.

Yield Response to Broadcast K

The first phase of this pr()|ca examined the yield
response of a corn-cowpea rotation to annual broad-
cast rates of 0, 16.5, 33, 66, and 132 kg K/ha, ap-
plied at corn pl‘mnnb during two consecutive years.
Although maximum corn yields were obtained in both
years with 66 kg K/ha, \ldd differences between 33
and 66 kg K/ha were not significant. Cowpea yield
responses to residual fertilizer K were not significant
in cither crop. Measurements at harvest of K uptake
i all crops indicated that maximuni fertilizer K utiliza-
tion (39%) occurred with the application of 66 kg
K/ha. Periodic soil K measurements to a 60 em depth
indicated significant increases in subsoil K only in the
treatment with 132 kg K/ha.

Effects of Split Applications

A second K experiment was established in December,
1983 to cvaluate whether split X d[)p]l(.l(lons might
reduce fertilizer K rcqunrcmcnts or improve the effi-
ciency of K ferilization in a corn crop. Threc methods
of K application were combined with four K rates in
a factonal design with four replications. Potassium rates
were 0, 16.5, 33, and 49.5 kg K/ha. Methods of K
application were 1) 100% broadeast at planting; 2)
50% broadcast at planting and 50% sidedressed at 5§
days, and 3) divided cqually among three broadcast
applications—at planting, 25 days and 55 days. Times
for side-dressed K applications were selected to coin-
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cide with N applications, in order to avoid additional
labor inputs. Potassium was applied to corn in an an-
nuai rotation with cowpeas.

Yicld data for four consecutive crops of the corn-
cowpea rotation are shown in Tables 1 and 2. Foliar
K levels are not shown but ranged from 1.13 to 2.05%
in the 1984 comn crop, from .90 to 1.83% in the 1984
cowpei crop, and from .79 to 1.71 in the 1985 corn
crop. Yields and leat K levels in all crops increased
significantly with rates of applied K., whereas mean
effects of split applications were not significant. Corn
vields in 1984 tended to increase with the number of
split applications to the maximum K rate. Leat K levels
for this crop suggested luxury K consumption when
49.5 kg K/ha was parcelled into three applications.
Foliar K levels for corn in 1985 were inferior to corn

in 1984 for identical fertilizer K treatments. The native
soil K supply may have declined by the second year
of cultivation.

The 1984 cowpea crop showed a lower vield
response to residual K fertilizer treatments, compared
to the response in corn. In 1985, cowpea vields in
general were decreased in the residual K ferdilizer
treatments. Plant and soll analyses for the lateer crop
have not been completed.

Soil and leaf analyses for corn in 1985 suggested
that Mg was a potential constraint for this crop. Foliar
Mg concentrations declined below the recommended
sufficieney range with increasing rates of applied K
(Iigure 1), Soil Mg levels for all treatments were 1
me/ 100 mband represented less than $% of the of-
fective CEC. Ratios of soil exchangeable MgK decreas-

Table 1. Yield response in 1984 of a corn-cowpea rotation to rates and methods of K application to the

corn crop.
Applied splitApplications " spiitApplications
K 1 2 3 Mean 1 2 3 Mean
kgilha  cee cornyield (t/ha) cowpea yield------r-reemeneens
0 1.2 1.2 1.1 1.2 0.7 0.5 0.6 0.6
16.5 1.8 1.8 1.8 1.8 0.8 0.6 0.8 0.7
33 1.7 2.0 2.0 1.9 0.7 0.8 09 0.8
49.5 2.1 2.4 2.8 2.4 0.7 0.8 0.8 0.8
Mean 1.7 1.9 1.9 — 0.7 0.7 0.8 —
LSD .05
K rate 4 0.1
Placement ns ns
Rate X placement ns ns

Table 2, Yield response in 1985 of a corn-cowpea rotation to rates and methods of K application to the
corn crop.

Applied Split Applications . Split Applications
K 1 2 3 Mean 1 2 3 Mean
kgiha s cornyield (t/ha)---- cowpea yield- - -veeereeranaees
0 1.6 1.5 1.5 1.5 0.8 0.8 0.8 0.8
18.5 2.3 2.0 1.8 2.0 0.7 0.6 0.4 0.6
33 2.3 2.3 24 2.3 0.6 0.7 0.7 0.6
49.5 2.7 29 21 26 0.7 0.9 0.6 0.7
Mean 22 22 1.9 — 0.7 0.7 0.6 —
LSD .05
K rate 0.2 0.1
Placement ns ns
Rate X placement 0.4 ns
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Table 3. Total K uptake and fertilizer K utilization efficiency {UE) as a function »f rates and placement
of K tertilizer for corn.

g 1984 ___Corn 1985
Applied Split K Uptake K Utilization Eff. K Utiliz
K Applic.  Corn  Cowpea Corn  Cowpea Both Uptake Eff.
kgiha kg/ha % kgiha e C7—
0 1 19.7 10.1 — _- - 10.7 _
2 20.5 9.8 - — _ 115 _
3 19.5 8.8 - — — 115 —
16.5 1 26.6 16.8 41 44 84 20.9 59
2 24.4 16.0 27 38 66 18.0 41
3 26.0 11.8 37 13 50 19.3 49
33 1 249 16.2 15 20 35 21.3 30
2 329 18.9 39 28 68 23.8 38
3 30.3 17.6 32 24 58 25.2 42
49.5 1 32.2 16.7 25 14 39 25.2 28
2 38.7 17.7 38 16 54 24.8 27
3 39.7 19.4 40 20 60 23.2 24
LSD .05
K rate 4.0 2.8 2.5
Placement ns ns ns
Rate X placement ns ns ns
ed from 1.8 to 1.3 as K rates were increased from 6 3 —0.3
to 49.5 kg/ha. Lower values of this ratio were not F Yield
obtained due 1o the low levels of exchangeable K
(21-30 ppm) maintained in the topsonl.
Total K uptake at harvest was determined for the =
three initial crops (Table 3). The efficiency of fertilizer g 2 —0.2
K use was determined by comparing the amount of ~
K applied cach vear to the amount detected in the crops %
at harvest. Native soil K uptake for cach Crop was =
assumed 10 be constant tor all K treatments, and £
-quivalent to the average of the treatments without ¢ I Mg —0.1
cquivalen i 3
K. For crops in 1984, the cffects of split applications
on ferulizer K outilization varied with the rates of K
applied. Total K uptake and vtilization of fertilizer K
were increased by splicapplications as K rates increas- ol- 0
ed. For corn in 1985, however, K auptake was lower l | ] ]
0.5 1.0 1.5 2.0

with split applications at the rate of 49.5 kg K/ha.
Leaf K (%)

Observations
It is 0o carly to draw firm conclusions from this
studv. Although current data have not indicated a clear
yield advantage from splic K applications, this prac-
tice may help reduce fertlizer K losses by maintain-
ing a greater proportion of this clement in crop

Figure 1. Relationship between K content in corn ear
leaf, corn yields and Mg content in the leaf.

residucs.
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Guarana Fertilization

Thomas Jot Smyth, N. C. State University
Manoel S. Cravo, UEPAE-Manaus
J. Ricardo Escobar, IICA/EMBRAPA

Guarana (Paullinia cupana) 1s 2 major permanent cash
crop for small farms in the state of Amazonas. Com-
mercial production is stimulated by strong demand for
a national soft drink produced from the ground seed
and by a growing export market. The plant (Figure
Disa l)ush\' shrub with a spreading, irregular growth
habit. To date, research on guarana has centered on
the selection of high-vielding cultivars. Howey er, nutri-
tional problems may become a future limitation, as
seed yields on some of the most pronusing clones
would represent an annual removal of 68 kg/ha of
N, 4 kg/ha ot P, 14 kg/ha of K, and 3 kg/ha of M.

Short-term studies have demonstrated yield responses
by guarana to applications of fixed quantitics of fer-
tilizers. However, the absence of data on yield response
curves for guarana to fertilizers has restricted the
development of fertilizer recommendations for this
crop. Long-term field studies with guarana fertiliza-
tion rmml\ became [)()ssl[)lt with the development
of vegetative-propagation technigues.

The objectives of this study were 1) to characterize
the yield response curves of guarana to rates of N, P
K, and Mg fertilization, and 2) to establish soil-test
and tissue-analysis calibration data on guarana for these
nutrients.

Figure 1. Guarana (Paullinia cupana).
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The field experiment was initiated in February,
1983. Rates of N, P, K, and Mg fertilizers tested are
shown in Table 1. Individual response curves were
established with four annual rates of cach nutrient,
while maintaining the remaining nutrients constant at
the highest rate. The experiment contained three
replications with fertilizer treatments as niain plots and
three guarana clones as subplots.

Initial plans were to split annual fertilization rates,
excluding P, into two cqual applications during the
vegeative growth phase, which extends from January
to Jul; in the Manaus region. In 1984, this fertiliza-
tion scheme was changed to three splic applications
when symptoms of N deficiency were nbserved before
the second fertilization. Planned measurements includ-
cd determinations on propagation of branches, yield
and nutrient analyses of soils, leaves, and fruits. A pro-
longed dry scason immediately after pl anting the
guarana resulted in a high mormlltv rate for the three
clones. Over 50% of the original pl‘lnts were replanted.
Destructive  plant measurements were, therefore,
delayed until plant flowering in October, 1985,

Growth Response to Nutrients

Preliminary growth measurements have been af-
fected by the large number of plants replanted in the
study. Consistency of results was improved when
average increases in the number of branches were deter-
mined between the last two sampling dates (Table 1).
Maximum increases in branching, among the fertiliz-
ed treatments, occurred with the treaument contain-
ing the highest rate of all nutrients. For lower rates
ot individual nutrients, the largest reduction in bran-
ching occurred in the absence of P, followed by K
Mg, and N, respectively. Plant growth as a function
of rates of N, P and K, is further exemplified with
individual clones in Figure 2 for the initial 24 months
of this study. Differences in number of branches per
plant were ‘evident at 12 months after planting and
increased during subsequent growth. Plant vields are
considered to be partially related to the number of
branches produced during the previous year. These
data will be compared with vields for the first harvest
of this study, i January, 1986.

Soil Nutrients
Because fertilizers were applied in 0.3 m wide Strips
corresponding to the circumference of the plant
canopy, variability was great in soil-chemical analyses.
Nevertheless, soil-test P values increased slgmﬁcmtly
with P fertilization. No differences were observed in



soil test leveis of K and Mg among rates of these
elements. In general, levels of exchangeable hases, Al
and Mehlich 1 extractable micronutrients were similar
to those observed for the unfertilized plots of the ad-
Jacent nutrient-dynamics study at a similar time after

CraveEy OxisoLs

Table 1. Effects of fertilizer treatments on increases in the
number of guarana branches/plant between Aungust, 1984 and

February, 1985.

Rates Applied

Average
Increase

burning the primary-forest vegetatiop Treatment N P K Mg of Branches
Implications kg/halyear ------eeeeeree. number/plant
The UEPAE/Manaus station is responsible for coor- Check 0 0 0 0 8.3
dinating all the guarana research conducted by the EM- NOP3K3Mg3 0 36 50 20 8.5
BRAPA nerworli. As one of the few long-term guarana N1P3K3Mqg3 20 36 50 20 8.7
N2P3K3Mg3 40 36 50 20 8.8
08 Cione 225 N3POK3Mg3 80 0 50 20 4.5
= Applied N N3P1K3Mg3 80 9 50 20 4.4
8 30  (ka/haiyn) N3P2K3Mg3 80 18 50 20 5.0
a o o0
3 . 20 N3P3KOMg3 80 36 0 20 4.8
2 20 ® 40 N3P3K1Mg3 80 36 12 20 5.7
e (1 80 N3P3K2Mg3 80 36 25 20 6.9
(]
s O N3P3K3Mg0 80 36 50 0 5.9
N3P3K3Mg1 80 36 50 5 5.7
Ul o | \ | N3P3K3Mg2 80 36 50 10 7.3
30 ol 225V N3P3K3Mg3 80 36 50 2V 9.1
one
. Aonliea B , N2P2K2Mg2 40 18 25 10 7.0
g (kg/hatyr)
E 20— o 0
E m 9 fertilization field trials, this study will be useful in
< ® 18 delineating specific lines of future research and in pro-
c 10 (136 viding initial guidelines for fertilizer recommendations
o on this permanent crop. The study will also provide
0 a means of comparing soil-nutrient dynamics in the
] ] ] | guarana experiment with those in the adjacent ex-
151 Clone 223V ! periments with annual crops.
= Applied K
o (kg/har/yr)
E 10 o) 0
2 12
£ ® 25
]
5
E 11 50
[81]
oF ! L \
0 10 20 30

Months After Planting

Figure 2. Guarana growth as a function of N, PandK.
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Lime Requirements and Downward
Movement of Ca and Mg

Manoel Cravo, EMBRAPA
Thomas Jot Smyth, N. C. State University

Previous studies ona Typic Acrorthox at Manaus,
Brazil have shown thart soil acidity becomes a limita-
tion to annual crop production at approximately 18
months after burning the forest vegetation. Increases
in Al saturation over tume of cultivation and profile
depth were partiaily related to decreases in ex-
changeable bases. since absolute levels of exchangeable
acidity have seldom exceeded 1.5 meq/ 100 ml. Under
such conditions, liming could be expected to help cor-
rect topsoil acidity and promote the downward move-
ment of Caand Mg, Improving root penctration into
the subsoil. Increased root growth into the subsoil
could increase soil water availability and reduce the
risks of crop failures due to the occasional dry spells
that occur in the Manans region.

Research performed on the acid savannas of Brazil
has indicated that the Ca from gypsum supplied by
ordinary super-phosphate moved rapidly into the sub-
soil and alleviated acidity problems. Although this P
source would be more expensive than triple super-
phosphate in the Manaus region, the additional cost
might be justified if a similar phenomenon were obsery-
ed in these soils.

The objectives of this study were 1) to determine
the lime requirements of this Typic Acrorthox for an-
nual crop production, and 2) to determine which com-
bination of calcium sources and rates of application
most effectively promoted the downward movement
of Ca and Mg into the subsoil.

The study was initiated in 1983 on an area con-
taining $1, 55, and 53% Al saturation at sampling
depths of 0-20, 20-40, and 40-60 ¢m, respectively.
Treatments were established in a randomized. com-
plete block design with four replications, The locally
derived calcitic lime source, from Maues County,
Amazonas, was the same as that used in the nutrient-
dynamics study. Particle-size characteristics of the lime
were 63% finer than 60-mesh and 36% in 20- to
60-mesh. Mean chemical analyses of these fractions
was 33% Ca, 8% Mgand 83% CaCO4 cquivalency.
Rates of me were 0, 0.5, 1, 2, and 4 t/ha, calculated
by the Brazilian methodology, which adjusts for both
CaCOg3 content and particle size. In terms of CaCO3
cquivalency, these rates would be cqual to 0.6, 1.1,
2.3, and 4.6 t/ha. Three additional treatments con-
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Figure 1. Yields of four consecutive crops as a func-
tion of lime rates applied before planting corn in 1984.
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Figure 2. Relationships between relative yield and Al
saturation for lime and gypsum treatments.

tained 1 t/ha of gypsum in combination with 0, 1,
and 2 t/ha of lime. All other nutrients were supplied
under nonlimiting conditions. Part of the N applied
to corn was supplied as ammonium sulfate to diminish
the S variable among treatments. Four crops, in the
succession of corn, cowpeas, and soybeans, have been
harvested in the study.

Yield Response to Lime and Gypsum
Yields for the corn and soybean crops increased
significantly in response to the application of 1 t/ha



lime (Figure 1). Although nonsignificant, cowpea yields
were inereased by 0.5 t/ha with the same lime rate.
The largest vield responses to gypsum occurred with
corn in the absence of lime (Yable 1), Yields for SOV-
beans and for both corn crops declined with increases
in Al saturation above 30% (Figure 2). Differences in
corn vield trends in 1984 and 1985 may have been
related to several factors: 1) omission of blanket ap-
plications of B arnd Zn in 1984; 2) increases in Al satura-
tion levels with time for the low lime rates; and 3)
mcrcased Ca movement into the subsoil with time of
cultivation.

Soil Chemical Properties

Changes in topsoil chemical properties as a function
of ime atter liming are shown in Figures 3-5. Liming
increased the levels of Ca and Mg and decreased ex-
changeable Al levels. In the absence of lime or gvp-
sum, Ca and Mg decined with cultivation, while Al
levels remained relatively constant, Conscquently, Al
saturavon levels approached 80% at the tinal sampl-
g date. Aluminum saturation was maintained at
tolerant levels during the first year of cultivation with
1 t/ha of lime. However, results indicated that more
lime would be required to avoid acidity constraints

Cravey OxisoLs

Table 1. Crop yields as a function of rates of lime with and without
supplementary application of 1 t/ha of gypsum (G).

Applied Grain Yield
Lime Corn '84 Cowpea '84 Corn '85 Soybean '85
t/ha

0 0.3 1.1 0.9 1.0
0+G 1.6 1.2 2.0 1.4

1 25 1.4 3.5 1.9
1+G 2.1 1.4 3.6 1.8

2 2.2 1.3 3.3 1.8
2+G 2.6 1.5 3.2 2.1

LSD .05 08 ns 08 0.8

during subsequent cultivation,

The application of 1 t/ha of gypsum provided a
moderate increase in topsoil Ca. This increase in Ca
was more pronounced when gypsum was combined
with lime. Profile samples were collected at three and
12 months after liming. Data shown in Iigures 6 and
7 are for the latter sampling date. Liming increased
Calevels in the subsoil to the maximum depth sampl-
ed and reduced Al levels at depths of 20-40 cm. Im-
provements in the subsoil chemical environment by
applications of gypsum were more pronounced when

39 Lime 31
= (t/ha) Lime + Gypsum
E 4 LSD .05 (t/ha)
o 24 o 24
e Lime .20
3 Time .14 2+G
13 Int, ns r’—\\‘
c 1 2 1 1+G
(8] 1
8.5 0+G
0 T T 0
5 10 15 20 5 10 1'5 70
Months After Liming Months After Liming
1.0 1.0+
E LSD .05
e Lime Lime .06
= t/ Time .04 i
gos (t/ha) e 0 o5 Lime + Gypsum
- 4 (t/ha)
o 2
= 1 2+G
0.5 1+G
G 0 0+G
¥ ¥ T L 0 L4 T ¥ L
5 10 15 20 5 10 15 20

Months After Liming

Months After Liming

Figure 3. Topsoil exchangeable Ca and Mg levels as a function of time after applying lime and gypsum.
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Figure 5. Topsoil Al saturation and PH as a function of time after applying lime and gypsum.
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this material was combined with lime than when ap-
plicd alone. Difterences in subsoil chemical properties
among lime treatments at three months after liming
were negligible. The observed inereases in subsoil Ca
hetween three and 12 months after liming coincided
with the tume at which Ca declined in the wopsoll
(Figure 3).

Conclusions

1) Moderate applications of lime (1 or 2 t/ha) reduc-
ed acidity i the wopsoil 1o non-limiting levels, pro-
moted Ca movement into the subsoil, and significantly
increased crop vields from corn and sovhean, but not

Ca (me/100ml)

Cravey OxisoLs

2) Gypsum had a more pronounced effect on soil
chemieal properties when combined with lime than
when applied alone.

Implications

Resules from this study indicate thae acidity con-
straints tor this Typic Acrorthox can be correeted with
moderate applications of a locally available source of
lime. Residual eftects of the lime rates, and the effect
ot hming on root proliteration in the subsoil, will be
quantitied as chis study continues.
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Figure 6. Profile soll acidity characteristics at 12 months after applying several rates of lime.
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Figure 7. Profile soil acidity characteristics at 12 months after applying lime and gypsum.
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Planting Dates in Relation to Weather
Pattern at Manaus, Brazil

Expedito U. Galvao, EMBRAPA

J. Ferdinando Barreto, EMBRAPA

Jose C. Correa, EMBRAPA

Manoel Cravo, EMBRAPA
Miguel Dias, EMBRAPA

Research on upland annual cropping systems at the
UEPAE/Manaus station has heen primarily directed
toward a corn-cowpea rotation. On-site studies with
other crops, and related work ar Yurimaguas, Peru,
have demonstrated the feasibility of additional crops
tor this ccosvstem. However, ditferences in rainfall bet-
ween Manaus and Yurimaguas have suggested that the
optimum planting dates derived for the Peruvian
Amazon would not be applicable to the conditions
in Manaus (Figure 1),

This studv was inidated in June, 1982, in order o
establish optimum planting dates for corn, cowpeas,
rice and sovheans in the Manaus region. These crops
were planted at three-week intervals in a randomized
complete block design with seven planting dates and
three replications. Plots for corn and rice were alter-
nated with cowpeas and sovheans, respectively, in plan-
tngs succeeding the seventh dace, in an attempt o
minimize the buildup of soil-borne pests and discases.

Craye OxisoLs

Yields and Planting Dates

Crop yields as a function of planting dates from
1982-1985 are shown in Figures 2 and 3. Year to-year
changes in yield patterns were influenced by variability
in annual rainfall distribution. Rainfall distribution ap-
proached the average pattern for ten years in 1984,
In 1982, rainfall was unusually high in January, but
below normal for July and September. For January-
February, 1983, rainfall was below normal,

Maximum yields for all crops occurred during the
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Figure 1. Long-term monthly rainfall averages in
Manaus and Yurimaguas.
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Figure 3. Effects of planting dates on cowpea and soybean yields in Manaus.

initial 12 months of the study. Subsequent increases
in plant pathogens decreased maximum yields. Rice-
seedling stands during the wettest planting dates were
reduced by Pyricularia oryzae. Consequently, rice yields
were influenced by the number of plants that surviv-
ed (Figure 4). Optimum rice vields oceurred in periods
of high rainfall and good rainfall distribution
throughout the growing scason. In most years, these
conditions were obtained with December-January plan-
ting dates.

Pathogens also limited yiclds on cowpea. There were
no cowpea yiclds atier an incidence of Chalcodermus
sp. in late 1983. Rhbizoctonia solano was a problem for
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Figure 4. Relationship between upland rice yields and
final stand in Manaus.
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cowpeas during periods of high rainfall, Rainfall from
flowering to harvest was also a negauve factor for
cowpea yields. In 1984-1985, soybean yields were
reduced by frog-cye spot discase (Cercospora sofina). In
other experiments, where the buildup of pathogens
was avoiued, favorable cowpea yields were obtained
with May-July pianting dates. Soybean yields were
highest when pods filled at the end of the rainy season.
In normal years, this is most likely to occur with
February-March planting dates.

Corn yiclds differed from the other crops by the large
number of planting dates with similar yields. Low
yields appeared to be related to poor rainfall distribu-
tion during carly growth stages.

Corclusions

Results from this experiment and other on-site in-
vestigations have indicated the following periods of
optimum planting dates for each crop:

Rice: December-January

Soybeans: February-March

Cowpeas: May-July



Micronutrient Fertilization on a Typic
Acrorthox at Manaus, Brazil

Manoel S. Cravo, EMBRAPA
Thomas Jot Smyth, N.C. State University

Annual crops have not provided significant yield
reSpoONSes to micronuerient lpplu ations during the in-
itial years of cultivation on a l}pu Acrorthox at
Manaus, Brazil. A ficld study with micronutrient fer-
tilization was initiated in 1982 on previously cultivated
land in order to gain further information on the
micronutrient status of this soil. The experimental site
had been cropped to a corn-cowpea rotation during
the five preceding vears with N, P, and K as the sole
fertilizer inputs.

Treatments, as described in Table 1, were established
in a randomized complete block design with four
replications. Two rates of cach micronutrient tested
were established as separate treatments. The Complete
1 treatment contained intermediate levels of each
micronutrient in order to compare with the other levels
applied. Microniitrients were applied only at planting
of the initial corn crop. All other nutrients and lime
were supplied by uniform applications to all plots. Corn
and cowpeas were grown annually in rotarion.

Crayey OxisoLs

Yield Response to Micronutrients

Yield differences among treatments were not signifi-
cant for the six crops harvested. Cowpea yicelds on
treatmerts with micronutrients were similar to the
treatmeni without micronutrient fertilization (Table
2). Yield trends for corn in 1984 and 1985 suggested
a response to B and Zn. Foliar levels of B for corn
in 1983 approached the lower limit of the recommend-

Table 1. Micionutrient fertitizer rates applied to the initial corn

crop in the micronutrient study.

Treatment B Cu Mn Zn
kg/ha
Cjeck 0 0 0 0
BO 0 1 5 5
B1 1 1 5 5
Cu0 0.5 0 5 5
Cu2 0.5 2 5 5
Mn0 0.5 1 0 5
MnO 0.5 1 10 5
Zn0 0.5 1 5 0
Zn10 0.5 1 5 10
Complete 1 0.5 1 5 5
Complete 2 1 2 10 10

Table 2. Relative yields of corn and cowpeas during six consecutive crops after micronutrient treatments

were established.

Corn Cowpeas
Treatment 1983 1984 1985 1983 1984 1985
relative vield, %*
Check 100 100 100 100 100 100
BO 96 102 101 102 100 99
B1 94 138 105 105 108 106
Cu0 79 11 104 9 102 89
Cu2 98 126 95 109 108 94
MnO 86 127 98 97 100 88
Mn10 100 127 91 90 97 78
Zn0 109 111 93 93 106 94
Zn10 97 140 131 96 105 95
Complete 1 87 146 112 100 103 99
Complete 2 109 114 100 102 115 89
CV (%) 18 22 19 11 11 16

" Yields for the check treatment in t/ha were as follows: Corn, 1983: 2.7; corn, 1984; 2.0; corn, 1985: 2.8; cowpeas,

1983: 1.5; cowpeas, 1984: 1.4; cowpeas, 1985: 1.1.
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ed sufficiency range (Table 3). Although Zn fer iliza-
tion rates have provided consistent increases in Mehlich
I extractable soil Zn, no such differences have been
~lLserved in foliar Zn levels for corn (Table 4). Foliar
micronutrient analyses have been impeded by
Iaboratory modifications and instrument problems.

Mehlich 1 extractable Cu and Mn have declined dur-
ing the three years of cultivation on treatments with
and without the application of these clements (Table
4). The absence of a yield response to Mn, despite
the low soil-test levels, may be related to the
maintenance of soil pH within a range of §.4-5.0.
Other studies performed on-sitc have provided evidence
of Mn deficiency when soil pH was greater than §.5.

Conclusions
1) Results thus far on this study have indicated
marginal yield responses with corn to B and Zn. These

Table 3. Foliar B levels for the 1983 crops of corn and
cowpeas as a function of B applied prior to planting
corn.

Leaf B

Treatment Corn Cowpeas
PPM

BO 8 25

Complete 1 5 31

B1 6 32

elements have been included in blanket fertilizations
for corn in other on-site experiments  where
micronutrient deficiencies were to be avoided.

2) Yield trends with cowpeas have suggested that
native soil levels of micronutrients were sufficient for
this crop.

Table 4. Leaf and soil Zn levels and soil Cu and Mn levels in three corn crcps as a function of micronutrient rates.

Mehlich 1 Extractable

Foliar Analyses

Treatment 1983 1984 1985 1983 1984 1985
Zn, ppm

Zn0 10 .8 .6 21 49 14

Zn10 2.0 25 1.8 28 52 10

LSD .05 .6 .8 4 ms ns ns
Cu, ppm

Cu0 1.8 1.8 0.3

Cu2 2.8 1.8 0.6

LSD .05 ns ns 0.1
Mn, ppm

MnoO 5 2 2

Mn10 7 2 4

LSD .05 3 ns 1
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Management ot Green-Manure
Nitrogen on Oxisols at Manaus, Brazil

Thomas Jot Smyth, N. C. State University
Luiz A. Oliveira, EMBRAPA
Manoel S. Cravo, EMBRAPA

Studies on Oxisols in the Cerrado of Brazil have
shown that mucuna, a common green manure, can
provide much of the nitrogen required by a succeeding
food crop. Such green manures, if effectively manag-
ed, appear to hold promise as a supplement or an alter-
native for feralizer nitrogen in the Cerrado.

‘This experiment, established as a companion study
to the work in the Cerrado, sought to test similar green-
manure management techniques for their suitability
to soil and climate conditions in the Manaus region.
The objectives were 1) to quantify the N supplied by
green manures to corn and rice, and 2) to evaluate
the importance and avatlability of green-manure N to
crops.

This study  contained two experiments  with
treatments described in Table 1. Both experiments were
planted to corn in October, 1984, followed by rice
in February, 1985, Treatments were established only

Table 1. Treatment specifications for the green
manure studies.

Treatment N Applied
N Supply* kg/ha
NO 0
N10 20
N40 40
N60 60
N120 120
Indigofera tinctorium 152
Stizolobium aterrimum 168
Cowpea crop residues 32
Green Manure Management**
Bare soil check 0
Bare soil + urea-N 80
Whole plant incorporation 298
Plant top incorporation 254
Mulch with plant tops 257

Plant roots -

* N source for the fertilizer N treatments was urea.
** Green manure utilized was stizolobium aterrimum.

Cravey OxisoLs
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Figure 1. Corn grain yields as a function of fertilizer
N rates and green manure sources.

at corn planting. For the N-supply study, the five rates
of fertilizer N were split into three equal applications
broadcast at planting and sidedressed at 25 and 55 days
after planting (concurrently with two weedings and
two corn-hillings). Corn- and rice-yicld responses to
the incorporation of Indigofera, Stizolobium and cowpea
crop residucs (after nharvesting 1 t/ha of grain) were
compared to yiclds obtained with fertilizer N.

The green-manure management study was perform-
ed solely with Stizolobium, a mucuna. Treatments us-
ing the legume were: 1) whole plant incorporation,
2) whole plant mulch, 3) removal of above-ground
biomass (roots), and 4) incorporation to bare soil of
tops harvested from (3). Two additional treatments,
with and without fertilizer N, were included on bare
plots where Stizolobium was not grown. All other fer-
tilizers were maintained constant in both studies and
consisted of P, K, B Cu, Zn, and lime.

Yield Response to N Sources

The maximum corn yicld with fertilizer N was ob-
tained with 120 kg N/ha, although yield response to
successive increments of N was not significant above
20 kg N/ha (Figure 1). Corn yields for the three
sources of green manure were not significantly different
from yiclds with the highest N rate. Yields for the
green-manure treatments were equivalent to yields ob-
tainable with 72, 36, and 42 kg/ha of urea N, respec-
tively, for Indigofera, Stizolobium and cowpea residues.
Nitrogen levels for corn leaves and aboveground dry
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matter were in agreement with corn-yield data (Table
2). Uptake of native soil N, in the absence of fertilizer
N, represented over 50% of the plant N detected at
the highest corn yield. Consequently, apparent N
recovery declined markedly for N rates above 20 kg
N/ha. Apparent N recovery from cowpea residues may
be overestimated since N contributions from leaf fall
before the cowpea harvest were not determined.

Table 2. Foliar N, above-ground total N uptake and apparent N
recovery for treatments in the N supply study.

Apparent

Treatment Leaf N N Uptake N Recovery

% kg/ha %
NO 2.75 44.8 —
N20 3.04 33.2 92
N40o 31 66.9 55
Néo 3.08 79.6 58
N120 3.26 80.8 30
Indigofera 3.07 72.8 18
Stizolobium 2.80 72.6 17
Cowpea residues 2.77 68.0 72
LSD .05 0.33 17.2

Table 3. Yield, foliar N and N uptake for the corn crop in the green
manure management study.

‘Treatment Grain Yield N Uptake Leaf N
t/ha kg/ha %
Check 23 56.2 2.55
Check + N 24 69.3 3.07
Whole plant 3.2 81.7 2.75
Tops 2.8 84.7 2.75
Mulch 2.9 71.6 2.54
Roots 1.9 53.1 2.38
LSD 0.8 20.0 0.38

Corn-Yield Response to Legume

Corn yields among the three treatments imposed on
Stizolobium aboveground  biomass  were similar,
although N recovery from the mulch treatment was
inferior to the incorporation of the whole plant or tops
alone (Table 3). Yields for the root treatment were
inferior to the check treatment without fertilizer N
and may have resuited from the removal of soil
mineralized N with the harvest of aboveground legume
biomass. These results would suggest that the majori-
ty of the legume N supplied to corn came from the
legume tops. Initial corn growth on the mulch treat-
ment, during a ten-day period without rain, was
superior to the other legume treatments,

Residual Effects of N Sources

Residual effects of fertilizer N and the green manure
on the subsequent rice crops did not differ significantly
among treatments. The average grain yield was 2 ¢/ha
and average leaf N 3.76% for the N supply study. For
the green-manure study, average grain yield was 2.8
t/ha and average leaf N 3.50%. The low yield
responses to residual fertilizer and green manure N
were also reflected by the adequate foliar N levels for
the check treatments in both experiments. Lodging of
this medium-statured rice variety occurred in all
treatments of both experiments. Preliminary results
for this rice crop would suggest that N availability was
not a major limitation.

Other Nutrients

Analyses of green-manure biomass indicated that
significant amounts of other nutrients, besides N, were
recycled with the legume cultivation (Table 4).
Potassium levels contained in Stizolobium and Indigofera
are of particular importance, given the rapid rate of
soil test K depletion observed in these Oxisols.
Although identical quantitics of fertilizer K were ap-
plied to all treatments prior to planting corn, soil test
K levels at rice flowering for treatments receiving

Table 4, Dry matter and nutrients in the above-ground dry matter of legumes in the N supply study.

Dry
Legume Matter N Ca Mg K P Cu Mn Zn
t/ha kg/ha
Stizolobium 71 168 110 11 63 10 0.12 0.31 0.14
Indigofera 6.2 152 96 13 68 9 0.09 0.28 0.16
Cowpea Residues 1.4 32 15 6 17 3 0.02 0.04 0.04
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Stizolobium or Indigofera biomass were superior to the
other treatments.

Preliminary Findings

1) All three green-manure treatments produced corn
yields equivalent to those produced by the highest rate
of fertilizer N.

2) Yield data suggest that the majority of green-
manure N supplied to corn came from the legume tops.

3) Mulching with green-manure tops produced yields
comparable to whole-plant incorporation, and, dur-
ing a ten-day dry period, mulched corn plants grew
faster than corn in the other treatments.

4) There were no significant differences among
treatments on the response of rice to residual N, ap-
parently because N was not a major limitation in this
crop.

Implications

‘The relatively high corn yields obtained with the
Stizolobium mulch treatment indicate that mulching
with this green manure may be a favorable alternative
for farmers with insufficient machinery or labor to in-
corp()mrc the legume biomass. In addition to supply-
ing N, the legumes contained signiticant levels of other
nutrients, and may be particularly important in reduc-
ing K leaching by retaining K in the biomass. Further
experiments will validate these first-year results and
produce more data usetul in establishing guidelines for
green-manure management in these soils.

Cravey OxisoLs

Conditions Other Than Extractable
Nutrient Concentrations in the
Soil Test Interpretations for P and Zn

Ibere D. G. Lins, N.C. State University
Fred R. Cox, N.C. State University

The major soil fertility constraints for crops grown
in the Cerrado of Brazil are acidity, phosphorus and
zinc. For maximum cconomic returns, the exact re-
quirement of lime and fertilizer, as indicated by soil
tests, must be applied. Soil tests are very straightfor-
ward for soils on which prior ficld experiments have
been conducted. However, tests for only a few tropical
soils have been covered by field calibration, and there
is evidence that certain soil test INTCrpretations are too
broad; that is, they are not really applicable for all
conditions,

The objectives of these continuing studies are 1) to
determine the effect of fertilizer P applied to Oxisols
and associated Entisols varying in texture on the ex-
tractable P concentrations with time; 2) to determine
the effect of fertilizer Zn applied to Oxisols varying
m pll and texture on the extractable Zn concentra-
tions with time; 3) to determine P retention by Ox-
isols as influenced by clay content; 4) 1o develop a
model to predict the necessary P rates to reach and
maintain adequate soil test P levels for maximum soy-
bean cconomic returns; and §) to validate the model
with ficld data.

Soil Test for P

In soil test interpretations for P, the critical level,
the concentration helow which there will be a positive
response to fertilization, is known to be lower on fine
textured or clayey soils than on coarse textured or san-
dy ones. Clayey soils sorb more P than sandy ones,
and theretore have a greater capacity to rcplcmsh solu-
tion P as it is used by plants. This greater capacity
allows the critical level to be lower for clayey soils
than sandy ones. Though the rdanonshlp between the
P critical Tevel and texture is know n, it 1s seldom con-
sidered in the soil test interpretation.

A preliminary economic model was developed that
considered the value of corn and soybean crops as a
function of soil P, and soil P as a function of P fer-
tilization rate and cost, current soil test P level, and
tme. Net value was determined from these relation-
ships, and the optimum rate of fertilization calculated
at the maximum net value. When the optimum P rate
was caleulated for a tew soils that varied in clay con-
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tent, it was apparent that clay content should certain-
Iy be considered in the soil test interpretation.

Onc of the primary objectives of the current rescarch
is to provide further verification of this model. More
soil conditions arc to be evaluated. both in the field
and in the greenhouse. Data is to be collected over
additional vears to confirm efteets over time. In addi-
tion to clay content, soils will be analyzed for their
P sorption or “buttering” capacity. For routine soil
P analyses, several extractants, as well as a resin techni-
que, are being employed.

The eftect of rate of a single P fertilization on Bray
1 extractable P over a period of years is shown for
three soils in Figure 1. These soils vary in clay con-
tent from 12 to 63%. All of these soils were initially
quite low in extractable P. Extractable P increased with
increasing rate of P fertilization on all soils, but the
etfect was most pronounced on the soil with the least
clay. This reflects the effect of clay on P sorption.

The rate of decrease in extractable P with time is
related to soil characteristies. These eftects must be
quantified and incorporated into the model to ensure
its applicability over a wide range of soil conditions.

Preliminary research has already been conducted to
show that routine P sorption isotherms, which follow
the Langmuir equation, should be done in 1073 M
CaCly rather than in the 1072M solution normally us-
ed. This verifies a prior observation on similar soils
in the tropics.

Although using complete isotherms is an excellent
way to gain basic information on P sorption, the pro-
cedures are too involved to ever he used directy in
routine soll tests. There are, owever, “quick-test” ap-
proaches to the problem and their applicability is also
under study-.

The soils are also being analyzed with several ex-
tractants. Differences are alrcady apparent among the
Mechlich and Bray extractants on the amount of P ex-
tracted from soils that vary i clay content. The resin
method is also under mvestigation. Final results of these
experiments will have the potential of refining the P
soil test for a broad range of soil conditions, thus pro-
viding the most economical means of removing one
of the largest soil tertility constraines in the Cerrado.

Soil Test for Zn

A similar, but much less intensive, approach is under
way on refining the soil test for Zn. The critical level
for Zn presumably should be affected by acidity or
pH. This has been shown in a few instances, but acidity
is not generally included in the Zn soil test interpreta-
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Figure 1. The effect of rates of a single application
of P on the concentration of Bray 1 extractable P in
time of three Oxisolic solls differing in clay content.

tion. A second primary objective of this study,
therefore, is to evaluate the effect of soil pH n addi-
tion to extractable soil Zn on the Zn soil test
interpretation.

Several studies are being conducted in the greenhouse
and in the field. The information gained from these
experiments certainly will add to our knowledge on
factors affecting Zn availability. This will assist in the
design of future field studies, and perhaps in the in-
terpretation of data trom past ones. It remains to be
seen, however, if the resules will be elear and strong
cnough to warrant modification of the current Zn soil
test interpretation,



EXTRAPOLATION OF SoiL. MANAGEMENT
TECHNOLOGIES TO THE PicHIS VALLEY

The Pichis-Palcazu region of the Central Selva of Peru is being rapidly colonized and developed
through a massive project, the Proyecto Especial Pichis Palcazu (PEPP). PEPP has requested the assistance
of INIPA and N. C. State University in vulidating and transferring the principles developed at Yurimaguas
to the Pichis arca. TropSoils work in the region is based at the La Esperanza Experiment Station
near Pucrto Bermudez, and is financed in part by the Interamerican Development Bank.

The Region

The Pichis Valley is at 10°S latitude, with the valley floor about 300 m above sea level. The prin-
upal town, Pucrto Bermudez, has a mean annual precipitation of 3313 mm, and a mean annual
temperature of 25.5°C. Mcan minimum temperatures are considerably lower than at Yurimaguas,
averaging 19.4°C, duce to the higher clevation and to air drainage from the surrounding mountains.

The topography of the Pichis Valley is characterized by a small propomon of flat terrain. Eighty-
five percent of the land is in hills with 30-70% slopes, or in mountains with slopcs greater than 70%.
High terraces occupy 13% of the valley and low, floodable terraces occupy 2%. The hilly areas and
the high terraces are dominated by Ultisols and Dystropcpts The low terraces are mainly Entisols.

Population pressure has been tremendous since the opcmng of roads to Lima and Pucallpa in 1985.
While the traditional farmers, native Indians and **colonos’ of German descent farm primarily the
terraces to crops and pastures, migrants from the Sierra are settling in the hills along the highway,
where they must contend with extremely steep slopes, high rainfall and lack of tropical experience.

Strategy

Given the need for immediate results, a tcchnology validation was devised for Pichis based first
on rapid testing of crop and pasture 5crmplasm for existing systems. After a few months’ experience,
it became obvious that a low-input cropping system could be modificd to accommodate annual flooding
in the low terraces. The work reported here addresses three options for soil management in the Pichis
arca: 1) low-input cropping in the low terraces; 2) pastures in the high terraces and hills already cleared;
and 3) agroforestry in croded steeplands cleared by the newcomers.
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Low-lnput Cropping Systems
For the Pichis Valley
Dennis del Castillo, N. C. State University
Luis Capuﬂay, Proyecto Especial
Pichis-Palcazu

Alcibiades Sanchez, Proyecto Especial
Pichis-Palcazu

In the Pichis Valley, there s a predictable flooding
period, December to February, when low terraces and
even some high terraces are under water for a few days
at a time. Advantage can be taken of such flooding
to introduce paddy rice in low-input cropping systems.
Given the high native fertility of some terraces, comn
may also be included in the low-input systems for the
drier part of the vear. The objectives of these studies
are to test, validate and modity soil-management
technology for paddy-rice production and low-input
cropping under Pichis Valley conditions.

Rice Germplasm Screening

A rainfed field trial was carried out with 12 lines
and varieties provided by the Yurimaguas Lxperiment
Station and INIPA's National Rice Program on a
Typic Tropofluvent terrace. The test was conducted
during the 1984-1985 wert scason using the traditional
planting method (using the tacarpo, a planting stick)
at 0.30 x 0.30 m berween plants. There was no fer-
tilizer application, and no pest or discase control.

Lines 22196, 19947, 19965, and cultivar CICA-8
performed better than the recommended 18476 line
during the wet season, all vielding over 4 t/ha. These
cultivars showed resistance to Pyricularia. Line 18476
did not perform well because of its susceptibility to
Hclmintboxporium oryzae. The wall cultivars, Caroling
blanco, Chino colorado and Africano desconocido vielded
less than the short cultivars. Caroling blanco lodged the
most. The same trial is now being carried out under
intermittent flooding during the dry scason.

Screening Grain Legumes

Because pests and diseases constrain the production
of grain legumes in the alluvial soils of Pichis, these
problems were studied in cultivars of COWpE, panamito
bean and common bean, ar different planting dates.
There was also an experiment to study the possibility
of using cowpea as a weed controller.
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Cowpea Cultivars

Five cowpea cultivars (Vita-6, Molina 1, Porvenir
I, Seda and Castilla) were evaluated for their yield per-
formance, using four planting dates, in a floodplain
Mollic Tropotluvent. The soil was tilled (10-cm depth)
with a garden rototiller before each planting. The sceds
were sown in rows using a curved stick (gancho) at 0.60
em spacing. No fertilizer or insecticide was used.

Planting date had a pronounced effect on cowpea
yield. Examination of the data and visual observation
indicate that yield performance is a function of rain-
tall distribution. When cowpea was sown in May,
there was still enough rainfall to keep soil moisture
at field capacity. The plants had good vegetative and
reproductive growth. The lack of rainfall during the
last reproductive stage of growth was a very impor-
tant factor in obtaining high quality grain and unitorm
harvest. All cultivars produced their highest vields when
planted in May (Figure 1),

When cowpea was planted in July, plants were under
varving degrees of drought stress during most of the
vegetative and carly reproductive stages of growth.
Precipation was high at harvest, causing grain rotting
m most cultivars. Plants sown in Seprember were
severely damaged by the high rainfall during most of
the vegetative and reproductive growth stages, and
plants were shorter, with vellowish leaves in most
cultivars. The crop planted in November was not
harvested because of an carly flood.
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Figure 1. Grain yield of five cowpea cultivars at three
planting dates.
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Table 1. Grain yield on cowpea-cowpea-rice crop rotation on a Typic Tropofiuent.

Cultivar
Cowpea Cowpea Rice Cowpea Cowpea Rice
Grain Yield, kg/ha
Vita 7 Vita 7 CICA 8 1800 1600 4200
Vita 7 Vita 7 PA 2 1750 1700 4500
Molina | Vita 7 PA 2 2100 1600 4500
Molina | Linea | PA 2 2000 1000 4300
Maize

The cultivar Seda appeared better adapted to periods
of more rainfall than the others because its waxy bean
cover protects the grain from rotting during the more
humid periods. However, Seda does not have a yield
porential as high as Vita-6 and Porvenir I have when
planted carly. Observation indicates that Seda is also
the most tolerant to Cercospora and viral discases,
followed by Vita-6 and Molina I The most suscepri-
ble cultivars to diseases and insect infestations were

Casulla and Porvenir 1.
Moditication of this study should emphasize more
INTCNSIve screening in sptuhc arcas of the valley, where
rainfall favors the proliferation of discases and pests.
Further study is also needed in the selection of cultivars
tor green-pod use in more humid periods of the year.

Panamito Bean (Pbascolus sp.)

Twelve panamito bean cultivars were studied for
discase and insect resistance. All culrivars were suscep-
tible to Diabrotica. VI-8 was the most susceptible to
mosaic virus discase, and Panamito Sanilac was the
most precocious (70 days). Although some cultivars
with relatively good Vlclds (800 to 1400 kg/ha) show-
ed signs of addpmnon, there is a need tor more obser-
vations at different planting dates.

Common Bean (Phascolus vulgaris)

For preliminary observation of climatic adapration,
18 bean cultivars of a determinant-growth bean germ-
plasm tfrom CIA'T were planted. The main objective
was to select a well-adapted bean that could replace
the local poroto bean. Although there is a well-
established market for poroto, its production has been
confined primarily to small arcas where there is natural
support for its viny growth. Some cultivars showed
good adaptation and discase resistance. Because of
limited quantities of seeds, this test was conducted on
small plots (1 m2), and should be repeated in larger
plots for better yield prediction.

One variety trial was conducted during 1985, in
cooperation with the National Corn Program, to select
the best adapted cultivars. A Typic Tropofluevent was
plowed to the 15-cm depth and planted in April with
ten tropical varieties at 46,800 plants/ha. No fertilizer
or herbicide was used.

Average grain yields indicate that, except for
Across-8027 and Across-8126, all culivars were
similar, and they compared well with PMC-747 and
M;lrginal 28. There was no visible difference among
varieties of the sln;_,ht artack of “'cogollero™ (Spodop-
thera frugiperda) and **canero™ (Diatraca saccharalis). No
disease attack was observed.

There was no need for weed control, probably
because of the absence of weed seeds. Most of the soll
had been covered with kudzu for abour five years, and
the kudzu was incorporated into the soil during land
preparation.

A Low-Input Cropping System

A rice-cowpea-cowpea cropping sequence was tested
on a Typic Tropofluvent at La Esperanza Station in
1984-1985. Rice was grown in the period of flooding,
December-February. Simple dikes were made by hand
to hold as much floodwater as possible. The results
are shown in Table 1. Rice yields averaged 4.4 t/ha
and yiclds from the two cowpea crops ranged from
1.0 to 2.1 t/ha.

Cowpea appears to be a suitable crop to grow after
rice. This low-input system could be successtul if ex-
cessive flooding does not oceur in February or March,
the period of reproductive srowth for rice. There is
a need o find a better cash-crop legume to follow rice.
Atfter this cash crop, cowpea could be grown for local
consumption.

Cowpea Under Plantain

Plantain is a very |mp0rt.mt crop in the valley, but
weeds are often a major cause of field abandonment.
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Table 2. Relative weed reduction under plantains by cowpeas in two soils in the Pichis Valley.

Relative Weed Reduction %

Cowpea Space Ultisol Entisol
Cultivar Planting, cm  Wet Season  Dry Season  Wet Season Dry Season
Seda 30 x 30 10 27 7 63
40 x 40 50 27 7 50
50 x 50 40 23 10 43
Vita-6 30 x 30 23 30 23 66
40 x 40 20 60 00 43
50 x 50 17 13 00 37
Castilla 30 x 30 10 33 10 60
40 x 40 13 40 3 47
50 x 50 3 20 7 33
Manual Weeding — 100 100 100 100
Contral (without weeding) 0 0 0 0

Interplanting cowpea into plantain was proposed as
a possible weed-control method and a means to pro-
vide additional income.

A one-year-old plantain field was selected in an in-
fertile (pH 4.8) Typic Dystropept and another in a
relatively fertile (pH 6.5) Typic Tropofluvent. Three
fast-growing cowpea cultivars (Vita-6, Seda and
Castillay were planted in the wet and dry scason. Sceds
were sown with a planting stick (tacarpo) at th.ree plant
densities (30 x 30, 40 x 40, and 50 x 50 ¢m). Plant
growth, pereent cover, and relative reduction of \vc.-cd
population were evaluated at the end of vegetative
growth.

Weed growth was reduced by mterplanting of the
competitive plant at certain periods of the year. Dur-
ing the dry season, Seda and Vita-6 reduced the weed
population to 60%; Vita-6 and Castilla did not com-
pete with weeds because of reduced vegetative growth
caused by fungus discases. High raintall during the wet
scason contributed greatly to fast weed growth, which
diminished competition from cowpea, whose growth
slowed during this period. The same trend was observ-
cd in both soil types (Table 2). Application of this
system by farmers who are not able to buy herbicides
would reduce hand weeding and provide a legume
supply for family consumption.
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Legume-Based Pastures
In the Pichis Valley

Kenneth Redtegui, N. C. State University

Elmer Montalvo, Proyecto Especial
Pichis-Palcazu

Franco Alvarado, Proyecto Especial
Pichis-Palcazu

Pastures for cartle producing milk and beef constitute
the most extensive use of land in the Pichis Valley.
The main forage species are the torourco mixture
(Paxpallmn conjagatum and Axmm/mx compressus), and
kudzu (Pueraria phascolvides). Some degraded pastures
are totally dominated by the weed Homolepsis aturen-
sis. Five trials were established at La Experanza Sta-
tion in order to test, validate and modify  soil-
management technologies for pastures under Pichis
Valley conditions.

Agronomic Evaluation of Germplasm

A trial to evaluate pasture germplasm (CIAT
Regional Type B trial) was planted in May, 1984 on
a Typic Dystropepts with pH 4.2 and 79% Al satura-
tion. Nincteen legumes and  three grasses were
evaluated at the establishment phase (four, cight and
12 weeks) and the production phase at maximum and
minimum periods of precipitation. Maintenance fer-
tilization was 22 kg P/ha, as triple superphosphate,
12 kg K/ha/vr as KCland 100 kg N/ha/yr for grasses
only. Legumes that were most quickly established, in
order of importance, were: Zornia latiflia 728, Pueraria
phascoloides 9900 cv. kudzu, Desmodinm ovalifolium
3784, Centrosema pubescens 5189, Stylosantbes guianensis
136 and Stylosanthes capitata 2252 It is important to



mention the aggressiveness of Zornia 728 and kudzu,
which will enable them to compete with weeds, a main
problem in establishing pastures in rainy, tropical-forest
environments.  Among  the grasses, the  ccotype
Brachiaria dictyoneura 6133 was significantly superior
to Brachiaria decumbens 606 and Andropogon gayanus
621 duc to its creeping habit, which enables it to rapid-
Iy establish a ground cover.

An evaluation carried out during a period of max-
imum precipitation shows that the best species and
ceotypes were: Desmodium: ovalifolivm 350, Zornia
latifolia 728, Stylosantbeses guianensis 136 and 18+,
Desmodium ovalifolium 3784, and Stylosantbes capitata
10280. Unlike in Yurimugu;ls‘ the Centrosema acces-
sions did not show promise, manly because of insect
problems (chewers and suckers) and to discase (Ryzoc-
tonia solanii). Among the grasses, Brachiaria dictyoneura
6133 pertormed best in terms of its aggressivity, forage
production and tolerance to insects, but not significant-
Iv better than B. decumbens 606 and A. gayanus 621.

Brachiaria Reaction to Spittlebug

Spitddebug is becoming a serious problem in the
Brachiaria species. Inorder to find germplasm tolerant
to these insects, thirty-six Bnn‘biaria ACCESSIONS Were
sown in November 1984 in 2.5 x 3.5 m plots with
three rgphmu()ns Bimonthly (\.lllld(l()n\ included the
number of nymphs, plaat hught and dry martter pro-
duction. The results show that H})l([l(.l)llLH of the spcuu
Heneolamia and Zulia are present n all ecotypes in their
nymphal and adult states. Up to now the species, B.
dictyonenra, B. bumidicola and B. brizantba are the most
tolerant, as reflected by their high dry martter pr()dm-
tion and excellent vigor. In contrast, the species B,
Decumbens, B. radicans and B eminii show chlorosis,
lowered production and fewer senescent leaves, all pro-
blems associated with spitdlebug attacks.

Evaluation of Stylosanthes guianensis

Stylosantes guianensis is a species of high biomass pro-
duction, casily adaptable to acid and infertile soils.
However, under high rainfall, anthracnosis caused by
a fungus, G oletrotrichum g/ou)sp(mmdm Is & major discase
to which some ceotypes of S, guianensis are suscepti-
ble. A trial was set up in a soil with pH+.2, and 79%
Al saturation in May, 1984, The only fertilization was
22 kg P/ha as triple superphosphate.

Accessions that showed the best agronomic perfor-
mance upon the establishment of the trial were: 184,
1778, 1648, 1950, 1651, 97, 1160, 1275, in order
of importance. To date no anthracnosis has been en-
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countered in any of the accessions studied, even at
times of high precipitation and drastic temperature
changes. This may be due to licde diffusion from this
legume in the zone.

Evaluation of Desmodium ovalifolium

A trial of Desmodium ovalifolum ccotypes was planted
in October, 1984 on a Typic Dystropept soil with a
pH of 4.3, 79% Al saturation and 7.0 ppm P, and
evaluated ac four, cight and 12 weeks after planting,

Desmodiunt ovalifolum  ccotypes with the best
agronomic characteristics during the establishment
}‘h.‘m: are: 13122, 13124, 13117, 13107, 13127,
13113, 13037, 13132, 13137 and 350.

D. ovalifolium ccotypes with highest dry matter pro-
duction and excellent cover considered as promising
included: 13124, 13104, 13127, 13132, 13137,
13117, 13088, 13095, 350, and 13128.

The first evaluations for nematode attacks indicated
only the presence of some root lesions without a signifi-
cant difference (0.05) berween accessions. This can be
due to the short time of establishing the experiment.
Lvaluation will continue tor at least two more years.

Grass/Legume Associations Under Grazing

Traditionally germplasm-selection programs have
been limited to cutting trials. Because grazing animals
have a selective effect on grass/legume associations,
it is desirable to incorporate the eftect of grazing at
the earliest possible stages of forage germplasm evalua-
tion. In this trial, the intent is to prove the hypothesis
that the persistence of mixed pastures dcpcnds‘ essen-
tially on management, expressed in terms of animal
W ubht and brmm‘ pressure.

‘Treatments consist of three mixtures: (Andrapogon
gayanus) 621/ Centrosema macrocarpum 5065, An-
dropogon gayanus 621 /Zornia latifolia 728, and
Brachiaria dictyoneura 6133/ Desmaodium ovalifolium
350); two grazing frequencies: 20 and 44 days after
four days of grazing; an:! three stocking rates: two
three and four animals per hectare. Fertilization con-
sists of 21 kg P/ha, 21 kg N/ha, 10 kg Mg/ha, and
10 kg S/ha.

To date, B. dictyoneura 6133/ D. ovalifolium 350 and
Z. latifolia 728 have been rapidly and casily establish-
ed. Two species were not readily established: A
gayanus 621, which apparently had seed-viability pro-
blems, and Centrosesna macrocarpon 5065, which was
not aggressive enough to compete with weeds. The
A. gayanus 621/ Centrosema macrocarpon S06 5 mixture
may be replaced in this trial.
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Agroforestry in Steeplands
Of the Pichis Valley

Dennis del Castillo, N. C. State University
Franco Alvarado, Proyecto Especial
Pichis-Palcazu
Luis Capunay,
Pichis-Palcazu
Alcibiades Sanchez, Proyecto Especial

Pichis-Palcazu

Proyecto Especial

Damage to watersheds is significant when pioncer
farmers ad their livestock move onto steep, humid
tropical uplands. Identification of farming systems that
fit the social, cconomic and soil limitations of these
areas is needed. The objective of this project was to
test a system for improving and sustatning land pro-
ductivity using treces, crops and animals on the same
site.

A Desmodium ovalifolium pasture was planted in an
infertilic Typic Paleudult. At the same time, young
plants of achiote (Bixa orellana) were transplanted at
4+ x 4 am. Because of growth characteristics of
Deswodium: ovalifolium, there was no light competi-
ton with achiote during the period of establishment.
After six months, when Desmadinm had a 90% cover
and achiote reached 1 m high, Barbados Blackbelly
hair sheep were allowed to graze. The system apparent-
ly works; the sheep cac the Desmodium and do not
eat the achiote leaves.

Discussion

Adoption of this system tnvolves a simple introduc-
tion of Destmodium ocalifolium into a sociocconomic
environment where achiote and sheep are well known
and accepted. Achiote grows in acid soul, and is a cash
crop for the Indians and local farmers; raising sheep
is very important to the people fiom the mountains
in the Pichis Valley.

Although the system seems to work, more rescarch
1s needed to determine such things as the length of
time sheep could cat Desmodium ovalifolium without
nutritional problems, and the amount of fertilizer
Desmodium would require to maintain sheep under
grazing conditions. There is also a need to find achiote
cultivars with good agronomic characteristics and high
bixine content.
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Soil Erosion and Reclamation
Helmurt Elsenbeer, N. C. State University
D. Keith Cassel, N. C. State University

Dennis del Castillo, N. C. State University
Kenneth Reategui, N. C. State University

Despite the concern raised by the prospect of severe
land degradation following tropical deforestation, there
is a lack of information on long-term crosion and runoff
rates in the Amazon Basin, Some recent development
projects, such as PEPP, have been sited in areas of steep
slopes and heavy rainfall. Large-scale clearing in these
arcas alters not only the hydrological balance of a
watershed but also sediment production and {ransport.

New-Project Update

This project bas not been under way long enough
to yield substantive reports, but shouid be mentioned
because of its importance to the program as a whole.

The objectives of this study, which is in its first phase,
are 1) to determine the baseline transport rates of water,
sclected solutes and sediment from an upland, forested
site before clearing; and 2) to determine changes in
the transport rates of warer, selected solutes and sedi-
ment from the same upland site after it is cleared and
managed according to technological options suited to
specific landscape positions.

Progress

A catchment was sclecred in a forest reserve at the
La Esperanza station. The catchment is representative
of the dissected uplands between the Rio Pichis and
the Cordillera San Matias. Instruments were install-
ed in the catchment to monitor stream flow, stream
sediment and solute load, changes of soil moisture and
soll-water chemical composition, surface and subsur-
face water transport, and surface erosion. Rainfall
amount, duration, frequency and intensity are being
measured in a clearing adjacent to the catchment.

The first phase of this research will evaluate the
response of i forested catchment to storms, on an in-
dividual rainfall-cvent basis, and will yield baseline data
on crosion and runoft.

In the second phase. the catchment will be cleared
and evaluated under one or more agriculeural systems.
In this fashion, the effects of forest conversion on runoff
a1 erosion processes can be predicred quantitatively
in a relatively short period of time.



SITIUNG: EXTRAPOLATION TO TRANSMIGRATION
AREAS OF INDONESIA

‘Transmigration projects on the outer islands of Indonesia constitute a major expansion of agriculture
in humid tropical regions. The rate of deforestation and the numbers of people involved pose pro-
blems of even greater immediacy than in the Amazon. N.C. State University is the support institution
in TropSoils” humid-tropics program in the Sitiung transmigration arca of West Sumatra. Its projects
there are closely related to those in Peru because of similarities in both subject matter and setting.
Sittung’s position is 1°§ latitude, 100 m elevation; it has a mean annual temperature of 26°C, and
mean annual rainfall of 2471 mm, with a weak dry season, undulating topography, virgin rainforest
vegetation, and soils that are predominantly clayey Ultisols and Oxisols. Yurimaguas’ latitude is 6°8,
and its clevation 1s 182 m; it has a mean annual temperature of 26°C and mean annual rainfall of
2135 mm, with a weak dry scason, undulating topography, secondary forest vegetation, and lecamy
Ulusols. Basic food crops—rice, corn and cassava—are the same. The important differences are generally
related to history, culture, land use and clearing methods. Shifting cultivation is the traditional system
at both locations. As the support institution, N.C. State University conducts its work to complement
the TropSoils program led by the University of Hawaii and the Center for Soils Research. The primary
objectives of the studies reported here are 1) to adapt management principles investigated at Yurimaguas
to the solution of agronomic problems in Sitiung; 2) to assist in the development of methods for
reclaiming and cultivating soils damaged by mechanical clearing; and 3) to develop methods for managing
and improving soil chemical properties in continuously cultivated land.
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Reclamation of Bulldozed Lands

D. Keith Cassel, N.C. State University
A. Karim Makarim, N.C. State University
Michael K. Wade, N.C. State University

Many farm fields in the humid tropics have been
mechanically cleared of forest in ways that remove top-
soil, compact the subsoil, and promote crosion, Fre-
quently, such fields are soon abandoned because crops
fail. The objective of this research was to develop
methods for reclaiming degraded soils for continuous
cultivation. The investigations were conducted in the
Sittung transmigration scttlements of West Sumarra,
Indonesia, in an undulating, forested terrain cleared
in 1977 by a bulldozer with a straight blade. The field
had a 10% slope, and the soil was classified as a clayey,
kaolinitic, isohyperthermic, Typic Haplorthox.

Three main treatments were established to test
various rates of fertilizer and lime. Treatment FO, the
control, received no lime or fertilizer. Treatment I

Table 1. Yields of rice and soybean under different fertilization

and tillage treatments, first year.

Tillage Treatment

Rice Yield,

Soybean Yield,

Mg/ha Mg/ha
Grain straw Grain  stover
No Fertilization (F0)

Hoe 0.02 0.03 0.00 0.00
Hoe & mulch 0.04 0.38 0.02 0.02
Hoe & green manure 0.67 1.60 0.11 0.15
Spading fork 0.02 0.03 0.00 0.00
Strip-forking 0.04 0.05 0.00 0.00
Rototiller 0.01 0.00 0.00 0.00

Low-Input Fertilization (F1)
Hoe 1.54 4.50 0.57 0.69
Hoe & mulch 1.80 5.20 0.79 0.98
Hoe & green manure 2.71 8.10 0.63 0.73
Spading fork 1.79 6.88 1.33 1.48
Strip-forking 1.36 3.55 0.47 0.53
Rototitler 2.04 6.33 0.80 1.04

High-Input Fertilizaton (F2)
Hoe 217 8.10 2.24 2.38
Hoe & mulch 2.33 10.50 2.44 2.74
Hoe & green manure 2.94 10.43 2.40 2.91
Spading fork 2.19 8.25 2.16 2.39
Strip-forking 1.27 5.50 2.40 2.49
Rototiller 2.09 8.68 2.27 2.57
LSD 0.05 0.52 1.87 0.27 0.35
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(low-input) included small additions of lime and fer-
tilizers to obtain and maintain an Al saturation near
40%, and to maintain nutrients ar critical levels, Trear-
ment F2 (high input) was designed to neutralize all
exchangeable Al in the soil, 1o satisfy the P-fixation
capacity of the soil, and to maintain nutrients ar op-
tmum levels withour excess. Treatment FO was ter-
minated after the first year and a new treatment, F1-2
(medium inpur), was installed in its place. For F1-2,
lime was applied to reach and maintain the Al satura-
tion at 20% . Ocher nutrients were kept above critical,
but below optimum, levels.

Each main treatment was split into six plots to test
tillage methods for their effectiveness in promoting rain-
warter nfiltration and root development. The tillage
Treatments were:

Treatment H: hoeing to 0.5 m epth, a standard
practice among upland farmers in the Sitiung area;

Treatment Hm: hocing  then mulching  with
Calopogonium muconoides at 12.5 Mg fresh weight per
ha for the rice crop or 8 Mg dry matter of rice straw
per ha for soybean and mungbean crops;

Treatment Hg: hocing to incorporate a green
manure, Calopogonium, at the rate of 12.5 Mg fresh
weight per ha;

Treatment F forking with a spading fork to uniform-
Iy tll the soil to the 0.30 m depth;

Treatment SF: strip-forking to till the soil to the 0.30
m depth in alternate strips spaced 0.20 m apart;

Treatment R: using a hand rototiller to uniformly
till the soil to a depth of 10 em.

The cropping sequence included rice, var. **Sentani”
(R1); soybean, “Orba” inoculated with a Rbizobium
(S, and mungbean var. “Betet.”

Crop Yields, First Year

The cffects of fertilization and tillage on the yiclds
of two crops, Rice 1 and Soybean 1, are shown in
‘Fable 1. (For mungbeans, dry weather severely reduced
vields, and the treatments could not be fully evaluated.)
In general, the highest fertility inputs produced the
greatest yields of rice. Plants in the control, F0, died
unless they received green manure. Green manure had
a marked cffect on rice production in all three main
treatments. In I'1, it increased grain viclds by as much
as 76%, and unexpectedly aised vields in F2, the high-
input treatment, as well, even though all limiting fac-
tors for rice plants were thought o have been
climinated. It is possible that mcorporating green
manure mcreased the availability of micronutrients sup-
pressed on the highly limed soil.
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Table 2. Ylelds of rice and soybean under different tertilization

For soybeans, the high-input treatment (F2) increased
and tillage treatments, second year.

the av crage sovbean yicld 202% over treatment F1.
Soyheans in FO grew poorly or died, and no tillage
practice overcame the lack of chemical inputs. Deep
tillage on FI increased soybean vield about 130%, but
there was no eftect of tillage on yvield for treatment F2.

Crop Yields, Second Year

('r()p viclds for the second cropping vear are shown
in Tabl¢ 2. Mulching increased the vield of the Rice
2 crop on low-input treatments (F 1 by 40%, com-
pared to hocing. This significant increase may be
related to drought. which was more pronounud dur-
ing the sceond crop, or to the residual effects of the
pu\mm crop’s mulch, which may have increased
nutrient levels and promorui better soil physical con-
ditions. Green-manure incorporation produced the
highest vield of rice on FI, and rototilling increased
rice \|dd signiticantly.

\\uthmL and green manure also \1gum.mrl\ n-
creased rice produm()n on the medium-input treat-
ment (F1-2). but other tillage treatments had litte of-
tect. The average rice vield for F1-2, 1.83 Mg/ha, was
unexpectedly lower than that pl()duud by the F1 treat-
ment, possibly because the FI-2 plots were receiving
ime for the first time. while the FI plots had been
limed for the first crop.

High ferulity (F2) did not produce rice grain vields
xlgmhmml\ hn,hcr than in F1, and vegetative Lro\\th
showed greater response to tcmht\' than did gmm
produm(m As in the low- and medium-i -input
treatments, mulching and green manure increased
vields. By contrast, dup [l“.lL( produced alower vield
of rice, and plant growth was poor.

The yield of sovbean in the second vear was much
lower than in the first vear due 1o leat- -attacking in-
sect, Lum/nawnm indicata. Many plants were killed,
but those grow ing on the more fertile soil, as in treat-
ment 2, were relatively resistant to the insect attacks.
Grain \lclds rose slunhmnrl\ with fertility, averag-
ing 244, 416 and 727 l\u/hd mn treatments F1, F1-2
and F2, respectively.

Tillage Treatment

Rice Yield,
Mg/ha

Soybean Yield,
Mg/ha

Grain Strraw Grain Stover

Hoe

Hoe & mulch

Hoe & green manure
Spading fork
Strip-forking
Rototiller

Hoe

Hoe & muich

Hoe & green manure
Spading fork
Strip-forking
Rototiller

Hoe

Hoe & mulch

Hoe & green manure
Spading fork
Strip-forking
Rototiller

LSD 0.05

Low-Input Fertilization (F1)

1.88 2.84 0.15 0.45
2.63 3.81 0.31 1.58
2.76 4.39 0.39 1.56
2.06 3.10 0.26 1.07
1.67 2.93 0.19 0.66
2.41 3.18 0.17 0.68
Medium-Input Fertilization (F1-2)

1.30 2.98 0.19 0.67
2.18 3.64 0.45 1.47
2.63 4.10 0.71 243
1.68 2.86 0.48 1.54
1.45 2.89 0.32 1.21
1.75 3.82 0.35 1.25
High-Input Fertilization (F2)

2.09 4.14 0.62 216
3.17 5.50 0.58 2.23
2.93 4.79 1.18 3.89
1.49 3.29 0.71 1.94
2.01 4.21 0.53 1.45
2.32 4.90 0.74 242

0.60 1.13 0.20 0.43

Soil Properties

Data in Table 3 show that low chemical i inputs (I'1)
increased basic cations and decreased exchangeable
Al+H or Al saturation and increased extractable P
compared to FO. Percent Al saturation, P, and basic
cations in F1 soil were close to the respective critical
levels atter one year of cropping. Therefore, the quan-
tities of lime and fertilizers needed to maintain those
levels were less than the initial application rates.

Physical properties of the soil showed no significant

Table 3. Soil chemical properties in the 0- to 0.15-m depth one year ~fter cropping began.

Treatment pH Exchangeable ECEC Al Sat. P
A1+H Ca+Mg K
m.e./100ml % mg/L
FO 3.90 3.93 0.30 0.04 4.30 91.7 1.8
F1 4.61 1.69 2.1 0.12 3.93 43.0 9.3
F2 5.66 0.08 54 0.16 5.59 1.4 67.5
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Table 4. Selected soil physical properties after one year of cropping compared to the original properties.

Treatment Bulk M1l Water Infiltrated
Density 15 min. 60 min. 90 min.
kg/dm3 mm mm
FO 1.07 98 105 256 323
F1 1.07 99 132 290 354
F2 1.06 93 190 470 574
LSD 0.05 0.03 12 77 186 232
H 1.07 93 78 21 271
Hm 1.05 89 94 212 258
Hg 1.08 98 83 204 259
F 1.05 100 131 301 374
SF 1.05 92 129 252 319
R 1.07 88 104 286 381
LSD 0.05 0.03 9 60 176 230
Befora cropping 1.09 92 59 195 279

1/ M1 = the depth that penetrometer penetrates into the soil surface by five blows.

change in cither bulk density or mechanical impedance
due to chemical inputs or tillage one year after cropp-
ing (Table 4). However, the trend was for deep ullage
to have a slightly lower bulk density, a higher
mechanical impedance, and a higher infiltration rate
compared to the other tillage treatments. The bulk
density for all treatments averaged 1.07 kg dm*, and
mechanical impedance about 95 mm.

Conclusions

From the practical standpoint, this soil cannot be
reclaimed without chemical fertilizer and lime applica-
tions. No tillage practice will be effective unless ac-
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companied by chemical inputs. As the rate of chemical
input increased, so did yields and soil fertility, although
rice did not respond to high fertility as strongly as did
soyhean.

Green manure was very important in increasing
viclds of all the crops examined. Mulching was effec-
tive primarily during periods of moderate drought.
Deep tillage and strip forking were not beneficial for
rice, but were slightly beneficial for soybean. In con-
trast, rototilling was good for rice but only slightly
beneficial for soybean. (Mr. Makarim’s PhD thesis
reports this project in detail )
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This report covers the results of several experiments
that deal with various management aspects of soil actdi-
tv and himing in the Situng transmigration area of
Sumatra, Indonesia. The objectives of these studies are
1) to determine the critical level of soil acidity
parameters for optimum production of upland rice,
sovbeans, and mung beans: 2) to determine a method
of predicting lime rates necessary to achieve a specified
level of Al saturation: 3) to determine the annual lime
application rate required to maintain a specified level
of soil acidity; and 4) to monitor the residual effect
of various rates of one-time lime applications on a rota-
ton of annual food crops.

Table 1 presents a briet description of the ex-
periments. The resules of these experiments are not
discussed individually, but are referred to when rele-
VINE O gmven topic.

Crop Response to Lime

"The soils in the Sitiung area are generally quite acid,
often having pH less than 4.5 and exchangeable Al
greater than 2 meq/100 ml soil, with an Al satura-
ton greater than 60%. The lime response
demonstrated in Figure 1 was expected under these
conditions. Upland rice is a crop tolerant of soil acidi-
ty. and shows only marginal response to low rates of
.1ppl|cd lime. Sovl)c.m is a crop susceptible to soil acidi-

Table 1. List of experiments in the liming study.
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Figure 1. Rice and soybean response to applied lime.
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Figure 2. Relationship of acid saturation to yield of
four food crops.

ty, and yields increase several fold when lime is ap-
plied in adequate amounts.

In many areas of the world, Al saturation [(exch.
AlI/ECEC)* 100] has proven to be a good estimator
of cffective (or growth-inhibiting) soil acidity. Figure
2 shows how the yields of four different food crops
have correlated with acid saturation (discussed in more
detail below). Rice yield was unaffected by the 60%

Experiment Treatment Crops
| a. Lime rates: 0, .38, .75, 1.5, 3.0 x exch. At (0, 1/2, 1, 2, 4 t/ha) rice-soybean
b. Residual and annual maintenance
i a. none, Ca(OH),, CaCQ; rice, peanut
b. Tillage: none, hoe, plow, rototill, deep soybean, mung
lit-v* a. Rates: to suppiy 0, 1, 2, 3, 4, 6, 8 meg Ca/10C ml soil corn, soybean
Vi a. Lime: none and 1.5 x exch. Al soybean,
b. Tillage: none and hoe peanut,
c¢. Burn: none, flash burn (b1), and pile and reburn logs after rice

flash burn (b2)

¢ Same treatment at three locations

125



Relative Yield (%)

Relative Yield (%)

SiTiUNG EXTRAPOLATION

100

80

60

40

20

100

80

60

40

20

— A Experiment tv 100~ & Experiment V
B a First year 8of-
@® Second year

= sl
— ¥ = 122-1.40 AS 08 ¢ =96-1.114As

R? = 0.83* * R? = 0.90*

I O 0 [ R
0 20 40 60 80 0 20 40 60 80
r Experiment Il 100 FA Experiment |
— ® 80 -
™ ¥ = 81-1.00 AS 20f~ ¥ = 95-0.88 AS

R? = 0.70* R? = 0.76*

S R 0 I I

0 20 40 60 80 0 20 40 60 B0

Acid Saturation (%)

Acid Saturation (%)

Figure 3. Relationship of acid saturation to soybean

yields at four locations in Sitiung. x =

= second year.

Exch. Acidity
(meq/100 ml soil)

£

N

(=]

first year; *

O Inceptisol
® Oxisol |
O ultisol slope
hi lo
o© Inc. -.52 -.20
Oxi.-.57 -.10
ult. -.50 -.10

0 4 8

Ca Added as CaCO
(meg/100 ml soil)

Figure 4. Exchangeable acidity as affected by Ca ad-
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acid saturation (AS) in this soil.

Data has been gathered for soybeans from four luca-
tions in Sitiung (Figure 3), all with quite similar results.
All'show a negative, lincar regression of AS on yield.
The slopes of the regression lines are also ranarkably
similar (ave. -1.1). These data indicate that cach %
AS will result in a vield decrease of about 1% The
consistency of this relationship across the tour loca-
tions enhances the credibiliey of the daca.

Chemistry of Lime Reactions

If acid saturation is a good indicator of inhibitory
soil acidity, then these studies should tell something
about the effectiveness of lime to reduce it. Figure 4
presents the ceffect of added Ca (as lime) on ex-
changeable acidity in chree different soil types in the
Sitiung region. The etticiency of the lime is the slope
of the line. The ideal ctficiency would be a slope of
-1, e each meq of Ca added would reduce Al+H
by 1 meq. Here the slope is much less than 1, only
slightly over 0.5 in the steeper portion. At low acidi-
ty levels, it takes much higher amounts of the lime
to effect a given change in acidity. This change in the
effectiveness of the lime oceurs at about 209% AS
(Figure 3), which means that the most effective use
of lime is i the greater-than 20% AS range. Figure
4 shows that an average slope of -.53 means that 1.9
meq of Ca must be added to reduce 1 meq of acidity.
It this factor is used in the Cochrane et af. cquation,
and units are converted to t/ha of lime, the cquation
for Sitiung becomes:

Lime Requirement (¢/ha) = 1.4 [(exch.
acidity (RAS*ECEC/100)]
where exch. acidity = N KCl extractable meg
Al+H/100 ml soil,

RAS = required acid saturation (greater than or

equal to 20%),
and assumes bulk density
15 cm.

Exchangeable acidity (Al+ H) is measured in soil by
extracting with N KCI and utrating to  the
phenolphthalein end-point. To separate the Al and H
requires an addition of Nak and a back titration with
HCI. It s common for highly weathered., low CEC
soils to contain very little H. Thus, assuming H to
be negligible, exchangeable acdity hecomes ex-
changeable Al However, after this separation was per-
tormed on dozens of Sitiung soils, I was found to
be as high as 1.0 meq/ 100 mi soil, accounting for a
fairly constant 20-25% of the total exchangeable acidi-

1.0 and plow layer



ty, and was highly correlated with Al (r = 0.81).
When comparing regressions of Al and Al+H on
vield, applied lime, pH, and ECEC, the coefficients
of determination were always very similar, Thus, the
extra laboratory steps raqunrcd to separate the Al and
H scem unwarranted. However, it is incorrect to call
the results exchangeable Al as H makes a considerable
contribution to the total. Therefore, the relevant
calculation tor Sitiung is not Al saturation but ex-
changeable acidity (adid) which ¢
[(Al+ H)/ECEC)* 100].

Another aspect of the chemistry of liming is Ca
and/or Mg movement, or luchlng down the pr()hlc
Such movement into the subsoil should be very im-
portant for enhancing rooting depth and hdpm;_, to
increase drought tolerance in acid-susceptible crops.

.s'.lllu'uliun.
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Table 2 shows evidence for modest cation movement
after two years. There has been no lengc in exch.
acidity or pH (data not shown) by this increase in
Ca+ Mg ‘The high rainfall and L\[T(l“(l\’ porous soils
of Sitiung should provide near maximum opportuni-
ty for Ca and Mg leaching. This movement will be
monitored as the experiment continues.

Management of Lime Applications

Ateer learning how lime changes the acid saturation
of the soil, how the various food crops are affected
by that acidity, and how lime requirements might be
predicted for a given soil and crop, the next question
is how to maintain a desired level of acidity (or acid
saturation). Table 3 gives the acid saturation of the
soil as atfected by lime rates and tme. To date two

Table 2, Exchangable Ca + Mg at three soil depths as affected by lime rate one and two years after application.

Soil Depth
0-15 cm 15-30 cm 30-45 cm

Lime Rate 1st yr 2nd yr 1st yr 2nd yr 1st yr 2nd yr
t/ha meg Ca + Mg/100 ml soil

0 1.1 1.2 0.7 08 0.6 0.6
05 1.5 1.5 0.7 0.9 0.6 0.8
1.0 1.9 2.1 0.8 1.2 0.6 0.8
2.0 2.6 2.6 0.8 1.0 0.7 0.8
4.0 4.0 4.2 1.1 1.1 0.8 0.8

Initial levels: o0-15 cm, 1.0; 15-30 cm, 0.7; 30-45 c¢cm, 0.6 meg Ca + Mg/100 ml soil.

Ca added in fertilizer: 85 kg Ca/ha

= 0.3 meg Ca/100 ml soil (lop 15 cm).

Table 3. Lime applied as initial and maintenance applications and resulting acid saturation.

Lime Rates
12 month 24 month Total % of
Trend Initial Maintenance Maintenance Maintenance Initial
t/ha
1 0 0.17 0.06 0.23 —
2 0.5 0.28 0.06 .34 68
3 1.0 0.56 0.15 71 71
4 2.0 0.52 0.52 1.04 52
5 4.0 1.40 1.40 2.80 70
Acid Saturation Achieved 24 months
Trend Goal 4 months 12 months 24 months + Maintenance
%
1 60 66 66 62 54
2 40 42 42 48 36
3 20 20 40 36 22
4 10 6 22 25 12
5 0 0 5 5 4
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annual “maintenance” applications of lime have been
given in an atempt to maintain AS's of 60, 40, 20,
10, and 0%. The data indicate that these applications
were effective. It has taken a fairly consistent propor-
tonal rate, i.c., two-thirds of the initial amount (over
a two-year period), to maintain the desired levels of
AS. Therefore, approximately one-third of the initial
rate is required, per year, to maintain a given AS. I
should be pointed out that this experiment has been
conducted with burned fime [Ca(OH)y) as the source,
and nort the commonly distributed ground limestone
(CaCOg). Burned lime is considerably more soluble
than ground limestone and its residual effect might be
less, i.e., a higher maintenance rate might be required
for burned lime than for ground lime. If so, this trial
would over-predict the neeessary maintenance rares
for the current liming program,

The maintenance rates for the first year were
developed from a “calibration curve” based on lime
added vs. initial AS achieved (four months after ap-
plication). In the sccond year, rates were selected bas-
ed on Figure 6, which is a graph of first-ycar
maintenance rates vs. the resulting change in AS. There
is a very distinct decrease in cfficiency of the
maintenance rates at the lower AS levels. Maintenance
applications on the 0, 1/2, and 1 t/ha plots (which
are at AS levels greater than 20%) produced a drop
of 8% AS per 100 kg lime/ha. Maintenance applica-
tions on the 2 and 4 t/ha plots (which were at 10
and 0% AS) averaged reductions of only 2.5% and
0.75% AS, respectively, per 100 kg lime/ha. Not only
are nitial lime applications most effective ar higher
AS, but so are maintenance applications. Therefore,
if lime is an expensive and scarce resource, these data
indicate that the most effective use of that lime is in
correcting and maintaining soils to no lower than 20%
acid saturation. Data for several years are needed to
properly evaluate the length of the residual effects and
the frequency and rate of maintenance applications.
Only preliminary conclusions can be drawn at this
time,

Incubation Time

Another management question for lime applications
is incubation time. Historically, scicentists working in
the temperate zone have recommended that lime be
applied several weeks or even months in advance of
planting. In tropical soils, where temperature and
moisture are usually high and mineralogy consists of
low-ncti\'ity clays, such conventional wisdom may not
hold. Figure 7 shows the average acid saturation of
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Figure 7. Acid saturation as affected by time after lime
application.

three different soils over time after liming. With the
exeeption of an inexplicable rise in AS at 15 days, the
acidity level is virtually unchanged from three to 180
days after application. It scems clear that no incuba-
tion time is needed, and that farmers could apply lime
and plant the same day with no detrimental effects
(as has been done, in research plots at Sitiung). When
commercially ground limestone is hoed-in at planting,
most of the lime has reacted by the ume seeds
germinate.

Tillage and Response to Lime

Table 4 indicates that ullage management has licele
ceffect on crop response to lime. Excepr for rice, these
vields are quite low, however, and responses may be
different with higher yields. Soil samples taken with
depth and over time show no particular trend in ef-
fectiveness of lime reaction among the various tillage
methods. However, extreme soil variability within this
trial makes meaningful data interpretation difficult. The
deep-tillage method shows a tendency (though non-
significant) toward higher yiclds. This treatment receiv-
ed a 2x rate of lime compared to the others because
it was tilled to 2x the soil depth. Soil analysis indicates
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Table 4. The effect of method of lime incorporation on crop yields of rice, peanut, soybean and mung bean.

Tillage
Crop None Hoe Plow Roto Deep
t/ha

Rice 3.1 3.05 3.45 3.22 2.93 ns
Peanuts 0.69 0.77 0.64 0.64 0.81 ns
Soybeans 0.66 0.67 0.64 0.84 0.98 ns
Mung beans 0.18 0.27 0.24 0.24 0.35 ns
incomplete mixing within the intended 30 em of sol,
which resulted in a lower acid saturation in the upper T_g i
15 em. /\pp‘lrcntlv the higher rate of lime, and subse- s 2
quent lower AS, is the reason for the tendency for % \
higher vields rather than a superior eftect of dccp s
tllage. 5 I B /4—nobum

- c

>
Newly Cleared Soils o
Clearing of forests for agricultural production has 0 N;"e HLE

a profound eftect on soil properties. It has often been Tillage

observed that newly cleared acid soils do not respond
to lime. This was the case in Sitiung as well. Soybean
vields on a newly cleared Ulrisol were good despite
an acid saturation of §5% n the unhimed soil. Organic
matter is known to torm organo-Al complexes, and
a recently cleared soil would have a considerable ad-

dition of forest litter as well as a probable buildup of

humus during the forest fallow. This organic material
may be complexing, and detoxitving, Al Other work
done in Sitiung has shown that green manure applica-
tions can also produce a temporary alleviation of Al
toxicity (reported in detail in another section of this
annual report).

Experiment VI was intiated in a newly cleared torest
to assess how burning and tlll.lgc aftect soil pr()pcrtlc
and crop vields, and the interaction of these practices
with limir g Figure 8 shows a significant tillage x burn
interaction. This interaction was similar with and
without lime. The question was why, when the torest
was not burned, was tillage necessary to achieve good
vields? Both twice-burning (b2) and liming greatly
reduced acid saturation (24% and 17%, rcsputwcl\)
irom an initial 60% . But neither AS nor Ca+ Mg cor-
related well with yields, an unexpecied result for
peanuts on a low Ca soil. As the soil analysis was
evaluated by depth, a possible answer .lppcarcd Figure
9 shows a strong correlation between peanut yield and
exch. Ca+ Mg atthe 10-15 em soil layer. Ncither the
total surface (0-15 ¢cm) layer nor the 0-5 and 5-10 cm
layers show such good correlation. Table § shows the
10-15 em layer values for Ca+ Mg as affected by the

Figure 8. I:ffect of tillage and burning on peanut yield
(Vi).

Y = 0.7 Ca+Mg
= 070"

2 R?

Peanut Yield (t/ha)

Ca + Mg (meq/100 ml)
at 10-15 cm Depth

Figure 9. Regression of Ca + Mg at 10-15 cm soil
depth on peanut yield (VI).

Table 5. Exchangeable Ca + Mg at the 10-15 cm depth
by liming, burning and tillage.

as affected

Pile and
Reburn

No Flash
Burn Burn
—_.___meg Ca+Mg/100 ml s
No Lime

No Tillage 0.7 1.0
Tillage 1.1 1.4
Lime
No Tillage 1.2 1.8
Tillage 2.6 25

oil
1.6
2.5

1.4
2.5
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lime, burn and tillage treatments. Generally all three
factors enhanced Ca+ Mg at the 10-15 ¢m layer.
Tillage would ()l)\'iously help the distribution, and bur-
ning would put Ca and Mg in a relatively soluble,
hydroxyl form and therefore enhance leaching. Un-
forrunatcly there is no good estimate of the amount
of Ca and Mg added from the ash. The positive
response to the distribution of nutrients may partial-
ly be duc to the crop, as peanuts have a particular de-
mand for Ca. Also, this crop was grown in the dry
scason, when bases at greater depth would increase
rooting volume and therefore help the plant withstand
drought.

Economic Considerations

The ultimate evaluation of the success of liming as
an agricultural practice is its cconomic viability. Figure
10 shows the gross income from two years of an an-
nual rotation of rice and sovhbeans, as affecred by the
amount of money spent on lime. The rclati()nship
breaks into three linear segments. The slopes of these
segments are the rates of return ( Rp. gained/ Rp. speno).
Clearly, the greatest cconomic return on lime invest-
ment 1s for lower amounts spent. Up to Rp. 70,000
spent (for cither initial or maintenance liming) gives
greater than an cight-fold return. Spending over Rp.
250.000/ha was no longer profitable. As long as there
is considerable residual effect of the lime and/or only
small maintenance  doses are required, then the
cconomic returns will increase over time. The data
in Figure 10 are from only two vears of an annual
rice-soybean rotation.

Table 6 gives the amount of lime required to reduce
acid saturation to 20% and to 0% for four locations
in the Sitiung arca. The table also gives the caleulated
rate of return of lime at those two levels, for a single
crop of soybeans. There is considerable savings in the

2000 r"
~—A
M=0
g’ﬁ M=21
co
‘:’ g 1500
a .E ® Residual
35‘1 M = 82 A + Main
1000J—
L ! !
0 200 400

Lime Investment
(Rp/ha (000's))
Figure 10. Effect of lime investment on grossincome
of a rice-soybean rotation (l).

amount of lime required and considerable increase in
the return to invesiment when 20% AS s the goal.
For cach of these examples, it is certain that more than
one crop will respond to a given application of lime,
and thus the rate of return will increase with each
residual crop. It is also a fairly safe assumption that
considerable additional income will be generated over
the next year or more, with little or no additional
money spent on lime. On the other hand, it must be
remembered that chese data were generated from crops
under the management of rescarchers, Farm-level
management will likely be less, with the result of lower
vields and lower returns on investment.

Conclusions

While these studies are not yet complete, some
preliminary conclusions may be reached regarding lim-
ing at Sitiung:

Table 6. Lime required to achieve 20% and 0% acid saturation and the return on lime investment.

Lime Required to

Rate of Return to Lime

Location 20% AS 0% AS @ 20% AS @ 0% AS
—_  __  t/ha dollars per doflar

la 4.4 7.6 0.8 0.8
lle 1.4 4.0 3.2 1.5
Ific 25 4.5 1.7 1.3
IVb 3.2 6.3 1.4 1.0
Assumes: 1. maximum yield = 1.5 t/ha

2. yield at 20% AS = 80% max (1.2 t/iha)

3. unlitned yieid = 30% of max (0.45 t/ha)

4. lime costs Rp 70/kg and soybeans are worth Rp 400/kg

130



1) Soybean showed a negative, lincar response o
AS, with cach % AS resulting in approximately a 1%
reduction in vyield.

2) Initial lime applications were most efficient in im-
proving crop vields at AS levels of 20% or greater.
Maintenance applications were also more efficient at
higher AS levels.

3) A formula for lime requirements at Sitiung should
include a caleulation of acid saturation [(exch. Al +
H)/ECEC, instead of Al saturation.

4) For the first two vears of this study, approximately
one-third of the initial rate of burned-lime application
was required, per vear, to maintain a given AS.

$) Aaidity level was virtually unchanged from three
to 180 days after lime application, indicating that no
mcubatton time is necessary at Situng,

6) 'The interaction of tillui,c and burning of newly
cieared forest had a positive effect on soybean \'lclds
This interaction was similar with and without lime,
and may be due to the incorporation of ash contain-
g Ca + Mg,

7) The greatest cconomic return on lime investment
is for lower amounts spent. Up to Rp. 70,000 spent
(for cither initial or maintenance liming) gives greater
than an cight-fold return. Spending  over Rp.
250,000/ha was no longer profitable.

Implications

Data from these cxpcrimcnts indicate that the effi-
cieney of liming to reduce toxic acidity, the response
of crops to .1ppl|cd lime, and the rate of return on in-
vestment are all greatest at low rates of lime and modest
levels of acid saturation. Early indications are that
modest rates of lime applied annually will suffice, if
desired levels are on the order of 209% AS or greater.

However, determining the most efficient and
cconomical rates of lime applications will require
monitoring these experiments for several more years.
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Phosphorus Management
In Transmlgratlon Areas

Michael K. Wade, N. C. State University
Djoko Santoso, Center for Soils Research
Al-jabri, Center for Soils Research

L. Putu Gedjer, Center for Soils Research

Phosphorus fertilizer experiments have been inittated
in the Sitiung transmigration area of West Sumatra,
Indonesia, on two soil types with very distinet P reac-
tons. The soils, an Ultisol and an lnupnxol are both
very acid (pH less than 4.5) and low in native available
P (less than § ppm by moditied Olsen). Flowever, their
P fixation as indicated by the rcl.ltl()nshlp between ex-
tractable P and added P fertilizer is quite different
(Figure 1), as the lmcpnsol requires much more P fer-
tilizer to achieve a given extractable P level.

30
E_ Ultisol
= 201
a
& 1o}
= inceptisol
1]
w
o
LJ U ] J
0 40 80 160 320

P Added (kg/ha)

Figure 1. Effect of P fertilizer on extractable P for two
soils.

The two experiments are not identical but do have
some common objectives. These include: 1) to deter-
mine optimum rates of TSP fertilizer (triple super-
phosphate, 20% P) on a newly cleared soil (clay loam
Ultisol) and a cultivated soll (Imcptlxol) 2) to deter-
mine cost-benefit ratio of various methods of apply-
mg TSP fertilizer; 3) to study long-term effects of
varieus P management schemes (ie., various rates and
methods of application) on crop production and soll
P levels; and 4) to determine critical P soil test values
for corn, soybean, rice, and peanut.

High-Input Experiment

The experiment on the Inceptisol is high-input
management, with high rates of ime, N, K, Mg, and
S for all plots. Treatments are a) initial rates (l)ro.ld-
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cast and incorporated) of 0, 20, 40, 80, 160, and 320
kg P/ha; and b) per-crop (including the first) P rates
of 0, 20 kg banded, and 20 kg broadeast/ha. The crop-
ping sequence is corn-soyhean-peanut.

The first crop, corn, responded significantly to P
fertilizer (Figure 2), well described by a three-segment,
lincar-platcau model. There were no differences bet-
ween the banded and broadeast per-crop applications;
theretore, a single regression of total P (regardless of
method of application)  described  the response.
However, the second crop, sovhean, showed a very
distinct response to the per-crop applications (Figure
3). Those treatments with the per-crop broadeast
maintenance showed no effect from the micial races.
However, the residual of those rates gave avery sharp
response, up to the 160 kg P/ha rate, while the banded
maintenance gave a less sloping but linear response,
also up to the 160 kg rate. The third Crop, peanut,
was planted at the end of the rainy scason with no
inputs other than seed. The expectation was that water
would be limiting and that residual lime and nutrients

6
4
L-P Model
R2 = 0.88°°
21
o
| | 1 ]
0 40 80 160 320

Total P Added (kg/ha)

Figure 2. Effect of P fertilizer on corn yields.
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Figure 3. Effect of maintenance and residual P on soy-
bean yields.
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would be adequate for this dry-scason crop, which
would typically be planted with a take-what-you-can-
get philosophy. There was very litte rain in June (dur-
g flowering and pod set) which resulted in relative-
Iy low vields and there was no response to residual
P. The plots that had never been fertilized with P
averaged 1.04 t/ha, while those that received various
amounts ot P for the corn and soybean crops averag-
ced 1.07 o/ha.

Soil Test Calibration, Inceptisol

Data on the relationship of extractable P to corn
and sovbean yields from the Inceptisol soil indicate
that a critical level of 9 ppm very nicely divides the
responsive and non-responsive P levels. As stated above,
the peanut did not respond to the residual fertilizer
P despite the zero P plots having only 3 ppm extrac-
table P Fhis s surprising even at low vield levels.

Low-Input Experiment

The basie prentise of the low-input experiment on
the Ultisol s that recently cleared land in the Sitiung
arca is primarily P deficient, and that only P fertilizer
is needed to grow acid-tolerant crops. Thussthe in-
tended rotation is rice-peanut, although late planting
and poor germination resulted in no rice the first year,
Also, a mung bean crop was planted in the dry scason
following the peanut in an attempt o get a second
crop that first scason. ‘T'reatments were a) rates of 0,
20, 40, and 80 kg P/ha, banded or broadeast; b)
methods of application (at the 20 kg P/ha rate): band,
broadcast, band between row, dibble beside seed hole,
place in seed hole; and ¢) high input at onc level of
P (80 kg/ha): 2 t lime/ha, 50 kg K/7h-, 16 kg Mg/ha,
and 23 kg S/ha. Except in the latter treatments (¢),
management is low input, with no lime or fertilizers
exeept 45 kg NZha on rice and 325 kg Ca(OH)a/ha
as top-dress on peanut,

Figure 4 shows that peanut (the first and fourth crop)
responded dramatically to added P, and that the high-
input treatment indeed had no additional effect on
vield. Also, the method of applying the ferilizer clearly
had no cffect.

The choice of mung bean as the second crop was
incongruous with the original plan, as mung bean is
not tolerant to cither acidity or low fertiliey. Whereas
peanut had shown uniforily good growth, mung bean
growth was extremely variable within the plots (the
subsequent rice crop was reasonably uniform). The
most variable mung bean plots were divided into
“good ™ and “bad” sections and harvested and sampl-
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Figure 4. Peanut yields as affected by P rates and
method of application.

ed accordingly. The "good™ sections were found to
have umsl\tcml\ high base status while the “bad” see-
tions had a much lower base status. A multiple lincar
regression using both Ca+ Mg and extractable P gave
a high cocthcient of determination, providing a
reasonable explanation for the variability. The high-
mput teatment, which had no positive effect on rice
or peanut, increased mung bean vields by 50% over
the Poonly treatments.

The third crop. rice, was grown on the residual of

the two Poapplications (alf rates had been reapplied
to the mung bean). Dry matter production was tremen-
dous ( .1ppro\un.1u|\ 10 t/ha on the plots receiving
P). but grain yields were poor due to discase. dcspnc
the fact that a local variety was grown. However, a
constderable response to P was evident. The Towest
rate (20 kg/ha) was sufficient to reach plateau vields,
and this unimpreved rice variety did not respond
positively to higher rates.

Soil Test Calibration, Ulusol

Figure 5 shows the relationship of rice and peanut
vields to extractable P from the Ultisol. The rice has
l).lxu.lll\ a two-point response, very low vields at zero
P ppm) and high, platcau s vields for all the P fer-
tilized treatments. There are no data for what should
be the response portion of the model and thus a critical
level cannot be identified, except that it is cqual to
or less than 11 ppm. The peanut had a nearly lincar
response to increasing levels of extractable P, such thae
no platcau vield was established. Again, no critical level
can be determined except to say that it is apparently
greater than 20 ppme. This result is quite the opposite
of the peanut on the Ineeptisol, which showed no
response to Poon assoil with only 3 ppm extractable

That discrepancy is unexplained at present.

Differences among responses of crops to soil P in
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Figure 5. Relationship of extractable P to rice and
peanut yields.

these experiments underscore the fact thae both soil
type and management can be expected o influence
critical levels. In order to confidently identify entical
levels for fertilizer recommendations, we need a large
setof data on various soils and management levels for
cach of the major crops.

Methods of Application

Resules trom both of these experiments indicate that
crop y iclds were not influenced by methods of apply-
ing P teralizer. In the high-i mput trial, banding or
l)r().ldt.lh[lni_, the per-crop dpplu.m()n of P produced
no difference in corn yields. In the low-input experi-
ment trial, peanut showed nearly dentical results for
banding and broadeasting at all rates, and there was
no difference among, the five methods of application
tested at the 20 kg/Zha rate (Figure 4). Neither rice
nor mung bean (as residual and direct P application,
respectively) showed any significant differences among
the methods of application. There was an effect on
soybean of the high-input experiment; the broadeast
maintenance was superior at the lower P rates (Figure
3). It is hypothesized that at these Tow soil P levels,
banding limited root exploration and thus increased
moisture stress during dry punmls This soybean crop
suttered a 17-day pcnud of no rain (.ll']\ in the
veget ;ui\'c-u()\\lh stage. Briet puu)dx of moisture stress
ArC. ymmon ¢ven dunns, the rainy season, and may
be vield-limiting. ihcrd(m these results indicate thar
the labor-intensive method of banding P. currentdy
reccommended by the Food Crop Institute, is not
necessary and may even be detrimental under certain
conditions. It must be noted that by “broadeast™ we
mean applying the fertilizer prior to tillage, such that
it is incorporated or mixed with the soil to some degree
and not simply top-dressed.
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Economic Considerations

Perhaps the most meaningtul way to compare the
cumulative or overall effect of P fertilizer on the
management system s by monctary returns. Figure
6 shows the eftect of applied P fertilizer on net mon-
thly income. The data are presented on a monthlv basis
in order to compare the two experiments, as the high-
input experiment has run for 12 months and low-input
experiment for 18 months. A three-segment, linear-
platcau model, very similar to the corn vield response,
fits the dara verv well Total P applied. regard! < of
tuming (initial or maintenance) and method of applica-
tion (handing or broadeasting), gave the best regres-
ston. This model predicts the most beneficial amount
to apply is 40 kg P/ha. although substantial increases
In income oceur up to rates of 165 kg P/ha, Lspecial-
ly noteworthy are the very similar values for the two
management systems.

The true mmpact of residual P and maintenance ap-
plications of P fertilizer cannor be properly evaluated
in the shor term. Continued monitoring and data col-
lection for several vears will be necessary to establish
the most effective and cconomically efficient nunage-
ment of P fertilizer on these soils.
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Figure 6. Effect of total P fertilizer, applied to crop,
on net monthiy income.
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Effect of Green Manure Applications
On Soil Fertility and Crops

Michael K. Wade, N. C. State University
Ir. Heryadi, Center for Soils Research
Dan W. Gill, N. C. State University

This report covers two experiments conducted in
the Sittung 11 transmigration arca of West Sumatra,
Indonesia. Both were conducted with a rice-soybean
rotation, and deal with the effect of green leaf manure
(glm) on soil ferulity and the interaction of glm with
inorganic fertilizers and lime. They were established
to further investigate a remarkable response of crops
to glm found by Karim Makarim in the same area.

Green Manure and Fertilizer P

The objective of this experiiaent was to study the
ctfect of green-manure application on lime and P fer-
tilizer requirements for rice and sovbean. Treatments
were four rates of lime (0, 1, 2, and 3 t/ha), three
rates of P (10, 25 and 50 kg/ha/crop), and 20 t/ha
of fresh calapogonium at the 10 kg P/ha rate on all
levels of lime. The glm was appliced at the beginning
of the rainy scason, just prior to rice planting.

Rice Response

Visible symptoms of Al toxicity and/or Ca deficien-
¢y in young upland rice were clearly suppressed by
the glm applications, and growth and development
were better as a result. Because blast severely reduced
grain yicld, dry matter production data are nresented
to demonstrate the responses. Figure 1 shows a marked
lime response of the rice, when P fertilizer was ade-
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Figure 1. Effect of lime and green manure on P
response of rice.
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Figure 4. Effect of inorganic P fertilizer and green
manure on soybean yield.
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quate (50 kg rate). Apparently the 10 and 25 P rates
were insufficient to overcome P deficiency and thus
gave no response to lime. However, the 10 P rate,
when combined with glm, produced higher yields than
the limed 50 P and did not show a response to lime.
Glm thus not only alleviated soil acidity but also scem-
ed to have improved P availability as well. Figure 2
shows this more clearly, as yiclds of the non-glm 10
P were quite low (cither ‘with or without lime).
However, when gl was applied along with 10 k;:
P/ha, vields were similar to those with 50 kg inorganic
P/ha and lime.

Soybean Response

The next crop, soybeans, received the same levels
of P, but no more lime or glm. As might be expected,
the effects of the glm appeared to be short-lived. Soy-
bean yields responded sharply to lime, and there was
no evidence that gl alleviated soil acidity (Figure 3).
There was no Sl;’,nlflt‘m[ lime x P or glm interaction
for the soybeans. Figure 4 indicates that glim continued
to enhance P availability, but this time the 10 P rate
+ plm was cquivalent to the 25 P rate, whereas for
the rice it was approximately equal to the 5O P rate.
Tissue analysis indicates that complete mineralization
of the green manure would provide approximately 10
kg P/ha. Thus, the response to the glm is greater than
can be explained by added nutrients, and therefore,
must be due to enhanced availability of P.

Soil Analysis

Despite the fact that glm had a substantial effect on
ricc growth by apparently detoxifying soil Al and
enbancing P availability, it had no significant effect
on cither extractable P (mod. Olsen) or acid satura-
tion (N KCI) (Table 1). The growth response is ob-
vious but standard soil analyses did not detect a cor-
responding change in chemical properties.

Table 1. Etfect of green leaf manure (glm) and P fertilizer and
lime on extractable P (mod. Olsen) and acid saturation.

P Ext. Lime Acid Saturation
Rates P Rates no gim + glm
kg/ha ppm t/ha %

0 5 0 78 72
10 6 1 55 53
25 6 2 42 40
50 13 3 30 36
10 +gim 8 - - --
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Green Manure and Fertilizer K

This experiment was initated to investigate the ef-
fect of residue management and glm on K fertiliza-
tion requirements. It is a “high-input™ experiment with
rates of basal lime, N, I, Mg, S and micronutrients
(Cu, Mn, Zn). Treatments were rates of fertilizer K
(0, 10, 20, 40, 80, 120 and 240 kg K/ha), and methods
of residue maragement (residue removed, residue
returned, and residue recurned plus 10 t/ha of fresh
green manure, a mixture of calapogonium and kud-
zu, at the 0 and 80 kg K/ha rates only). In this ex-
periment, the glm was appiied before cach crop.

Crop Response

Table 2 gives the vields of rice and sovheans at two
levels of K tor cach of the management treatments.
Since there were no previous residues for the first crop,
management treacments were only no glm and plus
glm. As in the phosphorus experimert, straw vields
arc used to express the growth TCSPOINEC a8 grain was
completely destroyed by blast. Both rice and soyvbeans
responded very strongly to glm. In the treatments
receiving no tertilizer K, glm increased rice straw and
sovhean vields three- or four-fold over results from
crops receiving no glm. Soyheans also responded to
the return of rice straw, Crop growth response to glm,
visibly evident in the field, was impressive.

Tissue analysis of the glm and the rice straw reveal-
ced that substanual K was being applied via these organic
materials. Figures § and 6 show regressions of K fer-
tihzer on rice straw viclds and soybean grain vields,
respectively. They also show that when the glm and/or
straw treatments are ploted using total K applied (KCI
+ organic K) on the X-axis then those points fall very
close to the inorganic K fertilizer regression lines. Fhus,

Table 2. Effects of residue management on rice and
soybean yields at two levels of K fertilizer.

Residue Fertilizer K (t/ha)
Management 0 80
rice straw (t/ha)
no gim 1.17 5.84
+ glm 4.57 6.59
soybean grain (t/ha)
straw removed 0.59 1.67
straw returned 1.32 2.48
straw + glm 2.20 2.37
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the apparent response to residues and glm can be ex-
plained largely by the amount of K supplied, in
whatever torm, to this obviously very K-deficient soil.

Soil Analysis

Figure 7 shows a fairly good lincar platcau regres-
sion of the effect of exchangeable K's effect on rice
straw vields, with a critical level of 0.12 meq K/100
ml soil. Also, rates of total K applied correlated very
well with exchangeable soil K (Figure 8), indicating
that source of K (organic or inorganic) was cqually
cftective,

Implications

After one vear of these continuing experiments, in-
itial resules with crop residues and green manuring
strongly indicate that organic-material management on
these sotls may be crucial, both at fow- and high-input
levels. The green leaf manure appears to offer a com-
plex of nutritional benefies, cither by dircet release in
mincralization or enhancement of avatlability. The
mechanisms for increasing nutrient availability (or Al
detoxification) are not clear at this time, and certain-
Iv warrant more investigation. Another critical issue
is whether or not glm can be incorporated into crop-
ping or farming svstems in a manner that is acceprable,
reliable. and cconomical for farmers. Research to ad-
dress that problem has been initiated under a different
project.

SITIUNG EXTRAPOLATION

Potassium Management

Of Upland Crops

Dan W. Gill, N.C. State University
Sri Adiningsih, Center for Soils Research
Antonius Kasno, Center for Soils Research

Soils in the central Sumatran transm igration region
are known to he highly Al toxic and low in bases,
especially K. Thus a study of crop response to fertilizer
K at three ime rates was made at two locations in
the Sitiung area using two crop rotations. Both ex-
periments are complete factorials with lime rates
cstablishing 70, 40 and 10% Al saturation in the soil
(0.375, 1.5 and § t«/ha, respectively) and applying 0,
20, 40, 80, 120 and 240 kg K/ha as KCl.

Corn-Peanut Rortation

On a typic haplorthox at Sitiung I with about
75-80% Al saturation and 0.10 meg K/7100 ce soll
(common levels in this region), a corn-peanut rotation
was grown. As could be expected, comn responded
significantly to both lime and K (Figure 1). Responses
to K were quite strong at both high and low lime rates,
but were minimal at the 1.5 t/ha rate. It is fele that
variability in original soil K levels among plots may
help explain the absence of response at the medium
lime rate. Soil K data is not ver available for this
experiment.

The peanuts that followed gave a significant response
to lime, but they did not respond to K at the low lime
rate and only 10 20 kg K/ha at the two higher lime
rates (Figure 2). Lime rates were adjusted upward for
the two higher rates in order to achieve the desired
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Figure 1. Corn grain response to applied K at three
lime rates.
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Allevels, and all K rates were reapplied to the pearut
crop. Few conclusions can be drawn at this time,
because analysis of plant and soil samples is still pen-
ding. However, it appears that for this rotation to grow
well in this region, substantial amounts of lime will
be needed. Tt seems likely that relatively high K rates
are needed for good corn production, but low rates
of K are sufficient for peanuts.

Rice-Soybean Rotation

A rice-soybean rotation, perhaps the most popular
rotation among farmers in the Sitiung arca, was grown
on a haplorthox with soil chemistry similar to that of
the soil in the first experiment. The rice did not res-
pond to lime rates, demonstrating its tolerance to high
levels of soil Al (Figure 3); however, applied K rates
were very effective at increasing rice vields. Maximum
yields were obrained by addition of 120 kg K/ha or
more. The soybeans that followed the rice were highly
affected by lime rares, since this crop is relatively Al
sensitive (Figure 4). At the 0.375 tons lime/ha rate,
with high Al levels limiting sovhean growth, no
response to K was observed; ar the 2.25 ¢/ha rate,
vields were increased by application of 20 kg K/ha
or more. With most of the soil Al neutralized Gt the
5 tlime/ha rate), however, a vield response was ob-
tained up to the 80 kg K/ha treatment.

Although the new  atomic absorption  spec-
trophotometer has been shipped to Indonesia, it has
yet to arrive on site and thus most soil samples taken
during the past vear have not been analyzed. The few
samples which have been run indicate thar a large
percentage of applied K is rapidly leaching out of the
profile. It seems that although these soils are relative-
ly high in clay, building up soil K may be as much
of a problem here as it is in the sandicr soils of the
Amazon basin of Peru. More concrete conclusions
await the analysis of both soil and plant samples, as
well as another year's data collection.
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Sulfur Fertilization

Michael K. Wade, N.C. State University
Eugene ]J. Kamprath, N.C. State University
Ir. Heryadi, Center for Soil Research

This work was initiated at Sitiung [T and IV, on two
sites, one recently cleared, and the other cultvated for
five vears. The objectives were to determine, for cach
site, the total sulfur and sulfate content of the soils,
and the response of grain crops and legumes to sulfur
fertihzation. Two crops, corn and mungbean, were

New-Pro;ect Upddte

This project bas not been under way long enough
to yield substantive reports, but should be mentioned
because of its importance to the program as a whole.

grown on cach site under various rates of S. However,
both crops were damaged by unscasonably severe
droughts. and consequently there are few mt.mmgful
data to report. Measurements of grain and stover _vlcld.s
showed no response to S fertlization, nor were defi-
ciency symproms noted in the check plots. These ex-
peniments will be centinued, possibly in conjunction
with a planned micronutrient survey, in order to

evaluate the role of S ferulization and the eftect of

time on the availability of S in these soils.

ConTriButioN TO U.S.

Contributions to North Carolina
And U.S. Agriculture

Pedro A. Sanchez, N.C. State University

The basic hink between TropSoils rescarch and
North Carolina is the striking similarity between soils
in North Carolina and those at the research sites in
the tropics. The main soils at Yurimaguas are clas Hied
in the same family in Soil Taxonomy as the domi-
nant soil of the North Carolina Coastal Plain, Nor-
folk, except for soil temperature regime. Many soils
of the North Carolina Piedmont are similar in age
Onxisols and Ultsols of Brazil and Indonesia. Present
North Carolina agricultural practices evolved from the
shifting cultivation used 150 years ago.

Because climate and socioeconomic conditions are
ditferent, however, agricultural practices cannot be
dircctly extrapolated from one location to the other.
(()nscqucnrlv the main domestic contribution of
TropSoils is that it helps develop and broaden the
university's capabilities, and suggests new directions
for in-state rescarch. Because key senior faculty are
involved in both 'l'rop‘}oils' and domestic research, |
is very ditticult to pinpoint contributions that can bc
ateributed solely 0 lropS()lls, as most arc the pro-
duct of long-term interaction, travel and many discus-
sions. How ever, the tollowing contributions were
dcﬁnitcly sumulated by tropical research.

- A simple, semi-automated, soil-test apparatus,
dcx cloped by the International Soil Fertiviy Evalua-
tion and lmpr()\ ement Project (ISFEIP) throughout
Latin. America, has been adopted by the North

Carolina Department of Agriculture for routine soil-
testing analyses of more than 250,000 samples per year.
The method combines several determinations with a
single extraction, thus saving valuable time in making
ferulizer recommendations to farmers.

2. The Lincar Response and Platcau Model for fer-
tilizer response curves, developed by members of the
ISEFIP project, changed the approach to fertilizer
recommendations because of its emphasis on maximiz-
ing yield response per unit of fertilizer, as opposed to
the classic marginal analysis and quadratic response
curves, which assume unlimited resources. The model
is applied not only by many North Carolina rescar-
chers, but worldwide.

3. The development of Fertility Capability Classifica-
tion (FCC), a technical system to identify soil con-
straints to crop production by interpreting Soil Tax-
onomy, is being included in new soil surveys in North
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Carolina and other states. This technical system
simplities the interpretation of soil mapping units by
allowing units to be grouped under the same FCC class,
For example, the 145 mapping units present in the
soll survey of Wake County, North Carolina were
reduced to 15 FCC units for terulity interpretations,

+. TropSoils soil-characterization projects have pro-
vided a vast array of soil profile data from tropical
America, Asia, and Africa, serving to improve UL S,
Soil 'l'axon()m_\z The lcndcrship of Dr. S, \W. Buol
in the International Commission on Low Activity Clay
Soils (ICOMILAC) helped to ensure that the chang-
g classification of tropical Ultisols would remain com-
patible with the classfication of Ultisols in the U.s.
N.C. State University's participation in the Interna-
tonal Commission on Oxisols (ICOMOX) and
wetland soils (ICOMAQ) is strengthening the eredibili-
tv of UL S, Soil Taxonomy as a worldwide svstem,

5. The recognition of downward movement of

calctum and magnesium in acid soils as a means for
long-term amclioration of acid subsoils by TropSoils
rescarchers in Brazil and Peru led o the deterination
that the same process occurs in Ultisols of North
Carolina. This provides a better understanding of long-
term mamtenance of soil ferulity.

6. TropSoils rescarch on the screening of crop
varietices for tolerance 1o soil acidity, conducted in Peru
and Brazil, together with similar developments by
CIAT in Colombia, led to the realization that the same
can be done tor crops in North Carolina, particularly
for arcas where subsoil acidity iy a problem. State
rescarch projects were then conducted with sweet
potatoes, beans, and peanuts. Some have mvolved
NCSU plant breeders, who are now screening peanut
varieties for sotl-acidity tolerance and other desirable
traits. This eftort involves cultivars from Yurimaguas
and the southern U S, and field testing at Yurimaguas
and North Carolina. The release of acid-tolerant
cultivars in North Carolina is likely to increase their
tolerance to drought because of their ability to develop
roots i actd subsoils that have residual motsture,

7. lmcrcmpping research conducted in Latin
America raised the question of its applicability to North
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Carolina and the U, S, in general. Rescarch on two
North Carolina Coastal Plain sites demonstrated that
strip imcrcr()pping of corn and sovhean, or com and
snapbean, would increase overall vields by 15% under
North Carolina conditions. The next Step is to modify
combines for harvesting .strip-intcrcropping systems.
Intercropping rescarch also developed the coneept of
Arca-Time Lquivaleney Ratio (ATER) which provides
a more rigorous and realistic comparison of sequen-
tal v, Intercropping systems than che commonly us-
ed Land Equivaleney Ratio (LER).

8. The development of a low-input soil-management
philusophy tfor acid soils (published in Advances in
Agronomy. 1981) has sparked interest in a combina-
tion of management practices that permit the use of
alternative agriculture in North Carolina, l,()\\'-input
studies have been used in an effort to help small farmers
of North Carolina, who number about 50,000 and
are mostly middle-aged and black. Projects are under
way to test and transfer this technology to small
farmers in both the Amazon and in North Carolina.

9. Faculty with TropSoils experience are frequent-
Iy asked by North Carolina farmers and agribusiness
people  about opportunities  abroad.  TFirst-hand
knowledge of the tropics has enabled NCSU to pro-
vide quick, appropriate advice to this constituency:.

10. Faculty wich TropSoils experience are doing a
more th()r()ugh job in teaching undergraduate and
graduate courses, which broadens the undcrsmmiing
of our North Carolina and American students. Some
of this information also reaches farmers on a regular
basis, through programs of the North Carolina
Agricultural Extension Service.

1. Faculty with TropSoils experience have been
requested by several U, S. Agencies to assist in for-
mulating national policy recommendations. Recent ex-
amples include participation in studics sponsored by
the National Academy of Sciences, the Office of
'l‘cchnology Assessment of the U, S, Congress, 1JSAID
and the Department of Encrgy, on issues related to
world food production, fertilizers, soil constraints,
tropical deforestation, the global CO, question and
low-input systems.
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The primary goal of the TropSoils/Indonesia program is to uncover principles of soil management
that will enable resource-poor farmers to increase family income and farm productivity and, at the
same time, preserve land quality. The research strategy is designed to ensure that social, cultural, economic
and environmental factors that enhance adoption of a soil-management innovation are made an in-
tegral part of the research plan. To achieve its goal, the project conducts a major portion of the soil-
management rescarch with farmers and in farmers’ ficlds, using systems-based research and crop-
simulation models.

The project's research area is the 100,000 ha Sitiung transmigration site in West Sumatra, Indonesia,
where 6,000 transmigrant families and 1500 indigenous families live. Large culrural and language dif-
ferences between the Javanese and Sudanese transmigrants, and between the transmigrants and in-
digenous groups, present unparalleled opportunitics to study the responses of different cthnic groups
to soil-management innovations.

The soils of the region range in quality from moderately fertile Inceptisols on river terraces to highly
leached and impoverished Oxisols and Ultisols of the dissected peneplain. Mean annual rainfall is 2800
mm and mean annual air temperature is 26°C. The tropical rainforest is gradually giving way to rub-
ber plantations and subsistence farming by new settlers.

The first large group of transmigrants settled in Sitiung in 1976. A modest home, 1.25 ha of recent-
ly cleared land, and a year's supply of food, fuel, seed, and fertilizer awaited each family upon its
arrival. Since then, five additional areas in Sitiung (Sitiung II — VI) have been settled. Bulldozer crews
continue to clear more land to accommodate new settlers from the densely populated islands of Java
and Bali. The productive land on the river terraces has long been settled and the newest transmigrants
are being placed on less desirable lands of the dissected peneplain.

While most of the work described in this report has been conducted to find solutions to soil-clated
problems confronting Indonesian farmers, the research has also been designed to produce results
transferable to other locations. The use of crop-simulation models and systems-based research, developed
in collaboration with scientists of diverse backgrounds and expertise, helps ensure that the results of
these studies will apply in a wide range of environments, in the U.S. and in the humid tropics world-
wide.
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SiTE CHARACTERIZATION: SoIL VARIABILITY

Soil variability over short distances is common throughout the tropics, and especially on newly
cleared land in the Sitiung transmigration arca of Sumatra, Indonesia. This variability complicates
agricultural experiments and the management of farmers’ fields, and occurs over distances too short
for consideration by traditional soil-survey methods. The studies reported here apply the theory of
regionalized variables, which was developed by mining engineers to extract the maximum amount
of information from a minimum amount of sampling data. The sample data were used to generate
a semi-variogram, which displays the spatial dependence among neighboring samples. Information
from the semi-variogram can be used to estimate values of soll properties in unsampled locations,
so that problem areas can be identified.
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SoiL VARIABILITY

Soil Variability in Forest Land
Mechanically Cleared
Russell S. Yost, University of Hawaii
Bruce Trangmar, University of Hawaii
Goro Uehara, University of Hawaii

Michael Wade, North Carolina State
University

The objectives of these studies were 1) to construct
semi-variograms of soil propertices to determine struce-
ture in the variance of soil properties; 2) to use the
structure in the variance of soil chemical and physical
properties determined by geostatistical methods to
predict soil properties in unsampled locations; 3) to
relate soil and crop variability  patterns using
geostatistical approaches to match soll-management in-
puts to spatially variable soils; and 4) to analyze soil

variability with the purpose of suggesting means of

managing such variabiity in field research and in

farmers” gardens and dry-land ficelds.

Patterns of Soil Variability
Work toward the first three objectives has comprised
two parts: 1) mapping and display of macroscale or

regional variation in soil chemical and physical pro-
perties that would provide some indication of the
representativeness of the experimental sites; and 2)
mapping and determining the cause of the considerable
microscale soil variability that has severely hindered
field experimentation. These two activities primarily
differ in scale. In the first case an area of about 100,000
ha was considered (anisotropic kriging) while for the
sccond case an area of about 800 m? (co-kriging) was
considered.

Anisotropic Kriging

Spatial and temporal interactions of the soil-forming
factors and processes determine the distribution of soil
propertics in a landscape. These spatial processes are
sometimes more effective in some directions than
others (i.c. they are not ISOtropic), yet current methods
of interpolation assume isotropy. The purpose of this
study was to determine the importance of consider-
ing directional effects in making regional estimates of
soil propertics and in maps developed from such
estimates.

Results
This study related anisotropic spatial dependence of
particle size fractions, pH and 25% HCl-extractable

Table 1. Soil chemical properties of the various terrain units within a 28m x 28m experiment.

Burn Surrounding Exposed

Soil Sites Soil Subsoil Range in
Porperty (n=26) (n=87) (n=24) Values
ph 5.0a* 4.4b 4.1c 34 — 6.3
Organic C (%) 3.9a 3.44 2.9a 02 — 72
Total N (%) 0.27a 0.24a 0.22a 0.07— 0.49
NaHCOQ,)-P

(mg/kg) 13a 9b 7c 2.0 —29.2
Exchangeable

Cations
(cmol(p+)kg )

Ca 3.9a 1.6b 0.6¢c 0.0 —11.2

Mg 1.4a 0.6b 0.2¢ 0.0 — 3.2

K 0.5a 0.3b n.2c 01 — 14

A1 1.3b 2.4a 2.8a 00 — 6.3
Sum (ECEC) 6.9a 4.8b 3.9c 28 —15.3
Al Saturation (%) 26¢ 54b 73a 0.0 —94
Cu mg/kg 2a 2a 2a 1 — 86
Zn mg/kg 3a 2b ic 1 -1

a

* Means within a row followed by the same letter are not significantly different (P=0.05) according to Student’s

test. T tests were performed on log transiormed values of all properties except pH, Mg, Al and Al saturation.
Arithmetic means reported for pH, Mg, Al and Al saturation, while means reparted for log transformed properties
are those reexpressed in terms of the original data using equations of Haan (1977)
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P to dircctional differences in the main soil-forming
factors in Sitiung, West Sumatra, Indonesia.

Previous studies of regional variation in Sitiung
showed that sand content of soils was higher and silt
content lower on the peneplain compared to the
Quaternary terraces and floodplains. There was no
clear pattern of differences in clay content among
geomorphic units. Soil pHand levels of HCI-P decreas-
ed from vounger to older surfaces as the intensity of
soil weathering inereased. Changes i soil properties
across geomorphic boundaries were generally grada-
tional and continuous,

Fitting the anisotropic model semi-variance increased
with distance, indicating a decrease in - spatial
dependence with increasing, distance. In isotropic con-
ditions this relationship was independent of direction.
With anisotropic variation the direction must be in-
cluded in the equation relating semi-variance with
distance. The description of anisotropy is given by the
following cquation:

gamma (h) Ctheta(n)) + wthetaghh (1)
where gammach) is the semi-variance in distance h,
Cethetagi)) is the nugget variance of the semi-variogram
in dircction thetatl), and w(theta(n) is the slope in direc-
tion theta(n).

The tour directional semi- \':Ui()bmmx‘ of cach pro-
perty had similar nugger variances, but slopes that

varied with direction. This indicated the presence of
geometric .ll’ll\()[l’()p\' for cach property.

Geometric  anisotropy  gives an C“lI)S()lddl
neighborhood of sp‘m.ll dcpcndum clongated in the
sector of minimum variation and c()mpruxcd in the
sector of maximum vanation. The directional semi-

variogram with the steepest slope (shortest range of

spatial dependence) marks the sector of maximum
variation while that of the least slope (longest range)
indicates the sector of minimum variacion.

The lincar geometric anisotropic model fitted to the
pooled semi-variances of four dircctions of topsoil sand
is shown in Figure 2. Each experimental semi-variance
value was plotted with a symbol indicating the 45
degree of the two-dimensional semi-variogram in which
it lies. The solid lines are those of the maximum and
minimum slope defining the envelope of the fitted
anisotropic model.

Detrimental Effects

The range of spatial dependence in any direction,
theta, was assumed to be the distance (h) at which gam-
ma cqualled the sill value or general variance. The

Soil. VARIABILITY

estimated range of sand was shortest (5.9 km) for the
semi-variogram calculated in the sector of maximum
variation (NE-SW) and longest (20.8 km) in the sec-
tor of minimum variation (NW-SL).

Semi-variograms for the E-W and N-S seciors had
mtermediate ranges (13.6 km, 6.6 km, respectively).
In contrast, the range would have defined a circular
spatial dependence neighborhood of 10.0 km it top-
soil sand had been assumed to vary isotropically.

The slopes estimated by wi(theta) for the pooled semi-

variance of topsoil sand and HCI-P in the four prln-

cpal directions are listed in “Table 2 for comparison
with slopes (m(theta)) estimated directly for the in-
dividual directional semi-variograms. The agreement
is generally good.

The parameter estimates of ¢q. (1) fiteed to the pool-
ed semi-variance of the particle size fractions are listed
in Table 3 and for pH and HCEP in Table 4. The
anisotropic model generally provided a good it to cach
property as indicated by the significant R2 values. The
model slighy underestimated slopes of clay, pH, and
subsotl HCI-P in directions of minimum variation. On-
ly for subsoil silt did the model provide a marginal fit.

Anisotropic semi-variogram modeling enables the
identification of changes in spatial dependence with
direction which, in turn, retlects soil-forming processes.
The estimated direction of maximum variation (phi)
of all propertics lies in a sector 7 to 28 degrees cast
of north. The direction of minimum variation occurs
at right-angles in a sector 97 w118 degrees
(ESE-NNW).

Anisotropy of the textural component is largely caus-
ed by directional effects of volcanic tuff fallout and

600g
N
500 )
Direction
L. O NE-SW
¢ Ew
400 = O SE-NW [o]
A SN

Semi-Variance

Average Distance (km)

Figure 1. Linear geometric anisotropic model for
semi-variances of topsoil sand for four directions.
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deposition of alluvium by the major rivers. The SSW
to NNE direction corresponds to the main axis of tuff

deposition from the

acidic volcanoes of the Braisan

mountains to the southwest of the study region. Sand
content is highest close to the tuff source along the
southwest margin of the region and decreases to the
north and northeast. Conversely, silt and clay contents

of soils are generally

lowest in the southeast, but in-

crease to the northwest.

The sector of minimum variation (97 1o 118 degrees)
occurred at right angles to the direction of tuff fallout
and also coincides with the main axis of the Batanghari
River. The gentle gradient and low sediment load of
the Batanghari River apparently has resulted in small
downstream variation in particle size of suspended sedi-
ment. Alluvial materials of the low Quaternary ter-
races and tloodplains deposited in this direction are
relatively uniform in sand, silt and clay contents.
Lateral variation of textural components over short
distances in flood deposits away from the Batanghari

River may also add

to the anisotropy.

Effects on Soil Texture

The E-W and SE-NW direction semi-variograms for
sand, silt and clay were generally more continuous and
more highly structured than those in the NE-SW and
N-S directions. Semi-variograms in the latter two direc-

tions showed a periodic or ““hole effect” pattern of

variation at lags of 10 and 11 km. This was probably

Table 2. Slopes of semi-variograms of topsoil sand and HC1-P
estimated for each direction separately, Mg), and from pooled

semi-variances after fitting a
v/(theta;)b.

geometric anisotropic model,

Direction, theta Slope
(degrees E of N) m, w(theta))
Sand(%)
45 38.4 35.0
90 16.6 15.3
135 15.3 11.8
180 30.5 31.5
(HCI-P (mg. kg-1)))
45 0.099 0.082
90 0.041 0.036
135 0.022 0.036
180 0.094 0.082

am* =

slope of the linear model.

b. w(theta) = Acos?(theta-phi) + BsinZ(theta-phi) where theta is
the direction in which the semi-variance is estimated; phi is
the direction of maximum slope A; and B is the slope of the

semi-variogram at 909) to phi.
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Table 3. Parameter astimates of equation fitted to
pooled seml-variance of particle-size fractions.

Property

Parameter Sand (%) Silt (%) Clay (%)
Mean 16 26 58
Variance, s2 212.8 213.5 201.4
Nugget Variance, Co 6.4 31.0 64.9
% of sill 3 15 32
Max. Gradient 37.5 58.2 37.9
Min. Gradient 9.3 19.3 8.7
Anisotrophy Ratio 4.0 3.0 4.4
Direction of Maximum

Gradient, phi 27.6 7.3 29.3
R2 of Model 0.89 0.81 0.69
Degrees of Freedom 58 19 26

a. Semivariance =
Bsin2(theta-phi)*h

b. H?=(SSC - SSH/SSC. All R? values were significant
atP < 0.01, except for subsoil silt which was signifi-
cant at P < 0.05.

Co + Acos?(theta-phi) +

Table 4. Parameter estimates of the geometric
anisoptropic equation fitted to pooled semi-
variance of pH and HCI-p (0—15 cm depth).

Property
Parameter pH HCI—P
Mean 45 107
Variance, s2 0.19 0.59
Nugget
Variance, Co 0.05 0.25
% pf Sill 26 42
Max. Gradient 0.05 0.10
Min. Gradient 0.02 0.03
Anisotropy Ratio 2.4 3.5
Direction of Maximum
Gradient, phi 11.3 22.9
R2 of Model 0.73 0.56
Degrees of Freedom 15 28

a. Semivariance = Co + Acos?(theta-phi) + Bsin2(theta-
phi)*h where theta is the direction in which the semi-
variance is estimated; phi is the direction of maximum
slope A; and B is the slope of the semi-variogram at
90" to phi.

b. Semivariance for HC1-P determined on log trfansform-
ed values

c. Rz = SS, - 88 /SS.

All R2 values were significant at P < 0.01.



caused by low values of sand on the Quaternary ter-
races and Bat.lnghdn floodplain in the north and Ju-
juhan floodplain in the south with higher values on
the peneplain in between. Complementary amounts
of finer materials in these arcas also explain similar
periodic semi-variograms of silt and clay at this distance
in the NE-SW and N-S directions. The NE-SW and
N-8§ semi-variograms for topsoil (Figure 2) and sub-
soil sand exceeded the general variance, s, indicating
the presence of a weak trend in these directions.

Lincar geometric anisotropic medels were fitted to
pooled directional semi-variances tor cach of these pro-
perties. Directions of maximum variation coincided
with the main southwest to norcheast axis of volcanic
wutf fallout. deposition of alluvium and the general se-
quence ot soil weathering in the region. Ranges of
spatia dq)cndmu for cach propenty were shortest (2.6
km for pH) in the direction pamllcl to this axis and
longest (20.8 km for sand content) at right angies to
It. '\nisotrop\' ratios ranged from 1.5 for subsoil sand
to 5.2 for subsoil FCI-P. Topsoil textural components
and pH were more variable than in subsoils, having
larger sample vartances and larger anisotropy ratios.
Punctual knging of topsoil sand contenr using the linear
geometric anisotropic model resulted in low estima-
tion variances in - densely  sampled  areas where
weighting of neighbor \.llll})l(.s by direction as well as
distance took most effect.

Structural analysis of soil variation using geostatistics
can aid understanding of the spatial distribution of soil
properties and identifying the spatial cffects of soil-
forming factors and processes on soil genesis. In this
study, geostatistical analysis of textural components,
pH and HCl-extractable’ P indicated that anisotropy
of these propertics in Situng, West Sumatra was direct-
ly related to directional deposition of volcanic tuff
materials and alluvium, and to the regional sequence
of soil weathering.

Co-kriging of Chemical Variables.

In soil science certain variables are much more easi-
ly measured than others. In some cases there may be
data available for certain variables but not for other
vartables that were subsequently determined to be
necessary or critical to the major soil constraints in
the area. The method of co-kiiging permits making
estimates of one infrequently measured variable, bas-
ed on spatial correlation with another variable that
ts more casily or less costly measured.

Co-kriging extends the principle of optimal estima-
tion using regionalized variable theory from that of
a single property to situations where there are two or

SciL VARIABILITY
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Figure 2, Isotropic cross-variogram (upper graph) and
auto semi-variograms (lower two graphs) for log
transformed values (mg/L) of 25% HCI -extractable
P and 0.5M NaHCO, extractable P, 0 to 15 cm
depth.

more co-regionalized ones. Co-kriging is most efficient-
ly used where one variable may not have been sampl-
ed sufficiently (due to high cost, experimental dif-
ficulties, cte) to provide estimates of acceptable
precision.

Estimation precision can be improved by utilizing
the spatial correlation between the undersampled
primary variable and the other more frequently sampl-
ed covariables.
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Results

In Indonesia P extracted with 25% HCl is common-
ly used as an indication of soil weathering status in
unfertilized areas. Phosphorus extracted with 0.5M
NaHCO, is often regarded as a measure of plant-
available P in soils, making it more useful for
agronomic interpretation of soils than HCI-P. Dur-
ing soil surveys in Sitiung, West Sumatra, Indonesia,
0.5M NaHCo0,-P was undersampled relative to HC-
P. Therefore 0.5M NaHCO,-P was selected as the
primary variable and HCIP was selected as the
covariable. The respective semi-variograms and cross-
variogram are shown in Figure 2.

The map of co-kriged values for NaHCO,-P show-
ed a similar regional pattern but more local detail than
that achieved by kriging from NaHCO,-P samples
alone. Co-kriging reduced estimation variances by up
to 40% in arcas where sampling density of NaHC0 -P
was lowest. Co-kriging variances exceeded those of
kriging by up to 10% in arcas where sampling densi-
ty of NaHCO,-P was high. In such cascs, the covariate
HCI-P had little effect on the interpolated value but
still added a component to the estimation variance.
Co-kriging could not be used to terpolate values for
extreme locations where there were no NaHCO,-P
sampled within the radius of the kriging neighborhood.

A prerequisite for interpolation using co-kriging is
the presence of a well-structured cross semi-variogram
with low nugget variance. The apparent difficulties of

obtaining such relationships indicates that co-kriging
may be restricted to interpolation of very well-
structured variables.

Being a widely used measure of plant-available P,
NaHCO,-P is of more interest for agronomic inter-
pretation of soil P status than the more densely sampled
measure of HCI-P. The co-regionalization of the two
P measurements was exploited using co-kriging to in-
terpolate topsoil NaHCO,-P at 268 unsampled loca-
tions on a 2 km by 2 km grid across the study area.
Fifty-two samples of NaHCO,-P and 107 samples of
HCI-P were used in the co-kriging operation.

Areas of Low Available P

The isarithmic map of co-kriged NaHCO,-P shows
that topsoils in 84% of the study arca have less than
15 mg/kg NaHCO,-P, a commonly used critical value
of adequate P nutrition in many crops grown on acid,
upland tropical soils. The sample arcas with greater
than 15 mg/kg coincide with young alluvial soils and
areas recently fertilized prior to sampling. Soils in the
cast of the region appear very P deficient having less
than § mg/kg NaHCo,-P.

Isarithmic map of NaHCO03-P obtained by auto
punctual kriging from 52 samples was similar to that
achieved by co-kriging, but local detail gained by utiliz-
ing the 107 covariate samples of HCIP was absent.

The percent reduction in estimation variance achiev-
ed by co-kriging (Gamma) relative to that of auto krig-

Figure 3. Percent reduction in estimation variance by co-kriging topsoil 0.5M NaHCO;-extractable P relative
to kriging. Circles indicate sample locations of NaHCQ, -P.
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ing was determined as (1-SCK/SK) x 100 and is shown
in Figure 3. (SCK = estimated variance associated with
co-kriging; SK = estimated variance associated with
l\rlgmg ) Positive values indicate the percent unprovc-
ment in estimation prcuslon while negative values in-
dicate the decrease in pr(‘uslon obtained by co-kriging.
Co-kriging improved estimation precision by up to
40% for locarions where there were few s ,‘lmplcs of
NaHCO,-P but relauvely more HCI-P samples. Smaller
estimation variances were obtained by co-kriging in
such arcas because the spatial correlation with another
better sampled variable was taken into account. The
percent reduction in estimation variance due to co-
kriging was generally less than 10% and occurred for
about 60% of the 260 kriged locations.

Estumation variances were not reduced by co-kriging
in areas where NaHCO,-P samples were concentrated.
These locations are bounded by the 0 to -10% con-
tour lines in Figure 3. Each kriging location in these
arcas had several neighboring samples so NaHCO-P
received most of the weighting in solving the co-krniging
cquations. Under these conditions, the covariable (HCI-
P) added another variance component to the estima-
ton without causing much or any improvement to
the overall estimation precision. As a result SCK ex-
ceeded SK. The relatve increase in SCK over SK was
generally less than 10% but occurred over about 40%

SoiL. VARIABILITY

of the region. The large negative values along the
southwest margin of the region mark one location for
which therc was only one sample of each P measure-
ment, causing instability of the co-kriging matrices and
unreliable interpolation.

Data Requirements for Co-Kriging

The co-kriging system requires at least one sample
point of both primary NaHCO,-P and covariable HCI-
P sithin the estimation neighborhood. The range of
sp‘ltml dcpcndcncc (6.3 km) of the NaHCO,-P auto
semi-variogram defined the search radius for samples
of NaHCO,-P and HCI-P to obtain the auto and cross
semi-variances used in the weighting procedure of the
co-kriging system. This radius resulted in between one
and 13 neighbor samples of NaHCO,-P for 234 of the
268 kriging locations. Co-kriging could not be per-
formed at the remaining 34 locations because there
were no NaHCO-P samples within 6.3 km of the krig-
ing location. Twenty-seven of these 34 locations oc-
curred in the eastern end of the region. The remain-
ing seven locations occurred along the southwest
margin and in the central arca. Estimates of NaHCO,-P
at these locations could be just as reliably estimated
using simpler techniques such as the sample mean, or
by kriging values for HCI-P and then obrtaining
NaHCO,-P values by regression analysis. A radius of

Table 5. Spatial dependence of oil properties highly correlated with rice plant height and dry matter yield.

Correlation
Range of Stover Grain
Soil Spatial Plant Height Dry Dry
Property Dependence At 60 Days Weight Weight
m
pH 4.1 0.51 0.44 0.38
Exchangeable
Cations:
Ca No Pattern 0.56 0.55 0.49
Mg 4.3 0.52 0.45 0.40
K No Pattern 0.41 0.38 0.46
Al 4.0 -0.55 -0.47 -0.41
Al Saturation 3.9 -0.56 -0.51 -0.41
%
Zn (mg/kg) <0.5 0.42 0.34 0.33
Plant Measures:
Plant Height
at 60 Days 19.9 — — —
Stover Dry Weight 15.3 —_ — —
Grain Dry Weight 18.5 - — -
All r values were significant at P < 0.01 unless otherwise indicated. ns = nonsignificant at P = 0.05.
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6.3 km gave between one and 30 samples of HCI-P
for all kriging locations.

These results demonstrate the sensitivity of co-kriging
to the relative spatial distribution of primary and
covariable sample locations. The irregular,
nongeometric sampling scheme of this study is clear-
ly nonoptimal from a co-kriging standpoint. Others
have found that co-kriging consistently reduced estima-
tion variances where primary and covariable proper-
ties were sampled in geometric patterns. Their results
and the irregular improvement in estimation variance
for this study indicate that a geometric scheme with
samples of the primary variable regularly interspersed
with covariable samples may be the optimum to gain
maximum benefit from co-kniging. Clusters of the
primary variable do not occur in such a scheme. As
aresult, the variance-reducing effects that accrue from
using the better sampled covariable are not hindered
in the interpolation. Design of such schemes can be
improved by prior knowledge of the two variables’
spatial covariance, which can be determined from
reconnaissance  data.  Such  data may be  most
cconomically obtained from samples collected over a
range of spacings along transects parallel to, and also
at right angles to, the apparent direction of maximum
variation.

Variability and Crop Yields

A fourth objective of these studies, as stated previous-
ly, was to discover ways of managing soil variability
in fields, gardens and research plots. The primary ac-
tivities were to map soil microvariability and to deter-
mine factors causing yield reduction of rice, cassava,
and peanut.

The identification of the causes of microscale (2 m
or less) variability and options for dealing with it are
fundamental to the entire rescarch effort in the Trop-
Soils/Indonesia project. Previous field research has led
to inclusive results because of such variability.

The approach adopted to examine this variability
was based in part on concepts of geostatistics and in
part on concepts of the traditional uniformity experi-
ment. A parcel of previously cleared land which is
representative of the high soil variability was selected
for a continuing study of the nature and sources of
such variability.

A serices of crops were planted across the unfertiliz-
ed and untilled field. Plant growth and nutrient com-
position were monitored to identify the sources of
vartability. This design, in effect, urilizes the crop as
the experimental material and the soil's potential to
support plant growth becomes the experimental
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treatments. The soil was also sampled intensivcly in
order to identify the chemical and physical variation.

Results

As indicated in the Tables 1, §, 6 and 7 and in
various regression relutionships, extractable acidity (Al
+ H) and exchangeable cations accounted for most
of the soil-chemical related variance in growth and yicld
components of the first rice crop. Lower levels of Al
saturation and hiher concentrations of exchangeable
cations in burned sites coincided with larger plants,
higher stover and grain yields compared to those grown
on exposed subsoil areas. The ranges of spatial
dependence (3 to 4 m) for soil acidity and exchange
characteristics coincided with about one-half the
distance between burned sites. Spatial dependence of
plant height and yield components was also influenc-
ed by unidentified longer range sources of variation.
Block kriged (for 1 m?) rice grain yiclds ranged from
11 to 355 g/m? with estimation standard deviations
ranging from 9 to 24 g/m, depending on the distance
of interpolated cell from the sample locations.

Effects of Variability on Error

The cffect of microvariability on precision of a field
experiment was examined by laying out four replicates
of seven potential treatments in a randomized com-
plete block design across the site. Individual plot size
was 4 m by 7 m. Sample values of grain yield and
Al saturation from ! m square cells in cach plot were
averaged to obtain means for cach of the 28 plots. This

o]
800 F
Y = -107 + 14P + 78 CaMg
R’ = 0.74**
o Q
)
£
g 600 =
hod
2
>
c
@
1}
o
o
S 300
2 e
[ ]
8 Low Ca and Mg
ng O High Ca and Mg
[ ]
o o 1 L 1
0 10 20 30

Extractable P (ppm)

Figure 4. Mung bean yields as affected by extractable
P at low and high levels of Ca and Mg.



is analogous to the common practice of bulking samples
for analysis on a whole plot basis. A large experimen-
tal crror (CV of 37%) resulted in nonsignificant dif-
ferences among treatment means of vield estimates
which ranged from 1.00 to 2.08 mg/ha with a Waller-
Duncan LSD of 1.08 Mg/ha. Statistical analysis on
a whole-plot basis masked the large within-plot
variability of grain vield which ranged from: 0.11 to
3.55 Mg/ha when considered ona 1 m square basis.
Such varmability was not shown by analysis of treat-
ment means because the variation was averaged with
cach plot and because of the large crror term which
was partly due to significant variation among replicates.
Similarly, the large variability of Al saturation (CV
of $8%) within plots was masked by averaging on a
whole plot basis.

As a turther illustration of wir'iin plot variability,
a P experiment was conducted in Sittung V. The
preliminary results of yields with mung bean showed
so much scatter that the interpretation of response due
to P was inconclusive. VWhen microplots were sub-
sampled for both crop vield and soil analysis, two
general groups were identified, those with low Ca +
Mg levels and those with high Ca + Mg levels. As
shown in Figure 4, the response to P then was quite
clear and signiticant. Mung bean vield increased linearly
throughout the range of applied P.

Had there been no soil sample data upon which to
scgregate the low and high levels of Ca + Mg the con-
clusion of the analysis would certainly have been that
no response was obtained to applied P. Observations
such as this have become frequent in the field research
eftorts in the Sitiung region. This suggests therefore
a strong need to sample both the crop and the soll
when conducting field experiments in such highly
variable soils.

SoiL. VARIABILITY

Table 6. Effects of soll variability on yield of upland rice, peanut.
and cassava among terrain units.

Burn Surrounding  Exposed
Plant Sites Soil Subsoil
Property (n=26) (n=87) (n=24)
Rice
Plant Height
(60 days), cm 92.5a 78.5b 71.2b
Stover Weight,
g/m2 328 a 234 b 193 b
Grain Dry Weight,
g/m?2 227 a 166 b 146 b
Peanuts (Crop 1)
Plant Dry weight,
g/m2 150 a 101 a 74.3b
Nut Weight,
g/m2 59.3a 33.9b 21.0b
Number of Pods
/m2 123 a 78.8b 56.9b
Mumber of Empty
Pods/m? 14.9a 15.0a 14.0a
Cassava (Crop 1)
Tuber Weight 2476 2459 2067
Stem Weight 3013 a 2165 b 1945 b
Leaf Weight 243 225 215

a. Means within a row followed by the same letter are not significantly
different (P = 0.05) according to Student's ¢ test.

Table 7. Correlations of soil chemical properties of the various
terrain units wiithin a 28m x 28m experiment on crop growth.

Plant Height Stover Dry  Grain Dry

Soil At 60 Days Weight Weight
Prope:ty (cm) (g/m2) (g/m?)
nH 0.51 0.44 0.38
Organic C (%) 0.07ns 0.02ns 0.02ns
Total N (%) 0.09ns 0.11ns 0.14ns
NaHCOQO,-P

(ma/kg) 0.06ns 0.11ns 0.11ns
Exchangeable

Cations
cmol(p*)kg"

Ca 0.56 0.55 0.49

Mg 0.52 0.45 0.40

K 0.41 0.38 0.46

Al 0.55 0.47 0.41
Al saturation (%) 0.56 0.51 0.41
Cu mg/kg 0.07ns 0.09ns 0.12ns
Zn mg/kg 0.42 0.34 0.33

a. All r values are significant at P < 0.01 unless otherwise indicated.
ns = nonsignificant at P = 0.05.
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Soi. MANAGEMENT AND PEOPLE

If new soil-management practices are to succeed, they must not only rectify mismatches between
crops and soils, they must also be suited to the farmer, and matched to his or her resources. One
of the difficulties with developing appropriate practices, and transferring them, is that people’s preferences
for crops vary, as do farm resources and the skills and backgrounds of the farmers.

The studies reported in this section have examined the knowledge habits and perceptions of
transmigrant and mdlgcnous farmers, compiling a base of socioeconomic information about such things
as famlly decision-making, time allocation, nutrition, crop preference, diets and income. Work aimed
at improving soil-management practices in farmers' upland fields and home gardens has employed
a direct collaboration with farmers. Some studies have been designed using farmers’ suggestions, and
conducted on farmers’ ficlds.

In the course of these studies, researchers have been gleaning from their association with farmers
the kinds of first-hand knowledge and *“local wisdom'" that will i improve the transfer and apphcablhty
of research results. Such information, along with a close collaboration among faculty from univer-
sities in Indonesia, North Carolina and Hawaii, has contributed to a better understanding of how
farmers respond to agricultural innovation.
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SoiLs AND PreopLE

Indigenous Knowledge Systems
Related to Soil Management

Carol J. Pierce Colfer, University of Hawaii
Herman Agus, Center for Soil Research
Dan Gill, N. C. State University

Barbara Newton, Uni\'ersity of Hawaii

Indigenous knowledge of soils is an important fac-
tor in the development and application of cffective soil-
management practices. This is especially true in arcas
like the transmigration sites of West Sumatra, In-
donesia, where there are several ethnic groups. Because
cthnic groups differ in the way they pereeive soil-related
problems, this project was planned to identify and map,
according to cthnic group, indigenous coneepts related
to soil. The “Galileo™ method was chosen as an effi-
cient and reliable way to characterize people’s views
related to soil in a quantitative manner.

The study began with the tape-recording of open-
ended interviews with ten individuals from cach of the
three main groups in the arca (Sundanese, Javanese,
and Minangkabau). Every effort was made to influence
the respondents as littde as possible as they responded
to the question, “What is the relationship between
soil and peopler”™ The interviews were conducted in
the respondents’ native language.

In cach cthnic group respondents were selected in
such a way that the sexes were cqually represented.
Additional constderations included age, income, educa-
tional level, and, in the case of the Minang, clan af-
filiation. The interviews were analyzed to ascertain the
recurrent concepts within cach ethnic group. The
Minang interviews have been translated into English
for use by the American team members,

For two of the three ethnic £roups, a survey instru-
ment was constructed based on important, recurring
coneepts identified during analvsis. This instrument
pairs cach concept with every other. The instrument
was expanded o reflect the coneepts that were im-
portant for one group and not for another. Twenty-
one coneepts were deemed sufficient to document and
measure inter-cthnic differences in perceptions of soil
as 1t relates to people.

Respondents were asked to “measure” the distance
between the ConCepts, using a cognitive measuring
stick. In this case the measuring stick was the distance
between black and white, set at 100 units. Thus a
respondent was asked. for example, “If black and white
are 100 units apart, how far apart are soil and waters™
“soil and tree crops”, “soil and rice?” The distances
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between concepts are averaged across a given popula-
tion to provide a “cognitive map” of the domain of
soil-people relations.

This instrument has been administered to 100
Javanese and 100 Minang respondents. Half the
respondents were male and half female; an atcempe
was made i the selection of respondents to represent
the diversity that exists in cach of the locations (Koro
Padang and Sitiung 1 Blok B). Interviews were con-
ducted by two trained native speakers of Javanese and
Minang, respectively.

The data have not vet been analyzed.

Initial Results

‘The most fundamental and usetul results from the
analysis will take the form of a triangular means matriy
which shows the average distances between cach con-
cept and every other concept. Thus we will be able
to compare variation in people’s perceptions basea on
cthnicity and based on sex. The Galileo pregram uses
these data as well to create cigenvectors, from which
three-dimensional pluts can be constructed to make
these “cognitive maps” more appealing visually for
policy-makers and people from other disciplines. There
1s also an “automatic message generator,” included in
the Galileo program, which may, among other things,
help with soil-related extension efforts.

Most immediately, the interviews provided the 21
most frequently mentioned concepts related to soil and
people. These were: soil,  smallholder planta-
ton/garden, upland field, wet rice field, home garden,
rubber, fruis, rice, ficld crops, vegetables, water, fer-
tilizer, pests, vields, cultivation, good, cnough, 1, male,
female, government. The identification of these con-
cepts alone is of interest, providing a firmer sense of
people’s normal assumptions related to soil.

The tendency for the Minanyg to discuss tree crops
was in striking contrast to the transmigrants’ propen-
sity for discussing field crops and vegetables. Similar-
Iv, the concept of smallholder plantation/garden
(kebun) was commonly mentioned among the Minang,
whereas upland ficlds (ladang) were a mainstay for the
transmigrants. The Minang, like the rescarch team,
have found themselves constrained by unpredictable
rainfall, inscets, plant discases and poor soils when they
have tried to grow field crops. Their solution seems
to be to grow tree crops and wet rice,

The Minang experience with extension efforts is of
mterest. The research team learned that when the
Minang planted hybrid rice varicties introduced by the
government at the recommended spacing, the young



rice stalks frequently collapsed whenever anyone walk-
ed tllrough the field. Some bitterness was expressed
about the fact that the government supplied nearby
transmigrants with an irrigation system (and other pro-
jects, such as TropSoils). without adequate regard for
the indigenous people.

The transmigrants similarly recounted woceful tales
of their experience with field crops in Sitiung; but their
previous experience was with these crops, and until
June, 1985 the government required that transmigrant
ficlds be used exclusively for food crops.

Intrahousehold Decision-Making

Carol J. Pierce Colfer, University of Hawaii
Evi Martha, Andalas University, Padang
Mira Elfina, Andalas University, Padang
Fahmuddin Agus, Center for Soil Research
Vickie Sigman, University of Hawaii
Stacy Evensen, University of Hawaii

Because applying new soil-management technology
requires an understanding of how people will use that
technology, it is important to know how decision-
making is conducted in transmigrants’ houscholds. The
objective of this study, conducted in Sitiung V Blok
C, and Koto Padang, West Sumatra, was to ascertain
the patterns of intrahouschold decision-making among
Sitiung farmers, particularly as it pertains to soil and
Crop management.

Methods

The study of intrahouschold decision-making,
though recognized as important, is in its infancy. No
good methods have, in our estimation, been developed.
To date, the research team has used two approaches.
The first was to closely monitor the income and ex-
penditures/consumption of four families in Sitiung V
for a period of two and a half months. These families,
who were also cooperating in on-farm trials, were in-
terviewed every three days, with a structured inter-
view relating to specific expenses and consumption.
During the interview, an attempt was made to discuss
their intrahouschold decision-making in an informal
way, to better understand the process.

Progress has been constrained by the fact that the
research assistants conducting the interviews, while
ditigent, tacked adequate formal training.

Data from the structured portion of the interviews
were aceeptable, but the open-ended component was
not adequate. Andalas University supplied  two
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undergraduate students who lived and worked in Koto

Padang, a Minang community within the Sitiung area,
from mid-June to the end of /\uLust 1985. They were
trained in p.lrtlup‘mt -observation methods, and they
developed questionnaires, focusing on intrahouschold
decision-making, after they had heen in the community
for one month. One student selected a random sam-
ple of 30 houscholds, straufied by the three
nughh()rhoods in Koto Pandang. Her work focused
on women's status, but she also interviewed 18
husbands (six in cach neighborhood) on topics relating
to the division of labor and decision-making.

Preliminary Results

In the first attempt (January-March, 1985), which
included two Javanese and two Sundanese families in
Sitiung V, the team found a full sprcad of decision-
making within the family. The wife in one of the
Javanese tamilies was dc.lrl\' the nm)or decision-maker.
Her husband was fearful of interacting with outsiders
and she seemed tully in charge. The husband in one
of the Sundanese families was quite dominant, basically
deciding everything, including details of food consump-
tion. The other two families appeared to manifest a
joint decision-making pattern.

One point of interest is that the meagreness of
resources in these families appears to reduce the
decision-making notential. Money and even time fre-
quently simply go for some obvious need related to
subsistence or hC.ll[h without anyone particularly
choosing or deciding what to do with that resource.

The report from Koto Padang has yet to be
translated into English. However, some of its most
interesting findings tollow (subject to revision on closer
ins‘pcction of the data):

. Seventy-five pereent of the women interviewed
rcportcd l)unb involved in some kind of income-
generating activity (farmer, unskilled laborer, or pet-
ty merchant)

2. The reported involvement of Minang women in
cach of the nine steps in local wet rice production,
from ground preparation through carrying the yiclds
home, surpasses men's, except for spraying and carry-
ing the rice home from the ficlds. Women's involve-
ment in home gardening far surpasses men’s in the plan-
ting and weeding activities, and slightly surpasses it
in harvesting.

Men, on the other hand are more active in
smallholder plantation activities, both in connection
with the ADP rubber replanting project, and in private
holdings with other tree crops.

4. Women expressed general ignorance about new
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seeds, fertilizer and pesticide management (though in
other interviews with men, the same ignorance has
frequently  been expressed). Untortunately, only
women were queried on the topic in this survey.

5. When queried on decision-making regarding seeds,
fertilizer and pesticides, responses were fairly evenly
distributed among the following famuly actors: wife
(5), husband (4), couple (4), parents (5), and “do what
others do™ (4).

6. A group of questions on intra-fanily and inter-
family decisions reveals a pattern of generally joint deci-
sions, with slight male dominance (within the general
Indonesian context of not forcing others).

Implications

Onc important reason for conducting this rescarch
stems from global concerns over the role of women
in agriculture. While the fact that women are active
farmers is now widely aceepted, many maintain that
women'’s labor is irrelevant, since the dccision-lmlking
power remains with men. One purpose of this rescarch
is to establish whether this s in fact the case in West
Sumatra. Qur preliminary findings. reported above,
suggest that women from both locations used in this
study do have an active voice in agriculrural decision-
making. Results from decision-making studies will also
be useful in applying technology  such as the
agroforestry  trials planned in cooperation  with
transmigrants and the Minang, and in the creation of
the farming-systems expert system discussed clsewhere
in this report.

Collaborative Research With Farmers
On Upland Fields

Carol J. Pierce Colfer, University of Hawaii

Mike Wade, N. C. State University

Carl Evensen, University of Hawaii

I Putu Gedjer Widjaja-Adhi, Center for Soil
Research

Fahmuddin Agus, Center for Soil Research

Dan Gill, N. C. State University

Farmers arriving at transmigration sites must adjust
to unfamiliar soils, climate and living conditions. Col-
laborative rescarch with 14 transmigrants and five in-
digenous farmers in their upland ficlds has been con-
ducted in order to gain insight into their concerns and
needs, while developing appropriate and usable
technology. The goals of this project are 1) to gain
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access to the knowledge and experience of the farmers
in a practical, hands-on fashion, 2) to provide a testing
ground for agricultural technologies that appear ap-
propriate for the Sitiung arca, and 3) to determine in
an iterative manner the most important limiting fac-
tors affecting these farmers’ production.

Progress in 1985

In response to the farmers’ complaint that the con-
trol plots did not produce well, and the fact that the
plan to plant mucuna as a green manure crop was not
successtul, the team harvested calapagonium from a
nearby rubber plantation and distributed it to be us-
ed as green manure (10 1 fresh/ha) on the control
plots. The other treatments received only inorganic
tertilizer. The government treatment was hmed accor-
ding to the government’s liming program (3%2 T'/ha)

Table 1. Average rice grain yields from farmers’
upland fields.

Grain Yield

Treatment (kg per 200 m; plot)
Control (green manure) . 25
Gov't Recommendation 20
Rock Phosphate 24
Lime + NPK 27

ns

and continued to receive 100 kg TSP and urea per
ha. The rock-phosphate treatment was unchanged, also
receiving the standard 100 kg TSP and urea per ha,
in addition to the base application of 800 kg rock
phosphate/ha, which was applied at the beginning of
the erial. The lime treatment gor a maintenance lime
application of 0.5 I'/ha as well as 200 kg TSP, 100
kg urca and 50 kg KCl/ha.

Table 1 shows the overall average yiclds of upland
rice in farmers’ fields. There are no significant dif-
ferences among these yields and thus no real response
to the lime and fertilizers. However, the control, with
its application of green-leat manure (GLM), perform-
ed remarkably well and produced interesting results.

Not all farmers handled their GLM in the same man-
ner. Four farmers buried the material in furrows (plow-
ed under); five spread the material and hoed it in,
therehy mixing it with the soil but with partial ex-
posure; four merely mulched the soil with the GLM;
and two farmers failed to use it ar all. When the GIM
was not used the control yielded only 65% of the fer-



tlized plots. Mulching or mixing of the GLM helped
some, but the buried GLM was dramatically beteer.

Table 2 shows vields of peanut, the second crop in
the season. Both of the limed treatments (second and
tourth) gave the best results, which may be expected
due to peanuts’ spumu rcqunrcmcnt for Ca during pod
fill. However, as in the rice crop, organic-matter
management was critical. This time utilization of the
rice straw had a strong impact on the peanut response
to the tertility levels. Most farmers (7) burned the straw
on the plots, while three removed the straw, and two
incorporated 1. When straw was removed, burned or
incorporated. the control plots vielded 40, 71, and
FT0% respectively of the ime plots.

Table 2. Average peanut grain yields from farmers’
fields.

Grain Yield

Treatment (kg per 200 m, plot)
Control (green manure) 11.0

Gov't Recommendation 15.5

Rock Phosphate 14.0

Lime + NPK 16.2

LSD .05=1.9

The rambutan fruit trees, planted as a part of the
collaborative research, were measured for height and
diamcter one vear after transplanting. There has been
no treaoment effect on the inital growth of these young
trees, as tree development seems to e more or less
independent of fertility treaument and farmer practice.

Implications

The value of appropriately managed  organic
materials, cither as GLM or crop residue, is apparent.
These initial results strongly indicate the possibility of
alleviating lime and fertilizer requirements by proper
management of plant material. The need for more
rescarch as to how and w hy these relatively modest
inputs can produce food-crop vields is obvious. Also,
methodology or systems to pr()duu this positive ¢f-
fect that would be feasible and practiced by farmers
must be developed.

SoiLs AND PeopLE

Time-Allocation Study

Carol J. Pierce Colfer, University of Hawaii
Russell Yost, University of Hawaii

Because transmigrant families generally invest their
energies in the activities most critical to their welfare
and survival, innovative farming practices are likely
to be adopted only if the family’s wvork habits and
schedules can accomodate them. Information from
time-allocation studies can be useful in predicting
whether soil-management programs will meet farmers’
needs. The objectives of this study, conducted in Si-
tiung I Blok A and Sitiung V Blok C, were 1) to quan-
tity changes in the d”()(.l(l()n of time in Smung over
the course of the pro)cu, and 2) to help in evaluating
the impact of pro|cu activities on the lives of warmers
in the immediate vicinity of TropSoils research.

The study used a randomized schedule of visits to
settlers” homes over a vear. Data were analyzed ac-
cording to division of labor by sex; division of labor
between agricultural and other income- producing ac-
tivities; division of labor among the various agricultural
activities possible; seasonal variation in labor alloca-
tion; leisure time availabie; tme spent on providing
feed for animals; and variation among the different
locations within Sitiung. Activities in 1985 focused
on analysis and presentation of the data.

Farming, Labor and Leisure

Figures 1-3 show seasonal variation in Sitiung 1 and
V., with regard to allocation of time to agriculture,
paid or contract labor (including home industry), and
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Figure 1. Seasonal variation in Sitiung | and V with
regard to allocation of time for agriculture.
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leisure. The most striking pattern was the greater
amount of letsure time in Sitiung V., compared to that
in Sinung L The ame-allocation study was begun dur-
ing the first vear of settlement of Sinung V', and the
data suggest that opportunities for productive activi-
ty increase with the length of settlement. However,
there were significant differences between the two set-
tements, Situng VY farmers may have worked less
because they were demoralized l)\ the adjustment to
a new home. .md by the necessity of clearing logs from
their ficlds, or because of the substdy provided,
necessary thuuLh that subsidy i+ The greater produc-
tvity in Situng [ may have been intluenced by the
avatlability of sawah (wet rice fields), the necessity to
be fully self-supporting, animal ownership and the ex-
put.ll)la pavoft, \uld\ for agricultural activity.

Not \lnprmngl\ .u,multuml activities roughly follow
scasonal variation. with heavy periods at the Hnset of
the rains and at rice harvest. In Sitiung V', a peak later
m the vear (Apnl) undoubtedly relates to marginal
harvests, and subsequent pldntmL of legumes tor a se-
cond crop.

From the standpoint of off-farm work, there is again
a rough mmplumnmru\ with the agricultural seasons,
the main point being the low level of non-agneultaral
activity at the onset of the rains, sometime between
August and October. However, the high levels of both
offt-farm and on-farm labor during March and May
in Sitiung [ suggest that people rup(md with increas-
ed work when there are multiple opporrunities, rather
than substituting one kind of work for another. In Si-
tung V. a similar situation oceured in October.

The relatively high levels of productive activity and
leisure in October suggest that the remaining major
category of activity (what we are calling, broadly,
“reproductive’ activity) Laay have suftered neglect.

Production, Reproduction, and Leisure

Besides oft-farm labor, houschold acuvities necessary
for human survival can constitute a significant drain
on human resources which mii,ht otherwise be
available for productive acuvity. People are not
available for productive work if IhC\ do not cat, bathe,
dress, repair things, and ensure that children survive
to join the work force. Figure 4 shows the division
of adult labor among activities that result in the crea-
tion of value (“productive activities™), those devored
to the maintenance of the work force (“reproductive
activities™), and the remainder (Cleisure’).

The fact that reproductive activity requires more
time than productive activity in Sitiung V (in contrast

SoiLs AND PEOPLE

to the Sitiung [ situation) is partially related to a hli,hcr
proportion of children under 15 m Sitiung V. The fact
that markets are more readily available to Sitiung 1
may also be a major factor.

Labor in Fields and Gardens

Figures 5-7 show scasonal variaton in the alloca-
ton of labor .o the upl;lnd ficlds, home gardens, and
wet rice hields, by sex, in Situng I One of the most
interesting hndmgx reflected here is the relatively high
proportion of labor devoted to the home garden, which
was one-fourth of the labor devoted o other fields
combined. Upland ficlds (adang) retlect more seasonal
variation in labor than do wet rice fields (sawah),
because the sawah schedule is determined by the
government's irrigation project.

In Sitiung V" there are no wet rice fields. Figures
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8 und 9 dlearly show the complementarity of busy
times in home gardens and upland fields. Rice is the
major upland-field crop, and it must be planted at the
ume the rains come. In the carly years of a settlement,
the home garden appears to be cultivared intensively
throughout the vear, for subsistence, Men and women
are more cqually involved in home gardening activities
in Sitiung V' than in Sitiung 1.

Implications

Frequencies of all activities in the 5,635 observa-
tons of individuals remain a valuable resource data
set, available as the program develops new research
questions relating to people’s behavior and s impact
on soil-management practices. For example, the
substantial amount of labor devored to home garden-
ing, particularly by women, has influenced the rescarch
team to pursue more research in home-gardens.

Nutrition/Income Survey

Carol J. Pierce Colfer, University of Hawaii

Barbara Chapman, University of Howaii

Bartholomeus Weid, IPB Nurtrition
Department

Harry Apriadji, IPB Nutrition Department

Liek Irianti, IPB Nutrition Department

A purpose of this study was to establish the nurri-
vonal status and income levels of people in the Sitiung
area. This information was to be compared with similar
dara collected at the ennaclusion of the TropSoils pro-
ject, as well as with those from other Indonesian loca-
tions. The analysis will provide the team with a means
of sclecting appropriate tood crops and technologices
for use in the TropSoils program.

‘The analyses reported here are based on a survey
undertaken in April, 198+ in Sitiung I, 11, and V. The
objectives of work during 1985 were 1) o provide
further descriptive analyses of the survey, focusing on
crop diversity, production, and income, 2) to provide
the ream with a summary of literature on nurritional
status on Java, for purposes of comparison, and 3) to
do a multivariate analysis of the factors related to better
dicts among these serdlers.

Discussion

A variety of descriptive data are available in a report
by Chapman (1984). One of the most important fin-
dings was the low level of agricultural productivity of
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Sitiung’s farms. The percentage of farmers producing
crops worth less than $100 for whole-farm operations
(@bout 1.25 ha cach) ranged from 70% for rice to
1'% for cassava and banana. Of 77 families in the
three locations, 36 had total farm incomes {from
agricultural produce, including the value of produce
consumed by the family) of less than $100; another
36 had agricultural incomes bervreen $101 and $500;
and only five had incomes over §500.

‘The diversity of crops, imporant from a nutritional
standpoint, is most evident in the home garden, though
onssite experience suggests that the diversity in home
gardens is considerably greater than thar reflected in
the survey.

The availability of cash is an important concern for
those interested 1n enhancing agricultural productivi-
ty by increasing inputs. Annual cash incomes ranged
from under $100 to over $2000. Thirty families had
under $100 in annual cash income, 29 had between
$100 and $500, and 18 had cash incomes of over
§500. Although perhaps higher than cash incomes
would be in Java, these figures are still woo low for
people to allocate funds to fertilizers, pesticides, and
other agricultural inputs.

Java Compared to Sitiung

Chapman’s previous research had been in Gunung
Kidul, an area in Central Java, not far from Wonogiri,
the home area of inhabitants of Sitiung L and 11. Draw-
ing on her own experience as well as the published
literature, she identifies the following probable nutri-
ticnal difficulties in the settlers’ sending communities:
calorie/ protein malnutrition, Vitamin A deficiencies,
ancmia, and goiter. She points out that since many
of the people come from an unusually poor part of
Java, and transmigrants tend to be from among the
poorer scgments of any particular local community,
the probability of their having experienced these nutri-
tional difficulties is high.

In Sitiung, the dictary pattern is not very different
from patterns found carlier in Java by Chapman and
others. Meals are starch- and vegetable-centered, with
most of the protein derived from rice and the bean-
/peanut family. Meat, eggs, fish and milk products
are rare. The overall conclusion though is that seulers
are probably considerably better off nutritionally than
they were in Java. However, roughly 50% of the
houscholds in Sitiung appear to be getting less than
their nutritional needs in calorics, protein and Vitamin
A.

Chapman  postulated  that seven  houschold



characteristics should have an influence on nutritional
status, as measured by the three indices, per capita
calories, protein and VieaminA. These seven household
characteristics were cthnicity; length of residence;
cducation, total mcome; \
agricultural production, vegetable and truit production,
and consumption. However, these characteristics on-
Iy accounted for 28% of the variation in per capita
calorics, 31% of the per &.l})l[.l protein, and 19% of
the per capitaVitamin A, using a multivariate analysis.
The diversity index of consumption had the huchcst
explanatory value in regard to calorie and protein -
take. The education level attained by thie most educated
member of the houschold contributed strongly to the
role of these nutrients. Ethnicity was important in per
capita protein (the Minangkabau eat more meav).
A significant conclusion, also found in other studices
in Indonesia, is that houschold income is singularly
unimportant in explaining a good diet in Sitiung. For
Vitamin A, the strongest factor was the diversity in-

dex of vegetables and fruits, followed by length of

residence in Sitiung and educational attainment.

Recommendations

Some specific recommendations emerging from this
study include the following:

1) Research on home L‘ndcns should encourage the
planting of a number of non-commercial plants high
in Vitamin A and C (e.g.. amaranth, cdible-pod beans,
and tubers of a deep color).

2) Dictary diversity should be increased through
planting a greater varicty of crops, since Sitiung families
are primarily dcpcnduu on their own production for
their diets, and thus cannot afford to take a narrowly
commercial view of cropping strategics.

3) Dict and cropping pateerns should be inv csn&ltcd
in the seulers” arcas of origin, in search of more species
of plants that can be tried in Sitiung.

4) Increased incomes only result in modest im-
provements in dicts. Income-generating activities that
directly increase the variety of foods available, such
as garden plantings of vegetables and fruits now
unavailable, or houschold processing of agricultural
products into salable snacks at the markets and school
vards, are recommended. Both of these activities could
predominantly involve women, since they are active
entrepreneurs in these activities in Java.

Literature Cited
Chapman, Barbara. 1984. Dict and Production Survey
of Sitiung, West Sumatra. Research Memos 2 and 3.
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Collaborative T.esearch With Farmers

On Home Gardens

Stacy Evensen, University of Hawaii
Carol J. Pierce Colfer, University of Hawaii

Previous studies in Sitiung have shown that home
gardens are important sources of food, and are allocated
a significant portion of the typical houschold's labor.
In light of these findings, work has been initiated to
study various aspects of home-garden production, in-
cluding the effects of waste material (compost) on soll
properties and crops, forage crops for domestic animals,
fish-pond management and nutrition. These were all
mitiated recenty, and to date only the nutrition com-
ponent has produced noteworthy results. The objee-
tives of this component, conducted in Sitiung I, Si-
tung V. and Koto Padang, were 1) to ascertain the
variety of home gardening patterns that exist in Si-
tung, and 2) to characterize Sitivng's home gardens
in terms of type of crops grown, soil-management prac-
tices, annual vields and use of crops.

Methods

Two steps in this ongoing study have been com-
pleted to date. In the first, the research team conducted
a moditied “'sondco,” in which rescarchers from dif-
ferent disciplines paired off, interviewing the members
ot 12 farm houscholds in order to learn how best to
plan rescarch. Th team also mapped gardens to iden-
tfy variation ar- ng them.

In the second step, a series of casual observations
in home gardens was followed by the development
of a survey. The survey was administered to 30
farmers—13 cach from Smunbl and V (five each from
the Sundanese and East Javanese communities, three
from the Minang transmigrants) and four from Koto
Padang (in order to observe possible differences among
Minang farmers by location). The plan for this two-
month study was to learn what crops are planted in
home gardens, for what purposes, and with what in-
puts, soil-management practices, and constraints to pro-
duction. It was also planned to draw simple maps of
home gardens outlining such things as the number of
trees planted, plot size of food crops, and the orienta-
tion to house, stable and fishponds.

Preliminary Results and Interpretations

The first round of data collection has only recently
been completed, and the following must be taken as
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preliminary observations only.

1) Farmers manage their garden plots in a variety
of ways. Some vigorously hoe the soil, incorporating
fertilizer and manure; some simply sprinkle a light ap-
plication of fertilizer on the surface; and some spread
or incorporate a compost of burned or rotted kitchen
waste, leaves and crop residue. Ash from stump-
burning in Sitiung V was used extensively in the home
garden, along with government-provided TSP and
urea. In Sitiung 1. where there are cows and goats,
manure and ash are the main soil amendments, and
TSP and urea are used mintmally. Manure is spread
around perennial trees and incorporated in garden
plots.

2) In the dry scason, no new planting oceurs.
Gardeners use this time for soil preparation, yard-
cleaning and maintenance. Gardens remain bare ex-
cept for perennial tree crops such as jackfruit, ram-
butan, guava, papaya, coconuts, bananas, cloves and

stinkbean. However, there were small plantings of

cassava, sweet potato, corn, murghean, pigeon pea and
cowpea in Sitiung I, and, to a lesser =xtent, in Sitiung
V.

3) Constraints to production mentioned by the
farmers in Sitiung I and V included pests (“hama™),
worms (“‘ulat”), pigs, the unavailability of sceds, and,
in Sitiung V., the lack of a convenient market for ex-
cess garden produce.

4) Informal obscrvations of home gardens in Kote
Padang indicate considerable variation between home
gardens in Sitiung I and V. Perennial tree Crops
dominate the plantings in Koto Padang home gardens.
Sugarcance and some spice plants (lemon grass, basil,
laos, turmeric, ginger, cte.) are also frequently planted.
Much less care is taken of these gardens compared to
those in Sitiung I and V. The use of soil amendments
appears to be minimal. The food crops grown in Koto
Padang home gardens seem to be used for home con-
sumption, bartering, and sale at local markets.

§) Farmers' attitudes emerged as an iimportant
variable in crop sclection. Observations have led to
the hypothesis that, for food crops, there is a hicrar-
chy based on social, economic and production value,
and, to a much lesser degree, nutritional value. In Si-
tiung rice is king, followed by perhaps peanuts and
soybeans. For whatever reason, cowpea is farther down
in the hicrarchy. Attitudes of this sort will be in-
vestigated further as this research proceeds.

6) Most food grown in the home gardens in Sitiung
V is for home consumption. If there is extra produce
it is sold or traded with ncighbors. Farmers in Sitiung
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I, where a clear distinction is made between garden
and ladang (upland field) systems, appear less depen-
dent on their home gardens for the family’s food supply
and have more available for sale. In Sitiung V,
however, home gardens appear to be used as an ex-
tension of the ladang. Often the same soil-management
practices and inputs are used. By using a large part
of home garden space for ladang crops, families in Si-
tiung V may be climinating access to fresh fruits and
vegetables (most families shop at the market only once
or twice a month, so purchasing these commodities
is not practical). This may have considerable negative
impact on family nutrition and warrants additional
study.

It became clear during the interviewing of these 30
families that garden crops vary from season to season.
In order to beter characterize the home-garden system
on an annual basis it was decided to intensively inter-
view and observe selected farmers in Sitiung I and V
for one year. Gardens in Koto Padang will be map-
ped at least four times, with less intensive monitor-
ing, since perennials dominate in Minang home
gardens, and therefore seasonal variation is likely to
be less.

Farmers’ Perceptions of Constraints
To Agriculture

Carol J. Pierce Colfer, University of Hawaii
Herman Agus, Andalas University

Mike Wade, N. C. State University

Dan Gill, N. C. State University

Carl Evensen, University of Hawaii

In order to determine which factors farmers of both
sexes considered to be of greatest importance in limiting
their production, a series of general questions was
developed by the TropSoils team. Ten in-depth, but
minimally structured, interviews were conducted in
Koto Padang and Sitiung I, H, and V (40 total).

A prebmimnary report has been prepared by Agus,
outhning differences among the four locations
surveyed, and summarizing the major constraints to
production in the Sitiung area. The following is a brief
summary of the results.

Costs and Production .

Sitiung V farmers complained of the transportation
costs involved in marketing their goods. The wages
paid for agricultural labor are also significantly lower,



Rp. 1,500 for men and Rp. 1,250 for women, than
in Sitiung I and 11 and Koto Padang, where they were
Rp. 2,000 for men and Rp. 1,500 for women. At the
time of this writing, one U.S. dollar was cqual to ap-
proximately 1120 rupiah.

As observed elsewhere, the Minang focused on
perennials, both in Koto Padang and among the local
transmigrants residing in Sitiung V. This year, the Sun-
danesc in Sitiung V had switched to peanut; and the
Javanese were planting soybean, in line with the
government's national soybean-production scheme.

Preliminary data show farmers in Sitiung [ using fer-
tilizer on their upland fields (averaging 65 kg TSP,
80 kg urca, and 50 kg Kel per ha). This is not consis-
tent with other information, and will be investigated
further. Caleulations using data from Sitiung 1 show
that rice on 1 ha of sawah (wet rice field) costs Rp.
258,420 to grow (including family labor paid at the
going rate for ficld labor), with an average yield of
1.85 tons/ha, valued at Rp. 136,000.

Costs for 1 ha of soybeans averaged Rp. 228,570,
with an average of 0. 95 tons/ha return, valued at Rp.
255.000; this reflects a loss, if costs include wages for
family labor. Peanut yiclded an average of 0.48
tons/ha, valued at Rp. 456,000.

For Sitiung 11, the cost of land preparation, whether
for upldnd rice or soybeans, was about twice as ex-
pensive for those w ho did not have cattle as for those
who did. Yields from soybean averaged 0.55 tons/ha
(cqualing Rp. 165,000), whereas land-preparation costs
alone were Rp. 306,250, if hocing was the method
used.

In Sitiung V, land preparation for the major upland
crops comes to approximately Rp. 157,500 per ha.
Soybean production was 0.45 tons/ha (Rp. 146,250);
upl.lnd rice was 0.6 tons/ha (Rp. 102,000); and peanut
was 0.4 tons/ha (Rp. 400,000). Prices given are those
at time of harvest, varying by location.

In Koto Padang, wet rice is grown in rainfed arcas.
Land preparation costs Rp. 302,500, and yields about
1.9 tons/ha (Rp 228,000). This rice, however, sells
for only Rp 120/kg (in contrast to Rp 170 or 175

at other locations) because of the high proportion of

unfilled husks. Inhabitants of Koto Padang are far more
dependent on their rubber-tapping activities than on
yields from ficld crops, as was already clear from other
studics.

Primary Constraints
The principal factors which contribute to this limited
production, according to this study, include:
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1) The soil and climate are unfavorable.

2) Labor is scarce, particularly at the times of land
preparation and harvest, and, even when laborers are
available, low yields make it difficult to hire them.

3) There is lictle cash available for the purchase of
agricultural inputs.

4) The level of modern agricultural knowlcd;,e
among the farmers is low, while the appropriatencss
of modern agricultural extension information remains
uncertain.

§) The high level of pests and discases which affect
crops increases the riskiness of agricultural pursuits in
the area.

6) Marketing of produce is a significant problem in
Sitiung H and V| increasing costs and reducing farmers’
profits.

7) Governmental pollw has until very recently been
something of a prol)lun since food crops were prescrib-
ed on transmigrants” upland fields. The more ap-
propriate perennials were forbidden, except in home
gardens.

8) The lack of irrigation, except in Sitiung I, is scen
as a major limiting factor of production.

Implications

Preliminary observations from this study present a
rather dreary view of (he profitability of agricultural
endeavours in thic + ea. The kinds of figures presented
above wauld s vm to make the common practice of
secking oif farm employment both necessary and
intelligent.

Minang Tree-Farming Study

Mochtar Naim, Andalas University
Herman Agus, Andalas University
Fahmuddin Agus, Center for Soil Research
Carol J. Pierce Colfer, University of Hawaii

Soon after the TropSoils project began, it became
apparent that a study of indigenous farming systems
might help guide the development of soil-management
technologices in the Sitiung arca.

A study of :ree farming by the Minangkabau was
conducted at Koto Padang. Participant-obscrvaion
techniques were used to suggest specific questions ap-
propriate to the setting. A 10% sample of families was
chosen (n = 31) for more structured interviews. These
interviews focused on land- and labor-use patterns, time
and costs of production, and management practices
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relating to tree crops. Available secondary sources were
consulted, and further in-depth interviews were con-
ducted with a number of informal leaders in the com-
munity. Interviews were conducted in Bahasa Minang,
the language of Koto Padang residents.

Results and Interpretation

A report of the study (Naim and Agus, 1985) in-
cludes background information outlining characteristics
that  differentiate  the Minanagkabau from
transmigrants. Once surprising finding was the minimal
amount of management apparently involved in tradi-
tonal tree-crop production. The Minangkabau devote
the least land o upland-crop ficlds (2.5%), and the
most to rubber holdings (35.1%). The report concludes
that 1.5 ha of rubber is sufficient for the subsistence
needs of a family of five. The other most important
tree crops include coconut, coffee, and duku (a frui).

The average wealth of the Minang community
members s striking when compared to  the
transmigrants. A survey of 20 randomly selected
transmigrant houscholds in Sitiung 1. four months
betfore this survey, revealed an average annual income
of Rp. 390,000, compared to Rp. 960,000 for the
Minangkabau.

Just as with the transmigrants, the importance of
off-farm employment is considerable. The largest single
contriburor to income, overall, is “transportation” ac-
tivities, accounting for over one-fifth of average total
monthly income. Contracting and rubber tapping for
a nearby plantation are also major contributors to in-
come deriving from off-farm sources.

Other important differences between Minangkabau
and the transmigrants includ» the following:

1) Koto Padang has a greater variation in wealth
than is evident among the transmigrants.

2) Land is held communally among the Minang by
matrilineal clans (this means thar any individual's ac-
cess to land is largely determined by the powerful/in-
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fluential men in his or her mother's clan).

3) The seven clans represented in Koto Padang have
varying rights to land in the arca. Those who came
latest have the least land, and are more likely to
specialize in animal husbandry and off-farm activities.

4) Home gardens among the Minang are used for
growing fruit trees and flowers, in marked contrast
to the transmigrants, who grow a substantial amount
of their food in home gardens.

§) The Minangkabau of Koto Padang differ rather
markedly in their way of life from other Minangkabau,
who are more centrally located in the Minangkabau
homeland (Central Highlands of West Sumatra). The
Sitiung area is considered a frontier, and the most
notable differences include a more important role of
the father in the lives of his own children (in contrast
to the “ideal” Minang pattern of men's being primarily
involved in the lives ~f their sisters” children), and a
far lower rate of outmigration compared to the ideal
Minangkabau pattern.

Implications

The fact that the Minang tree crops continue to pro-
duce with so little human effort is a definite plus when
contrasted to the situation with upland food crops.
The report’s conclusion that 1.5 ha of rubber is suffi-
cient for the subsistence needs of a family of five is
encouraging, if one is interested in incorporating tree
crops more meaningfully into the transmigrants’ far-
ming system. The transmigrants have, or will soon
have, 2 ha of land, and an average family size of about
five members.

The fact that the Minangkabau are relatively well
off suggests that people can do reasonably well in this
environment, and that the indigenous population has
something to teach us. The Minang experience with
tree crops is heing considered as the program plans
its agroforestry experiments.



PropucTtiviTty IN FARMERS' FiELDS

An effective system of agricultural production is adapted to local environmental and socioeconomic
conditions, and achieves the best possible match of crop and soil. Crop requirements must be matched
to soil characteristics, and some of these characteristics vary significantly, both with time and space.
While these matches can sometimes be made by trial-and-error alone, this method ts slow and laborious,
and can delay the introduction of new varieties and soil-management techniques.

Because therc are so many factors complicating the selection and management of crops in the humid
tropics, much of the effort reported here has been devoted to the development of crop-simulation
models that predict how a crop will perform, given a particular set of soil and environmental condi-
tions. Such models can save time and effort by simulating trials that would require months or years
to perform. Collaborative research in Hawaii and Sumatra has produced a corn model that performs
equally well in cither location. The model can simulate effects of water stress and nitrogen shortages,
and one of the studies reported here has heen designed to incorporate phosphorus and lime interac-
tions. The model will be able to simulate water, nitrogen, phosphorus, and lime interactions not only
for corn, but eventually for rice, soybean and peanut.

One constraint to the use of such models is the high variability of soils and climate. Deterministic
crop models predict outcomes at a point in space. To deal with spatial variability in soils, geostatistical
techniques have been refined and applied to the mapping of soils in Sumatra (see the report, ““Soil
Variability in Mechanically Cleared Forest Land’"). With a minimum data set on daily solar radiation,
rainfall and temperature, the crop model can deal with temporal weather variability.

Simulation models can also be of limited use unless the farmer becomes part of the equation. A
decision-support system for farmers must make use of models that can simulate not only soil and
weather effects on farm production, but also the large amount of local knowledge stored in the minds
of farmers. This type of local krawledge can best be captured and represented in expert systems.
An expert system on soil acidity, described here, has been designed to make liming recommendations
for several important food crops produced on major soils of the humid tropics.
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Matching Crop Requirements of Rice,
Maize, Soybean, and Peanut to Soil
Characteristics with Crop Simulation

Models

Goro Uehara, University of Hawaii
Russell Yost, University of Hawaii
Upendra Singh, University of Hawaii

Crop models are an important ingredient in systems-
based rescarch. Properly formulated, these models can
predict a crop’s performance both in Hawaii and In-
donesia, or almost anywhere else in the tropics. Such
predictions can help accelerate the progress of
agricultural rescarch and development. "he objectives
of this study are 1) to identity the minimum soil, crop,
and weather data needed to predict the performance
of rice, maize, soybean, and peanut cultivars in the
humid tropics; 2) to test, validate, and modify existing
stmulation models for these crops, using the minimum
data set; and 3) to use the simulation models as screen-
ing devices for varictal testing.

To dare, this project has tested crop models for maize
and rice. A soybean model developed by the Univer-
sity of Florida has been selected, and has heen modified
to simulate growth and development of peanut, as well,
Both versions of this model will be ready for testing
and validation during the next cropping scason. When
they have been validated, all of the models are expected
to be useful in screening crop varieties.

Minimum Data Sets

Soil data. The standard USDA., Soil Conservation
Service soil-dcscription and soil-characterization data
file has been selected as the minimumn scil data set need-
ed for crop modeling. The critical soil data needed to
operate the model are curve numbers calculated from
the characterization data to simulate water runoff and
run-on for the water-balance components; organic-
matter and nitrogen content to operate the nitrogen-
dvnamics component; and the bulk density, organic
carhon and particle)size analysis data to calculate
available wacer capacity. These data are needed for
cach horizon in the root zone.

Weather data. Daily solar radiation, maximum and
minimum  air temperature, and rainfall are  the
minimum weather data needed to operate the models,

Crop data. The minimum data set for model testing
requires more data and observations than the minimum
set for model validation. The minimum data set for
maize has two parts. The first part deals with obser-
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vations of growth stages; the second deals with periodic
measurement of plant components, during the course
of the experiment. The model is designed to predict
phenologic events and biomass production over time.
Water stress or nitrogen deficiency affects biomass pro-
duction and final crop yield. The model operates on
the law of the minimum so that responses to nitrogen
applications vary with water supply and other factors.

Management data. Any management practice believ-
ed to affect ¢ p performance must be noted. The
model can deal with water supply through its water-
balance sub-routine and nitrogen stress through its
nitrogen-dynamics sub-routine. This means that, if the
crops receive supplementary irrigation, the amount,
manner and time of application must be recorded and
used in the simulation. Similarly the green-manure ap-
plication or nitrogen-fertilizer application must be
recorded. The amount and source (C/N ratio for green
manure and source for N fertilizen), depth and date
of incorporation or application, must be recorded for
use in the simulation.

‘The model does not account for deficiencies of P,
K and lime, or for damage by insccts and pathogens.
These factors must be kept optimum at this stege of
model development. P and lime should become part
of this model in about two or three years, as results
become available from studies reported clsewhere in
this document.

Genetic data. The crop models are cultivar-specific.
For example, genctic cocfficients for maize include:
thermal time (degree days) from emergence to end of
juvenile phase; the sensitivity of tassel initiation to
photoperiods greater than 12.5 hours; thermal time
(degree days) from anthesis to physiological maturi-
ty; potential kernel number per car; and potential grain
fill rate. In this project, the genetic cocefficients of local
(Indonesian) cultivars will be obeained from field
measurements.

Maize Model

A maize modecl developed by the Agricultural
Resecarch Service group in Temple, Texas has been
modified for use in the tropics. A minimum data sct
was collected from an experiment installed in Oahu
specifically to test the maize model. Two varicties of
maize, a University of Hawaii hybrid, H 510, and a
Pioncer hybrid, X-304C, were planted on clayey,
kaolinitic, isohyperthermic Tropeptic  Eutrustox.
Nitrogen levels were varied from 50 to 200 Kg/ha,
and water supply ranged from full irrigation to sup-
plemental irrigation.



Comparisons of observed and simulated leaf area in-
dices and biomass production for the H-610 variety
are shown in Figures 1 and 2. The calibrated model
was tested against field results from similar soils on
the Island of Molokai. The model calibrated on Qahu
pcrfnrmcd very well with data from Molokai.

The model was tested with experimental data from

Cror ProbpucTIVITY

Sumatra and sites in Hawaii and again performed very
well as illustrated in Figure 3. While grain vield will
be of primary interest to most users, the model also
prcdlus the date of silking and the date of physiological
m .curity.

The model was altered in wwo significant ways to
enable it to simulate maize performance under tropical
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conditions. The first modification was to compute ther-
mal time (degree days) from soil temperature rather
than from air temperature. This change is particular-
ly critical in the carly stages of plant development,
when much of the biomass is in or near the soil. In
the temperate regions, this is not so important hecause
crops are planted in spring, and temperature and day
length increase simultancously. In the tropics, crops
can be grown at any time of the year.

The second modification was to adjust thermal time
with solar radiation. This change accounts for dif-
ferences in photosynthctically active radiation between
summer and winter. In the tropics, maize can be grown
during any scason.

As shown in Table 1, the effect of climate on crop
phenology is accurately predicted by the maize model.
Another maize experiment has been harvested to assess
the effect of phosphorous levels on crop phenology.
The data clearly show that phosphorus Zeficiency
delays tasselling, silking, and maturity. In the high
nitrogen treatments, for example, the low phosphorus

Table 1. Comparison of observed and simulated
Haleakala, Maui, Hawaii.

plots remained greener for about a week longer because
maturity was delayed.

The maize model has been used to simulate the ef-
fect of subsoil acidity on crop performance. Using ex-
perimental data collected by the Indonesian Center
for Soil Rescarch, the corn model simulated corn per-
formance at a two-month interval for rainfed condi-
tions with and without subsoil acidity. The results in
Table 2 show that rainfall is adequate to support high
vields during the dry scason. It appears that subsoil
acidity constrains plant roots from exploiting subsoll
moisture. The results suggest that screening for acid
tolerant crops should be encouraged and that deep in-
corporation of lime can sigmificantly reduce yield losses
from periodic dry spells during the rainy season.

Rice Mode|

Five rice varieties have been planted unde: flooded
and upland situatiuns. The varieties were selected to
cover a wide range of genotypes o assess the model's
capacity to simulate cultivar differences under flood-

phenological events for X304C variety on the slopes of

Elevation Days after Planting
(M) End of Juvenile Physiological
Emergence Stage Silking Maturity
77 Observed 6 23 62 120
Simulated 5 25 67 119
340 Observed 7 28 73 138
Simulated 5 28 73 132
800 Observed 9 42 104 176
Simulated 7 38 97 174

Table 2. Simulated and measured corn yield on a clayey,

kaolinitic, isohyperthermic Typic Paleudult in Sumatra,

Indonesia.
Grain Yield, kg/ha—Conditions Simulated
Rainfed, Subsoil

Acidity Rainfed and Grain
Month and and noN Subsoil Yield
Year Planted application acidity Rainfed Optimum Measured
Dec 1980 5179 7624 10006 10308 10661
Jan 1981 4795 9024 9487 9495
Mar 1981 2953 5638 7607 7614
May 1981 864 891 6439 7989
Jul 1981 740 744 5524 7745 6300
Sep 1981 4062 6339 7740 7781
Nov 1981 138 577 7340 7348
Dec 1981 2947 3981 8800 8948 8338
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ed and upland soil conditions. The varieties were
Kswang-Chang-Ai, which is short-statured and high-
viclding, with a high photoperiod sensitivity; Belle-
mont, which s short-statured and semi-dwarf with low
photoperiod sensitivity; and Starbonnet, IR-36 and
Labelle, whose juvenile phases are long, intermediate
and short, respectively.

The rice model is more complicated than the corn
model because corn produces a single stalk whereas
rice produces tillers. Tvis well known that soil fertili-
tv attects tillering and therefore grain vield. There is
also strong evidence that low soil fertility delays the
time of phenological events and theretore delays
physiclogic maturity.

The chronology of key phenological events for each
vanery grown in upland and flooded situations has been
determined and will be compared against predicted
results from the rice model. The model is also design-
cd to predict biomass production over time, including
grain vield.

Conclusions to Date

1. Minimum data sets have been identified for the
maize and rice models. They include data on soils, the
crop, weather, management and plant genctics.

2. A maize model, modified for tropical conditions,
accurately predicted leat-area index, biomass, kernel
weights and numbers, grain yield and phenological
events for maize grown on several sites in the humid
tropics.

3. Results from a simulated and actual maize crops
in Sumatra show that subsoil acidity rather than low
rainfall is the major constraint to corn production dur-
ing the dry scason.

Cropr ProbucTiviTy

Effects of VA Mycorrhizae on Cowpea
Response to P Fertilization and Lime

In High Manganese Soil

Russell Yost, University of Hawaii
Edi Santoso, Center for Soil Research
Ruey-Shang Huang, University of Hawaii

In most acid soils, poor plant growth can not usually
be blamed direetly on low soil pH. Such factors as
crop cultivar, soil phosphorus and mangancse toxici-
ty can all influence the plant’s ability to develop roots
and grow. In legume crops, studying the response of
crops to lirne and fertlizer applications is further com-
plicated by VA mycorrhizal fungi. The effect of mycor-
rhizac on plant growth varies with soil conditions, as
well as with the strain of mycorrhizae. An understan-
ding of these interactions is important if mycorrhizal
inoculants are to be used to improve the productivity
of land cleared oi tropical rainforests.

"The work reported here was conducted at Poamoho,
Hawaii. Tt examined the response of two cowpea
cultivars to acidity differences covering a wide pH range
(+.8 to 7.1), with and without phosphate, as well as
with and without VA mycorrhizal fungi. Its objectives
were 1) to evaluate the effects of VA mycorrhizae in-
“cractions with fertilizer amendments on cowpea
growth, and 2) to examine the genetic variation in
adaprability of species of mycorrhizac and cowpea to
manganese inhigh-manganese soils.

Preliminary Experiment

Eight isolates of Glomus mossae were compared with
one isolate of Glomus aggregatium, Schenk in fumigated
Wahiawa soil (Tropeptic Eutrustox) amended with
CaCO3 1o pH 4.8 and 5.7. At low soll pH (4.8) and
high soil Mn (33 mg/L), all cowpea plants were stunted
and exhibited typical Mn toxicity symptoms (crinkl-
ing, chlorosis and necrosis of leaves). Under these con-
ditions there were no differences between mycorrhizal
and nonmycorrhizal plants. Where soil pH had been
increased to 5.7 and soil Mn was much lower (1.4
mg/L), however, mycorrhizal plants were significantdy
larger than nonmycorrhizal plants. Under the higher
soil pH conditions differences in shoot dry weight were
observed among the plants with different fungal
isolates. One Glomus aggregatium, Schenk isolate was
more ctfective than other Glomus musseae isolates as
measured by increased shoot growth (Figure 1). This
isolate of Glomus aggregatium, Schenk was used in
subsequent experiments.
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Figure 1. Comparison of pH effects on effectiveness
of eight isolates of Glomus mosseae and one isolate
of Glomus fasciculatum as measured by shoot growth
of cowpea (Vigna unguiculata).

Main Experiment

Four factors were compared: mycorrhizae, soil pH,
soil P, and cowpea varieties. The mycorrhizal
treatments included mycorrhizal plants (inoculated with
Glomus aggregatium, Schenk) and nonmycorrhizal
plants. Soil pH was adjusted with CaCOj to water
pH (1:1) of 4.8, 54, and 7.1. Soil P levels were
modified with the addition of potassium phosphate
to provide 9, 11, and 14 myg/kg sodium bicarbonate
extractable P. Three plants of cowpea (Vigna
unguiculata, ¢v. *"TVu 91" and “TVu 3563") from
the International Institute of Tropical Agriculture in
Ibadan, Nigeria were planted in cach pot. There were
three replications of the treatments, in a split-plot ar-
rangement. Mycorrhizae treatments were whole plots,
in order to minimize cross-contamination. Cowpeas

had previously been grown and harvested for three
generations to ensure genetic uniformity. Third genera-
tion seeds were apparently pure, having the same col-
or, size and seedling vigor.

Plants were grown 34 days in the greenhouse dur-
ing June and July. Plastic pots were prepared with 2
kg of soil (Wahiawa series, ‘Tropeptic Eustrustox)
which had been fumigated with methyl bromide.
Potassium. m _aesium, molybdenum, boron, zine and
copper were added in amounts considered adequate
for the crop.

Leat area was measured by a LI-COR leaf arca meter
at harvest. Dry weights of shoots, roots and nodules
were determined at harvest, Mycorrhizac infection was
determined ac harvest by the Phillips and Hayman
(1971) method. Soil solution concentrations of Mn
were estimated from 0.02 M CaCly, extraction of the
soil for one hour.

Results, Main Experiment

Cowpea varicties differed markedly in leaf area and
shoot Ca concentration (Table D). Variety TVu 3563
had similar shoot Mn contents in mycorrhizal (2049)
mg/kg) and nonmycorrhizal plants (2016 mg/ kg while
variety TVu 91 had higher Mn contents in mycor-
rhizal plants (1749 mg/kg) than in nonmycorrhizal
plants (1307 mg/kg). Response to mycorrhizac and
sotl P treatments were similar in the two varictics.

In nonmycorrhizal conditions, shoot dry weight of
the two varieties was the same while shoot Ca, shoot
Mn and leaf area were higher in cultivar TVu 3563,
In mycorrhizal plants, however, shoot dry weighe dif-
fered while shoot Mn was about the same.

Growth of nonmycorrhizal cowpea plants was on-
ly about 20% of that of mycorrhizal plants when soil
manganese was not ex.essively high (F igure 2). In non-
mycorrhizal plants even high levels of soil P failed to
increase growth or P concentration in shoots (Table

Table 1. Variety difference in shoot dry weight, calcium and magnesium concentration and leaf area.

Mycorrhizal Cowpea Shoot Shoot Ca Shoot Mn Leaf
Treatment Variety Dry Weight Concentration Concentrat-ion Area
(g/pot) (%) (mg/kg) (cm?/pot)
TVu 3563 8.62 a 2.16 a 2049 a 1416 a
Mycorrhizal
TVu 91 575b 274 b 1749 a 1094 b
TVu 3563 1.93 a 1.98 a 2016 a 315 a
Nonmycorrhizal
TVu 91 1.45 a 1.37 b 1307 b 222 b
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Figure 2. Leaf area response of two cowpea cultivars to mycorrhizal inoculation, soil P, and soil pH scaled

to 100% where 100% = 2303 cm?/pot.

3). Increases in soil pH resulted in significant decreases
in shoot P concentration, probably due to reduced P
solubility at high pH. Other measurements such as
nodule dry weight, leat area, and shoot dry weight
all decreased with the increase in soil pH from 5.4
to 7.1 and decreased with the decrease in soil pH from
5.4 to 4.8 (Table 2). Shoot Mn, however, decreased
consistently from over 3000 mg/kg at pH 4.8 to 2000
to 1000 at pH 5.4, and then to less than 1000 ar pH
7.1 (Figure 3). The two varieties diff ced significantly
in leaf area, shoot Ca and Mn concentration (Table 1).

In contrast with nonmycorrhizal plants, shoot
growth, leat area, and nodule dry weight of mycor-
rhizal plants increased with higher soil P (Table 3).
While shoot P did not change with increased P fer-
tilization it was considerably higher in mycorrhizal
(0.20%) than in nonmycorrhizal plants (0.12%). The

presence of mycorrhizae also affected cowpea’s
response to soil pH. Shoot P and nodule dry weight
increased as soil pH was increased, whereas the op-
posite occurred with nonmycorrhizal plants (Table 2).
Other measurements (leaf arca and shoot dry weight)
increased as soil pH increased, and decreased from 5.4
to 7.1 which was similar to the trends with nonmycor-
rhizal plants. Mycorrhizal infection was highest at pH
§.4(66.7%) and decreased both with higher soil pH
(57.8% at pH 7.1) and lower pH (17.4% at pH 4.8).

Discussion

There are at least two reasons for poor plant growth
in acid soils: toxic substances and deficiencies of plant
nutrients. These experiments were designed to com-
pare the eftects of mycorrhizal fungi on both of these
problems. The results only apply for the short-term

Table 2. Soil pH influence on cowpea shoot and nodule dry weight, shoot P and leat area.

Mycorrhizal Soil pH Shoot Nodule Shoot P Shoot Mn Leaf
Treatment Treatment Dry Weight Dry Weight Concentrat-ion Concentration Area
(g/pot) (mg/pot) (%) (mg/kg) (cm2/pot)
4.8 23¢c 12 b 0.16 b 3463 a 386 c
Mycorrhizal 5.4 109 a 421 a 0.17 b 1608 b 1810 a
7.1 84b 467 a 0.28 a 628 ¢ 1568 b
4.8 1.3b 03b 0.13 a 3156 a 191 b
Nonmycorrhizal 5.4 2.7 a 15.7 a 0.12b 1298 b 439 a
7.1 11b 0 b 0.11¢c 530 ¢ 175 b

173



Crop ProbucTivity

Table 3. Soil P influence on cowpea shoot and nodule dry weight, shoot P and leaf area.

Mycorrhizal 0.5M NaHCO, Shoot Nodule Shoot P L-eaf
Treatment Extractable P Dry Weight Dry Weight  Concent-ration Area
(mg/kg) (g/pot) (mg/pot) (%) (cm?/pot)
9.4 6.4 a 239 b 0.20 a 1116 a
Mycorrhizal 11.0 7.1 ab 254 b 0.20 a 1264 ab
14.2 8.1a 408 a 0.20 a 1385 a
9.4 16 a 2a 0.12a 225 a
Nonmycorrhizal 11.0 18 a 6 a 6.12 a 290 a
14.2 18 a 8 a 0.13 a 290 a
in fumigated, potted soil. In field conditions, native 20
mycorrhizal populations would be expected, and ef- o
fects of mycorrhizal inoculation would not likely be 181 o Soil pH
as pronounced. 16k Ao o 71
In this acid highly manganiferous soil, mangancse '-g a ® 54
toxicity is onc of the most serious growth limiting fac- £ Yoo o A 4.8
tors. Without lime application both cowpea varicties -~ 12k °o
grew poorly in spite of mycorrhizal inoculation. Where o %° o
the soil had been himed to 5.4, growth in leaf arca z of L )
of cultivar TVu 3563 (1948 em?2/pot) was greaer than 2 gL ,a &
that of cultivar TVu 91 (1324 ¢m2/pot). At high soil a A a
pH cultivar TVu 3563 responded more dramatically _§ 61 Agi 30
to increased soil P than did cultivar TVu 91 (Figure w ] %g . ° .
2). This suggests that cultivars may have differential §o " e .
S S ogpod * o °
tolerance to manganese, indicating some potential for 2| @. 000 O xo. e
further screening and selection. Nevertheless, in this ok A . ) *
experiment cultivar tolerance could not replace the L L L L L ]
need for lime. 0 1000 2000 3000 4000 5000 6UOO

Although mycorrhiza did not overcome manganesc Shoot Mn Concentration (mg/kg)

toxicity, they appear to have assisted in the absorp- Figure 3. Cowpea shoot dry welght as related to shoot
tion of nutrients such as P and Zn, and improved plant  Mn concentration.
growth where other limiting factors were not present.
While they can not be expected to replace mineral
ferdlizer in these soils, they may be used wo improve
its efficiency. Mycorrhizal fungi appear to be indispen-
sible for cowpea growth, even where soil P is high.
At high soil pH, growth of nonmycorrhizal plants was
severely depressed. These plants showed symptoms of
P and Zn deficiencies, while growth of mycorrhizal
plants was not reduced to the same extent and the
symptoms were not apparent. These results suggest
that mycorrhizal plants would be less affected by
overliming, which might occur with poorly distributed
or poorly incorporated lime, than nonmycorrhizal
plants, because of improved absorption of P and Zn
through mycorrhizal hyphae.
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Modeling Phosphorus-Lime Interactions

Andrew Sharpley, Agricultural Research
Service/USDA, Durant, Oklahoma

Goro Uehara, University of Hawaii

Upendra Singh, University of Hawaii

Phosphorus deficiency and aluminum toxicity are
two common soil constraints encountered by farmers
in the humid tropics. How a Crop reacts to these two
constraints depends on the genetic makeup of the plant,
weather, water supply and the chemical, physical and
ln()l()ulml conditions of the soil. Because P and lime
nteract with one another, and with other factors in
the cropping environment, a systems approach is re-
quired to integrate relevant information into a mode!
that predicts the effects of lime or P on crop pcrfor-
mance when a host of constraints are oper ‘mng
simultancously, as is almost ahw ays the case in a
farmer's ficld.

The objectives of this study are 1) to quantify coct-
ficients of a soil phosphorus-.u d-lime model, and cou-
ple this model to extsting crop models that simulace
crop growth and dcvclupmun 2) to test and validate
the phosphorus-lime model in the field using obsery-
ed and simulated pH, soil P, plant P upml\c and crop
pcrfornmnu as indices for Lomp.ms()n. and 3) to
develop and test a soll phosphorus-lime model that
simulates changes in extractable phosphorus concen-
tration and soil pH over time.

Determination of Model Coefficients

A soil and plaln( phosphorous (P) model has been
developed for use in EPIC (Erosion- Productivity Im-
pact Calculator) by the cooperating scientisis. The P
model was dev dopui on soils from the continental
U.S. and included only a few highly weathered soils.
Consequentdy, the model cannot be used with con-
fidence on these soils. The minimum data set required
by the P model is labile P, organic P, and fertilizer
Pav ailability. As these parameters are not routinely
measured h\ soil-testing laboratories, coefficients are
needed to estimate the minimum data set from readi-
Iy available soil physical and chemical propertics for
hlghl\’ weathered soils.

Several highly weathered soils were chosen on the
basis of soil taxonomy, pH. and aluminum saturation.
As these soils will be used in the dev. clopment of the

P—lime model, Al saturation was used as a sclection
criteria. This model will simulate the effect of lime
application on P cycling in highly weathered soils,
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where lime is often recommended to reduce Al 1ox-
ICity to crops.

Samples of 32 highly weathered soils were obtain-
ed from the Soil Conservaton Service, Lincoln
Laboratory. The soils included five Alfisols, one Fer-
risol, two Inceptisols, theee Oxisols, three Spodosols,
and 18 Ultisols from Burundi, Caroline Is!., Catie, In-
donesia, Lesotho, Malasia, Panama, Papau New
Guinca, Rwanda, and Sumatra. The 32 soils had an
Al saturation greater than 30% with a mean value of
68%. Labile P (resin extractable), soil test P (Truog,
Bray, Mchlich T, and Colwell) and organic P were
determined on each soil. Fertlizer P availability was
determined following incubation of soil and P for one
and six months, and represents the fraction of fertilizer
P which is labile after the incubation period.

Labile P (mg/kg was lincarly related to the amount
P extracted by cach soil P rest (m;:,/l\Q (Table 1). These
rcldnomlnps are similar to thosc obtained carlier for
the contunental US. soils. Soil ()rgdnu P content
mg/kg) was lincarly related to organic C (%) and total
N content (%) (1able D). Siope and intereepr values
of the relationship between total N and organic P for
these highly weathered soils (1109 and 44.2, respec-
tively) are similar to those for the continental U S. soils
determined previously (1130 and 44.4, respectively).
Fertilizer P availability was relot d to clay content
(Table 1).

Correlation coefficients were greater for availabili-
ty measured after six-month incubations, compared to
once-month incubations.  As expecred,  fertilizer
availability was significantly greater (at the 1% level)
after one month (mean of 0.45) than after six months
(mean of 0.28). Conscquently, the minimum darta set

Table 1. Relationship between labile (LP) and Troug
(TP), Bray (BP), Mehlich Ill (MP), and Colweli P (CP);
organic P (UP) and organic C (OC) and total N (TN);
and fertilizer P availability (F) and clay content (CL).

Parameter Equation R2
LP = 0.20 TP + 5.62 0.71

= 0.41 BP + 5.55 0.86

= 0.64 MP + 572 0.84

= 0.43 CP + 4.21 0.80

oP = 1109 TN + 42.2 0.87

= 620C + 634 0.82

F1+ = -0.19 Log CL + 0.70 0.68
Fé + = -0.30 Log CL + 0.68 0.85

+ F1 and F6 represent fertilizer P availability after
1- and 6 month incubations, respectively.
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of the soil P model can be obtained from readily
available soil propertics of highly weathered soils.

Testing the Phosphorus Model

The soil P model simulates P uptake and transtor-
mations in up to 10 soil layers of variable thickness,
and is sensitive to soil chemical and physical proper-
ties, crop P requirements, tillage practice, fertilizer rate,
soil temperature and soil water content. Although the
mode] oversimplifies soil P transformations, model
parameters can be obtained from limited soil data: the
model is sensitive to soil propertics, and has high overall
accuracy.

The model was developed from data for soils in the
temperate continental U.S. As soil P reactions will dif-
fer in highly weathered soils, the above coefficients
were incorporated into the model for testing. In addi-
tion, fertilizer P availability determined as solution P
after a six-day incubation was included.

Data from the Benchmark Soils Project was used
to test the model. First, the simulation runs were made
to calibrate the existing model so that it accurately

Table 2. Comparison of observed and simulated
experiments,

simulated maize response to P. Seven experiments were
used for calibration. Only the experiments with high
N treatments (186 kg N/ha) were used for simula-
tion. The phosphorus treatments ranged from 25 to
1200 kg P/ha.

The model was then ren with labile P estimated
from Truog P values. The rclationship between soil
solution P and labile P was used as a calibration fac-
tor for the model. The calibration factor was further
modified so that the simulated resules were reasonable
for the seven sites tested. After calibrating the P model,
runs were made fron: seven Beneb:nark Soils Project
experiments on Hydrie Dystmndcpt and Tropeptic
Eutrustox. The same duta was then rerun on the P
model using fertilizer P availability determined by a
six-month (Simulation i) and six-day incubation
(Simulation 2).

The calibrations were made so that most of the
simulated results were within one standard deviation
of the observed mean (Table 2). The model predic-
tions in residual phosphorus CXPCTIMCNTS Were as good
as in experiments where P had been applied. In general,

grain yield on seven Benchmark Soils Management

Site/Block Phosphorus Applied (Coded level)
-.85 Opt +.85
HAL-B218 Observed 7697 + 525 8194 + 264 8165 + 815
Simulaton 1 7100 8210" 8848"
Simulation 2 7950" 8002" 8600°
KUK-A212 Observed 6039+917 6993 + 607 7852+ 1591
Simulation 1 5780° 7004" 8692"
Simulation 2 5284" 6190 7408"
KUK-c112 Observed 71234539 8917 + 100 8768 + 433
Simulation 1 6044 2991° 9179
Simulation 2 6775" 9212 9213
KUK-C128 Observed 8462 + 697 9230 + 550 9262 + 509
Simulation 1 8972" 10009 10009
Simulation 2 9327 10031 10031
KUK-D1128 Observed 7003+ 1132 7937 + 835 8471+ 354
Simulation 1 7450° 9460 9700
Simulation 2 7933 9340 9582
KUK-D20 Observed 6751+ 1200 8212+ 533 8828 + 365
Simulation 1 5200 794" 9802
Simulation 2 7697° 8519" 9904
MOL-A10 Observed 8451 + 477 9887+ 478 10460 + 650
Simulation 1 7780 9723" 11034
Simulation 2 8600° 9948" 11018"

a Phosphorus—residual experiments.
* Within + one standard deviation of the observed mean yield.
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simulated yields were greater than the observed yields,
pdrmularlv at the hluhut P trecatment. The main dif-
ference between simulations 1 and 2 occurs at the
lowest rate of P . In six of seven experiments the
modified P model predicted higher vicelds than the
original model. This may be due to the l()\\crduur‘u\
of the P availability index at low levels of P in solu-
tion. Nevertheless, the predictions of both models were
stilar at high levels of P

The simulation exercise showed that Troug soil test
P may be related to labile P by regression equations
and suausstull\' utihized by the P model. Likewise, fer-
tilizer P .l\.ll]dl)lll[\’ estimated by a six-day incubation
may be used instead of the six-month incubation. In
the present study, the six-day availability index was
estimated using regression equations relating solution
P to labile P. This step may be climinated and the
crror in prediction reduced if the P model were
modified to include soil solution P as an additional
nutrient pool.

Soil Phosphorus-Lime Model

Work is in progress at the University of Hawaii to
combine the soil-plant P model with the
IBSNAT/CERES-MAIZE model.
maize to applied ime and the associated effects on P
reactions will be accounted for through variation on
Al saturation, which in turn will be controlled by lime
applications. Exchangeable soil Mn will be used to
evaluate potential Mn tonicities and the assocrated ef-

fects on potential top growth. Similarly, the effect of

P deficiencies on phcn()lou\ and length of plant growth
stages will be included. A ph()sphorus h\'-mtr();_,cn field
experiment just completed at the Univ ersity of Hawaii
will be used to test the response of the
IBSNAT/CERES-MAIZE model to varying rates of

N and P. Phosphorus-lime experiments w ill be installed
dlS() n order to test the model response to lime and
phosphorus.

Summary

A soil and plant phosphorus model was used to
predict maize response to fertilizer P dp})ll(.l(l()n The
model is able to account for organic and inorganic
pools of soil P. Plant uptake of P is regulated by the
labile P concentration which, in turn, is controlled by
fertilizer, organic, and i inorganic P pools.

A method to estimate labile P from standard soll
P tests, organic P from organic C or total N, and fer-
tilizer P av dlldl)lll[\’ from clay content, was dev cloped
for highly w cathered rrcpu.ll soils and tested. Oncee

The response of

Cror ProbucTivITY

labile P is estimated, P uptake is regulated by plant
demand, which is satisfied whenever labile P concen-
tration is above a critical value. The model assumes
that potential P uptake is a linear function of labile
P concentrane  oil water and temperature affect P
uptake by their eifect on biomass produmon and by
ru,ul.mn;_, rate constants between various P pools

When the model was tested with maize experiments
conducted in Hawaii, over 50% of the predicted yields
fell within one standard deviation of the observed
viclds. Field experiments designed specifically to test
and validate an improved soil plant P model, incor-
porating the effect of lime application on soil P, will
be installed in Indonesia.

Application of Expert Systems
To the Transfer of Soil
Management Technology

Russell Yost, University of Hawaii

Goro Uehara, University of Hawaii
Stephen Itoga, University of Hawaii

I. Putu G. Widjaja-Adhi, Center for Soil

Research

There is a great need to implement existing infor-
mation on management of tropical soils and to con-
duct follow-up rescarch where needed. The first-
generation problem 15 to adapt existing knowledge, to
apply the rlg_,ht information to the right problem at
the rlght time. L\ptrf systems' or I\no\\'lcd;_,c based
systems” offer promise as a means of capturing, in a
microcomputer, not only the factual knowledge of ex-
perts but also a portion of their problem-solvi ing 1 skill.
Using expert systems, people with limited training can
access factual information and apply problcm solving
skills developed from decades of experience.

Expert systems offer considerable potential to help
people organize and transmit problem-solving, soil-
management expertise. Soil management deals with
a highly complex, soil-plant- climate-human system,
Usu.lllv a large amount of information is necessary to
understand and predict a particular phenomenon; it
is not often possible to reduce this large amount of
information ro a single rule, theorem, or axiom. Other
sail science information is clearly quantitative and can
be represented mathematically. Still other types of in-
formation are best rcprcscntcd as rules of thumb,
heuristic hunches, or as patterns from analogous situa-
tions. More precise representation of agronomic and
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soil-management information will require a better
understanding of how we retain and use accumulated
soil-science knowledge. Expert systems permit captur-
ing not only many facts but also these various types
of information, so that the information need not be
relearned or duplicated by following generations,

Another characteristic of soil-management informa-
tion is that it tends to be rather regional. Within regions
there are typical problems and frequently various solu-
tions, developed either by farmers, extension agents
or research personnel. These solutions may apply well
in one region, but not in another. This characteristic
of soil-management information complicates the broad
application of principles and the cconomizing of
rescarch effort.  Nonetheless there  are regional
analogues of soil, climate, crop, and human factors
throughout the tropics, and representing these factors
efficicntly, in the appropriate  context, would
measurably assist in the application of soil-management
technology.

The objectives of the expert-systems studics reported
here are 1) 1o design and construct expert systems in
soil- and crop-management technology that implement
the learning and deductive capability possible with fifth-
generation, logic-based languages; 2) to evaluate the
implementation and performance of an intcrdisciplinary
expert system on soil-management problems of the
humid tropics; and 3) to evaluate the representation
of farmer-information within the expert-system
framework.

The ACID3 System

A prototype expert system has been developed to
make lime recommendations in the humid tropics. The
objectives were 1) to document current methods of
determining lime requirements for highly weathered
soils of the tropics; 2) to provide a way to transfer
current TropSoils rescarch within Indonesia for use
by extension workers and people with limited
agronomic training; and 3) 1o provide an cxplorarory.
learning excreise for ourselves concerning the develop-
ment of an expert system and the exploration of poten-
tial applications.

The ACID3 knowledge base is largely developed
from exisung information and rescarch experience.
Because the primary objective has been to address soil
acidity problems in the transmigration area of In-
donesia, work has been focused on extractable acidi-
ty (mostly exchangeable Al) as the primary cause of
yield reduction due to soil acidity.
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Knowledge-Base Concepts

Table 1 presents a summary of ECEC, extractable
Al and possible lime rates for three crops, used in a
preliminary test of the ACID3 system. The main con-
cepts in the knowledge base are:

1. Growth-limiring effects are primarily due to ex-
changeable Al, although if all cations are present in
very small quantities some lime is needed to provide
Ca. It is assumed that Al toxicity is closely related with
Al saturation such that Al saturation is a satisfactory
measure of Al toxicity.

2. It is assumed that crop tolerance to Al can be
adequately represented by Al saturation corresponding
to 90 to 95% relative yield in field experiments, Crops
vary constderably in their tolerance to exchangeable
Al; extremes are represented by mung bean (very in-
tolerant, tolerating no more than 0% Al saturation)
and cassava (very tolerant, tolcrating about 75% Al
saturation).

3. Organic material scems to reduce lime re-
quircments. The current approximation is that 10
ton/ha of organic material reduces the lime require-
ment by 1 ton/ha.

4. Lime requirements should be based on soil
analyses in order to accurately reflect the soil
conditions.

The calculation of a lime requirement is based on
the need to neutralize sufficient Al to reduce aluminum
saturation to the “critical level” established for the
various crops, thereby adjusting soil properties to match
crop requirements. Our modified form of the equi-
tion suggested by Cochrane et al., 1980, is:

.

Lime requirement (¢/ha) = 1.4 (exch.

acidity—(CAS*ECEC/ 100))

where: - exchangeable acidity is that extracted with
IN KCl and includes extractable Al and
H;

- CAS is the Critical Aluminum Saturation
or the present Al saturation at which crop
yield is no lower than 80-90% of max-
imum obtainable with adequate lime;

- ECEC is the “effective cation exchange
capacity;”

- the value 1.4 represents the relation of the
cmois of C.CO4 required to neutralize |
cmol of Al and H. This value is determined
from field studics and is adjusted for both
bulk density and depth of incorporation.
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Table 1. General summary of ECEC, extractable Al, and possible lime rates for soybean (Orba), uplcnd rice,
and maize used in development of the ACID3 expert system.

ECEC Ex. Al Soybean Rice Maize
meq/100g t/ha

General

mean 6.78 4.16 5.42 0.2 3.18

std dev 6.4 4.8 7.6 4.9 6.1
Aceh (n=35)

mean 7.27 4.11 5.04 0 2.64

std dev 5.7 3.9 6.1 4.3 5.0
N. Sumatera (n=17)

mean 4.59 2.92 3.90 0.4 2.38

std dev 3.2 2.5 3.9 2 3.0
Sumatera Barat (n=14)
d mean 6.37 4.20 5.74 0.8 3.64

std dev 1.7 1.5 28 2 25
Riau {n=105)

mean 10.8 7.07 9.63 1.3 6.07

std dev 8.9 7.0 12 9, 10
Jambi (n =76)

mean 5.38 3.59 4.94 0.8 3.20

std dev 25 2.1 3.4 2 3
Bengkulu (n=10)

mean 4.74 2.63 3.18 0 1.62

std dev 29 2.2 3.3 1. 24
Sumatera Selatan (n=63)

mean 3.7 2.17 2.74 0 1.52

std dev 1.7 1.6 2.6 1 2.1
Lampung (n=:93)

mean 3.22 1.74 2.05 0 0.98

std dev 1.3 1.1 1.8 1 1.5
Wast Java (n=35)

mean 15.0 7.44 8.15 0 3.22

std dev 13 10 16 8 12
East Kalimantan {n = 26)

mean 9.10 5.82 7.81 1 4.80

std dev 2.6 2.0 3.8 4 3.6
Kalimantan Barat (n = 20)

mean 8.49 6.48 9.59 3.06 6.79

std dev 2.9 2.6 4.1 2.0 3.2
Kalimantan Selatan (n =38)

mean 6.42 4.01 5.29 0.35 3.17

sid dev 2.0 2.0 3.4 2.2 29
Kalimantan Tengan (n=37)

mean 5.06 3.34 4.57 0.67 2.90

std dev 2.3 2.1 3.3 1.7 2.6
Sulawesi Tengah (n=15)

mean 4.05 2.28 2.78 0 1.45

std dev 1.5 1.4 2.5 2 2.1
Sulawesi Tenggara (n =50)

mean 4.75 2.25 2.34 0 0.77

std dev 1.5 1.0 1.8 2 1.8
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In this case 1.9 ¢mol of Ca was required
for each cmol of Al+ H, the bulk density
was assumed to be 1.0, and depth of in-
corporation was assumed to be 15 cm.

Preliminaly data by Wade ct al. suggest approximate-
ly 0.53 cmol KCl-extractable acidity is neutralized for
cach cmol of Ca added as CaCOj. This corresponds
to a relation of 1.9 cmol of CaCO4 being required
for cach cmol of extractable acidity, a value in keep-
ing with results reported clsewhere. This reference
poiitts out the need to consider the effectiveness of
lime in neutralizing the extractable acidity. Such data
should be obrained in ficld studies if possible because
of the need to ensure that liming material and soil reac-
tivity are tested in conditions that are representative
of the situation or group of farmers to which the even-
tual recommendation is intended to apply.

Other data and results from the TropSoils work in
Sitiung are incorporated, such as minimal requirements
of P and K for soybean, rice, cowpea and peanut.

System Design

A directed graph of ACID3 is shown in Figure 1.
The system is designed to apply to the Humid Tropics
with soils of the Ultisol, Oxisol, and Inceptisol orders.
In addition, the system has additional information per-
tinent to the Sitiung region, Indonesia. The general
recommendations are based on other rclationships such
as a general reactivity of 2 cmol of CaCOj3 for cach
cmol of extractable acidity. Levels of critical aluminum
saturation are, so far, the same for the general recom-
mendation as for the specitic location in Sitiung.

At present soil great group is incorporated for aquic-
and fragi-sul)groups. This has been expanded in an at-
tempt to access a much larger date base such as that
being developed by the Center for Soil Research of
their extensive collection of soils data from various
surveys and inventories, and the foreign soil data base
of the Soil Conservation Service. Such data bases will
be used to provide detailed soil data if the user pro-
vides the town or geographic location. The data base
access by the expert system provides information on
soil characteristics or specific problems that might be
important for crop production or soil management in
the arca. A version of the system has been translated
into the Indonesian language for more extensive testing.

As this project develops, a group of recognized
authorities in soil acdity and liming will be assembl-
ed in order to capture their expertise, which will then
be evaluated for implementation in the expert system.
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The expert system will be compared with practical
experience wherever available.

Future dcvclopmcnts include inrcrfacing the expert
system with water balance simulation models and
detailed soil data bases.

Variance in input data will be propagated through
the system to arrive at estimates of the reliability of
the recommendations. ’

Farmer Information

Another expert system is being developed to organize
farmer information in the expert-systems format. This
system is intended to provide information to policy-
makers in the Indonesian government, TropSoils team
members, and furmin;:-systcms workers.



Pasture Grasses and Legumes
For the Humid Tropics

John F.. Thompson, University of Hawaii

Carl Evensen, University of Hawaii

Russell Yost, University of Hawaii

Ronald Guyton, University of Hawaii

I Putu Gedjer Widjaja-Adhi, Center for Soil
Reseurch

Fahmuddin Agus, Center for Soil Research

In the Sitiung area, grasses and legumes have poten-
tial not only as forage crops but also as green manures
and cover crops that may help reclaim degraded lands.
The objectives of this continuing study are 1) to
evaluate germplasm of pasture legumes and grasses
under Sitiung edaphic and climatic conditions, 2) to
determine most productive forages and to consider ap-
plications as green manures and cover crops as well
as animal feeds, and 3) to participate in pasture-legume
trials as part of the Centro Internacional de Agricultura
Tropical (CIAT) network.

New-Project Update

This project bas not been under way long enough
to yield substantive reports, but should be mentioned
because f its importance to the program as a whole.

The research was conducted in Sitiung 1, on land
cleared by bulldozing seven years before. Treatments
are listed in Table 1. ‘Twenty-two accessions were sup-
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plied by CIAT, and there were nine treatments using
germplasm available locally. Lime was broadcast over
all plots at a rate of 375 kg CaCO,/ha (to give about
0.5 me Ca/100 g soil to a depth of 15 ¢m) except
on several high-lime plots, which were limed at a rate
of 5.4 t/ha (2 x me Al). Phosphorus was banded at
40 kg P/ha. The P (uriple superohosphate) was ap-
plied in 20 em wide strips and hoed in to a 20 em
depth. The sced was planted in rows 50 ¢m apart. Plot
dimensions were 2 m x § m, with | m gaps between
plots.

Data were collected according to CIAT’s guidelines,
and included 1) plant counts and height measurements
during establishment; 2) plant counts and height dur-
ing production; 3) dry-matter production at cight-week
intervals, except during periods of minimum or max-
imum precipation, when subplots were harvested at
intervals of three, six, ninc and 12 weeks. Also, some
estimates were made of olant canopy coverage
(““mulching percentage”).

Summary

Several species of both grasses and legumes that are
well adapted and highly productive have becn iden-
tified, although their persistence and productivity over
time remains to be determined. As this study pro-
gresses, the results are expected to be useful to related
projects involving forage, green manures, land reclama-
tion and home gardens. In addition farmers in the Si-
tiung arca express strong interest in obw. ning improved
forage crops. and iave agreed to cooperate in the
research by supplying information about palatability
and consumption by livestock.
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LAaNL RecLamaTioN: Soi Puysics AND SolL
CONSERVATION

The clearing of rainforests often leads to soil degradation through the loss or rapid decomyosition
of organic matter, leaching of nutrients, soil compaction and erosion. Many fields in the Sitiung area
have been cleared of rainforest by bulldozers. This method, unless carefully managed, can compound
land-clearing’s detrimental effects. Some bulldozed areas at the settlements are barren, and have been
abandoned.

Studies reported here are part of an effort to find ways to promote and conserve soil physical pro-
perties favorable to crop production, to improve land-clearing methods, and to reclaim soils damaged
by clearing. Central to this effort is the judicious management of organic matter, which is an impor-
tant component in highly leached and weathered tropical soils. Soil organic matter---applied by farmers
as manure, green manure, crop residues and mulch-—is associated with increased cation exchange capacity
and improved soil structure, and provides many important plant nutrients. Studies at Sitiung have
shown that the use of green manures can reduce the need of costly fertilizer inputs for low-input
farmers. Work with forages is expected to idenufy varieties that will conserve cleared soils, while
providing better nutrition for livestock.

Several projects in this subject area are not reported because they have only recently begun. One
of these is designed to quantify the rainfall erosion potential for major agro-environments at Sitiung,
and to evaluate farming ar.d soil-management practices for their effectiveness in controlling erosion
zad using rainwater efficienuy.
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LAND ReEcLAMATION

Management of Organic Material
In Indonesian Farming Systems
Carl Evensen, University of Hawait

Russell Yost, University of Hawaii
Mike Wade, N. C. State University

The marked response of some crops to green manure
in previous experiments has suggested that the proner
management of organic matter might reduce the 1id
for lime and fertihizer on Sitiung farms. The two studies
described here are designed to quantify the influence
of green manure on crop yields and fertilizer and lime
requirements, to deternune the adaprability of selected
tree and herbaceous legumes for use on transmigrant
farms, and to incorporate information from Sitiung
transmigrants in the sclection and design of legume-
management systems.

Alley-Cropping Experiment

The objectives of this study are 1) to determine Al
tolerance of three legume tree species under Sitiung
conditions; 2) to determine their N, leaf, and woe
production; 3) to measure the effects of green leaf
manure (GLM) additions on the yields of rice and
cowpea intercropped with the trees; 4) to measure ef-
fects of these organic-matter additions on soil chemical
properties and their interactions with crop grewth; and
5) to sclect appropriate legume tree species and lim-
ing levels for farmer testing.

The soil 1s a Typic Paleudult; clayey, kaolinitic,
isohyperthermic. The site was cleared by manual fell-
ing then bulldozing but was never cropped, and was
heavily eroded in parts. The experiment is laid out
in a split plot design with four replications. The main
plots were three tree species, Albizia falcataria, Callian-
dra calothyrsus, Gliricidia sepiura, and a treeless control,
Subplots were liming ievels of no lime, low lime (37§
kg CaCOy/ha/year to provide 0.5 meq Ca/I00g soil
to 15 cm depth), and a liming rate to reduce Al satura-
tion to 25% (2 t CaCOs/ha in the first year).

During the establishment of alley-cropped trees, rice
was planted, followed by cowpea. The lime was broad-
cast over the subplots along with a blanket applica-
tion of P at a rate of 40 kg P/ha. To establish the
tree hedges, TSP was applied in strips equivalent to
80 kg/ha of P. The trees were planted in hedgerows
over the fertilized strips. Intra-row spacing between
the trees is 12.5 em tor Albizia and Calliandra, and
25 cm for Gliricidia. Hedgerows are 4 m apart. Subplot
size is 5.5 m x 12 m for the alley-cropped plots and
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5.5m x 6m for the treeless control plots. The harvested
portion of the subplots consists of the central 3 m of
the center tree hedge and 2 m to either side of the

hedge for food crop yields.

Rice in Alley-Cropping

Upland rice (**Sentani’) was planted at a 25 x 25
cm spacing, skipping one row of rice where there was
a row of trees. Nitrogen was sidedressed at 25 kg N/ha
at 42 days after planung. However, rice blast began
to appear at about this time and became so severe that
almost no grain was produced. The crop was harvested
for total plant weight. The alley-cropped trees were
quite small and were not expected to affect rice yields
at this time, however a liming effect as well as extreme
soil microvariability were observed. Zero-lime subplots
were extremely stunted and chlorotic.

Cowpea in Alley-Cropping

A semi-determinate local variety of cowpea was
planted at 20 c¢m intra-row x 40 ¢cm inter-row spac-
ing. No rows of cowpcas were skipped in subplots with
trees (ic. rows of cowpea were planted 20 ¢cm on either
side of the tree rows). No additional fertilizer was ap-
plied, so that soil microvariability could be further
characterized.

Germination was excellent, but within two weeks,
plots without lime had extensive leaf chlorosis and
necrosis and seedling mortality of 30 to Y0%. At both
low and high lime rates, plants were fairly healthy,
although throughout the experiment, many plants ex-
hibited leaf bronzing and purplish-brown mottling
along the veins. This may indicate a K deticiency or
Ca deficiency/Al toxicity, since it was much worse
in the unlimed subplots. The alley-cropped tree species
were much more vigorous by this time and, especial-
ly in the case of the Albizia, competed for light with
the cowpeas. However, there was a prolonged drought
from midJune to late-July, which severely reduced pod
set and yields. Thus, when cowpeas were harvested
only total plant weights were measured.

Table 1. Upland rice response to liming.

Lime Rate Dry Matter Yield Plant Height
kg/ha kg/ha cm
0 940 32
375 2005 50
2000 1667 46
LSD (0.05) 620 9




Crop Response

Toral plant dry matter yields and plant heights in
the upland rice crop showed a highly significant
response to lime. There was no significant difference
between the low and the high rates of lime (Table 1),
There was also no rice growth response to the tree
species, since the trees were too young to compete
with the rice and had not yet been trimmed for g green
manure.

An analysis of variance for total dry-matter vields
of cowpea indicated that tree species had a slgnmumt
ettect (.07 level) and that liming rates had a highly
significant efteet (0.01 level) on cow pea vields.” Fable

2 shows that cow pea vields were slgmhg.mtl\' increased
by lime application, .1|th()ugh the low and high lime
rates pl‘()d'lL(d the same \lclds This supports the warlier
observation in the upldnd rice crop that 375 kg lime/ha
is sufticient for Al tolerant crops on this soil. Table
2 also shows that the Albizia hedge significantly
decreased cowpea vields (undoubredly through shading,
since the Albizia trees averaged 3-4 m in height by
cowpea harvest). The other trees did not slgnlludnrlv
ditfer from the treeless control in effects on the cow pea
crop.

Discussion

Competition between the trees and intercropped
food crops will not be so severe in subsequent crops
because tree hedges will be cut to a 40-50 ¢m stubble
every few months. It is expected that Appllmrlon of
the GLA will more than compensate for tree/food-
crop competition. Earlier planting should reduce blast
infection and improve soil moisture conditions, which
together should improve the dismal yields obtained
in the first rwo crops.

Source and Management of Green Manures

The objectives of this study are: 1) to compare two
legume cover crops for nutrient contribution to in-
tercropped plants and organic matter maintenance in
the soil: 2) to compare three methods of production
and application of cover-crop organic material
measured by subsequent crop vields; 3) to determine
the extent to which green manures reduce lime re-
quirements; and 4) to determine the response curve
of upland rice to inorganic N and to compare this
response to that from the application of a legume green
manure.

The soil and site are similar to those in the alley-
cropping study. The experimental  factors and
sreatments are shown in Table 3 and Table 4, respec-

LLAND REcLAMATION

Table 2. Total dry-matter yield of cowpeas (vines and pods) in
response to liming and to alley-ciopped trees.

Lime Rate  Dry Matter Yield Tree Dry Matter Yield
kg/ha kr’ha Species kg/ha
0 73 No tree 256
375 215 Calliandra 189
2000 216 Gliricidia 175
Albizia 49
LSD (0.05) 92 LSD (0.05) 118

uvely. There are three replications and plot dimen-
sions of 4+ m x 6 m.
A semi-determinate local variety of cowpea was
planted as a uniformity trial to characterize soil
variability before i impasition of the treatments. P was
applied as a blanket application on all plots at a rate
of 40 kg P/ha. Germination was delayed for over a
week l)) drought and was not uniform. Because of
uneven plant growth, harvesting of pods was staggered
over several weeks. Cowpea yields and soil analyses
from cach plot were used to determine between- plot
variability. Within plot variability was \'1su‘1l|y rated
on the basis of untform growth and vigor of plants
within cach plot. Both between- -plot and within-plot
variability were used to select “uniform™ pl()ts to be
included in cach block of the subsequent experiment.

Table 3. Experimental factors.

Green manure species
1) Calopogonium mucunoides
2) Crotalaria usaramoensis
3) Centrosetna pubescens

Methods of cover-crop application
1) in situ incorporation
2) cut-and-carry
3) residue roots and stubble used to
produce cut-and-carry material

Levls of lime

1) LO = no lime

2) L1 = 375 kg CaC03/ha

3) L2 = liming to 40% A1 saturation

4) L3 = liming to 20% A1 saturation
Levis of N

1) NO = no N

2) N% = 30 kg N/ha (split application)

3) N2 =60 kg N/ha (split application)
4) N3 =120 kg N/ha (split applicaticn)
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Table 4. Experimental treatments in the green manure study Crop Response
Crop yiclds and soil arsalysis data summarized before
and after plot sclection are shown in Table §. For most

Treatment Green Manure  Application

No. sp. Method Nitrogen, Lime . A S
. —— - of these variables, the range and variation of values
Group 1: (Gm species and application methods) was reduced by discarding 15 of the plots. The selected
1 species 1 method 1 NO,L2 plots were seill quite vartable as measured by soil pro-
2 species 2 method 1 No,L2 perties and yield potential; however, much of this varia-
3 species 1 method 2 NO,L2 tion was stratified into between-block variation. The
4 species 2 method 2 NO.L2 soil is generally quite infertile and high in Al
5 species 1 method 3 NO,L2 To test the effectiveness of plot selection and block-
6 species 2 method 3 NO,L2 ing, treatments were randomly assigned to the three
7 check (no GM) - NO,L2 blocks of “uniform” plots and an analysis of variance
8 species 3 method 1 No,L2 was calculated using the cowpea vields from the unifor-
mity trial. Because the treatments had not been im-
Group 2: (Lime response with GM also applied) posed, a significant treatment effect could only have
9 species 2 method 1 NO,LO be.n due to inherent soil variability. As shown in Table
10 species 2 method 1 NO,L1 6, treatment effects were non-significant, which in-
1 species 2 method 1 No,L2 dicates that there are no systematic trends in soil
12 species 2 method 1 NO,L3 variability that will cause incorrect interpretation of
. ' . treatment effects, The block effects were highly signifi-
Group 3: (Lime response with no GM applied) cant, suggesting that plot sclection and blocking had
13 check (no gm) - NO,LO been ;1ppropri;;tc.
14 check (no gm) — NO,L1
1: z:zzt ::g gﬁ; : mg'tg Table 6. Analysis of variance for uniformity trial.
Source df Grain Yield Pod Yield Vine Yield
Group 4 (Inorganic nitrogen response) Block 2 e o b
17 check (no gm) - No,L2 Treatment 19 ns ns ns
18 sheck (no gm) - NI,L2 (0.18) (0.25) (0.15)
19 check (no gm) - N2,L2 Error 38
20 check (no gm) — N3,L2,

*** Sigmncant at 0.001 level (Probability value)

Table 5. Cowpea growth and soil test analyses summarized froin the uniformity trial before and after plot

selection.
Yields, kg/ha Soil Analyses
Grain Pod Vine Al+H Ca+Mg Al Sat,

-—- meg/100g -—- %

75 original Plots:

Mean 653 1170 665 2.27 0.69 74

St'd Dev. 269 488 390 0.30 0.23 6.0

Minimum 78 126 119 1.40 0.30 57

Maximum 1397 2568 2005 3.40 1.50 a4

60 Selected Plots:

Mean 654 1173 [52 2.25 0.70 74

St'd Dev. 236 425 350 0.33 0.23 5.8

Mimimum 185 330 169 1.50 0.30 57

Maximum 1116 1891 1415 3.00 1.50 83
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Contributions to Hawaii Agriculture

A major purpose of the Collaborative Research Sup-
port Program is to integrate its rescarch with that of
other federal and state programs in order to maximize
contributions to agriculture in the United States and
developing countries. To achieve this purpose, the
University of Hawaii has made its TropSoils program
aa integral part of a larger effort that employs systems
analysis and crop simulation to combine state, federal,
and international projects into a program that produces
outputs useful to local, national and international
chients. The central concept of systems-hased research
1s that the whole system must be understood in order
to evaluate benefits derived from introducing new
crops, products and practices into an existing farming
system. Systems-based research compels scientists to
seck out and understand key processds that regulate
systems performance and enables users to predict and
control outcomes of farm operations.

Crop Models and Expert Systems

An important ingredient of svstems-based rescarch
is crop modeling. A crop model, properly formulated.
can predict the performances of the crop in question
in Hawaii, Sumatra, or within limits, anywhere in the
tropics. A corn model obtained from another federal-
Iy supported project has been tested and validated in
Hawan and Indonesia with good results (see report
on “Martching Crop Requirements of Rice, Maize,
Soybean, and Peanut to Soil Characteristics with Crop
Simulation Models™). The crop model is able to deal
with temporal weather variability, but requires that
a minimum data set of daily solar radiation, rainfall,
and temperature is recorded. A network of weather
stations purchased from state and TropSotls funds has
been installed in Hawaii and Sumatra to collect the
minimum data set to test and validate crop models.

Crop modeling is one part of a dcci.sion-.suppnrt
system tor farmers. A second is the use of expert
systems developed to capture, in microcomputers, not
only factual information but also the reasoning of scien-
tists and the large amount of local knowledge stored
in the minds of farmers. The decision-support system
will be sutticiently general to accommodate conditions
i Tawaii and Indonesia,

Farming Systems
A soil-climate project funded by the Hawaii Institute
of Tropical Agriculture and Human Resources is ap-

ConTriBUTION TO U.S.

plying, in Hawaii, principles and concepts of farming
systems designed for TropSoils/Indonesia. The pur-
pose of the project is to account for the high variabili-
ty in crop productivity and quality along the slopes
of Mt. Haleakala, a major vegetable-growing area of
the state. The project hypothesis is that the variabili-
tv 15 due to soil and climate variability. A network
of weather stations has been installed in the area, and
henchmark locations have been characterized for soils
variability.

Before installing experiments to test this hypothesis,
rescarchers met with farmers to obrtain their pereep-
tions of problems and priorities. The farmers are
delighted that a rescarch project designed by them to
answer specific questions raised by them is in place.
The farmy foreman makes special effort to ensure that
the field plots are properly monitored. The farmers
are provided with summary reports of project status
and many visit the experiments to observe how loca-
tion, date of planting, and planting density affect size,
shape, and color of cabbage. They are now asking that
the project look at a second cultivar.

Rescarchers involved in this study learned that fer-
tilizer application varied greatly among farms. This dif-
ference was clear'y reflected in the soil test. The most
variable nutrient was phosphorus, which ranged from
20 to 40 ppm by a modified Truog test. Researchers
are now beginning to suspect that the critieal soil test
value for phosphorus may be temperature-dependent.
Corn grown at three elevations seem to confirm the
fact that corn grown in the highest elevation requires
higher soil-test phosphorus.

As has heen tound in Indonesia, scientists and farmers
alike benetit from the collaboration, and farmers' con-
tribution to the research substantially ensures the ap-
pheability of its resules.

VA Mycorrhizal Inocula

Rescarch on VA Mycorrhizal inocula indicated that
this greup of organisms not only affects soil-plant
rhosphorus relations buc the soil-plant-water relation:
ship as well (see report on ““Assessing Field Inocula-
tion with Introduced and Indigenous Mycorrhizal In-
ocula by Crop Growth and Yield on Soil Cleared of
Tropical Rain Forest™). Related work on a state-funded
project showed that niethyl bromide soil fumigation
severely reduces yield in mycorrhizal plants, but can
significantly increase vield in non-mycorrhizal plants
such as cabbage.
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AcID SAVANNAS
CorNELL UNIVERSITY

The vast, tree-dotted acid savannas found in tropical Africa, Asia and Latin America represent a
fronticr in the agricultural development of many