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Given the basic information presented in thefirst four chapters, how can one 
manage organic inputs to enable farmers in tropical regions to haveflourish

ing sustainable agriculture? Sanchez et al. cite results of long-term experri

ments in parts of Amazonian and Andean Peru which give some initial 

information to address these mtajorunknowns. 
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Chapter5o 

Organic Input Management
inTropical Agroecosystems 
Pedro A. Sanchc. Chcryl A. Palm, Lawrence T.Szott, 
Elvira Cuevas. and Rattan Lal 

with James H. Fownii~s, ?aul Hendrix, Ha;-uyoshi Ikawa, 
Scott Jones, Meine van Noordwijk, and Goro Uchara 

Abstract 
Organic inputs to the soil must be considered separate from soil organic 
matter (SOM) to understand properly the physical, chemical, and biologi
cal processes involved in the sustainability of tropical agroecosystems. 
Present management of organic inputs is largely empirical and qualita
tive. A better understanding of the role ot organic inputs on the processes 
involved in litter decomposition, nutrient cycling, and soil aggregation is 
needed. The management of organic inputs should be as predictable as 
that of inorganic inputs, such as fertilizers and lime. The application of or
ganic inputs should promote the synchrony of nutrient release w;th plant 
growth demands. Predictive parameters are needed to approach 
synchrony. Research on decomposition of organic inputs should be con
ducted in various agroecosystems. Very little is known about the role of 
root litter in tropical agroecosystems. Six research imperatives are iden
tified for tropical agroecosystems: (1)quantify the biomass and nutrient 
content of aboveground organic inputs: (2)develop predictive 
parameters for nutrient release patterns, or quality, of organic inputs; (3) 
investigate the effect of piacement of organic inputs on nutrient 
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availability; (4) quantify production and nutrient releaie by roots, identify 
resource quality parameters (see Chapter 4) that describe root decom
position, and determine the relative importance of roots as sources of 
nutrients: (5) investigate the effects of quality and placement of organic in
puts on soil physical properties; and (6) understand how organic inputs 

are transformed into functional SOM pools in soils differing in texture, 
mineralogy, and moisture and temperature regimes. We need reliable 
field methods ior measuring root production and decomposition, transfer 
from organic inputs into SOM fractions, and transfer processes among 
SOM pools. The diversity of tropical species and farming systems 
provides ample combinations of crops and organic inputs for improving 
tropical agroecosystems. 

Agroecosystems differ from natural ecosystems in that large amounts of 
biomass and nutrients are removed as crops. Nutrient outputs via crop harvests 
far exceed the other nutrient loss pathways combined. This is shown in Table 1 
where asummary of annual crop nutrient budget studies from temperate-region 
countries is presented. A long-standing principle of sound agriculture is to 
replace the nutrienis lost via crop harvests by adding either inorganic or organic 
fertilizers. Aside from adding nutrients, organic additions improve soil physical 
properties and help maintain soil organic matter content, all of which positively 
affect plant productivity (Allison, 1973). Organic inputs to the soil consist of 
above- and belowground litter, crop residues, mulches, green manures, animal 
manures, and sewage. Some of these inputs are grown and recycled on site 

"
Tablo 1. Summary of nutrient inputs and outputs (kg ha1yr") of 18 crop production 
systems from the United Statos, United Kingdom, Netherlands, France, Israel, and Japan. 
(Mean and standard deviations calculated from data of Frissel, 1978.) 

Nutrient inouts or outouts Nitrogen Phosohorus Potassium 

Inputs
 
Inorganic fertilizer 156 t 189 39 "t38 119 = 188
 
Nfixation 19 ±: 39
 
Other 13 ±: 13 0.4 t 0.8 9 13
 

Total 188 ± 75 39 "t39 127 t 176 

Outputs 
-arvest removal 103 t 86 16 ±16 91 ±t 13 

Denitrification 20 224a -
Leacflng 3- 8b nd nd 

Total 127 ±: 95 16 = 6 91 ± 13 

Balance 60 "93 24 ±30 37 = 77 

a. Mean of 10 out ot 18 data sets reportir,j denitrification. 
b. Mean of 3 out of 18 data sets reporting leaching. 
nd = not determined. 
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(internal to the system), while others are brought in from other sites, thu, 
constituting an cetrnal source of nutrients and orezanic C.

Organic inputs are distinct from soil organic matter (SONM), which can 
be defincd as organic material of biological oricin that has undergone partial 
or complete transformation in the soil and is located below the soil surface. In 
much of the literature, organi.: 'puts and SOM arc lumped together as "organic
matter," creating considerable con-fusion %4hcnattempting to evaluate and 
manage the role of organic :nputs c mpared to that of sod organic matter. We 
proposc, therefore, to discourai'c using the term organicmatterand encourage
the use of organic inputs and soti ,rgantc matter ISOM).

Although early acriculturc depcnded heavily on organic inputs, the 
emphasis shiftcd to inorganic fertilizcrs as they became abundant and economi
cally practical. Today, because agricultural development in much of the tropics
is largely limited by economic constraints, emphasis must again be placed on 
use of organic inputs along 'ith chcmic:;l fertilizers. This paper briefly reviews 

Figure 1. Conceptual model cf ra;cr -ccls and transfers of soil organic matter.
 
Numbers indicate focus of research 'mperatives (see text conclusions).
 

H-arvest Harvest 

Org an ic 
inputs 

I/ 
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what is known about organic inputs in tropical ecosystems. We address the role 
of organic inputs on nutrient availability, soil physical propcrties, and soil 
organic matter content and composition. These issues are viewed in relation to 
plant production and how such information can be applied to the efficient 
management of organic inputs in tropical agroccosystems.A conceptual model 
is shown in Figure 1. 

Historical Perspective 
Continuous cultivation of food crops evolved first on flood plains of 
Mesopotamia and China on soils with ample reserves of weatherable minerals. 
Use of organic inputs was reported in the Middle East as far back as 2000 Bc 
and later in continuous cropping systems in China, Japan, hidia, Mexico, Peru, 
and the Greek and Roman Empires (Allison, 1973). Although some inorganic 
fertilizers were sporadically used (ashes, lime, and potassium nitrate), con
tinuous cultivation primarily depended on organic nutrient inputs until the 
beginning of the 20th century. 

History also shows that when nutrients removed by crop harvest were 
not replaced by mineral weathering and organic inputs, such systems became 
unsustainable. One case was when the feudal system of Europe during the 
Middle Ages did not provide incentives for returning crop residues to the soil 
(Loomis, 1978). Another case occurred in the 1800s in the southeastern United 
States when insufficient use of organic inputs did not permit a stable transition 
from shifting to continuous cultivation, resulting in widespread erosion and land 
abandonment (Allison, 1973). 

Agricultural research in the second half of the 19th century began to 
quantify the effects of organic and inorganic inputs. The need to return plant 
resid-es to the soil in order to maintain soil organic matter levels was identified 
(Lawes, i889). At the same time, sharp crop yield responses to inorganic 
fertilizers were being shown (Hopkins, 1910). Such research revolutionized 
temperate-region agriculture in the first half of this century (Tisdale and 
Nelson, 1956). 

Despite intensive use of inorganic fertilizers in modern temperate-zone.
 
agriculture, organic input returns remain at high levels, primarily through crop
 
and root residues and animal manures. About 90% of the animal excrcta and
 
68% of the crop residues are returned to the soil in the United States (Bertrand, 
1983). Recycling of aboveground crop residues accounts for abou: half of the 
N and potassium input but for only 25% of the phosphorus input in the 
midwestern United States, which is dominated by fertile, intensively fertilized 
soils; in the acid soil region of the southeastern United States, however, crop 
yields are generally lower and the absolute amounts of both crop residue returns 
and fertilizer applications are also lower (Table 2). The proportion of nutrients 
derived from fertilizers is higher in the less fertile region. Soil organic matter 
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Table 2. Ptativ contritOtion (millon xg yr'erthizer in rWo regions-ie. ' u 
,of nutrient !n'n s from ctop residues ari-... S:aes r ,97, State averages (mean ct six s-ates forea:n regicn calcu:ec -:.m Cata of uncs*:- a-c -"oit. 198a3.) 

Miowester- '.S Sou:neasern U.S.N C't~e .'
: 
 ; cn sc.-<-'.rnann iUl'rsoi-.(ominant)

N'rie! n' K N P K 

Fertili:ers 

Crcp resiaues 
46 

23 
'13 

" 
4z78 

318 
149 

65 
40 

8 

88 

50 
'otal "90 '73 5'6 214 48 138 

P'ooortion of crop 42 25 52 31 7 38 
resicdues %1 

contents in some fertile, intensivelY (ertilized MollisoLs in the midwesternUnited States ha.ve stabilized or increased because of the large amounts of cropresidues returned to the soil (W P.Larson c al.. 1978: Barber, 1979).
Our knowledge of the manacment of inorganic inputs has advanced tothe point of quantitative prediction about the correction of plant nutrientdeficiencies and the residual effect of fertilizer applications (Barber, 1984). Asimilar effort is needed for the managcment of organic inputs (Sanchez and

Miller, 1986).
Organic inputs have been studied in detail but from two very differentdirections. One is a traditional approach in which organic re!:iducs are addedand crop yields are reported. Unfortunately this approach has seldom beensufficiently rigorous or quantified to provide an understanding for observeddifferences. The other, a mechanis.ic approach, has been scientifically rigorousand has pro,,ided great detail about biological processes and chemical reactionsinvolving organic additions in natural systems and laboratory experiments. Thisapproach, however, has not provided much insight into the relevance of suchprocesses to the function of agroecosvstems. By unifying the two approaches,a predictive understanding can be developed, leading to the design of more

efficient tropical agroecosysterns. 

Organic Inputs in Tropical Agroecosystems 
Since very little is known about organic inputs in tropical agroecosvstems. wewill draw on principles derived from ecological and agronomic research in thetemperate zone to guide research objectives. Al the same time we must be awareof the differences between tropical and tempcrate ecosystems and withintropical ecosystems that may ptectude exu'apolation of results. For example,lowland humid tropical ecosystems have acontinuous growing season, whereastemperate ecosystems do not. In the arid.arid semiarid tropics. the growing 
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season also may be continuous with adequate water, as in irrigated areas. 
Rainfed agriculture in the seasonal or semiarid tropics, however, is subject to 
great spatial and temporal variation in rainfall and unpredictable spacing 
between rainfall events. T'.ese differences affect both the amount of biomass 
produced and the amount of organic material decomposed in a year, with 
important implications for the management of organic inputs in tropical 
agroccosystemrs. 

Differences in predominant soils between climatic zones also have 
important implications for the management of organic inputs and soil organic 
matter. Much soil organic matter research has been conducted in the temperate 
glaciated soils, which are generally fertile, high in pH, and dominated by 
high-activity, permanent-charge clays. On the other hand, soils of the humid 
tropics are generally acid, nutrient-deficient, and dominated by low-activity or 
variable-charge clays (Chapter 3). Soils of the seasonal and semiarid tropics 
vary widely in these characteristics. These differences in soil conditions are 
reflected in differences in soil chemical, physical, and biological processes 
relevant to decomposition of organic inputs, formation and stability of soil 
organic matter, and nutrient availability. 

Soil survey information and Soil Taxonomy (Soil Survey Staff, 1987) 
describe the distribution and characteristics of different soils and may provide 
an indication of biomass and nutrient content of above- and belowground inputs 
for various soil-vegetation systems. For example, taxonomic names or soil 
characterization data provide qualitative information on the decomposition 
state of the surface or near-surface litter and the amount and size of roots and 
pores, as well as quantitative data on chemical and physical properties of the 
soil. 

Tropical agroecosystems also differ from those in temperate zones in 
that they offer more options for the management of organic inputs. Research 
in temp-rate-zone agriculture on type, quality, and quantity of organic inputs 
has generally focused on crop residues (Ochwald, 1978), with some work on 
cover crops. There has been less work on the importance of the timing of 
additions because of the break in growing season. In the tropics, particularly 
the humid tropics, there exists a greater diversity of agroccosystems. Among 
these agroecosystems, in addition to continuous cultivation, are short-term 
fallows, plantations with cover crops, tree-tree systems (such as coffee-Inga, or 
cacao-Erythfina) and tree-food crop systems (such as alleycropping). The 
tropics also house a diversity of plants that are used in agroecosystems and are 
virtually unknown to temperate-zone agriculture. There are indications that 
plants growing on acid soils, which include the majority of tiopical soils, contain 
more secondary compounds (polyphenols) than those on neutral soils (McVey 
ct al., 1978; Muller et al., 1987). These secondary compounds may affect 
decomposition and nutrient release and perhaps even soil organic matter 
formation. 
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how to add variousFarmers make choices about when, where, and 

organic inputs and decide on whether crop residues are used as fodder or as a 

mulch or are incorporated into the soil directly through plowing. In a number 

of tropical areas, notably the semiarid regions of Africa. nomadic people have 

started to grow crops in more or less fixed locations (Salzman, 1980). In such 

circumstances, the use of organic inputs has only recently developed and the 

quantity, quality, and seasonal variation of organic amendments, notably animal 

manure, is virtually unknown. 
Because many farmers Live in areas that are marginal for agriculture and 

subject to unreliable rainfall, the management of organic inputs in semiarid 

regions requires particularly careful study. Anthropologists working alongside 

agronomists and ecologists may help clarify the choices made by farmers for 

whom locally obtained organic inputs are presently the only option for improv
ing soil fertility. 

Nutrient Availability 
One of the functions of organic inputs is to supply nutrients to crops. Nutrient 

release and availability depends on the rate of decomposition, which iscontrol
led in part by temperature, moisture, soil texture, and mineralogy, as well as by 

the rate of application, placement, timing, and quality of the organic inputs. 
Much of the knowledge about the process of decomposition in agroccosystems 

has been obtained from soils dominated by permanent-charge minerals, usually 

well supplied with bases but limited by N and witb microbial populations 

dominated by bacteria. It is likely that decomposition of organic inputs and 

subsequent nutrient availability will operate differently in acid, infertile Oxiols 

and Ultisols with variable-charge minerals, often high in phosphorus-fixation 
capacity, and with microbial populations presumably dominated by fungi. For 

example, Cuevas and Medina (1988) found that decomposition of forest litter 

on Amazonian Oxisols was limited by P,Ca, and Mg rather than by N. This leads 

to several questions about the controls on decomposition in tropical soils. Are 

N mineralization/immobilization patterns different Li soils dominated by 

decomposer organisms with higher CiN ratios? Is the mineralization of organic 
In Andosols where microbialphosphorus similar or different in such soils? 

activity may be severely limited by P (Munevar and Wollum, 1977), arc different 

ways of managing organic inputs needed? Much has beca learned about the 

interactions between organic substances, microbes, and soil minerals (Huang 

and Schnitzer, 1986), but very little is known about the consequences of such 

interactions on plant production at the field level not only in the tropics but 

anywhere. 
In natural systems, nutrient release from litter and plant uptake of 

nutrients generally occurs in synchrony, resulting in efficient use of nutrients. 

In agroccosystems, the two processes of release and uptake are often separated 
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in time, resulting in low nutrient-use efficiency. This is particularly acute withN, where excess amounts are lost by leaching, denitrification, and ammoniavolatilization. There are few sound data on the magnitude of such losses (EPA,1988; White. 1088), but in general only 30 to 50% of the N applied as fertilizeris recovered by most crops to which it is added. Although much of the unac
counted- for N is probably incorporated into SOM or roots, considerable lossesdo occur. N recovery from organic inputs does not appear to be better than thatfrom inorganic fertilizers in the short term (Smith et al., 1987). However, moststudies on N recovery from organic inputs only consider the first year; increasesin efficiency may appear if residual, or long-term, effects are considered. Anunderstanding of the processes that control nutrient availability from organicinputs may enable the management of more efficient tropical agroccosystems

(Swift, 1985). From a management viewpoint, nutrient availability can be controlled to some extent by the quantity, quality, placement, and timing of organic
inputs. 

Nutrient Quantity
 
The amount of nutrients added via organic inputs depends 
on the mass oforganic in'uts and the concentration of nutrients in the tissues. Both thebiomass and nutrient concentrations will vary with the soil properties, climate,and production system under which the organic input is grown. There is a widebody of knowledge about organic ,puts and the nutrients theycontain in natural

tropical ecosystems such as rainforests (Vitousek and Sanford, 1986) andsavannas (Sarmiento, 1984). Inspite of abundant reviews, reliable estimates ofbiomass and nutrient inputs in tropical agroecosystems are few (see reviews byFAO 1975, 197?, 1985; Rosswall, 1980; Robdrtson et al., 1982; Wetseluar and
Ganry, 1982; Cabala-Rosand, 1985; Kang and van der Heide, 1985; Wilson, 
1988). 

A rough estimate of the aboveground orgartic input potential of someagroecosystems is shown in Table 3 and compared to that of some naturaltropical ecosystems. This table excludes belowground inputs. The following
discussion refers to Table 3 and is based on the assumption that all crop residuesremain on the soiL which is definitely not the case in many systems where
residues are burned in situ or art ±sed for fuel or as forage for domestic animals.
 
Natural Ecosystems 
In the natural systems, tropical rainforests, both on acid and more fertile soils,have higher levels of aboveground litter inputs than do tropical savannas (seeTable 3). The influence of native soil properties is evident, with lower biomass
and nurricut inputs in acid Oxisols and Ultisols than in the more fertile Alfisols 
and Andosols (Vitousek and Sanford, 1986). 
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T-opical Food Crops 
Carbon and nutrient inputs throuah abovcground residues for some of the most 
important grain crops of the tropics at current yield levels are generally less per 
crop than they are in natural systems (see Table 3). Part of the difference isdue 
to the average crop growth duration of only 4 months rather than the entire year 
of litterfall in a humid natural system. The only root crop for which adequate 
data were available, potatoes in the Peruvian highlands, had C inputs as high as 
those of the natural ecosystems. Although important crops such as grin 
legumes and cassava are not included in this comparison, crop residue biomass 
production at present crop yield levels isclearly less than aboveground biomass 
production of tropical rainforest and savanna ecosystems. But seldom are crops 
grown only during 4 months of the year and the land is left fallow the rest of the 
time. 
High-Input Systems 
A more interesting comparison is between natural systems and tropical farming 
systems on an annual basis (see Table 3). Examples are divided into high- and 
low-input cropping systems, defined in terms of chemical and labor inputs 
(Sanchez and Salinas, 1981). The high-input agroecosystens generally have C 
and nutrient inputs similar to the natural systems. For example, returning 
residues in an annual maizen-maize-soybedn rotation in the Amazon of Peru 
provides as much C, more N, more P,more K,and similar levels of Ca and Mg 
than does the litterfall of tropical rainforests on similarly acid soils. Residue 
return in intensive, flooded rice production exceeds litterfall in tropical rain
forests on fertile soils; potassium, in particular, is returned at much higher rates 
than in the natural system. A high-input agroforestry system on fertile soils of 
the humid tropics, cacao under Eiythrina shade, recycles less C and N than the 
natural system on similar soils. Large areas of acid savannas of tropical America 
have been converted to intensive soybean production. Studies show that al
though only one crop can be grown per year, C and nutrient inputs from soybean 
residues are similar to those of the native savanna except for N and Ca, which 
far exceed levels in the natural system. 

It isnecessary to point out that all these high-input production systems 
are based on intensive use of inorganic fertilizers in addition to the recycling of 
organic residues. The general conclusion is that C and nutrient input from 
recycling crop residues in such tropical agroecosystems generally equal or 
exceed that of the natural systems. This conclusion is a direct result of the 
application of external sources of nutrients, in most cases inorganic fertilizer, 
which increases nutrient availability and results in higher plant production. In 
specific instances, high-input agroecosystems far exceed natural systems in one 
or more key nutrient inputs (see Table 3). 
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*...10 J. L.alculated bIom3 s and nutrient content of aboveground organic Inputs in some natural and agroecosystems In the tropics. 

System description end 

duration (in parentheses) 

Economic 

yield(Mg NAha') 

Yield/ 

residueratio Material 

Biomass 

mattsr(Mg ha") Ca N p K Ca Mg 

Tropical rainforest facile soilsb 
Tropical savanna, Venezuela-

SINGLE CYCLE TROPICAL FOOD CROPSd 

Maize (4 months) f 

Sorghum (5 months) 
Potatoes (4 months)"Soybeans (3 months) 

Syeas(mots9 

Tn-

2.2 

1.3 
0.710.7 
1.7 

-
-

0.8 

0.7 
0.80.7 
0.7 

Litlerfall 
Litterfall 
Litterall 

Straw 

Slover 
SlaverTops
Slaver 

8.8 
10.5 
3.8 

28 

2.0 
0915.1 
2.4 

3960 
4725 
1710 

1260 

900 
4056795

100 

106 
162 
25 

15 

18 
817

27 

3 
9 
5 

2 

3 
1
I 

22 
4t 
31 

37 

19
10
43
4 

53 
171 

10 

11 

7
4

142 

17 
37 

11 

7 

4
2 
7 

HIGH.INPUT TROPICAL AGROECOSYSTEMS 

Flooded rice, 2 crops per year (I yr)e 11.0Maize maize-soybean rotation (I yl)h 8.7Soybeans in the Cerado (4 mos)n 23Cacao/Erylhrina in Brazil (1 yr)d 1.0 

11.0 
8.7 
23 
1.0 

1.0 
-

0.7 
0.2 

Straw 
Stover 
Stover 
Lal litter 

11 0 
93 
3 5 
60 

1080 

4950 
4185 
1575 
2700 

27 

59 
139 
86 
81 

2 

9 
15 
8 

14 

24 

151 
98 
43 
17 

22 

43 
52 
32 

142 

29 
23 
I 

42 

LOW-INPUT TROPICAL AGROECOSYSTEMS 

Upland rics, rices .owpea rotation,
Legumebased (Bachiaia hum4dicola.7 

- Straw/stoverDesmodium 
ovulifolium) 

pasture,Colombia ( yr)I 
- - Leaf litter 

Alleycropping Inga edulis (1 yr)k 
- Tree prunings 

a Calculated as 0 45 x biomass dry matter. 
b. Viltousek and Sanford (1986). 
c. Sarmienlo (1984).d. Crop yields calculated from FAO (1985) for tropical countries.e. Nutrient content calculated from DeDatla (1981).1. Nutrient content calculated from Sanchez (1976).g. Yields from Goederl (1986). nutrient content from Henderson and Kamprath (1970).h. TropSoils (1987); Sanchez (1976); Sanchez et al. (1983).
i. CEPLAC (1985).
j- Sanchez and Bonites (1987).
k. CIAT (1985). 
I. Szott (1987). 

6.0 

7.0 

6.0 

2700 

3153 

2700 

77 

60 

137!3 

12 

5 

10O 

188 

12 

5252 

27 

60 

323 

12 

13 

- -



Low-input Systems
What is the case for low-input systems where fertilizers and lime are kept to a
minimum or not applied at all and where the soil acidity constraint istaken careof by (he use of aluminum-tolerant species? Examples are presented in Table3. An upland rice-cowpea rotation zrown after burning a secondary forestwithout fertilizer additions recycled less Cand N but more Pand much more Kthan did the rainforest on similarly acid soils A low-input, acid-tolerant

Brachiariahumidicola/Desmodium ovalifolium pasture in Oisols of the Colom
bian Llanos returned more C,N. ano Ca. similar levels of Pand Mg, but less K
to the soil than did the tropical savanna ecosystem.

Many low-input agroforestr systems have the potential to equal natural 
systems interms ofC and nutrient inputs. Szott (1987) showed that an allevcropping system on Ultisols with Inga edulis as the leguminous hedgerow produces
6 Mg ha" yr" of dry matter prunins containing similar amounts of N and P,higher K,but lower Ca than the natural forest (see Table 3). 
Lack of Data 
The dry matter and nutrient contents of animal manures used as organic inputs
are seldom known. Analysis of the extensive body of literature comparing
organic manures with inorganic fertilizers in the tropics shows that resultsdepend largely on the nutrient content of the manures (Sanchez, 1976). In dry
tropical Africa, for instance, agropastoralists typically move their animals fromplace to place according to forage availability. For much of the year, manure isleft where it falls and itsdeliberate incorporation into soils where crops are grown may be confined to the postharvest period when livestock graze on crop
residues. 

Nutrient contents of organic inputs other than N are seldom reported,
but they are extremely important in low-fertility soils. Information on the P,K.S,and micronutrient contents of crop residues and animal manures isscarce.In cereal crops most of the Zn, Cu, Mn, Fe taken up by the plants end up asaboveground crop residues, with some exceptions (Table 4). Sulfur is highly 

Table 4. Proortion of nutrients (%in crop residue) accumulated by cereal croos presentin anoveground residues. Root residues are ignored. (Data calculated from Sancnez.1976: DeDatta. 1981.) 

Crop C N P K Ca Mg S Zn MnCu Fe 

Rice 56 30 26 80 87 68 38 69 34 9161 43 35 77 98 70 57 68 57 
83Maize 96 95Sorghum 56 54 43 86 95 77 1 55 63 78 83 
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variable. Since many tropical soils are marginal or deficient in S and
micronutrients, data about these nutrients are obviously needed.

The first research imperative, therefore, is to quantify the biomass and
nutrient content of aboveground organic inputs in tropical agroccosystems. A
solid, scientifically rigorous data base obtained ca well-characterized soils is
the necessary first step toward a better understanding of the processes involved 
in the management of org'wic inputs. 

Quality of Inputs and Timing of Application 
The time at which nutrients are made available to plants is as important as
nutrient quantity. In farmir.g systems where trees or shrubs are pruned for green
manure, both the total quantity and the ratio of leaves to wood in the organic
inputs can be manipulated by frequency and intensity of cutting. The efficiency
of nutrient transfer from organic inputs to crops might be managed by varying
the quality or the timing of application of organic inputs (Swift, 1985).

Quality of crop residues was originally defined by the C/N ratio (Jensen,
1929). Materials with C/N less than 20 generally decompose quickly and
mineralize N immediately, whereas those with wider ratios decompose slowly
and even immobilize N. It was also recognized that the type of C compound
influenced the rates of decomposition (Tenney and Waksman, 1929). The ligninto N ratio proved to be a better predictor than C/N ratio for leaf litter
decomposition in a variety of temperate forest species (Melillo et al, 1982).Recent work suggests that N release from legumes (low C/N, low lignin/N) is
better correiated with polyphenolic content than with lignin and N content(Vallis and Jones, 1973; Palm, 1988). Legumes with high N content but different 
Nrelease patterns have interesting implications for organic input management
and is an area that merits further research.

Much has been said about the effect of the quality of organic inputs on
N release and availability. Little is known, however, about quality with respect
to P availability. This "nitrogen bias" is a result of the N-limitation in many

temperate ecosystems, coupled with the difficulty of measuring P availability

and mineralization, particularly in high P-f'xing soils. Research priority must be
given to the management of phosphorus via organic inputs because P often will

be the ultimate limitation to crop productivity, especially in the tropics where
high P-fixing soils are abundant and where the use of leguminous plants as

organic inputs can often solve N limitations. Furthermore, crop residues 
are
usually low in P, because most of this element isconcentrated in the grain and

is removed by harvest. The quality of organic inputs could affect P availability

through (1) the P content or the C-to-P or N-to-P ratio of the material, (2) the
size and activity of the soil microbial pool (Hedley et il., 1982), and (3) the
interactions between the organic material and the mineral ioil.

Some organic inputs, when incorporated into the soil, temporarily
reduce aluminum to'dcity. The process involved isbeiieved to be a complexation 
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of aluminum in (he soil solution by organic acids, polysaccharidcs, and other 
initial products of organic input decomposition (Hue et al., 1986). The effect 
may be temporary because as these products undergo further decomposition. 
aluminum is released aizain to the soil solution. Little is known about the 
inf1ucnce of organic input quality on aluminum complexation. Are high-quality 
inputs more effective than low-quality? If they are, this effect, although tem
porary, may be of agonomic significance when green manures are incorporated 
on acid soils in low-input systcms. Another factor to cousider is the reduction 
of aluminum saturation by the Ca and Mg released from the organic inputs 
(Wade and Sanchez, 1983). 

Criteria that predict nutrient-release patterns will help in the selection 
and management of organic inputs for a diversity of agroecosystems. Once 
mineralization/iunobilization patterns are known for a variety of plant types 
(based on some chemical criteria), agroecosystems can be managed more 
efficiently by selection of organic inputs with nutrient immobilization-release 
patterns more similar to the nutrient uptake patterns of specific crops. This 
synchrony of nutrient release and uptake also depends on the appropriate 
timing of application. A second research imperative, therefore, is to develop 
predictive parameters for nutrient release patterns, or quality, of organic inputs 
to tropical agroccosystems. 

Emphasis should be placed on characterizing legumes and also on 
defining quality in terms of phosphorus availabilitr. In the semiarid tropics,
where biomass production varies from year to year and decomposition rates 
are episodic and variable, the development of predictive models is going to be 
correspondingly more difficult. 

Placement of Organic Inputs 
The placement oi organic additions affects the physical and biological proper
ties of the soil, which has important consequences for the temporal and spatial
 
availability of nutrients and the potential for nutrient loss (see review by Doran
 
and Smith, 1987).
 

The biological environment for decomposition is quite different for
 
organic inputs left as mulches on the soil surface than for those incorporated
 
into the soil by tillage (Parr and Papendick, 1978; Holland and Coleman, 1987).
 
In general, macrofaunal activities and populations are greater in no-till systems
 
(Lal, 1987; Pashanasi znd Lavelle, 1987), and microbial populations may shift
 
from predominantly fungal to bacterial with tillage (Holland and Coleman, 
1987). Decomposition is generally faster for incorporated than for surface-ap
plied material. However, much still needs to be known about the subsequent 
availability of nutrients, given the biological and physical environment in which 
decomposition takes place. Information is especially lacking for the humid 
tropics where biological activity is generally high but where, at the same time, 
temporary reducing conditions can occur in microsites of well-drained soils. 
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There are several questions of interest with respect to placement of 
organic inputs and nutrient availability. How do mineralizationimmobilization 
patterns of organic inputs change with changes in macrofaunal or microfaunal 
populations that are caused by tillage (e.g., Hendrix et al., 1986)? Are N losses 
through ammonia volatilization due to surface placement of organic inputs
significant in acid soils? Are losses of N through denitrification greater with 
surface application or incorporation of organic inputs in humid, tropical en
vironments? Are these losses significant? Wbat i- .,.: interaction between the 
quality of crganic inputs and placement with respect to nutrient availability and 
losses? How does P availability differ with tillage practice? Answers to ques
tions such as these will help in improving nutrient transfer from organic inputs 
to crops. A third research imperative, then, is to investigate the effect of 
placement of organic inputs on nutrient availability in terms of the interaction 
between soil temperature, moisture, redox potential, soil fauna, and input 
quality. 

Roots as Organic Inputs 
Although there is limited information about (he nutrient content and quality of 
aboveground inputs, virtually nothing is known about the role of roots as an 
organic input. Roots are generally not considered in nutrient .ycling studies 
because of difficulties in measurement. In tropical and temperate natural forest 
ecosystems, they are known to play amajor and often dominant role in nutrient 
cycling (Fogel, 1980; Cuevas and Medina, 1986). .. -:-"ecosystems,fine-root 
decomposition is likely to be an important source of nutrients because itoccurs 
within the crop rooting zone. 

There has been considerable work carried out on root production, 
turnover, and nutrient release in temperate forests (Safford, 1974; Santantonio 
et al., 1977; Persson, 1980, 1983: Vogt ct al., 1980, 1982; Keyes and Grier, 1981; 
McClaugherty et al., 1982), but very little is known about root turnover and
 
nutrient release in tropical ecosystems (Jordan and Esc:alante, 1980; Cuevas
 
and Medina. 1983; Sanford, 1985; Hairiah and van Noordwijk, 1986). In studies
 
carried out in the temperate zone, Fogel (1980) found that in a Pinus toeda
 
plntation, the fine root fraction contained 84% of the N in aboveground
 
litterfal but released twice the N during decomposition. Vogt et al. (1982)
 
estimated that fine roots plus mycorrhiza in a stand of Abies amabilis cycle
 
about four times the N, six to ten times the P and K, two to three time the Ca,
 
and three to ten times the Mg than that contained in litterfall.
 

In an Amazon forest on an Oxisol in Venezuela, Cuevas (1983) found 
that annual fine-roor production in the first 10 cm of soil and the root mat above 
the mineral soil, was 8Mg ha*t yr"t . Sanford (1985) found that fine root turnover 
in the upper 10 cm cf the same Oxisol was 25% per month. N and phosphorus 
concentrations of tlese roots were 2.3% N and 0.11% P, so the quantities of N 
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and P added to the soil by fine root turnover were very large - 190 kg N ha- t 

tyr* and9kgP ha yr, , respectivelv- assuming no retranslocation of nutrientsfrom the roots before death. Biomass and nutrient fluxes in litterfall for the 
same forest amounted to 7.6 Mg dry matter ha "l " " vr , 121 kg N ha-' vr , and2

"kg P ha*Z r1 (Cucvas and Medina. 1986), indicating that fine-root p'roduction
and turnover in forests on ve-y infertile soils may be more important for nutrient 
cycling than litterfall. 

Carbon and nutrient inputs from roots in tropical agroecosystcms are 
even more poorly quantified. When determined in a low-input upland rice-cow
peo rotation, roots (belowground residue) constituted 11 to 22% of the dry
matter and from 5 to 21% of the nutrients accumulated by these crops (Table
5). R. J. Scholes and A. Salazar (personal communication) measured difftren
ces in root production among several crops in an Ultisol of Peru. Their estimates 
indicate tha: root litter inputs may be on the order of 1-4 Mg ha " per crop and
higher in fertilized systems where crop production is greate', approximately
one-third to one-half of the organic inputs to the soil originate from dead roots
(Table 6). Assuming two to three crops per year, then, root production in
tropical agroecosystems is similar in magnitude to that estimated for tropical
forests (Jordan and Escalante, 1980; Cuevas, 1983; Vogt et al., 1986; Berish and
Ewel, 1988; R. J. Scholes and A. Salazar, personal communication). 

Such estimates, however, arc based on root biomass measured near crop
harvest; therefore they do not include C and nutrient inputs losi to soil via root 
turnover, sloughing, or exudation during the crop cycle. Exudates and exfoliates 
can account for a high proportion of total C transfers belowground (Martin,
1977; Milchunas et al., 1985) and may be more readily decomosable than root
litter. Roots may further increase nutrient availability by producing organic
acids, surface phosphates, and siderophores (Bowen, 1984). 

Table 5. Partitioning of nutrients accumulated (%)by upland rice ancl cowpa crops in aiOw-4nput system in tm., Amazon. Mean of fi,3 upland rice crop 3and two cowpea crops.
(Data from Sanchez and Bonitos, 1987: R.J S holet and A.Salazar, personal

communication.)
 

Nutriont
Crop Component Dry 

matter N P K Ca Mg 

Upland rice Harvest removal 41 46 67 9 7 32Aboveground residue 48 43 25 a5 79 63 
Belowground residue 11 11 68 14 5 

Cowpoa Harvest removal 29 46 51 17 3 29
Aboveground residue 49 42 35 77 76 52 
Belowground residue 22 12 14 6 21 19 
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Table 6 Fine-root ijiomass lash-freel to 0 depth of 30 cm, aboveg round residues. and graiyields (all in Mg ha )of various crops in Ultisols at Yurimaguas,samples in parentneses). Peru (stanlard errors for I
these annual crops 

Root litter oroducon is assumed to equal fine-foot Diomass in(Data from R.A.Scnfles and A. Salazar. personal communication.) 

Plant Rne-roo,
oiomass Aboveground

residue Grain yelld 

Soybean 1.39 (0.42) 2.76 1.80 
Cowpea 1.03 (0.09) 1.70 0.8u 
Maize 0.97 (0.12) 3.03 3.00 
Upland rice 0.62 (0.12) 1.60 1.41 

Temporal and Spatial Distribution of Root Utter 
A number of questions about the importance of roots as a source of nutrientsin tropical agroecosystems relate to temporal and spatial distribution of root
litter and root litter quality.

Although annual root litter inputs may bc similar in forests and agricultural fields, their temporal distribution is likely to vary berween ecosystems. Itcontrast to forests, where inputs may occur throughout the year or be concentrated during dry periods, most of the root litter inputs in monoculturalagroecosystems isbelieved to occur close to crop harvests. Greater proportional losses of added C and nutrients may occur in agricultural systems than inforests due to peaks in litter inputs in the former. Ladd ct al. (1983) showedthat retention of organic residues in soils was greater when smaller amounts ofsubstrates were added. These differences would probably be reduced in multiple-cropping systems where harvests are staggered throughout the year or inagroforestrv systerts where perennial vegetation is present. The magnitude ofthe effect of thf timing of root litter input on soil organic matter and nutrientrelease in tropical agroecosystcms needs further study. Such results may aid theselection of species and their management over time.
The spatial distribution of root litter can be managed by choice of cropshaving different rooting patterns and by the use of tillage. It is commonlyassumed that in agroecosystems based on short-cycle food crops the majorityof the roots and root :ittcr is found in the top 20 cm of soil, whereas in systemsbased on perennial crops more roots are found at greater soil depths. This mayor may not be true. Tillage tends to homogenize root litter within a relatively

narrow depth interval. 
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The spatial distribution of root litter also varies with the successional 
stage of the vegetation. Root distribution follows nutrient distribution in both 
space and time. In early successional stages when the litter layer is not vet 
formed, fine roots extend deeper into the soil (Berish, 1982; Bowcn and 
Nambiar, 1984). As the litter layer develops with succession, nutrient distribu
tion ismore concentrated near the soil surface and more fine roots are found 
in the superficial layers. This concept may have important implications in the 
selection of trees for managed fallows or adeycropping.

Of special relevance here is the possibility of a continuous channel 
system into the subsoil left by deca.ing roots of a previous crop or vegetation.
provided soil tillage does not disturb continuity. Roots from a cut-over forest 
may be important for crop production in shifting cultivation because crops are 
often planted close to old tree stumps. SevercI deep rooted cover crops
(Centrosema and Crotolana species, for example) may contribute to subsequent 
crop growth this way as well. The quantity of organic residue left by the roots 
is less important than the physical quality in modifying the soil pore system. A 
shallow coating of organic inputs around the root may help to overcome subsoi 
aluminum toxicity (Hairiah and van Noordwijk, 1986).

Many of tibc spatial effects of root litter production on soil physical anc 
biological properties are well known, but a nu.,iber of intriguing question:
regarding the spatial distribution of root litter/nutrient-related processe.
remain. For example, what isthe absolut and relative production of root litte: 
at depths greater than 20 cm invarious types of agroecosystems? How do rate 
of "tter production and soil pr-nperties change with depth, and how do the' 
interact in determining rates of mineralization/immobilization, denitrification 
and phosphorus fixation? How does spatial heterogeneity of root litter affec 
rates of nutrient mineralizacion/immobilization? Can techniques other thai 
tillage and crop species selection be used to manipulate use efficiency? Fo 
example, pruning of woody hedges in alleycropping systems affects the tern 
poral and spatial distribution of hedge root litter and hence nutrient release t 
the associated crop. 

Root Litter Quality 
There has been no systematic comparison of the quality of root litter frot 
agricultural crops, perennial crops, and tropical forests. Root litter from fore 
and crops is likely to differ in degree of homogeneity, proportion of fine root 
quantity of sccondary or allelopathic compounds, nutrient concentrations, an 
the amount of ignin and polyphenols present. In general, small-diameter root 
such as those produced by food crops, have comparatively low lignin/N ratic 
and would be expected to decompose and release nutrients rapidly, where. 
decomposition and nutrient release from larger, more lignified root litter wou; 
be slower (Amato et al., 1987; Berg et al.,1987). These indices of qualit
however, may not be good preiictors of root decomposition (McClaugherty 
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al., 1982); other indices, such as the nonstructural carbohydrates/N ratio, may 
be better indications of root litter quality (Berg et al., 1987). 

Most work related to root decomposition uses fresh roots incubated in 
mesh bags. Under such conditions, intimate association between roots and soil 
may not exist; in addition, decomposition rates of fresh material may be 
different from those ofdead roots since nutrient retranslocation from senescing 
roots is likely to affect quality. Key experiments measurirg retranslocation from 
roots under varying environmental conditions have yet to be r-, fui' i-d. Fur
thermore, the presence of allelopathic compounds may, at tiraes, override the 
usual determinants of litter quality. Better understanding of the i ,ationship 
between site fertility and root litter quality, and, indeed, the defiition of a 
parameter that can be used to accurately predict decomposition and nutrient 
release from root litter are needed. Moreover, controls on root productivity and 
mortality are still in question (Caldwell, 1979; Marshall and Waring, 1985, 
Nadelhoffer et al., 1985). 

Synchronizing root turnover and decomposition to the benefit of crop 
plants requires knowledge of the magnitude, spatial distribution, and time 
course of root production, mortality, and decomposition. Because of 
methodological difficulties, however, these estimates are still rather crude. 

Estimates of total root production during a growing season have to be 
based on quantification of biomass at one point in time and c.stimates of root 
turnover. Techniques for measuring root production based on frequent sam
pling are subject to serious methodological criticism (Singh et al., 1984).
Recently an alternative approach has beoome available by sequential observa
tions of individual roots behind transparent walls (minirhizorrons) or in holes 
filled up with inflatable structures, between observations. Simultaneous root 
consumption by soil fauna, root decay, and root grow.h can now be recorded 
(van Noordwijk, 1987; Taylor, 1987). Results so far show turnover varies greatly 
between crops and soil conditions. Application of these techniques to tropical 
forests and agroecosystems is badly needed. 

In summary, then, a fourth research imperative is to quantify root 
production and nutrient release by roots in tropical agroecosystems, to identify 
quality parameters that describe decomposition and nutrient release from 
roots, and to determine the relative importance of roots as a source of nutrients. 
Regardless of the answers to the above questions, perhaps the more relevant 
question with respect to roots is, can they be managed? 

Organic Inputs and Soil Physical Properties 
This discussion has been limited so far to the role of organic inputs as a source 
of plant nutrients. In addition to managing nutrient-release patterns from 
organic inputs, it is possible to manipulate other soil factors to maximize plant
growth and nutrient uptake. Organic inputs may be used in two ways to 

Organic Input Management in Tropical Agroecosystems 143 



manipulate the physical behavior of soils. They may be used as surface mulches 

or incorporated ino the soil as an amendment. 

Organic Inputs as Mulches 
In situations where high surface temperatures, rapid dehydration of the sccdbed 
and formations of dense, imperious surface crusts from raindrop impact arc 
serious constraints to seedling emrgcnce and survival, the use of organic inputs 
as mulches far outweiehs the benefits of incorporating them into the soil for 
their amendment effects. 

Mulch maunv regulates soil temperature (Maurva and Lal, 1981) and 
moisture regime (Figure 2). It buffers and dampens the effects of environmental 
factors on soils: it lessens the extremes, lowers the temperature maxima in hot 
and dry conditions. and raises the minima in cold and moist environments 'Lal, 
1979, 1987). The dampening effect is related to the amount of radiation 
penetrating the soil surface. The latter isinfluenced by mulch through radiation 
absorption, alteration of albedo, and by its physical barrier. While albecio is a 
function of mulch color, the barrier effect depends on the percentage of ground 
cover and the thickness of the mulch layer. The albedo ishigher from fresh straw 
mulch than from decayed crop residue. 

For the same rate of application, surface application of organic inputs 
has more drastic effects on soil temperature and moisture regimes than incor
poration. Lawson and Lal (1979) studied the effects of rate and method of 
application of organic inputs on properties of an Alfisol at Ibadan, Nigeria. 
Mean maximum soil temperature decreased with surface application; ith 
incorporation, mean maximum soil temperature increased with increasing 
mulch rate (Figure 3). Soil moisture content was also influenced by mulch rate 
and mode of application (Figure 4). Although the benefits of mulching foi 
moisture retention and temperature regulation arc obvious for soils of the 
seasonal tropics, little isknown about such benefits in the humid tropics where 
water shortages are generally not a problem. Mulching under such condition! 
may have more negative (pests and diseases) than beneficial effects. 

Mulch effects on some soil physical properties are related to activitie: 
of soil organisms. For example, surface mulching increases feeding and burrow 
ing of earthworms and termites, which then alters bulk density, macroporosity 
water retention, and transmission characteristics. In addition, increaser 
production of earthworm casts and arthropod feces may increase the stabilit, 
of aggregates (Rusek, 1986). Lal et al. (1980) observed that the activity o 
earthworm Hyperiodrilusafricanuswas linearly related to the mulch rate. 

In sandy Alfisols of the semiarid tropics and subtropics, formation o 
dense, impervious surface crusts caused by raindrop impact on freshly tille, 
and seeded fields prevent seeds from emerging and subsequently increase 
runoff and soil loss. Work conducted in Niger on sandy Alfisols, where surfac 
sealing isamajor problem, showed marked improvement in water infiltratio 
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Figure 2. Effects of mulch materials and tillage methodi on soil moisture reserves in the 
Masika (rainy) season in Zanzibar, 1980. (Source: Khatibu at al.. 1984.) 
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Figr:e 3. RlNationship between average maximum and minimum soil temperaturr, in 
the first two weeks after planting, amount of mulch applied, and method of application. 
1974. (Source: Lawson and Lal. 1979.) 
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when a woody mulch was left on the surface (TropSoils, 1987). This resulted 
from an extensive network of channcls formed by termite activity. Although the 
effects are highly beneficial, this practice islimited by the availability of organic 
inputs. 

Mulch invariably decreases soil erosion and often reduces water runoff 
(Lai, 1984) because it shelters the soil and improves soil physical properties.
Some of the effects of mulch are reduction of rainfall impact, improved soil 
structure and porosity, increased infiltration rate by decreased surface sealing,
increased water retention capacity, decreased runoff velocity, and enhanced 
biological activity. For most soils, runo'ff and erosion decrease exponentially
with increasing mulch rate (Lai, 1976). 

The effects of organic inputs on soil physical properties depend on the 
residence time or quality and placement of the material. The longer the 
residence time, the more durable the effect. For example, the effects of mulch
ing by rice and maize stover mulch are more pronounced on soil physical 
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Figure 4. Relationship ociween mean soil moisture content, amount of mulch applied.and methtod of application, 1973. (Source: Lawson and Lai, 1979.) 
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properties than are those of high-quality residues such as cowpea or soybeanbecausc cowpea and soybean decompose quickly and have only transient effects 
on soil structure and water transmission characteristics. 

Organic Inputs as Soil Amendments 
The value oforganic inputs as amendments to improve soil physical conditions 
may far outweigh their value as nutrient sources. Soils well supplied with organicinputs are generally looser, easier to work, more permeable to water, and less
susceptible to drought; they possess a higher capacity to retain nutrients.

Measurable effects of organic inputs on soil physical properties are commonly
observed on total porosity and macroporosity, percentage f water-stable aggregates, and aggregate size distribution. Lal ec al. (1980) observed an increasein aggregate size from 0.25-0.5 mm for plots with no inputs to 4-8 mm for pluts
with organic inputs at the high rate of 12 Mg ha " . 
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While there is widespread agreement that organic inputs improve soilphysical conditions, there is less agreement on hcw organic inputs producethese effects. There are two schools of thought on this issue. One large groupbelieves soil organic matter acts as acementing agent to bind primary particlesinto compound units called peds or aggregates. The resistance of these aggregates to the sl:king action of water iscrucial to the structural integrity of asoil. The lhieratvire abounds with the existence of apositive r,"rrelation betweenaggregate stability and organic matter ntent. Tisdall and Gades (1982) alsoshowed that aggregate stability depends on quality of organic inputs. Aggregation increased with lower quality inputs in poorly structured Alfisols ofAustralia. This effect may be different in better aggregated soils such as Oxisols 
and Andoso!s. 

A smaller group of scientists adhere to the notion that soil organic mattercontributes to aggregate stability by acting as a water repellent. This groupbelieves that the dispersive power of water isrendered less harmful in waterrepellent aggregates. This view is supported by the fact that field soils rarelyachieve complete saturation, i.e., evert at zero water pressure only 80% of thepore space iswater-filled, and heat of wetting of clays decreases when treatedwith organic materials (Kijoc and Taylor, 1964; Kijne, 1968). It isclear that whilemuch isknown about the beneficial effects of organic inputs, our understandingof the cause of these effects ispoor. This lack of understanding isa barrier topredict and control the management of organic inputs.
Organic inputs render some soils less droughty by increasing waterinfiltration into the soil and by increasing the soil's water-retention capacity.This increased water retention goes hand in hand with an increased cationretention. As described in Chapter 3 (Oades et al., this publication), adsorptionof organic matter by variable-charge clays increases the net negative charge ofthe clay. The amendment effects or organic inputs are therefore principallySactive in rendering the soil easier to work, more open, and accessible to oxygenand water and in enlarging the soil's capacity to retain and release water andnutrients to organisms that live in and on it.

Managing physical properties by selection and placement of organic
inputs may be more important for some areas of the tropics than management
for nutrients. As examples, management for erosion purposes willbe particularly important for highly erodible soils such as soils with sandy A horizons.Management of organic inputs that enhance soil properties related to increasedwater capture and retention will be particularly important for the seasonal andsemiarid tropics, whereas elimination of excess water could be important toplant growth in the humid tropics. A fifth research imperative, then, is toinvestigate the effect of the quality and placement of organic inputs and theirinteraction on soil physical properties such as microclimate and aggregation.
Particular emphasis should be placed on the duration of the effects. 
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Organic Inputs and Soil Organic Matter 
In addition to supplying nutrients and improving soil physical properties,organic inputs can also lead to the formation and maintenance of soil organicmatter. In fact, many of the effects of organic inputs already discussed (e.g.,nutrient availability patterns and aggregation) are indirect via the formation ofsoil organic matter. Numerous studies in both temperate and tropical regionshave shown that soil organic matter can be maintained by additions of organicresidues (Allison, 1973; Larson ct al.. 1978; Barber, 1979; Lal and Kang, 1982).However, there is little correlation bctween total soi organic matter content

and plant growth or crop productivity (Sanchezand Miller, 1986). Perhaps moreimportant to plant productivity than total soil organic matter is the effect of
organic inputs on various soil organic matter fractions.

Recent models suggest dividing soil organic matter into a series of poolsof different turnover times (Jenkinson and Rayner, 1977; van Veen and Paul,1981; Jenkinson et al., 1987; Parton et al., 1987). From the agronomic point ofview, the functional pools proposed by Parton et al. (1987) are most attractiveamong the many models in the literature. The active SOM pool could play amajor role in nutrient release and perhaps can be -stimated by microbialbiomass determinations; the slow SOM pool may play a major role in thestabilization of macroaggregates, while the passive SOM pool may be !argelyinert as a nutrient release source but may play a major role in the binding of
primary soil particles.

Currently there are no methods for separating SOM into the abovementioned pools and, in fact, these pools may not exist as discrete units. Thediscussion that follows presumes that methods will be developed. In addition,the discussion is highly speculative about the relationships among the suggestedSOM pools, soil aggregates, and various chemical fractions in the soil. It isintended to serve as a conceptual framework for exploring the formation,
maintenance, and importance of SOM.
 

A key challenge is to understand the relative role of above- or
belowground inputs on the different SOM pools, in different agroccosystems,
on soils with contrasting textures, mineralogies, temperature, and moisture
regimes. The formation and maintenance of the various pools are thought to be
affected by the quantity and quality of organic inputs, management practice,soil texture, and mineralogy. Key questions are how manageable are the soil
organic matter pools and how do they relate to plant productivity?

In general, organic inputs high in lignin or polyphenolics, defined as low
quality, lead to a more rapid formation of stable forms of soil organic matter
(slow and passive pools) than plant materials of high quality (DeHaan, 1976;
Martin and Haider, 1980; Stott ct al., 1983; Kelley and Stevenson, 1987).High-quality inputs, in turn, are associated with increased active pool and

nutrient availability, at least in the sho term. 
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Little, however, is known about the long-term differences in the effect
of input quality on SOM fractions and nutrient availability. In the case of N,some will go directly to the microbial pool (active pool) and be readily available 
in the short term via immobilization/mineralization processes. Some of the N 
that goes through the microbial pool will be associated with decomposition
resistant microbial compounds and become part of the slow or passive pools.
Some N will react directly with poiyphenolics, ligiins, and breakdown products
of SOM and be less readily available (slow and passive pools). The relative
proportions of each pool formed for given qualities of inputs, however, is 
unknown. Although much is known about the fate of phenolics, lignins, and 
breakdown products of SOM, as well as readily decomposable C compounds
in short-term laboratory experiments (Martin and Haider, 1980; Azhar et al.,
1986; Stevenson, 1986), there are no long-term field data on the fate and 
availability of the various compounds, their connection to the various SOM 
pools, and their relevance to productivity. 

Placement, tillage practice, and macrofaunal activities can also influence 
maintenance of SOM and the relative proportions of the various SOM pools
through their effects on aggregation. This assumes that SOM associated with
micro- and macroaggregates has different turnover times and perhaps cor
responds to passive and slow pools, respectively (Tsdall and Oades, 1982; 
Tiessen et aL, 1984c; Elliott, 1986).

Macroaggregate stability is in part controllcd by roots and fungi through
production of transient and temporary organic binding agents, through physical
entanglement of soil particles within- fine roots and hyphae, and through
compressive forces of growing roots (Martin, 1977; Tsdall and Oades, 1982;
Monroe and Kladivko, 1987). Tillage may *reduce macroaggrcgate stability
directly, by disrupting aggregates and exposing protected SOM to microbial 
attack, and indirectly, by altering growth and distribution patterns of roots and
 
fungi. in contrast, it is thought that microaggregation is controlled largely by

soil mineralogy and the binding of primary clay particles with persistent organic

compounds. Therefore microaggregates maybe less influenced by management

(Tisdall and Oades, 1982; Tiessen ct al., 1984). Elliott, 1986; Ramsay ect al. 1986).

The limits between these two functionally different aggregate sizes are not yet

established for most soils and are likely to vary considerably with texture and
 
mineralogy.
 

Macroaggregate stability, and presumably the size of the slow pool,
should increase in conditions that favor fungal, rather than bacterial, popula
tions. Fungi predominate in the decomposition of low-quality materials (Swift 
et al, 1981) and of surface-applied organic inputs (as opposed to incorporated
organic inputs) (Holland and Coleman, 1987). A relatively larger slow SOM 
pool might be expected with incorporation than with surface placement of 
organic inputs because of the larger contact surface between organics and clay
particles with incorporation and hence the greater aggregation and physical 
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protection. Lower ,ocal SOM levels, however, are often observed in plowed 
soils, possibly due to disruption of macroaggregates, to reduced importance of 
fungi, and to the prevalence of bacteria and other soil organisms with high 
metabolic activity (Andren and Langerlof, 1983; Ryszkowsk, 1985; Hendi ix et 
al., 1986; Holland and Coleman, 1987).

Studies on the effect of placement and quality of inputs on the relative 
sizes of the various SOM pools are relatively new. Information on the factors 
controlling aggregation might be used to investigate how organic inputs can be 
manipulated to manage SOM pools and subseqent plant production.

Recent data from :esearch in the temperate zone suggest that crop 
productivity is related to the size of the microbial (active) SOM pool (Janzen,
1987). Not only the size but also the turnover rate and composition (bacterial,
fungal, and C/N) of the active pool must be considered. It is interesting to 
speculate whether microbial populations involved in decomposition can be 
manipulated, through either the type or placement of plant material to produce 
more dccomposition-resisitart (slow pool) or more labile (active pool) soil 
organic matter in order to synchronize nutrient availability and uptake for the 
agroecosystem in quest'n. For example, if one were interested in increasing
the slow SOM pool, the strategy would aim at increasing the proportion of fungi
in the microbial populations since fungi appear to stimulate soil aggregate 
formation and maintenance and the production of slowly decomposing soil 
organic matter (Tisdall and Oades, 1982; He et al., 1988a). Much needs to be 
learned about the potential for manipulating the active and slow pools by the 
management of organic inputs in trrms of matching nutrient availability pat
terns to plant demands. 

Assuming the various SOM pools can be controlled by varying the 
quality and placement of organic inputs, a simple scenario shows the possible 
relevance to nutrient availability for agroecosystems differing in nutrient
demand patterns. Short-cycle food crops have high demand for nutrieits over 
a short time. Generally these demands are met by applications of fertilizers. In 
the humid tropics, however, there are ofr:n large losses of these fertilizer 
nutrients by leaching because the supply of readily available nutrients exceeds 
plant demand. Application of high-quality organic inputs (e.g., certain 
legumes) could prov'de a more efficient use of nutrients by releasing nutrients 
quickly to short-cycle food crops through rapid turnover or active SOM, but, 
over a longer time period, releasing nutrients more in synchrony with plant
demand than do inorganic fertilizers. Mature tree crops, on the other hand, 
have lower nutrient demands over similar time periods than do short-cycle 
crops. Use of inorganic fetilizers or even high-quality organic inputs will 
probably result in large losses of nutrients. Application of lower quality plant
residues may be more appropriate. Through a build-up of soil organic Nin the 
slow pool by additions of low-quality inputs, there would be a lower but more 
continued release of N, more in synchrony with nutrient-dcmand patterns of 
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trees. This scenario is based on inferences from laboratorv and field studies
and studies of natural ecosystems. It remains to be seen if thcsc concepts can
be applied to the management of agroecosystcms in the field.

The sixth imperative. therefore, is to develop an undcrstanding of t'he
role of the quality and management of organic inputs on the formation of
different SOM pools in tropical aroccosystcms, on soils differing in texturc,
mineralogy, moisture, and tempcraturc regimes. 

Conclusions and Recommendations 
Management of organic inputs needs to be as quantitative and predictable as 
management of inorganic inputs in agricultural systems. The diversity of tropi
cal species and farming systems provides ample combinations of crops and
organic inputs for designing "ficient agroecosystems. Not only must the
nutrient contents of the organic inputs be known or reasonably estimated, but
also a set of quality parameters needs to be established to predict the rates ofrelease of nutrients during the decomposition of organic inputs and how these 
patterns change with management and under the influence of various groups of
soil organisms. Notab!y lacking are field methods for measuring root production
and decomposition, transfers from organic inputs into SOM fractions, and
transfer processes between SOM pools. Related to the difficulty of measure
ment is the fact that current zonceptual models are not homologous with
measurable SOM fractions and hence are difficult to test rigorously.
 
We propose the following imperatives:
 
Theme Imperative: Management of organic inputs needs to be as quantitative

and as predictable as management of inorganic inputs in agroecosystems.
 
Research Imperatives:
1. Quantify the bioma:s and nutrient content of aboveground organic inputs

in tropical agroecosystems. 
2. 	Develop predictive parameters for nutrient release patterns, or quality, of
 

organic inputs to tropical agroecosystems.
 
3. 	 Investigate tile effect of placement of organic inputs on nutrient availability. 
4. 	Quantify the amounts ot'nutrients released by roots, identify quality


parameters that describe decomposition and nutrient release from roots,

and determine the relative importance of roots as sources of nutrients.
 

5 	 Investigate the effects of quality and placement of organic inputs on soil 
physical properties. 

6. 	Develop an understanding of the role of organic inputs on the formation of
functional SOM pools in soils differing in texture, mineralogy, and mois
turc and temperature regimes. 
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