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CROP MIXES AND PRACTICES 

In most shifting agricultural practices, intercropping is common. 

Successful mixes usually depend un cereal and legume combinations. In 

these situations) the combir.ed yielrls are frequently greater than \'lOuld be 

expected by simply sUl11ming the independent yields of the legume and the 

cereal. It is generally accepted that the nitrogen fixing properties of 

the legume-Rhizobium association provides excess nitrogen that is available 

to the associated cereal plant. The contribution from the cereal to the 



yields of the legume is less obvious. The practice in soOthern Honduras of 

intercropping to structurally similar cereals, corn and sorghum, is therefore 

unusual. The similar morphologies of the two plants and their generally 

similar nutrient requirements suggest that competitive interactions would be 

strong. r;,/pn the assumed lm'/ nutrient status of the soils, as discussed 

below, eal polyculture would seem maladaptive to the regi~n. The 

generality u' this cereal polycu' ture and the observation that yields may 

be low but not unusually so, suggests that other unknown mitigating factors 

may be important. Such factors may i ncl ~de speci es di fferences in root 

architecture and, as discussed later, the role of mycorrhizae may be signifi ­

cant. 

Legumes become an important part of the polycultute only at higher 

elevations, for example, at San Antonio. Local farmers suggest that the 

legumes require cooler temperatures, however, there is an important inter­

action between cool temperatures and soil conditions. In Figure 1, I have r 

attempted to illustrate the relationship between elevation and net photo­

synthesis. "A" and "B" illustrate declining temperatures as a function of 

increasing elevation. Photosynthetic rates are inhibited by high mid-day 

temperatures that frequently occur at low elevations and also by cool and 

cloudy conditions that occur at higher elevations, typically above 1800 

metel~s. This is illustrated in figure "C", Respiration rates have an 

expollent'ial relation to tempcratul"e. Frequently, respiration rates in 

plants double I"ith every 10 degree centigrade rise in temperature. San 

Antonio has an elevation of about 550 meters and would lose approximately 

5.5 degrees centigrade compared ta sea level temperatures due to the dry
 

adiubat'ic lapse rate. This decline in temperatuI"e alone II/ould reduce
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plant l'espiration rates at San Antonio by a factor of about 1.5. 

This is illustrated in figut'e "0". Net 'photosynthesis, the difference 

between gross photosynthesis and respiration, is illustrated in figure 

lip, and .indicates a sharp rise in net photosynthesis \·,ith increasing 

elevation. At higher elevations, of course, net photosynthesis \'Iould begin 

to decline. This differential response by photosynthesis and respiration 

to temperature has provided part of the explanation for the widely observed 

phenomena of high plant diversity and productivity at mid-elevational localities 

throughout the \'let tropi cs. However, I'li th 1eguliles there is an important 

interaction between soil conditions and lower temperatures at higher elevations. 

In order to maintain the sy~biotic nitrogen-fixing bacteria in their root 

nodules, legumes must supply the bacteria with carbohydrates. Therefore, 

legumes can get by on 1m', levels of soil nitrogen', but l'equh'e relatively 

high 1evel s of phosphorus. Indeed, phosphorus has frequently been cited as 

the most limiting factor for legume productivity in the tropics. In Table 1, 

if these values can be considered representative of this region of Honduras, 

and phosphat'us levels are extremely low. Phosphorus deficiencies exacerbate 

the effects of hi gh temperatures on producti vity. Under conditi ons of 

phosphorus deficiency the behavior of the plants' stomata becomes erratic 

and water use deficiency declines strikingly. The presence of such low levels 

of available phosphorus in this region has very likely played an important 

role in restricting legumt: production to higher f?lcvations. Seen in this 

light, the Indore compost operation that we saw at San Antonio is particularly 

significant. The lllanUre-plllnt residue ~Olllpost is an excellent combination for 

producing suitllble available phosphorus fOl' th(~se soils. Note that these 

soils have very high levels of calciuill and occasionally, high levels of zinc. 
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Under these conditions, if phosphorus is applied in a high'lY soluble form 

as, for eXilmpl e, in super phosphate ferti 1i z(~rs the phosphorus has a tendencyl 

to form I'ather insoluble complexes \'Iith the cillcium and zinc, and therefore 

becomes unavaililble to the plants, thus 1OI'lering the availability of these other 

mineral nutrients. This does not seem to be a problem \'Ihen phosphorus is 

slowly released \'Jith the high chelating properties of organic manure. Thus, 

fertilizing legumes with small amounts of compost could in::~ense legume 

productivity significantly in the 10l'ler e'levations. If this is combined 

with a cereal polyculture, then the surplus nitrogen produced by the legumes 

could, of course, enhance cereal yields as well. 

The practice of leaving unburned plant residues on the fields and planting 

directly througl. the mulch also has some advantages for improved productivity. 

Several studies, primarily in Africa: have demonstrated ,that cereal yields 

can be improved through mulching practices as much as they can be improved 

through the addition of synthethic fertilizers. In tropical regionsmulches 

provide numerous advantages. These include: maintaining higher soil moisture 

levels; reducing photo-oxidation 'processes that result in compact soil oxides; 

slow nutrient release; and protection from various kinds of erosion. Indeed, 

the only fields that shOl'led any degree of erosion vlere fields that had 

exposcd soils. Presumably, increasing practices of burning fields would 

result in increasing erosion and declining soil fertility. Given the low 

levels of nitrogen and phosphorus coupled vdth the high levels of calcium, 

magnesium, iron and manganese, the practice of burning vegetation residues 

before plantil1~J should lead to SOllie long- term serious pl'oblcms. The fallDl" 

length in this regiol1 'is probllbly too short. to illlm·J for an udequate accumula­

tion of lIutl'iellts in th(~ fallO\'I vl'~Jetation. The burning rJl'ocess, while 
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making some nutrients more irl1rnee!iately available to the subsequ~nt crop, 

can produce long-term fertility declines. Some likely possibilities include 

the fall 01'ling: the loss of some nitrogen through volatilization; and the 

increase in the insoluble fracti0n of phosphorus due to an increase in 

alkalinity, especially in the presence of large amounts of calcium and iron. 

The practice of selectively removing legume trees from the fallow 

vegetation, of course, further degrades the value of the fallow period for 

increasing soil nitrogen levels. It was striking that·several of the most 

highly valued trees that occur i1 the fallow cycle were legumes. Several 

fanners remarked that these trees have largely disappeared from their 

region as a consequence of intense cutting for firewood. Since many of 

these trees exhibit the property of sprouting from cut stumps or coppicing, 

there I'lould seelll to be consider'able lJotential for managing these fallol" 

tree species mucl! as they arc managed in coppice forests of western Europe. 

The practice, developed in parts of Africa, of alley planting I'!ould seem 

appropriate for this region. In this system, crops are planted bet\oleen 

I'm/S of 1egulIle tl'ces. In thi S I-lay, the trees prov'j de both a I'li ndbreak and 

a source of nltrogen for the interplanteJ crops. This system is also a 

reasonable compromise v/hen long fallm'l pc:riods are no longer possible. 

\oJhile the ililpOt'tant role of nitrogen fixation hJS been emphasized in 

milllY polyculture studies, \'Ie should not neglect the ill1portdnce of symbiotic 

relationships that enhance phusphorus'Clne! v/atrr ilva'ilability. Especially 

in tropical regiolls, lI111ny trees and crops have a symbiotic relationship 

Witll root fungi kllOl'IIl i.lS III.YcorThizue. The val'iou:; kinds and plant relation­

ships that these fungi have i~; too comp""icated to go 'into in t.his report, 

110vlCVC1' some gell0.ralilics lIIay be lIIade. I\lthough the precise mechanism is 
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still largely unknown, the presence of these fungi greatly enhances the 

availability of phosphot'us. Also, the hyrhal filaments of the the fungi 

radiate extensively throughollt the soil and greatly enhance the uptake of 

water to the host plant. Thus studies of polycultures of trees and crops 

that maximize the abundance of nitrogen-fixing and mycorrhizal species could 

make a majol' contribution to the long-tel'll! sustainabil ity of these agricul­

tural systems. 
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TAB:'E 1. SOIL QUALITY (ppm element - available form) 

Sa-:cple pH Acidity NitrCY:je.11 Phosphorus Potassiu'1l Calcium VJagnesium Zinc Iron Ha'lganese 
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