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VA MYCORRHIZA MANAGEMENT - A NEW LOW COST, BIOLOGICAL TECHNOLOGY 

FOR CROP AND PASTURE PRODUCTION ON INFERTILE SOILS? 

1. Introduction - The Problem 

More than two thirds of CIAT's mandate area in tropical 

America (that is between 23°N and 23°5) are occupied by 

Oxisols, Utisols and Inceptisols. These soils generally have 

good physical characteristics, but have been weathered over a 

long time and leaehed by rairifall, resulting in extreme 

acidíty and ínfertility. The major soíl related ehemical 

constraí¡:ts áre defieieney of phosphorus (P), nitrogen (ti) and 

potassium (K), toxieity of aluminium (Al) and fixation of P. 

From the socio-economic view point, the regions with 

acid, infertile soil have very l.!ttle infrastructure, which 

limits inputs of soil additives to inerease erop produetion. 

~his is characteristic tor the large savanna and rainforest 

regions of tropical America. In the Andean mountain regions 

most of th~ are&s táth marginal soils for erop production are 

cultivsted by small farmers with low potentia1 for purchasing 

lime or fertilize!:s. 

CIAT's concern includes the general welfare of poor urban 

and rural food consumers in the tropies. CIAT's effort is to 

inercase the production of the region's four principal food 

commodities - corumon beans, cassava, rice, and beef - by 

developing improved erops, and production systems that are 

appropriate to the actual 8cologieal and economic conditions 

of the region's farmers (Cit. from CGlAR, 1980). CIAT's 

strategy emphasizes enhanced production through increased 

resource productivíty on farms with limited resources and on 

underutilized land areas (CIAT Annual Report 1983), to produce 

food st 10.' cost per unit. 

Without doubt, a reduction of produetion costs can be 

obtained by appllcation of biological technologies, which 

requires low purchased inputs (Nickel 1979). l!owever, on 

infertile, scid oxisols, ultisoi's and inceptiso1s, farmers 

raust add fertl.li2"rs ta their crops in arder to achieve 
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Bustalned ~roduetion; this ls also necessary in the most 

fertile soils oi the temperate zones. Many farmera, including 

small farmers, know that their erops eould yield more if 

fertilizer were applied. But, they either eannot afford to 

purehase it or do not wish to take the risk involved in 

applying it. 

One way of circumventing this problem is to use low input 

teehnology for managing acid iniertile soils (Sanchez and 

Salinas, 1980). These authors suggested six strategies for 

the rnanagement of the most important chemieal soíl eonstraint 

- phosphorus. Five oi them are relatively well established. 

They are: P plaeement methods, improvement oi P fertilizatíon 

reconunendations, less costly phosphorus Bourees, soi1 liming 

to increase the availability of P ferti1izer, and selection of 

plant species and varieties adapted to low P conditions. The 

sixth strategy proposed was the practical utilization oi 

mycorrhizal associations to increase the use of s0il 

phosphorus and fertilizer P. However, tl::c "prlíc~t:!.cn cf thic 

strategy was not well defined due to lack of research. In 

1980 the Cassava Program and in 1982 the Tropical Pssture 

Program initiated mycorrhizal research at CIAT to look at the 

practical possibilities oí mycorrhizae utilization for the 

major crop production systems studied by CIAT grown in acid 

infertile soils. We consider the mycorrhizal association to 

be a strong biological component of low input technology in 

tropical agriculture, and that ií possible the nanagemcnt of 

mycorrhizae should be incorporated into al1 major agronomíc 

practices for managing soil fertility and plant nutritíon in 

the tropics. 

11. Distribution oi mycorrhizal fungi, their function and 

importance for the major crops of CIAT 

Vesicular-arbuscular (VA) mycorrhizal fU:lgi are knowll to 

occur world-wide in all edapho-climatic conditions. llm",,-:er 

the distribution of different fungal speeie" ;;r,d population 1.s 

highly variable evcn betw€en s()ila W'ithin a sü.all arcú (Table 
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1). Large variations have also been observed even within 

fields. The main effect of the fungí i8 to grow out8ide plant 

roots and thus extraet nutrients from a greater 80il volume 

than the pIant root alone ls able to exploit. Relatively 

inmobile eIements, 8ueh as phosphorus, are taken up in 1arger 

amounts by a mycorrhizal root than by non rnycorrhizal roots. 

Hyphae of VA mycorrhizal fungi are nat known to take up 

phosphate other than phosphate ion s ,dther in soil solution, 

or held on surfaces in su eh way that they are in rapid 

cquilibrium with phosphate in the soil s01ution (Figure 1). 

However large differences exist among mycorrhizal species and 

strains in their efficieney of P uptake and thus in the 

r2sulting benefit for the crop (Tab1e 2). In general, 

howcver, high specifieity between mycorrhiza1 species and 

plant specíes is not found; 1. e. mycorrhizal strains effective 

for cassaVa may also be effective for pasture plants, beans 

etc. under similar edapho-climatie conditions. 

Differences exist bet\leen plant species and varieties in 

their dependence on the mycorrhizal association for P uptake. 

For CIAT's principal crops this dependency i8 shown in Table 

3. It is clear that cassava and the pasture legume are 

obligate1y dependent on a mycorrhizal aS80ciation under most 

soil nutrient conditions. Pasture grasses and beans are 

somewhat less dependent. Upland rice may depend on the 

mycorrhizal associati.on only under certain conditions. 

Thus, it i8 clear that without mycorrhizal associations, 

cassava and pastura plants would not yield at all under aeid, 

infertile soil conditioilS. Beans would yield very little. 

111. ~on~..9?t!.) for the manDge;nent of mycorrhizal association for 

Flore (~ffieient P uptake 

There are tHO main methods for management of fungal 

activity in agriculture: 

A. Based on the kucwlcdge that VA mycorrhizal fungi are 



6 

naturally oecurring in a11 tropical soils and that major 

erops studied by ClAT, cassava, pastures and beans are 

obligately mycotrophic: (dependent on myeorrhiza for 

nutririon) in acid soíls with low nutrient contents, ane 

possible strategy i8 to manage the indigenous rnyeorrhizal 

fungi by agricultural practice8 in such a way that the 

crop plant can obtain optirnum benefit frorn association 

with thern. 

B. Since the quality and quantity of the natural 

rnycorrhizal fungi is high1y variable in different soils, 

or cven 'within the sanIe field, a logical strategy is to 

develop field inoculation techniques with selected, 

highly effective rnyeorrhizal fungi adapted to the plant 

and to the edapho-climat.ic conditions. 

For a~l ClAT's rnycorrhiza-dependent crops both strategies can be 

applied. \Ve wíll present surnrnarizcd results for cassava and pasture 

plants \;,hích ¡,ave becn investigated most intensively. 

A. Hanagement of mycorrbizal association by agricultural 

practices: 

Until this time no real attempt has been made to manage the natural 

mycorrhizal fungal population actively by agricultural practíces 

although most good agricultural practíces are likely to stimulate 

rnycorrhiza. Researeh has becn initiated to evaluate the effect of 

agronomie practices on the indigenous mycorrhizal population. 

a. Effect of fertilizer applications on mycorrhizal 

activity: 

Fertilizer P applications can decrease, as well as 

increase the mycorrhizal root infection, dcpending on the 

mycorrhizal specics involvcd in the association. Most 

native mycorrhizal sp&cies are able to utilizc low P 

fertilizer lcvcls for lncreased crop product:Lon, however 

the response is [;trongly dependent on the adaptation of 

the native mycorrhizal species to each level and source 

• 
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of P fertilizer, as well on the method by whieh the 

fertilizer is applied. 

Generally, N and K fertilization, as well as lime 

applieation, seem to have only a small influenee on the 

myeorrhizal aetivíty, i.e. myeorrhizal root infeetion and 

mycorrhizal growth response. However, where K is a 

limiting nutrient, fertilizatíon of K ís neeessary to 

provide a high infection level. The most important 

aspect of the effect of' fertilizer on mycorrhizal fungi 

seems to be the balance of the nutrients applied to the 

erol" 

b. Effect of eropping system on myeorrhiza. 

Little practical informatie" on the effect of cropping 

systems on the mycorrhizal association is available. 

Prelürd.naxy results showed that crop rotatían of caSSftVa 

with grain legumes favored the mycorrhizal association of 

cassava. The special interactions between mycorrhizal 

fungi and intercropped eassava with grain legumes are not 

well understood. If crops are associated, sorne 

mycorrhizal fungi appear to favor one of the associated 

plants more than the other. Similar results were 

obtained from pasture grasses associated with legumes. 

c. Cultivar differenccs. 

Res\llts indicate that high yield responses of cassava 

cultivars to small P applieation levels are only possible 

"hen the myeorrhizal root infection is llot altered or 

even when infection is increased by P application. 

Apparent1y there are differences and special interactions 

between cultivan;, mycorrhizal infection and P responses 

of tite cultivar. These differential interactions are 

a1so observed with various pasture legumes and grasses, 

as well tis with beans. 
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d. erop protection. 

The effect of sorne fungicides and herbicides on the 

mycorrhizal infection and spore population have been 

investigated. Generally, pesticides can inhibit, as well 

as stirnulate mycorrhizal root infection and spore 

production. However the interactions are very complex. 

For exarnple, herbicides can operate directly on the 

rnycorrhiza or indirectly by changing the weed population. 

Weeds are potential host plants [or rnycorrhizal fungí. 

Also, pesticide applícations, and this seerns to be the 

mosr irnportant point, can lead to a change in the 

mycorrhizal species cornposítíon ín the fíeld. Thus, 

increasing the population of an effective species by any 

pesticide, may have a long-""erm posltive effect on erap 

production, and vice versa* 

The use of technologíes to control diseases and pests 

generally has preference to rnycorrhizal considerations 

due to the simple faet, that fcr 2 deod plnnt mycorrhizae 

are useless. Thus, breeding for disease and pest 

resistant varieties must have pre[erence. It may be 

possible to select pesticides, "hích protect plants and 

are beneficial for the mycorrhizal association. 

e. Other agricultural practiees. 

A range of other agricultural l'ructices. such as 

mulching, burning, land prepar:ation, grazing etc., which 

have not been intensively inveBtígated. may have slight 

positive ar negative effects on the mycorrhizal 

populatíon. It seems that the combinarion of various 

agricultural prectices determines whether an agronomic 

practice favors mycorrhizal activity or noto 

B. Managemcnt of rnycorrhizal association by field 

inoculatíon 

Fieid inoculation i8 an artificially induced 

changc in the 80;'1 rnycorrhIZa1 populatJ_on. By 

field inoculatlon one or more mycorrhizal species are 

• 
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increased locally near the growing plant roots. Thus, 

before utilizing this management technique many na tu rally 

occurring strains from several soil sites must be 

collected, isalated, multiplied, maintained and 

evaluated on their effectivity to be beneficial for the 

erop plant, and far their adaptatíon to edapho-climatic 

conditions. A very ímportant poínt in the evaluatíon oí 

the isolated strains is the evaluatían of its ability to 

compete wíth the native,mycorrhizal specíes and other 

microorganisms. At CIAT, there are now about 300 

mycorrhizal strains isolated and maintained in a pot 

culture collection, and for cassava, the methodology tor 

the evaluation of different mycorrhizal iso lates is now 

well established. 

It has been well established that field inoculatian 

can increase cassava yields 011 acid, infertile oxisols 

and Inceptisols (TabIe "). Considering only the seven 

trials which were eonducted at the same time wHh 50 

kg P/ha as Huila rock phosphate under farner's field 

conditions in inceptísols, cassava root yields were 

inereased on the average by 29% (increase from 15.6 t/ha 

to 20.1 t/ha). In the Same soil increases of 26% (average 

of 4 trials) were obtained when 50 kg P/ha as triple 

superphosphate were applied. 

Inoculated pasture plants established and covered 

the soil much fas ter when grown under natural field 

conditions in an Oxisol. ;lith only 20 kg r/ha, applied 

as rock phosphate pasturc legumes yielded on the average 

68% (1.6 t/ha) more fresh material than non-inoculated 

plants, 3 months aíter sowing (Table 5). Nodulation with -

Rhizobium was stimulated by myeorrllizal inoculation. The 

pasture grass Andropogon jlayanus yielded 2.5 t/ha (35%) 

more when inoculated. 

Greenhouse trials with beans al so indica te tllat 

beans would yield more in t¡,e field, when inoculated with 

seleeted myco",:hizal strains (Figure 2). 
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General1y, it was shown by aImost a11 trials that 

mycorrhizal fieId inoculatían has to be combíned with 

sma1l P fertilizer application (see TabIe 4 and S). The 

patcntial of mycorrhiza1 inoculatian to decreasc the P 

fertilizer requirement of cropa for obtaining maximum 

yields of non-inoculated plants was c1carly ShO~~l, in 

the field (Figure 3). Also, it was shown that it is 

possible to substitute in the field the application of 

soluble P fertilízer sources by relatively insoluble rock 

phosphates when the latter application was combined with 

mycorrhizal field inoculatíon (Table 6). 

IV. Comparison of the two aIternatives for management of the 

mycorr!lizal associa.tion 

l. Agricultural practiees 

Ea.eh agricultural practi(~ can chcnge the nycorrhizi:l 

species composition and population, and possibly in different 

way depending on the site. Theoretical1y, "fter intcnsive 

investigatíon at a specific site, we wou1d be able to give 

some general recommendations to conserve the rnycorrhizal 

population over long time and to assure crop production. 

However, to manage the natural mycorrhiza populatian direetly 

and aetively by agricultural practices, know1edge abaut the 

mycarrhizal species «hich were being managed wou1d be 

required. Thus, if methods wer~ available to define rapidly 

the status of different mycorrhiza1 species in each fíeld, 

management of mycorrhízal fungí by rccommendation oi certain 

agricultural practiees might be possible. These 

recommendations eould be worked out for a11 types of s011s, 

either "chemical1y" fertíle or not, and al1 crops. 

However, considering the risk of rccommcndations which 

may stimulnte rnycorrhizal activlty ,·¡ithout the use of 

inoculation, we must conclude thut due to the vast amount of 

informatíon needed to do this we cannot llave mnch confidence 

in this ll!~tho¿. 

• 

., 
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2. Field inoculation technology 

We divide this topic with respect to: A. Practical 

aspects and B. Economic aspects. 

A. Practical aspects of ficld inoculatíon. 

The success of managing mycorrhizal fungi by field 

inoculation depends on several questions wh1ch can be 

defined as: 

Where will field inoculation work? 

b. What field inoculatíon methods can be applíed? 

c. What amounts of ínoculum are requíred? 

d. Who will produce the ínoculum? 

c. Wíll farmers be ablc to produce their own field 

inoculum? 

f. Will farmers accept the inoculatian technology? 

a. Wherp wil 1 field inoculation wark? 

The conditions where field inoculatian will work are 

well defined. 1) It i8 more likely that inoculaticn 

will increase crop yields where the quantity and 

quality of the naturally accurring mycorrhizal 

population is low. Although it i8 not yet well 

defined which 80il parameters are correlated with 

low quantity and quality af mycorrhizae, we know for 

example that eroded 80ils and those soi18 ealled by 

farmers "sterile" and "degenerated" are likely to 

have 10;1 rnycorrhizal populations. It i5 a1so very 

likely that natural savanna soils have low 

mycorrhizal populations (Table 7). 2) The erap must 

be obligately dependent on the rnycorrhizal 

aS80ciation under the given soil conditions to 

obtain inoculatíon response. Hith cassava, pasture 

plants and beans this i8 most likely in all 

infertil.e soil conditions. 3) Inoculation responses 

will occur when suitable agricultural practices are 

combined with field inoculation. This includcs 

small fertilizer dressings, selection 01 disease and 
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pest resistant. planting material, erop protection 

methods, which do not work against the introduced 

myeorrhizal strain, applieation of other 

mierobiological eomponents (like Rhizobium) which 

have a synergistic effect on the mycorrhizal 

association and erop production. Often, by proper 

agricultural practices the natural mycorrhizal 

population ean be depressed, and the same practices 

roay favor the introduced strain. 4) Inoculation 

will work if the mycorrhizal strains which are lo be 

introduced to the field, are selected for the 

edapho-climatic conditions and for the crop, and if 

the inoculum is free from pathogens. 5) Inoculation 

will work, if an inocu'ation technology is used 

which, favors the competitive ability of the 

introduced strain against the competing natural 

microbial population. 

b. W1Üch field inoculation methods can be applied? 

Firstly, VA myeorrhizal fungí are obligate 

symbionts, and cannot be gro,m on artificial culture 

media. Sources of mycorrhizal inoculum are: 

spores, infected roots of host plants, or a 80il 

substrate in which infected host plants have been 

grmm aud v,hich contains al the time of utilization 

a range of ir~fective mycorrhizal pt'opagules, tr~at 

i8: spores" mycelium, infected plant roots. rIle 

former two SOUJ:ces of inoculum nmst be separated 

from the substrate, the latter is chül'ped nI' and 

homogenized, befare utilization as Huch. The 

advantages and disadvantages of the threc saurces of 

inocula are Rhí)\':n in TabIe 8. 

The inoculum must be brought in direct contact wlth 

the, seed or plcccd in the flcld, in stlch a way that 

the sprouti<ng roots of thc 8e~~d penetrate thC': 

inoculum. This can be acltieved by coat:..tng the seed 
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with mycorrhizal inoculum (this would be with spores 

on seeds; by mu1ti-seeded pe11ets which may contain 

a mixture of mycorrhizal inoculum, rhizobia and 

seeds and are appropriate for small-seeded p1ants 

8uch as some pasture legumes) or by placing the 

inoculum under the seed in the fie1d. The p1acement 

methad is highly important for the competitive 

abi1ity of the introduced fungi. At this moment we 

view the application of infected soil as the mast 

practicable inoculatian method. 

We do not envisage serious technical problems in 

app1ying the inoculant once it is available, and as 

long as the quantities requíred are not too large to 

hand1e; the inocu1um (coated seed or soj} substrate; 

may be applied by hand, which would be more likely 

to be done by 8mal1 carmers or mechanically ,.hen 

larger areas are being sown. 

What amounts of inoculum are required? 

Logically, the amount of required inocu1um per 

hcctare depends on the crop, the cropping system and 

the plant density!ha. It is lowest '1hen plants are 

transplanted after establishment in a secd-bed where 

Lhe plants can be pre-inoculated. With agricu1tural 

crops sllch as CRssava, pasture plants and beans the 

amount depends on the plantirtg density!ha. In Table 

9 SQlne theoretical calculations on a hectare basis 

are shown. The data for cassava may be most 

rea1istic, as some research has becn done on that 

aspecto Ir is also clear that with pastures the 

amounts of inoculum may be quite small, depending on 

the pasture establishment methad. The use of multi

seeded 80í1 pe11ets may reduce the amount of 

1noculum required . 
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d. Who will produce the inoeulum? 

The advantages and disadvantúges of inoeulum 

sourees, listed in Table 8 affeet the produeers of 

inoculum sourees. Spores can only be produced by a 

speeial inoculum industry whieh may be eombined with 

a seed industry to eoat the grain seed with 

myeorrhizal inoeulum. For the farmer the inoculum 

will represent a capital cost factor though this may 

not be high. The other two inoeulum sourees -

infected roots or infected soil substrate - also can 

be produced by inoeulum produetion industries; 

however infected roots have a low storage time (2-4 

weeks). Infected soil is bulky and could pose 

problems of transport to the farmer. 

An aIternative to speeialized ínoeulnm industries 

eould be the produetion of the field inoeulum 

(infeeted roots or infected so:U) by th" farmer 

himself. In addition to inforrnations as to hO\rJ to do 

this he "-Tould need Sorne matcrials pGT h,1, such as: 

25m2 land area (whieh ,,0uId Eive 5 ton 

infected soíl substrate; ealculated on the base 

of 20 cm depth and a speeífic weight of 

19/cm3). 

A soil sterilizant to sterilize 25m2 land. 

A rnycorrhizal starter ínoculum with one or more 

edapho-climatic and crop adapted myc0rrhizal 

species (this starter could be 2.5 kg iufected 

soi1 with a mycorrhizal spore conc.cntration of 

200 spores/g). 
~ 

A host plant, to be planted in the 25m- soil, 

in which after sterilization the startcr 

inoculum was incorporated. 

Small amounts of proper agrochemicals to 

protect the host plant and to stimulate 

mycorrhizal production. 

In this way the farrncr would be aole ta produc~ i.r! 

• 

• 
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about 4-6 months his own field inoculum. The basie 

requirement for this teehnology would be that a 

eompany would supply those materials at low cost to 

the farmer. This form of inoeulation would reduce 

the problem of transport of infected soil. The 

on-farm transport problem could be solved by 

preparing the inoeulum banks in those fields whíeh 

are to be inoculated; if on-farm tranport were to be 

a problem, utilization of infected roots from the 

inoeulum bank as inoculum source, could be Qne 

solution. 

e. lall farmers be able to produce their 0\-10 field 

inoculum? 

It is possíble that farmers would be able to do 

this. Soil sterilization is not a new technology 

for extension workers nor for fanners. Many of them 

know how to sterilize seed-beds for pre

establishment of fruit trees, coffee, etc. However, 

there would be a need for demonstration how to apply 

the mycorrhiza and how to maintain the inoculum 

banks free oí contaminatian. 

f. Will. farmers a~cE,pt: the inoculation technology? 

Acceptance ís biJ.sed 011 need, confídence for success, 

economical nspects and may be on knm,ledge of 

biologiea1 proeeGses. We can divide the tapie into 

the questions as to whether big farmers or sroall 

fanners wi11 necept the inoculation teehnology. Big 

farmers may occupy most of the fertile soil in 

tropical Amerlca and thus possib1y would not need 

the new technology. However big farmers on aCid, 

infertile soils are more likely to utilize the new 

technology, bccause t\",y know that biological 

\:echn1ques are ¡;enerally of low costo Also, bl.g 

fanners would learn very quick1y that inoculation 
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will have a very marked short term effect, which 

possibly can be prolonged by adequate agricultural 

practices. 

It is also likely that small farmers will accept the 

new technology, due to the fact that ít needs líttle 

capital. In any case, the potential of this 

technology and how it has to be carried out must be 

shown to the farmers (whether big or small) by 

demonstration trials. \-le think that this can be 

demonstrated to extension workers 3nd farmers rts a 

simple practical technology. This would involve 

close collaboration with national extension 

organizations. 

B. Economic aSrects of manaf,ement of mycorrhizal 

inoculation 

In practice it will be almost impossible to express the 

economic value due to mycorrhizal in0cul;:¡tion a~.(lne 

because the conservation of long-term rnycorrhizal 

activity is an integrated part of soil and crep 

managernent to maintain fertility and productivity. 

Up to the present we only can make sorne calculations of 

the economic value of field inoeulation l: ... itn cassava, as 

results from several trials on farmer's fields (although 

on an experimental level) are available. For the 

ca1cu1ation we considcr the applicútion of 5 ton 

inocu1um/ha as infected soi1; the inocu1u¡n ls assumed to 

be produced by the farmer and the inoculum applied 

by hand. We assume that se1ected mycorrhiza1 st;:ains 

(starter inocu1um) wou1d be available alld we excludc the 

research cost for the new technology. 

As shown in Table 10 purchascd inputs ,]QuId be very low 

in this case. Estimating the additional 

• 
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man-days required as 20/ha the net retm:n/ha would 

increase by about US$165 (US$=88 Col. Pesos) due to field 

inoculation in the first year. We are not yet able to 

calculate the long-term effect of field inoculation 

because results of residual effects are not yet 

available. 

As discussed above, expensive soluble P fertilizer can be 

substituted by cheaper rock phosphates, when latter 

application is combined with field inoculation. However, 

Table 11 shows that froro the economical stand-point the 

combined treatment rock phosphates plus inoculatíon l~ust 

yield at least about 1.0 ton/ha more than TSP application 

to become economical (on this fertilizer input and 

cassava output level). Also in this case possible 

residual effects of rock phosphate applications and 

mycorrhizal inoculation are neglected. Even if 

inoculation responses are not observed in every 

case, the risk of planting the crop ís considerably 

reduced by inoculatíon. 

V. Conclusions 

1. The management of VA mycorrhizal fungi is an important 

eomponent of managing plant erop nutrition on acid, infertile 

so11s. ~loreover, many agricultural practices can influence 

the mycorrhizal aetivity, dcpending on the mycorrhizal strain, 

the crop and theedapho-climatic conditions • 
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2. Management of mycorrhizal fungi by field inoculation i8 

economically attractive, and eould be practical for both small 

and large farmers subject to suitable extension. 

3. A short-term response is generally obtained by field 

inoculation; long-term effects are expected, but not yet 

confirmed due to lack of research. Long-term management by 

agricultural practices has bcen practiced ever sincc 

agriculture has existed; it is almost impossible to evaluate 

in economic terms. 

4. Management of VA mycorrhizal fungi by field inoculation has 

lower risks than management by agricultural practices. 

5. Farmers will accept inoculatíon technology, if they are shown 

how to do it, because of its low capital cost aud because it 

reduces the risk oí low crop productivity. 

• 

• 
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Table 1 Observatio~ of myeorrhizal speeies population ( number of spares / 100 g dry soil ) in 9 fields 

of the Mondomo area ( Cauea, Colombia ). Souree: Sieverding, unpublished 

Myeorrhizal speeies Site No. 

ill 112 113 114 115 116 1/7 118, 119 

l. Acaulospora sp. 1035 352 198 1036 270 393 1652 932 79 

2. G~ fasciculatum 1082 755 550 644 557 593 477 875 2665 

3. GlolliU5 sp. 1 2 2 2 13 170 8 7 1 

4. Gigaspora sp. 5 8 1 29 29 2 31 9 6 

5. Not identified A. 1 O 1 O O O 3 1 1 

6. Acaulospora sp. 2 O 1 5 O O 1 O O 

7. A. appendicula 74 47 28 955 376 38 191 26 54 

8. G. manihotis O O 1 1 1 O O 1 4 

9. Not identified B. O O 1 O O O 1 O O 

10. Gigaspora sp. O O 1 O 2 O O O O 

11. Entrophospora sp. 2 O 1 O 2 3 1 1 O 

12. Not identified C. O O 2 O 11 0, O 1 O 

13. A. foveata 2 2 1 2 1 6 3 O 3 

Total 2204 1166 788 2674 1262 1205 2368 1853 2813 



TabIe 2 Effect of inoc~lation with different mycorrhizal isa lates on pIant 

shoot dry wcight, P uptake, root Iength and root infection of cassava 

ev. MPer 245 grown in sterilized soíl from Quiliehao in a greenhouse 

trial ( Source: Sieverding, unpubIished ) 

Mycorrhizal 

isolate No. 

Not iuoc. 

C-1-1 

C-ll-1 

C-1l-2 

G-12-1 

C-12-2 

C-13-1/2 

C-14 

G-lS-l/2 

C-16-1 

G-17-1 

C-17-2 

C-18-1 

G-18-2 

C-18-5 

G-19-1 

C-20-2 

C-20-3 

C-21 

Isolate 

code 

NM 

MAN 

LON 

COL 

LON 

OCC 

APP 

MOR 

MEL 

LON 

MAN 

LON 

FAS 

OCC 

LON 

MIC 

MAN 

COL 

MAR 

Tap 
dry weight 
g / pIant 

0.21 

4.16 

1.24 

5.54 

5.22 

5.47 

6.04 

0.59 

4.61 

6.32 

3.94 

0.69 

3.00 

4.60 

4.53 

2.60 

5.61 

5.1,9 

2.84 

p up
take 
mg / 
pIant 

0.22 

3.58 

1.62 

4.82 

4.32 

5.95 

5. S9 

1.03 

5.19 

5.68 

3.92 

0.80 

3.06 

4.41 

5.09 

3.58 

5.46 

4.92 

3.18 

Total 
root 
Iength 
m/pIant 

1.9 

21. 3 

12.6 

35.1 

27.9 

21.9 

22.9 

2.8 

40.5 

44.8 

Ll.8 

4.8 

22.2 

20.5 

19.0 

8.4 

19.6 

15.9 

10.4 

Roat 
infec
tion 
% 

64.5 

11.5 

5.3 

7.0 

10.5 

17 .5 

31.8 

32.5 

26.0 

62.5 

15.5 

70.5 

17. O 

53. O 

52.5 

60.0 

12.5 

'~o. 5 

• 

• 

• 
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TabIe 3 Effect of ínoculatíon with Glomus ~aníhotís, and P application* on top yíelds of 

several plant specíes ( Source: Roweler, CIAT 1980 ) 

Plant species Dry matter in tops ( g I pot ) Mycorrhizal dependence** 

Non inoculated Inoculated 

Po P 100 PSOO Po P100 P500 Po P100 P500 

Cassava 0.34 0.72 0.54 4.33 14.21 16.36 12.7 19.7 30.3 

Beans 1. 11 3.44 8.29 3.08 18.79 2:;.01 2.8 5.5 3.0 

Stylosªnth~~ sp. 0.08 0.08 2.74 1. 25 9.33 12.20 15.6 116.6 4.5 

Andropogon sp. 0.15 0.39 34.24 1. 26 16.67 32.18 8.4 42.7 0.9 

Maize 1. 19 8.74 59.35 4.84 34.75 53.57 4.1 4.0 0.9 

Rice 3. 79 26.63 30.60 3.83 22.36 31. 23 1.0 0.8 1.0 

-, 
*Planted in sterílized soíl from CIAT Quilichao, in the gre2nhouse. Fertilized wíth O, 100, or 500 kg P I ha 

. Drv maner of inoculated plants 
** Mycorrh1zal dependence calculated aS: D ' t f ' 1 t d 1 ry ma ter o non ~nocu a e p ants 



Table 4: Effect of field inoculation with selected mycorrhizal strains on 

cassava fresh root yields ( t / ha ) after one year of growth at 

different soil sites with the application of different sources and 

levels of P fertilizer ( Means oí four replications at each site; 

control: not inoculated, and inoculated with most effective strain 

or treatment ). Source: CIAT Annual Reports for 1982, 1983; Cassava 

Programo 

::oil si tes'f( 

Cürimagua -
Yoparc 

1-:'0 ndomi te 1 

I·~~ndmr.i to 11 

L~ua Blanca 1 

l:cscn.6nr 

Cr..:~i~.:lgu3. -
!..lcgrii:l 

C·:~:l:':'!Il:J.zua -
Llcgria 

CRriam¡;un -
Yop~:-c 

\~nyi:;13eua -
s\lc~ria 

:, :i. .:,:."1 c: a 1 

P 
source level 

(kg/ha) 

TSP 

TSP 

TSP 

TSP 

TSP 

TSP 

ES 

UF.? 

o 

o 

50 

50 

50 

50 

50 

100 

100 

50 

-;'.-";;]. .. 1 El.anca IV IUQ' 

50 

50 

50 

50 

50 

50 

50 

'> .. rir.-~agl.::.a -
/_lcsria 

l·W.P 

lIRP 50 

100 

Root yields 

Not inoculo 

26.1 

9.8 

29.9 

7.0 

13.1 

18.5 

15.9 

16.4 

11.6 

18.0 

6.2 

12.9 

21. 2 

15.6 

24.7 

17.7 

11. 3 

15.9 

11. 7 

Inocul. 

27.3 

9.3 

36.7 

8.2 

18.1 

22.9 

18.3 

19.9 

17.6 

18.6 

9.5 

16.1 

27.1 

18.3 

31. 1 

19.1 

20.4 

19.8 

19.2 

·:·::,:i"i.-:'¡:'.:lflua sites are Oxisols; a11 olhers are Inceptisols 

Most effective 
mycorrhizal 
strain No. 

C-4-2 

C-1-1 

C-19-1 

C-33-1 

C-1-1 

C-1-1 

C-19-1 

C-4-2 

C-1-1 

C-10 

C-10 

C-l-l 

C-1-1/c-10 

C-1-1/c-10 

C-3-5 

C-1-1/c-' 10 

C-33-1 

C-lO 

C-1-1 

,',,', :S,': Triple supClrphonphate, ES: Basic slag, HRP: Huila rock phosphate 

• 

• 

• 

• 
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Table 5: Effect of fíeld inoculatíon with selected mycor

rhizal strains on fresh yields ( t/ha ) of pasture 

species grown in an Oxisol at Carimagua without or 

with application of 20 kg P as rock phosphate froro 

Huila ( RPH ). Source: Saif, CIAT 1983 

P 

appli-

cation 

Without 

With RPH 

'Fiei- d 

inocu-

lation 

NO 

YES 

NO 

Yes 

Fresh material production 

Stylosanthes 
capitata 

0.3 

0.5 

1.5 

3;0 

Pueraría 
phaseoloides 

0.3 

0.6 

2.5 

4.3 

Andropogon 
~'anus 

0.9 

1.2 

7.2 

9. 7 



Table 6:' Effect of field inoculation (Inoe.) and the appli

cation of 50 kg P / ha either as triple 5uperphosphate 

(TSP) or roek phosphate from Huila (RPH) on root yields 

of ea55ava ev. CMC 92 at three sites in the Mondomo 

arca ( Souree: Sieverding, unpublished ) 

Treat- o Fresh root ;!ields ( t / ha ) 
ment 

. 1 s t. site 2nd. si te 3rd. site Mean 

TSP 13.1 18, S 7.0 12,9 

TSP + Inoc. 18. 1 22.9 8. 2 16.9 

RPH 12. 7 11. 3 6. 2 10. 1 

RPH + Inoe. 15. 5 20.4 9.5 15. 1 

• 

• 
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Table 7: Hycorrhízal population ( infectíve mycorrhizal propagules 

per 100 g dry soil ) in natural savanna soils in comparison 

with soíl from CIAT-Quilichao and soíl from a pot culture 

with apure mycorrhizal strain ( Source: Sieverdíng, un

published ) 

Soil sité 

Carimagua-Reserva 

Carimagua-Yopare 

Carimagua-Alegria 

Carimagua-Tabaquera 

CIAT-Quilichao 

Greenhouse pot culture* 

Utilization of 

soíl 

Natural savanna 

Natural savanna 

Natural savanna 

Natural savanna 

Cassava trial, 
planted after 
pasture legumes 

Infective 
mycorrhizal 
propagulesl 
100 g 

410 

171 

72 

.36 

2506 

20972 

* From CIAT's mycorrhizal strain collection; Pueraria Ehaseoloídes 

inoculated with the mycorrhízal straín C-l-l (Clomus manihotis); 

soíl from Quilichao 



Table 8. Evaluation of inoculum sources. 

Inoculum 

Source 

Spores 

Infected 
roots 

Infected 
8011 

substrate 

Advantages 

- Low inoculum volume? 

- Low transport costs? 

- In coating material 
other microorganisms 
(Rhizobium) and plant 
nutrients can be 
incorporated. 

- Low volume? 
- Low transport costs? 
- Simple production 

technolog)'. 
- Production on-farro 

possible. 

- High potential to 
compete with native 
mycorrhizae. 
Simple production 
technology. 

- Production on-farro 
possiblc. 

- Lo,.,-cost for production. 
- Storage for vt lcast one 

year possjble¡ under right 
enviromncntnl condi.tions. 

- Mixable wirh f2rtilizer 
ann othc:::~ microorganir:ms. 

- Hixable wüh certain 
bloci.dcs? 

Disadvantages 

- Not competitive against 
native rnycorrhizae? 

- Long-term storage on1y 
in artificial conditions 

- C6ating of seed is 
necessary? 

- Difflcult to produce 
technically? 

- ProductiOl: only by 
industry possible. 

- Cost intensive? 

- Competitive a~ainst 
native rnycorrhizae 
only under certain 
cond ir ions • 

- Relatively short time 
durability .. 
Hi.gh labor cost in 
preparation? 

- Not ~ixable with 
fertilizer. 

- Dange:.- of pathogpns? 

High volume. 
High tra\'1SPQt't c.ost, 
if nat produced on
farm. 

- Danger of p.:J.thogens? 

---------------------------.------------------------------

• 

• 

.. 
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Table 9. Amounts of inoculum required for field inocu1ation of cassava, 

pastures and beans utilizing different inoculum sources 

(values are estimated, not yet confirmed with exception for 

cassava; spores estimated ,to be coated on seed with max. 1 g 

coating material). 

Plant Spores 
density (coated in 

per 1 g material 
ha per seed) 

(kg/ha) 

Cassava 10.000- not known 
15.000 if feasible 

Pasture 1.250- 1.25-
p1ants 100.000 100 

Beans 200.000- 200-
400.000 400 

Infected 
roots 

2 g/plant 
(kg!ha) 

20-
30 

2.5-
200 

400-
800 

Infested 
soi1* 

(kg/b 1) 

2.000-
6.000 

12.5-
4.000 

2.000-
4.000 

*Infested soi1:- for cassava ca1cu1ated on the basis of 200-400 g 
inocu1um per p1ant. 
tor pasture 1egumes/grasses and beans ca1cu1ated 
on the basis of 10 g inocu1um/p1ant or with 200 g 
inocu1um per linear meter. 



Table 10. Cal~~lation of eosts and benefits of mycorrhizal 

field inoculation oí cassava in Mondomo area, Cauea, 

Colombia. (Nov. 1983) 

A. Additional inputs to cassava/ha. 

1. Inoculum production by farmer* 
2 - 25m land 

- Soil sterilizant 

- Mycorrhizal starter inoculum 

2.5 kg (estimated 80-$/kg) 

- Host plant for mycorrhizal 

multiplication plus agro

chemicals for 25m2 land 

(estimated) 

- 10 man-days for inoculum 

production and preparation 

before application to 

the field. 

2. Addítional labor cost to apply the 

inoculum to the planto 10 man-days 

Total cost of field inoculation: 

B. Additional outputs** due to fíeld inoculation 

Average root yield increase ~noculation 

(7 trials) was 4.5 t/ha. 

C. Increase in net income/ha 

Costs Col. Pesos 

not consid"red 

550 

200 

250 

3.500 

3.500 

8.000 

22.500 

14.500 

*Inoculum production is nor yet done by farmers, production costs are 

estimated (probably overestimated) 

**Cassava: 5.000 - Col. Pesos/t. 

• 

, 

• 
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Table 11. Economic aspects of substitution of soluble P fertilizer 

by rock phosphate plus field inoculation. 

Data available: 

1. Additional input cost for field inoculation per ha: 

8.000 Pesos (TabIe 6). 

2. 

Cost for 50 kg P/ha as triple superphosphate (TSP): 

6.000 Pesos. 

Cost for 50 kg P/ha as Huila rock phosphate (RPH): 

3.100 Pesos. 

Output (yield) 

5.000 Pesos/t fresh roots. 



VII. Annex 

Content: 

A. Some additional informatian for managing the mycorrhizal 

activity by agricultural practices 

B. Sorne additianal informatian for managíng the rnycarrhizal 

activíty by inoculatian. 

• 
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A. Managernent of rnycorrhizal fungi by agricultural practices 

o 
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Table Effect of pnospnorus fertilization on the percentage root length 
rnycorrhizal in two grass-legurne associations in an Oxisol of 
Carimagua, four years after plant'ng. 

p 
Treatments 

1 
Kg P20sha 

25 

50 

100 

. 200 

I LSD 0.05 
1 t ~ 

I L~,~a~.05 
I 

Andropo~on 
cavanJS '" ,.: 

84.65 

83.50 

76.05 

75.71 

79.98 

Puera ri a 
+ phaseoloides 

68.05 

56.00 

56.73 

58.15 

9.86 

59.78 

4.93 

Andropogon 
gayanus 

87.65 

79.05 

77 .90 

75.85 

80.11 

+ 

7.96 

3.98 

Stylosanthes 
capitata 

60.20 

65.80 

56.41 

54.68 

59.27 

. .. 
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Figure Effect of Calcium (CaCO
J

) on the native mycorrhizal infection 

and spare population in five tropical pasture plants grO\ffi ln 

an Oxisol EH Carimagua, two years after planting 
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Effect of liming ( 1 t I ha ) and P application ( 100 kg P / ha ) 

on mycorrhizal infection of cassava in Mondomo area, Cauca ( means 

of 9 soil sites ) 

p Total infection (Z) Infection CZ) by 

$ource vesicles 

- lime + lime - lime + lime 

without P 48.6 (44%)* 42.4 (45Z) 3.5 (137%) 2.5 (144%) 

TSP 68.4 (33%) 72.7 (30%) 29.3 (87%) 3l. 4 (67%) 

HRP 65.5 (33%) 73.9 (23%) 26.6 (73%) 34.0 (77%) 

*Coefficient of variance 
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Figure Effect of potassium fertilizatian on the native mycorrhizal 

infection in seven tropical pasture plants grown in an Oxisol 

at Carimagua, four months after plantíng. 
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Table Effect of NPK fert 11i za tion on the mycorrhiza 1 i nfection and spore 
population of Endogonaceae in three tropical oasture plants in an 
Oxisol of Carimagua, two years after planting. 

Leve1 of 
fertilization* 

1 

kg ha 

A 
B 

C 

LSD 0.05 

A 

B 

C 

LSD 0.05 

Mean 

LSD 0.05 

Stylosanthes 
capitata 
1315 

?pecies· 
Pueraria 

phascoioides 
9900 

aT% root~l ength mycorrh-i za 1 

79.31 

77.84 

73.39 

72.72 
69.40 

76.35 

not significant 
b) Spores per 25 9 50;1 

128.0 160.0 

123.0 158.G 
106.0 140.0 

--------------------- 26.7 
119.7 152.7 

--------------------- 15.4 

Desmodium 
ovaiifo1ium 

350 

72.03 
72.67 
74.08 

179.0 

168.0 
150.0 

165.7. 

1 
* A, N=50, P=11, K=21; B, N=lOO, P=22, K=42; C, N=lOO, P=33. K=62 kg ha-
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Effect of vegetation cover on VA mycorrhiza inocu1um 
Potential (MIP) of an oxiso1 (0-10 cm depth) as mea. 
sured by ~. phaseoloides bioassay at 4 weeks after 

P1anting. A,~. capitata; B, ~. phaseo1oides; e, Q. 
ova1ifo1ium; D, A. gayanus and E. phaseoloidcs; E,! . 

• 
humidicola and Q. ovalifolium¡ F, A: gayanUSj G, j!. 
humidicola; H, B. decumbens; 1, native savanna. 
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lnfluence of different mycorrhízal specíes on 

shoot dry matter production of cassava associa

ted wíth kuJzu grown in the same pot ( means of 

10 replications ) 

Mycorrhizal 

spacias 

Glomus 
manihotis 

CIomus 
occtlltum 

Entr0l'hos¡:>ora 
colombiana 

Shoot production 

( g / pot ) 

Cassava Kudzu 

15. 1 10.0 

14.0 7. 7 

10.2 13.4 

ReIatían 

Cassava: 

Kudzu 

1.5 

1.8 

0.8 

• 

• 

• 
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Interaction between total fresh yield response of different cassaVa cultivars to 

the application of 44 kg P / ha and the root infection by indigenous rnycorrhizal 

fungi at CIAr Quilichao ( $ource: Sieverding, unpublished ) 

Mycorrhizal infection ( % ) 

Decreased No alteration Increased 

Total yield response Total zield response Total yield res20nse 

Small Moderate High Small Moderate High Small }loderate High 

MCol 22 MCol 660 BCol 131 MCol 642 MCol 113 MVen 217 MCol 88 MCol 247 

HCol 700 MCol 707 MCol 258 MCol 659 MCol 635 MCol 1421 MCol 1226 

CMC '40 MCol 1684 MCol 1879 MMex 23 MCol 647 MPan 114 MVen 183 

MVen 83 MVen 270 MMex 59 MVen 246 MVen 287 

ICA-liMC-2 CM 309-41 

CM 323-64 

• 

.. 



TabIe The percentage of root Iength mycorrhizal and number of 

nodules/plant of 22 accessions of pasture plants grown 

for 15 week in the Reserva at Carimagua. 

Species 

LEGUMES 

Centrosema macrocarpum 

C. brasilianum 

C. brasilianum 

C. brasilianum 

C. hrasilIanum 

C. pubescens 

Desmodium ovalifolium 

D. ovalifolium 

D. ovalifolium 

Pueraria phaseoloídes 

Stylosanthes capitata 

S. capítata 

S. capitata 

S. guíanensís 

S. leiocarpa 

S. macrocephala 

S. macrocephala 

Zornia sI'. 

Zornia SI'. 

GRI\SSES 

Brachiaria dictyoneura 

B. humidicola 

B. decumbens 

Ecotype Percentage root 

5065 

5234 

5247 

5236 

5190 

5189 

350 

350A 

3784 

9900 

1019 

1315 

1693 

1020 

1087 

1643 

2133 

7847 

9199 

6133 

679 

606 

length mycorrhizal 

50 + 5 

64 + 9 

64 + 8 

65 + 10 

43 + 5 

43 + 3 

56 + 3 

56 + 3 

1¡9 + 5 

67 + 10 

85 + 4 

71 + 7 

71 + 7 

84 + 3 

62 + 6 

64 + 4 

72 + 7 

73 + 5 

52 + 5 

67 + 4 

50 + 5 

51 + 4 

No. of nodules 

per plant 

Mean of 15 plants 

1 

4 + 3 

6 + 6 

4 + 3 

15 + 8 

5 + 3 

21 + 18 

18 + 18 

15 + 11 

6 + 4 

6 + 4 

10 + 6 

6 + 6 

6 + 4 

8 + 5 

6 + 4 

8 + 4 

40 + 4 

26 + 15 

• 
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B. Management oí mycorrhízal actívíty by inoculation 
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Figure 

.. 

[ 

NATIVE 

MYCORRHIZAL 

FUNGI 

~ 
, 

ISOLATION AND 

MAINTAINANCE 

., ,. 
TEST QN EFFECTIVITY 
FUR PLANT GROWTH 
AND P UPTAKE .. 
TEST ON EFFECTIVITY . 
FOR COMPETlNG WITH. 
OTHER MICROORGANISHS 

V 
TEST FOR ADAl'TATION TO 
EDAPHO-CLlHATIC CONDITIONS 

" HULTIPLICATION OF 

EFFECTIVE STRAINS 

FIELD INOCULATION 

METHODOLOGY 

FIELD INOCULATlON TRIALS 

Flowdiagram of sclecting mycorrhi7.al strains for 

field inoculation 



TabIe Total dry weight ( g I pot ) and P uptake ( mg I pot ) of 

eight forrage pIants grown in an unsteriIized Oxisol with

out and with additionál myeorrhizal inoculation ( Greenhouse 

trial, Souree: Saif, unpublished ) 

Plant Dry weight P uptake 

species " 

Not Inoc. Not Inoe. 
inoc. inoc. 

Stylosanthes capitata 1315 2.00 t'.18 0.71 1. 3t 

Zornia sp. 7847 4.47 8.35 1.52 2.64 

Pueraria Rhaseoloides 9900 4.75 6.45 1. 78 3.11 

Desmodium ovalifolium 3780 3.12 5.26 1. 74 1. 97 

Centrosema macéocarpum 5065 3.04 4.91 0.98 2.01 

Brachiaria humidicola 679 9.70 12.14 2.06 4.36 

Brachiaria dictyneuora 6133 8.50 11.62 1.47 3.04 

Andropogon gayanus 621 3.26 5. 15 0.63 1. 65 

AlI values for inoculated and non-inoeulated plants are significantly 

different P<.0.01 
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rock phosphate Huil a: CF, ca Hos; MI X. 1: 1 RPII and CF. 
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sOl<ing. NIL. O Pó H. inoculated I<ith mycorrhiza (O P). 

SI'. soluble phosphate, RP. rock phasphatc Huila and 
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Figure Number of nodules/plant of P. ph.aicoloideó 

grown in unsteril ized Oxisol under field 

condi tions for 3 months. For explanation 

see Figure 



YIElO INCREASE (%) OUE TO FIELO INOCUlATION 

.' Species 

sty.!'.o.6anth,,¿ eap.{;ta;ta 

Pu~ pha¿eo.!'.oideÁ 

Ál1dJwpogol1 gayanUl> 

P app 1 i ca t ion (kg / ha) 

b 

67 % ' 

100 % 

35 % 

," 

20 

100 % 

72% 

35 % 
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COATED SEED 

p 
Mycorrhizal 

spor~ / 

seed 
Mycorrhízal 
inoculum 
(spores + in
fected roots + 
cellulose) 

MULTI-SEEDED PELLETS 

seed 

,s'~ed + 
Rhizobium 

¡; "1 ., ,-- V 
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Mycorrhlzal 
inoculum 
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fected roots + 
infested soíl) 
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INOCULUM SOURCE 

Spores 

Multi-seeded soil pel1ets 

Infected roots 

. Infected substrate 

Starter inoculum for farmers 
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PROBABLE PRODUCERS OF INOCULUMo 

Inoculum industry 
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HOW TO PRODUCE 5 T INOCULUM ON-FARM 

tTHEORATICAL MODEL) 

2 
25 m land sterilizant 

Preparation 

Incorporation of starter 

inoculum (2.5 kg) after 2-3 

weeks and planting 

HiJ rvc.s t j ng 

> 

) 

. App 1 i cat i on & i ncorporat i on 

, 

Maintaining for4-6 .rJjo_nths: 

appl,ication of proper agro

chemicals 

___ )~ UT I L I ZAT I 01< 

Homogeni~ation 

Totill '-"'oh i fl{"n .- 1000. - Pesos 
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