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Abstract Cassava (Manihot esculenta Crantz) was grown in the greenhouse and in the field at 
different levels of phosphorus applied, with or without inoculation with VA mycorrhiza in sterilized 
or unsterilized soil. When grown in a sterilized soil to which eight levels of P had been applied the non- 
inoculated plants required the application of 3200 kg P ha-  t to reach near-maximum yield of plant 
dry matter (DM) at 3 months. Inoculated plants, however, showed only a minor response to applied 
P. Mycorrhizal inoculation in the P check increased top growth over 80 fold and total P uptake over 
100 fold. 

Relating dry matter produced to the available P concentration in the soil (Bray II), a critical level of 
15 ppm P was obtained for mycorrhizal and 190 ppm P for non-mycorrhizal plants. This indicates 
that the determination of critical levels of P in the soil is highly dependent on the degree of 
mycorrhizal infection of the root system. In a second greenhouse trial with two sterilized and non- 
sterilized soils it was found that in both sterilized soils, inoculation was most effective at intermediate 
levels of applied P resulting in a 15-30 fold increase in DM at 100 kg P ha-  1. In the unsterilized soil 
inoculation had no significant effect in the Quilichao soil, but increased DM over 3 fold in the 
Carimagua soil, indicating that the latter had a native mycorrhizal population less effective than the 
former. 

When cassava was grown in the field in plots with 11 levels of P applied, uninoculated plants grown 
in sterilized soil remained extremely P deficient for 4-5 months after which they recuperated through 
mycorrhizal infection from unsterilized borders or subsoil. Still, after 11 months inoculation had 
increased root yields by 40%. In the non-sterilized soil inoculation had no significant effect as the 
introduced strain was equally as effective as the native mycorrhizal population. 

These trials indicate that cassava is extremely dependent on an effective mycorrhizal association 
for normal growth in low-P soils, but that in most natural soils this association is rapidly established 
and inoculation of cassava in the field can only be effective in soils with a low quantity and quality of 
native mycorrhiza. In that case, plants should be inoculated with highly effective strains. 

Introduct ion  

C a s s a v a  (Manihot esculenta C r a n t z )  is a t r o p i c a l  r o o t  c r o p  t h a t  g r o w s  

r e a s o n a b l y  wel l  o n  m a n y  v e r y  ac id  a n d  l o w - P  soi ls  6. H o w e v e r ,  in  L a t i n  A m r r i c a  

p h o s p h o r u s  (P)  r e m a i n s  the  m a i n  l i m i t i n g  n u t r i e n t ,  a n d  in  m a n y  soi ls  y ie lds  c a n  

b e  d o u b l e d  o r  t r i p l e d  w i t h  t he  a p p l i c a t i o n  o f  th i s  e l e m e n t .  R e c e n t  w o r k  o n  t he  

m y c o r r h i z a l  d e p e n d e n c e  o f  t he  c r o p  7,1 o, 15,17,1 s h a s  s h o w n  t h a t  c a s s a v a  is 

h i g h l y  d e p e n d e n t  o n  a V A  m y c o r r h i z a l  a s s o c i a t i o n .  T h i s  a s s o c i a t i o n  i m p r o v e s  

*Soil Scientist and Research Assistants of the Soil Program at Centro Internacional de Agricultura 
Tropical - CIAT. 

327 



328 HOWELER, CADAVID AND BURCKHARDT 

the uptake of P, and thus the efficiency of applied P fertilizers 3' 13. Because 
cassava has a coarse and inefficient root system it was the only species that 
responded to mycorrhizal inoculation in well-stirred nutrient solutions of low P 
concentrations s, 9. Since the cost of fertilizer P is 2-3 times higher than that of N 
and K, it is of extreme importance to maximize the efficiency of P uptake through 
cultural practices 12 which enhance a high native mycorrhizal population, or 
through artificial inoculation. The objective of this study was to determine the 
response of cassava to P applications and mycorrhizal inoculations and to 
evaluate the effectiveness of the native mycorrhiza vis-a-vis the introduced 
species under both greenhouse and field conditions. 

Materials and methods 

Greenhouse trials 
The two greenhouse trials were conducted with sterilized or unsterilized soil from Santander de 

Quilichao and Carimagua, the former classified as a typic Dystropept 11 from the southern part of the 
Cauca Valley in Colombia, and the latter classified as a Haplustox 4 from the Eastern Plains of 
Colombia. The chemical characteristics of these soils are shown in Table 1. Soils were sterilized with 
methyl bromide about a week before planting. 

In the first trial pots with 8 kg soil were planted with cassava tip cuttings of M Mex 59 previously 
rooted in a misting chamber, in small peat pots. Two g of mycorrhizal cassava roots were placed 
under each cutting for the inoculated treatments, while the same amount of autoclaved inoculum was 
used for the non-inoculated treatments. Soil from Quilichao was mixed with the equivalent of 
1000 kg ha -1 dolomitic lime, 200kg N ha -1 as NH4NO 3, 200kg ha -1 as KC1, 25kg Mg ha -1 as 
MgSO4.7H20 and 20 kg Zn ha-  1 as ZnSO4.7HzO. Nine P treatments were established ranging from 
0 to 3200 kg P ha-  1 applied as Ca(H2PO4) 2.H20 with three replications. The soil was incubated for 6 
weeks at field capacity prior to sterilization. A week later the cassava plantlets with peat pots were 

transplanted into the treated soils. After three months plants were cut at soil level, the topgrowth was 
dried, weighed and analyzed after HNOa-HC104 digestion. The fibrous roots were removed and 
examined for root infection after clearing in KOH and staining with trypan blue14. Soil samples were 
taken and analyzed for Bray II (0.1 N HC1 + 0.03 N NH4F) extractable P, as well as pH, 
exchangeable A1, Ca, and Mg. 

In the second trial the experimental procedure was essentially the same except that both sterilized 

Table 1. Chemical characteristics of soils used in greenhouse and field trials 

ppm P pH meq 100 g- 1 
O.M. (Bray II) 

A1 Ca Mg K 

Greenhouse 
Quilichao 7.1 1.8 4.3 2.8 1.8 0.7 0.18 
Carimagua 3,4 1.4 4. l 3.1 0,37 0.17 0.08 

Field 
Quilichao 6.5 1.8 5.1 1.1 4.4 0.3 0.23 
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and non-sterilized soils were used from Quilichao and Carimagua to which 5 levels of P were applied 
ranging from 0 to 3000 kg P ha -1. Tip cuttings of cultivar CM 91-3 were used and plants were 
harvested after only two months. 

Field trial 
Since inoculation can only be practical in the field if it can have significant effects on the yield of 

roots from plants grown from stakes in non-sterilized soil and harvested at 10-18 months, a trial was 
planted at CIAT-Quilichao to determine mycorrhizal effects in fieldgrown cassava. This station is 
located at 990 m above sea level in southern Colombia and chemical characteristics of the soil are 
shown in Table 1. Mean monthly temperature is 24.8~ and annual precipitation is 1850 mm. The 
trial was established on plots which three years earlier had received 11 levels of P, ranging from 0 to 
1130kg P/ha applied as triple superphosphate broadcast and incorporated, At that time beans 
(Phaseolus vulgaris) were planted for one semester after which the plots remained in grass fallow. The 
residual effect of P application on the available P in the soil at time of cassava planting is shown in 
Table 4. Half of each plot was covered with plastic and methyl bromide was injected at a rate of 0.1 kg 
m-z.  Care was taken not to contaminate these sterilized subplots with unsterilized soil during 
cultural practices. Mycorrhizal root inoculum was collected from highly infected cassava plants in a 
nearby field; roots were chopped to 0.5-1 cm pieces and 1.5 g ofinoculum was placed directly below 
the stake (cv. CM 91-3) at time of planting. In addition, plants were inoculated with 100g sand 
containing about 35 mycorrhizal spores perg. The same amount of autoclaved sand and root 
inoculum was used in the 'non-inoculated' treatments. Thus the trial had main plots of 11 P levels, 
subplots of sterilized or unsterilized soil and subsubplots of inoculated or non-inoculated plants. 
Cassava stem cuttings were planted vertically at a distance of 80 x 75 cm and each plant was 
fertilized with the equivalent of 100 kg N ha- 1 as urea, 50 kg K ha- 1 as KC1 and 20 kg Mg ha- 1 as 
MgSOa.7 HzO, band applied after planting. 

At 3�89 months plant height was determined and upper fully expanded leafblades were sampled and 
analyzed for N, P, K and Zn. At l l months plants were harvested and fresh root yields were 
determined. Fibrous roots of each treatment were examined to determine the degree of 
mycorrhization. 

Results and discussion 

Greenhouse trials 

In  the  first tr ial  there  was  a c lear  r e sponse  to P a l r eady  a f te r  two  weeks  a n d  to 

m y c o r r h i z a l  i n o c u l a t i o n  a f te r  th ree  weeks.  T h e  n o n - i n o c u l a t e d  p lan t s  r e m a i n e d  

smal l  w i t h  typica l  s y m p t o m s  o f  P def ic iency  up  to the  level o f  1600 kg  app l i ed  P 

h a - ~ ,  wi th  m a x i m u m  p l a n t  g r o w t h  r eached  o n l y  wi th  3200 kg P h a - 1  In  the 

i n o c u l a t e d  plants ,  h o w e v e r ,  there  was  no  v isual  r e sponse  to P and  the  P -check  

p l an t s  a p p e a r e d  as v i g o r o u s  as the  n o n - i n o c u l a t e d  p lan t s  wi th  3200 kg  P h a -  1 

app l i ed .  M y c o r r h i z a l  r e sponses  were  m o s t  d r a m a t i c  at l ow  and  i n t e r m e d i a t e  

levels  o f  app l i ed  P (Pla te  1). 

Fig .  1 shows  tha t  n o n - i n o c u l a t e d  p lan t s  r equ i r ed  3200 kg P h a - 1  to r each  

m a x i m u m  dry  m a t t e r  ( D M )  yield,  a n d  even  wi th  800 kg  P h a -  1 p lan t s  r e m a i n e d  

e x t r e m e l y  smal l  a n d  P deficient .  I n o c u l a t e d  p lan t s  s h o w e d  on ly  a m i n o r  P 

r e s p o n s e  to  200 kg  P h a -  1, a n d  p lan t s  to wh ich  no  P h a d  been  app l i ed  p r o d u c e d  

the  s a m e  D M  yield as n o n - i n o c u l a t e d  p lan t s  wi th  1600 kg  P ha  -1 

In  the  P check  i n o c u l a t i o n  inc reased  D M  yield f r o m  0.42 to  34.6 g p l a n t -  ~, 

w h i c h  is an  80 fo ld  increase .  I n o c u l a t i o n  no t  o n l y  inc reased  d r y  we igh t  bu t  a l so  
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Fig. 1. The effect of various levels of applied P on dry weight of tops of inoculated and non- 
inoculated cassava grown in sterilized soil from CIAT - Quilichao. 
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Pig. 2. Relation between dry weight of tops of inoculated and non-inoculated cassava and the 
available P content in sterilized Quilicbao soil. Arrows indicate the critical P-level corresponding to 
9 5 %  of  maximum yield. 
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the P content of the tissue, even at the highest level of applied P, as shown in 
Table 2. Inoculation tended to decrease the K, N and Zn contents of the tops 
mainly due to better growth and dilution of nutrients in the tissue. The total 
uptake of all nutrients increased markedly due to inoculation, but mainly due to 
increases in DM. The total P uptake increased at all levels of applied P, but was 
marked in the P-check and at low levels of applied P where inoculation increased 
P-uptake over 100 fold. 

Fig. 2 shows that there was a clear relationship between the dry matter of tops 
and the available P (Bray II) content of the soil after harvest. The critical level, 
corresponding to 95% of maximum DM yield, was found to be 15ppm for 
inoculated and 190 ppm for non-inoculated plants. The critical level determined 
for root yield from field experiments generally varies between 8 and 10 ppm 2.6. 
Thus the level found for inoculated plants in this trial was slightly higher, but that 
for non-inoculated plants was markedly higher than those determined in the 
field. This indicates that in the field cassava plants must be generally well-infected 
with mycorrhiza. Moreover, variations often observed in the determination of 
critical levels in the field may be due to variations in the degree of mycorrhizal 
infection. That critical levels of available soil P are vastly different for 
mycorrhizal and non-mycorrhizal plants, as observed in this experiment, is 
contrary to data reported by Howeler e t  al.  7 for cassava grown in sterilized and 
non-sterilized Australian soil. In that case near-maximum yield for mycorrhizal 
and non-mycorrhizal plants were obtained at approximately the same level of P 
applied, corresponding to 6-7tPha-1, or more than twice the requirement in 
the present experiment. This could be due to a much higher P fixing capacity of 
the Australian soil or due to a more effective mycorrhizal strain used in the 
Colombian trial. In fact, the Colombian strain is a G l o m u s  species, not yet 
described in the literature (Schenk, personal communication). It is also one of the 
most effective strains so far identified and tested in Colombia (Sieverding, 
personal communication). 

Table 2 shows the effect of inoculation and P applications on the degree of 
mycorrhizal infection. In the inoculated treatments, both the infection and the 
effectiveness in terms of P uptake were highest at intermediate levels of 50 and 
100 kg P ha-  1. These are levels of P application that often give maximum yields 
in field experiments 2 and that are economically feasible for many farmers. The 
observation of maximum effectiveness at intermediate levels of P application 
corresponds with similar results obtained in a sterilized and non-sterilized 
Australian soil 7 and has been reported by other workers 1. Thus, Mosse e t  al .  13 

reported that even mycorrhizal plants can not absorb appreciable amounts of P 
from very P depleted soil, while it is also widely recognized that mycorrhizal 
effects decrease at high levels of P application 3, 5, ~ 

In the second experiment the response to inoculations was determined in both 
sterilized and unsterilized Carimagua and Quilichao soil. Fig. 3 shows that in 
both soils there was a good DM response to P applications, reaching maximum 
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Table 2. Effect of P applications on P content and total P absorption of tops, and on mycorrhizal 
infection of roots of inoculated and non-inoculated plants ofM Mex 59 grown on sterilized Quilichao 
soil 

P-application ~ P in tops P absorption by Root infection* 
(kg ha-  1) tops (mg plant- 1) 

Non-inoc. Inoc. Non-inoc. Inoc. Non-inoc. Inoc. 

0 0.05 0.08 0.2 27.7 0 1.7 
25 0.07 0.07 0.5 25.5 0 2.2 
50 0.04 0.11 0.3 41.3 0 2.6 

100 0.05 0.12 0.3 49.4 0 2.6 
200 - 0.17 - 81,0 0 2.4 
400 0,06 0,17 12 73.0 0 2.0 
800 0.09 0,17 3.4 86.0 0 1.5 

1600 0.15 0.16 58.3 75.3 0 1.0 
3200 0.20 0.25 905 118.3 0 1.0 

* Visual evaluation of hyphae and vesicles: 0 = no infection and 3 = high infection. 

Table 3. Effect of P application on P content and total absorption of tops of inoculated and non- 
inoculated plants of CM 91-3 grown on sterilized and unsterilized Quilichao and Carimagua soils 

Soil and P 
application 
(kg ha- l )  

P content (Yo) P absorption (mg plant- 1) 

SN* SI UN UI SN SI UN UI 

Quilichao 
0 0.09 0.17 0.15 0.15 0.27 8.62 1.89 0.90 

100 0.09 0.27 0.16 0.16 0.28 2 5 . 6 8  1 1 . 2 0  10.97 
300 0.11 0.26 0,23 0.16 1.89 3 2 . 4 0  2 5 . 4 1  13.12 

1000 0.16 0.24 0.17 0.18 27.71 44.04 17.51 18.72 
3000 0.29 0.29 0.20 0.25 62,90 5 8 . 6 7  1 5 . 2 4  25.45 

Carimagua 
0 0.08 0,14 0.14 0.13 0.54 6.37 3.30 5.08 

100 0.07 0.31 0.25 0.17 0.51 3 3 . 9 8  ll.07 24.16 
300 0.08 - 0.20 0.17 0.75 2 1 . 1 8  1 6 . 8 6  19.75 

1000 0.25 0.25 0.17 0.17 39.40 4 3 . 0 5  2 5 . 1 4  24.53 
3000 0,34 0.27 0.22 0.27 69.53 6 2 . 5 0  5 4 . 4 5  63.85 

* SN = Sterilized soil, Non-inoculated plants. 
SI = Sterilized soil, Inoculated plants. 
UN = Unsterilized soil, Non-inoculated plants. 
UI = Unsterilized soil, Inoculated plants. 
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yield at 1000 kg P /ha -  1 in Quilichao and at 3000 kg P ha -  1 in Carimagua soils. 
In both sterilized soils there was a marked response to inoculation, increasing 
shoot dry weight 15 times in Carimagua and 31 times in Quilichao soil at 100 kg P 
h a -  1. In both soils inoculation also markedly increased the P content of  tops 
(Table 3) resulting in an increase in total P uptake of  66 fold for Carimagua and 
92 fold for Quilich~o soils at 100 kg P ha-1.  However, in the unsterilized soil, 
there was no significant effect of  inoculation in the Quilichao soil, but a marked 
effect in the Carimagua soil. In the latter inoculation increased dry weight of tops 
three fold at 100 P but only 38% at 300 P. The lack of  response in unsterilized 
Quilichao soil is probably due to the fact that plants were inoculated with a strain 
collected from the same site. Thus, the introduced strain was the same as the 
dominant native strain and placement of  infected root inoculum did not result in 
a better root infection than that obtained from spores in the unsterilized soil. In 
the Carimagua soil, however, the introduced strain from Quilichao was more 
effective than the local strains, resulting in a positive response to inoculations, at 
least at the three lower levels of  applied P. Thus the effect of inoculation in 
unsterilized soil is highly dependent on the effectiveness and the competition 
from local strains. Table 3 shows that in the unsterilized soils inoculation did not 
increase the P content of  the tops, except at the highest level of applied P. Thus, 
the total P uptake of inoculated plants was significantly higher in the sterilized 
soil than in the unsterilized soil. This may be due to a lack of competition of  the 
introduced strains with native micro-organisms in the sterilized soil, or to the 
presence of soil pathogens in the unsterilized soil. 

Field trial 
Table 4 shows that the application of  11 levels of  P three years earlier resulted 

in a range of  available P levels in the soil from 1.8 to I 17.3 ppm. Although plants 
suffered from two hail storms in the first two months after planting, most 
recuperated quickly. At 31 months there was a good visual response to 
inoculation in the sterilized but not in the unsterilized soil. In the latter there was 
only a very minor plant height response to P eventhough the low P plots had soil- 
P levels was below the critical level of 8-10ppm 6. In the sterilized soil 
inoculation increased the average plant height from 44 to 55 cm, while in the 
unsterilized soil plant height was 48 cm, irrespective of inoculation. 

Table 4 shows the P content of  youngest fully expanded leaves at 3�89 months. In 
the non-inoculated treatments in sterilized and unsterilized soil there was a 
response to P-application, but in the inoculated treatments there was no 
response to P. Surprisingly, all treatments including the non-inoculated plants in 
sterilized soil, had high P concentrations in the tissue, above the critical level of  
0.4%6. However, highest P concentrations were found in inoculated plants 
grown in sterilized soil, which also showed the best plant growth and highest 
concentrations of  K. Nitrogen and Zn concentrations were high but not related 
to P applications or mycorrhizal treatments. 
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Table 4. Residual effect of P application on available P content of soil before planting and the P 
content of youngest fully expanded leaves (Yfel) of 3�89 months old inoculated or non-inoculated 
cassava plants grown in sterilized or unsterilized soil in CIAT-Quilichao 

P-application Soil P ~ P in Yfel-blades 
kg ha- I i (Bray II) 

(ppm) SN* SI UN UI 

0 1.8 0.44 0.62 0.41 0.56 
33 2.2 0.42 0.48 0.44 0.58 
67 2.9 0.39 0.45 0.42 0.46 

141 6.8 0.53 0.56 0.41 0.41 
253 17.9 0.56 0.62 0.40 0.46 
310 25.8 0.64 0.65 0.65 0.59 
458 27.7 0.54 0.56 0.56 0.47 
603 42.3 0.63 0.62 0.57 0.66 
734 56.3 0.57 0,56 0.53 0.61 
869 36.3 0.70 0.67 0.57 0.51 

1131 117~3 0.46 0.58 0.55 0.53 

Mean 0.53 0.58 0.50 0.53 

* See Table 3. 

Table 5. Effect of P application on root yield and degree of root infection of 11-months old cassava, 
CM 91-3, grown with and without inoculation on sterilized and unsterilized soil in CIAT-Quilichao 

P-application Fresh root yield (103 kg ha- 1) Degree root infection 
(kg ha-  1) 

SN* SI UN UI SN* SI UN UI 

0 31 50 33 35 0,6 1.6 0.5 1.0 
33 28 51 44 41 0,9 1,2 1.0 0.9 
67 32 50 40 40 1,0 1.3 1.0 0.6 

141 30 68 40 46 0.6 1.2 0.8 1.5 
253 29 43 42 33 1.6 1.3 0.3 1.3 
310 55 51 34 32 1.5 1.6 0.6 0.8 
458 46 57 42 31 1.0 1.5 1.0 1.3 
603 41 54 40 43 1.8 1.3 1.0 0.6 
734 37 59 28 37 1.1 1.6 0.6 1.3 
869 38 52 41 37 0.5 1.8 1.3 0.8 

1131 47 46 33 35 0.9 1.8 0.3 1.3 

Mean 38 53 38 37 1.0 1.5 0.8 1.0 

* See Table 3. 
** Visual evaluation of hyphae and vesicles: 0 = no infection and 3 = high infection. 
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Fig. 3. The effect of applied P and mycorrhizal inoculation on the dry weight of tops of cassava 
grown in sterilized and unsterilized soil from Carimagua and CIAT - Quilichao. 
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In the sterilized soil responses to inoculation were quite marked (see Plate 2) 
up to 5-6 months,  after which the non-inoculated plants started to recuperate, 
first in the borders where plant roots became infected after penetration in 
unsterilized walkways. Recuperation then continued throughout the plot 
probably  due to infection from the unsterilized subsoil. At time of harvest at 11 

months most  visual responses to sterilization and inoculation had disappeared. 
Root  yields and the degree of root infection at 11 months are shown in Table 5. 

There was no statistically significant effect of  P applications, but a highly 
significant overall effect of  both  soil sterilization and inoculation. Fig. 4 shows 
that  in unsterilized soil, averaged over P applications, there was no effect of  
inoculation, but in sterilized soil inoculation increased yields from 38 to 

Plate 1. Response of cassava (M MEX 59) to P application (kg P ha- 1) in a sterilized soil from CIAT 
- Quilichao in the absence and presence of a mycorrhizal association. 
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53 x 103kg ha -1, i.e. a 40% increase in root yield due to mycorrhizal 
inoculation. Although this is highly significant, it is still an under-estimation of 
the importance of mycorrhiza in cassava, because of the recuperation of non- 
inoculated plants grown in sterilized soil once plant roots reached the 
unsterilized borders and subsoil. At harvest these plants were equally infected 
with mycorrhiza as the inoculated plants in unsterilized soil and even better 
infected than non-inoculated plants in unsterilized soil (Table 5). The inoculated 
plants in sterilized soil had a significantly higher infection, both in terms of 
hyphae and vesicles, than other mycorrhizal treatments and this resulted in 
greater plant height, higher P and K levels in leaves and ultimately a higher root 
yield. A better appreciation of the importance of mycorrhiza llfight be obtained 
by considering only one P treatment in one replication (shown in Plate 2) in 
sterilized soil. In this case the non-inoculated plants had only a minor root 
infection and did not recuperate, resulting in a root yield of only 8.7 x 103 kg 
ha -  1 compared with 63 x 10 a kg ha -  1 in neighbouring but inoculated plants. 
This 7 fold increase in yield due to a better mycorrhizal infection is not of the 
same order of magnitude as the 30-80 fold increases in top DM obtained with tip 

Plate 2. The effect of  mycorrhizal inoculation (right) on the growth of  cassava (CM 91-3) in a 
sterilized plot (0.01 ppm P in soil solution) in CIAT - Quilichao. In the back the same response in a 
non-sterilized soil. 
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cuttings in pot experiments in the same soil (see above), but is definitely an 
indication that cassava is highly dependent on a mycorrhizal association for P 
uptake from low P soils. When grown on these soils cassava can be called 
'obligately mycorrhizal'. 

The fact that no responses were observed in unsterilized soil is mainly because 
the introduced strain was collected from the same site as the native strains 
present in the unsterilized soil. As mentioned above, this is the most efficient 
strain isolated from Colombian soils so far, and belongs to an as yet undescribed 
species of GIomus*.  It is expected that in other soils with less effective native 
strains, and/or with low mycorrhizal populations, inoculation with this Glomus  

species might have a beneficial effect. Field trials are presently underway to test 
this hypothesis. In addition, new mycorrhizal species are being isolated and 
tested to search for even more effective strains, with good adaptation to acid soils 
and good competitive ability with local strains. 

In both field and greenhouse trials with Quilichao soil best growth and yields 
were consistently obtained in sterilized soil with inoculated plants. The poorer 
growth in unsterilized soil, especially at high levels of applied P (Fig. 3) may be 
due to: 

1. strong competition between the introduced strain and native micro- 
organisms, making the former less effective 

2. presence of soil pathogens, which affect cassava producion without causing 
visible symptoms. 

3. the release of some essential minor elements such as Zn during the 
sterilization process or 

4. an excessive mycorrhizal infection from native strains causing a 
carbohydrate drain on the plant, as suggested by Stribley et al. ~6 

In the latter case, the P content of plant tissue would be greater in unsterilized 
soil, as observed in the Australian soil 7, but this was not the case in the present 
trial (see Table 4). The third hypothesis of Zn release by sterilization is born out 
by plant analyses, which generally show a higher Zn content in plants growing in 
sterilized than in unsterilized soil, but whether this is a direct or indirect effect of 
sterilization on plant growth is not quite clear. In any case, the effect was not very 
significant in the present field trial. The possible presence of unknown soil 
pathogens is presently being investigated. In that case, the elimination of these 
pathogens or of other competing microorganisms through soil fumigation in 
combination with mycorrhizal inoculation might be effective in increasing yield, 
but it is doubtfull that this would be an economic alternative to higher P fertilizer 
applications. 

* Name: Glomus manihotis (Schenk et al. In press) 
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