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DIS<ll3SICN 

Growth measurements made on cowpea and leucaena indicate a severe 

supression on their growth in the eroded soil which was not alleviated 

even when the soil was inoculated with VAM fungus. This indicates 

that probably low nutrient content of the eroded soil was limiting the 

perforrnance of the endophytes. This view is supported by the fact 

that there was a definite grcwth response to inoculation in the 

uneroded soil. 

The extent of colonization of root by VAM fungi in the eroded 

soil was not in agreement with that of plant growth. Unlike dry 

matter production, there was a significant increase in root 

colonization due to inoculation. This indicates that although plant 

roots had been infected, they were not effective in stimulating plant 

grcwth, i.e., infectivity and effectivity were not correlated. This 

result was also supported by the effectivity data (P content of leaf 

discs or subleaflets) which did not change significantly due to VAM 

inoculation. Plenchette et al. (12) observed a lack of correlation 

between the percentage of root colonization and stimulation of growth 

of strawberry grcwn on.calcined fOClntm:)rillonitic clay. Differences in 

infectivity and effectivity of VAM species have also been reported by 

several other ~rkers (1,4,14,15,16,l7). The ability to produce rapid 

and extensive infection is one of the factors contributing to the 

effectiveness of a VAM fungus (2). Wilson and Trinick (16) 

hypothesized that one species is nore infective than another, probably 

due to its greater ability to produce infection points. 
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The reduced infectivity of VAM fungi in the eroded soil canpared 

to that of the uneroded soil could be due to nutritional factors 

(6,9). The differences observed between the trends of root 

colonization of cowpea and leucaena by different species of VAM fungi 

signify preferences exhibited by Vl>J.11 species towards host plants. Due 

to suppression of the effectivity of VAM fungi (in terms of plant 

gr<:Mth and changes in leaf P status) in the eroded soil, their 

relative perfonnances could not be evaluated. In uneroded soil, on 

the other hand, variation in perfonnances was observed. Among the 

species of VAM fungi tested, Q• aggregatum was consistently associated 

with the highest growth response while Q• etunicatum was associated 

with the least. This shows that one species of VAM fungus is better 

adapted in the soil environment than another. This is also indicative 

of the existence of sane degree of specificity between endophytes and 

host plants. 

Low nutrient content of the eroded soil, especially P, also 

reduced the extent of nodulation. This is because of the extra 

requirement of P needed for nitrogen fixation. The trend of 

nodulation in the uneroded soil inoculated with different species of 

VAM fungi was in the same order as that of root colonization or shoot 

P content. This emphasizes the relationship between nodulation, root 

colonization and P uptake of leguminous plants. 

The results of this study indicate a severe suppression in the 

effectivity of VAM species in eroded soils. 
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OIAPl'ER 5 

OPITMIZATI<E OF SOIL SOIIJrICE PlmPIDRJS FOR MAXIMCN VAM 

EFFECTIVmESS AND t«DJIATIOO OF ClH>FA AND IBUCAENA 

~ OI ER>IED SOIL 

Increased uptake of phosphorus has been determined to be the main 

reason for improved plant growth associated with the vesicular­

arbuscular mycorrhizal (VAM) symbiosis (4,9). VAM fungi, thus, could 

play an important role in improvin:J plant growth in soils that are 

either phosphorus deficient or have a high P-fixing capacity. Sub­

surface soil horizons, which are exposed as a result of topsoil 

removal by erosion, are not only low in P but also have a high P­

sorption capacity (14), and hence, improved plant growth on these 

soils may depend on the presence of active VAM fungi. The activity 

and symbiotic effectiveness of VAM fungi is influenced by various soil 

factors. One of these factors has to do with the level of available 

soil P. Phosphorus is important because the activity of VAM fungi is 

known to be adversely influenced by high levels of P and also because 

there appears to be an optirnun P level below which the mycorrhizal 

activity declines (11,22). 

The influence of Pon the activity of VAM fungi varies fran soil 

to soil (13). However, this variation is most likely to be a function 
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of the difference in the P adsorbing capacity of the various soils 

rather than a real measure of the effect of Pon VAM fungi (8,14,16). 

On the other hand, the optimum P level for a rnycorrhizal association 

could vary deperrlirg on the VAM endophyte as well as the host species 

involved (3,5,7,20,22). 

Recently, Habte and Manjunath (11) determined the soil solution P 

level required for maximum effectiveness in the symbiotic interaction 

involving the VAM fungus Glomus fasciculatum and Leucaena 

leucocephala. Optimal soil solution P levels for rnycorrhizal 

associations formed by other leguminous plants have not been 

determined. The objectives of this study were (1) to determine the 

external P requirement of rnycorrhizal cowpea grown in eroded and 

uneroded soil and (2) to determine the optimum P level for 

establishing rnycorrhizal leucaena and cowpea in non-fumigated eroded 

and uneroded soil. 

In order to fulfill the above mentioned objectives, two 

experiments were conducted. The experiments were as follow: 

Experiment 1: Determination of the external P requirement of 

mycorrhizal cowpea grown in eroded and uneroded soil. 

Experiment 2: Determination of optimum phosphorus level for 

establishing rnycorrhizal cowpea and leucaena in non-fumigated 

eroded and uneroded soil. 
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Experiment 1 

Most of the methods and materials used in this experiment were 

the same as those described in Chapter 2. The portion of methods and 

materials that were unique to this experiment are described below. 

A phosphorus sorption isotherm (6) was used to establish four 

target levels of phosphorus in the soil solution. The levels were: 

initial Pin the soil solution (0.009 mg/1 for the uneroded soil and 

Q.003 mg/1 for the eroded soil), 0.026, 0.046 and Q.087 mg P/1. The 

pots containing the soils were fumigated in a gas-tight chamber twice 

at an interval of 10 days by exposing them to 48 g of methyl bromide 

and 1.0 g of chloropicrin per chamber (volume= 0.712 m3) for 5 days. 

After the final fumigation the pots -were removed fran the chamber and 

allowed to stand for two weeks to dissipate the fumigants fran the 

soil. 

Inoculation of soil with a VAM fungus was achieved by mixing 

thoroughly 50 g portions of crude inoculum of Glornus aggregatum with 

the soil contained in each pot. Treatments consisted of plants grown 

on eroded and uneroded soils with 4 target levels of soil solution 

phosphorus with or without VAM inoculation. The developnent of VAM 

activity was monitored by detennining the P content of discs of cowpea 

leaves. Plants were grown for 38 days, after which time measurements 

of shoot and root dry matter production, nodulation, shoot and root P 

content and colonization of roots by VAM fungi were made. 
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Experiment 2 

Materials and methods for this experiment were the same as 

described in Chapter 2 and in Experiment 1 of this chapter. Soil used 

in this experiment and in all the subsequent experiments were not 

fumigated. 

Experiment 1 

The extent of colonization of cowpea roots by _g. aggregatum 

increased with increases in the concentration of soil solution Pup to 

0.046 rrg P/1 (Fig. 5.1). However, colonization was depressed as the 

concentration of phosphorus was increased above this level. No 

evidence of VAM infection was observed in the roots of uninoculated 

plants. 

The changes in leaf disc P content noted when cowpea was grown in 

eroded and uneroded soil at varying soil solution P levels in the 

presence or absence of G. aggregatum are depicted in Fig. 5.2. When P 

was not added to the soils, the P content of leaf discs of plants 

grown in the inoculated uneroded soil increased significantly as a 

function of time after a lag period of 17 days, attaining a peak value 

of about 10 g P at 22 days fran planting. Phosphorus content in 

discs of the remaining treatments did not appreciably change with 

time. Increasing the soil solution P level to Q.026 rrg/1 increased 

the P content of leaf discs of inoculated plants grown in both eroded 
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and uneroded soils. Peak mycorrhizal activity measured in terms of P 

content of leaf discs was observed at 22-27 days fran planting. 

Vesicular-arbuscular mycorrhizal activity in the uneroded soil was 

initiated much earlier than in the soil not fertilized with P. 

Mycorrhizal cowpea grown in the eroded and uneroded Wahiawa soil had 

peak P content values that were not significantly different fran each 

other eventhough there was a 17-day delay before VAM activity was 

detected in the eroded soil. This peak was followed by a decline in P 

content. A further increase in the P concentration of the soil 

solution did not significantly alter the pattern of P accumulation in 

mycorrhizal cowpea grown in the eroded and uneroded Wahiawa soil. It 

did, however, increase the P content of leaf discs of cowpea grown in 

the uninoculated eroded and uneroded soil. Leaf discs of the latter 

plants had similar P contents, but they were significantly lower than 

those observed in plants grown in eroded and uneroded soils in the 

presence of _Q. aggregatun. Increasing the soil solution P 

concentration seemed to induce a lag in the VAM activity of plants 

grown in the eroded and uneroded soil. At P concentrations above 

0.046 mg/1, P contents of discs of plants grCMn in both eroded and 

uneroded soils inoculated with_Q. aggregatun increased rapidly (i.e. 

no lag). The OJerall pattern of mycorrhizal activity measured in 

terms of P content of c0,t1pea leaf discs did not differ fran that 

observed when activity was monitored in terms of P concentration of 

leaf discs [Fig. B.2 (Appendix B)]. 

Shoot P concentration and shoot P content of cc:Mpea as affected 

by P application are illustrated in (Fig. 5.3). Mycorrhizal cc:Mpea 
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had significantly higher levels of shoot P than norunycorrhizal ones at 

all levels of soil P except at the lowest level. In the absence of 

added P, the P status of leaf discs was higher in the uneroded 

inoculated soil than in the eroded inoculated soil. This difference 

was removed when P was added at 0.026 rrg/1. Phosphorus concentration 

of leaf discs was linearly related to P concentration of shoots (r = 

** 0.87 ) (Fig. 5.4). 

Nodule dry weight increased linearly with increase in Pin the 

uninoculated S)il irrespective of erosion treatment (Fig. 5.5). 

Nodule dry weight also linearly increased with increase in the soil 

solution Pin the inoculated soil but stabilized when Pin the soil 

solution was increased beyond 0.046 rrg/1, and mycorrhizal plants 

produced similar nodule dry weight. At all levels of soil solution P 

except the initial level, the mycorrhizal plants had significantly 

higher quantities of nodules than the non-mycorrhizal ones. 

The influence of soil solution P and mycorrhizal inoculation on 

dry matter accunulation of cowpea are depicted in Fig. 5.6. When P 

was not added to the soil samples, there was no response to 

mycorrhizal inoculation except in the uneroded soil where inoculation 

resulted in shoot weight that was 8 times greater than that of other 

treatm3nts. By raising soil S)lution P level to 0.026 mg/1, the shoot 

dry weight of inoculated plants was increased by 28% in the unercded 

soil and by 8-fold in the eroded soil. Further increases in the level 

of soil solution P did not increase the shoot dry weight of inoculated 

plants appreciably. Uninoculated plants, on the other hand, responded 

to all levels of P applied. Shoot dry weight of inoculated plants was 
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always significantly greater than that of uninoculated plants except 

at the initial soil solution P level where cowpea did not respond to 

the inoculation of eroded soil. Maximum mycorrhizal effect in terms 

of shoot grCMth was at 0.026 rrg P/1 in soil solution in both eroded 

and uneroded soils. The shoot dry weights of mycorrhizal plants grown 

at the soil solution P level of 0.026 rrg/1 were 74 and 7 percent 

higher in uneroded and eroded soils, respectively, canpared to the 

shoot dry weights of unaided plants grown at the highest soil solution 

P level tested (0.087 mg/1). Root dry weight was significantly 

increased by inoculation at the soil solution P levels of 0.026 and 

0.046 rrg/1. At the highest level of P tested, inoculation did not 

seem to have effect in the eroded soil. The trend of root growth was, 

by and large, similar to that of shoot grCMth. 

Figure 5.7 shows the influence of mycorrhizal inoculation on 

root/shoot ratio at different levels of soil solution P. At the 

initial P level, root/shoot ratio was maximum (0.71) for inoculated 

plants grown on eroded soil and minimum for inoculated plants grown in 

uneroded soil. As the soil solution P level was raised to 0.026 rrg/1, 

the root/shoot ratio decreased significantly in all cases except in 

mycorrhizal plants grown on the unercded soil. This soil had the 

lowest root/shoot ratio which was maintained across the P levels. 

Root/shoot ratio appeared to stabilize at P levels higher than 0.026 

rrg/1. 

77 



0.8 

0.7 q 
0 - \ ~ 0.6 
0::: \· 
f- 0.5 \ 0 
0 \ I 0.4 
~ • \ 
,-_;; 

b 0 0.3 
0 
0::: \ 

0.2 \ - - -
•-• • • 0.1 

0.00 0.02 0.04 0.06 0.08 0.10 

SOLUTION P (mg/L) 

FIG. 5.7. The influence of P and VAM inoculation on root/shoot 
ratio of cowpea grown in uneroded or eroded soil. Vertical bar 
represents LSD at the 5% level. (()) = uneroded, uninoculated; 
( • ) = uneroded, inoculated; ( D ) = eroded, uninocula ted; 
( • ) = eroded, inoculated. 

78 



Experiment 2 

Cowpea. The extent of colonization of cowpea roots by VAM fungi 

in the eroded soil increased with increasing levels of soil solution P 

reaching maximum at 0.026 mg P/1 and then decreased at the highest 

level (Fig. 5.8). The extent of colonization of cowpea roots in the 

unercded soil did not change significantly with increasing levels of 

soil solution P. Mycorrhizal colonization of roots was always higher 

in the eroded than in the uneroded soil but the difference was 

significant only at the soil solution P level of 0.026 mg/1. 

Mycorrhizal activity monitored by determining the P content of 

leaf discs at different soil solution P levels is illustrated in Fig. 

5.9. When P was not added to the eroded soil, the initial mycorrhizal 

activity was significantly depressed ccmpared to when the soil was 

fertilized with P. The activity did not change appreciably with time. 

In the unerooed unamended soil, on the other hand, mycorrhizal 

activity increased significantly at 17 days after planting (DAP) and 

peaked at 22 DAP, after which time the activity started declining. 

When P was added to the soil samples, mycorrhizal activity was 

initiated with a lag period except at the P level of Q.026 mg/1 in the 

ercded soil and o.046 mg/1 in the uneroded soil. The peak mycorrhizal 

activity was attained at 22 days fran planting after which time the 

activity declined. The mycorrhizal activity did not differ 

significantly when the soil samples were amended with different levels 

of soil solution P. Similar results were obtained when mycorrhizal 

activity was rronitored in terms of the P concentration of leaf discs 

[Fig. B.3 (Apperrlix B)]. 
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Shoot P concentration and total shoot P content of cowpea were 

significantly lower in the eroded soil than in the unercded soil when 

P was not added (Fig. 5.10). With addition of P, there was an 

increase in the shoot P status upto a soil solution P level of 0.046 

mg/1. The shoot P status of cowpea did not increase further above 

0.046 mg P/1. 

Nodule dry matter production increased significantly with 

increase in P upto a soil solution level of Q.046 mg/1 (Fig 5.11). 

Nodule dry weight was similar in the ercded and unercded soils at all 

the soil solution P levels except at the initial P level. 

The influence of soil solution Pon dry matter production 

of cowpea inoculated with _g. aggregatum is depicted in Fig. s.12. In 

the absence of added P, the shoot dry weight of cowpea grown in the 

eroded soil was severely suppressed canpared to those grown in the 

uneroded soil. When the soil solution P level was raised to 0.026 

mg/1, shoot dry matter production of cowpea increased by 46% in the 

uneroded soil and by 900% in the eroded soil, thus eliminating the 

initial suppression in growth that was observed in the eroded soil in 

the absence of added P. With increase of soil solution P level upto 

0.046 mg/1, the shoot dry weights of cowpea also increased further. 

There was, however, no increase in shoot dry weight above this P 

level. Root dry matter production was similar in trend to that of 

shoot dry matter production except that the root dry weight did not 

increase significantly above the soil solution P level of 0.026 rng/1. 

Figure 5.13 shows the influence of soil solution P levels on 

root/shoot ratio of cowpea. At the initial P level, the root/shoot 
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ratio of cowpea grown in the eroded soil was significantly higher than 

those observed in the uneroded soil. By adding P upto 0.026 mg/1, the 

root/shoot ratio of cowpea grown in both the soil samples was reduced 

to about 0.14. Above 0.026 mg P/1, there was no appreciable change in 

root/shoot ratio. 

Leucaena. The extent of colonization of leucaena roots by VAM 

fungi increased with increasing levels of soil solution Preaching 

maximum at Q.026 mg P/1 soil solution and then decreased at the 

highest level (not significantly) (Fig. 5.14). The level of infection 

was consistently but not significantly higher in the eroded soil than 

in the uneroded soil and the values ranged fran 65 to 85 percent. 

Mycorrhizal activity monitored by determining the P content of 

subleaflets of leucaena at different soil solution P levels is 

illustrated in Fig. 5.15. When P was not added to the eroded soil, 

rnycorrhizal activity decreased until 17 DAP and then increased slowly, 

reaching a peak value of about 2 g Pat 32 DAP. Mycorrhizal activity 

at this P level was always lower than at the higher P levels except at 

12 DAP. In the uneroded soil, rnycorrhizal activity increased begining 

12 DAP and reached a peak value of about 8 g Pat 27 DAP, after which 

time the activity started declining and reached a value of 2.5 g Pat 

37 DAP. When P was added to soil, rnycorrhizal activity was initiated 

without a lag period in the eroded soil and with a lag period in the 

uneroded soil except at the P level of 0.026 rrg/1. Maximum 

rnycorrhizal activity was observed at 22-27 DAP after which time the 

activity appeared to stabilize. In both the eroded and uneroded 

soils, rnycorrhizal activity was maximum at the soil solution P level 
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of 0.026 mg/1. Similar trends were observed when mycorrhizal activity 

was m:>nitored in terms of the P concentration of subleaflets [Fig. 

c.2 (Appendix C)]. 

Shoot P status of leucaena was higher in the uneroderd soil than 

in the eroded soil in the absence of added P (Fig. 5.16). When the 

soil solution P level was raised to 0.026 rng/1, there was a 

significant increase in shoot P concentration and shoot P content of 

leucaena. There was no further increase in shoot P status at higher 

soil solution P levels. Nodule dry weight increased significantly 

with P application in the uneroded soil but not in the eroded soil 

(Fig. 5.17). 

At the initial soil solution P level, the shoot and root dry 

matter production of leucaena was 1.80 and 1.85 times higher, 

respectively, in the uneroded soil than that in the eroded soil (Fig. 

5.18). When the soil solution P level was raised to 0.026 mg/1, shoot 

weight increased by 573 percent in the eroded and by 143 percent in 

the uneroded soil. At higher P levels there was no further increase 

in shoot dry weight. Root dry matter production was similar in trend 

to that of shoot dry matter production except that the root dry weight 

observed at the soil solution P level of Q.087 mg/1 was significantly 

higher in the eroded soil than in the uneroded soil. 

Figure 5.19 shows the influence of soil solution P levels on the 

root/shoot ratio of leucaena. When P was added to get a soil solution 

P level of Q.026 mg/1, the root/shoot ratio of plants decreased 

significantly in both the eroded and uneroded soils. At higher P 
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levels, the root/shoot ratio remained the same in the uneroded soil 

while it increased in the eroded soil. 

DISClmIOO 

Experiment 1 

The absence of a reliable non-destructive procedure to monitor 

the development of VAM activity has long been felt. The technique 

developed recently by Habte et al. (in press), can be used to 

determine VAM activity in plants that have canpound leaves. The 

results of the present study show that periodical removal of leaf 

discs and estimating their P content could be used to monitor VAM 

activity of plants that do not have canpound leaf system. A good 

correlation (r = 0.87) was observed between the P content of leaf 

discs and shoot P content. Since shoot P content is a standard 

procedure for assessing VAM effectiveness, P content of leaf discs can 

be used as a simple non-destructive method for monitoring VN/f 

effectiveness. This procedure revealed that VAM activity in cowpea 

was initiated as early as 12-17 days fran planting while peak 

activities were noted 22-27 days fran planting, depending on the 

initial P status of the soil and on whether or not the soil was 

subjected to simulated erosion. The lack of stimulation in P uptake 

of cowpea due to VAM inoculation of the eroded soil not fertilized 

with Pis indicative of the fact that the level of P initially 

contained in the soil, i.e., 0.003 mg/1 was below the threshold level 
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required for rnycorrhizal activity. This view is supported by the fact 

that there was a detectable level of activity in the uneroded soil 

which had a higher level of P, i.e., 0.009 m;:J/1. Furthermore, the leaf 

P status of plants grown in the inoculated eroded soil increased 

significantly and reached the same level of Pas that attained by 

plants grown in the uneroded soil when the soil solution P level was 

increased to 0.026 m;:J/1. 

High levels of Pin soil are knc:Mn to affect VAM infection 

adversely (12,13,15,17,22). The present investigation revealed that 

when the soil solution P level was maintained at 0.026 rng/1, the 

mycorrhizal infectivity and mycorrhizal activity determined in terms 

of P status of leaf discs were maximum irrespective of soil treatment. 

This soil solution P level can, thus, be defined as optimum for the 

symbiotic interaction between cowpea and Q• aggregatum. Similar 

results were reported by Habte and Manjunath (11) who observed a soil 

solution P level of 0.021 mg/1 to be optimum for the symbiotic 

association between Leucaena leucocephala and Q• fasciculatum, 

currently renamed as Q• aggregatum. Despite differences in host 

species and soil erosion treatment, these values were similar which 

suggest that soil solution Pis a valuable tool for predicting the 

response of host plants to VAM inoculation. These observations also 

support the fact that in the presence of VAM fungi, plant species can 

have similar external P requirements despite differences in their 

dependence on mycorrhizal fungi. This result supports the observation 

that mycorrhizal fungi tend to lower the external P requirements of 

their hosts (5). 
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The length of time taken for the initiation of symbiotic activity 

by the endophyte is one way that may be used to evaluate the influence 

of Pon VAM activity. The 17-day lag period observed prior to the 

initiation of VAM activity in the uneroded unamended soil was reduced 

by at least 5 days when the initial soil solution P level was adjusted 

to 0.026 mg/1. When the P level was increased to 0.046 mg/1, the 

longer lag period observed is probably due to the sensitivity of the 

endophyte to high P level. The lag in mycorrhizal activity (17 day) 

observed in the eroded soil even though the soil solution P was at an 

optimum level (0.026 mg/1), suggests that factors other than P were 

limiting the initiation of mycorrhizal activity in this soil. 

The external P requirement of mycorrhizal cowpea was satisfied at 

the soil solution P level of 0.026 mg/1. This is indicated fran the 

fact that shoot and root dry weights of inoculated plants did not 

increase significantly above that level. The external P requirement of 

the uninoculated plants, on the other hand, was higher than the 

highest soil solution P level tested, i.e., Q.087 mg/1. This 

statement is based on the fact that shoot and root dry weights of non­

mycorrhizal plants continued to increase with increasing levels of P. 

It can be seen fran these results that nonmycorrhizal cowpea has 

external P requirement that is rrore than 3 times that of a mycorrhizal 

one. The external P requirement of nonrnycorrhizal cowpea is, however, 

1/3 to 1/4 of that of nonrnycorrhizal ~- leucocephala, which is an 

extremely mycorrhizal-dependent species (11). Cowpea, therefore, can 

be considered as moderately dependent on VAM fungi. Mycorrhizal 

inoculation lowered the root/shoot ratio values of cowpea, an 
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observation consistent with other's findings (1,2,22). The high 

root/shoot ratio of plants observed in the unamended eroded soil 

indicates that the growth of shoot in these plants was severely 

curtailed because of the failure of the nonmycorrhizal roots to take 

up adequate levels of irmobile nutrients, especially P, from the soil. 

Despite declining of the percent infection of roots at high soil 

solution P level(>0.046 rng/1), the level of infection observed was 

never below 79%. This indicates the high tolerent limit of the fungus 

to elevated P levels. In an earlier study (11), the extent of 

colonization of leucaena root by the same fungus was not affected at 

the highest level of P tested in this study. Regulation of infection 

by soil solution P levels, therefore, appear to be influenced by host 

differences. Differences arrong VAM species could also affect the 

influence of soil solution Pon the extent of root colonization and/or 

VAM activity (22). 

The role of VAM fungi is, particularly, important in legumes 

because of the high requirement of P needed for the process of 

nitrogen fixation, and the fact that legunes are poor scavengers of 

soil P due to their restricted root system (18). Increase in 

nodulation due to rnycorrhizal inoculation and P supply observed in 

this study are consistent with previous findings (1,23,24). The 

external P required for maximum rodulation in rnycorrhizal cowpea was 

higher (0.046 rrg/1) than that required for maximum dry matter 

production (0.026 rng/1). This phenomemon explains the camonly 

observed responsiveness of legumas to VAM inoculation and is 

reflective of the high demand of nodulation and nitrogen fixation for 
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phosphorus. These results further underline the critical role that 

VAM symbiosis could play in the establishment of legumes on P-fixing 

and/or P-deficient soils such as eroded tropical soils. The very 

similar patterns observed in shoot P concentration and dry matter 

production indicates that plant grOtlth was intimately related to P 

supply. 

It can be concluded fran these results that there are threshold, 

optimum and inhibitory soil solution P levels for the symbiotic 

interaction between the fungus g. aggregatum and cowpea. The results, 

thus, underline the importance of optimizing soil solution P levels 

for derivirQ maximum benefits fran VAM inoculation. 

Experiment 2 

Mycorrhizal activity observed in cowpea or leucaena when grown in 

the eroded and uneroded soil was dependent on nutrient status of the 

soil samples. There appears to be a threshold level of P for 

mycorrhizal activity below which the activity was not shown. This 

view is supported by the fact that mycorrhizal activity was 

consistently low in the eroded soil unamended with P. The same 

conclusion could also be drawn fran the shoot and root dry matter and 

shoot P status data which were significantly lower in the eroded soil 

than in the uneroded soil in the absence of added P. Plant growth in 

the two soils was similar after the addition of P. 

Peak mycorrhizal activity measured in terms of changes in the P 

status of subleaflets or leaf discs was observed earlier in the 

uneroded soil than in the eroded soil when the soil samples were not 
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amended with P. This indicates that the low P content in the eroded 

soil, possibly, retarted mycorrhizal development. Upon the addition 

of P to soil samples (0.026 m:]/1), peak mycorrhizal activity was 

observed in both the eroded and uneroded soils at about the same time. 

Decrease in the extent of colonization of roots in the uneroded soil 

canpared to that in the eroded soil could be due to the adverse 

influence of biological factors present in the uneroded soil. Such 

effect is less likely to occur in the eroded soil because of less 

microbial population. 

Optimal P level for the symbiosis between leucaena and the 

endophyte observed in this study was similar to that observed by Habte 

and Manjunath (11) in a fumigated soil. Since the maxinu.m shoot dry 

weights of leucaena and cowpea ~re reached at the soil solution P 

levels of Q.026 and 0.046 mg/1, respectively, the external P 

requirement of mycorrhizal cowpea appears to be greater than that of 

leucaena. A similar external P requirement for mycorrhizal leucaena 

has been reported by Habte and Manjunath (11). 

Erosion treatment does not seem to have a major effect on nodule 

dry matter pro::iuction in leucaena, but in cowpea the nodule dry weight 

was lower in the ercded soil than in the uneroded soil when not 

fertilized with P. Nodulation in cowpea, is probably, rrore sensitive 

to erosio~induced P deficiency. This is also indicated fran the fact 

that nodule dry matter prcduction in cowpea increased alrrost linearly 

with the application of P upto 0.046 mg/1. In general, the similarity 

observed in the trends of root colonization, shoot P status, and dry 

matter yields emphasizes the importance of VAM fungi in the P 
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nutrition and growth of plants in ercxied soils. Thus, ercxied soils, 

when inoculated with VAM fungi and fertilized with P, could have 

productivity similar to the unercxied soil. 

The results of this experiment emphasize the necessity for 

amending ercxied tropical soils with Pin order to achieve maximum 

symbiosis between legumes and VAM fungi. The results also indicate 

the existence of a threshold and optimal levels of soil solution P for 

the symbiotic interaction between the fungus g. aggregaturn and 

leucaena or cowpea. 
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ClIAPl'ER 6 

OPITMIZATICN OF LIME, OIG\NIC RESICOE AND P«>LYBJ:»Mot FOR REHABILITATING 

EIOED SOIL THR:XJGI MYCDRRHIZAL INCXDIATICN 

INI'1UX£rICN 

Among the various soil factors that influence plant growth, pH is 

an important one. The growth of leguminous plants has been shown to 

behave differently at different pH (11). Since soil erosion causes a 

reduction in pH (See Appendix A), the growth of sensitive plants in 

such soils is likely to be curtailed. The use of VAM fungi in 

establishing leguminous species in eroded soils appears to be 

pranising, but there are two main problems that need to be overcane. 

Firstly, mycorrhizal spore germination and also, to sane extent, host­

endophyte association is influenced by soil pH (1,4,15). Secondly, 

leguminous plants have preference for certain pH ranges (11). So, in 

order to derive maximum benefits fran mycorrhizal inoculation, liming 

w::>uld appear to be one of the necessary steps that must be considered. 

Another important factor that influences plant growth is soil 

organic matter. Organic matter is the source of many plant nutrients. 

The influence of organic matter on mycorrhizal symbiosis is not clear. 

Hepper and Warner (6) demonstrated an increase in infectivity and 

growth of mycorrhizal clover when they amended their soil with organic 

material which consisted of sterile peat and organic matter isolated 
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fran the soil itself. The results of their work and those of other 

investigators (17,18) support the view that VPM fungi may grow 

saprophytically in soil, and emphasize the importance of organic 

matter for the VAM symbiosis. Eroded soils being deficient in organic 

matter may not, thus, be a good medium for supporting vigorous plant­

VAM fungus interaction. Hence, it is hypothesized that amendment of 

organic residue to eroded soils will improve the infectivity and 

effectivity of VAM fungi. 

Molybdenum is also an important nutrient that is needed for plant 

grc:Mth, especially for N2-fixation (2,10). The importance of 

rrolybdenum in N2-fixation lies in the fact that it is a constituent of 

the enzyme "ni trogenase", which catalyzes the actual N2 reduction 

process. Since soil erosion brings about a decrease in Mo content of 

soil (See Appendix A), it is anticipated that the growth and 

nodulation of leguminous species as well as the process of N2-fixation 

would be impaired in that soil. In order to establish N2-fixing and 

mycorrhizal leguminous plants on eroded soils, measures must be taken 

to ensure that the symbiotic processes involved are not limited by the 

inadequacy of Mo. Hence the arrounts of Mo to be applied to eroded and 

uneroded soils must be accurately detennined. 

The objective of this study was to determine the optimum levels 

of lime, organic residue and/or rrolybdenum necessary for establishing 

N2-fixing and mycorrhizal cc:Mpea and leucaena in an eroded soil. 
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MATERIALS AND METOOOO 

Experiment 1: Dete:mrl.nation of optimun level of lime necessary for 
establishing cowpea and leucaena in eroded soil 

Based on a lime requirement curve [Fig. A.l (Appendix A)], pH 

levels were established in the eroded and uneroded soils. Treatments 

consisted of plants gr<:Mn in the eroded or uneroded soil at the 

original pH level (5.4 for the eroded and 5.9 for the uneroded soil) 

or at the pH levels of 6.0 (the pH level of the uneroded soil) and 

6.5. Leaf disc or subleaflet samples were taken for P determination 

every 5 days begining at 12 days after planting (DAP). Cowpea and 

leucaena were gr<:Mn for 32 and 37 days, respectively. At harvest, 

measurements of colonization of roots by VAM fungi, shoot and root dry 

matter yield, nc:dulation and P content of shoots were determined. 

Experiment 2: Detennination of the optinun level of organic matter 
necessary for establishing cowpea and leucaena in eroded soil 

Treatments consisted of plants grown in the eroded or uneroded 

soil unamended or amended with organic residue to give a range of 

organic matter concentrations. The native organic matter contents of 

the eroded and uneroded soils were 2.15 and 3.69 percent, 

respectively. Thus the target organic matter levels in the eroded 

soil were 2.15, 3.69 and 7.38 percent while those of the uneroded soil 

were 3.69 and 7.38 percent. The organic residue added to the soils 

consisted of dried leucaena leaves and twigs that -were ground to pass 

1 mm aperture size sieve. Total N and P contents of the ground plant 

material were 4.05 and 0.20 percent, respectively. Required amounts 
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of the organic residue were added to the soil samples and mixed well 

before planting. Leaf disc or subleaflet samples were taken for P 

determination every 5 days begining at 12 days after planting. Cowpea 

and leucaena were grown for 32 and 37 days. At harvest, measurements 

of colonization of r(X)ts by VAM fungi, shoot and root gr<Mth, 

nodulation and P content of shoots were determined. 

Experi.mnt 3: Determination of the q>ti.aun level of ioolybdenum 
necessary for establisbiIXJ cowpea am leucaena in eroded soil 

Treatments consisted of plants grown in eroded or uneroded soil 

unamended or amended with Mo at the rate of 2.2, 4.4 and 6.6 Kg/ha. 

Molybdenum was added to soil as a solution of Na2Mc04.2H2o. Leaf disc 

or subleaflet samples were taken for P determination every 5 days 

begining at 12 days after planting. Cowpea and leucaena were grown 

for 32 and 37 days. At harvest, measurements of colonization of r(X)ts 

by VAM fungi, shoot and root gr<Mth, nodulation and P content of 

shoots were determined. 

lE>ULTS AND DISClESICB 

Respoose of cowpea am leucaena to liming of eroded am uneroded 
soil 

Cowpea. When the pH of the eroded soil was raised fran 5.4 to 6.0 

there was a significant increase in the extent of colonization of 

roots of cowpea by VAM fungi (Fig. 6.1). A further increase in pH led 

to a decrease in the level of colonization which was not significant. 
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In the unercrled soil, pH did not significantly influence VAM 

colonization of r<X>ts. Sane of the work done before have indicated 

that spore germination of endophytes, which also reflects their 

infectivity, is dependent to some extent on soil pH (1,4). These 

were, however, incubation studies conducted in petri plates using 

sterile soil, soil extract agar or water agar. These results, thus, 

can not be canpared with the results of the present study. Apart fran 

spore germination, the symbiotic effectiveness of different endophytes 

vary at different soil pH (5,15). In these studies, several species 

of VAM fungi were tested for symbiotic effectiveness at different pH 

using sterile soils whereas in the present study the effectivity of 

only one species was studied in nonsterile eroded and uneroded soils. 

So, the optimum pH observed in my study for the symbiotic interaction 

between leucaena and g. aggregatum can not be canpared with the 

optimum pH observed in the above mentioned studies involving different 

soils, hosts and endophytes. The lc:Mer level of root colonization 

observed in the uneroded soil than in the eroded soil is probably due 

to higher populations of soil microorganisms in the uneroded soil that 

might contain biological factors harmful to the germination of spores 

or colonization of roots. Gianinazzi-Pearson and Diem (3) and St. 

John and Coleman (16) in their reviews mentioned about the harmful 

effects of organisms (e.g. actinomycetes) and nematodes on VPJl'i 

infection level and spore production. Spores of certain VAM fungi can 

often be parasitized by sane hyperparasitic fungi and there could also 

be certain soil animals such as soil mites of the super family 

Cryptostigmata that eat mycorrhizal hyphae (16). Thus the spread and 
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colonization of VAM fungi are likely to be more favored in the eroded 

soil where there are less chances for interference fran antagonistic 

biological factors. 

The changes in mycorrhizal activity monitored in terms of leaf 

disc P content of cowpea grown at different pH levels in the eroded 

and uneroded soils are shown in Fig. 6.2. Leaf disc P content of 

plants grown in the eroded soil was about 6 g at 12 DAP and remained 

at about the same level until 17 D!\P. Thereafter, the P content of 

leaf discs increased, reaching peak values at 22 DAP and then declined 

to about the original level. No significant difference in mycorrhizal 

activity was observed as a result of liming the eroded soil. Similar 

were the results in the uneroded soil. Trends observed when 

mycorrhizal activity was monitored in terms of the P concentration of 

leaf discs were also similar [Fig. B.4 (Appendix B)]. Based on the 

above results it can be concluded that liming has no effect on 

mycorrhizal activity in cowpea. 

There was no change in shoot P concentration of cowpea after 

liming in either soil treatrrents but total shoot P content was 

significantly higher when the eroded soil was limed up to pH 6.0 

canpared to the unlimed soil (Table 6.1). This increase in shoot P 

content is most likely a consequence of increase in shoot dry weight 

as pH was raised fran 5.4 to 6.0 in the eroded soil. No such increase 

in P uptake was observed in the uneroded soil. 

There was also no significant increase in nodule dry matter 

production of cowpea due to liming, although nodule dry weight was 

greater in the limed soil than in the unlimed one (Table 6.1). Munns 
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TABLE 6.1. Influence of liming on nodule dry weight, root/shoot 
ratio and shoot P status of cowpea grown in eroded or 

unercxied soil inoculated with G. aggregatuml 

Ncxiule Root/shoot Shoot P Total 
Lime added dry weight ratio cone. shoot P 

(g) (%) (mg) 

Eroded Soil 

No lime added 
(µI 5.4) 0.4125a 0.17a 0.2275a 46.08b 

Lime added 
to pH 6.0 0.4539a 0.14b 0.2602a 60.19a 

Lime added 
to pH 6.5 0.4331a 0.12b 0.2479a 55.37ab 

Uneroded Soil 

No lime added 
(pH s. 9) 0.3580a 0.13b 0.2261a 51.64ab 

Lime added 
to pH 6.5 0.4106a 0.12b 0.2382a 57.79ab 

1Means followed by the same letter within a column are not 
significantly different at the 5% level. 
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et al. (12) also did not observe any increase in nodulation of cowpea 

due to liming. 

Shoot dry matter production of cowpea was significantly lower in 

the eroded soil than in the uneroded soil in the absence of lime (Fig. 

6.3). When the eroded soil was limed to pH 6.0, shoot dry weight 

increased significantly and the difference in shoot dry weight that 

was observed between the two soil samples was eliminated. There was 

no further increase in shoot dry weight as the pH was raised. In the 

uneroded soil, on the other hand, pH had no signficant influence. 

Root dry matter production decreased with increase in pH in the eroded 

soil while there was no change in the uneroded soil (Fig. 6. 3). The 

decrease in dry matter production of cowpea as pH was elevated above 

6.0 contradicts the findings of Munns and Fox (11), who observed 

maximum yield at about pH 6.5. On the other hand, Lowther and Adams 

(9) have reported gr~h depression of white clover due to excessive 

liming of soil at the rate of 40 or 160 cwt/acre. The explanation 

suggested for this depression in growth was lime induced phosphorus 

deficiency. The discrepancy between the results of this study and 

that of Munns and Fox (11) could be due to changes in soil solution P 

status in the limed soil that could have arisen if the P sorption 

isotherm was not done with the limed soil. Munns and Fox did not 

specify whether the P sorption isotherm was based on the limed or 

unlimed soil. Furtherrrore, Munns and Fox used a different species of 

cowpea (Vigna sinensi). It is known that different leguminous species 

behave differently at different pH levels (11). The root/shoot ratio 

of cowpea was highest when it was grown in the unlimed eroded soil 
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(Table 6.1). The ratio decreased significantly when the soil was 

limed. There was, however, no change in the root/shoot ratio of 

cowpea grown in the uneroded soil. High root/shoot ratio observed in 

the unlirned eroded soil indicate imposition of sane stress on cowpea 

at the acidic pH of 5.4. 

The results of this study indicate that liming of the eroded soil 

was benecial to the growth of mycorrhizal cowpea despite no effect 

observed on rnycorrhizal activity (leaf P status). Since shoot P 

concentration did not change as a result of liming, the increase in 

shoot dry matter yield observed is, probably, due to factors other 

than the effect of liming on mycorrhizal activity or P uptake. 

Leucaena. The extent of colonization of roots of leucaena was 

significantly lower in the eroded soil than in the uneroded soil in 

the absence of lime (Fig. 6.4). When the eroded soil was limed to pH 

6.0, the extent of root colonization was increased significantly and 

reached a level higher than that observed in the uneroded soil. At 

higher pH levels the infection level decreased. In the uneroded soil, 

on the other hand, the extent of colonization of roots decreased after 

liming. Lower extent of colonization of roots in the uneroded soil 

than in the eroded soil, as explained in the previous experiment with 

cowpea, is probably due to the increased microbial activity in that 

soil that might contain biological factors antagonistic to VAM fungi. 

The changes in rnycorrhizal activity rronitored in terms of P 

content of subleaflet of leucaena at different pH levels are depicted 

in Fig. 6.5. When the eroded soil was limed to pH 6.0, there was an 

increase in mycorrhizal activity at 17 DAP ccmpared to that in the 
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unamended soil or the soil limed to ff! 6.5. In the uneroded soil, 

liming upto pH 6.5 reduced the P content of leucaena subleaflet at 17 

DAP canpared to that in the unamended soil. This difference, however, 

disappeared at 22 OAP. The trends were similar when mycorrhizal 

activity was monitored in terms of the P concentration of subleaflets 

[Fig. C.3 (Appendix C)]. Based on these results, it seans that 

mycorrhizal activity, in general, was not significantly influenced by 

liming. 

Shoot P content of leucaena was higher when grown in the limed 

eroded soil than in the unlimed one (Table 6.2). This increase could 

be due to increase in shoot dry weight as a result of liming the 

eroded soil. In the uneroded soil, lime had no effect on shoot P 

content. There was no significant increase in nodule dry weight due 

to liming (Table 6.2). Apparantly the Rhizobitrrn~. used for 

inoculating the seeds was not responsive to increases in pH. 

Shoot dry matter production of leucaena was significantly lower 

in the eroded soil than in the uneroded soil in the absence of lime 

(Fig. 6.6). When the eroded soil was limed to pH 6.0 (ff! level in the 

uneroded soil), shoot dry weight increased significantly. Shoot dry 

weight values at this pH level were similar in the two soil samples. 

Liming the uneroded soil decreased shoot dry weight. Munns and Fox 

(11) studied the effect of lime on several tropical legumes and 

observed increases in shoot dry weight of leucaena even at pH 7.0, 

whereas in the present study growth was depressed at pH 6.5. As 

discussed earlier, this discrepency in result might be due to changes 

in soil solution P level as a result of not using the limed soil for 

120 



TABLE 6.2. Inflence of liming on nodule dry weight, root/shoot 
ratio and shoot P status of leucaena grown in eroded or 

uneroded soil inoculated with 2· aggregatuml 

Nodule dry Root/shoot Shoot P Total 
Lime added weight ratio cone. shoot P 

(g) (%) (ITYJ) 

Eroded Soil 

No lime added 
(r:£ 5. 4) 0.0735a 0.44ab 0.1911b 10.70b 

Lime added 
to pH 6.0 0.0828a 0.49a 0.2053ab 13. 40a 

Lime added 
to pH 6.5 0.0823a 0.43ab 0.2148a 13.19a 

Unerooed Soil 

No 1 irne added 
(pH 5.9) 0.0751a o. 36b 0.1968ab 14.19a 

Lime added 
to pH 6. 5 0.0842a Q.37b o. 2135ab 13.47a 

1Means followed by the same letter within a column are not 
significantly different at the 5% level 
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establishing P sorption isotherm. Furthermore, the work of Munns and 

Fox was done in the field whereas the present experiment was conducted 

in greenhouse. Plants grown in fields are subject to many other 

factors. The trends observed for root dry matter production were 

similar to that observed for shoot dry matter production (Fig. 6.6). 

There was no significant difference in the root/shoot ratio of 

leucaena due to lime treatments (Table 6.2). 

The results of this study indicate that liming of the eroded soil 

upto pH 6.0 was beneficial to mycorrhizal leucaena. 

Respatse of oowpea and leucaena to amerdnent of organic residue in 
eroded and uneroded soil 

Cowpea. Addition of organic residue to the soil samples did not 

significantly influence the extent of colonization of roots of cowpea 

(Table 6.3). These findings are contradictory to that of Hepper and 

Warner (6) who observed an increase in infectivity of soil by Q• 

rrosseae after the soil was amended with organic matter. Differences 

in the nature and extent of decomposition of the organic materials 

used and in the kind of host-endophyte associations involved might 

have contributed to the lack of agreement in the two studies. 

Mycorrhizal activity was monitored in terms of the leaf disc P 

cootent of cowpea as a function of time in eroded and uneroded soils 

amended with different levels of organic residue. The results are 

given in Fig. 6.7. Mycorrhizal activity in the soil samples increased 

initially reaching peak values at 22 D!\P and then levelled off. The 

activity did not appear to be significantly influenced by organic 

residue amendment. When mycorrhizal activity was monitored in tenns 
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TABLE 6.3. Influence of organic residue on mycorrhizal infection 
level, nodule dry weight and shoot P status of cowpea grown in 

ercrled or unercrled soil inoculated with G. aggregatuml 

Organic residue 
added 

Not added 
(CMa 2.15%) 

CM 3. 69% 

CM 7.38% 

Not added 
(OM 3. 69%) 

OM 7.38% 

Mycorrhizal Nodule 
infection dry wt. 
level(%) (g) 

Eroded Soil 

86.4a 

81.7a 

86.3a 

74.9a 

82.9a 

Q.3525a 

Q.3863a 

Q.2980a 

Uneroded Soil 

Q.3209a 

0.2216a 

Shoot P 
cone. 

(%) 

Q.2916a 

o.3188a 

0.3353a 

0.2935a 

0.3192a 

Total 
shoot P 

(mg) 

69.41a 

79.30a 

78.68a 

64.78a 

78.08a 

1Means followed by the same letter within a column are not significant 
at the 5% level 

aCM = organic natter 
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of the P concentration of leaf discs, similar results were obtained 

[Fig. B.5 (Appendix B)]. 

Shoot P status (shoot P concentration and total shoot P) of 

ccwpea was not affected by organic residue amendment (Table 6.3). 

Figure 6.8 illustrates the effect of organic residue on shoot Mn 

status of cowpea. Analysis of shoot Mn was done in order to determine 

the effect of organic residue on Mn availability to cowpea. The 

results show that there was a significant increase in Mn concentration 

of cowpea at the highest level of organic residue added. Hue (7) has 

shown some evidence which indicate that the decanposition of organic 

residues in soil release organic substances which tend to solubilize 

Mn. 

Cowpea did not appear to resp::>nd significantly to the increase in 

tissue Mn level after organic residue amen<inent. Kang & Fox (8) 

dennnstrated that the growth of young cowpea plants ceased at a Mn 

concentration of about 2600 ppm. They also demonstrated that Mn 

concentration of about 1000 ppn was not toxic to cowpea. The Mn level 

in plant tissue observed in this study was, thus, below the level that 

was toxic to cowpea. Nodule dry matter production and dry matter 

yield of cowpea were not affected by organic residue amendment (Fig. 

6.9, Table 6.3). 

The results of this study indicate that amendment of organic 

residue was not beneficial to mycorrhizal cowpea grown in the eroded 

soil. 

Leucaena. Mycorrhizal colonization of roots was suppressed at the 

highest level of organic residue added (Table 6.4). Such a 
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TABLE 6.4. Influence of organic residue on mycorrhizal infection 
level, nodule dry weight and shoot P status of leucaena grown 

in eroded or uneroded soil inoculated with G. aggregatuml 

Organic residue 
added 

Not added 
(CMa 2.15%) 

G1 3.69% 

OM 7.38% 

Not added 
(CM 3. 69%) 

G1 7.38% 

Mycorrhizal Nodule 
infection dry wt. 
level(%) (g) 

Eroded soil 

84.2a 0.0725a 

79.9ab o. 0713a 

73.3bc 0.0825a 

Uneroded soil 

81.6ab 

68.9c 

0.0806a 

o.0798a 

Shoot P 
cone. 

(%) 

0.2036a 

0.1949a 

0.1953a 

Q.2012a 

0.2522a 

Total 
shoot P 

(rrg) 

12.31a 

ll. 69a 

9.09a 

13.04a 

12.87a 

1Means followed by the same letter within a column are not 
significantly different at the 5% level 

a,....... . 
u·1 = organic matter 

129 



suppression in mycorrhizal infectivity was not observed in the case of 

cowpea. Host species is, thus, appears to be a factor determining the 

influence of organic residue on mycorrhizal infectivity. The results 

of this study are also not in agreement with the findings of Hepper 

and Warner {6) who noticed an increase in mycorrhizal infectivity due 

to organic matter addition. 

When mycorrhizal activity was rnonitored as a function of time in 

the eroded and uneroded soils amended with different levels of organic 

residue, the results presented in Fig. 6.10 were obtained. 

Mycorrhizal activity, in general, was low when the soil samples were 

amended with the highest level of organic residue tested (7.38%). 

Mycorrhizal activity was always higher in the uneroded unamended soil 

(native soil OM= 3.69%) ca:npared to soil amended with 7.38% organic 

residue. In the eroded soil, mycorrhizal activity in most of the 

sampling periods was highest when amended with only 3.69% organic 

residue. Similar trends were observed when mycorrhizal activity was 

monitored in terms of the P concentration of subleaflets [Fig. C.4 

(Appendix C)]. 

The decrease in root colonization at the high organic residue 

level was associated with a significant increase in shoot Mn status 

(Fig. 6.11). At the same time, the dry matter production of leucaena 

decreased significantly as the level of organic residue in the soil 

samples was raised to 7.38% (Fig. 6.12). There was, however, no 

change in dry matter production at 3.69% organic matter level. 

Release of Mn in soil solution due to incorporation of organic 

residue in soil has been dernonstrated by Hue (7). It was suspected 
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that the grawth depression in leucaena was due to Mn toxicity but the 

literature indicate that the toxic level of Mn for leucaena is 550 PPM 

(14) which is well above the highest level of Mn detected in leucaena 

tissue. So the grawth depression in leucaena can not be explained in 

terms of Mn toxicity. Nitrogen deficiency due to irnnobilization of 

soil nitro;:Jen as a result of amendnent of organic residue can also be 

ruled out because of high N content of the organic residue used (4.05% 

N). One possible explanation could be induced iron deficiency because 

of organic materials. Organic materials are known to bind with iron 

thus reducing their availability. 

There was no significant change in shoot P status and nodule dry 

matter prcx:iuction of leucaena as a result of organic residue amendment 

to the ercx:ied and unercx:led soil (Table 6.4). 

The results of this experiment indicate that organic residue does 

not improve the growth of mycorrhizal leucaena in the ercx:led Wahiawa 

soil. 

Response of cowpea am leucaena to aoerdnent of 100lybdenum in eroded 
ard uneroded soil 

Cowpea. The extent of colonization of cowpea root by VAM fungi 

was increased due to Mo but the increase was not statistically 

significant (Table 6.5). Mycorrhizal activity monitored on the basis 

of P content of leaf discs was not influenced appreciably by amending 

the soil samples with different levels of Mo (Fig. 6.13). The 

activity, in general, increased slowly reaching a peak value at around 

27 DAP and then declined. The increase in mycorrhizal activity 

observed at 17 DAP in the unercx:led soil not amended with Mo is, most 

134 



TABIE 6.5. Influence of Mo on dry matter production, mycorrhizal 
infection level, nodulation and shoot P status of cowpea grown 

in eroded or uneroded soil inoculated with G. aggregatuml 

Molybdenum applied (Kg/ha) 

Measurements made 0 2.2 4.4 6.6 

Eroded Soil 

Mycorrhizal infection 71.7a 77.Sa 75.6a 78.Sa 
level(%) 

Shoot dry weight 15.30a 15.85a 15.52a 15.87a 
(g) 

Root dry weight 2.40a 2.37a 2.27a 2.49a 
(g) 

Nodule dry weight 0.6144a 0.6863a o.6882a 0.6281a 
(g) 

shoot P cone. 0.2016a o.2065a o.2234a 0.2161a 
(%) 

Total shoot P 32.98a 32.89a 35.22a 34.38a 
(mg) 

Uneroded soil 

Mycorrhizal infection 70.la 81.6a 74.4a 75.3a 
level(%) 

Shoot dry weight 15.69a 15.45a 15.52a 15.87a 
(g} 

Root dry weight 2.24a 2.59a 2.12a 2.32a 
(g) 

Nodule dry weight 0.6629a 0.6949a o.7389a 0.6196a 
(g} 

Shoot P cone. 0.1929a o. 2013a 0.2235a 0.2206a 
(%} 

Total shoot P 30.27a 31.03a 33.12a 31.32a 
(mJ) 

1Means followed by the same letter within rCMs for the same 
measurement in ercded and unercded soil are not significantly 
different at the 5% level 
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likely, a result of sampling error. The trends were similar when 

mycorrhizal activity was monitored in terms of the P concentration of 

leaf discs [Fig. B.6 (Appendix B)]. 

Nodule dry weight increased with increasing levels of applied Mo 

upto 4.4 Kg/ha, but the difference was not statistically significant 

(Table 6.5). The trends observed in concentration and uptake of shoot 

P were similar (Table 6.5). There was also no significant increase 

in dry matter production of cowpea due to Mo amendment of the eroded 

and uneroded Wahiawa soil (Table 6.5). 

It is apparent fran these results that the mycorrhizal cowpea was 

not significantly affected by Mo application to soil. Pongsakul (13) 

studied the influence of Mo application on the growth of 3 leguminous 

species in the Wahiawa soil. He observed that the growth of 

mycorrhizal stylosanthes was significantly improved when Mo was 

applied to the Wahiawa soil at the rate of 2 Kg/ha, whereas the growth 

of mycorrhizal desm::x:iium and centrosema was not affected by Mo 

treatment. In my experiment, cowpea was not responsive to Mo 

application at the same pH level as that used by Pongsakul. The Mo 

requirement of cowpea is probably quite low and the amount of Mo 

available in the limed Wahiawa soil is, perhaps, adequate enough for 

the normal growth of cowpea. Pongsakul (13) also did not observe any 

increase in r(X)t colonization and nodule dry weight of mycorrhizal 

plants when he applied Mo to uneroded Wahiawa soil at pH 6.0. 

Based on the results of this study, it appears that Mo does not 

play an important role in improving the growth of mycorrhizal cowpea 

in the eroded Wahiawa soil. 
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Leucaena. The extent of colonization of leucaena roots increased 

with increasing levels of Mo (Table 6.6}. This observation was 

contradictory to that of Pongsakul (13} who did not observe any 

increase in root colonization due to Mo application. The 

contradiction of my observatiion to that of Pongsakul could be a 

result of different species used by him. The extent of root 

colonization observed in this study was higher in the eroded than in 

the uneroded soil. This is probably because of the lower level of 

organisms in the eroded soil that may suppress root colonization or 

spore germination. 

Mycorrhizal activity monitored in terms of P content of leucaena 

subleaflets as a function of time was quite similar to that observed 

for cc:Mpea (Fig. 6.14). In general, Mo did not significantly 

influence rnycorrhizal activity in the eroded and uneroded soil 

samples. The results were similar when mycorrhizal activity was 

monitored in terms of the P concentration of subleaflets [Fig. C.5 

(Appendix C)J. 

Dry matter production and nodule dry weight values were not 

significantly influenced by treatment of soil with Mo (Table 6.6). 

However, shoot P uptake of leucaena was significantly increased when 

the soil samples were amended with Mo (Table 6.6). This increase in 

shoot P uptake is, probably, due to the combined effect of increase in 

shoot dry matter production and shoot P concentration as a result of 

Mo application, which themselves were not significantly different. 
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TABIE 6.6. Influence of Mo on dry matter production, rnycorrhizal 
infection level, nodulation and shoot P status of leucaena grown 

in eroded or uneroded soil inoculated with G. aggregaturnl 

Molybdenum applied (Kg/ha) 

Measurements made 0 2.2 4.4 6.6 

Eroded soil 

Mycorrhizal infection 68.0bc 76.3abc 79.9a 79.0ab 
level ( %) 

Shoot dry weight 1.89b 2.40ab 2.2oab 2.30ab 
(g) 

Root dry weight 0.72a 0.76a Q.77a o.aoa 
(g) 

Nodule dry weight Q.169la 0.1957a 0.1886a 0.1802a 
(g) 

Shoot P cone. 0.2359a 0.2452a 0.2491a 0.2489a 
( %) 

Total shoot P 4.45e s. 82bcd s.42cd 5.65cd 
(mg) 

Uneroded soil 

Mycorrhizal infection 69.labc 67.2c 71.6abc 68.Sabc 
level(%) 

Shoot dry weight 2.13ab 2.54ab 2.78a 2.60a 
(g) 

Root dry weight 0.68a o.76a 0.73a o.78a 
(g) 

Nodule dry weight 0.1762a 0.1905a 0.1880a Q.1789a 
(g) 

Shoot P cone. 0.2504a 0.2704a 0.2663a o.2ssaa 
(%) 

Total shoot P 5.32de 6.83ab 7.40a 6.58abc 
(mg) 

1Means followed by the same letter within rc:Ms for the same 
measurement in ercrled and uneroded soil are not significantly 
different at the 5% level 
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The results of this experiment were similar to the results 

obtained in the experiment done involving cowpea. It, therefore, 

appears that application of Mo to the eroded soil does not, in 

general, influence the growth of mycorrhizal leucaena. 
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ClIAP1'ER 7 

OPI'IMIZATIOO OF IOORQ\NIC NITRlG'N FOR REJIABILITATING 

EIOE) SOIL THlUJGI lfflDRRHIZAL INOCUI.ATIOO 

Leguminous plants are unique annng other plants because of their 

ability to fix atrrospheric nitrogen through symbiotic association with 

Rhizobium. This ability to fix atmospheric nitrogen is affected by 

many soil factors. One of the important factors that affects N2-

fixation in legumes is the inorganic N content of soil (9,10,19). 

Apart from the symbiotic association with rhizobia, legumes can also 

form an association with vesicular-arbuscular mycorrhizal (VAM) fungi. 

This tripartite association is important because the extra P that is 

made available by VAM fungi can be used to meet the high demand of P 

required for N2-fixation. 

Erosional loss of soil is often associated with loss of nutrients 

including N. If the loss of N is severe, it may affect the symbiosis 

between legume, VN.1 and Rhizobium. The activity of VAM fungi has been 

shown to be influenced by the N content of soils (3,16). Eroded soils 

being low in mycorrhizal activity apart from N content may be 

rehabilitated with legumes if inoculated with efficient strains of VAM 

fungi and amended with proper levels of nitrogen. 
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The objective of this study was to determine the level of 

inorganic N necessary for the growth of mycorrhizal and nodulated 

cowpea and leucaena in an eroded Oxisol. 

Cowpea or leucaena was grown in the eroded or uneroded soil 

amended or unamended with inorganic N. The rates of inorganic N were 

O, 25, 50 and 100 ppn. The source of nitrogen was NH4N0
3 

which was 

added as a solution. Phosphorus was added to obtain a concentration 

of 0.026 mg/1 in solution. A blanket application of other nutrients 

was also added as described in Chapter 2. Cowpea and leucaena were 

grown for 32 and 37 days, respectively. Every 5 days, begining on 12 

days after planting (DAP) the phosphorus content of leaf discs of 

cowpea or subleaflets of leucaena was determined. After harvest, the 

extent of colonization of roots by VAM fungi, shoot, root and nodule 

dry matter, shoot phosphorus and nitrogen contents were determined. 

Analysis of tissue N was done by digesting the samples using the 

salicylic acid nodification of the Kjeldahl procedure (4). The 

digests were then submitted to the Diagnostic Service Center, 

Department of Agrorx:my and Soil Science, University of Hawaii for 

colorimetric determination of N by the Indophenol blue method (1). 
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Cowpea. The extent of colonization of roots by g. aggregatum in 

the absence of added N was significantly higher in the eroded soil 

than in the uneroded soil (Fig. 7.1). This difference ceased to be 

significant when N was added at the rate of 50 ppm. In the uneroded 

soil, there was a significant increase in the extent of root 

colonization when the soil was amended with 25 ppm N. The activity 

was maintained upto 50 ppm, but increased rapidly when 100 ppm of 

inorganic N was added. In the eroded soil, infection level was 

significantly influenced only at the highest N level. 

Mycorrhizal activity monitored in terms of the P content of leaf 

discs of cowpea grc,wn in the eroded and uneroded soils amended with 

different levels of inorganic N is illustrated in Fig. 7.2. In the 

absence of added N, mycorrhizal activity was higher in the eroded soil 

than in the uneroded soil initially. In general, the activity 

increased with time, reaching peak values at about 22-27 days after 

planting. The initial depression in activity that was observed in the 

uneroded soil not amended with N disappeared when N was added at the 

rate of 25 ppm. Higher levels of N did not seem to have clear cut 

influence on mycorrhizal activity. Similar trends were observed when 

mycorrhizal activity was monitored in terms of the P concentration of 

leaf discs [Fig. B.7 (Appendix B)J. 

Shoot P concentration of cowpea grown in the eroded and uneroded 

soils did not differ significantly fran each other regardless of N 

amendments (Fig. 7.3). There was almost a linear increase in shoot P 
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concentration with increase in inorganic Nin the eroded soil while in 

the uneroded soil, shoot P concentration became stable after 25 ppm N. 

The trend in total shoot P was similar to that of shoot P 

concentration, except for the fact that in the uneroded soil, the 

total shoot P content of cowpea increased up to 50 ppm N (Fig. 7.3). 

Figure 7.4 illustrates the influence of Non nodule dry weight of 

cowpea. Nodule dry matter production in cowpea was significantly 

lower in the eroded soil than in the uneroded soil when N was not 

added. With the addition of 25 ppm N, nodule dry weight in both the 

soil samples increased. At this level of N, nodule dry weight values 

in the two soil samples ceased to be significant. There was no 

further increase in nodule dry v.ieight as the level of N was raised. 

Shoot N concentration of cowpea increased significantly with the 

addition of the first level of N, but further increases in the level 

of N did not significantly influence tissue N concentration (Fig. 

7.5). Nitrogen concentration in plants grown in the uneroded and 

eroded soils did not differ significantly fran each other irrespective 

of N treatment. The trend of total shoot N content was similar to 

that of shoot N concentration except for the fact that in the uneroded 

soil the increase in shoot N content was almost linear upto 50 ppm 

while in the eroded soil the shoot N content levelled off after the 

addition of 25 ppm N (Fig. 7.5). As in shoot N concentration, there 

was no significant difference in shoot N content of cowpea grown in 

the eroded and uneroded soils. 

Figure 7.6 illustrates the influence of Non shoot and root dry 

matter production of cowpea. Shoot dry matter production of cowpea 
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was significantly lower in the eroded soil than in the uneroded soil 

when N was not added. After the addition of 25 ppn N, however, there 

was a significant increase in shoot dry weight of cowpea in the eroded 

soil but not in the uneroded soil thereby removing the difference in 

shoot dry weight that was observed between the two soil samples in the 

absence of added N. There was, in general, an increasing trend in 

shoot dry weight above 25 ppn N but the shoot dry matter production in 

the two soil samples did not differ fran each other. Trends in root 

dry matter data were similar to that observed in shoot dry matter data 

(Fig. 7.6). Root dry weight of cowpea was significantly lower in the 

eroded soil than in the uneroded soil in the absence of added N. By 

amending the soil samples with inorganic Nat the rate of 25 ppn, the 

difference in root dry weight that existed between the two soil 

samples was rerroved. Maximum root growth was observed at 50 ppn N. 

Leucaena. The extent of colonization of roots by~- aggregatum 

did not differ significantly in the eroded and uneroded soil in the 

absence of added N (Fig. 7.7). When N was added to the eroded soil at 

the rate of 25 ppn, there was a signifiacnt increase in the extent of 

root colonization. Above this level of N, there was no increase in 

root colonization. In the uneroded soil, on the other hand, infection 

level was significantly influenced only at the highest N level. The 

extent of colonization of roots was higher in the eroded soil than in 

the uneroded soil when N was applied to the soil samples at the rate 

of 25 and 50 ppn. 

Mycorrhizal activity monitored in terms of the P content of 

subleaflets of leucaena grown in the eroded and uneroded soils amended 
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with different levels of inorganic N is shown in Fig. 7.8. In the 

absence of added N, mycorrhizal activity was lower in the eroded soil 

than in the uneroded soil. The activity increased begining on Day 17 

and peaked at Day 22. The depression in activity that was observed in 

the eroded soil not amended with N disappeared when N was added to it 

at the rate of 25 ppm. Nitrogen application, in general, increased 

mycorrhizal activity in the eroded soil while it did not do so in the 

uneroded soil. When mycorrhizal activity was monitored in terms of 

the P concentration of subleaflets, similar results were obtained 

[Fig. C.6 (Appendix C)]. 

The application of N to the uneroded soil did not lead to 

significant increase in shoot P concentration of leucaena, while in 

the eroded soil, shoot P concentration increased when 100 ppm N was 

added to the soil (Fig. 7.9). Nevertheless, shoot P concentration of 

luecaena grown in the eroded and uneroded soils did not differ 

significantly fran each other at any of the levels of N tested except 

at 100 ppm. Unlike shoot P concentration, total shoot P content was 

significantly lower in the eroded soil than in the uneroded soil in 

the absence of added N (Fig. 7.9). Total shoot P content increased 

with increase in N levels in the eroded soil but not in the uneroded 

soil. The initial difference in total shoot P content that was 

observed between the t'IK) soils ceased to be significant when N was 

added at the rate of 25 ppm. 

Nodule dry matter production was similar in both soils when N was 

not added (Fig. 7.10). Nodule dry weight increased as a function of 
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increases in the level of N added, reaching a maximum value at 50 ppm 

N. Above 50 ppn N, nodule dry matter production decreased. 

Shoot N concentrations of leucaena grown in the eroded and 

unercrled soils were similar in the absence of added N (Fig. 7.11). 

The shoot N concentration in both soils increased as level of added N 

was increased, reaching a maximum value at 50 ppm N. Above this level 

of N, shoot N concentration did not change. Nitrogen concentration in 

plants grown in the eroded and uneroded soils did not differ 

significantly fran each other irrespective of N treatments. The total 

shoot N content of leucaena was lower in the eroded soil than in the 

uneroded soil when N was not added to the soil samples (Fig. 7.11). 

The first level of N amendment led to a significant increase in total 

shoot N content in the eroded soil but not in the uneroded soil, 

thereby eliminating the difference in total shoot N content that was 

observed between the two soil samples initially. In general, there 

was an increasing trend in total shoot N content of leucaena above 25 

ppn N but the two soil samples did not significantly differ from each 

other. 

The effects of N application on shoot and root dry matter 

production of leucaena are depicted in Fig. 1.12. Shoot and root dry 

weights were significantly lower in the eroded soil than in the 

uneroded soil in the absence of added N. When N was added at the rate 

of 25 ppn, shoot and root dry weights increased significantly in the 

eroded soil while there was no change in the uneroded soil. The 

difference in shoot and root dry matter yields that was observed 

between the two soil samples in the absence of added N, disappeared 
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when N was added at the rate of 25 ppm. A further increase in N level 

increased shoot dry weight only in the eroded soil, but the increase 

was significant only after the addition of 100 ppm of N. 

Nevertheless, shoot and root weight values observed in the eroded and 

uneroded soil samples were not significantly different fran each 

other. 

DISCD3Sim 

Decreased mycorrhizal activity (effectivity) observed in leucaena 

when grown in the eroded soil in the absence of added N seems to be a 

result of N deficiency because of 2 reasons. Firstly, a decrease in 

activity was not observed in the unercrled soil which had a higher N 

content than the former soil, and secondly, the depression in VAM 

activity observed in the eroded soil was removed when N was added to 

the soil. It appears fran the results that N influenced mycorrhizal 

activity only at the initial level of N application, i.e., 25 ppm. 

This level of inorganic N could, thus, be defined as the optimum level 

for mycorrhizal activity in the Wahiawa soil. Although the 

difference in mycorrhizal activity in the unamended eroded and 

une!oded soils disappeared when N was added at the rate of 25 ppm or 

more, the extent of colonization of roots was high in the eroded soil 

than in the uneroded soil. The higher level of colonization of roots 

by VAM fungi in the eroded soil is, probably, due to low population of 

indigenous VAM fungi and other microorganisms in that soil. This 
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indicates that the infectivity of VAM fungi does not necessarily 

correspond to the effectivity. The effectivity measured in terms of 

leaf P status was similar to the effectivity measured in terms of 

other parameters such as shoot P uptake and dry matter yields. In 

cowpea, the effect of Non mycorrhizal activity was not clear. The 

low mycorrhizal activity observed in the uneroded soil in the absence 

of added N was ultimately increased in about 3 weeks. This initial 

depression in mycorrhizal activity observed in the unanended uneroded 

soil may be a result of sampling error because other measurements of 

effectivity (shoot P uptake and dry matter yields) do not show this 

depression. It appears from these results that N application to soil 

samples did not appreciably influence mycorrhizal activity in cowpea. 

However, application of N did increase the extent of root 

colonization by VNA fungi, shoot P uptake and dry matter yields. On 

the basis of root colonization data it appears that colonization of 

roots by VAM fungi is quite sensitive to N deficiency. One cannon 

thing that was observed in both plant species is the fact that there 

was an increasing trend in root colonization with increases in the 

level of N. 

Stimulation of root colonization by VAM fungi, as a result of N 

application observed in this study, was not in agreement to the 

findings of others (3,14,20). Chambers et al. (3) observed a 

significant reduction in root colonization of cowpea as a result of 

amrronium-N application when the soil was inoculated with naturally 

occuring endophytes. They argued that assimilation of NH4+ by plant 

roots resulted in a drop in pH in soil rhizosphere [because of the 
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+ + release of H as a result of NH4 assimilation (15}]. The authors 

believe that lowering of pH might have affected the introduced 

endophyte adversely in the rhizoshphere. The disagreement of my 

results fran the above can be explained by the fact that I used 

ammonium nitrate as the source of N which has both NH4+ and N0
3
- forms 

of N. Nitrate-N has been shown to be less deleterious to VAM 

colonization than NH4-N (3}. On the other hand, Brown et al. (2) 

observed increases in the percentages of mycorrhizal roots and in 

intensities of root segment infection at N level that produced maximum 

gr<JNth of sweetgum seedlings. The level of infection was, however, 

reduced as the rate of N application was increased above the level 

needed for maximum plant growth. Similarly, Hepper (16) observed that 

mycorrhizal infection increased as the level of nitrate was increased' 

but the extent of colonization of root depended on the level of P 

applied. She hypothesized that the ratio of nitrate to phosphate in 

the plant nutrient solution is important in determining mycorrhizal 

infection and a ratio of above 15 would be needed to achieve a 

reasonable level of infection. Such a hypothesis, however, may have 

little application in soil because many nutrients when applied to soil 

are adsorbed or lost and the ratio of nutrients will vary. 

The difference in trend of shoot N content of cowpea observed in 

the eroded and uneroded soil is, probably, a reflection of shoot dry 

matter yield. Cowpea seems to differ fran leucaena in terms of N 

requirement for maximum shoot and root dry matter production. 

Application of 50 ppn N was necessary to achieve maximum dry matter 

yields in cowpea. In leucaena, on the other hand, application of 25 
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ppm N was required for maximum plant growth in the eroded soil while 

no N was needed in the uneroded soil. The higher N requirement of 

cowpea is, probably, due to its higher rate of dry matter accumulation 

canpared to that of leucaena. The maximum shoot and root dry matter 

yields of cowpea at harvest was about 7 and 4 times higher, 

respectively, than that of leucaena. Furthermore, the tvK) leguminous 

species may differ in potential nitrogen fixation rates (8,11). 

The reduction in nodule dry weight observed in cowpea when grown 

in the eroded soil canpared to that in the uneroded soil when N was 

not added indicates that the N status of the eroded soil was not 

adequate for optimum nodulation. The fact that nodule dry weight in 

the eroded soil increased upon the addition of N is suggestive of the 

fact that the starter N requirement of cowpea was satisfied. In 

leucaena, on the other hand, there was no difference in nodule dry 

matter production between the tvK) soil samples in the absence of added 

N. This difference in nodulation between the two plant species is, 

probably, related to the differences in the rate of initiation of N2-

fixation. Host factors are believed to affect nodule initiation in 

legumes (13). Increase in nodule dry weight with N application upto a 

certain level and then inhibition at a higher level observed in this 

study is in agreement with previous findings (5,9,10,17,18,21). The 

effects of nitrogen fertilizers on nodulation and N2-fixation by 

legunes are canplex and depend largely on the level of nitrogen in 

soil. The situation may be further canplicated by the rapid change in 

the nitrate and anunonium levels in soil because one form may be more 

deleterious than the other. Application of starter N can promote 
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nodulation by overcanirv;;J N deficiency during the establishment of the 

nitrogen fixation process (12). On the other harrl, the inhibition of 

nodulation by high levels of inorganic N, may be due to their effect 

on lectins, or specific recognition glycoproteins, on the root hair 

surface. Canbined N is believed to interfere with the binding of 

rhizobia to plant lectins on the root hairs (6,7). Ccmbined N also 

affects N2-fixation by the repression of nitrogenase synthesis (23) 

and by converting leghemoglobin into an inactive form (22). 

The results of this study indicate the potential beneficial 

effect of N application on the gr<:Mth of mycorrhizal cowpea and 

leucaena in eroded soils. The grc:Mth depression that is observed in 

the eroded soil due to N deficiency can, thus, be overcane by adding 

N. The results also indicate the existence of optimt.nn levels of 

starter N for root colonization and nodulation of mycorrhizal cowpea 

and leucaena. So, N should also be applied along with other nutrients 

in order to establish mycorrhizal legurres in eroded soils. 
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ClJAP1.'ER 8 

OPITMIZATICE OF CHEMICAL INPUl'S FCR ESI'.ABLISHING EFFECTIVELY 

OOIDIATED AND MYOORRHIZAL CXMPFA AND IEUCAmA 

IN AN EEO.ED SOIL 

The level of nutrients in soil is often an important factor 

determining mycorrhizal activity. Habte and Manjunath recently (16) 

showed that soil available phosphorus is very crucial for mycorrhizal 

activity, and there appears to be a level at which mycorrhizal 

activity is optimum. Nitrogen and phosphorus are also believed to 

interact with each other in influencing mycorrhizal activity (6). 

Similarly soil pH also affects endophytes and there is an optimum pH 

range for each mycorrhizal species (18). 

Soil erosion is a serious problem in many parts of the world (8). 

Erosional loss of soil is often associated with significant loss of 

nutrients such as P, N, Ca, Mg etc. (see appendix A) and reduction in 

the population and activity of VAM fungi (see Chapter 3). In previous 

experiments (Chapter 4), my attempt to rehabilitate soils subjected to 

simulated erosion by inoculating with VAM fungi was not successful 

presumably because of the deficiency of nutrients. The results of 

experiments subsequently conducted to determine the influence of 

individual nutrient amendments on the VAM symbiosis (Experiments 5, 6 
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and 7) showed that the symbiosis was enhanced by the application of P, 

lime and inorganic Nat optimum am::>unts. 

The objective of this study was to determine the influence of 

combining these nutrients at optimal levels on mycorrhizal activity 

and growth of nodulated cowpea and leucaena in an eroded soil. 

Cowpea or leucaena was grown in the eroded or uneroded soil with 

one of three nutrient categories in the presence or absence of VN'l 

inoculation. The nutrient categories were: (1) complete set of 

nutrients consisting of phosphorus, lime, nitrogen, potassium, 

magnesium, sulfur, zinc, copper and boron (canplete); (2) basal 

nutrients consisting of potassium, magnesium, sulfur, zinc, copper and 

boron (basal); and (3) no nutrients added (none). For the canplete 

set of nutrients, P was added to get a soil solution level of 0.026 

rtr;1/l, soil samples were limed to obtain a pH value of 6.0 and 

inorganic N was added at the rate of 50 pµn. The rate of application 

of basal nutrients were the same as outlined in Chapter 2. 

Cowpea or leucaena was grown in the soils for 32 and 37 days, 

respectively. Every 5 days the P contents of leaf discs of cowpea or 

subleaflets of leucaena were determined. After harvest, the extent of 

colonization of roots by VAM fungi, shoot, root and nodule dry 

weights, and concentrations of P, N, Cu and Zn in shoot were 

determined. 
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Cowpea. The extent of colonization of cowpea roots by VAM fungi 

in the eroded and uneroded soils amended with nutrients is illustrated 

in Fig. 8.1. Root colonization in the eroded soil not inoculated with 

Q• aggregatum did not change significantly in response to nutritional 

amendments. Inoculating the soil with Q• aggregatum increased the 

extent of root colonization significantly. The extent of 

colonization, however, was greatest when cowpea was grown in the 

inoculated soil in the presence of all the nutrients. The results 

were similar in the uneroded soil. The extent of colonization in the 

uneroded soil was higher than that in the eroded soil except when the 

soils were inoculated with G. aggregatum and amended with all the 

nutrients (canplete). 

Mycorrhizal activity monitored by determining the P content of 

leaf discs of cowpea grown in the eroded and uneroded soils amended 

with different nutrient categories are shown in Figures 8.2 and 8.3. 

Mycorrhizal activity in the eroded soil not inoculated with G. 

aggregatum did not change significantly in response to nutritional 

amendments (Fig. 8.2). However, when the soil was inoculated with G. 

aggregatum in the presence of all the nutrients (canplete), there was 

a significant increase in mycorrhizal activity which began on Day 17 

and peaked on Day 27. At this time, the activity was about 7 times 

higher than that observed in the soil not amended with nutrients. 

Inoculation of the soil amended with only basal nutrients did not 

significantly impr01Te mycorrhizal activity. Mycorrhizal activity in 
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the uneroded soil not inoculated with Glanus aggregatum also did not 

change significantly in response to nutritional amendments (Fig. 8.3). 

However, when the soil was inoculated with_Q. aggregatum in the 

presence of all the nutrients (canplete), there was a significant 

increase in mycorrhizal activity which began on Day 22 and peaked on 

Day 27. At the peak period, the activity was about 4-5 times higher 

than that observed in the soil not amended with nutrients. When the 

inoculated soil was amended only with basal nutrients, mycorrhizal 

activity did not change significantly compared to that observed in the 

soil not amended with nutrients. Similar trends were observed when 

mycorrhizal activity was monitored in terms of the P concentration of 

leaf discs [Figures B.8 and B.9 (Appendix B)]. 

Influence of nutrient amendments on shoot P concentration and 

shoot P content of cowpea is illustrated in Fig. 8.4. In the absence 

of Q• aggregatum, amendernent of nutrients in the eroded soil had no 

influence on shoot P concentration while in the uneroded soil, shoot P 

concentration was increased in the presence of all nutrient 

(canplete). On the other hand, when the soil samples were inoculated 

with Q• aggregatum, there were significant increases in shoot P 

concentration of cowpea due to the addition of basal or complete set 

of nutrients in both eroded and uneroded soils. The highest shoot P 

concentration, nevertheless, was observed when cowpea was grown in the 

inoculated soil samples amended with all the nutrients (complete). 

Shoot P concentrations of cowpea grown in the eroded and uneroded 

soils were similar except when grown in the uninoculated soil amended 

with all the nutrients. The total shoot P content of cowpea grown in 
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the absence of Q• aggregaturn increased significantly when the soil 

samples were amended with all the nutrients (ccmplete). In the 

presence of the fungus, the shoot P content of cowpea grown in the 

eroded soil increased when amended with all the nutrients while in the 

uneroded soil, the shoot P content increased when the soil was amended 

with basal nutrients or the canplete set of nutrients. The shoot P 

content of cowpea was lower in the eroded soil than in the unerojed 

soil in all the treatments except when grown in the presence of G. 

aggregaturn and all the nutrients. 

Shoot Cu concentration of cowpea grown in the absence of G. 

aggregaturn was significantly increased when all the nutrients 

(canplete) were added to the eroded soil but not to the unerojed soil 

(Fig. 8.5). On the other hand, when cowpea was grown in the presence 

of G. aggregaturn, there was an increase in shoot Cu concentration in 

both the erojed and uneroded soils when amended with all the 

nutrients. The t\vO soil samples, however, did not differ frcm each 

other in terms of shoot Cu concnetration. The total shoot Cu content 

of cowpea increased significantly when the soil samples were amended 

with all the nutrients in the presence or absence of Q• aggregatum. 

The highest shoot Cu content was observed when cowpea was grown in the 

inoculated soil samples amended with all the nutrients. 

Shoot Zn concentration of cowpea increased only when the soil 

sampels were inoculated with G. aggregatun and amended with all the 

nutrients (Fig. 8.6). The two soil samples did not differ from each 

other in terms of shoot Zn concentration. Shoot Zn content, however, 

increased in both the inoculated and uninoculated soil samples when 
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the soils were amended with all the nutrients. The highest shoot Zn 

content was observed when cowpea was gra.vn in the inoculated soil 

samples amended with all the nutrients (Fig. 8.6). 

Nodule dry matter production of cowpea increased significantly 

only when the soil samples were inoculated withQ. aggregatum and 

amended with all the nutrients (canplete) (Fig. 8.7). Shoot N 

concentration of cowpea also increased significantly only when the 

soil samples were amended with all the nutrients, which increased 

further on inoculation withQ. aggregatum (Fig. 8.8). Maximum shoot N 

concentration was observed when cowpea was grown in the inoculated 

soil samples amended with all the nutrients. Shoot N concentration of 

plants grown in eroded and uneroded soils did not differ fran each 

other. Like shoot N concentration, the shoot N content of cowpea 

also significantly increased when grown in soil amended with all the 

nutrients in the presence or absence of G. aggregatum (Fig. 8.8). 

However, cowpea grown in the inoculated soil samples amended with all 

the nutrients had the highest shoot N content. The shoot N content of 

cowpea was significantly lower in the eroded soil than in the uneroded 

soil when amended with basal nutrients alone or when not amended with 

nutrients in the presence or absence of Q• aggregatum. 

Shoot dry matter production of cowpea grown in the eroded soil 

increased significantly when amended with all the nutrients, which 

increased further on inoculation withQ. aggregatum (Fig. 8.9). Shoot 

dry weight of cowpea was greatest when grown in the presence of Q• 

aggregatum and all the nutrients. Similar was the trend of results 

observed in the uneroded soil. Shoot dry matter production of cowpea 
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in the eroded soil was lower than in the uneroded soil except when the 

soil samples were inoculated with~. aggregaturn and amended with all 

the nutrients. Root dry matter production followed similar trends as 

shcot dry matter production (Fig. 8.9). 

The root to shoot ratio of cowpea grown in the eroded soil, 

whether inoculated or not, decreased signifiantly when the soil was 

amended with all the nutrients (Fig. 8.10). The root/shoot ratio was 

lowest when the plants were grown in the presence of Q• aggregaturn and 

all the nutrients. There was, however, no change in the root/shoot 

ratio when plants were grown in the uneroded soil. 

Leucaena. Colonization of leucaena roots in the uninoculated soil 

samples did not change significantly in response to nutrient 

amendments (Fig. 8.11). Inoculation of the soil samples with Q• 

aggregaturn significantly increased the extent of colonization of roots 

in all the nutrient categories canpared to when the soil samples were 

not inoculated. Amendment of the inoculated soil samples with all the 

nutrients significantly increased the extent of colonization of roots 

canpared to when the soil samples were amended with only basal 

nutrients or not amended with nutrients. The extent of colonization 

of roots was significantly lower in the eroded soil than in the 

uneroded soil except when the soil samples were amended with all the 

nutrients and inoculated with.§• aggregatum. 

Mycorrhizal activity monitored by determininJ the P content of 

subleaflets of leucaena grown in the eroded and uneroded soils amended 

with different nutrient categories is illustrated in Figures 8.12 and 

8.13. Mycorrhizal activity in the eroded uninoculated soil did not 
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increase when amended with basal nutrients. When the soil was amended 

with all the nutrients (ccmplete), activity inreased slightly 

beginning at Day 17 and peaked at Day 22 (Fig. 8.12). The activity 

observed at this time was significantly greater than that observed in 

the soil not amended with nutrients. When the soil was inoculated 

withQ. aggregatum in the presence of all the nutrients, the activity 

was increased by about 3.5 times canpa.red to when the soil was not 

inoculated. Inoculation of the eroded soil did not affect mycorrhizal 

activity when the soil was amended with only basal nutrients. 

Mycorrhizal activity in the uneroded uninoculated soil amended with 

only basal nutrients was similar to the one observed when nutrients 

were not added (Fig. 8.13). On the other hand, when the soil was 

amended with all the nutrients, mycorrhizal activity was detected at 

Day 22 and peaked 10 days later. At this time, the activity was about 

3 times higher than that observed in the soil not amended with 

nutrients. When the soil was inoculated with_Q. aggregatum in the 

presence of all the nutrients, the activity increased by about 50 

percent compared to when the soil was not inoculated. Inoculation of 

the uneroded soil amended with basal nutrients did not lead to 

significant change in mycorrhizal activity. Similar trerrls were 

observed when mycorrhizal activity was monitored in tenns of the P 

concentration of subleaflets [Figures C.7 and C.8 (Appendix C)]. 

Shoot P concentration of leucaena grown in the eroded 

uninoculated soil did not increase in response to nutrient amendments 

(Fig. 8.14). In the uneroded uninoculated soil, however, the shoot P 

concentration increased in response to the application of all the 
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nutrients (canplete). When the soil samples were inoculated withQ. 

aggregatum, shoot P concentration increased in both the soils when 

amended with all the nutrients. The highest shoot P concentration was 

observed when the soil samples were amended with all the nutrients and 

inoculated withQ. aggregatum. The trends exhibited by total shoot P 

content data were similar to that of shoot P concentration. 

Shoot Cu concentration of leucaena increased significantly only 

when the soil samples were inoculated withQ. aggregatum and amended 

with all the nutrients (Fig. 8.15). The total shoot Cu content of 

leucaena, on the other hand, increased when the soil samples were 

amended with all the nutrients in the presence or absence of Q• 

aggregatum. The highest shoot Cu content was observed when the soil 

samples were amended with all the nutrients and inoculated with G. 

aggregatum. 

Shoot Zn concentration of leucaena increased significantly when 

the soil samples were amended with all the nutrients (canplete) in the 

presence or absence of _g. aggregatum (Fig. 8.16). The highest level 

of shoot Zn was observed when the plants were grown in the inoculated 

soils amended with all the nutrients. The Zn status of plants grown 

in the eroded and uneroded soils did not differ significantly with any 

of the treatments imposed. Shoot Zn content of leucaena grown in the 

uninoculated soil samples increased significantly only in the 

presence of all the nutrients. When the soil samples were inoculated 

with_§. aggregatum, the shoot Zn content of leucaena increased 

significantly only in the presence of all the nutrients in the eroded 

soil and in the presence of basal or all the nutrients in the uneroded 
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soil. The highest level of shoot Zn content was observed when 

leucaena was grown in the inoculated soil samples amended with all the 

nutrients. 

Ncx:iule dry matter prcxiuction of leucaena increased significantly 

only when the soil samples were inoculated with Q• aggregatum and 

amended with all the nutrients (Fig. 8.17). Shoot N concentration of 

leucaena increased significantly when grown in soils amended with 

basal nutrients and inoculated withQ. aggregatum. When the soil 

samples were amended with all the nutrients, there was a significant 

increase in shoot N concentration irrespective of inoculation 

treatment (Fig. 8.18). The maximum shoot N concentration was observed 

when the legume was grown in the inoculated soil samples amended with 

all the nutrients. The total shoot N content of leucaena in the 

uninculated soil samples increased significantly only when amended 

with all the nutrients. Inoculation of the soil samples with Q• 

aggregatum resulted in an increase in shoot N content of leucaena in 

the presence of all the nutrients in the ercx:ied soil and in the 

presence of basal nutrients or all the nutrients in the uneroded soil. 

The highest shoot N content was observed when the soil samples were 

amended with all the nutrients (canplete) and inoculated with G. 

aggregatum. Shoot N content was lower in the eroded soil than in the 

uneroded soil except when the soil samples were amended with all the 

nutrients and inoculated with Q• aggregatum. 

Figure 8.19 illustrates the influence of nutrient amendments on 

dry matter production of leucaena. Shoot dry weight of leucaena in 

the uninoculated soil samples increased significantly when the soil 
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samples were amended with all the nutrients (complete). When the soil 

samples were inoculated with g. aggregatum, there was a further 

increase in shoot dry weight in the uneroded soil amended with basal 

nutrients and in both the soil samples amended with all the nutrients. 

The highest shoot dry weight was observed when the soil samples were 

amended with all the nutrients and inoculated with Q• aggregatum. 

Shoot dry weight was lower in the eroded soil than in the uneroded 

soil except when the soil samples were amended with all the nutrients 

and inoculated with g. aggregaturn. Similar results were obtained for 

root dry matter production. The root to shoot ratio of leucaena was, 

in general, lower when the soil samples were amended with all the 

nutrients (Fig. 8.20}. 

DISOESIC'fi 

In Chapter 5 it was observed [as has been observed by other 

workers (20,22,26)] that colonization of roots by VAM fungi increased 

with increasing levels of soil solution P and decreased at the higher 

level. The extent of colonization of roots observed in this study was 

similar to that observed in Chapter 5 when P was applied in optimum 

arrount. Nitrogen also is believed to have an affect on the extent of 

VAM colonization of roots. Some studies have indicated that root 

colonization is decreased as a result of N application (10,17,25) 

while others have shown an increase (9,19). However, Hepper (19) 

hypothesized that the ratio of N to Pis important in detennining 
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mycorrhizal infection. In the present study, since the extent of VAM 

colonization of root was above 80%, the P and N nutrition of plants 

must have been adequate for maximum mycorrhizal infectivity. The fact 

that the extent of colonization of roots was lower in the unamended 

ercx:ied soil than in the unercx:ied counterpart which became similar on 

addition of nutrients emphasizes the importance of nutrients in 

mycorrhizal colonization. 

Since mycorrhizal activity associated with the application of 

basal nutrients was small in the uneroded soil and absent in the 

ercded soil, the increase in VAM activity observed as a result of 

application of all the nutrients must be due to the effects of P, N 

and lime. It was observed in Chapters 5, 6 and 7 that amendment of 

the ercded soil with Pat the optimum level increased mycorrhizal 

activity of cowpea and leucaena by 6 and 10 folds, respectively, while 

liming had no effect. Application of inorganic N had no effect on 

cowpea but the activity was increased by 2 folds in leucaena. 

Differences in mycorrhizal activity observed between cowpea and 

leucaena in response to inorganic N is, probably, due to differences 

in host species. It can, thus, be deduced £ran the above mentioned 

facts that most of the activity observed was due to the addition of P. 

Similar conclusion could be reached if shoot dry matter data is 

considered. Role of soil solution Pin determining mycorrhizal 

activity in cowpea and leucaena is well established (4,16). Soil 

solution P levels of 0.026 and 0.021 rng/1 have been reported to be 

optimum for cowpea and leucaena, respectively (4,16). Canparable 

mycorrhizal activity was observed in the present study when P was 
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applied to obtain levels similar to the above mentined values for 

complete nutrients. 

It has been clearly demonstrated in this study that mycorrhizal 

activity is dependent on the nutrient content of soil. Plants grown 

in the eroded soil, which was low in most nutrients, were not 

responsive to VAM inoculation unless the soil was amended with 

nutrients. In the uneroded soil, on the other hand, which had a 

better nutrient status to start with, plants were responsive. These 

results are indicative of two facts. Firstly, there seems to exist 

minimum levels of nutrients such as P and N that are necessary for 

mycorrhizal activity; secondly, mycorrhizal activity in eroded soils 

could be improved or restored to the level of the unercxjed soil by 

canpensating them for losses of nutrients accompanying erosional soil 

losses in addition to compensating them for losses of VAM fungi. The 

low mycorrhizal activity observed in the unamended soil samples 

(particularly in the eroded soil) or the soil samples arrended with 

only basal nutrients could be explained fran the presence of threshold 

levels of P and N. Suppression in shoot dry matter production of 

cowpea and leucaena in the eroded unamended soil could similarly be 

explained. It can be seen from the results that when the soil samples 

were amended with nutrients determined to be optimum for symbiotic 

effectiveness, alm:)st half of the shoot dry matter production was 

associated with VAM inoculation. The other half appears to be a 

result of the nutrients added and the inherent growth potential of the 

soil. Thus, the presence of nutrients as well as VAM fungi appears to 

be necessary for establishing leg~s in eroded Wahiawa soil and 
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attain growth canparable to that observed in the unercrled soil. Habte 

et al. (15) have recently emphasized the significance of nutrient 

amendments of eroded soils along with VAM inoculation as a necessary 

step towards rehabilitating eroded soils. Importance of VAM 

inoculation and nutrient amendment to soil can also be visualized fran 

root/shoot ratios. Plants grown in the eroded soil in the absence of 

nutrients or introduced endophytes have a high root/shoot ratio 

indicating that the plants are under stress and the grCMth of roots 

has been stimulated to absorb more nutrients. The low root/shoot 

ratio values are typical of the mycorrhizal plants as observed in this 

study (3,26). 

The increase in mycorrhizal activity observed at about 30 DAP 

when leucaena was grown in the uninoculated uneroded soil arrended with 

all nutrients is due to the presence of native soil VAM fungi. 

Activity was eventually increased further upon inoculation of soil 

with Q• aggregatum which indicates that leucaena was responsive to 

inoculation of soil with G. aggregatum in the presence of native VAM 

population. 

Increase in the uptake of irmobile nutrients such as P, Cu and Zn 

and subsequent increase in plant gr0t1th due to VAM inoculation has 

been observed by others (1,5,7,11,12,14,21,23,24). An overall 

similarity in shoot status of Zn and Cu to that of shoot P status 

observed in this study underline the importance of VAM fungi in the 

uptake of irrmobile nutrients other than P. When soil samples 

(particularly the eroded soil) were not amended with nutrients or 

inoculated with VAM fungi, the extent to which the shoot uptake of 
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nutrients was reduced was much greater than the reduction observed in 

shoot concentration. This is, probably, a result of concentration 

effect, i.e., plants growing in the absence of canplete nutrients or 

VAM fungi have a higher concentration of nutrients because of their 

small dry matter production. So, both nutrient concentration and 

nutrient content of shCXJts should be taken into account when 

considering rnycorrhizal effectivity. 

The present results indicate that adequate nutrition (especially 

inorganic N and P) and VAM inoculation are necessary for improved 

nodulation. Application of starter N pranotes nodulation by 

overcaning N deficiency during the establishment of N2-fixation 

process (13). This would particularly be true in eroded soils because 

of their low N content. Increase in nodulation due to addition of P 

to soil along with VAM inoculation is well documented (2,27). Since P 

was added as part of the canplete nutrients in the present study, it 

is one of the nutrients that has led to increased nodule dry weight. 

Inoculation of soils with VAM fungi, especially in P deficient 

conditions, ensures the availability of extra P needed for N2-

fixation. This is further confirmed fran the fact that shoot P status 

of cowpea or leucaena was highest when grown in soils arnende~ with all 

the nutrients and inoculated with VAM fungi. Similarity in trends of 

nodule dry weight and shCXJt N concentration indicate that the nodules 

were active in N fixation. 

The results of this study demonstrate the benefits of VAM 

inoculation in growi~ nodulated legumes in eroded soils. Phosphorus 

is, perhaps, the most important factor associated with enhanced VAM 
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activity and/or host growth. This finding has been confirmed using 

two legumes i.e. cowpea and leucaena. Hence, in order to derive 

maximum benefits for growing effectively nodulated legumes in eroded 

soils, amendment of soil with nutrients in optimum arrounts and 

inoculation with VAf/1. fungi are very important. 
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Because of the adverse effect of erosion on soil productivity, 

scientists have sought effective ways to rehabilitate eroded soils. 

Most of the efforts have been through chemical methods, i.e., by 

adding fertilizers. This is an expensive method, especially, for 

farmers of the tropics. On the other hand, rehabilitating eroded 

soils by biological methods, (i.e. by inoculating soils with VAM fungi 

and rhizobia with minimum chemical inputs) has received little 

attention. The latter method is more likely to be feasible in the 

tropics. The objective of this study, therefore, was to determine the 

role of VAM fungi in reducing chemical inputs and to define the levels 

of those chemical inputs necessary for successful establishment of 

effectively nodulated and mycorrhizal cowpea and leucaena in an 

eroded tropical soil. 

Erosion was simulated by removing the top 30 cm of the Wahiawa 

soil (Tropeptic Eutrustox). Removal of top soil resulted a 78 and 86 

percent decrease in VAM spores and infective propagule numbers per g 

of soil, respectively. The extent of VAM infection in roots of 

native vegetation was also lower in the eroded soil. These results 

indicate that the VAM inoculum potential is reduced significantly as 

a result of simulated erosion. 

The soils were then inoculated with 3 species of VAM fungi (Q. 

aggregatum, Q• rnosseae or Q• etunicaturn) with no chemical arrendrnent to 

determine their potential for improving yields of cowpea and leucaena 
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under eroded conditions. The results showed that inoculation of the 

uneroded soil with G. aggregatum increased mycorrhizal activity, 

nodule dry weight and plant growth canpared to that of the 

uninoculated control. None of the VAM fungi tested significantly 

influenced plant response in the eroded soil. These results and the 

fact that nutritional status of eroded soils are poor indicated that 

low nutrient content was the limiting factor in the eroded soil. 

In the next series.of experiments, soils were amended with 

nutrients to determine the effects of chemical inputs and VAM 

inoculation on crop productivity on an eroded soil. The 

nutrients/chemicals amended were P, inorganic N, lime, Mo, and organic 

residue. 

Application of P to bring soil solution Pup to 0.026 mg/1 

increased the extent of VAM colonization of roots. As the level of 

soil solution P increased above 0.046 m;;i/1, the extent of colonization 

of roots decreased. Mycorrhizal activity (determined on the basis of 

P status of leaf discs or subleaflets) was observed only in the 

uneroded soil in the absence of added P but when the soil solution P 

level was raised to 0.026 m;;i/1, mycorrhizal activity was also observed 

in the eroded soil. This observation indicated that a threshold level 

of P was required for mycorrhizal activity. Maximum mycorrhizal 

activity was observed at the soil solution P level of Q.026 IYYJ/l. 

Shoot P content and dry matter yields in the eroded soil increased 

significantly with the addition of P and became similar to that of the 

unercrled soil at a soil solution P level of 0.026 mJ/l. Maximum 
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nodule dry weight was observed when the soil solution P level was 

increased to 0.046 mg/1. 

Liming the eroded soil to pH 6.0 increased the extent of VAM 

colonization of roots significantly. Above pH 6.0 there was no 

significant change. In the uneroded soil, on the other hand, liming 

did not increase the extent of VAM colonization of roots. Mycorrhizal 

activity also was not influenced by liming. The pattern of shoot dry 

weight was similar to that of root colonization. The results 

indicated that liming was beneficial only in the eroded soil upto pH 

6.0. 

Amendment of the eroded soil with organic residue did not 

influence the growth of cowpea but the growth of leucaena was reduced 

when soil samples were amended with high levels of organic residue 

(7.38%). Reduction in plant growth was associated with increase in 

shoot Mn content. The results indicated that amendment of the eroded 

Wahiawa soil with organic residue is not beneficial to the growth of 

rnycorrhizal cowpea or leucaena. Application of Mo to soil also did 

not influence rnycorrhizal activity or plant growth. It appears from 

the results that application of Mo is not necessary for the growth of 

rnycorrhizal cowpea or leucaena in the eroded Wahiawa soil when amended 

with other nutrients. 

Application of inorganic N increased the extent of VN'I 

colonization of cowpea and leucaena roots. Optimum N level for 

rnycorrhizal activity was found to be 25 ppm. Nodule dry matter 

production and shoot N content increased with increasing levels of 

inorganic N reaching a maximum value at 50 ppm. Dry matter yields 
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were low in the eroded soil in the absence of added N. BY adding N, 

the dry matter yields increased significantly and both the soils had 

similar shoot and root dry matter yields. The results indicated the 

potential beneficial effect of starter N application on the growth of 

mycorrhizal cowpea and leucaena in eroded soils. 

In the last experiment, levels of nutrients determined to be 

optimum for mycorrhizal activity in previous experiments were 

canbined and tested for mycorrhizal activity and plant growth. The 

treatments consisted of growing cowpea or leucaena in soils amended 

with either ccmplete or basal or no nutrients in the presence or 

absence of G. aggregatum. The extent of VAM colonization of roots 

increased due to inoculation of soils with g. aggregatum. The highest 

level of colonization was observed in soil amended with all the 

nutrients and inoculated with VAM fungi. Application of basal 

nutrients alone to soil did not improve mycorrhizal activity. 

Mycorrhizal activity in the uneroded uninoculated soil increased when 

amended with all the nutrients and increased further on inoculation 

with g. aggregatum. In the eroded soil, mycorrhizal activity 

increased only when amended with all ·the nutrients and inoculated with 

g. aggregatum. These results illustrate that maximum mycorrhizal 

activity in the eroded soil can only be achieved if it is amended with 

all the nutrients and inoculated with VAM fungi. Patterns of shoot P, 

Cu and Zn status were, in general, similar to those (the patterns) of 

mycorrhizal activity. Nodule dry matter production, shoot N status 

and shoot and root dry weights were increased when the soil samples 

were amended with all the nutrients and inoculated with G. aggregatum. 
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The results of this study demonstrate the benefits of VAM inoculation 

in grONing nodulated legumes in eroded soils. The results also 

suggest that the increase in grONth due to amendment of soil with all 

the nutrients was mainly due to the addition of P, N, and lime. 

Hence, in order to derive maximum benefits for growing 

effectively-nodulated legumes in eroded soils, amendment of soil with 

nutrients (P, N and lime) and inoculation with VAM fungi are 

essential. 
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APPENDIX A 

EFFECT OF SIMULATED ERl>ICN CN SCJm SEI.ECrm 

SOIL PIOPERl:'IES 

Physical properties. The water holding capacity of soil was 

determined by placing a moist filter paper cut into right size into a 

porcelin crucible with perforations at the bottan. The crucible was 

weighed and filled with oven dried soil and compacted by dropping it 

10 times fran a distance of approximately 3 cm. The soil surface was 

labelled off with a spatula. After weighing again, the crucible 

filled with soil was placed in a chamber containing a layer of water 

deep enough to dip the bottan of the crucible. After about 2 hours, 

when the soil samples were saturated with water (water appear on soil 

surface), the crucible was removed and placed in a humid closed 

chamber in order to drain off the excess water. The crucible was 

weighed again. Water holding capacity of soil was calculated by 

determining the net amount of water held by an unit weight of dry 

soil. The particle size fraction of soil was determined by the 

pippett method as described by Gee and Bawd.er (6). 

Chemical p:ruperties. For the measurement of soil pH, 15 g portion 

of the soil sample was transferred into a 50 ml beaker. Thirty ml 

portions of deionized water were added to it and stirred well with a 

glass rod. After 30 minutes of standing, the pH was measured using a 
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pH meter (Model Fisher 805 MP, Fisher Scientific Company, Pittsburgh, 

Pennsylvania 15219) by dipping the glass electrode to the supernatant 

liquid for 15 seconds. 

Organic carbon content of the soil was determined by the "dry 

canbustion method". The soils were passed through a 250 m sieve 

(#60) and oven dried at 110 for 48 hours. The soil samples were then 

canbusted and organic carbon determined automatically by the Carbon 

Determinator (WR-112), Leco Corporation, St. Joseph, MI. To determine 

the organic matter content of soil, the value obtained for organic 

carbon was multiplied by a factor of 1.9. 

Total soil nitrogen was determined by the micro kjeldahl 

digestion and steam distillation of NH3 (2). Inorganic nitrogen 

(amrronium- and nitrate-N) was determined by steam distillation of KCl 

soil extract (8). Available soil phosphorus was determined after 

extraction with O.OlM Cacl2 following the procedure described by Fox 

and Kamprath (4). 

Exchangeable calcium, magnesium, potassium and sodium were 

determined after extracting soil samples with lN amrronium acetate and 

reading the concentrations by atanic absorption spectroscopy (9). For 

the determination of extractable manganese, the method described by 

Fox et al. (5) was used. In this method, the soil samples were 

extracted with lN KCl and the concentration of Mn determined by atanic 

absorption spectroscopy. Extractable molybdenum was determined by the 

"acid amm::mium oxalate method" (10). Twenty five g portions of soil 

was shaken with 250 ml of acid amrronium oxalate for 8-10 hours and 

then filtered thrcugh Whatman No. 40 filter paper that had been washed 
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with 6.5 M HCl. First 10 to 15 ml of filtrate was discarded. 

Molybdenum was determined fran the filtrate using the "Induced Plasma 

Emission Spectroscopy" on a Perkin-Elmer Model 6500 ICP/AES 

(Inductively coupled Plasma/Atomic Emission Spectroscopy, Perkin­

Elmer, Norwalk, Connecticut). 

Lime requirement curves were constructed using Ca(OH) 2 and 

following the procedure described by Coleman and Thanas (3). The P­

sorption capacity of the soil samples was determined before and after 

liming after sieving the soil samples through a 1-rrm sieve (#16). The 

procedure followed was that of Fox and Kamprath ( 4). 

Biological Properties. The population of bacteria in soil was 

enumerated by plate counts on tryptic soy agar with 200 ppm actidione. 

The plates were incubated at 30 C for 3 days before counts were made. 

The actinomycete population was determined by plate counts on Jensen's 

mediun. The plates were incubated at 30 C for 8 days and then the 

colonies were counted. Fungal populations in soil were estimated by 

plate counts on Rose bengal agar supplemented with 30 pµn 

streptanycin. The plates were incubated at 30 C for 3 days before 

counts were made. Protozoan populations in soil were determined as 

described by Habte and Alexander (7). Protozoa were counted by the 

most probable number method by recording the numbers of rings with or 

without protozoa. 

For the measurement of native plant roots in soil, the soil 

samples were collected fran the field using auger fran 15 different 

locations within the soil collection site. Soils fran 5 locations 

were mixed together to make 3 replications. The roots were separated 
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fran soil, washed with water and collected by a floatation method (1). 

The roots were dried at 70 C for 48 hours. Root length was 

determined by the line intersect method (11) and expressed as cm of 

root per g dry soil. Dry weight of native roots in soil was also 

determined. 

RESUL'l'S 

Physical properties. The influence of simulated erosion on soil 

physical properties examined is shown in Table A. l. The water holding 

capacity of soil increased by 8.4% due to erosion but the increase was 

not statistically significant. The particle size fractions of soil 

changed significantly due to top soil rerroval. The sand and silt 

fractions decreased by 71 and 59%, respectively, whereas the clay 

fraction increased by 44% as a result of simulated erosion. 

Chemical P:ruperties. The influence of simulated erosion on pH, 

organic carbon, total and inorganic nitrogen and available phosphorus 

contents of soil is shown in Table A.2. The pH decreased 

significantly fran 5.89 to 5.40 due to top soil removal. Simulated 

erosion reduced the organic carbon and total nitrogen contents of soil 

by 42 and 52 percent, respectively. In contrast, the N03-N content 

was increased by 82% but the increase was not statistically 

significant. The NH4-N content, however, didnot change due to top 

soil removal. Simulated erosion also resulted a 67% reduction in the 
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TABIE A.l. Influence of sinrulated erosion on water holding 
capacity and particle size fraction of soila 

Soil Water holding capacity Particle size fraction 
(%} (%) 

Sand Silt Clay 

Uneroded 57.18 a 14 27 59 

Eroded 61.96 a 4 11 85 

'\teans followed by the same letter within a column are not 
significantly different fran each other at the 5% level. 

TABIE A. 2. Influence of simulated erosion on sOil'e chemical 
properties of soil a 

Organic Total Inorganic N Available 
Soil pH carbon N {pµn} p 

(%) ( %) NO -N 3 NH -N 4 (rrg/1) 

Uneroded 5. 89a 1.94a 0.26a 12.8a 18. 7a o.009a 

Eroded 5.40b 1.13b 0.13b 23.3a 18.7a 0.003a 

'\teans followed by the same letter within a column are not 
significantly different fran each other at the 5% level. 
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soil solution P content of soil. The decrease was, however, not 

statistically significant. 

Table A.3 shows the influence of simulated erosion on macro- and 

micronutrient contents of soil. Simulated erosion resulted a 

significant decrease in the concentrations of exchangeable Ca, Mg, K 

and Na, respectively. The concentrations of extractable Mn and Mo 

were also reduced when the soil was subjected to simulated erosion. 

The decrease was statistically significant for Mn but not for Mo. 

Lime requirement curve of soil did not change much due to rem)val 

of top soil (Fig. A. l). Phosphorus sorption curves of soil 

established at pH 6.0 and 6.5 are shown in Fig. A.2. The curve was 

higher for the ercx:ied soil than for the unercx:ied soil. 

Biological Properties. Soil losses associated with simulated 

erosion were not accanpanied by significant changes in the numbers of 

total bacteria while they were associated with significant reduction 

in the populations of soil actinomycetes, fungi and protozoa (Table 

A.4). The population of bacteria was reduced by 76% (not significant) 

whereas the populations of actinanycetes, fungi and protozoa were 

decreased by about 100- 10- and 10-folds, respectively, due to top 

soil rem)val. 

Although the native soil root weight and length were reduced by 

80 and 90 percent, respectively due to simulated erosion, the results 

were not significant (Table A.5). When the root length was calculated 

in terms of the unit root weight, the results obtained were 50% lower 

in the eroded soil than in the unercx:ied soil. 
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TABLE A.3. Influence of simulated erosion on some macro and 
micronutrient content (in ppn) of soila 

Soil Ca Mg K Na Mn Mo 

Uneroded 948.2a 211.9a 116.Sa 90.6a 39.9a Q.414a 

Eroded 504.3b 100.3b 30.7b 72.7b 21. 7b o.230a 

~eans followed by the same letter within a column are not 
significantly different at the 5% level. 
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TABIE A.4. Influence of simulated erosion on the population 
of some microorganisms in soila 

Bacteria Actinomycetes Fungi Protozoa 
Soil 

Number of colony forming units per gram of soil 

Unera:led 3. 7Xl05a l.9Xl06a 9. 3Xl04a l.4Xl03a 

Eroded 0.9Xl05a 5.1Xl04b 8. 5Xl03b l.5Xl02b 

'\1eans followed by the same letter within a column are not 
significantly different at the 5% level. 

TABLE A.5. Influence of simulated erosion on the native root 
content of soila 

Soil 

Uneroded 

Eroded 

Root weight/g 
soil 

o.003a (g) 

0.0006a (g) 

root length/g 
soil 

20. 28a (cm) 

1.96a (an) 

root length/g 
root 

6510.9a (cm) 

3270.0a (an) 

'\1eans followed by the same letter within a column are not 
significantly different fran each other at the 5% level. 
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APPENDIX B 

CONCENTRATION OF PIN COWPEA LEAF DISCS (FIG. 1-9) 
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FIG. B.l. The influence of VAM inoculation on the development 
of mycorrhizal effectiveness in cowpea grown in eroded or 
uneroded soil. 
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inoculated; ( D) = eroded, uninoculated; (.) = eroded, inoculated. 
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APPENDIX C 

CONCENTRATION OF PIN LEUCAENA SUBLEAFLETS (FIG. 1-8) 
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FIG. C.l. The influence of VAM inoculation on the development 
of mycorrhizal effectiveness in leucaena grown in eroded or 
uneroded soil. 
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