






























































































































































































































































Plate 2.4 

1. Spore of Gigaspora qiqantea (X 100); 2. Spore of 

G. calospora (X 100); 3. Spore of G. gregaria (X 100) 

(b=bulbous base; h=hyphal attachment; s=spore). 



PLATE-2 .4 

1 



CHAPTER - I I I 
EFFECT OF VA-MYCORRHIZA ON GROWTH 
AND YIELD OF Exbucklandia populnea 
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INTRODUCTION 

Endomycorrhiza of VA type helps in growth of plants 

(Gerdemann, 1968; Mosse, 1973a). Plants growing in nutrient 

deficient habitats frequently form endomycorrhiza and grow 
n 

better than non-mycorrhizal plants (Banister and Norton, 

1974; Csinos, 1981). However, when such plants are supplied 

with the nutrients below the optimum level better response 

to growth is observed (Pope,1980). 

Phosphorus is a limiting factor in soil and plants 

growing in phosphorus deficient soil respond quickly to 

mycorrhiza formation and grow better than non-mycorrhizal 

plants. The mycorrhizal plants supplied with phosphorus 

enhance growth stimulation (Baylis, 1967' Hardie and Leyton, 

1981 and Howler et.al.,1982). In presence of rock phosphate 

mycorrhizal plants grow better and utilize phosphate effi­

ciently from such insoluble sources (Mosse,1971? Powell & 

Daniel, 1978; Vaidyanath et.al.,1^79). In presence of addi­

tional phosphorus, endomycorrhiza can improve growth and 

yield of plants (Clarke and Mosse, 1981). Shoot and root 

growth is enhanced and R/S ratio is decreased when endomy-

corrhizal plants are supplied with additional phosphorus 

(Hardie and Leyton,1981). Plants given additional single 

super-phosphate at low levels and inoculated with VA 

endophytes grow better than non-mycorrhizal plants (Abbott 

& Robson, 1977b). Plenchette et.al., (1983) suggested that 

efficiency of a VA endophyte with a host should be tested 
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at different levels of phosphorus. 

Many commercially important hardwood trees act as 

a host for fungi that form VAM. A few studies report the 

influence of VA mycorrhiza on hardwood species (Bryan & 

Kormanik, 1977; Kormanik et.al.,1977; Pope,1980; Riffle, 

1980). Exbucklandia populnea is an important timber tree 

growing successfully in pine forest (Pinus kesiya) of N.E. 

India. Under natural conditions the plants form VA endomy-

corrhiza. 

The present study was undertaken to assess the nature 

of interaction between endomycorrhizae and growth and deve­

lopment of seedlings in relation to various levels of soil 

fertility and phosphorus status of the soil. 

MATERIALS AND METHODS 

Seedlings of Exbucklandia populnea were raised from 

seeds and grown in plastic pots. The formation of VAM and 

its effect on survival, growth and yield of seedlings was 

observed. The study was planned in two separate experiments, 

each with a set of mycorrhizal and non-mycorrhizal plants 

grown separately. 

In the first experiment the effect of vesicular-

arbuscular mycorrhiza formation on the survival and growth 

of seedlings of Exbucklandia populnea was studied at five 

different levels of soil fertility. The fertility levels 
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represented five different concentrations of each of three 

commercial fertilizers namely, single superphosphate, 

ammonium sulfate and -•.;:: -.'•-.-. r \ : : added in combined iorm 
-1 

and expressed as 0,14,28,56 and 112 kg ha of- NPK. In the 

five treatments pots received an amount of 0,0.275, 0.550, 

1.100 and 2.200g of single'superphosphate; 0, 0.214, 0.428, 

0.856, 1.712g of Ammonium sulfate and 0, 0.073, 0.146, 0.292 

and 0.584 g of muriate of potash. For each level of soil 

fertility a set each of non-mycorrhizal and mycorrhizal 

seedlings was grown separately. 

In the 2nd experiment the effect of addition of 

phosphorus on the formation of vesicular-arbuscular mycorr-

hiza and their effects on growth of seedlings of Exbucklan-

dia populnea were studied. Two sources of phosphorus were 

used viz. bone meal and sodium dihydrogen phosphate.The two 

sources differ in the availability of phosphorus. Whereas, up 

bone meal represents non-available form. Bone meal was added 

at eight different levels i.e. 0, 0.34, 0.69, 1.72, 3.44, 

17.2, 25.8, 34.4 and 51.6g per pot. Sodium dihydrogen phos­

phate was added at 0.34, 0.69, 1.72, 3.47 and 17.33 g per 

pot. In all there were fourteen phosphorus treatments, each 

with a set of mycorrhizal and non-mycorrhizal plants grown 

separately. 

Methods of preparation of pots, application of 

nutrients, inoculation of VA endophyte, preparation and 

plantation of seedlings, growth conditions/ harvesting and 
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types of observations recorded are given below. 

1. Preparation of pots % Plastic pots of 5L capacity were 

used for growing seedlings. Local garden soil and sand were 

filled in small gunny bags and autoclaved at 15Lb square inch 

pressure for 1 hour. Autoclaving was repeated twice with a 

gap of 24 hours. The soil was allowed to dry. The autoclaved 

soil and sand were mixed in the ratio of 1:1 and the mixture 

was filled in plastic pots which had hol« at its bottom to 

allow free drainage of water and air. 

2. Application of Nutrients : The required quantities of 

various fertilizers (stated above) were properly mixed with 

soil sand mixture in pots. 

3. Inoculation of VA endophyte : The method of inoculation 

of VA endophyte was similar for both the experiments.The 

inoculum was pot soil infested with spores of Glomus 

isolated from local field soil and pot cultued on maize 

plant^ Two sets of mycorrhizal treatments were given. The 
h 

one designated as mycorrhizal and the other non-mycorrhizal. 

Mycorrhizal set received the inoculum of VA endophyte 

whereas, autoclaved inoculum and filtrate of inoculum 

washings were added to the non-mycorrhizal set.About 50g of 

soil inoculum was properly/mixed wit>̂  surface soil of pots. 

4. Seedling preparation and plantation % The seeds of 

Ejfbucklandia populnea were procured from ripe fruits excised 

from trees growing at Upper Shillong and stored in dry 

polythene bags in refrigerator at 4°C till used. 
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Prior to planting in pots, the seeds were soaked in 

water for 12 hours, and placed on moist filter paper in petri 

dishes. After about a week the germinated seeds were trans­

ferred to pots and burried 1/2 cm deep in holes in pot soil 

which has already received nutrient and inoculum treatments. 

5. Growth conditions and harvesting ; All the experiments 

were set up in the month of May, 1986 and were carried out 

in net house at University Campus, Shillong. Natural clima­

tic conditions were provided for the growth of seedlings. 

Tap water was used. 

The seedlings were grown for a period of about 6 

months after which they were harvested for observations. 

The complete seedlings with intact root system were care­

fully exaavated, washed with tn-p water and oven dried. 

Measurements : Total number of surviving seedlings per 

treatment, length of seedling, number of leaves, stem collar 

diameter and oven dry weight of stem, root and leaves were 

recorded. About 2 5 fresh root segments (1cm) were randomly 

sampled from seedlings and fixed in FAA. The root segments 

were cleared and stained by the method of Phillips and 

Hayman (1970) and %VAM infection was assessed by the micros­

copic method of Allen et.al. (1982). 

RESULTS 

EFFECT OF INFECTION AS INFLUENCED BY FERTILITY LEVEL OF SOIL 

(A) Growth Responses % The seedling of Exbucklandia populnea 
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responded to VAM inoculation at 0, 1/ II and III levels of 

added NPK. Both VAM inoculated and noninoculated plants 

died at IVth level perhaps because of supra optimal cone, 

of nutrients. VAM inoculation improved growth characteris­

tics over its uninoculated counterparts. VAM inoculation 

combined with low levels of NPK gave better response than 

either of VAM inoculation or NPK additions. The details of 

various growth responses observed are as follows. 

(i) Seedling Survivability ; When the percent survivability 

of VAM inoculated and non-inoculated plants was compared/ it 

was found that VAM inoculated seedlings had more survivabili­

ty than their noninoculated counterparts ( p< .05) at '0' 

andAevels of NPK (Table 3.1). However/ at other two levels 

i.e. II and III there was no significant difference between 

the two. On the other hand when the survivability of inocu­

lated plants at different levels of NPK was compared/ it 

was found that seedling survivability increased significantly 

at 1st level, however, it decreased subsequently at higher 

levels of NPK (Table 3.1). 

(ii) Seedling length : The average seedling length of VAM 

inoculated plants was significantly higher (p< .05) than 

their non-mycorrhizal counterparts at '0' and I levels 

of NPK. Seedling length of mycorrhizal plants increased at 

I level of NPK and decreased subsequently at higher levels 

of NPK (Fig.3.1). 

(iii) Stem collar diameter s Stem collar diameter of VAM 



Fig.3.1 Length of mycorrhizal and non-mycorrhizal plants 

grown at different fertility levels of soil. 
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Fig.3.2 The differences in the leaf number (a) and stem 

collar diameter (b) of the mycorrhizal and 

non-mycorrhizal plants grown at different fertility 

levels of soil. 
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inoculated plants was significantly greater (p< .05) than 

that of noninoculated plants at 0, I and II levels. However, 

at the III level the differences were insignificant. Stem 

collar diameter also increased with increased in concentra­

tion of NPK upto II level (Fig.3.2b). 

(iv) Number of leaves par plant : The average number of 

leaves per plant was significantly more (p<.05) in mycorr­

hizal plants than their non-inoculated counterparts at 0 

and I levels of NPK (Fig.3.2a). 

From the above results it was noted that VAM inocu­

lation of plants improved the growth characteristics of 

plants over their uninoculated counterparts. The improvement 

resulting from VAM inoculation depended on fertility levels 

of soil. At 0 level of NPK performance of mycorrhizal plants 

was better than non-mycorrhizal plants, but, at I level of 

NPK it was still better than that of '0' level. From the 

results it can be inferred that growth stimulation of see­

dlings due to VAM can be improved by addition of NPK at 

suitably low levels. However, at higher levels of NPK both 

inoculated and uninoculated plants behaved aliXe and no 

significant differences in various growth characteristics 

were observed between them at these levels. 

(B) Plant yield : Average dry weight of VAM inoculated 

plants was higher than their noninoculated counterparts at 

all levels of soil fertility (Table 3.2). However, differences 

were significant (p<.05) at 0, I and II levels of NPK. 



Table 3.1 Seedling survivability and percent VA 

* mycorrhizal infection of seedlings of 

Exbucklandia populnea grown at different 

fertility levels of soil. 

S o i l f e r t i l i t y 
l e v e l 

(N.P .K. kg h a 1 ) 

S u r v i v i n g 
s e e d l i n g 

(%) 

VAM i n f e c t i o n 

(%) 

0 

14 

28 

56 

-M 

+M 

-M 

+M 

-M 

+M 

-M 

+M 

6 6 . 3 + 0 . 4 0 * 

7 9 . 4 + 2 . 4 1 

8 2 . 4 + 2 . 8 8 * 

9 0 . 2 + 3 . 2 0 

7 2 . 5 + 7 . 0 0 

7 4 . 5 + 1 . 9 6 

5 4 . 9 + 7 . 0 0 

5 4 . 9 + 1 . 9 6 

50+12 

60+15 

20+07 

0 

112 
-M 
+M 

Seedlings died 

Seedlings died 
n.d. 

-M « Non-mycorrhizal? +M « Mycorrhizal 

n.d.= not done due to mortality of seedlings 

* = Significant at 5% level. 



Table 3.2 Root dry weight. Shoot dry weight, total biomass and root/shoot ratio 

of the mycorrhizal and non-mycorrhizal plants grown at different levels 
of soil fertility. 

Level of soil 
fertility . 
(N-P-K.Kg ha1) 

Shoot dry 
weight 

(g) 

Root dry 
weight 
(g) 

Total Biomass 

(g) 

R/S ratio 

0 

14 

28 

56 

-M 

+M 

-M 

+M 

-M 

+M 

~M 

+M 

.043+.015* 

.084+.021 

.054+.020* 

.189+.035 

.055+.030* 

.093+.042 

.048+.020 

.064+.027 

.012+.002 

.017+.003 

.017+.003* 

.034+.008 

.015+.002* 

.028+.004 

.018+.003 

.023+.006 

.055+.02* 

.101+.026 

.072+.030* 

.223+.050 

.071+.027 

.121+.030 

.066£oQlS 

.087+.024 

.28+.02* 

.20+.02 

.31+.03* 

.18+.02 

.27+.04 

.30+.03 

.38+.05 

.36+.03 

-M = Non-mycorrhizal; +M = Mycorrhizal 

•Significant at 5% level. 
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Average stem dry weight was increased by 100%, 272% and 101% 

by VAM inoculation and NPK addition at 0, I and II levels. 

When the shoot dry weight of non-inoculated and inoculated 

plants was compared it was observed that average shoot dry 

weight of inoculated plants was significantly (p<.05) more 

than stem dry weight of uninoculated plants at '0'/ Z an'fill" 

levels of NPK, However, at the III level both had comparable 

dry weights (Table 3.2). 

VAM inoculated plants had more root dry weight than 

non-inoculated plants. However, significant (p < .05) diffe­

rences were observed at I and II levels of added NPK 

(Table 3.2). 

Root/Shoot ratio s R/S ratio of mycorrhizal plants was 

significant\y lower (p < .05) than that of non-mycorrhizal 
at 

plants/'O' and I levels of NPK (Table 3.2). 

(C) Percent Mycorrhizal Infection : Percent VA mycorrhizal 

infection of root was low (50-60%) being highest 60% at 1st 

level of NPK and decreased subsequently at higher levels. 

At the IVth level VA infection was not observed in the roots 

of VAM inoculated seedlings (Table 3.1). 

II. EFFECT OF INFECTION AS INFLUENCED BY PHOSPHATE FROM 

DIFFERENT SOURCES : 

(A) Growth responses ; It was observed that when no phosphates 

were added to the soil, VA mycorrhizal seedling exhibited 

higher growth characteristics than non-inoculated ones and 
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when bone meal or sodium hydrogen phosphate were mixed with 

the potted soil the growth of plants improved invariably for 

the inoculated plants. The results of various growth responses 

are as follows. 

(i) Length of seedling s VAM inoculated seedlings were sig­

nificantly (p < .05)') higher than non-inoculated ones at 0/ 

0.34, .69 and 1.72g of applied bone meal per pot (Fig. 3.3). 

However, the relative difference between the two w?s maximum 

at 0.34g of bone meal. Whereas, at higher concentration of 

bone meal the difference between the VAM inoculated and non-

inoculated seedlings showed a gradual increase with increase 

in rate of bone meal application, whereas, no such trend was 

observed with VAM inoculated plants. The length of mycorrhi-

zal seedlings at low and higher levels of bone meal was 

compâ afeie-j Also when ^o^ium hydrogen phosphate was added 

to the soil, VAM inoculated seedlings were significantly 

(p < .05) higher than non-inoculated ones at 0.34 and 0.69g 

per pot of added phosphate (Fig.3.3). The length of seedling 

was maximum at 0,69g addition of NaH2Po4 , whereas, it 

declined at 3.47g of added sodium hydrogen phosphate. All, 

seedlings both inoculated and uninoculated died at 17.33g 

per pot addition of sodium hydrogen phosphate. This was 

perhaps due to supra optimal cone, of the salt. 

(ii) Stem collar diameter : Stem collar diameter of VAM 

inoculated plants was significantly (p < .05) more than 

those of non-inoculated ones at low levels viz. 0.34, 0.69 



Fig.3.3 Length of mycorrhizal and non-mycorrhizal plants 

grown in a range of additions of bone meal and 

sodium hydrogen phosphate in the soil. 
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Fig.3.4 The differences in the leaf number (a) and stem collar 

diameter of mycorrhizal and non-mycorrhizal plants 

grown in a range o-f additions of bone meal and sodium 

hydrogen phosphate in the soil. 
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and 1.72g of bone meal. At these concentrations VAM inoculated 

plants were twice thickeS? %hi£n the non-inoculated ones.When 

sodium hydrogen phosphate was used the significant difference 

(p < ,05) wees seen between mycorrhizal and non-mycorrhizal 

plants at 1.72g phosphate level (Fig.3.4). 

(iii) Leaf number ; VAM inoculated plants had more leaves 

than non-inoculated ones. However, the relative differences 

between the two were significant upto 3.4g addition of bone 

meal. With addition of sodium hydrogen phosphate the 

differences in the leaf number between VAM inoculated and 

non-inoculated seedlings were significant (p < .05) upto 

1.72g phosphate addition (Fig.3.4). 

(B) Plant Biomass % It was observed that average dry weight 

of VAM inocalated plants was significantly (p < .05) more 

than that of uninoculated plants at 0.34, 0.69, 1.72, 3.44g 

bone meal per pot (Table 3.3). The mycorrhizal plants showed 

the dry weight increase upto 0.69g bone meal addition. When 

sodium phosphate was added the dry weight of VAM inoculated 

plants was significantly (p < .05), more than non-VAM plants 

at 0.34 and 0.69g application of NaH_P0, and at other levels 

there were no significant differences between them. 

Shoot dry weight : There was significant difference(p<.05) 

in shoot dry weight between inoculated and uninoculated 

plants at 0.34, 0.69, 1.72 and 3.44g of addition of bone 

meal. With sodium hydrogen phosphate the differences between 

the two were significant only at 0.34 and 0.69g applications 



Table 3.3 R»et <ry weight, Sh«»t *ry weiqht, total biomase and root/shoot ratio 

of the mycorrhizal and non-inycorrhizal plants grown with two phosphate 

sources at different levels. 

Source and level 
of phosphate 

( g/pot ) 

o • > 
+M 

BONE MEAL 

-M 

°-3< +M 

-M , 
0.69 + M 

-M 
1.72 ^ 

-M 
3.44 + M 

-M 
17.2 + M 

-M 

2 5 - 8 +M 

-M 
3 4 ' 4

 + M 

-M 
51.6 _̂ j 

Shoot dry weight 

(g) 

.043+.0G9 

.084+. 0.10 

.041+.007+ 

.184+.015 

.047+.005* 

.218+.010 

.042+.OQ7* 

.157+.012 

.049+.009* 

.175+.013 

,098+.009 

.161+.012 

.130+.012 

.184+.020 

.129+.030 

.175+.021 

,t21+0015 

.107+.013 
SODIUM HYDROGEN PHOSPHATE _ 

0.34 
+M 

0.69 * 
+M 

•1.72 •" 
+M 

-M 

J." +„ 

-M 
1 7 « 3 3 +M 

,043+.007 

.148]+.012 

.070+.009* 

.172+.013 

.051+.011 

.095+.008 

,053+.007 

.065+.008 

n«d. 

n.d. 

Root dry weight 

(g) 

«§ii+.oo4 

.017+.006 

.014+.003* 

.042+.009 

.013+.003* 

.040+.011 

.015+.007* 

.047+.00 9 

.020+.003 

.035+.009 

.020+.002 

.029+.008 

.026^.007 

.032+.010 

.026+.007 

.035+.006 

.031^.007 

.028+.004 

.014+. i03* 

.036+.010 

.027+.005 

.038+.088 

.019+.007 

.030+.012 

.017+.007 

.025+.009 

n.d. 

n.d. 

Total Bioraass 

(g) 

•054+.013 

.110+.016 < 

.055+.010* 

.226+.024 

.060+.083* 

.25P + -CI20 

.057+.014* 

.203+^.020 

.069+.012* 

.210+.0*2 

.118_+.010 

.190+.020 

.156+.019 . 

.216+.030 ' 

.155+.025 • 

.210+.027 

,152+*020 . 

.135^.015 

.057^.010* 

.184+.020 

.097+.014* 

.080+^020 

.070+.020 

.125+.020 

.060+.014 

.090+.017 

n.d. 

n.d. 

R/S ratio 

•: •( 

.26+.024 

-20+.019 

.34+.020* 

.22+.019 

.28+.050* 

.18+.030 

.36+.020* 

.29+.030 

.41+.060* 

.20+.030 

.20+.060 

.18+.050 

.20+.050 

.17+^.070 

.2fH.020 

.20+.040 

.25j_.030 

.26+.050 

.33+.020* 

.24+.030) 

.39+.040* 

.22+.050 

.37+.017 

.32+.021 

.32+.013 

.38+.020 

n.d. 

n.d. 

-M * Non-mycorrhizal; +M = mycorrhizal 

n.d.•.not.done due to mortality of seedlings 

* » Significant at 5% level. 



Fig.3.5 Percent infection of VA-mycorrhizal plants grown 

in a range of additions of bone meal and sodium 

hydrogen phosphate in the soil. 
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(Table 3.3) . 

(iii) Root dry weight ; Root dry weight of VAM plants was 

greater than that of non-VAM plants. Dry weight increase 

was significant (p < .05) at 0.34, 0.69, 1.72g of bone meal 

applications, whereas, with sodium hydrogen phosphate the 

dry weight increase was significant (p < .05) at 0.3 5g only 

(Table 3.3). 

(iv) Root/shoot ratio : Root/shoot ratio of inoculated 

plants was less than non-inoculated plants. Significant 

difference (p < .05) was observed at 0.34, 0.69, 1.72 and 

3.44g of bone meal applications whereas, at higher levels 

the R/S ratio of two sets of plants was comparable. The 

ratio was also significantly (p < .05) low for VAM plants 

at 0.3 5g ~nd 0.69g application of sodium hydrogen phosphate. 

(C) Mycorrhizal Infection s 70% VAM infection was observed 

at '0* level of added phosphate. Whereas, infection increased 

to 70-100% at bone meal application at the levels of 0.34, 

0.69, 1.72, 3.4 and I7.2g per pot and at higher rates of 

bone meal application percent VAM infection was reduced to 

20% at 34.4 and 51.6g bone meal per pot. Whereas, with 

sodium hydrogen phosphate VAM infection was 40-50% and was 

almost absent at 3.47g of sodium hydrogen phosphate appli­

cation (Fig.3. 5). 

DISCUSSION 

Seedlings of Exbucklandia populnea responded to 
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inoculation, with VA endoohytes. At 0 and I levels of NPK 

Tiarked differences ir various growth characteristics were 

observed, whereas, at higher fertility levels, viz. II and 

III levels of N">K, there were ao marked differences between 

inoculated and uninoculated seedlings. Exbucklandia pooulnea 

responded to growth enhancement by mycorrhiza like other 

hardwood tree species (Clark, 1363; Bryan and Ruehle, 1976; 

Riffle, 1980; Schultz et.al., 1981; Furlan et.al., 1983). 

Both fertility levels, viz., 0 and I represented comparative­

ly poor nutrient conditions of soil. Banister and Norton 

(1974) also found that with low nutrients mycorrhizal plants 

grew better than non-mycorrhizal plants. However, with 

higher nutrients growth was decreased. Csinos (1981) found 

that VAM inoculation of tobacco increased growth response at 

low level of soil fertility. Mycorrhizal seedlings of Platanus 

occident.alis grew better in comparison to non-mycorrhizal 

ones when fertilised with Hoagland solution at intermediate 

levels of nutrient regimes in the solution (Pope, 1980). At 

higher levels the growth ciiferences between the two were 

reduced. Higher status of nutrients had depressing effect on 

%rv mycorrhiza formation (Baylis, 1967? Mosse, 1973? Menge et.al., 
'*? • 4, 
sf •'- ~ s 

^ g 1978) and therefore, both inoculated and uninoculated seed-

^ »̂' lings behaved alike. Kormanik e_t.al. (1977) had shown that 

t^ ' endomycorrhizal seedlings of sweetgum when given additional 

supply of fertilizers grew better than endomycorrhizal 

seedlings grown without fertilizers. 

The results have practical implications that endo-
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mycorrhizal alongwith controlled low supply of fertilizers 

can be employed for the production or ê uali-ry~"Se~edlings of 

Exbucklandia populnea in nurseries. 

The survivability of VA mycorrhiza inoculated 

seedlings was higher at first and second levels and decreased 

considerably at third level of NPK. The mortality of seedlings 

at fourth level could be perhaps due to supra optimal con­

centration of salts,v Bryan and Kormanik (1977) had also 

shown improvement in the survivability of sweetgum seedlings 

when inoculated with V& endomycorrhiza. 

• "? c U P
 }i- • 

The results showed that mycorrhizal seedlings had 

greater dry weight production as compared to non-mycorrhizal 

seedlings of Exbucklandia populnea. With sweetgum, Sqhultz 

et._al. (1981' had shown dry weight increase of seedlings when 

inoculated with VA endomycorrhiza. Mycorrhizal induced growth 

resulted in greater shoot weight increase and lesser root 

weight increase. Hardie and Leyton (1981) obtained similar 

results with clover. 

In the second experiment additional phosphates were 

added to the phosphorus deficient pot soil in thef-form of 

bone meal or sodium hydrogen phosphate. The results showed 

that VAM inoculated seedlings supplied with bone meal grew 

better than non-mycorrhizal ones at all levels of bone meal. 

Daft and Nicolson (1966) also observed better growth of 

tomato plants when supplied with bone meal and inoculated 

with VA endophyte. 
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With other for is of unavailable phosphorus viz. rock 

phosphates, Vaid^anath et. al_. (1979) found growth stimulation 

by VA endomvcorrhizae. Mosse (1977) had shown better arowth 

of VA mycorrhizal maize plait with addition o^ rock phosphate,. 

When sodium hydrogen phosphate was aade„, mycorrhizal 

seedlings grew better than non-mycorrhizal seedlings at 

lower levels of applied phosohate except 17.33g sodium hydro­

gen phosphate per pot. At this concentration both non-

mycorrhizal and mycorrhizal seedlings died, perhaps due' 

to supra optimal concentration of salts. The mycorrhiza 

induced growth response was maximum at lower concentration 

of phosphate. Several workers have observed growth stimula­

tion of plants by addition of phosphates at low concentrations 

to the phosphorus deficient soils (Baylis, 1̂ 67.• Howler et.al., 

1982). Abbott and Robson (1977b) found marked increase in 

growth of VAM inoculated clover plants at intermediate levels 

of superphosphate additions to soil. Owusu-Rennoah and Mosse 

(1979) also concluded that lucerne and onion benefitted from 

VA inoculation with most available phosphorus. 

It was observed that nycorrhizal infection of seedlings 

decreased with increase in the presence of available phos­

phates in the soil. Daft and Nicolson (1969), Ratnaike et.al., 

(1978) and Menge et.al.(1978) had shown decrease in root 

infections by VA endophyte when soluble phosphates were 

added to the soil. 

R/S ratio of inoculated plants was less than that 
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of inoculated plants. Such results were obtained due to 

rapid shoot growth in comparison to root growth. Several 

workers have observed decrease in R/S ratio due to mycorr-

hizal inoculation (Hardie and Leyton, 1981; Hayman and Mosse, 

1971; Crush, 1974). 



Plate 3.1 

Effect of different levels of (a) sodium hydrogen 

phosphate (b) HPK on the growth of seedlings of 

Exbucklandia populnea. 
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Plate 3.2 

Effect of different levels of bone meal on the growth 

of seedlings of Exbucklandia populnea. 
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CHAPTER - IV 
EFFECT OF VA-MYCORRHIZA ON NUTRIENT 
UPTAKE 
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INTRODUCTION 

Vesicular-arbuscular mycorrhiza enhances growth 

of plants growing in soils of moderate fertility (Gerdemann 

1968; Mosse, 1973a). The growth enhancement is the direct 

result of increased nutrient uptake helped by VA endophyte 

(Rhodes and Gerdemann, 1980). Mycorrhizal plants absorb 

more phosphorus from phosphorus deficient soil than non-

mycorrhizal plants as the concentration of phosphorus 1H the 

former is more than in the latter (Abbott and Robson, 1977b; 

Baylis, 1967? Daft and Nicolson, 1969a; Powell and Daniel* 

1978). Other nutrients like nitrogen, potas ium calcium, 

zinc, copper and magnesium have also been reported to be 

higher in concentration in mycorrhizal plants but the results 

are inconsistent. Menge et-.atl. (1978) found lower concentra­

tion of K, Ca and Mg in the leaves of mycorrhizal seedlings 

of Citrus. Mosse (1973) reported that concentration of 

potassium in the mycorrhizal plants was higher than in non-

mycorrhizal plants grown in phosphorus deficient soils. 

Phosphorus nutrition of endomycorrhizal plants 

have also been studied in presence of 3^1uble phosphorus 

(Smith, 1982; Barrow, et.al.,1977; Howeler et.al.,1982) and 

insoluble phosphorus (Vaidyanath et.al.,1979; Powell and 

Daniel, 1978; Mosse et.jal. ,1976) . Phosphorus uptake is 

also improved by the addition of insoluble sources of 

phosphorus. 

The present study was undertaken to evaluate the 
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role of VA mycorrhiza in nutrition of seedlings of Exbucklan-

dia populnea from soils of different fertility levels and 

effect of mycorrhiza in phosphate uptake from different sour­

ces of phosphorus. 

MATERIALS AND METHODS 

Seeds of Exbucklandia populnea were grown in plastic 

pots. The formation of VA mycorrhiza and its effect on 

uptake of nutrients was observed. Two separate experiments 

were carried out. In the first experiment the effect of 

vesicular-arbuscular mycorrhiza formation on uptake of N,P,K 

and Ca of seedlings of Exbucklandia populnea was studied at 

five different levels of soil fertility. These levels were 

0, 14, 28, 56 and 112 kg ha1 of NPK fertilizers. For each 

level of soil fertility a set each of mycorrhizal and non-

mycorrhizal seedlings was kept separately. 

In the second experiment the effect of addition 

of phosphorus on the formation of vesicular-arbuscular 

mycorrhiza and their effect on phosphorus uptake of seedling 

was studied. Two sources of phosphorus were used viz. bone 

meal and sodium hydrogen phosphate. Eight different levels 

of bone meal and five levels of sodium hydrogen phosphate 

as stated in chapter III were used. Methods of preparation 

of pots, application of nutrients, inoculation of endophyte, 

seedling plantation and growth conditions were the same as 

described in chapter III. After six months of growth the 
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the seedlings were harvested, oven dried at 65 C and ar.alysed 

for various nutrients. 

Plant mate-ial analysis ; Root, stem and leaves were 

powdered separately in small grinder and sieved through 0.2irurt 

sieve From powdered material the total nitrogen was estima­

ted by semi-microjeldahl method. Potassium, phosphorus and 

calcium were extracted by wet digestion method as suggested 

by Allen (1974). Phosphorus was estimated by molybdenum-blue 

method. Potassium was estimated by flame photometer and 

calcium was estimated by EDTA titration method. The methods 

suggested by Allen (1974) were followed. The details of these 

methods are given in Chapter I except that plant digest was 

used instead of soil extract. 

RESULTS 

I. Effect of infection as influenced by soil fertility level. ; 

The concentration of phosphorus, nitrogen, potassium 

and calcium was determined in the leaves, root^and stemjof 

mycorrhizal and non-mycorrhizal seedlings of Exbucklandia 

populnea. 

Phosphorus : The results of phosphorus concentration in 

the leaves, stem and root are presented in fig.4.1. It was 

observed that the concentration of phosphorus in the leaves 

and stem of mycorrhizal seedlings was significantly 

(p< 0.05) higher than those of non-mycorrhizal seedlings 
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at 0 and I level of NPK, whereas, in the case of root the 

difference between them was found to be significant (p< 0.05) 

only at 0 level of NPK. However, at higher levels of soil 

fertility, viz? Ill and IVth levels of NPK, no significant 

difference in the concentration of phosphorus between mycorr-

hizal and non-mycorrhizal seedlings was observed* In the 

case of VAM inoculated seedlings, the leaves had the maximum 

phosphorus concentration at I level, whereas, stem and root 

had at II level. On the other hand, in non-mycorrhizal 

seedlings the maximum concentration in the leaves and stem 

was found at II level and in roots at III level of NPK. 

Nitrogen : The concentration of nitrogen in the leaves was 

found to be higher in comparison to that of stem and root. 

Nitrogen concentration increased with increase in soil 

fertility level. Nitrogen concentration in the stem of mycorr-

hizal seedlings was significantly higher (p <.05) than that 

of non-mycorrhizal seedlings at I and II levels of NPK and 

in the case of root at 0 level of NPK (Fig.4.2). 

Potassium : The concentration of potassium in the leaves 

and stem of non-mycorrhizal seedlings was higher in compari­

son to mycorrhizal seedlings. Significant differences 

(p < .05) were found at IV level of NPK for the leaves and 

at 0 and I level of NPK for the stem (Fig.4.3). 

Calcium : The concentration' of calcium in the leaves of 

mycorrhizal seedling was significantly (p < .05) less than 

that of non-mycorrhizal ones at IV level of NPK. Whereas, 



Fig.4.1 The allocation of phosphate in the leaf, stem 

and root of mycorrhizal and non-mycorrhizal 

plants grown At different fertility levels of 

soil. 



Fig. 4.1 • Non-mycorrhizal 

08 
0-6 
(U 
0-2 

e'­en 
en 

~0-6 
«0-A 
o0-2 
1 0 

10 

0-6 

0-2 
0 L 

Mycorrhizal 

X X tr 

X X 

<u 

if) 

a 
<D 

x x 

0 U 28 56 112 
Soil fertil ity l e v e l s 
(N-P-K- k g . / h a . ) 



Fig.4.2 The allocation of nitrogen in the leaf, stem and 

root of the mycorrhizal and non-mycorrhizal 

plants grown at different fertility levels of 

soil. 
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Fig.4.3 The allocation of potassium in the leaf, stem and 

root of the mycorrhizal and non-mycorrhizal plants 

grown at different fertility levels of soil. 
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Fig.4.4 The allocation of calcium in the leaf, stem and 

root of the mycorrhizal and non-mycorrhizal plants 

grown at different fertility levels of soil. 
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no significant differences were observed in the concentration 

of calcium in the root and:stem of mycorrhieal and non-

mycorrhizal seedlings (Fig.4.4). 

II. Effect of Infection as influenced by bone meal as phosphate 

source ; 

It was observed that the concentration of phosphorus 

in the leaves was higher in comparison to that of stem and 

roots in both the mycorrhizal and the non-niygorrhizal seedlings. 

In general it was observed that concentration of phosphorus 

in the leaves, stem and roots of mycorrhizal seedlings was 

higher than that of non-mycorrhizal plants at lower and inter­

mediate levels of bone meal. Whereas, at higher levels of bone 

meal, concentration of phosphorus did not differ between 

mycorrhizal and non-mycorrhizal seedlings and at 51.Og bone 

meal level, both the mycorrhizal and non-myccrrhizal plants 

had low phosphorus concentration. The results are presented 

in Pig.4.5. 

Phosphorus concentration in leaves : The foliar concentration 

of phosphorus of mycorrhizal plants was significantly higher 

(p < .05) at 0.34 and 0.69g application of bone meal. Whereas, 

at other levels there was no significant difference between 

mycorrhizal and non-mycorrhizal seedlings. However/ the 

foliar concentration of both decreased at 51.6g bone meal 

level. 

Phosphorus concentration in stem s The concentration of 

phosphorus in the stem of mycorrhizal plants was signifi-



Fig.4.5 The allocation of phosphate in the leaf, stem 

and root of the mycorrhizal and non-mycorrhizal 

plants grown in a range of additions of bone 

meal in the soil. 



Fig. 4-5 

8 0 
6 0 
4 0 
2 0 

Oft 

E 

ph
or

us
 

P
ho

s 

0 
8 0 
6 0 
4-0 
2-0 

0 
2 0 

10-0 
8 0 
6 0 
4-0 
2 0 

0 

-° Non-mycorrhizal 
Mycorrhizal 

o 
o 

j 

E 
-t—» 

0 0-34 069 172 34 172 25-8 344 51-6 

Bone meal levels in s o i l [ g . / p o t ] 



90 
cantly higher (p < .05) at O and 0.34g levels of bone meal 

whereas, at other concentrations of bone meal no significant 

difference in phosphorus concentration was observed in the stem 

of both mycorrhizal and non-mycorrhizal seedlings. 

Phosphorus concentration in root : The concentration of phos­

phorus in the roots of mycorrhizal seedlings was significantly 

higher (p<.05) than those of non-mycorrhizal ones at 0, 0.34, 

0.69, 1.72g bone meal levels, whereas, at higher levels of bone 

meal no significant difference was found in phosphorus concen­

tration between mycorrhizal and non-mycorrhizal seedlings. Also 

the concentration of phosphorus decreased at 34.4g and 51.6g 

bone meal levels in both mycorrhizal and non-mycorrhizal 

seedlings. 

III. Effect of infection in presence of available phosphorus 

(Sodium hydrogen phosphate) : 

The concentration of phosphorus in the leaves, roots 

and stem of mycorrhizal and non-mycorrhizal seedlings of gxbuck-

1andla populnea grown in the presence of six different concen­

trations of sodium hydrogen phosphate was determined and the 

results are presented in fig.4.6. 

Phosphorus concentration in leaves : The foliar concentration 

of phosphorus was higher than that of root and stem. Also the 

concentration of P in the leaves of mycorrhizal seedlings was 

significantly (p < .05) higher than that of non-mycorrhizal 

seedlings at 0 and 0.34g of sodium hydrogen phosphate 

application, but at higher levels of phosphate no significant 

difference between the two was observed. With the enhanced 

levels of phosphate fertilization the foliar concentration of 

phosphorus was found to increase except at 51.6g phosphate 

level when it decreased for both mycorrhizal and non-mycorr­

hizal seedlings. 



Fig.4.6 The allocation of phosphate in the leaf, stem 

and root of the mycorrhizal and non-mycorrhizal 

plants grown in a range of additions of sodium 

hydrogen phosphate in the soil. 
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Pig. 4.7. The relationship between the concentration 

of phosphorus in the roots and percent VA 

myeorrhlml infection of seedlings of 

Exbucklandia populnea grown in a range of 

(a) sodium hydrogen phosphate (b)bone meal 

levels in soil. 

' P .-! 



Fig. 

8-0r 

60 

~ 4-0 

E 20 

o o 

47 
[a] 

0 034 0-69 1 72 3-4 17 2 

Na H2P0A Levels in soil (g./Pot) 

k. 
O 

JZ 

a. 
IA 
o 

JZ 
0L 

8 0 r 

60 

40 

20 

0 

100 

80 

60 
c 
o 

40 z 
o 

- |20 c 

0 

100 

80 

60 

40 

20 

— 

a N 

JC 
v_ 
W-
O 
U 
>^ 

E 

< 
> 

•*-> 

c 
<b 
o 
i _ 

CL 

*rL «H .H J 0 
0 0-34 0-69 1 72 3-4 172 25-8 34-4 51-6 

Bone meal levels in soil 
[ g./Pot ] 



91 

Concentration of phosphorus in stem : The phosphorus concen­

tration in the stem of mycorrhizal seedlings was significantly 

higher (p < .05) than that of non-mycorrhizal ones at 0 and 

0.34g phosphate application. Phosphorus concentration in the 

stem of non-mycorrhizal seedling was found to be the maximum 

at 1.72g phosphate level, whereas, it was maximum at lower 

phosphate level i.e. 0.34g phosphate in the case of mycorr­

hizal seedlings. 

Concentration of phosphorus in roots s Phosphorus concentra­

tion in the roots of non-mycorrhizal seedlings increased to 

a maximum at 1.72g phosphate level and decreased subsequently 

at higher levels of phosphate. The concentration of phosphorus 

in the roots of mycorrhizal seedlinos was significantly 

higher (p < .05) than that of non-mycorrhizal seedlings at 

0.34 and 0.69g application of phosphate. Whereas, at higher 

levels of phosphate there was no significant difference 

between the two. 

DISCUSSION 

It has been demonstrated that mycorrhizal inoculation 

stimulates the absorption of phosphorus in plants (Rhodes 

and Gerdemann, 1980). From the results of both the experi­

ments it is evident that the higher concentration of 

phosphorus in the tissues of mycorrhizal seedlings at lower 

level of nutrient status of soil and phosphorus status of 

soil is probably due to improved phosphorus uptake by the 
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mycorrhizal roots. Powell (1980) observed higher phosphorus 

uptake by mycorrhizal plants than the non-mycorrhizal ones 

at lowest fertilization level. The difference, however, was 

not marked at highest phosphorus fertilization. Abbott and 

Robson (1978) also observed higher concentration of phosphorus 

in mycorrhizal clover plants grown in phosphorus deficient 

soils. Thus, the growth enhancement due to mycorrhizal inocu­

lation could be related to increase in the conceotration of 

phosphorus of mycorrhizal seedlings. 

Many Workers have reported inconsistent results of 

concentration of other nutrients viz., N, K and Ca in the 

mycorrhizal plants (Menge et.^1.,1978; Pope, 1980). In some 

cases these elements are reported to be present in greater 

concentration in mycorrhizal plants than in non-mycorrhizal 

ones. Whereas, in other cases the concentration of these 

elements, are higher in non-mycorrhizal plants and sometimes 

no significant differences in concentration between the two 

groups of plants were observed. In the present investigation 

also the concentration of these nutrient was either low, high 

or unchanged by mycorrhizal inoculations at different levels 

of soil fertility. Therefore, it appears that enhanced absorp­

tion of these nutrient may not be a rule and better absorption 

of a given mineral nutrient by mycorrhizal plant is related 

to the plant requirement for such nutrients. Mycorrhiza is 

involved in the nitrogen nutrition of legumes. Ross and 

Harper (1970) found higher concentration of nitrogen in the 

tissue of the leaves which suggests that nitrogen uptake is 
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enhanced by mycorrhiza. A perusal of the results of the 

present investigation and nitrogen concentration of other 

non-leguminous plants may suggest the absence of direct 

effect of mycorrhiza in uptake of nitrogen. 

The results of the second experiment showed that 

mycorrhizal inoculation could improve phosphorus concentra-1 

tion of plants grown with addition of low amounts of soluble 

phosphates (sodium hydrogen phosphate) and relatively 

insoluble sources of phosphates . (bone meal). This suggest 

that mycorrhiza helps in better utilization of phosphorus. 

Abbott and Robson (1977) also found increased phosphorus 

uptake by mycorrhizal plants when supplied with intermediate 

levels of superphosphate. Higher levels of phosphorus de­

pressed the development of mycorrhiza (Mosse and Phillips, 

1971; Mosse, 1973). Therefore, at higher concentration of 

phosphates both inoculated and uninoaulated plants behaved 

alike and there was no significant difference in the concen­

tration of phospharus in the tissues of mycorrhial and 

non-mycorrhizal plants. Murdoch et.^l. (1967) also found 

similar results with mycorrhizal corn grown in pots using 

different sources of phosphorus fertilizers of varying 

availability. In all cases they found that mycorrhizal 

plants took up more phosphorus than non-mycorrhizal plants 

from the soil that received relatively unavailable form of 

added phosphorus (rock phosphate or tricalcium phosphate). 

Similar results were ilso obtained by Daft and Nicolson 

(1966), Powell and Daniel (1978). 
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Mycorrhizal infection decreased with increased 

level of phosphorus in soil. Daft and Nicolson (1969; 1972). 

Mosse and Phillips (1971) also observed depressing effect of 

excessive phosphate in the soil on mycorrhiza development. 

Available source of phosphorus was more effective than unavai­

lable form as mycorrhizal infection persisted even at higher 

concentration of bone meal though it was greatly reduced. 

Whereas, VA infection became absent at intermediate and 

higher concentration of sodium hydrogen phosphate. Sanders 

(1975) found that foliar application of phosphorus to onion 

plant result in decreased mycorrhizal infection. Similar 

result was also obtained by Menge ejb.â l. (1978) who used a 

split root system technique. The results of the present 

investigation showed that the relationship between the root 

colonizatica and the concentration of phosphorus in the roots 

were negatively correlated. This support the hypothesis that 

the concentration of phosphorus in the tissues of the host 

plant might regulate the development of mycorrhizal infection 

in the roots. 



CHAPTER - V 
ENZYMATIC STUDIES ON VA MYCORRHIZAL 
SEEDLINGS OF Exbucklandia populnea 
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INTRODUCTION 

Vesicular-arbuscular mycorrhiza enhances growth and 

improves phosphorus nutrition, of plants (Mosse, 1973a). The 

improved phosphorus nutrition results from an increased 

efficiency in phosphorus uptake from the soil (Sanders and 

Tinker, 1971). It has been demonstrated that the external 

hyphae of VA mycorrhizal fungi translocate phosphate from 

the soil to the host root which involves active processes 

(Pearson and Tinker, 1975; Cooper and Tinker, 1978). Transport 

of phosphate taxes place most probably in the form of poly­

phosphate granules present in vacuoles by cytoplasmic strea­

ming (Cox et.al.,1975; Cox et.al., 1980). 

In VA mycorrhizal system, little is known of the 

physiological processes involved in mycorrhizal infection 

and the mechanisms involved in the fungal transport of 

phosphorus (Pearson and Tinker, 1975) and its subsequent 

transfer from the fungal hypha into the host cell (Cox and 

Tinker, 1976). Alkaline phosphatase enzyme specific to VA 

mycorrhiza has been reported in onion and tobacco (Gianinazzi-

Pearson and Gianinazzi, 1976), which could play a role in 

the assimilation of phosphorus by mycorrhizal roots 

(Gianinazzi-Pearson and Gianinazzi, 1978). Ultra-structural 

studies have indicated that the vacuoles which contain 

polyphosphate granules are characterised by intense alkaline 

phosphatase activity (Gianinazzi ert.aj.., 1979) . Alkaline 

phosphatase activity may be linked to the phosphate transport 
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mechanism of VA fungi (Gianinazzi-Pearson and Gianinazzi,1978) 

Surface aativity of roots may also contribute to the process 

of phosphorus absorption by the roots (Bieleski, 1973). 

In the present investigation/ the changes in the 

activity of phosphatase enzyme were studied in the mycorrhizal 

nnd non-mycorrhizal roots of Bxbucklandia seedlings associated 

with the formation of VA mycorrhiza which could explain the 

mechanism of phosphorus uptake by mycorrhizal plants. 

MATERIALS AND METHODS 

The experiment consisted of mycorrhizal and non-

mycorrhizal seedlings of Exbucklandia populnea grown and 

supplied with four different levels of single-superphosphate. 

The activity of phosphatase in the roots of seedlings was 

assayed. The details of methods are as follows. 

Preparation of pots % Plastic pots of 2L capacity were used 

for growing seedlings of Exbucklandia populnea. Local garden 

soil was autoclaved twice and 2kg of the soil was taken to 

each pot. The soil was treated with four different levels 

of single superphosphate (SSP) viz; 0, 0.1, 0.5 and 5.0 g 

per pot. For each level of SSP five replicate pots were 

maintained. The fertilizer (SSP) was thoroughly hand mixed 

with the pot soil. 

Inoculation of VA endophyte ; The inoculum consisted of 
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soil infested with VA endophyte< Glomus spp. which was pot 

cultured and maintained on maize pls|nt. For each level of 

SSP two sets of mycorrhizal treatments were given. One 
j 

designated as mycorrhizal and the ojbher as non-mycorrhizal. 

Mycorrhizal set received the inoculjum of VA endophyte 

(Glomus spp)/Whereas, same amount off autoclaved inoculum 

along with a filtrate of inoculum washing was added to the 

non-mycorrhizal set. The methods of inoculation were the 

same as described in Chapter II. J 

Seedling preparation and plantation : The seedlings of 

Exbucklandia populnea were raised from the seeds in petri 

plates. The method of seedling preparation and their plan­

tation in the pots were similar t<j> those described in 
i 

Chapter II. j 

Growth conditions and harvesting ; The experiment was set 

up in the month of August,1985 and .was carried out in a 

net house situated at the University campus under natural 

climatic conditions. The pots were watered weekly with tap 

water. The seedlings were grown for a period of four months 

after which they were harvested. The complete seedlings 

with intact root system were carefully excavated and brought 

to the laboratory for the assay of phosphatase activity, 

measurement of growth Characteristics and assessment of 

VA mycorrhizal infection in the roots. 

Preparation of cell free extracts : The fresh roots were 



98 

detached from the seedlings and washed under running tap 

water and finally with the distilled water. The roots were 

chopped into pieces and chilled in refrigerator. 2g of the 

chilled roots^were macerated in a pestle and mortar at 4 C 

using chilled 0.1M borate buffer at pH 8.8. The macerate was 

centrifuged at 3000 rpm for 20 minutes. The supernatent was 

collected and the activities of soluble acid phosphatase and 

alkaline phosphatase were determined in the supernatent. 

Quantitative assay for soluble acid phosphatase activity : 

The substrate used was p-nitrophenyl phosphate. The substrate 

solution was prepared by dissolving 50mg of p-nitrophenyl 

phosphate in 10ml distilled water. 0.5ml of the substrate 

solution along with 0.5ml of 0.1M acetate buffer pH 4.0 was 

taken in test tubes and to it was added 0.1 ml of Enzyme 

extract and the mixture was inoculated in water bath at 35 C 

for a period of 30 minutes. The reaction was terminated by 

adding 3.4ml of 0.1 N NaOH and the OD of the mixture was 

recorded at 410nm with spectrophotometer. 

Quantitative assay for alkaline phosphatase activity % 0.5ml 

of substrate solution prepared above was taken in test tubes 

alongwith 0.5 ml of tris-citric acid buffer pH 8.5. To the 

mixture was added 0.1ml of enzyme extract and inoculated 

at 3 5 C for 30 minutes. The enzyme reaction was stopoed by 

adding 3.4ml of 0.1N NaOH and OD of the mixture solution 

recorded at 410nm. 
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The O.D. recorded for both the enzymes was converted 

to UM of p-nitrophenol by referring to standard p-nitrophenol 

curve. Standard p-nitro phenol curve was prepared by taking 

known concentrations of p-nitrophenol solution and adding 

3.4ml 0.1N NaO$ solution and, reading OD at 410nm. The ensyme 

activity was expressed as UM PNP released/min./g fresh veJ.ght 

of roots. 

Growth measurement and assessment of mycorrhizal infection : 

The fresh weight of shoot of the harvested seedlings was 

recorded. The roots were fixed in FAA. 23 root segments (1cm) 

were randomnly selected from the sample, cleared and stained 

by the method of Phillips and Hayman (1970). The percent VA 

infection was assessed by the microscopic method of Allen 

et.al.(1982) . 

RESULTS 

Plant growth and tnycorrhizal infection: Average fresh weight 

is presented in Table 5.1. It was observed that shoot fresh 

weight of mycorrhizal seedlings was significantly (p < .05) 

higher than those of non-mycorrhizal ones at 0.1 and 0.5g 

SSP/pot. The shoot fresh weight of both mycorrhizal and non-

mycorrhizal seedlings increased with the increase in the 

level of single superphosphate (SSP), however, at 5.0g 

SSP/pot level there was little difference between the two. 

The level of VA mycorrhizal infection was maximum (60%) at 



Table 5.1 Fresh weight of mycorrhizal and non-mycorrhizal 

Exbucklandia populnea seedlings grown in a 

range of superphosphate level on per plant 

basis. 

Treatment 

(g.SSP/po 

0.0 

0.2 

0.5 

5.0 

t) 

Fresh weight 

Mycorrhizal 

.203+.038 

.324+.025* 

.462+.036* 

.403+.044 

of shoot/plant' 
(g) 

Non-mycorrhizal 

.139+.033 

.153+.027 

.175+.023 

.390+.049 

•f : Values are mean of 10 replicates with standard 

error. 

* : Significantly different (p < 0.05) from 

non-mycorrhizal. 



Table 5.2 Infection level of mycorrhizal seedlings 

of Exbucklandia populnea grown for 

3 months in autoclaved soil in a range 

of single superphosphate levels. 

Treatment Number of infected 
root segments 

(g.SSP/pot) ( % ) 

0 60 

0.2 60 

0.5 20 

5.0 
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Og and O.lg SSP/pot and it decreased greatly at 0.5g SSP/pot 

and at higher level of 5.0g SSP/pot VA-mycorrhizal infection 

was absent (Table 5.2). 

Soluble acid phosphatase activity : The observation of 

soluble acid phosphatase activity in the roots of Exbucklan-

dia populnea seedlings is presented in Table 5.3. It was 

observed that the activity of acid phosphatase in the roots 

of mycorrhizal and non-mycorrhizal seedlings did not differ 

significantly. However, in mycorrhizal plants it was slightly 

higher in comparison to non-mycorrhizal ones at 0, 0.1 and 

0i>5g SSP/pot. Soluble acid phosphatase activity decreased 

slightly with the increase in the concentration of single 

superphosphate (SSP). 

Soluble alkaline phosphatase activity : The activity of 

soluble alkaline phosphatase was low (Table 5.3). There was 

no significant difference in the activity of alkaline phos­

phatase between mycorrhizal and non-mycorrhizal plants. 

However/ with the increasing concentration of single super­

phosphate t!5e activity of soluble alkaline phosphatase in 

both mycorrhizal and non-mycorrhizal seedlings greatly 

decreased in comparison to the activity at Og. SSP/pot. 

DISCUSSION 

In higher plants activity of acid phosphatase 

normally varied between 0.3 to 1.5 e.u/g fresh weight of 



Table 5.3 Soluble acid and alkaline phosphatase 

enzymes activities ( JIM PNP released/ 

min/g. fresh weight of roots of 3 months 

old seedlings of E^bucklandia populnea. 

Treatment 

(g.SSP/pot) 

Soluble acid 
phosphatase 
enzyme activity 

+M -M 

Soluble alkaline 
phosphatase 
enzyme activity 

+M -M 

0.0 

0.2 

,309+.021 .282+.037 .032+.003 .039+.004 

,337+.043 .278+.025 .034+.002 .038+.001 

0.5 .306+.048 .232+.031 .022+.007 .024+.005 

5.0 .198+.033 .202+.038 .015+.003* .017+.001* 

* : Significantly different from that of 0g, 

SSP/pot at 5% level. 
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tissues and deficiency of phosphorus may cauljjg *n--inareJJse 

in the activity of acid phosphatase (Bieleski, 1973). The 

results of the present experiment show that the activity of 

acid phosphatase in the roots of seedlings of Exbucklandia 

populnea was almost close to the lowest range of acid phos­

phatase reported by Bieleski (1^73) in higher plants. It was 

observed that inoculation of VAM and or addition of super­

phosphate to the soil did not affect the activity of acid 

phosphatase as no significant differences could be observed 

in the activity of fehis enzyme with respect to mycorrhi2al 

treatment or phosphate treatment of soil. However, Woolhouse 

(1969) reported a significant stimulation- ftf acid phosphatase 

activity in the roots of Agrostis tenuis grown in solution 

culture under phosphorus deficient conditions. The differences 

in the results of Woolhouse (1969) and that of present 

investigation could be due to the differences in the species 

of plants and also due to the conditions of plant culture. 

The results of quantitative assay of alkaline phos­

phatase activity showed that there was no significant diffe­

rence between soluble alkaline phosphatase activity of 

mycorrhizal and non-mycorrhizal plants supplied with no 

phosphorus in the soil. However, activity of alkaline phos­

phatase significantly decreased in the presence of 5.0g 

SSP/pot. Gianinazzi-Pearson and Gianinazzi (1978) had also 

reported large differences in the soluble alkaline phospha­

tase activity of roots between the mon-mycorrhizal plants 
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which were supplied with high level of exogenous soluble 

phosphate and the mycorrhizal plants growing under the phos­

phorus deficient conditions of the soil. The non-mycorrhizal 

plants got phosphorus directly from the soil whereas, in 

phosphorus deficient conditions phosphorus was made available 

to the plants by mycorrhiza. The results, therefore, support 

the hypothesis that metabolism of the phosphorus between the 

mycorrhizal and non-mycorrhizal plants may be different 

(Gianinazzi-Pearson and Gianinazzi, 1978). 

Activity of phosphatase enzymes in the root could also 

be involved in the establishment of VA mycorrhizal infection 

(Woolhouse, 1975). Mycorrhiza specific phosphatase enzyme 

activity specific to mycorrhizal infection in the roots of 

onion have been demonstrated by Gianinazzi, Gianinazzi-Pearson 

and Dexheimer (1979) in ultrastructural studies. 



Plate 5.1 

Effect of diferent levels of single super phosphate 

on the growth of seedlings of Exbucklandia populnea. 



PLATE-5.1 



GENERAL DISCUSSION 
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All the twenty six important tree species examined 

from this region ware found to be heavily colonised by mycorr-

hizal fungi (Table 1.1). Whatever ecological benefits they 

may derive from the mycorrhizal fungi in their roots, the 

higher level of infection indicates their strong dependence 

on mycorrhiza. Nutrient deficient soils are the sites of 

greater mycorrhizal activity. The fungal hyphae spread into 

soil and serve as an extensions of the root system. The 

extensions are both physiologically and geometrically more 

effective for nutrient absorption than the roots themselves 

(Trappe and Fogel,1977). The functions of mycorrhiza have 

mainly been associated with the phosphorus uptake by plants 

in th^ soils which are deficient in this nutrient (Mosse, 

1973a). The analysis of rhizosphere soil of all the tree 

species revealed a low availability of phosphorus (Table 1.2). 

The phosphorus of less than 20ppm is regarded as of its poor 

availability for the growth of plants (alien, 1974). There­

fore, poor phosphorus status of the soil could be one of the 

conducive factors for prevalence of mycorrhizal association 

in the tree species of the region. Root samples were collected 

from the top 15 cms layer of the soil which was rich in humus 

as evident from the analysis of organic matter content of the 

soil (Fig.1.5). Therefore, humus seems to be an important 

source of inorganic nutrition for the plants. Mycorrhiza 

formation could, therefore, be an adaptive strategy of the 

tree species for efficient use of indigeneous sources of 

nutrients (St.John,1980). 
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Vesicular-arbuscular mycorrhiza was found in the 

majority of the tree species examined from this region 

(Table 1.1). From other tropical locations several tree 

species have b^en reported to be endomycorrhizal with VA 

type of mycorrhizal infections'(Baylis, 1967- Redhead, 1968; 

St.John, 1980). The results extend support to the report of 

tropical dominance of VA endomycorrhizae (Redhead, 1968). 

In the case of annual plant species the level of 

mycorrhizal infection could be related to the age of the 

host plant (Hayman, 1970; Verma, 1982). According to them 

infection level increased with the age of the hosj plant. 

However, the study of seasonal variability in the level of 

VA mycorrhizal infection performed with eleven tree species 

(Fig.l.2a,b) under field conditions indicated that in peren­

nial plants the factors of seasonal variations could be many 

and more complex. However, the seasonal study of soil factors 

made during two year cycle could not explain completely the 

seasonal variations in the level of mycorrhizal infections 

as no uniform pattern of significant correlations between 

percent mycorrhizal infection and various edaphic factors 

could be observed. The physiological and developmental 

conditions of the host could be involved. In spring the 

infection was high, which could probably be due to renewed 

root growth where rapid development of infection may take 

place. 

Endogonaceous spore population was high in comparison 
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to a much lower population counts made in studies of other 

natural vegetations (Mosse and 3owen, 1968.- Cufrsh, 1975) . 

However, in the study of regional weeds a similar higher 

population of Endogone spores was reported (Verma, 1982). 

This suggest that spores could be one of the major consti­

tuents of propagules for future infections of roots of tree 

species. 

The occurrence of mixed infections in field could 

be expected. Tree species harboured spores of more than one 

species of VA fungi in their rhizosphere. Mixed infections 

have been reported in various woodland species ky Daft (1983). 

Also the occurrence of similar spore types in diverse tree 

species suggests their host non-specificity (Sanders et.al., 

1977). Spores of Glomus spp were dominant both in spore 

population, host range and season coverage. Whereas, Gigaspora 

spp was observed in warmer months (Table 1.3), which suggests 

that higher temperature of the environment might favour its 

activity. Schenck and Hinson (1971) also observed frequent 

occurrence of Gigaspora spp. from the warmer regions of 

Florida. 

Ten species of VAM fungi were identified from the 

forest soil of the region. Two species of Acaulospora 

namely, A. laevis and A. scrobiculata were identified which 

constitute their first description from Indian soils 

(Sharma et.al,, 1986). In the sporocarpic genus Sclerocystis 

three species namely,, S. coremioides, S. rubiformis and 
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S. microcarpus were identified. The first two species have 

been reported by Bakshi (1974) from woodland and by 

Bhattacherjee ejb.al. (1980) from agricultural soils. Three 

species of Gigaspora were also identified namely, 

2* calospora, G. gigantea and G....,qregariafThe species have 

also been described from woodland by Bakshi (1974). Besides, 

two species of Glomus were also identified namely, G. macro-

carpus and G. mosseae which have also been reported from 

agricultural land by Bhattacherjee et.al.(1980). 

The mycorrhizal infection was low at 0 level of NPK 

and increased at I level (14kg NPK ha ) but was again reduced 

at higher fertility levels of soil (Table 3.1). Hayman (1970, 

1975), Porter and Beute (1972), Mosse (1973) and Kruckelmann 

(1975) suggested that excessive high or extremely poor 

status of nutrients in soil are inhibitory to mycorrhiza 

formation. Ames and Linderman (1978) also reported more 

mycorrhizal infections in low fertilizer treatment than. In 

high or no fertilizer treatments. With additional phosphate 

supplied to mycorrhizal seedlings, the infection decreased 

with available source (sodium hydrogen phosphate). Daft and 

Nicolson (1969a), Ratnaike et.al. (1978) and Menqe et.al. 

(1978) had shown decrease in VA mycorrhizal infection when 

soluble phosphates were added to the soil. However, with 

bone meal as the phosphate source, VA mycorrhizal infection 

increased at lower concentration and was greatly reduced at 

higher concentration of bone maal in the soil (Fig.3.5). 

Pairunan et.al^(1980) also observed increase in percent 



107 

mycorrhizal roots when -rock phosphates were applied to the 

mycorrhizal clover plants at intermediate levels whereas, 

higher concentration of rock phosphate decreased mycorrhizal 

infection. 

The phosphorus content in the root was negatively 

correlated with percent root infection (Fig.4.7). This 

observation is similar to the findings of Sanders (1975) and 

Menge et.al.(1978) who found that infection and colonization 

of VAM fungi was regulated by high phosphorus concentration 

in the root system and not by phosphorus concentration of the 

soil. Hall (1977) and Jasper et.al.. (1979) also found that 

phosphorus application to the soil depressed mycorrhizal 

infection by increasing the phosphorus status in plants. 

The general growth superiority of mycorrhizal plants 

over non-mycorrhizal ones seemed to be the direct effect of 

mycorrhiza induced increased growth. However, the growth of 

mycorrhizal and non-mycorrhizal plants was almost similar 

at higher fertility levels of soil or phosphorus status of 

soil. Daft and Nicolson (1966) and Pairunan et.al.(1980) also 

reported a reduction in the mycorrhizal induced growth when 

phosphorus in the soil was no longer a limiting factor. The 

lesser root/shoot ratio in the mycorrhizal plants compared 

to the non-mycorrhizal ones has been observed in the present 

study (Table 3.2 and Table 3.3). Similar results were 

reported by Hayman and Mosse (1971), Becker and Gerdemann 

(1977) . 
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Analysis of nutrients in seedlings indicated that 

phosphorus uptake was greater in mycorrhizal seedlings than 

the uninoculated ones. The enhanced growth is generally 

correlated with increased phosphorus uptake (Gerdemann/ 1968; 

Mosse, 1973a). Substantial evidence favours that mycelium of 

mycorrhiza is responsible for increased phosphate uptake and 

translocation to the host plant (Sanders and Tinker, 1971; 

Hayman & Mosse, 1972a,b; Pearson and Tinker 1975). Increased 

uptake of phosphorus has been reported in many plants (Daft 

and Nicolson, 1969; Mosse £t.aJL.,1976; Pearson and Read, 1973; 

Mosse et.al.,1976? Heap and Newman, 1980). 

The results of uptake of other nutrients viz*, N, Ca, 

K were inconsistent and it appears that enhanced absorption 

of these nutrients may not be a rule and better absorption of 

a given mineral nutrient by mycorrhizal plant is related to 

the plant requirement for such nutrients. Similar inconsisten­

cy in the uptake of these nutrients has also been reported by 

Menge et.al. (1978) and' Pope (1980). 

The mechanism of phosphate uptake has not yet been 

understood properly. Transport of phosphate takes place in 

the form of polyphosphate granules by cytoplasmic streaming 

inside the hyphae of VA mycorrhizal fungi (Cox et.al.,1975? 

Cox et.al.., 1980) . The results of quantitative assay of 

alkaline phosphatase activity showed that the activity of 

this enzyme differed significantly between non-mycorrhizal 

seedlings supplied with 5.0g single super-phosphate and VA 
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inoculated seedlings grown under phosphorus deficient 

conditions. Non-mycorrhizal plants got their phosphorus 

directly from the soil/ whereas, in mycorrhizal plants 

phosphorus was made available to the plants by mycorrhiza. 

The results support the hypothesis that metabolism of phos­

phorus between mycorrhizal and non-mycorrhizal plants may be 

different (Gianinazzi-Paarson and Gianinazzi, 1978). The 

studies of dflaninazzi-Pearson and Gianinazzi, 1978) had shown 

that new bands of Alkaline phosphatase appeared in mycorr­

hizal roots and these specific bands accounted for 22-32% 

alkaline phosphatase activity. Based on their observation 

they (1979) further speculated that this MSP (mycorrhiza 

specific phosphatase) is of fungal origin. In ultra struc­

tural studies greater phosphatase activity has been reported 

on the tips of arbuscules but not in either host cell or 

senescent fungal hypha (Scanerini est.a_l.y 1975) and the greater 

alkaline phosphatase activity was correlated with MSP and 

also with number of arbuscules (Gianinazzi-Pearson and 

Gianinazzi, 1979). The actual mechanism involved in phosphate/ 

uptake needs further investigations. 



SUMMARY 
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North-Eastern region of India is endowed with rich 

natural vegatation and forest resources. The survey of 26 

important timber tree species from a natural mountain forest 

ecosystem of the region indicated their highly mycotrophic 

nature. Six tree species were ectomycorrhizal and twenty 
f'r-t.. 

others were endomycorrhizal. In/endomycorrhizal group two 

species had ericoid and remaining eighteen had vesicular-

arbuscular type of endomycorrhizal association.The rhizos- ") 

pheric soil of all the tree soecies was acidic (pH:4.5-6.0),i 

rich in soil moisture (17-40%) and organic matter (5-15%). 

However, the soil was poor in available phosphorus (l-lOppm)^ 

Crvptomeria japonica, Exbucklandia populnea, Acacia 

de_albata, Snhirna khasiana, Machilus kinqii, Cinnamomum tamala, 

Manqlietia insignis, Lindera latifolia and Casearia verica 

exhibited seasonal variation in the level of VA mycorrhizal 

infection. The percent VA mycorrhizal infection increased 

during spring and rainy seasons and declined towards winter 

or late winter depending on the tree species^in both the 

years viz. 1983-84 and 1984-85. In Daphniphyllum himalayanse 

and Mallotus nepalensis, VA mycorrhizal infection was high , "? 
— — — — — «~' ^ 

,-)t^ ->**-> • 
in all the seasons. Tree species exhibited higher/population 

*\ 

of endogonaceous spores in their rhizospheric soil and 'it 

varied among various tree species and in different seasons. 

Cryptomeria japonica, Exbucklandia populnea, Cinnamomum 

tamala and Lindera latifolia displayed maximum endogonaceous 
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spore population in rhizospheric soil in rainy season, 

whereas, in Daphniphyllum himalayanse and Machilus kinqi 

it was maximum in winter. Acacia dealbata, Schima khasiana 

Mailotus nepalensis, Manqliatia insignis and Casearia 

veriea did not show seasonal variation in endogonaceous 

spore population in the rhizospheric soil. 

Seasonal variation in soil pH was low. Moisture 

content, organic matter, total nitrogen, available phospho­

rus, exchangeable potassium and ©x-changeaible calcium of 

+he- soil exhibited greater seasonal variation. 

Spores of Glomus spp, Acaulospora spp, Giqaspora spp 

and Sclerocystis spp were observed in the rhizospheric 

soil of the tree species. Spores of different types repre-

senting more than one genera of endogonaceous fungi were 

present in .the rhizospheric soil of tree species. Spores 

of Glomus' spp and Acaulospora spp were abundant. Former 

was found in all the seasons, whereas, latter was common 

during winter season. Spore population of Giqaspora spp and 

Sclerocystis spp was low and were observed during warmer 

months of April and June. 

Ten species of endogonaceous fungi were identified 

from the soil samples, viz; two species of Acaulospora 

namely A^ laevis and A. scrobiculata° three species of 

Sclerocystis namely S. rubiformis, S. coremioides and 

§.• microcarpus? two species o4 Glomus namely G. mosseae 
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and G. macrocarpus var. geosporus; three species of 

Giqaspora namely G. oalospora/G. greqaria and G^ qiqant&a. 

Seedlings of Exbucklandia populnea developed typical 

vesicular-arbuscular mycorrhizal infection with Glomus spp 

in pot culture using nutrient deficient soil. Mycorrhizal 

seedlings grew better than the non-mycorrhizal ones. Growth 

response of plants to mycorrhiza and VA mycorrhizal develop­

ment depended on fertility level of soil. Mycorrhizal inocu­

lation supplemented with low fertilization (14 kg ha NPK) of 

soil resulted in better growth of seedlings than all other 

mycorrhizal and fertilizer treatments both in combination 

or alone. At higher soil fertility (56 kg ha1NPK) both 

mycorrhizal and non-mycorrhizal plants exhibited similar 

growth responses. Increase in level of soil fertility 

suppressed VA mycorrhizal infection. Higher levels of NPK 

(56 kg ha ) added to the soil inhibited VA mycorrhizal 

infection of plants. 

Growth characteristics of mycorrhizal plants of 

Exbucklandia populnea were improved when soluble phosphate 

(sodium hydrogen phosphate) at low levels .'(0.34g per pot) 

and bone meal at relatively higher levels were added to 

the phosphorus deficient soil. In the presence of soluble 

phosphate VA mycorrhizal infection was reduced and was 

inhibited at higher levels (3.47g per pot and above). VA 

mycorrhizal infection was high in presence of bone meal 

upto intermediate levels of 17.2g per pot but was reduced 
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to 20% at higher levels of bone meal (34.4g per pot). The 

concentration of phosphorus in the root was negatively co-

related to percent VA mycorrhizal infection. The results 

suggested that phosphorus status of the host may regulate 

mycorrhizal infection of root. 

Root/shoot ratio of mycorrhizal plants was lower 

than tRat of non-mycorrhizal plants at lower nutrient status 

(NPK levels) and phosphorus status of soil. 

Effect of VA mycorrhiza on the mineral nutrition of 

the seedlings of Bxbucklandia populnea was studied at diffe­

rent fertility regimes and phosphorus amendments of soil. 

Mycorrhizal infection improved phosphorus nutrition of seed-

lings. Mycorrhizal plants had higher concentration of 

phosphorus in comparison to non-mycorrhizal plants at lower 

fertility levels of soil (0,14kg ha NPK). Mycorrhizal plants 

had higher concentration of phosphorus than non-mycorrhizal 

plants grown in both sources of phosphorus*buty the difference 

in concentration between mycorrhizal and non-mycorrhi2al was 

observed with relatively highar levels of bone meal and only 

at lower levels of sodium hydrogen phosphate (0.34, 0.69g/ 

pot). The concentration of nitrogen in the leaves did not 

differ between mycorrhizal and non-mycorrhizal plants of 

Exbucklandia populnea but, stem and roots of mycorrhizal 

plants had higher concentration of nitrogen than non- v*v 

;. . t 

mycorrhizal plants at lower levels of soil fertility 

(O, I, II levels of NPK). Concentration of potassium in the 
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leaves and stem of non-mycorrhizal plants was higher than 

that of mycorrhizal plants at lower levels (0,1) of NPK added 

to the soil. No significant differences were observed in the 

concentration of calcium between mycorrhizal and non-

mycorrhizal plants except for leaves which differed at higher 

levels of NPK. The growth improvement of mycorrhizal plants 

could be due to phosphorus nutrition. 

The activity of acid phosphatase did not differ 

between the mycorrhizal and non-mycorrhizal roots of seedlings 

of Exbucklandia populnea.and there was no consistent effect 

of addition of single super-phosphate to the soil on the 

activity of this enzyme. Mycorrhizal infection did not 

affect soluble alkaline phosphatase activity at *0' level 

of single superphosphate. Soluble alkaline phosphatase 

activity was decreased by addition of single superphosphate 

at 5.0g per pot level in both mycorrhizal and non-mycorrhizal 

plants. The results suggest that pathway of phosphorus \ 

metabolism in mycorrhizal plants may be different from that ' 

of non-mycorrhizal plants. 
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