




























































































































































































































































































































































































Plate 2.4

1. Spore of Gigaspora gigantea (X 100); 2, Spore of
G. calospora (X 100); 3, Spore of G. gregaria (X 100)
(b=bulbous base; h=hyphal attachment; s=spore).
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CHAPTER - III |
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
better than non-mycorrhizal plants (Baﬂgster and Nerton,
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 s0il and piants
growing in phosphorus deficient soil respond quickly to
mycorrhiza formation and grow better than non-mycorrhizal
rlants. The mycorrhizal plants supnlied 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 sourcés (Mosse,1977: Powell &
Daniel, 1978:; Vaidyanath et.al.,1779). In presence of addi-
tional phosphorus, endomycorrhiza can improve growth and
yield of plants (Clarke and Mosse, 1981). Shoot and root
growth is =snhanced 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 vhosghaorus,

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 specie; (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 ~:-i1-ic -7 -+ 3dded in combined iormn

and expressed as 0,14,28,56 and 112 kg h§1 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
bone meal represents non-available form. Bone meal was addea
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

PR

sour¢es differ in the availability of phosphorus.ZT;ereas, G
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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
soll and sand were mixed in the ratio of 1:1 and the mixture
was filled in plastic pots which had hole at its bottom to

allow free drainage of water and air.

2. Application of Nutriants : 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 spp.

isolatié erT local?field soil and pot cultued on maize
plant;u%w;v;ézé'oé\ﬁycorrhizal treatments were given. The
one égsignated 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 properlyimixed withk sufface soil of pots.

4. Seedling prepnaration and plantation : The seeds of

Exbucklandia populnea were procured from ripe fruits excised

from trees growing at Upper Shillong and stored in dry

polythenme 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 reczived 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 exeavated, washed with tp 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 25 fresh root segments (lcm) were randomly
sampled from seedlings and fixed in FAA, The root segments
were cleared and stainzsd 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) Ggowth Responses : The seedling of Exbucklandia populnea
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responded to VAM inoculation at O, I, II and III levels of
added NPK. Both VAM inoculated and noninoculated plants
died at IVth level perhaps because of supra optimal conc.
of nutrients. VAM inoculation improvad growth characteris-
tics over its uninoculatad 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.

(1) 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 '0O!
and}levels of NPK (Table 3.1). However, at other two levels
i.e. IT 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 Ist level, however, it decreased subsequently at higher

levels of NPK (Table 3.1).

(11)_Seedling length : Th= 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 : 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 significan*ly 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 IT 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 O

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

From the abova results it was noted that VAM inocu-
lation of plants improved the growth characteristics of
plants over their uninoculatz=d counterparts. The improvement
resulting from VAM inoculation depended on fertility levels
of soil. At O 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 'O' level. From the
results it can be inferred that growth stimulation of see-
dlings due tn VAM can be improved by addition of HPK at
suiltably lbw levels. However, at higher levels of NPK both
inoculatad and uninoculated plants bzhavad alike and no
significant differences in various growth characteristics

were observed between them at these levels.

(B) Plant vield : Average Adry weight of VAM inoculated

plants was higher than thelr noninoculated counterparts at
all levels of soil fertility (Table 3.2). However, differences

were significant (p<.05) at O, I and II lavels of NPK.



Table 3.1 Seedling survivability and percent VA
* mycorrhizal infection of se=dlings of

Exbucklandia populnea grown at different

fertility levels of soil.

Q£?3~
Soil fertility Surviving VAM infection
level seedling
(N.P.K. kg nal) (%) (%)
M 66.3+0,40% 50+12
© M 79.4+2.41
™ 82.4+2.88% 60+15
+M 90.2+43.20
~M
28 72.547.00 20+07
M 74.5+1.96
-M
56 54.9+7.00 o
M 54,9+1.96
-M Seedlings died :
.d.
112 ™ n

Seedlings died

-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 Shoot‘dry Root dry Total Biomass R/S ratio
fertility -1 weight weight
(N-P=-K.Kg h3") (g) (g (9)
o M .0434,015% .012+,002 «055+,02% «28+,02%
+M .084+,021 .017+,003 .101+.026 «20+,02
14 M .054+,020% ¢017+,003* .072+,030%* «31+.03*
+M .189+,035 .034+,008 .223+4,050 .18+.02
- +055+,030* .015+,002* .071+,027 «27+.04
28 M .093+,042 .028+.004 .1214,030 .30+.03
56 +048+,020 .018+,003 .0664:01S .38+.05
+M .064+,027 .023+,006 .087+.,024 «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 O, T andvII levels.

When the shoot dry weight of non-inoculated and inoculated
plants was compared it was observed that average shoot dry

welght of inoculated plants was significantly (p<.05) more
than stem dry weight of uninoculated plants at '0', ¥ andIl’
lavels of NPK, Howaver, at the III level both had comparable

dry weights (Table 3.2).

VAM inoculated plants had more root dry weight than
non-inoculated plants. Howaver, significant (p « .05) diffe-
rences were observed at I and II lavels of added NPK

(Table 3.2).

Root/Shoot ratio : R/8 ratio of mycorrhizal plants was

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

at
plants /'0' 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 Ist
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 SQURCES :

(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.

(1) Length of seedling : VAM inoculated seedlings were sig-

nificantly (p < .05)! higher than non-inoculated ones at O,
0.34, .69 and 1.72g of applied bone meal per pot (Fig. 3.3).
ﬁowever, the relative difference between the two w28 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-
za} seedlings at low and higher levels of bone meal was
cg;égggbla% Also when <%ndium 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 NaH2P04 , 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 conc. of the salt.

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

inoculated plangs 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 of additions of bone meal and sodium

hydrogen phosphate in the soil.
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and 1.72g of bone meal. At these co cigtra$i02? VAM_inoculated
. ! A we e ararayed
!‘K . % d,f'” A -
plants werzs twice %hickgg;than the non-inoculated ones.When
sodium hydrogen phosphate was used the significant differente

(p « .05) was seen between mycorrhizal and non-mycorrhizal

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

(1ii) 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
meah. 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.3.1%).

(B) Plant Bibmass : It was observed that average dry weight

of VAM inocilated plants was s’ gnificantly (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 showéd
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,PO, and at other levels

2" 74

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 Reet dry weight, Sheet dry weight, total biomass and root/shoot ratio
of the mgcorrhizal and non-mycorrhizal plants grown wlth two phosphate

sourceé‘;t different levels.

Source and level Shoot dry weight Root dry weight Total Biéﬁass R/S ratio
of phosphate ' SE
( g/pot ) (g) (g) {q) h
T .043+,009 «011+,004 +054+,013 +26+.024
M .084+,010 .017+,006 .110+,016 . 420+.019
BONE MEAL . k
CM .041+,007* .014+,003% .055+.,010% +34+,020%
0.34 M .1844+,015 .0424,009 +226+,024 .22+.019
- .047+.005+ .013+,003+ .060+.083+% +284.050+
0.69 4 .218+.010 .040+,011 .25P+,029 .18+.030
- .042+,007* .015+.007% .0574.014% .36+, 020%
172 4m .157+.012 .047+,009 .203+,020 +29+,030
M «049+.009+ .020+,003 .0694,012* o41+.060%
3.44 oy +175+,013 +035+,009 +2104,082 .204.030
7.2 a «0984+,009 +0204,002 .118+,010 +204,060
*f M +161+.012 .029+,008 .190+,020 .18+.050
M .130+,012 .0264,007 <156+.019 . +20+,050
23.8  4mM +184+.020 .032+.010 .216+.030 .17+.070
- .129+.020 .026+,007 .155+,025 .204.020
4ot 4y .175+,021 .035+.006 .210+.027 .20+.040
~M k2149015 «0314.007 215244020 . +25+.030
516 4y .107+,013 +028+.,004 .135+.015 +26+.050
SONTUM HYDROGEN PHOSPHATE :
0.3 M 4043+,007 L0144, 703% +057+.010% - «33+,020%
M .148%,012 .036+.010 +1841.020 +24+.030 -
.60 M .070+,009* .0274.005 .097+.,014% +394+.040%
T M +172+.013 <038+.088 08041020 ° .22+.050
Lgp .051+,011 .019+.007 .070+.020- 374,017
T am .095+,008 .030+,012 «125+,020 .324+,021
~M +053+,007 .0174,007 «060+,014 +324+,013
Jed4 4y +065+,008 .025+.009 .090+,017 2384.020
-M n.d. n.d. n.d, n.d.
17.33 +M ned, . n.d, n.d. n.d.

=M =-Non-mycorrhizal; '+M ="mycorrhizal ::
n.d.=.no;;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 0.35g only

(Table 3.3).

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

prlants 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 0,359 ~nd 0.69g application of sodium hvdrogen phosphate.

(C) Mycorrhizal Infection : 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 17.2g per pot and at higher rates of

bone meal application percent VAM infection was reduced to
30% 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 endnpohytes, At 0 and I levels of NPK
marked differences ir various growth characteristics were
observed, wnhereas, at higher fertility levels, wviz. II and

III levels of N”X, there were .10 marked differences beiween

inoculated and uninnculated seedlings. Exbucklandia ponulnea

responded to growth enhancement by mycorrhiza like other
hardwood tree species (Clark, 1363: Bryan and Ruehl=, 1976;
Riffle, 1980: Schultz et.al., 1981; Furlan et.al., 1983).
éoth fertility levels, viz., O 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 scil fertility. Mycorrhizal seedlings of Platanus
occidentalis grew better in comparison to non-wycorrhizal
ones when fertilised with Hoagland s»lution at intermediate
levels of nutrient regimes in the solution (Pope, 1980). At
higher lavels the growth diferences between the twn were
reduced. Higher s*atus of nutrients had depressing effect »nn
mycorrhiza formation (Baylis, 1967: Mosse, 1973: Menge et.al.,
f%978) and therefore, both inoculated and uninoculated seed-
lings behaved alike. Kormanik et.al. (1977) had shown that
endomycorrhizal seedlings of sweetgum when given additional
supnply of fertilizers grew better than endomycorrhizal

seedlings grown without fertilizers.

The results have practical implications that endo-



mycorrhizaé alongwith controlled low supply of fertilizers

O Gupne s
can be emplovad for the onroduction oéaeQHali{yWSéedlings 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. Bryan and Kormanik (1977) had also
shown improgement in\the survivability of sweetgum seedlings

when inoculated with V& endomycorrhiza.

The results showed that m&cofrhizal seedlings had
greater dry weight production as compared to non-mycorrhizal

seedlings of Exbucklandia populnea. With sweetgum, Schultz

et.al. (1981° had shown dry weicht increase of seedlings when
inoculated with VA endomycorrhiza. Mycorrhizal induced growth
resulted in greater shoot weight increase and lesser root
welght 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 the“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 forns of unavailable phosohorus viz. rock
phos»hates, Vaidwanath et.al.(1979) found growth stimulation
by VA endomvcorrhizae. Mosse (1977) had shown batter arowth

of VA mycorrhizal maize »lait with addition of rock phos»hate.

t

WHhen sodium hydrogen phosphate was aade., mycorrhizal
seedlings graw 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 »f phosnhates at low concentrations
to the phos»horus deficient soils (Baylis, 1967: Howler et.al.,
1982). Abbott and Robhson (1977b) found marked increase in.
growth of VAM innculated clovar plants at intermediate levels
of suverphosohate additions to soil. Owusu-lennoah and Mosse
(1979) also concluded that lucerne and snion benefitted from

VA inoculation with most available phos»horus.

It was observed that mycorrhizal infection nf 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) NPK 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 -1V

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 Qf 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 im 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 councentration in mycorrhizal plants but the results
are inconsistent. Menge et.al. (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 plan;s was higher than in non-

mycorrhizal plants grown in phosphorus deficient soils.

Phosphorus nutrition of endomycorrhizal plants
have also been studied in presence of smluble phosphorus
(Smith, 1982; Barrow, et.al.,1977; Howeler et.al.,1982) and
insoluble phosphorus (Vaidyanath et.al.,1979; Powell and
Daniel, 1978; Mosse et.al.,1976). Phosphorus uptake is
also improved by the aldition 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

1 of NPK fertilizers. For each

0, 14, 28, 56 and 112 kg ha
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 hargested, oven dried at 65°C and ar.alysed

for wvarious nutrients.

Plant mate-ial analysis : Roct, stem and leaves were

powdered separately in small grinder ancd sieved through O.2ma
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, rootsand stemSof

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 c¢oncentration of phosphorus in the lesaves
and stem of mycorrhizal seedlings was significantly

(p< 0.05) higher than these of non-mycorrhizal seedlings
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at 0 and T level of NPK, wher=as, in the case of root the
Aifference between them was found to be significant (p< 0.05)
only at O level of NPK. However, at higher levels of soil
fertility, viz; III and IVth ievels of NPK, no significant
difference in the concentration of phnsohorus between mycorr-
hizal and non-mycorrhizal se=dlings 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 lzvel. 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 sgil

T
fertility level, Nitrogen conc:ntratinsn in the j%g%”of mycorr-
hizal seedlings was significantly higher (p <.05) than that

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

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

Potassium : The concentration »f potassium in the leaves
and stem of non-mycorrhizal seedlings was higher in compari-
son to mycorrhizal seadlings. Significant differences

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

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

Calcium : The concentratiosn' 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 &t different fertility levels of
soil,.
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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.



[ mg./q.]

N
o

Nitrogen

20.0

12.0

S
o O

N
<
()

£~
o o

20.0

12-0

Fig. 4.2 0 Non-mycorrhizal

0

B Mycorrhizal

°
(@]
o
xx
£
()
V)
xx
o
@
—
] X%
14 28 56 112

Soil fertility levels
( N-P-K. kg./ha)



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 significent differences were observed in the concentration
of calcium in the root and: stem of mycorrhizal and non-

mycorrhizal seedlings (Fig.4.4).

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

source :

It was observed that ths concentration of phosvhorus
in the leaves was higher in comparison to that of stem and
roots in both the mycorrhizal and the non-mygorrhizal seedlings.
In general it was observed that concentration of phosphorus
in the leaves, stem and roots of mycorrhizal seedlings was
nigher 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 sesdlings and at 51.0g bone
meal level, both the mycorrhizal! and non-myccorrhizal plants
had low phosphorus concentration. The results ars presented

in Fig.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 thers was no significant difference betw=en
mycorrhizal and non-mycorrhizal seedlings. Howevar, the
foliar concentration of both decr=zased at 51.6g bone meal

level.,

Phosphorus concentration in stem : 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.
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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 signifigant 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.

ITT, Effect of infection in presence of available phosphorus

(Sodium hydrogen vhosphate) :
The concentration of phosphorus in ths leaves, roots
and stem of mycorrhizal and non-mycorrhizal seedlings of Exbuck-

landia populnea grown in the presence of six different concen-

trations of sodium hydrogen phosphate was determinaed 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 O and 0.34g of sodium hydrogen phosphate
application, but at higher levels of phésphate no significanat
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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Fig. .4.7.

The relationship between the concentration
of phosphorus in the roots and percent VA
myeorrhizal infection of seedlings of

Exbucklandia populnea grown in a range of

(a) sodium hydrogen phosphate (b)bone meal

levels in soii.
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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 O 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, wherezas, it was maximum at lower
phosphate level i.e. 0.34g phosphate in the case of mycorr-

hizal seedlings.

Concentration of phosphorus in roots : Phosphorus concentra-

tion in the roots of non-mycorrhizal seedlings increased to

a maximum at 1,72g phosphate level and decr@ased subsequently
at higher levels of phosphate. The concentration of phosphorus
in the roots of mycorrhizal seedlincs was significantly
higher (p <« .05) than that of non-mycorrhizal seedlihgs 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 Gerdemahn, 1980). From the results of both the experi-
ments it 1s evident that the higher concentration of
phosphorus in the tissues »f 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
no>t 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 concegtration of

~ I3

phosphorus of mycorrhizal seedlings, fVé* Lccdg“ﬂ‘ { ﬁ:f&

t‘

Many workers have reported inconsistent results of
concentration of other nutrients viz., N, K and Ca in the
mycorrhizal plants (Menge et.al.,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 autrient 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-_
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 Rohson (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 nninooulated plants behéved
alike and there was no significant difference in the concen-
tration of phospharus in the tissues of mycorrhial and
non-mycorrhizal plants. Murdoch et.al.(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-mycorrlizal plants
from the so0il that received relatively unavailable form of
added phosphorus (rock phosphate or tricalcium phosphate).
Similar results were 3lsn obtained by Daft and Nicolson

(1966), Powell and Daniel (1978).
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Mycorrhizal infection decreased with increased
level of vhosphorus 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-
Llable 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 et.al.(1978) who used a
split root system technicue. The results of the present
investigation showed that the relationship between the root
colonizatica and the concentra-ion of phosphorus in the roots
were negatively correlated. This support the hypothesis that
the concentration of phosphorﬁs 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 pLosphorus nutrition 5f plants (Mosse, 1973a). The
improved phosphorus nutrition results from an increased
2fficiency in phosphorus uptake from the sgil (Sanders and
Tinker, 1971). It has been demonstratad 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 taxkes place most probably in the form of poly-
vhosphate 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
physiologicral processes invelved 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 et.al.,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 aetivity 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

and 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 (38P) viz: O, 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.Gloggs spp. which was pot
cultured and maintained »n maize pl#nt. For each level of
SSP two sets of mycorrhizal treatments wers given. One

{
designated as mycorrhizal and the other as non-mycorrhizal.

Mycorrhizal set received the inoculum of VA endophyte
(Glomus spp),whereas, same amount df autoclaved inoculum
along with a filtrate of inoculum washing was added to the

non-mycorrhizal set. The methods »f inoculation were the

same as described in Chapter II.

|
i
Seedling preparation and plantatioL : The seedlings of

Exbucklandia populnea were raised {from the seeds in petri
plates. The method of seedling prgparation and their plan-

tation in the pots were similar t? those described in
}

Chapter II. i

?

Growth conditions and harvesting |t The experiment was set

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

net house situated at the Univerdgity campus under natural
climatic conditiors, 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 excawated and brought
to the laboratory for the assay of phosphatase activity,
measurement of growth €haracteristics and assessment of

VA mycorrhizal infection in the roots.

Preparation of cell free extracts : The fresh roots were
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detached from the seedlings and washed under running taﬁ
water and finally with the distilled water. The roots were
chopoed 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 é&nzyme
extract and the mixture was inoculated in water bath at 35%¢
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 spectrophotomester.

Quantitative assay for alkaline phosphatase activity : 0.5ml

of substrate solution prepared abowve 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 35°c for 30 minutes. The enzyme reaction was stopned by
adding 3.4ml of 0.1N NaOH and OD of the mixture solution

recorded at 410nm.
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The 0.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 O.1N Naog solutinn and. reading OD at 410nm. The enzZyme
activity was !#pressed as UM PNP released/min./g fresh wzight

of roots.

Growth measurement and assessment of mycorrhizal infection :

The fresh welght of shoot of the harvested seedlings was
recorded. The roots were fixed in FAA., 2B root segments (lcm)
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 mycorrhizal 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 thé 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 Fresh weight of shoot/plantT
' (g)
(g.SSP/pot) Mycorrhizal Non-mycorrhizal
0.0 .203+.038 «139+4.033
0.2 .324+.025% . 153+.027
0.5 +462+.036% «175+.023
5.0 .403+.044 .3904,049

1 : 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.SspP/pot) ( %)
o 60
0.2 60
0.5 20
5.0
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©07 and 0.1g 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
CJ5g 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 the 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 Exbucklandia populnea.

Soluble acid Soluble alkaline
prhosphatase phosphatase
Treatment enzyme activity enzyme activity
(g.SSP/pot) +M -M +M -M
0.0 .309+.021 .282+.037 .032+,003 «039+.004
0.2 «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 Og.

SSP/pot at 5% level.
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tissues and deficiency of phosphorus may cau
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 (1973) in higher plants. It was
observed that inoculation of VAM and or addition of super-
phosphate to the soill did not affect the activity of acid
phosphatase as no significant differences could be observed
in the activity of this enzyme with respect to mycorrhizal
treatment or phosphate treatment of soil. Howeveyr, Woolhouse
(1969) reported a significant stimulation ©f 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 th=* 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 solqble
phosphate and the mycorrhizal plants growing under the phos-
@horus 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 plaﬁts 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 rsgion were found to be heavily colonised by mycorr-
hizal fungi (Table 1.1). Whatever ecological benefits they
may derive from the mycorrhizal fungi iﬁ 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 geom;%rically 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
sbecies revealed a low availability of phosphorus (Table 1.2).
The phosphorus of less than 20ppm is regarded as of 1ts poor
availability for the growth of plants (B8llen, 1974). There-
fores, 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). Tharefore, 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
(Tabls 1.1). From other tropical locations several tree
species have bezn reported to be endomycorrhizal with VA
type of mycorrhizal infections‘(éaylis, 1967+ Racdhead, 1968;
St.John, 1980). The results extend support to the renort 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 lesvel increased with the age of the hos: plant.
However, the study of seasonal variability in the level of
VA mycorrhizal infaction performed with eleven tree species
(Fig.1.2a,b) under field conditions indicated that in peren-
nial plants tha 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 lavel of mycorrhizal infecticns
as no uniform pattern of significant correlations between
percent mycorrhizal infection and various edaphic factors
could be observed. The physiological and deveslopmental
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 populatinn counts made in studies of other
natural vegetations (Mosse and Bowen, 1968: Qg?sh, 1975).
However, in the study of regional weeds a similar higher
population of Endogone snores 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 fie=ld could
be expected. Tree species harboured spores of more than one
species of VA fungl in their rhizosphere. Mixed infections
have been reported in various woodland species ty Daft (1983).
Also the occurrencz 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, Gigasodra
spp was observed in warﬁer months (Table 1.3), which suggesté
that higher temperature of the environment might favour its
activity. Schenck and Hins»n (1971) also observed frequent
occurrence of Gigaspora spp. from the warmer regions of

Florida.

Ten species of VAM fungi were identified from the

for=st soil of the region. Two spacies 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. coremiocides, S. rubiformis and
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S. microcarpus were jidentified. The first two species have
been revortad by Bakshi (1974) from weodland and by
Bhattacharjee et,al, (1980) from agricultural soils, Three
specias of Gigaspora wera also identified namely,

G. calospora, G. gigantea and G..gregaria,The species have
also been described from woodland by Bakshi (1974). Besides,
two species of Glomus were also identified namely, G. macro-
cargus and G. mosseae which have also been reported from

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

The mycorrhizal infection was low at O level of NPK
and increased at I level (14kg NPK hgl) 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. tn
kigh or no fertilizer treatments. With additional phosphata
supplied to mycorrhizal seedlings, the infection dacresased
with available source (sodium hydrogan phosphate). Daft and
Nicolson (1969a), Ratnaike et.al. (1978) and Menge et.al.
(1978) had‘shown decrease in VA mycorrhizal infection when
scluble phosphates werze added to the soil. However, with
bone meal as the phosphate s»urce, VA mycorrhizal infection
increased at lower concentration and was greatly reduced at
higher concentration of bone mzal in the soil (Fig.3.5).

Pairunan et.al.(1980) also observed increase in percent
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mycorrhizal roots when .rock phosphates were applied to the
mycorrhizal clover plants at intermediate levals whereas,
highar concentration of rock phosphate dacreased mycorrhizal

infection.

The phosphorus content in the root was negatively
correlated with parcent 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 conlonization
of VAM fungi was regulated by high phosphorus concentration
in the root system and not by phosphorus ccncentration of the
soil. Hall (1977) and Jasper et.al.(1979) also found that
phosphorus application to th=z scill depressed mycorrhizal

infecticn 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, tha growth of
mycorrhizal and non-mycorrhizal plants was almost similar

at higher fertility levels of soil or phosphorus status °f
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 enhancead growth is gensrally
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). Increasad
uptake of phosphorus has been reported in many plants (Daft
and Nicolson, 1969; Mosse et.al.,1976; Pearson and R=ad,1973;

Mosse et.al.,1976: Heap and Newman, 1280).

The rasults of uptake of othar 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 n»ot 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 quantitativs assay of
alkaline phosphatase activity showed that the activity of
this enzyme differed significantly between non-mycorrhizal

seedlings supplied with 5.0g single supzr-phosphate and VA
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inoculated seedlings grown under phosphorus deficient
conditions. Non-mycorrhizal plants got their phosphorus
directly from the scil, whereas, in mycorrhizal plants
phosphorus was made available to the plants by mycorrhiza.
The results support the hypothesis that metabolism of phos-
phorus between myco>rrhizal and non-mycorrhizal plants may be
different (Gianinazzi~-Pzarson and Gianinazzi, 1978). The
studies of\d%aninazzi-?earson and Gianinazzi, 1978) had shown
that new bigds of a&alkaline phosphatase appeared in mycorr-
hizal roonts and these specific bands accounted for 22-32¥%
alkaline phosphatase activity. Based on their observation
they (1979) further speculatad that thisMSP (mycorrhiza
specific phosphatase) is of fungal origin. In ultra struc-
tural studies greater phosphatase activity has bzen reported
on the tips of arbuscules but not in eith=ar host cell or
senescent fungal hypha (Scaﬁérini et.al.,1975) and the greater
alkaline phosphatass activity was correlated with MSP and
also with number of arbuscules (Gianinazzi-Pearson and
Gianinazzi, 1979). The actual mechanism invnolvad in phosphatef

uptake neads further investigations.



SUMMARY



110

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

: Fa
others were endomycorrhizal, In;éndomycorrhizal group two

~
species had ericoid and remaining eighteen had vesicular-
arbuscular type of endomycorrhizal association.The rhizos-
vheric soil of all the tree snecies was acidic (pH:4.5—6.0)A
{

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

However, the soil was poor in available phosphorus (1-10pmnﬁi

Cryptomeria iaponi@a, Exbucklandia populnea, Acacia

dealbata, Schima Xhasiana, Machilus kingii, Cinnamomum tamala,

Manglistia 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

vears viz., 1983-84 and 1984-85. In Daphniphyllum himalavanse

and Mallotus nepalensis, VA mycorrhizal infection was high ,

I U
. .f'*’ha«‘/\ b
in all the seasons., Tree species exhibited higher/population

of endogonaceous spores in theilr rhizospheric soil andfit\
varied among various tree species and in different seasons.

Cryptomeria japonica, Exbucklandia populnea, Cinnamomum

tam3la and Lindera latifolia displayed maximum endogonaceous
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spore population in rhizospheric soil 1in rainy season,

whereas, in Daphniphyllum himalayanse and Machilus kingi

it was maximum in winter. Acacia dealbata, Schima khasiana

Mallotus nepalensis, Manglistia insignis and Casearia

verica d4id 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 exchangeable calcium of

the- 's01l exhibited greater seasonal variation.

Spores of Glomus spp, Acaulospora spp, Gigaspora spp

and Sclerocystis spp were observed in the rhizospheric

soll of the tree species. Spores of different types repre-
senting more than one gene®a of endogonaceous fungi were
present in .the rhizospheric soil of tree species. Spores

of Glomus' svp and Acaulospora spp were abundant. Former

was found in all the seasons, whereas, latter was common
during winter season. Spore population of Gigaspora 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

S. microcarpus: two spacies of Glomus namely G. mosseae
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and G. macrocarpus var. geosporus; three species of

Gigaspora namely G. galospora,G. gregaria and Gs gigantea.’

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-

1NPK) of

lation supplemented with low fertilization (14 kg ha
soil resulted in better growth of seedlings than all other
mycorrhizal and fertilizer treatments both in combination

1NPK) both

or alone. At higher soil fertility (56 kg ha
mycorrhizal and non-mycorrhizal plants exhibited similar
growth responses. Ipncrease in level of soil fertility
suppressed VA mycorrhizal infection. Higher levels of NPK
(56 kg hgl) 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 bpne 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 1eveis of bone mea11(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 reguléte

mycorrhizal infection of root.

Root/shoot ratio of mycorrhizal plants was lower
than tHat of non-mycorrhizal plants at lower nutrient status

(NPK levels) and phosphorus status of soil.

Effect of VA mycorrhiza on the minsral nutrition of

the seedlings of Bxbucklandia populnea was studied at diffe-

rent fertility regimes and phosphorus amendmentg of 5011
Mycorrhizal infection 155;éveé phosohéru;lnutrltion of seed-
lings. Mycorrhizal plants had higher concentration of
phosphorus in comparison to non-mycorrhizal plants at lower

fertility lavels of soil (0,14kg h3r

NPK) . Mycorrhizal plants
had higher concentration of phosphorus than non-mycorrhizal
plants grown in both sources of phosphorus)bug& the difference
in concentration between mycorrhizal and non-mycorrhizal was
observed with relatively higher 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 nitrogsn than non- e
mycorrhizal plants at lower levels of soil fertility

(0, I, IT lavels 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,I) of NPK added
to the soil. No significant differences were observed in the
concentration of calcium between mycorrhizal and non-
mycorrhizal plants except f£or 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 »f seedlings

of Exbucklandia populnea.and thesre was no cnonsistent zeffect

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 N

metabolism in mycorrhizal plants may be different from that -

of non-mycorrhizal plants,



REFERENCES



Abbott,

Abbott,

Abbott,

Abbott,

Abbott,

Abbott,

Abbott,

1195

L.K. and Robson, A.D,,1977a. The distribution and
abundance of vesicular-arbuscular endophytes in some
western Australian soils., Aust. J. Bot., 25:515-22.
L.K. and Robson, A.D.,1977b. Growth stimulation of
subterranean clover with vesicular-arbuscular mycorr-
hizas.Aust., J. Agric. Res., 28:639-49,

L.K. and Robson, A.D.,1978. Growth of subterranean
clover in relation to the formation of endomycorrhi-
zas by introduced and indigenous fungi in field soil.
New Phytol., 81:575-85.,

L.K. and Robson, A.D.,1979. A quantitative study ofv
the spores and anatomy of mycorrhizas formed by a
species of Glomus, with special reference to its
taxonomy. Aust. J. Bot.,27:363-75.

L.K. and Robson, A.D.,1981. Infectivity and effec-
tiveness of five endomycorrhizal fungi : competrition
with indigengus fungi in soils. Aust. J. Agric.
Res., 32:621-30,

L.K. and Robson, A.D.,1982, The role of vesicular-
arbuscular mycorrhizal fungi in agriculture and the
selection of fungi for inoculation. Aust. J. Agric.
Res.,, 33:389-408.

L.K., Robson, A.D. and Boer, G.De., 1984, Effect

of phosphorus on the formation of hyphae in soil

by VAM fungus Glomus fasiculatus. New Phytol.,

97:437~46.

Allen, M.F. Moore, T.S. Jr. and Christensen, M. 1980,

Phytohormone changes in Boutelova gracilis infected




116

by vesicular-arbuscular mycorrhizae : 1.Cytokinin
increases in host plant. Can. J. Bot., 58:371-74.
Allen, M.F., Moore, T.S. Jr. and Christensen, M., 1982.

Phytohormone changes in Boutelova gracilis infected

by vesicular-arbuscular mycorrhizae : II.Altered
level of gibberllin like substances and abscisic
acid in the host plant. Can. J. Bot., 60:468-71.
Allen, M.F., Moore, T.S. Jr., Christensen, M. and Stanton,
N.,1979. Growth of wvesicular-arbuscular mycorrhizal

and non-mycorrhizal Boutelova gracilis in a defined

medium. Mycologia, 71:666-69.,

Allen, M.F., Smith, W.X., Moore, T.S. Jr. and Christensen,M.,
198la. Comparative water relations and photo-
synthesis of mycorrhizal and non-mycorrhizal Boutelova
gracilis (H.B.K.,) Lag ex Steud. New Phytol., 88:683-93,

Allen, M.F., Sexton, J.C., Moore, T.S. Jr. and Christensen,M.
1981b. Influence of phosphate source on veéicular-

arbuscular mycorrhizae of Boutelova gracilis. New

Phytol., 87:687-94,

Allen, S.E., 1974. Chemical analysis of ecological materials
Blackwell Scientific Publication, (New Delhi),
565 pp.

Ames, R.N. and Linderman, R.G., 1978, The growth of easter

lity (Lilium longiflorum) as influenced by vesicular-

arbuscular mycorrhizal fungi, Fusarium oxysporum and

fertility level. Can. J. Bot., 56:2773-80.
Ames, R,N., Porter, L.,K., John, T.V. St. and Reid, C.P.P.,

1984, Nitrogen sources and ‘A' values for



117

vesicular-arbuscular and non-mycorrhizal Sorghum
grown at three rates of 15N - ammonium sulfate,
New Phytol., 97:269+76.

Anderson, R.C., Ebbers, B.C. and Liberta, A.E., 1986, Soil
moisture influences colonization nf Prairie cordgrass

(Spartina pectinata Lind.) by vesicular-arbuscular

mycorrhizal fungi. New Phytol., 102:523-27.

Anderson, R.C., Liberta, A.E. and Dickman, L.A., 1984,
Intsraction of vascular plants and vesicular-
arbuscular mycorrhizal fungi across a soil moisture
nutrient gradient. Oecologia, 64:111-17.

Anderson; R.C., Liberta, A.E,, Dickman, L.A. and Katz, A.E.,
1983, Spatial variation in vesicular-arbuscular
mycorrhiza spore density. Bull. Torrey Bot. Club,
110:519-25.

Asimi, S., Gianinazzi-Pearson, V, and Gianinazzi, S., 1980.
Influence of increasing soil phosphorus level én
interactions between vesicular-arbuscular mycorrhi-
zae and Rhizobium in soybeans. Can. J. Bot.,
58:2200-05.

Azcon, R. and Ocampo, J.A., 1981, Factors affecting the
vesicular-arbuscular infection and mycorrhizal
dependency of thirteen wheat cultivars. New Phytol.,
87:667-85.,

Bagyaraj, D.J. and Manjunath, A., 1980. Response of crop
Plants to VA mycorrhizal innculation in an

unsterile Indian soil., New Phytol., 85:33-36.



118

Bagyaraj, D.J., Manjunath, A. and Patil, R.D., 1979a. Inter-
action between a vesicular-arbuscular mycorrhiza and
Rhizobium and their effect on the soybean in the
field. New Phytol., 82:141-45.

Bagyaraj, D.J., Manjunath, A. and Patil, R.D., 1979Db.
Occurrence of vesicular-arbuscular mycorrhizaa in
some tropical agquatic plants. Trans. Br. Mycol. Soc.
72:164-67,

Bakshi, B.K., 1974, Mycorrhiza and its role in forestry.
P.L. 480 Ppoject Report, FRI and collegeg, Deshradun,
India.

Banister, P. and Norton, W.M., 1974. The response of mycorr-
hizal and non-mycorrhizal rooted cuttings of heather

(Calluna wvulgaris (L.) Hull) to variations in

nutrients and water regimes. New Phytol., 73:81-89.
Barrow, N.J., Malajezuk, N. and Shaw, T.C., 1977. A direct
test of the ability of vesicular-arbuscular mycorr-
hiza to help plants take up fixed soil phosphate.
New Phytol., 78+269-76,
Baylis, G.T.S., 1959. Effect of vesicular-arbuscular

mycorrhizea on growth of Griselinia littoralis

(Coronaceae). New Phytol., 58:274-80.
Baylis, G.T.S., 1967. Experiments on the ecological signi-
ficance of phycomycetous mycorrhizas. New Phytol.,

66:231-43.

Baylis, G.T.S., 1975. The magnolioid mycorrhiza and

mycotrophy in root systems derived from it. In :



119

Endomycorrhizas (Eds. Sanders, F.E., Mosse, B. and
Tinker, P.B.) Academic Press (London), pp.373-89.

Becker, W.N. and Gerdemann, J.V., 1977a. Colorimetric quanti-
fication of vesicular-arbuséular mycorrhizal infection
in onion. New Phytol., 78:289-95,

Becker, W.N. and Gerdemann, J.W., 1977b. Glomus etunicatus

sp. nov., Mycotaxon, 6:29-32.

Berch, S.M. and Kendrick, B,, 1982, Vesicular-arbuscular
mycorrhizae of southern Ontario fern and fern allies.
Mycdlogia, 74:769-76.

Bethlenfalvay, G.J., Brown, M.S. and Pacovsky, R.S., 1982.
Relationships between host and endophyte development
in mycorrhizal soybeans. New Phytol., 90:537-43,

Bhattacharjee, M., Mukerji, K.G. and Misra, S., 1980. Studies
on Indian Endogonaceae III. Further records. Acta.
Bot. Indica, 8:99-102,

Bhattacharjee,M., Mukerji, K.G., Tewari, J.P. and Skoropod,
W.P., 1982, Structure and hyperparasitism of a new
species of Gigaspcra. Trans. Br. Mycol. Soc.
78:184-88,

Bhattarai, I.D., 1983. Studies on the vesicular-arbuscular
mycorrhiza of certain crop plants of Meghalaysa,

Ph.D. thesis, NEHU, Shillong.

Bieleski, R.L.,1973. Phosphate pools, phosphate transport

and phosphate availability. Annu. Rev., Pl., Physiol.,

24:225-52,



120

Biermann, B. and Linderman, R.G., 1981. Quantifying vesicular-
arbuscular mycorrhizae : A proposed method towards
standardisation. New Phytol.,, 87:63-67.

Biermann, B. and Linderman,R.G., 1983, Use of vesicular-
arbuscular mycorrhizal roots, intraradical vesicles
and extra radical vesicles as inoculum.New Phytol.,
95:97-105.

Black, R. and Tinker, P.B.; 1979. The development of endo-
mycorrhizal root system : II. Effect of agronomic
factors and soil conditions on the development of
vesicular-arbuscular mycorrhizal infection in barley

and on the endophyte spors density. New Phytol.,
83:401-13, -

Bloss, H.E., 1979, Vesicular-arbuscular mycorrhizae in
jojoba and mariola.Mycologia., 71:831-34.

Boatman, N., Paget,D., Hayman, D.S. and Mosse, B., 1978.
Effect of systemic fungicides on vesicular-arbuscular
mycorrhizal infection and plant phosphate uptake.
Trans. Br. Mycol. Soc.,, 70:443-50.

Bonfante-~Fasolo,P., Dexheimer, J., Gianinazzi, S., Giani-
nagzi-Pearson, V. and Scannerini,S., 1981.
Cytochemical modifications in the host fungus

interface during intra-cellular interactions in
vaesicular-arbuscular mycorrhizae. Plant Sci.

Letters, 22:13-31.
Brown, R.W,, Schultz, R,C. and Kormanik, P.P., 1981,

Response of vesicular-arbuscular endomycorrhizal



121
sweetgum seedlings to three nitrogen fertilizers.
For. Sci., 27:413-20,

Bryan, W.C. and Kormanik, P.P., 1977. Myconrrhizae benefit
survival and_growth of sweetgum seedlings in the
nursery. South J. Appl. For., 1:21-23.

Bryan, W.C. and Ruehle, J.L., 1976. Growth stimulation of

sweatgum seedlings induced by endomycorrhizal fungus

' Glogus mosseae. Tree Planters' Notes, 27:9,24.

Carling, D.é., Rishle, W.G., Brown, M.F. and Johnson, D.R.,
1979. Effect of vesicular-arbuscular mycorrhizal
fungus on nitrate reductase and nitrogenase activi-
ties in nodulating and non-nodulating soybeans.
Phytopathol., 68:1590-96,

Chilvers, M.T. and Daft, M.F.J., 1981, Mycorrhizas of the
Liliflorae II. Mycorrhiza formation a;é incidence
of root hatrs in field grown Narcissus L., Tulipa,L.
and Crocus L. cultivars. New Phytol., 88:247-61.

Clark, F.B., 1963, Ehdotrophic mycorrhizae influence yellow
poplar seedling growth. Science, 140:1220-21.

Clarke, C. and Mosse,B., 1981. Plant growth responses to
VAM. XII, field inoculation respanses of barley at
two soil P levels. New Phytol., 87:695-703.

Cooper, K.M., 1982. Mycorrhizal fungi, their role in plant
establishment. Proc. Intern. FPl. Propagotor's Soc.,
32:396-404.

Cooper, K.M. and Lesel, D.M., 1978. Lipid physiology »of

vesicular-arbuscular mycorrhiza 1. compositicn of



122

lipids in roots of onion, clover and ryegrass

infected with Glomus mosseae. New Phytol., 80:143-51.

Cooper, K.M. and Tinker, P.B., 1978. Translocation and
transfer of nutrients in vesicular-arbuscular mycorr-
hizae. II. Uptake and translocation of phosphorus,
zinc and sulphur. N=w Phytol., 81:43-52,

Cooper, K.M. and Tinker, P.B., 1981. Translocation and
transfer of nutrients in vesicular-arbuscular
mycorrhizas IV. Effect of environmental variables
on movement »f phosphnrus. New Phytol., 88:327-39.

Cox, G., Moran, K.J., Sanders, F.E., Nockolds, C. and
Tinker, P.B., 1980. Translocation and transfer of
nutrients in vesicular-arbuscular mycorrhizas. III.
Polyphosphate granules and phosphorus translocation.
New Phytnl., 84:649-59,

Cox, G., Sanders, F.E., Tinker, P.B. and Wild, J.A., 1975,
Ultrastructural evidence relating t» host endophyte
transfer in a vesicular-arbuscular mycorrhiza. In:
Endomycorrhizas (Fds. Sanders, F.E., Mnsse, B. and
Tinker,P.B.) .Academic Press (London) pp.297-312.

Cox, G. and Tinker, P.B., 1976, Translocation and transfer
of nutrients in vesicular-arbuscular mycorrhizas
1. The arbuscule and phosphorus transfer : A quan-
titative ultra-structural study. New Phytol.,
77:371-78.

Crush, J.R.,1974. Plant growth responses to vesicular-

arbuscular mycorrhiza ¥II. Growth and nodulation



123

»f some herbage lagumss. New Phytol., 73:743-49.
Crush, J.R., 1975. Occurrence of endomycorrhizas in solls
nf' the Mackenzie Basin, Canterbury, New Zealand,
N.Z.J. Agric. Res., 18:361-64.
Crush, J.R., 1976. Endomycorrhizas and legume growth in
some soils of the Mackenzie Basin, Canterbury,
New Zealand, N.Z.J, Agric. Res., 19:473-76.

Csinos, A.S., 1981. Gigaspora margarita inoculation of

Nicotiania tobaccum : response tn fertilization.

Can. J. Bot., 59:101-103.
Daft, M.J., 1983, The influence of mixed inocula on endc-
mycorrhizal development. Plant Soil, 73-331-37.
Daft, M.J. and El-Giahmi, A.A., 1974. Effect of Endogone
mycorrhiza on plant growth. VII. Influence of
infection on the growth and nodulation in french

bean (Phaseolus vulgaris). New Phytol., 73:1139-47.

Daft, M.J. and Hac skaylo, E., 1976. Arbuscular mycorrhiza
in the anthracite and bituminous coal wastes of
Pennsylvania. J. Appl. Ecol., 13:523-31.

Daft, M.J., Hacskaylo, E. and Niceclson, T.H., 1975.
Arbuscular mycorrhizas in plants cclonising coal
spolls in Scotland and Pennsylvania. In : Endomy=-
corrhizas (Eds. Sanders, F.E.,, Mnsse, B. and
Tinker, P.B.) Academic Press (London). pp 561-80.

Daft, M.J. and Hogarth, B.G., 1983, Competitive inter-
actions amongst four species of Glomus on maize

and onion. Trans. Br. mycol. Soc., 80:339-45.



124

Daft, M.J. and Nicolson, T.H., 1966. Effect of Endogone
-mycorrhiza on plant growth., New Phytol., 65:343-50,
paft, M.J. and Nicols»n, T.H., 1969a. Effect »f Endogone
mycorrhiza o»n plant growth. II. Influence of soluble
phosphate on endophyte and host in maize. New Phytnl.,
68:945-52,

Daft, M.J. and Nicols»n, T.H., 1969b. Effect of Endagone
mycorrhiza on plant growth.III: Influence of inocu-
lum concentration on growth and infection in tomato.
New Phytol., 68:953-61,

Daft, M.J. and Nicolson, T.H., 1972, Effect of Endngone
mycorrhiza on plant growth IV, Quantitative rela-
tionship between the growth of the host and the
development of the endophyte in tomato and maigze.
New Phytol., 71:287-95,

Daft, M.J. and Nicolson, T.H., 1974. Arbuscular mycorrhizas
in plants conlonising cnal wastes in Scotland. New
Phytol., 73:1129-38,

Daft, M.J. and Okusanya, B.O., 1973. Effect of Endngone
mycorrhiza on plant growth VI : Influence of
infection on the anatomy and reproductive develop-
ment in four hosts. New Phytol., 72:1333-39.

E
Dangeard, P.A., 1900. Le "Rhizophagqus pnpulinus" Dangeard.

Botaniste, 7:285-91.

Daniel, B.A. and Trappe, J.M., 1979. Glcmus epigaeus sp.

nov., a useful fungus for vesicular-arbuscular

mycorrhizal research. Can, J. Bot., 57:539-42,



125

Daniel, B.A. and Tréppe, J.M., 1980. Factors affecting spore

germination of the vesicular-arbuscular mycorrhizal

\Cdzhngus. Glomus spigaeus. Mycologia, 72:457-71.

Davis, E.A., and Young, J.L., 1985, Endomycorrhiza coloniza-
tion of glasshouse grown wheat as influenced by
fertilizer salts when banded or soil mixed. Can. J.
Bnt., 63:1196-1203.

bickman, L.A., Liberta, A.E. and Anderson, R.C., 1984,
Ecclcgical interactions of little bluestem and
vesicular-arbuscular mycorrhizal fungi. Can. J. Bot.,
62:2272-T77.

El-Giahmi, A.A,.,, Nicolson,T.H. and Daft, M.J., 1€76. Endo=-
mycorrhizal fungl from Libyan soils. Trans. Br.
mycol., Soc., 67:164-69,

Epstein, E., 1972, Mineral nutrition of plants : Principles
and perspectives. N.Y. Willey, pp.412.

Fairweather, J.V. and Parbery, D.G., 1982. Effects of four
vesicular-~arbuscular mycorrhizal fungi on growth
of tomatoc, Trans. Br. mycol. Soc., 79:151-53,

*Frank,A.B,.,, 1885. Uber die auf wurzelsymbiose beruhende
Ernahrung gewisser Baume durch unterir-dische Pilze.
Ber. Dtsch. Bot. Ges., 3:128-45,

Frankland, J.C. and Harrison, A.F., 1985, Mycorrhizal

infection of Betula pendula and Acer pseudoplatanus :

relationship with seadling growth and soil factors.
New Phytol., 101:133-51,

Furlan, V., Bartschi, H., and Fortin, J.A., 1980, Media for



126

density gradient extraction of endomycorrhizal spores.
Trans. Br. mycol. Soc., 75:336-38.
Furlan, V. and Fortin, J.A., 1977. Effects of light intensity

on the formation of vesicular-arbuscullar endomycorrhi-

zae on Allium cepa by Gigaspora calospora. New Phytol.,
79:335-40. |

Furlan, V., Fortin, J.A. and Plenchette,C., 1983. Effects of
different vesicular-arbuscular mycorrhizal fungi

on growth of Fraxinus americana. Can. J. For. Res.

13:589-93,

Serdemann, J.W., 1968, Vesicular-arbuscular mycorrhiza and
plant growth. Annu. Rev. Phytopathol., 6:.97-418.,

Gerdemann, J.W., and Bakshi,B.K., 1976. Endogonaceae of India:
Two new speciles., Trans. Br. mycol. Soc., 66:340-43,

Gerdemann, J.W. and Nicolson, T.H., 1963, Spores of mycorr-
hizal Endogone species extracted from soil by wet
sieving and decanting. Trans. Br. mycol. Soc.,
46:235-44,

Gerdemann, J.W. and Trappe, J.M., 1974. The Endogonaceae in
the Pacific North-West, Mycologia Memoir No.5:1~76.

Gianinazzi-Pearson, V. and Gianinazzi, S., 1976. Enzymatic
studies on the metabo;ism of vesicular-arbuscular
mycorrhiza. I. Effect of mycorrhiza formation anad
prhosphorus nutrition on soluble phosphatase activi-
ties in onion roots. Physiologie vegetale, 14:833-41.

Gianinazzi-~Pearson, V. and Gianinazzi, S., 1978. Enzymatic
studies on the metabolism of vesicular-arbuscular

mycorrhiza. II. Sclukle alkaline phosphatase specific



127

to mycbrrhizal infection in onion roots. Physiol.

Pl. Pathol.; 12:45"‘53.

-

Gianinazzi~Pearson, V. and Gianinazzi, S., 1983. The physio-
logy of vesicular-arbuscular mycorrhizae. Plant soil,
71:197-209.

Gianinazzi, S., Gianinazzi~Pearson, V. and Dexheimer, J.,
1979. Enzymatic studies on the metabolism of
vesicular-arbuscular mycorrhiga. III. Ultra structu-
ral localization of acid and &alkaline phosphatase in

onion roots infected by Glomus mosseae (Nicol. &

Gerd.). New Phytol., 82:127-32.

Gianinazzi-Pearson, V., Gianinazzi, S. and Trouvelot, A,,
1985. Evaluation of infectivity and effectiveness of
indigenous VA fungal population on some agricultural
soils in 3Burgundy. Can. J. Bot., 63:1521-24,

Gilmore, A.E., 1968. Phycomycetous mycorrhizal organisms
collected by open pot culture methods. Hilgardia,
39:87-105.

Glovannetti, M. and Mosse, B., 1980, An evaluation of
techniques for measguring vesicular-arbuscular mycorr-
hizal infection in roots. New Phytol., 84:4f9-500,

Godse, D.B., Madhusudan, T., Bagyaraj, D.J.‘and Patil, R.B.,
1976. Occurrence of vesicular-arbuscular mycorrhi~-
zas on crop plants in Karnataka. Trans. Br. mycol.
Soc., 67:169-71.

5odse, D.B., Wani, S.P., Patil, R.B. and Bagyaraj, D.J.,

1978. Response of cow pea (Vigna unguiculata L.




128

Walp.) to Rhizobium-VA mycorrhiza dual inoculation.
curr. Sci,, 47:784-85,

Graham, J.H. and Timmer, L.W., 1985. Rock phosphate as a
source of phosphorus for VAM development and growth
of Citrus in a soilless medium, J.. Am. Soc. Hort,
Sci., 110:489-92,

¢ray, L.E. and Gerdemann, J.W., 1967. Influence of vesicular-
arbuscular mycorrhizas on the uptake of phosphorus-32

by Liriodendron tulipifera and Liguidambar stryraci-

flua. 'Nature (London), 213:106-107.

Cray, L.E. and Gerdemann, J.W., 1969, Uptake of phosphorus-32
by vesicular~arbuscular mycorrhizae. Plant 8oill,
30:415-22,

Gray, L.E. and Gerdemann, J.W., 1973. Uptake of sulphur-35
by vesicular-arbuscular mycorrhizae. Plant Soil,
39:687-89.

Graw, D., 1979. The influence of soil pH on the efficiency of
vesicular-arbuscular mycorrhiza. New Phytol., 82:687-95.

Hacskaylo, E., 1983. Researching the potential of forest tree
mycorrhizaes.Plant Soil, 71:1-8.

Hall, I.R., 1976a.Response of Coprosoma robusta to different

forms of endomycorrhizal inoculum. Trans. Br. mycol.
Soc., 67:409-11.
dall, I.R., 1976r, Vesicular-arbuscular mycorrhizae in orchid

Corybas macranthus. Trans. Br. mycol. Soc., 66:160. .

"lall, T.R., 1977, Species and mycorrhizal infections of
New Zealand Endogonaceae. Trans. Br, mycol. Soc.,

68:341~56.



129 :

Hall, I.R., 1984, Field trials assessing the effects of inocu-
lating agricultural soils with endomycorrhizal fungi.
3. Agric. Sci., Camb., 102:725-31.

Hall, I.R. and Fish, B.J., 1979. A key to the Endogonaceae.
Trans. Br. mycol, Soc,, 73:261-70«

Hall, I.R., Johnstone, P.D. and Dolby, R., 1984. Interaction
between end~mycorrhizas and soil nitrogen and phospho-
rus on the growth of ryegrass. New Phytol., 97:447-53.

Rardie, K. and Leyton, L., 1981. The influence of vesicular-
arbuscular mycorrhiza on growth and water relations of
red clover. 1. In phosphate deficient soils. New
Phytol.,, 89:599-~608,

Harley, J.L., 1969. The Biology of mycorrhiza., Leonard Hill,
London, 334pp.

Haselwandter, K., 1979. Mycorrhizal status of ericaceous plants
in alpine and sub-alpine areas. New Phytol., 83:427-31.

Hattingh, M.J., Gray, L.E. and Gerdemann, J.W., 1973. Uptake
and translocation of 32P labelled phosphate to onion
roots hy endo-mycorrhizal fungi. Soil Sci., 116:383-87.

Hawker, L.E., 1962, Studies on vasicular-arbuscular endophytes
V. A review of the evidence relating to identity of

causal fungi. Trans. Br. mycol. Soc., 45:190-99,

Hawker, L.E., Harrison, R.W., Nicholls, V.0. and Ham, A.M.,
1957, Studies on vesicular-arbuscular endophytes 1.

A strain of Pythium ultimum Trow in roots of Allium

ursinum L. and other plants. Trans. Br. mycol. Soc.,

40:375-90.



130

Hayman, D.S., 1970. Endogone spore numbers in soil and
vesicular-arbuscular mycorrhiza in wheat as influenced
by season and soil treatment. Trans. Br, mycol. Soc.,
54:53-63,

Hayman, D.S., 1975. The occurrence of mycorrhiza in crops as
affected by soil fertility. In : Endomycorrhizas
(Eds. Sanders, F.E., Mosse, B. and Tinker, P.B.).
Academic Press (London). pp.495-509.

Hayman, D.S., 1978. Mycorrhizal population of sown pastures
and native vezgetation in Otago, New Zealand. N.Z.J.
Agric. Res,, 21:271-76.

Hayman, D.S., 1982, Influence of soil and fertility on acti-
vity and survival of VAM fungi. Phytopathol., 72 :
1119-25,

Hayman, D.S., 1983, The physiology of wvesicular-arbuscular
mycorrhizae. Can. J. Bot., 61:944-63,

Hayman, D.S.,and Mosse,B., 1971. Plant growth responses to
vesicular-arbuscular mycorrhiza. I. Growth of Endogone
inoculated plants in phosphate deficient soils. New
Phytol., 70:19-27.

Hayman, D,S. and Mcsse, B., 1972. Plant growth responses to
vesicular-arbuscular mycorrhiza. III, Increased
uptake of labile P from soil, New Phytol., 71:41+47.

Hayman, D.S. and Tavares, M., 1985, Plant growth responses
to vesicular-arbuscular mycorrhiza., XV. Influence of
soil pH on the symbiotic efficiency of different

endophytes, New Phytol,, 100:367-77.



131

Hayman,»D.S., Johnston,A.M. and Ruddlesdin, I., 1975. The
influence of phosphate and crop species on Endogone
spores and vesicular-arbuscular mycorrhiza under
field conditions. Plant Soil, 43:489-95.

Heap, A.J., and Newman, E.I., 1980. The influence of vesicu-
lar-arbuscular mycorrhizas on phosphorus transfer
between pESmEs. New Phytol., 85:173-79,

Hepper, C.M., 1981. Techniques for studying the infection
of plants by vesicular-arbuscular mycorrhizal fungi.
New Phytol., 88:641-47,

Herskowitz, J.M. and Estey, R.H., 1978. Endogonaceae from
Quebec soils. Can. J. Bot., 56:1095-98,

Hetrick, B.D, and Bloom, J., 1983. Vesicular-arbuscular
mycorrhizal fungl associated with native tall grass
prairie and cultivatad winter wheat. Can. J. Bot.,
61:2140-46.

Hirrel, M.C., Metravaran, H. and Gerdemann, J.W., 1978.
Vesicular-arbuscular mycorrhizae in the chenopndia-
ceae and cruciferae : do they occur? Cah. J. Bot.,
56:2813-17.

Ho, I. and Zak, B., 1979. Acid phosphatase activity of six
ectomycorrhizal fungi. Can., J. Bot., 57:1203-5.

Hogberg, P., 1982, Mycorrhizal association in some woodland
and forest trees and shrubs in Tansania. New ?hytol.,
92:407-~15,

Howler, R.H., Asher, C.J. and Edwards, D.G., 1982. Establish-

ment of an effective endomyaorrhizal association



132

on Cassava in flowing sglution culture and its effect
_ on phosphorus nutrition. New Phytol., 90:229-38,

Iqbafi, S.H. and Parveen, B., 1981. Some species of Sclero-
cystis (Endogconaceae) from Pakistan. Trans. Mycol.
Soc. Jpn., 21:57-63.

Igball, S,.H., Yousaf, M. and Yocunus, M., 1981, A field
survey of mycorrhizal association in ferns of
Pakistan. New Phytol., 87:69-79.

Jackson, M.L., 1972, 8Snil chemical analysis, Prentice Hall,
New Delhi. 498pp.

Janos, D.P., 1975. Effect of vesicular-arbuscular mycorrhi-
zae on lowland tropical ralnforest trees. In :
Endomycorrhizas (Eds. Sanders, F.E.,, Mosse, B. and
Tinker, P.B.) Academic Press (London). pp.437-46.

Janos, D.P. and Trappe, J.M., 1977. Two new Acaulospora spp

from Tropical America. Mycotaxon, 15:515-22,

Sanse, J.M., 1896, Leas =2ndophytes radicaux de cuelques
plantes javanaises. Ann. Jard. Bot. Buitenz.,
14:53-212.

Jasper, D.J., Robson, A.D. and Abbott, L.K., 1979. Phospho-
rus and the formationdnf vesicular-arbuscular
mycorrhizas. Soil Biol. Biochem., 11:501-505.

Jensen, A,.,, 1982, Influence of four vesicular-arbuscular
mycorrhizal fungili on nutrient uptake and growth in

barley (Hordeum vulgare). New Phytol., 90:45-50.

John, T.V. St., 1980a. A survey of mycorrhizal infection
fn amazonian rain forest. Acta Amazonica,

10:527-33.



John, T.V. St., 1980b. Root liﬁg, root hairs and mycorrhizal
infection : A re-examination of Baylis's hypothesis
with tropical trees. New Phytol., 84:483-87.

John, T.V. St., Hays, R.I. and Reid, C.P.P., 1981, A new
méthod for producing pure vesicular-arbuscular
mycorrhiza-host culture without specialised media.
New Phytol., 89:81-86.

John, T.V. St., Hays, R.I. and Reid, C.P.P., 1983. Influence
of a volatile compound on formation of vesicular-
arbuscular mycorrhizas, Trans. Br, mycol. Soc.,
81:153-54,

Johnson, C.R., Graham, J.H., Leonard, R.T. and Menge, J.A.,
1982, Effect of flower bud development in chrysanthe-
mum on vesicular-arbuscular mycorrhiza formation.
Mew Phytol., 90:671-75,

Jobnson, P.N., 1977. Mycorrhizal esndogonaceas in a New
Zealand forest. New Phytol., 78:161-70.

*Kamienski, F., 1981. Die vegetationsorganen der Monotropa
hypopitysL. Bot. 2Ztg., 39:458-61.

Khan, A.G., 1971, Occurrence of Endogone species in west
Pakistan soils. Trans. Br, mycol. Soc., 56:217-34,

Khan, A.G., 1972. The effect of vesicular-arbuscular
mycorrhizal éssociations on growth of cereals, I.
Effect on maize growth. New Phytol., 71:613-19.

Khan, A.G., 1974. The occurrence of mycorrhizas in halo-
phytes, hydrophytes and xerophytes and of Endogone
spores in adjacent soils. J. Gen. Microbiol.,
81:7-14.

Khan, A.G., 1978. Vesicular-arbuscular mycorrhizas in

plants colonising black wastes from 3ituminous coal



134

mir.ng in the Illawarra region of New South Wales.
New Phytol., 81:53-63.

Khan, A.G., 1981. Growth responses of endomycorrhizal onion
in unsterilised coal waste. New Phytol., 87:363-70.

Kianmehr, H., 1981. Vesicular-arbuscular mycorrhizal spore
population and infsctivity of Saffron (Crocus
sativug) in Iran. New Phytol., 88:79-82.

Kleinschmidt, G.D. and Gerdemann, J.W., 1972. Stunting of
Citrus seadlings in fumigated nursery soils related
to the absence of endomycorrhizae. Phytopathol.,
62:1447-53,

Kormanik, P.P., 1985a. Effect of phosphorus and vesicular-
arbuscular mycorrhizae on growth and leaf retentinsn
of black wallnut seedlings. Can. J. For. Res.,
15:688-93,

Kormanik, P.P., 1985b. Development of VAM in a young sweet~
gum plantaticn., Can. J. For. Res., 15:1061-64.

Kormanik, P.P., Bryan, W.C. and Schultz, R.C. 1977a.
Influence of sndomyccrrhizae on growth of sweetgum
seedlings from eight mother trees. For,.8¢i.,
23:500-506.,

Kormanik, P.P., Bryan, W.C. and Schultz, R.C., 1977b. The
role of mycorrhizae in plant growth and development.
In Physiology of root micro-organisms associations
(Editor, Vines, H.M.) Symposium of Southern section
of American Soc. Plant Physiologist, Feb.1977.
Univ. of Georgia, Athens.

Kcrmanik, P.P., Bryvan, W.C. and Schultz, R.C. 1980a. Increa-



135

sing endomycorrhizal fungus innculum in forest
nursefy soils with cover crops. South J. Appl. For.,
4:151-53.

Yormanik, P.P., Bryan, W.C. and Schultz, R.C., 1980b.
Procedure and equipment for staining large number of
plant root samples for endomycorrhizal assay. Can.
J. Microbiol, 26:536-38.

Kormanik, P.P., Schultz, R.C. and Bryan, W.C., 1982. The
influence of vesicular-arbuscular mycorrhizae on
the growth and development ~f eight hardwnod tree
species. For. Sci., 28:531-39,

Koske, R.E., 1975. Endogone spores in Australian . sand
dunes. Can. J. Bot., 53:668-72.

Koske, R.E., and Halworson, W.L., 1981. Ecological studies
of vesicular-arbuscular mycorrhizae in a barrier
sand dune., Can. J. Bot., 59:1413-22,

Kruckeélmann, H.W., 1975. Effect of fertilizers, soil tillage
and plant species on the frequency c¢f Endogone £hla-
mydospores and mycorrhizal infection in arable soil.In
Endomycorrhiga (Eds. Sanders, F.E., Mosse, B. and
Tinker, P.B.) Academic Press (London). pp.511-25.

Kurakov, A.V,.,1985, Some aspects »f the ecnlogy of VAM
(review). Selskokhozyaistvennya Biologiya No.10:
101-11.

Lambert, D.H., Cole, H. Jr. and Baker, D.E., 1980. Adap-
tation of vesicular-arbuscular mycorrhizae to

edaphic factors. New Phytol.,, 85:513-~20.



136

Liﬁglee, M., Chilvers, G.A. and Ashford, A.E.; 1975, Poly-

| phosphate granules in three different kinds of tree
mycorrhiza. New Phytol., 75:551-54.

Maédonald, R.M., 1981. Routine production of axenic
vésicular-arbuscular mycorrhizas. New Phytol.,
89:87-93.

Macdonald, R.M. and Lawis, M., 1978. The occurrence of some
acid phosphatases and dehydrogenases in the
vesicular-arbuscular mycorrhizal fungus Glomus
mosseae. New Phytol,, 80:135-41,

Malloch, D, and Malloch, B., 1981. The mycorrhizal status
of horeal plants : species from north-eactern Ontario.
Can. J. Bot., 59:2167-72.

Malloch, D. and Malloch, B., 1982. The mycorrhizal status
of boreal plants : additional species from north-
eastern Ontarin. Can. J. Bot., 60:1035-40,

Malloch, D., Pirozynski, K.A. and Raven, P.H., 1980, Econlo-
gical and evolutionary significance of mycorrhizal
symbiosis in vascular plants (a review). Proc. Natl.
Acad, Sci. (U.S5.A,), 77:21:2113-18,

Manjunath, A, and Bagyaraj, D.J., 1981. Components of VA
mycorrhizal inoeculum and their effects on growth
of onion. New Phytol,, 87:355-61.

Marx, C., Dexheimer, J., Gianinazzi-Pearson, V. and
Gianinazzi, S., 1982, Enzymatic studies on the
metabolism of vesicular-arbuscular mycorrhiza IV.
Ultracyto-enzymological evidence (ATP ase) for

active transfer processas in tha host arbuscle



137

interface. New Phytol., 90:37-43.

Mejstrik, V.K. and Cudlin, P., 1983. Mycorrhiza in some
plant desert species in Algeria. Plant Seil, 71 =
363-66,

Menge, J.A., Steirle, D. and Bagyaraj, D.J., 1878. Phosphorus
concentration in plants responsible for inhibition
of mycorrhizal infection. New Phytol., 80:575-78,

Menge, J.A., Johnson, E.L.V. and Minassian, V., 1979. Effect
of heat treatment and three pesticides upon the
growth and reproduction of the mycosrrhizal fungﬁs

Glomus fasciculatus. New Phytol., 82:473-80.

Menge, J.A., 1983, Utilization of vesicular-arbuscular mycorr-
hizal fungi in agriculture. Can, J. Bot., 61:1015-24.

Meyer, F.H., 1973, Distribution of ectomycnrrhizae in native
and man made forests. In : Ectomycorrhizae : Their
ecoloagy and pvhysinlogy (Eds. Marks, G.C. and Knzlow-
ski, T.7T.) Academic Press (New York) pp.79-105.

Miller, R.M., 1979, Some occurrence »f vesicular-arbuscular
mycorrhiza in natural and disturbed ecosystems of
the Red desert. Can. J. Bot., 57:619-23,.

Molina, R.J., Trappe, J.M. and Strickler, G.S., 1978. Mycorr-
hizal fungi associated with Festuca in the wewtern
United States and Czanada. Can. J. Bot., 56:1691-95,

Mosse, B., 1953. Fructifications associated with mycorrhizal
strawberry roots. Nature (London), 171:974.

Mosse, B., 1959. The regular germination of resting spores
and some observations on the growth requirements

of an Endogone sp. causing vesicular-arbuscular



Moss=2,

Mosse,

Mosse,

Mosse,

Mosse,

Mosse,

Mosse,

Mosse,

138

mycorrhiza. Trans. Br. mycol. Soc., 42:273-86.

B., 1973a. Advances in the study of vesicular-
arbuscular mycorrhiza. Annu. Rev. Phytopathol.,
11:171-96,

B., 1973b. Plant growth responses to vesicular-
arbuscular mycorrhiza. IV. In soil givgn additi-nal
phosphate. New Phytol., 72:127-36.

B., 1977. Plant growth responses to vesicular-

arbuscular mycorrhiza. X. Responses of Stylosanthes

and maize to inoculation in unsterile soils. New
Phytol,, 78:277-88.

B. and Bowen, G.D., 1968a. A key to the recognition
of some Endogone spore types. Trans. Br. mycol.
Soc., 51:469-83,

B. and Bowen, G.D., 1968b, The distributinn of
Endogone spores in some Australian and New Zealand
soils and in an experimental field s»ils at Rotham-
sted. Trans. Br. mycol. Scc., 51:485-92,

B. and Hayman, D.S., 1971, Plant growth responses to
vesicular~-arbuscular mycorrhiza II. In unsterilised
field soils. New Phytol., 70:29-34.

B. and Hepper, C.M., 1975. Vesicular-arbuscular
mycorrhizal infections in root-organ cultures.
Physiol. Pl, Pathol., 5:215-23.

B. and Philips, J.M., 1971. The influence of phos-
phate and other nutrients on the development of

vesicular-arbuscular mycorrhiza in culture. J. Gen.



139

, Microbiol.: 69:157~66.

Mosse, B.,'inell,C;Ll. and Hayman, D;S., 1976. Plant
sgrowth respo-nses to vesicular-arbuscular mycorrhiza.
- IX. Interacti-ns between VA mycorrhiza, ronck phos=
phate and symbiotic nitrogen fixation. New Phytol.,
76:331-42,

Murdoch, C.L., Jacobs, J.A. and Gerdemann, J.W., 1967.
Utilization of phosphorus sources of different
availability by mycorrhizal and non-mycorrhizal
maize. Plant scil, 27:329-34.

Nemec, S., 1980, Effect of 11 fungicides on endomycorrhizal
development in sour orange. Can. J, Bot., 58:522-26,

Nemec, S., 1981. Histochemical characteristics of Glomus

etunicatus infection of Citrus limon fibrous roots.

Can. J. Bot., 59:609-17,

Nicolson, T.H., 1959. Mycorrhiza in the gramineae 1.
vesicular-arbuscular endophytes, with special
reference to the external phase. Trans. Br. mycol.
Soc., 42:421-38,

Nicolson, T.H. and Johnston, C., 1979. Mycorrhiza in the

gramineae, III. Glomus fasciculatus as the endophyte

of pioneer grasses in a marytime sand dune. Trans.
Br. mycol. Soc., 72:261-68.

Nicolson, T.H. and Schenck, N.C., 1979. Endognnaceous
mycorrhizal endophytes in Florida, Myconlogia,
71:178-98,

Ocampos J.A., Martin, J. and Hayman, D.S., 1980, Influence

of plant interactions on vesicular-arbuscular



140
1 mycorrhizal infections. I. Host and non-~host plants
grown togetheir, New Phytol., 84:27-35,

Oowusu-Bennoah, E. and Mosse, B., 1979, Plant growth respon-
ses to vesicular-arbuscular mycorrhiza, XI. Field
innculation respanse in barley, lucerne and oninn.
New Phyt»l., 83:671-79,

Pairunan, A.K., Robs»n, A.D. and Abbott, L.K., 1980. The
effectiveness of vasicular-arbuscular mycorrhizas
in lncreasing growth and phosphorus uptake of
subterranean clover from phosphorus scurces of
different solubilities. New Phytol., 84:327-38.

Parke, J.L. and Lindermann, R.G., 1980. Association of
vesicular-arbuscular mycorrhizal fungi with the

moss Funaria hygromatrica. Can. J. Bot., 58:1898-1904,

Pearson, V. and Read, D.J., 1973. The Biology of mycorrhiza
in the ericacceae., 1. The isolation of the endophyte
and synthesis of myccrrhizas in aseptic cultures.
New Phytol., 72:371-=79,

Pearson, V. and Tinker, P.B., 1975. Measurement of phospho-~
rus fluxes in the external hyphae of endecmycorrhigas.
In : Endnomycorrhizas (Eds. Sanders, F.E., Mnsse, B.
and Tinker, P.B.). Academic Press (London). pp.
277-287.

%eyrvnel, B., 1923, Fructification de I'endrnphyte a arbus-
cles et o vescules des mycorrhizas endotrophes.
Bull., Soc. myccl, Fr., 39:110-26.

Phillips, J.M. and Hayman, D.S., 1970. Improved procedures

for clearing roots and staining parasitic and



141

vesigylar-arbuscular mycorrhizal fungi for rapid
asseégment of infection. Trans. Br. mycnl. Soc.,
55:158-61.

Plenchette, C., Furlan, V. and Fortin, J.A., 1981, Growth
stimulation of apple trees in unsterilised soils
under field conditinns with VA hycorrhiza incculation,
Can. J. Bot., 59:2003-08.

Plenchette, C., Furlan, V. and Fortin, J.A., 1982, Effects
of different endomycorrhizal fungi on five host plants
grown on calcined montmorillonite clay. J. Amer. Soc.
Hort, Sci., 107:535-38,

Plenchette, C., Furlan, V. and PFortin, J.A., 1983a. Responses
of endomycorrhizal plants grown in a calcined mont-
morillonite clay to different levels of soluble phos-
phorus 1. Effect on growth and mycorrhizal develop-
ment. Can. J. Bot., 61:1377-83.

Plenchette, C., Furlan, V. and Fortin, J.A., 1983b. Responses
of endomycorrhizal plants grewn in a calcined mont-
morillonite clay to different levels of solubla
rhosphorus, II. Effect on nutrient uptake. Can. J.

Pope, P.E., 1980. Influence of Glomus fasciculatus mycorr-

hizae on some physical and chemwmical characteristics

of"Platanus occidentalis seedlings. Can. J. Bot.,

58:1601-~06.
Porter, D.M. and Beute, M.K., 1972. Endogone species in
roots of virginia type peanuts. Phytopathol.,

62:783 (Abstr.).



142

Powell, C.L;.,v1975. Plant growth responses to vesicular-
arbuscular mycorrhiza. VIII. Uptake of P by onion
and clover infected with different Endogone spore
types in 32P labelled soils. New Phytol., 75:563-566.

Powell, C.Ll., 1979a. Inoculation of white clover and ryegrass
cseed with mycorrhizal fungi. New Phytonl., 83:81-85.

Powell, C,Ll., 1979b. Effect of mycorrhizal fungi on
recovery of phosphate fertilizer from soil by
ryegrass plants. New Phytol., 83:681-94,

Powell, C.Ll,, 1980, Inoculation of barley with efficient
mycorrhizal fungi, stimulate seed yield. Plant
Soil, 59:487-90,

Powell, C.Ll. and Daniel, J., 1978, Mycorrhizal fungi stimu-
late uptake of soluble and insoluble phosphate
fertilizer from a phosphate deficiant snil. New
Phytol., 80:351-58,

Ramirez, B.N., Mitchell, D.J. and Schenck, N.C., 1975.
Establishment and growth effects of thrze vesicular-
arbuscular mycorrhizal fungi on Papaya. Mycologia,
67:1039-41.

Ratnayake, M., Leonard, R.T. and Menge, J.A., 1978. Root
exudation in relation to gupply of phnsphorus and
its possible relevance to mycorrhiza formation.

New Phytol., 81:543-52,

Read, D.J., Koucheki, H.K. and. Hodgson, J., 1976. Vesicular-~
arbuscular mycorrhiza in natural vegetation systems.
1. The occufrence of inf=ction. New Phytol., 77 ?

641~53.



143

Read, D.J. and Haselwandter, K., 1981. Observations on the

mycorrhizal status of some alpine plant communitiss.

New Phytol., 88:341-52.

Radhead, J.F., 1968. Mycorrhizal associations in some

Radhead,

Redhead,

Nigerian forest trees. Trans. Br. mycol. Soc..
51:377-87.

J.F., 1975. Endotrophic mycorrhizas in Nigeria
Some aspects of the. ecology of the endotrophic

mycorrhizal association of Khaya grandifoliola.

C.DC. In : Endomycorrhizas(Eds. Sanders, F.E., Mosse,
B. and Tinker, P.B.) Academic Press (London)
Pp.447-59,

J.F., 1977, Endotrophic mycorrhizas in Nigeria :
Species of the Endogonaceae and their distribution,

Trans. Br. mycol. Soc., 69:275-80.

*
Reissek, S., 1849, Endophyten der Pflanzen zelle, Naturw.

Rhodes,

Rhodes,

Riffle,

Abb., 1:31.

L.H. and Gerdemann, J.W., 1978. Hyphal translocation
and uptake of sulphur by vesicular-arbuscular mycorr-
hizae of onion.S»il Biol. Biochem., 10:355-60.

L.H. and Gerdemann, J.W,., 1980. Nutrient transloca-
tion in vesicular-arbuscular mycorrhizae, In :
Cellular interactions in symbiosis and parasitism
(Eds. Cook, C.B., Pappas, P.W. and Rudolph, E.D.).
Ohio State Univ. Press, Columbus, pp. 173-95.

J.W., 1980. Gyrowth and endomycorrhizal development
of broadleaf seedlings in fumigated nursery soil.

For. Sci., 26:403-13.



144

Rose, S., 1979. Myéorrhizal associations of some actinomycete
nodulated nitrogen fixing plants. Can. J. Bot.,
58:1449-54.

Rose,S., 1981, Vesicular~arbuscular endomycorrhizal
associations of some desert plants of Baja California
Can., J. Bot., 59:1056-60.

Rose, S. and Trappe, J.M., 1980. Three new =ndomycorrhizal
Glomus spp associatad with actinorrhizal shrubs.
Mycotaxon, 10:413-20,

Rose, S.L. and‘Youngberg, C.T., 1981, Tripartite association

in snowbrush (Ceanothus velutinus) : Effect of VAM

on growth nodulation and nitrogen fixaticn. Can. J.
Bot., 59:34-39.
Ross, J.P. and Harper, J.A., 1970. Effect of Endogone mycorr-
hiza on soybean yields. Phytopathol., 60:1552-56,
Sahni, S.0., 1976a. Vesicular-arbuscular mycorrhiza in some
Nigarian soils and their effect on the growth »f

cow pea (Vigna unguiculata), tomato (Lycopersicon

esculenta) and maize (Zea mays). New Phytol., 77 :
Sahni, S.0., 1976b. Vesicular-arbuscular mycorrhiza in some

Nigerian soils. The effect of Gigaspora gigantea

on the growth of rice. New Phytol., 77:673-74.

Saif, S.R., 1977. The influ=nce of stage of host development
on vesicular-arbuscular myccrrhizae and endogona-
ceous spore population in field grown vagetable

crops. l. Summer grown crops. New Phytol., 79:341-48.



145

Saif, S.R., 1981. The influence of soil aeriatlon on the
efficiency of vesicular-arbuscular mycorrhizae. 1.
Effect of soil oxygen on the growth and mineral

uptake of Eupatorium odoratum L. inoculated with

Glomus macrocarpus. Nz2w Phytol., 88:649-59.

Saif, S.R., 1987. Growth responses of tropical forage plant
species to vesicular-arbuscular mycorrhizae. 1.
Growth, mineral uptake and mycorrhizal dependency.
Plant soil., 97:25-35.

Sanders, F.E., 1975. Th= effect of foliar applied phnsphatz
on the mycorrhizal infaction of oninon roots. In :
Endomycorrhizas (Eds. Sanders, F.E., Mosse, B. and
Tinker, P.B.) Academic Press (London). pp.261-76.

Sanders, F.E. and Sheikh, N.A,, 1983. The development of
vesicular-arbuscular mycorrhizal infection in plant
root system. Plant soil, 71:223-46,

Sanders, F.E. and Tinker, P.B.., 1971. Mechanism of absorption
»f phosphate from s»2il by Endcgone mycorrhizas.
Nature (London), 233:278-79.

Sanders, F.E., Tinker, P.B., Black, R.L.B. and Palmerley,
S.M., 1977. The devalopment of endomycorrhizal root
system : 1. Spread of infection and growth promo-
ting effects with four species of vesicular-
arbuscular endophytes. New Phytol., 78:257-68.

Scannerini, S., Bonfante, P.F. and Fontane, A., 1975. An
ultrastructural model for the host symbiont inter-
actions in the endntrophic mycorrhizae of

Ornithogalum umbellatum L. In : Endomycorrhizas




146

(eds. Sanders, F.E., Mcsse, B. and Tinker, P.B.)
Academié Press (London). pp.313-324.

Schenck, N.C. and Hins»n, K., 1971. Endotrophic vesicular-
arbuscular mycorrhizae in s»ybean in Florida.
Mycnlogia, 63:672-675.

Schenck, N.C, and Smith, G.S., 1282, Additional new and
unreported species »f mycorrhizal fungi (Endecgo-
naceae) from Florida. Mycologia, 74:77-92.

Schubert, A., Hayman, D.S., 1986. Plant growth responses to
VAM. XVI. Effectivenass of different end»phytes at
different levels of soil phosphates. New Phyt»l.,
103:79-90,

Sghultz, R.C., Kormanik, P.P. and Bryan, W.C., 1981, Effects
of fertiligation and vesicular-arbuscular mycorr-
hizal inoculation on growth of hardwood seedlings.
Snil, Sci. Soc. Am. J., 45:961-65.

Sharma, G.D., 1981. Ecological studies on mycorrhizae of pine,

Pinus kesiva Royle ex Gordon. Ph.D. thesis, North-

Eastern Hill University,Shillnong.

Sharma, S5.K., Sharma, G.D. and Mishra, R.R., 1986, Records
on Acauleospora from India. Curr. Sci., 55:724-26,

Singh, K. and Varma, A.K., 1981. Endognnacenus spores
assnciated with Xer»phytic plants in northern
India. Trans. Br, mycol. Soc., 77:655-58,

Smith, F.A. and Smith, S.E., 198la. Mycorrhizal infection

and growth of Trifnlium subterraneum : Use of

sterilised soil as a contrel treatment. New

Phytol., 88:299-3009,



147
Smith F.A. and Smith, S.E., 1981b. Mycorrhizal infectiosn and

é}owth of Trifonlium subterraneum : comparison of

natural and artificial in»cula.New Phytol.,
88:311-25.
Smith, G.W., 1981. Effect of innculatinn lavel and sieving

~nn the Gigaspora gigantea soybean mycorrhizal

symbiosis.. S¢il.Biol. & Binchem., 13:539-40.

Smith, S.E.,, 1980. Mycnrrhizas of autotrophic higher plants.,
Binl., Rev., 55:475-510,

Smith, S.E., 1982, Inflow ~f phosphate into mycnrrhizal and

non-mycofrhizal plants of Trifolium subterraneum at

different lavels of s»il phnsphate, New Phytol.,
90:;293-303.

Smith, S.E., John, B.J.St., Smith,F.A., Bromley, J.L., 1986.
Effect of mycorrhizal infectionn on plant growth,
nitrogen and phosphorus nutrition in glasshouse

grown Allium cepa L. New Phytol., 103:359-73,

Smith, S.E., St.John, B.J., Smith, F.A., and Nicholas, D.J.D.,
1985, Activity of glutamine synthetase and glutamate

dehydrogenase in Trifoljum subterraneum L. and Allium

cepa L. : Eff=cts of mycorrhizal infaction and
phosphate nutrition. New Phytol., 99:211-27,

Sparling, G.P. and Tinker, P.B., 1975. Mycorrhizas in
Pennine grassland. In : Endomycorrhizas (eds. Sanders
F.E., Mnsse, B. and Tinkear, P.B.) Academic Press
(Lond>n). pp.545-60,

Staffeldt. F.E. and Vogt, K.B., 1975. Mycrrrhizae of desert
pPlants. U.S./I.2.P. Desert Biome. Rep. 1974. Prog.,

3:63-69,



148

Stahl, P.D, and Christensen, M., 1982. Mycorrhizal fungi
associatad with Boutelova and Agropyron in Wyoming
sagebrush-grasslands. Mycologia, 74:877-85.

Strzemska, J., 1975. Occurrence and intensity of mycnrrhiza
and deformatinn of roots without mycorrhiza in
cultivated plants. In : Endrmycorrhizas (eads.
Sanders, F.E., Mnsse, B. and Tinker, P.B.). Academic
Press (Londosn) p».537-543.

Tandy, P.A., 1975. Sporocarpic specinss of End-gcnaceaa in
Australia, Aust. J. Bot., 23:8419-66.

Thapper, H.S. and Khan, S.N., 1985. Distribution »f VA
mycorrhizal fungi in forest soils in India. Ind.

J. For., 8:5-7.

Thomson, B.D., Robson, A.D. and Abbott, L.K., 1986. Effect

of phosphorus on the formation of mycorrhizas by

Gigaspora margarita and Glomus fasciculatum in

relation to root carbchydrate. New Phytol., 103 :
751-65.
Tommarup, I.C., 1984, Develooment of infaction by a VAM

fungus in Brassica napus L. and Trifolium sub-

terraneum. New Phytol., 487-495.

Toth, R., Pag=s, T., Castleberry, R., 1984, Differsnces in
mycorrhizal cnlonization of maize selesctions for
high and low ear leaf phosphorus. Crop, Sci.,
24:994-96,

Toth, R. and Toth, D., 1982, Quantifying vesicular-arbuscular

mycorrhiza using a morphomzatric technique. Mycologia,

74:182-87.



Trappe,

Trapne,

Trappe,

Trappe,

149

J.M., 1977. Three new End~gonaceae : Glomus constric-

tus. Sclerncystis clavisporus and Acaulospora

scrobiculata. Mycotaxon, 6:359-66,

J.M., 1982, Synoptic kevs to the genera and species
of zZygomycetous mycorrhizal fungi. Phytopathnrl.,
72:1102-1108.

J.M. and Pogel, R.D., 1977. Eccsystematic functicns
of mycenrrhizae. In : The below ground ecosystem :

A synthesis of plant assnciated processes. Range
Sci., Dep. Sci. Ser. N».26, Coloradeo State Univ.,
Fort Collins, p».205-214,

J«M. and Schenck, N.C., 1982. Taxonomy of the fungi
forming endomycnrrhizae. A vesicular-arbuscular
mycorrhizal fungl (Endogonales) In : Methods and
Principles of mycorrhizal research. (Ed. Schenck,
N.C.), St.Paul. MN : Am=zrican Phytopathnlogical

*
Treub, M. 1885, Onderzoekingen over searchziek Suikerriet,

Meded. Pl. Tuin, Batavia, 2.

Vaidyanatha, U.P. Des., Vongaratnam, N, and Ariyaratne, W.A,,

Verma,

1979. Mycorrhizal influence ~n growth and nitrogen

fixati~n of Pueraria and Stylosanthes and uptakes

of »hosphorus from twe rock »nhosphates. New Phytnl.,
82:147-52.
N.K., 1982. Studies on the ecnlogy of vesicular-

arbuscular mycorrhiza of Eupatcorium riparium

Ragel, E. adenophorum spreng and Osbeckia crinita

wall. ex. D.Do>n, The commnon weeds of N.E. reginon



150

of India. Ph.D. thesis, N.E. Hill University, Shillong.

wWalker, C., Mize, C.W. and Mc Nabb, H.S. Jr., 1982. Ponula-
ti~on of endogonacenus fungi at two locations in
central Iowa. Can. J. Bot., 60:2518-29.

Walker, C. and Trappe, J.M., 1981, Acaulospora spinosa sp.

nov. with a key to the species »f Acaulospora.

Mycotaxon, 12:515-21.

Warcup, J.H., 1980. Ectomyecnrrhizal associatimn »f Australian
indigenous plants. New Phytol., 85:531-35,

Warner, A. and Mosse, B., 1982. Factors affecting the spread
2f VA mycorrhizal fungi in soil. 1. Ro-~t density.
New Phytol., 90:529-36,

Wastie, R.L., 1965, The occurrence ~f an Endogone tyne ~f

endn>trophic mycnrrhiza in Hevea brasiliensis. Trans.

Br. mycol., Soc., 48:167-78.

Whittingham, J. and Read, D.J., 1982, Vasicular-arbuscular
mycorrhiza in natural vegstation systems. III.
Nutrient transfer betwean plants with mycorrhizal
interconnections. New Phytol., 90:277-284,

Wilhelm, S., 1966, Chemical treatments and innculum potential
of soils. Annu. Rev. Phytopathol., 4:53-78.

Wilson, J.M,.,, 1984, Comparative development of infection
by three vesicular-arbuscular mycorrhizal fungi.
New Phytol., 97:413-26,

Woolhouse, H.W., 1969. Differences in the properties »f
the acid phosphatases of plant roots and their sig-
rmificance in the evolution of edaphic ecotypes.

I



4.

152

LIST OF PUBLICATIONS

Endogonacsous mycorrhizal fungi in a sub-tropical
evergreen foresst of N.E. India. J. Tree Sci.,

3:10-14 (1984).

Status of mycorrhizae in sub-tropical forest ecosystem

of Meghalaya. Acta Bot. Indica 14:87-92(1986).

Records on Acaulospora spp from India Curr. Sci.

55:724-26(1986) .

Endogonaceae in sub-tropical forest of North-East

India. J. I. Bot. Soc. (In press).

N ni 104 e%zzgp
g‘;:t; YIS A
Ldame v I

ek ¥ s Y eowese
%

O SO . s Al

‘. A B



151

In : Ecological aspects »f the mineral nutritinn »f
plants. (Ed. Rorison, I.H.) Symp. Br., ecol. Snc.,
9:357-80. Blackwell publication, Oxford.

Woolhouse, H.W., 1975. Membrans structure and transport
problems considered in relation to phosphorus and
carbohydrate movament and the regulation of endotro-
phic myenrrhizal associations. In : Endomycorrhizas
(eds. Sanders, F.E., Mosse, B. and Tinker, P.B.).
Academic Press (Londcn), pp.209-239.

Zak, J.C., Danielson, R.M. and Parkinscn, D. 1982. Mycorrhi-
zal fungal spore numbars and species nccurrence in
two amended minz spoils in Alberta., Canada.

Mycclogia, 74:785-92.

— o n— i o iy o e . Y s, o—— - o~

* Original not seen.



