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INTRODICTION

The term mycorrhize meanlng a 'fungus-roof' vas
first nused by the German botanist, Albert Bernhard Frank
in the yeaw 1885 to describe a beneficial associztion
between certain fungl and roots of highewr plants. In fact,
many plents depend on such an association for an adequate
supply of various nutrients, especially from low fertile
soils, The four common types of mycorrhizae are the ecto-~
mycorrhiza, ericold mycorrhlza, orchidaceous mycoxrrhiza
and the veslcular-arbuscular mycorrhiza. However, among
cultivated crops, the most predominant type 1ls that of
vegicular-arbuscular mycorrhiza. This 18 cheracterized by
the presence of one or more parallel strands of fungal
mycelie in the host root cortex. They frequenily braench
dichotomously forming the typical arbuscular structures
within the cortical cellis., The hyphal branches also bear
many characteristic oval o spherical sheped vesicles waich
may be either inter or intra celluler. These vesicles and
arbuscules along with the associated mycelia in the host
root system constitute a typilcel vesicular-arbuscular
mycorrhiza, The fungli that form thls type of mycorrhiza
mainly belong to the genera of Acaulospora, Endogone,
Gimaapors, Gleziellia, Gloms, HModicella and Sclerocystia

of family IEndogonnccae and clags Zygomycetes.



It is now well established %hat_vesicular-arbﬁscular
mycorrhiza énables many crop plants fo absorb more effect-~
ively some of the mutrient elements like P, Zn, Mn, Cu, Fe
and Mg from the soil. However, in legumes there is another
type of association, a sort of dwual symbiosis, comprising
Rhizobium and VA-mycorrhiza. This is not only beneflicial
in enhancing the uptake of various nutrients from the soil
but zlso favours better nodulation and nitrogen fization
by Rhizobium. 3But, in Kerala, not much work is done to
understand about this phonomenon in detail and to exploit
the same for a more economic cultivation of pulses.
Therefore, the present investigation was ftaken up with
cowpea as a mutual hpst for a apecific strain of Rhigzoblum
and two known cultures of VA-mycorrhizae,.

Three separate pot culture experiments were conducted
for this purpose. Initially, 10 cowpea varietlies were
screéned for the‘exﬁent of VA-mycorrhizal infection under
natural condition. 3Based on this, a varliety which had the
maxinum infectlion was chosen for further studies. This
in fact conslsted of two geparase experiments to find out
the effeet of age of host plant on VA-mycorrhizal infechbion
and a nore detailed investigzabion on the effeet of combined

Inoculation of Hhizobilum and VA-mycorrhiza on nodulzation,



phosphorus uptake and yield in cowpea. The different
nethods used for these experiments and the resmlits obteined

therein are presented in this thesis.
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REVIEW OF LITERATURE

Indomycorrhizae which have been knowao mankind Tor
over 100 years, probably existed in our planet some 300
million years ago. In fachk, some of the early fungel infec-
tions observed in fossilized roots of Devonian and carboni-
ferous periods were gimilar to the mycorrhizal infections
studlied today (Osborn, 1909; ¥idston and Yang, 1921).
In 1885, a typical VA-~mycorrhizal associamtion was firel
reported by Treub in Sugarcane. Extensive studies by
Janse (1896) in Java also revealed the presence of VA-
nycorrhiza 1ln nearly 69 of the 75 plant specles belonging
to 56 families comprising of Bryophytes, Pteridophyies,
Gymmosgperms and various_Angiosperms. Since 1896, a number of
reporis were published wi%h regard to the occurrence of

VA~-mycorrhizae in plants like p0pl§r (Dangeard, 1900), pigeon

pea (Jones, 1924), Leucaena, Phaseolus, Sivlosantheg
(Butler, 1939), rubber (YWastie, 1965), grapes, citrus and
tomato (Gerdemann, 1968), cocomut (Lilly, 197%), covpea,

capsicum, Eleugine coraeans, Pennigeitum Lyphoides, soybean

(Godse gt gl., 1976), potato (Thomazini, 1979) and in upland
rice, olive, onlon, cacao, tobacco, sugarcane, pineapple,
lettuce, stravberries, apple, coffee, tea, papaya and
oilpalm (Hayman, 1982). Similer incidences of VA-mycorrhize
in a2 wide variety of commonly cultivated crops in Kerala



were reported by Potbty (1978) in tuber crops such as

cagsava, sweet potato and colous, Sivaprasad gt si. (1984)
in cacao, Girijz end Neir (1985) in upland rice, cassave,
casghew, coconut, rubber, pepper, betel vine, green gram, -

red gram, groundnut, stylosantheé, centrosemag gubabul,
silratro, para grass, gulnea grass, dinanath grass, congo-
signal grass, hybrid napier, chillies, brinjal, mango, ciltrus,
pineapple, tomato, bananz, jack, nutmeg and clove and by

Fair and Girija (1986) in mango, custard apple, silk cotton,
avocedo, cinnsmon, temerind, bread fruit, guava, eucalyptus,

arecanut, coffee, sapota and rambuian.

Galland, as early as in 1905 reported a stalning
technigue with cotton blue in lactlic acid for observing
root infectlon by VA-mycorrhiza. Acid fuchsin in picric
epcid was used by 0'Brien and MeNaughton (1928) for this
purpose., However, it was Phillips and Haymen (1970) who
developed o proper staining technique for VA-mycozmrhiza by
uging 0.05 per cent trypan biue in lactophenol afier clearing
the roots initiglly in 10 per cent XKOH at 90%0 for one hour,
In 1955, Gerdemann used a methcd of wet sieving and decanting
for the isolation of VA-mycorrhizal spores Ifrom soil, Iaterx,
Mosse and Jones (1968) Ffound that these spores could also be
collected from soil by differential sedimentation in a column

of gelatin,



The poseibility of surface sterilization of VA-
mycorrhizal spores for establishing e known mycorrnizal
infection was first reported by losse (1962). But it was
Hicolson (1967) who developed a viable technique for this
purpose. In this metheod, individual spores of VA-mycorrhiza
wore placed initially in the collar region of a funnel filled
with sterilized gsand and seeded with a sulteble host plant
like sudan grass. These seedlings vere allowed to grow for
three or four weeks In order to enmble the proper establish-
ment of mycorrhizal infection in the host root system.

They were then transferred to fresh pots containing a mixture
~of sterilized send and soil in the ratio of 1 : 1 for further
mltiplication of the inoculum., Hayman (1982) reporied that
& number of alternate crops like onion, strawberry, whilte

clover, black pepper, citrus, Nerdug stricta, Coprosome

robusta and Stvlosanthes sp. could also be successfully used

for the mass producition of ViA-mycorrhizal inoculum,

Mosse (1977) obaerved that in unsterilized goil, an
exotic culture of VA-mycoxrhiza was more stimlatory for
nodulation and phosphorusg uptake in‘Stylosanthes. Similarly,
Powell {1977) also reported an increase in shoot growth in
clover pre;inoculatea with an E3 atrain of Glomig ep. when

compared o plants inoculated with only an indigenous strain



of-VA-mycorrhiza. Barea g% al. (1980) made a comparative
study on the effect of introduced and indigenous VA-
mycorrhizel fungl on nodulation, growth and nutrient upiake
in Hedicago sative and found that the lntroduced culture
wag more beneficial +4o0.the crop plant.

Infiuence of hogt variety and ame of hogh plent on
VA-mycorrhizal infection

Bertheau gt al. (1980) first reported an effect of
host veriety on infection by VA-mycorrhiza in vheat. They
cboerved that the response of 20 wheat cultivars to infec—
tion by Glomus mosseae varied conpiderably, probably due to
an influence of host variety. Azcon and Ocampo (1981) also
noticed such a variation for mycorrhizal infection in 1%
different cultivars of wheat. Ollivier gt al. (1983)
studied the influence of host variety in cowpea for theo
exprossion of three vesicular-arbuscular endomycorrhizal
asgoclatlons and found that in two cowpea cultivars,
inoculation with Glomus E3 cnd Glomig mosseae considerably
stimulated the plant growth. A similar result was aleo
reported by Pandher et al., (1986) in tung bean.

Sutton (1973) observed a three-phage patitern for

mycorrhizal development in scveral crops growan under



controlled conditions. There was an initlal lag phase of

20 to 25 days for mycorrhizel infection malinly due to the

timé taken for spore germination, gormbtube growth and penetra-
tion of host root system by the Endogone sp. During the
second phase, lasting for 30 to %5 days, there wvas an extensive
root colonigetion coinclding with most of the shoot growth and
the development of eﬁternal Endogone mycelium leading to
miltiple infections. Hovever, in the third end final phase,
the proportion of mycorrhigal to non-mycorrhizal roots
vemained more or less constant. Seif and Khan (1975) found
thet both peason as well as age of host plant had a signifi-
cant effect on colonisation by Endogone sp. in wheat grown
under field condiition., Smith and Daft (1977) also stressed
the importance of time factor in the proper development of a
tripartite symblosis between Medicago gativae, Bhizobium and
nmycorrhiza., They further noted that the mycorrhizal plants
showed more extensive nodulatioﬁ along wlith higher rates of
nitrogenase activity from two weeks onwards. However, at

the time of hervest, although significant differences were
cbserved in plant dry weight, niitrogen and phosphorus contents,
the nitrogenase activity of root nodules remained more or less
constant. An early increase in mycorrhizal infectlon up to

55 days ir onion was also weported by Manjunath and Bagyara]
(1981).
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Effect of VA-mycorrhizal infection onr nodulation by

Hhizobium in legunmes.

Agai {1944) mede 2 dotailed study on the effeet of
mycorrhizal assoclation in legzumes. He found +that the
formation of adeguate number of root nodules by Rhizobium

in different legumes guch as Trifolium, Melilotue end

Medicago spp. Iin sterilized soil depended on the addition
of 5 o 10 g of unsterilized garden soil which in fact lead
to0 the development of VA-mycorrhlze in thelr root system.
Ross and Harper {(1970) observed that the growth and yield
of nodulating soybean were ilncreased effer inoculation with
Glomg mosseae in fumigated soil. Schenck and Hinson (1973)
geev two soybean isolines in small field plots and found
that VA-mycorrhizal inoculation increaged the growth of
noduleting line by 53 per cent but had no significant effecét
on the non-nodulating line. A strong stimlation of
nodulation and growth was also roted by Crush (1974) in

Centrogema pubescens, Styloganthes guenensis, Trifolium

repens and Lotus pedunculatug due to mycorrhizal association.

Daft and Giehmi (1974) found that infeetion of
Phaseolus with Indogone and Rhizobium in comparison to
Rhizobium alone significantly increased the growth, number
and welght of root nodules, phosphorus and totrl protein
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content of plants. Daf% and Glehmli (1976) also reported
that plarnt sige, fruit yield and the chemical content of
shoot, root and seeds were superior in groundmut infected

with Glomus mosgeae. Mosse et al. (1976) examined the

interaction between VAM, ubilization of rock phosphate and

nodulation in three lsgumes such as clover, Stylosanthes

and Centrosema and found that these plants nodulated in
Qndeficient goil only vhen they were also mycorrhizal and
that added rock phospﬁate greatly improved noduletion and
nitrogen fization of such mycorrhizal plants. Bagyara]
et al, (1979) reported that inoculation with Glommg
fageiculatug greatly improved nodulation and nitrogen

Pization in field grown soybean along with Rhizoblum
ienonicum, Carling et al. (19795 observed that the
colonization rate and grbwﬁh ropgponge of soybean plants
inoculated with VA-mycorrhizal Ffungl improved with an

increasing quentity of &. fasciculatue lnoculum. Haymen

and HMoesse (1979) also got improved growth in white clover

under field conditions due +to mycorrhizal inocuiation.

Owusu - Benhoah and Mosse (1979) reported a four fold
increase in the growth of lucerne due to incculation with
Glomug caledonicum in low phosphate soils. Smith gt al.
(1979) observed that & rapld establishment of VA-mycozrhiza



in clover was associated with improved noduletion and
increagsed nodule efficiency. Such a resuldt vas algo reported
by Azcon gi pl. (1979) in Medicaso sative. Krishna et al.
{1982) found +that in groundmat, there wag an increase in dry
matter content and yleld up to three fold in sterilized soil
and 1.2 f0ld in unsterilized =o0il due to mycorrhizal
inoculation.

Green gt al. (19837) studied the influence of
VA-mycorrhizal fungl on nodulation and growth of subterrancan
clover and found that subterranean clover plantis inoculated
vith Rlomus fasciculatug, Glomig mosseae or both had 2,

1.4 $0 1.9 times as many nodules es in uninoculated control
plants. Sivaprasad gt al. (1983) reported that inoculation
with Bhizobium and mycorrhiza increased the growth, nodulation
and phogphorus content of Leucagna leucocephala, Bala and

Singh (1983) observed that in lentil (Lens esculénta) growth,

- dry matter production, nodulation and nltrogen fixation were
improved with VA-mycorrhizal inoculetion. Pandher et gl.
(1986) also obbtained a higher level of nodulation in mang

bean when inoculated with Rhizobium and VA-mycorrhiszs.

Godse gt gl. (1978) found that VA-mycorrhiza incressed
nodulation, rcocot and shoot development of cowpea not only in

plants inoculated with Rhisohium btut also in naturally
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nodulated plents. ILa Torraca (1979) also reported an
increase in nodulation and yield in cowpea due to inocnla-
tion of VA-mycorrhiza. Bagyaraj and Manjunath (1980) got
significant increases in root and shoot dry weights of

cowpea inoculated with Glomus fasciculatug. Islam gt gl.

(1980) found that among tramsplanted seedlings of cowpes,
with and without Glomus fasciculatus inoculation, the growth

parameters were higher in plents inoculated with VA-mycorrhiza
in combination with rock phosphate application. Islam and
Ayenaba (1981) also obtained higher yleld in cowpea inoculated
with Glomus mosseze. Nanjunath and Bagyaraj (1984) studied

the response of cowpez o0 phosphate and dual inoculation with
VA-mycozrrhiza and Rhizobium and observed that plants inoculated
with both the organisms and supplemented with phosphorus
recorded higher shoot dry weight, nitrogen and phosphorus

content.

Bffect of VA-mycorrhizal infection on mutrlent upiake
in crop plants

The importance of mycorrhiza in the absorption of
vhosphorus end other nutrient elements was first reported
by Mosse (1957). She observed that mycorrhizal epple absorbed
more P, K, Fe and Cu than non-nycorrhizel plants. Gray and

Gerdemann (1967), Bowen and Mosse (1969) also found that



13

endomycorrhizal associetion in meny plants greatly increased
the uptake of P and Zn from a nutrient solution. Ross and
Harper (1970) reported theit mycorrhizal soybean plants
accumulated greater amounts of K, P, Ca, Cu and Mn in their
foliage than non-mycorrhizal plents. Gilmore (1971) found
that inoculation with two Endozone mycorrhizal fungl com-
pletely corrected the Zn deficiency in peach plants, However,
Toymen and Mosse (1972) reported that although mycorrhizal
onion plents had taken up more P and grown iarger, the propor-
tion of 52? to totel P taken up by the mycorrhizal and non-
mycorrhizal plants after ten weeks was not significantly
different. In an experiment conducted to study the effect of
VA-mycorrhize on sulphur uptake, Gray and Gordemann (1973)
noticed an increased uptake of 358 by mycorrhizal red clover

and meilze plants.

Sheriff 0. Sanni {1976) reported a positive correlation
between VA-mycorrhizal infection and the amount of phosphorus
and nitrogen in tissues of cowpea, tomato and malze. Smith
and Daft (1977) recorded a higher percentage of nitrogen in
mycorrhizal Medicago gative at the time of harvest. The
vhosphate content of such planits was also greater than non-
mycorrhizal plante at the age of seven weeks, TIurther, by

10 or 12 weeks when significant mycorrhizal enhancement of
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erowth was apparent, the totel nitrogen and phosphorus
contents per mycorrhizal plant were also higher. Hovever,
the phosphate content measured on & dry welght basis showed
no signiflcant differences between mycorrhlzal and non-
mycorrhizal plants. Cooper and Tinker (1978) invesiigated
the uptake and translocation of 32P, 65Zn and 358 supplied
to white clover with nycorrhlzal infectlon and obgerved that
2ll the three radioactive elements were transloceted through
the external hyphae to the host plent. Asimi et sl. (1980)
while studying the influence of soil phozphorus levels on
'interactions between VA~mycorrhiza and Rhizobium in soybean,
observed an improved uptake of phosphorus by dually inoculated

" and mycorrhiza alone plants.

Gray and Cerdemznn(1969) reported that the presence of
an extensive mycelial net work of VA-mycorrhizal fungl on the
infected root enmbled the host plant to absorb more phos-
phorus from larger volume of soil. In an attempt to find
out the actual mecheniem of inereased phosphorus uptake by
mycorrhizal plants, Sanders and Tinker (1971) found that the
inereased eurface area due t0 mycelial net work was primerily
respongible for the enhanced uptake of phosphorus. Howeverz,
Haymen eand Mosse (1972) observed that eventhough the

mycorrhizal roots used the same source of labile phosphorus,
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since it explored a greater volume of soll beyond the zone
of phosphate depletion near the root surface, there was a
greater uptake of phosphorus by the root system. A similar
observation was also made by Hattinghet al. (1973) who
roported that the external hyphae of fA-nycorrhiza trans-
ported an appreciable amount of 32p to host root across a

distance of 27 mm within three days.

Effect of apnlication of vhosgphate fortilizer on the

incidence of VA-mycorrhiza

Mardoch et al. (1967) observed a significant growih
difference in maize plants with and without mycozrrhiza grown
in poll amended with roclk phosphate vwhen compared 4o plants
growvn in unamended scil. Several other workers have also
reported that VA-mycorrhize could greatly lmprove the growih
of host plants when supplied with relatively insoluble form
of phosphates such as bone meal, tricalcium phosphate and
apatite (Daft and Nicolson, 1966) and rock phosphate
(Jackson et 2l., 1972). But IMosse (1973) suggested that
with the addition of soluble phosphate in the so0il, there
vas en increase in the concentration of phosphorus in the
plant tissues vhich ultimately affected the spread of the
endophyte. However, lenge et al. (1978) suggested that it
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was the phosphorus concentration of the root and not the
amount of phoasphorus applied to the so0il vhich actually
determined the extent of root colonisation by VA-mycorrhiza.

Many workers have reported a beneficlal effect due to
rock phosphate application on phosphorus uptake by VA~
mycorrhizal plants. Thus Mosse et 2l. (1976) found that
the combirnation of rock phosphate and VA-mycorrhiza acted
aynergistically in increasing the plant dxy weiéht in
several crop plonts. Hosse et al. (1976) also examined the
interaction between VA-mycorrhiza, utilization of rock phos-
phate and nodulation in three legumes such as clover,
Stylosanthes and centrosema and observed that these legunes
inoculated with Rhizobium alone nodulated in most P-deficient
soils only when they were also mycorrhizal and that the added
rook phoaphate greatly enhanced guch nodulation and nitrogen
fixation. Further, Mosse (1977) reported that in some
cerrado solls, rock phosphate application particularly when
coupled with mycorrhizal inoculation served as a better

source of phosphorus than the more gsoluble forms of phosphates.

Veidyenathaet al. (1979) found that in mycorrhizal
- Puerarla and Stylosanthes, the application of rock phosphate
greatly stimulated nodulation and nodule activity. Jalali



and Thareja (1985) also observed a significant growih
responge in chickpea grown in phosphoxrus dgfic;ent soils
vhen inoculated with VA-mycorrhiza. Manjunath and Bagyara]
(1986) have recently reporied that inoculation with Glomug .

faseiculatus along with super phosphate at the rate of

22 kg P/ha in g P-deflclent soil did not affect the
percentage of root colonization by VA-mycorrhiza in

black gram, green gram and chickpea,
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MATERIATS AND METFHODS

The present study on the effect of vesicular-
arbﬁecular mycorrhigze and Rhisobium inoculation on nodulge
‘tion, phosphorus upteke and yield in cowpea was conducted
‘at College of Agriculture, Vellayani, Trivandrum, during
1983~-85. Three separate pot culture experiments were done

for this purpose.

1.1. Mycorrhiza

Two cultures of VA-mycorrhizae, Gloms microcarvug
(standard culture) obtained from the Central Tuber Crops
Research Institute, Sreekaryam, Trivendrum and Glorusg sp.
(Local culture) isolated from %he College of Agriculture,

Vellayani, were used for various experiments.

1.2. Isolation of Gloms sp.

The spores of the local culture of VA-mwcoﬁrhiza,
Glomus sp., were isolated by the modified wet sieving and
decanting method of Gerdemann (1955). For this, 250 g of
cowpea rhizogphere soll was initially suspended in 1000 ml
of tap water in a measuring cylinder and after the heavier
particles had  settled, the supernatent was passed through
a set of sieves of B,S.S; Wo. 60 (250 microné), 150 (150
microns) and 350 (45 microne). The residue loft behind
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in the measuring cylinder was resuspended in 1000 ml of
fresh tap ﬂatér and passed through the same set of sleves.
This procedure was Tepeated three to four times in order to
collect maximum number of spores from the soil. Finally,
the materiel present on each sieve was transforred to 100 ml
beakers in small volume of water and filtered through

Vatman Fo. 1 filter paper. The contente of eaoh filter
paper wers céﬁefully exemined under a stereomlcroscope for
the typical sbores of VA-mygﬁrrhiza. Spores of uniform

size and shaﬁe which were predomlnant in number were
pelected and £ransferred t0 moistened filter paper in petri
dishes with tﬁe help of a fine caplllary plpette. These
were either used for the mass production of VA-mycorrhizal
incculum or preserved at 4°C in & reffigé;gtor. The spores |
of Glomus microcarpus were also isolated by this method.
However, thiq was done only from plants which were previously
inoculeted with this culture and grovan under aseptic

conditions.

1.3. Identifiocation of loecal culiture of VA-mycorrhiza

The spo;es of the local culture of Vi-mycorrhlze wefe
identified mainly on the basis of their size, colour and the
nature of basal attechment. These were then compared with
the key prepored by Gerdemann and Trappe (1974) for the
identification of Glomus epp.



20

1.4. Masg production of VA-mycorrhizal inoculum

Hass production of both the standard as well as the
local culijure of VA-mycorrhiza was done by inoculating secds
of sbrghum (Sozghem wulgore) with single spores of Glomus
microcarpus or Glomug sp. The planis were grown.in stean
sterilized sand in small pots of 11 x 14 em size for 21 days
for the proper developﬁent 0f VA-mycorrhiza, The roots from
these plants were ther harvested for using as the starting
material for the mass prb&uction of VA-mycorrhizal inoculum.
This was done in large pots of 55 x 35 cm size containing
10 kg of sheam sterilized sand and soil in thoe ratio 1 ¢ 1
and peedsd with £itty gmams each of the appropriste mycorrhizel
inoculum in the form of infected roots cut into small bits of
approzimately 1 om sige and soll from the pot vhere these
plaabs were grown initially. The inoculum vas initially
placed in the centre of cach pot at a depth of about 5 cm
over which seeds of sorghum were sown and grown for 60 days.
The plants were irrigated regularly with sterilized tap water.
The infected roots from these plants along with %0 spores
of, the respective VA-mycorrhirae were then used ag the
mycorrhizal inoculum for various experiments conducted during
this invegtigation.



1.5, Stainine of root sammles of Vnpmyoorrhiza

The method of Phillips and Hayman (1970) was used for
obgerving VA-mycorrhizal infection in wvarious root samples.
One hundred root blts of opprozimately t om leagith were
examined, segment-wige, for this purpcse, Tho root bits
were initially washed in tap wvater and softened by simmering
in 10 per cent KOH a2t 90°%C for 1 hour. ter cooling, the
excess of alkall was removed by wrepeated rineing in tap
water and then meidified with 2 per cent HCL hefore sbtaining
with 0,05 pex cent trypan blue in lactophenol at 90°C for

three mizvtes.

Prevaration of trypan blue

Trypan blue (Romali) 50 mg
Lactophenol 100 ml

Prevaration of lectorhenol

Lactic acid 10 ml
Phenol 10 il
Glycerol 20 ml

Water 20 mli

The excess stein from the rcot tissue was removed by

cleaning overnight in fresh lactophenol. Ten root bits were
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examined at a time for the typicel VA-pycorrhizal infectlon
under & light microscope. Each root bit was divided into
four eguel segments for recording the presence or absence of
VA-mycorrhize end based on this, different grades from

0 to 4 were given depending on the extent o mycorrhizal
infection. The average value thus obtained for 100 root bits
examined was teken ag the mycorrhizal index.

2. Rhizobium
- - ——

A specific gtrain of Rhigobium, KAU-11 developed by the
Hicrobiology Section of College of Agriculiure, Vellayani, was
used for inoculatlion of cowpsa seeds. This culture wvas moine-

tained on yeast extract mamnitol agar of following composition

Ieast_extract mannitol azar (YEMA) (Allen, 1953)

Mannitol 10.0 ¢
KéHPO4 0.5 g
Mg804.7H20 0.2 g
HaCl D.1 g
CaGO3 5.0 &
Yeaagt extract 1.0 g
Conzo red 2.5 ml.
(1% z2queous solution)

Agar 15.0 g
Diptilled water 1000,0 ml

pH Ta0
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Seeds of coupea were initirlly surface sterilized with
. 0.1 per cent mercuric chloride solution and washed throughly
in sterilized tap water before inoculation with the above
Rﬁizobium culture.

3. Influence of host variety on the natural incidence
' of VA-mycorrhiza in cownea

A pot culture experiment was conducted for screening
different varieties of cowpea (Vigna unmulculaia) (L) Welp
fbﬁ the natural inecidence of VA-mycorrhiza. The experiment
wes laid out in completely randomized design with the
following ten varietigs of cowpea.

Mamber Yeriety Source
1 C-152 Reglonal Agrl. Research Stebion,
Kerals Agrl. University, Pilicode.

é 0G-11 ;;

3 HE-22 ;a

4 New Era 'y

5 PTBwt "y

6 PTB-2 .

7 RC-25 '

8 S-488 . s

9 U-16 ’e
10 V-38 - .
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The potting mixbture consisted of unsterilized sand,
goll and cowdung in the ratio of 1 : 1 : 0.5. The seeds
were uniformly inoculated with the Ehizobium culture prior
to sowing, There were two phosphate treatments, with and
without rock phosphate application at the rate of 30 kg
P205 per hectare. Mariate of potash was added uniformiy to
all pots at the rate of 10 kg'Keo per hectare. Three replica-
tions were maintained for each veriety. The plants were
grown for 45 days when the extent of mycorrhizal infection
for each variety was determined by the method described

earlier.

4., Effect of erge of host plant on myvcorrhizal infection
in cowpea

A pot culture experiment was conducted to study the
effect of age of host plant on VA-mycorrhizal associatlon by
using the cowpea variety which had the maxirmm mycorrhizal
infection under natural condition. The experiment was laid
out in completely randomizoed design with three replications
each. The potting mixture consisted of steam sterilized
gend, soil and cowdung in the ratico 1 ¢ 1 ¢ 0.5. The seeds
were uniformly inoculated with .the Rhizobium culture prior
to sowing. There were two phosphate treatments with and

without rock phosphate applicatiorn at the rate of 30 kg
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Pé05 per hectare. HMuriate of potash was added uniformliy

%0 2l pots et the rate of 10 kg'Kao per hectare. The
standaerd culture of VA-mycorrhiza, Glomus microcarmus wvas
uged zg the mycorrhizzl inoculum. The plante were irrigated
regularly for 90 days with sterilized tap vmter. The extent
of mycorrhizal infection on 15th, 30th, 45%th, 60th,75th and
90%th day of plant growth wag determined by the method

depcribed earlier,

S.1. Effect of VA-myeorrhizal inoculzation on nodulation,
phosphorus untake and yield in cowpea

A pot culture ezperiment ves conducted o study the
.affeﬁﬁ 0of VA-pmycorrhizal inoculation on noduletion, phosphorus
uptake and yleld in cowpea using the aseptic sand culture
technique, The cowpea variety which had the maximum mycor-
rhizal infection under naturel corndition was used for this
experiment also which was laid out in completely randomised
design with six replications each. The potbing material
consisted of washed river sand which was initially steam
sterilized in an autoclave at 121°C for two hours. Both the
stenderd as well as the local cultures of VA-mycorrhizae,
Glomig microearpus and Gloms sp., respectively, were used
ag the mycorrhizal inoculaz. There were two Rhizobium treat-

ments, with and without seed inoculation prior to sowing.
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The three phosphate ireatments were with and without the
application of rock phosﬁhate and super phosphate at the |
rate of 30 kg P205 per hectare., Mariate of potash ves added
wiformily to all pots at the rate of 10 kg Kgo per hectare.

The different treatment combinations wore as Followg: -

With Bhizobium (RV) Vithout Rhizobium (R™)
Myeorrhiza Rock  Super VWithout Rock  Super Without
treatnents phos= phos— phos=- phos-= phos- phos=

hate ?haﬁe phorus hate hate phorus

ey fsmy P % 2

With Glomug + + o -
microcarpus MOR'RP MSR 'SP MSR'P M3RTRP MSRTSP MSR™P™
(1i8)

Yith Glomg

" op. (MO MLR'RP - MIR'SP MERYP™ MLR™RP MLR™SP MLR™D™

Without - . + -
myc%rr}iliza M R'RP M RSP WR™P #HRRP MR™SP M R™P™
= .

The plants were irrigated regularly with sterilized
distilled water and twice a week with a modified phosphate
free gquarter sirength plant nutrient solutions of fbllowing
ecomposition foﬁ 110 days.
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Composition of plant nutrient solution

A, Macyronutrient solution

XC1 0.074% 2
Ce.SO4 0.344 g
MzS0, 0.246 g
Digtilled woter 1000.0 ml

B. Trace element solution

Gu804 0.78 g
Zn504 ' 2.22 g
H‘nso4 2,03 g
Sodium molybdatoe 0.01 g
Boric acid : 143 g
Distilled wmter 1C00.,0 m

0.5 ml of the trace element solution was added to
1000 ml of the racromutrient solution prior to sterilisation
in an autoclave et 121°C for 20 mimutes. This was diluted
four times with sterilized distilled water whenever necessary

for preparing the querter strength plant nutrient golution,

Observations were taken by using three replications
each at two stages of plant growth, on 45th day and at the

time of harvest., These were oz nodule numbor, nodule fresh
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and dry weight, plant height, fresh and dry weight of shoot,
root length, mycorrhizal infection and the perceunbage nitrogen
and phosphorﬁs contents of shoot. IMHowever, at the {time of
harvest, Yew additional observations on crop yield and on the
resldual nitrogen and phosphorus content of soil were also
taken. The number of nodules formed were counted after carew
fully mempving each plant with 1ts lntact root system from
the pots with the help of & mild jet of water. The separated
nodules-ﬁere weighed in a chemical balance for determining
their fresh weight end then dried to z conghant welsght at
60%C in a drying oven for taking ite dry weizht. The root
length and the plant height were measured in cm from tﬁe

bass of the shoot to the maximum growing tip with the help

of & metre seele, The extent of mycorrhizal infection was
determined by the method described earlier. The nitrogen
and phosphorus contents of plant and soll samples were

estimated by the methods described below.

5.2, Estimetion of totel nitrocen by microkieldahl
method (Jackson, 1967)

Five hundred mg of powdered plant sample and 1 g of
digestion mixture consisting of potassium sulphate, cuprie
sulphate and selenium powder in the Tatio of 10 : ¢ : 0.1

were initlally digested with 10 nl of concenirated Hé804 of
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specific gravity 1.84 for 2 hours in 100 ml Kjeldahl's
digestion flasks. These flasks were allowed to cool down
to roonm temperature before the contents weres carefully
transferred to 100 ml volumetric flasks for making up the
volume with distilled water. Ten ﬁl of this éample along
with 40 per cent NaOH solution were then steam distilled
ti1l about 30 ml of the distillate was collected in a
receiver flask conteining 10 ml of 4 per cent boric acid
solution and & drop of mixed indicator. |

. Prevaration of mizxed indicator solution

Bromocresol green 0.5 g
Methyl red 0.1 g

The ammoniacal nitrogen of the distillate wag estimated
by titration against 0.01 N HC1 and from the titre value, the
percentage nltrogen content was celculated as follows:-

Percentage nitrogen _ ! X N X V4 x 0.014 x 100
content of shoot = v ”
. 2 X

where V = titre value - blank value
V} = +total volume of plant sample made up
V2 = Fotal volume of plant sample distilled
N = Normelity of HCLl end
W = Weight of plant sample used for digestion.
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5.3 Estimation of total phosvhorus by Vanedomolybdo—
phosphoric acid method (Jackson, 1967)

Preperation of Vanadate molvbdate weeccent

Solution A

Ammonium molybdate A 25.0 g

Distilled water 400,0 ml
Solution B

Ammonium meta vansdate 1.2 g

Bolling water 500.0 ml

Cone. HNO3 250.0 ml

Solution A was added to solution B bhefore the final

- volume vas made up to one litre with distilled water.

Five hundred milligrams of powdered plant sample was
digested with 10 ml of cone. H2304 of specific gravity 1.84
for two hours in 100 ml Erlenmeyer flasks. Thege flasgks
were allowed to cool down to room temperature, before the
contenits were carefully transferred to 100 ml volumetric
flasks for making up the volume with distilled water.

Five ml of this solution was then pipetted into a 50 mi
volumet:ic flask., Two to four drops of 2,4, dinitrophenol
indicator and 4 W Na2003 were added drop by drop to the



above sample till an yellow colour was developed. This

wag decolourised with 6 N HCL in such a way that the final
.pH of the solution wes 4.8, Ten ml of vanadate molybdate
reagent was then added to the above solution before the
final volume was mede up to 50 ml with distilled wmierx.
After 30 minutes, the intensity of the yellow colour
éaveloped was measured in a Spectronio=-20 spectro photometer
(Bausch and Lomb, Rochester, U.S.A.) at 470 nm. A gtandard
curve was algo prepared in a similar manner using 0, ¥, 2,
4, 6, 8 and 10 ppm solution of KH2P04. The concentration
‘of phoéphorus in the plant extract was determined from the
standard curve. The percentage phosphorus content of shoot

was calculated as follows:e-

Porcentage phosphorus _, Xz 50zx y
content of shoot 10000 x vé x U
where X = ppm concentration of P from the standard curve

V1 = Volume made up

Vé = Volume taken for colour development.

5.4. ZFgtimation of available soill nitrosen by allmline

permenganate method (Subbiah and Asijaz, 1956)

Twenty grams of air dried soil were initislly taken in
a round bottom distillation flask to vhich 20 ml of watenm,
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100 mt of 0.%2 per cent potassium permanganate solution and
100 mt of 2.5 per cent NaOH solutlon were added, This wes
steam distilled i1l about 30 mi of the distillate was
collected in a receiver fimsgk containing 10 ml of 4 per cent
boric acid solution and & drop of mixed indicator. The
ammoniacal nitrogen of the distillate vas estinnted by titra-
tion againgt 0.01 H HCL and from the titre value the per~
centage nitrogen content of various poil samples were

calculated aa follovwst=—

Percentage nitrogen Vx N x 0.0t4 x 100
content of so0il g

whera V = titre value - blank value
N = normelity of the acid
¥ = welght of the soil sample taken.

5.5. Deberminatlon of available phosphorng in soill

by Brav's extraction method (Jackson, 1967)

Five grams of ajr dried soil passing throuzgh 0.25 @M
alove were mized with 50 mi of Bray's solution in & glagse

stoppered bottle.

Preparation of Bray's solution

Ammoninm fluoride 1.11 g
Hydrochloric acid (6 N) 4,16 ml
Distilled water . 1000 =mi.



33

The mixture was shaken for five minutes before the
supernatant vas filtered through a moistened Whatman No.42
filter paper. Five ml of this filtrate wes then transferred
t0 a2 50 ml volumetric flask to which 5 ml of ammonium
molybdate reagent and 1 ml of freshly prepared stanncus
chloride golution were added. After 10 minutes, the inten-
8ity of blue colour developed was measured in a Klety
pummerson photoelectric colorimeter (Arthur, H. Thomas

Company, U.8.A.) at 660 nm using the zed Pilter.

Preggration of ammondum molybdate reagent

Ammonium molybdate 15 g
Voarm distilled wvater 300 ml
HCL (10 W) 350 ml.

A standard curve was also prepared in a similar menner
by using 0, 0.1, 0.2, 0.4, 0.6, O.S and 1.0 ppm solution of
KHéPO4. The concentration of phosphorus in the filtratse
wvas determined from the standard curve, The percentage of
vhosphorus content of various moil samples were calculated

as follows:~

- Iz V1 z Vs
W= V2 x 10000

Percentage phosphorus
content of soil
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where X = ppm concentration of phosphorus in the
Tiltrate

v1 = Volume of Brey's extractant

Va = aliguot of soil exbract used
Vg = volume to which +the aliguot was made up

¥ = Veight of soll taken.

Statistical methods of analysis

The daté on various cobsgervations were analysed by the
methods described by Snedecor end Cochran (1967) for the

analysis of varisnce of completely randomised design.
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RESULTS

1. Identification of VA-myvcorrhicza

The local culture of VA-mycorrhiza was identified as
Glomug sp. on the basis of size, colour and the maturs of
bagal attachment of spores. The spores were typical of
Gloms sp. with an average size of 100 - 200 micrometers.
They were yellowish brown in colour under incident light in
a gtereo~microscope with a simple basal attachment. Typical

root infection by the standard as well as the local culture

of VA-mycorrhiza and a spore of Glomus microcarnug are shown

in Plates I to ITI.

2. Influence of host variety on the natural incidence
of VA-mycorvhiza in cowpea

The result of the pot culture experiment to study

the influence of host wvariety on the natural incidence of
VA~-mycorrhiza in cowpea is given in Table 1, Figure 1. There
were significant differences between varieties in their mean
mycorrhizal index. The infection was maximum for the variety
C~152 which had an average index of 1.19. This was signifi-
cantly higher than that of vardieties such as G611, HEG-22,
PTB-1, RC-25, $5-488, U-16 and V-38 (Table 1). However, the

mean mycorrhizal index of two other varieties, New Era



Plate I. Root infection by the standard
culture of VA-mycorrhiza (Glomug
miorocarpug) in coupea.

Piate II. Root infeotion Dy +he local
culture of VA-mycorrhiza
(Glomug sp.) in cowpea.






Plate III. A typical spore of Glomug
nlcrocarnus.
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Table 1. Influence of host wvoriety on the natural
incidence of VA-mycorrhize in covpea

Mycorrhlizal Index#

Host variety With Without Mean for each

rock phosphate rock phosphzate verlety
C-152 1.79 (1.67) 0.64 (1.28)  1.19 (1.48)
CG=-11 0.90 (1.38) 0.02 (1.01) 0.44 (1.20)
HG-22 0.88 (1.37) 0.00 (1.00)  0.42 (1.19)
New Era - - 1,76 (1.66) 0.30 (1.14)  0.96 (1.40)
PTB~1 0.77 (1.33) 0.19 (1.09) 0.46 (1.21)
PPB-2 1.79 (1.67) - 0.37 (1.17) 1.02 (1.42)
RC~25. 0.28 (1.13) 0.06 (1.03) 0.17 (1.08)
S-488 0.08 (1.04) 0.04 (1.02) 0.06 (1.03)
U-16 0.56 (1.25) 0.04 (1.02) 0.30 (1.14)
V-38 0.90 {1.38) 0.02 (1.01) 0.44 (1.20)
Mean 0.99 (1.41) 0.17 (1.08) -

* Mean of 3 replications
Figures in parcentheses are after /x + 1 transformation
CD (0.05) for comparison between varieties = 0.,17

CD (0.05) for comparison between phosphate

treatments 0.08
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(0.96) and PTB-2 (1.02) was stetistically on par with that
of C=152, The application of rock phosphate at the rate of
30 kg P205/ha had a significant effect in enhancing the
mycorrhizal infection in all varietics except in S-488 where
such an effect due to phosphate application on mycorrhizal

infection was not observed,

3. ZEffect of azme of hogt plant on VA-mycorrhizal infection

in cowpesa

The result of the pot culture experiment to study the
effect of age of host plant on VA-mycorrhizal infection in
covwpea is given in Table 2, Figure 2 and Plates IV 4o VI.

The infection vas maximum on 45th day with an average index
of 1.62. This was gignificantly higher than that observed

at all other stages of plant growth (Table 2). On 15th, 30th,
60%h, 75th and 90th day of plant growth, the mean mycorrhizal
index was 0.30, 0.77, 0.82, 0.74 and 0.49, respectively.

When compared to 15th day, the extent of mycorrhizal infeciion
on 60tk day vas also sigaificantly higher. The relative
incidence of VAijcorrhiza at the three critical stages of
plant growtﬁ, on 15th, 45th and éoth day is shown in

Plates IV to VI, -The application of rock phosphate at the
rate of 30 kg ons/ha had a uniform significent effect in
enhancing the mycorrhizal infection (Table 2) at all stages
of plant growth.
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Table 2. Effect of age of host plant on VA-mycorrhizal
infection in cowpea

Mycorzrhlzal index®

Age of
h°%ga§é§nt With W1 thout Mean for each
rock phoaphate =rock phosphate stege

15 0.51 (1.23) 0.08 (1.04) 0.30 (1.14)
30 1.45 (1.57) 0.17 (1.08)  0.77 (1.33)
45 3.37 (2.09) 0.30 (1.14) 1,62 (1.62)
60 1.79 (1.67) 0.04 (1.02) 0.82 (1.35)
75 1.62 (1.62) 0.04 (1.02) 0.74 (1.32)
90 ' 0.49 (1.22)

0.95 (1.49)

0.06 (1.0%)

# Nean of three replications

Fipures in parentheses are afier /= + 1 transformation

C.D. (0.,05) for comparison between
different stages

C.D. (0.05) for comparison between
vhosphate treatments

= 0020

= 0.12
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Plate IV, ZExtent of root infection by

Glormg microcorpug on 15th day
in cowpea.

4

Piate V. Ixtent of root infection by

Glormg microcaropusg on 45th day
in cowpea.







Plaete VI, Extent of rocot infeetion by
Glomigs microcarpus on 90th day
in cowpea.
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4, Effect of VA-mycorrhiza and Rhizobium inoculation on

nodulation, phosphorus uptake and yield in cowpea

The resulis of the pot culture experiment to study the
effect of VA-mycorrhiza arnd Rhizobium inoculation on nodula-
tion, phosphorus uptake and yield in cowpea are glven in
Tables 3 to15, Figures 3 to 6 and Plates 7 to 10. The
observations were taken et {two stages of plant growth, on

45%h dey and at the time of harvest.

A uniform treatment effect on various plant characters
studied was not observed on 45th day. The number of nodules
were maximum in the treatment combination consisgiing of the
ptandard culture of VA-mycorrhiza, Rhizobium inoculation and
the application of super phosphate (Table 3). In this
treatment (MSRYSP), 27.72 nodules srere formed per plant.

These were significantly higher then the control (M'R™PT)

end various other treatments except the MLRTP™ and MsrtP™
treatments, where the number of nodules formed, 22.81 and
20.62 respectively were statistically on par with the above
(vsRYSP) treatment. The fresh and dry weights of nodules were
also maximm in this treatment. But the root length and plant
height were significently higher in the MSR™P™ and M R™D™

treatments respectively.



Effect®* of VA-mycorrhiza and Rhizobium
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Table 3,
inoculetion on nodulation and other
characters in cowpea on 45th day.
Nodule Hodule Root Flant
Treatment Nodule o _
combinations nunmber Lr?gz)wt. d?gg?t. 1?2g§h h?g%?t
M R‘rp 14,37 (3.92)  102.17 47.67 15.335 39,67
¥s RYsp 27,72 (5.36)  158.00 67.83  22.67 44.58
us R 20.62 (4.68) 102.50 47.00  26.33 37.67
MS RTRP 0.00 (1.00) 0,00 0.00 16.17 31.46
1S R™Sp 0.46 (1.21) 0.50 0436 15.33 33.50
MS RTP™ 0.46 (1.21) 0.50 0e32 21.50 28,83
ML RYRp 11.04 (3.47) 64 .33 26,67 20.67 41.02
vn Rtsp 13,52 (3.81) 146.83 62.50 21.83 38,00
ur, rYp 22,81 (4.88) 107.00 48.17  22.56 34.33
ML RTRP 0.46 (1.21) 0450 0.22 25.47 33.82
ML RSP 0.00 (1.00) 0.00 0.00 15.33 35.83
ML R™P™ 0.46 (1.21) 0.50 0.23 18.13 29.72
M RYRP 4,76 (2.40) 41,00 19.33 23.83 31,17
M RYsp 13,98 (3.87) 109.17 48.50 22,67 37.56
M R¥P~ 13.14 (3.76) 154.17 56.33 25,53 48,03
. MR"RP 0.17 (1.08) 1.17 050 16.16 34.33
M RSP 0.t4 (1.07) 2,83 0.83 15.17 34.00
IR P 0.17 (1.08 0,50 0.17 17.9 48,20
{Control) ) ?
GGDO (0.05) 0-93 38165 18.22 7-53 10.64
* Mean of three replicetions
Flgures in parentheses are after /x + 1 transformation






The fresh and dry weights of plants, 8.17 and 3.20 g
respectively were maximum in the MSR'RP treztment (Table 4).
These were significantly higher than the control and various
other treatments. However, the dry welght of plants in the
MSR¥SP treatment wes also ptatistically on par with the above
treatment. In general, there was a slgnificant positive
correlation betwesn nodule number and plant dry welght
(Teble 5). The percentage nitrogen content of shoot was
uniformly higher in all Rhizobium inoculated treatments.

The nitrogen content of 4.29 per cent was maximum in the
MIR'RP treatment (Table 4). This was significantly higher
than the control and other treatments except in the MLR*gp
and MRYP™ treatments where the percentage nitrogen content
of the shoot obtained was statistically on par with the above
(MLRYRP) treatment., In general, there was a significant
positive correlation (Table 5) between nodnle number end

percentage nitrogen content of shoot.

The mean mycorrhizal index of 3.50 wvas maximom in the
MSR'RP treatment (Table 4). This was significantly higher
than the control and other treatments except in the MSR™RP
and MLRYRP treatments vhere the mean mycorrhizal index
obtained, 3.25 and 2.83% respectively, wvere statistically on
par with the above (HSR*RP) treatment. In geﬁeral, there
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Pable 4. BEBEffect* of VA-mycorrhiza and Rhizoblum

inoculation on phosphorus uptake and

other characters in coupea on 45th day

Pilant Plant N~content P-content
egggigggggns fr?§§ vt. d?g)wt. of(g?oot chggggizal of ;hoot
MS Rtmp 8:17 3.20 2,92 3,50 (2.12) 0.12
Ms R'sp 5.67 3,02 2,95 2.57 (1.88) 0.14
us RV~ 3.67 1437 3.18 1.49 (1.57) 0.02
M3 RTRP Ze17 1.63 2,26 %.25 (2.06) 0.18
MS R™SP %17 1.42 2.49 2.63 (1.90) 0.13
MS R~P™ 1.67 0.74 2432 1.64 (1.62) 0.01
ML RYRP 4.33 1.69 4.29 2.83 (1.96) 0.18 °
ML RSP 4.56 . 2.50 4423 1.85 (1.67) 0.17
ML 7P 2,83 0,93 4,06 0.98 (1.39) 0.03
ML RTRP 2.50 0.83 3405 2.22 (1.79) 0.11
ML RSP 2.67 0.52 2.90 2,07 (1.7%) 0.2
ML RTP™ 1.83 0.50 2,60 1.59 (1.61) 0.02
wrYRe 2,67 0.86 2.83 0.01 (1.00) 0.19
M RSP 3417 1.03 2.95 0.01 (1.00) 0.18
wrtee 2.67 0.68 3.02 0.02 (1.01) 0.02
I R™RP 1.67 0.68 1.81 0.01 (1.00) 0.19
M RTSP 1.83 0.70 2.12 0.00 (1.00) 0.11
%;§n§¥ol) 2.17 0.50 2465 0.01 (1.00) 0.03
C.D. (0.05) 1.35 0.58 0.97 0.20 0.07

* lMean of three replicatiouns
Figures in parentheses are after /X + | trensformation



Table 5. OCorrelation between nodule number, plant
dry weight, mycorrhizal index and percentage
of nitrogen and phosphorus content of shoot
in cowpea on 45th day

Wodule DPlant N—-content Eggg:i P-~content

number dry wt. of shoot of shoot

indox
Nodule number 1. +0.58 | +0.59 0.16 -0.13
f;%?_ggtdry +0.58 1 0.34  +0.64 0429
T-coatent of  40.50  0.34 1 0.25  0.02
ycorrhizal 0.11  40.64 0.22 1 0.27

P-content of -
Shoot "'"00'13 0.29 0-02 0027 1




vae significant positive correlation bebtween the mycorrhizal
indox ond plant dry weight (Table 5). However, thers was no
correlation between the mean mycoxrhizal index and plant

nitrogen content.

The percentage phosphorus content of shoot was uniformly
higher in both the phosphate treatments. The phosphorus
content of 0.2% per cent was moximum in the MLR SP droatment
(Table 4). This was significantly higher than that in the
control and other treatments except in the MSR™RP, MIRTRP,
MLR+SP, M'R+RP, M'R+SP. M R RP treatments where the percentage
phosphorus content of the shoot obtained was stetistically on
par with the above (MLR™SP) treatment. But there was no
positive ocorrelation betwecen the mean mycorrhizal index and
poercentage phosphorus content of shoot (Table 5). Besides,

a gignificant negatvlve correlation between percentage phog-

phorus content of shoot and noduls number was also oboerved.

The treatment effects on wvarious plant characters
studied were more or less uniform at the time of harvest.
The number of nodules formed per plant and their fresh and
dry weights were significantly higher in the *treaitment
combination consisting of the standard culture of Vi-
mycorrhizs, Rﬁizobium inoculation and the application of
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rock phosphate at the rate of 30 kg P205/ha. In this
treatment (MSRTRP), 96.02 nodules were formed with a fresh
and dry welghts of 231.3% and 126.8% mg respectively

(Table 6). The root length of 61.8% cm was hoyever, maximm
in the MSR™RP treaitment, This wee significantly higher than
the control and other treatments ezcept in the MSR+RP, usrR™sp
and MSR™SP treatménts vwhere the root length measured was
statistically on par with the above (MSRTRP) treatment

(Table 6). The plent height was also significantly higher

in this treatment.

The fresh and dry weight of plants, 37.00 and 15.8% g,
rospectively, were maximum in the MSR'RP treatment (Table 7).
In general, there was a significant positive correlation
between nodule number and plant dry weight (Table 9). The
- percentage nitrogen content of shoot was uniformly higher in
all Rhizobium inoculated treatments. The nitrogen content
of 3.75 per cent was meximum in the MSR'RP and Msr*sp
treatments. This was significantly higher than the coﬁtrol
and various other troatments except in the MLRTSP and MLRYRP
Itreatments vhere the perceninge nitrogen content of shoob
obtained was statistically on par with the above two treat-
ments. In general, there was a significent positive correla-
tion fTable 8) between nodule number and percentage nitrogen

content of shoot.
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rock phosphate at the rate of 30 kg Paogfha. In this
treatment (MSR'RP), 96.02 nodules were formed vith a fresh
and dry weights of 231.35 and 126.8% mg respectively

(Table 6). The root length of 61.83 cm was however, mazimum
in the MIR RP treatment. This was significantly higher than
the control and other treatments except in the HSR+RP, msr¥sp
and MSR™SP treatﬁénts vhere the root length measured was
statistically on par with the above (MSR+RP) treatment

(Table 6). The plant height wvas aleso significantly higher

in this treatment,

The fresh and dry weight of plants, 37.00 and 15.8% g,
respectively, vere mazimum in the MSR'RP treatment (Table 7).
In general, there was o significant positive correlation
between nodule number and plant dry weight (Teble 9). The
- pencentage nitrogen content of shoot was uniformly higher in
all Bhizobium inoculated treatments. The nltrogen content
of 3.75 per cent was meximum in the MSR'RP and Msr™sp
treatmonts. This was significantly hicher than the coﬁtrol
and various other itreatments except in the MLRYSP and MERYRE
treatmenta where the percentage nitrogzen content of shoot
obtained was stﬁtistically on par with the above two treat-
ments. In general, there was a significant positive correla-

tion (Table 8) between nodule number and percentage nitrogen

content of shoot.
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Table 6, Effect® of VA-mycorrhiza and Rhizobium
inoculation on nodulation and other
characters in cowpea at the time of

harvest
Nodule llodule Root Plant

combinations mabor  f7eShwh. 43y wE. length melght
M3 RYRP 96.02 (9.85) 231,33 126.83 60.50 215.50
ua Rtop 56,76 (7.60) 157.67  64.50 59.67 162.50
Ms RTp 28.81 (5.46) 124.00  42.33 32.50 99.50
MS RTRP 1.46 (1.57) 45,00 2,83 61.83 191.17
MS RT9P 2,50 (1.87) 11.50 4.00 56.17 121.57
MS R°P™ 2.92 (1.98) 13,00 5.00 26.50 80,17
ML RYRP 50412 (7.15) 170.67  65.17 33.17 139.83
ML R¥SP 41.12 (6.49) 154.33  48.83 30.17 127.00
ML RYPT 28,38 (5.42) 80.27  52.8% 30.56 95.50
ML R™RP 5.30 (2.51) 27.17 15.00° 26.83 129,83
ML RT8P 5.86 (2.62) 28,17 13.83 29.13 123.50
ML R™P™ 3.97 (2.23) 20.33 6.83 24.83 T77.83
¥R RP 25.21 (4.92) 121.83  33.00 33.40 50,83
MRV 9P 24,60 (5.06) 111.17  27.85 29.20 40.60
wR*pT 17.92 (4.35)  87.83  28.67 29.17 73.93
M R™RP 0.66 (1.29) 6.67 4.67 32,50 T72.17
M RSP 2.31 (1.82) 11.67 5.17 28.33 35,83
MRTP™ 3.28 (2.07) 18.17 6,00 29.20 65.27
(Control) ‘

¢.D. (0.05) 1.05 45.32 14.24 6.13 21.03

¥ Mean of three roplications .
Figures in parentheses are after /= + 7 transformation
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Table 7. BEffect® of VA-mycorrhiza and Rhilzoblun
inoculation on phosphorus uptake and
other charachers in cowpea at the time

of harvest.
reatment fi’eg"m. ﬁi(‘g;‘& &‘(’%ﬁf‘é’“ Hycorrhizal ﬁf‘%ﬁﬁi"‘
MS RRP 37,00 15,83 3,75 2,92 (1.98) 0,32
ms Rtsp 24 .33 9.50 5475 1.66 (1.63) 0.29
Ms rRVp” 15,50 5450 2.14 0,96 (1.40)  0.10
1S R7RP 32.33 15.00 2,29 2.76 {1.94) 0.27
1S R™8P 21.50 8.00 2.44 - 1.59 (1.61) 0.22
M8 RTPT 14.33 5.17 2.02 1.02 (1.42) 0.10
ML RYRP 28,17 12.8% %422 2,13 (1.77) 0.24
ML R¥gp 24.67 9,50 3.27 1.92 (1.71) 0.3
ML R7P 16.50 5,83 2,99 . 1,02 (1.42)  0.02
ML R™RP 23400 9.50 2.14 1.92 (1.71) 0.18
ML RTSP 24,56 10.67 1.40 0.99 (1.41) 0.13
ML RTPT 1317 5.17 2,55 1.62 (1.62) 0.02
wrtrp 11.50 617 2,48 0.00 (1.,00)  0.17
#wrtgp 1417 8.00 2,58 0.02 (1.01)  0.12
wRYP” 15.00 5433 2,35 0,02 (1.01) 0,02
M"RTRP 1217 5.00 2.03 0.00 {1.00) 0.10
MTRTSP 13.33 5.33 2.20 0.02 (1.01) 0.10
MRTPT 13.20 Fe17 1.82 0.00 (1.00) 0.02
(Control) '
CeD. (0.05) 3493 2.55 0.66 0.17 0.06

¥ Memn of three replications.

Figures in perentheses are after /X + 1 transformation.
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Table 8. Correlation between nodule numbex, plant
dry weight, mycorrhizel index and percentage
of nitrogen and phosphorus content of shoot
in cowpea at the time of harvest.

Todule
munber

Plant dry
weight

l—-content of
shoot

Wycorrhizal
index

P-content of
shoot

Hycor—-

Nodule Plant N-content 5., -5 P-content
rupmber dry wi. of shoot index of shoot
+0.99  +0,61 +0.,85 0.45 0.53
+0.61 i 0.50 +0.80 +0.85
+3.85 0.50 1 0.51% 0.54
0.45 +0.80 0.51 1 +0 .65
0.53 +0.85 0.54 +0.65 1
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Table 9., Effect of VA-mycorrhiza and
Rhizobium inoculation on yield
in cowpea

Treatment Graln yield® 4 increage
combinations g/pot over control
M3 RYRP 6:44 109.77
MS R'gp 6:18 101.30
Ms RTp™ 4.64 51.14
MS R™RP 5.82 89.58
MS RSP 4,65 51 .47
M8 RTPT 4.13 34.53
ML RYRP 543 76.87
Mh RY3P 5.68 85,02
ML RTp 3.52 14.66
ML RTRD 3.94 28,34
ML RSP 4,92 60.26
ML RTPT .31 7.82
MR RY 3.65 18.24
M R*sp 4458 49.19
g 3¢50 14.01
W RRP 3.67 19.54
M RTSP 4,53 47.56
N RP™ 3407 0.00
(Control)

¢.D. {0.05) 1.91

¥ Mean of three replications.

l

49
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The mean mycorrhizal indexz of 2.92 was maximm in tho
MIRTRY treatment (Table 7). This was significantly higher than
the control and various other treatments except in the MSR RP
treatnent where the mean index of 2,76 was statistically on par
with the above treatment. In general, there was a2 significant
positive correlation between the mean mycorrhizal index and
plant dry weight (Table 8). But there was no correlation

between the mean mycorrhizel index and plant nitrogen content.,

The percentage phosphorus content of shoot was signifi-
cantly higher in both the phosphate treatments. The phoophorus
content of 0.32 per cent wes mazimnm in the MSR'RP treatment
(Table 7). This wes significantly higher than the control and
various other treatments except in MSR'SP mnd MSR™RP broatments
where the percentage phosphorus content of shoot obtained was
statistically on par with the above (MSRTRP) treatment. In
general, there was a significant positive correlation between
the mean mycorrhizal index and phosphorus content of shoot
(Table 8). Such 2 positive correlation also existed between

plant dry weight and percentage phogphorus content of shoot.

The average grain yield of 6.44 g por pot was aleo
magimum in the MSRTRP treatment (Table 9)., This was sigaifi~
cantly higher then the control (M™R™P™) treatment. However,
the grain yields in most of the treatment cbmbinationa



involving mycorrhiza and phosphate application were also
higher and statistlcelly on par with the above treatment
(Teble 9). Bub, in three of the treatments where there
were either no mycorrhizel inoculation (M R™SP and M R¥sP)
or phosphate application (MSE'P™) there was a similer

increase in yield.

In general, inoculation with VA-mycorrhira had g
beneficial effeot on various plant characters studied.
However, between the two mycorrhizae treatments involving
Glorms microcerpus and Glomig sp., there were no significant
differences in nodule number, nodule fresh weight, plant
dry weight, percentage nitrogen content of shoqt and the
mean mycorrhizal index (Table 10). But, the dry weight of
nodules, root length, plant height, plant fresh weight,
percentage phosphorus content of shoot and grain yield were
gignificantly higher in plants ilnoculeted with the standard
culture of VA-mycorrhiza (Table 10), Similarly, out of the
two Rhizobium treatments, seed-inoculation with BRhizobium
had a significant effect in anhancing nodule number, fresh
and dry welght of nodules, root length, plant height, fresh
and dry welght of plants, percentage nitrogen and phosphorus
content of shoot and grain yield (Table 10)., Bub, there

were no significant differences in the mean mycorrhizel index



Table 10. Individual effects of VA-mycorrhiza, Rhizobium and phosphate application
on various plant characters in coupea at the vime of barvest.

P
content

Wodule Hodule Nbdula. Root Plant Plant Plant congent Nycor- Grain

Treatments fresh wi, dry wt. length height fresh wi. dry wk. rhizal yield

DUmbET ™ () ) (mg) (em) (cm) (z) (2) °f(§1)1°°t index ©F (%1)1001; a/pot
M3 (4.70) 97.08 40,92 49.52 145.06 24.16 9,50 2,73 (1.67) 0.19 5e31
ML (4.40) 80.16 33,75 29,10 115.58 21,66 8.91 2,59 (1.61) 0.12 4.46
oy (3.25) 59.56 17.88 30.30 56.42 13.22 550 2.24 (1.00) 0.09 3,82
Rt (6.26) 137.68 54.44 37.58 111.67 20,75 8472 2.94 (1.44) 0.15 4.84
R- (1.98) 20.19 7.26 35-03 99-70 18061 7.22 2.09 (1 041) 0.12 4022
RP (4.54) 100.44 41.58  41.37 133.22 24.02 10.59 2,65 (1.,57) 0.21 4.81
SP (4.23) 79.08 27.36 38,77 101.83 20.41 8.50 2.60 (1.40) 0.16 5.09
P (3.58) 57.27 23,61 28.78 82.01 14.61 5.02 2.30 (1.31) 0.02 3469
C005) 0.3 18.50  5.81 2,50 11.03 1.60  1.44  0.27 0,07  0.02  3.69
C.0.00.05) 4535 1541  4.75 2.04 9.01 1.30  0.87  0.22  0.05 0.02  0.34

Figures in parentheses are after /x + 1 transformation

a8



Plate VII.

Effect of inoculation with the
ghtandard culture of VA-mycorrhiza,

Glomus microcarvrus and Rhizobiunm
on plLant growfﬁ in cowpea at the

time of harvest.

2 - HRTP™
4 - wrtop






Plate VIII. Effect of inoculation with the
local culture of VA-mycorrhiza
{(Blormg sp.) and Rhizobium on
plant growvth in cowpea &t the
time of harvest.
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due 4o Rhizobium inoculation, As regard to0 different
phosphate treatments, application of phosphate fertiliger
either in the form of rock phosphate or super phosphate had
a beneficial effect on various plant characters studied at
the time of harvest. But, there were no significant
difforences between the two phosphate treatments in ine-
ereasing. the nodule number and grain yiéld (Table 10).
However, in the remaining charaéters studied, rock phosphate
application héd a significant effect in enhancing the fiesh
gnd dry welght of nodules, root length, plant helght, fresh
. and dry welght of plants, percentage nitrogen and phoéﬁhorus
.content of shoot and the mean myoorrhizel indéx.

The effect of interactions between VA-mycorrhiza and
Rhizobium, VA-mycorrhiza and phosphate application and
between phosphate application apd Rhizebium inoculation on
various plant characters studied in cowpes at the time of
harvept are giveﬁ in Tables 11'to 13. A'sigﬁificant”
increase in nodulé number, nodule fresh-and dry welghts
were obtained due to the combined imoculation of the
stendard culture of VA;mycorrhiza (Glomug microgggggs) and
Rhizobium (Table 11). Such an effect on noduletion was also
obmerved with the use of Glormg microecarpus and rook phos-

phate in the M x P interaction (Table 12) and between



Table 11. Interaction between VA-mycorrhize and Rhizobium inoculation on
various plant chavacters in cowpea at the time of harvest

, Nodule H&dule Root Plant Plant Plant . Hycoxr- Grain

Treatments LOuSi® fregh wh. dry wh. length helght fresh wh. dzy wh. sonbent rhizel 2OPESNE  yieig
(ng) (ng) (em) (cm) (2) (2) () index (%) g/pot

usnt (7.64) 171.00 T7.39 50.38 159.16 25.61 10.28 3¢21 (1.67) 0.21 5.75
MSR™ (1.77) 23.17 3.94 48.16 130.96 22,72 8.72 2.24 (1.66) 0.17 4,86
et (6.36) 135.09 - 55.61 31.27 120.77 23.i1 9.38 3.15 (1.63) 0.13 4.87
MOR™ (2.45) 25.22 11.89 26.9%3 110.38 20.22 8.44 2,05 (1.58) 0.11 4,05
wRY (4.78) 106.94 29.83 30.58 55.08 13.85 6.50 2.47 (1.00) 0.10  3.90
MR™ (1.72) 12.17 5.94 30.01 57.75 12.90 4.50 2.01 (1.00) 0.07 3eT5
C.D, (0.05) 0.60 26.16 8.22 3.54 15.60 2,26 1.47 0.38 0.10 0.04 0.58

Figures in parentheses are afier /X + 1 transformation

A%



Table 12,

Interaction betueen VA~mycorrhiza and phosphate application on
various plant characters in cowpea at the time of harvesst.

mrentmenss [olile OGNS, JoThe Novh Plant. SN (AN comtems Myeor content 972tn

(mg) (ng) (em)  (cm) (&) (g) () index (%) g/pot
MSRP (5.71) 138.17 64,83 61.16 203.33 34.66 14.42 3.02  (1.96) 0.30 6.12
MSSP (4.69) 84,58  34.25 57.91 142.03 22,91 8,75  3.09 (1.62) 0.25 5.42
MSP™ (5.72) 68.50 23.67 29.50 89.85 14.91 5e33 2.07 (1.41) 0.02 4.39
MLRP (4.83) 98,92 40,08 30.00 134.83 25.58 11.17 2.68 (1.74) 0.21 4.68
VLSP (4.56) 91.25 31.33 29.65 125.25 24.58 10.08 2.34 (1.56) 0.13 529
FLP™ (3.83) 50.30  29.85 27.66 86.66 14.83 5.50 2,76 (1.52) 0.02  3.42
ITRP (3.10) 64.25 19.83 32.95 61.50 11.83 5.58 2,25 (1.00) 0.14 3.65
TSP (3.44) 61.42 16.50 28,76 39.21 13.75 6.66 2.39 (1.00) 0.02 3.28
P (3.21) 53.00 17.33 29.18 69.55 14.10 4.25 2,08 (1.00) G.02 3.28
C.D. (0.05) 0.74  32.04 10.07 4.33  19.11  2.77 1.80  0.46 0.12  0.04 0.7

Figuree in parenthemes are after /T + 1 transformation

1o}
n



Table 13. TInteraction between phosphate application ard Rhizobium inocuvlation
on various plant characters in cowpea at the time of harvest.

P

Nodule Hodule Root Plant Plant Plant HMycor- ' Grain
Treatments ﬁggﬁ%ﬁ fresh wt, dry wt. length height fresh wi. dry wt. ggnggggt rhizal g%n;gggt yield

(mg) (ng) (em) (cm) (2) (=) (%) index (%) g/pot
RPR¥ (7.31) 174.61 T75.00 42.35 135.38 25.55 11.61 3.15 (1.58) 0.24 5.17
RPR™ (1.78) 26.28 8.17 40.38 131.05 22.50 9.16 2.15 (1.54) 0.19 447
spr* (6.39) 141.06 47.06 39.67 110.03 21.05 9.00 3.20 (1.45) 0.18  5.48
SPR™ (2.07) 17.11 T«67T 37.87 9%.53 19.77 8.00 2,01 (1.35) 0.15 4,70
P r* (5.08) 97.37 41.28 36.72 89.61 15.66 550 2.48 (1.28) 0.02 3.88
PTR™ (2.09) 17.17 5.04 26,84 T4.42 13.56 4.50 2412 (1.35) 0.02 3.80
C.D. (0.05) 0.60 26.16 8,22 3.54 15.60 2.26 1.47 0.38 0.10 0.04 0.58

Flgures in parentheses are after /x + 1 transformation

9s
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rock phosphate epplication and Rhizoblum inoculation in the
P x R interaction (Table 1%). The above Inisractions were
elso significant Iin enhancing plant height and fresh and
dry welght of plants at the time of harvest.

The increase in root length was maxirum in the inter-
actions between . microcarpus and Rhizobium and both the
types of phosphate fertilizers {(Table 19, 12). Such an
inerease was also obtained with the use of rock phosphate
elong wvith Rhiszobium culiture, in the P x R interaction
(Table 13). However, %he increase in root length due %o
inoculation of the stondard culture of VA-mycorrhiza alone
(MSR™) in $he M z R interaction and %he application of
rock phosphate alone (RPP”) in the P x R interaction were
also significant.

There was a significant increase in the percentage
nitrogen content of shoot in the interactions bebtween %he
8. mlcrocarpus and Rhizobium (MSRY) and both the types of
phosphate fertilizers (Teble 11, 12). Such an increase
vas also obtained with the use of either rock phosphate or
super phosphate along with Rhigobium inoculation (Table 13).
The interactions between the local culture of VA-mycorrhlza,
Slomug sp. and Rhlzobium (MLRY) in the M x R intersction and
rock phosphate application (MDRP) in the M x P interaction
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(Tables 11, 12) were also sipnificent in enhancing the
plant nitrogen content.

The use of both the culbures of mycorrhizae, either
with or without Rhizobium inoculation, hed a significant
effect in increasing the mean mycorrhizal index of cowpea
at tho time of harvest (Table 11). In the interactions
between. mycorrhiza and phosphate applicetion, nmazximum
increase in mycorrhizal infection was obtained with the
use of G. microcarpug and rock phosphate (Table 12). A
similer effect of rock phosphate application was also
observed with or without Rhizobhium inoculation in the

Pz R interaction.

The use of the standard culture of VA-mycorrhizo
either with or without Bhizobium inocuiation also had a
gisnificant effect in enhancing the percentage phosphorus
content of shoot et the time of harvest (Table 11). Similar
poeitive effocts were also observed in tho interactions
betwoen this culture and rock phosphate (Table 12) and in
the use of »ock phosphate and Rhiszobium culture (Table 13)
in the P x R interaction.

The Increase in yield was maximufm with the duzl

inoculation of Glorus microcarpug and Rhizobium (Table 11).




Plate IX,

Comparative effect of inoculation
with the standerd and loecal cultures
of VA-mycorrhizae on plant growth
in cowpea at the time of harvest.

3 - MIR*RP
4 - uspinp






Table 14. Effect of plant growth on the
percentage nitrogen content of
goil.

Harvest

Treatments: Initial .

R R
M3 RP 0.0030 0.0037 0.00%3
MS Sp 10,0032 0.0030  0.0030
MS PT 0.0030 0.0030 0.0030
ML RP 0.0052 0.0034 0.,0042
ML 8P 0.0032 0.0038 0.0026
ML DT " 0.0027 0.0035 00027
M RP 0.003%2 0.0032 0,003%2
¥ SP 0.0034 0.0025 0.0029
M P 0.003%2 0.003%2 0.00%4
€.D.(0-05) NS NS NS
NS.

Notl SLg?u'.FL‘Ca'n{ .

5%
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Table 15. Effect of plent growth on the
percentage phosphorus content
of soil
Harvest
Trecatments Initial o -
R R
M3 RP 0.0012 0.0010 0.,0008
M8 SP 0.0015 1 0.0008 0.0010
M, RP 0.0015 0.0010 0.0008
ML SP 0.0012 0.0008 0.0010
M RP 0.0015 0.0003 0.0010
M sp 0.0015 0.0008 0.,0011
C-D.(6-05) W& NS NS

N5. Not .S;;ﬂnifimni.



Plate X,

Comparative effect of rock

phosthate and super phosphzte

application along with VA=

mycorrhizal inoculation on

Elant growth in cowpea et the
ime of harvest.

14 - ¥sR¥Rp
15 - MIRtSP



*¥eld
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Thé.intgraétion between this cﬁlture and béth‘the type. of
phosphate fertilizers (MSRP and MSSP) were also significant
in enhancing the yield (Tadle 12). Hovever, betweén the two
phosphate itreatments, the yleld increase was maximim w;th
the use of Glomms microcarpus and rook phosphaote (Table.12).
In the interazction between phosphate applicafion and
Rhizobium inoculetion, mazimum increase in &;eld was
obtained with the'use‘df super phosﬁhateténgiﬂﬁizobium
culture (Table 13). The interaction between rock phosphate
and'Rhizobiﬁm'inoculation (reRY) was also significant in
lmproving the yield of cowpea. o

The percenitage nitrogen and phosPhofué:cohtent'bf
soil, both before and after plant'gﬁowth were also estimated
(Teble 14 and 15). Howé#er, there were no significent
differences between various tréatments. The Ilncrease in
the percentage nitrogen content of soil was maximum in the
MLR"RP treatment followed by the MLR'RP freatment. In
general, there was a decrease in the‘peréentége pho;pﬁorus

content of moll after plant growth.
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DISCUSSION

The sywbioals between microorganisms and higher
plants has fascinated mankind for several decades. In fact,
pan was conscious about the benefits of crop rotation with
legumes right from the dawn of 'Agriculture‘.r However, a

systematic study to elucidate the mechanisms of root nodula-

tlon in legumes by Rhizobium began only with the work of.'
Martinus Willem Beijerinck. 4Around the same perlod, another
group of workers started investigating about mycorihiza, a
type of beneflelial assocletion by cextain fungl wilth higher
plants. In the begimning such studles were conducted more

or less independenily. But later it was found that a sort of
dual symbiosis by Rhizobium and VA-mycorrhiza exzisted in
logumes under natuﬁal condiltions and that it wes more benefi-
cial to'the host plant than when these assoclations occurred
alone. Currently several research workers are actively engaged
in understanding about this phenomenon of dual symbiosis in
legumes., However, in Kerala, not much work is done in this
direction and hence the present Investigation on the "Effect
of inoculation of veslcular-arbuscular mycorrhiza on nodula.

tion and phosphorus uptake in cowpea®™ was taken up.

It is generally found that in many plant microbisl
relationships, apart from the microocrgenism, the host



variety 2lso exerts its influence on such a system.
Therefore, in the firset part of the present investigatlon,
a pot culture experiment was conducted to study the effect
of host variety on the natural Incidence of VA-mycorrhilza
in ten different varieties of cowpea. It was found that
there were significant diffferences between varieties in
their mean mycorrhiegal index. The infecthlon was maximum
Por the cowpea variety C-15é (1.19) followed by PTB-2 and
New Era (Table 1). However, the mean mycorrhizal indices
of the remaining seven varietiés like CG-11, HE=22, PTB-.1,
RC=25, 8-488, U=16 and V=38 were significantly lower than
that of C-152, The application of rock phosphate at the
rate of 30 kg onslha had a more or less uniform silgnificant
effect in enhancing the mycorrhizal infection in =11
varieties except in S5-488 where such an effect due to

phosphete application was not obgerved,

The occurrence of host varietal veriations on the
natural incidence of VA-mycorrhlza wes reported earlier
also in the case of wheat (Bertheau et al., 1980; Aszcon
and Ocampo, 1981), cowpea (Ollivier et al., 1983) and mng
bean (Pandher et 2l., 1986). Although this is a well
documented phenomenon, it is not yet clear what exactly

leads to this type of varletal wveristions for infection by
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VA~nycorrhiza. The presence or absence of certain stimla-
tory subsitances in the host root exudate favouring early
spore germlnation and its subsequent root infection may be a
reason for this type of naltural differences in infection by
VA-mycorrhiza even under identical soil and environmenfal
conditions. It is a2lso possible that since VA-mycorrhizal
fungl are primarily dependent on theilr host for their carﬁon
requirement in the form of simple sugars, the avallabllity
of such sugars ;n adequete quantity in the roos exudate of
a particular host variely will =2lso influence the extent of
root infection. ﬁowever, one will have to conduct detailed
studies in order to understand about the nature of such
stimlatory substances in the root exudates of different
hopt varieties. The effect of application of phosphate
fertilizer on mycorrhizal infection is discussed later in
thig chapter.

An interesting observation made during thils experiment
wag that the presence of VA-mycorrhiza under natural condi-
tions was maximm in some of the populer varieties of coupes
such as C-152, PTB-2 and New Era. The higher incidence of
VA-mycorrhiza in these varieties willl be advantageous in
that it will emable them to upteke more effectively the

available phosphorus and some of the minor elements from
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the soil, when compared o verietlies which normally have &
lesger degree of mycorrhizel infechion. This is especially
important when ome talkes into consideraztion the fact that
the goila of Xerala are generally P—limiting and P-fixing
with relatively less amount of available phosphorus in the
soil., Therefore, in future one may algo include the natural
ability of e particular pulse variety to form VA-mycorrhizal
asgociation, apart f£rom nodulation and other desirable
characiezrg, as an imporitant criterion for its selection for
large scale cultlvation. This is important for a ¢rop like:
cowvpen which is mostly culiivated as a supplementary crop
in rice fallows or in small areas of garden land where the
stress is often for using mindmm quantity of fertilizers

in order to increase the return from such cultivation

practices.

Cnce a cowpea varlety was ldentified for having
mexirum nycorrhizal infection, it wap further used to study -
the effect of age of host plant on Vi-mycorrhizal infection,
This experiment wans g8lso done in pots but under aseptic
conditions using the stendard culture of VA-mycorzhiza,
Glomus microcarvus and rock phosphate at the rate of 30 kg
Pgos/ha. The observations on mycorrhizal infection were

taken at 19 days interwel up to 90 days. The infection was
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maximum on 45th dey with a mean index of 1.62 (Table 2 and
Plate 5). This was slgnificanily higher than thet observed
at 211 other stages of plant growth (Pletes 4 and 6). The
extent of mycorrhizal infection on 30th, 60+th and 75th day
were also higher when compared to the infection on 15th and_
90th day of plant growth. ©Such variations in mycorrhizal
infection with respect to age of host plant were aléo reported
earlier in the case of wheat (Saif and Ehan, 1975), lucerne
(Smith and Daft, 1977) a2nd onion (Manjunath and Bagyaraj,
1981). As in the previous experiment, the applicatioﬁ of
rock phosphate at the rate of 30 kg P205/ha had a significant
effect in enhancing the myoorrhizal infection at all stages
of plant growth (Zable 2). The possible effect of phosphate
application on mycorrhizel infection is discussed later in

thls chapter,

Yhen oné critlically examines the degree of mycorrhizal
infection at differeﬁt stages of plant growth in cowpea, a
definite pattern consisting of three different phases similar
to the one reported earlicr by Sutton (1973) and Smith and
Daft (1977) may be observed. During the early stages of
plant growth lasting for about 20 Ho 25 days, +the mycorrhizal
ihfection was relatlively low. This lag phase probably
resulted from the time taken by the added inoculum mainly
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in the form of fungal spores and mycelia to make the
necessazy initiel coatact with the host root system prior
to rapid proliferation in the cortex. DBesides, the photo-
synthetic efficiency of the host will also be less at this
otage affecting the actual availability of some of the
mitrients especially sugars from the host system on which
the VA~-mycorrhiza is mainly dependent for ite growth and
infection. - Further, there can alzo be a certain degree of
competition with Rhizobium for such nmutrients. Another
limiting factor can be the total root surface area available
for infection by the fungal mycelium, ALl these factors
together may contribute to the obsgerved lag phase in
mycorrhizal infection during the early stages of plant
growth,

Once the lag phase came to an end, there was en actvive
period of woot colonisation by VA-mycoxmrhize., This stacge
lested for another 20 to 25 days end reached a peak around
the 45th day of plant growth. Thls in fact cen be considered
as the exzponential phase of mycorrhizal infection in cowpea
which incidentally corresponded with +the peak photooynthetic
rhase of the host plant. Therefore, durling vhis stage the
availability of nmutrlents ‘o VA-mycorrhilza from the host

will alsv be adenuate favouring a higher degree of rool
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infection. Besides, nitrogen fixotion by Rhigobium also
attaing an optimum level by this time. However, during
this stage there can be greater competition bétween VA-
mycorrhiza and Rhizobium for +the awvailable host carbon.
But, this effect may be nuliifiled to a great extent by the
higher photosynthetic activity of the host plant itself
agsoclated with its maximam vegetative growth,

The mycorrhizal index on 60th, 75th and 90th day of
plant growth showed 2 gradual decline, Thig can be due %o
the fact that the degree of mycorrhizal infection on new
roota produced by the host after its pesk vegetative growth
. 1 rather lov or even absent. This in turn can lead to 2
gradual inerezage in the zatio of non-infected to infocted
roots. TFurther, there will also be a reduction in the
availaebility of carbon for initiating fresh infection by
VA-mycorzhiza because of its greater reguirement by the host
for seed formation. Therefore, it is quite poassible that ab
this stage oflplant grovth, the host may induce a sort of
‘host restriction' for new infeetion by VA-mycorrhliza., In
fact, one usually observes a similer phenomenon in legumes -

Rhizobium symbiosis where there is practically no fresh

nodule formation in most of the anmuals goon after the phase

of peak vegetative growth.
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Having obaerved that there is ﬁ varietal variation in
cowpea for the natural incidence of VA~mycorrhiza and thal
the extent of mycorrhizal infection is influenced by the
age of host plant, 2 deteiled investigation was cénﬂucted
to study the effect of combined inoculatfgn of VA-mycorrhiza
and Rhizobium on nodulation, phosphorua-up?ake and yield in
cowpea. The observations were taken at two.different stages
of plant growth, on 45th day corresponding\?pproximately
vith the meximm vegetative growth and at the time of harvest.

A uniform treatment effect on various plant characters
studied was not obgerved on 45th day. The number of nodules
formed and their frech and dry weights were maximum in the
treatment combination consisting of the standard culture of
VA-mycorrhiza, Bhigobium imoculation and the use of super
phosphate at the rate of 30 kg P205/ha (Table 3)., However,
the nodule number in two of the treatments without phosphate
application (MSRYP™ and MIR™P™) was also higher and statict-
ically on par with the super phosphato treatment. The rood
length and plant height wero maximum in the MSRYT™ and
¥ R"P™ treatments respectively. But the fresh and dry
weights of plants and mycorrhizal index were significantly
higher in the (MSR'RP) treatment (Table 4). The percensage
of nitrogen and phosphorus content of shoot were not

correspondingly higher in the treatment combinations where
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the nodule ﬁumber and the mean mycorrhizsl index were
slgnificantly higher. As a result of this, it is rather
difficuls to point out any particular trentment combination
as more beneficial for cowpes at this stage of plant growth.
This ocan be due 4o the faet that it takes nearly 40 days

for both micro symbionts o establish well in the host root
system and then attain an optimum level of activity., Besides,
the photogynthetic efficlency of the host also reaches a peak
1eveng;ound this time enabling it ‘o meet the increased
carbon requirement of both the micro symbionts. This will

in turn favour a greater exzpression of their physiological
activities like the increzsed uptake of avallable phosphorus
and other elements from the soil and also the enhanced
reduction of atmospheric nitrogen to ammonis in the nodule
cytosol. If one accepts the above hypothesis, then the
beneficial effects-of VA-mycorrhiza and Rhizobium inoculge
tion will be more evident et the time of harvest. In fact,
the resulis obtained during the present invesitigation leed

0 such a conclusion.

In general, the treatment combination consisbing of the
gtandard culture of VA-mycorrhize, Rhizobium inoculation and
rock phosphate application at the rTate of 30 kg Paos/ha
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produced more beneficial effects in cowpez et the time of
harvest then all other treatments. Certain exceptions were
also observed as in the case of root length which was maximum
in the MSR™RP treatment (Table 6) and in plant nitrogen con-
tent of the MSR'SP treatment which was the same as that of
MSRYRP treatment (Table 7). The root length in the MSRYRP,
usR*gP and MSRTSP treatments, percentage nitrogen content

of shoot in the MIRTSP and MuR'RP treatments, percentage
phosphorus content of shoot in the MSRYSP and MSR™RP treat-
ments (Table 7) aﬁd the grain yield in the MSRTP™, M R™SP

pnd M"RYSP treatments (Table 9) were also statistically on
par with the above MOR'RP treatment. Al though such varla-
tions in treatment effecte are possible to some extent, 1%

is rather difficult to explain the inecreage in yield obtained
in the MSRTP™ treatment where there was no phosphate
fertilizer application. But in two of the remaining treat-
ments (M R™SP and M RYSP) without any mycoréhizal inoculation,
the increase iﬁ yield may be due to the use of guper phosphate,
Therefore, in oﬁder t0 underatand the actual effects of
combined incculation of VA-mycorrhisza and Rhizcbium along
with phosphate fertilizers, the data wvas further analysed

for thelr individual effects as well as for various inter-

actions.
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There were no significant differences between the
two mycorrhizae treatments involving the standerd culture

of Glomug microcarpus and the locnl) culture of Glomis sp.

in increasing the nodule fresh weight, plent dry welght,
mycorrhiéal index and the percentage nitrogen content of
ghoot when compared to treatments without eny mycorrhizal
inoculation (Table 10). However, in the remsining characiers
studied especially with regard to0 the percentage phosphorus
content of shoot and final grain yield, +the benefits wewre

maximum with the lnoculation of Glomus microcarvug. Thise

indicated +that the introduced inoculum of Vi-mycorrhiza was
more superior than the loeal culture of Glomus sp. In faet
geveral of the earlier reporits published by Mosse (1977),
Povell (1977) end Barea et al. (1980) substantiate this
point. As regard to the individual effects of the two
Rhizoblun treatments, seed inoculation with an appropriate
culture had a uniform beneflcinl effect on various plant
characters studied. ©Such effects of Rhizobium inoculation

are well documented.

The combined use of Glomus microcarpus and Rhizobiunm
also had a benelicial effect on nodulation and other related
characters In cowpea. However, if one measures the efficiency

of nitrogen fixation in terms of the perecentage nitrogen
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content of shoot instead of the final grain yield, one can
see that the interaction between the local culture of
VA-mycorrhiza and Rhizobium was also significant (Table 11).
It therefore appears that the inoculation of VA-mycorrhiza
is beneficial for nodulation by Rhilzobium in cowpez. In fact
as early as in 1944, Asai had clearly demonatrated the
importance of VA-mycorrhizal agsociation for an effective
nodulation in various legumes like Trifolium, Melilotus and
Medlcago spp. grown in sterilised soil. Such effects due to
mycorrhizal inoculation on nodulation in sterilised or pre-

fumligated soil for eliminating soil borne fungalt-pathogens

‘—‘--____________________-—————‘-_‘h-""
"+ wWere mslgo reported in the case of soybean (Rqss and Harper,

1970; Schenck end Hinson, 1973; Bagyaraj et 2l., 1979),
Centrogema pubeacens, Stylosonthes guanensis and Trifolium
repeng (Crush, 1974), Phaseolug (Daft end Gilahmi, 1974),
groundnut . (Daft and Giehmi, 1976), cowpea (Godse gt al.,

1978 and LaTorraca, 1979), Mediceso sativa (Azcon et al.,
1979), clover (Smith gt al., 1979; Green ¢t al., 1983),

Tieucaensz Leucocephala (Sivaprasad et gl., 1983), lentil
(Bala and Singh, 1983) and mung bean (Pandher et al., 1986).

The benefits of VA-mycorrhizal associatibn on nodulation
may be indivect in that it mey be favouring an early nodule

initiation process and later ite activity by absorbing more
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phosphorus and some of the minor elements like Ca, Mgz, Mo
end Fe from the soil. All these elements influence the
nodulation process to a great ocztent. A number of reports
vere already published with regard to the abllity of
VA-mycorrhizz to absorb various elemonts such es P, K, Cu
and Po (Mosse, 1957), Zn (Bowen and Mosse, 1969; Glimore,
1271), ¥, 2, Ca, Cu and Mn (Ross and Harper, 1970) and S

" (Gzay end Gerdemann, 1973) from the soil. Interestingly,
Rhizobium inoculation did not have any effect on mycorrhiszal

infection (Table 11) or on the percentage phosphorus content

of shoot in cowpea.

The results on the relative benefits of the three
phosphate treaitments showed that the combinstion of rock
phosphate and VA-mycorrhize was more beneficial to cowpea
than the use of super phosphate. The mean mycorrhizal index
and percentage phosphorus content of shoot were significant;y
hlgher in various rock phosphate treatments (Tabls 7).
Howevern, there were no significant differences between the
application of rock phosphate and super phosphate'in the
mumber of nodules formed and in the finel grain yield at
the time of harvest (Table 10). Therefore, the combination
of VA-mycorrhigze and super phosphate was not that hermful to

cowpea, but rather it was only less beneficiel when compared
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t0 the use of VA-mycorrhiza and rock phosphate. The effect
of super phosphate appears to be on the infection process by
VA-mycorrhiza. This ean be deduced from the interaction

between VA-mycorrhiza and phosphate application.

It vas found that when no phosphate fertilizer was used
even with artificlal inoculation of VA-mycorrhize, the exient
of root infection was very low (Teble 12). However, with the
use of rock phosphate or super phosphate at the rate of
50 kg ons/ha there was an increase in infection by the
standard as well as the local culture of VA-mycorrhiza,

Tﬁese effects were more pronounced in the interaction

between Glomus microcerpus and both the .types of phosphaie

fertilizers. .Therefore, a certain quantity of phosphate

in any form should bé.availab;e during the early stages of
plantlgrowtﬁ for initilating an offective VA-mycorrhizal
infection. Now, the queation that arises here is that
between the two phosghate fertilizer tréatments, vhich one

is more uaeful for indueing a higher degree of root infection
by VA-mycorrhiza? It was found that it will be more bene-
ficial to.use rock phosphate to get such an effect eventhough,
the uaé of super phosphate at lower doses will not signifi-
cantly affect the mycorrhizal infeetion. This may be due %o
the fact that it is not exectly the type of the phosphate
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Tertilizer which is used along with the mycorrhizal inoculum
thet is important, but what maitters is the resultant concen-

tration of phosphate ions within the r»oot systenm.

When super phosphate is used, there will be a rapid
absorption of phosphate ions both bﬁ the host root system and
the developing. VA-mycorrhiza leading to an early increass in
the root concentration of phosphate ions., This in turn
effects the infection process by VA-mycorvhize as pointed out
by Mosse (1973) and Menge ef al. (1978). However, detalled
ptudies will be reguired 4o find ocut the exact level of
phosphate ions regqulred within the root system Yo produce
such an effect. But when rock phosphate is used, a rapid
increase in the internsl concenbtration of phosphate lons
does not take place. This is because, the extent of phos-
phate lons available for absorpiion by the host root system
as well as the VA-pycorrhiza will be relatively low since
both can uptake only those phosphate ions which are normally
dissociating from rock phosphate into an available form by
various naturel processes. Besldes, it 1s already well
establiched that VA-mycorrhiza does not directly solubilize
rock phosphate as is observed with various phosphate
solubllising fungi and bacteria. Therefore, with the use
of rock phosphate, there will not be a rapid increase in
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the concentration of phosphate ions within the root system
which can influence the infeotion by VA-mycorrhiza.. Bub
since VA-mycorrhizee are good scavengers of phosphate iong
from poil because of thelr ability to explore greater volume
of 50il oven beyond the zapidly developing phosphate depletion
zone around host reot system, plants with VA-mycorrhizal
asgoclation will be ablelﬁo absorb over é period of time

more phosphate ions even when rock phosphate is used as a
gource of phosphatic fertilizer, when compared to plants
without any VA-mycorrhizal association. Thus, the net amount
of phospﬁate ions absorbed in this manner by the host plant
with the help of VA-nmycorrhiza will be comparable to that -
rosulting from the application of super phosphate and as
observed during the presend investigétion, it vae even

superior %o the use of supeor phosphate itself.

In conclusion, the interactions between the atandard

culture of VA-mycorrhize (lomug microcarpus and Fhlzobium

and Glomus microcarpus and rock phosphate application,
{(Tables 11 and 12) vere significant and -superior to 2ll
other interactions. Thus, maxirmm increasges in nodule
number, nodule fresh end dry welghts, root length, plent
height, fresh and dry weighte of plant, mycorrhizal index,

percentage nitrogen and phosphorus ocatents of shoot and
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grain yleld were obbtained in the above interactions. This
also explained why the treatment combination consisting of
these three Pactors together (MSR'RP) was more beneficisl

to cowpea than wvarious other treatments tested during this

investigation.

The percentage nitrogen and phosphorus content of soil
both before and after plant growth were aleo estimated
(Tables 14 and 15). However, the results obtained here did
not indicate any definlte treatment effect and therefore
they could not he correlated with thoe wvaricus beneficial
affects obtalned due to the use of VA-mycorrhiza, Rhizobium

inoculation and phosphate application on plant growbth in

cotpea.,
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SUMMARY

A ptudy on the effeet of inoculetion of vesicular-
arbuscular mycorrhize and Rhizebium on nodulation, phosphorus
uptake and yield in cowpesa was conducted at College of Agri-
culture, Vellayani, Trivendrum, during 19835-85.

Three-separate pot culture experinents were conducted
during this investigation., Initially, ten cowpea varieties
were acreened for the natursl incidence of VA-wuycorrhiza.
There were significant differsnces between varieties in
their mean mycorrhlzal indices. The infection was maximum
for the variety C-152 which hed an average index of 1.19,
This was significantly higher than that of varieties such
ag CG-11, HG-22, PIB-1, RC-25, 3-488, U~16 and V-38. The
mycorrhizal lndices of dwoe othor varieties, New era and
PIB-2 were also on par with that of C-152. The application
of rook phosphate at the rate of 30 kg P205/ha had &
significant effect in enhancing the mycorrhizal infectlon
in all varieties except in S-488 whore such an effect due
to phosphate application on mycorrhizal infection waa not

ohgerved.

The cowpea variety which had the moeximum mycorrhizal
index, C-152, was further used to study the effect of age

of host plant on mycorrhizel infection. The infection vas
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maximam on 45th day witk an average index of 1.62., This
wan éignificantly higher than that observed at all other
stages of plant growth., On 15th, 30%th, 60%th, 75th and 90th
day of plant growth, the mear mycorrhizal indices wero 0.30,
0.77, 0.32, 0.74 and 0.49 respecitively. The application of
rock phosphate at the rate of 30 kg P205/ha hed e uniform
significant effect in enhancing the mycorrhizal infectlon
at 21l stages of plant growth.

In the last part of the present investigation, a
dotailed study on the combined effcect of VA-mycorrhiza and
Rhizobium on nodnlation, phosphorus uptake and yileld in
cowpea was undertaken. Observations were taken at two
stages of plant growih, on 45th day and at the time of

harvest.

A unlform treatment effect on various plant characters
studied was observed only a1t the time of harves’. The
number of nodules formed por plant and their fresh and dry
welghts were significantly higher in +the treatment combing-
tion coneisting of the stendard culture of VA-mycorrhiza,
Rhizobium inoculation and the application of rock phosphate
at the rate of 30 kg P,0z/ha., In this treatment (MSR™RP),
96.02 nodules were formed with a fresh and dry welghte of
231.33 and 126.83 mg respectively. The averags fresch and



dry weight of plants, 37.00 and 15.83% g respectively were
gleo magimum in the MSR'RP treatment. In general, there was
a pignificant positive correlatlion bebween nodule number and
plant dry weight. The perceniage nitrogen content of shoot
was uniformly higher in all Rhizobium inoculated treatments.
The nitrogen content of 3.75 per cent was maxlimun in the
USRYRP end MSRVSP treatments. There vas also 8 glgnificant
posltive correlafion between nodule'ﬁumber and bércentage

nitrogen content of shoot.

The mean mycorrhizal indez of 2,92 was moximun in the
NSRTRP treatment. Besides, there was a significant poeitive
cozrelation between the mean mycorrhizal index and plant dry
weight. But there was no correlation hetween the mycorrhizal
index and plant nitrogen content. The percentage‘phosphorus
content of shoot was significantly higher in both the phosphate
treatments. The phosphorus content of 0.32 per cent was
meximum in the MSRTRP treatment.: Further, there was a gignifi-
cant positive correlation between the mean mycorrhizal index
and phosphorus content of shoot, Such a positive correiation
also existed between plant dry weight and percentagze phos-
phorus content of shoot. The average grain yield of 6.44 g
per pot was maxirum in the MSR'RP treatment. This was slgniiie
cantly higher than the control (IR PT) treatment.
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The percentege nitrogen and phosphorus content of
801l both before and after plant srowth were also egbtimated.
Hovever, thoere were no slgnificant differences between
various treatments. The increage in the poercentage nitrogen
content of goil wue mazimum in the MLR RP treatment Pollowed
by the M9RYRY treatment. In general, therse wma a decrease
in the percentage phosphorus content of soil aXter plant

growbh,

The interactions between the standard culiure of

VA-mycorrhiza, Glomuisg microcermug end Bhizobium, Gloms
microcarpmng and rock phosphate application, and rock
phosphate appllication and Rhizobium inoculatilon wvere also
silgniflcant and superior to all other interactions. Thue
mxzirum increase in nodule rumber, nodule fresh and dry
weights, root length, plont height, fresh and dry welghts
of plant, mycorrhizal indox, percentage nitrogen and
phosphorus contents of shoot and grain yield were obtained
in the above interactions., This also oxplained why the
treatment combination coneisting of these three fachors
together (MSRTRP) was more beneficisl to cowpea than
vorious other treatments tested during this investigation.
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APPENDIX I

Anglysis of Variance Table

Influence of host variety on the
natural incidence of VA-mycorrhiza

in cowpea

Source dfo so S- I'IQS.SO Ir
Total 59 4..006 A
Treatment 19 Z.1835 0.168 T.81#%
Variety 9 1.220 0.135 6,351 %%
Phosphorus 1 1.570 1570 T3.16%*
Variety x |

rhosphorus 9 0f390 0.044 2.04
Error 38 0.820 0.021

¥ Bignificant at 0.01 level



Effect of age of host plant on VA-mycorrhizel

APPENDIX II

Anelysis of Variance Table

infection in cowpea

Soul'ce dfo s.s. E“I. S-S. F.
Total 25 40599
Treatment 11 %.936 0.359 12.27%*
Ago 5 0.812 0.162 5 5T*#*
Phosphorus 1 2,620 2.620 89.85%#*
Age x ‘

PhOSphOTUS 5 0.505 0.101 B.46%
Epror 22 0.642 0.029

* JBignificant at 0.05 level
*# Slenificant at 0.01 level



APPENDIX TIIX
Analysis of Variance Table

Effect of VA-mycorrhiza =nd Rhizobium inoculation on nodulation and other
charactera in cowpea on'45%th day.

Ilegn square

Souzrce arf. 8 . . ] | Root Plant
ng g (cm) (cm)

Total 53

Treatment 17 T.T16%% 10978.900%% {912,246%% AT . 16%% 83.20%%

Error 36 0.314 544 .521 120.857 20.65 41.22

** Sipnificant at 0.01 level



APPENDIX IV

Annlysis of Varisnce Table

Effect of VA-mycorrhiza and Rhiszobium inoculaiion on phosphorus uptake and
other characters in cowpea on 45th day

Mean Sguare

Source daf Plant Plant We-content of P-content of
fresh weight dry weight shoot Mycgiggizal shoot
{z) (g) (%) (%)
Total 53
Treatment 17 7 .924%% 2.158%# 1.417%% 0.513 0.016%#*
Error 36 - 0.671 0.125 0.%41 0.015 _ 0.002

#*  3jpnificent at 0.01 level



APPERDIX V

Analysis of Variance Table

Effect of VA-mycorrhiza and Rhizobium inoculation on nodulation and other
characters in cow pea at the time of harvest.

Mean square

Source af - .
, Nodule fresh Hodule dry Root length Plant height
Nodule nurber vt., (ng) wvit. (mg) A{en) {cm)
Total 53
Treatment 17 18.945%% 14239 .950%*% 3111.7835%* 503,291 %% 7558.661%%

Errox 36 0.598 748.019 73.861 13.680 266.186

¥% GSignificant at 0.,01 level



ATPPENDIX VI

Analysis of Variance Table

Effect of VA-mycorrhiza and Rhizobium inoculation on phosphorus uptake and
other characters in cowpea at the time of harvest.

Mean square

souree o frocl golght dry Jdoight of ohooh. Hycorrhizal e ohoor”  yiela
(&) (g) (3 (%) g/pot

Total 53

Treatments 17 171.66%* 35.,38%%  1,240%* 0.360%* 0.032%% F.192%*

Error 36 5.62 2,37 0.160 0.010 0.004 0.368

**  Significant at 0.01 level



APPENDIX VII

Analysis of variance Table

Effect of VA-mycorrhiza and Rhizobium inoculation on nodulation and other
characters in cowpea at the time of harvest.

Source

af

Mean square

Nodule number H¥edule fresh Nodule dry Root length Plant height
wt. (mg) vt (mg) (em) (em)
Total 53
Treatments 17 18,950%%* ' 14239.950%% 3111, 783%%* 508.29%%* 7558 .61 %%
M 2 10.620%#* 6357 .750%% 2499.650%+# 2264 .61 %% 36681 .38%#
P 2 4.330%* 8389.770%* 1618.010%* T95.30%* 11999.91 **
R i 246 ,420%* 186360.,900** 30056 .990 %% 87.66*% 1935.56%
Mx P 4 1.710%# 1949.100 622.980%* 533.45%% 6427 ,08%%
PxR 2 T e 240%* 5362 ,891%* 1321 .,420%% 6.00 198.69
MxR 2 9.310%* 3363.000%% 2859.230*% 16.06 1080.38%
MxPxR 4 1.450 243,750 898,710%* 13.88 232.95
Error 36 0.398 748,020 73.860 1%.68 266.19

* BSignificant at 0.05 level

#% Significant at 0.01 level



APPERDIX VIIT
Analysis of variance Table

Effeet of VA-mycorrhiza and Rhizobium inoculation on phosphorus uptake and
other characters in cowpea at the time of harvest.

Mean gjuare

Souxes o fregiézgight dr§1%g§ght ff°%ﬁ§§¥t lycorrhlaal Efcgﬁgg%t §§3%3
. () (2) (%) (%) g/pot
Total 53 - .
Troatments 17 C171.660%%  35,380%%* 1,239% 0.360%%  0.0317#%  3,192%*
0 2 591.,370%*  '84,040%% 1.140%* 2.410%%  0,0478%*  9.940%*
P 2 405.750%*  113.160%% 0.640% 0.302%%  (.1831%*  9,850%%*
R 1 62.080%%  30,380%% 0.730%* 0.007 0.0125%%  5,130%*
I x P 4 203.4T0%*%  28.140%% 0.880 %% 0.121%%  0,0551%*  1,430%
PzR 2 3.560 3,010 0.840% 0.036*  0.0036 0.190%
MzR 2 7.480 1.260 0.540% 0.003 0.0003 0.748
MxPxR 4 6.480 3.940 0380 0.031*  0.0007 0.490
Exror 36 5.620 2,370 0.160 0.010 0.0014 0.368

*  Sipgpificant at 0.05 level
*¥%  Significent at 0.01 level



APPENDIX IX

Analyels of Verlance Table

Bffect of »lant growith on the percentage of nitrogen
content off soil

5.5, M.S.8. F

1.120833E-05

Treatment 2.708337E~06 1.593139E-07  0.6747418
3.333371E-07 1.6666858-07 = 047058906
5.277798E-07 2.638899E-07  1.117652
34750065E~07 3.T50065E-07  1.588264
8.888819E--07 2,222205E-07  0.9411696
3.6110588-07  ~ 1,805529B~0T ~ 0.764695
1.1110398-07 5,555194E-08  0.2352789

Mz PzR 1.1112212-07 2.778052E-08  0.1176587
8.499996E-06 2,36111E-07




- APPENDIX X

Apalysis of Variance Table

Effect of plant growth on the percentage ol phosphorus content

of soil

douwce aft Seide M.8.3, 2
Total 653 1,721655E—05 ‘ _
dpcatments 17 5.302081E-06  3,1194005-07  1.4190624
M 2 4.1578045-07 2.079890B-07  0.9461735
P 2 2.584653E-07 1 «29232T7E-07 0.5878959
R 1 2.085149E-07 2.01614TB-07  0.9167218
Mx P 4 1.300041B-06 - 3.252553B-07  1.479545
PxR 2 4.0128368-07 2.0064185-07  0.9127499
Mx R 2 3,546041E—O7 1 TTO205E=07 0.805297%1
Hz?PzR 4 0.2442043-05 0.11051B-06  0.277976
Error 56 7.9135658-06  2.1982128-07
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ABSTRACT

A study on the effect of inocuiation of vesicular~
arbuscular mycorrhize and Rhizobium on nodulation, phosphorus
uptake end yield in cowpea was conduoted at College of Agri-
culture, Vellayanl, Trivandrum; during 198385,

Three peparate pot culture experiments were conducted
during this investigation. Initially, ton cowpea varioties
were screened for the natural incidence of VA<mycorrhiza..
There were significant differcnces between varieties in
their mean mycorrhizel index, The infectlion was maximum
in C-152 vwhioh had an average index of 1.19, Thig wms
significantly higher then that of varieties such as CG-11,
HG-22, PIB-1, RC-25, S-488, U~16 and V=38, The application
of reck phosphate had a significant effect in onhancing the
mycorrhizal infection in all varieties except in 5-488, The
cowpea variety which had the maximum mycorrhizal index under
natural conditions was further used to study the effect qf
age of host plant on mycorrhizel infeetion. This was
gignificantly higher on 45th day. The application of rock

hosphate gt the rate of 30 kg Pé°5/ha had a uniform
p ot in enhancing the mycorrhizal infection
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ABSTRACT

A study on the effect of inoculation of vesicular-
arbusgcular mycorrhiza and Rhizobium on nodulation,; phosphorus
uptake and yield in cowpea was conducted at College of Agri-
culture, Vellayani, Trivandrum; during 19835-85,

Three peparate pot culbure ezperiments were conducted
during thic investigation. Initially, ben cowpea varicties
were screcned for the neturel incidence of VA-mycorrhilza.
There were significant differences between varieties in
their mean mycorrhizal index., The infection was maximun
in C-152 vhich had an average index of 1,19, Thls was
significently higher than that of varieties such as CG-11,
HG=22, PTR-1, RC-25, S5-488, U-16 and V-38, The application
of rock phosphate had a significant effect in enhancing the
mycorrhizal infectlon in all varieties ezcept in S5-488, The
cowpea wvariety vhich had the maximum mycorrhizal index under
naturel conditions was further used to study the effect qf
age of hoat plant on mycorrhizal iunfection. This wes
significantly higher on 45th day. The application of rock
phosphate at the rate of 30 kg P205/ha had a uniform
slignificant effect in enhancing the mycorrhizal infection
at different stages of plant growth.



In the last part, a detailed study on +he combined
effect of VA-mycorrhiza and Rhizobium inoculation on
nodulation, phosphorus uptake and yield in cowpea was
conducted, Observations were taken at two etages of plant
g:cowth,‘ on.45th day and at the time of ha::vest‘. A uniform
4reatment effect on various plant cheracters studied was
observed only at the time of harvests The nurber of nodules
formed per plant and their fresh and dry welghts were
gignificantly higher in the tréaﬁ:ment combination consisting
of the standard culture of VA-mycorrhiza, Rhizobium inocula-
tion and the application of rock phosphate at the rate of
30 kg P,0g/ha. The fresh and dry welghts of plants and -
the mean mycorrhizal index were also meximm in this

(MSRTRP) treatment.

The percentage phosphorus content of shoot was
significantly higher in both the phosphate treatments and
was maximim in the MSR'RP t'reatment. The percentage nitrogen
content of shoot was uniformly higher in all Rhizobium
inoculated treatments. The nitrogen content was same in
the MSRY®RP and MorTsp treatments. The aversge grain yield
ver pot was also maximum in the MSR'RP treatment. Thig
was significantly higher than the control. However, the
mean grain yleld obtained in most of the trecatmenis



involving mycorrhiza and phosphate application was also
higher and statistically on par with the above (sm*RP)

treatment.

The percentage nltrogen and phosphorus content of
501l both before and after plant growth were z2lso estimated.
However, +the result obtained here did not indicate any
definite treatment effect.

.. The interactions between the standard cultﬁre of
Vi-mycorrhizea, Glomms mlicrocarvus and Rhizoblum, Glomms
microcarnug and rock phosphate, and rock phosphate applica-
" +4ion and Rhizobium inoculation were also significant and
superior to 21l othsy interactions., Thus, rmaximum increase
in produle number, nodule frosh and dry weights, root length,
plant helight, fresh and dry weights of plants, mycorrhizel
index, percentage nitrogen and phosphorus contents of shoots
and grain yield were obtained in the above interactions.
Tnis also explained, why ﬁhe treatment combination consisting
of thece three factors together (HSR*EP) wan more beneficial
to cowpea than wvarious other treatments tested during this

-

investigation.



