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Twer -1
Introduotion,

Following the fundamental discoveries, made principally |
in the last twe m #f the nineteenth century, which
" revealed the essentisl part which soil bacteris play im the
maintenence of soil fertility, conaiderable attention "uaa
devoted to the question of adding culture of bacteria to Ww
soil or applying them to the seed with the objwt of exertin&
a lﬂlllm effeet on plant gyewth, Leguminous cmps wore
the chief subjcct of study on account of the peculiar
relationship which these plants bear to special groups &f -

soil bacteria.

Jisny of the earlior attempts at soll or seed lmmlm
were unsuccessful duc to lack of intimate Mm! ot ﬁ
. bagterta concernad and of suitable metheds for applyt‘
them, About the present esntury, hewever, it was first
demonsirated in the field as well ss in the lsheratory, that
. pra#tical use could be made of adding oul twres of o;ﬁiln
bacteria to soi] or seed %o make up for a natural deficiemmy

of these bacteria in the soil, In later years, turtbu’
investigations have helped to explain why many of the
earlier atteupts, conducted both in turope and America, Weue

o

uaswecessful, and have developed improved nthodg .
preparing snd distridbuting cultures with the msult




“ﬂy the inoculation of legwmes is & recognised ald
to farming. T

For may eenturies it has been recognlkéﬁ‘: that piasly
m~ to the logumimous femily differ in a utrtklnt» o
fashion from other cul $ivated planta in the retttct which
the orop zrouth produses upon the fertility of the soll,
The custom of including & legume crop in the rotation was
Waped upon the observations Mt the productivity of the
soil s noticeably botter fellewing & good grewsh of
legumes ~ beanr, pess, e€lovers, vetches, alfalfa etce. -
than after any mem-leguminous crop. Even in the time of
the Jomans, it was noticed that, when certain legunesn
weye gwowa in a fiold, s subsequent crop of qnn-lw
showed improved growth, The explandtion of the differesee
botween legumes and non-logumes, Movever, was @9t found
out until towards the emd of lpst ceatury, wvhen 14 was
shown that these dwe groups of plants differ with respend
to tho wanner in whioh they obtain their supply of
nitrogcn. 14 was diseovered that whereas sll non-legumes
are dependent upon the supply of nitrogen in the soil,
léguma under certain conditions awxe sble to milke wse of
the nilrogen of the atmesphere. Four-fifths of the air is
composed of nitrogen and legumes, by drawing on this auﬁbly

whieh 18 quite unavzilable to other plents, are ablo te
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conserve in a large measure the supply of that eloment
in the soll, Thus, biological nitrogen fixation is one
of naturo'c important efforts for the maintenance of

soll fertility.

This biological nitrogenm fixation is mainly carried
out by microorganisms. Two major groups of bacteria, usuaily
designated as symbiotie nnd asymbiotic forms are primarily N
ooncerned in the process, Besides these, some fungi and .
blue=grecn nlgnae are also kmowa to fix atmospherie nitrogon

in varying quantities,

Rhizodbia fix up nitrogen symbiotically im associntion
fin the roots of legumes. The rovot nodule, which is the site
of their activity, can be called miniature nitrogen factory
of nature. Asymbiotic nitrogen~fixing microorganisms do
the sanme 36b independently by their own enzymie activity.

The importance of biological nityogen fixntion in
relation to soil fertility has beon recognized since the
disgovery of nitrogen-fixing microorganisms.As reported hy
Waksman (1982), Hiltner obtained an inoreanse of 17 « 30 times
the yleld for lupines :nd 15 « 80 times for sorradella by
fnoculating with rhizobie, ile has also reported the respulis
of nitrogen-fixation vor-ing from 15 to 350 pounds per
aorc. From tines imemorial, the practice of mixed oropping



e
is followed in Indis generslly with logume as one of the
mixed orops. This suggests that even ancient Indian

farmers were aware of some bencfits of growing legumes.

The soils of the tropies and .nbtroplca.havo very poor
nitrogen and organie matte: contents as compared to those
of temperate climate., Soils of Gujorat, in general, are
highly dnficient in nitrogen and organic matter, The leval
of nitrogen in Gujarat soil varies from 0,03 to 0,05 per cont
(Yadav, 1962) aa against O.14 per cent in Europesna and
American solls (Pillai, 1964), The organie carbon content
of our soil is also low znd is of the order of 0,8 per cent
(Yadav, 1062) as against 3.0 por cent in Furope (Pillat,
1964).The temperature in many parts of India, including
that of Gujarat is high during April, May and part of June,
Undor such hot climate, organic matter burns like fuel
and, unless this is replonished every ycar, the land will
cease to be furtile. It is a2 fact that farm-yard manure
and compost are not available in sufficient quantities to

meot the farmers' needs to keep up the fertility of the soil,

The combined goal of maintaining higher status of
soll nitrogen and organic matter can be anchieved by the
practice of green-mammring, in which incorporation of
leguminous crops in the soil provides the necessary chemionl,
physical and biologioal conditions for optimum growth of
erops, including specific supply of adequate nitrogen in

Aavailahlia favma.
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. The principal leguminous crops most widely used
for this purpose are : s

 L.5nnphenp (gmtg}_md juncesa), o
3. Dhainoha (Sesbanis :culeata),
3. /awar (Cynmopsis tetragonoloba).

Other orops like Sesbanig segyptiaca and Sesbanip
ppeciosa, which are more resistant to water-logred and

drought conditions respectively, are also used (Mirohandani |
and Xhen, 1952), |

Vachhani (1961) has reported that, for wet areass,cropsy

1ike dhaincha (Sesbania aculeats) are grown., Besides this,
new introductions like Aeschynomens smoricana and FPhaseolusg
2enj~eroctus arec available. For dry conditions, sannhesp
(Crotalaria junce:) is recommended. Uther quick-growing

leguminous crops like mung (Phaseolus sureus),udid
(Phaseolus mungo) and newly introduced crops like
Pillipesars, Crotaloria usuyamoensis, and Cassis )eachenau)ifrn:

are also used.

For pabl scason, gowpess (Vigna simensis) and genjl
(Melilotug sp.)can be grown and for kharif season
sannhemp and guvar are suitable,

Green-pmanuring has bheen adopted throughout India for

rice cultivation, liloe is oultivated und.r water-logged
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condition in many states of India. In the coastal traots,

the land is under water-logred condition end both salinity

and alkalinity develop in those soils.Grecnemanuring is 4
practised under such conditions also as & remedial A
mcapure. In Madras, Tephrosia purpure ,'ggglanga aculeats,
Sesbania speciosa, Phaseolus trilobus, Indigofera tinctoxig
and Crotalaria junces are used as green=monure orops for‘

rice soils (Chalum, 1061),

The main advantage: of grovn-mpanuring are 1

1. 1t protects the surface soil ¢

A green-manure orop protects the soil from the
beating action of rains, thereby preventing erosion. It
also obstructs the surfcce flow of water and thus permits

noye water entry into the soil,

2. It cheoky weed growth @

A Ereen-manure oyop grows very ropidly and thus

suppreases the weed growth,

d. 1t improves soil structure !

After turning in, an average groen-masnure orop gives
8«10 tons of succulent organic maotter, vhich quickly

decomposes in the soil and tmproves soil structure,
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4., It increases availsbility of plant nutrients $

Green-manure orops absord nutrients from the soll and
the leguminous ones, whioh are always proforred, fix
aitrogen from the aitr. Theose nutrients are retained in the
plant tissue and are made available to the succeeding exup
as they get concentrated in the surfaco soil when the
greer .manure is ploughed under. ‘*hem fresh organic matter
deconposes, carbon dioxide is evolved which makes the plant
nuitrients more soluble and therefore readily available

to plants.

50 1t increcses the biologieal setivity ¢

The deocomposing organic matter enhanees the mierobial
notivity therety lidberanting more plant food for coansumption

by orops.

6« 1t reduces loss of nitroron applicd as teriili.or sglt

It has been observed that if nitrogenous fertilizers
l1ike sodium nitrate and amronium sulphate are applied to
. alkalf soile, there is an appreciadble loss of nitrogen.
This loss 18, however, checked appreeisbly vwhen organie
matter in the form of 8 green manure such ax Crotalaria
juncea is added to the soil (Mitra and Harishanker, 1955),
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For obtalning demeficial results, however, it is
Moeessary that the greem~mamure crop should de ploughed »
into the soil at lcast slx weeks before sowing so »s to .»
provide tine for satisfsctory docomposition an8 {
utﬂtlanuon. Sevondly, thoyre should be nutﬁoient
piature supply to the soil. Yhen the plants underge
‘decomposition in the soil, the soil is Denefited by the

humus eompounds, whioch inoresse the adsorptive capeeity
~ of the soil, promote ssration, drainege and granulation

conditions that are oxtremely important in emgqu:ul
. plant growth (Lyom and Buckman, 1943). | |

Experiments on the study of the ettaot ot green~ , i
manuring on the succeeding avops have ghown thot imeressed
 yields may be obtebmod for as lomg as five years after
aptf&lhﬂthn. Josohim (1931), hmuv&. states that undoer
tropical conditions the effcot of green-manuring may last
for only cbout six sonths so far ss soil nitrogen is
concerned, Similarly, 1t has deon reported by Fuggles
and Comshman (1930) that in East /frica the effect of
greememenuring with gannhemp (Crotalsria j__gg_g_g) lagts
only for ome yeonr.

In the practice of gresa~namring, she utn‘ m

: .
st which the green maonure “ ptonhoﬂ into the soil &s



g

‘wery fupertant. If the greer -manure is ploughed m
48 degsnes fidbrous, il.e. whon it Ls about tvo mutlu old.
1t hes & warvow C:N ratio ang mitregen 1w LS Dessuns ee
avsilsble in the soil. Vhen the grees metier s upm h
become fibrous, its CiN ratio is wide snd it deconppene |
with great difficulty im the soil. |

ER S

During the prodess of deeompesition of green matter,
constidersble quantitics of sarbon dioxidc and some esids
ere produced. The carbon dioxide, when dissolved im soil
water nleng with selds, helps to bring into solution
itaerals containing plant nutrients from their own tissues,
mobilises the dormeat materfsl in the voil ond maliew 4%
aveilable to the succeeding erop. ORMer products of o
@econposition are meinly ssmentia, sitrites and nitrates
(Lyon smd Buskman, 1943), | i

The Wltiou of plamt material plays an mpﬁM' "‘
part i the degomposition process. It has Mn found that
for She 11derntion of smmesia snd nitrots from greon
material buried in the soil, its nitrogen content should
Mt be less Shan 2 per cent., Mest green-natmye matorials
bave nitrogel sontent considersbly higher thaa this |
ainimum; henoe their incorporstion in the soild wmm!
esult in the liberadtion of large amennss of available
nitrogen (Waksmon, 1929},
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The leguminous orops fix nitrogen from the atmosphere
through the rootenodules, which harbour nitrogen-fixing
bacteria., For enhanced microbial activity to fix atmospheric
nitrogen, becteria need an adequate supply of phosphorus and

molybdenum,

Since phosphorus is found im every living cell, it io
essentinl for photosynthesis, break-down and synthesis of
carbohydrates nnh transfer of energy through the formation
of energy-rich phosphate bonds within the plants. Phosphorus
influeaces the vigour of the plants :nd improves the
quality of crops, ‘"hem supplied to leguminous plants, it
hastens and encourages the development of nitrogen-fixing
bacteria, It promotes root-growth and encourages formation
of new cells, which result in higher amount of nutrient

uptake and increased yield.

Molybdenum is considored particularly benefieial to
leguminous eropse. It is essential for the fixation of

atmospheric nitrogen in the root nodules of legumes,

The present study is base’ on the investigation of
"Plological Nitrogen Fixation in Goradu Soils” ecarried out
by Patel (1065) at the Institute of Agriculture, Anand. o
studied the functional and physiological characters of
rhizobia and isolated various efficient cultures of bdacteria
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from the root nodules of various legume crops such as

Sannhemp (Crotalaris juncea), Guwar (Cysmopsis tetragomoloba),
Chauli (Vigna sp.), and Yal (Dolichos lablob L.)e

The selected dacterial cultures isolated by him were @
Sannhemp cg' Guwar 3279/10 Cheull 036 and Val v‘q'

These cultures were used for inoculation of respeetive
Yegume seeds prior to sowing. He reported that soil nitxogoen
did not increase by the use of green-manuring proctice
along with bocterial inoculation. lowever, it must be
stated that the smnll amount of increase in the nitrogen
content of the soil may not be reflected in the determination
of soil nitrogen mad: by the welleknown Kjeldahl method,

Put the inerease in nitrogen content of the soil is likely
to be reflected in improved growth of the succeeding

eereal ecrop. Therefore, the present investigation, involving
the growth of wheat erop after decomposing the green-monure

crop grown after inoculation with the selected cultures of
Sannhemp and guwar, was undertaken.



Chapter - II
Review of literature.

Green-menuring in the scheme of soil fertility for
better crop production has been appreeciated for & long tine,
espeoially by progressive farmers whoge eoxperiences have
- contriduted a great deal im the solution of the problems
involved, The soicntific asgrioculturists have lagred behimd
in interpreting gaine made and in exploining feilures,
therodby oausing eonfusion nnd misandcerstanding on the valuo
of green manures, Doubts are often expressed on the
usefulncaes of green-manuring. Since legumes aro preferred
a8 green-manure orops, the work done on the effectiveness

of legume grecn-manuring is reviewed first.

Sen ond Dains (1952) reported from their field

experiments at I,A R.I. Farm, New Delhi, that the yieldsof
ocereals obtained from green-manured plots were signitficantly
higher than thoee obtained from non-greon-manured plots,

liesponse of wheat ylelds to diffarent green-manure
erops wans studied by Agarwal (1956) at Agra. He studicd the

five kharif legumes (moong T.13 sanai, guwax, cowpea and
chins moong) and two methods of burial (whole plant and
root only). Sanal ('roved to be most suitable green-manure

- orop for whenst for the trmct,
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Khsn and Mathur (1957) studied the ettoot of hu:ylll .
~ aennhemp as grooa manure on the yield of uhaat ot I.A.ﬁh!u.'
New Delhi, lle concluded that grecnemnnuring is a practice -
‘of ‘timings'. In case of failures oorrect timings should
de looked into, The vhole technique is based on the
correct intervals between sowing of grecn-mipure, its
turying - under amd soving of wheat orop suocecding 14
1(8 weeks in both cases). Application of phosphate in

. gonjuetion with green manure was found profitable,

Chandnani (1988), working st X,A,R.X., New Delhi,
found inoreese in yield of wheat crop succoeding

green-namiring.

Monn (1958) made an extensive study on green~manuring.
Agcording to him, green manure, and sspeeislly a highly
nitrogencus green manure, has an sppreciasble Miﬁal valug
when 1t 1s utilized ot once before its value is partislly
Lost eithexr through drainage or from other causes, and
it will therefore be most effective 1f the crop, which is
. intended to benefit, is growa very soon after the green
~ mapure is buried in a soil in which conditions are
- favourable for its rotting, fe further conciuded that the
eftedt of the burial of lupins as a gresn-manure orop
wes very femporary and dissppears completely after the
' seoond erop. There is n slight beneficisl effeot to a



wide

sueceeding orop from tho.nu groving of a green-monure orop
of lupins or voé}lo. He also stated that the sddition of
farm-yard manure to green mopnures at the time of their burial
did not matorially affeet the irmediate benofits obtained,
That the effeot 0of green-monoring is tompors:y was shown
earlier also by Crowther and Mann (1933), vho concluded that
the manurisl value of grecn-manure orops must be utilized at
once, for othoruise little beneficial effuct will be left due
to lesohing of sutrients. | ]

2l
-

Relwani and Ganguly (1059) reported sixnl.ﬂﬂmuy higher
yields of paddy after green-manuring with m (m

seulesta).
{1962)

Davidescus gt 8l, /have concluded that highest ytelds on
marshy alluvial seil were produced by ploughing down peas as
green maRuye, vith vetch snd sweet clover as seoond best
in efficliency. OR a lcached chernosem, plowing-=down of PKe
fertilized lupin on the stubble was more effective than
complemonting the greem mass of lupin with 10 tons/hectare

!

RBMiYO,

Sehaaffheuson (1063) worked on economical nothods for
using the legume Dolichos labladb for soil tnprommt. food
snd feed and concluded that the legume orop doudbled the
yield of msise. R
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Sen (1963) hos shown, in his study of the effect of
flubem clover as & green-monure orop im wheat-naize rotation,
that best ylelds resul ted when the wheat was grown with
Hubam clover fortilised with phosphorus and the clover was
thena buried for green-manuring before the maize omp.z |

Ambike Singh (1963) has observed that 50 per cent of the
tenefits of green-manuring could de obtained in the form of
increased sugar-cone yields even when the above-ground
portion was removed, Green-manuring with gennhemp left
1ittle or no residual effect on the soil as measured by the
amount of orgenic carbon and the nitrogen in the soi)l after
harvest of the following orop, A similar result was also
reported earli:r by Mehta gt al. (i986), whe - '5tqt8d th at
organic matter content of goradu soil of Kaira district in
Gujarat, which was ashout 0.5 per cent before monsoon, was
found to be G.,9 per cent four veeks aftor gannhemp was buried,
but the inorease {in the organic mat:er content was
temporary and practionlly whole of the added organio cerbon

disappeared in nime months.

Apltawer and Skopalikova (1963) studied the effeoot
of green=manuring on thn microflora of the soil, They
soneluded that the microflora of the soil depend as much
.on a narrow CiN ratio (as existing with white clover and

field pea) ss on the amount of green mamure ploughed down.
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" Pillal (1964) has shown, in his study on the eff?ct of
orgenie monure 8s pro-requisite for increased application of
chemicol fertillizers, that a basal application of 4000 to
6000 1b. 0f groem manure per acre is essential for a maximum
yield of paddy, evem with readily available nutrieats in
the form of inorganic fertilizers like ammonium sulphate
snd superphosphete, e has also reported thet organio menures
also add the ioicénury minor elewents which are usudly
lacking in various chemical fertilizers. Their residual
effect is also vary great. In moat of thc cwporiuantq.
combination of orsanlc manures and ehenloal tdrtl!llors havu
brought economicel yviold for a long period, He has also
recommende:, for the soils containing organic matter below
optimum, heavior doses of organic manures before applying

sny amount of chemicol fﬂttilltﬂt’o}

singh end 3inha (1984) reported Tesults of green-manuring
of wheat in Pihar #nd optimum dose of green matter to de
ploughed under, They conducted the experiments for a period
of four yoars on greensnanuring of wheat with 17;ia¢a of the
perennial plants, They obtained nonesignificant differences
in wheat yields,

Buczak (1964) studied the effeot of green manuroes in the
sotation on yields of socme vegotables, He showed that, on
fairly compasot olayey soils, ploughing down in summer of
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properly fertilised spring mixtures of vetch-pea-bean oy
blue lupine-oats or winter vetch im pure stand, supplied
large smownts of nitrogen and was a good subatitute for

mapure to vegetoble orops,

The fertilising value of some organic manures was
studied by Shavardbi and Namisse (1964), They found that
dung snd green mapure were the least effcctive sources of
pitrogen on the elay loam, while green manure was satisfactory

on the sandy soil, The effects were assessed im pot

experiments with rice, msise, whent and cotton .

Todorsva (1966) studiedrihé'e!fect of dung‘eﬁd groen
manure on crop yield and development of gome groups of
microorganigms, He found that on alluvial meadow soil, dung
and green manure in the first year of application were
equally effeotive for rye. They increased the numbers of
amponifying end nitrifying bacteria, azotobacter and fungi
several tires. Pung and green manure increased che content of

hydrolysable nitryogen end the nitrifying oapaoity of the soil.

Shubin (1966) reported studiee on green-monuring in the
Altal region. He concluded that sweet clover as green manure
fnorecsed yield of spring wheat when the latter was grown
in a sufficiently wet year but mot when it wag grown in a
dry year. “eediness was controlled by ploughing in the
sweet olover at the end of June and beginning of July,
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Bs Phosphete fertilization in green-manuring

Suocessful growth of legumes dopends upon favourable
soil conditions and adequate supply of phosphorus either
naturally present in the soil or supplied thro@gh phosphatie

fertilizers,

Sen an? Supdears Reo (1983), in a genoral review of the
- yesults of experiments conducted at different places in
India on the phosphorus fertilization of legumes, reported
that the response to phosphate has been very conspicuous in
soils poor in avoilable phosphoruse In phosphete-rich soils

the results were not significant,

Vyas apd Desai (1983) studied the effeet of different
doses of superphosphote on the fixation of nitrogen through
pea in Delhi soil. They reported that application of
phosphate gave significant incresse in the mumber, weight
and aitregen content of nodules, yleld of total dry matter
produced and nitrogen content of the crop, Thoy alseo
reported that nitrogen content of the soil was not tnoreased

ff the serial part of the crop was completely removed,

Study on the btufilding of soill fertility by phosphatic
fertilization of legcumes snd the influence of a legume rotation
on the mierotiologioel cctivity of the soil uwas reported
by Acharyes snd Jhs (19564), They found that field plots,

where bersgeem hod been grown in rotation with wheat and
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cowpea, showed higher microbial eotivity in respect of
baoterisl numbers, rate of carbon dioxide svolution, ; fA
ammoniftying and nitrifying powers than plots where no
borseem had beon grown, The microbiel asetivity was higher
in plote where bersecm had deen treated with superphosphnte.
The same research workers (19563) had earlicr studied the
building of soi}l fertility by the phosphatic fertiliszation
of lagumes and influence of a legume rotation on the organie
natter lavhl nt tho soil, They stated that the soil fertility
| was luprovva aa ahnun by the increase of soil organic matter
from 0,896 per cent to 0.989 per cent over an oxperimental
period of ten ygars. The organic matter lovel was found to
be nt;utf!eantl& higher in plots in which the berscem erop
had been trented with superphosphate (32 to 64 1b, ons per
scre) as compered to the plots im whieh the berseem had
mot beon trested, The treatment did nmot alter CiN ratio
of the soll, ¢ !

Jﬁaybﬁnudhurl éhd Sutbiah (1084), while studying on
phosphate mamuring of legumes &nd {ts role in bullding up
of soil fertility, have established the bencfieinl effect
of phosphate-manuring of legumes,

Chandnani and Oberot (1956) were of the opinfon that
application of phosphate to green-mamire crops increased
only quantity of groen matter in summer legumes (gannhemp
end cluster bean) and green matter and P,0, content in
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winter legumes. They have also reported that the application

of P205 to green-manure orops did not inorease the yield of

succeeding erops of maize or wheat,

Fhosphate-monuring of ssnnhenp green manure wes also
studied by Anant Rso et al. (1957). They applied varying
doses of P,0, (0, 80 end 160 1b, per sore) to ganuhemp orop

‘:rown on sandy loam soil, They found that application of

160 1b, of P205 per sere et sowing of sannhemp orop for

grécn manure and turning in after 49 to 86 days growth atage
proved to be the ut;letent practice for whest orop for

the treact,

shinde and Sen (1958), while conducting the experiments
on phosphote-manuring of legumes on nﬁndgzszll. have |
reported that phosphnte application to guway crop showed gn
. inercese in the nitrogen content of plonts grown inm the
E_oontrol piots nnd also inoressed the greon-matter yield
By about 31 par«ecgt. They showed higher por cent pore space
as compared to othbr treatmonts, The aggregation of soll
was significantly influenced by growing guwar in oonJ,?clon'
with phosphate, i

Jadeja and Patel (1968) conducted the experiments for
four years to study the economic dose of superphosphate
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required by luccfna. They conoluded that wlth‘lﬁﬁriabe in
doge of phosphorus application, luoccrne ylelds were incrersed,
dut the incresses wers not ia direct proportion to the

increase in the dose of Pzﬁa-

Venkats Rao and Shanker (1960) reported the results of

8 study in emall pots containing red sandy loem soils poor
ln Pgo5 on the influence of incrensed soil phosphate status

brought about by eoutinuous application of ineressing levels

of P,0, up to 160 kg./ha., on the nitrogen of gannhemp, The

nitrogen content of the crop at flowering stage was
significantly anpefior at all the phosphate doses. Similarly,
the yield of sapphemp orop and nitrxogen contents of grain

| end atraw at maturity were also insreased; ound the ifncrease
of 30 « 70 per cent in the nitrogen regcovery by the crop

was obtained duc to the residual effeot of Pans spprlicetions.

Building up of scil phosphorus reserves through repeanted
heavy applications of phosphatie fertilizers as a mesus of
nitrogen mobilization through legumes either as green-manures

or ia rotation was indicated,

Influence of groen mapnures on phosphate ntilization
by orops was studied by Venkata liao and Govind Rajan (1960)
by conducting twe pot experiments. They reported that
application of green menure and phosphate together to rogd
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erop inoreaged yields and inoreased utilisation of phosphorus
by the crop not only from the ndded fartflizer but also
fros the reserve supplies of soil phosphorus.

{
i

Venksta Reo and Shenker (1960) have reported benefiocinl
effect of phosphate application on the yleld of gannhemp

orop, end the nitrogen composition of the crop at the

following stage, This was eleo supjorted by Sm?. Dains

and Mathor (19063),

zﬂli!t :tudyiu the offect of different fertilizers added
to s grecne-menure crop, Srivastava and Ram (1962) in Bihar
concluded that the green~matier yield was highest tm
gannhemp treated with nitrogem and phosphate. Phosphate
significantly incressed the yield of gannhemp but not of

dhainoha vhen ons was applied at the rute of 40 1d, per

scre and nitrogen at the rate of 10 1b. per ecre.

Sankaram ot _gl. (1963) studied the influence of
phosphate on nitrogen fixation by rhizobia species. They
sonducted pot experiments in unsterilized black soil and
sterile sand, Sannhemp wns grown with P,0, spplication st

the rate of 15, 30, and 4'5 1b. per acre, They conocluded
that 13 1), Paoa per acre incrcased the %otal protein

content of plants in sterile sand.iIn the dblack son‘ it
vas without effect,
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Petel 5&_@1,(1933) roperied thet -txnifloﬁui inorense
in organic carbon end nitrogen status of the soil by
phosphate menuxing of bersecm at 72 kg, P 2 g por hectare

wap obtalned, The CiN ratio of the soil remained constant,
Soil fertility ves also improved, The after-effects of

the treatments on the yield of an unmenured crop of wheat
were found to be highly significant, Phonpnato-lcnurtng

of berseem markedly improved the nitroaal and phnarborul  ]'; 

eontents of tho wheat erop.

‘ S0il aggregation i Amproved if phosphorus i applied
to the legume orop, Biswas et al. (1963) reported that
phosphorus, supplied to berseem grown in brownish soil of
| pR 7.6 from I.A.R.IR>Ehlhl. focreaged soil aggregation and
the effect Locmme more significant et higher phosphorus
levels, It had greater offect on aggregation than farm-ysrd
mpapure at the equivalent levels of phosphorus, Yield eof
bersecm and of a subsequent unmanured wheat orop followed

the same general trend ss soll aggregation,

shawzrbi and Ibrahim (1964) in Egypt studied nitrogen
fixation by Vieclas faba as sffeoted by superphosphate
application, (n their pot experiments with -lkillnc

leam (pH 8,1) application of wuperphosphate up to 200 kg./ted.
sigaifioantly increased total nitrogen in the timsuss of ©
plants, but 300 kg had no further benefioial effect,
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Rewari et nl. (1965) reported that the smount of
nitrogen fixed by cluster bean (Cysmopsis tetragonoloba) was
positively and significantly related to its phosphate uptake |
from the soil, They further stated that the rate of lnmrua-¢¥w~;
of fixation of nitrogen with the uptake of phosphate was
higher im & poor soil than in a rich one.

From their investigation at I,A.R.T,, New Delhi, Gupta
and Sen (1966) concluded that phosphate utilization is
ditterent in diffcrent rhizobium species in relation to
thg;r efficlencies., They have shovn a8 positive and highly
significant correlation betwecn the amounts of phosphorus
utilized and officienceies of the isolates,Therefore, it
eould be inferred that straine of high e:flgtoqpy ugtllued

large smounts of phosphorus.

Marked imoremse in the yield of legumes and the yvield
of following whoart orop 8s well as increased content of
protein was also observed by Panos (1959), Perr and Pose
(1945), Sen (1964), Jha and Rem (1966), when the green-manure

erop vas fertilized with phosphate,

: !
The chief soll factors which influcnce nitrogen

fixation by legumes are - 1, fertility level, 2. soil salinity,
3. moisture, 4. soil air, 6., temperature, 6.0rganic matter, |

7. [i= fon concentration, nnd 8, cultural faotors.

/
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The effecct of phosphate has been oohuldémd in ‘det'au‘ ¥
in the preceding paregraphs. The other soil mineral mutrients
" which hwnmﬁnd much attention in relattbﬁ to the growth
of plants _thmuzll nitrogen tlxauon are lime, molybdenum

and horon,

Batia gnd Gurubesavae Raj (1983) studlod_ the effeet of
" boron and molybdenum fertilizer on Berseem (Irifolium
2lexandrinum) on I.A.RJ. farm at Delhi, They noted from
\ﬁfo"yénr‘t“ 'r’ciin{st that born and molybdenum exercised a

| significant influence on the fodder, secd and 'bhuse'yielda |

" of berseem. Tho possibility of using born ond molybdenum as

fertilizers in conjunction with phospha"tu to obtain increased
. ylelds of leguminous fodder and seed on soil types similar
~ to those of Delhi was therefore indicated.

mmr_&r and Kennedy (1960) worked on the studics on

- response of lesumes to molybdenum and lime fertilization on

Mardin silt loam soil. They concluded that lime increased

- the aveilability of molybdenum in this soi), whioh, in turn,
!_' incronsed symbiotio nitrogen fixation. Lime actuslly ocorrected
" mitrogen deficloney in the plant, They also claimed that lime
whea applied at a rote of 2 tons peor acre always gave

saxinum yislds for the fcurwloam. studied, Application of
molybden:m increasesd the size of the nodules, reduced the
total number to one=fourth or one~half and changed the
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nodules to & pinkish colour., Legumes studied in the pot
experiment were alfalfa, birds-foot trefoil and ladine

red clovere . SRR I

In a trial with Kenya white elover, Numpus and foultney
(1961) reported highly significant effccts when magnesium
and boron were applied {in presence of phosphate and gypsuu¢
This legume responded to zt"gc applications whem agcompanied

By 8 owte/ncre triple super, but mot when givem with

N L B

Yodav (1962) hes conoluded thct the yleld of the crop
sapnhenp (Crotnlaris jumees) resorded bLoth as green matter

‘and on aven=dry besis showed a reduction with incroase ia
nllntty.

Poteld (1962) =tudied the effeot of the application of
phosphorus, molybdenum, boront and green-manuring on yield and
quclity ef alfalfa grown on goradu soil. He conoluded that
application of snluble phosphates has a beneficinel effeot
on the yleld of alfalfa and total uptske of phosphate and
nitrogen and that doron, molybdenum and green-menuring in

goredu soll ¢id oot give any additional cffeot,

Krylova (1963) made a study on the yrole of micro clements

in nityogen fixation. He concluded that molybdenum increases

nitrogen fixation by nytrogen=tixing organisme when the iron

~
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concentration in the medium is optimal. Molybdenum can be
pertly reploced by vansdium, Tungsten (W) inhibits while

" melybdenum and boron increase nitrogen fixation,

Ritlor'(indl) studied the ettoet»orllolyhdnuun application
on biologieal nitrogen fixation, He found that, in acid '
derno~podzolie soils, molybdenum notivated the nodulo'
bsoteria and thus increased legume ylields. He has emphasized
the isportanee of molybdenum to the inooulnted seeds of
legumes. | | |

Selazar (19685) studied the factors altééftax logume
ssdulation in the tropios. He coneluded that there exists
strong relationship between size and weight of nodules in
tropicel legumos end deficlency or excess of minor clements,

espeeially boron 2nd molybdenum,

Ecolaglcnl feotors also play a role in the stability of
sysbiotic nitrogen fixers. Antagonistic organisms may inhibig -~
nitrogen fixation. Soil moisture is another important faetor
affecting the activity of symbiotie microorganism. Extre
soil moisture, pil and tempersture conditions may adversely
affeet the sotivity of symblotic nitrogen fixers. Too low
tcuporafuru or too high temperature may also affect adversely
the activity of nitrogen-fixing bacterin. The symbiotie
nitrogen fixers are more sctive in serated soils.

Rejgopalan and “adasivan (19064) reviewed the general
~ sspects of root-nodules in tropical legumes. They reported
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snasy anevuisuion "ith effeotive rhizobia was observed to

- lesd to different responses in nodulatfion of groundnut in
red cad black soils - two of the umsjor soil types in South
xidln. An effoctive strain (34) induoed heavy nodulation
in Aysehis hypoges in red soils, which are acid to neutral
(pH 548 = T,0), ugra then in black soils, which ere

 distinotly alkaline (ph 8,2 w 10,5), in spite of the facot

that red solls eontaln less exchangendle ontions then
black soils. In stertile cultures, pH levels of 4, 5 and 6
were found sultable for plaat growth, optimum nitrogen
fixstion and haemeglobin formation with a mort favouralble
~ effect nt pHl G, while fixation deteriorated towards pi 3,
Temé8, S

, Cultursl practtfba suoh as tillage operation, irrigation
ste, have several physical and chemical effects on soil
which are reflected on nitrogen fixation., Some orop rotations
bring ahowi attnulatoiy effects on microorganism, The types
of chemioals excreted by the plants sffect the selective

- stimuintion of rhizsobium daateria by the growthe-promoting
substances preduced. Fxtremes of soil reaction oould
aavur-aly affeot doth the nodule formation and nitrogen
ftwatien.

De I ) on with nit fixi bacteyia @

Nitregen~fixing bacteria nre of two types - symbiotio
and asymbiotic in nﬁ‘uro. Rhizobia bacterie fix atmospheric
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nitrogen symbiotieally in the nodules of leguminous plants.
Lochhead (1932) has reviewed beneficial effects of fuoculation,
effeoct on soil fertility, conditions affeéting success of
ipooulation eto, In his review;he emphasizes that the purpose
of ipooulaticn is not to sup;iy an esgy vway to grow legumes,
but to provide for a better growth through the addition of
becteria which help the plants to meke the most ot?;ood
environmont. Tho legume baota;'la ern not supply the erop with
lime or with such rlant food as potash or phosphates.
Inoculation, thorefore, ie most effective on soils sufficiently
well=limed eand containing adequate supplies of plant min-rel
food. In Canada, reports are distinctly favourable to
imocul ation, fhis is seen not only in case of alfalfa, the
most outstanding case of success, but nlso in other legume
orops, It is stated that ;inooulauon is more successful
where the legume is growd for the first time. In many cases,
where no bdenefit is noted, the apparent non-success my be
due to the seil deing alrecdy suffiolently inoculated. In
swsh canes tho treated and uatreated plants grow equally
well. Adverse climatic or soil conditions may also dbe
responsible for the lack of sucgess. Drought, poor drainage,
soil sourness and inferior seed cuslity are outstanding
eanges for legume failures even with treated seed, the
edverse condition nfiecting the haoteria ss well as the

plants themselves,
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| :'Whtttng (1025) worked on the relation of inocul ation

of soil or gecd to yleld and quality of peas, He concluded
that the green peos from the inooculated plants were of bdetter
quelity end had o hizher protein content than from thc‘l'
uninoculated plonts, Inoculation inereased the yield and
protein contents of vines. Inoculation produced inoreased
yield on land slready containing some pes brcteria, The
tnoreases due to inooulation oceurred under a variety of
ennalttont“nuah‘lp soil typaf; soil fertility, aclidity and
climate and with different varieties of peas.

¥ilson and Leland (1020) conducted the experiments on
the value of aupp!euoﬁtary bacteria for legunes, and L
coneluded that alfalfs grown on limed soil preduced more
dry welight whoen suprlementary bacteria wore applied at
seed-tine, although 46 days=0ld roots faiied to indicate
any value of the cxtras bacteria as meagsured by the numbdber
of nodules, hed clover similarly showed 40 per cent more
dry weight on limed sol) when supplementery bacteria
wore applied at seed time, lied kidney boans also showed
increased dry velight on the lired soils. In case of peas,
the same bonefieinl eoffect of sup;lementary bacteria was

obseryved,

Hoffer (1943) carried out imcoulation tests on 850 pea
fields inm New York State. He found that the results of pea
imsculation in the sState, though reasonabdly good, were
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varisble, He concluded that it would be wise to recommend
inocudation for all fields on whieh peas or beans hnd not

been grown for several ycars. | S
|

' Greaves eand Jones (1950), from the results of pot
experiment, shoved that the growing of alfalfa for 16 ycars
on the aaii and removal of the orop did not measurably increase
the total nitrogen contemt of the soil, Inoculation of |
| alfalfa, even where the plants were turned under, was without

S

‘cttoct on soil nitrogen,

Hqga (1962) studied the offect of seed inoculation with
 lucerne=field soil on the growth of lucerne (Medicago sativa).
‘.!b clainad that seed inoculation with an equal volume of
~ lucerne=field soil greatly increased seadling height,

- freshemmot volume and dry weight of roots,

Obaton and Flnchere (1963) reported their observetions
on inoculation of legumes in Frange, They stated that acid

soils did mot contein any Rhigobium meliloti, and many
non=calerreous soils contained an insufficient number for

" lucerne. lnoculotion “as found worthwhile because cven if

the rhizodbia did oot survive in the soil they did survive
in the rhisosphere, _

Glddens (19€4) reported the effeot of adding molvbdenum
“compounds t0 soybean imoculant. e steted that inoculant ~nd
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molybdenum compound should be mixed only at the time ot
seed treatment, Molybdenum compounds reduced nodulatinn
when incorporated into the inoculant and atored.

Inoculation with isolates of cowpea rhizolhium increased
the nitrogen conteat of cowpea plants. Ezedinama (1964) stoted
that symbiotic nitrogen fixation alone did not provide the
plants with their optimal nitrogen requiroments. Application
of 100 pepens of nitrate inoreased the number and weight of
nodules and the amount of nitrogen fixed. Higher levels
tended to give lower results., There was no evidence of

exeretion of symbiotienlly fixed nitrogen,

Adel and Exdman (1964) studied the response of lee
soybesns to different strains of Rbhigobium japomniews. They
found that, in soils free from soybean rhisobia, some strains
were more effective than others in fincrensing seed yield,
protein per cemt ol seed, roote-noduvlation, green colour of
leaf and fresh plant weight and in decreasing oll content of
seed, In contaminsted rhizodis, fnoculation trestments
produced mo rebsurable differences in any of tiese

oharacteristics.

RBhizoblie mey occur tn the soil provided legumes are
grown on the soil every fow yecars, This was oﬁserved by
Nowak and Lehncy (19653), studying on re~igolation tests with
nodule bactertia (lhigobium sp.) froms esoil, |
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Hamson (1065) observed that inooulation with ' - -
Bhigobium leguminossrum did not ;rove benoficial on seed
yields, numter and weight of root nodules when inorganio
nitrogen ot the rate of 100 « 200 kg. caloium nitrate was . v.

applied per acre,

Prekel and Manil (1965), working on symbiotie
fixation of nitrogen by the hean plant (Phaseolus vulgarig L.),
have stated thot in one of the three sxperimental sttes, the
increase in yleld due to inooculation was similar to that due
to 80 kge./ha, nitrogen fertilizer. Hesponse to inoculation was
ail on the othcr two sites, which had a high available
nitrogen contant, On all sites, inoculation caused rapid amnd

sbundsnt nodulation. Variety hed no significant effect,

Bonnier and lLebrun (1968), working on the cffeot of the
nunber of rhizobia used for inoculation on yleld of lucerne,
hav—e found that the number of rhizobium umed for inoculating
lucerne secd waos important for meximum yleld im the firast
year under srdennos conditions. The conceantratcd inoculum
used provided 30,000 live bacterisa per seed at sovwing.
‘mxuuu the inoculum zave lower yields in the first year,.

#iok (1066), in his pot and field experiments for
testing the effoctivenews of legume imoculants, reported that

there wap no significaunt response to inooulation in field

trials with Trifolium resupigstum, serrsiclla, bush been and

lucormlo
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Sen (1968) reported results of field experiments at
various sites in Indie and showed that strains isolated
from plants grown at differeat plaves showed great varietions
in some biochemical cheracteristics and in ability to fix
ntﬁeaphartc nitrogen., An effeotive rhizobium strain should
~ only be used at places that have soil and el;uatic conditions
- similar to those of the originel hnhitat. 't;} |

Rajagopalan {1938) compared six isolates of groundnut
rhizobium strains, whioch were found morphologicallyalike but
physiologically different. The charasteristics of one strain
were high gum-produotion, high sensitivity of hydrogen fons,
high *ferment', high nitrogen fixation and preduction of
~Jarge number of sm~ll and medfium-zized nodules, whish were
' econcentrated more on the tap=root than cn the laterals. The
~ other strains showed the reverse characteristics. The
- effietiency of the strains as nitrogen~fixers appecred to
depend more on the location of the nodules than on their
ousber and sizse,

The nitrogen-fixing ability of various streins of
nodule bactoris wes studied by Yekovieva (1960). It was
demonstrated that the nitrogen-fixing ability was innnte
not only in bacteriods but, to an even large degree, in
the small cellz from the apicel region, In evaluating the
. activity of those and other forms of bactertia, attention
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should obvicusly be given not only to the energy of
tixation of molecular nitrogen, but also to the becteroid
eopable to easily give up the nitrogen fixed by them to
the plants. . - | |

Fedorov and Nitse (1061) studied physiological differences
between sirstns of root-nodule bacteria of pea and vetch
differing in Nefixing sctivity. They stnoted that straius of
pea snd veteh rootenodule bacteria, having different |
nitrogen=-fixing activity in nodules of these plants,
dikforod from one another in number of physiclogioal
characteristicos, which vere easily determined in labdoratory
cultures of thcse bacteria, The strains that fixed moleoular
nitrogen soctively in nodules syntheized their cellular material
more efficlently on various oarbon and nitrogemn sources, They

have reported a higher protein content also,

Krasil'nikov and Melkumove (1963) reported that some
strains of lucerne~nodule baeteria produced nodules
sotively on roots, sccelerated the zrowth of luocerne and
increased the orop grovwth by 100 - 280 pér cent or morxe,
With other less active strains the increass in orop yleld
did not exceed 20 « 50 per cent, and with still other
finactive straing there was no benefit.They stressed the
importanvce of selecting effective strain for artificial

infestetion,
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Linta (1963) odserved variations in different sirasins
of pea nnd vetch nodule bacteria. fe reported that active
strains of rhizoblia not only prnéucud greater nuibor of T
nodules of larger size and fixed higher amounts ot Jttro;oa
thon less active streins, but also caused an inorease in

the proportions of yrotein nitrogen and swounts of emino acids,

Abel snd Exdman (1064) observed tast in soils free from
ioyhean rhizobia, some strains were more effective than
others ia luorossing seed yleld, protein percentage of seed,
rootenoduletion, green colour of leaf, amd fresh plant
woight. In rhimmbias-contaminated soils, infestation
trentments pioduweced no measurable differences in any of

Sy

- these characteristics,

Fe Tork Done upder Different I.C.A.H. Sohemes on Biologjiesl

Invaaflgationa have been done at Ludhiasra (Punjisd),
Poona (Msharashtra), Bapatla (Andhra i'radesh} end Anand
(Gujarnt) on symbilotic nitrogem fixation unde¥ the ICAR =
Cordinated Scheme on Plologiel Nitrogen Fixation. The results
sohieved esriier st Anand have been referred im the '
introduction., The present investigation is a part of the

| scheme,

i
it

lnvestigations dome at Bapntla .
The work done at Bapatls (Andhrs Pradesh, 1959-63)
involved isoclation and testing of different strains of
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baoteria isolated from pillipesara &nd groundnut, The strains
FGF=215, HiP«219 and BSP=225 isolsated from pillipesara from
Gannavaran, Marutem and Samalkot areas were found to be
superior to tho others. Application of molybdenum spray at
8 pupeme zave outstandingly high green-mati-r yloelds of
~ pillipesara, Application of lime wes not bemefieinl in
fnoreasing the yleld of pillipesara, Further, cut of tvelve
oultures isolatsd from groundnut, the four cultures BNAh 261
(Nellore), BEAL 282 (Dapatla), BEAL 258 (Flur) amd BHIAL 260
(vijayvade) were found to be effieient, |

Investigations dope at Ludhiens (1960-68)

At Ludhiana, effects of difforent trestments wers
studied on the growth, nodulation, nitrogen fixation by
dhpinoha and on the yield of wheat orop that followed
green-ranuring. Indications were that nitrogen alone at
80 1b, N/were in the form of ammonium sulphate depressed
nodulation. The total nitrogen content and total dry weight
of different plant parts of dhainghs were the lowest in the

case of control without fertilizers.
Nitrogen, phosphorus and potash treataents aslone or with
molybdenus or with cll micro nutrients increaged the yield

of dhainoha.

The bencfieial effect of green~manuring on the yield of

wheat, in sbdence of fertilization to the green-manure erop,



»IBw

' was ofqemell ordcr. The highost yield of whomt was obtained
| with NPK ¢ Me or all mioro uutrients applied to the . R

greonemagure Orop, - ]
The aoil left after harvesting of wheat was comparatively
richer with respsot to total nitrogen than the original soil

used for growing dhaiucha.

. No dlr“t ﬁlatlonshtp was observed between logﬁmdohln
content of tho nodules snd the nitrogen fixed by them.
However, a positive correlation ccefficient was observed

between those two factors.

¥

| 1# éan ﬁt berseen, appi!caﬁon of phoaphnta showed
mexinue beneficial effeoct in regard to the production of
fresh green fodder, NPK with Mo improved the performance
of phosphate aleme, |

Some sfficlent strains of root-nodule dacteria of
ghainchs sad horseem were iselated. Gumepreduction and
glucose-consunption of these isolated straing were also
studied in orddr teo find out the correlation, if any,
betwesn these charscteristics and their effootiveness.
The results showed that the igolatus, which produced more
sum, fixed less nitrogen, while the isolates, whioh

oonsuned more glucose, fixed more nitrogen indicorting
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thereby that these laboratory tests ocenm be used for
testing the effectiveness of root-nodule organisms,

tic t P I]

1arge number of rhizobia cultures were isolated
from groundnut, sannhemp,cuz, garden peas, grom, tur and
soyabean, The offiefent cultures were then tested
sisul taneously in pot oculture and in the flield experiments.
The mothods for quick selection of effective Rhizobium
eultures of tur have been worked out,
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A ficld experiment was undertaken to study the offeots
of tnoculation and application of phosphate to two leguminous
orops vize. gsnnhemp and EUEAr on their green-matter yvield and
on the organie matter and nitrogen content of the soil at
the Institute of ‘grienliture, Anand. This experiment wap
sarried ont feor four secasons from 196467, The wheat orop
was taken as & following crop on the same experimeantal plots
in whieh m omd guwar crops were grown and ploughed
anfey. hoat erop vas taken to s tudy the after-effects of
greencnspuring in incrcosing whest yleld for the years
1966 and 1967,

Saamhane (Crotsleris - jmasas) end gwwor (Cysmoguis

tetragonsloba) were sown ot the secd-rate of 56 kge. per

hectare, The plan of the experiment was as shown below
Treatnents A}l combinntions of

As Culture « 1. Uninooul ated (co)
2. Inoculated (c,)

Bs Fhosphote - 1, Without phosphate (Po)
2. ¥ith 56 kg. P‘205 por heotare in the
form of single superphosphate (Pi).
Lay-out - Randomised bLlooks;
Replications -~ &,
Plot sine » Gross 2.5 m.x 6 m,
Net 2 mo x 6 m,

4
4
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Iechnigue |

After NM shovers of rain, the land in the experimental
fielé was prepared by ploughing, harrowing and planking.
Markings were them made to indicate tshe nrea required for
each eorop and for each plot, Soil ouplﬁ were collected
from tem randos places from ¢ach arca for analysis of
nitrogen and org=nic maties prior to sowing of the orops,
In each plot furrows vere opened at a dhtmi of 30 em, with
s owatry plough tor mwtu the noda. |

. Beeds rcqu!.red for sach plot vere treated with 70 per cent
Il«htl for ﬂvn u!uutu for disinfestation. As per Nqutumt
of the plan, seeds of each crop were infested with the
respective selected cultures. For control plotr disinfested
sceds wore hept separnte. Infested nnd disinfested sseds for
eseh plot were placed in separate polythene baga. mwrphnaphat;
at the rate of 58 kg, per hectare in the form of single
superphosphate required for ossh plet (580 gms, per plot)
was weighed and packed separately in paper bage.

, 'M the tlﬁe of sowing, seeds and phsophate fertiliser
dogs were firast pleced in front of respective plote
apvording to the plam of the experiment., Superphosphste was
sprinkled evenly with hand in the furrows opened in the
- plets before sowing the seeds,
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" sesds were them sown uniforsly ia the furrows with hand

~ tsking a1l preesutions to evold mixing of infested sad

© disintented cﬂi;’aﬂé‘“n'wﬁhm evory time before
sovwing vaoh plot, After sowing the seeds, furrows wore [
covered with soil from the same plot by the help of wooden |
rﬁo kept separately for ench treatment.

mnwumé genlhatlen of so@da in both the legune
orope. The plonte ettained very good vogetative growth
during forty dgya eftey sowing and started flowering during
this period, S #

At the ond of eighth week Qttar wwiné, wheau“'mat of
the plonts atiained flovering stage, the plants were uprooted
and the overege weight of fresh grecn plants was taken from
two paiches 0,0 Me X 0.6 ms 8t rondom from cnoh plot in eagh
erop. Furrows were opened in all the plcots and then the
plants were plased in the furrows of respective plots, amd
were ocovered with soil for deccmposition, The yields of the
green matter {(average weight of the plants from two patohes
0f 0¢G Me X 006 m, fyom euch plot) for the four successive

yoars (1964~67) wore taken,

The experiment was conducied on a loamy ssnd of Anand,
lneally onlled gorsdu, which is very deep and well-drained.
It is deficient in organic matter and nitrogen but rich in



- potssh smad therefore doss not respond to potash fertilization.

The chemical and mechanieel composition of the goradu soil
profile s given in table 1,

Climatological dats
The olimate st Anond is subetropieal with dry and hot
suamers from Marehh to June, Temperature sometimes goes up to
118°F, The winter lasts f¥om Novembter to February with

lowest temperature up to 40°F, which leads to frost, The

sverage annual precipitation is 75 om; but it fs erratic,

Green-matter visld ¢

The greensmatter yields of gannhenp sad guwar vwere
taken from a patoh of 0,6 me x 0,6 n, frxor each plot at
the time of flovering L.0. after about 8 vweeks of growth,
&t the flovering stage, the plant height of gannhowp wes
shout 1,8 to 2 meters. The growth of guwar vas found
luxurient vhea the greon welght was reocorded., Two sush
| patches at random vere selected and iheir avernge
green-matter woights were reeorded. The plant samples were
| then dried in sun and then in oven at T0°C, t111 free from

| the trases of moisture,

Chemios) studics 1

The pluants were thett eut into smell pleces and ground
ia sertar ond pestle, The plant samples mo prepared were
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L1e ‘?éxf"ti:clnn:n‘ distridution ~nd chemioal characteristies ,
of goradu soil profile.
(edredry boeis)

o o O - . APPSO a— - -

netituents s Depth in om. :
| i (elB i 15230 3 3080 3 G0=0O0 190=130 3120w150
@ sand PeCe Oudd 0,48 0,47 0.38 0.5¢ 0,47
sand pec. . BOOT 86,00 81,61  T1,00  T0.,87 T1,.56
PeC. 10,75 0,75  9.50 32,50 20,80 21,50
PeCo 5480 1,00 3,75 2.50 2.25  3.75
on ignition p.c, 1,34 0,97 Q.87 1.48 1.%0 1.48
r removing molis~
|
URE PeCa ‘On 1.17 1.60 2.07 2,687 2,91
nates peC, N1 N1 N1 N1l N1 Ni1

soluble salts peos 0,016 0,011 0,006 0,008 0,033 G026
nitrogen p.t, 0,036 0,036 0,030 0,034 0,033 0,029

_ phosphorus 434,00 434,00 332,00 d04,00 386,00 403,00
100 8.’; :
1y available BeT 9.7 2.8 T.1 T.9 10,8

horus(mg /100 ga)
a's method),

ws0luble 0,38 0,38 0,18 0.38° 0,09 0,09

horus(mg./100 go)

’ potassium " 2TBe8 354.T 286,38 337 .4 12,4 333.8

100 ‘.). o . .

Ageoable potassium )

100 g.) 26,2 17,8 17.8 19,0 31,4 19,0

, manganese

100 ‘g)q 0 4961 48,3 46,0 48,4 44,8 46,8

ageasble manganese : ‘

100 g.)e 0,78 0,89 0,70 0.88 0.84 0,50
shle boron pPepenry 0,3 0,3 0.3 0.3 0.5 [+79 .

tble sinC pePems 3,08 23,08 1,48 1.80 1.30 1,20
oobalt PepeB, 12,40 312,40 20,30 18,75 19,50 20,00
ohle cobalt PelD alie 0460 0060 G.37 0.20 0410 010
5D1le COPPOY PePely o9 0.238 C.16 0.40 0.28 0440
QOpper pPePebie 35,00 35,00 30,00 855,400 30,00 28,00
exchange cepacity

/100 g4)e D8 9.3 10,5 16,4 17,00 17,9
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used for nitrogen estimation dy Winkler's boric acid
modification of the Xjeldahl method, Total mitrogen uptake

of sanuhemp ead that of gywar wos then caloculated,

- Soil samples were collootgd fyom 10 vandom plases from

“eash orop arca bofore sowing the seeds: One somposite soil
sanple vas made fyom thege 10 sul-gamples and anslysed for
pitrogen and orgenic matter. o

Soil semples were aleo collected after 8 weeka of
‘decompesition of the buried plont residue from the depth
of 0=-23 om, fyom 10 random places from eagh plot, Nut of
' these sube-samples one composite soil sample was mqade for

analysis of nitrogen and organic matter.,

Soil supvlnheoneetod before sowing of the omp and
sfter decomposition of pl#nt meterial vwere snalysed for
. nitrogen ecntent by Winkler's b.ox_de acid modifiontion
of the Kjeldahl method (1913), adding salioylic acid during
digestion and ueoing the mixed indicator for the final
titration. The borie acid used in the Winkler's method
has five marimd asdvantages ! (i) It eliminates error in
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nalurxﬁ nta;dbrﬂ roid in the recetver, (i1) The boriec neid
solution need not be =zocurately measured. (iii) By using a
suitable sliguot of the semple, the percentages of niirogen
can be read directly from the burette. (iv) Only one
solution need be standardised, (v) Even if there is suck-back
of borie aeid, the experiment is not spoiled and the
distillation een be continuod, B

The ll:cd‘ )tm!icator giveg a sharp endépoint and hencc
t} wes utilised in nitrogen estimatfion. The mixed indicator
is prepareﬂ by dingolving 0,5 g, of bromn-cresol green and
Cel go mithyl red im 100 ml, of 95 per cent cthenol amd
asdjusting the solution to the hluishepurple mid colour et
PI. 4,5, with dilute NaOH or HC1, This indicator s pink
at pH 4,2 and Delow, and dlulsh-grecn as the pH rises to
'pll 4.9 and abowe, o

ants for sitrogen 1

The methed for nitrogem estimation of the plant
material was similar to that of soil asnslysis. Quantity cf
the plant material taken for cpalysis wae 1,0 ge

Soil organie matter

A quick and simple method of determining soil organio
matter has been worked out by Shah and Mehta (1955). A slight
modi fication of this was adopted,
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(1) N potassium dichromate solution $
49,04 g xa(:rao.r wag dissolved in distillied water and
diluted to 1 litre,

(2) Concentrated sulphuric acid.

(3) Glucose {snalar).

1.0 go 0f "anolar® glucose was welghed and dlaaolvod'
in water and msde up to 1000 nl, From this solution, 1,0,
2.0, 2.0, 440, 5.0, 6.0, 7.0, 8.0, 9,0 and 10,0 nl, were
taken in 250 ml, pyrex beskers and evaporated to dryness
on water bath, It was then alloved to ccol amd 10 ml, of
1 N K,Cr,0, solution was added. Then 20 ml, of».eom‘ontrqted
sulphuric acid was added rapidly and the mixture vas
stirred for 10 seconds, It was then alloved to stand for
10 minutes and 100 ml, of distilled water was added, A
blank was similarly prepared without glucose,After it
eooled well, the grecn colour of the solution was mecsured
on Klette=Summerson photoclectrio colorimeter using & 6606 niy
(red) filter after adjusting the dlank reading.Colorimetric
readings were then plotted ageinst the concentration,

Dete notio f organic matter m soil
1,0 ge of the air-dried sgoil vwas wolghea and

transferred to 250 ml, pyrex beaker, 10 ml, of 1 N Kac:'307
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solution was them added to it, Then 20 ml. of concentrated
sulphurie seid vas added rapidly and the mixture stirred

- for 10 secomds, It was them sllowed to stand for 10\nlumtoi
snd 100 ml, of distilled water was added and stirred well,
It was then alloved to stand overnight, The supernctamt liquid-
vas deoanted gpirrefully and the green colour was mcasured by
KletteSummergon photoelectric colorimeter using 655 m-U (red)
filter after adjusting blank (prepared by the same proccdﬁru
teking 1.C g.of the fgnited woil).

. Xgeld of wheat

Wheat wae sown to study the effect of gannhemp and
guesr green-manuring. 100 kg./hae of extra nitrogen in the
form of urea wes applied in the first trisl snd 43 kg.N/ha.

;as ures waqmnppltod in the socond trial. In the first year,
100 kg, of K per heotare was spplied as it fs the
recommended dose, But as nmo asignificantly higher yield nlld
obtainod with inoeulated plots, in the next seagon a |
lover dose 0f 45 kge N per hectare vas applied, beq-use it
was thought that at the optinum dose of fertilizer kltrogeu.
inoculation may not prove effective, After the sannhomp and
~ gywar plants were buried in the plots and allowed to
- decompose, tho same plots were used for whouat erop. Whent
was sowl in November-Docembery, and seven ifrrigntions were
given as per the requirement of the orop. The dry matter

yield vas takon at the tipe of maturity of secds,.
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The seeds and straw n\ma separated from the
airedried plant , From the nitroges contents and yiclds
of each, the total uptake of nitrogen wa: galoulated for
2 plot of 0,6 me x 0,6 m, . This was done for two patohes

from cach plot im 8 replication and an average was taken,
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Impculation of the seed with efficient styrain of
legume culture may inorcase the yield of the leguminous
plant or the nitrogen content of the plant oxr hoth,
Therefore, vield, nitrogen eontént and the total nitrogen
uptoke of the plants vere determined, As the synmhiotic
nitrogen fixers require literal quantities of phosphorus,
it ves inoluded in tho trentment, Although nitrogem
fixation by those becterte is improved by the application
of molybdenum, it was not included im the trestments as
the available molydbdenum in the Institute soil is feirly
‘high (Reddy smd Mehta, 1958) snd 1t has been shown by
' Patel (1962) that thore was no response to apply molybdenum

to 8 Jeguminous orcp in a field trinl.
Gree t

The results for the green-matter ylield of sanphemp
under the differeont irecatments are given in table 3, These
data reveal that, on an average, the culture in combination
with phosphate (Ploi)gan the highest yield. Phosphate
without culture (Pico) olse gave higher yleld tham the
control (F C ) receiving neither phosphate nor the culture,
but wes not nuch different from the vield obtained under the

trestment contalning the culture dbut without phosphate(P C ),
The yield under P001 was aleo higher than Poco.
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Zable 2. Grecnematter yleld (g.) of ‘sannhemp (g.jmgg)

., ..  trom a patch of 0,8 m, X 0,6 m, (overage of
@ repliontions). O

Treatmont! Y B A i 8 ¢ Average
! 1064851 1065-661 106G=5T: 1567=68 1
P,C, 1404 1108 1176 1103 1197
PC, 4379 1016 1080 1089 1118
PC, 4888 990 1106 1068 1113
FoCo | 1178 1008 1013 1039 1059
Cl = inoculatedg co s pon-inoculated,
P‘ = with phosphatej Fo » without phosphote.

Table 3, Green-matter yield (g.) of gumar

(Cs Betregomolobp) from a patch of 0,68 m x 0.6 m,
(averonge of 6 replications),

Treataent: Y E A R S i Aversge
: 1064~853 19685=601 19664072 1967-68 3

rc, 580,7 598,0 906,0 560,0 684,2

r‘co 534 o0 593.0 933.0 657,0 682,0

Poﬁl o 52442 354840 963,0 33640 646,8

1’000 ' 504 ,0 483,0 881 ,0 844,58 802,6

~ The yesults of green-matter yield of guwwar (table 3)
al=0 showed the identical treand as that observed under

- aaunhemp,
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Yields of green matter do not oxactly reflect the

‘Dry-satter y

R M

total ©bi ™ ase synthesized in plsuts on account of varying
moisture contents. Therefore, dry-metter ylelds were |
determined, The dry-matter yields of ssnnhemp and the

~ eombined enalysis of the data for four years are recorded
. in tsbles ¢ and 5 respectively, : |

G Dry-astter yield of 20ARhenp in the ycer 196465 under
‘treatment ch‘ vas utsutﬂpmny more than that obtained under

'1“0 or Pﬂéo. hi no such siznificant difference was observed
between the treatments P,C, and ! C,. The lstter one also

yielded signifiorntly more than Poco. The vield differenos -

vetween P001 and cho as well an Detween Ptco and Poco were

~mot significant. In the ycar 1968-86, dry-matter yleld of
gannhomp under P,C, was highest tut the treatment differences

were pot significant. Among vest of the treatments very small
differences were observed. In the yoar 1966-67, dry-matter
yield of sannhopp was lowest under P.C, and highest under

le%' P‘(’:1 yielded 1ittle loss than PG, tut 1t was more
than that under P,C, but herc again these treatment

differemses wore mot significsnt. In the year 1967-68, no
materiel differomces were obmerved in the dry-matter ylelds
of gennhenp under the varioua trentments,
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Table 4, Dry-matter yleld (g.)of sannhemp (C. junces)
from a pateh of 0.6 me x 0.6 m, {average of
6 replications),

Treatnont: b 4 E A R s $ Avernge
1 10684«853 1060001 1908=8T7: 196768

Picl 360,6 324,1 333,68 208,.,0 307.8

P10° 320,606 276 .4 347,.6 207,3 287,17

pocl 338,1 267.9 307.2 199,858 278,22

P"Co 200.1 272.4 281,0 209,7T 265,80

SeEm, for

treatment 10,10 NeSe N.3e Ne 8o .

L' F‘i n. at

8 % for

trentment 30435 NeSe - NuoSe Ne 8o

CoVe % 745 19,2 2646 10.8

Iable 8. Pooled analyeis of dry-matter yield of
sapphepp (C.Junces).

L

Source 1defe ¢ SeSe $ MeBeBe iobs., e ¢ Table F,
: : 3 3 1 5% 11%
Years 3 225165.,49 78085.16 36,7T"* 2,76 4,13
Treatments 3 20T00,30 08900,40 31 N,5. 3,868 6,99
a.,Cul ture 1 5659 ,55 56880.83 (3 NeSe 08,12 10,56
b.Phosphnte 1  148632,82 14862.83 6.7% 5,12 10,56
ce.interaction 1 177.93 177.93 (1 NeSs 5.12 10,36
Y17 9 . 19958,.,10 221733 {1 N.Se 2,04 2,72
Pooled error 60 168022,03 . 2800.37 - - -
Total ¢143

#¢ significamt st 1 % level
* significaat st 5 % level
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On an sverage, the dry-matter yield of gepshemp
under Plc‘ was higheest, while it was lowest under Pbco. Not

much difference was observed under Pico and Pbﬂt.yvbolod

analysis of drye~matter yields of ganphemp of all the four
yoars did not show any significant differemce under any of
the treatnents,

" Dry-matter yléld ér_‘gggg”’ S

- The rééuita 6: dfy-untter yields of ggggg and the
‘coublnzd<annlysis of the dats for four yeors ure represented
in tables 8 and T respectively. Ia the ycar 196485, though
the differences observed were mot significant, the yield

‘under P,C, was highest, while least was obmerved under P C.
| PyC, and PoC,y fiad not differ muche In the year 1965-65, P,C,
yielded‘tha l1cest and it was highu.t undor Pico. However,
the differences were non signifieant. PDetween P1c1 and Pop‘

treatuents, the yield differences vere not much, Similarly,
in the years 1986=-67 and 19067-68, the yleld differences were
not significant although highest yleld was recorded under

’1“1’ Very litile variations wore cbserved in the yield of

Aumar under reost of the treatments,

On.aa average of the four years results, the yield of

guigy under trentment P,C, was maximum and thet of P .C, was
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Iable 8. Dry-matter yleld (g.) of guvar (C.tetregomoioos)
fzom a patch of 0,6 me x 0.6 me (average of
8 replientions),

Treatment!? Y E A R 8 t Average
t 106858 10065052 1086067 106768 3

Pici 118,0 130,58 149,7 66,3 116,1

vtco 10843 134,86 128,28 62,0 108,3

PoCy 1077 126.1 137.6 63,3 108,7
" PoCo 103,1 118,86 134,83 63,7 104.9

SeEm, for

treatuent NaSe NeSe N, Se NeSs

L.S.BQ

et 5 % for

treatment NeSe NeSe NeSe NeSe

CeVa % D6 13.5 149 1242

z.m."l. Pooled amlyila of dry-metter yield of guwar

(C+ totregomoloba).
Souree 1d.f, ¢ BeBe : meseB, i0bs, Vo & Table F.
L 3 : 3 1 8% 11 %%
Years 3 T76700.,99 25866,79 ' #R 2,76 4,13
Trestments 3 1803.,80 534,60 3,38 N,5.3.,88 6,99
a,Calture i 700,62 790,62 B.0 NoSe 512 10,56
b.Fhosphate 1 17.18 T17.78 (B N.%e 5412 10,56
c.Internction 1 05,40 05.40 (1 N.Se 512 10.56
Yx*7T 2 1422.,69 158,08 (1 Ne8e 2,04 2,72
Fooled exror GG  13306,.34 221,81 - - -
Total ob

B2 atgmﬂmmﬁ at 1 4 level
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sininun, The ylelds under ?!co ma P.C, trestaents cen teo

eonsidered prectioally equal. A similar trend us that
observed undcr ganphemp duc to different troatments was
maintained in the production of dry matter of guwar,

Total ajtregen conteqt

By inoculating seeds of leguminous plante, thére can
be an lneman fn the dry-matter production, unodule~formation,
nitrogen content or total nitrogen uptoke of a plant. Hence
total nitrogen content vas determimed and the total nitrogen
uptake was calculated, The results for nitrogen content of
sepohemp (teble 8) under differsat trentments did mot show
any rmlar trend, The nitrogen percentage under P‘,_ci was

not negeasarily the highut/ and that under Pcco vag also not
secessarily the lowest.

The results of snalysis for totsl mitrogen content of
govay plants are presented in table 9, Here, too, there i
no clear trend of treotment differences vearwise, 08 an

everaze, thore was practionlly very little du.teronoe in
the mitrogen oontents under different troatments,

oga t

T™he results for totel uptoke of aitrogon by sannhemp
plants and the corbined analysis for the four years deta are
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Iedle 8. Total nitrogen per cent of gannhemp plant
matoriel from a patoh of 0,6 me x 0,6 By
(svorage of 6 replications)e |

Treatment! Y E A R 8 ¢ Aversge
3 1004858 1068061 1066-6T: 1007-68 3

0, 2.93 5,20  2.43 1,87 agit,
CPC, 0 2,82 3.3¢ 3,08 1,77 2,80

ofg 364 3,38 2,08 1,79 2.4é

?.C, 285 3,31 a1 1,73 2,80

TIahle P,  Tosal nitrogem per cent of guway plent moterial
from a patoh of 0,6 ms x 0.0 m, (average of
68 replications),

-

Trestments Y E A R s $ Average
} 1004052 19605«861 1066871 106768 ¢

A RSN SRR Ao A iy

?,C, 4,32 4.18 3,87 3,08 W
P,C, 4435 4431 3,01 3e11 3.69
PoCy 4408 4a17 2.88 2,92 3,51
PoCo | 4492 4.25 2,70 2.6 3,83

AN S -
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- presented in tebles 10 snd 11 respectively. In the firet

| twe years of the experiment, the total uptake of nitrogen

.. by sepaRemp vlants vnder P.C. treatment was highest followed

by rico. The lowest uptake was ebserved under Pocg during
the first your of the experimeat and under Pcci during the

second year, Hewover, these differences im the uptake of
nitrogen wvere significant only for the first ycar, In the
yeor 1960-87, very 1ittle difference wus observed in the
uptake of nitrogen by ggnnhemp plants under the treatments
_Pic1 and Pico‘ Least.uytaka wis fopnd in P,C, but here also

trcatnent differences wero not gignificant. In the last
year 1967-68, it was strange that highest nitrogens uptake
ves found under P,C, and lowest under P,C,. The uptoke

differonce Detween P C, ond P,Co Pas R0t mushe

On an sversge, toctal altrogen uptake was maxinus unﬂeé

treatpent Picl and minimum under Poce' The nitrogen uptaeke

by sannhewp pleats under P .C, was slightly more than that
L} 4 Poco. Thus, incculetion of culture with phosphate

application seemed to be beneficiel in inoreasing the uptake
of nitrogen of sanshemp plents but the combined snalysis
(tadble 11) of total uptske of nitrogen by sannhemp plants
did not show any significcat difference amomng the different

treatnonts,



e L
Total upteke of nitrogen (g.) of ganphemp

Thble 10,
plant material from 2 patoh of 0,0 n ® 0,8 R
(average of 6 replications).
—rYevYVYvever -
Treatment!? Y E A R 8 3 Average
! 1004053 1960=-661 106607 1067-68
l",(?t 10658 10,65 T.112 .24 7.80
Pice 0,03 D.21 Tei8 3,78 T.29
?oci 8400 8,72 6440 3.54 6,890
rﬂco B.014 8,99 5,92 3.61 6,76
SoEm, for
treatment .29 NeSe NeBe NeSBe
oo Ry N 2
LeBeDe
at 5 % for
treatnent 0,87 NeSe NeSe NeSe
B Ay © e s 3L
Ce¥V 8§ 76 19,8 27,9 3.7
ITable 11, Pooled analysis for total nitrogen uptoke
of sannhenp plonts from a pateh of 0,6 m, x Ca6 n.
(average of 6 replications).
Source tdefs ¢ 8.8, ! B.8,8, ‘0Obg, Fe¢ ¢ Table F,
[ $ : $ ! 5% 311%
Years 3 B305.,T2 1708,87 g 2.76 4,12
Treatments 3 0.82 014 (1 NeSe 3.686 6,90
a.Cul ture b 4 0,08 0,08 Ll NeSe 512 10,066
bom‘phﬁte i 047 0,47 ( 1 NeSe 85.12 10,56
celnteraction 1 0,08 0406 (1 M.8 D.12 10,56
YxT 9 34,73 Ge86 <2 NeFe 2,06 2.72
Fooled error GO 128,33 2e14 - o -
Total 08

#% cigpificont at 1 % level
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; In cose of gumar, total nitrogeam uptaeke (tadle 13)
was saxisum under P,C, for all the yosrs saeept 1965-64,
The minismun aptake was otbtained under Pgno for oll the
four years, Betveen the treatments P,C, and Poci.thc

lrtatir upteke was slways found undexr tho former t:ﬁatnnt
excopt in the yeor 1966-07 when it was practically equel im
both the treastmemts. But these results were statistically
significant only for the first year,

. Om -wemu. ssximve uptake was reeorded uader the

treatment P,C , and miniwum wnder FC,. The uptake of

'nunuu under PiCy was slightly more than that obtained
uader the treaiment Poci' Hore also inoeulation of legume

- seeds in pregemoe of phosphate seema to be sdvantageous
in incrersing the upteke of nitrogen. But the ocombined
- snalysis (teble 13) for toizl nitrogen uptake by guwar
plants under different treatments did not show any

siznificant differences,

CYrEIn ntte

Organie mattor content of solle under different
treatments before sowing gannhemp did not show any wide

differences fyom year to year as seen faom the tadble 14.
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Ieble 12,  Tetal uwptake of nitrogen (g.) of guwar
plent material from a patoh of 0,6 ny, x 0,6 m,
{average of 6 replioations),
Preatment: Y E A R 8 : Average
! 1004851 1060662 1066-87: 1067=68 3

Pici Jed4d Deé2 4,29 2,01 3.79
Flca 304 B.81 3.88 1.94 3.87
PGG‘ 24885 Be21 J.01 1.86 3.46
Poco 2294 .08 3.T4 1,79 3,37
Selim, for
!mmt 9313 NeSe NeSe NQS"‘
LaSolle
et § 4 for
tr’ﬁmnt 0139 N.$| N.S. N.SQ
CuVe & 1Ce 5 17,8 26,5 18.8
Iable 13, TPooled analysis for total nitrogen uptake of

guuar plants from a patch of 0,8 me X 0,6 m,

(average af & replications).

Source tdefe ! 848, ! WeBe8, 3 Obse Fo ¢ Table F,

s : : : t 5% 1%
Years 3 1345,86 448,82 *® 2,76 4,13
Treatments 3 0,70 023 (1 He S .86 6,99
a.Cultum i 0,01 0,01 Ll NeBa BDel2 10,86
b."m‘pbﬂtﬁ- ; | 0.06 006 < 1 N.58, 5.!2 10,56
ce.intereotion 1 Q.0 0.0 41 NeSe H.12 10,56
Yx*¢ 9 4,34 .48 < 1 NeSe Qe04 2,72
Fooled error GO 33.11 (e85 - - -

Total o0

e

* 8

significant at 1 % level
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After green-moauring, the organic ratter onntent increased
in 211 the years exoept 1985=-84, Un an average, the organio
matter content of soil after green-manuring with gannhemp
rlents upfer P,.C, showed s maxisum inerh‘@i. while sintmum

 incresse was found under Pﬂco’ Thus, thers seemed to be a

slight improvement in the orgenie matter content of soil
which was grevn-mopured every yoar with gsnchemp under nll
the trostments, but tha differemoes were not of high
mognitude,

© Pesults of oypenic mattey content of solls after
 grecommapuring with guwar (table 15) showed thnt on an
- qrverage there was a slight increase under the troatments

”1“1 and Puca’ but no such improvement was observed under

- trectihents ?1ﬂ@ osnd Pocﬁ after four vears of green-manuring.

Nitrosen content of sreco-mamurelecil .

The tutai gitrogen content 6f the soll wes of the
~ordor of 0,032 por oent before sowing. Eventhough grecn
sanuring vag done for four yeers, there ua§ no aubcténttal
irprovement in the nitrogen content of soil (tables 16
~and 17), |
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Table 14, Por cent soil orgonie metter before and
after decomposition of buried plants of

sanphemp.

Eiaad

i o
Year 3 OuMe % & 0,M, per cent after decomposition
t$ before ¢ ’tct : P!co s Pbci [} Pbco

1 sowing 3 H : H
1964=65 0.60 0.80 0,65 0.70 0,60
196506 0,82 0,61 0,83 0.58 0,62
1066=87 0,58 0.87 0.060 0.64 0.64
1067=68 0,61 0.73 0.76 0.76 0.72

e

Average 0,85 0,68 0.64 0.80 0.62

Table 15. Per cent soil organic matter before and
ofter decomposition of buried plants of

guvar.

Yooy 3 Ol % 1 0.}, por cent after decomposition
$ before ¢ PC, s PC,. 3 PC, 3 P

: sowing $ 171 10 , 01 070
1064-65 0,70 0490 0,70 1.0 0,70
19656=60 .52 0.57 0,56 0.558 0,52
196667 0,61 0.67 0,68 0,61 0.61
1967-68 0465 0,58 0eb1 0.82 050

Average D62 0.68 0.59 0.67 0.58
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m. The offect of seed infestation with rhisobium
oulture with and without Paoa on nitrogen
content of soil (%) after decomposition of '

spnnhemp plants (sverage of 6 replioationa),

AT

-
TreatmentiNefore! Y E A | 8
toowingd 1964-68: 1963661 1066=6T7 1§ 1967-08

F‘OI 0,032 0,032 0,031 0,029 0,039
Pico 0,032 0.020 0,030 0,029 0,038
roc* 0,032 0.031 0,031 0.029 0,034
Poﬁo 0.032 0.030 ¢, 030 0.029 0,033

Teble i'f. The cffoct of seed infestation with rhizobium
~ oulture with and without Fy0, on nitrogen
content of eoll (%) efter decomposition of
gwer planss(average of 6 replications),

" Om————

Treataont t Before! Y E A R 8
teoving! 1064.00: 1068002 106G=67T : 106708
'1°1 0,082 0,043 0,031 0,034 0.032
cho 0,082 0,038 04,030 0.032 0,032
’oct . 0482 0,038 0,030 0,032 0,034

' P°¢0 0,032 0,034 0,030 0,030 0,031
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- The improvement in ayubtofte nitrogen fixation
’ brought cbout by inoculation may not be reflected im the
nitrogen contont of soil as the smount of nitrogen is
small ond fs not likely to be olearly indicsted by the
Kjeldahl wethod, llowever, this additional nitrogen is
likely to bencfit the succeeding oereal crop. Therefore,
wheat was grovn on the same green-manured plots by
apriying the recommended dose of nitrogen viz. 100 kge/ha,
in the form of urea in the first year. The totbiiarﬁ«umtter
produced is reported in table 18,

- In csse of whoat following gannhenp green-manuring in
-_ the year 196567, the lessat yleld wses recorded under P.C..

It was highost umler Ptco' Treatmants P001 and P,C; slso
yielded more than PoCo but all these differences wore not

signifionnt,

Xt was thought the differences due to inoculation

~ treatment may mot be reflccted at the high level(100 kg.N/ha.)
of applied fertilizer which is the optimum dose.Therefore,
mext year, & smeller dose of nitrogen vis. 45 kg. N/ha. was
applied to whept orop and the effeots of treatments studiede
It was obaerved thet F,C, trestment yielded highest, while

lowent yivld'wna recorded under Pacg but the reaulialworu
not siznificant,
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On an average, P‘c1 gave the highest yield,while
lovwest yield vas recorded under Poco. cho and ?ocl also
yielded slightly higher than P Co. The combined annlysis

(tedble 19) ot‘thﬁ yield data for tia yearl'did not:ahow

any significant treatment differences.

%hen guvar was used as 8 grecn-manuring ocrop, the
dry-matter yield (table 20) of wheat in both the years
was highest under P,C., while 1t wes lovast under Poco.

F,C, ylelded slightly higher than that observed under PoCor

but the results were statisticslly significant only for the
yesr 1967-68, Amongst P,C, and Puco treatments, no material

dittferenses were obtained in the dry-matter yield of wheat
during beth the years, Fooled amalysis (table 31) for the
two yeurs yleld data did not dring out any significant

- diftferences due to any of the treatments,
1d whe a0

' Yleld data of wheat seed fyom the fleld grecan-manured
with sapnhemp are given in toble 22, The results revealed
that lowest production of grain vwas recorded in the treatment
’ roco. and Poﬁ‘ was highest in the first yecar and cht ian

the seoond vear.but all these differences were not
signifiennt either for tndividual years or for the cowmbined

results of two yeers (table 23),
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Isble 18, Dry-matter yhldLot wheat plants grown on
plots green-manured with sannhemp from a patoch

of 0,6 me X 046 m, (sverage of 6 replications).

¢

iy By =
Treatment ¢ Y E A R 8 ! Average

! 106667 ¢ 1067-68
.
vici 411.,0 387,86 384,2
Plco 434,0 RN7.6 380,8
Pbcg 423,0 310,58 371.8
l’oco 386,0 337.6 361.8
Sefmg for
treatment NeSe NeSe
R G e ey
LeBells
at & % for
treatment NeBe No Se
CeVe % 8,8 10,2

Table 19, Pooled enslysis of wheat yield precefded by
gennhenp green-manuring.

Spurce tdefe § Bess ! myses, 30bs, Fo 1 Table F.
$ : 3 : s 8% 1 44

Yonrs 1 80031,33 80031,31 26,5%* 4,17 17,66
Treatments O 3561.7T1 1187,34 /3 NeSe D.38 20.46
a,Culture 1 400400 450,00 (3 NeSe 10413 34,12
b.Phosphate 1 2002,34 2092,34 T.0 N,Se10,13 34,12
c.interaction 1 110,37 110,37 (1 N,Se 10,13 34,12

IixT 3 i273.486 424,49 (1 NeSe 2.?8 4,61
Fooled error 30 00278.83 3000.29 - - -
Total 47

#* cfgmificont at 1 4 level
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Iable 20, Dry-matter yleld Lor wheat plants grown on

plots green-manured with guvar fiom a pateh of
06 me X 0u6 me (average of 6 replications).

Treatmont ¢ Y T A R S ! Average
3 100607 ¢ 106768 H
9104 448,0 449,0 447,85
Plc. 431,0 368,0 300,85
Poci 425,0 360, 6 387.8
?oco 428,0 3490,0 387,0
Sefme for
treatmnent NeSe 20,8
LeSalle
at 5 % for
treatnent NeSe 61,6
CoVe % 14,8 13,8
e -
table 21, Pnoled anslysis of wheat ylield pmcpdod
by guwar green-manuring.
Souree 1d.10e ¢ SeSe ! MeBeSe ! Obses Fo! Table F.
$ 8 : H 1 6% 1 1%
Yaars 1 336814,08 33814,08 10,32 ** 4,17 17,56
Treatuents 3 281606,50 0384 ,83 (3 NeSe .28 20.46
a.,Culture ) | 68574.,08 G6T74,08 L2 N,Se 10,13 34,12
bePhosphote 1 15051,08 15081,08 (4 N,Se 10,13 34,12
c.Interaction 3 6441 .34 6441 ,34 L2 NeSe 10,13 34,12
Yx17T -3 11587,.62 3862,084 (2 NeSe 298 4,51
Pooled error 30 99070.,13 3308 .34 - - .
Total 47

*% afenifieant at £ 4 level



Table 32,

wiw

‘Thestegrain yleld (g)taken from ganphemp
green-mamired plots of C.8 me x 0,6 1,
(evereze of 6 replications),

Troateend 3 Y B A R 8 1 Averags
8 108687 ! 1067=-68
Picl 106,0 180,0 144.58
Piﬂo 116,0 1768,0 147,0
Poc: 121,0 175,0 146,88
rdco 106,0 166,0 182.8
SeFmefor
trontmant Nels Ny e
LsBalle
at 5 < for
treatasnt NeSe N.Se
c.v. % i(}.ﬂ 31.8
Table 23, FPooled mnslysis of wicategrain yield taken
from scnohemp green-manuxed plots.
50309 gd.fq $ BeBo I MaBeBe $oba, F. § Tahle Fe
] 3 H H 1 BT 11%
Years ] €2188,02 421686,02 ®e 4,17 1,56
Treataonts 3 1887,23 560,74 (3 NeSe 0,38 20,40
a.,Culturs 1 379,69 379 .69 (3 NeSBa 1013 34,12
bePhosphnte 1 462,680 462,60 (2 N.S, 10,13 34,12
e.intersetion i 824,94 B24 .04 <4 NeSe 10,13 34,12
Yx7° ] 132,73 244 .24 41 NeSe 202 4,81
Pooles erroy 30 23882 .29 796,08 - - -

Toata)

47

*% signiticant at 1 % level
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Table 24, T“heategrsin yield (gJ) teken from guwar
groen-nanured plots of 0,6 me X 0s6 me
{average of 6 replications).
Trostment ¥ BE A R 8 $ Average
t 1906667 I 106T7-68 :
Plci 166,0 223,90 174,5
Plcc 109,0 195,.0 182,0
Poc‘ 126,0 187.,0 156,85
“aco 128,0 168,0 148,0
Seime for
treatmont FeSe NeBa
L.eSally
&t 5 % tor
trestmont Nele N, He
CoVe % 10,9 18,9
Iable 25, VFooled analysis of vheiiegrain yleld taken
from guwar greco-mapured plota.
-

Souree 3dafe § BeBa ! MeGeB, tohss Fe 1§ Table F.
o [} 3 H $ i B% 1%
Yeurs 4 G0208,33 80208,33 bl 417 7,56
Trectments b 4784,83 1584.94 (1 Ne Se D28 29,46
asCulture 1 2881.33 2821.33 (2 NoSe 10,18 34,12
bePhosphate 1 1386,78 1386,78 (1 NeSe 10,13 34,12
e.interaction 12 546,75 BAB,TH QI NeSe 1013 34,123
Yx9 3 8057 .84 20190,.,28 2:4 NoSe 2,92 4,51
Yooled errory 30 28228 ,23 840,79 P .
Total a7

#* significant at 1 < level
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| ¥hen the greco-manuring wvas done with guway, the
grain yield of wheat {table 24) in the year 198667 showed
very little differences amongst thc treatments ?ac;, PoCy

and ¥ 00. Loneat ylield wvas obtained under P‘Co but tht

results wvere nonesignificent. In the ugﬁgﬁlan the highest
grein yield wvas recorded under P‘c1 and lovest under Poco'

C, amd P.C, alse ylelded higher than that under the eontrol

but all these differences were non-significant., Conmbined
analysis of yleld data of two years (table 23) elso did mot
indichte any significent treatment differences. '

Tota ent of whep

Niirogen content of wheat fodder from plots green=
maaured with gsannhemp,presented in table 26, showed that
it was highest under treatment P C, in the year 1968-07,

while it varied narrovly asmongst rest of the treatments.
In the subsegquent year, practically the sane trend was
meintained,.In the case of whoat grein, the nitrogen content
wae highest under Pici and practically equal under rest of

the treatments,

In the came of wheat following guvar green-manuring,
the nityogen contont (table 27) wss found to be higheat both
in grain snd fodder under the treatment P;C, and praotically
lowest in P,C, and FoCye



«Toe
Tasble 26, Total nitrogen per cent of wheat fodder and
grain from sannhemp green-manured plots
{aversge of 6 replications),

e i NETOY TN o SR I

TrectmentsN % of wheat 1§ Avernges N 4 of wehat iAversge

] foddey : H grains 3
1108667 11967683 $119066-6T7:1067T-68 @
chs 0.63 0.42 0.48 2,60 2,561 2,06
Pico 0,88 0,38 0.48 2,62 2,27 2,39
Poi 1 0,48 0,39 Q.44 2,04 2,26 2440
Pace .68 0.47 0,86 2.08 2,19 2,39
Iable 27, Total mnitrogen per cent of wheat fodder and

groines from guvar green-manured plots

{avercge of 6 replications),

TreatmentiN ¢ of wheat H Anrag;; N % of wheat Mnmo

¢ fodder L] ] grains
$1066-8751967-686: ﬂ&ﬁﬁ-ﬁ"ﬂ&ﬂ?-ﬂa t
Pici 14 9941 00‘1 °Q48 3.‘8 3018 3.31
Plco 0,89 0,43 0,56 2.08 2032 2.44
Poci 0,867 0.38 0,48 239 2.84 2.32

FoCo 0,60 0,44 0,82 2,48 2.28 2437




The nitrogén porcentage of the plant does not uoo‘unarlly
indicate the availsble nitrogen in the soil because of
veriations in the yleld. A better meagure of tho availability
would be the total nttrogon uptske which is determined by
multipiving the nityegen percentege _hy the total dry-matter
pmdu«ésm\h‘i i\gi\'\;s;u::“ cago, the fodder wos separated from
grain and the nitrogen percontages of both were determined.
They were multiplied by the respective dry weightes and
. sdded together, In 1066~67, the total nitrogen uptskes dy

wheat under treatwouts P,C, snd P,C, following ganphemp

greem=menuring crop {table 28) were practically equsl and i

wna Jowest wnder Pt“x' but these differences were non-

significant,s In tho following ycar, highest upteke wag
observed under P!Gt’ while lowest was recorded umder F.C..

Here ealso the differences were non-significant. On an average,

highest uptake of nitrogen was found under P,C, followed by

Px“o' ?bei and ?bcc in thet oxder. Thus, treating legume

seeds vwith culture in presence of phosphate seemsd teo

fnorecse nitrogen uptake, dut the combined nualyalu‘(taﬁle 29
aia got ashow any significant effect on nitrogen upteke due

to any of the treatments,



Iebla 28,

wTde

Total uptake of nitrogen (g.) by wheat from

sanphemp green-manured plots of 0,6 me X 0,8 m,
(average of 6 replications).

Treatment Y E

e

A R 8 3 Average
— 3 106687 3 1967=68 H
P’lci 4,43 5.26 4,.88
Pkco 4,79 4,08 4,69
Poci 4,74 4.41 4,08
Poco 4,06 4,32 4.44
SeEm, for
treatuent NeSe NeSe
L.S.n.
et § % for
treatment Ne Se NeSe
CeVe & 35,0 21,3
Table 29, Pooled analysis for total uptoeke of nitrogen
by wheat from sannhemp green-manured plots.
5éurcn t defe 8 SeS. IMg8.8. 30b8e Fo & Taoble F,
' $ : : § B 3 1%
Yaars : 1 0.05 0‘05 (‘ N.SQ ‘.1? ?.56
Treatments 3 1.38 0445 {1 NeSe 0,28 20,46
a.Culture i 0,09 0,09 ( 1 NeSe 10,13 34,12
b.i}ho‘mte 1 1019 1.’9 (2 N.S. 1Q‘13 34.12
ceinteragetion i 0,07 007 (1 NeSe 10,13 34,12
Yx7 3 2.3‘ 0.13 (1 NeSe 3.92 4.5‘
Pooled ewrer 30 53,41 1.78 s - -
47

Total
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Iable 30, Total uptake of nitrogen/by wheat from gunar

groon-manured plots of 0,6 me x 0,0 n,
{(average of 6 replications).

e s pa—
Treatment ¢ Y E A R 8 § Average

$ 106687 $ 186T~08 ]
Piﬁl 4.81 545 5.13
pico 4,92 5,24 5.08
?Gci 4,71 4,78 4,76
Pﬁco 4,92 4,59 4.76
felime for
treatmeont NeSBe NeSoe
JiaBeDe
et 5 € for
treatment NeBo NeSBe

s

CoVe & 12,6 13.6

Teble 3.  Pooled snalysis for total uptake of nitrogen
by wheat from gunay grécn-matured plots.

Souree § efe ! SeBe IM8e8. 0bse Fo ! Table ¥,
) g g : 3 : 5% 3 1%
Years 1 0638 0,35 (1 NeSe 4417 17,56
Treatments 3 1,50 0,82 { 2 NeSe 9,28 29,46
a.Culture 1 0,01 0,01 < 1 NeSe 10,13 54,12
bo.Fhosphate 1 1.83 1,83 3,06 NeB10,13 34,12
c.Intercetion 1 0,01 0,01 L1 NeSe 10,13 34,12
Y=T 3 1,80 0,50 1e1 NySe 2,92 4,51
Pooled error 30 12,83 0,42 - - -

Total 47
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In the year 1966-67, total uptoke of nitrogenm by
wheat following guvar green-manuring vas highest under
treatments P,C, and P,C, (table 30), while it was least

under Poci and intermediate in case of chl‘ jiowevar,these

diffcrences were non-signiticant. In the subsequent year
also, treatment differences were non-significant, dut the

uptake was highest under F,C, and lovest under PoCo The

uptake of nitrogen unday diffsrent trentmonts oan bte srranged
i the decreasing order as P,C, 7 %0, ? 9061'7 PoCo ¢

On an overage, almost similar order vas maintained
with very little differenve between the laat two treatments
ris, f’o": and Fﬁco. Coubined analysis of the data for two

years (tnble 81) did not bring out any significant difference
due to any of the ireatments,



- i, Ghapter V

ﬂ m fnvestigation wvas gtarted im order to
test the offectiveuess of seleoted cultures of w
and SERSR W m nitrogen and Amproving growth of these
lm mn eveps, Various tm‘ntunwu have
reperted that Wnﬂn with legume culture lupm
ni tregeh sm sad slso the yleld of the orop. Thus
Whiting (tm), Wilsen and Leland (1989), Wotfer (1043),
Greaves and Jones (1980), Hjyoks (1962), Obaton snd Macher
(1963), Giddens (1964), Abel and Lrdmen (1064), NoweR end
Netzsch - Lehner (1068), Hungen (1068), Nomnier snd lebrun
(1068), Kick (1906) and Sen (1968), to mention only some
of thex, have shown that inoculation with legume culture is
beneficiol, The sslected strains put under the uéi in the
present inwstigetion were 8, of assnbani snd 0'"/1 of

SERAEs These m'mlum on the basis of nodule count,
wolght of m“, looation of nodules, colour of the
nodules and m satter produced ia pet mﬂuutn
(ratel, 1’“)&

When Wuaro tested on the field, it wes found that
PsCy tmt. inwlving the inoculation with the sel ested

m and appuoatton of phosphate, geve “' hishest ylield
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in the first year and the results were significant. The
trinls were earried out for three years more but it was
found that in none of these three years the results were
significant. Also the results were not asignificont in
pooled analysis of the <ata of all the four years both in
iho cese of gapphemp and guwar, Total nitrogen uptake by
the plants was eignificant only for the firet year, but thgy
were not significasnt for the next three yoars. Also they
wore not sigunificent when the pooled anslysis of the data
of all thoe four vears was oarried ocut. The plants were
bturted in the soil at flowering time end, after thorough
decomposition had taken place, the nitrogen content of the
wellenixed soil vas determined. There were no substantial
differences between the various treatments. Thinking that
the small improvement in nitrogen fixation, which inooculation
may bring sbout, may mot be reflected in the total nitrogen
content of the soil determined by the chemical method, it
was decided to study the effeot on the subsequent erop of
wheat, In the first year, wheat was grown on the green=-
manured field Ly applying the recomsended dose of 100 kg.
N/ha. in the form of urea. It wes found that there was
practically no benefit due to inoculation. The nitrogen
upteke was not higher in the Plc‘ treatment and the results

woere not statisticanlly signitioant,

. The echief tretors which infl uence nitrogon fixation

by legumos tre scil fertility, soil moisture, soil aeration,
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“temperatuye, soil pH, cultural factors, presence or absence
in tho soil of symbiotic nitrogen fixers of the specific
group &nd inooulation with efficient strains of the specific
legume culture,50 far ass fertility lovel is concerned, Lt is
reported that if the nitrogen status of the soil ia high,
there will not be material symbiotic nitrogen fixation.

Fut the gorady »nil, on which the present investigation vwas
carried out, hns poor nitrogen status and thersfore, 1f the
 selected oulture 1s efficient, & bemeficial effect should
te reflected {n the total nitrogen uptake by the erxop or
total nitrogem contsnt of the soil sfter decomposition of
the buried grecn-mopure orop, Even if it is not reflected
in the total nitrogen content of the s0il determined by

the Kjeldshl method, the subscquent cerenl crop must be
benefited, In the first yenr, the whest orop was nét
benefited presumably on account of the high doso '

(190 kg, N/hea,) of fertiliger nitrogen added. In the
subsequant year, when a smaller dose of nitrogen (45 kg,
N/he.) was applied, P,C, was highest so far as the yleld

and alitrogen uptake are cannqrned. but the resunltas were
- stotistienlly niznifiocant only in the cose of yleld., It
apprers that a further irial using a lower dose

(48 kz. N/ha.) of nitrogen mny drimg out olear trend.
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| A legume culture requires literal quantities of
phosphate for cdequete nitrogen fixation. Therefore, |
phosphate was included in the treatwmenta, lowever, lnv
none of the yoors, a signifioasntly superior etffect of
fertilizer phosphorus wus observed, This may bo due to the
feet thet original aveilable phosphate status of the soll
was high, This faet bocomes clear from the amalytical
figures given in tnble 1,

.o Volybdemmm bencfits nityogen }iiétiou by logmt;

Pt in the progent cace ft was not fineluded in the
trestments as molybdonum status of goradu soil is feirly high
(Reddy,1058). Further ficld experiments c¢srried out by

Patel (1062) by applying molybdenum =alt in & soil growing

2 legume orop hove fndicoted no benefiolal effect of
molybdenum application,

miatnw éontem of the s0i) vwis ept optimum
throughout, Goradu moil is well-carated, The pll of the soil
is near neutrality and improved recomsended oultural '
prootices were adopted. Hemoe these factors are mot likely
to affeol adversely the nitrogen fixetion in the resent
cese. Sen (1960) stated that an effective rhizobium straim
should only be used at places that have soil and climatie
- gonditioms similar to those of the original habitat. The
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selected rhizodbium strains '9! W and guway used in
the preseont investigation were 1golated fyom plants
gowing in soil and climatic conditions similax to those
prevailiag at Anand, |

The doubtful performance of the selected cul tures

in the field moy be duc to the fact that there are already
llmnt equally ef ‘ective niirosen-fixing baoteria present
ta goyadu 3oll or there are some other dominant antagonistic
organisms which do not allow the selected cultures to
manifost their optimum performanve, It before such a

- generalisation is made, it would be masmy to toke
further trial with wheat orop using a smsller dosoe of

- fertilizer nitrogen,



Chapter VI

Summary.

To test the efficlency of two seleocted cultures of
gennhemp and guuar, visz. 5, amd 6279/1 reapecotively, the

seads of these legumes were inoculated and sown in gorsdy
soil with amd without phosphate for four seasons under fleld
condi tions, “hen plants reached the flowering stage, they
sere ploughed in and vwere ullowed to dcoompose for efight
neekes Thoat erep wes teken tr the same plots for two years.

The Yesults sohifeved - ° . are susmarized below i

i. Green-mattor yield of sacphemp cnd that of guwap wase
moximun in the phoapante~culture (?ici) treatment and
sinisum under the control (PGCO) without either oulture
or phosphate, The culture without phosphate (Poca)“'°
phosphate without oulture (Pico) were aleo better
than Pﬂco'

2. The dry-mutter vields of these orops vwere not

sipnificant except gsammliemp grown in the first year
in whioh P,‘c1 was superior. Pooled analyzfis of the

dots for four years 4id not show a significent trend,

3. There was no elear trend in the case of nitrogen

onntents of the two orops or soil aiirogen ocontants
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efter thoy were ploughed fnto the soll and nllowed

to deconpose well in the soil,

The nityogen uptake by the gannhemp crop under the
diffEvent treatments shoved a different trend in
different years. Fooled analysis did not show
significant results. The nitrogen uptake by the guwsy

erop underx the pict treatzent was higheat, Neither

for individual years exvcept the firat nor for the
pooled data of all the four years the result: of
both the orops were statistiocelly significant,

The total dry matter of wheat plants grown in

gepnhemp green-menured plots to whieh 100 kg. N/ha,
in PiCo-

was applicd as & fertiliser, = vas M.lhutz in

the next yoar, in which a smoller dose of fertiliser
n

wwhogen
'L(&g ia. N/hu.) was applied to wheat orop, P101 was

highest, Put in both the vesrs the results wore not

signifioant. In the osse of guwar, it was highest

in Picz and lovest in PGCO in both the years, but

, significant
the resulis vwere/only for the second yeer, The

results for wheat grain yleld showed that P.C,,
in the first yonr, and P,C,, in the second yeer,

were higheat, tut thore were no significant
differences. |
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renulu were also not stauutteauy significant.

wfi-

Ia the first year the upteke of nitrogen by wheat -
Uldor r‘c‘ in ggnnhemp was lowest and in the second

k

yur it wes highest, On an average, it was highest

!mr ?101 folloved by P,Co, P C, and Poco in tha’t

order. In the case of guwar, the trends fbr the two
yoars were not similar dut, the averasge of two years®

data showed Ptct to e highest ond Poco Jowent, Those

3

. in Which '
In the sovond year,Lﬂ:e eprlied fertiliger dose was

low, the nitrogen uptake for Picl was higheat and l'oco

Joweat A both the green-menure crops tut the results

m.mﬁtuntﬂoam. A further trial with a lover
dose of nitrogen is indionted to bring out the trends

¢learly.
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