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CHAPTER I
'INTRODUCTION

The process of symbiotic nitrogen fixation by legumes
is of considerable importance in improving soils and their

fertility.

Nitrogen fixation varies from legume to legume and
can normally take place oniy‘ii the crop is healthy and the
nutrient supply adequate..lThé?factors of particular impor-
tance to legumes are the presence of the'proper strain of
rhizobium, adequate‘qnantitieé'pf nutrients, noEFbly cal-
cium, phosphorus, molybdenum and boron, an opt;ﬁum pH and
the'physical capécity of the ébil to hold and release water

“and oxygen to the plant.

4

Investigations reported reveal that the quantity of
nitrogen fixed by different legumes varies not only among
kthemselves but aiso from placé‘to place. Hartwell and Pember
(1911), Lohnis (1925), Sen and Rao (1953) ana Mirchandani and

Khan (1953) -have studied several legumes and found varying
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quantities of nitrogen fixed by each. Mirchandani and Khan
(1953) working in India reported that generally the quantity
of nitrogen fixed by a legume féried between 20 to 120 pounds
bPer acre. Russell (1961) holds the view that there is wide
disparity in the nitpogen fixed by various legumes;

Hellreigal and Wilfarth (1886) and Beijerinck (1888)
clearly demonstrated that nitrogen fixation occurred only in
the presence of certain micro~-orgenisms. Since. then it has
been shown that only particular strains of bacteria are asso~
ciated with specific legumes in the process of nitrogen fix-

ation.

- Calcium is very important both for the nutrition of
the legume as well as the rhizobia. Whyte et al. (1953)
reported that under a low calcium regime the baeteria revert
into a chromogenie form and fail to invade the plant. The
calcium content of le gmes as reported by McCalla (1937) is
three to four times that of non-legume grasses on dry weiéht
basis. Albrecht (1937) suggested that this perhaps may be
the reason why rhizobia fail to invade non-legumes. Numerous
workers like Mooers (1912), Lipman and Blair (1917), Fred and
Graul (1918), Wilson (1917), Albrecht and Davies (1929) and
Fred et al. (1932) have reported that the application of cal-
cium to. a legume enhanced its nitrogen fixation capacity as a

result of promoting nodulation. Striking inecreeses in the

“ ’
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yield and dry matter content of legumes have glso been recorded.
The importance of calcium is recognised as a nutrient and.also
as instrumental in reising the pH of the soil to bring it to

a condition optimum for the development of the soil microflors.

The effect of pH on gymbiotie ritrogen fixation by
legumes 1s governed by the availability of calcium in the soil.
Work done by Albrecht and Smith (1952), Whyte et al. (1953)
and Stout and Johnson (1957) indicate that irrespective of pH,
if tﬁe-calcium content of the soil was optimum, mitrogen fix-
ation would continue normally. Certsain investigators'feel
that a pH of between 55 and 6.5 i necessary for proper growth
‘end functioning of the root nodule bacteria as evidenced by
the work of Samuel and Landrau (1953) and McEee (1961).

Phosphorus plays a very important role in sustaining the
soil microbial population at a high le&el. For rhizobia to
migrate in the soil towérds the root system of the plents, the
cells must be in a flagellate state. Phogphorus has a stimu-
latory effect on the retention of this flagellate state by’
801l microflora. The rate of 'protein synthesis is found to be
slow in plants grown in soils low'in phosphorus. The clasgsical
experiments d&ne by numerous workers like Trusdell (1917),
Wilson (1917), Pellers (1918), McTaggart t1921) end Fred et al.
(1932) have provéd beyond doubt the dynamic role played by
phosphorus in symbiotic nitrogen fixation by legumes.
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Aeretion and moi sture heye been shown to be very im-
portent in the formation of nodules and nitrogen fixation by
legumes. Kellerman and Robinson (1906), Reynolds (1907),
Prucha (1915) and Gangulee (1929) have substantiated this fact.

‘ Thus it appears that the Process of nitrogen fixation.
is influenced not only by the specifieity of a legume, but
ealso by the biologieel, chemical and physical condition of thei
s8cil. Consequently, comparative studies are imperative for
selecting the right type of 1eéume in a‘locality under a given

gset of conditions. .

With reference to Kerala, loss of nitrogen in cultivated'
fields is very high due to high temperature and excelsive rain-
fall prevalent in the State. Tapioca which is a popular c;op
of the Sfaxe is grown continuously year after year without any
rotation and often without proper manuring. Thus the exhaus-
ting tapioca crop leaves the soil depleted of its fertllity.
Further, vast stretches of land are available in coconut gar-
dens which are generally-intercropped to exhaustive crops like
yems, bananas and tapioca. Growing legumes gs a cheap source
of maintaining the fertility. status of soils is.an;esteblished
fact.

In Kerala‘no work appears.to have been done comparing
the efficiency of symbiotic nitrogen fixation through legumes.
Hence it was felt that investigations which will leed to the
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determination of the rate of fixation of nitrogen by certain

common legumes alone or in the presence of optimum doses of

caleium and phosphorus were necesgsary.

|



CHAPTER II

REVIEW OF LITERATURE

-

Numerous aspects of the Phenomenon of symbiotic nitro-
gen fixation through the agency of legumes and root nodule
bacteria have been subjected to intensive étudy for many de-
cades by several workers. The factors involved in this process
are the specificity of the legumes themselves, their associsted
nodule organisms, s0il and envirormental conditions. The pre-
sent investigation is primarily an attempt for ascertaining
the relative rates ét which free nitrogen could be fixed bj

-certain common legumes, in g given soil.

Incidentally, the low calcium and phosphorus levels
observed in the soil where this investigation was conducted
led to the study of their influencé on the legume also. The
literature reviewed below is confined to the specific as-~

pects studied.

- I. Legumes and nitrogen fixation:

Though cultivation of legumes for improving and sus-
taining soil fertility was practised by Roman and Chinese
agriculturisfs several thousands of years ago, it was not un-

til 1813 that a suggestion was made by Sir Humphry Davy that
. + : ;
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légumes could obtain food directly from the atmosphere.
‘Following this, Boussingault, 11837-'38) had demonstrated‘that
when peas and bgans weére grown in pots, they acquired more
nitrogen in their tissues than what was lost from the goil in
the pot. He explained that those plants could assimilate ‘ni-
trogén‘from the atmosphere whereas ceresls like wheat and ocats

could not do so.

Hellreigal and Wilfarth (1886) showed that gains of
nitrogen in péas took place &nly in the presence of certain
specific soll miero-organisms. Ward (1887) also, from his
investigations concluded that root nodules could be formed

only in the presence of certain becteria.

The chain of evidence was completed by Beijerinck
(1888), who was able to isolate the bacterium concerned in

symbiotic nitrogen fixation.

Hartwell and Pember (1911), studying the nitrogen fix-
ing phenomenon by legumes for g period of five years in soy-
beans, cowpeas and hairy vetch, found gains of nearly one.ton
of soil nitrogen per acre in pots where cowpea and soybeansf
were grown. They reported that seven-tenthsg of the nitrogen
was from the atmbsphere ang onij three-~tenths from the soil.
An annual average gain of 120 pounds of nitrogen per acre was

credited to hairy vetch.



-8 =

Lohnisv(1925) reported, that at least 80 to 120 pounds

of nitrogen per acre were added to the 80il by growing legumes.

Thornber (1920) found that c;ovef grown in a Montana
apple orchard'continuously fof eight years added 1,514 pounds
of nitrogen per acre. He further reported‘thé$, when the hay
was incorporated, - the correspénding_quantity of nitrogen added

to the soil was of the order of 3,019 pounds.

Buckman end Brady (1960), estimating the quantity of
nitrogen flxed in soil by a crop 0f red clover, reported the

figure as 100 to 150 pounds per acre.

1

Hopkins, as quoted by Waksman (1952}, stated that a
thrée ton crop of cowpea hay édded 86 pounds of nitrogen pér
acre; a fpur fon clover crop ‘added 106 pounds of nitrogen
per acre; and a four ton alfélfa crop added 132 pounds per

acre,

Sen and Rao (1953), investigating the fixation of ni-
trogen under favourable condltlons, reported the quantity fixed

symbiotlcally was 251 pounds annually per acre.

Hayden et al. (1957) observed that four years of grow-
ing kudzu vine in Missisiﬁpi gave an average-increase of 43%_\
more of s0il nitrogen compared to the fields where corn was
cropped continuously for four years. They further held the.

view that cultivation of a legume preceding a cotton‘crop was
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tantamount to applying 24 pounds of commercisl nitrogen to .

the cotton_cfop.

Virtanen et 2. (1958), working on the relative quan-
tities of f;xation of nitrogen by‘pea, reported that 10 per
'cent of the nitrogen in the plant was from:the soil ana 90
pér qent wasg accounted as having been assimilated from the at-

mosphere,

Thus, considerable variations are found in the adiess—
ment of the quantity of nitrogen fixed not only between legumes

'

but even within the same species. ’

Russell (1961) holds the view that the actual amount
of nltrogen fixed by 1egum1nous crops in the field is diffi-
cult to estimate because oflthe difficulty of determining
acourately the nitrogen content of.a 801l on the one hand and
the amount of denitrification'taking Place during the growing

f

season. - S

Some typical figures hQVe been given by Lyon and Bizzell
(1934) at Cormell. They found that two courses of a rotation
consistiné of one year clover Eut ha& and four Year grain
crops added 200 to 300 ﬁounds.of nitrogen per acre to the
- 80il and 300 to 400 pounds to the harvested crop, compared
with a similar rotation in whiﬁh timofhy grass replaced the
clovers, indicatiﬁg thét each clover crop had,fixed between

250 and 350 pounds of nitrogen per acre, which is comparable

)
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with the amount of nitrogen other workers have found g good
crop of lucerne can fix in a year. Soybeans, field beans ang
Deas harvested\fqr grain on the other hand, depleted the soil
of nitrogen as much ag ordinar& cereal crops; they fix bet-
ween 100 and200‘pouﬁds of nitrogen, but it g1l eppeared in
the harvested material.

Little is known about the amount of nitrogen, tropical
and sub-tropical crops fix. Russell (1961) expressed the view
that probably all the nitrogen-isltransferred to the tops
and seeds since the legumes increase the nitrogen contents of ..
the 80il no more than non-leguminous crops. The work of Vyas

and Desai (1953) lends evidence to this view.

Thompson (1952) reported.that the amount of nitrogen
fizxed and thus added by a legume to the soil depended upon
its age, photosynthetic rate ang Presence or absencq of com-

bined nitrogen in the soiil.

Mifchandani and Khan (1955) pointed out that the amount
of nitrogen fixed by a legume depended ﬁpon its age and con-
dition of growth, the type of legume and the stage at plough-
iﬁg in. They suggestéd that the amount of nitrogen in g legﬁ-
minous plant is the sum total of the mitrogen it had talken
from the eir and soil. They fixed it as twé-thirds from the

air and one~-third from the soil.,

The quantity of nmitrogen added to the soil by a legume
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depends to a great extent on whether the 1egqme is incor-
porated in the soil or not. Fellers (1918), after intens-
ively studying the effect of growing alfalfa for 20 to 30
years, observed that growing alfalfa continuously for a long

- period depleted the soil nitrogen when compared to a soil

that was left under sod. Greaves and Johnes (1956) corro-
borated the view on the strength of a 16 year study on_alfalfa
by concluding that harvesting and manuring the crop did not
significantly increase the hitrogen status of the soil, where-
as returning the crop to the soil éignificantly increased the

soll nitrogen content.

From a similar investigation conducted by Waksman (1952)
it was reported that if a legume crop was harvested and removed |
from the soil the amount of nitrogen added in the soil through
the legume may be negligible owing to the amount assimilated
from the atmosphere being generally found present in the tops.

Nair et-al. (1957), while investigating the nitrogen
balance in laterite soils of Pattambi by growing Sesbania
speciosa , falled to get any significant increase in soil ni-

trogen.

Russell (1961) reported that legumes may not increase the
soil nitrogen under &ll conditions. In case of legumes like
\ a
peas, beans, soybeans and groundnut, even if their roots are

often well nodulated, a large proportion of the nitrogen fixed
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is removed in .the seed, straw and other harvested portibna of

the crop.

II. (a) Qelcium and nitrogen fixation:

Calcium is important in both the nutrition of the 1egumé
and rhizobia. The calcium content of the legumes is' about
three times that of grasses on the basis of dry weight. Con~
sequently, a leguminous erop'may regpond to liming where a non-

’ legume mey not.

Application of lime to the soil tends to increase the
nitrogen fixed by most legumes in the soil and their foliage.
Mooers (1912), studying the effect of liming in crop pro-
duction, revealed that the yield of cowpea hay was increased
agd its nitrogen content enhanced by application of lime,

Pred and Graul (1916) reported that on limed soils the
nitrogen fixed through the agency of legumes varied; In
three experiments conducted with alfalfa they reporteq that

the ni‘;rogen fixed in the tops of the ¢rop was 51 pound
unds
81 pounds and 269 pounds l 1ve] | ’
per acre, respect'\re
4 F . Thu, each

experiment gave different results, lSimilar invegt
1nveg

igatio
them on red clover indicated that thekunp fixeq g y - hy
2 poundg

of nitrogen in a silt loam and 145 Mundg in 4
» Sandy goi7,

| Bear (1917), in hig report onthe studie
8 Conduecteqg
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an increase in the nitrogen content of both tops as well as
the roots of the plant. He had selected nodulated plants for

his investigation. .

’

The above findings. weie corroborated by Lipman and

Blair (1917). In their attempt for the asseuﬁment of the in-
fluence of lime on nitrogen fixation and yield of aoybean on

8 loamy soil, they found that the nitrogen content in the tops
grown on limed soils was 3,08 per cent as against 2 67 per cent
for plants that did not receive 1ime. The figures for the roots
in the same order of treatment were 1.4, per cent and 1.24 per
cent respectively. On the agbove fin&ings they concluded thaf
liming had a positive influence on the nitrogen content of the

‘plant material,

Klingebiel and Brown (1937) studied the nitrogen con-
tent of alfalfa through different methods of Placement of
lime and concluded that the increase of nitrogen content was
not specifically influenced by any particular method of place-
'ment. However, the Same workers conducting an investigation
on the effect of lime on alfélfa in different types of soils
having different lime regquirements reported that ﬁullj limed
80ils produced highly significant yields as compareé with those

receiving inferior doses of calcium.

Russell (1961) contended that non-availability of cal-

cium in acid soils appesred to restrict nitrogen fixation by

k!
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is removed in the seed, straw and other harvested portions of

the crop.

II. (a) Calecium and nitrogen fixation:

Calcium is important in both the nutrition of the legumé
and rhizobia. The calcium content of the legumes is’aﬁout
three times that of grasses on the basis of dry weight. Con-
sequently; a leguminous crop’may respond to liming where s non-

' legume may not.

Application of lime to the soil tends to increase the
nitrogen fixed by most legumes in the soil and their foliage.
Mooers (1912), étﬁdying the effect of liming in crop pro-
duction, revealed that the yield of cowpea hay was increased
and its nitrogen content enhanced by application of lime.

Fred aﬁd Graul (1916) reported that on liqed s0ils the
nitrogen fixed through the agency of legumes varied; In
three experiments conducted with alfalfa they reported that
the nitrogen fixed in the tops of the crop was 51 pounds,

81 pounds and 269 pounds per acre, respectively. Thus, each
experiment gave different results. 'Similar investigations by
them on red clover indicated thsat the crop fixed 62 pounds

of nitrogen in a silt loam and 145 pounds in a sandy soil.

Bear (1917), in his report on the studies conducted

on the ‘application of calcium carbonate in soybeans, recorded
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an iycrease in the nitrogen content of both tops as well as
the roots of the plant. He had selected nodulated plants for
his investigation. | .

The above findings were corroborated by Lipman and
Blair (1917). In their attempt for the asses;ment of the in-
fluence of lime on nitrogen fixation and yield of -oybean on
a loamy soil, they found that the nitrogen content in the tops
grown on limed soils was 3.08 rer cent as againsgt 2 67 per cent
for plants that did not receive lime. The figures for the roots
in the same order of treatment were 1.4. per cent and 1.24 per
cent respectively. On the above findings they concluded thaf
liming had a positive influence on the nitrogen content of the
plant material.

Klingebiel end Brown (1937) studied the nitrogen con—
tent of alfalfa through different methods of Placement of
lime and concluded that the increage of nitrogen content was
not specifically influenced by any particular method of Placew
ment. However, the Same workers conducting an investigetion
on the effect of lime on alfﬁlfa in different types of soils
having different lime requirements reported that fully limed
soils produced highly significant yields as compared with those

recelving inferior doses of caleium.

Russell (1961) contended that non-availability of cale

cium in acid soils appeared to restrict nitrogen fixation by

y
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manj legumes grown on soeils having a low pE. He added thet,
if the pH was raised to over five or nitrogenous.fértilizers

were added, the nodules readily asgimilated nitrogen.

Waksman (1952) also obtained dats to show that in soils,
low in nitrogen content and rich in-lime, larger quantities

of nitrogen ﬁere generally symbiotically fixed.

In trying to give an explanatioﬁ to the positive ef-
fect of caleium on nitrogen fization, Whyte et al. (1953) was
of the view that, under a low caleium regime, the bacteria con~

cerned failed to invade the root hailrs of the legume.

MeCalla (1937) has shown that the concentration of
available calcium needs to be relatively high to sustain an
active rhizobial population. Under a low celeitm regime the
bacteria change to an abnormal chromogenic form in which they
are unable to invade the plant. Albrecht (1937) has even
suggested fhaﬁ it is the low calqium content of non-legumes

which determines their non-invssion.

.

(b) Effect of ecslcium on nodulations
AL1ecy of caleium on nodulation

The earliest conceptions of the nature and functions
of legume root nodules tended to regard them éither a8 pro-
duets of some Pathological disorder or as’ storage organs.
Follqying Warqls proof in 1887 that nodule formation results
from bacterial infection, came the realisation that the nodule
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is a characteristic feature of some members of the Legu-

minosae and has mutritional signi ficance.

Altogetper, seventy-seven species of legumes, belong-
ing to seventeéﬂ genera, do not form nodﬁles under any known
conditiong; -but, current-records are imperfect. Published
observatidns, according to Allen and Allen (194é), refer to
only about 1,000 of the 10,000 or more species of ieguminosae

a8 & whole for this character of Hodulation.

Several workers have shown that application of calcium
to legumes tend to increase their nodulatlon. Prucha (1915)
stated that small amounts of caleium carbonate favoured nodu-

lation in field began.

Salfield Lingen, according to Wilson (1917) was ore
of the earliest. to iﬁvestigate the effeet of caleium on nodu~
1atiog. He observed that.the additién of calecium in the form
of oxide of celcium greatly influenced nodile formation in
the pea plant.. Gontiﬁuing the study and comparing the ef-
fects of different'forms of calcium, such as calciﬁm oxide,

calcium saccharate, calcium sulphate and calcium nitrate, he

reported that calcium oxide gave the highest number of nodules.

Scanlon (1928) observed %hat, even though the appli-
.cation of calcium acetate to an acid 801l brought about very
little change in the soil acidity, the nodulation observed in

soybeans grbwn in the same field was found to have increased.
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by 1,000 per cent.

Studying the effect of inoculation, fertilizer treat-
ment, certa?n minerals on yield,‘composition and nodule for-
mation of soybeans in acid soils, Fellers (1918) concluded '
that liming. increased nodule formation by 'as much as 1,500

per cent.

Pieters (1927) opined that lime and phbsphorus_éppli—
cation to soils have generally been found to increase the
size.and number of nodules present in the roots of Iégumes.

He also reported the single exceptioﬁ that in seradella appli-
cations of lime was injurious both to the plant and its nodule

formation. -

*  Albrecht and Davies (1929), studying the problem in
adid sdils with pH 5.5, reported in favour of addition of
'limestone, it having ﬁeen observed to have increased the
number of nodules formed in just five weeks after germination

]

by 3%6 per cent over the unlimed soils.

ﬁcKee'(1961), studying the effeqt of liming on seed~
ling growth and noduiation in bir&'sfqot trefoil, reported
that, though nodulation took pléce“befween PH 4.7 and 7.9,
it was only at a pH above 6,2 that survival of seedlings and‘“

nodulation were observed to be satisfactory.

Nodulation in clover was found improved by the addition

1
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of lime in clover pastures as reported by McLachlan (1953);

1)

Nair et al. (1957), in their studies on nodulation of
Sesbania speciose in laterite soils of Pattambi reported that
oxide of calcium at 1,500 pounds per acre greétly increased

the number of nodules formed.,

Norris, as quoted by Russell (1961), has shown that,
on a strongly leached acidic soil in Queensland, tropical
legumes could take up adequate amounts of calecium for growth
and nodulation, whereas temperaﬁe species of trifolium and
medicago failed to grow properly unless they were given a

dressing of ten hundredweights of carbonate of caleium.

(¢) 'Effect of calcium on yield and dry matter content:

“Recorded evidence from several investigations is avail-
able to show that calcium has a positive effect on the yield

and dry matter content when applied to legumes.

Mooers (1912), studying the effect of liming on crop
production, concluded that burnt lime incréased yields of cow-

pea hay.

Lipmen and Blair (1917) reported that application of
ground limestone increased yield and dry matter content of
soybeans. TIn a similar invesfigation in soybeans, Fellers
(1918) observed that ground oyster shells and burnt lime were

important and efficient in increasing.the yield and total dry
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t

matter content of soybeans in acid soils, The increased
yield ranged from 30 to 50 per cent for appllcatlons of 1,000
and 2,000 pounds of oyster shell and burnt lime per acre res-—

pectively.

In the same crop, Fred and Graul (1919) noted that ap-
Plication of lime o neutrallse half the actlve acldlty of

a2 80il increased significantly the growth and yield of soy-

beans,

Klingebiel and Brown (1937), studying the effect of
placement of lime in alfalfa, observed that applications of
limestone 31gnificantly increased its yield and dry matter
content irrespective of the method of placement. In the same
study, they also reported that the soil receiving the entlré
.requlrement of 1ime produced greater ylelds and dry matter

than those s0il whose lime requirement was only partially met.

Jones and Eawards (1954), investigating the effect of
1imiﬁg in clover; concluded that on podzolic soi}s, increag-
,;(ing QOses of liming méterial-progressively increased forage and
seed yields. Lawton and Davies (1956) 1ndleated that the yield
of beans was found inereased subsequent to lime appllcation

on strongly acid peat 50115.‘

Nair et al. (1957), investigating the effect of calcium
oxide on the yield and growth rate of Sesbania speciosa in
the laterité soils of Pattambi, reported increased yield of
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both green and dry matter.

Studying the effect of calcium on groundnut, Piggot
(1960 ) reported the beneficial effects of caleium in ine-
reasing the yield.

\

Investigations by many workers have shown that‘éppii—

cation of calcium to the soil tends to increase the height of

many legumes.

Xlingebiel and Brown (1937); studying the effect of
lime at varying levels aﬁd stages of growth in alfalfa, ob-
served gnsitive response to lime. In their investigation,
observations of growth at the 30th\aay‘of the crop did not
show any significant dlfference in height between,the treat-
ments. However, the plants grown in treatments with lime
requirement between 3.4 and 4.7 tons per acre, were taller
at the flfty day stage and their heights were found 51gn1—
fiecantly increased. The controls w1th”no lime put forth the
shortest plants. Neir et gl. (1957), investigating on simi-
lar lines on sesbanla crop, obtained corroboratlve results

with regard to application of lime and height of the crope.
\ -

f

Birch (1960), studying the effect of calcium in combi-
nation with fertilizers, reported positive response for lime

on the lucerne crop in increasing the height of plants.
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IIT. (a) Phosphates and Nitrogen Fixations

From the results of numerous scientific invéstigations
conducted in various parfs of the world, ample evidence has
accumulated to show that phosphétés stimulate nitrogen fix-
ation in most of the legumes. Several workers have shown
that not .only increase in totél nitrogen of the erop due to
increased growth is obtained, but also the nitrogen percéntage‘

of ‘the plant material is increased.

Truesdell (1917), working on alfalfa, concluded that
fertilising the croﬁ witﬁ phosphate brought about an increase
‘ih %otal nitrogen through increased yields. He also reported
there was an increase in the nitrogen content of the plant

aésoeiated with the addition of phosphate fertiliser.

‘Pellers (1918) studied the effect of inoculation, fer-
tiliser treatment and certain minerals on the yield, compo-
sition and nodule formation of éoybeana. Based on these investi-
gations, he reported increaséd protein content in the seeds
1-opr1ants receiving superphosphate., Conducting a similar in-
vestiga%ion‘inséénada field beans, soybeans and alfalfa,
M;Taggart (1921) indicated that phosphates were responsible
for increasing the total nitrogen in the soil and nitrogen
percentage of the legume. James, et al. (1944) reported an

uniform increase in the rate of growth as wéil as the quantity

of nitrogen fixed in all the phosphate treatments. Vyas and
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Degai (1953) studied the effect of phosphoric acid on nitro-
gen fixatiop in pea plants. Two graded doses of 60 pounds
Iand 120 pounds of phosphéric'acid were utilised for the trial.
Tﬁey repofted.a sﬁgnificant increase equal to 109.3 per cent
and 51.7 per'cent in the quantity of nitrogen fixed in the
aerial parts of fhé plan% by 120 and 60 pounds of phosphoric
acid‘réspectively. They further reported that the increase
in quantity of nitrogen in the soil was not significant

where the aerial parts were not incorporated as compared with

pPre-legume soil nitrogen values.

~

IIn a study_on the éffect of various indigenous phos—
phatic manures on the nitrogenvfixatibn throuéh pea plants,
Vyas (1953) concluded that a1l the manures tried were effi-
cient in increasing the nitrogen content of the pea plant.

| The respective increases obtained in nitrogen percentage over
the control were 47.6 per cent, 18,4 per cent; 35;5 per cent
and 24.8 per cent, the manures used being superphosphate
bonemeal, Trichy nodule phosﬁhate and singbhum phosphgte res- -

pectively.
. 1
i

Inves%iéétioﬁs made by Sen and Bains (1955) on the ef-
fect of faim yérd manure and superphosphafé on the yield,
.nodulation and nitrogen fixation by berseem indicated that
superphosphate alone or in combination w1th farm yerd manure
increased significantly the nitrogen content over.that of the

1

control. Further, the increase obtained in soil nitrogen was
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3
-

found to.be directly proportional to the increase in appli-

cation of phosphoric acid.-

Sikka and Jain (1958), studying the effect of phos-
phate manuring on the physical and chemiesal properties of

the soil, observed that when guar (Gxgopsis tetragonoloba)
was fertilised with phosphétes,-the'nitrogen content of the

-80il was 1ncreased in comparison with the nonpfertlllsed plots.
Panos (1959) eorroborated the above flndlng by reporting that
- brotein content of certain. w1nter 1egumes was found increased

as a result of pho-phate fertllisatlon.

Though there is sufficient experimehtal evidence to
prove the capacity‘of Phosphates to increase the nitrogen
centent of legumes, a few investigations have falled to ob-

serve the same effect.

Ghandani:and Oberoi (1956), working on the value of
certain legumes as green menures, concluded that apﬁlication
' of phosphates to legumes like sannhemp, berseem, genji, peas,
- lentil, cluster beans, soybeans, cowpea and dainchd did not

1ncrease the nitrogen content. .

Nair et al. (1957) failed to obtaln an increase in

nitrogen fixation in Sesbanla._ggciosa on application of phos-

phoric acid singly at a level of 30 pounas per acre.’

Sen and Bains (1957), pursuing studies on phosphate
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manuring of legﬁmes failed to get any positive responge and’
reported that there was very llttle difference in soil ni-

trogen in the phosphate trested plots. This was in contra-
diction to the findings reported in 1955 by the same authors

in a gimilar study. .

‘(b) Effect of Phosphate on Nodulation:

Application of phosphates has been shown to have g
marked influence on nodule formation in 1egumes, by several

workers,

Notable among some of the earllest workers in this
fleld who deserves mention is Prucha (1915) who studled the
effect of phosphates on nodulatlon in legumes. He observed
better nodulation in field beans when small quantities of

_potessiumecid'phosphate and calceium nwno;basie phosphate were

applied. , | .

Helz and Whiting (1928) concluded that phosphate fer-
» tilisers increased noduiation in soybeane when applied in

quantities which were not inhibitory to germination.

Sewell and Geiny (1930) aeﬁonstratéd that in a soil,
deficient in lime, application of superphosphate was more bene-

ficial in inducing nodulation in a crop of alfalfa than ap-

pPlication of ecalecium.alone.
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(¢) Effect of Phosphates on Growth and Yisld of Legunes:

Phosphates as reported by seversl investigators play
an important role in increasing the yield and dry matter con-

tent of legumes. .

Whyte et al. (1953) suggested that phosphorus is not
only important for nutrition of legumes, but is algo essential

for sustaining the s0il microflora at a high level, . A

Truesdell (1917), studying the effects of application
of phosphates o alfalfa, observed that phosphates increased
the dry weight of the material. Pellers (1917) obtained strike
ing increases in the Yield and dry matter content by application

of phosphate.

Similar increase in the dry matter contént was reported
by McTaggart (1921) 1n,canada field beans, soybeans and alfalfa
by application of phosgphates.

James et al. (1944), Vyas (1953) ang 7yas and Desai
(1953) have corroborated the above findings.

Sen and Rao (1953), reviewing the work done in Tndis
on phosphorﬁs nutrition of legumes, reported that in soils

where the phosphoric acid status was low, as in Bihar state,
there was a marked response to phosphorus in the growth of

cowpea, sannhemp and dsincha.
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Rao et al. (1954), studying the effect of increasing
levels of phosphate mahuring on berseem, concluded that ap-
pliéation of phosphoric acid at 66 rounds per acre increased

yields considerably.J

Winter and summer legumes, when manured with phosphatic
fertilisers,'were found to have increased in their dry matter

content.

El

Chendani and Oberoi (1956) and Khen and Mathur (1957),
in their studies on manuring sannhemp with Superphosphate
at 80 pounds per acre recorded an increasse in yield of green
matter to the extent of three énd a half huﬁdredweights per
acre. On similar studies by Rao et al. (1957), the yield end
dry matter content of sannhemp were found increased by super-

- rhosphate appliecation.

Sikka and Jain (1958) concluded that application of
pPhosphates in combination wifh boron and molybdenum inereased
© yield of guar by 31 per cent. Panos (1959) has slso reported
increased yield in annugl legumes as a result of superphos-

phate ‘application.,

In investigations carried out by’ Relwani and Ganguly

i

(1959) on green manuring in conjunction with application of
- fertilisers, it was 1ndicated that though dalncha responded

to the application of superphosphate by produclng more yield,

L]



the difference in yield of green matter was not statistically

significant.

Rao and Shanker (1960), conducting investigations on
sannhemp menured with superphosphate, reported increased yield
- in the phosphate treated rlots.

Ballal and Natu (1961) studied the response of ground-
nut and matki to phosphate menuring in the scarcity tracts of
Maharashtra, They repérted positive responée in yield for ’
doses from 10 pounds phosphoric acid per acre onwards. At
Akola they obtained response to phosphoric acid treatment

for doses varying from 30 to 40 pounde per acre.



CHAPTER III
- MATERTALS AND METHODS

An investigation was undertaken to study the comparative
fixation of nitrogen by certain common legumes, namely,

a) Arachis hypogaea; * b) Sesbania gpeciosa; c¢) Sesbania acu

leata; and d) Vigna sinensis.

/

1. Seed Materigl:

The lggumes taken for investigation were those frequently

included in crop rotations in the State. The duration of the

‘legumes tried were as follows:—

Arachis hypogaea (groundnut) - 105 days

Sesbania speciosa (sesbania) - 150 days .
Sesbania aculeats (daincha) - 150 days
Vigna sinensis (cowpea) -~ 90 days

The varieties used were TMV-2 for groundnut and loeal

for others.

. Recommended quantities of seed at the following rates

were utilised:-

Arachis hypogaea - 35 kilograms of kernel
per acre
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Sesbania speciosa ‘= 15 kilograms per acre

Seshania aculeata - 10 kilograms per acre
Vigna sinensis = 15 kilograms per acre

Agronomic investigations regarding the fixation of
nitrogen by these legumes under local conditions have notlbeen

reported. Hence, they were selected for this investigation.

2., Field:

The investigation was laid out at the Central Parm,

Agriculturel College and Research Institute, Vellayani.

The soil where the investigation was conducted was
typical red loam characteristic of the tract. The soils
were highly leached and low in caleium and available phospho~
rus. Soil analysis was conducted for the followingfconsti—
tuents and for pH and values obtaineq are furnished in Table I.
The procedure followed in soil analysis is that ogtliﬁed by
the A.0.4.C. (1955). '

Total nitrogen.-. .
Aveilable phosphoric acid
Exchangeable calecium

pH

3. Manures and fertilizers:

. No basal dressing of farm yard manure was given as

there is no such local practice for legumes.
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- Calcium at the rate of 380 kildgrams per acre in the
form,of caleium hydroxide and phosphorlc acid at the rate of
14 kllograms per acre in the form of superphosphate were ap-
plied as a basal dr9351ng in the treated plots, Nair gj‘gl.
(1957) have reported beneficial effects with calcium and
phosphoric acid at the above rates in laterite soils and hence

the 1evels were chosen.

4. Lay out:

Desgign - éplit plot ‘

Size of plot - Gross area = 22! x 10!
Net area = 20' x 8!

Replicatiops - four

Since the number of charaéters.studied was two, namely,
nitrogen fixation by legumes and the influence of csaleium at
680 kilograms per acre of calcium hydroxide and phosphoric
acid at 14 kilograms per acre in the form of superphosphate,
the design shown above was selected as suggested for standard

Agricultural experimental techniques by Panse and Sukhatme (1961).

2. Sowing:

Groundnut was dibbled in the prepared field at g spacing
of 9" x 9". Decorticated seceds of TMV-2 were dibbled uni-

formly in the assigned plots during the month of May.

Similarly, uniform broadcasting of the other legumes
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was also finished by the same period. All the legumes wére

seeded on the same day.

The following were the 20 combinations of treatments

included in the tfial:-

Control:

Arachis hypogaea:

1) 10 +

1) l1 +m

my 2) 1y + my 3? ot my, " 4) 1, + 1

9 .2) 1, + m, 3} 1, + m, 4) 1, + I

Sesbania speciosa:

1) 1, +

my 2) 1, + m, 3) 12 + m, 4) 1, + g

Sesbania aculeatas

1).:13 +m

0 2) 13 tmy 3) 1z + m, 4) 13 + my

Vigna sinensis:

1) 1

4+ T 2) 14 +m 3) 14 + m, 4) L, + m

The four legumes were aésigned to the main ploté and

the manurial combination to the sub=-plots. The 1egumeq and

treatments are denoted by the following notations:-

14

1

B H H
S & W N

No legume

Arachis hypogaea

Sesbanig speciosa
Sesbania aculeata

Vigne sinensis

No manure
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m, - Phosphoric acid @ 14 kilograms per acre

m, - Lime @ 680 kilograms per acre

m - Phosphoric acid + lime @ 14 kilograms
per acre and 680 kilograms per acre,
respectively

®
6. Crop growths

During the period of growth the meteorologioal condl—
.
tions were normal and the general condition of erop was also

normal.

There was no evidence of pests and diseases and hence

no plant protection measures were taken.

-

7. Harvest:

The different legumes were harvested at the 60 day -
stage. Observations and recordlngs of characters seIéeted
for study were conducted at the assigned periods. The plants
marked at random were separately studied, harvested and sub-

jected to chemical analysis.
8. Characters studied:

20 plants per plot were selected at random, labelled

and the following attributes were studied:-

All measurements were recorded in the metric units.
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(a) Height of plants:

The height of pléﬁts wa.s méasured on the 30 day stage
and the 60 day stage after germination. - All measurements
were taken from the bage of the plant to the tip of the high-
est termingl leaf bud.

-(b) Number of Nodules:
8

The number of nodules present on the root system of
the legumes on the day of harvest was counted and recorded.
A day prior to dislodging the plants, the field was put under
irrigation. The plants were carefully lifted with the use
of a spade to avoid as far ag possible mechanical dislodging
of nodules and injury to the root system. The root system
was washed free of soil matter by gentl& cleaning in water.

The nodule count was taken and recorded.

{(c) Green matter contents

The entire harvesied crop from each plot was separately
harvested and-bundled. The weight of the total plant material
harvested from each plot was separately found out and recorded,
after which the weight of the marked plants in each plot was

also separately estimated.

(d) Dry matter content:

The marked plants were dried at 700 C. for 48 hours
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followed by drying at 107° C. in an sir oven till two conse-
cutive weighings agreed. The weight of the material was

recorded and this gave the dry matter content of the legume.

Nltrogen was estimated by the KJeldahl's method as des-
cribed in 4.0.4.C. (1955).

Before the seeds were sown a representative sample was
drawn from the lot of seeds of each legume and its nitrogen

oontent determined.

(e} Nitrogen content of plant material:

From the air-dried plant material of each treatment,
< representative samples were taken and nitrogen estimated.,
The nitrogen fixed in the plant material was reduced to acre
basis. .

The above data wes subjected to statisticel analysis

and the findings are reported in the text.

The quantity of nitrogen fixed through the agency of
legumes in association with symbiotic bacteris was computed
on the following basig:z-

Original soil nitrogen

)
(+ )
Nitrogen applied through g
i
)

i
o

seed material

Post harv?s§ g0il nitrogen
+ ‘

- Nitrogen contained in the
plant material
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Gain in nitrogen through
legunme

L

(b - a)



CHAPTER IV
EXPERIMENTAL RESULDS

The observations made on the legumes and the data
collected pertaining to this investigation were'analysed

statistically and are presented in the tables below:-

V . f

PABLE T

SOIL ANALYSIS VALUES

« -

Total nitrogen . ) .= 0.06 per cent

ﬁvéilable phosphoric acid + 0.004 per cent

Exchangeable calcium - 2.1 milli-equivalents
. per 100 grams of soil

Pre-legume soil pH - 5.7

‘Post-legume s0il pH in ) - 5.9

-calcium treated plots ). *

| Analysisg of fariance table for each of the characters
studied, nemely, height of 1egumé at 30 anq'Gb days, green mat-
ter yield, dry matter content, number of nodules, nitrogen
content.of plant material and difference‘betwegn pre and post
legume soil nitrogen content was wogked out and is furnished

in the appendix (I - VII).
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TABLE IT

MEAN HEIGHT OF LEGUMES IN CENTIMETRES
AT 30 DAYS

-—-_——u.-———...-——.-.—_————_——-——._._.——--.-..—_.' _._..—._-....—__._-.._.._,_,-_...-__—.-._——-—.__..._.-_._-a...._.,___-_a—
—_—-._-—-—._———-_———-_.._——__—-—__..._.__._-.—-—-..-_-—-—-—--——_.--__-———-..__—.—....__.._—___.-_ —_—— ==

Arachis Sesbania Sesbanig Vigna

hypogaea speciosa aculeata Sinensis Mean
(1,) . i (1,) (15) . (1,)

No n“tri?;z§ 8.72  10.60 11.10 15,65  11.52
| iﬂggph°r%;1) 9.40 1240 11.25 16.10 12.28

Calcium (m,) 10.82 15,22 14,15 18,10 14.57

Calcium and o ' ) )

phosphoric 10292 14.95 14.25 18.47 14.65

acid (m3) o o

Mean 9.97 13.29 12.68 17.08 14.26

C.D. (at five per cent) for legumess: 0.36 1, 1, 13 1,

C.D. (at five per cent) for nutrients: 1.97 Wz W, W, My

Table II clearly shows that the differencé between the
legumes was statistically significant.

Vigna'éinensis recorded the maximum height at 30 days followed
by Sesbania speciosa, Sesbania aculeata and Arachis hypogaea.

There was no significent difference between the treatments -
receiving caleium alone and the combination of calcium and phos=-
pherus. However, these treatments proved superior to phosphorus
alone and the control which were on par.
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PABLE IIT N
MEAN HEIGHT OF LEGUMES IN CENTIMETRES AT 60 DAYS .

-.—.—_——.—-—--—_._—-.-———.-...————-.._—_._—.——-—_——.___...-—...-.._.—-.....--———-.—-..-_—_....-._—-...___—-._—__
—-—-—.——.-—_—._-—__—__—_——-_——-___-. —— =—_-..---——._-——-n—-——-—.—-.-—.__.—_—-q.-__-.-———.-—_.

hy?ogaea Speciosa aculeata sinensig Mean

. 1,) (12) (13) (14)
No n“tri‘(‘;};f 20412 56,45 54,85 44.45 43,98
Phosphoric : : ..
acid (m1) 20.28 60,07 58.58 49.10 47.01
Oaleium (m,)  24.40 87.00 . 85.78  74.03  67.51
Calcium and : ' o ' '
phosphoric '24.55 ~ 89,47 87,52 77.30 69.71"
acid (m3) .

Mean 22.30 73.30 71.71 61.20 57.13

u---.-q———--—._—-——..—-——.--——--—-—_——-_-_-..—.—--——-—.—........_——.——_._-.-_-_.._——-_—..-—._—-—..——.__———-.—-—
——w——-—y—-——_——_———-——-n-.——.n———_——.—_—————n—-——-——o—--————ﬂ--————-‘———l-——u—-—--——u—u————_—

C.D: (at five per cent) for legumes: 4.03 7T, 1. 1. 1

C.D. (at five per cent) for nutrients: 2.19 ms W, my mg

At the 60 days stage Sesbania speciosa and Sesbania aculeata
were superior to Vigna sinengis in height. There was no statistical
significance between the heights of Sesbania aculeata and Sesbania
speciosa. Arachis hypogaea recorded the least height at 60 days.

Application of lime ang phogphoric aecid in combination and
lime alone reéulted in taller plants, when compared with treat-
ments receiving phosphorus oniy. - The difference in heights bet-
ween plants treated with a combination of calcium ang phosphorice .
acld and calcium alone was not statistically significant. Phos.
phorus treate& plants recorded heights statistically superior to
those in the control plots.’ '
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TABLE IV
MEAN WEIGHT OF GREEN MATTER IN KILOGRAMS AT 60 DAYS

_.-.-_-_—-__.._——._-.-.-.—.-.--——.-—-—._-..-—_...-_..-..__.__———n._—.—.-..._---._....... T T Y R ———
—-_-——-.4—-——.4——-—-—-———-—_——-—-—.—--—,-——-_-_———--...———-_-———._—-— —— b e — ]

Arachis Sesbanla ~ Sesbanig Vigna
hypogaea Speciosa aculeata sinensis Mean

(1) () (1) (10

%o nutri?ﬁﬁ? 7.48 30.93 52,25 33,85  26.12
Phosph ' T - -
Taosy °r%§1) 8.58 33,05 51.43 38.90  27.99
Calcium (m2) 15.28 56,08 55.88 o 51.20 44.11
Qalcium and o : '
phosphorie ' 13.45 ) 61005 57010 52010 45093
acid (m3) : ‘

Mean 10469 45.28 44,17 44,01 36.04

C.D. (at five per cent) for legumes: 1.36' 12_1314 1,

C.D. (at five per cent) for nutrients: 1,52 mg m, m, m,
1 : . )
The values in the table indicate that yield of green matter

was not different between Sesbania s eciosa, Sesbania aculeata
and Vigna sinensis. But the green matter yield of these three
legumes was superior to that of Arachis hypogaea.

The yield obtained from the lime and phosphorus treated
plots was the highest. This was followed by the yields obtained
from the plots receiving lime alone and phosphorus alone. The
control recorded the least yield. '

il
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TABLE V
MEAN WEIGHT OF DRY MATTER IN KILOGRAMS

e e s . e s o e o . et
e e e e N R S T o oS e e —_—= _=== —_— _—==

Arachis Sesbania Sesbania Vigna

hypogaea speciosa aculeata sinensis- Mean
No ?“trlfﬁgf 1.22 5,52 - 6.97 6.47  5.05
Phosphoric i | o
Calcium (923 2,12 - 10.27 12,25 _  9.95 8.62
Calcium and _
phosphorie 2.15 11.02 12,72 10.52 9.11
acid. (m,) - :
- 2 -

Mean 1.70  8.17 9.69 8.58  7.04

e p—— — — — — o ——
— —_—— —1 —r— - — — e —— —

C.D.. (at five percent) for legumes: 0.62 1, I, I, 1,

3

Regarding the dry matter content of the legumes, the dry
matter content of Sesbania aculeata was superior to that of Sesbania
speciosa and ‘Vigna sinensis, there being no statistical signifi-
cance between the latter two. However, the dry matter content ob-
tained for these legumes was superior to that of Arachis hypogaea.

C.D. (at five percent) for nutrients: 0.33 m

Calcium and phosphorus in combination influenced dry matter
content more than only calcium treated plots, Howe#er, calecium
treated plots in turn yielded more dry matter than both the phos-
phorus tfeated plots and the control which were on par.
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TABLE VI

MEAN NUMBER OF NODULES PER PLANT AT 60 DAYS

Arachis Sesbania - Sesbania Vigna
hypogaea speciosa aculeata sinensis Means
(1) (1) (1) (1,)
‘ 2 3 4
No nutrients 39,62 6 - '
Ph°SPh°rifmZ§id 43.80, 36.30 117.02 4.93 5051
Calecium (m3) 92,28 49.22 114.93 14-._2.5 75.16
Calcium ang ' . . --‘—-T_-—-
phosphoric 119.40 49.52 150.88 18.30 84.52
acid (m H ’
- 4 _— -
Mean - 73.78 40.47 130.74 10.29 63.82
C.D. (at five per cent) for legumes: 8.72 1,71, 1, 1,
C.D. (at five per cent) for nutrients: 5.58 m; m, m mO'

It is very clearly seen from the table that the number

of nodules produced by Sesbania aculeata was greater than Arachis

hypogaea followed by Sesbania speciosa and Vigna sinensis.

The average number of nodules produced in plants grown in
plots receiving lime and phosphorus in combination was significantly

'greater than in plots réceiving lime alone.

Plants grown in phos-

phorus treated plots and the control recorded the least number
of nodules, therebeing no statistieal significance between them.
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TABLE VII

NITROGEN CONTENT OF THE PLANT MATERTAT

Arachis . Sesbania  Sesbanisa ‘Vigna

hypogaea speciosa aculeata sinensis Mean
1 (1,) (1) (1,)
I 1 2 3 4
No Futrl‘(*f;? 1,33 1.53 2,30 1.89  1.86
D s ‘ o
;3;31@1191“%;2) 1,30 1.53 2.59 1.85 1.8
Caleium (mz) 1.43 1.63 ° 2.95 1.93 1.99
Calcium and ] ) o
phosphoric 1.53 1,70 3.03 2.00 2.07
acid (m4) ‘ )
Mean 1.41 1.69 2.72 1.91 1.91

C.D. (at five per cent) for legumes: 0.161 1, 1, 1, 1,

¢.D. (at five per cent} for nutrients: 0.77 m; m, MWy I,

The difference in nitrogen content between the four dif-
‘ferent legumes was statistically significant. The highest percent-
age of nitrogen was recorded in Sesbania aculeata followed by

Vigna sinensis followed in turn by Sesbania speciosa and last of
all Arachis hypogaea. | .

- Plants receiving lime and phosphorlc acid in combination
and lime alone were statistically superior in nltrogen content to
plants receiving phosphoric acid alone and no nutrients. There
was no statistical difference betﬁéén plants receiving a combina~
tion of lime and phosphoric acid and plants receiving lime dlone.
The difference between plants receiving phosphorus only and the
control was statistically significant, but was inferior to the
other treatments. \
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TABLE VIII

MEAN INCREASE IN SOIL NITROGEN AS A RESULT OF
GROWING LEGUMES

No Arachis Sesbania Sesbania Vigna
legume hy%ogaea speciosa aculeata sginensis Mean
. (1,0 . (3,) 4y (1) . (1))
No n“tr1?;g§ 0.002  0.004 0.001  0.008  '0,009 0.006
Phosphoric ' - L .
acid  (my) 0.004 0,003 0,009  0.017 0.016  0.012
Calecium (m,) 0.003 . 0,004 0.006  0.014 " 0.011  0.009
Calcium .
and phospho- ’
ric acid(m;) 0.002. 0.007 0.004  0.017  0.005 0.009
Mean  0.003 0.004 0.005 0.014 0.010  0.009

3 4 "2 1

From the data presentéd (Table VIII) it is apparent that
Sesbania aculeata is superior to all the other legumes under
study in inecreasing the nitrogen content of the soil. 411 the other

C.D. (at'5 per cent) for legumes: -0.0061 T— T 1. 1. 1,

"legumes are on par and do not increase the soil nitrogen appre-
ciably when compared to the soil in the control.

i

There is no statistical difference in soil nitrogen due
to any of the manure treatments. B



CHAPTER V
DISCUSSION

An investigation was Earried out at the Agricultural
College and-Research Institute,_velléyani, tq‘compare the
relative nitrogen fixing efficiencies of foupr commsn legumes,
namely, Arachis hgpogaea, Sesbania s eclosa, Sesbanla

aculeata and Vigna sinensis.

Data in regard to the above attributes for the legumes

under study are limited.

The éxperiment waé laid out in split plot design.
Lime anﬁ phosphoric acid were included in this investiga-
tion in the form of calcium hydroxide at the rate of 680
kilograms per acre and superphosphate at the rate of 14'kilo-

grams phosphoric acid per acre.

The analysis of data for the various factors studied

indicated that in the presence of lime and phosphoric aecid,

Sesbania aculeata was the most efficient in fixing nitrogen.

The function of lime and phosphoric aeid on the
various attributes studied was found varying.

The findings are discussed hereunder:-
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1. Height of legumes:

The data éresénteé—in Tables II and IIT show the
height of the four legumes under stﬁdy at the 30th- and the
60th day. It was observed that the treﬁﬁ of heights among
the legumes differed at the first and second stages of ob-

servatiqn.

At the first stage the order of superiority is

Vigna singnsis, Sesbania speciosa,_Sesbania aculeata followed

by Arachis hypogaea.and at the second stage as Sesbanis
speciosa, Sesbanla aculeata, Vigna sinensis and Arachis hxpo—
gaea At the first stage they were statistically superior

in the order presented and in the second, Sesbania speciosa

and Sesbania aculeata were superior to the other two, but

were found on par as far as the height factqr was concerned.

Since variations in height within. the legumes is
purely a functioﬁ of the genetic make up under identical
conditions of growth, the variation noted in the present study
is to be attributed to the.inherent character of the legume
concerned. A comparison between the effects due to the ap-
plica#ion of lime and phosphoric acid, both singly and in

~

combination, showed thé following: -

Application of lime @ 680 kilograms per acre produced
‘a significant increase in the height of the plants. This

was also found statistibally superior over phosphoric acid
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alone and the control. The soils in which the 1nvestigation
was carried out had a very low caleium status (Table I)

They were also highly leached.

. '
! e [

The application of lime at rates utilised could have
effectively'raised the pH of”tﬁe s0il from the initial level
of 5.7. Nair et gl. (1957) have observed an inerease in
. s0il pH in lime'appligd plo?s at the above rates, under simi-
lar soil conditiong. This raising of the pH to a range
considered optimum for the activities of the soil micfbflora
could have éccounted for an increase in the available nitrogen.
Since initial growth ih pPlants is related.to the.available
nitrogen status in soils, the differences in height of plants
observed in the present study can be attributed to the
increased availability of nitrogen, consequent on the ap~

Plication of lime.

Application of phosphoric acid at the rate of 14
kilograms per acre was observed to have failed to exert signi-
ficant influence over the control for the factor studied.

This can be accounted for, as followas-

Phosphoric acid appears to have no profound direct
influence on the initial vegetative growth rate of plants,

‘other than promoting. 'l:he growth of the root system. If
at all ‘phosphoric acid exerts a positive influence on the

factor studied, the predominance of sesquioxides in the highly
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leached soils would have retarded the availability of +the

added mono-calecium phosphate.

However, for the character studied at the second
stage in 60 days in contrast w1th the thlrty days obser-
vation, phosphoric acigd treatment has proved superior to
the control. This could be due to the effect of phosphoric
aeid in iﬁcreasing the total leaf area which consequently has
a pronounced effect on photosynthetic efficiency of the plant,
as proved by the eléssical experiments at ﬁothamstead and
reported by Russell (1961). Visual observations of the crop
made at the 60 day stage indicated an apparent increase

in size of the leaf.

The application of lime and phosphoric zeid in combi-
nation gave significantly different résults. This treatment
proved superior to all other treatments tried in this study..

The fact that apﬁlication of phosphoric acid =2lone failed to
produce a significent difference in height of plants, proves

that calcium was the limiting factor as far as growth was
concerned. This becomes very clear from the fact that the height
of plants in plots treated with phosphoric acid in combination

with lime was on par with those trested with lime alone.

It was also observed that phosphoric acid in combina-
tion with lime was superior to the application of phosphoric

acid alone. The superiority of phosphorie acid in the presence
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of lime can be explained as follows:—

When lime was added to the soil its pH was raised to
a level where the availability of native as well as the added
phosphorip acid was at a desirable maximum. This accounts
for the superiofity of phosphoric acid in combination with

lime over phosphoric acigd alone.

The seme trend in the results was observed at the second
stage also except.for the fact that phosphorie acid exerted
a gignificant supériority over the control. This obviously‘
could be due to the legumes having reached the proper stage
in growth, where phosphoric acid had started to exert all its

magnifying functions, within the plant body.

A

2. QGreen matter:

A study of the comparative green matter 6utput
(Table IV) showed the legumes in the following order of su-

periority. Seshanig speciosaii:&esbania aeuleata::>Vigna

sinensis;fbﬂrachis hypogaea. However, the yield of green

matter for the first three legumes Qid not statistically
differ among themselves. Since the green matter yield is .
mainly a fﬁnction.of the vegetative growth, by virtue of the
inherent genetic makeup of each individual legume, the supe-

riority of the three other legumes over Arachis hypogaea is

explainable as a natural phenomenon. .
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The results presented in Table IV further reveal that
maximum green matter output corresponded to the treatment
involving é eombination of lime and phosphoric acid. This -
finding is in common with the fesults Presented for the

height factor.

Legumes as a grouﬁ are generall& considered to be
calcicoles. Also, the 1mportance of phosphoric acid in the
nutrltlon of legumes has been extensively observed. There-
fore, it is reasonable to presume that the increased green
matter output is the dlrectlresult of beneflclal effects of
lime and phosphoric aéid, both‘individually and in combina-
tion. The 1norease in green matter yield could also be at-
tributed to an increase in the available supply of nltrogen
" in presenee, of phosphorlc acid and lime which was utilised
by all the legpmes. This view is in llne with the conclusions
arrived at by Mooers (1912). Curtis and Clark (1950) reported
that growth is greatly retarded in the absence of calcium.
This expiains the superiority of treatmenté involving lime
over phosphoric/acid alone and the control. The importancg
of calcium, particularly in the nutrition of legumes under
similar conditions, has' been strecsed by many other workers,

notably Jones and Edwards (1954).

‘The response of legumes to added phosphoric zcid ap-

pears to be conspicuous only under conditions of a very low



ey
x - -
& 50

%)

</ o
N V.-JSEIH&__'{E\

level of available phosphoric acid. In the bresent study also
the positive response observed in the green matter content
under phosphoric acid treatments can be attributed to the
poor status of available phosphoric acid (Table I). Relwani
and Ganguly (195§) observed in daincha that the gpplicatioﬁ
of phosphoric aecid to the soil failed to record any increase
1n green matter yield under g sufficiently high available
phosphorlc acid level. It appears that under conditions of
‘adeguate phosphoric acid, legumes may fail to respond to ap-
Plication of additional phosphoric acid. This may be due to
the greater ability of legumes to utilise the native soil

phosphoric aecid.

i

5. Dry matter:

In the study of the dry matter production of the §if-

ferent.legumes (Table V), it was observed that Sesbania acu~

leata was significantly superior to the rest. Sesbania spe-
ciosa and Vigna sinensis were among themselves, on par but su- ]
perior to Arachis hypogaea. It is not very unreasonable to
bresume that under uniform conditions of growth the trend in
the dry matter content should be more or less similar to that
of green matter output. However, from the data for dry matter
it was observed that statistically the trend is altered to
some extent. This may be presumed to be due to variations in
maturity of the plant tissue of the legumes at the second

- stage of harvest, viz., 60th day.

7
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Regardlng the effect of lime and phOSphOIlO acid, it
was observed that thelr combination wag Superiormost, fol-

lowed by 11me alone and phosphoric acid alone.

The positive mole of 11me in eombination with phos-
phoric acig in the nmutrition of legumes, as already dlscussed
elsewhere, applies in_thls context as well, In.addition,
caleium, the active element in lime, is congidered to be one
of the few essential élements entering into the frame work
of the plant. Gurfis ano Clark (1950) noted that no new cell

walls were laid down when, calcium became limiting.

Similarly, properties like increased cell division,
fat and albumin formations and photosynthetic efflclency
through an 1ncreased leaf aresg are attributed’ to phosphoric

acid.

'The'positive Tresponse for phosphoric acio alone and
 in combination with lime} as shown in the tables, could be
eéxplained in the light of the above funcétions of calclum and

phosphoric acid respectively.

N

4, Nodules:

From the figures Presented in table VI the legumes in
their capacity to produce nodules were in the following order

of merit:-
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Sesbanié.aculatea;:2>ﬁrachis hxpogéea;i:>
Sesbania specioss F¥igna sinensis

The difference noted between the legumes in the char-

actef gtudied could be the cumulative result of the follow-~

ing factors:-

a) In the study undertaken, the legumes included
are classified asg belonging to different genera and species.
Legumes are found to widely diffgr in their inherent capacity

to form nodules in'symbibsis with the respective organisms.

b) The organisms responsible for nodulation are
specifically different for each legume, since no two legumes

fall under the same cross inoculation group.

- ¢) Even the specific strain of inoculum regsponsible
for nodulation in a particular genera or species; may varj
in their capaecity to produce effective nodules among its

different members.

’

In the data presented (Table VI) on the fﬁﬁctions
of 1lime and phosphoric acid on nodulation it was observed that
the combined influence of lime and phosphoric acid was sig-
nificantly superior to all other t&eatments. Lime supply
was again observed to be super:.or to phosphoric acid alone
~and the control, the latter two of which, however, not dif-

fering between themselves.

&
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From the ‘trend of results it was observed that lime
was the limiting factor for nodulation under conditions of ‘
of the present investigation. fhe direct role of calcium
on the rhizobiai activity and the subsequent nodulation
process has been emphasised by many investigators. 1In the
present.investigation also, as-a result‘Of\addition of liﬁe,
significant increase in nodulation has been recorded: This
could be due to an increased meintenance of a rhizobial
population in the soil followed by'subs?quent invasion of
plant roots. MeCalla (1957) reported that the concentration
of available celecium needs to be relativély high to sustain
an active rhizobial population, and under a low caleium regime
the bacteria change to an abnormal chromogeﬁic form in which
they are unable to invade the plant. Albrecht (19%7) has even
suggested that it is the low caleiumlcontent of non—leguﬁes

that determine their non-invasion.

Although phosphoric acid treatment was observed to
be on par with the controcl, when in combination with lime,
it was observed to be the ideal combinétion for promoting
nodulation. Since the combined applications proved superior
to applications of lime alone, phosphoric aecid could be pre-
sumeqd to'have a positive influeﬂce on nodwlation. Sufficient

evidence is available in support of this view..

- Phosphoric acid is an important element in influencing

LY
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symbiotie nitrogen fixation. Phosphoric acid is also impor-
tant in relation to the early infection stages of nodulstion.
In this case the effect ig directly upon the bacteria snd
not the plant. For the rhizibia to migrate through the soil
towards the root system of the legume they must be in a
motile flagellate state on which phosphoric acid has a pro-

nounced stimulatory effect.

Application of superphosphate to the soil usually hsas
the effeet of markedly stimulating numbers of organisms of
the soil bacterigl flora, and rhizobig similarly respond.

This has been reported by Whyte et al. (1953).

5e Nitrogen content of Plant material:

Fr@m data presented in table VII it was observed that
for the nitrogen content of the legumes they were in the fol-
lowing order:- N

Sesbania aculeata Vigna sinensis Sesbania Speciosa
Arachis hypogaea

Sesbania acﬁleata wag observed to’have the highest
nitrogen content among the four legumes studiéd. In the
study of nodules (Table VI) the same legume showed the high-
est nodule count. From experiments on leguines, i"b is eg~
tablished that the tops are’respoﬁsible for higher proportion

of nitrogen.
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Vigns sinensis was-observed to be second in the order
of merit for thg character studied. This, however, has shown
the least number of nodules. It foliowg that what little
nodules were present should have been effective and that the
balance in total nitrogen content increase could be attri-
buted to the tops.” Thig finding has been corroborated by
Mirchandeni and Khan (1953), who also put the above two legumes .
in the same order as in this study as' far as nitrogen values

were concerned.,

From data observed as a result of application of lime
and phosphoric aeid, both singly and in combination, it was
observed that éhe treatment where lime was applied in combi--
nation wifh phosphoric acid proved statistically superior
to all other treaxmenfa. Second’in order was the treatment

where lime alone was applied and this was found to be on .

par with the‘fonmer.

Control and treatments with only phosphoric acid
between them were on par, but were found to be inferior to
the first two treatments, This result can be explained as

followsz~

The application of lime helped in the rapid minersl-
isation of organic nitrogen present in the soil. Plants could
absorb greater amounts of available nitrogen and this in turm

was metabolised into protein nitrogen in the presence of



sufficient quantity of phosphoric scid. This explanation

_will hold true for the observed phenomenon 6f the superiority
of lime and phosphoric geiad over other treatments. Even the
Presence of activg calcium_in the lime alone might have helped
the mineralisation of organic nitfogen, and the subsequent
absorption of this nitrogen by the plants in the treated plots.
This could possibly be the reason for the superidrity of

lime alone over the treatment involving phosphoric acid alone.

A

Role of phosphoric acid.in nitrogen mineralisation

does not appear to be go pronounced.,

The positive role of calcium and phosphoric acid in
nodule formation and subsequent fixation of gaseous nitrogen
to the orgenic form is an established fact. In the present

study also this finding has been upheld.

However, between calciﬁm and phosphoric acid treat-
ments under soiljeonditions investigated; calcium in the

| form of lime appeafed to be more of a limiting factor than

phosbhoric acid.. This explains the superiority of calcium -

alone. Nair et g;.-(1957) obtained similar results in a

study involving the seme treatments under similar conditions.

Regarding the effects of phosphoric acid, it was found
that phosphoric acid in the form of superphosphate was not

superior to no manure treatment. Under acidic conditions,
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superphosphate applied, in which the phosphamlc acid ig

in the mono-calcic form, could possibly have rapidly combined
.with the "sesquioxides present in the soil and got 'reverted'
to unavailab}e_forms. This cou;d explain the lack of reg-

ponse for the applied superphosphate in the investigation.

6. Soil nitrogen:

From the study of the data presented in Table VIIT,
Segbania aculeata seems to be more effective in enriching
the soil nitrogen content than the other legumes under study.
However,'this capacity is equallyﬂshared by Vigna sinensis

when statistically compared.

It 1s also seen that the nltrogen 1n the soil has
not been increased by the three legumes, namely, Vigna
- 8inensig, Arachis hypogaea, Sesbania speciosa as the soil
J‘ analysis value obtained are on par with values of nitrogen

of the soil in the control.

In the present investigation, Sesbania aculéata had
larger number of root nodules compared with others. A good
part of these nodules would have been returned in the organic
form to the soil medium. A part of the nitrogen in Sesbania
aculeata which recorded the highest values in nitrogen éna-
lysis of the plant material could have been excreted into .

the so0il medium. Such a phenomenon has been observed and
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corroborated by Mirchandani and Misra (1957). Both these
brocesses would account for the superiority of Sesbanig

aculeats in enriching the soil nitrogen.

However, Sesbania aculeata aﬁpears to be on par with
Vigna gsinensis. It is of interest to note that Vigna sinensis
has recorded the least number of nodules, but the nitrogen

content of the plant material was next only to Segbania acuw

leata. It could be reasonably presumed that in the case of '
Vigna sinensis all the nodules were effectlve and the inc-

rease in soil nltrogen statlstically equal to Sesbania gcu~

leata could be exclu31vely due to the excretion of nitrogen

into the soil medium.

in the case of Sesgbania speciosa and Arachis hgpogaea,“
the contribution towards enrichmént of soil nitrogen either
through the recognisgd phenomenon ofrnodule sloughings and
;excrefion‘of fixed;ﬁitrogen do not apﬁear to be as effective

as compared with the control.

The results presented in tables for soil nitrogen ana-
lysis (Table ViII) clearly reveal that Sesbania speciosg and

Arachis hypogaea though'not as-efficient as Sesbania aculeats

and Vigna ginensis, have not depleted the soil nitrogen in
spite of their standing in the field during the lgrowth phase
studied. In fact, they have exhibited a tendency to contri-

bute slightly towards the increase in soil nitrogen content,
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when compared with the control. This proves that legumes
are 'nitrogen savers' and exert the minimum draught on the
soil nitrogen as reported by Buckman and Brady (1960)

From the trend of the data on nitrogen status of the soil
after the growth -of the legume, the following facts also

emerges—

By growing g legume and its subsequent removal it
.does not necessarily contribute towards the enrichment of thé
Soil nitrogen reserve., It is doubtful whether an increase,
both in the total as well as avallable nitrogen, is effected

by merely growing legumes.

In the present study the legumes were not 1ncorpor-
ated in the soil and this could be the reason for the com-

bparative inefficiency of Sesbania speciosa and Arachis hypo-

gaea compared with the control.

However, inasmuch as there has been no depletion in
s0il nitrogen, as indicated by pre and post legume soil ana-
lysis data, it is obvious that legumes are to be preferred
to non-legumes in regard to the sustained mainfenance if
not enrichment of soil nitrogen » They thus have their mer-

ited place in'any proper cropping pattern.



CHAPTER VI
SUMMARY AND CONCLUSTION

With a view to study the comparative nitrogen fixing
capacities of the four legumes, namely, Arachls hypogaea,

Sesbanla Speciosa, Sesbania aeuleata and Vign s1nen51s, an

1nvest1gat10n was conducted at the Agricultural College and
Research Institute, Vellayani, during 1962-'63 (May--July).
Superphosphate at 14 kilograms phosphoric acid per acre and
calcium in the form of caleium hydroxide at 680 kilograms per

acre were the treatments included in the study.

Arachis hxpogaea was dibbled 9" x 9" apart and the
rest of the legumes were sown broadcast. Plant characfers
such as helght fresh weight, dry weight, number of nodules,

nltrogen content of the plant materisl and pre-legume and -

post-legume soil nitrogen were estimated,and recorded.

The studied characters were statistically analysed and

the follow1ng conclusions are drawn.—'

1. (a) Vigna sinensis recorded the maximum height

at 30 days followed by Sesbaniy speciosa, Sesbania aculeats.
and Arachis hxpogaea,
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(b) There was no difference between heights of plants
receiving calcium and phosphoric acid in comblnatlon and cal-
cium alene; but thege were superior to plants grown in plots

receiving phosphorlo acld alone and in the control.

(a) At 60 days stage there was no difference

between heights of Sesbania .speciosa and Sesbania aculeata.

s

These proved superior 4o V¥ gg 51nens1s which in turn re-

corded greater height than Arachis hxpogae . l

(b) Caleium and phosphoric aoidnin oombination was
superior to caleium alone in its influence in increasing the
height of legumes. Plants receiving calcium alone were su~
perior to those receiving phosphoric aciad alone, which in
turn was superior to the plants in the comtrol Tor the height”

factor.

3. The green matter output on' comparison between

Sesbanig s Speciosa, Sesbania aculeata and Vigne ginensig was

found to be on par ana Arechi shypogaes proved inferior with
regard to green matter yield. Plants receiving a combination
of calcium and phosphoric acid recorded a higher green matter

_ out-turn than plants treated with calcium alone. DPlants
treated with phosphoric acid alone recorded still lowexr ylelds,

but were superior to plants in the oontrol.

4. (a) As regards the dry matter content, Sesbania "
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aculeata proved to be superior to the other three legumes. Vigna

ginensis and Sesbania speciosa were on par, but superior to

Arachis hxpogae..

(b) The influence of calcium and phosphoric acid in
combination proved statistically superior to that of calecium
alore in increasing the dry metter content. DPlants grown in
plots receiving phosphoric acid alone and control were on bar

and inferior to plants receiving lime alone.

5. (a) The nodule.count made indicated that Sesbenia

aculeata was superior to Arachis hypogaea, which in turn was

superior to Sesbania gpecioss. Vigna sinensis recorded the

leagt number of nodules.,

(b) The effect on nodulation oflime and phosphoriec
acid in combination proved superior in increasing the number.
of nodules to that of lime alone. Plants treated with phos-
phoric acid and the control were on par and inferior to plants

treated with calcium glone.

[

6. (a) .The nitrogen content of the legumes on chemical

analysis, was found highest in Sesbania aculeata followed by

Vigna sinensis, Sesbania speciosa and Arachis hypogaea.

(b) Plents treated with calcium and phosphoric acid
in combination ané caleium slone proved to have the highest

‘nitrogen percentage, followed by plants treated with phosphoric
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acid alone and in the control.

7. (a) Post-legume soil analysis proved that Sesbania
aculeata was the most efficient in the capacity of enriching

the =o0il nitrogen content. However, Vigna sinensis also was

found to be on par with Sesbania aculeata. It was also ob-

served that Vigne sinensis was again on par with the other

two legumes, namely, Sesbania speciosa and Arachis hypogaea.

In case of the latter two legumes, though not as efficient

as Sesbania aculeata and Vigna sinensis, they have not de-
pleted the s011 nitrogeﬁ content despite their standing in the

field during the growth phase studied.

\

(b) There was no statisticel difference between the

. fertilizer treatments over that of the control.

(c) Thus the legumes under study were observed to be
'nitrogen savers' and exerted the minimum draught on the soil

nitrogen.

In summarising, it is clear that undexr the laterite

conditions of soil studied, Sesbania aculeata was the most ef-

ficient legume in fixing nitrogen. Its maximum efficiency
was observed in the presence of lime and superphosphate at
680 kilograms of calcium hydroxide and 14 kilograms of phos-
phoric acid per acre respectively.

¢
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AEPENDIX I
Height in 30 days - Analysis of variance

o Source S.S. D.F. M.S. TRt
Block . 0.14 3  0.05 0.02
Legume 412,21 3 137.40  654.30%
Error, ' 1.83% 9 ©0.21 ..
Nutrients 122,23 L3 4074 145.53%
Interaction - 10,59 9 1.18 4,21%
Error, 10.12 36 0.28 .

*® Significant at 5 per cent level



APPENDIX IT

A

Height in 60 days-~ ‘Analysis of vaiiance

__-_—-_._.._.——....__—-——.——_.-_——-—-——_._-_..._—-.._--—_——.-..————-——.._—-_—.._
._—_—.—.__..—._.—_—.—q--_.——-—-————--——.—_._—_——.-_.—_—....___.—-..-—_—__..__

Source S.8. D.F. MeSe rp
Block 3.79 3 1.26 0.05
Legume 27181.26 3 9060.42  355,40%
Error1 229,453 9 25.49 .o
Nutrients - 8766.03 3 2922.01 296,91+
Interaction 1961:24 9 217.91 22,94%
Errdr2 341.36 26 9.48 .o

% BSignificant at 5 per cent level



APPENDIX IIT

Weight of green matter - Analysis of variance

Source 5.S. D.T. M.S, 1P
Block 6.5 3 2.16 0.7%
Legume  13716.05 3 4572.02 1560, 40%
Error, 23,46 g .93 .
Nutrients - - 5214.84 3 1738.28 382,94%
Interaction 1205,84 9 123,98 27 .30%
Brror, 163,31 36 . 454,

* Significant at 5 per cent level



APPENDIX IV

Weight of dry matter - Analysis of variance

14

Source S.5. D.F. M.S. 'R
Block 0.31 3 0.10 0.02
Legume 627.81 3 209,27 387.54%
EI‘I‘OI'1 0-49 9 0.54‘ e
Nutrients 218.17 3 72472 346.29
Interaction 55.06 9 6.12 . 29,14%
Errofz 762 36 0.21 .e

# Significant at 5 per cent level



APPENDIX V

Number of nodules - Analysis of variance

Source S.8. D.¥. ) M.S,. A0
Block h 309,82 3 103,27 0,85
Legume - 127812.32 3 " 42604.11  356.87%
i."rror1 1074 .46 9 119.38 .o
Nutrients  152706.71 3 © 50002.24  14:,31%
Interaction . 7516413 9  835.13 0:23
Error,  127969.83 36 . 3554,72

e e e ——— e r— e

* Significanf at 5 per cent level



APPENDIX VI

Nitrogen content of plant material

Analysig of variance

T T o e e e e e v e e

Source S.S. D.F. M.S. '
Block 0.13 3 0.04 1.00
, Legumes 16.17 3 5.39 134.75*
Error1 0.%6 9 0.04 .o
Nutrients - 1,12 3 0.37 3.,01% .
Interaction 0.59 9 0.66 De50%
Erro::;Q 0.42 36 0.12 ..

* Bignificant at 5 per cent level




APPENDIX VII

Difference beétween Pre and post legume soil nitrogen
Analysis of variance

Source S5.5. D.F. M.S. LV
Block 0.000098 3 0.000025 0.42
Legume - 0.001315 4 0.000438 To42%
Error, 0.,000710 12 0.000059 .o
Nutrients 0.000194 3 0.000064 1.56
Interaction 0,001989 12 0.000165 4,00%
Error2 0.001828 45 0,000041 .o

e e T T o

* Significant at 5 per cent level



Nodules present in the root system of Arachis hypogaca

in sbsence of both calcium and phosphorus. ¢






Nodules present in the root system of Arachig hypogaea

in the presence of phosphorus.






Nodules present in the root system of Arschis hypogaes

in the presence of calcium.
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Nodules present in the root system of Arachis hypogaea

 in the presence of phosphorus end calecium.






Nodules present

in the root system of Sesbania speciosa

in the sbsence of both calcium and phosphofus.
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Nodules present in the root system of Sesbania gspeciosa

in the presence of phosphorus.






Nodules present in the root system of Sesbania speciosa

in the presence of calcium.
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Nodules present in the root system of Sesbania speciosa

in the presence of phosﬁherus and caleium.
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Nodules present in the root system of Sesbania aculeata

in the absence of both calcium and phosphoérus.






Nodules present in the root system of Sesbanig aculeata
&

in the presence of phospherus.:






Fodules present in the root system of Sesbania aculeata

in the presence of calcium.






Nodules present in the root system of Sesbaniz aculeats

in the presence of phosphorus and calcium.






Nodules present in the root system of Vigna sinensis

in the sbsence of both calcium and phosphorus.
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Nodules present in the‘rdot system of Vigna sinensis

in the presence of calcium, ;










Nodules present in the root system of Vigna siﬁensis

in the presence of phosphorus and cslcium.
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is removed in the seed, straw and other harvested portions of

the crop.

II. (a) Calcium and nitrogen fixation:

Calcium is important in both the nutrition of the legum
and rhizobia. The calcium content of the legumes is about
three times that of grasses on the basis of dry weight. Con-
sequently, a leguminous crop may respond to liming where a non

legume may not.

Application of lime to the soil tends to increase the
nitrogen fixed by most legumes in the soil and their foliage.
Mooers (1912), studying the effect of liming in erop pro-
duction, revealed that the yield of cowpea hay was increased

and its nitrogen content enhanced by application of lime.

Fred and Graul (1916) reported that on limed soils the
nitrogen fixed through the agency of legumes varied. In
three experiments conducted with alfalfa they reported that
the nitrogen fixed in the tops of the crop was 51 pounds,

81 pounds and 269 pounds per acre, respectively. Thus, each
experiment gave different results. Similar investigations by
them on red clover indicated that the crop fixed 62 pounds
of nitrogen in a silt loam and 145 pounds in a sandy soil.

Bear (1917), in his report on the studies conducted

on the application of calcium carbonate in soybeans, recorded
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is removed in .the seed, straw and other harvested portibns of

the crop.

II. (&) Calcium snd nitrogen fixation:

Calcium is important in both the nutrition of the legum
and rhizobia. Thelcalcium content of the legumes is' about
three times that of grasses on the basis of dry weight. Con-
sequently, a legumlnous crop may respond to liming where a non

’ legume may not.

Application of lime to the soil tends to increase the
nitrogen fized by most legumes in the soil and their foliage.
Mooers (1912}, étﬁdyiﬁg the effeet of liming in crop pro-
duetion, revealed that the yield of cowpea hay was increased
and its nitrogen content enhanced by application of lime,

Fred and Graul (1916) reported that on 11med g0ils the
nitrogen flxed through the agency of legumes varmed. In
three exzperiments conducted with alfalfa they reported that
the nitrogen fixed in-: ‘the tops of the crop was 51 pounds,

81 pounds and 269 pounds per acre, respectlvely. Thns, each
experiment gave dlfferent results. Similar investigations by
them on red clover indicated that the crop fixed 62 pounds

of nitrogen in a silt loam and 145 pounds in a sandy soil.

Bear (1917), in;hia report on the studies conducted

on the ‘epplication of calcium carbonate in soybeans, recorded
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