https://doi.org/10.29321/MAJ.10.A04177

Preliminary Studies on Raising Sesbania Speciosa for
Green Manure in the Laterite Soils

by
K. 8. NAIR,
S. VARADARATAN, and T. RATAGOPALA IYENGAR,
Chemiatry Section,
Agricultural Gulszg and Research Instituto, Coimbatora

Introduction: The laterite soils of the West Coast are
characterised by their low pH wvalues, poor base status, and low
availability of phosphoric acid, though they are well supplied with
total phosphoric acid and nitrogen, as seen from the figures of
analysis of a typical sample, given in table I. Besides, the soils are
very porous lacking in humus and hence have a low moisture holding
capacity. To raise their level of productivity it is necessary to build
up their organic matber status, for which the best course open is by
raising green manures. Seshania speciosa, because of its performance
everywhere was considered to be the best for this purpose. But
preliminary studies, carried out in the laterite soils of Mangalore
showed, that Sesbania speciosa did not produce good growth, and
nodule formation was also poor even after inoculation of the seeds
with the proper Rhizobia.

The reason for the failure of the treated seedlings was thought
to be die to the acid nature of the soil. A similar instance has
been noted by Fellers (1918) who reported poor nodulation of soya-
beans in an acid soil, even though large numbers of the proper
bacteria were known to be present. Fred; Baldwin and MeCoy (1932)
proved that legumes thrive well in reactions at or near neutral point.

Detailed studies were, therefore carried out at the Agricultural
Research Station, Pattombi to ascertain the ideal conditions for best
nodulation and inecreased yield of sesbania speciose and the results of
these studies are presented in this paper.

Tanre I
Composition of the Lalerite soil of Pattambi (AMalabar)

‘CONBTITUENTE
pH 540
Moisture 2'56 porcent
Loss on ignition G40 N
Ineolubles ) ' 6062 "
Tron (F,0;) plus Alumina (41;0;) 20306 o

Lirme Cal . . 011 -
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Tapne T (Conkd.)

CONBTITUENTS

Mugnosia ‘ MgO® o0,
Total Potagh ‘{0 " 021,
Sodn Na,0 042 - o,
Carbondioixide ‘ CO," N
Total phosphoric acid * P,0,* SR L '
Sulphuric neid * Bo,? Qa0 .,
Nitrogen "N * - 0rle 5
Available Potash * £.0° 00024 o,
Avanilable phosphorie neid ‘P,0," - 00062 -,

Materials and Methods: The experiment was laid out_ duriu’g-
1955 in randomised one cent plots with the following treatments,
replicated four times.

(a) Control (no manure )

(b) Lime at 1500 1b. per acre

(c) Superphosphate to give 30 1b. P,0, per acre

(d) Farmyard manure at 5000 1b. per acre

(e) Limeat 1500 Ib, plus superphosphate at 30 1b, P,0, per acre
(f) Lime at 1500 Ib. plus farmyard manure at 5000 1bh. per acre

(g) Superphosphate to give 30 1b. P,0, plus f&rmyud manure
at 5000 1b. per acre

(h) Lime at 1500 1b. plus superphuspha,te to give 30 1b. P, O-
plus farmyard manure at 5000 Ib. per acre

The manures were applied in the puddled cmldltmn. The seeds
were  trented with the specific culture of root nodule organisms prior
to sowing. The trials were so manipulated the+ +hemnannlation of
the seedlings in each plot was about the same.

At interval of 15, 30, 45 and 60 days after sowing, 20 plants
selected at random were carefully lifted from each plot, the root
system washed and the nodules counted (one confluent cluster being
counted as one) and the average number of nodules per plant was
calculated. The average shoot length per plant was also measured
for the same intervals.

At the end of 60 days the plants from each plof were liftied,
~and after washing the root system, and draining the excess water,
‘the fresh weight of the whole plants was recorded. Moisture was
determined in the plant samples and representative samples were
‘collected from each plot for the determination of total nitrogen content.
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Soil samples (0-12") were collected from the plots before
sowing and after harvest of the crop, both for chemical and biological
analysis. These samples were analysed for :

(i) Available phosphoric acid, by extraction with 1 percent,
citrie acid.

(ii) Total nitrogen by the Kjeldahl method as modified by
Bal (1925),

(iii) Organic carbon as determined by the Walkley and Black’s
method (Walkley and Black 1934).

‘Composite soil samples for eacch treatment were prepared by
mixing equal quantities of soil samples collected for the purpose of
- biological analyses, from each of the four replicated polts, under each
treatment and the following assays were carried out:

(a)
(b)

(e)

pH in 1:5 soil solution by the Beckmann pH meter

Microbial population by planting on Thornton’s agax
medium (Wasksman 1932)

Biological activity as measured by the Waksman and

Starkey’s method (Waksman and Starkey 1924).

Results and Discussion: Nodul formation: The average numbeyr
of nodules per plant under the different treatments at different stages
of growth are given in Table II. Differences among the treatments
are highly significant (at 19%level). The ‘no manure’ treatment
produced the least number of nodules at every.stage. The number
“of nodules per plant progressively increased with the age of the plant,
as is evidenced by the period mean.

. Tapre II
Average number of nodules per Ph:m:

C.D.at 1%
for compa-
rigon of any
itwo treat-
ment for
ihe differ-
ent periods

Treatment meana

A B G D B F G I

TPeriod

15 doye aiter sowing 134 382 1-04 249 4:22 4:38 2456 372 3- 05 1-50
30 days after sowing 2°08 10°B0 481 473 16°70 1658 0-26 1791 1085 3-50
45 days after sowing 10°¢0 28:20 18°43 18-41 30-30 34-43 20-80 38-3% 2400 11-20
GO days nlter sowing $7°96 9760 TG0 6760 0380 THG3 6l 406 DL 7288 G186
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Treatments involveing lime are distinctly superior t¢ treatments
without addition of lime. But there is mo significant . d.lﬁel'énce
among treatments receiving lime. Supe-lphc-'spha,ﬁe or farm yﬂrd
manure mther singly or in combination are not . supermr ta “the
‘no manure’ control, but in combination with lime do give heﬁt-e.t
results, indicating the absolute necessity of lime to brmg about ths
full effect of either superphosphate or farmyard manure in 'prﬂmt}tmg
the nodule formation. The results are in canforml_try ‘with those
obtained by Fellers (1918) who reported that appﬁcatiozi of acid
phosphate to limed plots was effective in increasing nodulation of
soyabean, but exerted little or no.effect upon unlimed soil. Th1$ also
falls in line with the conclusions of Bear (1917) with regard to the
beneficial effects of lime on the nodulated system. o

Shoot Length: The average shoot length of the plants are
presented in table TII. It is seen from the data that the response to
the different treatments is similar to that of nodule- forma.tmn trend.
The some is also maintained in the vegetative gruwth

TasLe IIT

Ai_:zraya shoot length in Cma.

C. D, 19 for
‘comparison

Treatment moan = 4 of any two

Period . W o treatments
A B C D i (1 ™ G H L8 forthe
differnt
periods

156 days after %74 0-26 840 8*12 932 D985 8548 005 B8O 0-98
sowing - ’
30 days after 13-03 21°'11 156°58 10 57 2260 2495 17-40 20680 1901 318

sowing

45 days aiter 30'52 36:20 34+38 3305 4850 5607 33‘9? 8025 4124 0032
sowing 3

60 daye after 76'78 11269 85°63 B1'75 126 83 108'70 86°16 120°08 98'656 ~ 23-12
sowing

Yield of green matter : Table IV gives the average yield of
green matter at harvest, after 60 days” growth of the crop. The
yield data relating to green matter indicate that effects due to treat-
ments are highly significant at 1% level, There is no significant
difference befween lime alone orin combination with superphosphate
or farmyard manure.  Application of superphosphate at 30 1b. P,0,
level has not significantly increased the yield over  the “no manure”
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control. Lime combined with superphosphate or farmyard manure
is better than lime with super or lime with farmyard manure.
All the three combinations are necessary to bring about the maximum
advantage in the condition of the soil for the growth and nodulation
of Sesbania speciosa.

TanLe IV
( Mean yield of green matier in 1b. per acre)

Troatment A B c D B ¥ G H

Yield (1b.) 19122 27295 19590 -25283 30742 32205 23718 36075
Consclusions H I B B D G C A

Nitrogen, carbon and available phosphoric acid contents of soil :
The data on the mean content of total mitrogen, organic carbon and
available phosphorie acid in soils under the different treatments,
collected before sowing and affer harvest of Sesbania crop are
presented in table V.

Tanre V
Average nitrogen, carbon and apailable phosphoric acid content of soil.

Proatment Nitrogen Organic Uarba;n a‘;‘?éiil::iﬂl?%:r ;3;‘;113-
Before After Before After Baefore After
Sowing Harvest Sowing Harvest Sowing  Harvest
A 144 ‘151 1-16 106 5l 635
£ *150 1563 1-21 1-07 Gl b2
Q *141 =150 112 1-09 67 BS
D *165 “167 1'14 113 71 it
E *141 ‘156 1415 1'15 70 i)
F -138 -162 1-13 1'15 62 63
G *144 <160 119 113 iy it
H *143 148 1'14 1-12 &9 58

From the figures it is seen that there is no significant varia-
tion in these soil characteristics, due to the growth of the Sesbania
crop. However, there is an apparent increase in the nitrogen content
of soils after the growth of the legume, which ean be attributed fo
the diffusion of nitrogen from the roots and to the decay of older
root nodules in the soil (Virtanen 1947) which undergo mineralisation
nlowly.
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pH auwd microbial population :  The pH of the i:ﬂrn'ppsitgl".ééﬂ
samples under the dilferent treatments are given in Table VI

TanLe VI
pH and Baclerial Counts

Before Sowing After Harvont
Troatments No. of miero organiams in u No. of miero -::u't_-gu'niﬁr'ne_ in-
ph lnkhs per gram of soil ¥ lakhs per gram of soil:
A 5'80 4'8 648 ' 14
B 618 152 5:80 153
o 564 T2 . 520 73
D 578 82 5:30 _ 85
B G-28 16°2 6'78 16:2
T 6-29 118 _ 5-80) ' 12'8
G b'9p 87 570 844
H

614 21-0 500 21:2

The microbial population of these soils were estimated by the
plating method using Thorntons’ agar medium. A dilution of 1 in
100,000 was found to give satisfactory counts on the plates. © Tour
plates were used for each soil. The results obtained are given in
Table VI.

It is seen that the limed plots have a higher pH generally.
The plots receiving the lime treatment have also recorded a higher
yield and better nodulation. This is in agreement with Joffee (1920)
who recorded the greatest number of nodules and the greatest gain
in nitrogen in the plants growing in soils of nearly meutral reaction.
Bryan (1922) made similar observations with alffalfa, clover, cowpea,
and soyabeans raised in nutrient solutions of varying concentrations.

Where superphosphate alone was applied thereis a slight increase
i soil acidity, Though farmyard manure, by itself has not mitigated
the condition, in combination with lime, it has improved the soil
reaction. The combination of all the three amendments viz. lime,
super and farm yard manure has also raised the pH.

The pH of the soils after the harvest of the crop is | slightly
lower in all the series &s compared with that before sowing, probably
due to the uptake of lime by the erop.

Microbial population :  The figures indicate that all the treat-
ments have recorded higher bacterial numbers in the soil, than the
control. Among the treatments the limed plots have higher bacterial
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numbers than the unlimed series. Super and farmyard manure alone
and in combination also exert some influence on the soil population.
The highest numbers are present in the plots receiving a combination
of lime, super and farmyard manure. The results also indicate that
there is very little variation in the numbers found before and after
the crop.

Biological activity : The daily evolution of carbondioxide due
to microbial activity was determined in the composite soil samples
under the different -manurial treatments. The experiments were
carried out with 100 gm. of the sieved soils, to which organic matter
in the form of 1 gram glucose had been added, and moistened to a
level of 509 of the water-holding capacity of the soil and incubated
at room temperature. Controls with soils alone were also run
simultaneously for working out the percentage increases of CO,
evolved due to biological activity in the samples treated with
carbohydrate.

From the estimation of CO, evolved, the daily average
production of CO, was worked out and the data are given in

Table VII.

Tasre VII
Daily average production of OO0,

5 Euil\SamplaE Befors Sowing Seoil Samples After Harvest

§ o o o o

g . Mgm of COZ. Sof @09 Mgm of CO 2. 2o wool
3 Soil + Sg8 EBeS Soil + £S5 E£8a8
e Soil 1 =22 SEs5E Soil ]%' QEE E;EE
B alona giurtose E'T.l =] mg_ﬁ'cﬁ t¢  alone glucoss 7 - G J'l',ghg'-_-:ﬂ &
A 75 19-6 121 . 1614 51 193 142 2788
B 17 2 a1-2 140 820 15-6 24°0 BB 652
c 28:2 33-9 67 203 22-1 31-2 g1 40§
D 396 d41-4 1'8 44-4 33-0 350 2D 87
u 378 407 29 76 295 31-7 22 T4
iy 70 18h 11-d 162-5 46 183 15-8 3000
G 1873 254 10°1 hb-4 19-2 260 68 364
H 332 42-9 97 29-1 29°9 430 30 11-8

From the data it would be seen that fhere is a gencral
increase in the microbiological activity due to the application of the
different amendments. In all cases there is a definite response to
the added organic matter. The microbiological activitiy of the soil as
revealed by the carbon dioxide evolution and the mierobiul
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population scems to Dbe influenced by the amendments than by

cropping. There is a general slackening of the biologieal uehﬂty:
after the harvest of the crop. Considering both the population - and-

activity it is seen the highest counts are. found in the treatiment’
receiving lime, super phosphate and farm yard manure. - The greatersi;'
quantity of carbon dioxide was evolved from the treatment, recmwng"_
farmyard manure though the number of organisms was cnnsldﬂra-bly-
less. This seems to be due o the composition of the micro-organisms.
such as fungi and bacteria and it is known that acid range of soil
reaction is more favourable for moulds than bacteria and: vice-versa.

The addition of farm yard manure also assists the davelupment of fungal
growth. In general it is found that combination of lime, P,0, and -
farm yard manure provides a good condition in the soil for mierobial
growth and activity thus tending to increase their fertilitv. .

Asialysis of plant samples : The Sesbania crop was harvested
after two months’ growth and the dry matter weight was deduced
from the green matter yield and moisture per cent. Representative
plant samples under the different treatments were analysed for total
nitrogen content. The nitrogen -content of the harvested crop in
each plot, was calculated. The average figures of drv matter vielded
are given in Table VIIIL.

Tasne VIII

Average dry matter weight
(Eazpressed in lb. per acre)

Treatment A B C D ) [ T G H C.D.at 19 level

Ib./oero 607 769D AT06 Y375 EO11 9429 5023 IUBTD. 1230
Coneclusion ™ T i B, i3] c . A -

Dry matter : The data on the dry matter -yield after two
months’ growth of the erop, are highly significant (at 1% level) and
are similar to the green matter yields (vide Table IV).

Total nitrogen contént: The data (Vide Table IX) are
significant at 5% level. The results indicate that the combination
of lime, Bupelphospha,te and farm yard manure bring aboub the
maximum return, in the form of mnitrogen  in the harvested crop,
which nitrogen could be incorporated into the soil. It may be seen
that nearly 122 1b of nitrogen is obtained by -this way as against
78 1b from ‘no manure’ plot for a two month old crop.
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TasLu IX
Average Nitrogen Qontent of Sesbania Plant
(Expressed in lb. per acre)

Treatment A B ' D E F G H C.D.atl% lovel

Lb./per acre 782 103'1 845 102:1 1044 1057 804 1218 217
Conelusion H F Ik B D G ©C A

Summary and Conclusion: A field trial was conducted during
1955 at the Agricultural Research Station, Pattambi, to find out the
ideal conditions for best nodulation and growth of Sesbania speciosd
good. The changes in the soil condition were also studied. The extent
of groth, green matter yielded and the nitrogen contained in the crop
were assessed.

The factors of particular importance for the best performance
of legumes are the physical properties of the soil to hold and to
release water and air to the plant, the acidity or alkalinity of the
soil and its content of necessary nntrients. Provided the soil
contains and permits a ready flow of water and air and is free
from concentrations of soluble salts, the factors of importance are
the pH value and availability of essential nutrients.

‘There are good indications that legumes for green manure
purposes can profitably be raised in the laterite soils of Malabar by
providing amendments like lime, and adding organic matber such as
farm yard manure and phosphoric acid. As stated by Whyte et al
(1953) calcium not only sweetens the soil but also facilifates the
the release of certain nutrients in an available form. It has been
found that if sufficient calcium is available as a nuftrient, and the
other essential nutrients are not lacking and the soil is in a good
physical condition, the degree of acidity or alkalinity may not have
much influence within certain limits, The trials have clearly indicated
this, namely that for effective nodulation of legumes and improving
their growth a combination of lime at 1500 Ib. superphosphate at
30 1b P,0,, and farm yard manure at 5000 Ib. per acre was the best
as it increased the yield by 80 per cent over the control adding 44 1h.
more nitrogen per acre. '

The difference in the contents of nitregen, organic carbon,
available phosphoric acid. pH and bacterial numbers of the soils
after application of the amendments, and after harvest of the crop

_ were not significant i. e. these soil characteristics were not influenced
by the growing of the sesbania crop.
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The excellent growth of green manure scems to. be due to.
the availability of lime and phosy:honr acid than dué to the c]mnge"
in so0il reaction alone which is very little. This is clear’ fr om the: poor't
base status and lack of available nutrients in the soils betora the use
of the amendment and fertiliser. The farm yard manure ]1elps to.'
retain more moisture as well  as the soluble plant nutrients. The
importance of organic matter content of soil for the hetter assum]a,—”‘

tion of phosphate by legumes and the need for phosphate has also
been stressed by Sanyasi Raju (1953).
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