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EFFECT OF WATER LOGGING ON BIOMASS
PRODUCTION, NODULATION AND NITROGEN
FIXATION BY Sesbania rostrata AND ROOT
NODULATING SPECIES OF Sesbania

M. KALIDURAI and 5. KANNAIYAN

ABSTRACT

Sesbania rostrata is a stem and rool nodulating tropical green manure legume. The
bacterium Bhizobium Azorhizobium caulinodans is involved in stem and rool nodule
formation, A pot culture study was conducted with 5. rostrata, §. aculeata (Willd.) poir
and §. speciosa during January - April, 1988 w investigate the effect of water logging on
plant growth, biomass production, nitrogenase aclivity was higher than root nodules on
45th, 65th and 85th day after sowing. 5. aculeata recorded higher biomass on 45th day
after sowing. Chlorophyll content, nitrogen, potassium, calcium, magnesium, zinc, copper,
iron and manganese were accumulated more in S. rostrata while, S. aculeata and §.
speciosa recorded higher organic carbon and phosphorus comtent with wider C:N ratio.

Biological nitrogen fixation is an
important process in flooded rice field
ecosystem and contribute nitrogen 10 the
rice crop. Despite the use of fertilizer
nitrogen in modem rice production, soil
nitrogen and biological nitrogen fixation
remain primary source for a vasl area
under rice production. Root nodulating
Sesbania aculeata and Crotalaria juncea
are widely used as potential nitrogen
fixing leguminous green manure Crops
and known to contribute an average of
26kgN ha™ da}r'l (Pandey and Morris,
1983). Recently, a tropical legume S.
rostrata that grow as wild plant under
water logged soils in Senegal (West
Africa) which bears nodules on both
stem and root was identified (Dreyfus
and Dommergues, 1981). it is known 1o
tolerate waterlogging and produce around
25t ha! biomass in 45 days in rice

soil (Kalidurai and Kannaiyan, 1988).
Green manuring with Sesbania spp for
rice crop considerably increased orgamc
carbon N, P and K status of the soil
and also enhanced the uptake of N, P,
Ca, Mg, S, Fe, Mn and Zn (Swarup,
1988). The effect of water logging on
biomass production, nitrogen fixation
and accumulation of major and
micronutrient in three Sesbania spp. were
investigated and presented.

MATERIALS AND METHODS

A pot culture study with cement
pots of size 30 x 30 x 45 cms (LBH)
cms was conducted adapting randomized
block design with three replications
during January - April, 1988. The rice
ficld soil samples with EC (0.70 M
mhosfem), pH (8.5). organic carbon
(0.80%), available N (329 kg N Im‘}i}.
P (26.88 kg ha™), K (47000 kg N ha™)
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and CEC (44.62) was filled in cement
pots. Three leguminous green manure
rops were raised under waterlogged and
100% moisture saturation level. The
sceds of S. rostrata were treated with
peal based inocula of S. rostrata stemand
root nodulating isolates (SRS-1 and
SRR-1) and S. aculeata and S. speciosa
sceds were treated with their specific
root nodulating rhizobia isolates (SAR-1
and SSR-1) which were selected based
on in vitro growth, infection and nodula-
lion. These isolales were grown in
Tryptone™ glucose™ yeast extract broth
(10g. tryplone, 5g glucose, 5g yeasl
extract, 0.9g Caclz 2H20 and 1 litre
distilled water) at 28+1°C in a
Psychrotherm incubator cum shaker for
72 hours and inoculated in peat soil.
Filteen sceds/pot were sown and afier
ten days cxcess seedlings were thinned
out and-ninc scedlings/pot were allowed
lo establish in cach pot. Planis were
maintained in waterlogged and 100%
moisture saturation throughout the period
of experiment.

Fresh biomass, plant dry weight,
shoot and root length, nodule number,
nodule dry weight were assessed on
45th, 65th and 85th days afier sowing.
Nitrogenase activity by acetylene reduc-
tion assay (Hardy er al. 1968) and
chlorophyll content (Amon, 1949) were
estimated on 45th, 65th and 85th day
after sowing. Plant samples collected on
60th day were dried and analysed for
organic carbon (Walkley and Black,
1954), available nitrogen by using kjeletc
auto 1030 analyser (Humpries, 1956),
available phosphorus by Vanadomolybdo
phosphoric yellow method and potassium

by using EEL Photometer (Jackson,
1973). Micronutrient such as zincyf,
copper, iron and manganese were es-
timated by feeding triple acid extract in
the atomic absorption spectrophotometer
(Jackson, 1973). Available calcium and
magnesium were estimated by Versanate -
tlitration method (Jackson, 1973),

RESULTS AND DISCUSSION

Flooding increased the biomass
production, nodulation and nitrogen fixa-
tion in threc species of Sesbania. Initially
on 45th day S. aculeata recorded higher
root and shoot length and biomass (Fresh
and dry) on 45th day after sowing while,
S. rostrata recorded higher root and
shoot length and biomass on 45th and
85th day after sowing (Table 1, 2 and 3),

Water logged condition favoured
the growth of all' the three Sesbania Spp.
and S. rostrata produced higher biomass
on 65t and 85th day than S. aculeata
and S, speciosa. S. rostrata under
watcriogged “condition produce more
stem nodule than 100% moisture satura-
lion (Table 4 and Fig.1). Similarly, all
the threc Sesbania spp. have recorded
higher root nodule numbers under water-
logged condition. The scnescence of root
nodules and reduction in ARA in S.
rostrata and the abscnce of senescence
and increase in ARA in 8. aculeata was
obscrved as the plant ages. In general
stem  nodules have shown higher
nitrogenase activily than root nodules.
Dreyfus er al. (1985) have shown that
the nitrogenase activity in stem nodules
was 600 @ mol/h per plant in lowland
rice field condition.
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TABLE 1. Effect of Waterlogging on the plant height of three Sesbanis Spp.

Plant height (em)
Treatments 45 DAS 65 DAS 85 DAS
Root Shoot Total Root Shoot Total Root Shost Total

S.rostrata

Waterlogging 155 792 947 242 1451 1693 267 1877 2144
100% MS 1.2 617 729 208 109.8 1306 314 1383 lﬁlEf.'J
8. aculeata

Waterlogging 162 852 1014 229 1436 1665 296 164.6 1942

100% MS 137 775 912 256 1021 1277 359 1402 1761

3. speclosa

Waterlogging 167 683 850 219 1394 1613 276 1593 1869

100% MS 1L5 628 743 243 995 1238 334 1359 1686

CD: 116 421 505 124 758 919 235 382 107.02
DAS : Days after sowing MS : Moisture saturation

TABLE 2. Effect of Waterlogging on the biomass production of three
Sesbanis spp.

Plant beight (cm) % (ﬁiam Efka)
Treatments 45 DAS 65 DAS 85 DAS

Root Shoot Total Root  Shoot Total Rost  Shoot Total

S.rostrata

Waterlogging 456 3465 39.18 1114 4606 5730 1080 5958 7038
100% MS 443 3138 3581 9.61 3879 4840 1214 4760 5974
5. aculeata

Waterlogging 553 3530 4083 1023 4350 5373 1312 5536 6R.48
100% MS 332 3095 3647 793 3297 4090 1219 4490 57.09
S, speciosa

Waterlogging 436 1934 2390 1007 4081 5088 1207 5216 6423
100% MS 436 1811 2247 B0l 3139 3940 1004 4483 5487

ch; 0,23 1.04 1.27 (.52 450 380  3.65 31z 295
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TABLE 3. Effect of Waterlogging on dry weight of three Sesbanis spp.
Plant helght (cm)
Treatments 45 DAS 65 DAS 85 DAS
Root Shoot Total Root Shoot Total Root Shoot Total

S.rostrata

Waterlogging 138 546 684 214 760 974 324 802 112
1009 MS 1.66 468 634 227 5.69 196 294 720 1014
5. aculeata

Waterlogging 132 606 738 224 713 937 243 789 1032
100% MS 112 549 661 207 5090 16 381 633 1014
8. speclosa

Waterlogging 093 408 501 183 651 834 276 747 1023
100% MS 0.79 4.18 497 1.84 5.43 1.27 1.94 730 9.24
CD: 002 0.34 D.44 025 (.35 0.54 (.52 .89 0.87
DAS : Days after sowing MS : Meisture saturation

TABLE 4. Effect of Waterlogging on nodule number, dry weight and
nitrogenase activity of three Sesbanis spp.

Treatments 45 DAS 65 DAS 85 DAS

N:‘“" Nitro*  Nodule "o Nitro-t  Nodule | oou®  Nitro*

T Number/ (Number! 9 (Number/ (Number/ S0 (Number/

Plant)  plamt) Ut Tpinn oplant) R gy
d (e/plant) P (p/plant)

Nodule
(Mumber/

plant) (gfplant)
S.rostrata stem
Waterlogging 8196 019 12068 14978 021 22973 25892 036 39712
1009 M5 79.04 0.15 11438 12823 0.19 19463 1225.19 lﬂﬁ? 339.40
§. rostrata root
Waterlogging 19.30 0.08 9198 4085 012 14316 1290 Doa 6167
100% MS 14.80 0.05 7049 3863 .09 13507 1061 005 57.07
§. aculeata root
Waterlogging  21.68 011 9033 3526 0,14 12984 4733 016 17264
100% MS 11.57 0.06 4986 3033 N1 12212 6072 019 179.62
S. speciosa root
Waterlogging 1534 005 6345 2366 010 9929 7103 024 207.54
100% MS 544 003 3444 1605 D.0%8 6722 720 0,26 197.50
Ch: 327 0.06 3221 404 373 1316 2354 004 3424

DAS : Days after sowing * n moles ethylene producedfg dry nodule nedule nodule/h.
MS ¢ Moisture saturation
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TABLE 5. Effect of Waterlogging on the Chlorophyll content of
three Sesbania spp.

Chlorophyll content (mg/g)
Treatments 45 DAS 65 DAS 85 DAS

Chl-a  Chl-b  Total Chla Chl-b  Total Chi-a Chl-b  Total

S.rostrata )

Waterlogging Lo 121 222 109 L1 22T 104 0599 203
100% MS 105 086 191 108 117 225 103 094 197
S. aculeata

Waterlogging 105 121 226 1.06 L6 222 103 086 199
100% MS 1ol 121 222 1T 097 214 108 088 196
S. speciosa

Waterlogging 1.03 o4 207 105 112 237 093 105 198
100% MS 093 086 179 113 LM 214 102 084 186
CD: (.14 0.05 .34 07 (.45 089 - 097 0.06 0.99

DAS : Days after sowing MS : Moisture saturation

TABLE 6. Effect of waterlogging or Organic Carbon, Phosphorus and
Potassium content of Sesbani spp.

65 DAS
Treatments (::E:::: Phosphorus  Potassium  Calclum  Magnesium C:N ratio
(%) (%) (%) (%) (%) '

S. rostrata

Waterlogging 21.24 0.50 1.42 1.14 0.91 597
100% MS 21.26 0.50 1.51 1.26 0.89 592
§. aculeata

Waterlogging 23.83 0.53 1.18 1.39 0.89 8.99
100% MS 23.63 0.50 1.28 1.16 0.96 9.88
S. speciosa

Waterlogging 23.84 0.52 1.61 1.01 0.76 9.88
1009 MS 2293 0.53 1.25 1.16 0.91 9.85
CD : 1.46 0.02 0.49 0.26 0.04 1.33

DAS : Days after sowing.
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The total chlorophyll content was
higher.in all three species of Sesbania
raised under water logged condition. S.
rostrata recorded comparatively higher
chlorophyll content on 45th, 65th and
85th day after sowing (Table 5). S.
aculeata and S. speciosa recorded higher
organic carbon and phosphorus content
with wider C : N ratio.] While, S. rostrata
accumulated higher potassium, calcium
and magnesium with narrow C:N ratio
(Table 6). Nitrogen accumulation was
also significantly higher in S. rostrata
(Fig.2). Furoc et al. (1985) reported fifty
days old §. rostrataaccumulated 3.14
per cept nitrogen under rice field con-
dition. Organic matter with wide C : N
ratio depresses the availability of nitrogen
during decomposition while green
manures like Sesbania with narrow C :
N ratio could release major part of
nitrogen within 40 days of incorporation
(Ponnamperuma, 1972). Iron content in
S. aculeata was found to be more while,
S. rostrata accumulated high amount to

Vol. 79 No. 3

manganese, zinc and copper (Fig.3).
Zinc, copper and manganese content was
higher at early stage of plant and
decreased later.

Species of Sesbania have shown
common ability to lolerate water logged
condition. The results of biomass and
dry weight suggests that for incorporation
at 45 DA S. S. aculeata observed to be
better than S. rostrata or S. speciosa.
Only on longer duration the latter two
species perform well. It is clearly shown
that llooded condition increased biomass
production, nodulation and nitrogen fixa-
tion in three species of Sesbania under
walerlogged condition. The accumulation
of major and micronutrient in all the
three nitrogen fixing leguminous green
manure crop was also enhanced.
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IMPACT OF MINIKIT DEMONSTRATION - AN
ANALYTICAL STUDY

R. ANNAMALAI' and V. SEKAR®

ABSTRACT

Minikit demonstrations acted as medium of enriching knowledge and enhance adoption
of practices though differential level of knowledge and adoption among small and marginal
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