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ADbstract

Theimportance of diazotrophic cyanobacteria in maintaining the
spontaneous fertility of thericefield soil has been well documented. The
present day need isto develop region specific strains of cyanobacteria capable
of carrying out the desired functions under different agro-climatic conditions.
In this context the distributional pattern and compar ative predominance of
different cyanobacterial forms has been worked out for 142 ricefield soil
samples collected from Kurnool district of Andhra Pradesh, India. Total 72
algal formswererecorded in the enrichment culturesof the soil samples, out
of these only 5 were greensand therest were blue-greens. During the studies,
42 unialgal isolates belonging to 8 genera were obtained and screened for
growth and nitrogen fixation. A remarkable strain variation was observed
even at intra-specieslevel. Although, Nostoc and Anabaena had compar atively
awider distribution than Calothrix thelater wasfound to perform consistently
better both in terms of growth and nitrogen fixation. Presence of ammonium
nitrogen had a differential effect on growth and nitrogen fixation. The
threshold value for nitrogen fixation was found to be much lower than that for
growth but even at 100 ug NH+4N/ml, in none of the algae, the process of
nitrogen fixation was completely stopped. Implications of this property in
increasing the availability of biologically fixed nitrogen aswell asfertilizer
nitrogen have been emphasized.



Introductlon

Kurnool district of Andhra Pradesh in Indiaissituated within the
geographical coordination of 14°-54" and 16°-11" of the northern
latitude and 76° -58' and 78° -25’ of the eastern latitude,aver age
elevation is 33.33 metersm.s.l. with tropical climate.

Temperaturein summer goesupto 46.1° C and in winter it ranges
from 15.5t0 32.2° C. unevenly distributed rainfall with annual
average varying from 610 to 620mm, riceisthe main cultivated
crop both asrainfed and upland conditions.

Diazotrophic cyanobacteria ar e recognized asthe most potential
nitrogen fixing biological system under waterlogged conditions of
thericefields

Distributional pattern of cyanobacteria
Natural potential of growth and nitrogen fixation.

Effect of graded concentrations of ammonical nitrogen on growth
and nitrogen fixation



Material and M ethods

— Onehundred and forty two randomized soil sampleswer e collected from the
fallow ricefields of Kurnool, Andhra Pradesh.

— Theenrichment cultureswereraised separately in Fogg's medium with and
without potassium nitrate

— Forty two cyanobacterial formswereisolated and tested for their natural
potential of growth and nitrogen fixation.

— Out of theses 15 promising strains wer e selected to observe the effect of graded
concentration of ammonical nitrogen on growth and nitrogen fixation.

— Algal isolateswere grown in triplicate with and without 25, 50, 75 and 100 ug
NH4*Nml-1 supplied asammonium chloride.

— Theflaskswereinoculated with 1 ml of of homogenized 10 day old growth of
each alga and incubated for 28 days at 2000 lux light intensity with 16/8 h
light/dark cycle and 30+ 2°C temperature. Initial observationson growth and
total nitrogen weretaken at 0 day. On completion of the experiment the
contents wer e homogenized and volume made up to 50 ml. From each
replication, two 10ml portionsweretaken for chlorophyll estimation (McKinny,
1941) and therest were used for recording dry weight. After weighing, thefilter
paper with the algal mat and the filtrate weretogether used for estimating total
nitrogen (Jackson, 1958).



Results

— A total of 72 algal forms wer e recorded out of which 67 were
cyanobacteria. The cyanobacteria belonged to 16 genera and the 5 green
algal genera were represented by one species each (Table 1).

— Judged by therated score Nostoc, Anabaena and Calothrix were found to
bevery widely distributed. Formslike Phormidium, Aphanothece,
Cylindrospermum, Hapal osiphon, Plectonema and Westiellopsis were
sparsely distributed. Aphanocapsa, Chloroglea, Gleocapsa, Microcheate
and Microcoleus had a highly restricted distribution (Table 2).

— Amongthe 42 isolates tremendous variation was observed in growth and
nitrogen fixation not only between different genera and species but also
within different isolates of the same species (Table 3)

— Thepromising 15 cyanobacteriain general, showed a concentration
dependant decreasein all the three parameters except in Anabaena
sphaerica 19, Hapalosiphon hibernicus 111 and Microchaete tenera 76
(Table 4).



TABLE 1.

Frequency distribution of different algal genera.

Genus Wo. of Species
SpECies

Nostoe n museorim, punchiforme, ellipsosporum, linckia,
piscinale, caleicals, hatei, pasgerinianun, carnewm,
microscopicum, sphaericiem, verriicosum, paludosan,
commune, Aumifisimy, rivnlare,  Spougiacforme,
entaplipinm

Arnabaena 14 laxa, fertilissima, iyengarii, amomals, variabilis,
oryeae, doliolum, spiroides, torulosa, orientalis,
sphaerica, gelatinicola, kharnae, embigina

Calatlirix (& marekica, brevissima, jovarice, epiphyiica, mem-
Bramacea, elenkinii

Cylindraspermuimn 4 minscicola, Heheniformae, stagnale, wmafus

Phormidium 1 Jasvealarnn

Ozeillatoria & sithbreviz, Rigra, sancta, mortingi, ebsewra, limosa

Hapalosiphon 5 imtricars, fowrinalis, hibermicus, siwlinnnw, wel.
witachii

Plecioiwema 1

Aphanathece i

Westiellopsis I profifica

Scytounenna 3 bekaard, sefmiditil, imalviyoeisiy

Microchears L Tenerid

Glopocapsa sp. |

Aphanscapsa sp. 1

Chioroglea sp. 1

Microcolens sp. 1

Clelarococchmt 1

Clastarinm 1

Qedegoninn 1

Rhizoclorini 1

Uorhrix 1

The species and genera listed in order of their f.equency occurrence on their rated score,



TABLE2 Comparative distribution of algal genera in Kurnool district of Andhra Pradesh,

Genus No. of Numerical Rated Rated
species total total _score
Nostoc 20 459 1635 1151°4
Anabaena 14 365 1426 10042
Calothrix 6 231 845 595+0
Cylindrospermum 4 118 492 3462
Phormidium 1 132 438 308-2.
Oscillatoria 6 104 287 ° 2021
Hapalosiphon 5 66 243 1711
Plectonema l 69 229 161'2
Aphanothece 1 42 151 1063
Westiellopsis 1 23 93 654
Scytonema 3 15 50 352
Microcheate 1 14 27 190
Gloeocapsa 1 7 22 154
Aphanocapsa 1 6 14 98
Chloroglea 1 5 i2 82
Microcoleus 1 5 6 42
Chlorecoccum 1 142 537 3711
Closterium 1 21 50 352
Oedogonium 1 28 92 647
Rhizoclonium I 28 11 781
Ulothrix 1 14 51 359

_——-_-_--.#




TABLE3. Growth and nitrogen fixation by cyanobacterial isolates.

~

Isolate No. Name of the isolate Chlorophyll Dry weight Total nitrogen
93 Anabaena gelatinicola 2.78 100.00 30.80
19 A. sphaerica 5.40 166.60 43.02
21 A. sphaerica 4.06 390.00 41.02
77 A. torulosa 1.26 90.00 30.80

119 Calothrix elenkinii 1.08 40.00 35.70
3 C. epiphytica 4.48 406.00 54.60
96 C. epiphytica 5.79 460.00 44 .61
104 C. epiphytica 11.19 486.60 69.30
32 C. javanica 6.57 446.60 57.40
3a C. marchica 3.80 113.30 34.72
6 C. marchica 5.65 220.00 41.72
100 C. marchica 5.49 433.30 63.70
106 C. marchica 6.58 446.60 55.20
6a C. membranacea 5.03 226.60 51.10
74 Cylindrospermum muscicola 2.31 353.30 50.23
81 C. muscicola 5.39 580.00 51.80
111 Hapalosiphon hibernicus 4.11 186.60 34.30
12 H. intricatus 3.90 220.00 32.80

76 Microchaete tenera 4.50 286.60 51.80

Continued in next dide....... !



....... Continued from previous slide

Isolate No. Name of the isolate Chlorophyll Dry weight Total nitrogen
23 Nostoc carneum 3.49 413.30 47.88
87 N. ellipsosporum 0.64 140.00 23.10
88 N. entophytum 1.26 80.00 26.36
82 N. linckia 0.63 66.60 25.20
91 N. linckia 0.52 46.60 17.26

105 N. microscopicum 0.55 83.30 23.10
15 N. muscerum 5.52 246.60 44,98
42 N. muscorum 229 146.60 31.03
92 N. muscorum 4.98 513.30 54.88

103 N. muscorum 4.68 473.30 48,16
20 N. paludosam 4.30 313.30 43,30
99 N. paludosam 2.66 346.60 40.60
43 N. passerinianum 6.99 420.00 72.80
26 N. punctiforme 5.67 450.00 48.70
46 N. punctiforme 3.72 280.00 36.40

102 Nostoc sp, 1.65 40.00 24.50

122 N. spongiaeformae 1.93 86.60 27.30
41 N. verrucosum 1.26 60.00 23.80
da Scytonema schmidiii 6.75 373.30 43.16
30 Westiellopsis prolifica 2.43 106.60 27.25
47 W. prolifica 3.37 86.60 35.00
80 W. prolifica 5.92 453.30 46.62
98 W. prolifica 0.94 73.30 20,30

Values in pg/mi



TABLE4. Effect of ammonium nitrogen on growth and nitrogen fixation by c-}'mﬂﬂﬂ!

(Conc. ug mi™') Chiloro- Percent Dry. Wt

Perosnt | Totl N Fer cant

phyll Change Change 0 day 28 day Change
Anabaena sphaerica (19) Ui,
0 4.90 — 501.0 — 5.98 52.43 f—
25 5.42 +10.6 510.0 « 1.7 2038 53.11 -294
50 643  +31.2 4200 ~-16.1 4000 8585 -655
75 6.02 +22.8 405.0 -19.0 60.33 TONE =74}
100 5.03 + 26 3650 -27.1 80.00 92,27 -735

Continued in next dide.........



....... Continued from previous side

{Cone, ug mi-1} Chioro- Peroceant Dey. Wi Fer cent Total M Per cend
phyll Change Charngs O day 28 day Change
Cafodfrix eoiphydica (3]

a 516 —_ 3580 —_ 233 41_5E —
25 276 — 4E.5 2830 - 29,1 20.00 43.TE — 386
50 282 = 452 2480 = 3T.B 40,33 48 55 - 3.8
TE 1.75 — 661 201.0 — 4BE S0.00 E8.28 - FE.9

100 1.70 — B7.1 185.0 = 501 8033 B2.74 — 839
Calofiny epiphydica (104)

v 5.75 _— 4E3.0 _— 3.00 SE.50 s
z5 3.78 — 342 TE3.0 - E2.1 2000 £B.25 - 350
=0 3.88 = 325 1E3.0 — G621 Ll la o] 55 BB - 54.3
75 312 — 457 A1E3.0 - BZA1 G0 .00 8r.25 - 833

100 3.00 — 47.8 233.0 - 51.7 a0.00 Br.2rT — 8533
Caioifrix jfavanica (32)

] B35 —_ S4BT — 5.00 E5.76 —
25 5.39 =182 284.0 = 35T 20.00 S58.18 - 248
50 5.08 — 201 2380 — 4T.4 47 .00 G580 —-51.1
5 4 58 — 2B 6 18540 — 5B.F 60,33 G252 - 55,7

1040 3.58 — 437 166.0 — B30 30,23 B84 .23 =592.3
Caonaris rrrarchica {(100)

i E.14 — £83.40 —_ 3.00 4554 —
5 2.35 — &1.6 2660 -4 8 20.00 4T .16 =353
50 2.71 - S5O 198.7 - 58.9 40.33 011 - T
75 2.30 - G2.5 1723 — 4.3 60.53 B2.E3 = 94.1

100 138 - 878 1703 - B4 B a0.33 s2.12 - 958
Caicdtnx marchica {108)

ia 6.39 —_ 4582 - 300 45.79 —
25 1.73 - T340 2481 — 46,6 20.00 44 15 - 435
=0 1.14 — 821 2162 — 537 40,23 47,50 - 82.3
75 1.77 - T23 1830 — 60T E0.33 E2.33 —95.2

100 1.59 - 781 16610 — B4 4 B0.33 E2.14 - 95.8
Cadolfni membranacea (E)

a 406 — 4005 = .00 45.25 _
25 137 — B5.2 2BE8.0 — 28.6 20.33 50.48 - 28,7
S 105 = T4.1 1587 — 50.1 40,33 51.27 = T4.1
75 081 - T7.8 1830 =503 80,33 Ta.4a8 -T2

100 L1 | - BZ25 1E8.0 — 5E.2 a0.33 BS 45 — TB.4
Cyiincraspermniem muscioals (31)

a 5.53 —_— 4183 — 400 48,03 =
25 314 + 43 F 236.0 - 43,3 20.00 4B.2T - 33.1
50 201 + B3.T 167.5 — 598 40.00 51.78 -T2
s 1.88 + Bk 165.0 — 601 E1.00 53,73 =235

100 1.80 — E7.5 163.0 = 605 a0.00 B .82 — 857

Continued in next dide.......



Continued from previous side

(Conc, pg mi™"] Chiore- Percert Dry. WY  Percent Total M Par cant
Ryl Change Change 0 day 28 day Ghange
Hapalosiphon hibsmicus (111}

o as — 348.7 —_ 7 .00 3327 —
5 512 344 3008 +« 143 2033 3550 -423
g0 570 + 486 4333 + 239 40.33 42 8@ - 811
78 451 + 18.4 3333 - 4.7 6033 g1.44 =S58

100 475 + 249 2802 =285 BD.OO B233 =g1.2
Microchaste tenara (76)

o 5.02 —_ 3850 — 4.02 48 84 —
25 693 + 3381 3890 +12.4 2033 48 45 —34.2
&0 B.BS + 327 2870 =248 4033 50,85 =~ 54.4
Fi- 5.25 + 4B 2340 =338 6100 TiE2 -—-T05

100 4,22 =159 1680 -53.2 BD33 B3.53 - G2.5
Mosfoe muscorm (BT

o 412 _ 316.0 — 4.00 50,55 —_
5 277 -328 2203 =303 2000 53.68 - 27.4
50 2.8 - 284 2203 - 305 40.00 B4.78 —47.9
75 2.3 - 4186 2000 = 387 E0.00 78.20 - B61.0

1040 2.1 + 4#B.B 2022 = 36.0 80.00 BaF, 41 = B5.3
Nasioc passannianum [(43)

o & 56 —_ 202.2 - 3.00 49,40 —
25 1.03 =774 1830 = BS5 2000 54,23 = 26.2
50 1.12 =TH4 18565 =176 4000 S8, —E8.9
75 1.47 — 87,8 1680 =179 G000 Moo —T7as

100 1.66 =E3.6 1483 = 2.1  BO.0D B&.43 - B8
Mastoc pumchiforme [28)

o 873 —_ 5B4.0 = S.00 56,80 —
25 4.0 - 405 333.0 - 43.0 20.00 54.07 — 338
L] 262 —-B61.0 Z18.0 — B30 40.00 45,210 - B9.9
- 2.58 - 6.6 202.2 - 654 E0.00 71.80 - 7.7

100 1.42 ~TE® 1830 - BBT BO.DO 83.00 — 54,2
Soyfonema schmidhi (4a]

i ] 5.80 _— 386.0 — 3.00 42,34 —
25 1.10 — B1.4 2163 = 410 20,33 45,38 =383
50 1.26 =788 1833 + 48,9 4000 48,50 - T7.8
78 089 =832 1947 + 455 6000 &6.78 — 8&.8

100 059 — 53,0 1BB.5 + 541 BO33 89,82 = 75.8
Weslistiopais groiiffca [(B0)

o 5480 —_ 418.3 —_ 318 48,18 —
o5 .43 — 420 E38.3 —-182 2033 49,55 - 34.2
50 322 =454 PEO.E =353 4033 42,68 - 54.8
75 278 — 832 286.T =360 E3.33 &2.68 — 848

10 276 - 532 283.0 - 320 BO33 B1.E3 - 5.5

Values in pg mi™



Discussion

— Kolteand Goyal (1985) reported Calothrix as one of the dominant cyanobacteria from
Maharashtra state, India. In the present study also Calothrix turned out to bethe
third most widely distributed genusin Kurnool district of Andhra Pradesh. Forms
like Calothrix, Tolypothrix, Aulosira and Scytonema which atr e capable of growing
luxuriantly on moist and shaded soil surfaces, attain importance asinoculants under
upland paddy conditions wher e the waterlogged conditions cannot be maintained
per manently.

— Existence of remarkable variation even at intraspecieslevel in the nitrogen fixing
ability and biomass production hasthrown open the possibility of selecting the
desired strains through screening of the autochtonus cyanobacteria.

— Kolteand Goyal (1986) observed that species of Calothrix, Tolypothrix, Aulosira,
Cylindrospermum, Hapal osiphon and Westiellopsis and opined that these forms
capable of growing on moist and shaded soil surface, hold promise for algalization of
upland paddies.

— Ureaand ammonium sulphate are the commonly used fertilizers, having nitrogen in
NH ,*form which directly affects both growth and nitrogen fixation by cyanobacteria.
NH,* N isa putative inhibitor of nitrogen fixation.



Thedifferential response of growth and nitrogen fixation to the
presence of NH,* N hasintersting implicationsin the algal biofertilizer
technology. Because of higher threshold value for growth, coupled with
the application of fertilizer nitrogen in split doses and dilution of the
effect due to various soil components, it appearsthat under field
conditions,

NH,* N may never limit the biomass production by the cyanobacter ia.
Even if at these reduced levels of fertilizer nitrogen, the contribution of
biologically fixed nitrogen may be considerably reduced, the loss may
be morethan compensated when theincreased algal biomassreverts
back to nitrogen fixation dueto the progressive fall in the concentration
of fertilizer nitrogen.

Thiswill not only provide increased amount of biologically fixed
nitrogen but also increase the availability of part of the fertilizer
nitrogen by preventing it from being lost through metabolization by the
algae under non-nitrogen fixing conditions.

Theremarkable variation in growth and nitrogen fixing potential of
different cyanobacteria per ceptible even at intra species level suggests
that screening of natural populations can lead to the identification of
algal strainsmaking ideal inoculants compatible with higher level of
fertilizer nitrogen.



