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SUITABILITY OF CERTAIN CARBON SOURCES FOR THE ENRICHMENT OF
NITROGEN-FIXING BACTERIA FROM SALINE ALKALI SOILS

USHA KHANNA anp S. R. VYAS

Department of Microbiology, Haryana

SINC‘E Beiljerinck! (1901) discovered the aerobic

nitrogen-fixing bacterium called Azotobacter,
a large number of carbon sources have been
reported to serve as the energy source and
building blocks for the species?™> (Skinner,”
Bryan,3 Fedrovt and Jensen’). This communi-
cation reports results of an investigation
designed to find out which of the several carbon
sources serve as efficient substrates for the iso-
laticn of Azotobacter and other species of aero-
bic nitrogen-fixing bacteria from saline alkali
soils,

A wide wvariety of carbon sources as for-

mate, acetate, succinate, citrate, benzoate,
salicylate, alcohol, mannitol, sorbitol, glucose
and sucrose were tested for their suitability

for the enrichment of the aerobic nitrogen-
fixing species. The saline alkali soils used as
mocula in these experiments were obtained
from the soil-testing laboratories of the Pun-
jab  Agricultural University. Some were also
collecled from the Regional Agricultural Sta-
tion, Gurgaon, Haryana. The soil samples were
stored at room temperature (30°C) in glass
bottles prior to examination, which was done
wherever possible soon after collection andg
storage.

Ashby’s medium,® suitably modified with the
substitution of the wvarious carbon sources list-
ed above, was used in this study as it proved
to be efficient in most experiments conducted
with normal soils. The pH of the medium was
maintained at 7-¢ for all the soils and irres-
peclive of their pH except in few cases when
the mannitol medium pH was adjusted corres-
pondingly to the soils used as inocula with a
view to see if the pH adjustments of the medium
could lead to different results

Enrichments in 100 ml of the liquid medium
with wvarious carbon sources were set in
250 ml. Erlenmeyers {lasks inoculated with dif-
ferent soils of pH ranging from 8-0 to as high
as 11-2 on a rotary shaker (28° C) for 3-4
days. A lcopful of the ligquid enrichments was
streaked on the corresponding solid medium
after 2-3 csuccessive transfers were made
through the liguid medium. By repezted streak-
ing on the solid medium pure culfures of the
irolates were made. These were subseguently
maintained on Ashby’'s mannitol agar slants.
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In as much as sucrose has been reported to
be the most suitable source for the enrichment
of Azotobacter by Darzniek? and Babak? a
comparison ©f the results was considered
desirable to be made with sucrose on one hand
and mannitol on the other,

The cultures were identified by the proce-
dures detailed in the Bergy’s Manual?® and the
capacity of each of the cultures to fix nitrogen
was estimated using uniformly mannitol as the
carbon source.: The initial and residual man-
nitol in the cultures before and after growth
was determined by Burton'sl'¥ procedure
(Table III).

TABLE I
Relationship between the enrichment of aerobic
nitrogen~fixing bacteria and the carbon source

pH of the soil pH of th
Carbon sample enrich-
S0Urcs: o ment
80 9.9 9.8 medinm
Formate ., — — _— 7-0
Acetate .a — — — 7+0
Succinate .. —_ * * 7+0
Citrate s — * * 70
Benzoate .. — — » 7.0
Salicylate ,,. —— * —_ 70
Alcohol s A, chroo- — A, chroo- 70
cOCCUM COCCHNE
Mannitol .. * — LDerxia sp.  T+Q
" . * * do. g8
Sorbitol .. * —_ A. ¢l roo- 7-0
COCC 1M
Glucose .o * A, chyoo- do. 70

coccieme

* = Represents unidentified.
— =gt enriched.

From the results reported in Table I, it is
clear that only alcohol, mannitol, sorbitol and
glucose serve as. suitable sources for the en-
richment of both A:zotobacter and Derxia spe-
cles. Whereas nine species of Azotobacter
chroococcum could be isglated from saline
alkali soils, only two strains of Derxia appear-
ed ; interestingly, as many as 22 other bac-
teria also grew in the nitrogen-deficient medium
but in as much as none of them were found
capable of fixing nitrogen, they are not conh-
sidered important in this connection and were
not as such taken for identification.

It is interesting to observe that in one soil
of pH 90 glucose succeeded in enriching the
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Azotobacter species whereas alechol failed to
do so. Egually interesting was the observation
that only from one soil that sorbitcl could
seek out the nitrogen fixer. Manmitol, on the
other thand, not only brought out both the
Derxia specics, but proved to be superior to
sucrose in the enrichments of Azotobacter as
well (Table II). Curiously, sucrgse provided
beiter enrichment conditions for the isolation
of a colitary species 0f Azotobacter from a
highly alkaline soil of pH 10-2.

TasLe 1II
Effect of sucrose and mannitol on the enrich-
ment of aerobic nitrogen-fixing bacteria

pH PH of the
Carbon source of the Isolate enrichment
s0il medium

Sucrose «. 86 * 7.0
. .o 89 * 7-0
s -e 945 * 7+0
»? 4 9'8 u T‘D
>s o 102 A, chroor. cciom 70
'3 ea 111 * 70
vy P 11'2 e 7‘0
Mannitol e 947 A. ekroococeum 7.0
- . 0.4 . 7.0
’y P 9' 5] * 7‘0
LY .a 9'8 * 7'0
.y e 3-8 A. chroococcin 7°0
.5 .o 3.8 * 70

¥ = Represents unidentified.
TapLE III
Nitrogen-fixing abilities of different isolates at
their optimum pH for growth in Ashby’s
mannitol medium at 28° C

g1 Name pH Nitrogen Residual
Nu' of the {opti- fixed sugar
: organism mum) (mg) (mg)
1 Derxia sp. ‘e 8.0 8«4 0
2 % - 8'0 12'5 O
o A, chroococcum ., §-0 2+8 63
4 . .s 80 42 27
o " - 8+0 56 45
6 ' . 8+0 4-2 27
7 . .o 8+ 5.6 0
8 " .a 7+0 42 0
9 .r . 8.0 3+6 36
10 s ‘e 8.0 42 45
11 " ‘o 80 546 18

Derxia represents an intercsting genus  of
nitrogen-fixing bacteria. Jenscn et al.l! rcport-
cd on the nitrogen-{ixing capacity of D. gum-
mosa from West Doengal soils of pll 65 Its
izolation {from cny other soils has not boon so
far reported. The organism icolatcd by the
authcrs rescembles D. gummosa in cvery res-
peet except that i1 has not oenly a higher opli-
mum pH (Fig. 1) but has a wider vigorous
growth range of pll 6 to 10 as compared to
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that of the former which ranges frem 5-5 to
9-0. Both the Derxia species reported here
could fix appreciable amounts of nitrogen at
their optimum pH of 8-0. It needs to be pointed
in this connection that the very same species
gol enriched when the mannitol medium was
adjusted at pH 7-0 or 98, the pH of the soil
wherefrom the strains were isolated.
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FIG. 1. Effect of pH on the growth of varous iso-
lites of Derxia species.

To conclude, it may be stated that both
Azotobacter and Derxiq species seem to thrive
In saline alkali soils and mannitol appears to
be the substrate of choice for their enrich-
ments. It may be desirable to have the man-
nitol broths adjusted to neutrality and/or cor-
responding to the pH of the soils selected for
isolation,
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