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Abstract

An experiment was conducted to study the possible nitrogenase activity associated with wheat
roots. Five mutants (M-5, M-25, M-13, M-14, M46) originating from two different wheat varieties
viz., Indus 66 and C-591, were selected on the basis of better germination percentage when grown in
an unfertilized field plot. The roots were excised and subjected to acetylene reduction assays (ARA)
to assess the comparative nitrogenase activity of different mutants. Enumeration of N2-fixing micro-
bial population in rhizoplane (RP) and histoplane (HP) was done at two growth stages i.e. tillering and
maturity by most probable number (MPN) method, using visual observation and ARA as an index.
Results showed that there was a variability as regards root associated Nz-ase activity. Enumerated
number of diazotrophs were more in HP than in RP and number of Nz-fixers was more at maturity
than at tillering. Preliminary identification tests on the isolated Nz-fixing microorganisms showed that
these belong to family Enterobacteriaceae and Azotobacteriaceae.

Introduction

Dinitrogen fixation in the rhizosphere of wheat has been reported by several wor-
kers (Nelson et al, 1976, Neyra & Dobereiner, 1977, Rennie & Larson, 1981) and vary-
ing amount of nitrogen fixed has been reported (Neyra & Dobereiner, 1977; Dobereiner,
1978; Rennie ef al, 1983). Although the importance of rhizospheric (RS) dinitrogen
fixation varies, there seems to be a higher potential under favourable conditions.

There is generally an enrichment of diazotrophs in the rhizosphere soil as compared
with non rhizospheric soil (Balandreau et al, 1978) this preferential enrichment of
diazotrophs might be attributed to C rich, N poor environment, reduced zone in the root
region or provision of essential vitamins by plants (Okon et al., 1980; Martin & Glatzle,

1982).

Genotypic differences regarding the ability to support rhizospheric dinitrogen fixa-
tion have been reported in wheat (Pederson et al, 1978, Rennie & Larson, 1979, Neal
et al., 1973). The inherent ability of various wheat mutants for harbouring nitrogen fixing
organisms in their root zones, and their seasonal variations when grown in an unfertilized

low fertility soil is described in this paper.
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Materials and Methods
i l'i\'Cd from two wheat cultivars, Indus-66 and
nts derv

Plant growth: Seeds of 14 muta : _radiation were supplie
C-591, in f/qlich mut(ation was induced by sppraps docseST(z):;I;(Ijaam. Seeds of mifanti
by Atomic Energy Agriculture Research Centre (AEARC) B itute for Agriculture &
were sowa 3. eoutusiled. expaimesiy e ;;hNuct:Z:; added for the last five years

; ; ili as ’
Biology (NIAB), Faisalabad, where no fertilizer e period. Chemical

and rotation of wheat with maize has been carried § ¢m’}; Sodium adsorption
analysis of wheat rhizosphere soil had a pH 8.0; EC 057 m h, ous 9.4 ppm. The
ratio (SAR) 1.7; total C 0.506%; total N 0.056%, Olsen Phosphor ’ ;

; w to row
mutants were sown in a 7.5 sq meter plot in 14 rows. Plant to plant and ro

distance was 15 and 50 cm respectively.

Of all the 14 mutants sown five mutant lines M-5, M-13, M-14, M-25 and M-46 show-

ing better germination percentage (above 70%) were chosen for the study. The root
sampling was done twice, first after 12 weeks of growth (tillering stage) and then after
24 weeks (maturity). Three plants of each mutant were excavated along with the rhizos-
phere soil, at each sampling time. The roots were cut off from the plant top, and were
gently shaken free of soil clumps. Unwashed (UW) as well as sterile water washed (W)
roots were subjected to the determination of associated acetylene reducing activity.

Acetylene reduction assay (ARA): Nitrogenase activity associated with UW and W
roots was determined by measuring their acetylene reduction. The excised UW and w
roots (0.5 gm fresh weight) were placed in 30 ml McCartney vials, with 10-12 replicates
each, and were stoppered with suba-seals. For direct ARA, 10% of the atmosphere in the
vials was replaced with C;H, and incubated at 30°C. C,H,4 production was determined
in a time course assay of up to 24 h.

For preincubation, the gas phase of the vials containing root samples, was replaced
by evacuation and flushing with N,-gas. Ten percent air was injected to the bottles and
left overnight at 30°C. After an overnight incubation, 10% of the atmosphere was replac-
ed by C,H, and incubated at 30°C, before running the time course.

Gas samples (100 pl) were analysed on a gas chromatograph (Carlo Erba Model 180)
fitted with 1 m x 2 mm steel column filled with Porapak N (180-100 mesh) and H, flame
ionization detector. Nitrogen was used as a carrier gas at a flow rate of 30 ml min"! and
the column temperature was kept at 50°C.

Enumeration: Enumeration of diazotrophs on the root surface (rhizoplane or RP)
and histoplane (HP) was done by most probable number (MPN) method (Alexander,
1965) using visual observation and ARA as an index. Five gram of freshly excised roots
were taken, and washed throughly, first with tap water and then with distilled water to
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remove all adhering soil particles. The roots were then suspended in 45 ml of saline and

shaken for half an hour with sharp pebbles to dislodge the bacteria from the root surface.
This comprised the RP fraction. Using turbid supernatant as stock, a tenfold dilution
series was made in saline. Five replicate vials, containing semi solid combined carbon
medium (CCM) (Rennie, 1981) were inoculated from each dilution. All vials were incu-
bated at 30°C for 24 h. After taking visual observation for growth, they were incubated
with C,H, for 1 h., after which 100 ul of gas sample was analysed for C,H,4 production.

For histoplane enumerations, the roots were treated as for RP except that they were
soaked in 95% ethanol for 60-90 seconds and rinsed in sterile water, after which they
were mechanically macerated in blender at 25,000 rpm for 30 min. The roots were then

like.a mesh with a very turbid supernatant. Dilution series and inoculations were made as
described earlier. This comprised the HP fraction.

Isolation of nitrogen fixing bacteria: Isolation of N,-fixing bacteria was done by
streaking a loopful from highest dilution MPN vial showing ARA, on N-free agar plate.
After an incubation of 24—48 h at 30°C the colonies appearing on the Petri dish were
picked separately, and transferred to CCM vials containing semi solid medium (CCM).
After overnight incubation at 30°C they were subjected to ARA. Streaking from ARA
positive vials was done on nutrient agar (NA) plates to check the purity of the culture.
Later they were kept on NA slants for further studies.

Preliminary identification tests were performed by Qts-20 strips designed and suppli-
ed by DESTO Organization, Karachi, Pakistan. Tests of Qts-20 were often reconfirmed by
conventional testing procedures.

Results

Results of MPN enumeration at two growth stages are presented in Fig. 1. Enumera-
tions based on visual observation for growth in N-free medium showed no defined diffe-
rence in the number of organisms at two growth stages, and in RP and HP. However,
visual observation based numbers were always higher as compared to that of ARA.

There was a marked difference in histoplane population at maturity when ARA was
used as an index. Number of N,-fixers increased with growth period in case of histoplane
except in M-46, where number of bacteria were recorded low at maturity. The number of
RP bacteria was either same or low at two growth stages but HP bacteria in all f01.1r
mutants were more at maturity than at tillering. The difference was much pronounced in
case of mutant M-25, M-13 and M-14. The mutants showing higher values of histoplane
bacteria at maturity were chosen for excised root assay, to determine the root associated
nitrogenase activity.
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Table 1: Ranges of nitrogenase activity (C,H, reduction) of unwashed and washed
excised roots of various wheat mutants.

n mol C2H4./hour/gm dr wt. root. (Rangcsa)

Unwashedb Washed®
Mutant Assay/Time (Hrs) 1 2 3 1 2
Direct? 8 — 237 24-395 18 - 609 ND 124 — 1,485
M- 5 (90) (114) (285) (460)
Preincubated® 69 — 5,380 <28 — 4,064 14 — 4,283 557 — 14,243 194 — 4,478
(471) (1,181) (980) (5,101) (3,100)
Direct 37 - 107 40 - 207 36 — 482 ND 12 - 617
M-14 (68) (117) (228) (202)
Preincubated 10 — 29,219 89 — 29,951 67 -9,582 413 -8,012 34 - 3,541
(6366) (4,285) (2,599) (2821) (2469)
Direct 19 — 355 56 — 626 103 — 2,614 ND 56 — 636
M-25 (110) (224) (588) (294)
Preincubated 307 - 11,086 223 - 10,613 143 — 7,473 112 -11,094 17 - 8,367
(3600) (2,568) (1,924) (3,802) (1,802)

a  Ranges given are of 12 replicates. Mean values are given in the brackets.

b  Time 1, 2, 3 represents 6, 10 and 20 hrs of incubation for direct and 3, 7 and 24 hrs for preincu-
bated, unwashed samples.

¢ Time 1, 2 represents 10, 20 hrs for direct and 6, 24 hrs for preincubated.

d Roots were incubated directly with 10% v/v C2H2, after excision.

e Roots were preincubated under N2 gas for 24 hrs before C2H2 was introduced for ARA.

ND Not detected.

Excised root assay (ARA): The results of excised root ARA of 3 wheat mutants
namely, M-5, M-14 and M-25 are presented in Fig. 2 and Table 1. In case of unwashed
excised roots (direct assay) a lag period of 3-6 hours was observed (Fig. 2) before the
production of C,H, started and subsequently proceeded linearly up to 21 h of incuba-
tion. The ARA rates ranged from 246-588 n moles C,Hy g’l weight of roots in case of
unwashed direct assays. Maximum ARA was observed in the roots of M-25.

The results of unwashed and washed excised roots preincubated with N, showed a
reduced lag and much higher rates of ARA (Fig. 3a & b). However in this case, the rates
of C,H, production declined with the time course. Maximum values of up to 6.3 u moles
g1 dry root were obtained in case of washed roots of M-14 (Fig. 3b). The ARA of the
preincubated washed excised roots gave much higher activities (Fig. 3a & b) when compa-
red to excised washed roots incubated directly with C,H,. The lag period was more than
10 hours and after 21 hours, activity was 460, 207 and 294 n moles g‘1 dry weight for
M-5, M-14 and M-25 respectively (Table 1).

Isolation of N z-ﬂxing bacteria: A number of N,-fixing bacteria were isolated from
various root fractions. Mainly two types of bacteria seemed dominant which have been
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Fig. 2: Time course measurement of acetylene reduction with unwashed excised roots of wheat
mutz.m.ts. Root-s were excised from the plant, and placed in 30 ml] McCartney vials, acetylene (10% v/v)
was injected directly and time course analysis started by taking first reading at zero hours. M-25, &-A
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