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nitrogen was left in the soil after harvest which could
be available to the successive crop.

Although a major portion of the fixed nitrogen
was recovered in different parts of the plant, and in
the soil after harvest, about 40% of the fixed
mtrogen could not be accounted for. In fact, there
are several reports of significant loss of nitrogen
from flooded rice soils. For instance, Datta et af*
observed that 24% of ammonium sulphate was lost
through denitrification mainly as N, gas. Further,
according to Becking®, in general, only 10-50% of
the nitrogen in the plant was derived from fertilizer
nitrogen and 50-90% of the apphed fertibizer
flitrogen was probablf lost to the system. Thas loss in
rice soils is considerable since in other aerable crop
soils and soil types, nitrogen losses (by denitrifica-
tion) as measured by tracer techniques range from
10 to 40%>1%. Factors and mechanisms of significant
nitrogen loss from the flooded rice soil used in the
present study are not clear. Nevertheless, it may be
reasonable to presume denitrification, operating in
such systems, as the major means of nitrogen loss.
Thus, the present study demonstrates the transfer of
considerable amounts of biologicaily fixed nitrogen
from the soil to the nce plant.

The authors are thankful to the International
Atomic Energy Agency, Vienna for isotope ratio
analysis of the samples. One of the authors
(PBBNC) acknowledges financial assistance from
CSIR, New Delhi.
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BrassicaA OLERACEA var botrytis is an important
vegetable crop grown throughout the world. The
cell and tissue culture techniques are employed in
the improvement of various crop plants'?,
Attempts have been made to induce differentiation
and success has been reported from the callus®?,
suspension®, leaf lemina, mid-rib®> segments and
curd®’ explants. However, there is no report of
cifferentiation from the internode and inflorescence
axis. In the present communication differentiation
and plantlet formation in this variety have been
discussed.

Seeds of Brassica oleracea var. botrytis procured
from the Agricultural Research Station, Durgapura,
Jaipur were grown in experimental beds. Vegetative
internodes and inflorescence axis were collected
before and after flowering respectively. After
surface-sterilization with 0.1% mercuric chloride
and thorough washings, small segments (10 mm
long) of explants were cultured on MS medium®
supplemented with Kn (kinetin), BAP (benzyl-
aminopurine) with or without IBA (indole butyric
acid) and NAA (naphthalene acetic acid). All the
growth substances were added to the medium
before autoclaving at 1.06kg/cm? pressure for
15 min. All the cultures were incubated in a growth
room at 26 + 2°C under continuous light (3000 lux)
and observations were recorded daily up to 30th day.
Five replicates of each treatments were kept and all
the experiments were repeated twice.

Kn and BAP (0.5-35mg/]) induced callus from the
cut ends of both the explants after one week of
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Figure 1. Shoot buds differentiated from the inflo-
rescence axis on MS+ BAP (5mg/l).

incubation. Unlike BAP, Kn induced more callus.
In internodal segments the lower level (0.5 mg/1) of
Kn and BAP induced 23 roots after 20 days, while
higher concentrations (1-5mg/l) of both Kn and
BAP induced 2-5 'shoots in 10-15 days of incu-
bation, through hard and compact callus. In
inflorescence axis 5—10 shoot buds differentiated in
all the concentrations (figure 1). Best response was
recorded on 5mg/l of BAP and this medium was
treated as induction medium. On addition of (1.5-3
mg/l) of IBA or NAA 1 induction medium highly
profused callus was formed and shoot buds differen-
tiated from it. The number of shoot buds per
explants decreased with increasing level of an auxin.
However there was no change in the percentage
response except on 3mg/l of NAA.

In the present study, the best response was
observed on cytokinin alone as in leaf lemina’,

hypocotyl of B. carmpestris® and other species of

Table § Response of differensziated shoot buds to different
levels of NAA and/or IBA

P e,

Average size

Medium Average no. of of 5 roots
MS + (mg/l) roots/shoots {cm)
IBA 0.5-1.0 Few 5.2
3.0 - 20.6 10.6
5.0 19.4 13.6
NAA 0.5-1.0 Numerous Very small
3.0 Numerous 1
5.0 Numerous 1
NAA 2+1BA 3 23.4 6.0
2+IBA S 10.0 11.4

I R T TR — bl

100% Rooting response was observed in all cases.

Figure 2. Plantlet developed from the differen-
tiated shoots cultured on MS +IBA (3mg/l).

Brassica™-'}. This does not agree with the findings
on curd explants of B. oleracea var. botrytis, In
which better response was observed on auxin-
cytokinin combinations.

It was observed that both the explants responded
slightly differently which may be due to the change
in physiological stage of explants (vegetative and
reproductive). In curd® and leaf® explants several
shoot buds per explant were differentiated while 1n
the present study lesser number of shoot buds per
explant was recorded but the shoots were stronger
and healthier.

Differentiated shoots :aken from 20-25 days of
incubattion were cultured in hquid MS medium
supplemented with 0.5-5mg/l of IBA and NAA,
singly as well as 1n combination and better results
were obtained on their higher levels (table 1). NAA
alone induced numerous but feeble roots as also in
B. campestris'', while IBA induced lesser number
but longer roots (figure 2). Best response was also
observed on combination of NAA (2mg/l) and IBA
(3mg/l) in earlier studies'!+!?,

Thanks are due to CSIR, New Delhi for financial
assistance.

26 October 1987

1. Hussey, G., Sci. Prog., 1978, 65, 185.



Current Science, July 5, 1988, Vol. 57, No. 13

il i iy i i M’

2. Hicks. G. S.. Bot. Rev., 1981, 46, 1.

3. Pareek, L. K. and Chandra, N., Plant Sci. Lett.,
1978, 11, 311.

4. Singh, S. and Chandra, N., Beitr. Biol. Pflanz.,
1986, 60, 191.

5, Singh.'S. and Mathur, A., Curr. Sci., 1985, 54,
391.

6. Singh, S. and Chandra, N., Acta Bot. Indica,
1985, 13, 113.

7. Crisp, P. and Walkey, D. G. A., Euphytica,
1974, 23, 305.

8. Murashige, T. and Skoog, F., Physiol, Plant.,
1962, 15, 473.

9. Singh, S., Banu, S., Pareek, L. K. and
Chandra, N., Indian J. Exp. Biol., 1981, 19,
658.

10. Dunwell, J. M., J. Exp. Bot., 1981, 32, 789.

11. Singh, S. and Chandra, N., Beitr. Biol. Pflanz.,
1986, 60, 185.

12. Singh, S. and Chandra, N., Plant Cell Rep.,
1984, 3, 1.

T e i

EFYECT OF GA, ., ON GERMINATION AND
EARLY SEEDLING GROWTH OF MAIZE
UNDER WATER STRESS

A. S. BASRA, SEEMA BEDI* and C. P. MALIK

Department of Botany, Punjab Agricultural Unwversity,
Ludiiana 141 004, India.

* Department of Applied Biology, University of
Cambridge, Cambridge CB2 3DX, UK.

IMprOVING seed performance of plants under stres-
sirg regimes 1s of increasing economic importance.
Recent research interest tn pre-sowing seed treat-
ments for improving field emergence under stress
has shown considerable benefits!-?, The effects of

water stress on germination and seedling growth of
maize have been reported®? but studies pertaining
to stress alleviation by seed pre-treatments are
scarce. Poor seed performance under water stress
might be associated with alteration in the endoge-
nous levels of phytohormones and it is thus probable
that an exogenous supplementation might help in
the alleviation. In the present communication, the
effects of GA,4,7 on the germination and early
seedling growth of maize were investigated under
simulated water stress conditions.

Seeds of Zea mays L. cv. Partap were obtained
fiom the Department of Plant Breeding, Punjab
Agnicultural University, Ludhiana. Seeds were ger-
minated in petri dishes {9cm) over two layers of
filter paper moistened with Sml of water or test
solution. Solutions of polyethylene glycol 6000
(PEG) at — 0.3 and ~ 0.6 MPa were used’. Solutions
of GA4.7 (23, 50, 75 and 100 ppm) were prepared.
Seeds were pre-soaked for 24 h in water and various
concentrations of GA,,; at 30+ 1°C. Seeds were
Incubated in dark for germination at the same
temperature. A seed was credited with germination
when 1ts radicle protrudes about 2 mm. Germination
counts were taken daily. The coefficient of rate of
germination (CRG) was calculated as [100 2N/
2.(DN)] where, D is the number of days counted
from the beginning of germination test, and N is the
number of seeds which germinate on day D. Higher
the CRG value, greater is the rate of germination.
Observations on primary root length, shoot length
and seedling dry weight (roots + shoot) were re-
corded after 5 days. The data were statistically
computed using analysis of variance.

The rate of germination of stressed seeds was
markedly lowered compared with the unstressed
ones (table 1). The decrease was greater at

Table | Effect of seed pre-soaking on germinauon and early seedling growth of maize under water stress

L S —
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Coeflicient of
rate of germination
at osmotic potential

Primary root
length (mm) at
osmotic potential

i el — — il il il

Scedling dry weight
(roots + shoot) (mg)
at osmotic potential

Shoot length (mm)
at osmotic potential

(MPa) (MPa) (MPa) (MPa)
Pre-scaking ——— - — - — — —
treatment 0 -03 ~0.6 0 —-03 -0.6 0 -0.3 =06 0 -0.3 ~0.6
None 45.5a 34.3a 30.83 107.2a 50.4a 3l.1a 828 356a 4.1a 5952 436a 37.7a
Water 794b 610b 49.1b 134.5b 69.0b 38.9p 91.7b 333b 7.8b 62.6b 52.0b 40.6b
GA47 25ppm 79.4b 67.0¢  63.8c 156.7¢c 65.6b 40.1b 122.2¢ 30.7b 10.0c 68.4bc 52.7b 45.6¢
GAsy7 0ppm  B800b 693c 623c 155.6c 66.2b 43.6b 122.8c 31.7b 11.2¢ 72.2¢ 52.5b 47.1¢
GAs.2 75ppm 81.0b 684c 634c 1552¢ 79.2¢ 62.8c 121.8¢c 323b 123¢c 728 53.2b 50.3d
GA,2 100ppm  76.5b  70.0c  62.2¢ 168.9c 76.5¢ 63.2¢ 133.3¢ 3176 1604 86.7d 53.6b 51.1d

— —
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Mean values in a column with simidar suffixes do not differ significantly at P = 0.05.



