BIOLOGIA PLANTARUM 41 (1): 93-99, 1998

Changes in growth and nitrogen assimilation in maize plants
induced by NaCl and growth regulators

M.G. KHAN and H.S. SRIVASTAVA

Depariment of Plant Science, Rokhilkhand University, Bareilly - 243006, India

Abstract

Ixperiments were conducted to determine the interactive effects of salinity and
certain growth regulators on growth and nitrogen assimilation in maize (Zea mays L.
¢v. GS-2). 100 mM NaCl inhibited the biomass accumulation, chlorophyll and
carotenoid conlents in leaves, nitrate content and uptake and nitrate reductase
activity. The application of kinetin, ascorbic acid and 10 and 50 pM abscisic acid in
the first experiment and 50 and 100 uM abscisic acid in the second experiment
induced a substantial increase in the above parameters, the effect was highest with
abscisic acid in salinized as well as non-salinized plants.
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Introduction

Salinity effects on crops are well documented, although the mechanisms involved are
not fully understood (Flowers ef al. 1977, Greenway and Munns 1980). Addition of
NaCl in the nutrient medium reduces growth (e.g., Lewis ef al. 1989), nitrate uptake
and transport (e.g. Klobus ef al. 1988, Gouia ef al. 1994) as well as nitrate reductase
(NR) activity (Rao and Gnanam 1990, Lips et @/ 1990, Kanjebaeva and Rakova
1995) in many plant species.

Growth regulators have been implicated in mediating changes in many plant
processes including some aspects of nitrate assimilation (Kumar ez al. 1993, Kaminek
et al. 1994, Pandey and Srivastava 1994). Soaking seeds in ascorbic acid increases in
vivo NR activity in Zea mays L. (Asthana and Srivastava 1978). Similarly, cytokinin
application affects NR activity in many species (Trekova e al. 1992, Kaminek e al.
1994, Pandey and Srivastava 1994). Although the abscisic acid is usually considered
as growth inhibitor, some reports indicated that it is essential for normal growth and
development (Addicott 1984) and also it acts as a signal of salinity stress
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(e.g., Davies and Zhang 1991). As far as the N assimilation is concerned, ABA has
been reported to have no effect on NR activity.

The present investigation wag undertaken to study the responses of maize plants to
the interaction between salinity and certain growth regulators, particularly ABA. Tt is
expected that the study will provide some insight into the possible mechanism of
action of salinity on nitrogen assimilation.

Materials and methods

Plants and experimental conditions: Maize (Zea mays L. cv. GS-2) seeds were surface
sterilized with 1 % sodivm hypochlorite solution and sown In plastic pots containing
2 kg sterilized sandy loam soil. After emergence of seedlings, each pot was irrigated
with 1/2 strength Hoagland's solution containing 6 mM NO; as sole N source, with or
without NaCl (control). Seedlings grew under controlled conditivns (12-h
photoperiod and an irradiance of 60 W m™).

In the first experiment, plants were treated with three growth regulators, ie.,
ascorbic acid, kinetin and abscisic acid (10 and 50 pM). In the second one, plants
were treated only with abscisic acid (50 and 100 pM). Three replicates for each
treatment were maintained.

Two week-old plants were harvested, divided into roots and shoots, and dried in a
hot-air oven at 60 °C for 48 h.

Pigment composition: Total chlorophyll and carotenoid contents in leaves were
estimated in 80 % acetone extracts by a Beckman DU spectrophotometer {Nyon,
Switzerland) at 664 and 440 nm, respectively, according to Strain and Svec (1966).

Nitrate content: Nitrate concentration in plant tissues was determined
spectrophotometrically using salicylic acid nitration method (Cataldo ef af. 1975).

Nitrate uptake: Intact plants were taken from each treatment and kept in nitrate
solution (6 mM) for 4 h. Nitrate contents in these plants were determined by a nitrate
ion meter Model 290 {Orion Res. Inc., Boston, USA). The difference in nitrate
content before and after immersion was considered as uptake by plants.

Nitrate reductase aetivity: NR activity was determined in leaf and root samples
separately following the methods published earlier. In the roots, both isoforms
(NADH:NR and NADPH:NR) were determined, and in the leaves only NADH:NR
was assayed. The enzyme was extracted in 0.1 M phosphate buffer (pH 7.3)
containing 1 mM EDTA, 5 mM cystein, 0.5 % bovine serum albumin and was
assayed in vitro following the reduction of nitrate to nitrite using either NADH
(Srivastava and Ormrod 1984) or NADPH (Shankar and Srivastava 1997) as a
reductant.
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Results

Biomass production: The dry masses of root and shoot in maize plants were
substantially decreased in response to salinity, in control as well as in plants treated
with growth regulators, however, the salinity caused reduction was higher in control
plants (Tablc 1). Similarly, the root/shoot ratio was also wvariahle following the
decrease in dry masses. On the other hand, the growth regulators stimulated biomass
accumulation. The effect of kinetin was comparatively higher than that of other
regulators applied (Table 1).

Table 1. Root and shoot dry masses, DM [mg plant’] in maize plants as affected by NaCl and
growth regulators [mM] (means + 8E; = 5).

NaCl  Growth regulators Root DM Shoot DM Total DM Root/shoot
0 8558 385+ 30 470 + 46 0.22
100 507 282 +£125 332433 0.18
it ascorbic acid  0.01 909 398 £ 35 488 = 48 0.23
100 ascorbic acid  0.05 658 290+ 30 355+31 0.23
0 ABA 001 1089 4351+ 38 5431 50 0.25
100 ABA 0.05 808 31529 395+ 38 0.25
0 kinetin 0.01 92+ 9 400+ 28 492 + 44 0.23
100 kinetin 0.05 707 301 +£30 371435 6.23

Pigment composition: Total chlorophyll contents declined due to the presence of
NaCl in nutrient medium (Table 2). The reduction was also seen in carotenoid
content although to a lower extent. The salinity caused reduction in pigment contents

was substantially lower in plants fed with any growth regulator (Table 2) and this
effect became more evident when ABA was supplied to those plants (Table 2).

Table 2. Pigment contents [mg g (DM)] in maize plants as affected by NaCl and growth regulators
[mM] (means £ 8E; n = 3).

NaCl Growth regulators Chlorophyll a+h Carotenoids
0 12.25 £ (.81 5.75£0.05
100 10.07 £0.52 5.75 £ 0.05
0 ascorbic acid 0.01 13.38+0.92 6.10 +0.07
{10 ascorbic acid 0.05 11.17 £ .52 573+£0.05
0 ABA 0.01 14,45+ 1,20 6,55 +0.06
100 ABA 0.05 11.89 £0.93 580 £0.06
0 kinctin 0.01 13,90 1 1,11 6.30 L 0.0
100 kinetin 0,03 11.10+0.61 5.78 £0.05
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Nitrate contents: Nitrate content was substantially reduced in roots and shoots of
plants under 100 mM NaCl. However, this reduction was more marked in shoots than
in roots. The effects of ABA on nitrale conlent was higher than those of other growth
regulators in both salinized as well as non salinized plants (Tables 3 and 4).

Nitrate uptake: Salinity inhibited the nitrate uptake to a large exienl. ABA moderated
the salinity induced reduction in respective N uptake rates more substantially than
other growth regulators (Table 3). Moreover, abscisic acid at both concentrations
promoted NOj; uptake rates.

‘Table 3. Nitrate contents, NC [pmol(NOs) g '(DM]] and uptake rates [umol(NOs) g (DM)] in maize
plants as affected by NaCl and growh regulators [10M] (ueans L SE; = 5).

NaCl Growth regulators Nitrate uptake  Root NC Shoot NC
0 17.20+ 1.60 36.05+3.58 52,00+5.00
100 11.84 £ 1.65 2670 £2.57 34454340
0 ascorbic acid 0.01 19.20 £ 1.81 3945+£390  A015+ SRR
100 ascorbic acid ~ 0.03 13.60+1.25 27.15+£2.70  37.15+3.65
0 ABA 0.01 2380220 45.08 £4.50 66301660
100 ABA 0.05 1530+ 1.40 32.07+£3.19 4510 +£4.40
o kinetin 0.01 20404210 43.15+430 61.15+6.00
100 kinetin 0.05 13.60 £ 1.30 2823275 43051428

Table 4. Nitrate contents, NC [umol{NO,j 2 (DM} and uptake rates [ynto}{ NO) g (DM)] in maize
plants as affected by NaCl and ABA [mM] (means + SE: n = 5).

NaCl ABA Nitrate uptake Root NC Shoot NC
0 0 1630 = 1.65 36.01 £3.51 45,15+ 4.48
0 0.05 2140+ 2.12 43.1514.28 52.00+4.80
0 0.10 2325216 44754 4.37 52.85+ 4.80
100 0 11.85+1.25 23254225 32.15£3.00
100 0.05 13.95+ 1.30 29.45+2.73 38.65% 3,75
100 0.10 1625+ 1.58 30.10 £ 3.00 39.12+£3.80

In vitro nitrate reductase activity: The presence of NaCl in the nutrient medium
caused a decline in NR activity (NR:NADH) in both root and feaf (Tables 5 and 6).
The higher levels of NR:NADPH than NR:NADH was found in plant roots, whereas
in leaves, the NR:NADPEH levels were non detectable. On both isoforms, the effect of
growth regulators was promotive.
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Discussien

The salinity depressed the growth, chloraphyll and carotenoid contents in leaves,
nitrate uptake and accumulation as well as NR activity in 2-week-old maize plants.
Similar reduction in growth (e.g. Flowers er al. 1977), N uptake (e.g. Klobus ef al.
1928, Gouia ef al. 1994} and NR activity (e.g. Srivastava 1980, Kohler ef al. 1992,
Kanjebaeva and Rakova 1995) have been reported in many crop species with certain
exceptions (Misra and Dwivedi 1990). As NR is a substrate inducible (Beevers and
Ilageman 1969, Srivastava 1980), any factor may change the NR activity by
restricting the nitrate availability. Saini ef al. (1985) demonstrated that NR activity
shows a positive interaction with KNOj; and growth regulators. Moreover, it has also
been indicated that the presence of salts (KCl and NaCl) has a strong synergistic
interaction with ABA (Pesci and Buffagna 1986). In our exeriments, nitrate uptake
was drastically inhibited by NaCl (100 mM) which might be the cause of reduced NR

Table 5. Nitrate reductase (NR) activity [umol(NO,) ¢'(FM) h'] in maize plants as affected by
NaCl and growth regulators [mM] (means + SE; #n = 5).

NaCl Growth regulators Root NR Leaf NR
0 3.66 £0.35 5.55+£0.52
100 295028 3.70£0.35
0 ascorbic acid 0.01 4,65+0.40 5.80 +0.55
100 ascorbic acid 0.05 3.20 £ 0.30 4.85+047
0 ABA 0.01 535+0.50 6.45 + 0.63
100 ABA 0.03 4751045 520 £0.50
0 kinetin o.M 4,40 + 0.40 5.70 + 0.55
100 kinetin 0.05 330040 4.05 £ 0.38

Table 6. Nitrate reductase (NADH:NR and NADPH:NR) activity [pmol(NO:) g'('M) '] in maize
plants as affected by NaCl and ABA [mM] (means £ SE; n = 3).

NaCl ABA Root NADIINR  Leaf NADH:NR Root NADPH:NR
0 0 3,90 +0.38 5.74 £0.55 5752055
0 0.05 4.10 £ 0.40 650t 064 6.50 +0.64
0 0.10 4,25+ 0.41 6.70 £ 0.66 6.65 £ 0.63

100 0 3.05+£0.30 4.50 £ 0.44 4.854+0.47

100 0.05 3.50+£034 5.10£0.50 5.20%0.50

100 0.10 3.75+£0.35 5.40£0.52 3.30 +0.51

activity and biomass. This interpretation is, however, based on ocur previons studies
on NR kinetics in maize (Khan and Srivastava, unpublished data) which indicated
that NaCl inhibited NO; uptake in a non-competitive manner. Moreover, we also
presuiue that the actions of applicd growth regulators is at nitrate uptake level.
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Plants exhibited a rise in nitrate uptake and reduction by growth regulators in
general and ABA in particular. The reasons for the partial moderation of salinity
effects may be due to nse of N for synthesis of osmotically active compounds.

'The growth regulators may also alleviate salinity stress by influence on the
antioxidant system of the plants, The plants may respond to salinity by free radical
generation (Rao and Ormrod 1996). Abscisic acid, and perhaps other growth
regulators may either prevent the formation of free radicals or scavange the radicals
generated.

Although there are numeroug reports on the growth inhibition by ABA, the
specific role of ABA has been questioned for root elongation (Mulkey ef al. 1983,
Pillet and Reveaud 1983). In addition, reports also confirmed that rapidly growing
shoots contain high levels of cndogenous ABA (Zeevart and Creelnian 1990). The
results of our second experiment demonstrate a marked impact of ABA in
non-stressed plants. This enabled us to state that the response of ABA is rather
complex, as it is likely influenced by several interactions, e.g., with nutrients.

In conclusion, our data clearly demonstrate the salinity induced changes in growth
and N assimilation in maize plants could be alleviated, at least in part, through
application of certain growth regulators, particularly ABA.
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