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EFFECT OF SALINITY AND WATERLOGGING INTERACTION ON
GROWTH AND IONIC DISTRIBUTION IN LEAVES OF WHEAT GENOTYPES
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The interactive

effect of salinity and hypoxia was studied on the distribution

of ions in leaves of four wheat

genotypes grown with (75, 150 mol ma') and without NaCl salinity under aerated and hypoxic ‘conditions. Number

of tillers, shoot fresh weight and shoot length were negatively affected by salinity. The combined effect of salinity

and hypoxia was more injurious to the number of tillers, shoot fresh weight and shoot length. Ionic concentrations

(Na", K+ and CI") in different leaves indicated that the concentration

of Na" and Cl- increased in leaves due to

salinity and hypoxia and was higher in older leaves, whereas the order was reverse in case of K+

Key words: growth, ionic distsibution, salinity, waterlogging, wheat genotypes

INTRODUCTION

Soil salinity is inimical to plant growth due to specific
ion toxicity, osmotic effect, induced nutrient deficiency,
et al, 1991).
problem soils (over Im ha out of 6.3m ha salt-affected

etc. (Flowers A major part of the

land) are presently under rice cultivation and dense in
1978). Surface
is a common feature of these

nature with poor drainage (Chaudhry,

e

ponding (waterlogging)
soils; rainfall or heavy irrigation causes temporary
; oxygen stress to plant roots. Since wheat, unlike rice is
' to hypoxia (low oxygeﬁ conditions), its
is seriously affected (Parveen etal, 1991).
Two approaches could increase wheat yield from these

sensitive
production

R

soils facing twin problem of waterlogging and salinity.
One is the planting of wheat with such a technique

&
3
e

which may facilitate oxygen supply to roots, the other
is cultivation of a variety/line capable to grow under
dual stress of wateslogging and salinity. However, both
in combination could enhance wheat
Further, it is
understand that how does a plant regulate toxic ions and

the approaches

production = manifold. important  to
essential plant nutrients under such adverse conditions
essential in the
The aim of the

present study is to understand the interactive effects of

since this information is

development/selection ~ of a cultivar.

salinity and waterlogging on the distribution of ions in

leaves of some selected wheat genotypes.

MATERIALS AND METHODS

to grow wheat genotypes viz. SARC-I, SARC-III,, Pb-

Fibre glass pots filled with gravels and foam were used-

85 and 7-Cerros.
healthy seeds of all wheat genotypes

Prior to sowing, sufficient number of
were soaked in
aerated distilled water for twenty-four hours.. Then ten
seeds of each genotype were placed in respective pots
at a depth of 2 cm. During 'germination, 2mM
Ca(N0,)2.4H>0 and Im MgS0,.7Hp solution was
sprinkled. After germination, half strength Hoagland
1950) prepared

in canal water was applied to the pots. Ten days after

nutrient solution (Hoagland and Arnon,

germination (at 2-3 leaf stage) thinning was done and
salinity levels of 75 and 150 mol m" were developed in
three equal increments (each increment applied after 24
hours) followed by a hypoxic stress. Nutrient  solutions
were changed at a week's interval.. Plants were
harvested forty days after the imposition of salt and
hypoxic stress and growth data recorded. Leaf sap was
analyzed for Na" K+,

flame photometer

and Cl- concentrations using

and chloride analyzer..

RESULTS AND DISCUSSION

Growth: Tillering decreased due to increase in salinity
(Table 1).
Greater number of tillers ensure better crop stand and

under aerobic. as well as hypoxic conditions

ultimately better yield. Hypoxia, however, increased the

tillering under control and moderate salinity; these
results are contradictory ' to the initial findings which
showed that introduction of hypoxia decreased ‘tiﬂering
in wheat (Parveen et al., 1991).Probably
the difference in growth medium as well as matrix

culture as was used in this experiment... Among the four

the reason is
wheat genotypes,

the maximum tillering was in the
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Salinity and waterlogging interaction

Table 1. Growth parameters of four wheat genotypes as affected by salinity and hypoxia

NaCl salinity (molm™)

Varieties Control 75 150
Aerobic Hypoxic  Aerobic Hypoxic  Aerobic Hypoxic Mean
* Tillers (plant™)
SARC-] 5.42 ef 7.67ab  3.75gi 4.42fg 2.67jk 2.67jk :;1;1;
SARC-1I 5.42ef 6.67bd  4.25th 4.42fg 3.08%11( 2.6731$ . 128
Pb-85 6.08de 5.25a  4.33fg 5.83d:c 2.92ik  3.67gj 451,'3513
7-Cerros 6.42 7.33ab  4.08gi 4.00gi 2.08k 2.17k .
Mean 5.83B 7.50A 4.10D 4.67C 2.67E  2.79E
Shoot fresh weight (g) plant™)
SARC-1 126.27b 28.88a  15.09df 12.91eg 6.60§j 4.69%1: lg’gi
SARC-111 31.31a 31.28a - 16.69d 15.40de 6.92{ _ 5.49{1. 14.59C
Pb-85 25.53b 25.05b  13.62¢ 12.55th 5.25}) 5.55¥J 12'331)
7-Cerros 22.48¢ 23.69bc 10.69gh 10.65h 3.85j 2.99j .
Mean 26.39A 27.22A 14.03B 12.78C  5.65D  4.68D
Shoot length (cm)

SARC-1 66.62b 63.29bc  59.21df 53.20g  51.59g 44.58'%j 52%3&3

RC-1I1 72.04a 63.63bc  61.29ce 56.73f 49.88gh 42.74]%( 57.
b 8la £ 47.94hi 45.20i 57.91A
Pb-85 73.81a 61.87cd 61.18ce 57.49% . il e
7-Cerros 73.53a 60.55ce  66.93b 58.26df  50.05gh 40.27k .
Mean 71.50A 62.33B  62.15B 56.42C  49.87D 43.20E

Means followed by the same letter(s) are statistically similar at P=0.05.

and hypoxia, whereas the performance of 7-Cerros was
found poor. .

Leaf JIonic Concentration: Salinity significanily
increased the accumulation of sodium in the leaves
compared with control (Table 2). Concentration of

case of Pb-85 and the minimum in 7-Cerros. Shoot
length and shoot fresh weight decreased with increasing
salinity in the rooting medium (Table 1). Imposition of
hypoxia over salinity further affected these parameters.
Similar results were obtained by Drew (1988). Among

the varieties, Pb-85 was affected the least while 7-
Cerros the maximum due to combined stress of high
salinity and hypoxia. Maximum shoot fresh weight was

recorded in the case of control treatment. However,
" shoot fresh weight decreased with increasing salinity
levels (Table 1). The reduction in shoot fresh weight
might be due to the reduced crop growth because of
salinity and hypoxia (Barrett-Lennard, 1986). Among
the genotypes, SARC-III produced the higher shoot
fresh weight under all sets of treatments Le. salinity

sodium in leaf sap of plant at all salinity levels was
related to the relative concentration of salt in the
rooting medium. This could be due to high transport of
salts from the root zone to the shoot and reduced
growth of plants (Rashid, 1986; Gorham, 1990; Aslam
et al., 1991). Under hypoxic conditions efflux of Na"
is not possible due to lack of energy. It was observed
that Pb-85 had the minimum Na" concentration while
7-Cerros retained the maximum Na" conceatration in
their leaf saps, respectively. This indicated that Pb-85
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Table 2. Concentration of Na. K. K:Na ratio and Cl in various feaves of four wheat genotypes as afffected by salinity and hypoxia

NaCl salinity mol m?

Control 5 1£0
NS> = Hypoxic Aerobic Hypoxic Acerobic Hypoxic
Varieties " L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 12 L3 L) L2 o Avz.
. Nz o 7
[ SAC ==y 38.5 46.4 z% = 349 ¥ : 8 49.4 55.9 e 56.1 62.4 69.8 67.1 QO 102.8 >«
% , z u-z : z l =, sz mw Q m-w jt h-n l-o ./w ab
2 SARC-III 22 419 494 0 1 ue L i 26 484 1z BT 665 B4 66 Lz g3 3
mﬂa w-z sz o . u-z l v vz t2 ! lu p d-h js be Il
Pb-85 85 540 T3 < 32 ls 3 478 522 1Z° 418 612 712  $32 ron2 Lz
o3 -z o-y m R L z 1 . t-z p-z 1 -z k-u gl o-y ) W b-d l
N 7-Cerros 469 545 SR fd g3 ) 2 87 534 10 s88 700 878 804 Tz 127 o
M u-z o-x 3 : vz ~ S -z oy 1 lu h-m c-e d-l ‘m, a A
3 Average 439  sIt Ezi i= 313 14 L 471 525 . 10 553 651 780 661 =5 1013
z G HI FG i 1 JK l d GH FG € EF D c D , A
= ¢ -
3 SAC 191.3 Co1275 1, . 1524 1m0 1783 2+ Ad ! O 697 x: e Z=22 5 1= 98 1
5. bd. & jv B e-n > cg . 2 ' oz .. R 2 o v-z 2
c SARC-III 244 |9 1426 O 1487 1 yssy N e I R w a0 e e Ze q00 1t
. , a 0 g-r Ma ep 1 d-m 2 P S 1 . oy M l o) Ltz N
B Pb-85 2323 19 1616 "9 1465 13 1504 Gt i’ w < 716 R 3l ov ! inr 813 W._
£ a ! dk : fyg =  eo 2 o yz 2 QT Loy 5
< 7-Cerros 2062 119 1402 = 7 1557 ©4 975 N AL . T R M A S TTH B T
< ab l h-s o./l_ d-m v c-g oE 4 yz = - o S > yz 2
- Avz=sz 2060 1.l 1429 o1 1508 13 aesa U2y OF s g, St 21 7 %% ws 5
£ A I EF 2 DE 2 cp © S H _ 2 3 S H i
)
. < K:Na ratio
SARC-I 549 439 328 506 460 401 364 193 121 215 127 0.9 274 a1t 115 10 o 263
ab c-g i-m a-d c-f e-l 2 qQ-z X-z p-w vw z kgq K §] sz .AB
SARC-1II 5.91 4.29 3.00 5.28 4.75 3.61 2.96 2.25 1.49 2.78 1.95 1.19 3.04 w..L..,, _"M_N 2.16 ! MN 2 2.82
a d-h ip ab b-e gk jp n-u s-z kq q-z x-z ir i . 2 o-v, w . ke A
Pb-85 5.69 4.31 3.07 5.53 4.39 345 3.01 2.34 1.43 2.27 1.48 1.05 4.48 m~ [ I oz 205" NNI 0.72 2.73
a c-h jo ab c-g h-1 jp n-t t-z n-t sz yz c-g Tz n q-x 2 W 2 A
7-Cerros 5.53 3.77 2.66 5.17 4.05 3.09 312 1.77 1.16 2.81 1.58 1.11 3.06 10- N,Ww 1.49 \~/ 2 QMnnw 2.46
ab f-j I-r a-c e-l jn jn rz x-z Xy 52 yz jo ) 0 sz I : B
5.66 4.19 3.00 5.34 4.45 3.54 3.18 2.07 1.32 2.50 1.57 1.06 333 8 Lo 1.86 W 2 o.”ﬂ.a
I 1

A B D A B C cD F HI E GH L CcD =0 o FG




Salinity and waterlogging interaction

had a better mechanism to exclude sodium at the root

-] - -

e g w & :
5 ] <2xS < level. therefore it see'rnved to be a 'better tolerant' to
combined stress of salinity and hypoxia.' ‘Concentration
g E gv; § of Na" was the highest in older leaf (L-3 from the top)
NoR2Z3R ad« and the lowest in the youngest.. Concentration of
- M o o~ chloride in the leaf sap followed the same pattern as
3ﬁ§g§ﬁ£33n that of sodium.
° Distribution of KT in various leaves was opposite to
- d S m . .
Qeg. T afen that of Na" and ClI° (Table 2). Maximum Kt
—EmL AL~ -0 : . .

T ¢ concentration was observed in a fully expanded young
Moo~ MY leaf. Salinity had a significant effect on K'
Moo. U-TUE"E-U concentration which decreased with increasing salinity.
< 5 = o= However, under hypoxic condition it also decreased due
g .'-_'.E EZ il 4 = & to oxygen stress. Barrett-Lennard et al.( 1988) reported

that K+ concentration was reduced by anaerobiosis,
pt ;g bR which might be due to the K+ selectivity in plants
Re2r8 &R ¢a0 g . S
] (energy demanding process). It required the utilization
= |..§ Nyt of oxygen for the production of ATP which in turn was
SLREREeR el | required for selective absorption of K'. Salt tolerant
wheat genotypes SARC-III. and Pb-85 had the maximum
~ FY -} N o~ < >‘N . . .
Siginvsdug K+ concentration in their leaf saps .due to poor
g0 ar~ Lw owl o
selectivity _of K+ over Na".
& ON%E'WQ}QXN;- L K:Na ratio decreased with the age of the leaf, the
T et younger leaves had the higher K:Na ratio (Table 2).
S - 2 2z a The higher K:Na ratio in younger leaves may be due to
il - © L% , .
82‘2‘2 .',§i’:.&:}§ . ’ * the reason that in the vacuoles of mature leaves, K
E o could be exchanged for Na imported into leaf by xylem.
5N .= %~ _we :
9259632 2g9 T'he phloem cou'ld -take up K directly fron-1 xylem. The
higher K:Na ratio in the younger leaves is presumably
NOON N0 critical for maintenance of metabolism in the cytoplasm

~ b8 b~ ~~ 6 of these young cells (Aslam et al, 1989). This ratio
' also decreased markedly due to salt as well as oxygen
stress. The higher K:Na ratio was observed in the case
of SARC-III followed by Pb-85 which were statistically
e w0 e equal but different from 7-Cerros. Though tolerant
wheat genotypes (SARC-IIl  anhd Pb-85) have the same

K+ concentration and statistically at par with 7-Cerros

M A% M _ "y

“NNG g NN~ T (salt sensitive) but marked difference for K:Na ratio in

o Lzer N3s o . these three genotypes was recorded. This glearly
tye 1TEY N3iy .

ROASaASadadadSHANE indicates that it is not the concentration of K but K:Na

ratio which provides stress tolerance. Thus K:Na ratio

; N; ;; :.g :gn can be used as a criterion to screen the wheat genotypes
against the combined stress of salinity and hypoxia.
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