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Effect of Salinity on Morpho-physiological and Seed Quality Attributes of Brassicas

V.P. Agarwal’*, B.L. Kakralya' and S. Gupta®

! Department of Plant Physiology, S.K.N. College of Agriculture, Jobner 303 329, India
2 College of Agriculture. S.K. Rajasthan Agricultural University, Bikaner 334 006, India

Received: May 2011

Abstract: The experiment was conducted in non-saline (ECe 2.1 dS m™ and pH 7.8) and saline
field (ECe 7.5 dS m™ and pH 8.4) to study the effect of salinity on morpho-physiological
parameters, photosynthetic efficiency, water relation parameters, biochemical and seed quality
parameters in four Brassica genotypes namely T-59, CS-52, YST-151 and NDYS-2. Salinity
reduced the plant height, number of branches plant?, leaf area plant?, leaf area index, number
of siliqua plant™, number of seeds siliquae?, test weight, above ground phytomass productivity
(biological yield), seed yield (economic yield) and harvest index. Salinity also reduced the
relative water content, photosynthetic efficiency and transpiration rate at all the growth stages.
In general, osmotic potential was increased, but relatively decreased in genotype CS-52. Salinity
increased the total soluble sugars, but decreased protein and oil contents. It is concluded that
genotype T-59 exhibited higher seed production potential among four Brassica genotypes under
both saline and non-saline conditions due to better physiological and yield potential.
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Brassicas are the second most important
oilseed crop, next to soybean, both in terms of area
and production (Anonymous, 2008-09). It is the
most important rabi oilseed crop of the country.
These crops are grown under wide range of agro-
climatic regions due to some socio-economic
reasons. Brassicas yield 30 to 48% edible oil.
Mustard oil is also used in soap making, mixtures
for softening leather. The oilcake is mostly used
as a cattle feed. At present mustard has been
identified as a good crop for bee keeping. There
is a great scope for increasing the production of
mustard by bringing more area under cultivation
and/or by increasing productivity. The problems
of soil salinity and sodicity in mustard growing
areas are very common and attaining serious
threats in recent times. The salinity problem is
increasing every year because of the use of poor
quality (brackish) irrigation water as well as poor
drainage system. The salinity affects the water
status of the plant and biochemical reactions of the
cells (Munns ef al., 1982; Ghuge et al., 2011) causing
turgor reduction, inhibition of membrane function
or enzyme activity (Wyn Jones and Gorham, 1983),
inhibition of photosynthesis (Walker et al., 1981),
induction of ion deficiency due to inadequate
transport/selectivity mechanism (Jescheke, 1984)
or increased use of metabolic energy for non
growth processes involved in the maintenance of
tolerance (Yeo, 1983; Siddiqui et al., 2009). If salt
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affected soils are brought under cultivation then the
overall production can be substantially increased.
Therefore, a field experiment was conducted to
evaluate the performance of Brassica species under
saline soil with respect to morpho-physiological
and seed quality attributes.

Materials and Methods

Seeds of T-59 and CS-52 genotypes of Indian
mustard (Brassica juncea (L) Czern & Coss) and
YST-151 and NDYS-2 genotypes of yellow mustard
(Brassica campestris var. yellow sarson (L) Duth and
Full) were obtained from NRC on Rapeseed and
Mustard, Sewar, Bharatpur (Rajasthan). Seeds were
sown in both normal (pH 7.8 and ECe 2.1 dS m™)
and specially prepared saline field (pH 8.4 and ECe
7.5 dS m™) in the Department of Plant Physiology,
SKN College of Agriculture, Jobner (Rajasthan).
The plots were 4 x 3 m with row to row and plant
to plant spacings of 45 cm and 15 c¢m, respectively.
Observations on plant height, number of branches
per plant, leaf area per plant, leaf area index (LAI),
number of siliqua per plant, number of seeds per
siliquae, test weight (1000-kernel weight), biological
yield, economic yield and harvest index (HI) were
recorded at the harvest. Leaf area was measured
using leaf area meter (Model LI-3100, LICOR,
USA). To determine LAI, leaf area was divided
by ground area. HI was calculated by dividing
biological yield to economic yield. Observations on
osmotic potential (Janardhan ef al., 1975), relative
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Table 1. Morpho-physiological variations of four Brassica genotypes under non-stress and salt stress conditions at harvest

Genotypes Plant height No. of branches Leaf area plant™ Leaf area index No. of siliqua
(cm) plant? (cm?) plant?
Non- Salt Non- Salt Non- Salt Non- Salt Non- Salt
stress stress stress stress stress stress stress stress stress stress
T-59 161.3 47.30 17.3 3.30 1451.00 88.30 215 0.130 108.70 21.0
CS-52 175.0 63.30 10.3 3.00 1101.80 54.30 1.63 0.080 152.00 11.3
YST-151 159.0 hid 24.7 ki 2139.00 hid 3.17 i 179.30 il
NDYS-2 103.0 i 23.6 xE 842.40 il 1.25 i 199.70 il
CD(P=0.05) 10.55 2.02 1.82 0.15 145.42 3.07 0.24 0.005 14.68 0.78

** Plants did not survive.

water content (Slavik, 1974) and total soluble
sugars (Dubois et al., 1951) of leaves were recorded
at pre-flowering stage by standard procedures.
The rates of photosynthesis and transpiration were
measured using infrared gas analyzer (Model LI-

Lowry et al. (1951), whereas oil was estimated by
petroleum ether (sprit) extraction method (cold
percolation method).

Growth and yield observations were recorded

in five replications and data were analyzed using
randomized block design (Chandel, 1978).

Table 2. Effect on yield and yield components of four Brassica genotypes under non-stress and salt stress conditions

6200, LICOR, USA) at pre-flowering, flowering and

Genotypes No. of seeds Test weight Biological yield ~ Economic yield Harvest Index*
siliquae™ (8) plant® (g) plant™ (g) (%)
Non- Salt Non- Salt Non- Salt Non- Salt Non- Salt stress
stress stress stress stress stress stress stress stress stress
T-59 17.0 9.0 4.38 3.96 35.3 2.7 9.00 0.8 25.3 (30.2) 28.8 (32.5)
CS-52 12.4 74 4.03 2.67 31.0 2.3 7.8 0.3 25.0 (30.0) 12.0 (20.3)
YST-151 23.2 xx 3.52 xx 30.3 *x 2.2 *x 7.4 (15.7) i
NDYS-2 31.2 ** 3.46 ** 30.0 ** 2.00 ** 6.6 (14.9) **
CD(P=0.05) 2.01 0.47 0.41 0.15 2.94 0.15 0.55 0.03 2.61 0.98

*Values in parentheses are the transformed values. **Plants did not survive.

pod-formation stages. Water-use efficiency (WUE)  Results and Discussion
was estimated by dividing rate of photosynthesis
to transpiration. Protein and oil contents of seeds
were recorded after crop harvest. Proteins were

determined following the method described by

Datarevealed that salinity significantly reduced
plant height, number of branches per plant, leaf
area per plant, LAL, number of siliqua per plant,

Table 3. Photosynthesis (umol m? s7), transpiration rate (mmol m? s) and water use efficiency (WUE) of four Brassica
genotypes under non-stress and salt stress conditions

Genotypes  Stages/Parameters Pre-flowering Flowering Pod-formation
Non- stress  Salt stress  Non- stress  Salt stress  Non- stress  Salt stress
T-59 Photosynthesis 64.48 12.29 33.77 7.43 22.46 5.02
Transpiration 3.52 2.53 3.45 1.54 1.83 0.68
WUE 18.32 4.86 9.79 4.82 12.27 7.38
Cs-52 Photosynthesis 65.22 7.94 38.88 5.84 17.41 1.92
Transpiration 419 112 4.85 0.96 1.68 0.58
WUE 15.57 7.09 8.02 6.08 10.36 3.31
YST-151 Photosynthesis 51.18 * 31.69 * 16.79 w*
Transpiration 423 * 5.16 * 1.61 *
WUE 12.10 - 6.14 - 10.43 -
NDYS-2 Photosynthesis 36.16 * 26.92 * 9.99 *
Transpiration 4.65 * 5.63 * 1.59 *
WUE 7.78 - 478 - 6.28 -
CD(P=0.05) Photosynthesis 4.51 0.49 2.76 0.34 1.57 0.20
Transpiration 0.36 0.06 0.41 0.06 0.18 0.04
WUE 0.98 0.18 1.22 0.18 0.52 0.10

**Plants did not survive.
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Fig. 1. Relative water content of four Brassica
genotypes under non-stress and salt
stress conditions (Plants of YST-151 and
NDYS-2 did not survive due to high
seedling mortality).

number of seeds/siliquae, test weight, biological
yield per plant, economic yield per plant and HI
in all the genotypes (Tables 1 & 2). Plants of CS-52
(Indian mustard) attained maximum height under
both normal (175.00 ¢m) and saline conditions
(63.33 cm) at physiological maturity. Other such
parameters like number of branches per plant, leaf
area per plant and LAI were highest in genotype
YST-151, whereas number of siliqua per plant
and number of seeds per siliquae were highest in
genotype NDYS-2 under non-saline condition at
harvest. The plants of YST-151 and NDYS-2 did
not survive due to high seedling mortality under
saline conditions. Yield attributing characters like
test weight, biological yield, economic yield and HI
were highest in genotype T-59 under both saline
and normal soils.

The relative water content (Fig. 1),
photosynthetic efficiency, transpiration rate and
WUE (Table 3) were reduced on account of salinity
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Fig. 2. Leaf osmotic potential of four Brassica
genotypes under non-stress and salt stress
conditions.

at all the growth stages (Kumar et al., 1994; 2000;
Nilsen and Orcutt, 1996; Suresh et al., 1996; Ashraf
et al, 2004; Munns, 2005; Dubey et al., 2005).
Under non-saline condition, relative water content
(RWC) and osmotic potential (Fig. 2) were highest
in genotype NDYS-2 followed by other three
genotypes. Therate of photosynthesis, transpiration
and WUE at pre-flowering and flowering stages
were highest in CS-52; NDYS-2 and CS-52,
respectively, but, these attributes were highest in
T-59 at pod-formation stage under normal field.
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Fig 3. Total soluble sugars (a), protein content and
oil content (b) of four Brassica genotypes
under non-stress and salt stress conditions.
Under saline soil, highest RWC, photosynthetic
efficiency and transpiration rate were recorded in
genotype T-59 at all the growth stages, while WUE
was highest in genotype CS-52 at pre-flowering
and flowering stages, but during pod-formation
stage it was highest in genotype T-59. In general,
osmotic potential was increased on account of salt
stress, but non-significantly decreased in genotype
(CS-52 (-1.229 MPa) followed by T-59 (-1.231 MPa),
which were statistically at par.

The salinity significantly increased total soluble
sugars (TSS), whereas protein and oil contents were
reduced (Fig. 3). Total soluble sugars (mg g fr. wt.
of leaves) were highest in NDYS-2 under normal
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field, but protein and oil contents were highest in
T-59 followed by other genotypes under saline and
non-saline conditions. These findings are in close
agreements to the observations reported by other
workers including Kumar et al. (2009) and Nazir et
al. (2001).

Thus, the field performance of T-59 was found
better than other three genotypes of brassicas in
semi-arid environment with respect to growth,
yield, photosynthesis, water relation and quality
attributes. Genotypes of yellow mustard proved
very sensitive to soil salinity.
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