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ABSTRACT

In recent decades effective regulatory role of phytohormones in plants in response to salinity has received considerable
attention. However, their role acting in combination with gypsum still remain elusive. That is why, this two-year study
was conducted to assess the effects of foliar application of salicylic acid and L-tryptophan with and without gypsum on
wheat crop in a moderately salt affected soil with EC.: 4.71 dS m™!, pHs: 9.18 and SAR: 31.82. Treatments detail is as
under: - (A). Amendments 1: gypsum @ 50% GR, 2: without gypsum, (B). Plant hormones T;: control, T>: SA @107 M,
Ts: L-TRP @103 M, T4: SA + L-TRP (each @10 M in 1:1). Results indicated that growth and yield parameters were
higher in T4 (SA+L-TRP @ 10~ M in 1:1 ratio) with gypsum application @ 50% of GR. Individual application of either
salicylic acid (SA) or L-tryptophan (L-TRP) improved the yield in comparison to control but the effect was more
remarkable with their combined application. Post-harvest soil analysis clearly demonstrated that gypsum application
improved the physical and chemical properties when compared to without application of gypsum. Results highlighted
that salinity tolerance of wheat crop was increased in most of the studied parameters when these plant hormones were
applied in combination, indicating a positive interaction between salicylic acid and L-tryptophan in salinized conditions.

Key words: Abiotic stress. growth enhancer, cereal, soil quality.

Abbreviations used: GR (gypsum requirement); pHs (pH of soil saturated past); SA (salicylic acid); L-TRP (L-
tryptophan); BD (bulk density); EC. (electrical conductivity of soil extract); HC (hydraulic conductivity); SAR
(sodium adsorption ratio).
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INTRODUCTION detrimental effects of salinity on stressed plants by

employing different strategies (Szabolcs, 1994). Plant

Plants being sessile organism have to withstand hormones are important anti stressor which activate the

many biotic and abiotic stress factors in their natural physiological and morphological plasticity of plants
habitat. Salinity is an insidious hazard of arid to semi-arid under stressful conditions (Wani et al., 2016). High level
regions which is characterized by low rainfall, high of salinity alters a plant’s hormonal balance and
temperature and high evapotranspiration (Kumar et al., decreased ~ the  concentration  of  endogenous
2015). This saline environment is one kind of the most phytohormones in the plant tissues (Miransari and Smith,
stressful habitats which disrupts plants morpho- 2014). The most efficient phytohormones in the adaptive
physiological processes like plant growth, development adjustments of plants under stress conditions are Salicylic

and reproduction (Vaishnav et al, 2015), less acid, AbSCi_SiC .acid (ABA) anq Ethylene (Xiong et a].,
photosynthesis by decreasing green pigments (Sudhir and 2002). Salicylic acid (SA) is one of the potential
Murthy, 2004) and reduced activity of various enzymes phytohormones which plays a pivotal role in plant growth

(Munns et al, 2006). Hence, plants evolved unique and development, and modulate plant responses under
protective mechanism mediated by phytohormones to unfavorable environmental situations (Herrera-Vasquez
minimize damage under stressful environment (Verma et et al., 2015). Exogenous supply of Salicylic acid (SA)
al., 2016). Wheat is a main source of vegetable protein confer salinity. stress tolerance by reprogramming gas
and is extensively cultivated all around the world due to exchapge, nutrient upta.k(?,.stomatal regulatllon, mem‘t?rar}e
its adaptation to a wide range of climates. Wheat, being §tab111ty, enzymes activities, water .relanons and ionic
glycophyte show low growth and development in saline imbalances in various plants (Miao er al, 2015).
conditions that negatively affected the physiological and However, various researchers reported that defensive role
metabolic processes of the plant and ultimately the final of exogenous SA in plant response to salinity stress
crop yield (Saqib et al., 2012). To assure food security depends on species and developmental stage of plant, SA
for the growing population, it is necessary to mitigate the concentration, mode of application, duration of treatment
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and plant species (Khan et al., 2015). Seed priming with
SA @ 0.25 mM alleviate the growth stress of V. faba
under low to high salinity conditions (Anaya et al., 2015).
Merwad and Abdel-Fattah (2015) stated that foliar
application of ascorbic acids and salicylic acid produced
the maximum fresh and dry weight of sorghum in two
investigated seasons. Hormones interact with each other
in both antagonistic and synergistic ways to accomplish
signaling to protect the plants from environmental
stresses (Cosgrove et al., 2000). Salicylic acid interacts
cooperatively with other plant hormones to mediate
various aspects of plant responses to allow resource
optimization under stress conditions (Horvath ef al.,
2015; Visentin et al., 2016). Interaction between SA and
indole acetic acid has also been implicated in stress
acclimation (Tamas et al., 2015). L-Tryptophan (L-TRY)
is a major precursor of auxins and reported as more
effective amino acid for plant growth and development
than pure auxins (Zahir et al., 2000). It acts as an
osmoprotectant, regulates the stomatal opening and ion
transport (Rai, 2002). Exogenous application of L-
Tryptophan @ 15 ppm and Salicylic Acid @ 100 ppm on
maize regulates stomatal openings, improve relative
water content, leaf membrane stabilization, potassium
content and reduce transpirational water loss and carry on
photosynthesis under drought (Rao et al, 2012).
Furthermore, the detailed positive responses of
phytohormones in combination with gypsum in salt stress
remain unknown and additional data is required in this
direction. Considering the role of SA to induce the
salinity tolerance in crops and positive interaction among
SA and L-Tryptophan, the effects of L-TRP and SA on
wheat crop under salinity stress conditions were studied.
So, a field study was carried out to investigate the
response of wheat crop to exogenous application of SA
and L-Tryptophan with and without gypsum in salt
affected soil.

MATERIALS AND METHODS

This study was carried out for two consecutive
winter seasons from 2014-15 to 2015-16 at Soil Salinity
Research Institute Pindi Bhattian. For this purpose, saline
sodic field {GR = 2.96 t. acre’!, EC. =4.71 dS m’!, pH=
9.18, SAR=31.82, hydraulic conductivity= 0.47 cm hr’!
and bulk density=1.30 Mg m>} was selected. The
experimental design was split plot having four
replications. Treatments comprised of; (A). Amendments:
1. Gypsum @ 50% GR, 2. without gypsum and were
applied in main plot. (B). Plant hormones: T;: Control,
T2 SA @10° M, Ts: L-TRP @103 M, Ta: SA+ L-TRP
(each @ 10 M in 1:1) were executed in sub plots (4 x 6
m). Gypsum @ 50% GR was applied in their respective
treatments followed by leaching one month before
sowing of crop. Wheat cultivar (Faisalabad 2008) was
sown in 2" week of November for two successive winter
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seasons. Uniform fertilizer @ 120-110-70 NPK kg ha’!
was applied to all treatments in the form of urea, single
super phosphate and sulphate of potash respectively.
Salicylic acid (SA) and L-TRP @ 10 M solution were
applied as foliar spray after 30 and 45 days of
germination. For Na* and K* analysis, 10 plants were
collected from each treatment at booting stage and the
data regarding different agronomic parameters like plant
height, number of tillers/m? spike length, No. of
grains/spike, grains weight/spike, 1000-grains weight,
grain and straw yield was recorded at maturity. Soil
samples were collected for analysis of pHs, EC., SAR,
BD and HC. All the soil and plant analysis were carried
out following the method of U.S. Salinity Laboratory
Staff (1969). Collected data were subjected to two-way
factorial analysis of wvariance and least significance
difference (LSD) test was used to sort out significant
differences among the treatment means at (P < 0.05)
following the method of Steel et al (1997) using
STATISTIX 8.1 package software.

RESULTS

Plant height and Number of tillers: Data for the plant
height showed that foliar application of hormones
significantly (P < 0.05) stimulated the plant growth in salt
affected soil through an improvement in plant height for
two consecutive seasons (Table-1). The magnitude of
increased was more noticeable in SA than L-tryptophan
treated plant. Furthermore, these findings revealed a link
between SA and L-tryptophan and maximum plant height
was observed when both hormones were applied in
combination (Table-1). In main plots, significant impact
on plant height was documented where gypsum was used
@ 50 % GR as compared to plots receiving no gypsum.
Data regarding interactive effect of hormones
and gypsum was also significant which showed that
application of SA+ L-TRP each @10 M in 1:1 with
gypsum significantly increased plant height; whereas
minimum plant height was recorded in control treatment
both in absence or presence of gypsum for two
consecutive seasons. Number of tillers m? (Table-1)
indicated that hormones, amendments and their
interactive effect significantly increased tillers m2. In
main plots, maximum numbers of tillers were observed
where gypsum was applied. While in subplots maximum
number of tillers were noted where SA+ L-TRP each
@105 M in 1:1 was used. Interaction between
amendements and hormones was also found significant.
Treatment receiving the combine application of SA+ L-
TRP each @10 M in 1:1 with gypsum showed peak
value of tillers, however at the same time individual
application of SA or L-TRP also categorized the similar
statistical trend. For both years, on average treatment
mean basis increasing trend was divulged for plant height
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and numbers of tillers in T4 as compared to rest of the
treatment means as shown in Table. 2.

Spike length and number of grains spike: Data (Table
1) illustrated that gypsum did not produced a significant
effect on spike length in 1% season. However, in 2"
season statistically a meaningful difference in spike
length between gypsum treated and non-treated plots was
observed. Similarly, hormones application has positive
effect on spike length and higher spike length was noted
where SA and L-TRP were applied in combination.
Interaction between hormones and gypsum was also
significant and maximum spike length was produced
when two hormones were sprayed together each @10 M
in 1:1 in the presence of gypsum. As far as grains spike™!
was concerned, data (Table 1) exhibited that grains spike
! remained non-significant in first season with respect to
amendments. However, in 2" season gypsum application
produced significant number of grain spike™! over the
treatment where no gypsum was used. It was noted that
grains spike™! was significant in plants that received both
hormones together in two consecutive seasons. Applying
SA @103 M alone was also fall in the same statistical
group. Interaction between gypsum and hormones
showed that hormonal effeciency was more prononuced
when two hormones were applied together with gypsum.
Combine application of both harmones had markedly
enhanced the spike length and grains per spike in both
seasons to that of all other treatments means (Table 2).

Grain weight spike! and 1000-grain weight:
Phytohormones and gypsum application had meaningful
impact on grain weight spike! (Table 1). In total, grain
weight spike! progressively increased with gypsum
application in both season than treatment where gypsum
was not applied. Grain weight increase was also recorded
when hormones were used alone or together. However, a
synergistic effect was divulged for grain weight spike’!
which was statistically higher (P < 0.05) when both
hormones were used together. Regarding the interaction
of gypsum and hormones, data revealed that SA+ L-TRP
(each @103 M in 1:1) produced significantly higher
grain weight per spike in gypsum treated plots. Data in
Table 1 illustrated that gypsum treated plot produced
statistically significant (P < 0.05) 1000- grain weight than
plots without gypsum in both seasons. Exogenous
hormonal application also had positive impact on this
yield attribute. Spraying the plants with SA+ L-TRP
increased 1000-grains weight. However, there was
significant difference when both hormones were sprayed
together in gypsum treated plots. Grain weight spike™
and 1000-grain weight showed increasing trend in T4 to
that of other treatment means in both years of study
period (Table 2).

Grain yield and Straw yield: Data showed that gypsum
and hormonal application significantly affected this yield
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characteristic (Fig 1). In main plots, gypsum treated plots
recorded more grain yield than plots where gypsum was
not applied and this positive effect on grain yield was
more pronounced in second season. Plots subjected to
spraying with SA or L-TRP also showed an enhancement
in grain yield and this enhancement was significantly
higher when both hormones were applied together than
their individual use. Interaction between hormones and
gypsum was also significant and maximum grain yield
was produced when two hormones were sprayed together
each @10° M in 1:1 in presence of gypsum. A straw
yield difference in response to amendment application
was also observed in both seasons (data not shown).
Gypsum application @ 50% GR produced statistically
significant (P < 0.05) straw yield than without gypsum.
Plants treated with exogenous application of SA or L-
TRP also produced higher straw yield, and this difference
was more pronounced when these hormones were
sprayed together in gypsum treated plots.

Na® and K* concentration: Data showed that Na*
contents were higher in first crop than second crop.
However, gypsum and hormonal application had
decreased the Na* contents (Fig. 2). Gypsum application
reduced the shoot Na® contents than without gypsum
treated plots. Hormonal application also acted as anti-
stress effect and minimum Na® contents were recorded
were SA+ L-TRP were applied together with gypsum. On
contrary, potassium concentration increased with gypsum
application and foliar spray of hormones in both seasons
(Fig. 3). Maximum K" contents were recorded with
application of gypsum and SA+ L-TRP each at @10° M
1:1.

Soil properties: Analysis of composite soil samples at
the end of study revealed that gypsum application
significantly improved the soil chemical and physical
properties and effective was more pronounced with
application of phytohormones (Table 3). Salinity indices
(pHs, EC. and SAR values) were significantly improved
with application of gypsum. Maximum reduction of 5.01
% in pHs with respect to its initial value (at the start of
study) was observed with gypsum application @ 50% GR
and plant were subjected to foliar spray of SA+ L-TRP
(each @10 M in 1:1). Similarly, gypsum @ 50% GR
substantially lowered the EC. and SAR by 23.56 % and
37.14 % respectively when both hormones were sprayed
together. The effect of soil chemical properties like ECe,
SAR and pH; was directly translated into soil physical
properties. The greater value of BD showed harder and
less porous soil. In this study, a significant decrease in
this soil property occurred in two years with application
of gypsum. A decrease of 5.38% in bulk density was
noted with gypsum @ 50% GR and phytohormones
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Table 1. Effect of growth hormones on plant growth traits of wheat in added and without gypsum plots.

Treatments Plant height Number of tillers Spike length No. of grains Grain weight spike! 1000 Grain
cm plant! m2 (cm) spike! (3] weight (g)
50% W/O 50% W/0 50% W/O 50% W/O 50% W/0 50% W/0
GR gypsum GR gypsum GR gypsum GR gypsum GR gypsum GR gypsum
Year 2014-15
Ti: Control 65.2 BC 59.7° 129.7° 115.78 8.53¢P 7.76" 21.7° 22.3P 0.92 B.D 0.76 £ 25.2¢ 23.5P
T2: SA @105 M 69.648 63¢P 150.748  132.3¢P 9.934AB 8.40¢P 26.74 25.0A-C 0.97B 0.82¢P  28.58 25.2¢
Ts: L-TRP @10° M 66.38C 60.5P 148.68 129.0° 9.07 BD 8.26P 2338B.D  23,0CP 0.94B¢€ 0.80PE  28.0B 24.7¢
Ta: SA+ L-TRP (each @10° M in 1 :1) 71.34 63.6P 154.04 136.3¢ 10.74 9.23A.C 27.64 25.34B 1.024 0.858-D  29.64 25.5¢
Mean 68.14 61.78 145.8 4 128.38 9.554 8.414 24.84 23.94 0.964 0.81B 27.84 24.78
Year2015-16
Ti: Control 67.28C€ 58.9P 142,78 124.7¢ 8.23P 7.63F 243 CE 233F 1.52B 1.06P 30.08 26.5¢
T2: SA @10° M 71.648 61.3P 165.0 4 141.38 9.808 9.30¢ 29.74 26.78¢ 1.578 1.126P 3354 28.2BC
Ts: L-TRP @10° M 68.34B 59.8P 161.34 138.08 9.06¢ 8.23P 26.3B.D 24 0PE 1.558 1.14¢ 33.04 27.78¢
Ta: SA+L-TRP (each @10° M in 1 :1) 73.34 62.3¢P 165.7 A 145.38 10.84 9.20¢ 30.04 27.74B 1.644 1.15¢ 34.84 29.58
Mean 70.14 60.6° 158.6 4 137.38 9.54 8.6 27.64 2548 1.574 1.12B 32.84 28.0B

Different letters in the same column indicate significant differences by LSD at P < 0.05.

Table 2. Effect of growth hormones on treatment means of plant growth traits of wheat in added and without gypsum plots.

Treatments Plant height Number of Spike length No. of grains Grain weight 1000 Grain
cm plant! tillers m™ (cm) spike’! spike’! (g) weight (g)
Year 2014-15
T1: Control 62.4C 1227 C 815 C 22.00 B 0.84 C 2433 C
T, SA @10° M 66.2 AB 141.5 AB 9.16 B 2583 A 0.89 B 26.83 AB
Ts: L-TRP @10° M 63.4BC 138.8 B 8.66 BC 23.16 B 0.87 BC 2633 B
T4: SA+ L-TRP (each @10° M in 1 :1) 67.5A 1452 A 9.95 A 26.50 A 0.94 A 27.58 A
Year 2015-16
Ti: Control 63.1B 1337 C 793 D 2383 B 1.29 C 2825 C
T,: SA @10° M 66.5 AB 153.2 AB 9.55 B 28.16 A 1.34 B 30.83 AB
Ts: L-TRP @10° M 64.1B 149.7 B 8.65 C 25.16 B 135 B 3033 B
T4: SA+ L-TRP (each @10° M in 1 :1) 67.8 A 1555 A 9.98 A 28.83 A 140 A 32.16 A

Different letters in the same column indicate significant differences by LSD at P <0.05
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(each @10° M in 1:1) Fig 4. Hydraulic conductivity, gypsum @ 50 % GR and SA+ L-TRP were applied
also increased manifold during two years with a together Fig 5.
maximum of 0.56 ¢m hr! (19.14 % increase) when

EControl HSA@10-5M MOL-TRP @10-5M M SA+ L-TRP (each @10-5 M in 1:1)

=
g =
N
§ .
X _
] O
— ] C
5 = 5 s §
. 2z N\
R
GYPSUM @ 50%GR WITHOUT GYPSUM GYPSUM @ 50%GR WITHOUT GYPSUM
2014-15 2015-16

Fig 1. Effect of growth hormones on wheat grain yield (t. ha) in added and without gypsum addition

Table-3. Soil analyses at the end of study.

Treatments pHs EC. (dS m) SAR
Gypsum Without Gypsum Without Gypsum Without
(50%GR) gypsum (50%GR) gypsum (50%GR) gypsum
T: Control 8.79 8.86 3.88 4.30 23.70 27.80
T2: SA @10° M 8.75 8.81 3.76 3.95 21.75 26.10
T3:L-TRP @10° M 8.78 8.84 3.80 3.97 22.90 26.70
T4: SA+ L-TRP 872 8.80 3.60 3.90 20.00 25.00

(each @10°Min 1 :1)

B gypsum @ 50%GR without gypsum

Year (2014-15) | Year (2015-16)

Fig. 2. Interactive effect of hormones and gypsum on Na* (%) contents of wheat shoot. T: (control), T2 (SA @107
M), T3 (L-TRP @105 M), T4 (SA + L-TRP (each @105 M in 1:1).
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Egypsum @ 50%GR  Ewithout gypsum

Year (2014-15) | Year (2015-16)

Fig. 3. Interactive effect of hormones and gypsum on K* (%) contents of wheat shoot. T: (control), T2 (SA @107
M), T3 (L-TRP @105 M), T4 (SA + L-TRP (each @105 M in 1:1).
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Fig. 4. Interactive effect of hormones and gypsum on bulk density (Mg m) of soil at the end of study. T: (control),
T2 (SA @105 M), T3 (L-TRP @10~ M), T4 (SA + L-TRP (each @10 M in 1:1).
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Fig. 5. Interactive effect of hormones and gypsum on hydraulic conductivity (cm hr) of soil at the end of study.
T1 (control), T2 (SA @105 M), T3 (L-TRP @105 M), T4 (SA + L-TRP (each @10 M in 1:1)
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DISCUSSION

Accumulation of salts in growth medium
lowered the solute potential and affect negatively the
plant metabolism leading to decreased plant growth,
development and productivity. In current study, overall
decrease in growth parameters e.g., plant height and No.
of tillers in treatments without growth regulator and
gypsum may be due to ion toxicity, decreased
photosynthesis, disturbance in osmoprotectants, stomatal
closure and the increased production of reactive oxygen
species (Daneshmand ez al., 2010). Reduction in growth
under salinized environment was also described by
Amjed et al. (2014) in wheat and Riaz et al. (2008, 2012)
in sunflower. Application of phytohormones dampened
the adverse effects of salinity and a significant increase in
above mentioned characteristics in response to hormones
either alone or in combination each of SA or tryptophan
was noted. However, at the same time SA has more
positive effect than corresponding level of tryptophan.
Interaction between SA and tryptophan was synergistic
and produced a stimulatory effect on growth of wheat
seedling and addition of gypsum further increased the
value of these attributes. It is well established fact that
SA has potential to affect plant growth and stress
response against salinity by improving ion uptake, water
relations, photosynthesis, membrane stabilization, and
stomatal regulations (Said-Al Ahl et al, 2014). In this
study, SA along with tryptophan enhanced the growth
and yield related attributes of wheat which are in
accordance with the findings of Hala (2005) who reported
substantial increase in growth and grain yield of wheat
with application of nicotinamide or tryptophan. Similarly,
addition of SA @ 100 mg L™! overcome the reduction in
biomass, improve the chlorophyll contents and gas
exchange attributes and protect the plant under salinized
environment (Babar et al., 2014). The observed increase
in growth and yield characteristics may also be
concomitant to IAA induced water relation, availability
of nutrients and development of better root system
(Mohite, 2013). Wheat crop also gained the advantages of
the ameliorating effects of gypsum on soil chemical and
physical properties (Ahmed et al., 2015). So it is inferred
from the results that application of SA and tryptophan
improved the growth characteristic by stimulating ion
uptake e.g., N, P, Ca®>" and Mg*" (Desoky and Merwad
2015), improved K*/Na* (Tufail et al., 2013), membrane
stabilization (Hussain et al, 2014) nevertheless,
combination of SA and tryptophan had more beneficial
effect than their individual use which suggest these
hormones act cooperatively. Hala (2005) also reported
that addition of nicotinamide or tryptophan decreased
Na' and CI content and increased K and Ca®' in the
wheat shoots. These results are in line with previously
published report on fenugreek (Babar ef al., 2014), wheat
(Igbal and Ashraf, 2013) and barley (El-Tayeb, 2005) that
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foliar applied salicylic acid and tryptophan enhanced
vegetative growth. Exposure of wheat seedling to SA or
tryptophan caused a remarkable increase in yield and
yield attributes compared to plants that were not treated
with SA or L-tryptophan. However, data obtained
revealed that combined treatment of SA + L-tryptophan
with gypsum displayed a significant effect on
aforementioned attribute than their individual use. Under
optimum growth conditions, the balance between ROS
production and elimination is precisely regulated by plant
antioxidant defense system (Hameed et al., 2011). While
salinity stress disturbed the photosynthetic activity and
other various biochemical processes controlling plant
growth and crop productivity (Tiwari ef al., 2010) leading
to increased generation of reactive oxygen species
(Asada, 2006). Majority of studies suggest that
phytohormones play a pivotal role in eliminating reactive
oxygen species (ROS) and maintained equilibrium
between the production and detoxification of ROS
(Mittler, 2002). This enhanced antioxidant system
dampened detrimental effects of salinity and protects the
plants (Kang et al., 2013). Increased yield of wheat due
to hormonal induced amelioration under salinity could be
associated with increase photosynthesis (Jayakannan et
al., 2015; Agami et al., 2013) carbohydrate accumulation
(Khodary, 2004) and strengthening the defense system of
wheat (Esan et al., 2017; Jini and Joseph, 2017). Many
researchers have been explained that application of SA
and L-TRP exhibited the halophytic properties in tomato
(Molina et al., 2002), wheat (Senaratna et al., 2000) and
cucumber (Shim et al., 2003) under exposure to salinity
and osmotic stress. Results of present study revealed that
application of hormones act as ant stressor and contents
of Na* were decreased while that of K* was significantly
increased. Similar results were reported in Ocimum
Basilicucm (Parizi et al., 2011), Arabidopsis (Jayakannan
et al., 2013) and in broad bean (Azooz et al., 2011).

Soil properties: Post-harvest soil analysis revealed that
gypsum application substantially improved the soil
chemicals and physical properties than without gypsum
and effect was more pronounced where hormones were
also used. Chemical properties like ECe, pHs, and SAR
were substantially decreased with gypsum application at
the end of study. The decrease in these salinity indicators
is implicitly attained to the fact that gypsum released Ca?*
which replaced Na* from exchange site leading to decline
in pHs, ECe and SAR (Qadir and Oster, 2002; Ghafoor et
al., 2008). Improvement in soil physical properties (bulk
density and hydraulic conductivity) may be attributed to
leaching of salts from root zone (Richards, 1954; Oster,
1982). The beneficial effect of gypsum in lowering soil
EC., SAR, alkaline pH; values, bulk density, improved
infiltration rate, hydraulic conductivity and porosity have
been reported in many studies (Ahmed et al., 2015;
Murtaza et al., 2017).
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Conclusion: It is well documented that hormones act as
anti-stressor in response to environmental conditions, but
their use in agriculture is not yet well developed.
Combined use of gypsum and stress modifiers hormones
could be highly interesting from a practical point of view,
offering novel tools or approaches for plant stress
management. Although hormones are not a remedy, but
in present study these effectively improved agronomical
and yield characteristics of wheat and mitigated the
adverse effects of salt stress. Thus, from the results of
current study, it can be suggested that tested hormones
SA and L-tryptophan act cooperatively and in future,
combination of these hormones with gypsum can be used
positively to increase commercial benefit of wheat crop
in salt affected soil conditions.
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