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Table 1- The physicochemical characteristics of the soil used in this experiment
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Table2- Analysis of variance (mean square) of the traits measured in two varieties of mustard under salt stress
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Table 3- Compare of the average effects of sodium - potassium treatments and variety on some measured traits of mustard

S SWS iy SWiS oy hw Al y o> s g3 &l a9y Calaa
Treatment )9 oIl ady, Root Sy Root Photosyntzhelsi B Stomatal
Shoot Dry Dry Leaf Volume s (mol m-s-")  Trapspiratio Conduct;n:ce
NaCL KCL  \eight(g)  Weight Area (cm3/plant) n (moll m-’s- (mol m’s’)
(mM) (mM) (g) (cm*.pla )
nt-1)
0 0 428" 8.26° 90.91° 8.33° 9.81° 4354 86.95°
0 20 5.74° 9.61° 103.66° 9.83° 11.27° 3.63° 59.95°
30 0 433% 6.15° 94.91° 7.50° 8.93° 4.71% 59.82°
30 20 4.37° 7.65° 78.66° 5.66° 8.08° 5.25° 43.22°
60 0 3.92¢ 6.21° 76.41° 5.66° 6.95¢ 6.00° 55.62°
60 20 2.74¢ 5.28¢ 57.66¢ 4.66% 5.95° 6.36% 37.80°
90 0 1.53¢ 4.68¢ 46.40° 4.33% 4,618 6.90° 30.08¢
90 20 1.00° 3.91° 28.50" 3.33¢ 3.55" 5.90° 28.58¢
&
Variety
Goldrush (V1) 16.18° 6.36™ 89.39° 6.50° 8.17° 5.48 50.52™
Parkland (V2) 11.77° 6.57" 54.89° 5.83° 6.62° 5.29™ 49.97™
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Means that have common alphabetic in each trait do not have significant difference at level 1% base on LSD test
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Table 4- Compare the average interaction effects of sodium- potassium treatments xvariety on some measured traits of

mustard
oy Swis O39 S u.” Leaf 5).3 @a.w i9 Sl T irati -
slowi treatment !9 Shoot Dry Root 4y, Area (cm’ Stomatal ! ra(r:::;r; lzt;nl)"e -
. Dry Weight lant™) Conductance (mol m- -8
Weight (g) p 2.1
(€] s-)
T1VI1 2.39° 8.86% 113.33% 114.4° 3.93¢
T1V2 1.89¢ 7.66° 68.50° 59.50% 4.76f%
T2V1 3.44° 9.73% 133.16° 53.77% 3.20"
T2V2 2.30° 9.50* 74.16° 66.13% 4.06%
T3V1 2.42° 8.16 115.50° 41.77% 4.76'
T3V2 1.90¢ 7.13% 74.33° 44.67°% 4.66'
T4V1 2.90° 5.80° 102.16% 48.53¢ 5.13°f
T4V2 1.46° 6.50d° 55.16" 71.10° 5.36%"
T5V1 2.19° 5.33% 96.66¢ 70.57° 6.13%4
T5V2 1.73% 7.10% 56.16% 40.67% 5.86¢
T6V1 1.49< 4.93%" 72.33¢ 41.80% 6.56°
T6V2 1.25¢ 5.63° 43.00% 33.808 6.16%
T7V1 0.81¢ 4.40g" 53.33% 15.23" 7.56°
T7V2 0.718% 496" 39.46" 4493 6.23%
T8V1 0.50" 3.701 28.66' 13.73" 6.56°
T8V2 0.50" 4.13h 28.331 43.43°% 5.239f
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Means that have common alphabetic in each trait do not have significant difference at level 1% base on LSD test
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T1, T2, T3, T4, TS, T6, T7 and T8 were NaCl and KCl, respectively, with a ratio of 0-0, 0-20, 30-0, 30-20, 60-0, 60-20, 90-0 and 90
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Figure 1- Interaction effect of sodium chloride - potassium chloride xvariety on Photosynthesis of two mustart variety. Same
letter within a column indicate they are not significantly different based on LSD at 1% probability level
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Table 5. Comparison of the average effects of sodium chloride-potassium chloride and two varieties on some traits of mustard

plant
: AT " o1 s a Judg IS
. Sy oo O Glgiome Lig ¢ b (W] . =3 .
Slow f S eSS u» #dd9)5  Chlorophyll a b Jadq 15
Relative Water Content Membrane Stability index
Treatment (%) (%) Spad (mg/g fresh Chlorophyll b
’ 0 weight) (mg/g fresh
NaCL KCL weight)
(mM) (mM)
0 0 84.57 96.50° 32.32° 9.80° 4.61°
0 20 62.92° 100.00° 35.35% 10.02° 5.11°
30 0 52.82% 91.68% 28.05° 9.28" 4.98b°
30 20 48.77% 90.55% 37.52% 8.33¢ 6.53°
60 0 44.35% 96.58" 29.40% 7.83¢ 6.25°
60 20 35.47% 93.30" 26.63% 6.76° 6.16°
90 0 23.80° 95.93° 24.734 5.28" 5.133°
90 20 27.48° 88.43¢ 20.75° 4.018 3.65¢
5
Variety
Goldrush (V1) 56.25° 87.84° 36.61° 8.61° 4.80°
Parkland (V2) 38.78" 84.50° 21.82° 6.71° 5.80°
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Means that have common alphabetic in each trait do not have significant difference at level 1% base on LSD test

J35 ol Glio (B gy 08y X ey - 5 oy 2 IS (6 lowd (S 2 5l Sl (S (ple duglio =T Jgua
Table 6- Comparison of the averages interaction of sodium, -potassium treatments x varieties on some traits of mustard
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7 Relative Water Membrane Stability Chlorophyll a Chlorophyll b
Treatment Content . . .
(%) index (mg/g fresh weight) (mg/g fresh weight)
T1VI1 79.67° 19.50' 10.83° 2.96"
T1V2 89.47° 42.45" 8.764 6.26%
T2V1 71.27% 119.3 11.00° 3.30%
T2V2 54.57% 83.77¢ 9.03% 6.33bc
T3V1 48.27% 93.17%% 8.93% 3.838
T3V2 49.27% 90.20° 8.30° 6.13°%
T4V1 58.87% 93.27¢de 10.27° 6.93¢
T4V2 46.77°% 87.83% 7.73¢ 6.73%
T5V1 60.03% 100.9° 9.20° 6.23%4
T5V2 28.67° 92.23¢t 6.468 6.26%
T6V1 51.70%¢ 95.50% 7.80¢ 6.63%
T6V2 19.24f2 91.10%f 5.73" 5.70de
T7V1 32.60% 97.03% 6.20° 5.63¢
T7V2 14.99'% 94.83¢4 4.36' 4.63f
T8V1 47.63° 83.23¢ 4.70' 3.50gh
T8V2 7.33¢8 93.62°% 3.33 3.80g
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Means that have common alphabetic in each trait do not have significant difference at level 1% base on LSD test
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-20
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Figure 2- Interaction effects of sodium chloride - potassium chloride levels xvariety on Spad of mustard cultivars
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Introduction: Salinity tolerance in plants can increase the importance of it as a result of the decreasing
availability of high-quality irrigation water. Saline irrigation water can have many negative effects on crops.
When irrigation water has high salinity, the salt may precipitate on the leaves as the water evaporates. Thus it
can result in foliar uptake and phytotoxicity. The irrigation water may also cause accumulation of salt in the
substrate, which may lead to salt uptake by the plants. Salt injury occurs when too much NaCl accumulates in the
substrate. When excessive concentrations of NaCl are present in the soil, water uptake may be inhibited and it
causing a physiological drought stress. However, potassium is required by plants in amounts (in kg unit) of
similar or greater than nitrogen (N). K Uptake by the plant is highly selective and closely coupled to metabolic
activity. At all levels in plants, within individual cells, tissues and in long-distance transport via the xylem and
phloem, K exists as a free ion in solution or electrostatically bound cation. Potassium takes part in many
essential processes such as enzyme activation, protein synthesis, photosynthesis, phloem transport,
osmoregulation, cation-anion balance, stomatal movement and light-driven nastic movements. Potassium
Chloride (KCl) is used as a source of nutrients in agricultural development and also used as relieve salinity
stress.

Materials and Methods: In order to study the mitigation effects of KCl on salinity (NaCl) in mustard plant
(Parkland and Goldrush), an experiment was carried out at the Research Greenhouse, Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran. The experiment was managed as a factorial arrangement based on
completely randomized design in three replications. Treatments were included NaCl (0, 30, 60 and 90 mM) and
KCl (0 and 20 mM) and two cultivars.

Relative water content was calculated by the following formula using leaf disc obtained from a young leaf of
each plant.

(DW+ FW/ DW+ TW)*100FW=fresh weight, DW=dry weight, and TW=turgid weight

Electrolytic leakage was calculated by the following formula:

EL=L1/L2 where L1 is electric conduction of leaf after putting in the deionized water in 25°C and L2 is the
electric conduction of the autoclaved samples.

Leaf area was measured by Leaf area meter. Shoot and root dry weights were determined after drying the
samples in 75°C for 48 h.

Chlorophyll concentration was calculated by the fallowing formula:

Chla (pg/ml) = 15.65A666 — 7.340 A653

Chlb (pg/mml) = 27.05A653 — 11.21 A666

Analysis of variance was calculated using MSTAT-C.lsoftware and means were compared by LSD test at
probability level of 5%.

Results and Discussion: The results showed that the treatments of NaCl, KCl and interactions with cultivars
were significantly different on dry weight, leaf area, photosynthesis, stoma conductivity and chlorophyll rate.
The maximum shoot dry weight (3.44 g/plant) and photosynthesis rate was obtained from T2 (20 mMKCI and
without NaCl). The maximum membrane stability index was obtained in Goldrush cultivar and T2. The
minimum of these traits were observed in zero mMKCI and 90 mMNacCl. High level of NaCl (60 and 90 Mm)
and increasing application of KCI could not improve all traits. According to the result of the analysis of variance
increasing density of sodium chloride in planting areas has a special effect on the size of leaves, weight of dried
plant and each leaf and dried root. This effect shows a meaningful variation between the weight of dried leaves
and its dried root and shoots. The salty areas have a lot of negative ions like Magnesium, Chlorine, sodium and
sulfate. These materials are harmful by themselves or cause affective disorder in plants metabolism. Salinity
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treatments applied to significant influence (p<0.01) on the characteristics of photosynthesis, stomatal
conductance and number of stomata was read out by SPAD. For example, sodium and potassium competition
and chlorine and nitrate competition impairs the absorption of nutrients. The result of this reaction is that the
plant needs more energy for producing organic matter so it loses most of its energy to resist against salt. This
situation causes a low activity of the root and the growing of shoot consequently reduces. Also, weight and
length of plant would reduce too. For example, existing potassium in salty lands causes the reduction of sodium
in the shoot of plants. This research was done in a pot with the same amount of salt. Potassium causes the
reduction of toxicity effects of sodium. This research showed that the potassium can regulate osmotic pressure
and permeability of plant cell membranes and also cause to increase plant tolerance to salinity.

Conclusion: In salty condition, increasing the amount of sodium causes the reduction of potassium,
compared with sodium. As a matter of fact this kind of reaction causes the reduction of potassium compared with
sodium. We know that potassium can cause a suitable osmotic pressure and reduce the destructive effect of
oxidation. So, amount of potassium more than sodium in salty lands is known as the standard resistance. In
general, increasing the salinity of sodium chloride can decrease morphological and physiological traits of
mustard. The use of potassium chloride in T2 treatment showed the best result. However, Goldrush cultivar

showed better results compared with Parkland cultivar in salt tolerance.

Keywords: Chlorophyll, Dry weight, Leaf area, Photosynthesis, Stoma conductivity



