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Table 1. Analysis of variance (mean squares) for proline, methionine and lysine content in 33, 55 and 75 day after
stress and usage zinc

(MS) ©lzy o (52keo
ax®
Ol i’ gilo S YY) Cigeke o
S.0.vV o Proline Methionine Lysine
df
33day 55day 75day 55day 75day 33day 55day 75day
o Stress 2 0230™  0.147"  0275" 0.000033™  0.000050”  0.00019" 0.000056™  0.0439" 0.094
&9, Zinc 2 0.116°  0.117°  0.116" 0.000002"  0.000003™  0.00016™ 0.00020™  0.000090™  0-0075"
ol
s StressxZinc 4 0.028™ 0002  0.002 0.000006™  0.000022" 0.000065™  0.00045"  0.0010™
las Error 18 0020 0021  0.006 0.000021 0.000007 0.000054 0.00017 0.00073 0.0023
S
CV% - 1954 19.34 8.03 8.85 9.10 11.02 9.48 1055
Ol s

oy ) waw jo o e A a0, 0 mhaw )5 lo e :* )5 gre e mS

ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 2. Analysis of variance (mean squares) for protein, soluble sugar and potansil osmotic content in 33, 55 and 75
day after streass and usage zinc

(MS) &l yo yuSilio
e ] @oll a0 oY) Jslxe lawss .
S.0.V df Protein Soluble sugar ool Jromiliy
33day  55day 33day  55day 75day Osmotic potential
b Stress 2 31.70™  525.13"  489.35™ 10.74™  500.37""  2090.10™ 50.57"
&9 Zinc 2 42.39™  166.65°  125.89 26.20™  300.73°  291.08 1.66"
Jlize oI5l StressxZinc 4 43.48™  20.59™  12.66™ 20.11™  522.45™  13.049™ 0.367™
s Error 18 53.99  37.83 5822  52.004 103.38 0.405
Sy CV% - 9.61 10.44 8.29 14.42 12.40 472

ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 3. Mean comparisons for proline, methionine and lysine content under drought stress and zinc applied

(503955 3 x5 9550) (sden (5039 25 5 55 955%0) (sgusn (5039 55 2 55 95590) 3.3
Wyl Traits Proline (ug. g fw) Methionine (pg. g fw) Lysine (ng. g fw)
33day 55day 75day 33day 55day 75day 33day S55day 75day
oS Stress
skl L) | stage 0.904° 0.904*  1.188° 0.038° 0.028°  0.021° 0.117° 0.365°  0.57°
irrigation
Sl LY 2 stage 0.676°  0.676° 1.016° 0.038" 0.032*  0.024° 0.120° 0.251°  0.442°
rrigation
okl LY 3 stage 0.595°  0.689°  0.839° 0.035° 0.033*  0.030° 50.122° 0.238°  0.374°
irrigation
&9, Zinc
PSS 0 kg 0.630° 0.630°  0.881° 0.037° 0.031*  0.024° 0.119* 0.281°  0.435°
RS 3kg 0.694°  0.788*  1.075° 0.036° 0.030°  0.025% 0.116* 0.287*  0.463%®
pSoks # 6kg 0.851*  0.851*  1.082° 0.037° 0.031*  0.027° 0.125° 0286  0.493"

Dissimilar letters indicate significant differences at 5% level (P<0.05) of LSD test.
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Table 4. Mean comparisons for protein, soluble sugar content and osmotic potential under drought stress and zinc

applied
(Foiaps »esShee) m9n (Fo39 P55 2 Sl ol lauss (L) g powe! Jommiliy
o ylos Traits Protein (mg. g fw) Soluble sugar (mg. g fw) Osmotic potential
33day 55day 75day 33day 55day 75day (par)
oS Stress
Skl 5k lrrllgs;?i . 76.84°  5021°  26.91° 34.48° 58.57° 98.14° -15.76
Gl Y lrigsz‘;‘i N 78.02°  61.81*  33.93° 32.49° 46.40° 79.81° -13.63°
ool LY 3stag irrigation 74.34% 64.62% 41.65* 32.70* 45.02° 67.89° -11.03¢
89, Zinc
pSsks 0 kg 73.90°  53.91°  31.88° 33.21° 44.21° 77.11° -13.72°
o5 sks ¥ 3kg 77780 61.34*  32.14° 31.53° 50.01% 80.52% -13.72°
pSsks # 6kg 77.52°  61.39°  38.78° 34.94° 55.77° 88.21° -12.98°

2l o LSD 5031 (P<0.05) ao s sllas Jlazt (o o cire 3Dzl saimsylis aslinls By,
Dissimilar letters indicate significant differences at 5% level (P<0.05) of LSD test.
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.(Moran et al., 1994; Sheykhbaglool et al., 2009) 30 oS oo VPO o PEIFY 5 Sa) uiigpn odei e
Lais b as u5s,S Lo Ghorbanli & Niakan (2005) S 5 6yl b b (a5l o 59, YO g OO 0 6,5
8 2 Jodoe slaitis m JS ke g ;o (5 ol il 59, VO 5 00 ad> e )3 et ol Gl
($9) b alS Al 53 po g Sy g Blu lge ASu bl b Se b (p)5 50 e S e YR 5 041V i)
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Ly sonl Cawsas bl Log wlys s Cgllasls BT 51 5 Sy Slalgw (S 10 0,55l F 8 pme ol 1S 5l o g,
50 (S5, ol Jedme a5 cwl ools lis ladse ol 59, YO 9 00 50 pufSg i e LYY 9 18V )58l o ge
Jamson et al., 2009; ) 05,5 o (yuiSg,m do > il SiS ii AS dy e a4 (V) Jeaz) al il am
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Banks .(Mazhar et al., 2005; Thalooth et al., 2005
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Table 5. Correlation results at 33 days after stress

Proline  Methionine  Lysine

Protein _ Souble sugar  Osmotic potential

oo 1

Proline

e -0.135 1

Methionine

S 0.041 -0.089

Lysine

O 0.135 -0.104 -0.182 1

Protein

Jsbmeslea® 059 0455% 0154 0305 1
Souble sugar
spldee a0 L0357 -0.116 -0.102 1

Osmotic potential

*: Significant at 5% probability levels
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Table 6. Correlation results at 55 days after stress

Proline Methionine Lysine Perotine Souble sugar Osmotic potential
OHlon 1
Proline
O -0.104 1
Methionine
o 0.567** -0.407* 1
Lysine
o2 -0.666%* 0.334 -673%* 1
Protein
Jobe sloat 0.029 -0216 0.411% -0.334 1
Souble sugar
5ol Jeeliy -0.489% 0.601%* 0777 0.653%* -0378 1

Osmotic potential

* and **: Significant at 5% and 1% probability levels, respectively

Qo) g AJL&.&!GJQ.;)‘))\Q S iy ::’*5%

G5 Jlos! 31 x50, V0 30 Slhio (Simrad gl Y ooz
Table 7. Correlation results at 75 days after stress

Proline Methionine Lysine Protein Souble sugar Osmotic potential
oo 1
Proline
s -0.542%* 1
Methionine
o5 0.768** 0.677%* 1
Lysine
R -0.505%* 0.706** -.530% 1
Protein
Jsle isloas 0.784** L0.543%* 0.836** 20,440 1
Souble sugar
Syl Jeiy 0.726%* 0.854% 0.762%% 0.788** L0.691%* 1

Osmotic potential

* and **: Significant at 5% and 1% probability levels, respectively
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Table 8. Regression equations for predicting the osmotic potential of the cells at various days post- stress adaptation

wly lho Golopdiges SR Wolao g y5 5 ol pd Joe
X ) R square by b, b, b; Model
33day 0.183 10.42"7 4205 Y =bytb X
ooz 55day 0.239 938" 540" Y =bytbiX
Proline 75day 0.528 529" -8.07" ns Y =bytb X
e 33day 0.127 7.48” -160.70 L L Y =by
o 55day 0.592 84.66" 3780.7" 47801.1" 0.00* Y =bytb, X+b, X +bs X
Methionine 75day 0.729 23.68" 397.9%* L Y =bytb, X
- 33day 0.023 16.50 25.17 Y =0
o 55day 0.604 612" 25.74%% Y =bytb, X
Lysine 75day 0.580 593" -16.19%* Y =bytb X
- 33day 0.013 10.86 -0.034 Y =0
ORI 55day 0.427 22317 0.150" Y =bytb, X
Protein 75day 0.620 20.30" 0.200" Y =by+b, X+b, X
33day 0.010 12.43 -0.031 Y =0
Jslos (slaass 55day 0.142 10.527 -0.059" Y =be+biX
Solube sugar 75day 0.478 6.10" -0.090™ Y =bytb X

ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Introduction

Dehydration is one of the limiting factors of crop production. It results from increasing the amount of
water losses from leaf or inadequate water absorption rate or combination of both. Zinc used in many
enzymes of the plant tissues and have catalytic role in activation of some enzymes. Zinc is involved in the
synthesis and degradation of proteins and is an essential micronutrient for normal growth and reproduction of
crops. It plays an important role in the synthesis of protein and carbohydrates, metabolic functions of the cell
membrane to protect cells against free radicals of oxygen and other processes related to the plants adaptation
to stress. Osmotic adjustment is one of the most important mechanisms of drought tolerance in plants. By
this mechanism the osmotic potential of plant cells reduces by solute accumulation. Torgur potential
maintains high which is essential in cell development and growth.

Materials and Methods

Effect of water deficit stress and foliar application of zinc on physiological characteristics of chickpea
was studied at a factorial experiment using randomized complete block design in field crop research station
of University of Mohaghegh Ardabili in 2012. Irrigation schedules consisted of three levels (1: irrigation at
planting, 2 : planting + before ﬂowerlng and 3 : planting + before flowering + pod set) and zinc was applied
on three concentration (0, 3 and 6 kg ha™' as zinc sulfate) in two stages of 15 and 25 days after planting. In
this study Proline, Lysine, Methionine, soluble sugars, and protein content were measured in three stages 33,
55 and 75 day after stress induction and osmotic potential in 75 days after stress. Osmotic potential was
measured based on the electrical conductivity, the extraction of soluble sugars by using phenol sulfuric
method, total protein from the leaves by the Bradford method and Lysine and methionine assayed using
Ferrel method. Data were analyzed using the SAS and means compared by the LSD at the 5% level.

Results and Discussions

The results showed that dehydration increased proline, lysine, methionine, protein and soluble sugar
content but reduced the osmotic potential. The maximum amount of proline accumulation resulted in two
and three stage samplings once irrigation and its minimum rate obtained in the three irrigation schedule. It
seems that by reducing soil moisture availability or increasing irrigation intervals, the water potential of the
cells has been reached to the lower threshold which enhanced the protease enzyme activity resulted in
proline accumulation in order to enhance water absorption. The maximum amount of lysine during 55 and 75
days after the stress obtained from one irrigation. Unlike the lysine, methionine content reduced during stress
period, so that it's maximum value was obtained over 55 and 75 days after the tension of 3 times irrigation.
Dehydration reduced the amount of protems so that the maximum amount of protein production observed
with three irrigations. Spraying six kg ha™ zinc sulphate also enhanced the amount of proline, soluble sugar
and osmotic potential but had no effect on the amount of lysine and methionine. Correlation showed that by
increasing the time from withholding irrigation by 33 days proline increased, but osmotic potential affected
only after 75 days. The regression results also showed that in the early stages of sampling, proline content
had the significant effect on the biomass prediction but the elapsed time increased the effect of lysine,
methionine and protein on predicting the osmotic potential.
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Conclusions

In general it can be said increasing the secondary metabolites production can reduce the stress and
proline is the most sensitive to the low level of stress, but under higher levels of stress many metabolites
such as lysine and methionine were also used for osmoregulation. The regression results also showed that in
the early stages of sampling, proline levels had the largest effect on the biomass prediction, but with
increasing time the lysine, methionine and protein levels also predicted the osmotic potential.
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