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Table 1- Analysis of variance of soluble sugar content, proline, pigments, leaf RWC of two garlic ecotypes under different drought levels in

three planting densities.

Ol yo (usilo
Mean Squares
sad . . . Jidg IS S Mighg,l5 Comd
e a8 a b Js " § : i : S
Oy golia D e odan Judg 5 Jedgls 5 Jidgls a/b RN b5 e
S.0.V 83l . Chlorophyll Chlorophyll Total . . Ol (o
.0.V. Soluble Proline Chlorophyll Carotenoid Caroteniod/
DF a b chlorophyll . RWC
sugars a/b ratio Chlorophyll
",’“ ) 2 162.62"° 0.0006™  0.071" 0.0041" 0.109" 0.17™ 0.0156™" 0.0029° 0.51™
Replication
S 2 36407 0.0058™  0.014™ 0.0005™ 0.019™ 1.88"™ 0.0018" 0.00005™  71.94"
Drought stress
J.“ sle 4 0.92  0.0016 0.005 0.0001 0.006 1.29 0.0001 0.0002 8.24
Main Error
d 1 27.33"  0.0009" 051" 0.0888"" 1.025™" 3.21™ 0.0641"" 0.0007"  393.54™"
Ecotype
""‘:)L{ fbf‘f ns ns ns ns ns ns ns ns ns
i ) 2 1L.71%  0.0012®  0.002™ 0.0017" 0.005"™ 2.46™ 0.0003™ 0.0007™ 0.94"
Planting Density
il rb-ﬂ)‘)“—"“;‘ ns ns * * * ns ns *x ns
e 2 27.32™  0.0003 0.018 0.0026 0.031 2.46 0.0012 0.0037 25.58
Ecotype*Planting Density
GO SIS G S5 1t 00009 0.011  0.0004™  0.012" 2.81™ 0.0015™ 0.0006™  35.03"
Drought stress* Ecotype
S i Sl 5 2 21.78™  0.0002™  0.007"  0.0008™  0.009™ 2.3 0.0001™ 0.0029°  30.45™
Drought Stress* Ecotype
oS oS e Suis i
e 4 15744 0.0034™  0.013™ 0.002" 0.022" 2.34" 0.0017™ 0.0003™  20.42™
Drought Stress*Ecotype*
Planting Density
o sl 30 19.07  0.0007 0.005 0.0007 0.008 1.24 0.0007 0.0005 11.71
Sub Error
YA W RO
()bt oy 21.05 14.71 12.58 14.69 12.23 25.01 12.90 8.46 5.68
C.V(%)

P95 Y gxe =ns (P +/40) Jlois! pdaw 55 jl5 gze =5 (P o/+)) Jlais| daw )3 5 dime =s (P o/e o V) Jlais | pedaws )3 lo e =see

***=significant at P<0.001, **= significant a

t P<0.01, *=significant at P<0.05, ns= non-significant.
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Table2- Mean comparison of soluble sugar content, carotenoid and leaf RWC under different drought stress levels

Nbe Olulie
Mean Comparison

S S Jolro slanid gy, Ol (o (550

Drought stress (S5 5 03905 2 055 ko) (S5 03905 2 o5 ) (w2 52)

Soluble Sugars Carotenoid RWC

(mg.g' FW) (mg.g"' FW) ()

ETc 100% 19.18+1.9878¢c 0.20+0.0112a 62.45+1.0210a
ET¢ 80% 21.07+0.9541b 0.21+0.0120a 59.35+1.1018b
ETc 60% 21.96+1.1665a 0.19+0.0126b 58.71x1.1775b

sl g doyd gy gaw 53 I3 gime M) BB (LSD) (905l ollae g s 3 S jide By o JBlis (il (glaypuSikio

Means with as least one similar letter in each column, according to LSD test, are not significant at P<0.05.
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Table 3- Mean comparison of content of chlorophyll a, chlorophyll b, total chlorophyll, carotenoid and leaf RWC in two
garlic ecotypes

0eNbe Olulis
Mean Comparison
. @ Jids 5 b Uy 5 JS iy b5 Migdg,l Ol (o ggione
EcotyPe (S 5 0ijg 0 5 e (S5 iges ppSe) (S ciges oS (Sppopnes nesse)  (w0)
Chlorophyll a Chlorophyll a Total Chlorophyll Carotenoid RWC
(mg.g” FW) (mg.g" FW) (mg.g"' FW) (mg.g" FW) (%)
T‘)‘;Jo 0.646+0.0192a 0.227+0.0059a 0.872+0.0248a 0.234+0.0067a 62.87+£0.6993a
abas
TJ”Jo d 0.4514+0.0178b 0.146+0.0063b 0.597+0.0213b 0.165+0.0075b 57.47+0.8621b
orou

sl o Moy dhy aw 53 Hb dme BMS] BB (LSD) (yg0j] Gollas ¢ygiw yo y> S gdo By K il gl (glay 1 Sibie

Means with as least one common letter in each column, according to LSD test, are not significant at P<0.05.
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Table 4- Mean comparison of content of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid to chlorophyll ratio
under interaction effect of ecotype and plant density

0l Ol i

Mean Comparison

S o5 5l PRI b Jidg s i B 4 Mg, 15 Cand
Ecotype*Planting & - & = = . = = 5 03905 5 e Sk) X
Density (Ex 5 0j9pl peSds)  (Sx 5 059p8 52 esSkw) (s Judg IS
Chlorophyll a Chlorophyll a % Carotenoid/
(mg.g" FW) (mg.g” FW) Total Chlorophyll Chlorophyll
(mg.g” FW)
blcl 0.630+0.0171a 0.220+0.0062a 0.850+0.0219a 0.268+0.0046b
blc2 0.673+0.0344a 0.238+0.0091a 0.912+0.0431a 0.260+0.0057b
blc3 0.633+0.0444a 0.2224+0.0139a 0.855+0.0578a 0.278+0.0068ab
b2cl 0.488+0.0359b 0.167+£0.0101b 0.655+0.0458b 0.267+0.0089b
b2c2 0.410+0.0241c 0.142+0.0070bc 0.552+0.0301c¢ 0.299+0.0031a
b2c3 0.455+0.0288bc 0.128+0.0117¢ 0.583+0.0265bc 0.262+0.0161b

sl g Mo ydghy aws j3 )b dme BMB] 1818 (LSD) g0l Gillas (ygiw ya 1> S e By K Bl ol slaSile
bl grperie 33 iy B 5 ¥ e e Cu3lS laeS1 e €3 502 €l 5390 STy o oS8T i 4 B2 5 b1

Means with as least one common letter in each column, according to LSD test, are not significant at P<0.05.
b1,b2 (Respectively): Tabas and Toroud ecotypes. c1,c2,c3 (Respectively): planting densities of 30,40 and 50 plants per m”.
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Table 5- Mean comparison of soluble sugar content and leaf RWC under interaction effect of drought stress and plant density

s e e s e Sl ol e
S 515 *“i“b "’w Mean Comparison
Drought suress” PIANINE ™ (532 5 03y a5 o5 kel oo o (50,2) ol s 5500

sty Soluble Sugars (mg.g'1 FW) RWC (%)
alcl 15.23+2.4003b 60.48+1.8129bc
alc2 21.86+4.0991a 61.55+0.8795ab
alc3 20.45+3.5852a 65.3142.0020a
a2cl 23.80+0.4876a 61.40+1.9037ab
a2c2 20.31+2.3107ab 58.68++1.6125bc
a2c3 19.09+1.1482ab 57.97+2.2010bc
a3cl 23.07+1.9737a 59.38+2.8913bc
a3c2 22.514+2.9824a 59.71£1.8356bc
a3c3 20.31+0.5965ab 57.03+£1.2482¢

dophe ETeso )V e+ cui gy a3 g a2 @l sl oo doydzhy gaw 53 )b e BMS! 186 (LSD) (y90j] oo ¢y yo > S jdo By K s gl sloSilio
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Means with as least one similar letter in each column, according to LSD test, are not significant at P<0.05. al,a2,a3 are ETc 100%, ETc 80%, ETc 60%,
respectively and cl,c2,c3 (Respectively): planting densities of 30,40 and 50 plants per m”.
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Introduction

Drought stress is the most important growth limiting factor for crop production. Sugar accumulation under
drought stress strengthens and stabilizes cell membranes and maintains the water absorption and turgid property.
Under stress conditions, proline will also maintain the turgor pressure and decreased the damages caused to plant
membrane. Although proline concentrations may have undesirable effects on plant growth, because of deflecting
photosynthetic resources to the processes that are not involved in plant growth. Chloroplasts and its pigments are
also affected by drought stress. Density is one of the factors that has a significant impact on plant growth. Garlic
is one of the edible plants which has generated considerable interest throughout human history because of its
pharmaceutical properties. This study aimed to determine the effects of drought stress and plant density on some
biochemical and physiological treats of two garlic ecotypes and determining the more resistant ecotype.

Materials and Methods

The study was carried out in 2011-2012 in a farm land at the south east of Semnan city. The experimental
layout was a split-plot factorial with a randomized complete block design in three replications. The treatments
were comprised of three factors: irrigation regimes (60%, 80% and 100% of estimated crop evapotranspiration
(ETc)) that were assigned as the main plot and the factorial combination of 3 levels of planting density (30, 40
and 50 plants. m?) and two ecotypes (Tabas and Toroud) made up the sub-plots. The water requirement was
calculated based on FAO-56 crop water requirements instruction. FAO-56 Penman-Monteith equation was used
to calculate evapotranspiration. To calculate the content of soluble sugar, proline and leaves pigment, the
samples were collected in a random way from the youngest fully expended leaves one month before the final
harvest. Relative water content was estimated by measuring dry weight, fresh weight and turgor weight. All
calculations were performed with the help of the SAS and MSTATC soft wares. The statistical significances of
mean values were assessed by analysing of variance and LSD tests at P<0.05.

Results and Discussion

Drought stress increased the content of soluble sugars significantly. As an osmotic agent, the increased
sugars, induced by water stress, was significantly correlated to osmotic adjustment and turgor maintenance. No
significant differences were observed between different ecotypes under the interaction of ecotype-irrigation
regime and this indicates that none of the ecotypes were superior in resisting drought stress by increasing soluble
sugar. The drought stress, ecotype and plant density did not have significant effect on proline content. Regarding
ecotype effects, a significant increase was observed in the content of chlorophyll a, chlorophyll 5 and total
chlorophyll in Tabas ecotype in comparison with Toroud ecotype. The carotenoids amount in the treatment of
100% ETc was significantly higher than 60% ETc treatment. Carotenoid content can be reduced due to oxidation
by active oxygen and destruction of their structure. Tabas ecotype had significantly more carotenoid content in
comparison with Toroud ecotype. Drought stress significantly reduced the RWC. The effect of water decrease in
the plant can vary from a simple turgor pressure decreasing, to severe damages which can lead to protein
crystallization. RWC was significantly higher in Tabas ecotype in comparison with Toroud ecotype. Difference
in RWC of cultivars that are under drought stress may be due to the ability of more absorption of water from soil
or ability of stomata to reduce the loss of water.

Conclusions

The soluble sugar content was increased by drought stress but proline content was not significantly changed
under drought stress. Therefore, it can be tell that in this study, the soluble sugars had more important effect on
osmoregulation and plant tolerance against drought stress rather than proline. Under drought stress, the RWC
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and carotenoid content were decreased significantly. Tabas ecotype had significantly more RWC, chlorophyll a,
chlorophyll b, total chlorophyll and carotenoid content in comparison with Toroud ecotype. A significant
difference in the amount of soluble sugars, proline, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids
and RWC was not observed in two ecotypes under different irrigation levels. This study showed that both
ecotypes in order to withstand drought conditions were similar to each other and did not have advantage to other
one.
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