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Table 1- Someimportant climate parameters of Semnan's synoptic station
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bl e il o 29 21 11 3043.3 144.4 185
Long-term period
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Crop year 2009-2010
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1- Total dry matter

2- Crop growth rate

3- Relative growth rate
4- Leaf areaindex

5- Net assimilation rate
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Table 2- Analysis of variance (mean of squar es) of growth characteristics, number of leaves and plant height of two garlic
ecotypes under different levels of drought stressin three planting densities
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RGR max TDM max LAT max
NAR max CGR max number
S 2 0.59™ 0.0007" 20.19™ 8965.4™ 4877 9.12" 61.72™
Replication
S 2 2082 0.0013" 8222 977096 19.498" 195°  167.56™
Drought stress (Ds)
el sl 4 1.54 0.0003 6.71 9015.3 0.902 152 58.58
Error a
w5 1 0.04™ 0.0426 69.07 17940.1 0.377™ 17.42 189.53
Ecotype (E)
““’K w15 2 11.72" 0.0003™ 17.54™  45429.9™ 6.599° 1.30™ 1.09™
Density (D)
ek anadd 2 0.79™® 0.0002" 0.93™ 1838.8™ 0.347™ 0.04™ 67.11"
(E) x (D)
el 4 1.87" 0.0028" 13.73™ 3046.3™ 1.659™ 0.49™ 9.56"
(D9 x (D)
eSS A5 2 1.7 0.0047" 3.34™ 7506.7" 0.110" 0.16™ 61.53°
(D) x (B)
Bl WSixeuseS K, Suis i
ke o 4 2.78™ 0.0002" 1.94" 1894.8™ 1.073™ 0.43™ 21.46™
(D9 x (E) x (D)
e 30 1.62 0.0010 7.96 3994.9 1.341 0.97 18.13
Error b

098 M gze = NS.(PS o/« V) o (PS +/4N) (P +/40) > b gze iy &
* ** and *** gignificant at P<0.05, P<0.01 and P<0.001, respectively. ns = non-significant
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Table 3- Mean comparison of growth characteristicsand number of leaves of two garlic ecotypes

coi S Jgase duiy Gk g p2STas SWis 00l oo S Tas (33£) Sy slams

Ecotype (59, 2 &0 50 32 05) (&0 50 13 05) L eaves number
CGR oy (g.m?.day™) TDM s (9.M2) (No)
ok 6.975+0.489” 320.73+18.512 9.68+0.1645%
Tabas
ot 9.237+0.763% 284.28+19.18" 8.54+0.2530°
Toroud

Asb e 70 g (3 3 ime 33 1318 LSD (yg0j] Gollas ¢ygt yp 3 S yide B o JBlis (s (sl pSiliott
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).
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1- Least significant difference (LSD)



OFY  pow i 651 90 SO jaled y90 Wlio g wid ) sraas Ll p (Sis (idd S

Ji=5 yte il YVIY e o YEIVY polibe & cudy 4 LA il opVee bl bisgyb cigST Y Jgio) b oanlie (gl dxe
(F Joi2) cly sbine byl caisS] > iy lis) (F pie) 352 Uy 532 £ 505

g Jlesl 151 )3 (ewslo ¥OD) (ol 5l doyd Voo gylol 5 g

o 0LS gy £, g L iy G g ST o oS g (iS5 oo 51 (pSle dg il -€ Jous
Table 4- Mean comparison of interaction effect between drought stress and ecotype on maximum relative growth rate and

height
l.~35§|>< 4 s w.\m,u&)m)asl.\a 43*&&7,‘
Ecoltypex drought stress (39, 2 P’s"fl"”s)l (’f““‘—‘nu)
RGR yax (9.9 .day™) Height (cm)
ok ST x T S TN .
Tabas x* ETc 100% 0.0917+0.0060% 37.26+1.0701°
’_’r’b’ **’f XELTA ’;660\/ 0.1184+0.0113° 45.15+2.5021°
oroud x C (4]
”“;J‘ab;’i ';T“zg&/z A 0.0682+0.0073° 35.44+1.3472
(1]
’fr’J; :ﬂx{;lc)stéo///\ 0.1191+0.0084° 36.22+1.8891°
U (0]
“fab'”‘“"’"’i ';T@' é;;// . 0.0645+0.0101° 34.72+1.1294°
aS C (0]
S9lo SIS 77+ 0.1554+0.0159°% 37.30+1.4417°

Toroud x ETc 60%
Asb e 70 g (3 3 ime 33 1313 LSD (yg0j] Gollas <ygtm yb p> Syt b 5 Sl (s (la pSiliost
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).
1- Crop evapotranspiration (ETc)
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Table 5- Mean comparison of interaction effect between ecotype and planting density on garlic of plant height

Aig sli5
CulS 151 5% i oS 9‘5L:
Ecotypexplanting density (f‘“q" )
Plant height (cm)
Tre e P B VoxX b oS .
T o3 ot 33.74+1.287°
& o A5 Yoxgub oS be
Tab)as><40 plant.m? 36.57+0.744
S pr;n“t‘bmfz" 4 37.11+1.278”
Gy e 2 S ol 41.94+2.353"
Toroudx30 plant.m
N ed 38.22+2,602%
Toroudx40plant.m
& 7o 2 83 0051 o) 38.50+1.996®

Toroudx50 plant.m™
bl oo 70 o 3 I3 dme B3] 56 LSD 9051 Bollae ¢y 1> Syrie B 5 Bl il (ol Sl
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).

1- Crop evapotranspiration
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Fig. 1- Trend of changesin leaf areaindex of two garlic ecotypes under different irrigation levelswith three planting densities
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Table 6- Mean comparisonsfor the growth characteristics of garlicin different levels of drought stresses

PRV 1LYV, IONVI) NSOV J KEN PVV-T N W PPV S KV S 03le zaded ySTas

A Gy pSpapseneS)  (i9) 2 @ s p o) (00 5o 53 o.5) S g 0283 e
Drought stress NAR max CGR max TDM 2 LAT max
(g.m'zleaf. day.l) (g.m-Z.day-l) max (gm )
o 7 4.92+0.401* 10.47+0.0914% 387.53+20.45% 5.537+0.266"
ETc 100%
ol Sl 7oA 3.71+0.334° 6.31+0.464° 262.60+20.37° 3.745+0.305°
ETc 80%
o S 7E 2.66+0.248° 7.53:0.723° 257.39+14.72° 3.724+0.308"
ETc 60%

Sl e 720 Jleis! mdaws p3 l gxe B3] 186 (LSD) O}O).] Glas (gt > Syt B S JBlis )y ola p Sl
*Means in each column followed by at least one similar |etter are not significantly different based on LSD range test (P< 0.05).
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Table 7- Mean comparisonsfor the growth characteristicsin different planting densities

ColS fS1)5 o O’ﬁw‘ Cs ,.{l.» &.ﬁ&a:b@ed,ﬁiﬂ» 5 31 s sl ST
Plant density (595 22 S5 @30 50 52 05) (&30 530 32 0 5) LAl
(plants.m™) NAR max (.M ?leaf. day™) TDM o (9.M) e
30 4.61 + 0.429% 26157 + 22.93° 3.861 + 0.380°
40 3.01+0.223° 287.37 + 16.69° 4.128 + 0.304°
50 367+ 0.416° 35857 + 24.22° 5.017 + 0.326°

Al oo 70 Jlassl gaw 53 o gze M3 136 LD (9051 ollas ygia b 53 Sy By S JBlis sl ola pSiliost
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).
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I ntroduction

Plants may be exposed to various stresses and water deficit is the most important limiting factor of growth
and yield in many parts of the world and Iran. Stress induced growth decrement can be because of cell
development decrease due to decrement of turgor pressure and meiosis and photosynthesis decrease due to
stomata closure. Determination of desired planting density is one of the success factors of plant growth and
production. Garlic (Allium sativum) has been an important medicinal plant over centuries in human life.
According to the importance of medicina plants and studying the effects of drought stress on them, the goal of
this research is to investigate the effect of drought stress and planting density on growth and morphological
characteristics of two ecotypes of garlic and determining the preferable ecotype and density from the perspective
of these traits.

Material and Methods

This experiment was performed in 2012 in a farm in south east of Semnan. It was conducted on a split-plot
factorial arrangement based on randomized complete blocks design with three replications. Three levels of
drought stress with 60, 80 and 100 percent of crop evapotranspiration (ETc) were the main plot factors and
factorial combination of three planting density (30, 40 and 50 plants.m) and two ecotypes of Tabas and Toroud
were the levels of sub plot factors. To estimate water requirement of garlic, daily measured meteorology
parameters of Semnan synoptic station were used and water requirement was calculated based on FAO-56
instructions. From mid-January, the sampling of leaf area, bulb and leaf fresh and dry weight was started with
destructive method every other week and continued until middle of Jun. three plant were selected randomly from
each plot in each turn. From middle of May, height and number of leaves were measured. Leaf area
measurement was done by leaf area meter (Delta-T). To estimate growth indices, dry weight of aerial and
underground organs and leaf area from measured samples of treatments were used.

Results and Discussion

The results showed that the highest value of maximum leaf area index (LAI), maximum total dry matter
accumulation (TDM), maximum crop growth rate (CGR) and maximum of net assimilation rate (NAR) were
observed at 100% ETc with the value of 5537, 387.53 g.m? 10.47 gm?day’ and 4.92 g.m?leaf.day™
respectively; and by applying the irrigation treatment of 80% ETc these values decreased to 3.745, 262.60 g.m?,
6.31 g.m?day™ and 3.71 g.m?leaf.day™ respectively. Drought stress can decrease cell development and division
and plant photosynthesis, and thus, it can decrease leaf area index and consequently decrease light absorption,
photosynthetic area, dry matter and crop growth rate. Difference between ecotypes in terms of number of leaves,
maximum total dry matter accumulation and maximum crop growth rate was significant. Maximum crop growth
rate (CGR) in Toroud ecotype was higher than Tabas ecotype but number of leaves and maximum concentration
of total dry matter (TDM) in Tabas ecotype were higher than corresponding values in Toruod ecotype. The
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effect of planting density on maximum leaf area index (LAI), maximum total dry matter (TDM) and maximum
net assimilation rate (NAR) was significant. The highest value of maximum leaf area index (5.017) and
maximum total dry matter (358.57 g.m®) concentration were obtained from 50 plants.m? density. The highest
value of maximum net assimilation rate (4.61) was obtained from 30 plants.m? density. It could be because of
having leaves exposed to more light and less shading.

Conclusion

Applying drought stress at the irrigation treatment of 80% ETc decreased studied growth characteristics of
garlic. Therefore, it is recommended that garlic should be avoided from facing drought stress and its water
requirement must be met as much as possible. In general, under drought stress, two studied ecotypes did not have
any preference related to the studied growth characteristics. Higher planting density, due to higher active
photosynthetic area over unit area, increased the dry matter in unit area.
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