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Table 1- Some of physical and chemical characteristics of the soil are tested at a depth of 30 cm

cdly . o o G - e STese olas
o) o 3, o LS, P OI9 0 .
S . : : Organic & sl
Cl Sand Loam Sodium Potassium  Phosphorus Nitrogen
Soil i * ? mater P E.C.
texture (%) (mg/kg) %) %) (dS/my
Loam- 516 48 204 434 115 8.2 0.05 0.81 7.4 1.46

Sand
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Table 2- Analysis of variance of quantitive characteristics of affected by drought stress,
salicylic acid and cultivar

(Mean of sqUAres) wix po ¢smiilbee

a0 . o olag 30 S iz olasy 5 a8l Sl
Ot &bs sl S® eyl PR SRS e O i po il slasy 5 S
Sources of Variation g f) Plant Number of Number of Number of seed Number of
f. ’ umbrella per ' . Lateral
height plant umbrellain the in the umbrella branches
umbrella
Replication 1,55 2 3.83 7.55 0.99 0.37 0.05
S 2 19060" 74.42" 16.91" 39.62""v4 116"
Drought stress (Ds)
Mainerror e,8 glhas 4 13.39 2.95 0.31 0.35 0.11
Cultivar o3, 2 6.14™ 9.88" 25.39" 0.97™ 1.00”
o] Sl o . - " .
T 2 53.38 18.71 0.01™ 12.31 0.66
Salicylic acid (Sa)
19y XS G 4 49 578" 487" 6.54" 092"
(D9)x (Sa) ' ' ’ ' '
Sl Skl xSl 4 449" 1717 2.70° 565" 190"
(D9)x (Sa)
ol Sl 3 , . " " .
Cultivar. Sdlicylic acid 4 30.03 0.70 2.58 7.27 1.20
Sl Sl x KiS xSy g 59 oy 0.98™ 261 412" 0.27
(D9)x (Sa)x( C) ’ ’ ' ' ’
Suberror e, glias 48 11.23 0.93 0.91 0.46 0.60
CV.% &y o - 494 6.78 9.03 7.32 9.00

G pas g ao,3 ) 50 )0 0 mhw (ol gee ol Sy NS4 %
* ** and ns are significant at 5% and 1% respectively and are not significant

=Y Jgus aslol
Table 2- Continued

(Mean of squares) wis yo ouSibo

. 152 (339
Oy’ galio ehilazys sl s Swiom 0 e oo
Sources of Variation df. Stem Fresh 1000- RSP obasi!
diameter \%a th Otf P Biological Economic
e plan i i
p! weight yield yield
Replication ,I,ss 2 0.0005 36.26 0.26 69806.31 46274.39
(S G 2 0.066" 71864° 240"  1153880.57" 3550845.07"
Drought stress (Ds)
Maneror <, s 4 0.002 23.22 0.42 278318.40 12796.47
Cultivar 43, 2 0.013" 27.24" 0.69” 89852.00°  364544.92"
[EVU) Y N PO | ) - o N .
] S 2 0.018 53.35 0.08™ 228023.51 444205.44
Sdlicylic acid (Sa)
95 XSS A 4 0.006™ 19.24™ 0.06™ 154135.55" 133899.38"
(D9)x (Sa)
Sl Sl x Sl 4 0.001™ 3.29™ 0.07™ 48752.51™ 160331.01"
(D9)x (Sa)
‘*'.‘."”‘ ML“’ Xﬂs) *% ns W ns *
) o 4 0.01 3.23 0.26 41229.95 24510.41
CultivarxSalicylic acid
Sl Sl b x S 03 8 0.009" 270" 018"  3918156®  88699.76"
(D9)x (Sa)x( C)
Suberror e slhs 48 0.001 1.82 0.04 48669.09 8373.16
C.V.% &y g > - 6.33 5.74 5.62 9.24 9.04

Sl s pas g oy ) g o0 O mhaw jo I Jxe ol 4 NS g s
* ** and ns are significant at 5% and 1% respectively and are not significant
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Table 3- Analysis of variance of quantitive characteristics of fennel affected by drought stress,
salicylic acid and cultivar

(Mean of SqUares) wix yo ¢wileo

Ol i’ 29l ax o . b Ls . sbad
Sources of bt cﬁl&‘d’fn Chldﬂssfll Cﬁ erﬁl Lasstisl  oslestl 0 Jplae ot
iati oro oroj oro . : :
Variation d.f. ap Y bp Y aH:F)) i Carotenoides  Anthocyanin  Sgjybles  Peroline
suger
SS 2 0.81 0.07 112 0.27 0.14 0.11 0.03
Replication
Drought stress 2 20.68** 4.82 41.73 403 8.24 451 0.27
(D9)
=5 sl 4 3.60 0.06 4.29 0.58 0.11 0.89 0.005
Main error
) 2 2.04™ 0.17™ 341™ 0.56" 3.60" 7.70" 014"
Cultivar
Sl Sorbnls 2 0.56™ 0.44"™ 131"™ 0.12" 1.42" 004™ 013"
Sdlicylic acid (Sa)
5 X S S 4 267 215" 493" 212" 0.87" 169"  0004™
(D9)x (Sa)
Sl Sl 4 3.33 1.87 6.57 0.51 1.35 0.53 0.01
(D9)x (Sa)
Sl x 08
. 4 9.50" 2.06" 15.84" 032 3.26" 0.46' 0.02”
Salicylic
Cultivarxacid
xS fixed) o o - - " -
N 8 10.02 1.54 15.85 0.16™ 2.15 0.45 0.03
(Ds)x (Sax(C)
=B sl 48 0./77 0.19 114 0.09 0.13 0.13 0.007
Sub error
Sl g 6 B} 748 8.44 6.27 8.11 7.64 6.53 5.08
CV.%

G pac g aoy3 ) 50,0 0 mhaw o ls Jae ol S NS g s
* ** and ns are significant at 5% and 1% respectively and are not significant
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Table 4- Comparison means of triple effects of drought stress, cultivar and application of
salicylic acid on quantitive characteristics of fennel

u*“ el 20 S piz olax 50 41 olaxs o A5 0l 3 Slos
b Sl b o oy AL yhad ails ool
RWASY < Sl Lo Stem 1000- .
s ~) T Plant Number of Number of diameter . Economic
Sadsb cultivar  SAIYlic  peight  umbrellasinthe  seedsinthe gran ied
; (mm) weight yied
(s acid (cm) umbrella umbrella g (kg.ha?)
Drought (mMol) @
stress
0 69.88° 11.84%¢ 9.14" 0.60% 4.00%¢ 1051.76%9
Hamedan 25 68.22° 11.03% 9.22 0.52% 4542 1336.94°¢
5 70772 12.26% 9.25™ 0.58%¢ 4.52% 1512.78%°
0 73112 12.54% 10.00% 0.62% 453 1387.20%
90 Nahavand 25 71.05°% 12.45% 10.00% 0.59*¢ 3.93%¢ 1435.40%
5 71.447 12.65% 10.66° 0.60% 4.25% 1754.64*
0 72.89% 11.54%¢ 9.00™ 0.58*¢ 4.29%° 1331.48°¢
Esfahan 25 68.33% 8.99°¢ 9.33™ 0.52%f 3.717¢ 899.46'7
5 72.222 9.97%¢ 15.66% 0.54%¢ 3.50% 1826.69°
0 63.66% 10.04%¢ 9.78™ 0.49°¢ 3.83%¢ 987.94"
Hamedan 25 70.00? 11.67%¢ 10.00% 0.37" 3.84%¢ 117.34%f
5 68.66° 11.82%¢ 10.00% 0.57%¢ 3.55% 1190.6%f
0 64.447 10.61%¢ 9.48™ 0.58%¢ 3.57% 982.86'
60 Nahavand 25 64.112 9.53>¢ 9.74 0.55%¢ 3.74% 957.57"
5 65.447 9.56%¢ 9.66™ 0.44%" 3.80%¢ 1032.71"
0 66.66° 9.04%¢ 9.96™ 0.50%" 3.62"¢ 717.11™
Esfahan 25 66.66° 10.34%¢ 9.70™ 0.49°9 3.69%¢ 886.28"
5 70.00? 9.98%¢ 9.81™ 0.39% 3.30¢ 792.33%%
0 66.66° 11.16%¢ 8.00° 0.58%¢ 3.54% 711.31
Hamedan 25 70.00? 10.82%¢ 8.33° 0.44%" 3.64%¢ 762.09%
5 67.33° 11.84%¢ 8.33° 0.54%¢ 3.86%¢ 991.93"
20 0 66.66" 10.62*° 8.03° 0.51% 3.72¢ 676.40"
Nahavand 25 66.66° 9.87%¢ 8.70™ 0.42"" 3.77%¢ 709.807
5 66.66° 9.79%¢ 8.55™ 0.50" 3.54% 750.56%%
0 53.33° 8.09% 5.00¢ 0.43%" 3.71%¢ 275.15
Esfahan 25 66.66° 10.37%¢ 8.18° 0.53%¢ 3.27 643.39%
5 70.00? 7.20° 8.52 0.43°" 3.44% 520.92¢

b 5Sils (glarals sz 503l lawgi ao 0 B Jleisl mhaw 48 s e BB saias ylis Wiglie By, 944
The presence of different letters indicates a significant difference at the 5% probability level by Duncan's multiple
range test.
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Table 5- Comparison means of triple effects of drought stress, cultivar and application of
salicylic acid on quantitive characteristics of fennel

cbassd
. . . o9
oS Ko a Judg,ls b Judg,ls IS Judg,ls ool Jolxe Peroline
S -, (s"|.“ ".n,,, Chlor;)phyll Chlorkc))phyll Chlgfghyl Anthocyanin SOSng()elr&S umol.g)
Drought Iti sdlicylic o o o (Mg.100 mL™Y i &
diress cultivar acid mg.g'FWy  mg.g'FwW)  mg.g'Fw) mg.g)
(F.C.%) mMol) ¢PW
0 10.88°" 4.71" 15.59% 4.45% 4.68% 1.46°
Hamedan 25 14.51%® 5.14% 19.65*¢ 5.117¢ 4.96% 1.60°¢
5 13.71%¢ 5.52%" 19.24%¢ 5.10%¢ 5.13% 1.56°¢
0 12.34°" 4.49% 17.25"" 5.76™ 5.39¢ 1.49%
90 Nahavand 25 13.91%¢ 6.41%°¢ 20.32% 7.222 5.18% 1.57°¢
5 11.48° 5.10% 16.58° 475> 5.71% 1.65°¢
0 16.39° 6.20%¢ 22.59% 7.56° 5.28% 1.60°¢
Esfahan 25 10.06% 6.00%" 16.06% 4.50% 5.64¢ 1.65°¢
5 11.45° 5.43" 16.88" 4.46% 5.81% 1.69°¢
0 12.20°f 5.79%9 17.99"f 4.5 5.03% 1.51¢
Hamedan 25 11.33° 411 15.44% 3.95% 4.96% 1.56°¢
5 13.63%4 6.86% 20.49% 4.00% 5.20% 1.63%¢
0 10.42°f 4.53%" 14.96' 4.08% 5.26% 1.53%¢
60 Nahavand 2.5 12.32°F 6.66® 18.99%¢ 5.83° 5.33% 1.57°¢
5 12.00°" 6.23%¢ 18.23"f 5.43>4 5.51¢ 1.62°¢
0 10.87° 4.48% 15.26' 4.21% 5.55¢ 1.66°¢
Esfahan 25 11.47° 5.09% 16.56% 4.65% 5.59¢ 1.71°¢
5 10.28°" 5.00% 15.28% 4.33% 5.67% 1.75™
0 10.90% 5.66%9 16.57% 4.06% 5.61¢ 1.81°
Hamedan 25 9.72' 5.27% 15.00' 4.30% 5794  1.69>¢
5 11.31% 4.34" 15.66%" 4.237 395  1.72°¢
40 0 10.88° 4.43" 15.31% 4.26% 5749 163"
Nahavand 25 10.31¢ 4.38" 14.69' 4.14% 5.79>¢ 1.73%¢
5 13.16" 4.56% 17.72"f 469> 6.01%¢ 177
0 11.11% 4.86% 15.97c-f 5.46>4 7.10% 1.66°¢
Esfahan 25 11.33°f 432" 15.66%" 4.83°" 7.03%¢ 173
5 10.52¢ 4.68" 15.21f 3.92f 7.26° 223

il Sl glarels sz ge3] lawgi ao 0 B Jlaisl mhaw 45 o e B saias ylis Wglie By, 944
The presence of different letters indicates a significant difference at the 5% probability level by Duncan's multiple
range test.
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Figure 1- Means of comparison of the interactions effects of drought stress and cultivar on
number of umbrella per plant in fennel
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Figure 2- Means of comparison of the interactions effects of drought stress and cultivar on
number of lateral branchesin fennel
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Figure 3- Means of comparison of the interactions effects of drought stress and cultivar on
number of lateral branchesin fennel

b e Sils (glarals sz 505l lawgi ao 0 B Jlaisl mhaw 45 s e S saias ylis Wiglite By, 944
The presence of different letters indicates a significant difference at the 5% probability level by Duncan's multiple
range test.
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Figure 4- Means of comparison of the interactions effects of salicylic acid and cultivar on
number of lateral branchesin fennel
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Figure 5- Means of comparison of the interactions effects of drought stress and cultivar on
fresh weight of the plant in fennel
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Figure 6- Means of comparison of the interactions ffects of drought stress and cultivar on
biological yieldin fennel
b e 5Sils glarals sz ge3] lawgi ao 0 B Jlaisl mhaw 48 s e S saias ylis Siglite By, 944
;I’ar:]% grtgtence of different lettersindicates a significant difference at the 5% probability level by Duncan's multiple
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Figure 7- Means of comparison of the interactions effects of drought stress and cultivar on
carotenoids in fennel
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Figure 8- Means of comparison of the interactions effects of drought stress and salicylic
acid on carotenoidsin fennel
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Figure 9- Means of comparison of the interactions effects of cultivar and salicylic acid on
carotenoids in fennel
il Sl glasals sz ae3l dawgi o e B Jleisl o 45l e B saias ylis gliie By, 9524

The presence of different letters indicates a significant difference at the 5% probability level by Duncan's multiple
range test.
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Abstract

The use of salicylic acid in the nutrition of medicinal plants under moisture stress
conditions has a considerable role in reducing the effects of water stress and improving
plant yield. To this purpose, a factorial split plot experiment with three replications
based on randomized complete block design was conducted at the Research Farm of
Faculty of Agriculture, Zabol University, Iran during 2013-2014 cropping years.
Drought stress consisted of three levels (irrigation at 90, normal, 60 and 40 percent of
field capacity) as main factor, and salicylic acid spraying wiyh three levels (0, control,
2.5 and 5 mM) and three cultivars (Isfahan, Hamedan and Nahavand) minor factors,
respectively. The investigasted traits were plant height, number of umbels per plant,
number of umbellate per umbel, number of seeds per umbellate, root length, number of
lateral branches, stem diameter, fresh weight of plant, grain and final plant yield, 1000
seed weight, chlorophyll a b, total chlorophyll, carotenoids, anthocyanins, soluble
sugars and proline. The results showed that drought stress decreased the traits under
study. Salicylic acid spray caused an increase in some parameters such as the fina
height of the stem, the number of umbels, number of seeds per umbellate, root length,
fresh weight of plant, seed and plant yield, chlorophyll a, b, soluble sugars and proline.
Given the results of trilateral interaction effects, the greatest yield of grain was obtained
from 5 mM spraying and Isfahan cultivar under irrigation conditions of 90% of the field
capacity. Considering trilateral effects, the best cultivar in terms of grain yield was
Isfahan cultivar with 5 mM spraying under complete irrigation conditions.

Key words. Fenndl cultivars, application, drought stress, economic yield, salicylic
acid.
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