a

140 ..o 1399 )l 133 oylecs oo lg> Jlo [ sej ol oMo aolicingy

ol b plie 5 (553l pole olls
i ol ol aslutag,

oS (ST (ilapaT 51 5 (srlpondion oo (51 i3]
Swid i w3l co (Foeniculum vulgare L.) &bl 29,03

4 e 2 3 o 2 . 1 & -
alyb-)b‘ (WG g0 9 dbl{& ).am‘c d)&h&“;& 3 ")l).;l.o? uwlb‘b)o.ﬁ

oyl Bisme oKl wbils Mol 5 el 09,8 «bls Ml wisyl ot IS 4z gol y2ils -1
oyl Bie olSuiils ab @lie 5 (6jy5liS oaStsly (Lo Ml 5 sl 09,8 sliul =2
(asghar_ebadi@uma.ac.ir : Jsgus odiwsg) (Lol ivce o5l jlin (b wlio § (65y5LiS 0180l ( aLS pole 09,5 Ll -3
295 il (65,0LS slea lojlu ¢ LS Clade Do Cglae ulis)S -4
98/8/22 : 5 iy 7w, 98/5/28 1l gu s
149 b 140 i

LR
WU andllae opl 30 Conl SWid dow g Swid 3blio 10 BLS W, 0 dgum0 855 e Jole opt yiokes Swid  pid
9 IS S8 b Sl (5T glaes 351 Cdlad g Jolono (sloud (g comiiap (Sletw p (Suid i lSw zolw
Wl Jold i el 93 33 ailijly oSt 03 .G85 1,8 w3590 (Foeniculum vulgare L) aibisly 4 jlawSTy
2 JseS Lhalosl SO 3 (4,30 Cudyb a0 )0 40 3 (6yll) (Sis 85 5 (1) Cud b s 0 plake 4_5:‘-54.‘ U (5,Iue)
PUEIS R U5 PRY YW FU RNV CR LI W e PR PR VR T i J) IR WE JURN Y- DVCPPR. JPVCIN JUN W PR L W B U R L N ST
I3 oxe Wil ardllae 3,90 Olao plod g (SWid WiT pedmed 3,00 3929 (6,15 e WA gy 3l w4 Ol olod
1381 (g il Bl 35 CaioST 10 2 gy 0 jlasnSTy g T S8 L SlawnST ST glaes 31 Cllad el
Cudyb aoyd 40 b (6,l]) (S LT mhaw 3 1) (Gla dxe I BewieST 15T 33 gy g Jalme WB (i il
DI 4l g, dxo ialS  Suid Wi pdaw 4 dddlle 5,00 sBCWTeST olod 40 35 IS Ty i (318 Ll (as,3e
Comd 15 SIG lae o yiubin Zloid g 3Ll y05 (GLrad g8 & 31> (LS SIIG (g5 3 ool b iadsST (gabad, bl
319 e (SO oST . Wilouas A Uad | Suid (i & B 65T (39 35 Jooio ()]ga8 & s o8 (! 9wl s o8 ol &
2 Less] guiad ) b W bl SWid Wi 41 (SLewi oS o o wlees (g & i 5 A 50 el g il LS

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.140 ]

CSTi Joos (sl bl 1 GlWisd 41325 31 Juols g b JolS Cisllas SHIG (yad L ol

J,bﬂo X8 SIG ua&l.w 545‘9‘)“) ‘C”J?)" c&‘wl G:';i ‘5.\9‘15 ‘_gbaa)l,

@ ol oo g il |y ol lung S g o] Sl
b dilike lacSalul > ROS 5gs e g
bl slad g pojanSy (S ke udlyg)lS
OBLS (27) sy Jolaio s> 4 L BROS 50 dxi >
s bl sl Bl byl Sl L
Slapias g Jolro load (g wle olacdsenl
(32) Sgs 0 gl i 5 gle Sl
5 @%}JT dlmol%-wf‘@i Awd ¢ & 3¢5 Lmol.\,.“fl&;ﬂ
Pl G lins] Bl Ged o Gl con Bl yd
{CAT) ;YL& (SOD) Ugommd MS‘)J?M Jolis
(2 wmen laslJgd L o }L\,_,JI,i 095;[3'95'
9 KVRW L;lbd)[.o.ﬁ Ja)l).m u_‘o 5 uo;).;] dho\.\#“fldjl
» (36) dgdige chendi b JI3l) plp > (asee 5
u.o.’)ﬂ).& L;Lmo\.\.,,wflgﬁl Olml.; u_cléb A (309D (Aol
sy o duwl &Sw)}iwl raSeiig 5 el &S Mitun
il sl JSesly Mg Jgtume & olama 5T ke b g 039
(2234) Sy oy 311y 13T (ol JISooly e
ol LYl (SO (Sas il sl aslas i
bosSlpge o)y Wy cuwlapnmgn i
"\"‘§L§° .3)‘9 8> w.wl wab9)) J/S.L).c 9 )L.>l.w

1doddo
o3lgls ;I (Foeniculum vulgare L.) «bjl, g, ol
4 &l glay gl LS oy 5 8 5l S Apiaceae
a>g Dyg0 (29)hd mluo 3 28 o golasdl coonl JJs
g55 03 mudlip)s e d929 (23) ol 4B )5 I3
sS4 Caglie g (S0l Gl ek e (S
3G iy Ol 39se8 (10) w381 e olS o) Casen
2 ol Sy g @ig p &S sl (ol vre Jelgs
Ohei el Wl 5 Cwl Joo o pulipw
Conl 98 0lS 33 (alewdon 9 (SPdmid (Nidsre
5 Jobo (SaSlonid ok 3 (Sts (15 4 lals (3)
©lS g g B8 4 gl cpl Wmd e Gl (JoSUge
9o dloya g9 olS o O 29008 (e (B 009> Jobo
9 Oon e placdgenl (S oloj 01 (St ]
23 il e g (ol walals jolate 4y Jolore (slaid
e L
SbasS Gilsl Graed 5 il wlal lp S
sly Jsle s bl (22) S o 53k (g J1b
N (S 0593 3 (55l 03D 5 ok e ilie Lais
s o @jle b g ol slaJIS63], (19) w9, 0
Ul & st ows (5la J35S)ge (2ROS) (s Jd
Sospul daygy dler 1Sl sl JgSge b ST


http://dx.doi.org/10.29252/jcb.12.33.140
http://jcb.sanru.ac.ir/article-1-1074-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.140 ]

TAL o ————

285 el (FC) B (ol)j cadb s b o)l

Sl e el S ey b laglls Ol g
o L;Lmol.\lf 9 u_c‘))' ;,u.s)lo A0 KTy Lgl.bol.\lf
b e bas ol cud b oy 40 edgue > iD
2y S am o) 60 bwgie b 4 )b paises
F S oo 4 S35 9 JolS (odugy 1) s>y
5 Juy sbazals jlabye » 5 a8 pbdl S,
2308 4 Alolidly g gl paiges il ysbo 4y (oS S5
b Jaze o5 sloas > -80

5 sl gy 3l ool b Sy Jolomenid (5550l
55 () ssboly S S iy il {14) phion
Ohey Jh skl b S oon Glie sxSeilul cules
ool CBlé Jlide 5 €85 00 (1) ylSen 5 ety
b gl Slie Sl S e (LS Sojy S e ke
A sl bmpl cdld e Gl
(5292 2355 Jsloxe o 9 (29) 05 g5 Sop0)18=
5 ISl Gl el Gl gpSejlul Gy
S5 ol (1T) a8 3 ool 50 | 5
355 dpolone ABES ) (g p)S e ) >
slol SPSS16 58ls 5 31 o3litl L laosls ko ¢ 355
o 3 5SS gl 5l edlatul b la uSike dulie .
S o] gaeg)S (sly .S plnl a3 5 Lo
3 )bl (ke bl o g Ward g, b (slads 4 jos
5 e cws] Gl s eolitw] Glaw oud
Sie Ti) Jooo asls dubxe b (Suis (i & Joocie
Ot glaw > Cdo e S (A5 g 3 o
Gigs bl jals 5 end adllee Slao (gl (85
G5 Bl by cnl 8 plosl (38) (SHG) Jlew
gl J ol ppeS Glie (ol i) e
ite Jlotl iy 1 alol oy ntn 5 (07) coze Jlo)
o 3 SHG Lasls jl eslitul  ogdle 358 plodl (d)
0a3lS olal py adlllas 3)90 GlacuisST siiog)S e jos
ebuod bagio (o) & (slades 4 il edliel b o T
b pbsl w8l alold Loy

.......... 1399 Jla, /33 o)ous [ o3}ls> o [ sl; olS oMol aoliingsy

2 el Sl CumBye )3 s dbul LIl la S50,
olSaiod il by gl gaiod n1Sgn slaas,
b oS )8 (5,155 bl odlgsls 5l agd g9y p (Liulejl
Jolme soaiB g gy (e ((SuiS 5 sl ]38
sl g oy Cond uned g Ay g 2lep (iSo
awslio )8 by (nlBl ad) 4 ols iy Jole
4 ol g polio plB)) 53 fanaST ] slapl colld
@ Coglio &S cuwl ol ol calise LS Sas
3y calio  ShawnS 5 wianw b (3L  Siued  Suis
e ) S35 Sliso 3| 315 o8 syipn 5 <, (6)
5ol wbjly eyl olS canglie sims ylis (0 Claw
Oluogad (S Glus U Cool odd aw Guid oyl
O bl 5> &Ll 29 ol pliendn g (lnsS] STl

255 I oy 2590 L) uigs1 10 5 (Szs

L yig, g 2o
des)ﬁﬂgf*ﬁﬁmwm;#@@
JgS e Sjgo a4 (ol ljly lacuioST ohesdsn
Jl oo yoe j0 I, 3 L dolas Ml 7 )b B
d‘”“’ oKl Lg)'”l.d:f ISLEA R u;l.m.vu ALY 5 1396
4 olpl o s T Jols (LS slgo s plnl (o)
o Wy 4S5 5 Glodl oS 55 5l ()15 (3551 3 olyen
5 oS lidos olejls ladol olnl oyn <855 ]
Ol 350 5 deag) (b wlio 5 (65ygliS lidos
Joaa) 1505 ans Jodyl oMl 31 oEiily gyl lalS
bulyd g3 55 abjly gy olS ilize uigs1 10,3, (1
S i g (S ey cad )b aie 4 )l) Jloy
059 b @l )3 (ugh, 4dss 103 60 51 aw (l)
ol 14 5Silo Lyl cos g pySels 6 Sis Sls
bl S sus s beu.ﬁlw 4> 16+2 Sls
1 (123) s @ odpwgy oald 395 9 opd (0 sl

inlejl 55 o3kl 3,90 b3l slacuisS] Clasein =1 Joi

Table 1. Characteristics of Fennel ecotypes used in the experiment
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Table 2. Mean squares resulted from analysis of variance for the evaluating traits
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Table 3. Means comparisons of fennel ecotypes in normal and drought stress conditions in terms of some biochemical properties
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Table 4. The lowest and highest values of Ti calculated based on the traits measured in the fennel ecotypes
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i Polyphenol Oxidase Peroxidase
Traits mg/g FW mg/g FW
AU/min/mg protein
awiss] Tiy Ti, Ti3 Tiy Tis
1 0/519 1/335 1/887 1/800 0/832
2 0/566 1212 1/890 1/810 0/863
3 0/585 0/103 1247 3/108 1/136
4 0/883 1/332 0/913 1/339 0/968
5 0/670 1/649 1/546 1/685 1/198
6 0/847 1/256 0/911 0/643 1/397
7 0/688 1/256 1796 1/165 0/988
8 0/668 1/839 0/608 1/084 0/825
9 0/620 1/493 1195 1/982 1783
10 0772 0/001 1/196 1/033 0/991
Jos S| 0/883 1/836 1/890 3/108 1/783
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Table 6. Mean of the traits of cluster analysis groups by nearest neighbor method and Euclidean distance matrix in

fennel ecotypes
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Figure 1. Ecotypic dendrogram based on Ti index of traits using nearest neighbor method and Euclidean distance
matrix
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Table 7. Derived groups from cluster analysis using ward’s method and mean of the groups for some biochemical
traits measured in fennel ecotypes

0o oo A8 Jsloce
el JiE L sy
Slaws YWY
mg/g FW mg/g FW
AU/min/mg protein
s & T T
3 .t 3 .t 3 3

Los 12400 1235710 o0 gy goo 972 578 272 040 051 235 5069

2o, 356789 4689 o e mup g 421 66 036 042 38 16125

s 110 09 100 626 78 461 926 036 046 853 1132

23l JS onign e dly o wdg Sle e Bl abl) et e oS ol ol Job @l

2 Jsledd g Gdon leSly GheSIB L ag g SMBT end (oySejlul plerden Clio
sbessl b s (S 4 Joole a5 8 Jg 09 135580 Olie (sles p a5 cudh
Mlﬁ.o )‘ ol Cawds @Lu Dgr yude uS\u.> 4 u,uL.u> 9 d9 usln.uo dul.; |) Jr Ls)L.M?}J uluo}.a:- » uS\uo
ool p eisS) ganad; 5 T jadls wlio (1 Ske @L’ A5 oaalie Jlite S 5 zolaw g ST o
olys @ ordosde SlludyB oSl SIIG asls (Sas i ghaw 0 abjl) clacsS] eSibe anlis
CuiS (gl a8 wb ad bl leS & Jete g 4 p cudsS] dy90 Glao yidy > a5 db i dddllae 350 Claw (gl

oy ) g d9d 0 4oy yoiS pS sble sl (e @uS plugs (laus] adlas
A9 Sl 5 4 Sl i ples (S oiBign e 85 Sl e 4 gl g RS
s Jobrodid 5 gy STy ST 8 L o]

FLv%)

1. Ashraf, A., M.A. Abd el Shafi, E.M.S. Gheith and H.S. Suleiman. 2015. Using different statistical
procedures for evaluation drought tolerance indices of bread wheat genotypes. Advance in Agriculture
and Biology, 4(1): 19-30.

2. Bagheri, A. and O. Sadeghipour. 2009. Effects of salt stress on yield, yield components and
carbohydrates content in four hullness barley (Hordeum vulgar L.) cultivars. Journal of biological
sciences, 9(8): 909-912.

3. Demiral, M.A., M. Aydin and A. Yorulmaz. 2005. Effect of salinity on growth chemical composition
and anti-oxidative enzyme activity of two malting barley (Hordeum vulgar L.) cultivars. Turkish
Journal of Biology, 29: 117-123.

4. Eskandary, M., A. Astaraei and A. Ganjali. 2009. Evaluation of salinity stress tolerance indices derived
from CI/SO4 anionic ratios and nitrogen fertilizer in barley (Hordeum vulgar L.). Environmental
Stresses in Agricultural Sciences, 2(1): 15-27 (In Persian).

5. Fernandez, G.C.J. 1992. Effective selection criteria for assessing plant stress tolerance. In proceeding

of a symposium. Taiwan, 13(18): 257-270.

. Fischer, R.A. and R. Maurer. 1978. Drought resistance in spring wheat cultivars grain yield responses.

Australia journal Agriculture Recourse, 29(4): 897-912.

Heinnrich, G.M., C.A. Francis and J.D. Eastin. 1983. Stability of grain sorghum yield components

across divers environments. Crop Science, 23: 209-212.

~N o


http://dx.doi.org/10.29252/jcb.12.33.140
http://jcb.sanru.ac.ir/article-1-1074-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.140 ]

L — wbjly (91> obS slacusssT wlis] il 5 obosdon Cluogad Sy L))

8. Karimi, E., M.R. Ghannadha, M.R. Naghavi and M. Mardi. 2005. An evaluation of drought resistance
in barley. Iranian Journal of Agricultural Sciences, 36: 547-560 (In Persian).

9. Koocheki, A.R., A. Yazdansepas and H.R. Nikkhah. 2006. Effect of terminal drought on grain yield
and som morphological traits in wheat (Triticum aestivum L.) genotypes. Iranian Journal of Crop
Sciences, 8: 14-29 (In Persian).

10. Mohammadi, R., R. Haghparast and M. Aghaee. 2006. Evaluation of breed wheat genotypes for
drought tolerance under rainfed condition. Eighth International Conference on Dry land Development,
Theme 10. Application of new technologies and technology transfer and crop improvement for dry
areas. Beijing, China.

11. Munns, R., S. Husain, A.R. Rivelli and R.A. James. 2002. Avenues for increasing salt tolerance of
crops, and the role of physiologically based selection traits. Plant and Soil, 247(1): 93-105.

11. Naseer, S.H. 2001. Response of barley (Hordeum vulgar L.) at various stages to salt stress, Journal of
biological Science, 1(5): 326-329.

12. Niazian, M., M. No’mani and S.A. Sadat Noori. 2016. A Review on Biometrical Methods used for
Salt Tolerance Breeding in Crops. Journal of Crop Breeding, 8(17): 24-41 (In Persian).

13. Saberi, M.H., A. Arazmjoo and A. Amini. 2016. Assessment of Diversity and Identifying of Effective
Traits on Grain Yield of bread wheat Promised Lines under Salt Stress Conditions. Journal of Crop
Breeding, 8(20): 31-40 (In Persian).

14. Taherian, M., A. Rasoulnia, M.R. Bihamta, A. Peyghambari and H. Alizadeh. 2017. Evaluation of
stress tolerance indices in Iranian barley genotypes under salinity and drought conditions. Agricultural
Communications, 5(3): 7-17.

15. Ulhagq, J.I., Sh. Akhtar, M. Akram, M. Arfan and Sh. Yasmin. 2003. Differential yield responses of
barley genotypes to NaCl salinity. International Journal of Agriculture & Biology, 5(3): 233-235.

16. Yan, W. and I. Rajcan. 2002. Biplot analysis of test sites and trait relations of soybean in Ontario.
Crop Science, 42: 11-20.


http://dx.doi.org/10.29252/jcb.12.33.140
http://jcb.sanru.ac.ir/article-1-1074-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 |

[ DOI: 10.29252/jch.12.33.140 ]

Journal of Crop Breeding VOI. 12, NO 33, SPriNg 2020 ...........ovieeieirieeeieteirieseesisieseses s e et e aeenanevaeeseeneenessessnesneneneenenanns 149

Evaluation of Biochemical and Antioxidant Characters in Fennel
(Foeniculum Vulgare) Ecotypes under Drought Stress

Ghamar Dadashi Jamiran', Ali Asghari?, Asghar Ebadi® and
Masoumeh Yousefi Azarkhanian*

1- Graduated M.Sc. Student, of Science in Agronomy and Plant Breeding, Faculty of Agriculture and Natural
Resources, University of Mohaagheah Ardabili
2- Professor of Plant Breeding Sciences Department of Agronomy and Plant Breeding, Faculty of Agriculture and
Natural resources, University of Mohagheah Ardabili
3- Assistant Professor of Plant Breeding Sciences, Department of plant Sciences, Faculty of Agriculture and Natural
Resources of Moghan, University of Mohaghegh Ardabili, (Corresponding author: Asghar_ebadi@yahoo.com)
4- PhD. The expert of Jihad Aaricultural Oraanization, Qazvin
Received: August 19, 2019 Accepted: November 13, 2019

Abstract

Drought stress is the most important abiotic factor limiting growth in arid and semiarid
regions. In this study, the effects of different levels of drought stress on protein content, proline,
soluble sugars and the activities of antioxidant enzymes polyphenol oxidase and peroxidase
were studied in fennel (Foeniculum vulgare L.). Ten fennel ecotypes were subjected to two
levels of water stress including control (maintained by regular watering at or close to field
capacity) and drought stress (irrigation at 40% field capacity), in a factorial experiment based on
a completely randomized design with three replications. Results of the analysis of variance
showed significant differences between the ecotypes for all measured traits except proline. Also,
drought stress had a significant effect on all the studied traits. The activities of antioxidant
enzymes polyphenol oxidase and peroxidase increased in the leaves of all ten ecotypes at stress
conditions. Soluble sugar and proline content in most ecotypes showed a significant increase at
drought stress level (irrigation at 40% field capacity). Total protein content in all studied
ecotypes showed a significant decrease at drought stress level. The results of ecotypes rating
using SIIG method showed that ecotypes Khorshidabad and Tatmaj had the highest SIIG in
comparison with other ecotypes and these ecotypes were identified as the most tolerant
ecotypes. The ecotypes Shirvan, GhaziAntpet and Izmir were also identified as the most
sensitive ecotypes to drought, respectively. Results of ecotypes ranking based on SIIG index
had full compliance with the results of cluster analysis based on Ti tolerance index.
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