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Evaluation of osmotic regulation, total phenol, protein and
antioxidant enzymes in four fennel populations under saline
treatments using vermicompost
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Abstract. Fennel is a medicinal plant; all of its parts were being used by humans in different ways. This plant is
relatively sensitive to salinity. A factorial experiment as a randomized complete block design with three replications at
the greenhouse level was executed to investigate the effect of vermicompost on the increase of salinity tolerance in four
fennel populations (Mashhad, Urmia, Shiraz, and Bushehr) in the vegetative stage of the plant, emphasizing the
evaluation of some osmotic and antioxidant protection indicators. Experimental treatments were designed with four
levels of salinity (0, 40, 80, and 120 mM of NaCl) and two levels of vermicompost (0 and 5% v/v). After harvesting, the roots
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were separated from the stem to analyze the biochemical variables. Salt stress caused a decrease in the total soluble sugar and
starch content in the shoot and an increase of those in the root of the studied populations. In addition, under stress conditions,
the proline content of shoot and root, total free amino acid, total phenol, and activity of guaiacol peroxidase and catalase
were increased in fennel populations, while total soluble protein and anthocyanin content were decreased.
Vermicompost treatment increased the content of soluble carbohydrates, soluble protein, free amino acids, proline, total
phenol, and anthocyanin, and decreased the activity of guaiacol peroxidase in the shoot, as well as the starch content in
the roots of fennel populations under non-stressed and stressed conditions. Despite observing the complexity in the
changes of the analyzed indicators which were dependent on the type of population and the dose of stress, our results
showed that the application of vermicompost with a concentration of 5% can improve the osmotic and antioxidant
protection in the studied populations of fennel under salinity stress.

Key words. anthocyanin, catalase, guaiacol peroxidase, organic fertilizer, osmotic protector
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Table 1. Some characteristics of vermicompost and soil used in the experiment.

OC N P K Ca Fe n
Sample EC (dSm!
P ( ) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
vC 7.68 158700 15400 22200 15900 52000 15100 127
Soil 3.81 150 10 43 136.4 0.0108 0.08 0.14
mixture of
VC & Soil 4.87 990 90 15.62 390 0.0184 0.36 0.22

6” u;; 0C ‘éil;;ﬂl c;\ilam :EC

EC: electrical conductivity; OC: organic carbon

Ao g Vo S slacdale o jpdg Camen 0 ady; aiulis
(¥ Jg92) 235 Vo e
oo

Odon e I3 pire al Bl iCngeS (co)yg BB oS oS
Pl b Al e plo jo aty; 5 2lse i
Sade iuli8l Jcpl baus 5 coslive lae 10 (5,00 ,l0de
NaCl Voo oo Fr mhw ;5 amg)l Conex ;5 s
(GRS s Byl o 5 CevgieS ey Heaz 0 g I S
—a adllae 550 al3l) Cumex bz 0 2l don
b ey Comoz G ol 5o a5 2L Rl (gl pixe 50
355 o 511y 3B e o JMie splp AV gl
e, ol focsinn Gl s ot s Lyl o iy
CasgeaS c059 slond ol oanlice (aoy0 A7) 51yl Comaz )0
ol glse it Gen Jlde logiae Gl csl
595 b addllas 050 glatumer ady; Gdgn ke o cxe
ol ke s 550 Sl b S e 3 555
Sled Cow aliBe sbacurez (o (6 58 Al sacbile ;o
(¥ J992) 992 Sglite CumganS o0
(ooibgiil 9 JS J3id) (Joud localgibio

oz 55 J5 55 lone il cloama 3 5,5 el
5 Js Glgoee Gl s )5 osalin (pu)n 950 Conex
scurez> ;0 NaCl Veo Lo VY- clale L (5508 j0
OF 5 AV FO FYIA i it st 5 e led el
G5 O fmlpl 50 CewgieS goy9 Jlerd rizres g o0
o)l Glatunex JS o Glyime logine (lBl el
Ol b Gl el A b agzlse 0 g el g et
Sl 5l 5 (5598 zolaw pled) dneg)l Comaz 90 50 il by
ol las mls [V Jgoz) ws S (NaCl (Yo Lo F-
Nsakeo VYo 5 Fo6)58 poln 50 ouilowgi] lyime
G5 5o 5 SR e g eds et sladere ;5 NaCl

Sas )3 aday Jolome 08 (i 558 A5 L aezlse 5o
29 u,wbﬁ‘ )|).».~J 9 4..:.49)‘ LSLQW 3o NaCl )‘)/9,4‘5@0 Y.
ol ole lis ghlo pme ralS st 5 e lacares
s g )‘)».M: GLQW o NaCl )Y},oém A B )».A‘)L:
Cel CavgreS soy5 Hlowd (syen WBB Ll jo ol olas
aly,y Jolowe sboaid slyome (gm0 OV/F o cxe iolidl
30 el ol Gae o YF s e (ialS gl G
Flie b sloosls gl s ,5 st aljl, Cones 4y,
—es Sl LS ol Gl ()8 (AT g CangeS 00y
plas b agzlge 10 dpuive Corez )0 dly; Jolows 03 (awgraS
Sl el sl Dygods (owyp Sj9e $y90 ok
Vo) gedg Somex 50 yelil ool jlosne (285 (rpizmon
NaCl )Yyo‘}.uo ' L 4.»..05)‘ Coro> )9 NaCl )Y}A‘}M
(Y Jj») A odwlice W}‘.ASLSA)B )5"” o
Gl 5 aeg)l e aljly Glalerezr Aty o (g0
P G Doz A els Corex ada alulis Glyxe
(s e kil o cdl els Ve o VY0 (5550
o alwlis )‘J.B.A ‘Lg)‘o‘s;.aa O ygods C“""’?T.?ASLS")ﬁ )Lo..u
AD 5 ¥ (limets b s 1) gl 5 5l slacmaz ady,
Oeod ol oli8l s 0 DO pdie Casez 4 g GalS oo
4.»...:) awlis 6‘5.»9;4 » (M};.J‘sn)j ).ul.: Oy90 HO ».\39)
-4 o canlie 690 lylid b oadlhas 050 sbcaes
[ESVW) ‘.Ia.#?ua L S )544‘:.7- o CM.;}?AS‘So)g )Lo..u 456)9.]0
|) )1)».,.0 9 4.3.;;5)1 sliores awlis 6‘9:‘7“’ )L)‘suu u.».ﬁlf
o Ko cale jo agin Caxex (0 5 558 ok plad o
Sleze Jlocme ol cel a5 J> 50 0o )3 Ve ds

133/AYY


https://dorl.net/dor/20.1001.1.24236330.1402.10.2.4.9
https://system.khu.ac.ir/nbr/article-1-3603-en.html

[ Downloaded from system.khu.ac.ir on 2024-11-28 ]

[ DOR: 20.1001.1.24236330.1402.10.2.4.9 ]

Beyk-Khormizi et al. Evaluation of fennel under saline treatment

GSeny a5 0ba (NaCl Voo oo VY- 5 ¥ (5,50
e 33 Ko gahen VYo (655 5 CongoaS g losd
“Cenez )3 JS e n e Sy gime (il G i el
5 AR VIO 5 VI Loyl Gliee 4 ol it ol 9 deeg)l o
Y Jg92) 00,8 0o y0 Y sgu 0 5l d Came 0
GlagnsTyy JoSLI 5 Y61 plomans T T slops 551

Sl Gl el 658 S it BB O)50
o o YLK oo 3l codled s )5 lannS] ot o 5]
2 Gl Camem 0 (S Yse e Froocdale) oM
2 9 e Sexex 50 NaCl Voo Jo A g ¥r olaw
Oyped gohe pled 3 dpde g ameg)l laleres
P BB o g ol Bl iz ee Bl o8l gl S
50 et Comez 0 YL il cldld o (asye YY)
W6 Lyls o ab eoslie NaCl Yo Lo VYo (oyeds
YO o3l codlad Gl o CegiaS (00)g slend ¢
2wl ol coded alS s agie 5 eds glacener 5o
Cdlad o (patie Wg) b il g deeg)) Gladenes
it pals 50 (g 9550 Al Glaceraz YUK o5l
S ok adi ssalin CuvgeS o)y eSS 5)ed
IRl 5 aeg)l Comez jo el Cullad o tae hals
Tohe plad 50 Sgde Comez 0 el Sl o ine
—sy sl b easline CavgeeS oa)g jpa> 53 (69
Sosne ol Cel pder g 5t Slacares )3 CuwgeeS
o389 NaCl Vse doo ¥o 658 50 UL 3l cllad
Nsocheo Ve g A glasysd jo sarsil codld o sine
Y Jguz) 2,5 NaCl

Clld ety IR GheSTy JsSUS el 5T
ke VY e 035a) 6598 SV ol o 1) T
cdale o M}j—l ool cadled aS g ekay ol lis (Ses JYge
ooyl Gt Sladarezr )5 bz ;o Sed YVge Lo VY
Ol sl YEIY g VYT AN YA (s S dguiin 5 ppdig
CowgeaS o0y3 slerd chae ;0 6)ed o llyd je .l
2 Sl LB mpl codld o gbne S
S L sl adlae sype alll, clbcaxes
il Colled 1alS v (5)9b slajless )3 CungieS sajg
S35 gl o2Vl L ag2lse 55 s oSl JsSLS
Gl CamgeaS ays o dNaCl Voo dio VY- cdilé)
FIAYIA 1D s 2 ey J5SLS o3l culled Sy
5 arog)l Sl e glacaraz 3 coi e plpy AD
(V' Jg92) w35 b

Ss8 sled 2w albjly b))l e 5 (6 93 Sen

Ol et g aregyl glaiumaz ;o NaCl Voo Lo A
—so3 sled oS BB Lylyn cod b plad gl e
99 5% Owilewsl Jlade e Gl el S CangieS
YOIV g aoys VY olieds codfar i 5 5led Comex
O ke Gyl CawgraS gay9 Jlerd eizred L3S Go)o
— sk id Wl e )0 (5550 j9p lulyd o, el
We gt 5o bl orl Oliee «amgeeS c0)9 925 L oS
Comaz 50 oplpy VIO Sguiee Zosoz 0 NaCl Ve Lo
VY oS saels 5 5wt Gladanez ;5 9 pln VIT 4
(Y Jgaz) <l ialidl sy YYV/F
J5 slgiol (glgizno

WU Lme jo Va0 oad Gl @ b Glbe
S5 el Loma Kai Ygaon T+ e (CugenS a9
See 5 3l slacnez J5 ST arlsiel slymome o sine
9 dueg,l lacames o1 awlgicsl (glgiome S Jb 0008
O ologine (Rl lae (598 ok ples )3 eds
Ol 8l el (60 BB Loyl 1 50 CangaeS o9 jlend Ll ks
b2 9 5l cdng )| slacamez 1 ol3T slasulyial 35
b sgie Comezr 03,8 00,0 FF g YV A (e 4 ol iy
JUR | ERRNYCT-URR [ RV FEU0N IR RV-IRRP SR IS JA R T
CawgaeS (soy9 Jlaxtul (b .Cdpdy CewgieS oayy oS
5 g2 e Ably lacarez 5o o1 lhasulsial jlads
Sl LS gl gime Gl 6558 ol b agzlee )3 seie
Ol (S Yge o VY clale) (6590 o (p YL y0
oo ol awleiel (glgize (gas o VY 4 YO/IO SV/F
(F Jgur) ol oalie sgeiia 9 g )l ped slotamen 5o
Jebomo (g p (Slgione

oo iy, sl sloinSils asli )| Jol> ol
O CanmgeeS' (s0y3 WL slajlod 15 (598 gobaw omle S5
oo b 4plae 1o iamas ploi jo axls o) jlade a5 ols
Al e sy el ol cwl a8l elS (6
bcisaz ;0 NaCl Yoo Lo V¥V (55l o o bl
S 5 o Slacarer )39 plp ¥ Gl 4 5t 5 aces)
S 8Bl jo zdl gals Wl YA FIY g
Oan Sl lgae Gl cel CewgeeS soys less
—ay e 5 ebe Oled desy)l Slacerez 5 JS sl
00,8 aoys QAT g VS VE iy YV iy
e Slogime bl cely CungaS o)y Sl rizres
G5 jon b adlllas 9590 albjl) slacerer 3 S (S
Tob )3 Seie Cumex ;3 2a) W3S Lie )3 (590

134/ Y%


https://dorl.net/dor/20.1001.1.24236330.1402.10.2.4.9
https://system.khu.ac.ir/nbr/article-1-3603-en.html

[ Downloaded from system.khu.ac.ir on 2024-11-28 ]

[ DOR: 20.1001.1.24236330.1402.10.2.4.9 ]

Nova Biologica Reperta 10(2): 129-142 (2023) Q) IVASNEY Y o)leds Vel o i) pole [0 (pg loaidly

bl Slaionez gy lsine g s Jole 38 5 (608 G5 5 CamgraS a9 Kot 2 5l eSils dmlia =Y Jguzr
Table 2. Mean comparison of the effect of vermicompost and salinity stress interaction on soluble sugar, starch and
proline content of fennel landraces.

Salinit Shoot Root
Fennel vC Conc.y soluble Shoot soluble Root ShQOt Root proline
landraces  Conc. (mM sugar starch sugar starch proline (umol/gFW)
NaCl) (mg/aFW) (mg/gFW) (me/aFW) (mg/gFW)  (umol/gFW)

0 2.269 jk 2.430 gh 4.040lm  2.748 m-q 1.346 i-1 6.3121-0

0 40 1.748 no 2530¢g 6.015def 3.3371-0 2.270 hi 7.696 jkl

80 4.130b 2.424 gh 4.236 j-m 6.4170b 5233e 11.66 ghi

Urmia 120 2.374 hij 2.089 jkl 4.536h-1  2.688 n-q 7.003 d 25.360 a
0 2.619 ef 2.138i-1 4.867 g-1 1.481t 4.502 ef 5.194 m-q
5% 40 2.399 g-j 2.115 jkl 3.551 mn 1.705 st 4.809 e 4.709 opq
80 3.965b 2.008 1 4385h-m 2.631 opq 11.70 a 4.886 n-q

120 2.588 efg 1.277n 4.245 j-m 1.910 rst 11.81a 5.926 1-p
0 2.058 Im 3.191 cd 3.111n 3.464 j-m 0.65 ki 6.849 klm

0 40 1.243 p 4452 a 7.091b 3.826 i-1 1.693 ij 15.39¢

80 4.643 a 2.968 ef 5.853d-f 4.411 ghi 3.658 fg 11.35 hi

Shiraz 120 2.467 fgh 1.495 m 4.955g-k  5.393 cde 3.578 fg 23.32b
0 3428 ¢ 2.050 k1 4.748 g-1  2.401 qrs 4.502 ef 13.43 d-g

5% 40 2.536 e-h 1.676 m 6.652bcd  2.600 pqr 6.810d 8.927j

80 4.715a 1.670 m 5.269 fgh  2.083 g-t 8.427 ¢ 14.89 cd

120 2.664 ¢ 1.559 m 5.158 f-i 3.233 I-p 8.196 ¢ 2.116 st

0 2.464 f-i 2.908 ef 6.173 cde  4.169 hij 0.49971 3.886 qrs

0 40 1.916 mn 33950 5.247 fgh  4.405 ghi 1.462 ijk 8.427 jk

80 2.575 efg 2.267 hij 43171-m  4.664 fgh 3.078 gh 12.47 f-i

Bushehr 120 2.009 Im 2.238 h-k 7.072 b 3.376 k-n 3.809 fg 11.35 hi
0 2953d 2.822 f 5.450 efg 6.469 b 4.886 ¢ 4.271 pqr
5% 40 2.058 Im 2.331 hi 4.378 h-m 7.428 a 7.041d 6.695 k-n
80 3.569 ¢ 2.197i-1 4210klm  6.042 be 8.349 ¢ 7.003 klm

120 2.413 g 2.157i-1 3.543mn  4.076 h-k 10.23 b 2.847 rs
0 2.274 ijk 3.089 cde 6.974bc  4.951d-g 1.154 jkl 5.464 m-q

0 40 1.581 0 3.251 be 6.011 def 6.427b 2.193 hi 10.77 i
80 1.742 no 3.000 def 9.0l1a 5331 c-f 3.732 fg 13.70 c-f

Mashhad 120 1.571 0 2.888 ef 6.454bcd  4.417 ghi 6.464 d 22.28 b
0 3.021d 2.924 ef 5.120 £+ 5.603 cd 3.771 fg 6.849 klm
5% 40 1.960 Im 2.076 jkl 4.748 g-1 5.635cd 4771 e 14.55 cde

80 2.487 e-h 1.561 m 4.575 g-1 5.882 be 8.388¢c 12.97 e-h

120 2.108 kl 1.541 m 4.173klm  4.690 e-h 9.658 b 0.5381t

P <0.05) 55, gl gime Dglas (Sls glasals aiz ge3T Ballas il co S piie By S Pl glylo a5 Sla Sl (g yo 40
In each column, the averages that have at least one letter in common are not significantly different according to
Duncan's multiple range test (p < 0.05).

(Askari & Ehsanzadeh., 2015) oS o allie 25 b olS Eo
i S8 5535 8 i by S5 D S e s e o 5 55
wile sl oS5 lyear Gls wile Sl Glaselsinel s iy sals T waly o5 998 e oS JsSse 5 olardsn
s HoOs oo 5l o o 3l 6555k b (oIl sloS5s ol 4 b b bams jo S g (Aif et al., 2020) o

Yang et ) cl Jlioe 50 s cos olS ool 0 MDA
Nat g b odigioies Jolge lorcds bad pomen (al, 2012
bS5 onl 5l 29,5 (Kanai et al., 2007) wgd so ax>bis
Sualed Lai 5 65l o 393 Goplr B L (g wile
Bgdioo (Sl Glampl colld Sov g oy
aolid liae ool aslllas zls 4 4> L (Singh et al., 2015)

e alS el s la sl (slid Coans 90 (graml Joniliy
Wlgi oo (5ol palaid 0ed g0 aly; Bk 4 S o I (555
P SlodisS dige o Slos 5 ad; Lai> 5 (lala>de LB ope
b sl bl glacadlgisn o Vb ol Glye Li 5L
Olyiedy g WS (0 S5 Sl S lad Lk 4 (gjend olas
Of dowgts &5 05800 BT L 0 g ekt punilfe S

135/\Y0


https://dorl.net/dor/20.1001.1.24236330.1402.10.2.4.9
https://system.khu.ac.ir/nbr/article-1-3603-en.html

[ Downloaded from system.khu.ac.ir on 2024-11-28 ]

[ DOR: 20.1001.1.24236330.1402.10.2.4.9 ]

Beyk-Khormizi et al. Evaluation of fennel under saline treatment

Ss8 sled 2w albjly b))l e 5 (6 93 Sen

SYBLS sl 3l colled g S sy oli] loaplyinel ¢ Jsib slacdsilio p (6y85 i 5 ComgaS 5055 (iSad 3l 5eSilos duglivo =Y Jguzr

Al slcusas lea s POX) sy, s (CAT)

Table 3. Mean comparison of the effect of vermicompost and salinity stress interaction on phenolic metabolites, free

amino acids, total protein and activities of catalase (CAT)
landraces.

and peroxidase (POX) enzymes in the shoot of fennel

Salinity Total . Fr?e Tota.l CAT POX
Fennel VC Conc. phenol Anthocyanin amino protein activity activity
landraces  Conc. If;:évll) (mggFw) ~ MEFW) (u;‘fg“FliV) (;nv%]/)g (U/Protein)  (U/Protein)
0 0.070 t 2.060klm  58.85mno  384.1h 0.057 k 0.018 gh
0 40 1.900 s 1.575m 96.90 c-f  260.0 klm 0.096 £ 0.058 e-h
80 4.500 klm 3.202 hi 78.13h-1  236.6 Imn 0.0531 0.096 d-g
Urmia 120 4.467 klm 2.929 ij 83.71 f-k 125.7p 0.136 b 0.159 cd
0 2.367 qrs 2.474 jk 63.42 Imn 837.5d 0.039r 0.004 h
5% 40 3.400 nop 2.262 kl 101.5 b-e 726.1 ¢ 0.088 g 0.013 gh
80 9.000 c 4.676 de 89.29 e-i 4494 g 0.047n 0.030 gh
120 14.600 a 5.474 be 94.88 def 371.4h 0.106 e 0.023 gh
0 3.067 o-r 4.050 fg 56.32 no 5972 0.039r 0.042 fgh
0 40 3.833 mno 2.9691) 73.57jm  354.8hi 0.108d 0.086 d-h
80 5.900 hij 5.101 cd 70.01k-n  272.1kl 0.040 qr 0.136 cde
Shiraz 120 4.467 klm 3.262 hi 63.93Imn  190.0 no 0.022 x 0.163 cd
0 13.230b 5.161 cd 74.58 i-1 1040. a 0.028 u 0.007 gh
5% 40 8.367 cd 3.515gh 114.2 ab 961.4b 0.067 i 0.010 gh
80 5.967 hi 6.979 a 85.24 £ 859.2 cd 0.045 0 0.017 gh
120 5.100 ijjk 5.787b 9437d-g  311.9ijk 0.038 s 0.042 fgh
0 3.467 nop 4.030 fg 25.37q 564.4 £ 0.013 z 0.059 e-h
0 40 6.667 fgh 2.060 klm 83.21 f-k 392.6h 0.079 h 0.132 cde
80 6.367 gh 4.404 ef 64.431Imn  236.2 Imn 0.015y 0.324 b
Bushehr 120 6.500 fgh 3.000 hij 77.12 i-1 1329p 0.013 z 0.737 a
0 7.667 de 3.929 fg 41.60 p 996.1 ab 0.043p 0.011 gh
5% 40 7.467 def 3.202 hi 110.1 abe 726.5 ¢ 0.051 m 0.019 gh
80 7.167 efg 5.040 cd 1192 a 6153 f 0.022 w 0.037 fgh
120 6.633 fgh 3.949 fg 104.5bcd  333.7 hjj 0.0531 0.086 d-h
0 2.1331s 3.010 hi 46.17 op 4553 ¢ 0.023 v 0.018 gh
0 40 5.167 ijk 1.990 klm 79.65 g-k  285.4 jkl 0.066 j 0.073 e-h
80 4.967 jkl 3.534 gh 56.32n0  209.8 mn 0.033 t 0.207 ¢
Mashhad 120 3.300 n-q 1.777 Im 57.84 no 1155p 0.088 g 0.294b
0 2.533 p-s 3.787 g 97.88 c-f 901.6 ¢ 0.040 q 0.004 h
5% 40 5.900 hij 2.797 ij 92.34d-h  308.6 ik 0.133 ¢ 0.041 fgh
80 5.833 hij 4.878 de 120.8 a 288.1 jkl 0.043p 0.056 e-h
120 4.067 Imn 4.454 ef 87.77 e-j 144.5 op 0.176 a 0.118 def

P <0.05) 55, gl gime Dglas (Sls glasals aiz ge3T Ballae il co S piie By S Pl glylo a5 Sla Sl (g yo 40
In each column, the averages that have at least one letter in common are not significantly different according to

Duncan's multiple range test (p < 0.05).
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