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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
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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 3.395b 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 s
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 9.011a 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 k1 1.541 m 4.173klm  4.690 e-h 9.658 b 0.5381t

P <0.05) 55, gl gime glas (Sls glasals aiz ge3T sallae 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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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. Ig:évll) (mg/gFW) (M/gFW) (u;glfglgsw) (lr:n\%]/)g (U/Protein)  (U/Protein)
0 0.070 t 2.060klm  58.85mno  384.1h 0.057k 0.018 gh
0 40 1.900 s 1.575m 96.90 c-f  260.0 klm 0.096 f 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 c¢d
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 ¢ 0.047n 0.030 gh
120 14.600 a 5.474 be 94.88 def 3714 h 0.106 e 0.023 gh
0 3.067 o-r 4.050 fg 56.32no 5972 f 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 2721kl 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 0.0450 0.017 gh
120 5.100 ijk 5.787b 9437d-g 31191k 0.038 s 0.042 fgh
0 3.467 nop 4.030 fg 25.37q 564.4 f 0.013z 0.059 e-h
0 40 6.667 fgh 2.060 klm 83.21 f'k 392.6 h 0.079 h 0.132 cde
80 6.367 gh 4.404 ef 64.431Imn  236.2 Imn 0.015y 0.324b
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 0.033t 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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