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Improvement of alpha- and beta-amylase enzymes activities and
germination indices in safflower variety (Carthamus tinctorius L.)
seeds by foliar application of silicon and nickel in saline soil
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Abstract

Salinity stress reduces seed quality, but suitable concentrations of silicon and nickel can improve germination indices in the
produced seeds. This study was conducted in a factorial arrangement based on randomized complete block design (RCBD) in
2018 in Haji Abad city, Hormozgan, Iran. The experimental treatments consisted of four safflower varieties as the first factor,
including Soffeh, Local Isfahan, Padideh, and Golmehr; and seven spraying levels, including nickel (100, 200 and 300 mg L-
1) and silicon (100, 150, and 200 mg L) as the second factor. The results demonstrated that the foliar application of 200 mg/I
Nickle and 200 mg/l silicon increased potassium by 10% and 18%, respectively. The foliar application of 200 mg/l silicon
increased the activity of alpha and beta amylase enzymes by 17% and 12%, respectively. In addition, Golmehr and Safe
varieties obtained from a mother plant recorded higher germination and rate percentage, as well as seed vigor, while Padideh
variety showed the lowest values of the same traits. The foliar application of 200 mg/l silicon, compared to the control,
increased the seed vigor as well as Soffeh and Golmehr cultivars by 23% and 25%, respectively; however, the Nickle
concentration of 300 mg/I resulted in a decrease of 24% and 19% in these cultivars.On the other, this trait decreased with
increasing nickel concentration significantly. Generally, foliar application of silicon at concentrations of 150 and 200 mg L™
was found to improve seed quality of different safflower varieties under salinity stress.
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Table 1- The results of the chemical and physical analysis of the soil at the experiment location.
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Table 3- Mean comparison of first order interaction of variety and foliar application for sodium, sodium to

potassium, seed electrical conductivity, germination percent, seedling dry weight and seed vigor of
Carthamus tintorius L.
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S;;h Nickel300 27.16 a 2.72a 38.26a 74.50 b 0.826 ¢ 1.89¢e
Silicon100 21.83b 1.84 cd 33.80ab 84.76 a 1.30 ab 2.79b
Silicon150 20.56 bc 1.69d 32.10ab 89.03 a 137a 2.96 ab
Silicon200 18.16 ¢ l4le 30.06 b 90.46 a 139a 3.09a
Control 27.26 ab 2.79b 34.10c 77.23 bc 0.830 cd 2.04d
Nickel100 23.60 bed 2.16cd 33.26 ¢ 77.66 bc 0.910 bc 2.18 cd
. Nickel200 25.46 abc 2.63 bc 35.50 b 75.13 cd 0.726 cd 1.94 de
E;:;n Nickel300 28.36 a 3.30a 36.83 a 70.86d 0.656 d 1.66 e
Silicon100 22.96 cd 2.06 d 33.80¢c 80.70 abc 0.920 bc 2.40 be
Silicon150 22.73 cd 1.93d 30.96d 83.10 ab 1.103 ab 2.63 ab
Silicon200 19.76 d 1.65d 30.96d 84.16 a 1.183a 2.85a
Control 25.66 b 3.03a 38.40 b 70.90 cd 0.783 bc 1.85cd
Nickel100 23.50 bc 2.20cd 35.46 ¢ 74.83 bc 0.920 ab 2.10 be
Nickel200 24.56 bc 2.57 bc 38.36 b 70.30d 0.706 cd 1.70d
Pz;;:éh Nickel300 29.76 a 2.76 ab 40.36 a 65.83 e 0.626 d 1.62d
Silicon100 23.46 bc 2.06 de 35.23¢c 74.46 bed 0.850 bc 2.20 abc
Silicon150 23.36 bc 1.96 de 34.06 c 76.40 ab 0.926 ab 2.29 ab
Silicon200 21.40c 1.72e 32.60d 79.33 a 1.060 a 252 a
Control 23.03a 2.14b 33.50 bc 85.33 bed 1.223 ab 2.62 bc
Nickel100 18.96 b 1.62 cd 30.33 cd 90.73 abc 1.143 bc 2.89 ab
_ Nickel200 22.36a 2.13b 35.90 ab 83.56 cd 1.383 ab 2.29cd
GjrmJ;\r Nickel300 22.76 a 241a 38.90a 79.06d 0.913 ¢ 2.11d
Silicon100 20.16 ab 1.77c 30.93 cd 90.70 abc 1.333 ab 3.09ab
Silicon150 18.03 b 1.41 de 28.20d 92.80 ab 1.476 a 3.25a
Silicon200 17.16 b 1.32¢ 27.66d 94.16 a 1.450 a 3.28a

Lean Sl gme Sl SOULS Ot a Caliies (o o SO (glatels i 0 90T olal
Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each column.
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Table 4- Mean comparison effect of variety on potassium, alpha- amylase, beta- amylase, germination rate,
root length weight and stem length of Carthamus tintorius L.

_ by 5T T el by S8l Loy i, dgb sl
2 . Alpha- amylase Beta- amylase =~ Germination
. Potassium . . Root length  Stem length
Variety (M.t .dw) (umoles.ml (umoles.ml rate (cm) (cm)
99~ L min') L min') (per day)
= 1162 a 0.360 b 0.516 a 0.427 a 412a 2.04 ab
Sofeh
Olginsl
s 10.58 b 0.341c 0.518 a 0.373b 3.78b 191 bc
Esfahan
4k 10.78b 0.330 ¢ 0.487 b 0.370 b 3.65b 1.88¢
Padideh
8 1140a 0.389a 0.532a 0.426 a 420a 2.08 a
Golmehr

s I3 gme Sl [ SOUL Ot a Calibes (o o SOl (glatels i 0 90T olal
Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each column.
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Table 5- Mean comparison effect of foliar application on potassium, alpha- amylase, beta- amylase,
germination rate, root length weight and stem length of Carthamus tintorius L.

sl -ty Pt Pt ST 0k el
Fc_)llar_ Potassium Alpha- amyla_se Beta- amylas_e Germination Root length ~ Stem length
application (mg.gt.dw) (umoles.ml (umoles.ml rate (cm) (cm)
(mg. L) e Lmin't) L min') (per day)

Control 10.39 ¢ 0.340c 0.498 ¢ 0.390 ¢ 3.79¢c 1.85cd
Nickel100 11.43b 0.379 ab 0.496 ¢ 0.392¢c 3.78 ¢ 1.90 bc
Nickel200 10.17c¢c 0.329 cde 0.492 c 0.368d 3.55¢ 1.77d
Nickel300 9.43d 0.287d 0.459d 0.330e 3.25d 1.74d
Silicon100 11.48b 0.364 b 0.515 bc 0.410 bc 410D 2.07 ab
Silicon150 12.16 a 0.389 a 0.542 ab 0.430 ab 4.25 ab 2.14 ab
Silicon200 12.60 a 0.398 a 0.556 a 0.449 a 448 a 2.24 a

Al gme Sl SOUL Ot a Caliies U o (SOl (glatels i 0 90T olal
Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each column.
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