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Abstract

An experiment was implemented based on completely randomized design with four replications to determine standard
Flixweed (Descurainia sophia) germination test condition. Flixweed seeds were placed in germinator for 14 days under 6
temperatures 10, 15, 20, 25, 20-30, 35°C exposed to three treatments of potassium nitrate (2 grams per 1000 ml of distilled
water), pre-chilling (7-10°C for 7 days), pre-soaking (24h in distilled water), two cellulose substrates of top paper and
between paper, and sands. Then, germination indexes were assessed. After comparison of three mentioned treatments
(potassium nitrate, pre-chilling, and pre-soaking) with control it was demonstrated that the highest germination rate
belonged to pre-chilling in 15°C.The lowest amount of germination indices and the highest percentage of dead seeds were
found in 25 and 35°C. The best treatment to improve germination and seedling vigor was applying of potassium nitrate and
optimal temperatures to reach maximum of germination was 10 and 15°C. Higher germination was achieved when top and
between paper substrate were used than sand. In total, it was suggested that it would be better for potassium nitrate to be
under 10 and 15°C when top and between paper and sand were applied, respectively to optimal condition for standard
germination determination was achieved, because the highest percentage of final germination, normal seedlings, and
seedling weight vigor, and also the lowest percentage of dead seeds were observed.

Keywords: Environmental condition, Flixweed, Germination temperature, Medicinal plant, Potassium nitrate, Seed
germination
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Table 1- Analysis of variance (mean squared) of Descurainia Sophia seed germination indices under
different temperatures, substrates and three treatments.
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o 3 720.53 ** 1405.06 ** 720.54 ** 2176.23 ** 27657.25 **
Treatment (T)
L
Temperature 5 15643.92 ** 19883.73 **  15643.93 ** 1909.4 ** 87548.70 **
(Temp)
s 2 3482.34 ** 2383.03 ** 3482.35 ** 1679.36 ** 2902.70 **
Substrate (Sub)
Loy X Hles
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(T x Temp)
S X ylad
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* *%

** *significant at 1 and 5 percent levels of probability and non-significant, respectively.
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Table 2- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Descurainia
Sophia seeds final germination percentage. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Final germination percentage) \g %l s duo s

Lo S
(Temp) ~ (Sub) - g Lo e
Control KNO3 Pre-chilling Soaking
TP 58.25 d-i 90.00 a 60.25 d-h
10 BP 57.25d-i 88.50 a 61.50 b-g
S 18.00 s-y 56.50 d-i 24.25 p-w
TP 19.50 r-y 61.00 c-g 58.50 d-i 25.00 p-v
15 BP 30.75 n-t 62.75 b-f 62.00 b-g 33.50 m-q
S 7425 Db 90.75a 25.00 p-v 42.25j-n
TP 28.50 o-t 36.50 k-p 20.25 g-x 26.75p-u
20 BP 24.50 p-w 45.50i-m 28.00 o-t 31.25n-s
S 64.25 b-e 8.25 xyz 17.50 t-y 50.75 e-j
TP 10.50 xyz 9.50 xyz 31.75n-r 28.5 o-t
25 BP 13.00 v-z 11.50 w-z 26.50 p-u 30.50 n-s
S 10.00 xyz 6.50 xyz 13.75u-z 49.75 f-j
TP 62.75 b-f 59.00 d-h 41.25j-0 55.75 d-i
20-30 BP 73.75 bc 65.75 bced 47.50 h-1 59.50 d-h
S 25.50 p-v 6.75 xyz 6.75 xyz 48.75 g-k
TP 0.50z 0.50z 34.50 m-p 8.00 xyz
35 BP 0.50 z 0.75z 35.251-p 1.50z
S 025z 0.00 z 11.00 xyz 4.00 z
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Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using Duncan test.
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Table 3- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Descurainia
Sophia normal seedling percentage. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Normal seedling percentage) ssle wals woys

les s
(Temp)  (Sub) o et S o ot
Control KNO3 Pre-chilling Soaking
TP 58.25 cde 89.50 a 59.50 cde
10 BP 57.25 c-f 88.25a 61.50 cde
S 18.00 0-u 56.50 c-g 24.25 m-r
TP 19.50 n-s 59.25 cde 56.25 c-g 24.50 m-r
15 BP 30.75 k-0 60.25 cde 59.00 cde 32.00 k-n
S 74.25a 90.50 a 24.75 m-r 42.00 h-k
TP 27.00 I-p 34.25 j-m 19.00 n-t 25.25 m-q
20 BP 23.75 m-s 44.75 g-j 25.25 m-q 29.25 I-p
S 64.25 bc 8.25 s-w 17.50 p-u 50.75 d-h
TP 9.25 s-w 7.25 s-w 30.00 I-p 2750 I-p
25 BP 12.50 r-w 9.50 s-w 25.50 m-q 29.00 I-p
S 10.00 s-w 6.00 uvw 13.75 g-v 49.25 e-i
TP 62.75 bcd 57.50 c-f 38.50 i-I 54.25 d-g
20-30 BP 73.75a 63.50 bed 45.50 f-j 57.00 c-g
S 25.50 m-q 6.50 s-w 4.50 vw 48.75 e-i
TP 0.50 w 0.25w 0.00 w 0.00 w
35 BP 0.50 w 0.00 w 0.00 w 0.00 w
S 0.25w 0.00 w 0.00 w 0.00 w

.mp@w,:&id@ﬁoﬁ\:oy)'Tl{)\:@M_’;)&:5-\ﬂ&‘wﬁpof&:é\)l:ylbopﬁ,:Sd_u;,:isg.a
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using Duncan test.
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Table 4- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Descurainia
Sophia dead seeds percentage. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Dead seeds percentage) os ,» sls ;4 Aoy

L e
(Temp)  (Sub) o SN 2 a3t
Control KNO3 Pre-chilling Soaking
TP 41.75 r-w 10.00 z 39.75 s-w
10 BP 42.75 r-w 1150z 38.50 t-y
S 82.00 b-h 43.50 r-w 75.75
TP 80.50 c-i 39.00 t-x 41.50 s-w 75.00 e-k
15 BP 69.25 g-m 37.25u-y 38.00 t-y 66.50 j-n
S 25.75y 9.25z 75.00 e-k 57.75m-q
TP 71.50 g-I 63.50 k-p 79.75 ¢+ 73.25 -k
20 BP 75.50 d-k 54.50 n-r 72.00 g-I 68.75 h-m
S 35.75 v-y 91.75 abc 82.50 b-g 49.25 g-v
TP 89.50 abc 90.50 abc 68.25 i-m 71.50 g-I
25 BP 87.00 a-e 88.50 a-d 73.50 f-k 69.50 g-m
S 90.00 abc 93.50 ab 86.25 a-f 50.25 g-u
TP 37.25u-y 41.00 s-w 58.751-q 44.25 r-w
20-30 BP 26.25 xy 34.25 wxy 52.50 0-s 40.50 s-w
S 74.50 e-k 93.25 abc 93.25 abc 51.25 p-t
TP 99.50 a 99.50 a 65.50 k-n 92.00 abc
35 BP 99.50 a 99.25a 64.75 k-0 98.50 a
S 99.75a 100.00 a 89.00 abc 96.00 a

Al e M)mgcb); S 0gm3T Ul gne CoMestl 315 (s 57 2hn 5 o 0SS (5115 Bl 0 gt a5 68T ol S0k
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using Duncan test.

YL ke s s .sljfu:.?\..uxqv.ﬂ"'—\“ oY les
3w sb o sl w55 s sdalive 03 e la s Lo s
=Y ‘SLAJ‘)J)MMJA)J}‘;‘;LM‘\?)}Y' sles
YL osfdu)@w)smbﬂﬁalf&u4?)3\"“
Sosab b slas 5303 o Glayds do s o YL LS &

j\béb))bt@bﬂ)ba‘iéu‘x?):\' b s

vy

03 50 Sy oy
YO 5 Y0 sles 95 y3 03,0 slayds dm s o SYL
A il (F Jader) s o o1 S Sl ao ys
Glalos & s 3 G50l 51 milen 503 50 slasd
R S e R

3353 ey Ol ol 53 .(Piramila et al., 2011)



\F'YQU.M.JU/YQJL@/\Y&/Q‘z‘J-bs)}b}rjlﬁqﬁ

S 5503 50 by Aoy 503505 HLET 1) Sjasl
sba,d M=, .(Jaganathan et al., 2020) &l o3 5
O I g N e
Sl s Jbe slid 4 OHles o ol labes s
38l 53 U s By (o 5 0l 5y s
Loy 5l 35ty 8 e 4y e clayd 3l (S

{(Plazek et al., 2018) 35 & » Comex 0T

oL 5 o Sl

0315 Ol (GBS 5 65y w43 315 Sl am p3 ¥
a0 V0 las p3 03 e slaydl Ao ys o S S
VO (sles 53 5 AT (5 S5 s 33 53 31 8 Sl
Mtgal,:gju;puu,;_.wmféua.,p
Shoki ) aS Gl ol ot i (F Jgua) i odalin
adls (6 rp Slodi g adl 5Bl ol slales Hs by

(8 oS o b ol slales 55 (5,815 5l e s

eSSl S e li sl 5 i e cles blize S 1 S0k anglis =0 il
(S) 4ubs (BP) 65 - (TP) (28 (55, :(SUD) 28 2w

Table 5- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Descurainia
Sophia seeds germination rate index. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

Les

1/d «(Rate index) il o Lot la

(Temp) (ub) o et S o st
Control KNO3 Pre-chilling Soaking

TP 5.73 gy 11.27 It 8.14 0-y

10 BP 5.44 g-y 11.71 k-s 8.94 n-x
S 1.50 wxy 528 r-y 2.41 wxy

TP 3.88 sy 14.32 i-p 55.01a 8.85 n-x

15 BP 6.91 p-y 13.00 j-r 59.65 a 12.33j-r
S 14.32i-p 22.65d-h 16.36 g-n 13.44iq

TP 9.29 n-w 8.77 n-x 10.55 m-v 19.48 f-k

20 BP 7.30 p-y 11.131-u 16.61 g-n 19.83 e-j
S 19.09 f-k 1.40 wxy 6.80 p-y 18.31 f-m

TP 2.59 v-y 2.47 v-y 27.36 b-e 18.51 -1

25 BP 3.39ty 3.75 sy 19.36 f-k 21.05 e-i
S 3.08 u-y 1.06 xy 6.49 p-y 20.20 e-j

TP 24.21 cg 22.27d-h 23.42 c-h 30.34 bc

20-30 BP 27.32 b-e 25.68 b-f 30.53 be 3251Db
S 8.02 0-y 1.00 xy 2.68 v-y 15.78 h-o

TP 028y 0.18y 29.50 bed 7.12 p-y

35 BP 017y 029y 30.92 bc 0.92 xy
S 0.08y 0.00y 6.31 p-y 1.42 wxy

.mt{@.u,;gs_cla,ﬂ,%,{q\;oyﬂp)\;@ngy;s\.»éu‘mefj:;:.,.q,,gi,_‘;b\;u};l,x,o};w,»ﬁfdu@ég
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using Duncan test.
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Table 6- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Descurainia
Sophia seedling weight vigor. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Seedling weight vigor) «sl$ ;s 4
b S
(Temp)  (Sub) o et S o st
Control KNO3 Pre-chilling Soaking
TP 70.75i-n 288.45b 79.70 i-m
10 BP 124.25 fgh 260.40 ¢ 70.30i-n
S 36.50 par 73.80i-n 29.95qrs
TP 24.40 g-u 114.02 h 83.98 ijk 58.20 I-p
15 BP 56.88 m-p 128.70 fgh 119.40 gh 65.45 j-0
S 141.78 f 352.40 a 53.30 nop 187.50 e
TP 31.10qgrs 89.625 i 24.55qg-u 71.60i-n
20 BP 26.85 g-u 59.98 I-0 60.88 k-0 81.50 i-1
S 121.30 fgh 9.20 s-v 18.725 r-v 226.78 d
TP 9.25s-v 6.15 tuv 60.40 k-0 67.87 i-n
25 BP 15.90 r-v 8.625 s-v 52.55 nop 70.65 i-n
S 10.00 s-v 6.40 tuv 28.425 g-t 140.90 fg
TP 85.05 ij 59.025 I-0 43.53 opq 57.00 m-p
20-30 BP 77.4i-m 63.50 j-0 71.95i-n 61.60 k-0
S 30.55qrs 6.25 tuv 3.83 uv 127.50 fgh
TP 0.00 v 0.03v 0.00 v 0.00 v
35 BP 0.00 v 0.00 v 0.00 v 0.00 v
S 0.00 v 0.00 v 0.00 v 0.00 v

.mt{@.u,;gs_cla,ﬂ,%,{q\;oyﬂpj\;@ngy;s\.»éu‘mesz;.pq,,&_‘sbuu};lbopﬁﬁfdu@ég
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using Duncan test.
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