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Seed germination characteristics and drought resistance evaluation
of four annual plants under drought stress
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Abstract; This study aimed to investigate the effects of drought stress on seed germination of annual desert
herbaceous plants. The seeds of Bassia dasyphylla, Halogeton arachnoideus, Agriophyllum squarrosum, and Er-
agrostis pilosa in the Mingin Desert Oasis Transitional Zone were used as experimental materials. PEG-6000 of dif-
ferent concentrations was applied to simulate drought stress. The response of germination indicators, growth indica-
tors,and germination recovery rate of four annual herbaceous plant seeds to drought stress was analyzed, and the
drought resistance of four plant seeds was evaluated comprehensively by the subordinate function method. The
results showed that; (1) As PEG-6000 concentration increased, the germination indices of all four plant species
declined significantly. When PEG—-6000 concentrations were =20% , 30%, 10% ,and 30% , seed germination of B.

dasyphylla, H. arachnoideus, A. squarrosum, and E. pilosa was significantly inhibited. Compared to the control,
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their germination rates decreased markedly by 14.66% ~99.14% , 65.71% ~83.81% , 5.00% ~95.00% , and 44.86% ~
73.83%, correspondingly.The germination potential and germination index of A. squarrosum seeds were significantly
higher than those of the other three species ( P<0.05) , while the vitality index of H. arachnoideus and B. dasyphyl-
la seeds was significantly higher than that of the other two species (P<0.05).(2) The germ length, radicle length,
and fresh mass of four plant seeds decreased with increasing PEG—6000 concentrations. When PEG-6000 concen-
tration was =10%, the growth indicators of B. dasyphylla, H. arachnoideus, A. squarrosum, and E. pilosa seeds
were significantly inhibited, showing reductions of 21.57% ~98.24% ,17.48% ~87.91% , 16.64% ~ 89.58% , and
12.86% ~ 94.87%, respectively, compared to the control group. (3) After drought stress relief, recovery
germination rates varied among the species, ranked as B. dasyphylla > E. pilosa > A. squarrosum > H. arachnoideus.
Seeds of B. dasyphylla, H. arachnoideus, and A. squarrosum could resume germination at PEG concentrations of 5% ~
25% , while E. pilosa seeds exhibited recovery germination across all tested concentrations.(4) The drought resistance

of the seeds of four plants during germination was as follows: H. arachnoideus > A. squarrosum > B. dasyphylla > E.

pilosa.

Keywords: desert herbaceous plant; annual plant; drought stress; germination characteristics ; drought resist-

ance evaluation
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Notes: Different lowercase letters indicate significant differences between different stress levels under the same species ( P<0.
05). The same below.
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Fig.1 Effects of drought stress on seed germination rate, germination potential ,

germination index, and vitality index of 4 plant seeds

x1 HEERHRERFTESHER
Table 1 Two-way ANOVA results of germination indexes

B0 5 Fl H ¥75 F1{H P ff
Index Source of variation Degrees of freedlom ~ Mean square F value P value
TP Species 3 86.89 1.53 0.22
B k& PEG %)% PEG concentration 7 12067.52 212.81 <0.01
Germination rate [ xPEG M JiF
Spei%ﬁli(}})i)icﬁition 21 170.52 3.01 <0.01
FYIFH Species 3 6745.49 133.01 <0.01
H PEG #J¥ PEG concentration 7 12784.97 252.09 <0.01
Germination potential IR XPEG Y fE
' Spej%ﬁlfg(}})ii(ﬁilion 2 47247 9.32 <0.01
HEYIF Species 3 98.72 59.13 <0.01
i R Fa5 PEG #J¥ PEG concentration 7 549.41 329.09 <0.01
Germination index <PEG % Ji#
Spe(ﬁ%ﬁlﬁ(‘?&icﬁilion 2 15.19 9-10 <0.01
THPF Species 3 2865.22 150.39 <0.01
brAE e PEG ¥ PEG concentration 7 3744.42 196.53 <0.01
Vitality index HIMRIXPEG 1R

302. . .
SpeciesXPEG concentration 2 02.09 1586 <0.01
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xR A BE (P>0.05) BB R T 14.22% |
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S, T RRE XK IR ZE A KM A, ki) 7
SR/

TE 5% PEG WREEN S5 vKEE | 2580 AR RLA AR
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0.05) ;1E 25% ~35% PEG ¥R, 44 IRHR K 2 1
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B LR IR I B AR T 55.69% ~78.78% ., L 3%
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UKEE FZEER AR T VD oK R i JE R R T AR AR K B
BZEBNG, 45A WRZEA AR, 4 FhRE 9 ) IR 25
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HH 2 3 A1, 16 5%F1 10% PEG ¥WJE T, Z5 k3
L)V I 0 IR 25 SR 3 (P>0.05) |, {EATS L X
MR T 3.24% 12.92% ;1E 15% ~ 30%PEG ¥k
JER, & v fef TR L IR R SRR AR T 27.43% ~
59.70% ; 7F 35% PEG WIE T, 55 vKZE 4 i ff i iy
0, 7E5% PEG BT, 253 A= v gl iy fif Jo it 5 %
MESARE(P>0.05) [HAF LA BT FE T77.69% ;
TE 10% ~35% PEG WREET , 4y v fif o ot Lo i Ind 3%
M%7 19.23% ~55.77% . 1E 5% PEG #EE T, bk
A e S R 2E R AR E (P>0.05) , LR I
THT 1.04% ;16 10% ~35% PEG W T | 4 & i e
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Table 2 Effects of drought stress on germ and radicle length of 4 plant seedlings

PEG W JE/% FVKZE B.dayphylla

28R4 5 H. arachnoide

VK A.squarrosum I JE 5 E.pilosa

PEG SN TR R YIS N SN AR 23N JYiESN

Concentration  Germ length ~ Radicle length ~ Germ length ~ Radicle length ~ Germ length ~ Radicle length ~ Germ length  Radicle length

0(CK) 1.610.08a  1.90+0.02a  1.82+0.07a  1.92+0.26ab  0.49£0.02a  1.06+0.05a  0.56+0.0la  0.60+0.0la

5 1.38+0.11ab  1.49£0.17ab  1.774¢0.15a  1.97#02la  0.49£0.0la  1.01£0.06ab  0.51+0.03ab  0.53x0.02a

10 1.26£0.06bc  1.26£0.06b  1.50£0.09b  1.43£0.19bc  0.46£0.0la  1.01£0.08ab  0.49+0.04b  0.49:0.02a

15 1.10£0.03c  1.2620.10b  1.39£0.05b  1.41£0.10bc  0.41£0.01b  1.00£0.05ab  0.32£0.06c  0.33+0.06h

20 0.80£0.13d  0.79£0.12c  0.77¢0.12c  1.21+0.04cd  0.36x0.0lc  0.96+0.04ab  0.28+0.04c  0.30+0.06h
25 0.56£0.12d  0.7740.19c  0.48+0.01d  0.96+0.04cd  0.31x0.02d  0.87+0.08b  0.26x0.0lc  0.27+0.01bc

30 0.28:0.02¢  0.62+0.04c  0.43:0.04d  0.740.15de  0.25:0.0le  0.28+0.02c  0.16x0.01d  0.16+0.01c

35 0.03:0.03f  0.04x0.04d  0.22+0.07d  0.4420.17¢ 0.06:0.01f  0.12£0.01d  0.12+0.01d  0.13£0.02¢

T : IS ENG TR 7R 6 — W e A R i K T 2853 B3 (P<0.05) . T I,

Note: Different lowercase letters within the same column indicate significant differences between different stress levels under the same species ( P<

0.05). The same below.

&3 TEPEX 4 FEYLHEHEFTERRI mg

Table 3  Effects of drought stress on fresh mass of 4 plant seedlings

PEG WZ/ % S UKEE [SE-S Yt [UZN 18] 5
PEG concentration B.dayphylla H.arachnoide A.squarrosum E.pilosa
0(CK) 20.67+2.91a 17.33+0.08a 32.00+1.16a 2.60+0.15a
5 20.00+0.58a 16.00+1.73ab 32.33+1.20a 2.23+0.32a
10 18.00+1.53ab 14.00+1.16bc 26.00+3.22b 2.37+0.24a
15 15.00+1.73be 14.00+1.00bc 18.00+1.73¢ 1.60+0.35b
20 14.33+0.33bc 12.00+0.58cd 15.33x1.77¢ 1.10+0.06bc
25 12.33+1.86¢d 11.33£0.67cd 14.00+1.00cd 0.70+0.06¢d
30 8.33+1.20d 10.33+0.67de 9.33+0.88d 0.37+0.03d
35 0.00e 7.67+0.88e 3.33+0.33e 0.13+0.03d
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— 1 T S A RE T 5 1 JE FOR S R R
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0.05) , T 1E 5% PEG e & T-X BRIE 22 AR B 3
(P>0.05) .
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PEG £ PEG concentration/%
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—— [ JE 5L Eragrostis pilosa
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Fig.2  Effects of drought stress on the recovery germination rate and total germination rate of 4 plant seeds

2.4 AMEMHEBREESESITN

S LA T PEAN 4 TR b1 T4
SR B PH B A5 A B B AR B 9 TR R Y
RS AACR AT ER G 0 A, 20 i35 A AR B e A
[l B SRR AR, OF LA AR 09 B SRR (EAE
PR TR R 50 55 1 255 d b, FLAEDBOR , U5
B, AR IR (R 4) 4 FAEY) 9 TR AR SRS
PREUEATAE—5E 22 5%, HAFHI{EA T 0.554~0.589,
4 FiE AT A DT 5 B 554K 2
AR WK S UKEE I JE

30w

2R FERI,  5 Wl 41 S A b1 R
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Table 4 Comprehensive evaluation of drought

resistance among 4 plant species
i JE PRAUE Subordinate function value

Efatan p— o~ : —
. FUGE AR ok mEE
’ B.dayphylla H.arachnoide A.squarrosum E.pilosa
. EﬁZ{}r: 0.717 0.774 0.711 0.808
Germination rate
T
. %Zi;\} . 0.551 0.600 0.613 0.514
Germination potential
f s iy
EHZZ* Eﬁ 0.538 0.648 0.568 0.561
Germination index
3 b
.ﬂu: jj*aﬁ 0.392 0.486 0.523 0.400
Vitality index
JEZF
Germ length 0.537 0.568 0.715 0.594
JHRK
Radicle length 0.512 0.633 0.726 0.541
B 0.650 0.747 0.581 0.528
Fresh mass
WRE T K&
m%%ki 0.293 0.122 0.136 0.204
Recovery germination rate
P
- E)ﬂZiK 0.800 0.724 0.649 0.839
Total germination rate
HE Mean 0.555 0.589 0.580 0.554
HE¥ Rank 3 1 2 4
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TR, 4 Fp—A4F AL RASHE Y A 70 2 R T %, Bl 7 i
RIS | e W B S5, T ) 48 IR B Az 3]
fil, AR A, Y PR PEG Wk EE M H AL B AR
S 3 R A1 R 4845, 7EMR PEG Wk
TR (5% ~15%) \FAZEERAH (5% ~25%) b
K (5% ) FEJE 5L (5% ~25% ) Fh T & 2 5 %} IR
FHEL2E S AN B8 35 ) e B 3 5 3 %o Aol 0 o 7 0
AR HBEE PEG WL T 4 PR Fh 7
B R 3 0 2T B 3X AT BRJR A W) P AE 52 B T 5 b
T8 38 A 9 A i 2R A ) SOk A R ARG TE B
B AR R &, [FIE, 4 FhAE Y Rl
R B RARE E e B B N R LR R
A S R AR AR LR B IX R BAAR P+ i &
PR BT R K 6 R aE BRI
TF7 7 W], A R R 3 Yo A 0 4 AR
AR R, B2 00 R AR A K R R A 9
e AR AR X T SR A A i R A A 22 T AR
FE 2R A BEAE 5% PEG Wk I 4 i AR K i
W v TR R SR T R T A X 2R R A R )
AR AR A — 7 AR SR IX 22 R o vk
J¥ PEG AbBES | T /K 575 ik, a4 b3 i 2 = 4
AR RN 25 35 27 T 43 e ARG 22 K 43 ok i A2 1 &
B (AR PEG W R LT, T2 Mo 7
(A A R X A A EE D gh i A K 2B, 5%
DKEE YD RN ] JiE R AR TR 25 AR K D e T
BEE PEG ¥ A3 Tinim w25 T R, 200 5 i f
T 3 MM A K, S B T R IR B IR T
Y4l e AR e I 398 AR UK 23 5578 SR 0 T, fe &5
WA AE A P AR AETE BT, AR R RN T 4 Fip
TS AN [ B 2 /N S, R T
TP L TS RE S Bk B, B4 AR 4 Fh T 0 K,
AR R ZEA R ZBH T R B AE T
AT E R S , 25 0K | 2R R A B Vb oK
TTE 5% ~25% PEG Wk FE T 3R & 0 & , Il JE 5L
FIFAEA W T REIK E Wi &, SXTIRZ R AR
FH(P>0.05) , X 5% 2 i g s
TR—30, 3X0] BESEAT T 30 A PR AR I & % LA I
TR Y A A TR W, sl e R o L RSB T
TE 5 KA R ARIR, SRR R AR, TR
Joh e A5 30 28 i, PRI B b T WK B R, X TR
X AE YR FE R T A R X R
PRI YIAE 0 0 b 2o AR v B 3 T R A
I 1 —Fh SR
HEYIF T 8 & T R R e T Y 7E T R
B ARG N RE S Z B 2 AR R Y

T EANA T T RS - SR i P 4 Fh— 4
A RS 107 A RO B RE D A S i B
FORBL A A BRI B K R4 9 MR bR 4l £
W TG T LA VN B, R A R TR
Phtreisy 1 R AR, BT RE ) 5 Al 1A B AR
DA PR DA 5K, A TR) A 4 U1 AE ) 1) D52 g
FAAEZE 5 YA 1 A I DT 520 55 19 i e 15—
HA frtt— e

4%

TR X 4 Fp—4F A RAKE Y B B R AR bR
A K AR A B A S B PEG
FE B ITE K AR PEG-6000 X 25 VK%E (5%
~15%) HAZEER A B (5% ~25%) UK (5% ) F i
JEHL(5% ~25% ) B B Kk 25 WA K, 15 Wk
PEG-6000 {3 4 i Fl 18 & . 10% M L) |- PEG-
6000 ¥k FEXT 55 vKFE | (25 4h A8 i JE A K
FEA R T 15% F L 1 PEG-6000 ¥ 5 Xf Vb
KRR, TR feRG, & PEG
W BE BXE N, 4 PRI YR T-PK S B R AR R T
B BITE 35% PEG WL ey, BEBHAE IR 7E 0 &
WEAT — R TR, RIS A 5 LATE N 520
By R e R ha B KRR E B &, ERLGr
LAV 4 Fh—AR A BUARAE YD A BT R
PR 2R AR A S VDK S 55 UKEE > ) JE 5
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