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Effects of water stress on seed germination and seedling growth of Deschampsia
caespitosa collected from five provenances

MENG Siyu, LI Xiaoqing, WEI Xiaoxing, LIU Wenhui, ZHANG Yongchao, BAO Gensheng
(Key Laboratory of Superior Forage Germplasm in the Qinghai-Tibetan Plateau / Qinghai Academy of
Animal Science and Veterinary Medicine, Qinghai University, Xining 810016, Qinghai, China)

Abstract: Water is regarded as one of the crucial abiotic factors that determines the fate of Deschampsia caespitosa seed
germination. Consequently, success in terms of seed germination will determine the effect of ecological restoration in alpine
wetlands. Therefore, we collected seeds from fruits of D. caespitosa from five provenances in Qinghai and Sichuan Province,
and conducted a seed germination experiment to examine the effect of water potential on its seed germination ability and
seedling growth. Our results demonstrated that seed germination rate, seed germination energy, seedling height, and radicle
length decreased with increasing concentration of Polyethylene glycol 6000. Seed germination and seedling growth of D.
caespitosa seeds collected from waterlogged (mean annual rainfall 860 mm) or arid (mean annual rainfall 150 mm) areas
were largely inhibited. Contrasting this, germination and seedling growth of seeds collected from wetlands (mean annual
rainfall 400~ 800 mm) were improved. Our study clearly showed that the hydrotime model can adequately describe the

germination time course of D. caespitosa seeds under different water potentials, and the conclusion derived from the
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hydrotime model is consistent with the observed data. In conclusion, the water conditions of D. caespitosa had a variable role

in regulating the seed germination and seedling growth. These findings could shed a light on the restoration of degraded

wetlands and cultivation and breeding of D. caespitosa in alpine wetland region.

Keywords: alpine wetland; Deschampsia caespitosa; Polyethylene glycol 6000; seed germination; seedling growth;

hydrotime model
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Table 1 The information of Deschampsia caespitosa seeds collected from five provenances

ot KA 2 A i FERR FHEKE
Number Collection Longitude Elevation/m Mean annual  Mean annual
site and latitude temperature/’C  rainfall/mm
WIEREERE S 40011 031487
SC1 Muni Township, Songpan County, Sichuan Province 32°4001" N, 10°30'43" E 3280 37 860
MR LIFEEILHE 2
SC2 Jiangrong Township, Hongyuan County, 32°31'51" N, 10°20'13" E 3543 2.9 720
Sichuan Province
TR K8 B Ak 2
QH1 Xianghua Tibetan Township, Datong County, 37°05'14" N, 101°53'06" E 3114 0.8 590
Qinghai Province
A RE B LR 2
QH2 Shuobei Tibetan Township, Datong County, 37°07'03" N, 101°50'37" E 3043 39 450
Qinghai Province
jz:: A M /‘: N
QH3 BRI 2 36°58'40" N, 101°34'60" E 2743 2.0 150

Xiegou Township, Datong County, Qinghai Province

KRG TR G QHMSCRIR AR T REH AT IR M, KRS FHa I PR — S0 ITREN AT TR,

The abbreviations SC and QH indicate that seeds were sampled from Qinghai and Sichuan Province, respectively. The numbers following SC and QH

indicate sampled seeds of Deschampsia caespitosa collected from same province; this is applicable for the following tables as well.
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KEEHE, FH K %% (germination rate, GR) 1 & %
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Table 2 One-way analysis of variance results for seed germination rate, seed germination energy, seedling height, and radicle
length of Deschampsia caespitosa collected from five provenances under different values of osmotic potential

~ REFH R Y TR g
KA Germination rate Germination energy Seedling height Radicle length
Collection site
F P F P F P F P
SC1 18.07 <0.01 19.43 <0.01 29.22 <0.01 31.34 <0.01
SC2 63.16 <0.01 267.20 <0.01 112.77 <0.01 66.90 <0.01
QH1 93.84 <0.01 33424 <0.01 31.92 <0.01 143.89 <0.01
QH2 79.34 <0.01 78.56 <0.01 129.84 <0.01 877.70 <0.01
QH3 21.25 <0.01 45.76 <0.01 15.75 <0.01 167.87 <0.01

f£-0.8 MPa 2 1&E M 85 1 R ZF %8 0, SC2 M+ K 3
HAUN 5.13%. B335 W18 386 N 42 —1.0 MPa, SC2 Ff
TRZER N 0; BiE M B 18 1 52 -0.6 MPa I, AN[F°K
St R BT R ZFH N0 (B ). AFEREH K
B E A [R5 32 o 38 BR B8 o R 5 2R RN K O AT
HEREER (F2)P<0.05), K7 L&t TF&xR
£ Hb R R R BF AR R B 3 SR LA QHI > SC2 >
QH2 > QH3 > SC1, B E & #E B A (-0.2. —0.4 MPa)
IR QHI A SC2 R B R 2 # AR A8, KA
5T QH2. QH3 A1 SC1 K B (P <0.05); #H ¥
BIEMIE (= —0.6 MPa) 31 55 N AN A SRAEHL R HOR
FRNRFHERALZE (P>0.05).
22 BEMEBXMNARREMLZEY TS EME
REKE B0

AN [R5 325 1 36 {2 25 52 ) R B ) W v R AR
FE (3R 2)o K53 702 AN, SC2 K B4 v v JE
i, 1 QH2 R B4 T v B 35 1 T SR 4R b e B
4w R (K 2) (P < 0.05); BB IE W iE 3 n, SCI.
SC2 Al QHI1 & ¥ %)y W 5 FE P i B %, 1 QH2 Al
QH3 K B 4)) ¥ = 218 P K . fE/K 40 78 & A 852 v
SC2 AR fe &, T QH3 R AR fi i s Bl 72 33 oy 1 2 )5
W, SC2 K B AR K B R E AR R 7E R s 3
1 (< 0.4 MPa) QH1. SC1 Fl SC2 IR K F&F & 2%
K F QH2 Al QH3 (P < 0.05), 1fj &% /K Hid—0.4
MPa J& IR fi K B R s B AR B 75 —0.8 MPa 7K 5 5% 14
THEARK R 0,

23 ARIBIERAEZHTLAEMFIHEAHZER
K125 H % T (<—0.6 MPa), 7K 7> 0, & 155 7Y
e ME B T SC1. QHI. QH2 A1 QH3 & Hifh 1 8 &

HEFE (K 3); M5 IE K T-0.8 MPa i, 7K 73 5 84 fig
HEFL A SC2 M r i KRR . J34h, SC2 M QHL K
FLRP T P, (s0) B, 23 ) 0N —-0.44 F1—0.51 MPa; I
SC1 KEFI T ¥, (s0) B =1 (=0.05 MPa) (% 3).
3 W

7K G5 J2 B M R 0 - R RN 4 1 E A PR A K
FEAEMFE R —, B R HED PR MY K
NI IREN 1P KRR AT SRR, B K
BRI, BT R BOE S RS R [FRE, A AR
FAR 2K F 4 w7 E A1), B 243 RROAE 40 ol
T 2 bk P AR B A B 98 R B, B 3 7K 43 Ty 3
FEXG I, Bl R BT R 2 2 RFTRE Y e e
MR K ERERMK. LHBERHIE KT -04
MPa Z& At T, K BEFRF R 2 RR AN 4 A K ™
O] 2495 5% Wy 1088 iE —1.0 MPa I, Fh 1 A4S BE
Ko bR g R R R K 43 e Bk SO
BT 5 508 M RHR, 1T TR 5 i R
Tt 7 7k ARHR o 38 A3 Fil 0 5 i IR 32 2R« R AR
55 WA R FE LR AR, I AE A, AR
IR KR TR B R R T B R B A,
FAb, KRB AR ATE S 3R A KB BR R B K o R
FH 20022 ARG I 28 Tl i 2, T X — I R e 48 & A
A A K B, 7K 90 T B 2 B I R R R T ORI
Sk B TR, ART, B AT R A R R A
X K4 & R 5K o B BE 70 R B, Bl K 23 e R
JESG N, KR R RN S B R
X b 22 S D IR 2 K 43 3 v e BR FE AR O, R
AN 5 AR 5 B /K 43 il PEG ¥ B 43 1 —0.1 F1-0.2
MPa, M HED % S0 R A8 1585 . T b, skapr st
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Figure 1 Effects of different values of osmotic potential on
seed germination rate and germination energy of Deschampsia

caespitosa collected from five provenances

REANG FRERE—ABEETFRARELERBE (P <
0.05). SC1: W EMELRLZ,; sC2: WIAHLIREILHE S,
QHI1: FHifg4 Kl B ik £ QH2: 54 K il B o Ik sl i
% QH3: HiFHRKEEMAZ, B2,

Different lowercase letters in the same osmotic potential value indicate
significant difference between different provenances at the 0.05 level. SC1:
Muni Township, Songpan County, Sichuan Province; SC2: Jiangrong
Township, Hongyuan County, Sichuan Province; QH1: Xianghua Tibetan
Township, Datong County, Qinghai Province; QH2: Shuobei Tibetan
Township, Datong County, Qinghai Province; QH3: Xiegou Township,
Datong County, Qinghai Province; this is applicable for Figure 2 as well.
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Figure 2 Effects of different values of osmotic potential on
seedling height and radicle length of Deschampsia caespitosa
collected from five provenances

Tl B R 1) B kAT

T ) A A FIR 7 TE A 58 55 B - 1 K e T A7 AE
PRAE Y, o, K4 A BT R TR R
e 8 40 1 77 0% B 7177, Evans Fil Etherington ™
W 9T R I 7 B R R PR S Bh T R B A 4
IKEE VIR, T B35 i B 1 78 3K
937 R SFAT DR RR B K BF A T P B R R ) A
TAE UK TS FARER 2 . Lima Al Meiado ™"
WF 58 tH &k B 3K 4 & & XL N (Pilosocereus
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TE IR 55 TR R R 0 5 e B O ORGP IR
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SC2 B LR EILH 2

Jiangrong Township, Hongyuan County, Sichuan Province
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Shuobei Tibetan Township, Datong County, Qinghai Province
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3 AEIREMEAEMFEARRSELFH TN (k) FK () AL HEEZZELL
Figure 3 Predicted (line) and observed (dot) germination time course of the response of Deschampsia
caespitosa collected from five provenances to water potential
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Table 3 Seed germination parameters for response of Deschampsia caespitosa collected from five provenances to
water potential based on hydrotime model analysis

KA EVEpFEs IKHI EME FERt KB [Phs0)] B HE S 22 [ 00 ,
Collection Regression Constant hydrotime/ Base water potential for Standard deviation R

site equation (Mpa-hfl) 50% of seeds to germinate of P50

SC1 »=0.771x - 0.052 176.5 —0.05 0.77 0.81
SC2 »=10.230x — 0.440 50.5 —0.44 0.23 0.97
QH1 y=0.237x - 0.512 59.5 —0.51 0.24 0.90
QH2 »=0.360x — 0.286 115.5 —0.29 0.36 0.96
QH3 y=0.284x —0.437 92.5 —0.28 0.28 0.94

Rk B — M, RFEK B R R AT R R
F K B AR A AR 5 A [F] K 38 5% 1R il 1 R R AR AL
iR AL, BN, K5 T SC2 A QHI K H A1
FEANE R i 6 T AR m R F R, XY
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