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Abstract: In the present study, the effects of drought stress on seedling growth and physiology of three wild forages
(Leymus secalinus, Elymus nutans, and E. sibiricus) in Tibet were investigated using pot experiments in a climate
incubator. The drought resistance of the three forages was evaluated. One of the objectives of this study was to contribute to
the breeding of drought-tolerant forage germplasm. The results showed that with increased drought stress, the relative water
content of the soil decreased rapidly initially, and then slowly, and varied among different species. The average growth rate,
plant_water content, and leaf chlorophyll content decreased, but the proline content, MDA content, and SOD activity of the
plants increased, as drought stress was prolonged. Moreover, the soluble sugar content of the plants decreased initially, and

then increased as drought stress was prolonged. Briefly, the soluble sugar minimum values of all the plants occurred at day 5
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after drought stress treatment, but soluble sugar content of E. sibiricus was still lower than that of the control after 20 days of
drought stress treatment. The soluble protein content of E. nutans increased as drought stress was prolonged, but the soluble
protein content of L. secalinus and E. sibiricus decreased initially and then increased with the duration of drought stress. The
soluble protein contents of E. sibiricus were the lowest during the first 10 days of drought stress, whereas the soluble protein
contents of L. secalinus were at the minimum level during the first 5 days of drought stress. By using the eight indicators for
the three wild forage seedlings under drought stress, we performed a comprehensive evaluation of drought tolerance of.the
three wild forage seedlings with subordinate function and indicated the order of drought tolerance as L. secalinus > E<nutans
> E. sibiricus. Therefore, the drought resistance of L. secalinus was the strongest, and it was suitable for planting in the arid
regions of Tibet, but L. secalinus and E. nutans with lower sexual reproduction rates were suitable grass species for

ecological restoration in arid and semi-arid areas in Tibet.

Key Words: wild forages; drought stress; growth traits; physiological characteristics; drought' assessment
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AR A T R RS R T 390 P 3 e AR A 5 DRSS A SR U0, T i T SR R PR 2 R
PURMERAE 5 TR B AT 455 PPN B A B 5L

Rt R ) A N P A R 1 SRR AR T B T AR A A R R R R R R
¥ (Leymus secalinus) FEFESEHEE ( Elymus, nutans ) F1E 2 ( Elymus sibircus ) 52 V8 il K AR 5L &2 ) £ 48
Yy, BAE SR E R 35 D PG RIS Ly PRSI 22 00 BRI, T8 P A ol 2 7 AR IR IR b B 4T
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1 HESHE
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PIGAERL A SR A T PR DX 1Y) 3 ol B A AR o AR FERR B A ( Elymus nutans ) (T2 ( Elymus
sibircus ) T 5 ( Leymus secalinus) (1)

F1 HREHBES SRR

Table 1 Numbers and sources of the test material

4’5 Code B2 FK Material name HIE Source 4K Altitude/m
CS 1 MREPEIL R Elymus nutans SRR T VU R L B R FE B ) 4852
LM 2 B Elymus sibircus RS T SO i B 5 FE B ) 4450
LC3 HAEL Leymus secalinus SRR T VU RIS A4 B B A 434 4 BH A 2 4189

e BERT AL R TS T RE IR S N5 107 AT 4
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1.2 Bk

I T 2016 4F 4 F FFUATEPU R S e e FE R S0 & A 7, APRHSE TR ARk . BN EAR N 30
em, ¥R 25 em, RS T VUGB B B ROV Bl 3 50 2 Bt | 138805 1, pH {H28 5,77, A HLE410.87
o/ kg, BRTEN 1.05 ¢/kg, KFFPER N 0.16 g/kg, HAEF K 41.60 mg/ kg, HALHE K 19.67 me/ ke, H [A] i K HF
KR 28.17% , BRI T Rk 5 i AR AR ZE PR T 105 CRMLAE L S b fRARR A
TER T3 RS INR R 10 g, IR GG TERANEAETIMA 10 kg T3, 3 MHCF 3036 F TAEA N  1alE
1 em, #E50R 1.5 em, %I 5 IREE , FAEZAN TR R 3240 h AT 75 97, 2 ) 157256712 h
JGRE 12 h REEAAEE, R 2 R I AT IRLET PRIIE R AL 200 BRI, O T RIERE AR R TR A 200
PRAIV , USCHEAT A 2R A8 00, DU A5 T AR B RE A 25 6K 88.33% , 1 22 K 2N 84.00% i B K 2F 2
43.17% , TP S = 7 it i, b A AR 2 TE W DK, IF R — IR, SR 5 1 i A s R A o Rk A T 1%
Ko BRIGERG 5 d RFE—IK, TR A02EF] 20 d Ry ik, FEALHIE B A0EZE AR R 5, A -80°C ikl
VRARERAE ™ L SRIG A0 I A8 TR AR A5 48 b , AR il 1S B, IARLAR 5 /K a5 Hdtidk—4],3 IREH
1.3 WEdEbR S ik

I KR R S K R P T o AR IR S AR AL RS A 30 0.1 em i 5 RO, I 25 1 208 R FH el
AL MR E R 95% WEAB IR B e, Y TR SR AR BB R vk T AT M R R R 1
U TR R S i ekt R A R R DU AR Rk R T 4R
PR¥JIE 3 IREHE
1.4 PrREEN ik
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RN TR AT TR R R SR A B AR AR AR A TS VTN, TR AR .

DI(X;) = (X{ = X, )/ ( Xy = Xoi)
K X FRORE | MEARMEL X, ORI SRS A FEAR I R RAE, X, RN T GRS R AR 1 SR/ IMEL
A T a5 AR A AT S 2 A OG I S s pRAS S A 5 SR 8 R
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HRHE 3 Y A R A5 i b 1) B S e PR B, THARL T P M S AT L, T3 (B R 3 i R i T
PR
1.5 b

K H Excel 2013 F1 SPSS 19.0 #4748 AL 3 AN 5347, 3FH SPSS 19.0 H ARG [ = % Al 9 A6 K AT
BIA

2 HREHF

2.1 AS[El SRR A B K AR A

B 5 3 IR I A, SRR X 5 K S BRSSP AR A A A (2 2) o 1R TR ha
B3 L AR X KR BRI A 5 d 25, LSRR S KR T R A B T SR ] E
GV o (RIS A B, 6 5 A IS0 AL AN ] 216 A0 e f) - AR 55 7K 78 A 2 AL A5 251k
255+ (P<0.05) , TFMHEALIE 15 d LUS 3 R A4 194 it AR R BE A9 22 25 UG, JUILAE it 2R AR 0 11
BRI B B TR, e B e B, TR R 2, B R R
22 TEPRAXS LR R AR

WAL SRR BOIE SRR 8 i — 2 AR IR, 3R 3 T 0, SR B ) 3 7 BB A A e vk v O B
BFELW(P > 0.05) , (EEEHE 1A 5 7K B2k 5 R Sl P 5] E) 38 0, 3 ol B A A 40 ) o g A A
AR R B R S R P A KR (AR R R = (JF — IR B AP B bk
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— PR RS Rk ) /5) s e, TG 20 d B, B RRE AR A /N, N 14.24 em B CRR
ERIEIN R R, N 23.82 om  TERRB IR ARSI T 18.22 em A TR E Z ), X 3 FhEF AR MR AE T R IE T
FRORR AL TR SR T A B B A KT RN y(CST1) = 28.41/(1 + 1.97 Be ™) |
y(LM2) =24.76/(1 + 1.79 Be *™) | y(LC3)=35.47/(1 +2.57 Be *'"*")  Hrhy Foxkkim, ¢ FonA Km0,
FT bR A AT, TR 45 A AL O RR TS N 14.20 em , 15 1 S AL BORRTES A 12.38 om , 545 AL YRR S
SN 17.73 em,

®2 TEMESHPIESKEEN %

Table 2 The changes of soil water content of drought stress in different period

e T 538 KA Drought stress days/d

Code 0 5 10 15 20

CS1 97.80+0.20a 62.63+0.12a 32.50+0.20¢ 14.73+0.25¢ 11.70+0.10¢

LM 2 97.47+0.06ab 59.73+0.55b 40.73+1.00a 23.27+0.23a 19.90+0.20a

LC3 97.23+0.25b 62.17+0.45a 37.57+0.06h 21.47+0.50b 18.87+0.65b
JK 536 8 Moisture gradient CK BT R TR Gl HETE

TR IR 2 . RPN R 5 BER A 35 22 50 MR T B R AP AE 22 53 (P <0.05)

®3 TEPESHBEKEENL/cm
Table 3 The changes of plant height of drought stress in different period

Y= T2l REL Drought stress days/d

Code 0 5 10 15 20
CS1 9.18+2.56a 16.57+2.55a 21.30+2.66a 24.90+3.24a 27.40+4.06a
LM 2 8.65+0.72a 13.85+3.25a 17.49+4.19a 20.67+5.72a 22.89+6.55a
LC3 9.58+2.13a 17.73+3.01a 24.73+4.50a 29.52+5.76a 33.40+5.75a

2.3 TR I K R R

R 5 7K B2 3R T B0 AR R A PR o0 5 SRR B ) — D B by, TSR B, BEE T SRR
3 AR AR BORE A K R R R T R A R R D B R R RS (R 4) . HXTIEAHIL, R
AR e K A TR AT R S T R S KRR (R, 3 R AR R TC T B
JEIS A K R b e R AR U + 5 2 S > SRR R A, T T SR 2 20 o I JU)OA o > i R R >
At o m Al AR R AR A S I AR Y K T R BB A

x4 TEPESHBRESKEEZN/ %

Table 4. The changes of water content of forage under drought stress in different period

=] T 538 KB Drought stress days/d

Code 0 5 10 15 20
€s1 74.1620.06¢ 69.70+0.56b 61.84£0.45¢ 56.53+0.41c 46.41£0.35b
LM 2 78.670.25a 73.1620.16a 67.3620.53b 60.43+0.42b 44.62+0.32¢
LC 3 76.46+0.27h 72.55+0.51a 69.70+0.66a 62.17+0.80a 53.89+0.39a

2.4 S X S I 2R (Pro) & Y FZ R

i R S AR W 7E 52 2 52 iyt s 3R B A UK A — R s B TR T i, S B S hi R R AR S
T AT LA 3 A 4 A P9 R 2R 5 ok T AR P R T RS R IR 3 R AR MR A i A2 B T R A R 3
FEI Ry Bt SRR EE A IR A AR P A Il A Rt Bt =2 T, S R R B i K, SRR PR IR,
FWE/N . TRIE RS 5—10 KEBe SRR, [Fl—T 5 Ha BB, A RIBCRAR I 2088 & i A R
Te T2 Wie (CK) B, 222 i A Il 2R o i f e, TR B e F B 2 AN 3 e 22 5. TR a2
5 RIMF AR IR & e, ST R R B N, fFE g 2R, R, TRMBAE 10d 25,
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PP A (4 B =R R, R R e A N, EAFE R FNEZE S (P < 0.05)

R5 TEMEBENPEEMHER(Po) 88/ (py/g)

Table 5 The Proline content of the plants under drought stress in different period

e FE 8 REL Drought stress days/d

Code 0 5 10 15 20

cs1 91.94+0.81b 241.82+1.61c 550.94+3.73b 1111.9427.41b 1430.47+9.49b
LM 2 111.6220.73a 273.99+1.80b 367.13+1.29¢ 825.73+5.50c 932.26+5.84c¢
LC3 91.30£1.62b 294.86+3.73a 840.97+5.60a 1619.3126.98a 2310.40%11.58a

2.5 THEPHAXTHLEZE (Chl) &8 AR

3 B A SO g IS 2R e B T SR O A [ P 3mSR R A (3R 6) o AR, ZEAH [T R M ia
T, 3 FhEF AR AR I R S B AEE BB TEZE (P < 0.05) , M b > Bl gl vr sz 22 3 . B T 52 i
(] A 1EI0 , 3 FfBF A O Y S R AR A (AR ] L B AR P I S R S R RO, P R &
FRET 12.64 mg/g, BT 8.66 mg/g, FERBL FIH /L T 9.99 mg/g, T HIE Z I,

®6 TEMEEHIAHZRSE (nyg)
Table 6 The Chlorophyll content of the plants under drought stress in different period

e T E- A KEL Drought stress days/d

Code 0 5 10 15 20

cs 1 23.2320.81b 20.19+0.23b 18.38+0.64b 14.90+0.30b 13.24+0.45b
LM 2 19.81£0.23¢ 18.79+0.39¢ 16.2120.62¢ 13.58+0.47¢ 11.15+0.35¢
LC 3 26.87+0.41a 23.0420.28a 19.89+0:84a 16.2020.58a 14.2320.30a

2.6 T FWa XN (MDA) & Y52

5 KB, 3 AT A R MDA 5 4Rl 5 0ha sl i fim (3% 7) , Hoh 215 2 19 MDA & i1
e B B R, B9 T 39.65 nmol/ g ; FEFEPEHEUZ , A 35.01 nmol/ g ; #i # AYIE IE H /N, & 30.43 nmol/g, 3
T A AR MDA B s ol 3 5 B8 S iy 8 ka3, TS hE W1 MDA & st ge g, T 5%
ez 5 d LUS 3 MEFAECRD Y MDA & 54 R AR BORIR B R RS, T+ 2 RECH R 2 F T, 3 R R A= R Y
MDA & AW A S AR ] SEHR 2 20222 19 MDA % i ey, SRR LR 2 (H 3 22 ()N A AE 35 1 25 S
(P> 0.05) ;#iki i MDA & G fe /D H 5 HIE ZRFEEE W25 . T RMHa 25 5 R SR it 1)
MDA &l , BrsZ IR MR/, ZH BIATEE 2 R, R, TRHE 2 10 d ZJ5 , B3R
HRELY MDA 75 fe /b SRR R 2, Bt R, =R AT W25 5

K7 FEPMERMEAT _E(MDA)EE/(nmol/g)
Table 7 The MDA content of the plants under drought stress in different period

= FELE REL Drought stress days/d

Code 0 5 10 15 20

CSi1 12.22+0.47 a 15.98+1.16 a 22.06+0.23 b 34.59+0.53 b 47.23£0.58 b
LM 2 13.22£0.48 a 15.64£0.46 b 24.68+0.66 a 29.08+0.25 a 52.87+1.03 a
Lc3 7.52+0.34 b 12.43£0.31 ¢ 20.00+0.33 ¢ 29.04+0.38 ¢ 37.95+0.07 ¢

2.7 R TR (SS) SRR

AR AR T A R PRE T R N AR R A8 i 08 1 ) o, vl i e AR R 40 v 0T OK RE ) R AR 7 Y
B, AT TERE R SO AT LI BT B SR RE R U [+ 7 40 i A JCAL B 1k 32 g I fR AP B )
PRI, ARBFTEA SRR, T S AR |3 7 A A0t 7 301 T A A 5 2 P I ] 43 o R e 2
BUSEI AR (R 8) o BETFMHAT 3 P A BOR AR A AT PR & i iR HE L TR
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AL 20 I T3 P o5 R Tt L G R I, 5 25 (o T v O A, TR A I
{16, FL =% 2 A7 BB HERE S (P < 0.05) , FREE T S eiBE T R T, 3 FF A O (A P i v el o i
TS, T RO, 15 d I TR A A TP 0 B, 0522 BRI, = % 2 W 1
VRS, 20 o I IR (PR TP S5 BTG R K 2, TR 2 O S 2 0 R T
PERE & RIS, 5 TP 2 IR B B2 5 (P < 0.05)

®8 TEMEEIHATRENE(SS) S8/ (my/g)

Table 8 The soluble sugar content of the plants under drought stress in different period

e F 538 KEL Drought stress days/d

Code 0 5 10 15 20

CS'1 3.67+1.07 ¢ 3.11£0.47 a 3.5240.96 a 11.3720.18 a 10.6320:48 a
LM 2 6.81+0.27 a 2.73£0.29 a 3.14%0.15 a 3.87+0.08 ¢ 4.59+0.39 b
LC 3 5.29+0.52 b 3.99+0.62 a 4.130.10 a 7.28+0.77 b 9.86+0.46 a

2.8 TEPRAX AR E (SP) S i BRI

RV N B AT PR R ZBO0E 2 5 25 R OB E IS B2 T e R B B — A S B AR A
AR, WFFE R B, TR s T A e L IR S L IR R] FROSEE A TGS s S0 2 A e A Py ]
VPR A B RIS NE R AR A R A T A S 10 R AT VRS B A R AR, TR E
55 R AR N R A R R (R 9) o [FIRFEA R S Al B, i A i ] R B A R B
AR S E I (CK) |, R 122 MR N Al 1 B e e s 48 B2 1 52 W s, T R B e pAy
VR TEAR 1 A i e B A AR PR T S R R AR A T R R B, TR R, TR A
20 d WA AL PR A R AR A S e — B

®9 TEBEZRHPHENAEER(SP)RE/ (ny'g)
Table 9 The SP content of the plants under drought stress in different period

e T 58 KB Drought stress days/d

Code 0 5 10 15 20

cs 1 52.20+0.90 ¢ 66:23+0.75 a 65.700.20 ¢ 73.4020.60 a 77.700.20 ¢
LM 2 60.170.35 a 45.80+0.50 b 42.37+0.15 b 71.00£0.80 b 84.20+0.57 b
LC 3 57.50+1.20 b 40.40%0.10 ¢ 62.300.10 a 66.70+0.40 ¢ 86.10£0.10 a

2.9 FEPHAX HEAYEALRE (SOD) I PE R

3 IS A= HORE SOD % kX4 BEE T 54k Aok ] 49 58 117 22 30 516 i e 8 o e RO 3 in ) A2 Ak 3, X R
AR SOD {1 PR 5o, 15 HAt 2 AP SOD 16 ME Z A7 A3 5 PR 22 57 (P < 0.05) ; TEREHE 5 1) SOD i
PR 2, B P R, P Z I T 22 5 (P > 0.05) . TR a3 AR AR SOD 1a M R BN
TRE B 1oy, 8 e e (IR, AP A T 2 0], =3 Z A AR B P22 5+ (P < 0.05)

*10 TEREEHEBEAXMBLE(SOD)EE/ (U/g)
Table 10 The SOD activityt of the plants under drought stress in different period

I T 238 KEL Drought stress days/d

Code 0 5 10 15 20

cs 1 105.06+3.72b 147.20+3.18b 181.67+5.28b 221.21%7.35b 243.22+1.98b
LM 2 96.73+1.27b 107.12+5.34¢ 148.82£2.96¢ 181.19+2.86¢ 204.91+4.77¢
IC 3 154.38+6.26a 193.43+8.77a 225.99+5.01a 368.76216.05a 481.81+24.68a

210 LR
KSR JE PREE XS F3AR 3 FR AR M P A T 28 T A0 8 MR AR A TZE S T, R 11 AT SR
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J PR RIE R,y 0.54 02 3 BT AR MR AP AR IR O 9, 1 A SRR R B S (i i /N, O 0.35,
B o R S R T (A  T I 206 3 RS A ORI S S T A ¢ e > T e >
Bk,

11 3HFLERERERBERYILER
Table 11 Comparison of the drought membership function of 3 species of wild forage
KI5PrR B BREUE Membership function value of each index

- o 5 N . - fE RO E YR

G P KEUEEI . e IATE ALY .
. Lo paig TEEER N R AT TERE L Average of Sort by drought
Code Seedling Water A Chl MDA SS HI BEAL Rl membership function resistance

height content Pro SP SOD mbersp ’ N
CS'1 0.45 0.50 0.27 0.43 0.58 0.43 0.50 0.22 0.42 2
LM 2 0.33 0.59 0.19 0.30 0.57 0.17 0.50 0.13 0.35 3
LC3 0.58 0.66 0.42 0.57 0.69 0.39 0.53 0.49 0.54 1

3 Wit

FHOK SR E R — A EEF R 3T A B0 sl 3 2 CE B R ), B, A
PR SO FR A I O — AN BB . AT AN K B I T LR IR T ] 3 1) 2B 55 K
ARBL, DUAE T Sk AT 0 8E , DRI AIHEAK | EAORUEAR ) (9 155 AR A 5 [l 7R S 56 v m] LA O+ 52 i o i 58
(LA, LUGE 0TS AN R] FH 8] &5 K 1 5 iE SR A A AR e 2 h . S0 A B 5 i aa Ak R ), + 0%
KA REE R I T 5 U R A 2% , RS 0 400 1 MUK O3 T ORI AR 2 0 L ) ek K bR B
R IR A B, AN AR A S K A3 TE AR AR, 45 SRR TSR R AR A X K
TRIKBES BAT —E IR

0 AR A R 2 R B AR R 2 B NS K DR AL A R A A LS RS T
W BT RN R B AR B AR T, L e 0 T R AL I R L BELA A i
b, TR R A AR B A TR AP PR 2 EACTIRGR R 3, A8 S A B A T 1 T e F s R o P R 3 it A T
7, ATVA AR 1 B B A AT VA M S R A b R i N S R AR O PR AT RE S AR A LA A
REEET ROS B9 A R R A St 1 o4 BE sk S AL 6 A i SR A P (L S 24U LI A v B A ™ A 2
(] PSP, AT B A R N 8 BT, B RO R 2 BB 2 BB RR 32 BB % 5 S 8L
R A R AR o (At R TP o 1O A SR PR AR R e 418 i T 2 R 2R i P A
AN EEE i DL SOD 3G PR HEAT 1 FRIATY 252 (E il T3 A3 SRR, S R4 AE T S0 T 45 4
R B AT g R A 13

AR AT VA MR R AR R S A R T ATV AT LR A A A0 B K S fR AR
14 e T RE T Z BB SR S BT R DPR I, 3 R AR O AT R R
P B 5 PO sF ] P B8 0 S B ST 0ele INJ  OR A AL A B, R B R O T R AR O T T L B R
THHFE—8 53 AT VEMIRAEA TAR )V D (0 AR 3 TV PR 14 45 032 30 7 k) ) O A Ak o m v e
s TR TR A AN B RO R N, DL R XTI R fE T L TRIBE R A M
ST PR A R B N R ORI AR A B R R A A 1 R BB T R b KR
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