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Abstract: [Objective] This paper studied the effects of drought stress on seed germination and seed-
ling growth of Sophora moorcroftiana {rom different provenances to screen the most drought resistant
provenances. [Method] In October 2013, the effects of PEG6000 (simulating drought stress) at different
mass concentrations (0,50,100,150,200,250 and 300 g/L.) on seeds germination and seedling growth of 13
provenances were examined,and the drought resistant capacities of S. moorcro ftiana from different prove-
nances under 200 g/I. PEG6000 stress were evaluated using six indexes including germination percentage,
germination energy, germination index, epicotyl length, hypocotyl length, and radicle length. [ Result]
Differences existed among 13 provenances in four basic features including seed length, seed width, percent-
age of hard seeds and 1 000-seeds weight of S. moorcroftiana:the seed length was 4. 60—5. 19 mm, the
seed width was 3. 70—3. 98 mm, the percentage of hard seeds was 87. 00% —100. 00% ,and the 1 000-seeds
weight was 38.19—47. 14 g. The germination rate and germination energy were promoted by PEG6000 at
low mass concentrations (50—150 g/L.),but were decreased significantly when the mass concentration was
above 200 g/L. With the increase of the PEG6000 mass concentration within 0—300 g/L.,the seed germina-
tion index from all provenances except GJT generally declined. Overall, when the mass concentration of
PEG6000 was 0—100 g/L.,the epicotyl lengths of seedlings from all provenances were high, while the epi-
cotyl lengths of seedlings from different provenances decreased significantly when PEG6000 mass concen-
tration was above 150 g/I.. When the mass concentration was 200 g/L, the epicotyls lengths were very
short or close to 0 mm,and when the mass concentration was 250— 300 g/L.,all seedlings could not grow
epicotyl. Under the stress at PEG6000 concentrations of 0 — 150 g/L, the hypocotyl lengths of seedlings
from all 13 provenances changed slightly, hypocotyl lengths decreased significantly when the mass concen-
tration was above 200 g/L.,while hypocotyl lengths of seedlings from all provenances were 0 mm when the
mass concentration was 300 g/L.. The radicle lengths of seedlings were high with slight variations when the
mass concentration was 0—150 g/L,and that of seedlings from all provenances except NML started to de-
cline substantially when the mass concentration was 200 g/L.. When the mass concentration was 250 g/L.,
the radicle lengths decreased further with 7 provenances decreased to 0 mm, while the radicle lengths of
seedlings from all provenances were 0 mm when the mass concentration was 300 g/L. Comprehensive
drought evaluation showed thatthere were two drought tolerant provenances, three relatively drought tol-
erant provenances, one intermediate provenance, four relatively drought sensitive provenances and three
drought sensitive provenances among the 13 studied provenances. [ Conclusion] Suitable drought stress
could promote the seed germination and seedling growth of S. moorcro ftiana. S. moorcro ftiana from NML
and L.JD were the most drought resistant among all 13 provenances.

Key words: Sophora moorcro ftiana ; drought stress;seed germination;seedling growth; drought resist-
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Fig. 1

Distribution of 13 provenances of Sophora moorcro ftiana

The codes for 13 provenances are the same as table 1

F1 i BAWERMENMEBEMCERER
Table 1 Geographic locations and habitats of the 13 provenances of Sophora moorcroftiana
; ; AEREK R/ ARZE R/ e
U RS ; AEEIR/TC
YA pE i
Provenances Provenances 'IF{ %E Y@?}fi/m mom mom Mean Hit%
. Longitude Latitude Elevation  Annual Annual Habitat
location code . . temperature
rainfall  evaporation
JE*E‘EK? NMX 90°10"40"E 29°23'11"N 3738 341.1 2 261.0 6.9 A A
Nimu, Nimu Beachland
tﬁgtﬂﬁg RBX 89°37'30"E 29°20"30"N 3782 385.0 2 203.5 6.5 2 1
Qiewa,Renbu Beachland
M Vil e vl
Wi T E AR S XTM 88°50'09"E 29°21'26"N 3855 418.1 2 400. 0 5.8 i
Dongga, Xietongmen Sandy Beachland
v /\»‘l\
FAM LSS & NML 89°06'43"E 29°18'49"N 3819 450.9 2 254.7 5.9 M
Aima, Nanmulin Sandy river terrace
B ¥ N
TR LTI GJT 90°37'36"E 29°16'18"N 3645 392.1 2543.3 8.6 Ui 2 s

Jiangtang, Gongga

Sandy hillside




48 PG b AR ARRE B R 27 2= 4 (A SR B2 D %43 %
4% 1 Continued table 1
; . EREKE/ TR/ o
3 3 =) A= [
b B L e gy ERESIREE ey .
Provenances Provenances . . . Mean .
. Longitude Latitude Elevation  Annual Annual Habitat
location code . . temperature
rainfall evaporation
Bt -k bz ks
SO FHAT P GIZ 90°54'12'E 29°17'28'N 3 590 392.1  2543.3 8.6 g
Jiazhulin, Gongga Sandy hillside
g e onplE ol onoloql - LUy 33 A B b
Nanshan. Lhasa LSS 91°06 52'E 29°38 21'N 3622 426.5 2 355.6 8.0 Hillside gravel-land
W ERH S oyl o1 oo LIy 3 bk 5 E DA
Kaz. Linzhou LZX 91°17 34'E 29°41°22°N 3709 432. 4 2 144.2 6.9 Hillside forest shrub
BIRegRS LJD 93°19'55"E  29°01'43'N 3048 667.8 2 200.0 7.6 TTUEARZGEL
Jindong, Langxian Riverside forest shrub
ST 1 , S
BILLRILE LDG 93°15'35"E 29°00'14"N 3157 667.8 2 200.0 7.6 EUH £ 0
Dongga, Langxian Alluvial fan terrace
, wh F0 B2 vl
P Bl S BLX 89°02'20"E 29°09'40"N 3 845 432.3 2768.5 6.3 (*i‘)ﬁ(’/ﬂﬁ.
Bazha, Bailang Sandy alluvial fan
= b il A Sk
FEHAAS , SRX 91°52'28"E  29°15'53'N 3582 118.0  1968.7 g2 AN
Rongxiang, Sangri Beachland
age H el 3 AN
szg?&fﬁﬁg . LMR 94°31'00"E 29°27'04"N 2 931 688. 1 1792.2 8.7 {ﬂm(’/iﬂl
Mirui, Nyingchi Sandy river terrace

1.2 MFERBFLENE

Aoy AR Rt v B AL E B 100 K -, Ui
PR CEE 0. 01 mm) M & Fl F 18 FIEE 42 s &
U3 F R BEALEEBR 100 7 Fl 1, T H R K iR 48
h, G811 A WK AP 8 &, 31 5 i 52K (Hard seed
percentage) , 3 K H & BOF- 4 {E 5 75 B 43 44 L Bl
HLEEEL 100 Rl FHHLF 20 7 K F RS FE 0,000 1
@) FR i i I A TR AL 3 IR E B O
1.3 F AR R & BRI IE T

T S aa AL b Sk PEG6000 A i) B 5T
VR EE 4y 2R 50,100,150, 200,250 F1 300 g/L 1)
IRV 5 2 X6 B R K #24  — 0. 10, — 0. 20,
—0.40,—0.60,—0.86 Al —1.20 MPa"""*"), IF¥#&
KSR A Ny

¢ =[—(1.18X10 HHC—(1.18X10 HC*+

(2.67X10 )CT+(8.39X10 HC*T]/10,
K¢, HIKIEW K MPa; C 25 PEG6000 9 %&
g/ Ls T AW W . C

T 5 0 I TE AT L 13 A A U B2 T
(R0 A= B R0 40 0 T = 08 MR B R 12 30 Ak BE 60
min, SR J5 FH B R IK AR ik DL FT i Fh - 0 AR R 5 oK
AhERE R R T A © KA A g, i
Bk . it A HPX-9162MBE # s #1fe 35 1% 72 44 o F
30 Tk 48 hy LUBA LR A R HR © B 11 8% . 301 (8] 38
MANFE T K . Z 5 . HE WK D A AR T 2
1 g/L B R A i WH % 1 min, ZE WK vl ik 8 IR,
FH W 7K 4% % T Fh - 28 101K 43 S o 8 i 35 50 4
A 3 Z0 KE B A EE AL (H A2 120 mm) B —
Fofr V8 b A B R AL B 50 R FR . 43 i 1l K5 3R LA 0
A 10 mL R [R] Ji 6 ¥k BE ) PEG6000 75 W - i 38 4K

B AL 2 T TE B K L LU 28 18 7K (PEG6000 57 &
JER 0 g/L X RK#K 0 MPa) X IR, 35 1 1L 3
PIBF IR W 78 % . $ B3R L8 T RTOP R 518 g
N A3 IR0 N L 788 3 1E IR A5 4 T 2547 07 ik
B . B N AR 1 G BRI 1] O 12 b, Ol iR g
AR, 25 CHERER ESEHR 30d, FAMELR 3
W FEM TR AN, &2 d Bk 1K
TE AR PEG6000 ¥ o LA 15 % L P ) ¥ 8 7K 35
FRIEE . FF i K R IR K BIFF K ER 1/2 X
brak. B 24 hadsg 1 IR .
L4 MFHESHHITHE

FRAEIC % 19 & 2 45 2R 11 53 K 2 % (Germina-
tion percentage,GP) & 2 # (Germination energy,
GE) 1 & #F #8 % ( Germination index, GI), & /A
A

GP =R F 5%/ k7 <100 %6
P R 2R O G S5 R (30 ) /Y K 2R Rl T
SEL

GE = }L%E W 18] N & 28 B 5 B/l R 7 %80 X<
100% ,
2 B I ] A e S A I 10 d.

GI=2>(Gt/Dt),
Kb Gt B ¢ RWKZFFTHDe 5 Ge FHR L
M 28 KA
L5 #ESHNSIT

BIREE ARE - A5 IR L B AL R 10 #R4)
B AR AT bR R RO EE 0. 01 o) 0 |- i %
KR A R AR, 45 RO (E . g 45 i
2 v SEOR /2 10 BRI, D5 1L PN 42 90 400 B 10 AH G 48
PR B2 1A
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1.6 #FmEENEETEN
RIS M) K27 b oK SR & bR B (Membership
value) i J5 ¥ X 13 /> P il b 9 b A= 4 i 52 4 2E 47
GAT AR
F’,-},-Z(F,i,-—ijin)/(ijé\x—
F=213F,.
X F i R G MR A SRR (R Fy b B R IR
—HEAR A SE B+ F e AR R I KABL F i M
oS R P B ME L Fo o8 7 FROE A R SRR R BUE
(Total membership value) ,n il EF5FREL .

MR & 2 3 R B R ZFFR A IR T IR
MR IRAR K 6 A6 b5 A0SR & R BB 1 RN RTE
B o o o ik 5 v 3 4T 43 2% (Drought resistance lev-
eD:1 9, it 5 A4, S )& ph B > 0. 852 4, & i
Y SR JE sR BN >0, 6 ~<C0. 853 ¢, A 1Y, SR E
PRALE S =0, 4 ~<C0. 654 2, T RS AL Fg
PREE A =0, 2~<<0. 455 g, + F MU AL, SR o
BE=<0. 2,

L7 HiEALE

FIH] SPSS19. 0 GE it 73 i FAF A7 B R 7 22
70 H7 Cone-way ANOVA) . IF7E B A5 K 9526 L]
Duncan’s #7472 5 L, SR H LSD 7 K 56 H
2SR B IR IR 3 IE A (L 45 2R
LLCSE S E £ AR dfE2E (Mean®=SD) " FHE R .

Fiin) s

2 AR5

A EFIRED R F R EAREE

ABFFEIEE K IR AN [7) T 510 A= R - 35 S 1
BRI 26 18 0 IR 9 4 (0 B 24048 o ul 45 (o, S i
HAE. 2 2 /AL, 13 A5 a4 8 fh 7 9
T R AR 5 S TR T 4 AN SR AR AR B AR A —
FE2ESE . 13 AFEMF AL 4.60~5. 19 mm,
Hop LZX PR A F U4 5K, 8 5. 19 mm, LMR Ff
AT E /N, 4. 60 mm, R FREE R 3. 70~
3.98 mm, o LZX B 5 Fl - /) 188 42 B K, o 3. 98
mm; RBX #ER 2Z, 4 3. 93 mm; LMR F 5 & /N,
J93.70 mm, H AL LZX B R R 60 A8 F RS
¥ R e K LMR R R 1 19 DA 42 R R 42 25 o
e/ U B LZX R Bl 385 3 45 K LMR il fb 5
W3 A /N . 13 AN R R T T SRk 87, 00 % ~
100. 00 % , Hh LDG . BLX F1 SRX 3 4> F i Hb Fp
I Tl S 7% 5 125, 5958 100, 00 %, LZX ol 5 Fb 7 1) B
SRIAL, R 87,0020, FHR 43 Ff U5 Hby - 11 B SR
ERAR, B mi e, TR E R 38.19~47. 14
g, Horpt RBX Pl Ff 1 TR i it e KL ol 47,14 g,
LMR 1 XTM F I 7 0 TR0 5 & 55N 40508
38.19 fI 38. 25 g.
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® 2 AEMER ERFF R ERSFE

Table 2 Basic characteristics of Sophora moorcro ftiana seeds {rom different provenances

RIS AF o B o CEE TR &
Provenances code Length Width Hard seed percentage 1 000 seeds weight
NMX 4.90+0.02d 3.76+£0.03 f 99.0041. 00 ab 41.0240.02 1
RBX 5.087+0.03 b 3.93+0.01 b 96.00+0.00 b 47.1440.16 a
XTM 5.08+0.02 b 3.794+0.01 ef 99.00+1.00 ab 38.2540.13]
NML 4.64+0.04 f 3.534+0.03 h 99.0041. 00 ab 42.0840.04 g
GJT 5.06=0.04 be 3.8040.01 def 97.0043. 00 ab 46.0140.06 b
GJZ 4.68+0.03 ef 3.794+0.01 ef 99.0041.00 ab 42.6440.05
LSS 4.92740.03d 3.854+0.01 cd 98.00=£0. 00 ab 41.4040.28 h
LZX 5.1940.02 a 3.98+0.01 a 87.0041.00 ¢ 43.4540.06 d
LJD 4,99-+0.01 cd 3.9040.01 be 97.0041.00 ab 43.6740.04 d
LDG 5.09+0.01b 3.83+0.00 de 100. 000, 00 a 42.3240.04 fg
BLX 4.63+0.06 f 3.794+0.04 ef 100. 0040. 00 a 43.04740.10 e
SRX 4.74740.04 e 3.8140.01 def 100.0040. 00 a 44,8540.07 ¢
LMR 4,60+0.01 f 3.70+£0.03 g 98.0040. 00 ab 38.1940.03 ]

E 3 AMENASFERE 1. RSB ERA RN P RR2 5 B3 (P<0.05),

Note: The codes for 13 provenances are the same as table 1. Different small letters in each column indicate significant difference (P<20. 05).
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2.2.1 #FRFE BRI AN, KSR (30
) X BRI R FH AR ILE 73, 33 % LA b, Horp LDG i
P 1 & 2E R K. 96.67% . W% PEG6000 i
St B A RGN 13 40 Rl R R 0 R R S

FFE G FRAL I %, Hp GJT.LSS, LJD, BLX,
SRX F1 LMR F J§ F 7 9 & 2F R ¥ 4 50 g/L
PEG6000 i1 T 35 2 5 KA ;s NMX, RBX, XTM,
GJZ.LZX F1 LDG R+ (1 & 28 S 7E 100 g/L
PEG6000 i1 T ik 2| 5 KA s NML i 6 (9 &
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543 &

R AE 50 M1 100 g/L PEG6000 i i1 F ¥ H
100.00% . 4 PEG6000 Jii & ¥ & H 0 ~ 150 g/L
BF, £ AR B F R ZE R R IR E A K Y
PEG6000 Ji & ¢ B 15 5 200 g/L i, B NML LSS
A LZX BHIE AL L F Al R s R 16 & 2F R 35 FF 4R KR
TR B IS e A 9 SRX AT LMR i, & 2%

R4 A Xt B & ZE R 1. 89% M 6. 26%; 4
PEG6000 J5i &2 ¥ & ik 3| 250 g/L i AUA 6 i
WA FRe® k. HEFRYBM AHMKT
20.00% ; 24 PEG6000 it ¥k BE 15 3] 300 g/L i, i
RN i o B NG N

* 3 ARBAREBKE PEG6O00 MEMEMABMHFLFRNZM
Table 3 Effect of PEG6000 with different mass concentrations on germination rate of
Sophora moorcro ftiana seeds from different provenances %
AL PEG6000 Jii s )& /(g » L~1) PEG6000 mass concentrations
Provenances

code 0(CK) 50 100 150 200 250 300
NMX 73.33£3.00 a 85.0042.00 a 88.34+3.34 a 73.3342.00 a 36.6744.00 ab 0 0
RBX 85.0045.00 a 86.6744.00 a 95.0045.00 a 86.67+3.67 a 20.00+£2.67 b 0 0
XTM 88.34+4.67 a 93.337+0.00 a 97.9242.09 a 85.0043.00 a 46.67+3.34 b 1.674+0.87 ¢ 0
NML 88.3444.67 a 100.0040.00a 100.0040.00 a 98.34+1.67 a 97.50+2.50 a 6.67+1.34 b 0
GJT 82.1642.85 a 90.84+4.17 a 90.0040.00 a 69.17+4.17a 22.50+3.50 b 0 0
GJZ 95.004+1.67 a  96.67%3.34a 100.00£0.00a  95.0043.00a  65.0045.00 a 0 0
LSS 76.67+3.34 ¢ 08.34+1.67 a 88.3345.00 b 86.6743.34 bec 81.67+1.67 be 8.06+2.06d 0
LZX 95.84+0.84 a 97.50%2.50 a 100.00=£0.00 a 96.67+3.34 a 95.00£5.00 a 12.054+2.96 b 0
LJD 85.0044.00 a 86.67+3.34 a 85.0045.00 a 81.67+1.67a 72.5042.50 a 1.854+0.85 b 0
LDG 96.67+3.34 a 91.6743.34 ab  98.34+1.67 a 93.80+1.21 a 48.24+4.24 b 0 0
BLX 90.00+3.33 a 96.67+3.34 a 86.67+6.34 a 82.83+4.83 a 60. 6544, 65 ab 18.05+3. 05 be 0
SRX 88.3448.34a 100.0040.00 a 95.00£5.00 a 67.50+£7.50b 1.674+1.67 ¢ 0 0
LMR 93.34%3.34a  95.8440.84a  92.50E£3.50a  90.00%£0.00 a 5.84£0.84 b 0 0
I3 AFE AT R L 1. TR R /NS F 8RR 22 57 B3 (P<0.05)., £ 4~8 [,

Note: The codes for 13 provenances are the same as table 1. Different small letters in each row indicate significant difference (P<Z0. 05).

The same table 4—38.
2.2.2 AFTRERFH  KFFERBF TGN E
B Z —  RFR G — RO N R S

KRG A R R R E PEG6000 X} 13
AFPIRAD A AR BN F L IR RR AR 4 FiR .

R4 ARBFEERE PEG6000 M ZFMFEM AR FLFENHIE

Table 4 Effect of PEG6000 with different mass concentrations on germination energy of

Sophora moorcro ftianaseeds {rom different provenances %
Pﬁi}fjffes PEG6000 JEH#)JE /(g + L) PEG6000 mass concentrations
code 0(CK) 50 100 150 200 250 300
NMX 73.33+4.00a  77.50£3.50a  78.34£1.67a  45.0043.00ab  6.6710.00 b 0 0
RBX 85.0045.00 a 86.6743.00 a 86.67+3.34 a 75.00+1.67 a 0 0 0
XTM 88.34+3.67 a 93.337+0.00 a 91.25+4.58 a 56.67+3.34 b 10.00+£2.67 ¢ 0 0
NML 88.3443.67 a 98.34+1.67 a 98.34+1.67 a 52.50+3.50 b 31.6744.67 be 0 0
GJT 78.7146.30 ab  85.84+0.84 a 59.1744.17 abc 33.34+3.34 bed 13.347+3.34 cd 0 0
GJZ 95.00+1.67 a 95.00£5.00 a 86.67+3.34 ab 66.67+3.34 ab 35.2442.91 be 0 0
LSS 76.67+£3.34 a 98.34+1.67 a 58.3345.00 ab 48.06+6.95 ab 12.5044.00 b 0 0
LZX 95.8440.84a  97.50£2.50a  94.17+0.84a  92.50£2.50a  61.82£1.82b 0 0
LD 85.00%6.00 a 86.67+7.34 a 85.00+5.00 a 47.504+2.50 ab  25.84+4.84 b 0 0
LDG 96.67+3.34 a 91.67+3.34 a 90.84+5.84 a 63.80+2.80 ab  31.48+3.48 bc 0 0
BLX 90.00+3.33 a 96.67+3.34 a 81.67+5.00 a 38.70+6.31b 8.70+2.70 be 0 0
SRX 88.3444.34 a 100.0040.00 a 79.6245.39 ab  36.6743. 34 be 0 0 0
LMR 93.34+3.34 a 88.3441.67 a T4,17+£4.17 a 25.8443.84 b 0 0 0

e 4 AT A1, 3 50 2k A2 A ) ol JE %o BE Ak
P & 2E SR 73,33 % L L Hidh LDG R IR &
IR, R 96.67% . Bk GIZ.LDG Il LMR Ff
Hb LRI AN T 19 & 2F H B PEG6000 T vk

FER G R e TR R B, 13 AR R,
XTM,GJT,LSS,LZX,LJD,BLX FI SRX F i il -
1) % ZE 3 7E 50 g/1. PEG6000 38 F ik 3] iz K
B s NMX Ff il Fl £ (1) & 2F #7100 g/L PEG6000
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171315 I NS VNS5 i N [ IO A Do - = A O (W<
106. 83 % ; RBX Kz NML F B Fl 1~ (1) & 28 34 50 FlI
100 g/L PEG6000 i1 4b R HEAS AH 45, 43 9 & 4%
[ 4R (% 101, 96 % F1 111. 32%. 7F 0~100 g/L
PEG6000 il N 4 P Fl 7 & 2 BB A K, 5 &
ZEAR Y AR AL A AL 2 PEG6000 J5t o ¥ B2 3k 5
150 g/L 0. B LZX FJi &b o HoAth Bl 5 Fp 5 09 & 28
P TF U B R BE T [ B i e K o LMIR it
HR AL R X B4 27, 68 % 524 PEG6000 Ji 5 ¥k
FES 200 g/L W, 2SR 2 KR T B IR R 8L 3 4
REEFHR 0 AR s 7E PEG6000 JiT & ¥k B2 ol 250 ~
300 g/L i, & B Fh F 1 & ZEH IR 0, kAl
W, 5 %% 25 SRA G 50 K 25 4 0 5 i 5 R B
1E PEG6000 i ik R 50~100 g/L i}, K [H
T 5o 1 14 i 2 38R0 R 2F AR I JR 0 T B GA 31 i

KAE , H K5 B IR R 1) & ZE R MR ZEH R T
E=poii

2.2.3 #FRFI/M KRFRBGETH AL
Bk WY TR RS SRR 3 NN B Al ) & 2
R TRl g U R (O N: a1 R A S
U5 13 A4 Fh VR RD A AR Bl 1 X R Ak B B K 2E FE RCR
5.44~13. 79, K PEG6000 J& & ¥ i (19 38 K, 15
GIT Ak HoAth R U5 R 7 19 % 25 48 B8 A 1 3 52 3%
TR R X 5 H R 2R R 2 AR AL U AR
—E 25, Mi#E PEG6000 Jit it ¥ B 1 K, GIT
FPUR D F 10 & ZEH A T — A e e B i 72
£ 50 g/L PEG6000 il T~ % 2F 48 5035 2 i KAE
R REARY 131.07% . DL S5 R LT PEG6000 Ji
I R g T R A X A% TR AR AR I
R MR ER RS o X 22 25 P 4100 ) A FH A el B

x5 ARKREBRE PEG6000 3 & FiRM ERM F L FIHHH I

Table 5 Effect of PEG6000 with different mass concentrations on germination index of
Sophora moorcroftiana seeds from different provenances
FHRAN S PEG6000 Fift ¥ i /(g » L= 1) PEG6000 mass concentrations
Provenances
code 0(CK) 50 100 150 200 250 300
NMX 9.33+1.92 a 5.54+1.75 ab 5.1340.77 ab 0.87+0.54 b 0.13£0.10 b 0 0
RBX 9.79+1.09 a 7.57+0.85 a 3.17+1.13 b 2.88+0.53 b 0 0 0
XT™M 11.21+0.96 a 9.24+0.21 b 7.22+0.15 ¢ 1.8040.55 d 0.427+0. 21 de 0 0
NML 10.89+1.19 a 6.86+1.55 ab 7.70+1.93 a 1.84=40.77 be 1.6740.47 be 0 0
GJT 5.444+1.22ab 7.13%3.22 a 4.194+2.08 ab 1.76+£1.39 ab  0.7340.15 ab 0 0
GJZ 13.77+1.07 a 8.09+0.61 ab 5.36+1.85 be 4,83+2.08 be 1.7440. 74 be 0 0
LSS 7.85+1.86 a 7.67+1.81 a 4.76+1.62 a 2.52+1.52 a 0.447+0.14 a 0 0
LzZX 13.79+1.54a 10.82+1.06 ab 8.04+1.99 ab 3.19+1.43 ab  0.3040.16 b 0 0
LJD 11.46+1.54 a 8.77+1.18 ab 6.48+0. 83 be 3.36+1.16 cd 1.4740.65 d 0 0
LDG 13.59+1.42 a 9.37+1.47 ab 9.65+1.22 ab 3.94+1.24 ab 1.164+1.00 b 0 0
BLX 12.054+1.04 a 9.39+0.11 ab 3.7141.25 be 1.6040.87 ¢ 0.1540.08 ¢ 0 0
SRX 8.55+0.15 a 6.13+£0.29 b 3.70+£1.41 ¢ 1.1941.05 d 0 0 0
LMR 8.27+1.27 a 5.13+1.25 ab 4,67+1.63 abc 0.6440. 14 be 0 0 0

2.3 FEBEXMIERSEEKNIIE

2.3.1 ¥ ks K ME6ATLIFEWN. 13 DR
PR X AL F ) R 5. 69~ 14, 83 mm,
bt % PEG6000 J5i f ¥ & (1 3% i, NMX . RBX.GJ Z.
LJD.LDG # BLX # i 09 4 i F RG34 2 % T e
et , BITE 50 g/L PEG6000 il F ik 3 i K
L 5 Al o Y8 407 ¥ 0 b R Bl B B T T R )
#, BAK EF, Y PEG6000 it & ¥k B B 0~ 100
g/L B & Fh IR & i b IR ¥ 8 s 2 PEG6000
JT W B R T 150 g/ L B AN [ FJR 4 BB IR Rl
YR e B R A 24 PEG6000 JiT £ ¥ B ol 200 g/L
B 4l A IR AR J5 5k 05 PEG6000 Jit it v B
250~300 g/L B, r A 4h vl A LIRS .

2.3.2 ¥ TR HRETAALLAFED

A LT X BR AT F A R IR AR O 6. 35~8. 17 mm,
fti % PEG6000 Jii & ¥k B % 14 hin . NMX, RBX, LSS,
LJD.LDG .BLX I LMR Ff 5 ab A B 4 1 1 F BR 4
Ky EH BT FHEYBE, B¥E S0 g/L
PEG6000 38 F ik 2 55 KAH 5 oAb FP IR &) 15 F Rl
KBz . Bk LE 7 0~150 g/L PEG6000
W3R L 13 AR IS AR AR ) R R K 0 A R
JEARK Y4 PEG6000 it &t ¥ B ok 200 g/L B, R AR
BT R R B A 14 KL fHBR T LDG Al SRX R
Z A Al IR D AR B4 B R IR B A 3. 00
mm Pl 5 7F 250~300 g/L PEG6000 38 K, {UA
BLX R4 8 7E 250 g/L PEG6000 38 T K H
TR K 2. 98 mm., HAl AR IE 40 T IR K
¥J°h 0 mm,
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Table 6 Effect of PEG6000 with different mass concentrations on seedling epicotyl length of
Sophora moorcro ftiana from different provenances mm

Pififfes PEG6000 i & /(g » L= 1) PEG6000 mass concentrations
code 0(CK) 50 100 150 200 250 300
NMX 5.69+1.75 abc 10.324+0.37 a 7.134+0.50 ab 1.9040. 11 be 0.16+0.10 ¢ 0 0
RBX 7.81£1.61 ab 9.54£0.04a  8.9940.41 ab  4.49£0.81 be 0 0 0
XTM 12.33+1.06 a 10.09+1.00 ab  6.3841.24 be 3.47+1.21 cd 0.27+0.11d 0 0
NML 10.59+1.38 a 4.37+0.74 ab  7.5740.96 a 4.58+0.93 ab 1.304+0.71 b 0 0
GJT 10.05+1.23 a 9.93+1.04 a 5.69+1.75 ab 2.94+2.35b 0 0 0
GJZ 9.46=£1.90 ab 10.3841.05a  4.50£0.82 abc  3.32£1.43 bc 0.16£0. 06 ¢ 0 0
LSS 9.48+1.84 a 7.29+1.69 a 6.20+0.01 ab 1.1040. 77 be 1.2740.78 be 0 0
LZX 10.72+1.29 a 10.35+0.51 a 10.614+1.31a 4.88+0.22 b 1.0840.42 ¢ 0 0
LJD 5.76+0.29 a 8.86+1.06 a 7.06+0.29 a 0.75+0.43 b 1.374+0.37 b 0 0
LDG 8.03+0.97 a 8.71+£1.40 a 5.03+0.48 b 1.0040.40 ¢ 0 0 0
BLX 10.49+1.08 a 12.48+1.10 a 3.45+0.26 b 1.76+1.15 b 0 0 0
SRX 14.83+0.42 a 10.32+0.80 b 9.67+1.30 b 0.77+0.17 ¢ 0 0 0
LMR 10.434+0.57 a 9.17£1.36 ab 4.2840.28 be 0.5940.59 ¢ 0 0 0

xR7 AEREKE PEG6000 33 FFMIFER £ R4 8 TR0
Table 7 Effect of PEG6000 with different mass concentrations on seedling hypocotyl length of
Sophora moorcro ftiana from different provenances mm
AR S PEG6000 Jii i /(g » L= 1) PEG6000 mass concentrations

Provenances
code 0(CK) 50 100 150 200 250 300
NMX 6.6640.05 a 7.254+0.45 a 7.24+0.26 a 5.88+1.08 a 4.4740.54 a 0 0
RBX 6.55+0.47 a 6.92+0.91 a 5.87+0.52 a 5.85+0.68 a 3.54+0.09 b 0 0
XTM 7.05+0.43 a 6.30+0.12 ab 6.104+0.12 ab 5.57+0.29 ab 4,7940.15 b 0 0
NML 7.20+0.09 a 4.60+0.56 b 6.28+0. 40 ab 5.954+0. 65 ab 4.71£0.20 b 0 0
GJT 7.38+0.19 a 6.95+0.74 a 5.03+0.14 b 5.69+1.05 ab 3.11£0.30 ¢ 0 0
GJZ 7.62+0.13 a 6.540.05 b 5.84£0.55 b 5.95+0.02 b 4.54+£0.17 ¢ 0 0
LSS 6.35+£0.79 a 6.3840.33 a 6.22+0.44 a 4,53+0.15 b 4,64+0.79 b 0 0
LzZX 6.55+0.41 a 6.36+0.28 ab 5.85+0.42 abc  5.434+0.39 be 5.04+0.21 ¢ 0 0
LJD 7.194+0.57 a 9.52+0.19 a 8.68+0.22 a 6.26+0.24 a 6.07+0.30 a 0 0
LDG 7.25+0.20 a 8.20+0.65 a 7.224+0.40 a 5.68+0.95 a 2.08+1.08 b 0 0
BLX 6.36+1.47 a 7.84+0.21 a 5.427+0.69 abc 5.99+1.03 ab 3.66+0.17 be 2.98+0.17 ¢ 0
SRX 8.17+0.84 a 7.95+0.06 a 6.824+0.67 ab 6.39+0.03 b 0 0 0
LMR 7.734+0.06 ab 7.91£0.33 a 6.8740.52 be 6.46+0.34 ¢ 4.5340.12 d 0 0

2.3.3 H@HMERK PTG AR A A f a] DL R oA 7 AR IR A IRAR S 052 PEG6000

SR A A JE T AR E . AR 8 ITLLE 13
AN A R G BR AR B 4 R IR AR K O 138, 21~
30.09 mm, [ifi 5 PEG6000 R EM I &, &
XTM FI SRX 5 &)y 7 1) IR AR 38 W T B A1 L HoAth
b U 1 i A R AR 3 B B A S T o e R A AR Al
e, 13 A, NMX, RBX, LSS, LZX, BLX F1
LMR F il &)y i () AR K ¥ 7E 50 g/L PEG6000 Jir
i Tk B i KM NML.GJT.GJZ.L]D 1 LDG #
P4 B IR AR K H 7E 100 g/L PEG6000 38 T ik
B KAH. 78 PEG6000 i & ¥k By 0~ 150 g/L
1 ) I D S S N N S T S R A - B N NP
PEG6000 Jii & ¢ & h 200 g/L i, Bk NML FjE 4k,
At e 8 &) B0 R AR A T IR B K IR R R B
PEG6000 Jii# ¥k i )y 250 g/L i} AR K ik —22 T

e BE Ry 300 g/ L I, A BRI A i i IR AR 1
H 0., X5EFRYEMBARERY S .

DL EZ5R B on PEG Jon & Uk B2 B sy, BT 50
TE R B, X Ay I AR K R A 1 S e RO
2.4 AEMIERERTEENESIEN

ML F i g 45 Rk F . PEG6000 it £ ik KT
200 g/ L B HXF 2% B 5 D A R R 7 8 A A4 2R
KOk E¥a R, H i, A58k SR E
Bkt 13 ANFERD 2B BLAE 200 g/L PEG6000 iyl
TRl B K By AR AR A B EE AR R AR
KEZEFEEC IR R IR K FURAR K 6 A48 bR iE
1750 6 Hgk A7 i B vk 28 & 1P L 1A B 13 4
D AR BRI R SR T eR R A R 9 TR O 4 ik ke
WA HEAT T S0 %) 7. % 9 KWL 13 DAk
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RN QTR L b A 2 AR RS 1 9% G 58
SAFEE 2 SR EAD 1 AFEE 3 9 (F[a]
A 4 ANFPYRE 4 BT R HURAD L3 AR ETE 5

FCFREURAD o e al AL R J AR S S
(NML) FI & 4 K & (LID) i b A B 10 it 5 1 e
5 o

* 8 AEKRERE PEG6000 W E&FMIER £ B R KT
Table 8 Effect of PEG6000 with different mass concentrations on seedling radicle length of

So phora moorcro ftiana from different provenances mm
FHRAL S PEG6000 Fift ¥ i /(g » L= 1) PEG6000 mass concentrations
Provenances
code 0(CK) 50 100 150 200 250 300
NMX 15.04+1. 88 ab 32.31+£1.13 a 21.1942.10 ab  15.7241.99 ab 5.36+0.04 ab 0 0
RBX 20.96+1.90 a 28.86+1.52a 22.06+2.52 a 16.02+1.22 ab  5.48+1.03 bc 0 0
XTM 21.847+0.62 a 21.18+1.17a 21.68+1.36 a 18.01+0.36 ab  4.927+0. 20 be 2.01£0.08 ¢ 0
NML 17.87+1.15 ab 15.294+0.37 ab 20.31%£1.08 a 12.73+1.49b  13.05%1.44 b 3.6240.05 ¢ 0
GJT 16.57+1.33 ab 19.56+1.40 a 19.6040.40 a 14.25+1.16 ab 10.88+1.58 b 0 0
GJZ 18.66+0.78 ab  28.71+1.10a 28.95+1.34 a 17.154+0.93 ab 12.02%+0. 41 be 0 0
LSS 13.21£1.90 bed 25.804+1.00a 21.2740.89 ab 18.7040. 80 abc 10.3540. 60 cd 5.24+0. 37 de 0
LZX 20.654+1.09 a 23.20£1.00a 20.5941.58 a 17.61+£0.77a 10.17£1.21 b 4.6140.16 be 0
LJD 30.0941.80 ab  21.57+0.81 abc 37.31+1.14 a 20.4540. 43 abc 12.87+1.01 be 2.1940.19 ¢ 0
LDG 25.71+2.66 ab  21.54+1.66 ab 32.56+1.59 a 20.88+2.47 ab 10.6541.08 be 0 0
BLX 22.57+1.67 a 29.35+F1.16 a 20.76+1.71 ab 19.07£1.29 ab  8.5541.38 be 5.28+1.31 ¢ 0
SRX 27.2640.50 a 23.9341.91 ab 18.4341.23 ab 12.2540.91 be  2.0940.15 ¢ 0 0
LMR 22.2340.15ab  29.33£1.02 a 17.75+1.32 abc 18.70+1.88 ab  4.737£0.54 be 0 0
®9 TEPETHERSERKERRESRERATWEEES TN
Table 9 Comprehensive evaluation of stand-growth index membership value and drought resistance of
So phora moorcro ftiana under drought stress
FEAL B i@ REH Membership value SRR bR A T 5~ 4% )
Provenances g R REFIREL IS RS TR AR K Total ) D]iought
code Germination  Germination Germination Epicotyls Hypocotyls Radicles membership resistance
percentage energy index length length length value level
NMX 0.37 0.11 0.07 0.12 0.74 0. 30 0. 29 4
RBX 0.19 0 0 0 0.58 0.31 0.18 5
XTM 0.47 0.16 0.24 0. 20 0.79 0. 26 0. 35 4
NML 1. 00 0.51 0. 96 0.95 0.78 1. 00 0. 87 1
G]T 0.22 0.22 0.42 0 0.51 0. 80 0. 36 4
GJZ 0. 66 0.57 1. 00 0.12 0.75 0.91 0.67 2
LSS 0. 83 0. 20 0.25 0.93 0.76 0.75 0.62 2
LZX 0.97 1. 00 0.17 0.79 0.83 0.74 0.75 2
LID 0.74 0.42 0. 84 1. 00 1.00 0.98 0.83 1
LDG 0.49 0.51 0.67 0 0. 34 0.78 0.47 3
BLX 0.62 0. 14 0.09 0 0. 60 0.59 0. 34 4
SRX 0 0 0 0 0 0 0 5
LMR 0. 04 0 0 0 0.75 0.24 0.17 5
3 Wi 510 TORL BT 5 5 OB SE A5 SRAFAE 25 L X T R R
ek RSB R B, 70 % 3 £ 76K 2% (Indigo-
ABFI 13 BRI BB A MR F A8k fera amblyatha) S BFIE L7 F0 T K A RHE K
/N TR i RRE S Ry A AE 26 5, X AT BB SRR IA] 20 A BRI IR SRR R R AR T 5T R 4 R S AR AL
I RSB RN R GRS R, e AU RS A R R IR AR R AR 1 1 R0 TR o i

JEUH T AURAR L 22 XA IR 28 K i R AT 5 v
IR AR D 78 S R R T A ) o o
ER G UNN I SR N R RN P ey s ORI
R/NFIBE S AL o AW FEA [ B PR A0 2 L Ao
T RN 5 RS G5 AS [ 42 A AL R SR A S
AR 2 AR 1 T 58 45 2R B AR — S {EL TS 20 b R b

55 R R Z A JC B 0GR i AR R SR 5 R 2
RMK A —E I FR Q1 PEG6000 [ 7 ¥
FER 0~300 g/L B, B 5 32 R AR 19 LZX F il b5
KEERIILE 95. 00% LA I, K ZEHIGTE 61. 8206 LA
B = el R L L S N B e o R e
) FEAS REAE A AE 22 573X 55 00 A WV AN [R] 90 5% 2%
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0 A 25305 AT — i DG AR B AT RE A2 B 5 4% 45 HC A
FESIIEA I

PEG 15— R 73 718 i 98 35 570 5K 70 B 38
HR S AE Rl 77 a6 v R B TR 4 DL ADL T
S A R B AR I AR R O AR A
TG RO T A [ BT &k 2 PEG6000 #5 W % 13
ASFRIR A A RR D0 e RN AR KRR R A TR
) A B2 A S0 o 1 B 58 2 B W RR (Linum usita-
tissimum Pk 5 B A F (Lespedeza davuri-
ca) P MK T (Glycine mazx)™ Fh F 32 3 PEG6000
30 J5 R ZF R AR R AR 52 B 52 e . AT R BT R
[F] ot 4 v JBE PEG6000 ot b A5 L il i 2 A 4y 1 71
K2 AE e W] 22 57 X5 4% i Uk B PEG6000
Ab B S Fh 7 A4 A2 B T R R E A G 2
PEG 1 b 7K 73 W38 50) & #4285

AT B 3% 98 15 Ak BEAT DAL A o S
W Bl 52 R 5 2 HRH L A0 A AR T A L BRI v
£ PEG BEUZE Fh - 19 W /K BE 7 B3 AR A 7~ 7 PR st it
K it A v A 2 405 Y RTRE L DA T 4 b Y R 2
RFBH RS . SRRUR S HE5E T PEG6000 X 15
MR A (Gaillardia aristata) # T 85 X W52 W, K&
B PEG6000 St e i )y 20~50 g/ L Il 5~ 9 & 2
RYJ T X IR (PEG R W E N 0 g/L); 2253
DTS4 |2 MR (Quercus variabilis) W HF 9% 45 5 B
/N 7E 50~100 g/L PEG6000 8 & #& fz #f &
FARWE T X, HAE 50 g/L PEG6000 i3 T ik
R AW ARBE W E (50~100 g/L. X
J§ K3 R —0. 10~ —0. 20 MPa) i PEG6000 fi i1
Aib S X 420 A R T R A AR SR —E 1Y
A 5 A TSN BT S 9 400 0 4 . b, 0 A B B IR
R R IR RIE AR K 7E 50~100 g/1 PEG6000
W38N AR AL B A 2F AR S ZF AR B T
AR — B K R R Bl 7k 25 O A E AR KR i
TR AE . S AN AR R M PEG6000 X fif
TR AR AR T OF R TE R 2R B BRI ok L X
AIHESZE PO PEG6000 fitde e 04 0 g/ L O O B
P PRSP IR 1Y 1~3 d R BRI K 1K 248
HARBLHL BE PEG6000 Jo v B b TH 15 B 9 45
£ 50 g/L PEG6000 it~ . LDG Fl I8 5 71 & 2
R PR B 4y i R AR A IR T X BR A 100 /L
PEG6000 i3 Ak 87 . 1 Fft 45 5k BE 42wl fiE phy 1 b 58 7of
FREME T B A A A O R AT
W PEG6000 ¥ W 2 fdi 78 73 Fh 5 19 46 Ik BE 2 22
(Ceratoides arborescens) M (Haloxylon ammo-

dendron) W J& 2F 324G it T R . 3 10 B 7 2 2 ) i oy
FERHIR L AR TR B PEG6000 Ab BEX 5 19 & 24
FEARAR B A HE1E

o B i VR B2 PEG6000 38 23 310 i A8 9 F 5 1
& AHFIRAE R WK, 150 g/L PEG6000 it
T Miscanthus sinensis) fM3k (Triarrherca sac-
chari flora)™™ W & 2 R & 28 48 B3 8 35 F B
200 g/L. PEG6000 4b ¥ F . 4 % (Galinsoga par-
vi flora)™ JG ¥ B & ; PEG6000 Jii & ¥ ¥ i 200
g/ L I N[ S it A7 19 o 18] § X8 L (Caragana in-
termedia)PV R R B R R, Y4 PEG6000 Jfi
IR F) 250 g/ L WA EEARNRE R 2. [RIAETE
AT B PEG6000 5t vk B2 19 T & » b AR #R
ol 017 ¢ 1 4l i A A 0 8 B (B R A X A [ A
T, H PEG6000 Joi &5t ¢ J3 8 =y, 45 6 AR fELAY T
i B2 B 5 2 PEG6000 Jo it 9 B 35 3] 300 g/ L (X
MK — 1. 20 MPa) i, & i b Az 88 Fh (19 &
ERAEAEFR Y R 0,7 WL 300 g/L PEG6000 if = £
B 7K 43 i O € 2R B s T 13 A AR
ARt SAAR BRI A A X — R R R R AT
REFREST . XU W] T 5 0 AR R AR I X AD AR
BP0 e A iR KA o R .
AT RTG530 X A [ b 5 A AE MR e 5
i ¢ B 5% 0 B FE AN [R) 451 4 >4 PEG6000 J57 5 ¥ B 3k
] 250 g/LOW R K # —0. 86 MPa) i . 54 6 4
TR A0 B 2R M RE A8 A 2F . — i AR L B D AR R
BA BRI T B2 P .

P TS 5 1 S — > 52 22 DR 3R 52 T 114 52 2% 1)
PR BB 5 A O By PR X AE A i 5
AT TTRR . P ) B — R R A b S E AR R T
VA AR Ky BR M 5 X L 4 T I A b Sz Bl i SR
55 G A L R R bR HEAT SR A IR L BRI
AU HE 150 g/L PEG6000 B3t T & T h X % 2
B RN K 25 AR FNAR NS PRARAC S 4 T35 b L R ] SRR
BRI BT X PR e T AR 91 0y K A B B IR AT T 2F A
i 5 1 25 PP o DA P O 2 S T S R 6 ) L T
RALRR 12 s E 22 R DY fE 2180 0 g/L
PEG6000 38 F o UAH X % 2 3 A0 X & 2 3 F1AH
X R A A A5 A Oy it 5 A 8 A TR AR R SRR
PRBE N 113 &t 5. (Vigna radiate) Fh 5t 1) 2 37 it
BAEFEAT T LG VRO P 2 1 i R B A
16y hitERh BT, AW & 25 R LR
B EIRES ST IR AR 6 AN FERR X 13 AR
[7i) ol 5 b 400 A4 R R AT 0 SRR L A R R B R AL
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