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Effect of Drought Stress on Growth and Physiological Characteristics
of Male and Female Salix gordejevii Cuttings
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Abstract: Using male and female Salix gordejevii cuttings as experimental materials, we studied the
growth and physiological characteristics under drought stress by weighing control soil moisture content to
reveal sexual differences of physiological adaptability and resistance. The results showed that: (1) no sig-
nificant differences were detected in plant height, basal diameter, total leaf number, leaf area, stem dry
weight, root dry weight, photosynthetic pigment contents (except chlorophyll a), gas exchange, chloro-
phyll fluorescence, relative water content (RWC), malondialdehyde (MDA) content, proline content and
soluble sugar content in both sexes. (2) Drought significantly reduced plant growth and photosynthesis,

and seriously disrupted osmotic regulation function and antioxidant enzyme system between the sexes. Fe-
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males exhibited significantly higher plant height, total leaf number, leaf area, stem dry weight, root dry

weight, total chlorophyll content, net photosynthetic rate (P,), maximum efficiency of PSIl (F,/F,).

effective quantum yield of PS [ (&psy; ) and RWC, and lower non-photochemical quenching coefficient

(gN), MDA content, proline content and soluble sugar content than those of males. Meanwhile, leaf dry

weight, chlorophyll a content, superoxide dismutase (SOD) activity and peroxidase (POD) activity of fe-

males were always higher than that of males. The results indicated that drought inhibited growth and

physiological characteristics more in males than in females of S. gordejevii. Females possess greater

drought resistance than males with higher photosynthesis maintaining plant growth under drought stress,

which is one of the important reasons in determining female-biased sex ratio in the long-term.

Key words: drought stress; Salix gordejevii; dioecious; plant growth; physiological characteristic

W A S R A ) A A 24 T R TAE ) R AR
620 (29 14 620 Flv) o (H L BT J& BF ) Bt 4 o 9+ 4
P11 ERHECR) 40 %0, S M BR B b A= 25 2R 48R ] el ik
(20 BB 43 . H 1877 4F Darwin % Bt MEMERT k(1)
A B 22 S b T BOHE SRR AL HLX B R A S R WA TR
[ A SRS ol S e A 400 1) 0 2 S R i 51 T
MATHEE . B HI R (Salicaceae) H ¥ £ h B If
PR s FEH G AT TETE IR AT IR R AT b X 2 AE B
YRS RIS 1 e B R R BT AR SR L B R AR K
FIREE 15 G 0y o i b A S R G 09 RS 8 M A2 B 5
WE] A7 MRS AL 00 ) A e A A A A 2 B L R R B
A Y 3 N PR A 5 T AR R B T A R ) 22
ST HoA L 4 B (Populus) KW IR 7 A2 KR
FUAE Ak ik AR LA K G 1 BIL A5 D T 14 3R B T R R Y
PUIEPES 5T A A KR T MR Ol 2 RS
FFh T2 A 50 07 TR A 2 i B8, T B ) &2
BB B W, T RBE T, F8 P
cathayana) HERR I 65 1F H 5 35 35 D) BE AT A
AT IR P Ao T ek 09 AR KOR B A B R
2 30 BT S B A 7 A M R TV R A
PR M R DG G AR A R AR
JE A R LT R e 2 AR TR W 30 R L 7 b R L
e JEL A R 18 i T s D il D 2 2 T fe 5 ol %
PLR RS A W H R 2 2008 RS =R se d R H A
2 i 2 1 R A R i . AR L AR (Salixo) fE
h 5 8 2 % O B B 3T 0 T o H ME R A R T BR 5 i
3E I 22 S A T S5 A% JE R S 25 R B Ran-
driamanana ¢ #f 97 & B 5 UV-B & 5 F S.
myrsini folia Wi Bk HHE R (04 i 52 77 56 3% Jiang
SFHETER W EMI (S, paraplesia) Wb AE + HEFR
SYBEZ T B SRR K AP ae st . (kB
Hi C A 1Y SCHER R & S0 PR 5 19 38 T 490 )& A8 42 7 )
M) 7 2 5 7 TH A9 A 5% 328 AN W A% J AR ) i 5 4 e, HL
T A R A R B 38 T R I A A [ 3 N Y

Ji PRI 1 AN B A

WM (Salix gordejevii Y. L. Chang et Skv. )
AR JE 1 5 b Az R BAT AR R i
BT VD SRR ik S R R T BN L T v
FE S OO W U SN D S | A L
FEH L E AT E AR e K U IR B X e
AW U 2 A B U XA A R A i
foid el E RN A BB, RS C A Uik
. Yang 5510 R T M AT R AK B R AR S R R
AN B E AR B T B O A L AR B A AT T
FRGEWTTE AH DA 51 £ B 45 78 Ho BT 51 22 S B AT 5T
A DL IE o [R)I 9 35 8 e vb M M b b [ AR D7
5B R X, Bk & D Hovb A 2 R AU TR
BT v FAT] A BT 35 35 5 v b MDA R L
i S FRATT A T 3 TT 8 5 A R R T A B3 P 3
R W) 7 22 S DG o PRI o A IR 5 LA M T 4 i A ik
B R RE R T 5 28O0 R A R A G O A T
R i A AL RE L L2 3 U 1 W A i LA B A L
TG P 55 15 TR )52 W) o LA 4 70 o e A ) B 5 2
SRS FEE LRI OC &R . A4 R AT LA
R PRTE % A 0T B8 00 35 0 AL R B AL 2 % 8 AT
Shy BOMNAE A UK A2 3 B v B 1 ) 2R % B 4t O K
I3 30T LR A BRI A 2 2 RO B R AL R A
1 RREAITT
1.1 RIi& it

2018 4F 4 F T ) AT 5 35 5 U0 Ml i IR v 40 94
PRSI R B 2 ~ 3 AR ARk Hl s MK 20 15
em, HARZN 1 em 1Y 46 B 48 BE LA BT 80 Ok )
F-3  ABE R TR U0 2 T3 B 1 em A4, 7E
WS Al K270 H B 0~20 em R )2 - 581E R
B4 B 9 AR T 2 TH B AL LS HE K T AR
FTEES g 25 cm (AL 7 v, AR A0 4 B ol 0 Ji1) gk



1252 odt O % il 39 &

FTHFH B2 1 bR 4 5 3 L (A R b X
fi o 72 B GE K FIBR B, Fop 4 B B0E IR AR A2 K 60 d
J& » IO IE 25 A S e A — B HLAEOH: | T HU
FOFF A6 B 80 Rk (HEAE A 40 Mo HEAT T Fihaa . 5%
SR 2 B2 58 A Bl AL T R ) PR3 B A O R L
B o K43 B0 B R A4S 70 Y0 A1 30 Yo HE ] Rk 2 2 A4S
KOV SEZH R 4 A Ab B2 A o MEME & 20 BRAE K
T 70 %% [R5 K R 1 A b o BED | 4 M I A
HiAERAE 30 %0 HH] 457K i 19 - e b Crp T 8
A AE N 2T Ak K2 il g s R A7, T R b 2R
4260 d, ] [E] SR FRE oAb ST R K 43 o T B
1E AR B T A 52 e, 5 0 T R R A L £ K i
eI L E IS A

1.2 MELIRRF X

1.2.1 E£KMEYE 7784 H G BELIE IR
AN Kb BT T AR A% 3 bk D R A A R AT I
B AR i BRI R O e OB BR P B Y
JEO S b7 L TR AR = = A o s MY TR O
Joi o FE AR S ZE AR IR R K Ve, BT 70 CHY
HEAR R ET 48 h A E AR E AR T 5 25 T E M
T,

1.2.2 S@FEZHAMFRXXSH ELLHT
BEMLZEI 5 MRFFIG 8, 28 4 g 2 R IT i
T E R e S HCR I R 0S8, R AMEE
HOEAME R 48 Li-Cor 6400 4 M H et 4 8 R
(P VAL (GO LR CO, He B2 (CO Fl 28 15 33
BT, I B[] SR 5 R B9 9:00~11:30, il &
B, 2 R R O 26 C L o AR R 1 500
pmol « m™* « s~ AR B4R S 302 24, CO,
He BRSO (380 £ 10) pmol » mol™', R FE#
=4 Z BRI E R SE Li-Cor 6400 M5 it F PSTI
AR 2R R (F/F)  PSTL A RO & F 77 &
(Dps ) AL F R ZE(qP) AR AL 22 T K R B
(gN) . Z: 18 Brugnoli 55" ) Jy ¥ , 76 0 & §p#E 0t A
AL 30 min,

1.2.3 AEigtR N& LI P RENLE I 3 BRFFIE
LA 4 o e R IF I R AT e A B AR R
JeA 6 2 AR I R 2R A A i O ik ik A A
Xf & K & (RWC) (1 5 >k | Weatherley 1Y J5
TR TR S R SR R AR L 2 R (TBA)
BU ks I 2 R 5 e 4 0 R P Bl =R k5 T
Ve PR B iR I S R B L vkt AR
Iz A (SOD) T P (% W 22 & A % 8% pd me (NBT)
U A AR W B (POD) 36 P /% 1 52 SR FH A 81 K

i i
1.3 HESH

K SPSS 20. 0 AT EUE ST . SRR r
20381 Cone-way ANOVA) ) Duncan £ & .3 #
55 F T M e 4 2 1) 1 7 B8 UK 2R 7 22 43 At (two-
way ANOVA) J T35 b 3 LA K — 3% 28 H.AE
FH B 25 P H B ZE KO o =0. 05,

2 RS0

2.1 TEBDETEVHETHEENEKTNEYE
=R

W1 Fin . T 5 8 T E AT
A KA e BB 5 BR M HE L O I T A 0
I S U e QN N1 T ALY o s FONE S R (1
o R e ) B N S T (1S I R 1 B TS
W e 47 A A R R A g e R SR T T B T Y
PR 25 5 M R AR A R L B R B
B2 RO H 76 X AR R G R 25 L (HLTE
TR a8 R 3N M bR T AR TR A PR
AU S5« T 4 1T 0 A 1 0 8 2 25 s ik U 4
LRI N AR 3 R T IERE , BLMERR M T EZ T 5
300 5% o AR RE /N TR AR ME AR AR B B S A
38.15%.54. 26 %, WeAM, 40 B 09 Ak = L ok ER0
ZETH A A7 B B R A B ] 22 BRI 2 )
(P<<0.05),
2.2 FEBETEIEETHRELEGBESEN
=5

BRI SERTE 3¢ g 3 e R hi A O
BF a TRMAMGES G, MATHGE b & A
KE MR EEMBWEE/NGE 2, Hi, b FEE]
Jo o HEMER SRR b S EMEHE RS ERA T
FRPEG 25 AR a B D) AR 2 B0 M Bk K
FHERR , BT 5 30 X A bk S R a B A 0 0 ) R
JEE R ok o R R AR 0 - ) R 13919619, 57 %4 5
[] B, A () G S 3R i AE X B AL PR 22 R
0T 5 0 S SOME AR B o g R Y
R IR P 25 5 MERR T ERR . AN AT
T 6 A AR & A2 M0 5 b B 8] 52 B FH Y

S AN
2.3 T R8T B0 M A AT 4 ol S T R A0 4R

B TR AR T AT R P
G f T, H S BOMEMEFT 4 i 7 P, J7 i B T 3%
PRSI 22 5 (3R 3) . FEXTIRALBER  MERFEFTA B A4 P



1253

RER:0R A

£5
-

» B T R 300X AU Al 4 1 2 R A B

i

&

Imi

74

902 "0F12°1 B9 '€ F5E 7663 qr0"0+21°0 26C0F9L Y

SOIEIN W Y

1ysnoicy
ES
qe8y "0+F.6°¢ 6L TTF08 V1€ qee0 "0+ST1°0 q2€ 04808 soTewo M e
B0S0F9L ¢ BIS0TF9¢ 02¢ qec0'0F¢€2°0 BT '0F90°'TT SO[RIN Y iy [onuo)
259 "0 F80 F VY L2 6 2LE BH0 0T SZ "0 61T FE0 "€l sofewo ] i Hif X
((_S e W .jowwn) /[ (j_Jou . EE&Y:U (S e, W Jow) /*5) (1S e W ﬁcElv\:& PEIN JuLmIIeaI ],
s LGl W FOO [ B HEUNY s TG ACE [iff it T
$S9118 1Y3NOoIp Ia9pun SFUNIND 21222[2pL0F S S[RWD] pUB d[BW JO 9FURYIXD SBL) ¢ dqr]
CHEHMHSH T Y BB ENXTEE L ¢ %
q10°0F0Z 0 9Z1°0F89 1 990 '0F L5 70 990 '0FIT°T ST 3 iy WyEnoiq
=
qeT10 "0FS2 0 qL0°0F86 T qey0 "0+89 "0 qz0 "'0F0¢ T sa[ewL ] W i kS
qez0'0F¢€2°0 qeL0°0F.0"C qey0 '0F0L 70 qe0 "'0F8¢€ 1T soeIN Wiy [o11u07)
20 0T 92 0 80 °0F L7 2 290 °0F 92 "0 B0 0F G T sofewo ] Y Hif
({8 « 8w) /prousjore)) ({8 « 8w) /[jAydorofyo [ero0, ({_8 « 8w)/q [jAydoioy) ({8 « 8w) /e [[Aydorojy) X98 JuswIBaI ]
=R R ARy q4 8-l v [ it T
SsaIs Engw Iopun s3umnd 1222(opi03 °g d[BWdJ pue d[BW JO SIUIIUOD Juowgid ocm.fckmoyosm Z 919 L
HEHNESESSHKEHHPWHRENTHEE L %
>>Q~@L

Se awIes .WEH\ ‘18931 3uer QTA::ZE wFQNUCZQ o) wwﬂ:uMCQUQ —®>®~ GO 0 e sjudwiear} Cmvguwﬁ w@uﬁwuw‘::u uﬂwuﬁ.:ﬁumw %:NUEWNHNHY, wﬁwumﬁﬁi QE—JﬁOU uwes QSH ut wumuu®~ ugwuw‘:mg mw H sSueowl oJe va—d\/ “wHOZ

fl (SRS T ueoun) g W 9 22 o Ac N G0 "0 YT — [ Tl T 07 (] s S 2 fig o (] b B 2 Gt N (1] < S22 S LY F B B A v B 24 B

260 0F€V T 290 °0+2¢€ ¢ PTO0F62 T 266 '0T+06 "7ET 296 "8T+00 "6ST qIT1 0408 € O6T "T+00 "2S

soleIN Wy

1ysnoay
920 "'0F€9 T qv0 "0F1L 2 260 "'0F10 2 98z "9F8¢€ "L9T q9€ "LFL9 961 qL1°0F82 ¢ 98¢ "0F00 €9 sofewa, ] H i ek
€90 '0F06 'L Y0 0F1E e 990 "'0F28 "¢ BG8 "8 0€ 822 qe9¢ "9F€¢€ "22¢ BOE 0F62 T B88 '0F€€ 0L SOTRIN 7 [onuo)
BY0 0466 T B0 '0+F2¥ '€ ®L00FG3Z ¢ BOLLF€9 7672 B6Z "S+00 972 B60 0OF LV T B9LTFL9 €L sorewa, ] 3 i i
3 /3ysrom £1p 100y 3/3ysom L1p woig 3 /3y3rom Lip jeo| U /eare jes| Q13uIg Ioquinu jes[ [e30], ww /I193owWelp [eseq wo /3ysdy juel] XoQ juow eI ],
oL BHilw B -y W H ¥y S o [T i

$S9118 JYSNnoIp I9pun S3UMIND 2222[opL0F S S[RWS] PUR J[BW JO SSBWOI] AIP pUR [IMOIL)

WZEHELEGF N FRBHPHRENXNTEHEL 1%

I 2198 L



1254 odt O % il 39 &

GC M T, W ENENES AETEPa T
WERR Y P, 3 TR AR LA AR AR N 25 R A AN
3 . e Ah AT B AR S R AR R 2 M S ik
P[] 22 HAF FH 1 b 255

FLU G 1 R 1 5 T3 6 2 M0 4 1 00 ot
ZEVOCSHOEABER W, SXEMLL, T2
Jip 30 5 BEAR T AT G B0 FL/Fo @es o F P [6] ]
FHE T gN. TEXT AL BER M AEFF AR A R A FL/
Fo @psy Al gN 22 578 2 1 5 30 S 3k
SRR B R 2 5 HR 3R B M RR
F,/F. T @psy i35 5 THERE g N 5 25 0% T i R 5 M
HEFFIE 1 1Y oP 76 A BEAT S %A B M ) 22
o MeAb L FFAE A ISR 2O S BOR Z P S 4
P[] 22 HAF FH 9 b 255
2.4 TEMETHUMHETHEETHFEXNSKE
MA_BEENER

Bl 2 R, T 5 a0 2 R T 4 e
AR K (RWO FT % (MDA & &), 5%t
HERE FE 1 5A 038 T 4746 B i e RWC A Ak,
MDA & &H A Bt &, BT 2 W a0 5 808 7 4
HilE i RWC it MDA & & 8 7 25 19 vk ) 22
o FEXT I AL B b, WY R ) i F RWC A1 MDA
THESAREBETREBET, BN R

[ Bk Females

1.0
+N‘> a a a b
4 I
= 0.8
Pl
X - 06F
R
<& 4t
i3
2 02f
[

0 =
X W Control F £ Drought

0.8} 2 a
FH O 0.6r
“
ft = 04F
Fliyg
x
e 0.2+

X} 1 Control F £ Drought
AL Treatment

RWC i 2 L 12. 71%, MDA & & & 2 7+ &
30. 65 % , T WERE A I A RWC F1 MDA £ 5 5 X% B A1
FeARARAS 1 % . e Ah, T4 1 09 i - RWC A MDA
B RS2 PR A B ) A2 EAE A 2 S
2.5 FEMETHVWHETHEESERATYRS
ENER

T 50 A T T A I 2R A
AL PERE S R 3G 0 B3 SOME A R A v 7 A 2 R
PR PR R A R BT Ak ) 22 R (R
3) . FEXT AL B A, e A AT A7 B R i e i AR A
AR & 2 5N 3 2 T R0 Y 5 L B R
W I 22 TR e R AT R i BT 72,73 0%
A AL 57 %, 1 e 35 B K T AR 1Y 18, 67 %0 F
14.47% o BEAN  FF 4 1 0 i 22 8 25 R ] Vs R
3432 V) A B 52 5 AR T S R
2.6 FEMETHENMBETEERSUEBEEN
=R

W 4 FroR , T2 A BT S B M0 A T 4 1 1)
it F SOD 1 POD {1 M 34 47 75 & 2 /1 0 25 5%, B
I Ay e R 1) B AR ALl M B TR AR . S 0T R
AHEG T 52 i 254 F T eI R4 i e i SOD A
POD 7% ¥ , MR 3G 08 43590 2 76. 47 %6 F0 72. 14 %%, I
PRIGRE 4> 9 62. 54 % F0 117, 15% , AT 3 — 45 14

W Rk Males
05r

<

'S
T
I

e
W
T
<

PS I A %06 T 77 i
®Isll
o o
—_— (3]

(=]

~ XM Control F 5 Drought

i
T

1.0 a
b
& 08 ¢ °
W L
! 0.6
e
S
e 0471
RE
02t

X} Control T+ 5 Drought
AL FE Treatment

I B DL B0 AR R 22 3R 5 AE B AR 5 REFROR A B CRPED I AE 0. 05 /K P47 15 i # 22 5% (Duncan ZE WEGE) . T
PR L T 50 0T 8 A0 A4 7 1 5 2R SO0 S H S

Values are means + SE. Different letters above bars indicate statistically significant differences between treatments (materials)

at 0. 05 level according to Duncan’s multiple rang test. The same as below

Fig. 1 Chlorophyll fluorescence parameters of male and female S. gordejevii cuttings under drought stress
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Fig. 2 Relative water content and malondialdehyde content of male and female
S. gordejevii cuttings under drought stress
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Fig. 4 Antioxidant enzyme activities of male and female S.

gordejevii cuttings under drought stress
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