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AR L DI I T 2 R & /K B A 3R M) i,
ZWW, TEY,FZEE
T KRB, 5 BH550025

WE: A T R4 R (Ligustrum robustum) %) 3G 5t 354 F F 86938 S48 /) . WA G ) B & Bve) RLAFAE, R
PR E AR R T R 5, 553 T a5, 100 15, 204225 dBE A E B K5, 10 20 deg%hE %
FRTMRAE. T A A RFFEREC). KotaF5(WSD). & —B(MDA)S & ZARY B & M6y TAIAE
AT . RE: T Fr b4 it b A IR R FHn, ARG, B4547340H 6 EF KR
#Y, METFaTE a9 K, HE e it B R B (Pro)A&. REC. WSDE 4847 238 s 4, Tt & & R
A8, BAYBALEE(SOD)Frit A 4 B (POD)E M B 41 /5 404 T AL, 12 P AF R 3P B 5 14 38 0@ Favf) B2 B 18]

R, ZIE RE W E R8s 8 MDAS S £°

Fr-Be-stre R XA, FFMANRZER, A

I BARARI I B ol S B B, TR FLAK, ML Zo0w AR, B L 1 5 T FA2 L 2
EARk. G RH, LRARFAORE A5 1% EH A RATE RIS T,

K BRI AL 0 A el TR 8K

FHH: 2 v (Ligustrum robustum) 2K R FHOlea-
ceae) L UL JBIEY), »&— PP SRR B NTROR, Hont
REAEBEEZ, BIRE. 2. 2. &%
J TR EE R AR 452003), A0 LR AR A 11
AR IR ORAR IR, AR DM T 4%, B 2R
(M AE452013; Yid52016; Seo%52017), 1Ak
T, ARSI AETNE, ZFREE T 2R 2R
(KK 1994) o HUHE 2o HA KPR BT BERE
B TAE BTSRRI L S AR BEE AR R 4T
IEARBEAR P o DRI AR B () AR A5 280 RN 22 0% 24 2
T 7 e X T R TRAR N ToARES, o TT
J& AR = VA B it A 7= B AR R B R A

AR, B NN RAH R T A (llex latifolia)
FARES CAAR#REE2003) B0 T(H ST F452000) A4
HAM(ET2011). ZBRF U &5 R (52
ESF2015)5 7 A FLiRE R 2, L i@ v T 4%
ERY TR -8 B s - R IS 7 T (Y e e
EHRRAE, HHRIEEE . FEE AR, AA
SRR beds b, TUHAK AR AT, #R
BRRE L B BTEORSE T A T Lk 25 F, T IX £
Bl B & 2 v T A AR BT 3= 77 Rt 1
AR I it JoT A 1 o

TP PR I8 OO 24 & 1B BL 2 S 7
(R, ot DLK 23 1085 f 9 8 WA EE 2. /K4y
THT S50 HEL ) A B B0 1 S e R T, o B
RAEAMRAIE 5 A K 3 E R 7. @i ot
FUAS [F) -5 8 A B R AR KOIR I S A2 3 AR A

SR, 73 A HL T 5 T A5 ) i S AW A N i
XFEIAR R LA BT N T RO
b, AR =MD L s s WO SER AR, K
I RAK 7575, i R8T R MR KL, o
FORH: 20 g0 R A BRI B, $R R L 0T R
HLEE, DA 2 oS 1) & VAN 1) A
LOTPL IR 7 S bt AR R R R SR AR

1 ST

1.1 SRR R

SERO ARG F = AR L vT [Ligustrum robus-
tum (Rxob.) Blume] S4B 1, EHUERK R P, K#H—
SRR BEAT BT e, S 347 v A AR 5 5
J960.2710.6 cm, T-20164F3 20 H 255k 2 K HliE %
PWIFAR I AR . SIZE6 R F AR 85, 1e 7008
5128 cm, 14826 cm, 14824 cm; £3FEpHAT.1,
BHUT A 18.8%, HEAH3.624 ng-g, HAk#43.87
ng-g', BfF%0.208 5 pgg’, HIRIEEKE H40.6%.
Z BT S5 (20 14) I S B0 BT AT B R, R 1k
VEBE(RI 54 ) RECALS AL, 735 45, 104 15,
20F125 d, 51 [A]0 B ) 3 AE 5 K 2 il
H60.84%. 45.07%. 37.68%. 32.51%%126.85%.

fs  2018-01-23  f&ZE  2018-04-18
#ZE SOMNE LR BT H (B R NY F2[2007]3040°5)
TN BARE R G (B RHGT[2007]20595) A1 51 41 44 £
FREAE ANA B KT TRESEE L E5F[2006155).
* EINEE(1539349567@qq.com).
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RN EBE3RE R, FEE B MR, KR R KK
(4% 1) 75 FH TE) 4 7K B R 80%+3%) o 157 VE R A 24
H, Gh & A BEADG B U A FE (B Dy Rert fr, JRAN
VRN 8 A i) BEAT F8 05 B g, I 45 E R EOH
W HPETE K, ZKJE5 d (Rewl). 10 d (Rew2).
20 d (Rew3) AT AH A BRABAR I AE -

1.2 MEFH*

1.2.1 HEEEE

I Z 2 (proline, Pro) & & (1l 7€ SR I & 1% efi
=R B (2 ZE AN LR 2015).

122 AAMHEREE

AR S B R S e ik (G
FEEE2006).

123 AZERE

7N — % (malondialdehyde, MDA )& & % H fii
AR b 22 B2 (thiobarbituric acid, TBA)VEME
1.2.4 It FinE W&

B (peroxidase, POD)iF 4R il & Y
AR 5E (35K #2014), LA 8o B ARk 3%
TN PR/ 6

AL YE AL B (superoxide dismutase, SOD)YE
P 5 K FH %80 VU M (nitroblue tetrazolium, NBT)Jt
I JFVE (B K F2014), RIESODAPHINBTLE N T Y
I JF A FH R 1 B PE R
1.2.5 It R HEXTE SR

2 i 57 e e W S S AR SR LR S
H [ F AR HE 5 K (relative electrical conductivity,
REC)PRFEIR, 2= MR EE 2 55(2007) 1) % J7 V%
1.2.6 K5 iAFT

7K 43 i1 75 (water saturation deficit, WSD)(
Y AIRR F vk AL 25 1994), B H PA T A5
W SD=("fd Al i i — |7 SR 6 B ) /(1 ficf B —F H ) <
100%.

1.3 BIRALIE

FExcel HISPSS 18.0% 4% % Tl i b ) 72 5
B NEREAT o, SO I B R s 43Ik
HEG PP EbREZ .

2 SLIEAR

2.1 AR oI R Pro2 BRI
W TESs ROE DR, B T 50 (8 e,

ot oFFE4F oRewl ©Rew2 8SRew3

w
(=3
»

N
W

8]
=)

Pro& &/pg-g' (FW)
o

—_
(=]

R

W

TR )/d

K1 5 2D 22 ot 7 Pro & B 2
Fig.1 Effects of drought and rewatering on Pro content in

leaves of L. robustum

B A R/NG FRER IR R R 2 57 83 (P<0.05), T IA .

Lyt fProf & 2 EFEY, £ T R15 dif SR
ETE, HEXT IR H24.4%, SRR B EE R,
bEE TR — 0N E, Prod 4RSI N, 75T 520
125 disf, B30l & T 48.5%H155.5% . &4k
A K G, MR Lo B Pro & B RA 2 T A,
T-Ruf K, FREZ. 5K5 diF, 55, 10
15 di b BEProf & B 2 IE ¥ /K-F; & K10 d
B, 520 difgabE A 2 R arKF; 2K20 d
i, 525 dFALE A K E B IR K. WL, T
e A (A , FEEE EE, RDH: £ Ty HPro
B R B AR AT KF 7 B AR
22 MLt R AAERREENFI
K22 B, TS Lo pimt e i EE
R AR T R, AR 5Prof &I
A—. WETFE K 2EFEREEA,
TET 10 dibik 25 KA, 5 &b B 5 825 %
5, WIE RS R4, 25 dHIE T IE 8 K IE BRI

o X o TR opRewl

oRew2 BRew3
80

70
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50
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WEMEAR S E/mg g (FW)

(=}

TR [E)/d

K2 5 RS2 KR 2 ot J g e 2 o B R R
Fig.2 Effects of drought and rewatering on soluble protein
content in leaves of L. robustum
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18, 2T 55 BURFL E 5 T Pro. TR 2o
MR AR AR S BT RN S TR T
XTI, K G A [ IEE AR E . ERK
20 disf, R RIE TR AR E S T I,
TE5. 10F115 dbHE 23 5 0t HRIA B 8 35 22 57,
RP|ELIE T FOH I Lt FK G, AT
A E AR K, B T AR
{IE7BULE G
2.3 3B & oIt/ SODSE M RS20

FHOH: %z o SODYE 14 52 5 52 1 1) A8 4k 4
EI3f. Sk BE, Lo sk B SODE M 7E T
REEMETYEZES T IEEAKFGHR). BEETR
i (A ZE K, SODEPE R E G &%, £+ 520 d
i, SODYE Mk B e KAH, & IEHKF1.671; b
HT R et — 5 i, SODIHMEFRK, 5 A
FHEL, NFET20.87%, (EAT @ T AR . BKE &4k
PESODJEME S A &R Fladh, K5, 10 dif, %
Ab BESODYE PEATY SR 4E FFIE B =i /K, /K20 diY,
F A EESODYE 8 T — 8, AbFR A 2 R AR, H
hE A8, 55, 10, 15, 20, 25 dabFH4HRY
SODF M EL Xt HR 43 st 172.6% 4.3%+ 9.1%.
12.0%. 12.3%, HpF5215, 20, 25 dibEEZ 5%
HEOA 21 2 25 KT, 1 B 20 5 1 2 A B AR 4 it
Hl bR A BRI B 4
2.4 FFAAL & o3ft FPODSE M RIS M

P47 FHH: 22 0T PODIE P 7E AN [1] - 52 i
) 26 AR SO . AT S, T RE R 4
U1 PODYE 1 72 28 T B R 5, 3% A% T PODYF
PERI TS . ST 2B A ZE K, PODYE M 2 56T s
Je BRAR I Pl 34, 75T 215 diF ik B, toxd
HE 2 35 MR R 11348.08%, LS FF4h N RE, (HIR& R

a10. G AR
190
170
150
130
110
90
70

o TR oRewl oRew2 ©Rew3

SOD¥E /U g (FW)

TR )/d

K3 5 KD 22 ot SODE A 2
Fig.3 Effects of drought and rewatering on SOD activity in

leaves of L. robustum

o o FRALH

nRewl ©Rew2 8Rew3

POD#E /U g (FW)-min™!

T2 a)/d

K4 5 S 2K 22 gt T PODYE R R 2
Fig.4 Effects of drought and rewatering on POD activity in

leaves of L. robustum

EETA. ZKE, $AEPODIHMEY 2 N
o, HoKs dif, T585. 10 dAbFRH K E 21w
K FE15. 200 25 dabFRLH R H K G & B
PODJEPEY 2 5 T X IR, 75 7K25 dif, 34MAb 3
HPODYE MEAT = T 1 /K 1768.58% 68.21%
AN58.12%, HIAMALH AT 2% 5, KU+ R
WRAE— B R B3R 1 RDH: 2 i uadi .
2.5 3P & oIt FRECHIEZNE

RECE i & M RAEfabr 2 —, RN
IR . EHEISTTE H, B T 5 R B 0 e,
FHH: 2 o B (REC e PR, 28 B 5 18 X FL
A gt an i R S0 i T B, RECHE A
- S T) B A KT 3, 5 AR BE S50 AR EL, 43l
Ei T 16.7%. 59.1%. 73.1%. 94.3%7H182.4%.
HKJG, ¥UH: 2 pTH FrRECHGE T B 3K 2 1E
Ko FEEIKS diF, T-510. 15, 205125 dhbFEZH
RECH3 7| AL FRAE FEAIK 179.8%. 13.5%. 15.6%-
15.4%, Bl e T 0, (HIER K20 diVf, 2 AbFE
W2 BT A A IE R KCF . [F A DU

64r OXE o FEL4FH oRewl oRew2 @Rew3

TR a)/d

Bl5 5 R AR 22 gt e RECTHK 201
Fig.5 Effects of drought and rewatering on REC in leaves of L.

robustum
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WA IEHAK)E, T24E10 di, M HXREC 5 d
BRI 2 I8 K5 515 diF, P50 Ta) 35 n
£15 d; M+F20 dPA BB, R A0 %20 d,
AL S ALK, RECTR AL 28 1E & /K1 I 75 6 1]
REV %S
2.6 Xtz oat MDA & E /RIS

mE6fR, TR HMZ IIMDAS &H &
RO, ALY R TN R, AT LT R R
12 ot Y A M R R . B TR
K, it MDA &R I T+ - FA%-F s
B IR &, 75 LK N17.73%0 (F 210 d
i) Rk B 56 — N AE, B JS T B, /2T 525 di
MDA & & R . E/KG S A FEMDA % &1
BB, BTSRRI, T
15 dW, ik E K, 20 diT & LB H MDA 2
ERREKE BEH K 55 dfE, Z/K20d
AT A T REOKAE; 52208125 dab B Bt
TR H T 13.5%A1119.3%, A DI FE T i s - A
MDA ¥ & [ 38 i mr LA 5 2 52 5 8 51K,
ok BT R AL FEXTMDA & B AR A I
2.7 3B & oIt WSDRIS N

H 7 R] S, 5 R TR £ it i WSDEH
AN, JFREE T T A K RO A, 7R
10 dB BP0 BOA 2 T 835 72 55 BT F25 diY,
WSDIA 2 i KAE, xS 17116.9%. KA,
WSDHRH FAAK, BKS ditf, T525. 10, 15, 20f1
25 dAbEEZH ) WSDAE 73l BEAI 17 11.5% 31.2%.
32.8%- 39.2%#138.3%, Hri1, F-FR5H110 dibHEZ
WA B IEH KT 15158120 dAbFEZH 75 210 d;
T525 dAER K10 dJs, WSDY1M36.1%, &35

@ Rew2 oRew3

oXt#R e FR4H  oRewl

2.2¢

MDA % &/umol-g! (FW)

TR )/d

K6 53 KKK R 2 ot Fr MDA & 520
Fig.6 Effects of drought and rewatering on MDA content in
leaves of L. robustum

oXff o FRLHE  oRewl

70: o0 Rew2 ©Rew3

60F
50+
40+
30f ed
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101
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TR )/d

K7 5 KR 22 gt e WSDF 2
Fig.7 Effects of drought and rewatering on WSD in leaves of

L. robustum

FXPRE 7ERK20 d B, A A B IEE K. Bt
A UL, S22 hiE k™ #, 5 WSDYK R B IE
K 75 B A A

3 Wi

Pro & 20 g Hh i — i S e ZK 5, AT AR Sy s A
VDP9 2 25 P A2 B R AR (Arakawa fl Timasheff
1985), {H H §if < T Pro 5 41 514 2 (8] {1 ¢ R A7
FEAEF . AHFNAT R BE FProfl RE 541
2 AR T 1983; HEESE2016). A
FOAA, Pro R LR T R a8, HR R =
5 @R B E T S5 (Liuf Zhu 1997, 55 /b 7545
2003; FIHBI%E1989), {HProfE i 53 i i A 4 41 A
BIEWTERAERKE X, TEWIE NPro&fE R
375 R 5 4 5 RN 7 I K R T RS A 1, e 1 Y A
FH BEAR 4 i 7K 35 R0 OR KR % He (Hsiao 19735 17 &
1984). ASKEGHEFLR W fEE T R REK, 1y
Prof & 2T, K G AR, Ui R 17K
IR A VR A PR B TR R KT, K B R £ ot
T I A R Prosk 38 AN FE, PRARIBIE S, 1Y 9%
IKIRIKBETT . SEKJE, IKFTH S, Prof EbE 2 FEIK
FIZ TR B IEF K, #2530 T ProXd HE 440
M52 P B A R L.

AIVAEVEE A A B R K B I — AN
BT, DA AR 2 SR K i, B A )
TRIK 7, 2 B CRAP 77 A F (5K B A2 552003)
TE 858 2% A T AEL A 38 3ok 384 0 T s 1 B 1 R I B
KEHEZSSENYSWLRE, &&EREEE
P ] 200 O 4 SRR 72 08 3, HUP T 5l iy
K H I B 2011, 2 RHAF2011). ASLES
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W FLRE I RV E R A i B T RN TR A K 2
Je Tt G B, fET- 210 A, AlVE MR A S R
X HRIR 3445, AT LI BT B8 n] I 1 2 i A AL
BN, DA SR R aiae ), BE TR
B, R R R, T 525 diNF, AlE TR
FB & AR T R, AT g R 5 51 R R 3 B0
WAk N 7 A2 R & IR 12 4 (reactive oxygen species,
ROS)s /] ¥ 14 A 538 B ™ A R 1 &5 SR (R 1R
HE552005) . SALBEKE, AIEVEE A& 24k
FREUm AT, AR T AMEE RN, e B e 1R 2
DAEERE /BN S

TR PR32 5 J5 FLAE BEAR T T ™ AR — R N
Ak, WEHKE, R AR EMEEE-N . —
NN, FEZ BK o iia fa, BT S PE s R A
IKEEJTET, WSDH/IN . AW TR B R L i
JTEWSD R T-54.5%I k4B . BK20 dfE, &
AEEA S B IEH K. 5225 diAbHE, B K10
diF, AEPR AL X R — 2, 75 AR B WSDRE
K 125.2%, Ui WKL 20 bR RAE T+ B i i f
KB BNBOR 440, 15 BA BRI K RE ST, ik
B 7R 2 it B BRI P R e T .

T2l 2B R AROS A4 5B R I
FEXTPHTIRAS, 75 T IR I AR R, 51
YA NROSTAR, FEANH FEIR(EF111988).
IR B 7 48 F ZAFESODMPOD, H 2 1)
Re e iE bR B AL, MEaRE Y Pri (P IR 5%
2014). A ST T 45 AR BT 5 0] 3 B o
2y SOD 5PODYETE, LI KA ROS 1 B /7
e, ey W ABEES) . AT 2 EK,
POD. SOD¥JE5ETHmJaMHERES, (A% T 54t
L) il i A S O 2 v T R, AT DL, R 2 T
ok B 5 T ALE], YRR PRGBS 1, A
I BRROS H Hi2E, PR IR 45 K AT BE Y 76 %, LA
&N TR, X5 EZ W (Camptotheca acuminata)
(FK SR E5E2009) F 2 M (Gleditsia sinensis) (25655
2006) % e ™ A 0 S S RRERERIF FL 45 R — 3. &K
Jii, 2.POD. SODVHE AR, (HA1 57 A2
T PEATS YR FF B m K P Bos T I, U IR H: £
VU T R A R R I S

AT B WEFM T, A7 AR MROSE
XoF 24 5% G 1A T, AT B O 440 i R X2 45

i, SEORER S H (T8 H%2005). 4z
PE S EPUS E BR55 6 O, M REC 2 7 & 41 i i
FEVEMEE bR, A2 FENACRIENE2010;
2= 11552014; 5K #e1F552011) RECEMDAS & &
FHIE, T ASHIE 50 2 B 41 i J5535 PEAS B 2 MDA &
AT, 5 AN A WS . REFAR
B: B TR I R RE K, R 2o ot i 4 B AR 5
T I OK, X 4H B R SuiE . W AR
510 ditf, RECHGIRELR, 403 T % i, X w]
BE S R BT M T M B A A AR
Ko SKJE, MU 2 vt FrRECIRGE T F%, BV £
50} HEZH A S 4 AR S, U8 BREH: 22 TR S22 451 1
M AR R SR — B B E R ), BT R kE
FRIR, RECYK S 2 14 /K B 75 B[R] G, 1X
BE e St kiR .

MDA & B A 4 M 25 M 19, 32 LA R 4 e
JE R G, T PAE 3 22 08 1 540 35 B
KEHIEERH, MDA F & 23 bl & T 5 e i [a] (1)
JEATTIZ T = G T 52014; J59E 2 262014, 7K =
£52017; RRAEET MFEZ452017), HAH 25bk 2 £
VI G AR Y RE R ES . AR SZIG TR B
FZHE TR i A MDARIF R, BEE T 51
I [ ZE K, B MDA 5 R BN T - PR K- T
B, TR L v T S e 3 R
T, 7EF Sy HIMDA & S48 i, 10 i R %
ZERGE, N T R, RN R
HURIFE R 5. F515 diPODIE ik 35w, %
R E A M BT B T BEROKR, IR MDA & & T
B (HOREY) H P R G2 A RER, BEEK
Sy B INJE, B T YA S AR S, BRI
25 dfPODFEAIE, BRI Stk hnfal, MDA % &
AN, X 54 (Eucommia ulmoides) %)) BT 5T
S5 i 1) R B — B (4L = 552007) . BK)E,
MDA ¥ f Mk 2 N, v 58 & PODIE M o,
By 1L R S A 25 3 BK20 d I, 520, 25d

MR A MDA S 8 LR I /K-, X AT g5 1
Yy A FEACH LA R

£5 b T oA HORELH: 2 g T 5 Ml ) A 2
R RESy: R E A, R % sIMDA S &
B R T, 710 dist A B, 40 i
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RGHHTHIR, SET A RECKIEIG K, FI, HUHE
7y R SOD. PODYE LA K FI¥EEE . Profy
HINREE EFF, KRB E A i
F A B T R E, 7T BE T R 2 TR
fil R WE g — B R RS 515 di,
SOD. PODEMEMIProfy B4k 4L BTt L 1 1TEKR
MDA JPOD i Pk 3| fiw 5, 18 A3 H: 2 ik
MDA & T [, I GRECHIEE T 54, IR 5105
FRRAR, LTI, B RS Lo v 28 s R
RS 5 BT s fEE— 2 iR, 5420 di,
MDA N F 4 EIF, U R Goik— b4, 1014
MBEH I E AR S = RK, TI1ER
MDAPOD ¥ & 1 L, BI{ESODE & EFA TG
E OB E g 25 disf, BIE T RS (ATIETE
FE A )M RS (SOD. POD)R; £ RE 11 P&,
MDA & KIER N, BARProf E4ks: T, 2
TovERR T S A R G . B EK)E,
BrT-520f125 dFIMDA & &4 HAh 2 Fe bR Pk &
FIEH A, HI, &T 2P afMEKsSmAH,
AT 5220 dBP 38R X 2K B 32.51%4E
2o RS T 7R B AR S K E B — IR A
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Physiological response of Ligustrum robustum to continuous drought
and rewatering

WU Li-Li, WANG De-Lu’, LI Zi-Yu
Forestry College, Guizhou University, Guiyang 550025, China

Abstract: To investigate adaptive ability, recovering ability and physiological characters of Ligustrum robus-
tum seedlings to continuous drought stress, greenhouse-pot culture method was adopted to simulate soil drought
conditions, and analyze variation patterns in content of osmotic adjustment substances, leaf relative electrical
conductivity (REC), water saturation deficit (WSD), malondialdehyde (MDA) content and protective enzyme
activities of seedlings after exposure to drought stress (for 5, 10, 15, 20 and 25 days) and rewatering (5, 10 and
15 days) treatments. Results show that drought stress had significant influences on physiological indexes of
leaves of L. robustum, and all indexes tended to recover towards normal levels after being rewatered. As
drought stress prolonged, proline (Pro) content, REC and WSD of L. robustum increased; soluble protein con-
tent and activities of SOD and POD first increased and then decreased, but the degree of increase and response
time differed, exhibiting different functions of peroxide scavenging; MDA content tended to increase, decrease
and re-increase. As drought stress continued, the recovering ability and extent of various indexes were different
after seedlings were rewatered. Their recovery time increased as drought lasted longer, and recovery time of in-
dexes positively correlated with the extent of drought stress. The 32.51% of soil relative water content was the
threshold for the normal growth of L. robustum.
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