5538 B 5 W S &~ £ Eild Vol.38,No.5
2018 4F 3 A ACTA ECOLOGICA SINICA Mar.,2018

DOI:; 10.5846/s5txb201702160259
PN, SR/, X465 W TS, SR A JE IS 00 T B 0 R A PR B O 2R e R B DR IR T A 25241, 2018,38(5) ¢

Sun S, Zhang X J, Liu J P,You M H, Guo B H.Synergistic effects of shade and drought on the physiological metabolism and resistance system of Arthraxon
hispidus.Acta Ecologica Sinica,2018,38(5) :

B TFEXNEELER G RN RS I tHhE
EH

EIND NS R N AR i
1 PEARITSE R =k AR 2R 22 B 78 637009
2 DU B RRL AT BE A 611731

E 5| BERE A S A R P B B T 2 B R R A AN T, DARAT I R K M (B A AR A A B A
FOPPRE BCE 5 P BEFN 4 R 5L EIE AR 20 P[] b B BIF 5 R T S R AR BRI S R G R Y P [ A
Flo S5 RER EATHR AT B ANGT A ), TG SR A M B0 SR (R R 8 A0 O 81 o A S5 361, 7
JEHE A T 5 A o AT XD RO S B PR A AR SR A R R A A R PR A R
XEROCE AR AR IR SRR SZ 00 T A5 hR A BB VMR . P 22BN, Gs R A2 3 B2 B AT
P OFAL LA 2 RO EOE A RE ST . TR XD A AR RO TR, S A R IR 52 S e B S B
R T PR S B R 5 B R T AT el A AR, G BH SR PE ABE I R A2 R AN [R] 3 B A 52 %) POD A Ik 25 Bl R £
FH %5 SOD F1 CAT Al 25 M) 52, 3o 28 BA 1 S I [R) 4 FHT RT 8 e R R S A G A, S T 5% At S 3 5 P A i
BN R AT ST SP s T UMEIAE A, X Pro (H,0, 1 MDA & 54 1 35 DRI A, Db R4 PG 0 1 7R85 240 it 52 32 43
RIS T BN 508 2 A S itk R G2 iy B )4 T 3 v 1 RSB A v ) A AR AT L RE T

SRR R AT BRI TR ; A SRS

Synergistic effects of shade and drought on the physiological metabolism and

resistance system of Arthraxon hispidus
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Abstract: In the present study, wild Arthraxon hispidus, a plant with potential uses in sloped lawn development, was used
as the test material and was subjected to 20 factorial treatments with five shade gradients (0%, 10%, 30%, 50% , and
70% ) and four drought gradients ( enough moisture ( WO ), mild drought ( W1), moderate drought ( W2), and severe
drought (W3) ). After a 36 —day treatment, the following indices were determined; (1) photosynthetic parameters,
including photosynthetic rate ( Pn) , transpiration rate (7r) , intercellular CO,concentration ( Ci) , and porosity (Gs) ; (2)
antioxidant enzyme system parameters including superoxide dismutase (SOD) , peroxidase (POD), and catalase ( CAT) ;
(3) parameters associated with metabolism, including soluble sugar (SS), acetic acid (PA) , and nitrate reductase ( NR)
activity; and (4) parameters associated with cell membrane damage, including malondialdehyde (MDA) , proline (Pro)

soluble protein (SP), and hydrogen peroxide (H,0,). The objective of the study was to analyze the synergistic effects of
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shade and drought on the physiology, biochemistry, and resistance system of A. hispidus. The results showed that shade,
drought, and their interaction had a significant effect on photosynthetic physiology (P < 0.05). Shade was the main factor
affecting Pn, whereas drought was the main factor affecting Gs, Ci, and Tr. Shade gradients of 30% or less alleviated the
extent of reduction of Pn, Tr, Ci, and Gs caused by drought. The synergistic effect of shade and drought on the
photosynthetic parameters decreased in the order Tr > Ci > Pn > Gs. Shade, drought, and their interaction also had a
significant effect on SS, PA, and NR (P < 0.05). Drought was the main factor affecting metabolism, followed by the
interaction and shade alone. The SS and PA content decreased and increased, respectively, with increasing shade gradient,
whereas they both increased with the increasing degree of drought. NR activity was the most affected by drought and shade
stress. Their synergistic effects on the parameters associated with metabolism decreased in the order PA > NR > SS. Shade,
drought, and their interaction also had a significant effect on the antioxidant enzyme system (P < 0.05). With an increasing
degree of shade or drought, the resistance index first significantly increased, and then significantly decreased. Drought was
the main factor affecting the resistance index, followed by shade and their interaction. Shade gradients in the range 10—
30% increased the resistance index under moderate drought and increased SOD and POD activity under severe drought. The
synergistic effect of shade and drought on the antioxidant enzymes decreased in the order CAT > SOD > POD. Shade,
drought, and their interaction also had a significant effect on the membrane damage indices (P < 0.05). Drought had a
greater effect on H,0,, Pro, and SP than did shade, whereas shade had a greater effect on MDA than did drought. Shade
and drought had no synergistic effect on SP, a significant synergistic effect on Pro (P < 0.05), and a highly significant
synergistic effect on H,0, and MDA (P < 0.01). Thus, synergistic effects of shade and drought improved the photosynthetic
capacity, metabolic rate, and resistance potential of A. hispidus, which may increase the ecological adaptability of A.

hispidus.
Key Words: Arthraxon hispidus; photosynthesis; metabolism; antioxidant enzymes; growth strategy
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1.1 Rk

LADY) 1A B FE TR X B IEBE (Arthraxon hispidus) AATEL, TERFARCRUMIE N, PECY A 2E (O ) 25
BT ZE B R AR 3 2 9 IR dem K2 6em S IRAR, BB UL AR 5

PUEFR A 5500 4 1:3 800, bR A% I A 2R FESIS B4 2.5k T H A% 20em, 5 28cm RYLEZE T, e
IKUURERESE I, A4 R 20734 . 3L 60 23, 248 10 #RR, 75 102 27°C AMIXHEEE 2 30% Byl XA T
FPE R,
1.2 REsT

FE 1 AR, DA R K8 —8 2 B Em bR, RS MRE T . UL B SRIC N SERE 1 Bh A SR ST
(GLZ—C) , JH 3 [ 190 [l ol T A 6 O B 1% 8 0.10% . 30% .50% . 70% %5 5 S EBAAR B, 7E R ZE K T, +
857K 2 E A (TDR300) P 7K 515mL/ & (M FIF7K &) 24 196 ,192h F1 288h J& , 1K 43435l A 1 F1 5 7K
1Y 81.75% 65.18% 43.64% 11 27.88%FEAll |-, % 4F 24 96 ,192h Fi1 288h BE/K 515mL/ % A 7K 43 58 & (WO) |
BETRE(WL) HETRE(W2) HETR(W3)4 DNKEEE ;60 504 20 A~ FK S B R b3 | &40
3, AL 15 bk, B 1.5m SN, R B S AL S0em iR, ALH 36d 5, #EAT AN
1.3 e FEhR

HEAFEFRINE  H LI-6400 J6A1, LED-ZL#E6IR %, A SREIR T (29 330Lux) , A Ak 1 Bl AL 16 Bk 2
L ESCE A (Pr) SALTEE(Gs) IR CO,MKEE (Ci) MIZEBHR (Tr) S5 G280, B Al SR E 3 1
5,3 KEH

AR AR 2 < TR MBS AL A BRA 7D A r= At &, I nT v PERE (SS) (N ERER ( PA ) 25 f FIAY
PR I (NR) T

rtFahrim e B S LY LB (SOD ) 1E- M 5 SR UK PUIHE ( NBT) Y fbif J5k |, i Sk i (POD )
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PEEE 1 (SP) & e R % Sl i G—250 Yeayk i A A (H,0,) S R MR,
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2.1 GEBFT2XIEE AR
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IME . =50%BEBAE Pn Tr F1 Gs W ZEFEAL, Ci A KIH . 70%EBART Pn Tr F1 Gs 73 5{H 30% 1) 27.18% |
36.51%F1 39.61% ,{L N W0-0% (1) 44.07% 78.11% .60.70%

TET,Ci 1 Tr BET S REERANE AL T W, P 0 Gs Se38508 ., W1 B 7r B3ET WO, Pn 1 Gs BE KT
W0, W2 M1 W3 F Pn Tr Ci F1 Gs W EALT WO 1 W1, W3 F Pn Tr. Ci Fl Gs fX}y WO I} () 37.44%
53.25% .13.59 H157.64,

BRI S X6 E S8R B B PFEVEH] (P<0.05) (R 1), <30% AT 2% T 5248 Pn Tr .Ci Gs T
RS20, >309%38 N T2 XHDEA S 802w, T2 0] ks 5o S5 BH A =2, W1 X 10% 381 F 8 Ci
AR ERIAEH, W2 BERI 10%ET Pn, W1 HET 7r BT, TFEEXTEN TS S8
[FIFE B, W3+70% FDEA S 28U R WO0+0% 1) 20% 447
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Table 1 Effect of different shading and drought on photosynthetic parameters

165 T 5 HEHEE Shade degree/%

Index Drought stress 0 10 30 50 70
HeAHE/ (pmol m™? s71) wo 6.49+0.56Bbc 7.26+1.15Cb 10.52+0.75Aa 5.16+0.38Ac 2.86+0.79Bd
Photosynthetic rate (Pn) W1 7.56+0.54Ab 10.29+0.62Aa 9.58+2.00Aa 4.14+0.49Ac 3.36+0.12ABc

w2 5.19+0.96Ch 8.74+0.22Ba 8.15+0.49Aa 4.60+1.42Ab 4.15+£0.61Ab
w3 2.43+0.48Dbc 3.02+0.51Db 5.07+0.65Ba 2.17+0.52Bbc 1.65+0.33Cc
SALFEE/ (mmol m™2 s71) w0 5.39+0.58Bc 7.49+1.52Ab 11.53+0.75Aa 4.95+0.17Ac 4.21£0.52Ac¢
Stomatal conductance ( Gs) W1 6.07+0.89Abc 7.38+1.22Aab 8.50+1.60Ba 5.48+0.51Ac¢ 4.50+0.51Ac¢
w2 5.04+0.64Bb 5.53+0.49ABb 6.81+0.69Ba 3.88+0.22Bc¢ 3.02+0.00Bc
W3 2.87+0.23Cb 3.61+0.96Bb 4.52+0.49Ca 1.06+0.01Cc 1.03+0.00Cc
ZEJ %/ (mmol m™2 s71) W0 8.83+0.60Ab 11.84£1.65Aa 13.53+0.75Aa 8.41+0.91Ab 5.36+0.64Ac
Transpiration rate ( Tr) W1 6.53+0.76Bb 8.83+0.68Ba 9.52+0.22Ba 4.85+£0.11Bc¢ 3.00+0.24Bd
w2 3.51+0.04Cc 4.72+0.54Cb 6.84+0.81Ca 2.49+0.07Cd 1.20+0.16Ce
W3 1.20+0.25Db 2.73+£0.59Da 3.32+0.54Da 1.55+0.33Db 1.26+0.40Ch
Jiia] CO, ¥k FE / (umol/mol) WO 352.58+23.11Ac  265.25+46.52Bd ~ 223.45+4.67Cd  488.47+4.78Aa 436.20+2.82Ab
Intercellular CO, W1 359.74+57.73Aab  405.90+34.50Aa  417.73+31.42Aa 298.05+38.04Bb  202.57+32.88Dc
concentration ( Ct) w2 252.91+10.13Bb  261.96+18.49Bb  268.62+23.33Bb  248.29+34.32Cb  316.14+9.94Ba
W3 203.24+3.67Cb 205.01+2.96Ch 261.90+16.21Ca 187.14+17.00Cbc 174.05+13.11Cc

Bl R P AR fED ; W — MR SRR S bR R 1 50 25 57 1.3 (P<0.05) , RIAT AR RI/ING TRk R B I 0] 25 5 W 2 (P<0.05) 5
WO 7K 78 /2 , Enough moisture; W1 ;525 Mild drought; W2, HEET5  Moderate drought; W3 5 & T2, Severe drought

T3 2253 R W B BT X E S 500 (P<0.01) (K 2) o 1 F (BRI, 38 [P 52 e 0 Sy
Ci>Tr>Pn>Gs, TREWIF N Ci>Tr>Gs>Pn, BEAFIT 22X 506 S 806 1 8 & B RIEHT (P<0.01) , PRRIAE
WA Tr>Ci>Pn>Gs,, A2 Pn B FZ RN, T2 R85 Gs Ci Fl Tr 1 FZH 1 # AT 2XF Tr (98
R/ AR,

R2 AEEGRERNVNEFHFESN

Table 2 Double factor variance analysis on photosynthetic parameters

SR, B AR, Jii[a] CO, ¥ B/ (umol/mol ) SR,
TiH Ttem (pmol m™s7") (mmol m™*s7") Intercellular CO, (mmol m™ s7")
Photosynthetic rate (Pn) Transpiration rate (7r) concentration ( Ci) Stomatal conductance ( Gs)

BT 5 F 6.422 30.737 8.603 3.818
ShadingxDrought P <0.001 <0.001 <0.001 <0.001
WEBA Shading F 97.234 3.816 146.774 71.924

P <0.001 <0.001 <0.001 <0.001
T2 Drough F 82.585 99.167 412.961 92.355

P <0.001 <0.001 <0.001 <0.001

FAESR F RS 05, F R FOR M2 | P ER R (E
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2.2 BT XS bR R

R TR AR AL BN SS F PA i & NR IEMEA BE R (P<0.05) (£ 3) . MM ,SS & & bk ]
FERETBE AR, PA FEIZAHE N, NR 36 e 508, 10% 38 1 {H PA I NR 3544 K 30%E 1~ NR 2
o T AR 5 50% 881 F SS il NR i A% (P<0.05) ,PA MK Al . 70%BERA T SS b % T Ho At i
B, PA JC i &84k, NR 3 % (HE KT CK(W0+0%) .

T2T,SS il PA BT 2 INE MR, NR WEHSES R, W1 T SS A8 fb4 /N, PA #1 NR W& F Wo; W2
T SS & HE MMk KAA , PA A NR i — P45 ; W3 R SS T84k, PA 1 390, NR b EFEA

HERHANT XSS (SS) PRI (PA) AIEARE (NR) A W& i U [FIA/E T (P<0.05) o JBEBH AT 224+
S SS A NR O A0, I 2XF PA BEnasgm, R T SS W, PA FITNR #EK,

*3 ERMTEMKIEERNZIE
Table 3 Effect of different shading and drought on metabolic index

$6% FELha B Shade degree/%
Index Drought stress 0 10 30 50 70
AR/ (mg/g) w0 7.68+0.52Ba 6.84+0.62Bab 6.02+0.33Cab 5.41+0.22Bb 3.87+0.24Cc
Soluble sugar(SS) W1 8.92+0.27Ba 6.72+1.30Bb 6.26+0.74BCh 6.87+0.17Bb 6.72+0.35Bb
w2 12.19+0.62Aa 8.07+0.95ABb  7.89+0.24Bb 6.88+0.31Bcd 6.51+0.35Bd
W3 11.95+0.47Aa  10.06+0.57Aab  9.23+0.87Ab 8.22+0.25Ab 7.79+0.12Ac
NEIR/ (ug/g) ) 4.12+0.12Dd 4.45+0.25Dc 6.02+0.96Ch 6.28+0.85Ca 6.24+0.81Ba
Pyruvic acid(PA) Wi 6.23+0.52Cc 6. 38+1.21Cc 7.53+1.75Bab 7.14+0.96BCh 7.82+1.13ABa
w2 7.15£0.86Bc 8.24+1.27Ba 7.92+0.57Bb 7.96+1.32Bb 8. 38+1.05Aa
w3 8.3421.04Ab 9.01+0.66Aa 8.68+0.74Aa 8.71£2.02Aa 5. 2320.96Cc
MR i/ (U/g) WO 0.42+0.08Cd 0.51x0.14Cc 0.94+0.24Aa 0. 73x0.17Ab 0.54x0.11Bc
Nitrate reductase ( NR) Wi 0.87+0.14Bb 0.96+0.08Ba 0.95+0.08Aa 0.68+0.06Ac 0.52+0.21Bd
W2 1.36+0.52Aa 1.23+0.57Aa 0.83+0.14Bb 0. 72+0.18Ac 0.57+0.12Bd
w3 0.43+0.08Cd 0.49+0.09Cd 0.63+0.21Cc 0. 75+0.24Ab 0.83+0.34Aa

T3 AR B s T2 %) SS PA Al NR AW B &5 (3£ 4) , P & NR>PA>SS, T 25
Wl 5 NR>SS>PA, JEBHFNT- 5% SS PA il NR A # 5k 3 Uhla] 52 ( P<0.01) , K/ PASNR>SS, 5
SRS AR R 0 EE - R E R SRR /N . R A2 T 5 s B T A 5 e A R BRI
WP AE /N

F4 REHERMREERERONEFHEST

Table 4 Double factor variance analysis on metabolic index and resistance index

- " A A A .
AP N ER T BRI )i il gj enjyxide bUR=R A7) FURER (o).
WH Soluble Pyruvic Nitrate reductase Ldil:n/lutaqe/ Peroxidase Catalase
Item sugar(SS) / acid(PA) / (NR) / activi‘[ (S(;D)/ activity (POD)/ activity (CAT)/
(mg/s) (ug/g) (U/g) e (Umin™ g ) (U min! ¢!
(Umin™ g™)
HERA x5 F 21. 346 28. 853 24.355 3.634 2.583 4.197
ShadingxDrought P <0.001 <0.001 <0.001 0.005 0.012 <0.001
EFH Shading F 8.422 12.324 23.152 12.103 28.444 19.769
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
T2 Drought F 57.241 39.525 71.224 56.220 29.979 17.485
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2.3 EPIFITRE XU AR B R
R S A E AL B SOD POD Al CAT {6 MEA W E 520 (P<0.05) (% 5) . #EFA T, Jre ML EGE P b
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THE [ B A S A B G . 10% 38 B {H POD 351413 309% 38 (14 SOD F1 CAT S Z 481 5 50% 38 ]
T POD F1 SOD ik fx KAl ; #EBAJE 10%—50% (7] POD F1 CAT JC i & 255, 70% 3 87 T SOD ,POD F1 CAT %14k

R N

T2, PrtEiapnbE T 5 B3 e B &8 L B3 T, W1 fff SOD 1 POD & & (P<0.05) ,W2

SOD .POD Fil CAT &I KB KA, W3 T3 TR Wo 7K,

AT 5% SOD ,POD Fl CAT i MEA W WA (P<0.05) . 10%—30% B F14¢ = T W1 F1 W2
Mt %%, B2 5 T W3 T SOD 1 POD {ifith, =50 EBAXS T2 N ARG M 22 ok, SR AE 2
PRIYE R SOD . POD F1 CAT 453 FF¥, W3+70% F SOD ,POD Fl CAT 435128 W0+0% 1) 73.08% ,78.78%
1 42.94% , J45 H I RAERY 35.06% .28.61%F11 28.32% ,

x5 ERMTEXNPIEERAZE

Table 5 Effect of different shading and drought on resistance index

1547 FEL HEFHEE Shade degree/%
Index Drought stress 0 10 30 50 70
ALY AL wo 169.18+21.36Cc  187.36+17.35Bbe  212.24+15.52Bb  254.34+12.32BCa  207.12+24.27Bb
it/ (U min~' g7") Wi 218.34+20.12Bb  261.34+21.53Aab  320.45+27.85Aa 284.34+24.35Bab  261.25+27.34Aab
Superoxide dismutase w2 301.25£22.34Aab 280.84+18.85 Ab  319.08+11.55Aa 352.65+34.17Aa  284.27+31.04Aab
activity (SOD) w3 132.58+9.54Cc  170.12+17.66Bbc  278.54=14.81Ba  219.64x22.41Cab  123.65+10.57Cc
i AALYIEE/ (U min™! g7!) w0 292.34+27.13Cbh  389.67+53.45BCa 401.37+33.52Ba  417.72B+18.64Ca 235.41+33.23Ab
Peroxidase activity (POD) Wi 385.62+30.24Bb  523.17£28.46Ba  579.17+51.34Aa 492.65+19.53Bab  240.75+32.07Ab
w2 467.12+18.25Ab  710.52+25.65Aa  542.51247.10Ab 561.74%33.55Ab  298.45+25.84Ac
w3 298.67+41.25Cab 318.43+£22.72Cab 388.62+24.57Ba  309.76+27.14Dab  230.32+34.08Ac
i AAL AR (U min™! g7!) w0 68.32+16.25Bb  73.21+19.52BCab 83.12+15.21ABa  77.32+17.32Aab  59.36+20.62Ac
Catalase activity ( CAT) Wi 71.28+20.34Bb  91.25+23.54Bab 107.32+20.54Aa  92.12+21.52Aab  47.12+8.95ABc
w2 103.23£36.08Aa 125.64£39.05Aa  90.88+13.47Bb  50.08+18.06Bb  45.26+5.72ABb
W3 62.56+12.25Ba  60.55+20.41Ca  61.17+18.05Ba  39.75+9.58Bb 29.24+8.64Bb

D7 2257 Hr R ERH BT 5% SOD \POD Fl CAT 16 PEA K .25 520 ( P<0.01) (K 4) 3 B 52 w3
POD>CAT>SOD, T 5 Ml j5 & SOD>POD>CAT,, i AT 2 Pp[FE AL EEXT POD A5 & E 520, X} SOD Fl CAT
A 5 B EIVE IR/ CAT>SOD>POD,, 1 5 J& S M Pk 45 4 (1) 32 2 K1 Bk =, B[R4 FH 4
/N, SOD 52 T 54520 K F3HE B, POD Fl CAT 323 AT 2 22 S A0
2.4 WEBARIT SN 32 A0 E AR BRI R

R TS AR RI b BEXT MDA (Pro ,SP 1 H, 0, &t W52 M ( P<0.05) (% 6) . T, MDA Pro . SP
1 H, 0, & F i B RE 2 BT, 10%MEBAE Pro 5 iR 244 i, 30% BB MDA A1 H, 0, & i i 4 i
(P<0.05) ;50%3#E T~ MDA F Pro ¥ & i 3 KT <30%i R ( P<0.05) ;70% 3 i MDA Pro SP #ll H,0, %%
B R ARAE

TE N, MDA Pro Fl H,0, & HE K T2 EEROINZE L L F-,SP & et 5k, W1 B MDA [ Pro ,SP 1 H,O0,
TEBERT WO(P<0.05),W2 i} H,0,f Pro & B3 & T WI,MDA f1SP 5 W1 F LB EZER ;W3 T
MDA Fl H,0, & &K T W1 Ml W2,SP & LT W1 Ml W2,Pro St 5T W1 Ml W2 MEREES,

HEFIFNT 5] MDA (Pro SP Al H,0, % A 2 & BFEME (P<0.05) . EFIINE 1 1 54# MDA [Pro 1 H,
0, & EIHayRm , T 5 S X MDA Pro Fil H,0, & B RS20, BERA X T 5 F SP &= mi/h, =30
BERAXS T 52T 205 EHEFR IR T 10%38 8], W2+30% F SP & f ki KAH, W2+70% F Pro & f ik K
(B, BB AN 8 B 5 MDA Pro A1 H, O, & & &34, W3+70% F MDA Pro F1 H,0, & 5437 WO+
0% 7.74 .1.84 F14.31 1%,
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Table 6 Effect of different shading and drought on injury-related index

165 TR HEFEE Shade degree/%

Index Drought stress 0 10 30 50 70
N[/ (pmol/g) Wo 9.97+1.03Cc 9.23+0.85Cc 21.76+5.34Ch 33.18+1.64Ca 35.09+9.03Ca
Malondialdehyde ( MDA ) W1 20.05+8.25Bc 16.12+1.69BCc 33.08+6.17Bb 42.32+4.22BCh  54.27+12.15BCa

w2 26.12£3.95Bed  23.15+£3.54ABd  26.32+8.02Cd 50.12+6.37ABb  68.25+8.67ABa
W3 52.02+13.74Ab  52.04+8.52Ab 54.17+11.33Ab  63.12+8.04Aab  77.21x11.25Aa
B 2R/ (ug/g) wWo 5.62+0.08Bc 8.45B+1.08Cc 8.53+1.08Bc 9.08+1.09ABb  10.64+1.75Ba
Free Proline content( Pro) W1 9.17+0.95Ab 10. 38+5.31Bab  11.57+2.11Aa 10.11+0.54ABab  11.21+2.01ABa
w2 9.05+0.22Ab 11.24+4.33Ab 11.92+3.75Ab 11.98+2.11Ab 12.83+0.85Aa
W3 9.34+0.24Aa 8.24+2.27Ch 8.64+0.74Ba 8.91+£0.96Ba 10.32+3.02Ba
AEHE A/ (mg/g) wo 16.52+5.36Bc 17.51+5.33Bb 19.64+2.75Bab  22.34+5.04BCa  22.56+8.04BCa
Soluble protein( SP) W1 22.17+2.74Ab 24.36+4.17Aab 22.95+0.85Bab  28.18+3.74ABa  27.32+2.08ABa
w2 24.06+5.18Aa 26.25+3.78Aa 31.85+4.12Aa 29.87+2.52Aa 29.27+7.11Aa
W3 15.43+£2.17Ba 15.48+4.62Ba 17.33+£3.20Ba 17.52£1.27Ca 16.86+5.36Ca
HEAE/ (mmol/g) W0 172.62+£20.65Dc  176.24+28.14Bc  326.27+42.04Chb  517.65+86.32Cab 543.35+23.54Ca
Hydrogen peroxide( H,0, ) Wi 248.42+40.35Cc  186.27+37.05Bd  367.81+£31.74BCh 614.37+27.48Ba  616.12+87.41Ba
w2 412.55+18.69Bb  189.34+11.42Bc  417.24+17.52Bb  651.82+33.42Ba  627.15+56.74Ba
w3 613.24+87.61Aab 485.76+40.07Ac  598.57+45.37Ab  728.42+96.41Aa  743.97+20.84Aa

T3 2253 MR W] B ST % MDA\ Pro SP il H, 0, & A 520 (P<0.01) (K 7) o I B 52 ma i
9 H,0,>MDA>Pro>SP, T 2520l 4 H,0,>MDA>SP>Pro, i [ HIT 5% SP Jo b [FIVE T, % Pro 7 .35

PrFEIVEA, X H,0, A1 MDA A 2 5 Hr Al (P<0.01) , /EHIR/INA H,0,>MDA >Pro>SP., 1

ISH=R=2
FRE

W] 247

HRAT TR bR R BN T B B RIVE AN, 5% H,0, (Pro Al SPHYSZIA ST B , BEBA XT MDA 52

U7 i R
xR ZHEEGRESHNEFHFESN
Table 7 Double factor variance analysis on injury-related index
N U AR A WA
Wi H Ttem Malondialdehyde( MDA)/  Free Proline content(Pro)/ [ Soluble protein(SP)/  Hydrogen peroxide(H,0,,/
(pmol/g) (ug/g) (mg/g) (mmol/g)
PRI F 3.258 2.005 1.116 25.358
ShadingxDrought P 0.001 0.050 0.372 <0.001
[ Shading F 53.215 12.717 7.260 85.621
P <0.001 <0.001 <0.001 <0.001
T2 Drought F 45.778 20.008 44.048 212.564
P <0.001 <0.001 <0.001 <0.001

31 EBATRESEEERRER

FeIEAEY)AE AT S S JER) RE R R B ok IR R T (R SRR AE R R B EAGYS ., MYE
SRR B A R RN R TR R Rk A R B R R S, RO RME T DG A
AT FITGG P 3R 246306 b7 SR 1) B inae B R S G RE AR T L A 8k 3R A0 RE T PR SRR T H 53 B A
FREH ], 5028 TR SR AR IR R R 2 SR | K i S R 2 R AR R R R T
FBYSFLRN DA R a i KOG FGI N BE T, SUE A BE 152 BB R R e s B R R
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AR G E SR OGN BE S R AR XEEEE P Tr (Ci I Gs Z0E S50 BB IR AR
R SALAE H B b PO B S U B 7 A 22 5 Al Tr I Gs TE 5 2 3 II5E A . 30% 3B P Tr Al
Gs IEKMH , RIS R EHIEY) . ACRAEY A fr Z U5, WG R S fg i B sk, TR HHEsY
M 49y 153 A BE 12k WAL 5 45 J B CE DI R IR 9 43 T R e ot e 54 (3R 5 o U AR 06 14 A= 7 A, DA T 52
M A5 0 B R AT G A5 50 AL S o s/ 5 R T R RIS 7 OGP R AL A O SRR K 4
R BTG EADE S AR IR O TR 2 B O A A RERCR AR 4 FH AL
RPN TR, AR 2SR R ERE T Po M Gs, PEJE TR Po Tr CH Gs BERAR, 5%
W T A A VR PR (LSO 45 53 B T TR A I e A RE 0 Y RO BT
FPT S o S I R B T S IR RV P T B e R RE 9 6 e ), E R T R R R SR ) I T A ) S 2 AR
TIEEREA SR, W3+70% FIEAHERIUN CK [ 20% , [BALHRAAUAF S HICTEE R, s/ R T
TRE AR RGPEE G R WG, 27K 5 RO B IR] i 32 IR AR A5 56 &V T S e e A K LR, 78 TR A
W,
3.2 BRI RSP RS R

ATV (SS) JERiK Ak A P AR BT IS I BORT 32 i 1 2 A0 X R PRI AR ) E R Y, S L
MWABYICR , RS FXF SS F &M 52, AP RN S AR B I 25 B W30 58 B ARG 22 ] 458
] RIS SS S i B I s T R AR P AR SO [R] , 2 B3E FF m T SRR ASGE a 6 A 1 R
B, dLiE I SS 1A a8 e R SN VR A A0 2 3% . R BT 5, PA & fE 1
& It R UINEI A A A E A e R ST SS A s/ INVAT PA AR, SS FES SIFRAEM, T
N SS Fl PA Frr[RIEHE I, SS AU S SR AEH] iR FE S 57155 H LA ERR A0 A0 S0 2 v IR A T i
(NR) X TEHLE AR TR AN SRR 26 T & S U R S iy sV 7 A 5 AR gt
WA FH A DIAR G RIS T3 F NR 16 PE SS R PA & A (b 3R — 20, ZUC T S A5 AR i 4
MR 2 . SR ST AU 255 5 YA A i % 1 3845 1) 00 R AR 38 P 3 & B, ThT RIS T
SRR AT R VR A AR SE M Rk 5T NR ISR 35 A0 B (LRI, 8 sk 31 1 8 B ol 5 o fif
NR {6 PE T R, RN SRy B A A 2 U R A, (AR i A U At L B — il A i B, (B8
HAeE TOFIRAER . A B a PRI B B IR A RS R R O A A R GV R AN SGE i SS Al
PA i Ko NROIEPEAR AR A58 D F360 56 0 /s A a3 14 5 i, 3 386 ) R T 52 P Al L a0l B i it
VEF A BRI 0, (EE LIS TR FIERT NR 3545 SS Il PA &85 BRI PR R, S0 54 K &
B RPUEEZ R
3.3 EMIRIT R 5PUA S

IEH AN A R RER P A R BRAL TSl ARIRAS . 432 B AR S i iy A B2 e 2 16 4R
LR LA RGN = I bR A LRI IE P, SOD £l 0 #4k>h H,0,1 0,,POD 1 CAT ¥4 H,0,5)f#
N H,0, = F LR PR HI BT 2 s S Y 2 05 . SOD (POD Al CAT ¥ (i A5 A I i
BRI B SZ A AR a0 R AR 2 I s, AR 10% B B 5 T R POD 3
B0, BB POD I5VE S 2 0% S . 5093 Bk B 5408 SOD  POD il CAT 4735 ik fie K, 2 WAL Ko
AL RGA 2 0 B R X LAV B 70% 388 B s B T 52 T A e AL, SR S T R R R i
BB, S BORA | BV B WA FH i BN ] ARl o ™ A T M AU R D 28 S 400 25 5 (e B x4 41k
fitf 2R 4L R R POD>CAT>SOD , T2 A2 il A SOD>POD>CAT,, #ERH AT 5%t SOD POD Il CAT Ik
A RE D FEE, 10%—30% 8 B 32 T+ T 52 RO PU AL BEI 5, =50 M BXS 525 R OSHRE K SOD  POD
FI CAT & PE MR 2R B Z2 e A, 22 W15 B AT 2L [ b SAE T AL RS R G VE A B ST N2 2 . 20 A~ B A
TRIBREWE T R AL TS PE AR RS 22 5, SOD POD Hl CAT T M AH EL I I % K, A4 S8 A i i A4
R KT, Ut DR HAT W SR R (B AU Tl 3R 5 B35 I A5
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3.4 EBAMT S AN S B AERY R

7 I PR SRR I O P B R LB TE BRBE ST , 5 RS AR R 0 R R o1 A e W B2 B, S e 4 A
FALAZIREZ M, BB R T RN SRR 1,0, & i 2m BT 5 A% b A B U 2 5 A
A, FEAGTE A R A il R A A A AL AR BB N T, AR A N 2
B BRI A e B L TN (SS) (TR IR (SP) WEES AR (Pro) TN - (MDA ) J2 %
WEA) T BB B WP T, JUR o AR U5 A PP AR . SS ISP B 77 W) ot R 2 s 41 M 19 £
IKBEFI RN T L LB 5 X A i S AR R OR3P PR, SS M SP A2 0 A 7 AU B A A 3L [ 52
W BEE B RERG R SS AL (SP S iR, 3 B LA X S B R R 1 18 5 R DTk LU A Qi
Ko BT R SS A SP & [R5, & T R SP & i SR T B, BERH T 5RO L AU s
BRI RE ST R . Pro XHRRRE BRAE SRR (AR M R0 1 A5 A8 B LA A e A | o (R 290 6 7 A1 105 [
w75 Lk 0 K S 53 R R T A M 4 i i B A D T RS AR, Pro % 1 R AR W B AR (9
W4T R Pro e BIEE [ A0T SEEEHEOZ AD RN, R WTERINA T Pro FEYE B BB I,
HERAANT5XF SS il Pro A7 W& UMEIVEIT, XF SP JCHRRIME T, R WIE @ MR o™ A 5 BBV S 0057 19 = 2%
A, MDA 2R A A T A 7 ), MDA [ I8E [ 701 52 B S A0 T AN DRI 1 R, B e 30 Ao R 2 58
SEARMOR . A K B, i sl 5 B R A BEAES R H, 0, S i PSR o, ST AL R RE E R &R
SRR T R H i DL AR A0 58 B 1, (2 MDA X0 O BURE S48 T T Pro (SP FI SS A58 15 ¥ ot
HE AT 5200 H, 0, R MDA A7 4% 35 R £ (0 200 0 5S04 403 B Bt B [ B 4 s i ook, R — S Y R )
PRI T S b 51, T4 = R AR M Pro (SS RT SP A YEHRFE 15 H) T 5 &, LA/ ok 20 i g 45 (AL )
AR R T H,0, 1 MDA 558, Al WL A 350 Xt 40 R SA AN al 3k 4733

4 #ig

HEFIFI T FXDLRO AR B U 2R G0 020 B e A M A A 3 BRI AR o ORERE AT A A B
AT SRR HRA FEE i R RO A S8, FE A A BROCIRAK 2 B SO SR, itk A K B fe it g
o I ORI | AU P I L, ) L R A A K A A R B e D BE TR AT R,
WG PR 2R 8 BTG I, U8 B T W T 2 B 5, Dl o £ 3 AR S5 A e B 1, R B iR
AT SR MR B P , S Y SRS A QIS SRS T SRS (e AL R 38 A3 7 sl o Xof A 5 Fp 30, 3 JE 8 1 5
A TR AR R , 1 S0 B R B 1 5 B T A0 (UK 240 B B AN T 3l g Vs A 43 5 o 308 B R 552 0 A ARG
R BUPE RGERE R B PRI, S TR R BTIE h MIAE A L RE S
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