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Physiological responses of Phyllostachys edulis to water storage in their
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Abstract: To supply a theoretical basis for management and water-saving irrigation of Phyllostachys edulis
(Moso bamboo) in consideration of climate change, a covering film to simulate a drought environment was em-
ployed to study physiological responses of 1-year-old Moso bamboo to water storage in their stumps. An experi-
ment with three different irrigation treatments, ck (0 stumps with water storage ), T, (12 stumps with water stor-
age), and T,(18 stumps with water storage) was established to determine the effect on four variables: leaf pho-
tosynthetic rate, photosynthetic pigment, membrane lipid peroxidation, and the antioxidant system. Results for
tested physiological parameters during the initial 30 d period showed no significant differences between ck and
T,(P>0.05); however, in treatment T, there was a significant decrease (P<<0.05) in malondialdehyde (MDA)

content and superoxide dismutase (SOD) activity. With an increase in time of the simulated drought environ-
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ment, the effects on the four variables gradually appeared. After 90 d, except for carotenoid content, the test
physiological indicators of ck had changed significantly (P<<0.05), and compared to ck, changes for T, > T,
for the four variables. In the initial 30 d, leaf chlorophyll a, relative conductivity, and catalase (CAT) activity
were not significantly different (P>0.05); but after 90 d, all the test physiological parameters had significantly
changed (P<<0.05). Also, net photosynthetic rate, transpiration rate, and leaf photosynthetic pigment content of
Moso bamboo had a positive relationship with the amount of water storage in their stumps; whereas, MDA con-
tent, relative conductivity, SOD, CAT, and peroxidase (POD) activity had a negative relationship . This study
showed that increased water storage in stumps could improve photosynthesis and transpiration, antioxidant ca-
pacity, and growth conditions of Moso bamboo in a drought environment.  [Ch, 2 fig. 2 tab. 38 ref.]

Key words: tree physiology; Phyllostachys edulis; simulated drought environment; water storage in Moso bam-

boo stumps; photosynthetic and transpiration rate; photosynthetic pigment; antioxidant system
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P T HEYARE L . TP BRI — RO A K T A B AR AL A b S BT 2 T R O R
SFEOIEREOUT, MRS PR A RS BR AL T — A B RS, A Z BT R
JE VAR BT, 3o IR 0 A P 1 S 2 T P SR AR 0 A M A 3 5 3 PR TR PR 4, i PR SR 22 2 T
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1.1 R ##
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AR DR T IR 2 R, & B TR KE D o RN 290~530 m, AR [EK R 1100.0 mm,
XY 161 C, IR 237.0 d, HOVIRPELLER . R P EAR O T AR AR HERT, XA RE
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4.08% Fl 64.67%+3.69% ; KbFE 30 d B, ck, T, F1 T, kb PR Y + 3 A0 X5 & 7K B 43 9 K 54.37%+3.09%
52.17%=+5.13% F1 53.97%+4.01% ; AbFE 60 d B, ck, T, F1 T, kb B 4 58 A0 %5 2 K & 43 51 h 41.29%+
2.63% , 40.29%+3.86% F1 42.29%+1.95% ; KL¥E 90 d W}, ck, T, Fl T, &b ¥ (1) 4 33 A0 X & K &8 43 51 K
27.11%+1.56%, 25.11%+3.21%F1 26.11%+2.09% . 4 It 7] B 1 R K &4 9 K 51.4, 73.2 #1 76.4 mm,
1.2 REEigit
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ARG & R 50 BT MRS ATSE Y M 424y Bk 1224, 12.11, 12.09, 12.37, 12.15, 12.38, 12.21, 12.03,
11223 em, SEATAERS ZE R (3 BEAT2 BEATL BEAT ) 4 Bk 1.00:0.63:1.34, 1.00:0.58:1.25, 1.00:0.75:
1.23, 1.00:0.81:1.14, 1.00:0.56:1.19, 1.00:0.74:1.29, 1.00:0.61:1.42, 1.00:0.83:1.52 #I 1.00:0:59:1.33, %X
BB ek (0 ANMRAEEAK), Ti(12 ASERBE A T T8 AR /K ), 45 B it P 19 3 K AR HiCA T S 2
5), EA 3 UR-ALBET, X R HAH [ Ak B bR A ] A KR I F AT T AL AR PN S ) 0 52 N
b AT W, AR ME AR R BEER, H % 1.00 em — AR B BE AT R4y, BT kAR AR B9 AR B 4 B A
10.00, 11.00, 12.00, 13.00, 14.00 1 15.00 em, T, AbFRARAEVE 2 - 2", T, A BB ARAELE 3 412
B, RS A R AR B A 4 in 7K B 42 1) A [R] (% A2 B (A K & 43 51 24 24 800, 1 000, 1 300, 1 600,
1 800 F1 2 000 mL), Frt R Hf b 76 Ve B E K AR ARG, LR R A AL B, B S T3] — B () X6 25 A b i2E A 7
IR T AL T IR, KRS I8 e AR 5 AT O b T 2R RS B AR A R AR R S AR [, A A
BIfE 1 1 28 Hi Btk , DARIEA A S KR A A, [ —RXF Ty Fil T, b BEAE HL P © 4T3 1
FAESEAT IR, FHRAME SRR, LABG IE/K i 28 %, B A ARmE K S AT g, PRUEFR
WP IE AT K o I 2 B T AL FEEE SRS 30, 60 1 90 d B HEAT, IE &AL FE T 1 AR A R uEAT 1ot A s
F(P) 5 ZEMB R (T,), [FEET A L3S Fifn R BUSA R G AE, Ie JL 3 B A BR A5 .
1.3 MEIEIR. WEHEREELIE
13.1 skédtregml g (OGS (Li-Cor 6400, 3 [F Li-Corlne. ) &6 48 (LED ) £1 35 % i it
FER 1 ARLEARUET I i GG AR (P) 5 28 I 3 A (T) #E AT T AR, JEsR il 900 wmol -m2-s7!, Jf
PRFE AR EE IR 43 %0 400 mol - mol™, i {BR 7E R MG A - [ 9. 00-11: 00 #4y, JEEARUENT 3
PR-REHLT, A3 AR RS FRAUEAT B . R ERN N AR I 3 A BE T, FLAARIEDE A S EOT R EAT
(7K 3 R R Eve=P, IT,c T BRI R ARETW M %, 2R 5/ N 5, kIt
JIT DR T AR, SRR I R B AT R G I (AT R R
132 Amfgsan g RANE G BRI 0.2 g B ) A BTt i T3 ik, inA S mL #i¥2 (1)
50 mmol - L™ @ B2 22 vl (pH 7.8) UK H IS , SR J5 W IR 2% vh i € 45 2 10 mL, Jf T 4 C'F 10 500
re min” B0 15 min, BCEVER CHEER) T 4 CORAF. JEB AR KM VONE )V (L) =11 1RG5 W42 H
Ja FEEAM ] W43 656 11 (UV-1800PC, v b i 5635 A (X e A PR vl ) 5 N 1 (MDA) s AL 2 1
T PRVE I ZE 5 ARXT L S A A L SUR ) R S E N S i B Ll 2R s, ] DDSJ-308A
AU A (b ) R 28 B e A PR W) 5 R A1 P B AR i (SOD ) 37 4 1 &0k U w (NBT) St 4k ik
JRIEDAE 5 o E ALY (POD) F A B B S8 AL VA U e 5 2o 4 Ak S0 (CAT) FH 58 S i i il 7

i 50 £ A 1 Excel 2003 #4748 i1 FU il AF B 32, F SPSS 19.0 %1 {4 3 47 5 [ 2 J7 2% 43 #1 (one-way
ANOVA) Flf /N i 3255 (LSD) 2 & i, %@ P<0.05 Jy B3Pk F, HBAS [ Ab 3 A7 4% 30 A B 45
FRi) 25 5 o AR BT A B 0K S4B AR 1 25 %01

2 HR5p4

21 BEHFERETARFKEELEENLESEBIER
e 1Rl 7R T SRR g ad B b, 3 A BRIRHE] 5 B AT 1 G R S R R R
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RIH ck>T\>Too 4EFE 30 d I, KALPET BATEOEE H AR S M H AR RN ck 1T, LB 5 825
(P<<0.05), i Ty AbFRY5 ck A1 T, A FR2ZE R IA B2, KO FARREI N T M T R ERARE, H
Wh ck ZRMEE; A 60 dif, SABT BATHOLAEARE ZRBHERIYRIA T) A ck 4bH2E A
B, HY5 T AMER T, KIFHBRNER N ck T, HEFRE, HYST AMHERAN
B ALE 90 d i, 3 LB H B AT RO AR MR R AR T 25 K, TR T, A B
5 ck M, HEBE S RIA R T 32.27%F0 43.55%, £ 4b R 6] 1) K 4y A RCR RN Ty T, 40 PR 22 5 A
B, HY5 ck ZREFH,

x1 BTFERETAREKKELEELEEBER
Table 1  Photosynthesis and transpiration of Phyllostachys edulis with different number of water storage in stumps under simulated drought
environment
HObA A (P)/ (pmol -m™-s7) 72 R (T)/ (mmol - m?-s7) K53 F 23 (Eye)/ (mmol - mol ™)
ck T, T, ck T, T, ck T, T,
30 238 £0.10 b2.48 + 0.03 ab2.62 + 0.13 a 0.47 £ 0.06 b 0.54 = 0.04 ab0.56 = 0.01 a 5.12 + 0.08 a 4.58 £ 0.26 b 4.69 + 0.26 b
60 2.79 +£0.03b3.01 +0.43 Db 4.02 +£0.39 a 0.53 £0.01 b0.60 = 0.05b 090 = 0.05 a 529 + 0.18 a 5.01 + 0.32 ab4.69 + 0.46 b
90 344 +0.10¢c3.83 +0.10b 4.55 +£0.31 a 0.62 £ 0.04 ¢ 0.74 £ 0.02 b 0.89 £ 0.03 a 5.63 + 0.25 a 5.17 £+ 0.08 b 5.15 + 0.21 b
VLI RN S RE R AR B ) 22 S W 35 (P<<0.05)

22 HUHTERETARFAKHELENENHAEXEGEENIIE

HER 2 Wl ZEALSRAY 3 BRI, BATH R SOL S AR R BRI TL,>T >ck, 203 30
disy, 3B B FAEER a 2R A EE, ok AT, BT R FEEER Db 25 83 (P<0.05), {HY
5T 2RABE, MT Mck ZMENHFEASE NERZEFARE, BH5T, 25 B%E. AP 60 d
B, ck T, BT RIS ER a, R b ARHE PREFARE, HY5 T, B3 EREEKE, &
OO d i, 3AGFRE BT AR a ZF R R B EKE, T T, 200 e ck ¥ T 14.83% 1
20.57%, T, M T, M B AR Db 25 ABE, B 5 ck 2583, TR T, 535 ck 3T
18.46%F1 21.54% , EATMH IS P RITESEVIARRI N T M ck ZRARE, HH5 T, ZREE,
ARG A R, &I ]SO [ AR R E] B AT 4k R a/b 22 RN
23 HEMTERETAEFAKKELEEANTFE B (MDA)REE/RIREMBIESE

B 1 AT ARER 3 NI A, BT R (MDA ) 5T 5 B R R R B T K AR S 1 1 g
ik 403 30 d i, T, F0 T, A FEEATH - MDA #85 EKT ck, {H T, ZbFEAL T T) Zb3, Wi Jo % 2
Sty AbEL60 d B, T 5 T, b EATH - MDA TR E 25, HIS ck 25 8% (P<0.05), [T, f1
T, Ab BB AT - MDA 57 i B JR Wk B 1) 22 BE B i b K o M AL BEES [RGE 2] 90 d B, T, Fil T, &b BB AT J
MDA # ck #J4 B E WAL, H 3 M2 R 2 588 8 &K, T M T, S EATHH MDA 5 ck A
LU B 0 55135 B T 43.54%F1 66.49% , BATI 5 AH X HL T 38 7 4 S A B A5 R[] o5 2% B Bl 25 T UK AR

t/d

R2 BRUTFERETAREKRKELEEIHAAGRE
Table 2 Contents of chlorophyll and carotenoid in leaves of Phyllostachys edulis with different number of water storage in stumps under

simulated drought environment

” MEk# o/ (mg-g™) 4% 3% b/ (mg-g™)

ck T, T, ck T, T,
30 1.92 +0.12 a 1.93 £+ 0.11 a 1.96 + 0.06 a 0.59+0.01 b  0.61 +0.02 ab 0.62 + 0.01 a
60 2.17 £ 0.07 b 229 + 0.08 b 2.54 + 0.09 a 0.69+0.03b 0.70 £ 0.05 b 0.81 + 0.06 a
90 2.09 + 0.04 ¢ 240 +0.11 b 252 +0.02 a 0.65+0.03b 0.77+£0.01 a 0.79 + 0.01 a
d EWE bR/ (mg-g) W2 R a/b

ck T, T, ck T, T,
30 0.40 + 0.01 b 041 +0.02 b 0.56 + 0.01 a 322+032a 316 +0.06 a 318 £ 0.11 a
60 0.55+0.05b 0.60 + 0.03 b 0.68 + 0.03 a 314+ 00l a 325+001 a 319 £ 0.16 a
90 045 +0.02 b 047 +£0.01 b 0.49 + 0.01 a 318+ 0.07a 3.09+023a 3.17 £ 0.08 a

VEHT . ARNG FRER R AL BRLR] 22 55 i 2% (P<0.05) .
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B BRI TR, b T 30 d I 45 Ab BRI 6 A0 F A 52 T i 25 55 AT 60 d 01 90 d if, 34
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Figure 1 MDA content in leaves and relative conductivity of Phyllostachys edulis with different number of water storage in stumps under

simulated drought environment
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1 ck, TR FEZER, HINAIE 0 d T, k3B AT RN ck, T, AbHAELH]E] & BT H POD i
P B EACT ck, BEEE, TR T, &b B S ck EATH R POD 36 4 AH LR R B2 43 53K B T 43.62% Fi
T1.18% . BATH Fr it E AL AU (CAT) 3 M 78 564 kb B o] 2 45 1 K AR ME AR T 96 . 403 30 d 1, 4%
A PRI AT A CAT G PEJC i 22 5 Ab3 60 d i, T, 5 ck AbFR I 25 5, T, AbBR#L ck F1 T, 4b
B B TR AHIRE) 90 d Bf, T, fl T, A FEEATI - CAT i ML & 25, K ck 4 BFH T,
T) F1 Ty ZbFREE ek BATH - CAT 35 PR 4 A AR 1 44.00%F1 59.71% .,

ot o 2
oh 0 ah
5 L1200 zL o0 B % 2000
= = 1000 = 2 4500 Eu
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g & 600 g g 3000 = ©
n o 400 &~ S 1500 RN
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Figure 2 Activities of SOD, POD and CAT in leaves of Phyllostachys edulis with different number of water storage in stumps under

simulated drought environment
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S A ARG A A AR R R AR R S BRI A AR R R L YR TR G, A
TER 3% TR, BIAER R 0 T 20 tRe s (A Y 1) 06 & 28 B UK T I, AR K 22 21 BH B i o] >
ARAFFERRE LB, 50 25 B (] 2 B ATHOG G R 5 ZE B MR R T,>T >k, BLWIREE T 5 0E 1)
IR CRE K ARAEECRE 3D ), BATHOG G R 52 R W3 R R, B AR AR b w] DL 2 48 & BAT I
JeGSEMAR S, IWMIE BTG G = W BRI, 7845 B ) A1 T, A0 3R BAT G A 8RR ZE 1 3R Y
5T, #l ck 4bFH 22 5 A 5] B %K F (P<0.05), 4bH 30 d A1 60 d B, ck F1 T, A FEEAT LG ERY
KR ER AR E, HELH 90 dif, 3 MAEBEZ Al BATE LA 3R 5 7% 1w R i 5 22 5 g K
F-(P<<0.05), BLEATSIE T, BATEGG MR M AN BRS80S HE KA EH VMR,
TR W B RS a RS, AR B e 2 . BT AL, AR B B R Bl ok Ab BB AT IR 3
IR I, VLB T R W38 v] DAAE — @ B L3 BT K o R AL . Bl T 52 38 B ) 1) 2 — 25 4
R AR AR B ARSI N, BT OGRS 25 R T IR A BIBEIT

M2 RAEAE YOG A AT B YOG RE I 1% 3 5 e e B R W B MR . SR, s T 5
TR 1) O R AL 40 o 2 G A AR AR, WA IFRE R I, TR A n A it R a RIS E b A
ASTRVRE BE (3 I, ane 4% Populus alba x Populus berlinensis 1£% 2| T S Wb f5, AF AP Z (8] b5
TR A AR R, ek RS R B BUR I BT TR A AR, 45 i ] ASUAS [ Ak
FRA] Y A B2 2 B A B S B S, 33X P RE A 45 A R] 0 2 28 R R B B R B 4 1 5
FREE, AL n] AR AN [ 2 0] 2 R0 T 2 38 A i B AEAE 25 57 0 25 I IR SOR [R) A 3R B AT i b4 R
a, MEEE b MRS MR FREDBIIEI A T.>T,>ck, XAl BERBEE T KRB >, BATH
SR T JE ARG 4R alb-Pro A R A sz B0 s F L DT BE LR T e g 2K R R R D
EERAIE R, SEmsR S E N T, Wal R BT A e R A 5 & E SRR, FEE, BRI A
PRAE i S T BB B AT I B iH S R I FRAR, S AL Z R0 4R 2 a FIBF 4R E b (Rl 5 38 i A] Y
FEAR T, Ty eI 5 ok AEFIRH] 22 53 2% /K F- (P<0.05), Uhd B4 v K (b vl DA g 2548 & BAT -
W28 a MIRFERE b B4, 808 N R /- B B 3R B T il ek Ab B2 R 3, (B
5 T, b ¥ 25 5 2 (P<<0.05), LB InvE /K ARAE M 50l 5 BATHE R 2R 8 P R BOCREY) . i
WAGOLT , R R R 3R alb (B8 R /N 2 A o 40 6 7K 43 Wl 2 0 SR AR P B R 1 B 5 Y — S R
BEARAR o ASTIFGE A B[] SOAS [ AL B ] B AT I 4R R a/b 22 R YR B (P>0.05), R EMMEAEK
SRR T .

T 5 A0 23 R A 2 R 2 T A3 T, A A SO R 5 ) O R R AR RN Ao S 2 i A
BB G, SR A0 P F g B AN, TR i B A B R T . ARE S B, AR FRA B[]
R, ok ARFREAT I R A0 M I A2 BN S B Ok, AR R s, T BRIk, T AR PR, X
L e L AT A R B B T R R R IE A, ck A FES T, AT, A FEEAT I A L SR
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WA K B R E AR, IR BATH B SOD F1 CAT R 6 M3 2 80 B b, XX vl g A& & P
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Uiy T IR EE T BT A A S AR B A T 5 30 B () 0 32— 25 S R R {3 AR B 1% Ak 2 3 i o] AR Ak
T B R A RIWESE R BAE T 5 2058 T 3G 0 1 K AR J5 AS [ 4F 8% 6 A7 Y A= B 1 A 1 E— 2P
W5,

4 5 ik

(1] BR3EAE, &7 K58, AW T 5 W ia 09 A= 9 27 MU S R RIS ik S (0 ). ML 4, 1999, 16(5): 555 -
560.
CHEN Shanfu, SHU Qingyao. Biological mechanism of and genetic engineering for drought stress tolerance in plants
[J]. Chin Bull Bot, 1999, 16(5): 555 - 560.
[2] CHAVES M M, OLIVEIRA M M. Mechanisms underlying plant resilience to water deficits: prospects for water-saving
agriculture [J]. J Exp Bot, 2004, 55(407): 2365 — 23384.
[3] BREDA N, HUC R, GRANIER A, et dl. Temperate forest trees and stands under severe drought: a review of ecophysi-
ological responses adaptation processes and long-term consequences [J]. Ann For Sci, 2006, 63(6): 625 — 644.
(4] FhFFRE. T 500 X 2 R4l 8 O6 & RRE R P A R [D ] Kt KRR, 2008.
SUN Qiaonan. Effects of Drought Stress on Photosynthetic Characteristics and Active Oxygen Metabolism of Cucumber
Seedlings [D]. Tianjin: Tianjin University, 2008
(5] v, wgahs. FEDFIBCR XS T 500 i AR L S HLBRA 7 e (D ). B0k %4, 2008, 17(2): 126 — 135.
QU Tao, NAN Zhibiao. Research progress on responses and mechanisms of crop and grass under drought stress [J].
Acta Pratac Sin, 2008, 17(2): 126 — 135.
(6] INEAE, JRHOIE, BT, SR 10 FORE RS R R LCEIT [ ] Bk AE 4, 2008, 17(4): 42 - 49.
SUN Tiejun, Suriguga, MA Wanli, et al. Drought resistance of ten seedling grasses [J]. Acta Praiac Sin, 2008, 17 (4):
42 - 49.
(7] VFEEDY. PEG i xd 2 Fp ik i s ot A= BAE AL SR AR A 52 m [T ], B0l 274, 2008, 17(1): 66 - 70.
XU Guifang. Effects of PEG stress on resistance physiological and biochemical indexes of adversity of two Lysimachia
species [J]. Acta Pratac Sin, 2008, 17(1): 66 — 70.
[8] WANG Jianping, BUGHRARA S S. Evaluation of drought tolerance for Atlas fescue, perennial ryegrass, and their
progeny [J]. Euphytica, 2008, 164(2): 113 — 122.
[9] ABRAHAM E M, HUANG Bingru, BONOS S A, et al. Evaluation of drought resistance for Texas bluegrass, Kentucky
bluegrass, and their hybrids [J]. Crop Sci, 2004, 44(5): 1746 - 1753.
[10]  BEEA], daiAe, sKRUTAn. T 500 T R Ok 47 s PR B S () ). Sl Rl R4, 2004, 25(1): 106
- 108.
MAQO Peili, CAO Banghua, ZHANG Mingru. Effect of drought stress on activity of cell defesive enzymes in Robinla
pseudoacac [J]. J Inner Mongolia Agric Univ, 2004, 25(1): 106 — 108.



B34 EH 4 ik EESE e B FREREER B A X HONE K i AR R 0 627

[11]

[14]

(18]

[21]

B, wmpE, REE, FT PP R E AR [T]. &R, 2004, 30(2): 117 - 122.
JI Xianling, GAI Yingping, MOU Zhimei, et al. Effect of water stress on physiological and biochemical character of
mulberry [J]. Acta Sericol Sin, 2004, 30(2): 117 — 122.
TLPEER, G, VPR HESATER (M. JERH . TR EOR AL, 2002

ZiE, BIEF, TR, % BUARESEET PR FRE R N R0 ] AR sE, 2015, 28
(5): 646 — 653.
LI Yingchun, YANG Qingping, GUO Ziwu, et al. Damage characteristics of Phyllostachys edulis stands under contin-
uous high temperature and drought [J]. For Res, 2015, 28(5): 646 — 653.
BRL, TERE, MMIT7, AF T RIS BAAMBATRATR AR A (] AT EEIR, 2012, 10(1): 12
- 15.
MAO Meihong, DING Xiaozhang, FU Liufang, et al. Investigation of the effect of drought on new moso forest cultiva-
tion [J]. World Bamboo Rattan, 2012, 10(1): 12 - 15.
BLWF, B, BLEESY, fE. T RN BT A B E R R [T ] AR AR, 2011, 30(2): 262 -
266.
YING Yeqing, GUO Jing, WEI Jianfen, et al. Effects of drought stress on physiological characteristics of Phyl-
lostachys edulis seedlings [J]. Chin J Ecol, 2011, 30(2): 262 - 266.
FEURAG, WA, PME, . BT miR397 F1 miR1432 (14 7 [ Jz 5906 38 W36 i 1 2236 20 B (T 1. Mol B2
2015, 51(6): 63 - 170.
WANG Lili, ZHAO Hansheng, SUN Huayu, et al. Cloning and expression analysis of miR397 and miR1432 in Phyl-
lostachys edulis under stresses [J]. Sci Silv Sin, 2015, 51(6): 63 - 70.
MRAE, FRTRAE, RN, SE. KA IR X T 5B R B AT S8 A AR B AR AR RRAE B9S2 R [T ] MOl B A
2015, 51(11): 25 - 31.
YE Songtao, DU Xuhua, SONG Shuaijie, et al. Effect of salicylic acid on physiological and biochemical characteris-
tics of Phyllostachys edulis seedlings under drought stress [J]. Sei Silv Sin, 2015, 51(11): 25 - 31.
W, BRI, FHIE, % BATRIER AR &R FURARE D SR FRE R T ] MR AR5,
2016, 29(3): 402 - 406.
GUO Ziwu, CHEN Shuanglin, JI Saijuan, et al. Annual variation of nutrient stoichiometry and resistance Phyl-
lostachys edulis stupm roots [J]. For Res, 2016, 29(3): 402 - 406.
V. BATRAT B 0 A B e [T ). AT R IR, 2013, 11(2): 31 - 33.
TANG Wanhui. Effect of hamboo stump rotting on soil physicochemical properties [J]. World Bamboo Raitan, 2013,
11(2): 31 - 33.
R, JeiEH, S, . MTIERUEBORBEIE ] AT TEESEIL T, 2013, 32(3): 53 - 57.
ZHU Yan, LONG Haiyan, LOU Chong, et al. The technology to promote the decay of bamboo stumps [J]. J Bamboo
Res, 2013, 332(3): 53 - 57.
FZ, sk E. BT EGAL B i T AR 7R (D). O EAALV A, 2010, 31(5): 68 - 72.
WANG Zhongzhi, ZHANG Jinrui. A measurement approach of leaf area based on digital image processing [J]. Mi-
crocomputer Appl, 2010, 31(5): 68 — 72.
BOHNERT H J, JENSEN R G. Strategies for engineering water stress tolerance in plants [J]. Trends Biotechnol,
1996, 14(3): 89 - 97.
o, KOG, BKIREE, A LT RO A XU RO A 1 AT AR A S R PR S [T ], AR SRR
2013, 33(5): 1386 — 1396.
PEI Bin, ZHANG Guangcan, ZHANG Shuyong, et al. Effects of soil drought stress on photosynthetic characteristics
and antioxidant enzyme activities in Hippophae rhamnoides Linn. seedings [J]. Acta Ecol Sin, 2013, 33(5): 1386 —
1396.
MATA C G, LAMATTINA L. Nitric oxide induces stomatal closure and enhances the adaptive plant responses against
drought stress [J]. Plant Physiol, 2001, 126(3): 1196 — 1204.
PEI Zhenming, MURATA Y, BENNING G, et al. Calcium channel activated by hydrogen peroxide mediate abscisic
acid signaling in guard cell [J]. Nature, 2000, 406(6797): 731 — 734.



628 WL AR MR K F R 2017 4 8 J1 20 H

[26] {4, 4FFr, PN, HURMEAF RN R 898 &R 5K RO AR [T ] MWl , 1990, 7(4):
43 - 48.

LI Dequan, ZOU Qi, CHENG Bingsong. Relationship between water status and osmotic adjustment of wheat leaves
different in drought resistance [J]. Chin Bull Bot, 1990, 7(4): 43 — 48.

[27] RS, #EUA, WIGEEE. 7K 53 W30 6k ) T 4 6 A AR BR R S e [T ] b K AR FEREAE, 2007, 5
(2): 91 -95.

SONG Liping, CAI Tijiu, YU Xiaoli. Influence of water stress on the photosynthetic and physiological characteristic
of Acanthopanax senticosus seedlings [J]. Sci Soil Water Conserv, 2007, 5(2): 91 — 95.

(28] EdAhSE, WA, E2, % TR ax b AR R e [T ], K R Fr i, 2006, 20(1): 197
- 200.

WANG Jingying, ZHAO Yusen, WANG Zhen, et al. Effect of drought stress on physiologic and biochemical charac-
teristic of Populus alba x Populus berolinensis [J]. J Soil Water Conserv, 2006, 20(1): 197 - 200.

[29] #JL TV IRAEY K e 5 T BT REUA . (B K33 5 T B A5 (M. KN - 0 mg B 2 HOR W it
1991: 26 - 32.

[(30]  ulmead, i/ E, BE %25, BUBUT A6 25 S0 X T 5 e 38w W AL i A58 [T . PE bl %40, 2009, 18(5):
246 — 249.

LIU Xiaojian, XIE Xiaoyu, XUE Lanlan. Response of pepper during blossom and bear fruit under drought stress
[J]. Acta Agric Boreal-Occident Sin, 2009, 18(5): 246 — 249.

[31] kB, WA, KAFIE T HEH 4R ab WERZEA K SRR T]. fy, 2001(4): 23 - 25.
ZHANG Mingsheng, TAN Feng. Relationship between ratio of chlorophyll a and b under water stress and drought re-
sistance of different sweet potato varieties [J]. Seed, 2001(4): 23 — 25.

[32] sail, SKAEEE, E£M, .S PR MBRE Y PR ENE ST VAL R AR R E iR (AR BE D
2005, 33(5): 130 — 134.

SHI Yanshan, LUO Jianxia, WANG Xu, et al. Study on drought resistance of five herb ground cover plants [J]. J
Northwest Sci-Tech Univ Agric For Nat Sci Ed, 2005, 33(5): 130 - 134.

[33] GBRITO G, COSTA A, FONSECA H M A C, et al. Response of Olea europaea ssp. maderensis in vitro shoots ex-
posed to osmotic stress [J]. Sei Horte, 2003, 97(3/4): 411 - 417.

[(34] T#%, RE, KE, % BT 5 Pha xR gk v dr s RG] WA b R A 2
2015, 32(2): 285 - 290.

DING Ling, WU Xue, DU Changxia, et al. An antioxidant system in cucumber seedling leaves with short term
drought stress [J]. J Zhejiang A & F Univ, 2015, 32(2): 285 - 290.

[35] SUN Cunhua, LI Yang, HE Hongyan, et al. Physiological and biochemical responses of Chenopodium album to
drought stresses [J]. Acta Ecol Sin, 2005, 25(10): 2556 — 2561.

[36] Sk, M. w7 55 A W 3E R A 4l B BT ST Al RS M A s e [T ). RS, 2016, 36
(2): 403 - 410.

WU Yongbo, YE Bo. Effects of combined elevated temperature and drought stress on anti-oxidative enzyme activities
and reactive oxygen species metabolism of Broussonetia papyrifera seedlings [J]. Acta Ecol Sin, 2016, 36(2): 403 -
410.

[37] SUNDAR D, PERTANAYAGUY B, REDDY A R. Localization of antioxidant enzymes in the cellular compartments of
sorghum leaves [J]. Plant Growth Regul, 2004, 44(2): 157 — 163.

[38] =%, Bk, TLPEE, 5. 4 P sl S AT BT SERR ST (D). MR EBESE, 2010, 23(2): 221 - 226.

ZHAO Lan, XING Xinting, JIANG Zehui, et al. Study on the drought resistance of four dwarf ornamental bamboos
[J]. For Res, 2010, 23(2): 221 - 226.



