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mm) ., AHERELH 34 cmx29 cmx23 em(ZhAH
BN AR xR ) BRI () , Ak +
12.0 kg, Fr 558250 W el A | 20 4 398 A9 B 1k %
by pH A 5.5, HUACER A AW | e A L i A o
95.07.50.00,120. 43 mg-kg™ , A HLIE 5 K 2. 74%,
H [ :F7K &0 28. 73%

TRYGHA T W VLA AR 22 A (30°15'N, 119°43
E) , iZHE W A 2 WS Mo, AR K i 1 613.9 mm, [
JKH 158 d, TTAEHIAETH48 237 d AP35 16°C
1.2 WRImAE

AW A EWOKER, B AR 3IAA.
20184F 7 A 1 HIEXH I\ TR ilE, =K
Hsiao " B, AR I L 15 B 4 A+ 5K 43 16 B b
P 1) IEH KL BE(CK) , 3K 43 &8 B )5 K
W 75% + 5%;2) BT 518 (light drought,LD) ,
Ko Ry R R K R Y 55% + 5%;3) R
B8 (moderate drought, MD) | &K 435 & Ay H []
FrKEW 35% + 5%;4) H P+ 2 Wi (severe
drought,SD) , 87K 43 & & hy W [ 7K & 1) 15% =
5%, AR 3 AT, AT 3 AER L 36
P, RG], K 18,00 SR FHFRE kI8 4K (#h 32
HARTARIK ) . TR A A HS 5 20 56 50 K EUH
[F] ) TS L 3 B LA B, T B AR TR I a6 244
T FE W B R AR S - 80°C - A7, T4t
FALEEIEPE B TR Y BRI SRR S R s A
BRA AL bR 0 22 45 S, B 52 a0 Ah B AR 60 K
b, XA K AR bR 22 S I A CK A MD 4L A7 R A
RN D PR 3 Bk, ZERRARAR L IR 767 | [0 57 SR JB fede e
BCR I R i DL Bk A A S s, P11 mmx 3
mmX1 mm K/, 3 T EE, i E 2 4°C R, T
NRE T )
1.3 MEMBSAE
1.3. 1 E3gEsep momlw ARYE e L3l 1k
SO TIEY S AR B R s | LR AR BRI R
Pk — LR 1 WA 03 A s T A A R A R A Rk -
FEINE pH A | HACH & A RO R A
AL S,
1.3.2 w4 nE RHOER AT kR
W IRk 42, JF FH UV -2600 23 Y6e T ( H
AR ) ME 4R o FiF4RE b
1.3.3 k&H#Hmze TR LT 9:00-
11:00, >R H LI-6800 fE 45004 W& & 48 (3£ H LI-
COR 2AH]) Ml & M Fr 156G S 80, 46 ¥ ot & %

(net photosynthetic rate, Pn), X fL 5 & ( stomatal

conductance , Gs) , Z& 5 3 K ( transpiration rate, Tr) F1Jifl
[8] CO, ¥ JZ (intercellular CO,concentration,Ci) ,
1.3.4 BERFHRESTMNE  SRIGITIFE 1
Ttk R el =l L &0 5E Pro 78, R 2% Bl e
#l G-250 Je@ILME SP i,
1.3.5 RAMABERR_BEEMNE SHER
AR AP B 7 vk SR &L U ( nitro-blue-terazolium
NBT) Jtid J5 32 5 SOD 1 7 , >R FH A A1 A 13 v )
POD &%, 2R SR A M 72 1 S8 Ak 2 ( catalase,
CAT) Vi, S EZME 1k, RAmAE
F-1R b 0 70 52 T3 % ( malondialdehyde , MDA ) 75 & .
1.3.6 AMEEMILE  PURE L 480 B AR IR
VRO 52 I, >R ) Hitachi SU-8010 Y471 i v 5% ( H
SRR T ) X 3 e S ALGE R AT AR,
ASRE R 5 IE RO A& ULEE 10 A4 LB 40 B R
Hitachi H=7650 U3 St L8 ( H SLm B BoR 22 w]) X 4
JRLAEAE LXK - A BB R 235 ) AT WL, B v D) R
ALBEALEE 10 MLEFIFAA M,
1.4 HiESH

AT B A 1 T 4 {8+ o152 22 R0, R SPSS
17. 0 Sy sk A H (%) Duncan’ s B & 22k 1722 55
FE M, R GraphPad Prism 5.01 4k 4 il &,
Microsoft Excel 2007 k{415

2 HERESWH

2.1 FTEREEmEETLZSEERKNZIE

SD e IR S P AE AR B 7 d, i R 3™
FHEE AR L, TREPHIE 50 d, #5¢ ILAZBkE)
PR R AG OAEAR R T R B~ R — 22 57
(£ 1),CK X LD 4 A=K RA4F,MD 4 A K a2 20
il iR ARG B S . Hi LD 4 i R e A

F1 TEPERESdEZLZRHEERBR
Table 1 Growth of pecan seedlings after 50 days
of drought stress

b3 AR 3] Az

Treatment

Growth status Plant height/cm  Ground diameter/mm

CK BUF M A 107.78+3. 56a 21. 64+0. 72ab

LD B, AR 110.33£3.9%4a 22.75+0. 54a
MD I 4 96. 11+2.21b 20. 17+0. 62b

SD My a2 - -
T : RPN RNG TR0 2552 B3 (P<0.05) . Nl

Note; Different lowercase letters in the same column indicate significant

difference at 0. 05 level. The same as following.
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S it 34

1 (110. 33 em) HHIARHHL(22. 75 mm) , CK AR & Al
HAR%E MD 23 BIBE AN T 12, 14% 7. 29% . 45 SR W
HEFE LA Bk &) B A T B B R T R e A5 T Rk s A
M AR AR RS2 B A S B TE IR
2.2 FEBpENFEZTLUZRSEHFHEESEN
A

A 1-A AP, 4 2R a S RBEE T 5 haa s a
IEF 52T B, 5 8kia 50 d B, LD # MD Rt
GE a TR T RE 20 d B REET 42.32%

EEECK

HigRaT R

Chlorophyll a content/(ng-g™)

20
3L B ()

50

Stress time/d

47.37% ; 76T 518 50 d i, CK 2 25 T LD I MD,
HE B2 LD A MD 41,22 F1.35 %, HIE 1-B
AL, 7E T S WhiE 50 d BF,CK 5 LD MD Byrt4tE b
SEESADFE MLD 5 MD 4R b SR T5
i 20 d B39 R T 16. 00% A1 39. 54% , HT 5
B 50 d BF,LD BIMFERE b FiEi i, 58 114
mg-g ', GERFRI, TR 50 d B B R 5 )
Heon, WA ILAZAR S i i B AR R B R R
Uk g R

ESID EEMD

HREVE R

Chlorophyll b content/(mg-g™")

2.0 -

T
50
B3] Stress time/d

R R/ING PR FOR AR PR 22 53 1 2 (P<0.05) , R,

Note ; Different lowercase letters indicate significant difference at 0. 05 level among treatment. The same as following.

E1

FEREXMER LZk B R EESERNFN

Fig.1 Effects of drought stress on chlorophyll content in leaves of pecan seedlings

2.3 FEHEXER LERSEHFALESHNE
i

WETE LLAZMEA I I A P Gs A1 Tr (19728 A0 HL A
FEAR— 3, R B 2 1 52 W 36 R 398 o i 28 T B ([
2-A B.C), T"5Wr# 50 d B}, LD Fl MD £ Pn Gs Tr
Iy EE CK TR T 17.16% F1 58.42% . 61. 47% F
85. 68% .37.96% 1 68.01%, i CK.LD 1 MD 4 Ci
ZRANE (K 2-D), RIS L A/
Pn Gs Al Tr #1352 2| 7 T 538 (52, of B T 5 hhan
YA SEIN iR,
2.4 FEPEERLERGSEHFZERTYER
SENHIT

H Pl 3w, A2 T 5030 20 d B, w58 IRk L)
HiM B SP Fl Pro i E A IK AP BEEE T 2 5 A8 3%
AT 58 50 d B Rl T 5 an AR B A e, SP
HOF Pro S ¥ 2 W A% LD A MD 1Y SP &%
B ES CK AN 141, 68% F1 204. 17% , MD
Pro &4 CK &N T 61.15% , FWHTEILIAZHE
41 238 o B AT A MR AR PRI 2R 5 R X T
[ISER

2.5 FEEMETLZRSETF MDA §=F1
MENEEE RN

H &l 4-A B A1, 76T 50368 50 d B, BEE T 5
T3 AR R (Y 3G T, A LU AZ Bk S T I R ) MDA %
A1 SOD &P 2B EIbEa#, LD 5 MD iy MDA
FE N CK BN 165. 09% F1 204. 69% ; SOD
T PETE MD 15 2] 08{H (367.93 U-mg 'prot) , % CK &
FHANT 37.24%, WA 4-C.D AL AE TR0 50
d B Bl TS a R R A 38 I, wE5E (LA Ak 4l i
CAT & P2 R #a% LD F1 MD fY CAT 3&HE#% CK 43
MR ETRET 58.39%H159. 72% . T 5438 50 d 1,
LD F1 MD [ POD JEHER T 5838 20 d 2050 F&
T 13.48%F01 23. 44% , L5 MW, H7E 1Lk i AE
T2 38 T 36 4 4 ( reactive oxygen species, ROS ) 1
% 51 KRGt Ak, MDA & T+, [F A, 4 2
it SOD TE RIS s 4 L IH R ROS HYRE

2.6 FEBEXNETLZRDEHRFSAEEREY
ERRMm

XFEE CK A MD, 7EE7e LLZpE 4l i i A b2 i 4
REBRAL, AR R i BU<AL (18] 5-A B) ;AL
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E=ECK ELD EMD

HE AR

Pn/(umol-m2-sT)

AR

Tr/(mmol-m=2-s™)

20 50
PG A Stress time/d

SALREE

Gs/(mol-m?2-s!)

Ja I BECO,

Ci/(umol-mol™)

054 B

a

0.4 4

0.3

0.2

0.14

0.0~

4004 D

300+

200

1004

50
PG Stress time/d

B2 TEREHEXERELZkGENFEESHFm

Fig.2

Effect of drought stress on photosynthetic parameters of leaves of pecan seedlings

EECK B LD EEMD

HHEEASE
SP content/(g prot-L™)

20 50
FERT ] Stress time/d

HEREE

Pro content/(ng g’ FW)

2009 B

150 4 a

JpIBET[E) Stress time/d

3 FEREpEXNEFEFLZEkGEM FEERTYREENIZIT

Fig.3 Effect of drought stress on the content of osmotic adjustment substances in leaves of pecan seedlings

JEABFETEMHE T CK #3225, CK 2 1E# FF ek
A, HIFsR AR BB, DA AR 258 T it i (& 5-
C) ;1M MD 2 MG RAE, AL S IE 2 0R L4
MEESNR A G, B N BB (8 5-D)

I 2 AT e LAk 32 31 B ik s S <AL
T WAL (BRI AL B S S AL R
A Ak, Hod CK o5k I RFL % B K B 187
Aemm™, MD &S FLEREIAE] 236 4~ -mm ™, HIL
AL UL WSS LA AR 40 i 0 T S A I R B O
AL B i 4, AU /K G BRI | Tl B S
SIERIEAS 3 G AT e S A o

2.7 FTEmEER LZRSEH AAEERHMEN
EapA!

HH I 6 RTH1, CK y3i5e LLAZ Ak (R 240 B 6 4 At
SRS R Y i R B RE 4 A
M-SR HERL )2 HE S R, AR HE S B 5, {H MD
A I A 5 200 R RE 0 225, 4 TR R A B B (R | it 4k
AR IR W RN S SR AN S I (AR AN
AL HESIR AL, B AE A oy s B AR BT, fh ok ]
WL, 75T R WA, W52 LAk & T 0 PR 200 i R 2
T Z R A
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Fig.4 Effect of drought stress on MDA content and protective enzyme activities in leaves of pecan seedlings

Vo
200um

TE:A:CK X MD it f 320 ;B: CK Mz MD M- J3 R 310 ; C: CK “TALE5H4 ;D MD SALEEH
Note: A :Upper surface of blade of CK and MD. B:Lower surface of the blade of CK and MD.
C :Stomatal structure of CK. D :Stomatal structure of MD.

5 FEREMEXER LRk EM R STLEEERm

Fig.5 Effects of drought stress on stomatal structure of leaves of pecan seedlings
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x2 FTEBEN#HERLEZRDYESILBENZN

Table 2 Effect of drought stress on the number of stomata in pecan seedlings

K53 B BE MRALERE RITALE L KM AL
Water gradient Total pore density/ (f~+mm™2) Open pore density/ (> +mm™2) Closed pore density/ (4*-mm™2)
CK 261+24a 187+23a 74+1b
MD 281x1la 45+6b 236+16a

TE: A CK AUARIEZS ; B MD 4iHIJE A ; C: CK MHRARIEZS s D MD MERARTEAS ; Chl: 2844 CW . AN BE G S )2 L R,
Note: A:Cell morphology of CK. B:Cell morphology of MD. C:Chloroplast morphology of CK.
D Chloroplast morphology of MD. Chl; Chloroplast. CW :Cell wall. Gl;: Granum lamella. L Lipid.
6 TEBMEXHETE L%k B A 8RS AR 2T

Fig.6 Effect of drought stress on the ultrastructure of mesophyll cells in pecan seedlings

2.8 FEMETHEZLERSGETFSEEENE
FREGHE K1

ME3AH,Pn 5 Gs Tr 2 8 ZFIEME(P<
0.01) , 41 R %43 %4 0.923 1 0.933,{H5 SP &
i POD {4 B 35 T AH ¢ (P<0. 05) ;SOD & 5t
LR a MPEREK b R 2T E MK (P<0.05),5 Pro
FHE B FEIEHX(P<0.05) ;MDA &5 SP &
Mo 3 E ARG (P<0.01) ;SP & 5 CAT WMk B 3
T (P<0.05) ;M4 E a TEEHSR D SEER

FIEAHIE(P<0.05)
2.9 HERLZMSEMNH 2 N EEEEBEANIBRN
B

FRYEFFAEAE R T 1 (4 S 00, 5 3k 32 B0 43 At 1
BN 12 DA AR AR 4 D TR, T
RO IE 12 N8R 90. 150% 195 8 (3% 4) 348 ik
£ 85% 1) Tt mr ik 3 B v A S B B 45 B R
PE AR A FRAE ) S A HE /N B 1 A 7E SP
MDA Frt FIA RS &5 2 F TR P,
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Table 3

x3 TEMETHRLZRDENFSEEENIEROEXE

Correlation of physiological and biochemical indexes in leaves of pecan seedlings under drought stress

iR MREa mEb Ch gy AW OO RIREE e g BRI GLRE SRR
Index Chl a Chl b A g, EE e & Pro Mpa  BCiLEy oSS g
P Tr Ci sp SOD CAT  POD

M4t% a Chl a 1

M4¢% b Chl b 0.901* 1

HOGA A Pn -0.044  -0.086 1

AR Gs 0.195 0.072  0.923™ 1

R TR Tr 0.222 0.130  0.933* 0.974* 1

Mila] CO, ¥REE Ci 0. 764 0. 802 0.098  0.385 0. 375 1

A TER 1 SP 0. 060 0.167  -0.814* -0.704 -0.636  0.153 1

4 Pro -0.644  -0.734  -0.526 -0.512 -0.567 -0.519  0.493 1

T MDA -0.197  -0.044  -0.607 -0.562 -0.474  0.048 0.931™  0.567 1

BEALYE LS SOD —0.823*  -0.868*  -0.082 -0.205 -0.180 -0.658  0.240 0.826*  0.483 1

i AL E T CAT -0.034  -0.194 0.384 0.353 0.196  -0.207 -0.829* -0.241 -0.911* -0.311 1

i ALY POD 0. 543 0.598  -0.838* -0.650 -0.654 0.406  0.716  0.050  0.425 -0.421 -0.348 1

s A3 IER7RTE 0. 05 F10. 01 7K -5 35 FIb 5o A0 56

Note ;

K4

TEARHI E M S S 4T

EELERSETR 2 M EE4E

Table 4 Principal component analysis of twelve main

physiological indexes of pecan seedlings

eV F 843 Principle component
Source 1 2 3 4

FRHE(E Eigen value 3. 864 3.053 2. 605 1.296
Comtribation ratio/%% 32.203  25.440  21.709  10.798
Cumulative 32.203  57.643  79.352  90.150
contribution ratio/ %
M4 E a G
Chlorophyll a content 0.250 0. 142 0.465 0.016
M L SR
Chloraphyll b content 0.227 0.182 0.484 0. 096
A R Pn 0. 256 0.449 -0.085  -0.170
SALFE Gs 0.289 0.440  -0.003 0.218
FEIEHR Tr 0.282 0. 454 0. 046 0.161
Mila] Co, M Ci 0.313  -0.027 0. 066 0. 644

N =N
?Tm' PR 1 it -0.397 0.078 0.317 0. 208
SP content

R =
I o bt -0.089  -0.189  -0.388 0.552
Pro content
W
VDA content 0. 403 0.131 0.248 0.217
e -
ﬁﬂ1t%#§1kﬁ§@ HE -0.291 0.227  -0.305 0. 189
SOD activity
M ] =yl
AL ARG 0.320 -0.192 -0.345  —-0.147
CAT activity
el T
’i*m%,m{ﬁﬁ 0.199  -0.444  —0.106 0. 150
POD activity

*and ™ indicate significant correlation at 0. 05 and 0. 01 level, respectively.

Gs.Tr Fl POD &t b4 5 m iy 2 far 5 5 3 E o0
FEMER R o frig A E b & SOD JGPEF CAT 7%
PE L E B R AT 5 4 EMATE Gl Pro &
E¥HERENEA R, oL, ERE LRI Rz 2
R 75 M AR 25 FR bR AE AN R R i 2 AT , 255 A 2K
IR SE , MDA & Pn SOD §5PE M4 & b & G
Fl Pro 13X 6 A BRAR AR Ry 15 S B0 ) A A
B o

3 iie

5 X ) 3 e PO 4 R T ) A
KBTI AR /N R s o VR 45
L RWgE D BT R0 N ST LA kL e
FritiZe Ak kAR R AT, P R NE T4
i Hh U AR AR /N S BT B LR X S Diego 451
KB FR 0 AR AR A R SR AAT G
ABIFFE AR B, 55 Al T A BEAR LE, e LBk 4l v e
BT S A TR S b, RPN R s M AR R
R, Ul 0 24 A9 S A0 PEAE R 2 MR B9 VE T, A A
T A 335 TG 5 2 B A R T
ARG S B e B se |0 R R LT 5
AT AR A T AR AR AR R AT ST 4 SR AR L, (EL A
PR LA fof i — PR 5T

AIKE b T L B4 R Po £ T B A
JE R TR IR 3 a A4 b &b T
P MBI RF TR] F) S A 5 R A I £ R R X
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Syt A AT A R — 8, TR e 5 R4
B OGE R BRI [RGB L 1328 527 BELA 3 7 H
FRMIETER, SR SRk B — i,
TEpEL RN FSIKREAEG, FBRILSFEMNT
B XA P FRRE RN 22— T Ci G AR AL
UL AT RB AR AL BR i O kR 't A R B Y 2 R
5 IR i N o2 ) ST R N 5 I N SRR R e g 117N
T2 11 S 45 ) | ey A 3 Jo 2 e A | I (i HE T B 32
KRB Po TR, R EERA T G At
ZRFR b Erii o, AR R DR R RS8P B
R IEAT X 5 R I B 4 A KRS A IS
N o

W) 325 o R8T T R AR b AR
PR 1) e Ry ot 5 ik a8 R BB 7= A 9 ROS, 2R b
HoAEDS SR SR 4 BB 5T R W, Pro Al SP % HE #E
PRBEP Y, AR, H R T R A R sE L
ARSI Pro A1 SP & sl b F+ DL X fihia , T 52
38 50 d BF, SOD 4 Fifi 1+ 58 B i 1 hn &
FO UL SOD X 72 11 A% BEHCA T 5 a8 A BRARAE
Mo T RME 50 d B, 2 i CAT 36 AR F X
I, H POD JEHER T2 Wi 20 d TR, Ui T 21058
JEE K AF Lz [ H AR P T R 2 A2 Y & S Bt Ak
Fitg v R

4 4ig

WAL 2l i B R BB T R P
PSR % A0 O P L 25 ORI T R A
F, WEFEILRERRS  AE 52 B T S hn K By, h
JE TS E T R SRR G A 45 ™, TRy
2 AT AT WO CRUE RN AT L 558 E K AL T
H [R5 K 1Y 50% ~ 60% , 751K F H [ £5 K 2 19 30%
~40% N S B FE K o LI R A AE KR 2L, 456G
X 12 A SHURE A SR A B AR AT R 40T, TE B
TR A SE B BT YRS A P bR S
TEFE LA A B SR VAR G, AT A S 5 Ll A Bkt
SRS SR AR . A SR e LA R SRR
TARRE AT N FHER AL T BRI LA

SE 3k
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stomatal aperture-not by affecting ATP synthesis[ J]. Trends in Plant

Physiological and Biochemical Responses of Pecan
Seedlings to Drought Stress

LI Jianwei YAN Shulei HUANG Yuancheng XIA Xiaoxue CHU Lingfeng LI Caiyun WANG Zhengjia
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, Zhejiang 311300)

Abstract ; In order to explore the adaptability of pecan seedlings to drought stress, annual potted pecan seedlings were
used as materials, adopting potted water control experiments. Four water treatment gradients including normal water
supply (CK), mild drought stress (LD) , moderate drought stress (MD) and severe drought stress (SD) were set, and
the relevant physiological and biochemical indexes were determined and the ultrastructure of leaves was analyzed. The
results showed that the content of chlorophyll a decreased with the drought degree after 50 days of drought stress, and the
chlorophyll a of CK was 1.22 times and 1. 35 times of LD and MD, respectively; the stomata of leaves were mostly
closed in MD, and the density of closure was 236 mm™; the net photosynthetic rate (Pn) decreased by 17. 16% and
58.42% in LD and MD respectively, compared with CK. In addition, the content of osmotic adjustment substances
increased significantly under drought stress, and the content of soluble protein in LD and MD increased by 141. 68% and
204.17% , respectively, compared with CK. The superoxide dismutase (SOD) activity of MD seedling peaked at 367. 93
U-mg ™' prot under drought stress at 50 days later, while the activities of peroxidase (POD) decreased compared with 20
d. After treatment with different water gradients, the seedlings had the best growth under LD; under the MD, the
chloroplast structure of the leaves was seriously damaged, and the granules were ambiguous; the SD seedlings died.
Therefore, in order to meet growth of the seedlings, the soil moisture content of the planting land should be guaranteed
to reach more than 35% of the field capacity, and this provides a theoretical basis for the selection of the pecan planting
area and the expansion of pecan planting area.

Keywords : Carya illinoensis, drought stress, physiological and biochemical indicators, ultrastructure





