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Abstract: The objective of this study was to determine the physiological response from three different
provenances ( Xinyi of Guangdong Province, Chun’ an of Zhejiang Province and Duyun of Guizhou Province ) of
masson pine ( Pinus massoniana ) to water stress. Water stress on masson pine seedlings from three provenances
was applied using concentrations of O (control), 100, 200, and 300 g -L~'polyethylene glycol (PEG6000) for
determining the concentrations of soluble sugar, peroxidase activity (POD) and nitrate reductase (NR) activity;
and 0 (control), 150, 250, 350 g - L' PEG 6000 for determining chlorophyll content and membrane
permeability. As water stress increased from 0 to 250 g -L™'PEG, chlorophyll content from each provenance
decreased ( Xinyi —17.51% , Chun’an —17.69% , and Duyun — 14.98% ). When treated with 350 g - L~'
PEG, the decrease compared to the control was: Chun’an, 27.27% ; Xinyi, 25.70% ; and Duyun, 18.21%.
As PEG concentration went from 250 to 350 g -L. ™', membrane permeability increased obviously. POD increased

first and then decreased with the increasing of PEG concentration. When treated with 300 g -L.~' PEG, POD
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decreased compared to the control with Xinyi decreasing 43.90% , Chun’an 23.99% , and Duyun 27.06%.
Compared to no water stress, with 200 g +L™"' PEG, soluble sugar increased for Chun’an (42.78% ) and Xinyi
(19.49% ) , while at 300 g - L™' PEG Chun’an increased 49.01% and Xinyi 37.15%. Also, NR activity
decreased with small changes for the Duyuan source but relatively large changes for the Xinyi source. This study
showed that drought tolerance in Duyun and Chun’an was stronger than the Xinyi provenance. [ Ch, 4 fig. 2

tab. 15 ref. ]
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Ly EBHA Pinus massoniana SR . £F4E . MEFB) M, WERER T EZEMRMF, EHE4
Kb, WERIPEST, BHUMERRAOOL BRI, AR EEAMZ " BET, X AN RS N
e LA AR ) i 5 i A S g /0, T X S Ao % 5 RS N T AR 3 i) & Bk BB R
BT B PR MBLSL s 2 L, IARNFEIFME D BAAGIE AE R, S NS @R FEMAXT SN
A ALY (POD ) 1GE . AT PR o 43 B5ORT A TR 8 D VG Ik 25 T 5 T e AT T SR T 3 ) A B
N, I FEEB A AR R AP IR R 22 5, SRR 5 AR AY IR S 4 R AL
1 #Mr57E
1.1 HRRAE

VEBEHL IR A — BTN RS WL A M B ) 46 3 AP 2 B WA Fh+ (Fh IR BT
TEMFEAREMILE 1), LFEMEFEG, 7627 CREFFPIA 3 d, WHEZEFM /T AR,
BT (24 £1) °C, 12 h -d DM EFRFE PR %, JEH 1/2 Hoagland K5 3R HEE . LA 80 d Y4
AR . REA T B S E RN E A 120 d # R4 .
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Table 1  The conditions of each provenance of Pinus massoniana

T 1 A¥E, 7T AME, =10C kit TR
W MFR /(%) R (%) ATy A H¥i = SO IS %*:Eﬁ

SE/C C C FHIR/C mm
N L
RIS . 21.5~24.05 108.13~112.43 18.1~22.6 8.0~14.6 26.7~28.7 5920~8013 1108 ~2 179 285 ~363
X
sy,
WHT 2 KE 26.21 ~29.36 110.09 ~120.49 16.5~19.5 4.1~10.1 27.9~29.6 5156~6 135 1273 ~1 841 242 ~267
JRIX
- Py
SRS . 24.17 ~28.25 106.72 ~109.50 12.8 ~18.1 2.4~7.8 21.9~28.3 3672~5859 960 ~1424 231 ~277
X

B FR B A S B 2 (PEG6000) Ji 1k & R 100 (%9 —0.20 MPa), 200 (%) -0.60 MPa),
300 g L™ (%) -1.20 MPa) [ 1/2 Hoagland 353 b TARBRpa AbFE 24 b 5, 05 ] s M o i oy
B, ERRA IR EGFN POD 3& Mo A X3 M 5 A 0 2K A I B &)y i b B PEG i iV B 430
150 (#§ -0.40 MPa), 250 (%) -0.86 MPa), 350 g -L™' (%) —1.60 MPa) , PEG6000 >4 H A< [1 7= i
Gy, X REBRLFHAS & PEG6000 1) 1/2 Hoagland 33 5%
1.2 WEHE
L2.1 staedanz™) BURRAEA 0.1 g, KEMIHN 2 ~3 mm KE/NEE, A NZEIRE
H, SRIE A 10 mL JoK ZEERABREIR G, “FHBIRRIL N 101, BREIEEIRQS CLEA) TET
EANRE, RHARRHESIRE SR, EENMETE 2 AN k. BORSER A 754 BUE SN S6 0 B T
663, 645, 470 nm 45 3 MNEBIROCHE (A) o SRJGHE RV RIT M4 R a BREWE (mg <L) C,
=12.72Ag; —2. 69A,,; WEEZE b R . C, =22.9A,, —4. 684, ; MILEERREWE C, =C, +
C,; JHB NZEFREWE ¢ = (1 000D,,, -3.27C, -104C, ) /229,
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1.2.2 FpgAnstdrm e FRELO.2 g SERE, LAITCESF/KPEM, BTAC2 ~3 mm K/NBE, AL %E
R, JEMA 20 mL BB 7K, #% 30 min J5, H DDS-11C L SN ER RIS E, . SR)5 &0
KEH 10 min, BHEMEBERBHSEE,, LB TKESRN E,, FEMAXEE(P) AKX P=
[(E, —Ey)/(E,-E,) ] x100% 158 ; BOiFE#RAX: GiFEE(%) =(P,-P,)/(1-P,) x100%
TR, Hory PONANSRAMIXTGEM:, P A BRI M

12,3 Hpedsirml & o ik AP R 20 MR B Ll vk e o AT T A B A
By G I L TR S R A Lk Y I L KA R R R 2 R
KA IIRE R B R T, R HATHRA 7L . AT et 771, ¥ PEG6000
O3 3 ARRIE, DI ER S A I A K BB

2 RGN

KB DEMRGERABERES KA

M2 ATIFEH, BEEMORE R, SMEHSEE a, X Db, HEENE, HRE /b
AR DR B, WHSR LR, ARG E SIS 2 R T MR A2 A
K, PEG iy 250 g -L™' (£ -0. 86 MPa) B 5% BEAEL, IR EE 43508 17. 51% F117. 69% ,
T 5P B AT b 5 WA et E DU AE X35/, S 14 98% , PEG ki 4 350 ¢ - L7 (£ —1.60 MPa) , |~
HRAG B VTV 2R IR N BRI A 25. 70% F127.27% , StMERAIFHIRIN A 18. 21% , 4¢3 a/b 4
B, VRS TR T BRI AR AR, KRB 1,830 8 FREF] PEG R HE A 350 ¢ - LAY
1.384 0, [HITIEZE 550 ARAT 2 ASFRIE R BRI AR 30

2.1

x2 KOMETABRMESHAESEERESUTH
Table 2 The change of photosynthetic pigment on leaves from different provenances during water stress
- PEG [ B/ M43 o/ M2 b/ MLk (a+b)/ M43 o/ KB bR/
VS
(g-L7H (mg-g™") (mg-g™") (mg-g™") S (mg-g™")
0 1.0573+0.0224 0.5775+0.0421 1.6348+0.0601 1.8308+0.0260  0.202 6 +0.002 3
[ 150 0.9336+0.0528 0.5364+0.0358 1.4400+0.1098 1.6846+0.0354  0.143 2 £0.000 4
SE H.
o 250 0.8093+0.0623 0.5392+0.0675 1.3486+0.0131 1.5009 +0.068 7 0. 108 4 +0. 000 2
350 0.7051+0.0503 0.5095+0.0526 1.2146+0.0832 1.3840+0.0954  0.0851 +0.002 5
0 1.1630+0.016 0 0.6454+0.0560 1.808 4 +0.0851 1.802 0 +0.049 8 0.2151+0.001 4
. 150 0.9520+0.0362 0.6089+0.0425 1.5609 +0.084 1 1.5635+0.02538 0.129 2 £0. 004 2
RIRGS7S
250 0.8987+0.0638 0.5898+0.0256 1.4885x0.0902 1.5238+0.047 8 0.113 4 +0.006 5
350 0.7857 +0.0812 0.5297 +0.0265 1.3154+0.0987 1.483 3 +0.062 3 0.109 5 £0. 006 9
0 1.0193+0.0265 0.5665+0.0751 1.5858+0.0856 1.7993+0.0125 0. 194 0 £0. 008 5
. 150 0.8339+0.0369 0.5584+0.0901 1.3923+0.1042 1.4933+0.0489 0.119 3 £0.009 1
ot MR >
’ 250 0.8198£0.0751 0.5284+0.0874 1.3482+0.1421 1.5516+0.068 7 0.114 8 +0. 005 4
350 0.7799£0.023 1 0.5170+0.0258 1.2969 +£0.562 1 1.508 6 +0.048 7 0. 108 9 £0. 006 8
2.2 KoMETDERGERREENEERHTH

B2 7K S TR0 R B 38, 4% o R TSR ) 3 P SR 2 BT (181 1), PEG itk JiE 250 ~
350 g -L7'EF, B TMIERE WL ANR . TR E R K A Mk I R 5 R A T . S IRAR L, 250
g -L7'PEG (k3 —0.86 MPa) ZbBER, AR A5 ELAN IS4 1 g 14. 38% , WiTTIE2 R0 I8 N 10. 28%
SMERAI IR 6.91% , 350 g -L~'PEG (/K3 — 1. 60 MPa) bF T, 4% Fh U5 3 B e — gl ,
KA BRI 25.50% , WRTLTELFIR N 20. 72% , SCONERSIFHIR N 19. 94% . LA L3 Hr ] LA H
TEAKGM AR, SeNER SR ISR 2 05 AR RN, TT AR A5 B AR AR X A A . 33U HA St N BRI Fh 5t
ZH AT AL R A AT 55 (1 B B2 ) AR A B R R
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2.3 KomEXN S EM%E POD iE RN

POD 1E2 SOD (A ALY ALRE) i Pr [ O 37 B, 2 4 A B H, 0, M H Z 3 BR ), H,0,
BHEAMUEH TEASG R HESEOHF, HEERRE H, 0, n] DL A6 5 0 ) H 5# 1 - OH F
10, iR LW, 100 g -L7'PEG (/K% —0.20 MPa ) ZbHH R, 4l POD 5% HEAH LG 44 45 K
BTk, 200 g -L7'PEG (/K # -0.60 MPa ) Zb¥EF, & FpIE POD JliMEAT BT N RE, (EAT & X BEOK T,
300 g -L™'PEG (/K34 —1.20 MPa ) 4b3E R, 4RI POD JEME -4 KR T [, 7 A4S ERH IR T 4 06 13
35 43.90% , WYL ANFIN A IR FIRIRIE SN, 53500 23.99% , 27.06% . 3 i POD i
BEE KB R Bk 25 FTHE TR (E2), 58 K Cunninghamia lanceolata”’ |, i 5 3%
Orychophragmus violaceus" "™ 2 (AIWFST 5 AR, 5 B a ™ X AS ) H 22 Ipomoea batatas i FhFE/K # T
RN R BIFIRAE AN — o X UL AN [RIAE ) %F 7K 43 Jiik38 52 0y A 1 R AN R, PRS2 350y POD
Bl K S 2B A S A BTN TE]
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Figure 1 The permeability of membrane of different provenance Figure 2 POD activity of different provenance

2.4 koEMERAREERES MW

Bl KA NI, A FPIRET I AT PERE T A BB AR 2 BT (B 3) o &5 2500, AFALEE
BRI R ) 25 5 B2 . SXFHRAHEL, 100 g -L7'PEG (7K#4 —0.20 MPa) KbFR R, 45 Rl o] 5 Pb
BEABIEMAZ . 200 g -L7'PEG (/K —0.60 MPa) 4bFE R, 45 U5 n] i M5 4 A 5 A et 386
AR G BRI 19. 49% , WiVTIEL RGN T 42.78% , S ERSI RIS N T 31.28% . 300
g *L7'PEG (JK# —1.20 MPa) ZbHE R, 4% Bl ol i P 4k S2 30 0, 1 2R A e 0 V5 084 e 2 e /N ol
37.15% , WivT e i B i 55 K 49. 01%
2.5 7Ky BB XA ER IR IR B i 1 Y S N

K4 R0, 3 AFhIELD SR S P B K 300 R e R R, SXFIRAR L, 22100 ¢ L7
PEG (7K#—0.20 MPa) Ab#E 1 d, 45 Fh J5 A B2 38 B B 5 P %08 78R K. 200 g - L' PEG (7K #
-0.60 MPa ) 4bFEF , SRR IAA BRI TR, ARG AR T BEIREE R 27.09% , WiiLyE4e
VR 29.08% , S NERAIFP IR F % 12. 17% ., 300 g -L™'PEG (/K% —1.20 MPa) Kb BT, Al iR 4
W TE RS TR, T R S TR IR, S 44. 62% , WiiTyEse . SeMER S A&/, 435k
30. 72% F126.28% o VA LA BT BHAE K A W3 T, ) 2R A5 B R0 R 280 R AR 7K - 32 5% i () 2 3 i K
i 5 B8 04855 5 05 PH AR ST RN VLV 22 R I U R A K P32 52 i O R AR /)y, DRIk 52 B T AH RS
L

3 Z5itw

3.1 KkOMEMEEMRHELAEBRENRM
2R ZOEARY AT EAE BRI SOV OERE “ HiliARAR ", RIS AR BEAL 128 5 e e 35 T B2
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Figure 3 soluble sugar content of leaves during water stress Figure 4 NR activity of leaves during water stress

YER . 25008 b R IEAEY R ARG IE v BT MRS PR R, R B0 O, 0 K5, 4R 38 i i 4 5
SR ARSI S AR G A B bR . 2SR T, K AT % 2K R o A
IR e T SR EE T R0 R F2 2R i K a7 B T M SRR A A, IR R . Albert SN
FERMLAR R Z Y chla/b-Pro B GAKG BEZBIHMG . IEAFRBIIENS . HER R i 0 AU AR
{UZ T BAZRE, 1 H 57K 50 038 T 155 5 S i ke A BB o LA 7 AR 0 M SURT TR X 4 %
IR A 5

KA, AR SRR TR B B N, )RS S W VLI AR T R B AR AR,
IS NER SRR T B MR BE AR B/ TSR SR EE R B R, I, SEMERAIRNE AT e R
HEGRAY T .
3.2 KoMETSEMAEREHEITEENTH

iy DS By A iER e i) STER D) (1 S 2 = 7 N I == W05 D By o N s w L S 7
XTSI e ARG ATT , YA MBETE R IR T R ENATRZ —, PR L, JRA R
JERE T SR UG . AR T R ROKIN, AR N K S RRAR, AR GE b B 7K o3 AT B A U S o A o R A A
b, FIREAE AR AR A AR RS LA T3 HES T S BB A M ek Ay, X E Mg K. i, K5 ikl
SE NG AR R =Y R A L (O, , —OH 85 ) Ml 7 W) N AR 230 A W ™ A= 7™ B
Wi, SEBLEVERN, BT RERE
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WA EIRT, T ARG AR POD FEMEAUE RN, 1 ELREE Wh3E (0, HEUEA N, R
K, Wb, FrEAMGUK N RRE 8T ; M AR S WLy 2 AR POD 16 PR AR 4 i, ok
LA B P AL ALK S ki i RE T
3.4 KOEMEXRIAMEERES MW
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