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Regulation of endogenic abscisic acid (ABA) for
cold resistance of superior provenance Pinus
massoniana under low temperature stress
YANG Zhang-Qil+2

( 1. College of Biological Science and Biotechnology, Beijing Forestry University, Beijing 100081, China;
2. Guangzxi Forestry Science Academy, Nanning 530002, China )
Abstract: This paper aimed to study endogenic ABA in different provenances and endogenic protective enzymes
system dynamic changing laws as well as interaction of them under serial low temperature gradient, with leaves
of two superior provenances of Pinus massoniana as materials. The results indicated that P. massoniana con-
trolled the changing of endogenic protective enzyme by changing endogenic ABA during temperature dropping
and tuned interaction of multiple enzymes to resist low temperature. Endogenic ABA and SOD were sensitive
to supra-zero low temperature and were regulatory substance of sensitive to cold injury. If ABA and SOD
peaked in less time before supra-zero low temperature coming, their activities would be higher, their on-going
time would be longer and cold resistance of P. massoniana would be stronger. CAT,POD and PPO were sensi-
tive to subzero low temperature and were enzymes of sensitive to freezing injury. The activities of CAT,POD

and PPO were higher and persistence time was longer, the stronger cold resistance would be. Under stress of
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low temperature,the priming sequence of the four enzymes of P. massoniana followed as SOD,CAT,POD and
PPO from strong to week. Endogenic ABA could decrease descend of activities of SOD and CAT and also

could increase activity of POD. P.massoniana with cold resistance ability had large number content of endo-

genic ABA and protective enzyme and their persistence time was long. The priming time of endogenic ABA

and SOD was early,yet CAT,POD and PPO primed fairly slow. So evaluation of cold resistance ability for P.

massoniana was a complicated physiological process with multiple factors interacting each other. It was impor-

tant to consider synthetically multiple factors included enzyme active, changing, priming and persisting’ time

and so on among all kinds of enzymes and to evaluate them synthetically.

Key words: Pinus massoniana ; provenance; low temperature stress; ABA; protective enzymes; endogenic ab-

scisic

’ LR (Pinus massoniana) RREH FEEN
e p B N N W s s k]
FEREENTULAMBMZ —, T ERRERMLE
CFRESE DA IRRE PR N RIN R b
iRz —. M 20 fitgg 80 FEARGE, )RR ILFY .
B AREE (R KESIFHXE ML BB XA
EHBEM.HEIMrERRABART AN (BEES,
2003), Bl FRXE ML R HEEBEH AR, E5)#
AR 2B R R E KRR, RS X )
BAEmMILE WEERSE T, MRS AR R
BB R 7D R 8% ek B B | e i — R
BEEF.

4 2ok 305 B ) 38 L B2 B S HE A R TR R R
YA SET FEESREMEN EYENSERH
BHRBNFHE, ABA X FRAETIERRNE,
FETHRE ABA 48 8 E8 ., L3 E Y3t ih
38 3R B8 B (Gusta %,2005), ABA BE M &,
AL B IS P O PR, R R ALY B A IS, (A
ERBEAREL TREKE, LB RKERE
B E Bk & 3 25, 1994 21t 3%, 1990; Choudhui,
1988) , HE B A/EHNEARE . SREMERERRE
THIE ABA HAREFAPBEZREBHEER HE
B EkEmEESEIE E RSB R EE R,
AR R ESEEERN T EREMRERRHY
HI A b JR A K58 A R, R AN T MR R AL T
Fik, 3t RIOMEBR B E &4 T ARFEN R B A E
ABA\NBREPBESESFERELBERVIISEL
FAURHEERSBTHRE, U THAR M EE
fRR 8 T R ABA X NERPERENEEN
WEHMAEAER LSRN EEMEHEIrAE
B OABRAKRERESNERANREIMPEERAT
BENEBRESEMH M ESENERBER %
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1 #BE5F%

1.1 ##

AR T 2008 4E 12 H 20 F 2009 4E 1 A 16
AEERALRFEEEH ETEATRENAT
AN MBS ERENRTFAIRET
FETHRBS A AR S EE, A K
SBEEFAE]L. BHAREBESHETEAL
REmpiR R EA. M EESEREE.E
FHE, AR ERNE 100 bk, BHFAE KR
8emX12 cm, BEH +HFE L, IS 14, 8K 50
~55 cm, #1428 0. 8 cm,

1 DE#MEHMEBEGEESERTF

Table 1 Geographical position and climatic
factors of different provenances

WEAR HEHR
Tongmian Gupeng
provenance provenance

22.10 N, 24.06 N,
107.24 E 108.66 E

HE
Item

Jh 38 A FR Geographic coordinates(®)

R Altitude (m) 500 - 185

FHSE 21.8 19.3

Average annual temperature ('C)

ERESE 0.4 -2.3

Annual minimum temperature ('C)

FEE]R * 38.2 39.7

Annual maximum temperature ('C)

210 CHR Annual accumulated 6919 6591

temperature above 10 C(C)

L FEH Frost-free period (d) 358 343

fEf% K B Annual precipitation (mm) 1366 1453
1.2 i

L2 1 ELEF & REAEEK. HEHARESL
BRENRE 3K, EFRHARKEBRAE, BT
A S0 KRBT ATIERMA. 7:00~19.00 3%
MRIRBEIE 36 pmol + m? « §1,19,00~7.00 H B
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B, HXHEE 65% ~85%. RN EFHNMALY
SIRA 9~15 C,LL 10 CHXTH, ATHREREFWN
T RQ0E2) (442, (0£2) . (-54+2).(-10£2)
CHMEBEESEBENREKENHRSEES
X PR AP OR BRI 2 BFE R E A . RN B 5 X
&) 1R B BE B 2 1 8 B iR HF 48 h, 4% 100 £k
WA 8 1, FIBERE 12 #k. BUERNESHKE AR
BT s g £4,. B85 LB A-80 Tk
BPEE., REGIER 24 h, k8 %E. 710 C
BEPRZEMRER 1.24.48 .72 h WHF B E ,
L2.2MERAAH% WK ABA FRHMER
Fi 8] 4 B§ BX 4298 1 (Enyme-Linked Immunosorbent
Assays,ELISA), ZFI &M FHEERIL K¥, H&
BUBRHEPERENARITE ., EXELISA K
AN EFES WU (R B aN5%,1988) ., KA
ZEEQIDMFEHTERAWE . (DALIAR
B it E AL Py B IS 1 5 (2) R PO MR Y 8 R T E R
EYEALEEE; QIEhEAR AR EdE
A E BETE M (O BE i th B 20 € £ By R ACBR TS
., UEABRBERPNENER 3 K, R¥EEIEH#
THIBR.
1.3 fmaE

AR AFE LA EK ABA & .SOD i . POD
WM PPO & .CAT ¥ 5 A ) R B R 317 A
K7 £ ¥ (SPSS #{4) .

2 HERE54H

21 ERIEDRAEMENANIER ABA S ROTL
ARFEH F KR ABA SEBHEEBE R
AL R EAHL, NIE ABA B2 EAE
THEELABTEMZAREE D, AR ERN
5 ABA SEERBIBRF 4574 4 C.-5 CH-10
‘C 72 h HELRAN e {E , J e B AE-5 CL R AK
HHPAE-10 C 1 h;BEM-5 CHEZE-10C1hK
BABAELX TR "EMBENIE ABA S 81 4
'C.-10 'C 1 h,-10 'C 48 h B 3 MgfE, B fa
B4 C, 2/ ERE T, REMEHRAE-10 C
24 h, MUEBERAGTEMEES LMKE 4 CHR
JRABA S EEHA L AF LG HEME, PUEMK
IR E RN ABA S B F A RERIE.ES
C i 3k B B R O, R U o A R AE AR IR R s
BT B s ABA, 3 A 8 45 LLIR IS E05R

BIPLE S . MM EAE ABA §B%E-5 CAIR
RIBEEE-10 C1lh MU ELRTHRARKSER
HAEEFA,RED IR RIEE, ik ABA #3F
HEEARFE . ARHFE—FHR. 2 ML 10 ChE

ABA FREARMFE , & F P ER & o R A

MAEMATE ABA SERESHEI NS BER
183. 55% F1 58. 80% , 5B 1K H 4 H b *¢ B8 F& 1%
82.08% M 75.57% . ZALHEMNIE ABA S BER
kB EKFEGE 2,
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Fig.1 ABA content in different provenance
during decreasing temperatures
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Fig. 2 POD activity in leaves of different

provenaces during decreasing temperatures

2.2 BESEPAEFMIELN POD FHEMHERL

AR FIRMN i POD 3% 4 B & & 3 0 K AE
R EMMLPOD EHETRE LA R THRE
EABTREAZEAREE 2),2 FIEK POD &
fE-10 CHi B A RBREEZLAK, BRERZE-10 CH
BuEfE ., HMAE-10 C 1 h HHEE, Z 5 POD
WEWE T ME,-10 CAub3E 24~72 h POD &4 4 F
Fl—K¥FL; & ZEMEK POD HEHAEREMREZ-10
CIEHZL FFIFTE 48 h g, Z /5 POD & #
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TH,BERFERHKF. HEMHFHEERSKET
POD #EM BB AEEA B UB I ERERE K,
AR R A EAESRKE T POD G KB TR ER
PR, % B POD ZER IR IR TREM . LERB
FhiR POD ¥#: K, L ESB MR IR POD fEHE /b, 2
R A POD JEHEAE 10 CH, M A8 Fh IR0 & T i %
FhR, A E R EORAR AR A IR ) POD & B S E 25
Xt B 1 829% F 71. 731% ., & AL ¥ POD
HHEREBEKFGE2.
23 (RS EPARFIER SOD FEMETEL
AEF M B & SOD & 4 b & IR B i B 2
R AL, SOD B2 EAE FHRE AR
TR AL AR, 2 AR IR A9 SOD T M & K E ¥

BAE 10 C(E 3), WMFIE SOD FiE R E
A BIZE 4 C -5 CHI-10 'C 72 h HPE 3 &, B
FEEBBAES C; HEMIE SOD FHHE N 10~0
CHZRLEF, 435I 0 C.-10 'C 48 h i 3L 2 -
i, REgEE M AE-10 C 48 h, 2 /FIEHZ®T
M. B 3 3278, SOD 7 1 i 5 i i 18 ) B AY B (6] 55
ABA Al ViR B BRI EFH W K, BHE
MR SOD M BK LA TFHERKFE. 5 ABA
RE BRI E R 2 FFE K SOD E#k HAKHE
RAVRERBRIEE, REEHDAEM. 2 BB
SOD {E#E#E 10 CH MM ER T HEMHE, %
Fh PR FOA AR RR IR A9 SOD 36 & B {H 4 3 He X IR R
& 154.20% 1 58.80% ., & AbBEEA SOD R

R2 TEMEAREIRTEELR

Table 2 Post Hot test of variance on leaf traits among different provenance

HA K # % Tongmian provenance

H ¥ Gupeng provenance

4R index

10 C 4 C 0TC -5 C -10 C 10 C 4TC 0¢C 5C " -10C
ABA & # ABAcontent 1813. 24a 1794.06ab 1761.13ab 1676.97b 1785.63ab 1034. 96a 753. 89b 705.26b 589.47c 705.26b
POD %t POD activity 26. 36a 26. 96a 25.77a 25. 64a 19.23b 16.95d 22.16b 29.43a 19.79c 18.47¢
SOD §# # SOD activity 446, Sa 401. 6b 409, 2b 303.7¢ 229.7d 217.5c 201.8d 310.8b 341.3a 343.9a
PPO &t PPO activity 11. 05a 9.71b 15, 46¢ 14. 30c¢ 19.02d 21,70c 22.43d 30.00a 26.45b 26.2b
CAT ##: CAT activity 13.05a 14.71b 16, 46¢ 16. 30c¢ 17.02d 9,70c 12.43d 1700a 16.45b 15.2b

#: ae BFRAFEERFAKTEMZE R LEP<O0.05), FRARKSERABE.
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Fig. 3 SOD activity in different provenances
during decreasing temperatures
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REFFE A B PPO ¥5 #: bf 3 15 BE 8 B % 3
LEE AR, EEAAE PPO B 2L TG FHRE
EABFTREEANBE, HEMNIE PPO FHEHELEE
THRELELABETEELAHTREELFA NS
(B 4, HWMFIRE PPO & H7ERE RSB 43 57 4
‘CHI-10 'C 24 h H B 2 M &{E , PPO JE & B E=-10

CRIBELZEF,-10 C 24 h B R EE; W%
FhiE PPO I #2575 CH-10 'C 24 h B 2 4
WE{H , PPO {EHEMEIR E-10 C 48 h JFHL EFH,-10
C72het{EHHBBFEEMHE. 5 POD MHEL,2 F
BEHWISIR T PPOESHRXKEEARH LAIRR %
1, RFEIH R, i E R I PPO 3% M E BRI R
TRAEK,-10 CRIEH HIE 1.2 EMEH, TR
MR SERERE T PPO BHEA THRELT

wa o

. FW)
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N
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PPO activity(U.g™
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Fig. 4 PPO activity in different provenances
during decreasing temperatures
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RIEAKF, RE PPORWE, ARt —FHHR. 2 f
i PPO HEMETE 10 CHE AR RS Tl ZE M IE,
Ty T o U5 AR AR R IR B9 PPO 35 1k &% 25 8 2 B e Xt
MR R 913. 08 % 1 1012, 13% , B fRAE 4 Bl He %) B/
TR 56.40%41 8. 91% ., FAFHE PPO WEHER
BB EKFY-CGR 2,
2.5 R RPAEMIFERN CAT EHHTR
ARFEM B CAT & W& B KAk
PR HME R I CAT WEHR2%E TS TR ER B
FHad, HEMIE CAT ISHE2E B TREE LI
HTHEEAZAE (B 5. fFRFIE CAT EH
2 d G CAT BHERZE-S CEYMEL LT,
FE-10 'C 48 h Hi BUWE(H ; T B M IR CAT &4 H4E
4 °CHf1-10 C 1 h B 2 MgfE  EEEE-5 CIEHE
T EMEE-10 C 1l h i EEEARFREE. B
54R,2 fYE-5 CZE-10 Clal MBI 1.2 NI/,
UL CAT 768 [|] R BRI B (AU R W AP IR 7R 15

SRE T EEARRK, MBS M G PSR o,
ISP %5, 2 R CAT fEHEALE 10 C i AR Fh I
B = T ol AN IR, A S R IR R AR AR IR 9 CAT §E 4
&4 B et BB 13569. 17 % 1 6307. 42% ,
B ARAE 4 5 X} B R [ 43. 38 %0 F1 0, £ 4b B i CAT
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Fig. 5 CAT activity in different provenances

during decreasing temperatures

£3 FEMENKIEABA RN ERYBERETRANELEY
Table 3 Changing tendency of endogenic ABA and endogenic protective

enzymes of different provenance during temperature dropping

¥R AP Tongmian provenance

HZEMPE Gupeng provenance

545 Index
10C 4C 0C -57¢C

-10 C

-10 C
10C 4C 0C -5¢C

1h 24h 48h 72 h

1h 24h 48h 72 h

ABA & & ABA content A v A v A A A A Vv ¥ A v X v

POD ##: POD activity v 4 v 4 v v i v 4 4 i 4 A v

SOD %t SOD activity 4 v A ¥ A 4 A A v { 4 ' 4 v

PPO 3 f£ PPO activity S S S S S T

CAT 14 CAT activity A ¥ 4 A A ¥ 4 A v 4 A { A A
HHERBEEEKEGE 2, MR PPO E#E2 AR T, SOD 1E #:F1 CAT 1%

2.6 BRITERARMIENKNIE ABA 3 HERP
HAREREERE

AR T AR P, 5 A RS [ o T At AS B A T
WIE ABA & 8 DL B TR G- 3 B8 10 5 4, LUIE B
fRiR. MATE ABA & N IEAR P B 7E F iR B i
BRI E L, MR E R SOD.PPO #il CAT 1§
HE5NIE ABA S BB EB LA -5, POD iF
5 W IE ABA & B #7840 48 8 OE 17 M8 i s T A
HEH) SOD MM CAT i 5N IE ABA S84
{3 A —3, POD 3% ¥ f1 PPO 1 5 ¥R ABA
SR BE ISR (E3) B E U KR
BT REMEESAE ABA S E,POD 4
A N B, SOD 7% #: . PPO & PR L B CAT W<
MIRETHE W EFFE R B AN IE ABA & &8, POD

W2 AHR TH R . HARF IR N IR ABA & B7E-10 C 72
h BB B U, A POD 3% ¥ M BB A4, SOD &
P L B B W, N JB ABA 7E-10 C 1 h H BB AR
18, 1 B POD 1% 4 i B 5% /5 0% {85 & 3 7 98 A IR
ABA &8716 4 C 72 h HEl & & iE{E , lbat POD &4
1 PPO 35 1 H B AR 8, SOD 1% 1 H B 55 725 W8, 79
¥ ABA 7E-10 'C 24 h HEUEK(E , bat SOD & H: B
B A 1-40) .,
2.7 BRESERARMEBENABRRPBEEOEE
A0 '

TE W IR 3 B o, R A AR [ e 53 e o SR 4
5 22 ] AR L DR R P DAGE AR IR, MRS
M FE SOD.CAT & PPO HH:#E 4 CIFRES),
438 F-5 C.-10 'C 24 h }-10 C 24 h LB HF K%



506 I W OHE WY

31

fH,SOD E#7E-10 C 48 h EE FF &Y, EH
| SOD e R E/EFI. POD W4T 0 CHIGE S,
F-10 'C 1 h xR & KME,H+ POD . PPO &
$EF CAT 1544 317E-10 C 1 h.-10 'C 24 h FiI-10
C2ahERINEEBEEKRTREEARAERR
AL, TEHEEIET 0, 2 &AM R XM E K C H IR
i B (IR B 38, R BB R TG s LB B M E R E
¥R SOD #l CAT 7£ 4 CHtFF a3, 4% F 4 C
f1-10 'C1 h A BlHF K ¥ (E, POD F1 PPO 43 7 7E-5
CHI-10 'CA, 34 HF-10 'C 48 h #-10 'C 72 h
BREFEME. CAT E# . PPO EH#-10 C 48 h
FER2rABE  XRAX 2 HMEAEREER M
SOD % #: .POD JE#:7E-10 C 48 h G2 THHESA.

3 H#pEiti

AP U, HUIE AT Y T 7 A VR 7E K 1B
T ABA S ERE, ER T EE LR S EME,
TV 47 S5 e e 9 A R AR e A R 10K LR 7 MR (L R
FERFEE. £ EMAMETRE N ABA &
BAFTHERBE. 2 FE NI ABA S RER
Bt Bh R BT EE, SHP. S NES
BYKHRERRE eE®HZ,2001; 2/ h %,
20065 R B IT 2 ,2000) , A K ZBAEY KB 5T LU
FHA T B RIEIE X H 44 BFEE B9 i 1) £ DL A
RBWRITE, A FOCR AR A TR EE T %,
A B8 2 00 T R 33 3 et bl L 9 4 e 14 5 4 ALY
AT BE 5 P98 ABA Wy 5B 3 B B 4 R B 1) A 35

ARBFE,SOD £ 5 BHMEBRE T &5
B —FERE, S, S K, EER
IR SOD 1% 1 76 1% 35 15 B B8 F h B 35 7
BEKE,REHEE. PPO 1 CAT 2 F 8 xE
B 36 P R, (B ZEAR SR IR T R0 B, UM R
B, TE VLR RS B Y K, T OX 2 FRAB XS B¢
5B RR R R B A9 AR R R K. T SOD 3%
$£ . POD WML AT B F A Y, LR EHBMD
BT HERAEN EEL SOD REM, I
. FTFGRMEEN,CAT.PPO 1 POD 3 M/
+A TR EARN R PRI EHEAEM. B, R
FEPE R B BE R B R G RTE 3 3 M I ABA, 338
TWIE SOD, B ¥ 44 P9 9 - 5 1 2K 15 3 38 1o bt %€
F1, R, WU ABA 8 .SOD {E# 32 %
BIEHER, B ERRHAYYR, BIEZ K

BRI AERBEAMNERE, FERE, RN E
B, DR P BIR; CAT.POD 1 PPO %
FTFREBFEFHRR, BAERRAHL ERERS
-5 CRIEHBABREZLR K R KERMAT
X 3FBHL LA, AREXBHSE, LEERH
BARIBERNEFREREE UEESHMESE
PlEESHEHA TR, HIARFEAR. HIL, CAT.
POD 1 PPO #9iE tEil i , Fr S pO B ) iR 4, DL
R, EEARFEARIR 4 FESA S 3T EAH
[7, B SOD ¥ 5e/a 3, k43 51k CAT.POD, &5
£ PPO., Hlt, S ERMERAKMBIEN, ZFHEE
HFRSE5MBiEENEBRAEATR, TR
FHBAEERERANS BRI EENESE, A
LA EAFRERNE RN R RN B S st
Bt E LR EE, 75 ST .

AHRERH, ERREES, SEMELIA KA
IR ABA SR E N RSB A #E, OB R
f&. SOD fil CAT ¥ 5 ABA S BT/
PR A—B, BB B SOD FHHS5 AR
ABA S EHHBFHEEANREENBRERLHER,
ZHMTERMDEMEATRFNIE ABA &k
WEE SOD MM T M, R LW . ARBPEH
H, TR ABA BB & CAT EHM TR, HAR
SOD WL &M &, Fidk— k. POD EHHS A
W ABA SEMELBHEFHAR, NESERMNERN
i ABA S EAR B UMK BEM B, BRERS
POD &, BA BRI EL. R ER%E. HiEHE
ARFIER PPO EH S5 NE ABA SEBRNZLB
AR, RO FIE PPOEHSAHE ABA SR
AL B R, LB R E R E L
2, PR EEROMBEANTE ABASERE
o, BEE AR B PPO #9353k 3& AR B B s , A
IR PPO MM ENZERAFH PR,

AMARERE, SERMERBIRPELAR
ABA BSMALBNERPBNEL. FEDEHE
25 RENREUHEITEER. SOD #1 CAT A&
R U R RS K, 1K IRk e U TS £ & & . POD #1 PPO
JB R R SO R B 28, B AR B K 18 B 38 B B
.4 PSRRI E N AR B RMERALR,
HEHBEEARB. RPERSE. SEBHAR
ABA 14 U AR 5 B 00 BB B K L SR B LR, 9
78 ABA.SOD # CAT Mg shi# &, i POD # PPO
(F#% 512 T Continue on page 512 )
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