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FEE B e X 3K S AR AUARAE , B B AR KK 73 5 (NG ) VR FET Bk 40 (MD 41) 388 (WS 4) DL K
KW (BS )4 NARFIACERA , BF 58 2 R K 23 38 SR Hu P (Pinus elliontii Engelm. ) 4R SLA G K SABE N, FRE
B AR o3 AR R R B AL S A K AE YR R AN ER ST AR S 2374 BE RN (P <0.05, K53 ab Hxt 24
YRF WG . 5 NG AHH,MD WS 1 BS ¥ B ERR BRI B S ERK S AEYRR R EXNZAYENF LA L
%, MD BERMEAK, 5 WS F1 BS BEH A4 KIEFHEK, SIFER,MD WS 71 BS § & ZH S A 4T B 48
DR LA B SR B B ER AT A R & B (MD EARM R & #H150) o ZER—ACBAN BN RAERSHAR S BEEL
HRR (] 9 E K 2 AR B ESE . FELSFKSHRE ARG T BRI BREARK SEYE T ERI L —E MUK
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KREEIR : SR X5 KA AE 5 SR SAR A s BRI A R s AR B AR AL

Effects of different water treatments on growth and contents of secondary

metabolites in roots of slash pine ( Pinus elliottii Engelm. ) seedlings

LI Changxiao® , WEI Hong,LU Qian, ZHANG Ye
Key Laboratory for the Eco-Environment of the Three Gorges Reservoir Region of the Ministry of Education, College of Life Sciences, Southwest University,
Chongqing 400715, China

Abstract; In order to simulate soil water regimes in the riparian zone of the Three Gorges Reservoir Area, four different
kinds of water treatment were applied to study the effects of multiple water stresses on growth and physiological traits of slash
pine ( Pinus elliottii Engelm. ) seedlings. The water treatments were normal growth water treatment (NG) , mild drought
stress (MD), wet soil (WS) and belowground submergence (BS). The results showed that both water treatment and time
had significant ( P <0.05) effects on growth, biomass accumulation, and contents of oxalate and tartarate in the roots of
slash pine seedlings, but had no effect of water treatment on shoot biomass. Compared to NG, the MD, WS and BS
treatments significantly reduced the seedlings’ height growth and leaf biomass accumulation, but had no significant effect on
shoot growth. In addition, diameter growth was significantly decreased in MD in contrast to a significant increase in WS and
BS, respectively. Furthermore, MD, WS and BS not only significantly increased content of oxalate, but also content of
tartarate,, respectively in taproot, lateral roots, and total roots in slash pine seedlings; the content of oxalate in taproot was
however not affected by MD. When subjected to multiple water stresses, slash pine seedlings demonstrated some
characteristics of acclimation although the seedlings showed susceptibility in growth and biomass accumulation. Thus,

intensive water management will be necessary for maintaining adequate water regimes for healthy growth of slash pine
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seedlings.

Key Words: Three Gorges Reservoir Region; multiple water stresses; Pinus elliottii seedlings; oxalate; tartarate

T AR J I S AR B S R R R O TR b , BT T 5 TR (TP, A R ROIE BRI A, A
R, N ettt 5 Atz o IR BER L R AR ERAL M Fh , SRR I AT W F . BEKIT
TSR & T N5 Rk, B ATTE =W XA —E A o 4Rk, =k X B 555 TF R SEHE “ K IL
IR R R BB TR RILEHFK ERF TR KRR TR BB HRAER” BRI
PURARM AR F—RIIML AT E |, R Al TR bR B R AR PRI R IR T A A ™ SE B 76 3
B o R SRHANE =R X A AR AE R A IR B AT =Wk B2 A F B HE” R F VKA E
B85 M AT RERE— P N5E e X A 52 25 T 9 o e Ll AR ARRALE , 682 DX VPG 2 R 0 IX 332 B /K L 7K
BT RE LUK MHE R TR A 4 K R F AT A AR FIL, TR RS
Xt 25 FhoK o 58 38 AR S ALER TS AR+

Py S RN BT R KRB, i KRB e A m " R A
T7 T ABA RAZA AR R SIS 22K 730 350 e 2 0 2 B AR AL ARE R ILARGE . BRI, A BT SE I H B B AR
BRI BEIRA T fHE AL AR RIS SRk 7 ra A B R LR . — BT &, 7EK I KB T8 4F
ZRMUK I BIE 0T FR R ST= 4 — RIIE R . B8 REFFREN HYRFT
FOR A RS BRI AR ROBAR R BT RE T B INET AL T, B P XS MERE O Y
Hoptk R R (1) BRI R T RRA AT R E WIS 5 A, AR T
R EA B BN (2) BHZAR A TR TR U450, SR AR 4l ¥ AR KA S 2 2T 52 e -5 WK e /9
TR
1 #RERE
1.1 BRI A A

AR B PR M A STAE L E AR I B SEXT R o 2008 4 6 H ApAPKE R/ AE R A — B 100 AR4
BRAGGR (5 18 em, O ER 23 em) , BHAREE 3.5 ke, B | tho BIAERABRAHE TR
B R SA A A T el 3 (PSR 249 m) JEATAH Al T3 IR OB IR AVK - B BLE AL, T 7 A 20 B BT RS
NIEW BRI A IR AT S AL B
1.2 %GBt

AR R s 2L H it F-FRED 14 em KI5 R BEL R 4 4, 4 25 4, x4
NG E T4 MD R4 WS FK#E4H BS, NGy MA KA, £ 35& /K20 H AR K&K 70% —80% .
MD N TRK e, TS K& HE R KRR 50% —55% (L3 EKERAFEEZNE) . WS i+
PR — HA TEERE . BS FEA AR POV B AR LR M B, WK d TR 5 emo ZKHALBRI
BB A B2 80 em (& 25 em K RBVIEBIEEN, RGN TEK , BB AUKE BT 2R E S cm 2y
1R o R R R A Y e R A T M SR K I B G AR FE K AR B A AR E AR Y R K R

BUREIR 0 3 FALBE 25 d #0100 d Je AT, A KR S ARSI BERINE 6 MNERE, RARENRED
R MEEERINE 3 NER , 5 RS UIIRE BB LSS R
1.3 AR SEYEREIRRNE

5 P20 BE ROFIIE A5 R 20300 RE AR B R = IR AR S A IR A o BRURE IR R AR i ZEAIAR (23 3 AR
PIERGY) 53 IFBURE , BBJE SERIEICA 80 CHEAErp LT 18 , F /M R FR & & 3R B . SRR IE Gk
E RB R A T R E TR YR Z A,

1.4 MAFER.EARSEONE
VAW 5 N e S ST AR B IUAREE S A D B R B TR, BIBTE Z A, A 25 mL HEIRE
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HERZR 10 mL, SRf57E 80 CIHIRSARM /KA 30 min, #E B4, B EEREA S mL 2.0 ,8 000 v/
min, B0 10 min, HFE_EER, AILER 0.45 wm B G =00 1845 (€ E Millipore 24 w4 77) 13I8, UBW
A 1.5 mL B0 B, B TR RORAH (I 0T . EFAR IR ELRE | SR e RS ik, RA R A
5 LC-20A B3AR @ 1E{Y , A HC10, (pH =2. 5) ISR AE L 3h 48 , 7£ 3¢ E 7= Phenomenex C, (150 mm x 4. 6
mm) 35 EHFTIE . WANAETE 0. 5 mL/min ; Kl K 214 nm, 7 98 4 nm; AR 30 °C, #EAER 20 L,

98. 5% A T SE R IR I A TRV B _HIS b #an i os i d it . BRIMARHEMI 2R #2 0 . Y =99172.9 +
1.8595 x 107 X,r =0.99986 , &M PR 5.06 x 10 * mg/mL; A BRFIARHEH 28 2 )7 . Y = 66085. 22 +5. 2360 x
10°X,r =0.99999 , K MBR 9. 94 x 10 ~* mg/mL, FAR MR FFR 58 6 B & B9 LA 5 2R MR TR &
BWER EARZREOT (mg/g) ; BARER 5 A RS B18 i BB ARA SR REEI&H WER N
ARTHER(mg/g) .
1.5 Siitardr

AR IR 7K 435 B TRIVE Sy 5 e v U 4 B B PR~ BRI, SR FORUER 2R 7 22 0 ik 48 K 43 B TRT DA e — 38 1
SEHAE IR P A B A AR (1 2 ( GLM #2J%,SPSS 13.0 JiRt) o I Tukey’ s #5626 30 454~ A BREE A5
TEAL TR E] R E] (o = 0. 05) i 25 7 BB
2 ZER55H
2.1 ERKS5EYERNEL

ALK 43 Ak 3 68 1.2 52 W 1 3 WA 41 v R VR BE (F =29.56, P = 0.000 <0.001) M2 (F =26.18, P =
0.000 <0.001) A& (F =20.12, P=0.000 < 0.001) ARA4:#E(F=3.78, P= 0.018 <0.05) L\ % 2
HEYE(F=11.80, P = 0.000 <0.001) {EXf ZZAEWEKFZ M HABE(F=0.62, P= 0.61>0.05), 5
XFREZH NG AL, 525 T2 4 MD R4 WS Fisk 4l BS 3B E R NB ML & AK (F 1) 1 H MD
5 BS HIREKIEE B & KT WS, MD 4 th B &A1, X5 WS 1 BS B in#b 424k K IY sl & B xF
tio MD 5 BS i EAZ MMAEYREBEER M5 AAYEMBEEMRT WS 5ENCH(E1), B WS
MY B BT NG 4, HHZE MERAAYES NC A TR EER, HE LB E KT, B
PRGN ) A AR AR A AR ZE A i ) BR R 2 I 3 (45 BLER ) P =0.000 < 0.001),

F1 FEKRFPVLBFGTEMMGEHEREEYE
Table 1 Growth and biomass of slash pine ( Pinus elliottii Engelm. ) seedlings under different water treatments

e il i o L R AR
Water Height Diameter/mm Leaf biomass Shoot biomass Root biomass Total biomass

treatment /em /(g/B) /(e&/B) /(e&/B) /(g/#k)
NG 20.96 +1.53a® 2.2+0.15b 0.38 +0.05a 0.14 +0.01a 0.14 +0.02a 0.66 +0.07a
MD 16.8 +0.59¢ 1.75 £0.05¢ 0.24 +0.01¢ 0.13 £0.01a 0.12 +0.01ab 0.49 +0.02b
WS 18.45 +0.97b 2.4+0.17a 0.31 +0.03b 0.13 +0.01a 0.15 +0.02a 0.59 +0.05a
BS 16.49 +0.61c 2.51 £0.21a 0.24 +0.02¢ 0.12 £0.01a 0.1+0.01b 0.47 +0.03b

ORFEI R PEME « bR, AR =12; AR RAR TR AR A2 27 8% (P = 0.05)

2.2 MEAERSEEL

ANRIZK 43 B 1] A B 7K 4355 5[] 9 32 B AR P 38 3 W X b A 40 1 1) AR AR AR AR R S & (R 2) 6
5 NG A, WS F1 BS 41 AR AR DA R SRR & B BN (R 3) . AR MD AMIE 5 SR M E
MREBRHWEBEST NCH, HEFRYEREEANBEMT NC 4, B MLHEANT,BS HERAELE
100 d J5 MERR S B AL 25 d B I & BFEK 20% , S A MR SR T RR & & [F] L4513 fin 89% 5 39% J¢
ALY IR . WS ZMIARFEALFE 100 d J5 HF R A B B th B8 0, (B AR L BAR AT Bl & M B R
N XBEER(FL),
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%2 AEAKSVEBRHEEHRDERDERSEABRSEFTENNER
Table 2 ANOVA of the effects of water treatment and time on growth, biomass, and metabolites of the roots of slash pine ( Pinus elliottii
Engelm. ) seedlings

A5 & Variable® n; Effect df F P
FRERSE Kb Treatment 3 124.83 <0.001
Oxalate content in taproot/ (mg/g) I} 8] Time 1 27.41 <0.001
Kb x B [E] Treatment X time 3 6.36 <0.01
MR ER A& AL PH Treatment 3 198.36 <0.001
Oxalate content in lateral roots/ (mg/g) I} 8] Time 1 135.18 <0.001
Kb x B [E] Treatment X time 3 23.01 <0.001
BREREE AL PH Treatment 3 31.15 <0.001
Oxalate content in total Toots/ (mg/g) I} 8] Time 1 31.35 <0.001
Kb x B [E] Treatment X time 3 3.61 <0.05
EREAREGE AL PH Treatment 3 18.76 <0.001
Tartarate content in taproot/ ( mg/g) I} 8] Time 1 40. 40 <0.001
Kb x B [E] Treatment X time 3 20.13 <0.001
MR A RS & AL PH Treatment 3 65.74 <0.001
Tartarate content in lateral roots/ ( mg/g) I} 8] Time 1 150.24 <0.001
Kb x B [E] Treatment X time 3 0.52 0.672
BREARE = AL Treatment 3 18.90 <0.001
Tartarate content in total roots/ ( mg/g) I} 8] Time 1 18. 68 <0.001
Kb x B [E] Treatment X time 3 0.76 0.534

OREBRSHEAREBFEAL =6

£3 TEKGLBEHTEBAHERTNERSEFEIREE
Table 3 Contents of oxalate and tartarate in roots of slash pine ( Pinus elliottii Engelm. ) seedlings under different water treatments

kb3 & & Oxalate content/ (mg/g) W 1 iR & & Tartarate content/ (mg/g)
Water £ ks A £ e AR
treatment Taproot Lateral roots Total roots Taproot Lateral roots Total roots
NG 1.41 +0.06b0 1.01 £0.03d 1.10 £0.03¢ 7.65 £0.21¢ 1.08 +0.33c 2.52£0.3b
MD 0.56 +0.05¢ 2.62 £0.1a 1.71 £0.17b 9.76 +1.29b 2.83 £0.27a 5.77 £0.58a
WS 2.15+0.2a 1.32 +£0.16¢ 1.60 +0.06b 9.46 +0.3b 2.22 +0.31b 4.73 £0.35a
BS 2.22 £0.12a 1.99 +0.28b 2.03 £0.15a 10.75 £0.53a 2.93 £0.3a 5.75 £0.6a

ORFEI R PEE « 3R, AR =6; F—RFRARFRFR ARSI 027 BE (P = 0.05)

2.3 WRABAOMESENZN

AN LK G A 385 [, 8 2 S S At PA S0 AR AR A SR B9 0 PR 15 5 7K o 5 I R SE L AR AR
BN E MW O RSB, AR SRKNEA RSB TEEEM(K2), 5 NG ML,
MD WS.BS =i FAR AR LU SR K AR & BB ZEHM(FR3) . EEMR,MD 5 WS FHKE AR
SR LEEER, HYBEMRT BS EMKBEAREE, MR, EMR,MD 5 BS KB ARSELEEZE
S EYEERT WS MIRKEARS R, RN EHEAT S ,NC HMRTELLEE 100 d J5#E A R & & Lk
25 dJEH S R BEN N 435% ,MD WS BS = MR Kl A R & B W R BER M, 25 3R & 51% |
85% 5 52% . SHUL[FT,MD 5 BS PYA EARFEALEE 100 d J& W78 41 BR 5 2 LUAL 3 25 d B3N (58 5) o
3 A5t

WA AR R TRA , Rt A B A b B BB AR E RS AR Z 1 RE T 1930 48
FFEAE B, BLE B B 48 38 SR FR ) e PR AL R R A R 2 o R A B LA B0 5 T B R R
HABI A B G ET 5 R 5K EEZ MK SR AT, WERKSH TYRR R BEREK, 31
BRI A 4 ¥ R R R RO T KRR R o PR O, BT T A B “ IR G B AR KA 2 2 B T2 R 518
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KA R TR RN REROL . AT R B S A K S AE Y B A R E WAL E(R=0.86, P =
0.000 <0.001) , s E M A EA , e ET=RE ] BERR , A EY R A K MR iR, S5 ER, A
F AR BT R 3R BCE 2 6 IR, ST IR RR AR G T I R R RO . X SR AR B EOobE e &
R IRHAN L T A K S T PR R B L K 2 T R 2 B, AR AT -5 A5 iR 6 BT SR A o
HERKR, — BT, IR KB AW, X35 e R B 17 S M o — 2612570

AR &K PR HIMA T FE WS 5 BS iR 83w T NG 4, T MD A KR B &K T NG 4, R+
Bk SR SHENARXREY , CATIREN, 5K BRE N 8 1 R, 78K 2 b 3 18] 8 %
A ER BRI B L5 SRR G g, ISR R0 B3R B BRI 7E WS 5 BS 4
HTFERERKE, FEHE A RE KM AL, X3 AR A RBEE R B X WA R EE S T RS
H7E WS 5 BS 4l =it K, JEH A BARE BHAR T WA T R BE N ME A Z HEE BEER
P, X B Y AR RS 8 B K S ke B — B fE 1. MD. WS KRR TR RS NG LR EE
5, B — RSB S T B — R T AR R . L, FE SRR a0 T REB AR G A K
5T R B 05 T A 7E USRI RHE , (BAR BA — @ B R BE T o

KEFFTRB, ALY A P A Y Pt PR B E R BB AR . AR A,
Toit & MD, 382 WS 5 BS, i@ Sh B AR 5 SR M B IR & B 3 B & & X R4 NG, ART, EARMER
FRAE MD 410 B MK, 5 WS.BS il FMREMR S B R E S NC AR ZE ., XS5EIEIBHI L 1E
MD WS .BS =F/k /3l 514 FARFRE IR & B SR A 58 2R . BARIR AL MD 4 AR B R
TRBEMTHIN3 4,5 MD AMRMERES BB, KK 55 H NG WS, BS 4 159% .31% 97% .
B RT RAHEI SR HbAA Sl B MD 2H AR i SR R RE R HR 4055 B BIMIAR , 30 HAR IR & & 1 9 B 2 AL 3L
G0 YRXBFEH B HIARLE FRBIE . MY ERKA R T EE DR R EHET™ . Fit,
TR A 2 A AR R B R A B A B INAR A T BB 2 i AR FP OGP IR 2 BE R A2 IR i 45 2% , B FE 2 BE R A AL B 1
AT, ZEBREA: R BERR , LR —5 S E R

£ MD WS .BS =K iS40 IR A4 i EAR MR D R SRNEARESEYEES T&H
YR NG 4, RIH SR E BRI LM AILRHE(MD R M ER SRR . AT, RBEAREE
FIAE LR AERT A AT SERT B , BB A 7E T2 B 5K A TRBHEA RSB, X5
FERRGIEPEARSEE TEFHRE, AWNEN I ENALHEARRS . EARRKSHEEGT,
TR HbAR 2 P AR R A R A B B 3 I AR AL ARAE , IR FT BB 5T A BRI & SRR INsR A k. BT, A XMW IE
7% A AR R A R R A LI T ISR, [ AR D ILRGE , PRS2 SRR A . R RIRIEA
BRAr AL R O % B R SRR A SUS S LA AR 2 . R, A I R A A R T
FREA Bk B THUIR MR C1—C4 PURk A B, RZZE B YA R A 8k B FHRMmER e C3—C6 Uk
Fr B, T ELSE AW R M SR BT 4 L P S 7 S 364 ML) v T 1 R AR 8 BRI PR TR ), DRI, kSR IR A
FEAPIHE ZFK S 4 T A BRI B A RAE LE .,

AR K B HAA N B AR R 72 MD WS BS =Rk 3 Bl &0 FER E AR S BH NG 4 B8E T
FIS (MD ERMER S BERIN) , WA TRREMN & R ER A RES XX ERNER, &G
RESEAE PR 43 Al FH B8 B A BRI BES HEFR IR 8. TR A TR R B Z W ERANE AR, 7T LA
ooy AR SN SR AR o, R R AT AR SR A B B APt SR DA D i 2 B R T A R DA S i AR A
F MR BRI A AT RELE R B R AR R I AR AR o BFST R BLYE W AZ ( Taxodium distichum.) \ A%
( Taxodium ascendens ) S FE/KHE 5 BUK S T AR RER FF IR & B B WIS, 2 F Wi Fh 4 i 3
MERSEARSERETOAEREENMAZR  RAFTHE S HFRIEL, %8S, B HR R
FEF] — b N F R 5T A TR & RS B R S 2 AR ARk a, £ 4 ERALIE 100 d f5HER
FRIFARBER BB 25 d 5 HME, & MAR L EAR i RS B L AR R34 T A BR & & 100 d
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JEREIR LR BEMTXRIN 25 d JFMME(R 4, K 5) o mILTERULRA , SR G AR BRIE AR [RIAK 7 261 T
WRARF T (I EMAR) ARA RS ERERSHEARS B TRTFENEER, X SRA T ER S BZ
1P BRI EA B, IR IR 5T AR A B2 B G B R S S o I R T ISR A

HAT, BEE 5 = k" R IR , W XA A SRR RS H B EE. ECTF R =R EXES
PR BLIN H P, 3 HGE B B AR R DT RS B S MO M T . =ik R DX B AR
Ve BCEAVE IR MR R RS = EE RO SR R A BN o A IS A BLE P 4l
HEZ MUK TS ME A F T, BARTEA K5 A Y R AR R 7 T R I — R R Rt , B b 4 1 1938 B
PERHEAD AR LB B, 4 B 7718 3R B 100% o R, 7EXH WA Sl e BEAT A4 b, 7 445 51 T K 0
B R TR T PR SK IR T R HKE B AR, LA ORI AR A A R AR R o AR, A5 iR
RO GBI L B 7R TR T B AR SR, XA TN R Z AL, % 18 2] =k XK A28 b
HSEER , FFE IR AR TE S A 1F T IS R AL AR SN L B
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