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Abstract: Phosphorus (P) is a very important element that controls the processes of plant life,
especially during its growth phase. Low-P in the soil usually leads to adaptive changes in
plants in aspects such as photosynthesis, respiration and biosynthesis, and low available P is
one of the major limitations to plant production. Tripterygium wilfordii Hook. f. is an important
traditional Chinese medicine, widely used in medical treatment of diabetes, rheumatism, and
nephropathy. Tripterygium wilfordii is distributed in southeastern China in poor P and available
P red soil. Low-P in the soil may lead to reduced T. wilfordii production. Usually, chemical
fertilization and soil improvement are the primary measures used to meet the P demands of
crops in traditional agriculture and trees in forestry management, but these measures still fail
to increase T. wilfordii yield to meet good manufacturing practice (GAP) standards. Recently,
plants with high P use efficiency have been discovered and used to replace traditional
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measures for improving P use efficiency of plants. Therefore, studying the effect of different P
stresses on T. wilfordii will help to reveal the mechanism of low-P adaptation, and breed T.
wilfordii with high-P use efficiency. Therefore, we analyzed the physiological and biochemical
responses (such as peroxidase (POD), catalase (CAT), malondialdehyde (MDA), superoxide
dismutase (SOD), acid phosphatase ( APA), and proline (Pro)) during one growing
season of one-year-old and three-year-old seedlings ( 7. wilfordii clones) to six P stresses
under soil culture: normal P supply (25 mg/kg, CK), slight P deficiency (20 mg/kg),
medium P deficiency (15 mg/kg, 10 mg/kg), and heavy P deficiency (5 mg/kg, 0 mg/kg).
The results indicated that under low phosphorus stress, the leaves of both seedling types
were higher in SOD, MDA, Pro, APA than in CK, and these values increased with
concentration and time of stress. In contrast, CAT and POD values were lower than CK values
in the leaves of both seedling types, and decreased with the concentration of low P stress.
The protective enzymes, MDA, Pro and APA of seedling leaves were sensitive to low-P stress
and worked well, especially at the treatments of 15 and 20 mg/kg. As mentioned above, T.
wilfordii was adapted well in the environments of slight and medium P deficiency by self
physiological regulation. The adaptability of three-year-old T. wilfordii seedlings was better
than that of one-year-old seedlings in oxidation resistance, osmoregulation and low-P
tolerance. Consequently, the three-year-old seedlings were preferred for interplantation in low
P conditions. The APA levels can serve as a reference to the breeding of T. wilfordii with low P
tolerance, but more research is needed to determine whether APA levels are an important
index for evaluating and selecting T. wilfordii clones with high P use efficiency.

Key words: Low phosphorus stress; Tripterygium wilfordii Hook. f. ; Protective enzymes;
Membrane lipid peroxidation; Osmotic regulation
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1 #RERE

1.1 RBase

B — 4 4 1 =5 4| A8 ( Tripterygium
wilfordii Hook. f. )41 BTEHEAEAF
R4, BokgRE—-THRE - EY, REE
BEREFREABAR, ZREAMBEL(EBE
10 kg, TfEBRPAKEYMEY), BIES
E50.322 g/kg, &%~ 0.060 g/kg, &8N
3.010 g/kg, £ #:4 0.180 mg/kg, B BN
0. 099 mg/kg,
1.2 ARBAGZ*

F 2008 4 2 A FERE R KR RSB
i SE v 1B N R A BERE T AOR E M, 2008 4 4
A 15 HEL KH, PO fEABEHEAT 5 B Ab 5,
Horp 8 B K O g PO, O
5 mg/kg, HEEMME K HEBE KA 10, 15 mg/
kg, REMNAMIEREKTE R 20 mg/kg, HIETK
PRI R A RS B H B R K (25 mg/kg)
T, BMEEER 6 NEE, BUKEEHEN 3 it
TR E . B A RS i e A, S AR
TEEHa, 7 A4 (ke 3 48 ) #10 A 43 (Hhia 6
R BT R EE . IR SR
BRETYRRNE
1.3 WEHZE

HEAYEE(POD) . SEAER(CAT), &
FALYEALEE(SOD) | JHERR(Pro) MlllE &% &
FKBP T, WIE(MDA) ES SRt
25 e, MRYEBHIRES (APA) BT &R A MS
B Sadhis L e
1.4 HUuELE

¥ Hj SPSS18.0 #HTHF EZath hB/NERE
EREe (LSD, p<0.05), 3 Microsoft Excel
2003 £,
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2.1 (EBEMEXT B ARG EM F /LR ERR R
SZNRIFTEM(RT), BBHPRETARE

REARESOD SREFEABEER,; ZH4FAE
AFEAH SOD SREFEABEER, ARAEZM
SOD S BWHFEREEZR,; MBHA T ALHY
=T NREN F SOD SR TR, HEHR
PEBEMMEMET L ABEE(E 1 A), ZFAFA
A7 Aty (Ba 3 ~H) SOD #E#EAT3.75 ~
7.63 U/mg protein Z[a], £ iif b8 55 ¥
RBE; ZHERAESAE 10 Af (BaetH)
SOD EMHET 7 B4y, /+rT6.25 ~10.68 U/mg
protein Z[8], FHHAALI SRR EE,

B T —FEFAEAFRA 3 SOD 58
FhEREZER, ARLHEZE SOD FBUFER
EER, RBME TALHEN - FEFLAEN
SOD (&2 I RERE i mEW LA (E 1.
B)o —HFAEFABY R 7 H4 SOD FHHATF
4.61 ~7.80 U/mg protein Z[&], 0. 5 mg/kg 4t
HEWREREBE;, —FETFABEELH 10 HH)
SOD EH¥MET 7 A, A#F5.41 ~9.41 U/mg
protein Z [\, &HHOAESXRYZRBE,

SEHEBRFZMI(R), KB T AFRSE
BREARECAT SREFEAREER,;, ZF4EBFAE
AFRAHG CAT SREFEAREER, ARIAHEZE
CATEBUFEREER,; KB T&AHY
ZEEFAREN F CAT B TR, HE23
REBEIO NE T TR EE (B C), ZF4F
NEEMH 7 By CAT HikA/-TF17.06 ~25.53 U -
g™ - min~" protein Z &, £ il AbE Y% A
283, 10 A4 CAT &/ T5.20 ~23.96 U -
g~ - min~" protein Z[&, 0. 5. 10, 15 mg/kg
MBS EERBE, KBEPHE T —FEETAES
A% CAT SBEFAEDEEZR, ARELHEZM
CATEBUFEREER, KB T ALY
—EEFR AN F CAT WM FXE, FEHR
REBEIO NE T RN EE (B 1. D), —F4EF
NEEM R 7 B4y CAT IE#A-F18.81 ~31.93 U -
g~ - min~" protein Z[&, 0. 5. 10, 15 mg/kg
EENRERBE; ~FAEBABELHEI10H
iy CAT {EHMET 7 Ay, /+rF11.67 ~23.9%5 U -
g™ - min™ protein Z &, 0. 5. 10, 15 mg/kg
REENRERBE,
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Tablel Analysis of variance between age, dispose and sampling time of T. wilfordii

£t B H R W &S50 HHE 2y FfH
Index Source of variation Type I sum of square Freedom Mean square F value

HIEAEA Corrected model 196. 9912 7 28. 142 75.423*

#HE Intercept 3296. 449 1 3 296. 449 8 834. 937

s Age 4.733 1 4.733 12. 685 **
SOD H 4 Month 80. 096 1 80. 096 214. 667 **

4b# Dispose 112. 162 5 22. 432 60. 122 **

=2 Error 23. 879 64 0.373

B3t Total 3517. 320 72

#IE &+ Correct total 220. 870 71

B IEAER Corrected model 238677. 974° 7 34 096. 853 38.923*

#RJE Intercept 423249. 068 1 423 249. 068 483. 153 **

£ Age 65978. 914 1 65 978. 914 75.317*
POD H# Month 154299. 383 1 154 299. 383 176.138*

A3 Dispose 18399. 677 5 3 679. 935 4,201

=2 Error 56064. 890 64 876. 014

B3t Total 717991, 932 72

#IE &+ Correct total 294742. 864 71

HIE#R Corrected model 2372. 509° 7 338. 930 67. 829 **

#RJE Intercept 29002. 756 1 29 002. 756 5 804. 271 *

4EH Age 262. 740 1 262. 740 52.582**
CAT H# Month 535. 517 1 535. 517 107.172*

A3 Dispose 1574. 252 5 314. 850 63.010*

=2 Error 319. 795 64 4, 997

B3t Total 31695. 060 72

#IE &+ Correct total 2692. 304 71

HIE#R Corrected model 2370. 4019 7 338. 629 105. 336 **

#HE Intercept 11190. 579 1 11 190. 579 3 481.026*

4EH Age 1713.076 1 1713.076 532. 882 **
MDA H 4 Month 543. 181 1 543. 181 168. 966 **

A3 Dispose 114. 145 5 22. 829 7.101*

=z Error 205.743 64 3.215

B3t Total 13766. 723 72

#IE B3t Correct total 2576. 144 71

HIE#R Corrected model 784. 923° 7 112. 132 84. 489 **

#HE Intercept 4712. 263 1 4712. 263 3 550. 584 **

£ Age 428. 854 1 428. 854 323.132*
POR H 4 Month 286. 322 1 286. 322 216.737

Ab3 Dispose 69. 747 5 13. 949 10.510*

=2 Error 84. 940 64 1. 327

B3t Total 5582. 126 72

#IE &+ Correct total 869. 863 71

B IE#EE Corrected model 1. 008f 7 0. 144 7.261*

#RJE Intercept 20. 320 1 20. 320 1 024.549 **

£ Age 0.010 1 0.010 0. 482
APA H# Month 0.134 1 0.134 6.773*

A3 Dispose 0. 864 5 0.173 8.714*

=z Error 1. 269 64 0. 020

B3t Total 22.598 72

#IE &+ Correct total 2.277 71

HE: o+l FRIRFEZREBE(p<0.05) AZBE(p<0.01),

Notes: =and == indicate significant difference at p <0. 05 and p <0. O1.
a. R Squared =0. 892 (Adjusted R Squared =0. 880); b. R Squared =0. 810 (Adjusted R Squared =0. 789) ; c. R Squared =
0. 881 (Adjusted R Squared =0.868) ; d. R Squared =0. 920 ( Adjusted R Squared =0.911); e. R Squared =0. 902 ( Adjus-
ted R Squared =0.892); f. R Squared =0. 443 ( Adjusted R Squared =0. 382).
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Effect of low P deficiency stress on SOD, CAT and POD activity of T. wilfordii seedling leaves
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FEBEMOME T FREMEF(E 1: E), HXFE
P AEEBENEENTR, SHEEFARTYHT
A4 POD {EMAT 14.10~27.90U - g7 - min~"
protein 2 &, 0. 5, 10, 15 mg/kg At ¥ 5 %
EZREBE; ZFET LA 10 A4 POD iH#:
WEF7 A4y, N+ F55.837~86.77U-g~" - min~’
protein Z[H], &b BE SN RYyEREE, K&
BEE T &AM — AT AEN - POD i #
B 10 A 389 20 mg/kg A FAM MR TF XM, HE2
BUREREG ME T TR EE (B 1: F), KB
AT —EEFEABEARASN POD SBEHFESR
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2.2 {KBiEMERTEAEESERT ) MDA, Pro B¢
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S IREBE 0 B AR BB (E 2: A),
ZAEEEAET A MDA S E&4ATF 5. 13 ~
8.43 ymol/g FW Z &, O, 5. 15 mg/kg At ¥ 5
MR ERBE;, SEET ARSI 10 A)
MDA & &5 ETF 7 Ay, I+ F 7. 44 ~10. 44 pmol/
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Fig. 2 Effect of low P deficiency stress on MDA and Pro content of T. wilfordii seedling leaves



292 MR EER

31 &
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R (E2: B), —4EAEFABRT At A MDA
BT 11.32 ~16.36 ymol/g FW ZJ&], H O,
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ZERRTEM(ERT), [EBHHE T ARLE
BEARE Pro SREEREER,; ZEERAEA
FAMG Pro S BEFEBEZR, ARLEZE Pro
GRUAEREER,; BN T & AHEMN =44
BABEM F Pro &R 10 A4#9 5, 20 mg/kg 4k
HAh, HEXMETYR, 20pEsHe nEm -
AWEHE(E2: C), ZFEBEAET Ahmt A
Pro &8/ T 5.23 ~10.59 ug/g FW 28], &
HABESXMEMLZERDE; ZFEETARSLHE
10 Ay Pro SBRY® T 7 A4, 10 A H Pro
AB/MTF10.37 ~13.6 pg/g FW ZJ&, 20 mg/kg
S AL ERBE, B T -S4 EA
BEAEAMG Pro FREGFESEER, ARLGHEZ R
Pro SBEWFESEER ., KBHE TS AHEK—
SEAR B ABEMN  Pro 85 10 A 43895 mg/kg 4t
HAh, HEHETYR, F20pEsHe mEm -
AWEHE(E2: D), —FHEBEAE7 AhnH
Pro 88T 2.03 ~4. 73 ng/g FW Z 8], &8

——7H July

o © ©
g —
>

ABa ABCab

ABCab

AT AHE R TR BRI 1
D N

3a T. wilfordii APA activity (OD-g"-min"")

© 0P e O O o000 0 =

O L N W~ O

o

5 10 15 20 25
BEHAIWE P concentration (mg/kg)

SN EMHEERDE;, —FAEBABEESLHE
10 Ay Pro SBRY® T 7 A4, 10 A H Pro
BT 6.37 ~9.48 ug/g FW |, 0. 20 mg/
kg b 5X M LERBE,
2.3 (RBEEMEXTE ARSI EM A APA RN
GEZREFTEM(RT), EBEHHE T ARLE
BEANEAPA FRERARE,; ZELTFAEA
FHMHG APA SEFEEBEER, ARLAHEZIRE
APA BB W HEAEREER,; KBE T&4E=
SEAETFARRMN A APA [EHX R T X, 236
WA METNE EAEE(E 3: A), Z4EERA
HE7 A4 H APA FE 4+ 0.33 ~0.61 OD -
g™' - min~'ZM[E, 0. 5, 10 mg/kg Ab¥E 55t AH
WERBE; ZFABABELE 10 A4 APA T
HHEFT7 A, #F0.40~0.780D-g™"
min 'z |, 0. 5. 10, 15 mg/kg 4bH 55 FEAH I
ZRBE, KBHET - FELBELAEARA G
APA SBHEAEBEZR, AFELAHZE APA FE
WHEREZER, RBEIHO T &AL —4E4 BARE
M APA FEHEE T XTI, 2 EEREE G E
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B APA FEHAF0.53~0.86 0D - g™ - minT'2
i, 0, 5. 10 mg/kg bES5XT ML ER BE;
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5. 10 mg/kg At 53 AL ERBE,
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Fig. 3 Effect of low P deficiency stress on APA activity of T. wilfordii seedling leaves
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BRI FE VIR AR R AT IRP—E
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F— B THERE, HHEEARE—EEKTE
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Ao EMYERS, 5IREYEREMRENE
i, TENSSEEWT® , MDA REMHAH
BT 4R R E AL ER Y, HEENE
KRB TR EAANRE., ZELRERRATL
FE A MDA & B BEBE I 8 i B A R E R T2
LAY, RSB ESTIETAEMN B 4HEE
HE A HEREREETE ARG E. HEEY
B LT REYAEBRNE S ST, EiETE
YRR EALS ST R SITIEARE™, MR
EHEBRAATHWEERLI B SOD, CAT,
POD J& 7R E T ¥ 24484k, HH SOD 2
TR, X SRREeE &N k. ER&EM
EIMIRE R —B . AIABIREN, KBPHET
B mEEEASEERRENLY, KB E
CAT. POD #%H:EI5 SOD & fhiadiii i, 2
TREEE, PRSI AR R AT 68
HAZEAL , KA 2T B X E AR H
HE, B7E 15, 20 mg/kg 43 F CAT, POD
EHESXMNBERIEADE, RURENHPBETE

AR BRGEERANN, MBHET AR
FRPEEHERETARENE R, 5iAERRR
FAEYEENEPE T RPN ERATREESE
1 Z A B B R — MR8 S 45 A
wpE A0y MR B R ECE AR A
MDA &% . SOD & i CAT, POD EH:TF
K&, XPIHERBR— AR E A S LB
Jolp 38 A EEAE BN ALH 2 — o BIASRTARIBERK
REFBEY MR ROERH, BEE B 8 B
HELMEEMNMESSBEYRPBEET
R, (EBEm AL (R B 5 A O 4 B TS o R I A0 1R
INTFBERCEER B kU542 KB gE B 25,
20 mo/kgibH T =4E A /A SOD & ¥ b FHiE
ERT—F4HFARE, CAT, POD i&H# T Fig &
INF—FEBAE, RASFETABNIEHERE
BEESE F—ER B A, —EEM=AEEBARE
7E 15, 20 mg/kg AbEF MDA B ST RERA
BE, RUBLABEPBASETRERBPHET
R RIAYER, HEEE A RMER, HF
W T —FEFARE MDA SEHEF=FETL
B, RU—FLEBFABRZIERPENBEEER,
BT AR BETE R AOISIR S, B BORILE A
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