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Q. BEACRHAB B, BT BB 712100, 2. FEBHEE KHE KRB KA B 712100

B OE Sl RER AR ATREEFHETFERRE, FRTAAREAFFERAEDHAEEAR
B, BREAAARHAERKREN 25~0mg/L T RHJNEZBRTFRF KA HEABE[KLT7.07~7.57
pmol/(s » m*) 1R 4y % 7= B3 fm s 45 41 FE A0 AR BE 100 mg/L W/ 32 4 ¥ ot i 3 R 8 I I 9% 4 B G , 32 2 35. 23
pg/(@ ), EMARNEMME, BFERTRERRU . AR ERME 26.4~68. 9 mg/L, L A4 &

12.6%~20. 7%, THERENF FLEH L.
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WEHRBBFRAREY S A MR, EHEY
ARZATRMHEMINERWE T, EO AR AR
RURWLLR T ARARBEE, B RK, R
Yy A K 5T » DASE R B8 SRR T 4R 55 B B 90
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M A K MFB £ BB R RS RSRE T
—E#E R, ERSMRARR AT B ANE R
A R it P96 BE 5 - K 43 Bt 38 22 () S 4 4 AR AR AL
RERZEWTRERBRA, 5 IR K8 A
FTHRETEOFRERAER T, RIVEATERH TR
a8 AT BT 5E T ANRRSRBN N EFF R 4
HAERAEERU HEEELUREEERANE
Wl » BRI ST IR EH SR 0 0 4T B4 P AL AR R 9K BE S
BERIRS LUK XY R R A R S
W R A F A AR = R RS, Rl
FRRBEEILKSE .

1 MRS5Sk

16 F A SRR A B F A B R e MR 8
RS B AEAL TR , AR IS S B 3K 98 % 1A I,
1.1 IMNERFSKIERE

PLiA/NE BRI T E 8911, M HERE R 5
AR BEK (0, 25, 50, 100, 500 mg/L) BF¥,
FEZERTHL: 2 HREREF 12 h, BN

WA 2002-11-11

BEME  HR AL B HEA IR XBIHFE WS (98A11)

LB 4RE ;1000-7601(2003)02-0086-05

XFH(ck), 20 cmX 15 cmX 10 e KIS R, B &
EFP 50 B, IMA KM 0% RZ B (PEG)BHE
10 ml;3 RKEH , BEHLHES, 78 25 CH RIS FR AP
FUEETREMERXE T IAEMFRFREMGE
BRI RIS M DA B R A KR
1.2 phEX BB HEEHEE R R

FH SR Ba A B HE VR BE 2 DR 0. 10, 25, 50, 100
mg/L % 5 KPR SRR TR 918, AR
M7 P9 R AR B R R AE — 3, L3R 1%
T, B R E, LA H%,1999 4 4 AFHE
/N R AT WG, e 1 N A JS . A L1—6400
RN W B W B /N I AR .
1.3 #FRFE

PR S R O R AT, 4R L R B LR A
BHE R FER PR R SRR H# R (0~20 cm),
TR L, B A ER, LB RS, FX
R (30 cm X 45 c) EE B BN B P #AT IR R ALK,
Bkt 85k, BE 3 WK, HEHHF ., BRIEAN
0.3 g/kg. P;0s 0.3 g/kg. BB HFENFK 1. thFHN
M-SR AR » P SR e I 1 T B FH SR, 2 Wk, BT
k1 AT — KRR AR AR
BREHHESKE. B2 AENEHTFH S
HORSENHEREFEEEEUREDE. BAK
HIWER YL R E Bk, R FRE AN 2R
BRIk,

TEEM  RERH (1959—), 5, BRE R BN, BIBFFE 5 BSR4y 2 S0 ¥ B 0 2 6 55 1 T
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Table 1 The D-saturated design plan for eggplant by sprinkling betaine

% = RS EBEKD) L BB (X, AW (ma/L)
Treatment Code value of soil water Soil water content Code value of betaine Betaine concentration

1 —1 8.4 —1 10

2 1 16. 8 —1 10

3 —1 8.4 1 90

4 —0.1315 12.0 —0. 1315 45

5 1 16. 8 0. 3944 66

6 0. 3944 14.28 . 1 90

2. B, ZEMEEGT, B RBEDEKER

2 BR5aW

2.1 FEBHETSMEMZRWBHI/MNELFNE
ARG EERAORM

184 5 B A= S R X K 43+ 43 UsR, B T 8
Bl MR MG E E KRS H AR R LB

WFF IR ME BB (GSD Y S I A KRR (F
YRR R FEAED R R EE K. TR
FET  ARIMBE T EBBR N /NRF T REFH
B RRE 2.

R2 FTEHEFATHERRMIENTRRFRSHELHBEY

Table 2 Germination percentage and stress index of wheat seeds soaked by betaine under water stress

% H

FHIEW e Bf (mg /L) Betaine concentration

Item ck

25 50 100 500

FHRERO)

Mean germination percentage

Hek HERFENMEE(+ %)
Vary quantity of G. P. Contrast on ck

B RMEEBGSD

‘Germination stress index

83.3

0.93

+2.4

0.95

85.0 84.0 79.7

+1.7 +1.0 —3.6

0.94 0.94 0.89

M 2 AT, TE MM A S F T R SR BYR B R 25,
50, 100 mg/L MW B R, MERFRSHI ck
BE2.4%. 1. 7%/ 1. 0%; MR, & % B (500
mg/L)FRMB BB, NERFRBEMRT 3.6%.
W R 38 35 BB R v E (500 mg/L) S XBB A
FREAsh, REAL B A RE MBEPELDHRAE
KRB, AR EE 25 mg/L. 50 mg/L BF &)/ EB
R B ck IR (500 mg/L)EF. HUET R
B 4&HF, A E 25 mg/L 1 50 mg/L HEHRBE
BEMTHBRNENTI RS, RERFE,

MWANFEKIBRE TSR GE DTH,
ETREHHELH TS ck MH,25 mg/L. 50 mg/L.
100 mg/L FHIRBEIE W BF , /N E S BRI A
BRBERBEER, T 500 mg/L 5 0% W32 R
NELERBERNERABE. 5 ck 1 HEHER
25 mg/L. 50 mg/LB# Y /DELHETYRE K H
7 B E/E A, M 100 mg/L. 500 mg/L FEMWA
REMERADE. 458 %W 25 mg/L 50 mg/L
RO B ST W B AP AT R N E S AU R

BRARMREYEERBIEERZ—, &
KA T RN ERERMEESEYERAE
TR XREYE KRS =85 B0 H @R 8 H

MEFMEEE BEMNEMRRLS., KEKRERE
B, ZE 8 & T, A R ¥R BE B4 B SRR W B R At
H, 5 ck H/DNELE M A PRERE FRE RS
YK BE (500 mg/L)PEK T 11. 5% LIS, HEAHE N E
ARBEHEE, EHR 100 ml/L AHEBEHBE,
B 74. 3% . MG R R E MM RESEM 24T
HANESEE K, REM 5 WRREFRREHE, MK
TR B T B i NSRRI R EE . TR
BHIMNRHEEKER 1 MREEE.
2.2 FFEITNEXREERBRNE

W8, SR BUEY e & EE T, AL™Y
BRI WD, BRASBAEY =R TR T ST SR
&M T IMNRFHER /NE B E B W, ZE/D
F2 3R 33 R G S D A SR, B A KR AL
AEBHFHEE TR R, WE/NEEHERNEE
EEURSIESENERS GREEK 4. NAR
GERNF , A [ BE B FH S B0 08 s 59 7T 34 K /)
EEHEB, B 25 mg/L M 50 mg/L %R HEHA
B, HEBUY KR RIS R, R, (YR
fE Rt 41 hn, WEREYERE R 10, 25, 50 mg/L /ph#
% e IS BN, A 25 mg/L BRI B,
TR W 100 mg/L IS A EE T, S
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Table 3 Effect of betaine seed-soaking on wheat seedling growth and nitrate reductase activity under drought stress

% H HRWIME (mg/L)
Item ck 25 50 100 500
B # (cm) . .640.3
Plant height 5.010.42 7.110.20 6.8+0.41 6.014.0 5.640. 35
5 ok A AR ORI _ .. .. . _
Vary quantity of plant height contrast on ck +2.1 +1.8 +1.0 +0.6
TORE /&) . .
Dry matter (g/box) 2.4310. 310 2. 8210. 155 2.76+0.197 2.394+0.125 2.1240.137
5ck L TR BN E _ . . _ _
Vary quantity of dry matter contrast on ck +0.40 10.34 0.03 0.30
B FEE S g/ (g * W) ]
Activity of nitrate reductase 20.21 25.26 28.94 35.23 17.89
5 ck M LEBE MR (%) _ _
Vary quantity of enzyme active contDrast on ck +25.0 +39.5 +74.3 11.5
¥ 8RR LSDo 0s=0. 84, LSDo.oy=1.19; TYWE &K : LSDo.0s=0. 31, LSDo.n=0. 44,
Note: Plant height: LSDy.05=0.84, LSDo.01=1.19; Dry matter quantity: LSDo.05=0. 31, LSDo.01=0. 44.
R4 ARREMFREBENEHERSXSEANEW
Table 4 Effect of betaine sprinkling on leaf area and photosynthesis of wheat
. AW (mg/L)
Item ck 25 50 100 500
- Leaf area (cm?) 5. 89 6. 25 6. 35 6. 33 6.16
A HEE [pmol/(s » m?)]
Ne'? photosynthetic rate 6. 37 6. 40 7.57 7.07 5. 90
Lt FE em/s) 0. 626 0.748 0. 668 0.588 0.678

Stoma conductivity

2.3 AEREHXWEAEBRETRMEXHF
TR AR R ORI BRI

MEL ESSRUTLUE B, b MR BSR4y
eI RN B B 2 PR BE AR A (R e A ¢
RECEER BRI IR A HRE FMEEE
F; SRR X 27 A R TR, W EY 4 K R
B BREAEAY, H s SEmi g 5
2.3.1

LUK HHE B R R R BAIER 'HE, XME
BN A EER X, DEREY T AR
X, BEITSM IREH SRR B HE FARCR 5 LK 4 5%
FIPPTB L T A R K S8 44 F 365 T Bk
SrEEFBIHERRENERYRRE AR
PR W AR A

ARRBESMRAE LRSI 5% FARERBHRALRE T OYH

MTEE RS R SWHSMNRRHERA PRI R RERRERY

Yagem=20. 28001+0. 933X, —1. 222X, —0. 892X, X, —0. 88X,*+1. 304X,? ey
AT R RE SR 5 B SN IR BESR A A L KA R R RN -

Yomsmn=509. 8178—1. 722X, +181. 168X, —3. 592X, X,+58. 832X,*—112. 521X ()
AV B S B MR SRR LKA X R R

Yug=6. 0335+0. 096X, —0. 149X, —0. 974X, X, —0. 260X,°—0. 415X;* (3)
AP R E S B NRE SR LK R R AR

Yigr=3. 6090114-0. 351X, —0. 346X, —0. 273X, X,+1. 021X,*—0. 367X,* (4
i T A E SRS MRS LKA X B RR

Yxp=11.51097+3. 135X, —3. 965X, 1. 436X, X, 0. 530X,+5. 673X,? (5

AT Y BB S SMNRE SR L K X R RN
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Yiewan=21.193+3. 407X, —3. 938X,—0. 253X, X, —0. 013X,>+3. 573X;? (6
A, X REFELPKDERD; X, FSMREHFEBIKEE (mg /L),

M EE D~ RXRKXTLUE N, FieR

THREARS®] HREFEMEEERNFHE,
ZEREAYER, MR ERME AR E M+
KT ZRMNHBARANE W, BLEBKITH
AT LAS T i P S A F AR BAE AR S AR B R R AR B B
PEZERRXR.
2.3.2 #EBRAEREL LBAKS TN R
W¥h SNRMFERN AT EROEWEE,RT
RIBJEBERPHEWZI, B WK EE
PIHIRR, HRRLERAKS.

M 5 ATAE 1, 3K ST, A i
RO R DR T PR G , SR Rt B A R T, TR

5 SMREFERS TSR IETFH AR
ERMEROEE e/ (g - )]
Table 5 Effect of exogenous betaine and soil water
on nitrate reductase in leaves of eggplant

P NO;,—N BIBEJTRER . S IREH S0 B e it
WBESHT , BESMIRBH IR i P BES N, o 15 YRR
BRI e e BB S RIEE A
A LK TE AR, G0 K5
FROY 8. 408, BEHERH SO T BB R R IR
MERIEREKN  AFERXRTLUR L, SMNRH%
5 LK EBZEERAMIEER.

2.3.3 SMRMEMFHAREE LRKRIHHETE
HEFGYh EERFREET B AR MES
FEHERS AR LK) S BN FEYBBROR
WMBER R HHLERAE 6,

Ro6 SMEMFERS LMK TF
R RERKE (2
Table 6 Effect of exogenous betaine and soil
water on biomass production of eggplant

ﬁ%eﬁi?}g 7k 4> & & Soil water content (%) ﬁﬁﬁﬁﬁ 13K 45 &’ Soil water content (%4)

Ly 8.4 12.0 14.28 16.8 gLy 84 12.0 14.28 16.8
10 2731 5441  625.7 6426 10 25.0 18.3 16.9 17.7
45 216.9  485.2  565.1  580.2 45 28.2 21.3 19.8 20. 4
66 226.0 4927 5717  585.5 66 30.1 23.0 21.5 22.1
90 275.8 5416 619.5 6319 % 32.4 25.1 23.5 24.0

M 6 BT LA Y, B W 51 IR S 3 R BE Y
i, A 80K S Ba &4 T 8T A Y BB
TES N, BB ) VBT G A 1R 9 BE S YR SR ARAR T i
FHRERERE Bk & ] ABE M, SME
TS A F AR R F AR RBCR IR, Wi Z R
BEAERMRIR, UHIMNERGHRRE T 72 HutF Y
ER, HBCRAR,

2.3.4 FRAENHHR T RKREBRESN

T3 EH SERAE T A 1 v B HE FRSBOR , 36 3k AR N R
MBE LUK A& B, 8 F 030 SR SRRk
EMES0KS SR BENE, fE 3 — S 7EHIE
AUHMRNSE, RHIRERRE 7.
MWETAUEH, YK SR 12. 6%~
20. 7% 6%, SNIREH SRR BE7E 26. 4~68. 9 mg/L K
B R. X5RIPIHE A MFB I REHLE R K
WA AR R BT,

£7 BRECREFERLSER Y>20 HBRIEELTR

Table 7 The optimal measure scheme with the target of biomass production Y>>20

B X G Xe
Factor Code value U Times $## (%) Frequency W Times % (%) Frequency
m -1 1 7.69 4 30. 77
Frequency —0.1315 3 23.08 3 23.08
0.3944 4 30.77 2 15. 38
1 4 30. 77 3 23.08
Bt Total 12 100 12 100
HTSF-#{H Mean ralue of code 11 0. 321840. 1646 11 —0. 046610. 2168
95 % BfEX 8] 95% confidence extent 11 —0. 00076~0. 6443 11 —0. 4715~0. 3783
HFEFR# Real value 12. 6~20.7 26. 4~68. 9
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L AR

3 & #

EZRKE B RN KB RN ER L,
SAHT SR ER SRR /N B T A AR AR AR R
R EBENEWR, TUBBUTER:

D) SMRFHERBE MRS T ANEMTFRE, L 25
~50 mg/L ¥ BT B MR EAR.

2) NEKRIERB LR KRB, £ 25~50 mg/L ¥
BE&GTIMNRMERI /NGB TYRBREAEHM
A3 SR 7E 100 mg/L B, /N M f A B E IR R R
5% 35. 23 pg/(g « h), Fi BA MR 3R 7 25~50
mg/L WER, /NEXEIERRRESD 7.07~7.57
pmol/ (s + m?),

3) B THEEEAERSHFAER
RE FSMEHERA LK BB, &
BIMER SRR E /NS LK S B EKZ AR
e AEKEWHERHEX,

4) RBIFREAEY BB SNRIHER

W BN 26.4~68. 9 mg/L, BiEM LK &KBN
12.6%~20.7%.,

% XK.
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Effect of exogenous betaine on drought resistance of different crops

ZHANG Jian-xin', XU Fu-li?, LU Jia-long!, LI Ya-lan', LI Dong’
(1. Northwest Sci-Tech University of Agriculture and Forestry, Yangling, Shaanzi 712100, China;
2. Institute of Soil and Water Conservation, CAS, Yangling, Shaanxi 712100, China)

Abstract: Experiments have been conducted to investigate the effects of exogenous betaine on drought
resistance of wheat and eggplant. The results indicated that the germination percentage, photosynthesis
intensity [being 7. 07~7. 57 umol/(s * m?)] and biomass production of wheat were increased when the
concentration of exogendus betaine was between 25 mg/L and 50 mg/L. Activity of nitrate reductase in
wheat leaves reached the maximum value 35. 23 pg/(g * h), and the drought resistance of wheat could be
enhanced when the concentration of exogenous betaine was 100 mg/L. In accordance with the results of
mathematics simulation, the best biomass production of eggplant could appear when the concentration of
exogenous betaine was 26. 4~68. 9 mg/L and the content of soil water was 12. 6% ~20. 7%.

Key words: exogenous betaine; wheat; eggplant; nitrate reductase; soil water



