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BHEAKAEXA LHEEE 2 cen BOHABEID
BR EA—HERL1.5emB PVCERITHEK. &
BEEABKEN4. 18 AT 17 kg BT H
MBI+, REMEKEN 28.54% HERKKE
3126.40% EEHX1.43 g/e’ FLBRE N 46.76 %,
TEENRTE6.52 g/kg. THMELRASTE 1.06
ke EHER 1.17 g/kg. 2H ST E 10.73 grkg L
A B 20.25 mg/kg. T EEH 173.25 mg/ke T B
R R 62.96 mg/kg,
FAEHRG R ES AR K. BEIHRER
B KRBT AR K. BT LR
BRKEEEIHAKAHE  EFHKCIHR), DL

%1

KASBAHERFKREN 65% ~15% BEKS B
@RS ERABMBRKEN S5% ~65%;
FEAKSBE BLEKSEEIEHBREKER
45% ~55% . 2011 4E 05 H 20 B FriG#& A, gt K
GRHART S S (M FHALEKEERERSE
RRM) REBEAXEXE &R RN, 848
ASZAHERNER —BHOMRKER T 6 B, WR)S
BREEBRK SARIBAE-AEHRHETEE,
BHBIREK-BOHEE, M6 A 4 B(KEH
RE—RFEH B3XE)FEFTRIESR, —HD
H¥EM, ABRRS AR 1S MLEHE, BLE
FESK AERKREFTELR L,

R

Table 1 The tesling design

TEM %5 M, S 4 BERY - EMWLPHEN S KB D 65% ~ 5% (EHBEK)
TE group: Including 5 treatments, with a relative soil water content of 65% ~ 75% under each treatment at seedling to early blooming period( Normal wa-

ter treatment)
— e TE AR E L AN B M BN KBTS 6% ~T5%
As the CK of TE group, with a soil waler content of 65% ~75% at the stages of seedling, blooming and pod-setting.
TE2 EMBTRIERDE SRMELER K
Low-grade water stress at blooming stage, normal water treatment ai pod-setting stage.
TES W 47 b A , 2 MR S IE K (K
Middle-grade water stress at blooming stage, normal water treatment at pod-setting stage.
TE4 EHRTEROK ETMBTEEMHE
Normal water treatment at blooming stage, low-grade water stress at pod-setting stage.
TES EWAMAT IE W Rk 45 3 4T P BEM 8

Normal water treatment at blooming stage, middle-grade water stress at pod-setting stage.,

TLA S MBS NFREHN ~ EW AT LR ZKBIN 55% ~ 65% (REMHA)
TL group: Including 5 treatments, with a relative soil water content of 55% ~ 65% in each treatmem at seedling to early blooming stage (Low-grade water

stress)

fEh LA B ERY E SR L Ak B 5% ~65%

Lt As the CK of TL group, with a soil water content of 55% - 65% at the stages of seedling, blooming and pod-setting.
T2 AT ERSK SENKRLREDE
Nommal water treatment at blooming stage, low-grade water streas at pod-setting stage.
T3 AMHTFEWE LEEPRE RE A
Middle-grade water stress at blooming stage, low-grade water stress at pod-setting stage .
T4 EHAITRERE 4N ERK
Low-grade water stress at blooming stage, normal water treatment at pod-setting stage.
LS EWHITRENE HEHRITPEWA

Low-grade waler stress at blooming stage, middle-grade water stress at pod-setting stage.

TMH 508, FABAERY - LW LA KB Y a5% ~ 5% (PEBN)
TM group: Including S treatments, with a relative soil water content of 45% ~ 55% under each treatment at seedling to early blooming stage ( Middle-grade

water stress)

X ™M AR R S LN R R S KB 45% ~55%

™™ As the CK of TM group, with a soil water content of 45% ~ 55% at the stages of seedling, blooming and pod-setting.
™ EEHBFERK SEBRKE T ERE

Normal water treatment at blooming stage, middle-grade water stress at pod-setling stage.
™3 EWHfT R EBE , RN RE P ERE

Low-grade water stress st blooming stage. middle-grade water stress at pod-setting stage.

™4 ERET PR E SRR BTER K

Middle-grade water stress at bleoming stage. normal water treatment at pod-setting stage.

R HET R B8 AT R e

Middle-grade water stress at blooming stage. low-grade water stress at pod-setting stage.
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1.2 BMREERFE

THEKBROEY , REFERSTE, B8R
WFL17kge BIHEBHYLERMTIKESN
% 65% ~ T5% .55% ~ 65% 45% ~ 55% Bt , G 3%
THEEKBSFIHN 2.80~3.23 kg, 2.37 ~ 2.80 ke,
1.94~2.37 kg, 8K 18 SFTHE . EXHHEHE
& sk BT TR,

HESBHWE, KAEE L - Co AR EF
B9 Li - 6400 EER LS RAE T IE , M E R
RSN S ERE(P) KA GHE(G) HE
CO B (C) EBER(TEYER(T). HEN
MEEBERX N EFIEAUBEERKTERMNE 1
FrReRAHME, FHESARFEAL)(L=1
- Ci/Ca, Ca ARK CO, WE)FKDFARE
(WUE)(WUE = Pn/Tr) , B LHEH 3 K,

EYRKNEE, 2007 H2 H(KE#HAY
ERBOHBITEYHG I E, B EHREY D L
4y b N4 ST BURE , BTE IS CHIEE AT 10
min, RABE SCHESTRTEEE. KBHE
¥R 3AEE A HE =+ 15 4 £ (Standard devia-
tion, meanxS.D.), i EXCEL #H 7 5B AL 4 H A
%, F SAS il i RGBT R 17 o

2 HR5A

2.1 AEIHRASSRLBTAISEREBAER
b3 o) 214
2.1.1 FRALEARSESEILATRLERHTH
AR EZARBRENTL B1-2 BANER
RtEASSBLEBEFATAEH A ASHENT
ik, Bt REKBMHE, TE AP XS ERNITF
3 TEl > TE2 > TE4 > TE3 > TES , & £ 1 2 Bl st 478
BE o B T 8 B 3E B IE R 4 K xR A B BRI
4.39% 13.16% (P <0.05), Wi 7EE B IF % {7k 45 3¢
38 53 B HEAT BRI L oP JE AR B 0 R 4y BB 1K 12.28 %
(P<0.05).18.81%(P <0.01);TL A S EEM
MiFEd TLA> TL2 > TL1 > TL3 > TLS, G L P T 8
CEMHALEMIE R GRS E R B K, R
MR 7.48% MAEENETRERALEXEHETE
il e X PR 24.84%  H 5 M ERBE B E(P
<0.01);TM # % & & R W R TM4 > TM2 >
TMS > TM3 > T™™ML, 4+ B B B4R & 39.712% (P <
0.05).24.30% (P <0.05).12.15%.3.27% ., =4
BX LIRS BERE, TS ERS N
.34.20.30.73.21 .40 pmolm®/s, & & H H B 8 B
MMATISE, HEMAATHBESEHELERT

HBE BEBEABEMNMNIEEEEARBE DG
.
B1-bEFRHEREARLIRANSBLEFTRX
TREMAZBEENTL, Y80 ~-EXRXPL
AN F KBS HH 65% ~75% .55% ~ 65% 45%
~55% B B ABEES RN 8.60.7.04.4.05
{mmol/(m?-s)]o TE 4 & &b BE 7 5 B 3K (X0 L ¥ 4
TE1 > TE2 > TE4 > TES > TE3, 4 31 % % B B% 4K
6.67%.3.14% (P < 0.05),26.78% (P < 0.05),
28.60% (P < 0.01) ; TL 41 45 4b BE 7 1 28 28 () WL ¢
H TLA> TI2 > TLL > TI3 > TLS, 5% B T4
F20.92%(P <0.01), T TLS £ *t B F#{K 30.24%
(P<0.05);TM B &AL A & E WA N TM2
>TM4 > TM5 > TM1 > T™M3, 5xf At TM2 R &
70.04% , T TM3 38X BB A 3.46% , TM2 . TM4 5 %}
BERBEE(P<0.01) , HAKLBENBY X
B 2 5, 7R o A B bh 38 R P O I K T R, 7E
GRPBREPETHES Y BAKERENEE,
MEMEKBENEMESEEZUAMEE.
2.1.2 FEALBAKFLFLABTRELELRTH

LR FRE(G) RALRHMM(L) ER CO, RA

(CHW % BEELBKASTEOTLKRIH K
SALEETELARNE1-cFn, MAPKEE
FEHMHESAGTELABRKE BRI N 1.28
(mol/(m?-s)), . MUF H TE1 > TE2 > TE4 > TE3 >
TES, 4> $1 48 33 B %1% 10.65% .38.52% ( P <0.01),
49.51% (P <0.01).58.57% (P <0.01); TL A &
BRESASENTAF A T2 > T4 > TLL > TL3 >
TS, ERPEARZEF K FEEHKE BB
(TL2)B Gs 7 1.17 (mol/(m*-5) ), FEHH ~ T
TR E A 23 WHT P EM:E (TSN 6 50.17
(mol/(m?+s)), TI2.TIA R TLS 55t MY GREFE
R(P<0.01); TMASRKEHH 6 BEAFH TME
>TM2Z > TM5 > TM3 > ™M1, F BI B WM B R &
226.43% (P < 0.05).96.51% ,83,29% .47.88%,
™AFLEYET TESR . TLAKLE, A E A,
KAMEBLREGH o T, BREE KT B@AN
el 6 MBHESTEKR,EXKE 6 12 EFEH,
ME1-dBH=ZH o F 6 Co, % E i E
T™M1 B K (105.80 pmol/mol ), X £ B TH H S
MFEZRGE LRSS RN TL 5
TE! Hi[d] CO, ¥ B4 %4 341.00.366 .67 prmol/mol,
HHH -~ W LA T KRN 65% ~ 5%,
HUH Ci B1LH TEL > TE2 > TE4 > TE3 > TES, ¥
X B4 B EAK 0.09% ,4.73% .7.64% .8.55% , &% 4t
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R REH R ERKS TR T YRR
REVNSHMMNER & TLAR ™ AFEP NG

WA AAE BERRSHAGFRR LSS
R

R2 FEIMEASEAMLBTARTORNAR (p/H)
Table 2 Accumulation of soybean dry matter in different soil water content treatments(g/plant)

A bk ] R HnTRH L HR -Y%8 4
Group Treakmerite Sivmas of shoot Biamess of ruk Txka] biomass
TEL 17.6823.27:4 $.13 20,5424 22.87 +3.26eA
TE2 15.80+ 0.81bB 4.631(,18bB 20.43 2 0.91bB
TE TE3 14.89 £ 1.22¢C 3.58.+0,29dC 18.47 2 1.16cC
TE4 15.82£1.26 bB 4.48 £ 0.65bB 20.30+0.73bB
TES 14,18 £ 0.282D 3.8220.9acC 15.00 2 0.67dD
TLL 12.89 = [ .08C 1.3 20,1508 19.08 2 1.21eC
14,51 £0.81aA 3.8620.53aA 18.37 2 0.81aA
L L3 11,76 £0.83dD 3.3410.56bB 15.09 2 1.34dD
TLA 13.19+ 1.31bB 3.71£0,20aA 16.90+ 1.51bB
11,77 + 0.494D 3.20 s . 30bB 34,97 +0.204D
™1 10.0920.9tC 3.06 £ 164 13.14 £ 0. 7540
T™2 31.19%1.37bR 3.56 2 Q.46cB 14.754 1.31bB
™ ™3 9,55 + 1.86eD 4.20+0.34a0 13.75 2 1.54cC
TM4 12.57 £ 0.09aA 2.76 £ 0.34eD 15.33 £ 0.40aA
™5 9.84x1.88dC 3.9§20.73bA 13.79 £ 1.27¢C

& ARAEFEEEREB(P 0.05) FRATFHALRA L P cL.61).
Note: Different laworcase letters indicase significant difference (P < 0.95), while different capial letters indicate exmemly significent differenee (P <

0.0)).
3 W ®
FEBEMETEL AR BAENR SN E
g Rt A hRNEERrEEY, gyt R
ZTFREMAR SR A KA AREES T
e, 5 2 FRAE B R AR R Ak A
R, BB B mE, TRaRrE By
AEES>E—FHHERED S B RERT
B—RE. BEAPFRIS SARHHETEBRT
HYREERTHOTERR ARBHRS
B, ETEDEBREAME S EE(P) TR,
R ALBEE G T, Cs TR L B9F 7. KH Pn
RENTERERSABH " HESEMETT
ERARERE SR TREZER, HEKE, L &
M. Tr .G TR Ce MK P AR X R TN
PIT Rt BB E A NE, BELE
5, —BEX, A KIREAEE S, AR
FEG K O E] R R B &R NS, A TTE R
FHAREK EanERSEBLR"™, A,
HYENORERE, ERE YRS E
wERATREENERY ., FTRBAN, BIRP

KSR ROAAE X2ARKS S
BRI Ak B TR, LS ERAD EBE RS
& SREBRHBHAR .

A DHERE(PUE ) ETHEYV A S
EEEEKBWHMPEN . BERAABASF AR E
HEBEERD, ARREMNATEY WUE LM
RNEN . BEKSHEAREOWE, WE RTH 5,
ZHEBENTEMERER wiE, SHEH T
BRRER-%, :

KAHEREREVERFNIERRZ . 8W
EEPNEBAE SR, BAUEYERIEY R
HMERE TROFERBILRD), Yl - A%k
BB REBIAMNEREF N SR ~15%,
55% ~65% 45% ~ SS%RY, R BH T WAKNE
BRORB MK, N~ EHAATESHK
LERNNGERATRERPEH AN EL Y
BASSRE R, YHW - EoHHTBREDias,
EEMEALGRARCTPEREHSLAHEELMES
*FERIH FEEE, WAL PR LW AT IEH 8K
HELtBesyBag T RATmEn : 488~ %
PRI HETPEMER  EERKEEMETEAS
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Effect of water stress on photosynthesis and biomass of
soybean during its pod filling stage

ZHANG Xiao-fang'?, JIA Zhi-kuan'?, ZHU Cui-lin'"*, ZHANG Peng''*>, KANG Le*
(1. Chinese Institute of Water-saving Agriculture, Northwest 4 & F Uni

2. Key Laboratory of Crop Physi-ecology and Tillage Science in Northwestern Loess Ploteau , Ministry of Agriculture ,
Northwest A & F University ; 3. College of Agronomy , Northwest A & F University ;
4. College of Foresiry, Northwest A & F University , Yangling, Shaonxi 712100, China)

Abstract: A study was conducted on the effects of water stress and re-watering on photosynthesis and biomass of
soybean (Qin Dou NO.8) under different soil water treatments during the stages of seedling, blooming and pod-setting,
The low-grade (55% ~ 65%) and middle-grade (45% ~ 55% ) water stress was controlled respectively at blooming
stage, with relative soil water content of 65% ~ 75% from seedling to early blooming stage . The results showed that Pn,
Tr, Ci and Gs declined extremely with the stress increasing, and reduced respectively by 13.16%, 28.60% , 7.64%
and 49.51% under middle-grade stress compared with CK (65% ~75%), while Ls and T, improved by 48.07% and
0.36% separately, When soil water content was remained at 65% ~ 75% from seedling to blooming stage, and low-
grade and middle-grade water stress was controlled respectively at pod-setting stage, Pr, Tr, Ci and Gs decreased com-
pared with CK (65% ~75%) . while Ls and T increased. When soil water was remained at 55% ~ 65% from seedling
to the early blooming stage, and the middle-grade water stress was contrailed at blooming or pod-setting stage, the results
showed that Pn, Tr, Ci and Gs decreased, but Ls, T, increased compared with CK (55% ~ 65%); while soil water
was turned 10 65% ~ 75% at blooming or pod-setting stage, the photosynthesis parameters above showed adverse situa-
tion compared with middle-grade water stress treatments. When soil water content was remained at 45% ~ 55% from
seedling 1o the early blooming siage, and soil water was remained at 65% ~ 75% or low-grade waler stress was controlled
in blooming ar pod filling stage, the results showed that Pn, Tr, Ci and Gs improved compared with CK (45% -
55%), but Ls and T; decreased. When the relative sail water content frem seedling to end of pod-setting stage was 65%
~75% , 55% ~ 65% and 45% ~ 55% , respectively, Pn, Tr, Ci and Gs showed a declining trend with the soil water
content decreased, while Ls, T, showed an ascendant trend. The difference of plant biomass between middle-grade and
low-grade water stress treatments was less than that between normal water treatment and low-grade water stress.

Keywords: soybean; water stress; re-watering; phatosynthesis; water use efficiency; biomass



