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Abstract; Water stress is one of the important ecological factors affecting rice yield and quality, and plants adapt to drought
stress using different strategies at different growth stages. A great deal of studies showed that rice plant is very sensitive to
water stress during the heading stage. Understanding of the physiological mechanisms of drought resistance for rice is of
importance to guide rice water-saving technology. Osmolyte accumulation ( OA) is frequently viewed as a key putative

mechanism responsible for crop’s tolerance to drought conditions. It is believed that this process has effects on sustaining
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cell and tissue activity of the plant under drought conditions. When drought occurs, osmotic potential in plant will
decrease, organic substances (soluble sugar, proline, amino acid etc. ) and inorganic ions ( Ca’* . K* . Na* etc.) will
accumulate to some extent. So far, osmotic adjustment of rice plant during water stress has not been widely studied. Rice
variety Feng-Hua-Zhan was selected through pot experiment to study the effects of water stress on dry matter accumulation
yield, inorganic and organic osmolytes in leaf and root. Water was withheld for different number of day during heading
stage. The results showed that leaf water potential decreased significantly after water stress. Except for soluble sugar in root
and leaf which decreased after 12 d of water withheld, organic osmolytes including soluble sugar, proline and free amino
acid in leaf and root increased significantly in various drought treatments. The organic osmotic regulated matter increased
with increasing severity of water stress. Osmotic adjustment in root was positively correlated to that in leaf, but root was
more sensitive to water stress than the leaf did. Organic osmolytes content in root and leaf could return to the normal level
after re-watering for short term drought treatment ( water being withheld for 3 and 6 d) but not for long term drought
treatment ( water being withheld for 9 and 12d) . Inorganic osmolytes including K* .Ca’* .Mg”* showed no significant change
after drought treatment except for long term drought treatment ( water being withheld for 12d). Dry matter accumulation of
root, stem,leaf and panicle were also significantly reduced under drought conditions , yield decreased by 12.09% , 48. 55%
and 58.30% , respectively under drought treatment for 6, 9 and 12 d. Drought treatment with different time duration could
significantly increase water use efficiency ( WUE) of rice leaves, the longer water stress continued, the higher WUE was.
These results suggest that rice plant could effectively maintain its physiological equilibrium by adjusting itself to short term
drought conditions and the organic osmotic regulated matter responds to droughts more sensitively than the inorganic ions do

at heading stage.
Key Words: rice ; drought ; osmotic adjustment ;osmolyte ;heading stage ;yield

K7 (Oryza sativa L. ) RREERHREEDZ —  EARETHHEF<ZATEHEHEH, B
KREFFAEFETEREKBERKKE! > FYRRBAEHFOEARFE " =8 RS R
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WRERZHEEYR(BERTYR) RERS—ENRE, UEREYE K LS sift e SEIE
BEER T o B ABRARBEIEIEDARRE B R T RREKREREA A R a8 5 A
T YR B R A R SRR /D B AMEDL S AT 18 s AR BTt SR8, Dbt R RS A B b SR AL R AR TR
&%,

1 ##5FEE
1.1 b & £ttt

Fhdm oy 4= BT AR R A G . SR T 2004 4E 8 A ~ 11 ARERRI RERFE
Beil MR ENITT . RAERER, DROKE L, ZEAPIRS 8 18.36 g/kg, BMA N 97. 68
mg/kg, BN 50. 61 mg/kg, B N 166. 08 mg/kg, BB EAAR/N A 30 em, & 40 cm, K EE5
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(1) 13k BREKCBL TN, 22 AR R XA FRBURE AT T 8 10 cm P 13%, %
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1.2.4 HHBBERTYE

(1) TEHESBIONE FREREEG" , BURELEKHEKREOHSER 0.3 ¢ MAZERE
A5 ~10 ml ZE08K , 3 O /5 B KA 30 min, WHI/S 3 EATIZIE ., FMW 0.5 ml fn 1.5 ml ZE48K
6.5 ml EERRHN RS, EZR T BALE 630 nm B HLANE,
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(H3)F16 d(H6) AL FHLE 2K 535 M K 3500 3 L3 BRFEMR T 0. 34,0. 72 MPa, BEAK IR 4 23. 8%,
51. 80, BAES/K B BHIKZ 2 FKF, BHRE 13 d S REEREER . BKBKNE d A
12 d) #9 H9 71 H12 AMPRAESK GG MR /K S4B T FRIBEE B, 20 31 b SRS 1. 41 MPa 1 1.60 MPa, H
H AHAE R K 4d SR BE T X, T BRI 0. 34 MPa, FERIESE % 24.81% ,

F1 HBHATREETRTEX KB R KB ( - MPa)
Table 1 Effects of water stress at heading stage on leaf water potential
Jhi%8 5 R ¥ Days after heading (d)

Kb Treatment

1 4 7 10 13
CK -1.35+0.03 -1.43 £0.08a -1.39+0.03a -1.08 £0.12a -1.37+0.07a
K] -1.7720.11b -1.40+0.21a -1.22 £0.03a -1.28 +0.03a
Hé6 -2.11£0.02b -1.45 £0.06b -1.43 +£0.04a
H9 -2.49 £0.03¢ -1.71 £0.03b
H12 -2.97+£0.10¢

(1)CK Yy 3t i well-watered ,H3 ,H6 ,H9 ,H12 43 H|F 7 AR 587K 3d,6d,9d,12d, H3 ,H6,H9 ,H12 represent water withheld 3d, 6d, 9d, 12
days at heading stage respectively; (2) Rl —F¥IE P FRARERZREREEE (p <0.05) ,Data with different letters are significantly differenct(p <

0.05) in the same column
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2.2.1 XIS 2NN

BREICBYIE] 12 d #2K AL 3B (H12) 5F, HA S BAE FK SR M iR N S R H B ER T
ME(E L), mERR A EFHREEER, HOKREBE, THEEERERE, BEKEHARRERE
BN K, SRR BE R T XTI, H3 4b¥ (He A3 HO A FK G RIG M i WA S 8 5 3t g
N 9. 88% ,22.53% F129. 10% , {RE 43 B b BRI I 25. 53% ,29.27% 1 46.88% ,fEE K IEHIEA BES
TR, H12 ZbB7ER K G I E i FIARER B 7T 7 Mo 8 5O B 2 X4 3R, 20 31 He 39 BRAIK 19. 44% Fn
57.69%
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Fig. 1 Change of soluable sugar content in leaf( A) and root(B) of rice after water stress at heading stage
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B G , KM A AR A IR R A & B B B, W EARMT LM i BRI K. BKE R,
TERBRAR R, E 2, 7EHOKGHIG, H3 408 H6 4L \HO 4LEEAN H12 ALB Jr [ & 8 20 1 Lb Xt H
T+ 14.35% \134. 91% ,182. 70% I 252. 40% , R &4 B bb X T+ 35 T 32. 63% ,179. 79% ,290. 69% F
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412. 89% , b FHIRER K, v WAFE BRI K 4 e SUR MR & . H3 AFEAD He AH MM AR AR S 2
TR K GBI BT R & BIXH IR KSFE . HO ACFEAE B K5 RMBE R 13 d ik i FR SR I R & B IR A Bk
B RNEF K, 533 Xt R AR 193. 08% F1297.40% ,
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Fig. 2 Change of proline content in leaf( A)and root( B) of rice after water stress at heading stage

2.2.3 SHFEEEARIENEN

MEE 3 AL, IEE KRBT , KRB B ARl B S B & B NS TR AR 2 B T P, T ZE K 73
BMET , KRS A RS SRR S EN B ET R, H3 LM H6 ABAERKE M i FIREH & ER
82k H3 AHN H & BSM T BERE BB, HO AHIfE K B SR G A AR EE RS B S
F HE AT BTG 56. 53% F1124.59% , HE K /G AEHhHE 13 d B4R B = TR, HI12 B K a4 R 5
M AR AR A B A HL T IR AR 72, 13% F1 159.97%
2.3 R HET RERYTHEE AT YRS RN
2.3.1 SHEFEREENE

FALFKREH AR E TS EERAFR(E 4) . B3 AEARKGREHFABEFIE50R
WABEZER, BOKEEMBEE 7 XME 10 REEFRTXR, 725 Xt REEIRT 22.36% #120. 19% , 34k
J6 13 d A S REA BEER MBRERKERESREEBEER , DKGAMBEE 7T ROKE
2R, (BRHAEEE 10 XA 13 RENBER TR, 23 X BAS T 15.88% F18.27% ., H6 403
TEEKGHREN FHETSEBER, LR 26.79% , R KEHE I s, BRI S 13 REHKR
H AT IR A, (H 2R AR B AR ERKEREUREKEHABFEESNREEBEER . HI AHERE
KGR H FRTHEFSENEER TR, 25 Xt & 23. 10% #1 75. 75% , B K G4 HBE)E 56 13
Rt R S TR B TR E BT KT (EAR AN Xt B R 31.67% ., HI2 bHEAERKEH AR TFSERE
BEZ, BRI T RAR 15.36%
2.3.2 SHEETFE RN

FAHEIPKBEE FEEMEWAR (B 5) ,F—AsEmF ARRasE Fy 88t fazR, 034
HARKGREMFEETSESWHRREBEZR, KEEMBESE 7 XAE 10 XBERTXR, 45
b3 HRAIG 18.51% 1 12. 60% ,{BF|3E 13 R H) PR E 2% IR KF 5 AR AR F/K 45 3R 5 H Xt BRI 20. 39%
KBS 7 d W B EETXHE, RS 15.53% , A KAt R K RS E 75 BEE R E )
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XK. H6 ALBHAESRKERGH A RS TS B8 BERT R, EKEH 5B T HBABE
TR, TR AR B 7 & B SETH R PR, B ARG 55 13 R HEXTIR AR 9.92% . HY ALBAE KSR GH
AAREEET S’ SXHEA BEZR, BREAKRNEZEMRT X, TG 13 Kk 5 Hoxh R
37.70% F132.40% , H12 AbBAEHEK M i AARARSS B 7 & 8 B &R T X, 20 51 Lo X IR PR 34. 72% A

29.17% ,

RRES L FhIER R BK S B X KRS B AR B B A T Y A RN 6153
—o— (CK A Heé = HI12
coeweeiH3Z O —e—HY
800 — 300 —
A B
700 250 L
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200 |- 0
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B3 SRR R B K A (A) FURER(B) B AR & B W
Fig. 3 Change of free amino acid content in leaf( A) and root(B) of rice after water stress at heading stage
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B4 SEAAREEAKSPHERH Fr (A) FARSE(B) AT A BMEM

Fig. 4 Change of K* content in leaf( A ) and root( B) of rice after water stress at heading stage

2.3.3 XBEETITENER

ALK GHRGH AR TS BN B ARG (A 6) ,H3 403 \H6 4B HO ALFHAN HI2 AbBIFE K
SEHR 43 B Hexd BR A 13. 18% ,32.31% ,9.79% F1 31.79% , HE K G ¥R Be ik & B 5t BEAKF, 1h AR B &K
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—o— (CK A Hé6 - H12
---m---H3 —— H9
8 6.0 —
7+ 55
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e
an
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&
S 3t 351
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Bl5 SRR EAK S PHE X b (A) FAREE(B) SR T A BMEM

Fig. 5 Change of Ca’* content in leaf( A) and root(B) of rice after water stress at heading stage

FxiiE, H3 4b3 H6 ALFEA HO ABHBFAS S 13 K4 B Hoxd B FEAK 11.31% ,14.23% f133.21% , 13
LB ST A AR, B AEAEKEREEETFI_RENRRA BEER, EKEEARERE,
FIBUS 13d B Hoxd BRFEAIG 10. 25% ;H6 AbFRAN HO AbFAE/K I G /0 7 T IR A8 19.50% F125.12% ,
S KRR, BHEE 13d 63y BT X IR, 40 B bxd B PRI 19. 16% 71 24. 80% ; H12 AL3AE K
HREEE TSR TR 26.73% .

Mg (mg-g™!)
o
T

04 |-

0 1 1 1 | | 02 | | | | |
1 4 7 10 13 1 4 7 10 13

HhBE J5 R ¥ Days after heading (d)

El6 MBEMAREEAKSPHERH Fr (A) RS (B) BT A RBMEM

Fig. 6 Change of Mg?* content in leaf( A) and root( B) of rice after water stress at heading stage

2.4 HREBAFRE T RN T YRR R KR

KBRS R T R e x T R R, W3k 2, H3 A He AR #K E R TE X
B TR, EEKEBHRAETXHR, MRS 13d w3 X BRAR 10.25% 1 21. 43% , (BER G ZEmM AR T
HERABEYW, T H B H12 LB AR T 9 R R B &R, HO 4B HK /EHEE 25
MR T 5 A BRI T 20. 18% \33.01% 1 35. 33% , T 2K /G BRARER T E TR Z )5 BiOKF , SR AIZE
MTEAEMBE 13d 1705 L3RR 26. 10% A1 19. 01% . H12 ARBRAERK G REER 2R AR IR T E 20 3 e
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it R ARG 45.37% 39.60% Fl 43.66%

®2 HEAFREEKSBEEKETORTAR () HEAER
Table 2 Effects of water stress at heading stage on dry matter accumulation of rice with pot experiment

#1385 K ¥ Days after heading(d)

K38 Treatment
1 4 7 10 13
BR CK 3.9910.43 3.70 £0.18a 4.11 £0.09a 4.67+0.12b 5.13+0.41a
Root H3 3.61+0.51a 4.06 £0.21a 5.03+0.23a 5.15+0.33a
H6 3.71£0.12b 4.48 £0.06b 5.21+0.44a
H9 3.02+£0.08¢c 4.910.13a
H12 2.89£0.10b
Ep CK 17.69 £1.26 18.84 +1.08a 19.91 £2.06a 21.09 £0.72a 21.95+3.01a
Stem and leaf H3 18.25 £0.62a 19.62 £3. 16a 22.12+£3.63a 21.27 +£0.88a
H6 19.06 +1.22a 20.79 £2.82a 22.11£2.73a
H9 14.13£1.07b 17.78 £0.43b
3 Panicle Hi12 13.26 £1.10c
CK 2.35+0.05 2.48 £0.11a 3.64 £0.09a 4.51£0.12a 7.20+0.37a
H3 2.25+0.10b 3.38£0.12b 4.21 +£0.08b 6.47 £0.27b
H6 3.10 £0.12¢ 3.95+0.06¢ 5.66 £0.24c
H9 3.60 £0.13d 5.19+0.13d
H12 3.76 £0.09%

2.5 HREARRE T RN R85 8N EE NN

M3 FILAEH G T RA T (H3) Xk RS r= 2374 B B B, Wi Hofh 3 FpoKA B KB =B B E
RS, Ho 4b¥EL HO AbFH H12 AbFE B HES 7= 8 40 3 Eb X BR P4 12. 09% 48. 55% 58.30% , B] ¥ 7K Bsf ] i
KK RE= B R . H3 AEXOKRE= & MEE FHRE BEE W, Ho 4B~ TR EERHE
REBRE AP, HO BT #A S E. SRR 45 LR TR E Y B ERE, 23 3T B EER
11.50% 17. 43% \15.64% F1 16. 59% ,H12 AhFFIRER B3R 4 Fpr= 254 5 H F 34 8 2 PR, 20 31 b B P
16.09% \21.59% \17.81% #122.93% , W] WL, &AM BAK 43 ipiE Xof /KR8 7= & B 2 ma A K, (B REK 2 fipa8 B
I IES , 7= B R IR SRR, TR AR 3d K A Y BE UK & . ARBEIKALEYRE &R K
FE R B K R PR, 5% BRAE b, Bk 403 3,6,9, 12d 1938 NIE BE 4 B8 11. 6% , 17.0% ,25.3%
39.0% , T M™E , KA FI R RER

=3 WEATRERKSBENKBRBBR BN EETFHRM
Table 3 Effects of water stress at heading stage on yield and yield components with pot experiment

i AR RN xR THLE 1000-grain R b &gl VS &
Treatment Effective panicles Grains per panicle  Filled grains(% ) Weight (g) Yield(g) Water use efficiency
CK 8.7+0.2 a 161.2+7.3 a 83.1+3.1a 20.5x1.0a 23.89+1.5a 2.77+0.13¢
H3 9.1x0.3a 159.8 +5.4 a 80.8+2.5a 20.3x1.4a 23.85+0.8 a 3.09 £0.36b
H6 9.0x0.5a 142.5+£3.9b 79.9x1.8 a 20.5x0.8 a 21.00£1.1b 3.24 +0.18ab
H9 7.7£0.1b 133.1+4.6 ¢ 70.1x4.5b 17.1£0.8b 12.29+1.0 ¢ 3.47£0.32a
Hi12 7.3x0.2b 126.4 +7.5 ¢ 68.3+3.7b 15.8x1.1¢ 9.96 +0.5d 3.85x0.22a
3 g

3.1 BERETYRERE EUNERSIRERXR
YR ZK 8 Ja B R R — S Y FOR BT 8 BT , X R HTE R 73 e R E R A AL
il XEBEBRTYROETHEEE. FEIEREER. KT HRMSE, A SR, RRE®
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KU EEEFRNUTES TR, APREREN, BETRMa (K 12 d) B0 RIRER
T B T 19. 44% F1 57.69% S BB IR A2 B ) 7K 20 B8 5 K RE AR R MM (A LB B R
YRR R A AR VEER) S 'Y EE LA AN EFHEESERETREEREEMX, RN
PHRSERE R B, K B8 (0K 3d 1 6d) FERK G A HLEE H 7 Y i3 B 6 Bl 23 UK, i
7K 53 i ($K 9d i 12d) ISR G U5 bRl T30, B B A 1 R e — 2 BB TR &4 T4
REREMEM. Bl TELREB BTV, BRI AN, X7 8RR, KRS 38 E
AT R N0 5 A S0REE BB TR R AT . HEESE IR KE AN L ETR
BUKIE  EERMRRSA N RRERN TR, EIHERIK D R THERRERE, FENERX —
AR AL R RIAR S . TR —PH9ERI AR/ E B TR ibE T RN BT EER, U NIT
MR o REBE EIET EME KT ARKRE ST A BB ATR AR EE T YR
YERPLE P ER B IR S48 R . BIRR T 28 T A DB 7 77 4 5 i AR R T LU 14Tt 52 69
A AT

ST TAHLE FAEB B AL, A FEE A RFMA. Flowers™ I\ LWL B T3 AL 98 &
THAB/N. SNERIBIFEY, BEE K AR INE , A BB F (K" Ca™" Mg™" ) SBH NI,
AESHAARLETPZAZRABE ™, Paakas ™ TSRS B P KRBT T AT
BEANY R GBI AER AERERE, B THEAINBERT YRR AR R, EHME T KEH
TR A= T O T DA T (RIS 7E S Sl 1 AR A K, DR A B i A R MR AR R T LS -, S AR R T L
BTHTBERT " IHRENEREARKETAARFTSRANS T R, AHARN, T
PLBEE T YR RN R 2R H BT FESEAAHBRBR , X SRABIEA AR, #3308
BERUTEWAEANBEET YRS EANBEEATENE TS, 2BETYRRENER, W
RE SR A T AL 3R  Ma 3R R M RIS 2 A B R A 6, AN EE— L. B BRI, BB
T YRR S R A BB,

STBBEMNE AR R A BB R Y YR R BB, Ogawa %1 BHITRIA, BB ME K 4
IR LM SRR , 45 AL RAR BT AE X, BRI K™ MM REBREGA T . AR ERERY, X LB BT
VIR NAEEAKERASH AR RA TRASH A RGN T RIS B RS, RER
RSB YR AI S BET A, RAM A BB RO RTRER, X 5H XA, BF
Bia/ERANBERTYREGE EFHRRZ AT A, BT AR AR BRSNS,

3.2 BERATSEYTEBIXA

BEET(0A ) RHBUMBEARIN™ . AT REEKMT WA B TEEE R
[ ) A BRI RTREEREN ARER TREFEET —RA BB ER W HEY &
FIRUG— gt REIIL, M TFRBREY SEY =B RN XR, AFSUREET BHNSEE. AN
PRBIE Y B I A T = B AR, B AR, Jongdee 7 B R M, AT RMAK
BT REER T R K ENBGRNBERTRARIENIGIZ —, BBERT S &EZRABEAHEX
Fo A RBHD A KRR TR S AIBEE W 5= B2 A W BMHAEER, Semaj and Sinclair ™ 7
(Plant, Cell and Environment) F|# & R PFR AN, BIA KRB BIFR G REA B Z R T B ILBCR R E A R
R, OENABER A TRETE, YVERRNBERBRAFERGZRBKR, BT EMHE MG H 5%
WH, TR R ™ BRI, EF A REERN, B TR A ERAB XK. BXTEERATS™&
HXAMATELEFE.

3.3 R TR Mok AE 2 KR

B KX KD BOVER AT, TR SIURAREEE S SEAEM  TYRREMER

R, =B SRR FARRE RN AP R R, KRS R 1R B K 4 B8 1
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RMAFFEH BER X178 KA EHR RN EA —F, TR (EK3 HXNTBEEFHBEW, Z
KIEAMERE B . FEE TEREHINE, TY R R8T B R ZE K, X7 & 451 & R
R R BRNEL, 7k 6d RABRAEKZ AL (R 3) R RGLR. THEMERE. ARARETEY
AR INZKRE T B K RIS, TR, K R BR . Gloria ™ BT RM, th 27k )8 Ak
SRR B K 0 FURSRCER , D M 1 e RIS B O P A, (B N T X Sy SR 7E M8 AR R RSt S 3 R
SXREN TR, fiFERE TR &HRE.
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