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B E:UBLARSEAHNE RAAERIEEE TEN I EAD BATHANERBARBR, REE
AR TABERZR AN -8~ - 10kPa WH KB AERARYARY R AT X FHERFRYW, TE4
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mg/kg B LI 2.51% .pH 7.61,
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KEHBERE VIEILH G, Al LR RA
AR R R BT M K, FFIREK
RERAERTERE T, RENELPHE LR
0em, ZTREETENRERRBHERE™, L
REMARBER, BKGEILA S X HIEBE TS
W+ K%, 8 H 8:00 F114:00,2 Kik#, BB L
HER BB EM K, AEHE:EBREHKE 3~5 cm, B
HE BRETE-8~ -10kP; RGHKE3-~5
em, HEHRETE-8~ - 10kPa, IR EHT
BAM ., 2EFHLEKEBEBEHRE - 10 kPa
Wo ME.EBREZHAKRKBRKEI~5em, &
FHEATLRE, XA BCrEmxBE 37 4,
BEHLHES . 9 A RUcEK,

1.2 WXNBESHZE

SR TF AR R I ER R R
BIEHBEE, BRE 4, MERLEN T YRR R
B, BRBRERDERER 8708 EHBS 480,
W BT RS T EEEERE,

FRio ke 8 R BORE : T AL H R ARic R H R E
K% F 100 4, TS 7.14.21.28.35.42.49 d B
B BRBAES~101), BESHE LN —KEE
BEBTRESNE B . TZHr R -KEE
BWEEBRIER, L P . THREYSER, MRS 3
BE, THALSTE, KRS H4E. #HRE(ER

— KB L RRL) R (B LR T IR B RS Hon
BIRTARD) L ER (T KB LR, B %
ZRHSH, T I05SCRHF 0.5 h, REHA T0CH
FEEE GFEFREYE, HTHREEXSH
Ko AXBHRKAEHH B Richards HEFH
—RIAKRESE, AU T ER K BER RS TN E
A R KR BRI W,

B ERRREMRET U ETE £
BERBHEE . EEE BRI ER PR ML ER
3, BB E WS LRI RO B, K
BB E,HESLE . THE,

2 HEBRE5aM

2.1 koM kBEEREFBREEBEZENOEN

SHEFRHIT -8~ - 10 kPa BYEI BKH5 K , 5t 8
NEBEMESBRNEMERME 1, BKERELST
BERS SHKREEE, 5 CK#MEX27.9 1M H%
ML, eBEBER LT 0.4, 80T 1.54%,WE
ERABE, BALEMMTELERES SHBA
W, 5CKHEM65.9 MR, ALHEMT 2.6
NEMT 3.93% ,HEERAEE,

SRR AREVBERER, SRIME 2,
BEXEEHRENATERETF CKH,EERD
FCKH,BERBYREBEEKF,

F1 FELEHRYEMERY
Table 1 Panicles per hill and grain number per panicle under different treatments

W H mH/R 7% 08

Hem PPH 5% 1% 8% k¥ GNPP 5% 1% 8 %K ¥
4b 78 Treatment 27.4 a A 68.5 a A
CK 27.9 a A 65.9 . a

£ :PPH - B3/ 7C;GNPP - Bi ¥t/ , T IFi. Note: PPH, Panicles per hill; GNPP, Grain number per panicle. The same as followed .
2 BLABTEBUBRNBLLLR

Table 2 Comparison of grains of different positions under different treatments

£ #%; Superior grains o ¥ %. Middle grains £ HB Inferior grains

mHe BEH 5% 1% 5 L Rk 4 5% F 1% mH BRI 5% % 1%
ftem GNPP %% &2 ltem GNPP BEKFE Ttem GNPP BEKF
b3 Treatment 12.4 a A QP2 Treatment 50.6 a A b Treatment 5.5 a A
CK 12.0 a A CK 48.0 a A cK 5.9 a A

SEFHHT -8~ - 10 kPa BYAIBKIS K, % B
kS SARRBAMMELEREMAEMRE. B 1
REUSBS SARLHEE . B . SHARMEGEE, T
REKGEBARRREREM T RARKE P HER
ELE, 5 CK#91.10%.76.14% F1 53.06% #
CHL A RIEINT 3.53% .12.77% #1 28.97% , Ko o

BRAMEERS CK AR ZEREEKF,
BYRESSARLHERK P . $ERNYTHRE,
W 2, 7] B3 K AL R R R BE e 3 0 T K AR AR AR
PEBNMTRE, S5 CKH 23.70,23.15 g #1
21.35 g tHHL A B30T 0.96% .0.48% F1 0.60% ,
BEREBERBEKF,
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Fig.1 Comparison of kernel seting rate of different

positions under different treatments
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B,5 CK# 62.76 ¢/7CHLLL, kBN T 5.19
g7 EIMT 8.27% BEERARE, BAKLE
HMTZASMHHAEFRE, 5 CKo0.521 MK, &

HWMT 0.030,¥MT 5.713%, HEERAEE
BALEEMTZHHHEFTE, 5 CKH 32.69
g/ A A BN T 4.72 /X, 5 CK LM T
14.47% , FHEERABE(R3),
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Fig.2 1000-grain weight of different positions

under different treatments
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Table 3 Biomass, harvest index and economic yield under different treatments

X e 4

ZH-’

mH Biomase 5%F 1% zéiﬁ%& 5% 1% Economic yicld 5% M 1%

Item - (&) BEKY Harvest index BEKFE (&/7) BEKF
KL F Treatment 67.95 a A 0.551 a A 37.41 a

CK 62.76 a 0.521 a A 32.69 a

ATEBEREKGEERER S SBRETK
MEE, 2 AELERMAE P EHRNTER
HY"BHMRBHETTHE . SRWE4. CKH
R.oF HERGH BB 22.14% .72.20% F

5.66%., HAKLEEMT ZGEMHRE P HERMHE
B, 5 CKAHE, &34 %)% m 0.412 g/7X.
3.950 g/7XH1 0.100 g/7<, S MUBEE 53 518 5.68% .
16.74% 1 19.86% o

4 FREABURES L
Table 4 Percentage of yield of different positions

K%L Superior grains

6L Middle grains

% # B Inferior grains

A R RRE%) R RRER) R RRE(R)

Item Yield Contribution (%) Yield Contribution (%) Yield Contribution (%)
(g/7%) rate (g/7%X) rate (g/70) rate

AL H Treatment  7.649 20.44 5.68 27.550 73.63 16.74 0.560 2.216 19.86

CK 7.237 22.14 0.00 23.600 72.20 . 0.00 0.460 1.849 0.00

22 FAEALRMAKASTTFHRRROBEEN

221 tHASHTHARRGYH KBETY
FERRBEASERZEERMOER, T 9 RN E
FERRAR-NMEEZ BN EGLR. FRBS
FESERBT AR WP H208) 7%
WM(BH4H) BYBRHPGEABE) WAEHOA
THMETSABYTYRE, ZRWE3, EF
FERUART, IABER R S WA BT Y RAET B KA.

MAEFEPLLE, SRS TYHEFEAZUELR
BEHNCCKAFRX RELHENERLTF CK,H
HEGKTYRAFEANFEHUEEIRBA—ES
F CK, Wiy - RRAHTYEREEATEELR
ABEERENBEERAZ— . XHUELETER
FCKH—IMREZ—,
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Fig.3 Development of dry matter accumulation

under different treatments

2.2.2 RAXBEARHSPTE B THRAER S A S
Ry L LEFHYHIT -8~ - 10 kPa By 8] §L %

K, ANEMTKBHTE  LEZmHEE HPHT
YRFRNMYEBFMANERS), LHEFEHE.
B ENTEYET CK, NAMLHEMEMETE
SIET Ko AbT A0 B 0B 4 518 0.49 g/
1 2.60 g#7C, A8 X N ) 4 th 3 5 51K §.84% F
24.02% BB A K 2.16% 71 11.52% ; 1t 48
H,CK BZEREHE AR L AU T B2, KM
HEOETLHHE 5 HNMNME CK W EHLEMm
BRERHAE, BAGEENERBZODETLA,
X—ZRRABEAKLHBEEF T RSN TYHER
A FABERT FOREFEPHOSFELE, B
RERG. ILELHE CKHTER . EFRH
K —PERE,

£5 EAAEHMBLRSSERTYIRVASHERNRRENEM

Table 5 Effect of controlling water on dry matter yield of stem and sheath and exportation percentage

and transformation percentage of stem and sheath in Kenjiandao 5

FHPTE BAMTE g ) W (%) HHE(%)
(g/7X) (g/70) (g/70) Exportation Transformation
T H DMW during FHS DMW during MS Sendout rcentage percentage
g pe
Item
2TE ®WTE #HrE ZTE BTE ®BTE % ¥ Z 5 - L
SDMW  ShDMW PDMW SDMW ShDMW PDMW Stem Sheath Stem Sheath Stem Sheath
L | :
8.36 10.82 7.65 7.87 8.22 30.19 0.49 2.60 5.84 24.02 2.16 11.52
- Treatment
CK 7.49 ’ 10.27 5.50 8.60 8.44 29.86 -1.12 1.83 -14.89 17.81 -4.58 7.51

H:DMW - F&E;FHS - KM M- SN FR- X ER  ZRVAALE = (FRY B TE - AAWEHTE)/ FHENERTE
X100 , ERYFEHKED - (FRPEMTE - LRWEW FE)/(ARIBTE - FEPBTE) x 100,
Note: DMW, Dry matter weight; FHS, Full heading stage; MS, Mature stage; FR, Filling rate,

223 FRALBARSTREFEGERFNR
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Fig.4 The curve of grain-weight increasing in treatment
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2) KRR B R M

o o (61 8 3 S 2 ) 22 5 B S ) B 6 L ) B 3R
RESIREH FBL ) FE LB, — AR R IFIER
MABHERELZR ALY FREF,BHFE

REHBHBEER/D FFRTEE FRER,
AL FEFN CK A [5)BL L ¥ i 7 £ 9 Richards 7 B

P RPIBKR(EK6), X Richards J5 72 BETR 4F

AL B b S R BL AL FF R SR B R

26 BERSSREMAIFNEEN Richards 77
Table 6 The Richards equation of grain-weight increasing of different positions in Kenjiandao §

Iﬂij J 8 Equations of Richards *E*R%& &En ’f‘&

R B Superior grains X,=2.1645/{(1+0.455174 » EXP( — 0.204443 » X,))(1/0.004553)} 0.9992 0.9983

Trffﬁm F 8 Middle grains X;=2.0352/{(1+2.2265  EXP( - 0.176746 » X,))(1/0.15M76)} 0.9983 0.9966
& A Inferior grains X, =1.6570/1(1 + 168380016 .8605 * EXP( - 0.790631 = X,)]¢!/5-5848)} 0.9962 0.9924

f ##L Superior grains X, =2.0589/{(1 +0.000665 * EXP( - 0. 183275 » X,)](1/0-000067) } 0.9989 0.997

CK %A Middle grains X,=1.9241/{(1 +0.000575 * EXP( - 0.162963 * X)) (170-000057)} 0.9993 0.9985

L ¥R Inferior grains X;=1.6563/{(1+1.6324 » EXP( ~0.135910 # X,)](1/0-1773)} 0.9851 0.9703

1 1 TR R (L B ) BB AR T R A
KEBBIHEREER (¢/(HR-4)),LHEM KA
FRAL PRI ER (B 6.7). ZLHHA CK k.
PEERRMEREEME hEEME, RE/
R ACFRA CK & MTE R A, Ab B ARG 45 BE Y,
M CK KB FR AESRMAMRRERER
AHKTF CK30.2% .16.3% M 90.2% , L & &
R E 1) B 18] 48 X 45 06 136 W 45 K Ak HER 6 2 A o 4
Kk, 55— KA KR A3 % Hohig 8 4 Bl
MHEn, LB K. PR EEERE/mBER
14d, MBS EREEEREMBES 21 d, €9
BB R, RS AR ZR R WEREETE;
CK S4BAR, KL .S HR MG ENEMBES
14dHiBl, XE5MAMHARERERF, TEAT8E

ERMRBERAETBHEARARE X,
0.18 r .

—_ —— KR
&) 0.15 F Superior grains
2 —— itk
R e Middle grains
EE 0.09 —h— LW
gi_: 0.06 Inferior grains
ﬁ 0.03

<o
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L VIO ()]
Day after heading

He LNEFAFAMEBREEMHL

Fig.6 Grain-filling rate curves of different positions in treatment

Richards 4= K #I X Bt N B K/ E B — il
R HO<N<1Bf, BEMREM: Y N> 10, HE
B Ao AR BEA CK MR . BRIty N
BUNF 1 ERMEEN, SHRK NEEN>1HA

N<1FHER. CKIE. P . LHNH NEHMT
1,00 P 45 9ok 5K 3 B A4S AE M 0L, B (|) b
FRE, HESERR A BRE . PERHM V<1,
HERW N>, LHREATERBE AR, IR
BHER(ERT). RAARBRNBEKRGERT X
M AFRALFRMER I BAEWT’,

—— B
5 0.15 Superior grains
); - itk
§ % 0.12 Middle grains
T2 009 —A— EHH
= Inferior grains
o = 0.06
3
] 0.03

L
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Fig.7 Grain-filling rate curves of different positions in CK

%7 BEBRS EFEMMAKBIMEN Richards FESH
Table 7 The parameters of Richards equation for weight increasing
of differently-positioned grains in Kenjiandao 5

Ixjfj (g/i:‘ﬁ) 5 K N
8 4bEE 2.165 0.4552 0.204  0.0346
Superior grains  CK  2.059  0.0007 0.183  0.0001
o 48 2.035 2.2265 0.177  0.1580

Middle grains CK 1.924 0.0006 0.163  0.0001
1.68x10° 0.791  5.5848

0.136 0.1780

LER AR 1.657
Inferior grains cK 1.656  1.6324

B R AR % 4 B9 Richards 7 8, 7T 38
HERKREH(FS), RS TUFH, LA
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CK ARSI RERNOERERS Ry AR, BE
BB BN BRARAMBR > PEHR > S

B EBRERNEKEE R, XS ERHER

BN ARKBHERERRGETXRR,

7K b B8 X R [RDRL AL HFRL IR B B K E K B R
BHE] T o B A K, AL BN CK 35 B B R HE S ok
RIET R R B R > PR > R R, EBER
KAEKEZFHEN12.6~21.8d,KF CK £ 10.6
~16.3 d,

AL HFR P LR FHERERNR
KERKER G, BHEAS HABHIBERIS
Pk > RERL > P ¥R, AR KR K &M,

ETXGBFERAR,

KL EER . B EHEBM I EEAEEH
FEMIRENS AR > B HR > AR, A
RHBAKEXERNOHRETYESRLATYEN
HEAE.

BARLEER. P HERHEREKH D%
A RS P SRR D ESHNHEE 0.9,
0.1d#12.9 do BRI AL B 4L & Fh A9 1E
BRAEKH D&E . HEMADFERLKME . F.F£E
BLE W cTHIS K, BRS8N T 00K 5 A K B B
KEFMERKE, MMM IBE RS BR > hBh >
R,

%8 BYERSSTARMAIEIMEN Richards KRS
Table 8 The secondary parameters of Richards equation for weight increasing of differently-positioned grains in Kenjiandao 5

wH R + A y + D G + A Grnx PN
Ttem (%) (d) (%) (g (HHE-D) (%) (g/(EH-d)) (%)
was  AE 5.9 -99.68 12.6 18.76 0.109 15.24 0.160 5.91
Superior grains K 1833 0.00 10.6 0.00 0.094 0.00 0.139 1833
e V. 3. 1.12 -99.93 15.0 36.21 0.083 6.27 0.123 1.12
Middle grains K 1630 0.00 11.0 0.00 0.078 0.00 0.115 1630
ppy  AH 0.14 -81.46 21.8 33.59 0.086 67.12 0.142 0.14
Inferior grains  CK 0.76 0.00 16.3 0.00 0.052 0.00 0.076 0.76
Re&E
Continue table 8
mH I + A D + A Wow G + A
Item (%) (%) (d) . (%) (g EHH) (%)
o 13 : ] 37.4 1.70 19.9 -8.78 0.810 6.92
Superior grains CK 6.8 0.00 21.8 0.00 0.757 0.00
oty 0¥ 39.5 7.41 24.4 -0.47 0.804 13.61
Middle grains cK 36.8 0.00 24.5 0.00 0.708 0.00
) ?i3: 71.4 79.11 19.2 -40.14 1.182 79.19
Inferior grains CK 39.8 0.00 32.1 0.00 0.660 0.00

3 e 5itie

B PEPIHRA Y FKERA A FHmeA
BERBE BHELNEMSEILE R E®
MTRE NMES TR SiHtEE2 I HRARN:
5% BHLRE RO EG , K Y R R O L BRI B
TR ELEMTRE N, LML ]
BB RN e R RKERAGTESHEE
BEHEE LLEHAERS, TREMK, BEER
RFEBERE KRB E, AHRERERN . £
HEHIT -8~ - 10 kPa BB K, AT ERBE
FSBHAHE X5REFENZHEFANK
RERHBR,THEEZAREAGARFREEMN,ERE

KEABRF#HA, TARBREZRRR, FeHiRR A
SR PRl 5 b v 485 7K 89 B R AR IR 5 B3 K Ab ERLAS i T
B S SHMBIS, MM T XS LR
ML HEMTRE, XSHANHEERHAR. M
PR R EAES, RNTUE LTS 2
BT -8~ — 10 kPa B BRI K AL B (H B o
RS 5 S 7 RE /I UG A, 1L 0 B 4 3 L BB R K
O G50 B4R 1 TR T 0 R R B P B T
REBK B BB T XS, M
WREFERES N B ALEERERES EMEY
FRAMSHFRABEES, BAEB RS M EHEM,
RITAPATLUEE — &8 7  RE KT E , R
ERBEYRNER FRESRARER YT
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EE

FIREHERFE. FEEEAD. SRR EH
ARLARRRAEE N EREBAERR , L7 8 R
BMBKMENAEE—EER BASBTBAR
HENERER. Hil, EKBH KRS BS,8
EFHT R AR R R, B R OR BUE B R B AR
HERB K ST, T 5 RIE R B0 YK &7
H BAEAE,

KB STk T AR B R R
5 A KR S 0 7= B R, B I B R B R A K
B, BESAHBIRE, EHRREINE E
BTHANEELBMT FYRNRER £
BB HET RGN ERE; ERESPIFRA
B EEANRYETRE KNG LAY LR
KEXMEREME A, HEEEE Y L HER
AUHBITHRE HBTHREEKE N, AR
BOMMT FORMOE R, EEY RIS
BRBERE, ZRREREN, EFEHUS, B
EESENTFURFRARUBRB SN CKAFE
xORENEHEELTF CK, BHAET YR L
BAFEHMUEHARA AT KK, ERERF
AT - 8 ~ — 10kPa BOIRI R $5 K AL 28, RS HI 40 T
“FIRAT R HK A IEIRR DS , B BE R K RS X H ]
ASERRE FEFAHRHEE L EREHEL
WEE BERE R TRAEKEN EET
HAMELZ IKBEKEATUETREMEREK
G AT TZEH O TFYRRAR BB T YR
FIRERL A B4 BE L AR S R, N2 5
B, XSMANPRER—B,

ARMHREN, S LPHZLETELRR

FPRE R AR AR, SRALRMEEY

REAEI), XSSP R AN 5 LTS
TETERLEREETAR BEFLEZHOEK
BHJE , LK S ARIFLE - 10 ~ - 30 kPa B, M BRAY
TK 43 3R L AE R 1) BT 43 LA &, WA T 42 #E (Rl 4L 40 10 #F
BER REFNER RELALEANE, T4
B RAY ELHEEN LR TREERGET
R HBERES THREREE, FHRELYHA
BHMERERENMRZ BEIEEXBIBEZR, AT
EmMTHLR BNENTR, SWAEREH .24
BHH#4T -8~ - 10 kPa Byl BRI Kb ME T B
EBSEMERBIR, BKLEBRESG T ZAMK.
PEEBM GG I W, M K. P H
R ETERERY BATED GG I FI W, fE
MBRERRIEREKPFEFF RO L, Ey
KBERTHE FARHRER, KBEEEZREY

WK, ERRXBRMET.FEEKSELIR MR
RSB GC.Cos I .DRW, ., HEWE, HYT
RATZAFHOEEW AR TRAHESER . H
FTFHELE FRENRE . BASRXAFH=EH
W, XM EMKEEFREAN. RINBYULE
B AT - 8 ~ - 10KPa Y 18] B #25 7K 4b BE 7] 1F o 58
3t KR 6 7 0 - K 45 AR
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Effect of water-controlled irrigation on dry matter production,
filling dynamics and yield of rice in cold region

LV Yan-dong''**, ZHENG Gui-ping®, GUO Xiao-hong®, YIN Da-wei''?, SONG Jin-1i*,
MA Dian-rong"'?, XU Zheng-jin'*>, CHEN Wen-fu'?
(1. Rice Institute of Shenyang Agricultural University , Shenyang, Liaoning 110161, China;
2. Key Laboratory of Northern Japonica Rice Breeding of Liaoning , Shenyang, Liaoning 110161, China;
3. College of Agronomy , Heilongjiang Bayi Agricultural University , Daging , Heilongjiang 163319, China;
4. The Organization Department of the Longzhen Farm , Wudalianchi, Heilongjiang 164135, China)

Abstract; With Kenjiandao 5 as material, the effects of intermittent controlling water treatments at — 8 ~ - 10 kPa
of soil water potential from re-green to mature on dry matter production, filling dynamics and yield of rice in cold region
were studied with potted planting in chamber rainproof by examining soil water potential with negative pressure soil mois-
ture tensiometer. The main results are as follows: Panicles per hill of treatment cultivar decreased 1.54% ; grain num-
bers per panicle increased 3.93% ; kemel seting rate of superior grains, middle grains and inferior grains increased
3.53%, 12.77% and 28.97% respectively; 1000-grain weight of superior grains, middle grains and inferior grains in-
creased 0.96% ,0.48% and 0.60% respectively; biomass increased 8.27% ; harvest .indexs increased 5.73% ; eco-
nomic yield increased 14.47% under the condition of controlling-water treatment. Dry‘tweight of reatment cultivar was
higher than its of the CK from anthesis to mature; exportation percentage and transformation percentage of dry matter in
sheath increased 6.21% and 7.77% respectively under the condition of controlling-water treatment. The process of grain
filling of treatment cultivar was accelerated; grain filling rate peak appearing time of inferior grains of treatment cultivar
was delayed; G,Gmax, I and Wmax. ¢ of superior grains, middle grains and inferior grains was raised respectively; the
growing period of treatment cultivar were shorten under the condition of controlling-water treatment.

Keywords: water-controlled irrigation; rice in cold region; dry matter production; filling dynamics; yield



