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Abstract: To understand the effects of water and nitrogen (N ) fertilizer on growth, development and yield of rice,
experiments with three irrigation treatments (rainfed, intermittent, continued flooding) and three N applications (0 kg/
hm*, 112—135 kg/hm*, 142—173 kg/ hm®) were implemented in a randomized complete block design at Jiansanjiang
experimental station in Heilongjiang province from 2010 to 2011. The results showed that crop development stages of panicle
initiation, flowing and mature under rainfed treatment were 1—35 days shorter, and growth index and yield were significantly
decreased, while that for intermittent irrigation were not significant, compared to continued flooding irrigation. Compared to
convential N application ( 112—135 kg/hm”) , crop development stages of panicle initiation, flowing and mature were 2—35
days shorter for treatment without N, but those stages were prolonged 2—4 days at high N application. Crop yield and
growth index were increased significantly with N dose. Under low nitrogen input, water stress was obvious, while high
nitrogen input could compensate crop growth due to loss by water stress. Effective panicle number and grain number per

panicle were significantly increased with N and water supply. Intermittent irrigation and high N application showed a
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potential to achieve high yield and high resource use efficiency. This study could provide a theoretical basis for irrigation and

fertilization of rice in cold area.

Key Words: water and nitrogen; growth and development; yield; Heilongjiang Province
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Table 1 The growth stage of rice under treatments of water and

nitrogen interaction of 2011 ( Month-day)

SR T R I T T
Variety Treatments _P_afm;le Heading Maturity
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=F 131 WOFO 06-23 07-17 09-06

Kongyul31 WOF1 06-24 07-20 09-08
WOF2 06-26 07-21 09-10
WI1FO 06-24 07-18 09-07
W2F1 06-28 07-24 09-13
W2F2 07-01 07-27 09-17

JekE 21 WOFO 06-30 07-23 09-12

Longjing21 WOF1 07-01 07-25 09- 14
WOF2 07-05 07-30 09-16
WI1FO 07-01 07-25 09-14
W2F1 07-04 07-30 09-17
W2F2 07-07 08-2 09-19
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Fig.1 Dynamics of leaf area index for the two varieties under treatments of water and nitrogen interaction (2010—2011, Research
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Fig.2 Dynamics of aboveground dry matter weight for the two varieties under treatments of water and nitrogen interaction (2010—2011)
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BRI A R | e A 2 S B R P P A
13 2 nl DL, it S0 X /KR 7 S S T I 5 7K
FHIRIK 2644, 256 131 FUORKE 21 & 20™ 25 5

BORTEAA EEE T 50% 38% .36% 30% . 46% .
66% .

K2 FRELERZFHKBI-SHEEZE(2010—2011)

Table 2 Yield components of the two varieties under treatments of water and nitrogen interaction

R o N . -
Y ey Panicles B T g SR % U
e N e Grains per 1000-grain Filled grain Yield/
’ (10*/hm?) panicle weight rate (kg/hm?)
2010 =H 131 Wo F1 503.6+16.9a 51.5£0.9a 26.57+0.09a 92.6+0.2a 6024.3+309.5a
F2 608.5+23.7b 58.9+0.2b 25.39+0.06b 88.2+2.2a 7354.1+82.2b
Wi F1 551.5+16.5a 58.4+1.5b 26.58+0.22b 90.9x1.1a 7778.3+115.8a
F2 654.4+2.3b 60.0+0.6b 25.69+0.12b 90.0+0.6a 8333.9+98.4b
w2 F1 567.9+11.6a 60.2+2.0b 27.10+£0.02b 90.6+0.2a 7796.8+235.3a
F2 625.4+17.5b 62.2+2.2b 26.72+0.02b 90.8+0.6a 8592.7+158.2b
TAE 21 WO F1 351.4+12.2a 84.9+2.0a 26.49+0.08a 90.3£0.7a 6460.0+347.7a
F2 447.1+22.0b 93.1+3.4a 26.22+0.19a 90.0+0.7a 9191.3+612.2b
Wi F1 430.7+10.0a 93.9+1.3a 26.93+0.27a 91.5£0.9a 8469.3+632.1b
F2 445.2+6.3a 103.0+4.3a 25.71+0.20b 89.0+0.1a 9774.5+152.1b
w2 F1 427.9+12.0a 96.9+2.9a 26.98+0.24a 89.3+2.2a 9104.9+342.6b
F2 466.2+14.2a 95.3+0.7a 26.53+0.15a 89.4+0.8a 9637.0+245.7b
2011 =H 131 WO FO 465.0+£21.5a 49.4+0.9a 28.41+0.30a — 5642.5+410.7a
F1 599.4+47.4h 56.0+3.4ab 27.99+0.20a — 7399.2+506.4b
F2 617.1+9.2b 62.6+2.2b 27.89+0.32a — 8454.7+134.7b
W1 FO 520.1+21.0a 54.4+1.7a 28.44+0.12a — 6565.2+24 .8a
F1 644.2+33.9h 57.0+3.3a 27.8+0.19b — 8496.5+625.1b
F2 700.5+30.8b 57.6+3.5a 27.5+0.19b — 9055.0+273.0b
w2 FO 582.1+24.1a 51.6+1.0a 28.69+0.4a — 7003.3+340.8a
F1 616.6+17.2ab 57.4+2.9a 28.08+0.09a — 8257.7+283.5b
F2 675.2+26.9b 59.6+3.1a 28.05+0.22a — 9547.2+153.3¢
JeRE 21 WO FO 343.5+20.1a 68.9+6.3a 29.05+0.22a — 5709.0+126.1a
F1 404.8+23.2ab 70.1+3.0ab 28.52+0.30a — 7188.7+400.6b
F2 423.2+14.1b 81.2+6.1b 28.36+0.24a — 7443.6+290.6b
W1 FO 355.7+11.1a 67.1+2.6a 29.63+0.12a — 5805.3+472.3a
F1 463.1+21.5b 79.7+3.1ab 28.36+0.20b — 7923.7+238.6b
F2 426.3+20.1b 88.5+5.8b 28.12+0.13h — 8469.8+178.3b
w2 FO 322.0+14.1a 58.1+2.9a 29.30+0.03a — 5775.0+63.2a
F1 407.9+3.1b 76.6+5.0b 29.3+0.45a — 8515.6+683.2h
F2 426.3+17.1b 84.2+3.5h 29.12+0.11a — 9607.5+297.2b

) — dt i 7 —F i 5 AR IR NG SR FRORAE P=0.05 KF E2RARE W KA Fo IERHE B R — 50 B o S B 7 3 RoR 24

R GF AT P=0. 05 K B85 W3 — AR

K G Ab B K R 7 R G S R B A
il 2 VR 5 0] B R 2 1) 7 i 22 BN B 3 K2
T e ERE R SN SR AL BRR 22 R B L A F 131
IR)ZEBE BT 75 77 1t ik 35 88 = 23% , 12%, e HE 21
WERE 20% . 12% ., HILATUL, 25 F 131 ek 21
A FIAE K 2 TR T R R A B R A LA R R

XU 77 22 53 M 2 W1, WA AF B2 T il o 7™ 9 K R0
YRR AN 2%
13 2 R DL KRS A AR R R R TR
bt 5t R AR an e o it e T L
B KA A RO B RERLR TR
TERE K — 0 25 AF T, T 57 A K R A7 2%
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HAERBIIIA BE

2010 2011 4EFE2S T 131 A RCBESC L RE 21 4
SOREE E 36.7% .50.3% ; K 21 B A TR 5L
2 131 40905 61.5% 33%, 25 & 131 4r
Ji B L MR 21 M H TS E 131 40 EE
VIEEIRETIY R EZN

2.5 OR[A|ZK 43 R ZR A BN K R 3 R AR 11

20

H12 3 AT ULAE IR 73 2% AF — B, Bl il 2 e F)
S, e A A i BRI R IS ORI P R R
W, =R 131(ERMEAI M 2R R ) K oAb
1A 5 25 5, K RS HATE T (BRAh R i SRR
F) A 5 IR SOM] = 1 8] BAHE -5 7K 2 Ak
B IO 35 25 5, — 3 000 3 g T AR Ak B
63% .50% .,

£3 TRKSGHERRLEMKBEKREZNRERREF AXRZME

Table 3 Effects of water and N condition on nitrogen accumulation and nitrogen recovery efficiency of cold rice

FREIIR AU/ (kg/hm?) BRI A R/ (kg/hm?) FUIBML I
sl b3 N uptake at heading stage N uptake al maturity stage A=/ %
Variety Treatments Nitrogen recovery

2% Stem M Leavf T Spike 2% Stem M Leavl T Spike efficiency
= H 131 WO0 Fl1 39.2+1.1a 37.8+1.3a 14.0+£0.2a 22.5+1.6a 10.3+0.4a 66.7+4.2a 20.9+4.5a
Kongyul31 F2 44.7+1.4b 45.1+1.3b 18.1+0.6b 32.2+0.7b 14.6+1.7a 89.1+5.4b 42.1+4.1b
W1 Fl1 43.1+2.5a 38.9+0.8a 18.9+0.4a 33.1+0.7a 12.7+0.1a 86.4+6.6a 43.5+1.5a
F2 53.8+3.8a 57.6+1.3b 23.1=1.1b 37.8+0.8b 15.6+0.3b 107.1£1.9b 59.3+1.1b
w2 F1 41.1+0.5a 42.7+0.8a 17.5+£0.3a 27.8+0.7a 11.1+0.6a 80.2+5.2a 38.3+4.7a
F2 54.6+0.4b 54.1+0.7b 22.8+0.2b 35.3+2.0b 15.0+0.4b 104.5+3.1b 55.4+3.8b

BEE W 0.013 0.000 0.000 0.000 0.124 0.004 0.000

F 0.000 0.000 0.000 0.000 0.000 0.000 0.000

WxF 0.179 0.000 0.580 0.155 0.680 0.929 0.754
e kg 21 w0  FI 43.4+1.2a 45.4+1.7a 17.6+0.3a 31.3+0.5a 12.4+0.4a 78.4+3.3a 14.8+5.9a
Longjing21 F2 60.5+1.2b 59.2+2.5b 24.6+0.9b 36.8+2.7a 16.7+0.8b 117.3£2.0b 42.4+3.1b
Wl Tl 56.1+1.8a 53.5¢1.1a 23.5+0.9a 29.3+0.6a 13.6+0.4a 103.9+2.7a 33.9+7.4a
F2 58.0+1.6a 62.3+1.2b 23.7+1.3a 37.8=1.9b 17.6+1.1b 112.8+2.4a 40.6+6.1a
w2 Tl 56.5+2.6a 58.0+0.5a 20.9+1.2a 31.8+0.5a 13.1+0.4a 104.8+4.1a 31.7+1.3a
F2 60.8+1.4a 65.0+1.3b 22.4+0.9a 37.7+1.5b 16.3+0.3b 117.8+1.2a 43.2+3.2b

BEE W 0.005 0.000 0.059 0.912 0.259 0.001 0.107

F 0.000 0.000 0.003 0.001 0.000 0.000 0.000

WxF 0.002 0.100 0.009 0.923 0.701 0.000 0.089

TR 21 Fh R ZE | R 2R o S S A A
IR A3 AL RIAT b 2 25 5, U OO FH 238 A T g e
WSR2 B T IR 22 5, & il i
T FRAL I 24% 319, R R i A A A0 AR R 22
WA B HAERN

3 it 54£iR

IR KA A K ) = PR R 1, 98 bk R X
ZNHREIX, I L R K ZRE B 720, A R K
% AR SCHE X 2010—2011 4F 7K 204 3%} 7K 75 A

FARIE B £ 19 52 W 43 AT, WA Ay () R TG B v AU
PR (142—173 kg/hm® ) HA 0938 F= 200 S B R
R, RIS 1 ma i REAE DX 28I\ [ Bk ik
R YR E K (202 kg/hm?) I 7248 J R R FH R
B, R —3L,

AFKEE AT, WK FEA R AR D
A, K2 A 3HK 43 ) FH 2R 5k 2 B AR, iy LA i) o
L RE S (7K ™ AN AR A 17 50 T 385 Ik e 10 R
R, X 5 AP gs R —g ) g aenY
53t 2 BH it 0 1 n K R R e 22, RE A
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R TR KA 8 38, 58 T ZUE A
KRR FE RIS, A FFT I fa) B %
Ab PR KRG B R PR UEAR 2R R4 & 7 R K 43
FEAT IR, A KRG A AR T A7 F i, ik 5
BRI M A 1, 5 B KRR Y A K R B R
AR, PRI F3 KR ) AR AR AR R 2 K 2 I b
TR, A R ST, KA AS 2 B PR
VR A A, T s i 2 0 R — 7 R 3R K 4 1
BRI, K R AR K . > KRS A 7 b EUIEAE
KTIKAY 140t 28 F2 7T L3R AR 7K 43 BR il ek 7K A 4
R

AHIFIE B, B4 ite S AR G R S KRR
ORI ORI, T /K 2V Ak P55 1] R T Ak
2 F LSRR E, NI KAEA RO %
I, T AR AL B R A = i 22, X5 Sun
Yongjian'" W55 45 TR AL, AR 53 LA A 5 ol =
TR Z 0, 25 B 131 4N EE 0 A AR £
T KE 21 A T25F 131 4388 0155, ki i £ |

5 IR FEH K FERF 55 K o RR B R 5T
AHEEE AR S iRk IR BB ST A A K AR
FOKFBAERKREA T B A R &
IKFEF= LR 0, TR A T 7K R AR 77 oK IR 2 [
R E AL AR ) ) B, AR K R AR
SN, B A B K A B il , o A 7 B AL 8
WG, A B 5T AT A v 5 B LG 4 (240
kg/hm?) " T2 AC R E WL X AR 7= i TG Wl 3 22 5% (2.
TER A (300 kg/hm®) Z5 A8 11858 B W 5 35 42
ToKREFE, HEE R R T F R s g Aok d
ORI 25 BT B/, 4 50 R A0k 8 4 in B
BRI AVE T M sl iy 7 A, 7 4R
1o FEHBKAR X F 38 AR ) B, 2 Hb 1Y) il
HEAKSEAE 150 kg/hm® | XF T — 2 i @it 2 K- (8]
R e B S KRR — AR, iR

FEITSE o
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