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F o 3 (SWD1) Fo Ja] Bk 3 8 &, K o 56 (SWD2) /K e & 32 34 56, KAG 5 A 38 = 7.6 % A= 11. 1% . 5 #1300k 21.5%
Fw 30.8%;SWD1 # FP RAG R H ATIEA M E 5 # R &5 4.6.4.2 5.2 B 5, REAFESANEFH 4.2,
10. 24= 8.0 kg-kg' ; SWD2 4 FP KA & B ATIEA M £ 5345 6.7.6.3 2 1.5 B o L . REXFESARZ
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.3 W, 4 A BEAE R B K OF A R R
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M5 R Rl K E 5 32 3 6 3 2 WK 4G = 8 BOK e R A 2k & 6 ¥

e - ZRFE - AR

KCENITY) B F B RS (& P, 0, 46%) , 5 fk
B CEK,060 %) MR IEFR 40 & BT B IR S &
JK R AR A ol 2 K 18 R R B N 29. 7 em X

13,2 emo /DXL HE B L A UCE 10 S5 R IR )
AE AR A R A TR B0 DL 1, 0 4k B WL
* 2,

F1 TEEMEOSH
Table 1 Analysis of soil basic fertility
UL o R (P) AR (KD R 2 (B)
i fift
o5 Organic Available Available (Zn) Available Available
pH (N) Hydrolyzable ) .
Places matter/ phosphorus/ potassium/ zinc/ boron/
nitrogen/(mg+kg!)
(gekg!) (mgekg™) (mgekg™!) (mgekg™) (mgekg!)
o 35 6.15 30. 6 153.8 27.6 161.7 1.82 0.63
J51E 6.29 33.8 169.7 34.2 179.0 2.03 0. 87
HeN| 5.48 15.3 105.4 18.7 148. 5 2.27 0. 54
F2 KBAKEBEERRELLE
Table 2 Experimental treatment of rice water and fertilizer management
b it A AR QbR Py 7

Treatments Fertilizer cost/(JG+hm?)

Processing contents

P30T T R T PR R . MR AR IR 7 28 B BB SR iR - T K 2 A B, ISR

5 ey P K L E DB JZ o S0 B AR /N RS TR 5 om B TR UK LR B ERE A
F T A S BEI AN B A 1630wl DR 3K

CK 0 9 7KV Y A i 22 R
FP 1574 H T K T i
SWD1 1574
SWD2 1601

VRT3 G A RUIE . SRR SWD L (EL7E 3 B 31 A0 A 40 £ 401 e it AR RUTE (07K

T JRZE 2 000 JCet! ZUK 800 Jhet ! AL BERRES 3 000 Jhet!  GALH 3 300 Jh-t! IKAFEHHE 2.8 Th- ke,

Note:Urea 2 000 yuan-+ t',

rice 2. 8 yuanekg!.
1.2.2 WMEMRB AFE HHESW EHFES 1
%G KRR (0~ 20 cm), I 5E £ 3
pH A HLET 08 A O L SO A A A
RO A RCRE S i, 58 pH R MALEL . A L
Bk 1T A #4 BB IR PR A VR B AR
1.0 mole L' NaOH ¥ 83, &% H 0.5 moleL!
NaHCO, & $&-%1 # ¥t tb & 2%, 3 2% % R H
1.0 mols L' NH,OAc i - 7 W W sk 2 . A
R SR FH B8 1R v 18- PR 00 L v A R R
DTPA-TEA & $#8-AAS . £ %0 R H ¥ K 2
PE-F R LAk . AR BR 43 AT« 7E B R KRR R
T » SR 4 7K R AR AR FIRT R AR o 0 4 2R & R
PR, A UK B R AR AL LG E A
PR A H,SO,-H, O, 14 2, 404 % He e 1
LA H, SO, -H, O, {3 & L R F okt .
T K I 5 R ] LXS-80 K 52 . % ] ZHD #Y
DU T () 7K )22 TR BE 1) A8 4k B> b B 3 R R
U KA R SE - L 1 hm A S B i
() AT 7K 5 () BT A 72 18 T ot (R 45 1A R

ammonia 800 yuan+ t!, superphosphate 3 000 yuan+ t!, potassium chloride 3 300 yuan-+ t!,

1

WE 7K B9 4 7= 3 3 (Water use efficiency, WUE) ,

WUE (kgem*) = 57 [f] B 5 / B A 1] FH
K

Fr 53 WOt (kg » hm ™) = Rz 7 B >COFFRL TR
gy S (U0) HHEMR A B X REAR TR A Fr i ()

RE ) 22 0[] i 3% (RE) Fl 4% 2250 R (AE)
fE R

RE(Y%) =W, - Uy /R,

AE(kg kg")=(Y Y,)/R,

AU, F U, 430 ki & Cil B FAS Jit
R VB X B A P b 1 3B R 4 Wl i s R, R
RO O NE I &Y 1Y o 430 Ay it 2 (ol L 30D 1
AN it 28 CRe 3D X BR B A P RF R ™ i
1.2.3 ##%5H W H DPS Fil Excel 2010 ##F
b FREHE FIAE I
2 R LA bT
2.1 AEAKBEEMNAKBEKEZETNZM

% 3 Z Rl a5 R AR W A it JIE Ak B OK A
FERR 5 A R R O TR R R T
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XA CCK), 35 /K ¥ % (SWD1) Fil & IE wp
Jifi (SWD2) 4b 38 B 5 4 F A | > i AT (FP) &b
. 5 FP Fb %, SWDL 4b B A %5 f# % 5F 14
12,64 em? KRk A0 3. 1 cm, FEK A0 0. 6 cm,
HCRL B N 5.5 kL, A R FEAK 1. 2 5 4 a8, TR
I 0.6 g; 5 FP HL 8, SWD2 Ab B 80 FE %K
SR 36,5 Aem” BRI 5.5 cm, B N

0.9 cm, FHURL BN 10,5 ki, 25 EHRPEML 1.6
Gy R TR 0.9 g;SWD2 5 SWD1 4b# L
LA SR BT B 23,9 A e m?, bR B B
2.4 e, BEKHE AN 0.3 em, BRI ERIE fin 5. 0 ki, =%
JERFEAR 0. 4 H Ay, TR N 0.3 g, 4k
REW,SWD2 5 SWD1 Xtk 4K L EF AV W
PR R KR i 7= B8 T W 0 il

K3 AEKELERNKBEKLEENZIN

Table 3 Effects of different water and fertilizer treatments on the growth and development of rice

e 1 RFER 3 K Teobr £ IR TR

Effective panicle Plant Panicle Grain number Shriveled 1000-grain
Treatments , . H i

number/ (/> em?) height/cm length/cm per panicle seed rate/ % weight/g
CK 297.9+21.6 88.1+2.7 12.6+1.9 73.4+11.9 7.3£0.8 24.5+0.6
FP 359.0440.0 96.0+5. 4 14.540.6 88.1+17.0 6.9+1.0 25.5+0.8
SWD1 371.6+41.4 99.145.9 15.1£0.9 93.6+18.2 5.7£1.1 26.1+0.3
SWD2 395.5455.2 101.5%+5.5 15.440.9 98.6+19.2 5.32£0.9 26.440.4

2.2 AREKBEEMKBE=ENZHIZMT
AN T] it JIE 8 it R 7K AR 7 e ARCR 5 i 2% S A
() o AN [F) 2t 36 38 7 B2 O [R] L {5 A [R)
PR NS E HAOR 56 70 3177 3L
R4 AEM S E ARk FE S 2 AR
Table 4 Yield and benefit of rice in different

places and different treatments

s H 7 A ik
b gl . Increase
Places Treatments Yield/ Inerease income/
(kgehm?) rate/ % .
(JG+hm?)
JriE CK 5340 ¢ -
FP 8916 b 67.0 5253
SWD1 9540 a 78.7 6914
SWD2 9928 a 85.9 7640
HEI CK 5152 ¢ - -
FP 8750 b 69. 8 8003
SWD1 9616 a 86. 6 10008
SWD2 9917 a 92.5 11229
o] 385 CK 6029 ¢ - -
FP 8600 b 42.6 8145
SWD1 9108 ab 51.1 10777
SWD2 9325 a 54,7 11678
R CK 5507 ¢ - -
FP 8755 b 59.0 7134 ¢
SWDI 9421 ab 71.1 9723 b
SWD2 9723 a 76.6 10182 a
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R AF B & SWD2 55 7 )& SWD1 .58 =i 1
& FP., 5ARHEA(CK) AL . FP.SWD1 1 SWD2
RE TR S 72 59, 0% .71, 1% 1 76. 6 % . 4% &b 7§
HCK a2 5% 8 #%: 5 FP L, SWD1 i
SWD2 2 47,6 % f1 11.1% 3 5 SWD1 FAs,
SWD2 Hi7=3. 2%, fmm 22 R AR . NS L&
W FEES, 5 CK AL, FP.SWDI1 Al SWD2
A3 7 134,9 723 F1 10 182 JG-hm?, i8]
SR FH - T K 3 it Y AR R RIE XS K e 44
OB
2.3 AEKEEEFKFEMNF BEH 0
REASE 1) FH 2R 2 48 it A DX A 9 W B 5% 0 5
NE X AR B 35 4 25 5 3R 40 i A = E 4 L
ST it A R n) R, A5 R R (R DL R
B 26 f i 1 S TR AR AR op
Jiti (SWD2) , 2k 39. 6 %6 3 55 v (1) /& ¥ -1 1 VE %
Il A B Wit (SWD1) , o 37. 5% 3 58 = f7 il & 4k
BB A (FP) .20 32. 9% ; 5 FP 4k, SWD1
F1 SWD2 ZE R H 2 43 5l #¢ & 4.6 A1 6.7 A 43
i, FP.SWDI 1 SWD2 kb H , i At F FH 2= 43 31
7 20.2% .24, 4% 1 26. 5% 3 5 FP [# . SWD1
1 SWD2 8 AE R 2 43 5 8¢ 5 4. 2 F106. 3 A 43
M. FP.SWDI1 F1 SWD2 b F , 48 JE 1] J] 2 43 51
Jp42.3% .47. 5% F1 49. 8% ; 5 FP 4, SWDI
1 SWD2 B AE R 2 43 8¢ w5 5.2 F1 7.5 A 4
R AREERCR IR B AL 4l R 43 T BG4 R kL
T ST IR 388 7 A R ) B, AR 2R
E (& 2),5 FP [t#.SWD1 Fl SWD2 &b # 7k 5
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W R B R e R B4 5 At R M K AS RO E A A R R 6 R

e - ZRFE - AR

RNEAR A AR B4 I 4.2 F106. 1 kgekg ', BEHE
AR RCRAY WIHE AN 10, 2 A1 14,9 kgekg ! IR &
SRR B 8.0 1 11. 7 kgekg!; SWD2 I
SWD1 HAE ., & Bl B0 A 22 30R 2 5 36 1. 9,
4.7 F 3.7 kgekg o T UL VR IR - E I B itV A
SRR B4 7K AT A T 5 i T . 2 2 s LR ) Ak o A
60 -
50 A
40
30

20 A

HEARLA] FH #R Fertilizer utilization rate/%

FP SWD1 SWD2
AbFE Treatments

AR/NG FhERRAE 0.05 KFEEFRBE . TR
Different lowercase letters indicate significant difference
at 0. 05 level, the same below

1 AN [ 7K HE A 35 7K e 7 Ak %
Fig. 1 Fertilizer utilization rate of rice under different

water and fertilizer treatments

AR Agricultural efficiency/(kg * kg™)

AbFH Treatments

B 2 AR KR Ab 3R KR B A 2 300
Fig. 2 Agronomic efficiency of rice under different

water and fertilizer treatments

2.4 ARKEEEKSFHRERNEIE

VK B RS T B KR A Y B T AR
K . 7K R AR R T A K B AR 7K
FERTRL = o BB T HE K RN A9 [R) i, 3 A 56
BRI LR R (E 3),CK.FP.SWD1 f1 SWD2
KRG HE K &4 Wk 4 607, 5 258, 4 512 Al
4329 m*+hm?*, 5 FP lb# ,CK.SW1 fil SWD2
IKFERE KA IR 12, 4% 14, 2% 1 17. 7%,
CK.FP.SWDI1 il SWD2 4b B 7k 43 F1] FH %% 2% 43 3]
$71.20,1.67,2.09 f1 2. 25 kgem*®; 5 CK L# .,

FP.SW1 fiI SWD2 sk 4 F| FH 2 R 43 ] 42 =
39.2%.74. 2% 80 87.5% ;5 FP 4, SWDI1 Al
SWD2 7K 43 R FHRLR 43 B4 5 25. 120 F134. 7% .
AL UL S - - U R 3B i R AR A AT R I K R
K HE R K A AR

& 6000

WK E Irigation quantity/(m® *+ hm™

FP SWD1 SWD2
Hb 3 Treatments

B3 ASTa] 7K N AR B 2K R i 3 K
Fig. 3 Irrigation amount of rice under different

water and fertilizer treatments
3 ik
3.1 AEKEBEEBEENKBIEEMAEN
=410

KBS 52 e K RS AR K R R T R BR i PR
IR Al Z KRR A K B 57 A3 W WA B Ak 45 S A2 B 41D
il s A KRG AR K & & I 19 97 4 JC 145 2
W KR A R F WA R KRR VA
AR5 b 42 T TC 8 4 B A R R RO 4R 5 LA R Y
AT A g A W ] R AR KR
TR0 430 b U I v 2. 06 D0 2. 82 %6, fH J&
ZRIFREE . AR R,SWD1 5§ SWD2
i FP A AR B4 0 12, 6 F1 36,5 > em?, 1l
RO 5.5 F1 10, 5 kL, 23 JE AR FEAR 1. 2 A1
1.6 FAr A, TRIEAN 0.6 A1 0.9 g, ZWFRL
TR K FA -8, EY KBRS
B e K Ay A EUIEAE BAE L S [R S i AR P
AR PR R RO A B KRR DS K AR
AT LI 8. 6 % ~13. 2% T 1 A8 5 v
B £ 38 Bl 280t X 7K R 7 o RN IR R R FH 23 AT )
SN HL TR R 32 A O AR U AR B T
IKRE 45 28 B AL B BT SR R R 5
g, Sk ROE FLK LGS B (FP) [ &, R 1) Bk
HEWE PR 258 10 wh i (SWD1) F [a] &k #E 1 22 7K
Jiti (SWD2) 7K B 48 B 48 Jiti . 43 ) 34 7= 7. 6% M
11, 1%, 4% sl 21, 5% 1 30. 8%, SWD2 #
SWDI1 #4573, 2% Wk 7. 4% . —FHEEZ R AR E,
i BH SR FH 6 -0 - R TG R 3 e R AR R X6 K R 4
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H ] B — ORI I 9% L AU 2
AU S 30%0. 5 EE A E A L.
FE] 7K A A 7= R it D 2 v i R SR IR . K
JIES B0 80 X6 7K R 2R 2 WA A AR L B2 it
L 1 AL ) FH o A E BRSO [
M ERE AR RBRAERET ST
XiF 7K 43 T3 53 W G RE g 3 s KR 7 K
AR R R RS R R, Sk KW
KB B (FP) B4, SR I [8) 8K 8E JR 2 38 A o
Jifs (SWD1) 7K 2 B 8018 kR H 2 2 51 $2 &
4.6.4.2 1 5.2 H 43 8 R ZFHROCR A RIS 4.2,
10.2 i1 8. 0 kg« kg's R H [a] &K # W 2 K o
Jiti (SWD2) , 7K F& . B . B0 AE R 2 4 ) 38
6.7.6.3 F 7.5 H 70 s, R $E & 6.1,
4.9 1 11,7 kgekg' . SWD2 (0| FH 214 2254
KR EET SWDL, B2 KSR FIRE. £
B DR R i 2 K AT R T W R R L B e T A
REF AR T4 5 7 7= s MR aE . K404
L5 U NE R 45 AR RN A2 E K R b R4 B B AU
RE YW R ) KR ) % B R T R R K A
PR RR T 7= a0 SR ) B W K RS AR
K AL G W K HE IR Dd /> 18, 7% ~32. 0%, K 4%
FI R I N 13. 4% ~29. 6 %5799 5 W /K
TBEAE HL . TR] BRCHE B B T KRS B 7 B AK 43 A
B T HE S [ R B PR T R R R S R
(T B o (1 7= o g B T A B0 5 R
55 U VA 9 P ) A B A A G K R Rk s 3 AR v
TR KGRI 5 3R 00 R SCRIF 9 4 R L R )
TR R R 25 A e (SWD1) T[] Bk JHE I 22 K wh
Jits (SWD2) 7K A 45 B 5 it 48 =5 T 7K 20 I F &50%
e B3I BR K B 45 B (FP) JE JK & 23 ) [ A% 746
929 m®«hm™, 7K 73 F] FH 8503 43 il 42 = 25. 1%
134, 7% ; SWD2 % SWD1 7K 4> F1] F %k % 45 &5
7.6% . fEFRE AL DR X K B A By R
FR5 L R FH 1) B T8 S %oF /K e v 7 R R T K
FIHEAEZEZX.
3.3 #it

TR fR BE A T ] RO B A L
WRKEBAR I TR K LT 377 8 Ok B
5 WAL S RRP 26 B L &K it i i T IR R
Wit A s BN PR L R 28 ROk IR A kR B A
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Effects of Different Measures of Water and Fertilizer Management

on Rice Yield and Water and Fertilizer Utilization
Efficiency in Cold Region

ZHENG Yu',LI Yu-ying' ,HAN Xiao-ri' , LIU Shuang-quan®,JI Jing-hong
(1. College of Land and Environment Sciences, Shenyang Agricultural University, Shenyang 110866, China;
2. Institute of Soil Fertilizer and Environment Resources, Heilongjiang Academy of Agricultural Sciences, Har-

bin 150086 ,China)

Abstract: In order to promote high yield and high efficiency of rice.different irrigation and nitrogen management
modes were set up in this experiment. Field experiments were carried out in the main rice production areas of
Heilongjiang Province to analyze the effect on rice yield, benefit and water use efficiency. The results showed
that compared with farmers conventional water and fertilizer management(FP) , the treatments of intermittent
irrigation with urea(SWDI)and intermittent irrigation with ammonia(SWD2) could make the rice yield increase
by 7.6% and 11.1% respectively,and the income increase by 21.5% and 30. 8% respectively. Compared with
FP, the utilization rate of nitrogen, phosphorus and potassium fertilizer of SWDI increased by 4. 6,4. 2 and 5. 2
percentage points,and the agronomic efficiency increased by 4.2,10. 2 and 8. 0 kgekg',respectively. Compared
with FP,the utilization rate of nitrogen, phosphorus and potassium fertilizer of SWD2 increased by 6. 7,6. 3 and
7.5 percentage points, and the agronomic efficiency increased by 6. 1,14. 9 and 11. 7 kg+kg™" , respectively.
Compared with FP,the water use efficiency of SWD1 and SWD2 increased by 25. 1 %and 34. 7% , respectively.
Compared with SWDI1, the rice yield, benefit,nitrogen fertilizer and water use efficiency of SWD2 increased by
3.2%,4.7%,5.6%and 7. 6% ,respectively, but no significant difference between the two treatments.
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