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BAETE6—9 H 2 F K 2% K B 1 285.6 mm.
4E H IS E] N 2 600~2 800 h, CREHANTIA] 128 d, 4=
FERT 10 CHIE R 2 518 C, ATLIHE 14E1
ZHKREEK. ZMX EHAEL, HEAHE
29 g/kg, pH1E 6.0, f#(%&E 173.6 mg/kg, A &%k
& 62 mg/kg, A E 108 mg/kg.
1.2 R

I T 2020 ETFE, REHE AN 3.6 hm?, 5
/NX IR 50 m>60 m=300 m?. R 4 M by v 8N
B ARG M it F PR 2% 240 kg/hm?, 4%JEAE . BEAR. AR
JRELE Y53 2 AN, BERER 45 kg/hm? P,0s ff
NEEREREN, AFAEAEH 80 kg/hm? K,O T RAR AT #1142
RS 2 YO Ho R be oy 10 1. FEARR A
WU RN 3, AVGRIET28 2 WIB AR 3T,
FH 1] — VE K I Kl 6., HLREAEISHE] R 2 he SB AR
B DU AR HLOAS B 1A IR, 3 4 e b B (%
1), 43 AU (CK). #EZK 0~2 h SERARIE (T1).
WEIK 2~4 h BEVRARRE (T2) FEE/K 4~6 h BEMRRERL
(T3, FAEEHAT 3 IREE . WA f T A
RHEE I A P 7 2 A ST I ERL S R K 7 TR
G a N . BEE T R E AL, e K)ZE
RUEATVENE, AR I 1A) K Z #6076 30 mm BAWY,
bRy BER NS BN REE A Z 4, HoAh A & Hd
HHZKETE 50 mm AP, X583 F 2 3 ) /K i
o 18, LA AR KR EESM, BAEN
PEBR, PrEMR, BEErs XA RRES . £ 5 H 17 H
HEATHERL, FREE 16 cm, 470E 30 cm, &3 Bk, 9
H 28 Hlgk, Hoth FHa) #5241 —5L,

k1 KBkt
Table1l Experimental treatment design

Ab 7 HERTTR AT AL
T1 KIEHEE 1/3N-2/3W
T KBRS 1/3W-1/3N-1/3W
T3 KAEHEE 2/3W-1/3N
CK F G $it

1.3 R BEILNI5 B
1.3.1 B KHFAS R, HERENE
TEBATHEAKEAR S, ik ihzkE, & HKH
BOLERERMKZIKFE, &AL 5] % L
3>6=15 MUFE AT KA, HEmAitiAE T 4 CUKFaH.
KH AA3 LS T (Seal Analytical GmbH)
MEFEMESE. HERE.
1.3.2 KAGtkd Ao B
RN E IR B AR 3 pRIK A S K FE it
17508 I . A RO AR =, 2R AT AR R AR
A s AR, ZAHUE AR AR e e R T v
B o D 5E ek G TR R 7 BE AL
1.33 KRG L T4 h=
FEANE B BB LB A KIS R 3 7, o
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Ve A ISR s, HIEMRIELE, &M 105 C
AT 30 min, FH4 80 CHEEEEiE, WlEEk
T .
1.3.4 KR e X e iR

H A E P AT JEE 8 it JE 1 B 1) H8 bR 2 BT X R
BHA T K G B RA RS R E IR,
PREEET /KN B HH) 5 2K iR SR, BAREE
—WEAIR R P A AR, A SCR AR 5 B
DUng (%) K J it AE f5 480 2 75 I TR) 23 A3 1R 3 ) 78
B, iRy,

DUNQ:§§'100%, (1)

X XWABAHEKEPRR YR ERE
(mg/L); Xno NENHIREREAARIVEK 12
AN ER BRI (mg/L), HiiH 85y H ) E
FE 500 &2 1R 3 EAL K EVNBFHES ], BUS 12 35
ISP
1.35 KoF) B F

KGRI R AN AR

WUE=Y/Igg, 2

X WUE K FIR 2% (kgim); Y N7 &
(kg/hm?); Ipg NHEBLFIKE (m¥hm®).
1.3.6 F & RARIMERE K

FLASH S AL FEEY 5 JCH T, 255 A H AN A
K. RERRIE. S5 SCRAITRIF . B 2 m? SEdiit e
1.4 BHIELTE

A SPSS 20.0 X gk AT #E 3 . {8 Excel il
TEEIZE . (EH] ArcGIS HEAT 28 0] 78 B 4 = E 4T -

2 BRSO

2.1 FEFEREEMINMESE. HERSHEIR
Jite BB JE AN R A BRES  IES R E A v n &
1R, 3R 2 NG S A AR MARMIMER
1o I 1 AT, CK FEMEAE 5 25 3 K FH R Z A 4
HAREERNEE, HPHMES 7 12.60 mg/L A
0.15 mg/L, 1AL MRS 1 RESR HE
RERm, HA T1 AAEESFE 4 518 12.55 mg/L Al
0.14 mg/L, T2 LbFEFI{E 5354 12.65 mg/L A1 0.16
mg/L, T3 Zb3 13518 43 51 9 10.01 mg/L A110.12 mg/L,
FC 5 R 2 A Gt 77 =X 8] 44 EORHAE FH A) £ 76 5 A 1)
MRS G 77 N C FAR e RHE . 3L 3 rt
REISIVEPPI 5 R T A, iAEJE AT 3 K T1. T3 Ak
5 CK BRI 531 A 72 7 AR (p>0.05), 2 4 R
J5 T1. T3 Kb 3t AE 35 50 1% B 2 A0 T e Ath A 3
(p<0.05), # CK & 5.63%~21.65%, i T2 Ab¥iL)
SVEGRZ R, HULRT L, At H R AEE A T S K H
FEK 0~2 h it (TL 5 A B T B &S
BB B AR
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AAE R/ (mg L)

I 0.00-0.20
I 0.20-0.50
[ 0.50~1.00
[ 1.00~2.00
[ 12.00-3.00
[ 13.00-5.00
[ 5.00-10.00
[ 10.00~20.00
[ 20.00~30.00
I 30.00-40.00

AR/ (mg L)
I 0.00-0.03
B 0.03~0.04
[ 0.04~0.05
[ 0.05-0.10
0.10~0.15
[ Jo1s-020

[ 0.20~0.30
I 0.30-0.40

AAEA (mg L)

I 0.00~0.20
I 0:20-0.50
[ 0.50~1.00
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A EU (mg- L)
I 0.00-0.03
B 0.03~0.04
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[ J00s5-0.10
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[ 015020

[ 0.20~030
I 0:30-0.40

HARA/(mg L")

I 0.00-0.20
B 0.20-0.50
I 0.50~1.00
[ 1.00~2.00
[ 12.00-3.00
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[ 10.00~20.00
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I 30.00-40.00

31



FEHEK 23] http:/Avww.ggpsxb.com
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Fig.1 Distribution of ammonia nitrogen and nitrate nitrogen in each treatment after fertilization

k2 HILE &R RS R A REHELT
Table 2 Statistics of the average ammonia nitrogen and nitrate nitrogen content of each treatment after fertilization mg/L
pisi 1d 2d 3d 4d 7d 16d
CK 1.20+1.46a 1.4240.92a 12.6028.01a 1.29+1.62a 2.4742.31a 1.09#1.79
T1 12.5542.32b 10.0244.33b 4.6243.67b 4.9134.15b 6.526.05h 2.13+1.89%
HEA
T2 12.6544.29b 10.5243.90b 4.7741.92b 3.6741.77b 1.02+41.07a 0.340.40a
T3 10.0143.01b 8.74+1.41b 3.9840.50b - 11.8044.12¢ 7.3844.97b
CK 0.0520.04a 0.080.04a 0.1520.06a 0.0220.04a 0.1020.06a 0.030.05a
. n 0.1420.09b 0.1420.05b 0.0920.03b 0.12240.05b 0.1140.02a 0.0820.02b
R T2 0.1620.06b 0.12240.05b 0.030.04¢ 0.0220.03a 0.0520.03b 0.030.02a
T3 0.1240.09b 0.1320.03b 0.0520.02¢ - 0.1740.11¢c 0.1220.08b

E o FSIAR TR ER R (p<0.05), FIH.
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Table 3 Evaluation results of fertilization uniformity of each treatment after fertilization

puseil 1d 2d 3d 4d 7d 16d
CK 24.81+2.31a 47.4344.35a 39.86+2.36b 28.1443.58b 42.9443.58a 23.4241.57b
T1 31.1443.11a 50.8845.62a 53.5544.67b 40.6644.37a 43.1744.97a 36.7443.58a
HER
T2 8.6143.42b 8.82+1.27b 6.8943.59¢ 7.7742.46¢ 30.96+2.56b 30.26+1.93b
T3 42.27+1.56a 6.69+40.98b 63.4347.32a 38.5745.54b 19.40+2.46b
CK 46.9344.16a 73.85%5.24a 91.4245.84a 13.2744.25b 57.4648.43b 7.82+2.49¢c
T1 58.6946.57b 77.9336.31a 80.8346.29 84.5346.26a 86.449.54a 79.0144.96a
T2 31.44+2.36C 33.89+1.24b 60.0644.28b 20.00+2.44b 54.2246.38b 35.9742.56b
T3 77.5844.24b 17.88+42.38b 70.9535.94b 92.1643.46a 64.0745.27a

2.2 FEHEBMERETHLIT K FER Z IR B9S2

ANTFIREAE B BT (K RE ik i B 7 BEEC AL U] 2
fiime M2 () AILLEH, AEAE SR A E 1
(SER 3G N, 765 BEF A LLE B mid A K B
TEZ AR B B R AE - MR TE AR 59 B o JH 55 Ab PR AR
B B (p>0.05), MAFBERAMILS 2 R
R K, ZH CK MREi/ (823 cm), 34
MEFRE: CK MRt 6.37%~6.53%, HZ=EF &%
(p<0.05),

100-5’&5%: abbc aaab
go L ®TL mT2 mT3 mCK
g 60 a a%a

=
=i}

M2 (b) AILUEH, SAb By B Ab i Hdk
A=, MNRFHIF MG Bt 2, 2k pgeh
HACLJE A 8/ a3, i PR 2 43 B A 5 2
TR BT, BRI AT S A BRI A B3
Z5 (p>0.05), #HEERMIZ f5 T1. T3 AR/ EEE
T T2, CK (p<0.05), HNNIERETE 11.25%~23.17%
Z I8l UiEHUKFE R BT, #E/K 0~2 h kit
(T &k

120
AbE -

ET1mT2 aT3 mCK

Iy BEAL

REH BRI YRR

A H
(b) 7yBEsL

DEERW AR

B 2 REEBEACITIT KAGHS 55 ER

Fig.2 Rice plant height and tiller number under different fertilization modes
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Fig.3 Dry matter quality of rice under different fertilization modes
Kl 3 A AL H &AL F WK E TR E .
K 3 ATLAE Y, KIE TP AR Sk R
FREL, R BEI Ja i N KB B, R BER

WA R B2 5 (p<0.05), T1. T3 AT
B (T1 b TYME 102.37 g, T3 AHETYFRE
101.26 @) RE @ T T2 kb#, CK (T2 T4l = 93.58
g, CK T#)J5i & 94.60 g), & JiniiE f& 7€ 5.75%~8.48%.
VLR KR TR &, #EK 0~2 h Wi =0 (T1
AR BRI KREEANIRE .
2.3 T EBMAE LIRS =2 KK S F AYEY
=4

K A4 AR FEME i AR AL EE S e 2 s, R 4
AL, KA AR T = 7K R 0 B T AR AR A LA R
PEEARORN, (B T2 A EE CK ZR A0
(p>0.05), EAR T2 KbHAR HUR = (Ch 111.36 KD,
{HZE Sz AL Ch 89.74%). 1 T1 4bFE 5 T3 4b3
BRI BURK (T1 43N 106.34 KL, T3 4bF N
102.74 %), {H B T ARAR B (T1 4b 2 A 480.62 F/m?,
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T3 4T 4 504.65 ##/m?) 5 T-kiJi & (T1 ALFE N 27.65
g, T3 AbHEK 27.62 ¢) By, Kk T1 A4bPE, T3 4b#H
FEIEET CK 5 T2 4B Hik 5 13.73%~17.46%,
oAb BT & DA T ARFR A Ay 13 501.4 kg/hm?).

H3 4 AT 50, SR EREMK B AR ERT

LR (p>0.05), T1. T3 ZbFH/K4F] FHRCER W B
T CK F T2 A (p<0.05), Forb T1 AbFH/K 4> FH
M (92.06 kg/m®), T3 abFR, BHIREK
0~2 h WAL EE (TL) A RIF K FIH BRI 5

k4 FREBHAREAEEEALESE
Table 4 Yield and its factors under different irrigation and fertilization treatments

ROEL AR (B m®) TR 3 GESEEE% TR PR (kghm® KR (mPhm®) KRR (kgm™)
cK 416.21421.86b 1075143.46b 93852942  26.3541.34b 111438410346  6540.36478.64a 1.7040.03b
T1 480.62427.64a 10634204 955243431  27.6541.68a 1350144124522 6550.2548650a 2.0640.05a
T2 432.74216.82b 1113644322 89744242 26524234p 1151024114360 6 535.43483.64a 1.7620.04b
T3 504.65428.37a 1027443850  93.064.31a 276241952  133437413467a  6520.8447953a 2.0540.05a
3 it REMHESRERAAGEIER . LR A 1 51175

St gty A L, #E/K 0~2 h it Ab B 5
il AbEEAH EE AR > A Y S FE SR R T 6.33%~17.44%.
X5 Abbasi 2PV FT 4 AL, AFSE T KIEAR &t
B 25 0kt 7 A B, A S RESRE v AERLLE 1 8] 43 A
(P35I ST o i B 3 3 it I 2% 5 4% o it R s AL v DA it
HEXI A 5638 N THUEIIA 2 o BhAb, AT 7858 R BE,
e gt r AR L, 7850 BEAR A J5 /K ERE & it e
77 AR EIE N T 6.37%~6.53%, M/ BE R )5 T1.
T3 AbFH 7> BERUES T2 AbFH . CK 340 11.25%~23.17%,
H T1. T3 feBE+YmER T2 AF. CK i
5.75%~8.48%. iX %% 545/ Z kPOt gt 45 |3,
R 7K AERE & it O 5 S SR AE K= AR R e i . 48
WA, KBRS G AR 77 S Re e (et M E ) A K 1 i
DR AT BE A2 AN [ it AE B ML AR 7K B RS A 2028 1 AR RLAE
(] 73, AFAERFSE N3 &) o AR fE HTE], ezl 1 AL
TR, et THERMAEKRRE . EXT AR HEE
B AL PRI 7K RE AR A it A 7 =X 7 T ) 17 B 98 32 24t
X, T K AR D, XN A R
Wt Rt T —ES% .

TEKTE P B SRR AR TT 1, o 6 [ A7)
WFFE R, ASFWOE T s K RS S R 2 5,
Mmigs T r=sE SRR HARCE . RREHRI, #EK
0~2 h HAIEEIK 4~6 h JUME AL ) ZKORS P B e it
5K 2~4 h Wt b FE Ey 13.73%~17.46%,  [RIRsF /K
FIFA %S 14.15%~17.47%, Hd T1 A8 ET
HAh AL B,

T [ WY % HH JR) S B AS B0 AR 52 e 7 TH
ARG TR I, BN G H K E R 2SR LS
BERA AR, CK. T1 AH &/ 5 2 S %E
B NVE e 1.18~1.61 mg/L, 1 T3 AL LR 5 &
SR EMWIN 7.82 mg/L, HJERZEBFEWRA CK 5 T1
AEERH ] M AE KR, NTRKPREARBEA, 1M
T3 AR NET HETEKE, Fik T3 AR &
SEMEESE R EIRE R S . U PR H A E S

34

T, o T 5 Ak B A R0 A 249 50 2 5 P T I AH B
B4 251%-~23.19% , A A& & o> A6 ¥ 5k 1
1.87%~41.19%.

4 25 i

1) 5 CK#HEL, WK 0~2. 4~6 h it Ab P it AR
P51 5.63%~21.65%, HAEEK 0~2 h i 5
X (T H&A YT AE R AR [ AR

2) AR A Bt 7 =k e b At 7 =G o
6.37%~6.53%. WE/K 0~2 h VUit FIE /K 4~6 h Ui
77 2\ BEEUR 9 5 2 43 9 Uit 5 K 2~4 h Wiite
AbFHE T 11.25%~23.17%F1 5.75%~8.48%, H: K
0~2 h Wit AL PR AR

3) #EJK 0~2 h AN EE K 4~6 h U 7 277 &
557K 50 ) F 3R A Ui S5 K 2~4 h it /b B
R 13.73%~17.46% A1 14.15%~17.47%, H K
0~2 h Wit AL B AR

4) NP EER LSRR S, X H R
BRSNS R E S DA S A A FFEE g m.

5) ZEE 7 FEALRL A 35 A1 S 3G PE T K i 19
W, JEZK 0~2 h i Ak HE 2 B A At AR 2K
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The Timing of Irrigation and Fertilization Affects
Fertilizer Distribution and Rice Growth

LIU Deli*, WU Wenyong®", XIAO Juan*, NIU Xiaoyu®
(1.School of Water Conservancy Science and Engineering, Taiyuan University of Technology, Taiyuan 030000, China;
2.China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract: [Background] China is one of major rice-growing countries in the world. Excessive use of nitrogen
fertilizers has led to eutrophication, increase in greenhouse gas emissions and groundwater pollution. Improving
fertilizer utilization efficiency and reducing its adverse impact on the environment is hence essential to sustaining
rice production. Differing from crops in dryland, paddy field has a water layer on its surface which has a significant
impact on efficacy and consequence of irrigation and fertilization. Previous studies on water-nitrogen coupling in
paddy field focused on its impact on rice growth while overlooking the impact of timing of irrigation and
fertilization.[ Objective 1The objective of this paper is to investigate the impact of fertilizer types, timing of irrigation
and fertilization on nitrogen distribution and traits of rice, aimed to improve water and fertilization management of
paddy fields and reduce their detrimental impact on environment. [ Method 1 The experiment used liquid fertilizer and
sprinkler irrigation. The treatments included: applying the fertilizer in the first two hours after irrigation (T1), applied
the fertilizer between 2~4 hours following irrigation (T2), and applied the fertilizer between 4~6 hours after
irrigation (T3). Traditional surface-broadcasting was taken as the control (CK). During the experiment, we measured
the uniformity of fertilizer distribution, traits, yield and water use efficiency of the rice in each treatment. [Result]
When irrigation and fertilization amount were the same, T1 was most effective for making fertilizer distribution
uniform, increasing tiller numbers, yield and water utilization efficiency at significant level (P<0.05). In CK,
nitrogen content peaked three days after the fertilization, while in other treatments it maximized just one day after
the fertilization with the associated fertilizer distribution uniformity increased by 5.63%~21.65% compared to CK.
After the booting stage, the treatment increased plant height by 6.37%~6.53%. T1 increased tiller numbers and dray
matter by 11.25%~23.17% and 5.75%~8.48%, respectively, compared to CK. T1 also increased the yield and water
utilization efficiency by 13.73%~17.46% and 14.15%~17.47%, compared to other treatments and CK. [ Conclusion]
Considering fertilizer distribution uniformity and increase in yield and water use efficiency, the best fertilization
timing is to apply the liquid fertilizer in the first two hours following irrigation.

Key words: paddy field; irrigation; fertilization timing; rice yield
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