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Advances in researches of yield and environmental effect of alternate furrow
irrigation with separated water and N fertilizer supply on summer maize

WANG Lin-quan', ZHOU Chun-ju’
( 1 College of Natural Resources and Environment, Northwest A & F' University, Yangling, Shaanxi 712100, China;
2 College of Life Sciences, Northwest A & F University, Yangling, Shaanxi 712100, China )

Abstract: Water shortage, lower fertilizer use efficiency, contaminant of ground and surface water have become
serious issues in agricultural production and countryside ecosystem safety, needing to be worked out urgently in
China now. Developing water saving and fertilization efficient techniques are attempted as effective solutions to
these issues. In this paper, we introduced the origin, developing history of alternate furrow irrigation with
separated water and N fertilizer (AFISWN), as well as the economic and environmental effects. AFISWN is one
of water saving techniques, based on the deficit irrigation or part root drying irrigation. It effectively cuts down
irrigating quota, increases water use efficiency and prevents nitrate deep leaching etc. It also mitigates the
ammonia volatilization and N,O emission, and enhances yields under optima water and N rate. However, the
effects of AFISWN are closely related with the irrigating quota, N rate, plant density and environmental
conditions, such as rainfall and frost etc. The technique parameters need to be modified in the practices for
specific area. For this purpose, temporal and spatial distribution and transformation of water and nutrients in soil
need to be investigated more carefully; the mechanism of water and nutrient uptake and regulating by plants also
needs to be comprehensive studied.
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K, TR K IR JE B Xy A 7 A R W 2 ok
MO, S E TR TR, Ht, ZET
KA B EHEARAE, RTREY AR AL A R
OV EE

ANG BRVE R 11 55— A BTN A SR A Ik R 5K
U5 s, VEPA B IR ZE A B ik 5] 25%,
T KA/ INAE F I RNE I 25351555 22% F 15%7,
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Fig. 1 Diagram of alternating furrow irrigation with separated water and N fertilizer supply
[ (Note) : £ T AITH YU Rl A 76 50 38 M REWE , VR E R S8 AT 2 S0 A AR AT I A V8 PR R AT, 90 4 B 300 88 TR AR 3 S V) o7 7 4

Topdressing and irrigation at V12 stage and tasselling stage of summer maize, and exchanging the topdressing and irrigation furrows in the two

stages.]

60 mm 7K T, BATEAEAS B K . K IER] X
SEREHEK . IKNE S DX AR RE K 3 Rl I 25 [ 455 7
KW= B2 IANFEEREZET (P> 0.05); X2t
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BREE/NT 15.26%; TEAHRIEAKET, KBS X R
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7 R R K R T S0 B R o 28R it S TR ) 7K 0
FFHRCR A b T A AL EEeS . 2003~2004 47, F&
A58 2 3 R el DX B 9 T S R it S T A 7 e
HoK . ERRR (1), di R R HEK & (45
mm/IK) K KBS X ARG, it L DX RN /K X
ZIAFFE KRR 2252, T IX A9 NO, -N& it A 2%
St KRR S IX A2 BRIk B4 7K 43 A FE SR R R R A
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T, KB X SR 5 R I S K 25 58 b
E, FOBEFRAETmMEMGES, REKEAF T
PERIK RIS, TR AT, KIERIX
SR THE R B AT B TR DR RS AR JR TG ) FNE W AR
A (AR IR E M . JC B EISE), $e 1t
FKAFIZCR NIk 25 K88 7= H e,

P T 28 R T R e P S55  5 E K B: Lite A K S A
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0K A B B T 2 A P b R K
(180 mm) FIitE ALK F- (300 kg/hm?), 7K HE S X A8 5 E
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kg/hm?, B4 95~106 mm #E /K AE % HUS % i
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Table 1 Yields, water and fertilizer N use efficiency in AFISWN (alternating furrow irrigation with separated water
and N fertilizer supply) practices

Ab T /KA (mm) fiti% e (kg/hm?) i (kg/hm?) WUE NUE
Treatment Irrigation N rate Yield (kg/m?) (%)
1990 4F K H 55124
1 R R 60 165.4 5840.7
2 A ENE AR HE K 30 165.4 5415.9
3 KM I X T 5 S A A A 30 165.4 4927.5
4 7KL I X AR Mt AT 30 164.5 5126.5
5 K A5 X [ e A /K 30 165.4 5222.2
6 KNS X A2t N Kk 30 165.4 5423.2
2000 4F Ak iR s
1 SRR HERE 3812.51
2 WS EKEAT 60.00 248.1 5620.00 3.03
3 W SIEKENT 112.5 248.1 6243.43 2.16
4 5t A AR E K 60.00 248.1 5446.27 3.22
5 ¥ oYL SR K 30.00 248.1 5307.79 4.98
6 5] NE AR HE K 56.25 248.1 5392.72 2.09
7 KNE IR K38k 30.00 248.1 5446.24 5.46
8 KL IR X A K 56.25 248.1 5596.71 3.18
9 KBS X 3SR HEAK 30.00 248.1 5451.49 5.47
10 KA S X 2SRRI K 56.25 248.1 5621.58 3.22
2003 AR X iR e
1 55 HKIEAT (IRK) 90 180 2898 = 793 0.94 18.56
2 FKNE S K AE R K IAT (fR7K) 90 180 4520 + 541 2.74 35.56
3 BISIEAKENE (Ri7K) 180 180 4758 + 879 1.50 57.44
4 KBS X 3SR HEAKHEAL (F57K) 180 180 5464 + 1062 1.90 4479
2004 AR KT T
1 HREK AL 120 180 4830 2.38 8.77
2 It S A 60 180 4920 4.87 9.81
3 P A I 90 180 4742 3.05 7.89
4 E i R 120 180 5639 3.03 17.57

¥ (Note ) : AFISWN—Alternating furrow irrigation with separated water and N fertilizer supply.

[ X ASEE K . KB S X A B i K 3 FioR [R] 7K B 23
E G 7 3 EOR MR T S S A R R, (AN T
NEARMEATE 60 cm DL b 8 sk B, s/ T
AN R R IEA i XU s AR KSR T, 60 cm
DL BRIk A A ZR B B /NI S 7K I S X 28 %
HETK AL 38 > FK B[R] X A8 B K A 3 > 3550 it I A8
VEKAbERE RGBT, KBS X FRIavERE . /K

L ] DX % 7 T 1% 93 v Ack 7 X 4 9 TR K A 791 DL 2%
VI EIs s, FRAAAEACHIE™ . KL X
Pl 7 T TE Ak P PR SR SR A ) T A s sh W, Ak
S 15 KERIEAL 2047 T 0—100 em )=
P, R R T A DR R Bt A X 22 (8] 22 S B
ZIN 5 T 7K S S DX 9 e TR A B 114 38 2580 o 3 s sl e
BE/N, AR EE AR 60 cm DL E )R, HAUA
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DX FNFE K X Z (B FFAE K 3R B 25 57 5 NO,-N & ity
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K ARG F H BAE 160~ 180 ecm; 7E 5 #E/K & (90
mm/IR) KR, KA ST IX AR K 5 R4 AT K
SRR, NOS-N LA 7oA, vk
MO 2R BB WOk, 38 Wit AL 5% B i
HAE GEVEWE e, 7K 50-5% B a5 UL RE B o5+, R
R, BB AMET, FToRWBCGRE 55w
HNO,-N F5R EE St AT B . VK R i R X
A Ko FEAi AL R AE AR /K 2544 F (i N 100
kg/hm?, #E/K 40 mm), +HEHHY NO, -N 2 FEHE R
Ao ErP G K O N 230 kg/hm?, #E7K 90 mm)
Fim Rt ACHE K (7 N 300 kg/hm?, 77K 180 mm) 4%
W, HHEEHIEA NO, N sR B ; Mg, i
AR, Horp 22 i AR E R Y N O, -N FZE AR B A
0—60 cm )2, 1 it T WE AL B AT NO, -N
£ 0.6—2 m 2R 209, 15 BH 28 2 I it AT A S
BV R IR XU o

SR AU kit 78 R T 7K 3 T I R bk IR
W, (EA AT BEW A VE YR RS BRI, RS R
CFERS Bl ok 1 % 43 258 i AE B3 b AR R iE
Fro, R AR K A R S5 F T &3> NOS-N
AIMRISCEN, FET544E4, K IER AR A, b
FARM A A 50%; TEIRIEAEA, SR ME IS 5 R
TR 1) W 0 H TG i 2 5 o R R T Ak 3 A B A K
AR S A R R R Y 6%, T AS A HE I A B A B
H KB & A B 35%1Y, Skinner Z:F 3 £ HIE
B VRVE IR ARG T Ty, nl s MRk b 9 n]
Re M, HAVE S % A W W s b 5 5 A
W, SCEAREREIE AT, RN AR & A AR A
AR R, BRI RHE R FEE K I A I E R
WAL PR8N

BATTABIFFE I BEA K B KA S5 (X 52 25 o T vt
23 i E WD R R R WO, R PR AT R R it A 7 1 7K
I3 RS 23 A B 5% ) 22K 8 i FEE AR Y
B2, PR K eI m i , AR ar 7K 43
AT B AR KIS . 0 T RIEX — i, AT
TT ENBER (K 2). HKEABHFRE, @©%
ATHRAMB SR, i 1ShABER, AR

80
o ANiB 4 Infiltration curve
| @iz % Lateral diffusion curve
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(GE/KE 7 378 mm)
Fig. 2 Infiltration and lateral diffusion trend of irrigation
water in simulated irrigation (irrigation quota of 378 mm)
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RESE A BRI, A B A K A i 45 23 Ul 0 A R
it N (R PR I 2, T AETRAN . T8 FR VRS2 T 11 b
DX 7K RS DX V) R T 2 — T e 1) 7K AR 5 A
3.2 RBERRENSSRMELNEI

KA ZS [6] 43 A B4 S 0 RIS 24 50k 3 s 1
Bk Ay R4y IR G W T S AN 5
i, AR RAERK ST e s SR
A R A AR, KBS X S B AT, RO
TAEARE KA, D8/ FR 53 R B KU, (HIRFR 53 TE
HHZ R, B4l L SO e A )
A7 5 B A AR AL BEAR L, KRS X 38
TR A v] B s s R R (AR A E
W R FEAME AR . FEK R R R RS, R OR AR
1 3 T K I S R e R R R G /N T el
Wi TEKMES X HEMEAA IR T, MK R 35 mm,
Rt 256 kg/hm? I A 8237 & fk e MR U

R 2R, 2008 A1 2009 4F K &% & 18
098 N 4.8~17.0 kg/hm?® 1 6.2~20.6 kg/hm?, 1
Py i R 4 R 3 ek B R B I, Rz
IRER . TEARHE KA 244 (N 100 kg/hm*+40 mm
K, SERREMENENL AT LARRAR 5 A, AR RE A E
2 F (N 230 kg/hm*+90 mm #E/K), 5285 T 1 it AT
S MEMREIE I 2E 5, M S AL E AR N (N
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R T R AECY, BRI (KK s 2|
R 7K 430, b T IRE KR, s> T
RQEEK, MEHEKER, MRBKEE T RE KM,
fEMkEE D, RIS T & k. BIE AR (PALFF
R i S TE ) 2 S B R BB RN Y — A48
b, AEERAR UG B A 77 SRR B I PR A0 B AT, A
MW EIE S5, 2008 F1 2009 AF (128 4% & W BE
53500 Ok B W FE R 7 i R A NH,-N 1.2~3.0 kg I
1.1~3.2 kg, BERIAHIEE S FR I H K AU b Bl
AT ARG S & 5 B T A 7 e AR AR, Rt e
X RS Y BRI SE 00 o % T A8 2 VE Rt AT 2 A I A i
- RS ALBIFFE A /D . Han 259793 18 22 25 0 10 it A 1)
FAL T A B HGE N N 2.0~50.0 g/(hm*-d), ZFB
JiEE R N 1277 g/(hm?-2%), 171 R0 TR it S 1) e s i
i N 2.4~68.4 g/(hm>-d), REFUBJIE R N 1695
g/(hm*Z%), TEACHMEWEIEAL A1 T, kit At FnE
TKAT DAk 25 R A S A I U S T AR A ™

4 SR RERE AL A& I

R HEWRAE K — P K HEE 7 =, R —2F
AR IEOL T, Foa /MR R, PRIe] DU
JEE B T KRR o KON S IX A R W i S T LA o 2>
RO BT AE KBS, B k3 N KI5 3 o 3l H
(7K B EASEORBRAR = 1, 38T DA i =i, 42
KA RS R AR, I/ 228 s KU s
ALK, HWILEA RAFR9 R AT 5. (ERHRLN 52
IBEAAF . SRR K EBEsEm, RIA
—EE S &0, B TIEEL T, fETR
Ry A E R IR R . 554, AR X
IR SR e 22, IERORZE, E A A5 AR K I
5K 35% MMl iE, SR A B 5 WA 78 7R 5 I
R, 48T EREFM, o R E R BRI
I o FE/INAZ—F AR FS AR b B K T VR 9 52 i)
PR 3 T 7K S X 5 e R 1) S it o 3 AN AE T A
M EORAR R, B W A R T IR gh K,
D NERRR SR, AT DA S 43 R HE K B S IX 28 RV TR 1Y)
.

A A R i A gl 2 AR 7K 3 AR REUARE A 25 1] )
TSRS A, SEBUR D FRAIRS B SRR
B TEAR RS 207329491 - S o W0 Tl e
FEIE B AKIBEC A Z0F T, ol D w =it | 5%
SRR, SRS . TR FIIRCE . (BRI EEK
w2, WEIKIE K S T A0 YA R s, WA K
KayZES, —IrmENEIBHERR . ZAEREGS

(ABA) MIVEH, 53— J7 R A B8 I 43k 2% 1)
YRR, i 388 i A V) 7y 22 4 XU o PRt 7k A
AU EZL, HREE T A K B PRIE KR S IX AE
BRSO BRI A5 o TEASBIFFEIX S8 (B 7h S 4%
/N AR AR EX) B3 B K B B AN R
it 45~60 mm™ ., FESLATASRE R AT I, I
F03 7 A 2 P PR R 1 o

T E P KIEEL A R, 7R85 X 28 8 R it
JEAT D7 A WA A 28 T AR A4OE ,  Angn EoK 7=
L BREK AR ENE ORI RS, 98 NOL-N ik
7. N,O HECR 245 K& 55 . (AL R, &0F
RO RS RN Z BIAEFE B AAE ] (trade-off), &
KIGRE 0.6—2.0 m + 2SR RD, Wil
XoF 1T 7K 5% ) e /NSNS )RR B B /DB, B
TR L A 2 B AL RS BT K R I 32%~36%,
WA RS 14% . SR AR 2045 4 o B A IR A9 46
W WAL, 2 TR TR 35%~37%,
I, B R AR AR, EARBGRE
H 0.6—2.0 m £JZTRE NO,-N 58 N 38~40
kg/hm?, ZIE K IENN 48%~56%, [H I 4nfa 7 R fdi
74552 2V W it N 1 28 5 00 5 IR B AR N AH — B, iR
T A 22 T AR

T ML EE O B BN S 5 5 K HR S R K IE
S DX A8 5 THE W A A% TR K A L SR A W SOR] R AL
B, AT K A R LR 2 4 Ty SRR I
g 32E — 2 WA 7K I S5 DX 2 R VR it S 1 3 91 L
R X —BARFEAER 2K A
5 45

TR S5 DX 5 A2 VI TR e S T LAY 29 E K, 4
TR RO A NE R R B IS RHERE 2 7
B, ARTYEMT —=ERUCH, wbies
Bl 7 I 2 O UG o 738 B A K BRI A 25 1F T /KR 5%
DX 32 2 VR T ot S B A 38 7 8, DA AT A /b
SERBUR . ZEAREH TERA R . B HR
B K b DX AT o
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