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The Combined Effects of Plastic Film Mulching and Lateral Layout on Soil
Water and Nitrate Distribution Uniformity, Shoot-Root Growth, and
Grain Yields of Mulched Drip Irrigated Spring Maize
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Abstract: A 2-year experiment was conducted to investigate the effects of different lateral spacing and
mulching methods on soil moisture, soil NO;  concentration, soil water spatial distribution uniformity
(CU,), soil NO,  spatial distribution uniformity (CUy), shoot —root growth, grain yield, and harvest
index (HI) of spring maize in Hetao Irrigation District. The experiment included two lateral spacing (Al:
1 m; A2: 0.5 m) and two mulching methods (M1: fully mulched; M2: partially mulched). Results showed
that soil moisture was consistent with CU,, in root zone, however, the increased soil NO;  concentration did
not lead to an increased CUy under high-frequency mulched drip fertilization. The improvement of soil water
(and CU,,) and NO;  (and CUy) did not significantly influence crop root length (or weight) density, but it
increased leaf area, and finally reduced root-shoot ratio. Compared with laterals layout, mulching methods
imposed more effects on crop yield and HI. Under low-frequency irrigation condition, compared with partial
mulching, full mulching increased soil moisture and NO;  concentration in root zone and resulted in higher
crop yields and HI; however, grain yields and HI in full mulching were lower than that in partial mulching

under high frequency irrigation condition. In this study, grain yields and HI were the highest when the ratio
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of root surface area and leaf area (RSA/LA) was equal to 4, the too high or too low RSA/LA reduced crop

yield and HI. Based on high grain yield, HI, and low costs of drip taps, A1M2 was recommended under high

fertigation frequency, while A1M1 was recommended under low fertigation frequency.

Keywords: soil water and nitrate distribution uniformity; mulched drip irrigation; shoot root ratio; Hetao

irrigation district

IS 37 TR AS AN S 3 A S IS F A o 8t 7 3 40 7
+ W ZE R AEY AR X R R R AR TR
TR XAARZ . A, AR R T
HHEGRSBEY R E 2. AR LEE
APET VIRV R AR e ) DL R s ) R ) AR X -
TR A S B R T AR R o i R
R ZR S A W K o IR o0 1 2 A TR T e
WF5E B L B T VA G AR R AR A3 A A - HEVE e
fRP9 . SRMT . Bar-Yosef 255 AF 581N A, 1k VE B 410 i 5
[ AR 2R A A AT 38 (AR R T L. T T AKOIE B A
WEBLLE AT REAS 5[] T m AR 457 i 16 9% 4 T
A5 1 W A e A R X 4Rt v BT R TR 1 K s Ak
FIHHA EEE L,

S 5T M AR 3 Sk A L R R B (] e
A TR A2 5 W T Vb R AR R B R,
S B T 35 E L F L % Sk B E 1~4 L/h
Z 1) L 2 Y Rl P Sk T B X I R S AR S TR Y S
M A9 AN B 8 00 A BT 9 T A TR BE R A
TR g, BAIE R A, B/NEAH L
BEOK R0 AT 25 55 B 5 T A T B8 o i 48 KL 3 Y v
o0 VR A [0 BB 1 /N 22 R TR AR RN 2 7 A
MR E i 1 A7 ) 25 55 B 0T 7E 8+ AR R
PR, 4 fE 7 26 Ak B Y AR R T R ARIR R SR K B E
T 43 Ak PR B A 38 Zhou S AR TR E
XHIF 5 A A B, 5 4 3 a5 A B % R OKR R
RAEKA X,

Cook Z5 Fl Gorska 250 ff 9% %& P, 12 W8 & N
NO, 1A [ J57 3 A 3 v o3 A 2 AN 5] A4 T A 4 20 41
) NO, 55 &AL K 1155 o 1 % VE 4 7K AR
W= A S DR TS g 9 e R P, AR X K
G NO, 15340 S H 34 5 B b mT g X VR B A

Az S 0 Al e AR AR X K A T NOy — o A e T
BEFRYL ] 8, Kang 5556 7 4 0K 38 5 B 19 58
H M 38 7% 359 5] & 31 (christiansen distribution uni-
formity, CU) FTE 3K ¥ 51 AT b ISR
GRS . T X R R L L R R R, T
THHET 12 F T X 2 B AR W Cn 36 6 35 46D i Ao A=
L ELAT I R PR AR L AR T IR T R AR R
PES (/N oK) P= 5 (W IE | S 5 il e,
I 5% 26 R R 9 Y A 3 ] 5 e - M K U4 A
FWEI AR 568 G 3 L A B T i B T 0 W X DR AR RAE )
7 S R A

F T T 2 DX K BRI v 5 U K R E Sl A
RAEHE X B AHET N 3 U] K R i 2 A
Py K o BB, 5 BOK % AL T DL T T
U, i B U K HE B T 0 R e R DX K O I )
FEARAF— B, BT BT K VE S T K E P A
S FULFE PN 5t T 22 M X33 S ) B 7 B A 2 O
[7i) i 4 i [ P R 7 7 =) F 9 LR AR X+ K R
PISIEE B ORMRE AE K K ™ i RO R B R, B
T 12 1 DX RS T VR R R AR R R 2 48
1 MBS
1.1 iR IR

TR IR B A PN 52 oy T A T X O R ol kAT (107°
13'32"E,40°43"16"N) L ¥4k 1 042 m, K5 HJE T2
KBS, 24 R K & 135 mm, 28 & & @i
2 000 mm,4EPSIR 9.1 °C, KM KEHTE 6 —
9 H,JCFEM 135~150 KX, 4F H BEAEH] 3 100~3 300 h,
YT 2016 — 2017 4E AT, 2 FEHF LK 2L F WY
SRR 19.53,20.22 °C, MFEAKE B H 122.8,
38.6 mm, 7% & &4 3K 896.7.962.3 mm. 1L 1
B AL M T LR 1,

F1 KW TEE(0—120 cm) BEAREBL SR

+J= A/ H 1] SR/ HHLET/ NO; / NH, "/ T HER AR/ %
R /cm (gecm ) FKE/Y%  (mSecm™)  (gekg™ (mg+kg™') (mg-kg V) Fih B Wk
0—20 1.4 29.4 0.3 7.3 7.9 8.0 20.0 47.8 32.2
20—40 1.4 31.9 0.3 6.7 5.7 13.8 23.0 53.8 23.2
40—60 1.4 30.8 0.3 6.3 3.5 5.4 23.1  47.2  29.7
60—90 1.5 17.5 0.2 3.0 1.4 3.1 2.0 3.7 94.3
90—120 1.4 31.3 0.3 5.3 3.8 6.2 15.3 35.4 49.3




290 K PR

537 45

1.2 KWt 5A&E

BEAE D M ok, BB & 2 A A ) iR
(Al:1 m;A2:0.5 m),2 M BEKF(ML: 2 H 5
M2 5B B 3 3 4 AR B, A AR PR 3 A4S A (A
DMK 4 mX 12 m, Al AbBCR FH 984 15 R
TEHE ST 2 A7 B KR E O — U R ] s A2 kb
R AGEAT ARG, R — AT s ER o s b B
oS AR G A AT I b B SE R 43 0 R 60,
30 e, MU HE N 0.6, F/NXKBEHKFEK RS
TF LA i 0 7K it K Sk Ut 50 Ir FH O e =X E
(Q=16 mm) H b ZT LI 7] A= 7=, 3% Sk Bl B 30 cm,
W ki 1.4 L/h,

anty Tz ¥ Y . Y
! H H : r—» TRIME®
(A1M2) %30,.011&*— 70 cm —X Y
F—wm— | T 1
(A2M1) \I( \g U u %
(A2M2) soem : Y
[e30em i 2 N

VLR BB 4 1 2 I X
B1 B4 ERE

2016 A A 5 AR HE WE R L W 5 180 mm, K
FE 2 b PR TR B (300 mmn) Y 60 %6 B o , Hevb, 1 400
7K 1R (20 mm) T EAFEK 3 (3L 72 mm) , T ke HE
K 2 IR (GE 48 mm) , JEIIAREK 3 R (FEL 40 mm), 2017
AELEAEYIARE K ST (HR T L HE SR D) SR JC=3 it 7 43 E 1Bk
R, R F MR 346.1 mm,7E5 H 17 H5 6
H 20 HA#EK 1 W, K8 36 mm., H #1911
T3 % 20 ecm HARZE K ML(E,, pan) iy 3 K BEHZE
RWEHEKES 3 RMEK 1Kk, 2 FERHEAE K
¥R AL (N)300 kg /hm’ FI#EAL (P, O;)200 kg /hm’,
P,O; (IR A — ) LUK ML X &8t A+, N
JRZ BER A —HO IR 75 kg/hm® Bk F 70 3 T 4%
FAG A (&1 150 kg/hm?) , KA NURZE) TE K 6
- 30 5 Bt 9 K 22 Wit A .

N F 2016 4F 4 A 22 H,2017 4E 4 H 26
HEMB G 2 RIGHEM . ghilH £ KRy 75
6457, FEA TN TS AEFREN 5 om,
R 66 600 Bk/hm” . AF ¥ Az 4 0 B AS [a] W 3k A 7
ok L9 Io HL Xt A K 43 B IR
1.3 B#EENER X
1.3.1 XA KFaRE 2016 4F, 155 K K
FEFEVEKET 1 RIS 3 Rift4r. 2017 4, 3757 I AT,
- HE K M E B A 5 2016 4F— 2 3Rk B E AT
3R 1 URAY AR HE WL L A KR 2 I E 1 IR,

+ 35K ZEFH TRIME—PICO TDR #4705 ,
FEVRE AN 1m, &R 10 cm HEATHRE, BRI R E
A3 38 TR Sk A L RE S T T A PR B 1) 1/4 A DL M
1/2 b (1),
1.3.2 REAARWME  HEMEERH KCLE
P&, AAC BB 43 Hr A0 . BORE 8 5 3K 43
PR —50, W i e 4 KCIG ¢ WM+ 4,50 mL
KCD ¥ 48 L1 38 J5 1 AAS R34 2237 3 20 i A AT
W
1.3.3 R EHEE(RWD) R K % E (RLD) #§ 0l &
R ZR OB SR S T RORR . KD T b < — A AT
AEHRAEAT 5 AT 4 BIHURE B IR HEAT 15 cm 5 30
em Ab s — B HLAT 7 AL B RORE B BRI HE Y 30 em &b,
K5 b BEAT BURE (T BR 2 R 10 em, AT BEAE )
EIFE-~ 10,5 em, 40 ecm Z A2 T BOFE [8] g 43 5
M 10,20 cm, B JCHR BN 1E . B BUE A
4% rh gk, oh kT AR 4 14 S (EPSON Per-
fection V700) f#i FH WinRHIZOPro ¥4 #4740 ¥, B
K155 RLD, A MREAGEE T 75 CHT
BIHHE,
1.3.4 st@mIEHK(LAD®MNE EFHNE 15 K
A FH S I 08 00 A 4 8 e TR AR A RS I TR
WHE TN
R R A = K X 95 <0.70 (1

TAS/NX A 3 R E bR - DAE PR K R AL
PR 3 MR T LAT B . bk £ ok Bk i A5
Kot 7 A i T TR AR (0.15 m®) Z H B LALL
1.3.5 FE2 . AMTAKK RGN T RIS,
PEHLAS /N AR 3 B 5 5 4T BRI AT I =, BE ML BE £
20 A>T IO SR g OB B WKL S FR A ORL B T 5 L T
BEORLFCR . RS TR AR R RR B ) 15 %40
bRy, T ET 6 rH AL &M 1R,
PR AR R AR S T BEAR T 105 ‘CR % 0.5 h, &
JEF 75 CHt2=fEE, Wik A% (harvest index, HD
T PR = g A M A W A BB PR R
(kg/hm®) [ DLt B350 8 F 4 B (kg/hm®) 3845,
1.3.6 EARABME RIEBAEF HeHHE FEK
FFHRCR (kg/m®) 5 BACAR AL 7= 71 (g/ 2) 43 93 R RL
77 bR DAE M (mm) 5 BV N & (kg N)A5 3],
1.4 HEEHES W

K FH v B3 58 2% 5 &) B & #U (christiansen dis-
tribution uniformity, CU) iR 1+ 8 /K 43 (CU,) K
NO, ~ (CU Iy 5 i

CU,=1— (2)

cm‘l>



#

3 4 JE) 37 VA 26 Ry R A A B X AR R R AR X K U3 B B TR SR A K R R T 291

_ %‘9_5‘
A= (3)

K. CU, Ry 5K 530 53 A0 ¥ 51 BE (V60) 50 gl i
B AR FR B K 2 (Cem® /em®) 50, NEE ¢ S AR &
K (em?® /em®) s N i) 0 BORE 5 B9 8 88

FIH LSD 3%} 4 A4~ 4b Bk AT B R 434 fl 2 &
W, p<<0.05 MM N VIR 25, o THEN
SPSS 15.0 # /.
2 ZFERE5HSWH
2.1 WERLITEAKSFNO, EERVHEAE
2.1.1 EEEHKFRIERSHHE RBHEBRT
(2016 4F) , AL AR X3 LIRS K BEAEW AT
W2 D RR B A Ok 2 2 5 (B FP S 80
K)o A= JEE A 38 AR AR X P 38 - 48 5 K AR A8 A 7 R Ak
PR 5.8% (p<0.05, & 2), FEHEN M GEFIS 100
KD AIM2 A FRAR X 437 2 K R 28 T iz X
BEKRKEFAKBME., SERDEH, S AHR X+
BEKFEBR T2 X E ERAEKBEE, HEKS

0.35 1 1.00
~ (a) 20164
g 1 0.95
C 030 F
" B 1 0.90
S L 3 5
>~ 025 Ih% [H; {0852
B HEr  HE) dH] O
® Rl HH| HE T\ 1 080
T 0.20 --HHE--THEEHHE- -~
Ly HH 3l HH 4 0.75
+ H| BH 7

0.15 Lt HHL HHI . HHL L | 49

20 40 60 80 100 120 140

S RE/d
P77 AIM2SM
——  AIM2CU,

AIMI1 SM
—o— AIMICU,,

T 2 05 (8 2 5w A R OK AR K R A 7,
U R ) A A R OK AR TS 0 S Y K g
3, [E KA L, ATM2 KX 358 CU, 7548 Ak 3 [A]
GRZA T e AR K ST, PR Ay BB i) 4 38 %o 8 7K 1) o i
ANEH L SR AR PN AR K A 25 S B BT R T A2M2
RIX 1 CU, 7 T oKk 2230 J5 il 20 F R 02 b i%
09 T R AT AR R ) K R A S Bt
T 78 K W ZU AT B A HE R (2017 4R, 45 Ab B
RIX K RAER T BRI R L AW BT
Ko FAR L TE FL AU 1k v A E T B0 AIM2 1Y
KRR T KIS B A K B K 4 B H
Wi VE 4 1 ) 5 B B B ke R YOG IR T 2t
FEor MEAREBRE KDY . 7E 2017 4R, — & AT
RIX I CU, B — AT 5 8.6 %, Ab ] i) 22 5
FE A TP ER T W AR 20~60 X) ., HK
K ARSI HEWE ST, 5 AR X+ K 4 1 32
o AR Ty =X TR R AT ) E B e CU, 5 e A
TR S5 TR 37 R A A VAR X - K Ay i CU L 8

FE A I 2 RN,

0.35 4 1.00
_ (b) 20174F
< wh 4 0.95
8§ 030 | ns 3
K . Hi 4 0.90
5 - It ! 2
= 0.25 T ol | w0858
5 A~ _HH! | _H
%{p | ~ ’E FH T Hil T 0.80
du 020 fEpt-—--- -

H EH [ H{ 1 0.75

?j & . i :

0'15 -y L =y 1] L 1| - 0.70
20 40 60 80 100 120 140
BMERE/d

B A2M1SM A2M2 SM

——  A2MICU, —o—  A2M2CU,

MR R IZ M GE B EOR K ) K 4 TR (0.20 em?®/em?) LY,
B2 FEXESHRXLTEO—60 cm)ESKE(SM)RESHHSTE(CU,)

2.1.2 XENO, 2550 HHaE (UNFERSA
T AR X L NO, WEEBNBEEREH
WIRRre TR MR E [N NO, WRET
Bof A 0 43 L I AD P Ry 3 (IR 3D, kT B HESR Y
JEA B OR WY 4 A A g e, Wk, £ 3
NO, M UEEEZ . A, L3 NO, Hhtk
LR R K & 5 B NO, BB 2R IX
AR DI DL 2 TS 7 I A S ) - g
NO, ~ Ffi - 28 % m b iz gh, i a] GBI 28 NO, — 11
W2 RE R . il R VEY % 50 75 R A B AR
MEWAIET RS AT F T KA 6 ) 2=

W32 BRSO NO, i, T RE S Ha s my A
YRR 20 1 NO, A%, BLAh. 45 4b B 1 5
NO, WRE Y5 CUZ R By 28 1k 2 3 R a#, mAR,
S T AL P A HE NO, Mk RS 4 B A BRI
24.3% R CUN HI F 3B 43 7 B b 242 5 10.8%.

T AT AR L A AL B - NO,  WREEFE A B Y
B CSTES, K EED A Z A Z a8
VR R R AR, A IR 5 RN A
BRAL PR Z A HIE AR IHFEIF AR A R E 2R, B
WHFFUR 3850 7 Ak B A 8 CU H 4 78 15 AL B0 % A1
29.5 %0 » R WIF) 13K 53 AN ], o SV R T I FR 2L 5
HRIX LI CU » ST FEARES 43 B AL 3 148 CUS . 5
7AW & S5 NO, AR fr R FUER A

22 EMRBEK

2.2.1 M ¥ % & (root weight density, RWD) f= 4%
¥ % & (root length density, RLD) % ¥ i 1% i
&R R WU AR OB ) S5 A, TR 2 E I (2016
A BRI ATUHE R (2017 45, — 48 WUAT 7 Ab BRAE 54T
R (0—10 cm) 1 RWD ¥ {E 55— 4% 8477 4b B 43-31)
FEAR 23.1% .45.7% ([l 4, p<<0.05) A 19 RLD {84351
R 7.5%,25.7% (p<<0.05) . FIRBIEE R —8 WA TR TE



292 KR FE2E R

537 45

ZELTRE , AR R 2 01 TE17(0—10 N) L AH L T —4
HATREATEE AR, HAR RAEAKF 0—10 em HARF 4> 4
s TZERE TR 10—20,20—30 cm T AKH, “— 8 X774k
LA AR ) RWD T8 8 3 28 5 (p=0.05),
AIM2 438 RLD 78 2 4 5 R 5 m K F (p <<
0.05), R =X RWD JC i 2 52 0, {0 H 1T 2L 52 i
RLD, H E2 RMAE" — 45 WAT " Ab B 9817 4R R 4
fith, AIMI 7E 5847 & /KPS Y RLD ¥/h T3 o

BIPEAL PR, )7 X% RWD TG W 35 520 , {3 H 7] LA
M RLD, H EERMAE—E X770 B Y 517 4R
R, AIMI 7E 58474 K FBEES ) RLD #4/h T
AIM2, AIM1 7E 5547 (0— 30 cm) B RLD - %) {8 #
AIM2 A% 16.0%6 , F2 2202 M o 4 7 55 fE VE W A=
T HAFE K E %, 5 BOHAR X 4498 B K R AIC s HLk
S MR O R AZ B H R ek R S B
PR ARERAR T,

~100 . . 0 ~100 0
"8 i E ; o0
4 g E -
« 80 H 1 4 20 £ 80 20 £
Ey i £ 2 g
& (a) 20164 ‘ = E =
< 60 440 " < 60 40
pid iy i &
"% 40 | 60 § 40 60 1
2 g 2 g
Z 20 | 80 Z 20 80
% B
H oy 100 H o 100
20 40 60 80 100 120 140 40 60 80 100 120 140
B ERE/d BMERE/d
1.0 a 1.0 -
(c) 20164 a
09 F 5 5 0.9 b
a D3 a_ a Fio ] T
2 [ [ 5
08 I o T e 0.8 [
<z éE H - -z -
0.6 g; 0.6 -7
ZEN 5
0.5 | A 0.5
e,
1 ’= 1 o [ 1 [ 1
0.4 0.4
40 60 80 100 120 140 40 60 80 100 120 140
PSR B/ d BME RS/
AIM1 P AIM2 ==Vl A2M2 Fr] MiNg
AR R IKGE B R R AR5 NO; FRRA5 mg/kg) ),
B3 EXEFHERXLENO, REMASGHEE(CUN)
1.6 1.6
a
laF ay ) " 14 r b ® "
‘ | (a) 2016 g | - a 2017
é 1.0 :E é 1.0 ] ab E:
= 0.8 F ] b = 0.8 bH:
H b a OEEhl  a
#06 ] aTa ag 2 0.6 SR 2 a2
g“' & ! a QOA' R R 2nel
o2l f | U i
0 | 1 1 0 | - -] | ] 1
0—10N 0—10W 10—20W 20—30W 0—10N 0—10W 10—20W 20—30W
BE R ¥E T K FEE B/ cm 5 3% ¥ 77 K P EE B/ cm
5 5 ¢
~ 2t 2 (c) 20164 ~ a . (d) 20174
g 4r ] 2 g 4r aT
Q [ = (5] " a
£ H IE 5§30 f i 2
~ H] B= N 5 =
Boo b g é; ® oot ] éi ¢
# ] gE & - gE
ot B éE ot ] éi
B B H B B o
g 7 g 75
0 J = o ] H
0—10N 0—10W 10—20W 20—30W 0—10N 0—10W 10—20W 20—30W
BEF T K PEEES/ cm BE V% Y 7 K P EE B/ em
AIM1 7 AIM2 B axM1 A2M2

TEUNPARRAATCWRER AT . B — B HAT A #(AZML I A2M2) & 5547 FiAE . IR A A2 47
B4 EFERAAYPEFESTARKEEENRKEERRETE



CHER:]

Ji] S W S5« e B ORI A A D0 AR T R AR X b K 2 S0 B R R T A K T 7 ) 5 293

2.2.2 RFHREE/TFHREAM @R/ T @R
L 5 AT AT, TC e S e A EE Tk (2016 A1) sl 2 A At o ik
(2017 4F) s & AL R RAR /it ) BT 6 L (W) ¥ TE 1 2
PE2E S (p=>0.05) . MAEYIMR &8 B AR B M1 BERFE IR
BRTEIE T, — 4 WA T AL B RSA/ LA #58“— 774
1= 15.0%0(p<<0.05), RAIHERE T, A2M1 Ab#Ef) RSA/LA

A1IM2,2017 4E By A2M1) 53 ik Ctn 2017 4E 1
AIMD [ RSA/LA AR R F 1 9 5 ] 41 i 1) %
%, T BUE W) WOk R BUE R . RSA/LA 1 B
FE A B SRR R B . T A A R A0 T A
T AE W 8 W K R A% 30 R T v A TR T A
JIES i 1) ) 356 %6 D) 3 B0 s A I 45 2R

Herg - AIMI ALY RSA/LA £ 1 AIM2 55 A2M2 4b 0.8 o W o msaa 1°
A RSA/LA JEH (p<20.05) . A2M1 4bHEE) RSA/LA 35 06 4, . . 1742
[ % v a .
AlMZfﬂEAIMl é}i]u&%@ 1'1.2%,28.9%%:,' :0.4 _ % % : - ERERE
23 FEMBREKT B ARE o4 03
BB T 2016 ). 2B BEL mm 8| Y g N |3
e R T4 6 37496 s T 5 UM T (2017 ' g g | g s
A 43 L A A A 0 7 A A e B R A AR o LA b A b LA L s
.79 (3 2>, ABFICR R AT S0 7 222§ 22373
MRS . 2 RS ER R AR DGR ms gxkammm/mFoREE (W) RREER/
FE05 RSA/LA BYIAHE i = (A 2016 4E[5 AIMI, A2 b (RSA/LA )
£2 FURE. R KRS GERARGEGRHAYLE
T4 T & s v AR/ IWUE/ PNUE/
R I 6 M3 : /;?&ﬁﬁ (kg * hm™*) g sl (kgem™?®) (gegH
A1M1 62.9a 475.6a 13948.5a 29.3b 0.43ab 7.7b 46.5a
2016 A1M2 44.1b 385.9b 10518.0b 27.6¢ 0.41b 5.9¢ 35.1b
A2M1 68.5a 466.9a 14560.7a 31.2a 0.47a 8.1a 48.5a
A2M2 35.3¢ 380.8b 10235.9b 27.0c 0.42b 5.7¢ 34.1b
AIM1 86.7b 526.1a 15076.1b 29.6b 0.43b 4.4b 50.3b
92017 A1M2 73.5¢ 434.5b 16279.8a 33.6a 0.56a 4.7a 54.3a
A2M1 103.1a 544.0a 15662.6ab 28.8b 0.43b 4.5ab 52.2ab
A2M2 62.14d 460.1b 16823.7a 33.9a 0.55a 4.9a 56.1a

TE  TWUE Sy #E K FRZ0R  PEPN Sy 2B fii AT 803 5 AN ) 5 B AR AL B0 ) A7 78 2 35 1 22 37 (9 <<0.05)

3 it
3.1 RREEASMNO,-SERVAE

A AFoE B R AV K R, T A () B
R A T 0 P TR B L B i K R R B e, 5
ARWFIE 2017 SFLERA FIATE . FE 2017 48, i FHEK
SR A, /NIR HEHE T) B (<60 em) 25 5 R A 1 T A
(A0 7 A 2 5 e BT 2 AL 2R TR
XWRIZK B AR 55T L K AR 45 A
X HEEIKFERM CU,, , 5 MG 1N I 1 B
FERAIE . ARG HE— 2D R I AEARIR T W
PEF b B3 55 2 8K 40 19 B i oK 0 T A
Ve I A A E B AR X R CUL, . 2
T8 56 5 T R AR X K o e — A BT A A
TEE CU, EF S A2MI1 b 33 i & F1 47 8] +
K 53 (RN L) Y75 3 452 25 7 350, % 1R PR 28 1 4 1)
R REAT IE MR . ROk Ud . B R A T

FHOKATR CU,, BT — Bk, 2016 4F it AL 47
FAR AL P AR X 3 NO, R B, B 1% 5 A5
KA1/ AW —1/2N—1/4W [ 155 3378 47 9 7K it JE A
K, BIAEHE K B (B E AT ) 1/4 B MAC , FE£2E 475 3/4
I 572 TS YRR 1 i 1 R 555 A A R N A T & 1
Rl 30 0 1 PN (0 NOy 25 [ 49 A5 AR 4 2 2900,
FEIZAE 4 I 35 A 38+ 18 NO, IR B T30 0
WAL, 52 W R A ARy TR R L (& 2),
SR AR AR INA OC, 2017 4F, FEHF L 0%
THE it S 3o A v S 40 A BEAR IX 48 NO, 125 1]
G340 BE R B 3T R SR R I - K 43 0 o
JEZE L FENO, BRI BIRATE.
32 ERREBEKRERXER

TC e S AR 2 B A S AR R — U T R A
B PR ZR ALK T 1) 1 36 Dol o 38 0 ) IR T —
AT BRI — A WAT MR L AR



294 K AR FF2E R

537 45

P EAT 10 em N AR R AR K8 38 AR R )
B A 5 1 A K, B SRR AR AR &R
SR RERL Jy R AE S — 4 AT BT AT RE E O AE
BAL B, AIM2 AR B CU,, K CUy B8 AR% . 55 5] &
CU KT AR 2% 3 5 A 2% 3 A e Rk (B ), 13
AT T E A 1 AR IX K4y & NO; — Fr it K3
SJESMRERKIF T, AR RKH, 5
T 58 M AR R A K R S e AR 5 4% Ak B
R DX A 38 B2 22 S AN K HAE 10~30 Ceal, itk 1
HER R R R AR K, 2B E
P E IR A K IR R A KT 7R R R AR R
RIR FAR T EFL BN R R H AR R A AR E 4 TF
R R T E B RWD KL {3 RLD /b,
073 7 ME AL R AR R A R i S - AT
¥, HEBEENE MK CU, & CUy SHEAEEK R
SRIEH S HE B CU, & CU #4G A T2/ 2k
2SO VNI @ T el = M N R S U i A
S B ML A SR X R R K & CUY 2
BERMKEER, SRV RAE 2 H R
FRAAMI T L 0L Y 355 R R A e 2 A K
T EE B AT B AR AR P AR S L
33 EXFERRRETHEERMKE

— A o T A I - K AU IO R A AR R e
(14 i , 15 A BIF 7 KA 0 R 2% 1F T R VE S 7 e 2 AR —
., AR T L ATM2 A4bBEAY K 73R T )l 2
K Ay A RE Al L S 2B Y VR B R R R
7. MG A2M1 b B R 3 = AR X - K A
RS H L SR R R R R . — i,
A2M1 b HEERN L NO, F RS CULAMTE
OKe A K TSI 25 KR I TR 4 88 s 53 — T 3 A 2%
YEYIE R 3 3, 1 A K it 1] I 1E 40 J5 )
FPRLIG 5 BT e 258 g B AR I R AR e i
AR5 30 S TR, 510 A0 VR R AN T e AR R AR 1 R Y
PR fit 55 AR X 38 7K 4% R T AN AR G 81, ATME2
A2M2 Ab B AR X+ 88K RS R A R T R
A 2 AN B AHH) 3R AT 5w AR 7 RROER R AL
AW R I - e T R A A 0 B AL B A VR
WEKHEEMSEESOIIFLEELERE O, BF
WhoE s R & 38 (AR 56 T At L RE 4 i R 7 i
AT AR 3 TR LR e A ) L AR e R ey
B, 24 LA/RSA i & i, Ok R 880™ 5 R R 5 1 24

LA/RSA I Bf, A & AR 35 1 4 38 2 190 & [ £k ™

Pt REAR A TR e A R . 2017 AR R A

AR T 2016 4F, HHHE NO, WREAESR E KA

BAM T B SR B, T RE 2 T K P Y 4

NO; ~ ¥ BEHER it g Al B, DT (AR 4 504 i

[F1) 3t A2 7 8 5% ) o A WS S e RS e R v
R R 25 F T, 2 M6 o W H R S E ) T4

Fih 5, 0 A2M1 FI ATMI &b B 5 25 45 0 8% 45 1

T AR A R A P R AR T A, W ATM2 A

A2M2, ABF5Er BT B E AT E 2 /Y

T AR T — AT A, HIL, L5 %R

YEW 7= 18 R 28 T B AR VE R 55 1F T #HE7E ATMI

b3 T e A R A R HERE ATM2 Ab

4 % it
HEETS T 2R TR A U A A A R T 0 R

K R FICER R B S T Sy W AT T 2% 1

A A PR R R EORAR X K 4 NO, T 1)

i N X S AR e R o B NG AL B Ry 37,406 51T

P AL T o 0 R AL BHL 1 1 7 e s 4 A i b 3

1o 7.7 060 ARABUE T VAR R ROR A M 5 T =K

1117 Fe A0 78 4 ST R A R ER AR A3 B B Oy K

JET TV SRR e 1 K A R R A A 5] R

35 W A R AR 2 R S M L (LA it |-

T A AT FEARVE AR S L . YRR A 5

A2 L (RSA/LA)Y BT 4 I, 35 oK 7= & ANk R

Hodwe M RSA/LA 3 e s AR 3 5 3 R AR AE 4

SR R E, 258 5 RAEY) 7 i OIR R BRI

A UAS A W 25 AT, AR ATMI AL g

TP HEME ST AT AIM2 b3,

5% 30

1] Fp T 3 M A 1R TF 0 4% 2 1) 90K 58 B KO
LB FE LD b5 o AL K2, 2017.

(2] o, MK 2 L 3 S0 3 90 MR 0 At A 0 8 1 AR R 2
KARBRHELT] A Y E 7R 5IC B 34, 2016, 22(5):
1384-1392.

[3] Baryosef B, Stemmers C, Sagir B. Growth of trickle-irriga-
ted tomato as related to rooting volume and uptake of N and
water[ ] ]. Agronomy Journal,1980,72(5) :815-822.

[4] ZE7R A, 2 1SR, R IR, 4. B 5 R 0 30 3% 2 4 ok
T T A A 2 BOK 43 PR SR B B i [T . AR W TR
#32,2018,34(9):130-137.

[5] Kilic M. A new analytical method for estimating the 3D



#

33

Ji] S W S5« e B ORI A A D0 AR T R AR X b K 2 S0 B R R T A K T 7 ) 5 295

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

volumetric wetting pattern under drip irrigation system
[J]. Agricultural
el05898.

BRI EE AN TR AT 8 B ik 8 A8 O B A /N 22 7 ik B T
A7 18] 22 5 T8 1 1) 2% ) B HC A2 R LI [ D). g 50 19 st A0l
K2 ,2017.

50 10 8 A T) 2 1T % AR R K e 4B AR R P B e 1 5
M [D].BETY #7% « FE LR MBI, 2021,

Zhou L F, He] Q, Qi Z ], et al. Effects of lateral spac-

Water Management, 2020, 228.

ing for drip irrigation and mulching on the distributions
of soil water and nitrate, maize yield, and water use ef-
ficiency[ J]. Agricultural Water Management, 2018,199;
190-200.
Cook W P, Sanders D C. Fertilizer placement effects on soil
nitrogen and use by drip-irrigated and plastic-mulched toma-
toes J ]. HortScience,1990,25(7) : 767-769.
Gorska A, Qing Y, Holbrook N M, et al. Nitrate con-
trol of root hydraulic properties in plants: Translating
local information to whole plant response [ ] ]. Plant
physiology,2008,148(2) :1159-1167.
Kang S Z, Shi P, Pan Y H, et al. Soil water distribu-
tion, uniformity and water-use efficiency under alter-
nate furrow irrigation in arid areas[ ] ]. Irrigation Sci-
ence,2000,19(4):181-190.
MR B ORFY T AEL T B A 0 I
AR BT L) ]9 K HEE L 2016 (12) :128-130.
Pereira L S, Allen R G, Smith M, et al. Crop evapo-

EIRERiD)

transpiration estimation with FAO 56 Past and future
[J].Agricultural Water Management,2017,147 :4-20.
AR B 1 T S B AR LML B s o ARl R A i
JiAL 2011,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

4 5 W S S T R HOK R B R B
THE DX TR HE Kl B LT ). A ol TR 2% 42, 2016, 30 (11)
83-91.

Coelho E F, Or D. Root distribution and water uptake
patterns of corn under surface and subsurface drip irri-
gation[ J].Plant and Soil,1999,206(2) :123-136.
Bozkurt Y, Yazar A, Gengel B, et al. Optimum lateral
spacing for drip-irrigated corn in the Mediterranean Re-
gion of Turkey[J]. Agricultural Water Management,
2006,85(1/2) :113-120.

SERMRE PG L T 2 L AR KT b T E K A A B
SJEEATAMN L)) AR L TR ,2009,25(12) :51-57.
2R A U SRR I SRR A 2 BT b X b T R 9 K
Ao RS R L] A TAR 24, 2013,29(19) . 79-87.
PRAE %, SR B  BRIGER . 55 R [ T 25 1 K R AR
F R T LR A B A o 7 [ ) A AR R A
#.2012,18(1):52-59.

Mcmichael B L, Ufchubch D R, Bubke J J. Soil tem-
perature derived prediction of root density in cotton[]].
Environmental and Experimental Botany,1996,36(3)
303-312.
FHAPT 0 T AL AL TG ALK IR X 4 N 2 AR
7K 43I FH 25003 0 52 e B 5 L ] v AR S Rl 2 4
2013,21(3) :282-289.
PrRuE, e, BBEAR A5 K SR X R e
FBANER R ALK LR L] R A &2,
2016,27(5):1511-1520.

Gabriel A L, Savin R, Slafer G A. Maize senescence
under contrasting source-sink ratios during the grain
filling period[JJ.Environmental and Experimental Bot-

any,2020,180:255-265.



