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1.1 ARXER

XL T 2018 4 5—10 H 78 P9 5 oy (2 i R T I
WX AR GRS T R . M EEAL BN 40°42'N .
107°24'E, 5§45 1040~1 043 m, J& T 7 iR T 5
KEEPEZRE RS R, X FRFEA TS, BRI,
LA 7.0 °C, PN ESY 141 mm, 4
W) RN 2 430 mm, F35H B ECN 3 223.7 h, &
FEHIN 140 d Zifh . WRIGIXRE T3 IR+,
IR Bl 1.48 glem®. BFST A E oK A B N
TRIG X B R B AN H iR AR 1 .
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Fig.1 Daily rainfall and temperature during growing
period of summer maize

1.2 BRI

RIS B B E VAR (FMD | BT HE
(FLD  WERFIAHE (FGY) VN
(FLGY) 4 FhabrE, 3ANEKE, 12 4/DX, {56
AN 4 m>6 m, SR AR G B T $57K
BRI, B RR N XK AERE I, /N X AhE FoAE
KAORY AT, HIEEES R P — 5. %R
KGR CGiti% & 225 kg/hm? (AN i)
TR 150 kg/hm?® (LL P,Os 1) « Hi4HAE 50 kg/hm?
(BLKCl) ), BEAEAERAE L 5095 AELE 3% Fh i

PENFEAHEN , FIRENCDBITESE 1 IEKFIEE 2 Ik
FEAKAT X HEN ; 25 AL BEAE B FoKAF HIRERE 4 VOK,
FUREAGERUN 70 mm, KA SR/KERE, =K 10
N 0.628 g/L, JHWIH AN 2 Fias. % AbHL7E 1) 2
¥°50.01 mm, 9ElE 80 cm, FEFFEZEE 5 cem, &
BN 15 kg/m?, BHRFRERH M4 KIS 6 5,
5 H 1 H#EF, 9 H 30 HYEE, HULbsEm, ATk,
N Lol fE2E b AnyE B0 2 RS #F, BREE 0.3 m, 4T
FE 040 m, ZRPGEMFIE.

1.3 H@ERESHHh

1.3.1 F Ay =

TEWCRI, X E FOKSATHE M. A/ NX EEHLE
5 HREEK, MER T KMK., HHSRR; ML
HY 100 ki¥fhr, 3 MEE, HEEHCFE, HHEE
TR BRI R B R4 5 AR s i i
LA &

B R R85 (Harvest Index, HD Fgik
PHAE TR R = S E TR 22, it
HAN:

HI=M,/My, (L
A M ANE FKEERFFR RS (gifk) 5 Mg NEE
K ETYIR R E (k) .

lloo{ 150 | 100] 150 |100]
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Fig.2 The diagram of ditch section (unit:mm)

132 KoFl A EE

TEvREKE (ET) iHERN:

ET=P+I+Wy-D-R-AW, (2)

{rf: ET HIEMHFEKE (mm) s P AEEHENE
(mm); | ARERE R (mm) s Wy i R KRS & (mm);
D Al R # il & B /KBEAME RN, B FKEF N
KRR, 2908 0.8~1.8 m, M R/KAMAEIR
KTEE, HEAETEN, ISR E R 20
UG DX T 4H, JoHRARIR, R FIZME; AW DI
AR A LI GEK B R E (mm)

MR KA R FERE RIS /N Y 3 4 3 ARAUE
i GEBIREE /3514 80, 60, 40cm) , RERIEEUGUE
TR KA AL EETH M O B KR
MRIEE PG e FAZ S AR g, DN

A(z1.0)=k(R) [ +1]. (3)

(4)

ANZ=Z,7;, (5)
A hys hy 3 NI Zy 3 Zp A 47O TR (hPaD
Zy F1 Zy AR e B AR s k O ikEe b+
515 R
Htk, £33t 2t I By 57 T AR AL 0 g8 K
& Q(Z12), FFH Q(Zi2) P RIFAE—WrIHIE Q(2),
THELN

7l:h1+h2;

0D=0(z10) + 177 0 )z I 0z (6

ISR ERMRT AR KT, 5 CF
RS 2~3d i 1 7% , SR A5 EH R, e
4L KE, S HILE 0~20. 20~40. 40~60. 60~80.
80~100 cm t ZHU A, SR A Tk it sl e a8
K, BIEEKE,

KA FIH R (Water Use Efficiency, WUE) 1]
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THEN:
WUE=Y/ET, D)

X WUE 9K R R (kg/ Chm* mm) ) 5 Y
NEKE (kgthm?) ;. ET NEYFEKE (mm) .
1.33 B 2 AR BA

155 FKHES AR I THAZ AR, BEHLEX 3 #RAR
FMAEAREDUE . R E 7 H 60 cm 20, & k5
A EL 0~10. 10~20. 20~30. 30~40 Fl1 40~60 cm 3t 5
JZ: V8 E4rHIE 0~10, 10~20. 20~30 £l 30~40 cm &
47, ks LEPIrERAIE, EETEIEE
SR, S BR 2% A AEAR o AR A 5K F Epson
Perfection 4870 1R R{AFHACGHATIH, JFHR AL H
A FTEAE Win RHIZO Pro 35 MRK 468 475 .
1.4 BHESH

RIS HE R T Excel 2016 4bFE, [ SPSS 22.0
AT 7 225307, R dse /N i 35 22 ik (Least significant
difference method, LSD) i 47 &2 3 A 56 (P<0.05) -

2 ERERH

2.1 HESRRIEMEENE ERRKEZEERZ N
WHESE A ANERE AT i 3% (P<0.05) R &
KHES I RLD 76 22 FN7A) it 338350 T i 23 (8] 0 A (P
3 . NELIALLEH, EEKRLD 5+)2%E 245
Rk F, BELZRERHEIN RLD i#9, 2 /) RLD
7£ 10~20 cm L E8L0, MWE &K, 40 cm LR 12
PR/ s V6 LY RLD AL 34 P4 22 L1 RLD
BEETHE 11.2% (P<0.05) . 5 FM &BAHEL,
K2 Z/(cm €m3)
0 1 2 3 4 5 6 7 8

+ 2 Elem
AW N B
o O O o

o
o
T

D
o
T

-
o
r

(@) 2& RLD 434

B3 REEAR

FEFT 78 55 28 | 0~10 cm )21 RLD, JtH 2
FLI 1 FLGJ AbBE 53800 7 24.6%H 27.4%, TifE
40~60 cm -2, FGJ 5 FLGJ 4:¥ 1) RLD L% 7,
{HE: FM AbEEE 38K 128.1%F1 122.7%; 1R/ %
0~10 cm - Z RLD, FGJ 4bPEK, 5 FM AbEEHE 0
22.0%, FLGJ % FM AbPEH8 40 9.7%, fifE 30~40 cm
T2, FM il FL) Zb3 R KR R, FGJ Fl FLGJ &b
FE [ RLD {18814 %) 0.18 cm/em®. #68H, JABEREFTGE
FF2& LIRE (540 cm) AV BIRE (>20cm) + 2
WRAEKKE, AATEEKRRA T, m2ELERH
MR LRER AR KT, X 2E LAY HRER
RKBRIERRAEZE .
FSW PSS EST P30 EX ) SOP N
Table1 RLD fitting function at summer maize filling
period under different treatments

WRAE b3 LB a2 2 R 5 YE RHR?
FM y = 64.857¢ ¥ 0.984
FLJ y = 62.795¢ 0™ 0.978
%
FGJ y = 76.119e %% 0.980
FLGJ y = 68.018¢ %% 0.966
FM y = 38.162¢ 6% 0.987
FLJ y =38.376e % 0.983
%
FGJ y =59.504e -7 0.935
FLGJ y =54.540¢ 77 0.935

Oy NARE R KB Cem/em®) 5 x RJEIEE Cem)
0<<x<60.

HRK 25 B/ (cm em'3)

0.0 05 1.0 15 2.0
0 ; ; . )
10
5 20 t
.]h\p( ALI\IE
EE 0 ——FM
+ 40 —8— FLJ
50 —a—FGJ
—6—FLGJ
60 L
(b) ¥4 RLD 43
BERMARKER

Fig.3 RLD of summer maize at filling stage

2.2 BB E K ERBERIE BRI

VA RERAE AR SN AN [RI RS A1 78 56 07 SO0 B R oK P
B MR R R W 2 BN, S ABRE R KoK
B, B ER R ZESE, BIEE 5%EEK
o VEFMEALT, FEAFE SR FE ARG . A0
TR R AN T T A, B FM ALy
P 3.6%~19.3%, 6.3%~18.8% . 12.5%~22.3% Al
4.8%~9.3%, H FGJ Al FLGJ Ab3 0] i & K 7= B A4H
KIgERARE (P>0.05) .

HRKBGRIES (HD MEYI L= E &
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KE FERR B AR L BCRCR, R EEEYES
Bz —. WEFRERT, ARFRAFER T HI
=3 EE (P<0.05, #2) , 7£0.38~048 [M4xfL, #*
HECIR S NIVETS AN SOt La b Aoy oy sk ey |
FLAAE UM o FEFTE S5 AR TR HI B FM AR EE 43 )82 17
7.9%. 26.3%#l 15.8%, VAEFEATHEEIZE, UiIHVARE
TRAE AT E oK HI e, LUABE RS RCR
Bf. yprE 2 RO, VERMER, BERESR 2
FRE (540 cm) FIVATRIZ (520 cm) L EARKZE
FIBE N, B BRI B R E (P<0.05) , &
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Table 2 Yield and its components of summer maize

4b3 H/em Fitkil/em BRI /g 7l (kg hm?) LV eI =E KA R (kg hm? mm™)
FM 19.740.99 ¢ 4.840.24b 33.741.69 b 7497.3354.9 b 0.3820.02 ¢ 20.841.04a
FLJ 20.441.02 he 5.140.26 ab 37.941.90 ab 7859.24392.0 ab 0.419.02 be 24.34.22D
FGJ 22.84.14ab 5.420.27 ab 39.541.98a 8193.6409.7 a 0.4810.02 a 31.64.58 ¢
FLGJ 23.541.18a 5.740.28 a 41.242.06 a 8174.54408.7 a 0.4420.02 ab 32.14.61¢c
F 8.613 6.504 8.499 5.127 11.894 48.617
R? 0.993 0.985 0.993 0.971 0.997 0.919

2.3 ZAIEXE FRKK T FIAME RS

VA VEE 25 A AN TR RS 1 78 6 AbFE 6 5 T KK 4 A
MBI E 2 P, WEMBERT, FEW
AN o5 7 S ok A A B K R R,
KRB AP AE 22 57 o 5 LT IR VA)EE FM AbSAR L,
FLI.FGJ Al FLGJ &b 3 /K 43 | FH 808 4 3l 1= 4.8%
51.9%71 54.3%, R BAVAHE N VA AEAT 1A 2 sk
SRIHRE, BEBFREABRLT
37 it

R R AT B EDIK 50 5 0 ORI BR 1 PR 7, F
P& KT 40 cm £ EHERERPD, Y 4
RLD<0.8~1.0 cm/cm?® It} , /E#AE K BRI B A 2 52 BRI,
FEARTFFH, I FGI Al FLGJ) 4bFZ& | KT 40 cm Al
YHE KT 20 cm /21 RLD i6% 0.74~1.07 cm/cm®,
XA FF B KM R R ) K 374y, 2 L
BAEFFH) RLD AR, FREIE FKIR RZAHRE T
BEK A FRAT IR ARG S5 IR R, W P AR E
FEAE 5 CRAR R A, VAR RS 3 (k2B A
HRERRELK, HRZRARZ, FElE. A
KA FLde IR EAR R 23 A B A E YRR = T
BERR R, Akierh, KT 40 om )2, HRFS
 FGL F1 FLG) AR ZEE FM B
128.19%#I1 122.7% (P<0.05) , {H FGL F1 FLGJ kb3
[E[) RLD JCZE 5, UiHH MR e, & RS FT 7 o5
R E T RRERAKE, GRTRICEZ WRELT
K780 o IX AT e RN REAT 7 o5 B SRR IEH,
HAREFHE SR A 1 “PRESN.” A AT m E oK
JE IR AT SE BRI RRTE P, WP I (IR A e
eV R = e % BA (R FR T, AT SE2B
PERGEF M H M. B R TYRAGEAEH FAG =)
o Fl r= B N R B R R, & M4 RE L ER
KR, SRR TIRATTAP, BIKT Fk
FEYEAR RO AT ELB], Rt mE oK.

AR TR, FEHEREX TR0l @
& RS 5 0] SRS T R K R AR
BRATAZGER/RTRERSE K7 E, B FM 4

R4S FIHEFE 9.3%F0 9.0%, —HERARE, WER
I FM Ab 3 I 25 42 iy B ORISR TR 2 26.3%, HE
TR REASRIE R 52, AT 40 cm HWETIE
RLD A5fbitash—5, 2 8FIEAE, M5Bk
ZIHERZERR. Kk, ETRXEEREEEH
SRR TR A RIAHNRER AP, T R 40
T, VABERFEHEZE (340 cm) F1iE (320 cm) FE
SRR 5 R A R e A e 0 R R,
RER RIAKEBRY, Hik, A EREXE E XK,
TEVAVERRERCT, 62 LRZLERK, @idE
A A EESKE, BRE KRR T, £
FZERIRE LR K, ORIREAR RIEKIEH,
SEILIRZ 37K 5 R TR LI ()2 8] _E PR P, DA
AKAEAEAR, DARRIEAKIERY, et E FRAK, iR
TR FIHRE a8, % SR ebrml#/EtE, 74
BAREFSE AR (FGD) AR T8lX—Bix, BERE
SEUAREFT VR R, B 9.3%, KA
RS 51.9%.

4 4 ip

1) 5HEHEBIEARE FM AL, GRS
WERAT (FGY) MZENZEFF FLG) MBI mZE b
KT 40 cm ¥R 2 TERK % 128.1%81 122.7%; 1E
V5 B 30~40 cm 2, FM Al FLI FE R R IUAR &,
17 FGJ A FLGJ &b B (I HR-K: 35 AT5 235 51 0.18 cm/em®.
R GE TE BRIRAR DA, PR BRI % .

2) ZEFAVE IR MR 2 FE 57K 40 ) FH k3
ARG — B, W E RS AT FG AbEE RN 28 VA T8 FEAT
FLGJ b BT 242 7K 70 R FH 3% 51.9% 411 54.3%, 1
77 9.3%F1 9.0% (P<0.05) , {H FGJ AbFRUSSRFE Bt
HAbALEE B2k (P<0.05) , ~0.48, Rk,

3) EUCKAERSFHE I EE X VA RE R ERL .

S -
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AT L], HEMHEK 244, 2020, 39(8): 1-17.
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The Effect of Straw Mulching Coupled with Furrow Irrigation on
Root Distribution and Yield of Summer Maize

ZHANG Yin', E Jifang?, SUN Minghai*
(1. Hetao University, Bayannur 015000, China; 2. Hulunbuir Real Estate Management Office, Hulunbuir 021000, China)

Abstract: [Objective] Root growth and its consequence for yield is modulated by water and nutrient distribution in
soil, as well as soil resistance for roots to grow. The objective of this paper is to explore how straw mulching and
furrow irrigation combine to affect root growth, as well as the ultimate yield and water use efficiency of summer
maize.[ Method 1The experiments were conducted at a field in Hetao irrigation district, Inner Mongolia (China), with
the site ridge tilled. It consisted of four treatments: furrow irrigation coupled with film mulching (FM), furrow
irrigation with the ridge-top mulched by straws (FLJ), furrow irrigation with the depression mulched by straws, and
furrow irrigation with both ridge top and depression mulched by straws (FLGJ). For each treatment, we measured
root length, water consumption, yield and traits of the summer maize. [Result] Straw mulching had a significant
impact on root distribution, yield and water use efficiency. Mulching the depression with straws improved root
distribution, water use efficiency and the yield as it increased root growth into soil deeper than 40 cm in the ridge top
by 128.1% compared with FM, and root density in soil deeper than 20 cm in the depression. Compared with FM,
FGJ and FLGJ increased water use efficiency by 51.9% and 54.3% respectively, and yield by 9.3% and 9.0%
respectively, despite that the harvest index of FGJ was 0.48, significantly higher than that of other treatments.
[ Conclusion] Integrating furrow irrigation with straw mulching of the depression in ridge tillage was most efficient
for promoting deep roots growth, thereby increasing water use efficiency and yield of summer maize. It can be used
as a cultivation method to improve water use efficiency of summer maize in the Hetao irrigation district and its
adjacent regions.
Key words: furrow irrigation; straw mulching; root system; yield; summer maize
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