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Study on the daptability of subsurface drip irrigation capillary burying depth
and cultivation method under winter wheat-summer maize rotation mode

ZHANG Jun ', MU Fei *, ZHANG Linlin *
(1. Shaanxi Provincial Land Engineering Construction Group Co., Ltd., Xi’ an, Shaanxi, 710075, China;
2. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China;
3. Shaanxi Dijian Guantian Investment and Construction Co., Lid., Baoji, Shaanxi, 721000, China;

4. Shaanxi Huanghe Guxian Water Conservancy Development Co., Lid., Xi’ an, Shaanxi 710032, China)

Abstract; To determine the optimal burial depth for subsurface drip irrigation capillaries and the
corresponding cultivation methods, the study focused on the winter wheat-summer maize rotation area in the
Guanzhong region. Five capillary burial depths (0, 10 em, 20 cm, 30 cm, and 40 cm) and two cultivation meth-
ods (rotary tillage and no-tillage) were set up, and their effects on the growth and yield of winter wheat and sum-
mer maize were analyzed. The results indicated that compared with surface drip irrigation, subsurface drip irrigation
had a promoting effect on the growth and yield of winter wheat-summer maize. The capillary burial depth of 40 cm
treatment slowed down the early plant height and leaf area growth of winter wheat-summer maize (2.42% ~
21.03%) , and significantly reduced the dry matter accumulation of summer corn (8.47% ). Compared with surface
drip irrigation, the yield increase of winter wheat-summer maize was 3.55% ~7.68% and 2.53% ~5.16% , respec-
tively. When the capillary burial depth was set to 30 ¢cm or 40 cm, no significant differences were observed between
the various cultivation methods. Considering field production practices, the combination of no-tillage and under-
ground drip irrigation with a capillary burial depth of 30 ¢m is recommended as a more suitable planting method for
the winter wheat-summer maize rotation system in the Guanzhong region.

Keywords: winter wheat-summer maize rotation; subsurface drip irrigation; burying depth of capillaries;

rotary tillage ; no tillage
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x1 ZBNEFEEENMEREKE
Table 1 Irrigation levels of winter wheat during

different growing stages

ok R i R R
A Irrigation threshold/ (%6 ) Designed depth
Growing stage TR ER of wetted soil
Lower limit Upper limit layer/mm
e e
AR B 60~65 80 400
Seedling ~ regreening stage
ol 65~70 90 600
Jointing ~ booting stage
]~ JT e
L) ~ TFET) 70~75 90 600
Heading ~ anthesis stage
82 ~ ik
TR ~ IR 60~65 80 600

Filling ~ maturity

KONGRS
M = Sp,ph(q, —¢,)/n (1)

Aorf MK R (m®) 5 S SRR I AR, 48
m’; p, HEERTE, N 1.51 g - m™;p NI
Fb, K B HEBUE 0.8 5 7 Rt R 2R (m) 6,
S H )R K A, B 23% 5.9, MTETE L PR (%) 59, W
BETFRR (%) 5m F9K 3R F 5L HUE 0.95,

HEKFEK EHYE FAO-56 Penman Monteith
A HEAXWT .

900
0.408A(R, - G) + Ymﬂz(es —e,)
ET, =
0 A +y(1 +0.34u,)
(2)

K ET, SR Rk 755 (mm - d7') ;R FI
G A R S R R IERGE (M) - m ™ - d7 )T
H2 m AL HERIR(C) s y A TREFE(kPa
s CT) s u N2 m @A (m - s7") se Fll e, 53
B R AR IR M SEBRK AR (kPa) 5 A S AIK
TS R EE G R M R AE AL AR (kPa - C71)
IR B A T b e o N G
i AT

ET. =K, - ET, (3)
K ET, B ERFTEFRZE L 7B (mm - d7) ;K0
VEVI A, 435I 0.7 (BB 1.2 (31T ~ BESRIN) |
0.6 (B2~ i) .

B R OKE K 2 AR X H ) 4= 18K 4 A B it
W K K B E O 22 mm (77 BRI, 75%
ET,) . 4/ —H FORHEBR I W2 2,

A& /INZZ R TS 43 ) R it L L L BRI 50,9060
kg « hm™ 05 W36 i AUE 100 kg - hm™, H EK
T B0 1 L it 2 B BIE 57 .90 .75 kg - hm ™7 4K
WA R AN 114 kg - hm™, 2 B BP9 0 K 2

x2 ZNE-EFEKEBRBE

Table 2 Irrigation scheduling of winter wheat-summer maize

2 /N# Winter wheat H E K Summer maize
H 1] HE/K #/mm H HEZK 2/ mm

Date (y-m~-d) [rigation amount Date (y—m-d) Irigation amount

2022-10-24 10 2023-07-17 10
2022-12-06 22 2023-07-20 22
2023-03-06 22 2023-08-08 22
2023-03-27 24 2023-08-16 22
2023-04-17 35 2023-09-01 22
2023-05-19 35

B3t Total 148 98

10 mm HEKEUHFEIHER,

Note: 10 mm irrigation amount was only used for seeding fertilization.

(F N=46%) JTHEFRES (7 P,0,=16%) ML
(7 K,0=262%), B PPIET 4 /N - K £ AR
SR , SR A i 1 L A9 i P 22 TV R 4
i A4 HEACESRT 1/4 B EIE K, o E 12 B E
TFUAIEAL , J5 174 BHRIEK D 32 F KRR 5 N
— 17 MR 27 em, 170 60 cm, FIAE % 61 728
B - hm7, Z/NEAEFIEE R 187.5 kg - hm™*, R
4 =AT R ATHE 20 em, BT A /N IX Y
N TR BR AR B

RI/NXAE 20 m, 55 2.4 m, MRS HE R
IEIERS R 1 BERE S BRI K LA
YRR R A AL, RN B 3 R
TS (R 1y 7K 4 A A0 7 B2 W) P s ~F- 17 Sk
TS, BN 60 em kS 1.38 L - h™'
LA 30 em B HALR 16 mm BEJEE 0.6 mm (1%
SEERM THEELCHEBE) , BN A&
BRI FIK
1.3 MEEHRSAHE
1.3.1 rt@fdgde BA/PXIER 15 HR&A/NE
HFOKMMR, TA/NERT HIME £k eEF R
FHRERE R 1 mm A9 BRI & 430 SR i A i e
Vi, 2/ NAE FLA AR R e )2 4 A AR A T I 4
TR .

L-B-K

TN

M FRFEE (1eaf area index,LAI) :

LAT= BARRI T A x B - i ARURR B0 B A7 £
Hio i AR (5)
1.3.2 #afe b3 AH T TLANERFTW K
T A RN B i R A Ay B AR
M) 3 F7/NE2 BT IR I 20 em Y22 BL30 5 1l B 4, R
FHRSFE A 1 mm A8 RO PR

S (4)
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BORYE TR,
IWUE = Y/I (6)
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W AN [FAE Y 0 BT T 3 0 A% Chup ./ /
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BEE o ARIEBA AT B E, T R R D
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1.4 HELE
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M E RIS S A M

P 2 S S [R]85 B b I T T A /N2 1 ok v AR
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1R R I 5, 36 A B 3 /K7 (P<0.01) , A =i B
EHHEIG R M8/, CT40 &b PR &5 /N, #8 CK1
Ab PR E N T 3.95% , Bt A B WHEDE, R IA &
EHRTRAD PR 2 (AR 5 22 S W 4 /N E SR B A 1
TR B w8 19 52 ) B Sk B 35 K - (P <0.05) , Hovpr
CT30 Fl CT40 4ZbFE#: CK1 Ab BRI 20 /N T 2.77%
F16.44% (& 2A) , RFHIE I, 1 FLHE £y
Bifi B A S R /N, o CT40 AbBE AR /N,
/NTF CKL AR A B IR AL B 2 6] O W
5,

EEHIRABEE 7 20 2 BRI 31 M
FEAE IR B 00 (P<0.05 ), ANK 1 1 oo 1 AR

FEECAT b 255 ), O 45T 1 N O A6 1 TG 2 5
(FE3) . NT40 Ak B 7 309 bk = A0 o 1 AR 4 40 HE 4%
CK2 B EFHACT 21.03% M1 2.42% , #5170k i 1 3
FEAR T 9.75% , FF AL bR & i B BEAR T 3.90%, 5
NT40 4bHH A, CT40 AbFEEG I 3515 IR HF A6 &
Kk M B E R T 23.09% .8.16% 1 4.21%,
GBEARIE T, BT HE RN B Rk i A T R 5
W i A= 30 A 2 2 /D 5 A TR SER T e B Ak B
AR BT R F B R K = A RS K

22 EFERMBEARNTEZNEZ-BEXKib LI

FHRENFE

B IR XS A /N7 T A6 1 R A T
Wy RS 535 (P<0.05) |, X 1 RN 9R 5 1 C B
FRW, JRAE, CT20 A FRES CKI1 M 34 5
HRERE T 11.99% (P<0.05), CT10,CT30 F
CT40 Ab¥ 5 CK AR Z M JC 0 % 25 % AU A
] B MR AL PRAS CK1 AR i 25 3 3 17 B3+
Yo fe, CT20 Ab 3R FHIR B fe K, B F & T
7.79% ,{A R[] B PR A BE 22 8] JC B 3 25 57 (A
4),

TG ABEE 7 0 B Tk 3R T 9
WA 4B, BRI SN, B R AHHE
O T Ho Al A W T R R B
R (P<0.05) , BFAAE T, NT40 AbFRYE B £ oK
B T A AN B b 1 ) o e 2 AR
F CK2 b3, HoAh B R AL P 22 (8] G B 3 25 57
MEEHE A 30 em F140 em B #HET N E £
K TFAE AT B A0 b 314 o e A R ) i
BRI S T apib B, 2 FORIFAERT, CT40 4b
FHHD b ETH S NT40 b3 5 458 5 T 8.47%
BT, CT30 AbFHHE b 3414 ot fm 48 NT30 Ab 2 i
FARE T 7.19% , CT40 Zb PR NT40 403 5 #4585
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23 EFERMBHEAXNTENEZ-BEEXTER

HMREZNZ

b T VEE A IR A& /NS 7 i B L R
RRZI ULER 3, BESHGR I I, B i AU A0 s R
SEBAINE WU N CT30 2B K, [ CK1 Ab 3
WERE T 14.33%, HARAMBRGAH S CKl 254
2 RO BIORT TR 2 Bl R A LR A 3G it 3
T, CT40 AbBEFR A, 73l e CK1 428 T 27.45% (P<
0.05) f15.73% ( P>0.05) , 5 CK1 M kb, HuF i
AR EE R B T &N, BARSR
Pl CT20>CT40>CT30>CT10, F= i Wi A 3.55% ~
7.68% , AN [R] B A HRURAb B 22 1] 2 S AN i 2%
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KON W B KNEEH I B
Growth stages of winter wheat Growth stages of winter wheat
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AN FENE FREFR R AR 22 5 i 35 (P<0.05) . FIFl,
Note; Different lowercase letters indicate significant differences between treatments ( P<0.05). Same as below.
2 EEERMNZNZFAEAEBEMEGEHERELRHZN

Fig.2 Effects of capillary burial depth on plant height and leaf area index of winter wheat at different growth stages
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Fig.3 Effects of capillary burial depth on plant height and leaf area index of summer maize at different growth stages
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Fig.4 Effects of capillary burial depth on dry matter quality of winter wheat and summer maize
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4 R B HEAHHE I 0 oK 8 S
MIRLEER M, 7 22 A R W, B MUY E £
KATRETC 0 (P>0.05) , W R BEATRL
B A RA B F I (P<0.05) . 5 CK2 AbFRAH
o, o BE S NT40 Ab B FRAR T B T K R A
Fem, HA BN S CK2 AbFRTE 35 25 5 b

AN R P AL L T S KRR
R (R [ B AP A B 2 [ 22 3 OF R
BEVE D 2O B K TAT B 552 10 (P<0.05) | X
B AR EPRLE A B TC B 25 52 (P>0.05)
T2 B MRS T AT B KB T A b
B EOR R OE B (P>0.05)

x3 EEERNZNMEFEREARERNZM

Table 3 Effects of capillary burial depth on the yield of winter wheat and its components

pOBL] B TR FRLER TR s
Treatment Spike density/(10*hm™?) Grain number per spike 1000-Kernels weight/g Yield/ (kg + hm™)
CK1 439.67+14.15b 36.70+3.31b 37.87+0.74a 5677.03+£142.99b
CT10 462.33+24.82ab 40.26+1.80b 38.11+1.56a 5878.80+551.94a
CT20 491.33+31.64ab 40.78+5.41ab 38.27+0.38a 6113.17+368.58a
CT30 502.67+27.49a 41.30+4.87ab 38.76+1.28a 5952.37£200.21a
CT40 449.00+24.44b 45.19+2.78a 40.04+1.26a 6029.47+372.81a

T RISV A RN PR R AR B 22 53 8. 3% (P<0.05) . T,

Note ; Different lowercase letters indicate significant differences at P<0.05. The same below.

R4 EEERMMEAXMNEEXTEREMREZRHZN

Table 4  Effects of capillary burial depth and tillage practices on summer maize yield and its components

Ib3 3N AT R TrRi%L ORI P
Treatment Ear length/cm Ear row Number per row 100-Kernels weight/g Yield/(t - hm™2)
CK2 18.39+0.49a 14.22+1.20b 39.56+1.13a 36.81+1.28b 10.66+0.35a
NT10 18.64+0.61a 14.67+1.41a 40.44£1.59a 40.31+2.25a 10.98+0.82a
NT20 18.38+0.69a 15.00+1.00a 41.00+1.66a 40.86+2.56a 10.93+0.27a
NT30 18.94+0.42a 15.33+1.00a 40.89+2.47a 41.55+1.84a 11.11+£0.43a
NT40 17.68+0.52b 15.56+0.88a 40.42+2.01a 40.67+1.14a 9.68+0.39b
CT30 18.69+0.64a 14.89+1.05a 40.56+1.94a 41.01£1.95a 11.21£0.24a
CT40 17.29+1.31b 14.56+0.88b 40.11+1.67a 40.23+1.05a 9.87+0.29b
B E AT Significance analysis
*}T-ﬁ:ﬁﬁ ns * ns ns ns
Tillage method
A R
. :E E@Lf\ * * ns * * sk
Capillary buried depth
SCHAE ns ns ns ns ns
Interaction

Heeox ,ox ox Fl ns 430N L E 22 5 (P<0.05) M3 25 57 (P<0.01) A& A B E 2257 (P>0.05)

Note: *, * #* , and ns represent significant (P<0.05), highly significant (P<0.01), and no significant (P<0.05) differences, respectively.

BT AT 4D T8 T 2023—2024 AEA/NE 8000
oMK 5 iR, 5 CK2 AFRAR L, it & T

NT40 Fil CT40 5 E WA T4 /N2 7 bk, Hof 4 88 P e | I P e
TRALEY CK2 Ah 391 JC .35 22 52 e bk 261 0t ol

R (7 B R A B S T N 3

B 25 A SR ) G, 4 /IN A 7 5 B 8 o %= 2000 |

CUNGIZES b

2.4 EEERMHEFTAXZNE-BEREREBRK
I AR R L2 5 20 am Y 2501
A AL BEHEMOK A R ANIEL 6 Bz o & /AT
WK R FHACR L CT20 dieis (CK1 AR, Bl i A

CK2 NTIO0 NT20 NT30 NT40 CT30 CT40
/b ¥ Treatment
Es5 #SEAXMEERRWS/NEFBHHM
Fig.5 Effects of capillary burial depth and
cultivation method on yield of winter wheat
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TR A 3G I VE R A AR FH AL 36 52 3020 15 I 5 98N 1Y
#att, FEKLL NT30 Fl CT30 fi i . CT40 F1 NT40
el & /NAZ DL NT30 5 o
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Fig.6  Effects of capillary burial depth on irrigation water use efficiency in winter wheat-summer maize
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Table 5 Effects of capillary burial depth and tillage practices on the economic performance of winter wheat-summer maize

T.%% &4 FEWTIH B BIA !
Gl am B e o IR ARIIE BA i A
. Labor Chemical Pipeline Total Total Net
Year Treatment Tillage Harvest . . Other . . .
cost fertilizer deprecmtmn mvestment mcome mcome
CK1 1500 750 1200 3000 1666 300 8416 14193 5777
20272%’23 CT10 1500 750 1300 3000 1666 300 8516 14697 6181
% A}
2052/_2023 CT20 1500 750 1400 3000 1666 300 8616 15283 6667
. CT30 1500 750 1500 3000 333 300 7383 14881 7498
winter wheat
CT40 1500 750 1600 3000 333 300 7483 15074 7591
CK2 0 750 1200 3000 1666 300 6916 21320 14404
NT10 0 750 1300 3000 333 300 5683 21960 16277
2023 EEk  NT20 0 750 1400 3000 333 300 5783 21860 16077
2023 summer  NT30 0 750 1500 3000 333 300 5883 22220 16337
maize NT40 0 750 1600 3000 333 300 5983 19360 13377
CT30 1500 750 1500 3000 333 300 7383 22420 15037
CT40 1500 750 1600 3000 333 300 7483 19740 12257
CK2 0 750 1200 3000 1666 300 6916 14050 7134
NT10 0 750 600 3000 333 300 4983 14788 9805
202722%024 NT20 0 750 600 3000 333 300 4983 15200 10217
INF
2053/_2024 NT30 0 750 600 3000 333 300 4983 15578 10595
. 0 NT40 0 750 600 3000 333 300 4983 14288 9305
winter wheat
CT30 1500 750 600 3000 333 300 6483 14800 8317
CT40 1500 750 600 3000 333 300 6483 14338 7855
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