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Fig.1 Dynamics of temperature and precipitation during maize growth period from 2023 to 2024
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Fig.2 Growth process of maize under different cultivation modes
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Fig.3 The mean change of growth period of maize under different cultivation modes from 2023 to 2024
x1 FREBKFEXT FIREETSARFE
Table 1 Characteristics of dry matter translocation and accumulation under different cultivation modes
N g R FYRHRE  ReHTFUHMEE HETYRHREE HETHIHEREE
FEy leﬁnﬁln&: C%ua lit?jif()ﬁn Dry matter Dry matter Dry matter Dry matter HI
Year densit ;,g mode accumula.ltion before . accumulation accumul.ation accumulatiqn
anthesis (t/hm?) in R6 stage (t/hm?) after anthesis (t/hm?)  rate after anthesis (%)
2023 LD FM 11.53a 30.83a 19.31a 62.61a 0.56a
NM 11.41a 30.56a 19.15a 62.67a 0.56a
T 10.71b 28.82b 18.12b 62.85a 0.53b
MD M 12.19a 33.53a 21.34a 63.63a 0.55a
NM 12.68a 33.26a 20.59a 61.87a 0.55a
T 12.18a 31.51b 19.34b 61.30a 0.52b
HD FM 13.81a 36.22a 22.42a 61.89a 0.54a
NM 13.89a 35.43a 21.54a 60.79a 0.54a
T 13.02b 32.94b 19.93b 60.48a 0.51b
2024 LD M 12.06a 28.56a 16.50a 57.77a 0.59a
NM 12.15a 28.89a 16.75a 57.95a 0.58a
T 11.45b 27.30b 15.85b 58.05a 0.55b
MD FM 13.18a 32.6la 19.43a 59.55a 0.55a
NM 12.77a 32.38a 19.61a 60.58a 0.56a
T 11.59b 29.76b 18.17b 61.04a 0.53b
HD M 13.77a 35.85a 22.08a 61.59a 0.54a
NM 13.21a 34.65a 21.43a 61.86a 0.55a
T 12.41b 32.88b 20.48b 62.27a 0.52b
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%:3% 1 Table 1 (continued)

MRS AR HHITRRRE  RMTURARE HETYWRREE  EETHRRRE
FE Ay o o Dry matter Dry matter Dry matter Dry matter
Planting  Cultivation HI
Year densit mode accumulation before accumulation accumulation accumulation
Y anthesis (t/hm?) in R6 stage (t/hm?) after anthesis (t/hm?)  rate after anthesis (%)
F4y Year ok sk sk P s
FIE % B Planting density ok ok ok ns ok
FH A Cultivation mode % s ok ns -
Ay FFE R E YearxPlanting density ns ns ok s s
A< FF A YearxCultivation mode ns ns ns ns ns
Tt 2 BE R AR A ns ok ok ns ns
Planting densityxCultivation mode
AR PR < R B =X ns ns ns ns ns

YearxPlanting densityxCultivation mode

FIZIA NG R R — SRR AL BEEIAE P < 0.05 /K T2 B3
NTCRE . T,

CR7 N kR SRR IRFE P<0.05 F1 P<0.01 AKEFEITEE, “ns” X

Different lowercase letters in the same column indicate significant differences at P < 0.05 level in the same year. “*” and “**” indicate significant

»

effects at P < 0.05 and P < 0.01 levels, respectively, “ns

o PR T RS A K AR R A AR e HE, SEPL e e

e TTESITER, B MR BRI x

FhAE 2 B B AEX AL JG T2 B AR R E AR R 5

B,

23 EMRBEEEXRFEREMREZENESR
P % BE 5 R 5 A X W () 52 ) oK 7= & S
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Mo x|
20t ] Sl
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£ 5} &%ﬁ +JT
3 16f
=
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R
12+
10 1 1 1
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Me ==
_ 20 sk _I'Es'| =
& ok TS a0 ES
= 18F g == '_‘
3 161 _‘
=
iz 14 +
R
12+
10 1 1 ]
LD MD HD

FiE % 5 Plant density
RV xk” BRIRIRTE P<0.05 F1 P<0.01 KPEREE, “ns”
KRR EER. NS
“#” and “**” indicate significant differences at P < 0.05 and P < 0.01
levels, respectively, “ns” indicates no significant differences. The same
below.

4 ARIFKEFEEREEKT2HTL
Fig.4 Changes of maize yield among
different cultivation modes

indicates no significant effects. The same below.

FM 5 NM #7845 Al & 13.6% 1 15.3%,
BEET TR 8.9%. FM F1 NM Ab P i) Fkr
HORT-br B T B30 B 35 4 1 6.5%~11.5%F1
7.1%~9.6%, MEHLEEER (£2) . 5T
AR ELE R 5, FM A1 NM B 176 )5 T4
TR (62.6%~63.6%) A T~ T #5210 (60.5%~62.8%)
(R 1), RFEERFREL AT EKER DS
FEERL,  [FDARTE T RS TR .
&2 TEHBEREERBEREZOTL

Table 2 Changes of maize yield components
among different cultivation modes

g MHEE RBES RN FRE AN

Year Plant%ng Cultivation  Grains IOQO—graln Ear number
density mode perear  weight(g) (x10%hm?)

2023 LD FM 611.10a 401.79a 7.10a

NM 598.80a  400.35a 7.01a

T 561.33b 375.11b 7.01a

MD FM 530.90a 374.30a 8.61a

NM 519.51a 370.92a 8.65a

T 478.470  344.50b 8.61a

HD FM 477.72a 340.49a 10.12a

NM 471.93a 347.31a 10.16a

T 428276 316.90b 10.12a

2024 LD FM 555.78a  427.18a 7.29a

NM 569.11a  418.91a 7.18a

T 521.67b  390.40b 7.28a

MD FM 518.44a 390.55a 8.64a

NM 514.89a 389.57a 8.79a

T 472.40b  354.50b 8.49a

HD FM 473.11a 364.65a 10.21a

NM 475.44a 365.08a 10.27a

T 446.67b  338.00b 9.80a

AN TR R 3 A 2O ORI R BT
SR, B LS R AR L S 170 5 o A )l A
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M, FM 5 NM QR 5% T-Hi S 44
TEET TN, MR EZER, RYREE
3 B A A AR Y 55 R E 2R ST 7

FhRE S M LD # 2 HD i, 3 Fhok i
TR BN BE 22.3%~29.8%, T K E (£ K 14.3%~
15.6%. LD %E R, FM Al NM #R0R 5% T
R0 AR R 8.9% M1 8.4%, TR 4y AR T
9.3%F1 7.0%. % EHEE G, FM Al NM 1 fokr
B3 e T BN 10.5%F0 9.8%, T-Ri 5 2y Ak
B BT 7.9%M 9.2%. FEET, NM R
iS5 FM 2R AR, HEE T EAR 11.5%,
2 U B A A 2K M T R R REORL I B BE 0 R0 R R
PIOCHE, 578 BRFME TG B AR . T E T R
(£3) , RIGHAEGPESEZ BN, T
DA IS s AL
24 ERFERHEMBEER. TYRREER HI

BB

BESITEER (5 R T AR
TERT A8 )5 T4 AR Bt 7= & S LR R (R 3

M

Feri THRMRR

Dry matter
accumulation

before anthesis |

TR THIRB R R

Dry matter
accumulation

after anthesis

TR THRRER
Dry matter o @-’
accumulation

before anthesis )

ERTHREER
Dry matter ’

accumulation
after anthesis

LML HIFR KRB ENANRE, HFRRERR

R3 FH MEZEMREER
PO Sa =y Be )% Al 0he ks Xy
Table3 Variance analysis of the effects of year,
planting density and cultivation mode
on maize yield and its components

ROk H TR K
bz Grains 1000- Mar s
Index per  grain numberYleld
ear weight
ﬂ;ﬁ} Year *ok *ok ns *k
FiAE % Planting density ok ok kR
FH{ Cultivation mode ok ok wh ok

FA<FIEEE YearxPlanting density *x ns ** s
ORI YearxCultivation mode  ns ns ** pg

Tol e 85 B <RI 2 L
Planting densityxCultivation mode
AR IR B < R R =X ns ns ns ns

YearxPlanting densityxCultivation mode

HI N EZS . 3 MU, JErr T 5 R
FELF L P, MR TR, 1)
TP AR R R TR R HT B2 TH I SCR Efitk . Fil
HoE AU R m BN O R, AR EOoR T
R EL ) 52 RERGR T ISR RE R . FM AT NM AR

Dry matter
accumulation

before anthesis )

EETORRERR
Dry matter .
accumulation

after anthesis

¥
.&0
(2]

The solid line and dotted line indicate significant and insignificant relationships, respectively, and the number indicates the path coefficient.
5 ERFERAEMBRER. TYRRRER H BBESHT

Fig.5 Path analysis of maize yield and its components, dry matter accumulation and H/
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Fig.6 Changes in economic benefits of maize
under different cultivation modes
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Fig.7 GHG emissions under different cultivation modes
femBEIRE S RKRE ) B E 4 S KREF M,
H VE Al R6 JHE NM #5370 $2 1 2.5~3.0 d
4.0~6.5 do X—H KR 5 Wang P KBL—5, B
BREAEAEFE R (VE 23D 77f 0~20 cm +-
FRERE 2.1~4.6 °C, JEEMEKAHAE. B
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MREK T FKAEFH, AR TR TR R EM
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Effects of No-Film Shallow Buried Drip Irrigation
on Maize Yield and Economic Benefits in the Hetao Region

Zhang Mengnan'2, Zhang Guogiang?, Xue Jun?, Zhu Xiya?, Xie Ruizhi?,
Xu Gaoping?, Li Shaokun?, Wang Keru?, Ming Bo?, Ge Junzhu'

("College of Agronomy and Resources and Environment, Tianjin Agricultural University / Tianjin Key Laboratory of
Intelligent Breeding of Main Crops, Tianjin 300392, China; 2Institute of Crop Sciences, Chinese Academy of Agricultural
Sciences/Key Laboratory of Crop Physiology and Ecology, Ministry of Agriculture and Rural Affairs, Beijing 100081,
China; 3Institute of Modern Agricultural Science and Technology, Tianjin Agricultural University, Tianjin 300392, China)
Abstract Global agriculture is facing the dual challenges of ensuring food security and achieving green and
sustainable development. Three cultivation modes, including film-mulched drip irrigation (FM), no-film shallow
buried drip irrigation (NM), and film-mulched flood irrigation (T), and three planting densities of 7.5x10* (low),
9.0x10* (medium), and 10.5x10* plants/ha (high), were established to explore their effects on maize dry matter
accumulation, yield formation, and the synergistic mechanisms of economic and ecological benefits. The results
showed that the FM mode significantly shortened the maize growth period, with the emergence stage and
maturity occurring 2.5-3.0 and 4.0-6.5 days earlier than those of the NM mode, respectively; however, there was
no significant difference in dry matter accumulation between the NM and FM modes, and the harvest index (H/)
remained comparable. Under high planting density, the yield of the NM mode was comparable to that of the FM
mode, but its greenhouse gas (GHG) emission intensity per unit yield was reduced by 30.0%. The NM mode
eliminated emissions from plastic film production, contributing 18.7% to emission reduction. Economically, the net
income of the NM mode increased by 87.3% compared with the T mode, benefiting from plastic film cost
savings and improved water and fertilizer use efficiency; environmentally, its GHG emission intensity per unit
yield was lower than the global average for maize production. In conclusion, the NM mode achieves the goal of
“ton-grain field” while simultaneously addressing the construction of “low-carbon field”, providing a theoretical
basis for exploring the synergistic path of grain production and low-carbon development in the Hetao Irrigation

District.
Key words  Green agriculture; Maize; No-film shallow buried drip irrigation; Economic benefits; Greenhouse

gas emissions
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