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Study on the sustainability of maize production technology
by increasing density in northwest oasis irrigation area
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Abstract; In response to challenges such as the unclear threshold for increasing maize planting density under
nitrogen application and the sustainability of production in the Hexi Oasis irrigation area, a four-year field experi-
ment (2019-2022) was conducted. The experiment included two nitrogen application levels: no nitrogen ( NO)
and 450 kg + hm™>(N1) , along with three planting densities: low density (73 600 plants - hm™, D1), medium
density (85 900 plants - hm™>, D2), and high density (98 200 plants - hm >, D3). The study aimed to evaluate

the effects of these treatments on maize yield performance, resource utilization, economic benefits, and overall sus-
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tainability. The results showed that the high planting density combined with nitrogen application (N1D3) effectively
enhanced both grain yield and biomass yield of maize. Compared to the low density with nitrogen (N1D1) and me-
dium density with nitrogen (N1D2) treatments, the grain yield increased by 18.9% and 23.0%, respectively, and
biomass yield increased by 14.6% and 6.5%, respectively. Meanwhile, the N1D3 treatment also improved water
use efficiency, nitrogen use efficiency, and light use efficiency, which were enhanced by 34.2%, 10.5%, and
23.1% compared to N1D1, and by 16.9%, 5.1%, and 7.3% compared to N1D2, respectively. In addition, N1D3
treatment also had better performance in total output, per cubic meter water benefit, net income, and output/input
ratio under the condition of keeping the total input basically unchanged, which were 21.6%, 37.1%, 20.9%, and
15.6% higher than N1D2 treatment. Owing to the synergistic improvement in the efficiency of multiple resource di-
mensions, including light, water, and nitrogen use, the N1D3 treatment achieved a higher sustainability index,
which increased by 28.9% and 14.2% compared to N1D1 and N1D2, respectively. In conclusion, under the nitro-
gen application rate of 450 kg - hm™*, a planting density of 98 200 plants - hm ™ significantly enhanced maize yield
as well as light, water, and nitrogen use efficiencies. This combination can be recommended as a sustainable pro-
duction strategy to increase yield and resource efficiency for maize in the Hexi Oasis irrigation area.

Keywords: maize; dense planting; efficient utilization of resources; yield; economic benefits; sustainability e-
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Fig.2 Grain and biomass yields of maize under different nitrogen application rates and planting densities
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Fig.4 Water use efficiency of maize under different nitrogen application rates and planting densities
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Table 2  Effects of different nitrogen application rates
and planting densities on N uptake, N use efficiency
and N fertilizer use efficiency of maize

- o AIEFIHZ
o R MR AU e
Ay iR . N use
Year N level P]ant%ng N uPtaki efficiency u:se
density / (kg - hm™) J (ke - ke ) efficiency
/%
D1 215+7e 454+1.4b
NO D2 235+8d 48.6+1.0a
2019 D3 294+8¢c 42.1+2.6¢
D1 295+10¢ 42.0+1.3¢ 17.9+09¢
N1 D2 334+12b 44.2+2The 22.0+1.4b
D3 408+9a 45.5+1.7b 253+1.1a
D1 244+8d 36.6+2.3¢
NO D2 274+9¢ 36.5+1.3¢
2000 D3 324+12bc 35.0+1.5b
D1 330£12b 36.9+1.0b 19.3+0.8b
N1 D2 364+10b 40.1+1.5a 19.9+1.0b
D3 424+7a 41.8+0.9a 222+09a
D1 223+9f 34.8+1.2¢
NO D2 256+9 34.5+1.5¢
01 D3 287+10d 340+12¢
D1 317+5¢ 39.1+2.4b 20.8+0.9¢
N1 D2 366+13b 40.6+1.5b 24.6+1.0b
D3 412+6a 43.7+1.6a 279+1.2a
D1 215+7f 28.1+0.9d
NO D2 242+8e 28.0+2.8d
D3 289+10d 25.7+0.7e
2022
D1 302+8¢ 41.9+1.5¢ 193+1.3¢
N1 D2 342+12b 432+1.1b 222+1.0b
D3 402+12a 45.5+0.9a 25.1x1.1a
M Significance (P value)
i N level * * ns
FIAEZEE Planting density * ok # *
WA ) . .

N level xPlanting density

T o 5w JPIFURTE 0.01 10.05 KF T RE; ns FoRER
AW RSN NG T 5 R oR W) —4F £y 4k PR A 22 53 1 25 (P<
0.05), T,

Note: #* * and * indicate significant at 0.01 and 0.05 level, re-
spectively, ns indicates non-significant differences. Different lowercase
letters in the same column indicate significant differences among

treatments in the same year (P<0.05). The same below.
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Fig.5 Energy yield and light utilization efficiency of maize under different

nitrogen application rates and planting densities
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Table 3  Effects of different nitrogen application rates and planting densities on total output,
total input, net income, and input-output ratio of maize
i 25 B B 4l s i
O i ﬁ‘}rﬁiﬁfg - S - &A Mﬁ(ﬁn R
Year N level Planting Total output Total input Net income Input-output
density /(CNY « hm™2) /(CNY - hm™?) /(CNY « hm™2) ratio
D1 26373+£1085¢ 14310+679b 12063+611e 1.84+0.08e
NO D2 30911+1320d 14410+£484h 16501+444d 2.15+0.10d
2019 D3 33799+ 1469¢ 14510+689h 19289+991¢ 2.33+0.11b
D1 34001+1480c 16681+595a 17320+887d 2.04+0.09¢
N1 D2 40342+1808b 16781+£500a 23561+815b 2.40+0.11b
D3 50133+1415a 16881+£705a 33252+1123a 2.97+0.14a
D1 23903+1657f 14154+671b 9749+390e 1.69+0.07e
NO D2 26823+1108e 14254+776b 12569+438d 1.88+0.08d
2000 D3 30515+1299d 14354+681b 16161+726¢ 2.13+0.10¢
D1 33511+1455¢ 16619+592a 16892+865¢ 2.02+0.09¢
N1 D2 39935+1787b 16719+557a 23216+1197h 2.39+0.11b
D3 48074+1809a 16819+802a 31255+1418a 2.86+0.13a
D1 20840+ 1498f 14725+699h 6115+249f 1.42+0.06f
NO D2 23706+1570e 14825+504h 8881+545¢ 1.60+0.07e
2001 D3 26332+1083d 14925+709h 11407+577d 1.76+0.08d
D1 33932+1776¢ 17141+817a 16791+560c¢ 1.98+0.09¢
N1 D2 40678+1826b 17241+422a 23437+1108b 2.36+0.11b
D3 48518+2232a 17341+827a 31177+1414a 2.80+0.13a
D1 16149+ 1555¢ 14979+742h 1169+40f 1.08+0.04e
NO D2 18228+1063e 15079+717b 3149+184e 1.21+0.05e
2002 D3 20058+1458d 15179+721b 4879+235d 1.32+0.06d
D1 34509+ 1506¢ 17433+832a 17076+£674c¢ 1.98+0.09¢
N1 D2 40173+1300b 17533+736a 22640+966b 2.29+0.10b
D3 49252+1470a 17633+341a 31619+1038a 2.79+0.13a
EVE Significance (P value)
A N level % % - * % %
Tl 55 3 Planting density * % ns * % % %
A A< FAEZE N level xPlanting density * ns ¥ % *
> 2019 o 2020 o 2021 o 2022
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Fig.6  Per cubic meter water benefit under different nitrogen application rates and planting densities
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Table 4 Components of sustainability evaluation function and evaluation index of
maize production under different nitrogen application rates and plant densities
PEMTEFR1S4> Evaluation indicator score [HES5970
. gl AR JthE . BT KRR UEES
by e e i L 71(* R 2 }E:'\ \ ) : .
*}*MFEE JHRCE GIES GRS 7R Per cubic SHEA g Bt Sustainability
Treatment Grain . o Total . Input-output .
eld Water use N use light utilization tout meter water Total input  Net return i evaluation
ie efficiency efficiency efficiency outpd benefit rato index
NOD1 0.048 0.075 0.082 0.044 0.048 0.076 0.113 0.024 0.056 0.564
NOD2 0.055 0.084 0.083 0.052 0.054 0.084 0.113 0.034 0.063 0.622
NOD3 0.060 0.089 0.077 0.062 0.060 0.090 0.114 0.043 0.070 0.666
NI1D1 0.073 0.066 0.090 0.086 0.074 0.067 0.131 0.056 0.074 0.717
N1D2 0.087 0.073 0.095 0.098 0.088 0.073 0.132 0.076 0.087 0.810
N1D3 0.107 0.081 0.100 0.105 0.107 0.082 0.133 0.105 0.105 0.925
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