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Key mechanisms underlying the enhancement of sweet maize yield through
partial substitution of chemical fertilizers with organic manure in arid irriga-
tion districts

Cai Hong-Wei, Yu Ai-Zhong', Jiang Ke-Qiang, Wang Peng-Fei, Wang Yu-Long, Huo Jian-Zhe, Pang
Xiao-Neng, Yin Bo, and Shang Yong-Pan

College of Agronomy, Gansu Agricultural University / State Key Laboratory of Arid Habitat Crop Science, Lanzhou 730070, Gansu, China

Abstract: This study investigated the effects of partially replacing chemical fertilizers with organic fertilizers on sweet maize
yield in the oasis irrigation area and explores the underlying mechanisms, aiming to provide a theoretical basis for optimizing
high-yield cultivation practices in this region. Field trials were conducted in the Northwest Oasis Irrigation District from 2023 to
2024, with five levels of organic fertilizer substitution: 0% (CK), 10% (M1), 20% (M2), 30% (M3), and 40% (M4). The study
examined the effects of different substitution ratios on soil nutrients, photosynthetic characteristics, and sweet maize yield.
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Compared with CK, both M1 and M2 treatments enhanced sweet maize growth and soil nutrient accumulation, with M2 showing
superior results. the M2 treatment increased dry matter accumulation (DMA), fresh ear yield (EY), and fresh grain yield (GY) by
11.17%, 4.51%, and 6.31%, respectively. Soil total nitrogen (TN), available phosphorus (AP), and available potassium (AK) in-
creased by 28.23%, 7.07%, and 3.93%, respectively. Net photosynthetic rate (P,), stomatal conductance (G;), and transpiration
rate (7,) increased by 1.36%, 16.14%, and 34.34%, respectively, and all differences were statistically significant. Although M3
and M4 treatments increased stomatal conductance and transpiration rate, they reduced crop yield and soil nutrient content. Cor-
relation analysis indicated that TN, soil organic matter (SOM), root biomass (RB), SPAD, leaf area index (LAI), DMA, AK, T, AP,
and P, are key factors influencing EY and GY. To clarify the regulatory pathways among these variables, partial least squares
structural equation modeling (PLS-SEM) revealed that soil nutrients influence RB, which directly affects LAI and photosynthetic
parameters. LAI and photosynthetic parameters, in turn, directly influence DMA, ultimately affecting EY and GY. In summary,
replacing 20% of chemical fertilizer with organic fertilizer enhances yield by improving soil fertility and photosynthetic efficiency

in sweet maize. This approach offers a rational strategy for organic—inorganic fertilizer management in oasis irrigation systems.
Keywords: sweet maize; organic fertilizer; photosynthetic characteristics; soil nutrients; yield
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Precipitation and air temperature at the experimental station from 2023 to 2024

Table 1 Fertilizer application rates under different fertilization treatments
JEAM Base fertilizer (kg hm?) i Top application (kg hm?)

LLEL HHLIE : s FAL WA RmwlO R
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Treatment Organic Potassium Jointing Flare opening Filling

Urea Superphosphate .

manure chloride stage stage stage
APUEEA 0 1L CK 0 263 301 16 150 150 90
FHHUIERAR 10% L8 M1 302 236 282 12 150 150 90
HHLIERAL 20% 408 M2 604 210 263 8 150 150 90
AHHUIERAL 30% 08 M3 906 185 244 4 150 150 90
FHLAEEL 40% L0 M4 1208 159 225 0 150 150 90

CK: organic manure substitution 0%; M1: 10%; M2: 20%; M3: 30%; M4: 40%.
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Fig. 2 Fresh ear yield and fresh grain yield of sweet maize under different treatments
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Treatments are the same as those given in Table 1. Different lowercase letters above the bars indicate significant differences among treatments

(P <0.05). Error bars represent the standard error of the mean.
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Fig. 3 Effects of different treatments on dry matter accumulation in sweet maize
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Treatments are the same as those given in Table 1. V3: seedling period; V6: jointing period; V12: big flare period; R1: flowering period; R3:
harvest period. Different lowercase letters above the bars indicate significant difference among treatments (P < 0.05). Error bars represent the

standard error of the mean.
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Fig. 4 Root biomass of sweet maize under different treatments
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Treatments are the same as those given in Table 1. Different lowercase letters above the bars indicate significant differences among treatments

(P < 0.05). Error bars represent the standard error of the mean.
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Fig. 5 Dynamics and average leaf area index of sweet maize at different growth stages under different treatments
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Treatments are the same as those given in Table 1. V3: seedling period; V6: jointing period; V12: big flare period; R1: flowering period; R3:
harvest period. Different lowercase letters above the bars indicate significant difference among treatments (P < 0.05). Error bars represent the

standard error of the mean.
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Treatments are the same as those given in Table 1. V3: seedling period; V6: jointing period; V12: big flare period; R1: flowering period; R3:
harvest period. Different lowercase letters above the bars indicate significant difference among treatments (P < 0.05). Error bars represent the

standard error of the mean.
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Fig. 7 Effects of different treatments on photosynthetic parameters of sweet maize
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Treatments are the same as those given in Table 1. V3: seedling period; V6: jointing period; V12: big flare period; R1: flowering period; R3:
harvest period. Different lowercase letters above the bars indicate significant differences among treatments (P < 0.05). Error bars represent
the standard error of the mean.

1.62023 4012023 200 30.0}2023 912023
—~ r a —~ L [
~ - —~ C T a r
Ll e = 30 7, 150 B & |22sk b ®2 &ebe ¢ B 2
ED L bc be c g) .-:0 :
z 0.8 =20 E 100 =
i < o ]
041 50 ]
1.6+-2024 200
= 7 T:D o 2 ab
o =z 2150 . ?
on =y on ]
N é g . ’
Z o = 100 — ’
E ] 4 =
|
50 - ’
CK M1 M2 M3 M4 CK M1 M2 M3 M4 CK M1 M2 M3 M4 CK M1 M2 M3 M4 CK M1 M2 M3 M4
Treatment Treatment Treatment Treatment Treatment

8 ARLETHERTEFRSAE

Fig. 8 Soil nutrient content of sweet maize under different treatments
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Treatments are the same as those given in Table 1. TN: total nitrogen content; AP: available phosphorus content; AK: available potassium
content; SOM: organic matter content; pH: soil pH. Different lowercase letters above the bars indicate significant differences among treat-
ments (P < 0.05). Error bars represent the standard error of the mean.
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Fig. 9 Correlation analysis of sweet corn fresh grain yield and fresh ear yield with soil nutrients, photosynthetic parameters, and

dry matter accumulation

EY: 875 GY: SFFh™ &, DMA: TH M EE; TN: 2% &, SOM: AHUE & &; AP: B & i, AK: A& &; pH:
148 pH; SPAD: M4 &, LAL MEAIEEG P AR, T ZBIBHE,; C: M COWE; G RALFE; RB: MARLEY R, *M

#* 3 W FTRTE 0.05 F1 0.01 KF FAETE R 2% 5.

EY: fresh ear yield; GY: fresh grain yield; DMA: dry matter content; TN: total nitrogen content; SOM: organic matter content; AP: available
phosphorus content; AK: available potassium content; pH: soil pH; SPAD: chlorophyll content; LAI: leaf area index; P,: photosynthetic rate;
T,: transpiration rate; C;: intercellular CO, concentration; Gs: stomatal conductance; RB: root biomass. * and ** indicate significant correla-

tions at the 0.05 and 0.01 levels, respectively.
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Fig. 10 PLS-SEM analysis of the effects of soil nutrients, root biomass, and leaf photosynthetic parameters on sweet maize yield
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