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Abstract: [ Objectives ] In response to the challenge of limited water resources and the difficulty in ensuring a

sustainable water supply for crops in arid areas, this study innovatively introduces a negative pressure irrigation

system. The aim is to explore in depth how negative pressure irrigation affects the physiological functional
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characteristics and nitrogen metabolism of maize under drought stress, providing new scientific strategies and
technical support for agricultural irrigation in arid regions. [ Methods ] The experiment was conducted at the
experimental base of Heilongjiang Bayi Agricultural University in Heilongjiang Province. Four treatments were
set up: negative pressure irrigation under drought stress at —10 kPa (H1), artificial irrigation under drought stress
(H2), negative pressure irrigation under drought stress at —15 kPa (H3), and conventional watering (CK). Negative
pressure irrigation was applied throughout the entire growth period for H1 and H3 treatments to study changes in
maize growth, yield, and nitrogen metabolism-related indicators. [ Results ] During the jointing, heading, filling,
maturity stages of maize, the soil moisture content of CK treatment was 80.0% to 90.4% of the field capacity, H1
treatment remained stable at 49.9% to 53.0% of the field capacity, H2 treatment was 29.1% to 46.8% of the field
capacity, and H3 treatment was 38.6% to 41.4% of the field capacity. Plant height in H1 increased by 64.4%,
29.8%, 19.5%, and 20.1% compared to H2 plants. During the tasseling and maturation stages, the stem diameter
of H1 treatment decreased by 48.4% and 49.3% compared to CK treatment; during the jointing stage, the stem
diameter of H1 treatment was significantly higher than that of H2 treatment, while there was no significant
difference between H1 and H2 treatments during other growth stages. In the four growth stages, the dry matter
accumulation of maize under H1 treatment was increased by 20.2%—44.8% compared with H2 treatment. The
nitrogen absorption of H1 treatment was increased by 43.1%—151.9% compared with H2 treatment. From jointing
stage to maturity stage, the nitrate reductase activity of maize showed a continuous increase trend, and H1
treatment was the highest, which was 24.8%—99.9% higher than CK treatment, 41.6%—427.4% higher than H2
treatment and 25.8%—94.0% higher than H3 treatment, respectively. Glutamate dehydrogenase (GDH) activity of
H1 treatment was 118.9%—156.4% higher than that of CK treatment, 255.4%—293.5% higher than that of H2
treatment, and 84.5%—98.4% higher than that of H3 treatment, respectively. The activity of glutamate pyruvate
transaminase (GPT) in H1 treatment was increased by 35.8%—81.8% compared with CK treatment, 111.9%—
194.3% compared with H2 treatment, and 21.6%—90.9% compared with H3 treatment. From jointing stage to
maturity stage, the nitrate nitrogen content of H1 treatment was increased by 152.3% to 296.7% compared with
H2 treatment, 36.9% to 89.4% compared with H3 treatment and 62.6% to 162.7% compared with CK treatment.
The amino acid content of H1 treatment was increased by 39.4%—139.6% compared with H2 treatment,
15.2%—87.2% compared with H3 treatment and 41.3%—67.8% compared with CK treatment. At the maturity
stage, there was no significant difference in yield between CK and H1 treatment, and the yield of H1 treatment
was 206.4% and 134.7% higher than that of H2 and H3 treatment, respectively. [ Conclusions ] Under drought
stress, negative pressure irrigation at —10 kPa has a significant positive effect on maize growth. Compared with
artificial irrigation under drought stress, it can increase plant height, stem diameter, dry matter accumulation, and
yield, enhance nitrogen metabolism, promote nitrogen absorption and utilization in maize, and significantly
improve nitrogen uptake.

Key words: drought stress; negative pressure irrigation; maize; nitrogen metabolism;
physiological characteristics
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Fig. 1 The effects of negative pressure irrigation on soil moisture content under drought stress
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Note: CK—Conventional irrigation without drought treatment; Hl—Negative pressure irrigation treatment under drought stress, with a negative

pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05). The soil moisture content is the percentage of actual moisture content to field water holding

capacity.
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Fig. 2 The effects of negative pressure lrrlgatlon on maize plant height under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative

pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 3 The effects of negative pressure irrigation on maize stem diameter under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative

pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 4 Effects of negative pressure irrigation on dry matter accumulation in maize under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative

pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 5 The effects of negative pressure irrigation on maize nitrogen absorption under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative

pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 6 Effects of negative pressure irrigation on maize nitrate reductase activity under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative
pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 7 The effects of negative pressure irrigation on maize glutamate dehydrogenase (GDH) activity under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative
pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 8 The effects of negative pressure irrigation on maize glutamate pyruvate transaminase (GPT)
activity under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative
pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 9 Effects of negative pressure irrigation on nitrate nitrogen content in maize under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative

pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).
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Fig. 10 Effects of negative pressure irrigation on amino acid content in maize under drought stress
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Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative
pressure water supply pressure of —10 kPa; H2—Artificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Different lowercase letters above the bars indicate significant difference

among treatments during the same stage (P<0.05).

®1 TEWETREERNER™

EREXMEROFME (2023 £))

Table 1 Yield and related traits of maize under different negative pressure irrigation under drought stress
during the mature stage in 2023

il P FEATHR FEREL FrkiEk [Ep A FERKJE
Treatment Yield Rows per ear Grains per ear Particles per row 100-Grain weight Bald tip length
CK 177.04+9.26 a 14.00+1.00 a 497.00+£22.65 a 22.00+1.00 b 30.59+1.27 a 3.03+0.06 a
H1 172.23+7.60 a 10.67+1.53 b 265.33+17.47 b 26.00+1.00 a 29.63+2.39 a 3.10+0.36 a
H2 56.2142.76 ¢ 11.33+2.08 ab 130.33+7.51d 17.00£2.65 ¢ 29.95+1.32a 2.67+0.15 ab
H3 73.38+6.76 b 12.00+1.00 ab 178.67+9.61 ¢ 20.33+1.53 be 28.51+0.56 a 2.37+0.15b

. CK—H T R A0 Hl—F R 8 T 0URE AR, fRAUKE J1o-10 kPa; H2—F 5 F A T80 H3I—TF 2 Wha T &

TEMRAL PR, GURMOKIE S —15 kPa; R A FRIBAMERE . R AR/NG FRER A 2 [0 225 B3 (P<0.05).
Note: CK—Conventional irrigation without drought treatment; H1—Negative pressure irrigation treatment under drought stress, with a negative
pressure water supply pressure of —10 kPa; H2—Aurtificial irrigation under drought conditions; H3—Negative pressure irrigation treatment under

drought stress, with a negative pressure water supply pressure of —15 kPa. Values in the table are shown as mean =+ standard deviation. Different

lowercase letters after data in a column indicate significant difference among treatments (P<0.05).
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