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Regulation Mechanisms of Water—Fertilizer Management and Intercropping on the
Quality of Greenhouse Cucumber and Celery
YIN Zhirong, MA Lan, JIN Jianxin, HE Jingin, LEI Jinyin
(Institute of Agricultural Resources and Environment, Ningxia Academy of
Agriculture and Forestry Sciences, Yinchuan 750002, China)

Abstract: [ Objective] This study aimed to investigate the effects of water-fertilizer management and greenhouse
intercropping on soil microecology and the quality of cucumber and celery. [ Methods] A three-year field
experiment was conducted. Two water-fertilizer modes, including continuous fertilization in irrigation (CF) and
alternating fertilization in irrigation (AF) , were employed. There were three planting patterns, including
cucumber monoculture (CU) , celery monoculture (CE), and cucumber-celery intercropping (CC). The impacts
of different treatments on crop quality, soil physicochemical properties, and microbial communities were
systematically evaluated. [ Results] The CCCF treatment significantly enhanced the vitamin C content in both
cucumber and celery (16.6% —200%) , while the CUCF treatment exhibited advantages in soluble sugar
accumulation. XGB model analysis revealed that available potassium and pH were the key factors regulating
vitamin C and soluble sugar content, respectively. Microbiome analysis indicated that intercropping treatments

enriched specific ASVs (7 371—7 526) and significantly increased the abundance of plant growth-promoting
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bacteria, including Steroidobacter and Flavobacterium, while inhibiting pathogenic fungal growth. Functional
prediction showed that water-fertilizer management primarily influenced nitrogen cycling functions, whereas
intercropping enhanced methanotrophy functions. Microbial co-occurrence network analysis further revealed that
CF formed tight bacterial networks, AF increased network modularity, and CC maintained high connectivity
while preserving moderate modularity. [ Conclusion] Different water-fertilizer and planting management practices
differentially influenced crop quality through the regulation of soil physicochemical properties, microbial
community structure, and ecological networks. Specifically, CCCF and CUCF were suitable for enhancing

vitamin C and soluble sugar content, respectively, providing new insights for precise quality regulation in

protected agriculture.
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Table 1 The quality of cucumber and celery under different management practices
CYN 3K
= N N [y . R I,
FOBR e v fijiu) R roiﬁ B e v fﬁji% ﬁfﬁ‘fl)
CU/CECF 1.4940.04a 37.82+0.10b 0.30+0.01b 0.484-0.02¢ 159.02+0.16a 834+12.82d
2029 CCCF 0.50+0.04b 44.11+0.13a 0.40+0.02a 0.494-0.03a 161.00+0.16a 1597+ 33.64b
CU/CEAF 0.474+0.04b 32.91+0.27b 0.40+0.02a 0.4540.02d 128.04=+0.10c 1011+10.29¢
CCAF 0.50+0.04b 34.74+0.04b 0.40+0.03a 0.4740.02b 152.02+0.23b 22484+11.43a
CU/CECF 1.78+0.02a 51.33+0.42b 0.414+0.02a 0.8640.07a 100.43+0.32d 900+ 33.80¢
9093 CCCF 1.17+0.07b 61.21£0.15a 0.40+0.02ab  0.5840.05¢ 162.01+0.72a 2900+194.24b
CU/CEAF 1.684+0.11a 41.7140.07c 0.35+0.02b 0.67-0.03bc 135.23+0.37b 900+ 38.29¢c
CCAF 1.5840.03a 56.34+0.05ab  0.37+0.02ab  0.7840.02ab 119.03+0.32¢ 4 000+107.78a
CU/CECF 1.2540.02a 109.12+0.16b 0.04+0.02a 0.0840.01c¢ 36.42+0.19¢ 2 400+53.07b
2024 CCCF 1.0840.09a 164.20+1.26a 0.02+0.01a 0.384-0.03a 109.28+0.25a 2 800+130.23a
CU/CEAF 1.084+0.01a 90.93+0.24b 0.02+0.01a 0.3040.03b 54.61+0.12b 2 100+99.94¢
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Table 2 Soil physicochemical properties under different management practices
B i M e %
iy e oH m%%ﬁ ﬁﬂ@/ mﬁﬁﬁ/ ﬁﬂﬁj Lﬂﬁf
(ms+cm (g-kg D (mg-kg D (mg-kg D (mg-kg D
CUCF 8.6440.19a 0.1940.02cd 22.0040.82ab 96.00£4.00bc  72.30+1.04d 270.004=7.19cd
CECF 8.5940.13a 0.2140.02¢ 20.00+1.63b 110.00+8.57ab  85.50+1.67b 370.00+2.29ab
2029 CCCF 8.5140.53a 0.2740.02b 21.404+0.44ab 92.00+6.86¢ 80.10+4.34c 325.00+4.33b
CUAF 8.3940.20a 0.3840.02a 24.00+0.16a 161.00+2.37a  117.2046.52a 565.00+20.82a
CEAF 8.7240.51a 0.1440.02¢ 19.30+1.33b 92.00+1.80c 64.60+3.54e 290.00417.96¢
CCAF 8.78+0.47a 0.1740.01d 18.40+1.27b 76.00+5.55d 77.00+1.31c 256.00416.08d
CUCF 7.95+0.17a 0.3240.02a 22.9540.65bc 86.9046.85bc  208.60+9.50cd  427.60+1.52ab
CECF 7.96+0.49a 0.284+0.02a 20.8041.16¢d 89.504+4.86b  242.30+15.41b  329.60+3.15¢c
2093 CCCF 7.934+0.01ab 0.31+0.02a 30.55+1.35a 111.45+2.41a  338.50+1.35a 425.1045.46ab
CUAF 8.00+0.08a 0.274+0.02ab 25.10£0.99b 87.75+2.92bc  241.80+2.55b 371.30£18.92bc
CEAF 7.974+0.24a 0.26+0.02ab 17.7040.11d 73.20£0.83c  218.80+3.53d 436.10430.06a
CCAF 8.09+0.17b 0.21+0.02b 22.50+1.27hc 81.45+5.35bc  194.754+12.59d  338.85424.83c
CUCF 7.83+0.26ab 0.23+0.11ab 21.67+1.47ab 104.33421.17a 206.33+15.33abc  202.33+26.54a
CECF 7.89+0.15ab 0.2340.11ab 20.53+1.31b 105.33+20.42a 156.33+10.21d  228.00+8.16a
2024 CCCF 7.88+0.12b 0.234-0.03a 27.83+2.39% 124.67+£9.84a  291.67+18.62a  224.33+13.07a
CUAF 8.09+0.10ab 0.1840.04ab 22.23+2.98ab 103.00420.40a 242.00£62.79ab  232.00+9.93a
CEAF 8.01£0.05ab 0.2140.04ab 19.2340.76b 96.00£10.68a 183.00413.49bed 210.67420.27a
CCAF 8.07£0.04a 0.1340.02b 20.001.98b 89.33+2.49a  174.004+4.90cd  226.00118.4a
KB AE »=0.16 »=0.09 »=0.06 »=0.01" »=0.39 »=0.90
PP A »=0.71 $»=0.35 £=0.20 »=0.56 »=0.53 p=0.46
K NE A8 B AR A 2 p=0.27 £=0.02" £»=0.01" p=0 p=0.15 »=0.50
HoARREREE(Pp<0.05, FH.
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Fig. 1 Contribution of soil physicochemical factors to the quality of cuacumber and celery
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Table 3 Alpha-diversity of soil microbe under different management practices
TIEHEY 4ib # [ ARG TRV E RYRT 2N
CUCF 2 888.68+111.98a 7.224+0.05a 0.91+0a 334.33+19.44a
CECF 3032.134+242.77a 7.134+0.05a 0.89+0c 349.45+35.37a
i CCCF 3163.95+263.34a 7.254+0.09a 0.90+ 0ab 365.44+43.53a
CUAF 3176.924+109.23a 7.2740.04a 0.90+0.01ab 368.35+28.80a
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Fig.2 Compositions and differences of soil bacterial and fungal communities under different management practices
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Fig.3 Differential species of soil bacterial and fungal genera under different management practices
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Table 4 Topological properties of microbial co-occurrence networks under different management practices

] 24 24 A1 J& T —7/K—lECF P& K —fE AF #JNHAE CU FEFE AR CE [ {E CC
REps 50 48 45 47 47
il 204 122 93 121 134
RS 8.16 2.54 4.13 2.57 5.70
p— o 28 B A% 5 5 13 6 10
el % i 0.17 0.05 0.09 0.06 0.12
e gie 0.42 0.53 0.61 0.55 0.49
R ERE 0.53 0.21 0.51 0.28 0.52
VR PR 2.52 2.23 4.51 1.94 3.49
BB 49 50 51 49 49
il 100 122 144 111 155
RS 4.08 4.88 5.65 4.53 6.33
— o 28 E A% 9 7 9 14 10
<] %5 JiE 0.09 0.1 0.11 0.09 0.13
Eegie 0.51 0.49 0.51 0.53 0.53
FEIRERE 0.44 0.47 0.51 0.51 0.63
SOl EEN S 3.13 3.06 3.39 5.11 3.76
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