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Effect of long-term fertilization on structure, physicochemical, and
biological properties of soil aggregates in walnut orchards

Sun Linna"*, Hao Yuanru', Qian Baoru®’, Wang Yue”, Shi Jingwen®, Zhai Meizhi'
(1.College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China;
2.Luoyun Water Conservancy Engineering Management Office, Suqgian, Jiangsu 223800, China)

Abstract: [Objective] This study investigates the comprehensive effect of long-term fertilization on soil
aggregate size distribution, physicochemical properties, and microbial characteristics in walnut orchards and
clarifies its regulatory mechanisms, aiming to provide theoretical and practical support for scientific fertilization.
[Methods] The walnut (Juglans regia 1..) cultivar ‘Xiangling’ was selected as the research object. Five
fertilization treatments were applied: (1) no fertilization (CK), (2) chemical fertilizer alone ('T,), (3) combined
application of chemical and organic fertilizers (T,) , (4) combined application of chemical and bacterial
biofertilizers (T3) , and (5) combined application of chemical, organic, and bacterial biofertilizers (T,). Soil
aggregate sizes were refined using the dry-wet sieving method, and soil aggregate structural stability, nutrient
distribution, and microbial activity were systematically evaluated. [ Results] L.ong-term fertilization significantly
improved the stability and functionality of soil aggregates. The T, treatment showed the optimal comprehensive

effectiveness, significantly increasing the proportion of small- and medium-sized aggregates (1~0.25 mm) ,
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improving soil pH and moisture content, and enhancing microbial activity and enzymatic metabolic potential.

Aggregate size affected microbial enrichment and enzyme activity distribution, with small and medium-sized

aggregates demonstrating stronger ecological advantages in nutrient retention and functional enzyme expression.

Although the T, treatment showed limited improvement in microbial activity, its higher soil microbial biomass

nitrogen to total nitrogen (SMBN/TN) ratio indicated a regulatory effect on nitrogen transformation.

[ Conclusion] The combined application of chemical, organic, and bacterial biofertilizers can optimize aggregate

structure and activate carbon- and nitrogen-related enzyme activities, thereby establishing an efficient and stable

nutrient cycling system. This significantly enhances soil ecological functions and production potential, making it a key

approach for achieving high yield and high quality in walnut orchards while promoting sustainable soil management.
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Table 1 Fertilization test design
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N P,0; K,O AW A=Ay

CK 0 0 0 0 0

T, 59.4 59.4 59.4 0 0
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Table 2 Composition of mechanically stable soil aggregates
B/ %
W >3 5~2 2~1  1~0.25 0.25~0.05 <C0.053
mm mm mm mm mm mm

CK  2387a  22.84a 20.37a 21.62c 8.82b 2.43ab
T, 17.47bc 20.68a 20.94a 27.50ab  10.42b 2.94a
T, 21.0lab 19.72a 18.68a 24.43bc  13.50ab 1.74bc
T, 17.77bc  19.43a 17.78a 25.97abc  16.28a 2.78a
T, 14.1lc 21.92a 19.75a 29.86a 13.13ab 1.17¢
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Table 3 Composition of water-stable soil aggregates under
different fertilization treatments

Bk 1/ %
Ab >2 2~1 1~0.25  0.25~0.053 <20.053
mm mm mm mm mm
CK 4.49¢ 3.04c 9.49¢ 66.53a 16.39a
T, 4.41c 4.23bc 12.65bc 66.46a 12.16ab
T, 5.79b  4.76bc  17.28ab 61.80ab 10.29b
T, 6.23b 5.50bc  19.79a 59.49ab 8.87b

T, 6.91a 6.02a 23.33a 55.45b 8.21b
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Fig. 1 Geometric mean diameter (GMD) and mean weight diameter (MWD) of soil under different fertilization treatments
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Table 4 pH values of soil aggregates under different fertilization treatments

Ak g =5 mm =2 mm >1mm =>0.25 mm ~>0.053 mm <20.053 mm
CK 7.56+0.009d 7.49+0.012¢ 7.72+0.064d 7.73+0.019d 7.58+0.023d 7.48+0.006e
T, 7.82+0.003c 7.82+0.029b 7.79+0.026d 7.774+0.075d 7.784+0.026¢d 7.80+0.039d
T, 7.83+0.012¢ 7.85+0.027b 7.91+0.009¢ 7.88+0.022¢ 7.85+0.065¢ 7.69+0.018c
T, 7.99+0.035b 7.89+0.045b 8.01+0.036b 7.99+0.015b 8.0240.077b 8.10£0.018b
T, 8.45+0.067a 8.26+0.069a 8.23+0.089a 8.18+0.012a 8.20+0.050a 8.33+0.029a
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Fig. 2 Changes in soil moisture content under different

fertilization treatments
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Fig. 4 Changes in carbon and nitrogen content of soil microbial biomass
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