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Abstract: [ Objective] The effect of combining organic fertilizer with a water retaining agent on the hydraulic
properties of brown soil in the tillage layer was analyzed in order to provide a technical approach and
theoretical basis that can be used to improve brown soil tillage by finding the optimal organic fertilizer
application amount and the optimal water retaining agent ratio. [ Methods] A brown soil topsoil from Shanxi
Province and a split-plot experimental design were used for the experiment. The main plot treatments were
the amount of organic fertilizer applied: F, (0 t/hm*), F, (45 t/hm”), F; (60 t/hm®), and F, (75 t/hm’),
and the subplot treatments were four water-retaining agent applications: B, (0 kg/hm?*), B, (300 kg/hm?®),
B; (600 kg/hm?®), and B, (900 kg/hm?®). The effects of the amount of organic fertilizer and water-retaining

agent on the soil water characteristics curve, specific water capacity, and available water content were
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analyzed. [Results ] @O Soil water-holding capacity, water-supply capacity, and the effective water content
increased in the organic fertilizer combined with water-retaining agent treatments compared to the water-
retaining agent alone treatments. @ The effects of organic fertilizer combined with a water-retaining agent on
soil hydraulic properties varied depending on the amounts of organic fertilizer applied. The water-holding
capacity and water-supplying capacity of the test soil at low suction section followed the order F;> F,> F,>
F,, and the same was true for the effective water content. @ Under the F; treatment, the water holding
capacity and water supply capacity of the soil first increased and then decreased as the water retaining agent
application rate increased. There was a parabolic relationship between the effective soil water content and
water-retaining agent application ratio (R* =0.949 3). [Conclusion] The improvement effect was greatest
under the treatments with a medium amount of organic fertilizer (60 t/hm*) combined with a water-retaining
agent and the optimum proportion of water-retaining agent under this amount of organic fertilizer was 0.91%.

Keywords: organic fertilizer; water retaining agent; water characteristic curve; specific water capacity; effective

water content
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Table 1 Amount of fertilizers for each treatment

2022 AF IR 2023 A IR

LI LN ¥ PR/ HHLE/ PR/
(tehm*) (kg+hm ?) (t*hm ?) (kgehm*)

B 0 0 0 0
B, 0 300 0 300
Fi B 0 600 0 600
B, 0 900 0 900
By 45 0 45 0
B, 45 300 45 300
F, Bs 45 600 45 600
B, 45 900 45 900
B 60 0 60 0
B, 60 300 60 300
Fy B 60 600 60 600
B, 60 900 60 900
B 75 0 75 0
B, 75 300 75 300
Fy Bs 75 600 75 600
B, 75 900 75 900
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Fig.1 Soil water characteristic curve of surface soil under different treatments
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Table 2 Parameters of soil water characteristic by V-G model under different treatments

b T BRAGKEG,) WA KRG 28 o e BH m ¥ 97 HiRk 22 (RMSE)
B, 0.037 5 0.451 5 0.014 7 1.347 7 0.258 0 0.034 2
. B 0.040 2 0.454 7 0.014 6 1.344 0 0.256 0 0.032 9
" B, 0.041 2 0.455 4 0.013 6 1.349 4 0.258 9 0.032 4
B, 0.040 2 0.454 7 0.014 6 1.344 0 0.256 0 0.030 7
¥y 0.039 8 0.454 1 0.014 4 1.346 3 0.257 2
B, 0.041 3 0.455 1 0.012 8 1.356 0 0.262 5 0.040 7
- B, 0.041 9 0.455 7 0.012 7 1.355 6 0.262 3 0.034 4
By 0.040 9 0.454 7 0.012 8 1.356 2 0.262 6 0.040 7
B, 0.040 3 0.455 0.015 6 1.338 4 0.252 8 0.030 0
¥y 0.041 1 0.455 1 0.013 5 1.351 6 0.260 1 —
B, 0.040 6 0.455 3 0.015 2 1.340 0 0.253 7 0.030 3
F B, 0.041 9 0.455 6 0.012 4 1.357 9 0.262 6 0.035 6
B, 0.042 5 0.456 3 0.012 3 1.357 5 0.263 4 0.035 9
B, 0.039 0 0.452 9 0.013 6 1.352 9 0.260 8 0.032 2
1y 0.041 0 0.455 0 0.013 4 1.352 1 0.260 4 —
B, 0.040 6 0.454 6 0.013 4 1.352 0 0.260 4 0.038 6
- B, 0.040 9 0.454 8 0.013 1 1.354 0 0.261 4 0.035 0
B 0.041 8 0.456 1 0.013 8 1.346 9 0.257 6 0.035 3
B, 0.040 9 0.455 1 0.013 9 1.347 5 0.257 9 0.033 6
¥y 0.041 1 0.455 2 0.013 6 1.350 1 0.259 3 —
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Table 3  Specific water capacity of soil mixed with different mass of organic

fertilizer and water retaining agent at different water suction

;Al/(kPa M g)

AT W T iR e B K A

AT I 1R 4 S H K 4 /107!

AT 1 iR A e K ik /1077

At B
10 kPa 30 kPa 50 kPa 100 kPa 300 kPa 600 kPa 900 kPa 1 200 kPa 1 500 kPa
B, 6.410* 1.697¢ 9.151% 3.957¢ 1.048" 4.531" 2.775¢ 1.959" 1.496¢
B, 6.146" 1.648° 8.935" 3.894" 1.044° 4.550% 2.799" 1.983¢ 1.518"
F
1
Bs 6.220" 1.670° 9.062% 3.953* 1.061¢ 4.630* 2.850° 2.020* 1.546¢
B, 6.165" 1.652¢ 8.957" 3.903" 1.046° 4,558 2.803" 1.986¢ 1.520°
S48 6.235°¢ 1.667° 9.026¢ 3.927°¢ 1.050" 4.567" 2.807" 1.987" 1.520"
B 6.443¢ 1.723¢ 9.332¢ 4.060° 1.086* 4.725° 2.904* 2.056* 1.573%
. B, 6.404* 1.716® 9.302¢ 4,053 1.086° 4.731° 2.910° 2.061* 1.578¢
~ By 6.316" 1.688" 9.141° 3.976" 1.063¢ 4.622" 2.840% 2.011" 1.538®
B, 6.015¢ 1.616¢ 8.772¢ 3.828¢ 1.028¢ 4.488¢ 2.763" 1.959¢ 1.500"
FIE 6.295" 1.686°" 9.137" 3.979" 1.066"" 4.642° 2.854" 2.022" 1.547%
B, 6.040° 1.624" 8.814¢ 3.847¢ 1.034¢ 4.5144 2.780" 1.970° 1.509"
" B, 6.423" 1.721¢ 9.328¢ 4.063° 1.089¢ 4.742° 2.916° 2.066* 1.581¢
' oB, 6.430" 1.724% 9.351% 4.076° 1.093¢ 4.765° 2.931° 2.077* 1.590¢
B, 6.463¢ 1.717¢ 9.272" 4.018" 1.068" 4.626° 2.837" 2.005" 1.532%
RAGLES 6.3394 1.6974 9.191* 4.001* 1.071* 1.662* 2.866% 2.030% 1.553%
B 6.385" 1.706° 9.237¢ 4,017° 1.074* 4.669° 2.869* 2.030" 1.553¢
E B, 6.341% 1.698¢ 9.199¢ 4.006* 1.072¢ 4.670° 2.871° 2.033¢ 1.556¢
4
B, 6.148¢ 1.655" 8.994" 3.931" 1.058" 4.625° 2.850* 2.021° 1.548¢
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Fig.2 Field water capacity, wilting coefficient, available water content and rapidly

available water content of surface soil under different treatments
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