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Effects of Soil Bulk Density on Transport Characteristics of
Water and Nitrogen under Bubbled-root Irrigation

FEI Liangjun LIU Xian WANG Jia ZENG Jian YANG Yang
(Institute of Water Resources and Hydro-electric Engineering, Xi’ an University of Technology, Xi’ an 710048, China)

Abstract: The different soil bulk density levels (1.35 g/cm’, 1.40 g/cm’, 1.45 g/cm’ and 1. 50 g/cm’)
were constructed by indoor manual configuration. The experiment of water and fertilizer infiltration was
carried out in the soil bin. The effects of soil bulk density on cumulative infiltration, wetting front
migration, soil moisture, NH, -N and NO, -N transport were investigated. An empirical model was
created, in which the cumulative infiltration amount and the wetting front migration distance were the
dependent variables, and the bulk density and infiltration time were independent variables. Results
showed that the soil bulk density had a significant effect on the cumulative infiltration, the migration
distance of wetting front and the distribution and transformation of moisture and nitrogen in the soil. With
the decrease of soil bulk density, the cumulative infiltration, wetting front migration, moisture in the
body, NH, -N and NO; -N contents showed an increasing trend. The greater the soil bulk density was,
the smaller the infiltration coefficient K became. The greater the soil bulk density was, the greater the
infiltration index a became. At the same time, the average value, the change amount and the conversion
rates of NH, -N and NO, -N in wetted body were increased with the increase of soil bulk density. The
closer the distance to the emitter was, the higher the contents of NH, -N and NO, -N became. The
distribution of NH, -N in the moist body was mostly concentrated in the vicinity of the emitter. With the
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redistribution, the content of NH, -N in the wetted soil and the conversion rate were decreased gradually,

and the transformation amount was increased gradually. After the redistribution for 3 d, 5d, 10d, 15 d
and 20 d, with the end of irrigation time as the benchmark, the decline order was 2.34% , 11.41% ,
34.22% , 59.06% and 73.75% , respectively. The distributions of NO; -N in the soil were similar to
water. After the redistribution for 3 d, 5d, 10 d, 15 d and 20 d, with the end of irrigation time as the
benchmark, the NO, -N content increase order was 0.76% , 60.12% , 156.95% , 204.68% and

180.51% , respectively.

transformation of moisture and nitrogen in the soil.

The soil bulk density had a significant effect on the distribution and

Key words: bubbled-root irrigation; soil bulk density; redistribution; models; nitrogen migration
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Tab.1 Measured and model fitted values of cumulative infiltration

e A B I [i1] /min
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Tab.2 Fitting results of wetting front migration distance

and infiltration time under different soil bulk densities
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Tab.3 Comparison between measured and model fitted values for migration of wetting front
L 58 AT min
15 25 45 80 120 180 240 360 420
S AR/ cm 7.30 10. 00 12. 10 16. 10 18. 60 21. 60 24.30 28. 80 30. 30
R HIAfH/cm 7.68 9. 46 12.03 15.21 17.94 21.17 23.80 28.08 29.90
MR/ % 5.24 -5.38 -0.62 -5.55 -3.55 -2.01 -2.05 -2.49 -1.30
S A/ em 9.10 10. 70 14. 40 16.70 20. 00 22.40 25.80 29.20 31.20
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Fig. 4 Contour maps of soil water content distribution in vertical profile under different soil bulk densities
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Fig. 6  Variation curves of ammonium nitrogen content under different soil bulk densities and redistribution times
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