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Transport Characteristics of Water and Nitrogen under
Bubbled-root Irrigation with Fertilizer Solution

Fei Liangjun Fu Yuliang He Zhenjia Nie Weibo Wang Bo Wang Longfei
(Institute of Water Resources, Xi'an University of Technology, Xi'an 710048, China)

Abstract; In order to improve the utilization rates of water and fertilizer and reduce the loss of nitrogen
fertilizer and deep seepage under bubbled-root irrigation, the change features of soil wetted body as well
as the water and nitrogen movement characteristics with different fertilizer solution concentrations were
studied. The relation between the cumulative infiltration volume and transportation distance of wetting
front with the change of solution concentration was presented. Besides, the empirical models for
cumulative infiltration volume and wetting front transportation distance were established under bubbled-
root irrigation; the impact of fertilizer solution concentration on the distribution laws of NO, -N and NH, -N
content within the scope of infiltration depth was analyzed. The results of the experiment showed that
when the liquid concentration was increased, the cumulative infiltration in unit area was increased with
time, and both infiltration amount and wetting front transportation distance showed remarkable power
function relationship with infiltration time. The determination coefficients were up to 0.98 and 0. 96,
respectively, which were greater than the critical correlation index (0.605 5); in the redistribution of
infiltration, the liquid concentration of 41.7 g/L could guarantee better water absorption of jujube root,
the influences of different concentrations of nitrogen on conversion rate of soil were different, the
conversion rate of nitrate nitrogen was not significant, and the conversion rate of ammonium nitrogen of
33. 3 g/L was the highest.
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Tab.1 Gradation composition of test soil

i 2 /mm 0~0.002 0.002~0.02 0.02~0.20 0.2~2.0
Bl /% 17.55 42.59 38.86 1.00
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Fig.1 Experimental system structure
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Fig.2 Cumulative infiltration curves under bubbled-root

irrigation with fertilizer solution in unit area
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Tab.2 Comparison of simulated and measured values of cumulative infiltration

i H

A B B} [A]/min

15 25 35 65 95 125 155 215
S AE / mm 15.15 23. 14 30. 60 51.15 70. 09 88.01 105.22 138. 05
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Fig.3 Variation of wetting front transport in soil profile

UnTEL 3 Fiv 7, 0 2R MR A5 1R TR IR WA B AR K F
77 10 5 7 1) b 59 B s B R R 2 L fa] ¢ £
T RREOC AR R
R =At (11)
A R—— SR AR E Bl E 7K It 1) 22 4 19 7K F (1%
H) J5 R E S BB, em
Ab— RS
FHECCIL) 23500 % B3 v K P 5 1) R BT 1wl
D 1 B i dh R AT 00, T A M B R T R s AR B
B S AB I SC R MK 3 .
%3 EHAERRBEBMAER
Tab.3 Fitting result of wetting front transport

in vertical profile
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Tab.4 Comparison of simulated and measured values of wetting front transport

A B} [E]/min

s B B
15 25 35 65 95 125 155 215
SEM A/ em 10.03 13. 00 16. 10 21.30 25. 60 30. 40 33.30 40. 10
R, HE A /em 9.54 12. 67 15.28 21.55 26. 62 31.00 34.94 41.91
AR 22/ % -1.89 0.20 -2.68 3.33 5.89 3.67 6.51 5.85
S/ om 11.30 15. 40 18.90 25. 60 31.90 37. 60 42.70 51. 60
R. WA/ om 10. 92 14. 89 18.27 26. 60 33.49 39.57 45.08 54.99
AT R 22/ % -2.30 -3.15 -3.79 2.29 2. 64 2.36 2.31 2.66
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Fig.4 Variation of vertical soil moisture at emitter under different fertilizer solution concentrations
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Tab.5 Dstribution of soil moisture for each layer under different fertilizer solution concentrations

b TIE Y )55 4k o KR (grg ")
Hsf ] /d /(g L1 0 ~20 cm 20 ~40 cm 40 ~60 cm 60 ~80 c¢m 80 ~ 100 c¢m
33.3 0.264 0.255 0. 187 0. 100 0. 098
O(HEKEEH) 41.7 0.275 0.265 0.194 0.101 0.098
50.0 0.287 0.273 0.204 0. 103 0. 098
33.3 0. 169 0.197 0. 196 0.171 0. 120
1 41.7 0. 178 0.202 0. 205 0. 174 0. 123
50.0 0. 185 0. 205 0. 206 0.182 0. 149
33.3 0. 138 0.161 0.168 0. 145 0. 126
3 41.7 0. 154 0.168 0.179 0. 148 0. 140
50.0 0. 164 0.172 0. 174 0.157 0. 146
I 97 o e % (P =0.002) % (P=0.012) % (P =0.044) % (P=0.023) NS(P=0.173)
Rl B4 A5 B[] % (P =0.001) % (P =0.001) % (P =0.001) % (P =0.003) % (P =0.009)
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DR, 36 5 7 3 A A MUY 1) 52 W B I S o 6 T AE
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Fig.5 NO; -N distribution status under bubbled-root irrigation with different fertilizer solution concentrations
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Tab.6 Distribution of NO; -N content for each layer under different fertilizer solution concentrations

il 85 Ak e 3 AR RUR R/ (mg-kg ™)
I ] /d /(g L") 0 ~20 cm 20 ~40 cm 40 ~ 60 cm 60 ~ 80 cm 80 ~ 100 cm
33.3 311.7 306. 7 246.7 111.7 35.0
O(TEKEER) 41.7 340.0 326.7 258.3 130.0 43.3
50.0 375.0 365.0 281.7 158.3 56.7
33.3 398.3 300.0 155.0 51.7 33.3
3 41.7 425.0 376.7 195.0 68.3 36.7
50.0 466.7 423.3 241.7 85.0 43.3
JIE Y R % (P=0.003) NS(P=0.132) NS(P=0.152) NS(P=0.140) NS(P=0.118)
KEZA T4 A I ) # (P=0.001) NS(P=0.239) NS(P=0.050) NS(P=0.059) NS(P=0.165)
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Fig.6 NH, -N distribution status under bubbled-root irrigation with different fertilizer solution concentrations
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Tab.7 Distribution of NH, -N content for each layer under different fertilizer solution concentrations
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