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Effects of combined application of biochar and nitrogen
fertilizer on soil and water loss in flue-cured
tobacco/corn intercropping system on sloping farmland
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Li Xiaomin', Gao Peng®, Zhang Dexu', He Chenggang'
(1.College of Tobacco Science, Yunnan Agricultural University, Kunming 650201,
China; 2.China Tobacco Anhui Industrial Co., Lid., Hefei 230000, China)

Abstract: [Objective] This study aims to clarify the synergistic soil and water conservation effect and specific
roles of combined biochar and nitrogen fertilizer application in the flue-cured tobacco/silaga maize intercropping

system on sloping farmland, in order to mitigate the risks of soil erosion and nitrogen loss exacerbated by high-
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intensity rainfall and high nitrogen input in this system. [Methods] A flue-cured tobacco (Yunyan 87) and silage
maize (Zhongyan 335) intercropping system was used as the study system, and simulated rainfall experiments
were conducted on plots with a slope of 10°. Two simulated rainfall events were conducted : the first after the initial
harvest of flue-cured tobacco (before maize transplanting) and the second before the tasseling stage of maize. Each
event applied three rainfall intensities (40, 70, and 160 mm/h) , each lasting for 30 minutes. The experimental
design included three nitrogen (N) application levels: no nitrogen (Ny: 0 kg/hm? , half nitrogen (N,: 52.5 kg/hm?*
for flue-cured tobacco + 100 kg/hm? for maize) , and conventional nitrogen (N,: 105 kg/hm* for flue-cured
tobacco + 200 kg/hm? for maize) ; and two biochar treatments: no biochar (B,: 0% ) and biochar addition (B;: 3
kg per 100 kg of soil, equivalent to 3% ). Parameters, including soil nitrogen content, soil erosion amount, runoff
initiation time, runoff volume, and nitrogen loss in runoff, were measured for different treatments at various
stages. [Results] Under different rainfall intensities, the treatments amended with biochar demonstrated
significant improvements in soil and water conservation. The combined application of biochar and conventional
nitrogen fertilizer (B,N,) significantly prolonged runoff initiation time (by 124.86% under the 160 mm/h rain
intensity) , reduced the runoff volume (by 46.58% to 62.85% across different intensities, with significant
reductions at 40 and 70 mm/h), and significantly decreased soil erosion amount. Furthermore, the soil and water
conservation effect was enhanced with increasing rainfall intensity. Biochar addition also improved soil nitrogen
retention ability: the B,N, treatment significantly reduced nitrate nitrogen concentration in runoff under 70 mm/h
rainfall intensity, and increased soil total nitrogen content after the maturity of flue-cured tobacco and silage maize.
Soil nitrate nitrogen and ammonium nitrogen contents were also significantly increased. Compared with the half
nitrogen treatment without biochar (B;N,) , the combination of biochar with half nitrogen fertilizer (B,N,) still
significantly prolonged runoff initiation time (by 56.8%) and reduced the runoff volume (by 28.1%) under 40
mm/h rainfall intensity. However, the reduction in soil erosion was not significant under 160 mm/h.
[ Conclusion ] The combined application of biochar and conventional nitrogen fertilizer significantly enhances soil
and water conservation capacity, exhibiting the optimal effect. Although combining biochar with half nitrogen
fertilizer is less effective, it still provides considerable soil and water conservation benefits.

Keywords: nitrogen; biochar; flue/cured tobacco-corn intercropping; soil and water conservation; nitrogen loss
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Table 1 Basic soil fertility

2R/ 2/ a4/ A/ HAER/ HHLEL/ ol fite &L/ AR/ &R/
(gekg ") (g+kg™") (gekg’) (mg+kg') (mgekg! (g+kg’) (mgekg" (mgekg ') (mgekg"
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Table 2 Fertilizer application amount of different treatments

e X5 R 240 A e/ 5 M 2l B (P.Os) &L/ FE IR ATER (K.0) &/ R/ FK A A =/
(kg *hm™?) (kg *hm™?) (kg *hm™?) % (kg *hm?)

B,N, 0 105 210 0 0

BN, 52.5 105 210 0 100

BN, 105 105 210 0 200

BN, 0 105 210 3 0

BN, 52.5 105 210 3 100

BN, 105 105 210 3 200
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Table 3 Soil nitrogen content of different treatments

2R/ (gekg ")

AR/ (mgkg )

AR/ (mg kg ")

o % I HI K ¥ I I K ¥ I HIEK
BoN, 0.516¢ 0.446¢ 31.249d 29.529d 29.450bc 28.713b
BoN, 1.315b 1.197ab 43.932b 38.174b 25.199d 24.279d
BN, 1.400ab 1.234ab 41.829b 40.784b 28.085¢ 26.266¢
BN, 1.220b 1.135b 36.088c 35.783c 30.467b 29.405b
BN, 1.399ab 1.365a 44.439b 41.713b 30.880b 29.096b
BN, 1.524a 1.369a 65.866a 61.606a 33.353a 32.336a

B *% *% *% *% *% ok

N *% *% *% *x% *% *%
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Table 4 Runoff initiation time and runoff volume under different rainfall intensities and treatments

e 40 mm/h 7 5% 70 mm/h T 5& 160 mm/h [ 5%
FELT A /s U /ml FE T E] /s A /ml PR E] /s it /ml

B, N, 408.0b 1778.5a 364.5b 2373.0a 67.0b 21105.0a
B, N, 498.0b 1450.0b 394.5b 1742.0a 46.0b 23792.5a
B, N, 902.0b 1079.5¢ 798.5b 1540.0ab 92.5b 13235.0ab
B, N, 505.5b 1214.0bc 409.5b 1709.0ab 66.0b 16108.0ab
BN, 781.0b 1043.0c 496.0b 1444.0ab 101.0b 16015.5ab
BN, 1621.0a 401.0d 1304.5a 747.5b 208.0a 7070.5b
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Fig. 1 Soil erosion amount under different rainfall intensities and treatments
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Table 5 ANOVA results of soil erosion amount under
different rainfall intensities and treatments

e 4031:1th 7031/11th 162 /mrrll/h
[E2Ls IS 12l
B ko kk kk
BXN Hk NS NS

£6 A0mm/hFETARLEEZRARRE
Table 6 Runoff nitrogen loss of different treatments
under 40 mm/h rainfall intensity

Ak B (mg-L ") (mg+L™")
9 LIRKETT S 2KRETT BB LIRPER 28 2 IKBEM

By N, 3.419¢ 1.717d 0.581a 0.559a
By N, 4.111b 4.153a 0.482ab 0.522b
B, N, 6.194a 4.257a 0.496ab 0.537ab
BN, 4.370b 2.660c 0.463ab 0.434d
BN, 4.480b 3.501b 0.393b 0.476¢
BN, 4.212b 4.243a 0.459ab 0.525b

B *k * * *

N ok ok NS NS
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Table 7 Runoff nitrogen loss of different treatments
under 70 mm/h rainfall intensity

b 3E (mg+L ") (mg+L™")
HLRBETY S 2WRETT SR LIKBEM A 2K IR

B, N, 2.280d 1.554¢ 0.738a 0.527a
BN, 3.211c 4.311a 0.579b 0.484c
BN, 6.770a 4.257a 0.550bc 0.513ab
BN, 2.367d 1.660bc 0.479¢ 0.471c
BN, 2.986¢ 1.470c¢ 0.573b 0.467c
BN, 4.489b 1.795b 0.499¢ 0.502b
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Table 8 Runoff nitrogen loss of different treatments
under 160 mm/h rainfall intensity
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