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Effects of biochar on NH; volatilization from four typical soils during early growth stage of winter wheat in

the North China Plain

ZHANG Shui—qing', ZHANG Bo'?, YUE Ke', SUN Yun’, ZHANG Xiu-ling’, LIN Shan’, HUANG Shao—min'

(1.Institute of Plant Nutrition and Environmental Resources Science, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China;
2.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order to investigate the effects of biochar on NH; volatilization in the North China Plain, four typical soils (paddy soil, lime
concretion black soil, cinnamon soil, and fluvo—aquic soil) were adopted for field micro—plot trials in the study area. There were four
treatments : Control (CK), fertilizer(NPK), biochar(BC ), and fertilizer with biochar(NPK+BC). NH; volatilization loss was observed during
the early growth stage of winter wheat, and the effects of soil mineral nitrogen content, soil pH value, and temperature on soil ammonia
volatilization were analyzed. The results showed that the cumulative ammonia volatilization from NPK treatment of the four soils was 2.70,
3.14, 2.90, and 4.00 kg N-hm™, and accounts for 3.3%, 3.8%, 3.5%, and 4.9% of nitrogen application. Cumulative ammonia volatilization
was reduced when biochar was applied together with chemical fertilizer in lime concretion black soil (15.3%) and fluvo—aquic soil (14.8% )
compared with NPK, but increased in paddy soil (3.0%) and cinnamon soil (6.9% ). The addition of biochar significantly increased soil pH
and soil temperature. Correlation analysis showed that the key factor related to changes in soil ammonia volatilization from biochar was the
soil pH value. In conclusion, the application of biochar on lime concretion black soil and fluvo—aquic soil in the North China Plain can
effectively reduce soil ammonia volatilization during the early growth stage of winter wheat.

Keywords : NH; volatilization; biochar; fertilizer; North China Plain
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Table 1 Physicochemical properties of the experimental soil

HLA ALY, Composition/%

+ e 25 . EERIRTq PEps TR
Soil PH on/(gekg ) BUR sty 50 Caka) Available P/(mg-ke) Available K/(me-ke™)
oil type g-kg (grem™) grkg ) Available [/img- kg varlable RAmg=kg ) phkiSand KPR Silt ZhkE Clay
JKAG+ Paddy soil ~ 5.82 0.71 1.40 13.55 4.86 144.41 1.7 64.2 34.1
W%+ Lime  6.64 1.42 1.13 18.87 38.94 131.10 21.6 40.3 38.1
concretion black soil
#+ Cinnamon soil  7.12 0.51 1.31 12.36 9.03 104.48 20.7 53.8 25.5
1 + Fluvo—aquic soil 8.14 0.44 1.18 10.69 4.41 91.16 51.2 29.2 19.6
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Figure 1 Diurnal variation of temperature and precipitation during the experimental period
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Figure 2 Temporal variation of ammonia volatilization flux after fertilization
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Table 2 Cumulative ammonia volatilization(CAV) and loss rate

from soil
A s SR BB EELBIRR
Soil type Treatments ~ CAV/(kg N-hm™)  Loss rate/%
AKFE A CK 1.66+0.05Bb
Paddy soil NPK 2.70+0.33Ca 33
BC 1.7320.06Ch
BC+NPK 2.78+0.39Ba 3.4
[E A CK 2.18+0.20Ac¢
Lime concretion NPK 3.14+0.19Ba 3.8
black soil
BC 2.04+0.16Bc
BC+NPK 2.66:0.18Bb 32
1 CK 2.29+0.19A¢
Cinnamon soil NPK 2.90+0.25BCab 35
BC 2.45+0.35Ab
BC+NPK 3.10£0.21ABa 3.8
W+ CK 2.53+0.35A¢
Fluvo-aquic soil NPK 4.00£0.06Aa 49
BC 2.8320.12Ac¢
BC+NPK 3.41£0.12Ab 4.1

TE BU7 R A RS 7 8 7R ) — Ak B[R] L e 2 ) 22 S W 35
(P<0.05) s B 5 A [F)/ING TR 7R ) — LA [RI A B 2 i 2 55 b 2%
(P<0.05), Tl

Note: Values followed by different capital letters are significantly
different among soils for the same treatment (P<0.05) ; Values followed by
different lowercase letters are significantly different among treatments for
the same s0il (P<0.05). The same below.

Fe 4 P 138 CK 5 NPK AbFE AT L) % 31, it iR 44
BERINT 4 LA LK B B IR R 26.6%~
62.7%, [f]FEZE BC 5 BC+NPK 4Bt BC+NPK 4b #f
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Table 3 The changes in soil pH value

+ e Qb B A Ak M
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Figure 3 Temporal variation of soil mineral nitrogen content after fertilization

—131—



KA FREMEFH-E385 -5 14

Jits AL IE A T 4 Fb 48 pHAE, KAE £ P2+
W4 8 4 B T 0.20.0.03.0.13.0.13 A~ 347
Brfb 22 M 4 LA 3 Fh - 88338 51 B 2 KO, X R
it AL B T8 e fb W B R 2 — o T A
BC+NPK il CK &b #a] DUFE H, pH A B E 48T+, A9
Jo R AE B - SRR ALy T EA R A AICR
223 TEERERAE L

T U ] I R B A T AR A, 0 e
B T 15 CLEAT, 2020 d Z 5 TR R R 78 12 A IR
BARL, L0 0 CORI ) o TN AE 5 e Xof 4 S5 R 1Y)
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- Rk B 2 KA
23 BEXSTHEBEAERIXR

AR A3 HT (26 5) B, 4 Fh 18 245 K il R
TR A R B Y A R ARG, H
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Table 4 Daily soil temperature with or without biochar(°C)

EHOE TR AR

Soil type With biochar No biochar

7K+ Paddy soil 7.24+0.01%* 6.95+0.01
b2 M 1 Lime concretion black soil ~ 7.63x0.02 7.430.08
5  Cinnamon soil 7.57+0.06* 7.14+0.01

# 1 Fluvo—aquic soil 7.65+0.05* 7.35+0.03

T ORI 25 5218 5% R# K o
Note: *indicate significantly different of soil temperature with or

without biochar at 5% level.

x5 TESELZERS HEBEAMRIBEXEG)
Table 5 Correlation between soil ammonia volatilization rate and

soil properties(r)

dgem W5 L
. . . pH
Soil type Mineral nitrogen Temperature
JKAE 1L Paddy soil 0.668%* — 0.552%
Rt 0.753%* — 0.378%*
Lime concretion black soil
#3 1 Cinnamon soil 0.757%* — 0.366*
1 + Fluvo—aquic soil 0.899: — 0.314%*

W 2R B A 06 (P<0.01) 5 #3678 1 35 M 6 (P<0.05) s — 3%

ENIPS N

Note: **indicate extremely significant correlation (P<0.01) ; *indicate
significant correlation ;—indicate no significant correlation(P<0.05).
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