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Effects of drying—wetting and additional nitrogen on CO: and N.O emissions from farmland soils

ZHANG Chuan—geng, GAO Yang', WANG Guang-shuai, LI Shuang

(Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453003, China)

Abstract : Under laboratory controlled conditions, the effects of drying—wetting cycles (dry—wet frequency: 0, 2, 6 and 12 cycles) and nitro-
gen addition on soil CO, and N,O release patterns were investigated with soils of fluvo—aquic sandy loam and fluvo—aquic clay loam, which
were typical soils in the Huang—Huai—Hai Plain. The results showed that the drying—wetting cycles and nitrogen addition significantly in-
creased the release rate of CO; and N0 in the sandy and clay loam soil. The longer the drying period, the stronger the excitation effect of ni-
trogen addition on the soil CO, release rate, whereas the shorter the drying period, the stronger the excitation effect of nitrogen addition on
the soil N>O release rate. There were similar response patterns of soil greenhouse gas (CO, and N20) release rates to the drying—welting cy-
cle between the two cropland soils. Compared with the clay loam soil, the sandy loam soil presented a more intense response of carbon and
nitrogen mineralization to the drying—wetting cycle. The dissolved organic carbon and inorganic nitrogen content, and the greenhouse gas re-
lease rate in the sandy loam soil were significantly greater than that of the clay loam soil. Under the condition of nitrogen addition, the dry-
ing—wetting cycle significantly increased the dissolved organic carbon and inorganic nitrogen content in the sandy loam and clay loam soil,
which increased the probability of inorganic nitrogen (NO3 and NH3) leaching loss and the green house gases(CO, and N,O) emission in ag-
ricultural production.
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Table 1 Soil physical and chemical properties

I R
Soil texture (KA FE2:1)  Total N/g-kg"  Soil organic C/g-kg  Bulk density/g-ecm™  Water hold capacity/% FhHi Clay

Fi4% Particle size distribution/%

PRSIt WYKL Sand

+ BT pH A A PR
L 8.32+0.10 1.36+0.02 16.63+0.37
ZhHE 1 8.09+0.07 1.52+0.11 18.24+0.69

1.51+0.03
1.48+0.15

20.54+1.35
26.02+0.87

8.79+0.25 47.94+3.23 43.27+1.52
39.82+2.62 41.13+3.06 19.05+0.95
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Figure 1 Schematic of the drying—rewetting cycles and sampling times and testing flow
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Table 2 Concentration and frequency of nitrogen addition

AR

IR FE Solution concentration/g« L™

Accumulation of nitrogen/mg+100g™" dry soil
i+ Clay loam

Ak 3 ISR EL
Treatment  Add frequency (times) — —— —
Wi+ Loam R+ Clay loam WM + Loam
O(fEE) 12 4 5 220 220
2GR 2 15 12 220 220
6 fE 6 5 4 220 220
12 ¥R 12 2.5 220 220
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Figure 2 Dynamics of soil CO, release rate during each re—wetting phrase of drying—wetting cycles
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Table 3 Variations of CO, release rate from the two soils in different treatments (mg C—CO,+ g™ soil-d™)

Qb3 5 1IRPEIR CO B 2 CO, release rate in the first cycle i 1IRIEFR CO R CO, release rate in the last cycle
Treatment b3+ Sandy loam FhE 1 Clay loam b3+ Sandy loam Fh3% 1 Clay loam
H I 14.78+0.35g%* 11.25+0.24f%* 5.10+0.84f 4.93+0.41f
THWE-N 19.18+0.51f** 14.68+0.27e** 6.87+0.56e* 5.49+0.54f*
2R 24.52+0.57d** 20.52+0.77¢** 20.57+0.39h* 19.17+0.57b*
2JGH-N 41.89+0.50a%* 30.89+1.32a%** 36.28+0.48a** 28.28+0.45a%*
6 G 22.32+1.25e* 19.32+0.31cd* 8.62+0.67d 8.25+0.32d
6 -N 36.27+1.19b** 28.06+0.83b** 14.49+0.55¢* 12.25+0.34¢*
12 7R 22.52+1.05e** 18.35+0.36d** 6.45+0.46¢* 7.05+0.39¢*
127G -N 33.97+1.08¢** 27.32+0.42d** 8.95+0.65d 8.79+0.42d

T« [R50 G 5 AN [R5 3R [R5 b B2 8] 22 Sk 1835 7K1 (P<0.05) 5 5 30 Al — b R [R]— B PR T b398 - R 1 COL BRIt 22 1 22
L, #FRIRTE P<0.05 K BRI IR 1E P<O.0T K ERFEAR . T,

Note : Different letters in the same column meant significant difference among treatments of the same column at 0.05 level; asterisk represent the differ-

ence of CO; release rate in the same cycle of sandy loam and clay loam under the same treatment ; * represent significant difference among treatments at 0.05

level, ** represent significant difference among treatments at 0.01 level. The same below.

x4 BRETEWAEENHRHZL (mg-kg™)

Table 4 Variations of dissolved organic carbon in the two soils in different treatments (mg-kg™")

O - fi kA LA B L A HLIR
Trﬁim Dissolved organic carbon in the sandy loam Dissolved organic carbon in the clay loam
45 1 RUEFE The first cycle %5 1 IRAEFF The last cycle 45 1 RIEFE The first cycle )5 1 RAGFR The last cycle
AR B 69.45+1.20g 47.35+2.12g
[IERLT 74.28+2.23¢ 119.10+1.76d 45.65+1.61h 87.44+1.32d
EIR-N 71.97+0.59f 98.56+2.09f 41.28+1.10i 74.86+1.43f
pXiZEN 108.98+1.09a 142.47+1.28a 83.34+1.82a 116.61+1.75a
2fEHR-N 88.22+0.89c¢ 128.48+1.69b 72.59+1.13b 102.62+1.86b
YN 95.56=1.12b 121.0122.34d 65.86+0.87c 89.14+2.14d
6 JHFR-N 83.48+2.03d 97.37+1.39f 60.85+1.53d 79.51+0.95¢
1216 82.27+1.36d 125.55+1.53¢ 54.76+1.46e 93.69+1.92¢
129GFF-N 75.96+1.95€ 101.31+2.58¢ 51.64+0.73f 80.21+1.09

T - R B AR AR 1 (R0 TR i A 5 7R B BEBUR LA

Note : Initial treatment refers to obtaining soil samples during the equilibrium culture phase before the experiment.
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Figure 3 Dynamics of soil N,O release rate during each re—wetting phrase of drying—wetting cycles

5 HAETENOBRBIEEN TN (mg N-N,0 kg™ soil-d™)

Table 5 Variations of N>O release rate from the two soils in different treatments (mg N—-N,O - kg™ soil -d™")

2 1LIRAEFR NLO B K N, O release rate in the first cycle

5 LIRAEIR NLO B #E 2R N, O release rate in the last cycle

AbFH Treatment — — — —
5358 + Sandy loam Zh3 1 Clay loam b3 1 Sandy loam Fhije+ Clay loam

H % 0.4420.01 0.32+0.01h** 0.14+0.01h* 0.10£0.007f*
EIR-N 0.57£0.02¢%* 0.44£0.02¢* 0.24+0.01** 0.1820.01e**
pXiZEN 0.32+0.02g* 0.36+0.01g* 0.34+0.01d* 0.39£0.01b*
2HFR-N 0.53+0.01d 0.55+0.01c¢ 0.6120.02a% 0.57+0.02a*
6B 0.47+0.02¢%* 0.40+0.01f#* 0.27+0.01e* 0.22+0.01d*
6 -N 0.72+0.03b** 0.61:0.02b** 0.45+0.02b* 0.40+0.01b*

1213 0.59+0.01c** 0.46+0.01d** 0.19+0.01¢g 0.17+0.01e
12FH-N 0.84+0.02a%* 0.64+0.02a% 0.39£0.01¢** 0.29+0.01¢**
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Figure 4 Effects of drying—welting treatments on soil inorganic nitrogen(NO3 and NH:) content
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WHHE 1 CO M NLO BRI Rl i % . 7ED
e 4 v E ) A 1 88 COL BT B 2R i 492.54
pg C—COy - g - 5 Z X5 N 1Y 1210 21 19 B R & 2
376.10 pg C—=CO,-g™' =, B4 T 30.96% ; THIE N Xf I8
i 3 CO B A A R4 706.56 wg C-CO,-¢' 5

ZON I 12 95 PR -N LR 22 532.23 pg C-CO.- g
+ W T 32.75%. BPE A EIR-N Y 3 CO R
R A FR BR A L 5 Rk g )R A B A R R ARG T
43.45%; 12PEA-N L CO B B L 52
XFIE A 12 PR R RS 3 0 1 41.51% . FERE -

Fo TEWRMEAENR EHE(NOFNH) K CO, N.O B ERHIHXXER

Table 6 Correlation of soil dissolved organic carbon and inorganic nitrogen (NO3/NH:) and soil CO; and N,O release rate

CO B NLO BB # . AT m@% NS NH & it
CO:; release rate N:O release rate  Dissolved organic carbon
a1 COL B il % 1 0.7967%* 0.568%* 0.619% 0.748%*
NLO il i 1 0.599* 0.578* 0.589%
A HLEK DOC 1 0.407 0.308
NO; & 1 0.729%%
NH: & i 1
gL CO R A 1 0.928# 0.605* 0.496 0.628**
N>O il i 4 1 0.316 0.601%* 0.586*
A YA HLR DOC 1 0.415 0.461
NO; % &t 1 0.748%*
NH: % & 1

HFERIRTE P<0.05 KPS 35HH0E , #+3RTE P<0.01 KB B 3 A5G

Note : * represent significant correlation among treatments at 0.05 level, ** represent significant correlation among treatments at 0.01 level.
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Figure 5 Cumulative CO, and N>O emissions from the two soils in the different drying—wetting treatments
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