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Effect of fertilization on CH4 and N.O emissions from paddy soils under shading conditions

WANG Kun'?, LOU Yun-sheng'”", XING Yu-yuan’, LIU Jian®

(1.Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing Universily of Information Science and
Technology, Nanjing 210044, China; 2.Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and
Technology, Nanjing 210044, China)

Abstract: The decrease in solar radiation is one of the main issues of climate change. Few reports on the effects of decreased solar radiation
and fertilization on methane (CH,) and nitrous oxide (N,O) emissions under paddy field conditions are available. A field experiment was
conducted to investigate the effects of compound fertilizer and silicate fertilization on rice yield and the emissions of CH4 and N>O under
shading conditions. An orthogonal experimental design was adopted with 3 factors and 3 levels. Shading conditions were set at three levels:
No shading (Sy, 0% shading rate), from flowering period to maturity period shading (S;, 64% shading rate), and from tillering period to
maturity period shading(S,, 64% shading rate). NPK compound fertilizer was set at three levels: 100 kg+hm™(F,), 200 kg+hm(F,), and
300 kg - hm™(F;); silicate fertilizer was set at three levels: No silicate fertilizer(Ro), slag fertilizer 200 kg+hm™(R,), and slag fertilizer 400
kg-hm?(R,). Results showed that shading significantly reduced rice yield. Compared with So, S; and S, reduced rice yield by 43.33% and

WimEH:2020-08-13  FFBH:2020-10-15

EERIT: £ (1996—), F , Py KA A L0Fge A, N8 Ak 540 F5Y . E-mail : wangkunte@163.com
HBEIEIEE 2524 E-mail : yunshlou@163.com

BEWE FRKARPIL 0 H (41875177,41375159)

Project supported : The National Natural Science Foundation of China(41875177,41375159)



55 R A M X RS FE CHL A N0 B S 465

48.51%, respectively. Shading significantly reduced the cumulative amount of CHs emissions. Compared with So, Si and S, reduced the

cumulative amount of CH, emissions by 7.46% and 57.71%, respectively. NPK compound fertilization significantly increased the

cumulative amounts of CHs and N,O emissions. Compared with F, I, and F; increased the cumulative amounts of CH, emissions by 48.34%

and 57.03%, respectively and increased the cumulative amounts of N.O emissions by 85.81% and 192.98%, respectively. Compared with

control (Ry), Ri decreased by 20.42%, while R, increased by 17.56%. CH; warming potential accounted for more than 91% of the total

greenhouse effect. CHy emissions in rice fields played a major role in the total greenhouse effect of rice fields. This study suggests that the

control of fertilization amount is helpful in decreasing sustained—flux global warming potential (SGWP) and greenhouse gas emission

intensity (GHGI), while ensuring rice yield production under decreased solar radiation. The optimal combination in this study is 100 kg -

hm™(F,) and 400 kg-hm?(R.).

Keywords : shading; fertilization; silicate supply; rice; greenhouse gas emission intensity
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3 1(S0) 3(F3) 3(R2) 3
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Table 2 Results and analysis of extreme difference in yield

RV e = Factor 7l
No. S F R Yield/(t-hm™)
1 S F Ro 11.52
2 S 8 R 14.49
3 S Fs R. 10.52
4 S, F R 6.73
5 S, 8 R. 6.49
6 S, Fs Ro 7.47
7 S F, R. 6.39
8 S F, Ro 6.71
9 S Fs R, 5.70
T, 36.53 24.65 25.70
T, 20.70 27.70 26.93
T 18.81 23.70 23.41
T, 12.18 8.22 8.57
T, 6.90 9.23 8.98
T, 6.27 7.90 7.80
K 5.91 1.33 1.18

TE:Ti(i=1,2,3) & R Z A 2 5 T(=1,2,3) 25 R Z0K
T A Ko ZE . IRl

Note: T:(i=1,2,3)is sum of factor level;T.(FI ,2,3)is mean factor
level ;K is extreme difference. The same below.
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Figure 1 Factors trend diagram of yield
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Table 3 Variance analysis for yield , CHy and N>O accumulated
emission and total SGWP(F value)

CH, RBUHE R N0 RAHR R

'l‘reﬁiﬂims )Y'N;Iiii CH, acc-un.lul ated N,O acc.un?ulaled /Ifoiﬂ:ﬁéggivéﬂé
emission emission
15 13.85 202.86% 457 188.78%
HHMEE 0.64 65.14% 22.6% 69.92%
Jit A 0.47 46.44% 3.54 44.92%

1 :#P<0.05;*P<0.01,
Note: * indicates P<0.05;** indicates P<0.01.
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BRI /N Bt it A A5 RS 4 o T A it e A
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EL S BRI T 54.30% , 2% B 388 BF A= 5 3 38 i, CHL 32
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Figure 2 Effect of fertilizer on seasonal variation of CH4 emission flux from paddy field under different shading treatments
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Table 4 Results and analysis of extreme difference in CHy4 §
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7 S, F, R, 467 Figure 3 Factors trend diagram of CH4 accumulated emission
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Figure 4 Effect of fertilizer on seasonal variation of N,O emission flux from paddy field under different shading treatments
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Table 5 Results and analysis of extreme difference in N,O

accumulated emission from whole growth period

e [X %% Factor FPUEHE Accumulated
No. g F R emission/(mg+-m™)
1 So F Ro -1.96
2 So F, Ry 41.24
3 So Fs R, 66.77
4 S F Ri 27.86
5 Si F, R, 44.24
6 Si Fs Ro 61.79
7 S, F R, 44.43
8 S, F, Ro 45.20
9 S, Fs Ri 77.49
Th 106.05 70.33 105.03
T, 133.89 130.68 146.59
Ts 167.12 206.05 155.44
T, 35.35 23.44 35.01
T, 44.63 43.56 48.86
T, 55.71 68.68 51.81
K 20.36 45.24 16.80

it 52 A5 N A R 3 B I R (&1 5) o it i A R ik
PR Fo /K F- H FyZKSE- 380 85.819% , Fs 7K - L Fy K F
T4 192.98% ; 3 FH AL FE S, Fb So 4 11 26.25%, S, L S,
4T 57.59% . ik AEALBE R, H Ro3 1 39.57%, R. Eb
Ro} il 48.00% .
26 FEBRENMSHIMEE

25 Kb P ST 2 ARON (B K /N 5 CHL 3G TR Vs S5 (E
AT, B9 S AL TR, CH, 38 I 75 4 5 I % 8500
91.22% , JA A F T, CH. 34 R VB 3435 [ 2 i 25 %007
97% LA I (FZ6), JR K 7E F CH, B BLHE ik 2 ozt i F
NoO R A HERCE o 3 BH Ab BT AR 2 500 A W

90

3
(=}

N.O RBHE R
N0 accumulated emission/(mg-m™)
wn
-\o

(9%
(=]

—_
(=]

So S S, F, F, Fs Ry R, R,
IK Level
E5 N.O ZRFRHMER R K FHEEE

Figure 5 Factors trend diagram of N,O accumulated emission

R (P<0.01) , it 52 45 A 2 it ik o Xof Bl 5 34 A
R (P<0.05) (% 3) . CH, EFUHERCE S AR Ak
PN SoF Ry, BV A3 BE - B 2GHE B 525 T A A it P
2351124 100 kg - hm > F1400 kg-hm™, 5t CH,F1 N,O HE
SR FE T, SIFRo AR B e K, 4 984.14 kg CO.-
eq U, SSF R HERCGR JE e /)N, o4 347.68 kg COr—eq-t™!,
S HE Sod# 1 59.51%, S, Eb So /D 16.44% 5 ¥y Fl Fs 43 51)
Fb Fo 3411 48.78% 1 60.20% 5 R, Eb Ro Vi /) 23.08%, R,
FE Ro i1 24.63% .

3 itig

KA CH. HEHCE 51 25715 PR AR fb 2 e 7 (&
2) o CH.HE = B4 i AE 4 BE M, W9 HH 46 1 %
2, CHLHE I 5 AR5 AR AK -0 N0 HE i i 2=
TARE A AL FRARAE A — | R R Bk op g A (& 4)
I ik = 2 4w AP FE I ) R 2 S0 i) D A2 R
BLRT RHMER H CHL A NLO HERAAFE T K &R, AR
F4YBEWIRS F AL T ACIRZS  IRE IR B AT F) T 7 F b
WG B0, 5 1 CHL R HERL , # K RIS AF T

WWW.Qes.019.CN




QEg_470 ATETTEEEY 405528
36 CH.H0 N0 HER BB E XA
Table 6 Greenhouse effect of CHs and N,O emission
) CH.: ZRBHF N0 Z Bk = CH. IR 25500 NoO ¥ 28 2400 AR A AN HEf
No. CHsaccumulated N>O accumulated CH, SGWP/ N,O SGWP/ Total SGWP/ GHGI/
emission/(g-m™) emission/(mg+-m™) (kg CO—eq-hm™) (kg CO—eq+hm™) (kg CO—eq-hm™) (kg CO—eq-t™")
1 9.78 -1.96 4 398.66 —-6.80 4391.82 381.38
2 11.42 41.24 5137.34 111.35 5248.68 362.12
3 15.13 66.77 6 809.02 180.28 6 989.29 664.26
4 6.59 27.86 2967.63 75.22 3042.86 451.81
5 13.94 44.24 6272.32 119.45 6391.76 984.14
6 13.08 61.79 5883.83 166.83 6 050.66 809.56
7 4.67 44.43 2103.34 119.96 2223.35 347.68
8 5.85 45.20 2 633.09 122.04 2755.13 410.65
9 4.83 77.49 217431 209.22 2 383.54 417.96
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