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Effects of DCD addition on CH,, N,O and CO, emissions from paddy field under rice straw incorporation

WANG Guo-giang*?, CHANG Yu-yan', SONG Xing-xing*, ZHU Si-ming*, MAO Yan-ling"

(1.College of Resources and Environmental Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2.Department of A—
gricultural Science and Technology, Tibet Vocational Technical College, Lhasa 850030, China)

Abstract: Incorporation of crop residues in agricultural soils can maintain soil organic matter, but simultaneously stimulates greenhouse gas
emission. The application of the nitrification inhibitor has been demonstrated to inhibit effectively greenhouse gas emission. However, it re—
mains largely unknown in effects of the nitrification inhibitor application on soil CH,, N,O and CO, emissions under straw return in farmland.
In the present study, the emissions of farmland soil CH,, N,O and CO, under rice straw return were investigated and estimated when the nitri—
fication inhibitor (dicyandiamide, abbreviated DCD ) was applied during the whole rice growing season through the pot experiment. The ex—
periment included five treatments : conventional fertilization (CF ), conventional fertilization plus DCD (CF+DCD ), conventional fertilization
plus straw return(CF+S ), conventional fertilization plus straw return and DCD( CF+S+DCD ), and no input of fertilizers as control(CK ). The
results showed that CH, and CO, emissions during the whole rice growing season were highest in the CF+S treatment, followed by CF+S+
DCD treatment, and lowest in CK treatment. In contrast, N,O during the whole rice growing season were highest in the CF treatment, fol—-
lowed by CF+DCD treatment, and lowest in CF+S+DCD treatment. Compared with CF and CF+S treatments, the application of nitrification
inhibitor significantly reduced CH, and N,O emissions. In general, both straw return and nitrification inhibitor application significantly in—
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creased rice yield and net ecosystem economic budget(NEEB ) but decreased global warming potential (GWP ) and greenhouse gas intensity

(GHGI ). Compared with CF and CF+S treatments, the application of nitrification inhibitor increased crop yield by 9.5% and 10.0%, and
NEEB by 16.8% and 20.1%, but decreased GWP by 23.7% and 21.0%, and GHGI by 23.7% and 21.1%. Thus, the application of nitrifica—
tion inhibitor can significantly decrease greenhouse gas and sustain crop yield irrespective of straw return. Our results suggest that the com-
bined of straw return and DCD application can be an effective greenhouse gas mitigation strategy without sacrifice crop yield.

Keywords: rice straw incorporation; dicyandiamide(DCD ); global warming potential; greenhouse gas intensity; net ecosystem economic bud-
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Figure 2 N,O fluxes of DCD addition under rice straw return during rice growth
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Figure 3 CO, fluxes of DCD addition under rice straw return during rice growth
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CH, ZBUEac: NO HARHRH

SRS Treatment oy “Clkg-hm®  N.O-N/kg-hm-

CO, SR A
CO,-Cl/kg-hm™

CH, H4 i34 GWP,, /
kg CO,~eq-hm?

N,O Hi VB GWP, o/ L8R 230N GWP/
kg CO,-eq-hm kg CO,~eq-hm

CK 135.14+0.44d 0.50+0.02¢c 8 166.08+3.05¢c
CF 192.72+2.23b 0.91+0.04a 15 505.72+11.21b
CF+DCD 147.99+0.23c 0.62+0.03b 15 775.91+2.49b
CF+S 231.43+1.33a 0.54+0.03c 17 827.08+5.12a
CF+S+DCD 183.60+2.51b 0.36+0.02d 18 141.63+4.95a

3378.55+11.11d 149.45+0.04d 3 526.96+11.07e
4 818.04+58.10b 271.02+0.45a 5 089.26+58.18b
3 699.75+5.83c 184.03+0.34b 3 884.12+5.60d
5 785.76+33.26a 161.35+0.34c 5 945.89+32.97a
4 589.99+62.79b 107.97+0.2% 4 696.98+63.01c

P EAR 2, n=3, [IFIARFaEF R A # W 22 5 i 25 (P<0.05) . Rl
Note: Means+SD,n=3. Different letters in the same column mean significant difference at «=0.05 level between treatments.The same below.

x 2 FEASETKEFE BESEHMEEFSESRELFTRELTK
Table 2 Changes in crop grain yields, GHGI and NEEB under different treatments

4 Treatment g s Yie_ld/ TR SRR GHG TS € Econotnic A T B A Agriculfure GWP A4 Gwp costs/ 7%&7&%2@%7}’?@
kg-hm= kg CO-eq-kg™ income/Jt - hm™2 activity costs/Jt-hm? JG-hm? . NEEB/JT -hm??
CK 3434+83d 1.03+0.03a 7760+187.36d 7057 366+1.15e 337+188.06e
CF 5508+262¢c 0.93+0.05b 12 447+591.26¢ 7057 528+6.03b 4862+594.94d
CF+DCD 6032+93b 0.64+0.01c 13 633+209.82b 7552 403+0.58d 5678+210.25b
CF+S 6259+172b 0.95+0.02b 14 145+389.47b 8307 617+3.42a 5221+386.87c
CF+S+DCD 6885+219a 0.68+0.02c 15 560+494.03a 8802 487+6.53c 6271+492.86a
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% 3 REMKAAEFEE CH, N0 #1 CO, HERIHH X 47
Table 3 Correlation analysis of temperature and water level with CH,,N,O and CO, emissions in paddy field
SR ¥ Temperature 7K A Water level
Gas emission [l 112k Regression curve R? P n [al £k Regression curve R? P n
CH, y=2.53x-71.98** 0.478 7  <0.000 1 165 y=5.28x-7.87** 0.288 0 0.000 6 165
N.O y=-4.35x+161.79** 0.3146  <0.000 1 210 =-4,74x+37.33** 0.101 8 <0.000 1 210
CO, y=62.36x-1 056.75** 03161 <0.000 1 150 y=-103.69x+911.62** 0.141 6 <0.000 1 210

T * Fon P<0.05,** F£/Rr P<0.001,
Note;: *mean P<0.05,**mean P<0.001.

R4 RNENETHESSRAE
Table 4 Soil nutrient contents under different treatments

CK 4.64+0.01b 21.32+0.27b 1.62+0.003b 3.26+0.12c 23.43+1.37c 13.08+0.16a 83.95+1.23c
CF 4.68+0.04b 22.19+0.16b 1.70+0.001b 3.78+0.21b 27.16+2.15b 13.29+0.06a 94.35+0.72b
CF+DCD 4.81+0.08b 22.28+0.09b 1.71+0.002b 3.59+0.08b 27.94+1.82b 13.42+0.25a 91.36+0.85b
CF+S 4.86+0.02b 25.46+0.41a 1.79+0.004a 4.27+0.16a 29.32+1.67a 13.41+0.19a 105.44+2.19a
CF+S+DCD 5.17+0.03a 25.72+0.23a 1.80+0.002a 4.02+0.05a 30.61+3.08a 13.49+0.10a 105.72+0.85a

[i) 35 S S 2 A DS R o CO, HERCS TS 22 0] S W
WFIEASE R, SN Z A A B A e R
2.5 FEEF A TiFn DCD Xt 155 4R B9 &40
MR 4 FTLUE Y ANt IR AR B R B TS R
A H 3R A IR0 B B s . 5 CF FH L, CF+S
1 CF+S+DCD I & & 5 T AL . 2 A AH A A .
AR MBS S, pHAE AP SR SR .
T SO B AR % B 3 7E CF+S+DCD b3 b i
FFFi4 R 5 in DCD e =5 - 49857 4 J 1 iV Pl e
R . 5AEN DCD A EL, % i DCD AT R#EIKAR A

A e SR
3 it

3.1 &N DCD X#&H CH, #1 N,O HEFI RS0

FetHH CH, HEC T2 i FRBe A B S A A Y BE
M AR BIR R A R b A i B ™
e TR e 52 A%, Jifi A DCD i A 4%k il # HH CH, HEJK,
FLIR R AT fig & DCD il ™ FR e 127 Y e S A B 1Y) T
PEE-21 - CH, %A Ak £ 78 i I #E F e H 1 387 2E CH,
S 1) 50%~909%%, S B H AE AR B A 3 5 i A K
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JE[R Sk DCD 5 bR 2 T it 5l 25348 i b1 35543 /K R Ak
A KRR P S PR A S AIR S R i K R AR B
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DCD #E#E m/KAEARPRY L4 Eh, Rl 2K RE AR K HE
I A BER , -3 Eh bS] CH, HEGE/#,

FEH NO HEMCR H N,O 7oA | SR Ak Fnfl i = A
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TR AR SO AAE A A S R
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NO FI 9t — AR 5544k R Noo FRJ11 DCD % NLO ()
HelC A B S B4R A, T BB i FDCD 8 i 41
i 1 200 T 1) 2 BRI 4R (AMO ) 6 M ZE 2 NH G 4 1k
i NO; g HERE , MATTZEZE T NOs-N WJE AL, 52
NO;-N (5 fb it F , BEARHCE W i il fb VE A L TR ik
W AR T 5 22 Al 4k NOs il i . O A3 9 &
P, DCD BEA A5 il - 38 il Ak A SR Ak AR P Y ik
17, BRI NOs-N &4l BEHE 8 2> NO (1) = A B,
AMFFEHAS I DCD -4 H NHL-N 5 534/, NO; -N
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4). BEA AEEEF= I NLO EL B T AT fE 2 NLO HEjik
FEARAD 5y — R AR, Lan 809918 DCD B 1 X figfb i
= A g Ah, [FRE AT S AL 7= N,O 1Y L1
AAIESE it FH DCD W] 4 =5 A FH - 48 pH {E, W] RBRZ
K it 1 DCD HI55 T ASARAE, 955 T hsfhid &
ARSI IERVER, MmfE 413 pH (E 7
151 o PR SESHZ I8 1 45 CH, F1 NO HEC bl R (L
B IR BE I o AR RS A ke BUAE R 1 A
DCD g2 i 133 pH A, 780/b CH, A1 N.O AYHETR
I, BR P 4 4t DCD X9 CH, A N.O fyHECA
BRI
3.2 #n DCD ¥tk #g /=& .GWP.GHGI #1 NEEB HY
A

Ui DCD 5 2 38 fin /K A8 7™ 12 7T g 2 i T DCD
REFE m ZUIEFI 2, 38m - 8610 A 0 s FVE D)
X RS, (o A= 498 H NHZ-N e B TH g, Tk R
PLNHZ-NJE XA, I KA K . [l
DCD i & —Fh e BENER (% AN 66.7% ) , 76 13
LB Al CO, FITNHG, ARasn 1587 A4 R B 5%
M, Ghosh ZFPIFSY & 3, i AL I57 DCD SR RIR
Jite AT 4 R K e R MUK R AR e , (HOK RS 0 BRSO LT
RZHM . AWFFE R, U8 DCD AT DL g 5 Ik GWP
A GHGI, 5 R4S DCD At , £ 40t AEAS 538 R
7% DCD A fdi GWP il GHGI [ A% 1Y HE 141 43 51 g
21.01%F1 28.42% ., {HiZ 454 AR Fb HF 54kt
5 1 AR R, AT S A R RS SRR ST

NEEB ] 12k K /R A [Rl AR ML 4t T A 224 77 T
FNPREE AT 2Pk 22 o] /9 5C & (), 3 = SR HE T
), EESZWBUT IR IR RS 5 A B,
SRBURER T4 G AR B 2 A O AR BUR SR AR 244K
P, {BAEHIA H R 450 DCD %f NEEB $¥ i JL -4
N VP2 5E 3B AR A il 550 % /K R 8 55
B4 25 T 5 W 128570 R A BB 5 TR T R A A HE
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A BB GWP siAE Bt L. AT kM, 5 CF
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2 d0e oA A T A D B

4 #ig
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