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Coupling Effects of Water, Carbon and Nitrogen on Greenhouse Gas Emissions from Loessial Soil

LIU Jiao, YUAN Rui-na, ZHAO Ying', ZHANG A—feng

(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China )

Abstract : Research has shown that direct returning of crop residues to fields may cause increases in greenhouse gas emissions from soils.
This study investigated the coupling impacts of soil water content, organic carbon (maize stalk and its biochar ) and nitrogen on the emissions
of greenhouse gases (CO, and N,O ), using quadratic rotational combination design and laboratory incubation experiment (28 °C ). When
maize stalks were directly applied to the soil, CO, and N,O emissions were mainly affected by organic carbon, followed by water and nitro—
gen; whereas CO, emission was predominantly influenced by water, followed by organic carbon and nitrogen, but N,O emission was primarily
controlled by organic carbon, followed by nitrogen and water, when biochar was added to soil. Effect of pairwise interactions on CO, emission
was in order of carbon—nitrogen>water—nitrogen>water—organic carbon when stalk was applied. When biochar was applied, however, the in—
teractive effect on CO, emission was water—nitrogen=water—carbon>carbon—nitrogen. The interaction on N,O emission was water—carbon>
carbon—nitrogen>water—nitrogen when stalk was applied, but water—nitrogen>carbon—nitrogen>water—carbon when biochar was applied. For
the lowest cumulative CO, emission, the optimal combination would be a combination of 30% water content and 81.9 mg +kg™ nitrogen with—
out stalk addition, or 10% water content, no biochar applied and 48.4 mg kg™ nitrogen. As for N;O emissions, a combination of 30% water

! nitrogen was the better condition when the maize stalk was amended. In contrast, when

content, no stalk amendment and 100 mg -kg~
biochar used, the best condition was a combination of 10% water content, no biochar added and 100 mg +kg™ nitrogen. In summary, com—
pared to stalk, the biochar can effectively reduce soil emissions of greenhouse gases.

Keywords: loessial soil; coupling effects of soil water, organic carbon and nitrogen; stalk; biochar; greenhouse gases
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Table 1 Experimental factors and coding levels

SEPRE Actual values

Sty

Coding value

X, EHEE K E%

Water content

X, FEFFhtE /g kg™

Maize stalk rates

X, R itin /g kg™
Biochar rates

X; RN /g - kg™

Nitrogen rates

1.682 30
1 26

0 20
-1 14
-1.682 10

14.4
11.6
72
28
0

12.0 100
9.6 80
6.0 50
24 20
0 0

R2 DRERREAGEITR

Table 2 Quadratic rotational combination design

Ly UG e A A1 Quadratic rotational combination design

Treatment X, 7K Water X, B Carbon X3 % Nitrogen

1 1 1 1

2 1 1 -1
3 1 -1 1

4 1 -1 -1
5 -1 1 1

6 -1 1 -1
7 -1 -1 1

8 -1 -1 -1
9 1.682 0 0
10 -1.682 0 0
11 0 1.682 0
12 0 ~1.682 0
13 0 0 1.682
14 0 0 ~1.682
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0

AR AE < A6 B IBORERT 24 h SCR @, A
JEAR SRS, ER RS 1.3.6.10,15.22.33,
40.55.90 d JU: , R UCHURE AT S (5 mL) AIE TR
HRIHER 5 mL AR BUE S5 3 2 AR I S S8 R 43k
ASB PR 3 ANEE RS SR E A AR (H S
663-30) Jill%E CO, A1 N,O ¥R BE . I Asf o i A iR
80 °C, = HE 150 C, K AHEE 150 °C. CO,
AR RMER(TCD) , @354 PQ(80~100 H ), 2k
AR, MR 35 mLemin™, N,O W5E S H
TR R (ECD), (354 PN(KBE 2 m, N2 3

mm ), SN R AR, SR 60 mLemin™,
1.4 RS TS E
COL 1 N.O HEHCHAHE I F 1A 5

de 273

F=p* 0"V 27341

K F 2R CO, HEBGHE A NO HEH 2, A0 5]
N mg kg™ Fl pg kg sp MAREIRAET CO, F1 N0 <,
TRBERE 4330 1.25.0.536 kg-m=;de/de Sy 2457 B[]
R SR TR AR EEYSE Ini, FAAL53 I mg kg
d™ Fl g kg™ -d™ VR RE IR R AR A 850 ) A
H,m= s WSRO A Y TR i T ks
T R, 28 °C,

PRI 7 T ] R CO, I NLO HECRE: R Tk
VR JEE DN S (L~ YA TR AR R B 1, B I K
BRHERCE S AR CO, F N,O REHEE,

UG F R A AT RUA 434 SPSS 19.0 %X
1, 2 E Fl Matlab 7.0 Fi1 Oringin 8.0,

2 FERE5SH
2.1 AEERIREMXT L1 CO, F1 N.O RFRH M E

=AU

SRR it R S SR (CO, F1 N0) 2
FRHEBCR RO E S5 R 1 B . ZERR 3K 5y
FAFRAENE R T, MEInFsFTS 58 CO, 1 N,O &
TR B R Tt B s B . 458 N,O HE L CO,
HEsZ A HUBIRZR AR B 52 m R, S5 IR FTAH
bl AE -3t in e BE A R8T = AR HERR , 96
GO  AH5 5 BEAH EL , it T e N — 2 BE I b+
1 NO, HEik
2.2 11 CO, #1 N0 RFRHEMER T

H T B HEGHALR X 13 CO, fT NO &
B s, X I A R g 2 SR k1 7 Bl 4307, 15
KR E RS X CO, FI N,O AR HE ik & 19 [8] 15 )5

W



1662

RAIMERF 217 ERRET R

2,03 3 B,

% 3 A [y AR 4 Tl R AR 2 0.7 LA
b B B N R AR ARG A L W R T R oK
B R B R 2 SR HE B S ) o A AR 430
e N FH )2 TG AN 2 T e A g, SR A A 4 [ )
REC IR, BRI R BN B30 R EOR T
B4, AT DA P — YR 00 RN A8 B0 ) R B S E K/ N B3
S AR i R AR W R PR AR S RS I R
2.2.1 JKEREFRHFXF CO, Fll N,O RFHEAEE 1 52
2.2.1.1 X} CO, RFHERCER A0

R AR Y Y, B H AR
MBS oA BRI S E1Z X CO, RFEHE R

x H

N

1
IS
(e
(=]
1

(R B DR TR0 R (R 2)

A AR Y Y, B — R ZR B X K/
AT < A FF 254 T K Bk AR R X CO, R
HEHC R B R B R A RS K />R it 2R e 4%
PETK ik EEAE T CO, BEFHE (1 52 i e X
FKSEHIRSEE -

P P 2 AT 2RI TR P K BB Y, 4
CO, SFUHE I Bl 2 A £ % 38 0 Se 18 i i sk
D AEREFT RN 11.2 g-kg™ I 755 f K B R
¢ it - P 398 TR A, A R it iRy 12.0 g kg
Bk Bl K 148 CO, BEBHERUE e INAS 5 Bl K
G w iR NI % Wﬁfﬁﬁﬁuﬁ!ﬁﬁﬁ%ﬂ(ﬁa’ai

5 (A)CO,
o —
£ 300+
I 3
g
= £ 200+
S
o >
£ 100+ s
= i =
g k5 b
E] kS e 1R - 5 -
S, 5 S S U
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20CK
Kb PHZ: Treatment
i PO (BNo u -
~ 1200} = — I
= _ 3 —
3 900f
i
=3 600f
L ! - - . n - T . n - T L
ﬁ'é =- R KT T T H+ e e - —
ZE 150
Q7. 100+
-
= 50
E :
S 0 b | SER 1 B bow | BRND bow | DM ik
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 CK
A FES Treatment
CIF5FF Maize 5% Biochar

B 1 BFMREENS LERESECO, 1 NO) RRHMENFIT

Figure 1 Cumulative emissions of greenhouse gases as affected by stalk and biochar applications
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Table 3 Quadratic regression results of cumulative CO, and N,O emissions

Y #&JE Carbon source CO, Fil N;O ZFHER & [71J9 /7 FE Regression equation of cumulative CO, and N,O emissions R?
CO, FEFF Stalk Y ,=-22.92X,+52.32X,+10.90X +2.62X, X, —-11.41X, X;+17.93X, X5 +1.58X7-28.57X5+18.11X;+220.65 0.94
IR Biochar Y,=11.10X, +8.97X,-0.04X;—4.68X, X, —4.68X, X5+4.39X, X +2.87X1 —1.54X;+4.07 X3 +64.45 0.84

N,O FEFT Stalk Y3=62.42X,+302.13X,+15.38X5+215.45X, X, +27.50X, X5 +105.58X, X, -382.43X7-344.59X5-118.24X5+1 389.09  0.93
IR Biochar Y,=13.73X,+16.34X,+15.05X;+10.70X, X, +20.18X, X5+17.01X, X5 +4.68X} +7.77X3 +4.65X3 +8.80 0.70

T8 X0 KA X A B, Xy AR 3 A (e
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Figure 2 Effects of water, carbon and nitrogen alone on

cumulative CO, emissions
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Figure 3 Effects of water, carbon and nitrogen alone on

cumulative N,O emissions
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Figure 4 Pairwise interactions of water, carbon and nitrogen on

cumulative CO, emissions in soil applied with maize stalk
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Figure 5 Pairwise interactions of water, carbon and nitrogen on

cumulative CO, emissions in soil applied with biochar
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Figure 6 Pairwise interactions of water, carbon and nitrogen on

cumulative N,O emissions in soil applied with maize stalk
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Figure 7 Pairwise interactions of water, carbon and nitrogen on

cumulative N,O emissions in soil applied with biochar
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