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Abstract; In order to explore the effect of application of biochar and straw on N,O emission under different N
—fertilizer levels in dryland of the Loess Plateau in central Gansu Province, a field trail with different organic mate-
rials combining with different N—fertilizer levels was studied for 4 years. Experiment included the following treat-
ments: the straw combined with three N fertilizer rates (0, 50, and 100 kg - hm™) , coded as SNO, SN50, and
SN100, respectively; The biochar applied alone or combined with N fertilizer (50 and 100 kg - hm™) , coded as
BNO, BN50, and BN100, respectively; N fertilizer (0, 50 and 100 kg - hm™) alone coded as CNO, CN50, and
CN100, respectively. Collection of N,O flux was conducted with a static chamber-gas chromatography method from
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November 2016 to October 2017. The results showed that the average N,O flux from all treatments ranked as SN100
>CN100>SN50>CN50>BN100>SNO >BN50>CNO>BNO, and N,O fluxes represented the generally same trend
throughout the observed period under different treatments. Compared with NO ( CNO, SNO, BNO) treated plots,
N50 (CN50, SN50, BN50) and N100 ( CN100, SN100, BN100) treatments increased the annual average N,O
fluxes by 6.92% and 10.03%, respectively. Compared with CNO, CN50, and CN100, the same N—fertilizer level
combined with the biochar reduced the annual average N,O fluxes by 0.49%, 3.15%, and 4.67% , respectively. In
comparison with CNO, CN50, and CN100 treatments, the same N—fertilizer level combined with the straw increased
the annual average N,O fluxes by 6.37%, 3.44% , and 2.73% , respectively. Both N fertilizer applied alone treat-
ments and straw combined with N fertilizer treatments boosted N, O fluxes, biochar combined with N fertilizer treat-
ments reduced N,O fluxes. Both N—fertilizer and straw significantly promoted the effect of the GWP of N,O fluxes,
the biochar, however, had a reducing effect. The correlation analysis indicated that soil temperature and N,O flux
had a significant positive correlation but the soil water content and N,O flux had a significant negative correlation
(P<5%) . The path analysis showed that the impact of soil temperature on N,O flux was greater than soil water con-
tent. Interaction analysis exhibited that no interaction effect between straw and N, biochar and N. N, O flux in-

creased with increasing N application levels. Straw application enhanced N, emission but biochar repressed N,O

emission. Therefore, the biochar use had a great effect on the reduction of N,O emission in dryland.

Keywords: dry farmland; N,O emission; biochar; straw returning; N fertilizer level
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Table 1 Experiment description

R REKF HHLE Eizpas
Code N level/ (kg - hm™2) Organic material Description
CNO TATILOIHY No organic material 1.y g 2014 4 3 1 LA —WCRERBA 15 1+ hm™  F5FFIE AR T
SNO 0 FEFF Straw 2014 4F 3 A LA /NEFEFF 4.5 ¢ - hm™ , Z 5 AR IR 5 K 45 RS FF
W /N X BT AE 7 B R AT A B [, 45 4k B S 4T3 b T 24901 AL P, O
BNO A B3 Biochar s . " e s
105 kg - hm > (I BERRES , P, 05 B BEH 14%) 5 156 AT IR A R B IR E
CN50 TA KL No organic material (5 N 5 46% ) , THRAERRFIATAIE 45 AL FLHTH HIHREA /DX,
SN50 50 FEFF Straw In early March 2014, 15 t - hm™ of biochar was applied to biochar
treatments, and 4.5 t + hm™2 of wheat straw was applied 1o straw returning
BN50 LR Biochar treatments. After harvesting each year, all the straw produced will be returned
CN100 FAHLYIEL No organic material to the field. Each treatment was treated with 105 kg « hm™ of P, O ( super-
phosphate, P,0s5 content 14% ) before sowing every year, and urea (46% N
SN100 100 BAT Straw content) was added in the experiment, which was applied to the plots accord-
BN100 TS Biochar ing to the amount of each treatment before sowing every year.

X2 BEFHEHE/(t-hm?)

Table 2 The amount of straw returning

AbFH Treatment  2014-03  2014-07  2015-07 2016-07

SNO 4.5 3.2 33 3.1
SN50 4.5 3.4 3.8 3.4
SN100 4.5 4.1 4.3 3.6

14 TEEKESTERENE
FEUCRAESARBFIRI 1 YR 45 2R 39 K+

HeEoKka, SRR, R WIE 5% 0~5.5~ 10,
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N,O0 B E AR,
F:CZ XVxM,x273/T, - C, X VXM, x273/T,
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(D)
AP F A RAARGE S (mg - m™ - h™') A U
FEH A (m®) VR (m®) M, o1
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Fig.1 The dynamic characteristics of N,O flux under different treatments
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FFIAH T N,O HEjil i & SNO SN50 F1 SN100 4 CNO
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CN100 HEeH &5k, BNO HEjifs & 527N, Bk CN100
1 BNO #h, £ b B2 [B] 22 AN (P>5%) s H 2,
SN100 .CN100 % CNO Ab 3 N, O 38 & 2> 513 fn 1
15.11% M 13.17% ;#Z= ,SN100 AbBE N, O HEmGH &=
B¢, BNO Zb B AIG

2.1.3 N0 F-F¥:d a4 WE 2 Pros, A
[ ZbFRTE] N,O 4513238 2 22 5k 3 B KT &4k
PN, O 42 F 358 & K/ A SN100>CN100 >SN50 >
CN50>BN100>SNO>BN50>CNO> BNO, H: e, b7
SN100,CN100 £ SN50 A9 N, O i@ & i 2 5 T HAh4b

®3 BRERANOFFEYEE/ (pg-m>-h")
Table 3 The seasonal average of N,O flux

IbE XF H% H% &
Treatment Winter Spring Summer Autumn
CNO 18.26Dhc 30.88Cab 49.67Ac 35.82Bc
CN50 19.72Dab 31.90Cab 54.18 Aabe 38.16Babe
CN100 18.14Dbc 33.54Ca 56.21Aab 41.31Ba
BNO 17.58Dc 29.09Ch 50.29Abe 35.08Bc
BN50 19.66Dab 30.20Cab 51.51Aabc 37.20Bbe
BN100 19.88Dab 31.87Cab 53.07Aabc  37.80Babc
SNO 20.28Da 32.12Cab 52.45Aabc 37.16Bbe
SN50 20.81Da 32.48Cab 54.63Aabc 40.12Bab
SN100 21.50Da 33.01Cab 57.17Aa 41.59Ba

T AR NG PR R A B2 8 22 5 1 . 3, R RIR 'S 71
FORFTNZ MR R (P<5%) .

Note: the different lowercase letters indicate the significent difference of
the processing, and the different capital letters indicate the significent differ-
ence of quarter(P<5%).

FH,SN100 4 H N #7554 40.57 pg » m™ - h™',BNO
S PR A g 34.81 wg - m2 - h7', BAE EUIE b 3R
(CN100,CN50 ,CNO) N, O 4EF- 25 /A CN100
>CN50>CNO,CN100 ,CN50 ZbH#% CNO 4b#E N,0 X
PRI BN T 12.92% F1 8.91% ; BAE Bt A= 4
Jisk AL R N, O 3 &t K/ BN100 > BN50 >
BNO, BN100 i1 BN50 4b 34 BNO &b #4438 & 73
BIHEANT 8.17% TN 5.99% ; BAEBCHEF5E FF N, O 8@
K/IK SN100> SN50> SNO, SN100 F1 SN50 4b H 45
SNO Kb HIA 438 & 435481 T9.06% F1 5.91% ., NO
IR N, O P2 HFilE £ K/ A BNO<CNO<SNO,
BNO F1 SNO 4b B4 CNO AbEE N, O HEBGE 5 430l s
0.49% M T 6.37% ; N50 /KT ,N,0 HEis
152~ BN50 < CN50 < SN50, BN50 Fl1 SN50 4b F 45
CN50 4bFH N, O HEHCHE & 53 598> 3.15% Fsghn 1
3.44%; N100 7K F 7, N, O HE it 8 & & BN100 <
CN100<SN100,BN100 F1 SN100 4b ¥4 CN100 4b 2
N, O HEFGHE 43 80 4.67% F¥E I 2.73% , A& .
A3 RN AR ) 5 2 43 i % N, O 4F 357 388 1 3400 7E
P< 0.1% P< 1%F1 P< 5%k 3] i 2 KF-.
2.2 AEAEIT N,0 BB

& 3 R, RIRIALBERE] N, O 38 iR 3 22 5k 3
2K, Hod  SN100 b N, O 3R A e i, R
847.18 kg + hm™, BNO Ab B i fik, i 727.45 kg -
hm™, A U0 AL BE( CN100 ,CN50 .CNO) N, O 3475
AR/ A CN100>CN50>CNO, 438 CN50 . CN100
B CNO A2 GWP 433 hn 7.93% F1 11.05% ; AIE
Pt A 4 5 e A0 B ( BN10O . BN50 . BNO) N, O H il 15
kN>R BN100> BN50>BNO, BN100 F1 BN50 Ab 3
5 BNO b3 GWP 435138 hn T 7.98% 1 6.36% ; FHE
BCrtiAs FH4L 2 (SN100 ,SN50 ,SNO) N, O 4 ifit i ok
/A SN100> SN50>SNO, SN100 Fl SN50 4b 345 SNO
AP GWP 43 BB T 8.56% Ml 5.65%, NO /K -F
T,N,0 B4R % # KNk BNO<CNO<SNO, BNO Al
SNO AbH4E CNO AbFE N, O H43R B3 5198071 1.00%
I T 6.22%; N50 /KF T, N, O 3 il
BN50<CN50<SN50, BN50 F1 SN50 4b# %% CN50 4k
PN, O 3R T B A0 2.429% FIE TN T 4.00% 5
N100 7K~FT,N,0 3R # K /N Ay BN100<CN100<
SN100,BN100 F1 SN100 b B% CN100 4L 2 N, O 14
TR TS ek 3. 729 FsE i 3.94%
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Fig.2  The annual average N,O flux under different treatments
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Table 4 Interaction between soil water content and soil temperature on N,O flux
[ . [A] 3230 42 2240 Indirect path coefficient
T LB/ em HIF R TR RN S i
Argument Soil layer Correlation coefficient  Direct path coefficient L CRA . 5
Soil water content Soil temperature
0~5 -0.242" " -0.095" " -0.147
et SN 5~10 -0.545" " -0.154* -0.391
Soil water content 10~30 -0.498" " -0.143* " -0.355
-5 Average -0.510" " -0.163" * -0.347
0~5 0.886" " 0.868 " * 0.018
TSR 5~10 0.867" " 0.792* 0.075
Soil temperature 10~25 0.860 ™" * 0.796 " * 0.064
S Average 0.863* " 0.792" * 0.071

TE: o+ = UK T P<1% PR3] RFKFE,

Note; * * significant level at P<1%.
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