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Greenhouse gas emissions from an apple orchard with the mixed application of organic and chemical

fertilizers

MA Yanting'?, ZHAO Zhiyuan'?, FENG Tianyu'?, SOMPOUVISET Thongsouk'?, KONG Xu'?, ZHAI Bingnian'**", ZHAO Zhengyang’

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Plant
Nutrition and the Agro—Environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3. Apple Experiment Station,
Northwest A&F University, Baishui 715600, China)

Abstract: The combination of organic and inorganic fertilizers plays a key role in reducing the use of chemical fertilizers and increasing
soil fertility. However, the effect of organic fertilizers relative to those of chemical fertilizers on greenhouse gas emissions in apple orchards
remains unclear. Hence, an experiment was conducted to explore the temporal change in greenhouse gas emissions using a static—chamber
gas chromatography technique during a long—term experiment. Four treatments were applied as follows : no fertilizer (CK), organic fertilizer
only (M), chemical fertilizer only (NPK), and organic fertilizer plus inorganic fertilizer (MNPK). The principal findings were that CH, was

mainly absorbed by the soil, and the peak of N,O emission fluxes always appeared after fertilization. There were significant differences in
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the cumulative emissions of greenhouse gases among all treatments (P<0.05). The highest cumulative absorption of CH, was observed in

the M treatment (9.95 kg - hm™). Additionally, the cumulative N,O emissions in MNPK were significantly higher than those in NPK.

Correlation analysis results indicated that greenhouse gas emissions were primarily driven by soil water content, air temperature, nitrate

nitrogen, and ammonium nitrogen. Yield, nitrogen agronomic efficiency, the absorption of CHs and the emissions of N,O, and the N,O

emission factor were significantly enhanced, whereas greenhouse gas intensity was decreased under the MNPK treatment compared to that

of NPK treatment. However, there was a non—significant difference between MNPK treatment (0.04 kg-t™') and NPK treatment(0.06 kg-t™")

in yield —scaled CH4 absorption. Moreover, yield-scaled N,O emissions for MNPK treatment and NPK treatment were not significantly

different and were 0.05 kg-t™" and 0.07 kg-t, respectively. In summary, organic fertilizer combined with chemical fertilizer is conducive to

the sustainable development of apple orchards while ensuring production.

Keywords : organic fertilizer; methane; nitrous oxide; greenhouse gas intensity; dry land
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Table 1 Fertilization schemes under different

treatments (kg-hm™)

hpr PR AEHE Chemical fertilizer i L
Treatment Manure N P>0s5 K,O Total nitrogen input
CK 0 0 0 0 0
M 45 000 0 0 0 68
NPK 0 675 405 405 675
MNPK 22500 641 405 405 675
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Figure 1 Changes of temperature and precipitation across the whole growth period
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Figure 2 Variation of CHs and N,O emission fluxes under different treatments
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[TE
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Figure 3 Dynamic changes of NH;=N and NO3;=N content in soil under different treatments
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AE A I R P9 S SR D] 45 A B P 25 S I (R
3), i MNPK &b 38 1 7™ 4 fi /55 , 5 NPK AL EEFI M 4k
FRAH 2 B T T 63.6% F145.7% , NPK Ab B = 45
M AR HR)E /D T 10.9% ,{H —F | 2 5 A 8% . 5 NPK
Ak FEAH EE , MNPK Ab B 9 08 & 4 3R B T

114.3% , N,O HEjit 2538 i 1 0.17 4~ A 43 445 ; MNPK

0.05.0.07 kg - t™", Buf7 7= it CHy 2 AU i 4 51 A
0.04.0.06 kgt , PUALEE ] 22 S 50 i 2%

25 BESAHNBEESEZMEFZ EHHEXE
S

FHICHE B R W (e 4) , CHL R ICHE 7 5 3%
KHE NO3-N NH;-N St 34 52 8 2 A OGO R
(P<0.05) ; NoO HEAIE 5 5 1+ 3E NOs-N FIjE B &t I 2
IEAHSE 1M 5 4 398 NHG-N & 28 F1 55 /K = G 35 A1 56

b FRATNPK AL F R AT B N0 RBUHERCR 500 e Al I, K S KR NOS-N NHI-NJ2 52
F2 FEKELETEESENOMCH)HNEES RESEHMEE
Table 2 Total emission of greenhouse gases(N,O and CHy) and greenhouse gas intensity under different fertilization treatments
i3] N>O HFC CH. R, T2 SUARHERR CO. i CDE/ U 2 AR iR 2
Treatment N0 emission/(kg-hm™) CH. absorption/(kg+hm™) (kg COz2e+hm™) Greenhouse gas intensity/(g-kg™)
CK 1.58+0.01d 2.94+0.25d 398.51+5.67¢ 17.29+0.25a
M 2.01+0.06¢ 9.95+0.29a 321.56+26.01d 4.91+0.40¢
NPK 3.79+0.32h 3.27+0.12¢ 1 038.49+92.30b 17.80+1.58a
MNPK 4.78+0.07a 4.03+0.06b 1311.69+20.79a 13.74+0.22b

T A AN FREFR R A R R 22 57 .35 (P<0.05) o R 1]

Note : Different lowercase letters in the same column indicate significant differences among treatments (P<0.05). The same below.

1% WHART]



Lha g, 55 A HLICHLIE Ot 32 bl i 28 S HR R A 520 2045

M It 2 SOAHR R ) R R
3 g

3.1 AEIAMIEXT CH, IR U 2 #9520

+HE CHL B F- 32 77 CHL R 0977 28 F CHL B AL T
B4 T FE T 4 o, A SR - 3, CHL S0Pk TR 0 3 1 48
588, CH. 038 540 G, 33X 150 IR 52 b - 3986 CHL LA
Wk M ASBIESE A5 AR B, - b 2R Bl it FH A AILIE
T A48 CHL AW iGE 4t (8] 2b) , Hid M AR EE CH,
SR i I 2 T AL B T MNPK b BEAR T
M 4b B CH. S8 B i ol /0 3 — 2 o K it A AL
RE T DA ek st St A 3 i - LB B |4 - s
AER - B A SRR S I N . CHL AR TR R DA
CHAE S ME— B JR FNRE VA , 5 CHL A AE R COL FIUK 1)
U SRRV T, AT ML vt P 2 4 R CHL A0 Ak T A 5
P TEAF AT, CHO A 2 W CHL A8 AL T 48 Ak T 1
L S Y R AR A R e A AL
— 5 T AT DAREAR AL NE R 2, A 0 2% 5 b 2R
CH. PHERL , 575 — 5 T vl DA P ALK 35900 BT 7= A 1)
IBETE Y Bm A PR S B SR A AR I Hoit
ZENEAA VUE A7 AR, 5 AR IEAR H AT DA A
RELFE . S0, CH M IGHE 755 13 NHI-N Y
TEREDFEAMC(ERL) . INGIRE BT LS R
B 4 4% NHi-N & 5 CHL 19 A b A L HE w24 4
NH:-N & s FEAR AT, H CHL 1 W R g fin . X —
7 1T 2 R Ay it A DA i - 8 v i v B 9 NHG-N 5 CH.

FACTRAEAESE G oG R BRI T CHL AR TR 9 2 K ARG
PE, S 20 CHL AR BRI, T3S T CHL A HE
A S, R ScaE 1 oy — 5 T, A ML b
TGS IS, R A W 1S sh At Tk
Ui, i — D3R T R i v R T g
B AT A, BRI T 498 NHG-N 9 3 &, DA 34 n
T CH, B W il M, e, 38 CHL R i & 5 1
AR BAMERACH R (K4, SKENIY
Tl 4 2 A B SRS R R B R SR AIT
fifi 8T R AR AS , ASFF 138 CHL B AL A 1 A4
o, AT 38 CHL W G i AR 3K 156 25 K i
Fitis F A AIURE X6 4 398 CHL WRACH & 7= A8 T — 22 5%
Wi o A Bt FH A FLIE 25 8 35 i CHL R
Weds , oA MAR PR B IR SRR Bl o (AT 45 SRk
o CH. 76 5 1 37 S el v i) I 5 AR, AR 1T L 22
AT
3.2 AREALIERF N,O HE R 2 B9 2200

Al A3 NLO 1y 7= A R A —SE AW
Z 5T o AL S A B Rl AR e . g rh
NoO Y77 A 52 IR ik AL 1 1 52, JS ) Bk 7t
SR, N2O (8 HE S 32 2 32 A HE A B 2 5 IR A
702 BT, NoO A HEL 32 22 32 A L 7K 27,
MLICATLAE T fte 2 B AT 4 HAR 0 it A i, ANEL AT L
WA N AR 0T DAE Sl & & 25 Ts THETE IR
FRNEDFE T S A DR FED LA AT, AT R A 2R
AT B AR EE, AE3 )7 (1) [R] B 9k 20 X B8 119 171

R3 FE NOHERABMBAMTERESEFHBRRELY

Table 3 Yield, N,O emission factor and the yield—scaled greenhouse gas emissions

Ab 3 e E VWi Ve N0 HE & £ Ly CHy BRI A A7 R N0 BB
Treatment  Yield/(t+hm™)  NAE/(kg-kg') N.O emission factor/% Yield-scaled CH. absorption/(kg-t™") Yield-scaled N.O emission/(kg-t™")
CK 22.53£5.18¢ — — 0.13£0.02a 0.07+0.02a
M 65.52+13.98b — — 0.1620.04a 0.03+0.01b
NPK 58.35£15.50b 53.1+16.6b 0.33+0.05b 0.06+0.02b 0.07+0.02a
MNPK 95.45+5.33a 113.8+7.94a 0.50+£0.01a 0.04£0.01b 0.05+0.01ab
x4 ERMEAFESEHR/RBURE 2 8 #HEK S
Table 4 Correlation between each impact factor and greenhouse gas emission/absorption flux
HTIE R ZN K A R ik SRR Al
Greenhouse gas Soil water content NO;-N content NH:-N Content Air temperature
CH. M Wi -0.221%* -0.292% -0.266%* -0.163*
N0 F i it 0.136 0.413%* 0.138 0.359%*

T R RIRTE 0.05 0 EPE AR T B8 M 56, ++3FR7E 0.01 i PE KT T B35 M1 56, =160,

Note: *indicates extremely significant difference at the level of 0.05, ** indicates extremely significant difference at the 0.01 level ,n=160.
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