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Responses of soil greenhouse gas emissions to plastic film mulching and y-HCH addition
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Abstract: Background, aim, and scope Increased concentrations of greenhouse gases exacerbate the greenhouse
effect, with the resulting climate change posing threat to human society and ecosystems. Soil acts as an important
source and sink of the main greenhouse gases (N,O, CH, and CO,). As a global agricultural method, plastic film

mulching had a certain impact on greenhouse gas emissions. y-HCH caused global concern due to their high
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toxicity, persistence, and significant adverse effects on ecosystems. In this study, the influence of y-HCH on soil
greenhouse gas emissions under mulching was investigated by measuring the emission flux of soil greenhouse
gas (N,O, CH, and CO,) and soil physical and chemical properties. Materials and methods The experiment
was conducted by the static chamber technique. Twelve treatments (CK 0, CK 50, CK 500, CK 0’, CK 50, CK 500,
NM 0, NM 50, NM 500, PM 0, PM 50, PM 500) were designed with plastic mulching and without plastic
mulching under different concentrations of »-HCH (0 ng-g ', 50 ng-g ', 500 ng-g "), and control treatment (without
plant). Each treatment was repeated for 3 times. Soil temperature and moisture, greenhouse gases were measured
and collected once a week. N,O, CH, and CO, emission fluxes were determined by GC. Results (1) Soil
was the emission source of N,O and the weak absorption sink of CH,. (2) The N,O and CO, emission flux were
positively correlated with soil moisture content and temperature (P<<0.05). (3) Plastic film mulching significantly
inhibited N,O emissions in soils without plant treatment from 28 d to 35 d (P<<0.05), and the absorption peak
of CH, in soils without plant treatment under the application of y»-HCH (P<<0.05), whereas CO, emissions (P<<
0.01) were significantly increased. (4) N,O emission flux under high concentration of y-HCH (500 ng-g ")
was significantly higher than that under low concentration of y-HCH (P<<0.05); high concentration of
y-HCH (500 ng-g ') significantly promoted the peak absorption of CH, in alfalfa planting (P<<0.01), with CO,
emissions inhibited by applying y-HCH (P>0.05). Discussion Under plastic film mulching, y-HCH affected
the emissions of CH,, N,O and CO, through nitrification, denitrification and soil microorganisms. Plastic film
mulching significantly increased soil moisture and CO, emissions. The application of y-HCH enhanced the
carbon metabolism of the rhizosphere soil under mulching, as well as the absorption of CH,. Meanwhile, y-HCH
had a certain inhibitory effect on soil respiration with bacteria involved in carbon degradation in rhizosphere
soil to reduce CO,. The high concentration of y-HCH (500 ng-g ') inhibited nitrification, and enhanced the
denitrification process, promoting N,O emission. Conclusions (1) N,O and CO, emission flux was positively
correlated with soil moisture content and soil temperature (P<<0.05). (2) The soil was the emission source of N,O
and the weak absorption sink of CH,. (3) Plastic film mulching exhibited an inhibition effect on N,O emissions in
soils without plant treatment, and the absorption peak of CH, in soil without plant treatment under the application
of y-HCH, while promoting CO, emission. (4) High concentration of y-HCH (500 ng- g ') significantly promoted
N,O emission flux (P<<0.05), and the peak absorption of CH, in the soil without plant treatment and in the alfalfa
soil without plastic film mulching treatment (P<<0.01). Recommendations and perspectives The results are
conducive to understanding of the impact of different agricultural practices on soil greenhouse gas emissions.
Key words: plastic film mulching; y-HCH; greenhouse gas; global warming potential (GWP); farm soil
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Tab. 2  Effects of plastic film mulching and y-HCH on greenhouse gas flux, soil temperature and soil water content

N,O H¥Hpicia: CH, H¥gHpici i CO, H¥HEHGE &

TSR LR

Kb N,O daily mean CH, daily mean CO, daily mean ) .
Treatments emission flux emission flux emission flux Soil water  Soil temperature
/(g-hm*-d™") Ng-hm>-d™) /(kg-hm*-d ") P e
HF A 1% Plant 12.92 -0.45 1.41 31.35 23.77
Plastic film mulching Jott%)  Control 10.89 —-0.51 -0.24 41.93 23.61
JoE #i#)  Plant 8.77 —0.44 -0.36 21.00 23.71
No mulching JoHiY)  Control 20.04 —-0.52 —-1.59 23.51 23.43
y-HCH #¢ % 0 10.81 -0.53 0.05 28.45 23.41
y-HCH concentration 50 5.46 —0.33 —0.53 29.60 23.72
ng'g’) 500 23.20 —0.57 —0.10 30.29 23.76
HhREEL
Plastic film mulching NS NS ok ok NS
B M)
Significance y-HCH ¥ i
y-HCH concentration S NS NS NS NS
(y-HCH)

ok ] ek R ISORTE 0.05, 0.01 F10.001 ACE B EFDE, NS FRIE S, R,

* ** and *** mean significant at 0.05, 0.01 and 0.001 levels, respectively, NS means not significant, the same below.

F3 MBS N p-HCH DAY ) B 22 HAE
Tab.3 y-HCH and plant interactions under plastic film mulching

TR A H A HEGE B
- e . . - ; HJBE 5 X p-HCH ¥
4 UURT O MRS <-HCHIKIE MY MBS X R p-HCHIKIE X MY -
Soil greenhouse gases daily BE X FHY)
L. : (M Xy-HCH) Plant (M X plant) y-HCH X plant
mean emission flux and soil M X y-HCH X plant
temperature and humidity
N,O H¥HEice
N,O daily mean emission flux NS NS NS NS NS
/(g-hm *-d ")
CH, H o
CH, daily mean emission flux NS NS NS NS NS
/(g-hm>-d™")
CO, H X
CO, daily mean emission flux NS ok NS NS NS
/(kg-hm~>-d™)
IS KR
LTS NS wrn * NS NS
Soil water/ %
LA NS NS NS NS NS

Soil temperature/ °C
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Fig. 1 Variation of N,O emission flux under y-HCH and film plastic mulching treatment
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Fig.2 Variation of CH, emission flux under y-HCH and film plastic mulching treatment
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Fig. 3 Variation of CO, emission flux under y-HCH and film plastic mulching treatment
K4 HRE S AEN -HCH X GWP HYR2E
Tab. 4 Effects of plastic film mulching and y-HCH on GWP
AbFE Treatments CH, N,O Co, GWP/(10*kg-m™)
CKO0 —=70.16 26204.35 —1893.13 24241.06
CK 50 —23.82 16070.38 —6616.42 9430.14
CK 500 —42.53 36547.01 —5547.58 30956.90
CK 0’ —62.16 4996.39 —1793.72 3140.51
CK 50’ —28.06 6816.32 —2650.70 4137.56
CK 500" —28.74 27836.61 2934.45 30742.33
NM 0 —19.79 8341.89 1099.86 9421.97
NM 50 —37.09 2568.73 —1451.73 1079.91
NM 500 —49.59 24833.95 —1390.39 23393.97
PM 0O —31.30 16696.66 5570.59 22235.96
PM 50 —25.79 3203.36 4991.61 8169.18
PM 500 =57.07 28694.31 4225.16 32862.40
B M NS NS ok NS
Significance  y-HCH NS * NS *
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il A6 R B2 Al fb o B A R AR AR 1 K, NLO HE i
TR AR ( L0, 2003 ) o A% HUR) A0
X - SR A W T s e A — S BRI, DT
e = SRR HERL ( Ekundayo, 2003 ), y-HCH
AL 3E R FF A i s ) HE S AL 5 R
WEALERT, ARSI NLO AYHERL . A7 s ik
J& y-HCH (500 ng-g ') AbFR N,O HEGH & i 3%
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H 5 A jiti i p-HCH A b, it fin & ¥k B y-HCH
(500ng-g ") WEMHT N,O 7E4 28—35 d (1HE
B (P<0.05) , i Kk »-HCH (50 ng-g ') X
55 28—35 d N,O HEHE & HA — @ /e
X AT fE 2 DR R 7 7 A RN, it fin v vk BE p-HCH
(500 ng-g ') i 5 AAE A A 1L 5
( Nitrosomonas ) 1 A8 X 3 £ & 2 %X T JC y-HCH
it AR e p-HCH (50 ng-g ') (4R Fr 4 1
(P<<0.05) , MMl T wSALAE R 1+ 358
B figfeibR: ( Blanco-Jarvio et al, 2011; T HjlZ,
2019) , W/ T N,O A AL T3S i 1 H e A
I 3F FCHE . bt fin = Mk BE p-HCH (500 ng-g ')
it TC AR Py Acb B 4 48 v B RS A IS NLO HE G 0
(0 P TEHEEIR T 7 d, X SAFEDIEE (2014)
ORI FE S5 TE ARRL, 2R HUFI Rt H bk R 243 58 o S0 fof
T4 N,O IHE = AR T 4 d 1 8 d.
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YIFE CPh P, 2000) , [RGB ST
IR E E . RIS SEA T ( Madigan
etal, 2010) . AHF5E & Bl 412 CH, /93, X
EAEIIRS518—30 (Lietal, 2014; XHE4R%:,
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y-HCH B} 38X} CH, ry W i e fl (P<<0.05) , iX
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Chen et al, 2017) . Jifi it y-HCH Xt CO, 19 HE Ji
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> CO, HET, A W58 3R IR sk s st +
SRR A R ZL I RIVE . (XZEAE, 2001) o
HIFEEH 50 & B p-HCH A I 2 el /D AR s - 3158
S SRR AR (T ANz, 2019) , X
Al figSE CO, HE A i R 22—

33 MiFEEZS5HEN p-HCH Xt HIEL KR ER

( GWP ) By%20m

SRR TES (GWP) 18 g ok & B iy 2
AN RN BRAR B (W52 W, H DL CO, Mt
>k fif & ( Whiting and Chanton, 2001 ) . 7£ 100 a
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B HE R (P<0.01) o & ¥ & p-HCH 4k 2 F N,O
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