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Abstract: Change in land use can influence soil micro-environment along with microbial, physiological and biochemical processes,
significantly affecting the generation and emission of greenhouse gases. At present, researches on greenhouse gas flux from land use
transformation have mainly focused on carbon dioxide (CO,), largely neglecting methane (CH,4) generation and emission. This study
determined the characteristics of soil CH, fluxes and the influencing factors, also highlighting the critical factors of different land use
patterns (cultivated land, natural grassland, shrub land, arbor and shrub land, arbor land and orchard). The study laid the basis for
predicting the contribution of land-use-driven transformation to greenhouse effects in the Loess Plateau region. The study was
conducted in Malian Forest Farm of Yongshou County, Shaanxi Province. In the study, soil CH, fluxes in different land use types
were measured during the period from April 2015 to March 2016 using static chamber chromatograph techniques. The related
environmental factors were recorded, including soil temperature, soil moisture, surface temperature and soil total nitrogen content.
The results indicated that soils were CH, sink under different land use types. There were significant differences (P < 0.05) in CH,4
uptake fluxes in different land use types. Soil CH, fluxes in six land use types had similar seasonal variations, higher in summer and
autumn than in winter and spring. Average soil CH, uptake was in the order of arbor and shrub land (51.24 pg'm >h™") > arbor land
(44.80 pg'm>h™") > shrub land (31.52 pgrm >h™") > natural grassland (25.89 pg'm>-h™") > orchard (18.97 pg'm>h™") > cultivated
land (14.89 pgrm >h™"). Soil CH,uptake fluxes in different land use types were positively correlated with soil temperature, surface
temperature and total nitrogen, and negatively correlated with soil moisture. Soil temperature at the 0-20 cm soil layer was the main
layer of production of soil CH, fluxes in six land use types. The uptake CH, under natural soil conditions was significantly higher
than that in agricultural soils. The transformation of cultivated land to forest land increased CH,4 uptake, enhancing the mitigation of
greenhouse effect of soil.

Keywords: Loess Plateau; Land use type; Soil CH, flux; CHy sink; Cultivated land; Forest land
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Table 1 Basic information of sample plots in different land use types

Land use type Siﬁgz Vegetation type Alg:ll;de Geographical position
2 Triticum aestivum 1240 108°0524.2"E  34°48'22.0"N
Cultivated land T. aestivum 1267 108°05'36.4"E  34°48'42.7"N
2 - 1237  108°0522.6"E 34°48'20.8"N
Natural grassland Community of Bothriochloa ischaemum and Artemisia lavandulaefolia
Community of B. ischaemum, A. lavandulaefolia, and Artemisia gmelini 1263 108°0539.3"E 34483 1.6"N
3 Postmature forest of Hippophae rhamnoides 1252 108°0529"E  34°48'21.0"N
Shrub land (<10 ) H. rhamnoides forest (younger than 10 years) 1258  108°05'38.6"E  34°48'31.4"N
Postmature forest of H. rhamnoides 1246  108°0525.0"E  34°48'32.2"N
3 1248 108°05'19.5"E  34°47'19.3"N
Arbor and shrub Mixed forest of Pinus tabuliformis, H. rhamnoides and Robinia pseudoacacia
fand . 1258 108°05"25.4"E  34°47'58.4"N
Mixed forest of R. pseudoacacia and H. rhamnoides
Mixed forest of Ulmus pumila, P. tabuliformis and H. rhamnoides 1267 108°0524.57E - 3474820.3"N
4 Platycladus orientalis forest 1218 108°05'35.0"E  34°48'11.1"N
Arbor land R. pseudoacacia forest 1225  108°0526.9"E  34°47'59.5"N
P. tabuliformis forest 1250 108°05'38.2"E  34°48'32.6"N
P. tabuliformis forest 1254  108°0523.0"E 34°48'20.8"N
3 Juglans regia garden 1222 108°05'48.0"E  34°47'59.5"N
Orchard J. regia garden 1222 108°05'48.0"E  34°47'59.5"N
J. regia garden 1222 108°05'48.0"E  34°47'59.5"N
F2 AEELHFALEBEMARLETIEERNMER
Table 2 Basic properties of sample plots of different soil layers in different land use types

Total organic carbon (gkg™") Total nitrogen (g-kg™") Bulk density (g-cm™)

Land use type 0~5 cm 5~20 cm 0~5 cm 5~20 cm 0~5 cm 5~20 cm

Cultivated land 9.040+0.010 8.790+1.120 0.926+0.163 0.830+0.160  1.300+0.035  1.252+0.045

Natural grassland 34.480+3.760 21.850+6.570 2.495+0.340 1.690+£0.510  1.170+0.026  1.220+0.056

Shrub land 24.650+0.780 13.550+3.270 2.078+0.069 1.517+0.460  1.180+0.038  1.230+0.064

Arbor and shrub land 24.030+6.430 10.610£1.270 1.830+£0.377  0.765+0.410  1.201+0.054  1.183+0.032

Arbor land 26.540+2.380 15.17+6.520 1.864+0.290  1.210+0.560  1.230+0.080  1.202+0.048

Orchard 9.390+0.139 8.318+0.237 1.003+£0.199  0.770+0.030  1.291+0.023  1.261+0.067
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x3 TRLHAAAXTLE CHBE
Table 3 Soil CH,4 fluxes of different land use types

Range of variation Average flux

Land use type

Annual cumulative flux

Coefficient of

(ugm™>h™) (ug'm>h™) (kg-hm™) variation (%)
Cultivated land —4.30~-32.30 —14.89+8.76¢ -1.30 58.83
Natural grassland —12.77~-49.93 —25.894+12.52¢cd -2.26 48.36
Shrub land —14.63~-63.52 —31.52+15.89¢ -2.76 50.41
Arbor and shrub land —27.95~-69.14 -51.24+12.81a —4.48 25.00
Arbor land —23.60~-65.18 —44.80+12.03ab -3.92 26.85
Orchard -4.50~-31.17 —18.97+8.95de —-1.66 47.18
(P<0.05) Different lowercase letters in the same column mean significant differences (P < 0.05).
2.2 CH, ( 2 CH,
6 CH,4 ) >
, , 2015 8—9
CH, , , 2016 12
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Fig. 2 Seasonal variations of soil CH4 fluxes of different land use types
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F4 FRTHFAARXTEIE CHBRK®S 5em #0120 em TIEEE (DA R

Table 4 Correlation between soil CHy4 flux (Y) and soil temperature (7) at 5 cm and 20 cm in different land use types

5cm Soil temperature at 5 cm 20 cm Soil temperature at 20 cm
Land use type Sample number Rr? R?
Correlated equation Correlated equation
Cultivated land 72 Y=1.831+4.889InT 0.322 Y=12.714+4.928InT 0.294
Natural grassland 72 Y=-3.020+10.257InT 0.314 Y=13.597+5.291InT 0.262
Shrub land 108 =-16.556+17.155InT 0.373" Y=14.005+7.650InT 0.269
Arbor and shrub land 108 Y=5.575+17.078InT 0.838" ¥=31.088+9.080InT 0.703"
Arbor land 144 Y=-1.144+16.941InT 0.687" Y=21.878+9.781InT 0.574™
Orchard 108 Y=-6.114+9.163InT 0.640" Y=-0.232+7.650InT 0.558"
Hx 0.01 (R=0.683 5), * 0.05 (R=0.5529) ** indicates significant relation at 0.01 level (R = 0.683 5);

* indicates significant correlation at 0.05 level (R = 0.5529).

x5 ARTHFAARNTHLIE CH,RKE((Y)E 5Scm #7120 cm HIESKEWs. Wy)HIX R

Table 5 Correlation between soil CH, flux (¥) and soil moisture at 5 cm (Ws) and 20 cm (W) soil layers in different land use types

Scm Soil water content at 5cm 20 cm Soil water content at 20 cm
Land use type Sample number R R
Correlated equation Correlated equation
Cultivated land 72 Y=0.233W5+10.794 0.025 Y=-0.386W,¢+22.426 0.023
Natural grassland 72 Y=-0.440W5+38.281 0.166 Y=-0.903W»,+46.835 0.213
Shrub land 108 Y=-0.693W5+49.605 0.170 Y=—0.644W»+45.529 0.075
Arbor and shrub land 108 Y=-1.015W5s+73.536 0.318" Y=-1.894W,,+88.273 0.436"
Arbor land 144 Y=-0.965W5+66.869 0.276 Y=-2.071W+84.118 0.392°
Orchard 108 Y=0.136Ws+16.604 0.009 Y=0.302W5+13.083 0.046
* 0.05 (R=0.5529) * indicates significant correlation at 0.05 level (R = 0.552 9).
2.3.3 CH, 2.3.4 CH,
CH,4 CH,
s s Y:b0+b1x1+
, CH4 +bkxk
15.3%~64.5%(  6) CH, ,
(P<0.01); « 7N R
(P<0.05); CH,4 5 cm
CH,4 ; ;
(P>0.05) 20 cm
= - . 28 N=| ) 9 20 cm
*6 ARLHFAAXTHLIIE CH,RKDSHFRE
EOM*ER
Table 6 Correlation between soil CHy4 flux (Y) and surface soil CH,
temperature (¢) in different land use types
R
Land use type Correlgted CH, ( ),
equation
Cultivated land Y=0.315¢+7.396 0.200 CH4 ’ >
Natural grassland Y=0.506¢+13.900  0.289 ’
Shrub land ¥=0.527¢+17.724  0.153 CH4
Arbor and shrub land ~ ¥=0.991/+30.896  0.645"" s CH,4
Arbor land ¥=0.7061+28.967  0.461 2.4 CH,
Orchard Y=0.443¢+8.925 0.413
ok 0.01 R=0.6835), * 0.05
- . ( . ). CH, R CH,
(R=0.5529) ** indicates significant relation at 0.01 level (R =
0.683 5); * indicates significant correlation at 0.05 level (R = 0.552 9). ¢ 3), 5cm
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x7 6MIFAARATHLIIE CH,BESHERFHESEIITHE

Table 7 Regression equations between soil CHy flux and environmental factors under different land use types

Land use type Regression equation F Sig. R?
Cultivated land Y=-71.683+3.162W+1.580T 7.321 0.013 0.619
Natural grassland Y=13.131+0.9307s 5.375 0.043 0.350
Shrub land Y=8.314+1.247T; 6.628 0.028 0.399
Arbor and shrub land Y=26.365+1.453T5 46.249 0.000 0.822
Arbor land Y=24.834+1.481T> 24.307 0.001 0.709
Orchard Y=-7.350+0.737T> 8.368 0.016 0.523
Ts Ty Wi S5cm 20 cm 20 cm Ts, T»o and W, are soil temperature at 5 cm and 20 cm, and soil moisture at 20 cm.
S 100 som . 70r20em  3=3.762x+43.030%
= . 7=5.348x+38.521 . =0.201 P=0.239
| L L
£ 60+ - " u 7=0.364 P=0.029 60 " " L]
) L] [ ] u
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Fig. 3 Correlation between soil CHy flux and total nitrogen content in different soil layers
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