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Characteristics of soil greenhouse gas fluxes under different forest types in the Loess Plateau tableland , China
ZHANG Jie"**, LIU Meng—yun'**", ZHANG Meng—meng"*’, YANG Jing—han'?*?, CAO Run—shan'*’

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutri-
tion and Agri—Environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3.Key Laboratory of Agri-Environment,
Ministry of Agriculture, Beijing 100081, China)

Abstract: The study of characteristics of CO,, CHs, and N,O fluxes in soils of pure forest and mixed forest has great significance for evaluat-
ing the differences in greenhouse gas fluxes under different forest types. In this study, the flux laws and major influential factors of CO-,
CHs, and N,O were compared using a static chamber and gas chromatography method based on seven typical pure forests and their mixed
forests in the Loess Plateau tableland. The results showed that all forest types were sources of CO> and N>O and sinks of CHs, and the differ-
ences in greenhouse gas fluxes among different forest soils were significant. Among the annual fluxes of soil CO, and N,0, the mixed forest
of Hippophae rhamnoides and Robinia pseudoacacia had the highest fluxes (130.73 mg+m™+h™" and 4.42 pg-m™-h™", respectively ), while
the Pinus tabuliformis pure forest(51.33 mg-m™-h™" and —=0.06 wg-m™-h™", respectively) had the lowest. For the fluxes of soil CH, uptake,
the absorption flux of the P. tabuliformis pure forest was higher(60.82 pg+m™+h™) than that of any other forest, and that of the Biota orien-

talis pure forest(36.67 pg-m™+h™") was the lowest. The soil CO; flux was positively correlated with soil temperature and negatively correlat-
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ed with soil moisture content. Soil CH. uptakes of the B. orientalis pure forest and mixed forest of H. rhamnoides and R. pseudoacacia were

significantly positively correlated with temperature, and first increased and then decreased with the increase in 0~5 c¢m soil water content.

Only the R. pseudoacacia pure forest and P. tabuliformis pure forest soil N,O fluxes were positively correlated with soil temperature. The re-

sults showed that the fluxes of greenhouse gases in soil were related to forest type, and that the flux characteristics were different under the

influence of environmental factors.

Keywords: pure forest; mixed forest; greenhouse gas; environmental factors; Loess Plateau tableland
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Table 1 Basic status of sampling sites under different forest types

HRAE SR A % i i Wtz IS b M
Forest types Sampling sites Longitude  Latitude  Altitude/m Diameter/cm Canopy closure/% Understory vegetation
EIRUY N EMEMIZ AL 108°5739” 34°48732" 1240 7.70 90 MR Fe RS
JRR AR I NEMI T 108°5'27" 34°48'02" 1239 7.20 83 MRS, TR A AR A
{IUEERZN ILERE A 108°95735” 34948712 1217 5.80 72 ABIMAR MO
LIS ThEMR S Y IR TE I 108°5738" 34°48733" 1254 8.90 86 MR RGBT 2 AR S
TR IORIRL IR Ak Th¥EMEAR I Y 108°5'26" 34°48'02" 1230 7.45 80 NN B IR PN
FURLAURITHR AR DYEME=AOITE  108°5/36” 34°48710" 1224 6.50 80 MM R R Z
VPRI ISR AR DRI T 108°5725” 34°48713” 1247 8.18 75 AR 5%, i F A s )2 AR

K2 AEMHELERE (0~

5.5~20 cm) BEARIEWK ISR

Table 2 The basic physical and chemical properties at 0~5 cm and 5~20 c¢m soil depths for the seven forests

. . . - o N ?/'\ | NP r e | ‘I YH 2%k »?/[\ | A\‘ §¢H7'< -4~
BT —_— /ﬂiﬁiwﬁarwx/ﬂ\ ﬁJffMJm TRASH v R AL 70 A 1he BN
TERE . . . Mixed forest of Mixed forest of Mixed forest of Hippophae
- . Hippophae Robinia Biota Pinus . .. . L
iH Soil . . . . . . Hippophae Robinia reamnoides—Robinia
reamnoides pseudoacacia orientalis  tabuliformis . .. . . . .
depth/cm reamnoides—Robinia  pseudoacacia—Biota pseudoacacia—Pinus
forest forest forest forest . . . . .
pseudoacacia orientalis tabuliformis
L TN/ 0~5 1.98 2.10 1.92 1.11 3.04 1.68 1.41
gke' 5~20 1.52 0.88 1.07 0.81 1.15 0.80 1.04
HHRESOC/  0-~5 25.29 13.76 20.73 10.59 21.82 46.28 14.10
gke’ 5~20 14.27 10.04 9.63 6.30 13.76 11.28 9.02
C/IN 0~5 12.77 6.55 10.80 9.54 7.18 27.55 10.00
5~20 9.39 11.41 9.00 7.78 11.97 14.10 8.67
BRI PR 0~5 391.82 296.03 336.09 269.66 352.07 809.15 389.13
DOC/mg-kg" 550 22806 168.73 196.80 159.34 257.37 188.95 208.57
TEASANO-N/  0~5 137.46 237.58 135.14 111.03 194.95 114.58 56.25
mg-kg™ 5~20 68.62 52.00 67.54 59.28 25.79 31.22 33.85
AR NH-N/  0~5 4.01 4.03 3.17 3.19 5.36 3.53 3.80
mg-kg™ 5~20 2.76 3.49 3.78 3.58 4.44 4.46 4.75
pH 0~5 7.97 8.11 7.99 7.93 8.05 7.84 7.97
5~20 8.21 8.24 8.21 7.97 8.21 8.16 8.20
75 Bulk 0~5 0.97 1.24 1.09 1.15 1.13 1.13 1.27
density/g-em™ 55 1.19 1.36 1.22 1.34 1.25 1.15 1.42
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Figure | Seasonal changes in soil temperature and soil water content at 0~5 ¢m and 5~20 e¢m depths for the seven forests
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Figure 2 Seasonal changes in soil CO; fluxes for the seven forests
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Figure 3 Seasonal changes in soil CH. fluxes for the seven forests
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Figure 4 Seasonal changes in soil N;O fluxes for the seven forests
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Table 3 Comparison for the soil fluxes of CO», CHy and N,O in seven forests(Mean=SD)
COx/mg-m~+h™' CHi/pg-m™-h™ N.O/pg-m™+h™'
A Forest type R JEERTE Ei=S JEERKE Ak Z kK
Growing season Non—growing season Growing season  Non—growing season  Growing season  Non—growing season

EIRUY DN 164.37+7.68b 51.18+6.68a -50.23+9.17a -63.25+8.77¢ 1.2420.1b 1.8+0.43ab
PRIV 160.73+15.97h 55.88+9.97a -54.32+3.26a -52.14+7.52bc 5.7+2.77a 2.29+0.87a
JIGEREN 98.55+11.03d 28.86+0.22¢ -45.07+10a -28.26+9.97a 1.1620.24b 0.27+0.94¢d
TR 75.01+4.39¢ 27.64+1.18¢ ~58.48+5.04a -63.15+4.37¢ 0.28+0.56b -0.4+0.21d
IO R TR A bR 220.27+14.94a 41.19+2.81b ~49.77+2.24a -45.1+4.25b 6.29+3.62a 2.55+0.33a
SRR ANATR AR 138.93+18.21¢ 24.9620.87¢ ~43.46+0.47a -50.77+3.25h 1.5+1.05b 1.6+0.24ab
PIORIBRIMAMESEAR 96.39+6.51de 26.64+0.59¢ -43.61+1.6a -32.85+1.82a 1.05+0.94b 1.05+0.37be

T AN )N PR RN R AR RUAR ) 2 5 28 57 .25 (P<0.05) ¢

Note: Different lowercase letters represent significant difference in the same season in different forest types (P<0.05).
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Figure 5 Relationship between soil greenhouse gases and soil temperature at 0~5 ¢cm and 5~20 ¢m depths for the seven forests
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Figure 6 Relationship between soil greenhouse gases and soil water content at 0~5 ¢m and 5~20 e¢m depths for the seven forests
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Table 4 Correlation coefficient between greenhouse gas fluxes rate and physicochemical properties at different soil depths

£ EERIRTS WA
WiH TN soc TN DOC

IR HLAR

NO,-N NH,*-N P Bulk density

0~5 5~20 0~5 5~20 0~5 5~20 0~5 5~20

0~5 5~20 0~5 5~20 0~5 5~20 0~5 5~20

CO, 0.90** -0.38 0.27 0.85*

N.O  0.94*%*  -0.61 0.06 0.67 -0.29

-0.09 0.7 0.08 0.62
CH: 0.25 0.14 0.37 0.33 0.24 0.01 0.35 0.41
0.83* -0.07 0.79%

0.74 -0.32 086* -0.09 047 0.58 -0.25 -0.35
-0.18 -0.21 0.04 042 -0.02 0.5 0.03 -0.23
0.73 -0.5 0.94*¥*  0.17 0.63 0.59 0.06  -0.09

T ERAE 0.01 7 OB F S 2 AR DG 5 #AR3RAE 0.05 7K CBUN) T ARG 0~5,5~20 9 12 RS, i em.,

RS NREIRE T BT IRERE SRR (00)

Table 5 Temperature—sensitive index( (1) of soil respiration at different soil depths for the seven forests

EZIRUY V0N HIRR AR (g NI VU VDRI R A AR SRR RATR A A VORI A TR A AR
0~5 cm T HEHR 1.88 3.24 2.28 2.81 3.67 2.63 5
5~20 cm T 3EIR 1.91 2.74 3 3.62 1.75 2.2 3.84
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