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Seasonal and interannual variation of soil respiration in four vegetation types
in the loess hilly region™
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/AGsiEs Soit carbon (C) stock is the largest C pool in terrestrial ecosystems, and the emission of CO, through soil respiration
contributes to the majority of soil C expenditure and atmospheric C. Soil respiration is also one of the major processes
controlling the C budget of terrestrial ecosystems. A slight change in soil CO,emission might cause drastic variations in global
C balance. Therefore, it is of great significance to investigate the characteristics of soil respiration of soils growing different
types of vegetation over a long period, and determine its relationship with variables such as soil temperature and moisture.
The rate of soil respiration was measured each month in the growing seasons (from April to October) of 2011, 2013, and 2014
using the Li-8100 CO, flux measurement system in the central Loess Plateau. Four types of vegetation (Quercus liaotungensis,
Platycladus orientalis, Robinia pseudoacacia, and a natural shrub) were chosen for the periodical measurements. A permanent
sample plot was established for each type of vegetation, and five polyvinyl chloride (PVC) collars were placed in each plot
for the measurements. The temperature and water content of the soil in the upper 12 cm near the collar were measured using
a digital soil temperature probe and a TDR 200 soil moisture meter at the same time when the soil respiration was measured.
The soil respiration rates were fitted to the soil temperature and moisture with an exponential function, power function, linear
function, and an equation combining the two variables. The results showed that: (1) the seasonal variation in the rates of soil
respiration in the soils growing the four types of vegetation were almost the same, and were lower in the earlier period and
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then increased to high levels in the middle and later periods; (2) the rates of soil respiration in the same month varied with the
type of vegetation grown, and were in the descending order: Q. liaotungensis > P. orientalis > shrub > R. pseudoacacia; (3)
the average values of the rates of soil respiration in 2011, 2013, and 2014 were 2.77, 3.48, and 5.08 umol m™ s™, respectively.
The variation in soil respiration was higher across the three years than the variation for the types of vegetation grown; and (4)
the rate of soil respiration was positively correlated to soil temperature and moisture for all the types of vegetation. A better fit
was obtained by using the equation that included both the variables, soil temperature and moisture, than by an equation that
included a single factor. Our results suggested that both seasonal and inter-annual variations of soil respiration occurred in the
soils growing the four types of vegetation in the region. The temperature and water content of soils are the major regulating
factors, and soil respiration in the Loess Plateau is more greatly affected by environment factors than by the type of vegetation.

[Reaywerds soil respiration; soil moisture; soil temperature; loess hilly region; growing season
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Table 1 Basic status of the study area

it by ARPARE XM e bR B

AP AT Ade Slope e Canopy  Mean Stand
Vegetation type 9 Qp Aspect density  height density
wa) (@) ®Po%)  (Wm)  (hm?)
10 A BR AR ARk
Oak 60 22 Northeast 70 10.4 1800
DUEVREN =]
Black locust 8% 26 Southeast 60 95 3000
e PN
Oriental arborvitae 5% 10 Southeast 40 9.2 1250
A [i)
Shrub >60 10 West 80

R2 FEWLBLEAFMR

Table 2 Soil chemical properties of the four vegetation types (mean + SE)

KA A LI Y H CIN
Vegetation type Organic C (w/%) Total N (w/%) P

gaff%% 2.86 +0.42 0.26 +0.02 8.23+0.11 11.07 +0.93

UAURVREN

Black locust 1.08 +0.09 0.11+0.00 8.45+0.04 9.51+0.50

MEAR

Oriental arborvitae 1.88+0.24 0.17+0.02 818+0.06 11.08+0.15

HEN

Shrub 2.26 £0.27 0.23+0.02 8.27+0.03 9.84+0.23
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Fig. 1 Variations in soil respiration rates (SR) of the four vegetation
types in the three growing seasons (mean + SE).

—o— fill#i#k Oriental arborvitae
—A— VA Shrub

SR/umol m? s

2.2 AEIEH B + BT IR i AR A R4

72 B3I AT AE Bl 248 AU TE A ) 5 AF 073 v 4 S 0 R A g O
Y. fEAEREE T Z ], AF S0P s R — o 25 5, H 22
SR L3, He B/ Hy B AE 20104F R AK (2.01 pmol m?
s, e KA 20144F 1L RERAK (4.12 pmol m™ ) . 34K
AT A 245 A - BT I A 20144F F vy, VR R 20134, i AH
I R 18] K SO R 1 7R BR AR (4.12 pmol m? s™) > fill 4 bk
(3.88 umol m? ™) > M (3.64 pumol m? s™) >l Lk (3.46
umol m™ ™) . Jy 25 43 Hr 2 W B AR A bR 7 201045 112014
A [B) -SRI 22 S A 2, T AU AR B AR AR B ) 22 S R
FH 7% 5 2R R AR T 0 I i AR Ak K, I AR BR AR AR Ak
e/, R 2 R 22 ) 14 7 S 2R BB AR B ] 9 728 S 2R B IR
23 SHEWRBTIEFRETIEREENXR

H1e4 ., RSATAIE LR S 0T I sl AR A 005 56 2R
Hh, BRI AR UL O R Y REMT , L2 A 45 A 4 2K R i 5
AT PR IR B B E/KF (P < 0.001) , A RCR T 4. 16
TN RS IR R G O R R B, RS T
FARZ S PRI TS, RS A RIS R A

http://www.cibj.com/

Chin J Appl Environ Biol i I 53148 A= 2% 4Rk



732

B T B AT R B R b S I T AR PR AL 400

R3 ZHEWAERIANERTHLEFRIER (SR/umol m?s™) HE

Table 3 Averaged soil respiration rates (SR/umol m? s™) of different vegetation types in the three growing seasons

Ay ILZRHRAR AR AR Mkark T\ FHIE A 5 2
Year Oak Black locust Oriental arborvitae Shrub Average Coefficient of variation
2011 3.42a 2.01a 2.79 2.84a 2.77+0.58 0.21
2013 4.04a 3.06ab 3.40ab 3.41a 3481041 0.12
2014 4.90a 5.30b 5.46b 4.67a 5.08 +0.36 0.07
SEH{E Average 412 +0.74 3.46+1.68 3.88+1.40 3.64+0.94 -
75 S5 28 Coefficient of variation 0.18 0.48 0.36 0.26
[FFA R NG R OR AN R ARy 2Z 7] 22 5 1. % (P < 0.05) .
Different lowercase letters within the same column indicate significant differences among different years (P < 0.05).
T4 TERE (T)IRE (W) 5EXLEER (SR) BEHE
Table 4 The equations of soil respiration (SR) against soil temperature (T) and soil volumetric water content (W)
Vi TR B A L I i
Equation Oak Black locust Oriental arborvitae Shrub
SR=ax¢" SR =1.27e" SR =2.09e°™" SR =1.26e""" SR =1.17*"
SR=axT+b SR=0.27T-0.18 SR =0.05T +2.26 SR =0.23T +0.19 SR=0.24T-0.17
SR=qaxW" SR = 1.37W°** SR =0.52W°" SR =0.96W % SR =0.93W "%
SR=axW+b SR =0.19W + 1.89 SR =0.19W + 0.67 SR =0.22W + 1.18 SR=0.20W +1.21

SR=axT"xW’ SR = 0.04T % x W *?

SR = 0.003T *2x W*#

SR = 0.01T7%%x w* SR =0.02T %2 x W**

Fa, B.y. afbAH $. o, B,y, aand b are constants in the table.

K5 THEBRE(T) ., BE (W) 5L (SR) @ R UG IR FIPHE

Table 5 Comparison of coefficients of determination (R?) and P value of different regression equations on soil respiration (R) against soil temperature (T)

and soil volumetric water content (W)

iR i AR AR Oak il 4% Ak Black locust M #1#k Oriental arborvitae H#E M\ Shrub
Equation R? P R? P R? P R’ P
SR =q x efT 0.235 <0.001 0.017 0.002 0.133 <0.001 0.202 <0.001
SR=axT+b 0.230 0.044 0.010 0.691 0.129 0.144 0.209 0.057
SR=axW" 0.408 <0.001 0.317 <0.001 0.480 <0.001 0.418 <0.001
SR=axW+b 0.363 0.008 0.307 0.017 0.437 0.003 0.402 0.005
SR=oxTFxW’ 0.823 <0.001 0.560 <0.001 0.826 <0.001 0.845 <0.001

Frba, B.y. afIbh %L

a, B, v, a and b are constants in the table.
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6 SHEERBEINEKSTTETRAEBESRME (Qy)
Table 6 The Q,, values of the four vegetable types in the three growing
seasons

TR IARBRAR IR IGEREN N
Vegetation type Oak Black locust Oriental arborvitae ~ Shrub
Qu 2.01 172 1.97 2.01

© TSRS

TEREAE R Zrp, AR S 70 A I8 R Wlg o R 3 A
KA (4-67 ) BeAlk, o305 (7-8H4r) K &3 hn, J51Y)
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