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Soil respiration in desert ecosystems of the arid region
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Abstract; Soil respiration is one of the ecosystem processes most sensitive to climate change, but is less studied in desert
ecosystems. The spatial and temporal changes in soil surface CO, efflux, the major CO, source to the atmosphere from
terrestrial ecosystems, directly influence the local and regional carbon budgets. In this study, we measured soil respiration
and associated biophysical factors by using an automated CO, efflux system ( LI-COR 8100), and examined the effects of
soil temperature and moisture on the rate of soil respiration for three desert communities ( H. ammodendron, H. caspica and
A. aphylla) at high (B) and low ( A) coverage. It was found that soil respiration rate showed obvious diurnal and seasonal
patterns during the growing season of plants, which were consistent across different communities and under different

coverage. In the daytime, the maximum rate of soil respiration occurred between 12:00 — 14:00, the minimum around
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8:00 or 20:00. The soil respiration rate was high in the summer ( June, July and August) , followed by the fall ( September
and October) and the spring (May). The difference in daily mean soil respiration between H. ammodendron B site and
other community types and sites was significant from May through to October. The soil respiration correlated positively with
soil surface temperature , with the degree of correlations apparently differing among the six sites. There were significant and
negative correlations between soil respiration and soil moisture in H. ammodendron B and H. caspica B sites, which
represented the driest and wettest sites, respectively. A multi-variable model about soil surface temperature and soil
moisture could explain 61.9% of temporal variation in soil CO, efflux at a larger scale. The Q,, values for H. ammodendron
A.B, H. caspica A.B and A. aphylla A B sites were 1.3.1.34.1.58.1.65.1.31 and 1. 17, respectively, with an average
of 1.39.

Key Words: desert ecosystem ;soil respiration ;temperature ; soil moisture;Q,,
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Fig. 1 Location of study area and sample scheme of different communities and coverage types
1. %818 A H. ammodendron (A) ;2. ¥#t8 B H. ammodendron (B) ;3. {BAKUE A A. aphylla(A) ;4. {8 AWK B A. aphylla (B);5. th#E K A H.
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5% ;RN B FE3L (N 45°23.849' E 84°51.431") , | E 1A 50 ~70 cm, B HEZ 20% ,
2 ARAEEBERE

TP AW E R R R HIEBE RN B RS, W E (#5154 LI-8100 (LI-COR, Lincoln, NE,
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Fig.2 Daytime changes of soil respiration( solid symbols) and soil surface temperature( open symbols) in H. ammodendron (A,B), H. caspica (A,

B) and A. aphylla (A,B) sites from May to October (a, b, ¢, d, e, f represent the six sites respectively)

18 FRZ AT B BN 6 /M it Az 1< Ze i - SR IP U 2 2 5 0T 3 T IR M R ¥R A1 5.,10,20,30,40.,50

hitp : //www. ecologica. cn



5 ke . TRXEEESRENLRER 1915

em R AKX RSATHARA, KA RV S RERE, SR NE 2.3, HIEPRERNHHERR
FE A E SRR R S B B IR IR B X R IR Y SRR IR R AR TR . 7ERR A B
M, R B FOUT b T < VR R A R 33 P R R R i R B S Y 33% \32% , TEMRAR B REML, M4 BIAE R 31%
28% HYETIRIZE S, ERBEAR A R, 3032 10 BE R0 300 b T A Y A 4R AL B W 40 B A A 74.% (60 % 1) 1 338 1 i
s R, BIRR A )E & B I8 SO R AR B A B T B 54% 44% ; [FIRE , ZEEh 38K B R, 33 1R A M T
SRR AR EN 66% \52% 5 B T BE N 59% 1 46% , TEMRAMR A REh, HiZ 0 B LA A SR
of - AENF IR B [F) 2R R AR R R 56% (43 % (LRIHEIEEY) AB N 42% 29% (BB AUE)G B I8 UL ) , R,
B R A ARk, R B B 32% \22% TREN 22% \13%

£1 2R BBATMBABHEEKS T T WPREE (wmol COyrm>s™)

Table 1 Mean soil respiration rates of H. ammodendron, H. caspica and A. aphylla communities in growing season

5= & Coverage ##8 H ammodendron EHEAK H caspica BRI A. aphylla
& Low (A) 0.606 (0.196) 0.583 (0.291) 0.537 (0.164)
& High (B) 0.817 (0.194) 0.481 (0.162) 0.518 (0.118)

FEESREFENRFERHEZE (n=6) The values in brackets are standard deviation

B3 2 A, Qo fERE T RIS (5 ~ 50 cm) ST K, RIREER /= 1390 8 ) B s/ N s hn o 38 H0R Y
HEH Qo EM R TRUEE, BB EuRE, f B ETHR HRR AB, &R AB FMEAM A.B #Hit
9 Qi 1.3.1.34.1.58.1.65.1.31 M 1. 17, F3H{H 1. 39, R REOY 13.21% . KM Qo fH (IR
REHE) SHFEEEAMX, BABE(r= -0.348,n=6,P =0.500),

R2 BRBRAMBABHELETREZSRREEANERARE . EREREENQ HE
Table 2 Models, amounts of variation explained and Q,, values of soil respiration for temperature from H. ammodendron, H. caspica and A.

aphylla communities

FEH Site {R /& Temperature [8] )97 #2 Regression equation [ F R?

Lﬁ&;;ii dendron, (A) Txsar Y =0.187e% %X 1.52 14.9 0.317
Ty om Y =0.242¢" 926X 1.30 15.7 0.329
Ts om Y =0.306¢% 24X 1.27 4.2 0.117
Tip om Y=0.111X%58 1.34 4.4 0.121
T2 om Y =0.272¢™ 54 1.40 4.4 0.122
T30 om Y =0.234¢™ %X 1.51 5.7 0.152
Ti9 om Y =0.206e™ 8% 1.62 6.5 0.168
Ts0 om Y =0.182¢™ 54 1.72 6.6 0.172

Lﬁ&;;ii dendron. (B) Tisar Y =0.297¢" 36X 1.43 12.3 0.278
Ty om Y =0.326¢"™ 29X 1.34 14.6 0.313
T e FiExd F #36 Not pass F test
T e Kzt F #:5% Not pass F test
Ty en Kzt F #:5% Not pass F test
T30 om Y=1.973 +0.04X* - 0. 152X 2.80 3.3 0.174
Ti9 om Y=2.236 +0.005X% 0. 183X 1.40 3.5 0.185
Tsy om FiExd F #36 Not pass F test

ﬁ_\“ﬂ;igi)( A) Tisar Y=0.036X -0.341 1.72 48.4 0.602
Ty om Y=0.025X -0.171 2.96 92.3 0.742
y ¥Y=0.027X -0.037 1.85 19 0.372
T om Y=0.03X-0.029 1.69 11.8 0.27
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sk

FEHD Site {R /& Temperature [8] )97 #2 Regression equation Qo F R?
Tp o Y=0.038X -0.158 2.17 11.8 0.27
Ty om ¥=0.041X —0.232 2.50 12.4 0.286
T4 om Y=0.045X -0.308 2.96 13.3 0.300
Ty om Y=0.047X -0.361 3.56 9.7 0.316

A (B) Tysur ¥=0.029X -0.193 2.87 34.0 0.515

H. caspica (B)
T om Y=0.025X-0.151 2.62 61.3 0. 657
T, .. ¥=0.025X -0.031 1.84 17.1 0.349
T o Y=0.024X +0.012 1.72 9.8 0.234
T2 om Y=0.028X-0.051 1.89 8.5 0.210
Ty o ¥=0.032X -0.138 2.20 9.5 0.228
T4 om Y=0.035X-0.196 2.48 9.5 0.229
Ty o ¥=0.038X -0.248 2.81 5.6 0.197

BARBE(A)
T =0. . . . .

A. aphylla(A) NSAT Y=0.019X +0.086 1.55 23.3 0.429
Ty om Y=0.016X+0.072 1.55 39.3 0. 559
Ts om Y=0.015X +0.201 1.36 10.5 0.252
T o Y=0.016X +0.232 1.35 6.5 0.173
T2 om Y=0.018X +0.206 1.39 5.3 0. 146
Ty o Y=0.021X +0.149 1.48 5.3 0. 146
T4 om Y=0.024X +0.085 1.58 5.3 0. 145
T om Y=0.033X-0.071 1.92 4.3 0. 147

BARBE(B)
T =0. . . . .

4. aphylla (B) NSAT Y=0.012X +0.261 1.28 8.6 0.222
T om Y=0.010X +0.258 1.25 13.9 0.316
T5 om Y=0.008X +0.362 1.17 3.7 0.110
T10 em FiExd F #% not pass F test
Ty en Kzt F #:5 not pass F test
Ty om ¥=0.014X +0.264 1.30 4.1 0.121
T o Y=0.017X +0.2 1.39 4.6 0.133
Ty o Y=0.026X +0.052 1.64 4.7 0.165

# Tygar : VEHITH YR Near surface air temperature, | [7] the same below

F3 IRKERHREANBRABSELETRERSREDHENRA TREZENQ,
Table 3 Exponential models, amounts of variation explained and Q,, values of soil respiration for temperature from H. caspica and A. aphylla

communities after eliminating negative values

£ Site R B Temperature [8] )97 #2 Regression equation [ F R?

HEARA Tysar Y =0.074%- X 2.03 2.5 0.441
H. caspica (A) T om Y =0.112e" %6X 1.58 36.8 0.543
HEKRB Tysar Y =0.095¢" %X 1.84 25.3 0.457
H. caspica (B) T om Y =0. 110" 950X 1.65 42.5 0.586
B A Tysar Y =0.235¢% 0% 1.35 11.8 0.290
A. aphylla(A) Tyom Y =0.220¢% 27X 1.31 21.2 0.423
A B Tysar Y =0.346¢" 017X 1.19 4.1 0.125
A. aphylla(B) Tyem Y =0.331¢" 6% 1.17 8.1 0.218
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3.2 TR RN PR AR R

BELEIHEMRS ~10 B HEEESHYENLE o HHB 30~50cm  H.ammodendron(B) 30~50 cm
W IR 328 8 ) ) R S MR 20T, 15 1 R AR B R 1 3IF IR ° ﬁ*;i‘; ?;;;nm”ﬁp(B)(Bffszo _
WHE530~50 om LHBERBRERME (= _ T
-0.631, n=16,P =0.021) ;7EELFE AR B 31,50 ~5 N; A R?=04723
om,15 ~30 cm LHBEFZBE JBERAMK(r= 4 5 . ey A
-0.597,-0.650, P =0.011.0.005,n=17) , 7ZEHAh ;_35 i AN - AA )
b TR SR R R BE AN, IR %j | ® o, o w4 T .«A
SR, 1242 B HESE 30 ~ S0 om LHLBETE S 39% ~ T os o T —
13. 35% [ 3l , (G T HADS I, BB R/ Do A 3 R =0453 o4

B HH#1 0 ~5¢ m.15 ~30 cm T IE{EF A S H AR L F] % 6 12 s 2 30
Bl AR, BN 5. 23% ~27.40% ,17. 35% HHERJE Soil moisture (%)

~28.22% 0 WA B AMBEBAB, LRBER g s seks pmrwrness tnE

RS TERR B M, IR S B R, AERKRIE  Fie 3 Regression between soil respiration and soil water content in
7, HIEE RS . b BB B BEHL - 3EPRIE sites of H. ammodendron B and H. caspica B

WE SRR E A X R LE 3,

FH R s - SN R R R M RV B | B B B2 AR AL (1 4) T L, 7E R S H0RE i 1 SN IR el R ZE AR AL
SHFRBEF L, 1 0P 2R 5 A i e SR E —30(6.7 B) , Ikt 33808 B IR A B L5
V) B B I B B = (Lo

5 ~10 BpFEH R T EIPR AR G RIRE AN L IERE N ER WK 5, MMt R, IR
EELBEREEREAMHL PES ~15 cm 15 ~30 cm 1 30 ~50 cm + TR B E B A RMESHN A r =
~0.836., —0.820., —0.910, p =0. 038.0. 046 .0. 012(n =6 ; - LRI 3 % 55 .3 0 B ] 9 HE 26 M R B 25 (P
>0. 1) , 0] U0 3 4380 B X R ] 13| IR I R 2 R R BB K, A FEHE Qo fE ( HMRBEITE) 5 LB HIN
ZRTEPREREMHEX,BEREE(P>0.1),

3.3 BE R R PR R B EAE

Ph6 M A R IR E AR EE GO ERE N R, SR A2 Jug B IE B Z25 B H (Stepwise )
%, 2116 ~10 Ay HIEFREES PR R LR, BENBEKFER A 0.05, R L% 4, B3 HIFFHR
HWEEHMRIBE 0 ~5 cm F 30 ~50 cm TR 73 FIFHAT FIH 7, 15 HIRE- TSR LB B A E
K28 B R REfR BT i 1 43P i i 2R i [R) A 4h Y 61. 9% L TR BRI (£ 4),

%4 THPREESEE IR AEANERBER.F ERNEESE

Table 4 Amount of variation explained, F-values and regression equations relating soil respiration rates (Y) at six sites with different

independent variables

A8 Variable R? F [5] )9 7 #& Regression equation

Ty om 0.488 26. 650 Y=0. 57875 %5

Hy. 5 om 0.257 9.701 Y =0.829¢ ~0-034¥

Hy 50 om 0.305 12.301 Y=0.423 +3.167/W

T-H 0.619 14.082 Y=0.324 +0.01570 —0. 019W,, _5, +0.020W, _

Tp om : I8 /& Temperature at 0 cm; Hy_y ., : 138 Soil moisture at 0 —5 cm depth; Hyy 5o . : T IIREF Soil moisture at 30 —50 cm depth; T-H:
18 -+ B8 B Temperature-soil moisture

3.4 TEERPIRERS TR AR R R
FRE L IEIPIRER S 0 ~50 cm + EIACFHH) +.3% pH,CO;™ \HCO; FI#sk K & 2 BF EHX,
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Fig. 4 Seasonal variation of soil respiration, soil surface temperature and soil moisture at H. ammodendron A,B, H. caspica A,B and A. aphylla A,

B sites (a, b, ¢, d, e, f represent the six sites respectively)
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Fig. 5 Mean soil respiration, soil surface temperature and soil moisture in growing season for six sites
1 1848 A H. ammodendron (A) ,2 818 B H. ammodendron (B) ,3 £iFAK A H. caspica (A) ,4 £ AR B H. caspica (B),5 BRI A A. aphylla
(A) 6 AWML B A aphylla (B)
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Table 5 Summary statistics of soil properties and coefficients of correlation among themselves and between them and soil CO, efflux for the six
sites
W H Item pH Co3- HCO5 S03” Ca®* Mg** Na* Aﬁﬁlle( K
SEHHE Mean 8.399 0.014 0.254 1. 468 0.322 0.105 1.306 148. 667
#RHEZ Standard deviation 0.379 0.028 0.142 0.740 0.212 0.087 0.767 45.627
pH 1
co2- 0.936** 1
HCO; 0.964°* 0.975%* 1
S0;~ -0.919°** -0.850%* -0.890° 1
Ca?* -0.896* -0.759 -0.818* 0.970** 1
Mg?* -0.816* -0.616 -0.753 0.848* 0.912® 1
Na* -0.665 -0.478 -0.660 0.682 0.703 0.907* 1
#H3 K Available K 0.865* 0.983%*%* -0.950%* -0.770 -0.646 -0.517 -0.427 1
6 A June 0.192 0.114 0.015 -0.112 -0.119 0.112 0.237 0.017
7 A July 0.766 0.900** 0.797 -0.623 -0.547 -0.326 -0.093 0.894
8 H August 0.317 0.002 0. 085 -0.344 -0.476  -0.491 -0.409 -0.164
9 A September 0.940°* 0.991%* 0.993°% -0.863* -0.771 -0.674 -0.577 0.980**
10 A October 0.879* 0.930°% 0.934%° -0.826% -0.693 -0.589 -0.578 0.927**
6 ~10 H #4{H June-October Mean flux 0.913* 0.914* 0.865* -0.806 -0.740 -0.540 -0.372 0.851°
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