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Net ecosystem carbon exchange characteristics in Stipa breviflora desert steppe with different
stocking rates
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Abstract

Aims Grassland ecosystem is the largest terrestrial ecosystem type in China. The dynamic changes in carbon
cycle play an important role in global carbon budget balance. Grazing is the main use of grassland ecosystem.
Different grazing intensity has different effects on the grassland ecosystem.

Methods In the growing seasons (May to October) from 2014 to 2016, we used portable optical LI-6400 and the
method of static chamber to measure net ecosystem carbon exchange in Stipa breviflora desert steppe with 3 dif-
ferent stocking rates (CK, no grazing control; LG, lightly grazing; HG, heavily grazing). At the same time, the soil
temperature and moisture of 10 cm depth were also measured. The effects of stocking rate and hydrothermal fac-
tors on the carbon exchange were discussed.

Important findings  Stocking rate had a significant impact on net ecosystem carbon exchange. With the increase of
stocking rate, the net ecosystem carbon exchange, ecosystem respiration, gross ecosystem productivity decreased
by 48.6%, 35.3% and 40.4% respectively. Heavily grazing significantly reduced grassland carbon sequestration, but
lightly grazing had no significant effect. The inter-annual changes in net carbon exchange was mainly controlled
by precipitation. Throughout the growing season, Stipa breviflora desert steppe were carbon sinks. The contribu-
tion of soil temperature to the variations of net ecosystem carbon exchange was higher than that of soil moisture.

Key words Stipa breviflora desert steppe; stocking rate; net ecosystem carbon exchange; ecosystem respiration;
gross ecosystem productivity
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Fig. 1 Daily mean air temperature and precipitation in the growing seasons from 2014 to 2016. Each data point is the observation

value of the day.
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Fig. 5 Relationship between gross primary productivity (GEP) and net ecosystem carbon exchange (NEE) (left panel) and ecosys-
tem respiration (ER) and net ecosystem carbon exchange (NVEE) (right panel) in plots with different stocking rates from 2014 to 2016.
CK, no grazing control; LG, lightly grazing; HG, heavily grazing. Each data point in the graph is the value of each replicate to each

stocking rate observed during the day.

1152.88%F147.12%. 34EH1, Toilb F7KFE(20144F),
ROKFE(20154F) I8 /& F 7K 4220164, 438 FE Xt
NEEW 5Tk #5140 .

3 it

31 ABRGEHERIZIEHETIE

SH O FARE P R BRI NI 48R 5, BEK
b, BRGNS, NEEF B HERRE . Z4F
SRR B TBCBCR S A A B TR R T IX 8 A
PSR, B M RRAR, MR AT AE R KT R,
Iz xR IX P TR IE AR B %, S T A B,

www.plant-ecology.com

SEEE AR, FIHBLER. 25X
T LR 70 KT X6 DX R V0L« 6 3 3 B A 32 T 184
ek TR AR, £ RGRILRE 15, R
TR B T B R R B i T NEE . TR R KR
P PR B B I F 0y, 7K B PR A A 2
N GEPH FERK 2K, 2014457 H Frfg AL BRI R N
TR, 12015557 H SRR I NES BRI . 20165
7THBEKAE H sz, (BT 8RR E, -
B IKBLIN20144E . 20154 (941%, NEEIKS|44E
B (=7.03 mol'm s ™). 8 & B 1 EE i,
2014558 H 1B 8 i WA, 201 54F 2 — AT 511

©U 00000 Chinese Journal of Plant Ecology



367

~ 2014
¢ s £
£ oot 8
] —_—
A Q
g3 IR, g
g -6 v'vv';" vv ;"ﬂ.v v g
S o . 5 .
8 i, | o NEER=023,p<0.000 1 m_12 | * NEER=022,p<0.0001
s o ER R*=0.12, p <0.000 1 o o ER R*=0.06, p = 0.008
B_15| v GEPR=0.22,p<0.000 1 15| v GEP R*=0.23,p <0.000 1
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12 14
3B Soil temperature (°C) +HEB A Soil moisture (%)
67 2015 67 2015
T 4t 4t
E 2l £ a2l
g £
g of s ol
£
a2 24'
O L = L
 ~ v v T o
P o NEER=00%p<080Q1 e
3% —6 [ ° ERR*=0.05,p=0.001 2 =il
. v GEPR*=0.02,p=0.0099 . OB . . . . . . .
o 5 0 15 20 25 30 0 2 4 6 8 10 12 14
+3ERE Soil temperature (°C) 3R Soil moisture (%)
~ 207 2016
b 8.8 ° A
%10t A3
ks 2 E
£ o 5
8_10f v =
510 :
v
O-20 | bl 30 - v .
I o NEER?=0.23,p<0.0001v y v ¥ B a0 | * NEER=021,p<0.0001
301 o ERR=0.54p<00001 gy e ° ER R*=0.28, p <0.000 1
B v GEP R*=0.41,p<0.000 1 v & -50 | ¥ GEPR*=027,p<0.000 1
0 5 10 15 20 25 30 0 2 4 6 8 10 12 14 16 18 20 22

HHER B Soil temperature (°C) T HEB B Soil moisture (%)

El6 201420165 L35 REMA S TR L . TIRIBE KRR NEE ERERGUFH; ER EERG; GEP, 1%
RGBAIGAET= 10 201445 R A8 HOT R NEE . ER GEPS LR % THERE R RIVA . 20154 R AT E0T B ER
5EHER R R RAUE, RALVEITEXNNEE. GEPS L3RRI R/ IMA . 20165 KWLM 7 FExT LR . HHER R
REMG . B DEERE S92 HRIN i SSE .

Fig. 6 The relationship between ecosystem carbon exchange and soil temperature and soil moisture from 2014 to 2016. NEE, net
ecosystem carbon exchange; ER, ecosystem respiration; GEP, gross primary productivity. In 2014, the exponential model was used
to fit the relationship between carbon flux and soil temperature and soil moisture, In 2015, the exponential model was used to fit
the relationship between ER and soil temperature, and the linear model was used to fit the relationship between NEE, GEP and
soil temperature. In 2016, the linear model was used to fit the relationship between carbon flux and soil temperature and soil
moisture. Each data point is the observed value of the day.
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F2 IR, LRI AT RGBSR TTHR

Table2 The relative contribution of soil temperature and soil moisture to the variations of net ecosystem carbon exchange

o 20144 B4 5 2 TTHR 20155 Hi4h 5 2 TR 201654517 2 5Tk
T Extra variance contribution in 2014 Extra variance contribution in 2015 Extra variance contribution in 2016
Sub-model

R ST SM R ST SM R ST SM
K=0 0 0.075 0.041 0 0.094 0.003 0 0.228 0.21
ST 0.075 0.004 0.094 0.090 0.228 0.154
SM 0.041 0.039 0.003 0.181 0.206 0.176
K=1 0.039 0.004 0.181 0.090 0.176 0.154
ST, SM 0.079 0.184 0.382
ST TR 0.057 0.022 0.137 0.046 0.202 0.180
Total average contribution
1677 2 v {4 A5 72.28% 27.72% 74.71% 25.29% 52.88% 47.12%

Ratio in variance

SM, TIEIRRET; ST, T3,

SM, soil moisture; ST, SM, soil temperature.
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