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Carbon isotope characteristics of atmosphere-leaf-litter-soil continuum in typical

vegetation types of semi-arid sand dune and meadow
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Abstract: Stable carbon isotope technology can indicate the material cycle and energy flow of ecosystem. According to the
carbon transfer dynamics of ecosystem, the carbon cycle process and carbon fixation capacity of ecosystem can be explored.
Artemisia halodendron, Caragana microphylla and Salix gordejevii Chang, as well as Phragmites australis and Zea mays
Linn, which are widely distributed in the meadow, were selected as the research objects. The characteristics of atmosphere,
leaves , litter and soil continuum 8" C value at the canopy of each vegetation community, the distribution characteristics of
carbon content and the relationship between components were analyzed. The results showed that the atmospheric CO,
concentration in the canopy of dune vegetation was significantly lower than that of meadow vegetation, which was controlled

by the characteristics of soil moisture and plant growth. Under stress, Caragana microphylla leaves had the highest water use
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efficiency and the lowest cost of carbon sequestration and water consumption. Leaf carbon content and 8" C value both were
affected by the growth period of leaves. The potential carbon storage capacity of new leaves was stronger and the water use
efficiency was higher. There were significant differences in leaf litter 8" C value among different vegetations, indicating the
driving role of plant functionality. With the increase of soil depth, organic matter decomposed completely and the content of
soil organic carbon decreased, 8" C value showed a positive trend. Dune soil 3" C value was higher than that of meadow,
the turnover rate of soil organic carbon in dune was higher than that of meadow, and the soil type had a great impact on the
turnover of organic carbon. It is helpful to deeply understand the key process of carbon cycle in sandy meadow alternating

areas, and provides a theoretical basis for desertification control.

Key Words: semi-arid areas; Stable Carbon Isotope; carbon cycle; organic carbon; water use efficiency
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Fig.1 Geographical position and distribution of test points in the research area
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Fig.2 Precipitation and air temperature changes in the plant growing season in the experimental area in 2020
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R1 SHAREFRTRELEEG

Table 1 Topsoil properties under five typical vegetation types

S8 FEBEZEA Vegetation type

Parameters FZEIEE S P AN R L B
pH 6.8 8.2 8.1 6.8 7.1
1, 53 Electrical conductivity/ (ws/cm) 18.8 198.3 156.8 27.8 18.8
£ 7Kt Moisture content/% 0.05 0.40 0.40 0.04 0.04
ELE Temperature/°C 28.8 20.8 19.2 24.8 23.0
Hiki Clay(<0.001 mm)/% 0.04 1.68 1.86 0.04 0.04
WKL Silt(0.05—0.001 mm) /% 1.75 33.43 37.26 2.86 1.75
ki Sand (1—0.05 mm) /% 98.21 64.89 60.88 97.09 98.21
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Table 2 Atmospheric vegetation soil carbon content and 3" C value of five typical vegetation types

B 20 S HHEA Vegetation type

Sample type Parameters 22 WIE (Cy) FEE(Cy) INIHERRSIL(C) HHI(C,y) EA(C,)
=R/ SN Y/ (i N CO, ¥ BE/ % 4.42x10-*b 4.33%x10-*¢ 4.47x10-*ab 4.48x10-*a 4.38x107*
Canopy atmosphere 3" C/ %o -12.06£0.27a -11.87£0.08a  -12.13%0.29a -12.15£0.26a -11.82£0.06
M A WA/ % 42.71£1.39a 41.68+1.41a 42.60£1.25a 42.37£1.70a 43.40£0.38
Leaf 3" C/ %o -29.08+0.24¢ -27.94x0.79b  -26.85%0.17a -27.92+0.19abc -13.40£1.33
Ek27] Wt/ % 39.85+1.76a 39.15+1.00a 39.27+1.32a 39.86+1.21a —
Litter 3" C/ %o -28.88+0.83¢ -27.74£0.30b  -25.76£0.43a -27.75+0.27b —

+ 3 (-20cm) F LIRS B % 0.09+0.02b 1.22+0.25a 0.09+0.01b 0.08+0.10b 1.26+0.51
Soil 3% C%o -20.99+1.41a -27.15£0.34c  -23.53x0.83b -23.93x0.26b -27.88+0.27

[T AR /NG TR 2R AN [ AR ] 22 57 (.3 (P<0.05) 5 C5 - BR=AH4 Carbon 3 plant; C, : Bk PUFEY) Carbon 4 plant
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BRI i S R, AR R RN 8 A M ik S i K IRAR T A ZR R I i B i R R, 250
WL e i B A K AR AL N 42.71%—44.97% . E K H 38.74%—43.40% . 1735 K 39.55%—47.38% /N4
XL 42.60%—46.54% | HEMIA 42.37%—46.32% (348 EKTE 5 A#EF B 5 AR A KBSt F) .
B R BN R CIE R R B B> & b X BB R B e B R K o AR AR [ ik
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{5 K 25 ~29.08%0——27.56%0 . T K J—13.82%0——12.29%0 . 1 35 N —28.03%c——26.68%0 . /INH-55 3 )L,
N =26.85%c——25.81%0 HMI K ~27.92%——25.57%0, 4 B CAHY /NS0 38 LI K 20 FH SR e, 2518
WL 5 14 7K 4 R FH R R A1
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Fig.4 Changes of 8C values of new and old leaves of five typical vegetation in growing season
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Fig.5 Redundancy analysis of leaf, soil and environmental factors of five typical vegetation types
C: B Carbon content; Rn: ¥4} Net radiation ; Ta : il Air Temperature ;e : 7KIX)E Vapor pressure; RH ; #IXHEE Relative humidity ; T ; 13
IR Soil temperature ; SWC ; =355 7K 28 Soil water content; EC: HLF3 Electrical conductivity ; SOC ; -4 HLER Soil organic carbon ; Sand ; #54 ;
Silt B4 ; Clay Mk ;

—— ZEEEH —e— Ik —a— FME  —v— AREL  —o— W

LIRS R +igstc
Soil organic carbon content/ % Soil 8'3C/%o
0.1 020.51.0 1.5 2.0 25 =30
0 T T T T 0
=20 =20 |
40 | 40 |
g
5 60t -60 -
k=)
g -80 -80
S
3 100 -100
@
i -120 | -120
%
£ | -140 |
H -160 -160 F
-180 + -180 -
-200 L —200 -

6 5TAREKTEGVBAEMCHEENT

Fig.6 Vertical distribution of organic carbon content and 8'*C value in five typical vegetation soils
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Table 3 Regression model parameters between 5'*C value and log (SOC) value of five typical vegetation soils

TR AR mYEpy: R p
Vegetation type Sample size Regression equation

ZEILE Artemisia halodendron 8 Y=-9.362X-31.299 0.483 0.038
F K Zea mays Linn 7 Y=-2.636X-27.646 0.872 0.002
P25 Phragmites australis 7 Y=-1.435X-27.005 0.514 0.07
INHEES L Caragana microphylla 12 Y=-8.646X-33.352 0.95 <0.0001
HMI Salix gordejevii Chang 10 Y=-14.014X-38.951 0.786 0.001
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