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Abstract; The alpine grassland is the major land cover on the Qinghai-Tibet Plateau ( QTP ), which not only supports the
livelihoods and livestock production of local herdsmen but also plays an important role in maintaining ecosystem security on
the regional scale. As key elements in the system of grassland and human societies, herbivorous livestock has its carbon
budget and carbon cycle from grassland to human societies, which are not well quantified at present. This study used the
livestock data from the county yearbook to quantify the carbon budget of herbivorous livestock on the QTP from 2000 to
2020. The ratio of carbon intake was quantified based on the available grass yield ( GY,) and net primary productivity
(NPP) estimated by remote sensing. The results showed: (1) the multi-year averaged total NPP and GY, were (153.88+
17.96) Tg C/a and (26.40+3.19) Tg C/a from 2000 to 2020, respectively. The carbon intake of herbivorous livestock
(IT,) was (31.08+0.98) Tg C/a (accounting for 118% of total GY,). (2) The NPP, GY,, and IT, of grasslands on the
QTP showed a significant increasing trend, but the ratio of IT, to GY, showed a significant decreasing trend. Meanwhile,
this ratio showed heterogeneity in spatial (such as different grassland types and different regions). (3) About 43% of the
total intake was excreted through feces and urine equating to 13.24 Tg C/a, while 12.35 Tg C/a and 0.96 Tg C/a were
released through respiration in heat production and CH, in belch by herbivorous livestock , respectively. The carbon of 4.53
Tg C/a was finally sequestered in the livestock body and the partial carbon of 0.384 Tg C/a was exported to human society
as livestock products. This study quantified the carbon budget and its spatial and temporal dynamics of livestock on the QTP
based on the herbivorous physiological metabolism, which is of great significance for grassland management, carbon

sequestration in grasslands and global change ecology.

Key Words: herbivorous livestock; animal carbon metabolism model; carbon intake; livestock products; available

grass yield
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Fig.1 Elevation and grassland area of the Qinghai-Tibet Plateau
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JEUAR R AR 2 BT DG s SRR S IR AR DX, LA, 35 803 S R NPP 70 2500 21 4RI ) = 22 B
FHINA AR RA S 2,8 3) , R R NPP DL 1.44 ¢ C m ™ a™' (P<0.001) S 80 b i g, it
HA T TR DX IR B X A 5, NPP 43331114 2.09 ¢ € m™ a”™' (P<0.001) F10.96 g C m ™ a™' (P<0.001 ) 3 i 44 M1,
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Table 1 Parameters for calculating the carbon content of livestock products

eSSl ES REFH * E= BTN
Categories Name Large livestock Sheep References
A T 31.64% 30.00% RG]
Meat products TY R EA = 21.43% 20.07% ik g [36]
T B & 3.12% 2.46%
Bl HEAE 44.81% Sl )
Woolen products RSty 46.53% SIS
Wyl i EHRGHE 5.28% Wb
Milk FLAR# 8.18%
FUHE 4.40%

>z

0

NPP#J{&/(gC m2a™) NPP#34/(gC m2a™l)
D ——— ] I ——— ]
0 25 50 100 300 >500 -6 -3 0 3 6

B2 2000—2020 FEHSEEM NPP HEFESHRELES
Fig.2 Spatial distribution of grassland NPP on the Qinghai-Tibet Plateau from 2000 to 2020 and spatial distribution of change trends
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Fig.3 Trends in NPP and GY, in grassland on the Qinghai-Tibet Plateau
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Fig.4 Spatial distribution of carbon intake and its ratio to grass yield for herbivorous livestock on the Qinghai-Tibet Plateau, 2000—2020
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Table 2 Multi-year average carbon budgets and expenditures of herbivorous livestock on the Qinghai-Tibet Plateau and its subregions

CO, HFTK .
. o A A A CH, k7% !
FR pam an EAMRET e gy co, ‘ S T
ST FI = e CH, Eipea R
M4 IX ITe/ = FR¢/ UR¢/ respiratol
Regi (Tg C/ Oy fit HL (Tg C/ (Te C/ P Y emissions/ RE¢/ LP./
egion ..
€ eC/) o) MGy (TG BC/a)emissions” 0 ) (TgC/a)  (Tg Ca)
(Tg C/a)
=M 2.42 0.35 697 0.83 0.18 0.97 0.08 0.36 0.007
g 9.61 4.33 222 3.55 0.70 3.70 0.29 1.36 0.120
B 1.09 0.35 316 0.39 0.08 0.45 0.03 0.16 0.035
Hw 3.34 1.14 294 1.14 0.25 1.34 0.10 0.49 0.052
LT 6.86 10.34 66 2.36 0.52 2.76 0.21 1.01 0.091
Hilg 7.76 9.90 78 2.67 0.59 3.12 0.24 1.15 0.078
XA
the Qinghai- 31.08 26.40 118 10.92 2.32 12.35 0.96 4.53 0.384

Tibet Plateau
IT, AWK E Carbon intake; GY,: ] P B Available grass yield; FR: FERK% Feces carbon; UR,: F&8% Urine carbon; RE: K & b [l 17
Retained carbon; LP ; % F= il i Livestock product carbon
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Fig.5 Multi-year dynamics of carbon intake and its percentage of GY, in herbivorous livestock on the Qinghai-Tibet Plateau
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Fig.6 Carbon budget of herbivorous livestock and its process on the Qinghai-Tibet Plateau
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Fig.7 The percentage of carbon intake by large livestock and sheep to the available grass yield ( GY,) within different grassland types
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