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Carbon storage and distribution in the ecosystem of grape
vineyards at the eastern foot of the Helan Mountains

WANG Xuefei, WANG Yuejuan, WEI Yuqing, MA Tingting, ZHOU Chaofan, MA Haijun
(College of Biological Science and Engineering, North Minzu University, Yinchuan, Ningxia 750021, China)

Abstract: To clarify the carbon storage characteristics of the ecological system in vineyards at the eastern foot
of the Helan Mountains, this study focused on the Yuquanying Vineyard in Yongning County, Yinchuan City. By
measuring and calculating the carbon storage of aboveground vegetation, soil carbon storage, and soil respiration
across different phenological periods, the temporal and spatial variations of carbon storage in the vineyard ecosystem
were analyzed. The results showed that; (1) The carbon storage in grape plants gradually increased as the plants
grow , with the carbon storage in different organs during the berry harvesting period ranked as follows: roots (2.40 t

- hm™) > perennial branches (2.14 t - hm™) > fruit (1.26 t - hm™) > leaves (0.65 t - hm™) > one-year-old
branches (0.60 t - hm™). The soil carbon storage in 1 m soil depth gradually decreased with increasing soil depth,
and it was mainly concentrated in 0~20 ¢m soil depth. The above-ground carbon storage of grape plants significantly
increased with the growth process, while the soil carbon storage remained unchanged. The carbon storage of grape-

vine vegetation was mainly concentrated in the perennial parts, with carbon storage proportions of 39.28% for pe-
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rennial roots and 32.76% for perennial branches. (2) The mean soil respiration rate (0~ 10 cm soil layer) was
1.78 wmol - m™ - s with the highest soil respiration rate during the berry growth period. Soil temperature and
humidity were the main factors influencing soil respiration rate, explaining 90.9% and 41.2% of the variability, re-
spectively. Soil respiration rate was significantly positively correlated with soil temperature and soil humidity at a
depth of 0~10 em. (3) In the grapevine ecosystem, ¢Chardonnay’ wine grape variety was 49.84 t - hm™ with a
planting density of 7 500 plants + hm™, with the carbon storage of each component in the following order: soil layer
42.29 t - hm™(account for 84.85%) > plants 7.05 t - hm™*(account for 14.15%) > weeds 0.27 t -+ hm™( account
for 0.54%) > trimmer 0.23 t - hm™*(account for 0.46% ). The ecological system in the vineyards at the eastern foot

of the Helan Mountains stored the fixed carbon mainly in the soil layer and the perennial woody parts of the plants

during the grape growing season, showing strong carbon sequestration capacity.

Keywords: wine vineyard; ecosystem; carbon storage; distribution characteristics; the eastern foot of

Helan Mountain
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Table 1 Biomass of grape organs in different phenological periods/ (g - plant™)
Pyl ES iy —ARIEA DR Ui
Phenological period Fruit Leaf Annual branch Perennial branch Root
H 41 Excavation period - - 27.33+2.75¢ 517.33+12.54b 663.33+13.67a
i ZE] Germination period - 7.33+1.32d 41.00+3.27¢ 519.33+13.54b 668.67+13.33a
Y. 3l - /ﬁ
FAE KA . - 33.67+4.63¢ 45.33+4.56¢ 548.67+18.33b 674.67+14.67a
New shoot growth period
A
. ﬂ:ﬁﬁj:%gﬁ . 7.67+1.23¢ 84.00+6.78d 105.00+6.75¢ 571.33x15.67b 697.00+20.33a
Flowering and fruit setting period
WRAKI] Berry growth period 93.00£9.67¢ 170.33+12.43¢ 139.33+12.67d 619.67+17.33b 703.33+19.45a

IR Berry harvesting period

345.75+19.33¢

205.47+16.87d

185.73+12.33e

629.67+18.67b

715.67+10.56a

T : R A R ING SRR Rl — PMBIII AR R 48 5 1] 22 52 35 (P<0.05) 5« =" Rz WIes st v, R,

Note; Different lowercase letters in the same row indicate significant differences between different organs ( P<0.05) , and “~" means that there is no

fruit or leaf in this period. The same below.
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Table 2 Carbon content of grape organs in different phenological periods

Yigi] P I

Phenological period Fruit Leaf

AR R

Perennial branch Root

—AREA

Annual branch

H 4] Excavation period - _
B 2F W] Germination period -

417.32+7.11d

424.67+8.43b
424.00£5.12¢

444.65+2.65a 442.00+2.23a
446.20+2.19a 443.00+4.40b

.\ Sl .~ tt
BT R . - 420.45+7.67d 428.20+4.83¢ 449.34+3.36a 445.10+4.78b
New shoot growth period
A AR
. ﬂXEJ:%EH . 478.78+13.67a 420.35+11.51e 428.25+8.90d 451.67+4.45b 445.79+3.20¢
Flowering and fruit setting period
; i
TR R . 481.54+9.42a 421.34+7.11c 430.90+6.52¢ 452.61+12.65b 445.34+4.56h
Berry growth period
3 s
7}?%710&1@ . 484.43+14.2a 422.23+8.34e 433.09+12.1d 453.20+9.43b 446.94+5.64¢
Berry harvesting period
A Average 481.58+12.43a 420.27+5.76e 428.18+9.32d 448.47+7.82b 444.53+6.12¢
®3 AEMBEREFEREREBMEERIHEHE (1 - hm™)
Table 3  Carbon storage and distribution of grape organs in different phenological periods
Yyt ES i —AEA AL LA i
Phenological period Fruit Leaf Annual branch Perennial branch Root
1 Excavation period - - 0.09+0.01¢c 1.72+0.06b 2.19+0.07a
B 2 Germination period - 0.02+0.01d 0.13+0.01c¢ 1.72+0.01b 2.22+0.02a
‘; Az |2 ﬁ
HAE K . - 0.11+0.02d 0.15£0.02¢ 1.85+0.09b 2.25+£0.07a
New shoot growth period
; Ajp .
. i JA‘.%%[]. . 0.03+0.01e 0.26+0.01d 0.34+0.02¢ 1.94+0.07b 2.33+0.04a
Flowering and fruit setting period
3} %
R . 0.34+0.01d 0.54+0.03b 0.45+0.02¢ 2.10+£0.04a 2.35+£0.01a
Berry growth period
3 7.
7}2%*4&%‘] . 1.26+0.07b 0.65+0.01c 0.60+0.01c 2.14+0.01a 2.40+0.04a
Berry harvesting period
A Average 0.54+0.03¢ 0.3+0.03d 0.29+0.01d 1.91+£0.03b 2.29+0.02a

®4 HEEDEHRESASRBEEGLE
Table 4 Estimation of carbon storage in

aboveground part of vineyard

WA WRAER/ (1 - hm™?) 5/ %
Component Carbon storage Percent
R Fruit 1.26 16.69
M Leaf 0.65 8.60
—AEA K Annual branch 0.60 7.95
ZAEH: K Perennial branch 2.14 28.34
R Root 2.40 31.79
R Weed 0.27 3.58
&5 X754 Timmer 0.23 3.05
A1 Total 7.55 100.00

22 HEERAESRETEEREE

5 s A [R5 1 ki i 4 7E 0~20
em 2P o Fe iR, PRI A = 9 3 HILEROK T
MG EEPHIAE 0~20 em H)ZE, BEE -
SRR RGN, - AN | RIS K M I pH (H
BTHE N, A LA 5 B RN A R i A N A5
2 W Rk 6 i T R B K IR R 33.47%
25.79% .21.08% . 19.66% , # 2 WK K Ay 33.40%
27.02% ., 20. 61% , 18. 97% , 3 #§ 4 K WK kK K
35.17% 26.56% 24.46% 13.81% , J1 1€ A S 34K vk
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433.05% .28.59% .20.26% 18.10% , 3 H A= K 4K
WCH 32.15% 28.07% 20.51% 19.27% , 3% R i ]
I 32.35% 29.07% 20.51% .18.67%
23 EEEESRES HIEFIRITLHTE

A e A 28 R G [R) ) o 30 A JE e 0 ek R AR
ARG TA 7w, - SR 5 5ok 4 il 4 fik 400 1) 2 b 22
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sm” e s R, T S R A
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Table 5 Soil carbon storage in vineyard ecosystems in different phenological periods

rgel] TR BE Ak TR i et it U071
Phenological Soil layer Bulk density Water content pH Carbon content Carbon storage Proportion
period /cm /(g em™) /% /(g-kgh) /(t+hm™) /%
0~20 1.08+0.04Bb 2.76+0.56Ec 7.15+0.14Eb 5.69+0.64ABa 13.43+£2.47Ba 3347
. i iﬁﬁ 20~40 1.20+0.03Aab 4.13+0.24Eb 7.50+0.14Ca 4.31+0.52Bb 10.35+£2.37Bb 2579
. xcavation
period 40~60 1.26+0.04Ba 4.79+0.35Ea 7.83+0.09Ca 3.36+0.24Ac 8.46+1.50ABc 21.08
60~ 100 1.32+0.05Aa 4.79+0.46Da 7.87+0.11Ca 3.11+0.56Ad 7.89+1.24ABd 19.66
0~20 1.20+0.03ABb 8.08+0.51Ac 7.82+0.14Ba 5.40+0.89Ba 14.03+£2.31ABa 33.40
G ™ H:’H;q 20~40 1.31+0.05Aab 8.18+0.23Bc 7.80+0.03Bb 4.33+0.37Bb 11.35+1.90Bb 27.02
ermination
period 40~60 1.32+0.05ABab 8.53+0.34Bb 8.01+0.14Aa 3.28+0.56Ac 8.06+2.62ABc 20.61
60~ 100 1.38+0.03Aa 8.80+0.45Ba 7.66+0.16Dc 2.97+0.67Bd 7.97+1.29ABd 18.97
0~20 1.20+0.24ABd 7.30+0.26Bd 7.82+0.21Ad 5.78+0.97ABa 15.03+1.47Aa 35.17
i *}éjéli:tﬁﬂ 20~40 1.29+0.34Ac 8.57+0.19Ac 7.93+0.12Ab 4.33+0.98Bb 11.35+2.47Bb 26.56
New shoot
. 40~60 1.32+0.0ABb 8.93+0.56Ab 7.86+0.15Bc 3.83+0.94Ac 9.46+1.50ABc 24.46
growth period
60~ 100 1.37+0.04Aa 9.35+0.27Aa 8.06+0.16Da 3.32+0.70Ad 8.890+3.20ABd 13.81
0~20 1.21+0.24Ab 6.34+0.53Dd 7.36+0.16Cd 5.89+0.68Aa 15.43+1.27Aa 33.05
FHIEAER] 20~40 1.30+0.34ABab 6.53+0.68Dc 7.74+0.24Bc 4.94+0.29Ab 13.35+2.36Ab 28.59
Flowering and fruit
setting period 40~60 1.37+0.54Aa 7.89+0.26Ch 7.85+0.19Bb 3.45+0.56Ac 9.46+1.24Ac 20.26
60~100 1.37+0.06Aa 8.92+0.71Ba 8.07+0.23Ba 3.08+0.79Ad 8.45+1.20Ad 18.10
0~20 1.20+0.04Ab 6.70+0.42Cc 7.26+0.14Dd 5.70+0.74ABa 14.83+1.27ABa 32.15
3} .
]73 R ﬁiﬁgﬁ 20~40 1.28+0.45Aab 6.80+0.35Cc 7.34+0.24Dc 4.80+0.94Ab 12.95+2.17Ab 28.07
erry growtl
period 40~60 1.37+0.04Aa 7.80+0.62Db 7.55+0.23Db 3.45+0.44Ac 9.46+1.56Ac 20.51
60~ 100 1.38+0.05ABa 8.10+0.38Ca 8.17+0.25Aa 3.22+0.55Ad 8.80+2.20Ad 19.27
0~20 1.21+0.05Ad 6.70+0.42Cc 7.36+0.14Cd 5.67+0.64ABa 14.93+1.27ABa 32.35
4 B
HARHON 20~40 1.28+0.25A¢ 6.80+0.35Cc 7.44+0.14Cc 4.82+0.94Ab 10.05£2.17Ab 29.07
Berry harvesting
period 40~60 1.32+0.04Ab 7.80+0.62Db 7.55+0.23Db 3.34+0.54Ac 9.56+1.56Ac 20.51
60~ 100 1.38+0.06ABa 8.10+0.38Ca 8.07+0.26Ba 3.34+0.55Ad 7.75+2.20Ad 18.67

T ASFVINE TR IR — R R £ JZ BB R 22 57 B3 (P<0.05) s ARIKS 8RR ] — o JZ BRI AR ] 1R 25 57 3% (P<0.05) o

Note: Different lowercase letters indicate significant differences between different soil layers in the same period (P<0.05). Different capital letters in-

dicate significant differences between different periods in the same soil layer (P<0.05).
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Note: In figure A, 1 ~ VI represents the excavation period,
germination period, new shoot growth period, flowering and fruit
setting period, berry growth period and berry harvesting period. Dif-
ferent lowercase letters indicate significant differences between dif-
ferent periods (P<0.05). W in figure C represents soil moisture.
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Fig.1 Characteristics of soil respiration changes

in vineyard ecosystems
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Phenological period Plant Soil Total
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M RAL . 490 4469  49.59
Flowering and fruit setting period
3 e
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Berry growth period
RN

Berry harvesting period 7.05 4229 49.34
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Table 7 Annual carbon sequestration in vineyard ecosystems

44 AP ] 5 ffk ik i1 co, it AP S e o L e o et 7 1E
C - . Annual fixed carbon  Converted carbon dioxide  Percent of annual Carbon storage Percent of carbon
omponen /(t - hm™?) /(t«hm™? -a™t) fixed carbon/% /(t+hm™) storage/ %
T FE Plant 3.05 11.19 56.7 7.05 14.15
3T S P& Trimmer 0.23 0.84 4.0 0.23 0.46

Z4E Weed 0.27 0.99 4.7 0.27 0.54
+ 4 Soil 2.16 7.93 37.8 42.29 84.85
J 3t Total 5.71 20.96 100.0 49.84 100.00
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