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Relationship between carbon density increment of larch plantation and climate

factors in Daqing Mountains of Inner Mongolia
WANG Yunni'*, DAI Haiyan®, CAO Gongxiang', ZHANG Hui', LIANG Hairong' , SANG Hao', YANG Yiwen',

LIU Hongmei'
1 Inner Mongolia Academy of Forestry Science, Hohhot 010010, China

2 Inner Mongolia Ecology and Agricultural Meteorology Centre, Hohhot 010051, China

Abstract: Larch ( Larix principis-rupprechtii) plantation is one of the main forest types in Daqing Mountains of the Inner
Mongolia, China. To investigate the response of carbon density increment of larch plantation to varying climate factors, five
30%30 m” plots were set up in 43 years larch plantation in Hadamen National Nature Reserve of Daqing Mountains of Inner
Mongolia. Diameter at the breast height (DBH) of all trees in the five plots was measured, and forty tree-ring samples at
breast height were got in each plot. Then, using dendroecological methods and biomass-DBH growth equations, biomass,
carbon density and carbon density increment of larch plantation were calculated, and the relation between carbon density
increment with climatic factors, including monthly precipitation, monthly temperature ( monthly mean temperature, monthly
mean minimum temperature, monthly mean maximum temperature ) , and monthly mean humidity was analyzed. The results

indicated that the variation of carbon density followed the logistic equation as the increase of forest age, and the larch
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plantation carbon density increased from 1.05 t/hm® in 1979 to 76.83 t/hm” in 2016. The carbon density increment of larch
plantation showed a trend of “slow-fast - slow” with the increasing forest age, with a mean carbon density increment value
of 2.05 t hm™ a™' and a maximum carbon density increment value of 3.72 t hm™ a™'. The carbon density increment was
closely correlated with climatic factors. The carbon density increment of larch plantation was significantly and positively
correlated with the monthly precipitation in June of previous year and that from June to August of current year, but
negatively correlated with December in previous year. The carbon density increment of larch plantation was significantly and
positively correlated with the temperature from November to December of the previous year and February, December of
current year, but significantly and negatively correlated with humidity in those months. There was positive correlation
between carbon density increment and the monthly temperature in July, September of the previous year and August—
September of current year. In general , annual varying of carbon density increment of larch plantation was mainly affected by
temperature, humidity and precipitation, which were primarily through influenced the growing season length, the relative
extractable soil water in growing season and freezing injury and snow damage in winter. It is implied that the carbon density
increment of larch plantations would present an increasing trend in the future due to the warmer and humidor climate

condition in the research region.

Key Words: tree ring; biomass; carbon density; climate factor
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2947.10 h, 428 kK 50 1846.8 mm

600 Tr
500
400

300

Bk Precitation/mm
& ¥ Temperature/°C
(98]

200 |
2 “,
3= 0.3749x - 394.74 3=0.0428x - 81.838
100 R?=0.0067 1+ R2=0.5467
0 1 1 1 1 1 J 0 1 1 1 1 1 J
1959 1969 1979 1989 1999 2009 2019 1959 1969 1979 1989 1999 2009 2019

44 Year

1 i 60 ££18 (1960—2019 4F) Bk IR BRI ERTH

Fig.1 Interannual variation of precipitation, and temperature from 1960 to 2019
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Table 1 The basic characteristics of larch plantation plots

FEHu4 > Plot No. P, Py Py P, Ps
i Age 43 43 43 43 43
MR Altitude/m 2013 2011 2005 1998 1989
W Slope degree/ (°) 7.0 8.2 7.5 8.3 10.1
P Density/ (#5/hm? ) 1366 1179 1121 1056 1332
M2 Diameter at breast height/cm 16.57+4.76 17.53+4.77 16.60+5.59 17.70+5.88 17.33+4.78
4 E Height/m 12.97+2.34 13.64+2.52 13.30+2.38 13.19+2.77 13.62+2.33
HBFAJE Canopy density 0.70 0.80 0.78 0.75 0.76
o KA
AT ZABT

. . — — . ( Cotoneaster
Dominant shrub species ( Lespedeza floribunda) .

multiflorus)

EZ}S{}E?‘;“#F R oty ( Sanguisorba officinalis) 75 )5 545 ( Fragaria orientalia)
Dominant herbage species
HARJZ T herbaceous coverage/ % 68 65 58 62 70

PP, Py P, Ps . HEHIGiS Plot number

1.3 BRECIBORE AR5 9 I o

RSP H AR G50 LU B RERR A 20 A% , 7600 =5 b e B 28 SCRGE 2 ARBES , KU 5 [  FT B
ffi | WinDENDRO 43#r R GE 4738 XE4E A i, I F COFECHA 2 51> i) e 4% 51 0 52 4 e aff k£
S, BRI N 0.01 mm) B
1.4 Wi

B8, HTAREARNIAE (Do, om) FEE S X TT M AR (d, , em) 3824 (1) THEEAS D 4 Mg 2
D, (0<n<2016) , HIK,FETFHISMEALTE AL 16 PRAGHT AZHE G SRR T A 2 AR S B AR Y=
(W, kg) SH1E (D, cm) MBREOCR ARG B AN ED &, BAR AR (2)—(5) s B AR R EY
(W, k) S0 B8 (H,m) BB S RITTRDIAFMR R AR AR (6),

D,= Dy~ d, (1)
K d, = dyygtdygstee +d, +d .,
W= 3.2966D"""  (R*=0.8732) (2)
W, = 2.4363D"""  (R*=0.9235) (3)
W, = 1.0121D°""  (R*=0.8370) (4)
W, = 0.9136D"**  (R*=0.8495) (5)
W =0.8247In(D*H)-4.2346  (R*=0.972) (6)

1.5 &l
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AR AR IR ; BEBE S5 P H M A2 53 A0 1 BRARA , SHAR R EAT 242, 2004 <0.2 em AYZIAR .0.2—2 cm A
HRAI>2 em BPALARUEA THURE ; AHIRIER B AR S S5 TR A 5 ST i b0 3 iR SR i o 46 TR 40 — B 1R S 1k
P E
1.6 fifcs B B ARG i Al 5

SEFARACTE T AAR T AL M B MRS FEREE A R (W, vhm®) S5 PR & 5 (R) TS 2 65 %5
(CD,t/hm?) , WA (7).

m n

CD=() Z(W/ijj))/(le()OO) (7)

i=1 j=1
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Fig.3 Carbon density and its increment of larch plantation in different year
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a”' 1997—2001 4 B R 235 P A 3G 1 AR R 8 7K | 2 )5 e AT 34 1 2 DR Sl PR R AR 34, KR AIR 2] 2009 471
1.55 t hm™ a™' ;2009—2013 4k % FE A1 S SEARAE R AR ARMEIE R 1.54—1.73 t hm™ a™' ; 7E 2013 A2 5 &2
PP B T, 38 AR ARG T (E R 2.05 t hm™ 7! B RECH 0.42,
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etV AR LA T SRR F A OCHEDLE 4, IR FEAEIS S LAFE 6 A JCYAE 6—8 H IkE
KRR B3 (P<0.05) IEAIEHYSE 2, Ui B A2 K Kk i b I s AR R D BE O 2 K, 5 B4R 11 AW
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EAR DG R AR, 10 W] A ZR 3K X AR SR AR IR J3 e 28 B8 A1 1 i I SE R . B BEAR S i 5 AR SO AR
AR (5—9 ) RAAXR R IEAR DG, (B LA 10 H 2R 4 H 54 10—12 7 19 RS R B )
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Fig.4 Correlation coefficients between annual carbon density increment of larch plantation and monthly meteorological factors
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Rt 7K AL BE S5 M 9 IX AR L P T P B 2 BE AR I ) BB R 11 A BK S DA RS IR AR R, Ik
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4 %t
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A7 N TR 361l R 238 ) 552 M 30 75 B Ak 523 BT 9

£ % Uk ( References) :

[ 1] JAEGR, Zsk, 2. SR T TP RS RGN, R R TR M, HARAM, 2020, 12(1) ; 81-88.

[ 2] Albrich K, Rammer W, Seidl R. Climate change causes critical transitions and irreversible alterations of mountain forests. Global Change Biology,
2020, 26(7) : 4013-4027.

[ 3] Scherrer D, Vitasse Y, Guisan A, Wohlgemuth T, Lischke H. Competition and demography rather than dispersal limitation slow down upward shifts
of trees” upper elevation limits in the Alps. Journal of Ecology, 2020, 108(6) . 2416-2430.

[4] YuDP, LiuJ Q, Lewis BJ, Zhou L, Zhou W M, Fang X M, Wei Y W, Jiang S W, Dai L. M. Spatial variation and temporal instability in the

climate—growth relationship of Korean pine in the Changbai Mountain region of Northeast China. Forest Ecology and Management, 2013, 300;

http ; //www.ecologica.cn



5892 A E = 2%

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

96-105.

Jiang Y, Zhang W T, Wang M C, Kang M Y, Dong M Y. Radial growth of two dominant montane conifer tree species in response to climate change
in North—Central China. PLoS One, 2014, 9(11) . el12537.

Moos C, Guisan A, Randin C F, Lischke H. Climate change impacts the protective effect of forests: a case study in Switzerland. Frontiers in Forests
and Global Change, 2021, 4. 682923.

Bebi P, Seidl R, Motta R, Fuhr M, Firm D, Krumm F, Conedera M, Ginzler C, Wohlgemuth T, Kulakowski D. Changes of forest cover and
disturbance regimes in the mountain forests of the Alps. Forest Ecology and Management, 2017, 388 43-56.

Liu H Y, Williams A P, Allen C D, Guo D L, Wu X C, Anenkhonov O A, Liang E Y, Sandanov D V, Yin Y, Qi Z H, Badmaeva N K. Rapid
warming accelerates tree growth decline in semi-arid forests of Inner Asia. Global Change Biology, 2013, 19(8) : 2500-2510.

Liang E Y, Leuschner C, Dulamsuren C, Wagner B, Hauck M. Global warming-related tree growth decline and mortality on the North-eastern
Tibetan Plateau. Climatic Change, 2016, 134(1/2) . 163-176.

Qin Y W, Xiao X M, Wigneron J P, Ciais P, Brandt M, Fan L, Li X J, Crowell S, Wu X C, Doughty R, Zhang Y, Liu F, Sitch S, Moore B.
Carbon loss from forest degradation exceeds that from deforestation in the Brazilian Amazon. Nature Climate Change, 2021, 11(5) . 442-448.
Anderegg W R L, Schwalm C, Biondi F, Camarero J J, Koch G, Litvak M, Ogle K, Shaw J D, Shevliakova E, Williams A P, Wolf A, Ziaco E,
Pacala S. Pervasive drought legacies in forest ecosystems and their implications for carbon cycle models. Science, 2015, 349(6247) ; 528-532.
Ciais P, Reichstein M, Viovy N, Granier A, Ogée J, Allard V, Aubinet M, Buchmann N, Bemnhofer C, Carrara A, Chevallier F, De Noblet N,
Friend A D, Friedlingstein P, Griinwald T, Heinesch B, Keronen P, Knohl A, Krinner G, Loustau D, Manca G, Matteucci G, Miglietta F,
Ourcival ] M, Papale D, Pilegaard K, Rambal S, Seufert G, Soussana J F, Sanz M J, Schulze E D, Vesala T, Valentini R. Europe-wide reduction
in primary productivity caused by the heat and drought in 2003. Nature, 2005, 437(7058) : 529-533.

AMITE, kBT, BRETV, XU, B, FIORE, AR, IR B S S b A A R G AR F I S h ER A R
2019, 49(9) . 1321-1334.

JiBY, Yin]JY, ShiY]J, XuL, Tao J X, Zhou Y F. Predicting vegetation carbon density distribution in different terrains in subtropical forests in
China. Journal of Sustainable Forestry, 2021, 40(5) : 473-490.

Zhao M M, Yang J L, Zhao N, Liu Y, Wang Y F, Wilson J P, Yue T X. Estimation of China’s forest stand biomass carbon sequestration based on
the continuous biomass expansion factor model and seven forest inventories from 1977 to 2013. Forest Ecology and Management, 2019, 448.
528-534.

Er5E, WA, T2, B, TWH, Rk, 7EANRILAEITE A N TARE R 2 BAFE. ARl R:, 2015, 51(10) : 10-16.
Fat, BRI, AR, @&, 2260, XIBUEL. & H R ARZIIAR AR K B a5l ). AR, 2016, 36(9) 1 2626-2636.
HASHE, T, ERTE, B2, MM, TKOCR, SN, XA IS DRV R AR N T ARTR AR 2 [ k38 R X R G K] B W
SRR 2020, 39(4) ¢ 1082-1090.

Joshi R K, Dhyani S. Biomass, carbon density and diversity of tree species in tropical dry deciduous forests in Central India. Acta Ecologica Sinica,
2019, 39(4) . 289-299.

Jia LY, Wang G X, Luo J, Ran F, Li W, Zhou J, Yang D L, Shi W B, Xu Q, Zhu K, Yang Y. Carbon storage of the forest and its spatial
pattern in Tibet, China. Journal of Mountain Science, 2021, 18(7) . 1748-1761.

Tang X L, Zhao X, Bai Y F, Tang Z Y, Wang W T, Zhao Y C, Wan H W, Xie Z Q, Shi X Z, Wu B F, Wang G X, YanJ H, MaK P, Du S,
LiSG,HanSJ, MaYX, HuHF, He NP, Yang Y H, Han W X, He HL, Yu G R, Fang J Y, Zhou G Y. Carbon pools in China's terrestrial
ecosystems: new estimates based on an intensive field survey. Proceedings of the National Academy of Sciences of the United States of America,
2018, 115(16) ; 4021-4026.

Ahmad B, Wang Y H, Hao J, Liu Y H, Bohnett E, Zhang K B. Variation of carbon density components with overstory structure of larch plantations
in northwest China and its implication for optimal forest management. Forest Ecology and Management, 2021, 496 119399.

Chang Z B, Hobeichi S, Wang Y P, Tang X L, Abramowitz G, Chen Y, Cao N N, Yu M X, Huang H B, Zhou G Y, Wang G X, Ma K P, Du
S, LiSG, Han S J, Ma Y X, Wigneron J P, Fan L, Saatchi S S, Yan J H. New forest aboveground biomass maps of China integrating multiple
datasets. Remote Sensing, 2021, 13(15) ; 2892.

Naudiyal N, Schmerbeck J. Potential distribution of oak forests in the central Himalayas and implications for future ecosystem services supply to
rural communities. Ecosystem Services, 2021, 50: 101310.

Holmes R L. Computer-assisted quality control in tree-ring dating and measurement. Tree-Ring Bulletin, 1983, 43 69-78.

DR, so/ha, FRRL, R, HIRE, Ih5HA, mig. AEALvE R AN AR P RO AP IORRE. e athRll 2B 244, 2009, 31(1)
13-18.

JAER, TIRRE, SR, 3 E ERARMAES RGN A, Y4254, 2000, 24(5) : 518-522.

http ; //www.ecologica.cn



14 1 ErF NS RE IR AN N TAART AR R i AR i 5 AR N TR R 5893

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]
[42]

[43]

[44]

A, REWRIE, wRIESR, RRANER, RN, ORVL, 25CHE. WP ORE L 31 AR AR AR IS A N TARBRIC DI RE M B 5. T 5 KR IR S 3R 05,
2016, 30(10) ; 110-115.

APV, M, RMSER, VR, frsE, EAVIE, EA, MG, SR RGZIE Y Bt T A A TRBR it i B M AR AE DAY, ARSI AR,
2016, 25(10) : 1604-1611.

S, XM, AR, XUARIR. L AT Y8 A T AR B S T ECRFAIE. K A543, 2017, 31(5) : 208-214.

SREM, D —, B84, XA, Wethuk. fedbdm g i pRay 2L e SHIC DI AE. ARAuholk K24, 2012, 40(12) : 32-35, 39-39.
Guo Y R, Peng C H, Trancoso R, Zhu Q A, Zhou X L. Stand carbon density drivers and changes under future climate scenarios across global
forests. Forest Ecology and Management, 2019, 449. 117463.

EH, EARG, FRE, 76, B TR T DR AR S B R R AN ). ARSI, 2016, 40(4) ¢ 374-384.
W, 3R, BVDHE, Ay, 2204 rh BB OMMR A S R G BE . A28, 2015, 35(6) : 1798-1806.

SBME, ER, BEARAR, BEK, RER, AR, R 2 s0h PU RS RIS DA 2R R e S G R 1. A28l 2017,
37(15) : 5049-5058.

B, TR, X, GRBEEL, WL, BT JR 28 1l i i RS AR B i A5 2R 7 00 I S R R AU L R 0 . AR AR SRR, 2019, 39(22) ¢
8575-8584.

R, SR, Bk, 260, HER, SRAUHT. 2208 JOHBIEARDCIFA FIAR ILAAMRTR AR 2 A 77 1 5 U TSGR AR5 2 4R, 2014, 34
(22) : 6489-6500.

BEESE, THC, XIHLL. JERUHAA RIAMAN LT ARIZ A7 H 5 URN TR, Rl 224, BRRARR, 2016, 40(5) :
177-183.

Tkt , BIGEHE, HO3CL, ERE, EOEAR, FAL. JUT Pl B AR A e AR AR . 2R 2RS4, 2011, 31(8) : 2086-2095.
Buermann W, Parida B, Jung M, MacDonald G M, Tucker C J, Reichstein M. Recent shift in Eurasian boreal forest greening response may be
associated with warmer and drier summers. Geophysical Research Letters, 2014, 41(6) : 1995-2002.

Schuster R, Oberhuber W. Drought sensitivity of three co-occurring conifers within a dry inner Alpine environment. Trees, 2013, 27(1) : 61-69.
M:kinen H, Nojd P, Mielikiinen K. Climatic signal in annual growth variation in damaged and healthy stands of Norway spruce [ Picea abies (L.)
Karst. ] in southern Finland. Trees, 2001, 15(3): 177-185.

HRAESE, MIRTT, BRIRES, R, BEIE. RO LI MR T AATR ] A= AKX A8 I A o —— ARG VA 8t DX g . o A 22 4, 2011,
22(12): 3101-3108.

ZRUE, TR, BT, RECH. AR LB bRk #ENR 5 R0 HEmG . A AR ARGR, 2009, 28(9) ; 1702-1705.

http ; //www.ecologica.cn



