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Carbon storage features of Pinus tabulaeformis plantations that are approaching

maturity at three sites across a precipitation gradient in western Loess Plateau
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Abstract: Forest is an important vegetation type of terrestrial ecosystems that maintains the dynamic balance of the
biosphere and geosphere, and it plays a key role in terrestrial ecosystem carbon sequestration. With the implementation of
Grain for Green Project, the Three-North Shelterbelt Project, and other major ecological projects, the total area of
plantations has dramatically increased ; thus, the role of plantations in absorbing and fixing CO, has attracted more attention.
Investigating carbon storage of major forest types is important for understanding regional carbon cycles. Pinus. tabulaeformis
is a common plantation species in sub-humid and semi-arid regions for the restoration of forest ecosystems. In western Loess

Plateau, artificial forests of P. tabulaeformis provide a substantial proportion of the terrestrial ecosystem carbon sink. To
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understand the carbon storage features of these plantations in response to the precipitation gradient, three typical distribution
regions on western Loess Plateau were selected for plot surveys. Tree biomass was estimated separately for stems, branches,
leaves, and roots, using previously constructed allometric biomass equations based on the diameter at breast height ( DBH)
and tree height. Carbon contents in the different parts and layers of the tree were each measured by collecting corresponding
samples. Carbon density was calculated by multiplying the biomass of each plant part (from a specific forest area) and the
corresponding carbon content. The results showed that in the three sites ( Lanzhou, Taizishan, Xiaolongshan) with
precipitation of 372 mm, 519 mm and 632 mm, respectively, biomass carbon densities of P. tabulaeformis plantations were
(49.08+2.86) t/hm”, (73.90+9.36) t/hm’, and (82.55+7.36) t/hm’, respectively. Both the carbon density of the
ecosystem and biomass carbon density were significantly different ( P<0.05) between Xiaolongshan and Lanzhou. Because
the shrubs were sparse, the contribution of trees was greatest, reaching 95.21%—98.91% of the biomass carbon density
across the precipitation gradient. Overall density of organic carbon in soil did not differ between the three sites. Soil organic
carbon in the upper soil layers showed significant differences among the sites, but were not statistically different ( P>0.05)
in other soil layers. Correlative analysis showed that the biomass carbon density was positively correlated with annual
precipitation, with a Pearson coefficient of 0.820. However, there were no significant positive correlations between the
biomass carbon density and the age of stand. Similarly, partial correlative analysis showed that there was a significant
positive correlation between the carbon density of P. tabulaeformis plantations and precipitation in this sub-humid and semi-
arid region of the Loess Plateau. These results indicate that precipitation is a key factor that affects biomass production and
carbon fixation in semi-arid forests. Furthermore, it implies that appropriate water conservation measures are necessary,
particularly in semi-arid areas, to satisfy the hydric demands of P. tabulaeformis plantations and to maintain normal growth.
Such measures may also be helpful for improving carbon sequestration potential and comprehensive services of plantation
ecosystems. Therefore, this study provides valuable insight into how carbon storage characteristics of plantations respond to
precipitation gradients, and provides useful information for regional forest management with respect to productivity and

carbon storage.
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foE s B RO 25K, A H BRI A2 2600 h, 4R P-4 K 5 400 mm 2247, R A 7E 6—9 H 4R P01
TCHAT, VA DR 2360 m, FRAK LIy L A 1=, A A 7 AR Z TR AR T o — AR JLF- 350
K EARPIKPEEL (Stipa bungeana ) NS48 (Artemisia gmelinii)

HIRA R F IR (I E AR MR EL) AU AR K AR K 7R 500—600 mm 2247, 3% LA
AR = AR =0 JEAE XA T 2GR B0l AR AE 2450 m 224, SR AR JZ A A TR b 80— Ay 4 Xof 4
PPl PR HE K I B KK F ( Cotoneaster acutifolius ) F FE#8 F ( Ostryopsis davidiana ) 55, WA F 5 DL &
( Carex tristachya) F-3ATK ( Poa annua) Fl =8 JK 556 (Aster ageratoides) i 7

RS /B LLARIX ) b Ak 28 06 7 B, 2 B2 JIR A [ 7 0T 1) ok 8 b 7 ) 4R 7 B3R 7—12°C, AR B Rk &
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20 m) fH R T2 BRI A BRI, SEBRAE A 40 5 600 m® (30 mx20 m) o FEHINA P 3 TS A TR
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BAERIEAF R IR 1,
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Table 1 Basic status of Pinus tabulaeformis Plantation with a precipitation gradient

Rk AR

o Sl .
Vi S W i—; = 2. i; 44 s o

WK iﬂ_ﬁi{\[ﬁ Mean Annually it TEIB = Tz Stand S PAT kR

Geographical annual mean Mean Mean . Canopy .
Area . . Age/a ) density/ . Soil type

location precipitation/ temperature/ height /m DBH /cm ) N density/ %

(Fk/hm?)
mm C

YN 104°2'51"E35°46'29"N 372 7.0 40 7.1 11.5 1051 50 1 1
Lanzhou 104°2'51"E35°46/31'N 372 7.0 40 7.1 13.1 1283 50 1 AR 1
guanmotan 104°2'50"E35°46/32'N 372 7.0 40 9.1 19.9 399 40 1R 1
KF 103°25'25"E35°15'35"N 519 6.6 40 11.1 19.7 814 80 TRk A
Taizishan 103°25'25"E35°15'31"N 519 6.6 41 13 18.7 752 80 TRk
NyA 106°31'42"E34°7'40'N 632 12.0 50 16.6 26.7 479 70 e L
Xiaolong shan 106°30'53"E34°7'46'N 632 12.0 45 16.3 23.3 3250 70 PR+

106°33'25"E34°7'47"N 632 12.0 55 15.7 23.6 2433 75 PN R

106°24'7"E34°17'33'N 632 12.0 60 14.7 2.7 1050 75 R+

A RKAR AR SR AR B E S S8R 30 a(1981—2010) F3 {4

1.2.2  HpARhE A Kot R4
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F 200 g F & TR A FEAT 0 S2 50 = AR AT
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U T P A ot o oy [ S 0 2 A AT D

5 AR TSR T B RS2 A T R 2 A R B A AR 1 b B, 42 R ) T R
% 100 cm, A2 100 em 42 EHRA R 1k, W50 H #2 0—10,10—20,20—30,30—50,50—100 cm 43 )2, IR T]
B T2 R+ T E LA, [ IR LA 580y 2 hn i B H NN 4 em AU L4, 7 3 L
FE A5 1 SRR R A 51 JF HL 200 ¢ 7 191 S50 2 43 il .
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Table 2 The biomass equation of Pinus tabulaeformis plantation

wE ml )77 7% HIEER 4 WE [l 7 72 EIEER 4

Organs Regression equation Correlation coefficient Organs Regression equation Correlation coefficient
;de q: Stem B= 673.8828( DZH) 0.9359 09962 VJ*E ROOI B= 874.7557( DZH) 0.9204 098 16

AL Branch B=e 03807 (p2p) 11242 0.9826 4 K7 Bark B=e 1P ( P2 [) 08649 0.9862

H‘j—l}l— Leaf B= 875.3277( DZH) 0.8812 09496

B4 W)+ Biomass; D:Mfi4% DBH ( Diameter at Breast Height) ; H. # & Height
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TR FU(519 mm) S5HABPIA XA SRR 22 R AR B35 (K 3) . S HAE XIS RGUEY 415
HFRAR G H R R, A 22 P 3l DX T AR A W 5 R T L NB L X2 ) 22 5 W 4% K e X ) O
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Table 3 Vegetation layer biomass and components in the sites with a precipitation gradient

) ‘ HEA A % B 5
KK e S he) L o b
(/hm?) (t/hm?) (/hm?) (t/hm?) (/hm?)
> Lanzhou(372mm) 93.69+5.06 b 0c 1.16+0.55 a 0.86+0.03 b 95.71+4.62 b
KF I Taizishan(519mm) 134.98+18.03 a 1.19+£0.03 b 2.09+£0.99 a 3.32+0.99 ab 141.57+18.05 ab
JINBE L Xiaolongshan (632mm ) 156.19+14.33 a 3.17£0.35 a 1.48+0.38 a 5.22+0.871 a 166.07£14.85 a

ANRING R R — 2 437 (5] R 7K ek DX 8 9 28 S 42 (2.3 (P<0.05)
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) 0 AT LU 5 /NP L 22 ) 2 S R4 R K B 58 KO (R 1) o A 22 M Ml DX T B 438 B 1) T ik 5 A R ik #098.91%
FERPNIZ M X AR LT A R AR, = AT R K B X8k, F7 AR 25 10 5T Bk R AL IR b 7
95.21%—98.91% Z[H] , HEA | FLAR DL KL P8 75 Wi % FE Dk R AR /N (0.43—2.48% ) .,
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100 .
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in the ecosystem/(t/hm?)

The propotion of each fraction
in biomass carbon density/%
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=] KF1 /N =M AF i /AL
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RN FEK X 35k

The three sites across a precipition gradient

E1 AEERKEXBEDEREERSHSE LI
Fig.1 Biomass carbon density and component proportions in the three sites across a precipitation gradient
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(0—10 cm) BB EE 2 T HABP P HLIX , {HH 50—100 em 1219 1205 25 BE 5 HAL PG b X 25 AR K Al g -
2 DX IR b A 1 ) 98V 4 A R AR 7K G058 7 e 1 T T B i TR A G
2.3 ARREIFEKEX AN RGWREE S

A5 RGP R R K I RR I, - S FE TR 184.90—207.07 t/hm® 2 [R] , 2 A 4 st B 2 38 119
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R B (B 2 PRI S 2 3 ANV K The three sites across a precipiation gradient

SIS N TOMRAE 2y i 2 5 i 3 /K B %) 398 Jon i 22 0 1 B2 TS
s, BRI = M AT R E L g ) ol carbon density in the three sites across a precipitation
SRR 2 /N I X Z [RIAE AR R B 22 52, R gradient
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Table 4 The difference between ecosystem carbon storage with a precipitation gradient

AR TR R SR
) X
T\.IEJIF&J@&I; . . Biomass carbon density/ Soil carbon density/ Total carbon storage/
Different precipitation sites ) ) )
(t/hm*) (t/hm*) (/hm*)

2% Lanzhou(372 mm) 49.08+2.86 b 202.62+51.79 a 251.70+53.85 a
KF 1L Taizishan(519 mm) 73.90+9.36 ab 207.07+57.04 a 280.97+66.41 a
JNBE L Xiaolongshan (632 mm) 82.55+7.36 a 184.90+74.79 a 267.45+74.12 a

AIRING TR Rl — 4 A3 TR [R] W R i XA 22 S .25 (P<0.05)

x5 EMAERATIRENEREZESFHIEKEFMIHE Pearson 18X REFRE X RE

Table 5 Pearson correlation and partial correlation between age, annual precipitation and biomass carbon density

. Pearson FHC R4 i AHOC AL
K Factor . .. . . -
Pearson correlation coefficient Partial correlation coefficient
My Age/4F 0.530 -0.264
AEFYREIK  Annual precipitation/mm 0.820"" 0.76 "

x 8 P<0.05, # x FsR P<0.01

3 e

3.1 AN TMA S R ERRE

AHIFGT 3 B R LA/ INBIE L A DX A 4 il 25 38 43 2 73.90 +/hm® F1 82.55 +/hm?, 171} 24 JH b X () A=
YR I A 49.08 t/hm® , A IR AR 2645 B 43 2 71.01,78.60,48.54 t/hm’ , X ¥ Hu2siig st 48 A
Ak 1 v R H A MR 24755 % B 28.98 v/ hm® 4R 95 2.5, 2.7 F5 1 1.7 %, H A 22 M 3 X 1 7% A J2 5 25 B s A1
TR R B BN MR B T AR 5 BE (431K 54.60 +/hm® 1 65.28 t/hm?) '"*) o BRI IR A (KA 4 12
40—60 a AT B T, JEA Sl T AR, DX 3012628 N TR EARRAE R T 55, i Ak 2 52 DX 22 JH
Ar XA N TR A [ 77 SR B, 7 HL MRCT BE R /b WAZ B 832 3] T K B A B 52

SRR A A Bl A S R G K AR, 7E MU BR BTG 30 v i 2 DG T B A1, R A 78 shalt & X 4 Bk it
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g PRI B AR TR LA B A R S7 A R 1 22 S5 36 B T AR SEBIF 98 25 SR A — 30, TP A R B X R [ i X bk 4y + 3
PR EBIRIT ST A B B R L, ARBFIT R 3 AR X, - S3Em A 1 2 R b A 25 2R 4 P i R B 8
di ARMAE B RS BRER 63.66%—78.57% ., = MIHLIX FR)Z (0—10 em) MRS BERE /)N, AT RE S K Ry 22 JH b X
FIRR T AR T /0 LR K & NITsgm T E 3R 2 A HURFUR . BEE 12 19 IR 1 38 m o f LA
fasE , X 5AESRG T A N E RIS

AT 3 ABEK M X IMAS N TARAE S R GURR 22 1) 22 52 R 3, A e ik 2 8 R = S 2 B 3 AR
[F) 22 S A B 22 2 B A 25 S 0 s o L rp 22 O B DX S N TMRAE 28 R Ge PR Be /N 251.70 v/hm® , KT LB X
K 280.97 v/hm?, ¥ 1 F 745 BESEIRAE A9 L P IR AA AR AR S R GRS B 127.53 v/hm® =, O H L Eh 4K
B4 PSS 1) 4 A MOT- SRR T 138.00 t/hm® R, 33X AT RS2 DA AR 5 rb 2 0 s A TR 2 Ak
T 40—60 a Z[A], 1 L1 PG 2 AR AR 90% J& T HP 4l bk LR MRS AN 1o . ARG (45 SR 5 R R o 25 i g i
4 FEBRMA S RGOV P00 T 258.83 t/hm’ HEAR—2L,

3 AN KR I IR N TR AR 25 R Gt s 1 38 R BN M8 2 B 4 B > A W R %, X 5 22 BT AT 92
GER—FT 3 AR K R X R A A 2 0 A0 I T N TR i B 11 4.13,2.80 5 2.24 %,
2K (372 mm ) Az R R /N, BT LA - SRR 2 B LG A ) R R AR 2 B [ K R, A
il % FE YN
3.2 AR N TARAE YRRk B SR K B E R

Liu 25 BSE T 4Bk R L oM % - A e i B -5 TR R A K 26 B L X 2 ] ) 56 2R 45 SR 3R
e 45 X [ K B 1000—2500 mm 22 8] 6 11 DX i A 44k B KB, Mehta 2577 5T 48 H A X [ K
JES [ RUBE X il 5 N TR AR RN 38 5 R AR a7 S ) BB &R, HAERSE 4 AN
It 7 A L DX P BT R PRI A B [ K S AR i S I IE AR S R, ARWF ST 45 SR BT A TR 2 K
AR K 2 TR S IR AR M IE AR DEOC ZR K 50 HRE G AT X A K 2 5 i b Al T 77 14 22
IR~ 22—, P THRAE A 49 T P A v A Rk T R TR R R X S AR T 45 R — 30, Chen™ 25755 45
SR FIITE NG K PG AR, AER AT R IR A G 1 em , SO B i BRRES IS 6 AR 1 AR 4 i
4358 0.03 F10.17 Mg hm ™ a™", Wang ™ SEWF5E R I8 T 7 98K 5 JF A2 MK B30 A W SRR A VR IR B BE 1 A
fiE , 45 R A AMIE AL Y AR SRR K R I IEAEC R, X SRATF R4S R —2,
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