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( Pinus koraiensis Sieb. et Zucc. ) #iH: 7= J fr4F
B sh 2 B S e - i ma iy, 2 3 5O R A
AU T RN 90 B e T LR % FE 1) i R Bl X
SEXRAFT LT B v R DX R b X
BRI S R AR AR T

i 1 #A ( Pinus sylvestris var. mongolica
Litv. ) MERBRUN AR, KIRGATLE TR E RS 28 F
IPAE DR VDb . R TR S ol A 4 s X B, F T
VP HRE AN HAATHIE . Wf5E . 0 B A 25l
SRAFRE R, Oz B IR E AL v s Ak,
FEB KUV« 7K A DR SRR [ e 55y T K 45 i e
AR DIRES, 2B /N AR AR BT IR A& ( 2009—
2013 4F) 4R s, HETIREY> RN TAK
HFGAE] 41.7 T hm?, AU REERHRID . A
T AR 5 R VD b A R A N MR FRE 3K 33 7
hm?, ZR0GETH THRI7E“+ = " 2 U 0 18] 52 A%
100 J3 hm? fi FIAMEE L A e i . HETC A 2%
B XA - FA MR G A= 57 g B S A v 10 S8 A
58, MR E U254 T E A KGR R E AT T
WA DL IR AP R SRR b e 285 15 B 25 [ A
fiE, JEEER T KB U Rl I AN
GEOTIFFET 41 AFELERFAS DUIR VD HuRs 48 N T AR
[Tt i 238 SR AR 1, E R XA W) % B A 1
BRI A 7= 3 Je X S A m o 8 6 FE AR5 17
RITRE o %85 BE 38 o R R R AR ] 55 G e MR AR A2 4
KA R, SRR SR A T E
R, (I T AR B R SRR 6 L R
72 S LI RE B —Fh B L A ARAR S B A B,
SRR ST AT

WE, LT RIR NS X A AT T S
AU, SRR TN AR S M AR AR A T
TESEM o AEFE LIS T HO 3 53 A1 m 4% O P2 DR T
HOAN )25 B () RARR IR SE 0T 4, 25 B R
SRR S A R T R SRR AR A i S
ERIHE T, X LEAS[R) 28 B R AR AT AR )
PR I B RS, AU BT 00 A SR
SR RGN LD RE, 3R
FEl A6 7778 3 B RO T R PR %) [T ke v g S
] T A SR S AR A A e AR it A 0

1 MR 5 7=
1.1 HREHEER

WFFEIX AL TG DURYD B ZR i . B LR FE 7

IR w AR AR P S AT (47°38'~47°39" N,
119°09'~119°12" E ), J& il T2 KKt
fie, HEMRPE, &2, HIAL, BRIRZE
K, FHFE-2.6 C, FFFEKE 270~650 mm
(K1), ZEhTEKE, £ K 1400~
1900 mm, JofEi] 90~100d, BEHIK A 140d
ZeA1A WFSE X AR e Vo s A e v o 32, £
WD 109 T ARAR-R RS P L, 2
RE AN T M O3 A7 (R S e % . AS XU
Ak Z Ll dkoh £, JFEA A F e ( Betula
platyphylla Suk.) . #& ¥ ( Corylus heterophylla
Fisch.) % Fr M Fp, DL K kit 45 ( Filifolium
sibiricum ). }%15F (Stipagrandis ). i (Leymus
chinensis ). H % ( Carex pediformis) . i
( Sanguisorba officinalis ) %A Fh4,
1.2 HMgESEE

2017 4E 7—9 H, TE NN TR/ NV H AR+
FATRIRARIE SR 5 AN [R5 BE AR fEAE L (30 m x
30 m), iCsRAEHLAYEESL . MR AE ST HLIK -, JF
AT AR R, DU L P9 T A R B B A L
BN R IRV R AL 4 A7 BRI S AR A K
HE, MR WLIE 2. AR A AR S
FAR Wi Bk FoR AR5 A b Y
o T TR 40 ) 8.83. 21.94, 24.28 32.36 Al
349 m*hm>2 (£ 1), FIHMNEH 515 mm 1%
7= Haglof A= KHEWT A VU . B AL 38 STy ) X
Jir A AR KT 10 em IR R S#EAT g F2fir B (1.3
m) AERREEIORE (2858 ), ROEEEIEEL .
1.3 WARFRFTENE

PR Bl SE g0 2 K, A ALK
RECAEIG | [ T AT AN, IR B
BRI (240 H . 600 HF1800 H) AYEY
YUHEATHT 5 L 22 R HIR 3 OO P AR A ) A1 SRR T,
TE AR T a2 i T A SUE S, FIFRS
&4 0.01 mm ) Lintab 6 # K424 474% ( Frank
Rinn, fE[E ) 5 TSAP #F k4745 T8 5 I & ,
FIH COFECHA F2 U8 X T 7 B W) 5 5 i I+ 245
BTSSR, TR B bR AR AN T
FAH AR BLEAEA, 5 MR A RS
THRFIEDLER 2, 5 A KARMEF AR F- 23 i 125 7
23 afity (F 1), FEdb 1 FIREHL 2 {04 B A
M4 R 40 a DL b, R R A Ho s 7 P Ak F
PRI AE R R BB, HA I ESFERAT
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Fig.1 Changes of annual mean air temperature and precipitation from 1960 to 2016
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Fig. 2 Diameter at breast height (DBH) distribution of natural Pinus sylvestris var. mongolica
Litv. forest with different density
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Table 1 Basic information of sample plot
Tl s W T AR SR T SR
PEsL S 50 {7 W W% WA Sectionareaat | Wi PRE PR
. " . ) Mean diameter at Average tree  Average tree
Plot No. Geographical position Altitude/m Slope Aspect breast height/ heiaht/ height/ ¥
(m*hm2) breast height/cm eight/m agelyear
1 47°38'55.59 N, 119°11'561.43 E 900 10 ES 8.83 21.67 8.79 24.5
2 47°38'55.48 N, 119°10'57.92 E 910 8 S 21.94 16.80 10.41 23.9
3 47°38'36.35 N, 119°1124.93 E 900 10 E 24.28 21.55 11.48 23.6
4 47°39'18.81 N, 119°12'02.37 E 900 2 WS 32.36 16.99 11.06 22.8
5 47°39'03.29 N, 119°12'49.36 E 890 1 S 34.9 15.19 10.29 22.6

e MRS BER A s W T R

Note: The stand density is expressed by the cross-sectional area of breast height
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F 2 S5ANAEEEFMNREEERNAITHHFLESH
Table 2 Chronology statical characteristic of tree-ring width of 5 sampling plots with different densities

FEH%i 5 Plot No. 1 2 3 4 5
SRR A)ESE Time span 1969—2016 1969—2016 1975—2016 1990—2016 1979—2016
“F%¢ %8 Mean ring width/mm 3.173 2.593 3.337 2.611 2.374
tr#EZ Standard deviation 0.688 0.792 0.913 0.740 0.676
FES A AHOC % %L Mean inter-series coefficient 0.819 0.805 0.846 0.804 0.653
MIAFRIL15 5 Express population signal 0.978 0.994 0.995 0.998 0.992
{5M: Lk Signal to noise ratio 43.699 171.777 201.715 523.623 124.559

o5 R

1.4 EYEMSMREFSNNEE

A S IBE ARG (2017 48 ) W& MR A
e BB A WA IAESE SE L R R, D823 Tl BT A
AR HYAF- 58 58 BE R B iX — ARy RO R A AR . 4R
Ja, AR A 2 R s A A T
AR X — ARy A AR 25 2 e i S S A W
W1 B TR RS EDTRER A MR EZAE, A
TRk ARG, R TR SR
R0 N BT A B AR A0 i RBVE D) i

W = 0.058 1DBH*%*® (1)

W, = 0.027 1DBH™**° 2)
W, = 0.018 5DBH* " 3)
W, = 0.068 9DBH"*"* 4)
W= 2:1 (Wi + Wiy + Wiy + W) /(S x 1 000)
(5)

Hrp, Wy Wy Wip. WpdKICHREFIARAR R
T B AR AEY R (kg), WIRHEHL N BT
A AR EAEYRE (kg-hm™?), DBH N# A K#E
(1.3 m4b) (em), m k%A £ R A
PARREL, S MEEIEAL (hm?),

FEHL ARSI A T1 (NPP ) b Ty 4 5
MR B A R 2%

NPP, = W—W,_, (6) 6)

o, NPP &3 1 AR =71 (thm™=-a™),
Wi, W, 535 (4R SaT—ER S Y= (t),
1.5 HEKEUR S

LB R T B Z LR 28 b
( http://data.cma.cn ), T #IIfIT A9 B /R LS 5 0k

(47°10'N, 119°56' E) 1960—2016 4F-(1) H ¥
Al PR SER . AP RISIERAA K
HEE . MR BRT R ia 45 %k ( Palmer drought
severity index, PDSI) FI i 2 X IE R ITEL
fE 4t = [ ( http://climexp.knmi.nl/ ) 1 E) A% %K
Pg, ZEHEE I FIH CRU TS 3.26 1A MK H
¥ 1E PDSI ¥4 ( scPDSI, i} 1901—2017 ),
ZERRENPREEAR A 0.5°19, kY NC #4X scPDSI
Bl AL E EZ A AR m (NASA) FF A/
Panoply 4.11.1 5 {4 ( https://www.giss.nasa.gov/
tools/panoply/ ) BEHL, ASHHF 5818 BUR SR A5 A AR
REARA: R A b (8] Beit A Tl A 77 0 5 U
FHIAIE T, B 1990—2016 45, % &3 | —4
SR AR AR A K AFTE W W5 221 ARG AT
FIES S R | —4F 6 H 2 44F 12 . Geitorth
FI| ] SPSS Statistics 20 5¢/%, #JH Pearson %
ST A 1 SRR FRIE R, e EFH
Excel 2010 &

2 HR50H

FENREFTNREVENTL
NI 25 BE RS A KRRV AT G A 7 1 A B 8
IR —F, P % R T PRI 1998 4R 1]
PR NIER, R(E FEHRL 4 1) 11.9 tthm™,
S/MA AR 1 1Y 1.2 thm™, 2007 4E (1359 2%
AR, A R AR ) 9 7 ) B 7
2thm2 AN (B 3), 5 ke R RS TRABRE)
AR BP0 147, 2,99, 3.55,
4.69 F1 4.86 t-hm™, “F-3504401 A= 7 7 I M v e
[agsaEsyI TRyl

AN [R) 25 B AR ARE T HA AR I A ) o 28 A 348
1990—2016 4F- 11 27 4 [ FF Hiu 1 3 4 05 B fe /)N
31 thm™, HEH 2 3K T 79 thm™, Fiibh 3 1

2.1
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Annual net primary productivity
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Fig. 3 Annual net primary productivity of Pinus sylvestris var. mongolica Litv.
natural forest with different density
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2.2 EBFWENREFEHTKIBRIEE
AN P R AR T ISR R B 7= 1 5573
SRR ST 8 B TR X RS ARG I g A 7=
TCHA R AZ, (FEHL 5 RS TFAMF I g A = 1 S i
—A4E 7 AEHARIR R IEASE (P<0.05), FEi
4 FEF ISR L 015 54 9 H PR R %
IEAK (P<0.05), M B R SRE T A bR i
WIA 1 5P RPIFDCOCR A B2 (14 5a ),
R — 5, HEHL 4 FIREHL 5 KR
RIS = 1 ST —4F 7 H I E R R
IR BFEIEMSE (P<0.05), HERE K 0.392
F10.407; UL 5 [ RIRFEFIAME 44 9 H i1
P f AR R 3 IEAHSE (P<0.05), FLAYHE AR
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Fig. 4 Biomass of Pinus sylvestris var. mongolica Litv. natural forests with different densities
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Note: P6...P12 means June...December of the previous year; C1...C12 means January...December of the current year; the dotted line means

significant at the 0.05 level.
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Fig. 5 Correlation coefficient between natural forests of Pinus sylvestris var. mongolica
Litv. with different densities and monthly air temperature
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AN 25 R SR AT A R 0 A 7 1 S AR Bk
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KRBT MG RE= S JE6ETHB
PDSI . EAE (P<0.05), FEHb 3 1y Kok F
PAME RIS A 7= 15 244F 5 A (1) PDSI .35 1E M6
(P<0.05), fXAKCH 0409, LI, 1EHT—
1 AEYET A, R TIMGRIRAE T
5 PDSI HHE G 2R BbE S B 2 pd/ N #, 3=
FH LG T 5 25 B R AR T-AAAR, fIK 28 B R SRR T A AR
(IR AE T 1% PDSH i 17 B A SRR
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Fig. 6 correlation coefficient between natural forest of Pinus sylvestris var. mongolica
Litv. with different densities and monthly precipitation
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Note: P6...P12 means June...December of the previous year; C1...C12 means January...December of the current year; the dotted line means

significant at the 0.05 level.
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Fig. 7 Correlation coefficient between natural forests of Pinus sylvestris var. mongolica
Litv. with different densities and monthly drought index
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SIHEEARIRPY, fER—E 1M A EMSET H, K
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1o B RIRAE AR I A 7= 1 B 2z 8 T
SER G YR Z TR,

TREMIFEFEI « AR S S o e R £
(L6 . OB PREE ) 4885 S M AR A A
R 8] 5 G A2 M T A AE 5 500, AR R 36
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Productivity of Mongolian Pine (Pinus sylvestris var. mongolica)
and Its Response to Climate Change in Hulunbuir Sandy Land

NIU Jin-song"?®, LIU Xiao-fen', Kwon Se-Myung*, PAN Lei-lei*, SHI Zhong-jie**,
YANG Xiao-hui*®, ZHANG Xiao**, ZHANG Ri-sheng®

(1. School of Landscape and Ecological Engineering, Hebei University of Engineering, Handan 056038, Hebei, China;
2. Institute of Desertification Studies, Chinese Academy of Forestry, Beijing 100091, China; 3. Institute of Ecological
Conservation and Restoration, Chinese Academy of Forestry, Beijing 100093, China; 4. Institute of Ecological
Restoration, Kongju National University, Chungcheongnam-do 32439, Korea; 5. Liaoning Institute of
Sandy Land Control and Utilization, Fuxin 12300, Liaoning, China)

Abstract: [Objective] Exploring the stand productivity in the forests with different densities and its re-
sponse to climate change is helpful for the functional assessment and adaptive management of forest eco-
systems. [Method] In this study, the net primary productivity (NPP) of natural Mongolian pine (Pinus
sylvestris var. mongolica) forests with different densities (indicated by stand basal area) in the Hulunbuir
Sandy Land was obtained by dendrochronology method, and its response to temperature, precipitation and
drought index was analyzed. [Result] The results showed that the annual average NPP with stand basal
area of 8.83, 21.94, 24.28, 32.36, and 34.9 m*hm™2 were 1.17, 2.99, 3.55, 4.69, and 4.86 t-hm™-a™, re-
spectively, which indicated that NPP increased with the increase of stand density. The NPP in the high-
density forests were significantly positively correlated with the average temperature and average maxim-
um temperature in July of previous year and September of the current year (P < 0.05). The precipitation in
current May was the key limiting factor for the NPP. NPP in all stands was significantly positively correl-
ated with the precipitation in current May of that year (P < 0.05). From previous November to current July,
the correlation coefficient between NPP and Palmer Drought Severity Index (PDS/) decreased with in-
creasing stand density, which indicated that the increase in stand competition led to the reduction of the
sensitivity of NPP to PDSI. [Conclusion] Stand density has a significant impact on the NPP of natural Mon-
golian pine forest, as well as NPP response to climate in Hulunbuir Sandy Land. Density management may
be a key measure for forest adaptive management under climate change.

Keywords: Pinus sylvestris var. mongolica; biomass; net primary productivity; climate response; density
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