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Response of net productivity of masson pine plantation to climate change in North

Subtropical Region
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Abstract: Masson pine is one of the main native plantation species in South China due to its fast and easy growing
characteristics. Plantation area of the species increased dramatically and its growth was significantly impacted by climate
change in past decades. The relationship between net productivity of masson pine plantation and climatic factors, especially
for the plantation in its northern natural distribution boundary where masson pine growth is more sensitive to changes of
climatic factors, is important to understand the response of its growth to climate change. We set six 20mx20m plots in 30
years old masson pine plantation in Jigongshan National Nature Reserve of Henan Province for doing this study. Both height
and diameter at breast height (DBH) of all trees were measured and six cross increment cores at breast height of three
sample trees were got in each plot. Tree ring widths of the dried and burnished cores were measured with Lintab tree ring
analysis system. Annul diameters and heights of the sample trees were calculated using the annul tree ring widths. Biomass
and net productivity of the old masson pine stands in the past 30 years were calculated based on the regressive equations
between biomass and height and DBH in this area. After that, correlations between productivity and climate factors,
including monthly and seasonal temperature, humidity, precipitation, sunshine and the Palmer Drought Severity Index

(PDSI) , were analyzed. The regressive equation between net productivity and climatic factors of the plantation in the area
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was established finally. The results indicated that biomass of the plantation increased more than three times in the past 30
years, from 59.00 t/hm” in 1980 to 254.75 t/hm” in 2009, and mean net productivity of the stand was 6.64 t-hm™a™".
Net productivity was closely correlated with climatic factors. The effects of temperature, sunlight, precipitation and
humidity on net productivity were different. There were positive correlations between productivity and precipitation in last
August, mean temperature in February, precipitation in March, mean humidity in May, and mean temperature and total
sunlight in October. There were negative correlations between productivity and total sunlight in May, precipitation and mean
humidity in October. Productivity was correlative positively with PDSI from February to September. Seventy one percent of
the changes of productivity could be interpreted by climatic factors. Generally, biomass of masson pine plantation in North
Subtropical Region could accumulate as high as that in low-latitude region but net productivity in the region was much less
than that in low—latitude region. Annual changes of net productivity were mainly caused by climatic factors, especially the
length of growing season and soil water availability in growing season. It is implied that both biomass and mean net
productivity of the plantations could increase in the future due to possible increase of temperature and precipitation in the

North Subtropical Region.

Key Words; masson pine; tree ring; biomass; productivity; climate response
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Fig. 1 Changes of annul mean temperature from 1980 to 2009
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Fig. 2 Changes of annul precipitation from 1980 to 2009
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FEXS S 1L E R A SRR X1 T AN E W MR 3 B 20mx20m AOREHE 6 4, BN FEHD 22 [l AR 300m LA
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5 MR AT Y 3 ARDE S RAME AR EA , 7E M 728 Ab e B0 A U IO A LS o KRR A T RS rh 4%
ARSI R [ E FEARE o, S BV Lintab AR5 23 B ASCI S 02 A0 94 BE (RS0 3 0. 01mm) , SRS # R T
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Table 1 Basic information of the plots

I pA 2 Feh s SF 1R/ em
Canopy AR Mean breast

Kb TR/ m e/ (o) BB/ () FIIWE/m BB TR m?

Plots Elevation Aspect Slope density Number diameter Mean height Basal area
1 203 SW40 21 0.8 30 23.79+5.24 20.09+1.80 5.58
2 221 NW56 15 0.7 27 24.63+6.31 19.28+1.98 5.27
3 212 SW24 27 0.7 28 24.91+9.19 17.33+4.86 6.17
4 253 NW24 22 0.6 32 18.35+7.91 15.33+5.21 4.01
5 258 SW22 26 0.8 31 17.46+9. 19 16.38+4.86 5.58
6 229 NES3 36 0.8 42 22.64+4.74 17.48+3.54 5.98

1.3 it
FAXEE H= cIn(D) +d A R AR RIS R 2N H 0B, D o lades . MR P Xl g 5 BH 5 R A
R A RIS I AE RETRE W=a(DPH) " (3R 2)  THSERE L i A W R AR M A B A= ik, O ELIH S5 e A A
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Table 2 The relationships between biomass of different parts and height and DBH of masson pine in Xinyang, Henan Province

GICES & IR b HIXRH
Regression coefficienta Regression coefficienth Correlation coefficient

T Stem 0.01554 1.0205 0.82107

#% Branch 0.02113 0.8497 0.91056

It Leaves 0.15341 0.3955 0.86544

2 Root 0.01996 0.8392 0.89137

6 PN ) TR RE S AR5 9 BE B LA TR A BE LU ] p, 75 30 9 AR 8 00 58 B8, FH IR AR 0 25 D 4F 2 Mt
AR 1) 6 B 22 R w, A3 BN DTAE R4 D, I FR & 5 M4 1) 6 SRR AR MEAR DA I & H, o T n AR AR
W W, =a(D2H,) "THEERREA T AF A Py o FIRE i A5 4 6 R b g 4 1) A ) ek =2 25 Wl A e 1) Y W R 2
7277 NPP, i I 45 21 Sy AR A 4 i Fge e 7=
n AR BRI A 0 AT AR LT AR 15
D, =D y00 = (Wogpe + W+ +W, ., +W0,,, )
H =cIn(D,)+d
W,=a(DH,)"
pP.=W,-W,_
X, DR n SIS Jw, 2 n SRR DA RIRES R GERE R A, H, o8 n AR, W, o0 n AR
it P n ARRYAETT ) ARAEARMEARTERE M i A= W g LU 3R Q SRR D AR AR b A W s R AE T
1.4 SREHE
TEEZ ARG RHAFHFEI (32. 08°N, 114. 03°E ) (S AEE , (46 F-HR B Bk & 28 SO O BRI ) 45
JHEGORVFAEE TR, BT LRSI IR 3 A I — D F R SE R R AR AR
2225 Hy AN AE AR RO K A BRI 3 4 AR TIFIRZ,5.6.7.8.9 A AR =10 .11 A A K
W2 12 AUKCRAER 1.2 A AR 2, iHE S — 20 PR SRR K B, /R T 2R
#( Palmer Drought Severity Index, PDSI) 203 13 T LB B8 5, A5 18 35— i BE 1 B 7K 4 - 458K 43
PR S Z5 A T B2 SR 25 SO M aRFE R AR 55 IR 7, 2 W0 4 T 17 S I - 488 K 43 vl M, 2 E i
)2 2486517 PDSTEUE N[ -10,10 ], B0{H 8 =5 28 /K 4 (b 1 8 70 2, I 2 {1 ) 268 Y 5 —
L5, ASHESE f PDST Je: 1 36 [ [ A% 0 Dai 32HEAY 2.5 A2 45 B AOAS SUBE ) ey 5 e 28
LRI Y 5.(31.25°N,113.75°E ) 1980 %] 2005 4E (%1 PDSI #4700, o T A A4 KA Z 31 2 4 4=
KT AR SRR, 52 3 AR AR SRR 2 e 38 % — AR R R A AT oA, Rt
AR LA 6 A F1244 12 H SR 5RE 4047
1.5 "S54 1500
JH Pierson AHIEXS A= 1 5 A 215 S SORIEA TARSCHE /30T, e AR DG Mg o B I H R n b A7 A2 7 T
F IS S AR 1 SRR R A D5 8 . S HTFE SPSS 16.0 kAT,
2 BERHW
2.1 WEmSREAER
6 MEEHILTT I R A% 209 #k , A FH X %5 ok B 37 1 S AR B9 G R H=8.5076In (D) - 7.8587,R’ =
0.7248 ,n=209, [0 77 FE REAR 4F A M B i P AR A C R, TR K y HBRE x WKREXR N y=
0.9478x,R*=0.9973 ,n =36, Bl 1B EELL p 4 0.9478 . FMAEHLFESE G TTHRFIE I 3,
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Table 3  Statistical features of tree rings in each plot

Pt A R BLIE Tree ring width/mm U R SRR A
Plot Start time SEA4 Mean K Max /N Min Mean sensitivity ~ Correlation coefficient between sample trees
1 1967 2.31+1.02 5.62 0.59 0.372 0.459
2 1964 2.29+1.28 6.83 0.35 0.441 0.541
3 1961 2.00+1.19 6..29 0.27 0.474 0.336
4 1969 2.66+1.67 7.21 0.56 0.449 0.819
5 1960 1.69+0. 88 4.54 0.35 0.348 0.527
6 1962 2.26+1.31 5.59 0.42 0.404 0.468
SUA Total - 2.15£1.18 7.21 0.27 0.410 0.383

2.2 EYRSE )R

Ih A P DA 1980 4F-1# 59. 00 t/hm* £ 2009 4F (1) A= ) 5 254. 75 t/hm® , 7E3T 30a BB [i] 84 1<
MBI T 3 %, 30a IR AT J1 6,64 t-hm ™ a™ X 5 AGHT HBIX AR 7 AR EEARZEAR 2, 1980 4%
2009 4 FREEHLAY A 7R B P s E TR R, Hodr 1998 ARG A PR i . 1A 10.59 v/hm®, T 7E 1980
1995 A1 1999 AR A= 1 BRAE TARA , 1995 4R8Ik, A 4.32 vhm’ . BASRE A= A LT
PARAE LT SR B SRAMRE A Y a A S s A 3 B,

s y=7.027x +44.925 . »=0.0448x + 6.0773
R2=0.9979 E 10 - R2=0.0424
s 20 RE g - )
Rg 150 L i 2 6 -
# £ 100 HE [
=] Q
@ 50 3 2 _ ]
ou | 1 | | 1 <1 ou 1 1 1 | L
1980 1985 1990 1995 2000 2005 = 71980 1985 1990 1995 2000 2005

4EH} Year 4 Year

B3 1980 £ 2009 FHIEMEFETH
Fig.3 Changes of biomass and productivity from 1980 to 2009

2.3 AR AR R
2.3.1  JRERDGEEXT A= SRR

WNE 4 IR, iR R0 R e 2 bt rr) A 4502 | 3K T S0 DR % B R A A 7 i s 35— 3%, B K2R
B2 HAT10 R EERA: 7 3 A ARV E R A OC R B 1 0.339 F10.351 HARIRS] 7 @ /K- Wt 4 H 4y
BRI 5 A 7= A OG R BB R 0. 212 (A R R B A B4R 11,12 H C44F 5 A A R 8URH
b FH AR 5 R B KT HA A 453 AR DG R BER I /N 2R T AR EE A 7 D RN K AR G R B
RN AT IR BN B KT, FEA A OGRS AE 1Y 10 76 BRR A KR A R ECh 0. 621, 35 2
K, B 10 HOBRER S A K g BB R HOR O 24E 5 H S R B -0. 365, 1K 3] B 7KK ; [Rli
AR EERBTIFHOCRECH 0. 450 , K FIH 525 AHC 31X 5 10 H 6B B EDUE T 78 A 4 25 s 25 6 Bk A=
TIE BB EE R, R B SR — Bk ARG R R 5 T RN 10 AR —B, PR 2R G
PEXA 2255 Ay RAHSCTERS I 5., W 7E 5 A 453 B J& i S 45 A K 2 AR S PE AR A 5
2.3.2  FRAKRIAS SR B A = ST R R

R 7K R 23 SN JBE S WK RN, % A 7 s AR AR . 8 3 11 A DLRCHAERY 2 8 ARRK 547
FIIEAHSE, Horp B4R 8 H 11 kB T BEK, BAERRYAE 10 A B R AT A KA Bom i di ¢, B
MAE 10 H B A A KA A, M R EGEE T -0. 629, P<0. 01, % B EAH 3, S H FEK S M R
A 10 A0 211, SRS, 453 H 5 H R 5427 ) AR OC, B 4F 10 H A1 244E 10 H
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FRPEAR 55 A U SG , P FE RN A RN, 28 SRR B S WK B AR 5 SR BOMIL, 76 10 A R #R AL i Al i 2%
MK, FEZETT 0 vl LS SO B AR K A 7= T IR B M AR D b — A A R FR IR 23 26 AR5 A 7= T
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Fig. 4 Correlations between productivity and climate factors
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REFEKF/NT0.05, + « FoREEKF/NT0.01

2.3.3  PDSI XA 7= J1 )

% H PDSL 547 S M M E R A E SR RF A . 294F 2—9 A 1Y PDST 54 KA R I IEAH G, A5G
R WiT AR 6 HikE s, 7—9 AW Pk, H 4—8 A WA RS T 8 E /K, HER N EK S
KA A S A K R T AR 8 A BIM4E I 1 A AR — & AU SRR OG  (EL R ARG 35 U] - 4F
PR AR AR R ZE R RR AN R . BT PDSIJ&— R TR IZE G845 , 45 7 1 PDSI 548 7™ J1 A 5 R 4L
BATBE AR 5 RS H R AAEC, — B RIS 4ERN 1 A B4 10 H M REERMN-0.279, Y
AR 2 A GG PDSI 5477 J1IEA G, — B3 9 A AR IEASC,6 A MR OC R E R =ik 1) 0. 435, M5 XGB P 1%
%, BN AR ZE5 B KA T VAR 3 2 AN AE K . PDSI 258 T IR B K S8 S 4845, I ARk 6—9 A 1Y
T FE R KO E REAH DM AN 8 3 (F R 25 B 7F — A U B A 1 B s (1] - 39K 43 () ] PP D e
2.4 A AR TR EHE ST

XG5 125 By AR B AR 7 01 5 SRR 3 DIA G AT 9% 241l 1 22 7 I A 4 A A 7= ) 5 0 R 2 1]
MXRFR, RAZITEL RIS A LAE -8 A, M4 2.3.5.10 A 547 J1 4 et ik 3] 18 & K (P<
0. 05) FYSMBE R TR 11 A8 3k, I FH 1) J ST %, e R0 2 A2 60 £ 77 7 85 M El 70N 810 AR U 3 o o) A= 77
SEMANW R T I R B0 A 1 5 3 ARER T R R

NPP=2965.129+32.8595,,+324.887T,-14.247S,  (R*=0.585,P<0.01,n=29)

A, S 24 10 A AYSEIERSa], BN R hy T, 02 2 H AR EE BN A C 5 So2 5 H MG IRRFIR], 307 4 h,
HE T IR kg/hm? 5 RN AL 7 00 AR Ak ) ff R A R, U BH R 43 1 AR 7 1 AR AR B AR AR AL G i
B, AR A AR B A S4E 2 .5.10 A AR T 2 JIEER 10 A6 IE A [ 2808 IEEAARERIZH 1
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4[5 E FE A & R AR Wt 1) 06 RN 2R WU I A 1) BORL T il H55 S 1991 4R 1 1999 AEFE ARG 28 LR 47 X
JIT A Sy AN A, o4 33,59 t/hm® 155,49 tv/hm’, HAEAAFSE H 1991 -1 1999 4R AW 127.73 v/
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FERXITRARZ A 7= T, B LA A IR A 7= 1w /N

AT L DX T, R0 L B R A I AR ) B A AR08 i B R T AR R B3 R A 77 2K T
R EEHLIX , AHEFE Y 2009 45 50 4F A4 1 T B AR TT A2 19 AR W) ik 5 254. 75 vhm®, TAET PEIAESE 36
SEA S R AEYRGEIA S 434 vh® P ERERR I, 25 A D B AR A Y Rt RE IR 5] 204. 37 v/
hm? A2 72 500 7. 34 t-hm™ ™ BEASBF G 80 2 5 A9 (0 25 SR 5 5 g BL %) 30 4F A T AR Al bk i1 A= 1 i
234.12 t/hm?® AHIT  (HE SR B AE 72 F1 4 11,93 t-hm ™ a  AHELZ R AL A A 72 3B/ 6 A2 313k
SRR A3 A B ) 5 R A 4 R AL 20 A PR AL AR e AR Y 22 5, RIS 1) 2 R A R A 4 i A A 7 B A 43 1 T
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410 H R RIS RIS ] AN R K TR R JEIRE S A ) B A OE , RA PDSI A MR A 3 B
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