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The interannual variation of net primary productivity of three coniferous forests

in Liupan Mountains of Ningxia and its responses to climatic factors
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Abstract: Using dendroecological methods and empirical biomass equations, we calculated the biomass and net primary
productivity (NPP) of three coniferous forests ( Pinus armandii natural forest, Larix principis-rupprechiii plantation, Pinus
tablaeformis plantation) in Liupan Mountains of Ningxia, northwest China. Then we analyzed their relation with climatic
factors, including monthly air temperature and precipitation. The results indicated that the interannual variation of biomass

(t/hm*) of the three forests studied follows the logistic equation, with the order of L. principis-rupprechtii plantation
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(141.96) > P. armandii natural forest (130.99) > P. tablaeformis plantation (123.29). The interannual variation of
NPP of P. armandii natural forest showed a trend of “fast increase-slow increase-slow decrease” ; while the variation of
NPP of other two plantations showed a trend of “rapid rising” with some fluctuations. There is a remarkable difference
among the NPP (t - hm™-a™") of the three forests, with the order of L. principis-rupprechtii plantation (6. 72) >
P. tablaeformis plantation (5.76) > P. armandii natural forest (2.66). With increasing annual precipitation, the NPP
varied much differently among the three forests, i. e. , the NPP of P. armandii forest increased very slowly, but the NPP of
other two plantations firstly increased and then decreased. However, in the driest or the rainfall-richest years, the NPPs of
all three forests tended to their same lower values, but probably with different stresses of drought or low temperatur. The
NPP response to climatic factors presnted a time lag and acted differently among the three forests. The NPP of P. armandii
forest was significantly and negatively correlated with the precipitation in November of previous year and that in November
and September of current year; while the NPP of P. tablaeformis plantation was significantly correlated with the
precipitation in September of previous year and that in April in current year, and the NPP of L. principis-rupprechiii
plantation was significantly and positively correlated with the precipitation in September of both previous and current year.
The NPP of all three forests was significantly correlated with the mean temperature and minimum temperature in June and
March of current year, and the temperature in June of previous year. However, the NPP response to temperature differently
among the three forests, the NPP of P. armandii forest was more or less negatively correlated with the temperature in each
month of growing season; while the NPP of P. tablaeformis and L. principis-rupprechtii forests was more or less positively

correlated with the temperature in each month of gowth season.

Key Words: Pinus armandii; Larix principis-rupprechtii; Pinus tabulaeformis; tree ring; net primary productivity;

climate factor
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Fig.1 Change of annual precipitation and temperature from 1960 to 2009 year
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Table 1 The basic characteristics of different vegetation standard plots

o . . Fe A2 Tree layer LA JZ Herb
e 4% /m Bt o) Pt/ : SRR - B
Vegetation Elevation  Slope position Slope aspect Age jildeilis it/ em B/ m Peg i S/ %%

Canopy density  Diameter Height Dominant Coverage
e 2260 H K 61 0.75 15.8 8.7 RITE 9
Ledb7E A 2174 T R 31 0.83 16.9 15.3 Bk 49
FLEA 2157 3 KM 29 0.78 17.9 9.9 RT7 G 42
1.3 #5orik

1.3.1 A=Y= mAh e

FERAFFERE L BRI 5-7 BRSO P YA AT 3 R AP AR A | A= A A g 28 Ak 2 1 2 S O
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D, =Dy —d, (1)

K, d, = (dyo s+ +d  p +d,. )

X AE LA RIS RS A B BARR AL B (W) SRR AP 7 55 75 45 L AR AT 1 /NI L e X300 ) A4 9
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MR, FE 2008 AEAEALTE A ARAE D O T AR LA AR, B AR AL I A MR A R B SR R TR MRIR 22, AR 1L
WAMRER /N, UGS Hr R .3 AT AR AR B i X ARIE 3G I DA Logistic BERIULG 847
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Fig.2 Interannual changes of biomass and productivity of three tree species
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HBGH K ERM 6 HIRE R BEIEMXE, Wl L4FE9 H 300 400 500 600 700 800 900 1000
FIMK R 6 7R EEX A T4k NPP 4725 35 500 FFHEACRR Annual precipitation/mm

M2 L ATE 3 B TR NPP XS 4E SR B3 3 MR AR
MM A Fr 5, FBIIARS 9 11 HRR/KE B E A Fig.3 Variation in productivity of three tree species as change of
K AEALTE AR 9 H B K A 0 3 IE A 5% ; Ifif i 47 annual precipitation
M5 4 AREKE B MARDG, W] AR R AR AT
IR K TR NPP AOSE AR, ARILTE TR FISAA MK NPP 5 K22 H (R B UE e, i fe (LA Ak NPP 5 k£
ARSI L, S35MP TR NPP 5 3 6 J U B2 48 b5 22 1l 28 sl b 25 TE AR OCHE 5 i da 5 5 .7 A Sk
A OG AN 2 4 A A TR 4—T7 H BRI B IE A S s I AR LLAA AR NPP EZEE 3.5
6 H A YR AN A Y5 f i iR i s B A O . RIS AR S NPP 538 B2 A AH DG 25 57 1T RE S 1R 1A [ A
A ARG R 5 38 PR B R L RO (TR A5
3 iFig
3.1 AW S5EINAERRS A

G IR B I 1960 4F (1) 2. 52t/hm” F] 2009 4FAY 130. 99t/hm” , 424115+ 2. 66t/hm” ; i 42 b 75 T4
FIHFA N T AR FIA 1989 4E(8 2. 01t/hm? H12. 70t/hm? £ 2009 4EHY 141. 96t/hm* Fl 123. 29t/hm? , 43 5| 5
SR AR L LA SRR BRAF AR i, A SO AR LA A B it 5 T 2 - 294 i (48. 287 1/hm ) ) {H

NPP/(thm2-a™!)

http ; //www. ecologica. cn



13 18] ErFE AT RSB =R AR G 7 AR PR AR A BRI 1 4007

AE A B T A B KT B (2. 68t-hm ™ a™ ) 7 SR A4 2 (4. 08t-hm ™ a™") PRI YT 5 B
(15.15t-hm ™ a™ ) 0 ARBFFEH 31a AEAEALIE A AR A B B T 4 [ S (102, 601 ) t-hm ™ a™' 00 {HA
T K AR T 1 GE B R bR 20a 28 BAEIL 5 ARR (243, 12t -hm 2 a™" ) 0 ARWFSGTAHY 26a HE A PRAE Wy &E
o T A EPFE (25, 358t -hm >a™ ) ™) (B TR T EdFRIAHIEAY 24a AL A TAR(177. 46t - hm™a™" ) P 3
AL 25 55 00 S DR A A I o 2 0 S Ml 2R 52T RS 110 s B0 A R R

R2 3IFMANHHMKRHNEFTNESKETFHEXREY

Table 2 Correlation coefficients between productivity of tree stands and the meteorological factors

KK R PR i H ¥y i
A Precipitation Temperature Mean min Temperature Mean max Temperature
Month A B C A B C A B C A B C
-6 -0.04  0.16 0.00 -0.42** 0.53* 0.59** -0.27 0.52*  0.44* -0.31* 0.48" 0.60 "
-7 0.02 -0.15 -0.17 -0.30 0.24  0.33 -0.25  0.33 0.43 -0.09  0.15 0.22
-8 0.25 -0.12  -0.07 -0.24 0.08  0.16 0.01  0.23 0.24  -0.11  0.01 0.09
-9 -0.26  0.44*  0.52* -0.07 -0.13 -0.11 0.12  0.15 0.05 0.02 -0.23 -0.17
-10 -0.2 0. 14 0.01 0.07 0.11 0.21 0.15  0.12 0. 14 0.14  0.05 0.25
-11 -0.30* -0.33  -0.19 -0.06 0.15 0.15 -0.1 0.23 0.24 0.1 0.04 0.04
-12 0.14  0.13 0 0.06 -0.22 -0.32 0.11 -0.08 -0.16 0.08 -0.35 -0.41
1 0.13 -0.06 -0.25 -0.08 0.25 0.27 0.01  0.35 0.3+  -0.04  0.13 0.2
2 0.16 -0.13  -0.22 -0.23 0.29  0.49° -0.08  0.26 0.45* -0.25  0.32 0.55°
3 0.18 -0.3 -0.06 -0.47*" 0.60"* 0.51" -0.24  0.32 0.29  -0.49"* 0.68**  0.58""
4 -0.02 -0.39 -0.50* -0.13 0.39  0.60** -0.05 0.42 0.62"* -0.06  0.41 0.58 "
5 0.24  0.04 0.11 -0.38** 0.34  0.33 -0.17  0.49"  0.52* -0.32* 0.28" 0.25
6 0.13 -0.01  -0.01 -0.51** 0.60"* 0.61** -0.29* 0.61" 0.64*" -0.45*" 0.55"* 0.52*
7 0.06 -0.01 -0.01 -0.36* 0.31 0.21 -0.3*  0.54* 0.50* -0.13  0.16 0.06
8 0.14 -0.12  -0.19 -0.16 0.08  0.15 0.03 0.3 0.42  -0.01  0.01 0.04
9 -0.32*  0.6*F 0.36  0.02 -0.12 -0.09 0.09 0.31 0.2 0.16 -0.3 -0.2
10 0.2 -0.1 0.01  -0.07 0.33 0.19 0.03  0.36 0.22 0.04  0.24 0.14
11 -0.37** -0.2 -0.27 0.1 0.21 0.33 0.06 0.38 0.45*  0.21 -0.01 0.17
12 0.15 =-0.02 -0.06  0.04 -0.24 -0.2 0.08 -0.11  -0.07 0.06 -0.33 -0.26

* % 7E P<0.01 /KRNI, * 7E P<0.05 KT EE; # # refers to significant on the level of P<0.01; * refers to significant on the level of P<
0.05;A: IS Pinus armandii ;B . %3LIEMAY Larix principis-rupprechtii ;C ;. AN Pinus tabulaeformis; B3 HECFRIE “ -" Fm L —4F

3 Pl AR I A 4 AR AT 512 0 A A 2, (R AR AR A0 I A BRI 423 A K i R AR L
PR, AR 7 AR AR 3 T ISR, 3 7T BE -5 AR IR AN TR b 4 2B R ek 22 57 2010 & M i 2k
KEBWM AN TIRE LERESFZSANFER K, A, LIRS, S0 L, iz 3
AR BT LA Wi R R R T B I A R AR R BUREIR S B NPP S5/ Al 3% A R AA AR
REAE P A AR B, b T SR AR 3 T AL, 37 b 2% AR A AR, T DA AR W R BR HOR K NPP B, U
Hb RIS Ry B B i T S BRI A K TR XRS5 i AR LA A 3T 5 A R H ™, l fig
SN AR B 5 DERAR MR AW AELR  7E— e B LS AR K X — s AT LU LA AR NPP
511 ABKBERAHCHBRRIE(F2),

3.2 AP R G AR
3.2.1 3 FPEFIRRA X K i

ARG AR IIAAR NPP 5 A 11 A Gy F12445 9 11 A H Bk & 38 AU SE  TAAR NPP 5 149 A 5
AR 4 H A BEKR B IEA ;9 A H Bk B3 AR SEAE IR MY AR R 4R 5 NPP, X 5 R AR5
FAR—F LXK 4 AR RITE, 280N £ WA U2 046 224, 1 LR R A Bk, HOZ AT B
IR AT BERE R AR A AR ) SRR, K BN e R A KR A R K R 25 5 v R MK 5 i B R T
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FIHAK A AR Z R, LA IRE L AR AL, X — B R K 1G] 58 2 T EUMHBRRK , 16 BiRT
AR TC AT, AR ARAE =0 7, W52 1X 9 A A K T 10°C , i AP AH 0 58 2 T BE A 2 R 1 Dt
BYERMFZE , 7L M EKR T B A ER B BT Z A WA WA T s Y% s A gk i
B R EASS  BAh AR X ATE 9 H A Kt AZRIE Y DA 7 it AR B B, 70 R ISR i A
S i 1) 13K o3 AT GRAIER AR A R ToRAEA R, B, 9 A BEACR G AR5 44 NPP | 16 52 i R A
AR ZEF NPP

3.2.2 3 FEFmEARAE 7 X I e

A AR ILFARR NPP 5 R 28 IR EAAEE, 3852 3 .5.6.7 HIREEFZ R ; 1 Aedb i i #5 Fih
A 5 R ZHOT R IR 2 IEADC, 832 3 .6 A 1) b 2 sl i 258, 1 A A SR AR AE K Al
M 17 (R AFF FE 45 A N B 2% 0 R R I 2 i B2 5 T 2 A K 1 B R B ] 4R
SN AR 7= IR —E B AT, X R NPP A FIAY 105 3 23R H S5 s 5 A 4 s R IR AR ¢
PR 22 5 0T 68t T R Fb HA SR 096 A b 5 30 e B 3 T D B o7 B L s s Y i) 38 1) A<
X K 43 BER AR R AR BB AERE X5 /0N 5 T A b v A RIS 1 9658 7 1 L, A (R X R
Bi, WX S5 .6 HARBEr B 28,7 AR AR A K B RE BRI, 4 A K 43 5 SR BB A g6 v, A2 1
AL T8 L 37, FE 7K S8 TR 52 Vo ) 2 s T 5 e, g A 11 3 67 g A b 3 i A PRI A AR
PRI T 7K 53-F- 4 T T 52 1 S 25/ I T BTl 8 P v i 2B e pe
4 FEZLip

(1) 3 Pl A ) A= 2 BEMRHRES PR B8 T 385, AR A2 b 9 kA RIS N TR AR A K i R AR LA R
SRURAEAR Al I b bR ) e 35 J B R TR AR, AR b J A AR AE P 3 (141. 96 t/hm® ) > A2 LA Ak
(130.99 t/hm’) >IHFAFR(123.29 t/hm’ ) , ZAEF-1 NPP WAEJLE AL (6. 72t -hm ™ a™ ) STHAA (5. 76t -hma™ ) >4¢
L4 (2. 66t-hm™a™) , [FEFIARST 1 NPP FEAEARERR 22 5 o AR LLIAAARAR BRAS Ak 3R 90y < P 1 fn -2 14 34 fin -2
(e N ) B Sl /A /N IR A N U b I L ST Ml WA M O]

(2)3 FEEIEAR NPP X AR R 7K dk 0 0 R 2 AT — 22 A AR ABLE R 8] 22 S50k . 3 A Ak NPP Bl AF [ K
HEIT 5, A2 LA MR B2 St 3 K | e db I AR MR RN PRI 2 S8 N5 BRATK ; TCie R 7E AR i 1 5 AR 2 7R AR
Ui AR | Y 1] TR R A RARAE , i PR AT 8 43 il S Bihaa SRR E . KA £ AR NPP %52 1
FLAT IR S B < s S A R ] 22 5% AR ILAARK NPP 5 L4F 11 HFRY4E 9 11 H W H K & B 35 5 5
FAMKNPP 5 429 HHARY4E 4 A A FRoKE WM ,;9 A H oK RN 6E 3 5 AL & A MK AR AT 4
H) NPP, #EILAAK NPP F 252 I —4FE 6 AR 7 AW H ¥ C54E 3 5.6 AR A PR A Y& &R &L 6.7 H
B4 4 e E R A B i 5 1 AR 9% A PRI AA PRI NPP 55 244F 3 6 J it 19 i 28 st il 25 4H O
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