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The effects of ice storms on net primary productivity in a subtropical

coniferous plantation
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Research, Chinese Academy of Sciences, Beijing 100101, China

Abstract: In the context of global warming, climate change will increase the occurrence probability of extreme weather
events such as severe droughts and ice storms. In recent years, the increasing frequency of ice storms in southern China has
prompted us to study the impact of these weather events on the net primary productive ( NPP) of forest ecosystem,
particularly plantations, which are more sensitive to extreme weather events. Severe ice storms during mid-January and mid-
February 2008 in southern China provided an opportunity to study the effects of this disturbance on the NPP of a plantation.
We used data from field inventories and eddy covariance observations to evaluate the direct impact of the ice storms and the
post-ice storm recovery in a subtropical plantation at Qianyanzhou, Jiangxi Province. We developed biomass allometric
equations for the three major plantation species; estimated the NPP before and after the ice storms by combining the forest
inventories for 2005, 2008, and 2011; and evaluated the recovery ability of the ecosystem. We obtained the following
results. (1) The optimal biomass model developed from our survey data was a power function model. The biomass model fit
for slash pine ( Pinus elliottii) and Chinese fir ( Cunninghamia lanceolata) was improved after adding tree height as a
further independent variable, whereas that of Masson pine ( Pinus massoniana) was not. Compared to the biomass data
collected from other stands calculated using allometric equations, the biomass calculated using the optimal model was closest
to the observed values. (2) The exotic species slash pine was more severely damaged by ice storms compared with the native

species Masson pine and Chinese fir; this difference can be attributed to the specific characteristics of the slash pine. A
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large number of broadleaved trees regenerated in the study plot after the ice storms. (3) At the individual level, the extent
of damage to trees varied with the stem diameter at breast height (D) : trees with a larger D were more susceptible to ice
storm damage than tress with a smaller D. Prior to the ice storms, the D growth rate of Masson pine and Chinese fir
increased with increasing D class (the maximum values were 1.9 and 0.8 cm/a, respectively) , whereas the D growth rate of
slash pine increased with decreasing D class, with a maximum value of 0.1 cm/a. Post-ice storm, the relationships between
the D growth rate and D class of the three species were exactly reversed. (4) The carbon (C) density of living trees in tree
layer was 57.10 t C/hm’ pre-ice storm, but decreased to 46.66 t C/hm’(a reduction of —10.44 t C/hm’ or 18% of the
original living tree biomass pool) post-ice storm. The NPP was 736 ¢ C m™> a™' pre-ice storm, and the carbonuse efficiency

(the ratio of NPP to gross primary production, CUE) was 0.41. After nearly 4 years of recovery, the NPP was 683.08 g C

m ™~ a”' and the CUE was 0.38. Furthermore, the biomass C storage of living trees had increased to 54.38 t C/hm’.

Key Words: ice storm; net primary productivity; carbon-use efficiency; allometric equation
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Table 1 The allometric equations with stem diameter at breast height ( D) and tree height ( H) or D as independent variable, a and b are

coefficients of the equation

WFh y=a(D*H)" y=aD’

Species a b R? SE a b R? SE
RN P.massoniana 0.0647 0.8817 0.9627 0.1295 0.3278 1.9875 0.9777 0.1001
TBHAR P.elliotii 0.0533 0.8910 0.9897 0.0595 0.2038 2.1316 0.9790 0.0851
#2K C.lanceolata 0.0132 1.0301 0.9960 0.0692 0.0494 2.5629 0.9593 0.2216

2) B AT A 7 A A 50

PISF-EIRGIE (AA) (SPSS 13.0) MARMER I AU &
AR A R BRI AR S (3 2) B

AA =1 = (1 SEbRfE - flHE | 7 S2PRME) /n

Ao, SEPRE F R PR AR B PR A Y B A THE R R
P A A K BT AEY &, 0 RoRRIEAR
A

ABFFERNE B AR A= 5 G 2 A 7E 0.9 LA
L (FARVL D S HAS S E T RERG N 0.85) (£2) .

F2 WABKEVERREMERKFETNRRD
Table 2 Predictive effect of optimal allometric equation for

estimating single-tree’s biomass!?’

ARXFAE K R LM TSLEVA A
allometric equation P.massoniana P.elliottit C.lanceolata
y=a(D*H)" 0.91 0.96 0.95
y=aD® 0.94 0.94 0.85
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Fig.2 Stem diameter at breast height (D) class distributions of the three main species and the broadleaf tree, respectively in July 2005,

January 2008 and November 2011

TEARAE I WA D e HOGHIT K 5 BE
PP T, SEniA 9T 3R IR R 1 48 Rk b
Ty 52 0K T 9 E W R S E R A A 4 e R
W Zhou ™ AR UK U FE S MM AT 5 D
BRHREARFR, AR S R B [ R
TR AR INEG, VKT K E G E R ASE T
FEE PR (E 3), KR IZH X R T 12
G FIBTIK S K FE A RE )55 . X AT REAE R
KGR AT 5 55 T 5 32 SR (R e 1R
78) S BT 2 M R A T 5 INE R AR,
T3Hh R AR A AR e 8 3 e K, B R vk
J& BT AT R

KT K FE[, DR SR D K RSN
B RMIG A, B RKAE S35 1.9 1 0.8 em/a; 1M W 1l

PSR R B AR G TN, BB K 0%, B KAl
0.1 em/a(El4), IKEKFEFRF,3 A FL4 R D
WMEKES DMXRNWT MR (K 4), SEW
S5 S IR AR AE RIS 20a 2247 B PR 432 1
K AR AT RS IE AL, D 3K R IRREAL, K
FIAFSE X IR A AR IR N 238, D 3K SRR M 1FE
WG, KI5, 1B A KRR F R s E R i,
T 37 A B 235 (1A R ] ) F 5 54, A e 1) )&
ETI L W A6 || WY NTR L RATE: L VA e B e <8 N ]
TR AZA A4 ol D0 AT B 2 PR kg 76 K WA A 3
BN TR IR 2, D WK R R T2 kS
FFEFE ML/ | 5 Bl A AR5 A AR 5 384 o, mT ]
FHGEIEI N, D BRI,

http ; //www.ecologica.cn



17 3] EEf AR UK RE XS PR TR bR ) 2 A 7 T B 5035

s 2005-07—2008-01 =——= 2008-01—2008-02

BT Rk or WL
P. elliottii

P. massoniana 25 k

WA
Probability density/%

0
6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
1% Stem diameter at breast height class/cm

B3 DERSEBREHATETRESHHEER

Fig.3 Probability density distributions for stem diameter at breast height class of tree mortality of mason pine and elliotti
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Table 3 The canbon storage and percentage of main species

P[] SR LTSILEN A fi Btk
Time P.massoniana P.ellottit C.lanceolata Broadleaf species Mixed forest
2005 47 A BRfi#HE Carbon storage/tc 21.76 28.46 1.92 0.72 52.86
Jul-2005 i Percentage/% 41.16 53.84 3.63 1.36

2008 41 A BRfi#H Carbon storage/tc 23.31 30.34 2.46 0.99 57.10
Jan-2008 9l Percentage/ % 40.83 53.13 4.30 1.74

2008 -2 A BRI Carbon storage/tc 21.73 21.57 2.37 0.99 46.66
Feb-2008 LEA5] Percentage/ % 46.58 46.24 5.07 2.12

2011 4% 10 H Wefifi it Carbon storage/te 24.06 26.03 2.77 1.51 54.38
Oct-2011 il Percentage/ % 44.25 47.87 5.10 2.77
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Table 4 The Net Primary Productivity (NPP) ,Gross Ecosystem Productivity (GEP) and Canbon Use Efficiency ( CUE) of the ecosystem
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Time o a P Carbon use efficiency
(gCm™a™) /(gCm™“a’)
2005-07 — 2008-01 736.23 1802.05 0.41
2008-02 — 2011-10 683.08 1780.8 0.38
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431 80% , MIAKS> NPP 4 615.56 g C m™2a™' ,CUE
0.35, X FRBIAMIGT T3 9 A8 7 W0 1 77 1k Ak

THERSZE KGR NPP 1 CUE,
3 g

ABTFE LA R R A B AR AR X A K T R it 3
{14 A gy L {1 e oA 30, LA T LAt X ) A
ARFARE R DT HE AR AR FAZ AR LL D (H g A 72 R Y
FRIITEBCRILT UL D o8 B AR e, S
FAWIARIC o VK REIL A R 25 B 5 BOR B i
MR o A RIS Rl 0Kk 5 R 3 R 1 A7 1 22 5
Mk 32 9 TR R B R PR, B B AA IR AR R /DN
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PR b AR, Z k™, 2k
KELME N H RN SRR G D KRR
R T HB A AR B2, e K D 3K AT 35 1.06 em/a,
UK R ESEIER(10.44 + C/hm®) WNTRAJZ R
MR RILAEY R, IR T TAB RS M KR
B CO, Ry, VKF K FHESFBUES RGN RAE T
(NPP ,CUE) N K, vk =5 % Z Hif (2005 4F 7 H—
2008 4 1 H)NPP 5 CUE 4354 736.23 g C m™> a™
M0.41; 23030 4 AERIRE I, A8 R Gl B g 1%
W AEAT) A 3K B vk =7 R FE Z i 1 K SF-, NPP AR
CUE 4354 683.08 g C m™ a™' 11 0.38
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