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Abstract; Gross calorific value (GCV) has been introduced to biological research and applied to reflect the capability of
plant species to fix solar radiation. Calorific value has also been considered as a coefficient characteristic to evaluate the
adaptation strategies of plant species to the external environment. Therefore, understanding the variation in GCV among
different ecosystems may provide a basis for assessing energy fixation, transformation, and utilization efficiency. A number
of studies have indicated that GCV varies among different geographical locations and ecological categories. Some studies
have suggested that the energy contents of alpine plants should be higher than those of tropical plants, and have also shown
that energy content differs among different plant life forms, decreasing in the sequence tree > shrub > herb. However, little

has been reported on the patterns of GCV in different typical ecosystems ( at the levels of species, life form, and
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community ) across multiple zones. In this study, we compared the leaf calorific values of plant species in two forest
ecosystem-subtropical evergreen broad-leaved and warm temperate deciduous broad-leaved forests in China. Field sampling
was carried out in early August 2013 at Jiulian Mountain ( Jiangxi Province) and Dongling Mountain ( Beijing Province) ,
China. Leaf samples of 276 plant species were collected from subtropical evergreen broad-leaved and warm temperate
deciduous broad-leaved forests, and the calorific values of these leaves were measured using a PARR 1281 oxygen bomb
calorimeter. To explore the variability in GCV, we analyzed the data at the levels of species, life form (trees, shrubs, and
herbs) , and community in the two forest types. Furthermore, trees were subdivided into evergreen and deciduous, and
coniferous and broad-leaved. The results showed that the GCV of the subtropical evergreen broad-leaved forest was 17.83
kJ/g (n = 191), whereas that of the warm temperate deciduous broad-leaved forest was 17.21 kJ/g (n = 85). The
changing trends in GCV among the different life forms were similar in both forests. The sequence of GCV in the subtropical
evergreen broad-leaved forest was tree (19.09 kJ/g) > shrub (17.87 kJ/g) > herb (16.65 k]/g) , while the sequence in
the warm temperate deciduous broad-leaved forest was tree (18.41 kJ/g) > shrub (17.94 kJ/g) > herb (16.53 kJ/g).
Moreover, in both forest types, we found that the GCV values decreased in the following order: evergreen trees > deciduous
trees and coniferous trees > broad-leaved trees in the both forests. The average GCV for deciduous broad-leaved trees was
larger in the subtropical forests than in the warm temperate forests, whereas the GCV values of evergreen coniferous trees
showed the opposite trend. In addition, the leaf calorific values of four coniferous trees in both forests were: Larix principi-
rupprechtii (19.32 kJ/g, warm temperate deciduous broad-leaved forest) < Cunninghamia lanceolata ( 19.40 kJ/g,
subtropical evergreen broad-leaved forest) < Pinus massoniana (19.82 kJ/g, subtropical evergreen broad-leaved forest) <
P. tabuliformis (20.95 kJ/g, warm temperate deciduous broad-leaved forest). The findings of this study demonstrate the
preliminary characteristics of GCV in subtropical evergreen broad-leaved and warm temperate deciduous broad-leaved
forests, and also provide new insights about the energy cycles of forest ecosystems and the adaption strategies of plant

species to environmental changes.

Key Words: energy value; forest; plant group function; plant life form
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B, BN TR AR AL 1 4 BRI IO F , K HEI 5B, F Sk 57 5N TR ) I 32 i AR et )23 v s 1
R m L PE A 4 TR BTN AR B R B BT Al I SE IR s A B ARHIEGE LA — R —
B HAWHAE 4 AEED ) REEARES I WA A R LA RN B4 BRIEEARVE R 4 AEE
BARE R AR LM 1R i R RIAERAE 4 MRAEIE R 4 NEE , YRR S 7EE AT A B i
BE G RIS Y, ECT e R AR BT AR TR T IR T EE AT, o JuLEE L
HORFETTA 62 Ff HEA 57 B, AR 72 B R RILHSREETA 16 B, AR 19 Fl, FAS 50 Ffr,
2.2 E TR

Bt LR TR AR AIAE AR A BERS 22 80°C M1 2 1H &, B My Ab L <L i I A7 25 FH , FH 4803 i L ( PARR
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Fig. 1 Frequency analysis of leaf calorific values in the subtropical and the warm temperate forests
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Fig. 2 Leaf Calorific values of plant life form in the subtropical evergreen broad-leaved and the warm temperate deciduous broad-

leaved forests
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FERPAE YK 17.94 KI/ g, 3 AGTEHEIN 16.67 — 19.75 kI/g; HAPE 44 4 16.53 kI/g, 434 5 FE K 12.69
— 19.44 kJ/ g, M ARSI ARMBEARA RBFEZER(F = 18.64;P < 0.05) , T AR GHEARZ 27BN (1E 2)
AN G310 X KT, TR AR AR BB R 3k JU3%E 1L AR 85 4 i) b > 2R 52 L I8 T el 7 1 Il Pt b, T8 R (i
WU B A L34 LU AT 2 R bR < R 3R L) B TS P4 I R AR (R 22 AN B3 (P > 0.05)
3.3 AT SR ORI W 95 1 R TR AR i AR (E S T

P AT 3 ] P PRORIT BB YR AT i I P o TR R I BB 22 DA AE — 2 26 5, TR R i) B 1 D
*1,

F1 THREMBERESEEEFAYUFIH T TFERE
Table 1 Tree leaves calorific value of subtropic and warm temprete forest
H2 3G Plant life-form

AR e 4 e LI Elnt/ IE (K)/g)
Forest form Number Species name Eergreen/ Needle/broad Calorific value
deciduous leaved
SV A B £ I A 1 FUE LR Symplocos confusa HER [iE 16.01
Subtropical evergreen 2 fili Diospyros kaki oy Jia 16.44
broad-leaved forest 3 B K Schoepfia jasminodora Wk [ - 17.29
4 WA Liquidambar formosana &Nt [f] - 17.61
5 LT H Ulmus szechuanica Sy Bl 17.72
6 INRATEER Tutcheria microcarpa Lk i 17.76
7 W2 Dendropanax dentiger Wk i - 17.87
8 LA F Idesia polycarpa B fE 17.95
9 HEBLT llex pubigera WLk Rl 17.97
10 ER Camptotheca acuminata it fi& 18.01
11 B PR D. morrisiana Wk i - 18.04
12 AR Bischofia polycarpa et FE 18.07
13 F&H Firmiana platanifolia A fEnt 18.09
14 Rk LB IR Helicia reticulata Wk i - 18.12
15 TESRHME Nyssa sinensis A fa 18.23
16 $tIM LA Photinia bodinieri WLk fE 18.26
17 WEA Tsoongiodendronodorum Wik (LR 18.27
18 WEXR#: Sloanea sinensis Wk fE 18.37
19 HRAER B Elacocarpus chinensis Wk it 18.46
20 IRE S Michelia chapensis Wk i - 18.50
21 FITT D.lotus et FE 18.56
22 K Manglietiafordiana Wk i - 18.60
23 M4 Macaranga tanarius W pEn 18.62
24 1144 Sapium discolor B Fa 18.78
25 J\FAW Alangium chinense pany i - 18.87
26 ¥ Castanopsis fargesii e Ji#] - 18.87
27 ALK Eurycorymbus cavaleriei (S i - 18.98
28 FHHE C. jucunda e i - 19.00
29 Ktk C. carlesii WLk Fa 19.04
30 FAl Eucommia ulmoides %t i 19.08
31 #e ik Cinnamomum austrosinense WLk Ay 19.17
32 B S Daphniphyllum oldhami Ed i - 19.18
33 WA% Pterocarya stenoptera FAS g 19.22
34 B C. faberi ok i - 19.27
35 K E. decipiens WLk i - 19.27
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H 75 7Y Plant life-form
AR ¥ R4 Wk g G/ fR IME (K)/g)
Forest form Number Species name Eergreen/ Needle/broad Calorific value
deciduous leaved

36 KWt Alniphyllum fortunei by [ 19.27

37 4 Machilus pingii gk fE 19.32

38 T Acer cinnamomifolium o el 19.33

39 F2A Cunninghamia lanceolata HER £t 19.40

40 Hthif C. eyrei ELESS & 19.44

41 /DI ERS Engelhardiia fenzlii H ok [iE H- 19.46

42 FIRA Choerospondias axillaris V& el 19.48

43 P1# Podocarpus nagi HER [f 1 19.62

44 BN Pinus massoniana LR £ 19.82

45 [ Phoebe bournei GES FEn 19.85

46 AT Schima superba HER [f 1 19.91

47 RINESE M. maudiae Heg [ i 19.94

48 HWMX Cyclobalanopsis glauca HER [f 1 19.96

49 & C.camphora H ok i 20.12

50 Hite C. porrectum H ok [i H- 20.16

51 ORI M. grijsii G it 20.26

52 LM M. Sfoveolata H ok [iE H 20.30

53 ARZEMH] Lithocarpus litseifolius H ok [ 20.31

54 WP RET Litsea elongata H ok [iE H 20.31

55 BEIAiH P. prunifolia G fi it 20.35

56 AREE Osmanthus Sfragrans H ok [iE H- 20.37

57 K35 I chinensis H ok ¥ i 20.51

58 etz B Styrax suberifolius H ok JiE o 20.65

59 /DAERE C. pauciflorum WLk i@ 20.66

60 WAL M. pauhoi e e - 20.81

61 B IEUIH Paulownia kawakamii H ok [ 20.94

62 WS Neolitsea chuii H ok i - 21.59

HEZ R A 5 I I bR 1 Z4MAfT U. laciniata JE [f#] - 16.44
Warm temperate 2 KB U.pumila P [l 16.72
deciduous broad- 3 1138 F Malus baccata V& [ 17.30
leaved forest 4 @AM A. mono pa [{&) 17.40
5 % Populus cathayana V&t [ 17.44

6 1Bk Amygdalus davidiana &t [ 17.86

7 MZ= Padus racemosa V& [ 17.95

8 WA Armeniaca sibirica pa [i&] 18.06

9 A Fraxinus rhynchophylla V& [ 18.17

10 ikl Juglans mandshurica V&t [ 18.46

11 MAME Betula dahurica AN [ 18.78

12 S Tilia mongolica JE Nt [ 19.00

13 SR Quercus mongolica M [ 19.05

14 AEALFEN A Larix principis-rupprechtii & LA 19.32

15 AR P. tabuliformis gk £t 20.95

16 ALHTAEMK Sorbus discolor Tt fEn 21.70
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FEANFIFR AR 2Z 1] | JUI%E 1L AT 8 25 i) i PRORITZR 22 L i it s 3 I ] P AR 2 3R 30 o B TR R > %
AR CE 3 A) TR ARSI TR &S (B 3 B) . JLZE I S AR R M 19.33 kI/g, % I A nt
FHEIIE T 18.36 kI/g, “HZEFBE (1 = 2.29, P < 0.05) ;5 FRAIE N 19.61 kJ/g, WM TR AIE N
19.07 kJ/g. ARRIIEEITAM F #AEIIMER 20.95 kI/g, IR AR BAEIE Y 18.24 k)/g; BT IR A
20.13 kJ/g, WM FFA 18.17 k)/g.
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Fig. 3  Comparision of calorific value of trees leaves in subtropical evergreen broad-leaved and warm temperatedeciduous broad-

leaved forests

FHASEREA RS S0 AN A A 5 BT AR B BB B, b+ fUER P < 0.05 , ns REZEF AR

A3 XA EE 75 R 75 A VI 52 PR T 30 (18,34 kJ/g) K TFRE IR AT (18.17 kl/g) By A%y (H 2
SN P SR TR ARV BN IR (20.95 kJ/g) > (19.61 kI/g) (K3 C) . LAk, RHiA
AR XN 4 FPEF TR AR PE AT R, 20 AR b VR AL (19.32 kg, BRI AT ) < F2K (19.40 kI/g, W) <
IhEEHA(19.82 kI/g, WA ) < THFA(20.95 k)/g, BRI ) M#aHE,

4 itig
4.1 Y A ZS )R S R AL

AHIFFE R BB P Fr A R A SR 0 A S S 8 SR A AR > B TR P I R AR, X5 Golley FEAFFT A
R R L2 SRR P A o A5 S 108 ) A b 0 8 ot T 2 P 2518 AR — B R 7k o 5 AR5 I
TR HAL DI PE T , 15 0 B 25 SR /R A PVE AR B DU TR 46 K, YA Z 0 T 2R &,
AALZ FN o AEYAERE LR - SRR > RS2 SR [ B 350 BN A T I BERGRE i >4 S nT R

ANFEIFTELS R AR 22 57 i 2N
FYI R B PE AR S AR MRS R B OIAR G . LI LB S ] i AR A T Al 98 o I R 380 ol I Ay o Bty
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AP T, AR R A A X R B A%, AR R 78 R &R LB ( Camelliaceae ) 557},
XEEARFARL T R Z 5 A 5 SRR D AR RHE AR E | ALY & A A s s Rk FLITT
B o5 A B e R I A e ) TRl A v T AN A RE A D B3R IR R )2 e R L
AR B, P SRR S bR P AR T 7 LA 8.4% , Wz I AT 7 I I bR b A R T L 451
N 2.4% X ] BE S EAE Y HE D FIKF- b 590G R T R IR A i

4.2 A[FEATEREYIE 2 R

PR FTBE IR AR BV R I TR > BER > RRMES X5 A MHKCIT R4 e 5 A —
FOOT BT A A AERIF S S LR T VR N 2 B [ — R TR K 2 B AR 2 A AR R /)
Ry 1T ORRNE A5 AT SRS AR A I R A ET S e B, AAMRGEE (0 7R R 2 B AR 22 A A v g AV A
O PR R 53 1 12 3  BHR  TR X A P B MR AR AR E 1Y, RS SZ R o A X SRR S 5
Mal, O AR AT RIS O [F) A= 5 BUAE M E 22 5 1 PR 22— IR R AL TR B2 A 3K 1y B BRI ] 5 2 1Y
JERE, 1 LIRAREL 22 1 R BHBE , 33 A7 F T AR W oA ] 5 RE S, T AR JZ AR AL T e A= 58, T R DG RE D,
PAB AR A

SRR I T R IR I S A T 28 5 o LI LU RT3 St sl i AR IR AR R R Al 7 S0 ) L 4511 32.
4% , R R LB AT V& 0 [ AR D TR AR R T o5 O 18.8% , v AR JZ He Wl B i D6 ik Ao , i AR R 0 4
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