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The plant calorific values in the Chinese fir ( Cunninghamia lanceolata)

plantations at different ages
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Abstract: As a principal timber species, Chinese fir ( Cunninghamia lanceolata ( Lamb.) Hook ) is widely planted
throughout southern China and it covers approximately 9.21 million hectares, almost one third of total plantation in China
and it contributes greatly to meeting the expanding timber demand. The heat value of the tree represents, to some degree,
the capacity of the physiological function and productivity of the plant. In this study, the calorific values of plants in Chinese
fir ( Cunninghamia lanceolata) plantation at different ages were studied, based on located observations from a national key
field scientific experimental station in Huitong, Hunan Province, China. The biomass, carbon concentration of different
component of the tree, understory vegetation and dead litter layer were investigated at 11-year, 14-year, 18-year, 20-year
old Chinese fir plantation. By using the six standard tree method, the allometric equations for biomass were established for
the Chinese fir plantations at different stand ages, including the trunk, leaves, barks, twigs and roots. The dry matters were
ground and the calorific value of different component of the plant and ecosystem were measured with automatic calorimeter
(WZR-1TCI ). We analyzed the data with one-way ANOVA, two-way ANOVA and Duncan by using SPSS 13.0 and the

results showed that at the same age, the different organs of Chinese fir had different calorific values, they shared a similar
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pattern and in a small range, between 17.3 to 20.6 J/g and ranked as needle> bark > twig > trunk > root. As to the
different organs of Chinese fir, the calorific values increased with the age. At the same age, The calorific values of shrubs
was in the order needle > twig > root. For The calorific values in aboveground organs of herb was higher than that of root.
Over time, calorific values in shrubs and herb decreased with the age. At the same age,the calorific values of litter was in
the order needle > litter twig > detritus >dead roots. The calorific values of the litter components increased with the age. As
to Chinese fir plantation ecosystem, the calorific values of the components was in the order of tree layer > shrub layer > herb
layer > litter layer. There was no robust relationship between ash content and calorific values in the different organs of
Cunninghamia lanceolata ,but that of the Shrubs and herb organs has a significantly negative correlation with its ash content
(P<0.05). The Calorific value of organs of Cunninghamia lanceolata changed with the age, which might affect the organs
of Chinese fir with stand age, the increased lignifications for instance. Furthermore, the environmental factors could also
contribute to the calorific values over time, such as the rainfall, solar radiation, temperature, and so on, in that the
calorific values of plants in Chinese fir plantations, the components beneath the system will be affected by the receiving
resources for solar energy for different plants located in the different layer, which could also be true even in the different

layers of leaves for Chinese fir itself.

Key Words; Chinese fir plantation; calorific values; ash; stand age; Huitong
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}AK (Cunninghamia lanceolata) JEFIFE T W AHFFA UL KEAE & HHMBR, A E KA 20
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Table 1 Calorie value in organs of Chinese fir plantation in different ages

R Stand age/a BT Stem Wood B K Stem bark 1 Twig it Needle 2 Root
7 18 056 18 517 18 151 18 643 17 329
11 18 320 18 905 18 480 19 074 17 530
14 18 539 19 166 18 633 19 533 17 675
18 18 824 19 358 19 123 20 172 17 902
20 19 018 19 629 19 299 20 602 18 042

(] —FRIE R N T S50 e BT S AR A Bz S RS =2 B R 22 5 A 3 (P>0. 05) s 8T B 2 A AN
350 S AR A 22 L 3 (P<0.01) s TSRS 25 53 28 (P<0.05) . 14,18 F1 20 4FAAZ A MY
AL, DL 18 1 20 AEAERZ AR B Kz 43500 5 AH R AR B AZ AR (A i Z (Rl AVE 25 S W 3, HAR 2 R 38 (P>
0.05)(#£2),

A RIS AL AR A 1 ARA 2 AP AR RN 22 AR A A sl AR B 22 ] R VB 25 S R i 2 (P>0. 05)
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{EHAAEIA 200, —BRIN [F]— MR b 248 A B I PVE > 2 R4 > 1 AR > 4R (3,58 4) . )
— BRI I RAR 5 AR Sk 2 [ 25 AN 3 (P>0. 05)  FRIAR 5 4R 3k AR S5 AR Sk HAR 5 RAR , i 5 R R =z
[ FAIE 22 e 0 3 (P<0.01) o BR 7 4FEF 14 AFEAEAZ AR 5 [RIAR I I AZ A (1) 4 AR 22 TR #4 22 5 1 1 35 4b
(P>0.05) , HAx 11,18 .20 FARZAKHAR LY 5 R MG B AZ A I AR Z A #2557 W35 (P<0.05) (£ 5) . M
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Table 2 The poor calorific values of the different organs at the same age

7 A 11 4FA: 14 4F4:
H T T T A
Term Wood  Bark  Twig Needle Root a B & "t 1 P 2 e "t L
T Wood 0 0 * * 0 0 * w ok 0 0 * * %
J Bark 0 0 0 * ok 0 0 0 ok 0 0 0 * ok
i Twig 0 0 0 ® ok 0 0 0 # ok 0 0 % o
it Leaf * 0 0 . e 0 0 ® % * 0 * -
R Root * * % * % * % * ok * ok % % % % % % % % % % % %
T 18 4FA: 20 4FAE
Term T )i 53 it Ui T B I3 it i
T+ Wood 0 0 * ® % 0 0 ® * %
J Bark 0 0 * * % 0 0 s %
K Twig 0 0 * * % 0 0 s -
- Leaf * * * % % % % % * ok
R Root * ok * ok * ok * ok * % * ok * ok * ok

0 FKARATE(P>0.05), * FREE(P < 0.05), = = FakEE(P<0.01)

£3 TRKEHREZAMARHRE

Table 3 Calorie value of needle of Chinese fir plantation in different ages

MAEM Current needle 1 AEA 1-year needle 2 AEA 2-year needle ZAEH: I Perennial needle
A T Ay T JK5Y Tk K5y TRE KAy
i o M e MH o M o i
Stand e e Ash-free i i Ash-free A i Ash-free A it Ash-free
Gross caloric Ash- . Gross caloric Ash- . Gross caloric Ash- . Gross caloric Ash- .
age/a caloric caloric caloric caloric
value/ content/ value/ content/ value/ content/ value/ content/
(V) % value/ (V) s value/ (Ve 7 value/ (Ve p’ value/
0 0 ‘0 0
¢ (Vg) ¢ (Ve) £ (V) £ (Vg)
17 560+860 17 894+762 18 025£796 18 158+819
7 3.83 18259 3.76 18 593: 3.64 18 706: 3.58 18 832:
(4.90) %a (4.26) a (4.42) a (4.51) a
18 264+914 18 497+793 19 194+823 18 881+796
11 3.44 18 915h 3.29 19 126b 3.16 19 407b 3.09 19 483b
(5.00) (4.28) (4.28) (4.22)
18 957+895 19 199+849 20 320+855 20 160+853
14 3.68 19 683c 3.53  19902¢ 3.46 20 147c 3.35 20859
(4.72) ¢ (4.42) ¢ (4.21) ¢ (4.23) ¢
20 070+923 20 477+817 21 103£819 21 3694827
18 3.94 20 893d 3.79 21 284d 3.66 21 859d 352 22 149d
(4.60) (3.99) (3.88) (3.87)
21 023£936 21 560+853 22 060842 22 4224895
20 432 21973 4.16 22 496 3.82 22972 3.65 23271
(4.45) ¢ (3.96) ¢ (3.72) ¢ (2.99) ¢

VLRS5BT N ERRB( %) ; F—FARNG FREFIRZR A LE (P>0.05) , AR/NG FREFIR 25 1.3 (P<0.05)

AR EIMES B S5 B A YL A SIS VARG . BRI EAE YR 0 SRR IR, I 8848 41
WAL R S B MLET HE AR REA MLAL S0 £ W ERAOLSE R E 24 E , S AR AREHIE B
L 07 R 15045 m B A LA B % T L AR I G A A A 7 0 BLA A ik B AL T R e
REAL A Py A BRI BE F I B Bz PR T TR AR, H i B VB g MU AR O T /N 2 ) — bl
G AR A BVE AR AR B I TR, DR s AR BE T 5, AR Sk > RMR S LR S AR, A TR o J i AL &
Py TR, AR AR A R T AT
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Table 4 Calorie value of twig of Chinese fir plantation in different ages/
HAEN Current needle 1 A 1-year needle 2 AEHEI 2-year needle ZAFH I Perennial needle
i P i [ i [ I i [ I i
Sad KB ORRS Ll KRB ERR ol Rh B el R kRS
age/a TE/ % /% W Fi/% T/ % #
8 (IVg) v B/ %0 fH (J/g) Ed il (Vg) v B/ T il (VVg) /o 1l
17 507+793 17 716+807 17 8294811 18 062+784
7 236 17931 225 18 124 2.14 18 219 2.03 18 437:
(4.53) Y (450) Y (4ss) RS ‘
17 934+£752 18 247831 18 438+785 18 713+759
11 2.67 18 426b 2.54 18 723b 248 18 907! 241 19175b
(4.19) (4.55) (4.26) ’ (4.06)
18 253+814 18 431+860 18 625£796 19 037+811
14 241 18 704 2.35 18 875¢ 226 19 056¢ 221 19 468¢
(4.46) ¢ (4.67) ¢ (427) ‘ (4.26) ¢
18 408+829 18 571829 18 6621854 19 2154853
18 2.56 18 892d 2.49 19 045d 243 19 127d 2.39 19 685d
(4.50) (4.46) (4.58) (4.44) ‘
18 684£855 18 777+838 18 916£826 19 369+807
20 2,62 19187 2.55 19269 2.47 19395 241 19 848e
(4.58) ¢ (4.46) ¢ (437) ¢ (4.17) ¢
FIHARMER , B55 W E R I %) ; FI—ATHIRNEFRFORE AR E (P>0.05)  AR/NG FREFRE R 8.3 (P<0.05)
x5 E—HRBEAERENREESSN
Table 5 The poor calorific values of roots of the different root diameter at the same age
7 4E4: T-year-old 11 44 11-year-old 14 54 14-year-old
TNl Mk R R 4
Term Root Large  Coarse  Small iiSS KA HHAR AR ik KR HHAR 4R
tip root root root
)fﬂ%[{ogtﬁp 0 % [ 0 % FAS 0 % % =
jUfELargc root 0 % % 0 % ok 0 % %
FHAR Coarse root ok ok 0 ok ok # o * % 0
AR Small root * ok * ok 0 w ok ok # sk % 0
Wi H 18 4 18-year-old 20 4FH: 20-year-old
Term Mk R R 4R Mk R EMR 4R
#3k Root tip 0 o * 0 ® -
KR Large root 0 * ok e 0 - * %
HIAR Coarse root * % * ok #* % _— *
ZHH Small root % % * % * * Y *

0 FARAMIE(P>0.05) , * FRRE(P < 0.05), * *« FAHWE(P<0.01)

312 AFRMEBEZAGSEPE

ARG B E IR R (K 3,3 4,38 6,% 7). WL 8 FH M, [’/ —4% B AR I i) 281775
ZeFt o TARAAZARR I B R A2 18 120 ARLEAZ AR I BAL BBz BT, 11 ARAAZ AR It o3
B 18 AFLEM 20 AEAAZ AR 14 AEAARZ AR T BB 545 20 AFLERZ A I A [A] BAE 2 Sl 2
(P<0.01), 11 AR5 20 SRARZ AT, 14 R4 15 18 SRR AR |7 4RA 15 20 AR A2 AR 2 W] P 22
S (P<0.05) o AFEIBRESRYARLE (1 AFRAE 2 AFAE R 22 AR AR OBl 2 8] A P BB AT 2251 . AN 7 4R A2
AMAEA 1A 2 AR ZAEAE RIS 18 F1 20 ARAEAZACY AR AR 1 AR 2 SRR M AR AR R Z T I 22
SR (P<0.01) (R9) . 7TAFERARM 2 AR SRR 14 4FERZ AR 2 AFERL AR TR E2E
FRF(P<0.05) (£9), XUNT LA KRR 20 FFLERZ AR MR, 7 AFERZ AR A0 5>
B4 18 A 20 AR AR AR Z R A 2253 035 (P<0.01) o 11 ARAERZ AN L ORAR CHIAR (AR 45 A
520 AFAERZ AR MR HUR AR Z AR 22 53 B35 (P<0. 05) (3R 10) o AFIBREE B 4FR2E 1 4R 2 4F
HE A A i 2 TR B 2E 5 L3R 11
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x6 ATRERMREARAAHRE

Table 6 Calorie value of needle of Chinese fir plantation in different ages

i Rk Root tip KR 1 em<root diameter HIHR 0.2em <rootdiameter<1 em AiIAR 0.2cm =root diameter
i#%/a
. TR T T ik
Stand wiy O BRSO  REOERG L0 R OERR L0 R ERS
age T/% /% PME /% PME /% MME
(J/g) (J/g) (J7g) (J7g)
17 584751 17 030+729 16 036+714 15 618+684
7 2.08 17958 2.31 17 433 2.59 16 462 272 16 055
(4.27) (4.28) (4.45) (4.38)
17 640£723 17 331£708 16 619+709 15 927+706
11 2.21 18 039 236 17729 2.57 17 057 2.63 16 351
(4.10) (4.09) (4.27) (4.43)
17 812785 17 465+759 16 769+683 16 234711
14 1.93 18 163 2.14 17 847 2.25 17 155 239 16 632
(4.41) (4.34) (4.07) (4.38)
18 119+708 17 613693 16 795+735 16 350677
18 220 18527 2.33 18 033 246 17219 2.54 16776
(3.91) (3.93) (4.37) (4.14)
18 261755 17 873+705 17 224721 16 764+721
20 2.31 18 693 240 18312 2.44 17 655 2.58 17 028
(4.13) (3.94) (4.19) (4.08)
T b, F5NETFRERFZE(%)
R7T FEEHMBEZAR TR EARNRE
Table 7 Calorie value of Stem wood and bark of Chinese fir plantation in different ages
-+ Stem wood B Stem bark
hife/a TR ENT TRE ENT
Stand ag A=A JAZ =X
MU i (1/g) Pk it % i/ (/) I/ (1) Pk it % i1/ (/)
7 17 824+608(3.41) 1.28 18 056 AMCKG 18 113+701(3.87) 2.18 18 517CMNKG
11 18 093+£703(3.89) 1.24 18 320AMCOB 18 470+£769(4.16) 2.30 18 905SCMNHT
14 18 308+711(3.88) 1.25 18 539AMCOF 18 715£747(3.99) 2.52 19 166CMNHT
18 18 583+684 (3.68) 1.28 18 824BMCOF 18 860+792(4.20) 2.57 19 358 EMNHT
20 18 774+699 (3.72) 1.28 19 018BHCOF 19 009+785(4.13) 2.65 19 529DMNHT

VbR, SRR RE(%) [ FI5 1 ARG TR 7L ST IR, [ K5 7 R 22 R 5L (P>
0.05)  RFIKGFHFIRIESR BH (P<0.05) AU 2 AREFIAR 11 42 THEHIE A, 1)K G0 407 2% SR B (P>0.05),
AR 70 R 55 (P<0.05) I

x8 ARNRHE—REREZZAN

Table 8 The poor calorific values of the same organ at the different age

i/ a T Stem wood W% Stem bark WAL Twig

Stand age 7 11 14 18 20 7 11 14 18 20 7 11 14 18 20
7 0 0 * % * % 0 0 ® ok ® % 0 0 ® % * %
11 0 0 0 # 0 0 0 0 0 0 0 ® %
14 0 0 0 0 0 0 0 0 0 0 0 *
18 w ok 0 0 0 w ok 0 0 0 # ok 0 0 0
20 * ok * 0 0 * ok 0 0 0 * ok * ok * 0

RIS/ a it Needle AR Root

Stand age 7 11 14 18 20 7 11 14 18 20
7 0 0 * % * % 0 0 0 #*
11 0 0 ® ok ® ok 0 0 0 0
14 0 0 * EE 0 0 0 0
18 ok w ok * 0 0 0 0 0
20 * * * ok ® ok 0 * 0 0 0

0 FRAEE(P>0.05), « F/REE(P <0.05), = = FRHEE(P<0.01)
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Table 9 the poor calorific values of twig of the different phase of growth and development at the different age
B ML Current twig 1 4EA 1-year twig
Stand age/a 7 11 14 18 20 7 11 14 18 20
7 0 0 * % EE 0 0 E Y
11
14
18 % % 0 0 0 * ok 0 0
20 % % 0 0 0 * % 0 0 0
NS 2 SR 2-year twig ZAEAR Perennial twig
Stand age/a 7 11 14 18 20 7 11 14 18 20
7 0 * k% EE 0 * EE * sk
11 0 0 0 0 0 0
14 * 0 *
18 * ok 0 0 0 % %
20 O 0 0 0 * ok 0 0 0
0 FRARE(P>0.05), * FRME (P < 0.05), * * F/Rl ik (P<0.01)
R10 FEREHTERENRBEZER SN
Table 10 the poor calorific values of roots of the different root diameter at the different age
i 3k Root tip KHR 1 em<root diameter
Stand age/a 7 11 14 18 20 7 11 14 18 20
7 0 0 0 * ok 0 EE
11 0 0 0 * *
14
18 0 0 0 0 0 0 0
20 * ok * 0 0 * ok * 0 0
iR FHAR 0.2cm < #R4% root diameter<1 cm AR 0.2cm = HR4% root diameter
Stand age/a 7 11 14 18 20 7 11 14 18 20
7 0 * EEES * ok 0 0 * ok * ok
11 0 0 0 ® ®
14 *
18 ® ok 0 0 0 ® ok
20 %% * 0 0 * % * 0 0
0 FRABE(P>0.05), + FRBEF(P < 0.05), *  FR i (P<0.01)
x11 FAEMNRHARERLZFHHREEZERSH
Table 11 the poor calorific values of needle of the different phase of growth and development at the different age
il MAEN Current needle 1 A 1-year needle
Stand age/a 7 11 14 18 20 7 11 14 18 20
7 0 0 * % * % 0 * * ok * %
11 0 0 * % % 0 0 * * %
14 0 0 * EE * 0 EE Y
18 Y * * * * ok * * % Y
20 * ok S % % * * ok % % R * ok
iy 2 SEAE I 2-year needle Z 421 Perennial needle
Stand age/a 7 11 14 18 20 7 11 14 18 20
7 0 * B * % 0 * P * %
11 0 0 EE EES 0 0 s % %
14 * 0 * * ok * 0 0 *
18 * sk ® sk * EE * sk * 0 *

0 FARAEE(P>0.05), * FRMWE(P < 0.05), = = FnthBE(P<0.01)
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5 AP A 2 PE BRI AL R SR PR Z R0, AN RS [R]— 25 B 10 K 4 7 i 2 /0 nl e 8O UE
ARG (AR SR IS5 B AN RIS 2 A TR — 2 B AR o &5 i B A R T) (H G W A ) 7 Ak 4, 4%
T E IR A3 i S5 AR A DG AN B 8, VIR 4315 s A A AS 2 2 B2 (RIS AR 2 B AV AR AC A1 I 348 A 7 34
KA FEEHA

ARG 2 R AV T S R (A5 5, AN AEAE ST M AR PR 25 56 S [RMIR A2 AR 25 B BB A58 md . L A2 AR 28
HPVERE AR AL, A TR SRR e AR K R R R AR A K 2 SRR SR ST IR T REAS ]
MK A 22 /0 R I, SR AN R ST A 5R 55 , LA 5 | M A B RO AR AR ) S A0 A AC Bt A 18 188 K, 4%
HAHLNA VYRS BT RE R A T — 2 WA L, BRI 3K A 2 B UK LR R T
AR WE B PEAEY ™ X 0] BE AL A RS B P B AR 1 K i K g — A BB
3.2 EARME

T 12 F i, A — BB AR T EAR S 20 o I PEAEAE 25 57 AR E AR I (B S VE R RS TEAR  [R]— Bl
ARG M Z AR PYE 22 5 A8 8.3 (P>0. 05) AR SHEAMR Z 7] 22 54 2.3 (P<0.01) ,

AR S P FEAR A 04 A8 AL U ) E AR 45 21 2 PVIE B AR A A 4 1 FOR i, 3R 13 B i, A
RIS AR T HEA R — 21 PE R TR) (HURBR T 20 4R 7 AR A R A ARE A I 22 ) e 22 1), A 22 i) A 30
ZE 53 (P<0.01) ,20 45 11 4R ARG TR I 22 18] B2 (8], DA K 18 AR5 7 AR AR A A I 2
BB 22 53 3 (P<0. 05) A, Hp 22 A 3 (P>0.05)

12 TRERMBEEZAKRTERKRE

Table 12 Calorie value of Shrubs of Chinese Fir Plantation in different ages

H needle 53 twig R Root
it/ A SIS A 055 A L
R 1 S Y S R V.t SR 2 S R S S
AL/ (1) T/ % PE/ (1/g) TR/ % #E/()/g) ETH/ %
(J/g) (Jg) (J/g)
17 0774598 17 4574611 15 861+479
7 . 18 12 241 41 16 619 % * 12
(3.50) 5.30 8 128a (3.50) 3 8 098a 3029 6 6619 % =
17 1384613 17 1994549 15 643432
1 578 18 09%c 351 17 825¢ 439 16327 % %12
(3.58) ¢ (3.19) ¢ (2.76) *r
16 7444556 16 8334587 15 503+457
14 6.11 17 834e 432 17 593 484 16189 % %12
(3.32) 3e (3.49) 3 93e (2.95) o
16 916573 16 415519 15 0702463
18 673 17572 459 17 205k 510 15880 12
(3.39) (3.16) (3.07) r
16 0254547 16 1824586 14 886+440
20 6.88 1720 472 16984 516 15693 % =12
(3.41) om (3.62) 984m (2.96) 93 % %

SERME AR IEZE , 555 BT R R %) ; R — ARG FREFRIR 225 A B3 (P>0. 05) R E KA = + 12 FR 70515 [F bk i
BRI % [ Ay 22 57 4 3 (P<0. 01)

A RIS B BAR T A2 2H o0 AR EL G PRI OB R R, SRR A2 ARARAARG BE, ST /)N , bR
TERGEL, A2 AR MDELETE R o MRT AR TR FHPERL Y, BEE A2 AR A 1 MO 2 B AR A, bR 25 [RDE R
S5 26 AE 52 BB, PR HEA T 2 A A A A A v D ke FEPAARL 08 1 9 S AR 0 A (AN 1998 4522 2007 48, B
PR JFR 1 18 i/ 2] 6 F, B R 4 FRBEINE] 9 &) o PR A P S A L
YRS FRE RN —HE , (AR R AL BB A R — 8 i FL B TE AR LU B E AR S 7 eAh AR
L5 R 5 e AR (384 RT3 I, R AR5 20 00 5 K o3 AL RO 53 75 B BEAT Pearson 3T, 45 R KW,
Wy & B LR A B35 ORSG . BEARIE RIS, Iy 3 B me 3 AR IAE A 22 AL
3.3 HAMME

MR 14 F TR — AR FEA R A IMER TR H22 5 B35 (P<0.05) . R 13 4 T HA
o by EARPEAE A IR I A9 22 52008, W7 HE L BR 20 ARARR 20500 5 7 4F (11 AR AR AR B REAS
i E R o2 18] B FOAHREZ ] AR 22 524 3 (P<0. O1) 5 18 AFZERRGM 19015 7 4F (11 AR AR MR BEACHE 36
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gy 2 [8), AR ZIA], 14 4R 5 20 AR AR A REA AR Z 18] 9 PV 22 57 .35 (P<0. 05) A, HoR 22 S A i35 (P>
0.05),

13 RE-HERTEODHREERST

Table 13 The poor calorific values of the different organs at the same age

HEA Shrubs
Mg/ a P v
I Needle K Twig # Root
Stand age
7 11 14 18 20 7 11 14 18 20 7 11 14 18 20
7 0 0 * ® 0 0 0 # ok 0 0 0 ® o
11 0 0 0 * 0 0 0 * 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0
18 * 0 0 0 0 0 0 0 0 0 0 0
20 ® o * 0 0 ® o * 0 0 * K 0 0 0
BLA Herb
i/ a TR
. At T'wig and needle R Root
Stand age
7 11 14 18 20 7 11 14 18 20
7 0 0 * % % 0 0 # EEY
11 0 0 * * % 0 0 * * %
14 0 0 0 0 0 0 0 *
18 * * 0 0 * * 0 0
20 * ok * ok 0 0 * ok * ok * 0

0 FKARARE, « FREE(P <0.05), = = TRk BE(P<0.01)

K14  FEFEMBREARTERHRE

Table 14 Calorie value of herb Chinese Fir Plantation in different ages

A Ky Undergrowth R Root
Hiie/a it ERT it o
Stand age B (1) PRFRT i) (1) WA/ (1/g) Jeor it/ s MM/ (/)
7 15 893+489(3.08) 7.58 17169a 15 766+493(3.13) 4.76 16 554b
11 15 685+436(2.79) 7.63 16981a 15 573+481(3.09) 4.99 16 391b
14 15 380+411(2.67) 8.19 16752a 15 271+457(2.99) 5.31 16 127b
18 15 174+463(3.05) 8.28 16544a 14 964+465(3.11) 5.86 15 896b
20 14 892+432(2.90) 8.55 16285a 14 703+429(2.92) 5.94 15 631b

CEBMELARER TS NN ER BB %) A —ATAR/NG FREFRERBE (P<0.05) s ARVNG FRERIR 257 8.3 (P<0. 05)

B () I B AR A5 A0 A 5 SV R —FF MR RIS B BEAR AR /N A B AT TR B AR R A, A=
HY I 25 A AR — | S BRI B MRS A8 A0 1 PR 2Rt S A [
3.4 HiseH e

] — RIS G A FEWIAS [R) 20 53 (R AR AB A AE 25 5, BRI A U 5 () R > U 95 0 > 180 )18 TRV 1 > B AR
PR P2 A BT TCIE R T AR B R A B PR A S A S ARGl [R]— BRI ZA2 AMR YR T it 5 7% A M
P JEAH B Z AN IE2E AN B35 (P>0. 05) s Al FEAR 55 08 v i 8 v A R 18 =2 ] i) #A(E 22 5 i 35 (< 0. 05)
(£15),

(] — R FE 20 53 i PR BEARIE S TG I, PR AR AR ZE4) = SR AR YA | B 0 A 7 SRR R i A
TR, FEP7AERRIEY i AR T IR AR Z R UL, BEAR R R AR AL SR 22 28 0 /T o A2 R 45 38 B 241
A BRI 38 TN 38 K, DRI, A S A 0 1 A B 2 3 A AR A R

4 HiRSiHR

23[R 18—20 AFEAEAZ AR 2 43 B SE RO 45 2R SVLVE R I 19 48 A A2 AR ) i B P E 0 7 25 SR AR
P G ARE I BAFEAAR L, B I TR AR R BRI, P B R & T ARSI RS
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AP T HEARPMENE TARACMOL AW IR S ARIGREAPE T, RSP R B 1L R b T i iy, ) 4R
S L AR T R ARATT I AR A TR o AT L, 43 B8 4 i R RS2 W AL AL 9 /D A 0 R (L B 6 2 19 39 i i

THE

R15 FRFERMEZAKEZEDIHEROE

Table 15 Calorie value of litter of Chinese Fir Plantation in different ages

i AEN Current needle 1 AEAENT 1-year needle 2 AEA: I 2-year needle ZAEH I Perennial needle
3
o Tk o KAy o e o FIKAYy
sad PR R 0 FERE RS pon PEE KR R
age/a  MMH/(Vg) R/ ME/(Jg)  AR/% W/ (1g)  EHE/% wa/()g)  SR/%
£ (VVg) # ) g (V/g) & (1/g)
14 587469 14 462457 13789491 13 878446
7 418 15222 3.68 15015 6.09  14693: 259 14247%123
(3.22) 4 (3.16) a (3.56) a (321)
14 830487 14 572490 139244507 13 991459
11 427 15492 373 15137c 612 14832 312 144425123
(3.28) ¢ (3.36) ¢ (3.64) ¢ (3.28)
14 983495 14 624+494 14038529 14 070497
14 438 15702d 401 15246d 6.58  15027d 3.55 14588 %123
(3.30) (3.38) ‘ (3.77) (3.53)
15 131512 14 741501 14500545 14 313483
18 453 15816 4.19 15386 6.41 15493 361 14849%123
(3.38) " (3.40) " (3.76) " (3.37)
15 179542 14 990+523 14811576 14 438474
20 9 469 1589%3p 990 425 15655p * 6.90  15574P * 350 14962 %123

(3.57) (3.49) (3.89) ’ (3.28)

CFIE AR S NN ER R %) s A —ATHRNG FRFR R AR FIER 123 001 S5i%R AT B e 225 13 (P<0.05)

ARWFFE A FEY) A 20 o AR T AR B 15 9 (TCIR R AR HEARFNFA) 24 B A HUA I E, 50
R A AT RESEAR P A S JR 7% LA, UM B S RE P BT C In) LB W AR KR 4% 4% R TE I i e o i
LTS 2 B LU 02 AR A SE A A P LS I 28 B

ARSI B E, RSB R SRR S AR, 5 R 25T 25 AR 22 5 B4R 4 (Aporosa
yunnanensis) 11 8 §f ( Trema orientalis ) ¥ B9 #H K T i 59 85| FitkE ( Castanopsis eyrei ) ** F 1 HE
( Betulaplatyphlla Suk) ™ K FAME & FH I HVER A AN, 2 R4 IR T4 ar i 4, s Le 4 A
O RH I RE AR R 8 0l 1 AR K L SEe it i BAa MR E AR il E & T,
HFFE T RE S ARER N S AR Z AT R RILAE PR LA R SRS ZmEh sy .

MMBEES AT SRS I AR TR ZIE R FREARZRIREAR)E SO ARMAS ] 2 R %
JEREGE IR AT BB A FALRE T AR RO ZE2R . S RAZ AR BRSO 2 [0 T ik 79.8%— 85.2% HY K FH
BRI, MO R 25 29 6.29%—10.5% 7 . JEREW IR IE A AT A ER B S Rem B m i il A
IR SN R & m R i AR T HEAR B MFAZ 2 R, HVE W b ek, e AREMYE K,
R AR R Z IS SR [FAGRE J) FLHEAR BAS P, BT TR I LU R REARE . I AR 1Y
AR S Joy— B ARAR 23N R B G0 I FLAE

JRAY S B3 [RAZ AR 2% B B I K/ N SR OCHER VA B U, IR IR 53 B B AN — o S 52 e 23 [R) A2 R 4%
B A2 R R KOS R S A AT HEAR FABER TN G2, SHER FEARE 5
BFEFANFL(P <0.05)

7 2R AR TR AN ] AR K B B R — i B A RVECR — SR B0 1 LUAR 3 A= R (B AR SR — AR 53 R
R RE IR, N TTZAR 3 2 I ) E R o R, A SRS T e i Bkt AT e S A I 22 .

] —FE ) & A B A R 22 57, [A] — A B TEA [FAE KB BOE B9 284k, UL RIAS SCilEAT 1 — 280007, i T
= X E A WL R A A2 D | B B B 0 R AR ME Y . R, A S R N X AR )
WA S R RINE AT, AR AEA REHR /R L 25 a B P 22 5 4 B TEAN ) AR R I B B 9 2
fEHLEE,

ABIFGE LI 7 1 S 5E YA [F) AR BT AR HEAR FEAS ARSI BEDR A B 1 S S8 . AF5E

~
=)

EEN
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BERTENME T 23 (A 5] BIF 5 5 12 O AN [) 225 8] S 2 S5 S PR ) e, PRIE 17 2 1) RUBE b ) — B0k A (]
JUEE RS DAL T 45 2R B i 2B

FURITAE P B A R FE0 AN Je AE 25 A B2y P AT P, — SRS PR o e B 2 i DR TR ol
AR B Y B B SRR AR IR, SR BRI EA (U AR Y A 7 T RN SR AR R A
PR TP A BTG SRR bR . PR (IR AE A IUAR M A R B A 2 57 LA B A5 R BRI X 1 )AL R A sl TR
A JE RS BE T e B2 IR ARIIEE . # SE R BE IS AN PSS A0 U, JEAB ) A RS b 5 P HE A A 245
B IRR AR AR Y AL 25 AR B S A 7 S e LRI
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