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The stoichiometric ratio and allometric relationships of C, N, and P in different

organs of four subtropical tree species
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Abstract: To reveal the nutrient allocation patterns and limiting factors of different life-type tree species, as well as their
potential adaptive mechanisms to the environment, and to provide a scientific basis for the nutrient cycling and community
construction in forest ecosystems, we investigate the inter-organ and inter-species differences in C, N and P contents along
with their ecological stoichiometric characteristics of four different life-type tree species in the subtropics. The carbon (C) ,
nitrogen (N), and phosphorus (P) contents, as well as the ratios of carbon to nitrogen (C/N), carbon to phosphorus

(C/P), and nitrogen to phosphorus (N/P) were measured in 10 organs of the coniferous species Pinus massoniana, the
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deciduous broadleaf species Liquidambar formosana, and the evergreen broadleaf species Schima superba and Elaeocarpus
decipiens under the homogeneous environmeni conditions. The inter-organs and inter-species variaiions were quaniified using
coefficient of variation (CV) , and standard linear regression was used to assess the growth relationship among C, N and P
contents. The results showed that; (1) Significant differences in C, N, P, C/N, C/P (except tree species), and N/P
were observed among different organs and tree species. Moreover, significant differences among organs were observed across
tree species. Organs with high metabolic activity, such as leaves and roots, exhibited higher levels of N and P but lower
C/N and C/P ratios, whereas slow turnover organs like sapwood and heartwood demonstrated the opposite trend. The
average N/P ratio in the leaves of the four tree species was 32.36, significantly higher than that in other organs, suggesting
a severe P limitation for the tree species in the study area. (2) Across different species and organs, C exhibits the highest
stability in plant, with a CV of less than 6%, whereas N and P show higher CV values, especially P. Metabolically active
organs such as leaves and fine roots exhibit smaller interspecific variations, while metabolically slow organs like bark and
heartwood display larger interspecific variations. The CVs of N and P among the organs of the four tree species differed
significantly, showing from weak to moderate variability, with moderate variability in S. superba and weak variability in E.
decipiens. (3) In the N and P distribution relationship, leaves and sapwood exhibited positive allometric growth rates, while
branches, bark, root heads, coarse roots, and small roots showed isometric growth. P. massoniana and S. superba had
equivalent growth rates, whereas L. formosana and E. decipiens exhibited allometric growth. In conclusion, the distribution
characteristics of N and P among organs of tree species with different life types are closely associated with the differentiation
of organ functions. Generally, limited P is preferentially allocated to leaves and roots. Tree species with different life-type
have distinct environmental adaptation mechanisms. In future studies, it is essential to consider interspecific and
intraspecific variations in organ characteristics, because individual organ-level measurements of C, N, P, and their

metrological properties may not accurately reflect the overall tree-level characteristics within or between species.

Key Words: inter-organ variation; inter-specific variation; allometric growth; coniferous trees; deciduous broad-leaved

trees; evergreen broad-leaved trees
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superba ) FFEYE ( Elaeocarpus decipiens ) &3 [E WV HH FRAK 4 N5 UL 2 £ RFP | AE W) AR PE RV E AR IE AP
FNES RS AR RN BH M SR R | BRI RV (1 A%, R T URAR A D IR R A
b L e R AR R i O T IV e 0 B /7 O = Sl i 7 N i L R R = = S 2
RIRA 2 AT 5 o ] I BRI A oy R A T Ao R DR — b Al T A i | 0 2 — b B B 0 KRS
G o ST S R A 7 S i O I O U B 4 A S 8 0 o S o T 11, s R
o ABFFAE LT (L8 D) s AN 5 A — B[R] BT PR BE rh i B A AR AR AR ke A T4k Ry F
FEXNR, RGN o KL B GAAE GORF RSk MR KRR MRFNGARR 10 DA E, E S AV E C N P & i
FHAZ R DR AT 2 ASREA R 1) AR 8 E T AR C NP2 i 22 57 B HAR S d% Jeg 5 2) [ ot
IRBE T AR A 15 TR FP 25 28 B A AU 5 20 e C NP, XoF [ — B35 174 Wi 7 5 s AT ] A Tl 7 383 R ) A 3 A
WIFNFRIT TR 4% B 8] 08 3 O AR AR RO AR R R, 448705 25 R Aok 45 109 3 AL, iy U AT AR AR AE S R A 3793
I FR 55 T 7R P T R0 IO 4 S B XL ™ s L S R IR 2K i

1 REXHBLR

ISt B AT R 4 R 2R e X Pb B (28°23'—28°24/N, 113°17'—113°27'E) , HUARITE T 7, %%
Sl b 32 3 2 KA, B RAR BT HEH 55—550 m B £ 2 20°—30° 2 S AR 1) Fe s 5
Ja B 2= R e, B AR B R K 2R R B i D & RS, 24U
17.0°C ,7—8 H i i ik 39.8°C , 1 H ARSI - 10.3°C , 4ERE/K &y 1412—1559 mm, FZAEH T 4—7 J
13 AF-F-24 H JE ] 1440 b, JEREI] 216—269 d, HHELIARCE MU K 8 A R TELL e 3, Ot 36, &
TR BRI, IR S A PRAEPERE B 22 MY AR B O I BAGHT R S R AR, LA AR ( Lithocarpus glaber) |
H M ( Cyclobalanopsis glauca ) . B B ( Cinnamomum camphora ) . ¥ K 1 #f ( Photinia davidsoniae) . 7 R 4
( Choerospondias axillaris) WA A5 AR F

WS [ E FEHLAE 2014 SRR IBOWARATT 4 A4S DU B A [A) A 16 B Bl 1 4R 28 iR 065 - A1 ik b 25 R
(/N1 ol i 1 e S T L 2 N s i £ T 0 B P SRy 2 T NN R LI B e
A4 ADNRFRSS e R T (28 D s IS 5% A — B IR A AR 8 57 1 S PR AR AR B PR S B AR 7R Y A
o, WAL 20 hm? , FEADIEHRI 73 4 A XCHR RS IR 25 ke, SEHAE TR 25 mx25 m B4 X
B EERP A ECRERL BT 1 Bkl (RIAEARAINC 4 D) BRI N 1.5 mx2.0 m, AHFFTIEE 4 RIFRA
TAMONBETERT S, 2022 4 10 H 47T 5 A A F - S AE SR AR L 4 D RERD AR AR I3 ¢ AE A H 38 Bl

http ; //www.ecologica.cn



2452 H

&t
H

#H 45 &

C.ENLPEFEMELFIMRN,

R1 TRANMARHERFERELEFNR 2R 2HIE

Table 1 The basic characteristics of stands of different tree species and the contents of soil organic carbon, total nitrogen and total phosphorus

; IR -2l e - LA 2R Lo
e T P A R AiblLig " #

Average tree Average . Organic carbon/  Total nitrogen/ Total phosphorus/
Stand type . Soil depth/cem

height/m DBH/cm (g/kg) (g/kg) (g/kg)
L/ 6.57£1.17 9.41+1.88 0—20 14.22+2.13 0.980.10 0.25:0.01
Pinus massoniana 20—40 8.88+0.92 0.63+0.04 0.24+0.03
TR 4.78+1.98 3.58+1.41 0—20 13.40+1.52 0.83+0.08 0.22+0.04
Liquidambar formosana 20—40 9.61+1.43 0.66+0.08 0.21+0.02
KB 4.08+2.01 4.61+2.85 0—20 16.16x1.71 1.00£0.09 0.22:0.02
Elaeocarpus decipiens 20—40 10.14+1.39 0.73+0.08 0.21+0.02
PNV 5.86+2.40 5.45+2.86 0—20 18.77+2.83 1.12+0.10 0.29+0.04
Schima superba 20—40 13.05+1.90 0.85+0.03 0.28+0.05

R AT bR
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KX, SD X B HEAE bR AR 2 SEHIME, CV<20.0% 8 5578 57 ,20.0% <CV<50.0% J& 25725 57, CV=50.0%
JR RS
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Table 2 Two-way ANOVA of the effects of organs, tree species and their interactions on C, N, and P contents and their measurement ratios

DAzt P2 Organs IR Tree species SLE I Organsx Tree species
Dependent

variable df F P df F P df F P

C 9 63.547 <0.001 3 115.238 <0.001 27 6.969 <0.001
N 9 261.616 <0.001 3 9.576 <0.001 27 3.716 <0.001
P 9 65.305 <0.001 3 5.907 <0.001 27 3.432 <0.001
C/N 9 93.105 <0.001 3 2.671 <0.05 27 1.627 <0.05
C/P 9 202.982 <0.001 3 27.941 >0.05 27 8.302 <0.001
N/P 9 34.233 <0.001 3 13.806 <0.001 27 4.803 <0.001

P<0.05 R BEFN, P<0.01 FEmk 2 m

MEL T LA AR C 51 (359.07 g/ke) W (IR FHAER B, MiHALES 5 C & AHX 34 ;0 N P %
AR (41500 13.88 ¢/kg A1 0.44 g/kg) , HUKORAIAR , O AR (50500 1.36 ¢/kg H10.06 g/kg) ;004 C/N
(369.91) .C/P(7826.29) &3 & T HAWRS B, M C/N(35.50) A% T HABW S &, 4048 C/P (1085.53) %1k,
ik B MR EE S N/P R (32.66) , RO KRR (11.87) A S5HEL LR ELES, &
& L N P B N/P FACHE MR 2R (RN AR ) 1) J] 5 08 g B (J A O ) 38N, T C/N Fil C/P B AH R
PRI
3.1.2 BWAARFEZE C NP fFe i Hitw it

A3 A, [E— 28 AR AR I AL C S (417.51—520.31 g/kg) i TR AP B 88 B ik 3%
58 K (P<0.05) |, 115 2 ] AR -t 385 i g % P ol A 5 BRI AR 0 b O OREAR /RS 4 /S A Fif
[l —#8E N P i 2257 W3 (P<0.05) ; BRAH RSN, B Sk M A ff M3em] —28 5 N SRR E 2R,
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Fig.1 C, N and P contents and their measurement ratios of each organ
BRZEZ I A BRI AR IR R/ IMIEL, B /NI B 1R P 23 59 3 IO 3 ORI T I oS8, < /ND7 Bk o R R 3R P A 58 AN TR
NG FHIOR B 22 5 B3 (P<0.05)

BRitAh, H SRR A ST MR 8 E P S REB LR EES . BROBERE SN, 4 MWRE S E C/N.C/P,
N/P 2583 (P<0.05) ,

M 3 EATE 4 DFD C NP & & & B BB 5 P E AR 22 50K, I AH 22 03 il i 1
6% 38% 26% , F W R Y C N P & ASReff R AT B E A EME, SR C &
H#(513.64 g/kg) BEE T 3 DRAMRIF  TIARTE (454.08 g/kg) BEALT HAl 3 ATl 3 25 R b Ao 1] G
ERER BRI N B (4.20 g/kg) Fei, A S5 A 22 57 3, MR (2.89 ¢/kg) Ak, (H 5K
MG 5 DR P 5 (0.04 g/kg) 3 T AT, (ELRE B )G B 3 22 5 &Y C/N
(160.16) BE = T RN AL (B 5AKRM I B E 225 4 MR F /P BB E 2R WF N/P(15.59)
b AT LA AR Al | R G At AR o 0] TG db 3 2 5 5 R R A B O far AR SRR C NP i SO e T e 2
25,
3.2 FRE AR E] AR R R AL
3.2.1 £4VH C NP & S H T F i A e 28 5 R4

M2 WL A48 E C B CV 2R 2.03%—5.42% , B B AT N(13.719%—26.15% ) Fl P(9.07%—35.11%) .
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Table 3 C, N, and P contents and their stoichiometric ratios of different organs in each tree species

N C i N it Poht
H Carbon content/ ( g/kg) Nitrogen content/ ( g/kg) Phosphorus content/ ( g/kg)
Organs - " - i N i

SRR WE A R oEM  WE A ke DER  WE At i

I 5203la  42842b  2144a  4M072b 1597a 1341ab  11.81b 1435 054 0.46a 031b 044a
Leaf (269) (1779)  (1251)  (3898)  (1.81) (1.87) (1.9) (1.94) (0.09) (0.07) (0.04) (0.05)
(53 523752 462.64b  472.84b  46746b  494a 523a 391a 497a 0.25a 0.27a 0.26a 0.24a
Branch (831) (11.69)  (9.92) (5.28) (0.89) (2.00) (0.52) (0.78) (0.08) (0.08) (0.03) (0.02)
s 519.17a  416.10c  457.99b  42657c  324c 537b 6.04ab 7.03a 021b 0.29ab 0.40a 0.27ab
Bark (837) (1899)  (13.12)  (7.66) (0.69) (0.75) (1.12) (0.58) (0.04) (0.03) (0.19) (0.02)
puy) 502.68a  463.62c  47828bc  4842lab  19la 1.84a 1.55a 1.82a 0.13a 0.12a 0.08a 0.11a
Sapwood (9.66) (1461)  (17.3) (2.28) (045) (0.33) (0.25) (041) (0.02) (0.02) (0.04) (0.04)
W) 509.95a  464.63c  482.34b  457.10c 152 1.44a 1.26a 1.20a 0.05b 0.08a 0.05b 0.07ab
Heartwood (8.85) (9.43) (1347)  (1281)  (02) (0.46) (0.09) (0.3) (0.02) (0.01) (0.03) (0.01)
Rk 51990a 4547l 4798%h 48279  184be  22la 143bc  140c 0.11a 0.23b 0.10b 0.13b
Root apex (4.38) (1379)  (11.06)  (8.20) (03) (0.83) (0.22) (0.25) (0.02) (0.05) (0.01) (0.02)
KR 50990a  4486lc  47442b  47637b  2.20b 1.81b 1.90b 523a 0.20ab 0.22a 0.13¢ 0.14be
Large root (1043)  (1554)  (1046)  (1131)  (031) (0.23) (043) (321) (0.04) (0.04) (0.03) (0.00)
HIAR 51843 44865bc  422.18c  476.50ab  3.20a 3.14a 3.70a 391a 0.22a 0.24a 0.28a 0.18a
Thick root (2848)  (1281)  (5697)  (1159)  (058) (0.62) (2.28) (0.36) (0.04) (0.02) (0.16) (0.03)
/MR 469.84a  401.92b  401.05b 44359  567a 5.30a 462 5.17a 0.32a 0.27a 0.26a 0.24a
Small oot (6.55) (2321)  (17.23)  (1588)  (0.34) (0.6) (1.12) (0.77) (0.04) (0.01) (0.12) (0.02)
4R 41751 36795b 29118  359.66b  642a 6.48a 472b 7.78a 043a 0.37a 0.27a 0.30a
Fine root (21.84)  (11.23)  (477)  (1888)  (049) (047) (0.69) (0.98) (0.11) (0.07) (0.02) (0.06)
ETY 501.14 43573 448.16 45150 469 462 409 529 025 0.26 021 021
Mean of organs (3331)  (31.98)  (&445)  (3173)  (432) (3.59) (3.17) (3.90) (0.15) (0.11) (0.12) (0.11)
Vivimsel 513640 45408 47920h  472.11b  420a 2.89%¢ 3.23be 3.68ab 02la 0.19ab 0.16b 0.17ab
Mean of stands (6.15) (7.98) (8.51) (4.86) (0.6) (0.46) (0.19) (0.51) (0.04) (0.03) (0.03) (0.02)
e C/N C/P N/P
Organs R WE At e R W& At FE oEW  WF At e
i 33.01b 32.52b 45.05a 31.40b 99573b  96557h  169.52a  1010.57b  29.86b 29.79b 38.15a 32.85ab
Leal (4.84) (5.08) (6.96) (6.71) (21415)  (176.84)  (20826)  (117.98)  (2.90) (3.67) (472) (4.66)
5 88.85a 98.17a 107542  89.55 99538 1041.49b  1538.09a  1074.76b  9.21c 11.67bc  14.46a 12.11ab
Branch (43.04)  (37.88)  (1028)  (1633)  (20441)  (179.02) (15642)  (12092) (1.28) (1.73) (2.46) (1.40)
# 16597a  78.96b 77.93b 61.06b 450650 141522b 132171 1529.06b  1491b 18.16b 16.83b 2527a
Bark (3421)  (1333)  (1461)  (537) (45720)  (13933)  (51308)  (79.07)  (1.99) (2.50) (2.80) (3.35)
bl 276040 2548la  31454a 278252 3%917la 3712520 BT 499Ba  138la 15.58a 18.35a 17.40a
Sapwood (75.06)  (4378)  (49.12)  (6408)  (57525) (572.68) (171320) (17934) (3.22) (4.55) (4.05) (321)
) 34096a  354.12a  383.02a 401552 1026007a A58  9526ab  610655bc  30.3% 16.60b 25.14ab  15.93b
Heartwood (4552)  (13147)  (2725)  (113.10)  (310971)  (326%)  (32368)  (58024)  (9.86) (472) (9.33) (3.34)
Rk 28756ab  233.09h  340.55ab  353.6la 4446422 1986.80h  4527.51a 3670552  15.53a 9.01b 12778 10.78b
Root apex (4496)  (9340)  (59.18)  (69.71)  (71433)  (521.54)  (623.54)  (460.84)  (2.54) (1.77) (2.05) (3.08)
KR 235520 249682 263.10a  11142b  25669%ub 23004 3337 204G 10.84h 8.28b 11.87b 24.13a
Large root (3597)  (2584)  (7291)  (6633)  (5%60)  (3740)  (0M51)  (18P)  (347) (221) (473) (7.03)
HIAR 167.02a  14790a  16317a  1263a  23724la  183990a 20M8a W67 14.15b 12.83b 12.95h 21.89
Thick root (3345)  (3205)  (10890) (1229)  (581.83)  (13347) (I13%59%)  (49100)  (2.19) (247) (1.72) (391)
/MR 83.09 76.19 91.54a 86.85a 1449322 146430a  1683.17a  1839.12a  17.52a 19.33a 18.46a 21.33a
Small root (5.66) (4.87) (2970)  (11.08)  (15667) (136.68)  (640.87)  (89.30)  (2.70) (2.80) (2.39) (3.26)
2R 65.10a 56.85ab  63.06ab  46.64b 1007.76a 1010032 1089.03a  12353la  15.43b 17.83b 17.44b 26.52a
Fine root (1.64) (248)ab  (14.63)  (539) (24303)  (16445)  (185.74)  (200.13)  (337) (3.28) (1.75) (3.36)
WET 17431 15823 184.95 158.30 0B64 A87.18 330887 273314 17.17 1591 18.64 20.82
Mean of organs (10663)  (107.74)  (12798)  (134.59) (W0613)  (141740)  (269846)  (17820)  (7.23) (621) (7.87) (6.84)
AT 12447 160.16a  147.12ab  13036b  2530.08a  2495.66a  3054.22a  2802.50a  20.28a 15.59b 20.72a 21.66a
Mean of stands (1953)  (2517)  (863) (18.11)  (46273)  (427.87)  (403.32)  (29243)  (0.90) (1.02) (2.09) (2.23)

RFING R A R[] [ — 3 25 83 (P<0.05) 355 AU b2
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Fig.2 Coefficient of inter-specific variations (CV) of C, N, and P contents and their stoichiometric ratios in different organs
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Fig.3 Coefficient of different organs variations (CV) of C, N, and P contents and their stoichiometric ratios in different trees

(P<0.05) ,P HERAT C(b>1) ,SMA ToLFRIRIE, BRaOA  KAR 40ARSN, FLE 88 N P HAA B K¢
M A O IE S KOG R P BT N(b>1) B0 B2 AR Sk DHLAR /ARy S5 8K N P[] AR 3R 22 S
ANEFE(P>0.05) ,SMA AH:FERE 1.12(P=0.13) HAEME HA B 32 % (P<0.05) ,

F4 BERECNPIENREERXR

Table 4 Allometric growth relationship of C, N and P contents of each organ

i o e fe v ,
Organs Slope interval Intercept

x=log C, y=log N B 20 -1.575 (-2.516,-0.986) 5.351 0.037 0.415
053 20 -4.759 (-7.652,-2.960) 13.428 0.009 0.693
B 19 -3.623 (-5.052,-2.598) 10.335 0.562 0.000
Uy 20 -4.520 (-7.281,-2.805) 12.359 0.000 0.968
O 20 4.734 (2.954,7.588) -12.563 0.024 0.519
(iESS 19 -5.282 (-8.505,3.280) 14.400 0.066 0.290
KA 15 7.500 (4.287,13.123) -19.772 0.034 0.514
HAR 19 -3.116 (-4.860,1.998) 8.838 0.195 0.058
/IR 12 2.072 (1.106,3.882) -4.741 0.095 0.328
4R 12 1.452 (0.834,2.528) -2.909 0.314 0.058
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BiFIX A

X,y A n B zzZZECI:flldizce e R? P
Organs Slope interval Intercept

x=log C, y=log P I 20 -2.247 (-3.587,-1.408) 5.643 0.041 0.391
5 20 -4.241 (-6.628,-2.714) 10.771 0.131 0.116
)2 19 -3.417 (-5.38,-2.170) 8.517 0.157 0.093
YY) 18 7.451 (4.57,12.149) -20.957 0.079 0.258
IRy ¥ 20 -7.725¢  (-11.84,-5.041) 19.476 0.210 0.042
itSS 20 -6.888¢c  (-9.906,-4.790) 17.621 0.438 0.001
KR 15 -5.973 (-10.515,-3.393) 15.236 0.010 0.720
HAR 19 -3.146ab  (-4.624,-2.141) 7.731 0.406 0.003
N 12 2.858 (1.503,5.436) -8.094 0.047 0.500
iR 12 1.774a  (1.087,2.895) -5.005 0.477 0.013

x=log N, y=log P 20 1.427 (1.046,1.950) -1.99%4e 0.592 0.000
053 20 0.891 (0.616,1.290) -1.196d 0.416 0.002
He 19 0.943 (0.637,1.396) -1.231d 0.382 0.005
brir) 18 1.750 (1.145,2.673) -1.401bed 0.322 0.014
LAt 20 -1.632 (-2.629,-1.014) -1.024 0.000 0.994
Mk 19 1.230 (0.827,1.828) -1.132a 0.367 0.006
AR 15 -0.796 (-1.405,-0.451) -0.510 0.001 0.894
HLAR 19 1.010 (0.688,1.482) 1.192¢ 0.409 0.003
IR 12 1.380 (0.816,2.334) -1.552d 0.391 0.030
iR 12 1.222 (0.663,2.252) -1.450 0.149 0.215

n: FEASE the number of samples; R? ; Y& 5E 224U Determination coefficient ; P<0.05 F78 Tl K 56 R A F B Z KTV, ARVNG FREFRR AR E

] 22 5 .3 (P<0.05)

3.4 FMFC NP FHEMK KR

M5 ATLUE 4 AR R AU B30T C N Z LA B3 1 f R 3K OE R (P<0.05) , C 3R
T N(b<1) s R FIFESE A28 C P [ EA B 57 S 3G KO R (P<0.05) ,C KT P(b<1) 3 [H]
FIRPR SEEESTC B 25 (P>0.05) , 4 DWFISAE NP B34 B35 59 15 5K O R (P<0.05) N 3
KART P, H AR A2 5 1 2 (P<0.05)

BH# C NP ZENREERXER

Table 5 Allometric growth relationship of C, N and P contents of each tree

95% A5 X 7]

v,y iilins ji) ?i 95% Confidence Ifiﬁ Ept R P
interval

x=log C, y=log N THEM 45 -11.318  (-15.238,-8.406) 31.130 0.037 0.206
W& 41 -13.165  (-18.096,-9.578) 36.160 0.002 0.766
A 44 -5.184  (-7.018,-3.829) 14.260 0.024 0.315
k3L 43 -9.833  (-12.865,-7.515) 26.690 0.256 0.001

x=log C, y=log P THEM 43 -10.868  (-14.650,-8.063) 28.670 0.077 0.071
W& 41 -9.480  (-13.035,-6.895) 25.000 0.001 0.880
A 45 -5.191a  (-5.191,-6.933) 13.000a 0.090 0.045
k3L 43 -6.825a  (-6.825,-9.011) 17.390a 0.204 0.002

x=log N, y=log P ZhEM 43 0.972a  (0.831,1.136) -1.241 0.754 0.000
W& 44 0.714ab  (0.607,0.840) -1.042 0.725 0.000
N 44 0.994c  (0.843,1.173) -1.266 0.716 0.000
k3 43 0.694c  (0.614,0.786) ~1.143 0.846 0.000

AN ING FEBE R R AN [ ) 22 55 | 35 (P<0.05)
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4 e

AWFFRAE IR T 28 D s B — S0 B R 2R S b S R AT WD T IR B (S R P R
555 ) SR BRI, AN TR AR 15 A FP A5 28 B FR o0 S i M A T LU A R OV Sl K 56 R Y 25 57 RE T R A
b Sz B e AT R 35 A 3 I S I T TR 1S P 55 53 T SR e B HLR A5 11 336 AL
4.1 C NP &ig ST FAe a8 B 0] B a] 19 22 57 B HL 40 T o s

AR 28 1 HA AN R A D e R0 AR HURE A TRl — Al £ 2 B TH) 95 43 2t 14 40 L FVRUA 5 2% 1 D e re e A= 2
HREEBANE ) AT 4 MRS ERE C S RA M (E 1), TR T CENEAITTE S E N
R fese , FEH T LGS A N Y R BE ORI S 5 48 Al b AR b ) et 2 28 B 1) sl ) C
ERE CV BN KT 6%, )8 TH28FREK , (B ¢ 588 F R T HMRE, 5 Zhang SEAHFITEEHT
— 3, R AT RRS « (1) ASHIESE XMl 3% P A AR AR, (EASAE AR BRid A= 1 2 BOAR B 430 ) 3% S BR
il , PR AR X C BOFRAY 5 (2) SRR JE AR FR F i R e B AR 4y, FHAT B R0 R KW s B
P B — 5 B S PR R, EA 2 1o A R R i 3 A 5 b ) J) 2 it o) TR R Y €, X IE R AR i 458 NP
B DRIE S AR S shIE s TR R . ARBFSE 10 8 E T, 4088 N P &R, R RO e
VEF A4 B R B, AP IR 2 500 A 1 A SC O i B vRNA , 7R A ILIE & 40 A B B 5 thget ™
1M NP X SE AT rRNA AYEELLA 7 A, T KR4 AR YIS 6 B s i1
WG BRI, R NP & 3 TR WA B S8 SN, R SRR R — e
BE 20 IR 47, O b SEAR I 2 B, 2 25 AR BE M WO I T2l R G 28, S A AR R, AR T 1
R R N P SR 5A%, FOM N P &K T, 5 Meerts SR MRF 7845 > — 80, B RIS E
HA IR 8OK o ER, BA —a ARHE Y N P & AR & T GOM AR T 4R, Ko
W) F BRI AS S RIS N, IEBFRRERIEAS B9 P, A 725 200 1E B 18R 3 308 3 A J3 30 ) 328 i ol %87 s i A7
TAE B TR FeAE YA KRR, X NP TR K, B B AEAE A N P RS RS B SR R IR
HIPIIEH ARG 3 PN P SRR T2 Bk 40, (AR NP & m RS o
940 E NP SRR, SRR ERYALN P Aricks /7 —20, A B pk sl R B R G0KF C NP il
A IO SR FH A 2 B 7 2 B B VA S S B i 10

AT 4 DT C B IME (477.72 o/kg) 5 R E AR AR AL AR YI{E (480.0 g/kg) AHIT , g
T ERRG Y C SR IMA (461.6 g/kg) 01 {HIF N R I(H(13.88 g/kg) B EIE T 2BRMY T N ¥
fE(20.1 g/kg) ', FIHEAE PO AT 5T X AL FP ARG B A e N S Bl AR g, ik P& (A
(0.44 ¢/kg) WEME T RER(1.8 g/kg) IR EAEY M PIE (1.5 o/kg) ™ B TABFZE M +HE P& R A%
(1), HAEMRIELTHE b & Sk A, 5t P A ESRA FEFEH , 38 P AR E IR, Y2 P
B 1 A FH B, X R AR S AR N/P i i 1) R 2SR A

HIIER B 7 TG R T LU i S IUAR 0 X PR B3 107 0 A 25 SR % A S Wk 4 7 B A T BE A AR R AE S
SHAER AL, C/N C/P 5%, AT REJEAZ 46 N P S isem ™ | 4iR C/N C/P AL, B4R C &%
AR, N P SRS, WM AL C/N L C/P 85, AT REE K b O A SR T 24, R
WIREAE C R EIA0, C Sritiess ™ i N P SR BARATEL, 1 N/P FAE R I N P X A K i PR i
JENO ) ARETE 4 AR NP (R 32.36, KW 4 AR T2 PORREI, 5 WA X K2 PR
— 3, ORI 3 R AR R e 2 I AR R A R AR LR R 4 M T % B - SR,
B L BTN 5, AR IER Y E 8 AR aris 3, N/P Bt L ARBFSE IR R IR, Ok N/P Wi, KW
OM AR FERZ P BRI SZm L N R, B R R 32 M E 2 A RO A7 Wik 2 L3485,
AR R AR B, FZORPUK Wl S iz b, B S0 (A SRR, X N P A At A
B, FEHN/P AR,
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Yt Z A28 B, R — R0 AR S Sh AR Al i 22 B A B ML RS2, AR F— 3,
AN AR 6 B b B AS [R5 40 B B A2 b (38 3) |, R IRl — I8 AS[R) A= 136 BB o 35 43 43 B AR
RG], EF IR T AN 25 B MM C S i@ 3 AR Rl — 7 R T S R A A T R AR
WA, C S e | [ A AR AR A 7R 43 R B S A B ) C AERE T 6 N R
SR RIIAEL ; 5 — D T S RARE TAMETE MR (ECM) A A, BA B AR R 0 W %, g AR B - S
YK MR AR C IR Ak, DEM B EA R A NP S, R (R 3)  nT iR T
KR BN 209 N P 4rBCEE 2 @t A e 0, NI & FLAs IR i A R sl 38 4 AR d i it
PR N &A%, C/N e, RIIA A A K R A B N FUHZCR , B E B EA RS P &,
OR T E R FXTEARA C/P FIN/P 2 B T i i A 22 S b5 9% - 25 TR B, T B0 R NP 7
HEARARA) N/P W2 A B PsAAERKRRE AF A AR R UL, N/P B[R] it 36 A A= o 1 27
P BRI, 4 AWFP C/P JC i EE 25, R 4 AT R — PR+ EEAEE i B AR AL, ASBF5E T,
HERRE A RS KR C NP i N A2 R Y TE W 25 5, R A ] —FRBE AR ) AR 76 B AR b HL AT
AEBLAG 324343 T AN R FH SR s
4.2 KAE MR CON P S S AR SR R AL

FE IR HE A 2 A o Ry o7 A 1 A A PR B 2k AS T IR B R AR B B A 3R A B, T SR L 9 5% 0 T
B WA AN R 28 B SO Fh 3324328 SRR AR AT B T B R 40 1 AR B ML S MR R R e R A
P FIASUAS 7 #8 B K B BT 28 52 R B IR0 n R Ak L oV SH D RREFMEARC ™ ARBF5E
WA SRR ¢ TR CVIRT 6%, 8 THAER, 5 Agren'™ FRISE S (BF 545 R—5, N.P1EH
FRAGIMEFRT R, CV E 22 B8 B DRl WA B SR s2 . ABFSE T N P 1Y CV K H A8 H ) 22
SR, MNP NP RYFRE CV Ey N B N P AR e MR, S A RO 4 R — 8 RS
AR B ELA SR A IR, S RS AR ) A A A R B B T B A T — 2 I EE B )RR, A o) PR 4 T
BRI R AT S v A 1) BB R )3 % 5 E A 2l DR MR R BR A O IR S 8 A X A
PIAEAF R, YRR TR R E MU IR AR B B SRR AT 4 L, TG BR AR R LA
NP IR AT B R MG TE N A FEIRETE | DR TR R B B 1 T R AR AR AR N, ARBESE B NP B C/N L C/
P N/P ) CV 5MARMIT , K2 N P 52 Kiz i () £ B, 5 AHE N P s Ak 20| R A i 2 52
AT KA E P BRI R CV ERE S, KW P IR IR P SRR E , AT AR 4 SRR S R
P PRI —FiXF 5, Kt N P .C/N.C/P F N/P BIFHIE] CV B3k, SEUA BIRFFR 45 1 — 5k, MRk 7=
IS EC BRI MR B SR e B B T e B B AR AR A K, 2 3R A 1S A BRI, AR A 0 b A —
SEAEAFER B S SRk B a8 B W R A ARG 3, A AR MR R 28 BB SR E X IR AR A
P AL BURR , 7E K I I Ao R AR AN ) 4 R0 3 SR 0 R e S LAk 2 o LT o X P A

AN AR 3 OB b AR AR A T S ORI T 22 57, S ECR s e R RRE MR AR AR AN ] . ARFSE
4R 10 MRE C S EHSASMH cv BB EZES K C E B YR IEAR TR, AR A&
W C AN, WE C AR WASEM A GG S, 4 DA ETR NP A CV 50 W, A5
AR S B A S R ORI iR, O PR S R RN O 5 S | BB AR A A L) e A A
e Afar NP AT AR [R], AR e R F B0 N P RS T R B v X PR A A N BB T, T AR g Xof BR B A3
B, 3 A BRI T R AT IEPETR S ASANE B NP S LGE AR P IREE, SR P Y OV AR TR, e
A St RS RBAAXIL P A B BR AE N AR ) WFSE R, B AN T E T PR A A A 2 R MR K
LAY (NSC) AR 5 0 Fedt Mgl it N P & DS BT 53058, R P i i nl A0k NSC 2 & h Il i
PERES TR 0] (AR B2 Ak, NIt SR AR 00 0 ARBFZE 4 ARERR R B TR C/N N/P [ CV Bl % 5,
ARG ESE ] C/P 1Y CV = T A 3 FpFl vl BB 5 Al 1T 30 5 1 P A FHACR R HEAR IR & B i = A &
WS RE S A S,
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4.3  ZRE BT EIE R OCR T N F P 43 Hl AR wg

FEYI SR A i R, A4 B SR IO [R) 35 7 SR W 73 B 8 32 0 2 DAL AR AR KRGS L3R 8E, 28 B ] C N,
P S KRR TR B KO E G IX BT R AT R R 35 00 0 Fe G B HLH L ARRFSE KA
HINC 5N P AFEREFHEMKXR, RPUKITEE C 5 N P EIMGSECRRTH, HRECNEGR
FR R OC R BN Bl C 380 SR el s>, B C BB PRT N, AT BESE RO A B R g 57 40 A, iR
VERy—FhERdr gl 20, B R B 2 S B s U WO AE KT B K C M Fn 4Rl U454, 30 C WK+
NV R MRSk HAR FAIAR Y C P BEA 3 Sl KOG AR, FLRIR ) 22 5 2 R WA 28 B 11 3R 43 43 i L
A= 0M ARk HAR C BT P ANAR TR TR BRI T 25, B B R i e mi A, AR B
TEPERR P R T C, “AERECRBULT U AR A K B R R AE L E P 1 RNA LFFEARS
BLUASE SR A FK A3 W s AR BG40 L b MRSk HUARAA B, 43 BC ey C & i QIR T 2 21 P ik
SRR AT K

) A e AT S A o A3 0 T Bd i 8 N P IR e AR ST R RO A R AR
AN, KEB 5 E NP HA B SF KR, H N P ZaAg L peR A LA, R e a3k T
fF N F B P S A—20 0 A N P B W IR R KOG R B R NP R AR L B,
N HHUNF P, ATRES ORI T AR 32 F412Y, 2GR R A 5, A A /R A i 19 £k v 18] 44 0 5 i
7 H C A3EERT PRI, S E ARG RN P TR AT NP M E R R AR AT B A IR B AR
B TR R TG N, B e A K S B R A BRTE BT E A S SOk | X PR R
KB RSk CHURF/IE N P #5228 E N P 1AL BOR I A LA R A4S, 76 NP A
A A FEAEAME, (40 N P KRR 8 E A SR R, 5 RSN L R ORIE, Z W
—IREE NI N P AUEALEIAS A, R N P RGP R BRI A LS 45 28 B DI Re R A G
4.4 RIFRE]AY R OCR R N AP 43RS g

AN A 37 BRARE Al 114 A 35 S0 SR AT Mt B 9 22 501, T ek AR R RO 35 o0 BC AR B 22 5% AR
F E SRS C 5 N P BA REN A SENKOCR, B CHEIT N P, AR T C SR 5HY
FIBFARE J1 47 0, FEHRE A B, ST 3 AR L, A A KA KT 2848 | AR Ko A vl i e A VE G A
BLYIFEAEAT , iR [ BBt ™ ARfer Fh3E C P [ AR R S HHE 0 B 3 22 5, A TR] — A= TG BB Ak C
P SrECARI A — 80, 4 AWF N P BA B EN S A KR AT RRR R 4 SR N P 92
RN 3, RIS N P S d K RIAPIE KSR N P R HOR A X N P /R, i
WA RIS N P A IE S R0 N P A B n, N 38T P 3 0 i A — AR R R R, 77
B NP S S HU L 0 W IR AR IS AR S s i S i S RE L (AT S K Mt - 1 P AR, S
FNA N BERKAMT P, AUFGETE ) 230 o 3 AR B - 3w R 5 1 X P A WM, T DAAE — o PR
2B S P BRI A BERREE N SR (AR 15%) , TFERKER N A BEr= A BE R A, F10C ] 538 i $ HL
KA N A BB RR AR P, S8 N KT P1 ) RUIE — 358 A A 16 B FD N P 40 B A [
TN SR, T RE S AR B A R R G

5 #ig

SRR R TR A e, IR 25 IR S AR, AR E A1 FR 4 A0 L R AR B R NAFAE 2 R AN A A T LR
TSR AN [) A 2530 o7 S e, AR PESR A28 B0 NP S f i, /N B IR T HAL SR B 18 s A e 28 1 0
N.P &, C/N . C/P B/ THAG T, ARG E RS & BN, £HE A5 T ARFEE
TG BB AN FE 4 o3 BL AR R SRS AR TS e B2 B, C & it CV 8%, BEY A N R e TR,
N.P &8 CV &, Rl P, 513 p FRGIA X,

M A NP BAG BEIE R E KOG R, H P BT N A B AR Sk HARF/ MR N F P Ol

http ; //www.ecologica.cn



2462 JAE = 45 %

K, S0 B IRERREAT 5C S T FRAR I S B A fr N P C DAy 26 T A 7 o o) I g AL A A
ZRIFIAALDE N AT P O IESE K, H NIRRT P SRF A SRR R A C

AW EEIRGT AT 4 DRI SR 7 BCRA 4878 4 AR B 8135 73 1 23 o R SO I ey
Fr B DX 30 W RS AR, R A o B I AR D REMEIR PR IE 2 00 [H 1, 4 )5 5 L4085 N o i S R385
M PRI 2R, a2 B IV R AN ) A 355 A Aol o B 365 107 1) &1 55 A B ] S5 AL S5 2% 5 TRI s, el TSRS A
4 BRI AL T2, e S i A i LU LS OV Sl KOG 2R B0 4 A AR R TG
Fr 513 BU SR M R WML, BEAR MG, 4 AR b iR 3% 20 73 B SR B HE o B35 1) 3 R ML ] BB ik 2 —
TE R
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