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Abstract; Using methods of Biolog-ECO micro-plate technique, Pearson correlation analysis and
canonical correspondence analysis ( CCA ), etc, ecological stoichiometric characteristics, microbial
community characteristics and their relevance in soil of natural and artificial forests of Castanopsis
kawakamii Hay. at Xiaohu Village in Sanming City at Fujian Province were studied. The results show
that organic carbon and total nitrogen contents, C/P, C/K and N/K ratios in soil and Shannon-Wiener
and Mclntosh indexes of soil microbial community of natural forest all are significantly higher than those of
artificial forest, while differences in total phosphorus and total potassium contents, bulk density, water
content, fractal dimension and C/N, N/P and P/K ratios of soil and Simpson index of soil microbial
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community between two forest types are not significant. Using 31 carbon sources or different types of
carbon sources for culturing, average well color development ( AWCD) of soil microbial community of two
forest types both increases gradually with prolonging of culture time. In 31 carbon sources and four types
of carbon sources including carbohydrates, carboxylic acids, polymers and phenolic acids, AWCD values
of soil microbial community of natural forest all are higher than those of artificial forest. Overall,
utilization of soil microbial community of natural forest to carbon source is higher than that of artificial
forest. The correlation analysis result shows that utilization of soil microbial community of C. kawakamii
forest to carbohydrates appears an extremely significantly positive correlation with N/P and N/K ratios of
soil, a significantly positive correlation with C/P and C/K ratios of soil, a significantly negative
correlation with soil fractal dimension. Utilization to carboxylic acids appears a significantly positive
correlation with N/P and N/K ratios of soil. Utilization to polymers appears an extremely significantly
positive correlation with C/P and C/K ratios of soil. CCA analysis result shows that correlations of
utilization of soil microbial community of C. kawakamii forest to carbohydrates with C/P, C/K, N/P and
N/K ratios of soil all are stronger, those of its utilization to carboxylic acids with N/P and N/K ratios of
soil are also stronger. Besides, five natural forest plots mainly distribute in the third and the fourth
quadrants of CCA ordination diagram, while five artificial forest plots mainly distribute in the first, the
second and the fourth quadrants, meaning that soil nutrient proportion of C. kawakamii natural forest is
coordinate , while soil fertility of artificial forest is deviate and its soil structure is instability. The research
results indicate that soil ecosystem of C. kawakamii natural forest is better than that of artificial forest, it
is suggested that it is necessary to appropriately reduce the artificial interference to artificial forest, in
order to promote better development of nutrients and microbial community in forest soil.

Key words: Castanopsis kawakamii Hay.; natural forest; artificial forest; soil; ecological stoichiometric
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¥% Ee#% ( Castanopsis kawakamii Hay.) J& 53 #4H7
PGS (19581 B (Fagaceae ) # 4R M K TR A, J& 2]
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correspondence analysis, CCA ) , DL %] 25 B35 4% FG #%
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1.1 HREXBAHR

AWFFE I A DXL TR A = WY 3E BN
RS LCRE B SRR X PN, H B AR AR R 48 117°247 ~
117°27" 4k 26°07" ~26°10", J& ik 36 1L 4= 4 52 ik, v
200 ~500 m , Z2 U T 5 Ja 4200 P ST R 11 22 L
i, AF U 19. 4 °C AR R 6 215 °C 5 4R K
1 500 mm, FZ=(3 A2 8 A1) KK & fi &4EREK
T 75% KT RIESRR E RO RE LR O S
+, R RRIE B A KBS M R R

AR DI PN A FRAE AR MIE 8T 130 a Hil, BF V%
ZEM IR RNHEI R R 2, AR A B
¥ ( Pinus massoniana Lamb.) | K fif ( Schima superba
Gardn. et Champ.) FHIKAE ( Castanopsis carlesii ( Hemsl.)
Hay.) 4510, bk 43 %5 5 O 380 #k - hm™, #5641 JE
0.75, FH Mgt 39. 86 em, FI4I# i 22. 65 m bR
T LA B AT (Hlex pubescens Hook. et Arn.) i i 4¢
( Diplospora dubia (Lindl.) Masam.) Ji°& ( Woodwardia
japonica ( Linn. f.) Sm.) ., % H ( Dicranopteris pedata
(Houtt.) Nakai.) 15 ( Vaccinium bracteatum Thunb.)
SO L RS ERE N TR B T 47 a T,
PR RIS B Ak e s — 7 MR
2900 # - hm™  ABH B 0. 93, ~F- 2142 20. 04
em, P ¥R = 19, 42 mg AR R BE LI AA A
(Antidesma bunius ( Linn.) Spreng.) . ft 25 111 [ Maesa
japonica ( Thunb.) Moritzi. ex Zoll.) . Jij A& . X Il B
( Millettia reticulata Benth.) | % B 1. T [ Kadsura
heteroclita ( Roxb.) Craib ) F1 & M 4 4£ ( Mussaenda
pubescens Ait. f.) SEREh I
1.2 &
1.2.1 SBEHARHF® BT HEMEYEY
SRR ZEAR AR AL AN G A ) U R B 4 ZE ]
BETHEE BRI T 2014 4 1 H 74 K
RIRPRAN AR T 09 I8 & HORE 23 S AEAS [R5 R
SRARAN AR #Z “ 27 PR BCE 5 AT 10 mx

10 m WIFETT 5 AN RRMAETT IR 1 £5,5 ™A
THRFE KK S 6 210, BAFE KB “S” B
IYAEE 5 ARES RITER T 82 L T BURE T
TRAT AR AL R IRMRA TARAS B S A 3RS, TR
BF ICSEAE Ty YR BE 26 B MR | B TR R DG B
EESE, W R R E S PR 20 ¢ B
FERETT LS KR A T A  HoAy B AR
Jg2 4y, — it 2 mm 05 5 BT 4 °C WA TR R
HEVIREERAE ST, 55— B N KUk B 2R T
Je T AL FR bR I 22

1.2.2 X3RO E ST E R H3®H
JIREN s 3 K I R SR RO R
2 mm i J5 2% F Mastersizer 3000 5 /R SC3# ' HL B AL
([ By IR SCAL A% A PR 2 A D 4 48 0 o 2
BN IS RN A AR AR R T R R 2
B, TR 0. 149 mm 5 TR DK 2% 2
SRR RN, b A AR B SR A TR
BRI — A ARG PO s 4 SR I S SR 2K
-FLERTE T A R SR A T
L0 A S B S SR R - K O B
PO REANMERREE E 3 UK, S5 RO,
1.2.3 LEMADBEEF RSN TR
FEAESMT R Biolog—ECO fHOF MR A %4 A &
BRI A T 32 FL A BYRR TR 4 o BT A 1 0
AW A BACIHRRE B O AR 3 AR 3 96
FL, AL E 31 ABRIE, Fefb2 SR T, 31 A i T
o3k 6 25 Hoh KA E WA 10 B ZRYIA 4 Fi,
FHERA 6 B JRIRA T Fh HIRA 2 B WA 2 Fh,
Iy BITERE 3R 24 48 72 96 120 144 F1168 h #4514~
B S AFL ARG, I e T H 330+ S i A W RV 1 3
P AL K (average well color development, AWCD) ,
BARHE AKX AWCD=[ X (C,-R) ]/n, HH,C,
Ry Bl A ik PR AL OB AR (HE R BT XS BT A R DR Y
AWCD {EITHEE €24 31 BRI FL A WOGAE, & X 4
ANEAUBIE Y AWCD (HIT3EI C, 20 PIr A 1% 2 AL R
LI ) 5 R A Xt BRFL A WO s n i U 50 =
(Hrp BT A BRI B AWCD {33 o g 31,4t
SRR RARIR A AWCD [T n %R A

RIRIFACE )
2 MM I A% S5 05 T L O R

7% ZFE % 1) Shannon — Wiener $8 %% . Simpson 8 %l
McIntosh $8%% .
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1.3 HIEAERMSHT

FIFA SEB6 B8 5% ] EXCEL 2007 3144 FifE
o i e [N Qo W o | i e M
A A AL E T &= e (B4 C/N . C/P L C/K
e N/P EE N/K EEFIT P/K E) 5 I F SPSS 19.0 48
TR 8T IR B DL & &= 2R &= 2
it AR A E KR R &SI
L DA K S A R s 2 R R B AT R R
2253871 (One—Way ANOVA ) Fl J7 /R #b ( Pearson ) #H ¢
AT B CANOCO 5. 0 B A4 4 FCB% R AR RFI L
TARI A A AT R AE S SR W TR X
AN TR S H R U5 ) FH 23 RS [ MR 43 b 147 308 X6 7
SHT(CCA)

2 HRAGA

2.1 HBERERAMRIAIH T IEESKF T BT
o]

2.1.1 LRI AH L TR BEMIBIFNILE
K D% AR MR AR - 8 b G Bl A 2 AL 2
A S R DL I SRR MIE 45 L%
1o FHR 1 AT DL A CORE R SRR T35 0 BLAKk 4> &

S EE DA RS KR A TN TR TR SRR 1 B
SRS R A E NS4 B0 T N TR, R
SRRFA TR AR AT R 2EF B F
(P<0.05) , 4B & & U R E KMoy
TEYEEI ol 25 5+ (P>0.05)

IR A PR & B ALY R AR S i - 1
MU b TR 2R LA K b 308 95 ) A sl i ) e A 57
VA R 3 T BT AR ERO0 R 4 i e+ H g 1A 2R
RCRARR T 0.25 mm) KoKEMEA R K CRhife KF
0.5 mm) X} + HELEH AR PR ), — G L T
I A B /N e B A T R R L A S
FRARR A L0 A LA AN 4 R & & o il e N AR
1.47 F11.41 % 3R AEECd /N T A TR, SR A%
FORE AR IR 255 8 8 T N TR R4 it
FXFRE
2.1.2 EEABMPHFra R KR RRMK
N TR B2 R e LA R R 2, i
2 v UL A% FORE R AR MR N T AR - HE% C/N EL A
N/P WY Jo i 35 22 55 (B RARAREY C/N EL AT N/P L
P TN TR AR T AR 380 P/K HOR(E
FHAE T R ARAR 350 C/P T C/K HL A N/K e
F AT, H2E5 83 (P<0.05)

F1 BEBERAKRMAIALBEIERS SSMYIELEWBRO LR (X£SD) Y

Table 1 Comparison on main nutrient contents and physical structure indexes of soil of Castanopsis kawakamii Hay. natural and artificial forests

(X=SD)"

WArgea TR E/ g - ke

Nutrient content of soil

o . -3 . ko! "
Forest type oc ™ o - BD/g + cm WC/g - kg FD
RKERHK Natural forest 49.38+8.44a  1.65+0.26a 0.30+0.04a 8.72+0.95a 0.73+0.06a 0.36+0.05a 2.41+0.22a
AT Artificial forest — 33.56+5.06b  1.170.13b 0.32+0.11a 8.68+0.99a 0.85+0.17a 0.30+0.07a 2.70+0. 16a

D0OC: AHLK Organic carbon; TN: 4% Total nitrogen; TP: 48 Total phosphorus; TK: 44 Total potassium; BD: 13458 Bulk density of soil;
WC: T35 /KiE Water content of soil; FD; 30 4E %X Fractal dimension of soil. [R] 3] F N6 19 /NG F 4R RTFE 0. 05 KFE 2R EBH

Different small letters in the same column indicate the significant difference at 0.05 level.

F2 BEBRAKRMAIHRLBESHZITSLMLLE (XSD)Y

Table 2 Comparison on ecological stoichiometric ratios of soil of Castanopsis kawakamii Hay. natural and artificial forests ( X+SD)"

MAFZEI Forest type C/N Cc/P C/K N/P N/K P/K
KARHK Natural forest 31.1749.43a 165.62+29.73a 5.65+0.60a 5.59+1.42a 0.19+0.03a 0.04x0.01a
AT HK Artificial forest 28.79+4.09a 105.31£13.30b 3.86+0.24b 3.67+0.31a 0.1420.02b 0.04+0.03a

D [ 50 AR 6] (/N TR R AE 0. 05 /K- L 225 8 3 Different small letters in the same column indicate the significant difference at 0. 05 level.

2.2 HRERERANFIN TR T IERE Y B B ER

e
2.2.1 REBAMBL AR E XA B R AR F T
FPH IR ARSI ECO fOER Y 31 SRR IR

Fie O AR A FE A B PR RT DA B 6 R 26 4R B 7K 1k
AW ( carbohydrates ) 2 R ( carboxylic acids) | % % iR
(amino acids) . Z B Y ( polymers ) . B} R ( phenolic
acids) FHZZE (amines) , FHEE 1L 2R (AWCD) B
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% S5 e - ST B0 A 0 RV A IR 1 2% R 15 1 B
FUFHE M, AWCD B8 K 358 B JH: S sk U A% 1) 2%
o BT AN TR U A EC A% R SRR bk - HE B E
YIREYE AWCD {HA BRI 1,

AL Al 7R 6 KSR IERE 55 T, 4% (% KAk
RN TR - S B0 A= W T KT 5 21 Al 1 ) 1) FH 23 0

[a)]
s
<
0.0 1 1 1 1 1 ]
24 48 72 96 120 144 168
B3RS E)/h  Culture time
1.2
[a)]
s
<
0.0 1 1 1 1 1 ]
24 48 72 96 120 144 168
B3RS E)/h  Culture time
[a)]
=
<

24 48 72 96 120 144 168
B FRIfE)/h  Culture time

AR | bt R R ) (R S K i i, e, AR K Ak
GV ZRY) IR FIRIR 4 ZEBRIAIG IR K ECHE K AR
R A BT () AWCD (B34 85 T Tk 1 A
SRR 144 h N A% FCFS N TR B3R W REVE 19
AWCD {HY i F R, (HRE 37 168 h 5 MR BN K
SRARA AWCD {5 T A T AR R R 35 120 h Py,

[
=
<
0 0 1 1 1 1 1 ]
24 48 72 96 120 144 168
B FRF[E)/h  Culture time
[
=
<
24 48 72 96 120 144 168
B FRFE)/h  Culture time
[
=
<

24 48 72 96 120 144 168
B FRFE)/h  Culture time

—@—: KHRM Natural forest; —o—: AN T.HK Artificial forest.

A KAL) Carbohydrates; B: 223 ¥) Polymers; C; ZIEFR Amino acids; D: BifiR Phenolic acids; E: & Carboxylic acids; F: &2 Amines.

E1 MNAREEBHREEKERBARMAIRTEREYEEEHEREETLER(AWCD) WL
Fig. 1 Change of average well color development (AWCD) of soil microbial community of Castanopsis kawakamii Hay. natural and
artificial forests to different types of carbon sources
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& IR N TR R IERUE W RE T 19 AWCD (HI & TR
SRR (HEEFE 120 h J5 IR RIRRAY AWCD {8 5
FATH,

2.2.2  EIEHBEGBEG AT BRR LR AR A B A A
AR A EC RS KSR AR TR S A M V5 1Y
X AWCD {EAS AR UL 2, He B 2 BT £ X 31 A4S
TR, 45 EC % R AR PR 38 A WA V5 1) AWCD {ELELA
R TR A AT AR, B =% AWCD {H R 251k #H
oL, ¥R B5 5% 24 h N AWCD HEHAK; L b &
FEFRET R A IE A, AWCD {EZ TN 3555 72 h 5 R
SRAMRFI N T AR B AE RV 1) AWCD A H AR
5 KRR KRR N AR+ 4 A W B R
AWCD {HARfb #5022 AR I M 3G 3% 144 h 5 A
TAR IR RS I AWCD (E8 TR S, M RIRAR
TS WIRETS I AWCD (HHIR 2T

08
0.7
0.6

0.5

AWCD

0.4

0.3

0.2

0.1

0.0

24 48 72 96 120 144 168
Fr 770 [8/h  Culture time

—@—: KRHRHK Natural forest; —0—; AN TR Artificial forest.

B2 HMERBRXAMMAIKRLIEREYREETHACTMAE
(AWCD) B9ZE L

Fig. 2 Change of average well color development ( AWCD) of soil
microbial community of Castanopsis kawakamii Hay. natural and
artificial forests

2.2.3  ZEMAEMBE ARG LE KK ICH
FRARMFNN TR - S35 2R WA 7% 19 Shannon — Wiener
F8 % Simpson FEE(FN McIntosh F8EL WL 3, &3 1]
S A TR R SRR AR A S AR W e 5 1) 2 Rk
28 5 1035 A% A RIRAR - U E DT ) k3 4>
AR RO R T N IR, Horp RS N TAk+
B W BE 1Y) Shannon — Wiener $5 20 Fll MclIntosh $§
BOOAEE R 25 (P<0.05) , 1T Y Simpson 54X
ZEF AR (P>0.05)

x3 BRBEXAKMAIKTEREVEESHEEERNLER
(X£SD)Y

Table 3 Comparison on diversity indexes of soil microbial community
of Castanopsis kawakamii Hay. natural and artificial forests (X=SD)"!

A2 Shannon—Wiener 5% Simpson 850 Meclntosh F5%%

Forest typez> Shannon-Wiener index Simpson index  Mclntosh index

NF 3.90+0.38a
AF 2.61+0.58b

1.01+0.02a
0.89+0.00a

4.29+0.53a
2.49+0.69b

D[] 3 R [ B NG R IR AE 0. 05 K 122 5 B2 Different
small letters in the same column indicate the significant difference at
0.05 level.

2INF. RERM Natural forest; AF; A T.#K Artificial forest.

2.3 HEESUFITENMES T IERE YRS
B KBRS A

2.3.1 Pearson A8 &ML R X% R FE KSR MK
RN T34 A S A2t b S IR D ik
X6 FAHHIE A F) FH 2R AT L5 A K IR 3D ( Pearson )
KT 5 R W FR 4,

HH 2 4 1] LUF H A% FCPs R i A v X ik
IRAL AW R 265 0 G L R 10 ) R 2 3 1 A
% M ZRECN 0. 716 ; 1 XFRR KA A 1 R SE 1R 1 ]
FHER 506 BRI 1) R FH 256 52 A0 4 3 1A 6, M 6 R 8
354 0.926 F10. 895,

HH 3 4 I AT LUA A% LORE AR U E RV
XKL A PR R S 30 C/P ELFl C/K 2
R C HER B30 0. 701 F10. 664 5 5 3%
IR AR W3 AR OC A E R -0. 6573 5 1
B N/P FLRT N/K Bb 50 5 35 1E A 56, #0256 R 5057 5]
70.803 F10. 782, X R M F HFEE LR N/P
LEAIN/K B S 25 TE AR G A OC R 05300 0. 664 Fi
0.634, MEZRYMHAAFE C/P L C/K 2K
2 ARG AHOC R B R 0. 797 F10. 780,

SIHTEE R (R 4) IR AK O LR C/P L
5 N/P LA P/K Bb 4351 5 k25 1F AH oG i i 32 17 A
X AR BT R 0. 657 F1-0.659; 5 C/K K
W TEA MR 0.859, N/K 5 N/P L&
e 28 IE ARG MG R BN 0. 848, IbAh, TR 4E
5 C/K A58 7K o 43 ) 2 I 2 A S 3 £
K, MR B 5 -0. 654 F1-0.779
2.3.2 CCA &R X IS KARMA A TR+
HAAIRPRINLE A CCA A HT g LI 3, S5 E .
CCA ZHT —ZE RS 1 Sl i oM 0. 76,56 2 il
fifR R 0.29, RiFTTHRA A2 85% LI I B HI15 3
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F4 BEEHRTEESHUZITEE S TRFEEYEEN AR REBER A ROEXEI Y
Table 4 Analysis on correlation between soil ecological stoichiometric ratio of Castanopsis kawakamii Hay. forest and utilization of soil microbial
community to different types of carbon sources!)

b7 ANFEFEFRIAIAI A R ELC  Correlation coefficient among different indexes
Index— 4 B C D E F G H I ] K L M N 0
A .000

1
0.716%  1.000

0.926%x 0.895%x 1.000

0.621 0.559 0.610 1.000

0.251 -0.178 0.051 -0.289 1.000

0.128 0.4383 0.387 -0.113 -0.189 1.000

-0.095 -0.176 -0.125 0.535 -0.177 -0.175 1.000

.701%  0.278 0.541 0.797#x 0.079 -0.366 0.477  1.000

0.803#x 0.434 0.664x 0.678 0.238 -0.275 -0.346  0.657+ 1.000

0.664+  0.307 0.49%4 0.780#% 0.010 -0.148 0.552  0.859#* 0.413  1.000

0.782#x 0.499 0.634% 0.260 0.170 -0.051 -0.493  0.423 0.848+x 0.446  1.000

-0.342 0.025 -0.261 -0.336 -0.226 0.460 -0.174 -0.659+ -0.587 -0.195 -0.085 1.000

-0.189 0.180 -0.009 -0.248 0.144 0.254 -0.244 -0.373 -0.168 -0.530 -0.297 -0.042 1.000

0.475 0.588 0.495 0.384 -0.150 0.456 -0.086  0.042 0.065 0.407 0.447 0.576-0.207 1.000

.657% -0.494 -0.611 -0.532 0.196 -0.400 -0.263 -0.407 -0.160 -0.654* —0.321 -0.152 0.147 -0.779=:* 1.000

Z 2O A== ITQ=HDOO®
o

=]
|
=)

DA XFBRAKAES B F 2R Utilization to carbohydrates; B: X4 #£HR 19 #) JI & Utilization to amino acids; C; XF R MR (% ] F # Utilization to
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Fig. 3 Two dimensional graph of CCA analysis on soil ecological stoichiometric characteristics of Castanopsis kawakamii Hay. forest with
utilization of soil microbial community to different types of carbon sources (a) and with plots of different forest types (b)
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