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Abstract: [ Objective | The effects of forest types on soil carbon and nitrogen contents and enzyme activity
were analyzed in order to provide a scientific basis for the selection of tree species and forest management
methods in the transformation of subtropical coniferous forests. [ Methods] The study evaluated data from a
subtropical evergreen broad-leaved forest (Castanopsis carlesii forest), an evergreen deciduous broad-leaved
mixed forest (Betula fujianensis and Phoebe bournei mixed forest), and a coniferous forest (Pinus massoniana
forest) at the same altitude and similar environmental conditions. [ Results] @ The total soil organic carbon

content in the P. massoniana forest was significantly greater than in the other two forest types, and the total
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soil nitrogen content was not significantly different from that in the B. fujianensis and P. bournei mixed
forest. However, both carbon and nitrogen contents were significantly greater than in the C. carlesii forest.
The soil nitrogen and carbon reserves of the P. massoniana forest and the B. fujianensis and P. bournei
mixed forest were significantly greater than the nitrogen and carbon reserves of the C. carlesii forest. The
soil soluble organic carbon contents in the P. massoniana forest and the B. fujianensis and P. bournei mixed
forest were significantly greater than in the C. carlesii forest. The soil soluble organic nitrogen content in the
P. massoniana forest was significantly less than in the C. carlesii forest and the B. fujianensis and P. bournei
mixed forest. The soil microbial biomass carbon and nitrogen contents in the C. carlesii forest and the
P. massoniana forest were significantly greater than in the B. fujianensis and P. bournei mixed forest.
There were no significant differences in the soil ammonium nitrogen contents among the three forest stands.
However, the soil nitrate nitrogen content in the B. fujianensis and P. bournei mixed forest was significantly
greater than in the other two forest types. @ The soil urease activity in the C. carlesii forest was significantly
greater than in the B. fujianensis and P. bournei mixed forest. There were significant differences in soil
invertase activities among the three stands, and the differences in activity followed the order of P.
massoniana forest > C. carlesii forest > B. fujianensis and P. bournei mixed forest. The soil catalase
activities in the P. massoniana forest and the C. carlesii forest were significantly greater than in the B. fujianensis
and P. bournei mixed forest. There was no significant difference in soil phosphatase activity among the three
forest stands. Soil S-glucosidase activity in the P. massoniana forest was significantly greater than in the
C. carlesii forest and the B. fujianensis and P. bournei mixed forest. RDA analysis showed that the main
factors affecting the change of soil enzyme activity in the three forests were total soil carbon (explanation rate
of 59.5%), total nitrogen (explanation rate of 11.0%), and nitrate nitrogen (explanation rate of 14.6%).
[ Conclusion] The P. massoniana forest and the B. fujianensis and P. bournei mixed forest had greater soil
carbon and nitrogen storage values than observed for the C. carlesii forest under the same disturbance
background. The increased soil organic matter was conducive to increase soil enzyme activity.

Keywords : forest type; disturbance; soil carbon and nitrogen content; soluble organic matter; enzymatic activity
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Fig.1 Temperature and precipitation from November 2019 to
November 2020 in Luoboyan Provincial Nature Reserve,

Sanming City, Fujian Province
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Table 1 Basic characteristics of three natural forest types in

Luoboyan Provincial Nature Reserve, Sanming City
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Fig.2 Soil carbon and nitrogen reserves of three natural forests in Luoboyan Provincial Nature Reserve at Sanming City
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Table 3 Soil enzyme activities of three forest types in Luoboyan Provincial Nature Reserve at Sanming City
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Fig.5 Redundancy analysis (RDA) on the influence of soil environmental factors of three natural

forests on soil enzyme activities in Luoboyan Provincial Nature Reserve at Sanming City

3.2 FHRMEBIN L IREE AR RIS EF

e S A O AR AR L AR A R G 0 A R Ay HE
PR RAR R B L S e 1 W S 30 B R O — R
JE E B T AR R DL AR A B 4 0 i E 1 AN
TR0 B9 5T ) PR BGRE 0. R M S I Y TR R
T E Oy R BILTA A A R S A W A 9
SEET PSR, LETR E RS 2 2
TR B TR 7 7 S 0 A W AR BOSR 2y
P S JRE A o BT I AR S A Al i Y 938 A AR 7 IR
A I R M 5 R R A G Ha]
B S b i A HLAL & W IR 3R 0 il 5% A O R RE A
MR . ASHIE ST K AR Y R O 1
TG o T ) S [ A b 1) i R 3 2 PR A oK A b 0 9
SR 0 e D S R e I AR O R 2 IR
it A A IR ZR o T ) M — ) A b 14 48 7 0 G500 A A
S R R e ol 2 0 R IR AR M R AR X A

PRI I H T T 7% P 0 R A1

e G S A AL AR S T A
IR AR OETIAC L HERE R Al 5 A $ T A AT
HENE Dy i 4 v O A it s DT R ST R B
S M P T DASRAE A HLB L R AL
JOC A g DU M O R L B R AR R ST A
DA o e SRR A SRR R T RE 2 0 o A R AR A
T pH BRI, e S A A 1 09 o e A A
ARG AT A1 ] S8 6 B8 B 35 1k . AT SRR
Bl I 5 S B TE AR S R e T A AR A
U DGR B e . 3 R 23 14 S OB I O A 25 e
F R AN R L FLUR O R B e A — (i) A
MRERAR 3T BE 5 T R A bR B 4F I8 7 ) B 0l U1 3
VAR e v BRAT B 4 45 v mT o) MR R (4 B 22 B Bl A
5 o T 1) A — ) A AR 119 - 36 pHL (L ol A 0 i sk Y
F AP T A A R R e g U I G i A



519

1o PR A IR 3 A R bR T S T A e B T M O 5 321

P 5 2 S A W RS DRl /D AR T e S R il
HORETR e

e A U A VR PR A e o S SO0 A D
ZHX LYW FAEM ., FKES IR AR, -
Head AL S MG S R pH (S R IE ARG, B
SRR LB R AN B S
JEE A U - M e A S R R . AR .
A [R AB AR A 1 9 pH R A - S A A W A ) i 4 A
B JF e e A e S O P AR T D R A BRCR K
R ARt pH BRI A+ SRR W A W S B
A AR, SE AR — 8. LI g-H
) W T R A W T 4 2R i g 4 7 R 1) BIR o T
HSMES AN S R B E XS AR, 5
FE AR - ST BIL ISR 5 ki i T A A AP T ) AR — (1) A
MR LTS OO W 25 Xl e TS B AL
MR S 9~ 0 M T A 2 i T OK A PR R R A (i) A
M EZ N . RDA Jr R W, 2 5 B4 4 0 1l
5 e ik R IR 5 E A B — 2L

4

B A =W N AR TR DA [ 96 3K
JEE IR AT PR3 45 P8 T B9 0 JA ¢ B I bR ORBE O |
7 2o I TR S PR ) M — R Al RO R I (2
FEAAHRO 3 Bl AR AR B S WF FE XS G 05T T 7 AR KR
SEARTRL, PS5 — B 00 T 5 R AR T X 4 8 ik
S TR T 1 ) B2

(1) B S A PLaR & & 8% 5 T
P AR I SR , A S0 e IR ME— ) A ARG
FRS L H AR TORAEAR . R RN bR A
A DR AR PR A e 98 SR A R A T o TR A

(2) R AR AR [ At — i) A AR 1% - AT 5 P AT
PUBK & 0 23 o TORBEAR, HLL S BAAM N e, 2
RS BRI - 38 AT 5 A AL & I 35 /D TR AR
AT — TR R R . oK A ARFD B R A AR R S A )
R R W =T AR AR AR, 3 R R Y £
S0 25 R R TG 25 e T AR — ) A AR Y R R S R
B R T AR PR AR

(3) KA bR Y 98 W T8 005 1 2 25 v T R —
bk, 3 FhobK o 14 - SR Al TG R 22 R KL SR B
N B AR RAE AR [ A — M Ak, B AR BRA
DR 14 98 e 4 1k S T P L T M
flidk, 3 AR LIRS L C B E 2R S
FEFAMR IR - S8 380 W A 5% 7 I S R T KB AR A
e — M Ak . RDA 23 7 R W, 520 3 Aok 2y + 4
BTG PR AR A B R 220 Ak 2 WS A

[1]

[2]

[3]

[4]

[7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[ 8 £ x & ]
Houghton R A. Balancing the global carbon budget []].
Annual Review of Earth and Planetary Sciences, 2007,
35:313-347.
R s B (AN =W 3 0 o NI NI 8 i 27 R | RS SN
I 98 B R K il O M A 2 [ ). R A= 4. 2020, 57
(4):954-962.
Gao Wei, Huang Shide, Huang Yongrong. et al. Effects
of tree species on soil carbon and nitrogen stocks in a
coastal sand dune of southern subtropical China []].
International Journal of Plant Research, 2019,32(2).
142-150.
Gao Wei, Huang Zhiqun, Ye Gongfu, et al. Effects of
forest cover types and environmental factors on soil res-
piration dynamics in a coastal sand dune of subtropical
China [J]. Journal of Forestry Research, 2018,29(6):
1645-1655.
EA 2B SR S AR AR LA R AR A R
F 7 2t e [ ).ttt MOl AF 5. 2008, 21(1) 1 14-19.
TR RE B0 SRR R AN (] 2 L A
R e (0 5 e [ ]S B B U R 24l 2019,
14(1) :23-29.
W, 2Rk e ARk A AR A B B AT AR - i AR
T it 35 T A 5 0 [T ] A2 25 %4 4, 2016, 27 (1) : 3455+
3462.
0 55, = A0, G A, SF L b M B 3 o Ml B R bR A B A
RIS PR O R [T AW A A F i, 2018, 42.(4)
508-516.
PUE IRV (| P rai i e [ N i =y W e o
T AL T M R A W i S [ ] AR A 4, 2019, 39
(12):4376-4389.
U TR O R P N B S L g
PR Bk 280 A et B 43 T A JR) R s e [T L A A 2 4R 5, 2018,
37(10) :3047-3052.
e PR L B A A, A5 R AR U U AN [R] AR R
It R S AT L) R R & i, 2018,
39(11) :2304-2312.
Wang Q K, Wang S L. Soil organic matter under dif-
ferent forest types in Southern China [J]. Geoderma,
2007,142(3/4) :349-356.
Wang Hui, Liu Shirong, Mo Jiangming, et al. Soil
organic carbon stock and chemical composition in four
plantations of indigenous tree species in subtropical
China [J]. Ecological Research, 2010, 25 (6): 1071-
1079.
Augusto L, Ranger J, Binkley D, et al. Impact of
several common tree species of European temperate
forests on soil fertility [J]. Annals of Forest Science,

2002,59(3):233-253.



322 JK A PR A1 H43 %
[15] Kasel S, Bennett L T. Land-use history, forest conver- species effects on coupled cycles of carbon, nitrogen,
sion, and soil organic carbon in pine plantations and and acidity in mineral soils at a common garden experi-
native forests of south eastern Australia [ J]. Geoderma, ment [ J]. Biogeochemistry, 2012,111(1):601-614.
2007,137(3/4) :401-413. [27] Sariyildiz T, Savaci G, Kravkaz I S. Effects of tree spe-
[16] Schulp CJ E, Nabuurs G J, Verburg P H, et al. Effect cies, stand age and land-use change on soil carbon and
of tree species on carbon stocks in forest floor and min- nitrogen stock rates in northwestern Turkey [J]. iForest-
eral soil and implications for soil carbon inventories Biogeosciences and Forestry, 2016,9(1):165-170.
[J]. Forest Ecology and Management, 2008, 256 (3): (28] AREAL . WRIFA8, AR R L 62 R T4k 3349 i 2
482-490. R A 2 OIS LT ], A 2R B IR %A 4. 1997, 12 (3)
[17] Sever H, Makineci E. Soil organic carbon and nitrogen 243-249.
accumulation on coal mine spoils reclaimed with mari- [29]  EHAEER a0 5L L A 0 22 AN [6) bk 3 B 7 AW A2 RN T
time pine ( Pinus pinaster Aiton) in Agacli-Istanbul Mt 7 52w [T AR B 2% ,1995,31(6) : 485-490.
[J]. Environmental Monitoring and Assessment, 2009, [30] 4% T o= B, B BE L 45 30 Mk L A2 R N TopkA: &
155(1) :273-280. RGURE W i A B S g LT ] A AR B IR A I, 1997, 12
(18] B SEAR. rp 3 B = Fh AR bR IS T ) v 1 AT & B ik L % (2):153-159.
IR ,2018(5) :37-40. [31] # kA%, A B & . Ml 0 2, 25 11 M ol w0 300 B 3 JIE 00 A2 4k
(197 el B 78 PROAE T , 45 W BT 3 b AR AR 2E B Y Y 7% WIS RG] ] AR A2 B 2 4. 1989.,9(3) : 248-255.
FRE S YA Z REME MR G L R L)L R E B % IR, [32] AR5, Eog B, R I, 55 b S & L0 AN [ 2% bk 1 1
2021,42(6):1756-1763. P A O AEE UL NSO 1 o 137 [ ] ARl A 27 F 5, 2021
[20] =l OGS L MRRE T, 45 00 A AR Al 00 A0 K SR B AL 35 b 34(2) :50-62.
T ] A O P LT ARl B2 . 2021, 57(10) ¢ 1-14, [33]  Fd=, XM, i 8 BBt F% 50 R A 9 T b SRt %
[21] Joergensen R G. The fumigation-extraction method to PERYF R[] ], A E IR B RR2%,2010,30(10) :1375-1382.
estimate soil microbial biomass: Calibration of the k¢ [34] THife, 2R E, &0, 55N [F it AL 15 it X5 e [ 28 1)
value [J]. Soil Biology and Biochemistry, 1996,28(1): T - A IS R AR 2 [, £ 5 1E . 2018,7(3) :
25-31. 276-283.
[22] Joergensen R G, Mueller T. The fumigation-extraction [35] FNSCH. T4, 25, 45 2000 70 s A iR Ak g A vp
method to estimate soil microbial biomass: Calibration T WE R0 UE R B S R 00 B SRR AE [T ). R M 2 R
of the kpy value [J]. Soil Biology and Biochemistry, 2019,27(1) :88-96.
1996,28(1):33-37. (361 RBWRF-, 2=, AR o L A5 K6 AT 38 H TR 0T 22 HAR B 1 3%
(23] 2=, 35K B, B B, L 388 5 IR S i AR M A e vk [ ML T AR AL SR R S M Y S m [T, 1%, 2018, 50
Jbmt B2 AL . 2008, (1) :86-92.
[24] ARSE ST LI GICE W B o0 R B0 5 07 i M) AL e« 3 4 3 (371 b, T, Bk — R, 55 RS FF IR A /] FUIE K £
H R4, 2010. SRR BG I PR g e L) ). op B AR A 4. 2021, 37 (24)
[25] FEivazi F, Tabatabai M A. Glucosidases and galactosi- 79-83.

[26]

dases in soils [J]. Soil Biology and Biochemistry,1988,
20(5):601-606.
Mueller K E, Eissenstat D M, Hobbie S E, et al. Tree

[38]

ZRPK L ZE R X0 BRI S5 JUBT DR ] =t ) 28 8 +
B3 A T O R AR B S e TR = 4 BT L) 2k B OR
R CASRFL MR . 2019,31(6) :465-473.



