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Seasonal variation of soil nitrogen pools and microbes under natural evergreen
broadleaved forest and its artificial regeneration forests in Southern Sichuan

Province, China

GONG Wei, HU Tingxing“ , WANG Jingyan, GONG Yuanbo, LUO Chengde
Sichuan Provincial Key Laboratory of Ecological Forestry Engineering, Sichuan Agricultural University, Ya'an 625014, China

Abstract: Nitrogen (N) along with carbon is the most complex and crucial element essential for life, and plays a critical
role in nutrient cycling. In terrestrial ecosystems, N availability is often a limiting factor that controls primary production
and C storage. NH;-N, NO,-N and microbial biomass N are different active N pools, and participate in short-term
biological cycling within soil. N availability of soils is mostly influenced by these active N pools, which provide the
information needed to determine the sustainability of land management. NH;-N and NO;-N are the main soil nitrogen forms
that can be directly absorbed and utilized by plants. Microbial biomass plays a critical role in nutrient cycling and is a
sensitive indicator of changes in soil quality induced by management practices, and it contains the largest portion of the
biologically active N in soil. Soil organic N turns into inorganic nitrogen with the help of soil microorganisms, which have
the ability to degrade organic compounds and modify inorganic products, contributing in particular to the mineralization of
nutrients. Any changes in the type or amount of organic matter entering the soil could directly affect the structure of the soil
microbial community or the functions performed by the various microbial groups in soil. An investigation was carried out to
study the differences in soil nitrogen fractions contents, culturable microbial counts and urase activity, and their
relationships under natural evergreen broadleaved forest and its artificial regeneration forests of Sassafras tzumu, Cryptomeria
Sfortunei and Metasequoia glyptostroboides in southern Sichuan Province, China. Soil samples were collected from each forest

to determine soil nitrogen fractions, microbial counts and enzyme activity. Regression analysis was used to determine the

HEHH:EE TR BHLYOCH H (2001 BA606A-06 , 2004BA606A-06) ; P4 )11 4527 T3 H (0820038 ) ; PUJI|A kA% 211 T R4 Al AT B
R A Bl 2 R [ Y B

Y75 B #8:2010-02-26; &iT H#3:2010-04-03

# IRAEZH Corresponding author. E-mail ; hutx001@ yahoo. com. cn

http ://www. ecologica. cn



1764 A E = 31 &

relationship between soil nitrogen fractions, microbial counts and enzyme activity. The results showed that the contents of
soil total nitrogen, microbial biomass nitrogen, NH;-N and NO;-N, the counts of culturable bacteria, fungi and
actinomycetes, and the activity of urase of all forests had the same seasonal pattern of autumn > spring > winter > summer,
and in all seasons and followed the order of natural evergreen broadleaved forest > Sassafras tzumu plantation > Metasequoia
glyptostroboides plantation > Cryptomeria fortunei plantation. Thus, artificial regeneration of natural evergreen broadleaved
forest would result in decrease in all soil nitrogen fractions contents, microbial counts and urase activity, as well as the
nutrient preserving and supplying capacity, but the size of change varies with regenerated forest types. The soil nitrogen
fractions contents were positively and significantly correlated with microbial counts and urase activity, indicating that soil
microbial counts and urase activity could be used to evaluate the soil nitrogen fractions contents for natural evergreen
broadleaved forest and its artificial regeneration forests. The results are significance in protection of natural evergreen
broadleaved forest, tree selection for its artificial regeneration, and soil management, moreover, tree selection when

converting farmland to forestland.

Key Words:; natural evergreen broadleaved forest; artificial regeneration; soil nitrogen pools; microbes; soil fertility
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1 #R5FZE
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IS DA T ) A R )T EAA #R37) (103°47'—103°49'E ,28°29'—28°54'N)  FEIR I EL 4 19. 5 km,, HiAb
FARIIARIC R, B AR R, B ALAE ), M3 AR, 2 BEd Wrs, KA 1100—1550 m, 3 25—35°,
J SRR 1 2 AU AR VR | L BRAR 238 T U 0l (HK 1097 m) PHAR RGN RESE T, 24F H 3R
i 12.8 °C iRl 30 °C, R ARR-10 C, R4ERUKEE 1780 mm , 4EFERT 254 d 2247 ,7—8 A NI %, HF
HIREFa R 331. 6 mm, M MHEAR A E LA S bR, 13 LLRE T AR DO BRI 4+, i
HOAMRAY SRy TR W 2k ) E AR R OR ( Sassafras tzumu ) SR M AZ ( Cryptomeria fortunei ) B F1 /K 42 ( Metasequoia
glyptostroboides ) Bk , KAKF &% [F AT A ZE FE B A B AKZET (Neolitsea aurata) A fuf ( Schima superba) |
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R I ( Symplocos botryantha ) 18 1 ( Machilus pingii) . KW A ¥k ( Lithocarpus megalophyllus ) . T ¥ Wk ( Acer
davidii ) R A, AR HEAR TG 28 4 Bk ( Lithocarpus confinis ) VU 1ILZ% ( Camellia szechuanensis) A -7 ¥k
( Lithocarpus hancei) &4 ( Nothaphoebe cavaleriei) 414 ( Photinia serrulata) 4L} ( Melastoma candidum) 55
MO A 525 Bf/hm? SRR A 21,2 m, E 4R 25,1 em AP BEFE 0.9 AL BEAHR MIAZ K K42
RA3ISE 1988 ,1990 Fi1 1992 4F K AR B LR IR MM AR5 T 1989 1991 1993 4 A TAH B ) Glibk , bRo3 %5 BE
354 1100 2500 2500 kk/hm? , -8 435104 27.0 .23.9 21.8 m, FHIMa# 40510 22.1.19.7 18.9 cm,
MR ARIABE 5324 0.9 .0.8 F10.8,
1.2 W5k
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HP R IR 5 S BURE R 0—20 em 20—40 em )2 B AR, ff 4+ BEHF ] 5256 2= 5 40 R Ay, — i 2 mm
i Je O A A S AR SRS i X E GRS — O A AR R e A A A
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A HLEM S 52 2 MR bR Nk A TRUEER'Y , B8R R TP EMERESE—2 &0 T
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Zoxd A A I R TG AR A AS R, I AS R — AN e A BT I B, 52 et Ok, (.5 WAl s R L
IR H B3 ] R B N TR 5 T LB AR AR WA MR AZ MR - e UE T R S RS A S &
(B 1) FE8 22 3 R AR S R PR SHEARMR S IR IS MRS WIAZ AR, H 45 AR5 0—20 em + )23 F 20—40 cm
T2 AR ZEN SN LIRSS AR SR EA AR B, RUAKESEESLFSH R, K5
PEARMR MAZ AR FIKAZ AR 0—40 em )2, 2 F & 52 53 51 R SR8 S e i REEAIR 5. 9% —17. 1% (F-¥2K
11.2% ) A7.8% —64.3% (“F-¥94 55.3% ) F1 10. 7% —32. 1% (31K 22. 0% ) , (4 Wi 2 S 53 9 R 4R
B AR VA ARG 9. 2% —23. 8% (SFHY K 16.5% ) .66. 9% —T71.0% (444 69. 1% ) F1 24. 9% —37. 7% (F
PN 29.3% ) AR B4 0 HL R SR B I AR AIG 23. 7% —37. 4% (F3 R 31.8% ) \59.2% —84. 4%
(CFXI072.9% ) F133. 3% —54. 3% (FXI 42. 1% ), iS4 205 5 43 1 o K 8R 8 2 3 - AR 19. 0% —
32.6% (F¥IH 25.0% ) 66.5% —86.3% (V31K 76.4% ) F1 30. 8% —53.7% (F-31H 39.6% ) , HFEAEA H
I3 LE B BEARMR<IKAZIR<MIAZAR T VB R SR 3 i MR BT i N TR S BOMcHl + 38 2 UE = A
AR ASAS R S8 N, AR S Fhoe b 1 398 1 R g /e R ], i 3 Fl N TR - 3P S B S A
RO TR T B S IK I RS IR

2 RIR T SRR AR MM AUKFZAR 0—40 em + 2 HIEMEY R R BERMMER L2
A3 5 4 0.63% —1.77% (¥R 1.04% ) 0. 15% —0.59% (F354 0.33% ) #1 0. 10% —0. 35% (F
¥R 0.24% ) , TETHAA BT LSRR E, SR N 51.3%—70. 0% (F¥I°8 57.9% ) , i fs 48 A i
30. 0% —48.7% (F¥ R 42.1% ) SR SHAR W HAE RN 1.05—2.33(FH¥Ih 1.40) ,
2.2 HEERUEYEGE AR

I RA BRI, 25 T N A B BRAEOT R R A S e AR
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Fig. 1 Seasonal variation of soil total N, microbial biomass N, NH}-N and NO3-N contents in forests

YHBE AT = A B AMR IS, 0228, BE R ER (A5, T A 2 A 25 FH AR e A SR A, ELAE A0 K 8 L3 M) 1)
BT RAE YA TR S BRI A W A E R AN A o B2 B RS
AR PR YRR ML E Y, RS 5 AR H B RS Wy MR 24, i BB HAA 5 AR 0 i
ARG, R — R A R (R ) RBE sl iR WA B R S5 T MU S R
() £ B AL IR 22— | IR TR BE 1 22 BEC R VAN TR AS BE AT AL 5 0, 18 2 S5 A DL A gt R0 R
IR Hy 2 AR B L T 08 T U BE AR AR MR AR R AZ AR - A 7 B AR e (K 2) B S
PR KR W 2 ) I RS HEAR MRS K AZ MRS MIAZ AR, B AR5 0—20 em + 23758 T 20—40 em + )2, AN [F 154
MRAT RGN T | B R R A A AR R A AR AR, RILAK TS FE S TS H T, KRR Mk
MAKIZ AR 0—40 em )2, 4H B8 B0 53 00 b K SR 8 2% i i AR B AR 19. 7% —34. 1% (P38 25. 4% ) |
47.9% —61.8% (V314 55.6% ) F125.9% —37.9% (V340 32.9% ) , FLRE L 730 R 23 ] i AR R AT
28.8% —44.2% (“F-31°4 32.8% ) \66.7%—91.0% (V344 79.9% ) F1 36. 7% —56. 1% (V-3 45.8% ) , Jik
2R B3 W H R AR o SRR ARG 9. 6% —31. 9% (4K 21.0% ) 44. 1% —64. 6% (“F-341°K 55.2% ) F
23.4%—36.0% (T34 28.2% ) , HFEARA E 43 LY RMEAR R <IKAZ PR <MIAZ AR, 33 108 BH SR 8 4 il i AR
T HEH R R A SRR MBS R R R T A [ ST AR 6T - S A B S e AR AN R 3 R O TR 1
TR R AN R 20 B AR AR RS IKAZ RS WIAZ AR

B Z RIR SR AR AR MRS ARFIKAZ AR 0—40 em )2 3B BE | BB AR 80 o Bk
YPECEE B B 43 ) R 98. 981% —99. 953% (F-#41°4 99. 458% ) 0. 004% —0. 102% ( “F-3J4 0. 052% ) Fil
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A=) BB EL BN
2.3 BIERREEE AL

R T2 %o PR 2R 2 AR S S FH R g & P Bl O s I 400 2 W (AR 4 ) %) 80U, 8 3 1 AT LR R R

http ; //www. ecologica. cn



7 ] B AF I RO SR AR TR S SRR S e E R 2 AL 1767

O RAREKEATH®K = Ik B BARK B8 kg

18 - 181

@ ~ 15}
= S

@) 6 12 H

2 g2
s "5
3 £

0

o
=

e
Actinomycetes/( X 10* CFU/g)
I
o

i3
Urase/(NH3-N mg-g™!-24h™)
o
s

(=]

1+ & Soil layer/cm 12 Soil layer/cm

B2 ERSIEAE EENNAEHERREEEETEL

Fig. 2 Seasonal variation of soil bacteria, fungi, actynomicetes counts and urase activity in forests

TIEABLRBE S RARH SR A AR TS BB AR M2 AR K A2 AR IR (1 2) 16, 745
T B RIR LR RA MRS BEARMS KAZMSHIAZ AR, HA M 0—20 em +)23EF 2040 em + )2, AR
ARGy 1 TR B M A A R AR AR, RIS H S FSH T K TR M2 AR AS
MR O—40 em )2 WRHEETE 53 0] b R 9K W & i P ARBEAIR 5. 8% —47. 7% (P34 25.0% ) \46. 0% —63. 5%
(CF¥IR 57.3% ) 26.6% —68. 0% (-3 49.4% ) , HFEAKHE 53 LB AR MR <K AZ R <MIAZ AR, 3X 156
IR gk ] RN T 07 S M S 0% 1 A, oh AN T3] B AR ) A 48 il 3% A 1% 5 i T[] i 3
TN AR A SR DR PG 1 AN () 215 34 R AR S K AZ RS WIS A
2.4 FHRSHF

IR BRI AR SN T B SRR AR WIS AR R AZ AR 3 2 e A S A S A S
S AN EA | LR R SR TR R S DRI M 2 ] AR S IR A G, R HER R AR R Z A R AR 35 IE A C, 4
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Table 1 Relationship between soil nitrogen fractions, microbes and urase

v %UEE%E'—!/E E A ﬁj\(/—‘ e e ppp e

£ B Mierobial SR (GESERS AT HIA A U it

Index Total N . NH}-N NO3-N Bacteria Fungi Actinomycetes Urase

biomass N

2% Total N 1.000 0.920 ** 0.912** 0.928 ** 0.837** 0.931"* 0.968 ** 0.873**

AV A v . )

1} . %:ﬂﬂ 0.920 " 1. 000 0.962 " 0.952"" 0.913 " 0.947 " 0.837 " 0.904 **

Microbial biomass N

B NH}-N 0.912** 0.962 " 1.000 0.963 " 0.941"" 0.969 ** 0.851*" 0.926 "

A A NO3-N 0.928**  0.952** 0.963 ** 1.000 0.949 ** 0.947 ** 0.880 ** 0.897 **

JIR B Urase 0.873 " 0.904 ** 0.926 " 0.897 ** 0.834"" 0.951"" 0.846 " 1.000
P<0.01
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