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Effect of Continuous Planting of Eucalyptus grandis on Biomass and
Number of Soil Microbes

WEI Sheng-zhao!, LI Lin*?, CAO Qin?, TIE Lie-hua!, HU Ju-xi*, LUO Xiao*?, TAN Jing-xin'?,
HUANG Cong-de!”

(1. College of Forestry, Sichuan Agricultural University, Chengdu 611130, China; 2. Sichuan Forestry Investigation and Design Institute, Chengdu 610084, China)

Abstract: In order to understand the effect of continuous planting of Eucalyptus grandis on biomass and number
of soil microbes, the relationships between soil microbial biomass, number of major microbial groups with soil
physicochemical properties in Pinus massoniana forest and E. grandis plantations at different rotations were
studied by using space-time interchange method. The results showed that the soil microbial biomass carbon,
biomass nitrogen and number of bacteria and fungi in the first rotation plantations of E. grandis had not
significant difference from those in P. massoniana forest, but the number of actinomycetes significantly increased.
However, with the increasing rotation of Eucalyptus grandis continuous plantations, the soil microbial biomass
carbon, biomass nitrogen and the number of bacteria, actinomycetes and fungi decreased. Stepwise regression
analysis showed that soil total phosphorus could independently explain 71.7%, 86.1% and 63.0% variation of the
microbial biomass nitrogen, the number of bacteria and fungi, respectively. Soil total phosphorus together with
total porosity could explain 87.9% variation of microbial biomass carbon, and 89.6% variation of the number of
actinomycetes together with total nitrogen. So, it could be concluded that soil total phosphorus well explained the
variation of soil microbial characteristics in E. grandis plantations.

Key words: Eucalyptus grandis; Soil microbes; Stepwise regression analysis; Path analysis; Space-time

interchange method
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Table 1 the information of forestland

1 MBI 75

1.1 BT XARES

W IE X AL T o B PG e B R £ (103941~ 103°
59" E. 29°42'30"~29°55'33" N), NI 7GF &5 5 )1]7g
FePR BRIy . AR 17.0°C, FERWEL
1 130 mm., Az IR , JE AT L 2R S A
FEAERANR O ENTUAER B IEENE G+
JERERTF 50 em. Huar PERRAREETE A 0 AR Sk e -
R, fHIN 20 TR 50 FEARK IR, SR AR BT a4
L EEFA (Pinus massoniana) MR AR (AR BB AN T8
), 90 FEARTFUR R IALRAR RS, ) Bt
(Eucalyptus grandis) A\ T-pk. J@id 25 [ 5t AR
BRI B E, Bl s a8 B A T AR 3
1.05%10* hm?, 54> ELARH TR 89.150%0101, A4
MERAF D, HAEN 30~40 a k.

1.2 FEHLE

2016 % 7 H, ERF T X BT 1 S5 A A — ST
—. ZHRIEREMARN THERF AR . —REMA
THR(G1) T 2010 4F7E L A B bkt B8 i — AR
(G =AX(Gs) ERZ N T AT 2010 43 HITE 8 a AL
Foe— AR AR B Rk B8 i . TaF T IX Bk
N TAREREAE T AN B bk bl 83, AT e B
AT RERR S5 T IBRE R AR L, A A
WP ER N TARATIT ) 30 a A= EFAFRPM)E AXT
TR ES N A3 3 Bt 20 m>=20 m (IFEHL(E 1),

FEH WRE (9 R (m) P Density EMaE (cm) PRI (m)
Plot Slope Elevation (ind./hm?) Mean diameter at breast height Average tree height
PM-1 11 465 1250 16.65 12.80
PM-2 5 477 1350 16.20 11.85
PM-3 17 458 1275 17.82 1254
Gi-1 13 464 1450 15.64 13.72
G;-2 9 473 1250 15.99 14.78
Gi-3 7 448 1350 15.14 14.25
Go-1 9 467 1225 13.57 12.89
G2 6 463 1250 12.05 11.99
Gp-3 14 450 1350 13.92 12.47
Gs1 8 489 1425 11.95 12.26
G3-2 15 443 1375 11.42 12.29
Gs-3 6 463 1475 12.06 11.51

PM: LRI Gi~Ga Eifi—. —. =ZAU0M; 1~3: FethS. LUREER.

PM: Pinus massoniana forest; G;—Gs: The first, second and third rotation plantations of Eucalyptus grandis; 1-3: Plot No.. The same is following Figures and

Tables.
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312 Bro BN TARAERAE AT BRI AE(2.00 kg
R NEAT 0.25 kg JRER), AT O N THIH .

1.3 TR RHRE

2017 4 4 A{ERA R R A % 3 A
HENTH, R4E 0~10 cm LK, RAEIEIG 0 NWIEE
gy, —Ebsrid 2 mm i T 4°CAGERAE, T
E LAY R RS E; B8 TE, B
DL SE 34k 2 ot o SRAR L3BRE S IR RN, A
TIHJGOIR A0 e - S5 B A o

1.4 J5¥:

IR TR AR R R KRR
FAPRTJ% o L35G BLT K B AR R S k-7 In Fivik
Mg s 2E(TN):RHYLRE ZGENE; 2B(TP)R
FH AT -2 Bt b vkl 5 s 28R A
ACAABRE - K I G BETHEN B BT LS A ) A4
O AR ) B R FH S ) ST B 25 -KoS 0y 1R 42
VEUSR ORI, $RBCH BN R FH A ALK B
53 Hr1X (Total organic carbon analyzer-2500, Shimadzu
Corporation, Japan)ill & . -3erH 20 . B AN
LWEHES RAGRNEEAORSETRE 5T K
FREEFE Q1 S REENE, 5. BE Lk
B IR F PO B0 T S0 A A ) K
AYEFMAE T T LMWK, JRERR, WMAEY
T LR EERIR.

1.5 BEEM G R

1§ Fi| Excel #11 SPSS 20.0 X ¥l #E4T 48 i+40 4
K H Origin 8 il &l FH #1838 77 % 73 i (One-Way
ANOVA) Fl i /N 2. 3 11 22 571 (LSD) HEAT 2. 35 1A
5, AR T Z SRS, TSR Tamhane’s T2
BHTIESBUG I, B A3 B0 A I T RN Bk 2E 48 b

2 LT

Table 2 Soil physicochemical properties

FEA AR K AR 22 7 £ (P <0.05) . DA
WIEBCN B &, AR R AR Rt AT 2 TiE
AENEENAD T, X B BT T AR 70T o

2 SEE T

2.1 B B R AR

M3 2 IR, D RAME N ER A TG A,
THERE, KR HIARKE. AU S
B REARN, SIS ER N, He
RO BELENN. 55 RMMAMLL, G M Gs EAEA
TR E, ERGEILRERN, HAEEasL
B ppn e E B E G, Gs EAZ AT L
BSKER HERKE. AP SRR EFK. ME
ERGERACE g N, HIaFLBRRE . Sk AL
s ER ERMEiS ELIZE T, G Gl
ZEFILE, H RN R (A R K B R .

2.2 ERX LY Y B BRI

HI & 1A, BRI BN TG A,
IR AR EYRRICRERN. 55
AL, G M1 Gs EM N TR A Y&
B 25 A, Ga EM N TR A A e R 2
BEAR . BE EMGERACKIG N, ReEvEEmR. £
YrERIE, G5 G ZERE¥. 55 REMMAH
b, BB A Y i R L B R AR K A i
B, HERARE.

G REMME N EM N T (G) A, IR0
AN LR 1S8R T B 35 22 0, TR R SO S T
5 RARMANLL, G EAZ N TARMIGHTR . F i A
JBCEG T B R 3 PR AR . B BB AR N, 4
P R A R ARSI, Gs 55 Gu A1 Z 5+ 3% .
MAEISREYRCR R, a5 A sy, Sk

¥ AH P . FH [ 7K i LT S KT £
gjr?st BuII:}density ‘.E; E}I%ﬁ S{Zj V\i tﬁ?in/tﬁt Fielldj c%p};c%;y Org;érjﬂizL n:atter Totaf\N Totaﬁ?$ P Tot:Iﬁ] K
stand (g/cm?) (9/kg) (9/kg) (9/kg) (9/kg) (9/kg)
PM 1.03+0.07a 46.48+1.34a 31.53+2.5a 285.9425.73a 24.31+44.28ab 0.55+0.22b 0.43+0.02a 28.02+1.57a
G: 1.15+0.08a 40.24+1.10b 31.25+1.98a 215.5+15.06ab 29.7042.30a 1.19+0.16a 0.45+0.02a 23.01+1.04b
G, 1.1440.18a 38.4340.95b 28.3148.86ab  219.1+33.67ab 21.93+46.81ab 0.83+0.14b 0.39+0.01b  20.90+0.60b
Gs 1.2340.03a 32.194+0.42c 22.814+4.84b 198.7 +8.40b 20.95+3.12b 0.68+0.12b 0.3240.02c  14.0434.32c

n=3, FFEIREEAR TR RZE R B3 (P<0.05).

n=3. Data followed different letters within column indicate significant difference at 0.05 level.
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Fig. 1 Soil microbial biomass C, biomass N, biomass C/ biomass N and number of bacteria, actinomycetes, fungi. Different letters upon bars indicate significant

different at 0.05 level.

YR 90.77%~93.47%; JHERHIRZ., HTRAEY
M) 6.43%~9.14%; HF /D, KT 0.2%.

2.3 MRMSHT

B AT 5 RAR I (3R 3), TIRESLBRE fE
ML R LR AE Y E YRR 79.5%A8 5, AL
BN A e I R AE R A= 0 B e 87.9% AR
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Table 3 Stepwise regressions of microbial biomass and physicochemical properties of soil

A3 Variation 94578 Regression model R?
WA E YRR Microbial biomass carbon (MBC) y=-26.801+8.552TPO 0.795™
y=-74.601+5.377TPO+432.614TP 0.879™
WA E YR A Microbial biomass nitrogen (MBN) y=-13.941+115.379TP 0.717*
y=-13.409 +72.238TP+0.586MP 0.842™

TPO: BFLKRE; MP: &K%, TP: 48 ™ P<0.01. TFEXF.,
TPO: Total porosity; MP: Moisture content; TP: Total P; **: P<0.01. The same is following Table and Figure.

TLTI%MA S, SRS KRR R R 84.2%(1) I AR ST AR 1 RN 1R AR 86.1%(174F
R 3), RSB AKFREEMN THFE 5, 2BFS/KERILF MR 93.5%174 57 (% 4),
YIEMBERERNEHERNE. 2 75, & RUESBEAS/KERE BN THRMEHBEZE R
TORFEMERTHAEDED BTN EZER Ry FEER. (B 2 775, SRS /KRER T8
wﬁammmmw,é%mﬁﬁﬁﬁ%ﬁ%kﬁa B #2842 500 508 0.691 F10.364, 4BEHIE
B SR E A BRI B i R A BEER R B, Tl I A B ot 4 B 1) B A A
TOKFEERTHAEY A E RN REET RS KoM E /KRN T 46 )R8 R 25000
28 0.322 F1 0.361, FKEAEBEEL S/KKT=4 N 0.243 F1 0.462, FUHEBEELT & KR40
(I TA) A R AN oK St A 7= AR I TR A FH 3 TR0 R AN 3 K S ad ot A g 7= 20 1 TR 4R FH 3N

NI RN
TP
o0 o o
= N g
< =)
0.482
MBN +— MP
0.359
€ e
P TN
\
o 2 ﬁ
= =
0.364

NA +——— TP

4+— MP
\ k
¥

K 2 Wekiats 5 A U@ 3T NB: AHRERE; NA: IERREGE; TN: 2% e RE. - FEBRRK R, L LT HiER AL
o FEMRKR, HETRAAK AL
Fig. 2 Path analysis of microbial indicators with soil physicochemical properties. NB: Number of bacteria; NA: Number of actinomycetes; TN: Total N; e:

Errors. —: Causal relationship, the data upon line is direct path coefficient; «>: Existing correlation, the data at right is correlation coefficients.
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Table 4 Stepwise regressions of soil microbes number with soil physicochemical properties of Pinus massoniana forests and Eucalyptus grandis plantations

A5 & Variation [5 J9#557% Regression model R2
41 H % Number of bacteria (NB) y=4.326 x105+175.206 <105TP 0.861"
y=4.889 x10%+129.608 x105TP +0.619 x105MP 0.935™
TR %A Number of actinomycetes (NA) y=17.477 x10*+50.227 x10TN 0.763™
y=-31.962 x10*+36.514 x10°TN + 152.648 x10°TP 0.896™
H S Number of fungi (NF) y=-41.996 +186.76 x102TP 0.630™

3 Wik

BB HTE AR, BALBEE R &R E
R N T A A = R I EER . B
HERAUIGIN,  IEFAEY A BGOSR, X7
AT B2 RN EA A g, FEAEE 1, SEt
AL E T, BREREE L, A RERE
PR SR S R R AR A RNA, X
BT R BRSO, R, HIRMAEMIIRE 5%
B PR LHAETEN T AR T LA
Xl 2R P [ 4= AR P 22, s T e S A i 1,
AR . 55— J7m, RS, AN
WAl BRI SRR LN, AR R LR
JEo TR, 3L A7 (07 B AT RE 2 i AR 28 0 Bl sk
55024, G AL B . X IR IR
PR 73 26 A ATE AR F ), BRI B B
B. ESXS IS RARARAELE, Bk — AR 3
EVIEIERE R AR, AR AR
Fkna, SR FLREE T B A M A M ik i) 47
A 5 AW N f IR T4 P AH B < Pulrolnik
SEOSIAG R A58 . BEAh, BFLRR AR 4
B3 T 7 A R ) 2 A R 4l oo S L B B 7 A 1
(A P09 IR RN, R FLIR R 5 ek 2 18] 47
FEE DR, LR MDY ER, Xl
e KOS R PR I R E MR R TS5l Ies, I
oM LI LRR F 2O [, FLBREEREAC, 2+
BRI B, AT IR 73 (R R,
SAGFMISRAN, oS00 B R 731
WHFERY], IO S LR AR EAE ], AR
MAEMEMEREZNHER. XREAANE
FN THEMERT RO T ARG, B LR (A LK)
A IR A D B BRI T

B AT A R R, EAEKRER
NI HMAENEMEREZR N EERR, BE
FOERARIE I, RGN A BRI, X
RN RS B R MR RE 2 R EUME 2
PUBERR 1], BB EY . R, EAZAIFEK
AE 1B, AR, M IR AR E T
B, — 7= B S0 E R A Ol S A i A
Wi, 53— J5 T AT e o AR B A M R A B I AN
IR BRI [E) B2 PR A P A P B0 EL 550
M RRAAMARLE, Bk MM IR A ) &
REFRARE, KAaeR RN ERRRSRERE,
A A e R 42 DR K e 3 K R AN A
BUIIANEZE . A, RIS KM LR,
Wi 25 L3R E AR, TR RONKIEZ A2
MERE, KPBEZARTBERIBRATRE, A
1M BT R B PE ARG 2B, 534k, APk
Y, R B Z AH TR M AR, e
VIR R AEE X — IR, At — .

HHINN, LIREVI R 40 52 2] - 3857
I3 (AR A R R B3, ARHIE 7E 32820 [m] 73 B
B, IR e BN TR R AR 2 57
WEERR. £ R RN LR Tt
B VRGBSR, B
¥ - S 2 T R A N, R RE AR R B R RA MR
BN ERGARE R o PR ) 2 U 9 v ) S o
AP T & W R AR, IR0 YR 31 - IR ) SR A
PR [RIFS , FEAR R AR HI R AT £ B e 1 LA 7T,
TIEEWE S RN, THREREEEM, R
TR TR SR AL 750 2 I A BRI R TR (1 A
K. ERS MW NEWE, TIREEM
HME BRI R, ARG PR
ot 0 R b S R AR A R IS ATL ) A0 0 7K R A A



%1

R4S EMOER TR R A R AR R S 41

-SR03 PR (R FE AL ] BEA7AE 22 6L, [ml )5 43
PR, THRELHAER RN EEEELER
GV R w1 N e A L S oA P o L
KEF, ARHET RN EER R LR, X
LT BB R ZR B, ANHIEFC X AR T XS 7K 43 B A
TURR, TMAHEL A0 B R BB, Ak B R R N
B, BUFRRY, LT EERREE, WS
UF IR PR BE 87981, (H R B 5 23R 2 T (R A R AT
NER, GRTH—PR. F b, ARMES
RGR, SV ) A TS R A R AR
Mo ARFFEH, TIEEE. 90HE Bk R
HERRARIK 3 I B, IX AT e A B & SRR
W, EM N THREIEARE . SRS KEH
BT, SEREYAEKEEZRR .. @35S
Frid R, %M, sk E
o, nIREA R A B LA 3 I P [R] 13330,
A o5k 2L (1t ) () R A R 1 LR 3 — P e & W
fi] 45

KRG RTH, TR R AR LI
EVIEEIE R AR 71.7%. 86.1%F1 63.0%
A 5, I R AL S ) AR T 2B ) A ) ik
87.9%IMA% ¢, 54 E AL [F Ml RE I 2 T 89.6%11 7%
S, UL IR AR S A X I B R N TR
B EVEFIER BN 2. Cleveland ZEMOMRIHE,
R BREIAE YIS R EE TR . Bk, SHREAR
XIRE A N TR RREEE S, (R AR RE A DL K
A FEBEAE

ZE L RTIR, AR I oA - R Ak R A
TR EESE R AT, IR
TR P i A R Rl 2B O A s A R R AR R R k. (R
I, F BRI R B A, (R IR A
Ve AECEIG A, o IR R . A
T 70 AR B XS A [ 3% SR AR IR AR N AR B 3l A
VIR A A D) BRBE RIEAT I 9, A Rn] R Bl
JUE 7 B8 4 B R0 v B P SRR, 0PI Rk AR A T
MRS A W B VR SE M R T RE SR R I 22 S it AT K
AR FT, DS ON HhER AR e ) N AR B2 iR
hReIsZm, 3 e N TR REsR a8 R Rl
ESE N

S CER
[1] ARTURSSON V, FINLAY R D, JANSSON J K. Interactions between

arbuscular mycorrhizal fungi and bacteria and their potential for

[

[3]

[4]

[5]

6]

[

(8]

[0

stimulating plant growth [J]. Environ Microbiol, 2006, 8(1): 1-10. doi:
10.1111/j.1462-2920.2005.00942.x.

LEWIS D E, WHITE J R, WAFULA D, et al. Soil functional diversity
analysis of a bauxite-mined restoration chronosequence [J]. Microb
Ecol, 2010, 59(4): 710-723. doi: 10.1007/s00248-009-9621-x.

FAN S, YANG N. Comparsion of soil microbiology characteristics in
five subtropical ecosystems [J]. J Trop Subtrop Bot, 2016, 24(6): 635—
641. doi: 10.11926/j.issn.1005-3395.2016.06.006.

WIG, BT, WA 5 MEB RE IR AR LR 0] Hd
WA HEY 3], 2016, 24(6): 635-641. doi: 10.11926/j.issn.1005-
3395.2016.06.006.

LUO S M, HE D J, XIE Y L, et al. Effect of stand density on commu-
nity structure and ecological effect of Eucalyptus urophylta <E. eamal-
ducensis Plantation [J]. J Trop Subtrop Bot, 2010, 18(4): 357-363. doi:
10.3969/j.issn.1005-3395.2010.04.003.

D FMg, FIREE, WK, S5, bROrE BEXT R A N AR S
HHEFBB e [ #i T AG Y F Rk, 2010, 18(4):
357-363. doi: 10.3969/j.issn.1005-3395.2010.04.003.

ZHU W K, CHEN S X, WANG Z C, et al. Ecological stoichiometric
characteristrics of carbon, nitrogen and phosphorus in litter and soil of
Eucalyptus urophylla <E. grandis Plantation at different forest ages [J].
J Trop Subtrop Bot, 2017, 25(2): 127-135. doi: 10.11926/jtsh.3665.
YIIvE, BRkk, EEE, & RFRMWE R B N TARREE R+
HEC. N, PALEIEAME []. AR 4R, 2017, 25(2):
127-135. doi: 10.11926/jtsb.3665.

ZHU LY, WANG X H, CHEN F F, et al. Effects of the successive
planting of Eucalyptus urophylla on soil bacterial and fungal commu-
nity structure, diversity, microbial biomass, and enzyme activity [J].
Land Degrad Dev, 2019, 30(6): 636—646. doi: 10.1002/Idr.3249.
LEMENIH M, OLSSON M, KARLTUN E. Comparison of soil
attributes under Cupressus lusitanica and Eucalyptus saligna estab-
lished on abandoned farmlands with continuously cropped farmlands
and natural forest in Ethiopia [J]. For Ecol Manage, 2004, 195(1/2):
57-67. doi: 10.1016/j.foreco.2004.02.055.

CHEN F L, ZHENG H, ZHANG K, et al. Soil microbial community
structure and function responses to successive planting of Eucalyptus
[J]. J Environ Sci, 2013, 25(10): 2102—-2111. doi: 10.1016/S1001-0742
(12)60319-2.

HAN Y S, WEI Y C, OUYANG Z Y, et al. Effects of continuous
planting rotation on forest structural characteristics and water holding
capacity of Eucalyptus plantations [J]. Acta Ecol Sin, 2008, 28(9):
4609-4617.

W2, MEE, BKIIEZ, 5. TR XA RN ARG ) 2 R



42 s T ) 2 AR

08 4%

AKPEREIEM [J]. AEAS %R, 2008, 28(9): 4609-4617.

[10] YE S M, WEN Y G, YANG M, et al. Correlation analysis on biodi-
versity and soil physical & chemical properties of Eucalyptus spp.
plantations under successive rotation [J]. J Soil Water Conserv, 2010,
24(4): 246-250,256. doi: 10.13870/j.cnki.stbcxb.2010.04.051.

MR, BRI, Ml S ERMER N TR L RS LR
AL SRR BT [0, /K OREF%4%, 2010, 24(4): 246-250,256.
doi: 10.13870/j.cnki.stbcxb.2010.04.051.

[11] WEN Y G, YE D, CHEN F, et al. The changes of understory plant
diversity in continuous cropping system of Eucalyptus plantations,
south China [J]. J For Res, 2010, 15(4): 252-258. doi: 10.1007/s10310-
010-0179-8.

[12] ZHANG K, ZHENG H, CHEN F L, et al. Changes in soil quality after
converting Pinus to Eucalyptus plantations in southern China [J]. Solid
Earth, 2015, 6(1): 115-123. doi: 10.5194/se-6-115-2015.

[13] CHEN F L, ZHANG K, WANG Y, et al. Impacts of converting natural
secondary forests to exotic Eucalyptus plantations on structure and
function of soil microbial communities [J]. Acta Ecol Sin, 2018, 38(22):
8070-8079. doi: 10.5846/stxb201801060036.

WRikge, skdl, £2, 5. 513 N TARBCR R IR A MR £
WL IR VE S AT RERI S R (3], ZEFS 4R, 2018, 38(22):
8070-8079. doi: 10.5846/stxb201801060036.

[14] ARAUJO AS F, SILVAE F L, NUNES L AP L, et al. The effect of
converting tropical native savanna to Eucalyptus grandis forest on soil
microbial biomass [J]. Land Degrad Dev, 2010, 21(6): 540-545. doi:
10.1002/1dr.993.

[15] PULROLNIK K, de BARROS N F, SILVA | R, et al. Carbon and
nitrogen pools in soil organic matter under eucalypt, pasture and
savanna vegetation in Brazil [J]. Rev Bras Ciéc Solo, 2009, 33(5):
1125-1136. doi: 10.1590/S0100-06832009000500006.

[16] WEI S Z, LI L, LUO X, et al. Soil enzyme activities and their rela-
tionships to soil physicochemical properties in different successive
rotation plantations of Eucalyptus grandis [J]. Chin J Appl Environ
Biol, 2019, 25(6): 1-10. doi: 10.19675/j.cnki.1006-687x.2019.02029.
BREA], Ak, IRie, 55 NREBERA RN Etz(Eucalyptus grandis)
N TR IS I S S IR M e &R [3]. A S5 PR 5 A
W24, 2019, 25(6): 1-10. doi: 10.19675/j.cnki.1006-687x.2019.02029.

[17] Institute of Soil Science, Chinese Academy of Sciences. Soil Physico-
chemical Analysis [M]. Shanghai: Shanghai Scientific & Technical
Publishers, 1978: 62—-132.

o E R ARG a IR AT, RIEEAL T (M. b RigRbE
HR iR, 1978: 62-132.
[18] WU J, JOERGENSEN R G, POMMERENING B, et al. Measurement

of soil microbial biomass C by fumigation-extraction: An automated
procedure [J]. Soil Biol Biochem, 1990, 22(8): 1167-1169. doi: 10.
1016/0038-0717(90)90046-3.

[19] Microbiology Laboratory, Institute of Soil Science, Chinese Academy
of Sciences. Method of Soil Microorganism [M]. Beijing: Science
Press, 1985: 42-81.
rh BRI ST E . IR M) dE
5 Rhe AR R, 1985: 42-81.

[20] ELSER J J, DOBBERFUHL D R, MACKAY N A, et al. Organism size,
life history, and N : P stoichiometry: Toward a unified view of cellular
and ecosystem processes [J]. BioScience, 1996, 46(9): 674-684. doi:
10.2307/1312897.

[21] ELSER J J, STERNER R W, GOROKHOVAE, et al. Biological stoichio-
metry from genes to ecosystems [J]. Ecol Lett, 2000, 3(6): 540-550.
doi: 10.1111/j.1461-0248.2000.00185.x.

[22] REDEL Y D, ESCUDEY M, ALVEAR M, et al. Effects of tillage and
crop rotation on chemical phosphorus forms and some related biological
activities in a Chilean Ultisol [J]. Soil Use Manage, 2011, 27(2): 221—
228. doi: 10.1111/j.1475-2743.2011.00334.X.

[23] TEMESGEN D, GONZALO J, TURRION M B. Effects of short-
rotation Eucalyptus plantations on soil quality attributes in highly
acidic soils of the central highlands of Ethiopia [J]. Soil Use Manage,
2016, 32(2): 210-219. doi: 10.1111/sum.12257.

[24] LIAO L P, DENG S J, YU X J, et al. Growth, distribution and exudation
of fine roots of Chinese fir trees grown in continuously cropped
plantations [J]. Acta Ecol Sin, 2001, 21(4): 569-573. doi: 10.3321/].
issn:1000-0933.2001.04.008.

BRI, SRALUE, T/NEE, S5 RNRERACEUZ AN TR AR A K
IR S E IR R WRIE [9]. AEZSEEIR, 2001, 21(4): 569-573. doi:
10.3321/j.issn:1000-0933.2001.04.008.

[25] HE J N, SHI Y, YU Z W, et al. Subsoiling improves soil physical and
microbial properties, and increases yield of winter wheat in the Huang-
Huai-Hai Plain of China [J]. Soil Till Res, 2019, 187: 182-193. doi: 10.
1016/j.5till.2018.12.011.

[26] WENG C F, TANG J, WU L J, et al. Sparingly soluble phosphorus
absorption and root response to phosphorus deficiency stress in Eucaly-
ptus seedlings [J]. Acta Bot Boreali-Occid Sin, 2014, 34(5): 970-975.
doi: 10.7606/j.issn.1000-4025.2014.05.0970.

SRR, A, RN, S R A A R R AR AR
ST E e R [3]. FEALREY AR, 2014, 34(5): 970-975. doi:
10.7606/j.issn.1000-4025.2014.05.0970.

[27] LUO M, LIU C H. Effect of mulching greenery waste on soil nutrients

and soil microbial biomass of municipal forest land [J]. Ecol Environ



ENE] RS BMOE

Fox) IR AP AR W) AR R 43

Sci, 2016, 25(2): 223-232. doi: 10.16258/j.cnki.1674-5906.2016.02.007.
B, R, SR FEP IR T ARt SR R Y BN TR
PERIREM [0]. AR 24N, 2016, 25(2): 223-232. doi: 10.16258/
j.cnki.1674-5906.2016.02.007.

[28] WANG H L, BI L D, ZHANG B. Change in microbial biomass and its
controlling factors in degraded soil after reforestration of Pinus
massoniana [J]. Acta Pedol Sin, 2008, 45(2): 313-320. doi: 10.3321/j.
issn:0564-3929.2008.02.017.

FELH, BRI, k. RS R R Mt LR )
AR KA EW AL [ L3R, 2008, 45(2): 313-320. doi:
10.3321/j.issn:0564-3929.2008.02.017.

[291 HUA L, HE Q, LI J Y, et al. Comparison of the water consumption
characteristics of Eucalyptus and Corymbia clone seedlings and the
local indigenous tree species Bischofia javanica [J]. Chin J Appl Ecol,
2014, 25(6): 1639-1644. doi: 10.13287/j.1001-9332.20140415.007.
TR, 19, BEER, & MREYE R AR £ LR AR A FE
AREERI LR [3]. BLAHAEZF4R, 2014, 25(6): 1639-1644. doi: 10.
13287/j.1001-9332.20140415.007.

[30] YIZ G, FUSL, YI'W M, et al. Partitioning soil respiration of subtro-
pical forests with different successional stages in south China [J]. For
Ecol Manage, 2007, 243(2/3): 178-186. doi: 10.1016/j.foreco.2007.
02.022.

[31] WANG J, YE Z, ZHU G X. Coupling effects of water and phosphate
fertilizer supply on soil P availability and use efficiency [J]. Chin J
Eco-Agric, 2015, 23(11): 1377-1383. doi: 10.13930/j.cnki.cjea.150449.
T, O, RESUE KB R R RO S BRI 2R 5
i []. s EARE RO AER, 2015, 23(11): 1377-1383. doi: 10.13930/
j.cnki.cjea.150449.

[32] ZRIBI O T, ABDELLY C, DEBEZ A, et al. Interactive effects of
salinity and phosphorus availability on growth, water relations, nutria-
tional status and photosynthetic activity of barley (Hordeum vulgare L.)
[J]. Plant Biol, 2011, 13(6): 872-880. doi: 10.1111/j.1438-8677.2011.
00450.x.

[33] LIU L, GUNDERSEN P, ZHANG T, et al. Effects of phosphorus addition
on soil microbial biomass and community composition in three forest
types in tropical China [J]. Soil Biol Biochem, 2012, 44(1): 31-38. doi:
10.1016/j.s0ilbi0.2011.08.017.

[34] WANG W X, SHI Z M, LUO D, et al. Characteristics of soil microbial

biomass and community composition in three types of plantations in
southern subtropical area of China [J]. Chin J Appl Ecol, 2013, 24(7):
1784-1792. doi: 10.13287/j.1001-9332.2013.0411.

LE, BIER, BUL, fE MM 3 A N AR L IERE
BAGEREESHRAE [J]. B4R, 2013, 24(7): 1784
1792. doi: 10.13287/j.1001-9332.2013.0411.

[35] YANG G R, ZHANG X Q, CAI D S, et al. Litter decomposition of
dominant plantations in Guangxi and its effects on leachate quality [J].
Chin J Appl Ecol, 2012, 23(1): 9-16. doi: 10.13287/j.1001-9332.2012.
0002.

WA=, sk, SAEAT, & P EENTHIRE YRR K
FORHHE KBTI [3]. BA AR 244, 2012, 23(1): 9-16. doi: 10.
13287/j.1001-9332.2012.0002.

[36] WU Q S, LONG J, LIAO H K, et al. Soil bacterial community charac-
teristics under different microhabitat types on Maolan karst forest,
Guizhou, southwest China [J]. Chin J Appl Ecol, 2019, 30(1): 108-116.
doi: 10.13287/j.1001-9332.201901.014.

RRA, Jefi, B, S ST MR AR RN AR
BRI RRRE [3]. RIAZERS AR, 2019, 30(1): 108-116. doi: 10.
13287/j.1001-9332.201901.014.

[371 BAO T L, ZHAO Y G, GAO L Q, et al. Dynamic of culturable micro-
organisms in biological soil crusts under trampling disturbance [J]. J
Desert Res, 2019, 39(1): 119-126. doi: 10.7522/j.issn.1000-694X.2018.
00013.

ARF], BAH, B, . BRES TR T AEW S K LR R R
V%R [0 PEYE, 2019, 39(1): 119-126. doi: 10.7522/j.issn.
1000-694X.2018.00013.

[38] COOK R J, PAPENDICK R I. Soil water potential as a factor in the
ecology of Fusarium roseum f. sp. cerealis ‘Culmorum’ [J]. Plant Soil,
1970, 32(1/2/3): 131-145. doi: 10.1007/BF01372852.

[39] ELSER J J, BRACKEN M E S, CLELAND E E, et al. Global analysis
of nitrogen and phosphorus limitation of primary producers in fresh-
water, marine and terrestrial ecosystems [J]. Ecol Lett, 2007, 10(12):
1135-1142. doi: 10.1111/j.1461-0248.2007.01113.x.

[40] CLEVELAND C C, TOWNSEND A R, SCHMIDT S K. Phosphorus
limitation of microbial processes in moist tropical forests: Evidence
from short-term laboratory incubations and field studies [J]. Ecosys-

tems, 2002, 5(7): 680-691. doi: 10.1007/s10021-002-0202-9.



