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Abstract: Ecological stoichiometry primarily investigates the proportional relationships of
chemical elements between organisms and their environment within ecosystems. It serves as a
fundamental framework for understanding life processes and ecosystem functions. The study of
soil-microbial biomass and their ecological stoichiometric characteristics of different types of tree
species in karst areas is crucial for scientifically assessing the effectiveness of various tree types in
improving soil nutrient conditions and optimizing tree species configuration strategies. This study
was conducted in the Experimental Center of Tropical Forestry, Chinese Academy of Forestry. It
focused on five nitrogen-fixing tree species (N-fixer) and seven non-nitrogen-fixing tree species
(non-N-fixer). The research investigated the response patterns of soil and microbial carbon (C),
nitrogen (N) and phosphorus (P) contents to nitrogen-fixing and non-nitrogen-fixing tree species
in karst ecosystems. It also analyzed ecological stoichiometric ratios, microbial quotient (¢MBC,
gMBN and gMBP), and stoichiometric imbalance (Cimb: Nimb, Cimp: Pimb and Nimb: Pimp). The
results were as follows: (1) The total nitrogen (Nsoit) content and total phosphorus (Ps.i1) content of
the soil in nitrogen-fixing species were significantly higher than those in non-nitrogen-fixing
species, but Csil: Neoil was significantly lower than those in non-nitrogen-fixing species. (2) The
contents of microbial biomass carbon (MBC), microbial biomass nitrogen (MBN) and microbial
biomass phosphorus (MBP) were significantly higher in nitrogen-fixing tree species than in
non-nitrogen-fixing tree species. In contrast, the ratios of MBC: MBP and MBN: MBP were
significantly lower in nitrogen-fixing tree species than in non-nitrogen-fixing tree species. No
significant differences were observed between nitrogen-fixing and non-nitrogen-fixing tree species
for Cimb: Nimb, Cimb: Pimb and Nimb: Pimb, indicating that they were characterized by a certain degree
of internal stability. (3) gMBC showed that nitrogen-fixing species were significantly larger than
non-nitrogen-fixing species, while gMBN and ¢gMBP showed no significant difference between
these two types of species. The RDA results showed that Csoii: Psoitn MBN: MBP and Csoii: Nsoil
were the key factors influencing soil microbial quotient. This study shows that compared with
non-nitrogen-fixing tree species, nitrogen-fixing tree species have significant advantages in
improving soil nutrient status and alleviating soil P limitation in karst areas, which will provide an
important scientific basis for the selection of tree species in the process of ecological restoration.
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Table 1 Information table of selected tree species

Fg R Fp 7Y W T 22 5 h T ¥4 B J& IR SRR
No. Species type Species Latin name Family Genus DBH (cm) Mean height (m)
1 R Zenia insignis Eﬂ EEE 41.03 37.54
Leguminosae Zenia
o . . o8 iR
2 R B Dalbergia odorifera Leguminosae Dalbergia 13.88 25.49
Ii] 2% Ao o a8} TR )
T . .
3 N-fixer TR A Acrocarpus fraxinifolius Leguminosae Acrocarpus 40.58 35.60
EF S =R
4 L=k Gleditsia sinensis Eﬂ L%E 19.55 26.85
Leguminosae Gleditsia
; = R NEZANS)
5 NEZANC) Adenanthera microsperma ﬂ LR 22.48 22.86
Leguminosae Adenanthera
P et A
6 TR Hainania trichosperma HR {'iltf'#ﬂfx)% 18.38 19.74
Malvaceae Hainania
7 AR Gmelina arborea }Eﬂ%ﬂ Eﬁ% 21.60 31.21
Lamiaceae Gmelina
8 7R A Deutzianthus tonkinensis jiﬁtﬂ ;ER,WE 16.30 11.65
Euphorbiaceae Deutzianthus
Eikak L PR
9 AR A AR Cratoxylum cochinchinense ifﬂhﬂ SEAR 14.33 20.30
non-N-fixer Hypericaceae Cratoxylum
10 S ERA Cornus wilsoniana IR BER IR S 14.78 21.57
Cornaceae Cornus
11 Gk Cinnamomum burmanni fht ) FEJ& 14.90 22.28
Lauraceae Cinnamomum
- . . =R I
12 Ly Vitex quinata JEIEA IR 19.64 11.66
Lamiaceae Vitex
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]V[mb: Pimb = (]Vsoi1+ Pso[l)/ (MBN_ MBP) (6)
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Csoil- Soil organic carbon; Nsei. Total nitrogen; Psoin. Total phosphorus; Csoirz Nsoir. Soil C: N ratio; Ceeir: Psoir. Soil C:
P ratio; Nsoitz Psoir. Soil N: P ratio. Different lowercase letters indicate significant differences (P < 0.05) between
nitrogen-fixing and non-nitrogen-fixing species. The same below.
Bl R B BERIAESETRRME
Fig.1 Soil Csoit, Nsoil, Psoil and their stoichiometric characteristics
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R2FUEH, HLLTARBEMA, EEMFRES 1K MBC. MBN Al MBP & 7)1
B (P<0.05) & 1 22.44%. 18.37%#1 33.55%, 1l MBC: MBP # MBN: MBP 7}l 2.3 (P
<0.05) K7 14.02%7F1 15.15%, MBC: MBN 7£ P FiA [F SR B 2 8] T 2. % 22 57 o

K2 THEMEMEYE C. N, P REESBIETERHE

Table 2 Soil microbial biomass C, N, P and their stoichiometric characteristics

ezt WEM AR WAEMAEMER MR
MBC: MBN MBC: MBP MBN: MBP
Type MBC (mg-kg™) MBN (mg-kg™) MBP (mg-kg™')
[A] 2
430.89+15.23a 65.32+1.74a 24.13+1.22a 6.59+0.13a 18.22+0.58b 2.78+0.09b
N-fixer
FEF R
351.91+21.00b 55.19+£3.30b 18.07+1.57b 6.51+0.22a 21.19+1.07a 3.27+0.14a
Non-N-fixer

MBC. AEYAEY R MBN. MAMAYER: MBP. MEYEYERE; MBC: MBN. LY &K
A th; MBC: MBP. BEYAEYERRTEL; MBN: MBP. BUZEYIAEYE WL, BEY AR R, £
BRI P B £ hrEiR; RIZUASR 7 BER R [ SR AR [ 2 A 2 [0 22 e 2 (P <0.05) o N

MBC. Microbial biomass carbon; MBN. Microbial biomass nitrogen; MBP. Microbial biomass phosphorus; MBC:
MBN. C-to-N ratio of microbial biomass; MBC: MBP. C-to-P ratio of microbial biomass; MBN: MBP. N-to-P
ratio of microbial biomass. Data in the table are means + standard error. Different letters in the same
column indicate significant differences (P < 0.05) between nitrogen-fixing and

non-nitrogen-fixing tree species. The same below.
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B 2 A YR A R R A AL T BN P I AR AU RFAE
Fig.2 Change characteristics of soil microbial quotient and soil microbial stoichiometry
imbalance ratios
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HHE 3 ATHN, 4% Cooit 5 Psoitn Csoit: Nooiln Csoit: Psoiin: MBCy MBN. MBP % 3 IEAH K

(P<0.01) , 5 Nyoi: Peoit iEH HAHKE (P<0.05) o 13 Nyoi 55 Nooit: Psoin MBC MBN,

MBP %% (P<0.05) BRZZE (P<0.01) EMRK, 5 Con N ZFFAAHRK (P<0.05) .
+3% Pyt 5 MBC. MBN. MBP &2 EAHK (P<0.01) , 5 Cooit: Psoit F1 Nioit: Pooit P ¥ 5%
iAo (P<0.01) -« MBC. MBN. MBP 5 MBC: MBP Al MBN: MBP #§ & # fi /1% (P
<0.01) , 1M Cuoir: Neoit 53 IEA K (P <0.01) o MBC. MBN. MBP =3 Z [A| ¥} i
HIEAHSE (P<0.01) , B4k, MBN Hl MBP #55 Noii: Peoit 25235 A5 (P <0.05) o



Cooil 0.19 040 085 042 -035 074 077 065 -0.052 -025 -0.24
N 021 -034 -0.018 037 055 046 037 013 -0.046 -0.13 ~ 0.8
P | ** 024 -0.58 -0.74 055 054 047 -0.011 -0.17 -0.17 - 0.6
Cooirt Ngoit | (0 = 043 -0.50 043 050 040 -0.10 -0.17 -0.13 | 04
Cyoit: Pt | ** ) 054 0.036 0.078 0.040 -0.057 -0.076 -0.055 o2
Noi' Pt | @ & @ @ & 028 -035 -031 011 0.14 0.079
. ~0
MBC| @) @& ¢ ¢ 084 077 026 -0.17 -0.37
- -0.2
MBN | (e e ek * 082 -028 -0.43 -0.28
MBP | (%% s ek s w0 (e (e -0.083 -0.71 -0.74 ~-0.4
MBC: MBN 049 -0.18 — -0.6
MBC: MBP = & ** 0.76 08
MBN MBP Kk sk sk I:
-1.0

PRI GFT I FTF S
O O ¢ §,Q Q @@

* O R R RIFOREEAR (P <0.05) FREEZEMX (P<00D) . FH.
* and ** indicate significant correlations (P < 0.05) and extremely significant correlations (P < 0.01) ,
respectively. The same below.
B3 TEMEVAEYE C. N P REAESBILET R KT

Fig.3 Correlation between soil-microbial biomass C. N. P and their stoichiometry

% 3 W51, Cimb: Nimb 55 Cimb: Pimb~ Csoits Csoil: Nsoils Csoit: Psoitn MBN. MBP. ¢MBN
28 (P<0.05) 8tk 23 (P <0.01) MK, 5 Nois Nooit: Psoitn MBC: MBN. MBC: MBP.,
gMBC 2% (P < 0.05) 8ifl 2 (P < 0.01) H14H9%; Cimb: Pimb 5 Nimb: Pimb~ Csoits Csoit: Nsoil~
Csoil: Psoiin: MBN. MBP. ¢gMBN. ¢MBP 223 (P<0.05) SiftZ3 (P<0.01) EMX,
5 Pyin. MBC: MBN. MBC: MBP. MBN: MBP. ¢gMBC £ &% (P<0.05) &% (P<
0.01) fAHIE: Nimb: Pimb 775 Nooitn Coit: Psoitn Noil: Psoiln gMBP 253 (P < 0.05) Hifk
B3 (P<0.00) IEMXK, M5 Pwiin Coi: Nsoin: MBC: MBP. MBN: MBP. gMBN .3 (P <
0.05) EifEE (P<0.01) fiAHx.
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Table 3 Pearson's correlation coefficient of soil microbial stoichiometric imbalance and

microbial biomass stoichiometric ratios

Cimb: Nimb Cimb: Pimb Nimb: Pimb Cimb: Nimb Cimb: Pimb Nimb: Pimb
Cimb: Nimb 1 MBC 0.264 0.071 -0.096
Cimb: Pimb 0.519" 1 MBN 0.538%** 0.292* -0.194
Nimb: Pimb -0.411%* 0.510** 1 MBP 0.376%* 0.419%* 0.055
Csoil 0.765** 0.435%* -0.222 MBC: MBN -0.450%* -0.342* 0.171
Nsoil -0.353* -0.012 0.380** MBC: MBP -0.325% -0.590** -0.231
Psoil 0.196 -0.386%* -0.612%* MBN: MBP -0.049 -0.440** -0.384%*
Csoit: Nsoil 0.919** 0.402%* -0.402%* gMBC -0.774%* -0.545%* 0.201
Csoit: Psoit 0.411** 0.802** 0.518** gMBN 0.871** 0.298* -0.519**
Nisoit: Psoit -0.481%* 0.328%* 0.875%* gMBP 0.064 0.831%* 0.813%*

2.4 HIREE B HIR-HEPEYE C. N, PEEREASUFEHEENTRSH

TCRDIITEEREZH, gMBC 5 Cooits Cooit: Nooit F1 Csoit: Psoit TLAHIE, 5 Ngoiin. MBC: MBN
AT MBC: MBP IE#H5%; gMBN 5 Csoiin Psoits Csoii: Nsoin. MBC. MBN 1 MBP 1IEM 3%, 5
Nsoiln Noit: Psoiln. MBC: MBN I MBC: MBP i 4#H5¢; gMBP 5 Cooii: Psoit~ Nioit: Psoit #1 MBP
1IEM K, 5 Pwiv MBC: MBP 1 MBN: MBP fiAH . 55 —HlF0 25 — 5o Al RE 1 A= 0 fi
A5 5 () 88.52%A1 8.40% ¢« Coil: Psoin. MBN: MBP Al Csoiiz Nioit 72 540 gMB ff) EE R &, 404
il T gMB A5 5710 39.4%. 26.4%F1 17.80% (& 4)

<] gMBN #
soil
S v
X N
=) N
ﬁ-‘ ~ soil: soil
. N '
o = >~
E a— " s gMBP
< MBN: MBP P
7
2 y
MBC: MBP
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gMBC Y
C,P:394%  F=29.9 P=0.002 Nt Pooi
MBN: MBP: 26.4% F=34.7 P=0.002
S_ C,:N,178%  F=475 P=0.002
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The solid blue line indicates the response variable; the dashed red line indicates the explanatory variable; the
length of the arrow is the degree of influence; the angle between the arrows is the degree of correlation.
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Fig. 4 Redundancy analysis of soil microbial quotient and soil-microbial biomass C, N, and P
contents and their ecological stoichiometric ratios
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3.1 EEAEESMF LIRE, & BERHETERHI

TERE TR, 358 NORI P A 0 e b b AR = ) OGRER R, [ B A PR )
BYEKRERR TEREZ — (BES, 2010)  XFEHGEHIX RT R R, BT
B, n] DS R AE g AL R R AR B N R AR (Binkley et al., 20000 o ASHIF 5T H [ 4
DTl 338 Nooin A1 Poot 37 52 25 K TR ZUM A, 5 Nasto 25 (2014) 45 R —3%. HLERF T#E
Fe [ R T B 5 [ Al B 3R AR, JRIEAS T O IR KR N, HRIESER T - N A R,
[ o I AR K B B SR L T A CT EE%%, 2017) o fEfdmbgE N vf
FATERTFIT, [ 0 Rl 2 ik T - SRR Mg (0 20 b, BEIEE s 1 P el e, thah, T
Yot Rl s LI B R R (EAE WS, 2023) , O HIF 0 R B ] S50M il o 22
AR R FE NOFIMIR C: N B IRTE ), AT H s 438 (1) N 7 & (Hoogmoed et al., 2014;
Zhu et al., 2015) .

F- 38 Cooi: Nooit BEE S W -3 Hp AT WL T BE A= 0 BRI IO FRE o Cooit: Nooit ELAE K
iK, TIREVRY (o e, HIARN SEs, LIRS (EHEEMT R,
2008) o AHFFEH, W HTREIE A2 [ U EE [ EUR AR Coont: Nooit “FIME (9.77 F111.56) 34K
T E L PR (12.01)  (Maynard & Johnson, 2018) , R BH PR ZR AR FldA 7 — &
FEEE B3R 7 TN &, [EWZ mRTRIER, &R AT DLE S A AR m RS RS
(ILER= 7, FEREHE I 2 (1) N BE RS h B 08 vp (1) JLARAE Y, AT 32 5 1398 )5 = (Roscher et al., 2008;
Zhao et al., 2014) .

35 Cooir: Pooit 185 FHAE VAL 1338 P AL A RRRE 77, &0 nT DU L3 C AT P R AEXT
EEA, AT A5 7 e IEAE AR ) A A R R 9% 2 IR 45 IR O B FLE E 1) 77 70 B il ( Tian et al., 20105
Wei et al.,, 2024) o #E 1 13 Poon LA IBHK I Cooit: Poon PO B FE AR BR S H 3 AT 58 2 1) 1%
A, XA R T AY SIEA U A A, SEmE i LA A P & & (Wang et al,,
2014) o AHFFE A [ RS HE R ZM R Cooit: Psoin “FIME (61.93 Fl 84.99) #Rizt i1 1 [H + 35
Cooit: Pooil M (25.77)  CRIMAELE, 2021) , FHIWFFIX LI P o R0 LS, fE7EH]
S P BRE, FUEY A NUTE 2 %28 P IIFRE, 3X 2 i e X A7 TE PR
R CHIE Y, 20200 o SEARERMZ, AT EZR I Con: Poi i 2 (KT FE A R
Fofr, FCTE R AT 82 e — 7 T [ 600 ol i SR8 L 3 2 4 0 P K A, AT 38 n L3 eh P 11
A (Youetal, 20200 5 5—J50, BEEMMPIHEENHSHEEEN CAN, RES
AN B A E B i, RG22 354y, AT DATE — e R B4R 149 P PR (Liu etal., 2025,
4% Nooit: Pooit [FIFE 2 M7 2 3% 70 IRV 1) B2 B2 4B AR (Tessier & Raynal, 2003) , %) 14
Nioit: Psoit 18 7 B 1438 rh Nyt Jl, 325 17 52 e AL A0 T R IR WA o 9 7 IX ] 505 I ] b
P Nooit: Psoit (6.86 F1 8.1) ¥z ey T+ B 148 KF (2.1) (FEFHFSE, 2019) , KW
FIX I P oCRIEERMK, £77E P R,
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T A i B AR A T SRR AEAE — 8RR AT DA AE AR P R SO A -
B HIRe ) (Fujitaetal., 2019) , 5 B8GR5 RSB IT ERHEAA L, HAP0A 2 L EeAe



FIRNFE 5y BRI A SO BUR 4R bR (BASASE, 2021) o WFSCREE, WRESEAL UL RTEY)
R R AR R T R (1 22 57, 320 L A W K B v 4 A = AR 52 (Otaki & Tsuyuzaki, 2019;
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A A AR AE o ASHE 5T b [E U R MBC. MBN A1 MBP & &3 8 2 K T AR E 2R Fh,
X 32 B T [ R R LA B s IR VR o R R AR R i e, TR T A LR
BN, XXM A KEEAER A F] (Fujita et al., 2019; Zhu et al., 2025) . X,
BEAR A AE P ) e 4 1T LASR e %o 3892 0 R FH 0% (Fujita et al., 2019, AT 5 Ho [ 20 Fh
35 Nooir~ Pooit 5 5 1 T-HAE [ 0 A, H 435 Nooit F1 Psoit 5 MBN Fl MBP 34 24 2 3 IEAH K,
X B[] 5O b L AR [ SR R AL T B 2 3R 5, IR AR T AR SRR LR 4 1 5%
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O R TR P RS SR, )Rz, MBC: MBP Hufil#E, 0] 3y mT G R AL
TR AR P, HEMIE T RE SR BX P ORI E S, BN R ) [E P
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MBN: MBP 35 2 /N T AR [ SR, 15 B [ SR LI A b & P 25, A5 i 72
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