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Soil Ecoenzyme Stoichiometric Characteristics and Their Driving Factors in Typical

Vegetation Communities in Baise, Guangxi

SHI Minghui', WEI Minghui®, ZHANG Junfeng?, LI Wei®, WU Guijun®, DUAN Changqun*, FU Denggao*, LIU Change*"

(1 Yungui Railway Guangxi Co., Ltd., Nanning 530218, China; 2 CATS Environmental Technology (Beijing) Co., Ltd., Beijing
100029, China; 3 Jiaotong Science and Technology Institute Group Co., Ltd., Beijing 100029, China; 4 Yunnan Key Laboratory
for Plateau Mountain Ecology and Restoration of Degraded Environments & School of Ecology and Environmental
Sciences/Yunnan Field Scientific Station for Restoration of Ecological Function in Central Yunnan of China, Yunnan University,
Kunming 650091, China)

Abstract: Soil enzyme stoichiometry is an important indicator for revealing microbial nutrient limitations. This study investigated soil
ecoenzymatic stoichiometry and its driving factors across different vegetation communities (plantations, secondary forests, and
grasslands) in Baise City, Guangxi. Enzyme activities, including B-glucosidase (BG), f-N-acetylglucosaminidase (NAG), leucine
aminopeptidase (LAP), and acid phosphatase (ACP), were measured in soil layers at 0-90 cm depth, combined with analyses of
soil physicochemical properties. The results showed that: 1) vegetation community type significantly influenced enzyme activities
and stoichiometric ratios. In the 0-30 cm layer, BG activity in the Eucalyptus plantation was as high as 196.98 pmol/(g-d),
17.33 times of that of grassland, while LAP activity was highest in grassland (12.82 umol/(g-d)). 2) Ecoenzymatic stoichiometric
ratios revealed that Eucalyptus plantation had the highest Ec:y (1.23), while grassland showed the highest Ey:p (3.19),
reflecting differences in microbial nutrient acquisition strategies among communities. 3) Soil enzyme activities decreased

significantly with depth. BG activity in Eucalyptus plantations declined by 85.7% in the 60-90 cm layer compared to the surface,
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while the maximum enzyme vector length (2.86) in secondary forests at 60—90 cm indicated severe microbial carbon limitation in
deeper soils. 4) Soil total organic carbon (TOC), pH, and available phosphorus were key factors regulating enzymatic
stoichiometry. 5) Vector analysis indicated that soil microorganisms in secondary forests were most strongly limited by carbon,
grassland communities were primarily nitrogen-limited, and soil microbes in the FEucalyptus globulus plantation were
phosphorus-limited. In conclusion, this study elucidated the divergent patterns of soil ecoenzymatic stoichiometry between
subtropical plantations and secondary forests and their environmental drivers, providing a scientific basis for sustainable
plantation management and ecosystem restoration in the region.

Key words: Soil extracellular enzymes; Ecological stoichiometry; Nutrient limitation; Vertical distribution; Plantations;

Subtropical ecosystems
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Table 1  Vegetation community information in the study area

e (0 Ca i HEBE e W T % 4
NT AR 639 106°31'50"E, 24°22'53"N WEHEHE R Form. Eucalyptus globulus F-EG
422 106°34'22"E, 24°07'24"N PUHE—/\FHURE R Form. Betula alnoides-Alangium chinense F-BA

292 106°34'31"E, 24°02'38"N AR Form. Cunninghamia lanceolata F-CL

AR 347 106°34'22"E, 24°02'31"N (RN ES Form. Schima wallichii F-SW
FEA 679 106°31'43"E, 24°22'56"N BERFE - R Form. Ageratina adenophora-Bidens pilosa F-AB

(NH,-N) . S (NO5-N) B+ 3EEH 5 — 103 H AR
TIE, HIBREPER. PR RERY), nlit 10 B
Rt I 3% pH, o 20 HALARG A TE +
A O R RLAR L 5 100 HFLARTH H T 5E 1 4
BT
1.2.2 LIRS R MRk 2e it oA N
FERH DT HEDEF G E T 4 MEEETE, S0k
B-HIMEH I (BG). B-LBEHIMEIHE T HE(NAG) . o2&
R S JE KA (LAP) . FRMEBEIRBF(ACP), HART7 kit
UL 3L ) & (IN24616X . IN24686X . JN24687X
IN24624X).,

ity Ak 27 3 5 B AR U (BG) . AL 3K B
(NAGH+LAP) BB ACP) T HE R F ke, 358
AN C I N. NP FIC: P AL T A 5.
In(BG)

ECZN:ln(NAGJrLAP) M
_In(NAG+LAP) )
NP ln(ACP) ( )
L In(BG) 3)
“" In(ACP)

1 TRV A O Bt 3 (R i I BE R O & 1) 1)
WF9E TR E W 37005 BRI BR ] -

12
Vector length= (x2 +y? ) 4)
180
Vector angle=Arctan2 (x, y)x— 4)
n

. BG BG .
K. x= , y= , Arctan2 ER WS

ACP’ * NAG+LAP &

% Arctan PREL, KM, MUEWZ C BRI
N 5 P BREI5Ih <450 5 >45° (R EMER
7N, P BREIBEE RS, w0 N RS RS
1 RE AU/ N T3S e

T HEBS I EE A L IEMAY CUE M
NUE!",

S
CIJECZN :CUEmax X ﬁ (6)
CIN "YCN

1 Bex

Sen=— 7
o EEAC:N LCZN ( )
NUE=NUE, x Sxic 8)
(K+Sy:c)
BNIC
Snie=(17EEA ) % 7 )

N:C

K. CUE,,, FINUE,, #§N~IEHAED A KT
HEAY C UEAT N P51 BR ; AR AR AL Ko IR 0.55
Sc - NSy : ¢ 7 BIFRBEE L AT HH B PR oT R
ZH R OHAME ] TOC/TN F1 TN/TOC) 5 A W14 Wik 21
B (MBC/MBN #l MBN/MBC) i ) 2% S gl F
BG/(NAG+LAP) Fll(NAG+LAP)/BG %8 C/N [ Fil
N/C (Rl EEAc:x 1 EEAy: o)TEPEAH; Be:n A
By : ¢ o0 iAE HEERAE A C/N FIN/C; L.y FI
Ly : ¢ 73145 13 TOC/TN 1 TN/TOC.

1.2.3 R bR E HEER R e S
MR Riefedb ot ) 2. Bkl . +HERH (BD)X
AT 5 £ /K (SWO)R FH E a4t 11k
M 5 A (NH-N) | AR (NO;-N)R L
PO CRERIE s pH SR AAIEINE ; ABE(TP)
R MR E—ARBA LRI A 5 2 2(TN)R YL
FERIEMGE ; 2 (TO)MLEA MR (TOC) R HIA B A
AL ANEN A ;. 48R (TK)R RS RR/ = R T
fiff— P B 5 5 B AR B v o 5 A AR (AP HH 38
R TR AR AR BT RIN E ;SRR (AK)
K RGBSR - KA EE LRI 22 5 PHES T84 it
(CECYRH =SS & AR ORI E. +
A A Y REIR(MBC) . YDA (MBN),

1.3 HESITSHH

K H Excel 2021, SPSS 26.0 I Origin 2025 47
BB | AT R YRR | RS A
THEE O 22 5 0 2 PR T 9 R R 2% 43 17 (One-way
ANOVA)HEI 7K S, Ifi#id Duncan FCETE W 2S00 T
2 H(P<0.05); T IERHEE A it b S 4 e
AL R] A AR G 23R A Pearson AHOG M

http://soils.issas.ac.cn



904 + i1 58
2 HERE4HSR B 1 kv E TR A R ) SR 4

N HEE, 7E 0~30 cm +J2, F-BA ) TC SEH&E
21 AREYEETEBEBUMR

2 N EOTOR RS RS ) R
o NTHM(F-EG, F-CL)AH#1K(0.78~0.85 g/cm?),
KA FR(F-SW)HE 55 (0.83~0.85 g/em?). AN[EIEYIRETS
], RIZEKERRBE, Hi, F-EG S/KEEM,
ik 14.94%, F-BA ffik, 7 9.68%; T2 /KZNI%E
FasE . 3 M ARY, F-EG(##%). F-BA(FGHE—/\ff
H)0~30 cm pH 3 = T F-CL(FZ2K); )2 IR
fin, F-EG Hl F-BA +3% pH .3 FF&, 1M F-CL %%
FaE . BRI S, KAME-SW)pH ik, FA
(F-AB)pH . F-BA 0~30 cm NO;-N &5
(4.55 mg/kg), 3 =T F-EG(2.65 mg/kg). F-CL
(1.49 mg/kg) .F-AB(1.49 mg/kg)#l F-SW(0.98 mg/kg);
F-SW £ 12 NO;-N &i¥mEL. B 3 A AT
(F-EG. F-CL Fll F-BA)#/Z(0~30 cm) NH;-N &#
FART F-SW Ml F-AB #b, £ 8E9 8) Hofh £ )2 NH-N
SRR EET . WEKEF-SW)#% L2248 (TK)
TEYEE; HNF-AB)4 T2 (AK) & R B
B % F-AB 60~90 cm + 245 50 (AP) & R F i b,
3MANTHMELE AP FEE FIRAEMRMEFEMN, 3
it N AR 4 2 B HLEK (TOC) & 5 1 i T A Ak
RN 25 TR, N TMEFEASER R, A
et 28 F s, A RARER .

(22.02 g/kg), W& T F-CL. F-SW Hl F-AB; TN
Er Ll F-SW 255 (0.81 g/kg), H W& T HARE ;
TP &= W7E A Tk F-BA & &% 5 (115.68 mg/kg),
M F-SW #f(63.65 mg/kg). LYY I7iH ,
0~30 cm 12, MBC .MBN %M 4 F-EG i (5
WA 1.65 g/kg F1 82.62 mg/kg), A (F-AB)HRAR
(0.25 g/kg FI 38.49 mg/kg); MBP WL\ F-AB fx /%
(4.52 mg/kg), F-SW HA(0.52 mg/kg). B+ 2K,
TC. TN. TP, MBC. MBN #il MBP £ & F [&i#a#,
ERTR B AR IR BE AN TR . BRI, B M\(F-AB)
P2 R 3k e IR (MBP B 4h); F-BA il F-CL
()35 e 3 B AR AR /IS, LA R V5 B 2 ER
B0 B R
2.2 NEIEWEE T IR E ST

B 2 HASFEFE RS ARG . 7F 0~30 cm
+)Z, F-EG 1Y BG {57 (196.98 pumol/(g-d)),
Fim T HAL 4 R, JF RS MERALN F-AB B
7% (11.36 umol/(g-d)H 17.3 f; NAG i ERIFELL F-EG
B (61.48 pumol/(g-d)), HEE®T F-AB, F-BA Al
F-SW; LAP Jit N5\ F-AB f 5 (12.82 pmol/(g-d)),
HWZE® T F-EG Ml F-SW; i ACP JEVENZ K
F-AB L T HAl 4 M . BEJZ IR, Bk F-BA
HNAG 1 HEFRB R e G THAL, A RETE o 4 Ff

R2 TREEMHELREREUER

Table 2 Soil basic physicochemical properties under different plant communities

e )2 pH BE EHKFE HTEEOYA) S A e R A FSRERiINTS
(cm) (g/em’) (%) (mg/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg) (g/kg)
F-EG 0~30 5.20+0.41Aa 0.78 1494 2.65+1.05Ab 11.24+126Ab 3.08+0.49ABab 1.90+0.75Aab 7.06+2.23Ab 22.52+1.06Aa
30~60 4.55+0.14Bc  0.78 1447 2.07£0.71Ab 11.15+1.22Aa 2.43+0.13Bb 1.22+0.16Ba 3.79+1.17Bb  16.71+1.5Bab
60~90 4.41£0.13Bc  0.78  14.89 2.47+1.26Aa 11.78+0.8Aa 3.49+0.33Aab 0.90+0.12Bb 4.49+1.06Bb  14.52+0.51Cb
F-BA 0~30 5.52+0.27Aa 0.84 9.68  4.55:1.01Aa 11.50+0.91Ab 2.89+1.20ABb 2.90+0.78Aa 13.22+3.34Aab 21.33+1.54Aab
30~60 5.05£0.11Bb 0.86 13.07 3.43+0.84ABa 11.36+0.89Aa 2.50+1.21Bb 1.92+0.60Ba 7.25+0.61Bab 14.79+2.72Bb
60~90 4.93+0.07Bb 0.85 13.55 2.52+1.07Ba 11.00+1.60Aa 3.75+0.39Aab 2.13+0.69ABa 7.03+0.88Bab 12.81+3.58Bb
F-CL 0~30 4.68£0.09Ab 0.85 11.19 1.49+0.45Abc 11.18+2.94Ab 2.45+1.15Bb 1.97+0.56Aab 11.23+5.86Aab 16.5+6.33Bbc
30~60 4.60+0.14Ac  0.81 1023 1.09£0.63ABbc 11.45+2.99Aa 2.90+0.55ABb 1.15£0.62Ba  3.86+1.24Bb  18.65+3.67Aa
60~90 4.61+0.18Abc 0.81  9.48  0.63£0.49Bb 12.32+42.45Aa 3.44+0.40Aab 0.84+0.18Bb 5.56+1.75Bb 20.91+4.74Aa
F-SW 0~30 4.10£0.08Ac 0.83 1235 0.98+0.56Ac 15.55+3.65Aa 4.29+0.52Aa 0.93+0.33Ab 11.87+5.21Aab 11.75+4.46Acd
30~60 4.05+0.13Ac  0.85 1431  0.28+0.23Bc  13.25£1.27Aa 4.31+0.61Aa 0.85+0.57Aa 6.62+0.86Bb  7.63+0.85Bc
60~90 4.54+0.09Ac 0.84 12.97 0.23+0.18Bb 12.94+1.69Aa 4.63+0.38Aa 0.63:0.04Ab 5.95+0.91Bb  6.44:+0.69Bc
F-AB  0~30 5.30+0.29Aa 0.82 10.64 1.49+1.04Abc 15.55+3.66Aa 2.43+0.20Ab 1.76+1.46Ab 17.55+6.73Aa 9.02+2.57Ad
30~60 5.69+0.35Aa 0.80 10.04 1.01+0.26ABbc 13.25+1.26Aa 2.23+0.24Ab 1.08£0.39Aa 13.81£9.27Aa 5.43+0.24Bc
60~90 5.62+0.32Aa 0.82 1046  0.75£0.16Bb 12.94+1.69Aa 2.49+0.90Ab 2.14+0.81Aa 13.93+4.40Aa 7.14+1.36Bc
T B KE R R 3R R [ — A P T AN R) 12 TR B2 (8] 22 57 1. 35 (P<0.05), /NG FREAR R 2R [F] — 1 )2 IR BE R [F Ay 95 0] 22 5%
B3 (P<0.05), T,
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Fig. 1 Soil total carbon, total nitrogen, total phosphorus, and microbial biomass carbon, nitrogen and phosphorus contents under different plant
communities
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Fig. 2 Soil enzyme activities under different plant communities
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Fig. 3 Stoichiometric characteristics of enzyme activities under different plant communities
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