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Variations in eco—enzymatic stoichiometric characteristics of fluvo—aquic soil with different use intensities in
The North China Plain

LI Shengjun"?, SHENG Meijun"?, LI Gang"*, YANG Xinyue"*, WANG Rui"?, LI Jie"?, ZHANG Guilong"?, XIU Weiming"*

(1. Key Laboratory of Original Agro—environment Pollution Prevention and Control of Ministry of Agriculture and Rural Affairs, Agro—
Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Tianjin Key Laboratory of Agro—
environment and Agro—product Safety, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191,
China)

Abstract: To explore the response characteristics of soil enzyme activities and microbial nutrient restriction levels to land use intensity, in
the present study, a chronic fixed field experiment was conducted. The experiment had four treatments: one treatment with high use

intensity (wheat—maize rotation, MW ); two treatments with middle use intensity (temporary grassland rotation with wheat and maize rotation
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with temporary grassland, GW and MG, respectively); one treatment with low use intensity (perennial grassland, PG). The soil enzyme

activities and ecological stoichiometry were analyzed after 6 years. The results indicated decreasing soil pH with decreasing land use
intensity (only PG was significant). PG and GW treatments increased organic carbon (OC), total nitrogen (TN), and available phosphorus
(AP) contents in soil, thereby increasing the soil C:N and N:P ratios. Land use intensity had major impacts on key soil enzymatic activities,
with higher activities of B — 1, 4-glucosidase (BG), B — N-acetyl-glucosaminidase + leucine aminopeptidase (NAG + LAP), alkaline
phosphatase (ALP), C/P ratio of extracellular enzymatic activities(EEAC:P), and N/P ratio of extracellular enzymatic activities(EEAN:P)
observed in PG and GW compared with MW and MG treatments, but alleviated P limitation. Correlation analysis suggested that key
enzymatic activities showed a positive relationship with OC and TN contents as well as C: P, and N: P ratios, but a remarkedly negative
association with NHi=N content. Both EEAC:P and EEAN:P ratios were significantly positively correlated with OC content and C:P and N:P
ratios. However, a significantly negative relationship was observed only between EEAN : P ratio and NHi—N content. Random forest analysis
illustrated that pH was the main explanatory variant for microbial C limitation, while C: P and N: P ratios as well as NHi—-N content
contributed more to soil microbial P limitation. These results indicate that integrating temporal grass into agricultural land use management
can enhance soil carbon sequestration and nitrogen supply, improve soil enzyme activities, and lower soil microbial P limitation. These
findings provide a theoretical basis and technical support for improving soil ecosystem quality under intensive agricultural management.

Keywords: land use intensity; microbial nutrient limitation; soil enzyme activity; eco—enzymatic stoichiometric characteristics; temporary

grassland

VAR LA B O e E T BRI R, B
FRRTHRE ), N IRRE B B2 il T EOR 5T
ko SR, B 24 Al A e (R L B s e, B R
HE3 T K 1 eV TS RRAG I A APk
S5 EL Y G TR AT X X BB AN R R A AR
A I+ BRI fe ZH BR A A T 52k
Je (R B A L R AR M R sk 5 ik D ) OC B i)
A iR P 58 R O O S R A SR A
KM E BN R3PS PSR L LR R ™ A AR
IO 3t 7 H A T BE, RE RS B S R S B X
ABRGEME LR . TR TSR B SRS R T
I 0 A= PR A A PR 0 S AR T 2
B AR LML 25 R GE A8 B, K 00 o i B 1) - 2 )
R 3E AL S FTA SRS A HE R A
b HEAE S R G E AR A R TE AR A R 1
WA AT, WS TP R A K HEAE B
VR Rl ] BEM IR A OB 155 | T ke = 1
X A P 5 R BT

TN R SRR M A AR R S W LA S A
SR LIS X R A R LIRS R G E
S EEPIEAL I, A g R SR LR B AR Y Bk
PAFBER JE AT )& R0 LA KA LIS e A
FR AL S 7 0 K A5 G AR I T Sl X P g AR
Ao g, s ORI A IR ) B S
SRR TR PR TEAR B LA AR R G, B
L3R03 Al M IR S UIAR G, REAS A R0 W% 73 FR AR
LR fEHAR N AT 2 S R (C) VA

1% WHART]

(N) B (P) 0 FL R O HE A O R ZEFENS 5 . ax 8t
TRk ) 3 WA AR PR BT 0 97 0 R R IR B T
PR A AR W )35 SRR R, T8 5 TS 1 v 000 o
g 1 R AHERT S X TC R A R S, ST
S B g R R B S G U R AR W Bk
TS AL R FR AR A PERY  BOR B 22 i ISR LA
WEFEHE bR 1A R rp2d ) T RAEAS [A) R0 A8 BRI i T
TS RGUIROL . SR, T A TE AE T SR
Xof R - ) 5 B A A PR R

O HE SR SR AR B S T G
AR RS, B HIEA S REH S5 C NP
TEER 1 GBI AT ME L (35 2 5 CTRER I B-1, 4~
B BT (B—1,4—glucosidase, BG) .25 NYFIRHY
B—N— . 19 24 25 5 85 B 11 i ( B—N—-acetyl—glucosamini-
dase, NAG) F1 5% & R & F& K i (Leucine aminopepti-
dase, LAP) UL ]2 2 55 P 1if 24 1) 1 14 % 1% 15 (Alkaline
phosphatase, ALP) %) 3= % F TR 3850k WA
i SR SR IR 2 A f) 5 AR B0, SINSABAUGH
SELINT A Sl A AT 5 L In Ase tIn Axacaart In A
PEAT T ARRRENRSE, R B 1:1: 1, 7
HI T BREE SRR AE W IR S5 IR R A 22 5, IR |
R S BB PT R 23 A i O 53

HARA S R G rh LI Y SR o IR AR B2 T
b 52 3] A BRAZ AR TR 2520, 52 N T8l
SREUAA HAE S R G, A B RUE YR o BRI RAAE 32
ST AN SR o i S AR i P EUIE R 1
T PR, Forp SR it FO AT N ZR A A2 5 i



IR A AL IR T35 BE 0 £ W A A R LA 2735

A= P BRI ) ER R, AR e T P i A
P B R Y Ay n R B 2 W] A TR
T BR AL PR A BRI X AN [ it AT A R R 4
it A= A Ak 2T RERRAE (5:2:3)1, S s - 48 v m |
FHE C P AR i = H A= 9 a] DL 1o 9 4 i 2R ok
X2 7 B B T PR

Zi LA, AR S A R LR SR AL R
o3 BRAARBL A USSR AR, P TS A I A A A R GO
DUARBE TR . ST, AR E B A A
(e ) FH 5 B8 R (K, 5 7 B e P S L R A
T IR A BTG 1 A AT SRR
B P 3 JRE Ao FEE O, AR L SRR R TR A,
ANEEAE AL AT S R IR BRI SC R LI O 4R
LA PARL S A FH i & BEOR R o 2 T
RBSH K.

1 MEEFE

1.1 ARXER 5K % 1T

I L A5 A7 AR M AR AT T PR R A B W
i B ANREE LI v (117°127E,39°21'N) . ik
653l iy Ab AL I ARG ER , 12 IR K 6.3 m, JE B TR
N A T R ORRE M R AR AR 11.6 °CL AR
YR K R 520~660 mm, - R AU 4 o WG T
2015 4F , 4 AL FR/NXALEE 14> = o B ( ROk —/NE 4
1, MW) (24~ i B (I I B — N2 A58, GW 5 K-
I B} 52 B, MG) AT L AMIRSR E (24 o, PG
JNXTEFRE N 400 m*(40 mx10 m) . T AKZ, AR
FH B A 195.5 kg-hm (LA N3 B IE it T s 81
kg +hm? (L P,0s ) , # BB it 8 5k 75 kg - hm 2 (LA
Ko0 1) s /N 2], RUIE it FH iR 206.5 kg - hm (LA
Nt , B HE it A 72 kg - hm (LA P,OsT) , #IE it
FH R 525 kg - hm > (PA K0 7)o 60% B Z&E (JR
) N4 B N KB NEAE SRy AT /N2 0 R KA
T, 55 40% H)ENE (PR 2D VE B I /N2 B A &
KT o /DNEFREFFETAEH , £RFEFF 2T
Hh A FH At PR PR B it [ 244 e BB 5 Xl fsf
M A AR SR BT AR it AR A B i, 76 T — 24
YrRire i EE e, AR LR Rl 5 2
FTCTERL s 224 A AN SR IR ] it N R B e, A
YIEvE DL SR Ry o BE IR
1.2 TIEHFRRE

2021 410 J1 (MW 1 MG &b 3 4 T 5 K g2 Jb
GW 55 PG Ab P AL 15 B 5 b A5 4 1) 4 554> /N X )

I3 3ANEE R /INFEAT S AR RS N B AR
5 em Y - e B L SORAE TR 4 0~20 em )2 14
FEIR AR L AR S 50 B A TR R ) B A4 4 2% o e e A
H B AT S % 1 2 mm 0 5 S AR, — 0 T
4 CPRAF, T IE S K& RS RAMMER S &, —
A3 AT 3100 Tl 0 A AR At A B A P
1.3 B MRNE

AR AL B E 22 (R R A A ) (5 =
B, 43855 K £ (Soil moisture , SM) 5% I HE 12
€ s pH R pH I E OK £ Hh 2.5: 1) 5 A HLK (Or-
ganic carbon, OC) >R ] 5 5% IR B 25 &t 1 I o 5 & A
(Total nitrogen, TN) % FH BIL G & 06 22, {4 &2
Wl 43T (AA3, SEAL Analytical , 75 & ) 52 At ; 4=
(Total phosphorus, TP) >k H H.SO0.—H,0, {H & A EH B 4T
Fb (232200 7€ 5 A5 %08 (Available phosphorus, AP) %
NaHCO:#= #2 FHEE BT o (1 I 5E 5 2 A5 A (Ammomi-
um nitrogen, NH=N) fIiE SR (Nitrate nitrogen, NO3-N)
T ETE TR A 2 CaCLIR 4R IS 1 FH 3% 2 3 2 Hr X
(AA3,SEAL Analytical , £ E ) I & .
1.4 TIREEEMENE

SRR R PR Sk (L 2R35O ME . H
L35 B 1, 4-RAI T I (BG) Al L35 B-N- 215t
SRR R (NAG) SR P XA AR v ™, -3¢
SE AR 2 SE IR (LAP) SR FHXS A SE AR i |, 39808
PEREIRNE (ALP) SR FIBERRAR — 8 L (1200
1.5 ¥iEALE

C NP AU E T L o] DASRAE 1 5 A= 9 1 77
SrBRBIE B, RS C:NLC: P K N: P 4351 LA
AvclAxacarAnclAxie B Anacaar/ Anie 718 o JL AT PE
(Extracellular enzymatic activities, EEA) 15 R X
BURACS TR AR, AR

IR A L (EEAC: N)=In Ape/In Axagere (1)

IR R L (EEAC: P)=In Asc/In Auwe (2)

TR AR L (EEAN:P)=In Avsuar/In Asp - (3)

it A 2t B0 ) R (V) A B (V) TG
N

Vi={[In Apc/In Axacerar+(In Age/In Aap) )™ (4)

Vi=Degrees{ATAN2[In Agc/In Aare, In Age/

In Axacear) 1} (5)

FH : Degrees A7 ) B &% bR ; ATAN2 4 )2 1E U1 R
o VOBC, ROR C BRI s Vi<d5°o I V,>45°4) il
FEoR N BRI B P RR ] A A TR BE 25 B B, PR
il 5

WWW.QEs.0r9.CN




m@g 2736

VRETR Rt Y F41EF 128

K R 4.2.0 84 19 Envstats £ % 508 3517 1E &
PELA R 5 22 57 A B , A ) L 3 1) FH 8 B2 T - 48 PiAE
PR G AL 2T i T2 S R B R R T 2200
(One-way ANOVA) £ 5 , I 7€ «=0.05 7K °F- T & H
Duncan {5317 2 8 LK, SR H Origin 2021 B2 K]
K Spearman AH OCHE 43 i 5 1 1 BRAL M o Fn A 1
it 146 14 2 [B] R AH SEOC 2 , TR I A R 4.2.0 B i
geplot2 £ 58 i o R B AL ARAK [0l I A5 53 By - 45 34
AR 1) K B A A B AR AR L, AT A ot
R 4.2.0 811 ggplot2 A58 i

2 HRESW

2.1 TiEBUEREE

W% 1 iR, 13 pH TN \NH:-N .NO3=N , AP Al
SM 2Z 21| -+ Hi A1) FH 58 B AR AL 1 B E R . 5 MW Ab
PEAHH, GW A1 MG 4B R pH TN \NH;-N AP .C: P Al
N:P I i & 781k (P>0.05) ; PG AL H N pH & FFAIK
(P<0.05) , 1 C: P FI N: P Wi 2 55 (P<0.05) . 33
NO—N 75 B R 52 B0 oo ) P i 8 > IR T s B > rh )
FHEEJE AR fh a3, B3RP A oA FH 2 7] 22 53 2
F(P<0.05), 5 MW ALHAHEL , GW AL FR () SM 3G .
AL (P>0.05) , i [F] Sy o RTS8 B (9 MG AR 351K
FI 3R BE PG AL BRI S5 3 T 755 (P<0.05) o 3 FhF FH
FETE Y OC TP, C: N ¥ JC 8 2 22 5% (P>0.05) , AN [R] 1
S, OC 52 BH B ) FH i 5 184 o i T o 7 e 34, TP ) 22
PUAH S R 1T C 2 N 30 Ay rh R FH e B e i
22 TEMAESUEITEHELE

W1 TR, 45 4k B 4 38 BG .NAG+LAP il ALP
T PR 3808 9 722 A6 3 1L 43 531 8 65~110,16~26,22~28
pwmol - g+ d™',EEAC: N EEAC: P fll EEAN: P ) 25 {k
43 91 M 1.38~1.46, 1.28~1.42 1 0.85~0.99, 5
MW &b FEAT EE , GW A1 MG 4b BE BG 3% ¥ 3 JC B % 7%

1. (P>0.05) , PG &b BRI & 2 74 55 (P<0.05) . 5 MW
REFRAH G, MG 4 NAG+LAP  ALP i M4 fl EEAN : P
It L B #F Ak (P>0.05) , GW 4k # 5 PG 4b P )
NAG+LAP 1% ¥ F1 EEAN: P & 3 T} & (P<0.05), T
ALP & M 2 S m S (05 MW 431 I 6 i 3 22
5 (P>0.05) . 3 FpF B Z 8] EEAC: N JC it 2% %
S(P>0.05), X T EEAC:P,PG b3 i % m Trb i
] 58 28 b B (P<0.05) o

AN [R) A B ) KGR YR 9 AR Ak LR 1.92~
2.02, 5 B B 1 FH 58 B B AL B T v ) R 5 Ak
PRI IG5 25 5 (11 2) o A b 3 1) 5t A B 34 (E 1Y 728
A Ry 45.3°~48.8° (¥ KT 45°) , A Lt MW &b 3,
MG Ab g ) & A BTG I8 35 A8 40 1 GW AR PR 5 PG Ak
PR SRR, ARSI 2A T AR AR, ik H AR
BRG EE Y FEZ ) C P RIRRT
23 HEEESTMES T

Spearman FHPE M 45 3 (K 3) 28], BG . ALP
FINAG+LAP ) 5 OC TN .C:PHIN: P & i 2 1F A6
K FR (B NAG+LAP 5 TN AHOCHEA 341 ) (P<0.05)
M5 NH;-N {2 % 74156 (P<0.05) ; EEAC: P f1 EEAN:
P15 0C.C:P N:P B E IEAHE(P<0.05) , i EEAN: P
{05 NHI-N &2 2 2 A OGO R (P<0.05) .

SR JFH Bt AL AR MR 43 A 40 51 = 358 BRLAR P JB 6 € P FR
il SRR ([ 4) , K PR pH %t 35 304 97 C BR ) 2L
52 BTk i C: PN P I NH-N X - 4= 9 P
BRI LA i 2 DTk

3 itig

3.1 AEFABRET L HEEAMRHETL

FobAEL ] 2 3 % e S50 R i AR AR A T 3R )
P AT FAR ST L 26 2, e 1 L8R
ARBL . PG AL PR AR pH 7] RE 55 2 H 4R B 56 F d

F1 AELMF AEET HEBAMERTN

Table 1 Changes in soil physical and chemical properties under different land use intensities

s Y S T
Treatment pH oc/ TN/ TP/ NH:-N/
’ ’ (g-kg™) (g-kg™) (g-kg)  (mg-kg")

HAA EER A Bolloi=
- Sk A . . 3
NO-N/ AP/ /L C:N C:P N:P
0
(mg-kg')  (mg-kg")

MW 7.99+0.07a 11.53+1.34a 1.52+0.04ab 0.83+0.07a 8.65+0.39ab 39.43+0.87a 27.28+3.18ab 23.37+1.02b 7.58+0.81a 13.83+1.00b 1.83+0.10b
GW  7.95+0.08a 12.81+1.60a 1.45+0.01ab 0.77+0.07a 8.16+0.93ab 11.20+0.65¢ 19.82+3.58b 24.13+0.33b 8.32+0.48a 16.30+1.34ab1.96+0.06ab
MG 7.96+0.05a 11.21+0.81a 1.36+0.10b 0.75+0.03a 8.74+1.0la 9.51+0.28c¢ 24.02+8.56ab26.21+0.33a 8.22+0.02a 14.92+1.20ab 1.81+0.14b
PG 7.75+0.04b 14.54+3.44a 1.84+0.42a 0.75+0.03a 7.50+0.45b 14.66+2.90b 37.00+3.08a 24.99+1.49a 7.92+0.22a 19.27+3.91a 2.43+0.48a

H:C:NROCTN;C: P OC:TP;N: P TN TP, [f]—17 R R/ING R IR 45 Ab L] 22 5 8 2 (P<0.05) .

Note: C: N means OC:TN; C: P means OC:TP; N: P means TN:TP. Different lowercase letters in the same line indicate significant differences among

treatments at P<0.05 levels.
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Figure 1 Changes in soil enzyme activities and enzyme eco—stoichiometric characteristics under different land use intensities
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Figure 2 Changes in vector length and angle of soil enzyme stoichiometry in different land use intensities
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Figure 3 Correlation between edaphic properties and enzyme

activities and stoichiometric characteristics
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Figure 4 Relative importance of physical and chemical properties

by random forest analysis
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