o562 3% 3 + o W) Vol. 62, No.3
2025 4 5 A ACTA PEDOLOGICA SINICA May, 2025

DOI: 10.11766/trxb202403220128 CSTR: 32215.14.trxb202403220128
PREIE, IRRF, FEME, FAE, BRI, &0 AREREL LR —E Y E Y- SNERE A2 RE D], LA, 2025,
62 (3): 811-824.

CHEN Yuqi, XU Lingying, WANG Zhiwang, WANG Xiangping, YAO Rongjiang, ZHAO Xu. Stoichiometric Characteristics of

Nutrient-Microbial Biomass-Extracellular Enzyme Activity in Different Salt-affected Soils[J]. Acta Pedologica Sinica, 2025, 62 (3): 811-824.

REEEL HIEF S HEYE M E-RINGERNLFITE
HEAE

ERN hRHE Y, 2EEN, A, g, & ettt
(1. VLTRH B F AR S R G U A MR A 580 (P R B o E PSRBT ), BEat 2111355 2. P EBFRE RS, JLat 100049; 3.
FIRFE B R SOEBE B 2111355 4, BISROL T RS R IR A R T S0 (R 5t RN ), #is 211135; 5. %
T 228 AR BS54 TR 2B, R 232001 )

8 E. SEEREULHIA T IR FHECR I R RER T . DFITER BT T IR A S A W R A, AT R
Bk E RO AR R AR . SRAETR MR ER T Ab D S SR Y R4 A< 3 gkg ' (Sy)L 3~10 gkg ' (S,), > 10 gk
(Sy) WY EIEAERFFFA G, 3T AN F RS A E R AR e R . eEY R . MOAMEGTE 09 SO AR S et L 2
5, PR RS T 1R BRI S R BRI RAIE A A LR . AFOR S SRR . (1) hwifb E e PR . 5. 20,
PR AR R T R, BARYESE ke RO SR i, S HHEA LK . SRR AR T
Bz AR, R IR R . (2) Ehm A RIS R AL ( Enzyme C/N ), FAMEGIEARES L ( Enzyme C/P),
FAMEETE B L ( Enzyme N/P) YRR HIMRES 1 2 1o Bk R mARRISE R IR, Sy HIEME DRG] . S AR
M BE ST Sy, Sy B, ULRHERG LRGBS 380K | B TR e ik . R RIRBR S (3) Ehay
FhE (TS), Na*, K", LB (ESP), CI', 4FEHZEMELL (MAV/MAP ) J23hii b 398 55700t W A W - o R T% o SRl
FHE LR SRR 2K 15 BENLARARSS R CI. TS, MAV/MAP 2k WA v o bR S B0k %, TS, ESP. HAMLHT L
(SAR). CI', Na'. MAV/MAP & YARRT R B EE0RA R . 25 b, X T8k, #RFRor PEA A 78 RS 7, #h
BLREAT 5 S8 S A R LR Ao ms . EPRHIERAE , I ELBR AR 2 b 2 SR it R A s i e . [N e AR T 5T
FEHR AT ER T AR S A DL S e Ao R . AUEHE

KB HRBUL TN Ry ARSI RAE, AR Y e R SRS R IR PR

HmESHES: S158.1 MEREE: A

Stoichiometric Characteristics of Nutrient-Microbial Biomass-Extracellular
Enzyme Activity in Different Salt-affected Soils

CHEN Yugqi"?, XU Lingying" > *, WANG Zhiwang'’, WANG Xiangping*, YAO Rongjiang*, ZHAO Xu"**

* o R g A S SR L I ( XDA0440000 ) %EH Supported by the Strategic Priority Research Program of the Chinese Academy of
Sciences ( No. XDA0440000 )

+ M IRAE#H Corresponding author, E-mail: xulingying@issas.ac.cn
FEZ I R R 1999— ), B VIR ZE M A G E5E L, R8N H I F BT 5k P ) E WF5E . E-mail:  chenyuqi@issas.ac.cn
Wk B 0T 2024-03-27; BSOS B 0. 2024-09-04; FI%HE & H M (www.cnkinet): 2024-10-23

http://pedologica.issas.ac.cn



812 + e 2 il 62 45

(1. Changshu National Agro-Ecosystem Observation and Research Station, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. University of Chinese Academy of Sciences, Nanjing,
Nanjing 211135, China; 4. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 211135, China; 5. School of Geomatics, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: [ Objective ] Soil salinization restricts the improvement of nutrient utilization efficiency and productivity
enhancement. Studying the dynamics of soil nutrient changes and microbial feedback under saline stress can provide a scientific
basis for nutrient management in salt-affected soils. [ Method ] Soils with salinity ranging from <3 gkg™' (S)), 3-10 gkg ' (S,),
and >10 g-kg™ (S3) of typical soil salinization areas in China were collected. By analyzing the differences in carbon, nitrogen, and
phosphorus contents, microbial biomass, extracellular enzyme activity and their ecological stoichiometric ratios, this study aimed
to clarify the changing trend of soil nutrients and microbial metabolism limitation characteristics under different salinity barriers.
[ Result ] The results of the study showed that: (1) Organic carbon, total nitrogen, total phosphorus, alkaline dissolved nitrogen,
and available phosphorus contents of the salt-affected soils all decreased. According to the nutrient grading standards of the
Second National Soil Census, the organic carbon, total nitrogen, and alkaline dissolved nitrogen of S; all dropped to the fifth level
(deficiency), while soil phosphorus and potassium pools were all relatively sufficient. (2) The ratio of extracellular
carbon-acquiring enzyme activity to extracellular nitrogen-acquiring enzyme activity (Enzyme C/N), the ratio of extracellular
carbon-acquiring enzyme activity to extracellular phosphorus-acquiring enzyme activity (Enzyme C/P) and the ratio of
extracellular nitrogen-acquiring enzyme activity to extracellular phosphorus-acquiring enzyme activity (Enzyme N/P) of different
salt-affected soils all deviated from 1 : 1 to different degrees. Also, the results of vector characteristics of extracellular enzyme
stoichiometry showed that microbial carbon limitation and microbial nitrogen limitation in S; were significantly higher than those
in S; and S,. This phenomenon indicates that increased salinization caused soil elements and microbial metabolic activity to
gravitate towards carbon and nitrogen resource limitation. (3) The salt content (TS), Na*, K', exchangeable sodium percentage
(ESP), Cl” and annual average evaporation-precipitation ratio(MAV/MAP)were the key constraints on changes in the carbon,
nitrogen, and phosphorus stoichiometric ratios of soil nutrients, microbial biomass, and extracellular enzyme activities in
salt-affected soils. The results of the random forest model showed that CI, TS, and MAV/MAP were the main drivers of microbial
relative carbon limitation. TS, ESP, sodium adsorption ratio(SAR), Cl~, Na" and MAV/MAP were the main drivers of microbial
relative nitrogen limitation. [ Conclusion ] In summary, compared to the relatively sufficient status of phosphorus and potassium
nutrient pools, salinity stress tends to induce a co-limitation of carbon and nitrogen in both soil and microbial communities, the
severity of which escalates with the intensification of salinization. Therefore, there is an urgent need to put forward methods of
organic regulation and efficient carbon and nitrogen management for salt-affected arable soils.

Key words: Salt-affected soils; Soil nutrient; Ecological stoichiometric characteristics; Soil microbial biomass; Soil extracellular

enzyme activity; Resource constraints
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Table 1 Basic physical and chemical properties of different salt-affected soils

MRy & Salt content/ (g'kg™')

BALFE bR
S|l> 822> S_;3>
Physical and chemical indicators
<3 3~10 >10
+HE B TS/ (gkg!) 1.39+0.05¢ 5.20+0.30b 27.87+1.99a
Ak B ESP/% 5.34+0.32¢ 10.11£0.80b 19.10+1.45a
pH 8.62:+0.04a 8.37+0.04b 8.35+0.05b
g Bt L SAR 3.21£0.23c 9.49 + 0.79b 25.69+2.11a
Jii K E WC/% 19.19+1.28a 15.71+0.86a 12.35+0.72b
FH 85 7423 CEC/ ( cmol-kg™) 12.18+0.59a 10.22+0.77b 7.2240.69¢
FRi Clay/% 23.15+2.63a 20.44+2.64a 19.01+2.26a
kL Silt/% 59.92+3.54a 57.77+3.51a 50.10+3.03b
ki Sand/% 16.94+3.40b 21.79+3.09b 30.89+4.11a
K'/ (mgkg™) 41.26 +2.81c 65.80 + 6.14b 222.26 +20.12a
Ca*/ (mgkg ") 102.55 = 7.42¢ 274.61 +32.52b 1054.82+91.37a
Na'/ (mgkg") 223.04 +16.17¢ 1079.86 + 84.17b 6 621.67 + 628.87a
Mg®'/ (mgkg ") 40.12 +2.32¢ 150.27 + 13.10b 569.90 + 64.55a
Cl/ (mgkg™) 277.25 +22.33¢ 1615.80 + 139.10b 10 169.25 = 1 147.47a
SO;/ (mgkg!) 336.09 + 34.75¢ 1741.50 + 175.35b 9 046.68 + 980.76a
HCO;+CO; / (mgkg™) 366.72 + 16.46a 274.04 +7.09b 187.55 = 8.81c

TE: RPEGFER R, ARG FRERR AR B LR 22 R B E (P<0.05), 1) SRR EH<3
gkg ' (n=60), 2) SRR LI EE ST RAE 3~10 gkg WHIN (n=45), 3) S; LR LHEEE S > 10 gkg ' (n=42), FIA. Note:
The data in the table are the means+standard error. The different lowercase letters indicate significant differences between soils with different
levels of salinity ( P<0.05) . 1) S, represents soil total salinity <3 g-kg”' (#n=60), 2) S, represents soil total salinity in the range of 3 g-kg '

to 10 g-kg™' (n=45), and 3 ) S; represents soil total salinity > 10 g-kg™' ( n=42) . The same below.

®2 TRHHFLEELABAREILERERIEE

Table 2 Carbon, nitrogen, phosphorus, and potassium contents and nutrient grading of soils with different salinity levels

S S, Ss
FRITHE bR <3 gkg! 3~10 gkg™ > 10 gkg™!
Nutrient indicators R FHRE R FHRE S FHR R
Content Content level Content Content level Content Content level
SoC/ (gkg') 8.74+0.31a BAET 7.45£0.65b BAET 5.71£0.24¢ k=
TN/ (gkg!) 0.98+0.04a BOEH 0.85+0.07a BOEH 0.61+0.03b =
TP/ (gkg') 0.76+0.03a it B 0.71+0.03a it B 0.59+0.02b LETUNE
TK/ (gkg!) 19.39:0.46a NN 19.50+0.33a IE T 19.75+0.24a IS
AN/ (mgkg ") 86.73+3.58a LS TN 79.46+4.09a LSRN 59.28+2.12b k=
AP/ (mgkg") 27.35+2.61a Fu 31.91x1.87a T 20.41+2.75b IS
AK/ (mgkg ") 198.00+9.51b e 242.22+15.51b &N 364.76+25.03a ESC

E: SOC, :MEf#lex; TN, LME4%; TP, LME4wk; TK, LIEAH; AN, A ; AP, A% AK, BAH. Note:
SOC, Soil organic carbon; TN, Soil total nitrogen; TP, Soil total phosphorus; TK, Soil total potassium; AN, Alkali-hydrolyzable nitrogen;
AP, Available phosphorus; AK, Available potassium.
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e (P<0.05), BFRIFEHAIAT = deili BKF.
SRR I AK FR YUY 1E £ B
&K
S; 3 MBC EEREST S, f1 S, -1
(P<0.05), Si. S». S;hAE+3E MBN, MBP & i

Jo 2R, B S; £3EM) MBN, MBP & wXA T
. B ERELER RSN, BGHCBH, NAG+LAP,
ALP Jifi6 3 5 AL (P<0.05). M, +% BG.

LAP . ALP [iff {if fifi £ 751 1k F2 J& 3% o @ 3% R AIK
( P<0.05 ), 1fii 3¢ CBH 1 NAG ZE LR E A /N £ 3 ),

x3 FRBHFUEBEIBRUEVEYERIHS 2 S5RINEEENMS

Table 3 Microbial biomass carbon, nitrogen and phosphorus content and extracellular enzyme activity in soils with different salinity levels

AR 432 & Salt content/ (g-kg ')

b Y A e R VAR AR

Soil microbial biomass and enzyme activity indicators

S

<3

S,

3~10

S;

>10

A LR ) e ik
MBC, microbial biomass carbon/ ( mg-kg ')
A A
MBN, microbial biomass nitrogen/ ( mg-kg ')
A LR ) e
MBP, microbial biomass phosphorus/ ( mg-kg™')
B-1, A-FjZWE T
BG, P-1, 4-glucosidase/ (nmol-h'-g!)
B-D-LF 4 — MK i
CBH, B-D-cellobiosidase/ ( nmol-h '-g ')
B-1, 4-N-Z T 5L 4 W 1 Tl
NAG, B-1, 4-N-acetylglucosaminidase/ ( nmol-h'-g!)
L-S5 % R A Ik
LAP, L-leucine aminopeptidase/ ( nmol-h'-g!')
BG+CBH/ ( nmolh'-g!")
NAG+LAP/ (nmol-h "-g ")

105.97 + 18.63b

18.43 +3.16a

10.17 £ 1.87a

668.04 + 59.97a

49.30+3.16a

196.60 + 14.23a

1389.41 + 86.24a

717.34 + 60.67a

1586.01 +94.15a

1329.10 £94.67a

97.62 + 14.25b

21.38 +6.89a

6.74 + 1.52a

357.76 +32.31b

35.01 +£3.94b

130.86 + 10.18b

939.92 +47.23b

392.77 + 33.96b

1070.78 + 47.06b

789.66 + 86.78b

292.81 £90.57a

12.34 +2.08a

8.86 £2.33a

162.56 + 15.32¢

47.36 £ 4.99ab

145.49 + 32.71ab

742.02 £ 36.11c

209.72 £ 18.57¢c

887.51 £52.41c

283.23 £ 35.04¢

ALP, alkaline phosphatase/ ( nmol-h '-g!)

ANFEIEEBLREE 3 C. N P FRoMbii oy
fEQE 1a, B 1b, Bl 1c iR, Syt C N 405l
Sy S, TR EHEINT 9.2%F1 10.3% (P<0.05). S;.
So. SyERFELIE C 1 P 2pdilh 12,02, 1146, 9.93, 1%
WEEFARE, S+ NP IHEN 1.05, 8 S
S, HIEEE TR (P<0.05), W1k 1d, K le. A If,
S; 1319 MBC : MBN V(N 5421, WEET S,
S, 3, HIAPIEE 6.4 580 5.5 % (P<0.05 ),
S; 13 MBC : MBP 35T S, 13 (P<0.05), {H
S, HESIAAWAEEBLEE LI TE R E T E S
(P>0.05 ). S; 3% MBN : MBP (K 1.99, &K
F S, 4 (2.72) Fir S, £3 (4.30) (P<0.05). W

lg. B 1h, E 10, =FEhmifbfEE 144 Enzyme C/N
BUNT 1, Hd, Sy +3E Enzyme CO/N WEHET S, Hl
S, 1%, Sy 1Ay Enzyme C/P (1.09) BEET S, +
5 (0.59) Fi1'S, +4% (0.56) (P<0.05), S;. S,. S;ih
JE 1€ Enzyme N/P [WEHIYK T 1, HBEERT LR
ICEL(E 23 m (P<0.05 ),

K 2a Fei T - 3EEh ok e AR M 3R 3 AR B
LSRR ROb A N B € e B TR e WO
FALRMHE B F O, HBEE SRR R 0, $di
SURAERY ) i e A B R/ anfEl 2b FTE 2¢, 45
REH, S;HEMRERKE (052) BEKTF S, £
(0.47) A1 S, -3 (0.46) WM EKE (P<0.05);
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Fig. 1 Characterization of carbon, nitrogen, and phosphorus nutrient element-microbial biomass-extracellular enzyme activity stoichiometric

ratios in soils with different salinity levels
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Fig.2 Relative stoichiometric relationships of C, N, and P extracellular enzyme activity (a ), vector length (b ), and vector angle ( ¢ ) in soils
with different salinity levels
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Fig. 3 Redundancy analysis of environmental factors and characterization of soil carbon, nitrogen and phosphorus nutrient-microbial
biomass-extracellular enzyme activity stoichiometric ratios (‘a); Pearson’s correlation between environmental factors and nutrient content,
microbial biomass, and extracellular enzyme activity (b ); Pearson’s correlation between environmental factors and stoichiometric ratios of

nutrient content, microbial biomass, and extracellular enzyme activity ( ¢ )
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