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Response of soil extracellular enzyme activity and stoichiometric characteristics to

nitrogen deposition in new volcanic lava platform
YIN Hongbin', HUANG Qingyang'”, SHA Gang', XIE Lihong'”, YANG Fan', ZHANG Chao', JIANG Mingyue',
CAO Hongjie"* "

1 Institute of Natural Resources and Ecology, Science Academy of Heilongjiang Province, Harbin 150040, China

2 National and Provincial Joint Engineering Laboratory of Wetlands and Ecological Conservation, Harbin 150040, China

Abstract; Nitrogen (N) deposition may trigger soil nutrient imbalances, exerting a profound impact on nutrient cycling and
microbial metabolism in forest ecosystems. Due to nutrient deficiencies in the Wudalianchi volcanic lava platform, vegetation
restoration in this area is constrained by nutrient conditions. Little is known about whether soil microorganisms in this region
exhibit a synergistic response to plant nutrient limitations. To explore the impact of exogenous N addition on microbial

metabolic limitations in the soil of the Populus koreana elfin forest—an important pioneer tree community in this region—
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in-situ simulated N deposition experiments and enzymatic stoichiometry methods were employed to reveal the limitation
patterns of carbon, nitrogen, and phosphorus in microbial metabolism. Our results showed that N addition significantly
increased the activities of Carbon ( C)-, Nitrogen( N)-, and Phosphorus ( P ) -acquiring enzymes. With the increase of N
addition, the activities of the three enzymes first increased and then decreased. The activities of C-acquiring and P-
acquiring enzymes were highest under the N3 treatment, while the activity of N-acquiring enzymes was highest under the N2
treatment. (2) The EEA,, and EEA , of soil extracellular enzymes first increased and then decreased, reaching the highest
under the N2 treatment, while EEA . first decreased, then increased, and then decreased again, reaching the highest
under the N3 treatment. (3) The enzyme vector analysis revealed that the vector angles of the soil in all treatments were
greater than 45° and they first decreased and then increased with the increase of the nitrogen addition. (4) Redundancy
analysis showed that soil nutrients were the key factors affecting the activities of extracellular enzymes and the stoichiometric
ratios of extracellular enzymes. Total phosphorus ( TP) had a significant positive correlation with vector length and vector
angle (P<0.05). These findings demonstrate that nitrogen deposition enhances soil extracellular enzyme activity, modulates
microbial nutrient limitations, and accelerates soil biogeochemical cycling, providing critical scientific evidence for adaptive

management of forest ecosystems under climate change.

Key Words; microbial nutrient limitation; soil enzyme activity; enzymatic stoichiometry; nitrogen deposition; volcanic

lava platform
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Table 1 Soil factors and microbial biomass of sample from different nitrogen additional treatments

s RIIMALER Nitrogen addition treatment

Soil variables CK N1 N2 N3 N4

pH 6.69+0.078a 6.79+0.079a 6.71+0.080a 6.20£0.073b 5.83+0.087¢
SM 0.182+0.004c 0.185£0.004¢ 0.186+0.003¢ 0.245+0.004a 0.211£0.005b
TC/ (&/kg) 9.922+0.024d 11.420£0.301cd 12.223+0.595¢ 24.102£0.485a 14.065+0.898h
TN/ (g/kg) 0.672+0.021c 0.748+0.033¢ 0.670+0.016¢ 1.322+0.030a 0.972+0.056b
TP/ (&/kg) 2.105+0.026a 2.035+0.029a 1.793£0.022¢ 1.862+0.022¢ 1.955£0.031b
DOC/ (mg/kg) 38.70+3.08¢ 42.16%1.42¢ 53.43+3.06b 95.35+1.89a 52.47+1.38b
DON/ (mg/kg) 15.03+0.45d 18.31£0.23¢ 12.79£0.49¢ 29.90+0.15b 57.94+0.74a
NH, -N/(mg/kg) 3.53+0.09¢ 4.42+0.05d 7.83£0.13¢ 15.92+0.22b 48.73+0.61a
NO,-N/(mg/kg) 6.40+0.08d 8.65+0.08c 2.76+0.21e 13.91£0.23b 20.29+0.50a
SAP/(mg/kg) 0.78+0.01d 1.25+0.02¢ 1.72+0.03¢ 7.20+0.16b 10.65+0.07a
AK/(mg/kg) 207.29+4.76d 304.948.11c¢ 302.39£10.85¢ 361.22+15.92b 407.85+9.42a
MBC/ ( mg/kg) 234.21%13.76¢ 290.86+7.83b 315.65+3.29b 485.01+12.20a 155.78+4.67d
MBN/ ( mg/kg) 25.18+0.25¢ 32.51£1.12b 32.81+1.49b 56.55+1.52a 35.14+1.85b
MBP/( mg/kg) 4.27£0.44cd 4.5420.07¢ 3.63+0.10d 15.4420.33a 5.64x0.13b

CK:0gNm2a';NI:.2gNm2a';N2:4gNm2a';N3:8g Nm2a';N4:16 g Nm 2 a!;pH: T3 pH { soil pH value;SM; T35 /K &
soil moisture;; TC ; 1€ & 5% total carbon; TN : 135 %( total nitrogen; TP : +3% E# total phosphorus; DOC ; #ffPER#% dissolved organic carbon; DON: %
fi AL dissolved organic nitrogen; NH, —N; 225 % ammonium nitrogen ; NO;—N ; i§Z5 % nitrate nitrogen ; SAP ; SR available phosphorus ; AK ; #5440
available potassium; MBC.; i34 ¥ & B’ microbial biomass carbon; MBN ; {4 #) & %( microbial biomass nitrogen;MBP:%ﬁﬁZ%ﬁ@@ microbial biomass
phosphorus ; AN [Al/ING “FRER 7R AN R R I Ab 325 57 i 35 ( P<0.05)

2.2 FAS T A S NI T B AL 2R AR ) B

AR BN FE A5 C- N- P-3REU TG MERIAFAE 5 25 5% (P < 0.05, & 1), = JSMgG P Rt 5 204 N 2
AR ETHE R REAYHEE, N3 AL C-AR IS MR PR RO 16 M e, B T CK R N1 b8, 5
CK #HEE , N3 Ab B C-AR BTG 2 A1 P-FR A 15 P38 0 T 108.56% F11 76.71% , N2 AbBH N-RBUEGG M 2 2 5
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Fig.1 Soil extracellular enzyme activity and enzymatic stoichiometric ratios among nitrogen addition treatments
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Fig.2 Standardized major axis regressions three soil extracellular enzymatic stoichiometric ratios
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Fig.4 Results of redundancy analysis ( RDA) explained by factors for extracellular enzyme activities and (left) enzymatic stoichiometric
ratios (right)
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Fig.5 Extracellular enzyme activities and microbial nutrient limitation were related to each environmental factor by partial Mantel tests
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