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Abstract: This study focued on alfalfa fields in the Loess hilly region as research objects, with four experimental
treatments were established: no fertilization (CK) , nitrogen fertilizer alone (T1) , phosphorus fertilizer alone
(T2), and combined nitrogen-phosphorus fertilization (T3). By examining the ecological stoichiometry of soil-
microbe-extracellular enzyme systems under nitrogen and phosphorus addition, this research explored the characteris-
tics of soil nutrient limitations and the feedback mechanisms of microbial communities to metabolic constraints. The
results showed that fertilization significantly decreased soil carbon to phosphorus ratio, microbial biomass carbon to
phosphorus ratio (MBC: MBP) , microbial biomass nitrogen to phosphorus ratio (MBN: MBP) , and enzymatic
stoichiometric carbon to nitrogen ratio (EEA¢.x). In contrast, soil nutrient content, microbial biomass, extracellular
enzyme activities, and enzymatic stoichiometric nitrogen to phosphorus ratio (EEAy.,) were significantly increased.
Enzyme vector modeling and vector analysis indicated that long-term alfalfa cultivation led to varying degrees of
carbon and phosphorus limitation in soil microorganisms. Nitrogen and phosphorus addition alleviated the microbial
phosphorus limitation and increased microbial carbon use efficiency (CUE). In conclusion, appropriate supplementa-
tion of nitrogen and phosphorus fertilizers is recommended for soils under long-term alfalfa cultivation in the Loess
hill region, to mitigate nutrient limitations on soil microorganisms.
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Table 1 Changes in the soil physicochemical properties of alfalfa fields under nitrogen and phosphorus addition

6 b5 Index pH FHLEE SOC/(g kg D 4% TN/(g-kg ') £#f TP/(g-kg ) AR NN/(mg-kg ') #AHE AP/(mg-kg D

CK 8.464+0.01° 9.4340.17" 0.8840.04" 0.9340.02° 2.214+0.11° 4.9740.07¢

T1 8.30£0.01° 9.2340.20" 0.9540.03" 0.9140.03° 2.94+0.05" 5.8540.07°

T2 8.254-0.02" 9.5240.01" 0.914+0.01° 1.0040.01" 2.234+0.07" 8.084-0.05"

T3 8.200.01° 9.96+0.25" 1.0140.03" 1.1040.01° 3.1240.23 9.1840.08"

N k% ns * * kok *k

]J skok * ns k% ns kok
NXP *k ns ns * ns ns

HCK RN, TLFRIEENL , T2 R RN, T3 FRm A BEICEC I . 3 h BB P8 SRR (0 = 3) , [/ — 5 sh A W) /NS - Bk
FR AN b ) 2% S W 25 (P<C0. 05) o N 27 SN MN8N , P 227 B VR I A9 20000, N X P o U AR 0 19 28 AR T 5 3R P<<0. 01, %38 7R P
<20.05,ns s P=0. 05, R

Note: CK indicates no fertilization, T1 indicates nitrogen fertilizer application, T2 indicates phosphorus fertilizer application, T3 indicates
combined nitrogen and phosphorus fertilizer application. The values in the table represent the mean- standard error (n = 3), different lowercase
letters in the same column indicate significant differences between treatments at 0. 05 level. N indicates the effect of nitrogen application, P indi-
cates the effect of phosphorus application, and NXP indicates the interaction between nitrogen and phosphorus applications. ** indicates P<<
0.01, * indicates P<<0. 05, ns indicates P==0. 05. The same as below
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Fig. 1 Soil nutrients stoichiometric ratios in alfalfa fields under nitrogen and phosphorus addition
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Note: Different lowercase letters indicate statistically significant differences in the indicator across treatments at 0. 05 level. The same as below
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Fig.2 Soil microbial biomass and stoichiometric ratios in alfalfa fields under nitrogen and phosphorus addition
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Fig. 3 Soil extracellular enzyme activity and stoichiometric ratios in alfalfa fields under nitrogen and phosphorus addition
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Fig.4 Soil microbial nutrient limitation and carbon use efficiency under nitrogen and phosphorus addition
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