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Abstract: The aim of this research was to explore the effects of fertilization with different amounts of nitrogen and
phosphorus on the characteristics of soil microbes. To this end, we prepared artificial grasslands with annual oat
(Avena sativa) and alfalfa (Medicago sativa) grown alone as monocultures or as a mixture (1:1). The experiment
consisted of a control, NP, (CK) and eight treatments, namely N,P,;, N,P;, N.P,, NP, ., N.P;, N ,P,, Ny,P,:,

and N, P;. These treatments represented combinations of N fertilizer at three levels (elemental N at 0, 75 and 150
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kg-ha ') and phosphate fertilizer at three levels (elemental P at 0, 37.5 and 75 kg+ha '). We determined the
carbon, N, and P contents in soil microbial biomass, the activities of extracellular enzymes in soil, and their
ecological stoichiometric ratios in the three types of artificial grassland under the different levels of N and P
fertilization. Tt was found that: 1) Addition of different levels of N and P significantly affected the nutrient
metabolism characteristics of soil microorganisms. In the oat monoculture, the fertilization treatment with high N and
low P (NP, ;) had a significant inhibitory effect on the carbon and N contents of soil microbial biomass. In the alfalfa
monoculture, combined application of low N and high P (N;P;) resulted in increased carbon and N contents in soil
microbial biomass. In the oat-alfalfa mixture, the influence of fertilization treatments on soil microbial biomass was
complex, but fertilization with high P (N,P;) had an inhibitory effect on soil microbial biomass. 2) The activities
of 8-1,4-glucosidase, leucine aminopeptidase, and alkaline phosphatase in the oat monoculture were greatly affected
by the N and P fertilization treatments, while those in the alfalfa monoculture and the mixed oat-alfalfa grassland
were relatively stable across all the treatments. The soil N: P enzyme activity ratios were lower than 1 in all three
grassland types, indicating that the P limitation for soil microorganisms at the experimental site was greater than the
N limitation. In summary, for grasslands in the northern part of Shanxi Province, the combined application of low N
and high P (N at 75 kg-ha ' and P at 75 kg-ha ') is optimal for oat and alfalfa as monocultures. However, for mixed
oat-alfalfa sowings, low N and low P (N at 75 kg-ha ' and P at 37. 5 kg-ha ') should be prioritized.

Key words: artificial grassland; nitrogen and phosphorus addition; microbial biomass carbon, nitrogen and

phosphorus; soil extracellular enzymes; ecological stoichiometric ratio
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Fig. 1 Soil microbial biomass carbon content under different

nitrogen and phosphorus addition levels
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Fig. 2 Soil microbial biomass nitrogen content under

different nitrogen and phosphorus addition levels
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F8 45 Index Qb P Treatment OMG AMG 0,A\G
TR A R R L NP, 10.69-+0.17a 11.97-1. 23abe 11.69-0. 94a
SMBC:SMBN N,P, . 10.81+0. 36a 11.2840. 8labc 11.28+0. 64a
N,P, 11.50-0. 17a 13.321.13a 11.69-£0. 56a
N.P, 10.92+0. 35a 12.83+0. 39ab 11.33-0.57a
N.P, . 11.60-£0. 38a 10. 69--0. 46bc 10.75-+0. 11a
N.P. 10.87-0. 34a 9.9240. 30c 11.10-0. 24a
NP, 10.99--0. 09a 10.84-0. 68bc 11.5340. 44a
NP, - 11.8240.67a 10.41-0. 64be 10.120. 89
NP, 10.86-£0. 45a 11.61-£0. 28ahe 10. 64-£0. 35a
A Y A ) R L N,P, 23.2940. 53a 17.0340. 38b 23.32+0. 19a
SMBC:SMBP NP, - 23.8240. 73a 14. 9440, 49¢ 22.1140. 10a
N,P: 23.09+0. 54a 17.29-2.09b 20. 994 0. 83ab
N.P, 18.57-+3.01c¢ 21.67+1.11a 21.8841.92a
N.P, . 21.70+ 1. 24be 21.59+41. 82a 22.5340.51a
N.P, 21.05+0. 64he 21.3142.05a 20.21+1.27ab
NP, 22.36+1.40b 21.23+1.54a 18.32-1.98b
NP, - 19.35-1. 68hc 21.85+1.47a 17.42-0. 68b
NP, 21.81-0. 82bc 21.21-0. 30a 17.72+0. 74b
A BB 2R i A N,P, 2.1840.07a 1.7940. 16a 2.02240. 15a
SMBN:SMBP NP, . 2.2140.09a 1.3340.07b 1.9840.19
N,P: 2.0140.03ab 1.30+0.15b 1.79-0. 09
N.P, 1.69-0. 23b 1.81+0.11a 1.94-£0. 09
NP, . 1.87-0.06ab 2.0140.09a 2.0940. 10a
N.P, 2.1240.08a 2.1540. 20a 1.83+0.21a
NP, 2.2240. 11a 1.99+0. 27a 1.94+0.08a
NP, 1.66--0. 20b 2.1140. 13a 1.75+0. 16a
NyoPs 2.0240. 14ab 1.83+0.07a 1.67-0. 20a

OMG:: #E & H4% 5 Hb Oat monoculture grassland; AMG: 1 & #.4% 5 #b Alfalfa monoculture grassland; O,A G #E2 X & 45 (1: 1) IR 4% 5 L Oat X
alfalfa mixed grassland (1:1). [ 3 ARl /NE S8 78 48 P<<0. 05 /K P17 16 I 3% 22 5%, T [ . Different lowercase letters in the same column indicate

significant difference at P<<0. 05 level, the same below.
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L (OAG) W BL N, AR BE2H 79 SMBC: SMBP f5 ik, B 2 AR 7 N A1 NG 3, H 5 NAb 24 /9 NP, (CK) |
NP, Fl N, &b BE 2 () NP, NLP, - 2% 5 i 2 (P<<0. 05) .
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NP Ak BB SN SMBN: SMBP 1 4% T NN Ab 3], 5 FH A 4 A # ) A 1 35 25 5% (P<<0.05) . #E42 X E 16 1:1
TRAE L (O,AG)H  NALFE X SMBN: SMBP JC & 35 520 , 45 Ab B 20 [7] 22 5 R W35
2.2 KRB RBERWAKT T LIE R B ERRLAFF G
2.2.1 AEVEBERMACT XS MGG PER e Mg S AR RO (OMG) 2% 4k B BG ¥ P 7E 493~766
U-g ', Hop  DINP A E R BG i M i, Ny P AR B R BG I M 54K, NP, A NP AR B 2 5 F NLP, NP, . 1l
N.P. AL B (P<C0. 05) 5 B 75 S5 B 1 (AMG) v, 4% 4k B8 BG 3 43 45 16 425~780 U-g ', LA NP, (CK) &b B (15 BG
T PE ey, 5 A AR PR ) 22 59 W 25 (P<<0. 05) s e X E A8 1: IR H L (O,A G, & 4b B BG 16 P4 3 A1 1 322~
802 U-g ' LA NP, (CK) &b H (1) BG i 1 d5e 55 , 17 LA NP &b BE A5 A%, HL 3 % T HiAth 4 40 B (P<<0. 05, 1 4A) .
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Fig. 4 Soil extracellular enzyme activities under different nitrogen and phosphorus addition levels
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5 it A Ak X LA 3% M 5 0 35 R I 2 (181 4B) .
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e BAAE R L (OMG) F, 4% Ab B AP 35 PR 43 455 1E 2159~3124 U-g ', A NP AR BE Y AP 15 M f e, Ny Py o Ak 33
B AR, A AL F R 25 SO W SRR B (AMG) 25 A0 AP IS V43 A FE 2640~4248 U-g ' NP, (4B HL (Y
AP % Ve, H 5 NUPFT N, P A 3 8] 22 5 35 (P<<0.05) ;3862 X B 7 1: LIRIE B (O,A,G) i, & b 31 AP 3
PRI 32 B 43 A5 7E 2833~3500 U~ g ', £ A Ab BT AP 1% M52 i 28 235 (61 4C) o

e AR (OMG)H , Z A BENDG 36 P EE A 78 70~295 U-g ', £ B AL BEXT NDG 15 74 5 Wi #4 AN
S ERE BARE R (AMG) |, R [R) A 8 i AC 4L 3 N NDG 3 1y 150~301 U+ g ', NP, (CK) 4b 3 i) NDG 1 1 f5z 5
M XHAE 1 LIRFE R (O A G 5 A B NDG G PE 43 T 7E 72~141 U~ g ', & it A A B 6F NDG 1 14 52 i 45 A
F(KE4D) .
2.2.2  ARFEVEBE T K E%E M A il Ak 22 B H i 78 R AR (BG ONDG (LA F1 AP) 22 5 43
MRl b — B T RS R R L AR AR W] R C NI M LR H 3 C P M P e
PR (OMG) H, N AN 4 45 4h B A (B v NG AR B ZH T 4 398 N - PO 3% 7 BU ) 76 4% b B8 4 a) G B 3 22 5
(P>0.05). E1EH4E 5 (AMG) 1, NP,  Ab B £ HE C: N B G M HE 3 8T NP e X 45 1: IR 5t
(O,AG)H NP Z KT NP B8 AR T L (AMG) R X B 18 1: LIRIEH L (O,A,G) i, -3 C: P %
P HE A0 A N PSS LR A A BRAH [R] 4 0 B 3 22 5 (P<<0. 05,3 3) .

AL|

3 FREBFENKT T LMMNELZET R

Table 3 Soil extracellular enzyme stoichiometric ratios under different nitrogen and phosphorus addition levels

1645 Index AbFE Treatment OMG AMG 0,A,G
48 C N FFIE P H NP, 0.84640. 019abc 0.847+0.0015a 0.886=0.0120a
In BG:In(NDG+LA) N,P, - 0.87420. 005ab 0.7954-0. 0096ab 0.862-0.0182a
NP, 0.878240.010ab 0.8054-0. 0151ab 0.88420.0135a
N.P, 0.8340.015bc 0.810+0.0107ab 0.758=+0. 0108b
N.P, . 0.81940.011c 0.7924-0.0130b 0.83920. 0090a
N.P. 0.8364-0. 024bc 0.79640. 0329ab 0.837-0.0200a
N, P, 0.875240.010ab 0.80840. 0119ab 0.85740.0149a
NP, 0.89140.022a 0.8084-0. 0176ab 0.85540. 0095a
N, Ps 0. 838=0. 020abc 0.81340.0116ab 0.85240.0275a
48 C - PRI L NP, 0.810+0.029ab 0.813%+0.0036a 0.82240.0162a
InBG:In AP N,P, - 0.83340.010ab 0.78140.0068a 0.81540.0215a
NP, 0.83240.011ab 0.795240. 0080a 0.82540.0122a
N.P, 0.78440.012¢ 0.78140.0082a 0.79140.0198a
N.P, 0.786=0.015¢ 0.75140.0307a 0.80220.0032a
N.P, 0.78940. 026¢ 0.75740. 0254a 0.800=0.0153a
N, P, 0.8140. 009ab 0.766+0.0109a 0.813-+0.0166a
NP, - 0.8494:0.012a 0.76540.0153a 0.79420. 0029a
N, P, 0.787-40.016¢ 0.81040. 0412a 0.809-0.0213a
MNP RS NP, 0.9564-0.013a 0.96140.0027a 0.928-0.0067a
In(NDG+LA):In AP NP, ; 0.953+0.009a 0.983=+0.0034a 0.947-+0.0349a
NP, 0.94840.003a 0.9880.0108a 0.934-0.0034a
N.P, 0. 9404-0. 008a 0.96440.0029a 0.94740.0128a
N.P, . 0.96140. 024a 0.94740. 0259 0.957-40. 0066a
NP, 0.9444-0. 005a 0.952240. 0098a 0.956+0.0055a
N, P, 0.93040. 006a 0. 94840. 0005a 0.948-40.0041a
N,P, 0.9534:0.013a 0.94740.0019a 0.928-0.0137a
N, P, 0.93940.011a 0.99540. 0375a 0.95140. 0095a
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