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Responses of the Rhizosphere Soil Microecological Environment of

Pinus sylvestris var. mongolica to Inoculation and Nitrogen Addition Treatments

HAO Long-fei, XIAO Hong,SHAO Dong-hua” ,LIU Ting-yan,XU Ji-kang,ZHANG Zhi-yue, YU Fan-shu

(College of forestry , Inner Mongolia Agriculture University , Hohhot 010019, Inner Mongolia »China)

Abstract: In order to explore the regulation mechanisms of mycorrhizal fungi for rhizosphere microecologi-
cal environment under the background of global N deposition, the response of plant rhizosphere soil ex-
oenzymes and its stoichiometry characteristics and microbial nutrient limitation to mycorrhizal fungus inoc-
ulation and nitrogen (N) addition were studied. The 1-year-old Pinus sylvestris var. mongolica mycorrhizal
(+M,mixed inoculated with 8 ectomycorrhizal fungi) and non-mycorrhizal seedlings (— M, no inocula-
tion) in pots were used as research objects. Four N addition treatments were set,including no N (0 N,0),
low N (LN, 30), medium N (MN,60),high N (HN,90 kg «+ hm * + year '). The available nutrients and
ecoenzyme activities and its ecoenzymatic stoichiometry of P. sylvestris var. mongolica rhizosphere soils
were analyzed under inoculation and N addition treatments to explore the regulation rule of mycorrhizal

fungi to microbial nutrient limitation. 1) The soil available N increased with the increase of N addition un-
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der different inoculation treatments. The soil available phosphorus (P) of mycorrhizal seedlings was the
maximum under HN treatment. 2) The activities of LAP,NAG and ALP in the rhizospheres of mycorrhizal
seedlings were significantly higher than those of non-mycorrhizal seedlings under LN and MN treatments,
respectively. 3) The microbial carbon (C) and P limitation of mycorrhizal seedlings were significantly low-
er than those of non-mycorrhizal seedlings under MN and HN treatments,respectively. 4) The partial least
squares path modelling (PLS-PM) indicated that inoculation treatment had a positive effect on microbial
nutrient limitation in the rhizosphere soil. Thus,N addition changed the N balance of the rhizosphere soil,
and the mycorrhizal fungi regulated the stability of rhizosphere microecological environment under nitrogen
addition effectively,and reduced the microbial C and P limitation rhizosphere in the rhizospheres of seed-
lings.

Key words: Pinus sylvestris var. mongolica ; mycorrhiza fungus; nitrogen addition; rhizosphere microeco-

logical environment; microbial nutrient limitation
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Table 1 The available nutrient in rhizosphere soil of

Pinus sylvestris var. mongolica seedlings under

inoculation and nitrogen addition treatments mg * kg

b3 B NCAN) A5 P(AP) HAk K(AK)
—M ON 3.104+0.45b 0.38+0.01 b 121.46+4.09 de
LN 4,87+0.18a 0.39+0.00 b 112.29+4.15 e

MN  5.2340.18a 0.3940.01b  99.66%3.32 f
HN 5.7740.18a 0.3720.01 b  128.7020.30 cd
+M ON 3.4640.24 b 0.38+£0.01 b 134.7345.91 be
LN 4.8740.18a 0.3440.02b 147.37+0.50 a
MN 5.414+0.47a 0.35+0.01 b 144, 66+2.98 ab

HN 5.854+0.31a 0.55£0.07 a 132.78£2.50 ¢
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Table 2 The enzyme activity in rhizosphere soil of P. sylvestris var. mongolica seedlings under inoculation and nitrogen addition treatments
nmol»g '+ h™!
Ak B-1,4 1% W 11 SEEMAKREE  p-1.4-N- B W =R T 802 W TR il
(BG) (LAP) (NAG) (ALP)

—M ON 7.994+0.61 be 16.02+0.62 a 0.637+0.08 e 21.21+1.32 ¢

LN 9.70+0.56 a 11.24+1.53 be 0.737+0.05 e 38.10+1.68 b

MN 8.25+0.11 ab 10.3540.79 cd 0.89=£0.01 de 39.37£1.90 b

HN 7.17+0.62 be 7.65+0.99 d 2.1640.22 b 53.63+1.71 a
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LN 6.49+0. 35 cd 14.09+0. 62 ab 2.73+0.11 a 53.8945.20 a

MN 5.33+0.61 de 16.28+1.67 a 1.824+0.29 be 50.33+4.21 a

HN 4.66+0.52 e 12.304+0. 58 be 1.76+0. 21 be 37.39+1.62 b
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Soil enzyme stoichiometry characteristics in rhizosphere soil of P. sylvestris var. mongolica seedlings under inoculation

Table 3

8T 14. 7% (P<C0.05) 1 18. 5% (P <C0. 05) , 1fii +
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and nitrogen addition treatments

iR C# Ngga C# Pygy N # Pyga Vecor 1. Vector A C N Pggy
—M ON 0.74+0.02 b 0.68+0.01 a 0.92+0.01 a 1.0040. 02 be 47.33+0.24 e 1:1:1
LN 0.92+0.02 a 0.6240.01b 0.68+0.03 cd 1.1140.01 a 55.8941.07 be 1:1:1
MN 0.8740.02 a 0.5840.00 b 0.6640.02 d 1.054+0. 02 ab 56.6840.54 b 1:1:1
HN 0.8640.01 a 0.4940.02 ¢ 0.5740.02 e 0.9940.02 be 60.24740.70 a 1:1:2
+M ON 0.77£0.01 b 0.58+0.01b 0.75£0.01 b 0.96+0.01 ¢ 53.2040.24 d 1:1:1
LN 0.66+0.02 ¢ 0.4740.01 cd 0.71%40.02 be 0.81+0.01d 54.63+0. 60 cd 1:1:2
MN 0.57+0.02 d 0.42+0.02d 0.744+0.00 b 0.7140.03 e 53.56+0.19 d 1:1:2
HN 0.58+0.04 d 0.4240.03 d 0.73£0.01 b 0.7140.05 ¢ 53.87+0.20 d 1:1:2
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Fig. 1 Partial least squares path modelling (PLS-PM) and total standardized effects of microbiol nutrient limitation
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