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Mechanisms of increasing alfalfa growth and phosphorus uptake by inoculation
with arbuscular mycorrhizal fungal under low phosphorus application level
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Abstract: [ Objectives ] Phosphorus (P) is easily adsorbed and fixed by soil, resulting in low P availability in
soil. This research investigated the interactive effects of AMF and low levels of P fertilizer on alfalfa growth and
P-uptake to identify optimal methods for increasing P efficiency in alkaline soil. [ Methods ] A pot experiment
was conducted using loessial soil and alfalfa (Medicago sativa) as test materials. The soil was treated with
different P levels (0, 5 and 20 mg/kg, code as PO, P5, P20), and with AMF inoculation (20 g/L Glomus mosseae
BGC YNO02; +AMF) or without (—-AMF). After 120 days of plant growth, the growth indices of alfalfa, P
concentrations in alfalfa tissues, pH values, alkaline phosphatase activities, available P contents, and microbial
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biomass P in the rhizosphere and non-rhizosphere soil were analyzed. The composition and concentration of
rhizosphere organic acids were also measured. [ Results ] In +AMF treatments, alfalfa roots were colonized by
mycorrhiza, but P application rate had no significant effect on AMF root colonization. Both P application and
AMF colonization significantly increased the dry mass and P concentrations of shoots and roots. The plant dry
mass and P concentration in P20+AMF treatment were significantly higher than in the other treatments. The total
amount of rhizosphere organic acids, especially citrate and acetate, in +AMF treatments decreased with increase in
P application rate, but they were still significantly higher than those in —AMF treatments. Phosphorus and AMF
application significantly decreased soil alkaline phosphatase activity, but increased soil available-P and microbial
biomass P contents. Alkaline phosphatase activity and microbial biomass P in rhizosphere were significantly
higher than in non-rhizosphere. P20 trentment significantly decreased P-uptake efficiency and P-utilization
efficiency, and +AMF significantly increased P-uptake efficiency. [ Conclusions ] AMF has a good symbiotic
relationship with alfalfa roots in alkaline loessial soil. Low level of P application (< 20 mg/kg) has no significant
effect on AMF root colonization. Both P application and AMF colonization could significantly stimulate the
growth and P uptake of alfalfa. In low available P soil, inoculating AMF could broaden absorption area of root,

increase alkaline phosphatase activity in rhizosphere and secretion of organic acids (especially citrate and acetate),

and increase P-uptake efficiency.
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Table 1 Dry biomass, root/shoot ratio and AMF root colonization of alfalfa under different phosphorus application
rates with and without AMF inoculation

Ak 3 Mo EFRT I (g/pot) T (g/pot) R L AMFIZEER (%)
Treatment Shoot dry mass Root dry mass Root/shoot ratio AMF root colonization
+AMF PO 2.63+£0.42 2.32+0.34 0.79+0.13 56+ 12
PS5 320+0.52 2.56 £0.31 0.70 £0.19 45+ 14
P20 3.59+0.72 3.87+1.48 0.66+0.21 49+ 18
—AMF PO 2.25+0.54 1.97+£0.15 1.07+0.14
P5 2.94 £0.59 2.29+0.27 0.77 £0.05
P20 3.32+0.83 3.15+£1.42 0.87+£0.26
BEVESHT (PIH) Significance by two-way ANOVA analysis (P value)
AMF 0.052 0.365 0.006 -
P 0.003 0.012 0.036 0.654
AMF x P 0.865 0.947 0.376 -
AMF: P =0.046 AMF: P=0.150 AMF: P=0.125
4 r P:P<0.001 4 r P:P<0.001 20 ¢ P: P<0.001
_ AMF x P: P=0.134 a AMF x P: P=0.177 . AMF x P: P=0.980
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L < 31 £ 5L
w2 i 2 2 ¥
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Bl 1 FEIHE#MKTER AMF LB TRIEEFERBREE

Fig. 1 Plant P content of alfalfa under different phosphorus application rates with and without AMF inoculation

[ (Note) :
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Lowercase letters above the bars indicate significant difference among treatments (P < 0.05).]
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Fig. 2 Rhizosphere carboxylates and soil pH of alfalfa under different phosphorus application rates with
and without AMF inoculation in loessial soil
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Fig. 3 Soil alkaline phosphatase activity under different
phosphorus application rates with and
without AMF inoculation
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Fig. 4 Soil microbial biomass P and available P content under different phosphorus application rates
with and without AMF inoculation
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Fig. 5 P-utilization efficiency and P-uptake efficiency under different phosphorus application rates
with and without AMF inoculation
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Fig. 6 The linear relationship of P-utilization efficiency with the alkaline phosphatase activity
in rhizosphere soil, acetate and citrate content
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