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The impact of phosphorus addition and arbuscular mycorrhizal fungi on root

architecture and nutrient utilization in Leymus chinensis
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Abstract: This study investigated the effects of phosphorus addition and arbuscular mycorrhizal fungus (AMF)
inoculation on the root architecture and nutrient absorption of Leymus chinensis. A pot experiment was conducted
with four phosphorus levels (P,: 0 mg+kg™'; P;: 11.32 mg-kg™'; P,: 22.63 mg-kg '; P,: 33.95 mg-kg ') and
two AMF treatments (inoculated and uninoculated) , resulting in a total of eight treatments, each with five
replicates. It was found that phosphorus and AMF treatments significantly affected root biomass of L. chinensis.
Root biomass was significantly increased under P, and P, treatments, while AMF treatment increased total root
length and total biomass but tended to decrease root average diameter, root volume, and number of branches. Soil
physicochemical analysis indicated that AMF treatment enhanced alkaline phosphatase activity and soil available

phosphorus content. Nutrient analysis revealed that AMF inoculation and phosphorus treatment significantly
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increased plant phosphorus content, reduced the nitrogen to phosphorus ratio, and increased phosphorus utilization
efficiency (PUE) under high phosphorus conditions. Moreover, a significant interaction was observed between
phosphorus and AMF, characterized by significant change in fractal dimension, fractal abundance, pH inside root
bags, soil available phosphorus, and phosphorus content in the aboveground parts of L. chinensis. In summary,
appropriate phosphorus application and P, AMF inoculation significantly improved root biomass and architecture of
L. chinensis, enhancing nutrient absorption and utilization efficiency.

Key words: Leymus chinensis; arbuscular mycorrhizal fungi; root architecture; nutrient absorption; nutrient

utilization
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Fig. 1 Effects of different phosphorus gradients and arbuscular mycorrhizal fungi (AMF) on aboveground biomass,
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Fig. 2 Effects of different phosphorus gradients and arbuscular mycorrhizal fungi (AMF) treatments on total root length, total

surface area, average root diameter, total root volume, number of root tips, and number of branches of L. chinensis
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Table 2 Two-way ANOVA of the effects of different phosphorus (P) gradients and arbuscular mycorrhizal fungi (AMF)

treatments on the root architectural parameters of L. chinensis
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Fig. 3 Effects of different phosphorus gradients and arbuscular mycorrhizal fungi (AMF) treatments on the specific root surface

area, branching density, fractal dimension, and fractal abundance of L. chinensis
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Table 4 Mycorrhizal colonization frequency (MCF) and
mycorrhizal colonization intensity (MCI) under different

phosphorus treatments ( %)
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Fig. 4 Effects of different phosphorus gradients and arbuscular mycorrhizal fungi (AMF) treatments on the pH, alkaline

phosphatase, and soil available phosphorus inside and outside the root bag of L. chinensis
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Two-way ANOVA of the effects of different phosphorus (P) gradients and arbuscular mycorrhizal fungi (AMF)
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treatments on soil pH, alkaline phosphatase activity, and soil available phosphorus content

¥ pH 1k W 2 Alkaline phosphatase HA W Soil available phosphorus
Factor G B B LT B2
Inside root bag Outside root bag Inside root bag Outside root bag Inside root bag Outside root bag
AMF 5.094* 50. 631 11.273%* 19. 580 98. 149 5.166%*
P 0.603 3.175% 1.390 8. 869 77. 5615 321. 517
AMF X P 3. 687 2.058 0.407 1.284 3.230% 9. 735%kk
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Fig. 5 [Effects of different phosphorus gradients and arbuscular mycorrhizal fungi (AMF) treatments on the carbon,

phosphorus, and nitrogen contents of the aboveground and belowground parts of L. chinensis

Fzo ARABPIHEMMAEEREE(AMF)LEXNFEEMN E THR. B . ARSEVNEAERFEST
Table 6 Two-way ANOVA of the effects of different phosphorus (P) gradients and arbuscular mycorrhizal fungi (AMF)

treatments on the carbon, phosphorus, and nitrogen contents of the aboveground and belowground parts of L. chinensis

¥ fifk & 1t Carbon content % 7 & Phosphorus content % it Nitrogen content
Factor Hi |- Aboveground  HiF Belowground — #b |- Aboveground iR Belowground i I Aboveground i F Belowground
AMF 0.466 27. 113%xx 4.164%* 5. 542x* 2.063 16. 627+
P 2.516 1.125 106. 267%** 22.699%xx 19. 1971 % 2.771
AMF X P 0.539 0. 368 27. 343%kx 1. 490 0.298 0.465
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Fig. 6

Effects of different phosphorus gradients and arbuscular mycorrhizal fungi (AMF) treatments on the nitrogen to

phosphorus ratio, phosphorus uptake, phosphorus acquisition efficiency, and phosphorus utilization efficiency of L. chinensis
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Table 7 Two-way ANOVA of the effects of different
phosphorus (P) gradients and arbuscular mycorrhizal fungi
(AMF) treatments on the nitrogen to phosphorus ratio,
phosphorus uptake, phosphorus acquisition efficiency, and

phosphorus utilization efficiency of L. chinensis

M AW L oA A WA T & IRV ES
Factor N/P Phosphorus ~ Phosphorus Phosphorus
uptake acquisition utilization
efficiency efficiency
AMF 2.240 23. 806+ 2.910%* 29. 650%#*
p 66. 151%*x 11, 322%* 0.038 1. 504
AMF XP  1.547 2.009 0.226 5. 288**
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Fig. 7 Partial least squares path modeling (PLS-PM) analysis of the effects of different phosphorus (P) gradients and

arbuscular mycorrhizal fungi (AMF) treatments on soil, root configuration (Root) , nitrogen to phosphorus ratio (N/P) ,
phosphorus absorption efficiency (PAE), phosphorus use efficiency (PUE), and total biomass (TB)
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-, HER KR AR EVER R SRR TE L R AL O R IR U W, (0 R IR IESE W, i S BLAN R AR R A R JE K/ o #: P<C0.05; *+: P<<
0.01; #***x: P<C0.001; Soil includes available phosphorus and alkaline phosphatase; Root morphology (root) includes specific surface area, average
diameter, specific root length, and branching density. Path coefficients indicate the direct effects between variables and their significance levels. Dashed
lines represent non-significant relationships, while solid lines represent significant relationships. Red indicates a negative effect, blue indicates a positive

effect, and the thickness of the arrows indicates the magnitude of the effect.
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