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Abstract: [ Objective] The aim of this study was to determine the influence of varying phosphorus concentrations and
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mycorrhizal fungi on Pinus massoniana container seedlings.[ Method] A split-plot experimental design was adopted. The
main plot was the mycorrhizal fungi treatment with two treatment levels: inoculation and non-inoculation. The inoculation
treatment involved placing 0.3 g of solid preparation made of vermiculite and Lactarius deliciosus mycelium suspension
under the planting hole during sowing. The sub-plot was the phosphorus addition treatment, which set a P-based water-
soluble fertilizerof seven treatment levels. The amount of phosphorus added ranged between 50 and 600 g/m’®. From July
to October, water-soluble fertilizers of different gradients were dissolved in water for 15 times at equal intervals, and then
evenly sprayed on the seedlings. Once this was done, growth was analyzed in relation to N and P uptake, the use of
phosphorus and mycorrhizal fungi.[ Result] After inoculation with mycorrhizal fungi, compared with the non-inoculation
treatment, the average seedling height, caliper, total biomass and root diameter of 1-year-old P. massoniana container
seedlings increased by 9.87%, 3.35%, 41.50% and 12.41%, respectively, whereas nutrient indices such as N and P
uptake and utilization index increased by 5.05% , 25.03%, 100.36% and 70.53% , respectively. The height-to-diameter
ratio, total root length, and N and P contents decreased by 5.98% , 22.47% , 24.97% , and 11.26% , respectively. There
were significant differences in growth and nutrient traits, except for seedling height and N uptake, before and after
inoculation. Along with the increase in P content, the caliper and P uptake of the whole plant increased before and after
inoculation, the height-diameter ratio decreased, and the N and P content of the whole plant initially increased and then
decreased. For the caliper, total biomass, root diameter, P uptake of the whole plant, and N and P utilization index of
different P addition gradients, the values of the inoculated treatment were greater than those of the non-inoculated
treatment. As for the height-diameter ratio, total root length, and P content of the whole plant, the non-inoculated values
were greater than the inoculated values. Inoculation with mycorrhizal fungi and P addition had no significant interaction
effect on the growth and nutrient traits of P. massoniana container seedlings. After inoculation, the growth traits of P.
massoniana container seedlings were more sensitive to changes in N content in the whole plant, and the response to N
and P uptake and utilization indices was further enhanced. [ Conclusion] Inoculation of mycorrhizal fungi ( L. deliciosus)
can establish a good synergistic symbiotic relationship with container seedlings of P. massoniana, which not only
promoted the growth of P. massoniana container seedlings but also improved the nutrient utilization efficiency of N and P.
After inoculation, the height-diameter ratio of seedlings decreased, their utilization index of N and P increased, and the
seedlings could experience normal growth and metabolism under low nutrient concentrations, which is vital for cultivating
high-quality seedlings while reducing seedling cost.

Keywords : Pinus massoniana ; container seedling; phosphorus addition; mycorrhizal fungi; Lactarius deliciosus ; growth

trait; nutrient use efficiency
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Table 1 Variance analysis of growth traits of Pinus massoniana container seedlings

N e EHRRER Rk
o 5 /em H54%/mm | 11 34 CER7 S J{i:%a; B K em WA EA
T H index . . . height- (gkk ™) /mm
seedling height caliper . . . total root length .
diameter ratio total biomass root diameter
A non-inoculated (NM) 18.457+1.654 3.081+0.355 60.191+4.164 1.364+£0.232  158.154£32.950 0.137+0.009
M inoculated (LM) 19.076£1.550 3.385+0.366 56.590+3.508 1.930+£0.424  122.622+14.739  0.154+0.013
PEH AL (M) mycorrhizal 2.198 16.519 """ 12.077*" 40.052 " 19.557*** 22.265"""
F %mP 4b¥ (P)P addition 4.157** 9.324*** 3.595**" 2.858" 1.04 1.15
M x P 0.533 0.7 0.501 1.76 0.7 0.418

Hie# o+ % .P<0.001, * % .P<0.01, * P<0.05. F [, The same below.
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Table 2 Variance analysis of nutrient traits of Pinus massoniana container seedlings

i N it/ Pt/ Nugch/  PURCH/ N RSV P RS
in\dex (g-kg™) (g-kg™) (gt (g-#k™) N utilization P utilization
N content P content N uptake P uptake index index
ANFEFh non-inoculated (NM) 12.918+1.312 2.292+0.229 17.563+2.986 3.124+0.573 0.836+0.188 5.473+£1.130
$F inoculated (LM) 9.693+1.121 2.034+£0.294 18.450+3.147 3.906+0.930 1.675+0.561 9.333+3.088
FEBHIALB(M) mycorrhizal 103.137 *** 20.619*** 1.351 26.200*** 54.238 " 33.815***
F I P ALFE(P)P addition 2.778 " 6.941 %" 3.852%* 9.224 %" 2.128 1.667
MxP 1.927 2.086 1.744 2.337 1.755 1.457
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Different uppercase letters indicated significant differences between different mycorrhizal fungi treatment under the same P addition

treatment (P < 0.05) , while different lowercase letters indicated significant differences between different P addition treatment under the same my-

corrhizal fungi treatment (P < 0.05). The same below.

B 1

BRMSEMNEREFETIEREREERER

Fig.1 Growth difference of Pinus massoniana container seedlings under phosphorus addition

and inoculation of mycorrhizal fungi
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Fig.2 N, P uptake and utilization difference of Pinus massoniana container seedlings

under phosphorus addition and inoculation of mycorrhizal fungi
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Table 3 Correlation analysis of growth and nutrient traits of Pinus massoniana container seedlings

[FXE

i S BARK RER
s bk s Wi WERE BRK  RANR
. seedling . . total total root root
treatment traits . caliper diameter . .
height . biomass length diameter
ratio

N &% N content -0.307 -0.249 -0.011 -0.202 -0.185 -0.073

P & & P content -0.077 0.248 -0.560"" -0.039 -0.248 -0.115

N N Wit N uptake 0.425 0.446 -0.236 0.820%* -0.400 0.130

non-inoculated . .

(NM) P Wit P uptake 0.535* 0.679 *~ -0.489 " 0.863 " -0.400 0.084

N F) 45 % N utilization index 0.614 " 0.555*" -0.141 0.873 " -0.164 0.160

P 5% P utilization index 0.395 0.228 0.130 0.718** -0.168 0.316

N &5 N content -0.505 " -0.437* 0.051 -0.565"" 0.358 -0.421

P & & P content -0.097 0.073 -0.270 -0.167 0.152 -0.368

i N IE it N uptake 0.681** 0.741%*  -0.404 0.831**  -0.099 0.217

inoculated .

(IM) P it P uptake 0.674"" 0.807 *~ -0.508 " 0.803 ** -0.167 0.140
N F)FH$5 % N utilization index 0.757** 0.761 "~ -0.307 0.934** -0.440" 0.553 "
P FIH+8% P utilization index 0.640 " 0.583 "~ -0.164 0.776 " -0.421 0.665 "
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