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[Abstract] Objective: To study the effects of different plant growth-promoting rhizobacteria (PGPR)
on the growth of Paris polyphylla var. yunnanensis seedlings and the quality of its medicinal parts, in order to
provide reference for the cultivation of high-quality P. polyphylla var. yunnanensis. Method: The pot culture
experiment at room temperature and the single-factor completely random design were employed for exploring the
effects of five PGPR on physiological characteristics and inorganic elements of P. polyphylla var. yunnanensis.

Result: The results showed that the exogenous inoculation of different PGPR promoted the growth and
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development of P. polyphylla var. yunnanensis to varying degrees, delayed the senescence of leaves, and
improved the medicinal value of new and old rhizomes. Compared with the non-inoculated control, the
exogenous inoculation of compound microbial fertilizer (FH) and microbial agent Sanju Guanjin liquid (SJ)
enhanced the root vigor, increased the content of photosynthetic pigments and the activities of anti-oxidant
enzymes | superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) ], and reduced the content of
malondialdehyde (MDA) in leaves. Their inhibition rates against MDA were 10.46%-39.62% and 20.99%-
53.12%, respectively. With the growth of P. polyphylla var. yunnanensis, the inhibition rate against MDA
gradually increased, which effectively delayed the senescence of P. polyphylla var. yunnanensis leaves. In
addition, the exogenous inoculation of different PGPR promoted the accumulation of nutrient elements in new
and old rhizomes, lowered the heavy metal content to varying degrees, and improved the medicinal value of P.
polyphylla var. yunnanensis rhizomes. Conclusion: FH and SJ have exhibited the best promoting effect on the
growth of P. polyphylla var. yunnanensis seedlings and also the best regulatory effect on the medicinal value of P.

polyphylla var. yunnanensis rhizomes, which has provided reference for the application and promotion of PGPR

in the growth of P. polyphylla var. yunnanensis.
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Fig. 1 Effects of different plant growth-promoting rhizobacteria

on root activity in Paris polyphylla var. yunnanensis (x+s,n=10)
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Fig. 2 Effects of different plant growth-promoting rhizobacteria on photosynthetic pigment content in Paris polyphylla var. yunnanensis
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Fig. 3 Effects of different plant growth-promoting rhizobacteria

on MDA content in Paris polyphylla var. yunnanensis (X£s,n=10)
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F1 FEEVRREEANEEREFRTEZSENHM (F+5,1=10)

Table 1 Effects of different plant growth-promoting rhizobacteria on nutrient element contents in Paris polyphylla var. yunnanensis (x+s,

n=10)
VI H/mg-g! #/mg- g’ #/mg- g’ 5 /mg- g
I S H.
B ZE A B =R A AR 2L PRI AR ZE A
CK Tl 1.09£0.03¢  1.17+0.03¢ 0.38+0.06° 1.13£0.01¢ 3.30+£0.07¢ 5.73£0.23°  12.29+1.46° 23.07+1.95¢
T2 0.77£0.02°  0.46+0.01° 0.26+0.07¢ 0.15+0.02¢ 3.01£0.12° 3.11£0.12¢  28.4143.45°  33.25+1.06°
T3 0.70£0.03¢  0.77+0.01¢ 0.43+0.03¢ 0.310.06° 4.67+0.11° 3.90+0.16°  31.34+3.45° 28.30+3.48°
FH T1 1.53+£0.01°  1.43+0.04° 0.73+0.02° 1.61£0.04° 3.87+0.04° 5.99+0.22°  22.22+2.50" 24.78+1.75"
T2 0.83£0.01°  0.59+0.02¢ 0.43+0.06" 0.34+0.01° 3.47+0.13° 3.78+0.17°  28.68+1.49" 34.04+3.45°
T3 0.80+0.04°  0.84+0.01° 0.45+0.04¢ 0.35+0.04° 4.77+0.11° 4.30+0.13%  38.25+2.46° 37.22+1.48°
BW T1 2.83+0.03*  1.28+0.02° 0.85+0.02° 1.86+0.01° 3.77+0.15° 8.28+0.15°  17.70+1.95° 33.37+2.46"
T2 1.66+0.04°  0.80+0.04° 0.32+0.08° 0.25+0.02° 2.91+0.05¢ 4.69+0.13*  35.16£1.04° 34.05+1.46°
T3 0.81£0.01°  1.29+0.02° 0.78+0.07" 0.33+0.02¢ 6.12+0.22° 4.57+0.33"  46.30+£3.48° 32.33+£1.05°
GN T1 1.33£0.07°  1.92+0.01" 0.44+0.04¢ 1.40+0.05¢ 3.41£0.12¢ 6.5620.15°  30.96+1.86° 42.81+1.49°
T2 1.26+0.01°  0.56x0.02¢ 0.39+0.02° 0.32+0.03" 4.26+0.32° 3.28+0.16%  29.83+2.48" 37.02+3.45¢
T3 0.93+0.01°  1.57+0.01° 0.54+0.07° 0.36+0.01° 4.85+0.13° 4.57+0.25%  34.84+1.75° 30.76+2.50°
SJ T1 1.11£0.04*  1.81%0.05° 0.39+0.05¢ 1.71£0.04° 5.55+0.21° 6.04+0.34°  30.17+1.66" 30.32+1.04°
T2 0.86£0.01°  1.19+0.06" 0.54+0.04" 0.20+0.03¢ 3.11%0.16° 3.65+0.12°  28.96+1.05" 48.43+2.47"
T3 0.70£0.01¢  1.19+0.08" 0.45+0.10¢ 0.39+0.02° 4.68+0.25¢ 4.54+0.14"  33.38+1.54° 36.45+1.30°
NB T1 2.78+0.09"  1.88+0.11° 0.63+0.03° 2.52+0.03" 4.91+0.15° 5.80+0.33°  19.46+1.48" 33.03+1.54¢
T2 1.59+£0.01*°  1.40+0.12° 0.53+0.04° 0.25+0.02° 3.63+0.22° 4.15+0.11°  29.81+1.30" 38.18+1.48"
T3 1.92£0.03*  1.26+0.09" 0.49+0.03¢ 0.36+0.01° 5.01+0.13° 4.22+0.18°  57.65+4.47° 29.57+1.86°
I B H/mg-g! Biugeg! ffi/pg kg
T\ M |H
AR 25 R R =R R AR 2 EARZE
CK Tl 2.24+0.12° 8.48+1.22° 517.62+16.05% 392.07+17.46° 389.59+23.41* 525.43+12.87°
T2 1.81£0.23°  2.10£0.23°  341.15+£30.28%  250.00+18.08° 259.34+12.39* 368.87+22.51°
T3 3.21£0.16°  2.51£0.45°  153.18+10.39° 174.71£10.04° 156.76£10.17°  367.08+23.23"
FH Tl 4.20+0.17°  14.15£1.33% 577.17+17.48° 826.00+32.11°  310.57+11.75° 450.70+17.77°
T2 1.95+0.22°  3.23+0.73° 451.99+27.05° 287.08+9.60° 73.51£8.10°  213.42+14.15°
T3 8.43£0.13°  3.12+0.30" 171.19+7.59%  254.69£12.49"  46.23+3.21°  155.44+10.23¢
BW Tl 2.59+0.15%  20.68+2.26° 641.08+26.23°  559.03£10.23" 206.81+10.30° 517.86+34.16"
T2 2.50+0.13"  2.86+0.26° 400.50£11.63°  756.00£21.30° 155.31£12.59" 308.62+20.12"
T3 4.16+0.16°  3.01+0.45° 425.91+17.01* 311.22+17.21* 134.55+14.04° 296.82+11.90°
GN T1 2.74+0.25"  11.90+1.21° 677.54+23.20" 882.93+31.39" 176.03+7.74°  377.15+11.22¢
T2 2.10+£0.15°  2.87+0.83° 499.01+15.32° 267.03+23.26° 108.52+10.96° 233.60+9.23°
T3 12.39+0.33¢  3.23+0.23°  198.38+12.16° 193.54+12.80°  83.88+13.37° 312.19+28.96"
SJ T1 3.4140.14"  10.43+1.42°  611.47+21.58° 465.87+15.92° 211.47+10.95% 265.76+18.48¢
T2 2.70+£0.12°  10.22+1.67°  350.45+19.66° 290.63+24.20°  85.30+10.68° 189.76+13.01¢
T3 17.77+0.34°  3.57+0.54* 368.79+12.97° 176.96+11.99°  76.16+8.43°  197.54+4.20°
NB Tl 3.51+0.18°  8.54+1.33% 921.18+27.87° 406.29+39.75% 346.99+12.24° 457.64+12.86"
T2 2.00£0.11°  4.57+0.42° 817.44+22.00° 583.15+12.62° 145.77+6.70°  234.11+12.10°
T3 11.28+0.33"  2.98+0.11° 225.00+14.83° 217.65+10.92° 146.00+11.81° 272.48+10.33"

I RS A R /NG P BER IR P<0.05(F 2 1H) .
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x2 AEAEVRRREAMEEREERETZRAEHNRM (3+5,2=10)

Table 2 Effects of different plant growth-promoting rhizobacteria on heavy metal elements contents in P. polyphylla var. yunnanensis (x+s,

n=10) negkg!
i il A i
b7 HE]
B EAY I B = P B ZE EAINES IR ZE P
CK Tl 1.12£0.03"  1.19+0.04"  265.99+£11.04° 303.49+13.45" 464.30+15.92° 412.43+10.92* 25.92+0.13° 18.70+0.34"
T2 0.98+0.01°  1.23+0.15"  492.64+21.34"  84.65+23.25" 380.42+11.99" 289.86+22.00° 40.42+3.38" 37.75+3.03"
T3 0.83+0.02°  1.34%0.12°  308.32+11.46" 370.36+13.45" 421.94+17.46° 381.66+32.11" 56.82+2.81° 73.28+1.28"
FH Tl 0.81£0.12°  0.96+0.01° 69.98+£6.49 f  247.92+28.68° 336.56£19.66° 320.20£12.97° 15.85+0.22% 17.67+0.83"
T2 0.72£0.01°  0.87+0.08"  395.51+£14.78°  75.55+8.45"  282.08+21.30" 242.87+15.32° 23.73x1.48% 27.14+3.23°
T3 0.78+0.03"  1.20£0.09°  219.76+23.07° 287.80+9.66°  389.37+31.39° 246.36+13.26° 48.61+5.05" 55.76+7.02°
BW T1  0.84+0.01°  0.96£0.01°  201.50+£23.06° 172.91+£12.50° 284.17+11.63° 322.98+27.05° 19.24+0.73° 14.83+0.45"
T2 0.85+0.01°  0.85£0.01¢ 364.53+28.41°  34.97+5.48%  373.38+10.54" 227.75+9.60°  31.56+6.45° 27.45+2.00°
T3 0.38+0.11°  1.09£0.03°  227.45+£35.16° 235.19+12.50° 364.30+18.08" 155.24+17.01° 35.97+0.45° 57.84+4.84°
GN Tl 0.72£0.09°  0.93+0.01°  128.40£6.30°  282.14+10.95° 337.98+21.58" 371.90+17.21° 21.45x1.30° 18.26x1.21°
T2 0.70£0.01°  1.08+0.10°  449.67£17.70°  23.03+7.05°  315.72+£27.87° 198.15+19.75% 30.92+3.12° 24.66+3.51¢
T3 0.70£0.05°  0.95+0.03°  227.27+18.25° 243.89+12.48° 217.42£16.05° 155.34+10.39" 30.50+1.42% 60.69+1.48"
SJ Tl 0.7740.04°  0.66£0.06° 231.63£13.48" 187.53+11.75 434.93+12.62° 265.73+24.20° 17.61+2.46" 12.65+2.98°
T2 0.81£0.02°  1.07+0.02°  248.46+£19.95°  64.36+8.18°  261.76+30.28° 129.88+26.23° 33.37+2.54" 34.51+2.26"
T3 0.67£0.04"  1.14+0.07° 176.33£2.46"  280.83+10.86" 289.90+14.83° 376.14+12.80° 49.29+2.47° 58.11+0.42°
NB Tl 0.82+0.01°  0.96+0.02°  174.80+£12.29° 170.05+8.30°  261.65+12.49" 255.35+23.20° 18.47+1.49°  9.99+1.23¢
T2 0.70£0.03°  1.01£0.08°  380.75£10.46°  79.70+3.48"  196.07+7.59  266.57+17.48" 31.75+1.33° 26.03+3.57°
T3 0.70+£0.04°  1.11£0.04°  268.00£22.22"° 354.06£19.46" 290.50+12.16° 319.59+10.23" 22.00+1.67° 64.29+4.57"
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