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[Abstract] Objective: To investigate the effects of inoculation of potassium-solubilizing bacteria on the

physiological characteristics of Paris polyphylla var. yunnanensis. Method: The effects of different potassium-
solubilizing bacteria on leaf area, photosynthetic pigment content, and active component indexes of P. polyphylla
var. yunnanensis were investigated by pot planting at room temperature. Result: The results showed that the
inoculation of potassium-solubilizing bacteria could increase the leaf area of P. polyphylla var. yunnanensis. The
largest average leaf area was observed in the S3 group, reaching 10.497 ¢m’, with a maximum increase of 11.0%
compared with that of the CK group. The inoculation of potassium-solubilizing bacteria could increase the
content of photosynthetic pigments in leaves. Among them, the increase in chlorophyll a content was significant
(P<0.05) , which was 80.6% higher than that of the CK group. The chlorophyll a/b values in all treatment groups
were higher than that of the CK group. The activities of superoxide dismutase (SOD) , catalase (CAT) and
peroxidase (POD) in the leaves of P. polyphylla var. yunnanensis increased by 88.4%, 33.8%, and 30.6%,
respectively, as compared with that in the CK group. The inoculation of potassium-solubilizing bacteria could
promote the accumulation of osmoregulation substances such as soluble sugar and soluble protein in leaf cells of
P. polyphylla var. yunnanensis, with a maximum increase of 55.3% and 70.5% respectively compared with that of
the CK group. Meanwhile, it also reduced the content of malondialdehyde (MDA ) , with a maximum decrease of
34.1% compared with that of the CK group. The results of correlation analysis showed that there were some
correlations between different chemical components in P. polyphylla var. yunnanensis leaves. Conclusion: The
inoculation of potassium-solubilizing bacteria can effectively promote the growth and development of
P. polyphylla var. yunnanensis and improve its survival ability in adversity. It is of practical scientific significance
and potential application value for improving the survival rate of P. polyphylla var. yunnanensis by artificial
planting.
[Keywords]  Paris polyphylla var. yunnanensis; potassium-solubilizing bacteria; physiology and

biochemistry; active components
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Table 1 Inoculated strains in different treatment groups

T 2 [ 7 i 2 B E AT AR e . b R O R
PR =0 2% e A Bl P+ v R LR (2010 1), 3
8 mm £ HEGH , 121 °Crrll M BR K B 2 h 5 e . it
TR R O TR A Jp s 8 37 0 I A B9 E B AR AR PR 1
S figp A0 A A 1Y) 3 AL A (95 & 4 2 HLFT TR Bacillus
thuringiensis, fft 3¢ ¥y % 0 ¥F & Paenibacillus
amylolyticus 1 2 K5 25 f0¥F # B. polymyxa'™) , ¥ il
6 BEHH 1Y A E A B0 TR TR AR TH G TR A B R KO T T
BV % 1x10° CFU-mL™", il L% Fh 7 . V%
SCA R B o R A R BN O B2 BH B AR R
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e E T E AR BB . 5 b BT ) B AR R
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4151 FE HE )
S14 Iz G AU 1 (B.thuringiensis) 30mL/Fk
S241 fift UE ¥ 25 AT 1 (P.amylolyticus) 30mL/Fk
S3 41 Z K 2F {1 (B.polymyxa) 30mL/4k

S4 44 Ti 5 4 FHUNT T (B thuringiensis) St VER 2 FFF T8 (Pamylolyticus)

S54 Ir 25 4 AR I (B.thuringiensis) .25 K 2F 07 5 (B.polymyxa)

S641 R E A ZETUAT T (Pamylolyticus) .2 K 2EfFF 1 ( B.polymyxa)

S74H I 23 4 AT T (B.thuringiensis) (% V€ B 2R AT 78 (P.amylolyticus) 2 K5 2F {07 1§ (B.polymyxa)

2PN 45 15SmL/Bk
2FN T 45 15SmL/Bk
2N 45 15mL/Bk
3P4 10 mL/Bk
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FR2 AENEHHEEETFHHER (X+s,n=3)
Table 2 Average leaf area of P. polyphylla var. yunnanensis in

different treatment groups (x+s,n=3)

215 I 1 /em?®

S14H 10.029+0.294°
S24 10.006+0.154°
S34 10.497+0.188°
S4 41 9.22240.145¢
S5 9.316+0.095%
S64 10.049+0.182°
ST 9.284+0.139%¢
CK 41 9.456+0.185°

WA ENG F R R R — B0 B 25 AR G e L (P<
0.05) (£ 3-E5[F)

®3 ARENBHEERMHAXARESE

fiff B P S XL R I RO A R S i AR R e E
Iy SAETEG T 8 L (P<0.05) 4% &b 4 L o b
R R a iy A R S T CK AL, K, S5 M
Bk R S R a iy A IR IR R, 5 CK 4L H AL 3
W 1% 80.6% ; K43 Ak B W AL R it 4 K b 1Y
SEMMT CKA, 7T M AL S2 4Ry M4 K b
GRE T CKA LRI T 10.4% 2508 M ER& IR
S4 FIS6 LN, H A Ab 20 ¥ 5 F CK 4, S5 4L 2
#NE AR, 5 CKALE W T 303%; i
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YA EE S B T R B AR OR | it fn fige B TR 45 6
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Table 3 Photosynthetic pigment content of P. polyphylla var. yunnanensis leaves in different treatment groups

26 5] 4% a/mg- g (X+s5,n=3) 4% b/mg- g (x+s5,n=3) KAE N FE/mg g (x+s,n=3) 4t % a/b
S141 0.963+0.024" 0.425+0.046™ 0.468+0.004° 2.266
S24H 0.797+0.298" 0.573+0.384" 0.428+0.097"* 1.391
S341 0.757+0.264" 0.369+0.223" 0.443+0.143"® 2.051
S44H 0.656+0.395" 0.294+0.161° 0.293+0.143° 2.231
S541 1.129+0.261° 0.517+0.118% 0.525+0.106" 2.184
S6 41 0.698+0.092" 0.339+0.121° 0.377+0.052"° 2.059
S7 41 0.845+0.340™° 0.490+0.246" 0.4360.161"° 1.724
CK#H 0.625+0.314"° 0.519+0.204° 0.403=0.168"° 1.204

3.3 ik A I 0o L R I P DR A T R A

A

TS [+ e B0 AT < X VL R I O R O M R AR —
SE Y RS 3B 4 22 AR TE SR T 24 38 L (P<0.05) i
NS [7) i 40 B s, T A B 4 %) B F B I A SOD il
TR T CK 4L, S2 41t B SOD il i M & i , He
CK 2 48 /51 T 88.4% s Jiti Jin fift 49 1A J , b L2 19 o o
B i POD il 175 P 58 A 52 B0 048 5 119 8 3, B S6 4.
Ab, H 4 A BEZH 9 POD il 6 4 ¥ F CK 4, Hodr
S4 41 E RS M A Y POD il IS M B, 5 CK 4L
FEHE T T 30.6%; I A 4 B 20 8 B I R CAT il
AR R AL 35, S1 .82 S4 AL F AR Jy
CAT i 1% PE = T CK 41, o4 Ab 1 20 CAT B P 34
& T CK 40, S12H i F- CAT Ml 3% P 19 i o5 B &, 3k
7 33.8%, W4,

3.4 fif SRR XTI RS I RN R AT R LT
PR A BRSO AN ] i 40 T Ak P X R R
Jir MDA R T R LA N [ R
JEE Y FE ) 3B 43 22 S AFTE GE T 2438 L (P<0.05) . i

x4 TENBHEEEM R RIPEEMEGLs, n=3)

Table 4 Protective enzyme activities of P polyphylla var.

yunnanensis leaves in different treatment groups (x+s,n=3) U-g"

4151 SOD POD CAT

S141  412.847+0.271° 1223.194+0.028" 282.907+0.101*
S241  661.821+0.508" 1 437.400+0.604" 232.402+0.394"
S341  562.003+0.269° 1 357.967+0.450" 179.029+0.255"
S44H  445.026+0.687" 1 613.670+0.849° 258.375+0.435"
S541  611.978+0.398" 1 593.980+0.601° 206.499+0.097*
S64H  437.177+0.555° 920.628+0.224° 199.941+0.288"
S7T4  433.382+0.446" 1 286.461+0.482° 205.400+0.477"
CK#l  351.323+0.735° 1235.639+0.828" 211.509+0.483™

Jon fige 0 BR 23 % U EE BRI i MDA T AR — E Y

Wi, {H 359 TG 40 11 2% 25 5% Bk S2 A S5 414h, Fir A Ab #i

At 5 MDA & B ¥ LT CK 4, S4 41 MDA & & [%

W e KL 3K 34.1% 5,52 . S3 A1 S7 41 - - v mf 5 1 0 5

WA T CKA,STAH & s , RCKAM T

55.3% ; Jiti 0 ¢ 40 B S, AL B ZH R R PE AR (A i
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BT R S3 M SA 4 Ah , A Ak BRAH n ]
PEE A S EYE T CKA,SSHM FalEtEE A&
EhE, SCKA LT 70.5%,. WS,

x5 TEABHAEEXHF MDA FTAKE. TAEEOEE
(X+s,n=3)

Table 5 Contents of MDA, soluble sugar and soluble protein in
leaves of P. polyphylla var. yunnanensis in different treatment

groups (x+s,n=3)

415  MDA/umol-g"'  F¥EMEN/wmol- g WA S H/mg- g

0.392+0.031°¢

S14 0.038+0.003° 16.001£0.191%°

S2 4 0.044+0.035° 0.710+0.484"° 17.065+0.774%

S34H 0.037+0.013" 0.932+0.169™* 9.991+0.172°

S44 0.029+0.011° 0.523+0.162" 11.56440.182%

S5 0.050+0.015° 0.671+0.221"* 20.735+0.534"

S64 0.040+0.016" 0.626+0.266™* 18.612+0.528%

S7T4 0.035+0.011° 1.042+0.839 16.452+0.429%

CKH#H 0.044+0.010° 0.671+0.512° 12.163+0.501%°

3.5 B CE AR IE A AL M G E B
FH B R b 2 B IR AT WU A 36, 45 5 o, L ki
R R TR 24 O3 6 Bn 2 [ AF AR S . Jhrp it
RF A HRWE bR ZME L IE MK (0840,

®6 HEERMALZEMSBEXESF

P<0.01); M4t & b5 MDA 2 [i] & 1F 41 5% (=0.719,
P<0.05) ; X % N £ 5 MDA & IE M 3¢ (7=0.708,
P<0.05) ; Al iE Y5 CAT 2 [A] 2 #1156 (7=-0.773,
P<0.05). WL 6.
4 itig

A T ARG O, WO T R G R, R RO S
TEF S Rk A K EF . AP as R
B, 4 A 490 AT B I 5 1 RV R R T AR (P<0.05) ¢
oA W& AT R WOL AR RS ARG
1) R A B A R A% 3 ok R DA R ke i ' 4R Ak 5 5 R 4
WEEZEM MO, THE SR BRINANFER
B {2 A= TR RE B e T A5 10 I 2 35 i, A R R
EXTHEAKEEEN, RIAHSEHE RN,
fift B AT B % 1R AR TP 38 R M AR i R i S R A X
i 17.8% ASHEGE 42 A i 0 TR 23 52 ) Y B B
A RS, 5 CRAM L, M4 3K a i & i 2y 1
I, e R HE i AT 3K 80.6% , M4 2% b & Bk S2 LASMY
I/ B A A B A Sk R a/b fH Y S T CK 4, B
U it 0 T 2 v L R X O g R ROl BB Y T AZ 1
Pt v L EE AR OG RB HE AL N AR W Ak 2E RE I R0 R
HESRERKREE.

Table 6 Correlation analysis of chemical components in leaves of P. polyphylla var. yunnanensis

EiFR o Mg a 4 b KA bR MDA A PR AR CAT POD SOD
Mg a -
S 0.385 -
RN 0.840” 0.615 -
MDA 0.495 0.719" 0.708"
AL MR -0.065 0.244 0.194 -0.024 -
MR 0.663 0.401 0.506 0.588 -0.126 -
CAT 0.118 -0.102 -0.208 -0.304 -0.773" 0.011 -
POD 0313 0.157 0.061 -0.007 0.003 -0.131 0.194 -
SOD 0.448 0.349 0.416 0.422 0.222 0.314 -0.231 0.500 -

" P<0.05,2P<0.01

B Jy 1 90 % 47 T (1) 7 22 41 5, SOD . CAT ,POD
FIVAE 2 47 A ) 20 ML E A DR R AT AR IE H 2R B )
fiE 7 17 A5 AR R, 6 A 9 00 Bt b g e A B
Wi 1, ARG & I, B A A S B AR b 3
PR 3 B A 5 M R B R A 5 CK AL A L,
SOD . CAT H1 POD {if ¥ &% K 34 iiE 53 7l }y 88.4% .
33.8% F130.6% , it W] 42 A% 51 Pl i 184 5 U T AR I g
SRR AN B =D BN /o8 = R B i -
B AR AE R RE T, 355 1 1 i A5 O o A R R
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