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Effect of Organophosphate-Solubilizing Bacteria on Photosynthesis, Physiology, and

Biochemistry of Paris polyphylla var. yunnanensis
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[ Abstract] Objective: To study the effect of organophosphate-solubilizing bacteria and compound
bacteria on the photosynthesis and physiological and biochemical characteristics of leaves of Paris polyphylla
var. yunnanensis, and to provide a reference for selecting suitable bacterial fertilizers in artificial cultivation of
this medicinal species. Method: Pot experiment was carried out indoor and the following groups were designed:
control (CK), inoculation with Bacillus mycoides (S1), inoculation with B. wiedmannii (S2), inoculation with
B. proteolyticus (S3), inoculation with B. mycoides and B. wiedmannii (S4), inoculation with B. mycoides and

B. proteolyticus (S5) , inoculation with B. wiedmannii and B. proteolyticus (S6) , and inoculation with
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B. mycoides, B. wiedmannii and B. proteolyticus (S7). Then, the growth and development, photosynthesis, and
various physiological and biochemical indexes of the leaves of this species were observed. Result: Compared
with CK, the treatment groups showed decrease in content of malondialdehyde in the leaves (P<0.05) ,
particularly S7 (content was only about 1/3 that of the CK). The leaf area, photosynthetic parameters,
photosynthetic pigment content, soluble sugar content, soluble protein content, and activity of superoxide
dismutase (SOD), peroxidase (POD), and catalase (CAT) in leaves of the treatment groups were all improved.
Among them, the leaf area, soluble sugar content, and soluble protein content were the highest in S7, which
were 2.8, 2.1, and 2.2 times that of the CK, respectively. SOD activity peaked in S6 (2.9 times higher than that
in the CK) and the highest activity of POD and CAT was detected in S5 (1.5 times and 2.1 times, respectively
higher than that in the CK). Conclusion: Inoculation with different organophosphate-solubilizing bacteria or
compound bacteria can promote the growth and development of P. polyphylla var. yunnanensis and improve its
resistance to stresses. The combination of B. mycoides and B. proteolyticus and the combination of the three

achieved the have the best effect. This study provides a reference for the selection of bacterial fertilizers for

artificial cultivation of P. polyphylla var. yunnanensis.
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Paris polyphylla var. yunnanensis; organophosphate-solubilizing bacteria; photosynthesis;

physiological and biochemical properties; compound bacteria
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Rl EMIEBENBARNAERH R HERELGSHNZE (3+5,0=10)
Table 1  Effect of inoculation with different organophosphate-solubilizing bacteria on leaf area and photosynthetic parameters of Paris

polyphylla var. yunnanensis leaves (x+s,n=10)

Y13 o B BUom? HOLAHEEP,) SILFE(G,) M HE(T) JitL ] CO, M EE(C))
B ” /wmol-m-s! /wmol-m-s! /mmol-m?-s /wmol-m?+s!
CK 41 15.031+0.066¢ 3.109+0.227% 15.090+0.0108 0.649+0.0108 322.772+0.023¢
S14q 20.840+0.056° 2.105+0.320¢ 23.706+0.007¢ 1.049+0.007° 366.192+0.012°
S244 19.468+0.042° 3.500+0.486% 24.734+0.040° 0.909+0.038¢ 382.141£0.029°
S344 19.733+0.041° 3.767+0.065" 19.704+0.019° 0.815+0.020° 384.435+0.007°
S4 41 26.859+0.059° 4.676+0.157" 30.122+0.004° 1.241+0.004° 379.975+0.010°
S5 25.789+0.025" 3.772+0.176* 17.326+0.054" 0.667+0.054¢ 393.568+0.013°
S64H 27.110+0.015" 6.700+0.154" 45.459+0.003" 1.875+0.003" 379.147+0.008"
S74 42.006+0.012° 4.850+0.074° 17.612+0.065" 0.76120.066" 397.233+0.004°

T AL B A /NS - B P<0.05 (38 2 17])
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e U AR I R O AOGRE ) . WLk 2,
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Table 2 Effect of inoculation with different organophosphate-solubilizing bacteria on content of photosynthetic pigments in leaves of Paris

polyphylla var. yunnanensis (X+s,n=10)

215 e Ead/mg g MERXbEE/mg ! 4% &K a/b B E ST /me-g! KHE P EF E/mg-g!
CK 4 0.540+0.017" 0.182+0.079" 2.979+0.065° 0.721+0.032" 0.249+0.020"
S14H 1.594+0.003¢ 0.571+0.020° 2.791£0.018° 2.165+0.007¢ 0.505+0.014°
S24H 1.241£0.007° 0.432+0.032° 2.876+0.025° 1.672£0.014° 0.436+0.010°
S3 44 0.887+0.008" 0.250£0.041° 3.550+0.032° 1.137£0.015° 0.261+0.016°
S4 4 1.679£0.006" 0.468+0.036" 3.591+0.029" 2.147+0.012° 0.464+0.014°
S541 1.314+0.013¢ 0.320+0.069° 4.122+0.072° 1.633+0.015¢ 0.345+0.021¢
S64H 1.695+0.006" 0.559+0.043° 3.034+0.038° 2.254+0.015" 0.502+0.021°
S74H 1.912+0.005* 0.566+0.027 3.380+0.022" 2.478+0.010° 0.507+0.011°
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Fig. 1  Effect of inoculation with different organophosphate-
%%Fﬁ: E(J ,%Z lJ[’u] solubilizing bacteria on MDA content in leaves of Paris polyphylla
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Fig. 2 Effect of inoculation with different organophosphate-

solubilizing bacteria on soluble sugar content in leaves of Paris

polyphylla var. yunnanensis (x+s,n=10)
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Fig. 3 Effect of inoculation with different organophosphate-
solubilizing bacteria on soluble protein content of leaves of Paris

polyphylla var. yunnanensis (x+s,n=10)
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Effect of inoculation with different organophosphate-
solubilizing bacteria on SOD activity in leaves of Paris polyphylla

var. yunnanensis (x+s,n=10)
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solubilizing bacteria on POD activity in leaves of Paris polyphylla

Effect of inoculation with different organophosphate-

var. yunnanensis (x+s,n=10)
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Fig. 6 Effects of inoculation with different organophosphate-

solubilizing bacteria on CAT activity in leaves of Paris polyphylla

var. yunnanensis (X£s,n=10)

4 iTig

e GV R Y R BB R ) R R AR, i
AT AR R 0 a8, ik AU /N RE S
o7 A W ) % S TR E TR i O A 4 R SR B it
b, TR BE A A I A ) 0 A K R ORI A
HA TR A 85 b [ b A A o R K D ) A e T A
PR R BRI . FEARESE TG Ak B2
I T B B R T RN A CRO AL, o i B R K 1
J& ST AU, U W 422 Bl A LB 41 BT R 0 DR R R 0 R
M AR B 3R ERIR S R s R e . AR S
K BE 5w A P16 A 1R RE B9 KN 6 A VR A I
FHATE AT G, T CAER R PMREN . 85
N R AL O A S B0 A FL BR i AN I P 40 G 3
TR B0 AR SCFLBR 2 O A R TR B
R Y p G C R R R I R AL R
SEMEEMER T, 2, 5P, R, C LT sk
ARAZEE, WA Ry RS AL BRI 5 30, ARBF R,
KB P, G, T, CAE#R = T CK 41, i b ] 4
MWEMmANBEAERE SR m A HEER
ANZSALREHE M. haRBEEAEHL
ANE R R 2 AT DU 3RO RE R G RE R Ak
MR RE R AR K R E R R R, S
CK 41, i A b B0 JH S M v v i 4 R
MREE 2 b O 8 N R Rt gk R A R TR R B Y
PR A AR BN ST, % W5 Rl i £ L
5 200 T1 B 05 44 iR VL T AR O A VR L 0 T A U AR 2R
K& & ) o R BE e S hl

MDA J2 4il g 5 3k S0 A0 AE 0 7= 4, 5 il
EC, 200 0 BB P 2R 0 MRS R, A0 M PN A A TG

<170 -

DUPAR R AR Bk 1 AR SR 45 SR 0T LU Y 4 R i
A PLBE A0 B E AR R i MDA KR T B R
R R R IR 3 R R S 3RS X MDA & 5 52 R
T R BH S o AT P M R R M R R VR R B B
LR/ AR R R E S ey RC ) i =R N ) T
B, 5 CK AL, I 434 B i A AILBE 40 54 1) ik
FRZL FLWT U PR ) & B T CK AL, Ir A b B ALY
AR R A W S T CK 4L, S7 4 ml i
WA AT MR & LR s . SOD .POD il CAT J& 4
Py A P = B Bt SR AR, G TR RN 2 R A ) B
W0VE B AR AR, U M AR OK 3R TR B b
52000 A ) 37 B AN AL IR B ) 8 R X S BT Ak
Tit 0] 5 355 o3k 1 P9 ) 9% A 4, DT K X B 4 4 5 B
B AL AR Rl B R A DL 4 A
Joi , KR 43 L E B i N Y SOD M POD i 1 #f A1
P4 s, BT A AL BRAH Y CAT W& PE#R AT 1 42w, Hirp
TR B P AL 4> ) S5 RN ST 4 . MR FE %
ol fife A7 AL Wl 4 1A T DA e A1 VL 5 RS AR BRI P MDA
49 FR 22 LU 55 JRE B ok A 5 15 m AT s v R RT
HE B i DAY 4 20 I R 3 1A 5 15 i A 9 e Ak
Tt ) 355 1 DL v L X PR A ) B 1

ZE LTI R OR R R A LB A0 R B R A
FEAS [m) R i PRe VL B R ) A R R Y iR Y R AR
R HEEER R m AN ine ). LA b
WEE R LLFEW IR A P B mycoides F B.
proteolyticus (S5 41 ) S 3 FhE 1R A Fp (S741) X ™I
Fofr 2 YR 7 A% 1Y) B2 i R AR L Rk, T R
X A AT ML AR TR 1 B R O B R
B TRl o R o, BB T A4 o VL o R ) A 7R Ak
5, AT LA HRAR A A S R 8

[(FIzEMsR] AXRAEAATH AR,

[SE k]

[ 1] BRh AR 2R 1P 04 45 . MR PR A2 A= 1 70 0T 00 T
AR e TEALTT R s (0], [ S 58 T ) A 4%
7,2022,28(2):166-174.

[2] HERHMEL . PENRILAEZ M. & [M].
et . o B 2GR A, 2015:260.

[3 ] BXEhWh, AE LR IR0 55 BRI v i 43 i X L
M AR T2 A R R e [T, AR A Rk,
2021,40(12):3982-3989.

[ 4] ZEFH BFLINGES A BE A RO R R R A R
G DI B AR RS L], E T 2 e, 2021,
46(24):6343-6352.

[5] Bk, 240, KEW, 5% . TR AL FE T E 52X



5528 %55 16 ) HESSEFFFHRE Vol. 28,No. 16
20224FE 8 Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2022
ERITR MWW R T]. BEE4k~%,2019,38(3): [17]  FRERE RSEH ML, 55 . O [ AR 5 T o MR AR B A 5
615-625. B AN O 8 5 4 E (D], v [ b 25 26K, 2021, 46 (4)

L6 A, E5, £ % . MY A B F7 53 = ZOR BT 915-922.

FRMREREL]. P E B A B, 2021, 51 (18] BXWr, REG U , 1A 75 U . He b AM L 3 X 544 40 i 2R
(10):1415-1423. R EOCEFPER R (1], H YA 25 2 4, 2009, 33

(7] o, e/, £ 70,55 il AL FHR bR A HLBE (4):783-790.

A B O e B i W S BE R AT (D). A R R [19] &P, ikERZE  PRIE 55 .l a2 & e o ffe ],
2022, doi: 10. 13560/j. cnki. biotech. bull. 1985. 2021- Hi¥ A= R 2E 0 11,2010, 46(4) :399-402.
0942. [20] REPRU . MW AR B 2p B BB IM ] AR - IO IR 2%

(8] A, XM A 208,45 . SR I B B8 X S ] L FeA AL, 2003:85,126-127.

T REAERSEAEZmMT]. RER4,2017,36 [21] GIANNOPOLITIS C N, ROES S K. Superoxide
(1):78-86. dismutases. 1. occurrence in high plants [J]. Plant

9] ZMH Bk, %E% - A A v R Physiol, 1977,59(2):309-314.

LI BT ek R (7], A4 B2 B 5T, 2019,23(1) : 59- [22] wRR. MY AEMYELRETIM]. Lt S EEH
64,86. H AL ,2006:214-215,217-218.

[10] HAMEEDA B, HARINI G, RUPELA O P, et al (23] JDGR WIS, ROKE 55 BRI o) ik Xt 3 22
Growth promotion of maize by phosphate-solubilizing AR AE AR R [T, N SRR AE Y =,
bacteria isolated from composts and macrofauna [ J]. 2015,21(4):777-782.

Microbiol Res,2008,163(2):234-242. [24] VR4 GO AEAFLBR S 387 h i) — S ] [ 7]

[11] RAJJ,BAGYARAJ D J, MANJUNATH A. Infouence THY A B3 T, 1997,33(4) :241-244.
of  soil inoculation  with  vesicular-arbuscular [25] FARQUHAR G D, SHARKEYT D. Stomatal
mycorrhiza and a phosphate dissolving bacterium on conductance and photosynthesis [J]. Annu Rev Plant
plant growth and 32p-up take [J]. Soil Biol Biochem, Physiol, 1982,33:317-345.
1981,13(1):105-108. [26] I, BBk, 4 6 R, 45 . IEPTAL BT R AN L DL &

[12] BASHAN Y, KAMNEV A A, DE-BASHAN L E. FRrEmsZm (1], R4 ,2014,34(8) :1994-2002.
Tricalcium phosphate is inappropriate as a universal [27] SRR, 8, XK, % . ZH )72 (PAHs) 15 4 1
selection factor for isolating and testing phosphate- B v B RO R SR X E A E B sZ e [T].
solubilizing bacteria that enhance plant growth: A b ARl K 24244 ,2020,42(5) : 80-87.
proposal for an alternative procedure[ J]. Biol Fertility [28] 2GR ERAEE L, 5 ASTA) AR T AR TR 24 A %
Soils,2013,49(4) : 465-479. T HOL S A BN 2 o 92 (D], v [ S 56

[13] KOBUS 1J. The distribute on of microorganisms AR ,2021,27(7) : 134-143.
mobilizing phosphorus in different soils [J]. Acta [29] AR, RN, BRI GE , 45 . 7N [A) DAL T4 RS I T4 X6 oK
Microbiol Plolonica, 1962, 11(7): 255-264. AR OC IR AR B B2 (D], 79 R RO A 4, 2015, 28

[14] YADAV B K, TARAFDAR J C. Penicillium (2):563-568.
purpurogenum, unique P mobilizers in arid agro- [30] XUREEL, 52, F0R, 5% . KB B X a5
ecosystems[ J]. Arid Soil Res Rehabilit,2011,25(11) : AR AR [T]. L E 2, 2019(18)
87-99. 47-51.

[15]  FISCHR W%, S L, 55 L I IR TR X R i 1 A K [31] BRI . AW PN A T X 40 R0 3R 30 1 K R 4 B 22 A
0B R R 52 ﬂ[’][ 1. B R, 2014,33(3) YEFBIBEFE LD ]. PR B Pk B IS 4%, 2017.

401-407. [32]  ZFmese, TAZE . PR AR U B0 e AR 4 O

[16]  BXAh AR SR ST 0, A5 . A TR) 570 oo ik il T 0 L o G VE T e B S8 A0 B 0 1 0 82 L] VR RO B

KR E R[]
761-769.

55 1k 2%, 2022, 41 (2) .

2019,47(21):223-227.
[SRERE BME]

- 171 -



