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Optimization of culture conditions for phosphorus solubilization
of Talaromyces purpureogenus with effects of promoting the
growth and improving the quality of red cluster pepper
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TA Yongquan', HAN Bingjun®’, YANG Laying"’
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Laboratory for Tropical Crop Breeding, Key Laboratory of Integrated Pest Management on Tropical Crops, Ministry
of Agriculture and Rural Affairs, National Collection of Microbial Resource for Fertilizer (Hainan), Collection of
Tropical Agricultural Microbial Resource in Hainan Province, Haikou, Hainan, China

2 Analysis and Test Center, Chinese Academy of Tropical Agricultural Sciences, Key Laboratory of Quality and Safety
Control for Subtropical Fruit and Vegetable, Ministry of Agriculture and Rural Affairs, Haikou, Hainan, China

Abstract: [Objective] A Talaromyces purpureogenus strain with solubilizing effects on tricalcium
phosphate and calcium phytate was screened from the rhizosphere soil of maize and named
XZY3PSF. To promote the application of this strain in serving agricultural production, we
optimized the culture conditions for phosphorus solubilization of this strain and studied the effects
of this strain on the growth and quality of red cluster pepper. [Methods] We evaluated the
solubilizing effects of strain XZY3PSF on Ca3(PQOs),, FePO4, AIPO4, phosphate rock powder,
soybean lecithin, and egg yolk by measuring the available phosphorus content in the solution after
liquid shaking culture. The effects of carbon source, nitrogen source, pH, and liquid loading
volume on the phosphorus solubilization of this strain were studied. Pot experiments were carried
out in a greenhouse to evaluate the effects of this strain on the growth and fruit quality of red
cluster pepper. [Results] The carbon sources used by the strain were in an order of fructose>
glucose>maltose>sucrose, and the nitrogen sources followed an order of ammonium chloride>
ammonium nitrate>ammonium sulfate>potassium nitrate>urea. The phosphorus-solubilizing ability
of the strain was higher under the condition of initial pH 6.0-7.0, and it was not affected by the
liquid loading volume. The strain achieved higher phosphorus solubilization with tricalcium
phosphate and phosphate rock powder as the phosphorus sources. With tricalcium phosphate as the
phosphorus source, the strain showed the highest phosphorus solubilization on days 5, which was
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higher than that with other phosphorus sources (P<0.01). With phosphate rock powder as the
phosphorus source, the strain showed the highest phosphorus solubilization on days 21 (P<0.01).
Compared with the application of compound fertilizer, the inoculation of this strain increased the
plant height, yield, vitamin C content, and total capsaicinoid content of red cluster pepper (P<0.05).
The results of Pearson correlation analysis showed that the phosphorus solubilization of strain
XZY3PSF in the culture medium with different nitrogen or carbon sources was negatively
correlated with pH and the dry weight of mycelia. The capsaicinoid content was positively
correlated with vitamin C and sugar content of pepper fruits. [Conclusion] Strain XZY3PSF has a
strong ability to solubilize phosphorus, especially aluminum phosphate and iron phosphate, while
improving the main nutritional indicators of crops. It is hypothesized that the strain will have a
strong ability to solubilize phosphorus in the laterite soil in southern China. These findings lay a
foundation for subsequent application of this strain in the fieled.

Keywords: Talaromyces purpureogenus; condition optimization; red cluster pepper; plant growth-

promoting effects; quality

WA A KR & & R P A B Bk T
%, ESHTHZEMRSTHAR, WER .
EEATAPCEY T, SHEY R CAER . Mk
VEF KA A it FE A Bt sk, +
BRI BT RIS E SR, MUY H%
WCRI 48K 2 5005 T 22 4B LA AS e B 3 pi e
WS P A HLA R 25 1 0 TE WL R h 190
TE (ANl R 5 8 25 B s AR, il DA
W) FH B B TR ER AR Ry ik = . =38 vhnl iR 4
I (%) 25 v B3 - 244 -1 pmol/L 53 AIK
RAE T 10 pmol/L, Ik THIM 4L 21 (i 5
1 (5-20 mmol/L)™,  H A iR M i R A6 £+ e
(IR ARG, T O W 6T Ui 25 W %) ) R
Ao

AULBERAR R AN EH T RS EN
15%—18%, [HFEMRE 4 ) b BRAE 2406 34 vh 47 1
EEEMGO, EEORE LA IUR A L.
AEYRN AP ANBERRILEE . R . BElES5)
K5 S A A e LR I A AL
BEERE Y RERTE , aE e /e R %Ak o e
LB, HEAEY WSRO & 158
WA 1 60%-80%, CLFEMRMHAHE . oA wE
FUKEEERE, FEZLUEBERER I A e T45
B Bk BRAFRES AR fE R

eEYh, B TR RKIE SN, 4R
LA B 285 [ (A ™ ) A s K SRRV P TE AL
BETERRE £ b 5 e’ L AP OB LS
Y, fERPEAIE TS Ca® R Mg® T LS WAL
EW, TAETE S0 TS Ca®' I UMl PE 1L
X/

fis(phosphate-solubilizing microorganisms,
PSM) & — R AE S 43 it A HLETICHL B o A ol 2
Y, MREZ, CIRENBERA 20 2108,
FARAN T . ETH AR T T 1 R
Yy, MR O S 15%-45%, fi#E
HHTEACEE & 1%-60% , 17 fiff il 0 T8 AR 5 A o
0.1%-0.5%", HRRIE MBI s 2, e
UITIRE R . iR E . MR . 2T
B A AR R A PR B T . /BT 55 5
frE Bk B A HEE . K R (arbuscular
mycorrhiza, AM). % JE . RGBS, MUEERE
AORDZE AR A D s A S W A T L A R )
AE ., SR DL I A A B R
BRI PR %, [HNRBERE SR
FRAAEE mR, Hua i A ERER
BEREERL B RE A WA LR . T £
B BRI, R MET PR AL AL D R ) T
I DRR RN s IR 726 = N N1 & o= 33 I [V

http://journals.im.ac.cn/actamicrocn



2178

XU Yunlong et al. | Acta Microbiologica Sinica, 2025, 65(5)

T2 i AL AR 2R AR AN, RBEEE AR
ASCRE S A R S S B i (R R WU, A B0 4
TR RBCGR SR IR 0T, 2 BERE AR R %) 1
R, AL MAH], XA R R B T A
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1.1 78

1.1.1 Bk

PPk XZY3PSF 415 H PH 5 76 X 2 EL
H % (29°14'36"N, 95°10'9"E) 1) K M br + Sk
i, FFLYEE N Talaromyces purpureogenus, 4
T TR A A W R ORE L, DR R
GDMCC 62750,
1.1.2 #EZHEHE

a7 4k W TG AL W T 1A 15 9% ik (/L) 7 % b
10.0, BifREL 2.0, WL =45 5.0, BEHAN 0.5,
pH 7.0-7.5; {#£7EFH PDA R;igid(g/L): D%
200.0, %M 20.0, IR 18.0, pH A%k, I
B ARSI 121 °C&4 T KB 20 min.
1.1.3  #idisik
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pPNPP)IAW . FRHX 2.784 g pNPP % T 50 mL Z£1%
K
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1.2 AFEMRHIEEEA
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28 °ClaiR R 2R AT IR K e 1,
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SR FH R LE ey 2t B & R FH i Al
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2007 IERE AR, BRIk FREURRSD 2 g,
FHHEE 40 mL 43 2 REREL, BURBUR /K 2 2
% 50 mL, FfJ5HURBOR | mL, MW ERER
10 mL J5 EALIE , s A K:  EE=35:65.
1.5 HIELIEBES 2

K Excel 2010 F11 SPSS 19.0 % %d #4743
Mrabs, 2@ AR LSD ¥, Mot iatrR
JH Pearson 3, FH Excel 2010 #A4AER .

2 BERE4M

2.1 ERAREEE IRONE
2.1.1 AN[ERREXT R E A K M R sE O HY
A

FRIRE XZY3PSF FEAN [l i JC ML T 1A 455
FRP SR T d )5, A3 A L
27 SRR WA pH . R 1 RTH, A
AT T i B 3 FRBRUR N SRR . A RS A A
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AR B2 5, AR & S IR 3L b,
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MR, PR RN R B 2 T R,
B0 0.021 g, 5 HAGRIE 2 (8] 47 7E A 5 35 1 22
5o WA WAR pH HTE 4.84-8.11 Z[0],
FUMEALBES pH fifieim, Z08PE; AR P
T pH ¥R, FHrh & 2R T pH (E A,
484, SHAWBRIEZ [ 77 7ed 5 25 5

WK 1 iR, Btk XZY3PSFE 76 [m) i IR 55
TR A R S S T G R I pH
(EFAE Y ETE Y IS T
2.1.2 AREIRIEXEBEE KX EBEE DY
=AU

PR XZY3PSF 7E A ] A6 0 TCH LB I A 15
TR EERESR 7 d )5, o 3 A o i
PR 22 T F S 3R 5 WA pH B . AR 2 T4,
NH,C1 Fll NH;NOs Zb BT (A5 55l & i i, 0
WK 594.9 mg/L Fl 567.2 mg/L, —F Z[8]JC i
EMER . AR SR IR,
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#R

Table 1 Comparative analysis of available phosphorus content, dry weight of mycelium and final pH value of

culture solution of strain XZY3PSF cultured in tricalcium phosphate culture solution with different carbon sources

Carbon sources Available phosphorus content (mg/L) Dry weight of mycelium (g)  Final pH value of culture solution
Galactose 0.7+0.1Ee 0.021+0.002Bc 8.11+0.07Aa

Trehalose 14.2+3.2Dd 0.02140.001Bc 6.70+0.14Bb

Arabinose 16.6+£3.0Dd 0.092+0.008Ab 6.17+£0.05BCc

Soluble starch 59.1+1.2Cc 0.111+0.005Aab 6.35+0.06Bbc

Sucrose 353.4+8.1Bb 0.179+£0.012Aab 5.3240.74DEde

Maltose 390.0+10.3ABb 0.181£0.017Aab 4.84+0.23Ee

Glucose 447.1£15.7ABab 0.157+0.007Aab 5.62+0.03CDd

Fructose 529.4+3.9Aa 0.153+0.016Aab 5.54+0.04CDd

There is a extremely significant difference between different uppercase letters (P<0.01), and there is a significant difference between

different lowercase letters (P<0.05). The same as the following tables.
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Figure 1 Pearson correlation analysis results

between available phosphorus content in the solution
of strain XZY3PSF cultured under different carbon
sources and dry weight of mycelium and final pH
value of the culture medium. *: P<0.05; **: P<0.01.

The same below.

R2  EIRXZY3IPSFEMFRIRRIBELR = {5187 iR
hIEFZEARPHNEYNHEE. BLTESES#
L pHIELL B 45 R

Table 2
phosphorus content, dry weight of mycelium and final
pH value of culture solution of strain XZY3PSF
cultured in tricalcium phosphate culture solution with

Comparative analysis results of available

different nitrogen sources

Nitrogen Available Dry weight of Final pH value
sources phosphorus mycelium (g) of culture
content (mg/L) solution
NH,Cl 594.9+£32.3Aa 0.107+0.054a 4.71+0.52Bb
NH4NO; 567.2£12.6Aa 0.104+0.041a 4.74+0.50Bb
(NH4),SO, 481.9+44Bb  0.169+0.002a 5.57+0.11ABa
KNO; 382.2+16.1Cc  0.168+0.035a 6.12+0.18Aa
CO(NH,), 353.5#2.2Cd  0.145+0.015a 5.49+0.50ABa
353.5 mg/L, GHAWEBEAEIZ FAF7Em g 2
CPNCE S VS Rl S S0 b

0.104-0.169 g, MEZ[HTCEFM2ER; a8

W35 05 pH EAE 4.71-6.12 Z 8], KNO; ZbFE T
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() FF 7E A S 25 1 25 5, 1T KNO3 5 (NH4)2S0s4.
Bk Z 8 JC B & 22 5, (H =& 5 NHCIL.
NHNO; Z [ fF M o 35 22 5
WK 2 s, Bkk XZY3PSFE 7EA A TR 1S
FRW T AR G S T HE B E G,
5 RE IR ML pH (H A AR 1k 2 [a] 52 40 5 3 67 AH 56
2.1.3 AEIE pH X g gk
paliopAl
K XZY3PSF 74145 pH 0 TCHL#E R
IR SR WP SR 7 d 5, 4 AT Aoms %
W, 22T MRS pH (E ., sk 3 pr
N, BEERIGG pH BRGNS
Sest i AR S, 7F pH 6.0-7.0 B3k 5 i
KA, 485K 504.5 mg/L Fl 484.6 mg/L, —#%
ZITo R EEES . PG pH R 9.0 B, AR
B R A%, N 437.6 mg/L. W2 T HELAARW]
i pH AP T HEARTC i PR 22 5, {HAE pH 7.0 B

B 4K K A e

-1.0
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Figure 2  Pearson correlation analysis results of
available phosphorus content in solution, dry weight
of mycelium and final pH value of culture medium
after XZY3PSF was cultured in tricalcium phosphate

culture medium with different nitrogen sources.
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=3 BEHRXZY3IPSFEA B ¥ itapH A i lES = §515
ARPIEZRBIRIVENEESE, BLTES

B RZpHERLER DR

Table 3

Comparative analysis results of available

phosphorus content, dry weight of mycelium and final
pH value of culture solution of strain XZY3PSF

cultured in tricalcium phosphate culture solution with

different initial pH values

Initial ~ Available Dry weight of  Final pH value
pH phosphorus mycelium (g)  of culture
content (mg/L) solution

4.0 462.1+13.8BCbc  0.126+0.015a  5.65+0.13Aa
5.0 456.8+7.0BCbc  0.121+0.004ab  5.63+0.02Aa
6.0 504.5+8.0Aa 0.113+0.002ab  5.38+0.11ABb
7.0 484.6£7.5ABab  0.110+£0.009b  5.25+0.15Bb
8.0 459.4+6.8BCbc  0.121+0.004ab  5.31+0.02Bb
9.0 437.6£10.1Cc 0.113+0.005ab  5.29+0.14Bb

XA, 4 0.110 g, SHAAKALBE(BR pH 4.0)
ZIJo i 2 5. B E AR pH (EEEAAYE
Fl7E 5.0-6.0 Z[H], #]4h pH 4.0-6.0 [ 4b 3 [E] T
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Figure 3  Pearson correlation analysis results of
available phosphorus content in solution, dry weight
of mycelium and final pH value of culture medium
after XZY3PSF was cultured in tricalcium phosphate

culture medium with different initial pH.

R4 EIRXZYIPSFEN[ESR G E R BER =515 5
BHIEFRFEARTHNEYUHMEE. BLTESE
FrIRLpHER L T ITER

Table 4 Comparative analysis results of available
phosphorus content, dry weight of mycelium and final
pH value of culture solution of strain XZY3PSF
cultured in tricalcium phosphate culture solution with

different liquid volumes

Broth content  Available Dry weight of Final pH value
phosphorus mycelium (g) of culture
content (mg/L) solution

50 mL/250 mL 417.7+6.2a
50 mL/150 mL 414.2+19.9a
50 mL/100 mL 430.2+4.4a

0.111£0.012a  6.96+0.14a
0.112+0.006a 6.84+0.03a
0.123+0.009a 6.89+0.12a

BED R AL B . BERRESAESS 5 KA B i = Rk
1(416.7 mg/L), HM W E S THAS, b5
i T I o () 398 T T A 5 W A RN B TR R
BITEeE 21 KRBl s, 7090 604.5 mg/L
F1146.0 mg/L, A W25 T HAWBRE ; Bk
TEER 21 Kk S = i i (25.0 mg/L), {H 53
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Figure 4 The results of Pearson correlation analysis
between available phosphorus content in solution dry
weight of mycelium, and final pH value of culture
medium after strain XZY3PSF was cultured in
tricalcium phosphate medium with different liquid

volumes.

AR 2 18] TG o 35 P 22 5 s R G DRl i A R
BORALFEEIAESS 30 Kk Bl m i i, 200k
100.2 mg/L F19.9 mg/L. v, K57 Guws b2
MR RETESS S K. 55 9 RS 15 Kl i #1%
FE5 30 K, TN AR EOV A B A A A S
THABE R 5. Kl 5).

22 MERHMENERAZBFENEEKK
R mRFE
221 FSERBE A KB

mME 6w, BREIRE RIS, Mg, fkE
M RTEME LEE S LI
XZY3PSF Ab P ¥4 5 25 T CK Ab#,
PR XZY3PSF AbBE T (0K & . AR B F ™ i
B, A3l CKOARBESE N T 60.9%., 162.2% Al
78.4%, FEMK® A7 5, AR XZY3PSF 4k
P E S TR AN,

222  FEREGRAE D

WE 7 s, 5 CK AT, @k
XZY3PSF AbBH BRI & . A A
WAYEA R C &y B E S T CK A,
AR 23 N 58.9% . 35.9% F1 169.9%; 7E T4
B e, 3 M TR E N ER. Eak
NEFIEARE XZY3PSF AL T (BB & & . n
PEASTRMYgEE R C SR ERT CK 40
PR, HRPE XZY3PSF AbFE T A2 2 C S8
WESTE AL,

MFE 6 AT, Ekk XZY3PSF AbH T (5B
HOBRU, . B | R S T A
PR M = T CK A AL AR b B, AR X
CK A FRAYHE IR 435~ 113.7% . 68.9% . 104.3%
F1104.5%.

=5 BERXZY3IPSFA A [E#IBEAENEIEFNE THENBMES ENEFHELLE S TER

Table 5
culture times by strain XZY3PSF

Comparative analysis of availablephosphorus content of different phosphorus sources at different

Different phosphorus ~ Available phosphorus content (mg/L)
sources 5d 9d 15d 21d 30d
Calcium phosphate 416.7£5.4Aa/Aa  241.0+8.4Aa/Bb 120.9+16.3Bb/Cc 66.149.1Cd/CDd ~ 19.44+2.7Ccd/Dd

Ground phosphate rock 222.0+8.7Bb/Cc

Aluminum phosphate ~ 123.0+3.9Cc/Bb

Iron phosphate 20.3+2.6Dd/Aab 18.5+1.6Cc/Ab
Soy lecithin 13.8+1.9Dd/Dd 35.542.9BCc/Cc
Egg yolk liquid 0.1+0.0Ee/Cc 4.0£1.4Cc/Bb

248.1+14.1Aa/BCbc 278.3+10.1Aa/Bb
76.9+4.0Bb/Dd

604.5£31.1Aa/Aa
146.0+£7.0Bb/Aa
25.0+£2.8De/Aa

94.5+11.4Cc/Aa
4.2+0.3De/Bb

595.5+12.1Aa/Aa
102.24+4.6Bb/Cc
23.1£7.1Ccd/Aab
100.2+5.0Bb/Aa
9.9+1.9Cd/Aa

95.945.7Bc/Cc
18.9+£2.7De/Ab
52.9+4.0Cd/Bb

4.6+1.0De/Bb

The uppercase and lowercase letters before/represent the difference analysis results among values in the same column, while those

after/represent the difference analysis results betweenamong values in the same row.

http://journals.im.ac.cn/actamicrocn



2184 XU Yunlong et al. | Acta Microbiologica Sinica, 2025, 65(5)

- Calcium phosphate = Ground phosphate rock BEZE A, 45R SR, TYWRESEM

3 e e ouid AT 1 A . — SR . B
\é 700.0 r %%%E/é\%%FI;*Eigjﬁﬁ%*H%‘ri; %/E\%
£ c000f SHOU . RO . B B A
| BB S B EAE KR

%mm- s .

% 2000} 3 W54 ®

S 1000F —, e g - B ‘

2 ol —t——t —— HR R 0 0y 4 SR e 2 ol 3
E Culture times (d) TE 5 SR Y M BERE IR h R IS Bk

oL AR RN AR A 4 DK i

E5 BEHRXZY3IPSFX A E#IREAREEFRAET (o FEL R o P W I e 22 B AT R T
HAS ST Rk A 2 s 3 o ) ) . N

E?jrzﬂf gfhjrj:eﬁtind of available phosphorus LA % PG RS @ié . %éf%

content of strain XZY3PSF under different phosphorus &, ERBERE, FEEILEASRLE,

M BBREERE IR ) Al T R M 3R

S Ak Ry AT AR W MSOR T 1A Rt BRRE S =

WE 8 iz, AR TS RHENAREE S, WS, BRI

OB R, TREER S ENYEER CHE IR IBTRE N ARERSE HhE  E

SHRE . AR . MR A R IR N (Talaromyces purpureogenus) XZY3PSF

sources and culture times.

A B Root dry weight [] Single fruit weight
200 - Plant height Sr N
a

[ Total weight of plants Aa

150 M Production aR
Bb Aa
100 . il
Bc - " Ab Aa Aa
Aa
50 -
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Elo ERNAMMERFRMERIKS ., RESTEWLLRIMER. A: e, HEESE S8R B>
Frs B: WRTHESHRALEIIN . EIHARFER/NG FREFRIR AN 35 (P<0.01) 8 i 1 25 57 (P<0.05) .
DGE

Figure 6 Comparative analysis of plant height, root weight, and yield of pepper plants grown in pots indoors. A:
Comparative analysis of plant height, total plant weight, and production; B: Comparative analysis of root dry
weight and single fruit weight. In the figure, there is a extremely significant difference between different
uppercase letters (P<0.01), and there is a significant difference between different lowercase letters (P<0.05). The

same below.
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Figure 7 Comparative analysis of the main nutrient
contents of peppers harvested from indoor potted

planting.
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Table 6 Comparative analysis of data related to the spiciness of peppers harvested from indoor potted planting

Treatment Capsaicin (g/kg) Dihydrocapsaicin (g/kg)  Total amount of capsaicinoids (g/kg)  Spicy degree
CK (H,0) 1.396+0.227Bb 0.367+0.069Bb 1.959+0.244Bb 201+26Bc¢
Composite fertilizer 1.747+0.203Bb 0.443+0.043ABb 2.434+0.269Bb 250+26Bb
XZY3PSF 2.983+0.358Aa 0.620+0.119Aa 4.003+0.510Aa 411+£54Aa

Different uppercase letters indicate highly significant differences between each other (P<0.01), while different lowercase letters

indicate significant differences between each other (P<0.05).
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Pearson correlation results between pepper nutrient content and spicy related indicators such as
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