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Ceriporia lacerata mobilizes soil nitrogen and phosphorus to
promote the growth of leguminous crops

NING Shiqi, SUI Zongming, YUAN Ling, YANG Hongjun*

College of Resources and Environment, Southwest University, Chongqing 400715, China

Abstract: [Objective] To use microorganisms to mobilize unavailable nutrients in soil for the
utilization by leguminous crops and the sustainable and long-term utilization of soil resources.
[Methods] Microbial culture and micro-plot experiments were carried out with Ceriporia
lacerata HG2011, a new isolate of white-rot fungus, to investigate the fungal secretion, soil
nitrogen (N) and phosphorus (P) mobilization, and influences on the nutrient uptake, growth,
and yields of Vigna radiata and Vicia villosa. [Results] C. lacerata released cellulase,
chitinase, B-1,3-glucanase, protease, phosphatase, and siderophore, and dissolved Ca3(PQOy); in
pure culture. After being inoculated on the soil surface, this fungus formed colonies, with some
mycelia extending into the soil, which decrease soil pH but increase the content of NH; -N,
alkali-hydrolyzed N, water-soluble P and Olsen P, and the activities of protease and
phosphatase. In general, C. lacerata inoculation improved soil N and P supplies, enhanced root
activity, and promoted root growth, nodule formation and development, thus increasing the
nutrient uptake, grain yield of V. radiata, and biomass of V. villosa. [Conclusion] C. lacerata
dwelling in soil mobilized soil N and P to increase fertilizer use efficiency and promote crop
growth. C. lacerata can be cultured with sawdust, straw, husk and other organic agricultural
and forestry wastes, with low production costs. This study provides a new strategy for
mobilizing soil nutrients, promoting the growth of leguminous crops such as V. radiata and
V. villosa, and benefiting the conservation and sustainable use of cultivated lands.

Keywords: Ceriporia lacerata; soil; nitrogen; phosphorus; leguminous crops
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teneius). 5K F % (Penicillium digitatum)., T5isk
il %5 (Cephalosporiumssp.)], JoH, HEAY &K,
SRR . R MA IR Z, L IR
RE S, (HEfZ MY R E R, Ry
SRR | ek - R R A B TR

M R4 = 1 KA SRR X 458 4R
e — R, & AL
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1.1 #8

HERE ML : C. lacerata HG2011 43 55 H 5K
B I E R HH R IX (29°48'N, 106°25'E;
NCBI % 5% 5}y MT675050), {5 8 T~ H 3% 38 £

A= T R A B PO (TR S 14215), U
RN, R T PDA ¥iFRdtrhdt, 25 °CHEH:
7% 6 do 4 20-25 NHEHZ(PZN 6 mm HIF B,
AP TR K LR (K 4358 £ oKk Hr=70:30:2)
B HIREALTAR (38 cmx60 cmx6 cm), il
(2227 )5 R B 22 58 KL TN(Z) 30-35 d),
il %t C. lacerata [# A F 71 (2.0x107 CFU/g).

BEREY) . 4T (Mgna radiata; &l &
2 —5) M T(Micia villosa Roth.; /. 6
2263, ¥ A AR XA R AR R 2B

fti R ERHVI M KRG AL,
B K, LHmM2EG . 14 pH 7.28, AL
BT A AR RS0 13,50, 1.00,
0.77 F119.04 g/kg; lffA . AW . AR
B EME AR & mAMRIR R 59.13 . 13.46.
142.80, 4.17 1 1.67 mg/kg. K4 0-20 cm HFE
2, B, WTRH.

1.2 C.lacerata 44514

Bt C. lacerata W (¢#)°h 6 mm, T [A]),
Sy RS AR W5k L B BN  WIZRLT-CMC
JUT B R% 8 . CAS Fil Cas(POy), B A1 5%
Ferpde, 25 CHEHG IR 4-6 d, R 61k, M
A IS TR A Y 2 RO, DL ROk T Ll
(R A T2,

B A BRI IR 3 (g/L) . WEARWIH 15.0,
Bifg 20.0, pH 6.8, S WIA MLEEEE 73 (g/L):
UIRENE 2.0,CaCO;5 5.0, MnSO, 1.0, #HZ 15 10.0,
TR 20.0, (NH4),S0,40.5, KC10.3, NaCl 0.3,
MgSO4-7H,0 0.3, FeSO47H,0 0.03, pH 7.0-7.5,
2T Y 25 WA I % 352 3 (g/L) : (NH,4),S04 2.0, NaCl
0.5, CMCC-Na 2.0, K,HPO, 1.0, MgSO,-7H,0 0.5,
BUlg 20.0, JEYY pH 7.20 JL T 5 EEAG I £ 57 3
(g/L): Bk 2.0, AT 1.0, IRIKJL TR 5.0,
KH,PO, 0.3, FeSO,7H,0 0.01, MgSO, 7H,0
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0.5, K,HPO,-3H,0 0.917, 3ifi§ 20.0 g, pH 7.0,
B-1,3- 7] R WH B G U 55 52 A (g/L) : AR 2.0, %
FHEEMW) 1.0, K,HPO,3H,0 1.0, MgSO,-7H,0
0.5, Na,HPO, 12H,0 3.0, FeSO,-7H,0 0.005,

il 20.0, HEMedE 0.06 (BISEAETIIA), pH
7.0-7.5. REARKMEE TR I (g/L): MOKMRIE R
3.0, FEBE 2.0, MgSO0,-7H,0 0.001, CaCl, 0.001,
Bilg 20.0, pH HR. FEPEARRETIIA 5% JGH
CAS ¥ [CAS B (gL): ¥ KH 06,

Na,HPO, 12H,0 2.427 , NaH,PO;2H,0 0.59 ,

HDTMA 1.46, NaCl 0.125, NH,CI1 0.25, FeCl,
0.016, KH,PO4 0.075], #%%]. Pikovaskaia JGHL
WEEEFR AL (/L) H#ZEME 10.0, Cas(POy), 10.0,

(NH4),SO4 0.5, MgSO,4-7H,0 0.1, NaCl 0.2,

KC10.2, FeSO4 7H,0 0.002, MnSO, 0.002, [i%
B8y 0.5, BiflE 20.0, pH 7.5,

1.3 C.lacerata & & T I1E &

JEANRT 14, 3 2 mm %, FREC20 g T
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g 20d, AERCOXTE, B 4,

ERFRAE A, 728 SO T TR HLAR
WA 1 pH; FHEE M bt vk e
NH4-N, FHOAES BOL I E I 2 41
Fb 0,32 0 T3 K i P GE TR K : 1 88=20:1,
25 °C. 150 r/min, 25X 30 min)#F1 Olsen fi#(0.5 mol/L
Na,CO;: +3=20:1,25 °C 150 r/min $%3% 30 min
PEI0) 5 WS TR B iR 42 - JCHA 43 D006 BE VR 38
RO RS Folin (A FBEIRZE 4N b (ak
3 9 S - 8 TR IR S
1.4 C.lacerata ¥ {E¥LEE . Fr 0 IRUILFAE
1< HY 52

RIGT 2022 4F 4 H & 2023 4 9 H7EV6Rs
KpAARGMEh LT, SGaGMid 2 &, HT
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FifE—Z5, S FAL W, J8 K EHEZ X
PRI S, HERMEW, 24 FHRM
18.2 °C (8.2—-28.2°C), [¥Wi+ 1156 mm, HIE
1014 ho BUXT+48, 1RG5, BARKXTER=
2.0 mx1.0 mx1.5 m /KJeith . fUEY7E TS L 135
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HE 3 W, IR E R YR H A, R
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SRR MOIR AR S G 8, kL, BT, FREX
FPRLIT & 5 FEH FWORZETY, ik B3,
PRICEE 5 it 25 UOBOIR I 2 AR ™ 1 F
FAYRE, IFEHTRERA . B, #EED,
TESE ARG, 1.3 Wb i g
T ARG S RS P
1.5 HFELIE

TEAMEIE R, Sk G AR I8 Fd b W A 1
Y. A SPSS 22.0 #Efr&iitartr, KA
Microsoft Excel 2019 1 Origin 2022 {EK .
C. lacerata {fifb 1385370 A S R FH i 37
FEACHY t s HAR e i R SR 28 5 2247
Mr, Duncan k2 A ; S RBNITTHE R A
Pearson ¥, B /KA P<0.01 5 P<0.05,
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2.1 C.lacerata B9 5 i€ F #0i5 B2 o H ik

WiE 1R, ¥ C. lacerata 370 T 45461
B, BFE 4-6 dJn, HYEFEES S
TREY ., EUER AR, il C. lacerata
REJT IR MG . RN . LF4E K0 . LT g .
B-1,3-%] S W il Ak 301K . 7 Pikovaskaia JCHL#E
BRRdk b, WE B I T S, Uik
FRIEPFHY Cas(POL), KA T Hif -
2.2 C.lacerata ik 1EFHF 49

HE 2 7] 0L, % C. lacerata $£Fh T T3
W, & 15d MiEFE, "EPHERET
3.45 cm, 20 d 724 AV SR R,
AT B 5 TR 22 A A 3. 5 ) R A A
Fe, 480 C. lacerata fifi +4% pH M 6.97 F& i
£ 6.37; M, PR . NHy'-N. KiETEBER

Figure 1

©

1 Ceriporialacerata HG2011 i EHEE(A). HERER(B). B-1,3-BIBHEEE(C). FHZEEED). /LT
REB(E). $HBIAFE)FAELHIEG)

Production of extracellular protease (A), phosphatase (B), B-1,3-glucanase (C), cellulose (D),
chitinase (E), siderophores (F), as well as solublization of inorganic P (G) by Ceriporia lacerata HG2011.

Olsen il & BRI 14.46% . 15.31% .
12.52%F1 11.19%, T 19 1 1 28 11 it 7% P L CK
B B ARG I S 2 3] 4 = 3 5.59 pg pNP/(g-h) Al
23.88 pg Cs/(g-d) (5% 1).
23 HERELEBHFS

MR 2 AT, 76 2 MEINOGRZ G, 1%
ARMEA NI Z YR EHZR, BT
186.3—-189.5 mg/kg (FiHi# 1)F1250.1-269.4 mg/kg
(PSR S, TEMELSR E 0 135, Bl RS Ab B
ZIa o # 2 5, 22T 59.13-65.05 mg/kg;
TERNRE 3 09 3, it AT B2 ey 1 3 e
TE. EMEST MY N gD, 2R
C. lacerata ¥ T HIEES A & &, TLitht
ME 57, 7E3:RD C. lacerata i - 3E, KM
Tl 1 3 S HE I AN B PR () o W R R A, e
MR ATk dm K AF), 35 Olsen it 81 H 2511
St ey <k
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0d 5d 10d 15d 20d

& 2 15758018 Ceriporia lacerata HG2011 £ +
BEREEKIFR

Figure 2 Growth of Ceriporia lacerata HG2011
on the soil surface during incubation period.

2.4 C.lacerata 3T 1E#) 7% 4 R UL B 52
s it B 412 7 4 SLRI%EFR C. lacerata B N2

FHEMR SRR Z A0, FEIERIEEF C. lacerata Xf
2 MESEY R AL WL SR IIC R E
(32 3)., EFHF C. lacerata 2 )5, A W, &
IR B R T 20.76%—41.08% (it A Y 4

PR RBRAN, HHE IR R R B KF) s FEAHEAE
B3, C. lacerata I 25 18 i ok SR Ak W A
W, EHAERRARES, &, B SRR E
SR P SN TE D G

25 1EMIEEHERFTE

2 4 AT, BRék i KR K MR
C. lacerata M FRATE 1o, e B 1
#F 2 AL R RS, R R TG T,
MR E E, PR S AR A EE, $EA C. lacerata
AR R PR (EMEIE AT, TR KW
B E AR B E KO (HAR & 71 g, 2
o MR i B (E AN NE 25 AR, 35 F IO Mg ff
AR 1 R A T8 B K bk, ERARK . IR AR
TG 7. R IR ESCE AR R o o = () 2 S 2 A
FIEAX(r=0.659"-0.899"", n=12); MW HRIE 1.
R PR 45 AR R o i = () A 5 I 3 e I
K (r=0.675-0.873"", n=12) (% 5),

WKL 3 Fs, AR R ok SRR
9.08%—37.42% (ANHZFN A HE IR A 3K 2 /K1) Fl
FF YR 8.11%-19.01%., TEANEAES&MET,
HEFh C. lacerata i &4 Gk R = HE 5 18.25%,

1 $E#h Ceriporialacerata HG2011 [F HIEEMFEH S EREEFMH

Table 1  Available nutrients and enzyme activities in the soil with and without Ceriporia lacerata HG2011
inoculation
b3 pH B B KEPERE AR A R it EHE]
Treatments NaOH-hydrolyzed NH,"-N H,0-soluble Olsen P Available K Phosphatase Protease

N (mg/kg) (mghkg)  P(mgkg) (mgkg)  (mgke) (ng pNP/(g'h))  (ng Cs/(g-d))
YHCK  6.9740.04 164.06+7.32 27.18+0.64 15.42+0.89 39.58+1.79 204.30+4.08 — -
Without
inoculation
Bl CL 6.37+0.01 187.78+10.73 31.34+0.31 17.35+£0.40 44.01+1.34 220.2+1.72 5.59+0.46 23.88+1.79
With
inoculation
CL
ﬁ%ﬂ(_ﬂz * * * * * * * *
Significant
levels

The data in the table were statistically analyzed using an independent couple sample t-test. — indicates that no enzyme activity

is detected in the each column; * indicates significant difference (P<0.05).

P4 actamicro@im.ac.cn, & 010-64807516
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Table 2  Available nutrients in the soil at crop harvest

1EW) Ab 3 Bl e 2L SR K PR AR
Crops Treatments NaOH-hydrolyzed NH,'-N Water soluble Olsen P Available K
N (mg/kg) (mg/kg) P (mg/kg) (mg/kg) (mg/kg)
(535 Xt e CK 59.14+3.39a 3.33+0.86¢ 7.78+0.35¢ 13.46£1.61b  251.6+10.50a
Vigna C. lacerata (CL) 59.13+3.39a 3.97+0.34bc  8.86+0.80c 17.2741.95b  250.1+10.58a
radiata HHLUGAE CF 65.05+2.56a 4.79+0.46ab  11.83+1.10b  32.94+2.29a  269.4+16.17a
H L NE+C. lacerata 64.31+3.85a 5.71+0.77a 15.04£2.07a  35.21+2.13a  261.1£3.01a
CF+CL
HT X8 CK 128.543.73b 6.05£0.38¢c  3.47+0.37d  23.75+3.33¢  186.3£13.85a
Vicia C. lacerata (CL) 127.5+£2.57b 8.98+0.59a 8.01+1.28¢ 40.78+6.62b  186.6+6.75a
villosa W HLMEAE CF 147.3+7.31a 721£0.51b  14.33+2.33b  62.23+4.92a  189.2+15.07a
WL B +C. lacerata 143.8+2.57a 7.7440.02b  18.09+2.40a  71.55+10.37a 189.5+9.47a
CF+CL

The data in the table are statistically analyzed using two-way variance and multiple comparisons are performed using Duncan’s
test. For each crop, the data in each column followed by different small letters are significantly different (P<0.05).

*3 EHRFTIESNERE

Table 3  Crop nutrient content and accumulation

e ab &1 Contents (%) W2 i £ Uptake (kg/hm?)

Crops  Treatments N P K N P K

e XHRE(CK) 1.60+0.20a 2.34+0.32¢  0.38+0.05a 119.85+28.66b 174.22+39.31bc 27.60+2.13¢

Vigna  C. lacerata (CL) 1.4240.34a 2.50+0.46bc 0.41+0.04a 127.54+13.1ab 225.91+56.24abc 36.65+3.80b

radiata & #ijiti AEL(CF) 1.44+0.11a 2.76+0.03a 0.39+0.02a 143.56+30.58ab 273.44+46.83ab 38.56+4.91ab
W E+C. lacerate  1.46+0.33a 2.63+0.44ab 0.36+£0.03a 173.09+16.95a 315.89+77.84a  43.15+7.66a
(CF+CL)

H¥ W (CK) 2.61£0.33a 0.32+£0.02b 1.69+0.12a 103.17+9.54b  12.71+1.01¢c 67.04+3.98b

Vicia  C. lacerata (CL) 3.08+0.06a 0.43+0.04a 1.75+0.10a 119.24+5.12b  16.71+1.29b 67.73+3.88b

villosa Kl jifi AL (CF) 2.85+£0.39a 0.36£0.03b 1.68+0.05a 124.61£15.07b 16.040.92b 73.70+3.23b
HHMAL+C. lacerate 2.81+0.01a 0.42+0.02a 1.72+0.06a 150.48+14.77a 22.63+1.57a 92.33+9.97a
(CF+CL)

The data in the table are statistically analyzed using two-way variance and multiple comparisons are performed using Duncan’s
test. For each crop, the data in each column followed by different small letters are significantly different (P<0.05).

x4 (EMEEER

Table 4 Crop nodulation characters

YEW) JGBL BRAMREK R MR IR i MR 9 fif
Crops Treatments Maximum root  Root vigor Nodule numbers Nodule fresh
length (cm) (mg TTC/(g-h)) weight (g/plant)
£S5 35 X HE(CK) 21.02£1.15¢ 61.70+2.53b 46+5¢ 0.53+0.02¢
Vignaradiata C. lacerate (CL) 23.39+1.33ab 63.83£3.38b 53+1bc 0.69+0.03ab
H B NE (CF) 22.25+0.90bc 73.72+2.57a 59+6b 0.65+0.04b
H B I +C. lacerata (CE+CL)  24.59+0.31a 77.15+1.01a 62+4a 0.71+0.04a
H %} 7 (CK) 14.73£0.53¢ 20.17+1.73b 72£5b 0.66+0.07¢
Viciavillosa  C. lacerata (CL) 16.88+0.73b 20.02+3.84b 79+4b 0.72£0.09c¢
W HU AL (CF) 18.87+0.40a 21.75+3.31b 96+6a 0.86+0.02b
L B +C. lacerata (CF+CL)  19.91+1.69a 33.3246.95a 97+5a 0.97+0.02a

The data in the table are statistically analyzed using two-way variance and multiple comparisons are performed using Duncan’s
test. For each crop, the data in each column followed by different small letters are significantly different (P<0.05).

http://journals.im.ac.cn/actamicrocn
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Table 5 Correlations between of crop nodulation and root characters

=27 b P RMRK WHRE S 988 H5 it HLJeg fif
Crops Treatments Maximum root Root vigor Nodule number Nodule fresh
length weight
535 F KA K Maximum root length 1.000 0.669" 0.899"" 0.737"
Vignaradiata 4R % 7% 71 Root vigor 1.000 0.675" 0.873""
H9% % Nodule number 1.000 0.803"
#JRE T Nodule fresh weight 1.000
HT % KA K Maximum root length 1.000 0.659" 0.845" 0.820""
Viciavillosa #2311 Root vigor 1.000 0.682" 0.714"
2985 % Nodule number 1.000 0.865""
HEJRI T Nodule fresh weight 1.000

Pearson’s method is used to calculate correlation coefficients (n=12; "P<0.05; *"P<0.01).

&l 3 Ceriporialacerata HG2011 {4 7= & FA4E ¥ = BRI =2 1

Figure 3 Effect of Ceriporia lacerata HG2011 on crop grain yield and biomass. Two-factor ANOVA and
Duncan’s method were used for multiple comparison of data in the figure, and different letters indicated
significant differences, P<0.05. CK: Control, no fertilization and no bacteria; CL: Inoculation with C. lacerata;
CF: Fertilization; CF+CL: Fertilization+inoculation with C. lacerate.

{HE A= W) WG iR R 3k 8 5K s TEMEAR &%
R, EFh C. lacerata fifi 4 & kR = 1 M T
R R T 25.98%F1 10.08%

3 itk

3.1 C.lacerata Xt TIiEREEYEILIER
E+gEd, EAREES KO Fikkibs
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