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Screening of endophytic growth- promoting fungi and their characteris-

tics in apple
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Abstract: [Objective]Plant endophytes mostly include bacteria, fungi and actinomycetes, which are in-
teracted with plants to form the plant holobiont. To make full use of the beneficial effects of endophytes
on healthy development in apple production, the endophytic fungi in the root, branch and leaf of Malus
pumila were isolated and identified. The auxin and siderophore producing ability, phosphate solubiliz-
ing activity, potassium solubilizing activity, and nitrogen fixation ability were studied for the possible
mechanisms of plant growth promotion in vitro. [Methods1The endophytic fungi of the apple were iso-
lated from the roots, branches and leaves by tissue separation. The plant materials were surface steril-
ized with 75% ethanol and 5% sodium hypochlorite. In order to obtain more endophytic fungi, three
kinds of agar media (PDA, LB and Rose Bengal medium) were used simultaneously. Fungal genomic
DNA was prepared with the Ezup Column Fungi Genomic DNA Purification Kit. The ITS sequence
was amplified by PCR with universal ITS4 and ITS5 primers. Then the PCR products were sent to Qin-
gke Biotechnology for sequencing. Sequence similarity searches were performed for each representa-
tive fungal sequence against the non-redundant database maintained by the National Center for Biotech-
nology Information using the BLAST algorithm. The growth- promoting abilities of the strains were
screened and compared, and the Salkowski reagent method was used for indole-3-acetic acid (IAA) pro-
duction. The blue chrome azurol S (CAS) agar plate was used for siderophore detection. The screening

of fungal isolates for their phosphate solubilizing activity was done in the inorganic phosphorus agar
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(NPA) and the organic phosphorus agar (OPA) of Monika. The fungal potassium solubilizing activity
was screened by a halo zone formation method on Aleksandrov agar medium. Ashby’s nitrogen- free
medium was used for enumerating nitrogen fixing ability. Further, apple tissue culture seedlings were in-
oculated with the potential endophytic fungal strains and growth parameters (plant height, leaf number,
root length, leaf chlorophyll content and total nitrogen content in leaves) were assessed after 50 days.
[Results] A total of 51 endophytic fungi were isolated and identified as 29 species. All of the isolated
fungal enophytes belonged to Ascomycota. Of them, 9 strains were classed into 5 different genera while
5 different species were obtained from healthy roots of M. pumila. The taxa Dactylonectria alcacerensis
was the most frequently isolated from roots. 26 strains were classified into 9 different genera while 14
different species were obtained from healthy branches. The taxa Didymella prosopidis was the most fre-
quently isolated. 16 strains were classified into 9 different genera while 10 different species were ob-
tained from healthy leaves. The taxa Pseudochaetosphaeronema kunmingense was the most frequently
isolated. The growth promoting function of 29 endophytic fungi was screened. The results indicated that
all of the fungal strains showed the potential to produce IAA with PG06 (Clonostachys rosea f. catenu-
lata) from the root was the highest IAA producer fungi. 10 strains of the isolates were confirmed as
strains with high siderophore producing activity, of which 6 isolates were from branches, 2 isolates
were from roots, and 2 isolates were from leaves. 3 strains of endophytic fungi turned out to have or-
ganophosphorus solubilization activities, and LGO06(Dactylonectria alcacerensis) had the strongest
phosphorus soluble ability. 26 of 29 strains of isolated endophytic fungi were shown to have nitrogen
fixing ability. Then, 5 strains with higher IAA level and more kinds of growth- promoting functions
(LGO6 Dactylonectria alcacerensis, PG06 Clonostachys rosea f. catenulata, LG12 Chaetomium globo-
sum, LYO09 Arthrinium rasikravindrae and PJ09 Alternaria alstroemeriae) were selected and applied as
bioinoculant to apple tissue culture seedlings. Through light microscope examination, mycelium was ob-
served in the primary phloem of roots, which proved that the endophytic fungus had been colonized.
Compared with the control, the number of leaves, chlorophyll content and total nitrogen content in
leaves of the plant inoculated with strain PG06 had a significant difference (p<<0.05), which increased
by 61.17%, 44.08% and 42.56%, respectively. The chlorophyll content and total nitrogen content in the
leaves inoculated with LG12 strain increased by 42.92% and 40.67%, respectively. The height of plants
inoculated with LY 09 was the highest, which increased by 46.31% compared with the control. The root
length of plants inoculated with LG06 was the largest, which increased by 67.77% compared with the
control. The results showed that 5 endophytic strains were tested, of which 4 endophytic fungi exerted
beneficial effects upon tissue-cultured apple seedlings growth. [Conclusion] The apple endophytic fun-
gi PG06, LG12, LG06 and LYO09 can significantly promote the growth of apple tissue culture seedlings.
Different isolates expressed different aspects and levels of plant growth promotion. The apple tissue cul-
ture seedlings inoculated with strain PG06 had the highest survival rate and the best growth promotion
efficacy. These screened endophytic fungal isolates have the potential to be used as a source of novel
biofertilizers in the future. The field experiments can be further explored.
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Table 1 Molecular biological identification of apple endophytic fungi
Wbk S ko) [/ — 1 Iy B AL K ARALA) Fi
Strain number  Accession number  Identity/% Separation site  Quantity Similar species
PG06 NR_165993.1 99.45 & Root 1 W €15 % Clonostachys rosea f. catenulata
PG10 NR_159037.1 99.44 H Root 1 FLRIRFEIBILIR Thelonectria blackeriella
PJ02 NR _157515.1 96.71 % Branch 1 8] Ji& 7¢ )& L B Diaporthe rosicola
PJOS NR_153200.1 94.74 % Branch 1 V1A 5 F T Xylaria bambusicola
PJ09 NR_163686.1 99.10 % Branch 2 N HAEBERE 1t Alternaria alstroemeriae
PJI18 NR_147525.1 97.99 i Branch 1 &) 88 5% J& L 14 Diaporthe alnea
PYOI1 NR 153473.1 100.00 i Leaf 1 )& FU B Nigrospora camelliae-sinensis
PY03 NR_154798.1 95.23 " Leaf 1 LR HH Cytospora sibiraeae
PY08 NR_164581.1 95.32 M Leaf 1 BFRWAEH Collariella hilkhuijsenii
PY10 NR_157525.1 99.10 " Leaf 2 Neosetophoma rosigena
LG06 NR_121498.1 99.81 H Root 4 NFRFERIE B Dactylonectria alcacerensis
LGI2 NR_144851.1 100.00 i Root 1 BREFEH Chaetomium globosum
LJ03 NR_137927.1 82.51 % Branch 2 8] J88 5% )& EL I Diaporthe phragmitis
LJo8 NR 145403.1 89.66 % Branch 2 Paramycoleptodiscus albizziae
LJ09 NR_147537.1 99.08 ¥ Branch 1 1% 50 W73 7] BE 5% Diaporthe sackstonii
LY03 NR_172008.1 90.11 it Leaf 2 Anastomitrabeculia didymospora
LY04 NR_151835.1 99.29 It Leaf 1 W45 52 B Chaetomium cochliodes
LY09 NR_119932.1 99.65 I Leaf 1 TZE M Arthrinium rasikravindrae
LY16 NR_170016.1 100.00 I Leaf 4 Bt /N B ER 1# J& L1 Pseudochaetosphaeronema kunmingense
MGO5 NR_171211.1 98.66 #i Root 2 Alfoldia vorosii
MJO1 NR_111815.1 99.29 i Branch 1 FALLTE B Penicillium rubens
MJO03 NR_163552.1 99.12 % Branch 2 LS UL 54 T Paraconiothyrium brasiliense
MJo4 NR_121481.1 98.65 % Branch 2 JH 55 Aspergillus fumigatus
MJ07 NR_158433.1 98.73 ¥ Branch 4 ] B& 5% J& LB Diaporthe celeris
MJ09 NR_137297.1 99.33 % Branch 1 VU Wi KB Trichoderma simmonsii
MIJ10 NR_147522.1 99.43 % Branch 1 8] )i 5% J& L B Diaporthe mahothocarpus
MJ12 NR_137836.1 98.84 ¥ Branch 5 WV B& #6152 )& ¥L 16 Didymella prosopidis
MYO02 NR_153477.1 98.28 i Leaf 1 I %58 H#H Nigrospora aurantiaca
MY04 NR 148192.1 99.62 I Leaf 2 i1t )8 FU B Cladosporium crousii

VE: B G 5 E T RN RIS, P PDA 59738, L. LB ¥ 9R3E M. dondu i gR k.

Note: The initial letter of the strain number is the medium type, P. PDA medium; L. LB medium; M. Bengal red medium.
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Fig. 1 IAA production of endophytic fungi with and without tryptophan inducers
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Fig.2 Producing siderophores capacity of some endophytic fungi on CAS plate
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Fig. 3 Phosphorus-solubilizing ability of endophytic fungi on Monkina organophosphorus plate
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Table 2 The diameter ratio of endophytic fungi colony to

the dissolved P circle and the dissolved P content on

Monkinar plate
e YR Eﬁ 7N 1A 73
kg WM A R Dldf pCH
. Diameter of Diameter of Available
Strain D/d
phosphorous  the colony/ phosphorus content/
number . value o
ring/cm cm (mg-mL™
PGO06 3.6 2.5 1.44 3.30+0.02 ¢
PG10 2.8 2.0 1.40 20.01+0.00 b
LGO06 2.9 2.4 1.21 66.27+0.06 a
FEXF 29 Fk A AE FCTE A A0 D Re Al v, ARG
B AR E

224 BEAREAME W29RNAEREEMNT T
& Ashby B /A5 325 F . 26 kN AE A HE AL IE W

A H AR R4, R WTIX 26 PR N A2 H 1 B AT [
BAE 77, Ho v PIOS Al PY03 78 B Ak iL 2 ik 1 i W
Bl , 31X 3R 7 TR R OE 1T 4 il Ashby 15 77 35 P (1) eV 40
AW CaCO,(F4),
225 AAARAMNFERAZDJIORAERIE KR
TAA 73 &% B LG06.LG12 . PG06.PJ09.LY09 3L 5
R A A BB AT 2L 1 Rl e e . EZH S FE R 9%
50 d, [ 4% B Ak PI09 HI 4L 35 1 A A0 T, H ARl IE
WAK . Hodr, 818 PG06 N LG12 1 #k it 2H 55 1 Rk
T 1K 100% , LGO6 FiE % 4 60% , LY 09 J 1% %4
40% .. FEEFARTIN A, EARER T AT 75 S SRR ) K
TR RN A B, B2 NREK L Z A Gl aE
1, ELA T AL PR 40 ) B 22 AR TS A L IX 2R BH B AR 38 7
HEEH e (B 5) .

Xof [ 422 Kb B g S SR 5 1 AT AR K HR R

E4 oAt EREEREKFE
Fig. 4 Screening of some endophytic fungi nitrogen-fixing strains
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A is PGO06, a large number of hyphae extending at the root at the tissue fracture; B is LY 09, hyphae extending in the root tissue cells; C is LG06, hy-

phae shuttling parallel in the cortical cells of the root tissue; D is LG12, a large number of hyphae visible in the branch tissue cells; E is a control, and

no hyphae in the tissue cells.

&5

NEEFEE

EFLE MR

Fig. 5 Microscopy of endophytic fungal colonization status
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A A RASEAEREZR (P<0.05), Mk
AWK LR EEZER . AFEEH LY P& H &
T BN PR T 46.31%, LGO6 AR KAB e K, BE%F
MhmeW%o-%mme@uiw S

T 61.17% 44.08% +42.56% ; VK N #k LG12,
GRoE TR AASTEREEIN T 42.92%.
40.67%. XEWHIAA &S REAENER
AT ARSI R i R AR, M SR S B Y
T2 3mSR e A L g i AR gk A T R AR K

B RS E RO IR E RO B R (F6.%3),

X & Control

El6 MEEEXMNFERAFHPEREDR

Fig. 6 Growth promoting results of endophytic fungi on apple tissue culture seedlings

*3 REERMNEREARENREER

Table 3 Growth promoting effect of endophytic fungi on apple tissue culture seedlings

T it el o HcR " W B
Tteatment Plant height/cm Root length/cm Leaf number Chlorophyll(SPAD) Total nitrogen content in leaves/(mg-g")
Xf R Control 2.03t1.27 a 2.70£2.43 a 6.00+£1.00 b 28.61+1.21b 11.09+0.85 ¢

PG06 2.17+£0.38 a 3.40+0.53 a 9.67+2.08 a 41.2243.29 a 15.81+0.90 a

LG12 2.83+0.15a 3.00+£1.22a 8.33+0.58 ab 40.89+1.95 a 15.60+0.64 ab

LGO06 2.57+0.40 a 4.53+0.50 a 9.00+2.00 ab 33.37+3.96 b 12.2342.42 be

LY09 2.97+0.67 a 4.00+0.20 a 7.00+2.65 ab 33.34+5.05b 12.2942.95 be

3 W i RN A B Z T PDA B, IX 51RE1 45

R A R H LA 75 5 B 45 R R, S R AR
BNAERR R Z , F 5 A IR B3 R W]
R WA B AR LEAR I 3B =E & o B FEAR 6
SRIF I B A IRFE R Dactylonectria J& , 1 XSz

B AEAHIE FU OGS SR AR N AR LB AT R
W 5T, 3L B3R AF AR L SRR 2 N 29
I EORAR R T At

IR
Mo BTG REH,
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LA MLL & AR 23 B 45 2 (0 0 343 J@ B A% 1 )&
(Alternaria) , X 7] fg 5 7 B (1 2= 715 W ig B R 85 X
B K. (AAREED AR 05 55, T AL IR 5%
3R AF ) K 8 J& (Cladosporium) - ] & 5¢ J& (Dia-
porthe) « 211 J& (Nigrospora) « & 5% 1 J& (Chaetomi-
um) 1 ZZ A JE (Arthrinium) G505 AR SCH & — 301X
REAH AR Y1E 0 N A R R SRAEAEAR LA .

TAA 2 I A i 73 28 (R 1 FE AR R B
AR ENEYBOR . AR SLEE i ik i A
FOE & 00 RN A5 B PR TAA B B AE 14,62~
90.85 pg-mL" s A& BRI % WK™ TAA [ & AE
6.55~13.17 pg-mL". fEREPIH, B5| Wk B2 1T HH 2
P& T4 (TRP 3 % Mg A2 7= A4, 2 300t 70 & Uk
BERN T NEES IAA I E 5 A Y. Shah
SOk R A iRk PN AR BRI RIE 9 R B B R AR R A
B IAA, RN IN 2 R J5 1 PR R10 7 TAA B 3%
60 pg-mL". FEFFA, [ f6H A A LB N (1 R 5
IAA & 8 & ik 41.39 pg - mL" 27, A4 A2 B
IAA & B 5 ik 38 mg- mL ' P, AW 3 R A
RN LS R ST TAA 73 b 5 i 5794 90.85 g -mL*, 4k
T A = K

BREAR S T DL A i B R o T2 AL
EY, AR AR B 2251, W DU & A g 1Y
R, J S E R A K R A K.
AR T b gk A AR R B R D B A LR
10 £ , o rp 8] ) 52 J& (Diaporthe) 5 3 MR #S H A 728k
RE 7T, 24 3 A A ST 110 1) 2 52 o T okt 3 I R
BRERARRE J1™ . TR PR PI09 N EE RS 8 (Alternaria)
Turbat 55" A ¥ 2 P A2 BT A9 075 128 380 4 44 110 8 7
MREA R TT . Bk MIOL 75 5 & (Penicilli-
um) , {5 K70 IE H A6 2 B N AL LT L B
J& A PP RRRE T . 5 5 k93 3l 9 LGO6 Dactylonec-
tria alcacerensis~ 1.G12 ¥k & 5¢ # (Chaetomium glo-
bosum) \PY 10 Neosetophoma rosigena~LY03 Anasto-
mitrabeculia didymospora~ MJ03 B2 78 il & £ 70
(Paraconiothyrium brasiliense) , WA & T H =8k
AR RE ST I HRIE o

AR RS2 5 R I A 7 0k B I R TG B e T 1 T
P, (E AR FB 77 18 3] 3 ¥k B AT W Al A HIL IRt R 7 110 T
¥k . F o LG06 Dactylonectria alcacerensis it 5 Hl
T BE 111X 66.27 mg-mL"', Fo ¥k A PG10 Thelonectria
blackeriellaix 20.01 mg-mL". 553550} B A= ZiE #H

FNA FR AT A LI R 7007 0% , A 9 AR 3
14 5 8% (Penicillium asturianum) F12K i 5 (Asper-
gillus oryzae) H fEA WLBERE ) o ARIE VKSR IAEY)
W A FL B H88-2¢c (Argyranthemum apiacea) B A A
PUBEE 77, FLETIK 134.40 mg - L, A VRG34 H 1 14
5 FAH LA DL BE LIS

L) A A [ R T o A B AR N 8 5 18 Ik
A [ S AN AT iR 2 ORI R
— M XTI R E A SRR BT H AT E T
U , N A LR Y B R RE S A IR R . ™
X A 2 BT AR B [ U R R L, A B
AR MRAR AT AR 200 DL IRRE 7R3 B IE R A K, fEAR
WG 29 bR N AR LR, A 26 PR AT AE D AUIG IR 2k
IEE ALK AT A Y P AR R R T R T N AR
PAANES A I B TR

N1 R R N AR R S K R )
FIFLAE R Z, EHUIAA & & A B AR A T RE 2 1
AR [ 422 22 3 A R 1, WL LT A 1 1 1) A K
Wi o 2% 53R BB PI09 B R Ah FL AR 4 Bk N AR FURDN
R AE W R A SRR o, Bk LGO6 4y
BRIE 21%, 2 BA B RN A B, [F 3
BA T IAA VEREAA | [ B A DL RE /), iR
T RIEFRR AT 7, [l SR R o e R I
R AR . Bk PGO6 ok 41K i & (Clo-
nostachys rosea f. catenulata) , 73 W IAA GE 1] 5 5%
Gy I (90.8542.77) pg-mL, A B 3L 2 AR e A=
FetE. Beithm AN —FhE YN R E,
DAL HE B 9 R IR 77, i AR 22 R 4 iR B TR 1)
TOAR , QR ) R B R K R T A, 2 H TR
(KA B 1 22— Bk LG12 N Bk B 5% 16 (Chaeto-
mium globosum) , 7] ;= IAAER AR A [E & . 1% )8
T AT RS R ARG, R
i W N A B R 2 —. EREFEW e~ A Fh 2k
2R BACH T, B RBACH = ARG i &
] M 27 5 HUSE 22 o AR i e xR A i L TR AR
2k 2k . (Meloidogyne spp.) A 5 K B A W) B 16
F

L EBERFEE TERNAEREFETIE, AT K
RN A AR B AL T R B S R K
o DL B AR BN AR LB IR B P2 2 R
PE I A=W B 6 D e 0 1% 5, 2 R Skt — B A
1) B A
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M AR RRAR B I 2 3R 45 N AR LB ST Ak
YETE 29 P KR ARTE 10 i I, 29 BE B A A
[FREE 7 TAA BE 7T, 10 BREL A P8k 8K ) B8, 3 bk
BA AR 7,26 R B A [ A 68 77,29 BRIA
B REREE ). EEIAA G 8 I B R A ThEe
(S bR Rl R B, S5 R R, WA E
PG06.LG12.LG06-LY09 Xf 20 55 11 ¥4 B A B e A4
fEH.

Bt B P B R AL 5 I RA AT 50 PT E AR
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