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Abstract: To explore the growth-promoting effects of functional endophytic fungal strains on plants, 35 endophytic
fungi strains previously isolated from Cizrus aurantium 1.. were tested by Salkowski colorimetric method to screen for
strains capable of producing indole-3-acetic acid (IAA). Morphological characteristics and rDNA ITS sequence analysis
were combined to taxonomically identify the target strains. Inoculation and pot experiments were conducted to verify their
growth-promoting effects. The results showed that one functional strain (ZYYO007) with high-efficiency TAA production
was successfully screened from the 35 endophytic fungi. Morphological and molecular identification confirmed that this

strain belonged to Fusarium proliferatum. Orthogonal experimental design was used to optimize the fermentation condi-
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tions for strain ZYY007. The optimal parameters for IAA production were determined as follows: inoculum size of 7 fun-

gal blocks (diameter 7 mm) , fermentation temperature of 24 °C, and shaking speed of 180 r/min. Under these condi-

tions, the TAA yield in the fermentation broth reached 48. 079 pg/ml.; Growth-promoting assays showed that the fermen-

tation broth of strain ZYYO007 at medium and low concentrations significantly enhanced wheat seed germination rate and

promoted the growth of radicles and plumules. Pot experiments further confirmed that treatment with this microbial agent

significantly increased plant height, dry weight, and chlorophyll content of wheat seedlings. This study provides a theoret-

ical basis and high-quality microbial resources for the development of novel microbial agents in agricultural production.
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Figure 1 Qualitative color reaction for screening IAA secreted by strains ZYY007 and ZYZ004
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Figure 2 Morphological characteristics of Fusarium
proliferatum ZYY007 strain
ALLAZ: B BLB2 Ot BB T H2Z2458; C1,C2: 4
7 W UBE T R 22454
Al,A2:colony; B1l,B2: mycelia under microscope; C1,C2:

mycelia under scanning electron microscope
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Figure 3 The phylogenetic tree of strain ZYY007based on 18S rDNA ITS sequence analysis
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Figure 4 The influence of culture time on IAA
production by ZYY007 strain
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Figure 5 The effect of bottled liquid volume on TAA
production by ZYY007 strain
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Figure 6 The influence of culture temperature on IAA
production by ZYY007 strain
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Figure 7 The effect of culture speed on IAA production
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Figure 8 The effect of number of fungal blocks in flask
on IAA production by ZYY007 strain
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Table 2 Orthogonal experiment resuluts of
72YY007 strain producing IAA

, AU/ L CHER IAASE
RN OR (remin ) BG# )/ C /2 (ugmL—")

1 Al Bl Cl1 41.469
2 Al B2 C3 41.894
3 Al B3 C2 37.477
4 A2 Bl C3 35.121
5 A2 B2 C2 39.180
6 A2 B3 Cl1 34.564
7 A3 Bl C2 48.079
8 A3 B2 Cl1 37.018
9 A3 B3 C3 40.454
K1 120.840  124.669  113.051

K2 108.865  118.092  124.736

K3 125.551 112495  117.469

k1 40.280 41.556 37.684

k2 36.288 39.364 41.579

k3 41.850 37.498 39.156

R 5.562 4.058 3.895

Sl Al A>B>C
NS A3BI1C2

2.5 ZYYOO7 A #k K Bk b/ AR A K
#
2.5.1
AL

WE 10 ff7R , ZY Y007 B8 Ak & I 0 %F /N 22 # bk
PR B 52 e B A B 25 S R R ST 2 e R B TRV
WE AR LTS T REAEE:20%.40% .
60 % He B 20 43 5135 #) 14. 96 em . 15. 77 cm £ 16. 25
em, 3 J6 B K Xt R 4 (12.89 em) & 16. 1%~
26. 1%, 5 % M4 TAA XF PB4 (13.04 cm) A/ L,
A4 W B 5 5.8% A 4. 1% ; 4 1k BE 7+ & 80% AN
10095 B, ¥k 5 43 90 B 2 13. 80 cm £ 13. 58 em.,
SR, ZYY 007 B AR K I VR MR B 60 %6 X /IN 22 i oo 2 i
ROR e 3 BH A TAA RE #4255 24. 6 %0

ZYYO007 [ ¥k & WS /N 22 Bk bk s 10

M7 75 R B (=80 %0 ) & T YW AL 40 1 A < LA ol A
FH T R AT B R B W al R MR B R SR AE A
Xof A ) 240 M 3 B4, AT S e AR A AR . AT S
55 21 Ab B 240 F I B /K R KT TRV IR I S B TR
T RO X N A K B R VR T
2.5.2  ZYYO007 I& Pk & T W XF /N 22 A Bk T
A

SEE S5 R (1) F W . ZY Y007 1 bk & 1 T 6
N R BT EOH A B R R m (P<<0.05) , B .
ZY'Y 007 T bk & Bk FE 5 /N Ak T 2 AR
PEFBERLON DG R o AF W) 1 T F ik B AR Ak 2 B
25 W AR 3 (& 11) 2 2096 e J3 40 ik 3] 0 i
0.104 g, % T W K X R4 (0. 082 ) 4 #5 26. 8%, #%
TAA S JE X R 41 (0. 085 @) #1522, 4% . ik
BETEZ 40% F160% B, T 40 51 F B2 0. 091 g F
0.094 g, 38 E 5 T WA X R4 (P<T0.05) 5 = ik
20 (80% .100% ) T 43 il i 0. 083 g A1 0. 080 g, 5
JC T K A HR 4 22 7 G 2F E X (P>0.05) . 1]
W, ZY Y007 B Ak & T W B2 R 20 06 %4 o FL 3R
8 8 5% S B B 3% (P<<0. 05) , HoAE i B it TAA
AhEE L (EAF AR, SR AL B (=800 ) A K I
AR KA AR , TP 100 %6 ¥k 4 T R g AR
F 00 B K RN KT WO B 4L (R R 2.4% AN
2.31%) , AT REAF7E M A 1) 410 4 24 1 o
2.5.3  ZYYO0O07 W& bk & BE WA /N 22 43 e Lo 1) 52

M 12 Fa] 41, ZY Y007 B bk & B W% /N 22 R
std LU 14 5% ) Ay B AR VR R T e 2 IR et AR Ak
20% v BE 2H K&K % 0. 81, %5 TG T /K W B 20 B I
24.3% 5 40% . 60% ¥ BE 4 4 5 [l A &= 0.83 il
0.93;80% ¥ B 4 FF Ik B B& 2 0.87; 100 % #e i 20
P42 2 1. 06, 1 JC B /K Ab BLAR 56 L oA 1. 07, K6 B
ORI e R 1. 05, 5 6 T 7K R 3% T T 6T I8 41 G
F 25 (P>0.05) , IAA XF B4 1,02, ikl
UL, ZY'Y 007 T Bk & T vk B 2 20 6 Xof AR ef L 41 ol
Vo B 3, HoSO R 5 T TAA 40 B (F&AK 20.6% ) 5
Hh VR BE A B (4096 ~80%0) JE B UM A Ik &l £
40%6 e BE B, TR R AT R % SO AR R AR (2 i

(a) CK1(EHK)

(b) CK(IAA) (c) 20%4b B4

(d) 40% kb P41 (e) 60%4b B4 (f) 80% b FH 4]

B9 ZYYOO7THMKARRELZBER/NEMTLZFHEMN

Figure 9 Effects of different concentrations of fermentation broth from strain ZYY 007 on wheat seed germination
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Figure 10 Effect of fermentation broth concentrations of strain ZYY 007 on wheat plant height
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Figure 11 Influence of different concentrations of fermentation broth of ZYY007 strain on dry weight of wheat plant
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Figure 12 Influence of different concentrations of fermentation broth of ZYY 007 strain on root-crown of wheat plant
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WA TER W (E 13) . JCR KX 4Lt 4 R &
i Oh 28. 506 mg/L, K B I 2 R Y D
29.302 mg/L,TAA X 20 2 33. 038 mg/L. L4
W g 2R B I VR VR R A A R OBLIE I By - 20 06 Yk
B 2 B T & 37,745 mg/L, BTG T K X BR 4 88
32. 4% 540 % W B 2H 35 B W (B 44. 537 mg /L, 14 i A
56.2% ;5 60% Wk B4 10l ¥ & 36. 044 mg/1, /i & T
IAA &b 3 9.1%; 80% Wk 4 — Xkt = =
41. 240 mg/L; 100 % #& & 2H K &2 % 28. 947 mg/L,
HICW AKX B2 T i 25 22 5% (P=>0.05) (K 13) .
I FT N - ZY Y007 T bk A e WK J32 Sl 40 %6 X &t R
A A PR B B 3 (P<<0.05) , Hi i B 58 TAA 4k
PR = 34.8%, 100 %0 Vi J3 4b B 1 i & R K P [ 1
FRER W] BE R T VR B AR R R B 0B i 38 5O A
ROV AT T A KR e EH]

3 Fig5itie

R PN A BT R v A ) 2 B 2 L E
W) Fob 38 1 A R B i 2 SR AR B A SRR R I 4K
T e E AR AR H R BIA R RAAE . H AT, G T
PLTE N A LT 0 8 I B 50 o M)A AR TR (en-
dophytic fungi) J& $§ 78 A& iy Ji] ) 5 A B Bt ol 4 7
WO T4 R AB P L SV AR TN, AN T e
T 50005 A Y LTRSS o A R 4 R A it
JIE N A LT AR 2R 0E A W A N AT 1 A DG S e
DRI At P9 A= LT e T A AU AR R AR A A R

N AE B S TAA A A - A W B
MR T Z MY & P A B g . A BF e &
B, B0 [ BR B4 (Epicoccum nigrum) (BN FE R 2412
(Mucoromycotina guilliermondii) F Jt & 7% J&
(Preussia sp. ) % WARAE RSN F5 26 P T R B35
(Y TAA 5 I RE 37 33 i AR A A A 4 A2 A= BIL ) o

601

4k EE A/ mgmL !
[} W S wn
e | ) (=] <)

—
S

BACEAEN . Mo, NS (Elymus dahuricus
Turcz. ) # F W 43 B 1 ¥ 28 K 55 (Trichoderma har-
cianum) LR B (T, aureoviride) it v AF 5 5 5
(Penicillium roqueforti) K H. I 52 5% 16 & (Alternar-
ia alternata) % WAR AL H 2 TAA £ 7788 ), T 51
R 4 A A T A S AR L
il T fE ¥ AE i TAA R 5l B R Y OL B R S
RO, BARR B it s R E AR T RDE G )
RS, X — B4 5 U ¥ (Rehmannia glutinosa
(Gaertn. ) Libosch. ex Fisch. & C. A. Mey. J N 4= &
P G TAA s R A2 i 1 0 G MR A i il v i —
B ARG AL R AR ALSERE A 4 B AR B AN
N A BT T bR 35 Ff, >k JH Salkowski . 68 15 4] i i
9, R 15 2R B A P TAA BRI M T PR . 38 3 & 0, 18
B — R R 0™ IAA M BSE N A B L &2 ITS TP
B Je A AR 5 B RR (R AR 2 5 - ZY Y 007) 29 )2 i
it I (Fusarium proliferatum) o

X2 b5 B, AT e O Ak 0 AR TR R e I 2R A
PR KR IAA & i, SZET R4 W TAA (19 e i
B 9% 4149 pH 5. 0 IRLEE 37 “CHIE: FRIF ] 24 h, H.
pH L X0 TA A 73 W fik AT S 25 5 0 ™5 0 2
— PR TAA & 53K 5 58. 9 mg/L () FE48 27 M FF i (Ba-
cillus badius) 363, & W H il A K 454 pH 6.0
NaCI¥ B R 19670 ARBFFOR Z2Y Y007 7 TAA #AF
Jhy E E 2 A AR, AR S PR R 0 R0 R A2 i i e
R WA AT UL AL B T TR AR B A R 8 AR
AR R 6 BB B R & e 1R 180 r/min
AR K& IR B 24 °C o MW V8 Jin (Solanum kha-
stanum) T & 1 G6 AR ZE IR N €68 2 82 25 18 F 77 it fix
= (16. 31 mg/L) , G4 1€ R U N 8 22 /2 B 7~ i i &
(11.22 mg/L) , G4 [ TAA & 1 32 A0 IR (5 & R 52 i)
I/ T TLAZ 50 d R AR5 ) DA AR 56 o i

TN

S
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Figure 13 Influence of different concentrations of fermentation broth of ZYY 007 strain on chlorophyll content in

wheat plant
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