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Abstract: Endophytic fungi with the capacity to enhance plant growth, bolster plant stress tolerance, and modulate
the composition of plant rhizosphere microbial communities offer significant implications for research and
development of crop growth promotants. In a plot experiment, two endophytic fungus, Trichoderma rossicum and
Floccularia luteovirens were applied. To assess the growth promoting effects of these endophytic fungi on Avena
sativa, a range of indicators were measured, encompassing growth characteristics, physiological and biochemical

parameters, soil physical and chemical properties, and others. In addition, high-throughput sequencing technology
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was utilized to assess the influence of endophytic fungus soaking on the composition of A. sativa root endophytic
fungal communities. It was found that the application of the two endophytic fungi noticeably enhanced the growth of
A. sativa, with increase in plant height, root length, dry weight, fresh weight, and other parameters observed.
Particularly noteworthy was the pronounced influence of T. rossicum on the growth traits of A. sativa, while F.
luteovirens had the greatest effect on the yield of A. sativa. Additionally, endophytic fungi significantly influenced
physiological traits of A. sativa (P<C0.05). For instance, compared to CK, the peroxidase activity was increased
by 87.53%, and 86.03% , respectively, with T. rossicum and F. [uteovirens seed soaking, while vitamin C content
was increased by 5.56% and 58.11%. Conversely, proline and malondialdehyde levels were decreased,
respectively by 64.62% and 54.82% with T. rossicum and by 72.85% and 63.85% with F. luteovirens seed
soaking. Furthermore, the two endophytic fungi exerted distinct effects on soil physicochemical properties.
Specifically, T. rossicum and F. luteovirens increased soil total phosphorus concentration, while F. luteovirens
dramatically elevated soil organic carbon concentration. The high-throughput sequencing findings demonstrated that
soaking endophytic fungi significantly influenced the diversity of endophytic fungi in the A. sativa rhizosphere. This
was evidenced by increases in the Shannon index, Pielou index, and the number of unique OTUs of endophytic fungi
in A. sativa roots, as well as changes in the community structure of endophytic fungi in the A. sativa roots.
Additionally, a principal component analysis revealed that T. rossicum enhanced growth and diversified the variety of
root endophytic fungi associated with A. sativa, whereas F. [uteovirens enhanced productivity and bolstered stress
tolerance of A. sativa. This study highlights the significant stimulatory impact of endophytic fungus soaking on the
growth of A. sativa, enhancing its stress resistance, and altering the root endophytic fungal community. These
findings pave the way for the utilization of F. luteovirens and T. rossicum as microbial fertilizers, thereby providing
valuable fungal resources for the development of plant growth-promoting preparations in subsequent research.
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1.2 R HH

Wtk ADK [ K% W ( Trichoderma rossicum) , GenBank 2 % 5 . KR995112. 1]+ 8 H % & & , B # AF (F.
luteovirens , GenBank % 5t 5 : EU365877. 1) 43 & H B 4¢ 4 B 4k T LK, AR B 35 75 15 K24 A it 1ol A2 0 iF 9 ==
PR e AR LS (TRE 31, 1 g), l 51 R F S ER A Bt
1.3 K&t 55k
1.3.1  E kB % B Ak ADK 78 PDA B A £; 7 3 [ T84 2 (Solanum tuberosum) 200 g ; #j % B 20 g; B
JIE 20 g; 7818 /K 1000 mL ] E3% 4k 5d, BL0. 5 cm X 0. 5 cm § & PFEFP 2 PDB AR 8 55 3k (545 2 200 g ; 75 4 #F 20
g; ZEMK 1000 mL) , '8 THE K 150 remin ', 25 CH 35 7d, % . Wbk AF 76 PDA [E AR 35 38 F %46 20 d, B 0. 5
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PDA W35 77 FEAou BCACK) o 76 M8 22 7R R AT, 4 0822 Fh A5 1R TR PRI 6 h S B 99 1o ) 330 2R
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1 i 38 )
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Bk — BRI BA BT L £ 30 R T 5% R 0 245 1 Uk — A
1.3.6 PR FR DNA $#2HK [llumina Miseq il J3 FRELO. 5 g MM &R, R CTAB R BUR & B DNA, #
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F F Microsoft Excel 2019 A4 #4780 P e # , F SPSS 17. 0 3k 4 347 ¥ H K 77 22 7081 , 7€ OmicShare = 3 &
(https://www. omicshare. com/tools)/E &, 3= % 4343 #F (principal component analysis, PCA) K £ Origin {4 H1 %
il o XoF v 38 I R A R HE AT BT JF A AR U 97 Y0 By UK F B T QUIME BC0E X 50 AT BRAE o R R T
(operational taxonomic unit, OTU) % 23 5 UNITE %4 #i )& (Release 7. 2, http://unite. ut. ee/index. php) # 174
PR . T OTU M Hr 45 5, Mothur v. 1. 30 3B AR i (1) o 2 FEPE$8 50 (Shannon 48 #1 . Simpson 4§ £ il
Pielou$5%%) .
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AN TR P A L TR IR KT AR 2 A ORI T R B R R [ {H ADK ORI AF R AL B 34 AR G AR i a2 A K (P<<
0.05,% 1), ADKR Fiab 31 i 25 £ & 7 e bk & AR i 5 R0 T 55 (P<<0. 05) , A b T AT IR (ACK) |, FL bk /&1 R AR
53 S HG 44,0296 F115.55% o AF Kb B X 36 22 7 i 19 32 5 BOCR S o B W, 50 BCACK) AR ™ B4 & 1
19.68%0 ; ADK i Fift b 3 11, 32 0 ) 5 0 1) 3 77 380K 39 72 83k 12,13 %
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Table 1 Effect of endophytic fungi soaking on plant height, root length, fresh weight, dry weight, and yield of A. sativa

b3 7= K ficf 7 T i
Treatment Plant height (c¢m) Root length (cm) Fresh weight (g-plant ') Dry weight (g-plant ') Yield (kg-30 m™*)
ACK 61.90+7.52¢ 11.9040. 96b 10.9441. 75¢ 3.114+0.39¢ 50.3041.13b
ADK 89.15+4. 06a 13.75+2. 46a 23.96+1.77a 7.2840.66a 56.4042. 83a
AF 72.13+1.64b 12. 2840. 95ab 17.15+3.47b 5.40+1. 20b 60.20+3.53a

A ) /NG B 32 R Ab B A 22 53 i 3% (P<<0.05) . F Il . Different lowercase letters indicate significant difference among differents treatments (P<<

0.05). The same below.
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WA B ADK ORI AF 3 B A 311 O[] 72 5 b 52 0 26 42 T % (MDA) i 282 (Pro) (4EE R C(V,) & i Mt
ALY TG (POD)TEPE (1) . A BT ADK FIl AF 32 i b 31 34 i W 35 £ 5 e 22 19 i Ak W il (POD) 1 M, 48 L
F %t B (ACK) 43136 10 87. 53 % H186. 03% (P<<0. 05, &1 1A) . AF 2 b B %ot 2t A2 4 2k 2 C 25 Bt (10 386 sk S £
M, S BACKMEAEA R C(Ve) HF e T 58 11% (K 1B) . X B4 (ACK)HEZZ fili & 12 (Pro) FITA —
B (MDA) & B 8w, 70 9k 103, 31 ug-g "1 2. 12 nmol-mg ' prot, i KL ADK I AF 32 Fh kb B8 5 35 4 il & R
(Pro) AN 8 (MDA ) f f i8 F FE K (P<<0. 05, &1 1C,D)
2.3 AN AE LB R R ZIRGT LR AT w

P A B IR R X e 2 K R AL R B — B MR (R 2) . 50 IR (ACK) A, ADK i Fh Ak Bt 3% %
IR HHELSA ST E(P<0.05) , K2R & =ML 32.65% . ADK I AF 12 FhAb B & 7 + 1 20k & i, 40 48 &
T 17.83% M 3.88% . AF =l hb B 4- 38 S HLAK 19 % & 52 THE B 35 (P<<0. 05) , B B (ACK) 35 i 15. 82 % &
ADK Fll AF 12 Fi b A 25 75 — a2 B2 B 1ok 38 - 3 A9 pHL(E, Hovh AF 12 Ak 2+ 38 pH e X B8 (ACK) # 0. 18,
2.4 AAAB R ERERZALABFLARN YW
2.4.1 A BT FR O JHEZ2 AR AR B 22 A M Y5 T % H] Tllumina Miseq Mk ACK \ADK il AF 72 Fh &b Bt £ 7He
2 MR RRE A w0 A5 A A% B B )l 1248028835 1 42860 45, A FE i Y OTU 043 %1 4 18,98 F1 3594, 7EAH
LB K 97 % 415 F , Shannon 45 % H1 25 B AR I ADK™>AF>ACK, Pielou #§ $t % ¥l y ADK>AF>ACK (%
3), VAT P A B ADK AT AT 12 Fh b 23 1) il 188 i 7He 22 4R R B 2 REIE
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Fig.1 Effects of endophytic fungi soaking on physiological and biochemical indexes of A. sativa
RNIR/NG F B 7R A R A] 22 5 8 3 (P<<0.05) . Different lowercase letters indicate significant differences among different treatments (P<<0.05).
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Table 2 The influence of endophytic fungi soaking on soil physical and chemical properties of A. sativa

pis:l pH £ € A LB
Treatment Total nitrogen (TN, g-kg™ ") Total phosphorus (TP, g-kg ') Total organic carbon (TOC, g-kg ')
ACK 7.9240. 04ab 0.4940.09a 1.29+0.08b 3.3540.90b
ADK 7.684+0.22b 0.3340. 04b 1.52+0. 56a 2.69%0. 33c
AF 8.1040.02a 0.4140. 02ab 1.34+0.02b 3.8840.45a

2.4.2 P9 BT RP U IHE 2 A 2R L TR VR S5 H 1) £33 NEHFRMBRZREEEHEN o-SHERM
AT ACK . ADK Fl AF 24 OTU ¥k 14, 8545 Table 3 Alpha diversity analysis of endophytic fungi soaking on
N N N s I
. N A. sativa root fungal community
OTU X4 2.29 F1288(1&1 2A) . MEH I THA
AhBE FEHIEE OTU%Li:  Shannondd  Simpson#  Pielou#§
P it B AR X 2 JE Circos BT BLA Hh (] 2B) , ACK Treat- Number Numberof %{ Shannon % Simpson %% Pielou

M TR VR AT B 1 3T, AR Ry il e T T ment  of tag OTU index index index
(Olpidiomycota, 63. 72% ) . #8F 1 '] (Basidiomycota, ACK 12480 18 1.30 069 030
56. 53%) T % Tii I\j (Ascomycota, 2 94%) . i ADK 28835 98 1.63 0.58 0.48

AF 42860 359 1.32 0.54 0.40

ADK I AF M R B B LR 7 54 1T, A Ta
T4y 50 S 40 F B 1T (66.53%) M ar BT
(76.93% ), VLW N 2k ELRZ RS N T M2 MR B IE 4. fERHAKE B (K 2C) , ACK ADK Hil AF # & EL 14
BEVE 4> TR T 4.9 A1 23 8), 4% B A (Olpidiaceae) i ACK Fl AF 52 i 4b B 26 (1% 4 [7] £t 32 5 B4, A X =5 B2 43 91 5
63.72% F16.93% , 1 ADK 2 F 4b B2 (4 00 5 W FL 4 2L 25 R (Russulaceae, 63.88%) . 7EJ&7KF- 1 (& 2D) , il 4%
W& (Olpidium) Jg % B4 (ACK) 1958 — 348 , FL 45 18 (Lactarius) 3 ADK (155 — {1 3 8 J& 5 AF 4b 2 21 (1 £t 3
W8 T E A A R FLLE B A Cystofilobasidium , KX 32 FEMR K 76.93% .27, 91% F116.79% .
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Fig. 2 Effects of endophytic fungi soaking on A. sativa root fungal community

Az OTU JKF H 1 #f 7% 41 i Distribution of endophytic fungal communities at OTU level; B, C: [ THIELKF H

T 1 BE 7% 21 A% Distribution of endophytic

fungal communities at phylum and family level, respectively; D: AHX = B 4 1 10 J& B 5 B 7% 41 5% The top 10 genera with higher relative abundance.
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Fig. 3 PCA analysis of the effects of endophytic fungi soaking
A. sativa on its growth, physiology, soil physicochemical

properties and fungal community
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WA FIA Wy 2 o SR 58 9 o ) A L GRDIR D e 27 e PR B ARG R EE T RN T AR LU TR B 3 ) 3 4R
o A2EH WA RRIAY 4, PR B AR R Zhang %5 H Ol A B (Epichloé gansuensis) 1= 4 B o %L
(Achnatherum inebrians) ‘i 2 ¥4 T H: 20. 03 % A9 & 5 M 15. 07 % 691 5, 7 B 45 25 7 B g6 BT B0 o8 4 2 3
AWST7 B IR Tl /N2 (Triticum aestivum) , F 48 5 F0 5 50 51 Ho 6 B T 54. 41 % F145.45% , Lara ™ FH Bk 1
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FEASBIEFE H , N A BT R R 3 i B R A o S B (POD) T PR RN 4k A2 38 C & 8, B AIR I 0 Rl 20 1R
i, DU M R BT v . RS ARE T R AR A AR 3R C B AR Ak W I T M T LA B A ) A AR )
RE R 306 P (SR 55 0, ) R L 2 0 BT R A O DR A R O M 2 B R g AR AR RS N AR
H B ADK Ml AF 2 F % POD 16 PE 8 3 i T X BCACK) , 6 R4 0K 3 36 6 48 1 R 038 L 48 i 1 IR i 41
A ), T I 0 9 MG 22 XoF 00 B8 A8 A 35 Wk . R AR R C ARy —Fh e SR B B Y AT T 5 R R
SHNR N B AF RAh A B ER  T AR R C A R TR PR R RE . T T nT DA i A
If %) Ty i R 6 B, N ZE FLEE ADK ORI AF 12 R e 1 25 B AR T MDA & it , Ul B N A= B0 T8 72 i R 005 22 fifk e 42
LR 4 200 i PS5 4PV Ul 07 200 B 32 80 14 403 3 o K g T RL A 0 I F 9 5 SR — B0, e i o8 A TR AT DL R AR A A
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