Al K224 2025,3005):72-82
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

VMR SR, EEH HAE KT BHEASEERNENEFERSREMARORERR]. FERLXZFFR,2025,30(05):72-82.

SUN Zhenhua, SHI Yangjie, LONG Yujiao, JIN Hongmei, ZHU Ning. Analysis of the bioactive components of straw-derived Trichoderma fulvic acid and its
growth-promoting effect on Chinese cabbage[J]. Journal of China Agricultural University,2025,30(05) :72-82.

DOI: 10. 11841/j. issn. 1007-4333. 2025. 05. 06

BHBEAREEEBRNEMEEAS REXARMRENR

WRE WA EEH HFak kx T2
(1. VLR R BS540 4 T AR~ Bt , V195 S5 7T 212013;
2. VLI AR B2 B Al B U5 IR A 58 0T /A0l AR B AR VLR Ui A A T SR L g A 210014
3. MR B LR IERE S TSR, M At 210044
4. YLIRAE A HLIE A Z 4 B IR AL B 1) 6 37 G, e st 210095)

H E ANHBHBRAEZRRTIZANERD AR T FR AR A AR‘E#- 6 BERERLRTKR
FHRBRAATEROGRBAFIRL, BT LB G REF BT 0 LXK HA S A AR ER, PR EAR
20X IR, TR W A X e, 3k B R B 5B B R B 0CCK) (180CT,) 720 mg/m*(T,)3 A4 32 i %2 46 )G & ¥ &
TR E R E LS F(SPAD AL AL C . THEREY MBRELSTERF, 2RAWN . ABTEAERE®R
kT B 903 A £ B HE YR, P B LA 58 A £ F R £ B IK A AR AU, 4o K2 B BA )
WEEEER A R -3-LER-O-H) B MERERA H T-F A B ik -V AR MR BEE AR L-5 ARk, KEGG i %
TR AN, EF L F R S A A SSMRM IR R, FHAR T E A M R A I AR AR B B e R B
et BB ERMBRTRETE, BRARBRLEREF, .08 X248 E SPAD Vb & THERES
A B CK oA 7% 29.0% .743.5% .99. 7% .37. 1% , A BR & T AR 23. 4%, 2 L, s A A AMNBE 2 K EX/B
WP A READRAERGERRBD AERBRBATOEFTERBRHA B FRI AR, B T,058 0 &

RMLTF T,
KR HARR; R F; RE; 9%; 4
hE KRS S147.2 NEHRS 1007-4333(2025)05-0072-11 XHiFRERS A

Analysis of the bioactive components of straw—derived
Trichoderma fulvic acid and its growth—promoting
effect on Chinese cabbage

SUN Zhenhua'?, SHI Yangjie®, LONG Yujiao**, JIN Hongmei**, ZHU Ning**
(1. School of Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Institute of Agricultural Resources and Environment/Key Laboratory of Agro-Environment in Downstream of Yangtze Plain
of Ministry of Agriculture and Rural Affairs, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China;
3. School of Environmental Science and Engineering, Nanjing University of Information Science and Technology, Nanjing
210044, China;

4. Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing 210095, China)

Abstract To identify the main bioactive substances in straw-derived Trichoderma fulvic acid (TFA) and their

growth-promoting effects on Chinese cabbage, the non-targeted metabolomics analysis of TFA was
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conducted using liquid chromatography-tandem mass spectrometry (LC-MS). The main metabolite
components and metabolic pathways in TFA before and after fermentation were analyzed. A randomized
block design was employed for a field experiment with three treatments including TFA application rates of O
(CK), 180 (T, and 720 mg/m* (T,), respectively. After application of TFA, indicators such as yield, fresh
weight per plant, chlorophyll content (SPAD) , Vc content, soluble protein and nitrate content were
measured to evaluate the effects. The results showed that: A total of 903 significantly different metabolites
were identified in TFA before and after fermentation. Among them, the expression levels of 58 metabolites,
primarily lipids and organic acids, such as etiocholanolone glucuronide, indole-3-acetic-acid-O-
glucuronide, 7-ketolithocholic acid, 1-methylhistidine, arginyl-tryptophan, L-glutamine, were significantly
increased. The results of KEGG pathway enrichment revealed that these metabolites were distributed
across 55 pathways. High-expression metabolites significantly enriched in arginine and proline metabolism,
niacin and nicotinamide metabolism, and linoleic acid metabolism. The results of the field experiment
showed that compared to CK, SPAD, Vc content, soluble protein content and the fresh weight per plant of
Chinese cabbage in T, increased by 43.5%, 99.7%, 37. 1% and 29. 0%, respectively, while nitrate content
decreased by 23.4%. In summary, lipids and organic acids are the key metabolites in TFA with potential

plant growth-promoting activity. Application of TFA as a basal fertilizer significantly improved both the yield

and quality of Chinese cabbage,and the effect of T, is better than that of T,.
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Fig. 4 KEGG pathway enrichment diagram of differential metabolites

2.4 AEEEBREAMBXTERABRIZMN
H1 1A, 5 CKAR FE , A% 38 8 I8 1 A [+ it 1)

JKAECT T REMSHE B 38 . T T, A0 325
R fE 2 43 B3890 28. 07 % . 28. 95% (P<C0. 05) , 43¢ .

®1 AEEEBRARERAKEHNBERTE
Table 1  Yield of Chinese cabbage under different application levels of TFA

BA 7 TE AR 4/ (kg/m®)

Yield per unit area

b ¥ R/ (kg/ B0
Treatment Individual plant weight
CK 1.1440. 36
T, 1.46+0. 31
T, 1.47+0. 32

5.45+1.71"
7.02+£1.49°
6.8641. 64"

FE B+ bR E 22 (n=8) s A [A] 7 B Fe R 45 4b B 2 0] 14 22 57 8 3 (P<C0.05) o CK, T K X B8 5 T, MLt AC % 25 15 1
0.15 g/m?; T, M A5 88 12 0. 60 g/m®; T F1 T, 4 BE 43 5 78 1138 2 Al 24 K A2 A 1 H it 2 WkOK 25 2 I

BUUE IR AR . R

Note: Mean =+ standard deviation (n=28) ; different letters indicate significant differences among treatments (P<Z0.05).

CK, water control; T, root application of bio-humic acid at 0. 15 g/m?; T,, root application of bio-humic acid at

0.60 g/m*. The T, and T, treatments involved two applications of TFA, applied at transplanting and one month

after transplanting, with the same amount of humic acid used each time. The same below.
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AF TG R = 0 ) i 28. 81 % . 25. 87 % (P<C0. 05)
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K F IR CT D AT LAARAS 3 72 A R

S50, 5 CKAH L, T, T, 1 FH 38 i 4%
F A (SPAD) /I F1E 33. 68 % .43. 47 % (P<<0. 05),
XA T AZ- /T EAER; Ve & & 507 38 n
45.18% .99. 69 % (P<<0.05) , Herf T, 138 Ve & i

KB 124,15 pg/g; 8 0 & 543 0 35 29. 93% .
37.1296(P<<0.05) o it FH A 25 8 i 2 feff 11 52 1) i 1R
AR B RRAR, JHE T, 10 PR R SR & HEFEAIK 23. 39 %6
(P<<0.05), Mtk , REE IR RE IR AERK KT .
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Fig. 5 Quality indicators of Chinese cabbage under different application levels of TFA
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H T, 56 T A Ak B8 R 1 AF 97 8 22 4 v e el
2 T4 EE R R i o6 H e N o AR G
FR o AW SR AR ) A 4 2 Ty A T
R VAR R R AR S B R b i 22 R AU, B
TE 48 7 AR 25 B0 TR AE W) AR A AR I HLR . AS B 5E R
B it FH A B 5 I R T A 3 a4 R e R A R T
F AR B 5R T SR AR RO K 2 R A ) IR
PR HE T SR AR R LR, B s R
FERE 4 2 COVO F 3 m, vl fe & 5 K& 5
J& R 720 mg/m*CT,) &b R B %5 v it FH 4 AH O , 88

(9t ] 2k T R S S R R A R R L oo AR Ak Ul S
B AT VR AT AR S T SR Ve s E Y
HEAb , SRR R 0 A 2 B0 R P =S E I S A
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Br 3% WY, A IH B B B R A OBE RE R CH . Nl Wk -3-
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