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Effects of fertilization patterns on flavonoids and glycoside metabolites in tea
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Abstract: [ Objectives ] This study examines the effects of fertilization patterns on the biochemical components

and the accumulation of flavonoids and glycoside metabolites in tea leaves. [ Methods ] The 3-year field

experiment was conducted in Ya’an which was a typical region of tea plant cultivation in Sichuan Provence,

consisted of four treatments: no fertilization (CK), conventional chemical fertilizer input (N 585 kg/hm*-TF), 25%
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replacement of chemical fertilizer N with organic manure (OF), and reducing 25% of N supply (SF). The content
changes in main quality components of tea leaves with different fertilization patterns were analyzed, as well as the
accumulation variations of flavonoids and glycosidic metabolites based on the results of untargeted
metabolomics. [ Results ] Compared with CK treatment, the contents of the anine and free amino acids in tea
leaves under TF, OF, and SF treatments were significantly increased by 7.22%—-13.40%, 23.15%—25.50%,
respectively, while soluble sugar and tea polyphenols contents decreased by 8.17%—13.86%, 6.08%—11.49%,
respectively. Concurrently, accumulation levels of 10 metabolites including epigallocatechin, epicatechin, and
rutin decreased notably. Compared with TF treatment, the contents of theanine, caffeine and water-soluble
extracts in tea leaves under SF treatment significantly decreased by 5.45%, 5.97%, 8.91%, respectively, while
the content of tea polyphenols exhibited no significant difference as well as soluble sugar and free amino acid
content. In addition, accumulation levels of 7 metabolites (e.g. peonidin 3-O-glucoside, cinncassiol C1 19-
glucoside and chalconosakuranetin) decreased markedly, while that of 4 metabolites [e.g. nobiletin, vitexin 4'-
O-a-L-rhamnopyranoside, (S)-Nerolidol 3-O-[a-L-rhamnopyranosyl-(1->2)-p-D-glucopyranoside] increased
significantly. The contents of caffeine in tea leaves with OF treatment was 5.73% lower than that in TF.
However, accumulation levels of 25 metabolites including 10 kinds of flavonoid glycosides, 2 kinds of flavone,
6 kinds of terpene glycosides, 5 kinds of steroidal glycosides, and 2 kinds of fatty acyl glycosides compounds
increased significantly, especially nobiletin and delphinidin 3-(6-p-coumaroylgalactoside) showed the higher
increase at 2280.20% and 1355.11%, respectively. Among the four fertilization treatments, 15 kinds of
flavonoids and glycosides metabolites demonstrated higher accumulation levels in tea leaves with OF treatment
compared with CK, TF, and SF treatments. [ Conclusions ] Replacing 25% of chemical fertilizer N with organic
manure reduced the content of caffeine in tea leaves, and improved the accumulation levels of a variety of
flavonoids metabolites (e.g. nobiletin, delphinidin, quercetin, apigenin, kaempferol, vitexin) and glycosylic
components (e.g. dehydrosoyasaponin I, majonoside R2, balagyptin). Reducing 25% of N supply decreased the
contents of theanine, caffeine and water-soluble extracts as well as the accumulation levels of glycosylic
components (e.g. myricetin 3-O-robinobioside, peonidin 3-O-glucoside, cinncassiol C1 19-glucoside), and had
less effect on tea polyphenols, soluble sugar, and free amino acid content. Partial substitution for chemical
fertilizer N with organic manure is beneficial for the accumulation of flavonoids and glycosides in tea leaves.
Onefold reduction of N input will reduce the quality of tea.

Key words: fertilization; organic manure substitution for chemical fertilizer; reduction of N supply; flavonoids;

glycosides; tea quality
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Table 1 Annual nutrient inputs of fertilization treatments in field experiment

ALK} i Fertilizer dosage

#2534 A Nutrient dosage

Qb3
SE T 4 = B4 Lt

Treatment A TBHE xR AIAE AR PO, KO

Basal fertilizer Topdressing fertilizer Inorganic N Organic N Total N~ *° :

CK 0 0 0 0 0 0 0
TF 1125 (AW E A AL Compound fertilizer) 900 (JR & Urea) 585 0 585 169 169
OF 4575 (R A ML Commercial organic fertilizer ) + 675 (JRZE Urea) 439 146 585 163 172

844 (AW Z 4 Compound fertilizer)

SF 2000 (5% FEC 5 IE Specific formulated fertilizer for tea tree) 0 440 0 440 180 300

E: CK—AMENEALTE; TF—HALILAE; OF —AHLIERE 25 %L AAL T SF—Isiti25% (LT AL 2L .
Note: CK—No fertilizer; TF—Conventional chemical fertilizer input; OF—Replacing 25% of chemical fertilizer N with organic N; SF—Reducing

25% of chemical fertilizer N.
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Table 2 Photosynthesis parameters of tea leaves under different fertilization treatments

AbFE Treatment A [umol/(m?-s)] Ci [pmol/mol] E [mmol/(m?:s)]  GSW [mmol/(m?*s)] GTW [mmol/(m?s)]  gtc [mmol/(m?-s)]
CK 9.34+1.47 ab 266.3+£26.7 b 5.80+1.26 b 0.23+0.24 ab 0.15+0.04 b 95.16+£25.24 b
TF 10.72+2.27 a 299.4422.1a 8.62+0.97 a 0.27+0.04 a 0.25+0.04 a 158.63+23.07 a
OF 9.59+1.46 ab 308.5+9.15 a 8.30+0.89 a 0.27+0.04 a 0.25+0.03 a 156.23+21.95 a
SF 8.91+1.84 b 267.96£23.97 b 5.92+1.37b 0.16+£0.04 b 0.15£0.04 b 92.02+25.30 b

H: CK—ANEALAL I ; TF—# ML, OF—A UL AR 25% AL RAL 3 ; SF—Iiti25% LILAAL ; A—ot A3 Ci—fflR]
COMREEL; E—ZMBHA; GSW—fLRE; GTW— T M gte—COMRRE . [FIFEHR 5 AR 7 BEFR AL BRI TE 5% K 128 5 i 25
Note: CK—No fertilizer; TF—Conventional chemical fertilizer input; OF—Replacing 25% of chemical fertilizer N with organic N; SF—Reducing

25% of chemical fertilizer N. A—Net photosynthesis rate; Ci—Intercellular carbon dioxide concentration; E—Transpiration rate; GSW— Stomatal

conductance; GTW— Mesophyll conductance ; gtc— Total conductance of carbon dioxide. Values followed by different small letters in a column

indicate significant difference among treatments at the 5% level.

%3 FRBELEZFHEIESRRISE (%)

Table 3 The contents of main quality components in tea leaves under different fertilization treatments

A , X e e S L ; ML
A3 AR KL T A AR Uir YRR Ky Polvphenols /
Treatment Theanine Tea polyphenols Caffeine Soluble sugar ~ Free amino acid =~ Water-soluble extracts },Ip .
amino acids
CK 0.97+0.03 ¢ 17.75+0.53 a 3.97+0.03 b 4.04+0.14 a 2.98+0.33 b 46.99+1.41b 6.01+0.75 a
TF 1.10£0.02 a 16.09+0.69 b 4.19+0.11 a 3.584£0.16 b 3.68+0.37 a 52.32+1.33 a 4.39+0.27b
OF 1.09+0.01 a 15.71£0.33 b 3.95+0.10 b 3.48+0.08 b 3.74+0.23 a 53.15+0.51 a 421020 b
SF 1.04+0.01 b 16.67+0.70 ab 3.94+0.05 b 3.71+0.20 b 3.67+0.27 a 47.66+1.39b 4.55+0.15b

E: CK—AMEALAEEE; TF—HMACHEALEE; OF—AHLIL A 25% AL RAL B SF—Iiiti25 % AL AL B . [R5 B 5 A Rl P B3 rs ik
B 22 FAESY K B3
Note: CK—No fertilizer; TF—Conventional chemical fertilizer input; OF—Replacing 25% of chemical fertilizer N with organic N; SF—Reducing

25% of chemical fertilizer N. Values followed by different small letters in a column indicate significant difference among treatments at the 5% level.
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Table 4 All the flavonoids and glucosides metabolites identified in tea under different fertilization treatments

Niﬁm?er Slfj:ss PR Metabolites szfflﬁue
1 WY Hit Bz Z-3-O-j 4 M Quercetin-3-O-glucoside 0.5199
2 Flavonoid 4 - 3 — et Quercetin-3-gentiotrioside 0.5028

glucosides
3 Mk Kz 2 -3-(4- L FRZEREH) Quercetin-3-(4-glucosylrhamnoside) 0.5291
4 Mt Bz 2 -3-(6"-TH Bt 3L L) Quercetin-3-(6"-malonylgalactoside) 0.3126
5 3"-O-Z LRI 4E HAF 3"-0-Acetylafzelin 0.2436
6 12 1-3- Jp RE - 08-7- B 254 Kaempferol-3-gentiobioside-7-rhamnoside 0.6303
7 4L H Miscanthoside 0.3665
8 FCHIE Floribundoside 0.3403
9 3',5,6-—F3E-3,4',7,8- DU B 4 L ¥R A 3- 4 49 BEH 3',5,6-Trihydroxy-3,4',7,8-tetramethoxyflavone 3-glucoside ~ 0.3884
10 SEHIN R -2"-0-(6"-FTBIEEEL) F 4T Isovitexin 2"-O-(6"-feruloyl) glucoside 0.6195
11 L1 Rutin 0.0118
12 i e K -3-(3- %)y L BEEE A A B ) Quercetin-3-(3-p-coumaroylglucoside) 0.0343
13 Mtz 28 -2"-(6"- X i EE EEE A A£) 2"-(6"-p-Coumaroylglucosyl) quercitrin 0.0012
14 Hit Bz £ -3-(3R-H KL 25 ) Quercetin-3-(3R-glucosylrutinoside) 0.0361
15 #EH Astragalin 0.0154
16 W25 p-3-[4"-CF B B RS L) FRZEBEH] Kaempferol-3-[4"-(p-coumaroylglucosyl) thamnoside] 0.0026
17 W28 BR-3-[2"-CF Fr B ) FRZEBEH] Kaempferol-3-[2"-(p-coumaroylglucosyl) rhamnoside] 0.0946
18 145 Bp-3-(2",6"- X 7 T BE 3L A A B ) Kaempferol-3-[2",6"-di-(E)-p-coumarylglucoside] 0.0506
19 I -3-(2"- R WL 25 & W) Kaempferol-3-(2"-rhamnosylrutinoside) 0.0337
20 LIS -3-(6"- R HEELAE A1) Kaempferol-3-(6"-rhamnosylsophoroside) 0.1318
21 F -3 -O-FEMFETF Myricetin-3-O-robinobioside 0.0004
22 SR ZEE-3-B-E i — BT Isorhamnetin-3-B-laminaribioside 0.0001
23 SRR -3-EH -4 - R4 HET Isorhamnetin-3-rutinoside-4'-rhamnoside 0.0884
24 KIHE AT 2 -3-(6-%F 7 H R IE 2L FLBET) Delphinidin-3-(6-p-coumaroylgalactoside) 0.0006
25 TKHERL 3-S5 AT Delphinidin-3-sophoroside-5-glucoside 0.0063
26 T E-3- T FH-5-#49FH Cyanidin-3-diglucoside-5-glucoside 0.0389
27 NPy & -3-0O-45 % Peonidin-3-O-glucoside 0.003
28 B -4 [T BRI (-—>2)- AT TR - (1->2)- R B TR - 7- AR 1R 0.0005
Apigenin-4'-[feruloyl-(->2)-glucuronyl-(1->2)-glucuronide]-7-glucuronide
29 B 2R -7 [P BRIGE -(->2) - R R A - (1->2)- R R -4 - DI 1R 0.0645
Apigenin-7-[feruloyl-(->2)-glucuronyl-(1->2)-glucuronide]-4'-glucuronide
30 HI ZE-4'-O-a-L-AL I FZEHEH Vitexin-4'-O-a-L-rhamnopyranoside 0.0001
31 S4IRIE Isovitexin 0.0053
32 3,3 4'- = R HL B -3-0-[a-L- AL -(1->2) [a-L- FRZWEFE-(1->6)]-B-D- L I F 45 B 1] 0.0751

3,3',4"-Trihydroxyflavone-3-O-[a-L-rhamnopyranosyl-(1->2)[a-L-rhamnopyranosyl-(1->6)]-B-D-

glucopyranoside]

33 A HEFIPEIEZ Chalconosakuranetin 0.0009
34 HRZE 02 -3- M AT Malvidin-3-glucoside 0.0337
35 KRB HEK-7-O-[B-D-H AT 5E-(1->2)-B-D-HiMH H 2] 0.0814

Luteolin-7-O-[B-D-glucuronosyl-(1->2)-B-D-glucuronide]
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= e
Niﬁmzer Sjj:ﬁss R Metabolites Plzlzlﬁue
36 6-F2FAR R -6- KB 6-Hydroxyluteolin-6-xyloside 0.0891
37 HEARW-4",6"- BB TR Prunin-4",6"-digallic acid 0.0122
38 #£575& Perillanin 0.0298
39 Wk Z-3-# 4B Persicogenin-3'-glucoside 0.0418
40 3,5,7- SR -4 - VR BE-8- 5 U2 B - 3-[ B BE-(1>6)- L U 71 7L LBl 0.0681
3,5,7-Trihydroxy-4'-methoxy-8-prenylflavone-3-[rhamnosyl-(1->6)-galactoside]-7-galactoside
41 THTIAT Astilbin 0.1425
42 Ranupenin-3-rutinoside 0.1137
43 i 5¢ % T Troxerutin 0.0964
44 S 5,7- 330 6- P AL F IR -7- A 5,7-Dihydroxy-2',6-dimethoxyisoflavone-7-rhamnoside 0.0011
g5 TSOMAVONOIS g o gt 3 (3B A A A 4R34~ -1 AT PO PR 0.1961
[5,7-Dihydroxy-3-(3-hydroxy-4-methoxyphenyl)-4-ox0-3,4-dihydro-2H- 1 -benzopyran-3-ylJmethyl acetic acid
46 PUHT S K -7-(6-TH B #5285 1) Cicerin-7-(6-malonylglucoside) 0.1644
47 6"-T5 YRR 6"-Malonylgenistin 0.289
48 6"-O-TN it K& 6"-O-Malonyldaidzin 0.4983
49 T-H5HE-2',5,6- = HVR -4, 5'-T0 FF R A B - 7-(2- Xk A T SR A B A 0.7003
7-Hydroxy-2',5,6-trimethoxy-4',5'-methylenedioxyisoflavone-7-(2-p-coumaroylglucoside)
50  EEKElE Flavanol #JLASE Epicatechin 0.0186
51 REETILZRZEBRE THLEE Epigallocatechin gallate 0.0610
52 AT ILEH-(4p->8)- LA & Epigallocatechin-(4p->8)-catechin 0.0203
53 P 5%k %5 2% C Assamicain C 0.2318
54  Hfi Flavones Wl Myricetin 0.096
55 JI % K 2 Nobiletin 0.0001
56 1145 W Kaempferol 0.7327
57 ##l % 2% Quercetin 0.3093
58 LT EEIZE A ¥ Dihydromorelloflavone 0.0022
59  Other flavonoids jeigya 92 01 procyanidin C1 0.1755
60 3BT KR 2 B2 3'-Galloylprodelphinidin B2 0.0690
61 S-FR LRI IR Bis (5-hydroxynoracronycine) 0.3770
62 F LK E 347 H iR Epigallocatechin-3-p-coumaroate 0.1988
63 FBRILZEHE-(4B->8)-3 LK % -3,3"- X% & Fii Epiafzelechin-(4B->8)-epicatechin-3,3'-digallate 0.8156
64 JEAETT % B2 Procyanidin B2 0.3749
65 FAFEF 1 Matsutakeside [ 0.5367
66 T KGR B-3-0-B-D-Hij 4 B2 Soyasapogenol B-3-O-B-D-glucuronide 0.3016
67 Terpene 28-H A IE IR AR - 3- BT Hi A M1 28-Glucosyloleanolic acid-3-arabinoside 0.3150
68 glycosides KA 1 Soyasaponin [ 0.7893
69 Wi 21F 11 Pisumsaponin II 0.1925
70 10-Z BRI 4 10-Acetoxyoleuropein 0.1856

71 p-TifbE-2,8,9- = EE-2- A1 p-Menthane-2,8,9-triol-2-glucoside 0.7188
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A= B P{E
N;ﬁmier S:I::Iiss A Metabolites P ve{l'lie
72 5K A Perilloside A 0.0016
73 AT BB A PE T (-)-trans-Carveol glucoside 0.0028
74 FAKRTHRM 1 Dehydrosoyasaponin [ 0.0863
75 kT2 R2 Majonoside R2 0.0533
76 RAETEEE A-19- 2B Cinncassiol A-19-glucoside 0.0062
77 MARBA V Araliasaponin V 0.0141
78 EJE 1 Vaccinoside 0.0020
79 TR 7R Geniposidic acid 0.0048
80 FIAZH VI Lyciumoside VI 0.0952
81 KE B4 I Soyasaponin 1T 0.0197
82 RAEIEBEC1-19-%5 49 Cinncassiol C1-19-glucoside 0.0027
83 TR AL A Geranyl apiosyl-glucoside 0.1315
84 NI (S)-FE AL A BE-3-O-[a-L- FRZEWE AL I - 1->2)-B-D- AL I A 28 A ] 0.0001
Fatty acyl glycosides (S)-Nerolidol-3-O-[a-L-rhamnopyranosyl-(1->2)-B-D-glucopyranoside]
85 S-RAEF W E-3,9- —WE-9- [ HE-(1->6)- 4T 1 0.0040
5-Megastigmene-3,9-diol-9-[apiosyl-(1->6)-glucoside]
86 3,4,5- =8 4E-6-(2- T HE-3- PV 4 L) PRAR 2 J5E-2- R 1R 0.0913
3,4,5-trihydroxy-6-(2-methyl-3-phenylpropoxy) oxane-2-carboxylic acid
87 FEREEE AT R Palmitoyl glucuronide 0.0647
88 1-2EH5-3-F A F W 1-Octen-3-yl primeveroside 0.0036
89 3b,6a- —JRHE-0- 2 B 22 FE-9- [ -(1->6)- R AR 0.7358
3b,6a-Dihydroxy-a-ionol-9-[apiosyl-(1->6)-glucoside]
90 A 51T BEC-O-[ FRZEREZE-(1->6)-4 % B4 ] Blumenol C-O-[rhamnosyl-(1->6)-glucoside] 0.2408
91 [ELRE=RTY 25- LA E-3,16,20,22- DU R BE-5-# 1 -3 AT B A 0.0072
Steroidal glycosides 25-Acetoxy-3,16,20,22-tetrahydroxy-5-cucurbiten-3-glucoside
92 HEZ MR Cholic acid glucuronide 0.0006
93 Zf 5 Je i Balagyptin 0.0058
94 #1 Z E-2-O- 47 1 Elaterinide 0.0011
95 77 )IVEH g Goyaglycoside g 0.0287
96 HEHEMT 9-FRHL-4-F A M IR R 9-Fi M1 9-Hydroxy-4-methoxypsoralen 9-glucoside 0.0012

Coumarin glycosides

IE: PEHMLSDIELE ILFIHAM .

Note: P values were calculated by least significant difference.
Be-(1->6)- b 1), 3% 11 AR R EKF,
R A 10.35%~68.89% .
2.6 A[EHEABACEE A B ER 2 KPR E M B
MEE

7 Won, M E A A [ it AT Ak BE 2%
W PR B 2 R RS OR, R LA BT AR R
3w T H AL — e #E A A E o i e
A FRAEHEAR G, W] CK AL 10 F, Hooh #7R
T4 RN . BGERE 2 M WS 2 Fh L MEBETE 1 AP, A
SLEBETY 1R OF AbBEA 15 F, Horbagii 1 Fh

B 7 B WEE 3 AL SRR 4 Fp; TF M SF
Qb PR S B S R A BRI . OF Ab3
T, DR B 28 R B 2K -3 (6- % A I B s 2L b
) AR = B (R A A 3 i A AR = A A8 A A% H50
ik 24.89, 14.52, £, ANEACLE A HUICEAC AL
FRIPEIE T HER2E KR AT 28 5 A

3 e

2R SR BRI R DDA
KO FORAME SR SR 2 —, AR L
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Table 5 Metabolites with significant accumulative changes in tea leaves under reducing N and increasing K input

25| Subclass R4 Metabolites HRSHI Relevant abundance THBE (6)
SF TF Change proportion
e FAAEER-3-O- T MM 623+49.0 B 905+33.7 A -31.13
Flavonoid glycoside Myricetin-3-O-robinobioside
AR -3-O-HRIBH T 38.9+6.3 B 107£23.6 A -63.75
Peonidin-3-O-glucoside
A HEIEAEZR Chalconosakuranetin 336+57.9b 555+68.1 a -39.56
FEHTIAT Astilbin 259+36.4 B 318+15.6 A ~18.74
H#{iBE Flavanol REETILRRBE TN 273002230 b 28200+3830 a -3.08
Epigallocatechin gallate
[ PRI BEC 1-19- A AP 23.1%15.1 B 181£61.9 A -87.21
Terpene glycosides Cinncassiol C1 19-glucoside
JiEmtE 1453 A RIT 1040£31.7 B 1380+£144.0 A -24.58
Fatty acyl glycosides 1-Octen-3-yl primeveroside
B Flavone JIIBREZZR Nobiletin 203+3.48 A 39.4+2.04 B 414.02
e 3013 -4'-0-0-L- ML FRL A=W 1 26401340 A 2380+345 B 10.84
Flavonoid glycoside Vitexin-4'-O-o-L-rhamnopyranoside
Ranupenin 3-rutinoside 111+15.0a 77.0+21.3 b 44.71
JiEmt (S)-BEAEANBE-3-O-[a-L- FRAWE ML I BE-(1->2)- 166+8.60 A 98.2+4.99 B 68.75
Fatty acyl glycosides  B-D-M W% 45 b ]

(S)-Nerolidol-3-O-[a-L-rhamnopyranosyl-(1->2)-

B-D-glucopyranoside]

T TF—WALACAR I SF—miiti2 5% b IE RALH s [AAT G A MRS FRERR 1 %K 22 57 B3, R /NE - R 2R A [l A 2 ) 7

SRS

Note: TF—Conventional chemical fertilzier input; SF—Reducing 25% of chemical fertilizer N. Values followed by different capital and small letters

in a row indicate difference significance between treatments at the 1% and 5% levels, respectively.

POE B AR . BACHIPEIOCRS, BRI e A
TR AS R B, PR 2 BRI EeR S
BRI RS, IR A Az, ik
B 2P TR SRR I B, AR
SEIRRIA N[ ife I Ak 5 o 25 i o TR
Sy, TERDINENR 96 A 28 KRR R
. 23k 66 PR By R AR TE AN [ AL B H] 2 S
B,

5 CK Mk, MifiB4b®E (TF. OF. SF)fiiZEnt
RAMMPEFH ARG HDEW I, X2 &
Kol 24 b S 2 AR, AT A R T T 55 “fif 987
JEC4 X 5 Chen 5545 R —8, RN, SEA
JEALFR (TF) W35 1 ek A KR & 5, &
Wi AU AT 4R A A i AR A BT . o — T, K
R S BEARAS T R B . RO RE . IR SH R
Y&, AFTAMAES M BRI, A,
TF. OF. SF b3 T Z&nt i (S)-H AL A E-3-0-[a-L- i,

2R L R - (1->2)-B-D- ML R 7 4 4 11 ] RBUKE
AT CKOARFHE 2% Tl AN it A 2 48 i A% Z2 e
ALV PERE AR, AT UE—2E R, X AT AR R
LA R (RILAER., BEEFILRR). EFF. M
A B . SO A S BRI MO R
ot R B BN B (R 7). SR, AN I Ak B
(CK) ZEM oA R A W TR, WTRE S AWk
P BT S S LR ORI U Z75 S A A e [ 1
B IRA , FRRE— 0T

TEiti & 585 kg/hm? 7K-F L E LI & 25% F K iE
FERE AR A, Ao R | R AER
OMER . KR R KT R AR A Ak P
(F£2. £3); HEf, FEEFILKXEZLRS TERRAR
(EGCG) ZFHKFFEAE 3.08% (32 5), ZF 2 B Ak
B A R R T —E RN A= . Dong
SEOIRTEIN Ry, iR 2 T B ) Ak R T U A K £k
B REREAL, PEmR R R R AR
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Table 6 The metabolites with accumulation level significantly varied in tea leaves under replacing 25%
of chemical fertilizer N with organic fertilizer

- (i iEROE i ALIREE (%)
Subelass Metabolites Relevant abundance Change
OF TF proportion
B M 2 2R -2"-(6"-Xof 7 K PR B Al ) 87800+3420 A 69300+2830 B 26.74
Flavonoids 2"-(6"-p-Coumaroylglucosyl) quercitrin
glycoside LI 2R -3-[4"-Oh 7 e RE A I ) R ZE M 1) 7140043940 A 57700+526 B 23.78
Kaempferol-3-[4"-(p-coumaroylglucosyl) rhamnoside]
$EHH K -4'-0-0-L-M g S 29100£596 A 23800+345 B 22.48
Vitexin-4'-O-a-L-rhamnopyranoside
SEHIAIE Tsovitexin 180000+13200 A 137000+7720 B 31.23
T B R -4 [P BB (->2)- I PE R 55-(1->2)-FWE T AR T-7- I R 4180162 A 2970+463 B 40.97
Apigenin-4'-[feruloyl-(->2)-glucuronyl-(1->2)-glucuronide]-7-glucuronide
INZS1-3-(2",6"- X 7 LS AT ) 2770£194 a 2350+183 b 17.80
Kaempferol-3-[2",6"-di-(E)-p-coumarylglucoside]
Bk E-3- A B Persicogenin-3'-glucoside 1320+ 100 A 985+195 B 34.10
TRIHEE R -3-(6- X AR FLE ) 405+54.8 A 27.9+10.7B  1355.11
Delphinidin-3-(6-p-coumaroylgalactoside)
Ranupenin-3-rutinoside 112+16.7 a 77.0£21.3 b 45.88
3,3\ 4'- = FRSE B EA-3-O-[a-L- FRZWEIE-(1->2) [a-L- RAHESE-(1->6)]- 3124394 a 250+21.8 b 24.88
B-D>-H g ] 2 A ]
3,3',4"-Trihydroxyflavone-3-O-[a-L-rhamnopyranosyl-(1->2)[a-L-
rhamnopyranosyl-(1->6)]-B-D-glucopyranoside]
HER )11 2 % Nobiletin 938+49.7 A 39.4+2.04 B 2280.20
Flavones A Myricetin 1450+5 a 1020£116 b 41.58
[15:5 KEETFF I Soyasaponin I 13400£1050a  11300+£581 b 18.64
Terpene )2 P12 Geniposidic acid 12300£824 A 10400+794 B 18.11
glycosides LA KT | Dehydrosoyasaponin | 8850440 a 76404340 b 15.82
PTZ1FR2 Majonoside R2 87404315 a 7890+376 b 10.85
PGB A- 19- R A0 B 1 669+23.3 A 511£50.2 B 30.76
Cinncassiol A-19-glucoside
FFg # VI Lyciumoside VI 5834613 a 458+73.7b 27.29
SR NERTY Zp 5555w Balagyptin 29000£1370 A 230004626 B 26.42
Steroidal TR g Goyaglycoside g 21300+£1340a  18200+622 b 17.02
glycosides 25-Z A HE-3,16,20,22- DU FEIE-5- 4 1 R -3 AT 37504230 A 3080220 B 21.64
25-Acetoxy-3,16,20,22-tetrahydroxy-5-cucurbiten-3-glucoside
JEAR FHH R Cholic acid glucuronide 33304294 A 20704318 B 60.83
#Hi EE-2-O-Hj 4T Elaterinide 415£18.7 A 280+24.1 B 48.37
MLt (S)-FEAEANEE-3-O-[a-L- LS WL I - (1->2)-B-D- I M T A ] 150+22.6 0A  98.2+4.99 B 52.94
Fatty acyl (S)-Nerolidol-3-O-[a-L-rhamnopyranosyl-(1->2)-B-D-glucopyranoside]
glycosides 3,4,5- = H-6--H E-3- R NAE) A Lbe-2-FRIR 1080+54.5 a 882+80.7 b 22.17
3,4,5-trihydroxy-6-(2-methyl-3-phenylpropoxy) oxane-2-carboxylic acid
B M 2 -3-GRAEFEEL ST 3970+203 b 4430+120 a -10.35
Flavonoids Quercetin-3-(3R-glucosylrutinoside)
glycoside Mg HA-3-O-FERLIE T 756+95.9 b 905+33.7a  -16.51

Mpyricetin-3-O-robinobioside
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%235 6 Table 6 continued

\ N LS ESIS ALIREL (%)
eSSl R
Subclass Metabolites Relevant abundance Change
OF TF proportion
KRR 3 MR- S A 462399 B 619+10.6 A -25.38
Delphinidin-3-sophoroside-5-glucoside
2 H 4L Chalconosakuranetin 357+33.6 B 555+68.1 A -35.70
AjPy % -3-0-FHI T Peonidin-3-O-glucoside 61.0£24.0 B 107+£23.6 A -43.17
S B 5,7-ZFRHE-2" 6- H AU S - 7- B2 26.8+3.08 B 76.0£23.7 A —64.76
Isoflavonoid glycoside 5,7-Dihydroxy-2',6-dimethoxyisoflavone-7-rhamnoside
B TEZJUN 3B THEIR KAMERTE B2 3'-Galloylprodelphinidin B2 127000+10800 b 175000415100 a 2733
Polyflavonoids % Dihydromorelloflavone 9144483 B 1090+33.9 A -16.02
[z RS BEC1-19- A 491 Cinncassiol C1-19-glucoside 56.2423.5B 181£61.9 A —68.89
Terpene glycosides
Jis{iRER 1-¥45-3-F A KT 1-Octen-3-yl primeveroside 950+104 B 1380+144 A -31.02
Fatty acylglycosides S-RHEF I be-3,9- HE-9-[ T RE-(1>6)-F A i) 843+21.6 B 1140+106 A -26.12

5-Megastigmene-3,9-diol 9-[apiosyl-(1->6)-glucoside]

TE: TF—HHLILAEE; OF—AHUILEU 25 %L RAL I, FIATEURE AR RS T RN 1% K25 3, AF/NG TR b H 6]

TES% K T2 5 W

Note: TF—Conventional chemical fertilzier input; OF—Replacing 25% of chemical fertilizer N with organic N. Values followed by different capital

and small letters in a row indicate difference significance between treatments at the 1% and 5% level, respectively.

Wi, SFAMEER, MiE-3-0-HEHBE . AT E-3-0-
BAPHEY VRO A RN A ELER AR AL KA 4 R B
N 1-E40-3-REARN . WEEREE C1-19- 84 H 2R
FUKAF 1 25 A FT BB 5 S R0 A R B IA G
PRI, DA s 25 W) Al ) Ak i 7 R4 26 A i BT £
JE, 4EMEZ 585 kg/hm? %5 440 kg/hm? B384 U )1 2%
X, X — T 2 X S e R SR A A = 573
kg/hm?, & T3 E A FE AEHE 72 H 5450 kg/hm? B,
TR O X2 el DL A4 A a4 Ik b, B4
KAl EHZRBE . AR RE KA R
PO E o

EERVINI R =2 AW (o8 o S s N £ 0] W
X, AW EA, MR 585 kg/hm?, HHL A
25% LA AL HE (OF) 595 A L/ICALFE (TF) #H L,
FRUmEEmL SN, AR . WeR AR . KELY . T
EPERE . 2R 2 AN LR L 3 R AL (3R 3),
HA 36 e i 2 RO 20 B2 R
(#6), OF AP, 12 FhEEERZEA 13 FifTT 2405
Y ZBUKE- BRI, 8 FhERERS A 3 Fod IR
Yy BRUKF 8 5B, TGl -3 (6% H R K
FUBEE) . Mz 26" - BB IR A L) . I
Mjy-3-[4"-O6F A L BERL AT L) SR 1. IR -3-
(2",6"- X EL AL R A ) SF R R UK
EHEINFH] OF A PRAZ T 2SN A LR A 1, il

INEFBRIRN BRI R TRER . SR E, OF
b AR HE T AR S R R B, A
15 F i BRUK P B E & T HELAH (£ 7). K
e, Y A R AR T RE, )1 Rz
ROOFEERS D MRS CHREERS | MR
s BRI B TR AR BT ST, AR
e 2 L HAT RS 1 5 M A X 22 R AR A AR AR B I
F W e W, BRI A R
AT, A TR s A H AR . W
Ut , A HLAE S A3 AR T P 2 A% Bl L el it 384 %5 A A
Boktt, AMFRAER SR, RAY OF Ab LS T 8
F BT AR B, A2 Z W MRl R 5
FEARMRIIE N, Ht, AYIERH T, AR
WA G A OC R T — 29T

RFR S I 5 ) B R 2 ) o R AR L A AR R
LMY LA RNESLC, R s A TR
YA BOAH DG JE R R ak DT 42 a2 5 i 2 4y Joit
YA . ARG, OF. SF AbFi%S TF 4b 34k
WD ORI A, 525 0 (1 55 R 2 5 4y )
k20 il (OF %¢ TF). 8 # (SF # TF), M SF 4b#
X B RS T 5 B (8 /N OF A0, X Al RE 53
T S 5 T A IR A R BE A K. TR
BF, TR R, W AR e i T i AR
Z W B, MEI IR G, AR, 5
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