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Abstract: [Objective] The objective is to explore the effects of different concentrations of plant growth
regulators on the accumulation of secondary metabolites in Eucommia ulmoides leaves and screen the optimal
ratio conditions of plant growth regulator to promote the generation of secondary metabolites, so as to provide
reference for the regulation of secondary metabolites in E. ulmoides. [Method] The 2-year-old E. ulmoides

seedlings with different concentrations of 3-indole acetic acid (IAA) and 6-benzylaminopurine (6-BA) (15
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groups) were used as materials, and growth morphological characteristics and dry and fresh weight of E.
ulmoides leaves were measured. The contents of 9 secondary metabolites were determined by ultra high
performance liquid chromatography-mass spectrometry (UPLC-MS). The optimal growth ratio conditions for
high-yield secondary metabolites were selected by principal component analysis (PCA) and factor analysis
combined with biomass. [Result] Compared with the control, the leaf area, leaf circumference, leaf width, dry
and fresh weight significantly increased (P<<0.05) when the conditions of plant growth regulators was 500
mg:L™' IAA + 500 mg-L™" 6-BA. Correlation analysis showed that the IAA concentration was significantly
positively correlated with leaf area, aucubin, geniposide and geniposidic acid (P<<0.05). The concentration of 6-
BA was significantly positively correlated with the content of chlorogenic acid and geniposidic acid (P<<0.05).
The comprehensive indicator analysis showed that when 500 mg-L™' 6-BA was applied alone, the
accumulation of chlorogenic acid, aucubin and pinoresinol diglucoside were the highest , which were 0.036,
0.046 and 0.031 pg-g ' respectively. [Conclusion] The concentration of IAA has significant effects on the
accumulation of aucubin and asperulosidic acid, while the concentration of 6-BA has significant effects on the
accumulation of chlorogenic acid and caffeic acid (P<<0.05). When 100 mg-L™" IAA + 300 mg-L™" 6-BA is
applied in combination, it is beneficial for plant growth. When 100 mg-L™' TAA + 100 mg- L™ 6-BA is applied,
it is beneficial both for the biomass and the accumulation of secondary metabolites in E. u/moides. [Ch, 2 fig. 4
tab. 26 ref.]
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Table 1  Specific concentrations of plant growth regulators

. T1AA/ 6-BA/ TAA/ 6-BA/
1.3 bt AR RESIERNE i (mg'L) (mg-L™) . (mg'L") (mg-LY)
BRI A A e R S, S A ck 0 0 T8 100 300
i 5Tg e w5l T AT, ) ) v S ANBY L s g A = 1 e e 1 100 0 i 100 300
(FEHLTA 10 cm ZERE T ELAR). MRS T B0k a3t T2 300 0 Tio-— 300 100
H+E$D T3 500 0 T11 300 300
14 HMAEREEDRESBNE E 2 zs ;i zx j$
FE A R A P W o B I E S A . . <00 e s 0
A B AL [16] 4 2% 1Y =i N R S
SN BT s, R SO AR - - 100 100 s 500 500

%A (UPLC-MS) I LA =R AR = 1. FREL
FeAh it 0.4 ¢ BF 10 mL &, FEINA 8 mL (i H i, JERAMFEE#S 60 Hz 5% 120 s, HfjE
ATEWR . 40 °C S 45 min, 4 C RIRE.C 10 min, FEUR EWER T HI0E.O8 T, BES 46 °C Pk
AT

ARG R S R A B S A 1 mL, B0 10 min BUEWER, IR 0.25 pm LR R B
K C18 (2.1 mmx100 nm, 1.6 um); FAHEFIL K. 62% K (BH) A) 55 38% B (457 B), ik
025 mL-min', FEIRN 25 C, HFEER S pLo FRAESTCRIETFRIRL T B M
1.5 #HESH

i F§ MassLynx (Version 4.1) #4538 UPLC-MS %#i& . I SPSS 22.0 #4782 E MR 56 (P<<0.05) LA
K EWS BRI 50T, i Origin /EE . SCH R - F- bR iR
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2.1 EYAEKEFF AR B RSERE N

M2 2 a0 AREET k., Bt AR BB BY TAA (100 mg- L™, T1) B, Abffod B agmtmf . ot
Ko MgE . MPRERE . MBS IS N T 9.80% . 3.16% . 24.75%. 9.06%. 78.26% L\ K
71.43%, 4 TAA H9/M% 300 mg- L' (T2) B, A:ffnt R pymb . i i< i SEAEAS T ok 3 il
T 31.78%. 1421%. 12.43%. 25.54%. 4 IAA H 500 mg- L™ (T3) i}, &IESEFREES ST T2 4
P BRMEASN, HAb i AR ASEARCT ok A1 T1. FRIHEMCTE R IE R IAA A4 R T HfEK.,
BAJit 6-BA X i J RN - R A R AL S B TAA — 3, 4 6-BA SN 100 mg- LT B, AT
ck, ME R R B N T 23.91% 1 14.29%, HATEFR AR B2

T ck, AN 500 mg: L'6-BA+500 mg: L 'TAA I (T15), #hffm A IR LI AR K36 F5 B 25 T
1 (P<<0.05), bR, mbE L EvE . PR eh T DL B S BN T 42.68% . 7.96%
26.93%. 3.12%. 95.65%. 64.29%.
22 HEPWEKBETHIF AR R RE S BN

LT AT UL B 6-BA B (T4~T6), LR . PERHIMENTT . ZEnt sy | mUJe S LA S e i ot
OTEUERRE 6-BA TR BE ARG I s P T R - BUE faE O e S R R s e
AL MIREE R AR R B AR 2 R R . B TAA B (T1~T3), Bkt smEii . st e i
MR, W T 0 R TAA i o R B8 A 38 Jin e v o bt fin 500 mg- L' (4 6-BA B (T6), %%
JEIR | WERR | AL N A A W R BOA BIE(EL ;N 100 mg- LT TAA+100 mg- L™ 6-BA (T7) I,



1002 N AR SO/ VNI S 2023 410 H 20 H
F2 AR R RSRERXTEY AR T FIEC L B0 A
Table 2 Response of leaf morphological indexes of E. ulmoides to concentration ratio of plant growth regulators

hEE HIERYem? K fem 4:/em I $i/cm I JE i fmm iR (em® gy MHEEFRE MR
ck 39.25+8.56 b 28.14+3.07 b 13.03£1.49a 5.05+£0.65bcd  0.320+0.043 cdef ~ 287.92+54.31 be 0.46+0.00jh  0.140+0.06 d
T1 43.10£6.36 b 29.08+2.43 b 12.61£1.07 abc 6.30£0.62 a 0.349+0.043 bed 186.81+38.09 f 0.80£0.04b  0.240+0.011 a
T2 26.78+9.32 d 24.1443.21 ef 11.41£1.95 cdef ~ 3.76+0.68 f 0.321£0.037 cdef ~ 244.63+41.97 cde  0.42+0.02 hij  0.110+0.050 £
T3 31.40+4.86 bed  23.99+£2.15defj  10.47+1.05 fjh 4.82+0.36de  0.299+0.030 fj 343.40+74.98 a 0.39+0.021j  0.094+0.005 j
T4 38.05+5.53 bed  26.95£1.92bcde  11.92+1.06 abcde  5.45+0.62bc  0.326+£0.036 cdef ~ 250.00+50.93 cde ~ 0.57+£0.02d  0.160+0.005 ¢
TS5 27.28+4.87 d 22.81£1.77 fj 9.53£0.91 h 4.85+0.52 cde  0.362+0.032 ab 221.09436.13 ef 0.43+0.02hi  0.130+0.003 e
T6 33.08£3.97bed  24.49+1.46 defj  10.63£0.72effh  5.02+0.37bed  0.350+£0.026 bede ~ 258.36+46.50 cde  0.46£0.02jh  0.130+0.004 ¢
T7 34.33£5.75bed  25.37£2.57 bedef  11.18+0.96 def 4.83+0.46 cde  0.360+0.019 ab 321.08+40.46 ab 0.43£0.02hi  0.110+0.004 f
T8 40.37£6.42 b 27.71£2.04 be 12.19+0.90 abed ~ 5.50+0.62 b 0.390+0.025 a 229.79437.17def  0.61£0.03cd  0.180+0.006 b
9 31.13£5.32cd  24.91£2.36 ¢f] 11.10+0.90 def 437£0.35¢ 0.350+0.041 abc 291.41444.84 be 0.45+0.02jh  0.110+0.056 f
T10  28.15+5.02d 22.0742.32 ¢ 9.67£1.30 jh 441+0.52 ¢ 0.280+0.039 h 331.78+35.29 ab 0.33+0.02 0.085+0.004 j
TI1  40.20£10.74b  26.40+3.76 bede  11.64+3.76 bede  5.20+0.69 bed  0.310+0.028 ef 274.26+51.65 de 0.56£0.03¢  0.160+0.004 ¢
T12  37.10£5.36 bed  26.80+2.95bcde  11.90+2.95 abede  5.28+0.36 bed  0.340+0.047 bede ~ 237.54+38.21 cdef  0.59£0.03 de  0.160+0.007 ¢
T13  37.3144.53bed  27.18+1.55 bed 11.96+1.55 defj 5.12£0.37bcd  0.340+0.030 bede  289.99+17.43 be 0.51£0.02f  0.130+0.004 ¢
T14  34.87+4.43bcd 25.46+1.77 cdefj  10.97+1.77 def] 5.10+0.21 bed  0.320+0.030 def 269.77455.03 cd 0.53£0.00f  0.130+0.003 e
T15  56.00+31.70a  30.38+7.02a 13.00+7.02 ab 6.41+1.46 a 0.330+£0.027 bedef  266.97+69.23 cde  0.90+0.04a  0.230+0.001 a

Ve IR TR b BRI 26 57 125 (P<<0.05),

A AR B ck AEFEBEHN T 0.041 pge g '(P<<0.05); 4N 100 mg- L' IAA+ 500 mg: L' 6-BA I}
(T9), HJE VMR 8RR E[E, 5 ck HELIEIN T 0.140 pg-g', JF 8 % & T HAb 4 # 4
(P<0.05); it i 500 mg- L™ TAA A, Ak 3 840 R0 oy I o i 20 B i =, 430l R 3.760 A 0.040
pgeg ', bbock AbFEREAN T 3.340 1 0.017 pg- g e
2.3 #EYERKFHFITEM 17 NMEFREXES T
WE 2 s : TAA S AL, St ity . s B, s FHIR R B A (P<<0.05), S
MERR . rEERR . RS B mEYE L REREE . MEERTE . TR R B MARDC (P<0.05); 6-BA S
SRR LA K Je P IR St 3 TEAE DG (P<<0.05), S HABAE bR Z A A DGR 35 i BT 5 e
Mg 5t W& U OC (P<<0.05), SMIMERR &2 1 % EAHC (P<<0.05); M T Rim S5 at)eFiat. JeFHREN
WBERAL (P<0.05), SUMMERR 2905 E EAE (P<0.05); MR, MR 58 e S e
FT T AR 2 10 3 TEAHOC (P<<0.05)
24 #ARFREF=H=EN S THH
241 A4t R AT IORBARM Z W0 LR SATEB T oA BRI RN 5 AR
M, A SEEEYA G, B, AR AT E (0). BERE (o). SRR (x). BEr IR
(xg) MIHERR (x5). BUJE 17 (xe). FABBEE MIMAT (o). BB (xg). MALLHF (o). ZEMFEAT (x)0).
TS (x11)9 FRRGACH = IFE NI 11 DR AT E U LARIR 5007, DLABIZE G IR B .
W3 PR FWA1H, SRR AT AREAE 50k 043, 0.41, MR T H AR
K, AR T ERS 12 AGR IR FR ARk ] 1 A& W B it o AR AT VAl s s 2 v, T o
SR B A IR AN R EE A AT AR R FAY 3, R ET IR M RO FAR
gyarh, nEEE ., TR s U RURTER . WIMERR A A ) R EG K, R
FHST 4 FZEM IR 7 AR PR PEA TR BRI T 43
S5 LI IEPRIRAIE I B, ERUr VA58 (n) . FUGE 24558 On). FEMSGF 31858 (v;). EWAT
415353 (vg) MEMHEA G AN
1=—0.523x,—0.522x,0.426x5+0.408x,40.114x5+0.170x,+0.095x,+0.213x5—0.024x9—0.005x,¢+0.094x,  ;
15=0.111xx;+0.043x,70.08 1.r3—0.139x,40.546x5—0.494x,+0.457x7,+0.363x5+0.033x9—0.273x,+0.039x, 3
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Effects of plant growth regulators on the contents of nine major secondary metabolite of E. ulmoides

A1

B3 (P<0.05).

13=-0.107x,-0.060x,-0.309x3+0.17 1x,~0.046x5+0.06 1x5+0.162x,-0.30 1x5+0.662x4—0.433x,00.337x, 1 5
,4=0.100x,+0.1 1x,~0.066x3-0.098x,+0.21 1x5+0.354x4+0.307x,+0.003x5—0.107xg+0.476x,50.6 79, | -
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Figure 2 Correlation analysis of plant growth regulators with each index
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Table 3 Characteristic vector and load value of principal component analysis (PCA) for secondary metabolites of of E. ulmoides

FS FRSr2 FS3 F LS4
PEREFE bR

PR AREHE FefEm s RrE FefEm S ERTE FefEmE R E
Ry -0.52 —0.88 0.11 0.18 -0.11 -0.15 0.10 0.12
i T -0.52 -0.88 0.04 0.07 -0.06 -0.08 0.11 0.13
SRR 0.43 0.71 0.08 0.13 -0.31 —0.42 -0.07 -0.08
Bk S 0.41 0.69 -0.14 -0.22 0.17 0.23 -0.10 -0.12
WA AR 0.11 0.19 0.55 0.86 -0.05 -0.06 0.21 0.26
SRR 0.17 0.29 -0.49 -0.78 0.06 0.08 0.35 0.43
FA NG A 0.10 0.16 0.46 0.72 0.16 0.22 0.31 0.37
e 0.21 0.36 0.36 0.57 -0.3 -0.41 0 0
ALY -0.02 -0.04 0.03 0.05 0.66 0.90 —0.11 -0.13
M 0 -0.01 -0.27 -0.43 -0.43 -0.59 0.48 0.58
R 0.09 0.16 0.04 0.06 0.34 0.46 0.68 0.82
FHIE(E 2.82 247 1.84 1.46
TR/ % 25.59 22.46 16.74 12.26
STTTHR R % 25.59 48.05 64.79 78.05

WL 4 A ERATINRSY, WARHRLEA TS (Y): Y=0.255 9y,+0.480 5y,+0.647 9y;+0.700 8y,
242 AP R RBERMEHFFHET LR WFE 4R 500 mg-L'6-BA (T6) 4bFEL y, 1551
ik 214 5y, KU A TERRER . BEr IS LLSAA G I — 45 bE 9 3R, 500 mg- L' TAA+500
mg- L' 6-BA (T15) f15350 —2.883, AFIT 3 Mib& Y- ErdteE.

¥, #4455, 100 mg- L' TAA+ 100 mg-L™'6-BA (T7) 1 100 mg: L'TAA+ 500 mg: L™'6-BA (T9) 4b#f
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Table 4 Principal component scores and comprehensive analysis

b »i »2 3 Vs Y e || A yi »2 V3 V4 Y HE#
ck  -0901 1251 1293 -1.052 0867 15 | T8  —0842 0768 0899 0404  0.161 7
TI 2304 0344 0837 0369 —0.604 14 || T9 1082 1.081 1211 0241  0.690 2
T2 1990 0120  1.012 0256  0.686 3 TIO 1533 0966 0011 0639 0526 4
T3 1829 -1.194 1879 -1.069 0373 5 | Ti1 -0103 0006 0503 —0.199 —0.138 10
T4 1596 0207 0172 0213 —0419 13 TI2  —0.631 —0.558  0.597 0435 —0.129 9
TS —0202 0869 0329 —0.791  0.094 8 | TI3 0180 -1.548 0135 0387 0330 12
T6 2140 0177 -3.089 1285 0241 6 | Ti4 0281 0449 0671 0490 0206 11
T7 0428 1066  1.628 1774 0857 1 TI5S -2.883 0353 1136 0558 0933 16

Vs yio yon yas p P BIBOR SN B2 BT3B, YEROREEGTY, MR NG EI IS

13575300 1.066, 1.081, FRILEMEEFTRE . 5 V. mtJe iR M RERE M i A R LRI R
I, 500 mg- L' TAA (T3) 1 500 mg- L' TAA+ 100 mg- L' 6-B (T13) kb B ZH 534343 51 H—1.194 Fl1—1.548,
JTLAAE yy RN,

vy IS5, T3, T7 1 T9 A FRAYAR 4304300 0 1.879. 1.628 Fil 1.211, RfA TR EHFHER
AEFRAH ; T6 AbFRLHIF I3 M -3.089, AFITHGEHHIER. To Fl T7 ALHA y, 15504 1.285, 1.774, XK
B T6 Al T7 AbBRAIXS i it . T RahE . Bt)e . sJeVir . e i . kR f 2t BF 7 4 48
PR REA R, 11 MEFRIZE G ARBDIMKIRH T7. T9. T2 (300 mg+ L™'TAA), HAtALBRZLFI ck, J2&
A TR BRI AR TR AL P
3 4tk

MY AER RIS, BEREEEZEEERY . AR A 08 700 38 5 AR R R T
iy, ARAEARY) & A A AR 2SO T AR o ARBIFFTHE N 500 mge L'TAA+500 mg-L™'6-BA, 5xfiaAHIL, nf
AR rESE L R BRI, X 52 e S A AR i A5 R — 3, KW TAA Fl 6-BA ]
Phd st 52 ma i AR R, SE AR BT A Te s S AR i AR BR o R AR R T TR BB T R ) A0
FRR A = P 0 e AR RO N TAA T 5 3 MR i 85 Scutellaria baicalensis AT | WA R T
SRR, JF HAESM BN, B8 P BN [R) R A QI A 4 A A 81 350 1 Sl 2 B A o
AR, AFEEEP R LI HiE 6-BA Al 525 Nicotiana tabacum HHRBRFL R G0, X 54
W 4s R —5, FEARBFE T, 500 mg-L'6-BA AYALFEAL A A T2 UES R . WANSEE 3 AR Ao e R
AR, 500 mg- L' TAA AL, AR TFREIEI . e P D S B LR . R 25 R
IAEF AT Lavandula angustifolia WIBFFE R, ASTA]55 & 04 AR 0 A 1 8 19 700 6 AR AT R b 35 8 PR o 1)
B B M BCRAS ]2,

FIFH FEBL53 53 B o] 22 T T 25 VPG AR (%) it o A B ™= s i (IR s 5500 R 32 o3 o3 i &5
BV K5 Glycine max RSB IR AT 25, M 90 A~ S A v i e T ELA i o 2 PEAE R AP 8 A i
it AR AR AL S A 456 E o T i 7 vk, DAk T AN TR) JoT i e J3E A 40 A4 013 50 I Ll X At Ak
AR W, 515 100 mge L' IAA+100 mg+ L' 6-BA. 100 mg-L™' IAA+ 500 mg- L' 6-BA #l
300 mg- L™ TAA AL BRZ AR $2 T R AL A o] A RS A= AR R R, ml de KRR (R i 9 Fh 2R )
= e
4 Zip

ZE Lk, B 500 mg- L'IAA 5% 6-BA(T6), FLARRFIEFRFENS, AW B, [Hagfdstnth
SRIEIR . PARRBRE A AR . omMERR Bk T AT . SRR . R T BT R R . B A I 500
mg-L'TAA #1 6-BA Lk & 100 mg- L 'TAA+300 mg- L'6-BA Al {2 #F it H- (8 2 K 5 4k 100 mg- L'TAA+
100 mg-L'6-BA, 100 mg: L™ TAA+500 mg: L™ 6-BA R[ AR T B R GAR =M A0 7= 5 (BRRE(E IR F



1006 WroIL R R K A R 2023 4E10 H 20 H

MK SRR HE O R ).
5 B U

(1] ARZr AP O =iy (M. Jest: dh EARll R, 1996.

DU Hongyan. High-Quality and High-Yield Cultivation of Eucommia ulmoides [M]. Beijing: China Forestry Press, 1996.

(2] ARLL, REPCEE. FREREAR b o B & R LAt . (RIS %05 (1], 28 5FRAFSE, 2020, 38(1): 1 - 10.

DU Hongyan, DU Qingxin. Foundation, problems and countermeasures of Eucommia ulmoides industry high-quality
development in China [J]. Non-wood Forest Research, 2020, 38(1): 1 — 10.

(3] ARZLA, 295K, BRERER, 4. IR S Bkt A iz b LD 322800 PR RS & B LU [T] . MOl BRA1EE, 2011, 24(2): 230 -
233.

DU Hongyan, LI Qin, HE Jinjin, et a/l. Comparison of the main active components contents in barks of different variance-
types of Eucommia ulmoides [J]. Forest Research, 2011, 24(2): 230 — 233.

[4] REN Xiaomei, HAN Zhuzhen, SONG Leixin, et al. Four new phenolic compounds from the tender leaves of Eucommia
ulmoides Oliv. and their anti-inflammatory activities [J]. Phytochemistry Letters, 2021, 44: 173 — 177.

[5] RUI Han, TIAN Yuan, ZHI Yang, et al. An unusual nortriterpenoid from Eucommia ulmoides Oliv. leaves prevents
neuroinflammation by targeting the PU. 1 transcriptional signaling pathway [J]. Bioorganic Chemistry, 2021, 116: 105 —
345.

[6] QI Huang, FENG Yuzhang, SHAO Liu, et al. Systematic investigation of the pharmacological mechanism for renal
protection by the leaves of Eucommia ulmoides Oliver. using UPLC-Q-TOF/MS combined with network pharmacology
analysis [J/OL]. Biomedicine & Pharmacotherapy, 2021, 140: 111735[2022-11-10]. doi:10.1016/j.biopha.2021.111735.

(7] 3, skt XU he, 25, AL pial b 24 0 500 AR R A4 H X B 2 e O B FUPE TR A M e T B H 4
fERyRZm (1], PAAER2kak, 2022, 32(3): 1= 7.

WANG Qin, ZHANG Xiaoyan, LIU Xueting, et al. The protective effects of Fucommia ulmoides Oliver. and pinoresinol
diglucoside on renal micirculatory blood perfusion and vasomotion in spontaneously hypertensive rats [J]. Chinese Journal
of Microcirculation, 2022, 32(3): 1 —1.

[8] SVOBODA T, THON M R, STRAUSS J. The role of plant hormones in the interaction of Colletotrichum species with their
host plants[J/OL]. International Journal of Molecular Sciences, 2021, 22(22): 12454[2022-11-10]. doi: https://
doi.org/10.3390/ijms222212454.

(9] Faayde, BN, Shate, 5. AR RO Rl A R R T D] B0l B, 2017, 34(6): 1238 — 1246.

TAO Qibo, BAI Mengjie, HAN Yunhua, et al. Use of plant growth regulators in forage seed production [J]. Pratacultural
Science, 2017, 34(6): 1238 — 1246.

(10 RAEHFF. T TR0 AR AT 700 B A A R A BRI A 5200 5 5 4103 (D E R DY R R, 2017.

SONG lixuan. Effects of Plant Growth Regulators on the Growth and Physiological Characteristics of Leymus chinensis
under Drought Stress and Transcription Components [D]. Chongqing: Southwest University, 2017.

(11] 5K, EF, w5, MM E R GAC = W A7 (] P 252%0E, 2020, 45(17): 4205 — 4210.

ZHANG Rui, WANG Xiujuan, GAO Wei. Regulation mechanism of plant hormones on secondary metabolites [J]. Journal
of Chinese Materia Medica, 2020, 45(17): 4205 — 4210.

(12] W vEs, 5K, RORHE, 55, SMIRMERIIRER X A R U AR G A RS 7 ) ST A8 AT PR A 5 ) (0] 94 R DRy
R RPIERR), 2022, 47(2): 43 — 49.

HU Kete, ZHANG Ping, CHEN Rongxiang, et al. Effect of exogenous plant hormones on content of secondary metabolites
in the leaves of Rhus chinensis and on their antioxodant activitie [J]. Journal of Southweat China Normal University
(Natural Science Edition), 2022, 47(2): 43 — 49.

[13] T, RAEUK, ZER, S KR EAE RKFE AR R BETA AR L L] Al BUCARRTSE, 2013, 34(2): 235 - 238.
NING Qian, WU lJinshui, LI Baozhen, et al. Response of growth characteristics to different IAA concentrations in rice
seedling [J]. Research of Agricultural Modernization, 2013, 34(2): 235 — 238.

[14] LI Ziyun, LI Biao, ZHAO Yichen, et al. Cloning and characterization of the DIR1 promoter from Eucommia ulmoides Oliv.
and its response to hormonal and abiotic stress [J1. Plant Cell, Tissue, and Organ Culture, 2021, 146(2): 313 —322.


https://doi.org/${refdoi}
https://doi.org/10.3969/j.issn.1005-1740.2022.03.001
https://doi.org/10.3969/j.issn.1005-1740.2022.03.001
https://doi.org/10.3969/j.issn.1005-1740.2022.03.001
https://doi.org/10.3390/ijms222212454
https://doi.org/10.3390/ijms222212454
https://doi.org/10.11829/j.issn.1001-0629.2016-0048
https://doi.org/10.11829/j.issn.1001-0629.2016-0048
https://doi.org/10.11829/j.issn.1001-0629.2016-0048

55 40 B4 5 4] JEISCF A - A AR A1 R XA b i 32 2 G Calis ™ W ) 32 i) 1007

[15] FEHEYE, FEIFFEF, TR/, SN X R AR A O S SR & B 52 (] BRI AOI AR, 2019, 65(9): 24 — 28.
LEI Yanni, CUI Jiaojiao, ZHANG Xiaobing. Effect of exogenous hormones on chlorogenic acid content in Eucommia callus
[I1. Shaanxi Journal of Agricultural Sciences, 2019, 65(9): 24 — 28.

[16] 15450, A7, 25750, 25, FREEUV-BAR ST G55 X0 FUAL bRt Rooe &4 5 5 M o 2 e s (D] el R,
2017, 45(26): 6 — 10.
FU Jinying, YANG Chao, LI Dewen, et al. Effects of elevated UV-B radiation on photosynthesis and contents of active
substance of Eucommia ulmoides plantation [J1. Anhui Agricultural Science, 2017, 45(26): 6 — 10.

[17] ANDREA V, JOS ANTONIO O. Nitrate and hormonal signaling crosstalk for plant growth and development [J]. Current
Opinion in Plant Biology, 2019, 52: 155 — 163.

(18] R e, LT, WE T, . SME6-BAXT T 7l T 350G AM26#Y A BN [T]. HR Al R 22441, 2022, 57(5):
126 — 137.
LI Cailong, LT Maomao, GUO Yanlong, et al. Physiological effects of exogenous 6-BA on apple rootstock M26 under
drought stress [J]. Journal of Gansu Agricultural University, 2022, 57(5): 126 — 137.

(19 frifiate, RN, 222, 45 TAAXT ) B S AG A K KOG A R R L] T JE R 2422 4 (F AR BLA2 ), 2022, 42(5):
519 —529.
SHI Haiyan, ZHANG Zhigang, LI Hong, et al. Effect of IAA on the growth and photosynthetic characteristics of Quercus
sessilis at seedling stage [J1. Journal of Hebei University (Natural Science Edition), 2022, 42(5): 519 — 529.

[20] Bkiksr, p, XM, 25 & 208 0T 58 S N AL e e IR AR R A I S B D] P 22, 2022, 47(14):
3749 —3755.
GENG Dali, LU Heng, LIU Wei, et al. Winter pruning boosts growth and yield of Lonicera japonica by regulating plant
hormone content [J]. China Journal of Chinese Materia Medica, 2022, 47(14): 3749 — 3755.

[21] AHAMMED G J, LI Xin. Hormonal regulation of health-promoting compounds in tea (Camellia sinensis L. ) [J]. Plant
Physiology and Biochemistry, 2022, 185: 390 — 400.

(22] 775, Fr 58 ik, TR, AN AR AR50 | BRI 3 A AR A A SR A W s (0] L9 S0l R 2 i (e
AR RR), 2008, 26(1): 33 - 37.
FANG Qiang, QIAO Yongjing, WANG Haihong. Effect of different plant growth regulators and carbon sources on the
growth of calluses and production of secondary metabolites of Scutellaria baicalensis Georgi [J]. Journal of Shanghai
Jiaotong University (Agricultural Science), 2008, 26(1): 33 —37.

(23] A58, Wakfi, SR, 5. 3T TS WA [R) Mk B 7R 55 3 GA FI6-BAXT #5 S A 2P AR Ak 22 il A3 1 52 ) 7] AR 2%,
2021(6): 171 = 176.
GU Yuchao, YANG Yide, YAN Min, et al. Effects of GA; and 6-BA on agronomic characters and chemical components of
flue-cured tobacco after topping [J]. Crops, 2021(6): 171 — 176.

[24] DONG Yanmei, LI Jingrui, ZHANG Wenying. Exogenous application of methyl jasmonate affects the emissions of volatile
compounds in lavender (Lavandula angustifolia) [J]. Plant Physiology and Biochemistry, 2022, 185: 25 — 34.

[25] MEHMOOD M, PEREZ-LLORCA M, CASADESUS A, ef al. Leaf size modulation by cytokinins in sesame plants [J].
Plant Physiology and Biochemistry, 2021, 167: 763 — 770.

[26] whiBa, £&F, ST R, 4. W15 80CS T T IE 286 VRO I 1 w25 1 4 PR Rk it (], R EREE, 2021, 40(4):
445 — 456.
HAN Dezhi, WANG Shu, JIA Hongchang, et al. Comprehensive evaluation and screening of high density resistant soybean
germplasm based on tightness tolerance index and principal component analysis [J]. Soybean Science, 2021, 40(4): 445 —
456.


https://doi.org/10.3969/j.issn.0488-5368.2019.09.009
https://doi.org/10.3969/j.issn.0488-5368.2019.09.009
https://doi.org/10.3969/j.issn.0517-6611.2017.26.002
https://doi.org/10.3969/j.issn.0517-6611.2017.26.002
https://doi.org/10.3969/j.issn.0517-6611.2017.26.002
https://doi.org/10.3969/j.issn.0517-6611.2017.26.002
https://doi.org/10.13432/j.cnki.jgsau.2022.05.015
https://doi.org/10.13432/j.cnki.jgsau.2022.05.015
https://doi.org/10.13432/j.cnki.jgsau.2022.05.015
https://doi.org/10.13432/j.cnki.jgsau.2022.05.015
https://doi.org/10.1016/j.plaphy.2022.06.021
https://doi.org/10.1016/j.plaphy.2022.05.022

	1 材料与方法
	1.1 材料
	1.2 试验设计
	1.3 杜仲叶片形态指标测量
	1.4 杜仲次级代谢产物质量分数测定
	1.5 数据分析

	2 结果与分析
	2.1 植物生长调节剂对杜仲叶片形态指标的影响
	2.2 植物生长调节剂对杜仲次级代谢产物质量分数的影响
	2.3 植物生长调节剂对杜仲17个指标的相关性分析
	2.4 杜仲次级代谢产物产量的多元分析
	2.4.1 杜仲叶片生物量及次级代谢产物的主成分分析及因子分析
	2.4.2 杜仲叶片次级代谢产物产量综合打分结果


	3 讨论
	4 结论
	参考文献

