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Abstract: In order to explore the difference of physiological and biochemical characteristics of spring shoots and the
change rule of different endogenous hormones in Polygala fallax. The growth dynamics of spring shoots were monitored ,
and the contents of abscisic acid (ABA), auxin (IAA), gibberellin (GA), ethylene (ETH) and zeatin nucleoside
(ZR) were determined by indirect enzyme-linked immunosorbent assay (ELISA) change. The results were as follows:
(1) The growth and development of the spring shoots of P. fallax could be divided into rapid growth period (0-12 d),
growth transition period (1620 d) and slow growth period (24-32 d). (2) The contents of endogenous hormones
ABA, GA, ETH and ZR in slow growth period were significantly higher than those in rapid growth period and growth
transition period, and the difference of IAA contents in each period was small. (3) The spring shoot length, bottom leaf
length and width were negatively correlated with ABA, GA, ETH and ZR contents in the rapid growth period, and were
significantly correlated with ZR content, and positively correlated with IAA content; In the growth transition period,
each index was positively correlated with GA, ETH and ZR contents, and was significantly correlated with GA content,
but negatively correlated with ABA content ; During the slow growth period, each index was positively correlated with the
contents of five endogenous hormones, and was significantly correlated with the contents of TAA and ZR. The results

provide a theoretical basis for the use of exogenous hormones to regulate the spring shoot extraction and growth of

P. fallax.
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Table 1 Dynamic values of spring shoots growth of Polygala fallax
L e L i JE R
- R R S T
e e gy ARERRE e S R K i
SRR . rowth rate of . .
. Spring shoot Bottom leaf Bottom leaf . Growth rate of Growth rate of
Growth time . spring shoot
length length width bottom leaf bottom leaf
(d) length .
(cem) (em) (em) (%) length width
’ (%) (%)
0 2.49+0.01¢g 1.59+0.02g 0.59+0.15f — — —
4 5.12+0.21f 3.54+0.15f 0.90+0.04f 120.99 113.77 50.00
8 6.31+£0.27f 4.58+0.13e 1.37+£0.04e 19.18 26.89 45.63
12 9.58+0.51e 5.86+0.23d 2.32+0.06d 48.44 48.43 55.33
16 11.13+0.62¢ 6.38+0.25d 2.52+0.07d 18.63 6.63 6.63
20 13.31+£0.61d 7.49+0.20¢ 3.04+0.14c¢ 18.01 17.12 24.00
24 16.04+0.66¢ 8.91+0.36b 3.71+£0.19b 20.53 18.19 24.84
28 18.62+0.88hb 9.95+0.45a 4.07+0.24ab 16.22 12.70 8.53
32 21.46+1.19a 10.62+0.43a 4.20+0.25a 15.03 3.99 3.10
. RSN ERERIRAE 0.05 KF LR B, TR,
Note ; Different lowercase letters in the same column indicate significant differences at 0.05 level. The same below.

®2 EREEKESHMAANRBEKFEHEEWL
Table 2 Dynamic changes of endogenous hormone levels in spring shoots of Polygala fallax
ESANL ABA i IAA Gt GA & & ETH & ZR Fht
Growth time Content of ABA Content of IAA Content of GA Content of ETH Content of ZR
(d) (ng-g") (ng-g") (ng-g") (ng-g") (ng-g")
0 674.32+87.71cd 30.78+3.53bc 1 334.28+163.67ab 719.55+124.47b 81.56+12.68ahc
4 566.16+28.35¢d 26.15+2.85h¢ 595.01+£136.69ab 513.76+111.07b 62.00+6.24bcd
8 657.05+112.96¢d 34.51+3.86a 460.01+121.08b 577.10+107.17b 52.08+6.9¢d
12 741.58+24.74bc 34.87+2.95a 625.01+127.83ab 827.26+115.88b 47.90+4.61cd
16 432.55+94.62d 24.11+1.08¢ 667.86+66.81ab 523.24+38.45b 43.81+4.72d
20 613.43+24.74cd 33.36+4.61bc 742.86+69.86ab 888.06+108.18ab 77.08+7.43abed
24 743.40+56.24bc 28.29+2.88hc 935.72+83.52ab 799.46+99.68b 57.14+10.63bed
28 1 113.32+172a 28.82+1.69bc 1422.14+£158.1a 1 113.91+£140.1ab 88.17+9.71ab
32 972.44+62.7ab 29.98+2.7bc 1 225.00+£86.99ab 1 406.27+64.76a 109.86+10.12a
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Table 3 Correlation analysis results between the growth of spring shoots and endogenous hormone levels

A K ity ABA &g IAA Zr i GA & ETH & 7R &
Growth period Index ABA content TAA content GA content ETH content ZR content
Sie ] FAEK -0.356 0.245 -0.986 -0.817 -1.000 *
Rapid growth period Spring shoot length
ik N -0.318 0.284 -0.979 -0.793 ~1.000 s
Bottom leaf length
SRR R 9E -0.031 0.548 -0.879 -0.584 -0.954
Bottom leaf width
AR T FAHEK -0.322 -0.033 0.998 0.251 0.858
Growth Spring shoot length
transition period JRCHR I K -0.218 0.076 0.999 0.354 0.909
Bottom leaf length
A R 5E -0.173 0.121 0.995 0.396 0.927
Bottom leaf width
BRI FAEEK 0.591 0.983 0.569 0.999 * 0.992
Slow growth period Spring shoot length
i N 0.707 0.944 0.687 0.995 1.000 =
Bottom leaf length
SR R 5 0.799 0.889 0.782 0.970 0.987

Bottom leaf width

T #x RIRTE 0.01 K (UM) EARZEHIOG ; * RIRTE 0.05 KF (XU 1 R F AR,

Note: #*#* indicates extremely significant correlation at 0.01 level ( bilateral ); #* indicates significant correlation at 0.05 level

(bilateral ) .

JERARAS 2 AR T2 B 5 S ) B A I 7K 19 TAA
FGA XM R AP KA KA 5 s 5 5% (2020) b5
R INE KT ZR BeHE (2 i SO SR A8 2 01k

FE A o B v, TR IR 10 AR R
THEBEMFETER, Hd TAA K256 7E ot
ZEUSFIAR 42 55 AR K BRI M 0 L 8L, 45 A
PEIZ AR GA A ZR A4 0T 228 A&
B RSSO, Hoas A B A
= H BN e AR U AR K B fh e W (B A
2015) ; ABA fil ETH A K6l BUPER AT 5T
R IUAE B AL BIK AR A P K B AR G
MR ARSI A 965 GA 1 ZR ¥ e, 4
KA BN K S IAA &R 200, SN
JRBZ GA FZR TAA 43 51 76 PR 3 K 30 A K
AT A B AR AR K A A AR R AR A T
ERAMBARKMEN, EREFNSIERS
ETH & 2R, 2K f8tr 5 ABA Hl
ETH & 2 34 52 1E AH ¢ Ul B3 P9 S I 10 ABA A1
ETH X2 6B K HEHE M A K B AR HEEM, 5X)
VA 45 (2020 ) FI1 Mendes %5 (2017 ) F B 5% 45 3
FHEL,

ik B 55 (2005 ) R 5% & B0 N = W 2T 5 A2

Bt = 4l LARE R AR i R, DR 8 4
(2014 ) 3F 35 A8 {8 K bR 14 A2 SR 4G P 2E AT 2 10 ml
SRR S e DL B AL MR K 1 A SR P S AR 250
4 A= o e S BRLOAAR OC . PUMITE 85 26 B0 GEE 1Y
N AR B R T opy, n] 36 G A T AR R 4
] AR B A PR A B R K T R AR HEAR 2 A 2R R A
SERIERL, AT AT M) T 1 1 0 10 K S AR R 1) 1)
FZFNZE A

LR LPTIR A N IREOR B B s AR R R
R B T2 R P D RE, AR AL B R A
R BCEL 34 FF it — B TR AT ST, IEAh,
AT FEAN I 1 X B A8 8 A T ) R AR A K S TR
UER S s AT TR 00, I I, A
BRIV A IS I R IR s B AE K A K
AR DA, , A T B 7 A M 8] 92 5 8 80 UK S 4% A
(EERAT ¢ NI e D S8 SN s 2 Y S A=
R A, Sy 28 55 B 24 R 6 A 1B /I 3 0 4 ) N
F = dh T R SR

SE .

AHMAD I, KAMRAN M, MENG X, et al., 2019. Effects of



5 KBNS BB K AR K5 IR KT B A A G RS 801

plant growth regulators on seed filling, endogenous hormone
contents and maize production in semiarid regions [ J]. J
Plant Growth Regul, 38(4) . 1467-1480.

BARI R, JONES JDG, 2009. Role of plant hormones in plant
defence responses [ J]. Plant Mol Biol, 69(4) . 473-488.
DING SQ, YAN Z, LI X, et al., 2019. Study on the changes of
endogenous hormones during bulb development in Freesia
hybrida [J]. J Agric Sci Technol, 21 (9): 51-57. [ T #
T©, 2%, AL AF 2019, B L ERCER B RN IRIEER

PEHLEEETE [J]. T EAARHE SR, 21(9) : 51-57.]

DING JL, ZHENG K, YU LS, et al., 2017. Analysis of
endogenous hormone content during tiller bud development of
Tillandsia stricta [J]. Jiangsu Agric Sci, 45 (9): 121-
122. [ TR, L, ardrid, 45, 2017, 2 URAMBES
KRBT ANIER SRR (1] TR R R,
45(9); 121-122.]

DUAN N, JIA YK, XU J, et al., 2015. Research progress on
plant endogenous hormones [ J]. Chin Agric Sci Bull, 31
(2): 159-165. [ BIE, B{E %, 1R%, %, 2015, HH N
PR WIFEHERE [J]. PR R, 31(2) : 159-165. ]

GAO XF, LU X, WU YQ, et al., 2016. Endogenous hormone
content changes during newborn Cremastra pseudobulb
development [ J]. J Mt Agric Biol, 35(2): 34-39. [ &%
W, HEE, RERK, %, 2016. FhES LKL H N
BWER &AL [J]. bl A=Y, 35(2):
34-39.]

GAO QY, YAN C, ZHANG BX, et al., 2015. Changes of
endogenous hormone content during the growth of raspberry
leaf [ J]. Hubei Agric Sci, 54 (24): 6280-6283. [ HKE,
FIE, IKINTE, 4F, 2015, AR R ARG R R N TR
S AR WA Y (] WA Al BE 24, 54(24) .
6280-6283.]

LIU HN, GU Y, SUN HY, et al., 2020. Changes of endogenous
hormone contents in various organs of blueberry cultivar
‘ Northland’ during its development [ J]. Chin Fruits, (1) :
53-58. [ XUiEh, 4¥F, FMEFDL, 25, 2020. A i It
fili” 250 B R B R N IR S RS (D], P
BB, (1) 53-58.]

LIU XF, LIN WG, SU MH, et al., 2012. Study on tissue
culture tachniques for Polygala fallax Hemsl. [ J]. Seed,
31(2): 57-59. [XUFET5, PROCHE, JR4E, 45, 2012, #%
A8 /K 3 (Polygala fallax Hemsl.) 2H 15 e B H R W 5¢
[J]. #F, 31(2) : 57-59.]

LUO WY, WEI JQ, CAI ML, et al., 2012. The study on tissue
culture and rapid propagation seedling technology of
Polygala aureocauda Dunn. [ J]. Agric Technol Serve, 29
(12): 1335-1336. [ % J7 b, #0460 Bk, i35, %,
2012. BAEEDKEH B IR GEE WA (1], R E R
%5, 29(12) : 1335-1336.]

MENDES LDS, CARVALHO MEA, MACEDO WR, et al.,
2017. In vitro development of sugarcane seedlings using
ethephon or gibberellin [ J]. Comm Sci, 8(2) : 389-395.

OU JD, 2014. Phenotypic plasticity and regulations of
reproductive modules on Polygala fallax Hemsl. population
in the Fujian Mountains Habitat [ J]. Chin Agric Sci Bull,
30 (19): 157-160. [ BRAHE, 2014, HE il X A3 B L)

IR BRI R AL T S K AR AR (], v R 2
#, 30(19); 157-160.]

QIN XJ, HUANG XY, JIANG SY, et al., 2010. Changes in
endogenous hormones during floral bud differentiation of
Siraitia grosvenorii (Swingle) C. Jeffrey [j]. Plant Physiol
J, 46 (9): 939-942. [ H%, &A ¥, KT, 5,
2010. ZPERIEZF /- Berh W IRICR 1924k (1], A%
AFREAEIR, 46(9) @ 939-942.]

SHI HY, GUO J, ZHOU Y, et al., 2007. The relationship
between gibberellin and abscisic acid in plant development
[J]. Cent Chin Norm Univ J Postgrad, (1): 138-142. [ 4
e, FRE, B, 4, 2007, JREE R M IE R AR
KAEAFHHEKRMWIFIERE [J]. PRI R
Az, (1) 138-142.]

WANG Q, ZHANG J, ZHONG CL, et al., 2020. Variation of
endogenous hormones and nutrient matter concentration in
Chukrasia tabularis cuttings during rooting [ J]. J Cent S
Univ For Technol, 40 (4). 111-119. [ £, K&, s
#&, A, 2020, R AEARVERR oA IR A E TR o
R [T]. B MO B R e, 40 (4):
111-119.]

YANG G, LUO J, MO YW, et al., 2016. Tissue culture and
rapid propagation in wvitro of Polygala fallax [J]. Plant
Physiol J, 52 (3): 349-355. [# [, Bk, 5ALfh, 4%,
2016. FAEBEDKER AL FRAPGE S [J]. A3
2E4R, 52(3) : 349-355.]

YUAN MQ, YANG JW, WANG DJ, et al., 2012. A
preliminary study on the distribution of medicinal plant
resources of Polygala in Southeast of Guizhou [J]. Seed, 31
(7): 65-66. [ ZiEEE, L, TR, %, 2012. B R
P & (Polygala) 25 FHAH W0 0% TR 43 47 18 40 25 B 5%
[J]. FlF, 31(7) : 65-66.]

ZHAO J, 2016. Effects of salicylic acid on physiological and
biochemical composition of main active ingredients of
Polygala  tenuifolia  Willd. [ D ]. Xi’an: Northwest
University. [ #X7#, 2016. 7K 4% B2 X i i A B A 4k Je %2
U [ D], PE% . PRI ]

ZHANG N, HUANG YY, AO Y, et al., 2019. Flower bud
differentiation and dynamic changes of endogenous hormones
in Xanthoceras sorbifolia [ J]. J Nanjing For Univ ( Nat Sci
Ed), 43 (4): 33-42. [3 T, BB, B, %,
2019. SOESRAEZF o Aad B R N IR R sh 7246 [J]. B
FMOE R E2 R (A ABERR) , 43(4) : 33-42. ]

ZHANG ZX, YU H, DU HT, et al., 2005. A study on the
relationship between sten diameter and the growth factors of
branch of Taxus media [J]. Wuyi Sci J, 21 47-51. [ 5KI&
B, WL, Fhfbdr, 5 2005, 2L AT BAZERAEK G
RO [J]. BEREREE, 21. 47-51.]

ZHENG K, DING JL, 2016. Analysis of endogenous hormone
content during tillering bud development of air pineapple
Tillandsia velutina [ J]. ] Zhejiang Agric Sci, 57 (11):
1869-1871. [XBHL, T A, 2016. 25 T RAL Tillandsia
velutina 53 BE 25 & & oL B b N PR & 8 R Ak o b
(1], #WHTAR AR, 57(11) ; 1869-1871.]

(HRfERE FZEB)



