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Effects of Different Exogenous Hormones on Germination of
Fresh Seeds and Seedling Growth of Amomum tsaoko
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Abstract: [ Purpose] To solve the problems of long seedling raising cycle and slow seedling
growth in the seed dormancy period of Amomum tsaoko. [ Methods] Fresh seeds of 4. tsaoko were
treated with different exogenous hormones, and the effects of hormones on seed germination and
seedling growth were investigated. [ Results ] Treatments of 50 mg/L indole 3-acetic acid (IAA),
200 mg/L gibberellin (GA3) and 10 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) could effectively
reduce the germination start-up time of 4. tsaoko seeds, improve the index of seed germination and
promote the seed germination. The sprouted seedlings grew better and could accumulate more bio-
mass. Among these treatments, the treatment of soaking the seeds in 50 mg/L IAA had the shortest
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germination start-up time (55 days), the highest germination rate (57%) and germination index (0.86).

The sprouting seedlings under this way grew well, and the contents of soluble sugar, soluble starch,

soluble protein and peroxidase activity were higher than other treatments. The treatment with 10 mg/L

2,4-D and 10 mg/L 6-benzyladenine (6-BA) changed the distribution of seedling biomass, and the root

shoot ratio closed to 1 : 2. [ Conclusion ] This study initially reveals the effects of different exogen-

ous hormones on seed germination and seedling growth of fresh A. tsaoko, which provides a certain

basis for the breeding of fine varieties of 4. tsaoko.
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Tab. 1 Germination time of fresh Amomum tsaoko seeds under different exogenous hormone treatments
JOSE] R A B A]/d R FFEEI E]/d H AL
treatments time of germination initiation duration of germination number of seedlings emergence

CK 99.33+2.52 a 24.67+0.58 ¢ 51.33+9.87 a
6-BA 102.33+4.51 a 24.33+1.16 ¢ 42.67+£3.79 a
NAA 103.33+£5.13 a 31.67+0.58 a 49.00+7.55 a
2,4-D 67.67+£3.22 b 23.00+£1.73 ¢ 44.67+£9.29 a
GA; 60.67+3.06 ¢ 15.33+0.58 d 46.00+4.58 a
1AA 52.00+3.00 d 27.33+1.16 b 57.00+8.19 a

W CK. ATREALFE, 6-BA. 6-FEIEEY, NAA. ZELMK, 2,4-D.24- SR LK, GA;. 775 %, [1AA EKER; FFIAENGFRERRAF L

A 71E B 22 7 (P<0.05); T

Note: CK. control treatment, 6-BA. 6-benzyladenine, NAA. 1-naphthaleneacetic acid, 2,4-D. 2,4-dichlorophenoxyacetic acid, GA;. gibberellin, IAA. indole
3-acetic acid; in the same column, different lowercase letters indicate significant differences between different treatments (P<0.05); the same as below.
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Note: CK. control treatment, 6-BA. 6-benzyladenine, NAA. 1-naphthaleneacetic acid, 2,4-D. 2,4-dichlorophenoxyacetic acid, GAj;. gibberellin, IAA. indole
3-acetic acid; different lowercase letters indicate significant differences between different treatments (P<0.05); the same as below.
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Fig. 1

Effects of different exogenous hormones on the germination rate and germination time of fresh seeds of Amomum tsaoko
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Fig. 2 Effects of exogenous hormones treated A. tsaoko seeds on the morphology (a), biomass allocation (b) and
root activity (c) of seedlings (germination for 100 days)
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Tab. 2 Effects of exogenous hormones treated A. tsaoko seeds on the agronomic traits of seedlings

AR P ei/cm HRAK/em 254/em A em?®
treatments plant height root length stem thickness leaf area
CK 12.43+£0.57 b 13.83+£0.71 a 0.56+0.00 b 57.39+12.55b
6-BA 11.83£2.11 b 14.23+0.83 a 0.60+0.02 ab 61.37+11.21b
NAA 12.00+0.61 b 14.70+1.06 a 0.56+0.08 b 51.49+11.05b
2,4-D 14.03+0.50 ab 16.70+1.05 a 0.64+0.05 ab 97.83+8.62 a
GA; 14.06+2.32 ab 15.83£2.75 a 0.64+0.05 ab 98.47429.67 a
IAA 15.40+0.10 a 16.03+1.98 a 0.66+0.01 a 114.49+£12.65 a
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2|
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ATV PR T A i T CK b3, RSN
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TSR DS T CK AN GA; AbHym] 71
VEN T CK ALEE, 1M 2,4-D AL BR A AT A PE
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TAA LbFEA 5 BESE 5 07 & 4l i i T s ) o &
i, iR KR B R LR,



98 R R AR B39
*®3 NEHFEAEERMTIALEHENENERIFME
Tab. 3 Effects of exogenous hormones treated A. tsaoko seeds on the biomass allocation of seedlings
b3 IRAEP) L ENERY/N A= Ay b HRIE bt EANNITA
treatments root biomass ratio stem biomass ratio leaf biomass ratio root shoot ratio specific leaf area

CK 0.2220+0.0291 b 0.3223+0.0448 a 0.4557+0.0632 a 0.2867+0.048 5 be 387.8505+28.3823 a
6-BA 0.3151£0.0421 a 0.2590+0.0239 b 0.4259+0.0181 a 0.4639+0.0933 a 424.3763+35.5998 a
NAA 0.2131+0.0325b 0.3136+0.0275 a 0.4733+0.0152 a 0.2722+0.0515¢ 438.1644+26.8602 a
2,4-D 0.3293+0.0707 a 0.2394+0.0193 b 0.4313+0.0521 a 0.5022+0.1598 a 424.9443+36.9759 a
GA, 0.22234+0.0633 b 0.2907+0.0415 ab 0.4869+0.0218 a 0.291940.1092 be 448.9514+26.9268 a
IAA 0.2076+0.0417 b 0.3203+0.0393 a 0.4720+0.0314 a 0.2644+0.0662 ¢ 409.6510+52.0194 a

T4 NEHRLBERMF IS AA MRS BN

Tab. 4 Effects of exogenous hormones treated A. tsaoko seeds on the soluble substance content of seedlings

sl PR E R R (mgrg ) ALE RS % AT TEEAR %
treatment soluble protein content soluble sugar content soluble starch content

CK 4.9240.11 a 0.87+0.45 a 0.55+0.11 ¢
6-BA 3.50+0.70 b 0.81+0.17 ab 1.29+0.40 a
NAA 4.87+0.19 a 0.76+0.14 ab 1.07+0.08 ab
2,4-D 4.99+0.04 a 0.75+0.16 ab 0.46+0.04 ¢

GA; 4.58+0.38 a 0.58+0.83 b 0.76+0.24 be
IAA 5.24+0.14 a 0.90+0.12 a 1.37+0.12 a
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Fig. 3  Effects of exogenous hormones treated A. tsaoko seeds on the chlorophyll content and
antioxidant enzyme activities in seedlings

IAA KBRS AT & 2F 55 & 2R 53 & T
U5 GA; AbPEAEE IR —S, HEMIX AT A2 ff v S
FHNUE ABA & aad mrsl, MR GA; 7EARIRE
ABA %M NRERIEF T &, A7E S E ABA
SR8 & AR A E AR R P

Tt & () BsF () 0 N DR R KSF S 9 ) Ak
KEBFARY, Ao, @AM IAA. GA,
1 2,4-D AEBRFHF R ARAFH I AF S i, I H
G REY R, SEHAESIFR SR —
;o EARTTER, IAA LFRF T3 & 4 L)
HHR SRR ., Sim S s RN

Jt. AR PERE R TR R St , POD 5k
e, X5 ZHAO "R 45 R —2, @ HIRE

AN TAA AbFEF 5 7] BE5ER W & 41 1 OB N TR
ROFEPUTAT, T i 5 A DG il 3 1 4
o AR, 5 CK AR, SME GA; 4B
firf R AP H A A I bR . ARG . ZERL. M
FURAE Y R B, AL TAMNE TAA Zb3Fh
T RML T, XA Re 54 NIEMEKRTEA
K, AN GA; 2 B IS AT BE AR N IR £ 0
IAA Fl ABA /K-, MTsEIR 4 i i A K k55

LA A RO A B T A R A
$ﬁ%$MmMﬁADﬂMBA&@ﬁ$%ﬁ?
B & A AR UAET 1 2 2, MR AR )
Eé%ﬁ%xwwﬂﬂmm%,%%kzﬁ&ﬁ
AL AR Y R 2 M B RS, TREXS
IR AR B AR KRBT BE ) A —E ROk
YER . AR . TAA. GA; 1 2,4-D Zb 347
FIFFFHI A, 4% ke, FAHSCVE ML
T BT RS SR

“hig

AW FE WA T AN [RSNG8 3% X i 5 SR b 1
RMYGH AR EF MWW, SME IAA. GA; fl
2,4-D 1] LUk o fif m JERD T ORHR, 40 50 % 2R 05 B0
Bffal, fEdEghi R, $Em it i s, Ak

REWEW, REF e R E N
R R A EE KL AR AR T B AR

[ &353R ]

[1] " EFR2ER S EEYEmER N2 PEEDE: B+
NG B M. db s BREE H RGRE, 1981
[2] EZEZAMLTE T & e AR EZG 8 —E[M]. dt



100

PN Y N

Eiid 39 %

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

H A E DR 2R Rk, 2020.

220, TR, SO, 5. B R B S B0 B RE
TUAR B 245 77 A U S S B[], B 5 AR L 2 4R
2022, 53(8): 2153. DOIL: 10.3969/i.issn.2095-1191.2022.
08.008.

AR, V. DU P F o 22 5 S B R ) & AR M
R 7 1) S ORI R B = X =M 2
X AR [I]. B A AR R A R (R 2 B AR, 2021,
21(6): 80. DOI: 10.19714/j.cnki.1671-7465.2021.0089.
AR, XOEZE, ST, S, AU R BT A
FMA[)]. A, 2016, 35(2): 7. DOI: 10.16590/j.cnki.1001-
4705.2016.02.007.

RETT, BT, 2R, 55 BERA TR T[]
[ R 22 @ IR, 2019, 35(5): 70. DOL: 10.11924/j.issn.
1000-6850.casb17100025.

R XFAAT, 2%, 45 A R AR B
TERISZIA [J]. AT, 2010, 29(12): 79. DOI: 10.16590/].
cnki.1001-4705.2010.12.058.

DAVIES P J. Plant hormones: physiology, biochemistry
and molecular biology[M]. Dordrecht: Kluwer Academ-
ic Publishers, 2013.

WEYERS J D B, PATERSON N W. Plant hormones and
the control of physiological processes[J]. New Phytolo-
gist, 2001, 152(3): 375. DOT: 10.1046/j.0028-646X.2001.
00281 .x.

ANFANG M, SHANI E. Transport mechanisms of plant
hormones[J]. Current Opinion in Plant Biology, 2021,
63: 102055. DOI: 10.1016/j.pbi.2021.102055.

ZHAO T L, DENG X L, XIAO Q Z, et al. IAA priming
improves the germination and seedling growth in cotton
(Gossypium hirsutum L.) via regulating the endogenous
phytohormones and enhancing the sucrose metaboli-
sm[J]. Industrial Crops and Products, 2020, 155: 112788.
DOI: 10.1016/j.indcrop.2020.112788.

ZHAO G W, ZHONG T L. Influence of exogenous IAA
and GA on seed germination, vigor and their endogen-
ous levels in Cunninghamia lanceolata[J]. Scandinavian
Journal of Forest Research, 2013, 28(6): 511. DOI: 10.
1080/02827581.2013.783099.

KARSSEN C M, ZAGORSKI S, KEPCZYNSKI J, et al.
Key role for endogenous gibberellins in the control of
seed germination[J]. Annals of Botany, 1989, 63(1): 71.
DOI: 10.1093/oxfordjournals.aob.a087730.

R, WO, INER. 7R E R SERRD TR EF
Fe N E R AR IR T]. B, 2021, 40(9): 81. DOL:
10.16590/j.cnki.1001-4705.2021.09.081.

SHUAI H W, MENG Y J, LUO X F, et al. Exogenous
auxin represses soybean seed germination through decr-
easing the gibberellin/abscisic acid (GA/ABA) ratio[J].
Scientific Reports, 2017, 7(1): 1. DOIL: 10.1038/s41598-
017-13093-w.

SR FL. AN R A7) A6 A R 15 700 9T 3 22 18 BORS b1 R HIR
RG], TP EE 25244k, 2008, 36(6): 43. DOIL: 10.19664/j.
cnki.1002-2392.2008.06.017.

WG, EBE WA, S MR A T ARIRAE B R
B [J]. B AEY 2R, 2021, 42(6): 1646. DOIL: 10.3969/
j-1ssn.1000-2561.2021.06.020.

YAN L. Effect of salt stress on seed germination and
seedling growth of three salinity plants[J]. Pakistan
Journal of Biological Sciences, 2008, 11(9): 1268. DOI:
10.3923/pjbs.2008.1268.1272.

T YA B AR AR M), 6 &
SEHCA HiRRAL, 2006.

WAL R AR AR AL SIS B M), B Z R
H AL, 2004.

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

KUCERA B, COHN M A, LEUBNER-METZGER G.
Plant hormone interactions during seed dormancy rele-
ase and germination[J]. Seed Science Research, 2005,
15(4): 281. DOI: 10.1079/SSR2005218.

LIU X D, ZHANG H, ZHAO Y, et al. Auxin controls
seed dormancy through stimulation of abscisic acid
signaling by inducing ARF-mediated ABI3 activation in
Arabidopsis[J]. Proceedings of the National Academy of
Sciences, 2013, 110(38): 15485. DOI: 10.1073/pnas.1304
651110.

LIU P P, MONTGOMERY T A, FAHLGREN N, et al.
Repression of AUXIN RESPONSE FACTORI10 by mi-
croRNA160 is critical for seed germination and post-
germination stages[J]. The Plant Journal, 2007, 52(1):
133. DOI: 10.1111/.1365-313X.2007.03218.x.
CAMPANONI P, NICK P. Auxin-dependent cell divi-
sion and cell elongation. 1-naphthaleneacetic acid and
2,4-dichlorophenoxyacetic acid activate different path-
ways[J]. Plant Physiology, 2005, 137(3): 939. DOI: 10.11
04/pp.104.053843.

THIMANN K V. Auxins and the growth of roots[J].
American Journal of Botany, 1936, 23(8): 561. DOI: 10.
2307/2436087.

REED H S. Growth and differentiation in plants[J]. The
Quarterly Review of Biology, 1927, 2(1): 79. DOIL: 10.
1086/394267.

FINCH-SAVAGE W E, LEUBNER-METZGER G. Seed
dormancy and the control of germination[J]. New Phyto-
logist,2006,171(3):501. DOI:10.1111/j.1469-8137.2006.
01787.x.

FINKELSTEIN R, REEVES W, ARIZUMI T, et al.
Molecular aspects of seed dormancy[J]. Annual Review
of Plant Biology, 2008, 59(1): 387. DOI: 10.1146/an-
nurev.arplant.59.032607.092740.

ZHAO G W, JIANG X W. Roles of gibberellin and aux-
in in promoting seed germination and seedling vigor in
Pinus massoniana[J]. Forest Science, 2014, 60(2): 367.
DOI: 10.5849/forsci.12-143.

SKREBE, ARAL, 2T, S5 GRS R R L
T L0 DRI 2 B FE A [T]. 74 B ARk oK 22k (8
Bl 2%), 2023, 43(9): 23. DOIL: 10.11929/j.swfu.2022070
23.

LIUY G, YENH, LIU R, et al. H,0, mediates the regu-
lation of ABA catabolism and GA biosynthesis in 4Ara-
bidopsis seed dormancy and germination[J]. Journal of
Experimental Botany, 2010, 61(11): 2979. DOI: 10.1093/
jxb/erq125.

KIM S K, SON T K, PARK S Y, et al. Influences of
gibberellin and auxin on endogenous plant hormone and
starch mobilization during rice seed germination under
salt stress[J]. Journal of Environmental Biology, 2006,
27(2): 181.

NEE G, XIANG Y, SOPPE W J J. The release of dor-
mancy, a wake-up call for seeds to germinate[J]. Current
Opinion in Plant Biology, 2017, 35: 8. DOI: 10.1016/j.
pbi.2016.09.002.

EHEAE. N [F) SRR AL BT 2 BRSO T R R4
AR, d65 R Z, 2020(23): 115. DOIL: 10.11937/
bfyy.20200350.

WANG Y H, IRVING H R. Developing a model of plant
hormone interactions[J]. Plant Signaling & Behavior,
2011, 6(4): 494. DOL: 10.4161/psb.6.4.14558.

AL EE: ATARR


https://doi.org/10.3969/i.issn.2095-1191.2022.08.008
https://doi.org/10.3969/i.issn.2095-1191.2022.08.008
https://doi.org/10.3969/i.issn.2095-1191.2022.08.008
https://doi.org/10.3969/i.issn.2095-1191.2022.08.008
https://doi.org/10.19714/j.cnki.1671-7465.2021.0089
https://doi.org/10.19714/j.cnki.1671-7465.2021.0089
https://doi.org/10.19714/j.cnki.1671-7465.2021.0089
https://doi.org/10.16590/j.cnki.1001-4705.2016.02.007
https://doi.org/10.16590/j.cnki.1001-4705.2016.02.007
https://doi.org/10.16590/j.cnki.1001-4705.2016.02.007
https://doi.org/10.11924/j.issn.1000-6850.casb17100025
https://doi.org/10.11924/j.issn.1000-6850.casb17100025
https://doi.org/10.11924/j.issn.1000-6850.casb17100025
https://doi.org/10.11924/j.issn.1000-6850.casb17100025
https://doi.org/10.16590/j.cnki.1001-4705.2010.12.058
https://doi.org/10.16590/j.cnki.1001-4705.2010.12.058
https://doi.org/10.16590/j.cnki.1001-4705.2010.12.058
https://doi.org/10.16590/j.cnki.1001-4705.2010.12.058
https://doi.org/10.1046/j.0028-646X.2001.00281.x
https://doi.org/10.1046/j.0028-646X.2001.00281.x
https://doi.org/10.1046/j.0028-646X.2001.00281.x
https://doi.org/10.1046/j.0028-646X.2001.00281.x
https://doi.org/10.1016/j.pbi.2021.102055
https://doi.org/10.1016/j.indcrop.2020.112788
https://doi.org/10.1080/02827581.2013.783099
https://doi.org/10.1080/02827581.2013.783099
https://doi.org/10.1093/oxfordjournals.aob.a087730
https://doi.org/10.16590/j.cnki.1001-4705.2021.09.081
https://doi.org/10.16590/j.cnki.1001-4705.2021.09.081
https://doi.org/10.16590/j.cnki.1001-4705.2021.09.081
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.19664/j.cnki.1002-2392.2008.06.017
https://doi.org/10.19664/j.cnki.1002-2392.2008.06.017
https://doi.org/10.19664/j.cnki.1002-2392.2008.06.017
https://doi.org/10.19664/j.cnki.1002-2392.2008.06.017
https://doi.org/10.3969/j.issn.1000-2561.2021.06.020
https://doi.org/10.3969/j.issn.1000-2561.2021.06.020
https://doi.org/10.3969/j.issn.1000-2561.2021.06.020
https://doi.org/10.3969/j.issn.1000-2561.2021.06.020
https://doi.org/10.3923/pjbs.2008.1268.1272
https://doi.org/10.1079/SSR2005218
https://doi.org/10.1073/pnas.1304651110
https://doi.org/10.1073/pnas.1304651110
https://doi.org/10.1111/j.1365-313X.2007.03218.x
https://doi.org/10.1111/j.1365-313X.2007.03218.x
https://doi.org/10.1111/j.1365-313X.2007.03218.x
https://doi.org/10.1104/pp.104.053843
https://doi.org/10.1104/pp.104.053843
https://doi.org/10.2307/2436087
https://doi.org/10.2307/2436087
https://doi.org/10.1086/394267
https://doi.org/10.1086/394267
https://doi.org/10.1111/j.1469-8137.2006.01787.x
https://doi.org/10.1111/j.1469-8137.2006.01787.x
https://doi.org/10.1111/j.1469-8137.2006.01787.x
https://doi.org/10.1111/j.1469-8137.2006.01787.x
https://doi.org/10.1146/annurev.arplant.59.032607.092740
https://doi.org/10.1146/annurev.arplant.59.032607.092740
https://doi.org/10.1146/annurev.arplant.59.032607.092740
https://doi.org/10.5849/forsci.12-143
https://doi.org/10.5849/forsci.12-143
https://doi.org/10.5849/forsci.12-143
https://doi.org/10.11929/j.swfu.202207023
https://doi.org/10.11929/j.swfu.202207023
https://doi.org/10.1093/jxb/erq125
https://doi.org/10.1093/jxb/erq125
https://doi.org/10.1016/j.pbi.2016.09.002
https://doi.org/10.1016/j.pbi.2016.09.002
https://doi.org/10.11937/bfyy.20200350
https://doi.org/10.11937/bfyy.20200350
https://doi.org/10.4161/psb.6.4.14558

	1 材料与方法
	1.1 材料
	1.2 方法
	1.2.1 试验设计
	1.2.2 鲜草果种子萌发指标测定
	1.2.3 草果幼苗生长指标和生物量测定
	1.2.4 草果幼苗可溶性物质与叶绿素含量测定
	1.2.5 草果幼苗抗氧化酶活性与根系活力测定

	1.3 数据统计与分析

	2 结果与分析
	2.1 不同外源激素处理对鲜草果种子萌发的影响
	2.2 外源激素处理种子对幼苗生长和生物量分配的影响
	2.3 外源激素处理种子对幼苗可溶性物质含量的影响
	2.4 外源激素处理种子对幼苗叶绿素含量与抗氧化酶活性的影响

	3 讨论
	4 结论
	参考文献

