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Methods for breaking seed dormancy in Jerusalem artichoke
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HE Zi-han, LIU Hui-xia’

School of Life Sciences and Engineering, Northwest Minzu University, Lanzhou 730030, China

Abstract: The aim of this work was to investigate methods for breaking seed dormancy in Jerusalem artichoke
(Helianthus tuberosus). Seeds of Jerusalem artichoke were left intact or dehulled, and then germinated at 25 °C on
paper after imbibing for various lengths of time (1, 2, 3, 4, or 5 h) in solutions containing different concentrations
(0, 100, 200, 300 mg-L ') of ethephon (ETH) , indole-3-acetic acid (IAA), a-naphthylacetic acid (NAA), or
gibberellin (GA;). The overall goal was to identify the optimal conditions for breaking seed dormancy. Seed dehulling
was found to be crucial for breaking dormancy. Treatment with both TAA and NAA inhibited seed germination,
whereas treatment with GA 3 had no effect on intact seeds. Dehulled seeds exhibited a dose-dependent response to
GA, in terms of germination percentage, which initially increased and then decreased as the GA, concentration

increased. The peak germination percentage (43% ) was achieved by imbibing dehulled seeds in GA, at 200 mg-L ™!,
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but this percentage was too low for production. Imbibing in ETH (100— 300 mg-L ') promoted germination of both
intact and dehulled seeds, with the latter showing final germination percentages of 56.67% to 63.33%. The root
length of Jerusalem artichoke seedlings also showed a dose-response relationship with ETH, increasing initially and
then decreasing as the ETH concentration increased. The method of dehulling seeds combined with imbibing in an
ETH solution was further optimized to break seed dormancy. Imbibing dehulled seeds in ETH advanced the initial
germination time by 1 day and significantly increased all germination indexes (P<C0.05). The ETH concentration
had a significant effect on the germination index of dehulled Jerusalem artichoke seeds, with the index gradually
increasing as the ETH concentration increased. The imbibition time had a greater impact on germination potential,
which initially increased and then decreased with prolonged imbibition time. The optimal treatment was imbibing
dehulled seeds in ETH at 100—200 mg-L ' for 3—4 hours; this yielded a cumulative germination potential of >
70% and a germination rate of =>78% . Among all treatments, imbibing dehulled seeds in ETH at 100 mg-1.~" for 3
hours yielded the highest final germination rate of 81.67%. The optimal imbibition time in terms of root and shoot
lengths was 3—4 h, although imbibition time did not affect bud length. The results indicate that seed dormancy in
Jerusalem artichoke is controlled physically by the seed coat and physiologically by the balance of growth regulators in
the seed coat and the seeds themselves. Under these conditions, the optimal treatment for breaking the seed
dormancy of Jerusalem artichoke was dehulling combined with imbibing in ETH solution (100—200 mg-1."*) for 3—
4 hours.
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Table 1 Basic information of Jerusalem artichoke seeds for testing

KB TERE KIEL TR I AT L
Length (mm) Width (mm) Length-to-width ratio Thousand grain weight (g)  Living seed percentage ( %)
¥l B R ¥l B R ¥l B R ¥l B S R ¥
Mean value CV Mean value CV Mean value CV Mean value CV Mean value
6.38440.064 0.055 2.409+0.038 0.086 2.666+0.043 0.088 7.88140.061 0.022 >99

CV:Coefficient of variation.
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Table 2 Daily germination of Jerusalem artichoke seeds with shells under different concentrations of four plant growth

regulators treated by paper bed ( %)

Az TR A ) b 2K W i & 5} 6] Germination time (d)
Growth regulators type ~ Concentration (mg-L ") 1~8 9 10 11 12 13

NAA 100 0.00 0.00 0.00 0.00 0.00 0.00
200 0.00 0.00 0.00 0.00 0.00 0.00
300 0.00 0.00 0.00 0.00 0.00 0.00

IAA 100 0.00 0.00 0.00 0.00 0.00 0.00
200 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
300 0.00 0.00 0.00 0.00 0.00 0.00

ETH 100 0. 00 0. 00 0. 00 0. 00 1.67£1.67b 1.67£1.67b
200 0.00 0.00 1.67+£1.67a  5.0040.00a  5.00=£0.00a 8.33£1.67a
300 0. 00 1.67£1.67 1.67+1.67a 3.334+1.67b  3.33+1.67ab  6.67%1.67a

GA; 100 0.00 0.00 0.00 0.00 0.00 0.00
200 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
300 0.00 0.00 0.00 0.00 0.00 0.00

CK 0 0.00 0.00 0.00 0.00 0.00 0.00

T« [SIA ) /ING 570 35 378 AN [l A B ) 22 53 Wk 25 (P<<0. 05) . R 1A .

Note: Different lowercase letters in the same column indicate significant differences (P<Z0.05) among different treatments. The same below.
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Fig. 1 Effects of four plant growth regulators at different concentrations on germination energy and germination index of

Jerusalem artichoke seeds
BOE N - YA £+ AR R (n=3) , A6 £k F R 4 HjE) 22 5 8 3 (P<<0.05), A . The average=standard error (n=3). Different lowercase letters

indicate significant differences (P<<0.05) among treatments. The same below.
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Fig. 2 Effects of four plant growth regulators at different concentrations on root, sprout and seedling length of Jerusalem artichoke
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B T OGRS IR ETH #e B (8] 1) & 2F $ORR 2R 48 8025 5 R 3 M AH IRl ETH Mk B2 R, AN [R13= Bh st [a], B T 200 Al
300 mg- L '"ETH & i B 56 45 5 B & 28 S5 0e b P ) 22 5 00 1 38, LAt b 381 1) % 28 $5FN 28 48 B0 G (il 3% 1 3
KFAHFEHE @ ETH IR A 1 h(P<<0.05) . 341, & 2F 3k 2748 550 B0 A (9 b B R] , & 2F # A ARk B 100
mg- L2 3F1 4 h, 1M & 2 48 B0 7255 i v B2 200 #1300 mg- L 'ETH R F14 he

B 2R 43 ) 0 100 mg+ L '"ETH R AP 3 A1 4 h, HAG 70 ) K 81. 67 % M1 78.33% . K2 #H0 k& 2548
B R AW ETH AW Fh 3. 4505 h b3
2.6 RRKEETHRZERRBB R EDFHE AR FREGHH

F P AT ) — S VR T AR K B 2 V52 T ESF T ) SE K 349 5 S 0 T i AR I e A, L0 R R A P A 2 83
h, HARHS W 3 K A 1A 5 h(P<<0.05) , UL W Jo it ETH e B funfay , 35 i i 18] 52 K 58k %65 408 5% i I 722 44 25 Fh 1
40y B AR 5 A )R AR I )R, A 2 hR b i T 58 2 3 R 1 4 i AR TE BT A ETH YR BE ) 22 5 R i 35, HoAth 4 4>
T2 Rl ] 4 1572 4 2 Rl 4 AR B BE T H R R 0 S ST B 0 AR A R B (EAR K K ) 0 B A ETH e
I, 2 F 1 h ARl AR K3k e R (B 9 ETH ¥R ¥ 2 200 mg- L, e if g AR K 3k T4 IR (P<<0. 05) , B 5 Hi4x
PR ETHE R A B AR K 25 AR B30 12 3.4 815 h i B 5% 46 25 B 7 AR Kk B KB A9 ETH 73 80
BEH R 100 mg- L', H A 2 Ff 4 h B 5l 7 40 8 R K AE 100 1200 mg- L' 6] 25 5 R 58 3%, H A [R] — 32 b ik ] g
100 mg-L " ETH % W 3= Pl it i 76 48 = Fh - A AR 33 B 25 K T H A A ik BE (P<<0. 05) , 15 B Ik ¥k B2 (100 mg-
L OETH s i (8] (2 88 3 h) i Fnl UG #E I 52 45 2F Rl 4 B AR A AR 4 o B0 52 45 F B 2R K A8 ETH i 2 AR b
I 8] i) A2 A6 TC MR FTAG L B 7 200 mg- L 'ETH W WE A 3 h iy Fh 7 27 1 W 2% K T X BRAL Bl 2 h (300 mg-L !
R LATS h i Ab BEAR (P<C0. 05) , oAy 45 b 3 e) 22 5 i 3 . BT HL i 8 R0 32 A8l i) of 6 7% 4 2 b -1 1 4 1) 5% i
5 AR R R A — B, XS5 SR UL R [R] 6 5 48 S R 4 B AR KA AR RS R T ETH W,
P 5 388 3 5 W) 5 5 4 S ol 40 A AR TR e 4l R
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Fig. 3 Effects of different concentrations of ethephon (ETH) solutions on germination energy and index of different durations of

soaking on Jerusalem artichoke seeds

COinh E2n O3h N4n W5h
a

ESIS
Root length (cm)
PO —~ N W B oW
T

#H
Sprout length (cm)
)
T

abc

ef

a
def % cde cde

GRS
Seedling length (cm)
N
T

777777277777

0 100 200 300
ETHIK /¥ ETH concentration (mg-L™")
4 ARAREETHRARREAEANEAMBESHFMFF R GIEKENZT

Fig. 4 Effects of different concentrations of ethephon (ETH) solutions on root, sprout and seedling length of Jerusalem artichoke
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WFIE e A KA 19 R I 4R R I, I A 2 =F - 24 Hh W Ik B4 (B A 52 R T AUFE ETH S R I 40K A%
BRZE M TAA NAA FI GAL WA Z8 18 K 1208 i 40K 3Rk WoR 2R AP+, W72 46 F A R T #F 300 mg-L
NAA VMR ACR A WL K 25 5, A b PR AT 1 28 AHL R 28 238 R 3 700 8 B AR B iR [ AN W] . ETH
Y2 1 AR DR AN AN 58 58 3 - b - 10 R 2 R W S M R T T AR IR RN TR A R EF R B A AR
KR AR K (P<<0.05) , BEBA7¢ 2™ HBHLAS 1 34 A 7 19 i %, S BRI, Ho7¢ 2 1Y B A1 I OF A 2 f
() R BELAS | 68 A 72 )2 A B i 5 300 8 K AR AR B AR o 3X — 25 2R S5 AR B 4R B (Buchloe dactyloides)™ kb
B (Celtis sinensis)"™ 41 5. ¥ ( Taxus wallichiana var. chinensis)"™ 2 Fh b 5T 45 S A0, 2L A R 2 i o
ol iz 4y 3L L A AR e 7 v B B 0 R 400 o W A 1 T A JB BEL 4 U Bt I AR A G il ) S L S R T A SR Y
Wi &, T 5 e Ak BT ek 2 BR 52 J2 0 X SE ] PR 1, AR 0 e 0 R

PRI, 7 S92 B 2B 7 oy B0 58 R BIR A Ao 1 AT R P B B AL ARG 7 8 A 2 T 02 7 J2 e 1 L LA B PR IR O
FAR R AR RN E AT R RS R ORI R E R SR AR
3.2 AKIAT A KA AR A A TR IR A9 AR AR

ol PR BIR 2 ph 490 T 08K 3R 5 0 R BB T ) 45 01 487 R 19, 2 R RT3 500 X A A R 9 e 83 2 7 KA 2 0
B3N VI & (1A v | A )5 A £ oo i R et DO R N U R (S I E I3 SO 8 e S B U K S 7 S N 1
S5 R, AR IR T TR A0 R X 4 AR T ORI B BR AR 5 288 Wk B BT e S A DDA G .
3.2.1 NAA TAARRFIMHILN  NAA TAA BRI IR 48R 2 R BE A7 72 35 3 Rl 8 A, B B 7 35 = Fi
THI R A T AR L SR B 5E 4 A R R R RS R SRR O B RO R B B IR T TR
(P<<0.05). 5 NAA JIAA 1E¥ K (Momordica charantia)” F# JK ( Cucumis sativus)"™ T 1 3¢ B H #e JE AR 7Y
XAHZIONE , AR ¥ B8 AR 9 BEAN 52 W ot 5 117 A, o ) g = 4000 A o 7 17 5 ) AOF 0 485 R A AL X AT BB AR F 5 T A
4 9 B2 2o e ELAS [R)ABL 0 % TAA R NAA SRS A [F] BT 30, 56 TR B2 NAA [TAA X 2 = i & 189 52 il A Fp T
2B
3.2.2  GAGIY AP AR 3E R0 GAGIR MR I AT R A BEE Al 52 25 3 M 7 81 & s W i e 4 F Fb -1 &, HAE )
D) 522 5 Tt T A 1 ) o 7, 98 3 Ay e R A AR U B G A R T R RN A AR G, T AR GAGfR HE T Kk, 200
mg- L& R EEHE AR (R 2538 R 3 R EFHREO AR KAEAr R R VHTK) S8 2108, H W 35 & T X
(P<20.05) , H XF & i W 28 P < g 4 28 /8 R IR AR o b 25 3R 5 10 B 98 (Helianthus annuus)™" 1211 45
(Bupleurum scorzonerifolivm) " T 7 [ BIF 58 25 5L A BL, 156 B 38 B0 VR BE 1) G A 5B 8% 5% 196 VS el e 0 7l 05 2 | 2 20 2
B AR T 2 B FR R, H GAGHY IE W 8 0 2 BRAY o H PR SY 55 X 4R 264 (Parrotia subaequalis) Tl ¥ B fF 58
rh R R B AR R T R A R R, | 3 T RE 2 A [ A X o R R T A2 M AU R B R e R G e 5 ) A
[F] i 25
3.2.3 ETH fie 1 B bR ETH & A F 5 vy e — — ol 375 W04 108 24 PR {7 52 UG 5 7 o M 25 1) 2 = b 10
i R 1 19 5, AR ETH B 40K 1947 56 38 “F F 1 2 28 AU B 8. 3300, {H J2 fuff ¥ VA I 118 4T IR Ak B ) 5 3
FRF I TR IR ORI . ETH IR IH AR I, B % R B2 (9 35 0n , JB 76 b & 2F %20 56. 67 6~63. 3306 , &
JeH 5 W, ELURHAR AR A R A1 1A DR 2, MR Bl ik 32 3 m 5 S 48 5 B ke 3 R W ETH 32 2258 aof {2 2 IR AR i
K G K AR TP W T AR T SR A R 2R IS o X B ETH AT 3E S AR 2R U 0 20 43 SRR AR A= Kk AR
PR R . ETH X 24 2E R 7 8 & VE A 25 3R 5 7 SO R (Xanthoceras sorbifolium)'™ R B (Hordeum
vulgare var. nudum)"" F T HRF 5T 45 S ARRL, (048 25 4 15 AR 2R K 02 2R 7E R T 28 5 o 3 BR 4l 2 i A KA
HEVE MR 0 285 SR A0AE B, s PR AT B R B 8 A BN [ BTk . Ajmal S5 FTBIFE BT ETH (4t % 2 FOR
[F) A= i JE 2 1) R A A ) o 1 0 DA B A% 5% 0 T AT AT Sk 25 52 ), 00 T 555 R 200 A TG i v A A i B PR T Y R
AR X R W ETH AR 3F R 0 % A J5 R RAR P i 0 A= 558 0% AN [RD 17T AN () 8 00 2 A [ A ) 5 A 35 T R )
EHT (945 3 # A — 2

FHEL T GA5, ETH X B 76 46 3 F 1~ 87 & A0 40 B A 1 RS A 20 1 P A e 8 91 J61 B T, o b 7 1 2% RN 4 A Y
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I A F B R A i 1 05 OR [R] ETH 6 AR AR 4 0 £ F 45 0T B 0, X 20 A 4 0 412 B 1 T AE 59 107 G AL DU 2 4E
K e #EAE R TR .
3.2.4 HUREMRLEIR SEMAES S8 RE A IR AUR L d 70 = 28 0% 45 A 1 IR IR 1 5¢
S AEME T SR TAA 5 NAA 438 30 X 48 2R 07 & 7 A= 300 i 4 F L S B A8 48 = b 1 BR IR IR g T 20 v fiff
Ao ETH(100~300 mg-L ") & 8% B 45 2 Fh 7 K IR e R AR KR 5 7], AE A% 0 5 #2 T & 2E R (3R & 80 % LA 1)
I HERR R K (P<<0.05) . GA; H A & o ik B (200 mg- L 1) ik A AT 4 39F 2 i A, 1B % 2 2 28 B 32 T 3800
(43.33%) AU ETH., X 5%/ T % 3 L (Verbena hybrida) ¥ B WF 53 45 B — 8. LA K, A E A
FRU I 55 2 2 1 R B LT AN TR], G AN 5 i F 4 = 7 R 2 1 A2 4K, T ETH 0 J2 58 2o 42 i JUR AR A < R 22 i
il Jg BEL 15 (14 B A FH of 52 B0 R 1 R B 9 M I o 2556 2% P A T 1 300 0 A 000 B 9 L R 2R 98 B RN 4l 1 2B K AE bR
3 7 +ETH(100~300 mg- L) & M {5 25 4 T 8 bR 25 A F IR IR e A R 4 65
3.2.5 4URIEM R BRI 5 JE S 0F 58 O In) ETH 175 ¥ 15 i 40 AR VA B8R T 8 ko 1 SO0 5% L A8 005 5 1 A5 00 ol
T R FREE U S BTG AR A PR AR R O K 1 25 5 ORI K A E B K B RIS — B, T R RS A 45 1
JEU S A ARIK K 2 TR0 R /N AT B A X LA T R R AR R PR R SR BT 2 R R
TSI A G S ORS8RI R A 5 5 1 4 R R O 2, EAT A A R IR AR R D vk Y

15 J5 22 56 b, Y 100,200 #1300 mg- L "4k 34N ETH #k i, 3% & AN [R) 12 W0 I 1] (1.2.3.4 .5 h) X 3 5 3 2
Tl AT A0 B, 32 G000 2 O A 45 b 3R] & 28 BF ) R 2538 R 2R BRI R 2R B, B — 0 IR R RO A6 48 - Fh - B BR
R T2 XAFERECR B T ETH X AR 2 AR 28 1 10 35 02 VR L 3o IR T AR R AR 7K Mk 2 (45 /E BBy Bl i, SR m
PRAEEF PR B B R AR AL T IS B Tk
3.3 ARFREETHZERZ AR R B B 5o 3 3 F 4R 0k 09 3 i 2R

JIE 7E BB A1 4 b B R R TR VR T ke G R N S 2 1 A B R AT R AL 1 A A Bk )k ETH FK 43
(95 3% BRI, NI (7K 53 FT ETH 1998 35 B AR 40 00, B3 IR P ORI AR R 18 1 B 5 09 4 Fh 1 04 7
ETH % 0= Fi kb B, 45 0, 0802 2810 /K I8 J& ETH R, 5 I 4CR At R Fh 38 82 5 1 7 48 E Fp 7 10 &
B A KA X 5 AR R % RO R T Bk (Juglans regia)™ B F R K32 FlORE B (Ewcommia
ulmoides)"* T ¥ [ BIF 58 45 5 — B, U6 W B 522 P 0545 ) 1 0 B 45 2 Fh - ORI, 42 9F L8 & o L0 IH AT B 2R B
e A = PR S I SO K G AR OER LV R R BT T A DR, AR TR G M DT A R T AR AR 2
HET AR
3.3.1 ETH® R X3 EF 70 & RCR 20 R R0 35 25 Fh 1 OR BIG i 5 A0SR B E'TH ik B2 R i i ]
AR, B AR R, 5% BEAR H , ETH % 0= 42 50 17 72 48 =R 701 ia & ZFRE R (1 d) , B2 3 & 1 b
TR ZFR RFHR RFRE(P<0.05) (AX AR ZF K ANH K5 R 525 K A] (4 R0 5 h) 2 Rk 4 T o
AT A & A (1 d) s R TR ETH ¥ B R1R Rl s 1) 6 B 72 45 25 Bl 7 85 & 38 b 00 52 i 5t e R PR i a3 . i
51E 8 5 (Leymus secalinus )" FI5#E W (Scirpus juncoides) " Fh 1 b (WF 57 45 5 DA KR % R R BE 52 Rt g 41 &
TE 35 % K (Pistacia chinensis)""FpF L RF 58 45 5 — 250, UL BT ETH 4 B 5512 Fh sk 8] % 1358 56 25 25 Fh 7 1 VR FHAS B ik
B — B E) 28 BAL, AR kR W AR B S . R A 100~200 mg- L ETH IR Ff 3~4 h, 4 3 Fp 1
B & 2 #39 =60%, Hoih 100 mg-L ' ETH & Fl' 3 h 4b B e & & 2F R e i, 38 81.67%, ik & & T XF I
(P<<0.05).
3.3.2 ETHEWRRAXT 4 E M A KBRS0 ETH % R 0B 5E 35 35 M 7 20 8 28 K A5 AR 10 22 m 2
FEIY TR P ], FL B A A Ak 2 B S AR A Y s e sk S, RO LR 2R R s AN . R R K BE R
TR IR [ £ 4 A% 52 500 1 0 5 AR AR 010 35, O i Rt IR AE IR A 3 4 h, fH KA 100 mg- LW A 3,45 h Al
200 mg- L YAWIZ A 1 h AR FEAYAR K B & 5 T AR (P<<0.05) , LA kb B A 22 R AR B 2, HR KR THE RS
R ARG AL AR — B, 3 5 X0 4 g A5 E 24 SR Y B (Brachiaria hybrid) #1008 45 R AR, Hayat
SRR X 1) HOZE R RIS A S, 20 T OV B e AR T 4R (reactive oxygen species, ROS) 1 11 fif [ 7] H
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SERF I ARIRRAS o UL ETH 12 Rh 32 B2 i 41 1F AR 109 25 1 SR 2, 052 ok 48 = 7 1) ARG

25 L ETH R WOR P RS 1 T B A T B B R ], 48 & T & 2R 8 R 2% R 48 8(P<<0. 05) LA
BRG] (4~5 h) ¥R Bl 4 T 48 5 Fh 7 (0 07 & 81 5 T H i 32 R B 1) X6F 117 & 48 b AR 1 48 B
F 52 ) 2 50 b T JE TR R R — A RSO L SRR S R 5t + 100 me- L'ETH 3 3 h, {H 100~200 mg- L~
Filt 3~4 h &b BRALCH AR T, 2 P8 B A= 7 00 28 B R R 0 O (P DS R AR T R A B A 100~200 mg - LR
Fh 3~4 h,

4 Zig

B R IR el e 38 B B NI R R A L W) S B, TAA ONAA A8 A7 1985 &, GA KT 35 il
TR I P B ok AR 2R A 1 ASOX B o A IS A i T . ETH(100~300 mg- L") J2 P — R [l Bif 42 ik 5 52
5 556 B 0 2 0 R TR X B S 1 2 2 Rl A R AU A R 2E RN 56. 67 % ~63. 33%6 3 GAsiE L Al HE IR 2F
8 2 R M B3 4 2 - R B , TT T H 2 38 2o 22 A i i 0 12 a2 JUR AR %) A K 1 B 2 2 b R R IR o R P i B W 3
10 3% 2 2 7 0 ORI, 2 T 15 % 0 s Bt I, 488 /3 & 2R 48 b, ETH I A A B, JHC v 32 b et (8] 19 52 e oK ik B . 25
BRMIT RN W5 +HETH(100~200 mg-L )RR 3~4 h, K FHIB 60% , e & & 5K 78 % ~81% , & T4
7=
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