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Effect of Temperature Conditions and Chemical Treatments on Seed
Germination of Pseudolysimachion kiusianum var. diamantiacum
(Nakai) T.Yamaz.
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Abstract - The germination characteristics of Pseudolysimachion kiusianum var. diamantiacum (Nakai) T.Yamaz., a rare
and endemic plant designated by the Korea Forest Service, were investigated according to light conditions, temperature, and
pretreatment. As a result of the germination experiment according to light conditions, it was determined that P. kiusianum
is a photoblastic seed that does not germinate at all in dark conditions. The optimum germination temperature of the seeds
was found to be 20-25C, considering the final germination rate and germination time. Three growth regulators (IAA, GAs,
kinetin) and two inorganic salts (KNOj;, KCl) were pretreated to improve the germination rate of P. kiusianum seeds. The
growth regulators IAA and kinetin had no significant effect on improving the germination rate of P. kiusianum seeds. On the
other hand, GA; significantly increased the final germination percentage and germination rate regardless of the concentration,
especially the treatment of more than 500 mg-L™" at 20°C was more than 4 times more effective than the untreated. The
inorganic salts KNO; and KCl had no significant effect on the seeds of P. kiusianum at low concentrations, but at higher
concentrations (40 mM and 300 mM, respectively), they improved the germination rate and germination age by 2 times
compared to the untreated. The results of this study will be useful for the mass propagation of P. kiusianum, which has the
potential to be utilized as a native plant for restoration.
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o|m|(Chung et al., 2017), AHE FEH 919} 22 7|44 2
HE9] A o= A A EE9171%(Critically En—
dangered, CR) ©.2 =31 QIth(Lee, 2008). E3F LA O
Z 33 AIFH BEHAE A= B meEL 7|15 Wl
53] Flofsto] 7| eRig) Fokgo s 01742“3} KFS, 2010), 2|
= AMYTE 283 DMZ =1A] ] 3 Eelof Akt 947h

ZeYear glon, geueEs 5 aAfAEEA 2ot
L A&7} o]F0]A] 2L QItHChoi et al, 2020; Kim et al., 2021).
ol FEAN ZE LS —M CEARE HES el s ae)E
o] FAF WA 7] o] AlERE Ao ]E}.

%FH”E]“ = "%—E— AP me &l sl o] Zlof Wot

o Foug Fx} Halof ofgo] QItHSong et al., 2019).
RS A BENE T sl A7 2go] sl &
oA e 75 obs AAskL, Aol Aedet 4 24 8t
o Al= oo RS2 A|ASHA Bl AEES E QI tH(Baskin
and Baskin, 1998; Fenner and Thompson, 2005, Suh et al,
2022), FAFHE A 571 FFH7F HarE o] glom e
S, R4 e, e - el e B e, 28
0 7 0]F 0] QIth(Baskin and Baskin, 2004), Hej& FHS
] Aol A7} lsHl AElR, w7 978 27) o) Aok
ol 7p58fu] 2753k 2ol 302 ol ol o] A%} o}
b o]0l %2 e, v i Feizt )y Fo
S0R Aol Fe) - 4Rl FRE ot /el o o)
Atk WA dokth u} Agteln wolske 298 o
B}H(Baskin and Baskin, 2004),

Sojme)E A FehA Freia e - el AR mor -
phophysiological dormancy)2 4 Holu, A 2|s}A] &Fo
T 50% 0]IHe] e oS H oItk H A E $Ith(Kim ef al,,
2021; Song et al,, 2019). B-|H2|E FAh= n|A<%: HiE 71
Ao 2 AdHA 9)=d|(Song et al,, 2019), H|sH| =2 HrE £
A= w7t AA 37] o)A Aletof Hroldt 4= 9lth(Baskin and
Baskin, 2004), & - A A& H-L vjo] Yo7} 0-10T
2l complex—type} 15-207C Q] simple—type 2.2 s 4= 910
™ (Baskin and Baskin 1998, 2004; Geneve, 2003), Sz 172
22 AhFez 1291 20-25T HY oA w7} W=
simple—type 2.2 X 1% v} QITHSong et al, 2019), ALZ2
] T AW A (GAy) A2, prechiling #]2] Alofl= Sl AL

£ 702 wolgo| Wislo] 27} Az} frteniol &
1}7} 9)20] e HTHChoi and Kwak, 2017; Song ef al., 2019).
SEAIRE oRA7HA] i are}E FAHe FretkE fiek HAf

lo

o&N m{o

(

R0 2 W[ (GAy) Ao A2 A 2] flof thE A
o Q175 v gk
FAt] Frlchiol olg GRS Sfat A e oo
SHA| AlGtE| o2k O H(Argerich et al, 1989), 71 <= priming ]
Bt ol 2415} Hol 2294 2, U4 34 5ol A3l
o]ojA] d] 0]-8-5|a1 It Bradford, 1986; Taylor and Harman,
20, Piig 1S 47 8301 S A B
29 Fab o] 2l Wolg SEA7IE A0 R 4
0] 22 4l =% (Dahal et al, 1990; Suzuki et a],, 1990), A2
717t 9 2% (Atherton and Farooque, 1983; Bodsworth and
Bewley, 1981; Ely and Heydecker, 1981; Khan, 1992; Smith
and Cobb, 1991) o] 982 W=t} Priming EA2= 97|
4 271 520o] 9] AM-E|ogk=t|(Bradford et al., 1988;
Taylor and Harman, 2003), st e 524, A, 215E,
St 5 thRt SRR ot X0 Anf Qlekar Har v gl
H(Chang and Lee, 2007; Cho et al,, 2006; Kim et al,, 2014,
2015),
oof] B &7 B me] & FAtof| that 21219] priming 4]
2] S ol 7] flste] ZAI1AA), AHEH(GAy), 71vE
(kinetin), FAFAE(KNOy), HIFZE(KCY) A 2|7} Hote] m]

)

A e BRI

M=z =
A A=

A8 o) FA|ot B\ )& ( Pseudolysimachion kiusianum
var, diamantiacum (Nakai) T, Yamaz,) TAH= ﬂ?a‘DMZZ]-/}H
AE QoA A Fold SAE ARSI B aelE $4
+ T HDMZAFYAE Y 3| EAt o)A BT SRS
Bl 202140] A 9 AREQI, 2= 4T, AEE 40%2 1
T AR A g Adsto] ol Aol ARSIt AR E
Az S50l 2447t B AR 02 AR/ TR, A5 ¢
3| 70% ethanolof] 127F 2| & 277 AJZ thA] 1% NaOCl
Bollo] 1027t A T S5= A A8kt 0] Petri disho]]
o]T}x](Whatman No,1, GE Healthcare, Buckinghamshire,
UR) 2048 1 SRR TR TS B4 2504 ez
AAsieich, wol A4S Mg s5uH akEoE A
3, FAT AZXE = AL YR|517] ) Parafilm© 2 Petri
dishE Y&gat3lct.

ol
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ol 4L 27k A A1 H= Fe7](DS-11BPL,
Dasol 1td, Korea)E ©]-&3}3t}, DS—11BPL-S Ujof H¢lo]
AAEo] QA odol Wi Aol LED §3-5(GA2-15,
RealLED, Korea) 2 A 2|3 the, A& 245}7] 9lell et
A oJHE](SJP-CP16J, SEOJUN Electric, Korea)S 25}
AL}, oI5 ol &3l 1241t} FFTE T e, ofuf o] Fr=
100£2 ¢ mol - m™? - 5™ 0] 3T}, A 5t FAel] 2.9o] LAY
S} 79, 1% NaOCl &-Ho] 1057+ HAJsle] 29S8 W51
7, %A 07 6 o] whyslo] Bl 2Ake A w50 A
Astoic, wolel )22 §ito] £3E H11 1 m o} £5
ZA2 wolsl A 02 71551910, 815 A 02 £ 209 FoF
ZARHL) o]% 2AF ATNE ulEko 2 | vhol e (Q), Wit
dto}2l4>(Mean germination time; MGT), ¥rold-U = (Ger—

mination uniformity; GU), oA (Germination speed; GS)
£ o] AL o]-g3to] A= tHKwon et al,, 2020),

=(N/8) X 100
- MGT = 5 (Tx - Nx) /N
- QU= XY [(MCGT - Tx)* - Nx] / (N —1)
-GS =) (Nx/ Tx)
(N: F-Holep, 8t T34 Ak, N

Tx: A 5 244204)

24U ol

ol 2% A
L5 2700 m2 Bl FAj) 27] Wl g oo

TR G279 &8 27 d% 15, 20°C 182 250 R 311.om,
FERAL 2 YRS FEste] ot 3RS RARIIT
HY2AL AL Ant FUs Wi R ey, A

[e]
Petri dishE Aluminum foil 2 7P} 33 ZJctslo] vijokstaict,

A= AA 2 27185 AT

A elE FALY Hoks S Slol Aol aH T4
of AgxEA} 71955 AAslGirh A= &
ANITAA), A= (GA) T 71U (kinetin)& ARE-SFGIAL, -
|[g7Fe AAPEERNO) T ASEXKCDS A
TAAQ} GA3Q] A g] %= 100, 200, 500mg - L™, kinetin-‘l] ]
7] H51=10, 20, 40mg - L, KNO;9] A2] 5510, 20, 40
mM, KC12] #]8] %% 100, 200, 300 mM& 3}gic}, GoHo]

FTA FE0] AR 5 A== FTAE 47| Lo 2443F

N

Bomele) F7 olo] vlAlt L 27z} sjky Hele] g

e,

q
el S4ke] ol 118 A, W2 Agel thet o}
9—] ZFo| & SPSS & 13 (version 12,0, IBM Inc., USA) 2.

HA(ANOVA)BFI AL
= 7 A7) BA SIS Aol

m
OEL ol-u:i?
H o

ST
HE

, Scheffe’s multiple range test (p

N
O

2 It

iiﬂﬂﬂl% Z}0] Wro} 4

FEAe gefote] glnelE A ot SAS 2ARE 2
o, = 7d WL A& woslA] QrhFig. 1b). H2fA
o] w2 SRR E S ol e 2ARE A, g

HefE A= 2009k 25TollA 1524 wholl ozt A2FE| §laL
15ColA= 18Y0] Aie wf Holrt A2 Tk YrkFig,
la), 25CollA= 7 Zpol| o7k A3 2k o] = Wopgo
SHrsHA S7ksto] 278 ARFEl = 2 s F LERLA] otk gt
H 20T oAl= A o7t 25T 5 Y Hol| W= o
oh&0] 2Rl F7k= 10 A58 Urehitar 25= ApeE= 2 1
SRR okt B ae]E SR 2E ok 15T
oA 2.0+1.3%, 20COA] 18.0+6.0%, L8]l 25CofAl=
22£3 5%% &5 7 7 -ojulgl 2o 7} Ykt Felj e
E TA) 2 wahdotdaE AT HH 15T 0fA 18,0£0.0
olF UERFI, 20005 11,1410, 183 25°ColAl= 9.7+
1,398 Uepytt), geiare]E S0 2= Wolhli= 15T
A1 0,1+0,0, 20°Col|A 0,4+0.2, 18]3L 25Col|A4 0,6+0,1=
Urepgh, whebA e aelEe] FAF HolkE 913t 249 2=
Z7AL 20-25C W0l Aoz eksh, o] Mgl At
&+ L2815 tHSong et al,, 2019), 3 Fejie]E FAk= B2
Z1ollA Fr go] BhabE]= gHoby SAkE wetdi,

ARzEA L 77197 A= 23

Balle)E 2xp0] Emel) o o8 RS o)) ARk
AA(TAA, GAs, kinetin)$} 57| AF(KNOs, KC)E Sz
AEstlaL, 20ToA o] ol 54S WSt Table 1).
IAAS F = AR 2Rt Ao A= 2|5 Holgo] M e|s)
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A 27t A E Q1= 01 100 mg - L A 2] %c} 200 mg - Lo
A, 200mg - L™ M2} 500 mg - L oflA] ] gropgo] A
BRI, GAg A2l 0] ol olde} Mol FAe)
o} f-ofulgt 2ol 7} hehuhA] Rkl Gag M) wobhls

oFe SAEl ok ojult Ao/} glolch, Eak, Haboh)
%, ol e, Tela wobd] B Sxel e} foju]g 2ol
7HUFERLEA] Gl GAcS SR A A eldt A} 2% o}
ol 4] Az o4 B xjelach A btk 6A A

50 T T T T T T T T T T T T T T T T T T T T
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Fig. 1. Cumulative germination rate from Pseudolysimachion kiusianum var. diamantiacum seeds incubated under temperature
conditions of 15, 20, and 25C. P. kiusianum seeds were supplied only with distilled water to prevent drying during the investigation.
Error bar means the standard deviation.

Table 1. Germination rate, mean germination time, germination uniformity, and germination speed of Pseudolysimachion kiusianum
var. diamantiacum seeds pretreated with IAA, GAs, kinetin, KNOs, and KCl at 20C

Treatment Final germination rate Mean germination time Germination uniformi Germination speed
(200) %) (day) b P
dHO 18 + 6.0¢” 11.1 + 1.0a 32 + 1.9a 0.4 + 0.2¢

IAA 100 mg-L”" 16 £ 8.5¢ 122 + 1.8a 8.6 + 6.1a 0.4 + 02¢c
TAA 200 mgL! 19 + 3.3c 10.8 + 1.3a 51+37a 0.5 + 0.1c
IAA 500 mg-L"! 18 £ 2.0c 11.0 + 0.8a 7.1 £ 3.7a 0.4 £ 0.1c
GA; 100 mg-L"! 41 £ 3.3bc 10.4 = 0.7a 8.1+ 2.7a 0.8 + 0.5bc
GA; 200 mg-L"! 63 £ 9.5ab 9.8 + 0.4a 7.1 + 2.6a 1.7 + 0.3ab
GA; 500 mg-L™ 75 £ 6.6a 103 + 0.6a 83 + 4.4a 1.9 £ 0.1a
Kinetin 10 mg-L"! 16 = 8.9¢ 11.1 £ 0.9a 19.2 + 3.0a 0.4 £ 0.2¢
Kinetin 20 mg-L"' 26 + 9.8¢ 10.1 + 1.2a 4.0 £ 0.8a 0.7 £ 0.3¢c
Kinetin 40 mg-L" 22 + 6.0c 103 + 0.6a 41 + l.1a 0.5 + 0.1c
KNO; 10 mM 30 £ 3.5¢ 99 + 0.4a 7.1 + 1.2a 0.8 + 0.1bc
KNO; 20 mM 30 + 6.6¢ 10.5 + 0.9a 10.0 + 5.4a 0.8 + 0.1bc
KNO; 40 mM 35 + 9.1bc 99 + 0.8a 7.0 £ 3.3a 09 £ 0.2 ac
KCI 100 mM 19 £ 5.2¢ 11.8 £ 0.9a 8.8 + 6.4a 0.4 + 0.1¢c
KCI 200 mM 26 + 9.4c 119 + 0.8a 45 + 2.6a 0.6 £ 0.3¢
KCI 300 mM 32 £ 9.2bc 10.9 + 0.6a 44 + 3.1a 0.8 + 0.3bc

“The same letter in each column indicates no significant difference by Scheffe’s multiple range test (p < 0.05).
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A At B Faje] o] vlel] @A1s] A Urebstar, et
F e /I Eo] eIt EobdgE o7 o] A U
EPSITE Kineting 522 HA2]eh Aol A= 2|5F Hokg
S HES] Pardobds, ot Y, T1E] il oA B FA
2]} f-ojulgt Afo| 5 Kol 7] ghoktt KNOsS 5= %14
2]t Aol A= 10 mMt 20 mM A 2]12] 2| Hohgo| FA4]
2o} fojufRl 2fol & Kol R] ¢kokon 40 mM A2} -9 2E
Hrohg-2 FAje|Ato] vlal] F7ket A 0 &2 Uit KNO; A2
of wh FtobUa=eh Wrolt Y = FAf 2]kt -2 m| gk 2}
|7} ehpA] ekt ot Wolali= A lte] vls) S7kst A
o2 Yepsith KO s E 2 HAjE]eh Ao A= 100 mM
T} 200 mM A 2]2] 2F Wolgo] Faje] ket f-2ou|gt Ajo]
£ HolA] gRgtoLt, 300 mM A 2| F Wokg- FA 2+t
of H]&j 7kt Ao YR, KCl A 2]of 2 gttold
T} ot e A 2] Lo} R-oju] et Zpo 7k vhefLA] ekt
O} FopA|i= 300 mM A 2]t A Eltol] vs) kg Ao
2 ehith

o2 25T 20N sl AERAAAA, GAs,

gefuelEe] A wolol mX|L L1 AT B3} Hele] G

kinetin) 2} 7] HF(KNOs, KC)7} 521252 FAL ot 5
ol mIA = P A EQITHTable 2), TAAS S H 2 A4
23t Aol A= 2|5 Wokeo] MA|e|ahA] ob FA 2]t
ofulgh o7} §iqict, E3h, Hatdotds:, Woltd: 121
HobA]| WL A ] tet fofulgt 2fo| 7 UrehbA] gkoket GA
£ R A3 AaollAls 2 Wokgo] Al AP B
FAE| RO A YEREIL, 100mg - L3200 mg - Lo] 2%
ka2 Az Ttofl Folulet Zfo|7F i3It GA; Aef+Ho] Bt
oo} Wholt Y e -4 2ok -2 m| gt Zfo) 7} et
A 9k}, GAs M| 7H2] WAl 500 mg - L A2 7t 4]
“tol] vl @A8] A ebdaL, 200 mg - L7100 mg - L7 A
2= A= 7ho]| Zpo] 7} Gl ot A el ol Al f-ojmst
Al Z7VeFAT}. KinetinS S w82 A 2]at Aatorls 2%
Holg-S HIRS| Batdotds, okt U, 2|l Hoby &
T FA et fojuigt Afo| & Kol 7] ookt KNOyS 5=
& A2 2)5E Aol A= 10 mMI} 20 mM & 2] 7Le] & dokg
o] FA 2] Fet frofulet Afo| 5 L A] ¢hokot 40 mM A
o 2% Wokg-2 FAj gl vsf fojulstAl F7Fsklct.

Table 2. Germination rate, mean germination time, germination uniformity, and germination speed of Pseudolysimachion kiusianum
var. diamantiacum seeds pretreated with IAA, GAs, kinetin, KNOs, and KCl at 25C

Treatment Final germination rate Mean germination time Germination uniformity Germination speed
(250C) %) (day) v P
dH,O 22 + 3.5b 9.7 £ 1.3a 6.8 = 5.0a 0.6 £ 0.1b

IAA 100 mg-L”" 26 + 9.8b 9.2 + 0.6a 48 + 24a 0.7 +£ 0.3b
IAA 200 mg-L’ 31 £ 8.2b 109 + 1.2a 53 £ 1.0a 0.8 £ 0.2b
IAA 500 mg-L™"! 28 + 2.8b 9.6 = 0.9a 3.2 £ 2.0a 0.8 = 0.1b
GA; 100 mg-L"! 43 + 5.2ab 9.3 £ 0.6a 54 £ 18a 1.2 £ 0.1ab
GA; 200 mg-L"! 49 + 9.1ab 9.4 £ 03a 49 + 2.6a 1.4 + 0.2ab
GA; 500 mg-L" 69 + 7.7a 9.9 + 0.9a 8.8 £ 3.1a 1.9 + 0.2a
Kinetin 10 mg-L" 23 + 7.1b 9.2 £ 0.6a 49 + 2.8a 0.6 = 0.2b
Kinetin 20 mg-L" 29 + 8.7b 9.5 £ 0.8a 6.1 £32a 0.8 £ 0.2b
Kinetin 40 mg-L"' 25 £ 82b 9.8 £ 0.2a 9.6 £ 2.7a 0.7 £ 0.2b
KNO; 10 mM 27 + 5.9 9.6 £ 1.1a 6.7 + 3.2a 0.7 £ 0.2b
KNO; 20 mM 35 +3.3b 9.9 + 0.5a 9.1 £+ 1.6a 1.0 = 0.1b
KNO; 40 mM 41 £ 9.1ab 87 £ 0.2a 5.1 £2.5a 1.2 = 0.2ab
KCI 100 mM 31 £3.3b 10.8 = 0.8a 73 £ 22a 0.8 £ 0.1b
KCI 200 mM 34 + 4.5b 9.8 £ 0.3a 5.3 + 0.9a 09 + 0.1b
KCI 300 mM 42 + 8.7ab 10.1 £ 0.5a 12.7 + 5.6a 1.2 + 0.2ab

“The same letter in each column indicates no significant difference by Scheffe’s multiple range test (p < 0.05).

-385-



Korean J. Plant Res. 36(4) : 381~389(2023)

KNO, #2jo] w2 Bdolalsoh Wol o wls H4 270}
SOl Xfo]7h BRI SRkOLt Hob 40 mM He) et
o] Sxje] el ]3] F7He A0 Lhebgth KOS SEdE
AAIE 2ol A 100 mMT 200 mM A2 0] % Wolg
o] 42} 70} §0Ju] et Afo] 5 1ol ] IOt 300 mM A2
0] 25 Wb Aje) o] ula) F71e Aoz Lrebteh
KOl H2]o] whe Bt} olsael wol o s 2ajel 7} &
oJu]t Xfo]7} LiERLER] SRgEOLE HobAE 800 mM A2 7k
el o] uls) F7e A0 Ler

Kl
]

20C9F25C o 2 g0l AA 2|7} gl ielEo] T4
ol SAJ0] BlA| oS Fabu o8 e, 1AMk %
24 ) ABA SIS 7HA1A Mok 571 A3E Liehfol(Ha et
al , 2023; Lee et al., 2011), kinetin cytokinin®] $t 2HF &
A 0] M| ZEAT} Exlofo]] RS n|A = A BT R0 7
A UthJang et al, 2016), 124} IAAL} kinetinS B2
ejEo] Wopsk 1] $lolet GEL vlA|A) o) A
wlgh A0 SRISISITh GA F7ke] 1S Epstatn o}
E5k= =T 220 24 cytokinind} 7 Wolg £3
H‘/}_Tl &4 A QtHJang et al, 2016; Kim and Lee, 2013).
= 50 ARl BalmelEe) 2% dol gt dolE
TX']ﬂ:lLoﬂ Il f-ojufek o m SR 7R
KNOL| AABIHES 7} U2 A3 4 910] o] s

ol
A

-

100 T T T T T T T T T

Al sl THAAE AN O 2R £} vhol 22 g1E
UE) = (Nambara et a/,, 2010), KC12 priming & =
She HEA #7195 F SR dEA Ak Yun et al,
2004). KNOs= wI=oF ¥A|glo] i ae] o] ok E 74
Bl LETE 27 Ao 2% BoleS 40 mM o Auh =
7Fksitt, K19 732 100 mMI} 200 mM & A 2= a7 e]
= ool FF2 vIAA] Ao 300 mM FE= A= FHF
wobgah oAl A el T S7hAAT T Qi)
RE 811 Hel gefmel el Bl ot Wl
of YF& vIAA X WA ¢ e F3 FElE T
Ate] ok A FHElRE 913 22 A2l= GAl AL
Z sk, KNO; % KC19) &8 A 2]of uh2 Ak 7|ts)

%ZF Q1S Aoz Az}

FH - AR FA= F9 Zolo] wWEbA non—deep,
intermediate, deep .2 T3 4= QItH(Baskin and Baskin,
2004). Non—deep 2| 4512 thE Friof 5] ‘ﬂi’ﬁ &
FHZ 7HAH A0l A 9] B4 A2, GA A2 e A2 54
Ael& Foll Hobs FXE 4= QtHKwon et al., 2020), EHH

£ 24 GA, )2 53 o] ehbsis
© & X315 v} 9131(Choi and Kwak, 2017; Song et al., 2019),
+ A5-] Aol A = KNOs} KClo] g ies Ao ol
ol AE e oH GASl A2)7F o &) let. GAs
Aejof| ukE Fefjme|Ee] 27] ol P& *ELJ%EE‘ 20T 2
EolA A = A B FAjel ) 51 oAl 69l Aol
A o7t THAE| QL (Fig, 2a), 25T 2=olA= Al 5= A

non—deep FH

(a) 20 °C

—4— dH,0

80 | =—O0— GA; 100 mgL'
—t— GA; 200 mg-L!
=0~ GA; 500 mg-L!

Germination (%)

4F —0— GA; 100 mgL’ E

(b) 25 °C
-& dH,0

—— GA; 200 ng-L"
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Fig. 2. Cumulative germination rate from Pseudolysimachion kiusianum var. diamantiacum. pretreated with GAs and incubated
under temperature conditions of (a) 20°C and (b) 25°C. Concentrations of GA; were treated at 100, 200, and 500 mg-L", and
significantly increased germination rate compared to the control. Error bar means the standard deviation.
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dolysimachion kiusianum var. diamantiacum pretreated with GA; and incubated under temperature conditions of 20 C and 25C.
Error bar means the standard deviation. Plots with different letters are significantly different (Scheffe’s multiple test, p <0.05).
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