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ABSTRACT

Background: Safflower (Carthamus tinctorius L.) is a useful medicinal crop in Korea. The opti-
mal sowing time in the central region is mid-March. This study was conducted to determine the
growth characteristics according to the sowing period and number of days after sowing. This basic
data would be useful in cultivating safflower.

Methods and Results: Starting in mid-March, plants were sown 10 times at 15-day intervals.
Thirty plants were harvested from day 30. The dry weight and leaf area were measured. The seed
yield was surveyed at the time of the final harvest. Maximum relative growth rate (RGR) and net
assimilation rate (NAR) were observed in the early growth phase. Among the growth analysis
characteristics, the crop growth rate (CGR) of individual plants and leaf area index (LAI) of can-
opy were highest during the flowering period. The seed yield was highest in the fourth sowing
treatment phase (April-16th). The seed germination rate was high in the first and second sowing
treatments phase (March-16th and April-1st) due to seed decay during the rainy season.
Conclusions: Considering the rate of seed decay and germination, it is important to sow as early as
possible in the first sowing treatment phase (March-1st) and harvest before the rainy season.

Key Words: Carthamus tinctorius L., Crop Growth Rate, Growth Analysis, Seed Germination,
Seed Yield
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(Carthamus tinctorius L)< =+3}3} (Compositae)©ll At (Cox et al, 1995; Zhang et al, 1996; Espin et al.,

diA T o YA RREoz HoM iyl ZHF = 2000; Prescha et al., 2014).
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2013), FElvEelM e & @4 S Etes 9 FHES . E AR, Ad A FdEe] lom AuHZ o] A4

ANEE H8l ARESIATE (Koyama er al., 2006). ok 2y Ho olZo] Ak T Au] WS AksAES
&3} (fift)E ol WIsIE gsRI=ekdel| 55 o] of o]=dl '13: 115 ton (42 ha)e] Ao '1edoll=

dlol AWEs 952 (MFDS, 175 ton (67 ha)e] AAMEAL, '19delE 209 ton (75 ha)

ZHEol™  (Mokhtari ef al., ol 9lZze] Al GAR= QEiEQoLt AuH e

ar k&2 -1N

TG HANFRAS] o] AakElo] AR PiFo] BF F7ksh= FAloltt

geb (geh Al 5= SR ARS8k 715 (MAFRA, 2020). 28u} qidbe]] wlste] 7k Z3A=o] of
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sol QP S A Fute] Bad kgAE F sht
oI,

el et sizel A 717} shel s o)
29 gobe) me] sp] P dda) T4 RIS e

7] wiel ¥ A71E SBA AAsAY A ‘317]'%]0}—1‘

2 APl 55 o] &3t Aotk - AuiA] FEETE S
10 a @ &% 6,705 AY¥oE 3,675 Dl =4 thH] 82%
T A5 S ol F Yo (Kim er al, 1999), Al
A o] AzslE aEsfof s fAHE-S EFS Wlﬂ
Q1 AJAH] 35 FAE GOl Folof gt A ME

Az SlEe] §F AFE fsl AleS A +§} B
S8 A (protecting cap)ye ©]&3l] FAEE HIdl 4

=

=i Al Fo

| =991 (Oh et al., 2020), @A ThFst 7|30
FEFEE 54 A 18 ol
E FoNE FHHmelM e WolhgdsTt
grom A 717kl 100 & o|HE Fo}
71A% 7hsaltt. AL wolsha FAL
?% FE7Pt GEed ol wol & 3
FAFe 0ol A FAEn ofazEH §
g kst o] FrkelalaL, East A
ESA S FAAA FA ] EX
Aoz BAIFSTH (Shirvani et al., 2016).
5N 7Y (hydrotime modelyS ©]-&3le] F2} 1+
2dS vtes A97E AR, o] A
SHoA e Q13 AulEe] Wols o
< T5S }"i_’ (Tabatabaei and Ansari,
1L° Ol*‘lOP@l 7R 2x

oo} 51 FuAe)

o

s

[e

=y

3]

.Q_
=22 o

FeS A3 (Bidgoly e al., 2018).
5 RS A% WA A7l wet 3A Waked) ol
2o )3t e BES Aot} ZAE AL 160 AJAk

A3} 87 golzle] AL 98] AAEH (Mon51 1960;
Evans and Hughes, 1962), |23 F3lEde] HfF, #d] 2
=R W3yt T AAZE o)8 Uty _/,:%kL:_ H3HA

Ht} (Pooter et al., 1990; Heuvelink and Buiskool, 1995).

B Ae v S AL sl g AR o
7 3Y Z5S AFow g 7HHo 7 Edle] S EA
A= A B 2 A Alls g9l 7 X}E
= $85kux A s,

Mz 9
1. N M2
Aol At FYNANSATY ISR kg8

Hargollxd 20193 zFsto] “d=ol

(Eumseong, Korea) A&
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| AWE SMTF ZASAAY
A B BASE Q1Z (Carthamus tinctorius L) SAE ©]&
aiaict. fElvet A ol B A= dEkl 3 5
T (3¥ 169)2 AlFez s8Y 10177}x] 152 71807 A9
R A Ausi, 9 = 30 €A EHe 27 15
o o= 10 74 3 WO R FEste] ARSI

2. Ayl 4hH

A2 A= 1 m ol 3 &, 2=
= 15 em 2 ate] TESIAL, TR 10 YUFF AR
o 1 F 1 BEog £S3Ith AlHlE 10 ad 4 10 kg,
AL 7 kg, ZE] 7 kg S HRlom HAHLS ool Zjogd
AR IS olgsto] TESIANL FHAE flot] 1%

30 cm, F7HA
==

ol A x HAS s
3. MHEH TA

Slze] AAEAL AR 35 AZIE (1 & - 10 2 2
95 5 A4 (DAS, days after sowing)oll W} Y= ATk
oF T 30 do] E© AHNH 15 Y 7L731—~§ 10 54 3 b

Hog J=3lale] Qo] AxEr] A
Z7], e, £ 292 BFs AE
M3l Q3 AALeT AAXLS

A B AR (AWS)E o]&3iTt. A

o] 65COIA 24 A7 A% T BAZ 243

WindDIAS image analysis system (Delta-T, ADC, London,
England)S ©]&-3sle] SAsIitt

EEEREN G

HE TNee 24 (em), 7373 (), FFEAT 1A,
TS (1A, %%‘%J? ON/A), MHE (g/looa) =7
FF (kg/10ayS FAIBIGAL FEE 7 AAAA B4E A4

ST

4. ZX}t L0l A

oAl 2 90 mm x 15 mm petri-dish (SPL Inc., Pocheon,
Korea)®ll filter paper (Whatman, Buckinghamshire England)
g 23 Hadt SRTE SRS A F 50 ¥ 4 nkEo=
Adsted AR 2ol Tk F9E $3L 2 mn oY
e 2 wobe] s1F0E ste] mjd AT

Petri-dish= A Zd8|o]Z2 UB3k] 20C growth chamger
(Multi-Room  Incubator, Vision Scientific Ltd., Bucheon,
Korea)oll A1 12 AIZF 33/12 AIZF & 2702 A5t

Akl =84t (linoleic acid)¥ =d|4F
(oleic ac1d)9] 4 A H5te] FAF AIEE 05 cme] =
712 At £ freeze Mill FH|E ©]-8-3f] e ' AJH
2 Azt

\_='.
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Table 1. Gas chromatography analysis condition of linoleic acid and oleic acid in Safflower seeds.

Column
Injector temperature 250T

Oven temp.

Agilent DB-23 GC Column (60 mm x 0.25 mm X 0.25 /m)

50C (1 min hold) = 130C (25 C/min, 0 min hold) = 170C (8'C/min, 0 min hold) —

215C (1.5 C/min, 0 min hold) = 250C (5C/min, 5 min hold)

Injection 1 14 (spilt ratio 10)

Detector

FID (2807C, H2 35, Air 350, He 35 m{/min)

A& 0.5 g& Teflon cape] U= 4 ml vpo|gol H7is}t
Som AT Al internal standard (ISTD)S $HAl 715k
t}. Methylation mixture [MeOH : : DMP (2,2-
dimethoxy-propane) : H,SO, = 39 : 20 : 5 : 2] & 2 md
heptane 1 ml S o] EE F 80TColA 2 A7+ &3 &
0.2 ym FEIE o]& oAFg T F2 Yt 49 F F
oM ATAE dBF FE31] Agilent 7890A (Agilent,
Santa Clara, CA, USA)E ©]&3}¢] GC-FID (GC with
Flame Ionization Detector) 2 #4312 GC ¥4ZAS
Table 13+ 7t}

benzen

6. ZISAHAIA

O

e

@t

5 AFE 7Hte g TA g AES) o
g AEFC] 37 HEE UeRe AEQ AHEEE (RGR,
relative growth rate), @$A17H} A gt AT =
7} 4591 5318 (NAR, net assimilation rate), &% X%
HAG gude] v&S Jehlle JHAAT (LAL leaf area
index), TIAZE T FHAA ] g AEFS] T7F £=2
ZHEA7E (CGR, crop growth rate) 52 ol|2] 2]of wke}
AESIA AL (Evans, 1972), Q1% H-98 AE9] AAE wHs),
APgel At AEFS] ¥ T/RE (ratio of aboveground
to root biomass) ¥ F¥A 71} ¥FEY 71T AE

% H] P/N& (photosynthetic organ and non-photosynthetic
organ dry weight ratioys ZAFSIATH.

fints r
g
2
:i
)

Relative growth rate, RGR (g/g/day)
= (Zn Wz—l}’l W])/(tz—tl)

Net assimilation rate, NAR (g/m?day)
= [(W2— W)(in LAy—In LA))/[(— t))(LA2— LAY)]

Leaf area index, LAI (m*m?)
— [(LAs+LA,)/2][1/GA]

Crop growth rate, CGR (g/m%day) = NAR x LAI
Woot Wie b, ] AEF, LA S LA 6, (W] ¢
1A

WA, LW.9F LWL ), pHle] 5%, GAE o] Hi 3l
= 9Ede Vet

¢

¢

7. S 24

SAEA L SAS Enterprise 7.1 (SAS Institute Incoppor-
ation, Cary, NC, USA) ZZ IS Algslo] JYEAHEA]
(One-way ANOVA)S 3}%0 3, Duncan’s Multiple Range
Test (DMRT, p < 0.05)5 ©]&3l] A 7+ Hagke] #2
84S AR A

s T

1. OB ADIE =01, JHSi! U JlsEii=E

St THAY S (Carthamus tinctorius L)) 35
27191 39 1698 AFe g 15 Y 7Hhes & 10 =l 4
A AFAS W Fota8dg= 1 A - 3 A A= 9
A - 10 ¥ol 28FHUOY TF A7} ZojdE 7haste]
4 2} 7F o] T2 3 Yol 28 FUT} (Table 2).

1 2} 35 A& AR St dTE A A3t A
2oll= 84 Yol g EF oY TF A7V} ZolASE st
= A%E 2o 40 Ao $9ke YeRth 7)1 3 AlE
(AWS)ll 2™ 9lZ A& Al7)e] HF 7122 394 7.0C,
49 10.27C, 5¥€9 17.8TC, 6¥0ll 23.4C 28] 7€) 23.1
TE Jelith (KMA, 2020). SHA 715 glZ2e] A8-&
39 IS RO R 6 - 7E7A] olojR|=t AlZke] Aol
wgl it 7)o L] wie] AS7] 712 oAl
1=

Zo} o] $HE A FPiket 255 BHUS W 1 2 I
% AgelE 26,1192CHE A4 7R3l 5 21 9 A2
oA 21,307.2CH2Y 6 2 95 X2 FE T 718l 10
2 229l 89 1Y ol E 269184C7HA] F713iTt.

2 Fo] FARs gk L, akA, £ Fo] FojRH
olsl=d] Ha 257t 7.0CE e 3Yoll= o £9%0] 9
A2 Ao} HFewr} 17.8C2 5Y0E 4 Yubol] Zol3t
Aoz Yeht, Folhe iy 27t Aok & 5 Stk

Ankz oz 2 E9] 73} vk ofo] JgS Ho] wh=
o AS7] 2E7F SEp7PAA SlEddM = AR RS @
Al dl A8FE d47F SEAUTE AZe] e Y
Aol AUl et 2Pt B EICH (Dajue and
Mundel, 1996), 1 2} 35& Ao 2 U2 245 /i3t




oS AP WE olxe|

22USTL EOjESOH, 62 T o1F Y] A4 SHE A
o] Folls T 7o) wojzdel whet sishrt A= A
st UrE ] S718I3ATE (Table 2).
2. OiE AD|E ol Mgl

o AHEE o] 8shs FEAEFHE g SlES A
5 ARl ZHEol7ol] AP ASo] Faslt) sl
I FAE ) AER AREEXNE SRR EA 0] 7HX] W
ofug} oA} FAk= 287 s FeloA Al | AFo s
A 7 =t

% X SN

IO

o

a

ro

ml
=

39 168 AR 15 Y o2 IEsles o, 1 A
g Aele 7 64 Fgsle] F 112 o ASsiglen,
7] =& 93.6 cm, A7 124 mn, FHEEAF 155 =2
£ Azglel] nlate] AT 5490 $-53813lTh (Table 3).

o]F S doe 2 2 vF Aol F 98 4, 3 2 It

% Aol 07 9L AA 5 A Aol 73 A ezt
7} olF T B7keke ABE Rl ok NS}

Hasirt S7veke A FAKEICH (Table 2), 571

A% ST}

SAT AN
257t AS 717k FEE mxl o= AZEL
APe] B73e 1 A4 3 Mol 124 mmE thE
2ol vlste] feolFoz Eom, Bx4E 3 A 2
Agolx 147 7| —149 /& T2 ARt FolFoz =9
th 8 2k 2 9 2 Hle AHAA 797 gl Auplel
z7] Agol AA F3lE AuA] Estal A AL AT
th 10 2} 95 Ae AS7] 227t Rolyld wet A d
F7F TAl ZojAA 107 97 F7HeIon S &= 73
3 9 HIFORE 3t EH HF 59 ol F = A A%
S oloj7kA] EEom, 2 26.8 cm, A7 4.1 mm, A
24 N2 O 3 A vlsl] A5 AFEe] AWEoR
ST} (Table 3).
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4 %

o

i

3. WS ADIE o2 24 54

T3} (fibye oo Fow tRIFdd 550 of
S AAS 552 WEe ol AWl (MFDS, 2020),

T3 GLET e ol TAE tighlsekdelghel (Jof)
AR FEEo] Az AMgs TR 7IE Aduele @

pu

.

Table 2. Number of days to emergence, flowering and cumulative temperature on flowering by the sowing date.

Sowing Emergence date No. of days to Flowering date No.ofdaysto  Cumulative temperature
date emergence flowering on flowering (C)
Mar-16 Mar-25 9 Jun-8 84 26119.2
Apr-1 Apr-12 11 Jun-12 72 24535.2
Apr-16 Apr-26 10 Jun-16 61 23284.8
May-1 May-5 4 Jun-22 52 22788.0
May-15 May-19 4 Jun-29 45 21307.2
Jun-1 Jun-4 3 Jul-14 43 21972.0
Jun-16 Jun-19 3 Aug-2 47 24062.4
Jul-1 Jul-4 3 Aug-16 46 24252.0
Jul-16 Jul-16 3 Sep-1 47 26157.6
Aug-1 Aug-1 2 Sep-18 48 26918.4

Table 3. Harvest date, growth days and aerial part growth characteristics by the sowing date.

Sowing date Harvest date Growth days Plan‘([clti? gth Stem ((Ijn irenl)meter No. of branches
st Jul-6 112 93.6° 12.4° 15.5°
2nd Jul-8 98 85.8° 10.8° 12.2°
3rd Jul-22 97 71.9¢ 9.1« 14,92
4th Jul-22 82 71.8° 10.2° 14.72
5th Jul-27 73 70.6° 9.9 13.3%
6th Aug-14 74 57.69 8.7¢ 9.3¢
7th Aug-31 76 57.6¢ 7.4¢ 8.6
10th Nov-16 107 26.8° 4.1 2.4

Sowing date; 1st (Mar-16), 2nd (Apr-1), 3th (Apr-16), 4th (May-1), 5th (May-15), 6th (Jun-1), 7th (Jun-16), 10th (Aug-1). "Means separation within

columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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gk, oL A A lew tofek st &

e Mt (Cox et al, 1995; Zhang et al., 1996;
Espin et al., 2000; Prescha et al., 2014). S1¥&2 HZF 3%
o] FAtel7] wiEel] & AlFe] s Aol wE Ad 54
= Hlaske Zlo] Zasit)

% FETsre 3 A AT 225 AR tE Aol Hls)
Frojdew wten FEHsE 1 A A7t 5515 W= A
oJFoF EQlt} (Table 4). WHT (¢/1004) 4 =} 2o
X 44 go = Lo og =9rom glito] S-S Uehl:=
AFERD FA BAF (kg/10ay> 4 =} 22]ellA] 304.0 kg/10a,
3 2k Azelld 2853 kg/l10a® T Aol Hlste] folxo

Z =94t} (Table 4).

&2, 3= 480l 9

sy
_

ofr

=

(E|SR| - 2R - W

]

ol F4de] wen, 4 2 He AT EC] 9.7%E 1
2k, 3 &l Hlsl] =Tk wEbA WEE (/1008 )y 4 2 A
oA ERo} EARI L] 9.7%= 1 2 Z 2 2} 2T
Ha| gobr wolgo] Auidow e Zloz el &
AR LS 5 ZoNA 163%, 6 ZFolA 357%, 7 XFllA
T80%E T A7I7F RIS felHom Skske Ae
& Ao w6z, 7 x} Al o Aol Hls|
Wolgo] fojFom o Zog FEHL

Holg-2 1 xpellA] 5 xp7ER| 9] AE]ox] thE Aol H]s)
freldoz motom A8l Fxle] wolg9l 80%S UE}
Wok zeuh o] 80%He] ol 95% olds WERH
20199 AF FAjol|l Hlstd= O™ (data not shown),

T R

H o] QLo T o)k, oA dF, T5E, 20201 AEHHQ] Aute] o] F o= Azt
AYFol dom o590 o= Fafo] FaAA =W, 7 SlFe] T} A4 A ARE 7He| Al B4 A,
o|A7E WAL o)A TF Wom S5l i st BE ¥4 7 xR folg AAAAZE Al (Table 5),
APFo] =5 W 5] ZoAAl == Aol 53] A 7 (kg/10a)e] AN FEHT, HES,

Sl3e] 739 FITFIE 3 Al folFoR E9ka, F FETs= %Ur Ao Hlsle] =2 FodS BT
FHTE 1 A 3 2F 4 2 Aol fejHom Btk 5 wEbA] FEHE7E BAL WgFo] 2 JHAE Aldste]
TS el $A AR 3304 285.3 kg/10a, 4 =}l Zxow 7%@}% AU 3o FYTSIEE ol 3
A 304.0 kg/10a2 =T} A S A S ot FHE =Y T e AR A}

ey Sl JshA Y] A39-o] dde] o] FAF Tl A=
o] 2 & HFolA 3.7%= thE Al H|g] folFo=
Table 4. Characteristics of flowering and fruiting by the sowing date.

Sc()jv;/gg No. of flowers No. of seeds ?g/:z% (\)/:ggggst) S(ci{eg(%y(i)il)d Seed d(‘e%c)ay rate Germirzia/gon rate
1st 18.3" 551.5% 3.7¢ 269.3% 6.3% 86.5°
2nd 12.3 447.7° 3.8¢ 233.3% 3.7% 87.5°
3rd 22.5° 532.4% 4.0 285.3° 7.0 83.0°
4th 19.0% 537.6% 4.4 304.0° 9.7 80.5°
5th 14.0° 356.3° 4.1° 197.3¢ 16.3° 82.0°
6th 9.7¢% 161.7¢ 2.5 49.3¢ 35.7¢ 14.5¢
7th 8.1° 27.3¢ 1.9 8.0° 78.01 36.5°
10th 2.8 11.4¢° 2.28 4.0° 29.34 -

Sowing date; 1st (Mar-16), 2nd (Apr-1), 3th (Apr-16), 4th (May-1), 5th (May-15), 6th (Jun-1), 7th Jun-16), 10th (Aug-1). "Means separation within

columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 5. Correlation coefficients among the growth characteristics.

Growth characteristics Shoot No. of No. of No. of Seed weight
length (cm) branches flowers seeds (g/100seeds)
No. of branches 0.89™
No. of flowers 0.74" 0.94”
No. of seeds 0.83" 0917 0917
Seed weight (g/100seeds) 069" 0807 0.79" 0.91"
Seed yield (kg/10a) 0.79" 0.89" 091" [0S 0.94”

Zz¥x %
’

significant at p = 0.01, 0.05, respectively.
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4. TS ADIY O BX} XI9at Bre
slzze] W A7 EAel BEIAPAR) 2fai
gobel Fe BAS An 1 A 9% Azl sl

138.0 ppm, <4+ 16.4 ppmeE Tt 35 Aol H]sle]
fFrejHoR E=gon aF A7|7F o] S 7)7ke] ol

5 o] sk AES vERloH gkl Sdike
A BlEe oF 8 ¢ 19| S|FEUTt (Table 6).

Slze] APt dhge ASYSU 7P ARd 1 A w3
AgoA the B Eel] Hlste] felHoR mgon A&
AF7F 7P AR 10 2F 95 Aok delA] 10 vl o]
& A7k WTh (Table 6). S5 FefA|EA 9] 7FA] &t of

13} oA FAE 28T F o] AFLEAY T E

, 1 2 35 AolA] Ak o] oma AFO
ixu 77y 7P oAl & ¢ QU

5. B AP uks —?— S0l W2 o2 §9E HEF
R A R 01] w2 glzze] 9 Z7), g,

o] Ko AZALIS Fig. 1014 B vle} 2t} A7

2020 69 THEE= iUl 715 vt AlAbsle 8

2+ (71 3) 29 2} (716 35) A= Zd NAZF SLAkst
o] &S W3t AFollA A=A Al o]F o]ojzl HF
A7) AME-AL717F 22D 5 2} (515 3) 26 ZH6/1
) A= *3%01 UHT Az3itt (Fig. 1E, F).

I T A AEF Wil 719 BEE £ W %
z7ldle 9, £71 ‘;‘ ““FM I A7 FATY STVt
7} Alzko] Z3gtel] wEt FhaslHAl A AT £
Hlgo| F7khe 43S U (Fig. 1)

1 24 35 Aol g5 & 30 Lol U 011 g E71
0.01 g, ¥ 001 goloy 45 o 7} 138 g, 0.19 g,
0.13 g& YERIAL, 60 Dol 4.83 g 3.86 g, 128 g7HAl
Aot (Fig. 1A), o] A7l ofd sh= dojubA] 2%

TS A

Table 6. Contents of linoleic acid and oleic aced by the sowing

date.
Sowing date Linoleic acid (ppm)  Oleic acid (ppm)
1st 138.0° 16.4°
2nd 106.1° 12.6
3rd 90.9¢ 11.6%
4th 110.1° 12.6°
5th 98.1%¢ 10.8¢
6th 37.5¢ 6.2¢
7th 62.2¢ 11.9%
10th 12.7* 1.7¢

Sowing date; 1st (Mar-16), 2nd (Apr-1), 3th (Apr-16), 4th (May-1), 5th
(May-15), 6th (Jun-1), 7th (Jun-16), 10th (Aug-1). "Means separation
within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).

129

S

T} (Table 2). T& ¥ 759AFH i}ilﬂ ?‘E* A 3o
FA &) rhsste] s & 75del S, £71, %, £
FAE 858 g 17.69 g, 3.66 g, 3.60 gdon = FT 90
Aol 6.89 g, 2422 g 479 g, 17.65 g_i R R A
HHE Vel ol 3% § 105°‘oﬂ
632 g 2077 g 451 g & 743
23.13 g2 & A% A5 (Fig. 1A).

Qe 3} FAE A ABR B AYIE A
HEANA o] AAFR T vlEe ASHOR FTRI

o As7E AlFE o) 5 12%9014 73%7HA] S7FekdTE 1 b
WEL S 5 75 AFE A A1) A 2o 7bs
Fort (Fig. 1A), 2 2 9% Age M3t F 60 4737
Z7go] 7Fedal (Fig. 1B) 3 =}, 4 2 3% H2le Mt &
45 Y7A5E 40| 7FsdTk (Fig. 1C, D). ol AS57] &
w7} Skl wet s e S GAdske o ek 717k
o] Folxl AR FEHT (Table 1).

[==]

)

al

2y

|' Aljlu:l 010175' ol .;l =
"% Aol 4eas QB AR FAE (109
o] 200 kg/10a ool E 1 A Mar-16), 2 =} (Apr-1), 3

i} (Apr-16), 4 2} (May-1) o5 Aol thste] FHZ - 71
-4 tﬂ.ﬁ} S ZARIAY (Fig. 2 and Table 3).
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H|=g 43S JERT (Fig. 2).
Zol 3l guiZe] WErE FFPH &
w3} £e ity BaEdt
(Buchanan-Wollaston, 1997). Z2it}7} o] =3leHA] 3
Ao EdlEed o] A7l 4 7 3 AN BF
T 60 A - 75 Y AFoH, AT gUYRT FIEE
NZ17F A Eo] 1 xpollA] 3 2} HE7AE 9 3 90 o
4 2} A2l 60 ol A o] gasE A=
FUYG o1F A Fo 7 A3Ee AT FAISH o] Al
7158 3tE 3)e] FA 4ol 7Fsekith (Fig. 1).
uebr] grdo] sk A7l A7) (sink) S 25 E
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Fig. 1. Dry weight of leaf, stem, root and bud (flower) accordmg to days after sowing (DAS) by sowmg date A); sowmg date is

Mar-16 (1st), (B); Apr- (2nd), (C); Apr-16 (3th), (D); May-1 (4th), (E); May-15 (5th

1 (10th).

Z7Vele ¢S BT (Fig 3B - D).

%3}713%  (photosynthetic organ)¥} H]53}7]#  (non-
photosynthetic organ)2] Y88 YER+= PN &2 35 A7
v g & A ol AAlgle] Aol Hlgo] Aalte] Hlst

o 25 EJT (Fig. 3). 3 2, 4 = 35 A7t 1, 2
2} A 2lol] vgte] TR &o] A5 FHHEe] E9k=t] o= A

§7] Ao Qlete] PGl e devl=

F); Jun-1 (6th), (G); Jun-16 (7th), (H); Aug-

717ko] HH o R Frof A He] AEI0] EslE Zlo®
FE2¥0 (Table 1).

kg AE WMo XSRS o]gdls ok FER g
7 TR&®] 7P Edthal BaElon (Kim er al, 2014),
12 ole} AtEA Asr] o)$kA] Es] Fvlele At
£ veRlth

53}713% (photosynthetic organ)?} H]53}7|2 (non-photo-
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Fig. 2. Leaf area and dry weight according to days after sowing (DAS) by sowing date. (A); sowing date is Mar-16, (B); Apr-1, (C);
Apr-16, (D); May-1.
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Fig. 3. Ratio of aboveground to root biomass (T/R ratio) and photosynthetic organ and non-photosynthetic organ dry weight ratio
(P/N ratio) according to days after sowing (DAS) by sowing date. (A); sowing date is Mar-16, (B); Apr-1, (O); Apr-16, (D);
May-1.
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Fig. 4. Relative growth rate (RGR) and net assimilation rate (NAR) according to days after sowing (DAS) by sowing date. (A);
sowing date is Mar-16, (B); Apr-1, (C); Apr-16, (D); May-1.
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Fig. 5. Crop growth rate (CGR) and leaf area index (LAl) according to days after sowing (DAS) by sowing date.

Mar-16, (B); Apr-1, (C); Apr-16, (D); May-1.
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