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Development of Synthetic Variety of Sunflower

Two experiments were carried out during 1997 — 1999 to evaluate synthetic varieties
derived from 13 high oil sunflower lines. These lines were separated into different groups
according to oil content. Within each group, synthetic varietics were developed by controlled
crossing and open pollination. Ten synthetic varieties developed thereby and two checks entries,
DOA synthetic and Pacific 33, were tested in two seasons in 1998 — 1999, The results showed
that synthetic varieties developed flower earlier and were shorter than Pacific 33, the check
variety. However, the synthctics exhibited a longer range of flowering and were more variable in
height than the check. The score for head quality showed that most synthetics gave similar score
tu the check and a synthetic variety from the Department of Agriculture. Seed size of synthetic
varieties ranged from 531 — 6.17 grams/100 seeds, whereas that of Pacific 33 was 5.41
grams/100 seeds. Seed vield of synthetic variety Low oil (op) was as high as 365.67 kg/rai,
whereas that of Pacific 33 was 305 kg/rai. The resuils from two seasons showed that most
synthetics gave similar oii content to Pacific 33. This experiment showed the potential of these

synthetics and that further development is required.
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Errer 33 $.13 10.82 138.51 0.14 0.76
CV(%) 23.90 16.90 7.10 12.20 15.50

0 = @ANRTIANNENA THIZAY 0.05 1az 0.01 MUTIAY

15



16

= e &t ot d o <
MW 422 sgmsesnasnyesnun: Tutlusinlulgadeneninu 50 uas 100 leSidva

TumsdgmiSoufauugaian 1 3 wa. 2542

Wog pigmseanaentiuniniulge
BWADNUIH 50 % BIYRDNUIH 100 %
( AU oo )
1. High oil 1 {cross) 57 de 64 ef
2. High oil | {(op) 53f 60 g
3. High o1l 2 {cross} 64 b 69 cd
4. High oil 2 {op) 58d 67 de
5. Medium oil ! (cross) 6lc 67 de
6. Medium oi] 1 {op) 60 cd 69 cd
7. Medium oil 2 {cross) 55b 70 <d
8. Medium oil 2 (op) 64 b 71 be
9. Low oil {cross} 55ef 62 fo
10. Low oil {op) 58d 63 f
11. Pacific 33 la 76 a
12. Synthetic Variety (RTHIATIABAY) 64 b 74 ab
Aundy 61 68

=

O Sy U eI Ld 10 nE R AU IR N LUANA1AN 1T AN

19855 DMRT (Duncan's Multiple Range Test)

16

ar

LA 0.05 1InMTIfTouhow
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AT 4.2.3 5202101980A0ATRIMEAZ AN THUABALTAMNLANABNU 50 uas 100

é o o o =
wosidua TumsgaSoudiauiugniedi 1 T v, 2502

ug ognseanaentiuNnTuaeausniu
JTHTIMADNUIU 50 Y% IzHZITIABNLNH 100 %
(rmmmrmm e e PITRE )
i. High oii | {cross) 15a 21 abe
2. High oil 1 {op) liab 18 bed
3. High oil 2 (cross) 15a 20 abe
4. High oil 2 (op} 11 ab 20 abe
5. Medium o1} | (cross) 8 be 14 de
6. Medium oil 1 (op) 13 ab 22 ab
7. Medium oil 2 (cross) 11 ab 16 cd
8. Medium oil 2 (op) ida 21 abe
9 Low oil (cross) 15a 21 abe
10. Low oil {(op) 152 21 abe
11. Pacific 33 5¢ t0e
12. Synthetic Variety (NS3%101510HAT) t5a 25a
At 12 19

& 3 ] * \ -
o é"}m‘li11&1!11'3&!’3%9]'lll??{’.iﬂﬂuﬂ‘k;5%ﬂ15ﬂu11ﬂ’3'ﬁJiMﬂﬂNﬂNﬁﬂﬁﬂ‘igﬂﬂ 0.05 Mnmsfsendfoy

T#67% DMRT (Duncan's Multiple Range Test)

17
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=
MIN

4.2.4 anugavasiidumiuns Tudioosnnanlumsion3eumfisougased 1
1 w.a. 2542
Tug mmq\waaﬁﬁmﬁaaanﬂaﬂ ”'
{mmmmmnmmmnmnnnes VLTI T —— }
t. High oil 1 (cross) 163.35 cd
3. Highoil 1 {op) 153.32 cd
3. High oil 2 (cross) 160.80 cd
4. High oil 2 {op} 165.52 bed
5. Medium oil 1 (cross} 161.17 cd
6. Medium oil 1 (op) 169.28 be
7. Medium cil 2 (cross) 168.50 be
8. Medium oil 2 {op) i47.99 d
9, Low oil {cross) 146.64 d
it Low oil (op} 169.62 be
11. Pacific 33 207.44 a
12. Synthetic Variety (NSUIIMFNYAT) 182.47 b
Aunde 166.34

1
=

» [ 1
0 goaalunuidsiatuaednesiaadulanuiana1an 1 eRang

1835 DMRT (Duncan's Multipe Range Test)

18

261 0.05 91Nl suioy



c; QL U <3 3 a
MINH 425 danarvredtausanugsvesdnwlSeumeuiuiugu3ila 33 Tu

arstfFoufoy Wugean 1 Uwe, 2542

Vg i 1 H1# 2 17 3 15 4 i
1. High oil 1 (cross) 537+ 1.43 4.50* 1.52 3.21%
2. High oil 1 (op) 3.54% 0.89 3.52% 1.72 2.42
3. High oil 2 (eross) 10.07%* 2.5 4.01* 371% 5.08*
4. High oil 2 (op} B.36%* 2.22 1.42 6.56%*  4.64%
5. Medium oil 1 (cross} .57 0.94 2.54 3.59% 3.6
6. Medium oil 1 (op) 11.95%#* 1.69 5.74%% 3.86* 5.82%*
7. Medium oil Z (cross) 5.04% 1.02 589 3.12% 3.77*
8. Medium oil 2 (op) 6.97%* 1.15 6.06%* 4.89* 4.77*
9, Low oil {cross) 6.84% 1.36 7.52%% 4.44% 5.04*
10, Low oil (op) 9,31+ 1.56 4.71% 1.74 433*
11. Pacific 33 (30.36)  (310.14) (81.51)  (126.67) -
12. Synthetic Variety 6.43%% 242 T 4.56* 5.13%
(AFNFTIMINBAT)
_ LandeEAR IuTESY 0,05 1Az 0.01 AARY

g skok

[EV g g = ® = o wo o
Frav U uHEAIATINTHUEYDIRURIIATEIU
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maeh 4.2.6 nzmuuglnsanenmunzTulumsdganSouReuiugesen 1 T w2542

g snuusinsenen
{ FZUUY ——mmmmmmmmemmon )
1. High oil 1 (cross) 312a
2. High oil 1 (op) 327a
3. High oil 2 {cross) 305z
4. High oil 2 (op) 3,153
5. Medium oil 1 {cross} 387a:
6. Medium oil  (op) 3.25be
7. Medium ot} 2 (cross) 3.40 ab
8. Medium o 2 (op) 2.55d
9. Low o1l {cross) 2.87 bed
10. Low otl {(op) 277 cd
11. Pacific 33 3.35abe
12. Synthetic Variety (D343 111510HAT) 2.85 bed
Aundo RV

0 e TR M NARee NI AR 1A UTIAT IR 1AM DANT =AY 0.05 11 1silT ooy

Tas3% DMRT (Duncan's Muttiple Ragne Test)
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MINA 4.2.7 dinin 100 wdavesmuss TilunsdganfSeumfouiugaied 15 voa. 2542

a

Tug Yiwtin 100 mda @
(mmmmmmm oo I T
1. High oil 1 {cross) 559a
2. High oil 1 (op) 5.78 a
3. High oil 2 {cross) 5.56a
4. High oil 2 (op) 531la
5. Medium oil | {cross) 5752
6. Medium oil 1 (op) - 5.65a
7. Medium cil 2 {(cross) 5492
8. Medium oil 2 (op) 5.08a
9. Low oil (cross) 6.17 a
10. Low oil {op) 552a
11. Pacific 33 541 a
12. Synthetic Variety (N51291019103A5) 6.31a
Andy 5.63

D grauluuuadsnnudss nys A et uliaNuuana e adans iy 0.05 1nmsafouiie

Ta875 DMRT (Duncan’s Multiple Ragne Test)

21
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o o T = Jd 3 t < os o4 v oo d £y
MITIN 4.2.8 mm:mmanu‘smm&mumuauﬁﬂmmaﬂ‘nmmmmﬂ%‘ﬂnmﬂunnwuz‘;asﬂmv&ﬂ
3

LIS}

Tunsneaounsan 1 e, 2542

Wus diit 1 i 2 4 3 1 4 (e

1. High oil 1 (cross) 5.64%% 4.62% 3.81* 1.60 3.92%
2. High oil 1 {op) 4.06% 10.38** 3.21% 2.38 5.01*
3. High oil 2 (cross) 6.78%* 22,07%* g.55%* 4.27% 10.42%*
4. High oil 2 {op) 8.33%* 6.62%% 4.99% 5.66%% 6.40%*
5. Medium 01l 1 (cross) 6.53%* 2.75 2.06 2.27 3.40%
6. Medium oil 1 (op) 3.71* 3.36% 4.80%* 4.29% 4.04°%
7. Medium oil 2 (cross) 4.17% 7.36%%* B.20%* 4.38*% 6.03%*
8. Medium oil 2 (op) 4.97* 2.53 7.59%+* 2.95 4.51*
9. Low oil (cross) 4.81% Q. 38%* 4.19% 3.02 5.34%
10. Low oi! (op) 7.89%% 7.98%* £.64% 2.5 5.82%%
11. Pacific 33 {2.82) (3.04) (231 (6.74; -
12. Synthetic Variety 2.09 2.57 3.61% 1.94 2.55

(RFUINIMINBAT)

&% = |IANATINIIE0A LUTEAL 0.05 1182 0.01 A1ud ey

1) « 9 [ 3 = o @ o
@um‘uhmLa111Lamﬂnmﬂu%aewu‘gmm 3t
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¢S

ﬂ' i § = d: o o (v = ar 7 d‘
19190 4.2.9 HJa‘iE“ﬁuﬂu?uu"Uf’]\‘llﬂaﬂﬂﬂ—iﬂﬁ'}‘!ﬂuﬂ'ﬁﬂE}ﬂ!ﬂ%ﬂﬂ!ﬂﬂﬂwuﬁﬂiﬁﬂ1

a

U w.e1. 2542
Wug ilodiudvindi
————————————————— R VY -
1. High oil | (cross) 35.58 %
2. High oil § (op) 39.19 y
3. High oil 2 (cross) 36..7’.3 i
4. High oil 2 {op) 3524 4
3. Medium oil 1 {cross) 34,870 1
6. Medium otl 1 (op) 3531 ©
7. Medium ot 2 {cross) 38.65
8. Medium oil 2 {op) 3513 ¢
9. Low oil {c10ss) 3819 =
10. Low oil {op) 3737 &
1. Pacific 33 3722 %
12. Synthetic Variety (ASH35 1915 1ABAT) 35.15 =
Amag 36.55

23
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4.3 wamsnaasamaifsumsuiuiaia 2

43.1 MmIInneANGrudvesdnyama g vemuaziu

W
¢ e

a '3 a t o & P a
MSN AT IR T suTYRednYaIZAN 9 vesmuas i SullSsufiewiug n5ai 2 uaadls

q

Tums1edl 4.3.1 dnvazvesszeznainiseenaeniunaTuusadsTueanaen 50 uay 100 nesFud

ey as o o H t aa or 1 u’: -
waz dhminudaveaiug hilinwuendalumesda Siflesdruuzanugauazglnsaaonsniud
UANAIRINIADA (P < 0.01)

d o &
4.3.2 21geRnAen 50 4az 100 wosetua
pesnsemivnniulgnieTunsnunu 50 uaz 100 wlesdudvesmungiuiugeie ¢
uaad Hlua11e 432 flowmseenaonado 105 uaz 108 Tumudidy egosnaen 50 alofidud
4 $
muaziuiuiduaszii lMemnmanauiugie 9 Wug uasiusdunneivesnndnmsineas §
o5 T ' ar 1 o = 2 T
pwmseenasn 50 wedidudedisndie 102 - 108 Tu Gantwiuiuldila 33 FadlutugulFou
a1 4 ' aa o ar o R . P
oy Fawmndwneadaluszdy 005 Wufduaswd High oil 1 (op) Tawmavanaensifigafio
102 Tu Wugduns1zw Medium oil 2 (op) Az uful@Ta 33 Tergeanaont1afiqa flo 108 Tu uas
¢

pwnseanasn 100 ulefifud  fugduaneziia 8 Musuosiuidanssivensulnmsinuas
@ o o Ao’/’ e o o - q’a‘ ] ar = [l
gefinunfemssenaenitduniviuiulia 33 Aeflergnisoennendaud 105 - 111 1 Fwmnee

Y o v o . . -~ o e o o
WRADA NI 0,05 WufdunsizH High oil 1 (op) Targniseenaendiigadio 105 Ju muaziu
w a5 = = =) o & o o ar o . . A
Wuguilsa 33 Hewsenaensafigaie 76 Tu snduiuidunsizd High oif 1 (cross) Mliegats

t ] T T = o e oo £t o 3 1w d

sanaen WiunndafuiugSeoufioy  nsfivuidunsediiogesnasaidquniniufgaseudu
o et w w o ool = = o e o 3 i
dnuugia lunwilfulioiug mswiuihesnasnldGdoudogmnfivfioniduni manaceu
o ¢ o dd e dda ' | e dw Fa . A o A &
Wugassiiugatanuienls wu Wufdunrs e High oil 1 (op) illogniseenasnifigans 2

3 a = @ owr o A 14
Asnaand uanewth Uinsuniszasudufudaunzdu q 4

AnNaLaNeveIeIgoRNABN

Anuad unwevednyosnaen uaadliluasei 4.3.3 Tasfveinfufisenusnuim

S w e dad o 4 12l a o = a
pelufiaonuiu 50 uaz 100 wWesmua HYWYRTTDRNABNIRTUBYEN 4 A2 & IUMUMIAY Mo

»
Bl G

of o or o o oo
aenuin 50 westiud muarTuiuidunswriuariuiduaneininnndnnisayasie 10

as

¥ ]
Wy fiogasnutuduiiqe fie 4 Ju uandreanduinlSoudouedaiifedidnlusedy 0,05 oa

s @ o o e o . . e o ar o o o
PUMUASIURUTAUATIEY  Medium oil 2 (op) nuggasniuIuanInga 7 1 11!‘1]315‘“?‘{1‘!71

= = o P o o o o ¢ e < . .
wlFila 33 lewesnaen 6y fengasnu 100 uledEud wiuazTuiuidunswy High oil

24
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2 {op), Medium oil 1 (cross), Medium oil | {op), Medium oil 2 (cross), Low oil (op) fiszaziApenaen
& A o o u o i . - ot = 2 @ o ¢ (m
Ndugans 7 3 Wuidunsey Medium ofl 2 (cross) ivgniseenasnioinigana 11 T4 Hutuldve
33 HByaenaen 10 Ju
433 anugsvesiifuiiveonaen
o o v o wod W = A 92 - P
ﬂ?'llj'%’\ﬁiﬁ]&ﬁ']ﬂ“ﬂ?uﬂ$3u?ﬂ§ﬂuicﬁuﬂmﬂiLija'ﬂ'ﬁ}ﬂﬂ@ﬂ HEAY fﬂuﬁ]'ﬂﬁ“ﬂ 434 U
a Ve ¢ a @ o ar ]
mmqamaﬂagﬁ 161.97 sUAILAT wuﬁmmﬂzﬁ 7 wuﬁ Taud High oil 1 {cross), High oil 1 {op),
High oil 2 (op), Medium oil 1 (cross), Medium oil 1 (op), Medium oil 2 (cross), Medium oil 2 (op) b

Asumnanadasalidediay tusedy 0.05 fudufudaia 33 Ruidunsied Medium oil 2

Y - < o o o

o & o ar
(op) Hanugevsadfuiiosfigane 137.78 (rufiuns Wufdunszdninnsuinnsneasdanuge

L]

ar

o ¥ o ' o o P o2 o w & e a o ¥ =
yasdmugefigalunguiiugdaunievine 179.57 udiuas Wuguldda 33 Tanugeussdrdugad
gAfD 188.25 1FuUAIAS
43.4 anwdsiumlsvesnnuguilossnaen
anutulsvesrnuguiieasnaenSeuflouiuiuguldde 33 Taolddasdm
= ¢ o w 4 Y .:i A v d o o
woanGouddmiunnd uaalilumsud 435 anuguiesenasnvasiuidunszinny
asiuayeun WenlS sudsuduiniuy ¥¥a 33 udr lullwnendransaddluszdy 0.01 wo Ha4
L
e
43.5 azuuuginseen
zuuuginisaen saadl3lumsei 43.6 Wufduasied Medium oil 1 (cross) Aillf1
mavRzIUURFIERAE 4.05 AZUUY dIurufdunsizd Medium oil 2 (op) fifunfoazuuuidigafe
2,77 nELuY ﬁuﬁﬁasﬂswﬁ High oil 1 {cross}, Medium oil 1 {op), Medium oil
] ey o oo o o { [ ar ar P ¥ o 7=
2 (cross) Timmuuansdemeadanudufnlddia 33 fszdv 005 Aufduanezdouns 6 Wuglul
| a  ar o =,
anuAna AU TIGHR 33
43.6 VHIALLGA
g o 3w = W = o ¢ s> o o
guinaaianmimiin 100 waes saaldlua1sed 43,7 Augdansizing 11 vug

1 3 as e w = PR : o P
Tifianuuanamadanuduiudddla 33 dusdunsizd Low oil (op) Timiin 100 wiamnafiaa

¥ [ .
fie 6.17 nfu FUFEUATIZH Medium oil 2 (cross) Trimiin 100 wdadmfigade 5.09 sy Wufuld

17
HAn 33 Triwrin 100 18a 6.10 N
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P a & s o W
1IN 4.3.1 ﬂ'lﬁ'I('I'liﬂ‘ih‘ﬁﬁ??ﬁﬂu“ﬁ‘u@&ﬂﬂﬂmz@]& g UBINTHARZTU (Euﬂl‘iﬂﬂﬁﬂﬂwuﬁﬂiﬂﬂ

T wi.f. 2542 — 2543

[
§ el

@

Sources of MS

Variation df  BBNABNID BONADAUTA  ANMGIEH  Azuuu YU
93450 % 84100 % ileeanaan jinsanen 11aa

Replications 3 7.80* 4.72 i90.72 1.26%% 0.54

Varieties 11 4.38 5.28 1058.04%* 0.58%* 0.58

Error 33 2.47 4.61 i77.77 0.12 0.62

CV(%) 3590 27.10 8.20 11.00 13.50

£ ARATIMIADA IHTEAY 0.05 Ha 0.01 ATHEIEL
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&S 4

M91f 4.3.2 swniseanaanvasmuas TustvnnTuilgniisneninu 50 % uas 100 %
¢ O o=

TumsugralSeunauyiugasan 2 U wa. 2542 - 2543

C]

T 2igmssenaantivanuign
21YABAVIH 50 % 21ABNUTH 100 %
( u )
1. High oil 1 {cross) 104 ¢ 108 cd
2. High oil | {op) 0Zc 105e
3. Hhgh il 2 {cross) 17 abce 111 ab
4. High 0il 2 (op) 104 ¢ 107 cde
5. Medium oil | {(cross) 104 ¢ 107 cde
6. Medium oil 1 {op) 104 ¢ 107 cde
7. Medium oil 2 (cross) 105 be 108 cd
3. Medium oii 2 (op) 108 a 112a
9. Low oil (cross) 105 be 109 be
10. Low eil (op) 104 ¢ 107 cde
I1. Pacific 33 168 a _113 a
12. Synthetic Variety 105 be 108 ed
(NSITINMTNYAT)
AuRGY 105 108

D Snavlunuadsnaudieenys e ulnnuuandemananszad 0.05 tinmIndioumey

1a835 DMRT (Duncan's Multiple Range Test)
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A13190 4.3.3 S2ezA180NRBNYRINTHA THITLS IR THABNHINUUBIAGALIL 50 % was 108 %

TumsigmSeumfsuiugasai 2 T wa. 2542 - 2543

e
b
ﬂtﬂfk

81gmasanasntiunniuasatsauin’

ITHEMRRAUNL 50 Y SEina|manuu 100 %

i. High oil 1 {cross) 4b 8 be
2, High oil 1 (op) 4b 8 be
3. High oil 2 (cross) 4b 8 be
4. High oil 2 (op) 4b Tc
5. Medium oil 1 {cross) 4b Tc
6. Medium o1l 1 (op) 4b T
7. Medium oil 2 {cross) 4% ¢
8. Medium oil 2 (op) 7a ila
9. Low oil {cross) 4b 3he
10. Low oil (op} 45 ¢
11, Pacific 33 6a 10 ab
12. Synthetic Variety (RTNIFINTIAEAT) 4b 9 abc
Aunty 4 8

O Faae lunndfiauded nsiaeiudiauuaaa1amsenansza 1 0.05 1neslTouRey

Ta833% DMRT (Duncan's Multiple Range Test)
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TN 434 anugeresdidumuas TuitosenaanlumalgnnlSamfauiugnieh 2

3 w.er. 2542 — 2543

ug Agevesdidilonanaen”
(ommmmmmemmm s [CrAT T T N——
1. High o0il 1 (cross) 159.81 be
2. Highoil T (op) 136.78 d
3. High oil 2 (cioss) £70.58 abe
4. High oil 2 (op) 160.10 be
5. Medium oil 1 (cross) 151.82 cd
6. Medium oil 1 {op) 162.27 be
7. Mediuzm oii 2 {cross} 155.08 cd
8. Medium oil 2 (op) 13438d
9. Low oil {cross) 177.89 ab
10. Low oil (op) 167.13 abc
11, Pacific 33 188.25a
12. Synthetic Variety (R3NTH1AFINEAT) 179.57 ab
Aimdy 161.97

i { 1 C:; ar 1 =]
* Fparlutuad e g nEI NAAUIANLUANA1INIFT RN =AY 0.05 1M ulFsufiey

1A% DMRT (Duncan's Multiple Range Test)
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P - T = 3 o 4 =3 o o oo =y
MINH 435 arnEmvesGsuranugeread i Seumeuiviugulada 33 Tums

SIEHT)
Reuiugasaf 2 9w 2542 - 2543 @
Wug i 1 diiz  H@3 44 maw
1. High oil 1 {cross) 2.29 2.29 135 0.88 1.70
2. High oil 1 (op) 2.63 2.47 1.73 2.22 2.26
3. High oil 2 (cross) 4.29% 2,02 1.98 1.41 2.43
4. High o0il 2 (op) 237 2.29 1.97 159 2.06
5. Medium oil 1 {cross) 2.86 2.19 2.16 1.78 2.25
6. Medium oil 1 (op) 2.97 2.79 1.41 0.96 2.03
7. Medium oil 2 (cross) 2.09 2.32 3.29% 1.72 2.36
8. Medium oil 2 (op) 1.55 2.02 1.89 1.91 1.84
9. Low oil (cross) 245 2.25 4.10% 1.72 2.63
10. Low oil {op) 4.84% 2.37 2.68 0.68 2.64
11. Pacific 33 (81.24}) {131.28) (129.71}  (209.86) -
12. Synthetic Variety 209 3.13 3.30* 2.82 2.86
(AINIFIMTINEAT)

¥ % = AAA1ININEDA 1UTZAL 0.05 4Az 0.01 AIUAHY

® FuanlwafuraaaninBsugvesiuginas g
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MId 43,6 asiuuidnsmenmues TulumsdganfSeudeuiugned 2 U wa. 2542 - 2543

[

azuuginsanen®

BUUY —smemoee )
' High oil T {cross) 382ab
2. High oil 1 {op) 3.12¢cd
3. High o1l 2 {cross) 3.22¢d
4. High oil 2 (op) 312¢d
3. Medium oil 1 (cross) 4052
6. Medium oil 1 (op) 3.32 bed
7. Medium oil 2 (cross) 3.52 abe
8. Medium oil 2 {op) 2774
9. Low o1l (cross) 3.07cd
16. Low oil {(op) 2.87d
11. Pacific 33 2924
12. Synthetic Variety (ASXI1017:AHAT) 3.02.cd
Auniu 3.24

D gae lunrd ina e nes AR AU NN NAIMISERaNI LAY 0.05 anntswTeuiion

Tau3% DMRT (Duncan's Multiple Range Test)
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w '

M5 43.7 e 100 midaveamuaz RdumsdgnnlSoumieuiugadaf 2 1l

;]

.H. 2542 — 2543

fusg dmiin 100 aidn
(-rremm AT - -)
I. High oil 1 (cross} 572a
2. High oil 1 (op) 5.88 a
3. High oil 2 {cross) 5452
4, High oil 2 (op) 582
5. Meadium oil 1 {cross) 6.13a
6. Medium oil 1 (op) 6.41 a
7. Medium oil 2 {cross) 5.09a
8. Medium oil 2 (op) 536a
9. Low oil (cross) 5.61a
13. Low o1l (op) 0.17 2
I't. Pacific 33 6.10 a
12. Synthetic Variety (N34 INSHYAT) 6.00 a
Andy 5.63

4 1 ) 1
“ Fnavlunundaiaudednur A Ul N uLANA 1N EBRRANT LAY 0.05 R IfSeufivy

Teu7% DMRT (Duncan's Multiple Range Test)
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f15191 4.3.8 SATIEIUYDINI U

¢ 8

@

d

BT HH

T

TusslSoufeniugason 2 3 wa. 2542 ~ 2543 @

kS

33

4 o e = [ = ey
Hgudnasmenmune Yo wna Ui W) Ea 33

i

Wug F1 1 difiz s i 4 i
1. High oil 1 (cross} 4.66* 4.73% 3.52% 3.42% 4.08%
2. High oil 1 (op) 3.76% 8.86%*  3.00 3.40% 4.78%
3. High oil 2 (cross) 6.497 8.45%* 7.36%+ 5.15% 6.86%+
4. High oil 2 (op) 6.65%* 6.30** 4.35% 4.57% S5.47%*
5. Medium otl 1 {cross) 5.24% 2.95 2.26 355+ 3.45%
6. Medium oi! 1 {op} 3.37* 3.71* 4.56% 4.19* 3.96%
7. Medium oil 2 {cross) 4.24* 6.53%* 6.09%* 4.08% 5.24%
8. Medium oil 2 (op) 5.26* 2.56 3,92+ 5,88 4.41%
9. Low oil (cross) 5.24% 7.58%* 5.19% 2.27 5.07*
10. Low oil {op) 6.55%* 7.35%* 4.27* 3.58% 5.44%*
11. Pacific 33 (1.75) {2.34) (3.62) (5.37) -
12. Syntheiic Variety 2,61 2.97 4.02* 2.99 3.14
(ATHITINTNBAT)

* 4 = ANANNIIEDA WUTZAD 0.05 tag 0.01 My

o =] ' = o w o
© dnavluradusaaemniSougresduiuas gy
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I

W

maaf 43,9 weddudihimesdamuas HilumsdgauSoudeniugafn 2
U w.a. 2542 - 2543 E
Tug wodidudiii
(rommrmmmemrnrneeeea nlosiFun
1. High oil 1 {cross) 4073 ¢
2. High oil | {op)} 41,86 L
3. High oil 2 {cross) 3890 ¢
4. High oil Z (op) 35.50
5. Medium o1t 1 (cross) 38.82 4
6. Medium cil | {op) 41.58
7. Medium oil 2 {cross) 4281 =
8. Medium oil 2 (op) 4254 %
9. Low oil {cross) 4224 F
10. Low oil {op) 42.33
11. Pacific 33 4583 1
12. Synthetic Variety (RIUAF1NTNYAT) 3134 ¢
Arnie 40.38
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43.7 ansdsnadsvesnnaaen

amlsulsvesaaen Savindudinguinavesndefoufoufuiufialsdn 33
TaolddandmvnmSoud dmivnndr naaalilunsnd 438 fufdunmedlnaulsnuns
yaamaBnge uandnwadanauilada 33 Tuszdy 0.olonduiuifunseinnnsyie
mainuash weasrareudnsminaue BmnmemasdafuiuiaSomdouty 3 1970 4 S
MINABDA

do_aw o &

J o o ot ¢
4.3.8 whhadumbiiiugdunney

ar

: o [ o t =1 1
wesidudthiuius duanesiuaas i lumndt 429 faualsuuds nqunledidud

4

¥
o o

14 ¥ td
duganduinlofidudiniulige fefuffunsizi High oil no.2 (cross) uaz (op) Aflnlasidudii

EY)

o T o

¢d o 4 2 I S w4 o & o
fTu 38.90 weodidud uag 35.50 wlofidud vaizfingunlefiduminiud lnledudhiunigendt ds
v & . e fed fe e cd o fd o 6 o
WUF Low oil (cross) ag (op) iediuariniu 42.24 nledidud uaz 4233 nlofiiud awdey
w = = -4 :’ ar =) o o w oo « a =
AuguldHa 33 Dolesiaudtiniugene 45.85 wledirun uasiuidunnervnnnsuinmanyasi

fd o 0 4 oa sd o
WosmuaiinudIfne 31.24 o

44 MIUATIZHIW
ms s Geudsanvesdnyuzae  uaaciluaed 441 SU§ftessuda
Wuitugailgniudnsazdn q ldutogesnnen Fruianseonasn diujUnsvesasn ezt
‘Hﬁﬂméﬂ”liiﬁwmam@ﬂqm%maﬁm%’aq AunSosnunza 4 ‘uaﬁmnﬂﬂu‘lumsmaauﬁufﬁé
2 néy umae3lumsied 4.4.2
4.4.1 Sovazanuminauevesmssenaen lasfusinaenusnuuauds 5o alefidud ngu
ﬁ’uﬁﬁamswﬁﬁﬂﬁﬁm‘uumnéwmmﬁﬁﬁnﬁuf&ﬁﬂmﬁw 1&uf High oil 1 (op), High oil 2 (op),
Medium oil 1 (cross), Medium oil 1 (op) 182 Medium oil 2 (cross) ﬁuﬁﬁ 4R Medium oil 2 (cross) im
méaszﬂmma@ﬂﬂam’%uﬁqﬂuﬂfjnﬁuﬁﬁ&sﬂmﬁ fie 6 Tu vufduaszinnnsuinnsinuaslissos
naeenAent 9.87 Tu uazwuiulEia 33 ﬁizﬂzﬂﬁ?ﬁ]ﬂﬂﬁ@ﬂéﬂﬁ%ﬂ 550 Tu dnunsamaiawe
ypamsoenaen Taufuenaenusmnuouds 100 alefisud nquiugduaned o Wuflilaom
uandrnuadanniunSsudivy uonnniugdunney Medium oif 2 (op) HazWuRduRs TV INNTY
%nmﬁmumwinfuﬁﬁmmLmnﬁnmaﬁﬁﬁﬁuﬁuéﬁamﬁw Wufduns 1w Medium oil 2 (cross)

1 v [
Immavszrenmosnaenduiiqe lunguiuiduns it fe 11.62 uduideasrzinnnsudnmsineasii
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r o P o t w  d = 3 = o
AUROYITHELTTOBNADNYTINGR 15.75 U ﬁ?uﬁnﬁill“ﬁﬁﬂ 33 ﬁizﬂ%mﬁ’lﬂ@ﬂﬂﬂﬂﬁuﬂf}:ﬂ 5.50 3

o
o o 7 o o S e ow o

442 anugsvesdind nguiudunsedine 11 WuflianuuandemeaddtuiugslSoy
Fou Wugduasizd Medium oil 2 (op) Seunisanugsiifiqaite 14118 Wufimes Fufdunsed
nnndnmsinearisumasarugaiigegalunduiuidunsed 181.02
Wufas daufufual$ia 33 Saunderigeiiqeiign 197.84 Sudnms

443 azwuupinsiaen WuiFunsed Medium oil 1 (cross) Hsunfovosnzinugilngg
AenuInfigAfie 3.96 Azku uandamsat AT IS sufioy WufFaased Medium ofl 1 (op) i
Aunfoveansiunginsiaenmfigadie 2.66 Ay uandmEEATUTT T omRousuiu uen
nnfuiuifarszite o fufhifauumademedafiuinioudios sufduassionnsy
Fnmamyasinundsnziuuginsnen 2.93 asy Fufddia 33 feunieazuginiaen

3.13 Azliuy

¥
ey o a4

444 wnamdn Wufduanzine 11 Wt lilianueandisneaiatuiuinSonfioy

3

@ [

< a = i 3 o o o a o '
uidunsedninnsudnmanuasinundeimin 100 wingage 6.16 afy Wufwldfia 33 T

3

mAsihmin 100 wia 5.75 Ny
- s ]
4.45 weduamhiu alefiduminiumio 2 gatgn uanalilumse 443 wuintufl
=, ] 1 = 3
Filn 33 MuleSiudgegn Ao 41.57 nlesiiud 583010 18UA Medium oil 2 (cross). High ofl 2(op)
& : o of o o
uag Low oil (cross) Fa1diniu 40.73 unz 40.53 nlsfidfudandidy
= w o ar Cd . = ¢ = = = v o o '
44,6 HANAN WURTUATIZH Low oil (op) HeumAsnanangsngalunguaeiuidauns ey
o ar F 1w oo o o X i = 4 a o
flg 365.02 Alansude 15 Aufdunrzinnnsdnmsnuasinusdonantagefiqa 402.28 ilansy
apl3 TanuuandannadanuiuinSoufion Wuiduasisy High oil 1 (op) Auadunanda 278.94
Alanfueels uaz Medium oil 2 (op) TAURAEHAMARTIMIGR 21933 Alanfudels Hanwuandie
nuadatuiuaFoufeouatuiy fuulidla 33 faunfonanda 305.23 Rlanfude’ls
nans s ed NS ouduvesdnvasnandaniamsnaasdly 2 qg uaadliluains
i o ] aa o ) T2 s t w o
fi 444 Fuglanuuandrameadaluszdu 0.01 @ <0.01) WilifSosznieiujuazqgilgn
g u,: o o o '3 o’; o det ¥ oA ] = a e
lunsnadeuie 2 afe Mugdunsiedis 10 FufluuDivhszIidunfovesnandah 1
uandannadavIsfuuldia 33 Muiduassdnnasudnmunyasiivandaniogifiqga 384

Eg "
Alansuanls uas 420 Alansudals lumsneaeusandansesi 1 uaz 2 MUEPY UAAAISDIN

]
g & o

uj Bu q edndidedingiszdy 0.05 (maeh 44.5) uazdlembe 2 qoilgn Mwawda 402

&

€
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dlaniunols lunguiugdurs1eviwndus High oil 2 (op) uaz High oil 2 (cross) Iiwnania

qegafio 336 uag 334 Alansusalsmudidy Faunnmanuadasiniufulsa 33

i a < a4 41 = ] wood & e
AN 4.4.1 ﬂ]iﬁﬁﬂ‘ilzﬁ’ﬂ!iﬂucﬁ‘i’Jiﬂ‘l&ﬂ]‘iEﬂiﬂlﬁ!ﬂﬂﬂﬁuﬁ‘i‘n%ﬂ&:‘lu 1 w.m. 2542 — 2543

MS
Sources of daf DIYADOLIH D WYADNUTH AT ﬂzsmugﬂ ﬁ]ﬁﬁﬂ B
Variation 50 % 100 % fdu Ni400n éa
Seasons (85) 1 1650.04 3325.26 45933 0.30 0.76
Reps/Season 6 7.58 13.88 162.49 0.93 0.97
Varieties 11 22,207 28.00%* 1753.58%* 0.94%* .66
SxV 11 22.34%* 45, 10%* 371.79% 0.14 0.39
Pooled error 66 5.80 6.79 158.09 0.14 0.69
CV(%) 28.30 19.20 7.70 11.60 14.5

= JARAIINIIANR MTEAY .01
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IR 44.2 AvadsdapsaN q veamuay TidunsGoufoneg 2 afs Bl wa. 2542 - 2543

[

ug Aundy
ITYSIDIABOIUTN FTUZIADALUTA AT ACHHY 131ﬂﬁ'ﬂ Nawﬁm
VLS50 %  WIUAI 100 % d1Au sinss  wda

() (M) (@) (esuy) @5 ol

1. High oil 1 (cross} 9623 14.62 ab 161.58 éd 347b 5.66 333.53 be
2. High oil 1 (op) 7.87 ab 12.87 ab 145.054d 3.20bed 5.83 278.94 d

3. High oil 2 (cross) 9.37a 14.12 ab 165.69 bed 3.13bed 551 32789 bed
4. High oil 2 (op) 7.25 ab 13.62 ab 162.81 bed 313 bed 557 336.66 be
5. Medium oil 1 (cross) 0.00b 10.62 b 156.49 cd 3.96a 5.94 295.88 cd
6. Medium oil 1 (op) 8.50 ab 14.37 ab 165.77 bed 328be  6.03 293,44 cd
7. Medium oil 2 {cross) 7.87 ab 11.62 ab 161.81 cd 346b 5.29 298.79 cd
8. Medium oil 2 {op) 11.00 a 16.12a 141.18 ¢ 2.66¢ 5.22 21933 ¢
9. Low oil {cross) 950a 14.87 ab 162.26 bed  2.97 cde 5.89 290.52 cd
10. Low oil {op) 987a 1412 ab 168.37 be 282de 585 365.02 ab
I1l. Pacific 33 5.50b 10.37b 197.84 a 3.13bed 5.75 30523 ed
12. Synthetic Variety 9.87a 1575 a 181.02 b 293 cde 6.16 40228 a
ﬂ'"lﬁ-!?;ﬁ] 8.52 13.59 164.16 3.18 5.72 312.29

{[) o 7 3 Jd‘ 3/ o :: L) o oy 1 ‘13552; v 1;‘:& =3
A 189 IUNOA IR TIAIUB Y NANAUIANUEANA NN RTOANIZAL 0.05 MnmsifTouhey

1at75 DMRT (Duncan's Multiple Range Test)
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m31efl 443 anafonledifudihiiveundamuns TulumsdgnufSomfoniug 2 as

U w.er. 2542 — 2543

o

g

Vs /euiug nlesidudiiiy
~~~~~~~~~~~~~~~~~~~~ S LT G AT
1. High oil | {cross) 33.16 %
2. High oil 1 (op) 40.53 °
3. High oil 2 (cross) 37.82 =
4. High oil 2 (op) 3537
5. Medium oil 1 {cross) 36.82
6. Medium oil 1 {op) 318.44 7
7. Medium oil 2 {cross} 40,73 =
8. Medium oil 2 (op) 38.84
9. Low oil {cross) 40.22 4
10. Low otl (op) 3985 =
11. Pacific 33 fﬂ.54 i
12. Synthetic Variety (NI 1A15IDHAT) 1225
Aundu 38.38
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. a g J a o = o
inh 4.4.4 MIRTEHENGEUEDINMTRaaesrawranBamuR: T TumsiiSeufeuitug

T vi.61. 2542 ~ 2543

Soureces of Variation Df MS F-test
Seasons (S) 1 4328 .35 ~
Reps/Season 6 7021.93 _
Varieties (V) 11 1691014 8.75%*
SxV 11 2863.68 1.48ns
Pooled error 66 193252

CV(%) 14.10

= ENATNNINE0A IUTEAY 0.01
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=t a & = =l Wi w oA
MIWR 4.4.5 wardavonunz i lumsdgnFoufouiug 2 afe 3w, 2542 - 2543

us wawda 1nfd
naf 1 afafi 2
(mmmemmmme e ]| WA I —————— )
i. High oil 1 {cross) 314 b-e 353b 334 be
2. High oil 1 {op} 262 def 295 be 279d
3. High oil 2 (cross) 347 abe 308 be 328 bed
4. High oil 2 {op) 331 ad 341 be 336 be
5. Medium oil 1 (cross) 301 cde 289 be 295 cd
6. Medium oil 1 (op) 253 ef 333 be 293 cd
7. Medium oil 2 (cross) 318 ac 278 ¢ 298 cd
8. Medium oil 2 {op} 227 f 210d 219¢
9. Low oil {cross) 266 def 314 be 290 cd
10. Low oil {op) 372 ab 357b 365 ab
11. Pacific 33 285 ¢f 324 be 305¢cd
12. Synthetic Variety (RSU3HIMTINHAT) 384 a 420 a 402 a
Ay 305 319 312

O Smuluuagafia 1uaesny I NATUla NUHANA 1IN IREANTEAD 0.05 In1TISy

WewTee35 DMRT (Duncan's Multiple Range Test)
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5.1 ANHMININAISIAEAT

2

~ a = q g w N I T
5.1.1 owgeenaen ludsvaeyiialioweonsonduddmsfiuiugminnSedug

WIeeRY FI0IMsneaneis 2 99 oiyeanaenveanuaz TuRUTFans e duniwiuuy

Y

& ey s o e & o w R TN
Fn 33 uazduidunszinnasuimanyas ueasiriugmariiduiugion Saelda

r - - - :.u. o a
wingauhz 1ddhiuglanluszvunsedamuaz fuhnlzmalng mezdnlgnnesiu

o ded o

andsiavan 1wy lne uazdundeadhudy  duiumsduiuiifowdufondy o

]

1

pIRTsMIeIgesnaenly 2 ge WUTWANAINAWIND (M1 422 uag 43.2) fea1fu
Usenm 40 Tu Meilmsilanggeu (feungemay) Tegeenaenduniinsilgngauds ofew
i ) 1
wnrdmew) anueandwduihhisiiawgmen gumgll msizmsdgensd 2 Toamgd
1 N ' P ﬁ & = FI LY ﬁ Ao 1 =
aaeaggugndindy  guwaTesvladmuazhududahlaegamgl (Carter, 1978;
. - 7 A a 14 A g W v s

Robinson, 1991) #uluisingmsalninulunmiaiesis wu 6u3vd dudy (wma e
qasin, 2541) iloufSeudiendunisnanssdunuiifinadonndesiu durumsnareniug
wilgla 33 Rgudifofa lsunsmafunlu 3 wa. 2543 wohiugud@@a 33 Torgeonaen so
wesirudlszmn 53-57 3 usashrnadgniinadesigmssenaenusiniuazfu
(IIAUT YUUIA uazANE, 2544)

512 szpsnmlumiesnasn Jzoziimlumsesnaen foszuznaliznilasauan

o p s 7 & A w o & . .
vuIuieRDnY 50 une 100 wosiud FmsneasillfifludiFanuminaroveusas
& =t = G w ey g ar o g 4:& o "
vy Wi sudouiuiugud 39 33 Fullugnrew F, wuifunneddadnnulsuudsmaiug

assuge dnesinnuediuaue ludnyazda 9 dosnd lumsnasasinuiilunisneansd |

L 4 Y. - Vo o a =2
W‘H‘ﬁf!'w‘ilﬂiTgﬁ‘V]‘ﬂT{uQMiSﬁznﬁWﬂﬂﬂﬂ@ﬂ 50 uax 100 Lﬂ@?t%u@q%ﬂ?’l‘wuﬁuﬂmﬂﬂ 33 %3

ki

=

o ' o t e o 1
wastennudundsmaiugarsumslundaziug edelsidilumineassdl 2 siagh
3 L Ed 1
sruzanananivemaiu] uanaedy ffiowilssnntrwenaendurratuds
=1 a3 d’i" ] o o 4; 2 ° k1
uazlguugiigetiy  Wumsidddinmsesnsendaiu  Fwerusmhssozimeonaeninld
o v o o o o ¢ . ) v ma
dsznaviunmisdfudieiug Tasmsdafiamoiug (direct mass selection) MuazTufilioysen
a < o ¢ S 3e
apaFmSounuinluia luszozmsnagevaodiug iy Bmmeninn Iidnyazandeons
o

udnhawiuiRdmRenmHaNRUEAUBI19qY (Sriges and Knowles, 1967) Tasasvhliwiug
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AGRONOMIC RESPONSE OF SUNFLOWER TO WATERLOGGING

Abstract
A pot experiment was conducted to investigate the effect of different durations of
waterlogging on sunflower immersed in the water at 5, 15, 25, 35 and 45 days after planting.
Waterlogging increased the number of days fo anthesis but decreased plant height during expesing
to waterlogging. However, the final height of all treatments did not differ except the plants receiving
waterlogging at 25 days after planting. Waterlogging reduced seed yield and seed size, stimulated the

development of adventitious root for young plants but caused the damage of crown root of older
plants.

Key words : Sunflower, Helianthus annuus, waterlogging, hypoxia, adventitious root.

Introduction

Sunflower {Helianthus annuus L.) is one of the most important oilseed crop of the world and
adapts well to the area where comn production is successful. It is a well-known drought tolerant crop and is
grown in Thailand after corn which afterward there is very little or no rain at all. Sunflower may be also
planted as a sequential crop after rice in the paddy field, especially where irrigation is possible. In this
area, however, waterlogging due to poor drainage of irrigated water or early rain which usually occurs in
April and May may damage the crop.

Waterlogging was found to adversely affect many field crops such as groundnut (Laosuwan et al.,
1990), mungbean (Laosuwan et al, 1994), soybean (Laosuwan et al,1995), cowpea (Minchin and
Summerfield, 1976) and wheat (Huang et al., 1997). Waterlogging causes the reduction in the uptake of
oxyger and certain nutrients from the soil (Sherard and Leyshon, 1976; Amstrong, 1978). Decrease in soi}
O, content at the root zone can reduce root and shoot growth and final yield of various plant species
{Drew, 1991). The accumulation of methane, hydrogen sulfide and carbon dioxide causing root damage or
reduction of root elongation is a common symptom (Grable and Denielson, 1965; Hiron and Wright, 1973;
Sachs et al., 1980). Oxygen deficiency or hypoxia was found to enhance root ethylene production which
hastened the production of crown roots (Huanyg et al,, 1997).

The present study was conducted to determine to effect of waterlogging on the growth,
development and yield of sunflower at different stages of growth.

Report no. SIP-4/39. Sunflower Improvement Project. Suranaree University of Technology. Nakhon
Ratchasima 30000,
This paper was presented at the 15" International Sunflower Conference, 12-15 June 2000,

Toulouse, France.
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Materials and Methods

Sunflower hybrid variety Pacific 33 (Hysun 33) was used in this study based on its popularity
among farmers. The investigation was concentrated on the growth stages at which the crop received
waterlogging and the number of days exposed at each stage. It was a pot experiment which was conducted
and laid out in a split-plot design in four replications, The growth stages of 5, 15, 25, 35 and 45 days
after planting were the main-plots and durations of waterlogging of 3, 6, 9, 12 and 15 days were the sub-
plots, The same amount of soils was filled in each pot and fertilizer formula 15-15-15 (N, P,0, and K,0) at
the rate of 300 kg ha' was put nearby the seed at planting, Three gunﬂower seeds were planted in each pet
and was thinned to maintained only one plant pot'l five days after emergence. Pots of each treatment (stage
of growth) were put into the styrofoam box and the water was filled in each box to have a equal level of
about two inches above the ground level of each pot. This level was maintained throughout the experiment.
After immersing in the water, four pots (4 replications) for each sub-plot were taken from the water at due
dates and put on a plastic sheet to prevent rooting. Characters measured were plant height, days to first
anthesis, head diameter, seed yield and size.

Resuits and Discussion

Effect of waterlogging at different durations

Tables 1-5 show the responses of sunflower to waterlogging at different durations. Most
characters were adversely affected by waterlogging. Waterlogging at 5, 15 and days after planting for 3-15
days was sufficient to extend the number of days to anthesis. The effect was very clear at the early stages
of growth, especially at 15 days after planting. However, at the growth stages of 35 and 45 days the
response was less significant aznd undirectional. The result indicated that the development of sunflower
was retarded by waterlogging during the early stages. \

Responses in plant height at harvest to duration of waterlogging was not significant at 15 and 35
days after planting but significant at other periods. At 25 days after planting the response was obvious that
the longer the duration of waterlogging the shorter the plants. However, at 45 days the response was
somewhat in opposite direction. The contradictory response of this character cannot be readily explained.

Seed yield per plant and two yield components, viz head diameter and seed size showed their
responses in similar direction at most growth stages. Seed yield decreased at the increase of duration from
3, 6 to 15 days. Three days of waterlogging was found to reduce yield about 37 to 50 per cent at most
growth periods except 5 days after planting. If waterlogging at the late stages was prolonged to 15 days,
the plants were totally damaged and no yield was harvested. The reduction in head size due to durations of

waterlogging was found

-3
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Table T. Means of seed yield and different characters of sunflower exposed to waterlogging
at 5 days after planting.

Duration of Days to Plant Head Seed Seed

waterlogging anthesis height size yield size
(days) (days) {cm) {cm) {grhead) {g/100s)

Control 47c 122.5b 16.78a 25.88a 3.79

3 47c [31.5a 14.83b 27.50a 3.05

6 49bc 123.5b 15:50ab 17.09b 3.94

9 52b 124.5b 12.75¢ 15.32b 3.69

t2 56ab 124.5b 11.52¢ 12.95b 3.71

3] 59a 133.5a 10.12d 8.95¢ 3.70

CV (%] 3.10 5.80 11.80 18.80 13.20

Means followed by different letters are different at P = 0.05

Table 2. Means of seed yield and other characters of sunflower exposed to waterlogging at 15

days after planting.

Duratien of Days to Plant Head Sced Seed
waterlogging anthesis height size yield size
(days) {days) {cm) (cm) {g/head) (g/100s)
Control 4lc 1225 16.78a 25.72a 391a
3 52be 122.5 13.01b 13.14b 3.74a
6 55b 122.3 8.95¢ 7.8%bc 3.08ab
9 56b 1158 16.21bc 6.16¢ 2.86ab
12 664 120.1 7.50d 3.37¢c 2.91ab
13 69a 121.2 8.22¢ 5.20¢ 2.17b
CV (%) 4.70 6.50 10.80 19.70 17.90

Means followed by different letters are different at P = §.05
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Table 3. Means of seed yield and other characiers of sunflower exposed to waterlogging at

25 days after planting.

Duration of Days to Plant Head Seed Seed
waterlogging anthesis height size yield size
{days) (days) (cm) {cm) {(g/head) {g/1G0s)
Control 47b 122.0a 16.78a 25.72a 3.91a
3 492h 124.6a 13.83b 15.78b 3.25b
6 5la 75.5b 12:50bc 12.24be 3.16b
9 52a 82.5b 11.25b¢ 9.80cd 2.18c
£2 53a 78.8b 8.50c 7.07d 2.42¢
15 S54a 55.5¢ * * *
CV (%) 5.80 6.60 8.40 17.60 8.40

Means followed by different letters are different at P = 0.05

* Affected plants died before harvest.

Table 4. Means of seed yield and other characters of sunflower exposed to waterlogging at

35 days after planting.

Duration of Days to Plant Head Seed Seed
waterlogging anthesis height size yield size
{davs) {days) {cm) {em) (grhead) {(g/100s)
Control 47 122.5 16.78a 25.72a 3.90a
3 47 1263 13.30b 12.67b 31.24ab
6 46 128.8 13.13b 11.70b 3.07ab
9 48 127.5 11.25¢ 2.65b 2.66b
12 47 121.5 11.50bc 6.64c 2.10b
5 47 125.6 * * *
CV (%) 1.40 6.80 8.60 35.10 15.40

Means followed by different letters are significantly different at P = (.05

* Affected plants died before harvest.
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Table 5. Means of seed yield and other characters of sunflower exposed to waterlogging at
45 days after planting.

Duration of Days to Plant Head Seed Seed
waterlogging anthesis height size yield size
{days) {(days) {cm) {cm} {g/head) (g/100s)
Control 47 122.5h 16.78a 2572 3.90a
3 47 127.3b 12.23ab 16.19 3.07b
6 47 128.3b 12.76b 12.29 2.91b
9 47 142.3a 9.50c 945 3.14b
12 48 124.3b 9.83¢c 8.70 3.34ab
15 48 123.5b * * *
CV (%) 1.40 5.40 11.50 23.00% 11.10

Means followed by different letters are significantly different at P = 0.05
* Affected plants died before harvest.

for all growth stages, but the effect on sced size was less clear for certain growth stages. However, it was

quite true that waterlogging reduce seed size at all stages of growth.

Influence of plant age

Figure 1 shows the combined effects of waterlogging on agronomic characters, yield and yield
components. The effect on days to anthesis shown in Figure 1 a was obyious at early stages of growth,
especially at 15 days after planting. The plants tmmersed in the water for 3 days did not differ from the
control. The differences due to other durations were larger at 15 days than 5 days and 25 days and no
difference were found at 35 and 45 days. Plant height of sunflower recciving waterlogging at ali plant ages
did not differ significantly from control treatment except that receiving waterlogging 25 days after planting
(Figure 1 b). However, as a matter of fact, waterlogging at 5, 15 and 25 days affected plant height. The
higher the durations of waterlogging the shorter the plant (Figure 2). Afier removal from the water, the
plants resumed their growth and development to atiain the normal height showing that waterlogging had
no effect on final height.

Decreases in head size and seed yield were in similar patterns. The effects observed for all
durations for both characters were more serious at 15 and 25 days than at others (Figures 1 c and 1 ). At
all ages, the effects were more detrimental at high durations. However, the effect on seed size was

moderate (Figure [ e).
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Fig 2b
Figure 2. Sunflower immersed in the water at 15 DAP, Fig 2a (from left to right) for 15, 12,

9, 6 and 3 days; however, at flowering stage all durations reached the same height

except for late flowering (Fig 2 b).
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Figure 3. Waterlogging at the early stage of growth such as at 5 DAP affected root but it was
room replaced by the development of adventitions root.

Effect on root

Waterlogging treatment effects on root system of sunilower at various ages were
different. The root affected at early growth stages was partly damaged but subsequently
replaced by the development of very profused adventitious root (Figure 3). However, at the
late stage of growth the aftected root was not any more replaced by the development of this
oot

This experiment iilustrates that the stages of development and durations are 1mportant
factors determining plant response to waterlogging. Waterlogging treatments to young plants
retarded the growth and development of the crop to a greater degree than to old plants. This
was observed in the increase of days to anthesis and the reduction of plant height. This should
be due to the reduction of nutrient uptake and several physiological processes were disturbed.
Waterlogging creates amaerobic conditions altering nuirient status which resulted in the
retardation of growth. Leaf photosynthetic rates have been shown to decline during
waterlogging in wheat (Huang et al, 1994). This was evidenced in this study by the
depression of plant height in the waterlogged period and the depression of seed yield and seed
size.
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The development of root in response to waterlogging at different stages of growth was different.
At the early stages of 5 and 15 days, the effect was not serious and the evidence of tolerance o
waterlogging was observed. However, at the later stages, affected roots were damaged. The tolerance to
waterlogging at the early stages was due to the development of adventitious root. Hypoxia was found to
enhance root ethylene production which subsequently may stimulate the development of adventitious roots
(Huang et al,,1997). However, at the late states, the declination of ethylene production reduce the ability
of the plant to develop the root. On the other hand, the accumulation of certain gas such as methane and

hydrogen sulfide at the root zone was the major cause of root damage.
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RESPONSE OF SUNFLOWER TO FERTILIZERS AND
NUTRIENTS AT FAKTHONG CHAI

Introduction
The review on nutrient requirements of sunflower in Thailand made by Laosuwan, 1997 showed
that the crop respond well to N and K application but not P. Boron deficiency was found to be very
common in sandy loam soils at Chiang Mai (Gypmantesiri et al, 1990). The suggestion based on a
number of experiments by the Department of Agricultural Extension was that fertilizer formula 15-15-15
or 16-16-8 (N, P,O,, K,0) should be applied to sunflower 200 kg/ha (30 kg/raiDOAE, n.d.), This
experiment was conducted to study the effect of different kinds and rates of fertilizer.

Materials and Methods
Sixteen treatments cbtained from combining different fertilizers and nutrients considered to be
necessary for sunflower were evaluated in this study (Table 1). The experiment was conducted on-farm in
a farmer's field at Pak Thong Chai district using a2 randomized complete block design with four
replications during April and July, 1940. The land was sandy loam and moderately fertile. Sunflower
hybrid pacific 341 was used in this study. The spacing were 70 cm between rows and 20 cm between
planis and the fertilizer treatments were applied after thinning.

Result and Discussion
The responses of treatments in terms of seed vield and other characters were guite variable
(Table 1). This was partly due to soil heterogeneity at the experimental siie as indicated by high CV for
seed yield and the lack of moisture. However, there is to a certain degree the positive response of
sunflower to the fertilizer inputs in the experiment. Fertilizer 16-20-0 applied at the rate of 30 and 60
kg/rai was favorable giving seed yield of 415 and 397 kg/rai, respectively. Flower diameter and shelling
percentage did not favourably reflex the treatment inputs. This was due the stress condition which

adversely affect the growth and development of the crop.

Report ne. SIP 5/40. Sunflower Improvement Project. Suranaree University of Technology, Nakhon
Ratchasima 30000 11
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Table 1. Yield and other characters of suaflower obtained different rates of fertilizer

Seed Yield Flower Shelling Flower

Treatment diameter percenfag weight
(kg/rai)  (cm) e(%) (/)
1. Contro 289 abe 1000a  66.03ab 4023 ab
2. 15-15-15 30 kg/rai 381 abe 10.53ab 6518 ab 53.58 ab
3. 15-15-15 30 kgfrai + Urea 30 kg/rai 334 abe 1097ab  64.69 ab 45.60 ab
4. 15-15-15 30 kg/vai + Boron 259a 10.60ab  60.95ab 3522a
5. 15-15-15 30 kg/rai + Micronutrients” 304 abe 10.63ab  6840ab  42.53 abc
6. 15-15-15 30 kg/rai + Boron+Micronutrients 379 abe 10.33ab 71130 52.52 abe
7. 15-15-15 30 kg/rai + 30 keg/rai 352 abe 12000 67.39 ab 48.18 abe
8. 15-15-13 30 kg/rai + 30 kg/rai+Boron 373 abe 10.70 ab  65.40 ab 51.11 abe
9. 15-15-15 30 kg/rai + 30 kg/rai+Micronutrients 327 abe 1140ab 6470 ab 46.41 abe
10.  15-15-15 30 kg/rai + 30 kg/rat+Boron+Micronutrie 302 abc 10.13ab  63.63 ab 42.09 abe
11, 16-20-0 30 kg/rai 415¢ 1033 ab 6547 ab 60.14 ¢
12, 16-20-0 30 kg/rai+30 kg/rai 397 be 10.67ab 6571 ab 56.35¢
13, 16-20-0 30 kg/rai+KCI 15 kg/rai 337 abe I0.i3ab 6597 ab -46.99 abc
14, 12-24-12 30 kg/rai 277 ab 10.67ab  59.64a 38.34 ab
15, 12-24-12 30 kg/rai+30 kg/rai 357 abe 9.83a 67.01 ab 46.08 abc
16. Conirol 265 a 970 a 66.64 3660 a
CV (%) 19.5 9.5 7.8 20.30

“) Means followed by different letters are significantly different at P = 0.05
“ Micronutrients were the mixture of 8 clements including Mg, Mn, Fe, Cu, Zn, Co, B and Mo
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ON-FARM YIELD TRIALS OF SUNFLOWER
IN THE DRY SEASON

Introduction
Sunflower is a new oil crop of Thailand and grown mainly in two or three provinces in the central
part of Thailand including Saraburi, Lopburi are Phetchaboon. The most important variety grown in these

aie as is the well-know hybrid Pacific 33. This experiment was conducted to evaluate new hybrid varieties

developed very recently

Materials are Methods
An attempt was made in this experiment to conduct a yield trial on-farm in a paddy field after
rice. Five sunflower hybrids including Pacific 33, Pacific 341, Pacific 3322, Pacific 20 and Pacific 200
were evaluated without tillage at Kham Tale So district, Nakhon Ratchasima during February and May
1998. The experiment was laid out in a randomized complete block design with four replications.
Fertilizers 15-15-15 were applied 30 kg/rai at the planting date. The spacings used in the experiment were
70 cm between rows and 20 cm between plants within row with one plant per hill. The fertilizer was

broadeasted in the field after flooding and the hill was made by using hand hoe.

Results and Discussion

Seed yield and other characters of sunflowers are given in Table 1. On the average, seed vield
level was quite satisfactory since the growing conditions were quite adverse such as lacking of adequate
moisture and low input management. The highest seed yield was obtained from Pacific 341 (341 kg/rai)
and the lowest was Pacific 20 (197 kg/rai). Head size as measured by diameter ranged from 12.41 to 15.00
cm. This was relatively small which due partly to close spacings as well as inadequate moisture. Shelling
percentage was found to be a good indicator of yielding potential of Pacific 341. The low yielder such as
Pacific 20 also gave the lowest shelling percentage.

This experiment gave the following useful information : (1} no-tillage system gave a satisfactory
vield level and should be applied te reduce the production cest and {2) in this experiment, Pacific 341
gave the his highest yield.

Report no. SIP 6/41. Sunflower Improvement Project. Suranaree University of Technology, Nakhon
Ratchasima 30000.
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Table 1. Seed yield and other characters of sunflower grown at Kham Fale So, Nakhon
Ratchasima in 1998.

Hybrid Seed yield Head Shelling Height Net¢ incame
diameter percentage
(kg/rai) {cm) (%) m Baht/rai
Pacific 341 262 ¢ 13.10 a 6595 b 1.56 a 696
Cargill 3322 216 ab 15.00 b 60.05 ab 145 b 228
Pacific 33 236 be 13.08 a 57.40 ab 1.47 ¢ 488
Pacific 20 197 a 1445 b 51.85 a 1.33 a 176
Pacific 200 253 be 1241 a 58.10 ab 1.50 ¢ 624
CV (%) 9.7 4.8 10.7 1.7

(1) Means followed by different letters are significantly different at P = 0.05
(2) Net income was calculated from gate price of 8 Baht/ kg, The production cost includes

fertilizer, seed, weed control, insecticide, irrigation, harvesting and threshing and labour.
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EFFECTS OF POPULATION DENSITIES ON SEED YIELD
AND OTHER CHARACTERS OF SUNFLOWER

Introduction
Plant densities and spacings of sunflower investigated by many workers were found to affect seed
yield and many characters of the crop (Vichukit et al.,, 1990; Siripongse et al., 1590). Most of them
recommended that wide spacings of 50-75 cm between rows and 35-45 cm  between plants are suitable.
However, under stress environments such as low soil fertility and lack of adequate moisture in the dry
scason, close spacings may be favorable.

The objective of this study was to study the effects of plant densities on seed yield and other
characters of sunflower.

Materials and Methods
This experiment was conducted at three locations in Nakhon Ratchasima : two at Sikhiu and one
at Pak Thong Chai. The plant population studied are shown in Table I. Sunflower hybrid Pacific 33 was
used in this study. Fertilizer 15-15-15 (N, P,O [K,0) was applied at the rate of 50 kg/rai at the planting
date. The experiment was conducted in a randomized complete block design with four replications. Al
three locations were planted within the first week of April, 1997,

Results and Discussion

The growing conditions at all three locations were not favorable. At Sikhiu, the germination was
poor due to lack of soil moisture at planting. The data collected from this location were excluded from the
experiment.

Means for seed yield and other characters from the experiment at Pak Thong Chai are shown in
Table 1 The highest seed yicld (347 kg/rai) was obtained from the highest population density of 23,000
plants/rai. In contrast, the lowest seed yield was obtained from the lowest population (5,700 plants/rai).
This may be true for the adverse conditions as encountered in this experiment, '

The major problem in this experiment was the lack of moisture due to the lower rainfall than
expected. No significant differences were found for shelling percentage, seed size are and head diameter.
However, seed yield per head increased as the decrease of population.

In conclusion, this experiment showed that high population should he used in stress growing
conditions where rainfall or soil moisture is limited as the head size did not respond to the population
densities.

Report no. SIP 7/41. Sunflower Improvement Project. Suranaree University of Technology, Nakhon
Ratchasima 30000
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Table 1. Sced Yield and other characters of sunflower grown in different population
densities at Pak Thong Chai in 1997.

Spacing (Density) Seed Yield Shelling Seed Seed yield Head
percentage size per head diameter

cm (plants/rai) (kg/rai) (%) (/100 seeds) {g/head) {cm)

1. 70 x 10 (23,600 347 ¢ 61.98 5.02 15.20 a 7.78
2. 70x 20(11,500) 216 ¢ 67.21 4.76 18.90 abc 7.33
3. 70 x 30(76,00) 131 a 57.42 4.58 17.34 ab 7.15
4. 70 x 40(5,700) 136 a 62.31 5.00 2386¢ 8.5
5. 70 x 30 (15,200) 32l ¢ 64.61 4.83 20.93 be 7.75

CV(%) 13.2 11.3 143 16.20 13.2

“Means followed by different letters are significantly different P = (.05
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