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Abstract

Elongation of individual internodes and hypocotyl of Lycopersicon esculentum were investigat-
ed under eight treatments, obtained by combining one of two DIFs (photoperiod temperature
-dark period temperature : +10 and —10°C) and one of three periods of growth (0-7, 8-15, and
16-22 days after the start of experiment). The temperatures used to create the DIFs were 20
and 30°C in all treatments. The lengths of hypocotyl and all the internodes of tomato seedlings
were measured at the start and end of each photoperiod and their daily elongation rates were
calculated. The change in the elongation rates of hypocotyl and individual internodes with
time closely matched a Gaussian curve. The peak height and the number of days to reach the
peak varied from one internode to another. The stem length of the seedlings and the propor-
tions of hypocotyl and individual internodes varied among the treatments. Results indicate
that the length of hypocotyl and individual internodes of tomato can be controlled by changing
DIF with time. This method could be applicable in the production of scions and rootstocks
with controlled length of hypocotyl and individual internodes for efficient grafting operations
of tomato and other fruit vegetable crops.
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dington, 1986), Y& O red/far-red flux t. (Moe and
Heins, 1990) ¥ X *blue/red flux it (Oyaert et al.,
1998), Y6558 B (Einert and Box, 1967), 131 g
(Piter and Bob, 1992), B X U'DIF (Erwin et al,
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1989) AL s T35, DIF BUAMSE (DT) i
HISHE (NT) o2 (DT-NT) LEHEIN, 7y Ry
29 (Erwin et al., 1989), ¥ 2 (Karlsson et al.,
1989), ®A > & F7 (Moe and Mortensen, 1992) 7
YIZELT, DIF KL 223 EHEMOERII K ER
3 LBHEINTWS, DIF L 2ZEREOHIES T
viR2Y (Erwin and Heins, 1990), %2 (Cuijpers
and Vogelezang, 1992) 7% £ DYITEAES L USWIERE,
EOWALIYZ, FrFaVruBIUNRYY— (Ito e
al., 1997) B X O VEREEECBWTHHESh T»
2., Lal, BEHoRERs & CEHHE2HEL 228
HIX RNz 50,
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fli s, SFHELEREIC BV T HIBERFEED S OE5E,
EEAHEED L BRI T & oE@EEofs, BEo

MR R ERERE LEESABORANERL T
% (Itaki, 2004). BEEARBEEEICBWT, BRlEL &
VR HIER ORI A —2FARB L VS ROERE
PAREL L, EEREREZH ES¥BEEZSNS, DIF
I b=+ (De Koning, 1992), ¥ = v Y (Grimstad
and Frimanslund, 1993), A A # (Erwin et al., 1993)
REDERICHELRITT EHRESNTWEDT, R
FHOFARE X UBROKEIE B £ U&HiMR I DIF ¢
HETXES,

LaLl, BENOKBIRIREOHEELZIR T WID
2, RO DIF 2 EREICLIEYT 5 2 L BREETH 5.
L WADDIF 2M3#E Y 2 1 ZHEHT OB ED 3 Wik
BIAFOEENLETH Y, TAINVFORERELRD) MR
T, M5, S AREE R BrEEECHb T 5 EgHE
HEEY AT LAAORBERBEOFZEEZ T, £
E D DIF % FRC KBV WI ANV EHETEY B
¥ 3% (Kozai, 1999). ‘

Z T, ARBCRREEO WIS L UK HEREDH
HERENZER E U ERgE s Ue, BRgR A
BEYATAIBWT +10 2721k —10°C @ DIF % 6-8
HBCSZ 4B BT 5 v VEEOREESL L 0%
HEEERENCEE Lz, Ze2hsoflE/» > H
HREHE 7 Y12 K2 DIF O E LR LT,

MR E L UFE

1. #iEEYRE S LUt BERES

HEERMEIE b~ (Lycopersicon esculentum Mill.),
AT ERAE T A ) —XD—D2Th BHkk
HEZAW:, BE6cm DRy bicEEt (F75% 4+,
Yoo —BEEH) PRELREEL. KiE25°C,
FESHBRE 659 I E LTz 70— A F ¥ ¥ (FR-9108
ABEFREL, R TEE) 6 BRIER L Bk % il
b (R 31, 4+1.9mm) & U7-, BRI PSS
HEBEOHEREHE, RUREOIES D& 2/NS T 51
WwERE E L, BAREBEYHEFR UT
PPF) 12250 #molm=2s & L, JNHIZIWEFHE
HYEAT (FHT42EX-W, ZZEEHEA A5 A6) & L.
2. BEBEEGHLUFE

SRERIIR 2 SBRBEAE 0-7,8-15 B L UV 16-22 HEH ®
Zo0#fesd, ThEnES], S2BXUS3 &L
7o, BBRRIZIASZ20HE e = >) DIF (+103%
LUV -10C) 2 AEbLEHSK & Lz (Table

Table 1 The DIF subjected in each experimental
period of S1 (0-7days after the start of
experiment (DAE)), S2 (8-15 DAE) and
S3 (16-22 DAE).

Treatment DIF (°C)

code S1:0-7 S2:815 S3:16-22
PPP +10 +10 +10
PPN +10 +10 —10
PNP +10 —10 +10
PNN +10 —10 —10
NPP —10 +10 +10
NPN —10 +10 —10
NNP —10 —10 +10
NNN —10 —10 ~10

D, +0BXUP -I0CCODIFAEL2PB I UN &%
L, SHHOLEEES 2 TRERAE Lz, ez
X4 @ DIF 28 +10°C OB X413 PPP & 7 3,
REHIZ2 L, &FBRRK kR4 L7z, HEM
{£ 1 DIF % +10 (30/20°C (JHEI/RH &K E)) B &
O —10°C (20/30°C) CRE L7z LIS a—RAF % ¥3
f% Table 1 icfE> TREIZ ¥z, KiRiE, HBRERR
BULHEETHS 25°C LY £5°C L LTREL T,

7u—RF ¥ YNNOKRERGZMEE, CO. EBE, Y
B LXUEH#ELLOPPFIE#*h 2l 0kPa, 1000
pgmolmol™, 12hd* B X U250 pmolm2s ' IZERE
L7z, S1,82,S3 BT, &EERzZnZh 25,35,50
m/DEE REALA, KENVRAIB EBELS
g, KEAYR2E EEL 0g I, KELE®)
ZGHHEAPIIARF L R TRRC S 2 72,
. AEBLUERE

SABRHARI S, EUHLIBEMAREE X R TR 2@ DR
HREB L USHEREZ2 7YV FA (CD-15CP, 8
Y hE, BEOImm)- 2HWTHIEL 2. FiE
XEEHE S > FEE TORS, 281 HiMRIITEL
SEIFEDERI CORS, FREMRK=2)EE
k-IAREBIUVERAEOERHOES L E&E L /2.
HERBHGR 22 HE WYE, EEM, AERPHEL
7z,

HEREEIZ +]) HEHOBE#MEL L USHEE
Lo nHEHDOZhZENERB UL EE LT,

KB O FHMEB D=, Tukey-Kramer 3%
T 5% VUV THREL Tz,

w R

HERBArATR 22 HENERS L UEHE
EZREPPPRTHRA, NNNRXCR/AMLAY,
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72 +10°C DIF 2 4LHE L 7: HEHS S WIE EX L% B HA
N A S N7 (Fig. 1, Fig.2). B#IE X S1 i +10°C
DIF % fL3 L 72 3B X © —10°C DIF %408 L 7- 5B X
kY bKREkrove, H1HMERX +H10°CDIF 24 L
7o BARAY S1 & S2 DR TRA LR YD, RWTSLD

Tomato seedlings 22 days after the start of
experiment. For treatment codes, see Table
1.

Fig. 1
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Fig.2 Length of hypocotyl and individual inter-
nodes 22 days after the start of experiment.
In each bar in the graph, stem length is
divided into 10 internodes length.
Hypocotyl length is at the bottom and 9th
internodes length is at the top.
“The same letters are not significantly
different in stem length at P<0. 05level by
Tukey-Kramer’s test.
YThe same letters are not significantly
different in length of individual internodes
at P<0. 05level by Tukey-Kramer’s test.

%, S2DADREBR DI/ L 2 BRI A S iz,
S1 & S22 —10°C DIF % U3 U 72 3Bk K 0 PRiihR 13 &
Nekol:, BLHEREIESIES2H20VIEENSD
WERHIZ, EI3HH RS2 +10°CDIF % 4uE L
7oK TR L% B IERED A 5 Tz,

AEREREE

PPP ¥ & ' NNN Rz 51J % Bl 6 & UL &ifo B
BREEEOKRIZE, FhEnEBREESE X U Y X
Hifs Il ¢ &7z (Fig. 3). PPP XTIk NNN iz kh
NHBEREDRAEIRAT, BAEIZETSETOH
Biz/hTholz, £l, BHEEEEORKMES L URK
EEY 2 2 TORBRHBECE L - 7.
B1HEOHBEEEE R, SI TRARBX CRARN
ML, S2 TiE S1c +10°C DIF % /L3 U 72 3RER IX
TEHK R U (Fig.4). S1iz —10°C DIF % 4L
HLERBROZNIES2 THRAER L -7 (Fig. 4),
FHMIc B U 3 HEEERE R, Z ol +10°C DIF
PAVE L 7- 3 BRX T —10°C DIF 2B U 7-3BRXK L D

® hypocotyl ~E 1st A 2nd
* 3rd ¥ 4th @ 5th
8 Treatment PPP |

Daily elongation rate (mm d-1)

0 5 10 15 20
Days after the start of experiment

Changes with time in the daily elongation
rate of individual internodes in treatments
PPP and NNN. S1, S2 and S3 represent the
experiment periods of day 0-7, day 8-15
and day 16-22 respectively.
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Fig.4 Changes with time in the daily elongation rate of the 1st internode. S1, S2 and S3 represent the
experiment periods of day 0-7, day 8-15 and day 16-22 respectivity.
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Fig.5 Elongation of the 1st internode during light and dark periods at S1 and S2, and that of the 3rd
internode at S2 and S3. Elongation during dark period is significantly greater than during light
period except the 1st internode at S1 in treatment PPP. S1, S2 and S3 represent the experiment
periods of day 0-7, day 8-15 and day 16-22 respectivity. Vertical bars represent standard deviations

of means.

“The same letters are not significantly different in elongation during light period (a, b, ¢ and d)
and dark period (I, m, n and o) at P<0.05level by Tukey-Kramer’s test.

bRLEZol, S3ITBY 3 HMERE R, €RBRKXT

Immd L FThHo7z.

S L UHHA S L DR E
SIBEUS2IEBT2E1EE, BLUOS2weBIT2

FIHEoMmERFITHE, B i, +10°CDIF %

AR U 7- SRR T —10°C DIF 2408 L2 3RBE L 0 b

Xezb, S3EBYAEIHHIZBHTD PPPRER
W EBEOMERE N A >z (Fig.5). H 1D S3 B
FUEIHED SLIzB T 5 MEEIHAY BHrbi
2HBR TR Imm Th o, i, BHOFREER
S1izBJ %5 1 &ifo PPP R 2kwv»¢, @HBRX T
Hlozhi) bERZKEZ T
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Table 2 Growth of tomato seedlings as affected by DIF treatments.

Treatment Dry mass (mg) Leaf area Number of true

code Total Root (cm?) leaves
PPP 12504120 a? 110+21a 280+17 a 8.6x£0.7a
PPN 1070+150b 100+16 ab 27030 ab 8.84+0.8a
PNP 990%150 be 10016 ab 230426 bc 8.6+£0.7a
PNN 8401140 cd 80+14 be 190+21 cd 8.4%+1.0a
NPP 930150 be 100£13b 240+27Db 8.2+1.1a
NPN 840+200 cd 80+16bc  250+18ab 8.1x1.1ab
NNP 710+120 de 70+15cd 180%26 de 7.8+0.4ab
NNN 570110 e 50+14d 150+16e 7.1£0.8b

For treatment codes, see Table 1.
Means+standard error of 2 replications are shown.

“Means in each column followed by the same letters are not significantly different
at P<0. 05level by Tukey-Kraner’s test.

HERBIIATS 22 H B RzE, EERS L UAEH

SEYE, MTHEWES X CEEREIZ+10°C DIF
BB L7 HENEWIE KRR BEBAN A SN
(Table 2). NNN X OARZEHZ Mo REBEX 2 N T
BHoleh, OFBERKBCERRERAONZP 572,

z =

AMREES L UEEHER

BOLBOBREOER X, PIHIOBERE (EE» Y
o DHERERE), SEERERE, BLUTT B
(REERRRER, FEVEL B bs2ed
¥ 7 (Heins ef al.,1988) B L UKRA & F 7 (Bergh-
age and Heins, 1991) THEI N TV, FEBRITB WL
T, &HEiEO B HEEE OZHZEIZT v A i THEM
Tx7 (Fig.3) Z&»5, b= MNYERROSHB S
WT HFLEOEE L ERROERBEE N L LEZ N
%, %7z, DIF #ER I RIZTHERIRERBRRE
A &% % (Moe and Mortensen, 1992) &\ 5 R
b5, RERBIGE 22 HE 0 HEROFHBRXIC X %
#Hw (Fig. 2) 1k, EIEPERCHET 2 LB0F XL HFHN
BEMZEL T DT ED, SHEORBERER
B} % DIF DEPHERICKESSEEL»RIZLIZLHE
252wk, BIFHHATE S,

B 5, AMREESRAMEICET 3 Z TOHBHE
iz oTniz (Fig.3) Zehs, AMEER
FEORIARER St B s w23, LizkoT, &
HEORHERBFER IS 3 DIF 22 52T
REEEOHRBMB T 2 2 LEE I B, A,
PPP R Tl NNN RIZHERTHERRE SR AEICE
TLETOHBD/NTCH-> 2o, AREERED
A DIF OfER X W B olz w2 3, KHMRE

IS 572912 1& DIF BEHEEREBREB OB MEY
BEIZOWT, SHBIVESHET 2 HEND 2,
s, WERD HBREE O EE IR s 2o
7z (Fig.3). Zhid, FHBBWT, EFHRZER
FRZECIESDEEWOBRL D BEROHED
k2 HA L7 2 EBRERATH D, HIFEEELD» &R
DORE 2FT 2 EHOHIE & FRRc 77 AR e 2 L HE
®gahs, $ubb, BEE6HHIRHMORRERE
FEDBETH Y, ARERICBE VW TR TR OREHREH
S1iz +10°CDIF % 4L B U 72 3L B X T #7 60 mm,
—10°CDIF 2 L L 7: BB X TR HBmm TH - 7z
(Fig.2) #%, 6 AH X b § < DIF L # 2 ith 3 L IE R
R, JVE<LH2VIREL TSI LTFEING,
DIF (2349 2 RSB
FIFHOIHMERE X, HNEBREKESHEE K
+10°C 5 —10°C DIF k& L s ¥ - BB ik 0 H
BPEELTHERD, @iz —10°C » 5 +10°CDIF i@
Zlhs ¥ -FABRTRFOAEZBIEKRELR -
(Fig.4). 7, QBT 2 E1HHEOMHMERR
+10°C DIF % U U 7 5B X ¢ —10°C DIF %L L 7z
SEX LD b RER-T (Fig.5). S3IcB 25 34
iz 5w T PPP K2R & FERROMEAER A STz, B
oz s, P bEDIFiZ U CEIHMIZKGL
THEY, HHB L CZRUFIONBOBEILZLA LR
JTuhnw B TE 5, I OHEZEIIEYH DIF w3t
LCHEMTREYT % (Heins and Erwin, 1990) & \»
> s L —IT 5,
BRERS S UBSHEC L R E

P POEZHBLEBRLOBHTLIVHET S
(Bertram and Karlsen, 1994) & \» 3 fESRDERE & [FkE
2, KRBRIZB W T HBHOMAEESHIAOZN LD b
K& o7 (Fig.5). fitf5, DIF BEHBOMER
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BELZRIFTT EWIHEMDH S (Shimizu and Heins,
2000). —FH, M MBI IZBHOEDHMRIZXuE
Y U D DIF OFESHHEICA DIz L WS |MEDDH
% (Bertram and Karlsen, 1994), A&Eriz BT, S1
BLIUS2EBIBE1IHM, BLUPS2KCBIT2ES
HEOMEESHEE, BfHL b, +10°CDIF % g
L7z BRR T—10°CDIF 2 LB U7 BB L b v K&
Kol S3IBUYLEIHEIZBWTH PPP REKRW
TRkOERmB A >N (Fig.5). 22T, PPPR®
HEEMBOFBER L DN TH- ERE, BFEERE
EsHBREIc LV ELY, S3IBWwTPPPRIET I b
—BEBIiCh oo led LBz ohb, BMEXY, B
B XUBHOMERZ & b DIF OBER2Z T &
Wz A, BB X URick ) 2 E0MEI ik, BHHE
S ORI BT 2 HNEE B & KEEREE, UM HHER
2B % PPF, XFEOR/FREB I UB/RERE D
HEERELTEY, 58X VEHICEET 3 081D
i%.

HBABAIRTR 22 H A EEWE, EERS L USEH

SEHYES L UM T E X +10°C DIF % 41
L7HENZWIEERE R 2MEAB A 51T (Table
2). ¥, ERBIUERFECEAL T LEZYWELRED
fErH A shiz (Fig. 2, Table2). KRB THE Sz
EEBEETAERE, DIFXSAKEZ 21 CEREN
Kt722 (Erwin ef al., 1991; Erwin ef al., 1994) &»
SirG E—BL Tnle, HMITIEYENLEYERIC LD
2HEEX10% HiteTH D, LEEMEOE N IZEICER
BLUEROEYEDOR N LS EWVnE 5,

EORMEE T EOFERE X DIF OFE 22177,
EREDOEER2Z 5 (Karlsson et al., 1989; Erwin
and Heins, 1990; Moe, 1990) L &hTw5, ARREAC
BOITKBEHCRBRIZ L 22Xz
(Table2) D%, £RBRRDOFHEEM25°C TH -7z
CrwERTLEFEZO NS, DD, DIFIcL D%
MR O ET 556, FHSRIOEE T LIEHEHE
B2 T AHBRER2HMT 2 2 L STRETH 2 LI
zZahs, .

KRB CRPARTNETH 2 PERER 2 Fv TR ETTU,
HHIMR SIS T S 2 THEEST I N, BASECD
WTORBRIIAT o TS, AR L RO RBEIME
ERBLEFEZOEND, S, MY bOBARECINZ,
BEABEOLZ WS 27, X407 REEE
BALC b AFER L AREORET LT CH 2,

Hw =

AEBRTIE, APENEHEEY AT AKBWT +10 %
721 —10°C © DIF % 6-8 HEW S A FHETTO <
FEEOWIE, SHHE, &5k X R
OHMREEOREEMEFE Lz, TOME, SHH
ROAEEEEORAEIEY Y Al A TE, &
HIE ORI OB, SHEREE, BIUY
7 P—BResT ont, BEREESRAEICET S
Y COHHE, Bz niE, AdEREREORIXER
TR o7, HERPIAE 22 HEORHMEORER
Ric k 2803, SHiEOEEERREEICHB T 5 DIF
OEW LD, FEIZHETEZ s, Kk X UK
D B RERRERF (AL T % DIF 242 3 2 L T
MR HIfECE 2RSSR E Nz, T2 e 21, %Y
AREEE W B THREE R X S HRRE ORI TEEI
B, TEERERLEEOMESEPRS,
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