[ Downloaded from journal-irshs.ir on 2026-06-10 ]

Iranian Society for

Horticultural Science
ol 2! LU pole (et

OF-VIWVP LYY gloamio ¥ oo,lods Y al> 5] SLel 928 5 pole dloxs
pgh dlde

D3 9GS AT g B9 g 3 (tloF g il g 2o (4l w0 il
'(Actinidia deliciosa cv. Hayward) & ylgsl pd

The Influence of Chilling and Heat Accumulation on Bud Break and
Flowering in Kiwifruit (Actinidia deliciosa cv. Hayward)

2935 P Lo, Tl pld dgemmo ;RS ] puo 0 30
(Olpl ey (S olasls ( SLEL pole 09,5
(Ghasemnezhad@guilan.ac.ir) : g xS Cony «Jgimes odinmm g #
VEYIPINY 105y fa,b A FYIFNY il e fo b

NS>

Bblia ogaa iS50 50 Jpame adyi g 205 50 5 5 ol Jalse 5 45 gle)S gazsi 5 (8L slop Oie
D355 55 JF sladilsz aleyw 5L s nl 50 )0 8 gles Sllgs s el Dk 5l o s dlutins
A oy (GDH) wh, el dy o ol 53 o 5l 5 (oo el 5 Sennliys slo e sl 2 o lls o8,
255 g 2alh ) S |) adler (539098 Jolie (S5 bg ailsz )95 aloye 13 YL (sles g48g 45 ol (Lt gl
5 s> bl S opdleas b ailyz (590538 Jolpe 53 b 4 zmie gloye 5l el ot Byl g Loy (2015 (riznon
ssbas (235 ey 9)lmle 08, D9850 )3 cnl il 0l 392y ladiler (1SE sl loyw 5 (2le)S Sl e sloline
2l Loy el VIAF 5 A0F a5 Sloaals 5 .08, 15 Llo S aazs 5 55l ,0 (glo oo (iiSan b o (5, loline
15 Loy 2l o agls by o3 GDH AYD) 5 GDH V- 0FY (o iy iy, sl 258 gl alo,S o wio)S
e ol Lt s paizman . bl (g 5elsS slao,90 10 a5 5 il LialS by T S ol o) 5 daailsr
Sy gler S 3)lale 03, D935S 5 el 50 0 K85 JS Sl g laelyz (2SS wop 2 (gilopes S (els
B9 Lo yus Caelis AOF 5l is 20 IS 5STas 6l g Loy el VYO 0g0 Loy, sladily> (6 iS oo iass

o5 bt «Sealys Joo ailo e sl cailsr sS0 1gualS sloojly

o

400
35 s0 S5 (5 sloygmme 50 1 03,5 Sl S 45 byl 5 stug) sladilsz s alge Ceol ol Sy bissS
aojle] 5y g o pld jome 0acl jo a5 o,lo o5l 5y g s (s0lows g 854S Ailins) aily> ,» (Wall et al., 2008)
095 S sl 4 ok JSas T B sleo S )0 a5 Sliod a5l slaptun jo Wil oo Jo5i5 4150 slagpitan o
B aS LS;LDWJ.A 9 a.\.ul.iso ).sLo.i u)\)—‘ Jf 9 Jf 4 .\j)lo )‘JS \WYGO 6&0;)\) aS LS’L&:M]A go)l.m_‘}l..f; O 4...!5| 4\4‘9}
«(Salinero etal., 2009) sisS o |1, 1) a5 > a5 Wgd o bl Gz (5 970 sbadilg> 4 wijls 1 3YL 4 VY slao 5
0 Vb (2lE (3550 5 9,8 a4 pamie Gla Sy (2l 5 o 03,508 ) 5le Js 4 098658 5l bl 5
I ol 95 adgi oo Ae aS il . Actinidia deliciosa 4 by e (555 (5 )low CulS odes v ol 428,5 1)8 axo5
Abedi ) o 5T ] 10 6,8 & ygoa VWA Jlo jo 0 lple o3, couS S (Huang., 2016) ol ools Lolazs! a4 4


https://journal-irshs.ir/article-1-646-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

s 5 K5,/ e

sy pdle je g oad cutS calin Lol g HleadS (LS a5k slagbw! )o 050 ! (Gheshlaghi et al., 2019
2355 5 sl o 5ol polie dls jo a8 col 55 ol laogee 51 (o D 855 09 50 03938 ] cutS
2345 5 dms g5 o500 (8 YAIS A ai¥ls adgi s ol eame Lo (55,588 5 5lls3 losls Jlel ik 1 0500 polo
(FAO.,, 2019) s ls |13 lez oo 4, ,0 U g LILGT caily a0 ¢y

Abedi Gheshlaghi et al., ) 5,15 aslol yliaoli gl B 5 09 oo 5T ole 0lsy0 ,3lgl 515 lgsla 03 (545 0 (55515
5o sl ks by Glojw 1 dBlas Clels slaws 4 iSTas 2o 5 9 (aSs gl a5 g 8655 slaaily> (2019
cloalis j wly> LS5 5 oyl o, idss (Wall etal., 2008) wsd o Kiis 0,55 3 5 sl S5 5 oisS slajs,
sl 5l (S (Kias al> o jlaslis all s> lalS o (Abedi Gheshlaghi et al., 2018) siiws  Suas kel aJyl
GQ.H.‘QJ sz.v‘).....u‘ & ub_..cm QLH.A.A-A) 9 Cowl ‘Sla.m ulj.u_u 9 Oy 6Lm) Lu L_S)lf)L..u S soL.S LSILAO;.\J) OLAJ-ASJ)J
U5 Jeses wiile il laanl s Sias (GUO et al, 2014) 553 oo cogmme 03, i 55 (bas il 5l clailns (gl
it gloyms Sl el (Sl Gagemeds 4250 0 4 S35 (slad )l (S ltano) 55 (L5 (sloy e 4 s
sty LB sbay (Sias eSs gl oleye Sl laie (J onl b (Zhao etal., 2017) coul canlis alls wiz LS
09095 235 b ) dilsx yialS 4 yonie Wilgh oo Loy a3 o b (SUL mess 51 LSU ke ol 31 (et al., 2017
50 adile ol g yuaSl gy &y OLmLﬁf 63]]9 5 LS o S Iy dle wiz OYgame gile o)l g S oS o9l
st ol Jisar s | Ginps st K (Stis o5 Sl ol 2 IS psba s Sl IS sl ge @ e
Js  So5dsST (Kias 0,50 10 ok pled g s j0 3o slogys (Guo etal., 2014) ol ouds JoSis 7 S 54)5S]
GRS 50 (hol Sz Jalse plyieds (ol )S g (plopw slasls 5l (aiSen n Gl pln S (0 SO ) w5 disd o
obS 3998 s Sl (bl ailSio 99 Glgieds Sl Slo)S 5 (liney Sloj 5 Wigd oo a3 )5 13 )3 DlgS al> 0 95 52
(Guoetal, 2014) W o aimliss Jlgo Jad o

Dl el g 0,38 oo 3l o) carkiiS (glo s 5 (loordon Sl OlalS (Sojsloaid Lulyd p YU led
5ol St a5 cnlools plas (LS sla gl 05500 LS 55 (550 5 aleordsn (Sl sed ( Seoililsdse
obazsl SIS oyols s jlay e a5 5138 o il ogee LS 30 (205 A T,8 05540 ol (5550558 11 yae) iule,S 5 lsn
Ol ety il Jols 9.5 sl SU o,lee (Su3l9i8 J>1 e (Hemantaranjan etal., 2014) sod oo (5,90 42 (0 g
oo o i 4 yomie Hles il jo YU sles (Allstadt et al., 2015) cewl Cglaie Los Ol poss 45 el ;o 205 5 Sy
ol S35355 S (Sloy cruols J| 5 S5k ooy 5 olinss oS5 1 5 (CAMPOY et al., 2011) 555 o s (55553
G axg boyle 205 lagul g ol al) Cep jo sote L Lo (GUO et al., 2014) ojlul o ).ot @ 1, el
B Lo ual.‘a.nl.: ))‘ | usl.n.,..a 44; 9 f°'9) A duw 0gu0 J..Jy 9 ‘slbbe Ls‘)J Ao Lgl.cb ‘uLbLf alises ‘Siu.)) M..xﬁs,c
J5 ples abisee Jol, (Hatfield and Prueger., 2015) g, 51,8 aige 5 jlxe oo 5l aS a2 0 7, Sloj ogae oyl )0
G309 S 50 Jele o pte oo g ol lame LI sl ,3b cow 5 Gl ol o, S g a0 S oo
(Allstadt et al., 2015, Delpierre et al., 2016) 545 oo guno dailg>

Dglite adlaie g 08, @it ol 2 aS (1250 2le)S g alopw 58 03,5 (o5 ln S (paiz Sl G Srags
5 el aleF mem 6ol gl ens Sl K Tas, el az s Jae (GUO et al., 2014) wles,S & las |, ol
S S0l sl izmen (Luedeling et al., 2009, Guo etal., 2014) 5.8 o ooliiwl 5o 55 G lgicds 00 S jsbay
ez o plasy sles J»L pas Cdedy 4 05y ugpdis 4z 3 VIV 55 Olelos olaws 1 ool ¢ Jow (poinsds ¢ glo p 5LS

&l le o L(Fishman et al., 1986) wis,S awle  olojw sl Joo jo 15 a0 VIV U+ oogusme oylins (slo pun

Growth Degree Hour -v Ecodormancy -y Endodormancy -\

Yot


https://journal-irshs.ir/article-1-646-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

VFF) FIF LGP sloamio Fojlai FFals 5lnl SLEL ;958 5 pole alo

a5 3,90 ooy Joe (nFs98 Olsieas atran Loy Seolys Joa loyos SonaS (nsd (5l o0lictal 3,90 sl o, |
Gl calio il o Blasl line) o Lo ioli8l o8 a5 dble lp Jaw ol (Campoy et al., 2011) ¢l ooy
Al oo pezs lal> o 50 unl B b albins) b Swlus Jow o (Fishman et al., 1986, Campoy et al., 2011)
3 pateia e aSGl aze ) 098 o0 0,55 0 Sled Lawgs a5 098 0 Lawlgas cole wg carge T )5 05w les
&l olo s L5 Jlade (Fishman et al., 1986) 0o co w565 ;500 a5 09 oo ' loyus (B 4 b0 (28l oz oole ()
OHSE (sl ooy 5 opsle 8 dilain 0 3)l0 (S Loy (nals 0955 5 Ay £55 b isS 4 (Kt S
Oees (Abedi Gheshlaghi et al., 2018) ai (5,155 el £AY 5 FA- (o a4y (65095 g 00le (oMb B0l5 slaailg>
ad 050 Loy (150 P (205 (6l g Loy i FA 0)lpale 08 Do 80555 oy, sloailsz (288 (sl ooy 5L
Jenl b ogds oo aile> (5540938 J=>l e 4o JUES AR SYsb c>g0 BB slo o .(Abedi Gheshlaghi et al., 2018)
5 oeldl Ol pess 4 axe5 L (Guo et al, 2014) wiS o> 1) (BB sloyjw Wl oo 2lo)S aazs 090 j0 oo il
oy o piSen (S8 (o) gl ol Baw (205 0 2l S g gleyw S Coenl a5 e Gule S
Sy (BT g dllex (559)90 alidee Jolre £939 10 2le S g
W3y 99190

PSS 2 o 3 srlo s 3l ool i1

STV Jle liey 9 5l e oloy 59 50 8)lnls SlosST 5l 5L 3,50 slaasls gy cnl pll sln

N dgd (B, 4z, FROARY ¢ Jled 4z )0 FYYPAY) o, b 0l o (5,b LS

B (SisSr izen 5 (20T 5 ballir QUsSE 5 (8L,0 Sloy Coeal ooy a5l Glo3T Ul i
5 olebl b (K 090 3lel) olo LI Voo jo 5ls 0500 sloaald al (ol Slejw celn JBlas cdl o b baailys
Jolas b o 5l lebl g 5 Buls (5)5] mex> aile> o), L (Abedi Gheshlaghi et al., 2018) ST Kbz coxdy
o sheo VoA o @ ad b gis U pids algz 5l dlllS sl ladad aials (6,lagS0 a0 s )0 59, O dlo s sl
clale )0 Legn 27 L g oad 00) Loy e il YO Jgbas dilg> ST asls oloey ios Jiie oisle;las 5 Sl
30 0l Seaeds slaaald aiad ool gt Cagi 90 byl Ol b e g oal Sgte 0o 480 VO Soway g )l o F
2 SIS o) @ Sl o Lasls ol 0533 aoles Sl el 4z 0 Fgles o loca (Sedly sleans
Sgi> (Fmgid 9558 L (JBa (gl 42,0 YNV 59,5 5 ool slos b (oamb 352 p 928 )0 0 SEUT 4 4o
Fedien Vo (gl s I35 55 loaall (el ias Jiiie 0o s Vo g Cagho by el 2 qpn e 1 Jpog e PA
L ladS gy Ol g ol 00) o boase ol dgdue 5l (6 S sl (5l aedd loasl LSS 59, 90 2 .0l ool 1,8 lade ol
A g 5

W Jol5' (i o laailyr a5 lej o plod ot YV )3 55 (5 0 slaaald (551 o Jsl Gialojl o (2o 5o
lroslasl (6,10 eIl ol 1 iolel aiols (6,l0gSS Ails0 s j0 g 0ol Jaiie olKinlojl 4y alolddl laasld .ol plxil
5l olopw 59, FF 5 T2 XYV VY OF 51 s e pa easls ol b oo plsl Liolesl i g 4nsdS slo Lo ol
S polie a5 jled O L Bolai MlS 7 )b & jsody (iolesl cplaiod Jaiie ool (53 bayl 0 by ol ) SBUT a4y ailso s
Gloys liue .l oo plodil (AdB O Jolis alcs po g aiui V0) Jlowd 1o gl paad8 00 gaadB YO L wis S 2db o Loy
Slelos e 09 a5l58 4w g (53] ro 5oy U SbT0 5D b 8L, Gloyw ggamma Joli ool dilxe 8L 0
Salins Joa 5 (Lo eli) Gugmndis 4253 VIV B 5o slaJas Gulul 2 0)lnls 03, D85505 00 sl (il pos
A dplne j92S @ Slanisd S e Ao Sl oad 4l (culidlge DMl b (Lo (250)

Chill Portion -\

AN


https://journal-irshs.ir/article-1-646-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

s 5 K5,/ e

Oy S 5l )90 (Sl ley b oS jlade ol aulons wd) Celu a2 )0 Jow ulal p (2le S 5L gl al o
Sl 53 lod el paza S50t 45 5,8 oy 4, Sl 42 o 055 |y (S5 lgid JalS5 ] g0l Al o
Sgdige dmalome 151 YL G oad s

les o (Th) by los po (i) Sebes slos aS 00l o alilsl Sloy LT a5 WS o (58 0y celo ax o Juw
O a2 0 YO 5 Y7 F o s a9 Sl sl gloos ol (Tw) aig slod 10 L) reos iSlas b o(To) Slyou
) Usere jsbas oge i )0 (gl aS conl s 43518 F(Guo et al., 2014) 54 co 48,5 ol 0 9,865 (gl
Al g ugmad 4z 0 F a4l sloo 5l oolainl b sl 5l as,o Ve maSs gl o) Celes 4y 098 0 8,5 i
(Luedeling et al., 2009) oi arwle ugaudw a>,0 YO sleo

Tu—Tp Ti =Ty
F(T) 1+cos<n+nTu_Tb) T,.=2T; =T,

m nl;—T,
F(T,—T) 1+cos(—+§ ) T,2T; 2T,

GDH =

2 2T.-T,
0 T,>T, L T, <T,

I Sty alyz pyg ¢ (Sais slooyge Jols baailszr (655958 alizes Jlye Tl e alosT cnl po Slao ()l sl
3550 (58528 23y Jolie (653805 i) @l o ot 2 ol 50 I wlsr yoebs 5 To L i el Talg asa
Wlg> oBeSs do o 5 28 0 sloyw celu dlaws il uxen (Salinero et al., 2009) cd,5 |13 6,0 uSe g o,
Sl 3 Sloyw s Sz Wb (o) Alis) lsz o Sl @ ond LS5 S5 slaws (52S0ke 5 5k o)Ll ws s
3120550 p3Y lopw pnd sl s el baale> wo o Ve B0 2aSs gl oY loy (nKils 5l laailgs o xaslss
(Wall et al., 2008) o oolaiwl dilbwcs ails> 12 (sl5l a5 ouls JSis I8 ol 1. Klo (0 YL

st daailsz 1St Jals lsz (591938 cliza Jolpe £985 &)5 » ooy s cilize polia uals 3T ogdleas
Jole 5l e 2 e88s sl Y (ple)S e e aalsl j3 ol oS (6,1 Sl leaslls 55, 5wl 50l 5 0 Ll
o3 B o g 090 ST 5 aaals o 3L s b Al (31,5 sl e &y 4255 b o 53 (53l
S3B1 glos 3 eolizl b JS claallyz 5 o)ty woys Vo 00 sl « g, sboailyz 5l aoys Vo b B0 (p2iSs
Al pll al,y cele 4z 0 &0

O oy Sl e lp 285 )15 (cwy 0 0)90 (BT 2 2beS g olorw ge G Senn Zoli o
S8l a5 eolazul b baosls .ol oolawl R 1381 65 F.0 ¥ aseus )0 ChillR (glaibulis a1 o) celu a0 g Loy
o 51 0ol by by (o loline gl g ol o)yt S5 y9oj] 51 o0licias] Ly Laools (ySilie dunglin .ains 555y SAS 9.1
s bl Sy b 3l ooliil b lo s 5 srlo )T gaz oyt Bl ,| eizman 0 s SAS 9.1 133l
PO g Lailgr (2Bl » (2l S goad 0590 (b YU Glod Fl (s

Otelojl wiilos 4B YO« jslite cpl a4yl gusyy Laailyz JU8, 5 le)S mazi 090 ;0 Vb sloo 1 pgo ulesl yo
Ui ogmmdes 4250 YV £ glod 5uSilio by sy BT 4y Lo yow el 1Y+ + 590 2l o 51 s g i g el Izl sl
Al 1o a5 youa 5 dm 4sdB V0 slows @ baaadB gl 09,5 090 Jgl Lialey] asle oy BT o laaeld 6 ,logSS bl pi sy
Pl aald0e) s I 18 50, ¥ s Vo) Sy Gugeadis a2 )0 VALY (:50he b Jgomo o YL sbod (5520 )0 0,55
Ay SEUT o 20 5 Hley g wiod oails I ugudis a0 VY . S0he L Loo 4y 0,Lg0 o0l Lo slaands (Gles

Gl oy 10 59, ¥ g ¥ o) Soeds iy alo o 4 badilex o) 5l e (Aal8 V10 +) laaold pgo 09,5 .ol (5 )l
ola 83k als, SBUT a ous Jlowd slaaald (Glows ;o (glp aed8 B0) wid )8 8 g a0 YA Y Sl L YL

Shoot Visible -f Bud Break-v Woolly Bud -v Bud Swell -

Y.s


https://journal-irshs.ir/article-1-646-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

VFF) FIF LGP sloamio Fojlai FFals 5lnl SLEL ;958 5 pole alo

SBB1 yo 205 oy b slo)S maz 0,90 5T 5l vals aald 00 a0l (5,l0e55 0k, SEBI o 205 loj b 5 ias
DD (6,55 Gugamabs a2 0 VY Y glos (5:Sle b al

2 F sz b g o)l joeb dadlsr pSS wo)d Ve B0 S Gl p)Y Oloy Do Wil Sleogas
sboo cov g aals cdl> (o 00l bt 5 sladilsz a0 fuizmen 0l o) 1 b )T jles Cov slaaald g dall slaaals
sles ci slajles ;0 €©M?) Sy Colue 9 (€M) 0,luslis Job ol 5 0l ool dilsz 55 a5 py95 dlye 90 0 YU
lnools (Gyves et al., 2007) o awwlos [ /AYX( o, x Job) =+ /YA ] Jgo,3 51 S p Camlins s (6 0310l aalis g YU
Tl 5 0b cwyp (S Ggesl 5l eolatwl b aeols 1 Kile duslie iads Judoxs 5 4525 SAS 9.1 1581 05 51 eolaul b
D aets SAS 9.1 1581 6 5 5l solaiwl b oyl (5 lolixe

o g b

Gy PpseS sl sigled Jolp

badily dde (lss Ay )0 005 sl ) Ojgods D9 855 sladilsr (Sisled Jlie ol agh cnl o
wlsz o955 £9,5 (S239lsST 055, 4 (Sujslansnd 055, 5B 5l ailemr Jlamsl asles (sl (Al -V JS8) conl a5 jgboas
SV USE) S b b o - S S ST (g ) UK (Giaky Jald il (ghslsid Koo Jolie (o) JS8) ol
A glols -V US8) U5 alg> jeebs g o )lusls ol (g ) JSKD) o)l L jaeds (o

o588 (9) S ol 5L () il (S (0) Wl (Siak () sz pyg () w058, (AN ladils> (g59leid Jole ) S
oyl 59, S5 aly> 5505 (5) o)l lis
Fig. 1. Different stages of bud phenology: (A) dormant, (B) bud swell, (C) woolly bud, (D) bud break, (E) leaf
open, (F) shoot visible (Sh. v), (G) emerging flower bud on the shoot.
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Table 1. The interaction of chill and heat requirements on breaking bud and emerging flower bud in kiwifruit
cultivar Hayward using dynamic model (CP) and growth degree model (GDH).
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Fig. 5. Linear regression between chilling requirement and heat accumulation of (a) breaking vegetative bud, (b)
emerging flower bud in Kiwifruit “Hayward”/cultivar.
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Fig. 6. Timing of different phenological stages from the beginning of the heat accumulation period in control

cuttings (mean temperature 21°C) and cuttings that were exposed to high temperature (mean temperature

28°C) at the stages of bud swelling (BS) and woolly bud (WB) for 1 to 3 days. The digits of 1 to 3 show
the number of heat days. Gray bars are overlapped regions between satges.
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Fig. 7. (A) Effect of high temperature for 1 to 3 days in the stages of bud swelling and wolley bud on the
longitudinal growth of the stem compared to the control bud (B) and leaf surface area. The digits of 1 to
3 indicate the number of high temprature days.
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Climate change has affected the rates of chilling and heat accumulation, which are vital for
flowering and production in temperate fruit trees. In this study, the chilling requirement of
kiwifruit was analyzed by using the dynamic (CP) and chilling hours (CH) model, and the heat
requirement was analyzed by using the growing degree Hours (GDH) model. The results shown
that high temperatures at bud swell or woolly bud phase led to the acceleration of the different
stages of bud phenology. Also, reduction of chilling requirement delays the events of bud
phenology. In addition, a linear and significant relation was observed between chilling
requirement and heat accumulation. So, the flowering time of kiwifruit cultivar “Hayward” was
significantly affected by the timing and interaction of received chilling and heat accumulation.
In the cuttings that received 954 and 1194 chilling hours, the heat requirement for breaking
vegetative buds was 10543 GDH and 8251 GDH respectively. With cold-continuing, the heat
requirement for breaking buds decreased, and flowering was done in shorter periods. The
obtained results showed that the amount of chill recieved is effective in the percentage of bud
break, and the number of flower buds formed. Also, the chilling requirements for maximum
bud breaking were about 725 CH, and the chilling requirements for maximum flowering were
above 954 CH in Hayward cultivar.
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