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Table 1- Some of the monthly meteorological factors during the growth season of potato in the first year of experiment

! . G . ; .
Meteorological factors Jo }c <2 ook , o290 43l
oo lilgd Dec.-Jan. Jan.-Feb. Feb.-Mar. Mar.-Apr. Apr.-May
Mean temperature ('C) o> (ko 12.92 12.25 16.61 21.78 29.27
. . sl (:Kke
Mean maximum temperature ( C) Sl 19.62 17.32 22.76 30.26 37.77
L o sl (1o
Mean minimum temperature ( C) 5 6.07 7.27 10.45 13.26 22.10
>
Absolute maximum temperature ('C) Loy e yiShis 25 23 29 37 45
Absolute minimum temperature ('C) o> 3llas JBlis 1 2 7 1 16
Precipitation (mm) Sk 32.80 129.30 71.90 3.80 0.70

Ghalojl 095 JUw 43 (e iy Jaad Job 43 ailidle (cwlislor Lelse 51 (S -Y Jgoe
Table 2- Some of the monthly meteorological factors during the growth season of potato in the second year of experiment

Meteorological factors Jo 9& &2 o . 02295 )|
wwbudlgn Dec.-Jan. Jan.-Feb. Feb.-Mar. Mar.-Apr. Apr.-May
Mean temperature ('C) Lod (1Sikie 13.15 11.95 14.55 20.30 32.85
. . LAV
Mean maximum temperature ( C) e 19.15 17.90 21.20 28.60 37.70
- . sl (:55ke
Mean minimum temperature ( C) i 6.80 6.30 7.90 13.80 22
Absolute maximum temperature ('C) L sllao yiSls 23.60 24.40 31 33.8 15.20
Absolute minimum temperature ('C) Lo> 3l J8lus 2 -3.20 2.20 4.60 42.20
Precipitation (mm) S,k 28.60 62.80 25.90 22.50 0
wilojl Jlw 93 )3 S orlonsd 9 (S8 Cloguad Y Jgoo
Table 3- Physical and chemical properties of soil in two years of experiment
s S Cglan JEwE sy ™
Year Jw Textu‘re EC pH Available P Available K Organic
(ds m? (mg kg™t (mg kg™ Carbon (%)
2015-2016 RN YA Silty clay loam 2.3 7.8 8.9 279 0.70
2016-2017 ¥a0-a5 Silty clay loam 2.2 7.7 7.9 269 0.80
TUE=Yield/GDD (¥) HTU= GDD x Duration of sun shine hours (v)

b Goy a2yd )3 LS 53 p)SolS s Led 36 LS TUE
by joy a,d GDD 4,8 ;3 p)S6kS sy 3,Slae Yield
Worthington and Hutchinson, 2005; Grijesh et al., )
(2011, Singh et al., 2014, Maji et al., 2014
93 0 ose g zhd loa claplul cuilyy jI Lé aws S
2ol 90 0 g olecuinudyl YO 10 oloedVY 5 Jo cuilS’ zu,l
b Cadld p olocudinud)l Yo pd olopaty Jol 5 ologd VY cusls

Js-b Duration of sun shine hours 5 1, jg, 4> ,> GDD
Bl olels S
HTUE=Yield /HTU (v
282 3 pSelS oo Jloy sula soly 13 LIS HTUE
5 )52 )3 p S5k s 3Slae Yield ) g, 423 3 casls
) 39y 4>, GDD
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Table 4- Results of combined variance analysis for duration of sprout development stage, growth degree days and helio
thermal units in sprout development stage

e Sl o (55le
- Error mean square
Sources of .. &3ljl a2y ..
variation ¥ gl Degree of 9w o po Bode .
freedom Bailgs drwgi a0y j9y 4 Jloyi gl asly
Duration of sprout GDD HTU
development stage
Year (Y) Jle 1 1.681"™ 4261.84" 840970.470"
Replication x Year Jls )18 4 6.889 713.750 13528.531
Planting date (P) cuslS ol 3 1554.718™ 44613.653™ 1528578.997""
YxP el Fo)b X 3 163.718" 10020.102™ 257606.114™
Error s 12 6.789 658.775 22516.883
Cultivar (c) o5, 2 270.681" 15803.507™" 573777.760™
YxC o8y X o 2 60.181" 3433.816™ 2235221.300"
PxC o) X cusls fu 6 31.829™ 1592.323 ™ 775502.448"™
YxPxC o8y XCusls o)l X Jls 6 22.218" 1601.533" 44958.665"
Error [ 32 7.250 366.233 15904.601
CV (%) Sy iy 5.6 7.6 10.1

70 g 7N Jloin] gaws 13 3 gixe gl dme pé ol gay FF 5 * NS
ns, * and **: Not significant and significant at 1% and 5% probability level respectively

Jgl casS )b b auslio 3 1S 78V 9 YY O (il gy oloyene
ly Ay oy a2y (pyeS Spsba cdl ials (ol
ologsmte Jgl 818 ol & (S35l e ol e 5 Jleisdn
9 0SSy @l ol b oalie (F 5 0 Johe) 9 bgye
w» (Worthington and Hutchinson, 2005) ls uesls
VF 5l cusls cwusls oyl s 5o diley db) (gly Ldges (y)l58
CublS Zu,b ksl Bygad ay bl yald 10 olo 19,8 Cin U ologgd
Joly WA & YF+ 5 5L 550 Ay joy a4 Ld Liulel Jdoay
oSle 3503 5135 (Darabi, 2017) oy .l @l ialS
ojrly CulS 5D (oo o8y gy 5O oMd Cdlyd A joy dxp
Ol e 5l aS 35 A3 joy 423 VIWIVO fliwjes 53 Jpase
PS5 gl ol 3 adlandyse S Slagu )b adS 3 padls
0jwb culS j ol Clelw dluss 5 Lod ()35 yidy Jdday Jg 09
adlaodyge o) gy odd by Jlojsle sl :0Lke
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suo b o dligy slod bawgie slogsd blgl 50 (8 Jgds) sl
(Worthington and )3 _s5lw 4> 3 G ¢ uojumw (559050 u
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Table 5- Means comparison of duration (days) and GDD (°C day) at phenological stages in studied planting dates

bipd S wbgeens g

) L prou egetative . i

Planting &0 development growth Tuber initiation Tuber bulking Total

date ol 39 47:-’ e 39 ‘1?)-’ e 39 “;?)-’ e 39 ‘:?;’ e 395 ?)3 e

) Duration e Duration " Duration e Duration W Duration
GDD GDD GDD GDD GDD

21 Dec. @63 Jo 326.86a 58.79a 118.62a 15a 150.81b 15a 953.54c 55.2l1a 1531.83 144

31 Dec. w> ol 285.59ab  50.83b  121.59a 15a 148.84b 15a 928.66¢ 53.47a 1484.68 134

10 Jan. 9T 235.33b 44.00c  118.29a 15a 185.33ab 15a 1031.91a 56.00a 1571.06 130

db

20 Jan. oo ol 216.90b 37.06d 122.04a 15a 195.40a 15a 995.25b  52.94a  1529.59 120

)5 70 Jlaas ] prdaws )3 (55 dme BMB! ot b p3 Sy By s b b Sileo
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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ly b (o ycwlie a5 (Levi and Veilleux, 2007) ,.S'9) g
Sb callae cuol 5)S Sl da 3 YA usjcuw 0 adiles A,
Jypaza goi g 18y gl )3 le> 0392 ol GBS ol 3 cnlple
L) joy 4253 g Y g s pe ol plojte il (SYsb o
L3y joy 42 oVlgle o8y cwl oad olS by 8Ly
wly (yedl g LoujsS pB) b awslie » 7Y 4 VW i)
5 (bl 5 lagis p) L aunlio 3 70V 5 VA i) Jloyisle
b awlio )3 75 9 VY i) adiley dawgi 5 Ad) dls o ke

(Y Jodz) ol ol

gy dllle S L (Maji et al., 2014) ) Ken 5 oo

T 0 Bailyx Ay alspo )3 5o 3y5e 0S5 o) 420 liwgais )
O3S s lg AR/ B AO/Y 1, BT L LT YO sl b
oSl > (Obrien et al., 1988) ,Kea g (ppl (M350
Tl & diw 1) dilgs wd) dlspo )3 odd CBlyd by gy 4oy
e copl 5o plpls dges 5155 anls YAD B VYA o cusls
SIS Sl (Siglgid alsge cpl 3 0ud CBL )y L35 o) )
> op ) 8 2900 dog (Gl Dy il Hgje i
e B CslS c Sloy alold 55 olopyede Jgl cudlS Zu b
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(Parvizi et al., 2011; Darabi, 2017) sil e 5 SYeb
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Table 6- Means comparison of of duration, GDD, helio thermal units at phenological stages in studied planting dates

o3 Lailgs i, 14 o i el EXYIENWPOr U8
3] : S .
Cultivar Sprout development Vegetative growth Tuber initiation Tuber bulking
Duration GDD HTU Duration GDD HTU Duration GDD HTU Duration GDD HTU
lﬁ.‘.
"f’s 51.25a  288.19a  14882.35a 15a 125.13a  758.37a 15a 163.25a  1190.51a  50.50c 941.79c  7213.82c
Cozima
oYl
44.25¢ 23.99c  1199.64b 15a 117.02b  732.67a 15a 149.62c  988.2b 57.88a  1021.18a  7903.53a
Savalan
W
Al 47.21b  272.33b  1439.95a 15a 118.26b  738.52a 15a 154.68b  1175.57a  53.46b  969.25b  7439.00b
mera

By 70 Jlein] o 13 gyl sine B! gty 13 S yidia LBy by by Siles
Means followed by similar letters in each column are not significantly different at 5% probablity level .
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Table 7- Means comparison of helio thermal units, HTU, at phenological stages in studied planting dates

Planting . s . 2R Sl M) ljond N
date Cwils )b Sprout Vegetative ~ Tuber initiation  Tuber bulking Total
development growth
21 December @ Jsl 1767.06a 731.42a 923.65b 7273.72¢ 10695.83
31 December @ o33l 1423.18b 772.44a 1072.99ab 7218.86¢ 10487.47
10 January > Sy 9w 1198.96¢ 731.34a 1195.87a 7928.94a 11052.11
20 January oot Jo! 1114.72¢ 773.19a 1279.62a 7653.18b 10800.71

3,570 Jlois] o 13 (6l sime BMS] 5t o 55 S e By b bapSibe
Means followed by similar letters in each column are not significantly different at 5% probablity level

JLeinl maiw )3 5y gy 4 )0 o8 10 )l me Jloyigala
0adLd 93 opl o Jlo 1045 41 dxe Jlo e snly p Jg 720
(& Jgds) ad b gxe 2V s e 4

Jilike 1 )3 dilgn drwgi g by dlo o )3 Jloyigedd dalg g i) o) 4>
w8y 9SS
Table 8- Means comparison for duration of sprout development

s yae addi
P Sgd dloja ul )3 2900 pasiie (uibly 4325 @l
Llg 9 ) joy 420 o8y 9 bl Zo)b Jlie §l g S b

3 BAilgs drwgi g dudy Al o Ode (1 pSile du e —A Jgin

&b
stage (days), growth degree days, GDD and helio thermal

units at sprout development stage in interaction effect of planting date and cultivar

Cuils & ,0

] ailgn drwgs g iy dls yo ke

. Cultivar 8, . GDD HTU
Planting date Duration of sprout development stage
Cozima L 63.67a 354.15a 1873.70a
> Jyl Savalan  oYlsl 56.33b 237.90c  1552.08¢
21 December
Almera W] 56.33b 333.70ab  1875.40a
Cozima  lujss 57.00b 327.58b  1701.46b
2 023k Savalan Vil 47.00¢ 260.42de  1238.44de
31 December
Almera W] 48.50c 268.77d  1329.55d
Cozima  lejsS 45.67c 242.13ef  1250.23de
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Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 9- Results of combined variance analysis of growth degree days and helio thermal units in vegetative growth and tuber

initiation stages

Error mean square s Ol po (3o

Sources of 5 obie &35 4y d“ﬁl_}w KW ‘;ﬂ)b.\s _
variation Pl of Vegetativegrowth Tuber initiation
M9y ey Jlgedd sy ad)gy ey Jloyisds saly
GDD HTU GDD HTU
Year (Y) Jus 1 22511.0417 211535033 92865.734"°  43032.042"”
Replication x Year b 3,1, 4 110.388 2248.761 173.865 74372.057
Planting date (P) sl oyl 3 68.738™ 10303.542™  11029.182"  413889.921"
YxP el gl X L 3 531.565" 20555.311™ 337.391™  558905.172"
Error s 12 132.890 7117.528 102.935 84407.982
Cultivar (c) o) 2 458.064" 20111510  11390.590”  3058905.172™
YxC by X o 6 442184" 97405.502™ 413153™ 212494.630™
PxC oy X casls ol 6 193.489™ 16106.302"™ 239240 21755.795™
YxPxC oy X clS oyl X Lo 6 37.117™ 19528.268"™ 70.318™ 84000.833
Error L 32 128.377 8461.720 47.717 26451.294
CV (%) Olydd <o po 9.5 11.9 121 17.1
T g 7N Jloin) o ;3 3 x5 )5 ime yuf s gas X 5 NS

ns, * and **: Not significant and significant at 1% and 5% probability level respectively
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Table 10- Means comparison of growth degree days, GDD, and helio thermal units at vegetative growth and tuber initiation
stages in interaction effect of planting date and cultivar

o 1o o 100
"‘“’ls &Y cyitivar o) Vegdetati)\j:grO\l)vth Tubef i;itiation
Planting date GDD HTU GDD HTU
Cozima s  12017b  786.29ab  161.73a  1022.62cd
o g;cgri L, Sl oL 120236 66639c 15073 74568
Almera Ll 11547b  74158abc  109.56d  1002.67d
Cozima s  13503b  821.58a  162.07a  1144.67bcd
&> ok Savalan oYl  112.03b  748.83abc  145.30bc  1004.75d
3LDecember | era  LJ 11448  746.91abc  139.15¢  1069.54cd
Cozima LS 121.28ab  779.50abc  163.45a  1227.29abc
LTO? 9 St Savalan YLl 115.95b  762.32abc  151.30b 1030.74cd
auay  Almera 1, 11448b  652.19c  160.25a  1069.5cd
Cozima LojeS  124.03ab  754.09abc 165.75a 1367.47a
oo Jg Savalan  ovsl. 116.63b  753.14abc  161.82a  1170.92a-d
20January - ajera L0 12547ab  81234a  168.62a  1300.48ab
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Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 11- Results of combined variance analysis for duration, growth degree days and helio thermal units in tuber bulking

e Sl o (SSle
Sources of eI NEEESE Error mean square
variation e d.f e 2 39, da > Jlos suli ol
20909 r 9
Duration GDD HTU
Year (Y) Juo 1 22.222™ 1823.077™ 2973661.075"
Replication x Year Jbs > )sS 4 15.727 1247.741 129941.907
Planting date (P) cuslS ol 3 18.148™ 37483.276™ 2018474.856™
Y xP culs )b X e 3 71.556™ 16057.467"" 2428501.196™
Error s 12 22.463 1420.476 64042.768
Cultivar (c) ) 4 330.597" 399006.709”  2968776.637
YxC o8y X Jlo 4 59.764" 11896.944™ 969845.749"
PxC o) X il g 4 36.356" 4266.059 219753.565™
YxPxC o) X el gl X L 12 15.487"™ 2141.653" 125046.402"™
Error s 32 13.757 809.3365™ 59294.398
CV (%) Oy gy 7.8 3.4 33

T g 7N Jloin) o 53 5 iz g )5 ime et i gas FF 5 *F NS
ns, * and **: Not significant and significant at 1% and 5% probability level respectively
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Table 12- Means comparison of duration, growth degree days, GDD, and helio thermal

units at tuber bulking stage in interaction effect of planting date and cultivar

Gl &)U Cultivar o, - GDD HTU
Planting date Duration

o Cozima losjs8 49¢ 914.88f 6892.53fg
” [‘;ecgr;ber Savalan oVl 56.33b 1011.70bc 7788.19bc
Almera |yl 52.50cde 934.05¢f 7140.45¢f
L Cozima s 49.17e 856.58( 6680.07g
2l Sec:e;n"ber Savalan oYl 56.17hc 971.92d 7584.84cd
Almera Iyall 55.00bcd 957.47de 7391.68de
] Cozima s 53.17b-e 1014.88bc 7779.20bc
L51°0 “j’ 9 S Savalan Vil 58.00a 1067.35a 8276.59a
anuary Almera 1yl 53.50b-¢ 1013.60bc 7731.02bc
e o Cozima Loz joS 50.50b-e 980.82cd 7503.49cd
) 6’3‘;] - ;ry Savalan Vil 55.00bcd 1033.73b 7469.51b
Almera el 52.83cde 971.90d 7492.84cd

5,106 70l pdaws 55 (g ze BB gt b 4> S i Bgy> b b, Sike
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 13- Results of combined variance analysis for yield, heat use efficiency and helio thermal units use efficiency

s Olayyo (ube
Sources of o 63031 4y Error. mean square .
variation e galie df 3,Slos bd U 2L Jloyd gald aaly 2l 2l
Yield Heat use Helio the_rr_nal unit use
efficiency efficiency
Year (Y) Jbo 1 221.271™ 58.518" 1.764"™
Replication x Year Jls 3,45 4 6.097 2.620 0.056
Planting date (P) cusls ol 3 10.684"™ 7.149" 0.115"™
Y xP cuslS dyb X 3 16.699" 8.434™ 0.125"
Error s 12 3.234 1.387 0.033
Cultivar (c) ) 2 146.425™ 64.223" 1.319”
YxC ody X Jlo 2 6.281™ 3.215™ 0.067™
PxC o8y X CuBlS g 6 13.028" 5.685" 0.100™
YxPxC o8y X sl G )b X L 32 18. 448" 7.690° 0.154"
Error s 64 5.200 2.232 0.064
CV (%) Sl G pd 14.2 12.2 12.7

70 g 7N Jloin] gaws 13 3 gixe g 3 dme pé udygay FF 5 * NS
ns, * and **: Not significant and significant at 1% and 5% probability level respectively
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Table 14- Means comparison of yield, heat use efficiency (kg ha™ °C day™) and helio thermal units use efficiency (kg ha™ °C
day™ hr'!) in studied planting date
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Heat use efficiency  Helio thermal units use efficiency
(tha')  (kg.ha™ °C day™)

Planting date  <wil§ &,0 vyield

Jbyigdd aaly ;30 o],

(kg.ha* °C day™ hr)

21 December «> Jd 16.77a
31 December ©d b 16.33a
10 January > S scw  16.01a
20 January ke Jo 17.78a

10.83b 1.55a
10.98b 1.58a
10.36b 1.46a
11.87a 1.66a
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Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 15- Means comparison of yield, heat use efficiency and helio thermal units use efficiency in studied cultivars
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Heat use efficiency  Helio thermal units use efficiency
(tha®)  (kg.ha™ °C day™)

Cultivar N Yield

Jloigala saly ;50 21,

(kg.ha* °C day™ hr?)

Cozima Lejss  17.98a
Savalan oYl 18.31a
Almera Iyell 13.88b

11.83a 1.69a
12.06a 1.71a
9.12b 1.29b
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Means followed by similar letters in each column are not significantly different at 5% of probablity level.
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Table 16- Means comparison of yield, heat use efficiency and helio thermal units use efficiency in interaction effect of
planting date and cultivar

S i > Slos Sl B e 1,5 Jloisds sy byae 2,15
Planting date ultivar o5, Y|el_(‘1l Heat use cEeffmler?fy Helio therm;flll Bnlts use ef_lzlmency
(tha™) (kg.ha™ °C day™) (kg.ha™ °C day™ hr™)
s Cozima Lo joS 17.31bcd 11.19bcd 1.60bc
” D“e Ce?n ber  Savalan Vgl 18.03bc 11.67b 1.67b
Almera 1yoll 14.98def 9.62cde 1.38cde
Cozima Loy 358 18.03bc 12.13b 1.74ab
w02k Savalan Vsl 17.11bcd 11.50bc 1.66b
31 December Almera Iyodl 13.85efg 9.30de 1.34cde
Cozima Loz S 18.66b 12.08b 1.71b
‘ia i n’u:r““ Savalan oYl 16.55h-e 10.70bcd 1.51bcd
y Almera I 50ll 12.83fg 8.31.e 1.17e
Cozima Lo jsS 17.92bc 11.95b 1.70b
zoﬁhji y Savalan oYlsla 21.56a 14.39a 1.99a
Almera Iyodl 13.87efg 9.27de 1.28de
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Means followed by similar letters in each column are not significantly different at 5% of probablity leve.l
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Introduction

Growing degree days (GDD) and helio thermal units (HTU) are the temperature based agro-meteorological

indices that play important role in predicting crop growth and yield. Growing degree days is based on the
concept that the actual time to achieve a phenological stage is linearly related to base temperature (Ty) and
optimum temperature. The efficiency of conversion of heat and radiation energy to dry matter depends on
genetics factors and planting date. Heat summation units (HSU), that mainly called growing degree days, and its
derivations such as helio thermal units are the most necessary to determine phenological stages and the suitable
planting dates for cultivars of different crop. Growth of potato can be divided into five stages: sprout
development, vegetative growth, tuber initiation, tuber bulking and maturation. There is little information
concerning of growing degree days and helio thermal units for potato in the sub-tropics. This experiment was
undertaken to define growing degree days and helio thermal units at phenological stages and effect on yield for
potato cultivars established at different planting dates.

Materials and Methods

The research was conducted in the research farm of Behbahan Agriculture Research Station for two years
(2015-2017). The experiment was arranged as a split-plot in a randomized complete block design with three
replicates. Planting dates from 21 December to 20 January at a 10-day interval were the main plot and the
Cozima, Savalan, and Elmera cultivars were considered as sub-plot. When the diameter of the swollen tip of
stolon was twice as long as stolon diameter, considered as tuber initiation. Tubers were harvested in mid May.
Growing degree days and helio thermal untis were calculated at all phenological stages and after harvest thermal
use efficiency and helio thermal unit use efficiency. Results from experiments of 2 years were combined for
analysis. Data were statistically analyzed by MSTAT-C. Significant differences among treatments means were
determined at p < 0.05 by Duncan’s multiple test range.

Results and Discussion

The longest of the sprout development stage was recorded for 21 Dec. planting date. With the postponement
of planting date, due to increase temperature, duration of sprout development significantly shortened, and
growing degree days and helio thermal unit decreased. The duration of vegetative stage was 15 days. Early
exposure of plants to favorable climatic conditions for tuber initiation, short day and cool night temperature,
caused the duration of vegetative growth, growing degree days and helio thermal unit were low. Tuber initiation
is thought complete within 2-6 weeks of that event, but since the majority of the tubers are formed over a period
of 15 days, duration of this stage is usually considered about 15 days. Although the duration of tuber initiation
was equal in all planting dates, however there was significant difference between the amount of growing degree
days and helio thermal unit in some treatment dates due to unsimultaneous timing of tuber initiation. The
duration of tuber bulking, depend on planting date and cultivar, ranged from 38 to 44 percent days. Growing
degree days and helio thermal units at tuber bulking stage were higher than previous stages, such as depend on
planting date 61.52 to 66.27 percent of total growing degree days belong to tuber bulking stage. Maturation stage
was not observed. There were no significant differences for yield and helio thermal unit use efficiency among all
planting dates, however the highest thermal use efficiency was recorded in 20 Jan. planting date. The highest
yield, thermal use efficiency and helio thermal units use efficiency belong to Savalan cultivar. Climatic
conditions at sprout development, vegetative growth and tuber initiation stages were relatively more favorable
for Savalan cultivar in 20 Jan. than other planting dates. Moreover, plants of Savalan cultivar in 20 Jan. planting
date, during incidence of late blight in effect of less age were more tolerant as compares with other planting
dates. Therefore, the yield of Savalan cultivar in 20 Jan. was significantly higher than other planting dates.

Conclusions

The duration of sprout development and vegetative stages are long and short respectively. In this experiment
low temperature during sprout development and high temperature from mid tuber bulking stages caused the less
tuber yield than temperate regions of the country. According to results, planting of Savalan cultivar in mid
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January is recommended for winter potato production in Khuzestan province. Planting from mid December to
mid January is recommended for Cozima and Elmera cultivars.
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