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Table 1. Climatic information of the experimentié sluring 2012-2013 growing season

s Lo olass
7 Temperature la;
Humidity (%) C) SRj3)
Les , - , N Sk JrE olaasy
Ju obo Temperature e J8 ‘_“’ e ‘_“’ Rainfall Evaporation Freezing
Year Month (°C) Max Min  Max Min  (mm) (mm) (days)
T Ae 232 9% 14 392 8 74 114.2 0
2012 (Sep. 23-Oct. 22)
A ot 18.3 98 21 324 52 557 54.9 0
2012 (Oct. 23-Nov. 21)
T ! 11.7 100 26 264 02 60.9 28.7 0
2012 (Nov. 22-Dec. 21)
R s 8.3 100 26 228 -1.8 57.1 32.8 6
2012-13  (Dec. 22-Jan. 20)
T ot 11.2 97 24 248 26 1444 39.5 0
2013 (Jan. 21-Feb. 19)
T i 11.6 100 28 288 -1 511 436 1
2013 (Feb. 20-Mar. 20)
v 19592 151 100 20 336 3.8 383 67 0
2013 (Mar. 21-Apr. 20)
v )| 19.9 98 22 376 6 487 120 0
2013 (Apr. 21-May 21)
v sy 26.6 92 14 418 144 46 185.2 0
2013 (May 22-June 21)
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Table 2. Temperature of the soil depth at diffepdanting dates of wheat

SE mhw S gl O Foo gl Ve Foo gl Yo Foo gl Y

Soil surface (°C) 5cm (°C) 10 cm (°C) 20 cm (°C) 30 cm (°C)
Al gley Bl Sl meo ¥ mee 8 BT meo ¥ et BT meo ¥ met BT meo¥ et RBY
Planting date Min Max 3am 9am 3pm 3am 9am 3pm 3am 9am 3pm 3am 9am 3pm
NN 5 912 11 144 14 116 134 144 12.8 13 137 134 134 134
2 Dec. 2012
WY 98 172 61 104 104 7 93 108 9 9 10 99 97 10
21 Dec. 2012
W54 202 2 102 7 34 68 78 56 58 7 66 64 66
9 Jan. 2013
W oA 5 184 38 102 98 54 76 82 7 7 8 78 76 716
28 Jan. 2013
\VQ\MY/\

14 246 44 118 107 53 84 102 63 65 83 64 65 7.3
17 Feb. 2013

P cusls Galizes slagles ,o ialesl sl Uoee owlislen ledlbl Y Jgus
Table 3. Climatic information of the experimentia st different planting dates of wheat

Ol Az e sk
Temperature ("Celsius) Humidity (%) e
cals ol B> Slas oeSolee Ll olels Jil Al Evaporation
Planting date Min Max Mean Sunny hours ~ Min Max (mm)
W 7.8 18 12.9 6.2 68 100 1.8
2 Dec. 2012
WY 1.2 13 7.1 8.1 81 94 0.4
21 Dec. 2012
ARRCE 7 21 14 9 30 53 3.1
9 Jan. 2013
WA o A 8.2 21 14.6 2.6 49 80 2.6
28 Jan. 2013
WA o VA 28 232 13 9.9 41 91 0.4
17 Feb. 2013
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Table 4. Cumulative GDD and number of days to pfmgical stages of wheat at different planting date
Sidlos 5 5l 59, 22l 515,

s G L P
2 ez W ymigazys b ells i, PR PR :
; ) T So3ele 8 So3el 8 0)50 S o s.‘t‘ﬂ
Wl Gad p fseeyes  Sldls S paysfrom  Days from .
) Cumulative GDD in Days from anthesis to planting to )
<l ol paS slacdsis effective filling planting to physiological physiologica Total sunny
Planting date Wheat genotypes period anthesis maturity | maturity hours
(Gonbad)..s 618 132 40 172 920.1
ivay aiyy  (Koohdasht)sasss 592 131 44 175 928.9
2 Dec 2012 (Karim) s 587 123 45 168 900.1
Line 7 619 132 43 175 928.9
Line 16 681 125 43 168 900.1
(Gonbad).-s 582 123 35 157 788.1
vy STy (Koohdasht)-czuass 604 118 40 158 808.4
21 Dec. 2012 (Karim) o 534 113 39 152 792.3
Line 7 576 121 37 158 794.5
Line 16 624 113 39 152 765.6
(Gonbad s 561 109 31 140 720.3
1FR) o 18 (Koohdasht)-csaass 561 106 35 141 7305
9 Jan 2013  (Karim) s 477 103 34 137 684.1
Line 7 597 107 34 141 730.5
Line 16 521 103 31 120 680.4
(Gonbad)..s 568 93 30 123 653
(Koohdasht)=czuass 480 20 33 123 653.1
VWY e A ]
28 Jan. 2013 (Karim) o 5 533 89 31 120 640.2
Line 7 530 93 31 124 655.6
Line 16 541 89 31 120 630.9
(Gonbad).-s 513 79 27 106 631.4
(Koohdasht)-czuass 398 77 29 106 628.9
VAN Cpege YA _
17 Feb. 2013 (Karim) s 484 73 29 102 604.4
Line 7 530 83 23 106 631.4
Line 16 510 74 29 103 604.4
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Table 5. Analysis of variance for plant characterssof wheat genotypes at different planting dates

Mean squares Slagye (ko
i du'lo u..\.w » ).’}c o)ja
Dl gl @lilezys Al pad  Cese Effective grain filing 41> @ 033 ails o Slos
Source of variation df Grain filling rate period Final grain weight  Grain yield
(Replication),!,ss 3 0.01171° 4.9962 7.3525° 1373306.6°
(Planting date).sls -L; 4 0.3078 396.8937 759.6345 4908095.1
(Genotype)_.ss; 4 0.3041 15.6193 115.4805 2206986.8
= oley X eyl 6 0.0609" 7.8053 13.9374 842883.2°
(Genotype x Planting date)
(Error) iolesl slas 72 0.0143 4.3406 3.3036 727458.5
CV (%)  clpss cuye - 7.29 7.83 421 17.21

% NS
¢

ns * and™: Not-significant and significant at 1% and 5% pablity levels, respectively.



VYA 5l pgas 0 lous /iy 0,90 /e Sildims

Ql)liw5¢,.;f‘5¢.w

Al 5 23U e, o Gl a5 (5 ebar wels (aS
3595 0% vy +1¥ Joleo 595 )3 @8 (koo VY (s
S o) Loeishl om yo b all als ol o)
39 8 ek NF BB e 12U 5, e slila
Iy Oilas cp eSS 5 cdls Luals ooy /¥ Joles
o odls Sl 0 13Ul laquds) plo 4 S
YL sy ¥ Y g V8 Y ccbangS o8,
oy < [F8 5 /YA - IYE Jolao 5,5 Lo +/VF 5 +/Y-
- on A s alS SIS s 5y, e e
O g 0,90 b Bolas cel clls o LSl
g o LoyS g (S ofugay Jad sloml b i L il
Slo 3 Slge moz ls ol 4y 0,90 A SobigS L
5 Ot Nbee el dils Dl ()39 9 ead S Al
Ol b as wis,s )15 (Yin et al, 2009 ) Sea
W5 09 oD 7 093 50 98 Slod gl 4z )3 O

b oo ol e 3 VY B2 il

s 2ld oig
iz glagle) ;o paS slacaisss als 2ls 09
awlie (O Jouz) cuil gl gme oglay cunls
o Sl uslS 5 3l L as ol ol bl
30 Sals ol lade g a8l mals wls o Sis cole
oole gaxd (i (F Jgoz) og Sglie oalss
w5 lacs) 5o 5 Jol cdls plej o ails jo Sis
sanlics (a5 Lo OYIYY 3 OFNF o5 a) VF 0¥ s
cilS Gloy 5o Ll o (g)ls gime BB i jo
o S 00le gest p yieS ald 0ayd (ole )31 VYY) sl
(p 5 (shee YD) 05 08, 5 ooy S5 (o &0 Loy
8)) wald plpiedy a5 a8 03, 4 ) oo Sl o9
& S 57 Jood 39y 00 213l (aibe @, o
g amdls ad; 0)90 bl slais 4 lgudsy ple

2 S50 0590 Jeb o 1) ails Sis cole pess JSlos
ailaie o lul) ol iolesl lal,o jo als o

il Gl glayle) ;o pauS slacaiss) ails ol 1 0450 9 it o (ks dslio - £ Jga
Table 6. Mean comparison of grain filling durat@amd rate of wheat genotypes at different plantiaig d

&l ol 5 Sy

ails (s Fe 050 aldoles 053

<l é—f.)u rvé) . e . L . . .
. Grain filling rate Effective grain filling Final grain weight
Planting date Genotype (mg.day?) period (day) (mg)
(Gonbad).s 1.46 31.72 48.90b-e
Ay ST (Koohdasht)-csaees 1.47 32.44 50.06bcd
2 Dec 2012 (Karim) o, 5 1.54 33.50 54.14 a
Line 7 1.51 32.48 51.82 ab
Line 16 1.44 35.33 53.22 a
(Gonbad)..s 1.54 27.83 45.01fgh
- (Koohdasht)ewsuass 1.67 28.68 50.16bcd
21 De)c 2012 (Karim) o, 5 1.67 28.43 49.96bcd
Line 7 1.74 27.55 50.18bcd
Line 16 1.57 30.89 51.99bc
(Gonbad)..s 1.47 26.13 40.3i
3 o4 (Koohdasht)-zaass 1.84 25.76 49.92bcd
9 Jan 2013 (Karim) o, s 1.92 22.60 46.47efg
Line 7 1.60 26.99 45.08fgh
Line 16 1.82 25.09 47.75cde
(Gonbad)..:s 1.60 25.88 43.17h
N e A (Koohdasht)-czaass 1.93 22.25 44.95fgh
28 Jan 2013 (Karim) o, 1.87 24.84 48.93b-e
Line 7 1.73 24.39 44.43gh
Line 16 1.80 25.22 47.68def
(Gonbad)..s 1.32 21.41 29.5|
(Koohdasht):czaass 1.91 18.37 36.51j
AN Croge YA i
17 Feb2013 (Karim) o, 5 1.79 21.66 40.86i
Line 7 1.38 22.60 32.77k
Line 16 1.39 23.03 36.82k
LSDsw% 0.17 2.94 2.56
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y=55/(1+exp(-0.16(x-29.81)))
~~~~~~~ y=54/(1+exp(-0.18(x-28.58)))

Grain weight (mg)

(pBeche) il 05

- = y=48.7/(1+exp(-0.2(x-22.5)))

60
50
40
e y=51/(1+exp(-0.17(x-27)))
30 e y=48.3/(1+exp(-0.17(x-32)))
2 = = y=41/(1+exp(-021(x-19.32)))
— =y=44.7/(1+exp(-0.2(x-19.3)))
10 g — . y=31/(1+exp(-0.23(x-17.7)))
0 ———o
0 10 20 30 40 50
eiastes )2 )l 0w 050
Day after anthesis (day)
(P11 sl S G 10y 4 W ) Waedag ) S o) i 401 05 Sl g = Y
Fig. 2. Trend of wheat grain weight variations of GONBAD (Equations from up to
battom: the first planting date to fifth)

— —y=46.1/(1+exp(-0.23(x-18.4)))

=34.6/(1+exp(-0.25(x-16.8)))

o] 20 40 60
(Ja0)obisles £ 51 0 5s)
Day after anthesis (day)
(3 U J gl 8IS ) 1Ol A Y 51 Wkl ) V7O a0l adia (339 Gl gy =Y S
Fig. 1. Trend of wheat grain weight variations of line 16 (Equations from up to
bottom: the first plantig date to fifth)

60

—— y=54.7/(1+exp(-0.15(x-28.23)))
------- y=50.85/(1+exp(-0.2(x-26.55)))
= = y=47.01/(1+exp(-0.24(x-22.65)))
— =y=49.23/(1+exp(-0.21(x-17.47)))
— y=40.83/(1+exp(-0.26(x-16.87)))

0 10 20

30 40 50 60
i £ 0w )3
Day after anthesis (day)
(P sl ST il 44 Wl el )] S o) 2 s g il gy - F 5ok
Fig.4.Trend of wheat grain weight variations of KARIM (Equation from up to
battom: the first planting date to fifth)

—— y=52/(1+exp(-0.16(x-25.62)))
....... y=50.56/(1+exp(-0.2(x-26.89)))
— — y=51.39/(1+exp(-0.19(x-23.6)))

( (-
( (-
— = y=45.29/(1+exp(-
( (-

10 p 0.25(x-18.6)))
0 . — - y=36.27/(1+exp(-0.28(x-17.6)))
0 10 20 30 40 50 60

sk £ ) 0 33
Day after anthesis {day)
(5015 sl S5 e 20wy 42 Yl 51 Wb ) it 55 dia 05 S g - 7 Ot
Fig. 3. Trend of wheat grain weight variations of KOOHDASHT (Equations from up
tobattom: the first planting date to fifth)

— =53.62/(1+exp(-0.17(x-30.66)))
~~~~~~~ y=52/(1+exp(-0.2(x-25.66)))

= = y=45.49/(1+exp(-0.2(x-22.59)))
— =y=46.71/1+exp(-0.21(x-18.78)))
— . y=33.92/1+exp(-0.23(x-18.20)))

0 20 40 60

colaales £ 51 e
Day after anthesis (day)
(e 6 gl s Sl ) 2ol g Wl 31 Wbl ) V (Y A e ()9 ekl gy -8 &
Fig. 5. Trend of wheat grain weight variations of Line 7 (Equations from up to
bottom: the first planting date to fifth
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Table 7. Mean comparison of grain yield of wheatajgpes and planting dates

(@2l slaple; 5 posS o) (iulejl slaloss als 3 Shee
Experimental treatments (wheat genotypes and plgudates) Grain yield (kg.hd)

(Gonbad KWty 4583.4
(Koohdasht CbomgS 4906.8
pF slorels (Karim s 5479.7
Wheat genotypes (Line 7) v oy 5007.4
(Line 16) V8o oY 4803.3
(2 Dec. 2012) yyay L300y 7097.1

(21 Dec. 2012) yyay a1y- 5868
=8 sleolss (9Jan. 2018  1ra) o4 4353.4
Planting dates (28 Jan. 2013) 1¥4) eqs A 4450.7
(17 Feb. 20130\ ¥\ e YA 3011.3
LSDso, 543.68

5y 5o 5 poeimy Sl Gl 00 VAL Hlade oy iy
Dy CubangS

Olo  Suwwod
Ot IS e Sdie (Ko 5V aS sl Lias
(I’ :’/VY”) asle u..\_w P )J§_A 0,99 g FHEY @Léf Q)5
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9 \>|)_| sSl_> ] 039 asls u..\_w - ).'§.A 0,99 ).ula
aS ass S ,l-5 (Paknejacet al., 2007 ) Son
0,99 Gmr Al> 0y (gloadlge (e 50 (Kiwrad (25558
3,18 395 (= +/IVA*¥) ils o, Slos 5 asils ol
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Table 8. Coefficients of logistic equation foregdication of dry matter accumulation of wheadays

after anthesis

=% =i slaole; n WHSE R+SE B+SE  MSE R?
Genotype Planting dates
(2 Dec 2012) ¥4y i\ 11 50.88:1.46 0.162:0.01 27.080.59 2.05 99.83
) (21 Dec 2012)¥ay siv. 11 48.27:0.96 0.17330.01 31.6:0.36 0.44 99.94
e (9 Jan 2013)¥2) o’ 9 40.98:0.91 0.20830.01 19.320.38 0.75 99.9
Gonbad
(28 Jan 2013)¥4) ;oA 8 44.66:1.44 0.20940.01 19.5%0.19 1  99.89
(1 Feb2013)va) e YA 8 30.85:2.21 0.2280.04 17.6%1.02 2.27 99.47
(2 Dec 2012) ¥4y i\ 12 52+1.68 0.15#0.01 25.620.73 3.24 99.74
(21 Dec 2012)¥a\ siv. 11 50.56£0.49 0.19950.01 26.8%0.19 0.33 99.97
e (9 Jan 2013)¥2) o’ 9 51.39:2.30 0.1886:0.02 23.6:0.77 3.03 96.25
Kohdasht
(28 Jan 2013)¥4) ;oA 8 45.29:0.54 0.251#0.01 18.6:0.19 0.37 99.97
(1 Feb2013)va) e YA 8 36.270.9 0.28090.02 17.650.37 1.05 99.86
(2 Dec 2012) ¥4y i\ 12 54.70:1.26 0.15440.01 28.230.57 2.62 99.82
(21 Dec 2012)¥ay iv. 11 50.85:0.49 0.19880.02 26.550.61 3.55 99.72
K:r)ifm (9 Jan 2013)¥%) oVa 10 47.01%2.30 0.2384:0.02 22.650.45 2.49 99.8
(28 Jan 2013)¥4) ;oA 9 49.231.28 0.2116:0.02 17.4#0.49 2.33 99.84
(1 Feb2013)va) e YA O 40.83:0.90 0.2636:0.02 16.87%#0.4 1.84 99.83
(2 Dec 2012) ¥4y i\ 12 53.63t1.24 0.170%#0.01 30.66:0.48 1.6 99.87
(21 Dec 2012)¥ay iv. 11 52+0.84 0.20090.01 25.66:0.31 0.9 99.93
|_Vinf7 (9 Jan 2013)¥%) 12 10 45.49:0.1 0.20040.01 22.5%0.43 1.42 99.87
(28 Jan 2013)¥4) ;oA 8 46.710.98 0.20840.01 18.780.33 0.55 99.95
(1 Feb2013)va) e YA 8 33.92t1.41 0.22680.02 18.2t0.63 1.28 99.77
(2 Dec 2012)v4)y i\ 13 54.970.92 0.1596:0.01 29.8%#0.73 1.26 99.91
(21 Dec 2012)¥ay iv. 11 53.771.46 0.18250.01 28.580.19 1.93 99.84
|_\i:§1ye (9 Jan 2013)va) so V4 10 48.731.53 0.2026:0.02 22.520.77 3.44 99.77
(28 Jan 2013)¥9) apsA 9 46.14:0.72 0.23160.01 18.450.28 0.77 99.94
(1 Feb2013) ¥4\ e YA O 34.65:0.66 0.25190.02 16.84:0.34 0.79 99.89

Sl oy B0 4 ails S oole gezs a5 Slej o B ils a5 ey b o o coyo R (e 5 o) ails Sles Q)'5Wf (5)ld paiges slass N

w5 axzlye (1) o) 4 pansets o po R 09 5 (slhs Sla o 5uSils MSE (i) o ) s 0 355
N, number of samples; Wi, final grain weight (mg); a coefficient relative to grain filling rate; Bye time wher
accumulated dry matter of grain reach to 50% ofimar weight; MSE, error means square$; &efficient of
determination. Refer tequation 1.
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Table 9. Simple correlation coefficients among wiagracteristics studied in this research

als Hab e (goy90

oS clas alo o Slae als ol o als Al ey focti i fill
Plant characteristics Grainyield Final grain weight Grain filling rate E ecuv;egr;iroagn Hing
als o Sles 1
Grain yield
b e i 0.70°
Final grain weight
Kb o 2 e 011 0.23 1
Grain filling rate
W2 o3 2 5o 90 72 0.72' -0.49" 1

Effective grain filling period

% NS
¢

ns " and™: Not-significant and significant at 5% and 1% pabMity levels, respectively.
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Abstract

Changing in planting date causes changing in ghsethology such as grain filling in wheat. In
order to evaluate the effect of planting dates aingfilling trend of some bread wheat genotypes
under rainfed condition, an experiment was condlieteagricultural research station of Gonbad-e
Kavous, Iran, in 2012-13 growing season. Five jphantimes i.e.: Dec.", Dec. 2%, Jan. ¢, Jan.
28" and Feb. 17 were considered as first and five wheat genotypesline 16, Gonbad, Koohdasht,
Karim and line 7 as second factor, respectivelye €ffect of planting date x wheat genotypes was
highly significant for grain filling rate and fingrain weight and significant for effective graitlirig
period, whereas it was not significant for graialgi With a delay in planting dates, grain yieldioé
wheat genotypes decreased. The highest and lowesst \geld were produced at the first and fifth
planting dates, respectively. The highest graitdyieas produced by Karim and the lowest yield was
produced by Line 16. With a delay in planting, griling rate of the wheat genotypes increasec Th
highest grain filling rate (1.76 mg.ddywas obtained with Koohdasht at fourth plantingedand the
lowest rate (1.44 mg.ddywas observed in Line 16 at first planting datiee highest variation among
genotypes for this trait throughout different plagtdates was 0.46 mg.dafpor Koohdasht and the
least variation was for Gonbad cultivar with 0.1¢.day* increase. The effective grain filling period
of wheat genotypes decreased from 35.33 days ®71days with a delay in planting dates. The
highest final grain weight of the wheat genotypiegaious planting dates decreased from 54.14 mg to
29.5 mg and the highest (19.4 mg) and the lowesR8Lmg) reduction were for Gonbad and Karim
cultivars, respectively. With an each € increase in environment temperature from fifthfitst
planting date, grain filling duration reduced byl 4lay and for each day delaying in planting date
grain yield decreased by 51 kghda'he results of evaluation showed that the redptnsf wheat
genotypes on grain filling trend under unusual eovinental conditions were different, thus it can be
infer that such as studies will be use to identifyand selection of suitable wheat germplasms on
wheat breeding programs under rainfed conditicBatbad region.
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