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1. Introduction

Abstract

In order to study the effects of sowing date and spring wheat cultivars on yield
and yield components a split plot experiment based on randomized complete
blocks design with three replications was carried out in the Research Farm of
Gonbad University, Iran in 2013-2014, 2014-2015. Sub-plots included planting
dates (4th and 19th of November, 3rd, and 18th of December, 2nd, and 18th of
January, 8th, and 23rd of February, and 9th of March). The main plots were
spring wheat cultivars (Khazar 1, Falat, Zagros, Kuhdasht, and Kareem). The
results showed that a delayed planting date reduced the number of days from
planting to flowering, therefore plant height and removable storage material re-
duced in the seed. Delay in planting reduced number of spike, humber of seeds
per plant, grain weight per spike and grain weight, also reduced yield. The high-
est grain yield was obtained from the planting date i.e. 4th November in the year
2013-2014 with 4,178.3 kg ha™ per hectare and in the year 2014-2015 with
3,194.13 kg ha™. The lowest grain yield was obtained from the delayed sowing
date i.e. 9th March in the year 2013-2014 with 762.2 kg ha™ and in the year
2014-2015 with 920.58 kg ha™ respectively. Among the cultivar, Kuhdasht in
years 2013-2014, 2014-2015 (2,005.7 and 2,244.99 kg, respectively) and in the
year 2013-2014 Zagros (1,830.9 kg) and in the year 2014-2015 Falat (1,645.83
kg) had the highest and the lowest yield, respectively. In general, the best cultivar
was Kuhdasht and the best planting date was 4th November.
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Falat, Grain Weight, Khohdasht Cultivar, Planting Date, Split Plot, Spike Weight,
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The growing population has so affected the existing resources. Hence, supplying the needed food, conventional me-
thods of agriculture and strategies related to the optimization of land and increasing production of grains, especially
wheat should be reconsidered more than ever. It is crucial to plant seeds at the right time to increase the grain yield of
winter crops [1]. The area under wheat cultivation in the world is 220,417,745 hectares with an average yield of 3,307.4
kg ha-1; in Asia 102, 275, 561 hectares with an average yield of 3,132.1 kg ha-1; and in Iran is 7.3 million hectares un-
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der wheat cultivation with an average yield of 1,452.1 kg [2]. One of the basic aspects of the optimum agricultural
management in the cultivation of a plant is to determine the planting date. Since sowing date is different in the climatic
conditions of each region, it results in changes in the process of plant growth as well [3]. Planting date is a factor that
often affects the physiological and morphological characteristics of the plant. Proper planting date creates suitable en-
vironmental conditions for seedling emergence and survival [4]. M. Mehrpouyan, G. Timas, and G. R. Aminzadeh [5]
studied on wheat and showed that there is a significant difference between various planting dates regarding the biologi-
cal yield; harvest index; plant height; growth duration; days to heading; the number of fertile tillers and spike length.
The higher grain yield on this planting date was due to the period of growth, spike length, and greater number of tillers.
Biological yield, number of spikes per area unit, days to booting, days to maturity and the amount of degree-day were
affected by planting date. The highest biological yield (14,415 kg ha™*) was achieved on November the 4th. In the de-
layed sowings, due to the late season heat and low soil temperature at the planting time; grain yield decreases [6].
Compared with the initial planting, the planting delay caused a significant loss of grain yield up to the amount of 7.98%.
To get the highest yield on early planting, in the present study, the cultivar of KSU-106 was 2% and 11.3% more than
the other two genotypes (KSU-105, Yecora Rojo). However, the wheat yield is significantly related to the cultivar
choice [7]. Similarly, wheat planting in Gorgan on December 21th had the highest production in the number of spikes;
spike weight; the weight of 1,000 grains; and biological yield [8]. Wheat planting at the wrong time, whether soon or
late, leads to many adverse results; on the contrary, wheat planting at the optimal time leads to high germination per-
centage; tillering well; timely phenological growth; production of strong plants with strong roots; a reduction in dor-
mancy; and an increase in grain weight for all types of wheat [9]. In delayed planting, due to shortening the growth
phases more grains should be used. On the other hand, high temperature during the reproductive growth, especially
during flowering period at the end of the season, along with humidity and heat stress cause yield loss [10]. The aim of
this study was to evaluate the effect of sowing date on the yield and yield components of wheat cultivars.

2. Materials and Methods

This experiment was conducted in 2013-2014, 2014-2015 at Gonbad Kavous University Research Farm, Iran. Gon-
bad Kavous (37° 15" N and 45° 46" E) has cold and humid winters and hot and dry summers. The 10-year average of
rainfall in Gonbad Kavous has been 447 mm and average annual temperature of 17.7°C. Most of the precipitation in this
city is in the form of rain in winter and spring. Totally, it has a warm and Mediterranean climate (Table 1). The study
was done in a split plot in a randomized complete block design with three replications. Main plot was planting date and
sub-plot was spring wheat cultivars. Spring wheat cultivars included Khazar 1, Falat, Zagros, Kuhdasht and Kareem and
planting dates were 4™ and 19" of November, 3" and 18" of December, 2" and 18™ of January, 8" and 23" of February,
and 9" of March. Weather conditions in the area on these dates are indicated in Table 1. The dimensions of each expe-
rimental unit were 3x2 m; row spacing was 20 cm. The density was 350 grains per square meter. Seed were sown by
direct planting. According to soil test results (Table 2), 150 kg ha™ nitrogen fertilizer was given to the plots in three
stages including before planting, during tillering, and booting. Weeds were manually controlled two times during tiller-
ing by hand. Phenological traits such as number of days to emergence; days to tillering; days to stem elongation; days to
flowering and days to maturity were recorded according to the Feekes scale. Every growth stage was recorded in a plot
as long as 50% of the plants achieved that stage. To study the spike length, spike weight, seed weight, number of seeds
and number of spikelet, 20 spikes were randomly selected. At maturity stage, about 2 m? per plot was harvested in order
to evaluate grain yield, biological yield, and harvest index. The harvest index was obtained by dividing the grain yield
by the biological yield. Following examining the homogeneity of variances, analysis of variance was carried out using
SAS software version 9.3.1. The means were compared by least significant difference (LSD) test at the 5% level.

3. Results and Discussion

3.1 Phenological Characteristics

3.1.1 Days from Planting to Physiological Maturity and Grain Filling Period

The results of variance analysis showed that the effects of the following factors were significant at the one percent
level (P<0.01); the factors include: year; different planting dates; the interaction of year and planting dates; cultivars
and their effects on the number of days to emergence, tillering, stem elongation, booting and physiological maturity.
The interaction between planting date and cultivar was significant at the level of one percent in traits such as the num-
ber of days to stem elongation and booting and at the level of five percent (P<0.05) in traits such as the number of days
to emergence; tillering; and physiological maturity (Table 3). The interaction between year and cultivar was significant
at the level of five percent in traits such as the number of days to stem elongation and physiological maturity and at the
level of one percent in traits such as the number of days to emergence; tillering; and booting. The interaction among
year, planting date, and cultivar was significant at the level of one percent in traits such as the number of days to stem
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elongation and booting and at the level of five percent in traits such as the number of days to tillering and physiological
maturity. Regarding grain filling period of cultivars on different planting dates, there was a significant difference at the
level of one percent (Table 3). Different planting dates were different in terms of temperature and day length (Table 1).
These two factors affected the vegetative growth from cultivation stage to stem elongation. The results of average com-
parison, in traits from planting to emergence, showed that the grain germination depends on receiving moisture. In the
first year of cultivation on the 19" of November, due to lack of rainfall, it took a long time for the seed to germinate and
emerge. However, in the second year on the same date, since there was proper rainfall for seed germination (Table 1),
the seed germinated faster and the plant grew more rapidly. On March 9™, the seeds planted in the first year germinated
faster than the seeds planted in the second year. As a result, based on reviewing this comparison, we can conclude that
planting date has a significant impact on the emergence of the seed and moisture is much more important in this regard.
According to the results in traits such as the number of days to tillering; days to stem elongation; days to flowering; and
days to physiological maturity, it can be concluded that the planting delay reduces the period of vegetative growth. Re-
ducing the time between booting and physiological maturity reduce the period of grain weight filling. Studying the ef-
fects of different planting dates, in two years, on the period of grain weight filling showed that delayed planting de-
creased the period of grain weight filling (Table 4). Delayed planting reduces the grain filling period between the boot-
ing and physiological maturity. It is also influenced by the thermal stress at the end of the growing season that, in turn,
reduces the yield. The results matched Ahmadi, et al.’s [11] findings. According to the tillering and stem elongation
time on different planting dates, the results indicated that delay in sowing causes the plant to move to tillering and stem
elongation stages faster and also spend its vegetative phase faster. On dates of delayed sowing, this fact gives the plant
less time for the production and storage of dry matter transferrable to the grain; this, in turn, causes less transferrable
dry matter to be transmitted to the grain in the weight filling period of the grain and as a result, grain weight is reduced
in plant and it finally decreases the grain yield. It also reduces the vegetative growth period which reduces the amount
of dry matter produced by plant and their biological function as well. According to mean comparison of the trait number
of days to emergence, in the first and second years, the cultivar Kareem had the greatest number, and the cultivar Kha-
zar 1 and Kuhdasht in the first year and Zagros in the second year needed the lowest number of days for germination
(Table 5). In the trait such as number of days to tillering, in the first and second years respectively, the cultivars Kuh-
dasht and Kareem had the highest and the cultivars Falat and Zagros had the lowest number of days (Table 5). In the
trait days to stem elongation, there was no significant difference between the cultivars in the first year and the cultivars
Zagros and Kareem had the highest while the cultivar Khazar 1 had the lowest number of days. However, in the second
year, there was a significant difference between the cultivars and Falat had the highest and Zagros had the lowest num-
ber of days to stem elongation (Table 5). In the trait of number of days to heading, in the first and second years respec-
tively, the cultivars Falat and Kuhdasht had the highest number and the cultivars Zagros and Kareem had the lowest
number of days. As a result, in the first year, the cultivar Falat had the longest vegetative growth period and the cultivar
Zagros had the lowest vegetative growth period and in the second year, the cultivars Kuhdasht and Kareem had respec-
tively the highest and the lowest vegetative growth period (Table 5). The vegetative growth period has a significant im-
pact on grain yield as well as on the production and storage of the materials that can be transmitted to the grain. In terms
of number of days to physiological maturity, in the first and second year, Falat had the highest number of days (139.51
and 136.03 respectively) and the cultivars Kareem and Khazar 1 had the least number of days to maturity (respectively
138.33 and 134.88). The interval between booting and physiological maturity has a great impact on filling grain weight.
A comparison between the cultivars showed that in the first year Khazar 1 and in the second year Kareem had the high-
est and Falat had the lowest filling grain weight in two consecutive years (Table 5).

3.2 Grain yield and its Components

3.2.1 Plant Height

Based on the variance analysis, there is a significant difference at the level of one percent (P<0.01) among different
planting dates and various cultivars as well as the interaction between year and planting date; and the cultivar and
planting date (Table 6). The results of mean comparison on different planting dates in both years showed that planting
delay decreases plant height (Table 6). It matches results of [5]. The reason why in late planting, plant height is reduced
is that the time required for vegetative growth is decreased and the plant starts the reproductive phase earlier. According
to the results of mean comparison, among the cultivars, Zagros was the highest and Falat and Kareem were the shortest
(Table 8).

3.2.2 The Total Number of Spikes

Analysis of variance demonstrated that the total number of spikes per square meter per year; different planting dates;
the interaction of year and planting date; and the interaction between year and cultivar were significant at the level of
one percent (Table 6). The total number of spikes per square meter is one of the important components in grain yield by
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increasing of which, grain yield is also increased. In the first year Khazar 1 and in the second year Kuhdasht had the
highest yield in terms of the total number of spikes per square meter on all studied planting dates and this increase in the
number of spikes per square meter significantly influenced the grain yield in different planting dates (Table 8). As Ba-
hrani and Tahmasebi Sarvestani [12] reported, increase in the number of spikes per square meter will result in an in-
crease in grain yield. The results earned from different planting dates revealed that delayed planting reduces the number
of spikes per square meter (Table 7). Reducing the time it takes to grow tillers, planting delay results in insufficient
production of spikes per square meter and consequently decreases grain yield [13].

3.2.3 Grain Weight per Spike

Variance analysis showed different planting dates; cultivars; and interaction of year and planting date had a signifi-
cant effect on grain weight, at the level of one percent (P<0.01) and interaction among year, planting date, and cultivar
had a significant effect of five percent on grain weight (Table 6). A comparison of average results on different planting
dates in two consecutive years showed that the highest and lowest grain weight per spike were observed respectively on
November the 19" and March the 9" (Table 7). These results match those achieved by Afiuni, et al. [14]. Grain weight
was affected by environmental conditions and grain filling period. Delayed planting causes the grain filling period to be
reduced and, thus, plant deals with poor environmental conditions and due to slight and insufficient transition of photo-
synthetic materials to the grain, it will be small and thin reducing the weight of grains per spike. The mean comparison
among various cultivars revealed that in the first year, Kuhdasht had the highest and Falat had the lowest grain weight
per spike while in the second year, the cultivars Kareem and Kuhdasht had the highest and again Falat had the lowest
grain weight per spike (Table 8).

Table 1. Condition of climate Zone Gonbad Kavous (37° 15" N and 45° 46" E)

Years 2013-2014

Temperature (Centigrade)  Soil Moisture (%)  Rainfall (mm)  Evaporation (mm)

Year Month min max min max
2013 October-November* 5.6 30.6 14 95 155 50.5
2013 November-December -0.2 31.8 19 97 70.8 28.8
2013-2014 December-January -3.6 21.2 27 100 6.5 23.7
2014 January-February -9 271.2 23 100 25.7 25.9
2014 February-March -0.6 254 35 100 46.8 433
2014 March-April -0.2 324 26 100 55.4 77.3
2014 April-May 10.2 39.6 14 98 28.4 147.1
2014 May-June 18 44.6 18 98 42.4 195.9

Years 2014-2015

2014 October-November 3 31.2 16 99 41.6 49.2
2014 November-December -0.9 24.2 26 100 48.5 21.8
2014-2015 December-January -1 28.1 17 100 14 33.8
2015 January-February -3 25.1 31 100 40.9 33
2015 February-March -0.8 21.9 26 100 76.9 35.1
2015 March-April 4.2 37.6 21 100 25.1 68.7
2015 April-May 6.6 35.8 13 98 8 143.2
2015 May-June 14.4 47.2 10 86 0.1 246.7

Table 2. Analysis of soil Zone Gonbad Kavous (37° 15" N and 45° 46" E)

Soil Texture Class Nitrogen % Potassium (ppm) Phosphorus (ppm) Organic matter % EC (ds/m)  pH

Silt Clay Loam 0.13 447 10.9 15 17 7.9
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Table 3. Analysis of variance for planting date effect on phenology and some agronomical traits of five wheat cultivars

Mean of squares

Days to emer- Days to til- Days to Days to spik- Days to physio- C_;raln fill-
S.0V D.F . . . / - ing dura-
gence lering stemming ing logical maturity tion
year 1 300.83™ 4481 3,666.75 825.12" 750.00™ 1.79"
Error a 4 1.68 0.29 0.28 1.22 0.46 1.47
Planting date 8 292.99™ 1,840.19" 7,902.00™ 25,984.51™ 32,367.24" 528.04™
yearx dz::ntmg 8 348.82" 211.84" 452.08" 775.32" 446.56™ 7750
Error b 32 1.36 0.45 0.31 1.01 0.36 1.12
Cultivar 4 7.04” 3.86" 1.88™ 41.01" 11.917 10.61”
Cultivarx 32 174" 1.93" 217" 175" 1.45" 212"
planting date
yearx Cultivar 4 3.68" 3.81" 2.85" 4.05" 2.23" 7.80™
yearx planting ns * - o . wox
datex Cultivar 32 1.17 1.68 2.13 2.08 151 2.61
Error 144 1.04 1.07 1.14 0.64 0.87 0.91
C.V. (%) 5.75 231 1.41 0.76 0.68 2.97
Notes. “and “and ™: significant at 5% and 1% and no significant probability levels, respectively.
Table 4. Means comparison of different planting date effects on the studied phenology traits
Traits Number of day Numper o_f day  Number of_ day Number of day to Numbe_r of Qay to Grain filling
to emergence to tillering to stemming spiking (day) physiological duration (day)
(day) (day) (day) piking (day maturity (day) Y

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014

4" Novem- b b b
ber 23.00° 10.53° 51.00° 44.06° 99.93° 84.60° 154.80*° 130.33° 192.06° 175.80% 37.26° 45.46°
th

{/gemll;lgr- 12.009 17.20° 40.93° 47.06° 94.93° 87.93% 140.86° 129.80° 175.60° 165.00° 34.73" 35.20°

3" Decem- ’ b b d
bor 16.00° 16.20% 49.73° 52.20° 94.20° 88.06° 134.13° 125.93° 165.06° 156.53° 30.93° 30.60
th

%:imll?:r- 2280° 19.20° 5846° 5420° 91.93° 80.20° 122.06° 117.80° 153.93% 150.06° 31.86° 32.26°

2" January  18.80° 21.66° 51.20° 49.20° 87.06° 73.20° 108.66° 106.80° 142.66° 138.80° 34.00° 32.00°
18" January  29.73° 17.00° 50.06° 43207 78.06' 63.93° 96.66" 95.93° 128.80° 125.80" 32.13" 29.86°

8" February 20.20° 15.20% 42.06% 37.06" 66.06° 57.80° 78.33° 83.000 110.06° 114.939 31.73 31.93°

23" Febru-
ary

o" March  12.80° 16.20% 28.209 34.20' 47.06' 52.20" 57.000 64.06" 84.80' 90.93 27.80¢ 26.86°

13.80" 16.93° 35.06° 38.20° 55.06" 60.06° 68.20" 75.60° 96.93" 102.06" 28.73" 26.46°

LSD 0.80 1.00 0.67 0.22 0.37 0.47 0.64 0.89 0.56 0.35 0.66 0.96

Note. Treatments followed by the same letter were not significantly different at p > 0.05.
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Table 5. Means comparison of wheat cultivars on the studied phenology traits

Number of day to
physiological ma-
turity (day)

Traits Number of day to  Number of day to  Number of dayto ~ Number of day to
Cultivars  emergence (day) tillering (day) stemming (day) spiking (day)

Grain filling
duration (day)

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014

Khazar 1 18.48"  16.62° 4496 4433 79.14* 72.00% 105.29° 102.62° 13851° 134.88° 33.40° 32.25%
Falat 18.85® 17.07*  44.88" 4470 79.29° 7251° 108.25° 104.11* 139.51* 136.03* 31.25° 3192
Zagros 18.92°  15.88° 45.07® 43.88° 79.51° 71.55°  106.33° 102.85° 138.48" 13522 32.14" 32.37®
Kuhdasht 18.48° 16.51™ 4555°  44.03° 79.37° 7170 107.44° 103.66° 139.37*° 135.96° 31.92° 32.29%
Kareem 19.22* 1729 4548® 4492 7951° 72.22" 106.40° 103.00° 138.33° 135.62" 31.92° 32.62°
LSD 0.43 0.64 0.59 0.52 0.58 0.57 0.40 0.46 0.47 0.54 0.57 0.46

Note. The two treatments were not significantly different between at least one letter in common.

Table 6. Analysis of variance for planting date effect on yield, yield component and some agronomical traits of five wheat
cultivars

Mean of squares

Grain Number of  Number Grain

SOV D.F Pl_ant Num'ber of weight  grains per of spikelet thousand Seed yield Blol_oglcal I—!arvest
height spikes - . - - yield index
per spike spike per spike  weight
year 1 144.26™ 138,663.79”  0.07™ 5351.12" 51.74" 3927.58™ 1,427,007.8" 130,921,135~ 5,427.37"

Errora 4 23.10 2453.49 0.05 30.24 1.30 17.90 69,248.9 840,959 44.12
Planting date 8  3,949.23" 61,768.29™  1.99” 956.19” 65207  284.80" 24.597,710.0" 156363376  198.08"

- - - *

yearx Planting

date 8 120.04™  5,499.15™ 0.17" 66.23" 10.317 76.367  2,147,293.9" 8,182,397 155.55™

Error b 32 49.45 2,582.15 0.04 19.99 1.44 15.93 305,187.8 2,751,970 113.21

Cultivar 4 319.39™  1,425.04™ 0.23" 221.277 48427  432.03" 1,154,039.9"  1,157,459™ 313.25™
Cultivarx

planting date 32 62.47" 1,632.25™ 0.02™ 34.44™ 1.88™ 41557 249,482.3™ 801,220™ 56.68™

yearx Cultivar 4 36.81" 4,989.42™ 0.01™ 26.34"™ 2.20™ 7.48" 725,175.5" 2,553,352™ 37.81"

yearx planting

. 32 6.68™ 1,281.13™ 0.03" 15.78™ 1.35™ 29.03™ 219,156.5™ 1,151,099™ 65.49™

datex Cultivar
Error 144 28.10 1,195.30 0.02 18.15 151 10.93 158,517.5 1,249,137 44.39
C.V. (%) 6.87 16.33 16.19 12.94 7.22 10.96 25.91 19.65 18.33

Notes. “and ** and ™: significant at 5% and 1% and no significant probability levels, respectively.

Table 7. Means comparison of different planting date effects on the studied yield and yield component traits

Traits Plant height (cm) Number of spike (m?)  Grain weight per spike (gr)  Number of grains per spike

Planting date 9013 2014 2013 2014 2013 2014 2013 2014

4™ November 91.28°  88.65°  293.11%  279.45® 1.49° 1.36° 46.16° 34.13
19" November 94.42°  90.23°  240.67°  310.05° 1.37° 1.00™ 41.42° 30.72%
3" December 89.10°  87.52%  192.67°  262.17™ 1.14° 1.05" 43.00® 31.10°
18" December 78.05°  79.14°  178.00%  253.58™ 1.12° 1.12° 42.59° 32.43°
2" January 76.02  75.87° 170.67°®  213.56% 0.88° 1.01%° 37.18° 30.94°
18™ January 72.12+bc  75.29° 167.56°®  213.28% 0.91° 0.93% 37.70° 26.95"
8" February 70.20°  74.05° 17311  224.06% 0.77% 0.75°f 33.83¢ 24.77°
23" February 61.05¢  66.88¢ 151.78%  184.44°f 0.66% 0.81% 29.30° 24.99°
9" March 55.39°  63.15°  133.56°  168.44 0.59° 0.60" 25.08" 20.10°

LSD 6.46 3.60 38.82 38.92 0.16 0.16 3.33 3.70

Note. The two treatments were not significantly different between at least one letter in common.
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Table 7 (Continued). Means comparison of different planting date effects on the studied yield and yield component traits

Traits spikelet per spike Grain thousand weight (g) Seed yield (kg ha™) Biomass yield (kg ha®) Harvest index
lanting date 9013 2014 2013 2014 2013 2014 2013 2014 2013 2014

4 November ~ 19.62° 16.65%°  32.67° 40397 4,178.3° 3,194.13° 10,0333 8,854.2° 44.26° 36.22°
19 November ~ 18.48™ 17.28° 3353 33.05™  3,132.5" 2,694.85° 7,266.7° 8,875.0° 45.55% 30.38°
3 December 19.53* 17.53° 26.75" 34.20"  2,082.8° 2,582.04° 6,900.0° 8259.7" 33.28" 31.69°
18 December ~ 18.94® 17.44® 2638 34.87°  1,862.4% 2632.73° 4,844.4° 7451.4° 41.90® 35.39%

2 January 17.82° 17.68° 23.82¢ 33.24%  1442.4% 1866.54° 4,206.7° 5827.8° 37.42% 31.95™
18 January 17.099 16.38°¢ 2445 3447°  1,484.8% 1,855.06° 3,657.8° 5719.4° 4353® 3276

8 February 16.18° 16.08%  22.94¢ 30.78°  1,278.8% 1,473.92% 3533.3¢ 48111 37.73° 30.50°
23 February 15.62¢ 15.49% 22.79¢ 32.83*  976.2°" 1289.09° 2,500.0% 4,116.7% 41.37® 31.21°
9 March 13.70"  14.60° 23.69¢ 31.85° 76220 920.58" 1,955.6° 3,516.7° 42.25° 26.48"

LSD 072 107 2.66 3.44 54314 18264 14948 86885 1054 3.62

Note. The two treatments were not significantly different between at least one letter in common.

Table 8. Means comparison of wheat cultivars on the studied yield and yield component traits

Traits Plant height (cm)  Number of spike (m?) Grain weight per spike (gr) Number of grains per spike
ultivars 2013 2014 2013 2014 2013 2014 2013 2014

Khazar1  75.04° 77.39°  201.36° 235.10° 0.95% 0.96° 41.14° 31.23°
Falat 73.44°  76.50° 200.62° 218.05° 0.87° 0.87° 36.90™ 27.77°
Zagros 81.21* 80.23*  178.02° 231.00% 1.02% 0.96° 35.23° 27.01°
Kuhdasht ~ 78.21* 7876  182.84%® 245.17° 1.08° 1.00° 38.57" 28.18"
Kareem 7411°  76.45°  182.22® 24234 1.04% 1.01° 34.97° 28.08"
LSD 347 211 20.89 16.35 0.09 0.07 2.34 2.28

Note. The two treatments were not significantly different between at least one letter in common.

Table 8 (continued). Means comparison of wheat cultivars on the studied yield and yield component traits

Number of spikelet Grain thousand Biological yield (kg

Seed yield (kg ha) Harvest index

Traits ] per spike weight (gr) ha™)

Cultivars

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
Khazar 1 19.08° 1774 23.01° 30.80° 1,970.3% 1,981.28° 53765° 6,415.1° 39.49% 30.18"
Falat 17.85°  16.99®  23.30° 31.22° 1,8385% 1,645.83° 5037.0° 5929.0° 37.61° 28.20°
Zagros 17.14°  16.34° 28.43° 3558 1,830.9° 2,197.39° 4,827.2° 6,562.5° 41.11% 33.03
Kuhdasht 16519  15.39°  27.46°  36.06° 2,005.7° 2244.99° 4969.1° 6,361.1° 41.71% 34.94°
Kareem 16.63%  16.37°  29.48°  36.15 1,9104° 2,213.26° 4,733.3° 6,6389° 44.13% 3287
LSD 0.54 0.76 1.54 2.01 36749 14343 78864 33681  4.63 2.14

Note. The two treatments were not significantly different between at least one letter in common.

3.2.4 Number of Grains per Spike

Results of variance analysis showed that the following factors made a significant difference at the level of one per-
cent in the trait the number of grains per spike: year; different planting dates; various cultivars; the interaction of year
and planting date; and the interaction between cultivar and planting date (Table 6). The highest and lowest numbers of
grains per spike were observed respectively on the planting dates November the 19" and March the 9" (Table 7). These
results matched those of a research was done by Kalatearabi, et al. [6]. The number of grains per spike is affected by
planting date because as a result of delayed planting, plants encounter with thermal stresses at the end of their growing
season. Temperature is quite effective in flowering, pollination, and seed formation; in addition, flowering time is re-
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duced for seed production resulting in a decrease in seed production. In the first year, Khazar 1 had the highest and Ka-
reem and Zagros had the lowest number of grains per spike while in the second year, Khazar 1 had the highest and Za-
gros and Falat had the lowest number of grains per spike (Table 8). The positive role of grain number in spike in select-
ing the most appropriate planting date for new cultivars of wheat is affirmed by researchers [15].

3.2.5 The Number of Spikelet per Spike

Results of variance analysis showed that the following factors had a significant effect at the level of one percent on
the trait the number of spikelet per spike: year; different planting dates; various cultivars; the interaction of year and
planting date (Table 6). Among the planting dates in the first year November the 19™ and March the 9" and in the
second year January the 2" and March the 9™ had respectively the highest and lowest number of spikelet per spike (Ta-
ble 7). Delay in planting causes a shortening of the time span for spikelet to emerge and also shortens the growth period
of spikes as long as the last spike is formed; the result is the reduction of spikelet per spike which accords with the re-
sults of a study by [16]. The mean comparison among various cultivars revealed that Khazar 1 had the highest and
Kuhdasht had the lowest number of spikelet per spike in both studied years (Table 8).

3.2.6 Weight of One-thousand Grains

The weight of a thousand grains is one of the major components of yield. Results of this study indicated that the ef-
fects of year; different planting dates and various cultivars; the interaction of year and planting date made a significant
difference at the level of one percent in this component (Table 6). A comparison of average results on different planting
dates in two consecutive years showed that in the first year November the 19" had the highest and March the 9" had the
lowest weight of a thousand grains. In the second year, the highest and lowest weight of a thousand grains were ob-
served respectively on November the 19" and February the 8" (Table 7). Reduced grain weight per spike indicated that,
due to delayed planting, fewer stored materials are transmitted to the grain. Delay in planting causes spikes to appear
late. As a result they have to deal with adverse environmental conditions and the heat. The plant, then, produces weak
secondary tillers without enough nutrients, photosynthetic, or water to produce full weight grains. These results accord
with the findings of [14, 17]. The mean comparison among various cultivars revealed that the cultivars Kareem, Zagros,
and Kuhdasht had the highest while Khazar 1 and Falat had the lowest weight of a thousand grains in both studied years
(Table 8).

3.2.7 Grain Yield

Results of the study showed that among different planting dates; cultivars; and interaction of cultivar and planting
date, there is a significance difference in terms of yield at the level of one percent and in the effects of year and interac-
tion between year and cultivar, a significant difference of five percent was observed (Table 6). The grain yield is influ-
enced by traits of yield components including the total number of spikes; spike length; spike weight; grain weight per
spike; number of grains per spike; number of spikelet per spike; and a-thousand-grain weight. By comparing different
planting dates and yield components, it was found that delayed planting reduces yield of the measured traits; and, thus,
reduces the grain yield (Table 7). The results of this study match those of the researches were done by [6, 17, 18, 19].
Wheat yield significantly depends on the selection of a suitable cultivar [7]. The results of comparing mean grain yields
of different cultivars revealed that Kuhdasht in the two studied years had the best yield while the cultivar Zagros in the
first year and Falat in the second year had the lowest yield (Table 8). Evaluation of results on the measured traits of
yield and its components showed the total number of spikes per square meter; a-thousand-grain weight; and grain
weight per spike had the greatest impact on grain yield of various cultivars.

3.2.8 The Biological Yield

Results of variance analysis showed that there is a significant difference at the level of one percent among different
years; different planting dates; and the interaction of year and planting date (Table 6). According to the results of eva-
luating the traits the number of days to emergence; days to tillering; the number of days to stem elongation; the number
of days to physiological maturity; and plant height, delay in planting reduced their yield. Vegetative growth affects bio-
logical function and its reduction causes biological yield to reduce. The results of this study approve those of the re-
searches done by [6]. According to the results of mean comparison of different planting dates, delayed planting reduces
the biological function and yield (Table 7).

3.2.9 Harvest Index

Results of variance analysis for harvest index showed a significant difference at the level of one percent (P<0.01) for
effects of year; different planting dates; various cultivars; and the interaction of year and planting date (Table 6). Re-
sults of the present study matched with [20]. Given that there is a direct relationship between harvest index and grain
yield, grain yield decreased with delay in planting date resulting in a decline in harvest index (Table 7). Results of
comparing the harvest index of various cultivars showed that Kareem and Kuhdasht had the highest harvest index
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(44.13 and 34.94) respectively in the first and second years while Falat had the lowest harvest index (37.61 and 28.20)
in the two consecutive years (Table 8).

4. Conclusions

Results of this study indicate that plant growth is affected by ambient temperature and selecting the optimum planting
date is one of the key conditions for wheat production. Delayed planting reduces vegetative growth and, thus, plants
enter reproduction phase faster. This reaction of the plants on delayed sowing dates reduces their biological function
and also reduces the time required to store transferrable materials to grain; it, thus, declines the grain yield. The delay in
planting reduces grain filling period resulting in a reduction of grain weight and grain yield. In total, the delay in plant-
ing reduces plant height, number of spikes per square meter, spike weight, grain weight per spike, number of grains per
spike, number of spikelet per spike and thousand-grain weight; it consequently declines the grain yield. According to
the mean comparison of the results obtained in this study, 4™ November was the best planting date in terms of yield and
its components and Kuhdasht had the best yield among cultivars in Gonbad Kavous region.

5. Acknowledgements

We thank Dr Patric Crehan, CEO from Belgium for the cooperation in editing the article.

References

[1] Campbell, C. A, Selles, F., Zentner, R. P., Mcleod, J. G., and Cyck, F. B. (1991). Effect of seeding date, rate and depth on
winter wheat grown on conventional fallow in southwestern Saskatchewan. Can. Journal of Plant Science, 61, 51-61.

[2] FAO. (2017). Statistics: Faostat-Agriculture, Production Crops. Available online at: http://www.faostat.fao.org, Accessed 12
April 2017.

[3] Khajehpour, M. R. (2007). Principle of cultivation. Jahad Press, Isfahan; (p. 398). (In Persian). https://www.gisoom.com/
book/1501165.

[4] Akramghaderi, F., Latifi, N., Rezaei, J., and Soltani, A. (2003). The effects of planting date on the phenology and morphology
of three cotton cultivars in Gorgan. lIranian Journal of Agricultural Science, 34(1), 221-230. (In Persian).
https://jijas.ut.ac.ir/article_17492.html.

[5] Mehrpouyan, M., Timas, G., and Aminzadeh, G. R. (2010). The effect of planting date and seed density on morphological cha-
racteristics and two bread wheat cultivars yield in zone Moghan. Iranian Journal of Agricultural Science, 3(9), 37-49. (In Per-
sian). https://www.sid.ir/fa/journal/ViewPaper.aspx?id=166090.

[6] Kalatearabi, M., Shikh, F., Soghi, H., and Hivechi, J. (2011). Effects of sowing date on grain yield and its components of two
bread wheat (Triticum aestivum L.) cultivars in Gorgan in Iran. Iranian Journal of plant and seed production, 27(3), 285-296.
(In Persian). https://www.sid.ir/fa/journal/ViewPaper.aspx?id=145354.

[7] Refaee, Y. A. (2011). Yield and yield component parameters of bread wheat genotypes as affected sowing dates. Journal of
Scientific Research, 7(4), 484-489.

[8] Eslami, H., Najafi navae, H., Alazmani, A. R., and Shojaei, A. N. (2014). Effect of sowing dates and seeding density on yield
of wheat (Triticum aestivum). Journal of Applied and Basic Sciences, 8(7), 836-838.

[9] Gibson, L. R., Schwarte, A. J., Sundberg, D., and Douglas, L.K. (2007). Planting date effects on winter triticale grain yield.
lowa State University, ISRF 04-12.

[10] Fathi, G., Siadat, S. A., Rossbe, N., Abdali-Mashhadi, A. R., and Ebrahimpoor, F. (2001). Effect of planting date and seed den-
sity on yield components and grain yield of wheat cv. Dena in Yassoj conditions. Journal of Agriculture Science and Natural
Resources, 8(3), 23-31. (In Persian). https://www.sid.ir/fa/journal/ViewPaper.aspx?id=36444.

[11] Ahmadi, M., Kamkar, B., Soltani, A., Zeynali, E., and Arabameri, R. (2010). The effect of planting date on duration of phono-
logical phases in wheat cultivars and its relation with grain yield. Iranian Journal of Plant Production, 17(2), 109-122. (In Per-
sian). https://www.sid.ir/en/journal/ViewPaper.aspx?id=214979.

[12] Bahrani, A. and Tahmasebi Sarvestani, Z. (2006). Effects of rate and time of nitrogen fertilizer on yield, yield component, and
dry matter remobilization efficiency in two winter wheat cultivars. Journal of Agricultural Sciences Islamic Azad University,
12(2), 369-377. (In Persian). https://www.sid.ir/fa/journal/ViewPaper.aspx?FID=53513850211.

[13] Chu, C. J., Weiner, J., Maestre, F. T., Wang, Y. S., Morris, C., Xiao, S., Yuan, J. L., and Wang, G. (2010). Effects of positive
interactions, size symmetry of competition and abiotic stress on self-thinning in simulated plant populations. Annals of Botany,
106, 647-652.

[14] Afiuni, D., Jalali, A. H., Khakpour, R., Safaei, L., Najafi Mirak, T., and Akbari, GH. A. (2014). Reaction of bread wheat geno-
types with different flowering habits to planting date in Isfehan. Journal of Agricultural Crop Management Tehran University,

DOI: 10.26855/ijfsa.2021.12.003 582 International Journal of Food Science and Agriculture



Galdi Mohammad Bahalkeh et al.

[15]

[16]

[17]

(18]
[19]

[20]

16(1), 55-68. (In Persian). https://www.researchgate.net/publication/268870981.

Slafer, G. A. and Rawson, H. M. (1994). Sensitivity of wheat phasic development to major environmental factor; a
re-examination of some assumptions made by physiologists and modelers. Australian Journal of Plant Physiology, 21,
393-426.

Ahmadi, M., Kamkar, B., Soltani, A., and Zeinali, E. (2008). Determination of the most important yield component of wheat in
different sowing dates. Iranian Gournal Agricultural Science and Natural Resources, 15(3), 35-47. (In Persian).
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=84372.

Bakhshandeh, A. and Rahnama, A. (2005). Seed densities and planting date on tillering, yield and yield component of six
promised wheat. lranian Journal Agricultural Science and Natural Resources, 12(3), 147-254. (In Persian).
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=18546.

Momtazi, F. and Emam Y. (2006). The effect of planting date and plant density on yield of winter wheat varieties in Shiraz.
Iranian Journal of Agricultural Sciences, 1-37(2), 1-12. (In Persian). https://www.sid.ir/fa/journal/ViewPaper.aspx?id=59863.

Tahir, M., Ali, A., Ather nadeem, M., Hussain, A., and Khalid, F. (2009). Effect of different sowing dates on growth and yield
of wheat (Triticum aestivum L.) varieties in district jhang, Pakistan. Pakistan Journal of Life and Social Sciences, 7(1), 66-69.

Jafarnejad, A. (2009). Determination of optimum sowing date for bread wheat (Triticum aestivum L.) cultivars with different
flowering habits in Neishabour. Iranian Journal of Plant and Seed Production, 2-25(2), 117-135. (In Persian).
https://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=101768.

DOI: 10.26855/ijfsa.2021.12.003 583 International Journal of Food Science and Agriculture



