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Abstract: To investigate the effects of planting date and row spacing on yield, yield components and
associated traits, an experiment was conducted as spilt plot using completed randomized block design with four
replications in agriculture research center of changae sarab region in khorram abad, Iran, during 2009-2010. Four
planting dates (22 November, 6 December, 21 December, 5 January) as main plot and four row spacing (15, 30,
45 and 60 cm) were selected as sub plot. The results showed that the different planting dates had significant
effect on yield and yield components. The highest yield (1225 kg/ha), number of head per plant (12.7 head),
number of grain per head (25.9 grain), 1000-grain weight (29.2 g) and biological yield (3585 kg/ha) were obtained
at second planting date. Grain yield and its yield components influenced by row spacing were significant. Row
spacing of 30 cm had the highest grain yield (1214 kg/ha), number of head per plant (12.18 head) number of grain
per head (24.3grain) and biological yield (3562 kg/ha). The result of interaction between planting date and row
spacing showed that the highest and the lowest grain yield were obtained in planting date of 6 December with
row spacing of 30 cm (1414 kg/ha) and 5 January with row spacing of 60 cm (790 kg/ha), respectively. Therefore,
planting date of 6 December with row spacing of 30 cm is recommended.
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INTRODUCTION accompanied by decreasing in grain number and weight

The purpose of determining the planting date is to population resulted in increasing number of head per area
find the best time for germination, establishment and unit which ultimately leads to high yield [1-5]. To achieve
survival seedling of seed using environmental factors that the highest yield, in addition to optimum density,
affected plant development growth. In general any delay consistent distribution of plants and consequently the
in planting will result in low potential yield of plant. structure of plant canopy are great importance [6].
Because some part of sun light is not received by canopy Studying, row spacing density plant in soybean, Bullock
[1]. Delay in planting result in decrease of dry matter, et al. [7] found out that increase in yield in narrow rows is
grain yield and its quality due to reduction of mount of a result of increasing leaf area index (LAI) and crop
received sun radiation by canopy [1]. Ozer [2] related the growth rate (CGR) during vegetative growth. That
low grain yield of safflower in late planting date to increases the productive node and number of sheath per
reduced number of sheath in plant and harvest index. node. Patel et al. [8] stated that the highest grain yield for
Among other important reasons for reducing grain yield 30, 45 and 60 cm rows were obtained for narrow row of
in delayed planting date are reduction of canopy area and 30cm. Other report also showed that grain yield increases
short length of vegetative period [3]. Robertson et al. [4] with decrease in row spacing [9]. According to Munir and
concluded that delay in planting date reduced the 1000- Mcneilly [10] experiments increase in density result in
grain weight and its yield. The response of grain yield increase in yield and dry matter. For rapeseed James and
components to density plant is varied and is relatively Anderson [11] believed that increase in plant density will
compensable in a way that increase in density is increase yield through increasing  the  number  of  pod in

of 1000- grain per head, Although, increase of plant
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area unit. Ferreira and Abreu [5] stated in their yield by biological yield. Grain oil content was measured
experiments that grain yield increase with plant density. following Nuclear Magnetic Resonance
Because, in less density dry matter production and Spectrophotometer (NMR). Statically, analysis conducted
sunlight absorption is lower due to reduced leaf area. This using MSTAT-c software. Mean comparison was
investigation was carried out to find out the optimal conducted using the Duncan's Multiple Range Test
sowing date and row spacing in rain fed planting of (DMRT).
safflower. The effects of planting date and row spacing on
yield, yield components and related traits in fall safflower RESULTS AND DISCUSSION
under rain fed condition.

MATERIALS AND METHODS attribute of plant height affected by planting date showed

The experiment was carried out in Agriculture As shown in simple effect table, planting date of 6
research station situated in changai sarab region, khorram December and 5 January had the highest and lowest plant
abad, Iran in 2009-2010. This experiment was carried out as height respectively. The higher plant height in 6
spilt plot using randomized completed block design with December, can be related to low temperature and better
four replications. four planting date 22 November, 6 moisture regime. During this period, plant vegetative
December, 21 December and 5 January as main plot and growth was slower and longer. In comparison with other
four row spacing 15, 30, 45 and 60 cm were selected as sub planting dates, the height of plant increased. Delay in
plot. Experiment location was 1171 m an above sea level planting induces plant loss its opportunity to store
and it was situated in 33°, 30´ latitude and 48°, 18´ photosynthetic substances encounters winter with week
longitude. The physical, chemical characteristic and rosette. After winter cold and longer days, plant
metrology of region are presented in Table 1 and 2. introduces flowering stage. Vegetative growth is little at

The selected safflower cultivar was Sina. To prepare the end of flowering period and increase in height is not
the sowing bed, plow operation was carried out using visible. Hocking and Stapper, [3] and Miralles et al. [12]
plough, disk. Based on soil test the required fertilizer was consider shortening of vegetative growth as a factor in
applied. Nitrogen and phosphorous fertilizers were reduced plant height. According to variance analysis
applied in rates of 70 and 50 kg/ha simultaneously with table, the attribute plant height influenced by row spacing
planting. All culture practice operations were performed showed significant difference (Table 3). The result of row
manually. Controlling the weeds was done using manual spacing shows that plant height increase with decrease in
hand weeding during two stages. After removal of 50cm row spacing. The maximum and minimum plant heights
from the beginning and the end of each split plot, 10 were obtained in row spacing of 15 and 60 cm,
random plants were selected from medial rows to respectively (Table 4). It is clear that increase in height is
determine the number of head. To measure and determine result of reduced row spacing and inter node production
the 1000-grain weight, 1000 grains from each experiment due to gibbering hormone production in low light
plot were randomly selected and calculated using a digital condition. Morrison et al. [13] showed that stand ×
scale. Final harvesting was manually performed in order to increased inter nodal competition by stimulating the apical
estimate grain yield and biological yield of whole split merited and increase in plant height for light, less
plot. Harvest index was estimated through dividing grain branches are produced. With  increase  in  plant  density,

Plant Height: Based on variance analysis table, the

a significant difference at 1% probability level (Table 3).

Table 1: Soil physical and chemical properties of experimental area

Soil depth (cm) Clay (%) Loam (%) Sand (%) Available K (mg kg ) Available P (mg kg ) Total N (%) Organic Carbon (%) E.C(dS/m)1 1

0-30 38 49 13 380 8.9 0.08 1.18 0. 75

Table 2: Monthly mean value of precipitation and temperature in changae sarab station in 2009-2010

Month Oct Nov Dec Jan Feb Mar Apr May Jun

Precipitation (mm) 0 10.4 101 45.9 22.6 30.7 14.2 25.002 0

Min temp (°C) 10.75 6.17 1.93 .29- .33- 2.24 5.7 9.69 13.86

Max temp (°C) 29.8 21.09 14.26 10.79 11.33 15.7 21.7 26.4 33.92
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Table 3: Analysis of variance for measured parameters in planting date and row spacing 

MS

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant Number of Number of 1000-grain Grain Biological Harvest Oil

S.O.V df height head per plant grain per head weight yield yield index percent

Replication 3 378.9 136.3 30.4 63.4 108423 646583 18.5 11.4

Planting date 3 970.3 61.3 192.9 109.9 255385 2517978 14.5 ns 2.06** ** ** ** ** ** ns

Error a 9 16.4 2.4 9.8 5.2 4198 217428 18.9 .87

Row spacing 3 331.5 50.4 61.6 93.6** 169078 1124114 1.7 ns .001** ** ** ** ** ns

Interaction 9 4.07 4.4 1.7 2.3 4632 55523 ns 5.6 .002* ** ns ns ** ** ns

Error b 36 1.49 .758 1.09 1.8 1163 30749 4.6 .001.

C.V (%) - 12.3 8.6 7.1 9.9 13.3 15.2 14.6 5.1

Ns: Non- Significant, **: Significant at 0.01 level

Table 4: Mean comparison of planting date × row spacing on studies traits

Plant Number of Number of 1000-grain Grain Biological Harvest Oil

Treatment height (cm) head per plant grain per head weight(g) yield (kg/ha) yield (kg/ha) index (%) percent (%)

Planting date

22 November 86.3 b 9.8 b ab 21.5 26.3 ab b 1103 ab 3345 33.1 a 29.8 a

6 December 96.8 a 12.7 a 25.9 a 29.2 a a 1225 a 3588 34.2 a 29.5 a

21 December b 88 10.4 ab 21.2 ab 26.3 ab b 1077 ab 3276 32.9 a 29.4 a

5 January 77.8 c 7.9 b 17.4 b b 22.7 c 918 b 2656 34.9 a 28.9 a

Row spacing (cm)

15 93.5 a 9. 4b 19.9 b 23.1 c b 1102 ab 3273 33.9 a 29.43 a

30 87.2 b 12.8 a 24.3 a 25.4 b a 1214 a 3563 34.05 a 29.5 a

45 bc 85 9.8 b b 21.5 27.6 ab c 1032 bc 3069 33.9 a 29.45 a

60 c 83 c 8.9 20.4 b a 28.5 d 975 c 2960 33.3 a 28.42 a

Means, in each column, fallowed by similar letters are not significant different at the 5 % probability level- using Duncans Multiple Range Test.'

plant  exposed  with  some limitations for lateral expansion to longer vegetative period, more branches were
and as a result, the number of lateral branches decreases. produced. The number of head in each branch increase
Plant height influenced by interaction between planting with increasing reproductive period. Early fall sowing
date and row spacing  showed  significant  difference regime provides the plant with enough opportunity for
(Table  3).  As  shown in table of the effect of interaction vegetative, reproductive growth. Thus it influenced by
of planting date and row spacing showed that delay in late season stress. Variance analysis indicated that the
sowing and increase in row spacing decrease plant height. number of head per plant shows that the number of head
The maximum and minimum plant height obtained at 6 per plant influenced by plant height showed significant
December planting date with row spacing 15 cm and 5 difference at 1% probability level. The results presented
January and row spacing 60 cm, respectively (Table 5). in table 4. As shown reduced row spacing increases the
These changes are due to this fact that the late planting number of head per plant. The maximum and minimum
date reduces plant height. Because former planting date, number of head was obtained in row spacing of 30cm and
enjoyed optimum conditions of reducing temperature and 60cm, respectively. With narrow rows, the spaces
moisture. between plants were increased as a result of reduction or

Number of Head per Plant: Variance analysis indicated rows, more radiant energy is received. More received light
that the number of head per plant influenced by planting increases the number of lateral branches and the number
date showed the significant differences at 1% probability of head per plant. Increase of number of pod per plant in
level. As shown in Table 4, plant dates of 6 December and narrow row spacing was reported by Morrison et al. [14]
5 January had the highest and lowest number of head per in rapeseed. As the table of interaction effect of planting
plant, respectively. It seems that in early planting date due date  ×  row  spacing  showed  the  delay  in  planting and

delaying, compared to wide rows. Therefore, in narrow
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Table 5: Mean comparison of planting date × row spacing interaction on studies traits

Plant Number of Number of 1000-grain Grain Biological Harvest Oil

Treatment height(cm) head per plant grain per head weight yield (kg/ha) yield (kg/ha) index () percent (%)

15cm bc 92 9.5g 20.2e gh 23.6 de 1111 bc 3379 abc 32.9 29.83 a

30cm de 86 12.3c bc 24.5 bcdef 26.4 b 1204 b 3537 abc 34.03 29.85 a

22 November 45cm fg 83 8.6h de 21.4 bcde 27.1 efg 1072 cd 3172 abc 33.9 29.88 a

60cm g 82 h 9 e 20 bc 28.1 g 1025 bcd 3290 c 31.5 29.87 a

15cm a 104 ef 10 cd 23.3 defg 25.3 b 1226 b 3599 abc 34.2 29.48 b

30cm b 95 16.7e a 29.3 bcd 27.8 a 1414 a 3946 ab 35.8 29.53 b

6 December 45cm b 95 13b b 25.8 31.2a 1145cd b 3519 abc 32.7 29.43 b

60cm c 92 11d 25.1bc 32.4 a de 1116 bcd 3289 abc 34.05 b 29.5

15cm bc 94 10ef 20.1e 23.3gh def 1099 bc 3413 bc 32.4 29.43 b

30cm d 88 b 12 23.3cd defg 25.6 bc 1182 b 3606 abc 32.8 b 29.47

21 December 45cm def 86 10.2e de 21.4 bc 28 fg 1057 cd 3101 abc 34.04 b 29.44

60cm efg 84 8.6h e 20.1 bc 32.8 h 970 de 2983 bc 32.4 29.42 b

15cm fg 83 8.2i 16.3f i 20 h 974 ef 2703 a 36.2 28.99 c

30cm h 78 fg 9.6 20 e 21.8 hi fg 1055 cd 3161 abc 34.8 c 28.95

5 January 45cm hi 76 j 7.2 17.4 f fgh 24 i 853 fg 2482 abc 35.1 c 28.98

60cm i 73 6.8k 16.3 f efg 25.2 j 790 g 2278 abc 34.8 c 28.99

Means, in each column, fallowed by similar letters are not significant different at the 5% probability level- using Duncans Multiple Range Test'

increase in row spacing decreases the number of head per significant differences (Table 3). Planting date of 6
plant. The maximum and minimum number of head per December and 5 January had the highest and lowest 1000-
plant was obtained in 6 December, 5 January and row grain weight. Horn and Burnside [15] showed that the
spacing  30cm  and  60cm  respectively   6  December grain weight decreases with delay in plant sowing. The
(Table 5). reason for this decrease in weight of thousand grains is

Number of Grain per Head: Variance analysis indicated results in shortening the filling period of grain. The
that the number of grain per head affected by planting decrease in length of grain filling has a negative effect
date factor had significant differences (Table 3). As on1000-grain weight, which is due to low accumulation of
shown in table 4, planting date of 6 December and 5 matter substances in grain.
January had the highest and the lowest number of grain 5 January planting date significantly influenced the
per head, respectively. It is clear that correspondence of weight of thousand grains due to reduced amount of
flowering period with more optimum temperature and substance delivered to grain as a result of unpleasant
better pollination are the reasons for high number of grain temperature. According to variance analysis table, the
per head in 6 December planting date. Reduced number of weight of thousand grains was significant at 1%
grain per head for 5 January planting date can be probability level of probability. As simple comparison
attributed to shorten vegetative growth period, lower table showed, weight of thousand grains in creases with
amounts of carbohydrates and minerals, as well as low spacing. The maximum and minimum 1000-grain
material delivery to grain. According to variance analysis weight was obtained at row spacing of 60 cm and 15cm
table, the number of grain per head influenced by row respectively (Table 4). The 1000-grain weight depends on
spacing showed significant difference, 30 cm spacing with the amount of carbohydrate stored at the beginning of
average of 24.3 had the maximum number of grain per head grain filling. It seems that the reason for higher weight of
and the minimum number was reported for row spacing of grain weight at row spacing 60cm is lower number of head
60 and 45cm. The number of grain influenced by in plant and number of grain per head.
interaction effect of planting date and row spacing was
not significant. Grain Yield: Based on variance analysis table, grain yield

1000-grain Weight: Variance analysis indicated that the probability level. 5 December and 5 January planting dates
1000-grain weight affected by planting date and showed had the highest and lowest grain yields respectively.

low moisture during late growth season. Delay in planting

influenced by planting date was significant at 1%
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There was no significant difference between 22 yield in the latter planting date at row spacing 30 cm is
November, 6 December and 21 December planting dates. due to higher plant height, weight of thousand grains, the
Statistically they are in the same group. It seems that early number of sheath in plant, biologic performance and its
growth and establishment in 6 December planting date. harvest index. Environmental factors like solar radiation,
Take advantage of better and suitable environmental optimal temperature during flowering time, head formation,
conditions. A low yield component was not influenced by have caused latter planting date at row spacing 30 cm
thermal and moisture stress in fall planting. The studies enjoy the maximum photo synthetic yield and produce the
by other researcher's low reduced grain yield to delay in highest grain yield. On the other hand the forth planting
planting date [16-17]. Johnson et al. [18] compared date at row spacing 60 cm had the lowest yield due to
different dates and showed that delay in planting date reduced influential factors on grain yield.
result in low grain yield. Reduction of canopy size less
then ideal  limit  and short growth periods are among Biological Yield: As it is shown in variance analysis
most important reasons for low grain yield in delayed Table, biological yield influenced by planting date
planting dates [3]. As it is shown in variance analysis showed significant difference at 1% probability level. 6
table, grain yield influenced by planting date showed December and 5 January planting dates had the highest
significant difference at 1% probability level (Table 3). and lowest biological yield respectively. There were no
The results are presented in Table 4. Row spacing of 30 significant difference between 22 November and 22
and 60 cm had the highest and the lowest grain yield December planting dates (Table 4). Vegetative growth and
respectively. Morrison et al. [19] reported that plants plant yield are a function of thermal conditions of
sown at row spacing 15cm showed higher grain yield environment during different stages of growth,
compared with row spacing of 30cm. Johnson and Hanson particularly yield which is a function of thermal condition
[20] reported that the higher grain yield in narrower rows during and substance delivery to grain. In optimal
compared with wider rows is a result of consistent condition 6 December planting date is suitable for
distribution of plants that results in better distribution of vegetative growth. When organ reproductive germinates
solar radiation in to plant canopy. Consequently it provided that environment temperature is consistent with
reduces inter species competition. In this row spacing optimal condition for performance and dry matter
(30cm) due to more heads per plant, plant can utilize accumulation improve. In addition to reduced vegetative
sunlight more efficiently to increase grain yield. More growth due to unpleasant environmental conditions, 5
consistent distribution of plants in narrower rows causes January planting date faced with lack of suitable
better distribution of light and lower evapotranspiration. transportation of nutrients to grains due to increase in
High photosynthesis results in higher yields. Rosental et temperature at the end of growth season, decreased
al. [21] reported that the absorbed radiation per area unit biological performance. Based on variance analysis, grain
increases with plant density. The lowest grain yield yield influenced by planting date showed significant
reported for row spacing 60cm. Apparently less number of difference, at 1% probability level. The results of row
head in plant and grain number in head decreased grain spacing were presented in table 4. Row spacing of 30 and
yield in this row spacing. The results are consistent with 60 cm had the highest and lowest biological yield
results reported by Naseri et al. [22] and Patel et al. [8] respectively. Row spacing of 30cm had the maximum
who showed row spacing of 30 cm had the maximum grain biological yield due to consistent distribution of plants.
yield. Grain yield influenced by interaction effect of The reduced biological yield at row spacing of 60 cm can
planting date × row spacing was significant. As planting be attributed to competition among plants, limitation in
date × row spacing showed, delay in planting and wider available moisture and nutrients to soil. It should be noted
row spacing decrease grain yield. The maximum and that at row spacing 60cm drought stress happened early
minimum grain yield was obtained at 6 December at row because rrans pirating surface increased and soil moisture
spacing 30 cm and 5 January at row spacing 60 cm consumption was intensified. Morrison and Stewart [13]
respectively. With delayed planting the plant encounters stated that received radiation by wide rows are affected
some stresses due to correspondence of growth period and spatial distribution of plants allowed more light into
with high temperature. Consequently grain yield is vegetative cover plant density at 15cm and as a result
reduced. Hunter [23] showed that delay in planting more dry matter was produced. Munir and Mcneilly [10]
reduces the growth period and as a result the supply of reported that biological yield decreased withwider row
photosynthetic substances is decreased to higher grain spacing. Which is due to decrease in number of plants in
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area in wider planting row spacing. Biological yield REFERENCE
influenced  by  interaction  effect  of planting date ×row
spacing  was  significant.  As  interaction  effect of
planting date × row spacing table showed. Biological
performance decrease with delay in planting and wider
row spacing. 6 December planting date at row spacing of
30 cm and 5 January at row spacing of 60 cm had the
highest and lowest biological performance respectively
(Table 5).

Harvest Index: According to variance analysis Table,
harvest index trait was not significant under the influence
of non experimental factors. As it is shown in Table 4, 6
December and 5 January planting dates had the highest
and lowest harvest index respectively. It should be noted
that in early planting due to on time establishment, the
plant took the advantage of environmental factors and
undergo round resources during growth season. Due to
longer vegetative period, plant stored more
photosynthetic substances and supply the grains with
those substances. Higher harvest index in narrower row
spacing is indicative of the effects that more consistent
distribution of plants had on the advantages that plants
took from its immediate environment such as more green
vegetation and stand.

Oil Percent: According to variance analysis, oil percent
was not significant under none of experimental factors.
Although, 22 November planting date had the highest oil
percent on Day 5 January oil percent decreased due to
warmer temperature. While the highest amount of oil is
produced in mild climate with relative humidity. Robertson
et al., [4] (2004) showed that oil percent decreased by 1.7
percent in higher temperatures. It is clear that oil percent
depends on the type of cultivar and it is not influenced by
environmental factors. Reports showed that row spacing
does not affect the amount of grain oil [9-14-20]. Naseri et
al. [22] showed in an experiment on safflower in rain fed
condition that oil percent was not significant under the
influence of row and plant spacing.

CONCLUSION

The results showed that planting date and row
spacing have significant influence on radiation
distribution in plant population as well as photosynthesis.
Infect in this experiment suitable planting date and narrow
row spacing resulted in better distribution of radiant
energy. As a result 6 December and row spacing of 30 cm
with 1414 kg/ha had the highest grain yield. 
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