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MORPH PHYSIOLOGICAL TRAITS OF SAFFLOWER AS 

AFFECTED BY PLANT DENSITIES AND NITROGEN 

FERTILIZATION 

 

ABSTRACT:  

This study carried out at  a private farm in Elmhamid village 

,Arment district , Luxor governorate, Egypt in 2016/2017 and 

2017/2018 growing seasons for determine the effect of plant densities , 

different nitrogen sources and doses on the safflower cv. Giza 

(carthamus tinctorius) morphological and physiological 

characteristics. 

The experimental  design was split-split plot set up with three 

replicates in both studied seasons was followed. The main plots were 

devoted to three plant densities viz, 35, 47 and 70 thousand plants/fad., 

and sub-plots were allotted to the three forms of nitrogen, i.e. 

ammonium sulphate, ammonium nitrate and urea, while the four 

nitrogen fertilizer levels were randomely arranged in the sub-sub-

plots. The highest plant density of 70000 plants fad.
-1

 recorded the 

highest values of plant height and LAI at the growth stages i.e 65, 86 

and 107 days from sowing in both seasons, while, the lowest plant 

density of 35000 plants/fad.
-1

 recorded highest values of number of 

green leaves plants/fad.
-1

 , number of branches plants
-1

, dry weight 

plants
-1

(gm) and leaf area plants
-1

in the three growth stages in both 

growing seasons.  

The nitrogenous fertilizer forms had a significant effects on plant 

height at 107 days in the two growing seasons, But the other studied 

traits not show any significant response by the studied treatments 

under the two growing season at any growth stages . The highest 

values were recorded by using urea as the best form of nitrogen 

fertilizer under this experiment conditions. 

The nitrogenous fertilizer levels had a significant effects on all 

studied traits at the different growth stages and the two growing 

seasons indicated the important of nitrogen fertilization on safflower 

under  site of experiment. 
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Conclusively, from these results it could be concluded that to 

increase the number of branches’ / plant and leaf area index should be 

apply 60kg/fed level of nitrogen with low plant density. 

Key words: Safflower, plant density, nitrogen forms, nitrogen doses, 

morphological-physiological traits. 

 

INTRODUCTION 

Safflower became a major oil seed in many countries in the world like 

U.S.A, especially after 2
nd

 world war, when breeders produced high yielding, 

high oleic oil cultivars with greater resistance to biotic and abiotic stresses, But 

it suffered severally from competition main winter crops in Egypt, i.e. berssem 

and wheat. Still the local edible oil production, in Egypt, is not sufficient. 

Safflower may play an important role in increasing edible oil production in 

new reclaimed soils in Egypt (Abu-Hagaza et. al., 2009). 

In Egypt, Weiss (2000) mentioned that determination of the optimum 

plant population for a particular area under specific cropping condition is 

essential to optimize yield. Plant densities are needed to be accurately 

established. The present stand (number of plants) of safflower may be 

insufficient to produce high yield via land races and the exotics, since a 

considerable number of plants may be lost during the growing season. 

Therefore, higher plant densities could be more suitable to compensate for this 

loss and insure higher yield. 

Many researchers reported that plant densities had a significant effect on 

safflower yield and its components. Yau (2009) found that plant height 

decreased by increasing plant density. Sharifmghaddasi and Omidi (2009) and 

Amoughin et al.(2012) illustrated that increasing plant density increased plant 

height. By contrast, number of branches m
-2

 decreased. Number of capitula 

plant or m
-2

 decreased by increasing the plant density (Elfadl et al., 2009 

Sharifmghaddasi and Omidi (2009), Emami et al., 2011, Amoughin et al. 

(2012) . In addition, Shahri et al, (2013) reported that increasing plant density 

increased number of capitula per unit area but decreased 1000-seed weight. 

Conversely, Sharifmghaddasi and Omidi (2009) and Emami et al., (2011) 

mentioned that 1000-seed weight was increased by increasing plant density. 

The reactions of different forms and doses of nitrogen fertilizers are 

varied mach. Ahmed et al. (1985) studied that various doses of nitrogen had a 

significant positive effects on the plant height,  number of branches, flowering 

percentage, the seed yield, 1000 seed number and  protein content in seeds. 
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Cabi (1990) detected a significant differences in the number of branches, 

number of head of safflower grown under different nitrogen fertilizer forms 

and doses in Samsun, Turkey and recommended the ammonium nitrate in 150 

kg N/ha doses in order to get optimum seed yield in that region. Tamer et al.  

(2015) reported that increasing N rate with wider row distance influenced plant 

height, number of branch per plant, number of head per plant, 1000 seed 

weight, seed yield and seed protein content positively. 

Therefore, the aimed of this study the effect of plant densities and 

nitrogen fertilization on morph physiological traits of safflower.  
 

MATERIALS AND METHODS 

Two field experiments were carried out at a Private farm, El-Mahamid 

Village, Arment District, Luxor, Egypt, during the two winter seasons of 

2016/2017 and 2017/2018. This investigation aim to study the effect of plant 

density, nitrogen Fertilizer rates and sources on growth, Giza (1) safflower 

cultivar. 

1. Plant densities:  

Three plant densities were used:  

(a) 35.000 plants fad
-1

 i.e. 40 cm distance between plants.  

(b) 47.000 plants fad
-1

 i.e. 30 cm distance between plants.  

(c) 70.000 plants fad
-1

 i.e. 20 cm  distance between plants.  

2. Nitrogen sources:  

Three nitrogen fertilizers forms were used:  

(a) Urea (46 %N) 

(b) Ammonium sulphate (20.6 %N) 

(c) Ammonium nitrate (33.5 %N) 

3. Nitrogen fertilization rates:  

Four nitrogen rates were used:  

(a) Zero (Control). 

(b) 30 kg N fad
-1

. 

(c) 45 kg N fad
-1

. 

(d) 60 kg N fad
-1

. 

 

Experimental design: 
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The Split-Split-plot design with three replicates in both 2016/2017 and 

2017/2018 seasons was followed. The main plots were devoted to three plant 

densities, viz, 35, 47 and 70 thousand plants fad
-1

.  The sub-plots were allotted 

to the three sources of nitrogen, i.e. ammonium sulphate, ammonium nitrate 

and urea. The four nitrogen fertilizer rates were random arranged in the sub-

sub- plots. Each sub-sub-plot included 5 ridges 3 m long and 60 cm wide. The 

outer two ridges (1
st
 and 5

th
) were considered as a border ridges. Two ridges 

from the remaining three were used for sampling to study the growth and 

growth analysis.  

Cultural practices: 

The preceding crop was Lupin in the two seasons. Date of sowing was 

7/11/2016 and 13/11/2017. The crop was thinned to two plants per hill before 

the second irrigation practiced after30 days from sowing. The amount of 

nitrogen dose was applied twice after thinning and before the third irrigation. 

The normal cultural practices for safflower crop were Kept. The mechanical 

and chemical analysis the experimental soil are presented in Table (1). 

Table (1): Mechanical and chemical analysis of the experimental fields of 

2016/ 2017and 2017/2018 season. 

Soil content 2016/2017 season 2017/2018 season 

Mechanical analysis: 

Coarse sand % 45.10 45.90 

Fine sand % 35.90 36.10 

Silt% 7.90 7.85 

Clay % 11.10 10.15 

Soil texture Sandy Sandy 

Available soil nutrients: 

N P2O5 ppm 5.70 7.15 

P2 O5 ppm 4.11 3.90 

K2 O ppm 80.10 72.42 

pH 7.8 7.6 
 

Growth and growth analyses were determined on sample of five guarded 

plants. Sampling began after 65 days from sowing and continued up to 107 

days at three weeks intervals in both 2016/2017 and 2017/2018 seasons. 

Samples were carried immediately to the laboratory and were separated into 

leaves, branches, stems and flowers. Fresh weigh was determined and a 50 

gms from each was dried to constant weight, i.e. for about 48 hours at 75ºC. 
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Morphological and physiological growth traits : 

1. Plant height(cm) was measured from the ground surface to the terminal 

head at successive stages of plant growth. 

2. Number of green leaves plant
-1

: were accounted at successive stages of 

plant growth. 

3. Number of branches plant
-1

: were counted at all stages of growth, except 

the first stage. 

4. Dry weight plant
-1

:  Dry matter content of the plant was calculated by the 

following equation: 

Dry matter  = 
dry weight of the sample. 

fresh weight of the Sample   

5. Leaf area (LA): the disc method was used according to the method 

described by Johnson (1967). The cross sectional areas of the punch used 

was 1.77 cm
2
 and 50 discs were taken for all samples. Leaf area per plant 

was calculated as square dice  meters (dm
2
 plant

-1
).  

6. Leaf area index (LAI) : Leaf area index resulted by dividing leaf area per 

plant over area occupied by a plant i.e. ( leaf area per unit area of ground ) 

LAI  = 
Leaf area plant

-1
  

Unit area  of ground 

Statistical analysis:  

The proper statistical analysis of split-plot design was used- Combined 

analysis was performed for the characters recorded in both seasons. 

Differences among treatments were judged according to Duncan's Multiple 

Range Test (Duncan, 1955). Means followed by different letters were 

statistically significant. In interaction Tables, Small letters were used to 

compare the means in columns, whereas capital ones were used to compare 

means in rows.  

RESULTS AND DISCUSSION 

1- Effect of plant density: 

Data in Tables (2, 3 and 4) revealed that plant height, number of 

branches plant, dry weight/plant, leaf area and leaf area index were 

significantly affected by different plant densities. 
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The present results showed that plant density gradually decreased plant 

growth up to 70000 plant/fed., due to reducing the light absorption inside the 

plant canopy and creating competition among plants. Similar trends, were 

obtained by sharifmhaddasi and Omidi (2009), Yau (2009), Amoughin et al. 

(2012a) and Hamza (2015). They concluded that with in increasing plant 

density decreased the plant growth.  

Concerning number of green leaves/plant in both studied seasons, the 

obtained results in these mentioned tables showed that this trait significantly 

affected by plant density. Where the number of green leaves/ plant decreased 

by increasing plant density up to 70000 plant/fed. These results are harmony 

with those obtained results by Hamza (2015). 

As well as, number of branches/plant and dry weight significantly 

affected by plant density and the results in Tables 2, clearly indicate that 

number of branches/plant and dry weight/plant were decreased by increasing 

plant density up to 70000 plant/fed. in both seasons and these results are 

similar by the results obtained by Yau (2009), Hamza (2015) and leaf 

area/plant in both studied seasons was affected significantly by plant density 

where the results showed that the highest leaf area/plant at the lowest density 

(35000 plants/fad.). 

These results could be attributed to the competitions to light inter 

caption. In crowded planting, some of the lower leaves die probably because 

they don't intercept enough radiation energy for maintenance. 

These results are in conjunction with those reported by Keshtah (1981), , 

Sharshar (1982) and Hamza (2015). They showed that when plant density was 

increased the plant growth character decreased.   

On the other hand, leaf area index (LAI) had another trend in both 

studied seasons. 

LAI increased with increasing plant density, where the highest plant 

density (70000 plant/fed.) had the largest leaf/area index (LAI). The increase 

in LAI may be due to reduction the area of land occupied by the plants. These 

results are in concordance with findings of  Sharshar (1982), Ashoub (1984), 

Mansour (1988) and Hamza  (2015). They found that LAI of plants was 

increased by increasing the plant density. 

2- Effect of nitrogen soures : 

Generally, plant height increased with plant age till 107 days from 

sowing. This was true in both season and in all nitrogen forms used in this 

study. Nitrogen forms i.e. Ammonum sulphate, Ammonium nitrate and urea 
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did not significantly affect on plant height at 65 and 86 days from sowing, but 

at 107 days from sowing showing that urea was the better form of nitrogen 

which had the highest plants than the other forms in both growing seasons. 

Number of greens/plant in both seasons not significantly affected by 

using any form of nitrogen at the three stages, i.e. 65,86 and 107 days from 

sowing .Similar results were obtained concerning number of branches/plant 

which not affected by nitrogen sources at the three growth stages in both 

seasons.  

Data showed in Table 2 indicate that dry weight/plant (gm) not affected 

by nitrogen sources under the three studied ages. Nitrogen forms did not show 

any significant effect on the trait of leaf area/plant in both seasons at the three 

growth stages except at 107 days from sowing in 2016/2017 growing season, 

only (Table 3). Leaf area index in both growing season and at the three studied 

growth stages did not significantly affected by using any of the three nitrogen 

forms used in this study. 

3- Effect of nitrogen rates : 

The effect of nitrogen levels on studied traits, i.e. plant height, number of 

green leaves/plant, dry weight/plant, number of branches/plant, leaf area and 

leaf area index at the three growth stages, i.e. 65, 86 and 107 days from sowing 

are represented in Tables (1, 2 and 3). 

Comparisons among ever ages of plant height as affected by nitrogen 

levels reflected one trend in both seasons. Any increase in nitrogen application 

resulted in an increase in plant height. 

These results are in harmony with those obtained by Rahman et al. 

(1978), Sharshar (1982), Ashoub (1984) and Mansour (1988). 

Comparison among average of number of green leaves/plant as affected 

by nitrogen levels reflected on the same trend in both studied seasons. Any 

increase in nitrogen application resulted in an increase in number of green 

leaves/plant. Contrary of that, Abdrabu (1981) demonstrated that number of  

leaves/plant were not affected by nitrogen rates. 

The results also indicated that adding nitrogen fertilization significantly 

increased the number of branches/plant at all growth stages. Test results are in 

accordance with those reported by Kamel (1970), El-Kafoury (1978), Sharsher 

(1982), Mansour (1988) and Hamza (2015). 

They illustrated that nitrogen fertilizers increased number of branches 

per plant. The differences in total dry weight/plant due to nitrogen fertilization 

were significant at the different growth stages. Any increase in nitrogen 
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application consistently increased the dry weight/plant Nitrogen fertilization 

accelerate the vegetative growth, hence plants accumulated more dry matter in 

different organs. Similar results were obtained concerning leaf area/plant and 

leaf area index in both seasons at any growth stage this weight may be 

attributed to the increase in both leaf number and leaf size. Also, nitrogen 

fertilization are important in preventing premature death of leaves due to 

nutrients deficiencies. These results are in accordance with those obtained by 

Kamel et al. (1982), Sharshar (1982), Mansour (1988) and Hamza (2015). 

They stated that leaf area and leaf area index were increased by increasing the 

level of nitrogen at any age. 

Conclusively, from these results it could be concluded that to increase 

the number of branches’ / plant and leaf area index should be apply 60kg/fed 

level of nitrogen with low plant density, 
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 المتأثرةالصفاث المورفسيولوجيت للقرطم 

 بالكثافت النباتيت والتسميد الأزوتى
 

 منصور،  المعطىعبد الغنى عبد  على عبد الحميد حسان،محمد إدريس عبد الحافظ ، 

 و الفتوح حمودةأحمد أب

 يصز  -صايؼت انشلاسيك –كهيت انخكُونوصيا وانخًُيت  –لسى الإَخاس انُباحي 
 

أليى حضزبخاٌ حمهيخاٌ في يشرػت خاصت بمزيت انًحاييٍ يزكش أريُج يحافظت 

حأريز انكزافت  نذراست 6102/6102،  6102/   6102 ػاييخلال  يصز - الألصز

وصور يخخهفت ػهي انصفاث انًورفونوصيت  ياثبًسخوانُباحيت وانخسًيذ الأسوحي ب

 (.0وانفسيونوصيت نًحصول انمزطى )صُف صيشة 

رلاد اسخخذو حصًيى انمطؼت انًُشمت يزحيٍ في رلاد يكزراث حيذ  وسػج 

ػهي انمطغ انزئيسيت وصور انخسًيذ   أنف َباث/فذاٌ( 21، 72، 53كزافاث َباحيت )

ػهي انمطغ انًُشمت ويؼذلاث  يوريا ( –َخزاث ايوَيوو  –) سهفاث ايوَيوو  الأسوحي

 .ػهي انمطغ ححج انًُشمت كضى / فذاٌ (  21 – 71 – 51 –) صفز  انخسًيذ الأسوحي 

انكزافت انُباحيت انؼانيت أػهي ليى لارحفاع انُباث ودنيم يساحت الأوراق ححج حممج 

انكزافت انُباحيت  ًا راست بيُانذ ػايييوو( خلال  012، 22، 23يزاحم انًُو انًخخهفت )

أنف َباث/ فذاٌ( حممج أػهي ليى نؼذد الأوراق انخضزاء/َباث، ػذد  53انًُخفضت )
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فزوع انُباث وانوسٌ انضاف نهُباث ويساحت أوراق انُباث في يزاحم انًُو انًخخهفت 

 انذراست. يوسًيخلال 

وست خلال يؼذلاث انخسًيذ الأسوحي أرزث يؼُوياَ ػهي صًيغ انصفاث انًذر

يوسًي انشراػت ػُذ يزاحم انًُو انًخخهفت حيذ اسدادث ْذِ انصفاث بشيادة صزػاث 

 انخسًيذ الأسوحي.

يوو في  012صور انخسًيذ انُيخزوصُي أرزث يؼُوياَ ػهي ارحفاع انُباث ػُذ ػًز 

يوسًي انشراػت بيًُا نى حخأرز صفت ػذد الأوراق انخضزاء ػهي انُباث وػذد فزوع 

نوسٌ انضاف نهُباث ويساحت أوراق انُباث ودنيم يساحت الأوراق نى يخأرز انُباث وا

يؼُوياً باسخخذاو صور يخخهفت يٍ انخسًيذ انُيخزوصيُي وكاَج أفضم انصور حأريزاَ ػهي 

 ْذِ انصفاث ْو انيوريا ونكٍ نى يصم إني درصت انًؼُويت في حأريزِ.

يادة ػذد انفزوع / انُباث ويخطظ ٍ ْذِ انُخائش يًكٍ الاسخُخاس أَّ نشي : التوصيت

كضى / يسخوى انفذاٌ يٍ انُيخزوصيٍ يغ اَخفاض  21يُطمت الأوراق يُبغي حطبيك 

 .كزافت انُباث

 


