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Effect of Iron and Zinc Foliar Application and Plant Spacing on Productivity of
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ABSTRACT

Field trials were carried out during 2016/17 and 2017/18 growing seasons at Mariout Experimental Station, Desert Research
Center, Egypt, to investigate the effect of foliar application with iron and zinc (control, 150 mg iron /L, 100 mg zinc /L and 150 mg iron
+ 100 mg zinc /L) and different plant distances (10, 20 and 30 cm between plants) on growth, yield and yield components as well as oil
content of prickly oil lettuce under calcareous soil conditions. The experimental design was a split plot, whereas the main plots involved
iron and zinc treatments and the sup main plots involved plant distances. The obtained results cleared that iron and zinc foliar application
significantly affected on all traits, except number of branches/plant and harvest index, also plant spacing significantly affected on all
traits, except plant height and 1000-seed weight during the two seasons, respectively. The interaction between iron and zinc foliar
application and plant spacing had significant effects on all traits as an average for both seasons. Foliar application of iron and zinc
together as a combination treatment caused an increase in all yield traits as compared with untreated plants in both seasons. Increasing
the distance between plants from 10 to 20 and/or 30 cm significantly decreased seed yield/fad and seed yield/plant in both seasons. Qil
percentage was increased when plants were transplanted at 20 cm a part. However, the oil yield was gradually decreased by increasing
the distance between plants up to 30 cm. In general oil lettuce plants which treated by150 mg iron + 100 mg zinc /L and transplanted at

10 cm a part produced the highest values of seed and oil yield.

Keywords: QOil lettuce, yield, quality, plant spacing, iron and zinc application.

INTRODUCTION

Prickly oil lettuce (Lactuca scariola var. oleifra) is
an erect annual herb belonging to the family Asteraceae. It
has been cultivated in Upper Egypt since ancient times to
its higher content of oil. Nowadays, oil lettuce was
cultivated in limited area in Upper Egypt as a winter oil
crop by intercropping with the other crops, and then it may
be good idea to increase its cultivated area at North Egypt,
especially in new regions. Foliar application with nutrients
and plant population are most important for crop
production as well as for seed quality. Some researchers
reported that seed yield faddan was increased by increasing
plant population (Mekki et al., 1998 on oil lettuce (Lactuca
scariola L.) and Sampaio et al., 2017 on safflower).
However, seed yield/plant as well as 100-seed weight of
sunflower was reduced as plant population decreased (El-
Hity et al., 1994 and Nasr-Allah et al., 1994). Seed oil
content was affected by different plant spacing (Kene et
al., 1992 on sunflower, Mekki et al., 1998 on oil lettuce
and Sampaio et al., 2017 on safflower).

Foliar spraying is a new method for crop feeding in
which micronutrients in the form of liquid are used into
leaves (Nasiri et al., 2010). Micronutrients are defined
substances that are crucial for crop growth, they have a
major role in cell division and development of
meristematic tissues, photosynthesis, respiration and
acceleration of plant maturity. One of the most important
roles of micronutrients is keeping balanced crop
physiology. Zinc and iron take over different roles in crop,
such as formation, partitioning and utilization of
photosynthesis assimilates. Growth limitation, symbiosis,
nodulation, photosynthesis, dry matter production and
plant nutrient disorder were caused due to lack of zinc and
iron.

Therefore, the present study aimed to investigate
the response of oil lettuce yield and seed quality to foliar
application with iron and zinc and different plant spacing
under calcareous soil conditions.

MATERIALS AND METHODS

Field trials were conducted during 2016/17 and
2017/18 growing seasons at Mariout Experimental Station,
Desert Research Center, Egypt, to investigate the role of
iron and zinc foliar application and the distance between
plants on the yield and its compounds as well as oil content
of prickly oil lettuce (Lactuca scariola var. oleifra) under
transplanting  conditions at calcareous soil. Each
experiment included 12 treatments, which were the
combinations of four treatments of iron and zinc foliar
application and three distances between plants.

Iron and zinc foliar application:

1-Without iron and zinc (control).

2-150 mg iron /L in the form of EDTA chelate (13%).

3-100 mg zinc/L in the form of EDTA chelate (13%).

4-150 mg iron /L + 100 mg zinc/L in the form of EDTA
chelate (13%).

Plants were sprayed with iron and zinc twice, at

flowering stage and three weeks later.

Plant distance:

1-10 cm between plants (70,000 plants/faddan).
2-20 cm between plants (35,000 plants/faddan).
3-30 cm between plants (23,333 plants/faddan).

The plot area was 10.5 m® i.e. 1/400 faddan,
contained of 5 rows, 3.5 m in length and 60 cm a part.

The nursery land was well prepared. Seeds of oil
lettuce, which mainly collected from Upper Egypt (Esna)
as local variety, were drilled in the nursery on 27" October
and 5" November in the first and second seasons,
respectively.

The seedlings were transplanted after thirty days
old on 27" November and 5™ December in the first and
second seasons, respectively. Nitrogen fertilizer at the rate
of 50 kg N/fad was added as two equal portion supplied
from ammonium nitrate (33.5% N), the first portion was
added after 30 days from transplanting and the second one
was added in 3 weeks later.

A representative samples were taken during the
growth period (90 days from transplanting), i.e. six
guarded plants were chosen at random from second and
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fourth ridges of each plot to determinate the following
traits:
Growth characters:
-Plant height (cm).
-Number of branches/plant.
-Plant fresh weight (g).
-Plant dry weight (g).
- Leaf area/plant (cm?): It was determined by using a
digital planimeter.
- Leaf area index (LAI) = Leaf area/plant
Land area/p lant
according to (Watson, 1952).

Yield and yield components:

Plants were harvested on 28" May and 14" April
14, in the first and second seasons, respectively, to record
the following traits:
-1000-seed weight (g).
-Seed yield/plant (g).
-Seed yield/fad (kg).
- Straw yield /fad (kg).
- Biological yield/fad (kg).

Biological, straw and seed yield were determined
on the basis of per sub plot.

- Harvest index (%) = Seed yield (kg/fad)

Biological yield (kg/fad)

- Qil percentage. Oil seed percentage was determined
according to the method described in the official and
tentative methods in the American oil chemist (A.O.C.S.,
1964) by using a Soxhlt apparatus.

- Oil yield/fad (kg). Oil yield/fad was calculated by
multiplying seed yield (kg/fad) by seed oil percentage.

Statistical analysis:

The treatments were arranged and analyzed as a
split plot design according to (Snedecor and Cochran,
1969) with three replicates, whereas the main plots were
occupied by iron and zinc foliar application treatments and
the sup main plots were devoted to plant distance
treatments, New L.S.D. test at the level of 5% of
significance was used for the comparison between means
according to (Waller and Duncan, 1969).

Table 1. Some physical and chemical properties of the experiment soil (averages of the two growing seasons)

Particle size distribution

Chemical Analysis

- Texture -
Sand Silt Clay Available ppm
(%) (%) (%) class pH EC dssim CaCos; (%) P
52 19 29 Sandy clay loam 8.3 12 24.1 366.1 35 697.0

RESULTS AND DISCUSSION

A. Effect of iron and zinc foliar application:
Growth characters:

The results presented in Table 2 illustrated that
plant height, plant fresh weight, plant dry weight, leaf
area/plant and leaf area index were significantly affected
by foliar application with iron and zinc in the first and
second seasons. Spraying oil lettuce plants with combined
application of 150 mg iron/L and 100 mg zinc /L together
increased the previous studied traits by 3.46, 9.56, 8.79,
4.87 and 5.49 %, respectively, as an average for both
seasons compared with untreated planted (without iron and
zinc application). On the other side, number of branches
was not affected significantly by using foliar application
with iron and zinc in the two seasons, respectively as
shown in Table 2. Such increases in these growth traits
may be due to the interaction effect of zinc and iron on
metabolic activities like synthesis of IAA, metabolism of
auxins and synthesis of nitrate reductase enzyme in plant.
These findings are at line with those obtained by El-Foully
et al. (2001) on sunflower, Kassab (2005) on mung bean,
Ravi et al. (2008) on safflower, Babaeian et al. (2011) and
Farokhi et al. (2014) on sunflower whom, indicated that
growth parameters i.e. plant height, leaf area/plant and leaf
area index were influenced significantly by combined
application of iron and zinc as a foliar spray. Nassrin et al.
(2012) on corn detected that iron and zinc spraying at 3 and
4 mg/L were effective on plant height, leaf area index, and
total dry weight. Also, Taha et al. (2013) evaluated growth
and biological yield of safflower treated with iron and zinc
foliar application. He found that the vegetative growth
characters (plant height, number of primary and secondary
branches) were significantly affected by the foliar
application. Foliar application by Zn at 0.6% significantly

promoted the plant height, followed by application by the
combination between Fe: Zn at 0.3 : 0.6%.
Yield and yield components:

Significant effects were detected due to iron and
zinc foliar application on 1000-seed weight, seed
yield/plant, seed yield/fad, straw yield/fad and biological
yield/fad (Tables 3 and 4) in the first and second seasons.
On the other side, harvest index had not significantly
affected by foliar application with iron and zinc for both
seasons. Seed yield/fad was increased by 14.03 and 10.91
% when oil lettuce plants sprayed with 150 mg iron + 100
mg zinc /L compared with untreated plants (control) during
the first and the second seasons, respectively. Such
increases in seed yield/fad may be due to the increase in
seed yield/plant and seed index (1000-seed weight) under
both conditions of iron and zinc application. This means
that the addition of iron and zinc as a foliar application
plays an important role in enhancing of enzymatic activity
in  microelement,  which  effectively  increased
photosynthesis and ultimately translocation of assimilates
to the seed. Regarding straw and biological yield /fad, the
increase was 14.40 and 11.97% for straw yield and 14.37
and 11.83% for biological yield during the first and the
second seasons, respectively. These results agreed with
those reported by Kassab (2005) on mung bean, Ravi et al.
(2008), Elnaz et al. (2010) and Babaein et al. (2011) on
sunflower. They pointed out that foliar application of
micronutrients (iron and zinc) in growth various stages of
sunflower had significant positive effect on 1000-seed
weight, plant height, biological yield, seed yield and oil
content. Mostafavi (2012) and Ghavami et al. (2015) on
safflower reported that iron and zinc foliar application had
positive effects on seed yield and its components compared
with untreated plants. Also, Elnaz et al. (2010) found that
the highest seed yield and 1000-seed weight were obtained
from foliar application of iron + zinc treatments.
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Table 2. Averages of plant height, plant fresh weight, plant dry weight, leaf area /plant and leaf area index as
affected by iron and zinc foliar application and plant spacing in 2016/2017 and 2017/2018 seasons

2016-2017 season

2017-2018 season

Plant Plant

Plant Plant

Characters Plant Number of fresh  dry Leaf Leaf Plant Number of fresh  dry Leaf Leaf
height branches/ : . area/plant area height branches/ ; . area/plant area
Treatments cm) plant weight weight cm index  (cm) plant weight weight cm) index
@ @ @ @
(A):
A0 97.67 3.29 472.03 59.00 27750  2.62 98.60 3.32 487.94 60.33 27883  2.62
Al 99.60 3.29 493.32 61.67 28225  2.67 100.33 3.31 501.24 61.99 28532 270
A2 99.48 3.28 479.50 60.04 28128  2.65 100.02 3.32 481.69 58.30 28487  2.69
A3 101.69 3.30 51553 64.44 28970 2.75 101.36 3.31 536.28 65.37 29373 2.78
New LS.D. (o) 2.29 N.S 818 1.06 41.8 0.02 2.06 N.S 1273 176 46.4 0.02
(B):
B1 99.96 2.99 319.48 39.96 22219 370 100.33 3.04 34556 42.63 22465 374
B2 99.36 3.37 503.06 62.91 30040 250 100.01 3.39 505.79 62.66 30228 252
B3 99.50 351 647.74 80.99 32546 181 99.89 353 654.02 79.19 33014 183
New LS.D. (oos) N.S 0.05 1134 113 22.4 0.04 NS 0.01 6.92 097 24.8 0.01

(A) Means iron and zinc foliar application.
(B) Means plant spacing.
A 0 means without iron and zinc foliar application.
A 1 means 150 mg iron /L.
A 2 means 100 mg zinc /L.
A 3 means 150 mg iron +100 mg zinc /L.
B 1 means 10 cm between plants.
B 2 means 20 cm between plants.
B3 means 30 cm between plants.
* Means significant at 0.05 % level and N.S means not significant.

Table 3. Averages of plant branches number, 1000-seed weight, seed yield/plant, seed yield /fad and straw yield
[fad as affected by iron and zinc foliar application and plant spacing in 2016/2017 and 2017/2018 seasons

2016-2017 season

2017-2018 season

Characters

1000-seed Seedyield Seedyield Straw yield

1000-seed Seedyield Seedyield Straw yield

Treatments weight /plant [fad /fad weight /plant /fad /fad
& @ @ (k) (kg) @) ()] (kg) (kg)
A0 0.92 7.98 306.08 2079.3 0.96 8.48 311.73 2104.3
Al 0.99 8.56 33111 22421 1.02 9.04 333.80 2252.7
A2 0.98 8.47 326.66 22111 1.00 9.00 329.22 22284
A3 1.07 9.34 349.03 2378.3 112 9.67 345.75 2356.1
New L.S.D. (g05) 0.06 0.02 9.89 4.8 0.02 0.21 13.96 5.8
(B):

B1 1.01 7.99 367.13 2529.6 1.04 8.15 373.82 2567.4
B2 0.98 9.13 321.45 2164.5 1.01 10.01 326.65 2204.1
B3 0.99 8.65 297.33 1987.9 1.03 8.98 289.90 1934.6
New L.S.D. (g05) N.S 0.21 11.15 1.9 N.S 0.25 11.42 18

(A) Means iron and zinc foliar application.

(B) Means plant spacing.

A 0 means without iron and zinc foliar application.

A 1 means 150 mg iron /L.

A 2 means 100 mg zinc /L.

A 3 means 150 mg iron +100 mg zinc /L.

B 1 means 10 cm between plants.

B 2 means 20 cm between plants.

B3 means 30 cm between plants.

* Means significant at 0.05 % level and N.S means not significant.

Seed oil content as well as oil yield/fad were
significantly affected when plants treated with iron and
zinc application together (Table 4). The addition of iron
and zinc as foliar application caused significant increases
in both seed oil content and oil yield/fad Qil yield was
increased by 15.86 and 12.46 % when plants were sprayed
with 150 mg iron + 100 mg zinc /L compared with
untreated plants (control treatment) in both seasons,
respectively. Such increase in oil yield may be due to the
increase of seed yield/fad and seed oil content under the
conditions of foliar application because oil content behaved
the opposite trend with seed yield. Similar observations

were reported by Elnaz et al. (2010) on sunflower, Galavi
et al. (2012) on safflower, Ghavami et al. (2015) on
safflower and Farokhi et al. (2014) on sunflower, whom
found that oil yield and percentage significantly affects due
to foliar application of iron and zinc. Elnaz et al. (2010)
found that the highest oil yield and oil percentage were
obtained from foliar application of iron + zinc treatments.
Galavi et al. (2012) on safflower illustrated that foliar
application of iron and zinc had a significant effect on seed
and biological yield, 1000-seed weight and seed oil
percentage, but the harvest index was not significantly
influenced by applied treatments. Kassab (2005) indicated
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that foliar application of Zn and Fe significantly increased
yield and its components of mung bean plants. Also,
Kumar (2016) on safflower reported that foliar spry with
iron and zinc significantly increased seed and oil yield by
28.24 and 34.75 percent, respectively.

B. Effect of plant spacing:

Growth characters:

Data in Table 2 cleared that the effects of plant
spacing were significant on all the studied characters i.e.
number of branches/plant, plant fresh and dry weight, leaf
area/plant and leaf area index in both seasons. These
characters significantly increased by increasing the
distances between oil lettuce plants from 10 to 20 and 30
cm by 12.03 and 4.15% for number of branches/plant,
51.91 and 29. 03 % for plant fresh weight, 52.20 and 27.56
% for plant dry weight, 34.88 and 8.78 % for leaf
area/plant as an average of both seasons, respectively. On
the other hand, leaf area index was decreased by increasing
the distances between plants from 10 to 20 or 30 cm,
whereas plants transplanted at 10 cm a part recorded the
highest values of leaf area index in both seasons. This
decreasing in leaf area index due to increase in plants
spacing may be due to the decreasing of number of plants
per unit area and leaf area/plant compared to land
area/plant at the same distance conditions. Plant height had
not significantly affected by destines between plants (Table
2) in both seasons. The reduction in vegetative growth of
lettuce due to increasing plant density (decreasing the
distances between plants) was attributed to inter and intra-
plant competition for light, nutrients and water necessary
for growth and development. These results are at line with
those obtained by Qayyum (1988) on safflower, who
reported that narrow row spacing is favored almost all the
growth characteristics. Singh (1994) concluded that growth
parameters of safflower crop are significantly influenced
by plant populations. Osman and Awed (2010) found that
plant spacing had significant effects on sunflower growth
characteristics. Emongor et al. (2015) showed that plant
density had significant effects on growth and development
of safflower, and stated that increasing safflower plant
density from 100,000 to 250,000 plants ha™ significantly
reduced branches number/plant and leaf area/plant.

Also, Sampaio et al. (2017) on safflower showed
that increasing densities reduce the number of branches.
Yield and yield components:

Data presented in Tables (3and 4) clear that plants
which transplanted at 10 cm a part had the highest seed,
straw and biological yield /fad in the two seasons,
respectively. Seed yield/fad was decreased by 12.53 and
9.38 % when the distance between plants was increased
from 10 to 20 or 30 cm as in average of both seasons,
respectively. This means that wide space resulted in less
number of plant/unit area which caused a depression of
seed yield (kg/fad). However, seed yield/plant (g) was also
significantly affected by plant spacing in both seasons. The
highest seed yield/plant was observed when plants were
transplanted at 20 cm a part, but it was significantly
reduced when the distance between plants was increased
up to 30 cm. The high seed yield/plant at 20 cm between

plants could be explained by the less competition between
plants compared with 10 cm between plants and also, may
be due to less competition of weeds, which extracted more
nutrients when distance between plants was increased from
20 to 30 cm. Some workers reported that seed/unit area
was reduced by increasing the distance between hill in
sunflower and safflower plants (Kandil et al., 1987; Abo-
Shetaia 1990; zaffaroni and Schneiter, 1991; Parmar and
Kharwara, 1992 and Mekki and Hassanein, 1995). Also,
Mikke et al., 1998 reported the similar findings on oil
lettuce (Lactuca scariola L.). They pointed out that seed
yield was decreased when the distance between plants was
increased, whereas seed index was not significantly
affected by the distance between plants. Concerning straw
and biological yield, the decreasing in these traits due to
increasing the distance between plants may be due to the
decreasing of plants number/unit area. Harvest index
behaved the opposite trend, it was increased significantly
by increasing the distance between plants from 10 to 20 up
30 cm a part, whereas maximum values was achieved at
distance 30 cm between plants (Table 4) for two seasons,
respectively. On the other side, seed index (1000 seed
weight) was not significantly affected by the distance
between plants (Table 3) during both seasons.

Data in Table 4 also cleared that 20 cm plant
distances resulted significantly higher oil percentage
compared with 10 or 30 cm. However, oil yield/fad was
gradually decreased with increasing plant spacing from 10
to 20 and/or 30 cm such depression in oil yield was
estimated by 8.48 and 12.91kg/fad when the distance
between plants was increased from 10 to 20 and/or 30 cm
as an average of two seasons, respectively. This means that
low plant population resulted in a reduction of oil yield
through the reduction in seed yield/unit area (Tables 3 and
4). Some workers reported that increasing space between
hills decreased oil % (Zaffaroni and Schneiter, 1991).
However, Kene et al. (1992) and Nasr-Allah et al. (1994)
found that the lowest values of oil % was recorded with 30
cm a part and the highest values of oil yield/fad was
obtained with 20 cm between sunflower plants. These
results are in harmony of these recorded by Osman and
Awed (2010) on sunflower, whom found that plant
spacing had a significant effects on sunflower yield and
yield components i.e. 100-seed weight, seed yield per plant
, oil percentage and oil yield in the two seasons. They
added, 10 cm plant spacing for seed and oil vyield, it
appears that it could be recommended for producing
desirable vyield. Mekki et al. 1998 showed that oil
percentage and yield of oil lettuce were significantly
affected by the distance between plants. Mohamadzadeh et
al. (2011) on safflower showed that grain yield and its
components influenced by row spacing were significant.
Also, Sampaio et al. (2017) on safflower showed that
increasing densities caused an increase in the productivity
of grains and oil. Opposite results were observed by
Masoume et al. (2011) whom, reported that safflower grain
yield and its yield components influenced by row spacing
were significant. Row spacing of 30 cm had the highest
seed yield (1214 kg/ha) and biological yield (3562 kg/ha).
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Table 4. Averages of biological yield /fad, harvest index, oil % and oil yield/fad as affected by iron and zinc foliar
application and plant spacing in 2016/2017 and 2017/2018 seasons

2016-2017 season

2017-2018 season

Characters Biological yield Harvest Oil O';fg:fld Biological yield Harvest Oil Oilyield /fad
Treatments [fad (kg) index (%0) (%) (kg) /fad (kg) index (%) (%) (kg)
(A):

A0 2385.2 12.85 3359 102.84 2416.0 12.90 33.68 104.90
Al 25735 13.08 33.80 111.63 2586.5 13.07 33.89 112.73
A2 2537.5 13.01 3384 110.59 2557.6 13.04 33.75 111.10
A3 2727.9 12.78 34.14 119.15 2701.9 12.74 34.19 117.97
New L.S.D. (g05) 24.1 N.S 0.02 7.71 15.9 N.S 0.02 441
(B):

B1 2896.8 12.71 32,67 119.99 29413 12.74 32.80 122.65
B2 2486.0 12.98 34.83 111.98 2530.7 12.95 34.81 113.70
B3 2285.2 13.09 34.03 101.20 22245 13.12 34.03 98.67
New L.S.D. (505) 12.7 0.35 0.01 3.34 10.5 0.36 0.01 3.79

(A) Means iron and zinc foliar application.

(B) Means plant spacing.

A 0 means without iron and zinc foliar application.

A1 means 150 mg iron /L.

A2 means 100 mg zinc /L.

A 3 means 150 mg iron +100 mg zinc /L.

B 1 means 10 cm between plants.

B 2 means 20 cm between plants.

B3 means 30 cm between plants.

* Means significant at 0.05 % level and N.S means not significant.

C. Effect of the interaction:

Regarding the interaction, combined data showed
that all previous studied characters had significantly
affected by the interaction between plant spacing and foliar
application of iron and zinc as an average for both seasons.
Whereas the highest mean values of plant height and seed
yield/plant were recorded when plants were transplanted at
20 cm a part and sprayed with 150 mg iron + 100 mg zinc
/L. Maximum values of plant fresh and dry weight and
leaves area per plant were observed at distance 30 cm
between plants and sprayed with 150 mg iron + 100 mg
zinc /L. Maximum mean values of leaf area index, seed
and oil yield/fad were detected at 10 cm distance and 150

mg iron + 100 mg zinc /L, as for seed index and the highest
mean values was observed by plants which transplanted at
10 or/and 30 cm distance between plants with applying 150
mg iron + 100 mg zinc /L. Transplanting oil lettuce plants
at 10 cm between plants and treating with 150 mg iron /L
without zinc application recorded the maximum mean
values of biological and straw yield per fad. The highest
mean value of harvest index was observed at 30 c¢cm
distance and 100 mg zinc /L without iron application. Oil
lettuce plants which transplanted at 20 cm a part and
treated with 100 mg zinc /L without iron recorded the
highest mean value of oil percentage (Table 5).

Table 5. The interaction effect between iron and zinc foliar application and plant spacing on all studded

characteristics as an average for both seasons

Characters PH. BN. P.F. P.D LAP. LAL 1000 SY. SY. StY. BiY. H.I o. Q.Y.
Treatments (cm) /P W. W. (sz) S.W. /P. IF. IF. IF. (%) (%) IF.
@ (@ @ (@ (k) (kg) (kg (kg)
B1 993 297 3257 407 2165 361 096 750 3353 2234 2569 13.05 3266 1095
A0 B2 981 334 4891 611 2946 246 093 899 3083 2130 2438 12.65 3444 106.2
B3 970 360 6251 771 3234 180 094 819 2836 1911 2195 1292 3382 959
B1 999 306 3325 41.6 2240 373 102 808 3746 2855 3229 1160 31.89 1195
Al B2 1000 337 5063 633 3013 251 099 956 3272 1954 2282 1434 3503 1146
B3 1000 349 6531 806 3261 181 101 877 296.0 1933 2229 1328 34.62 1025
B1 1019 300 3233 398 2218 370 100 795 3649 2545 2910 1254 3314 1209
A2 B2 98.1 339 4836 599 3002 250 098 953 3251 2384 2709 12.00 3509 1141
B3 993 352 6349 778 3273 182 100 873 2941 1730 2024 1453 3316 975
Bl 995 3.04 3487 431 2314 386 111 874 4071 2561 2968 13.72 3326 1354
A3 B2 1026 342 5386 668 3094 258 107 1020 3355 2270 2605 1288 34.72 1165
B3 1025 347 6904 848 3345 186 111 957 3008 2271 2572 1170 3452 103.8
New L.S.Dggs 25 016 135 1.7 425 010 002 028 117 3.6 134 044 007 3.9
(A) Means iron and zinc foliar application.
(B) Means plant spacing.

A 0 means without iron and zinc foliar application , A 1 means 150 mg iron /L, A 2 means 100 mg zinc /L and A 3 means 150 mg iron +100 mg

zinc /L.

B 1 means 10 cm between plants, B 2 means 20 cm between plants and B3 means 30 cm between plants.

P.H. means plant height, B.N./P. means number of branches/plant, P.F.W. means plant fresh weight, P.D.W. means plant dry weight, L.A/P.
means leaf area/plant, L.A.l. means leaf area index, 1000 S.W.means1000 seed weight, S.Y./P. means seed yield /plant, S.Y./F. means seed yield
[fad, St.Y./F. means straw yield /fad, Bi.Y./F. means biological yield /fad, H.l. means harvest index, O. means oil percentage and O. Y./F. means

oil yield /fad.
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CONCLUSION

It could be recommended that iron and zinc foliar
application and plant spacing had a valuable on yield,
yield components, oil percentage and oil yield of oil lettuce
under the conditions of this study, whereas the maximum
mean values of seed and oil yield (407.1 and 135.4 kg/fad)
respectively, were obtained when plants were transplanted
at 10 cm a part and sprayed with 150 mg iron + 100 mg
zinc /L together, while the highest mean value of oil
percentage (35.09 %) was recorded at 20 cm a part and
applying 100 mg zinc /L without iron as an average of both
seasons (Table 5).

REFERENCES

A.O.CS. 1964. Official and tentative methods of
American oil Chemist Society. 2™ Edi. Published
by the American Oil Chemists. Society, 35, East
Wacker Drive, Chicagolllinois. U.S.A., 16-18.

Abo-Shetaia, A.M.A. 1990. Response of yield and yield
components of safflower (Carthamus tinctorus L.)
to increasing levels of nitrogen and phosphorus
under two levels of plant stand density. Annals.
Agric. Sci. Fac. Agric. Ain Shams Univ. 35 (1):
223-241.

Babaeian, M.; 1. Piri; A. Tavassoli; Y. Esmaeilian and H.
Gholami. 2011. Effect of water stress and
micronutrients (Fe, Zn and Mn) on chlorophyll
fluorescence, leaf chlorophyll content and
sunflower nutrient uptake in Sistan region. African.
J. Agric. Res. 6(15): 3526-3531.

El- Hity, M.A.; M. Zahran; S.M. El-Aishy and M. El-
Zayat. 1994. Effect of plant population density and
nitrogen rate on two sunflower cultivars. 1. Yield
and its components. J. Agric. Res. Tanta Univ., 20:
480-489.

El-Fouly, M. M.; O.A. Nofal and Z. M. Mobarak. 2001.
Effects of soil treatment with iron, manganese and
zinc on growth and micronutrient uptake of
sunflower plants grown in high-pH soil. J. of
Agron. and Crop Sci., 186: 245-251.

Elnaz, E.; A. Bybordi and B. P. Eslam. 2010. Efficiency of
zinc and iron application methods on sunflower. J.
of Food, Agric. & Environ., 8 (3&4): 783-789.

Emongor, V.E.; O. Oagile and B. Kedikanetswe. 2015.
Effects of plant population and season on growth
and development of safflower (Carthamus
tinctorius L.) as an ornamental plant. Ishs acta
horticulturae 1077: international symposium on
ornamentals in Africa. 35-45.

Farokhi, H.; M. H. Shirzadi and M. Ahmadizadeh. 2014.
Effect of different micronutrients on growth
parameters and oil percent of Azargol sunflower
cultivar in Jiroft region. Bull. Env. Pharmacol. Life
Sci. 3(7): 97-101.

Galavi, M.; M. Ramroudi and T. Abolfazl . 2012. Effect
of micronutrients foliar application on yield and
seed oil content of safflower (Carthamus
tinctorius). African J. of Agric. Res., 7(3): 482-486.

736

Ghavami, S.H.; M.S. Moghadasi and A.H. Omiditabrizi.
2015. Evaluation of use Fe and Zn micronutrients
application on quantitative and qualitative traits of
safflower (Carthamus tinctorius L.). Sci. J. 36 (3):
636-640.

Kandil, A., A. H. El-Hattab, M.T. El-Saiedi and B.B.
Mekki. 1987. Effect of different levels of water
supply and plant population on growth, yield and
yield components in sunflower. J. Agric. Res. Tanta
Univ., 13: (2) 63-78.

Kassah, O.M. 2005. Soil moisture stress and
micronutrients foliar application effects on the
growth and yield of mung bean plants. J. Agric.
Sci., Mansoura Univ., 30 (18): 247-256.

Kene, H.K.; V.R. Thosar; R.B. Ulemale and M.R. Kale

.1992. Response of sunflower to spacing and

nitrogen, phosphorus fertilization. J. of Maharashtra

Agric. Univ., 17 (3): 433-435.

V.S. 2016. Response of foliar spray of
micronutrients and nitrogen on productivity and
quality of safflower (Carthamus tinctorius L.). Ph.
D. Thesis, Fac. Agric.,, Indira Gandhi Krishi
Vishwavidyalaya,Raipur (Chhattisgarh).

Masoume, M.; S.A. Siadat; M.S. Norof and R. Naseri.
2011. The effects of planting date and row spacing
on yield, yield components and associated traits in
winter safflower under rain fad conditions.
American-Eurasian J. Agric. & Environ. Sci. 10
(2): 200-206.

Mekki, B.B; M.A. Elkholy and E.M. Mohamed. 1998.
Effect of foliar application of potasin-P and plant
spacing on seed yield, oil and fatty acid contents of
prickly oil lettuce (Lactuca scariola L.). Proc. 8"
Conv. Agron., Suez Canal Univ., Ismaillia, Egyp:
28-29.

Mekki, B.B. and M.S. Hassanein. 1995. Effect of nitrogen
fertilizer and plant population on growth and yield
of safflower. Egyptian. J. Appl. Sci.10:249-261.

Mohamadzadeh, M.; S.A. Siadat; M.S. Norof and N.
Rahim. 2011. The effects of planting date and row
spacing on yield, yield components and associated
traits in winter safflower under rain fad conditions.
American-Eurasian J. Agric. & Environ. Sci. 10
(2): 200-206.

Mostafavi, K. 2012. Grain yield and yield components of
soybean upon application of different micronutrient
foliar fertilizers at different growth stages. Internat.
J. Agric. Res. & Rev. 2(4): 389-394.

Nasiri, Y.; S.Z. Salmasi; S. Nasrullahzadeh; N. Najafi and
K.G. Golezani. 2010. Effects of foliar application
of micronutrients (Fe and Zn) on flower yield and
essential oil of chamomile (Matricaria chamomilla
L.). J. Med. Plants Res. 4(17):1733-1737.

Nasr-Allah, A.K.; M.A. Gomma; IL.F. Rehab and I.A.
Saleh. 1994. Effect of plant density and weed
control on vyield and quality of sunflower.
Menuofiya J. Agric. Res., 19 (6): 3125-3140.

Nassrin, S.; R. Mohammad; D. Naderi and B. Babak.
2012. The effect of micro elements spraying on
growth, qualitative and quantitative grain corn in
Iran. Intl. Res. J. Appl. Basic. Sci. 3 (5): 2780-2784.

Kumar,


https://nrc.pure.elsevier.com/en/persons/mohamed-m-el-fouly
https://nrc.pure.elsevier.com/en/persons/oa-nofal
https://nrc.pure.elsevier.com/en/persons/mobarak-zeinab
https://nrc.pure.elsevier.com/en/publications/effects-of-soil-treatment-with-iron-manganese-and-zinc-on-growth-
https://nrc.pure.elsevier.com/en/publications/effects-of-soil-treatment-with-iron-manganese-and-zinc-on-growth-
http://www.actahort.org/books/1077/index.htm
http://www.actahort.org/books/1077/index.htm

J. Plant Production, Mansoura Univ., VVol. 10 (8), August, 2019

Nour EI-Din, N.A.; M.A. Hamada and R.S. Abdrabou
.1983. Effect of N fertilizer and row spacing on
safflower yield and its components. Proc. of the 1*
conf. Agron. Fac. of Agric. Ain Shams Univ. Cairo.
2 (5): 659-664.

Osman, E.B. E. and M. M. Awed. 2010. Response of
sunflower (Helianthus annuus L.) to phosphorus
and nitrogen fertilization under different plant
spacing at new valley .Ass. Univ. Bull. Environ.
Res., 13(1): 11-19.

Parmar, P. S. and P.C. Kharwara. 1992. Effect of sowing
date on growth and yield of sunflower (Helianthus
annuus L.) varieties at two levels of population.
Ind. J. Agric. Sci., 62: 343-344.

Qayyum, S.M. 1988. Effect of deferent raw spacing on the
growth and yield of safflower. Pakistan. J. Agric.
Res. 9 (1): 79-82.

Ravi, S.; H.T. Channal; N.S. Hebsur; B.N. Patil and P.R.
Dharmatti. 2008. Effect of sulphur, zinc and iron
nutrition on growth, yield, nutrient uptake and
quality of safflower (Carthamus tinctorius L.).
Karnataka J. Agric. Sci. 21(3): 382-385.

Sampaio, M.C.; S. D. Bassegio; E. S. D. Vasconselos; L.
D. Silveiral; N. B. G. Lenzl; C. F. Lewandoskil
and L. K. Tokuro. 2017. Effect of plant density on
oil yield of safflower. African J. of Agric. Res.
12(25): 2147-2152.

Singh, S.S. 1994. Effect of plant density on the growth and
yield of safflower (Carthamus tinctorius L). Agron.
J. 86: 1070-1078.

Snedecor, G. W. and W. G. Cochran. 1969. Statistical
methods 6. ED. lowa State Univ. Press. Ames.
lowa, U.S.A.

Taha, M.H.; E.A. Shalaby and T. S. Nermeen. 2013.
Improving safflower (Carthamus tinctorius L.)
growth and biological activities under saline water
irrigation by using iron and zinc foliar applications.
J. Plant Production, Mansoura Univ. 4 (8): 1219 -
1234,

Waller, R.A. and D.B. Duncan. 1969. A base rule for the
symmetric multiple comparison problem. A mex.
Stat. Assoc. J. 1485-1503.

Watson, D. J. 1952. The physiological basis of variation in
yield. Adv. in Agron. 3(4): 101-145.

Zaffaroni, E. and A.A. Schneiter .1991. Sunflower
production as influenced by plant type, plant
population and row arrangement. Agron. J., 83 (1):
113-118.

4l el WL cu 3l el Ll e Ao )3 cldlowa g ol 3 g andly B 5ol Gl il

Lg‘gl.'édm‘s‘gl.'éém

a5 aual) Eigag 38 e - Al shilia) cle) g Al dpdi - L ZUY) ad

Vou /ey andle Voo cgl/aas aadlle Vo iy ana i) O5d) (laall Gl aaalls (Bl a0 Ll Al o) sl
Al a5 J grmnall g Ayt Cliall mny e (AN G an Fr oY 0 )0 ) del Sl il 5 (Gl amalle Vo s o s aa e
O PR RESUPRIN BB -3 JER PPPYCHR A <A FS X IRI I e VG JICHUVSASCN | VG YCNE PO
aally B il cdlad (5 pina i 3 sm s il cania ) Ka D b ARAD ) e clilal) o clibadl) e 5 Ly
O Clilaall (5 gina il @lia IS Liaf sliand) Jds 5 /e Y1 aae idea lae Al 5l o3 A gl o5 A cldall S e elijll
MQM\JSQJ:E.&;\J}\W}AJM&SJBJ;\~~d\w;;a\g\&ub\ém\qcté_'iu\ye:énau\ds‘;;aw\
i3 5 3 o g s 2 (531 s sl i ilans S ALy ldlosall 5 i 0 5 sy G855l G5 e I U sina Al 53l
Capams sall OIS 3 Lagia (sl il s 43 i J gl il e JS 8 ygina 533 I il ) amalle Vo v+ 20s padle V0 Janey
g&b@ﬂ\oﬁﬁ\“ﬁhméclcbj\icig)@éciﬂﬁjwv~‘;;QM\QHKSM\BAQ}Q\JQ/JJQ\JWUM\
il ped il ciael ddle ddiay el )3l anse DA @l an Yo i de) ) 3l Al 334 3 s )3 €y 3l J seane il (s
a1 prana s o3l pranad o el ans )+ Ailso e de 3l s /) analle )+ v - s padle 10 (0 g3 s Al

Al oda Cag yla

737



