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ABSTRACT

The experiment was carried out at the Baramoon Experimental Research Farm, Dakahlia Governorate, Egypt, during
2015 and 2016 seasons. The aim of this research was to study the effect of potassium sulfate and calcium borate as soil and foliar
fertilization on improving the quality and flower production of Dahlia pinnata, L. plants. Different levels of potassium sulfate at
10 and 20 g/plant as soil fertilizer and calcium borate at 5 and 10 cm/L as foliar fertilizer and companions between them were
used. The soil and foliar fertilizers were applied 3 times during the growing period. The results indicated that the combined
treatment of 20 g/plant potassium sulfate + 10 cm/L calcium borate significantly increased vegetative growth parameters i.e plant
height, number of leaves, number of shoots, stem diameter and dry weight % of plants. It also induced an increment in flowers
and tubers parameters (No. of flowers, flower diameter, flower stem length and diameter and flower adherence strength, vase life,
No. of tubers/plant and tuber diameter compared with the other treatments used. Total carbohydrates and lignin (%) in flower
stem were significantly increased as a result of different fertilization treatments compared to the control treatment. Application of
potassium sulfate at 20 g/plant + calcium borate at 10 cm/L was superior to other treatments under this study.
Keywords: Dahlia pinnata, L., Potassium sulfate, Calcium borate, VVegetative growth, Flower, Fertilization.

INTRODUCTION

Dahlia (Dahlia pinnata, L.) belongs to the Family
Asteraceae, dicotyledonous plants. It is herbaceous
perennial plant with the tuberousroot system. Dahlias are
native to the mountainous region of Mexico. This plant is
a highly valued decorative flowering plant and provides a
variety of colors’ to landscape areas and flower gardens.
Dahlia has different type of flowers, including; orchid,
anemone and ball like forms. Dahlia provides a number of
flower colors and it also has single flower with two colors.
It is valued for different uses like a beautiful cut flower
and garden display (Ahmad et al., 2004).

There are several factors affecting the production
of flowers and ornamental plants. The most important
factor is fertilization, especially potassium (K) which is
considered as an essential element involved in
photosynthesis, respiration, some enzyme activation in
plants and increases their ability to resist pests and
diseases. In addition, it has a vital role in controlling the
osmotic potential of the plant cells as well as loading
and translocation of sugar through the plant organs
(Bhandal and Malik, 1988).

Boron (B) is an essential micro-nutrient for crops.
Boron is the second most widespread and economically
important micro-nutrient deficiency in crops. Micro-
nutrients such as Boron have great influence on plant
growth and development. The essential physiological
activities of boron is linked to strength of cell wall and
development, RNA metabolism, sugartransport, hormones
development, respiration, cell division, indole acetic acid
(IAA) metabolism and as part of the cell membrane
(Marchner, 1995). Boron also plays an important role in
flowering and fruit formation (Nonnecke, 1989).

Calcium is a crucial regulator of growth and
development in plants. The myriad processes in which
this ion participates is large and growing and involves
nearly all aspects of plant development. Calcium is an
essential plant nutrient. It has many roles such as :
Participates in the metabolic processes of other nutrient
uptake, promotes proper plant cell elongation,
strengthen cell wall structure as an essential part of
plant cell wall, it forms calcium pectate compounds

which give stability to cell walls and bind cells together
and participates in enzymatic and hormonal processes
[Hetherington and Brownlee (2004); Reddy and Reddy
(2004) and Bothwell and Ng (2005)].

In order for plants to effectively utilize calcium,
boron must also be present. Essentially, this means that
if there is a nutritional situation in which the crop does
not have sufficient levels of boron in the tissue, calcium
applications will not be nearly as effective as they could
be if there was sufficient boron present. Boron plays a
key role in root function and low boron levels reduce
the plant's ability to uptake water and nutrients from the
soil, which often induces a calcium deficiency. It is wise
to know the nutritional status of the crops when making
applications of fertilizers. In many farming practices,
boron and calcium are applied at the same time which it
is something very simple and should be seriously
considered (Jeremy, 2007).

This investigation aimed to study the effect of
potassium sulfate and calcium borate as soil and foliar
fertilization, respectively, on improving the quality and
flower production of Dahlia pinnata, L.

MATERIALS AND METHODS

The present study was carried out during the two
successive seasons of 2014-2015 and 2015-2016 at the
Baramoon BExperimental Research Farm, Dakahlia
Governorate, Egypt. This investigation aimed to study
the effect of potassium sulfate and calcium borate as
soil and foliar fertilization on the quality and flower
production of Dahlia pinnata, L. plants.

Dahlia pinnata, L tubers of a uniform size were
secured from EL-Kanater El-Khaireia and planted in a
clay soil. Before planting, the following substrates has
been added : 70 kg ammonium sulfate (NH4)2S0,4 + 70
kg calcium sulfate (CaSO4) + 250 kg super phosphate
calcium (Ca(H,P0,4),2CaS0,4) + 120 kg sulfur (SO4) +
25 m° sand + 12 m® farmyard manure per Fadden.

The tubers were planted on 20" October at 50 cm
between plants and 80cm between lines. The layout of the
experiment was randomized complete block design: 9
treatments x 3 replicate x 2 lines/replicate x 6 plants/ line
=324 plants were grown in 612 m3 experiment space.
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At the beginning of the study, soil samples were
taken from (0-30 cm® depth) before adding any soil
fertilization. Samples were thoroughly mixed and
analyzed for the physical and chemical characteristics of
the soil according to Jackson (1973). The obtained
results are presented in Table (1).

Table 1. Physical and chemical characteristics of the
experimental soil :

Soil properties Soil properties
Physical Value Soluble anions (meq/L)Value
Coarse sand 7.71 CL 3.56
Finesand 18.14 HCO3" 3.20
Silt 33.65 CO5~ 0.00
Clay 40.50 SO, 5.16
Texture Clay-loam Soluble cations (meg/L)
Chemical Ca™ 4.03
Organicmatter (%)  1.95 Mg™* 1.35
CaCO; 4.55 Na* 121
E.C.(dsm™at25% 1.12 K* 5.33
PH (1:2.5wh) 8.11  Awvailable micronutrients (ppm)
Total—N (%) 0.20 Fe 3.62
Available—P(ppm)  11.72 Mn 151
Zn 1.35
Cu 0.52

Potassiumsulfate (K, O 48.5 % ) was added three
times to the soil at 10and 20 g/plant. The first addition
was done after germination on December 1!, the second on
February 1%t andthe 3 addition was on April 1%, Calcium
borate {Caz (BO3)2 : 104 % Ca O + 0.5 % B} was
applied as foliar application three times at two rates of 5
and 10 cnvL. It was added on January 1%, February 1%
and march 1%, respectively.

The treatments were as follows:

e Control (without any treatment).

e Potassiumsulfate at 10 g/plant.

e Potassiumsulfate at 20 g/plant

Calcium borate 5 at cnvL.

Calcium borate 10 at cm/L.

Potassium sulfate at 10 g/plant + Calcium borate at 5 cm/L.

Potassium sulfate at 10 g/plant + Calcium borate at 10 cm/L.

Potassium sulfate at 20 g/plant + Calcium borate at 5 cm/L.

Potassium sulfate at 20 g/plant + Calcium borate at 10 cm/L

At the end of experiment on 1% June and 6 June
in both seasons, respectively.

The following data were recorded:

I-Vegetative growth parameters: plant height (cm), No.
of leaves/plant, No. of shoots/ plant, stem diameter
(cm) and plant dry weight % (it was measured by
multiplying plant dry weight/plant fresh weight x 100) .

1. Flonering parameters: No. of flowers (The average
number of flowers was counted during three months
from the 1st of January till the end of March). Flower
diameter (cm), Flower stem diameter (cm), flower stem
length (cm), flower adherence strength g/cm3 (It was
measured by using Tenso lab), dry weight % of flowers
and vase life (day)

. Tubers parameters: tuber number, tuber diameter
(cm) and dry weight %.

IV. Chemical analysis was determined in dry
samples: Total carbohydrates (mg/g d.w.) in flower
stem according to Hedge and Hofreiter (1962). Lignin

% in flower stem was determined according to
A.O.A.C. (1984).

Statistical analysis:

The data were subjected to analysis of variance
of the sample experiment in a randomized complete
block design according to Snedecor and Cochran (1990)
and differences between means were compared using
LS.D. at5 % level of probability.

RESULTS AND DISCUSSION

I- Effect of potassium sulfate and calcium borate on
vegetative growth parameters of Dahlia pinnata, L.
plants

Itis clear from Table (2) that all potassium sulfate
and calcium borate treatments significantly increased
vegetative growth parameters than the control treatment in
the two seasons. Potassium sulfate at 20 gm / plant
combined with calcium borate at 10 cm /L gave the
highest significant values of plant height (81.07 and 86.03
cm), number of leaves / plant (52.0 and 56.7), number of
branches per plant (13.7 and 15.3), stem diameter (2.6 and
2.7 cm) in both seasons, respectively than the other
treatments. In this respect, Mohammed (2013) reported
that, potassium treatments had positive effect on plant
height of Dahlia pinnata, L. Also, Jadav et al. (2010) on
sesame (Sesamum indicum, L.) reported that, number of
branches /plantwas increasedsignificantly with increasing
levels of potassium. Regarding to the effect of boron,
Yousif et al. (2012) reported that, number ofbranches was
significantly affected by boron applicationand the highest
value of the number of branches was when using boron at
the highest concentration 600 mg. I'*. Also, Abdur and
lhsan-ul (2012) demonstrated that using borax, either
alone or in combination with CaCl,, resulted in a
significant increase in the number of branches of tomato
plants. Badran et al. (1985) on Polianthus tuberosa, L.
mentioned that the role of potassium in an increasing
number of leaves / plant was explained as potassium is
involved in some physiological processes such as cell
division, stomata opening and synthesis of carbohydrates.

It is obvious from Fig. (1) that no clear trend in
vegetative growth dry weight % was observed in most
cases. However, potassium sulfate at 20 g/plant +
Calcium borate at 5 cnV/L treatment had lower value.

02015 MW2016

Vegetative growth d.w. (%)

2016
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Fig. 1. Effect of potassium sulfate and calcium borate
on \egetative growth dry weight % of Dahlia
pinnata, L. during 2015 and 2016 seasons.
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II- Effect of potassium sulfate and calcium borate on
floner parameters of Dahlia pinnata, L. plants

It is clear from data in Table (3) that number of
flowers and flower diameter were significantly increased
by most applications compared with the control treatment.
The combined application of potassium sulfate at 20
g/plant + calcium borate at 10 cnVL resulted in significant
increase of number of flowers / plant (47.3 and 52.0) and
flower diameter (12.5 and 13.5 cm), respectively in both
seasons, followed by potassium sulfate at 20 g /plant +
calcium borate at 5 cm per plant. However, the control
treatment had lowest values of number of flowers and

flower diameter during the two seasons. This is in
agreement with Yousif et al. (2012) on Dahlia variabills,
Mohammed (2013) on Dahlia pinnata, Sajid et al. (2010)
on lily plant and Suganiya and Kumuthini (2015) on
Solanum melongina plants.

It is obvious fromFig. (2) that potassium sulfate at
10 g/plant + calciumborate at 15 cm/L, gave the highest
values of flower dry weight % of Dahlia pinnata, L.
compared to the other treatments.

Table 2. The effect of potassium sulfate and calcium borate on vegetative growth parameters of Dahlia pinnata,

L. plants in 2015and 2016 seasons

Plant height (cm) No. of leaves jolant No. of shoots folant Stem diameter(cm)

Treatments ~ 2" season . 1St 2" 2" season § 2" season
season season _season_season season
Control 40.37  42.70 22.0 55 5.6 23.3 33 33
Potassium sulfate at 10g/p lant 49.47 52.53 30.0 8.5 8.8 35.3 6.7 7.3
Potassium sulfate at 20g/p lant 61.57 66.06 34.7 8.4 9.8 37.3 6.7 8.7
Calcium borate at5 cm/L 48.50 50.63 23.3 6.5 6.8 28.7 5.0 3.7
Calcium borate at 10 cm/L 48.40 49.70 26.0 7.3 7.8 33.3 4.3 4.7
Potassium sulfate at10g/plant + Calciumborateat 5cm/L - 63.47 65.83 320 106 114 38.7 8.3 10.3
Potassium sulfate at 10g/plant + Calcium borate at 10cmL  65.26 68.43 36.7 9.6 10.6 37.3 8.7 8.3
Potassium sulfate at 20 g/plant + Calcium borateat5 cm/L ~ 73.93 78.37 413 116 123 433 110 127
Potassium sulfate at 20 ¢/plant + Calcium borate at 10cmL  81.07 86.03 52.0 125 135 56.7 137 153
LSD. at 5% 1.22 0.67 355 016 0.12 237 063 0.62

Table 3. Effect of potassium sulfate and calcium borate on No. of flowers /plant and floner diameter of Dahlia

pinnata, L. in 2015 and 2016 seasons.

No. of flowers/plant Flower diameter (cm)

Treatments 1Tseason 2™ season 1" season 2™ season
Control 12.0 14.0 0.87 0.98
Potassium sulfate at 10g/plant 12.3 15.0 1.46 1.48
Potassium sulfate at 20g/p lant 24.0 25.7 1.94 1.97
Calcium borate at5 cm/L 16.0 17.0 0.98 1.03
Calcium borate at 10 cm/L 17.7 18.7 1.18 1.44
Potassium sulfate at 10g/plant + Calcium borate at 5 cm/L 20.0 22.7 1.66 1.69
Potassiumsulfate at 10g/plant + Calcium borate at 10 cm/L 18.7 22.0 1.76 1.79
Potassium sulfate at 20 g/plant+ Calcium borate at 5 cm/L 35.0 34.3 2.28 2.34
Potassiumsulfate at 20g /plant + Calcium borate at 10 cm/L 47.3 52.0 2.60 2.70
LSD. at 5% 0.90 2.13 0.044 0.023
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Fig. 2. Effect of potassium sulfate and calcium borate on
floners dry weight % of Dahlia pinnata, L.
during 2015 and 2016 seasons.

Theresultsin Table (4) indicated that all treatments
underthis study were significantly increased flower stem
length, flower stemdiameter and flower adherence strength
than the control treatment. The combined treatment of
potassiumsulfateat 20 g/ plant + calcium borate at 10 cnm/L

gave the highestvalues of flower stemlength (35.2 and 37.7
cm), flower stem diameter (1.27 and 1.50 cm) and flower
adherence strength (19040 and 19520 g/cm3) in
comparisonwith the other treatments in the two seasons,
respectively. Whereas, theuntreated plants gave the lowest
values of flower parameters mentioned above. These results
agree with Aly and Gomaa (2008) on Dianthus
caryophyllus, they found that plants treated with foliar
nutrition showed significant increase in stem length and
diameter. Also, Hassan (2015) illustrated thatall fertilization
treatments significantly increased berry adherence strength
of the Superior seedless grape compared with control
treatment. Thesuperiority was in the combination treatment
of folic acid + microelements + bio-fertilizers, the concerned
values forberry adherencestrength were 1180.5 and 1260.4
g/cnt in both seasons, respectively.

It is obvious from Fig. (3) that potassium sulfate at
20 g/plant +calciumborate at 10 cnVL, potassiumsulfate
at 20 g/plant + calcium borate at 5 cm/L and potassium
sulfate at 20 g/plant increased the vase life of Dahlia
pinnata, L. as compared to the other treatments,
respectively.
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Table 4. Effect of potassium sulfate and calcium borate on floner stem length (cm) , floner stem diameter
(cm) and flowner adherence strength (g/cm®) Dahlia pinnata, L. plants in 2015 and 2016 seasons.

Flower stemlength  Flower stem Flower adherené:e
Treatments - (cm) - (ils?meter (;:rgl) Strfs?gth (g/czr?d)

season  season season  season season  season
Control 10.3 115 0.56 0.63 417.7 417.7
Potassiumsulfate at 10g/plant 155 16.4 0.84 0.88 545.3 584.0
Potassiumsulfate at 20g/plant 16.6 175 0.73 0.78 685.7 723.0
Calcium borate at5cm/L 127 137 0.62 0.68 476.0 494.0
Calcium borate at 10 cn/L 14.6 15.6 0.73 0.78 521.7 564.7
Potassiumsulfate at10g/plant+ Calcium borate at 5cnvL 19.6 20.4 0.98 0.99 665.3 696.0
Potassiumsulfate at 10g/plant + Calciumborate at 10cnv/L 17.7 17.3 0.84 0.88 714.0 764.3
Potassiumsulfate at 20g/plant + Calcium borateat5cm/L ~ 20.6 22.7 0.97 1.20 985.3 1016.0
Potassiumsulfate at 20 g/plant+ Calciumborate at10cm/L ~ 35.2 37.7 1.27 1.50 19040  1952.0
LSD. at 5% 0.82 0.42 0.05 0.05 2.36 3.95

2015 M2016

Vase life (days)

Fig. 3. Effect of potassium sulfate and calcium borate on
vase life (days) of Dahlia pinnata, L. cut floners
during 2015 and 2016 seasons.

II- Effect of potassium sulfate and calcium borate
on tubers parameters of Dahlia pinnata, L. :

Results in Table (5) showed that the number of
tubers/plant and tuber diameter (cm) were affected by
the interaction between potassium sulfate and calcium
borate at the highest rates. These treatments recorded
significantly increasing number of tubers/plant and
tubers diameter when compared with control treatment
in both seasons. The highest number of tubers/ plant
(7.7 and 8.7) and tubers diameter (12.14 and 12.98 cm)
resulted from 20 g/plant potassium sulfate combined
with 10 cm/L calcium borate treatment in the two
seasons, respectively. Our data go in line with Salim et
al. (2014) reported that, in the most cases, the foliar
applications of different potassium sources exhibited
highly significant increases of number of tubers/ plant in
Potato plants. Similarly, Muhammad et al. (2014) on
Dahlia hybrida, reported that foliar application of macro
and micro nutrients enhanced the production of tubers/
plant. Regarding to the effect of boron, Shampa (2013)
mentioned that the number of bulbs/ plant of Tuberose
plants were influenced by the application of different
boron rate, and boron at 2.0 kg/ha showed the highest
number of bulbs/ plant.

Table 5. Effect of potassium sulfate and calcium borate on No. of tubers / plant and tuber diameter (cm) of
Dahlia pinnata, L. plants in 2015 and 2016 seasons.

No. of tubers / plant Tuber diameter (cm)

Treatments 1%season  2™season 1% season 2™ season
Control 3.7 3.3 3.13 321
Potassiumsulfate at 10g/plant 6.7 7.3 5.17 4.79
Potassiumsulfate at 20g/plant 6.7 8.7 5.13 6.56
Calcium borate at5cm/L 6.0 6.7 3.58 3.66
Calcium borate at 10 crm/L 5.7 7.0 3.89 3.93
Potassiumsulfate at 10g/plant + Calcium borate at 5 cm/L 6.3 6.7 6.13 6.55
Potassiumsulfate at 10g/plant + Calcium borate at 10 cm/L 5.3 6.3 4.95 5.86
Potassiumsulfate at 20 g/plant + Calciumborateat 5 cm/L 6.3 7.7 8.97 9.26
Potassiumsulfate at 20 g/plant + Calcium borate at 10 cnv/L 177 8.7 12.14 12.98
LSD. at 5% 0.63 0.63 0.10 041

Concerning to the effect of potassiumsulfate and
calcium borate and the combination between them at
different rates on tuber dry weight %, the results in Fig (4)
indicated that there is no cleartrend could be observed in

most cases. However, Calciumborate at 5 cm/L treatment
produced lower value. Singh and Lal (2012) cleared that
the average tuber weight of potato increased with
increasing potassium level up to 100 kg K, O/ ha.
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02015 MW2016

Tuber d.w. (%)

Fig. 4. Effect of potassium sulfate and calcium borate
on tuber dry weight % of Dahlia pinnata, L.

during 2015 and 2016 seasons.

&

Effect of potassium sulfate and calcium borate
on total carbohydrates (mg/g dw.) and Lignin
(%) in floner stem of Dahlia pinnata, L. plants

It is evident from Table (6) that significant
differences were observed on total carbohydrates in
flowers stem among the fertilization treatments.
Furthermore, values of total carbohydrates were signify
cantly improved in responseto the combination between
potassium sulfate and calcium borate treatments. The
best results were obtained due to fertilization with

potassium sulfate at 20 g/ plant + calcium borate at 10
cn/L which gave the highest values  of total
carbohydrates (10.70 and 10.74 mg/g d.w.) in the two
seasons, respectively. Whereas, foliar application with
calcium borate solely at 5 cm/plant gave the lowest
contents of total carbohydrates compared to the other
treatments or the control. The increment in total
carbohydrates content may be due to potassium which
intensifies the synthesis of carbohydrates, promotes the
synthesis and accumulation of thiamin and riboflavin
and is essential for the activity of guard cells (Yagodin,
1984). In this respect, Mohammed (2013) reported that,
potassium at the highest rates (8 and 16 g/plant)
increased total carbohydrates in leaves and tubers of
Dahlia pinnata plants compared with control treatment.

Data in Table (6) indicated that, all treatments at
different rates showed significant differences for lignin %
in flower stem under the present study. The maximum
lignin % was recorded in the combined treatment of
potassiumsulfate 20 g/plant + calcium borate 10 cnVL. On
the otherhand, the minimum lignin % was recorded in the
control plants. It can be noticedthatlignin % increased due
to increasing in calciumborate rate. This may be due to the
role ofboron in the lignin synthesis which can be related to
the formation of borate complexes with phenols and
regulating the rate of free phenols thatare precursors of the
lignin synthesis (Shkolnik, 1984).

Table 6. Effect of potassium sulfate and calcium borate on total carbohydrates (mg/g dw) and Lignin (%) in
floner stem of Dahlia pinnata, L. plants in 2016 and 2016 seasons.

Total carbohydrates Lignin (%)in flower

Treatments (mg/g d.w) in flower stem stem

1%'season 2"%season 2016
Control 9.43 9.73 1.08
Potassium sulfate at 10g/p lant 9.60 9.80 1.17
Potassium sulfate at 20g/p lant 9.89 9.92 1.46
Calcium borate at 5 cm/L 9.27 9.37 1.73
Calcium borate at 10 cm/L 9.70 9.80 2.05
Potassium sulfate at 10g/plant + Calcium borate at 5 cm/L 10.60 10.77 1.89
Potassium sulfate at 10g/plant + Calcium borate at 10 cm/L 10.24 10.26 2.35
Potassium sulfate at 20 g/plant + Calcium borate at 5 cm/L 10.53 10.57 2.46
Potassium sulfate at 20 g/plant + Calcium borate at 10 cm/L 10.71 10.74 2.62
LSD. at 5% 0.139 0.095 0.003

REFECRENCES

A.O0.A.C. (1984). Official methods of Analysis 13th Ed.
Published by the Association of Official
Analytical chemists, Washington, D.C., US.A.

Abdur, RAB and Ilhsan-ul HAQ (2012). Foliar
application of calcium chloride and borax
influences plant growth, yield, and quality of
tomato (Lycopersicon esculentum, Mill.) fruit.
Turk J. Agric., 36: 695-701.

Ahmad,M.; Khan M.F; Hamid, A. and Hussain, A.
(2004). Effect of urea, DAP and FYM on growth
and flowering of Dahlia (Dahlia variabilis).
Inter. J. of Agric. and Biol., 6: 393-395.

Aly, HE. and EL-Sayed, Sohier, G. (2008). Response
of dianthus caryophyllus, L. plants to foliar
nutrition. J. Agric. & Env. Sci. Alex Univ,,
Egypt ,Vol.7 (2): 53-67.

Badran, F.S.; Al-Badawy, A.A. and Mohey, E. (1985).
Effect of irrigation and potassium fertilization on
Polianthus tuberose, L. plants. Minia J. Agric.
Res. and Dev., 7(3): 1117-1132.

Bhandal, I.S.and Malik, C.P.(1988).Potassium estimation,
uptake, and its role in the physiology and
metabolism of flowering plants. Inter. Rev. of
Cytology, 110: 205-254.

1285



Hamayl,A.F.et al.

Bothwell, J.H. and Ng, C.K.Y. (2005). The evolution of
Ca2+signaling in photosynthetic eukaryotes. J.
of New Phytol., 166: 21-38.

Hassan, K.H.A. (2015). Effect of folic acid with some
microelements and microorganisms on yield and
berriesquality of superior seedless grapevines.Ph.
D. Thesis, Fac. of Agric., Mansoura Univ.

Hedge, I.LE. and Hofreiter, B. T. (1962). “Carboydrate
Chemistry”, 17th Eds. Whistler R.L. and Be
Miller, J.N., Academic Press, New York.

Hetherington, A.M., and Brownlee, C.(2004). The
generation of Ca2+ signals in plants. Annu. Rev.
Plant Biol. 55: 401-427.

Jackson, M.L. (1973). Soil Chemical Anlysis. Prentic-
Hall of India-Private, New Delhi, PP. 144-197.

Jadav, D.P.; Padamani, D.R; Polara, K.B.; Parmar,
K.B. and Babaria, N.B. (2010). Effect of different
level of sulphur and potassium on growth, yield
and yield attributes of sesame (Sesamum Indicum
L).., The Asian J. of Hort. Vol. 5(1): 106-108.

Jeremy O'Brien (2007). Boron and calcium together in
plant nutrition. Publication of Albion Advanced
Nutrition, Vol. 8, No.2.

Marchner, H. (1995). Mineral Nutrition of Higher
Plants. 2nd ed. Academic Press. London.

Mohammed, Samah, M.Y. (2013). Effect of potassium
fertilizer and phosphorein on vegetative growth,
flowering and chemical composition of Dahlia

pinnata plant. M.Sc. Thesis, Fac. of Agric.
Fayoum Univ.
Muhammad, K.; Komal R.; Muhammad A.K. and

Adnan Y. (2014). Efficacy of macro and micro-
nutrients as foliar application on growth and
yield of Dahlia hybrida, L. (Fresco). Inter. J. of
Chem. and Biochem. Sci., 5: 6-10.

Nonnecke, 1.B.L. (1989). Vegetable Production. Avi
Book Publishers. New York, USA, pp. 200-229.

Reddy, V.S., and Reddy, A.S.N.(2004). Proteomics of
calcium - signaling components in plants.
Phytochemistry 65, 1745-1776.

Sajid, M.G.; Kaukab, M. and Ahmad, Z. (2010). Foliar
application of plant growth regulators (PGR) and
nutrients for improvement of lily flowers.
Pakistan J. of Botany, 41 233-237.

Salim, B.B.M.; Abd El-Gawad, H.G. and Abou El-Yazied,
A. (2014). Effect of foliar spray of different
potassium sources on growth, yield and mineral
composition of Potato (Solanum tuberosum L.).
Middle East J. of Appl. Sci., 4(4): 1197-1204.

Shampa, U.K. (2013). Influence of bulb size and boron
on growth and yield of tuberose. M.Sc. Thesis,

Dept. of Hort. Sher-e-Bangla Agric. Univ.
Dhaka, Bangladesh.

Shkolnik, M.Y. (1984). Trace elements in plants
Development in Crop Science. Amsterdam:

Elsevier, Vol. 6, pp. 1-463.

Singh, S.K. and Lal, S.S. (2012). Effect of potassium
nutrition on potato yield, quality and nutrient use
efficiency under varied levels of nitrogen
application. Potato J. 39 (2): 155-165.

Snedecor, GW. and GW. Cochran (1990). Statistical
Methods. 7th Ed. The lowa State Univ., lowa,
USA, pp.593.

Suganiya, S.A and Kumuthini, D.H. (2015). Effect of
boron on flower and fruit set and yield of ratoon
Brinjal crop. Inter. J. of Sci. Res. and Innovative
Technol. Vol. 2(1): 135-141.

Yagodin, B.A. (1984). Agricultural Chemistry. Vol. 1.
Mir Publisher, Moscow.

Yousif, H. Hammo; Balkies, G. Sahi and Payman, A.
Ali (2012). Effect of paclobutrazol and boron on
vegetative growth, flowering and chemical
characters of Dahlia plant (Dahlia Variabills). J.
of Univ. of Duhok, Vol.15(1): 1-7.

Q#Lﬂ"thicﬁﬁljsaje.dguaﬁ s eJéuJUﬂ\CﬁLLH\jeJHﬁdiyg\ijlu\zﬁt
T da daal g gloadl il g el dala ke ) ¢ T L) dbas Baake ¢ Jilaa adb e

bl daaly — o) 3l AdS — A3l g padd) and

paa- 33— Lol 3 Eganl) S a - Cpiland) Gigag dgaa - Gilaal) Gadi g AN bl Gigag ad T

)ﬁtg\.m\‘)dudg_l _V~\~1 j\“\owfd%w—w\%- uy‘)ﬂh&iﬂ\&&)ﬂ\@&{)ﬂ\b&&z\)}i

(‘}:.""“u}:‘j\ Glaliy u.n'aj‘}“ M\wdﬁuﬁ\_}}ﬁm«em\@\J\J\.&J\Ctubadﬁuguméc ("}:.‘“‘SS“Q‘J}:’}?}:"“MJ:‘HQGL
;‘;ﬁu@uﬂ\amj,)Aﬂ\H}AJMQ\JA&D&%\(ﬂ/fﬁ\~ & ©) p ol ) gy (L dandll 5 (/e 2 Y & 1)
gl ) ) Lall il (5 pumal) gaill i 3 Ay sine 533 (M o jans Y+ o sanllSU )y g1+ lal g ¥ v gl i) il Alalaal)
¢ a1 aae) Al g e 0 ol @l 854 ) Aldeall ol cina Laf (L)l yelalle @1 o sl /9, 5Y) s sl
Lgﬁy\avunu\é\_ua_\)ﬁdh(hjﬂ\)ﬁsQMQDJJ&\JA&:s)\.&J“}!\Mbﬁ‘sﬁ)ﬂd‘\hﬂ)ﬁ}d#sﬁﬁj\#
PPTRHIN| NG S PTPPRYL PA GRS T cEON P P NOVRCTPI |ty PPN PEN JUIY ) IO PRTEN U P RPN R IR PR N R U PN
Ml e 1 s ) v a a5+ i/l o Yo sead sl il Aldaall g 85 (U5 S Aldae ) llally 45 i

sl ans 50 JA (5 AV

1286



