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ABSTRACT 

This i vestigation was inducted at Nubaria Region, West 
of Alexandria City, Egypt, during 2006 and 2007 seasons to 
study tbe influence of different concentrations 
(0.0,0.2,0.4,0.6,0.8, and 1.0 %) of foliar fertilizer cootains 

aero - elements (20%N, 20% P, 20% K, 0.12% Mg) and 
micro - elements (70 pm Fe, 14 ppm Zn, 16 ppm Cu, 42 
ppm Mn, 72ppm Band 24 ppm Mo) on the growtb, 
nowering, and chemical analysis of leaves of Dianthus 
caryophyUus cv. "Red Sim". The foliar fertilizer was applied 
5 times during the growing period. Tbe results revealed that 
plant treated with foliar nutrition showed significant 
increase in tbe growtb characteristics (stem length , stem 
diameter, stem fresh and dry weight, umber of leaves/ 
plant, fresh and dry weight of leaves). As well as, stimu ated 
the flowering arameters ( reducing tbe number of days 
from planting to flowering, increased both number, size, 
fresh and dry weight of flowers/plant) compared to the 
untreated plants (control). The treatment of 0.6 % of foliar 
fertilizer gave the bighest values compared to the other 
treatment in both seasons. Thetotat chlorophyll (a+b) , 
carotenoides and total carbohydrates (%),the mineral. 
contents of leaves( N,P,K, Zn and Cu) were significantly 
increased as a result of spraying the plants with foliar 
fertilizer at different rates compared to the control 
treatments. 

Key words: Carnation, Caryophyllaceae, cut flowers, foliar nutrition, mineral COnlenl. 
carbohydrates. greenhouse conditions. 
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INTRODUCTION 

The modern carnation (Caryophyl/aceae; Dianthus caryophyl/us 
L.) cultivars offer a diversity of colors, shapes and sizes not available 
in other !lowering plants. Carnations are cultivated on a large scale in 
the Mediterranean area. However, it can be produced all over the 
world in greenhouse. The commercial production of carnations as one 
of the most used flowers for florist cut flower arrangement due to its 
excellent keeping uality, wide range of fonns, abi lity to withstand 
long distance transportation. Therefore, paying a great attention to 
improve both qualitative and quantitative characteristics of carnations, 
especiaIly, these grown under greenhouse condition is essential. 

Foliar application of nutrients is gaining more importance in 
fertilization 0 vD.riou field and floricultural crops, in many countric.>. 
The advantages of foliar fertilizers were more obvious under grcwing 
conditions restricting the absorption of nutrients from the soil , as 
reported by Hamdi ( 1979) and Verma et a/., (2000) .The nutrients 
Sl pplied by macro and micro-elements are necessary for the various 
biochemical processes that occur within the plant, and are essential for 
nannal plant growth and development (Darling, 1975 ). Sinc'e sandy 
desert soil is chara rerized by high pH value, foliar fertilization may 
be useful under these conditions to avoid the soil fi ation of some 
micronutrients such as F" Mn, Zn, and Cu. Moreover, foliar 
fertilization te' lique may also be a good alternative to the 
conventional soil appliclltion to avoid the loss of fertilizers by 
I aching and the e y minimizing the ground water pollution 
(paparazzi and T key, 1979 and Tomimori et al.. 1995). Foliar 
nutrition i recommended by several investigators as an alternative 
fertilization meth d to i prove the rowth and flowering of anemone 
(pislomik, 1985), gladiolus (Chaturvedi, et al., 1986) carnation (Stack 
el al., 1986 and Sharef and El- Naggar 2003). Similar findings were 
also reported with chrys nthemum (Mazrou et al., 1991), rose plants ( 
Eraki et a/., 1993 and AI-Humaid, 2001 ) on tuberose( Pal and Biswas 
2005) and iri plants ( Mahgoub el al., 2006). 

The objectives of the research reportc~d in this paper were to study the 
influences of commercial foliar fertiUzers on growth and flower 
production of carnation plant~ under greenhouse condition. 
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MATERIALS AND METHODS 

The present work was carried out during two successive seasons 
(2006 and 2007) in the greenhouse in Noubaria region , Alexandria 
governorate ,Egypt. Dianthus caryophyllus cv. "Red Sim" plants were 
used in this study for its popularity in flower trade for decoration 
purposes. 

Preparation of cuttings and rooted cuttings of carnation plant: 

The cuttings of "Red SimI! carnation were taken from certified 
mother plants on 25Jh June, 2006 and 27Jh June, 2007. These uniform 
cuttings, with an average lj:ngth of 10 cm per cutting, 6 visible leaf 
pairs and average weight 109. Cuttings were directly rooted under 
mist propagation for three weeks. The propagation soil was made by 

.	 mixinng peat-moss and sand (1:1, v/v) and giving 10 second irrigation 
bursts every 5 minutes. 

Experimental greenhouse treatments: 

The physical analysis of the used soil revealed that it was 
containing' 17.2, 61.8,13.9 and 7.1 % of coarse sand, fine sand, silt 
and clay respectively. The chemical analysis cleared that, it was 
containing 0.19, 0.04 and O. t7 % of N, PzOs and KzO, respectively. 
The electric conductivity (BC) was 1.79 (dsm- I

) with p of7.98. 

Two kilograms of farmyard manure / m2 (moisture 18 %) of the 
surface soil was added, few days before planting , and well mixed 
with the soil during preparing the greenhouse soil .The chemical 
composition of the used manure was 0.83 %, N 0.26 % P20S, and 
0.19% K20. 

The rooted cuttings were planted on 16!h and lS!h July for the two 
seasons, respectively under the greenhouse conditions. Planting 
spacing was 20 cm between rows and 20 cm between plants. Three 
weeks later, the pinching process (single pinch) of the growing points 
of all the plants was done to accel te the basal branching on 7lh 

August and ~ August 2006 and 2007 in the first and second seasons, 
respectively. The plants were drip irrigated, water was suppl.ied at rate 
1.87 liters m- I day·ldivided to three irrigation times during a day 
(Fisher and Kurzman, 1987; and Malorgio ,el al 0' 1995). 
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The plants were supported with plastic grids at suitable heights. 
Three well distributed branches were chosen on each plant on 12111 and 
141b September 2006 and 2007 in the two seasons, respectively for the 
experimental purposes. The disbudding was practiced to allow one 
tenninal bud to develop per branch. 

Foliar application of mineral fertilizer: 

The plants were sprayed with the foliar fertilizer "Sangral" at 
concentrations of 0.0% (control), 0.2 %,0.4 %,0.6 %,0.8 % and 1.0 

, %. The control plants were sprayed with distilled water. The Sangrel 
fertilizer contains macro - elements (20%N, 20% P, 20% K, 0.12% 
Mg) aod micro· lements (70 ppm Fe, 14 ppm Zn, 16 ppm Cu, 42 
ppm Mo, 72ppm Band 24 ppm Mo). 

The treatment was subjected to five sprays during the growth 
.period which s rted after three weeks from th planting .The plants of 
ea~h trea ent were sprayed till run off point ( 2U plot) with three 
weeks intervals. 'The expe 'mental layout was designed 0 provide 
randomized complete blocks containing, 6 treatments with four 
replicates and 2S plants / plot. 

Grow parameters and chemical constituen 0 

1- Vegetative growth an owen characteristics: 

Conventional methods were used to record the data on the 
vegetati e growth parameters which included: 1- stem length (cm), II
stem diameter (em), ill- fresh weight of stem (g),N-dry weight of 
stem' (g), V-I aves number/ plant, VI- fresh weight of leaves (g) VII
dry weight of leaves (g) and those of flowering parameters were: T

o flowering time [the time taken to showing color from planting date 
(day)], 11- flowers number/ plant, IlI- flower diameter (cm) IV- flower 
fresh weight / plant (g), V-flower dry weight / plant (g). 

2- Chemical Analysis: 

The total chlorophyll, inera} percentage and total carbohydrate 
content of the leaves were determined as follows: I-The total 
chlorophyll content and total carotenoides of fresh leaf samples 
(mgllOOg F.W.L) was determined by using the method described by 
Greig et oJ., (1968) in the leaves beneath the tenninaJ bud at showing 

.; . 
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color stage (Uri et al., 1990). II-The nitrogen content and phosphorus 
percentage f the dried leaves were determined according to methods 
described by Chapman and Pratt (1961), and Bringham (1982).III-The 
potassium percentage was determined by using Flame Photometer 
according to Brown and Lilleland (1946) and Chapman and Pratt 
(1961). IV- Micronutrients Zn and Cu contents were determined by 

ing Perkin - Elmer Atomic Absorption spectrophotometer. V-Total 
carbohydrate co tents in the dried leaf samples were determined 
according to Herbert, et al., (1971). 

Statistical oalysis:

e data on the growth characteristics were subjected to statistical 
analysis of variance and the means were compared using the "Least 
Significant Difference (L.S.D)" test at the 5% level, as described by 

·	 Snedecor and Cochran, (1981). 

RESULTS AND DISCUSSION 

1- Elfec of foliar nutrition treatments on veget fve growth
 
eha acteristics:
 

The results recorded i the two seasons and presented in tables 
(1-2) showed that spraying "Red Sim" carnation plants with different 
concentration of oli fertilizer increased significantly the different 
vegetative growth parameters; stem length, stem diameter, fresh and 
dry w 'ght of stem, leaves umber, as well as the fresh and dry 
weights of leaves, compared to the untreated ~ontrol plants. The 
reduction in growth parameters was more in the control treatments. 

The highest values were obtained .by he application of foliar 
•	 fertilizer at concentration of 0.6%for several growth characteristics, 

suc as tern length, stem diameter, stem fresh and dry weight, 
number of leaveslbranch as well as, fresh and dry weight of leavesl 
plant (giving values of 80.59 em, 0.78 em, 63.75 g, 4.32 g, 24.76 
,39.47 g and 3.63 g, respectively in the first season, and 82.86 cm, 
0.79 em, 64.80 g, 4.30 g, 25.89,40.77 g and 3.68 g, respectively, in 
the second season for the above mentioned parameters.). These results 
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may be due to the effect of the nutrient elements at their suitable and 
adequate concentrations in promoting the vegetative growth and dry 
matter accumulation. In addition, the effect of suitable concentration 
of the foliar fertilizer which the required macro- elements (N, P, K, 
Mg) and micro - elements (Fe, Zn, ell. Mn, B and Mo) for optimum 
growth as the synthesis of organic N - compounds in the plant 
depends on a number of inmganic ions Mg for chlorophyll formation, 
P for synthesis of nucleic acids and K which is necessary for nitrogen 
assimilation into protein (Mengel and Kirkby 1987). Also, the , 
stimu'lating effects of macro and micro nutrients may be due to 
activating apical meristems beside the protoplasm formation, division 
and elongation of meristems cells, enhancing the biosynthesis of 
proteins and carbohydrates. These together led to enhancing the 
growth. Similar results were obtained by Verma et al., (2000) on 
carnation plants and AI-Humaid (2001) with rose plants and El

- Naggar (2005)on gladioli plants. On the other hand, using the highest 
fertilization level ( 0.08 and/orl.O%) reduced the growth characters 

. (Table 1-2). This effect could be attributed to accumulation of salts on
 
the leaf surfa e, which causes leaf scourching and burning (Mengel
 
and Kirkby, 1987).
 

Table (1) : Effect of different concentrations of foliar nutrition on
 
the stem length (em) , stem diameter (em), stem fresh and
 
dry weight (g) of Dianthus caryophyl/us cv. "Red Sim"
 
plants grown on the two seasons ( 2006 and 2007) under
 
greenh.ouse con dT
I IOns. 

L.S.D (0.05) Least slgllltlcant dllferences at 0.05 level of probability. 

CODcentrau 
ODS of 
Foliar 

nutrition 

0.0% 
0.2% 
0.4 % 
0.6% 
0.8% 
1.0% 

LSD (0.05) 

Ste ItDgtb 
(em) 

itt 2" 

49.79 50.54 
57.62 58.21 
63.26 64.10 
80.59 82.86 
78.49 77.83 
73.60 72.94 

2.15 2.49 
. . . . 

Stem 
diameter 

(em) 
1n 2" 

0.54 0.49 
0.59 0.60 
0.66 0.68 
0.78 0.79 
0.73 0.75 
0.62 0.65 

l).03 0.03 

Stem fresh weight 
(g) 

111 2l!l1. 

37.18 37.31 
42.53 42.62 
49.46 49.97 
63.75 64.80 
57.59 5'7.82 
55.39 55.40 

1.53 1.65 
.. 

Stem dry 
weight (g) 

1" 2 M 

3.22 3.25 
3.31 3.33 
3.57 3.63 
4.32 4.30 
3.93 3.97 
3.60 3.58 

0.16 0.16 

= 
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Table (2) : Effect of different concentrations of foliar nutrition on 
leaves number / branch, fresh and dry weight of leaves 
/branch (g) of Dianthus caryophyllus cv. "Red Sim" plants 
grown on the two seasons ( 2006 and 2007) under 
greenhouse conditions. 

Concentrations of 
Foliar 

nutrition 

Leaves number 
per branch 

1" 2 nd 

18.27 18.12 
20.54 20.93 

Leaves fresh 
weight (g) 

l a1 2 nd 

21.86 21.34 
24.54 24.67 
29.15 28.98 
39.47 40.77 
36.28 37.21 
28.68 28.19 

0.0% 
0.2% 
0.4% 23.41 23.86 , 

24.76 25.89 
24.50 24.46 
22.23 22.54 

0.6% 
0.8% 
0.1% 

LSD (0.05) 1.12 1.12 1.53 1.49 

Leaves dry 
weight (g) 

1" 2 nd 

i 

2.67 
2.97 
3.56 
3.63 
3.21 
3.44 

2.63 
2.93 
3.52 
3.68 
3.30 
3.41 

0.18 0.18 
. .

L.S.D (O.OS) = Least sIgnificant dIfferences at 0.05 level of probabIlity. 

ll- Effect cJf foliar nutrition treatments on flower production: 

The data reported in Table (3) clearly show a pronounced 
improvement in the flowering characteristics[number of days from 
planting to flowering, flowers number/ plant, flower size (em), fresh 
and dry weight of flowers (g)] as a result of spraying" Red Sim" 
carnation plants with foliar fertilizer (Sangral), compared to the 
control. 

The results in table (3) indicated that the time taken to showing 
color in the two growing seasons were significantly decreased with the 
spraying of foliar application( Sangral fertilizer).The earliest reduction 
in the period from planting date until appearance of color, was 
obtained by using 0.6% Sangral fertilizer as gave 113.25 and 113.63 
day in the first season and second seasons, respectively compared with 

.	 the control as gave 131.56 and 133.02 day in both seasons. The 
increment in the number of flowers, size, fresh and dry weight of 
flowers as a result of using suitable foliar fertilizer concentration at 
optimum doses may be due to the role of the nutrient elements such 
as nitrogen, phosphorus and potassium, which is necessary for the 
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synthesis of protein and cytokinin; consequently, affects cell division. 
.	 These results are similar to those obtained by Mazrou et ai. (1988) on 

rose, Papadimitrio and Manios (1984), Starck et ai ., (1991), Ramesh 
et al., (2002) on carnation plants,Dufour and Guerin (2005)on 
anthurium and Pal and Biswas (2005) on tuberose plants. On the other 
hand, the observed decrease in this respect as a result of spraying the 
plants with the highest foliar fertilizer concentrations (1.0 %) may be 
due to the presence of high salt concentrations in the sprdying solution 
which may raise the respiration rate and increase the rate of metabolic 
catabolism (Luttge et al., 1971). These obtained results agreed with 
those obtained by Koriesh, (1984) on chrysanthemum and Chaturvedi, 
et al., (1986), EI-Naggar (2005) on gladiolus. 

Table (3): Effect of different concentrations of foliar nutrition on 
flowering time (day), flowers number I plant, flower 
diameter (cm), flower fresh and dry weight(g) of Diantltus 
caryopltyllus cv. "Red Sim" plant grown on the two seasons 
( 2006 and 2007) under greenhouse conditions. 

Concentrations Flowering Flower Flower fresh FlowerFlowers 
of Foliar numberl weight dry weighttime diameter
nutrition 

(day) (em)plant (g) (g) !!51 
2 1111 In 2 nIS 2!ll1 l~ 2!ll1 I it 2 !!l1 lit 

. 131.56 133.02 [5.53 [5.703.57 3.49 3.47 3.610.0% 2.11 2.14 
[28.[4 [28.42 19.78 19.995.23 5.42 5.12 5.320.2% 2.23 2.25 
121.67 122.74 7.61 8.10 7.39 7.66 24.85 25.920.4 % 3.00 3.03 
113.25 [13.63 10.59 11.21 12.05 11.87 42.20 42.070.6% 3.26 3.26 
115.22 114.23 10.50 10.65 37.53 39.679.15 9.430.8% 3.12 3.21 
117.95 116.32 9.00 9.14 9.57 9.33 36.59 36.211.0% 3.06 3.09I 

0.57 0.63 0.87 0.922.32 2.46 0.78 0.91LSD (0.05) 0.12 0.12
1 

..
L.S.D (O.OS) = Least slgmflcant differences at 0.05 level ot probability. 

ill - Chemical constituents: 

1- Effect of foliar nutrition treatments on total chlorophyll (a+b) , 
total carotenoides (mg/lOO g F.W.) and total carbohydrate 
percentages in leaves: . 
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The results of chemical analysis of fresh leaf samples has 
revealed that the total chlorophyll (a+b) , carotenoides content 
(mg/lOO g L. F.W.) and total carbohydrates (%) in the dried leaves of 
"Red Sim" carnation plants tended to increase generally as a result of 
spraying the plants with foliar fertilization (sangral) , compared to the 
control (table 4). The highest significant increase in total chlorophyll, 
carotenoides and total carbohydrates contents were obtained from 
spraying of foliar nutrition at 1.0% which gave 237.32, 58.27 mg/l 00 
g F.W. and26.92 (%) respectively, in the first season, and 236.41, 
59.96 (mg/lOO g F.W.) and 27.84 (%) respectively, in the second 
season) 

This improvement in the chlorophyll, carotenoides and total 
carbohydrates content as a result offoliar nutrition could be attributed 
to the mode of action of macro and micro elements in enhancing the 
photosynthetic activity and enzymes of carbohydrdtes transformation. 
Such results were reported by Hassan er aI., (1985) on dahlia, Eraki er 
a., (1993) on rose plants and Verma er al., (2000) on carnation plants 
and EI-Naggar (2005) on gladiolus. 

2- effectof foliar nutrition treatments on mineral content: 

The results in Table (5) showed the percentage ofN in the leaves on 
dry weight basis. It was significantly increased as foliar fertilization 
dose increased up to the highest fertilizer level (1.0 %) of foliar 
fertilizer. Potassium (%), phosphorus(%), Zinc (ppm) and cupper (%) 
elements followed the same trend as nitrogen. These results reflect the 
positive relationship between the concentration of foliar fertilizer and 
the mineral content of the leaves. This could be attributed to the rapid 
absorption of these elements by the plant surface, especially the 
leaves, and their translocation within the plant (Mengel and Kerkby, 
1987). Similar results were obtained by Khattab and Hassan ( 1980) 
on chrysanthemum, Strack et al., (1991) on carnation, Haikal (1992) 
on gladiolus, Sharaf and El- Naggar, (2003) on carnation, Mahgoub e/ 

al., (2006) on iris plants. 

Finally, these results show that the spraying of foliar fertilization 
(sangral) at suitable concentration (0.6%) had a considerably 
beneficial effect in improving the quantitative and the qualitative 
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characteristics of Dianthus caryophyl/us cv. "Red Sim" under 
greenhouse condition. 

Table (4): Effect of different concentrations of foliar nutrition on 
the total chlorophyll, total carotenoides( Mg/IOOg L.F.W.) 
and Total carbohydrates (%) of Diantllus caryophylJus cv. 
"Red Sim" plant grown on the two seasons ( 2006 and 
2007) under greenhouse conditions. 

' Total carbohydratesTotal cJ1lorophyll Total carotenoides Concentrations 
I (%)Mg/IOOg L.F.W. Mg/lOOg L.F.W. 

111 2.!!l1 
of Foliar 

111 2.!lll 
I 

111 2J!l1nutrition
 

0.0% I \71.39 \74.09
 28.\9 27.47 13.09 \2.87 
0.2 % 38.77 39.09 ! 7.11 17.42 
0.4% 

197.65 199.78 
21.34 22.64 

0.6% 
224.95 226.77 46.98 48.\5 

67.23 66.89235.46 237.13 28.29 29.\5 
0.8% 234.76 233.89 56.46 56.99 25.03 25.17 
0.\ ~.-n 237.32 236.4\ 58.27 59.96 26.92 27.84 

" 'l~LSD (0.05) ....... ,j 2.11
 1.53 1.53 1.12 1.14 
. . ...

L.S.D (0.05) =- Ll:ast slgmficant I.htterences at 0.05 level ot probabIlIty. 

Table (5): Effect of different concentrations of foliar nutrition on 
the mineral contents[ N,P,K (%) Zn, eu (ppm)] in the 
dried leaves of Dianthus caryophylJus cv. "Red Sim" plant 
grown on the two seasons ( 2006 and 2007) under 
greenhouse conditions. 

L..;:,.D (005) = Ll:ast slgmtlcunl. dltlcrences at 0.0:> level ot probability. 

C oncen[ra tions N p K Zn eu 
of Foliar (%) (%) (%) (ppm)illI ( ppm)illI 
nutrition t~ ..,!!d lit 2 M 1M 2 ill1 l~ 2 n l'u 2 

0.0 il/O i.37 !.39 0.\9 0.20 2.69 2.70 143.78 44.08 18.75 18.53 
0.: % 1.89 1.90 0.24 0.26 3.29 ~ ~., 164.51 64.62 22.57 22.78J.J_ 

0.4 % 2.21 2.25 0.32 0.30 3.68 3.66 75.59 76.\4 28.46 29.01 
0.6 % 2.57 2.61 0,38 0.39 3.83 3.85 82.00 82.25 34.73 35.12 
0.8% 2.66 2.69 0.42 0.42 3.92 3.94 88.13 88.53 I 39.20 39.64-!.O Il/Il 2.74 2.78 0.46 0.47 4.03 +.\0 92..59 91.97 43.24 43.9\ 

[ :"SD tl).OS·) JI 0.20 (U8 JI 0.07 0.0I][ 0.12 0.10 j 2.1J 2.\7 2.44 2.44 
. . ... . . . 
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