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ABSTRACT 
 
The field work was carried out at the Experimental Farm of Horticultural Research 

Station in El-Quassassin, Ismailia Governorate, Egypt, during the two successive 
seasons of 2009-2011 and 2010-2012, to investigate the effect of drip irrigation 
treatments (1, 2 and 3 times/week, 2 hours every time) and fertilization treatments 
(ammonium sulphate (20.5 N %) at 300 kg/fed., calcium superphosphate (15.5 P2O5 
%) at 300 kg/fed. and potassium sulphate (48 K2O %) at 100 kg/fed., humic acid at 
280 g/fed., effective microorganisms (EM1) at 5 liters/fed. and active dry yeast at 6 
g/L.) and their interactions on the vegetative growth parameters (plant height, number 
of branches and fresh weight of herb/plant), yield of herb (fresh herb yield/fed./cut and 
fresh herb yield/fed./year), essential oil contents (essential oil percentage, 
content(ml.)/plant, oil yield (L.)/fed./cut and oil yield (L.)/fed./year) and the chemical 
compositions (N, P, K and carbohydrates %) of Pelargonium graveolens L. plant. 

The results showed that, the treatment of irrigation 3 times every week gave the 
highest values of all vegetative growth parameters, essential oil contents and 
chemical composition (N, P and carbohydrates %) followed by 2 times/week, during 4 
cuts in the two seasons. Fertilizing with recommended NPK gave the highest results 
of all vegetative growth parameters, yield of herb, essential oil contents and chemical 
composition (N, P and K %), followed by humic acid, throughout the four cuts in both 
seasons. The combined treatment of irrigation 3 times/week + NPK resulted in the 
highest values of vegetative growth parameters, yield of herb, essential oil contents 
and chemical composition (N, P and carbohydrates %) followed by the interaction 
treatment of irrigation 3 times/week + humic acid fertilizer, during 4 cuts in the two 
seasons. From the results of this study, we observed that, the highest values of 
vegetative growth parameters, herb yield, essential oil contents obtained in the third 
cut followed by the fourth cut in the second year of season, while the least results 
found in the first and second cuts, in the first year of season, these findings repeated 
in the two seasons. 
Keywords : Geranium - Pelargonium graveolens - humic acid - Effective 

microorganisms (EM1) - Active Dry Yeast - Irrigation - fertilization  

 

INTRODUCTION 
 
Pelargonium graveolens, L.Herit (Rose-scented geranium) belonging to 

Family Geraniaceae. There are over 700 varieties of cultivated geranium, 
however, most are grown for ornamental purposes. The plants of geranium 
are native to South Africa (Shawi et al., 2006).  

Pelargonium graveolins L
,
Herit is cultivated in Egypt on a large scale as 

a source of geranium essential oil. The essential oil is obtained by steam 
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distillation of the green material either directly after harvesting, or after 24 h in 
order to reduce the volume and to release the oil from the glycosidal form. 
Maximal content of up to 0.4 % may be obtained from herbage harvested just 
before and during flowering (Fleisher and Fleisher, 1985). 

Concerning the effect of irrigation, Sidky et al (1998) mentioned that long 
irrigation intervals (5 or 7 days) appeared to be more beneficial for the growth 
and productivity of roselle plants, while (3 days) gave the highest leaf 
chemical contents. Hassan (2007) recorded that the increasing of water 
irrigation amount for 560 to 2240 m

3
/fed. resulted in significant increase in 

plant height, number of branches and fresh and dry weights in roselle plant. 
The tallest plant results from using 1680 m

3
/fed. treatment in the three 

seasons, respectively. 
A microbial culture named "Effective Microorganisms" (EM) selected 

species of microorganisms including predominant population of lactic acid 
bacteria and yeast, and smaller of photosynthetic bacteria, actinomycetes 
and other types of organisms. All of these are mutually compatible with one 
another and can coexist in liquid culture (Higa and Parr, 1994). Okorski and 
Majchrzak (2007) showed that, there was an influence of EM1 on the 
composition and number of fungi isolated from soil was found in the 
experiment. A total of 18111 fungal cultures were isolated from the roots of 
pea at flowering stage.  

Shahwani et al (2005) treated canola plants (Brassica napus L.) with 
EM 55 days after sowing and reported that, EM supported mycorrhizal 
association, which resulted in a parallel increase in number and biomass of 
leaves as well as stem length. Muthaura et al (2010) stated that, there were 
significant differences (p≤0.05) in shoot height growth, stem diameter, leaf 
numbers per plant, leaf area, leaf fresh and dry weights and root fresh and 
dry weights among  inoculation of effective microorganism to Pigweed 
(Amaranthus dubians) plants. Okorski et al (2010) showed that, the best 
method of EM1 application was soil treatment combined with chemical 
control, which increased all yield - related morphometric parameters of pea. 
Hu and Qi (2013) stated that, the application of EM in combination with 
compost significantly increased wheat straw biomass, grain yields, straw and 
grain nutrition compared with traditional compost and control treatment. 

Ali (2001) studied the effect of yeast on vegetative growth and 
flowering of pot marigold, Calendula officinalis plants. The plants were treated 
with active dry yeast at the rates of 0.0, 1.5, 3.0 and 4.5 g/L. as foliar spray. 
The high rate (4.5 g/L.) increased plant height, number of branches and dry 
weight of herb. Ahmed and Ali (2004) on Ambrosia maritime plants indicated 
that application of yeast at (0, 1 and 2 g/L.) significantly increased the 
vegetative growth by increasing the concentration used. Heikal (2005) found 
that, the highest values of essential oil production of thyme (Thymus vulgaris 
L.) plants were recorded when plants sprayed with 4 g/L. active dry yeast. Ali 
(2009) on fennel plants found that active dry yeast application at 2 and 4 g/L. 
significantly increased plant height and number of main branches as well as 
leaves fresh weight of plant and oil percentage in the two seasons. While 4 
g/L. produced the highest carbohydrates content. 
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humic acid is one of the major components of humic substances which 
are dark brown and major constituents of soil organic matter humus that 
contributes to soil chemical and physical quality. humic substances consist of 
heterogeneous mixtures of transformed biomolecules exhibiting a 
supramolecular structure that can be separated in their small molecular 
components by sequential chemical fractionation (Piccolo, 2002). Since the 
end of the 18

th
 century, humic substances have been designated as either 

humic acid, fulvic acid or humin. These fractions are defined strictly on their 
solubility in either acid or alkali (Fiorentino et al., 2006). 

Norman et al (2002) reported that, substitution of humates ranging 
from 250 – 1000 mg kg

-1
 MM 360, increased root growth of marigold and 

pepper. In the same trend, it significantly increased root growth and number 
of fruits of strawberries. Mohammad (2009) showed that, plant height, 
number of branches, leaf fresh and dry weights and nitrogen, phosphorus 
and potassium percentages and contents of Catharanthus roseus were 
generally increased with gradual increase in humic acid levels up to 200 ppm 
in the two seasons. 

Rao et al (1990) demonstrated that, the highest results of essential oil 
content and yield on Pelargonium graveolens plants obtained with 100 kg 
N/ha. El-Ghadban (1998) on Mentha viridis and Origanum majorana found 
significant increases in N, P and K percentages and essential oil percentage 
in fresh herb by the different NPK fertilization treatments as compared to 
unfertilized plants. Ali (2009) revealed that, NPK fertilizers at 200:200:100 
kg/fed., respectively, significantly increased leaves fresh weight, oil yield/plant 
and total carbohydrates content in leaves in Foeneculum vulgare plants. El-
Naggar (2013) fertilized cantaloupe plants (Cucumis melo var. 
cantaloupensis) with NPK at three levels, and showed that, the second level 
(100, 50 and 100 kg/fed.) recorded the highest shoot fresh weight at 45 days 
from transplant during 1

st
 season. While, after 60 and 90 days the third level 

(50, 25 and 50 kg/fed.) resulted the maximum shoot fresh weight. On the 
other hand, the first level (150, 100 and 150 kg/fed.) significantly increased 
number of branches/plant at 60 days from transplanting compared with other 
treatments which had no significant differences among them. 

The aim of this study, investigate the effect of different irrigation intervals, 
chemical (recommended NPK) and bio fertilization (EM, active dry yeast and 
humic acid) and their interactions on vegetative growth parameters, herb 
yield, essential oil contents and chemical composition of Rose-scented 
geranium plants (Pelargonium graveolens, L.Herit.) arriving to the best 
treatment to achieve the highest fresh herb and essential oil yields throughout 
four cuts in two years/season. 

 

MATERIALS AND METHODS 
 
The field work was carried out at the Experimental Farm of Horticultural 

Research Station in El-Quassassin, Ismailia Governorate, Egypt, during the 
two successive seasons of 2009-2011 and 2010-2012 (every season consists 
of two years). 
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The cuttings of geranium (Pelargonium graveolens L.) plants were 
planting in the experimental units on November 20

th
 in the two seasons of 

2009 and 2010. The experimental unit area was 12.6 m
2
. Every unit 

contained three rows with 6 m length. The distances between rows were 70 
cm and 25 cm between hills. Every experimental unit contained 72 plants 
(about 24000 plants per feddan). 

The dry compost was added to the experimental area during preparing 
soil before planting in the two seasons as a rate of 2 tons/fed. The same 
volume of compost was added to the plants after second cut during both 
seasons. The chemical composition of the dry compost is shown in Table (A). 

 

                         Table (A): Compost analysis. 

Fresh weight (m
3
) 750 – 850 kg Macro elements 

(%) 
 

Dry weight (m
3
) 550 – 650 kg N % 0.8 – 1.2 

Moisture % 25 – 30 % P % 0.4 – 0.6 

pH 7.5 – 8.5 K % 0.8 – 1.4 

EC ds/m 3.5 – 6.5 Micro elements (ppm)   

Saturation % 150 – 200 Fe  1000 – 1800 

Organic matter % 25 – 30 Mn  80 – 120 

Organic carbon % 14.5 – 17.5 Cu  100 – 160 

C/N ratio  1:14.5 or 1:18 Zn  30 – 50 

 
The treatments were arranged in a split plot design with three 

replicates. The three water amounts of irrigation treatments were arranged in 
the main plots, while four kinds of fertilization treatments were in sub plots. 
So, this experiment contains twelve treatments. 
Irrigation treatments (main plots): 

Drip irrigation system was used in this experiment with the drippers of 2 
liters/hour discharge for each at 0.5 bar. The experimental unit contained the 
three drip irrigation lines spaced 70 cm apart. The distances between 
drippers were 50 cm on the irrigation lines. 

During and after planting all cuttings were irrigated 2 hours every day at 
the first 10 days. Then, the plants were watered one time/day (starting 09.00 
Am) for duration of 1 hour/day in each treatment only in the first year during 
the three winter months (December 2009, January and February 2010). 
While in eight months later (March to October), all treatments irrigated 2 
hours/day each time. 

In the same trend, the plants in second year watered 1 hour/day during 4 
months (November, December 2010, January and February 2011). While in 
seven months later (March to September 2011) the plants in all treatments 
irrigated 2 hours/day. This way repeated in the second season (2010 – 2012).  

The amounts of applied water irrigation m
3
/fed. for every irrigation 

treatment were determined during the growth period are shown in Table (B).  
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Table (B): Irrigation treatments and water amount added per feddan in 
the   two years during the plant growth season. 

 
 

Number of 
irrigation/ 

week 

First year 

December – February March - October 

Water 
quantity 
(m

3
)/year 

Water  
rate (L.)     
/dripper     

/time  

Water 
quantity  

(m
3
)/week   
/fed 

Water 
quantity 
(m

3
)/ 3 

winter 
months 

Water  
rate (L.)     
/dripper 

/time  

Water 
quantity 

(m
3
)/week 

/fed. 

Water 
quantity 
(m

3
)/ 8 

summer 
months 

1 2 24 307 4 48 1680 2467* 

2 4 48 614 8 96 3360 4454* 

3 6 72 921 12 144 5040 6441* 

Number of 
irrigation/ 

week 

Second year 

November – February March – September 

Water 
quantity/ 

year 

Water 
rate/ 

dripper 
(L.) 

Water 
quantity/ 

week/ 
fed.(m

3
) 

Water 
quantity/4 

winter 
months 

Water 
rate/ 

dripper 
(L.) 

Water 
quantity/ 

week/ 
fed.(m

3
) 

Water 
quantity/7 
months 

1 2 24 410 4 48 1469 1879 

2 4 48 821 8 96 2938 3759 

3 6 72 1231 12 144 4406 5637 

* In addition to 480 m
3
/fed. were added for all treatments during the first 10 days after    

cuttings planting. 
 

Fertilization treatments (sub plots): 
                   Chemical fertilizers treatment NPK (control) 

The geranium plants were fertilized with ammonium sulphate (20.5 N %) 
at 300 kg/fed., calcium superphosphate (15.5 P2O5 %) at 300 kg/fed. and 
potassium sulphate (48 K2O %) at 100 kg/fed. The nitrogen and potassium 
fertilizers were applied as soil dressing beside drippers. The amount of 
nitrogen and potassium fertilizers were divided into three equal doses, the 
first dose was added after one month from planting, whereas the other two 
doses were applied one month between them and between the first one. 
While calcium superphosphate fertilizer was added during soil preparation. 

These treatments were conducted in the second year as mentioned in 
the first year, but the first dose of nitrogen and potassium fertilizers and 
calcium superphosphate fertilizer were added after the second cut in October. 
The second and third doses had the same manner in the first year. 
Organic fertilizer treatment (humic acid) 

Vegetarian humic acid fertilizer contains 86 % humic acid (Abo-Zaabal 
Company for Fertilizers Manufacturing).  

The vegetarian humic acid fertilizer was added to the experimental units 
as a rate of 280 g/fed. which contains 241.5 g humic acid, one month from 
planting and repeated one month later in the first year. The same doses 
conducted in the second year starting on month after the second cut. The 
same application was done in the second season. 
Bio-Fertilizers treatments 
Effective microorganisms (EM1) : 

EM1 used was applied as the concentration of 5 liters/fed. and added to 
the experimental units four times. The first time was one month after the date 
of planting, while, the second time was one month after the first adding. The 
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third time was after second cut, while the fourth time after one month from the 
third time. These treatments were conducted in the second season. The 
content of Effective Microorganisms (EM1) was observed in Table (C) 
according to described by (Daly and Stewart, 1999 and Higa, 2002). 

                       
Table (C): The content of Effective Microorganisms (EM1). 

Photosynthetic bacteria : 
Rhodopseudomonas palustrus  
Rhodobacter spaeroides        

Lactic acid bacteria : 
Lactobacillus plantarum           
Lactobacillus casei                 
Streptococcus lactis               

Yeasts : 
Saccharomyces cerevisiae     
Candida utilis 

Actinomycetes : 
Streptomyces albus 
Streptomyces griseus 

Fungi : 
Aspergillus oryzae 
Mucor hiemalis 

 
Active dry yeast : 

The application of active dry yeast (Saccharomyces cerevisiae) was 
used as foliar spray with the concentration of 6 g/L. The plants were sprayed 
by aqueous solution of dry yeast three times; the first was on December 20

th
, 

while the second and third ones were at 21 days intervals after the first one 
during the first year. The same treatment was done in the second year 
starting from November 1

st
 as conducted in the first year. 

Recorded data : 
      Vegetative growth:  

The different growth characters were recorded at four cuts (15
th
 May and 

1
st
 October, in the first year, and the same dates in the second year) during 

both seasons. 
Plants in the middle dripper lines were randomly chosen by cutting the 

aerial parts of each plant 5 cm above the soil surface. 
The following measurements were recorded: 

1- Plant height (cm). 
2- Number of branches/plant. 
3- Fresh weight of herb (g)/plant 
The Essential Oil : 

In the same times as in the vegetative growth, the essential oil 
characters were recorded: 
1- Essential oil percentage (%). 
2- Essential oil yield (ml.)/plant was calculated from multiplying the values of 

essential oil (%) × fresh weight of herb (g)/plant. 
Chemical Analysis : 

Chemical analysis of samples (at the third cut) of the first and second 
seasons of the geranium plant leaves dried at 70 Oc was carried out at the 
beginning bloom stage. The following determinations were carried out: 
1. Total nitrogen percentage was determined according to the methods 

described by Mazumder and Majumder (2003). 
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2. Total phosphorus percentage was determined according to the method 
described by Jackson (1967). 

3. Total potassium percentage determination was done photometrically 
according to the method described by Mazumder and Majumder (2003).   

4. Total carbohydrate percentage was carried out according to Herbert et al 
(1971). 

Statistical Analysis : 
The statistical analysis of the present data was carried out according to 

Snedecor and Cochran (1980), using New L.S.D. at 5% and 1% levels for 
comparison between means of different treatments. 

 

RESULTS AND DISCUSSION 
 

Effect of irrigation intervals, chemical, organic and bio-fertilization and 
their interactions on vegetative growth of Pelargonium graveolens L. 
plants. 
Plant height : 

Data presented in Table (1) show the effect of irrigation intervals on 
plant height of geranium plants. The differences between irrigation treatments 
were highly significant. The tallest plants were obtained when irrigated three 
times every week followed by two times every week, during four cuts, in both 
seasons. These results were in great harmony with those obtained by Talha 
et al (1980) on Pelargonium graveolens and Ebrahim (2005) in roselle plants. 

As for the main effect of fertilization, the results in Table (1) clear that, 
there were highly significant increases between treatments in plant height. 
Moreover, the superior treatment in this respect was recommended NPK, 
followed by humic acid treatments, while the shortest plants observed with 
spraying active dry yeast treatment, during four cuts in the two seasons. 
Obtained results in this study were in harmony with those reported by Sakr 
(2001) on Mentha piperita.  

The effect of the interaction treatments between irrigation intervals and 
fertilization kinds on plant height of geranium plants was recorded in Table 
(1). The results stated that, there were effects due to the interaction 
treatments and the differences between them were significant. The treatment 
of irrigation three times every week + chemical fertilization (NPK) gave the 
tallest plants followed by the treatment of irrigated plants three times/week 
plus fertilization with humic acid. The differences between both treatments 
were highly significant during the second and fourth cuts in the two seasons. 
While, it was non-significant in the first cut during the first season and in the 
third cut during the second season. The shortest plants obtained from plants 
irrigated one time/week and sprayed with active dry yeast in the four cuts 
during the two seasons. 
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Table (1): Effect of irrigation intervals, fertilization treatments and the 
interaction between them on plant height of Pelargonium 
graveolens plants in the four cuts during the two seasons of 
(2009-2011) and (2010-2012). 
 Plant height 

Treatments 
First season Second season 

1
st

 cut 2
nd

 cut 3
rd

 cut 4
th

 cut 1
st
 cut 2

nd
 cut 3

rd
 cut 4

th
 cut 

 Irrigation intervals treatments 

3
*
 every week 53.2 53.2 80.6 125.3 60.8 40.8 79.3 128.5 

2
*
 every week 49.4 45.3 75.2 114.1 53.7 38.3 74.7 118.3 

1
*
 every week 46.4 40.4 66.3 105.8 48.6 33.8 63.8 105.0 

New L.S.D at 5% 0.20 0.10 0.62 0.49 0.65 0.32 0.55 0.41 

New L.S.D at 1% 0.30 0.14 0.91 0.73 0.96 0.47 0.82 0.60 

 Fertilization treatments 

EM 49.0 45.1 75.4 111.1 54.2 36.0 73.1 110.8 

Active dry yeast 46.0 33.4 56.2 93.3 40.1 30.2 54.6 105.8 

humic acid 50.3 50.4 80.6 122.3 60.0 39.6 80.1 122.4 

NPK 53.3 56.2 83.8 133.4 63.1 44.8 82.7 130.0 

New L.S.D at 5% 0.24 0.58 0.65 0.59 0.32 0.40 0.81 0.45 

New L.S.D at 1% 0.32 0.77 0.86 0.79 0.43 0.53 1.08 0.60 

Irrigation 
intervals 

Fertilization 
treatments 

Interaction treatments 

3
*
 every 
week 

EM 53.7 55.0 86.3 118.0 58.7 40.7 82.7 122.3 

Active dry yeast 50.3 38.3 54.0 101.0 50.0 31.0 53.0 115.7 

humic acid 54.0 57.7 89.7 133.3 65.3 44.7 89.7 134.3 

NPK 54.7 61.7 92.3 149.0 69.3 47.0 92.0 141.7 

2
*
 every 
week 

EM 47.0 43.0 74.7 110.3 54.7 37.0 75.7 112.3 

Active dry yeast 46.0 32.8 61.0 93.0 37.7 31.3 59.3 105.7 

humic acid 50.7 48.7 81.3 122.0 59.0 39.0 80.7 123.0 

NPK 54.0 56.7 83.7 131.0 63.3 45.7 83.0 132.0 

1
*
 every 
week 

EM 46.3 37.3 65.3 105.0 49.3 30.3 61.0 97.7 

Active dry yeast 41.7 29.0 53.7 86.0 32.7 28.3 51.3 96.0 

humic acid 46.3 45.0 70.7 111.7 55.7 35.0 70.0 110.0 

NPK 51.3 50.3 75.3 120.3 56.7 41.7 73.0 116.3 

New L.S.D at 5% 0.77 2.17 2.07 1.89 1.03 1.33 2.59 1.68 

New L.S.D at 1% 1.00 3.11 2.68 2.45 1.33 1.82 3.50 2.40 
                             * Number of irrigation times every week. 

 
Number of branches : 

The data presented in Table (2) clearly show that, drip irrigation 
treatments had highly significant effect on number of branches. The highest 
values were obtained when irrigated plants 3 times every week, while the 
least one obtained from plants irrigated one time every week, during four cuts 
in the two seasons. These results are in agreement with those reported by 
Ebrahim (2005) who indicated that roselle irrigation treatment every 3 days 
increased number of branches. 
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Table (2): Effect of irrigation intervals, fertilization treatments and the 
interaction between them on number of branches/plant of 
Pelargonium graveolens plants in the four cuts during the 
two seasons of (2009-2011) and (2010-2012). 
 Number of branches/plant 

Treatments 

First season Second season 

1
st
 

cut 
2

nd
 

cut 
3

rd
  

cut 
4

th
 

cut 
1

st
 

cut 
2

nd
 

cut 
3

rd
 

cut 
4

th
 

cut 

 Irrigation intervals treatments 

3
*
 every week 22.7 34.7 79.0 63.6 26.8 21.3 63.8 36.2 

2
*
 every week 18.8 29.7 66.2 45.3 16.9 16.9 49.5 31.7 

1
*
 every week 13.8 14.2 61.3 30.8 8.4 14.4 53.6 27.0 

New L.S.D at 5% 0.56 1.01 1.22 0.88 1.41 0.15 1.12 0.43 

New L.S.D at 1% 0.83 1.49 1.81 1.30 2.08 0.22 1.65 0.64 

 Fertilization treatments 

EM 17.6 21.9 60.8 41.8 10.9 16.1 46.1 30.1 

Active dry yeast 11.4 13.1 35.6 19.8 4.8 11.1 31.0 22.9 

humic acid 20.3 28.6 82.6 56.6 20.0 19.8 62.6 32.6 

NPK 24.2 41.1 96.4 68.1 33.9 23.2 82.9 40.9 

New L.S.D at 5% 0.43 0.79 0.86 1.23 1.14 0.11 1.16 0.22 

New L.S.D at 1% 0.57 1.06 1.15 1.65 1.53 0.15 1.55 0.29 

Irrigation  Fertilization  Interaction treatments 

3
*
 every 
week 

EM 21.0 25.3 65.0 56.0 18.0 20.0 48.0 32.7 

Active dry 
yeast 

15.0 18.0 43.3 26.7 7.0 13.0 31.0 25.0 

humic acid 26.0 41.3 98.7 78.7 30.0 24.0 71.7 36.3 

NPK 28.7 54.0 109.0 93.0 52.3 28.3 104.7 50.7 

2
*
 every 
week 

EM 17.7 31.7 61.0 37.3 10.0 15.3 39.0 30.3 

Active dry 
yeast 

12.3 16.3 34.7 20.0 4.3 11.7 24.3 21.3 

humic acid 20.0 26.0 77.7 55.3 23.3 18.7 64.3 32.3 

NPK 25.0 44.7 91.3 68.7 30.0 22.0 70.3 42.7 

1
*
 every 
week 

EM 14.0 8.7 56.3 32.0 4.7 13.0 51.3 27.3 

Active dry 
yeast 

7.0 5.0 28.7 12.7 3.0 8.7 37.7 22.3 

humic acid 15.0 18.3 71.3 35.7 6.7 16.7 51.7 29.0 

NPK 19.0 24.7 89.0 42.7 19.3 19.3 73.7 29.3 

New L.S.D at 5% 1.89 2.53 2.87 3.95 3.65 0.33 3.56 0.65 

New L.S.D at 1% --- 3.29 3.93 5.13 4.75 0.44 4.78 0.87 

  * Number of irrigation times every week. 

 
It is obvious from data tabulated in Table (2) that, all tested treatments 

of fertilizers resulted increments in the number of branches. The best result 
was recorded by using the recommended doses of NPK fertilizers, followed 
by humic acid, EM and yeast. The differences between all treatments were 
highly significant during four cuts in both seasons. These results agree with 
those reported by Ahmed (1988) on geranium plants, Mohammad (2009) on 
Catharanthus roseus and Khalil (2006) on Plantago afra L. 

Regarding the effect of the interaction treatments between irrigation 
intervals and fertilization kinds (NPK, humic acid, EM and active dry yeast) on 
number of branches of geranium plants, the data illustrated in Table (2) 
reveal that, there were effects with highly significant differences between 
treatments. The highest values recorded with the interaction treatment of 



Abd El-Kafee, Omaima M. et al. 

 1354 

plants irrigated 3 times/week and fertilized with NPK, followed by irrigation 3 
time every week + humic acid treatment. The lightest results showed in plants 
irrigated 1 time/week and sprayed with active dry yeast. 
 
Table (3): Effect of irrigation intervals, fertilization treatments and the 

interaction between them on fresh weight of herb (g)/plant of 
Pelargonium graveolens plants in the four cuts during the 
two seasons of (2009-2011) and (2010-2012). 
 Fresh weight of herb (g)/plant 

Treatments 
First season Second season 

1
st

 cut 2
nd

 cut 3
rd

 cut 4
th

 cut 1
st
 cut 2

nd
 cut 3

rd
 cut 4

th
 cut 

 Irrigation intervals treatments 

3
*
 every week 470.2 422.6 1962.4 876.9 320.3 416.8 1598.8 665.0 

2
*
 every week 334.8 293.1 1025.8 658.8 222.6 333.8 910.3 532.5 

1
*
 every week 325.3 183.5 762.5 528.6 147.3 254.2 761.3 417.8 

New L.S.D at 5% 5.9 0.8 65.3 7.8 3.2 1.2 42.6 5.05 

New L.S.D at 1% 8.8 1.2 96.7 11.5 4.7 1.8 63.0 7.47 

 Fertilization treatments 

EM 323.2 282.7 1130.5 527.6 212.9 298.6 1034.3 437.0 

Active dry yeast 196.2 148.7 536.5 344.3 110.3 245.3 621.1 362.2 

humic acid 434.3 360.2 1404.0 731.6 287.1 362.8 1203.7 558.5 

NPK 553.3 407.3 1930.0 1149.0 309.9 433.1 1501.2 796.0 

New L.S.D at 5% 4.4 2.0 60.0 4.8 3.4 1.6 41.2 4.44 

New L.S.D at 1% 5.9 2.6 80.1 6.4 4.5 2.2 55.1 5.93 

Irrigation 
intervals 

Fertilization 
treatments 

Interaction treatments 

3
*
 every 
week 

EM 323.5 429.3 1676.1 614.7 288.0 380.7 1479.7 549.6 

Active dry yeast 244.6 204.1 772.5 447.3 153.0 310.0 821.0 482.1 

humic acid 527.8 465.7 2161.6 902.0 402.7 457.7 1852.3 725.1 

NPK 784.8 591.2 3239.5 1543.7 437.3 519.0 2242.0 903.4 

2
*
 every 
week 

EM 289.7 257.0 883.5 509.3 216.7 312.7 834.0 459.5 

Active dry yeast 186.3 159.9 501.8 316.7 97.3 259.7 539.7 322.3 

humic acid 402.1 346.7 1235.5 698.3 293.7 333.7 1075.3 591.2 

NPK 461.1 409.0 1482.4 1111.0 282.7 429.3 1192.0 757.0 

1
*
 every 
week 

EM 356.3 161.9 831.8 458.7 134.0 202.3 789.3 302.1 

Active dry yeast 157.8 82.1 335.1 269.0 80.7 166.3 502.7 282.2 

humic acid 373.1 268.3 815.0 594.3 165.0 297.0 683.3 359.3 

NPK 413.9 221.8 1068.2 792.3 209.7 351.0 1069.7 727.7 

New L.S.D at 5% 13.2 5.9 191.8 14.4 10.2 4.8 138.0 13.33 

New L.S.D at 1% 17.6 7.9 249.2 19.2 13.6 6.5 189.0 17.80 

           * Number of irrigation times every week. 
 

Fresh weight of herb (g)/plant : 
The results on fresh weight of herb/plant as affected by irrigation 

intervals presented in Table (3) and Fig. (1) show that, increasing irrigation 
times every week treatments up to 3 times/week increased fresh weight of 
herb/plant. Moreover, the differences between treatments were highly 
significant. The best treatment in increasing fresh weight of herb/plant was 
that of 3 times every week compared to the other ones under study during 4 
cuts, in the two seasons. The plants irrigated 3 times/week resulted 470.2, 
422.6, 1962.4 and 876.9 g fresh weight of herb/plant in the first season, and 
320.3, 416.8, 1598.8 and 665.0 g fresh weight of herb/plant in the second 
season during 1

st
, 2

nd
, 3

rd
 and 4

th
 cuts, respectively. A similar trend was 
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resulted by Singh et al (1996) on Pelargonium graveolens recorded that, the 
irrigation every 5 days interval gave the highest herb yield. 

 
 
 

 

 
Fig. (1): Effect of Irrigation intervals on fresh weight of herb (g)/plant of 

Pelargonium graveolens plants in the four cuts during the two 
seasons of (2009-2011) and (2010-2012). 

 
It is obvious from data in Table (3) and illustrated in Fig. (2) that, all 

examined treatments of chemical, organic and bio fertilization resulted in 
highly significant increments in the fresh weight of herb/plant. However, the 
heaviest fresh weight of herb/plant was recorded by using the treatment of 
NPK followed by humic acid, EM and yeast. Using the recommended doses 
of NPK fertilizer gave 553.3, 407.3, 1930.0 and 1149.0 g fresh weight of 
herb/plant in the first season, while it gave 309.9, 433.1, 1501.2 and 796.0 g 
fresh weight of herb/plant in the second season, for first, second, third and 
fourth cuts, respectively. from the same trend, the humic acid treatment 
resulted 434.3, 360.2, 1404.0 and 731.6 g fresh weight of herb/plant in the 
first season, and gave 287.1, 362.8, 1203.7 and 558.5 g fresh weight of 
herb/plant in the second season, during 1

st
, 2

nd
, 3

rd
 and 4

th
 cuts, respectively. 

Similarly, the effect of chemical, organic and bio fertilization on fresh weight 
of herb/plant was studied by Hunter and Anders (2004) revealed that, humic 
acid has a stimulatory effect in turfgrass fresh and dry weights and Khalil 
(2006) demonstrated that, application of effective microorganism (EM) on 
Plantago afra L. pronouncedly improved herb fresh and dry weights. 
 
 
 
 
 

First season 

Second season 
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Fig. (2): Effect of fertilization treatments on fresh weight of herb 

(g)/plant of Pelargonium graveolens plants in the four cuts 
during the two seasons of (2009-2011) and (2010-2012). 

 
According to data tabulated in Table (3) in fresh weight of herb/plant as 

affected by the combined treatments between irrigation intervals and different 
kinds of fertilization on Pelargonium graveolens, it could be concluded that, 
the highest effects were observed with the interaction treatment of irrigation 
three times/week and NPK fertilization, followed by irrigation 3 times every 
week + humic acid. The differences between both treatments were highly 
significant. These findings noticed during the four cuts in the two seasons. 
The plants irrigated three times every week and fertilized with NPK gave 
784.8, 591.2, 3239.5 and 1543.7 g fresh weight of herb/plant in the first 
season, while it recorded 437.3, 519.0, 2242.0 and 903.4 g fresh weight of 
herb/plant in the second one, during first, second, third and fourth cuts, 
respectively. 

From the data studied in Table (3), it could be noticed that, the biggest 
values of fresh weight of herb/plant found in the 3

rd
 cut, followed by 4

th
, 1

st
 

and 2
nd

 cuts, in the first season, and followed by 4
th
, 2

nd
 and 1

st
 cuts in the 

second one. This finding may be due to the volume of roots in the third cut 
bigger than the roots in the first and second cuts, which enhance the fresh 
weight of herb/plant. In the same time, the plants in 3

rd
 cut remained in soil 

about 7 months, while the plants in 4
th
 cut remained in the soil about 4 

months. 
       Effect of irrigation intervals, chemical, organic and bio-fertilization and 

their interactions on essential oil contents of Pelargonium graveolens L. 
plants. 
Essential oil percentage : 

Data presented in Table (4) and illustrated in Fig. (3) show the effect of 
irrigation intervals on essential oil (%) of geranium plants. The differences 
between irrigation treatments were highly significant. The highest percentage 
was found in plants irrigated three times every week followed by two times 
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every week, during four cuts, in both seasons. These results are similar with 
those obtained by Toima (1992) who stated that, the short period of irrigation 
interval (5 days) significantly increased the volatile oil percentage in coriander 
plants. 
 
Table (4): Effect of irrigation intervals, fertilization treatments and the 

interaction between them on essential oil percentage of 
Pelargonium graveolens plants in the four cuts during the 
two seasons of (2009-2011) and (2010-2012). 
 Essential oil percentage 

Treatments 
First season Second season 

1
st
 cut 2

nd
 cut 3

rd
 cut 4

th
 cut 1

st
 cut 2

nd
 cut 3

rd
 cut 4

th
 cut 

 Irrigation intervals treatments 

3
*
 every week 0.165 0.153 0.159 0.169 0.151 0.167 0.156 0.160 

2
*
 every week 0.162 0.150 0.158 0.163 0.150 0.161 0.151 0.159 

1
*
 every week 0.142 0.142 0.152 0.151 0.147 0.148 0.136 0.140 

New L.S.D at 5% 0.0010 0.0013 0.0019 0.0023 0.0020 0.0020 0.0010 0.0027 

New L.S.D at 1% 0.0020 0.0021 0.0028 0.0034 ----- 0.0030 0.0020 0.0039 

 Fertilization treatments 

EM 0.157 0.144 0.153 0.163 0.144 0.155 0.140 0.153 

Active dry yeast 0.137 0.137 0.137 0.153 0.135 0.141 0.127 0.143 

humic acid 0.167 0.160 0.170 0.165 0.159 0.170 0.159 0.157 

NPK 0.163 0.151 0.165 0.164 0.158 0.168 0.165 0.159 

New L.S.D at 5% 0.002 0.0007 0.0003 0.0023 0.0012 0.002 0.002 0.0007 

New L.S.D at 1% 0.003 0.0009 0.0004 0.0034 0.0016 0.003 0.003 0.0009 

Irrigation 
intervals 

Fertilization 
treatments 

Interaction treatments 

3
*
 every 
week 

EM 0.161 0.150 0.162 0.160 0.146 0.165 0.150 0.161 

Active dry yeast 0.158 0.143 0.138 0.150 0.140 0.148 0.138 0.143 

humic acid 0.172 0.163 0.173 0.181 0.165 0.181 0.166 0.172 

NPK 0.169 0.155 0.163 0.185 0.150 0.174 0.169 0.163 

2
*
 every 
week 

EM 0.163 0.144 0.152 0.179 0.143 0.156 0.144 0.151 

Active dry yeast 0.150 0.141 0.143 0.163 0.136 0.143 0.136 0.150 

humic acid 0.169 0.160 0.169 0.156 0.157 0.173 0.162 0.169 

NPK 0.166 0.153 0.166 0.155 0.164 0.170 0.163 0.167 

1
*
 every 
week 

EM 0.148 0.138 0.144 0.148 0.143 0.145 0.125 0.146 

Active dry yeast 0.103 0.127 0.130 0.145 0.129 0.132 0.108 0.135 

humic acid 0.161 0.157 0.168 0.157 0.154 0.155 0.150 0.131 

NPK 0.155 0.146 0.166 0.153 0.160 0.160 0.159 0.148 

New L.S.D at 5% 0.007 0.0023 0.001 0.002 0.0039 0.009 0.008 0.0021 

New L.S.D at 1% 0.009 0.0031 0.0014 0.0027 0.0054 -----  0.012 0.0028 

             * Number of irrigation times every week. 

 
As for the main effect of fertilization, the results in Table (4) and 

showed in Fig. (4) clear that, there were highly significant increases between 
treatments in essential oil (%). Moreover, the superior treatment in this 
respect was humic acid, followed by recommended NPK treatments in all 
cuts during first season and for 1

st
 and 2

nd
 cuts in the second season, while 

NPK gave the highest percentage in the 3
rd

 and 4
th
 cuts followed by humic 

acid in the second season. The least percentage observed with spraying 
active dry yeast treatment, during four cuts in the first season and in 1

st
 and 

2
nd

 cuts in the second one. A similar trend was resulted by Kassem (1997) on 
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Rosmarinus officinalis plants, El-Ghadban (1998) on Mentha viridis and 
Jacoub (1999) in Ocimum basilicum and Thymus vulgaris plants stated that, 
NPK fertilization increased the essential oil percentage in fresh herb. 
Zaghloul et al (2009) recorded that, foliar spray of potassium humate 
increased essential oil percentage of Thuja orintalis L. plants. 

 
 

 
 
Fig. (3): Effect of Irrigation intervals on essential oil percentage of 

Pelargonium graveolens plants in the four cuts during the two 
seasons of (2009-2011) and (2010-2012). 

 
 
 
 

Fig. (4): Effect of fertilization treatments on essential oil percentage of 
Pelargonium graveolens plants in the four cuts during the two 
seasons of (2009-2011) and (2010-2012). 

 
The effect of the interaction treatments between irrigation intervals and 

fertilization kinds on essential oil percentage of geranium plants was recorded 
in Table (4). The results stated that, there were effects due to the interaction 

First season 

Second 
season 



J. Plant Production,  Mansoura Univ., Vol. 5 (7), July, 2014 

 
 

1359 

treatments and the differences between them were significant. The treatment 
of irrigation three times every week + humic acid gave the highest oil 
percentage in the 1

st
, 2

nd
 and 3

rd
 cuts in the first season, and in 1

st
, 2

nd
 and 4

th
 

cuts in the second season while the treatment of irrigated plants three 
times/week plus fertilization with chemical fertilization (NPK) gave the highest 
oil percentage in the fourth cut in 1

st
 season and in third cut in 2

nd
 season. 

The differences between both treatments were significant during the two 
seasons. The minimum oil percentage obtained from plants irrigated one 
time/week and sprayed with active dry yeast in the four cuts during the two 
seasons. 
Essential oil yield (ml.)/plant : 

Data of the effect of irrigation intervals on essential oil yield (ml.)/plant 
during four cuts in the two seasons presented in Table (5). The irrigation 
treatments had the observed effects, and the differences between treatments 
were highly significant. The highest result obtained from plants irrigated three 
times every week. These finding replicated through four cuts in both seasons. 
This treatment gave 0.787, 0.645, 3.202 and 1.513 ml. essential oil 
content/plant in the first season, and gave 0.438, 0.711, 2.623 and 0.543 ml. 
essential oil content/plant in the second season, during first, second, third 
and fourth cuts, respectively. On the other hand, the plants irrigated one time 
every week resulted minimum values in this respect during all cuts in both 
seasons. Similar findings were obtained by Khater et al (2005) revealed that, 
using irrigation intervals every one week produced the highest volatile oil 
yield/plant of Mentha piperita L. compared with other irrigation intervals 
(every 2, 3 or 4 weeks). 

As for fertilization treatments, data tabulated in Table (5) showed that, 
the different kinds of fertilization had highly significant effects of essential oil 
content (ml.)/plant. The best result obtained from the recommended doses of 
NPK fertilizers treatment, followed by humic acid treatment. The differences 
between both treatments were highly significant. NPK treatment gave 0.912, 
0.656, 3.208 and 1.940 ml. essential oil content/plant in the first season, and 
gave 0.542, 0.731, 2.597 and 0.525 ml. essential oil content/plant in the 
second season, from 1

st
, 2

nd
, 3

rd
 and 4

th
 cuts, respectively. The minimum 

values observed in plants treated with active dry yeast during 4 cuts in the 
two seasons. The same trend was also observed by many researchers such 
as Ughreja and Chundawat (1992) on Coriandrum sativum plants, Hammam 
(1996) on Pimpinella anisum plants, Zheljazkov et al (1996) on Mentha 
arvensis plants, and Ali (2009) on Foeniculum vulgare recorded that, 
essential oil content/plant was increased with increasing rates of NPK 
fertilizers. Zaghloul et al (2009) studying the effect of foliar spray with 
potassium humate on Thuja orintalis L. at different concentrations, they 
reached to the conclution that, K-humates recommended for possessed the 
best oil percentage. 

According to data presented in Table (5) on essential oil content 
(ml.)/plant as affected by the interaction treatments between irrigation 
intervals and fertilization kinds, it could be concluded that, the differences 
between all treatments were significant. The largest essential oil content 
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(ml.)/plant recorded with the interaction treatment of irrigation 3 times every 
week + NPK fertilizers during all cuts in both seasons, followed by irrigation 3 
times/week plus humic acid fertilizer treatment during first, second and third 
cuts in the first season, and in the all cuts in the second one. The least 
essential oil content (ml.)/plant observed with plants irrigated one time/week 
+ spraying with active dry yeast, through 4 cuts in both seasons. 

 

                  Table (5): Effect of irrigation intervals, fertilization treatments and the 
interaction between them on essential oil content (ml)/plant 
of Pelargonium graveolens plants in the four cuts during the 
two seasons of (2009-2011) and (2010-2012). 

 Essential oil content (ml)/plant 

Treatments 
First season Second season 

1
st

 cut 2
nd

 cut 3
rd

 cut 4
th

 cut 1
st
 cut 2

nd
 cut 3

rd
 cut 4

th
 cut 

 Irrigation intervals treatments 

3
*
 every week 0.787  0.645 3.202 1.513 0.438  0.711  2.623  0.543 

2
*
 every week 0.549  0.457 1.693 1.074 0.227  0.542  1.463  0.428 

1
*
 every week 0.485  0.283 1.170 0.807 0.177  0.400  1.143  0.329 

New L.S.D at 5% 0.012 0.006 0.110 0.018 0.040 0.006 0.010 0.007 

New L.S.D at 1% 0.018 0.009 0.170 0.027 0.060 0.009 0.015 0.011 

 Fertilization treatments 

EM 0.508  0.402  1.719  0.858  0.102  0.470  1.506  0.409  

Active dry yeast 0.277  0.208  0.747  0.512  0.109  0.367  0.855  0.316  

humic acid 0.730  0.581  2.411  1.216  0.369  0.637  2.014  0.484  

NPK 0.912  0.656  3.208  1.940  0.542  0.731  2.597  0.525  

New L.S.D at 5% 0.011 0.006 0.100 0.019 0.030 0.016 0.019 0.007 

New L.S.D at 1% 0.015 0.008 0.140 0.026 0.040 0.021 0.026 0.009 

Irrigation  Fertilization  Interaction treatments 

3
*
 every 

week 

EM 0.521 0.614 2.711 0.985 0.140 0.628 2.221 0.495 

Active dry yeast 0.387 0.291 1.105 0.581 0.269 0.462 1.171 0.380 

humic acid 0.908 0.756 3.708 1.626 0.602 0.853 3.159 0.635 

NPK 1.331 0.920 5.283 2.860 0.741 0.903 3.941 0.664 

2
*
 every 

week 

EM 0.473 0.372 1.364 0.912 0.118 0.488 1.256 0.361 

Active dry yeast 0.280 0.230 0.703 0.564 0.036 0.373 0.797 0.301 

humic acid 0.679 0.572 2.088 1.089 0.295 0.576 1.800 0.513 

NPK 0.764 0.653 2.616 1.733 0.460 0.730 1.998 0.535 

1
*
 every 

week 

EM 0.532 0.219 1.083 0.676 0.049 0.294 1.041 0.370 

Active dry yeast 0.165 0.104 0.434 0.391 0.022 0.265 0.597 0.265 

humic acid 0.603 0.415 1.437 0.931 0.211 0.480 1.082 0.304 

NPK 0.642 0.394 1.726 1.228 0.426 0.561 1.851 0.377 

New L.S.D at 5% 0.033 0.033 0.018 0.330 0.058 0.110 0.050 0.058 

New L.S.D at 1% 0.044 0.044 0.024 0.440 0.078 ----- 0.065 0.078 

* Number of irrigation times every week. 
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From the superior treatment in Table (5), it is noticed that, the highest 
essential oil content (ml.)/plant showed in the third cut in the two seasons, 
followed by fourth, first and second cuts in the first season, and followed by 
second, first and fourth cuts, in the second season, respectively. 
Effect of irrigation intervals, chemical, organic and bio-fertilization and 
their interactions on chemical compositions of Pelargonium graveolens 
L. plants. 
Nitrogen percentage: 

Data presented in Table (6) record the effect of irrigation intervals on 
nitrogen percentage of geranium leaves. The percentage was gradually 
decreased with decreasing irrigation intervals. The highest value obtained 
when plants irrigated three times followed by two times every week, in both 
seasons. These results are in agreement with those recorded by Ebrahim 
(2005) on roselle. 

As for the main effect of fertilization, the results in Table (6) clear that, 
there was effect of treatments in nitrogen percentage. Moreover, the superior 
treatment in this respect was humic acid, followed by recommended NPK 
treatments, in the first season, and vice versa in the second one. While the 
lightest result observed with spraying active dry yeast treatment, in both 
seasons. The results go parallel with those obtained with Mohammad (2009) 
on Catharanthus roseus, Habib, (1992) on Pelargonium peltatum and Sakr 
(2001) on Mentha piperit. 

 
                     Table (6): Effect of Irrigation intervals, chemical and bio-fertilization and 

their interactions on nitrogen percentage of Pelargonium 
graveolens plants during the two seasons of (2009-2011) and 
(2010-2012). 

Fertilization treatments 
 
Irrigation intervals 

EM 
Active dry 

yeast 
humic 
acid 

NPK 
Mean of 

Irrigation 

First season 

3
*
 every week 1.94 1.90 2.67 2.58 2.27 

2
*
 every week 2.29 1.63 2.29 2.50 2.18 

1
*
 every week 1.73 2.09 2.38 2.09 2.07 

Main of Fertilization 1.99 1.87 2.45 2.39  

 Second season 

3
*
 every week 2.26 1.69 2.29 2.67 2.23 

2
*
 every week 1.69 1.51 1.94 1.93 1.77 

1
*
 every week 1.69 2.10 2.14 2.13 2.02 

Main of Fertilization 1.88 1.77 2.12 2.24  
   * Number of irrigation times every week. 
 

The effect of the interaction treatments between irrigation intervals and 
fertilization kinds on nitrogen percentage of geranium leaves was recorded in 
Table (6). The results stated that, there were observed effects due to the 
interaction treatments. The treatment of irrigation three times every week + 
humic acid gave the highest percentage of nitrogen followed by the treatment 
of irrigated plants three times/week plus chemical fertilization (NPK) 
fertilization in the second season. While, in the second one, the treatment of 
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irrigation three times every week + chemical fertilization (NPK) gave the best 
result, followed by the interaction treatment of irrigation three times every 
week + humic acid. The least results obtained from plants irrigated two 
times/week and sprayed with active dry yeast in the two seasons. 
Phosphorus percentage : 

The data presented in Table (7) clearly show that, drip irrigation 
treatments had observed effect on phosphorus percentage in leaves. The 
highest value was obtained when irrigated plants 3 times every week, while 
the least one obtained from plants irrigated one time every week, during the 
two seasons. 

It is obvious from data tabulated in Table (7) that, all tested treatments 
of fertilizers resulted increments in the phosphorus percentage in leaves. The 
best results were recorded by using humic acid and the recommended doses 
of NPK fertilizers, followed by EM and yeast in both seasons. 

Regarding the effect of the interaction treatments between irrigation 
intervals and fertilization kinds (NPK, humic acid, EM and active dry yeast) on 
phosphorus percentage of geranium leaves, the data illustrated in Table (7) 
reveal that, there were observed effects in this regard. The highest values 
recorded with the interaction treatments of plants irrigated 3 times/week with 
both treatments of recommended NPK and humic acid in both seasons. The 
minimum values showed in plants irrigated 2 times/week and sprayed with 
active dry yeast in the first season and from the treatment of irrigation one 
time/week + NPK in the second one. 

 

                     Table (7): Effect of irrigation intervals, chemical and bio-fertilization and 
their interactions on phosphorus percentage of Pelargonium 
graveolens plants during the two seasons of (2009-2011) and 
(2010-2012). 

      Fertilization treatments 
 
Irrigation intervals 

EM 
Active dry 

yeast 
humic 
acid 

NPK 
Mean of 
Irrigation 

First season 

3
*
 every week 0.517 0.500 0.590 0.597 0.550 

2
*
 every week 0.513 0.440 0.532 0.557 0.510 

1
*
 every week 0.503 0.445 0.510 0.503 0.490 

Main of Fertilization 0.510 0.460 0.540 0.550  

 Second season 

3
*
 every week 0.477 0.462 0.510 0.500 0.490 

2
*
 every week 0.432 0.412 0.445 0.440 0.430 

1
*
 every week 0.390 0.380 0.412 0.410 0.400 

Main of Fertilization 0.430 0.420 0.460 0.450  
  * Number of irrigation times every week. 

 
Potassium percentage : 

The data obtained for potassium percentage in geranium leaf as 
affected by some irrigation treatments were presented in Table (8). There 
were gradually increase in K% with decreasing the number of irrigation/week, 
so, the highest value was resulted from the treatment of irrigation 1 time/week 
followed by 2 and 3 times every week in the first season. While, the highest 
value in the second one was obtained from plants irrigated 1 followed by 3 
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and 2 times/week. These results are in accordance with these of El-Araby 
and Feleafel (2003) on Lycopersicum esculentum, and Ebrahim (2005) on 
guar and roselle plants, respectively. 

Regardless, the effect of fertilization treatments on potassium 
percentage in geranium leaves, and recorded in Table (8), it could be 
concluded that, there were observed effects due to NPK, humic acid, EM and 
active dry yeast treatments. Moreover, the superior treatment in this respect 
was NPK which gave highly increase in K%, followed by humic acid, active 
dry yeast and EM during the two seasons. These results are in harmony with 
those recorded by Habib (1992) on Pelargonium peltatum, Sakr (2001) on 
Mentha piperita and El-Naggar (2013) on cantaloupe plants. 

As for the interaction treatments between irrigation intervals and 
different kinds of fertilization on potassium percentage of Pelargonium 
graveolens L. leaves, the data showed in Table (8) state that, the interaction 
treatment of irrigation 1 time/week plus fertilization with NPK resulted in the 
highest value followed by irrigation 1 time/week + active dry yeast and humic 
acid in the first season. On the other side, the treatment of irrigation 3 times 
every week + humic acid fertilizer gave the highest K% followed by irrigation 
2 times/week + NPK during the second season. 
 
Table (8): Effect of irrigation intervals, chemical and bio-fertilization and 

their interactions on potassium percentage of Pelargonium 
graveolens plants during the two seasons of (2009-2011) and 
(2010-2012). 

Fertilization treatments 
 

Irrigation  intervals 

EM 
Active dry 

yeast 
humic 
acid 

NPK 
Mean of 

Irrigation 

First season 

3
*
 every week 2.60 1.66 1.98 1.81 2.01 

2
*
 every week 2.17 1.99 2.26 2.50 2.23 

1
*
 every week 1.54 2.72 2.55 2.91 2.43 

Main of Fertilization 2.10 2.12 2.26 2.41  

 Second season 

3
*
 every week 1.69 1.95 2.60 2.12 2.09 

2
*
 every week 2.25 1.96 1.55 2.42 2.05 

1
*
 every week 1.81 2.21 2.14 2.22 2.10 

Main of Fertilization 1.92 2.04 2.10 2.25  

 * Number of irrigation times every week. 
 
Total carbohydrates percentage : 

The results on carbohydrates percentage in geranium leaves as 
affected by irrigation intervals presented in Table (9) show that, increasing 
irrigation times every week treatments up to that of 3 times/week increased 
carbohydrates percentage in leaves followed by 2 and 1 times/week in the 
two seasons. In accordance with those results, those found by Sakr (2001) 
on Mentha piperita and Ali (2009) on fennel plants. 
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                         It is obvious from data in Table (9) that, all examined treatments of 
chemical, organic and bio fertilization resulted in increments in carbohydrates 
percentage in geranium leaves. However, the highest value was recorded by 
using the treatment of humic acid, followed by NPK in both seasons. 

According to data tabulated in Table (9) in carbohydrates percentage in 
geranium leaves as affected by the combined treatments between irrigation 
intervals and different kinds of fertilization on Pelargonium graveolens, it 
could be concluded that, the highest effects were observed with the 
interaction treatment of irrigation three times/week and humic acid, followed 
by irrigation 3 times every week + NPK fertilization in the first season, and 
vice versa in the second one. 
 
Table (9): Effect of irrigation intervals, chemical and bio-fertilization and 

their interactions on total carbohydrates percentage of 
Pelargonium graveolens plants during the two seasons of 
(2009-2011) and (2010-2012). 

Treatments 

Essentialoil yield (L)/fed./year 

First season Second season 

1
st

 year 2
nd

 year 1
st

 year 2
nd

 year 

Irrigation intervals treatments 

3
*
 every week 34.116 113.152 26.347 75.981 

2
*
 every week 24.386 66.352 18.456 45.368 

1
*
 every week 18.440 47.444 13.854 35.330 

New L.S.D at 5% 0.430 3.100 0.318 0.380 

New L.S.D at 1% 0.640 4.580 0.470 0.570 

 Fertilization treatments 

EM 21.835 61.851 13.741 45.949 

Active dry yeast 11.653 30.229 9.767 28.085 

Humic acid 31.136 87.037 24.136 59.947 

NPK 37.965 123.480 30.565 74.925 

New L.S.D at 5% 0.340 2.850 0.402 0.500 

New L.S.D at 1% 0.450 3.810 0.537 0.670 

Irrigation  Fertilization  Interaction treatments 

3
*
 every 
week 

EM 27.242 88.696 18.440 65.168 
Active dry yeast 16.272 40.472 12.580 37.200 

Humic acid 38.928 128.024 34.928 91.048 

NPK 54.024 195.416 39.440 110.510 

2
*
 every 
week 

EM 20.255 54.632 14.536 38.808 
Active dry yeast 12.240 30.400 9.824 26.360 

Humic acid 30.040 76.240 20.904 55.528 

NPK 35.008 104.136 28.558 60.776 

1
*
 every 
week 

EM 18.008 42.224 8.248 33.872 
Active dry yeast 6.448 19.816 6.896 20.696 

Humic acid 24.440 56.848 16.576 33.264 

NPK 24.864 70.888 23.696 53.488 

New L.S.D at 5% 1.010 9.120 1.286 1.510 

New L.S.D at 1% 1.350 12.320 1.670 2.010 
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Effect of irrigation intervals, chemical and bio-fertilization and their 
interactions treatments on chemical compositions of Pelargonium 
graveolensL. plants. 
Nitrogen percentage : 

Data presented in Table (10) record the effect of irrigation intervals on 
nitrogen percentage of geranium leaves. The percentage was gradually 
decreased with decreasing irrigation intervals. The highest value obtained 
when plants irrigated three times followed by two times every week, in both 
seasons.These results are in agreement with those recorded by Ebrahim 
(2005) on roselle. 

As for the main effect of fertilization, the results in Table (10) clear that, 
there was effect of treatments in nitrogen percentage. Moreover, the superior 
treatment in this respect was Humic acid, followed by recommended NPK 
treatments, in the first season, and vice versa in the second one. While the 
lightest result observed with spraying active dry yeast treatment, in both 
seasons.The results go parallel with those obtained with Mohammad (2009) 
on Catharanthusroseus, Habib, (1992) on Pelargonium peltatum and 
Sakr(2001) on Menthapiperit. 

The effect of the interaction treatments between irrigation intervals and 
fertilization kinds on nitrogen percentage of geranium leaves was recorded in 
Table (10). The results stated that, there were observed effects due to the 
interaction treatments. The treatment of irrigation three times every week + 
Humic acid gave the highest percentage of nitrogen followed by the treatment 
of irrigated plants three times/week plus chemical fertilization (NPK) 
fertilization in the second season. While, in the second one, the treatment of 
irrigation three times every week + chemical fertilization (NPK) gave the best 
result, followed by the interaction treatment of irrigation three times every 
week + Humic acid. The least results obtained from plants irrigated two 
times/week and sprayed with active dry yeast in the two seasons. 
 
Table (10): Effect of Irrigation intervals, chemical and bio-fertilization 

and their interactions on nitrogen percentage of 
Pelargonium graveolens plants during the two seasons of 
(2009-2011) and (2010-2012). 

Fertilizationtreatments 
 
Irrigationintervals 

EM 
Active dry 

yeast 
Humic 
acid 

NPK 
Mean of 

Irrigation 
First season 

3
*
 every week 1.94 1.90 2.67 2.58 2.27 

2
*
 every week 2.29 1.63 2.29 2.50 2.18 

1
*
 every week 1.73 2.09 2.38 2.09 2.07 

Main of Fertilization 1.99 1.87 2.45 2.39  

 Second season 

3
*
 every week 2.26 1.69 2.29 2.67 2.23 

2
*
 every week 1.69 1.51 1.94 1.93 1.77 

1
*
 every week 1.69 2.10 2.14 2.13 2.02 

Main of Fertilization 1.88 1.77 2.12 2.24  

* Number of irrigation times every week. 
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Phosphorus percentage : 
The data presented in Table (11) clearly show that, drip irrigation 

treatments had observed effect on phosphorus percentage in leaves. The 
highest value was obtained when irrigated plants 3 times every week, while 
the least one obtained from plants irrigated one time every week, during the 
two seasons. 

It is obvious from data tabulated in Table (11) that, all tested 
treatments of fertilizers resulted increments in the phosphorus percentage in 
leaves. The best results were recorded by using Humic acid and the 
recommended doses of NPK fertilizers, followed by EM and yeast in both 
seasons. 

Regarding the effect of the interaction treatments between irrigation 
intervals and fertilization kinds (NPK, Humic acid, EM and active dry yeast) 
on phosphorus percentage of geranium leaves, the data illustrated in Table 
(11) reveal that, there were observed effects in this regard. The highest 
values recorded with the interaction treatments of plants irrigated 3 
times/week with both treatments of recommended NPK and Humic acid in 
both seasons. The minimum values showed in plants irrigated 2 times/week 
and sprayed with active dry yeast in the first season and from the treatment 
of irrigation one time/week + NPK in the second one. 
 
Table (11): Effect of irrigation intervals, chemical and bio-fertilization 

and their interactions on phosphorus percentage of 
Pelargonium graveolens plants during the two seasons of 
(2009-2011) and (2010-2012). 

          Fertilizationtreatments 
 
Irrigationintervals 

EM 
Active dry 

yeast 
Humic 
acid 

NPK 
Mean of 
Irrigation 

First season 

3
*
 every week 0.517 0.500 0.590 0.597 0.550 

2
*
 every week 0.513 0.440 0.532 0.557 0.510 

1
*
 every week 0.503 0.445 0.510 0.503 0.490 

Main of Fertilization 0.510 0.460 0.540 0.550  

 Second season 

3
*
 every week 0.477 0.462 0.510 0.500 0.490 

2
*
 every week 0.432 0.412 0.445 0.440 0.430 

1
*
 every week 0.390 0.380 0.412 0.410 0.400 

Main of Fertilization 0.430 0.420 0.460 0.450  

 * Number of irrigation times every week. 

 
Potassium percentage : 

The data obtained for potassium percentage in geranium leaf as 
affected by some irrigation treatments were presented in Table (12). There 
were gradually increase in K% with decreasing the number of irrigation/week, 
so, the highest value was resulted from the treatment of irrigation 1 time/week 
followed by 2 and 3 times every week in the first season. While, the highest 
value in the second one was obtained from plants irrigated 1 followed by 3 
and 2 times/week. These results are in accordance with these of El-Araby 
and Feleafel (2003) on Lycopersicumesculentum,Attia (2003) and Ebrahim 
(2005) on guar and roselle plants, respectively. 
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Regardless, the effect of fertilization treatments on potassium 
percentage in geranium leaves, and recorded in Table (12), it could be 
concluded that, there were observed effects due to NPK, Humic acid, EM and 
active dry yeast treatments. Moreover, the superior treatment in this respect 
was NPK which gave highly increase in K%, followed by Humic acid, active 
dry yeast and EM during the two seasons.These results are in harmony with 
those recorded byHabib (1992) on Pelargonium peltatum, Sakr (2001) on 
Menthapiperita and El-Naggar (2013) on cantaloupe plants. 
As for the interaction treatments between irrigation intervals and different 
kinds of fertilization on potassium percentage of Pelargonium graveolensL. 
leaves, the data showed in Table (12) state that, the interaction treatment of 
irrigation 1 time/week plus fertilization with NPK resulted in the highest value 
followed by irrigation 1 time/week + active dry yeast and Humic acid in the 
first season. On the other side, the treatment of irrigation 3 times every week 
+ Humic acid fertilizer gave the highest K% followed by irrigation 2 
times/week + NPK during the second season. 

 
Table (12): Effect of irrigation intervals, chemical and bio-fertilization 

and their interactions on potassium percentage of 
Pelargonium graveolens plants during the two seasons of 
(2009-2011) and (2010-2012). 

      Fertilizationtreatments 
 
Irrigationintervals 

EM 
Active dry 

yeast 
Humic 
acid 

NPK 
Mean of 

Irrigation 

First season 

3
*
 every week 2.60 1.66 1.98 1.81 2.01 

2
*
 every week 2.17 1.99 2.26 2.50 2.23 

1
*
 every week 1.54 2.72 2.55 2.91 2.43 

Main of Fertilization 2.10 2.12 2.26 2.41  

 Second season 

3
*
 every week 1.69 1.95 2.60 2.12 2.09 

2
*
 every week 2.25 1.96 1.55 2.42 2.05 

1
*
 every week 1.81 2.21 2.14 2.22 2.10 

Main of Fertilization 1.92 2.04 2.10 2.25  
 * Number of irrigation times every week. 

 
 Total carbohydrates percentage : 

The results on carbohydrates percentage in geranium leaves as 
affected by irrigation intervals presented in Table (13) show that, increasing 
irrigation times every week treatments up to that of 3 times/week increased 
carbohydrates percentage in leaves followed by 2 and 1 times/week in the 
two seasons.In accordance with those results, those found by Sakr (2001) on 
Menthapiperita and Ali (2009) on fennel plants. 
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Table (13): Effect of irrigation intervals, chemical and bio-fertilization 
and their interactions on total carbohydrates percentage 
of Pelargonium graveolens plants during the two seasons 
of (2009-2011) and (2010-2012). 

     Fertilizationtreatments 
 
Irrigationintervals 

EM 
Active 

dry yeast 
Humic 
acid 

NPK 
Mean of 

Irrigation 

First season 

3
*
 every week 17.50 23.00 42.90 32.50 28.98 

2
*
 every week 16.25 13.60 24.05 22.10 19.00 

1
*
 every week 13.00 10.40 21.45 18.20 15.76 

Main of Fertilization 15.58 15.67 29.47 24.27  

 Second season 

3
*
 every week 25.35 14.95 26.65 31.20 24.54 

2
*
 every week 21.45 10.40 27.95 26.00 21.45 

1
*
 every week 11.70 8.45 25.35 21.45 16.74 

Main of Fertilization 19.50 11.27 26.65 26.22  
 * Number of irrigation times every week. 

 
It is obvious from data in Table (13) that, all examined treatments of 

chemical, organic and bio fertilization resulted in increments in carbohydrates 
percentage in geranium leaves. However, the highest value was recorded by 
using the treatment of Humic acid, followed by NPK in both seasons. 

According to data tabulated in Table (13) in carbohydrates percentage 
in geranium leaves as affected by the combined treatments between irrigation 
intervals and different kinds of fertilization on Pelargonium graveolens, it 
could be concluded that, the highest effects were observed with the 
interaction treatment of irrigation three times/week and Humic acid, followed 
by irrigation 3 times every week + NPK fertilization in the first season, and 
vice versa in the second one. 
Recommendation 
We can recommend to obtain good herb and oil yield that:  

Irrigate geranium plants with drip irrigation 3 times every week (every 
time gave 4 liters/2 hours) in sandy soils. 

The humic acid as organic fertilizer alone gave promising results in all 
parameters in this study when adding the compost during preparing the soil 
before transplanting.  

May be using the humic acid, EM1 and yeast as organic and bio-
fertilizers but need to incorporated with different values of recommended 
doses from NPK fertilizers. This recommendation needs more research to 
achieve decreasing the amount of chemical fertilizers. 
General Discussion 

Irrigation intervals treatments gave the pest results in the vegetative 
growth characters, essential oil contents and chemical composition in the four 
cuts, during the two seasons. These results may be due to increasing of 
water quantity around the plant roots zone leads to increase in nutrient 
elements uptake in plants. 

There were effects of EM on the vegetative growth characters, essential 
oil contents and chemical compositions in geranium plants under irrigation 
intervals. This effect may be due to EM selected species of microorganisms 
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including predominant population of lactic acid bacteria and yeast, and 
smaller of photosynthetic bacteria, actinomycetes and other types of 
organisms. All of these are mutually compatible with one another and can 
coexist in liquid culture (Higa and Parr, 1994), but EM had the third effect 
after NPK and humic acid in this study. 

The treatment of active dry yeast applied as foliar on the herb of 
geranium plants and gave the minimum effect of all parameters of geranium 
plant under this study. However, it contains many useful minerals, vitamins, 
protein, carbohydrates, nucleic acids and lipids put the root application was 
the better than foliar application. 

humic acid had the observed effects (after NPK effect) on vegetative 
growth characters, essential oil content/plant and chemical composition. On 
the other hand, it gave the highest values in essential oil and carbohydrates 
percentages over all fertilization treatments. These results may be due to, 
humic acid is an effective soil enhancer, a plant growth bio-stimulant, a 
chelating agent and a disease suppressant, in order to it have high in auxins, 
minerals, vitamins, etc. In soil it can; increases microbial and mycorrizal 
activity, promote nutrient uptake, increase crop yields and aid in reducing 
frost damage (Angin et al. 2008).  

We found that, using the recommended doses of NPK resulted in the 
highest results in vegetative growth characters, essential oil content/plant and 
chemical composition. These findings may be due to, N, P and K elements 
play an important role in composition of many metabolic compounds such as 
proteins, sugars, carbohydrates, lipids and DNA, which consequently may 
increase these characters. 
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إستجابة نباتات العتر لمعاملات الرى والتسممد  اليدمماوى والعىموى والىدموى تىمت 
 ظروف الأراىى الرملدة .

 و صمممممممماأ المممممممم دج أىممممممممم  مىممممممممم  الممممممممموجى    أمدمممممممممة مىممممممممم   بمممممممم  اليمممممممما ى 
 نهلة أبو سبع مىم  أىم   اشور  

 , مصر قسأ البساتدج، يلدة الزرا ة، جامعة المنصورة    
 الطبدة والعطردة, معه  بىوث البساتدج، مريز البىوث الزرا دة , مصرقسأ بىوث النباتات    

 

 
تم  جرمء ه وما   ل بمل زرلب ءلمح  لزلمحمح لبلثمح زلميي  لزلمرتحي زرلمحرحمحي لإ بلريلمح   لممبرلح حح لإ 

)حلتبء  لبيل   لي لد لبمد  لمربحي بتتمرلححي لإ  9029-9020ي  9022-9002بحء لإ خلال بيلبى  ل ء لح 
بمء   يمى   لمزيم لبمد  لمرلتحي يمى (مل بمء   يب مربلا   3ي  9لإ  2ء ب مربلا   لمءب زمرلتطمحث )لدء لح تمثمح
%  2لإ22(ر /يد ي ليزء قيلفر   ل(رللمحي  ) 300% ي   ؛  2لإ90(ر /يد ي ل فر   لطشردء ) 300 لتلبحد }

 EMر /يممد ي ؛  940حيبحممب زب ممدل أ  ؛ لبمما  لى9% زممي 84(ر /يممد ي لمم فر   لزيترلممحي  ) 200  ؛ 2أ9يممي
 ر /لتء{ ي لتفرلل زحطىبر ل ى طزر   ل تء. 6لتء/يد ي ي  لخبحء   لرريح  لطشثح زتء(ح   2زب دل 

يقد ألىء   لطترئج أي  لءب ملاي بء   جلزيلحرً ألثى أيضل  لطترئج يى (ل حفر   لطبمي  لخضمءب 
زح ي لإ يممي لإ  ل(ءزيوحممدء    ت حىممر  لممءب بممءتحي يبلتمميب  لطزممر  بممي  ل حمم   لثحممرء يبلتممي ن  ل(حبممريب )طلمم

جلزيلحرً يالب خلال  لأءزع لشر  يى  لبيلبحي.  لتلبحد زرلألبد   ل(حبريحح  لبيحى زىر ألثى أل ى  لمح  يمى 
حفر   لطبي  لخضءب يبلحيل  ل ءش يبلتيب  لطزر  بمي  ل حم   ل ثمءب يبمي  لبلتميب  ل(حبمريب )طلمزح 

ح لبا  لىحيبحب يالب خلال  للشمر   لأءزمع يمى (ملا  لبيلمبحي. ب رب مح  لتفرلمل بمر ي لإ يي لإ زي  يت حه ب رب 
بء  /جلزيم + )ي لإ يي لإ زمي  ألثم  أل مى  لممح  يمى حمفر   لطبمي  لخضمءب يبلحميل  ل مءش  3زحي  لءب 

ح يبلتمميب  لطزممر  بممي  ل حمم   لثحممرء يبلتممي ن بممي  ل(حبريحممر  )طلممزح ي ت يممي ي ل(رءزيوحممدء    ت ت حىممر ب رب مم
 بء  /جلزيم + لبا  لىحيبحب ت يالب يى  لأءزع لشر  خلال  لبيلبحي .  3 لتفرلل  لءب 

يبي خلال طتمرئج وما   لزلمي حب(مي أي طلالمل بمر ح مى ق أل مى قمح   لطبمي  لخضمءب يبلحميل  ل مءش 
ح ت حىمر يبلتيب  لطزر  بي  ل ح   لثحرء يبلحيل  ل ح   لثحرء يى  لطزر  ييمى  لفمد ي (رطم  يمى  للشمح  لمرلمم

 للشح  لء ز مح ) يمى  للمطح  لمرطحمح بمي  لبيلم   زحطبمر أقمل  لطتمرئج (رطم  يمى  للشمتحي  لأيلمى ي لمرطحمح )يمى  للمطح 
  لأيلى بي  لبيل   ت يوان  لطترئج ت(ءء  يى  لبيلبحي .

 


