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Growth, Productivity and Water Use of Sunflower Crop Under Drip 

Irrigation System 

1Saeed, A. A. Q., G. Abdel-Nasser2 and M. A. Gomaa3 

1 Ministry of Agriculture and Irrigation, Republic of Yemen 
2 Soil and Agricultural Chemistry Dept. , 3Plant Production Dept. 

Faculty of Agriculture (Saba Basha) - Alexandria University, Alexandria, EGYPT 

 

ABSTRACT: A field experiment of drip-irrigated Sunflower (Helianthus annuus) was 

conducted at the Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University, 

Egypt. The farm is located at Abees region 31˚ 10.102′ N and 29˚ 58.085′ E with altitude of (-5m) 

under sea level, during 2013 growing season. The aim of the present study was initiated to assess 

the effect of irrigation regimes under drip irrigation method on sunflower growth, water consumptive 

use, water use efficiency and yield and yield components. The sunflower variety Sakha 53 was 

planted sowing date at 28
th

 April. Seeds were sown at 4-5 seeds in each hill with spacing of 0.3 m 

within each row and 0.6 spacing, then thinned to one plant after 2 weeks from sowing. After 

emergence, the plots were irrigated by the drip irrigation method. All field practices were done as 

usually recommended for sunflower cultivation. The present study consisted of 5 treatments. The 

irrigation treatments were based on replenishment of soil water depletion according to reference 

evapotranspiration (ET0). The irrigation treatments were: Irrigation at 20, 40, 60, 80 and 100% of 

ET0. At harvest time (103 days after planting), some morphological characteristics of sunflower 

were determined such as: plant height (cm), stem diameter (cm), head diameter (cm), leaves weight 

(g), head weight (g), seeds weight/ head (g), 100 seeds weight and yield (ton ha
-1

), seed oil 

content(%) and oil yield (ton ha
-1

). Also, root weight (g), length (cm), width (cm), chlorophyll content 

and some elemental contents. The results indicated that increasing the amount of irrigation water 

significantly increased plant height, stem diameter, head diameter, leaves weight/plant, head 

weight/plant, seeds weight/ head, 100 seeds weight, seed yield and oil yield. Also, root weight, 

length and width. The irrigation with 80 or 100% of ET0 has the same significant effect, thus the best 

irrigation is with 80% of ET0. Also, the value of water use efficiency of sunflower was decreased 

with increasing the amount of applied water.  The increase in sunflower yield was due to both 

increase in yield content and oil yield in which sunflower yield was adversely affected by water 

deficit. 

Keywords: sunflower, irrigation regime, water use efficiency, sunflower yield, root growth 

INTRODUCTION 
  

Sunflower (Helianthus annuus, L.)  is one of the most important oil crops 
throughout most countries all over the world, and provides a major source of oil in 
human diet. However, it is considered as a relatively new crop in Egypt, in terms of 
production. Therefore, the response of sunflower crop to soil and water practices 
under Egyptian conditions must taken into account. A great emphasis should be 
given towards it for oil production due to the crop advantages and adaptability to 
various environmental conditions (Berglund, 2003). 
 
 Sunflower (Helianthus annus, L.) is one of the most widely cultivated oil crop 
in the world. Because of moderate cultivation requirements and high oil yield, 
planted area has increased in recent years (Shehata and Elkhawas, 2003). 
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Sunflower seeds contain high amount of oil (40 to 50%), which is an important 
source of polyunsaturated fatty acid (Linoleic acid) of potential health benefits. 
 
 In dry land cropping systems, water is the most important limiting factor for 
crop production (Ashrafi and Razmjoo, 2009).On one hand, the most important 
factors that decrease crop growth and also affect on 40 to 60 percent of agricultural 
lands is drought stress (Reddy et al., 2004). This problem is very important in Iran 
that located in arid and semiarid regions and also water requirements of crops due 
to lack of precipitation mainly provided by irrigation (Sepaskhah and 
Khajehabdollahi, 2005). as well as, It is well known that adequate water supply is 
considered as a very important factor that affect the accumulation of dry matter in 
the plant, as well as, vegetative growth of most crops (Aminifar et al., 2012). Water 
deficit, extreme temperatures and low atmospheric humidity all contribute to 
drought, which is one of the most detrimental factors affecting crop yield (Szilgyi 
2003). 
 
 It has been shown that, sometimes, periods of reduced growth may trigger 
physiological processes that actually increase yield (Smith et al., 2002). Severe 
water deficits during the early vegetative growth result in reduced plant height but 
may increase root depth. Adequate water during the late vegetative period is 
required for proper bud development. The flowering period is the most sensitive to 
water deficits which cause considerable yield decrease since fewer flower come to 
full development (Beyazgul et al., 2000; Ali and Shui, 2009). Seed formation is the 
next most sensitive period to water deficit, causing severe reduction in both yield 
and   oil content (Doorenbos and Kassam, 1979). According to Casadebaig et al., 
(2008), minimization of water loss in response to water deficit is a major aspect of 
drought tolerance and can be achieved through the lowering of either leaf area 
expansion rate or transpiration per unit leaf area (stomata conductance). Although 
sunflower is known to be a drought tolerant crop or grown under dry land 
conditions, substantial yield increases can be achieved by supplementary 
irrigation, which is one of the most effective strategies to mitigate the effects of dry 
spells in crop production (Fox and Rockstrom, 2000; Xiao et al., 2007). 
 
 When water supply does not meet crop water requirements, actual 
evapotranspiration (ETa) will fall below maximum evapotranspiration (ETm). Under 
this condition, water stress will develop in the plant, which adversely affects crop 
growth and ultimately crop yield. The effect of water stress on growth and yield 
depends on the crop species, variety, magnitude and time of occurrence of water 
deficit. The effect of the timing of water deficit on crop growth and yield is of major 
importance in scheduling available but limited water supply over growing periods of 
the crops and in determining the priority of water supply amongst crop during the 
growing season (Doorenbos and Kassam, 1979). 
 
 The present study was initiated to assess the effect of irrigation regimes 
under drip irrigation method on sunflower growth, water consumptive use, water 
use efficiency and yield and yield components. 
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 MATERIALS AND METHODS 

Experimental site and conditions 
This study was conducted during the 2013 summer season at the 

Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University, 
Egypt. The farm is located at Abees region located at 31˚ 10.102′ N and 29˚ 
58.085′ E with altitude of (-5 m) under sea level. The site was planted with corn 
crop in previous season. This area is characterized by a semi-arid climate, the 
weather is hot and dry from May to August where temperatures varies from 25-30 

ºC. On the other hand, the rainfall occures in winter with an average of 186.2 mm 
per year. Wind speed average 13.5 km/day and relative humidity averages about 
69.5 %. Some climatological data on the experimental site were taken from 
Nouzha Weather Station are given in Table (1). 
 
Soil of the experimental site   
 Soil samples were collected from the experimental soil for both surface (0-
10 cm), (10-20 cm) and subsurface (20-40 cm). Some physical and chemical 
properties of the experimental field soil are presented in Table (2). The soil 
properties were performed according to the methods outlined in Carter and 
Gregorich (2008). The soil of the experimental site is clayey texture with water 
table level of 1 m down the soil surface, the groundwater is moderately saline (2.5 
dS/m). The contribution of water table to plant water requirements is low in the site 
of experiment. Table (3) shows the chemical analysis of irrigation water. 
 
Sunflower cultivation 

 Sunflower (Helianthus annuus, L.) variety Sakha 53, early variety (100 days 
crop age) was selected for the study at 2013 summer season. Plant sowing date 
was at 28 April, 2013. Seeds were sown at 4-5 seeds in each hill with spacing of 
0.3 m within each row. Thinning to one plant per hill was carried out after 15 days 
from sowing, to obtain a final plant population of 55500 plants/ha. After emergence, 
the plots were irrigated by the drip irrigation method. Irrigation was terminated at 5 
August, complete canopy and initial blooming date was at l3 June, and harvesting 
data was at 9 August. All field practices were done as usually recommended for 
sunflower cultivation. Phosphorus fertilizer as calcium superphosphate (15.5% 
P2O5) was fully added to the soil during seed preparation at 336 kg P2O5 ha-1. 
Ammonium Nitrate (33.5% N) at the rate of 168 kg ha-1 were applied at two equal 
doses, one after sowing and the second after one month later. Potassium Sulfate 
(48% K2O) at the rate of 67 kg ha-1 were added at two equal doses, one after 
sowing and the second after one month later. 
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Table (2). Some soil physical and chemical properties of experimental site           

used in the present study. 

 

Soil parameters 
0-10 cm 

depth 

10-20 cm 

depth 

20-40 cm 

depth 

Unit 

Particle size distribution     

Sand 29.7 29.7 32.2 % 

Silt 15.0 17.5 15.0 % 

Clay 55.3 52.8 52.8 % 

Textural class Clay Clay Clay - 

Soil bulk density 1.24 1.25 1.25 Mg 
-3

Soil moisture content at field capacity (θfc) 0.351 0.361 0.369 m3m

Soil moisture content at permanent wilting point (θwp)  0.122 0.128 0.129 m3m
-3Plant available water content (PAW) 0.229 0.233 0.239 m3m
-3Organic matter content 2.87 2.87 2.15 % 

Total calcium carbonate  18.12 18.12 15.78 % 

Electrical Conductivity (ECw), (1:1, soil: water extract) 
dS/m 

6.98 6.29 5.94 dS 
-1pH (1:1, soil : water suspension) 8.05 8.15 8.25 - 

Soluble Cations     

Ca2+ 2.38 1.69 1.42 meq 
-1Mg2+ 7.85 6.05 4.50 meq 
-1 Na+ 58.15 54.13 52.13 meq 
-1 K+ 1.35 1.12   1.12 meq 
-1 Soluble Anions     

CO=
3+ HCO-3 10.20   9.92   2.12 meq 

-1 Cl- 44.00 44.39 41.00 meq 
-1 SO=

4 14.03 7.70 12.54 meq 
-1  

Table (3). Chemical analysis of irrigation water used in the field experiment. 

 

Parameters Value unit 

pH 7.35 - 
ECiw 0.60 dS m-1 

Soluble Cations   
Ca+2 1.89 meql-1 
Mg+2 0.81 meql-1 
K+ 2.74 meql-1 

Na+ 0.46 meql-1 
Soluble Anions   

CO=
3 + HCO-

3 1.98 meql-1 
Cl- 0.81 meql-1 

SO4
-2 3.14 meql-1 
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 Harvesting was done after 103 days from planting (9 August, 2013). Plant 
samples were taken from each plot (replicate) on the basis of one longitudinal 
meter of each line, to determine some morphological characteristics such as: 
plant height (cm), stem diameter (cm), head diameter (cm), leaves weight (g), 
head weight (g), seeds weight/ head (g), 100 seeds weight and yield (ton ha-1) 
and oil yield(ton ha-1). Also, root weight (g), length (cm) and width (cm). Roots 
were washed with distilled water and let to dry then roots were imaging with 
digital camera. At harvest, the sample of plants (1 m of the row × 0.60 m width of 
the row = 0.60 m2) of the two central ridge were chosen to determine the 
sunflower yield. The total yield per ha-1 was calculated. 
 
Irrigation regime 
 The present study consisted of 5 treatments. The irrigation treatments 
were based on replenishment of soil water depletion according to the reference 
evapotranspiration (ET0). The irrigation treatments were: 
I1 irrigation at 20% of ET0, 
I2 irrigation at 40% of ET0, 
I3 irrigation at 60% of ET0,  
I4 irrigation at 80% of ET0, and  
I5 irrigation at 100% of ET0   
 
 A drip irrigation system (Fig. 1) was designed for the experiment. Irrigation 
water was taken by a water pump. Distribution lines consisted of PVC pipe 
manifolds for each plot. The diameter of the polyethylene laterals were 16 mm 
and each lateral irrigated one plant row. The inline emitter discharge rate was 4 l 
h-1 at 100 kPa operating pressure. The actual emitter discharge rate was 
calibrated before starting the experiment. The drip network calibration was 
performed and the actual rate of emitter was 3.43 l h-1.  
 Soil water content was measured by sampling a soil from each row with 
soil tube 0.025 m diameter at three depths i.e. 0-10, 10-20 and 20-40 cm below 
soil surface then determined by gravimetric method. Soil water contents were 
monitored prior each irrigation and after irrigation at surface and subsurface 
depths through electronic pressure transducer (electronic tensimeter). 

Crop Evapotranspiration 
 The irrigation requirements were calculated according to the Penman-
Monteith equation (Allen et al., 1998) according the following equation: 

drip

crop

a

ET
ET =

E (1-LR)
  

Where: 
ETcrop   is the crop evapotranspiration, mm/day 
ETdrip   is the crop evapotranspiration under drip irrigation system, mm/day 
Ea is the efficiency of irrigation system (assumed as 90 % for drip irrigation 
system under the present conditions). 
LR is the Leaching Requirements required for salt leaching in the root zone depth 
(assumed as 15 %). and 
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drip r c 0
ET =K K ET× ×  

Kr is the reduction factor that reflects the percent of soil covering by crop canopy. 
Kr can be calculated by the equation described in Karmeli and Keller (1975): 

r

GC
K =

0.85
 

 

 
 

Fig. (1). General picture of the sunflower field experiment one month 
after cultivation 

Where, GC is the ground cover fraction (plant canopy area divided by soil area 
occupied by one plant, assumed as 0.6).  
Kc is the crop coefficient ranging from 0.35 (for initial stage) to 1.15 (for 
development stage) for sunflower crop (Allen et al., 1998). 
  
 The length and crop coefficient (Kc) were needed for each the 4 growth 
stages: initial, crop development, mid-season and late season stages. The crop 
coefficients (Kc) were collected from FAO (Allen et al., 1998) and are presented 
in Table (4). 
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Table (4).Crop coefficient (Kc) and development stages period for sunflower 
 

Growth stage Kc Stage period, days 

Initial 0.35 20 

Crop development 0.35 - 1.15 25 

Mid-season 1.15 38 

Late-season 1.15 - 0.35 20 

            
 ET0 is the reference evapotranspiration calculated with FAO Penman- 
Monteith equation (Allen et al., 1998) according the climatic data collected from 
the Nouzha Weather Station. The equation is expressed as: 
 

2

0

2

900
0.408 ( ) ( )

273

(1 0.34 )

n s a
R G U e e

T
ET

U

γ

γ

∆ − + −
+=

∆ + +
 

Where: 
ET0 Reference evapotranspiration, mm day-1  
Rn Net radiation at the crop surface, MJ m-2 day-1, 
G Soil heat flux density, MJ m-2 day-1, Generally very small and assumed to be zero). 

T Mean daily air temperature at 2.0 m height, °C, 
U2 Wind speed at 2 m height, m s-1 , 
es Saturation vapor pressure at 1.5 to 2.5-m height, kPa, 
ea Actual vapor pressure at 1.5 to 2.5-m height, kPa, 
es - ea Saturation vapor pressure deficit, KPa, 
∆  Slope vapor pressure curve, kPa°C-1, 

γγγγ Psychrometric constant, kPa°C-1. 

 
Seed oil content 
 The oil percentage of seeds was estimated using Soxhelt apparatus and 
petroleum ether as a solvent according to the method outlined in AOAC (1995). 
Oil yield (ton ha-1) was calculated by multiplying seed oil percentage by seed 
yield per ha-1. 
 
Soil analysis 

Soil physical analysis 
Particle size distribution: Soil mechanical analysis was carried out using 
hydrometer method according to (Klute, 1986), using sodium 
hexametaphosphate ((NaPO3)13) as dispersing agent. 
Soil moisture content: Soil moisture is routinely measured in most field trials. 
The gravimetric approach is more flexible, as samples can be readily taken from 
any soil situation. All analyses in the laboratory are related to oven-dry basis. The 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  428     

Vol. 20(3), 2015 
 

soil sample was dried in an oven at 105 °C for 24 h, next day remove from oven; 
fit the lid cool for at least 30 minutes and re-weight (Hesse, 1971). 
Soil chemical analysis: 
 The soil samples were air dried, passed through a 2 mm sieve and 
analyzed according to the following procedures (Page, 1982): 
Total carbonates content  
 Was estimated volumetrically using calcimeter and calculated as calcium 
carbonate percentage according to Richards (1972). 
Organic matter content  
 Organic carbon (OC) was determined using modified Walkley-Blacks 
titration method (Carter and Gregorich, 2008). The organic matter content (OM) 
was calculated using the suitable constant ( 1.724OM OC= × ). 
Total soluble salts 
  Electrical conductivity (EC) of soil: water extract, 1:2 (w/v) was measured 
using conductivity meter according to Jackson (1973). 
Soluble Calcium and Magnesium  
 Soluble calcium and magnesium in soil: water extract were determined 
volumetrically by the versenate method (EDTA) using ammonium purpurate as 
an indicator for calcium and Erichrome black T for calcium plus magnesium 
(Jackson, 1973). 
Soluble Sodium and Potassium  
 Soluble sodium and potassium was determined photometrically using 
flame photometer according to Jackson (1973). 
Soluble Carbonates and Bicarbonates  
 Soluble carbonates and bicarbonates were determined volumetrically by 
titration against 0.1N hydraulic acid using phenolphthalein and methyl orange as 
indicators (Jackson, 1973). 
Soluble Chlorides 
 Soluble chlorides were determined by titration against 0.05 N Silver nitrate 
solution and potassium chromate as an indicator (Jackson, 1973). 
Soluble sulfates 
 Soluble sulfates were determined by turbidity method as indicated in 
(Jackson, 1973). 
Chemical analysis of irrigation water 

Chemical analysis of irrigation water including water reaction (pH), electric 
conductivity (EC), and soluble cations and anions were done according to page 
(1982). 
Statistical analysis  
 All collected data for Sunflower growth, yield and yield components were 
subjected to analysis of variance (ANOVA) according to Snedecor and Cochran 
(1991). The mean values were compared according to least significant difference 
Test (LSD test), Williams and Abdi (2010). All statistical analyses were performed 
using analysis of variance technique of "Statistix 8" computer software package 
(Statistix, 2003). 
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RESULTS AND DISCUSSION 

Sunflower growth characters 
The results presented in Table (5) show the response of sunflower growth 

characters as affected by different irrigation regimes. The results indicated a 
significant effect of different irrigation regimes in all sunflower growth characters 
as compared with control (100% of ETo). Irrigation at 80% of ETo gave a highest 
value of plant height (169.77 cm) and head diameter (23.77cm), steam diameter 
(2.33 cm), leaf weight/plant (320.67g), stem weight/plant (494.0 g), head 
weight/plant (506.87 g) and Irrigation at 100% of ETo gave a highest values for all 
parameters. Also the results presented in Table (5) show significant effect of 
different irrigation regimes on number of green leaves /plant (29.0) at 100% of 
ETT0, and chlorophyll b content (0.160 mg/100g leaf fresh weight) at 20% of ET0. 
Total chlorophyll and chlorophyll a content have not significant effect at different 
irrigation regimes. 

 
The reduction of vegetative growth as a result of decreasing amount of 

irrigation (60% of ET0) may be due to the major effect of water stress in 
decreasing the water uptake by root system as a result of decreasing root 
function (Rowe and Bearsell, 1973). The present results are in accordance of the 
previous results of Abdel-Nasser (1991) and Abdel-Nasser and EL-Shazly 
(2000).  

  Table (5). Growth characters of sunflower as affected by irrigation regimes 

Irrigation 
Treatment 
(% of ET0) 

Plant 
height 
(cm) 

Head 
diameter 

(cm) 

Stem 
diameter 

(cm) 

Stem 
weight / 
plant (g) 

Head 
weight / 
plant (g) 

Leaves 
weight / 
plant (g) 

20 161.67 
b 

19.37 c 1.62 b 304.67 
d 

377.27 
b 

131.00 c 

40 164.00 19.80 c 1.64 b 344.90 393.37 231.67 b 
60 168.77 21.39 b 1.76 b 451.83 c 394.17 250.67 b 
80 169.77 

a 
23.77 a 2.33 a 494.00 

b 
506.87 

a 
320.67 a 

100 169.83 22.87 a 2.35 a 592.00 535.00 318.00 a 
LSD 3.07* 1.28* 0.27* 40.65* 76.607* 31.226* 

*Means value followed by the same letter in each column are not significant at 0.05 probability level 

 

Table  (5). Cont….  
Irrigation 
Treatment 
(% of ET0) 

Number of 
green leaves / 

plant 

Chlorophyll a 
(mg/g) 

Chlorophyll b 
(mg/g) 

Total chlorophyll 
(mg/g) 

20 25.3 b 0.163 0.160 a 0.323 
40 26.7 ab 0.150 0.100 b 0.250 
60 28.7 ab 0.180 0.117 ab 0.297 
80 28.3 ab 0.170 0.083 b 0.253 
100 29.0 a 0.157 0.080 b 0.237 

LSD (0.05) 3.4* 0.128NS 0.058* 0.167NS 
*Means value followed by the same letter in each column are not significant at 0.05 probability level 
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Root growth The root growth was expressed as the root length and root lateral 
extension of sunflower. The data are illustrated in Table (6). The data showed 
that root length increased with increasing irrigation water. The highest value was 
attained with irrigation at 100% of ET0. The irrigation with 80 or 100% of ET0 has 
the same significant effect, thus the best irrigation is with 80% of ET0. The same 
trend was noticed with root lateral extension (width) in which irrigation with 60% 
of ET0 is the best water regime to obtain the significant extension of sunflower 
root. 

 
Table (6). Root length and width at harvest of sunflower as affected by 

irrigation regime. 

Irrigation Treatment 
(% of ET0) 

Root weight/plant 
(g) 

Root length 
(cm) 

Root width 
(cm) 

20 124.83 c 11.8 e 27.5 c 

40 125.50 c 13.2 d 28.7 b 

60 187.93 bc 14.7 c 29.7 a 

80 194.67 b 15.0 a 29.9 a 

100 263.93 a 15.4 a 30.1 a 

LSD (0.05) 66.345* 2.8569* 9.1566* 

*Mean value I each column followed by the same letter are not significant at 0.05 probability level 

 
Yield and yield components 

Data presented in Table (7) show the effect of water irrigation regimes 
treatments on seed and oil yields. The result clearly indicated significant effect of 
different irrigation regimes on sunflower yield and yield characters, seed 
yield/plant (g), 100-seed weight (g), gross seed yield (ton ha-1), seed oil content 
(%) and seed oil yield (ton ha-1 ). Irrigation at 80% of ETo gave highest significant 
value of seed yield/plant (105.00 gm), 100-seed weight (8.87 g), gross seed yield 
(5.83 ton ha-1) and seed oil content (45.67 %).  The highest value of seed oil yield 
(2.759 ton ha-1) was attained at irrigation with 100% ET0. The results are in 
parallel with those obtained by Kssab et al. (2012) and Abdel-Mawgoud et al. 
(2009). 

 
Table (7). Seed yield and yield components as affected by irrigation regimes. 

Irrigation 
Treatment 
(% of ET0) 

Seed 
yield/plant 
(g/plant) 

100-seed 
weight 

(g) 

Gross seed 
yield 

(ton ha-1) 

Seed oil 
Content 

(%) 

Oil yield 
(ton ha-1) 

20 84.67 b 7.37 b 4.704 b 40.00 b 1.883 c 

40 89.17 ab 8.30 a 4.954 ab 44.00 a 2.184 bc 

60 91.53 ab 8.47 a 5.085 ab 45.33 a 2.302 abc 

80 105.00 a 8.67 a 5.833 a 45.67 a 2.669 ab 

100 106.17 a 8.87 a 5.898 a 46.67 a 2.759 a 

LSD 0.05 18.497* 0.77* 1.028* 2.30* 0.555* 

*Means value followed by the same letter are not significant at 0.05 probability level  
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Leaf elemental content 
The results presented in Table (8) show the response of sunflower growth 

characters to different irrigation regimes. The results indicated a significant effect 
of different irrigation regimes in all some elemental contents of sunflower leave 
as affected by irrigation regime. Irrigation at 60% of ETo gave highest values of 
nitrogen (1.74 %) and potassium (3.35 %) and (3.40 %) at 100% ET0. The 
highest value of Phosphorus (0.37 %) was attained at irrigation with 100% and 
80% ET0. 

 
 This result is true because of by increasing water stress, the plant has less 
ability to absorb water. Thus, the nutrients uptake decreased. Also, such 
reduction in chlorophyll content may be attributed to the role of water as a 
substrate for all vital processes in plant tissue especially in chlorophyll formation 
(Abdel-Nasser and El-Shazly, 2000 and Abdel-Nasser and Hussein, 2001). Such 
a reduction may be explained on the basis that under water stress, the soil 
moisture became unavailable to root uptake, thereby, decreased nutrient uptake 
by plants (Mengel and Kirkby, 1987), in addition to general weakness of plant 
conditions as a result of water stress that reflected on plant absorption and 
translocation (Abdel-Nasser and EL-Shazly, 2000). 
 
Table (8).Some elemental contents of sunflower leave as affected by 

irrigation regimes. 

Irrigation Treatment 
(% of ET0) 

Nitrogen 
(%) 

Phosphorus 
(%) 

Potassium 
(%) 

20 1.23 b 0.20 c 2.60 b 

40 1.71 a 0.32 ab 3.02 ab 

60 1.74 a 0.29 b 3.35 a 

80 1.47 ab 0.37 ab 3.29 a 

100 1.34 b 0.37 a 3.40 a 

LSD (0.05) 0.29* 0.05* 0.60* 

*Means value followed by the same letter are not significant at 0.05 probability level 

 
Sunflower evapotranspiration and water requirements 

Sunflower seasonal evapotranspiration (ETc) was calculated according 
Penman-Monteith equation (Allen et al., 1998) and using the suitable crop 
coefficient by multiplying the reference evapotranspiration (ET0) by a crop 
coefficient (Kc). 

c c 0ET = K ×ET  

 
The seasonal ETc was illustrated in Table (9). It is account as 76.6, 153.2, 

229.8, 306.4 and 383.0 mm for water regime of 20, 40, 60, 80 and 100% of 
reference evapotranspiration (ET0), respectively. The irrigation water 
requirements (m3 ha-1) were calculated and illustrated in Table (9). The values of 
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gross irrigation water requirement (GIWR) were 948.58, 1897.17, 2845.75, 
3794.33 and 4742.92 m3ha-1, respectively. 

Water use efficiency (WUE) and Irrigation water use efficiency (IWUE) 

 Water-use efficiency (WUE) is a common expression of plant productivity. 
It may represent the ratio of total above-ground dry biomass or dry seed weight 
to the seasonal evapotranspiration (ET). With this approach, different cultural 
practices can be assessed to determine optimum use of limited irrigation water. 
 Water use efficiency expressed as (kg m-3) of seeds as affected by the 
different water treatments is presented in Table (9). The highest value was 
attained at highest deficit (20% of ET0). Increasing water deficit increased the 
water use efficiency due to decreased applied water. Maximum value of water 
use efficiency was 6.14 kg m-3 for seed yield and 2.46 kg m-3 for oil yield at 20% 
of ET0. The lowest values of WUE were attained at full irrigation (100% of ET0). 
Our results are in accordance with those of  Nahla (2003), Kssab et al. (2012) 
and Abdel-Mawgoud et al. (2009) who reported that water use efficiency 
increased with the decrease of irrigation water. Also, IWUE of seed yield was 
increased with decreasing the water deficit. The highest value of IWUE for seed 
yield was attained at irrigation 20% of ET0 (while the lowest value was attained at 
irrigation with 100% of ET0). The same trend was noticed for IWUE of oil yield, 
but the values of WUE are more than the values of IWUE. 

 

Table (9). Water use efficiency as affected by irrigation regimes 

Irrigation 
Treatment 
(% of ET0) 

ET0 

mm 
ETc 
mm 

GIWR 
m3 ha-1 

WUE 
of seed 
kg m-3 

WUE 
of oil 
kg m-

3 

IWUE 
of 

seed 
kg m-3 

IWUE 
of oil 
kg m-3 

20 509.98 76.60 948.58 6.14 2.46 4.96 1.99 

40 509.98 153.20 1897.17 3.23 1.43 2.61 1.15 

60 509.98 229.79 2845.75 2.21 1.00 1.79 0.81 

80 509.98 306.39 3794.33 1.90 0.87 1.54 0.70 

100 509.98 382.99 4742.92 1.54 0.72 1.24 0.58 

 
 The present results indicate that reducing plant water needs to be less 
than 100% of ET0 (deficit irrigation) significantly reduced grain yield which this 
response is indicative the effect of drought stress on grain yield. Reducing seed 
yield in condition of limited irrigation can be contributed to effect of water defect 
due to lack of water which is along with acceleration of aging and reduction of 
filling period of grain, the signals sent from roots to leaves and induced stomata 
and finally reduction of the proportion of net photosynthesis. It seems that a 
balanced intake of water during various developmental stages of flowering and 
grading improved grain yield of sunflower. Because during this stage the most 
important yield components (seed number in head and seed weight) is formed. 
Also enough watering during the vegetative stage causes leaf development and 
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photosynthesis of plants. (Mazaheri laghab et al., 2001) stated that poor irrigation 
regime not only reduces leaf area and premature aging but also decrease of 
seed yield. In fact, the reason of seed yield loss due to drought stress a decrease 
in current photosynthesis and remobilization of during grain filling material can be 
attributed. The (Human et al., 1990) in their experiments under severe stress at 
flowering, pollination and seed formation known to cause yield reduction. 
 
 Decrease of oil percentage in control treatment is because increase of 
water consumption increases excessive vegetative growth and delayed 
maturation of immature seed in the time of harvest also reduction of the 
percentage of oil in the severe stress treatment is because of impaired grain 
filling, which increases the skin of sunflower seeds. Moisture stress actually 
reduces the number of seed in length of seed the amount of oil has distributed in 
smaller tank and the oil percentage has not been affected (Cox and Jolliff, 1986). 
Sunflower oil yield per unit area is because of grain yield per unit area and seed 
oil percentage.(Mozaffari et al.,1996) has quoted about the effect of drought 
stress on sunflower oil percentage that the oil percentage does not damage in 
drought stress because seed oil is quantity that controls by many genes. 
 
 In fact, the reduction of water consumption and drought stress depends on 
the stress intensity is decreased oil yield cultivars. The results showed decrease 
or not irrigation reduced the grain yield and also affected oil content and oil yield. 
Because Stress on reproductive processes such as flowering and Pollination 
causes highest grain yield, also reduced accordingly oil yield. In fact, enough 
watering, especially during the filling stage of sunflower seeds and can be useful 
and effective in increase of seed weight and save of enough oil. Adequate 
moisture can be effective in the thin shell and increase of percentage of seed 
kernel. Sunflower oil yield per unit area is obtained by grain yield per unit area 
and percentage of seed oil. (Andria et al.,1995) found a positive correlation 
between seed yield and oil yield, but they found no linear relationship between 
seed yield and oil percentage. 
 
 The benefits of deficit irrigation can be attributed to the following reasons: 
• water loss through evaporation is reduced, 

• the negative effect of drought stress during specific phenological stages on 
biomass partitioning between reproductive and vegetative biomass(harvest 
index) is reduced (Fereres and Soriano, 2007; Reynolds and Tuberosa, 2008) 
due to increases the reproductive organs (Karam et al., 2009), 

• water production for the net assimilations of biomass is increased as drought 
stress is mitigated or crops become more hardened. This effect due to 
conservative behavior of biomass growth in response to transpiration (Steduto 
et al., 2007), 

• water productivity for the net assimilations of biomass is increased due to the 
synergy between irrigation and fertilization (Steduto and Albrizio, 2005), and 
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• negative agronomic conditions are avoided during crop growth, such as pests, 
diseases, anaeobic conditions in the root zone due to water logging (Pereira et 
al., 2002; Geerts et al., 2008). 

 
CONCLUSION 
 Any restriction in the supply of irrigation water is likely to induce a 
decrease in crop yield. However, the impact of deficit irrigation on crop yield can 
be insignificant where the water stress is applied to the crop during specific 
growth stages that are less sensitive to moisture deficiency. Results from the 
present study indicated that sunflower growth, seed yield, yield components and 
oil content had been significantly affected by deficit irrigation. It seems that 
sowing sunflower with 80% of ET0 of deficit irrigation level, were the 
recommended treatments to raise sunflower seed and oil yields compared with 
the other deficit irrigation levels under the environmental conditions of this study. 
In case of deficit irrigation, reduced irrigation water during the flowering period 
should be avoided. But when seasonal irrigation water was limited, it seems that 
deficit irrigation (80% of ET0) should be applied for the irrigation efficiency. 
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ABSTRACT: The present investigation included field experiments executed at the 

experimental farm (Abees region) of the Faculty of Agriculture (Saba-Basha), Alexandria 
University, Egypt, during both 2012 and 2013 growing seasons. Experiments were carried out to 
study the effect of irrigation with agricultural drainage water and/or canal water on yield and 
quality of four rice varieties (Oryza sativa L.). Five irrigation treatments were practiced as follow; 
(T1) Irrigation throughout the season using agricultural drainage water, (T2) Irrigation with 
agricultural drainage water then using canal water in sequence, (T3) Using agricultural drainage 
water for irrigation till end of the vegetative growth stage and the canal water starting from 
reproductive stage,(T4) Using canal water at the vegetative growth stage and agricultural 
drainage water right before panicle initiation, (T5)  Irrigation throughout the season with canal 
water. Four Egyptian rice cultivars namely; Hybrid 1(SK 2034), Sakha 104, Giza 177, Giza 178 
were used. Some growth characters, grain yield and its component characters, some yield 
related characters, and some grain quality characters were subjected to determine the effect of 
these two variables. The main results showed that, increasing of the dose of canal irrigation 
water starting from T1 (irrigation throughout the season using agricultural drainage water) and 
ending by T5 (irrigation throughout the season by canal water) significantly increased the mean 
values of most of studied characters and maximized by using T5  in 2012 and 2013 seasons. 
Meantime, the differences between the effect of T5 and T3 (using agricultural drainage water for 
irrigation at the vegetative growth period and the canal water right before reproductive stage) 
were not significant in case of most studied characters .The highest grain yields was obtained 
for Hybrid 1 (٥.٠٠ t/fed. ) .rice cultivars while; Giza 177 rice cultivar produced the lowest grain 
yield (3.18 t/fed.) during both seasons But also, all milling characters and quality characters 
Giza 178 rice cultivars obtained the heist values than the other cultivars. These findings assure 
the great amount of genetic variations between the tested cultivars. Interaction between 
irrigation treatments and rice cultivars had significant effect on most tested characters except 
harvest index in both seasons and grain yield (ton/fed.) in 2013 season only. 

Keywords: rice cultivars, agricultural drainage water, rice yield and quality  

 

INTRODUCTION  
 Rice (Oryza sativa L.) is the most important food for more than 50% of 
the world’s population, and it is grown on almost 155 million ha worldwide. 
In Egypt, rice cultivation takes place in Egyptian Nile delta especially in the 
northern part. Due to the intrusion of sea-water, most of agricultural lands in the 
northern Nile delta are affected by different degrees of salinity. In these areas, 
rice production helps to leach the salt from upper soil layers and thus reclaim 
the land for agricultural activities. Because of limited water resources, the 
government of Egypt has tried to limit rice cultivation. Egyptian government 
aims to reduce rice fields from 1.7 million fed. To only 1.00 million fed. as a part 
of a strategy to save irrigation water (Allam and Wahba, 2008). It is well known 
that at the terminal of the irrigation canals, the farmers suffer from sharp 
decrease in irrigation water accordingly they obligatory use drainage water 
directly by pumping it from drains close to their fields. This is termed unofficial 
reuse. Estimates of the amount of drainage water unofficially used for irrigation 
range from 2800 million m3 to 4 000 million m3 per year (FAO, ٢٠٠6). Water 
availability for irrigation could be enhanced through judicious and proper 
recycling of drainage waters for irrigation. Considerable amounts of such water 
are available in various places in the world, including Australia, Egypt, India, 
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Israel, Pakistan, and USA. Waters generally classified as unsuitable for 
irrigation can, in fact, be used successfully to grow crops without long-term 
hazardous consequences to crops or soils, with the use of improved farming 
and management practices. The development of rice varieties with increased 
salt tolerance and the adoption of new crop and water management strategies 
will further enhance and facilitate the use of saline waters for irrigation and crop 
production, while keeping soil salinity from becoming excessive. In Egypt, El-
Mowelhi et al. (2006) reported that Egypt produces approximately 2.4 million m3 
of secondary treated wastewater (TWW) annually, used for irrigation directly or 
indirectly by blending drainage water (BDW). The annual re-use of BDW is 
approximately 4 million m3. TWW can be used for high production of oil crops 
compared to canal water, while BDW can be used for high production of tolerant 
crops. It is better to use alternative irrigation with canal water under a 
drip irrigation system to maximize crop production and minimize the adverse 
effects of such water in field crops quality. In the North Nile Delta, 
marginal water can be safely used without significant negative impact on the 
environment. As long as, the national policy of water management, the scarcity 
of water irrigation, the high soil salinity in North delta and the high profit of rice 
cultivation. The present study aimed to evaluate the effect of irrigation using 
drainage water or the mixture between canal and drainage waters at different 
growth stages on rice plant also yield, yield components and quality of grains of 
four rice cultivars. 

 

MATERIALS AND METHODS  
 Field experiments, were conducted at the Experimental Farm (Abees 
region) of Faculty of Agriculture (Saba-Basha), Alexandria University, Egypt, 
located at Abees region during 2012 and 2013 growing seasons. The 
experiment was carried out to study the effect of irrigation with agricultural 
drainage water on yield and quality of some rice (Oryza sativa L.) varieties 
namely (Hybrid 1, Sakha 104, Giza 177 and Giza 178) which are varied in their 
genetic characters. 
 
Experimental design 
 This field experiment was carried out in a strip plot design in both 
seasons with three replicates. Main plots (columns) were devoted to Irrigation 
treatments as follows: 
(T1) Irrigation throughout the season using agricultural drainage water, 
(T2) Irrigation with agricultural drainage water then using canal water in 
sequence, 
(T3) Using agricultural drainage water for irrigation at the vegetative growth 
period ( about 45 days after transplanting) and then canal water till harvesting, 
(T4) Using canal water at the vegetative growth (about 45 days after 
transplanting) and then agricultural drainage water till harvesting and 
(T5)  Irrigation throughout the season using canal water. 
While, cultivars were allocated to sub plot (rows) including the following : 
1. Hybrid 1, (SK 2034), suitable for normal and saline soils. 
2. Sakha 104, suitable for normal and saline soils. 
3. Giza 177, not recommended for saline soils. 
4. Giza 178, suitable for normal and saline soils and water shortage. 
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Cultural practices 
1. Nursery 
 The four cultivars were grown in well prepared seedbed. Seed bed was 
tillaged three times, then dry leveled and water leveled. Nitrogen fertilizer was 
applied at the rate of 60 kg N/fed as Urea form (46% N) on dry soil before 
flooding and nursery was not fertilized with super phosphate (15.5% P2O5) 
because the previous crop was Egyptian clover (Trifolium alexandrinum). Zinc 
sulfate at the rate of 10 kg/fed was applied after puddling. Seeds were soaked 
in enough water for 24 hours then incubated for 48 hours to enhance 
germination .The peregrinated seeds were broadcast into the seed bed at the 
rate of 7-10 kg seeds/fed. for rice cultivar Hybrid 1 and at the rate of 40-60 kg 
/fed. for other cultivars. For controlling weeds, herbicide (Saturn 10%) at the 
rate of 2 liters/fed was applied 5 days after seeding into 3 cm water depth. Rice 
seedlings were carefully pulled from the nursery after 25 days from seeding and 
transplanted to the permanent filed. 
 
2. The permanent field 
 The permanent field was mechanically tillaged and dry leveled. The 
experimental site was divided into 60 plots each plot was 2x3 m2. Columns 
were irrigation treatments .Drainage water was pulled up from the drain next to 
the experimental field. Two seedlings, (25 days old) were lined transplanted into 
plots according to the planting spacing, for the four cultivars 20x20 cm between 
rows and hills. Thiobencarb (Saturn 50%) as herbicide at the rate of 2 liters/fed 
was applied 4 days after transplanting for weed control. All plots were 
continuously flooded with 5-7 cm water depth throughout the growing season 
except at the time of the second dose of nitrogen application. All remaining 
agricultural treatments were applied as the recommendations of the National 
Rice Campaign booklet (2012) for hybrid variety. Fifteen days before maturity, 
all plots were flushed and irrigation was stopped two weeks before harvesting.  
 
3. Soil and Water analyses 
 Before transplanting the rice seedlings in the permanent field,  soil 
samples were collected randomly from 0-30 cm depth from the experimental 
sites, air dried and ground to pass 2 mm sieve. Another soil samples were  also 
collected from each strip individually before drying the permanent field for 
harvesting. Sub samples were then taken to the laboratory and prepared prior 
to the mechanical and chemical analysis including heavy metals according to 
Black et al. (1965) .Samples were analyzed at “Soil, Water and Plant Analysis  
Laboratory” of Soil and Agricultural Chemistry Department, Faculty of 
Agriculture –Saba Basha, Alexandria University. Heavy metals analyzing 
showed that the all soil samples didn’t contain of heavy metals neither nor all 
water samples. Heavy metals analyzing were conducted at the Central 
Laboratory, Faculty of Agriculture, Alexandria University.  
 The soil were analyzed for the determination of particles size distribution 
(sand, silt and clay) by hydrometer method (Black et al., 1965). The electrical 
conductivity (EC) of 1:1 soil-water ratio extract was measured by conductivity-
meter, the pH was measured in 1:1 soil water suspension by pH meter, the 
concentrations of water soluble cations Ca++, Mg++ were determined by 
Na2EDTA method, those of Na+, K+ were measured by flame photometer, the 
content of Bicarbonate was determined by titration with standard HCl acid 
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solution,the chloride by titration with AgNO3 solution and SO4
+2 was obtained by 

the difference(Black et al., 1965). The available K, P, N were extracted with 0.5 
M NaHCO3 then K was measured by flame photometer, P and N were 
measured by colorimetric method (Jackson, 1973). 
The analytical results of the soil sample collected before and after cultivation 
are shown in Tables (1 and 2).  

Water samples were collected from both irrigation canal and drainage 
water and chemically analyzed  according to Jackson (1973) as shown in Table 
(3). Quality of the irrigation water was determined according to the methods 
described in Wilcox (1958) and FAO (1976). The water quality parameters are; 
Soluble Sodium Percentage (SSP), Sodium Adsorption Ratio (SAR), Residual 
Sodium Carbonates (RSC), Soluble Magnesium Percentage (SMgP) and 
Potential Salinity (PS). 
 
Table (1). Soil mechanical and chemical characters of the experimental 

site before cultivation in 2012 and 2013 growing seasons 
 

Characters 2012 2013 

Particle size distribution (%), 

Sand  11.2 11.5 

Silt 33.2 33.7 

Clay 55.6 55.8 

Soil texture Clay Clay 

pH (1:1, soil: water suspension ) 7.95 7.15 

EC (1:1, soil: water extract), dS/m 5.48 5.71 

Soluble Cations (meq/l) 

Ca++ 7.83 8.30 

Mg++ 15.93 16.35 

Na+ 27.82 30.05 

K+ 1.75 1.8 

Soluble Anions (meq/l) 

HCO3
- 1.98 1.97 

Cl- 6.88 6.78 

SO4
-- 45.53 47.80 

Available K (mg/kg) 1125.0 1127.0 

Available P (mg/kg) 29.30 28.90 

Available N (mg/kg) 68.29 67.94 
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Table (2). Soil chemical characters of the experimental site after 
cultivation in 2012 and 2013 growing seasons 

 
 T1 T2 T3 T4 T4 

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 

pH 8.14 8.23 7.91 8.1 7.5 7.8 7.88 7.92 7.84 7.95 
EC  (dS/m) 5.35 5.45 5.21 4.84 4.99 4.45 5.68 5.98 5.29 5.48 
CaCO3% 17.94 18.94 13.89 14.73 8.98 9.47 10.89 11.57 5.21 4.21 

Soluble Cations (meq/l) 
Ca 6.182 5.83 4.66 5.103 4.63 4.75 3.04 3.21 5.98 7.99 
Mg 16.32 16.62 14.68 13.32 12.83 11.58 19.69 18.66 16.57 16.25 
Na 28.79 3.52 30.56 28.30 30.14 26.79 31.93 35.22 28.77 28.38 
K 1.99 1.94 1.80 1.62 2.32 1.41 1.67 1.80 1.47 1.76 

Soluble Anions (meq/l) 
HCO3 1.54 1.64 2.20 1.86 1.82 1.61 1.91 2.21 1.94 1.90 
Cl 6.08 6.47 6.54 5.74 6.92 7.03 7.45 7.85 6.25 6.89 
SO4 45.88 46.18 42.76 40.56 40.94 35.89 47.44 49.38 44.66 45.59 

Available Nutrients (mg/kg) 

K 1150 1150 1150 1150 950 950 1000 1000 1125 1125 

P 26.32 27.1 26.45 27.4 25.89 26.1 38.42 38.1 28.21 29.3 

N 87.65 95.84 69.58 56.45 89.74 
102.4

3 
100.8

7 
132.7 94.65 68.29 

(T1) Irrigation throughout the season using agricultural drainage. 

(T2) Irrigation with agricultural drainage then using canal water in sequentially. 

(T3) Using agricultural drainage water for irrigation at the vegetative growth period then switch to canal water right before 

panicle initiation till harvest. 

(T4) Using canal water at the vegetative growth and agricultural drainage right before panicle initiation then before witch to 

drainage water till harvest. 

(T5)  Irrigation throughout the season using canal water. 

 

Table (3). Chemical composition of irrigation water used for the present 
experiment (2012 and 2013 growing seasons) 

 

Parameters 
EC 

dS/m 
pH 

Soluble cations (meq/l) Soluble anions (meq/l) 

Na
+
 

Na 
K

+ 

 
Ca

2+
 

 
Mg

2+
 

 
Cl

- 

 
HCO3

-
 

 
SO4

=
 

 

2012 

Canal Water 
(inside location) 2.37 7.40 12.82 0.98 4.62 5.10 8.46 13.05 1.76 

Drainage Water 
(inside location) 

 
2.90 

 

 
7.78 

 

18.25 1.29 6.18 3.11 12.44 13.75 2.14 

2013 

Canal Water 
(inside location) 

 
2.43 

 

 
7.40 

 

13.10 0.86 4.85 5.35 7.34 14.34 1.96 

Drainage Water 
(inside location) 

 
2.96 

 

 
7.78 

 

18.80 1.19 6.48 3.06 11.13 15.58 2.23 

 

The studied Characters 
1. Quality of irrigation water 

Quality of the irrigation water was determined according to the following 
parameters (Wilcox, 1958 and FAO, 1976): 
1. The soluble salts concentration of water, which can be expressed in terms of 
electrical conductivity (ECiw, dS/m). 
2. The chemical composition of water, by determining the concentrations of 
cations (Ca2+, Mg2+, Na+, K+ and anions (CO3

2-, HCO3
-, Cl- and SO4

2- ions) 
according to Jackson (1973). 
  



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 443     
   Vol. 20(3), 2015 

 

 

The quality parameters were calculated as follows(Richards, 1972): 
a. Sodium Hazard:  
Can be expressed in terms of Sodium Adsorption Ratio (SAR) or Soluble 
Sodium Percentage (SSP, %). 

)/2Mg(Ca

Na
SAR

22 ++

+

+

=  

100
Na

  SSP ×

∑
=

+

Cations  
(The concentration of cations was expressed in me/L). 
b. Magnesium hazard (SMgP): 
It can be expressed by the value of Soluble Magnesium Percentage (SMgP, %),  

SMgP =
[Mg2+]

[Ca2+ + Mg2+ ]
×   100 

 
c. Bicarbonate hazard: 
It can be expressed by the value of Residual Sodium Carbonate (RSC, me/L): 

2- - 2+ 2+

3 3
RSC = CO +HCO - Ca +Mg       

(The concentration of ions was expressed in me/l.) 
d. The concentration of toxic compounds can be expressed by the values of 
Potential Salinity (PS):  

- 2-

4PS(me/l)=Cl +0.5 SO×  

2. Growth characters 
1. Number of days to heading (days). 
2. Plant height (cm). 
3. Panicle length (cm).  

3. Yield and Its components 
1. Number of panicles/hill. 
2. Number of filled grains/ panicle. 
3. 1000 grains weight. 
4. Grain yield ton/fed. 

4. Yield related characters 
1. Sterility percentage (%) 

No. of unfilled grains/panicle
Sterility % =  100

Total spikelets/panicles

          

×

 

2. Harvest Index (HI) 
Economical yield (grain yield)  

H.I. =  100            
Biological yield (grain +straw yields)

×

 

5. Grain Quality characters (Milling characters) 
1. Hulling % (Brown rice %). 

Brown rice weight 
Hulling % = 100                 

Rough rice weight (100 g)
×
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2. Milling % (total white rice %) 
Milled rice weight   

Milling % = 100         
Rough rice weight (100 g)

×

 

3. Broken rice % 
Broken rice w eight 

Broken rice %  = 100  
R ough rice w eight (100 g)

×  

6. Cooking and Eating Quality 
1. Gel Consistency (G.C.) was measured according to Cagampang et al. (1973) 
2. Gelatinization temperature (G.t.) was measured according to little et 
al.(1958). 
 
7. Statistical Analysis  
     The analysis of variance was carried out according to Gomez and Gomez 
(1984) and means were compared using the LSD at 0.05 level of significant. 
 

RESULTS and DISCUSSION  
1. Quality of irrigation water 

The water quality parameters for canal and drainage waters  are 
presented in Table (4). From these data, it appears that for the two  types of 
water, the ECiw ranged from 2.37 to 2.96 dS/m. The critical level of ECiw to 
cause severe salinity problems is 3.0 dS/m as reported by FAO (1976). The 
values of ECiw for canal and drainage waters are less than the critical limit and 
no problems for using these types of irrigation water. Therefore, it is expected 
that continuous irrigation without good water management (leaching 
requirements) can led to severe problems from the salinity point of view. 

The data presented in Table (4) also revealed that the SAR (Sodium 
Adsorption Ratio) value of all water sources is relatively low in comparing with 
the critical level of sodium hazard (less than 10) as reported by Richards 
(1972). With respect to the SSP as indicator for sodium hazard, the values of 
SSP for all types of water were ranged from 54.33 to 63.67%. The data 
revealed that all values of SSP were around the critical limit (< 60%) as 
reported by Wilcox (1958). 

Magnesium hazard (Soluble Magnesium Percentage) is one of the 
criteria for suitability of water for irrigation. In this respect, the values of SMgP in 
Table (4) indicated that all types of water have a values ranged from 32.05 to 
52.50%. The values are below the harmful level (> 50%). This means no 
problem of Magnesium hazard. 

The RSC (Residual Sodium Carbonates) evaluates the tendency of 
irrigation water to form carbonate and to dissolve or to precipitate calcium and 
to a less degree, the magnesium carbonate. The precipitation of poorly soluble 
carbonates increases the sodium hazard of irrigation water and as a result 
increases the sodicity of irrigated soils. The present values of RSC have values 
ranged between 3.33 and 6.05 meq/l. which means that Ca2+ + Mg2+ is less 
than the CO3

2- + HCO-
3 that resulted in more problems of sodium hazard. 

Potential salinity (PS) for all water types used ranged from 8.31to 13.51 meq/l. 
The high values of PS over the critical level (5 meq/l) as reported by Richards 
(1972) may be due to high chloride and sulfate concentrations in the two 
irrigation waters.  
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Generally, from the presented data, it appears that the two water types 
used in this work may cause one problem or another according to the water 
type. By applying the criteria used for interpreting water quality for irrigation, the 
most domain problems are salinity and sodicity hazards.  

 
Table (4). Water quality parameters used as irrigation water in the present 

study 
 

Year Type 
EC 

dS/m 
SSP 
% 

SAR 
SMgP 

% 
RSC 
meq/l 

PS 
meq/l 

2012 

Canal 
(inside location) 2.37 54.50 5.81 52.50 3.33 9.34 
Drainage 

(inside location) 2.90 63.31 8.47 33.45 4.46 13.51 

2013 

Canal 
(inside location) 2.43 54.23 5.80 52.48 4.14 8.31 
Drainage 

(inside location) 2.96 63.67 8.61 32.05 6.05 12.24 
 

2. Growth characters 
 There are high significant differences among the mean values of the four 
rice cultivars regarding all the growth characters (Number of days to heading, 
plant height (cm) and panicle length (cm) under study in the two, and this was 
attributed to the differences in their genetic back ground (Table 5). Additionally, 
it is clear that all growth characters were affected significantly by different 
irrigation treatments. However mostly there were insignificant difference 
between the mean values of T5 (Irrigation throughout the season by canal 
water) and T3 (Using agricultural drainage water for irrigation till the end of the 
vegetative growth stage and the canal water starting from reproductive stag) 
.For No. of days to Heading This might be due to the role of drainage water 
push the plant to reproduce new canopies to replace the affected one that 
resulted in prolonging the vegetative phase of crop. From another point of view, 
the increase in plant height and panicle length might be enhanced by the 
availability of sufficient water that are necessary for all various biological and 
physiological processes including cell division and cell elongation of the plant.  
These results are agree with those results reported that plant height and panicle 
length significantly decreased as irrigation intervals increased to twelve days 
(El-Refaaee et al., 2005) or nine days (El-Refaee et al. , 2008) in both seasons. 
and this might be due to that panicle length was significantly decrease with the 
increased salinity stress (Shereen et al., 2005 and Mirza et al., 2009) . Also, 
Ernesto et al. (2007) reported that both PEG and NaCl delayed flowering and 
maturity, with a longer delay observed with the high-level stress. On the other 
hand, Gomaa et al. (2005) concluded that plant height, panicle length and No. 
of days to heading were not significantly affected by different irrigation water 
forms. .Interaction between cultivars and irrigation treatments. in the two 
seasons, was significant for all growth characters except for leaf area index. 
 
3. Yield and Its components 
 Data represented in Table (6 and 7) showed that there were highly 
significant differences between the mean values of all cultivars under study 
regarding yield and yield component characters in cultivars under the conditions 
of the present study.    
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These findings could be attributed to the differences between their genetic 
makeup. In addition, it is recognized that all studied characters; number of 
panicles/hill, number of filled grains/ panicle, grain yield (ton/fed) and 1000 
grains weight (g) significantly increased gradually by increasing  the dose of 
canal irrigation water starting from T1(irrigation throughout the season using 
agricultural drainage water) and ending by T5 (irrigation throughout the season 
by canal water).Data further revealed that the differences grain yield and its 
attributes mean values T(5) and T(3) were not significant. These results was 
also found by Zeng and Shannon (2000) whereas ,tiller number per plant and 
spikelet number per panicle contributed the most variation in grain weight per 
plant and spikelet number per panicle were the major causes of yield loss in M-
202 under salinity. The compensation between spikelets and other yield 
components was confounded with salinity effects, but was believed to be minor 
relative to the reduction of spikelets due to salinity and, therefore, not sufficient 
to offset yield loss even at moderate salt levels. Ernesto et al. (2007) reported 
that 1,000-grain weight showed significantly decrease when they applied salt 
(NaCl) and polyethylene glycol-6000 (PEG) as sources of osmotic stress during 
the reproductive stage than during the vegetative stage. Ascha and Wopereis 
(2001) explained that Floodwater EC < 2 mS /cm hardly affected rice yield. For 
floodwater EC levels >2 mS/cm, a yield loss of up to 1 t/ha per unit EC (mS/cm) 
was observed for salinity stress around PI (at canal water yields of about 
8 t /ha). Use of a salinity tolerant cultivar reduced maximum yield losses to 
about 0.6 t /ha per unit EC .Different results were obtained for the interaction 
between cultivars and irrigation treatments. In the two seasons, this interaction 
was significant for all yield components, except that of grain yield (ton/fed.) 
which was not significant in 2012 season only.  Also, El-Refaaee et al.(2005) 
reported that, Sakha 104 and Giza 178 rice cultivars gave nearly the same yield 
and surpassed the yield of the cultivars, while the short duration cultivars, Giza 
177 was highly affected by water stress up to 12 days which caused soil salinty 
and gave yield reduction by about 47, 49, 46, and 51% over both seasons, 
respectively compared with continuo's flooding. Generally, Sakha 101, Sakha 
104, and Giza 178 rice cultivars can be grown better in the irrigated areas 
where water is limited as at the end of canals 

 
4. Yield Related Characters 
 Table (8) showed that there were highly significant differences between 
the mean values of all cultivars in case of some yield related characters; Sterility 
percentage (%) and Harvest index (HI) for study in the two seasons. These 
were attributed to their genetic differences. For irrigation treatments it was 
recognized that all studied characters increased gradually by increasing the 
dose of canal water used in irrigation till they maximized at (T5) irrigation 
throughout the season by canal water completely. This result in accordance 
with Ascha and Wopereis (2001); Abdullah et al. (2001) and Fabre et al. (2005) 
who reported that saline conditions affects  negatively sterility percentage. Also, 
The results are in conformity with Zeng and Shannon (2000) who concluded 
that Harvest index was significantly decreased when salinity was at 3.40 dS/m. 

As for the interaction between cultivars and nitrogen levels, different results 
were obtained as it was significant for sterility while, it was not significant in 
case of straw yield and harvest index, in both seasons. 
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5. Grain Quality characters (Milling characters) 
 Table(9) indicated that the differences between the four tested rice 
cultivars regarding milling characters were significant in the two seasons. These 
differences might be due to almost their different genetic background. Irrigation 
throughout the season using agricultural drainage water (T1) caused the 
highest percentages of hulling and milling percentages, also it produced the 
highest percentage of broken grains in the two seasons. In contrary the lowest 
hulling and milling percentages and the lowest percentage of broken and chalky 
grains were found at T(5) treatment when canal water used in irrigation 
throughout the season. It is obvious that increasing the dose of the canal water 
used in irrigation under the present study might improve grain filling processes 
at the caryopsis of the spikelet's which caused heaviest brown rice and lightest 
hulls. But increasing the dose of drainage water for rice irrigation might be 
caused male formation of grain endosperm that produced more brittle caryopsis 
which led to high broken percentage. The interaction between rice cultivars and 
irrigation treatments on milling characters was significant in the two seasons. It 
is worthy to note that mean values of the tested cultivars regarding all milling 
characters were improved gradually with increasing the quantity of canal water 
used in irrigation. 
 
6. Cooking and Eating Quality 
 There were significant differences between the mean values among 
cultivars except cultivars effect of amylase content in the first season regarding 
all the cooking and eating quality characters under study in the two seasons 
(Table, 10). While among the cultivars Sakha 104 followed by Giza177 rice 
cultivars were proved to has the softer GC in both seasons. This varietal 
variation might be due to their differences in their genetic makeup. Additionally, 
it is revealed that all studied characters; Gel Consistency (GC) and 
Gelatinization temperature (GT) increased gradually by increasing the dose of 
canal water used in the irrigation in different growth stages. Different results 
were obtained for the interaction between cultivars and irrigation treatments. In 
the two seasons, this interaction was significant for all cooking and eating 
quality characters the two seasons of study. 
  

CONCLUSION             
          This study recommend using rice cultivar Giza 178 as the best cultivar 
among studied characters under the same soil and water condition. In addition 
using agricultural drainage water for irrigation till the end of the vegetative 
growth stage. Irrigation by canal water starting from reproductive stage gave 
same results as irrigation throughout the season by canal water for most of 
studied characters including grain yield. Rice is salt-sensitive (Shannon, 1997). 
The threshold for yield reduction is 3 dS/m of electric conductivity in the 
saturated soil past extract (ECe), with 90 percent yield loss at 10 dS/m ECe. 
Rice is relatively salt tolerant during germination, tillering, and toward maturity, 
but is sensitive during early seedling and at flowering and grain filling. 
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ABSTRACT: To improve yield, its components and quality of sesame (Sesamum indicum 

L.), two different sowing methods and various humic acid levels were evaluated in at El-Horreya 
village, Abou El-Matamir, El-Behira governorate, Egypt, during two successive summer seasons 
of 2013 and 2014 in sandy loam soil. The two field experiments were design as split plot design 
with three replications.The treatments were distributed at random as follows; sowing methods 
(broadcasting or in ridges) were applied in the main plot, while humic acid levels (without, 1200, 
2400, and 3600 g/ha) at two doses with first and second irrigation were allocated in the subplot. 
The obtained results reported that broadcasting method and Humic acid at rate of 3600 g/ha., 
increased yield, its components and quality of sesame (Sesamum indicum L.) crop i.e. plant 
height (cm), number of capsules/plant, capsule length (cm), number of seeds/capsule, 1000- 
seed weight (g), seed, straw and biological yields (kg/ha), oil seed content (%), protein %, P %, 
K %, Fe, Mn and Zn concentration (mg kg

-1
)in seeds of sesame under study conditions. 

KEYWORDS: Sesame, sowing method, humic acid, yield, components, oil, El-Behira, Egypt 

 

INTRODUCTION 
Sesame (Sesamum indicum L.) is considered as one of the important oil 

seed crops. Sesame has high oil content (46 – 64 %) and a dietary energy of 
6355 Kcal/kg. The seeds serve as a rich source of protein (20 – 28 %), Sugar 
(14 – 16 %) and minerals (5 – 7%), Thanvanathan et al. (2001). It is one of the 
most important crops grown for oil production in Egypt. The crop is grown for its 
seeds, which contain 50-60% oil, 8% protein, 5.8% water, 3.2% crude fiber, 
18% carbohydrate, 5.7% ash and it is very rich in minerals such as Ca, P and 
vitamin E (Dasharath et al., 2007). Also, sesame oil has a very high level of 
unsaturated fatty acids, which is assumed to have reducing effect on plasma 
cholesterol, as well as on coronary heart disease (Agboola, 1979). On contrary 
to the decline in production, the need for sesame is steadily growing for human 
consumption and health. Seed shattering, indeterminate growth habit , 
undeveloped cultivars, poor cultural practices and management, some 
diseases, low harvest index, and poor crop rotations (Uzun et al., 2004; Uzun 
and Cagirgan, 2009; Furat and Uzun, 2010) all contribute to lower production. 
Lack of mechanized harvest also increases the cost of production. Above all, 
the high cost of sowing sesame deters some farmers, causing to cease sesame 
production. Production practices should; therefore, be reconsidered for 
sustainable and profit table sesame farming. 

 
Imoloame et al. (2007) reported that broadcasting method of sowing has 

produced taller sesame (Sesamum indicum L.) plants in the second season, 
greater number of flowers and pods per plant in both years and the average of 
two years data. Mkamilo and Bedigian (2007) attributed the yield increases of 
sesame are due both to development and use of improved varieties and 
improved agronomy practices and crop protection. The potential yield of 
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sesame still is much higher than actual yield, as still much damage occurs by 
pests and diseases, insufficient weed control, to high levels of monocropping, 
lack of mechanization (amongst others causing seed shattering when not 
enough labour is available during harvest) and unrealized genetic potential. 
Potential yields are probably as high as 2000 kg/ha.  

 
In addition, humic acid (HA) is one of the most important components of 

bioliquid complex. Because of its molecular structure, it provides numerous 
benefits to crop production. It helps break up clay compacted soils, assists in 
transferring micronutrients from the soil to the plant, enhances water retention, 
increases seed germination rates, improves water, air, and roots penetration, 
and stimulates development of microflora population in soils. Humic acid is not 
a fertilizer, but as considered as a compliment to fertilizer (Mackowiak et al., 
2001). On this respect, Wahdan et al. (2006) and El-Bassiouny et al. (2014) 
indicated that humic acid (HA) is not a fertilizer as it does not directly provide 
nutrients to plants, but is a compliment to fertilizer. Its benefits include:  
i)  Addition of organic matter to organically-deficient soils; ii) increase root 
vitality, iii) improved nutrient uptake, iv) better formation and stability of soil 
aggregates, v) increased both water and fertilizer retention, and vi) stimulate 
beneficial microbial activity. 

Humic acid increased significantly all morphological criteria (plant height, 
leaves number, fresh and dry weights of shoots), metabolism (photosynthetic 
pigment, total soluble sugar, total carbohydrates, total amino acids and proline), 
mineral contents (N, P, K, Ca and Mg) and grain, straw and biological yields of 
both cultivars of wheat (El-Bassiouny et al., 2014).However, the following 
references enhance this facts. For instance, Singaravel et al. (1993) detected 
that the seed yield of sesame (Sesamum indicum L.) plants increased with 
increasing the addition rate of HA from 0 to 40 kg/ha., sprayed on the soil 
surface. However, yield of sesame was found to be greatest with nitrogen 
application along with humic acid over application of Azospirillum (Singaravel 
and Govindaswamy, 1998). Porass et al. (2010) stated that application of half 
of the recommended dose of N- fertilizer combined with Azospirillum and humic 
acid led to the highest significant increases in number of branches, number of 
capsules, 1000- seed weight, seed yield and oil percent, for Giza 32 cv. and 
Shandweel 1 cv. sesame (Sesamum indicum L.) genotypes.  

 
The highest yields for peanut and sesame (Sesamum indicum L.) seeds 

achieved upon treating by gypsum application and humic acid as foliar spray 
increases 104.36 % and 91.62% for peanut and sesame seeds, respectively 
over control plant. The highest values of proteins yield, P and K contents and oil 
yield were achieved upon treating by 4.76 tons/ha gypsum and foliar spray with 
6 g H.A./l. Significant increases in proteins%, P%, K%, and oil % and protein, P 
and K content and oil yield for sesame seeds were taken place due to gypsum 
application, foliar spray by humic and/or amino acids were obtained. The 
highest values were achieved for proteins yield, P and K contents and oil’s yield, 
with treating by 4.76 tons/ha., of gypsum and foliar spray with 6 g/l humic acid 
(Eisa, 2011). 
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The objective of this study was to investigate the effect of different two 
sowing methods and humic acid levels, on yield and yield components and 
quality of sesame (Sesamum indicum L.) 
 

MATERIALS AND METHODS 
Two field experiments were carried out to study effect of two sowing 

methods and four humic acid levels, on yield, yield components and quality of 
sesame (Sesamum indicum L.) cv. “ Shandaweel 3”. Field experiments were 
conducted in El-Horreya village, Abou El-Matamir, El-Behira governorate, 
Egypt, during the two successive summer seasons 2013 and 2014 in sandy 
loam soil.  Some physical and chemical characteristics of the studied soil before 
planting are presented in Table (1) which, were determined according to Klute 
(1986) and Page et al. (1982).  

 
Table (1): Physical and chemical properties of the experimental soil sites 

during 2013 and 2014. 
 

Soil characteristics 

Properties   Seasons 

Particle size distribution 2013 2014 

Sand % 60.90 61.03 

Silt % 10.60 10.05 

Clay % 28.50 28.92 

Soil texture (%) Sandy loam Sandy loam 

pH (1: 2.5 water suspension) 8.10 7.99 

EC (dSm
-1

) 2.10 1.95 

Soluble Cations (meq/L.)  

Ca
+ + 

7.60 9.10 

Mg
+ + 

5.20 4.85 

Na
+ 

4.10 4.00 

K
+ 

0.20 0.25 

Soluble Anions (meq/L.) 

HCO3
- 

2.00 1.95 

Cl
- 

3.85 3.77 

SO4
- -

 10.50 12.20 

O.M. (%) 1.85 1.90 

CaCO3 (%) 22.50 23.70 

/kg)mgAvailable Mineral N( 92.40 85.60 

/kg)mgAvailable P ( 23.12 25.50 

 

The experiments were designed as split plot design with three 
replications, where the sowing methods (broadcasting or hills on ridges) at the 
rate of 10 kg seeds/ha were distributed at random within main plot, while humic 
acid levels (untreated, 1200, 2400, and 3600 g/ha) applied at sowing and first 
irrigation at two equal doses were allocated at random within the subplot. The 
humic acid (Techno potas- humic acid) analysis is presented in Table (2). 
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Table (2). Techno potas- humic acid analysis 
 

Product analysis 

Product name Techno Potas- Humic acid 

Formula (W/W) 12% K2O – HA 75 % 

Potassium K2O (on dry basis) 12 % (W/W) 

Humic acid (on dry basis) 75 % (W/W) 

Moisture 15% (Max.) 

pH 9 -10 (Max.) 

Water solubility 95 % (Min.) 

 

The sub plot area was 10.5 m2 (3 m width and 3.5 m length) in 
broadcasting sowing method, while in ridges planting method, the sub plots 
consisted of 6 ridges 3.5 meters in length, 60 cm in width and 20 cm between 
hills. However, Nitrogen fertilizer was applied as urea fertilizer (46% N) at the 
rate of 75 kg N/ha, at two doses. Phosphorus fertilizer was applied before 
planting as Calcium- Super Phosphate (15.5 % P2O5) at the rate of 480 kg/ha. 
Potassium Sulphate (48 % K2O) was added before the second irrigation at rate 
of 120 kg/ha. Sesame (Sesamum indicum L.) cv. “Shandaweel 3” was sown on 
10th and 15th of June in 2013 and 2014 seasons, respectively. The preceding 
crop was clover (Trifolium alexanderinum, L.) during both seasons of the study. 
All other agricultural treatments for growing sesame plants were done as 
recommended by the Ministry of Agriculture.  
 

At harvest time 120 days from sowing stage, the following data were 
recorded: plant height (cm), number of capsules/plant, capsule length (cm), 
number of seeds/capsule, 1000- seed weight (g), seed yield, straw yield, 
biological yield (kg/ha), harvest index and oil seed content % (was determined 
according to AOAC 1990). 

 
Samples of sesame seeds were ground and 0.5 g powder of each was 

digested by concentrated mixture of H2SO4// HClO4 acids according to 
Sommers and Nelson (1972). Nitrogen was determined by micro- Keldahl, 
according to Jackson (1976) and multiply by 6.25 to determine protein 
percentage. Phosphorus was determined, spectrophotometrcally, using 
ammonium molybdate/ stannus chloride method according to Chapman and 
Pratt (1978). Potassium was determined by a flame photometer, according to 
Page et al. (1982). Fe, Mn, and Zn concentrations were determined by using 
Atomic Absorption apparatus. 

Data were, statistically, analyzed as a split plot design according to 
Snedecor and Cochran (1990). The least significant differences (LSD at 0.05) 
used to compare the treatment means using CoStat (2005) program.  
 

RESULTS AND DISCUSSION 
A. Effect of sowing methods 

Results in Tables (3 and 4) showed that sowing methods and humic acid 
rates were, significantly affected most of the studied characters; i.e., plant 
height (cm), number of capsules/plant, capsule length (cm), number of 
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seeds/capsule, 1000- seed weight (g), seed, straw and biological yields kg/ha., 
harvest index and oil seed content % of sesame (Sesamum indicum L.). 
Whereas, the sowing sesame plants by broadcasting method recorded the 
highest mean values of most of the previous parameters i.e. yield, its 
components and oil content in sesame seeds, while the lowest ones were 
obtained by planting sesame plants in ridges as planting method. However, 
planting in ridges achieved the heaviest straw yield kg/ha. Meanwhile, there 
was no significant difference between both sowing methods on harvest index 
(H.I. %) during the second season. The similar results, more or less, were with 
agreement with those obtained by Imoloame et al. (2007). 

 
Data of Table (5) revealed that there was no significant difference 

between planting methods respective Zn concentration in seeds of sesame in 
both seasons. Also, data in Table (5) showed that planting methods affected, 
significantly, on Fe and Mn contents in seeds during both seasons, while, 
planting methods affected, significantly, protein % and K % in sesame seeds 
during first season of this study and P content in the second season only. In 
addition, broadcasting method achieved the higher concentration of all the 
pervious studied characters.  These could be due to intra-plant competition in 
the drilled crop compared with the broadcast crop (Imoloam, 2004). 

 
B. Effect of humic acid 

Humic acid levels had significant effects on most of the studied 
characteristics, where the highest level of humic acid (3600 g/ha.) gave the 
highest average values from these traits of sesame (Sesamum indicum L.) as 
compared with others rates of humic acid. However, the lowest mean values 
were obtained with untreated (without humic acid) during both growing seasons. 
Similar conclusion was also, suggested by Singaravel et al. (1993); Porass et 
al. (2010); Eisa (2011). 

 
Hermann et al. (2000) reported that the positive effect of HA and organic 

fertilization on the yield capacity of soil consists of many components. The first, 
these components concerning nutrient supply to plants. The second, physical 
soil properties are affected resulting in differences in root penetration, gas 
exchange and water supply. Humic acid essentially helps the movement of 
micronutrients from soil to plant. 

 
Data in Table (4) showed that oil content in sesame seeds increased with 

increasing H.A. up to 3600 g/ha. The increase of humic acid from 1200 up to 
3600 g/ha., had increased, significantly, oil content of seeds. These findings 
were in agreement with those obtained by Thanvanathan et al. (2001).  

 
Data of protein, P and K % in sesame seeds presented in Table (5) 

showed that adding humic acid up to 3600 g/ha., exerted significant increase in 
P and K %. The highest mean value of P and K % in seeds increased by using 
3600 HA/ha, in comparison with others treatments during both seasons. These 
results are in agreement with those of Antoun et al. (2010).  
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However, Fe, Mn and Zn concentrations affected significantly by using 
humic acid rates, whereas, the highest values were recorded using 3600 g/ha. 
The micronutrient concentrations in seeds were within sufficient limits according 
to Benton et al. (1992). 

 
The highest values of protein, P and K contents in seeds of sesame were 

achieved by soil application of humic acid. The application of all treatments 
recorded marked increases in the concentration of Mn and Zn in sesame seeds, 
in both seasons. From the obtained results it could be concluded that bio-
fertilizer and organic materials like, compost, humic acid and compost tea could 
producing higher sesame yield quantity and quality. Moreover, application of 
such materials conserves the environment from chemical pollution hazards 
(Khaled et al. 2012). The above- mentioned data cope with the significance role 
of humic acid; whereas, it improves physical, chemical and biological properties 
of the soil and influences plant growth. In this concern, humic acids are 
important soil components; they can improve nutrient availability and have 
impact on other important chemical, biological, and physical properties of soils. 
Also, foliar application of humic acids increased the uptake of P, K, Mg, Na, Cu 
and Zn (Hussein and Hassan, 2011). 
 
C. Effect of Interaction effects 

Data in Tables (3, 4 and 5) illustrate the effect of interaction between 
sowing methods and humic acid levels on all of the studied characters i.e. yield, 
its components, protein, micronutrients and macronutrients in seeds of sesame 
(Sesamum indicum L.) during the two cropping seasons. Whereas, the highest 
mean values of the studied parameters were obtained by sowing sesame plants 
by broadcasting with humic acid at rate of 3600 g/ha., while the lowest ones 
were recorded with planting on ridges with untreated (0 humic acid) in both 
seasons. These results showed that sowing methods and humic acid rates act 
dependently on those pervious studied characters. 

 
Increases in macronutrient concentrations in sesame seeds may be 

taken place due to the availability of them in the soil as a result of decreasing 
soil pH and salinity caused by the action of organic materials or biofertilizer. 
These results agreed with those obtained by Moussa et al. (2006) and Nasef et 
al. (2009).  Furthermore, the relative increases of Fe, Mn and Zn concentrations 
in sesame seeds are depending on their available contents and their solubility in 
soil caused by soil amendments (Khaled et al. 2012).However, the 
micronutrient concentrations in seeds were within sufficient limits according to 
Benton et al. (1992). 

 

CONCLUSION: 
As a result of this two cropping seasons field’ study, it was concluded 

that yield, its components and quality of sesame crop increased with 
broadcasting method and humic acid at rate of 3600 g/ha., under study 
conditions at Abou El-Matamir, El-Behira governorate, Egypt. 
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ABSTRACT: Two field experiments were carried out at the experimental station farm Faculty 

of Agriculture (Saba –Basha), Alexandria University, Egypt, during 2013/2014 and 2014/2015 
seasons to study the response of some wheat varieties (Triticum  aestivum, L.) (Masr-1, Sakha-94 
and Gemmeiza-9) and study the effect of nitrogen levels (zero, 35, 70 unit nitrogen) and bio-
fertilization (Control, 35 Kg/fed + Microbein, 75 Kg/fed + Microbein) on yield and technological 
characteristics of wheat using spilt plot design with three replicates. The preceding summer crop 
was cotton in both growing seasons. The results could be summarized as follows Wheat cultivars, 
i.e. (Sakha-94, Masr-1 and Gemmeiza-9) were significantly differed in all growth characters under 
study. Nitrogen levels and Bio-fertilizers produced significant increments in all growth characters 
and Chemical composition. The interaction between wheat cultivars, nitrogen levels and bio-
fertilizers showed significant effects on all studied traits. The obtained results showed the highest 
values plant height, number of tillers m

-2
, spike length, number of spike m

2,
 number of 

spikelets/spikes, number of kernels/ spikes 1000-grain weight, spike weight, Ardabs, grain, straw 
and biological yields, harvest index, wheat moisture %, ash%, falling number sec, specific weight 
sec, total protein%, wet gluten%, dry gluten%, gluten index %, flour moisture%, ash moisture%,  
flour ash%, bran ash%, flour falling number sec, flour wet gluten% and milling characters%. Were 
obtained from the highest level of nitrogen 75 KG/fed N and 75 Kg/fed N+ microbein. 

Key world: Wheat varieties, Nitrogenous, bio-fertilizer, technological characteristics, yield. 

 

INTRODUCTION 
Wheat (Triticum aestivum L.) is the most widely cultivated cereal crop and is 

the major source of human food. The total production of wheat in Egypt reached 
8.5 million tons in 2015 produced from an area of 3.7 million fedden (FAO. 2015). 
Ashmawy et al. (2010) found that the results cleared that Gemmeiza-9 cultivar 
surpassed each of Sakha-94 and Giza 168 cultivars in number of spikes/m2, 
number of spikelets/spike, weight of 1000 grains, biological and grain yields in both 
seasons of study. Seleiman et al. ( 2010) found that Gimmeza-9 had the highest 
number of spikes per m2, number of grains of spike and grain yield. Rahimi (2010) 
studied the effect of nitrogen rates (o, 40, 60 and 80 kg N/ha) as urea and showed 
that effect of nitrogen on grain yield was highly significant. The grain yield was 
increased to 4800 kg/ha by the application of 80 kg N/ha. Kandil et al. (2011) 
found that Bio-fertilizer treatments significantly affected plant height, tillers 
number/m2, spikes number/m2, number of grains/spike, grain weight/spike 1000-
grain weight, biological yield, grain yield and straw yield, during the three seasons. 
Toaima et al. (2000) found that grain yield of Sids-1 variety. exhibited the highest 
percentage for all characteristics under study, Sakha-69 variety gave the lowest 
values and reported that hectoliter, flour and bran were significantly. Increased 
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increasing nitrogen fertilization levels up to 80kg / fed and   reported that the 
interaction effect of N-levels with variety indicated that Sids-1 with application of 80 
kg N/fed. Increased ash, fiber, hectoliter and bran. Toaim  et al. (2000) and El-
Naggar (2003) found that Sakha-93 had the highest flour percentage and the 
lowest fine and coarse bran percentage, as compared with the other tested 
cultivars. Mahrous and Abd-Elhady (2006) reported that Gemmeiza-9 was most 
productive Egyptian cultivar. Kandil et al. (2011) found that Nitrogen fertilizer 
levels had significant effect on grain nitrogen percentage and crude protein content 
of wheat grain. Highest nitrogen fertilizer dose of 214.2 kg N/ha significantly 
affected both grain nitrogen percentage and protein content which seemed to be 
interdependent since this highest nitrogen level induced the highest level of 
nitrogen percentage and crude protein of wheat grain. The highest means of grain 
protein percentage and crude protein content as an average of the three seasons 
was exerted when the higher nitrogen level of 214.2 kg N/ha was applied. The 
lowest mean values of crude protein % and nitrogen content were produced when 
the low nitrogen level of 107.1 kg N/ha was applied.  

 
It seems that nitrogen addition increased crude protein content as a result of 

increasing nitrogen availability and nitrogen uptake by plant. Ashmawy et al. 
(2010) found that the interaction of wheat cultivars and N fertilization significantly 
affected spike length, biological and grain yields only in the first season. Also, 
indicated that spike length, biological and grain yields were significantly affected by 
the interaction between cultivars and N levels only in 2006/2007 season. However, 
the response of Gemmeiza-9 cultivar to the increase in N level was relatively 
different compared to the other two cultivars. The results in show that number of 
spikes/m2, number of spikelet's/spike, number of grains/spike and weight of 1000 
grains were not significantly affected by the interaction of cultivars and N fertilizer 
levels in both seasons of the study as well as spike length, biological and grain 
yields/fed in the second season. 

  
Therefore objective of the present study was to evaluate the effect of nitrogen 

levels 46.5% and bio-fertilization on yield, with different conditioning times on Egypt 
wheat three properties (Masr-1, Sakha-94, Gemmeiza-9) and technological 
characteristics of some bread wheat varieties. Study the best class with a good 
technological property, Study the impact of mineral fertilizers to increase yield and 
facilitate the various elements of the plant and improve the quality of bread, Study 
the impact of bio-fertilization to provide hectic organisms of the soil and reduce 
pollution and increase technological properties of wheat and Study of the 
interaction between varieties and biological fertilization on wheat productivity and 
quality.   
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MATERALS AND METHODS 
Two field experiments were conducted at the experimental Farm, Faculty of 

Agriculture (Saba–Basha), Alexandria University, Egypt, during 2013/2014 and 
2014/2015 seasons. The experiments were carried out to study the effect of 
nitrogen levels 46.5% and bio-fertilization (Microbein) on yield and technological 
characteristics of some bread wheat varieties (Triticum aestivum, L.). Microbein as 
a commercial product were produced by Agriculture Research Center which 
includes Azotobacter spp., Azospirilhim spp. and Bacillus spp. The grain 
inoculation was done before sowing directly. 

Each experiment was don using spilt-plot design in three replicates, where 
wheat cultivates (Masr-1, Sakha-94, Gemmeiza-9) occupied the main plot, while 
the nitrogen levels (0, 35 and 75 kg/fed with or without microbein) were assigned in 
the sub plots.  

 
Cultivars were obtained from wheat Breeding Section Agriculture Research 

Center, Ministry of Agriculture, Egypt, and while Microbein obtained from wheat 
Breeding Section, Agriculture Research Center, Ministry of Agriculture, Egypt. 

 
Experimental Design 

Experimental design was split-plot with three replication included 18 
treatments which were the combination between wheat cultivars and 6 treatments 
with nitrogen levels and Bio-fertilizers. Wheat cultivars were allocated in the main 
plots; both nitrogen and bio-fertilization were allocated in the sup-plots. The size of 
each plot was 6 m2 (2.0m long and 3.0m wide). Sowing dates were November 21th 

2013/2014 and 2014/2015 in both seasons, respectively while seeding rate was 70 
kg/fed. Calcium super phosphate (15.5% P2O5) was applied during soil preparation 
at the rate of 37 kg ha-1 P2O5. Wheat growing samples were taken at random from 
each split-plot at different stages of growth, i.e. before heading stage (75 days after 
sowing), heading stage (90 days after sowing). First irrigation was applied at 25 
days after sowing and then plants were irrigated every 25 days till the dough stage. 

 
The preceding crop was cotton for the tow growing seasons, soil samples of 

the experimental sites were taken at the depth of zero to 15cm. and 15 to 30 cm. 
from soil surface before the sowing. Physical and chemical analyses were done 
according to Chapman and Pratt (1978) at the Soil Laboratory of the Soil and 
Agricultural Chemistry Department, Faculty of Agriculture (Saba-Basha), 
Alexandria University. Detailed results of the soil characteristics are presented in 
Table (1). The experimental treatments can be described as follows:  

 
Nitrogen fertilization 

Nitrogen fertilizer was added in three doses at a rate of  Control, 35  kg/fed,  
75 kg/fed,  Microbein, 35 kg/fed + Microbein , 75 kg/fed + Microbein N/fed. The 
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recommended dose, Where, Control, 37.5 kg/fed, 75 kg/fed, microbein, 37.5 kg/fed 
+ microbein, 75 kg/fed + microbein  were added at sowing time and first irrigation, 
37.5, 75 kg N/fed added at the second irrigation (25 days after sowing). In the two 
experiments N-fertilizers added in the form of ammonium nitrate (46.5%N). 

 
Bio-fertilization 

Microbein the bio fertilizer used in the present study produced by the 
Organization for Agriculture Equalization fund, Ministry of Agriculture, Egypt. It is 
prepared by adding equal amounts of these Microorganisms to carrier material and 
consists of a mixture of N2-fixing bacteria e.g. Azotobacter, chroococcum, 
Azospirillum brasilense and Bacillus polymyxa for Cerealin, while Biogien contain 
Azotobacter chroococcum only. The bio-fertilizer Microbein was obtained from 
wheat Breeding Section, Agriculture Research Center, Ministry of Agriculture. 

 
Table (1). Soil chemical and mechanical analysis of the two experimental 

sites of 2013/2014 and 2014/2015 seasons. 

 

soil properties Season 1 (2013/2014) Season 2 (2014/2015) 

P
H
 8 7.9 

EC (dS/m) 1.73 1.74 

Total N(%) 0.35 0.4 

Organic matter (%) 1.8 1.75 

Available phosphate( mg/kg) 3.4 3.2 

Mg++ 0.56 0.55 

Na+ 2.75 2.6 

K+ 0.08 0.07 

Ca++ 0.92 0.9 

C03
=+HCO-

3 0.86 0.85 

Cl
-
 3.1 3 

SO4
= 1.55 1.4 

Sand% 14.9 14.7 

Silt% 42.6 42.6 

Clay% 42.5 42.7 

Soil Texture Clay loam Clay loam 
 
Collected Data 

Yield and yield components: 
At the harvest time, one square meter was taken from each plot to 

determine the following: 
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Spike Length (cm), Number of spikelet’s / spike, Number of kernel / spike, Number 
of spikes m2, 1000 Kernel weight gm, Grains yield Ardab / fed, Straw yield ton / 
fed, Grain yield ton/fed, Harvest index (HI %).  
 

The studied characteristics 
Chemical composition: 

Approximate composition was determined according to AOAC (2000). all 
analysis was carried out in triplicate. 
Moisture according by AOAC (2000). Ash content according by AOAC (2000). 
Total protein cored by AOAC (2000). Gluten content cored by AOAC (2000). Milling 
experimental: Wheat samples (48 kg, based on 14% moisture) were-tempered to 
16% moisture content for 12, 24 and 36 h. prior to milling through a Buhler, MLU-
202, pneumatic mill by AACC method 26-31 (2000). Two transactions for wheat 
grinding were conducted of wheat flour are presented in Table (2). Roll spacing 
was set mechanically using a feeler gauge. Extraction rate of each treatment was 
calculated as follows: Extraction rate= flour (g)/crude wheat (g)*100. Proximate 
chemical compositions  
 
Table (2). Gap (mm) between roller mills. 
  

Treatment                     Break stream   Reduction stream 

  B1 B2 B3 C1 C2 

Normal milling 0.4 0.1 0.08 0.07 0.03 
Falling number according by AOAC(2000). 

 

Statistical analysis 
 Data were subjected to the proper statistical analysis as the technique of 

analysis of variance (ANOVA) of split plot design as mentioned by Gomez and 
Gomez (1984). Treatments were compared using the least Significant Difference 
(LSD) test as outline by Waller and Duncan (1969).  

 
Result and Discussion 

The data in Table (3) Indicted that growth attributes of wheat were 
significantly affected with different wheat varieties and nitrogen levels with bio-
fertilization on both seasons. Wheat plant fertilized with 35 kg/fed and 75 kg/fed + 
Microbein gave the highest values of plant height followed by those fertilized with 
35 kg/fed and 75 kg/fed + Microbein,: simultaneously. Control fertilized and 
Microbein fertilized of height were the lowest. This was completely true in each of 
all studied characters. Sakha-94 and Gemmeiza-9 gave heights plant height on 
both seasons. The increases in plant height due to the increase in nitrogen with 
bio-fertilization. Number of tillers were significantly affected with different wheat 
varieties and nitrogen levels with bio-fertilization on both seasons. Sakha-94 gave 
heights number of tillers and Masr-1 gave the lowest on both seasons. Fertilized 
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with 35 kg/fed and 35 kg/fed + Microbein /fed gave the highest values Control 
fertilized and Microbein gave the lowest on both seasons. The data in Table (4) 
indicted that yield and its components. Sakha-94 gave heights number of spike m2, 
spike length and number spikelet’s / spike. Masr-1 gave the lowest on number 
spikelets / spike, Gemmiza-9 and Masr-1 gave the lowest on number of spike m2, 
spike length.  Fertilized with 75 kg/fed and 75 kg/fed + Microbein /fed gave the 
highest values on number of spike m2, spike length and number spikelet’s / spike. 
And 35 kg/fed + Microbein /fed gave the highest values zero unit /fed fertilized and 
Microbein unit /fed gave the lowest on both seasons. Ashmawy et al. (2010).found 
that The results cleared that Gemmeiza-9 cultivar surpassed each of Sakha-94 and 
Giza 168 cultivars in number of spikes/m2, number of spikelet's/spike, weight of 
1000 grains, biological and grain yields in both seasons of the study. Seleiman et 

al. (2010). found that Gimmeiza-9 had the highest number of spikes per m2, 
number of grains of spike and grain yield.  

Significant differences were detected among the three tested cultivars for 
nitrogen levels and bio-fertilization on yield and yield components Table (5). Masr-1 
gave heights on 1000 kernel weight, spike weight, Ardads ton/fed but Gemmeiza-9 
and Sakha-94 gave the lowest on 1000 kernel weight and ardads ton/fed. Fertilized 
with 75 unit + Microben /fed gave the highest values on 1000 kernel weight, spike 
weight and ardads ton/fed on both seasons. Toaima et al.  (2000).  reported that 
the highest values of plant height, length and weight of spike, No. of spikes / m2, 
No of grains / spike, weight of 1000-kernel and yield / fed. Were obtained from the 
highest levels of nitrogen (80 kg /fed). 

Table (6). Masr-1 gave heights on grain yield ton/fed, biological yield ton/fed, 
straw and HI% but Gemmeiza-9 and Sakha-94 gave the lowest. Fertilized with 75 
unit + Microben /fed gave the highest values on grain yield ton/fed, biological yield 
ton/fed, straw and HI% on both seasons. Control fertilized and Microben fertilized 
of height was the lowest. Abd El-Razek and El-Sheshtawy (2013). reported that 
the highest yield produced due to application of N rate of 180 kg ha-1. And also,  
Kandil et al. (2011). Found that the highest yield was produced due to N level of 
178.5 kg/ha. Both N and crude protein contents responded up to 214.5 kg N/ha. 
Also, Nitrogen levels had significant effect on plant height (cm), number of 
tillers/m2,spike number/m2, number of grains/spike, grain weight/spike(g), 1000-
grain weight (g),biological yield (t/ha), grain yield (ton/ha) and straw yield (t/ha). 
Also, Gafarr (2007). studied that effect of nitrogen fertilizer levels (0, 30, 60 and 90 
kg N/fed) on productivity of four wheat cultivars (Sids1, Sids7, Sakha-69 and 
Gemmeiza-9). He found the Gemmeiza9 gave the highest values of No. of 
kernel/spike, 1000-kernel weight, spike yield and protein percentage.  
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Table (3). Effect of wheat varieties, nitrogenous and bio-fertilization on growth yield. 

 

 
plant height 

Session1 
Session2  

N. of tillers  m2 
Session1 

Session2  

Varieties (V) 
    

V1 86.61 b 89.33 b 304.33 b 291.11 b 

V2 94.85 a 94.32 a 251 c 258.27 c 

V3 95.17 a 95.12 a 375.33 a 390.66 a 

LSD0.05  5.82 4.75 13.15 15.37 

Fertilization (F) 
    

0 N  74.54 d 72.75 e 262.22 c 302.22 bcd 

35N 95.82 b 96.75 c 314.44a b 274.66 d 

75N 101.5 a  101.83 b 314.66a b 334 ab 

0 N +Microbein 80.74 c 80.46 d 297.55 b 330.66 abc 

35N+M 98.18a b 98.14b c 343.77 a 339.66 a 

75N+M 102.48 a 107.61 a 328.66a b 298.66 cd 

LSD0.05 4.14 3.76 32.28 32.81 

Interaction V*F  *** * ** *** 
 F= Fertilization. Varieties V1=Masr-1, V2=Sakha-94, V3=Gemmeiza-93 

35N=kg/Nitrogen, 75N=kg/Nitrogen, 35+M= kg/Nitrogen + Mecrobein, 75+M=kg/ Nitrogen + Mecrobein. 

 

Table (4). Effect of wheat varieties, nitrogenous and bio-fertilization on yield  and its 
components. 

 

 
N. spikelet’s/spikes    N. kernel spikes spike length cm N. of spike   m2 

 

Session 

1  

Session 

2 

Session

1 

Session

2 

Session

1 

Session

2 

Session 

1 

Session

2 

Varieties (V)  

V1 19.27 a 18.72 a 55.83  a  53.55 a 13.53 b 14.63 b 258.44 b 244.5 b 

V2 18.33 b 18.00 a 53.22  a 51.61 a 14.98 ab  13.98 b 244.66 b 195.77 c 

V3 17.66 b 17.27 a 52.0  a 50.33 a 16.09 a 15.96 a 339.77 a 355.72 a 

LSD0.05 0.89 1.63 3.87 5.29 1.53 1.09 34.85 40.37 

Fertilization (F) 

0 N 16.88 c 14.77 e 48.44 c 41.44 e 12.26 d 13.03 c 229.33 d 232.88 b 

35N 18.55 b 18.66 ab  54.11 b 53.66 bc 15.12 bc 14.73 b 278.22 bc 220.44 b 

75N 19.4 ab 19.77 ab 56.44 ab 57.33 ab 14.95 bc 17.38 a 290.66 b 289.22 a 

0N+Microbein 16.55 c 16.3 de 48.33 c 46.66d e 13.75 cd 14.17 bc 252.88 cd 276.44 a 

35N+M 18.88 ab 17.77 cb 55.22 ab 50.66 cd 15.86 ab 13.61 bc 323.88 a 301.55 a 

75N+M 20.22 a 20.66 a 59.55 a 61.22 a 17.26 a 16.21 a 301.77 b 271.44 a 

LSD 0.05 1.39  1.799 4.16 5.62 1.6 1.34 26.96 29.53 

Interaction 

V*F 
ns  *  ns *  * ns   ***    ***     
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Table (5). Effect of nitrogenous, bio-fertilization and wheat varieties on yield 
and yield components 

 

 
Weight 1000 spike weight  Ardab ton \ fed 

  
Session1  Session2  Session1 Session2 Session1 Session2 

Varieties (V) 

V1  53.67 a 49.07 a 3.62 a 3.65 a 14.62 a 16.23 a 

V2 47.71 b 49.53 a 3.67 a 3.65 a 12.74 b 14.38b 

V3 49.52 b 48.0 a 3.67 a 3.66 a 12.34 b 13.42 c 

LSD 0.05 2.08 1.72 0.46 0.2 0.61 0.4 

Fertilization (F) 

0 N  41.43 e 40.47 d 3.16 c 3.01 b 8.98 f 9.67 e 

35 N 47.96 c 46.33 c 3.58 b 3.71 a 11.20 d 13.31 c 

75 N 56.57 a 52.47 b 3.56 b 3.67 a 16.06 b 16.98 b 

0 N +Microbein 44.34 d 44.2 c 3.64 b 3.61 a 10.62 e 11.78 d 

35N+M 53.94 b 52.36 b 3.94 ab  3.75 a 13.90 c 16.76 b 

75N+M 57.56 a 57.38 a 4.07 a 4.13 a 18.56 a 19.30 a 

LSD 0.05 2.33 2.84 0.31 0.45 0.36 0.25 

V*F *** ns ** ns *** *** 

 

Significantly affected with different wheat varieties and nitrogen levels with 
bio-fertilization on chemical components Table (7) Masr-1 gave heights on Ash, 
falling number, specific weight. Sakha-94 gave heights protein.  But Gemmiza-9 
and Masr-1 gave the lowest on protein. Fertilized with 75 kg + Microbein gave the 
highest values on moisture, Ash, falling number, specific weight and protein on 
both seasons. Control fertilized and Microbein unit /fed fertilized of height were the 
lowest. Abd El-Rahim (1999). reported that falling number was 310 sec for wheat  
flour  (82% extraction ratio) and 525 sec for corn flour (97% extraction ratio) . 
AACC (2000).  According that Ash, wet and dry gluten percentages, Crude protein 
percentage was obtained by multiplying grain nitrogen content. 

 
Table (8) significantly affected with different wheat varieties and nitrogen 

levels with bio-fertilization on wheat gluten. Sakha-94 gave heights on wet, dry 
gluten; Masr-1 gave heights index gluten; Gemmiza-9 gave the lowest on both 
seasons. Fertilized with 75 kg + Microbein gave the highest values on wet, dry 
gluten and index gluten on both seasons. As reported by AACC (2000). According 
the method that Ash, wet and dry gluten percentages were measured and not 
agreed with Mahrous and Abd-Elhady (2006). reported that Gemmeiza-9 the 
most productive Egyptian cultivar. 
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Table (6). Effect of wheat cultivars, nitrogen and bio-fertilization on yield and yield 
components 

 

 
Grain yield Biological yield Straw  HI %  

 

Session 

1 

Session 

1 

Session 

1 

Session 

1 

Session 

1 

Session 

1  

Session 

1 

Session

1 

Varieties(V) 

V1 2194.4 a 2434.8 a 4787.7 a 4743.8 b 2593.57 a 2606.68 a 46.02 a 43.95 b 

V2 1912.3 b 2156.7 b 4155.1 b 4833.6 ab 2243.81 b  2636.51 a 45.45 a 45.8 a 

V3 1851.2 b 2014.3 c 3993.5 c 4962.0 a 2142.24 c 2690.69 a 45.30 a 45.7 a 

LSD 0.05 106.3 77.85  113.22 185.1 33.81 114.95 1.16 0.77 

Fertilization (F)  

0 N 1348.8 f 1453.33 e 3265.31 f 3468.82 f 1916.68 e 2015.48 f 41.23 d 41.90 d 

35 N 1682.51 d 2002.7 c 3748.84 d 4484.83 d 2068.45 d 2482.13 d 44.91 c 44.77 c 

75 N 2410.46 b 2541.66 b 5100.87 b 5623.55 b 2690.50 b 3081.88 b 47.21 b 45.42 c 

0N+Microbein  1593.7 e 1762.02 d 3580.67 e 3940.46 e 1987.04 e 2178.46 e 44.53 c 44.70 c 

35N+M 2085.32 c 2517.23 b 4400.27 c 5397.18 c 2314.97 c 2879.98 c 47.37 ab 46.57 b 

75N+M 2795.27 a 2935.03 a 5776.80 a 6164.71 a 2981.60 a 3229.81 a 48.3 a 47.60 a 

LSD 0.05 52.38 44.68 102.91 107.48 78.34 96.48 0.92 0.97 

V*F *** *** *** *** *** *** *** *** 

 
Table (7). Effect of wheat cultivars, nitrogen and bio-fertilization on chemical                  
components on wheat 

  

 
Wheat 

Moisture    

% 
Ash 

Wwheat 

% 

Falling 

number 

wheat 

(sec) SP.WT 
Protein 

% 

 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Varieties(V) 

V1 12.5 a 12.4 a 1.5 a 1.5 a 338.5 a 321.7 a 82.0 c 82.5 c 11.5 b 10.7 c 

V2 12.0 b 12.2 b 1.36 b 179.8 c 213.5 c 213.5 c 86.5 a 86.3 a 10.8 c 11.0 b 

V3 12.5 a 12.0 b 1.5 a 1.5 ab 272 b 294.4 b 84.4 b 84.6 b 12.5 a 12.0 a 

LSD 0.05 0.13 0.21 0.05 0.13 16.9 9.4 0.69 1.2 0.14 0.27 

Fertilization(F) 

0 N 12.3ab c 12.4 a 1.2 e 1.1 d 192.4 e 190.8 e 80.8 d 81.2 c 9.0 f 8.6 f 

35 N 12.5 ab 12.3 ab 1.4 c 1.3 c 246 c 261 c 84.8b c 83.7 b 10.4 e 10.3 d 

75 N 12.3 bc 12.1 b 1.6 a 1.6 b 297.4 b 306.4 b 85.5 b 86.0 a 12.1 c 12.8 b 

0N+Microbein 12.6 a 12.2 ab 1.3 d 1.3 c 210.3 d 229.6 d 83.5 c 83.9 b 10.8 d 9.7 e 

35N+M 12.4 abc 12.1 b 1.5 b 1.5 b 304.3 b 319.1 b 84.8 bc 85.9 a 12.8 b 12.1 c 

75N+M 12.1 c 12.3 ab 1.6 a 1.8 a 331.6 a 351.5 a 87.4 a 86.2 a 14.2 a 13.8 a 

LSD 0.05 0.25 0.21 0.07 0.11 12.28 15.54 1.6 0.9 0.23 0.33 

Interaction 

V*F 
*** *** *** *** *** *** *** *** *** *** 
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Table (8). Different wheat varieties and nitrogen levels with bio-fertilization                 
                 on wheat gluten 

  

 
Wet gluten Dry gluten Index 

 

 
Session1 Session2 Session1 Session2 Session1 Session2 

Varieties(V) 

V1 24.5 b 22.5 b 10.6 b 10.0 b 85 a 83.3 a 

V2 20.9 c 22.2 c 9.4 c 10.1 b 82.0 b 82.8 a 

V3 25.3 a 24.6 a 14.3 a 14.4 a 80.6 c 80.5 b 

LSD 0.05 0.71 0.31 0.5 0.5 1.2 1.1 

Fertilization(F) 

0 N 17.5 d 17.3 f 8.2 e 7.9 e 76.5 d 73.5 f 

35 N 21.6 c 21.0 d 10.4 c 10.0 d 80.0 c 80.7 d 

75 N 26.1 b 26.6 b 12.8 b 12.4 c 84.5 b 84.3 c 

0N +Microbein 21.7 c 19.9 e 9.7 d 9.7 d 79.3 c 78.3 e 

35N+M 25.6 b 24.9 c 12.9 b 13.3 b 85.6 b 86.5 b 

75N+M 29.0 a 28.8 a 14.6 a 15.7 a 89.5 a 90.0 a 

LSD 0.05 0.54 0.61 0.38 0.38 1.5 1.1 

Interaction V*F *** *** *** *** *** *** 

 
Table (9). Effect of wheat cultivars, nitrogen and bio-fertilization on chemical 

components on wheat flour 

 

 
Flour Moister Bran Moisture Ash flour Ash bran Falling number Wet gluten 

 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Session 

1 

Session 

2 

Varieties(V) 

V1 14.2 a 14.0 b 13.8 a 13.6 b 0.53 b 0.6 a 0.30 b 0.49 a 335.1 a 316.6 a 24.15 b 22.3 b 

V2 14.22 a 14.34 a 13.82 a 13.94 a 0.53 b 0.46 c 0.30 b 0.34 c 184.8 c 223.7 c 20.75 c 21.92 c 

V3 14.50 a 14.20 b 14.10 a 13.81a b 0.60 a 0.51 b 0.36 a 0.39 b 279.5 b 304.9 b 25.02 a 24.11 a 

LSD 0.05 0.31 0.22 0.31 0.22 0.017 0.015 0.018 0.016 14 8.5 0.19 0.16 

Fertilization(F) 

0 N 14.17 a 14.0 a 13.7 a 13.6 a 0.42 d 0.42 e 0.19 d 0.29 e 195 e 196 f 17.4 e 17.35 f 

35 N 14.35 a 14.12 a 13.95 a 13.70 a 0.47 c 0.48 c 0.24 c 0.35 c 247.2 c 267.6 d 21.28 d 20.6 d 

75 N 14.30 a 14.33 a 13.91 a 13.93 a 0.61 b 0.58 b 0.38 b 0.45 b 299.6 b 301.5 c 25.68 b 26.4 b 

0N+Microbein 14.51 a 14.12 a 14.10 a 13.7 a 0.44 d 0.46 d 0.21 d 0.33 d 21.5 d 243.5 e 21.52 c 19.72 e 

35N+M 14.26 a 14.27 a 13.86 a 13.87 a 0.63 b 0.57 b 0.39 b 0.54 b 307.8 b 322.8 b 25.58 b 24.58 c 

75N+M 14.20 a 14.12 a 13.84 a 13.86 a 0.76 a 0.67 a 0.53 a 0.54 a 334.2 a 359.0 a 28.33 a 28.42 a 

LSD 0.05 0.42 0.28 0.42 0.28 0.024 0.016 0.266 0.017 12.5 4.8 0.19 0.14 

Interaction 

V*F 
ns * ns * *** *** *** *** *** *** *** *** 
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Table(10): Effect of nitrogen, bio-fertilization and wheat cultivars on milling 
character.                                                                                                     

                                                                                                  

 
flour bran Short 

 
Session1 Session2 Session1           Session2  Session1 Session2 

Varieties(V) 

V1 72.03 a 72.17 a  21.72 a 22.01 a 6.7 b 6.6 b 

V2 71.72 ab 72.03 a 20.17 c 20.26 c 7.5 a 7.3 a 

V3 71.57 b 71.93 a 20.82 b 20.81 b 7.6 a 6.7 b 

LSD 0.05 0.45 0.45 0.26 0.07 0.22 0.44 

Fertilization(F)  

0 N 75.3 a 75.5 a 17.38 f 17.46 f 7.31 b 7.0 ab 

35 N 72.7 c 73.27 c 19.87 d 19.91 d 7.34 b 6.81 bc 

75 N 69.48 e 69.80 e 23.12 b 23.24 b 7.38 ab 6.9 ab 

0N+Microbein  74.4 b 74.5 b 18.03 e 18.37 e 7.5 a 7.12 a 

35N+M 70.17 d 70.27 d 22.65 c 22.78 c 7.16 c 6.93 ab 

75N+M 68.47 f 68.8f 24.37 a 24.38 a 7.14 c 6.7 c 

LSD 0.05 6.34 0.22 0.33 0.13 0.12 0.17 

Interaction 

V*F 
*** *** *** *** *** *** 
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The Influence of Continuous Organic Manure Application on 
Chemical Properties and Organic Carbon of Cultivated Soils 

 
A.S. Al-Malik 

Soil Sciences Department, College of Food & Agricultural Sciences, King Saud 
University,  P.O. Box 2460, Riyadh 11451, Kingdom of Saudi Arabia 

ABSTRACT: A study was conducted to determine the effects of short- and long-term 

application of organic manure on soil chemical properties including soil pH, EC, CaCO3, SOC, 
and soil available N and P under arid conditions. The solid and liquid organic manure were 
applied to the soils cropped with the vegetable for either up to 2-years under vegetable plants or 
15-years to soils cropped with fruit trees. Soil samples were collected at sampling depths of 0-
15, 15-30, 30-45, 45-60 cm. Results showed that the soil organic carbon (SOC) content ranged 
between 0.6-12 g kg

-1
 and 1.7-31.5 g kg

-1
 after organic manure application for one year and 15-

years in soil samples cropped with fruit trees, respectively. Moreover, SOC content ranged 
between 0.6 and 6.4 g kg-1 and 0.9 and 8.6 g kg

-1
 after organic manure application for the one 

year and 2-years in soil samples cropped with vegetable, respectively. The highest soil 
available N (211 mg kg

-1
) was found after long term application of organic manure (15-years) 

followed by that (162 mg kg
-1

) found after the 2-years organic manure application. The higher 
soil available P (52-60.2 mg kg

-1
) was also found with 15-years and 2-years application of 

organic manure. It could be concluded that the addition of organic manure to the soil of arid 
condition may be suitable for maintaining soil organic carbon and improving soil fertility by 
increasing N and P availability. 

Key words: Organic manure, soil organic carbon, soil available nitrogen, soil available 

phosphorus. 

 
INTRODUCTION 

Among the soils used for agriculture in arid conditions are the calcareous 
sandy soils. In calcareous soil, the high content of CaCO3 and high soil pH 
could reduce the availability of nutrients to plants (Wassif et al., 1995). 
Amelioration of these soils is a must to improve their productivity. In this 
context, the use of soil conditioners like organic wastes could be practiced for 
this purpose. The use of organic manures with high organic matter, N and P 
contents may improve soil properties for agricultural use (Wassif et al., 1995; 
Morera et al., 2002; Bouajil and Sana, 2011; Diacono and Montemurro, 2010; 
Miller and Miller, 2000). 

Soil quality is a complex characteristic and is determined by the physical, 
chemical and biological components of the soil (Manna et al., 2005; Johansson 
et al.,1999). Changes in soil physico-chemical and biological characteristics are 
considered good indicators of soil quality. The fact is that soil chemical and 
biological properties change when soil organic carbon content is increased due 
to organic amendments (Diacono and Montemurro, 2010; Bouajil and Sana, 
2011). There is evidence that organic residues can improve soil fertility by 
increasing nutrient availability (Bouajil and Sana, 2011). In soils, impact of 
addition of organic amendments on SOC and nutrients availability was 
investigated by several authors (Richard et al., 1995; Hue 1991; Hou et al., 
2012). Organic manure will maintain soil organic carbon as well as add N and 
other nutrients to the soils for agronomic crops (Triberti et al., 2008). 
Additionally, organic amendments may increase the solubility and availability of 
P in soils (Hue, 1991; Iyamuremy et al., 1996a; 1996b; 1996c).   
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Assessment of dynamics of soil organic carbon (SOC) and chemical soil 
properties under arid conditions after long term application of organic manure 
can help to draw the useful conclusion for their contribution. There is currently 
no available information about the effects of the long term application of organic 
manure on SOC and chemical soil properties in arid conditions in Saudi Arabia. 
Therefore, the objective of this study was to determine effects of the short and 
long term application of organic manure on soil chemical properties including 
soil pH, EC, CaCO3, SOC, and soil available N and P under arid conditions. 
 

MATERIALS AND METHODS 
The study area is located in the northern part of Saudi Arabia at Al Juaf 

(lat 29' 49" N, long 39' 52" E). According to Soil Survey Staff (2006), the area 
was classified as Aridic-Hyperthermic zone. The solid organic manure was 
applied to the soils for either up to 2 years under vegetable crops or 15 years 
under fruit trees. Soil samples were collected at sampling depths of 0-15, 15-30, 
30-45, 45-60 cm. The disturbed surface and subsurface soil samples for 
physico-chemical analyses as well as the total content of organic carbon were 
collected from soil profiles under fruit trees or vegetable plants. All soil samples 
were air-dried at room temperature (20-22oC) and ground to pass through a 2-
mm sieve. The particle size distribution was determined by the pipette method 
(Gee and Bauder, 1994). Soil texture is ranging between sand and sandy clay 
loam. Soil chemical properties were measured according to standard methods 
(Sparks 1996). Soil pH was measured using a glass electrode in a suspension 
of saturation soil paste. Electrical conductivity (EC) was measured in the soil 
extracts of saturation soil paste. Calcium carbonate content was determined 
using a calcimeter. The soil organic matter was measured according to Nelson 
and Sommers (1996). Soil available inorganic N (NH4-N and NO3-N) was 
determined according to Keeney and Nelson(1982). Also, ammonium 
bicarbonate extractable phosphorus was determined colorimetrically according 
to Soltanpour and Workman (1979). 
 
Statistical analysis 

The values of mean are calculated. The statistical analysis was 
performed by using Statistica for Windows Statistical Software (StatSoft, 1995).   
 

RESULTS AND DISCUSSION 
Effects of organic manure on soil chemical properties 

Table 1 shows the average values of the measured soil chemical 
properties as affected by organic manure application. In addition, table 2 shows 
significance at the 0.05 and 0.01 probability levels. The pH values of soil 
samples ranged between 7.94 and 8.85 in soil samples of fruit trees and 
between 8.00 and 8.85 in samples of vegetables soils (Table 1). The high 
values of soil pH may be attributed to the high free CaCO3 content in soil.  

The EC values ranged between 0.002 and 0.461 dSm-1 in soil samples of 
fruit trees and between 0.098 and 0.379 dSm-1 in soil samples of vegetable 
crops (Table 1). Generally, the EC values were lower at surface layers after 
short term of organic manure application than those after long-term of organic 
manure application. This suggests that the continuous application of organic 
manure, for long time, may be responsible for the increasing soil salinity. 
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However, these increases in EC did not reach to the high levels that may be 
responsible for damaging plants. The results also indicated that the long-term 
application (15-years) of organic manure showed lower EC values than the 
short-term application (1-year) with increasing sampling depth of fruit soils. One 
possible reason is that the long term of organic manure application may lead to 
enhance root growth of fruits trees, resulting in depletion of nutrient and solutes  
from lower depths and subsequently decreasing soil salinity.  The    CaCO3 
contents ranged between 3.8 and 8.40% in soil samples of fruit trees and 
between 3.2 and 9.2% in soil samples of vegetable soils (Table 1). It was 
observed that there are significant differences in pH, EC and CaCO3 content 
values between 1-year and 15-years application under fruit trees and between 
1-year and 2-years under vegetable crops of the surface layer (Table 2). This 
can be explained by the effects of organic manure on soil physico-chemical 
properties. 

 
Table (1). Soil chemical properties of the soil profile under fruit trees and 

vegetable crops 
 

Soil 
depth 

Under Fruit Trees Under Vegetables 

1-year Application 
15-years 

Application 
1-year Application 

2-years 
Application 

pH ECe CaCO3 pH ECe CaCO3 pH ECe CaCO3 pH ECe CaCO3 

0-15 8.22 0.002 8.40 8.28 0.269 7.10 8.30 0.23 9.20 8.28 0.258 8.30 

15-30 8.82 0.183 8.10 8.85 0.141 8.20 8.00 0.379 7.30 8.39 0.158 7.10 

30-45 8.47 0.461 4.10 7.94 0.002 6.10 8.68 0.122 4.50 8.34 0.190 5.10 

45-60 8.64 0.189 4.60 8.15 0.002 3.80 8.69 0.098 3.90 8.85 0.098 3.20 

 
Table (2). Summary statistics showing significance at 0.05 and 0.01 

probability levels 
 

.Effects/property pH EC CaCO3 OC Soil available N Soil available P 

Under fruit trees 

Depth (1-year Application ) ** ** ** ** ** ** 

Depth (15-years Application ) ** ** ** ** ** ** 

Year (0-15 cm depth) * * ** ** ** ** 

Year (15-30 cm depth) NS ** NS NS ** * 

Year (30-45 cm depth) ** ** ** ** NS NS 

Year (45-60 cm depth) NS ** ** NS NS NS 

Under vegetable crops 

Depth (1-year Application ) NS ** ** ** ** ** 

Depth (2-years Application) ** ** ** ** ** ** 

Year (0-15 cm depth) ** ** ** ** ** ** 

Year (15-30 cm depth) NS ** ** ** ** NS 

Year (30-45 cm depth) NS ** ** NS NS NS 

Year (45-60 cm depth) NS NS ** ** NS NS 

 
NS: not significant;  * significant at p < 0.05;  ** significant at p < 0.01 
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Effects of organic manure on OC content and distribution of soil profile  
Soil organic matter plays a major role in the improvement of soil physical, 

chemical and biological properties. It has been reported that organic matter of 
soils (especially of sandy soils) is a very valuable property, mainly due to its 
high capacity for water and nutrient-holding. Additionally, its decay in soils could 
provide recycled essential nutrients to plants. Figure 1 shows the average 
values for measuring SOC as affected by organic manure application. In 
addition, Table 2 shows significance at the 0.05 and 0.01 probability levels. The 
results showed that the SOC contents ranged between 0.6 and 12 g kg-1 after 
organic manure application for the 1-year and between 1.7 and 31.5 g kg-1 after 
manure application for 15-years in soil samples of fruit trees (Figure 1). 
Moreover, the SOC contents ranged between 0.6 and 6.4 g kg-1 and 0.9 and 8.6 
g kg-1 after organic manure application for 1-year and the 2-years in soil 
samples of vegetable crops. It should be mention that the soil organic C content 
was greater in the surface layer (0–15 cm) than the sub-surface layer (15–30, 
30-45 and 45-60 cm) for all treatments. The higher content of SOC content in 
the surface soil is mainly due to organic manure incorporated in the surface 
layer. Overall, the higher organic carbon content (31.5 g kg-1) was pronounced 
after long-term of organic manure application (15-years) in soil samples under 
fruit trees. These results indicate that long-term additions of organic manure 
would have the beneficial effects in building carbon pools in soils of arid 
conditions. An increase in contents of soil organic carbon in soil amended with 
manure has been reported by several researchers (Gong et al., 2008; Manna et 

al., 2005). The increase in nutritional status of soils due to the continuous 
addition of organic manure can result in an increase of plant residues, which 
could be accumulated in the surface soil and subsequently it results in higher 
content of soil organic carbon. 
 
Effects of organic manure on soil available N and P  

Figures 2 and 3 show the average values of the amount of available N 
and P in soils as affected by organic manure application. In addition, Table 2 
shows significance at the 0.05 and 0.01 probability levels. Data show that the 
soil available N ranged between 30 and 67 mg kg-1 after organic manure 
application for the first year and between 35 and 211 mg kg-1 after manure 
application for the 15 year in soil samples cropped with fruit trees (Figure 2). 
Moreover, the soil available N ranged between 22 and 62, 50 and 140, and 50 
and 162 mg kg-1 after organic manure application for the five month, the first 
year and the second year in soil samples cropped with vegetable plants. It 
should be mentioned that the soil available N was greater in the surface layers 
(0–15 cm and 15-30 cm) than the sub-surface layers (30-45 and 45-60 cm) 
layers, which is attributed mainly to organic manure incorporated in the surface 
layer. Overall, our results showed that the higher soil available N (211 mg kg-1) 
was pronounced after long term of organic manure application (15-years) in soil 
samples cropped with fruit trees followed by that found after the two-years 
organic manure application to the soil of vegetable plants. An increase in the 
availability of N in soil amended with manure has been reported by several 
researchers (Gong et al., 2008; Hou et al., 2012; Eghball, 2000; Zaman et al., 
2004). It has been reported that continuous application of compost and non-
composted manure increased N mineralization (Eghball, 2000), reflecting on 
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enhancing plant growth. Zaman et al. (2004) reported also that the long-term 
application of organic amendments resulted in a positive impacts on N 
mineralization, mainly due to enhancing microbial and enzyme activities. 
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Fig. (1). Distribution of soil organic carbon (SOC) in soil profile under fruit 
trees and vegetable crops 

 
Soil available P ranged between 0.5 and 2.8 mg kg-1 after organic 

manure application for the 1-year and between 0.9 and 52 mg kg-1 after manure 
application for the 15-years in soil samples cropped with fruit trees (Figure 3). 
Moreover, the soil available P ranged between 1.5 and 9.2, and 0.2 and 60.2 
mg kg-1 after organic manure application for the 1-year and the 2-years in soil 
samples cropped with vegetable plants. Similar to N, the soil available P was 
greater in the surface layers (0–15 cm) than the sub-surface layers (15-30 cm, 
30-45 cm and 45-60 cm), which is mainly due to organic manure incorporated in 
the surface layer. Overall, our results showed that the higher soil available P 
(52-60.2 mg kg-1) was reported after 15-years and 2-years application of 
organic manure in soil samples cropped with fruit trees and vegetable plants. 

In soil samples of fruit trees, there is significant relationship between soil 
organic C content and soil available N (r2 = 0.57) or soil available P (r2 = 0.88) 
(Figure 4). Moreover, in soil samples cropped with vegetable plants, there is 
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significant relationship between soil organic C content and soil available P (r2 = 
0.71) (Figure 5). The general factors controlling P solubility and availability in 
the soil include soil pH, Fe and Al oxides, organic matter, and the presence of 
other elements such as N, S, and cations. The application of organic materials 
to calcareous soils can decrease P adsorption, possibly due to competition 
between P ions and organic anions or retention sites in the soil (Hue, 1991; 
Iyamuremye et al., 1996a; 1996b; 1996c). Decomposition of organic matter by 
soil microorganisms also produces CO2 which dissolves in water to form 
carbonic acid, increasing the solubility of Ca-P and Mg-P precipitates in alkaline 
soils. 
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Fig.(2). Distribution of soil available N in soil profile under fruit trees and 

vegetable crops 
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Fig. (3). Distribution of soil available P in soil profile under fruit trees and  
vegetable crops. 
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Fig.( 4). Relationship between soil organic carbon (SOC) and soil available 
N and P in soil samples of fruit trees. 
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Fig. (5). Relationship between soil organic carbon (SOC) and soil available 
N and P in soil samples of vegetable crops. 
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 CONCLUSIONS 
The long-term application of organic manure resulted in greater C 

sequestration in agricultural soils. In this study, the accumulation of SOC was 
greater in the surface layer of the soil as compared to subsurface layers. In 
addition, SOC accumulation, applying organic manure to the soils improved soil 
fertility by increasing the availability of N and P. However, future study should 
focus on C fractions that are more sensitive for the changes in SOC. In addition, 
the effect of the agriculture practices on soil C sequestration should be 
investigated under arid conditions. 
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ABSTRACT: This study was carried out in the tissue culture laboratory, Faculty of 

Agriculture, Saba basha, Alexandria University, Egypt during the period from 2013 to 2015. An 
efficient and reliable protocol for in vitro propagation of Magnolia grandiflora, Linn was 
optimized. However, nodal explants from field grown of magnolia were used during in vitro 
culture study for induction of multiple shoots. Nodal explants were effectively surface sterilized 
with 30% Clorox (sodium hypochlorite) as commercial bleaches for 20 min plus 1.5mg/l 
mercuric chloride for 5 min with few drops of Tween-20, also. Nodal explants were inoculated on 
various initiation or establishment media with different combinations of IBA and KIN and the 
neoformed shoots were cultured on proliferation (multiplication) media for the development of 
multiple shoots, and the elongation media to elongate of the neoformed shoot. The subsequent 
elongated shoots were rooted, successfully. The best medium for shoot initiation was Woody 
Plant Medium (WPM) supplemented with 2.0 mg/l KIN and 1.00 IBA. The favourable  medium 
for multiplication was the tested medium augmented with 5.0 mg/l KIN and 1.00 mg/l IBA.. 
Furthermore, the in vitro shoots showed healthy root development when the tested medium was 
supplemented with combination of 1.00 mg/l IBA and  NAA ,each in turn (rooting stage). The 
shoots of Magnolia grandiflora multiplication and rooted successfully when they cultured in WP 
medium supplemented with 1.00mg/l charcoal. The combination of sand: compost (1:3) was 
used as substratum for the hardening of the in vitro plantlets, as a potting mix, was the best 
suited mix for the acclimatization of plantlets. 

Key words: In vitro culture, Magnolia grandiflora, nodal explants, initiation, multiplication, 

rhizogenesis, acclimatization 

 
INTRODUCTION 

Magnolia grandiflora, Linn which also called evergreen  magnolia, bull boy, 
or large flower magnolia,  is evergreen  tree.  It is pyramidal tree with creamy 
flowers belongs to family Magnoliaceae (Chaidaroon et al., 2004; Said, 2007). 
There are at least 100 species which share genus magnolia. It was first grown 
as an ornamental evergreen tree in the world in southern U.S. A.  It is growen in 
Egypt in botanical and private gardens. It was quickly popularized for its glossy 
evergreen foliage, large beautiful flowers and elegant form and extensively 
planted as an ornamental plant (Said, 2007).  Magnolia  grandiflora bears large, 
very fragrant, bowl- shaped, white flowers.They show intermittently from mid-
summer to early autumn  (Bailey  and Bailey ,1960) . It is, also, used a 
specimen plant, shade trees, screen or wind break, it can be grown as esplalier. 
It is valuable for garden or park planting in Japan. Its wood is used for furniture 
and various industrial arts, and the bark contains valuable medicinal 
compounds (Nakmura et al., 1995). 

 
In Alexandria (Egypt), Magnolia  grandiflora  trees are grown in private  

and botanical gardens  with a  alimented. It is, known that Magnolia grandiflora 
is propagating by such vegetatively propagated methods as Averages seeds, 
but its lower germinability rate (ca.35%), or by cutting but it, also, difficult 
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because of its poor rooting ability (Nakmura et al., 1995) or by air layering, but it 
is labor extensive and wasting time- method, as well as very expensive 
(Mccracken  et al.,1996)  Further, rooting of this species is too -hard to achieve. 
Also, the demands of Magnolia grangiflora for rooting facilities are very much 
expensive and may be unavailable to root shoot cuts (Said, 2007).   Therefore, 
propagation of Magnolia using plant tissue culture   techniques may offer certain 
advantages over traditional method of propagation. It is one of the most 
promising and advanced applications of plant cell and tissue culture technology 
to propagate this species in vitro. This technique could be very useful to provide 
hundreds or thousands of this species withen a limited time. 
Therefore, the present study was aimed to establish an efficient and reliable 
protocol for in vitro propagation and with focusing on rhizogenesis of this hard- 
to –root species. 

 
MATERIALS AND METHODS 
Plant material and explants sterilization  

The plant material was collected from tree grown in garden of Ornamental 
and Landscape, of the Research Department of EL-Montazh, Alexandria, Egypt. 
The tree was sprayed with the fungicide and insecticide 2-3 week prior to start 
initiation and over head watering was strictly avoided. Freshly grown shoot tips, 
with two to three nodes, were selected as explants’ source. The collected 
material was brought to the Plant Tissue Culture Laboratory of the Plant 
Production Department of the Faculty of Agriculture, Saba Basha, Alexandria 
University during 2013-2015 seasons and washed, thoroughly, with running tap 
water for 30 minutes to remove the dust or sand particles. The explants were 
cut to nodal segments (single node) as an explants’ source (Bhattacharya et al., 
1990).The excised explants were dipped in 70% ethanol, for 1 min. after 
treatment with ethanol the explants were rinsed with double distilled water 
twice, so as to lower the toxic effect of ethanol. Nodal segments of magnolia 
were surface sterilized with sodium hypochlorite (NaOCl) solution (commercial 

bleach as ‘clorox’) at 30% for 20 minutes followed by mercuric chloride  

at 1.5mg/l for 5min with few drops of Tween-20, also, were added as a 
surfactant to the sterilized water . Finally, they were washed three times with 
sterile distilled water and became ready for culture.  
 
Microprogation stages 
Intiation stage 

The explants were cultured on solidified woody plant medium coined as 
WPM (Lloyd and McCown, 1980) which contained different concentrations of 
kintine (KIN) at four concentrations:0.0(nil), 0.5,1.0 and 2.0 mg/l, in 
combinations with the auxin Indole butric acid (IBA) at four concentrations: 
0.0(nil) ,1.0, 2.0 and 3.0 mg/l. Three explants were cultured in each jar which 
containing 30ml of medium and were placed, vertically. Each treatment was 
replicated three times and each has 3 explants (i.e.9 explants /treatment).The 
jars were capped with aluminum foil closures. The cultured jars were incubated 
in growth chamber at 25 C temperature under 16 hr daily light and 8hr 

darkness illumination by a florescent light intensity of 2880 Lux (40 mol 

) at 97%R.H. 
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Multiplication stage 
The neoformed propagule of the initiation stage was sectioned into single 

leaflet node. The excised nodal cutting explants of the different positions were 
cultured, randomly, onto the multiplication medium (WPM) supplemented with 
KIN at four concentrations: 0.00(nil), 1.00, 3.00 and 5.00 mg/l, in combinations 
with IBA at four concentrations:0.00(nil) ,0.50, 1.00 and 2.00 mg/l. 
 
Rooting (rhizogenesis) stage 

The obtained shoots of magnolia from the multiplication stages were, 
individually, separated and cultured on a rooting medium for rhizogenesis to 
achieve this stage .This medium was augmented with two types of auxins which 
were used as Indole Butyric Acid (IBA) at four concentrations: 0.00(nil), 0.50, 
1.00 and 2.00 mg/l, in combinations with NAA at four concentrations: 0.00, 1.00, 
2.00 and 3.00 mg/l. Generally, the data were recorded per propagule at 
initiation, multiplication and rooting stages after 35 days in culture. The tested 
characters were as follows: 
-Average shoots length (cm)/propagule. 
-Average number of shoots formed/ propagule. 
-Average number of leaflets formed/ propagule 
-Average number of roots formed/ propagule. 
 
Comparison between the effect of BA and KIN on explants of magnolia  

The comparison between the effect BA(Benzyl adenine) and KIN(Kintine) 
on growth of Magnolia  during multiplication  stage was investigated  in a 5x3 
factorial experiment in which the treatment at 3.00mg/l , each in trun. 

 
Effects of activated charcoal on shoots plantlets  

Activated charcoal has been used previously to adsorb ethylene and other 
growth inhibitory substances produced in shoot cultures derived from the 
medium or from the plant tissues or both. Four main treatments were tested :no 
addition of activated charcoal(AC) to the medium ,and three concentrations of 
0.25,0.50 and1.00g/l, (AC).The media pH was adjusted to 5.7, then  gerlrite at 
7g/l was added before autoclaving .Each treatments was replicated 3 times and 
each replication has 3 explants. The followed characters were recorded per 
propagule after 35 days in culture: 
1-Average number of shoots formed per propagule. 
2-Average shoots length (cm) per propagule. 
3- Average number of roots formed per propagule. 
4-Average number of leaflets formed per propagule. 
 
Acclimatization stage 

The new formed plantlets (rooted shoots) were then transferred to the 
greenhouse for hardening. The potting mix used in this study comprised of sand 
and compost (1:3) .The transferred plants were monitored weekly for at least 6 
weeks. 

 
Statistical analysis 

A completely randomized design was used for all the experiments (Gomez 
and Gomez, 1984).Recorded data were analyzed, statistically, using analysis of 
variance technique (ANOVA) and averages were compared by the least 
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significant difference (L.S.D.) (Steel et al., 1997) and significance was 
determined at p 0.05. 

 
RESULTS AND DISCUSSION 

Achievement of optimal and reliable system for micropropagation of 
Magnolia grandiflora was urgent and in focus. Therefore, a set of experiments 
was conducted, and the obtained results were presented and discussed in the 
following section as follows: 
 
Micropropagation 
Initiation stage 

Data outlined in Table (1) exhibit that  both applied growth regulator, levels 
and their combinations exerted, highly, significant effects on the initiation stage 
characters of Magnolia. Single node explants were grown in vitro for 35 days as 
shown in Figure (1). 

Concerning the main effect of studied cytokinin (KIN), in terms of the 
Average shoot length/propagule, supplementing the culture medium with at 
0.5mg/l; resulted in the highest Average value (2.11cm), compare with the other 
treatments. On the other hand, augmenting the culture medium with IBA at 2.00 
mg/l was concomitant with the highest Average value of the given trait (2.60cm). 

In addition, the interaction between KIN at either nil level (0.00) or 0.5 mg/l 
of KIN with IBA at 2.00mg/l, brought about the highest Average values of the 
studied trait (i.e. 2.96 and 3.00 cm) each in turn. 

Respecting the Average number of shoots formed/propagule, fortifying the 
culture medium with KIN, led to remarkable notes; where, as KIN levels 
increased the Average value of the given trait increased. Whereas, adding the 
highest level, 2.00mg/l KIN; gave rise to the highest Average value of the 
studied character (1.78) and vice versa. As for the main effect of IBA ,it is 
obvious that augmenting the culture medium with it at 1.00mg/l, contributed in 
achieving the highest Average value of this trait (1.68) compare to other 
treatments. Mean while, the interaction between KIN and IBA at 2.00 mg/l, and 
either of added levels of IBA led to the highest Average values, with siginificant 
difference. With reference to the Average number of leaflets formed/propagule, 
the main effect of KIN was obvious through adding it at 1.00mg/l, which 
recorded the highest Average value of the given trait (3.77) compare to the 
other treatments .On the other hand,  the main effect of IBA declared that 
adding 2.00mg/l of IBA to the culture medium ; achieved the highest Average  
value (3.72) compare to the other tested levels. Also, the interaction between 
KIN  and IBA at various combinations, especially at 1.00 and 2.00 mg/l, each in 
turn, achieved the highest Average value, but without significant differences . 
Refer to the Average number of roots formed /propagule, the KIN levels were in 
reverse relationship with this studied trait.  Whereas, as KIN levels increased 
the given trait decreased. Hence, the absence of KIN in culture medium led to 
the highest Average number of roots formed/propagule (1.36) compare to the 
other treatments. On the other tank, the main effect of IBA was obvious 
especially at its presence in culture medium at 2.00 mg/l, recorded the highest 
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Table(1). Effect of different levels of KIN and IBA (mg/l) and their 
combinations on the initiation stage of Magnolia grandiflora  
nodal cuttings cultured in vitro for 35 days 

                        IBA             KIN levels (mg/l)        Average       Significance 
Characters    levels     0.00   0.50   1.00   2.00         IBA        KIN   IBA  KINXIBA  
                       (mg/l)  

(a)Average shoot length (cm)/propagule: 
                       0.00        0.91   0.96   0.90   0.83         0.90     **         **          ** 
                       1.00        1.93   1.96   1.83   1.73         1.86 
                       2.00        2.96   3.00   2.30   2.13         2.60 
                       3.00        2.16   2.53   2.26   2.13         2.27 

Average(KIN)                1.99   2.11   1.82   1.70 
L.S.D.(0.05)                                                                           0.05    0.05        0.10            

 (b) Average number of shoots formed /propagule: 
                       0.00        0.67   1.20   1.26   1.56         1.17      **  ** ** 
                       1.00        1.26   1.76   1.83   1.86         1.68 
                       2.00        1.26   1.36   1.66   1.86         1.54 
                       3.00        1.00   1.30   1.40   1.83         1.38 

Average (KIN)               1.05   1.40   1.54   1.78 
L.S.D.(0.05)                                                                             0.05   0.05      0.10            

 (c) Average number of leaflets formed /propagule: 
                       0.00        1.70   3.81   3.83   3.93         3.32      **     **     ** 
                       1.00        3.23   3.70   3.87   3.71         3.62 
                       2.00        3.60   3.75   3.96   3.57         3.72 
                       3.00        3.41   3.40   3.44   3.31         3.39 

Average (KIN)               2.98   3.66   3.77   3.63 
L.S.D.(0.05)                                                                             0.08    0.08  0.16          

 (d) Average number of roots formed /propagule: 
                       0.00         0.01   0.33    0.33   0.00         0.16      **       ** **         
                       1.00         1.81   0.73   0.37   0.36          0.82 
                       2.00         2.32   1.67   0.66   0.56          1.30 
                       3.00         1.33   1.00   1.00   1.00          1.08 

Average (KIN)                1.36   0.93   0.59   0.48 
L.S.D.(0.05)                                                                              0.04   0.04      0.09          
L.S.D.(0.05)= Least Significant Difference test at 0.05 level of probability.*, ** Significant of highly 
significant. 

  

Fig.(1):Intiation of magnolia nodal explants cultured for 35 days on WP   
medium supplemented with KIN (2.00mg/l) and IBA at 1.00 mg/l. 
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average value (1.30). While, the interaction between KIN and IBA at nil level 
(0.00) and 2.00mg/l, consecutively, achieved the highest Average value (2.32).  
The obtained results in this respect are matching with the mode of actions  of 
both applied growth regulators; whereas, auxin  exerts significant roles in plant 
tissue culture and usually form an integral part of nutrient media. Auxin 
promotes either individually or in combination with cytokinins, the growth of calli, 
cell suspensions and organs and also regulatate the direction of 
morphogenesis. At the cellular level, auxins control basis processes such as 
cell division and cell elongation (George et al., 2008).Also, they play critical 
event in promoting rhizogenesis (Kim et al.,2003). 

 
Cytokinins, together with auxin, take part in the regulation of the cell cycle 

in plant cells (i.e. stimulation of cell division, break apical dominance, enhance 
axillary shoot proliferation, and adventitious, inhibition root formation). Also, the 
interaction between auxin and cytokinin or their ratio other reperesents an 
important signal in the formation of cell phenotype and in the onest and 
maintenance of the process of cell division (Stickens et al., 1996).The ability of 
auxins (together with cytokinins) to mange key events in plant morphogenesis 
was documented (Skoog and Miller,1957) who discovered the regulation of 
organogenesis in vitro by Averages of the auxin: cytokinin ratio in culture media. 
It has been further supported by such other researches on the relationship 
between auxin and cytokinin levels and the morphogenetic response of various 
plants (Li et al., 1994; Centeno et al., 1996; Leyser et al., 1996). 

The higher concentrations of the auxins as NAA is usually ineffective 
against shoot proliferation (Vijaya et al., 1991, Waseem et al., 2011). Results of 
this study clearly demonstrated that WP medium was a better choice and 
improved growth of cultured explants (nodal segments) as reported by 
Biedermann (1987). It is noticeable that using of IBA at 2.0 mg/l here seamed to 
promote elongation of shoots that was considered an added help for the 
survival and growth of shoots. Similar results, during the establishment stage, 
were reported, elsewhere, on Magnolia when IBA was employed (Franc and 
Krejci, 1998). EL-Shamy (2004 and EL-Shamy et al. 2010) reported that 
subcultures on MS medium supplemented with 2.0 mg/l NAA led to increase the 
shoot length and number of leaves. With regard to IBA concentration, the 
addition of IBA at 1 mg/l to B5 medium resulted in the highest number of shoots. 
Raising the level of IBA to 2.0 mg/l, significantly, decreased the degree of 
browning induced callus formaition and gave the longest axillary shoots (Sakr et 
al.,1999). The induction rate of Magnolia officinalis was 100% on Gamborg 
medium (B5) containing 4.0 mg/l 2, 4-D and 1.0 mg NAA/ litre. The highest 
proliferation rate and the lowest percentage of callus browning were recorded 
from B5 medium containing 1.2-2.0 mg BA and 1.0 mg NAA/l (Tong et al., 
2002). On the other side, it was found that the lower the salt concentration, the 
more shoot elongation of Magnolia was hampered and the better the root 
formation. Higher KIN levels (2.5 mg/l) in combination with high salt 
concentration (1/1 and1/2) allow fairly uniform elongation shoot while rooting 
was poor. On low salt media, rooting was prominent but the leaves were 
yellowing and the elongation was nil (Maene and Debergh, 1985). The best 
results were obtained with mill medium + 1.0 mg IBA/ l (average number of  
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shoots 4.6, average length of shoots 5.0 mm. Krejci and Franc,1997).  Qi et al. 
(2010) reported the terminal buds of Magnolia officinalis cultured on MS 
medium plus 6-BA, NAA and 2,4-D under different light conditions. The results 
showed that the optimum medium for callus indication of Magnolia officinalis 
terminal buds is MS+2.0 mg/l 2,4-D+ 0.5 mg/l BA+1.0 mg/l NAA +30 g/l 
sucrose+8 g/l agar at pH 5.8. Also,  Li and Dong (2007) found that the terminal 
bud of the lower branches of M.Simicum should be used as explants in a 
medium consisting of ½ MS medium with 0.1- 1.5 mg/l IBA and 0.1- 1.0 mg/l 
IBA. Angsumalee et al. (2005) reported that all the explants formed viable 
shoots when MS medium supplemented with 0.1- 10 mg BA /l. Shooting was 
highest (2.72±0.37) on MS medium supplemented with 1 mg/l for 4 weeks. For 
successful in vitro rooting, shoots of Magnolia grandiflora were treated with 2.00 
mg/l IBA in the culture medium. Whereas, lesser or higher IBA concentrations 
(i.e.1.00 mg/l or 3.0 mg/l) failed to form roots on shoots. Similarly in other trials, 
2.0 mg/l IBA promoted in vitro rooting on Magnolia shoots (Maene and 
Debergh, 1985; Kamenicka et al., 1996, Sakr et al., 1999, El-Shamy et al., 2004 
and 2010). In some other cases, IAA was also used for in vitro rooting of 
Magnolia shoots (Kamenicka and Takats, 1997). 

Multiplication stage 
 
Results of Table (2) and Figure (2) display  the effect of both applied 

growth regulator’ levels and their combinations practiced highly, significant 
effects on the multiplication stage’s characters of Magnolia grandiflora where 
single nodal explants were cultured and grown in vitro for 35 days . Respecting 
the shoot length formed per propagule, the main effect of KIN  declared that 
increasing levels’ concentrations within the range of1.00- 3.00mg/l with no 
significant difference, led to increase the shoot length at but increasing its level 
up to at 5.00mg/l, coused such significant decrease. On the other hand, the 
main effect of IBA, declared that there was a proportional relationship between 
it and the given trait. Whereas, the IBA at 1.0 mg/l and/or at 2.00mg/l, resulted 
in the highest Average values (2.44 and/or 2.48) without significant difference. 
Regarding the interaction between both applied growth regulators, the presence 
of two hormones KIN and IBA at 1.00 mg/l each, resulted in the highest number 
of shoots per propagule (2.85). Respecting the Average number of shoots 
formed/propagule, the main effect of KIN showed that its presence in the culture 
medium at 5.00mg/l achieved the highest Average value (2.88).On the other 
extreme, the presence of IBA in culture medium at either 1.00 or 2.00mg/l, 
brought about the highest Average values, i.e.2.44 or 2.48, without significant 
difference. The interaction between KIN and IBA at 5.00 and 1.00 mg/l, 
respectively recorded the highest Average value (3.40). In terms of Average 
number of leaflets formed/propagule, adding KIN to the culture medium at 
5.00mg/l contributed to record the highest Average value of the studied trait 
(6.58). Respecting the main effect of IBA, augmenting the culture medium with 
either 1.00 or 2.00mg/l, resulted in similar finding; where achieved either 5.44 or 
5.35 respectively, without siginificant difference. Meanwhile, the interaction 
between KIN and IBA at 5.00 and 1.00mg/l, led to the highest Average value of 
the given trait (7.33). With respect of the Average number of roots 
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formed/propagule, it is obvious that the absence of KIN from the culture medium 
(0.00mg/l), gave rise to the highest Average number of roots 
formed/propagule(1.18), then as its level increased in the culture medium, the 
given trait was in inverse relationship. On the other hand, augmenting the 
culture medium with IBA was in direct propontional relationship with the given 
trait, especially at 2.00mg/l which achieved the highest Average value (1.33). 
Meanwhile, the interaction between 0.00mg/l and 2.00mg/l of both KIN and IBA, 
each in turn, brought about the highest Average value (2.00 roots per 
propagule).  

  
Table (2).Effect of different levels of KIN and IBA (mg/l) and their 

combinations on the multiplication stage of Magnolia grandifloral  
nodal cuttings cultured in vitro for 35 days. 

 
                       IBA             KIN levels (mg/l)         Average             significance 
Character    levels     0.00   1.00    3.00    5.00      IBA         KIN    IBA KIN X  IBA    

                     (mg/l) 

(a)Average shoot length(cm)/propagule:  
                       0.00      1.06   1.26   1.23   1.20     1.19       **      **        ** 
                       0.50      1.30   1.33   1.41   1.33     1.34 
                       1.00      1.63   2.85   2.63   2.66      2.44 
                       2.00      2.55   2.53   2.68   2.16      2.48 

Average (KIN)             1.63   1.99   1.99   1.83 
L.S.D.(0.05)                                                                           0.10    0.10    0.21 
 (b) Average number of shoots formed /propagule: 
                       0.00        0.85   1.23   2.63   2.73      1.86    **      **         ** 
                       0.50        1.00   1.57   2.06   2.85      1.87 
                       1.00        1.32   1.91   2.33   3.40       2.24 
                       2.00        1.56   1.67   2.13   2.55       1.98 

 Average (KIN)               1.18   1.67   2.29   2.88 
L.S.D.(0.05)                                                                            0.14    0.14      0.29       
(c) Average number of leaflets formed /propagule: 
                      0.00       2.36   4.78    5.80   6.25        4.80  **         **         ** 

     0.50       2.93   4.16    5.25   6.66        4.75 
     1.00       3.50   4.58    6.36   7.33        5.44 
     2.00       3.83   5.50    6.00   6.08        5.35 

Average (KIN)             3.15   4.75    5.85    6.58       
L.S.D.(0.05)                                                                           0.19     0.19     0.39  

(d) Average number of roots formed /propagule:  
                      0.00      0.00   0.33    0.33   0.00         0.16  **         **         **    
                      0.50      1.00   0.56    0.44   0.00         0.50 
                      1.00      1.72   0.70    0.67   0.55         0.91 
                      2.00      2.00   1.33    1.00   1.00         1.33 
 Average  (KIN)          1.18   0.73    0.61   0.38 

L.S.D.(0.05)                                                                          0.06      0.06    0.11       
 
L.S.D.(0.05)= Least Significant Difference test at 0.05 level of probability.*, ** Significant of highly 
significant. 
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Figure (2): Multiplication of magnolia from newly nodal segments of 
initiation stage, upon cuturing for 35 days on WPM augmented with KIN 
and IBA at 5.00 and 1.00mg/l, consecutively  

On the other side, Magnolia grandiflora, also, responded positively to form 
callus by application of KIN during the multiplication stage (Klimazewska, 1981). 
In the multiplication stage, adding 5.0 mg/l KIN culture medium the c formed the 
highest number of shoots as reported by EL-Shamy et al.(2010). This finding 
could be achieved due to the mode of action of auxin (IBA) within cultured 
tissues which many enhance, control various distinctive processes such as cell 
growth and elongation (George and Sherrington, 1984) and Wilkins (1989). 
Additionally, it has been stated that auxin induced number of response which 
involved cell division,cell enlargement, protein and nucleic acids synthesis 
which are concenation of auxin – induced  growth and changes in wall plasticity 
of plant cell and increase the apical dominance as there are assential and rapid 
processes involved in growth and elongation. Howaever, the presence of auxin 
in the culture medium, positively, increased the Average shoot length of 
Magnolia grandiflora (Saker et al., 1999; Zaman et al., 2001; EL-Shamy et al., 
2010).  In this respect, also, Lemos and Black (1996) showed in Annona 
muricata that the addition of NAA promoted bud elongation.  The more 
important multiplication stage, the use of KIN favoured not only proliferation of 
shoots, but also promoted plant height of magnolia shoots. Whereas, KIN at 5 
mg/l led to the highest number of shoots and at 1.00 or 3.00 mg/l led to the 
tallest plant heights, number of leaves was restricted to leaf surrounding the 
formed bud only at 1.00 or 3.00 mg/l of KIN. When KIN was used in a lesser 
concentration (0.00mg/l or 1.00mg/l) number of leaves were dramatically 
decreased. However, MS supplemented with NAA or IAA was used successfully 
with magnolia for shoot proliferation purposes (Krejci and Franc,1997). 
However, in other occasions Magnolia, also, responded positively to form callus 
by application of KIN during the multiplication stage (Klimaszowska, 1981). This 
later auther reported that the obtained result was in harmony with Magnolia 
grandiflora results obtained here, which on the whole, seems to favour KIN for 
the multiplication stage of Magnolia. As an explanation for this phenomenon, its 
more likely that high levels of KIN- utilized in this study (i.e. 5.0 mg/l) and 
elsewhere too, may have caused the removal of apical dominance thus 
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enhanced shoot proliferation (Klimaszewska,1981). In this respect, in Magnolia 
grandiflora, it was, also, observed that shoot multiplication was developed using 
different concentration of cytokinin with auxin achieved the best results as 
reported by some investigators  (Nakmura et al., 1995; Luo and Sung,1996;  
Tong et al., 2002; Zaikang et al., 2002;Rosas and Rodriques, 2006; Lina et 
al.,2006 and Parris et al., 2010). 

Rooting (rhizogenesis) stage 
Since the growth and development are correlated processes the recorded 

characters, here, should be presented as a whole.  
 
Results of Table (3) and Figure (3) manifested that various levels of both 

applied growth regulators and their interactions had, highly significant effects on 
the rooting stage’s traits of Magnolia grandiflora. Respecting the Average shoot 
length per propagule, results of IBA demonstrated that the presence of IBA in 
culture medium results in the highest shoot length. In total, the main effect of 
NAA showed similar performance that has been noticed as the above- 
mentioned characters. The interaction between IBA at 1.00mg/l and NAA at 
2.00 mg/l gave the highest Average value of shoot length (2.31). It could be 
concluded from the above-mentioned results that the presence of IBA in the 
culture medium led to better performance of shoot length . Higher concentration 
of IBA had shown best results. This reason could be due to the fact that IBA as 
usually take an active role in the shoot proliferation and its effect is visible in 
callus or root formation. On the contrary, NAA at intermediate concentration (viz 
2.00 mg/l), caused the longest shoot per propagule. The finding could be 
attributed to the mode of action of auxin (NAA) within cultured tissues is capable 
of controlling various distinctive processes such as cell growth and elongation 
(George and Sherrington, 1984; George et al., 2008). Concerns for the Average 
number of shoots per propagule, the main effect of IBA . 

 

Fig.(3):Rhizogenesis of magnolia microshoots of multiplication stage, 
upon culturing then for 35 days on WP medium fortifited with NAA and 
IBA at 1.00  mg/l, each in turn 
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Table (3). Effect of different levels of NAA and IBA(mg/l) and their 
combinations on the rooting stage of Magnolia grandiflora 
nodal cuttings cultured in vitro for 35 days. 

                         IBA             NAA levels (mg/l)       Average           Significance 
Characters    levels       0.00   1.00   2.00   3.00       IBA     NAA   IBA  NAAXIBA  
                       (mg/l)  

(a)Average shoots length (cm) /propagule: 
                       0.00        1.00   1.41   1.60   1.76         1.44     * *     **      ** 
                       0.50        1.65   1.80   1.90   1.98         1.83 
                       1.00        1.95   2.03   2.31   1.91         2.05 
                       2.00        1.95   2.00   2.00   1.60         1.86 

Average (NAA)              1.64   1.81   1.95   1.81  
L.S.D. (0.05)                                                                          0.03  0.03      0.05       

 (b)Average number of shoots formed /propagule: 
                       0.00        0.66   1.64   1.33   1.03         1.16   **      **       ** 
                       0.50        1.33   1.46   1.39   1.30         1.37 
                       1.00        1.63   1.86   1.34   1.23         1.51 
                       2.00        1.31   1.40   1.10   1.00         1.20 

Average (NAA)              1.23   1.59   1.29   1.14 
L.S.D. (0.05)                                                                           0.04   0.04     0.09      
  

(c) Average number of leaflets formed /propagule: 
                       0.00        2.32   3.18   3.23   3.16         2.97     **       **         ** 
                       0.50        2.62   3.30   3.26   3.28         3.11 
                       1.00        2.73   3.34   3.38   3.18         3.16 
                       2.00        2.18   3.03   2.96   2.76         2.89 

Average (NAA)              2.62   3.21   3.21   3.09 
L.S.D.(0.05)                                                                            0.10     0.10      0.19       

(d) Average number of roots formed /propagule: 
                       0.00        0.20   1.00   1.60   2.33         1.28  **         **    ** 
                       0.05        1.26   1.33   1.80   2.66         1.76 
                       1.00        1.85   2.83   2.60   2.46         2.43 
                       2.00        2.26   2.53   2.23   2.00         2.25 

Average (NAA)              1.39   1.92   2.05   2.36 
L.S.D.(0.05)                                                                              0.06    0.06     0.11       
L.S.D (0.05)= Least Significant Difference test at 0.05 level of probability*, ** 
Significant of highly significant. 

 
and NAA, divulged that the presence of both growth regulators-into WP medium 
had significant effects of the given trait. The interaction between NAA and IBA 
exerted, highly, significant effects and at the highest levels of both the growth 
regulators brought about the lowest Average values. Concerning the effect of 
IBA on the rooting mass perpagule, it is obvious that, the fortifying WP-medium 
with IBA at 1.00 mg/l, results in the highest Average value. On the other way, 
the presence of NAA into culture medium at 3.00 mg/l, brought about the 
highest Average value. Likewise, the combinations between both IBA and NAA 
at 1.00 mg/leach, gave the highest Average values. These results showed that 
the medium fortified with 1.00 mg/l IBA, and NAA at 3.00 mg brought about the 
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highest rooting mass per propagule. These results cope with those of 
microcuttings of Magnolia soulangiana were treated in vitro with 0.1 , 1.0 , 2.0, 
3.0  or 4.0 mg IBA . Root number was greatest with 4.0 mg IBA and root length 
with 1.0 mg IBA (Kamenicka, 1996). In the later, trial, the optimal rooting 
medium for Magnolia was half stermsth s-medium with 4 mg IAA/l (Kamenicka 
and Takats, 1997). Similar results were reported by Chaidaroom et al.(2004). 
Concenring, the main effect of IBA tested levels on the Average number of 
leaves per propagule, the presence of IBA at 1.00 mg/l, led to the highest 
Average values of above - mentioned traits. On the other hand, NAA main 
effect, augmenting WP- basal medium with 1.00 or 2.00 mg/l of it, brought about 
the highest Average value of the above - mentioned traits. However, the 
interaction between both added levels of IBA and NAA at 1.00 mg/l, resulted in 
the highest Average value. 

Comparison between the effect of BA and KIN on explants of Magnolia   
grandiflora 

 As for data presented in Table (4) and Figure(4) declared that the 
effectiveness of KIN surpassed significantly its counterpart of BA (at 3.00mg/l 

=13.33  each).  Regarding shoot length and number of shoots/propagule 

(viz., 2.67 and 2.31viz. 1.90 and 1.20, each in turn). Meanwhile, there were 
insignificant differences respecting number of leaftlets and number of 
shoots/propagule. These results could be attributed to the mode of action of KIN 
which is more effective than BA and /or variations in their metabolism or to 
active forms or to differences in primary mechanism of action as reported 
earlier.  Alternatively, responses of explants to both cytokinins are different due 
to various aspects. Also, this variation may be due to the degree of cell 
sensitivity towards both tested cytokinins, which depends on the endogenous 
levels of growth regulators. Likewise, in other occasions, BA was reported to be 
not suitable for Magnolia elongation in the multiplication stage (Maene and 
Debergh, 1985; Biedermann,1987; Kamenicka el al.1996; Luo and Sung,1996; 
Kamenicka and Takats,1997). Magnolia, also, responded positively to form 
callus by application of KIN during the multiplication stage (Klimaszewska, 
1981). This later reported result is in harmony with Magnolia grandiflora results 
obtained here, which on the whole, seems to favour KIN for the multiplication 
stage of Magnolia .As an explanation for this phenomenon, it is more likely that 
high levels of KIN utilized in this study (3.00mg/l) and elsewhere, too, may have 
caused the removal of apical dominace thus enhancing lateral shoot 
proliferation (Klimazewska, 1981). Also, EL-Shamy(2004)reported that Magnolia 
grandiflora at the multiplication stage, the best medium was WP medium plus 
the growth regulators KIN (at 5.00 or 6.00mg/l) which increased plant height, 
number of leaves/shoot and number of shoot .Notably, KIN was better than BA 
for the multiplication stage of Magnolia grandiflora. 
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Table(4). Effect of both growth regulators (BA and KIN) at 3.00mg/l each 
on Magnolia grandiflora explants grown in vitro for 35 days/propagule 
during multiplication stage 

 
characters    BA 

(3.00mg/l) 

   KIN 

(3.00mg/l) 

t.cal.       t. tab . 

0.05      0.01 

Shoot length 
(cm)/propagule 

Number of 
shoots/propagule 

Number of 
leaflets/propagule 

Number of 
roots/propagule 

1.90 

 

1.20 

 

4.167 

0.33 

2.667 

 

2.31 

 

5.50 

0.36 

8.712 ** 

 

6.416 ** 

 

3.204 n.s. 

0.189 n.s. 

2.776  4.604 

 

 

 

Figure (4): Effect of BA (left) and KIN (right) at 3.00mglL, each on growth 
performance of magnolia grown in vitro for 35 days 

Effects of activated charcoal on Magnolia 
Data presented in Table (5) and Figure (5) showed that adding activated 

charcoal to WP medium resulted in high significant effects on the given traits . 
However there were  direct proportional relationships between concentrations of 
AC and the all given traits, especially at 1.00 g/l AC. The role of activited 
charcoal in tissue culture is interpreted by Fridborg et al.(1978) as being an 
adsorbent for inhibitory materials that may be persented in the medium or that 
might originate from the explants themeseleves .Also, charcoal is characterized 
by the adsorption of toxic brown or black pigments (phenol-like compounds and 
melanin) and absorption of all other organic compounds, auxin, cytokinin, 
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ethylene, vitamins Fe and Zn chelates (Pierik, 1987).Fridberg et al.(1978) found 
that compounds excreted from growing cells of Daucus  and Allium could be 
adsorbed by activated charcoal to allow embryogenesis and root formation to 
occure. On Ruscus  hypoglossum plants Abou-Dahab et al. (2005) decided that 
the highest number of roots was recorded with 5g /l sucrose and with activated 
charcoal. Parris et al.( 2010)  found that supplemented McCown woody plant 
medium (WPM) with charcoal produced elongated  plantltes which more 
sutitable for increase rooting and ex vitro establishment  on Magnolia “Ann” 
.Also, Thomas (2008) reported that  increased shoot elongation Acacia mearnii 
and Anacardium. Gad (2011)reported that shootlets of Populus alba were  

elongated on medium supplemented with 3mg/l  +3g/l AC+0.5 mg/l BAP 

followed by highest rooting on medium with 3mg/l +3g/l AC+0.1mg/l NAA 

+0.5mg// IBA. Then, Charcoal can increase the capability of culture shoots to 
form more roots. 

 
Table(5 ).Effect of  activated charcoal mixed in the medium  of Magnolia  
grandiflora shoots cultures grown on multiplication media for 35 days in 
vitro 

                      Activated charcoal concentrations      significant 
Characters                    0.00         0.25     0.50     1.00                      L.S.D.(0.05) 

(a)Average shoot          1.39         1.93     2.60      3.31           **             0.20 
Length (cm)/propagule  
(b)Average number of   1.50         1.62     2.00      2.96           **            0.16 
shoots formed propagule  
(c)Average number of    3.03         3.00     5.30     5.83            **           1.20 
Leaflets formed/propagule  
(d)Average number of    0.52         1.13     1.86     2.06            **           0.45 
rooting mass formed/propagule 
L.S.D.(0.05)=Least significant different test at 0.05 level of probability*,**: significant or 
highly significant 
  

 

         (a)                        (b)                      (c)                       (d) 

 Figure (5): Effect of activated (AC) charcoal concentrations on the growth 
of magnolia, (a)control ; (b)0. 25 g/l ; (c)0.50g/l ,and (d)1.00 g/l  
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The fourth stage (acclimatization) 
Acclimatization of in vitro grown plants is an important step in 

micropropagation (Smart, 2008; Rout et al., 2006).The In vitro grown plantlets 
with at least two to three roots were transferred to the greenhouse for the 
acclimatization ex vitro. The potting mix (sand and compost, 1:3), routinely used 
in the nursery of our institute, was found suitable for the hardening of the plants. 
The survival rate of the In vitro grown plants was 40% as shown in Fig. (6). 
 

 
 
Figure (6): Acclimatization of Magnolia plantlets ex vitro in a mixture of 
compost and sand (3:1)  

Further prospects (recommendations) 

The present study declared the necessity for further studies to improve  
(1)proliferation or multiplication of neoformed shoots; (2) achieving both 
proliferation or multiplication and rooting at the same time via a dual stage 
culture medium for saving the time and efforts to achieve each stage indivivally ; 
(3) in addition find out the way through to overcome decline multiplication rates 
with heading the subculture via resting the multiplied shoots over subculture 
(culture on media without growth regulators or half concentration……ect., 
and(4) improving the survival of magnolia plantlets ex vitro and in vivo, via 
choosing the appropriate mixtures.  

CONCLUSION  

It could be concluded that there is a possibility to propagate magnolia 
trees by micropropagation.  The protocol here in descried is very much efficient 
for the in vitro intiation (elongation of regenerated shoots), multiplication shoot 
prolifiration, rooting of nodels egements of this species  (hard -to –root plants). 
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In the light of our results: 
1- It can be suggested that enhanced shoots and buds formation can be 
achieved by using the WP media fortified with different concentrations of the 
cytokinin and auxin to evaluate their effects in this respect. The plant growth 
varied as the concentration of the growth regulators changed. The in vitro roots 
were successfully induced also. 
2-The rooted plantlets were acclimatized  in magnolia trees , but the present 
study declared the necessary  for further studies to improve acclimatization to 
improve survival rate for the commmerical industry. 
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ABSTRACT: Alexandria Police Hospital (APH), Alexandria, Egypt was planned and built 

between 2005 and 2010. It was established exactly in the entrance of Alexandria city on Cairo- 
Alexandria desert road occupying an area of about 42000m

2
. The hospital has a garden of 

about 18% of the total area. Since the concept of healing garden is not yet mature in Egypt, an 
evaluation was conducted between 2010 and 2014 to determine whether the garden was 
matching the international standards of hospital or healing gardens and whether the garden was 
meeting the goals and benefits of similar healing gardens. Results from site observations and 
the statistically analyzed questionnaires indicated several facts: the majority of the tested 
sample believe that the hospital garden is a very important component of the healthcare 
facilities. With respect to the general features and components of the gardens, the 
questionnaires proved that there were points of satisfaction; included the general shape and 
appearance of the gardens, the general shape of plants and green lawns, garden maintenance 
and cleaning level which gives a nice pleasant welcome shape to the garden as well as creates 
a healthy atmosphere for patients and other garden user groups. On the other hand, there were 
serious points of dissatisfaction including the absence of pergolas, umbrellas and trellises which 
have been reflected as a problem since there is no way to protect patients and visitors from 
wind, sunrays or extremes in temperature. Most of the visitors were dissatisfied about the 
limited variety of plant species and colures, the plants of the garden are not enough to expertise 
the patients five senses, seeing, smelling, tasting, touching or hearing. The garden users 
complain, also, because there are no enough walkways with standard characteristics with 
normal slope for moving wheelchairs. The absence of sitting places in the garden as well as the 
absence of sculpture and other artistic pieces was one of the serious complains of the garden 
users. Finally, most of the visitors expressed their dissatisfaction concerning the night lighting of 
the garden which proved to be insufficient which makes a problem especially for old patients, 
visually impaired individuals as well as those who have undergone leg bones operations. Based 
on the results obtained, recommendation for changes was developed to promote better use and 
benefits of the garden. These research findings can be used to guide the future planning, 
design, building and subsequent evaluation of garden environments in healthcare facilities. 

Key words: Healing Gardens, Hospital gardens, Alexandria Police Hospital (APH) 

INTRODUCTION 

Hospitals are healthcare institutions which provide patient treatment with 
specialized staff and equipment. Historically, hospitals were often founded and 
funded by religious orders or charitable individuals and leaders (Hall, 2008). 
The earliest documented institutions which provided cures were the ancient 
Egyptian temples followed by the ancient Greece temples which were both 
dedicated to the healer- Gods (Miller, 2006). 

Throughout the history of mankind, contact with nature proved to be 
beneficial for health and well-being in the different human cultures. Contact with 
nature proved to be valuable for patients troubled in body, mind, or spirit. During 
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the 20th century, the relationship between healing and nature has suffered to a 
great extent since technology occupied the greater part in the medical 
community (Horsburgh, 1995 and Ulrich, 1992). 

"Hospital Garden" is a common terminology which refers to the gardens 
which surrounds the buildings of a hospital for beatification and ornamental 
view. The terminology, however, expanded to cover also some benefits for 
patients, nurses, doctors, administrative staff members of the hospital in 
addition to the visitors. Then, the term "Healing Garden" or "Therapeutic" 
Garden appeared to be more expressive than "Hospital Garden" since both 
terms cover the beneficial basis of design, curing acceleration. Sometimes the 
term "Restorative Garden" or "Rehabilitation Garden" is used which include the 
principle of restoring the balance of the different life dimensions (Cooper-
Marcus and Barnes, 1995 and Annerstedt and Wahrborg, 2011). 

The concept of gardens is believed to date back to ten thousand years 
ago. Gardens of ancient Egypt represent the earliest beginning of gardens and 
garden design (Berall, 1978). During that time very little was known about 
physical illness, and the common belief was that healing would come through 
exposure to nature and through connection with God. Ancient Egyptians 
adopted this concept in old temples (Janick, 2002), Japanese and Chinese 
cultures followed (Jiang, 2014). The first healing gardens in the western world 
date back to the Middle Ages in Europe (Cooper-Marcus and Barnes, 1999). 
But, unfortunately, the hospital gardens during much of the 20th century were 
either mostly removed or forgotten, they were replaced by high-tech machines, 
increased specialization, and new pharmaceuticals (Cooper-Marcus and 
Barnes, 1999). But suddenly and surprisingly, a return to nature in medical 
settings began to occur again in the 1990s. A considerable amount of research 
supported again the theory that views of, or access to, nature had positive 
effects on health outcomes (Cooper- Marcus, 2005). 

Well- designed hospital gardens not only provide calming and pleasant 
nature views, but can also reduce stress and improve clinical outcomes through 
other mechanisms, for example, fostering access to social support and privacy, 
and providing opportunities for escape from stressful clinical settings (Ulrich, 
1999). When designing a healing garden, the focus should be on the people 
who are supposed to use the garden, or what is called the users group 
(Stigdotter and Grahn, 2003). Shahrad (2012) mentioned the importance of 
seven principles which should be considered when designing a healing garden: 
feeling of security, understanding user groups and their needs, offering different 
types of activities, having different rooms or spaces, having the basic 
characteristics for rest and activity, achieving both privacy and social 
interaction, and the importance of surrounding views. 

Different hardscape components of hospital gardens should be carefully 
considered. Transition from inside to outside should be safe and easy for 
patients and other garden users (York, 2009). Providing suitable walkways that 
are firm, stable and slip resistant is of priority especially for those using assistive 
mobility equipment or even blind patient (National Center on Accessibility, 
2009). Walkways should have running slope no greater than 5% and cross 
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slope no greater than 2% (United States Access Board, 1998). The width of the 
walkways should be a minimum of 36 inches. Outdoor lighting is important 
hardscape element since it can assist in the safety and security of patients and 
other users. A combination of outdoor lighting fixtures will enhance night time 
visibility and safety (York, 2009) and maximize the therapeutic benefit by 
allowing patients to use the gardens safely after dark, or even to have a look out 
to the garden from indoors (Cooper- Marcus and Barnes, 1995). Sitting and 
resting places are also important for the comfort and safety of users, design of 
seating elements should assist those with coordination, mobility, balance, and 
strength limitations (United States Access Board, 2007). The design of healing 
gardens must create a comfortable outdoor microclimate to protect garden 
users from winds and extremes in temperature, the use of pergolas, trellises 
and umbrellas becomes of great importance (Young, 2001 and Carstens, 1998). 
Even sculpture and other artistic pieces may become a factor of recovery when 
carefully used (Minter, 1995; Sagar, 2006, Wieland, 2007). 

On the other hand, the presence of ornamental plants is the key element 
of a positive healing environment (Cooper- Marcus and Barnes, 1995 and Paine 
et al., 1998). Plants creat pleasure and can bring healing through the five 
human senses, either physically or more indirectly via memories and mood 
(Minter, 1995). This depends on the so called "man's perception of the 
landscape". To perceive one's environment is to become aware of it through the 
senses of seeing, hearing, touching, smelling, and tasting (Carpenter et al., 
1975). For excellent review about using the five human senses to enjoy and 
benefit the garden see (Minter, 1995). 

MATERIALS AND METHODS 

A sample of 218 visitors was selected at random, they received the 
questionnaire, with the help of the researcher of this thesis, they answered the 
questions, the results were analyzed by Chi-2 test. The selected visitors chosen 
for this part were 115 females and 103 males.  Most of them where nurses and 
administrative employees (38.1%), while patients were 28%, visitors were 
13.8%, and doctors were 20.2%. Meetings, interviews and discussions were 
made with the different user groups of the selected sample. Several visits, were, 
also,   made to observe the situation of the hospital and garden components,  
as well. 

RESULTS AND DISCUSSION 

� Distribution of the studied cases according to their personal data 

A sample of 218 persons was selected at random and received the 
questionnaire, with the help of the researchers of this article, they answered the 
questions. The results were analyzed by chi2 test. About 47% of the selected 
persons for questionnaire were males while about 53% of the samples were 
females. (Table 1) 

Administration people and nurses present the highest percentage of the 
sample (38.1%), followed by patients (28.0%), then doctors (20.2%) while 
visitors presented the lowest percentage of users (13.8%). 
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Most members of the studied sample visit the hospital on a daily basis 
(about 64.2%), and about 28.4% visit the hospital on a regular basis while only 
7.3% of the studied sample visit the place irregularly. 

About 64% of the studied sample had higher education level, while 28% 
had medium education, only 7% of the studied sample were non-educated.Most 
of the selected visitors (68.3%) showed that they are keen to watch the hospital 
garden, 13.8% said they are very keen to watch the garden which they believed 
to be of a top priority for them. Unfortunately, about 18% saidthey are not 
concerned with the garden of the hospital. 

From the above mentioned results published in Table (1), it might be 
concluded that the selected sample of the questionnaire has been recruited at 
random to present the different categories of users: Patients, doctors, 
administration employees , nurses as well as visitors, as recommended by 
Cooper-Marcus and Barnes (1995). More than 80% of the tested sample said 
that the hospital garden is very important component of the healthcare facilities, 
they are keen to watch or to feel the touch of nature provided by the hospital 
gardens. These preliminary results indicated that the primary function of the 
hospital outdoor garden space is the creation of calming environment which 
represents an additional healthcare amenity that provides therapeutic benefits 
and positive health outcomes (Neducinet al., 2010). 

Table (1): Distribution of the studied cases according to their personal 
data 

 
 No % 
Sex   

Male 103 47.2 
Female 115 52.8 

Reason of visiting   
Doctors 44 20.2 
Nurses and administration employees 83 38.1 
Visitors 30 13.8 
Patients 61 28.0 

The frequency level of visiting   
Daily 170 64.2 
Regularly 62 28.4 
Non regularly 16 7.3 

Education level   

Non educated 16 7.3 
Medium education 62 28.4 
High education    140 64.2 

Are you keen to watch the hospital garden?    
No 39 17.9 
Yes 149 68.3 
Very keen 30 13.8 
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� Distribution of the studied cases according to sufficiency and general 
satisfaction towards the hospital gardens 

With respect to how sufficient are the gardens of the hospital (with regard 
to fulfill their wishes) as well the general satisfaction of users towards the 
hospital gardens, data presented in Tables 2 and 3 clarified the fact that the 
majority of the studied cases believed that the gardens of Alexandria Police 
Hospital are quite sufficient (59.2% high sufficiency level and 37.6% moderate 
sufficiency), while only 3.2% of the tested sample believed that the gardens of 
this hospital are not sufficient. On the other hand, 64.2% of the tested sample 
were highly satisfied about the gardens whereas 30.3% were moderately 
satisfied. Only 5.5% were not satisfied about the general situation of the 
gardens of the police hospital. 

It was found that patients followed by visitors then nurses and 
administrators (67.2%, 60% and 59%; respectively) believed that the garden of 
the hospital have highly fulfilled their needs. Doctors, due to their limited time 
among plants occupied the last group of users (47.7%) who can feel high 
degree of sufficiency since they spend most of their time inside the buildings 
and rooms of the hospital. This explained why 50% of the doctors have 
expressed moderate degree of sufficiency with respect to the gardens of the 
hospital, compared to other users. 

With respect to the degree of satisfaction (Table 3), it was found that 
visitors occupied the highest-level of satisfaction among other garden users 
(73.3%) since they enjoy being or passing through the garden compared to all 
other classes of users whomay be tired enough due to disease and therapy 
(patients; 57.4%) or may be doctors or nurses or administrators who are 
working hard in the hospital (65.9% and 65.1%). 

These results agree with the general approach of Kaplan and Kaplan (1989), 
Tyson (1998) and Cooper-Marcus and Barnes (1995) who have reported that the 
hospital gardens are necessary for healing to begin: being away, extent, fascination 
and compatibility. Theneeds of other groups of individuals using the garden; the 
visitors, the patient's families, the employees (doctors, nurses, administrative 
workers) must also be considered and respected. 

Table (2): Distribution of the studied cases according to sufficiency and 
satisfaction 
 No % 
The degree of sufficiency   

High (A) 129 59.2 
Moderate (B) 82 37.6 
Low (C) 7 3.2 
Min. – Max. 15.0 – 46.0 
Mean ± SD 35.12 ± 6.22 
Median 36.0 

The degree of satisfaction   
High (A) 140 64.2 
Moderate (B) 66 30.3 
Low (C) 12 5.5 
Min. – Max. 23.0 – 48.0 
Mean ± SD 39.43 ± 5.0 
Median 40.0 
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Table (3): Opinion of the different classes of visitors towards the garden 
sufficiency and general satisfaction. 

 
Reason of visiting 

 
Doctors 
(n = 44) 

Nurses and 
administration 

employees 
(n = 83) 

Visitors 
(n = 30) 

Patients 
(n = 61) 

 No % No % No % No % 
The degree of sufficiency         

High (A) 21 47.7 49 59.0 18 60.0 41 67.2 
Moderate (B) 22 50.0 28 33.7 12 40.0 20 32.8 
Low (C) 1 2.3 6 7.2 0 0.0 0 0.0 

�
�
��p� 11.410 (0.077) 

The degree of satisfaction         
High (A) 29 65.9 54 65.1 22 73.3 35 57.4 
Moderate (B) 14 31.8 22 26.5 8 26.7 22 36.1 
Low (C) 1 2.3 7 8.4 0 0.0 4 6.6 

�
�
��p� 5.993 (0.429) 

χ2
p: p value for Chi-square test 

� Opinion of the studied sample about the general features and 
components of Alexandria Police Hospital gardens: 

With respect to the gardens themselves,thegeneral shape and the 
different components,which expressed the opinion of the tested sample, results 
are presented in Table (4). They were classified into two groups for better 
understanding and better interpretation; points of satisfaction and points of 
dissatisfaction: 

 
The first group: Points of satisfaction: 
Most of the garden users were happy about the general shape and appearance 
of the gardens, which is considered an important milestone for the success of 
any hospital garden as a place for healing or stress reduction (Cooper-Marcus 
and Barnes, 1995). 
 

Most of the garden users are satisfied with the general shape of plants in 
the garden, the shape of green lawns, the area of green lawns as well as the 
amount of flowers in the garden 
. 

As a matter of fact, if most of the hospital garden users are satisfied with 
the general shape of plants in the garden including the green lawns, it might be 
then a good sign. The presence of good collection of ornamental plants and 
flowers in the hospital garden is considered to be the key element of a positive 
healing environment. Exposure to nature has a significant beneficial effect on 
the emotional state of human beings (Paine et al., 1998). Young (2001), 
also, supported these results, he reported that plants are the focus of gardens. 
Planting decisions can determine whether the site is a welcome area that is 
successfully utilized or not. 
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On the other hand, green lawns or even green colour create a feeling of 
space. They are useful in the treatment of nervous conditions, theyengender a 
feeling of peace and sanctuary from the outside world (Minter, 1995 and 
Stewart 2003). 
 

The majority of visitors were greatly satisfied with the garden 
maintenance as well as the cleaning level of the garden outdoor area. It is 
considered a good point and positive management for the authorities of 
AlexandriaPolice Hospitalsince they contracted special companies for either 
garden maintenance, or general cleaning for the outdoor area. This gives a nice 
and pleasant welcome shape to the garden as well as creates a healthy 
atmosphere for the patients and other garden users. Young (2001) explained 
the importance of the presence of a maintenance program for the garden as 
well as the whole outdoor area including plants (planting, pruning, replacement, 
feeding, irrigation, etc.), walkways (cleaning, paving, replacement of damaged 
areas, etc.).benches, water fountains and all built structures should be 
thoroughly inspected to minimize the risk of injury to all user groups. 
 

The majority of garden users believe that the place has enough 
entrances and exits that connect the garden to other different buildings and 
outdoor areas. Access to outdoor spaces begins with the coordination between 
the interior and exterior. Exits should be available everywhere to help patients 
and other garden users to move safely and freely from inside to outside and 
vice versa. A lighted and covered entry exit can provide shelter from the 
elements and be more inviting in making the transition to the outside garden 
area (York, 2009). On the other hand, users of hospital outdoor areas need to 
find easily their way from inside to outside, the presence of enough number of 
clear exits makes it easier to move freely from part to another (Miller and Lewis, 
1999). 

 
The second group: Points of dissatisfaction: 
Most of the garden users are not satisfied with the shade facilities of the garden; 
shade resulting from trees is not yet enough due to the comparatively small 
canopy of the newly planted trees, in addition to the absence of pergolas, 
gazebos, umbrellas and trellises. Of course, the non-availability of shade 
facilities in the outdoor garden areas of the Police Hospital is considered to be a 
weak point in the design, since users of the hospital gardens are more likely to 
be sensitive to outdoor climatic conditions. The design of healing gardens must 
create a comfortable outdoor microclimate, to prolong the season and protect 
users from wind, sunrays as well as extremes in temperature (Young, 2001). 
Umbrellas, pergolas or gazebos are very important components of hospital 
gardens since they can create a transitional area between bright and dark 
areas, to give eyes time to adjust properly as reported by Carstens (1998) and 
Harris and Dines, (1998). 
 

Most of the tested sample of garden users complains because there are a 
limited variety of plant colours in the garden. On the other hand, the majority of 
users groups expressed their dissatisfaction due to the insufficient collection of 
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plants of the gardens of Alexandria Police Hospital. It is again a great problem of 
garden design confronting the administrative staff of this hospital, since the 
available plants of the garden do not sufficiently help the patients in the process 
of awakening their human senses. The number of fragrant plant species is so 
limited for smelling. There are no edible plants to be tasted. The plant variety 
does not help at all to expertise touching or even moving by wind to encourage 
hearing sense (Minter, 1995). On top of all, the limited variety of plant or flower 
colour in the garden. The importance of colour in the healing process has been 
well known since ancient Greeks and ancient Egyptians. Each colour has a 
specific meaning and therapeutic effects. The limited variety of plant colours in 
the garden has definitely a bad effect on the psychology of patients and other 
users of the hospital garden (Minter, 1995 and Stewart, 2003). The joy of colour 
in the garden needs skill to contrive successfully, especially as it involves 
designing with the fourth dimension, time, it can affect mood beneficially and 
therapeutically as well (Minter, 1995). 
 

Unfortunately, the majority of garden users complain because there are 
not enough walkways which connect the garden to the different gates of the 
hospital buildings. Some people mentioned that there is no smooth way with 
normal slope even for the moving wheelchairs of patients. In the same context, 
the majority of the tested sample believe that the walkways of the garden are 
not suitable for wheelchairs, pavement and slope complicated the problem. 
They believe strongly that the Police Hospital gardens are not suitable for blinds 
to move freely during day or night. 
 

It is really a serious complain which should be considered by the hospital 
authorities, walkways are not enough and sometimes do not connect different 
outdoor spaces together, the biggest problem, the walkways connecting indoor 
to outdoor are not sufficient or smooth for easy and safe movement of patients, 
wheelchairs or moving beds and other hospital facilities between the different 
buildings of the hospital. Providing walkways that are firm, stable and slip 
resistant can facilitate negotiating the outdoor space especially for those using 
assistive mobility equipment or people with impaired balance or coordination. 
The edges of the pathway should be flush with the surrounding grade to 
accommodate use of a wheelchair, scooter or crutches on the path. Unitary 
surfaces such as asphalt and concrete, are considered accessible surfaces 
(National Center on Accessibility, 2009). 
 

Walkways should also have running slope no greater that 5% and cross 
slope no greater that 2% in order to reduce the risk of falls as well as to provide 
enough slope for drainage (Tranter et al., 1991; Kirchner et al., 2008; and 
Brawley, 2007). The width of the walkways should be a minimum of 36 inches, 
which would permit one-way traffic for wheelchair or walker users. Paths at 5 
feet allow side-by-side walking, passing of two persons and are wide enough for 
a wheelchair to make a 180 degree turn (Brawley, 2007). 

 
Most of the garden users complain because of the absence of 

comfortable sitting places in the garden as well as the absence of all kinds of 
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sculpture and other artistic pieces including fountains and bird shelters. While 
other people believe that portable chairs may be a good substitute for 
permanent sitting chairs. 
 

The absolute importance of sitting and resting places as well as sculpture 
and other artistic pieces are reviewed by many researchers. The more 
opportunities that are provided for persons to sit and rest, the more appealing 
traveling within an outdoor space may be. Seating should be provided along 
walking paths, within garden areas, at places to observe nature elements 
(watching trees, birds, flowers, etc.), and in common areas in order to socialize 
and visit with family and friends. The size and design of seating elements 
should assist those with coordination, mobility, balance, and strength limitations 
(United States Access Board, 2007).Full description of seating places and 
dimensions as well as benefits are shown by Cooper-Marcus and Barnes 
(1995). 
 

On the other hand, the use of sculptures, rocks, pieces of wood as well 
as other artistic pieces might be of some benefit to recovery. Although art may 
be considered as a psychological component of the auto-immune system that 
leads to the heling process, but the use of carefully selected art pieces should 
also be considered (Wieland, 2007 and Sagar, 2006). Statues, on the other 
hand are considered as stimuli and may hamper patients recovery and create 
stress (Ulrich, 2000). 
 

Most of the garden users were not happy with the night lighting system of 
the garden, the number and distribution of landscape lighting in the garden 
proved to be weak in spite of the importance of lighting such gardens at night. It 
is will- known that good lighting can help to prevent falls and assist those who 
are visually impaired detect boundaries (York, 2009). Cooper-Marcus and 
Barnes (1995) suggested that the night time lighting maximizes the therapeutic 
benefit by allowing patients and other garden users to use the space safely after 
dark, or to look out at the garden from indoors. 

Table (4): Opinion of the studied sample about the general features and 
components of Alexandria Police Hospital garden, Alexandria, Egypt. 

Garden general features and components 
Disagree Moderate Agree 

Mean SD �
�
 

No % No % No % 
General shape of the garden 6 2.8 52 23.9 160 73.4 2.7 0.51 172.0

*
 

The shape of garden plants  15 6.9 84 38.5 119 54.6 2.48 0.62 77.073
*
 

The shape of green lawns 12 5.5 69 31.7 137 62.8 2.57 0.69 107.789
*
 

The area of the green lawns 18 8.3 64 29.4 136 62.4 2.54 0.64 97.358
*
 

The amount of flowers in the garden 51 23.4 98 45.0 69 31.7 2.08 0.74 15.477
*
 

Garden maintenance  33 15.1 81 37.2 104 47.7 2.33 0.72 36.119
*
 

Cleaning of the garden 15 6.9 84 38.5 119 54.6 2.48 0.62 77.073
*
 

Entrances and exits in the garden 20 9.2 73 33.5 125 57.3 2.48 0.66 75.862
*
 

Shade facilities of the garden 149 68.3 59 27.1 10 4.6 3.0 2.64 136.798
*
 

The variety of plants colors  105 48.2 86 39.4 27 12.4 2.36 0.69 45.532
*
 

Sufficiency of smell, hearing, tasting and touching 78 35.8 76 34.9 64 29.4 2.06 0.81 1.578 
Sufficiency of walkways 102 46.8 84 38.5 32 14.7 2.32 0.72 36.367

*
 

Suitability for wheelchairs and blind movement 103 47.2 73 33.5 42 19.3 2.28 0.77 25.606 
Sufficiency of sitting places and sculpture pieces 130 59.6 44 20.2 44 20.2 1.61 0.80 67.853

*
 

Night lighting of the garden 86 39.4 76 34.9 56 25.7 2.14 0.89 6.422 
χ2

p: p value for Chi-square test  *: Statistically significant at p ≤ 0.05 
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Opinion of the tested sample about the importance of hospital gardens 

The awareness level of the people concerning the importance of hospital 
gardens was also addressed, the results are presented in Table (5) and could 
be presented as the following: 

� The majority of the tested sample agree that the gardens have a great 
psychological impact on the hospital's users (56.4% strongly agree+ 36.7% 
agree). 

� The majority of visitors disagree that most Egyptians believed that the 
expansion of building sections of the hospital is more important than the 
creation of green spaces (28.9% strongly disagree + 27.5% disagree). 

� The majority of the tested sample disagree that the hospital gardens lead to 
transmission of infection because of the spread of insects (44.5% strongly 
disagree+40.8% disagree). 

� The majority of people disagree completely that the case of patients will not 
be affected by their prior experience and interest in gardening (47.7% 
strongly disagree+ 38.1% disagree) 

� With respect to the dilemma of spending money on the treatment of patients 
compared to spending money on the maintenance of the garden, most of the 
tested sample were not happy about presenting the problem this way, 23.4% 
of the tested sample strongly disagree in addition to 36.7% who disagree, 
which means that spending money on the garden maintenance is as 
important as the treatments of patients. 

� Most of the users believed that the hospital gardens are used as a place to 
provide treatment to patients (29.4% strongly agree+ 27.1% agree). 

� The majority of the tested sample are convinced that the hospital garden 
affect the psychological state of the employees and make them work better 
(40.8% strongly agree+ 36.2% agree). 

� The majority of visitors believe strongly that the hospital gardens give a 
soothing feeling to the visitors (52.3% strongly agree+ 41.7% agree). 

� The majority of visitors see that the green color of the garden renews hope in 
life for all the visitors of the garden (45.0% strongly agree + 44.5% agree). 

� The garden users, on the other hand, disagreed that the patients are in need 
to good drug and good service, and not to see a beautiful garden (29.8% 
strongly disagree+ 28.9% disagree). 

All the questions presented in the questionnaire of Table (5) have 
touched a main problem case which is in fact considered the main backbone of 
making hospital or healing gardens or not. The tested sample expressed a good 
level of awareness concerning the impact of hospital garden for patients and 
other users groups as well which is in full agreement with the findings of 
Cooper-Marcus and Barnes (1995) who stated, moreover, that they are 
convinced, after the positive results of a series of questionnaires in different 
places, that, with more persuasive information as to the benefits of hospital 
gardens, many more hospital administrators and medical staff would encourage 
the use of outdoor spaces as gardens for healing and stress reduction. 
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Table (5):Distribution of the studied cases according to degree of 
satisfaction with respect to the importance of hospital gardens 

 

 
Strongly 
disagree 

Disagree Moderate Agree 
Strongly 

agree Mean SD �
�

 
 No % No % No % No % No % 

Gardens have a great psychological impact on 
hospital’s users. 

2 0.9 1 0.5 12 5.5 80 36.7 123 56.4 4.47 0.71 279.202
*
 

Most Egyptians believed that the expansion of 
building sections of the hospital is more 
important than the creation of green spaces 

63 28.9 60 27.5 30 13.8 48 22.0 17 7.8 2.52 1.32 35.716
*
 

Hospital gardens lead to transmission of 
infection because of the spread of insects. 

97 44.5 89 40.8 19 8.7 8 3.7 5 2.3 1.78 0.92 189.798
*
 

Whether there is interest in gardening or not 
does not affect the case of patients 

104 47.7 83 38.1 9 4.1 16 7.3 6 2.8 1.79 1.01 196.633
*
 

Maintenance of the garden need large sums of 
money so it is preferably provide these money 
to spent on the treatment of patients 

51 23.4 80 36.7 26 11.9 37 17.0 24 11.0 2.56 1.31 48.560
*
 

Gardens used as a place to provide treatment 
to patients 

33 15.1 36 16.5 26 11.9 59 27.1 64 29.4 3.39 1.44 25.991
*
 

The hospital  garden Affect the psychological 
state of the employees and make them work 
better 

10 4.6 10 4.6 30 13.8 79 36.2 89 40.8 4.04 1.07 132.046
*
 

The hospital garden Feel soothing to the 
visitors 

2 0.9 1 0.5 10 41.7 91 41.7 114 52.3 4.44 0.69 272.413
*
 

Green renews hope in life for all visitors to the 
garden 

1 0.5 3 1.4 19 8.7 97 44.5 98 45.0 4.32 0.73 226.587
*
 

Patients in need to good drug, good service, 
and not to see a beautiful garden 

65 29.8 63 28.9 37 17.0 32 14.7 21 9.6 2.45 1.31 34.936
*
 

 

χ2
p: p value for Chi-square test  *: Statistically significant at p ≤ 0.05 
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  M�	�� � ������ �&1
 ��� #���9
�&� �� 	��� O��7�. ��/� �3���� ,���� ���+ "��� a	d� J7�
	�� Y'( %&
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 ��� "E #�3 �
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 ! �.�� ����
 ��	� �� $����� FE ���� Y�.
! �� �� 
� ������� �
��&� . %�! J7�
	�� #���E ���

 ����	
�� #-�.��� �� ������� �
��&� #�������� ����
 ! �.��� ���
.� :�
�
 � ������ �&1
 ��� #���9
��� "E
� ������  $��+ ���
� :��
�! ������T,UcC ����
��� *�
 ��� �	
 ���	�� ���+ �(� 5T,TA  ���+ #9&� ���

 ��� ���� �)CU,BRV ( ����
��� *�
 ��� �	
 ���	�� ���+ �(�T,TA ����
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وكل من ودرجة إستفادتھن منه لھاتف المحمول ل مبحوثاتال إستخدامدرجة العGقات ا�رتباطية بين ) ١٤( جدول

  المتغيرات المستقلة

  المتغيرات المستقلة
مل ا�رتباط البسيط اقيمة مع

درجة إستخدام الھاتف ل
  المحمول للمبحوثات

قيمة معامل ا�رتباط البسيط 
درجة إستفادة المبحوثات ل

  من الھاتف المحمول
  .سن المبحوثات -١
  .المستوى التعليمي للمبحوثات -٢
  .المستوى التعليمي للزوج -٣
  .حجم ا
سرة -٤
  .المشاركة ا:جتماعية -٥
  .مصادر المعلومات -٦
  .التعرض لوسائل ا:تصال الجماھيرية -٧
  .التجددية -٨
  .القيادية -٩

  .السلوك ا:ستثماري -١٠
  .ةتف المحمولحيازة ا
سرة من الھوا -١١
  .عدد كروت الشحن -١٢
  .مصاريف كروت الشحن -١٣
  .إستخدام الھاتف المحمول دافعية -١٤
  .درجة مناسبة الھاتف المحمول -١٥
  .المجاSت التنموية المفضلة -١٦
  .مصادر المعرفية الھاتفية للمبحوثاتال -١٧
  .مصادر ا:تصال بالمبحوثة -١٨
  .درجة إستخدام الھاتف المحمول -١٩
  .درجة ا:ستفادة من الھاتف المحمول -٢٠

-٠,٢٨٨**  
٠,٣٨١**  
٠,٢٥٨ **  

-٠,١٢٥  
٠,٢٩٩ **  
٠,٢٤٣ **  

٠,٤٠٢  
٠,١٥١  
٠,٣٦٢ **  
٠,٢٣٠**  
٠,١٨٠*  
٠,٤٦٣**  
٠,٤٤٥**  
٠,٥٠٤**  
٠,١٦٢*  
٠,٤٧٦**  
٠,٢٨١**  
٠,٣٠٥**  
١  

٠,٧٦١**  

-٠,١٥٢  
٠,٢٢٤ **  

٠,١٣١  
-٠,٠٦١  

٠,٣٦٠**  
٠,٢٦٣ **  
٠,٢٣٢ **  

٠,٠٩٤  
٠,٣٨٣ **  
٠,٢٦٨ **  

٠,٠٩٢  
٠,١٤٩  
٠,١٧٨ *  
٠,٣٧٥ **  
٠,١٩٨ *  
٠,٢٥٦ **  
٠,٤٠٤ **  
٠,٣٢٦ **  
٠,٧٦١ **  
١  

  )ر(معامل ا:رتباط المتعدد 
  ٢معامل التحديد ر

  قيمة ف

٠,٨٧٢  
٠,٧٦٠  
٢٨,٦٥٤**  

٠,٨٣٤  
٠,٦٩٥  
٢٥,٩٤٨**  

  ٠,٠٥معنوي عند المستوى ا�حتمالي **       ٠,٠١عند المستوى ا�حتمالي  معنوي* 
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  إستخدام المبحوثات للھاتف المحمول بين المتغيرات المستقلة ودرجة التأثيرية Gقةلعا) ١٥(جدول 

  المستقلةالمتغيرات 
مل ا�نحدار امع

  الجزئي
مل ا�نحدار امع

  الجزئي القياسي
  التباين المفسر  قيمة ت

  إستخدام الھاتف المحمول دافعية -١
  ةاتف المحمولوحيازة ا
سرة من الھ -٢
  مصاريف كروت الشحن -٣
  المجاSت التنموية المفضلة لديھا -٤
  مستوى تعليم المبحوثة -٥
  السلوك ا:ستثماري -٦

٢,١٢٦  
٢,٦٢٤  
٠,٥٢٦  
٢,٣٥٣  
٣,٠١٧  
٣,٣٢٤  

٠,١٨٦  
٠,٣٦٣  
٠,٢٧٩  
٠,١٨٤  
٠,١٦٢  
٠,١٢٦  

٢,٢٠٣ **  
٦,٢٧٠ **  
٤,٤٠٤ **  
٢,٧٤٠ **  
٢,٢٠٠ **  
٢,١٩٠ **  

٠,٢٥٤  
٠,٤٠٥  
٠,٤٧٧  
٠,٥٠٦  
٠,٥٢١  
٠,٥٣٦  

  ٢٩,٨٢٣=  F قيمة            ٠,٥٣٦=  ٢ر
  ٠,٠١معنوية عند                          ٠,٠١معنوية عند ** 
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  الھاتف المحمولإستخدام العGقة التأثيرية بين المتغيرات المستقلة وبين درجة إستفادة المبحوثات من ) ١٦(جدول 

  

  المتغيرات المستقلة
مل ا�نحدار امع

  الجزئي
مل ا�نحدار امع

  الجزئي القياسي
 Tقيمة 

  )ت( 
التباين 
  المفسر

  المجاSت التنموية المفضلة لديھا -١
  القيادية -٢
  دافعية إستخدام الھاتف المحمول -٣
  المشاركة ا:جتماعية -٤
  ية الھاتفيةالمصادر المعرف -٥

 ٣,٤٢٤  
١,١١٨  
٢,٠٢٣  
٠,٩٥٧  
٥,٦١٩  

٠,٣٧٨  
٠,٢١٨  
٠,٢٥٠  
٠,١٨٨  
٠,١٤٥   

٥,٣٢٦ **  
٢,٩٨٢ **  
٣,٤١٧ **  
٢,٥٦٠**  
٢,٢٤٥ **  

٠,٤١٨  
٠,٤٥٣  
٠,٤٨٤  
٠,٥٠٢  
٠,٥١٤  

  ٢٦,٥٥٥=  F قيمة            ٠,٥١٤= ٢ر  
       ٠,٠١معنوية عند           ٠,٠١معنوية عند **   
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����.�  
  %  تكرار  المقترحات

 مقترحات مادية -١
 مقترحات خاصة با
نترنت -٢
 مقترحات خاصة بشبكات المحمول -٣
  مقترحات خاصة بالريفيات -٤

٥٧  
٤٧  
٣٢  
٣٠  

٥٤,٨  
٤٥,٢  
٣٠,٨  
٢٨,٤  

  

��'���	  

 ��3���� J7�
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ABSTRACT : This study aims at recognizing the determinants of benefits of rural  

women from using mobile phones in developmental fields in some villages of El-
Beheira governorate by; Identifying  some characteristics of respondents , determining 
the respondents' use of a mobile phoneto access information and knowledge on 
developmental studies, determining the degree of benefit the respondents from using a 
mobile phone in the studied fields of development, and studying the regression 
relations between some independent variables and each of;  the degree of use of a 
mobile phone in the fields of development, the degree of benefit from a mobile phone 
use in the fields of development as two dependent variables, and identifying  the 
respondents suggestions to overcome the obstacles that limit their use of moble phone 
and getting benefit from it in the field of development. 
 

A questionnaire through personal interview was used to collect data from 162 
rural women who possess mobile phones. 

 
Variety of methods were applied for data interpretation and presentation 

including: percentage, duplicates, arithmetic mean, standard deviation, coefficient of 
simple correlation, stepwise multiple regression analysis, T test and F test.  
Major findings of the study can be summarized as follows: 
1- The following developmental areas are arranged in descending order according to 

the degree of benefit of respondents using a mobile phone: food and nutrition, 
maternal and childhealth, education, culture, marketing, rationalizing consumption, 
agricultural production, poultry, environment, animal production, and small 
businesses. 

2- 31.5% of respondents have low degree of use of mobile phone in fields of 
development, 50% medium, and 18.5% have high degree. 

3- 30.8% of respondents have low degree of benefit from using a mobile phone, while 
the 48.8% have intermediate benefit, and 20.4% high. 

4- There are six variables that together explain 53.6% of the variation in the degree of 
use of the respondents of a mobile phone, which are: motivation to use a mobile 
phone, possession of the family of mobile phones, expenses of scratch cards, 
number of preferred fields of development, the respondents' level of education, and 
the investment behavior.And five variables together explain 51.4% of the variation in 
the degree of benefit of respondents using a mobile phone: number of preferred 
fields of development, leadership, motivation to use a mobile phone, social 
participation, and sources of knowledge from a mobile phone. 

5- There are several proposals for the respondent to increase the effectiveness of their 
use and benefit from a mobile phone while include is: material proposals, Internet 
related proposals, mobile network related proposals, and respondents related 
proposals. 
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ZT  المكونات ا�ساسية ل�تجاھات  
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ABSTRACT: Targeted research to identify trends agricultural respondents about 

the services offered by the private sector companies of agricultural, as well as to 
identify their views and requirements for the development of these companies, and 
finally stand on the most important problems facing farmers respondents when dealing 
with them.  

The research was conducted at the villages of KomElberka and Qombaneh to 
OukanKafr El Dawar District – El-Beheira Governorate , where he was taking a random 
sample 10٪ from 500 farmers (50) in possession of the village of KomElberka,10٪ from 
340 farmers (34) in possession of the village Qombaneh to Oukan and from record (2) 
of Services Association agricultural , has been collecting data on using the 
questionnaire personal interviews , several methods have been used for the statistical 
analysis of the study data , including percentages , term , and duplications . The study 
resulted in the following :  

First: attitudes to the respondents farmers about agricultural services provided by 
private sector companies, agricultural , results showed that the percentage of 
respondents with farmers were neutral trends are hitting the high  ( 47.6 ٪ ) of the total 
respondents .  

Second: the views and requirements of the respondents for the development of private 
sector companies, agricultural , arranged these requirements in descending order 
according to the number duplications , and the first requirement was " profit is not he 
the main objective of these companies " at a rate (100٪) , and the second requirement 
was " to provide services and supplies to growers in sufficient quantities   (90.1 ٪) , and 
the third the requirement  was" to provide agricultural services and production 
requirements of high quality ( 85.7 ٪ ) , and the fourth requirement was to " buy crops 
from farmers at affordable prices (69٪) , along with some other requirements. 

Third: the most important problems facing farmers when dealing with these companies 
,was in the first place "weak trust from farmers in company supplies and failure to 
ensure their validity and integrity " (88٪ ), while the problem of " increasing selling 
prices of some of the supplies and services to farmers in second place ( 73.8 ٪ ) as 
well as other problems. 



  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



  
  
  
  
  
  
 التحرير ھيئة

  

  .النبات وقاية قسم مجلس ورئيس ا�قتصادية الحشرات استاذ  القاضى بھجت ماجدة. د.أ

  .ورئيس مجلس قسم النبات الزراعى –استاذ أمراض النبات   مصطفى عبد العظيم عامر. د.أ

 .الزراعي ا,قتصاد قسم مجلس ورئيس الزراعي ا�رشاد استاذ  الشربتلى إبراھيم سوزان. د.أ

  .ا�غذية علوم قسم مجلس ورئيس ميكروبيولوجي وحفظ ا,غذية استاذ  اشرف عبد المنعم محمد زيتون. د.أ

  .النباتى ا�نتاج قسم مجلس ورئيس الفاكھة استاذ  ثناء مصطفي درويش عز. د.أ

  .ا,سماك ورئيس مجلس قسم ا4نتاج الحيواني والسمكياستاذ تربية وإنتاج   سامي يحيي حمودة الزعيم. د.ا

  .استاذ ا,راضي والمياه ورئيس مجلس قسم ا,راضي والكيمياء الزراعية  وفاء حسن محمد علي. د.ا

  

  

   



 

 

 

 

 

 

 

 

 

 

   



  
  
  

 عميد الكلية
 طارق محمد أحمد سرور. د.أ

   ا,سماك رعاية أستاذ

 

  
  
  
 

 التحرير رئيس
 حسينالمجد ماجدة أبو. د.أ

  البحوث العليا للدراسات الكلية ووكيل والمياه ا,راضي أستاذ

  
  
  
  
  
  
 

 التحرير مدير
 خليل الناصر عبد جمال .د.أ

 الزراعية والكيمياء ا,راضى بقسم ىا,راض فيزياء أستاذ
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