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ABSTRACT 

The aim of this experimental work was to investigate the effect of utilizing 

different rates of dried biogas digester residue as organic fertilizer and 

solar energy for heating greenhouse on growth, development, 

productivity, and fruit quality of tomato hybrid (Agiad 7) during winter of 

two following growing seasons (2013 and 2014). Two similar gable-even-

span greenhouses were functioned at EL-Sabahia Horticultural Research 

Station. The seedlings of tomato hybrid Agiad 7 were planted on the 1
st
 

week of December during the two growing seasons under two different 

greenhouse microclimates. The first greenhouse (GH1) was equipped 

with a complete heating system utilizing the solar energy, while, the 

second greenhouse (GH2) was mechanically ventilated during daylight 

without heating system. 

Referring to the effect of the solar heating system on the greenhouse 

microclimate, the obtained results revealed that, the maximum and 

minimum indoor air temperatures of greenhouse (GH1) were (24.3 and 

11.6), (26.0 and 12.1), (28.1 and 15.2), (28.6 and 16.3) and (30.6 and 

17.1) 
o
C during the experimental period (from December to April), 

respectively. On the other hand, the maximum and minimum indoor air 

temperatures of the greenhouse (GH2) were (25.3 and 6.0), (26.8 and 

6.3), (28.0 and 10.8), (29.8 and 13.4) and (32.6 and 15.3) 
o
C during the 

same period, respectively. Referring to the effect of organic fertilizer 

rates on the tomato plant vegetative growth, showed that increasing the 

organic fertilizer rate significantly increased all the studied characters; 

plant length, leaf area, number of leaves per plant, dry weight and stem 

diameter in both seasons whereas, the fresh weight increase was not 

significant in 2014 season.  

1
Researcher, Protected Cultivation Res. Dept., Horticultural Research Institute, 

ARC, Giza, Egypt. 
2
Researcher,  Power and Energy Res. Dept., Agricultural Engineering Research 

Institute, ARC, Giza, Egypt. 

Misr J. Ag. Eng., 33 (4): 1615 - 1648 



BIOLOGICAL ENGINEERING 

Misr J. Ag. Eng., October 2016  - 1616 - 

The data also, showed that plants fertilized with 30 m
3
/fed from dried 

biogas residue gave the best vegetative growth characteristics; plant 

height, leaf area, fresh, dry weight per plant and stem diameter as 

compared with other used organic levels in both seasons. Early yield, 

number of fruit per plant, fruit weight, total yield per plant and total yield 

per feddan were significantly increased by increasing the organic 

fertilizer rate in both 2013 and 2014 seasons.  

For the heated greenhouse (GH1), the percentages increase in early 

yield, number of fruit per plant, fruit weight, total yield per plant and 

total yield per feddan were 28.64, 13.04, 6.89, 20.84 and 20.84%, 

respectively for dried biogas residue of 30 m
3
/fed over those of farm yard 

manure, respectively in 2013 season. For the unheated greenhouse 

(GH2), the percentages increase in early yield, number of fruit per plant, 

fruit weight, total yield per plant and total yield per feddan over those of 

farm yard manure were 13.18, 16.29, 8.30, 25.52 and 25.52%, 

respectively for 30 m
3
/fed dried biogas residues in same season. Whereas, 

in the second season 2014, for the heated greenhouse (GH1), the 

percentages increase in early yield, number of fruit per plant, fruit 

weight, total yield per plant and total yield per feddan over those of farm 

yard manure were 24.87, 11.18, 6.89, 18.86 and 18.86%, respectively for 

30 m
3
/fed dried biogas residue, respectively. For the unheated 

greenhouse (GH2), the percentages increase in early yield, number of 

fruit per plant, fruit weight, total yield per plant and total yield per feddan 

over those of farm yard manure were 17.18, 16.29, 5.87, 22.84 and 

22.84%, respectively for 30 m
3
/fed dried biogas residues in same season.  

Concerning effect of the microclimatic conditions of (GH1) it was at and 

around the optimal level for the tomato crop, resulting in increase the 

tomato growth, development, and productivity. The percentages increase 

for greenhouse GH1 over GH2 greenhouse in early yield, number of fruit 

per plant, fruit weight, total yield per plant and total yield per feddan 

were 21.32, 17.42, 12.87, 32.28 and 32.28%, respectively, in 2013 season 

while, they were 16.06, 15.33, 10.14, 27.08 and 27.08%, respectively in 

2014 season. 
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1.INTRODUCTION 

n the winter period, the temperature under greenhouse is very low at 

night and it is rather high during the day. Consequently, the night 

heating of greenhouse is essential, Lazâar et al. (2008). Heating 

greenhouses in cold climate is usually performed by burning non 

renewable fossil fuel, generally oil. The environmental benefits of 

consuming vegetables locally grown in greenhouses that involve less 

transportation can be canceled by the large amount of energy required to 

grow those vegetables in greenhouses in winter. Therefore, different 

strategies have been considered to reduce energy consumption in 

greenhouses. Using solar energy to heat greenhouses is one of prime 

importance. With a high glazed surface area, greenhouses are natural 

solar collectors. Increasing thermal mass and insulation is necessary to 

keep the solar energy inside to heat the greenhouse at night, Santamouris 

et al. (1994). 

Fertilizer is an organic or inorganic material, containing one or more 

essential nutrients, which is used to provide nutrients for the growth of 

crops and increasing productivity and quality of agricultural products, 

(Zhang et al., 2010). Nemours researchers reported the importance of 

fertilizers in enhancing crop production. Firstly, they make crop plants 

grow and develop better and achieve high productivity. Fertilizers give 

vigorous plants and increase vegetative growth such as; plant height, 

quantity, and length of plant stem, leaf area, and leaf chlorophyll on many 

kinds of crop (Chapagain and Wiesman, 2004; Wang et al., 2007; 

Najm et al., 2010; Zafar et al., 2011; Aminifard et al., 2012; Yakout et 

al., 2014). Secondly, using fertilizers increases crop productivity (Heeb et 

al., 2006; Riahi et al., 2009; Aminifard at el., 2012; Yang et al., 2012; 

Çolpan et al., 2013). According to statistics of Food and Agriculture 

Organization of the United Nations (FAO, 1981), fertilizers help to 

increase 40-60% of crop yields (FAO, 1981; Zhang et al., 2010). 

Thirdly, fertilizers improves the quality of fruits such as vitamin, organic 

acid, mineral contents, dry matter content, etc. (Pirkko et al. 2003; 

Kobryn and Hallmann, 2005; Zaller, 2006; Dursun et al., 2009; 

Cesare et al., 2010; Junior et al., 2013). 

Adding organic manures to soil would improve their physical–chemical 

and biological properties which increase soil organic matter, cation 

I 
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exchange capacity, available mineral nutrition (Mervat et al., 1995) and 

this in turn stimulate quantitative as well as qualitative characteristics of 

vegetable crops. The use of organic matters such as animal manures, 

human waste, food wastes, yard wastes and composts has long been 

recognized in agriculture as beneficial for plant growth and yield, also, 

soil fertility. (Joshi and pal Vig, 2010). Many workers pointed out the 

valuable role of organic manures to stimulate plant growth, yield of 

vegetables among them Abdalla et al. (2001), Yakout et al., (2014), on 

pepper; Abou-Hussein et al., (2002) on potatoes; Adam et al., (2002) on 

cantaloupe; Rizk et al., (2003) on squash and El-Araby (2004), El-

Gamal and Hammed (2005) and Hamed (2008) on Jerusalem artichoke. 

Tomato (Lycopersicon esculentum Mill.) belongs to the family 

Solanaceae and is an important vegetable crop all over the world. It is 

used in numerous forms, such as fresh salad, cooked foods and in 

processed forms like ketchup, paste etc., it is known as a favorite 

vegetable crop, rich in vitamins and minerals for human. In Egypt, the 

late summer market tomato crop is yielded from transplants planted into 

the open field during April up to June. During this period, temperature 

can exceed 35°C under field condition resulting in either non-uniform 

growth and poor fruit yield or even completely failure of tomato cropping 

in a great part of the cultivated area, (Pressman et al., 2002; Adil et al., 

2004). With regard to the effect of temperature on growth and 

productivity of tomato plants, Saeed et al. (2007) whose found that high 

temperatures during the growing season have been reported to be 

detrimental to growth, reproductive development and yield of several 

crops. In tomato high temperature during reproductive development 

caused significant increment in flower drop and significant decrease in 

fruit set and consequently fruit yield was decreased to a great extent. At 

high temperature, the reproductive part of the flower is adversely 

affected. Stigma tube elongation, poor pollen germination, poor pollen 

tube growth and carbohydrate stress are the main reasons for poor fruit set 

at high temperature in tomato, Vollenweider and Gunthardt-Goerg 

(2005). Furthermore, Sato et al. (2000) reported that under high 

temperatures, fruit set in tomato plants failed due to disruption of sugar 

metabolism and transport during the narrow window of male reproductive 

development. Moreover, Heat stress is a major factor that restricts tomato 
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production during summer season in the Sudan. High temperature 

harmfully affects plant growth and survival and hence crop yield (Abd 

El-Mageed and Gruda, 2009). 

Temperature is the most important climatic factor to be considered in 

vegetable production. It determines when and where a certain crop can be 

grown, and vegetable crops can be broadly classified according to their 

temperature requirements. In this respect, Tomato can be classified as 

warm season crops which very sensitive to the low temperature (Tender, 

sensitive to frost and low temperature)). It is known that the mean 

monthly temperatures for tomato are: optimum, 18-24ºC; maximum; 27ºC 

and the minimum 18ºC, (climatic-requirements.pdf). The higher average 

temperature causes an increased rate of crop development and is 

responsible for earlier fruit maturation (Pardossi et al., 2000).  

Youssef (2007) developed two mathematical simulation computer 

programs to achieve the optimal combination of various designated 

parameters required for sizing a solar thermal water storage system. The 

experimental data revealed that the thermal storage system operated 

satisfactorily for six months without malfunction for keeping the 

greenhouse indoor air temperature at or around the optimal level 

throughout the day for cucumber crop. Also, Youssef and Moussa (2015) 

stated they were utilized solar energy for heating greenhouse and studied 

its effect on growth, development, productivity, and fruit quality of three 

different hybrid of sweet melon crop. The obtained data showed that, the 

microclimatic conditions of solar heated greenhouse was at and around 

the optimal level for the sweet melon crop, resulting in increase the 

growth, development, and productivity of crop. The increase percentages 

in fruit yield were 18.35 and 27.59% over the un-heated greenhouse in the 

first and second season, respectively. 

The objectives of this study were to; 1) utilizing the solar energy for night 

heating the greenhouse indoor air and conserve energy, 2) reduce the 

indoor temperature fluctuation of the greenhouse by elevating the 

nighttime indoor air temperature of greenhouse, 3) studying the effect of 

applying the night heating and different rates of organic fertilizer (dried 

biogas digester residue) on tomato growth, development, productivity and 

fruit quality.  



BIOLOGICAL ENGINEERING 

Misr J. Ag. Eng., October 2016  - 1620 - 

2.MATERIALS AND METHODS 

2.1Materials 

Two identical gable-even-span greenhouses were utilized at EL-Sabahia 

Horticultural Research Station (latitude and longitude angles, 

respectively, are 31.22 ºN and 30.50°E), Alexandria Governorate, to grow 

and produce tomato (Agiad 7 hybrid) during winter season of two 

successive growing seasons (2013 and 2014). The geometric 

characteristics of each greenhouse are as follows: eaves height 2.93 m, 

height of each side wall 2 m, rafter angle 25
o
, width 4 m, length 8 m, floor 

surface area 32 m
2
, and volume 78.922 m

3
. The two greenhouses (GH1 

and GH2) are covered using single layer of polyethylene sheet (PE) of 

200 µm as shown in Fig. (1). 

 

 
a- Two solar collectors for heating GH1 

 
b- Mechanically ventilated 

greenhouse (GH2) 

 
c- Left thermal storage tank 

 
d- Right thermal storage tank 

 
e – Two suction fans 

Fig. (1): Experimental gable-even-span greenhouses and the solar 

heating system. 
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Two solar collectors, each has the dimension of 3.0x1.0 m, and they were 

fixed on concrete foundation facing south. The solar collectors monthly 

optimum tilt angles were manually oriented to collect as much as solar 

radiation incident, (Fig, 1-a), and they were connected to two extracting 

fans inside the greenhouse (GH1), (Fig, 1-e). Two wooden thermal 

storage water tanks were constructed in both sides of the greenhouse, 

(Fig, 1c and d). Each has the dimensions of 6.0 x 0.35 x 0.5 m. An air-to-

water heat exchanger was constructed in each thermal storage water 

tanks. The two thermal storage water tanks were well insulated from 

bottom and side walls to prevent heat losses and coated with black plastic 

to absorb as much as solar energy. The net volume of water in each 

thermal storage tank was 0.86 m
3
. The other greenhouse (GH2) was 

mechanically ventilated during daylight only (Control) as shown in Fig, 

(1b). 

Tomato hybrid (Agiad 7) was utilized to investigate the effects of 

different macroclimatic conditions and organic fertilizer rates on plant 

vegetative growth and fruit yield and quality. Two vegetative trays (84 

growth blocks) were used to germinate the seeds of tomato plant. Seeds 

were sown in the nursery on 2
nd

 week of October in 2013 and 2014. 

Seedling transplant was performed on 1
st
 week of December in 2013 and 

2014 seasons. Planting distance was 50 cm apart. Each plot has 14 plants 

of the used tomato hybrid. The experimental treatments were two 

greenhouses, (GH1 and GH2 greenhouses); three rates of organic 

fertilizer; (30, 20 and 10 m
3
/fed) compared with the control (farm yard 

manure 20 m
3
/fed). As well as, chemical fertilizers were added according 

to the recommended doses provided by Ministry of Agriculture and Land 

Reclamation (2004) of NPK liquid commercial fertilizer, each week 

during the whole season through the drip irrigation system. The micro-

minerals; iron, copper, manganese, zinc, magnesium and born were 

utilized as foliar spraying. It must be mentioned that the tomato plants 

were pruned to one leader stem with one branch at 150 cm height on the 

leader stem. The experimental design was a split plot design with three 

replicates; the experiment included eight treatments which were as 

follows:  

https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Zinc
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T1: GH1 + 30 m
3
/fed organic fertilizer (OR30) 

T2: GH1 + 20 m
3
/fed organic fertilizer (OR20) 

T3: GH1 + 10 m
3
/fed organic fertilizer (OR10) 

T4: GH1 + 20 m
3
/fed (FYM) 

T5: GH2
 
 + 30 m

3
/fed organic fertilizer (OR30) 

T6: GH2 + 20 m
3
/fed organic fertilizer (OR20) 

T7: GH2 + 10 m
3
/fed organic fertilizer (OR10) 

T8: GH2 + 20 m
3
/fed (FYM) 

The organic fertilizer (dried biogas digester residue) was the bi-product of 

biogas production digesters supplied by “Development of Biogas 

Production and Utilization Systems Project” which financially supported 

by the Agricultural Development Program (ADP) and Implemented at the 

Tractors and Machinery Research and Test Station, Alexandria city, 

Agricultural Engineering Research Institute. The physic-chemical 

properties of the organic fertilizers are shown in Table (1) and the soil 

samples analysis is shown in Table (2). The percentage of total nitrogen 

(N), total phosphorus (P), total potassium (K) was calculated from their 

relative contents in 100 g dry samples. 

Table (1). Physic-chemical properties of the two organic fertilizers.  

Items Unit Dried biogas 

residue 

Farm yard manure 

N % 5.01 1.06 

P % 5 1.8 

K % 5.41 1.2 

Fe Meq/L 868 383 

Zn Meq/L 74 76 

Cu Meq/L 60 20 

Cd Meq/L 16 18 

Ni Meq/L 184 168 

Cr Meq/L 0 0 

Pb Meq/L 54 96 

In order to conserve the energy, the ventilation system of the heated 

greenhouse was acted differently throughout the 24 hours. It was 

activated and the fans were switched ON during daylight-time from 

sunrise to sunset to grasp the solar radiation energy from the solar 
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collectors and delivered it to the water of the thermal storage tanks 

through the constructed air to water heat exchangers inside the water 

tanks. During this period, the warm air releases its heat on the thermal 

storage water tank. The greenhouse air also, was warmed up by the 

transmitted incident solar radiation through the greenhouse cover (The 

greenhouse considers as a huge solar collector). Meanwhile, the indoor air 

temperature of the greenhouse during daylight-time could dramatically 

increase over the set point temperature, (27.0
o
C). This air also, exchanged 

heat with the water in the tanks by convection. In addition, the solar 

radiation was directly incident on the surface of the water of the thermal 

storage system. These are three sources for heating the water inside the 

thermal storage tanks. 

Table (2).  Characteristics of the soil samples. 

Items Unit Season 2013 Season 2014 

Clay % 45.2 39.5 

Silt  % 35.1 37.2 

Sand % 21.8 23.4 

Organic matter % 22.4 25.7 

Soil texture ---- Clay loam Clay loam 

pH* ---- 7.6 7.7 

EC** dSm
-1

 3.35 3.32 

Soluble cations 

Ca
++

 Meq/L 3.8 4.6 

Mg
+
 Meq/L 3.6 2.9 

K
+
 Meq/L 21 19 

Na Meq/L 7.2 7.4 

Soluble anions 

CO3
--
 Meq/L 3.1 3.3 

HCO3
-
 Meq/L 1.7 1.9 

Cl
-
 Meq/L 5.5 5.6 

SO2
--
 Meq/L 2.9 3.2 

Total N % 0.18 0.19 

Available phosphorus  30.9 30.7 
* measured in 1:25 soil water suspension. 

** measured in the water extract of saturation soil paste. 
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A digital thermostat controller for the fans operation was adjusted at a set 

point temperature during the daylight and nighttime. At night the gates 

between the solar collectors and fans were closed and other gates facing 

the inside greenhouse air were opened. Hence, when the greenhouse 

indoor air temperature started to decline below the minimum set point, the 

fans were automatically switched ON again. During this period from 

midnight until sunrise next day, intermittent ventilation was carried out 

and the stored heat in the thermal storage water tanks was absorbed once 

again by the air and was restored back to warm up the indoor air of 

greenhouse. This was to prevent the greenhouse interior air temperature 

from dropping below the desired temperature at night.  

2.2 Environmental measurements 

The measurements were employed from December to April of both 2013 

and 2014 seasons. The meteorological data from a meteorological station 

(5 KUE SKH 2013) were used to measure solar radiation flux incident on 

a horizontal surface (Pyranometer), dry-bulb air temperature (ventilated 

thermistor), wind speed and its direction (cup anemometer and wind 

vane), and air relative humidity (hygrometer) outside the greenhouses. 

The data were collected and sent through the network of the Central 

Laboratory for Agricultural Climate (CLAC), Dokki, ARC.  The indoor 

air temperatures and relative humidities at middle of both greenhouses 

were measured and recorded using two Data-loggers type SATO, SK-

L200 II- Japan, temperatures of entering air of the solar collectors and 

water temperatures in the thermal storage tanks were recorded using 

thermocouple sensors type K. These sensors were connected to digital 

multimeter record the data throughout the experimental work. 

2.3 Vegetative measurements  

Random samples of five plants from each replicate were taken after 120 

days from transplanting to record the following characters:- 

2.3.1 Vegetative growth characteristics 

2.3.1.1 Plant height (cm). 

2.3.1.2 Leaf area (cm
2
) was measured of the 5

th
 true leaf by using laser 

leaf area meter. 

2.3.2 Number of leaves per plant. 

2.3.4 Plant dry weight (gm) plant sample was dried at 70 
o
C. 

2.3.5 Stem diameter. 
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2.4 Chemical composition 

Sample of the fourth top leaves were dried at 70 
o
C till constant weight 

and wet digested to determine N, P and K contents as follows:-. 

2.4.1 Total nitrogen (%) in leaves was determined by using 

Microkjeldahil by A.O.C.A., (1990). 

2.4.2 Phosphorus (%) was determined calorimetrically at 550 mm as 

described by Ranganna, (1979). 

2.4.3 Potassium (%) was determined by flame photometer as described by 

Ranganna (1979). 

2.4.4 Micro nutrients Fe and Mn contents were determined for the above 

ground dried vegetative parts by using atomic spectrophotometer 

according to Chapman and pratt, (1981). 

2.4.5 Total soluble solids (TSS) % of fruit was measured by 

refractometer. 

2.4.6 Total Acidity was determined as mg/100 ml juice (mg/100 g f.w.) 

by using NaOH with phenolphthalein as indicator is mentioned by 

A.O.C.A. (1980).  

2.4.7 Total chlorophyll content was determined in sample taken randomly 

from the fourth upper leaf according to A.O.A.C., (1990). 

2.4.8 Vitamin C content (ascorbic acid) was determined as mg/100 ml 

juice (mg/100g f. w.) by using the 2,6 dichloro phenol indophenols 

method, (A.O.C.A., 1980). 

2.5 Fruit physical characteristics:- 

2.5.1 Fruit length (cm)    2.5.2 fruit diameter (cm). 

2.5.3 Shape index (L/D)   2.5.4 flesh thickness (cm). 

2.6 Yield and its components:- 

2.6.1 Early yield (kg\plant). 2.6.3 Total yield (kg\plant).    

2.6.2 Number of fruit per plant. 2.6.4 Average fruit weight (gm). 

2.6.5 Total yield (ton\ feddan). 

2.7 Statistical Analysis: 

The experimental design was a split plot design with three replicates. The 

analysis of variance was used to analyze the obtained data as outlined by 

Snedecor and Cochran (1980). Comparisons among the means of 

different treatments were done, using least significant difference test 

procedure at p = 0.05 level of significance using CoStat Ver. 6.311-2005 

Software packages. 
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3.RESULTS AND DISCUSSIONS 

The main thermal solar system indicators are the temperatures of water 

inside the thermal storage tank (Tw), indoor air temperature of greenhouse 

(Tai) and ambient air (Tao). The set-point temperature at nighttime were 

15.0, 15.0, 16.0, 18.0 and 18.0 
o
C for December, January, February, 

March and April months, respectively, to achieve an optimum night 

heating requirements to be used as energy conservation regime, as 

recommended by Youssef (2007).  

3.1 Solar radiation flux incident outside the greenhouses 

The hourly averages solar radiation flux incident on a horizontal surface 

outside the two greenhouses during the experimental period (from 

December to April) is plotted in Fig. (2). It clearly reveals that, the solar 

radiation flux incident was varied from month to month and from hour to 

another throughout the experimental period. Therefore, the daily average 

solar radiation flux incident outside the two greenhouses during the 

experimental period (from December to April) was 357.6, 389.4, 470.6, 

525.6, and 636.7 W/m
2
, respectively.  
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Fig. (2): Solar radiation flux incident on a horizontal surface during 

in the experimental period as a function of solar time. 

3.2 Temperatures of the solar heated greenhouse and its components: 

The monthly average temperatures of water, indoor air of greenhouse 

(GH1) and outside ambient air as affected by the solar heating system 
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during the experimental period are illustrated in Fig. (3a, b, c, d, e and f). 

The monthly average maximum water temperatures in the storage tank 

were 24.8, 26.2, 27.8, 28.8 and 30.2
o
C which were achieved at 2:15, 3:15, 

3:45, 4:15 and 4:45 pm during for December, January, February, March 

and April months, respectively. These results revealed that, as the solar 

energy fluxes incident outside the greenhouses increased the water 

temperatures in the storage tank were increased. Also, the achievement 

time were shifted towards the time of sunset, (i.e., more energy was 

stored in the thermal storage tank). Consequently, the percentage increase 

in water temperatures over December month was 105.6, 112.3, 116.4 and 

121.9% for February, March and April months, respectively. 

The monthly average maximum indoor air temperatures of greenhouse 

(GH1) during the experimental period (from December to April), 

respectively, were 24.3, 26.0, 28.1, 28.6 and 30.6 
o
C. On the other hand, 

the monthly average minimum indoor air temperature of the greenhouse 

at nighttime as affect by the solar heating system was 11.6, 12.1, 15.2, 

16.3 and 17.1 
o
C, respectively for the same months. The greenhouse 

indoor temperatures reached the minimum set-point temperature of the 

greenhouse at 7:00, 7:00, 8:00, 9:00 and 10:00 pm for the same months, 

respectively. These were the time of operating the greenhouse heating 

process and retrieving back the stored energy. These results mean that, 

stored energy inside the thermal storage tanks in greenhouse (GH1) 

during daylight-time prevented the indoor air temperature of the 

greenhouse from reaching harmful degree for tomato plants at nighttime, 

(<10 
o
C).  It was also, observed that the reduction in indoor air 

temperature of greenhouse (GH1) under the recommended level of air 

temperature, (15
o
C) occurred only during December and January month. 

This could be attributed to the amount of solar radiation flux incident 

during these month were insufficient to provide and maintain the desired 

level of indoor air temperatures. However, the night monthly average 

indoor air temperatures during this month were around the optimal level. 

It must be mentioned that we could satisfied by the shortage in energy for 

these little hours only as energy conservation regime if it was not harmful 

for plant growth.   
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f- The temperatures of water in the storage tank 

Fig. (3): Monthly average temperatures of water, indoor air of greenhouse 

(GH1) and outside ambient air during the experimental months. 
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3.3 Monthly average indoor air temperatures of the greenhouse (GH2) 

On the other side, the monthly average indoor air temperatures of the 

mechanically ventilated greenhouse (GH2) are plotted in Fig. (4). The 

monthly average maximum indoor air temperatures of the greenhouse 

(GH2) during the experimental period (from December to April), 

respectively, were 25.3, 26.8, 28.0, 29.8 and 32.6 
o
C, which occurred at 

1:00 pm except March month when it was recorded at 2:00 pm. On the 

other hand, the monthly average minimum indoor air temperature of the 

greenhouse (GH2) at nighttime was 6.0, 6.3, 10.8, 13.4 and 15.3 
o
C, 

respectively for the same period. The greenhouse indoor temperatures 

reached the minimum set-point temperatures of the greenhouse at 10:00 

pm, 10:00 pm, 12:00 am, 3:00 am and 10:00 pm for the December, 

January, February and March months, respectively. While, during April 

month this was not occurred. It is noticeable that the indoor temperature 

of mechanically ventilated greenhouse (GH2) decreased to harmful 

temperature (<10 
o
C) during December and January months. These results 

revealed that the night monthly average indoor air temperatures were 

lower than the minimum recommended level for four months (December, 

January, February and March), whereas, the maximum indoor 

temperatures were over the maximum recommended indoor air 

temperatures during daylight-time occurred in March and April months.  
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Fig. (4): Monthly average indoor air temperatures of greenhouse (GH2) 

during the experimental period from January to April.   
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The previous two Figs (3 and 4) revealed that the fluctuations of 

greenhouse indoor air temperatures were higher in greenhouse (GH2) 

than the greenhouse (GH1). The minimum greenhouse air temperatures, 

(at night) also, were elevated in solar heated greenhouse, (GH1) than 

mechanically ventilated greenhouse, (GH2).  These finding can be 

attributed to increasing nighttime temperatures by retrieving back the 

stored energy in the water of the thermal storage system to worm up the 

greenhouse air at night for night heating. Also, the mechanically 

ventilation at daylight times, (at and around noon) in both March and 

April months could not permit the required cooling for greenhouse.  

These results are in agreement with that published by Youssef (2007) and 

Youssef and Moussa (2015) when they mentioned that night heating 

increased the minimum indoor air temperatures of the greenhouse and 

reduced the difference between the maximum and minimum greenhouse 

indoor air temperatures. 

3.4. Effect of greenhouse macroclimate conditions and organic 

fertilizer applications on vegetative growth, chemical constituents, 

yield and fruit quality of tomato plants 

3.4.1 Vegetative growth of tomato plant  

Effect of the organic fertilizer treatments and macroclimate conditions on 

vegetative growth of tomato plants was illustrated in Table (3). The data 

also, showed that plants fertilized with 30 m
3
/fed from dried biogas 

residue gave the best vegetative growth characteristics; plant height, leaf 

area, fresh, dry weight per plant and stem diameter as compared with 

other used organic levels in both seasons. The 20 m
3
/fed came in the 

second rank followed by FYM, (20 m
3
/fed), however 10 m

3
/fed 

application led to the lowest fresh and dry weight per plant as compared 

with the other organic applications. The present work showed that with 

respect to the superior growth of plants fertilized with dried biogas 

digester residue than farm yard manure could be referred to firstly, it has 

higher values of N, P and K elements as showed in the chemical  analysis 

of the fertilizer sample as previously shown in Table (1) secondly, biogas 

residue is a well fermented organic fertilizer; free of pathogen sources and 

seed weeds, beside the general benefits of organic-N fertilizers thus it is a 

good source for most macro and micronutrients and increase soil porosity 
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and improve aeration of such clay loam soil of this experiment in 

agreement with the findings of El-Shimi (1998) and Mikhaeel, et al., 

(1997) who found the superiority of biogas organic fertilizer on plant 

growth. Also, Nguyen et al., (2015) mentioned that the applications of 

organic fertilizers enhanced the leaf area and average fruit weight and 

yield of tomato fruit. Concerning the effect of greenhouse microclimate 

on vegetative growth, data in Table (3) showed that the plant height, stem 

diameter, fresh and dry weight of greenhouse GH1 was significantly 

increased than those of greenhouse GH2. On the other hand, there was no 

significant difference for the leaf area and number of leaves per plant of 

both greenhouses in both 2013 and 2014 seasons.  

Table (3). Effect of macroclimate conditions and organic applications 

on vegetative growth in 2013 and 2014 seasons.  

Treatments 

Season  2013  

Plant 

height 

(cm) 

Stem 

diam. 

(cm) 

Leaf 

area 

(cm
2
) 

No of 

leaves/pl 

Fresh 

weight 

(g) 

Dry 

weight 

(g) 

GH1 

OR30 365.1 2.54 183.9 96.37 386.8 92.77 

OR20 341.7 2.46 180.0 89.51 381.9 90.81 

OR10 279.6 2.18 166.2 78.07 364.2 83.63 

FYM 301.5 2.38 165.9 80.69 370.1 89.83 

Average 322.0a 2.39a 174.0a 86.16a 375.7a 89.26a 

GH2 

OR30 305.1 2.34 168.2 87.08 362.0 86.13 

OR20 290.4 2.13 165.9 79.48 360.1 82.97 

OR10 268.8 1.68 158.3 70.93 349.6 70.93 

FYM 280.9 2.00 160.9 72.83 355.6 82.33 

Average 286.3b 2.04b 163.3a 77.58a 356.8b 80.59b 

OR LSD0.05 23.5 0.12 15.26 8.75 19.55 7.27 

  Season  2014 

GH1 

OR30 391.2 2.62 195.4 95.58 403.9 96.71 

OR20 366.1 2.57 191.2 88.78 398.1 94.67 

OR10 299.6 2.34 176.6 77.44 379.7 87.18 

FYM 323.0 2.48 179.3 80.69 385.8 92.99 

Average 345.0a 2.50a 185.7a 85.62a 391.9a 92.89a 

GH2 

OR30 330.4 2.40 175.9 85.97 374.8 88.12 

OR20 317.8 2.22 173.4 78.47 372.7 84.88 

OR10 291.1 1.78 165.5 70.03 360.0 72.57 

FYM 311.5 2.05 169.8 72.22 368.1 81.35 

Average 312.7b 2.11b 171.1a 76.67a 368.9b 81.73b 
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As the solar heating system was elevated the nighttime temperature and 

maintained the greenhouse (GH1) temperature within the optimal level 

resulting in vigorous vegetative growth. Most plant growth occurs at 

night. The plants grow better with night time temperature several degrees 

below daytime temperature. Temperature controls the rate of plant 

metabolism. When night temperatures are high plants burn more energy 

in respiration but also have the ability to produce more growth. When 

night temperatures are lower, growth is slowed but energy lost to 

respiration is also reduced. 

3.5. Chemical composition of plant foliage. 

Effect of organic fertilizer treatments and macroclimate conditions on 

NPK uptake was presented in Table (4).  Concerning the effect of organic 

fertilizer treatments on NPK uptake, data of plant leaves analysis 

presented in Table (4) indicated that by increasing the organic fertilizer 

quantity, the N, P and K content in plant leaves was increased in both 

seasons. Results of plant analysis also, showed that plants supplied with 

30 m
3
/fed removed higher quantities of N, P and K elements than that of 

plants supplied with other organic applications or farm yard manure. Iron 

and manganese content was significantly increased by increasing the rate 

of organic fertilizer in both seasons. However, Plants supplied with 10 

m
3
/fed of dried biogas residue or FYM had the lowest N, P and K uptake 

as compared with the other treatments and were not significantly differed.   

Data demonstrated in Table (4) explained also, that nitrogen phosphorus 

and potassium uptake was significantly affected by macroclimate 

variations in both greenhouses in both 2013 and 2014 seasons. While, the 

nitrogen increase was not significant in the first season only.  Iron and 

manganese content was significantly increased by maintaining the 

greenhouse in the optimal temperature level in both seasons.  

3.6 Fruit physical characteristics. 

Effect of organic fertilizer treatments and macroclimate conditions on 

quality of tomato fruits was demonstrated in Table (5). Result 

demonstrated in the table displayed out the physical characteristics of 

tomato fruit in both seasons. Results proved that increasing organic 

fertilizer rate significantly increased fruit length, fruit diameter and flesh 

thickness for both greenhouses in both 2013 and 2014 seasons. On the 

other hand, that increase was not significant for length/diameter ratio 

character in both seasons. 
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Table (4). Effect of macroclimate conditions and organic fertilizer applications on NPK uptake in 2013 and 2014 

seasons.  

 
OR 

2013 season 2014 season 

N% P% K Fe Mn N% P% K Fe Mn 

GH1 

OR30 3.82 0.55 5.65 333 40.18 3.80 0.54 5.40 329.3 41.24 

OR20 3.70 0.51 5.52 312 36.59 3.68 0.50 5.27 308.6 37.55 

OR10 3.56 0.45 5.26 295 31.36 3.57 0.45 5.02 291.2 32.19 

FYM 3.47 0.48 5.33 285 32.34 3.54 0.47 5.16 292.6 32.51 

Average 3.63a 0.50a 5.44a 306a 35.12a 3.65a 0.49a 5.21a 305.4a 35.87a 

GH2 

OR30 3.45 0.51 5.32 304 34.47 3.49 0.50 5.18 280.4 38.36 

OR20 3.35 0.46 5.19 286 29.45 3.40 0.45 5.05 267.1 33.41 

OR10 3.27 0.38 5.02 266 27.26 3.34 0.38 4.89 244.9 30.34 

FYM 3.15 0.41 5.08 272 26.95 3.46 0.48 5.14 282.4 37.66 

Average 3.30a 0.44b 5.15b 282b 29.53b 3.42b 0.45b 5.06b 268.7b 34.94b 

OR LSD0.05 0.16 0.08 0.14 10.44 1.51 0.11 0.09 0.20 11.07 1.31 
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Table (5). Effect of macroclimate conditions and organic fertilizer applications on quality of tomato fruits in 2013 

and 2014 seasons. 

 

OR 

2013 season 2014 season 

fruit length (cm) 

fruit 

diam. 

(cm) 

L/D 

Flesh 

thick. 

(cm) 

fruit 

length 

(cm) 

fruit 

diam. 

(cm) 

L/D 

Flesh 

thick. 

(cm) 

GH1 

OR30 6.79 7.32 0.928 0.81 6.82 7.48 0.93 0.80 

OR20 6.40 6.89 0.929 0.73 6.45 6.95 0.93 0.72 

OR10 5.88 6.30 0.932 0.62 5.92 6.48 0.93 0.62 

FYM 6.17 6.66 0.926 0.63 6.22 6.72 0.92 0.63 

Average 6.31a 6.79a 0.929a 0.70a 6.35a 6.91a 0.93a 0.69a 

GH2 

OR30 5.67 6.25 0.908 0.63 5.80 6.36 0.92 0.61 

OR20 5.55 6.12 0.906 0.61 5.67 6.24 0.91 0.59 

OR10 4.79 5.25 0.912 0.52 4.96 5.35 0.92 0.50 

FYM 4.95 5.42 0.914 0.55 5.81 6.36 0.92 0.62 

Average 5.24b 5.76b 0.910a 0.58b 5.56b 6.08b 0.92a 0.58b 

OR LSD0.05 0.36 0.41 n.s. 0.06 0.37 0.40 n.s. 0.065 
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The results in the same table also, confirmed that all studied characters were 

significantly differed by enhancing the nighttime temperature of GH1 

greenhouse than GH2 greenhouse except for length/diameter ratio in both 

2013 and 2014 seasons. These results were in line with Pearce et al., (1993) 

they indicated that the growth rates of fruit were found to be positively 

related to fruit temperature between 10 and 30 
o
C, with an increase in fruit 

diameter of 5 mm h
-1

 
o
C

-1
. Saeed et al., (2007) also, stated that tomato 

succeeded well under tropical and subtropical regions. It can grow vigorously 

and is highly productive within the temperature range of 18 – 28
o
C.  

3.7 Fruit chemical characteristics. 

Effect of organic fertilizer treatments and macroclimate conditions on quality 

of tomato fruits in 2013 and 2014 seasons was presented in Table (6). The 

illustrated results of fruit chemical characteristics exhibited that all the 

studied characters such as; ascorbic acid, acidity, total chlorophyll, dry matter 

and total soluble solids were significantly increased by increasing the organic 

fertilizer rate in both seasons in both greenhouses. It was observed that the 

acidity character was higher in greenhouse GH2 than greenhouse GH2. The 

results also, illustrated that ascorbic acid, acidity and total soluble solids was 

significantly enhanced by enhancing the macroclimate conditions inside the 

GH1 greenhouse, whereas the dry matter and total chlorophyll were not 

differed in both greenhouses in 2013 and 2014 seasons.  

3.8 Early and total fruit yield and its components. 

Effect of organic fertilizer treatments and macroclimate conditions on early 

and total fruit yield and yield components were demonstrated in Table (7).  

The results demonstrated in Table (7) gave us an idea about the response of 

the yield and its components according to increasing the levels of organic 

fertilizer. Early yield, number of fruit per plant, fruit weight, total yield per 

plant and total yield per feddan were significantly increased by increasing the 

organic fertilizer rate in both 2013 and 2014 seasons. 

For the heated greenhouse (GH1), the percentages increase in early yield, 

number of fruit per plant, fruit weight, total yield per plant and total yield per 

feddan over those of farm yard manure were 28.64, 13.04, 6.89, 20.84 and 

20.84%, respectively for 30 m
3
/fed dried biogas residue, while they were 

11.27, 10.27, 4.83, 15.67 and 15.67% for 20 m
3
/fed, whereas, the percentages 

decreases in these characters for 10 m
3
/fed dried biogas residue, lower than 

those of farm yard manure were 6.69, 8.74, 2.38, 11.35 and 11.35%, 

respectively in 2013 season. 
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Table (6). Effect of macroclimate conditions and organic fertilizer applications on quality of tomato fruits in 2013 

and 2014 seasons. 

 

O
rg

a
n

ic
 

fe
rt

il
iz

er
 

2013 season 2014 season 

Ascor. 

acid 

(mg/ 

100g 

f.w) 

Acidity 

(mg/ 

100g 

f.w) 

Chloro. 

(mg/ 

100g 

f.w)  

Dry 

mat. 

(%) 

TSS 

(%) 

Ascor. 

acid 

(mg/100g 

f.w) 

Acidity 

(mg/ 

100g 

f.w) 

Chloro. 

(mg/100g 

f.w)  

Dry 

mat. 

(%) 

TSS 

(%) 

G
H

1
 

OR30 19.36 4.17 48.48 22.17 4.24 19.07 4.20 46.15 22.88 4.36 

OR20 18.20 3.75 44.38 21.16 4.20 17.93 3.78 42.62 21.83 4.32 

OR10 14.57 3.89 38.39 19.06 3.77 14.68 3.59 39.92 19.34 3.88 

FYM 16.11 3.53 39.60 19.95 3.82 16.20 4.15 41.17 20.59 4.29 

Average 17.06a 3.83b 42.71a 20.59a 4.01a 16.97a 3.93b 42.47a 21.16a 4.21a 

G
H

2
 

OR30 16.93 4.88 42.44 19.39 3.95 16.90 4.78 44.15 20.11 4.07 

OR20 15.01 4.57 39.55 18.02 3.44 14.98 4.48 41.15 18.69 3.54 

OR10 12.23 4.22 34.90 16.11 3.30 12.21 4.13 36.31 16.38 3.43 

FYM 13.79 4.25 40.05 16.80 3.37 16.36 4.22 43.34 20.98 3.83 

Average 14.49b 4.48a 39.24a 17.58a 3.52b 15.11b 4.40a 41.24a 19.04a 3.72b 

OR LSD0.05 1.19 0.39 3.28 1.78 0.52 0.74 0.34 2.12 1.73 0.47 
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Table (7). Effect of macroclimate conditions and organic fertilizer levels on early, total fruit yield and yield 

components in both greenhouses in both seasons. 

 

OR 

2013 season 2014 season 

Early 

yield 

(kg/pl) 

No. 

fruit/Pl 

Fruit 

weight 

(g) 

Yield/ 

Plant 

(kg) 

Yield/ 

fed  

(ton/ 

fed) 

Early 

yield 

(kg/pl) 

No. 

fruit/Pl 

Fruit 

weight 

(g) 

Yield/ 

Plant 

(kg) 

Yield/ 

fed  

(ton/ 

fed) 

GH1 

OR30 1.80 75.12 166.4 12.51 51.27 1.86 78.36 169.04 13.25 54.33 

OR20 1.56 73.28 163.2 11.97 49.08 1.69 77.72 165.77 12.90 52.88 

OR10 1.49 72.26 159.4 11.52 47.25 1.37 65.30 154.17 10.07 41.29 

FYM 1.40 66.45 155.7 10.35 42.43 1.49 70.48 158.14 11.15 45.71 

Average 1.56a 71.78a 161.2a 11.59a 47.51a 1.60a 72.97a 161.8a 11.84a 48.55a 

GH2 

OR30 1.39 69.41 148.4 10.30 42.22 1.52 70.93 151.82 10.76 44.13 

OR20 1.33 64.23 146.4 9.41 38.58 1.45 65.64 149.74 9.84 40.33 

OR10 1.20 51.18 139.4 7.13 29.24 1.25 55.51 142.56 7.91 32.44 

FYM 1.23 59.69 137.0 8.20 33.61 1.30 60.99 143.40 8.76 35.93 

Average 1.29b 61.13b 142.8b 8.76b 35.91b 1.38b 63.27b 146.9b 9.32b 38.21b 

OR LSD0.05 0.11 3.80 12.66 1.34 5.51 0.14 3.22 12.11 1.27 5.21 
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For the unheated greenhouse (GH2), the percentages increase in early yield, 

number of fruit per plant, fruit weight, total yield per plant and total yield per 

feddan over those of farm yard manure were 13.18, 16.29, 8.30, 25.52 and 

25.52%, respectively for 30 m
3
/fed dried biogas residue, while they were 

8.01, 7.61, 6.82, 14.78 and 14.78% for 20 m
3
/fed, whereas, the percentages 

decreases in these characters for 10 m
3
/fed dried biogas residue, lower than 

those of farm yard manure were 2.58, 14.26, 1.69, 12.99 and 12.99% in same 

season. Furthermore, in the second season 2014, for the heated greenhouse 

(GH1), the percentages increase in early yield, number of fruit per plant, fruit 

weight, total yield per plant and total yield per feddan over those of farm yard 

manure were 24.87, 11.18, 6.89, 18.86 and 18.86%, respectively for 30 

m
3
/fed dried biogas residue, while they were 13.47, 10.27, 4.83, 15.67 and 

15.67% for 20 m
3
/fed, whereas, the percentages decreases in these characters 

for 10 m
3
/fed dried biogas residue, lower than those of farm yard manure 

were 7.74, 7.36, 2.51, 9.68 and 9.68%, respectively. For the unheated 

greenhouse (GH2), the percentages increase in early yield, number of fruit 

per plant, fruit weight, total yield per plant and total yield per feddan over 

those of farm yard manure were 17.18, 16.29, 5.87, 22.84 and 22.84%, 

respectively for 30 m
3
/fed dried biogas residue, while they were 12.06, 7.61, 

4.42, 12.24 and 12.24% for 20 m
3
/fed, whereas, the percentages decreases in 

these characters for 10 m
3
/fed dried biogas residue, lower than those of farm 

yard manure were 3.40, 8.99, 0.59, 9.70 and 9.70% in same season. These 

results were in agreement with Midan (1995) who studied FYM and biogas 

residue application and found the superiority of biogas organic fertilizer on 

plant growth as compared with FYM and Chicken manure. Also, Nguyen et 

al. (2015) mentioned that the applications of organic fertilizers enhanced the 

leaf area and average fruit weight and yield.  

The data also, indicated that all the investigated characters such as; early 

yield, number of fruit per plant, fruit weight, total yield per plant and total 

yield per feddan positively improved due to enhancing the macroclimate 

conditions of GH1 greenhouse in both seasons. The percentages increase for 

GH1 greenhouse over GH2 greenhouse in early yield, number of fruit per 

plant, fruit weight, yield per plant and total yield per feddan were 21.32, 

17.42, 12.87, 32.28 and 32.28%, respectively in 2013 season, while they 

were 16.06, 15.33, 10.14, 27.08 and 27.08%, respectively in 2014 season. 

Nemours investigators reported low yields in lower temperature regime for 
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glasshouse tomato, Jones (2007) found that tomato yields are primarily 

affected by the climate conditions with highest yields belonging to 

greenhouse in which has moderate air temperature. Also, Nguyen et al. 

(2015) mentioned that the applications of organic fertilizers enhanced the leaf 

area and average fruit weight and yield of tomato fruit.These results is in 

harmony with those obtained by Islam (2011) who reported that number of 

fruits/plant, individual fruit weight and fruit yield/plant significantly 

decreased at 32
o
C temperature at pre-flowering and flowering stages. The 

optimum fruit growth and development occur when night temperature is 

between 15 and 20
o
C and the day temperature at about 25

o
C (Kalloo, 1985).  

 

4.CONCLUSION 

Result of this work showed that the application of 30 m
3
/fed significantly 

increased the vegetative growth, yield and its quality of tomato fruit. 

Meanwhile, there were no significant differences between the application of 

30 and 20 m
3
/fed applications in most studied characters. The result showed 

also, that farm yard manure application at rate of 20 m
3
/fed surpassed the 10 

m
3
/fed application of dried biogas digester residue with no significant 

differences. For the heated greenhouse (GH1), the percentages increase in 

early yield, number of fruit per plant, fruit weight, total yield per plant and 

total yield per feddan were 28.64, 13.04, 6.89, 20.84 and 20.84%, 

respectively for dried biogas residue of 30 m
3
/fed over those of farm yard 

manure, respectively in 2013 season. For the unheated greenhouse (GH2), the 

percentages increase in early yield, number of fruit per plant, fruit weight, 

total yield per plant and total yield per feddan over those of farm yard manure 

were 13.18, 16.29, 8.30, 25.52 and 25.52%, respectively for 30 m
3
/fed dried 

biogas residue in same season. Whereas, in the second season 2014, for the 

heated greenhouse (GH1), the percentages increase in early yield, number of 

fruit per plant, fruit weight, total yield per plant and total yield per feddan 

over those of farm yard manure were 24.87, 11.18, 6.89, 18.86 and 18.86%, 

respectively for 30 m
3
/fed dried biogas residue, respectively. For the 

unheated greenhouse (GH2), the percentages increase in early yield, number 

of fruit per plant, fruit weight, total yield per plant and total yield per feddan 

over those of farm yard manure were 17.18, 16.29, 5.87, 22.84 and 22.84%, 

respectively for 30 m
3
/fed dried biogas residues in same season. It can be 

concluded that application with 30 m
3
/fed dried biogas residues recorded the 
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best treatment to obtain the highest vegetative growth, yield and quality of 

tomato plants.  

Concerning effect of the microclimatic conditions of (GH1) was at and 

around the optimal level for the tomato crop, resulting in increase the growth, 

development, and productivity of crop. The data also, indicated that all the 

investigated characters such as; early yield, number of fruit per plant, fruit 

weight, total yield per plant and total yield per feddan positively improved 

due to enhancing the macroclimate conditions of GH1 greenhouse in both 

seasons. The percentages increase for GH1 greenhouse over GH2 greenhouse 

in early yield, number of fruit per plant, fruit weight, yield per plant and total 

yield per feddan were 21.32, 17.42, 12.87, 32.28 and 32.28%, respectively in 

2013 season, while they were 16.06, 15.33, 10.14, 27.08 and 27.08%, 

respectively in 2014 season. 
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 الملخص العربٍ

  علً إوتبجُت والتسمُد العضىٌتدفئت الصىبت لُلا ببلطبقت الشمسُت تأحُر 

 الطمبطممحصىل 

طبرق َبقىث رمضبن
1
و سبمً جمعً حمُدي 

2
 

ثغشض دساعخ رأصُش اعزخذاو  يصش الإعكُذسَخ،غبرٍُ ثبنصجحُخ، جأعشَذ رغشثخ ثًحطخ ثحىس ان

ك اعزخذاو يزجقُبد يخًشاد إَزبط انجُىعبص انًغففخ كغًبد وكزن ،نُلا انطبقخ انشًغُخ نزذفئخ انصىثخ

صُف هغٍُ  عهً ًَى وإَزبعُخ وعىدح صًبس َجبربد انطًبطى/فذاٌ 0و 01و 01و 01ثًعذل  عضىٌ

. رى اعزخذاو صىثزٍُ يزًبصهزٍُ يٍ انُىع انغًبنىٍَ /فذا0ٌو 01يقبسَخ ثغًبد انًبشُخ ثًعذل  7أعُبد 

صىثزٍُ اعزخذيذ و .0102و 0100شزبء ىل انطًبطى خلال يىعًٍ نضساعخ يحص يزًبصم الاَحذاس

. فكبَذ رهىَزهبرخزهف كم يُهًب عٍ الأخشي فً دسعخ انحشاسح وفً طشَقخ انزحكى فً صساعُزٍُ 

رهك صى َزى اعزشعبع ثًُظىيخ طبقخ شًغُخ فُهب رخضٍَ انطبقخ انشًغُخ طىال انُهبس َزى إحذي انصىة 

 .كصىثخ يقبسَخ َهبسا ثذوٌ رذفئخ نُهُخ يُكبَُكُبَزحكى فٍ رهىَزهب أيب الأخشي و، زذفئزهب نُلاً انطبقخ ن

صسعذ انشزلاد ثبنصىة فٍ الأعجىع الأول يٍ شهش دَغًجش، وقذ أخزجشد انُزبئظ يٍ حُش انصفبد 

 -: كًب َهٍ عهُهبأهى انُزبئظ انًزحصم وكبَذ انخضشَخ وانًحصىل وعىدح انضًبس انُبرغخ. 

و  (0041-0240)حشاسح نههىاء ثبنصىثخ انًذفئخ ثبنطبقخ انشًغُخ  دسعخ قمأوكبَذ أعهً  .0

يئىَخ فٍ شهىس دسعخ ( 0740-0141( و )0140-0,41( و )0,40-0,40( و )0141-0040)

  عهً انزشرُت. واثشَم،دَغًجش وَُبَش وفجشاَش ويبسط 

-0,40)اء انصىثخ حشاسح نهى وأقم دسعخ، كبَذ أعهٍ وثبنُغجخ نهصىثخ راد انزهىَخ يُكبَُكُب .0

َفظ  ٍدسعخ يئىَخ ف (0,40-0041( و)0042-,0,4( و),014-0,41( و)140-,014( و)141

 .انشهىس ثبنزشرُت

انُزبئظ اَه ثضَبدح يغزىَبد  أظهشدثبنُغجخ نزأصُش انزغًُذ انعضىٌ عهً َجبربد انطًبطى،  .0

وعذد انىسقخ  ويغبحخوقطش انغبق طىل انُجبد  فٍانزغًُذ انعضىٌ صبحجهب صَبدح يعُىَخ 

كًب اظهش صَبدح يعذل  كلا انًىعًٍُ. فٍانىصٌ انطبصط وانغبف  وكم يٍالأوساق نهُجبد 

انزغًُذ انعضىٌ صَبدح يعُىَخ فً طىل انضًشح وقطش انضًشح وعًك انهحى، ثًُُب نى َظهش صَبدح 

 يعُىَخ فً َغجخ طىل انً قطش انضًشح فً كلا انًىعًٍُ. 

ًَىا خضشَب أكجش  ٍأعط/فذاٌ يٍ عًبد انجُىعبص انًغفف 0و 01أظهشد انُزبئظ أٌ يعذل  .2

انىصٌ انطبصط  وكم يٍنكم َجبد  وعذد الأوساقويغبحخ انىسقخ يزًضلا فً صَبدح طىل انُجبد 

  كلا انًىعًٍُ. فٍانًغزىَبد أو عًبد انًبشُخ  ثجبقٍوانغبف وقطش انغبق يقبسَخ 

 

1
 الجُزة. –مركز البحىث الزراعُت  –البسبتُه معهد بحىث -ببحج، قسم بحىث الزراعت المحمُت 

2
 الجُزة.–مركز البحىث الزراعُت  –معهد بحىث الهىدست الزراعُت -ببحج،  قسم بحىث القىي والطبقت  
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وانًحصىل انكهً  ووصٌ انضًشحنكم َجبد  وعذد انضًبسانًحصىل انًجكش  فٍوكبَذ َغجخ انضَبدح 

 014,2و ,,14و 00412و 0,412ًبد انًبشُخ عٍ عنكم َجبد وانًحصىل انكهٍ نكم فذاٌ 

 ,0140و ,0040كبَذ و ،0100يىعى  فٍفً انصىثخ انًذفئخ عهً انزشرُت  %،014,2و

 024,7. ثًُُب كبَذ رهك انضَبدح عهً انزشرُت فً انصىثخ انضبَُخ %،0,4,0و 0,4,0و 401,و

 ,0740وكبَذ  ،0102يىعى  فٍنهصىثخ انًذفئخ % 0,4,1و 0,4,1و ,,14و ,0040و

 % نهصىثخ الأخشي عهً انزشرُت.004,2و 004,2و 4,7,و ,0140و

انحذود انًضهً نُجبربد انطًبطى، وثبنزبنٍ رغججذ  فٍكبَذ انظشوف انجُئُخ داخم انصىثخ انًذفئخ  .,

عٍ  انًذفأحنهصىثخ  وكبَذ َغجخ انضَبدحوعىدح انضًبس نُجبربد انطًبطى.  وإَزبعُخصَبدح ًَى  فٍ

وانًحصىل انكهً  ووصٌ انضًشحنكم َجبد  وعذد انضًبسانًحصىل انًجكش  فٍ انصىثخ انغُش يذفأح

عهً  %،,0040و ,0040و 004,7و 07420و 00400نكم َجبد وانًحصىل انكهٍ نكم فذاٌ 

 ,0741و 01402و 0,400و 01411. ثًُُب كبَذ رهك انضَبدح 0100يىعى  فٍانزشرُت 

 .، عهً انزشرُت0102يىعى  فٍ% ,0741و

 

   

 


