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Abstract 

ydroponic culture is the fastest growing sector of 
agriculture, and it could be impetus for food production in 
the future. It is expected to grow exponentially also in the 

future, as conditions of growing soil becoming difficult. In the 
current study, the effect of different rootstocks on cantaloupe 
plants (Cucumis melo L.) F1 hybrid Galia and the reflection of that 
on water consumption, growth, nutrient uptake, fruit yield and 
quality were studied for two successive seasons 2016 and 2017 by 
comparing grafted plants with non-grafted ones under two systems 
of hydroponic (Nutrient Film Technique and substrate culture 
mixture of 1 peat, 1 vermiculite and1 perlite). The Galia cantaloupe 
hybrid was grafted onto Lagenaria sicenaria and Cucurbita ficifolia. 
Non-grafted plants were used as control with both soilless culture 
systems. The results indicated that NFT as soilless culture system 
led to significant increase on plant growth characters i.e. plant 
height, leaves number/plant and stem thickness compared to 
traditional growing media. Grafting positively affected plant growth 
i.e. plant height, leaf number and stem thickness. Water 
consumption was affected also by grafting where the highest water 
consumption was recorded with cantaloupe plants grown in NFT 
system and grafted into Lagenaria sicenaria rootstock. Although 
growing media saved water use by plants from 85-87% in 
comparison with estimated water requirement calculated according 
pan evaporation method, the yield was low with using media 
cultivation system in comparison with yield of the plants grown in 
NFT system which saved only 39-41% of estimated water 
requirement  increases in fruit yield and fruit size were recorded 
with grafted plants and this clear which may be due to  utilization 
of the vigorous root system of the rootstocks. These grafted plants 
also shows increasing in minerals uptake when compared with non-
grafted plants. In general, plants grown in NFT system produced 
fruits characterized with superior quality, high yield, rapid harvest, 
and high nutrient content. 
Key words: cantaloupe, grafting, Nutrient film technique (NFT), 
Substrate culture, water consumption,  Fruit yield. 

INTRODUCTION 
 Grafting is currently practiced worldwide on many high-value cucurbitaceous 

and solanaceous crops such as watermelon [Citrullus lanatus], melon (Cucumis melo 

H 
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L.), cucumber (Cucumis sativus L.), tomato (Solanum lycopersicum L.), eggplant (S. 

melongena L.), and pepper (Capsicum. anuum L) for both open-field production and 

protected culture ( Lee and Oda, 2003; Davis et al., 2008 and Lee et al., 2010), it's 

given the physiological and phenotypic modifications causing by grafting with 

selected, vigorous rootstocks, it is likely that  inhancing irrigation and fertilization 

management for maximizing crop yield may differ between grafted vs. and non-

grafted vegetable production (Menda et al., 2006).  

 Grafted plants, which provide increased yield and, consequently, higher profit, 

can be become high value to farmers. Furthermore, in many of the most economically 

important vegetable crops, increases in fruit yield are a result of increased fruit size 

(Pogonyi et al., 2005). Owing to their utilization of the vigorous root system of the 

rootstocks, grafted plants usually show increasing uptake of water and minerals when 

compared with self-rooted plants (Lee and Oda 2003;  Marios et al., 2017). Research 

has shown that possible mechanisms for increased yield are likely the result of 

increased water and nutrient uptake by vigorous rootstock genotypes. Uptake of 

macronutrients such as phosphorus and nitrogen was enhanced by grafting (Ruiz and 

Romero 1999, Leonardi, Giuffrida 2006, Menda et al., 2006, Schwarz et al., 2013 and 

Nawaz et al., (2016). Grafting muskmelon on inter-specific rootstocks has been 

reported to enhance photosynthesis and translocation of sugars in muskmelon leaves 

(Yi-Fei Liu, 2011). 

 Hydroponics is an eco-industrial technology for the production of commercial 

crops in nutrient rich solutions, instead of soil (Resh, 2012 and Jones Jr., 2016). 

Hydroponic crop production has significantly increased in recent years worldwide, as it 

allows a more efficient use of water and fertilizers, as well as a better control of 

climate and pest factors. Hydroponic production increases crop quality and 

productivity, which results in higher competitiveness and economic incomes (Savvas, 

et al., 2013, Singer et al., 2013 and Burrage 2014). Soilless culture enables growers to 

manage the supply of essential nutrients to crops more efficiently and accurately than 

traditional field systems (Jones, 1997; Resh, 2012). A soilless culture system is 

providing the plants with adequate concentrations of essential nutrients (Hochmuth 

and Hochmuth, 2001; Resh, 2012). Among soilless culture systems, NFT showed the 

best vegetative growth, yield and N, P and K of leaves contents (Singer et al.,2013) 

          In the conventional farming the loss of water from the vegetative surface 

through the combined processes of plant transpiration and soil evaporation is called 

Evapotranspiration (ET) and both environmental factors (solar radiation, temperature, 

vapor pressure deficit, wind and soil moisture) and biological factors including type of 

vegetation, foliage geometry and foliage density factors affect ET (Penman, 1948). 



MONA M. ABD EL-WANIS, et al. 1439

Several methods have been developed to estimate crop ET.  Most methods for that 

can by uses weather data to provide an estimate of reference (or potential) 

evapotranspiration (ETo), often convert the ETo to "actual" ET using a multiplicative 

factor known as a crop coefficient (Kc): ET = Kc x ETo. 

Hydroponic farming Evapotranspiration (ET) is the loss of water from a 

vegetative surface through the plant transpiration processes only and of course 

environmental and biological factors will affect ET, in this case the actual ET 

calculated as fellows: ET= Kc x transpiration. 

In order to gain benefit from the soilless technology as well as grafting this 

experiment was designed to study the efficiency of water use by grafted cantaloupe 

grown under to soilless cultures system i.e. NFT and substrate culture mixture. 

MATERIALS AND METHODS 
 The experiments were carried out in shaded greenhouse at the field 

experimental of Solar Energy Department in National Research Center, Egypt during 

summer of the two successive seasons of 2016 and 2017. The objectives of this 

investigation was to study the effect of grafted cantaloupe rootstocks and soilless 

culture systems on the water consumption and how can the hydroponic systems and 

grafting saving the irrigation water in compression with irrigation requirements of 

cantaloupe calculated based on pan evaporation method.  

Thus, this study included the following two main topics: 

A.  Grafted rootstocks: Lagenaria sicenaria , Cucurbita ficifolia compared with non-

grafted 

B. Soilless culture system: Nutrient Film Technique (NFT) system and substrate 

culture (mixture of 1 peat, 1 vermiculite and1 perlite).   

The split plot design with three replicates was used, where the culture systems 

was arranged in the main plots, and the rootstock treatments were assigned at in the 

sub plots. The cantaloupe plants (Cucumis melo L.) F1 hybrid Galia transplants were 

grafted onto two wild rootstocks under study, and non-grafted Galia hybrid 

transplants were used as check.  

Accumulative irrigation requirement of cantaloupe plants according to pan evaporation 

method (Litter/plant) are shown as the following : 

10th 9th 8th 7th 6th 5th 4th 3th 2nd 1st 
Week 

209.59 178.18 146.77 115.49 84.21 52.93 21.66 16.24 10.83 5.41 

WR  

according 

to pan  

method 

Seeds of rootstocks were sown in seedling trays (84 cells) on 10th of March 

(4-5 days earlier than cantaloupe seeds of the scion).After germination and 
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appearance of the first true leaf of rootstock, seedlings were planted in 10cm 

diameter pots. Seedlings of rootstock were picked between the two cotyledons after 

removing the top of the seedling by razor blade, creating a V-shaped cut between the 

cotyledons. An inverse V-shape cut was made on the stem of the scion, 2cm below 

the cotyledons, to fit the cut in the rootstock. Scion and rootstocks were held with a 

grafting clip. The seedlings were placed under plastic tunnel for optimum temperature 

and humidity. The compatibility was determined after 7 days (after grafting stage) in 

relatively high temperature (25-30°C), watching the new growth on the scion. The 

plastic tunnel was gradually opened for adaptation and preparing the grafting 

seedlings for transplanting in the plastic house (Oda 1994). Transplants were set up, 

in first week of April in both growth seasons, in NFT gullies of 0.3 m wide, 5 m long 

and 6 cm height. Plants were placed in the center of the gullies at a distance of 0.5 m 

between plants. Nutrient solution analysis consist from N =60ppm; P = 30ppm dm-3; 

K+ = 280ppm; Ca+2 = 26 ppm; Mg+2 = 11; Fe= 6 ppm; Mo= 0.3ppm; Cu=0.5ppm; 

Zn=2 ppm; was used. Electrical conductivity of the solution tank was adjusted 2-2.5 

dS/m (EC), and PH was kept at 6-6.5. 

Plants were trained and pruned by removing the side shoots and flowers up 

to the 4th internodes and then the side shoots were preserved, but they were pruned, 

leaving two internodes.  

Data recorded: 

1- Vegetative growth parameters, i.e., plant height, leaf number, stem thickness and 

fresh root weight were recorded. 

2- Daily water consumption was measured to calculate the weekly accumulative water 

consumption per plant.  

3- Fruit yield (Kg per plant) and some fruit characters: Harvesting was started 75 days 

after transplanting and different fruit quality i.e. fruit diameter, length, flesh 

thickness, main weight and TSS were recorded. 

4- Water use efficiency: It was calculated according to Begg and Turner (1976) 

equation as follows and expressed as water economy. 

 

 

 

5-NPK contents 

 Mature non-senescent leaf samples from 5th node from apex were taken to 

determine NPK contents. Plant leaves samples were oven dried at 60°C. After drying 

samples were ground using a pestle and mortar for determination of mineral 
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composition. Ash of plant samples was digested using the H2So4 and H2O2 as 

described by Cottenie (1980). The extracted samples were used to determine of NPK. 

Nitrogen concentration in leaves was determined using the modified micro-Kjeldahl 

method as described by Plummer (1971). phosphorus concentration in leaves was 

determined using calorimetrically according to Juckson 1958, and potassium 

concentration in leaves was measured by flame photometrically as described by Piper 

(1950). 

Statistical analysis: 

 All obtained data was subjected to the statistical analysis of variance (ANOVA) 

according to Gomez and Gomez (1984) and L.S.D. were determined at the level 

P≥0.05 

RESULTS AND DISCUSSION 
1- Vegetative Growth  

 The tabulated mean values of the vegetative growth of cantaloupe plants are 

shown in table (1a).  Growth characters under this study i.e., plant height, leaf 

number, and stem thickness revealed that, the highest vegetative growth values i.e., 

plant height, leaf number, and stem thickness were obtained by plants grown in NFT 

culture system. These results are due to the higher rate of roots absorption for the 

nutrient solution in Nutrient Film Technique (NFT) soilless culture system. These 

results are in agreement with Economakis & Krulj, 2001 and Singer et al., 2013. This 

could be due to that immersing cantaloupe roots in the nutrient solution all the time 

makes buffer for the temperature. Data also (table 1b) showed slightly significant 

differences between plants grafted into Lagenaria sicenaria or Cucurbita ficifolia 

rootstocks on the value of vegetative growth and both of them were recorded 

significant increases in vegetative growth in comparison with non-grafted plants. The 

interpretation of these results may be due to the increases in roots weight of the 

grafted plants (Schwarz et al., 2013).  

Concerning effect of the interaction between cultivation system and grafting, 

data in Table (2), showed that plants grown in NFT system and grafted into Lagenaria 

sicenaria had the highest vegetative growth followed by plants grafted into Cucurbita 

ficifolia rootstocks and grown in the same soilless culture system. While the lowest 

values were obtained from non-grafted plants and cultivated under conditions of 

substrate culture (mixture of 1 peat, 1 vermiculite and1 perlite). This shows the 

relationship between the grafting, soilless culture system and the efficiency of the 

roots in the absorption of the nutrient solution and the effect of all this on plant 

growth. Fresh root weight was highly affected with soilless system cultivation where 

highest value of root weight are recorded with NFT system (table 1a). The effect of 
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rootstocks on fresh root weight was shown in table 1b. The highest fresh root weight 

was recorded with cantaloupe grafted into Lagenaria sicenaria rootstock followed by 

plants grafted into Cucurbita ficifolia rootstock and the lowest value of fresh root 

weight was recorded with non-grafted plants. Concerning the interaction between 

cultivation system and rootstocks, recorded data in (table 2) showed that the highest 

value of fresh root weight was recorded with plants grafted into Lagenaria sicenaria 

rootstock and the lowest fresh root weight was recorded with non-grafted plants 

grown in substrate media.  

2- Water consumption 

 Data in table 3a and fig 1 show the effect of growing media (substrate culture 

and NFT) on water consumption of cantaloupe plants. Substrate culture system 

recorded the lowest water consumption in comparison with NFT system and both of 

them recorded the lower water consumption in comparison with estimated water 

requiems according to Pan Evaporation method. These results agree with Singer et 

al., 2013 .  

 Concerning the effect of grafting on the water consumption of cantaloupe 

plants, data in Fig (3b and fig.2) show that, all type of grafted plants increased water 

consumption use in comparison with non-grafted and this increase was significant. 

While, all grafted plants into both Lagenaria sicenaria or  Cucurbita ficifolia and non-

grafted plant recoded significant decreases in water consumption in comparison with 

estimated water requirement according to Pan Evaporation method. Some researchers 

have shown that possible mechanisms for increased yield are likely the result of 

increased water and nutrient uptake by vigorous rootstock genotypes (Ruiz&Romero 

1999, Lee & Oda 2003, and  Leonardi, Giuffrida 2006).  

 As for the interaction effect between soilless culture systems and grafting, 

data in table 4 and fig.3 showed that the highest value of water consumption was 

recorded with plants grafted into both Lagenaria sicenaria or  Cucurbita ficifolia 

rootstocks and grown in NFT cultivation system while, the lowest value of water 

consumption was recorded with non-grafted plants grown in substrate media. 
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Fig. 1. Effect of growing substrate on water consumption of cantaloupe plants 

 
Fig. 2. Effect of rootstocks on water consumption of cantaloupe plants 

 

 
Fig. 3. The interaction effect between rootstocks and growing substrate 

on water consumption of cantaloupe plants 

 

3- Water use efficiency (WUE)  

 Data in fig. 4 showed that substrate culture recorded highest water use 

efficiency (WUE) in comparison with NFT system. These results may due to the 

increasing of root growth and weight of plants grown in NFT gullies which led to an 

increasing transpiration rate of plant leaves results to more increase in water 

consumption. These results are similar with the results reported by Singer et al., 2013. 
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Concerning the effect of grafting (fig.5)  results showed that, both type of grafted 

plants decreased water use efficiency in comparison of non-grafted. 

The interaction effect between soilless culture system and grafting (fig.6), 

showed that the highest value of water use efficiency was recorded with non-grafted 

plants grown in substrate media while, plants grafted into both Lagenaria sicenaria or  

Cucurbita ficifolia rootstock and grown in NFT cultivation system had the lowest value 

of water use efficiency. The lowest water use efficiency was recorded with non-

grafted plants grown in NFT system. 

 

 

Fig. 4. Effect of growing substrate on 

water use efficiency of cantaloupe plants 

WUE= water use efficiency 

 

Fig. 5. Effect of rootstocks on water use 

efficiency of cantaloupe plants 

WUE= water use efficiency 

 

 

Fig. 6. Effect of the interaction between rootstocks and growing substrate on water 

use efficiency (Kg/L). 

 

4- Fruit yield and fruit characteristics:  

 The effect of culture system and grafting on fruit yield and some fruit 

characters are shown in Tables (5a &b). It is obvious that, the plants grown in NFT 

system recorded the highest fruit yield per plant by about 30% in comparison with 

media cultivation (Table 5a). These results agree with Singer et al., 2013. Data in  

table (5b) also showed that grafting Galia cantaloupe either into Lagenaria sicenaria 
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or Cucurbita ficifolia rootstock increased total yield per plants comparing to non-

grafted plant (16 and 20% respectively). These increases reported also by Ruiz & 

Romero 1999, and Lee & Oda 2003 and Pogonyi et al., 2005.Concerning the effect of 

interaction (table 6), data showed that the yield of cantaloupe plants grafted into 

Lagenaria sicenaria and grown in NFT system produced the highest total yield and the 

lowest total yield was occurred by non-grafted plants grown in media system. The 

percentage of increases was 32, 36, 57 and 74% for plants grown in media system 

and grafted into Cucurbita ficifolia, plants grown in media system and grafted into 

Lagenaria sicenaria, plants grown in NFT system and grafted into Cucurbita ficifolia, 

plants grown in NFT system and grafted into Lagenaria sicenaria respectively in 

compassion with non-grafted plants grown in media system. 

Fruit characteristics i.e. average of fruit weight, number, length, diameter, flesh 

thickness and number of fruits per plant is shown in tables 5and 6.  Data showed that 

the highest fruit weight was obtained by NFT system and the lowest fruit weight was 

recorded when using substrate cultivation system. Plants grown in NFT system gave 

higher fruit weight compared with those grown media system. The other fruit 

characteristics showed the same trained. It was notable from obtained data that fruit 

number per plant was significantly decreased with media system which can clarify the 

reason of significant increases in the yield from plants grown in NFT system in 

comparison with the yield of plants grown in media system. The enhancing and  

increasing in fruit characteristics with NFT system may be due to the availability of 

nutrition ions around the plants throughout the 24 hours of continuously closing 

system of nutrient solutions within the system. 

The effect of grafting on fruit characteristics (table 5b) presented in the same 

table showed that, The plants grafted into both Lagenaria sicenaria or  Cucurbita 

ficifolia rootstocks have the highest fruit weight and fruit quality i.e. fruit length, 

diameter, flesh thickness, TSS and fruit number in comparison with non-grafted 

plants. These enhancing may be due to enhances photosynthesis and translocation of 

sugars in muskmelon leaves as reported by Yi-Fei Liu, 2011 and may also due to their 

utilization of the vigorous root system of the rootstocks, grafted plants usually show 

increased uptake of water and minerals when compared with self-rooted plants (Lee 

and Oda 2003).  

The interaction between cultivation system and grafting (table 6) showed that 

Galia cantaloupe plants grafted into Lagenaria sicenaria and grown in NFT system has 

the highest average of fruit weight, number, length, diameter, flesh thickness and 

number of fruits per plant. 
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5- Leaf mineral content 

 Data in Table 7a show the effect of growing media (substrate culture and 

NFT) on nitrogen, phosphorus and potassium contents (%) in shoot of cantaloupe 

plants. Substrate culture system recorded significant decries in the value of N and P in 

comparison with NFT systems, while there were no significant differences between 

them in K content. 

Concerning the effect of grafting on the mineral content of cantaloupe plants, 

data in Table 7b showed that, all grafted plants significantly increased NPK content in 

compassion of non-grafted. The highest NPK content was recorded with plants grafted 

into both Lagenaria sicenaria and the lowest NPK content was recorded with non-

grafted plants. the positive effect of grafting on mineral uptake by plants have 

reported by many authors, Ruiz&Romero 1999, Lee and Oda 2003 and  Leonardi, 

Giuffrida 2006 Yi-Fei Liu, 2011. 

As for the interaction effect between soilless culture systems and grafting 

(Table 8), the highest value of nitrogen content was recorded with plants grafted into 

Cucurbita ficifolia grown in substrate system while, the lowest value of water 

consumption use was recorded with plants non-grafted plant grown in substrate 

media. Non-grafted plant grown in substrate media recorded the lowest value of 

phosphorus in comparison with the rest of treatment and the differences between 

other treatments were very narrow and neglectable. Results also showed that all 

cantaloupe plants grown in NFT and grafted into system Lagenaria sicenaria or  

Cucurbita ficifolia slightly increased, potassium content in comparison with all plants 

grown in substrate media either grafted or non-grafted.  

CONCLUSION  
 Under the condition of the experiment we can gain the benefit of hydroponic 

crop production systems which applied in recent years worldwide (as it allows a more 

efficient use of water and fertilizers, as well as it is consider a better control for 

climate and pest factors) and also the benefit of grafting which is also practiced 

worldwide now (for vigorous growth and better use of water and nutrient) to 

increases crop production, quality and productivity. Also, NFT system prove to be 

more suitable for higher production and best use of mineral although media system 

proven to be more effective in water use efficiency under experimental condition. 

Further work needs to be done on the wide range of rootstock under different climate 

condition in Egypt to find out the best one should be used for best productivity and 

quality. 
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Table 7. Effect of growing substrate (a) and grafting (b) on N, P, and K contents of 
cantaloupe leaves (%) during the two seasons of2016 and 2017. 

             First season            second season 

  N% P% K% N% P% K% 

 (a) Effect of growing substrate  

Substrate 4.23 0.48 3.57 4.38 0.50 3.69 

NFT 4.33 0.52 3.60 4.49 0.54 3.73 

LSD (5%) 0.108 0.013 N.S. 0.111 0.013 N.S. 

  (b) Effect of grafting 

  N% P% K% N% P% K% 

Non-grafted 4.05 0.45 3.30 4.19 0.47 3.42 

   Galia/C.f.   4.25 0.53 3.70 4.40 0.54 3.83 

 Galia/L.s.   4.55 0.54 3.75 4.71 0.55 3.88 

LSD (5%) 0.085 0.010 0.072 0.087 0.010 0.075 

C.f. : Cucurbita ficifolia                L.s. : Lagenaria sicenaria 

 

Table 8. The interaction between grafting and growing substrate on N, P and K 
content of cantaloupe leaves (%)during the two seasons of2016 and 2017.   

            First season     second season 

    N% P% K% N% P% K% 

Substrate Non-grafted 3.90 0.39 3.10 4.02 0.40 3.19 

     Galia/C.f.   4.20 0.52 3.80 4.33 0.53 3.91 

   Galia/L.s.   4.60 0.54 3.80 4.74 0.55 3.91 

NFT Non-grafted 4.20 0.51 3.50 4.33 0.52 3.61 

     Galia/C.f..   4.30 0.53 3.60 4.43 0.54 3.71 

   Galia/L.s.   4.50 0.53 3.70 4.64 0.54 3.81 

LSD (5%)   0.147 0.018 0.126 0.151 0.018 0.129 

C.f. : Cucurbita ficifolia                L.s. : Lagenaria sicenaria 
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  دراسات على كفاءة الاستهلاك المائى لنباتات الكنتالوب
  المطعومة والنامية تحت نظامين  

  من الزراعة بدون تربة
  

  2سمير رجب أحمد  - 2محمود محمد حامد عبد الباقى - 1عبد الونيس محمد منى
  

  مركز البحوث الزراعية -معهد بحوث البساتين  -قسم الزراعات المحمية  .1
  مصر -الدقى  -المركز القومى للبحوث  -قسم بحوث الخضر  .2

  
ة تأثير تطعيم نباتات الكانتالوب هجين جاليا على بعض الاصول معرف إلىتهدف هذه الدراسة 

المختلفة على الاستهلاك المائى والنمو وامتصاص العناصر والمحصول والجودة وذلك خلال 
ة بغير المطعومة تحت نظامين موحيث تم مقارنة النباتات المطع 2017و  2016موسمين للزراعة 

للزراعة بدون تربة (تقنية الفلم المغذى والزراعة في بيئة مكونة من مخلوط البيت موس 
وقد تم تطعيم هجين الجاليا على أصول اليقطين ). 1:1:1كيولايت والبيرلايت بنسبة والفرمي

Lagenaria sicenaria  و الفيسيفوليا Cucurbita ficifolia لجاليا الغير مطعوم خدام هجين اوقد تم است
وقد أظهرت النتائج ان نظام تقنية الفلم المغذى قد ادى الى زيادة  كنبات مقارنة في كلا النظامين.

معنوية فى صفات النمو مثل ارتفاع النبات و عدد الاوراق بالنبات الواحد وسمك الساق مقارنة 
على النمو متمثلا فى طول النبات وعدد د اثر التطعيم ايجابيا وق بالنباتات النامية فى نظام البيئات.

الاوراق وسمك الساق. وقد تأثر ايضا الاستهلاك المائى بالتطعيم ونظام الزراعة حيث سجلت 
أعلى قيم   Lagenaria sicenariaالنباتات النامية فى نظام تقنية الفلم المغذى والمطعومة على اليقطين 

ائى بالرغم من ان نظام البيئات قد وفر فى استهلاك المياه بنسبة تتراوح بين لمعدل الاستهلاك الم
% عند مقارنته بالكميات المستهلكة والمحسوبة طبقا لحسابات الاستهلاك المائى بطريق 85-87

وقد لوحظ انخفاض المحصول تحت نظام زراعة البيئات  .pan evaporation methodالبخر 
% من 41-39ات النامية تحت نظام تقنية الفلم المغذى والتى وفرت حوالى بالمقارنة بمحصول النبات

وقد حدثت زيادة كل من المحصول وحجم الثمار  كميات المياه المحسوبة على أساس حسابات البخر.
الناتجة من النباتات المطعومة والتي يمكن إرجاعها إلى الزيادة الكبيرة فى نمو جذور الاصول 

الدراسة والتي سجلت أيضا زيادة ملحوظة فى امتصاص العناصر الغذائية وذلك المستخدمة فى هذه 
عند مقارنتها بالنبات الغير مطعومة. وبصفة عامة فانه يمكن القول بأن النباتات النامية تحت نظام 

  تقنية الفلم المغذى قد أعطت أفضل جودة ومحصول وتبكير ومحتوى من العناصر.
  الكلمات الدالة

  .المحصول –البيئات الزراعية  -تقنية الفلم المغذى  - المائيالاستهلاك  -التطعيم  - لكنتالوبا
 

 


