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ABSTRACT  

Most of Egyptian lands are sandy soils and faces large constraints due to low water holding and 
nutrient retention capacity, and accelerated mineralization of soil organic matter. Recent studies have 
shown that biochar can affect hydraulic properties and nutrient retention in arable soils. However, 
biochar effects have not been fully studied on sandy soils in dry lands. Two field experiments were 
carried out during growing seasons 2015 and 2016, it executed in a private farm (EL-EMAM MALK 
village), El- Nubaryia region, Egypt to produce and study the impact of adding biochar from corn 
straw on application efficiency of irrigation water, leaf chlorophyll content, yield, quality traits and 
water productivity of apple were investigated under irrigation scheduling based on deficit irrigation 
conditions. Three application rates of biochar [0 (control), 2, 4 and 6 ton fed.-1] were used in the 
experiment under three levels from irrigation water deficit [100%, 75% and 50% FI for apple trees]. 
Apple yield, some of quality traits and water productivity of apple were increased by increasing the 
application of biochar materials under deficit irrigation conditions. There are advantages and benefits 
impacts for producing biochar and adding it to the sandy soils under arid areas. There are ability to 
produce biochar by installing a simple reactor formed from cheap materials by recycle of metal scrap 
drums (MSD). MSD was more positive impact compared with Traditional oven in the Egyptian rural 
(TOER) for many reasons. First of all, biochar yield with MSD was higher than TOER. The second , 
MSD was produce less smoke and with less time (5 minute) compared with TOER (20 minute). Third, 
MSD was free movement and high control for biochar production but TOER was fixed reactor and 
less control on the producing of biochar. MSD reactor is very cheap because it formed from recycling 
of metal scrap drums. Generally , it could be concluded from the obtained results that applying of 
irrigation deficit by using 75% FI  with biochar rate 6 ton fed.-1 was the most effective treatment 
where it saved 25% from water requirements for Anna apple trees and consequently it could be 
recommended for applying in orchards under the same conditions of the present study. 
 
Key words: Producing biochar, corn straw, deficit irrigation, water productivity , Anna apple tree 

 
Introduction 

 
Water scarcity is the major reason of reduction crops yield of crops yield all over the world. 

So, using of irrigation water should be appropriate and deficit irrigation principles should be accepted 
with simple level of reduction in yield. (EL-Metwally, 2015). Deficit irrigation has been widely 
evaluated as a useful and sustainable production technique in arid regions. This practice aims for 
maximizing water productivity of crops. Research results confirm that deficit irrigation is positive and 
successful in improving and increasing water productivity for many crops without severe reduction in 
the yield (Geerts and Raes, 2009). Deficit irrigation is very useful and important for increasing the 
efficiency of water use in the view of limitation of water resources in  agricultural field. It is necessary 
to find out the more sensitive stage for crop and impact of deficit irrigation on the crop productivity 
(Bhagyawant, et al., 2015). Dry land areas cover about 47.2% earth land area. In the dry lands, there 
are a limitation in the arable land, but we have to cultivate on these poor soils areas (Reynolds and 
Stafford, 2002). The poor soil areas are described as sandy soils (Lal, R. 2003). Sandy soils are 
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believe marginal for the agricultural production (Ayarza, et al, 2005). Most of sandy soils, the 
availability of nutrient and reduction of carbon content in soil organic are among the main agricultural 
limitations. In addition, due to previous limitations, there are another soil indicators such as low in 
water holding capacity, centered mineralization of soils organic matter and also, leaching of the soils 
nutrients .....etc. and for these limitations, cultivation in the sandy soils of dry areas relies strongly on 
the use of external inputs like inorganic and organic fertilizers (Guiller, et al, 1997). The application 
rates of organic manures and composts to the soil has been useful and successfully used for increasing 
the nutrient availability (Goyal, et al, 1999). Indicated the importance the mulching by rice straw and 
using it as a sustainable material in mitigation the water deficit under arid regions conditions. 
(Abdelraouf, et al., 2013). Conversely, the organic amendments in sandy soils face high 
decomposition rate and the adding organics matter are usually mineralized through only small  
growing cropping seasons (Glaser, et al, 2001). Thus, the organic amendments have to be added 
frequently to sustain the productivity in sandy soils. Reported that the importance the compost in 
mitigation the water stress under arid and sandy soil conditions. (Abdelraouf, et al., 2013). The 
sustainable technique is using organic materials more stable which able to sustain the sandy soils 
environment, and also, biochar could be a good and very useful choice for replacing the easily 
decomposable organic manures (Glaser, et al, 2002), (Lehmann, et al., 2003).  

Biochar is biomass-derived black carbon produced after 300-500°C pyrolysis of a 
carbonaceous materials under limitation of oxygen (Antal and Gronli 2003). Application of biochar to 
soils used also for overcoming some of limitations which faced during sandy soils farming, thereby 
allowing providing and giving an additional soils management option in addition to the other 
sustainable and organic materials such as composts, manures and mineral fertilizers. There are has 
many sustainability and environmental benefits for biochar over compost or organic manures. It is a 
porous material with a high inner surface area which can help to retain and conserve more water and 
also, increase saturated hydraulic conductivity of topsoil's (Asai,et al.,2009). The biochar has been 
added at different and many rates to sandy soils. Application rates were significantly affected on the 
properties of soils and higher application dozes have more effects. Hence, The interesting in 
application of biochar as a technique for mitigating and decreasing the global-warming impacts is 
steadily increasing (Beesley et al., 2011; Cabrera et al., 2011). The physicochemical properties of 
biochar can make and cause changes in the C availability and soil nutrient, and provide and give 
physical protection to soil  microorganisms against the predators and desiccation; this may alter the 
microbial diversity of the soil (Lehmann et al., 2011). The biochar derived from the low-temperature 
pyrolysis is called and characterized by more and high content of the volatile matter that contains 
easily and simply decomposable substrates, which can and help support the growing of plant growth 
(Robertson et al., 2012; Mukherjee and Zimmerman, 2013). The structure of biochar derived from 
high temperature pyrolysis is called and characterized by a large and big surface area and aromatic-
carbon content, which may increase the adsorption capacity as well as the recalcitrant character (for 
carbon sequestration) (Lehmann, 2007).  

The aim of this study was sustainable management of deficit irrigation in sandy soils by 
producing biochar and adding it as a soil amendment.  

 
Material and Methods 

 
Location and climate of experimental site:  
 

Field experiments were conducted during 2015 and 2016 seasons on Anna apple trees (5 
years old) grown orchard located in north Cairo–Egypt on sandy soil at private farm in EL-EMAM 
MALEK village, El-NUBARIA, (latitude 30o 26’ 28’’N, longitude 30o 18’ 0’’ E, and mean altitude 
above sea level 21 m), Al Buhayra governorate, Egypt. The selected area characterized with an arid 
climate, cool winters and hot dry summers.  

 
Physical and chemical properties of soil and irrigation water:  
 

Irrigation water source was an irrigation channel passing through the experimental area, with 
an average pH of 7.35 and 0.41 dS m-1 as electrical conductivity (EC). The main physical and 
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chemical properties of the soil illustrated in table 1, were determined in situ and in the laboratory at 
the beginning of the experiment. The main physical and chemical properties of irrigation water are 
reported in table 2. 
 
Table 1: Physical and chemical characteristics of the soil of the experimental area 

 

Soil Characteristics 

Soil depth (cm) 

0–20 20-40 40-60 60-80 80-120 

Physical parameters 

Texture Sandy Sandy Sandy Sandy Sandy 

Course sand (%) 47.76 56.72 36.76 35.77 33.34 

Fine sand (%) 49.75 39.56 59.40 60.11 62.34 

Silt + clay (%) 2.49 3.72 3.84 4.12 4.32 

Bulk density (t m-3) 1.69 1.68 1.67 1.69 1.65 

Chemical parameters 

EC (dS m-1) 0.35 0.32 0.44 0.45 0.53 

pH (1:2.5) 8.7 8.8 9.3 9.0 9.2 

Total CaCO3 (%) 7.02 2.34 4.68 5.01 5.2 

Organic matter (%) 0.65 0.40 0.25 0.24 0.21 

 
Table 2: Main characteristics of irrigation water of the experimental area 

Parameter Irrigation canal water, IW 

Electric Conductivity, dS m-1 0.41 

pH 7.35 

Chemical characteristics, concentrations in mg l-1  

Calcium, Ca2+ 1.00 

Magnesium, Mg2+ 0.50 

Sodium, Na2+ 2.40 

Potassium, K+ 0.20 

Carbonate, CO3
2- < 0.01 

Bicarbonate, HCO3
- 0.10 

Chloride, Cl- 2.70 

Sulphate, SO4
2- 1.30 

Nitrogen, N  (NH4
++NO3

-) < 0.01 

Phosphorus, P( PO4
3-) 0.20 

Copper, Cu++ 0.02 

Nickel, Ni++ 0.01 

Zinc, Zn++ 1.00 

Calcium, Ca2+ 1.00 

Experimental design:  
 

The first experiment was a comparison study between two simple reactors for producing 
biochar from corn straw [Traditional Oven in the Egyptian Rural "TOER" and reuse of metal scrap 
drums "MSD"].   

The second experiment was three levels of irrigation water deficit [100%, 75% and 50% from 
irrigation requirements for apple trees] plotted in main plot and three application rates of biochar [0 
(control) , 2, 4 and 6 ton/fed.] plotted in sub-main plot as shown in fig. (1). 
 
Biochar Production 
 

Pyrolysis experiments were carried out  by two simple reactors for producing biochar from 
corn straw using TOER and reuse of MSD. The feedstock (corn straw) was placed in both reactors to 
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pyrolysis at low - temperatures. After pyrolysis, the reactor was left inside the furnace to cool to room 
temperature. The biochars and ash obtained were weighed. 
 
Irrigation requirements for Anna apple trees:  
 

Daily irrigation water was calculated by following equation (1) and seasonal irrigation water 
was 4860 m3/fed./season for 100% full irrigation "FI" for 2015 and 5115 for 2.016 under drip 
irrigation system:                 IRg = [(ETO x Kc x Kr) / Ei] - R + LR …………………………..……. (1) 
Where:  
IRg = Gross irrigation requirements, mm/day,  
ETO= Reference evapotranspiration, mm/day , Kc = Crop factor (FAO-56) 
Kr = Ground cover reduction factor and the values of Kr measured by Keller equation (2): Kr = GC% 
+ 0, 15. (1 – GC %), Where GC%: ground cover = (shaded area per plant/area per plant) 
Ei = Irrigation efficiency, %, R = Water received by plant from sources other than irrigation, mm (for 
example rainfall), LR = Amount of water required for the leaching of salts, mm  
Total water volumes for each treatment reported in table (3). 
 
Table 3: Total water volumes and biochar rates during 2015 and 2016 seasons for each treatment  
Deficit Irrigation, m3 Symbol Irrigation volumes, m3 fed-1 Biochar rates, ton fed.-1 Symbol 

2015 2016 

100% FI I1 4860 5115 0 BC0 

75% FI I2 3645 3836 2 BC1 

50% FI I3 2430 2558 4 BC2 

    6 BC3 

FI: Full Irrigation 

Evaluation Parameters  

Biochar yield: Zhao and Wang (2017) mentioned that the yield of biochar was calculated by equation 

(2) as follows: 

Yield (%) = [mass of biochar (kg)/ oven dry mass of feedstock (kg)] * 100 ………………………...(2) 
Air pollution by rising smoke: A period of rising smoke was measured by stop wash because gas flow 

meter not available.   

Flexibility of reactor : The flexibility of reactor was measured based on easy movement and the 

ability for biochar production control. 

Application efficiency of irrigation water "AEIW: Application efficiency relates to the actual storage of 

water in the root zone to meet the crop water needs in relation to the water applied to the field. 

According to El-Meseery, (2003) application efficiency "AEIW" was calculated using the following 

relation (3):                               AEIW = Ds/ Da ………………………………………………………(3) 

Where: AEIW = Application efficiency of irrigation water, (%), Ds = Depth of stored water in root 

zone (cm) calculated by equation (4) where: Ds = (θ1 – θ2) * d * ρ ………………………..……….(4) 

Da = Depth of applied water (cm), d = Soil layer depth (cm), θ1 = Soil moisture content after 

irrigation (%), θ2 = Soil moisture content before irrigation (%), ρ = Relative bulk density of soil 

(dimensionless).  
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Fig. 1: Layout of experimental design 

Leaf chlorophyll content of apple: Leaf chlorophyll content was estimated by Spad device as spad 
unit. 
Yield of apple : At harvest, yield as kg per tree and ton per feddan were calculated.   
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Water productivity of apple "WPapple" was calculated according to James, (1988) by equation (5) as 
follows:                                                
WPapple = Ey/Ir …………………………………………………..………………………….……….. (5) 
Where: WPapple is water productivity of apple (kg apple / m

3 water), Ey is the economical yield (kg /fed.); 
Ir is the applied amount of irrigation water (m3 water /fed./season). 
 
 Quality traits of apple:  
 

Fruit physical characteristics: Fruit samples were collected randomly from each tree to 
determine the following parameters: fruit weight as gram and fruit firmness was determined as 
Lb/inch2 using pressure tester. 

Fruit chemical characteristics: The following two fruit juice chemical properties were 
determined according to the A.O.A.C (1990) as follows: (1) Total soluble solids percentage (TSS %) 
was determined in fruit juice using a Carl Zeiss hand refractometer. (2) Total titratable acidity 
percentage: Total acidity of fruit juice was estimated as a percentage of anhydrous malic acid 
according to the method described by Vogel (1968). T.S.S./acid ratio was estimated using the 
previous data. 

 
Statistical analysis 

All the obtained data in the two seasons of study were statistically analyzed using the analysis 
of variance method according to Snedecor and Cochran (1980). However, means were distinguished 
by the Duncan’s multiple range test (Duncan, 1955).  

 
Results and Discussion 

 
 Two experiments were carried out to achieve the aim of this study. First, evaluation of two 
types of simple reactors for biochar production from agricultural wastes such as corn straw. Second 
experiment was impact of deficit irrigation and application rate of biochar on application efficiency of 
irrigation water, chlorophyll content, yield, quality traits and water productivity of apple. 
 
First experiment: Evaluation of two types of simple reactors for biochar production from corn 
straw.  
 

There are many types of reactors for producing biochar. Some of them are very complex and 
high advanced and some of them are semi advanced with low technology, while the other are very old 
with high negative impact on the environment. When designing of biochar systems, it is necessary and 
important to take into consideration that they may can affect health, economics, energy and food 
security. Improved and good cook stoves can and able also reduce the indoor air pollution, providing 
significant health benefits throughout the developing world. 

Using of biochar is a new technique in modern agriculture building on a group of research 
that is mainly less than a decade old. Recently, institutional capacity to develop and research biochar 
production and applications is beginning to appear. The majority systems of biochar production were 
classified and identified as small systems, trending and toward household and also, farm-scale 
systems. The farms scale was likely to produce biochar without energy holding indicating that the 
system may be driven mainly by the agronomic benefits and advantages of biochar. 
 The results in table (4) and figures (2) for two types of simple reactors for producing biochar  
from corn straw indicate that there were advantages and benefits impacts for both reactors. In general, 
MSD was more positive impact compared with TOER. Figure (2) has full description for biochar 
production stages from corn straw based on using TOER as a reactor. Figure (2) include full 
description for biochar production stages from corn straw based on  reuse of metal scrap drums. MSD 
was better than TOER for many reasons. First of all, biochar yield with MSD was higher than TOER.  
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Dry corn straw in corn farm after harvest (Biomass) and cutting corn straw to small lengths 

 
Putting small lengths of corn straw in tinplate drums with dimensions, Top Dia.: 295 mm, Bottom 

Dia.: 275 mm, Height: 375 mm 

 
Inserting  the tinplate drums with small lengths 

of corn straw to steel drum with dimensions, Top 
Dia.: 590 mm, Bottom Dia.: 550 mm, Height: 

750 mm 

Inserting  tinplate drums with small lengths of 
corn straw to traditional oven is the Egyptian 

rural 
 
 

              
                     Corn straw Biochar           Corn straw Ash 

Fig. 2: Using  traditional oven is the Egyptian rural " TOER " and metal scrap drums " MSD " for  

producing the biochar   
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The second , MSD produced less smoke with less time (5 minute) compared with TOER (20 minute). 
Third, MSD was free movement and high controlled for biochar production, while TOER fixed 
reactor and less control on producing of biochar. Both of reactors were very cheap because, one of 
them formed from local materials such as raw bricks, clay and metal sheet, while the other was 
installed from reuse of metal scrap drums. 
 
Table 4: Evaluation of two types of simple reactors for biochar production from corn straw.  

No. Evaluation 
parameters 

Traditional oven in the Egyptian 
rural "TOER" 

Metal scrap drums "MSD" 

1. Biochar yield 15% 30% 
2. Air pollution by 

rising smoke 
Producing more smoke with more 
time (20 minute) 

Producing less smoke with less time (5 
minute) 

3. Flexibility of 
reactor 

Fixed reactor and less control on 
the producing of biochar  

Not fixed and free movement and high 
control for biochar production 

4. The propose 
from reactor 

Mainly cooking and baking and by 
the way producing biochar 

Mainly producing biochar and by the way 
cooking and preparing tea 

5. Costs Cheap because it formed from local 
materials such as raw bricks and 
clay and metal sheet  

Very cheap because it installed based on 
recycle of metal scrap drums 

 

Second experiment: Effect of deficit irrigation and application rate of biochar on application 

efficiency of irrigation water, leaf chlorophyll content, yield, quality traits and water 

productivity of Anna apple trees. 

Application efficiency of irrigation water 
 
Effect of irrigation deficit on application efficiency of irrigation water "AEIW”:  
 

The obtained results figure (3) and table (5) indicate that, there was a positive effect of deficit 
irrigation on AEIW under sandy soil conditions where, AEIW was increased as a result of decreasing 
the applied amount of irrigation water. In both seasons of 2015 and 2016 the AEIW was increased 
where it was 75.03% and 70 % with 100% FI, but it recorded 94.4 % and 91.9 % as a highest value 
with 50% FI, respectively. The increasing of AEIW may be due to decreasing of applied amount of 
irrigation water inside root zone  and reducing from total water volume went out of root zone by deep 
percolation hence, that this may cause water stress of the plant because the amount of water added 
was less than the required quantity. 
 
Effect of application rate of biochar on application efficiency of irrigation water:  
 

The results presented in figure (3) and table (5) show that, there was a positive effect of biochar 
application rate on AEIW. Under the control treatment, (no biochar added), the AEIW recorded 84.2 % 
while it recorded 86.2 % as a highest value under the treatment of adding 6 ton fed-1 in the first season 
(2015), the same trend has been observed in second season (2016). The enhancing of AEIW attributed 
to the increase of biochar rate which improved the water holding capacity within the root zone.  

    
Effect the interaction between deficit irrigation and application rate of biochar on application 
efficiency of irrigation water:  
 

As it presented in figure (3) and table (5) the obtained results signify that, there was a 
constructive impact of deficit irrigation and biochar application rate on AEIW. However, the AEIW in 
both seasons were increased as a result of decreasing the applied amount of irrigation water and 
increasing the application rate of biochar. As the deficit irrigation and biochar application rates 
increased as the AEIW increased whereas, through seasons of 2015 and 2016 it was recorder 74.2 % 
and 72% with 100% FI without adding biochar, while,  it recorded 95.3% and 92.9 % as the highest 
values under 50% FI and with adding 6 ton fed-1 for seasons 2015 and 2016, respectively. The 
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increasing of AEIW might be attributed to the interaction of two factors; the saving and reducing the 
volume of water went out of the root zone (deep percolation) by decreasing of applied amount of 
irrigation water inside root zone  and reducing from total water volume went out of root zone by deep 
percolation hence, that this may cause water stress of the plant due to the amount of water added was 
less than the required quantity and enhancing the water holding capacity within the root zone by 
increasing the application rate of biochar. These results are in agreement with those of  Abdelraouf, 
(2014), Asai,et al.,(2009) and Lehmann (2007). 

 

 

Fig. 3: Effect of deficit irrigation and application rate of biochar on application efficiency of irrigation 

water during the seasons of  2015 and 2016 

Leaf chlorophyll content (spad) of apple trees  
 
Effect of deficit irrigation on leaf chlorophyll content of apple trees "LCC”:  
 

The effect of deficit irrigation on LCC is presented in table (5). The results indicate that, LCC 
under water stress was decreased as a result of decreasing the amount of applied water. The values of 
LCC in both seasons of 2015 and 2016 recorded 55.08  and 53.43 spad respectively under 100% FI, 
whereas it recorded 44.62 and 43.27 spad as the lowest values with season of 2015 and 2016, 
respectively under 50% FI. The decreasing of LCC might be due to increasing water stress within the 
root zone hence, decreasing in the nutrients uptake.  
     
Effect of application rate of biochr on LCC of apple trees:  
 

The effect of application rate of biochar on LCC is presented in table (5). The LCC values were 
significantly varied according to application rate of biochar. Through seasons 2015 and 2016, the best 
values of LCC (60.52 and 58.7 spad) were recorded with the treatment of add 6 ton fed-1; while it 
recorded 37.43 and 36.21 spad with the treatment of no adding of biochar during the seasons of 2015 
and 2016, respectively. The increasing of LCC might be due to the interaction of the two constant; 1) 
increasing the application rate of biochar which increased the water holding capacity inside root zone 
and then reducing water stress in addition to increasing fertigation efficiency; 2) enriching the 
growing media with the available nutrients as a result of biochar degradation.   

   
Effect the interaction between deficit irrigation and application rate of biochar on LCC of apple 
trees:  
 

The interaction effect of deficit irrigation and biochar application rate is showed in table (5) 
since decreasing the water stress and increasing of biochar application rate had a positive impact on 
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LCC of apple trees. The LCC values were improved through the seasons of 2015 and 2016 where they 
were 41.33 and 40.09 spad with 100% FI without adding biochar while they recorded 67 and 61.43 
spad as the highest values with 75% FI and adding 6 ton fed-1 for the seasons of 2015 and 2016, 
respectively. The main causes of enhancing the LCC of apple trees under 75% FI and 6 ton. fed-1 
might be attributed to; 1) Adding 75% as FI caused reducing in the total water volume went out of 
root zone by deep percolation hence, increasing in the fertilizers concentration inside root zone ; 2) 
increasing of application rate of biochar that enhanced the water holding capacity around root zone 
which resulted in enhancing the AEIW; 3) The biochar degradation which resulted in increasing the 
availability of nutrients. These results are in agreement with those of Abdelraouf, (2014), Asai,et 
al.,(2009) and Lehmann, (2007). 

 
Table 5: Effect of various treatments on leaf chlorophyll content of apple trees during 2015 and 2016 

seasons. 
Irrigation 

Deficit, m3 

Biochar Rate, 

ton fed.-1 

Application efficiency of 

irrigation water, % 

Leaf chlorophyll content (spad) 

2015 2016 2015 2016 

Effect of deficit irrigation on  application efficiency of irrigation water and leaf chlorophyll content 

100% FI  75.3 73.0 55.08  53.43  

75% FI  86.5 84.1 49.58  48.08  

50% FI  94.4 91.9 44.62  43.27  

Effect of biochar rate on  application efficiency of irrigation water and leaf chlorophyll content 

 0 84.2 81.9 37.43  36.21  

 2 85.1 82.5 48.18  46.73  

 4 86.1 83.6 53.00  51.40  

 6 86.2 84.1 60.52   58.70  

Effect of the interaction between deficit irrigation and biochar rate on  application efficiency of irrigation water 

and leaf chlorophyll content 

 

100% FI 

 

0 74.2 72.0 41.33 40.09 

2 75.1 72.6 53.33 51.73 

4 76.0 73.7 58.66 56.90 

6 76.0 73.7 66.50 59.99 

 

75% FI 

0 85.3 82.8 37.20 36.08 

2 86.1 83.4 48.00 46.56 

4 87.0 84.5 52.80 51.21 

6 87.4 85.6 67.00 61.49 

 

50% FI 

0 93.1 90.8 33.48 32.47 

2 94.0 91.4 43.20 41.90 

4 95.2 92.5 47.52 46.09 

6 95.3 92.9 54.27 52.64 

FI: Full irrigation 

Yield of Anna apple trees 

Effect of deficit irrigation on the yield of apple "YP”:  
 

The effect of deficit irrigation on YP is presented in figure (4) and table (6). The results indicate 
that, YP under water stress was decreased as a result of decreasing the amount of applied water. The 
values of YP in both seasons of 2015 and 2016 recorded 6.85 ton fed-1 and 6.31 ton fed-1, respectively 
under 100% FI, whereas they were 5.20 ton fed-1 and 4.89 ton fed-1 as the lowest values during 2015 
and 2016 seasons respectively under 50% FI. There was a significant difference between the values of 
YP under 100% FI and 75% FI during  2015 season while there was no significant difference between 
them during 2016 season. The convergence of the results between the two treatments may be due to 
increasing concentration of mineral fertilizers in root zone when adding 75% FI. 
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Effect of application rate of biochr on YP: 
  

The effect of application rate of biochar on YP is presented in figure (4) and table (6). The YP 
values were significantly varied according to application rate of biochar. During seasons 2015 and 
2016, the best values of YP (7.6 ton fed-1 and 7.01 ton fed-1 ) were recorded under the treatment of 
adding 6 ton fed-1; while it recorded 4.99 ton fed-1 and 4.71 ton fed-1 under the treatment of no adding 
biochar during seasons 2015 and 2016 respectively. The increasing of YP might be due to the 
interaction of two constant; 1) increasing the application rate of biochar which caused increasing of 
the water holding capacity inside root zone and then enhancing the AEIW hence, mitigation the water 
stress within the root zone; 2) enriching the growing media with the available nutrients as a result of 
biochar degradation.  

    
Effect the interaction between deficit irrigation and application rate of biochar on YP:  
 

The interaction effect of deficit irrigation and biochar application rate is show in figure (4) and 
table (6) since decreasing water stress and increasing biochar application rate had a positive impact on 
YP. The YP values were improved through the seasons of 2015 and 2016 where they were 5.53 ton. 
fed-1 and 5.23 ton. fed-1 with 100% FI and without adding biochar while they recorded 8.26 ton. fed-1 
and 7.76 ton. fed-1 as highest values with 75% FI and adding 6 ton fed-1 for seasons of 2015 and 2016 
respectively. The main causes of enhancing the YP under 75% FI and 6 ton. fed-1 might be attributed 
to; 1) Adding 75% from FI caused reducing the total water volume went out of root zone by deep 
percolation hence, increasing in mineral fertilizers concentration inside root zone and increasing 
nutrients uptake ; 2) increasing of application rate of biochar that enhanced the water holding capacity 
inside root zone which resulted in enhancing the AEIW; 3) The biochar degradation resulted in 
increasing the availability of nutrients. These results are in agreement with those of Abdelraouf, 
(2014), Asai,et al.,(2009) and Lehmann, (2007). 
 

Fig. 4: Effect of deficit irrigation and application rate of biochar on yield of apple during 2015 and 

2016 seasons 

Water productivity of apple 
 
Effect of deficit irrigation on water productivity of apple  "WPapple”:  
 

The effect of deficit irrigation on WPapple is displayed in figure (5) and table (6). The results 
indicate that, WPapple under water stress was increased as a result of decreasing the amount of applied 
water. The values of WPapple in both seasons of 2015 and 2016 recorded 1.43 kg apple m-3

water and 1.23 
kg apple m-3

water respectively under 100% FI, whereas it recorded 2.14 kg apple m-3
water and 1.91 kg apple m-

3
water  as highest values in the seasons of 2015 and 2016 respectively under 50% FI. The increasing of 

WPapple might be due to decreasing of applied irrigation water within the root zone. Although, the 
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highest values of WPapple were found out with treatment of 50% FI but there was significant difference 
between highest values of YP under 100% FI and values of YP under 50% FI during both seasons so, 
selecting treatment of 50% FI for saving irrigation water is not an option to recommend it.  
 
Effect of application rate of biochr on WPapple:  
 

The effect of application rate of biochar on WPapple is presented in figure (5) and table (6). The 
WPapple values were significantly varied according to application rate of biochar. During 2015 and 
2016 seasons, the best values of WPapple (2.19 kg apple m-3

water and 1.93 kg apple m-3
water) were recorded 

under the treatment of adding 6 ton fed-1; while it recorded 1.43 kg apple m
-3

water and 1.28 kg apple m
-3

water 
under the treatment of no adding of biochar during the seasons of 2015 and 2016 respectively. The 
increase in WPapple may be due to the same reasons of increasing apple productivity. 
 
Effect the interaction between deficit irrigation and application rate of biochar on WPapple:  
 

The interaction effect of deficit irrigation and biochar application rate is shown in figure (5) and 
table (6) since decreasing the water stress and increasing of biochar application rate had  a positive 
impact on WPapple. The WPapple values were improved through 2015 and 2016 seasons where they 
were 1.14 kg apple m-3

water  and 1.02 kg apple m-3
water  with 100% FI without adding biochar while they 

recorded  2.61 kg apple m-3
water  and 2.33 kg apple m-3

water  as the highest values with 50% FI and adding 6 
ton fed-1 for 2015 and 2016 seasons respectively. Although, the highest water productivity of apple 
was occurred under treatment 50% FI+ biochar rate 6 ton fed.-1 but there was a significant deference 
in the yield under 50% FI so, according to the concept of (DI) which mean that it is possible to reduce 
water use but without causing significant yield reduction (Kirda et al. 2005) so, 50%FI treatment 
never be recommend to apply because there is high and significant deference in apple yield. 
 

Fig. 5: Effect of deficit irrigation and application rate of biochar on water productivity of apple during 

2015 and 2016 seasons 
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Table 6: Effect of various treatments on yield and water productivity of apple during 2015 and 2016 seasons  

Irrigation 

Deficit 

Biochar rate Yield of  fruits (ton fed.-1) Water productivity (kg apple m
-3

water) 

2015 2016 2015 2016 

Effect of deficit irrigation on yield and water productivity of apple 

100% FI  6.95 a 6.31 a  1.43 1.23 

75% FI  6.50 b 6.28 a 1.78 1.64 

50% FI  5.20 c 4.89 b 2.14 1.91 

LSD at 5% 0.19 0.16   

Effect of biochar rate on yield and water productivity of apple 

 0 4.99 d   4.71 d 1.43 1.28 

 2 5.82 c 5.50 c 1.66 1.50 

 4 6.46 b 6.08 b 1.86 1.67 

 6 7.60 a 7.01 a 2.19 1.93 

LSD at 5% 0.25 0.21   

Effect the interaction of deficit irrigation and biochar rate on  yield and water productivity of apple 

 

100% FI 

0 5.53  5.23 1.14 1.02 

2 6.74  6.07  1.39 1.19 

4 7.23  6.62  1.51 1.29 

6 8.20  7.32  1.69 1.43 

 

75% FI 

0 5.39  5.10 1.48 1.33 

2 5.93  5.83  1.63 1.52 

4 6.43  6.43  1.76 1.68 

6 8.26  7.76  2.27 2.02 

 

50% FI 

0 4.05  3.82  1.67 1.49 

2 4.80  4.60  1.98 1.80 

4 5.63   5.20  2.32 2.03 

6 6.33  5.96  2.61 2.33 

LSD at 5% 0.43 0.43   

FI: Full irrigation 

Quality traits of apple 

Results in table (7) show the effect of deficit irrigation and biochar rate and their interaction 
on some physical properties of apple fruits. As for deficit irrigation, it's clear that fruit yield per tree 
and fruit weight show the same trend, since the highest values for both of these were recorded with 
100% FI treatment, while the lowest values were obtained due to 50% FI treatment. This was true in 
both seasons of the study. The fruit firmness was the highest value with 100% FI followed by 75% FI 
treatment. The lowest firmness Ib/in2 was recorded with 50% FI treatment. 

Regarding the effect of biochar rates on fruit physical properties, the obtained results indicate 
that fruit yield/tree and fruit weight were increased with increasing biochar rate since the untreated 
trees recorded the lowest values, while 6 ton fed-1 treatment gave the highest values for both fruit 
yield/ tree and fruit weight. The fruit firmness (Ib/in2) was at the highest with the highest biochar rate 
(6 ton fed-1), the values were decrease with decreasing biochar rate. 

Concerning the interaction between deficit irrigation and biochar rate, the obtained results 
show that both fruit yield/tree and fruit weight take the same trend. However, it's clear that 100% FI 
and 75% FI had more or less the same results with the same treatments of biochar rates. The treatment 
of 50% FI in combination with biochar rate gave lower values of fruit yield and fruit weight. The 
firmness value take the same trend with 100% FI and 75% FI of deficit irrigation in combination with 
biochar rate treatments, while 50% FI combination with biochar rates gave values less than the other 
interactions. 
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Table 7: Effect of various treatments on physical quality of apple during 2015 and 2016 seasons. 
Irrigation Deficit Biochar 

Rate 

Fruits Yield, (kg/tree) Fruit Weight, (gm) Fruit Firmness, (Ib/in2) 

2015 2016 2015 2016 2015 2016 

Effect of deficit irrigation on  some physical fruits properties of apple 

100% FI  17.38 15.78 145.0 142.4 3.38 3.73 

75% FI  16.26 15.71 146.9 141.4 3.30 3.61 

50% FI  13.01 12.24 115.4 113.0 1.94 2.18 

LSD at 5% 0.48 0.42 2.40 2.82 0.16 0.11 

Effect of biochar rate on  some physical fruits properties of apple 

 0 12.48 11.80 127.4 125.1 2.33 2.69 

 2 14.57 13.75 134.2 130.2 2.74 2.95 

 4 16.16 15.21 139.4 135.3 3.09 3.30 

 6 19.00 17.54 142.1 138.6 3.36 3.77 

LSD at 5% 0.63 0.54 2.6 1.39 0.19 0.19 

Effect of the interaction between deficit irrigation and biochar rate on  some physical fruits  properties of apple 

 

100% FI 

0 13.83 13.08 137.7 136.0 2.89 3.21 

2 16.87 15.18 143.8 140.3 3.24 3.58 

4 18.31 16.55 147.8 145.9 3.56 3.86 

6 20.50 18.29 150.5 147.6 3.82 4.29 

 

75% FI 

0 13.48 12.75 135.6 132.6 2.53 3.10 

2 14.83 14.58 145.4 139.3 3.20 3.29 

4 16.08 16.08 151.5 143.5 3.60 3.70 

6 20.67 19.41 155.2 150.2 3.90 4.37 

 

 50% FI 

0 10.13 9.55 108.7 106.6 1.57 1.76 

2 12.00 11.50 113.2 110.9 1.76 1.98 

4 14.08 13.00 118.8 116.5 2.09 2.35 

6 15.83 14.92 120.5 118.2 2.35 2.64 

LSD at 5% 1.09 N.S. N.S. 2.4 N.S. N.S. 

FI: Full irrigation 

Effect of deficit irrigation on total soluble solids " T.S.S.", acidity of apple juice and T.S.S/acid ratio :  
 

The effect of deficit irrigation on T.S.S. and acidity of apple juice is presented in table (8). The 
results indicate that, T.S.S. and acidity of apple juice under water stress were decreased as a result of 
decreasing the amount of applied water. The values of T.S.S. of apple in both seasons of 2015 and 
2016 recorded 16.88 % and 19.26 %, respectively under 100% FI, whereas it recorded 14.43 % and 
16.74 % as the lowest values in 2015 and 2016 season respectively under 50% FI. As for acidity %, it 
tended to decrease with decreasing FI from 100% to 50%. In another word, the highest values ( 0.94 
and 0.99 %) were recorded with 100% FI in both studied seasons, while the lowest values (0.64 and 
0.68 %) with 50% FI in the two studied seasons. Regarding T.S.S./acid ratio, the obtained results 
show that deficit irrigation treatments affected T.S.S./acid ratio in both seasons. However, T.S.S./acid 
ratio was recorded the highest value with 50% FI, while the lowest value was obtained with 100% FI.  

      
Effect of application rate of biochr on T.S.S., acidity of apple juice and T.S.S./acid ratio:  
 

The effect of application rate of biochar on T.S.S. and acidity of apple juice is presented in table 
(8). The T.S.S. and acidity of apple juice values were significantly varied according to application rate 
of biochar. In 2015 and 2016 seasons, the best values of T.S.S. of apple juice (17.36 % and 20.23 % ) 
were recorded under the treatment of adding 6 ton fed-1; while it recorded 14.76 % and 16.04 % under 
the treatment of no adding of biochar during 2015 and 2016 seasons, respectively. Regarding acidity, 
the lowest acidity percentage was recording with no adding biochar, while the treatment of 6 ton fed-1 
recorded the highest acidity value and this was true in both studied seasons. The increasing of T.S.S. 
and acidity of apple juice might be due to the interaction of two constant; 1) increasing the application 
rate of biochar which caused increasing of water holding capacity inside root zone and then enhancing 
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the AEIW hence, mitigation the water stress within the root zone; 2) enriching the growing media with 
the available nutrients as a result of biochar degradation. As for T.S.S./acid ratio, results in table (9) 
show that this parameater trended to decrease with increasing biochar rate, since the lowest value of 
T.S.S./ acid ratio was recorded with the highest rate of biochar (6 ton fed-1), while the highest 
T.S.S./acid ratio was recorded with untreated trees (0 ton fed-1).   

   
Effect the interaction between deficit irrigation and application rate of biochar on T.S.S., acidity of 
apple juice and T.S.S./acid ratio : 
 

 The interaction effect of deficit irrigation and biochar application rate is show in table (8) were 
decreasing the water stress and increasing of biochar application rate had a positive impact on T.S.S. 
and acidity of apple juice. The T.S.S. and acidity of apple juice values were improved through 2015 
and 2016 seasons where T.S.S. of apple were 15.58 % and 16.43 % with 100% FI without adding 
biochar while they recorded 18.27 % and 21.20% as the highest values with 75% FI with adding 6 ton 
fed-1 in 2015 and 2016 seasons respectively.  

 
 Table 8: Effect of various treatments on chemical quality of apple during 2015 and 2016 seasons. 

Irrigation 

Deficit 

Biochar 

Rate 

T.S.S% Acidity % T.S.S/Acid ratio 

2015 2016 2015 2016 2015 2016 

Effect of deficit irrigation on  some chemical fruits  properties of apple 

100% FI  16.88 a  19.26 a 0.94 0.99 18.17  19.89 

75% FI  16.84 a 18.60 b 0.74 0.78 21.31  23.34 

50% FI  14.43 b 16.74 c 0.64 0.68 23.04  25.23 

LSD at 5% 0.087 0.277     

Effect of biochar rate on  some chemical fruits  properties of apple 

 0 14.76 d  16.04 d 0.62  0.66 23.34  25.56  

 2 15.51 c 17.50 c 0.69  0.74 21.98  24.06  

 4 16.57 b 19.02 b 0.79  0.84 20.83  22.81  

 6 17.36 a 20.23 a 0.98  1.04 17.22  18.85  

LSD at 5% 0.20 0.45     

Effect of the interaction between deficit irrigation and biochar rate on  some chemical fruits  properties of apple 

 

100% FI 

0 15.58 d 16.43 d 0.79 0.84 19.66 21.54 

2 16.37 c 18.96 c 0.86 0.91 18.93 20.74 

4 17.49 b 20.32 b 0.95 1.01 18.32 20.06 

6 18.09 a 21.34 a 1.14 1.21 15.75 17.24 

 

75% FI 

0 15.60 d 16.48 e 0.59 0.63 23.89 26.16 

2 16.28 c 17.401 d 0.66 0.70 22.49 24.63 

4 17.21 b 19. 31 c 0.75 0.80 21.29 23.32 

6 18.27 a 21.20 a 0.95 1.00 17.57 19.24 

 

 50% FI 

0 13.09 g 15.22 f 0.49 0.52 26.47 28.99 

2 13.89 f 16.14 e 0.56 0.60 24.50 26.83 

4 15.02 e 17.45 d 0.66 0.70 22.86 25.04 

6 15.72 d 18.13 d 0.85 0.90 18.33 20.08 

LSD at 5% 0.35 0.79     

FI: Full irrigation, T.S.S. : Total soluble solids 

Concerning acidity, it is clear that treatment of 100% FI plus 6 ton fed-1 recorded the highest value 
(1.44 and 1.21), while treatment of 50% FI without biochar gave the lowest acidity percentage (0.49 
and 0.52%) in both seasons of the study. The main causes of enhancing the T.S.S. under 75% FI and 6 
ton. fed-1 might be attributed to; 1) Adding 75% from FI caused reducing the total water volume went 
out of root zone by deep percolation hence, increasing in mineral fertilizers concentration inside root 
zone and increasing of nutrients uptake ; 2) increasing of application rate of biochar that enhanced the 
water holding capacity inside root zone which resulted in enhancing and mitigate of water stress 
inside root zone; 3) The biochar degradation was resulted in increasing the availability of nutrients. 
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The interaction between deficit irrigation and biochar rate had an effect on T.S.S./acid ratio, since the 
combination between 100% FI plus 6 ton fed-1 gave the highest ratio, while the combination between 
50% FI with 0 ton fed-1 recorded the lowest ratio of T.S.S./acid ratio. 
 
Conclusions 

There are advantages and benefits impacts for producing biochar and adding it to the sandy soils 
under arid areas. There are ability to produce biochar by installing a simple reactor formed from cheap 
materials by recycle of metal scrap drums (MSD). MSD was more positive impact compared with 
Traditional oven in the Egyptian rural (TOER) for many reasons. First of all, biochar yield with MSD 
was higher than TOER. The second, MSD was produce less smoke and with less time (5 minute) 
compared with TOER (20 minute). Third, MSD was free movement and high control for biochar 
production but TOER was fixed reactor and less control on the producing of biochar. MSD reactor is 
very cheap because it formed from recycling of metal scrap drums.  

Generally, it could be concluded from the obtained results that using of irrigation deficit by 
using 75% FI  with biochar rate 6 ton fed.-1 was the most effective treatment where it saved 25% from 
water requirements for Anna apple trees and consequently it could be recommended for applying in 
orchards under the same conditions of the present study.  
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	Effect of deficit irrigation on total soluble solids " T.S.S.", acidity of apple juice and T.S.S/acid ratio : 
	The effect of deficit irrigation on T.S.S. and acidity of apple juice is presented in table (8). The results indicate that, T.S.S. and acidity of apple juice under water stress were decreased as a result of decreasing the amount of applied water. The values of T.S.S. of apple in both seasons of 2015 and 2016 recorded 16.88 % and 19.26 %, respectively under 100% FI, whereas it recorded 14.43 % and 16.74 % as the lowest values in 2015 and 2016 season respectively under 50% FI. As for acidity %, it tended to decrease with decreasing FI from 100% to 50%. In another word, the highest values ( 0.94 and 0.99 %) were recorded with 100% FI in both studied seasons, while the lowest values (0.64 and 0.68 %) with 50% FI in the two studied seasons. Regarding T.S.S./acid ratio, the obtained results show that deficit irrigation treatments affected T.S.S./acid ratio in both seasons. However, T.S.S./acid ratio was recorded the highest value with 50% FI, while the lowest value was obtained with 100% FI. 
	     



