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EFFECT OF WATER REGIMES ON YIELD AND 

QUALITY OF APPLE UNDER SEMI-ARID, LIBYA 
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ABSTRACT 

This study, was carried out in 2011/2012, to investigate the yield and 

quality parameters of apple fruits (double red delicious) with different 

irrigation systems; surface and trickle irrigation and with different water 

levels; 100, 75 and 50 % of ETc. Traditional irrigation (rainfall 

irrigation) presented 34.8% from ETc. The water irrigation requirement 

was determined by using Penman-Monteith’s equation. An increase in 

fruit yield, properties and quality (fruit diameter, fruit weight, total 

soluble solid and sugar) has been noted with trickle irrigation method 

comparing with surface and rainfall irrigations. The highest fruit 

diameter (80.9 mm), fruit mass (216.3 g), extra and class 1 fruit ratios 

(36.2 and 36.5%), total soluble solid (1.551 ton/fed) and sugar (1.38 

ton/fed) were observed with DET100 treatment. To obtain a high quantity 

and quality apples, DET100 treatment with 100% ETc and trickle 

irrigation system are recommended during transition from rainfall and 

surface irrigation to trickle irrigation for similar climatic and soil 

conditions. The results showed that trickle irrigation system increases the 

qualitative and quantitative properties of apple fruits.  

Key words: surface irrigation, trickle irrigation, deficit irrigation, apple, 

yield, water use efficiency, quality parameters. 

INTRODUCTION 

eficit irrigation is a strategy which allows a crop to sustain some 

degree of water deficit in order to reduce irrigation costs and 

potentially increase revenues. English and Raja (1996) 

described three deficit irrigation case studies in which the reductions in 

irrigation costs were greater than the reductions in revenue due to 

reduced yields. Deficit irrigation can lead, in principle, to increased 

profits where water costs are high or where water supplies are limited.  
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In these case studies, crop value was associated closely  with yield, and 

crop grade and marketability were not germane. Under these 

circumstances, deficit irrigation can be a practical choice for growers. In 

general, deficit trickle irrigation was shown to initially increase yield as a 

result of induction of stress and the production of a higher number of 

fruits (Fallahi et al., 2010).  

Deficit irrigation may have a positive impact on environmental quality. 

Dabbou et al (2010) studied the effect of three irrigation regimes on the 

fruit and quality of oil olive. The results showed that irrigation positively 

affected both fruit and oil quality. Shock et al. (1992) stated that potatoes 

can tolerate limited deficit irrigation before tuber set without significant 

reductions in external and internal tuber quality. UNECE Standard 

(2007 and 2011) stated that the quality parameters of apple fruits take 

into consideration fruit diameter, weight, fruit size classification, content 

of soluble solids (TSS), firmness, starch conversion, streif Index, 

background colour, polyphenols and anthocyanins content. Firmness is 

an important quality especially for shipment to distant markets. Caspari 

et al (1996) found no change in firmness of Asian pear grown under 

water deficit. In apple, fruit from plants grown under water deficit 

conditions were firmer as observed by Kilili et al. (1996). The total 

soluble content includes sugars, organic acids, sorbitol, some inorganic 

substances and vitamins which are important indicators of the maturity 

level (Maja, et al., 2009). Numerous authors have reported an increase in 

TSS under plant deficit (Kilili et al., 1996 and Mills et al., 1996). In 

Alagoas (Brazil), the drought period determines the sugar apple 

production period, so the use of irrigation is essential as a way of 

staggering production over the year (Endres, 2007). Maria et al. (2006) 

evaluated the influence of seven different levels of irrigation applied to 

trees grown in a super high density orchard in the Sacramento Valley of 

California. The results showed that the total polyphenol levels and 

oxidative stability decreased as the trees received more water. 

The objectives of this research were: (i) to determine apple fruit yield 

response to different water regimes by full and partial ETc replacement; 

(ii) to compare the responses of several quality parameters to different 

http://hortsci.ashspublications.org/search?author1=Esmaeil+Fallahi&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0378377410000296
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water regimes under surface and trickle irrigation systems and; (iii) to 

evaluate the potential for surface and trickle irrigation to improve the 

apple production and quality. 

MATERIALS AND METHODS 

1. Experimental conditions 

The study was conducted at Elbayda (انبٛضبء), Libya. Experiment was 

done during the 2011/2012 growing season in a commercial apple 

(double red delicious) orchard (spacing 5×5 m) in Raas-Eltorab ( رأص

latitude 32) (حزاة
o
 44

'
 N, longitude 21

o
 53

'
 E). The elevation of region is 

649 m high, with average temperatures that ranged between 9.5 and 23.6 
o
C, rainfall of 549.1 mm, and relative humidity ranged between 59 to 

79.3% (table 1) according to Libyan Meteorological Department, Tripoli. 

Table (1): Monthly climatic data (1946–2011) of the experimental 

area. 
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Jan. 6.6 12.4 9.5 79.3 120.5 1.05 6 

Feb. 6.4 12.9 9.7 78.6 83.2 1.53 7 

Mar. 7.5 15.4 11.5 77.7 71.7 2.3 7 

Apr. 10.2 19.7 15.0 75.4 21.9 3.13 8 

May 13.6 24.0 18.8 59.0 9 3.8 10 

Jun. 16.6 27.2 21.9 58.9 0 4.16 12 

Jul. 18.8 28.1 23.5 61.3 0 4.57 12 

Aug. 19 28.1 23.6 62.3 0.7 4.38 12 

Sep. 17.8 26.3 22.1 62.3 9.8 2.52 10 

Oct. 15.3 23.4 19.4 62.4 40.3 2.35 8 

Nov. 11.1 18.2 14.7 63.2 71.4 1.34 7 

Dec. 8 14.0 11.0 64.1 120.6 0.88 6 
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2. Experimental design and treatments 

One-hundred forty-four (6 years old) apple trees (Double red delicious) 

were divided into seven blocks of twenty four trees. Each block had three 

replicates of eight trees with at least one guard tree between each block. 

Two irrigation systems, surface (S) and trickle irrigation (D), were 

assigned to these blocks. Each irrigation system provides the apple trees 

with three water levels (100 %, 75 %, and 50 % from apple irrigation 

water requirements; ETc), added to traditional treatments (RET) which 

was irrigated by rainfall (549.1 mm) as shown in table (2). RET34.8 

treatment presents 34.8 % from water irrigation requirement of apple 

according to water irrigation requirements calculated by Penman–

Monteith equation. The entirely random experimental design was based 

on two factors, irrigation system and water level with three replicates for 

each. 

Table (2): Experimental design and treatments. 

Irrigation 

treatment 

Irrigation 

system 
Description 

Total water 

requirement, mm 

Net water 

applied, mm 

SET100 

SET75 

SET50 

DET100 

DET75 

DET50 

RET34.8
* 

Surface  

Surface  

Surface 

Trickle 

Trickle  

Trickle 

Rainfall 

100 % ETc restoration 

75 % ETc restoration 

50 % ETc restoration 

100 % ETc restoration 

75 % ETc restoration 

50 % ETc restoration 

34.8 % ETc restoration 

2188 

1641 

1094 

1580 

1185 

790 

549.1 

1639 

1092 

545 

1031 

636 

241 

549.1 

* Traditional treatment (Total water distributed was computed by 

Penman–Monteith equation. FAO, 1998). 

The emitters used in the trickle irrigation system were pressure 

compensated with flow rate of 8 L/h, the emitters were spaced at 100 cm 

with double row polyethylene tubes (16 mm in external diameter with 40 

m in length). 

3.1. Determination of crop water irrigation requirement 

FAO has facilitated the calculation of crop water requirements and 

irrigation planning through a series of technical papers (FAO, 1992; 

FAO, 1993; and FAO, 1998). The FAO Penman–Monteith equation was 

used to calculate the reference evapotranspiration ETo. Crop water 

requirements (ETc) over the growing season were determined from ETo 

according to the following equation using crop coefficient Kc: 
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ETc = Kc . ETo  …………………….(1) 

where ETc is the crop water requirement (mm/month), Kc is the crop 

coefficient and ETo is the reference evapotranspiration (mm/ month). 

Since there was rainfall (549.1 mm) during the experimental period, net 

irrigation requirement was taken to be equal to (ETc – Rainfall). 

3.2. Yield and mean fruit weight 

Fruit yield per tree was recorded as sum of individual weights of fruit 

from that tree. Also the mass of apple fruits was determined using a 

digital balance after harvesting with an accuracy of 0.01 g. 

3.3. Water use efficiency 

Water use efficiency (WUE, kg/m
3
) was calculated as the ratio between 

fresh total yield (kg/ha) and total water used (m
3
/ha), (Lovelli et al., 

2007). 

3.4. Moisture content of apple fruit 

Apple fruits were washed and dried then cut into thin slices. The slices 

were placed in an oven set to about 105 
o
C for 24 hours and slices were 

weighed again. Moisture content wet basis can be calculated by the 

equation: 

Moisture content = 
Initial weight – dry weight 

× 100 
Initial weight 

3.5. Fiber content in apple fruit 

Apple fiber were obtained by washing, coring, chopping and separation 

of juice by pressing, then sample were dried at 60 
◦
C during 30 min. Each 

treatment was replicated three times. 

3.6. Standard quality parameters measurements 

Changes in apple fruit quality during growth were assessed in the 

experiment at seven water regimes using 100 fruits per replicate for each 

treatment. Fruits were randomly sampled from outer and mid-canopy 

positions. 

According to UNECE Standard (2007 and 2011), which concerns the 

marketing and commercial quality control of apples, the quality 

parameters measured in this research were fruit diameter, weight, fruit 

size classification, total soluble solids (TSS), firmness and sugar content. 

The samples were tested in Faculty of Science – Omar El-Mukhtar 

University according to (AOAC 1990). 
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The firmness of a fruit is linked to the state of maturity and ripeness. The 

skin was removed using slicers to a 1 mm cutting depth, and flesh 

firmness was then measured with a dynamometer equipped with a 8 mm 

diameter plunger tip that penetrates the flesh of apple to a depth of 11 

mm. The firmness was measured in three positions; up and down apple 

fruit in the x-axis (length), third position in the minor dimension (width) 

at right angles to the longitudinal axis (thickness) (Mohsenin, 1986). 

Fruit size classification was divided into four diameter categories 

according to Kücükyumuk et al. (2012); Extra (>75 mm), class 1 (68–75 

mm), class 2 (60–68 mm), and other (<60 mm). 

RESULTS AND DISCUSSION 

1. Apple water irrigation requirements 

The total amounts of irrigation water applied during 2011/2012 season 

for the irrigation levels treatments in this study were 2188, 1641 and 

1094 mm for SET100, SET75 and SET50 treatments (in case of surface 

irrigations), respectively, while 1580, 1185 and 790 mm for DET100, 

DET75 and DET50 treatments (in case of trickle irrigations), respectively. 

The water requirement was determined for different months by using 

FAO Penman-Monteith’s formula (Allen et al., 1998) based on crop 

growth stages and climatic data. For treatment RET34.8, the water 

irrigation applied was 549.1 mm by rainfall. 

2. Apple tree yield and mean fruit weight 

The average values of fruit mass and apple tree yield are shown in figure 

(1). It's clear that, for surface irrigation system, the average fruit masses 

were 134.3, 136.2 and 149.4 g and the corresponding average gross 

yields per tree were 51.6, 54.7 and 59.7 kg for treatments SET50, SET75 

and SET100, respectively. For trickle irrigation system, the average fruit 

masses were 144.7, 199.7 and 216.3 g and the corresponding average 

gross yields per tree were 51.8, 65.0, and 67.9 kg for treatments DET50, 

DET75 and DET100, respectively. For traditional treatment (RET34.8), the 

average fruit mass was 121.6 g and the corresponding average gross yield 

per tree was 49.3 kg (figure 1). The results showed that treatments DET75 

and DET100 had mean fruit mass greater than other treatments. 

3. Effect of water regimes on water use efficiency 

The average values of apple water use efficiency (WUE) are shown in 

figure (2). From figure (2), it is clear that the WUE values were higher 
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with trickle irrigation treatments when compared to surface irrigation 

treatments. The maximum WUE (2.62 kg/m
3
) treatment was found with 

DET50 and the minimum WUE (1.00 kg/m
3
) treatment was found with 

SET100. Treatment RET34.8 recorded the maximum value (3.22 kg/m
3
) 

than both surface and trickle irrigation systems. In general WUE 

increased with decreasing water irrigation on both irrigation systems used 

in the study. 

 
Figure (1): Mean apple fruits mass and tree yield with different 

water regimes. 

 
Figure (2): Water use efficiency (WUE) under different water 

regimes. 
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4. Moisture content of apple fruit 

As shown in figure (3), the total moisture content of apple fruit was 

increased by increasing water irrigation applied. The maximum value of 

moisture content in apple fruit was 86.7% for treatment DET100 and the 

minimum value was 81.5% for treatment SET50. For treatment RET34.8, 

moisture content was 81.4%. The total water content values in fruits was 

higher with trickle irrigation treatments when compared to surface 

irrigation treatments (figure 3). 

 
Figure (3): Total water content of apple fruit at different water 

regimes. 

5. Fiber content of apple fruit 

Results of fiber content measurements are presented in table (3) and 

figure (4). The results showed that the total fiber content decreased by 

increasing water irrigation applied. Surface irrigation treatment (SET50) 

showed higher fiber content (5.8%) value, while trickle irrigation 

treatment (DET100) showed lower fiber content (3.8%) value (table 3). 

For traditional treatment RET34.8, fiber content was 6.2%. The total fiber 

content values in fruits were higher with surface irrigation treatments 

when compared to trickle irrigation treatments (figure 4). 
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According to the productivity of apple fruits per irrigation, the total fiber 

content differed. Thus the maximum value was 0.503 ton/fed for SET50, 

while the minimum value was 0.358 ton/fed for SET100 (figure 4). 

 
Figure (4): Total productivity of fiber of apple fruits at different 

water regimes. 

Table (3): Effect of different water regimes on TSS, flesh firmness, 

sugar, fiber, moisture content, average gross yield per tree and yield 

of the apple fruit. 

Attributes 
Water regimes 

SET50 SET75 SET100 DET50 DET75 DET100 RET34.8 

TSS, % 

Firmness, kg/cm
2
 

Sugar, % 

Fiber, % 

Moisture content, % 

Gross yield per tree, kg/tree 

Yield, ton/fed. 

15.7 

7.86 

14.5 

5.8 

81.5 

51.6 

8.67 

13.9 

6.26 

13.5 

5.3 

83.2 

54.6 

9.17 

13.5 

6.18 

13.4 

3.9 

83.6 

54.7 

9.19 

15.8 

6.93 

12.7 

4.6 

83.0 

51.8 

8.70 

13.8 

6.11 

12.5 

4.1 

84.2 

65.0 

10.92 

13.6 

6.10 

12.1 

3.8 

86.7 

67.9 

11.41 

16.3 

8.05 

15.3 

6.2 

81.4 

44.3 

7.44 

6. Fruit quality responses to different water regimes 

6.1. Fruit height, thickness, diameter (width), mass and volume 

The maximum fruit height, thickness, diameter, mass and volume values 

were obtained from DET100 treatment. SET75 treatment showed the 

lowest fruit thickness, width, mass and volume values, while the fruit 
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height value was the lowest in DET50 treatment. It was identified that 

fruit height, thickness, width, mass and volume values were increased 

with increasing amounts of irrigation water in surface and trickle 

irrigation treatments (Table 4). In all cases RET34.8 treatment showed the 

lowest values whether trickle or surface irrigation. 

 
Figure (5): Fruit dimensions (height, diameter and thickness). 

Table (4): Fruit height, diameter, thickness, mass and volume for 

different water regimes. 

items SET50 SET75 SET100 DET50 DET75 DET100 RET34.8 

Height, mm 63.6 64.6 65.3 62.4 68.2 74.0 60.0 

Diameter, mm 67.7 69.2 70.7 71.0 76.0 80.9 64.3 

Thickness, mm 64.4 67.7 70.3 67.7 72.6 77.5 60.9 

Fruit mass, g 134.3 136.2 149.4 144.7 193.3 216.3 121.6 

Volume,cm
3
 154.7 171.2 185.8 167.7 210.9 254.0 136.5 

6.2. Fruit size classification 

According to fruit size classification, the extra and class 1 fruit ratio 

increased as the applied water irrigation increased for both irrigation 

systems, but class 2 fruit ratio decreased after SET75 for surface irrigation 

(table 6). The highest extra and class 1 fruit ratios were obtained with 

DET100 treatment for trickle irrigation, while RET34.8 treatment showed 

the lowest values. The highest ratio of class 2 fruits was noted with 

surface irrigation treatment SET100. 

The highest extra and class 1 fruit ratios were found with trickle 

irrigation treatments during the study. Surface irrigation treatment 

showed the lowest values. It has been identified that transition from 

surface irrigation method to trickle irrigation increased the fruit size, 
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which is an important marketing criterion for apple growing. The highest 

fruit size was obtained with DET100 treatment is used. 

Table (5): Fruit size classification under different water regimes, (%). 

Treatments Extra Class 1 Class 2 Other 

SET50 4.5 9.1 50 36.4 

SET75 6.8 18.2 56.8 18.2 

SET100 11.4 9.3 61.1 18.2 

DET50 5.5 18.2 40 36.3 

DET75 20 34.5 45.5 0 

DET100 36.2 36.5 27.3 0 

RET34.8 0.9 8.2 36.4 54.5 

Extra (>75 mm), class 1 (68–75 mm), class 2 (60–68 mm), other (<60 

mm). According to Kücükyumuk et al (2012). 

6.3. Firmness of apple fruit 

Flesh firmness values decreased as the amount of water irrigation 

increased with both trickle and surface irrigation treatments during the 

study as shown in figure (6). For surface irrigation treatments, the values 

of apple fruit firmness were higher when compared to trickle irrigation 

treatments. The firmnesses were 78.6, 62.6 and 61.8 N/cm
2
 for treatments 

SET50, SET75, and SET100, respectively in case of surface irrigation and 

were 69.3, 61.1 and 61.0 N/cm
2
 for treatments DET50, DET75, and 

DET100, respectively in case of trickle irrigation. In accordance with 

these results, Drake et al. (1988), Albanese et al. (2007) and Roth et al. 

(2007), reported that firmness was reduced with decreased water content 

in fruit. The highest value was found in RET34.8 (80.5 N/cm
2
) treatment 

of traditional irrigation comparing with trickle and surface irrigation. 

DET100 treatment represented the lowest flesh firmness (61 N/cm
2
). An 

inverse relationship was identified between flesh firmness and applied 

water irrigation. On the other hand, flesh firmness decreased as fruit 

length, diameter (width), thickness, mass and volume increased (tables 3 

and 4). There were significant polynomial relationships for firmness, 

diameter and both irrigation systems (figure 6). 

6.4. Total soluble solids (TSS) 

Results of TSS measurements are presented in table (3) and figure (7). 

For surface irrigation system, TSS was 15.7, 13.9 and 13.5% for 

treatments SET50, SET75 and SET100, respectively and the corresponding 

total TSS productivity was 1.361, 1.277 and 1.241 ton/fed. For trickle 
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irrigation system, TSS was 15.8, 13.8 and 13.6% for treatments DET50, 

DET75 and DET100, respectively and the corresponding total TSS 

productivity was 1.375, 1.507 and 1.551 ton/fed. Even though RET34.8 

treatment had the highest TSS (16.3%), but had the lowest total TSS 

productivity (1.213 ton/fed). 

 

 
Figure (6): Firmness and diameter of apple fruit at different water regimes. 

 
Figure (7): Total productivity of soluble solids of apple fruits at 

different irrigation regimes. 
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6.5.  The fruit sugar content 

Results of sugar content measurements are presented in table (3) and 

figure (8). For surface irrigation system, sugar content was 14.5, 13.5 and 

13.4% for treatments SET50, SET75 and SET100, respectively and the 

corresponding total sugar productivity was 1.257, 1.238 and 1.231 

ton/fed. For trickle irrigation system, sugars content was 12.7, 12.5 and 

12.1% for treatments DET50, DET75 and DET100, respectively and the 

corresponding total sugar productivity was 1.105, 1.365 and 1.380 

ton/fed. For RET34.8 treatment, the sugar content was 15.3% and the 

corresponding total productivity of sugars was 1.139 ton/fed. 

The results showed that the total sugar and TSS productivities decreased 

with increasing water irrigation in surface irrigation, while the total sugar 

and TSS productivities increased with increasing water irrigation in 

trickle irrigation. This is due to insignificant differences in production in 

relation to treatments of surface irrigation compared to trickle irrigation 

treatments. 

 

Figure (8): Total productivity of sugars content of apple fruits at 

different irrigation regimes. 
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CONCLUSION 

Experiment was done during the 2011/2012 growing season in a 

commercial apple (double red delicious) orchard (spacing 5×5 m) in 

Raaseltorab – El-Bayda (Libya) to investigate the effect of surface and 

trickle irrigation systems on yield and quality of apple fruits under three 

water levels (100% ETc, 75% and 50%). The water requirement (100% 

ETc) was calculated by FAO Penman–Monteith equation according to 

climatic conditions of the area (1946 to 2011). The quality parameters 

that were investigated are fruit height, thickness, diameter (width), mass, 

volume, fruit size classification, firmness, TSS and sugar according to 

UNECE Standard (2007 and 2011). 

The results showed that: 

1. Calculated water irrigation requirements by FAO Penman–Monteith 

equation was 1580 mm/season, which present (100% ETc) the 

treatments SET100 and DET100. 

2. The gross yields per tree and mean fruit weights increased by 

increasing applied irrigation water for both surface and trickle 

irrigations. The maximum gross yield per tree and fruit masses were 

67.9 kg and 216.3 g for the same treatment of DET100, while the 

minimum values were 49.3 kg and 121.6 kg for the same treatment 

of RET34.8. 

3. The water use efficiencies (WUE) decreased by increasing applied 

irrigation water for both surface and trickle irrigations. The 

maximum WUE was 3.22 kg/m
3
 for treatment RET34.8, while the 

minimum was 1.38 kg/m
3
 for treatment SET100. 

4. The moisture content increased by increasing applied irrigation 

water for both surface and trickle irrigations. The maximum 

moisture content was 86.7 % for treatment DET100, while the 

minimum was 81.4 % for treatment SET100. 
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5. The fiber content decreased by increasing applied irrigation water for 

both surface and trickle irrigations. The maximum fiber content was 

6.2 % for treatment RET34.8 while the minimum was 3.8 % for 

treatment DET100. 

6. The extra and class 1 fruit ratios increased as the applied irrigation 

water increased for both irrigation systems, but class 1 fruit ratio 

decreased after SET75 for surface irrigation. The maximum extra and 

class 1 fruit ratios were obtained with DET100 treatment, while 

RET34.8 treatment indicated the lowest values. 

7. The fruit firmness decreased by increasing applied irrigation water 

for both surface and trickle irrigations. The maximum fruit firmness 

was 80.5 N/cm
2
 for treatment RET34.8, while the minimum was 61 

N/cm
2
 for treatment DET100. 

8. The fruit total soluble content (TSS) decreased by increasing applied 

irrigation water for both surface and trickle irrigations. The 

maximum TSS was 16.3% for treatment RET34.8, while the minimum 

was 13.5 % for treatment SET100. 

9. The fruit sugar content decreased by increasing applied irrigation 

water for both surface and trickle irrigations. The maximum fruit 

sugar content was 15.3% for treatment RET34.8, while the minimum 

was 12.1 % for treatment DET100. 

10. The TSS and sugar productivities increased by increasing applied 

irrigation water for both surface and trickle irrigations. The 

maximum TSS and sugar productivities were 1.551 and 1.38 ton/fed. 

for the same treatment DET100 while the minimum values were 1.213 

and 1.139 ton/fed. for the same treatment RET34.8. 

According to the results of the study, it is suggested that transition from 

surface irrigation to trickle irrigation method positive effects on yield and 

fruit quality of apple trees which had previously been irrigated by rainfall 

for many years. 
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 الملخص العربي

  لتفاحا ثمار جىدةتأثير أنظمت مائيت على إنتاجيت و

 ليبيا –في المناطق شبت الجافت 

أحمذ محروس حسن
* 

عهٗ خٕدة  (D) ٔانز٘ ببنخُقٛظ (S) انظطحٙٚٓذف ْذا انبحث إنٗ دراطت حأثٛز َظبيٙ انز٘ 

يخخهفت فٙ انًُبطق  ر٘ يظخٕٚبث يٛبِ تححج ثلاث Double red deliciousطُف  ثًبر انخفبذ

 ٔ انخفبذ نشدز % يٍ الاحخٛبخبث انًبئٛت انًطهٕبت011ٔحًثم  ET1ْٔٙ  شبت انزطبت

ET2 54ٔحًثم % ET3  5عًز شدز انخدزبت بًشرعت خبطت نهخفبذ ) أخزٚج %.41حًثم 

يخز فٙ انًٕطى  4*  4عهٗ يظبفبث  (نٛبٛب)طُٕاث( بًُطقت رأص حزاة فٙ يذُٚت انبٛضبء 

انظزٔف انًُبخٛت انخبطت حى حظبة الاحخٛبخبث انًبئٛت انفعهٛت بُبء عهٗ . 1100/1101

 ثًزة 011بٕاقع  ثًبر انخفبذأخذ عُٛبث حى . (Penman–Monteith)ببطخخذاو يعبدنت  ببنًُطقت

 نـنهًٕاطفبث انقٛبطٛت طبقب  انقٛبطٛتخٕاص اندٕدة ٔ انقٛبطبث بعض لإخزاءيٍ كم يعبيهت 

(UNECE 2007 and 2011)  خبيعت عًز انًخخبر –فٙ يعبيم قظى انكًٛٛبء بكهٛت انعهٕو. 

 جامعت القاهرة. –كليت الزراعت  –* مذرس بقسم الهنذست الزراعيت 
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 الذراست ما يلي: وقذ بينت

( نشدزة FAO Penman–Monteithكبَج الاحخٛبخبث انًبئٛت انًحظٕبت بًعبدنت ) .0

 ٔانًعبيهت SET100انًعبيهت  (ETc %100)يى/يٕطى ٔانخٙ حًثم  0451انخفبذ 

DET100. 

شدزة انخفبذ بشٚبدة كًٛت انًٛبِ انًضبفت  إَخبجسٚبدة يخٕطظ ٔسٌ ثًزة انخفبذ ٔكذنك  .1

نثًبر انخفبذ  كخهّأقظٗ  جفٙ كلا يٍ َظبيٙ انز٘ انظطحٙ ٔانز٘ ببنخُقٛظ ٔكبَ

 DET100( نُفض انًعبيهت كدى 55.6نشدزة انخفبذ ) إَخبخٛتخزاو( ٔأقظٗ  105.2)

 36.2نشدزة انخفبذ ) إَخبخٛت ٔأقمخزاو(  010.5نثًبر انخفبذ ) كخهّ أقم جبًُٛب كبَ

 .RET34.8كدى( نُفض انًعبيهت 

كفبءة الاطخخذاو انًبئٙ بشٚبدة كًٛت انًٛبِ انًضبفت فٙ كلا يٍ َظبيٙ انز٘  جَقظ .2

كدى/و 2.11أقظٗ كفبءة نلاطخخذاو انًبئٙ ) جٔكبَ .انظطحٙ ٔانز٘ ببنخُقٛظ
2

 )

كدى/و 0.25أقم كفبءة نلاطخخذاو انًبئٙ ) جبًُٛب كبَ RET34.8نهًعبيهت 
2

( نهًعبيهت 

SET100. 

انًحخٕٖ انزطٕبٙ نهثًزة بشٚبدة كًٛت انًٛبِ انًضبفت فٙ كلا يٍ َظبيٙ انز٘  ساد .3

%( نهًعبيهت  55.5أقظٗ يحخٕٖ رطٕبٙ نهثًزة ) . ٔكبٌانظطحٙ ٔانز٘ ببنخُقٛظ

DET100 ( نهًعبيهت  50.3بًُٛب كبٌ أقم يحخٕٖ رطٕبٙ نهثًزة  )%SET100. 

َقض يحخٕٖ انثًزة يٍ الأنٛبف بشٚبدة كًٛت انًٛبِ انًضبفت فٙ كلا يٍ َظبيٙ انز٘  .4

%( نهًعبيهت  5.1ٔكبٌ أقظٗ يحخٕٖ نلأنٛبف نهثًزة ) .انظطحٙ ٔانز٘ ببنخُقٛظ

RET34.8 ( نهًعبيهت  2.5بًُٛب كبٌ أقم يحخٕٖ نلأنٛبف نهثًزة )%DET100. 

بشٚبدة كًٛت  0انفئت اكظخزا ٔانفئت  إنٗسٚبدة انخظُٛف انحدًٙ نثًبر انخفبذ ببنُظبت  .5

حٛث كبَج أعهٗ  .انًٛبِ انًضبفت فٙ كلا يٍ َظبيٙ انز٘ انظطحٙ ٔانز٘ ببنخُقٛظ

 .RET34.8بًُٛب كبَج أقم َظبت نهًعبيهت  DET100َظبت نهًعبيهت 

بشٚبدة كًٛت انًٛبِ انًضبفت فٙ كلا يٍ  ثًبر انخفبذ (Firmness) طلادة جَقظ .5

 5.14) طلادة نثًبر انخفبذٔكبَج أقظٗ  .َظبيٙ انز٘ انظطحٙ ٔانز٘ ببنخُقٛظ

كدى/طى
1

كدى/طى 5.01) طلادة نثًبر انخفبذبًُٛب كبَج أقم  RET34.8( نهًعبيهت 
1

 )

 .DET100نهًعبيهت 

بشٚبدة كًٛت انًٛبِ انًضبفت فٙ  انخفبذ( نثًبر TSSَظبت انًٕاد انظهبت انذائبت ) جَقظ .5

َظبت نهًٕاد انظهبت ٔكبَج أقظٗ  .كلا يٍ َظبيٙ انز٘ انظطحٙ ٔانز٘ ببنخُقٛظ
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 َظبت نهًٕاد انظهبت انذائبتبًُٛب كبَج أقم  RET34.8نهًعبيهت  %( 05.2) انذائبت

 .SET100( نهًعبيهت % 13.5)

ِ انًضبفت فٙ كلا يٍ َظبيٙ انز٘ بشٚبدة كًٛت انًٛبَظبت انظكز نثًبر انخفبذ  جَقظ .6

نهًعبيهت  %( 04.2)َظبت نهظكز نثًبر انخفبذ ٔكبَج أقظٗ  .انظطحٙ ٔانز٘ ببنخُقٛظ

RET34.8  ( نهًعبيهت % 12.1)َظبت نهظكز نثًبر انخفبذ بًُٛب كبَج أقمDET100. 

فٙ انفذاٌ  انظكز نثًبر انخفبذٔ (TSSانًٕاد انظهبت انذائبت )سٚبدة إَخبخٛت كلا يٍ  .01

بشٚبدة كًٛت انًٛبِ انًضبفت فٙ كلا يٍ َظبيٙ انز٘ انظطحٙ ٔانز٘ ببنخُقٛظ ٔكبَج 

 طٍ/فذاٌ عهٗ انخٕانٙ 0.25ٔ  0.440 ٔانظكز نهًٕاد انظهبت انذائبتأقظٗ إَخبخٛت 

 0.102 ٔانظكز نهًٕاد انظهبت انذائبتبًُٛب كبَج أقم إَخبخٛت  .DET100نُفض انًعبيهت 

 .RET34.8طٍ/فذاٌ عهٗ انخٕانٙ نُفض انًعبيهت  0.026ٔ 

يٍ انُخبئح انظببقت الاَخقبل يٍ َظبو انز٘ انًطز٘ أٔ َظبو انز٘ انظطحٙ انٗ َظبو انز٘  ٚقخزذ

ٕٖ حببنخُقٛظ نًب نّ يٍ حأثٛزاث اٚدببٛت عهٗ الإَخبج ٔخٕاص اندٕدة نثًبر انخفبذ ٔانخٙ كبَج حز

 ت.نظُٕاث طٕٚه ببلأيطبر


