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አህፅሮት 
ይህ ጥናት የተካሄደው ከውጪ የገቡ ስድስት የኮክ ዝርያዎችን ማክሬድ የተባሇውን ቀደም ሲል ገብቶ በመመረት ላይ ያሇ 
ዝርያን እንደ ማወዳደሪያ በመጠቀም በደጋማ የሀገሪቱ ክፍል በተሇይም በሆሇታና አካባቢው ያላቸውን የዕድገት፣ ምርት እና 
ጥራት ሁኔታ ሇመገምገም ነው፡፡ እያንዳንዱ ዝርያ ሶስት ጊዜ በተሇያየ ረድፍ ተተክሇው አስፈላጊው እንክብካቤ 
እየተደረገላቸው አድገዋል፡፡ የተገኘው መረጃ እንደሚያመሇክተው እ.ኤ.አ 2006 እና 2007 ዓ.ም በስተቀር በዛፉ ቁመት ላይ 
ምንም አይነት ልዩነት አሇመኖሩን ሲሆን ትሮፒክ ቢዩቲ፣ 9A-35C፣ ማክሬድ፣ 88-18W እና 90-19H የተባለት ዝርያዎች 
የተሻሇ ቁመት አስመዝግበዋል፡፡ በተጨማሪም እ.ኤ.አ ከ 2010 ዓ.ም በስተቀር ሁለም ዝርያዎች ተመሳሳይ የቅርንጫፍ ስፋት 
አሳይተዋል፡፡ መረጃው እንደሚመሇክተው የግንድ ውፍረትን በተመሇከተ በዝርያዎች መካከል መረጃ በተወሰደባቸው 
አመታት በሙለ ልዩነት አሳይተዋል፡፡ በዚህም መሰረት ትሮፒክ ቢዩቲ እና 90-19H ከሌሎች ዝርያዎች የተሻሇ የግንድ 
ውፍረት አስመዝግበዋል፡፡ አማካይ ሇሽያጭ የሚቀርብና ጠቅላላ ምርት እንዲሁም ከአንድ ዛፍ ላይ በሚገኝ የፍሬ ቁጥር እና 
አማካይ የፍሬ ክብደት ላይ በዝርያዎች መካከል ከፍተኛ ልዩነት ተመዝግቧል፡፡ ዝርያዎቹ እድሜአቸው እየጨመረ ሲሄድ 
የምርት መጠናቸውም እንደሚጨምርና ያላቸውን የምርት አቅም እንዳሳዩ ሇመረዳት ተችሏል፡፡ በተገኘው መረጃ መሰረት 
የትሮፒክ ቢዩቲ አማካይ ጠቅላላ ምርት 110.4 ቶን በሄ/ር ሲሆን የ90-19H ኤች ደግሞ 89.67 ቶን በሄ/ር ነው፡፡ እነዚህ 
ዝርያዎች ከማወዳደሪያ ዝርያው (ማክሬድ) የ 45 እና 32% ብልጫ አሳይተዋል፡፡ ከአንድ ዛፍ ላይ የሚመረት አማካይ የፍሬ 
ቁጥር 90-19H፣ ትሮፒክ ቢዩቲ እና 88-22C ከሌሎች የተሻሇ ሲሆን የፍሬ ክብደታቸው ደግሞ በተከታታይ 78.12፣ 76.06፣ 
እንዲሁም 76.06 ነው፡፡ የድህረ-ምርት ጥራትን በተመሇከተ በጠቅላላ ስኳርና የአሲድ መጠን፣ የፍሬ ዲያሜትር እንዲሁም 
የብስሇት አመላካች መረጃ ላይ ልዩነት ተመዝግቧል፡፡ በመሆኑም የ9A-35C ጠቅላላ የስኳር መጠን 13.67% ሲሆን የ88-
18W የአሲድ መጠን 1.03% ከሌሎቹ ዝርያዎች ሲነጻጸር ከፍተኛ እንደሆነ ሇመረዳት ተችሏል፡፡  

 

 
Abstract  

The study was conducted to evaluate peach varieties for their growth, yield and quality 

performance under Holetta condition. The treatments consisted of six peach varieties 

including McRed (standard check). The trial was laid in randomized complete block 

design with three replications. The result indicated statistically similar tree height 

across the growing seasons except in 2006 and 2007. Tropic beauty, 9A-35C, McRed, 

88-18W and 90-19H showed better plant height in their order. All varieties had 

statistically significant parity in canopy spread in all growing seasons except in 2010. 

However, there was significant difference in trunk cross-sectional area across all 

seasons. Tropic beauty and 90-19H exhibited better trunk cross-sectional area. Highly 

significant differences in mean marketable and total fruit yield, fruit number per tree 

and average fruit weight were observed. The mean total fruit yields of Tropic beauty 

and 90-19H were 69.03 and 56.23 t ha
-1

, respectively. These varieties had 45.0 and 

32.5% yield advantage over the standard check, McRed. Moreover, varieties 90-19H, 

Tropic beauty and 88-22C had better mean fruit numbers per tree and fruit weight 

(78.12, 76.06, and 76.06 g in aforementioned order) as compared to others. In terms of 

fruit quality, there were significant differences among varieties regarding total soluble 

solid, titratable acidity, fruit diameter and ripening index. Variety 9A-35C has the 

highest TSS (13.67%) while variety 88-18W has the highest TA (1.03%) and fruit 

diameter (5.76 cm) and followed by Tropic beauty (0.95% and 5.46 cm, respectively). 

Variety 90-19H exhibited superior ripening index and the least was obtained from 88-

18W.  
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Introduction 
 
Peach (Prunus persica L. Batsch), belongs to the Rosaceae family and a species of 

Prunus, is one of the most important stone fruits in the world standing next to apple and 

pear (Abidi et al., 2018). It is believed that the cultivated peach is native to China (Todd, 

2006). Now a days, the cultivation of peach has been extended to non-traditional areas in 

the subtropical and tropical regions worldwide, where the climate is different from their 

natural habitat, with mild and dry winters and hot and rainy summers (Barbosa et al., 

2010) and altitude ranges from 1500 to 2700 m and average temperature of 21-24 
O
C 

(Bal, 1997). There are a number of distinct varieties of peaches in the world, which can be 

variously classified as melting and non-melting flesh, or hairy and smooth skin, or 

clingstone and freestone, etc. (Zhao et al., 2015). Although, the fruits have either yellow 

or white flesh color, which taste sweet, less acidic and smoother than the yellow flesh 

peaches, depending on the variety (Byrne et al., 2000). 

 

Peach is rich in vitamins A and C, potassium, and fiber (FAO, 2013). Besides, it contains 

carbohydrate, organic acids, antioxidants, phenolics, and trace amounts of proteins and 

lipids (Kader and Mitchell, 1989). Furthermore, production of peach has multiple uses for 

the farmers such as crop diversification; insure food and nutrition security (Linger, 2014; 

Nguyen et al., 2013) particularly for people who live in highland areas with cereal-based 

agriculture that are prone to imbalanced food habit. It is used for the establishment of 

small and medium scale agro-industries, reduction of unemployment, import substitution, 

and foreign exchange earnings (EHDA, 2012). It is friendly to the environment and can 

easily be incorporated in agro-forestry program of the highlands due to this it has a 

paramount potential for mitigation of climate change and natural resource conservation 

(Thorlakson and Neufeldt, 2012). 

 

In Ethiopia, more than 46% of the total area is highland and mostly favorable for low and 

medium chill varieties of peach and other highland fruits production (Abayneh and 

Masresha, 2014). The major production season of peach in Ethiopia is from December to 

February when there is no production of fruits in temperate zone countries. As a result, it 

becomes an opportunity to export to geographically proximate countries such as Europe, 

the Middle- and Far-East (Joosten, 2007). 

 

There is no clear evidence about the exact time of the introduction of peach fruits to 

Ethiopia. However, it was supposed to be introduced to the eastern parts of the country by 

the Portuguese in the 16 and 17
th
 Centuries (Martínez, 2011). For the research purpose, 

the introduction of improved peach varieties to Ethiopia started in 1970/71 (Godfrey and 

Bereke-Tsehay, 1987). During the last 50 years, many efforts have been done to adapt and 

select improved varieties of introduced peach, and hence McRed, Florida red and Florida 

bell have been recommended so far for areas with altitudes from 2400 to 2600 m. In 

general, the development of fruits production in Ethiopia has been constrained by 

shortage of technologies to adopt, limited genetic resources available at hand, poorly 

developed planting materials, and orchard management techniques, lack of locally 

generated appropriate disease and insect pest control measures, and critical shortage of 

quality seedling supply (Kahasay et al., 2008). Now days, to solve the shortage of 
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improved and well-adapted varieties, which is still critical problem in the country, there 

are evaluation of some promising varieties of peach under research that are conducted at 

Holetta to evaluate their suitability for the area and similar environments. However, 

shortage of improved and well-adapted varieties is still critical problem in the country. 

Therefore, the aim of this work is to evaluate the performance of peach varieties with 

respect to vegetative, yield and its components, and fruit quality at Holetta condition.  
 

Materials and Methods 
 
The study site 

The trial was conducted at Holetta, which is located in the Oromia National Regional 

State and about 29 km far from Addis Ababa in west direction. The site, Holetta 

Agricultural Research Center, lies at 9° 00’ N latitude, 38° 30' E longitude and with an 

elevation of 2400 m in central Ethiopia. The daily average minimum and maximum 

temperatures of the area during the growing seasons (2005-2015) were 6.42 
O
C and 27.2 

O
C, respectively, and the mean annual rainfall was 918.31 mm. The soil of the 

experimental site is Nitisols, which is characteristically reddish to brown in color. It has 

soil pH of 6.67 and clay in texture with contents of 62.5% clay, 30.0% silt, and 7.5% 

sand. The soil has organic matter content of 2.18%, and total nitrogen, available 

phosphorus and exchangeable potassium contents of 0.18%, 30.58 ppm and 0.14 meq. 

100 g
-1

 soils, respectively.  

 
Experimental set-up and field management  

Five peach varieties, namely 88-18W, 90-19H, 9A-35C, Tropic beauty and 88-22C 

introduced from Florida and a previously recommended standard check variety, McRed, 

were established at Holetta Agricultural Research Center in 2004. The trial was arranged 

in randomized complete block design with three replications using two plants per plot. 

The trees were spaced 4 m and 4 m between plants and rows, respectively. All field 

management practices such as manure and fertilizer application, irrigation water supply, 

weeding, and pest and disease control were performed as necessary. The trees were 

trained in an open center system and pruning was practiced in every growing season 

before the beginning of flower and leaf bud burst.  

 
Data collection and analysis 

Data were recorded on growth characteristics (plant height, canopy spread, trunk 

cross-sectional area), yield and yield components (marketable and total fruit yield, 

number of fruits per tree, mean fruit weight), and both physical fruit quality 

parameters (fruit length and fruit diameter) and bio-chemical fruit quality 

parameters like total soluble solid (TSS), ascorbic acid (AA), titratable acidity 

(TA) and pH. 

 
Growth parameters 

Tree height (m): was considered by measuring the height of the largest scaffold branch 

from the ground level.  
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Canopy spread: was calculated by mean measurements of the spreading of branches from 

North to South and from East to West.  

Trunk cross-sectional area (cm2): was also calculated based on the formula presented by 

(Webster and Brown, 1980): 

 

 

 
Where, D represents the diameter measured 10 centimeter above the graft union with the help of 

caliper.  

 
Yield and yield components  

Marketable and total yields (t ha-1): were calculated in hectare base from the yield obtained 

from the plot measured by using the standard sensitive balance.  

 

Fruit numbers per tree: was taken by counting all the fruits per tree and then make the 

average by dividing the number of trees per plot. 

 

Average fruit weight (g): was done by taking about 20 fruits randomly from each tree and 

make the average of them. 

 
Physical and bio-chemical fruit quality  

For physical quality determination, twenty fruits were randomly selected to estimate the 

fruit length (cm) and fruit diameter (cm) of each variety while for the bio-chemical 

quality procedures are stated below. 

 

Total soluble solid (
o
Brix): was determined by direct reading using refractometer by 

applying small quantity of the peach juice (2-3 drops) to fixed prism surface at 20 ºC 

(AOAC, 2006) from each treatment. 

 

Ascorbic acid: was determined by volumetric method using titration (AOAC, 2000) with 

2, 6-dichlorophenol-indophenol (DCPIP) which is oxidation-reduction indicator and 0.5% 

Oxalic acid. The preparation of oxalic acid solution was done by weighing 10 g of oxalic 

acid and put it in 100 mL volumetric flask and then filled up with distilled water. 

Following this, ascorbic acid standard solution of 1 ml was taken in to 25 mL of 0.5 

oxalic acid solution containing 250 mL conical flask, and then rapidly titrated with the 

DCPIP solution to an end-point of light rose-pink color persists and recorded the amount 

of DCPIP. Similarly, 1 mL peach juice was diluted to 25 ml of 0.5% oxalic acid solution 

containing 250 mL conical flask. Then thoroughly mixed and titrated with DCPIP 

solution until the final point, light rose-pink color, persisted and the amount of DCPIP 

solution used to titrate the juice was recorded. The ascorbic acid content of the fruit juice 

was computed by the following formula and finally the result was expressed as mg per 

100 g of sample (Bessey and King, 1933). 
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Titratable acidity and pH: was determined by titrate each sample of the peach fruit juice, 

which has 6 ml volume and diluted it in 50 ml distilled water to make the slurry easier to 

stir during titration, with 0.1 N NaOH until the pH rises to 8.2 and record the volume 

(mL) of NaOH used to reach the end point. Then, the titratable acidity was calculated in 

terms of malic acid, which is the predominating acid in peach with milli-equivalent factor 

0.067, and was expressed as percent of juice according to Garner et al. (2008). 

 

 
 
The pH value of the sample were measured using a glass electrode pH meter subsequent 

to it was calibrated by buffer solution 7 and 4 according to the method (AOAC, 2005). 

The ripening index was calculated as the ratio of TSS to TA. 

 

Data were subjected to analysis of variance (ANOVA) according to the Generalized 

Linear Model (GLM) of SAS version 9.0 (SAS, 2010) and interpretations were made 

following the procedure of Gomez and Gomez (1984). Significant differences between 

treatment means were separated using the Least Significance Difference test at 5% level 

of significance. 

 

Results and Discussion 
 
Growth parameters  

The analysis of variance indicated that there was no significantly difference in tree height 

among the peach varieties in all years except in 2006 and 2007, which showed significant 

differences (P < 0.05), respectively (Table 1). Even though, the tree height showed a 

significant result, the variety McRed, Tropic beauty, 90-19H and 9A-35C had statistically 

similar plant height performance in 2006 and 2007 growing seasons (Table 1). In all 

cropping season, the variety 88-18W showed less growth in height. The result revealed 

that there was a significant difference (P<0.01) in trunk cross-sectional area among the 

varieties over the growing years (Table 1). In general, varieties Tropic beauty and 90-19H 

exhibited statistically parity trunk cross-sectional area in all growing seasons except 2007 

and 2010, and these varieties had higher trunk cross-sectional area as compared to others 

while the least trunk cross-sectional area was recorded on variety 88-22C in all growing 

season except 2007 and 2010. The analysis also showed that all varieties had no any 

statistical difference in canopy spread except in 2010 (P<0.01), during this year varieties 

Tropic beauty, 90-19H, 88-18W and McRed, were observed to have larger canopy and no 

significant difference with each other (Table 2). 

 

Tree vigor, is expressed by different parameters like plant height, trunk cross-sectional 

area, and canopy spread/volume, affected the photosynthetic rate and productivity and 
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hence ultimately affected the biomass or economic yield (Almeida et al., 2016). The ratio 

between canopy height, thickness, and width must be considered to ensure adequate light 

levels inside the canopy (Corelli and Sansavini 1989). Previous finding indicated that 

taller plants are more productive than shorter trees due to light interception favored by 

taller plant (Day et al, 1999). The relative growth rate of trees in particular slow with 

increasing size due in part to the large allocation of assimilate to structural material of the 

trunk required to hold photosynthetic material up in the canopy and as a result biomass 

accumulates more slowly as total biomass increases (Paine et al., 2012). Tree trunk cross-

sectional area is the most common surrogate measurement to determine the plant size and 

indirectly the capacity of a plant to produce fruits (Jimenez and Diaz, 2004). Trunk cross-

sectional area, is a good indicator of tree fruit cultivar growth and adaptability in a given 

area (Daniel et al., 2001), was positively correlated with transport of nutrients from root 

to different aerial parts of the plant and the distribution of photosynthates from site of 

production to site of utilization, which ultimately influence the vegetative growth and also 

fruit yield (Hartmann and Kester, 2002). Although, previous investigation also stated that 

there is a positive relation between canopy volume, leaf area, yield, and production 

efficiency with the trunk cross-sectional area of a plant (Dalal and Brar, 2012). Canopy 

spread is affected by different factors such as pruning, training and rootstock used (Basile 

et al., 2007). Caruso et al (1999) also reported that decline in tree spread with increase in 

planting density may be due to excess crowding of trees and mutual competition at higher 

densities. Dyankov (1998) observed that vegetative growth was more vigorous at wider 

spacing in peach. 

 
Table 1. Plant height and trunk cross-sectional area of peach varieties  
 

Variety Plant height (m)  Trunk cross-sectional area (cm2) 

2005 2006 2007 2008 2009 2010  2005 2006 2007 2008 2009 2010 

Tropic beauty 1.79 2.40a 2.61a 2.65 2.58 2.68  0.69a 4.43a 4.65a 5.65ab 6.49a 6.78a 

88-18W 1.33 2.21ab 2.32b 2.43 2.48 2.58  0.25bc 3.29b 3.70b 5.05abc 4.26b 5.79ab 

88-22C 1.33 1.82b 2.08c 2.17 2.28 2.3  0.19c 2.68b 2.91bc 4.03c 4.33b 4.34c 

90-19H 1.53 2.41a 2.42ab 2.38 2.52 2.83  0.53a 5.12a 3.32bc 6.43a 6.10a 5.02bc 

9A-35C 1.64 2.44a 2.40ab 2.37 2.43 2.79  0.54a 3.39b 2.66c 4.15c 4.61b 5.26bc 

McRed 1.20 2.22a 2.43ab 2.42 2.54 2.69  0.35b 3.36b 3.50b 4.29bc 4.94b 5.33bc 

Mean 1.47 2.25 2.38 2.4 2.47 2.64  0.43 3.71 3.46 4.93 5.12 5.42 

Level of sig. NS * * NS NS NS  ** ** ** * ** ** 

LSD (5%) 0.57 0.40 0.24 0.47 0.38 0.38  0.16 0.84 0.83 1.50 0.90 1.08 

CV (%) 21.49 9.67 5.53 10.83 8.39 7.87  21.15 12.51 13.16 16.72 9.63 10.97 

Means within a column followed by the same letter(s) are not significantly different from each other at 0.05 probability level; Ns- non-

significant; *-significant at P < 0.05, **-significant at P<0.01 probability levels. 

 
Table 2. Mean canopy spread of peach varieties  

Variety Canopy spread (m) 

2006 2007 2008 2009 2010 

Tropic beauty 2.7 1.79 3.32 3.35 3.75a 

88-18W 2.19 1.60 3.12 3.08 3.33ab 

88-22C 2.26 1.28 2.98 2.51 2.80c 

90-19H 2.8 1.68 3.78 3.07 3.73a 

9A-35C 2.21 1.43 2.93 2.69 2.88bc 

McRed 2.32 1.54 3.26 3.25 3.63a 

Mean 2.42 1.55 3.23 2.99 3.35 

Level of sig. NS NS NS NS ** 

LSD (5%) 0.75 0.53 0.74 0.75 0.53 

CV (%) 17.11 18.74 12.52 13.69 8.67 
Means with the same letter along the column are not significantly different; Ns- non-significant; 

*-significant at P < 0.05, **-significant at P<0.01 probability levels. 
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Yield and yield components 

Marketable and total fruit yield  

The analysis revealed that both the marketable and total fruit yield of the evaluated peach 

varieties showed the presence of statistically significant difference (P<0.01) in all fruiting 

seasons except in 2010 (Table 3). Accordingly, marketable and total fruit yield of variety 

Tropic beauty was significantly higher than the other varieties in all years (21.96/37.01, 

28.71/44.00, and 113.50/142.20 t ha
-1

, with the respect to the order mentioned above) 

except 2010 in which the marketable and total fruit yield did not show significant 

difference even if it produced more yield (19.10 and 52.92 t ha
-1

 in the aforementioned 

order). Following Tropic beauty, variety 90-19H had significantly higher marketable and 

total yield in the 2008 (17.39 and 24.47 t ha
-1

, respectively) and 2015 (110.97 and 140.50 

t ha
-1

, respectively) years; however, it was beat by the standard check, McRed, (16.30 and 

27.98 t ha
-1

, in the order mentioned in the above) in 2013 cropping year. When we see the 

total fruit yield potential progress from first year to the last fruiting year; i.e., 2008-2015, 

varieties were expressed their relative maximum yield performance from 74.0% (variety 

Tropic beauty) to 88.6% (McRed). Based on the cumulative average marketable and total 

fruit yield of the four harvesting seasons, variety Tropic beauty (45.82 and 73.97 t ha
-1

, 

respectively) was the leading and followed by variety 90-19H (39.62 and 56.23 t ha
-1

, in 

the aforementioned order) and the least mean marketable fruit yield was obtained from 

McRed (22.69 and 37.97 t ha
-1

, respectively) (Table 3). Regarding to the yield advantage, 

varieties Tropic beauty and 90-19H had showed 45 and 32% total fruit yield advantage, 

respectively, over the standard check, McRed. 

 

This finding was corresponding with the result expressed by Fathi et al. (2012) who 

discussed about fifteen genotypes of peach with the minimum and maximum fruit yield of 

13.75 and 73.75 t ha
-1

, respectively. However, the maximum fruit yield is ultimately 

limited by light interception and economic fruit yield is a function of the efficiency of 

light use and light distribution within the canopy (Bosa et al., 2016). When we compared 

the productivity of peach in Ethiopia to the productivity of the top three producers of 

peach; namely, China, Spain and U.S.A, with their average productivity of 16.76, 16.25 

and 20.17 t ha
-1

,
 
respectively (USDA, 2016), all the above evaluated varieties in Ethiopia 

showed advanced productivity than the above top peach producing countries. This 

indicates that Ethiopia has a great potential to produce peach fruits for both local and 

export markets. The evaluated peach varieties displayed irregular or alternate fruit bearing 

behavior throughout the trial seasons, which might be due to high fruit loads are reported 

to strongly suppress vegetative growth (Martínez-Alcántara et al., 2015). Furthermore, 

varieties displayed irregular fruit bearing behavior throughout the trial seasons, which 

might be due to its nature of biennial bearing. As we observed from this evaluation, the 

cultivars showed an increase in yield with age and expressed its maximum genetic 

potential as the age increases, in 2015, since the fruit potential of a tree depends on its size 

(Treder et al., 2010) and this will be achieved with age and similar findings was obtained 

by Czynczyk et al. (2009). 
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Table 3. Marketable and total fruit yield of peach varieties 
 

Variety Marketable yield (t ha-1) Total yield (t ha-1) 

2008 2010 2013 2015 Mean 2008 2010 2013 2015 Mean 

Tropic beauty 21.96a 19.1 28.71a 113.50a 45.82 37.01a 52.92 44.00a 142.20a 69.03 

88-18W 13.26bc 16.41 10.61c 78.32b 29.65 16.06bcd 39.96 16.51c 97.65bc 42.45 

88-22C 12.71bc 16.15 17.08b 52.96c 24.72 18.45bc 34.16 28.86bc 73.98c 38.86 

90-19H 17.39ab 15.49 14.63bc 110.97a 39.62 24.47b 35.86 24.10bc 140.50a 56.23 

9A-35C 10.00cd 11.76 12.74bc 65.41bc 24.98 14.10d 45.03 22.13bc 106.83b 47.02 

McRed 5.37d 9.72 16.30bc 59.37bc 22.69 8.66d 39.51 27.98bc 75.72c 37.97 

Mean 13.45 14.77 16.68 80.09  19.79 41.24 27.26 106.15  

Level of sig. ** NS ** **  ** NS ** **  

LSD (5%) 6.62 6.45 6.17 21.75  9.35 16.06 11.53 30.66  

CV (%) 27.03 24.01 20.32 14.93  25.97 21.41 23.25 15.88  

Means within a column followed by the same letter(s) are not significantly different from each other at 0.05 probability 

level; Ns- non-significant; *-significant at P < 0.05, **-significant at P<0.01 probability levels 

 
Number of fruits per tree and fruit weight 

The result revealed that the average number of fruits per tree of the six peach varieties had 

been varied statistically in all cropping years except in 2010 while for fruit weight, the 

varieties showed significance difference only in 2013 (P<0.05) and 2015 (P<0.01) only 

(Table 4). Tropic beauty produced a significant higher number of fruits per tree until 2013 

but later in 2015, the varieties 90-19H and 9A-35C were produce relatively a statistical 

similar fruit number with Tropic beauty. However, the mean maximum fruit number was 

obtained from 9A-35C while variety 88-18W exhibited mean lower number of fruits per 

tree. Varieties 88-18W, 90-19H and Tropic beauty showed statistically parity average 

fruit weight in 2013 and they relatively produced fruits with larger weight (102.67, 86.75 

and 85.93 g, in the aforementioned order); however, in cropping season 2015, only 

varieties 88-18W and Tropic beauty were produced statistically larger fruit weight (66.23 

and 57.64 g, respectively) as compared to others. In general, the largest average fruit 

weight was obtained from variety 88-18W (332.87) followed by 90-19H (307.98 g) while 

the least was obtained from variety 88-22C (231.24 g) (Table 4).  

 

In consistent to the presented finding, Marini (2003) who also found the fruit number per 

tree was negatively related to the fruit size in weight basis. Fruit size and total fruit yield 

were all affected by crop load, although there were differences between cultivars, and 

affect negatively the mean fruit weight (Embree et al., 2007). This is due to the fact that 

fruit size is mainly determined by the number of cells per fruit and their subsequent 

enlargement (Harada et al., 2005), and both factors are affected by the competition for 

carbon between developing fruits as crop load increases (Ho, 1992). This fact accounts for 

both the increase in the total fruit yield per tree and the decrease in the mean fruit size 

with increases in crop load. Thus, higher total fruit yield under increased crop load is due 

to an increase in fruit number (Inglese et al., 2002). According to the CPVO (2012), 

UPOV (2010) guidelines and ECPGR descriptors for peach (Giovannini et al., 2013), all 

the six varieties were produced with mean fruit size ranging from larger (200-240 g) to 

very large (>240 g).  
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Table 4. Average fruit number per tree and fruit weight of peach varieties  
 

Variety No of fruits per tree Average fruit weight (g) 

2008 2010 2013 2015 Mean 2008 2010 2013 2015 Mean 

Tropic beauty 683.5a 556.5 468.0a 2740.7ab 1112.18 96.75 63.85 85.93ab 57.64ab 304.17 

88-18W 164.5cd 577.7 98.8c 1401.5c 560.63 93.05 70.92 102.67a 66.23a 332.87 

88-22C 275.0c 783.0 300.8b 2093.8bc 863.14 75.00 43.27 76.95b 36.02d 231.24 

90-19H 419.7b 753.2 293.2b 2778.0ab 1061.01 115.00 57.48 86.75ab 48.75c 307.98 

9A-35C 295.3bc 823.5 249.3b 3339.3a 1176.87 87.83 47.31 72.11b 34.50d 241.75 

McRed 103.7d 773.3 291.0b 1429.0c 768.66 56.94 57.65 83.49b 53.75c 251.83 

Mean 323.6 711.2 283.5 2297.1  87.43 56.75 84.65 49.48  

Level of sig. ** NS ** *  NS NS * **  

LSD (5%) 132.3 375.5 130.1 1215.1  42.13 18.40 17.51 8.88  

CV (%) 22.5 29.0 25.2 29.1  26.49 17.82 11.37 9.87  

Means with the same letter along the column are not significantly different; Ns- non-significant; *-significant at P < 0.05, 

**-significant at P<0.01 probability levels. 

 
Physical and biochemical fruit qualities  

The varieties were differed significantly according to fruit diameter (P<0.01), total 

soluble solid (P<0.05), titratable acidity (P<0.05), and ripening index (P<0.01) while the 

other fruit quality parameters such as fruit length, pH and ascorbic acid were not varied 

statistically (Table 5). Regarding the fruit diameter, one of the physical fruit quality 

parameter, 88-18W and Tropic beauty were statically uniform in fruit diameter but they 

were produced larger fruit size. Variety McRed had the smallest fruit diameter (4.62 cm) 

and the largest one was obtained from 88-18W (5.76 cm). Varieties 9A-35C, 88-18W and 

Tropic beauty were had a relatively higher TSS and their content showed statically parity 

among each other. In general, the TSS of peach fruits varied from 10.27 (McRed) to 13.67 
o
Brix (9A-35C). In case of TA content, our results indicate that varieties 88-18W (1.03), 

Tropic beauty (0.95) and 90-19H (0.93) were produced significantly higher TA content. 

The lowest TA content was obtained from McRed (0.80). With regard to ripening index, 

the higher ripening index was obtained from variety 90-19H (16.67) while the lowest one 

was obtained from variety 88-18W (12.06) depending on their TSS and TA values (Table 

5). 

 
The results of present investigation with respect to physico-chemical characteristics of 

peach fruits showed marked variations, which may be attributed to genetic variability of 

peach cultivars and environment (Chadha et al., 1968), canopy position, crop load and 

fruit maturity (Crisosto et al., 1997). Consistence with that of Crisosto and Crisosto 

(2005) study, all varieties showed values over 10 ºBrix, which is considered the minimum 

value for consumer acceptance for peaches and nectarines. The variability found in TSS 

among varieties can be explained by the quantitative performance of this quality trait as 

stated by Quilot et al. (2004). However, there are varieties with TA values were lower 

than 0.9%, which is considered the maximum limit for low acidity peaches (Hilaire, 

2003). Because acidity of fruit decreases and total soluble solids increases during maturity 

and ripening stage of fruit (Padda et al., 2011). In peaches, the ripening index is a major 

organoleptic quality trait of the mature fruit and is used as a quality index (Bassi and Selli 

1990).  
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Table 5. Biochemical and physical fruit qualities of peach varieties evaluated under Holetta condition 
 

 
 
Variety 

 
Fruit length 

(cm) 

Fruit 
diameter 

(cm) 

 
Total soluble 
solid (oBrix) 

 
 

Ascorbic acid 

 
 

Fruit pH 

 
Titratable 
acidity (%) 

 
Ripening 

index 

Tropic beauty 5.36 5.46ab 11.87abc 9.78 3.48 0.95ab 12.47cd 

88-18W 5.33 5.76a 12.33ab 8.89 3.42 1.03a 12.06d 

88-22C 5.15 4.98cd 11.13bc 8.00 3.49 0.74c 15.13b 

90-19H 5.18 5.19bc 11.40bc 10.67 3.44 0.93ab 16.67a 

9A-35C 4.85 4.87cd 13.67a 10.22 3.57 0.82bc 12.30cd 

McRed 5.11 4.62d 10.27c 9.11 3.41 0.80bc 12.90c 

Mean 5.16 5.15 11.78 9.45 3.47 0.88 13.59 

Level of sig. NS ** * NS NS * ** 

LSD (5%) 0.45 0.39 1.97 3.73 0.14 0.17 0.77 

CV (%) 4.83 4.18 9.21 21.68 2.30 10.71 3.13 
Means within a column followed by the same letter(s) are not significantly different from each other at 0.05 probability 

level; Ns- non-significant; *-significant at P < 0.05, **-significant at P<0.01 probability levels. 

 

 

Conclusions and Recommendations 
 
Peach is one of the most important temperate fruits and has the next position after apple in 

popularity in Ethiopia. All peach varieties showed almost similar tree growth in all 

growing seasons except in 2006 and 2007. In all cropping season, the variety 88-18W 

showed less growth in height. From this study, McRed had highest relative growth rate 

followed by 88-18W while the least relative growth rate was observed on Tropic beauty. 

In general, varieties Tropic beauty and 90-19H exhibited higher trunk cross-sectional 

area. While in terms of canopy spread, varieties Tropic beauty, 90-19H, 88-18W and 

McRed were observed to have larger canopy. 

 

Regarding with the fruit yield, marketable and total fruit yield of Tropic beauty was 

significantly higher than the other varieties in all years and followed by variety 90-19H. 

Even these two varieties have 45 and 32% total fruit yield advantage, in aforementioned 

list. Concerning the total fruit yield potential progress from first year to the last fruiting 

year; i.e., 2008-2015, varieties were expressed their relative maximum yield performance 

from 74.0% (variety Tropic beauty) to 88.6% (McRed). The highest average number of 

fruits per tree was obtained from variety 9A-35C followed by Tropic beauty while the 

least was obtained from 88-18W. As to the average fruit weight, varieties 88-18W 

produced the relatively large average fruit weight and followed by 90-19H and Tropic 

beauty while the least average fruit weight was obtained from 88-22C.  

 

Variations of fruit quality parameters in terms of fruit diameter, total soluble solid, 

titratable acidity and ripening index were observed among the varieties. Regarding the 

fruit diameter, 88-18W and Tropic beauty were produced larger fruit size while variety 

McRed had the smallest fruit diameter. The TSS of peach fruits varied from 10.27 to 

13.67 
o
Brix; however, varieties 9A-35C, 88-18W and Tropic beauty were had a relatively 

higher TSS. In case of TA content, our results indicate that varieties 88-18W, Tropic 

beauty and 90-19H were produced significantly higher TA content. With regard to 

ripening index, the higher ripening index was obtained from variety 90-19H followed by 
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88-18W while the lowest one was obtained from variety 88-18W depending on their TSS 

and TA values. 

 

In general, this evaluation gives a clue for their performance at Holetta and similar 

conditions. However, still there is shortage of improved technologies to be adopted, 

limited genetic resources available at hand; crop load, irrigation, fertilizer, orchard 

management techniques, disease and insect pest control measures, and critical shortage of 

quality seedling supply should be given emphasis for future works. 
 

Acknowledgements 
 

The authors would like to appreciate Dr. Endale Gebre who introduced the peach 

germplasm. We acknowledge the Ethiopian Institute of Agricultural Research and the 

Holetta Agricultural Research Center for the financial support and facilitations during this 

study. The authors are also grateful for researchers, technical and support staffs who have 

contributed for the success of the study. 

 

References 
 
Abayneh Melke, and Masressh Feten. 2014. Apple (Malus domestica Borkh.) Phenology in 

Ethiopian Highlands: Plant Growth, Blooming, Fruit Development and Fruit Quality 

Perspective. Amer. J. Exper. Agri. 4(12): 1958-1995. 

Abidi W, MA Moreno, and Y Gogorcena. 2018 Phenotypic and biochemical diversity in peach 

(Prunus persica L. Batsch) cultivars. J. New sciences, Agri. and Biotech. 51 (5): 3171-3178 

3171. 

Almeida GK, GAB Marodin, HT Queiroz, and MP Gonzatto. 2016. Productive and vegetative 

performance of peach trees grafted on six rootstocks in a replanting area. Universidade Federal 

do Rio Grande do Sul (UFRGS) Brazil 51(4): 364-371.  

AOAC (Association of Official Analytical Chemist). 2000. Official methods 942.15 Acidity 

(Titratable) of fruit products analysis (17
th

 Edn). Association of Official Analytical Chemists. 

USA. 

AOAC. 2005. Official methods of analysis of AOAC International (18
th

 Edn). Association of 

Official Analytical Chemists. Maryland, USA. 

AOAC. 2006. Official Methods of Analysis (21
st 

Edn). Association of Official Analytical Chemist. 

Washington, D.C., USA 

Bal JS. 1997. Fruit Growing. Kalyani Publishers. New Delhi, India. 

Barbosa W, EA Chagas, CV Pommer, and R Pio. 2010. Advances in low-chilling peach breeding 

at Instituto Agronômico, São Paulo State, Brazil. Acta Horticulturae 872(1): 147-150.  

Basile B, LI Solari and TM Dejong. 2007. Intra-canopy variability of fruit growth rate in peach 

trees grafted on rootstocks with different vigor control capacity. J. Hor. Sci. and Biotech. 82(2): 

243-256. 

Bassi D and R Selli. 1990. Evaluation of fruit quality in peach and apricot. Adv. Hort. Sci. 4: 107-

112. 

Bessey OA and CG King, 1933. The distribution of vitamin C in plant and animal tissues and its 

determination. J. Biology and Chemistry 103: 687-698. 

Bosa K, E JadczuK-ToBJasz, and MH KalaJi. 2016. Photosynthetic Productivity of Pear trees 

grown on different rootstocks. Ann. Bot. (Roma) 6: 69–75 



Kidest et al.                                                  [56] 

 
Byrne DH, WB Sherman, and TA Bacon. 2000. Stone fruit genetic pool and its exploitation for 

growing under warm winter conditions. Kluwer Academic Publishers, Dordrecht, Netherlands. 

Pp. 157-230.  

Caruso T, P Inglese, F Sottile, and FP Marra. 1999. Effect of planting system and carbohydrate 

content in above ground components of ‘Florida Prince’ peach trees. J. Am. Soc. Hortic. Sci. 

24(1): 39-45. 

Chadha KL, MR Gupta, and SN Singh. 1968. Physico-chemical characters of some peach varieties 

grown at the regional fruit research sub-station, Bahadurgarh. Punjab Agr. Univ. J. Research 

6(1): 78-81. 

Corelli C and S Sansavini. 1989. Light interception and photosynthesis related to planting density 

and canopy management in apple. Acta Hort. 243: 159-67.  

CPVO (Commuity Plant Variety Office). 2012. Protocol for distinctness, uniformity and stability 

tests. Peach/Nectarine. TPVOTP/053/2. Community Plant Variety Office. 

Crisosto CH and GM Crisosto. 2005. Relationship between ripe soluble solids concentration and 

consumer acceptance of high and low acid melting flesh peach and nectarine (Prunus persica 

L. Batsch) cultivars. Postharvest Biol. Technol. 38: 239-246. 

Crisosto CH, JR Scott, T Dejong, and KR Day. 1997. Orchard factors affecting postharvest stone 

fruit quality. Hort. Science 32(5): 820-823. 

Czynczyk A, P Bielicki, and B Bartosiewicz. 2009. Results of growing three apple cultivars 

grafted on a number of Polish and English rootstocks and their sub-clones. J. Fruit and Orn. 

Plant Res. 17(2): 72-83. 

Dalal RPS and JS Brar. 2012. Relationship of trunk cross-sectional area with growth, yield, quality 

and leaf nutrient status in Kinnow mandarin. Indian J. Horticulture 69(1): 111-113. 

Daniel H, J Frank, RH Donald, M Rachel, SB Gary, and LS Vincent. 2001. Evaluation of low-chill 

deciduous tree fruit cultivars (Part I): Slosson Report 1999-2000. UC South Coast Research and 

Extension Center in Irvine, CA. 

Day KR, RS Johnson, S Searcy, and BA Allen. 1999. Tree height and volume Studies for fresh 

shipping stone fruits. CTFA Research Report, Kearney Agricultural and Extension Center, CA, 

USA. 

Dyankov D. 1998. Vegetative and reproductive behavior of the peach variety ‘Cresthaven’ as 

determined by planting density. Rasteniev dni-Nauki 35: 458-60.  

EHDA (Ethiopian Horticultural Development Agency). 2012. Ethiopian Horticulture Sector 

Statistical Bulletin, Issue 01, Addis Ababa, Ethiopia.  

Embree CG, MTD Myra, DS Nichols, and AH Wright. 2007. Effect of blossom density and crop 

load on growth, fruit quality, and return bloom in Honeycrisp’ apple. Hort. Science 42: 1622-

1625. 

FAO (Food and Agricultural Organization). 2013. Rome, United Nations Food and Agriculture 

Organization. (http://faostat3.fao.org/faostat-gateway/go/to/home/E., Accessed on October 20, 

2016). 

FAOSTAT. 2018. Agricultural data. Provisional 2017 Production and Production Indices Data. 

Crop primary. FAO, Rome, Italy. Available online: www.faostat.fao,org Accessed on 

November 26, 2018. 

Fathi H, J Dejampour, U Jahani, and M Zarrinbal. 2013. Tree and fruit characterization of peach 

genotypes grown under Ardabil and East Azerbaijan environmental conditions in Iran. Crop 

Breed. J. 3(1): 31-43. 

Garner D, CH Crisosto, P Wiley, and GM Crisosto. 2008. Measurement of pH and titratable 

acidity. P. 2. In: CH Crisosto (ed.), Central Valley Postharvest Newsletter of Cooperative 

Extension, University of California, CA, USA.  

Giovannini D, A Liverani, D Bassi, and M Lateur. 2013. ECPGR Priority Descriptors for Peach 

(Prunus persica L. Batsch). International Board for Plant Genetic Resources, Rome, Italy 



Quality performance of peach varieties                           [57]  

 
Godfrey-Sam-Aggery W and Bereke-Tsehai Tuku. 1987. Review of deciduous fruits research in 

Ethiopia and proposal for future research and development direction. First Ethiopian 

Horticultural Workshop, 20-22 Feb. 1985, Addis Ababa, Ethiopia. Pp. 39-51. 

Gomez AK and AA Gomez. 1984. Statistical Procedures for Agricultural Research (2
nd

 Edn.). An 

Inter. Research Institute Book, John Willey and Sons Inc., New York. 

Harada T, W Kurahashi, M Yanai, Y Wakasa, and T Satoh. 2005. Involvement of cell proliferation 

and cell enlargement in increasing the fruit size of Malus species. Scientia Horticulturae 105: 

447-456. 

Hartmann HT and DE Kester. 2002. Plant Propagation: Principles and Practices (4
th

 Ed.). Prentice 

Hall of India Private Limited, New Delhi. Pp. 377-79. 

Hilaire C. 2003. The peach industry in France: State of art, research and development. P. 27-34. In:  

F. Marra and F. Sottile (eds) First Mediterranean Peach Symposium. Agrigento, Italy. 

Ho LC. 1992. Fruit growth and sink strength. P. 101-124. In: C Marshall and J Grace (eds) Fruit 

and Seed Production: Aspects of development, environmental physiology and ecology. 

Cambridge University Press, Cambridge, UK.  

Inglese P, T Caruso, G Gugliuzza, and LS Pace. 2002. Crop load and rootstock influence on dry 

matter partitioning in trees of early and late ripening peach cultivars. J. Amer. Soci. Hort. Sci. 

127: 825-830. 

Jimenez CM and JBR Diaz. 2004. Statistical model estimates potential yields in Golden Delicious 

and Royal Gala apples before bloom. J. Amer. Soci. Hort. Sci. 129(1): 20-25. 

Joosten F. 2007. Development strategy for the export-oriented horticulture in Ethiopia. 

Wageningen UR. Pp. 15-19. 

Kader AA and FG Mitchell. 1989. Maturity and quality of Peaches, Plums, and Nectarines: 

Growing and Handling for Fresh Market. Publication No. 3331. Division of Agriculture and 

Natural Resources, University of California, CA, USA. Pp. 191-196. 

Kahsay Berhe, Yigzaw Dessalegn, Yisheak Baredo, Worku Teka, Hoestra, Dirk, and Azage 

Tegegne. 2008. Smallholder Based Fruit Seedling Supply System for Sustainable Fruit 

Production in Ethiopia: Lessons from IPMS Experience, ILRI. Addis Ababa, Ethiopia.  

Linger E. 2014. Agro-ecosystem and socio-economic role of home garden agroforestry in 

Jabithenan District, North western Ethiopia: implication for climate change adaptation. 

Springer plus 3: 154.  

Marini RP. 2003. Peach fruit weight, yield and crop value are affected by number of fruiting shoots 

per tree. Hort. Science 38(4):512-514. 

Martínez AA. 2011. Early Portuguese emigration to the Ethiopian highlands: geopolitics, mission 

and métissage’. P. 2-32. In: N. Chaudhuri (ed) Reinterpreting Indian Ocean Worlds: Essays in 

Honor of Kirti. Stefan Halikowski Smith publisher, Newcastle.  

Martínez-Alcántara B, DJ Iglesias, C Reig, C Mesejo, M Agustí, and E Primo-millo. 2015. Carbon 

utilization by fruit limits shoot growth in alternate-bearing citrus trees. J. Plant Physiol. 176: 

108-117.  

Nguyen Q, MH Hoang, I Öborn, and M van Noordwijk. 2013. Multipurpose agroforestry as a 

climate change resiliency option for farmers: An example of local adaptation in Vietnam. 

Climate Change 117: 241-257.  

Padda MS, CVT Amarante, RM Garciac, DC Slaughter, and E Mitchama. 2011. Methods to 

analyze physicochemical changes during mango ripening: A multivariate approach. Postharvest 

Biology and Technology 62: 267-274. 

Paine CET, TR Marthews, DR Vogt, D Purves, M Rees, A Hector, and LA Turnbull. 2012. How to 

fit nonlinear plant growth models and calculate growth rates: An update for ecologists. 

Methods in Ecology and Evolution 3 (2): 245. 

Quilot B, M Génard, J Kervella, and F Lescourret. 2004. Analysis of genotypic variation in fruit 

flesh total sugar content via an ecophysiological model applied to peach. Theor Appl Genet. 

109: 440-449. 



Kidest et al.                                                  [58] 

 
SAS (Statistical Analysis System Institute). 2010. SAS statistical guide for personal computers, 

version 9.0. SAS Institute, Cary, N.C. 

Thorlakson T and H Neufeldt. 2012. Reducing subsistence farmers’ vulnerability to climate 

change: evaluating the potential contributions of agroforestry in western Kenya. Agric. Food 

Security 1: 15. 

Todd WW. 2006. Evaluation of four low chill peach (Prunus persica L. Batsch) cultivars in three 

climatic zones in Florida. Thesis Presented to the University of Florida, USA. Pp: 40-41. 

Treder W, A Mika, and D Krzewińska. 2010. Relations between tree age, fruit load and mean fruit 

weight. J. Fruit and Ornamental Plant Research 18(2): 139-149. 

UPOV (International Union for the Protection of the New Varieties of Plants). 2010. Guidelines 

for the conduct of tests for distinctness, uniformity and stability. Peach. TG/53/7. International 

Union for the Protection of New Varieties of Plants, Geneva. 

USDA (United States Department of Agriculture). 2016. Fresh peaches and cherries: World 

markets and trade, Office of Global Analysis. Washington D.C, USA 

Webster DH and CL Brown 1980. Trunk growth of apple tree as affected by crop load. Canada J. 

Plant Science. 60: 1383-1391. 

Zhao X, W Zhang, X Yin, M Su, CXL Li, and K Chen. 2015. Phenolic Composition and 

Antioxidant Properties of Different Peach (Prunus persica L. Batsch) Cultivars in China. Int. J. 

Mol. Sci. 16: 5762-5778. 


