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ABSTRACT 
 

This study was carried out to evaluate the performance “Fuerte” avocado trees under three different 
climate conditions i.e. Shandaweel, Beni-Suef and Khanater, during 2013 and 2014, seasons. The climate 
play an important role in flowering time, where is found the warmer climate promote flowering earlier than 
the coolest one, fruit set percentage as well as yield per tree. Also oil content percentage was affected by 
climate region whereas the highest value of oil was achieved with warmer climate. The fruit physical 
properties were differed according to the region, where the biggest fruit was produced at less temperature. 
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Introduction 
 

Avocado (Persea Americana Mill) is a tropical Native American fruit. It belongs to the Lauraceae 
family. It has been traditionally cultivated for food and medicinal purposes due to its high nutrition value 
as well as for its therapeutic properties. The genus persea constitutes of 150 species out of which 70 are 
grown in the warmer regions of north central and South America. Its other entire species are cultivated in 
east and south East Asia (Ding et al., 2007). 

Avocado is a tropical fruit and is considered as one of the most economically important fruit in 
Mexico with positive effects on human health (high content of high density lipoprotein, folic acid, 
potassium, Vitamins A.B.C.D.E. and K) (Teliz and Mord, 2007). The high nutritional content and its 
dietetic properties made avocado one of the most attractive fruits to worldwide consumers (Ochoa et al., 
2009 and Saucedo-Carabez, 2015). 

Avocado varieties need a climate without frost and with little wind. High winds reduce the humidity, 
dehydrate the flowers and affect pollination. The trees need well-aerated soils, ideally more than 1 m deep 
(Chen et al., 2009). In a residential setting, the south or southeast side is the warmest location and so it is 
the best place for avocado tree. An avocado tree can grow successfully in a variety of soil types and in soil 
with acidic or alkaline pH levels, but the tree requires soil that has good drainage (Barry, 2007). 

The optimum diurnal temperatures for flowering, pollination and fruit set in B type avocado cultivars 
(Fuerte) in 25₀c days and 20₀c nights (25/20). Under these conditions, overlapping of the male and female 
cycles occurs and pollen is present for transfer to receptive stigmas (Burns et al., 2003) more recently 
Whiley, (1992) showed that self pollination can occur in fruits when temperatures profiled one from 25₀c 
day to as low as 10₀c night temperature. Location of region will affect the time of flowering and fruit 
harvesting as well as genotype of the plant (Reni et al., 2016). 

Fuerte avocado had many faults and it must replace by a smaller fruit of better quality. The need exist 
for awards of acceptable, commercial quality that can withstand environmental conditions in central 
Florida and other areas that have similar climates. Research supports the feasibility of breading cold-
tolerant cultivars of high horticultural quality (FAOSTAT, 2013). 

The expression of an avocados cultivar’s genetic characters varies with environmental influences 
associated with climate and seasonal variation in temperature, relative humidity and rainfall. Avocado 
characters that can affected by climate include disease resistance, yield, bearing habit, fruit size and quality 
and season of maturity. Therefore, a cultivar that is productive or have good fruit elsewhere in the world 
may not be adopted to growing in Hawaii, and one that does well in Hawaii at 1500 ft. elevation may do 
pearly at 100 ft. Hawaii has many different soil types and micro-climates and these may change ever 
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shown distances. For this reason, it is difficult to recommend “the best” avocado cultivars for specific 
locations unless experience is available for that (or a very similar) location (Orhevba and Jinada, 2011). 

Avocado flowers carry both male and female reproductive organs, and classified as A or B type. Each 
flower appears twice over a two-day period, the first day as a female and the second one as a male. Air 
temperature regulates the opening and closing of flowers. (Saucedo-Carabez et al., 2015). 

There are three requirements for a successful fruit set in avocado (1): An overlapping of the flowering 
stages. (2): Significant insect activity including bees. (3): Temperature above 10₀c during flowering and for 
the three days following. Flowering which normally lasts for three to four weeks, longer in cooler growing 
areas (Yasir et al., 2010). Flowering duration in avocado trees required from three to four weeks whereas, 
an avocado fruits to develop from an open flowers till harvestable fruit in approximately eight months 
(Ramos-Jerz et al., 2013). 

 

Materials and Methods 
 
This study was carried out during 2013 and 2014, seasons on avocado trees cv. Fuerte grown under 

three different regions of different climatic condition i.e. Kanater (Horticulture research station) at 
Kalyobia Governorate, Sids (Horticulture research station) at Banisuef Governorate and Shandaweel 
region (Sohage Governorate) to observe the effect of some different climate conditions on tree flowering, 
yield as well as fruit quality and percentage of fruit oil content. The observed trees were 20-year-old at 
beginning of study, planted in loam soil and irrigated with fload system. Air relative humidity percentage, 
air temperature at °c, soil moisture percentage and soil pH were recorded (Table, 1) during the two studied 
seasons. The chosen trees were grafted on avocado seedling rootstocks and planted at 7x7 m spaces and 
subjected to the normal annual agricultural practices. For this investigation nine trees were chosen in each 
region divided into three replicates and the following parameters were done: 

 
Table 1: Region location and habitat condition of Fuerte avocado plant accessions. 

Regions Air relative 
Humidity % 

Air temperature 
(˚C) 

Soil moisture 
(%) 

Soil  
pH 

Plant age  
(years) 

Shandaweel 71 22-37 64.2 7.7-8.0 20 
Beni-Suef 72 20-35 64.0 7.8-8.2 20 
Khanater 87 18-33 70.1 7.6-7.9 20 

 
Flowering and harvest date. 

 
In each region estimate of the percentage of open flowers on three chosen branches per tree were 

recorded at seven day intervals for the duration of flowering cycle. Mean data relating to the first flowers 
opening and last flower opening were derived from these records. Period from first fruit set until fruit 
reached harvestable date (maturity stage) and data of harvesting were also recorded during the two studied 
seasons in each region. 

 
Fruit set and yield: 

 
For this purpose three representative branches from each tree at each region were selected to monitor 

the total number of flowers. The total number of fruits set from the percentage of the initial fruit set was 
calculated. At harvest date, number of fruits per branch was recorded to calculate fruit retention percentage 
(Number of fruit per branch / number of initial fruit set x 100). Fruit set percentage was recorded as 
(number of fruit set per branch/number of initial opened flowers x 100).  

Total number of fruit per tree was counted at harvest time (about 8 weeks after fruit set) then yield 
was determined as kg/tree (total number of fruit per tree x average fruit weight (g) x 1000). 

 
Fruit characteristics:  

 
At harvest date representing samples of three fruits from the chosen trees at each studied region were 

collected to estimate some fruit properties i.e. fruit weight, fruit length, fruit diameter, pulp thick, the 
percentage of pulp to fruit and oil content percentage. Fruit weight was determined by using digital scales, 
fruit length and diameter and pulp thick were estimated as cm by using hand caliper. Oil content was 
determined by using the Soxlit extraction method. A weight of 2.0 g. of the dried samples were transferred 
into cellulose thimble. A ball of glass wool was placed in the thimble. Anti bumping granules were added 
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to previously dried 250 ml round bottom flask and weighted. A volume of 150 ml of petroleum spirit was 
added and apparatus assembled. A quick fit condenser was connected to the Soxlit extraction and refluxed 
for 4 h. on high heat on the heating mantle. The flask was then removed and evaporated on a steam bath. 
The flask with the oil was heated for 30 min. in an oven at 130°c, cooled in desiccators and weighted. The 
formula in appendix B3 was used to calculate for the crude oil.  

 
Statistical analysis:  
 

Statistical analysis of different collected data to variable significant differences  were counted 
according to Steel and Torrie (1985).Individual comparisons were compared by using the least significant 
differences (LSD) 0.05 according to Waller and Duncan, (1969). 

 
Results and Discussion 
 
Flowering and harvest date: 
 

The obtained results in (Table 2) clearly showed that flowering starting early in fuerte avocado tree 
which are grown at Shandaweel region (25th and 23rd of December) for both seasons, respectively, while 
trees at Khanater region began flowering later (17th and 15th of January) for both seasons, respectively, and 
trees grown under Beni-Suif condition began flowering on 1st January and 25th December at both seasons 
respectively. Flowering period extended from 24 to 30 days for trees under the different studied conditions, 
in both studied seasons, respectively. As for harvesting date, data in Table (3) also showed that, avocado 
fruits required 207-213 days to reach maturity stage. Harvest date begin earlier (12/8 and 15/8) at 
Shandaweel region and required 216-224 days under Beni-Suif region conditions. Harvest date begin (1/9 
and 1/9) while under Khanater region fruits required 229-228 days and harvest date begin at 1/10 and 1/10 
in the first and second season, respectively. These results confirmed the finding of (Reni et al. 2016; Tiliz 
and Morn 2003) who revealed that flowering duration in avocado trees lasts from three to four weeks, 
whereas an avocado develops from an open flower into harvestable fruit in approximately eight months. 

 
 Table 2: Effect of climate condition on flowering and harvesting date of  Fuerte avocado tree grown under three different 

regions during   2013 and 2014 seasons. 

Regions 

2013 2014 
Flowering dates Harvest Days to 

maturit
y 

Flowering 
Harvest 

date 

Days to 
maturity 

 
Begin End 

Durati
on 

Date Begin End Duration 

Shandaweel 25 th  Dec 17 th Jan 24 12th Oct 207 25th Dec 15th Jan 24 15th Oct 213 
Beni-Suef 1st Jan 27th Jan 27 1st  Sep 216 25th Dec 20th Jan 26 1st Sep 224 
Khanater 17th Jan 14th Feb 29 1st Oct 229 15th Jan 14th Feb 30 1st Oct 228 
L.S.D. at 5%   2  4   2  4 

 
Fruit set and yield:  
 

The obtained data in table (3) revealed that, percentage of fruit set ranged between 59.0 to 60.6 % 
while percentage of retained fruits ranged between 20.7 to 26.0 % for Fuerte avocado trees under the three 
studied regions conditions. Furthermore, number of fruit per tree was high (310.0-306.7) under Khanater 
condition and low (271.7- 271.7) at Shandaweel while the intermediate values (276.7 and 283.3) were 
obtained from avocado trees grown at Beni-Suef condition. Yield per tree reached (72.7 and 74.0 kg) under 
Khanater condition and (59.5 and 63.2 kg) under Beni-Suef condition; and the lowest yield (36.5 and 39.2 
kg) were produced from trees grown under Shandaweel condition. In this concern, Fuerte avocado had 
many faults and it must replace by a smaller fruit of better quality. The need exists for avocado of 
acceptable commercial quality that can withstand environmental conditions in central Florida and other 
areas that have similar climates. There are three requirements for successful fruit set in avocado (1) an 
overlapping of the flowering stages. (2): Significant insect activity including bees. (3): Temperature above 
10₀c during flowering and for the three days following.  
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Table 3: Effect of climate condition on fruiting (fruit set, fruit retention, No of fruits and yield) and fruit weight of avocado 
tree “Fuerte” grown under three regions during 2013 and 2014 seasons. 

Region 
Fruit set 

(%) 
Fruit retention 

(%) 
No of fruit per 

tree 
Fruit weight  

(g) 
Yield 
 (kg) 

2013 
Shandaweel 60.3 23.7 271.7 134.2 36.5 
Beni-Suef 59.6 20.7 276.7 215.0 59.5 
Khanater 59.0 26.0 310.0 234.8 72.8 
LSD at 5% 0.37 2.31 19.7 22.4 16.3 

 2014 
Shandaweel 60.6 24.0 271.7 144.3 39.2 
Beni-Suef 59.3 22.3 283.3 222.7 63.1 
Khanater 60.3 26.0 306.7 241.7 74.1 
LSD at 5% 0.381 1.98 18.7 20.7 17.4 

 
Fruit characteristics:  
 

The effect of climate condition on some physical properties and oil percentage of Fuerte avocado 
fruit under three studied regions during 2013 and 2014 seasons were tabulated in Table (4). The obtained 
data clearly showed that, the heaviest fruit (234.2 and 241.7 g) were produced from avocado trees grown 
under Khanater condition followed by fruit obtained from trees grown under Beni-Suef climate condition 
(215.0 and 222.7 g), while the highest fruits (134.2 and 144.3 g) were produced from avocado trees grown 
under Shandaweel climate condition with significant differences during the two studied seasons, 
respectively. 

Meanwhile, fruit length and fruit diameter statistically differed between the three studied regions to 
longer fruits (12.73 and 13.0 cm) intermediate diameter (5.57 and 5.60 cm) was attained under Beni-Suef 
climate condition followed by values obtained from avocado fruit produced from trees grown under 
Khanater climate condition (11.33 and 12.33 cm) for fruit length and (6.27 and 6.33 cm) for fruit diameter. 
Whereas, the shortest fruit (10.10 and 10.90 cm) were obtained from trees grown under Shandaweel 
climate condition the lowest values of fruit diameter (5.20 and 5.00 cm) for the first and second seasons, 
respectively. 

 
Table 4: Effect of climate condition on some physical properties and oil content percentage of avocado tree “Fuerte” grown 

under three  regions during 2013 and 2014 seasons. 

Region 
Fruit length 

(cm) 
Fruit diameter 

(cm) 
Pulp percentage 

Pulp thick 
(cm) 

Oil content 
% 

2013 
Shandaweel 10.20 5.20 84.83 1.10 16.17 
Beni-Suef 12.73 5.57 85.69 0.80 15.40 
Khanater 11.33 6.27 83.22 1.47 14.40 
LSD at 5% 1.58 0.584 4.792 0.333 0.312 

 2014 
Shandaweel 10.90 5.00 86.29 0.77 15.0 
Beni-Suef 13.00 5.60 86.20 0.77 15.13 
Khanater 12.33 6.33 83.92 1.33 14.97 
LSD at 5% 1.918 0.533 5.294 0.702 0.298 

 

Pulp thick ranged between 0.77 to 1.47 cm for fruits under the different climatic conditions. The 
highest values (1.47 and 1.33 cm) were recorded with fruit grown under Khanater climate while the lowest 
ones (0.80 and 0.77 cm) were found in fruit grown under Beni-Suef climate condition. Furthermore, pulp 
thickness of fruits grown under Shandaweel climate were intermediate (1.1 and 0.77 cm) in the first and 
second seasons, respectively. Pulp percentage account from 83.22 to 86.29% of fruit weight under 
different studied regions condition, these percentages can be arranged in descending order as follows; 
Shandaweel, Beni-Suef then Khanater, this is clear in both studied seasons and Table (4). 

Fruit obtained from trees under Shandaweel climate condition had the highest values of oil 
percentage ( 16.17 and 15.00%0 followed by fruit grown under Beni-Suef climate condition (15.40 and 
15.13%) and the lowest values of oil percentage ( 14.40 and 14.97%) was obtained from fruit grown under 
Khanater climate condition, this is true in the first and second season, respectively. These results are in 
agreement with the findings of (Orhevba and Jinada, 2011) who revealed that a cultivar that is productive 
or had good fruit elsewhere in the world may not be adopted to growing in Hawaii, and one that does well 
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in Hawaii at 1500 ft. elevation may do pearly at 100 ft. Hawaii has many different soil types and micro-
climates and these may change ever shown distances.  

The expression of an avocado cultivar’s genetic characters varies with environmental influences 
associated with climate and seasonal variation in temperature, relative humidity and rainfall. Avocado 
characters affected by climate, includes disease resistance, yield, bearing habit, fruit size and quality and 
season of maturity. Avocado contain from 5 to 40 % oil, the percentage varying with the variety, growing 
area and seasonal condition (Saucedo-Carabez et al., 2015). 

It can be concluded that the climatic condition affect the fruit volume and weight where the largest 
fruits were obtained under cool condition , also the oil content was affected by the warm climate and was 
greater.        
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