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Abstract 
 
There is a positive relationship between pollination and fruit yield of almonds. 

Since self-incompatibility is a major problem in almond cultivars, foreign 

pollinators are generally used in almonds to get high yield and quality. This 

study was conducted to investigate the effects of different pollinators (inbreed 

hybrid combinations) on fruit set and pomological characteristics of Texas 

almond cultivar in 2018 - 2019 growing seasons. Fruit set ratios varied 

between 3.6% (Texas × A3) and 5.2% (Texas × A4) in the first year of the 

study and between 8.0% (Texas × A3) and 13.2% (Texas × A2) in the second 

year. As the average of two years, the lowest fruit length (32.03 ± 2.45 mm) 

was observed in Texas × A4 combination and the greatest fruit length (35.31 

± 3.05 mm) was observed in Texas × A1 combination, whereas fruit width 

values varied between 19.37 ± 2.43 mm and 23.79 ± 1.33 mm. Although 

pollinators influenced fruit mass values, the greatest value (5.73 ± 0.74 g) was 

observed in Texas × A3 combination. It was concluded based on present 

findings that use of A2 cultivar as a pollinator in almond orchards established 

with Texas cultivar may have positive effects on fruit set. 

 

1. Introduction 
 

Turkey with diverse ecological conditions 
harbors several plant and fruit species (Ercisli, 
2004). With such a great genetic diversity, Turkey is 
placed among precious countries and motherland of 
almond, apricot, plum, hazelnut-like important fruit 
species. 

Almond (Prunus dulcis L.) with quite high 
nutritional values and various benefits on human 
health is grown in various parts of the world and in 
areas where there is no late spring frost in Turkey 
(Simsek, 2011). It either naturally grows or 
commercially grown in orchards as culture almond. 
There are several problems experienced in almond 
orchards of Turkey and such problems are mostly 
related to fruit set and yields (Boyaci and Çaglar, 
2009). Flower and small-fruit drops are also the 
common problems of almond orchards. 

Successful pollination is the first condition to be 
set for desired yield levels in fruit trees (Ortega et 
al., 2004). Receptivity of stigma, survival of ovule 
and perceiving time for pollen on ovary are the key 
parameters of a successful pollination and 
fertilization signaling. Pollens land on a receptive 
stigma, germinated pollens then generate a pollen 
tube and ultimately reach to surviving ovary to 
execute fertilization. Since the seeds are consumed 
in stone-fruits, all the bloomed flowers should turn 
into a fruit (100% fruit set) for maximum yield 
(Boyaci and Çaglar, 2009). Growing and 
maintenance practices, ecological conditions, type 
of pollinator and cultivar genetics can directly affect 
the growth and yield of almond (Brittain et al., 2014; 
Klein et al., 2015). Self-incompatibility is the 
common case in majority of almond cultivars. Self-
incompatibility is mostly related to S-allele status of 
the cultivar. Therefore, for optimum yields, S-allele 
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Table 1. Meteorological data for experimental years 

Years  

Wind speed 
(m-s) 

Precipitation  
(mm) 

Max. temperature  
(°C) 

Min. temperature 
 (°C) 

February March February March February March February March 

2018 

Max. 1.9 4.0 19.00 11.80 21.3 27.3 10.5 15.5 

Min. 0.5 0.8 0.80 0.20 16.1 18.2 4.0 6.7 

Mean 1.0 1.5 1.57 0.44 18.2 21.0 7.3 9.9 

2019 

Max. 2.6 1.7 146.80 73.0 19.4 22.7 9.9 11.3 

Min. 0.8 0.7 0.20 0.20 11.5 15.2 2.3 0.9 

Mean 1.4 1.3 5.20 2.30 16.4 18.4 6.1 6.9 

 
Table 2. Fruit set ratios of 2018 

Combination Number of pollinated flowers Number of fruit sets Fruit set ratio (%) 

Texas × A1 250 10 4.0 
Texas × A2 250 11 4.4 
Texas × A3 250 9 3.6 
Texas × A4 250 13 5.2 

 

status of relevant cultivar should be known and the 
cultivars with different S-allele profiles should be 
selected in breeding programs. Besides yield, S-
allele profiles also generate genetic diversity in 
almond breeding programs (Gómez et al., 2019). 
On the other hand, use of different pollinators 
influence fruit mass, shape and size. Previous 
researchers investigated the effects of different 
pollinators on fruit quality attributes of almonds 
(Dicanta et al., 2000), apples (Akkurt et al., 2019) 
and cherries (Cirtlik and Beyhan, 2012). 

Besides pollinator cultivars, ecological 
conditions and cultural practices also significantly 
influence fruit set and yield in almonds. Since 
different ecological conditions are dominant in every 
region, even in different parts of the same region, 
almond cultivars do not exhibit the same yield and 
quality in every region (Kuden and Kuden, 2000; 
Yildiz and Perdahci, 2019). 

In this study, effects of different hybrid 
combinations obtained through inbreed 
hybridizations of Texas almond cultivar on fruit set 
and some pomological characteristics of almonds 
were investigated.  

 
 

2. Material and Method 
 
2.1. Material 

 
Experiments were conducted in collection 

orchards of Alata Horticultural Research Institute in 
the years 2018-2019. Texas almond cultivar was 
used as the parent material. The almond types 
encoded as A1, A2, A3 and A4 developed and 
registered at Alata Horticultural Research Institute 
were used. The flowering times of the mother and 
father parents partially match. The collection 
orchard (36°37'12"N, 34°19'40"E) where the 
experiments were conducted was established in 
1993. The orchard has different almond cultivars 
and there are 3 trees from each cultivar. Orchard 
soils have silty-loam texture. Trees are about 25 
years old. Present almond cultivars are early 

flowering ones as compared to the other cultivars 
and mostly used as unripe almond. Meteorological 
data for flowering, pollination and fertilization 
periods are provided in Table1.  

 
2.2. Method 

 
Pollens of selected cultivars were gathered from 

non-burst flower buds at balloon stage. Pollens 
were rubbed onto emasculated flowers with the aid 
of a watercolor paint brush and hybridization 
procedures were performed accordingly. 
Hybridization was performed on 250 flowers for 
each hybridization combination. Routine cultural 
practices (irrigation, soil tillage, pruning) were 
performed accordingly. At the end of dormancy, 
3 kg of 15-15-15 N-P-K fertilizer per tree were 
applied. Fruits were harvested at harvest maturity 
and harvested number of fruits were used to get fruit 
set ratios for different hybrid combinations. 
Hybridizations were performed on 20.02.2018 and 
23.02.2019; harvests were practiced on 10.07.2018 
and 13.07.2019. Pomological characteristics 
including fruit mass, width and length were 
determined (Gulcan, 1985; Hanine et al., 2016). 
Measurements were performed on 10 fruits of each 
hybrid combination. Experimental data were 
subjected to statistical analyses using SPSS 
software and significant means were compared with 
Duncan’s multiple range test at P<0.05 significance 
level. 

 
 

3. Results and Discussion  
 
3.1. Fruit set ratios  

 
Fruit set ratios of the years 2018 and 2019 varied 

with the pollinators. Fruit set ratios varied between 
3.6–5.2% in 2018. Based on pollinators, fruit set 
ratio was 4.2% in Texas × A1 combination, 4.4% in 
Texas × A2 combination, 3.6% in Texas × A3 
combination and 5.2% in Texas × A4 combination 
(Table 2).  
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Table 3. Fruit set ratios of 2018 

Combination Number of pollinated flowers Number of fruit sets Fruit set ratio (%) 

Texas × A1 250 21 8.4 
Texas × A2 250 33 13.2 
Texas × A3 250 20 8.0 
Texas × A4 250 22 8.8 

 

Table 4. Pomological characteristics of hybrid combinations in 2018 

Combination Fruit length (mm) Fruit width (mm) Fruit mass (g) 

Texas 30.22±1.66 b 24.51±2.83 a 2.94±0.33 c 
Texas × A1 32.26±1.71 a 22.85±1.37 ba 3.34±0.33 ba 
Texas × A2 32.58±1.71 a 21.85±2.75 b 2.95±0.38 bc 
Texas × A3 33.91±2.37 a  23.56±2.38 ba 3.11±0.50 bc 
Texas × A4 33.16±2.05 a 23.79±1.33 ba 3.60±0.41 a 
Mean 32.45±2.21 23.31±2.32 3.20±0.45 

 
Table 5. Pomological characteristics of hybrid combinations in 2019 

Combination Fruit length (mm) Fruit width (mm) Fruit mass (g) 

Texas 32.38±1.84 b 22.12±1.68 a 3.66±0.71c 
Texas × A1 35.31±3.05 a 23.68±2.66 a 3.26±1.09 c 
Texas × A2 33.47±3.26 ba 23.52±3.02 a 4.53±1.00 b 
Texas × A3 28.26±2.48 c 19.37±2.43 b 5.73±0.74 a 
Texas × A4 32.03±2.45 b 21.91±1.97 a 3.64±0.65 c 
Mean 32.37±3.43 22.18±2.76 4.13±1.20 

 

In 2019, fruit set ratios and number of fruit sets 
were greater than the year 2018. The lowest fruit set 
ratio (8.0%) was observed in Texas × A3 
combination and the greatest fruit set ratio (13.2%) 
was observed in Texas × A2 combination (Table 3). 
Differences in fruit set ratios of the experimental 
years were mostly attributed to climate parameters. 
Previous researchers indicated the effects of 
ecological conditions on fruit set in almond orchards 
(Kuden and Kuden, 2000; Yildiz and Perdahci, 
2019). Present findings well comply with the results 
of earlier studies.  

Pollinators influence fruit set of almonds. Despite 
the use of a foreign pollinator, fruit sets may vary 
based on fruit loads and nutritional status of almond 
trees (Cunningham et al., 2019). Such difference 
can be noticed in subsequent years of heavy fruit-
load years (Tombesi et al., 2017). Medium fruit set 
ratios were observed in almond breeding programs 
conducted with different almond cultivars (Acar et 
al., 2014).  

Positive impacts of pollinator cultivars on fruit 
sets were reported for different species. In a 
previous study conducted to investigate the effects 
of different pollinators on fruit set and quality 
attributes of Canino apricot cultivar, fruit set ratios 
varied between 18.04-21.70% based on pollinator 
cultivars (Taha and Sheriff, 2015). Another study 
conducted with persimmons, “Risoli” and “Moro” 
pollinators had greater effects on fruit set than open-
pollinating persimmons (Yildiz and Kaplankiran, 
2013). Present findings show different with the 
results of earlier studies reporting varying fruit set 
ratios with the pollinator cultivars and years. The 
effect of climate and the use of different genotypes 
can be shown as the reason for this difference. 

3.2. Pomological characteristics  
 
During 2018, pomological characteristics such 

as fruit length and width values of hybrid 
combinations were found to be significant (Table 3). 
Fruit lengths of hybrid combinations varied between 
32.26±1.71 mm and 33.91±2.37 mm. Fruit length of 
open-pollinating Texas cultivar was measured as 
30.22±1.66. The lowest fruit width (21.85±2.75 mm) 
was observed Texas × A2 combination and the 
greatest fruit width (23.79±1.33 mm) was observed 
in Texas × A4 combination. Fruit mass values also 
significantly varied with the father parent. While the 
Texas × A2 combination had the lowest fruit mass 
with 2.99±0.38 g, Texas × A4 combination had the 
greatest fruit mass with 3.60±0.42 g. Regarding fruit 
mass values, all combinations had greater values 
that open pollination (Table 4).  

In 2019, significant differences were observed in 
fruit length, width and mass values of the hybrid 
combinations. The lowest fruit length (28.26±2.48 
mm) was observed in Texas × A3 combination. The 
lowest fruit width (19.37±2.43 mm) was observed 
again in Texas × A3 combination. However, despite 
the lowest fruit length and width, Texas × A3 
combination had the greatest fruit mass with 
5.73±0.74 g (Table 5). As compared to open-
pollinating Texas cultivar, different pollinators had 
significant positive effects on fruit length and weight, 
but insignificant effects on fruit width. Different 
effects of the same pollinators in different years can 
be attributed to differences in climate parameters. 

Sumbul and Bayazit (2019) reported fruit lengths 
of different almond cultivars as between 12.81-
19.35 mm, fruit widths as between 15.43-27.12 mm 
and fruit mass values as between 1.55-6.34 g. In 
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another study conducted on almonds, fruit mass 
values were reported as between 7.74-3.40 g 
(Khadivi et al., 2019). In a previous study conducted 
on adaptation of almond cultivars, fruit mass values 
were reported as between 1.62-4.15 g, fruit lengths 
as between 32.30-38.72 mm and fruit widths as 
between 16.00-26.36 mm (Yildiz and Perdahci, 
2019). 

4. Conclusion

Present findings on fruit mass, length and widths 
comply with the findings of previous studies. Partial 
differences were mostly attributed to differences in 
cultivars, pollinators, and climate parameters. 
Pollination problems are mostly resulted from 
insufficient development of pollens at low 
temperatures (below 10°C) during the flowering 
period or inability of pollen to germinate even if they 
sufficiently developed, unacceptance of pollens by 
stigma. Even if the pollination was realized, such 
problems also end up with small fruit sizes, thus 
reduce quality. On the other hand, besides 
ecological conditions, cultural practices (irrigation, 
fertilization, pruning, tree age) and yield potential 
also significantly influence fruit size. Almond is a 
significant income-generating fruit both in the world 
and in Turkey. It was concluded based on present 
findings that use of pollinator cultivars had 
significant effects on fruit sets and quality attributes. 
Present pollinators can be recommended for new 
almond orchards to be established with Texas 
cultivar for high yields and quality attributes. 
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