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Abstract: In order to obtain new late flowering almond varieties with desirable pomological and vegetative
characteristics and suitable fruit/kernel characteristics, a program of hybridization between available commercial
varieties with possible occurrences of inferior characteristics was started in 1990. In order to achieve these
goals, Azar (AH 50) and Ferragnes (Fr) varieties were selected as the maternal varieties and eight other varieties
were  selected  as  the  pollen  donors.  In  this  program  about  290  hybrid seeds were obtained from almost
14 different combinations of crosses. The seeds were planted in plastic vases after passing stratification stages.
After one year the seedlings were transferred to the hybrid almond orchard and looked after. In 1995, the first
flowering bud emergence data was recorded. From 1997, for three consecutive years vegetative characteristics
of these hybrids trees in eight different traits were recorded along with twenty-one different traits for fruit/kernel
characteristics based on IBPGRI descriptor for almond. Then, based on grading and assigning values with
respect to the importance and effectiveness of traits in production, quality and quantity of fruit/kernel, twenty
superior hybrid genotypes were identified by utilizing computer software and entering more than twelve
thousand data. These superior hybrid genotypes were then introduced to the four almond research stations
in the country as the promising ones. 
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INTRODUCTION it was spread from Greece to Mediterranean coasts around

There are over 146000 hectares of irrigated and dry have been  Spain,  Portugal,  Greece,  Morocco, Tunisia,
land almond orchards in Iran, of which 105000 hectares are Turkey, France and Italy. Almond was taken by early
fruit bearing and produce 97000 tons of almond annually. immigrants to the United States. Almond has been grown
Furthermore, 76000 tons of above mentioned amount is successfully in California and the first commercial orchard
harvested from irrigated orchards and the rest is produced was recorded along Bear River in Sacramento valley in
in dry land orchards. The average production of almond 1843 [3-5].
in irrigated  orchards  in  Iran is 1391 kg per hectare and Since productivity of a cultivar is determined by
408 kg per hectare in dry land orchards [1]. East interaction of a genotype with the environment, the most
Azarbaijan province has over 10000 hectares of almond important aspect of genetic improvement are the
orchards  and by producing over 18000 tons of almond environment, traits of genotype and their interactions and
per  year  accounts for 6.8 percent of under cultivation as the compatibility range of a genotype in expanded, the
area of  almond  and  18.5 percent of almond production more valuable it becomes. 
in the country [2]. Almond is a diploid species and this means that there

A species of almond, called Prunus amygdalus is a possibility that a genotype will inherit two different
Batsch. exists in some parts of central Asia, West Asia, allele from its parents and these inherited allele determine
Turkmenistan, Tajikistan, Kerghizistan, Iran and specific proteins configuration which lead to phenotype
Afghanistan, which has bitter kernel and has been or appearance. Researchers establish that a vegetative
successfully used to expend almond orchards with sweet system may have around 100,000 genes and hence 100,000
kernel. Almond has been in existence since 4000 B.C. and kinds of protein [3].

450 B.C. The  major  centers for production of almond
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A trait in a plant can be controlled by one or few intensity can be one of the preliminary factors for fruit
genes. The hard shell of almond appears to be controlled
by a dominant gene of HH and softness of shell in
controlled by hh gene and if a combination of HL is
obtained, the shell will be all hard [3]. Other traits, such as
susceptibility to worm damage are controlled by a rather
large numbers of genes [3].

Weight of almond fruit, which is usually the weight
of kernel and hard shell and includes kernel and endocarp
is reduced due to removal of mesocarp during harvest, is
an important economical trait. Basically, weight of fruit is
comprised of percentage of kernel and thickness of shell
hardness but the commercial part is the kernel itself  [6,7].
Weight of fruit in different cultivars may vary from year to
year, but hereditability of fruit weight is high and was
established to be around 0.5 by Kester et al. in 1977 [5].

Weight of almond kernel, an important economical
consideration, has rather high hereditability and was
established to be around 0.64 by Kester et al. and
confirmed by Dicenta et al. in 1993. Kester et al. have
reported length, width and thickness hereditability of 0.77
and 0.62 and 0.71 respectively [3, 5].

The following table represents hereditability of some
traits of almond fruit based on result of large number of
almond researches:

Some of the most important phonological traits of
almond trees are date of blooming, blooming density,
blooming duration and ripening season. Even though
productivity rate and resistance to cold are some of the
important morphological and physiological traits of
almond, very little research has been done on the
hereditability of these traits [8].

In majority of almond trees, the hereditability of date
of blooming is quantitative and can vary from year to year
depending on the climate influences, but continuity and
procedure  of  blooming of different cultivars of almond
are almost constant and slight changes may be noticed
due  to  ambient  temperature  before flowering. The rate
of hereditability of blooming date was established to be
0.804% by Kester and Dicenta estimated it to be 0.67%.
They also concluded that there is positive correlation
between leafing date and blooming date, but there are
some differences in reported figures. It must be noted that
the flowering index to leafing is not a sustainable trait and
hereditability of leafing date is more than blooming date
and is 0.829 [9].

Based on the results of studies, it has been
demonstrated that the differences in blooming duration is
related to special climatic conditions such as temperature
and   humidity    during    flowering   time.   The flowering

production. Grasselly in 1972 discussed the relation
between flowering type and early fruit bearing and
Dicenta, in 1993 evaluated the hereditability of this trait
around 0.54%. The ripening time of almond fruit varies
from year to year, but continuity and procedure of
ripening of fruit from date of blooming is constant. The
importance of early ripening of almond fruit includes:
being safe from late seasonal rains, early arrival at the
market and also in dry farming being safe from late
seasonal drought damages [9].

High rate of hereditability does not mean that all
progenies of a breeding program for a special trait are the
same, but this means that on the average, emergence of a
progeny with desirable trait quality is inherited both from
paternal and maternal sides, which is median of both traits
and if we are to choose a specific trait continuously in
future generations, we can estimate progress amount in
each generation and come to a conclusion that; how many
generations will be needed before getting to the desired
trait. This kind of selection is useful for one trait, but
when one is faced with selection of new genotype, a great
number of traits need to be evaluated and selected at the
same time and this makes the process rather complex and
difficult due to great number of genes and their
interactions [10].

Based on grading of different traits of almonds
planted in California, over forty influential traits including
production, quality of fruit/ kernel, resistance to biotic and
non biotic damaging elements and processing procedure
have been identified for eleven varieties of commercial
almonds of which Nonpareil and Price varieties were
identified as the best commercial varieties by obtaining
167 and 152 points from total of possible 228 points
respectively and Feritz and Ne. plus ultra were identified
as the weakest commercial varieties by obtaining 135 and
130 point respectively [3].

The almond breeding program in the country has
been started by Chaichi in 1969 in Sahand Horticulture
Research Station by introducing domestic hybrid
varieties; Azar and Shoukofeh and from the compatibility
study of imported varieties; Ferragnes, Yalda and
Nonpareil have been introduced. Also from the selection
program  of  local  cultivars  Sahand has been introduced
[6, 7, 11].

Based on evaluation of qualities of different almond
varieties, different values are assigned to traits in
California and these values represent worthiness of each
trait for different varieties. In this system over forty traits
are assigned values and the higher the value, the better
the varieties are [3]. 
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Chaichi assigned values for twenty six traits of In the fall of the first year, seeds were planted in
domestic and imported cultivars in Sahand Horticulture plastic vases in cold greenhouse.
Research Station and the best commercial varieties were In   the   second   year,   the   seedlings   were  cared
introduced as Azar, Harir, Shoukofeh, Ferragnes, for  and  planted  in  the  hybrid  orchard  with
Nonpareil and Ne. plus ultra [11]. planting  density  of  3×4  meters in March of the

MATERIALS AND METHODS In the third and fourth years, the seedlings were

In  order to obtain new late flowering almond fourth year, there were 288 hybrid trees growing in
varieties with suitable pomological and vegetative traits, the orchard.
programs  for hybridization started from 1990. During
years  of  1990  and  1991,  Azar (AH50) varieties which Recording pomological  and  vegetative  traits of
ware produced in the first phase of genetic breeding these trees started from 1997. Starting from 1998 most of
program in Sahand Horticulture Research Station and the hybrid trees entered reproductive phase, so recording
Ferragnes  (Fr)  varieties  were  selected  as  the maternal pomological traits along with characteristics of fruit and
varieties and eight other late flowering varieties which kernel were done based on almond descriptor. During
included local and imported commercial ones were 1998 to 2002, the recordings of 177 hybrid trees were
selected as the pollen donors and in 14 different evaluated. For recording characteristics of trees, IBPGR
combinations of crosses, hybridization was performed. descriptor was utilized and tables for recording
Table 2 and 3 represent characteristics of paternal and pomological characteristics and fruit/kernel characteristics
maternal varieties [12]. were designed. Each year, time of emergence of leaf, time

For hybridization, maternal varieties were isolated in of blooming, peak of blooming (full bloom), end of
large cages right before blooming and cut branches of blooming, duration of blooming, rate of growth of tree and
pollen donor varieties which had flowers, were cut and vegetative growth strength (trunk diameter and annual
kept in room temperature (around 25 degrees centigrade). growth  of branches) and also fruit ripening time (from
As soon as the emergence of blooming in pollen donor date of blooming), ease of harvest, shell retention,
branches was detected, they were shaken to collect pollen productivity, fruit shape, fruit size, color of shell, marks on
and labeled and stored in refrigerator till maternal varieties shell, presence of crack on shell, husk dehiscence,
were ready to be pollinated [13]. remaining husk on shell, shell strength, weight of fifty

The hybridization program took place in two fruits, kernel weight, percentage of kernel, kernel size,
consecutive years of 1992 and 1993 and the result was kernel texture, presence of pubescence on kernel,
over 700 hybrid seeds. These hybrid seeds were collected percentage of double kernels, percentage of twins and
from maternal varieties in late August and were planted in kernel taste were measured and recorded. As mentioned
the following manners: above,  for  each  genotype  eight   vegetative   traits  and

same year.

looked after in the orchard and at the end of the

Table 1: Degree of hereditability of some traits of almond fruit (2)

Trait Established hereditability (%) Trait Established hereditability (%)

bitterness 99 shell texture 55

suture opening of the shell 79 double kernel 51

length of kernel 77 kernel color 42

thickness of kernel 71 shell retention 24

kernel weight 64 Gumminess 15

width of kernel 62

Table 2: Different cross combinations in hybridization for production of late flowering almond varieties

Maternal variety Pollen donor

Azar (AH50) Managga (MN)-Shoukofeh (AH3)-Yalda (N.P.U.)-Nonpareil (N.P.)-Sahand (L.62)-Ferragnes (FR)

Ferragnes (FR) Yalda (N.P.U.)-A230-A200 Sahand (L.62)-Shoukofeh (AH3)-Azar (AH50)-Managga (MN) Nonpareil (N.P.)
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Table 3: Vegetative and pomological characteristics of selected maternal and pollen donor varieties 

A- Maternal varieties

1. Azar or AH50: Strong and large posture, branches are curved, can be easily pruned, blooms at the same time or three days ahead of ferragnes, fruit form

on two and three year old branches, has high productivity, does not have bi annual bearing, percentage of kernel to fruit 40%-42%, percentage of double

kernel very low and between 0% to 2%, fruit is easily harvested and is suitable for mechanical harvesting, it has high tolerance to foamy canker, this variety

was produced in the previous hybridization program in Azar-shahr Horticulture Research Station.

2. Ferragnes: French variety, rather fast growing tree with upright branches and very late blooming, fruit is formed on flower buds on spurs and on two year

old branches, percentage of kernel to fruit 38%, does not produce double kernel, fruit is well shaped and has good taste and is easily harvested, it has little

bi annual bearing 

B-Pollen donor Varieties

1. Yalda (Ne. plus Ultra): American variety, very strong tree and well spread, compatible with different climatic conditions, easily pruned, does not produce

lots of flowers but flowering duration is long, in 7% to 9% of kernels foamy canker is observed, percentage of kernel to fruit is 50% and shape of fruit is

long and wide, fruit is produced on 2-3 year of branches.

2. Nonpareil: American variety with bud failure syndrome, it is a medium built tree, is rather late flowering and quality of fruit is very good, percentage

of kernel to fruit is 55% to 60%, very thin shell, kernel shape is very appealing, has high performance, very early fruit ripening, is very sensitive to kernel

consuming pest.

3. Shoukofeh (AH3): Medium built posture, form of tree is very wide spread and open, very late flowering (three to four days later than Azar variety), fruit

is shaped on two to three year old spurs of branches, percentage of kernel to fruit is 55% to 60%, percentage of double kernel is around 2%, harvesting is

a little difficult, has some bi annual bearing, is sensitive to foamy canker. This variety was produced in the previous hybridization program in Azar-shahr

Horticulture Research Station.

4. Sahand or L62: A native cultivar of Iran and has been produced in Cultivar Selection Program in Azar-shahr Horticulture Research Station, produces

lesser number of branches and sub branches, easily pruned, starts fruit bearing from the third year, majority of fruit is produced on spurs, is a late flowering

variety like Ferragnes, does not have bi annual bearing, has low percentage of kernel to fruit rate (around 25% to 28%), has high percentage of double kernel

(about 15% to 20%) and it very high productive cultivar.

5. Managga: An Iran native cultivar with very strong body and high quality fruit, very early flowering, its fruit has thin shell, percentage of kernel to fruit

is around 50% to 55%. It is usually damaged by spring cold in Azarbaijan province.

6. A200: Spanish variety, very late flowering, high productivity rate, quality of fruit is good but percentage of kernel to fruit is around 32%, percentage of

double kernel is less than 2%.

7. A230: Spanish variety, very late flowering, high productivity with good quality fruit, percentage of kernel to fruit is around 33% and percentage of twin

kernel is zero, very strong tree.

twenty one pomological traits (total of twenty nine traits) of hulling, performance rate, fruit color, shell color, marks
were recorded annually and since 177 hybrid trees were of shell, suture opening on the shell, shell softness, shell
under study, total of 5100 different recordings were done retention, strength of shell, weight of fifty fruits, kernel
and then analyzed annually [14]. weight, percentage of kernel, kernel size, kernel texture,

In  this  research  study,  the procedure adopted in kernel pubescence, percentage of double kernels,
the  University of Davis in California along with grading percentage of twins and kernel taste were recorded. In
of traits by Chaichi et al. [6] were utilized and selection of Table 4 and 5 samples of recording of vegetative and
desirable genotypes from under-study hybrids was done pomological traits are shown [12, 14].
by assigning values and coefficients for traits. What Then in the second stage, numbers of vegetative
comes hereunder was the adopted procedure: traits were evaluated as comparative parameters. In this

In the first stage, eight vegetative traits including stage, traits of hybrid samples such as blooming date,
time of emergence of leaf, time of start, peak and end of duration of blooming, growth vigor and growth type,
blooming, duration of blooming, tree growth type, color of color of petals and time of ripening of fruit were recorded
petals and growth potentials of tree in two form of for different years, which are reflected in Table 6. Also
measuring trunk diameter and annual growth of branches with respect to the importance of date of blooming of
for each and every genotype were recorded according to different varieties of almond, the date of blooming of
IBPGR  descriptor  for three consecutive years. In the hybrid  genotypes  were  compared  to   their  parental
same period twenty one traits including fruit/kernel date of blooming for two years, which are reflected in
characteristics such as ripening time, ease of harvest, ease Table 7 [13, 15].
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Table 4: A sample form for recording vegetative characteristics
Sahand Orchard Research Station    Almond Hybrid Orchard #1, Year 2000
Form for Recording Vegetative Characteristics of Trees

Tree code Vegetative potential
---------------------- Leaf First Full Blooming Flowering ---------------------------------------------
Block Row emergence Blooming Bloom End duration Vigor Color Trunk Annual growth
No. No. date date date date (days) of tree of petals diameter (cm) of shoots (cm)
16 6 April 7 April 9 April 15 April 19 11 4 White 8 29
17 6 April 9 April 8 April 12 April 17 10 5 White 11 35
18 6 April 8 April 6 April 10 April 15 10 4 White 10 33
21 6 April 7 April 5 April 9 April 14 10 3 White 9 36
22 6 April 8 April 6 April 11 April 16 11 4 White 12 44
1 7 April 5 April 6 April 11 April 15 10 3 White 20 30
2 7 April 5 April 6 April 10 April 14 9 4 White 25 30
3 7 April 6 April 5 April 10 April 15 11 4 White 7 31
4 7 April 5 April 7 April 12 April 16 10 4 White 9 35
6 7 April 7 April 5 April 9 April 14 10 4 White 5 32
7 6 April 8 April 6 April 10 April 14 9 3 Pink 7 28

Table 5: A sample form for recording pomological characteristics
Sahand Orchard Research Station      Almond Hybrid Orchard #1, Year 2001
Form for Recording Characteristics of Trees and Fruits

Tree Code
------------------------------ Fruit ripening time Ease of Ease of Performance Fruit Fruit Shell Marks Crack (%) of
Block No. Row No. (from blooming) harvesting removal of husk rate size shape color on shell on shell soundness
20 1 122 5 5 3 3 3 5 5 5 65%
21 1 120 5 7 5 5 3 5 3 0 70%
22 1 116 5 5 4 5 4 3 9 5 60%
23 1 118 5 5 1 5 1 7 5 0 75%
24 1 117 7 7 3 5 4 5 5 0 65%
1 2 115 7 5 5 5 2 5 3 0 85%
6 2 117 5 7 3 5 2 3 5 0 60%
7 2 123 5 7 7 3 3 5 3 0 60%
8 2 117 7 5 3 3 4 5 3 0 70%
9 2 116 7 5 1 5 3 5 5 0 65%
10 2 122 5 7 7 5 4 5 3 0 60%
Tree Code
---------------------------- Ease of Shell Weight of Kernel % of Kernel Pubescence % of double (%) of Kernel
Block No.  RowNo. shell removal strength 50 fruits weight kernel size on kernel kernel twin kernel taste
20 1 0 7 54 33 61% 3 5 0 0 Good
21 1 0 3 94 31 33% 5 3 0 0 Medium
22 1 0 7 82 44 54% 5 5 0 0 good
23 1 0 5 101 39 38% 5 5 0 0 good
24 1 0 1 114 41 36% 5 5 2% 0 good
1 2 0 3 110 42 38% 5 5 0 0 medium
6 2 0 5 128 44 34% 5 5 0 0 good
7 2 0 3 77 26 33% 3 5 0 0 good
8 2 0 3 91 38 42% 3 5 0 0 medium
9 2 5 5 102 42 42% 5 5 4% 0 medium
10 2 0 3 65 24 37% 5 5 0 0 good

Table 6: Overall results of recorded vegetative characteristics of almond hybrid genotypes in 1999, 2000, 2001 and 2002
Sahand Orchard Research Station
Full bloom Flowering duration in the population Ripening date of fruit from full bloom time (days)
------------------------------ ---------------------------------------------- Average flowering -----------------------------------------------------------------------------
First Last Start of End of Duration duration for hybrid Earliest Genotype Latest Genotype

Year genotype genotype flowering flowering (days) genotypes ripening (days) code ripening code
1999 March 31 April 16 March 27 April 22 26 10.5 days 116 days 9-21 8-12 136 days 4-9
2000 April 3 April 13 April 3 April 22 19 10.1 days 112 days 8-12 9-21 130 days 4-9 5-10
2001 March 13 April 2 March 13 April 14 24 10.0 days 114 days 8-12 8-8 126 5-10
2002 March 13 April 9 March 14 April 19 28 14.4 days 115 days 8-12 10-6 126 days 5-10 6-1
-The average annual growth of shoots during years of 99 to 2001 was between 25 to 30 centimeters and mean annual growth of trunk diameter was between
2.4 to 2.8 centimeters, which are rather good with respect to poor soil condition at Sahand Horticultural Research Station 
-Color of petals in three classes of white, pinkish and pink was observed to be 94%, 2% and 4% respectively 
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Table 7: Comparison of starting and termination of flowering of hybrid genotypes with their parents 

Year 2001 Year 2000
-------------------------------------------------------------- -------------------------------------------------------------------

No. Variety Start of blooming Full Bloom End of Blooming Start of blooming Full Bloom End of Blooming

1 Managga March 17 March 25 April 1 April 2 April 8 April 13
2 Azar March 23 March 30 April 8 April 6 April 12 April 19
3 Harir March 23 March 30 April 8 April 6 April 12 April 19
4 Shekoofeh March 30 April 5 April 12 April 12 April 17 April 22
5 Nonpareil March 27 April 2 April 11 April 11 April 16 April 22
6 Ferragnes March 30 April 5 April 13 April 12 April 17 April 26
7 Yalda March 24 April 2 April 8 April 6 April 15 April 20
8 Sahand March 31 April 6 April 13 April 13 April 17 April 21
9 A200 March 29 April 4 April 12 April 11 April 16 April 25
10 A230 March 29 April 4 April 12 April 11 April 16 April 25
11 Range of blooming of hybrid population March 23 April 15 April 4 April 24
12 Date of blooming of the latest hybrid genotype April 4 April 10 April 15 April 14 April 20 April 24

Table 8: A sample form for assigning values for different traits of hybrid genotypes during different years 

Marks Cracks % of % of Peak
Ripening Ease of Ease of Prod. Fruit Fruit Shell on on % of in Shell % Kernel Pubescence double % of Kernel blooming Total

Year Block Row date harvest shelling rate size shape color shell shell soundness shell softness kernel texture on kernel kernel twins taste date points

99 3 1 -1 1 3 3 1 1 1 0 0 3 0 -1 3 -1 -1 3 1 1 3 20
99 5 1 -1 3 1 7 1 -1 3 0 0 0 0 1 -1 -1 -1 1 1 1 1 15
99 12 1 -1 1 3 3 -1 3 3 0 1 0 -1 3 3 3 3 -1 1 1 1 25
99 13 1 -1 1 1 1 3 1 3 0 0 3 0 -1 1 1 1 3 1 0 1 19
99 19 1 -1 1 3 9 1 1 1 0 0 0 0 -1 1 1 3 3 1 0 1 24
99 22 1 -1 1 -1 1 1 3 3 1 1 3 0 3 3 3 3 3 1 1 1 30
99 7 2 -1 1 3 5 -1 1 1 0 0 3 0 -1 -1 1 1 1 1 0 1 15
99 8 2 -1 1 1 1 1 1 1 0 0 3 0 -1 1 1 1 1 1 1 1 14
99 10 2 -1 1 1 1 1 3 1 0 0 3 0 -1 -1 -1 1 3 1 0 1 13
99 13 2 1 -1 -1 1 -1 1 1 1 1 3 -1 3 3 1 -1 -1 1 1 1 13
99 14 2 1 3 3 1 1 3 1 1 1 3 -1 3 3 -1 -1 1 1 1 1 25
99 18 2 1 3 1 1 -1 3 1 1 1 3 -1 3 3 1 -1 3 1 1 1 25
99 20 2 1 1 1 3 1 3 1 0 0 3 0 1 1 1 1 3 1 0 1 23
99 21 2 1 1 1 3 -1 3 -1 1 1 3 -1 3 3 1 -1 3 1 0 1 22
99 23 2 1 3 3 1 3 3 1 0 1 0 -1 3 3 1 1 -1 1 1 1 25
99 7 3 1 1 3 1 1 3 3 1 1 3 -1 3 3 1 1 3 1 0 1 30
99 9 3 1 3 3 5 3 3 3 0 0 3 0 -1 3 1 1 -1 1 3 1 32
99 11 3 1 1 3 5 3 1 3 0 0 3 -1 3 3 1 3 1 1 3 3 37
99 12 3 1 -1 3 1 -1 1 3 0 0 0 -1 3 3 -1 1 3 1 0 3 19
99 15 3 1 1 -1 1 1 3 -1 0 0 3 -1 3 3 -1 1 -1 1 1 3 17
99 17 3 1 1 1 3 -1 1 3 1 0 3 -1 3 3 1 -1 3 1 1 1 24
99 18 3 1 1 1 1 -1 -1 3 0 0 3 -1 1 3 -1 -1 -1 1 1 1 11
99 19 3 1 1 1 1 1 3 1 0 0 0 0 1 1 -1 1 3 1 0 1 16
99 20 3 1 1 -1 3 -1 3 1 0 0 0 -1 3 3 -1 1 3 1 0 3 19
99 21 3 1 3 1 3 1 -1 1 0 0 3 0 -1 1 -1 -1 3 1 0 1 15

In the third stage nineteen important economical Ease of Harvest: code 3 was assigned -1, code 5 was
traits were chosen as the parameters of the selection and assigned +1 and code 7 was assigned +3. 
each and every one of these traits was assigned points
according to the followings: Ease    of     Removal:     code     3    was     assigned    -1,

Time  of  Fruit  Ripening: thirty percent of the population assigned +3. 
which had the latest harvest date was assigned -1, forty
percent of population which assigned +l and the other Performance Rate: the code number represents related
thirty percent which had earlier harvest were assigned +3. point(s).

code  5  was  assigned  +1  and  finally  code 7 was
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Table 9: List of twenty superior genotypes of the first phase of study for
production of late flowering almond varieties by hybridization
Sahand Hort. Res. Station

NO. Genotype code Combination of parents Total points gained
1 8-13 Fr x Np 37.0
2 10-4 AH50 x AH3 36.0
3 3-11 AH50 x Np 35.3
4 10-16 AH50 x AH3 3405
5 2-19 AH50 x Np 34.0
6 8-10 AH50 x AH3 33.3
7 2-23 AH50 x MN 32.5
8 7-3 Fr x MN 32.0
9 1-22 Fr x Np 32.0
10 2-18 AH50 x Np 31.5
11 8-6 AH50 x AH3 31.05
12 8-8 AH50 x AH3 31.03
13 8-21 AH50 x AH3 31.03
14 2-20 AH50 x Np 30.5
15 3-3 AH50 x Np 30.5
16 7-17 AH50 x MN 30.5
17 8-17 AH50 x AH3 30.3
18 3-17 AH50 x Np 30.3
19 1-3 Fr x Np 30.0
20 10-3 AH50 x AH3 30.0

Fruit Size: Code 3 was assigned -1, code 5 was assigned
+1 and code 7 was assigned +3. 

Fruit Shape: codes 1 was assigned -1, codes 2 and 3 were
assigned +1 and codes 4 and 5 were assigned +3. 

Color of Shell: codes 1 and 3 were assigned +3, code 5
was assigned +1 and code 7 was assigned -1. 

Marks on Shell: only code 9 was assigned +1 and the
other codes were not assigned any points. 

Presence of Crack on Shell: codes 1 and 5 were assigned
-1 and the rest were assigned zero points. 

Percentage of Kernel Soundness: seventy five percent
and less were assigned +3. 

Shell Retention: codes 1 and 3 were assigned -1, code 5
was assigned +1 and code 7 was assigned +3 points. 

Shell Strength: codes 5 and 9 were assigned -1 and the
rest were assigned zero. 

Percentage of Kernel: over 45% kernel was assigned +3,
between 35% and 45% kernel was assigned +1, between
30% and 35% kernel was assigned -1 and less than 30%
was assigned -3. 

Kernel Texture: codes 1 were assigned +3, codes 5 were
assigned +1, codes 7 and higher codes were assigned -1.

Presence of Pubescence: Code 0 was assigned +3, code
5 was assigned +1 and code 7 was assigned -3. 

Percentage of Double Kernel: code 0 was assigned +3
and codes 0 to 3 were assigned -1. 

Percentage of Twin Kernel: Code 0 was assigned +1 and
codes over 0 were assigned -1. 

Kernel Taste: Code representing average taste was
assigned  zero, code representing good taste was
assigned +1 and code representing very good taste was
assigned +3. 

Peak Date of Blooming (Which Is One of the Good Traits
Against Spring Cold Damage): For thirty percent of the
hybrid population which had later date of blooming than
the others and had blooming date similar to their parents
or later than them +3 was assigned, for forty percent of
the population, which had average date of blooming +1
and for the rest which had early date of blooming -1 were
assigned [15]. 

In the fourth stage of the research, defined codes and
points were entered into computer software specially
designed for the purpose and grading of each genotype
for each and every trait was done by addition of plus
points and subtraction of negative points. Table 8
represents sample evaluation of points for nineteen
important economical traits for each genotype. 

RESULTS

In the hybridization program during 1992 and 1993,
from 14 different combinations of crosses over 700 hybrid
seeds were obtained, which were almost equal to 17% of
pollinated flowers and at the end of the fourth year 288
hybrid seedling were in the stage of growing.

From 1997  vegetative  traits  and   from 1998
pomological   characteristics   (fruit   and  kernel
characteristics) were recorded for three consecutive years.
For this purpose, eight pomological characteristics and
twenty one fruit/kernel characteristics were recorded
according to IBPGR descriptor.

In the evaluation and comparison of vegetative traits
for four years, it was found that the earliest blooming
genotype among the population bloomed five days later
than the earliest blooming commercial variety and the
latest flowering hybrid genotype bloomed two days later
than the latest flowering commercial variety of Sahand
and Ferragnes.

The average flowering duration for each under-study
genotype was evaluated to be 10.5 days and the same for
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commercial varieties was evaluated to be thirteen days in 2. East Azarbaijan Jahad-E-Keshavarzi Organization,
the same climatic conditions. Anonymous, 2001, Statistics of Under-cultivation

In evaluating the ripening date it was noticed that the Land and  Production  of  Agriculture/Orchard
earliest ripened hybrid genotype were genotypes 9-12 and Products in Planting Year of 2000-2001, Planning
8-12, which their average ripening date from the peak of Management.
their flowering was 114 days and the latest ripening 3. Arshi, Y. and D. Sharafatian, 2002. Almond
genotypes; genotypes 4-9 and 5-0, the ripening date from Production Manual, Applied Agriculture Science
the peak of their blooming was 129 days. Publication, 1: 184.

Based on grading system for traits and assigning 4. Bennett, Ch., 1999. Almond Industry Profile in
points for different traits based on their degree of Australia, NUCIS, 8: 17-18.
importance in the form of computer software, three years 5. Kester, D.E. and T.M. Gradziel, 1998, University of
of data were analyzed and twenty genotypes were California, Almond Breeding Program, T. Historical
identified and then introduced as the superior genotypes Aspects, NUCIS 7: 8-10.
of the first phase. 6. Chaichi,  S.,   1999.   Genetic  Modification of

In the year 2000, twelve genotypes which had shown Almond,  the  First  National  Symposium on
promising signs during 1998 and 1999, were propagated Almond,  Agriculture  Training  Publication, 1: 30.
and planted in two different cities along with three 7. Chaichi, S. and S. Eskandari, 1999. Evaluation of
commercial varieties as a C-test under a research adoptive Native Cultivars of Almond in East Azarbaijan
program. It is worth mentioning that six of these Province from View Point of Late Flowering and
genotypes were among the final selected superior Quality of Kernel, The First National Symposium on
genotypes. Almond, Agriculture Training Publication, 1: 42.

At the end, it is worth mentioning that the twenty 8. Gradziel, T.M. and D.E. Kester, 1999. University of
superior genotypes, which were propagated to be planted California, Almond Breeding II: Breeding Objectives
in almond producing regions of the country including and Projects, NUCIS., 8: 10-14. 
Chahar- Mahal-Bakhtiary, Tehran, Semnan and East 9. R. Socias i Company, 1998a, Quantitative Traits in
Azarbaijan, have been under study and evaluation in a Almond Trees, NUCIS., 8: 18-20.
national research program which started in mid 2005. 10. Dejampour, J. and S. Chaichi, 1999. Study on Two

CONCLUSION First National Symposium on Dry Fruit, Agriculture

Although the maternal varieties and pollen donors 11. Chaichi, S. and N. Hassan-zadeh, 2002. Manual for
selected for this research study were mostly commercial Planting,  Growing  and Harvesting Almond, Office
varieties known in the region and even in the world, the for Educational Technology Services.
progenies resulted from the hybridization showed some 12. Eskandari, S. and S. Chaichi, 1999. Evaluation of
superior traits compared to their parents. It was also Hybrid Progeny of Almond and Introduction of
noticed that some of the more valuable and important Promising Clones in Sahand Horticulture Research
traits such as flowering date, ripening date and fruit/kernel Station, The First National Symposium on Almond,
characteristics were better than the commercial varieties. Agriculture Training Publication, pp: 31.
It is also expected that the introduced hybrids of this 13. Eskandari, S., 1998. Producing Late Flowering
research study will show a good compatibility in different Varieties of Almond by Hybridization, Research
climatic regions in Iran. Report, East Azarbaijan Agriculture Research Center.

The results obtained from this research study in 14. Anonymous Almond Descriptors, 1984. IBPGR,
conjunction with the obtained data can be further utilized International Plant Genetic Resources Institute,
in new research studies with biotechnology and molecular Rome, Italy.
marker procedures towards further improvement of 15. Eskandari,  S.,  2002. Evaluation  of  Characteristics
almond. of Promising Hybrid Genotypes of Almond in
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