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Abstract
Introduction

Back saxaul (Haloxylon aphyllum) is a treelike shrub from the Chenopodiaceae family adapted to
desert and arid conditions and has long been of interest. Selection of superior and compatible
genotypes of this species has a great impact on the development of the country's hawthorn forests.
Given the function of this species in stabilizing sand and reducing wind speed, selection traits
such as height, trunk diameter, and canopy diameter of shrubs are of great importance. The degree
of success in improving these traits and selecting superior rootstocks depends on the extent of
genetic variation and their relationship to each other. This study aimed to investigate the amount
and nature of genetic diversity and the response to two cycles of selection for the aforementioned
traits in Haloxylon aphyllum.

Materials and Methods

In order to genetically improve black saxaul, three cycles (5-year selection with a total of 15
years) were conducted on a black saxaul population with a high genetic variation for shrub height,
trunk diameter, and canopy diameter at the Besat Sand Stabilization Station in Qom, Iran. In the
first phase, starting in 1997, 27 genotypes were selected from different regions of the country. 40
pots were planted from the seeds of each Shrub. The seedlings were transferred to the main field
in early spring and data were recorded in the fifth year. In the second phase (starting in 2005) and
the third phase (beginning in 2012), 19 and 9 superior genotypes were selected and their seedlings
were planted in a randomized complete block design with three replications, respectively. In all
three phases, shrub height, trunk diameter, and canopy diameter were measured in the fifth year.
Analysis of variances was performed on the basic population and selected populations in the first
and second generations. The genetic and environmental variances were estimated using expected
mean squares (EMS, and broad-sense heritabilities (h2b) of the traits were calculated. To ensure
the success of selection during two consecutive generations, the real heritability (h?r) was used to
predict the response to selection (h?r = R/S), where R is the response to selection and S is the
selection differential. Finally, the narrow sense heritability (h%op) was estimated from the
regression of parent on offspring during two consecutive generations. The heritability was
estimated assuming diploid inheritance of the materials used, random sampling from the basic
population, absence of epistasis, and balance of genes in terms of genetic linkage.
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Results

The results of the analysis of variance three generations showed significant variations between
genotypes in the base population and the selected G1 generation. But, in the G2 generation, there
was no significant difference between the selected populations. This result was expected because
in the second generation, the number of selected genotypes was reduced to 9 populations and
since all of them were selected for their superiorities and therefore, the difference between them
was not significant. The estimated broad sense heritability (h?b) based on the analysis of variance
between genotypes was high for all three traits in the base population and the G1 generation with
values ranging from 0.66 to 0.78. However, in the G2 generation, its value dropped to less than
0.40. The narrow sense heritability (h%;) from the regression of parent on offspring was relatively
high (base population and the G1 progeny), with values of 0.94, 0.88, and 0.76, for shrub height,
trunk diameter, and canopy diameter, respectively. However, in the second generation, the narrow
sense heritability (h?op) of (the parent G1 and the G2 progeny) was relatively low and moderate.
The real heritability (hr) obtained from the ratio of the response to selection to the selection
difference was relatively high in the G1 and G2 generations and ranged from 0.45 to 0.96.

Conclusion

After two generations of direct selection, the response to selection was significant and the average
of the studied population increased for shrub height (from 188.93 to 205.95 cm), trunk diameter
(from 58.05 to 63.78 cm) and canopy diameter (from 219.19 to 246.59 cm). Since the amounts of
three heritabilities (h%, h%p and h%) were more and less similar, it was concluded that the studied
traits are genetically controlled by additive genes and the response of selection for these traits is
positive, indicating the possibility of improving breeding new varieties in black saxaul. Also,
genotypes P12, P13, P1s, P10 and P2, could be planted in windy areas for dust control due to their
superiority in terms of shrub height. On the other hand, the use of genotypes P12, P14, P1s, P1g and
P2, is recommended for stabilizing quicksand in desert areas due to their superiority and
appropriate response to selection in terms of trunk diameter and canopy diameter. In this regard,
the establishment of seed orchards is necessary for the conservation and sustainable use of
selected genotypes in arid and semi-arid areas of the desert margins of Iran.
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Table 1- Treatment number and collection location of evaluated Haloxylon aphyllum genotypes

The seed origin in

The seed origin in

Genotype No Code The base generation treatment No Code The base generation

1 P1 Yazd 1 15 P15 Semnan 7

2 P2 Yazd 2 16 P16 Semnan 8

3 P3 Yazd 3 17 P17 Semnan 9

4 P4 Yazd 4 18 P18 Sistan 1

5 P5 Yazd 5 19 P19 Sistan 2

6 P6 Yazd 6 20 P20 Sistan 3

7 P7 Yazd 7 21 P21 Sistan 4

8 P8 Yazd 8 22 p22 Sistan 5

9 P9 Semnan 1 23 P23 Sistan 6

10 P10 Semnan 2 24 P24 Kerman 1

11 P11 Semnan 3 25 P25 Kerman 2

12 P12 Semnan 4 26 P26 Kerman 3

13 P13 Semnan 5 27 p27 Kerman 4

14 P14 Semnan 6
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Table 2. Expectations of mean squares (EMS), estimation of variance components, and broad sense heritability
(h2b) in three generations of Haloxylon aphyllum genotypes.
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Table 3. Analysis of variances of studied traits in population of base (Go) generation and estimation of variance
components and broad sense heritability (h’b) in Haloxylon aphyllum.

Sources of variation DF MS
Shrub height Shrub diameter Crown diameter
Genotype 26 3202.1 337.6™ 3780.0
replication 2 1805.5 115.0 3147.1"
Error 52 787.5 114.9 1005.6
CV% 14.97 18.47 14.47
Variance components
Genetic variance (c?%) 804.8 74.23 924.8
Environment variance (c%) 787.5 114.9 1005.6
Phenotype variance (c%) 1592.3 189.13 1930.4
Broad-sense heritability (h%b) 0.75 0.66 0.73

* K%

, + Significant at 5% and, 1%, probability levels, respectively.
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Table 4. Analysis of variances of studied traits in the
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population of generation 1 (G1) and estimation of variance

components and broad sense heritability (h’b) in Haloxylon aphyllum.

Sources of variation DF MS
Shrub height Shrub diameter Crown diameter

Genotype 18 3008.4™ 396.6™ 4604.6™
replication 2 1982.96 179.42 2204.75
Error 36 1027.84 112.01 1012.37

CV% 16.09 17.62 14.14

Variance components

Genetic variance (c%) 660.20 94.88 1197.41
Environment variance (%) 1027.84 112.01 1012.37
Phenotype variance (c%) 1688.04 206.89 2209.78

Broad-sense heritability (h?b) 0.66 0.72 0.78

* **x

, + Significant at 5% and, 1%, probability levels, respectively.
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Table 5. Analysis of variances of studied traits in the population of generation 2 (G2) and estimation of variance
components and broad sense heritability (h’b) in Haloxylon aphyllum.

Sources of variation DF MS
Shrub height Shrub diameter Crown diameter

Genotype 8 1009.7™ 147.1m 2343.7™
Replication 2 3413.9 222.37 1726.93
Error 16 644.34 92.16 1339.18

CV% 12.25 14.42 13.69

Variance components

Genetic variance (%) 121.82 18.33 334.53
Environment variance (%) 644.34 92.16 1339.18
Phenotype variance (c%) 766.16 110.49 1673.71

Broad-sense heritability (h%b) 0.36 0.37 0.38

ms, *» Non-significant and significant at 5% probability levels, respectively.
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Table 6. Means of Shrub height (cm) in selection of three generations of Haloxylon aphyllum for estimates of
selection differential (S) and response to selection (R)

Base Base Selected Selected Response to Selected Selected Response to
Population Population plants GO plants GO Selection plants G1 plants G1 Selection
(GO) code mean (G0) code mean (G1) code mean (G2)

P1 198 b-e P1 198.00 ¢ 202.83 P1 202.83 ¢ 204.60
P2 2109 P2 210.00 ¢ 184.00 P6 198.00 b 194.70
P3 147 ©f P5 168.33¢f 173.83 P10 232.831 208.20
P4 160 ©f P6 204.33 ¢ 198.00 P12 216.00% 246.53
P5 168 ©f P7 195.00 - 238.50 P14 21850 192.60
P6 204 b P8 172.00¢f 163.00 P18 221.33%® 223.73
P7 195 b-e P9 158.33¢f 143.67 P19 207.33 2bc 196.20
P8 172 ¢f P10 220.00 ¢ 232.83 P20 169.00°¢ 178.20
P9 158 ¢f P11 212.33¢de 226.83 P22 198.33¢ 208.77

P10 220 ¢ P12 258.332 216.00

P11 212 cde P13 233.67% 227.33

P12 258 2 P14 220.33 2¢ 218.50

P13 233 P15 189.00 ¢ 172.83

P14 220 ac P16 124.33F 172.67

P15 189 b-e P17 212.00 ode 185.83

P16 124 F P18 237.00% 221.33

P17 212 cde P19 182.00 ¢ 207.33

P18 237°%® P20 195.00 ¢ 169.00

P19 182 be p22 234.00% 198.33

P20 195 b-e

P21 173 ¢f

p22 234 %

P23 169 ©f

P24 148 ¢f
P25 157 def
P26 155 def
P27 171 ¢f
Mean 188.93 Mean 201.26 197.51 Mean 207.13 205.95

GO0, G1 and G2, are Generation 1, 2 and 3, respectively.
Means followed by the same letters are not significantly

different (P<0.05).
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Table 7. Means of Shrub trunk diameter (mm) in the selection of three generations of Haloxylon aphyllum for
estimates of selection differential (S) and response to selection (R).

Base Base Selected Selected Response to Selected Selected Response to
Population Population plants GO plants GO Selection plants G1 plants G1 Selection
(G0) code mean (G0) code mean (G1) code mean (G2)

P1 66 abc P1 65.67 a° 65.83 P1 65.83 abe 84.67
P2 61 ad P2 61.72d 63.67 P6 57.83bc 77.33
P3 48 bed P5 61.33ad 54.50 P10 66.33 ac 49.00
P4 57 bed P6 69.67 ac 57.83 P12 65.67 abe 57.67
P5 61 &d P7 57.00 2c 62.00 P14 74,50 71.00
P6 70 ¢ P8 51.67¢ 59.33 P18 70.17% 45.67
p7 53 bed P9 59.67 bed 53.83 P19 76.67°2 39.33
P8 47 P10 58.33 bed 66.33 P20 54.33¢ 82.33
P9 60 bed P11 52.33¢cd 47.33 P22 66.50 abe 67.00

P10 58 bed P12 73.67 2 65.67

P11 50 cd P13 61.33ad 72.33

P12 74 abe P14 64.0024 74.50

P13 61 &d P15 44334 54.67

P14 63 &d P16 54.00 bed 55.67

P15 449 P17 52.33bd 48.83

P16 54 bed P18 84.002 70.17

P17 4649 P19 59.33 bed 76.67

P18 842 P20 61.0024 54.33

P19 59 bed p22 81.332 66.50

P20 58 bed

P21 62 ad

P22 gla

P23 59 bed

P24 49«

P25 424

P26 54 bed

P27 55 bed

Mean 58.05 Mean 61.93 61.58 Mean 66.43 63.78

GO0, G1 and G2, are Generation 1, 2 and 3, respectively.

Means followed by the same letters are not significantly different (P<0.05).
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Table 8. Means of Shrub crown diameter (cm) in selection of three generations of Haloxylon aphyllum for
estimates of selection differential (S) and response to selection (R).

Base Base Selected Selected Response to Selected Selected Response to
Population Population plants GO plants GO Selection plants G1 plants G1 Selection
(G0) code mean (G0) code mean (G1) code mean (G2)

P1 249 be P1 249.67b° 223.00 P1 234.00b¢ 236.67
P2 214 cde P2 214.00 cde 243.33 P6 223.17%¢ 261.67
P3 177 d P5 227.67 b 192.00 P10 240.33% 256.33
P4 215 cde P6 277.00% 212.17 P12 241.00% 241.00
P5 227 bed P7 213.00 cde 208.33 P14 289.00° 246.00
P6 277 % P8 175.67 % 230.00 P18 275.002 212.33
P7 213 cde P9 242.00%° 187.67 P19 274.008 219.33
P8 175 P10 228.33 bed 221.83 P20 212.00¢ 281.67
P9 242 be P11 183.33% 193.00 P22 246.17% 264.33

P10 228 bed P12 245,67 ¢ 230.00

P11 183 d P13 208.00 cde 245.67

P12 246 P14 256.00 be 278.00

P13 208 cde P15 167.33¢ 192.67

P14 256 b P16 161.67 ¢ 174.83

P15 167 ¢ P17 201.00 ode 206.33

P16 162¢ P18 302.672 264.00

P17 201 cde P19 227.33 b 263.00

P18 302 P20 210.00 cde 191.33

P19 227 bed P22 285.67 235.17

P20 210 cde

P21 226 bed

p22 286

P23 220 bed

P24 185 d

P25 217 cde

P26 219 cde

p27 180 %

Mean 219.19 Mean 221.53 220.65 Mean 248.30 246.59

GO0, G1 and G2, are Generation 1, 2 and 3, respectively.

Means followed by the same letters are not significantly

different (P<0.05).
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Table 9. Summary of selection differential (S) and response to selection (R) for estimate realized heritability (h’r)
in the selection of three generations Haloxylon aphyllum.

Trait Generations Base Selected Generationl Selection Response to Realized
Population GO Plants GO G1 Mean Differential Selection Heritability

Mean (a) Mean (b) (c) S = (b-a) R= (c-a) h?r =R/S
Shrub height GO vs. G1 188.93 201.26 197.51 12.34 8.58 0.70
Glvs. G2 197.51 207.13 205.95 9.62 8.44 0.88
Trunk diameter GO vs. G1 58.05 61.93 61.58 3.88 3.53 0.91
Glvs. G2 61.58 66.43 63.78 4.85 2.20 0.45
Crown diameter GO vs. G1 219.19 221.53 220.65 2.34 1.46 0.63
Glvs. G2 220.65 248.30 247.29 27.65 26.64 0.96

GO0, G1 and G2, are Generation 1, 2 and 3, respectively.
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Table 10. Estimates narrow-sense heritability of Shrub height, trunk diameter and crown diameter from
offspring/parent regression in the selection of three generations Haloxylon aphyllum.

Traits Regression of Generation No. b value £ s.e p-value hZop

Shrub height Offspring (G1) vs. Parents (GO) 19 0.478+0.09 0.00 0.94
Offspring (G2) vs. Parents (G1) 9 0.241+0.13 0.05 0.48

Trunk diameter Offspring (G1) vs. Parents (GO) 19 0.440+0.10 0.00 0.88
Offspring (G2) vs. Parents (G1) 9 0.2V3+0.09 0.05 0.54

Shrub crown diameter Offspring (G1) vs. Parents (GO0) 19 0.389+0.09 0.00 0.76
Offspring (G2) vs. Parents (G1) 9 0.251+0.08 0.05 050

GO, G1 and G2, are Generation 1, 2 and 3, respectively.
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Table 11. Estimates broad sense heritability, realized heritability, and narrow sense heritability of Shrub height,
trunk diameter and crown diameter in the selection of three generations Haloxylon aphyllum.

Traits Broad sense heritability (h%) Realized heritability (h%) Narrow sense heritability (h?op)
(G0O) G1 G2 GO vs. G1 G1vs. G2 GO vs. G1 Gl vs. G2
Shrub height 0.75 0.66 0.36 0.88 0.94 0.48
Trunk diameter 0.66 0.72 0.37 0.45 0.88 0.54
Crown diameter 0.73 0.78 0.38 0.96 0.76 0.50

GO0, G1 and G2, are Generation 1, 2 and 3, respectively.
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