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Abstract 

Background and objectives: Reproduction (regeneration) is a fundamental process that drives the dynamics of a forest, 
occurring continuously in a healthy and natural forest with a specific spatial and temporal pattern. Natural regeneration 
poses significant challenges in Zagros forests, Iran. This research was undertaken to examine and analyze the current state 
of reproduction of tree and shrub species in the monitoring sample plots of Zagros forests. This study, while scrutinizing 
the species composition, origin, distribution curves, and health of seedlings and saplings, explores the interrelationship 
between reproduction and nurse species. It will serve as the foundation for long-term studies that determine the temporal 
changes in reproduction and its characteristics in the Zagros forests. 
Methodology: This research was conducted in the permanent monitoring plots of Zagros, spanning from West Azerbaijan 
to Fars province. A total of 120 sample plots of 100 square meters were studied within these plots. Each province had 30 
studied sites in the typical forests, with 10 of them located in the protected forests. The variables studied included 
reproduction density by species, origin and type of reproduction, nurse species, height of seedling, terminal bud, and health 
status of reproduction. A height of 0.5 meters was set as the criterion to distinguish reproduction. The t-test was used to 
compare parametric data in two groups, while the Kruskal Wallis and Mann-Whitney U tests were employed for non-
parametric data. 



Results: In the studied area, the reproduction of 20 forest tree and shrub species was recorded, and the density of seedlings 
and saplings was calculated to be 366 plants per hectare. However, the reproduction was not uniformly distributed, with 
37% of the sample plots lacking reproduction. The abundance distribution diagram in the height classes revealed a decrease 
in the number of oak (Quercus spp.) and hawthorn (Crataegus spp.) reproduction with a height of less than 5 cm. Of the 
total number of recorded reproduction, 72.5% originated from seeds and 25% were shoots. Overall, 66% of reproduction 
was dependent on nurses, with oak, hawthorn, stone, and rock playing the greatest roles as nurses. Stones and rocks played 
a more significant role in the revival of seedlings. Cerasus microcarpa (C.A.Mey.) Boiss., Q. infectoria Oliv., and Q. libani 
Oliv. had the highest dependence on the nurse, while Pyrus spp., Daphne mucronata Royle, and Crataegus spp. had the 
least dependence on nurse species. Reproduction sheltered by nurses was significantly healthier than those without nurses. 
Also, reproduction sheltered by stones and rocks had a higher health rate than reproduction sheltered by trees, although 
this difference was not significant. Lonicera nummulariifolia Jaub. & Spach, Fraxinus angustifolia Vahl, and Acer 
monspessulanum L. had the worst condition in terms of reproduction. Despite the presence of mature trees, they had no 
reproduction (L. nummulariifolia and F. angustifolia) or had very low reproduction (A. monspessulanum). The results 
showed that the number of reproduction in protected sites was higher than non-protected sites. Although this difference 
was not significant, the reproduction in the protected sites was significantly healthier. 
Conclusion: The results indicated that the reproduction in the Zagros forests is not in a normal situation. However, given 
suitable spatial and temporal conditions, reproduction occurs and establishes. Although in conditions of disturbance and 
overgrazing, reproduction attempts to survive by taking shelter near stones, pits, or under thorny shrubs, the conservation 
of the forest stand by maintaining the tree canopy (oak, hawthorn, and other species) and the forest’s natural structure 
provides the best conditions for the establishment and survival of reproduction, thereby ensuring the sustainability of the 
ecosystem. 
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Figure 1. The studied plots in different provinces in the Zagros forests, Iran 
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Table 1. Reproduction in the monitoring plots of Zagros oak forests  
Percentage of 
each species  

Stem/ha  Species  
Percentage of 

each genus  
Stem/ ha  Genus  

30.4  111 Quercus brantii Lindl. 
49.2  180  Quercus 9.8  36 Quercus infectoria Oliv. 

9  33 Quercus libani Oliv. 
11.2  41 Crataegus azarolus L. 

20.5  75  
Crataegus 
 

4.4  16 Crataegus pseudoheterophylla Pojark. 
1.4  5 Crataegus ambigua A.K.Becker 
3.5  13 Crataegus sp. 

11.5  42 Daphne mucronata Royle 11.5  42  Daphne 

3  11 Pyrus syriaca Boiss. 
6  22  Pyrus 

3  11 Pyrus glabra Boiss. 

3.8  14 
Cerasus microcarpa (C.A.Mey.) Boiss. 
(Prunus microcarpa C.A.Mey.) 

4.1  15  Cerasus 

0.3  1 
Cerasus mahaleb L. 

(Prunus mahaleb L.) 

1.6  6 
Amygdalus scoparia Spach 
(Prunus scoparia (Spach) C.K.Schneid.) 

4.1  15  
Amygdalus 
 

1.6  6 
Amygdalus lycioides Spach 

(Prunus lycioides (Spach) C.K.Schneid.) 

0.8  3 
Amygdalus elaeagnifolia Spach 
(Prunus elaeagnifolia (Spach) Fritsch) 

2.2  8 Cotoneaster spp. 2.2  8  Cotoneaster 

1.1  4 Colutea sp. 1.1  4  Colutea 

0.8  3 Pistacia atlantica Desf. 0.8  3  Pistacia 

0.5  2 Acer monspessulanum L. 0.5  2  Acer 

100  366  100  366  Sum 
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Figure 2. The abundance of sample plots with 

different reproduction density  
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Figure 3. Reproduction origin in general and by 

species  
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Figure 4. Distribution of reproduction abundance 

by species in height classes 
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 Figure 5. Nurse species and their portion in 

protection of reproduction  
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Table 2. Dependence of different species reproduction on the nurse and the results of the statistical test 

Nurses and the percentage of support by each Standard 
deviation  

Dependence 
 on the nurse

,21  
Seedling and sapling 

species Other species  Stone, rock, pit, etc.  Hawthorn  Oak  No nurse 

Cerasus microcarpa (6) -  -  75  19  0.39 a 0.82 Cerasus microcarpa 

- -  32  49  19  0.39 a 0.81  Quercus infectoria 
- 20  22.5  35  22.5  0.42 a 0.77  Quercus libani 
- 9  5  58  28  0.44  a 0.72  Quercus brantii 
Amygdalus scoparia (18) 53  -  -  29  0.46  a 0.71 Amygdalus spp. 

- 11  40  6  43  0.49   0.57 ab Crataegus spp. 
Astragalus gossypinus (34) 18  -  4  44  0.5  ab 0.56  Daphne mucronata 
Pyrus spp. (11) -  -  4  85  0.36  b 0.15  Pyrus spp. 

     Chi-square = 45.96         df = 7       Sig. = 0.000 
 9  14  52  25  Quercus spp.3 

1 The common letters show no significant difference among groups. 
2 The numbers in the column range from 0 to 1. A number close to 1 means the most dependence and a number close to 0 means the least dependence on the nurse. 
3 Average of three oak species 

  

 L��3-  �	�7�   `'M; `�5K���/���C� �	 =�EN���
S�( 

Table 3. Healthiness of seedlings and saplings by species 

Statistical test  Standard 
deviation  

Average of 
healthiness 
ranking 1,2 

Percentage of different ranks of healthiness 

Seedling and sapling species  3 
Weak and 
unhealthy 

2 
Intermediate 

health 

1 
Healthy 

Chi-square = 59.28 
df = 7 
Sig. = 0.000  

0.44  a 1.25  0  26  74  Quercus infectoria  
0.46  a 1.29  0  29  71  Cerasus microcarpa 
0.46  a 1.3  0  30  70  Quercus libani  
0.58  ab 1.45 4  37  59  Quercus brantii 

0.56  ab 1.55  3  49  48  Crataegus spp. 
0.71  ab 1.53  12  29  59  Amygdalus spp. 
0.4  b 1.8  0  81  19  Pyrus spp. 
0.3  b 1.9  0  90  10  Daphne mucronata 

  0.45  1.5  3  45  52  All species  
1 The common letters show no significant difference among groups. 
2 A smaller number means more health. 
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Table 4. Comparison of reproduction origin in terms of health 

Statistical test  Standard 
deviation  

Average of 
healthiness 
ranking 1 

Percentage of different ranks of healthiness 

Origin of reproduction 
3 

Weak and 
unhealthy 

2 
Intermediate 

health 

1 
Healthy 

Chi-square = 2.02  
df = 2 
Sig. = 0.364  

0.54  1.48 ns 2.5  43.5  54  Seed 

0.55  ns 1.56 2.4  51.2  46.4  Root sucker 
0.56  ns 1.57 5.7  48.6  45.7  Stump sprout 

1 A smaller number means more health.                           

  

 L��5–  `'M; �<���'���/���C�   ��?;�* `���/ `����	 �@ 

Table 5. Comparison of reproduction health with and without nurse support  

Statistical test  Standard 
deviation  

Average of 
healthiness 

,21ranking  

Percentage of different ranks of 
healthiness   

Nurse 3 
Weak and 
unhealthy 

2 
Intermediate 

health 

1 
Healthy 

Chi-square = 27.31  
df = 3 
Sig. = 0.000  

0.54  a 1.67  3.4  60.3  36.3  No nurse   
0.53 b 1.33 4.1  28.6  68.2  Stone, rock, pit, etc.  
0.53  b 1.42 2.2  37.9  59.9  Oak 

0.52  b 1.39 1.5  36.4  62.1  Hawthorn   
1 The common low letters show no significant difference amongst groups. 
2 A smaller number means more health. 

  

 L��6-  �<���'���/���C�  �7������+�( b�U��c  b�U 

Table 6. Comparison of reproduction in protected and typical sites  

Statistical test Standard 
deviation 

Typical 
sites 

Standard 
deviation 

Protected 
sites 

Quantitative and qualitative factors of 
reproduction 

t = 1.86; df = 74.5; Sig. = 0.067 5.1  ns 3  5.4  ns 4.9  Average of reproduction density / plot 
t = 0.48; df = 73; Sig. = 0.631 5.2  ns 4  5.2 ns 4.6 Average of seed reproduction density / plot 1 
t = 1.25; df = 58.4; Sig. = 0.214 1.5  ns 1.3  2.2 ns 1.9 Average of coppice reproduction density / plot 1 
Mann-Whitney U = 17266.5; Sig. = 0.000 0.54  b 1.63 0.52  a 1.35  Average of healthiness ranking 2,3 

1 To compare the origin of reproduction, only the sample plots with reproduction are included in the analysis. 
2 The common letters show no significant difference amongst groups. 
3 A smaller number means more health. 
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