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Effect of planting interval and soil type on qualitative 
and quantitative characteristics of poplar (Populus nigra) 
plantations in Diwandareh (Kurdistan province, western Iran)
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ABSTRACT: We investigated the effects of planting interval and soil type on qualitative and quantitative charac-
teristics of seven poplar (Populus nigra) plantations with 1 × 1 m and 2 × 2 m planting intervals in Diwandareh. Pa-
rameters including diameter at breast height (DBH), total height, crown height, stem height, number of suckers and 
crown vitality were measured and compared regarding soil characteristics and planting intervals. A transect method 
with 10% sampling intensity was used for collecting data. Results showed significant differences in the qualitative and 
quantitative characteristics of poplar trees between planting intervals and soil physical characteristics. An increase 
of the interval decreased total height and crown height, while stem height, number of suckers and crown vitality of 
poplar trees increased. But DBH of poplar trees did not increase in these areas. Vegetative characteristics showed the 
strongest correlation with physical properties of soil rather than with the chemical ones. Soil properties had higher 
effects on quantitative and qualitative characteristics of the studied stands in comparison with planting intervals.
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Destruction of natural forests, increasing human 
population and the slow growth of most broad-
leaf forest species cause the wood requirements 
of various industries not to be satisfied in Iran. It 
justifies the importance of afforestation with fast-
growing and native species, including Populus ni-
gra (Pourbabaei et al. 2004). At present, there are 
190,000 ha of wood farming (150,000 ha of poplar 
and 40,000 ha of eucalyptus) that are mostly scat-
tered in northern, northwestern and western re-
gions. The current level of wood farming is only re-
lated to 25% of suitable lands for poplar plantations 
and about 75% of the potency of these areas is not 
utilized. The country’s per capita consumption of 
wood products, particularly paper, is 0.2 m3 (global 
average is 0.3 m3), so that regarding this amount 
and the population of 70 million, the current need 
of the country is 14 million cubic meters and about 
3 million cubic meters comes from poplar planta-
tions (Anonymous 2008). In afforestation systems, 
solving many problems before afforestation would 
be economical. One of the difficulties is maintain-
ing a uniform distance between the trees in a large 
plantation (Radcliffe et al. 1981). Understanding 

the proper pattern of spacing is very important to 
increase performance and reduce weeds (Baki et al. 
1995; Murphy et al. 1996; Knezevic et al. 2003). 
Harvest time and the dimensions of wood products 
depend on the plantation distance. If the purpose of 
poplar plantation is to produce the raw material for 
making plywood and for plywood mills or sawmills, 
the exploitation period will be longer and produc-
tion will be increased. If the aim is to use wood of 
smaller diameter and for local uses such as beams 
for buildings, electrical and telephone poles, and 
cellulose industries, it will require a shorter harvest 
period, so that the important factor in achieving 
this goal is shorter plantation distances (Hemmati, 
Modir Rahmati 2003). In this vein, Riahifar et 
al. (2008) observed the maximum height and di-
ameter growth for two species Populus deltoides 
and Paulownia fortunei at the spacing of 3 × 3 m. 
Shushtari et al. (2008) calculated the highest av-
erage crown diameter at the distance more than  
5 × 5 m. In another study, Rezayi (2011) achieved 
the smallest average diameter at breast height and 
total height at 2 × 2 m, 2 × 3 m and 3 × 3 m dis-
tance while Burgess et al. (2004) indicated the 
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maximum diameter at breast height and the mini-
mum height for the four poplar hybrids at 6 × 10 m 
distance. Soil is an important source of nutrients 
such as nitrogen, phosphorus, sulphur, sodium, 
magnesium, calcium and several micronutrients 
for vegetation (Donegan et al. 2001; Lal 2005). 
In some cases, soil characteristics such as pH and 
available nutrients influence the vegetation, and 
vegetative conditions and distribution of vegeta-
tion types in areas with slopes and different heights 
can be controlled through a variety of soil nutri-
ents (Wenqiang et al. 2010). It has been reported 
that poplar grows best on deep soils with medium 
texture (Schreiner 1959) and on light sandy soil 
(Wood, Hanover 1972). Kiadeliri et al. (2004) 
concluded that grey-brown podzolic and brownish 
forest soils with high organic matter are suitable for 
cultivation and development of the poplar forests. 
According to the research by Jaster (2005), the 
most appropriate growth status for hybrid poplar is 
achieved in soils with high pH (7 or higher). There-
fore, the present study tries to investigate these two 
factors and answer the question whether the soil 
type and different planting interval have any effect 
on the qualitative and quantitative characteristics 
of poplar plantations.  

MATERIAL AND METHODS

The study area for this research is located in Di-
wandareh, Kurdistan province. In this study, seven 
poplar plantation stands have been studied. One 
of the stands is in the village of Zaghe-Sofla, and 
two stands are in the village of Taze-Abad and four 
stands are located in the village of Gharedarre in 

the city of Diwandareh. A summary of the charac-
teristics of the stands is presented in Table 1.

Regarding Table 1, it is to explain that those plan-
tations which were selected for the study, were al-
ready planted by villagers in different plantation in-
tervals of 2 × 2 or 1 × 1 m. So it was not possible to 
find the stands equally in number in the two inter-
vals and running an experimental design. Accord-
ing to the statistics of the Zarrineh synoptic me-
teorological station (2001–2011), maximum and 
minimum temperatures in the region were 36.5°C 
and –23°C, respectively, and there were 272 dry 
days and 140 frost days. The average annual rain-
fall is 350–450 mm (Majidi 2010). There are five 
dry months that are June, July, August, September 
and October, and the average annual relative hu-
midity is 54% (Anonymous 2011). Because there is 
just one climate station in the study area, the pop-
lar stands were chosen close to each other, so dif-
ferences in climate data between the stands could 
be ignored. A transect sampling method with 10% 
intensity was used for sampling. The investigated 
information for each stand included geographical 
coordinates, altitude, stand area, slope, diameter at 
breast height (DBH), number of suckers around the 
collar, crown vitality, and the diameter of the thick-
est and thinnest sucker. Geographical coordinates, 
altitude, area were measured with GPS; slope and 
height of trees with Suunto clinometers; diameter at 
breast height in centimetres with a calliper; and the 
thickest and the thinnest diameter in millimetres 
was determined with calliper and the values were 
recorded in data collection sheets. For expressing 
the freshness, trees were classified into four catego-
ries of excellent (large crowns, healthy and shiny 
green leaves), good (healthy crowns, less span and 

Table 1. General properties of the studied stands

Stand Name Area 
(m2)

Planting interval 
(m)

Altitude 
(m)

Slope 
(%) Aspect Latitude  

and longitude Year of planting

1 Kani Sheykh 1,800 1 × 1 1,380 5 north 35°45'9''N
47°5'32''E 2006

2 Bishe Mohammadi 2,320 2 × 2 1,440 2 north 36°6'5''N
47°5'3''E 2006

3 Bishe Ola 3,020 2 × 2 1,200 5 west 36°6'6''N
47°5'9''E 2006

4 Bishe Hasani 3,000 2 × 2 1,320 3 west 36°6'7''N
47°5'0''E 2006

5 Bishe Fattahi 1,740 2 × 2 1,270 3 east 36°6'5''N
47°5'5''E 2006

6 Taze-Abad No.1 3,400 2 × 2 1,540 0 – 36°6'11''N
47°6'9''E 2006

7 Taze-Abad No.2 1,500 1 × 1 1,330 4 north 36°6'8''N
47°6'0''E 2006
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shiny green leaves), medium (sparse crown, several 
dry branches and light green leaves) and weak ones 
(very sparse canopy, dried branches and leaves) and 
each of them was given a code. Using the informa-
tion of data sheets, total height, stem height (trunk 
height without branches) and crown height were 
calculated (Zobeyri 2005). For the investigation of 
the soil status in each stand three soil samples and a 
total of 21 samples were taken. To take the soil sam-
ples, a pit was dug (40 × 40 cm2 in size and 0–30 cm  
in depth) and approximately one kilogram soil was 
taken as the sample and was transferred to the agro-
logical laboratory. In examining the characteristics 
of the soil, its texture, bulk density, lime, pH, or-
ganic carbon, total nitrogen, phosphorous, potas-
sium, soil porosity percentage and C/N ratio were 
measured. For the analysis, quantitative and quali-
tative characteristics of stands and physiographic 
characteristics (direction, slope and altitude) as a 
file and the information regarding the physical and 
chemical properties of taken soil samples as a sepa-
rate file were entered into the computer and SPSS 
software version 18 (SPSS, Tulsa, USA) was used 
for data analysis. Having controlled the normality 
of the data, one-way ANOVA test was employed 
for continuous data and chi-squared (χ2) test was 
used for discrete data. In the case of significance 
of the differences between the means of the stands, 
Duncan’s test was used for comparison.

RESULTS

Based on the analysis of variance and performed 
Duncan’s test, there are significant differences be-
tween the mean diameters at breast height, total 
height, stem height, crown height of the studied 
stands at a 5% level (Table 2).

From among the seven studied stands, poplars 
have suckers in stands No. 2–4. In order to estimate 

the significance of the number of suckers in these 
three stands, the chi-square test was used and its 
results are provided in Table 3.

Table 2. Quantitative characteristics of the studied poplar plantations 

Vegetative 
properties

Stand No.
1 2 3 4 5 6 7

DBH 
Mean (cm)

11.59ab

(0.55)
9.10c

(0.37)
9.40c

(0.19)
12.23a

(0.27)
10.2b

(0.34)
12.46a

(0.31)
11.38ab

(0.29)
Total height
Mean (m)

13.19b

(0.66)
7.06d

(0.25)
6.37d

(0.14)
11.05c

(0.29)
11.38 c

(0.34)
12.88b

(0.28)
14.69a

(0.36)
Stem height
Mean (m)

4.49bc

(0.38)
2.74d

(0.06)
2.77d

(0.08)
4.99b

(0.1)
6.12a

(0.19)
5.62a

(0.14)
4.43c

(0.13)
Crown height
Mean (m)

8.70b

(0.66)
4.28fe

(0.22)
3.56f

(0.12)
5.81d

(0.25)
5.26ed

(0.24)
7.31c

(0.25)
10.05a

(0.38)

in the parenthesis are standard errors, different letters indicates significant differences at α = 0.05

Table 3. Frequency of suckers in the studied stands (plant-
ing interval 2 × 2)

No. Observed 
frequency

Expected 
frequency Remaining χ2 P

2 137a 95.3 41.7

91.94a 0.00
3 130a 95.3 34.7

4 19b 95.3 –76.3

Total 286

There is a significant difference at a 5% level in the 
number of suckers between all mentioned stands. 
Considering Table 4, in terms of the tree crown vi-
tality, stand No. 2 is the best while stand No. 7 is 
the worst.

Table 4. Crown vitality of trees in the studied stands (%)

Vitality
Studied stands

Total
1 2 3 4 5 6 7

Excellent 16.7 43.3 10.0 9.7 8.6 4.0 0.0 10.1

Good 60.0 46.7 27.5 54.8 31.4 32.0 0.0 29.4

Medium 20.0 10.0 37.5 29.0 37.1 50.0 10.0 26.7

Weak 3.3 0.0 25.0 6.5 22.9 14.0 90.0 33.8

Total 100 100 100 100 100 100 100 100

Based on the analysis of variance and performed 
Duncan’s test, there is a significant difference at a 
5% level in the mean saturation, TNV (Total neu-
tralizing value), organic carbon, available potas-
sium, sand, silt, clay content percentage, bulk den-
sity, porosity and total nitrogen content between 
the studied stands (Table 5). In stand No. 1, TNV, 
organic carbon and total nitrogen are significant-
ly higher than in the others. Stands No. 1 and 7 
have the highest saturation and clay percentage 
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and stands No. 2 and three have the lowest sand 
amount (significant difference) (Table 5).

Table 6 shows the highest positive correlation be-
tween pH and diameter at breast height, between 
crown height and saturation, between absorbable 
potassium and clay, between stem height and pH 
and bulk density, between total height and satura-
tion, clay and silt, between crown vitality and satura-
tion, absorbable potassium, clay, and finally, between 
the number of suckers and true density. Diameter at 
breast height, total height, and crown height with 
sand percentage, stem height with porosity, crown 
vitality with true density and number of suckers with 
absorbable phosphorus, and C/N ratio have the high-
est negative correlation.

DISCUSSION 

The highest diameter at breast height (DBH) 
mean was observed in stands No. 6, 4, 1, 7 while 
the lowest DBH mean was observed in stands  

No. 2 and 3 (Table 2). Since stands No. 1 and 7 had 
the 1 × 1 m planting interval, and stands No. 4, 6, 2 
and 3 had the interval 2 × 2 m, it can be concluded 
that the planting interval does not have a significant 
effect on increasing DBH. Regarding the soil prop-
erties and the positive correlation between DBH and 
saturation, silt, clay, and the negative correlation 
between DBH and sand, it can be concluded that 
the greatest DBH occurs in soils with high satura-
tion, silt, and clay and also with low sand (Table 6). 
 Moreover, it can be understood that regarding 
DBH, soil properties are more influential than the 
planting interval and physical properties of soil are 
more effective than its chemical characteristics. 
This finding is in harmony with the study conduct-
ed by Damavandi Kamali (2000) in Gorgan, who 
reported the DBH mean of ten-years-old poplars 
to be 21–32 cm in soils with medium texture that 
were partially drained. However, the results of the 
present study are different from the study of Bur-
gess et al. (2004), who concluded that the DBH 
would be larger for trees with larger planting inter-

Table 5. Mean of soil factors in the studied stands

Mean of soil factors
Stand No.

1 2 3 4 5 6 7

Saturation (%) 43.33a

(2.67)
20.67c

(1.20)
22.00c

(1.00)
33.33b

(3.48)
34.00b

(2.51)
35.33b

(2.60)
45.00a

(3.00)

Electrical conductivity (ds·m–1) .77
(0.07)

0.71
(0.02)

0.56
(0.12)

0.88
(0.06)

0.67
(0.06)

0.67
(0.04)

0.60
(0.03)

pH 8.04
(0.04)

7.87
(0.06)

7.60
(0.15)

7.90
(0.12)

7.95
(0.11)

8.04
(0.10)

7.82
(0.03)

TNV (%) 26.20a

(1.76)
11.64c

(1.18)
18.47b

(3.56)
14.63bc

(1.08)
19.53b

(1.29)
17.23bc

(0.63)
15.83bc

(1.12)

Organic carbon (%) 2.05a

(0.23)
0.89bc

(0.08)
0.62c

(0.23)
1.32b

(0.24)
1.08bc

(0.06)
0.91bc

(0.12)
1.15bc

(0.12)

Available P (ppm) 5.97
(3.70)

4.63
(0.92)

5.40
(1.50)

6.78
(1.60)

5.17
(2.70)

2.37
(0.16)

2.18
(0.23)

Available K (ppm) 334.00ab

(12.18)
147.67c

(4.09)
121.33c

(7.47)
199.00c

(18.82)
144.33c

(9.52)
169.00c

(3.00)
356.00a

(125.00)

Sand (%) 30.33c

(6.00)
74.33a

(2.60)
80.00a

(3.60)
52.67b

(5.20)
54.33b

(3.33)
52.33b

(3.28)
37.00c

(4.60)

Silt (%) 37.00a

(3.60)
13.00b

(1.70)
8.33b

(1.80)
28.33a

(6.43)
26.33a

(2.90)
26.67a

(2.60)
32.67a

(2.33)

Clay (%) 32.67a

(2.40)
12.67c

(0.88)
11.67c

(1.76)
19.00b

(2.60)
19.33b

(1.33)
21.00b

(1.00)
30.33a

(1.85)

Bulk density (g·cm–3) 1.41cd

(0.01)
1.39d

(0.02)
1.48abc

(0.01)
1.46cd

(0.01)
1.55a

(0.01)
1.51ab

(0.02)
1.45bc

(0.02)

Porosity (%) 43.92ab

(1.34)
46.94a

(0.05)
42.16bc

(1.19)
42.41bc

(1.50)
38.36c

(1.42)
40.48bc

(0.24)
41.93bc

(1.04)

Total nitrogen (%) .20a

(0.02)
0.09b

(0.01)
0.07b

(0.03)
0.13b

(0.02)
0.11b

(0.01)
0.09b

(0.01)
0.11b

(0.01)

C/N ratio 10.44
(0.27)

9.58
(0.34)

9.90
(0.70)

10.22
(0.47)

9.85
(0.99)

9.77
(0.19)

10.18
(0.47)

TNV – total neutralizing value, in parentheses are standard errors, different letters indicates significant differences at α = 0.05
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val. Alcorn et al. (2007) and Rezayi (2011) also 
observed that an increase in the density of plant-
ing will decrease the diameter at breast height. The 
highest total mean height was observed in stand 
No. 1 while the lowest was observed in stands No. 2  
and 3 (Table 2). Considering the 1 × 1 m planting 
interval in stand No. 7 and 2 × 2 m planting in-
terval in stands No. 2 and 3, it can be concluded 
that decreasing the planting interval is effective for 
increasing the total mean height. Investigations of 
soil properties proved that there was a positive cor-
relation between total mean height and saturation, 
silt, and clay while there was a negative correlation 
between total mean height and the percentage of 
sand (Table 6), which can be an indicator of this 
fact that in the soil with high saturation, silt and 
clay and with a low percentage of sand, the total 
mean height has increased. The total mean height 
in stand No. one (1 × 1 m planting interval) does 
not show a significant difference from the to-
tal mean height in stand No. 6 (2 × 2 m planting 
distance) although the chemical properties of soil 
were better in stand No. 1 than stand No. 6. How-
ever, stand No. 6 had a better condition in terms 
of the physical soil characteristics. Therefore, it 
can be concluded that the physical properties of 
soil are more influential than its chemical charac-
teristics in terms of total height. These findings are 
consistent with the findings of Schreiner (1959), 
who reported the best growth for poplar in deep 

soils with medium texture. Similarly, the findings 
of this study are in agreement with the research by 
Riahifar et al. (2008), who observed the greatest 
height increment at the smaller planting distances 
and with the study by Burgess et al. (2004), who 
concluded that trees with larger planting distance 
(10 × 6 m) have the lowest height (9.5 m). How-
ever, this study is in contradiction with the study 
by Wood and Hanover (1972), who reported the 
best growth for Carolina poplar in the light loamy 
sand soils. 

As it is shown in Table 2, the tallest mean crown 
height is related to stands No. 1 and 7 and the low-
est crown height was observed in stands No. 2 
and 3. Since stands No. 1 and 7 have the 1 × 1 m 
planting distance and stands No. 2 and 3 have the 
2 × 2 m planting distance, the decrease of plant-
ing distance can be considered as one of the impor-
tant factors in the enhancement of crown height. 
Considering the investigation of soil properties and 
the positive correlation between crown height and 
saturation, silt, and clay and the negative correla-
tion with sand percentage (Table 6), it can be con-
cluded that in the soil with high saturation, silt, and 
clay and with low sand, the mean crown height of 
poplars is increased. Furthermore, this conclusion 
can be drawn that the physical properties of soil are 
more effective on the crown height of the investi-
gated poplar stands than the chemical properties of 
soil. With respect to Table 2, the mean stem height 

Table 6. Pearson’s correlation between chemical and physical properties of soil and the stand characteristics

No. of suckers  
in each stand

Crown  
vitality

Total height Stem heightCrown height 
DBH (cm)Soil factors

(m)

–0.856**0.730**0.972**0.448*0.933**0.584**Saturation

–0.521–0.636**–0.0900.272–0.2580.443*Electrical conductivity

–0.1520.3250.410*0.766**0.1380.698*pH

–0.3990.0090.0940.342–0.033–0.047TNV (%)

–0.586–0.0090.491**0.2830.432*0.414*Organic carbon (%)

–0.968**–0.673**–0.636**–0.104–0.729**–0.301Available P

–0.6170.734**0.746**–0.0900.916**0.266Available K

–0.558–0.0520.462*0.3190.381*0.385*Total nitrogen

–0.997**0.426*0.433–0.0660.518**0.245Ratio C/N

0.704*–0.606**–0.957**–0.460*–0.908**–0.622**Sand

–0.688*0.481**0.939**0.603**0.816**0.718**Silt

–0.744*0.720**0.917**0.2570.961**0.465*Clay

0.876**–0.286–0.330–0.804**0.015–0.243Porosity

0.797*0.0680.1070.756**–0.2230.163Bulk density

0.987**–0.759**–0.827**–0.553**–0.711**–0.382*True density

DBH – diameter at breast height, TNV – total neutralizing value, *significant at α = 0.05, **significant at α = 0.01
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was the tallest in stands No. 5 and 6 while it was 
the lowest in stands No. 2 and 3. Regarding the in-
vestigated properties of soil and the positive cor-
relation between the stem height and silt percent-
age (Table 6), this result can be obtained that the 
increase in silt percentage can lead to the increase 
in stem height. However, regarding the fact that the 
amount of silt does not show a significant differ-
ence in stands No. 5, 7 and 1, and stands No. 5 and 6 
have the 2 × 2 m planting distance and stands No. 1  
and 7 have the 1 × 1 m planting distance, it can be 
concluded that the planting distance as well as the 
high percentage of silt can lead to the enhancement 
of mean stem height in the investigated poplar 
stands. With respect to Table 3, the highest number 
of suckers is related to stands No. 2 and 3 while the 
lowest amount of suckers was found in stand No. 4.  
The investigation of other stands did not reveal any 
suckers. As there were both 1 × 1 m and 2 × 2 m 
planting distances in the stands without suckers, 
it can be said that the planting distance does not 
have any effect on the production of suckers in the 
poplar plantations. Regarding the soil properties 
and the positive correlation between the number of 
suckers and sand percentage, and the negative cor-
relation between the number of suckers and satu-
ration, silt and clay percentage (Table 6), it can be 
concluded that poplars will produce suckers in the 
stands whose soil has high levels of sand and low 
levels of saturation, silt and clay. As Table 4 indi-
cates, the highest crown vitality percentage is re-
lated to stands No. 2, 1, and 4 and the lowest crown 
vitality is related to stand No. 7. Regarding the fact 
that the planting distance is 2 × 2 m in stands No. 2  
and 4 and 1 × 1 m in stand No. 7, it can be con-
cluded that increasing the planting distance is ef-
fective on the vitality of tree crowns. Based on the 
investigations of the soil properties and the positive 
correlation between crown vitality and saturation, 
silt and clay content and the negative correlation of 
crown vitality with sand percentage (Table 6), it can 
be said that another reason for the crown vitality 
of poplar trees is the high percentage of saturation, 
silt and clay. However, considering the fact that the 
highest crown vitality has been observed in stand 
No. 2 despite the high sand percentage and low sat-
uration, silt and clay amounts, it can be caused by 
the stronger effect of planting distance compared 
to the physical properties of soil, by the continu-
ous formation of suckers in these stands in difficult 
conditions (high sand percentage), and by the slow 
growth of trees since the trees in this stand have 
smaller dimensions than the trees in other stands 
despite being of the same age. Trees with more vital 

crowns were seen in stand No. 1 with 1 × 1 m plant-
ing distance as the soil of this stand has high organ-
ic carbon and nitrogen as well as high saturation, 
silt and clay percentage. It is an indicator of the 
fact that the chemical properties of soil are more 
effective factors on the tree crown vitality of the 
investigated poplars. The research by Shujauddin 
and Mohan Kumar (2002) supports this issue. In 
the present study, leaf area index and biomass pro-
duction were the highest at a 2 × 2 m distance and 
dense masses show a higher concentration of P, N 
and K. The present results are consistent with the 
findings of the research by Salehe Shushtari et 
al. (2008), who showed that mean crown diameter 
as a vegetative factor is the highest at planting dis-
tances larger than 5 × 5 m.

CONCLUSION

Finally, it can be concluded that the 2 × 2 m plant-
ing distance can lead to the increase of stem height, 
number of suckers, and crown vitality, and the 1 × 1 m  
distance can increase total height of trees and 
crown height. However, in the soil with high satura-
tion, silt and clay and low sand, total height, crown 
height, stem height, and crown vitality (if chemical 
properties of soil are appropriate) will increase and 
the number of suckers will decrease since the fertil-
ity of soil is high. From among the total investigat-
ed vegetative factors (except for the crown vitality), 
soil properties are more important than planting 
interval, and also, physical properties of soil are 
more crucial than chemical properties of soil. If the 
purpose of afforestation with poplar species is the 
production of thick timber for the industries, it will 
be recommended that this species be planted in the 
soil with high silt and 2 × 2 m distance; however, if 
the purpose is to get thin wood, the species can be 
planted at higher density (1 × 1 m).
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