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ABSTRACT: We evaluated earthworm abundance and biomass in plantations of different poplar species and
clones as well as the effect of some soil chemical and physical properties on them. Even-aged poplar species and
clones, planted at Safrabasteh Poplar Research Station about 18 years ago in the north of Iran, included: Popu-
lus deltoides Bartr. cv. 69/55 (P. d. 69/55), Populus deltoides Bartr. cv. 63/51 (P. d. 63/51), Populus euramericana
Guinier. cv. 45/51 (P. e. 45/51), Populus euramericana Guinier. triplo (P. e. triplo), and Populus caspica Born M.
(P caspica), as endemic and endangered poplar species, were selected in this study. Earthworm abundance and biomass,
soil texture, bulk and particle density (BD, PD), pH, organic carbon (OC), total nitrogen (N), available phosphorus (P)
and exchangeable potassium (K) were evaluated. The results showed that the earthworm abundance and biomass, OC,
P and N in P d. 63/51 were higher than in the other poplar species and clones. The correlation coefficients showed a
positive correlation of OC, N and a negative correlation of pH, clay, BD and P with earthworm biomass. Based on the
results, compared to the other species and clones P. d. 63/51 creates favourable conditions to produce more organic

matter and higher abundance and biomass of earthworms, hence it could be beneficial for maintaining the soil quality

status for successive plantings.
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The major part of the north of Iran is covered by
the Caspian forest, a deciduous temperate com-
mercial forest, of about 1.8 million ha located on
northern slopes of the Alborz Mountains over-
looking the Caspian Sea (SALEHI, MALEKI 2012).
Between the mountain region and the Caspian
Sea, there are plain areas that have been involved
in agriculture, reforestation or deforestation ac-
tivities in the last decades. Guilan province, as one
of the provinces located in the north of Iran, has
vast plain areas covered by natural forests, crops
and poplar plantations. Because of the population
growth, increasing demand for wood and decline
of forest harvesting, development of plantations
of fast-growing species, especially poplars, has oc-
curred in the plain of Guilan province in recent
years (K1aDALIRI 2003). Poplar has been planted by
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the villagers and big companies at various levels in
the north of Iran, particularly in Guilan province.
DickMANN and STUART (1983) concluded that
poplars could grow almost everywhere, but they
perform up to their full potential only on the best
sites. Soil physical properties which play major
roles in water holding capacity, aeration and root
penetration, have a strong influence on the growth
of poplars. As the soil can affect poplar growth,
these trees also affect different soil properties.
SINGH and SHARMAN (2007), and AuGgusTo and
RANGER (2002) stated that tree plantations influ-
ence soil physical, chemical and biological prop-
erties negatively or positively through litter fall,
accretion and decomposition of organic matter. It
seems that different poplar plantations of various
quality and quantity have been able to change some
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soil properties in the Guilan plain in successive
years.

In soil, earthworms represent the largest compo-
nent of animal biomass and are commonly termed
ecosystem engineers (BLOUIN et al. 2013). Earth-
worms are subject to physical, chemical and biolog-
ical changes in soil. The earthworms have a major
role in the soil structure and they transfer mineral
and organic materials to different horizons (RAH-
MANI, SALEHRASTIN 2000).The earthworms have
the highest biomass of earth invertebrates and they
cause a remarkable increase in soil microorganisms
and have an important effect on soil invertebrate
diversity and feed cycle (RAHMANI, SALEHRASTIN
2000).

Earthworm biomass is an appropriate biological
indicator of soil fertility, humus quality, degrada-
tion, pollution and habitat productivity. Earth-
worms constitute the highest biomass within the
soil macrofauna (FRAGOso, LAVELLE 1992) and
they are known to affect the soil physical, chemical
and biological properties. Earthworm biomass is a
suitable indicator to determine soil pH, soil mois-
ture and organic layer (Muys, GRANVAL 1997),
and it seems that tree species have different effects
on earthworm biomass and abundance. In broad-
leaved forests the presence of earthworms could be
dependent on litter and soil characteristics (IRAN-
NEJAD, RAHMANTI 2009).

The researches that investigate a relationship
between the activity of earthworms and the soil
properties and environmental factors have shown
the increasing importance of earthworms. Zou and
GoNzALEZ (1999) concluded that tree plantations
may influence earthworm abundance by altering
the chemical and/or physical properties of soil such
as moisture regime, pH, soil organic matter levels
and litter inputs. Also, native tree plantations can
benefit from the establishment of populations of
native earthworm species (Zou, GONZALEZ 2002).
According to TiaN et al. (2000), tree plantations
may influence earthworm abundance by altering
the physicochemical properties of soils viz. tem-
perature, moisture regime, pH, soil organic con-
tent, litter inputs.

On the basis of the above-mentioned facts it
seems that there are complex relationships be-
tween soil properties and poplar plantations. This
study was carried out to determine the influence of
different poplar species and clones on earthworm
biomass and abundance, soil chemical and physical
properties and then to establish how earthworm
activities correlate with soil properties.
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MATERIAL AND METHODS
Study area

The study was carried out at the Safrabasteh
Poplar Research Station in Guilan province in the
north of Iran (37°19'N, 49°57'E). The area is on a flat
and uniform terrain in a plain region at the altitude
of —10 m a.s.l. Mean annual rainfall and tempera-
ture are 1,186 mm and 17.5°C, respectively. The soil
of the study area is formed on the alluvial fine-tex-
tured sediment with moderate to heavy texture and
neutral to low acidic reaction.

The study area, which was dominated by natu-
ral forests containing native species such as Alnus
glutinosa, Pterocarya fraxinifolia, Populus caspica,
Gleditschia caspica, was planted with different
poplar species and clones about 18 years ago. The
area of the poplar plantation is about 4 ha and the
poplar trees were planted at a 4 x 4 m spacing.

Experimental design, soil sampling and
analyses

The experimental design was a completely ran-
domized block with three replications and five
treatments: Populus deltoides Bartr cv. 69/55
(P d. 69/55), Populus deltoides Bartr cv. 63/51
(P d. 63/51), Populus euramericana Guinier. cv.
45/51 (P e. 45/51), Populus euramericana Guinier.
triplo (P. e. triplo), and Populus Caspica Born M.
(P, caspica) as endemic and endangered poplar spe-
cies. As the highest abundance of earthworms, be-
cause of suitable soil aeration conditions and more
food and atmosphere, is present in the surface lay-
ers of the soil (RAHMANI, SALEHRASTIN 2000),
three soil samples were randomly taken from a soil
depth of 0-20 cm in each clone. In this way, fifteen
soil samples were taken from the depth of 0-20 cm
and transferred to a soil laboratory for analyses.
All soil samples were air-dried and passed through
a 2 mm mesh. In the laboratory, these soil char-
acteristics were determined: bulk density (BD) by
clod method, particle density (PD) by pycno meter
method (GHAZANSHAHI 1999), soil pH in a water
suspension of 1:2.5 (soil to liquid ratio), soil texture
by hydrometer method (Bouvoucos 1962), total
nitrogen (N) by Kjeldahl method (BREMNER 1996),
organic carbon (OC) by Walkley and Black method
(WALKLEY, BLAck 1934) and available phospho-
rus (OLSEN et al. 1954). Available phosphorus (P)
was analysed according to the standard methods
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Table 1. Analysis of variance of soil physical and chemical properties among the treatments

PD BD Clay Silt  Sand pH (H,0) OC N C/N P K
Source of variance df
F-value
Block 2 0.19 0.38 0.17 1.21 0.37 1.19 0.27 0.37 3.41 3.83 2.28
Treatment 4 1.45 0.50 0.28 0.45 0.27 1.86 3.82%* 4.,56** 4.02** 8.36* 3.56
Error 8 - - - - - - - - - - -

df — degrees of freedom, PD — particle density, BD — bulk density, OC — organic carbon, *significant at a = 0.05, **significant
at o = 0.01

(OLsEN et al. 1954). Exchangeable K is analysed after ~ dependent variables which were significantly affected
extraction with 1M ammonium acetate at pH 7.0 by by treatment. Correlations between earthworm abun-
flame photometer (BLACK et al. 1965). dance and soil variables were determined by Pearson’s
correlation coefficient. For all the statistical analyses,
SPSS (Version 17.0) was used.
Earthworm sampling

Earthworm populations were sampled by digging RESULTS
and hand sorting two 50 x 50 cm areas into a depth
of 20 cm in each treatment. Sampling was done in the The results did not show any significant differences

autumn 2012. Earthworms were counted in the field in soil physical properties among the treatments. OC,
and brought to the laboratory. All the earthworms N and P contents of soil differed significantly among
were counted and then they were oven dried at 60°C  the treatments (Table 1).
for 24 h. All the dried earthworms were weighed The amounts of N and P as the most important nu-
to the nearest 0.0001 g to determine their biomass trient elements and also OC are higher in P d. 63/51.
(WELKE, PARKINSON 2003). The abundance of earth-  The soil surface layer of P. caspica showed the lowest
worms was calculated as the number of indd per m®>.  amounts of OC, N and P compared to the other spe-
cies and clones (Table 2).
Based on the results of this study, the abundance

Statistical Analyses and biomass of earthworms differed significantly
among the treatment (Table 3).
Normality of variables was checked by the Kol- The abundance and biomass of earthworms in

mogorov-Smirnov test and Levene’s test was used to P d. 63/51 are higher than in the other clones and
examine the equality of variances. One-way analy- P caspica showed the lowest amount (Figs 1 and 2).
sis of variance (ANOVA) was used to compare soil  On the basis of field observations, 53—-63% of the total
properties and earthworm abundance and biomass. number of earthworms has the clitellum in P, caspica
Tukey’s HSD test was used to separate the means of and P. d. 63/51, respectively.

Table 2. Mean * standard error of soil chemical properties among the treatments

OoC N P K
Treatment pH (H,0) C/N
(%) (mgkg™")

P. caspica 7.98 + 0.132 1.61 + 0.14° 0.13 £ 0.01° 12.10 + 0.14° 130.34 + 4.62>  170.69 + 5.63?
P d. 69/55 7.85 £ 0.122 2.41 + 0.20% 0.21 + 0.01*> 11.65 £ 0.11*  180.56 + 32.02" 226.94 + 22.41*
P d. 63/51 7.82 + 0.09? 2.85 +0.31? 0.24 + 0.02? 11.58 +0.16* 276.02 + 31.23* 250.11 £+ 21.07*
P e. triplo 7.92 £ 0.23? 1.78 + 0.13° 0.15+0.01° 11.79 £ 0.13*  176.97 + 24.65" 170.69 + 15.122
P e. 45/51 7.94 £ 0.18* 1.70 + 0.27° 0.14 + 0.02° 12.02 £ 0.18*  136.70 + 15.45> 190.54 + 14.31*

OC - organic carbon, P. caspica — Populus Caspica Born M., P. d. 69/55 — Populus deltoides Bartr. cv. 69/55, P. d. 63/51 —
Populus deltoides Bartr. cv. 63/51, P. e. triplo — Populus euramericana Guinier. triplo, P. e. 45/51 — Populus euramericana

Guinier. cv. 45/51; different letters indicate significant differences between the mean values for a particular parameter

J. FOR. SCI.,, 59, 2013 (6): 223-229 225



25 -

— — [S*}
(=] wul S
1 1 1
o

Earthworm biomass (g-m~2)

(%2
1

o
P. caspica h o

P. d. 69/55
P. d. 63/51
P. e. triplo
P.e. 45/51

Fig. 1. Average of earthworm biomass in the different
treatments

different superscripts indicate significant differences
among the treatments (P < 0.05)

Correlation of physical and chemical
properties of soil with earthworm abundance

The results of Pearson’s correlation coefficient in
P d. 63/51 and P, caspica, as two important treat-
ments, showed a negative correlation of the soil prop-
erties pH, clay content, BD and P with earthworm
abundance and a positive correlation of OC and N
with earthworm abundance. The other treatments
also showed some correlations (Table 4).

DISCUSSION

As the even-aged and adjacent clones and spe-
cies of poplar were planted and developed under
the same site conditions, it seems that the varia-
tions of the studied soil chemical and biological
properties were caused by poplar species and
clones.

The results of this research did not show any sig-
nificant differences in physical properties of soil
among poplar species and clones (the treatments).
AugusTO and RANGER (2002) and BINKLEY and
SoLLINS (1995) stated that the soil physical proper-
ties such as texture, density, porosity and structure
are almost related to variations of site conditions.
FAKHARIRAD (2005) also stated that in even-aged
alder and loblolly pine stands, the differences in soil
physical properties were very small and soil chemi-
cal properties often showed significant changes.

After about 18 years, different treatments had
different effects on the soil nutrient status and it
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Fig. 2. Mean of earthworm abundance in the different
treatments

different superscripts indicate significant differences
among the treatments (P < 0.05)

seems that the surface soil nutrient differences are
due to the nutrient function of each treatment. N,
P, K and organic carbon showed significant differ-
ences in the soil under the treatments and their
high and low amounts were observed in P. d. 63/51
and P, caspica, respectively. OC and N, as the most
important soil organic and inorganic elements, can
be influenced by different combinations of trees.
SALEHI (2004) concluded that the effects of trees
on soil properties occur mostly due to the increase
of organic matter and the release of nutrients from
it. Direct effects of plant species on soil and litter
biota are caused by plant inputs of organic mat-
ter (NEHER 1999). AuGcusTo and RANGER (2002),
SINGH and SHARMAN (2007) noted the effect of the
poor quality and quantity of litter on its inappro-
priate decomposition and weak nutrient release to
the soil.

Several studies (N1coLAI 1988; Zou 1993; TiAN
et al. 2000) suggested that the chemical composi-
tion of plants, including N, lignin content and phe-
nol compounds, plays a crucial role in the proper-
ties of soil and litter fauna through their effect on
decomposability. The results of this study indicated
that the abundance and biomass of earthworms
were higher and lower in P d. 63/51 and P. caspica,
respectively. Changes in vegetation can affect the
distribution and abundance of earthworms through
changes in litter quality and indirectly through
changes in soil properties (Muys, GRANVAL 1997).
The variations of earthworm biomass are related
to soil properties and site conditions (IRANNEJAD,
RAHMANI 2009).

J. FOR. SCI,, 59, 2013 (6): 223-229



Table 3. ANOVA for earthworm abundance and biomass among the treatments

F-value
Source of variance df
earthworm abundance earthworm biomass
Block 0.42 0.27
Treatment 4.20* 5.30%*
Error 8 - -

df — degrees of freedom, *significant at a = 0.05, **significant at o = 0.01

The results of this study showed that the abun-
dance of earthworms had a negative correlation
with clay content and BD AsHjaA (2002) stated that
increased soil bulk density caused a reduction of
abundance and biomass of earthworms. JONGMANS
et al. (2003) noted that the soil texture is known
as one of the variables affecting the abundance of
earthworms. A comparison of two beech forests
in Europe also showed that the soil texture can ex-
ert an effect on earthworm abundance (CUENDET
1984).

The correlation coefficients in P d. 63/51 and
P caspica showed a positive relationship of earth-
worm abundance with OC (0.58, 0.46), N (0.68, 0.75)
and a negative correlation with pH (-0.76, —0.56),
P (-0.75, —0.64), respectively. According to the re-
sults, earthworm abundance and biomass decreased
with increasing soil pH. Although pH did not show
any significant differences among the treatments, the
amount of it was lower in P. d. 63/51, where the abun-
dance and biomass of earthworms were more compa-
rable to the other treatments. [oRDACHE and Borza
(2010) found out a negative correlation of pH and

phosphorus with earthworm number and biomass.
They reported that the phosphorous content of soil
exerted the greatest negative influence on earthworm
biomass. BUNEMANN et al. (2011) quoted from Gua-
GENBERGER et al. (1996) found higher levels of alkali-
extractable organic P in earthworm cast than in sur-
rounding oxisol. The amount of P returned into the
soil by the earthworm activities and P fluxes through
earthworm biomass are unfortunately still poorly
known whatever the spatiotemporal scale (MILLERET
et al. 2009). BUNEMANN et al. (2011) concluded that
earthworm impacts on P dynamics and availability in
the soil depend on the particular properties of soil, or-
ganic P source, and the specific burrowing behaviour
and food preferences of worms.

The positive correlation of the abundance and bio-
mass of earthworms with OC and N indicates the
role of OC as energy source for soil organisms. The
organic carbon degradation rate improves soil fertil-
ity and provides a higher amount of nutrients for the
plants and the other soil organisms. BURTELOW et al.
(1998) and FONTE et al. (2009) found that earthworm
biomass was positively correlated with total soil OC

Table 4. Pearson’s correlation coefficient and significant area between physical and chemical soil properties and

earthworm

Sand Silt Clay PD BD pH (H,0) OC N P K C/N
P, caspica 0.47 0.45 -048 038 -0.56* —0.56* 0.46 0.75* -0.64* 0.35 0.52
Significant (2-tailed) 0.56 0.23 0.21 -0.52 0.04 0.02 0.31 0.04 0.02 0.64 0.34
P d. 69/55 0.31 0.21 -0.53 0.24* -042 -0.73* 0.89* 0.76* -0.58* 0.38 0.42
Significant (2-tailed) 0.64 0.51 0.28 0.48 0.23 0.01 0.02 0.03 0.03 0.61 0.23
P d. 63/51 0.43 0.23 -0.54* 027 -0.78** —-0.76** 0.58** 0.68** -0.75** 0.45 0.34
Significant (2-tailed) 0.52 0.42 0.04 0.52 0.02 0.01 0.01 0.02 0.02 0.61 0.28
P e. triplo 0.32 0.31 -0.74* 024 -0.52* —-0.66% 0.89*  0.49* 0.62 0.32 0.57
Significant (2-tailed) 0.36 0.41 0.04 0.41 0.05 0.03 0.04 0.05 0.32 0.51 0.24
P e 45/51 0.33 026 -0.64 0.35 0.54 - 0.65% 0.58* 0.62* -0.54  0.21 0.47
Significant (2-tailed) 0.45 0.36 0.41 0.42 0.24 0.02 0.02 0.04 0.08 0.43 0.53

PD - particle density, BD — bulk density, OC — organic carbon, P. caspica — Populus caspica Born M., P. d. 69/55 — Populus

deltoides Bartr. cv. 69/55, P. d. 63/51 — Populus deltoides Bartr. cv. 63/51, P. e. triplo — Populus euramericana Guinier. triplo,

P e. 45/51 — Populus euramericana Guinier. cv. 45/51, *significant at a = 0.05, **significant at « = 0.01
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and N. AYUKE et al. (2009) reported that some earth-
worm groups were positively correlated with N and
were found to be abundant in the forests.

Based on the results OC, N, P and K in the soil dif-
fered among the treatments in the order: P. caspica <
P.e.45/51 < P. e. triplo < P. d. 69/55 < P. d. 63/51. It
could be concluded that P. d. 63/51 clone showed fa-
vourable conditions to produce more organic matter.
It could be beneficial for the abundance and biomass
of earthworms and for maintaining the soil nutrient
status for successive plantings in the north of Iran and
other sites parallel to the study area.
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