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Soil nutrient status, nutrient return and
retranslocation in poplar species and clones
in northern Iran

Ali Salehi ™, Neda Ghorbanzadeh ", Maryam Salehi ®

In this study several same-aged poplar species and clones were selected inclu-
ding Populus deltoides Marsh. CV. “Lux” (P.d “Lux”), Populus deltoides Marsh.
CV. “Harvard” (P.d “Harvard”), Populus x canadensis Moench “Triplo” (P.xc
“Triplo”), Populus x canadensis Moench “I-45/51” (P.xc “1-45/51”), planted in
poplar research station about 20 years ago in the north of Iran, and Populus
caspica Bornm. (P. caspica) as endemic and endangered poplar species. Some
quantitative characteristics of the trees and soil samples were taken based on
completely randomized block design. Samplings of live and senescent leaves
were carried out in two-stages, mid-summer during the peak nutritional acti-
vities of trees and mid-autumn for senescent leaves. Soil samples were ana-
lyzed to determine organic carbon (OC), total nitrogen (N), available phospho-
rus (P) and exchangeable potassium (K). OC, total of N, P and K were also de-
termined in live and senescent leaves. The results showed that P.d “Harvard”
had the highest total height, DBH and diameter of crown compared to the
other species and clones. The amount of OC, N and P in soil and live leaves of
P.d “Harvard” clone are more than those of the other species and clones. OC,
N, P, and K returned by senescent leaves were higher and lower for P.d “Har-
vard” and P. caspica respectively. P retranslocation for all of the clones and
species was higher compared to N and K. The highest retranslocation percen-
tage was observed in P. caspica (N=18.93, P=39.63, K=24.02) and the lowest
(N=12.09, P=32.46, K=21.14) in P.d “Harvard” clone. It could be concluded
that poplar species and clones have different nutritional requirements and re-
translocation capabilities. It appears that P.d “Harvard” clone showed higher
quantitative growth it could be beneficial for maintaining the soil nutrient
status for successive plantings.
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Introduction fluxes through the system (Miller & Alpert

In natural forests and man-made planta-
tions, cycling of nutrient is an important as-
pect, as significant amounts of nutrients are
returned to soil through litter fall and be-
come available for nutrient cycling. Among
nutrients, some are used in physiological re-
sponses and other stored in different plant
organs, or returned to the soil through the lit-
ter and then partially absorbed by the root of
trees (Breeman 1995). Uptake and release of
nutrients are important factors at the stand
level, because they represent the major

1984). Nutrient concentration in plant bio-
mass is the result of the balance between nu-
trient uptake, plant growth and nutrient re-
translocation, and the loss of these processes
are likely to be influenced both by plant ge-
netic make-up and soil fertility, as well as
other environmental conditions (Hagen-
Thorn et al. 2004).

Forest litter fall is the major flux respon-
sible for nutrient transfer to soil (Parzych et
al. 2008) and the growth and productivity of
forest ecosystems depends mainly on the
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amount, the nature and the rate of decom-
position of litter fall (Victor et al. 2001).
Tree species can play an important role in
nutrient cycling through different properties,
such as the amount of litter produced, nutri-
ents release and chemical composition of the
litter (Rahajoe 2003). Different tree species
involve different nutrient release patterns,
which are related to litter quality and seaso-
nal environmental factors (Khiewtam & Ra-
makrishnan 1993). Tracking nutrient returns
through litter fall under different tree species
is important to understand the dynamics of
soil fertility.

Soil and old leaf nutrient retranslocation,
are the primary sources of nutrients in the
leaves (Binkley & Sollins 1995, Piatek &
Lee Allen 2000) and litter fall nutrient
abundance is related to intensity of retranslo-
cation processes in autumn (Parzych et al.
2008). The nutrient retranslocation, move-
ment and transfer nutrients from the old
leaves to the every year store, is an important
process in nutrient dynamics in most ecosys-
tems, especially broadleaf ecosystems (Kil-
lingbeck 1996, Duchesne et al. 2001). Re-
translocation has been characterized as one
of the most important strategies used by trees
to conserve nutrients, which consequently
influences competition, nutrient uptake, and
productivity (Killingbeck 1996). Within the
same community, foliar nutrient concentra-
tions vary largely amongst different species
and different individuals of the same species
despite similar soil conditions (Niinemets &
Kull 2003). The relative importance of site
and species, as the factors determining nutri-
ent concentrations in plant biomass, may dif-
fer depending on nutrient element and bio-
mass fraction. Comparative studies of seve-
ral species growing on the same soils allow a
better understanding of species nutrient
function (Hagen-Thorn et al. 2004).

Different species and clones of poplar are
commonly planted as fast-growing species in
the world and some parts of plain areas in
the north of Iran. Poplar has been planted by
the villagers and big companies at different
levels in the north of Iran, particularly in
Guilan province. Some important species of
poplar, such as Populus x canadensis and
Populus deltoides (different clones) were
commonly used for plantations. On the other
hand, Populus caspica (Persian poplar), an
endemic and endangered poplar species, exi-
sted naturally in plain areas of the Guilan
province beside the planted species (Asadi &
Mirzaie-Nodoushan 2011).

As these fast-growing tree species provide
social, economic and environmental benefits
over short rotations, a better understanding
of their impacts on nutrient cycling pro-
cesses and various aspects of soil fertility is
essential. The objectives of this study were:
(1) to examine the nutrient status in soil and
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its patterns; (i) to quantify nutrient return
through senescent leaves; and (iii) to evalua-
te and compare the nutrient retranslocation,
in different poplar species and clones.

Materials and Methods

Study area

The study area is located at Safrabasteh
poplar research station in Guilan province,
Iran (37° 19’ N, 49° 57° E). The area is on
flat and uniform terrain in a plain region
with the altitude of -10 m above sea level.
Annual mean rainfalls and temperature are
1186 mm and 17.5 °C respectively. The soil
of the study area is formed on the alluvial
fine textured sediment with silt loam texture,
and with neutral to low acidic reaction. The
area is dominated by natural forests of native
species such as Alnus glutinosa, Pterocarya
fraxinifolia, Populus caspica, Gleditschia
caspica. Extensive plantations have been es-
tablished by different poplar species and
clones 20 years ago.

Experimental design, tree measurement,
soil sampling and analysis

The experimental plantations considered in
this study were established in 1993 using a
completely randomized block design, inclu-
ding three replications with the following
five species/clones (treatments): (i) P.d (Po-
pulus deltoides) “Harvard”; (ii) P.d “Lux”;
(iii) P.xc (Populus x canadensis) “Triplo”;
(iv): P.xc “1-45/517; and (v) P. caspica. The
area of poplar research station was approx-
imately 4 ha and about 3000 m? were alloc-
ated as experimental plantation in this study.
After the removal of tree buffer rows, the
number of poplar trees was 120 and 24 for
all the treatments and per treatment, respec-
tively. In each treatment, there were 3 repli-
cations with 8 poplar trees, planted at 4x4 m
spacing, assigned to each replication.

Total height, diameter at breast height
(DBH) and diameter of crown (by measuring
two perpendicular diameters and calculating
their mean) were measured for each tree.
Three soil samples were randomly taken
from 0-20 cm depth of soils under the crown
of the tree in each treatment using a core
sampler. All of soil samples were air-dried
and passed through a 2 mm mesh. Soil or-
ganic carbon (OC) was determined by
Walkley and Black method and total nitro-
gen (N) using Kjeldhal method. The avai-
lable phosphorus (P) was determined accor-
ding to Olsen methods and exchangeable po-
tassium (K) extracted by using 1 M ammo-
nium acetate at pH 7.0 and analyzed with
flame-photometer (Jackson 1967).

Leaf collection, leaf nutrients analysis

and calculation of retranslocation rate
Live and senescent leaves were collected

from six trees in each treatment (two trees
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Tab. 1 - Mean with standard error of height and diameter at breast height (DBH) among the
treatments. Different letters indicate significant differences between individual mean values

for a particular parameter.

Total height DBH Diameter of crown
Treatment
(m) (cm) (m)

P. caspica 10.58 £0.34¢ 13.84 £1.43° 321 +£0.39¢
P.d “Lux” 20.58 £0.57* 20.40 £ 1.54* 6.69+0.11°
P.d “Harvard” 22.59+£0.62* 25.70 £2.78* 6.71+£0.16*
P.xc “Triplo” 16.18 £0.41° 22.40 +£1.38* 4.12+0.14°
P.xc “1-45/51” 16.16 £0.38" 20.98 £1.80® 4.80+0.17°

per replication). Live leaves were collected
in middle of July 2011. The leaves of each
tree were collected from the bottom one-
third twigs located on the opposite sides of
the crown (Rouhi-Moghaddam et al. 2008).
The senescent leaves were collected in litter
traps (1x1 m with 30 cm height, wooden
sides with a nylon net in bottom, located be-
neath the crown of the same trees previously
sampled for live leaves) in November 2011,
with the beginning time of leaf fall season
(Rostamabadi et al. 2010). In order to obtain
minimum 3 g of powdered leaf materials, at
least 10 leaves were collected for each
sample category. All of the collected live and
senescent leaves were dried at 70 °C for at
least 48 h. The powdered leave materials
were analyzed for some important macro ele-
ments.

Carbon was determined by loss ignition
after heating at 375 °C for 24 h. The total ni-
trogen was determined with Kjeldahl me-
thod, the total phosphorus and potassium
was determined after dry ashing and extrac-
tion with HCI by colorimetric procedure
and flame-photometer, respectively (Jackson
1967). Percentage retranslocation was calcu-
lated by the following equation (Huang et al.
2007, Hashemi et al. 2012 - eqn. 1):

( Nuy,,— N ud@ad)

NRE =
Nu live

-100

where NRE is the nutrient resorption effi-
ciency, Nuy. is the nutrient concentration of
live leaves (mature leaves) and Nugea is the
nutrient concentration of senescent leaves
(leaf litter).

Statistical analyses
Normality of variables was checked by

Kolmogorov-Smirnov test, and Levene’s test
was used to examine the quality of the
variances. One-way analysis of variance
(ANOVA) was used to compare tree quanti-
tative characteristics, soil properties and leaf
nutrients data among the experimental treat-
ments. Tukey-HSD test was used to separate
the means of dependent variables that were
significantly affected by the treatments. For
all statistical analyses, SPSS®™ software (ver-
sion 17.0) was used.

Results

Quantitative characteristics of trees and
soil nutrient status

The results of ANOVA indicated that P.d
“Harvard” had the highest total height, DBH
and diameter of crown compared to the other
species and clones. In contrast, P. caspica
showed the lowest performances amongst
the treatments, as indicated by average total
height, DBH and crown diameter (10.58 m,
13.84 cm and 3.21 m, respectively - Tab. 1).

OC, N and P in the 0-20 cm soil layer
differed significantly among poplar clones.
The amounts of N and P as the most impor-
tant nutrient elements and also OC are high-
er in soil under P.d “Harvard” clone. Soil
nutrient status of P. caspica showed the low-
est amounts of OC, N and P compared to the
other species and clones. Exchangeable po-
tassium did not show any significant diffe-
rences amongst clones and species (Tab. 2).

Nutrient concentration in live and se-
nescent leaves

ANOVA results did not show any signifi-
cant differences between blocks in live and
senescent leaves. However, significant dif-
ferences amongst treatments have been ob-

Tab. 2 - Mean with standard error of soil nutrient elements among the treatments. Different
letters indicate significant differences between individual mean values for a particular para-

meter.
Treatment 0C N P K
(%) (%) (%) (%)

P. caspica 1.61+0.14° 0.13+0.01° 0.01 £0.04° 0.01£0.13°
P.d“Lux” 2.41+0.21% 0.21+0.01" 0.02 +0.08® 0.02+0.13*
P.d “Harvard” 2.85+0.31* 0.24 £0.02° 0.04+£1.01° 0.02+0.21%
P.xc “Triplo” 1.78 +£0.13° 0.15+0.01° 0.01 +£0.08° 0.01 £0.13®
P.xc “1-45/51” 1.70 £ 0.27° 0.14 £0.02" 0.01 £0.04° 0.01+£0.21%
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Tab. 3 - Mean of nutrient concentration in senescent leaves with their standard error among the treatments. Different letters indicate signific -
ant differences between individual mean values for a particular parameter.

Treatment (O%C) (i;i ) C/N (ol/)o ) C/P (:/i )

P. caspica 16.23 +£0.89° 1.11+£0.12° 15.24+0.12¢ 0.01 £0.11° 72.01+1.27° 0.12+0.19°
P.d “Lux” 20.07 £1.04 ® 1.50+0.17® 13.47+0.67® 0.02+0.05® 4532+ 1.63°" 0.22+0.35®
P.d “Harvard” 2234 +1.15°2 2.17+0.28°? 11.31+0.34° 0.03+0.13* 31.22+1.21° 0.35+0.73®
P.xc “Triplo” 19.18£0.86° 1.23£0.08" 14.06 £0.51® 0.01 £0.02® 33.00+1.23° 0.21+0.24®
P.xc “1-45/51” 20.16+1.72° 1.18+0.17° 14.21 £0.48 *® 0.02+0.13® 42.31+1.08° 0.13+0.14°

served. N and P were higher in live leaves of
P.d “Harvard” compared to the other clones
and species, although N showed significant
differences only between P.d “Harvard” and
P. caspica (Fig. la, b). The amount of K did
not show any significant differences for live
leaves among the clones and species (Fig.
1c).

All of the nutrient elements showed signi-
ficant differences for senescent leaves among
the clones and species. OC, N, P, and K re-
turn by senescent leaves were higher and
lower for P.d “Harvard” and P. caspica, re-
spectively. C/N and C/P ratio for senescent
leaves of P. caspica had higher value com-
pared to the other treatments (Tab. 3).

Total nutrient content was higher in live
leaves than senescent leaves. In addition, nu-
trient concentration in leaves was higher
than that in soil.

Nutrient retranslocation

Significant differences in nutrient retrans-
location for N and P were observed among
the treatments. Among the clones and spe-
cies, P. caspica had higher retranslocation
for all of the nutrient elements. In contrast,
nutrient retranslocation in P.d “Harvard” fol-
lows opposite trend and the lowest P and N
retranslocation were observed for this clone.
P retranslocation for all of the clones and
species was higher compared to N and K.
Retranslocation percentage of the nutrient
was in order: P (32.46-39.63%), K (21.14-
24.02%) and N (12.09-18.93% - Fig. 2a, b,
C).

Discussion

After about 20 years, different poplar spe-
cies and clones have had different effects on
soil nutrient status. N, P, K and organic car-
bon exhibited significant differences among
the soil under the treatments and their higher
and lower amounts were observed in P.d
“Harvard” and P. caspica, respectively. As
the same aged and adjacent clones and spe-
cies of poplar were planted and developed
under the same site conditions, it seems that
the surface soil nutrient differences are due
to the nutrient function of each poplar spe-
cies and clones. Nutrient returns through lit-
ter fall under different tree species are im-
portant to understand the dynamics of soil
fertility, and the rates of forest litter falls and
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their decomposition contribute to the regula-
tion of nutrient cycling and the maintenance
of soil fertility in forest ecosystems (Onyek-
welu et al. 2006). N, P, K and organic car-
bon returns by senescent leaves showed sig-
nificant differences amongst the clones and
species. The concentration of all of the nutri-
ent elements in senescent leaves was higher
and lower in P.d “Harvard” and P. caspica,
respectively. The nutrient returned to the soil
through senescent leaves was in the order of
N>K>P. Pattern of nutrient concentration in
senescent leaves varied according to the spe-
cies. Similar to our results, Singh et al.
(1989) and Lodhiyal & Lodhiyal (1997) re-
ported the returned nutrient content by leaf
litter in the order of N>K>P in Populus
deltoides plantations in moist plain area in
the north of India. However, Mahmood et al.
(2009, 2011) reported nutrient release from
leaf litter of three tree species in Bangladesh
follows the order of K>N>P.

The amount of nutrient added to the soil
through decomposition of leaf litter depends
on climatic conditions, litter quality, and
other site conditions such as topographic
factors (Morrison 2003). In this study, as the
climatic and other site conditions for all of
the poplar clones and species are the same,
the variations in decomposition rate of dif-
ferent tree litters can be resulted from diffe-
rences among the substrate quality of differ-
ent tree species. Generally, litter with high
lignin and low N concentration has a slower
decomposition rate and immobilizes more N
than litter with low lignin and high N con-
tent. Cornwell et al. (2008) and Berg et al.
(2010) observed that decomposition depends
on the type of humus and on the N and P
content of the leaves. In our study, the senes-
cent leaves had higher N, P and K contents
in P.d “Harvard” than the other poplar
clones and species, and the pattern of C/N
was in the order of P. caspica > P.xc “I-
45/51” > P.xc “Triplo” > P.d “Lux” > P.d
“Harvard”. C/P ratio is also higher in P.
caspica compared to the other species and
clones. There is a highly significant and ne-
gative correlation between C/N and C/P of
senescent leaves with N concentration and
extractable P in the soil (Augusto et al.
2002). Rostamabadi et al. (2010) reported
lower decomposition and release of nutrient
from the litter with high C/N and C/P ratio
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in the plantations in the north of Iran.

Retranslocation percentage of nutrients
(NPK) were in the order of P. caspica >
P.xc “1-45/51”> P.xc “Triplo” > P.d “Lux” >
P.d “Harvard”. Several researches have
clearly shown that tree species differ in their
retranslocation (Hagen-Thorn et al. 2006,
Rouhi-Moghaddam et al. 2008, Hashemi et
al. 2012). Sharma & Sharma (2004) sugges-
ted that different retranslocation of nutrients
depends upon many factors such as, plant
growth, species, and stature associated with
age and site characteristics. Cuevas & Lugo
(1998) showed that tree species differ in N
and P retranslocation and these differences
are in response to eco-physiological reac-
tions of each tree to site conditions. In this
study, it seems that different response of nu-
trient retranslocation of poplar species and
clones are according to their nutritional re-
quirements and site characteristics. Wright &
Westoby (2003) stated that retranslocation
proficiency is a much more accurate indica-
tor of site fertility. According to our results,
P. caspica showed the lowest total height,
DBH and crown diameter amongst the dif-
ferent species and clones analyzed. The soil
under P. caspica also contained poor nutri-
ent supply compared to the other clones and
species. Consistent with our results, Liu et
al. (2004) reported that high element retrans-
location and low growth rate are the charac-
teristics of plants under element-poor condi-
tions. On the other hand, since the soil under
P.d “Harvard” is relatively nutrient-rich, the
nutrients were not retranslocated as efficien-
tly as to the other clones and species. Low
rate of retranslocation for P.d “Harvard”
suggests these trees are less nutrient conser-
vative and the nutrients are being recycled
into the soil (Townsend et al. 2007).

In our study, the percentage of retransloca-
tion of nutrients (NPK) was in the order
P>K>N. Similar to our results, Hashemi et
al. (2012) and Rostamabadi et al. (2010) re-
ported high P retranslocation in different tree
species in northern Iran. In contrast to our
results, Lodhiyal & Lodhiyal (1997, 2003)
and Rouhi-Moghaddam et al. (2008) found
low P retranslocation in tree layers. The ex-
tent to which an element can be retranslo-
cated depends on its physical properties, as
well as its importance to the plant’s nutrient
requirements (Fife et al. 2008). The agree-
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ment between the high P retranslocation and
potentially low P content in the soil for P.
caspica plantation indicates that P retranslo-
cation can be a strong approach of this spe-
cies to soil phosphorous availability. So,
lower N retranslocation can result in proper
balance of nitrogen in the soil.

Conclusion

Understanding the mass and nutrient con-
tent of leaves, litter and soil will help to
evolve appropriate strategies of nutrient ma-
nagement in plantations. In this study, total
height, DBH and diameter of crown, as im-
portant tree growth indicators, and OC, N, P,
K content of senescent leaves and soil some-
what differed among poplar clones and spe-
cies in the order: P. caspica < P.xc “Triplo”
< P.xc “I-45/51” < P.d “Lux” < P.d “Har-
vard”. Retranslocation percentage of N and
P were in the order of P. caspica > P.xc “I-
45/51” > P.xc “Triplo” > P.d “Lux” > P.d
“Harvard”, and P retranslocation for all of
the clones and species was higher compared
to N and K. It could be concluded that the
studied poplar species and clones have dif-
ferent nutritional requirements and retranslo-
cation capabilities. It appears that P.d “Har-
vard” clone showed higher quantitative
growth and it could be beneficial for main-
taining the soil nutrient status for successive
plantings in the north of Iran and other sites
similar to the study area.
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