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The Effects of Waste Leachate on the Eco-Physiological
Characteristics of Populus euramericana
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Department of Forest Resources, College of Agriculture, Sangju National University

ABSTRACT: Populus euramericana has been identified as a possible species for use for
phytoremediation of landfills. To identify the effects of waste leachate on the grOW“} and
physiological characteristics of Populus euramericana, four different treatments were applied t‘f
Populus euramericana seedlings: leachate solution (100% leachate), 25% dilution (75% leachate:
25% water, v/v), 50% dilution (50% leachate: 50% water, v/v) and control (100% tab water)
were applied to Populus euramericana. Treatment with waste leachate significantly stimulated
Populus euramericana height, diameter at root collar and biomass production relative to the
water control. Chlorophyll contents, photosynthesis and transpiration of leachate irrigated-trees
were significantly higher than those of water control. These results suggested that poplar could
be a suitable species for phytoremediation in landfills because these species showed good growth
performance and were capable of taking up waste leachate.
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INTRODUCTION

Waste in the world has enormously increased
during the industrial periods in the 20" century
with geometrically explosive increase of po-
pulation. In Korea, industrialization and increase
of population in urban area also gave rise to
serious waste problems (Ministry of Environment
1997, 1998).

Landfill area near the big cities has been in-
creased to remove municipal and industrial waste
in Korea. Serious environmental problems in
landfill area could be classified into three general
categories: 1) harmful and smelling gases such as
CH4, 2) leachate, and 3) soil contamination due to
industrial waste which contains heavy metals
(Nutter and Red 1986). Especially, leachate which
contains high NH; and NO; seeps into near river
or ocean and gives negative impacts on ground
water.

In general, municipal and industrial waste
landfill can induce many negative influences on
the ecosystems. In contrast, several reports showed
that high concentration of NH; and NOsz could be
helpful for tree growth in some species. Many
studies have shown that waste leachate does not
always reduce total biomass (Lee and Woo 1998,
Koo et al. 1997, 1998). These somewhat conflicting
facts indicate that an intensive study of tree
species might help to elucidate the nature of these
responses.

Phytoremediation is an approach to clean up
contaminated soils using plant species. Many

countries have been interested in phytoremediation
because it appears to be cheaper than chemical
and engineering-oriented methods and may also
offer a restoration and long-term environ-
mental benefits around contaminated area such
as landfills, mining sites, farmland and nuclear
waste dumps (Litch and Madision 1995). To gbsortz
gases, leachate and heavy mctals,' planting o
trees in landfill has been often considered. Tree;
have the potential to remediate or prevent bot

soil and ground water pollution in waste landfill.

Trees, especially fast growing species such as
Populus and Salix, can take up the toxic materials
through their roots and transport them. to. stems
or leaves (Eltrop et al. 1991, Kukaszewiski et al.
1993). In Korea, poplar species seems to be an
outstanding candidate for phytoremediation
because of robust growth rate, rapid
establishment of many leaves and fast growing
characteristic. ) .

The objective of this study was to identify the_z
effects of waste leachate on the growth and phy
siological characteristics of Populus euramericana
as a possibility of phytoremediation using poplar
species in landfill area.

MATERIALS AND METHODS

Plant materials . tal
This study was conducted at the experimenta
site of the department of forest resources oi: the
Sangju National University. Populus euramencanatz
were collected as 20cm cuttingzs from the Fores‘
Research Institute clone farm iz Suwon, Republic
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Table 1. Waste leachate treatments of this experiment

Treatments Leachate  Water Periods
100% leachate 100% 0%
75% dilution 75% 25%
50% dilution 50% 500, March 29~July 4
Control 0% 100%

of Korea in January, 1997. Each cutting was
dipped into a root hormone (Indole-3-butyric
acid), and then planted into the same area. Five
Populus euramericana individuals in each leachate
treatment were prepared for replication. All the
cuttings were made from the same clone.

One year later, these poplars were planted
into pots and irrigated daily with different con-
centrations of leachate (Table 1). NPK fertilizer
was applied once a week. Average temperature
was between 27 and 29C during the experimental
period. Relative humidity was between 60 and
80% at seedling height. The midday photosynthetic
photon flux density ranged between 1,400 and
1,800 mol m? s™

Elements and treatment of leachate

Waste leachate was collected from Wha-seo
waste landfill in Sangju, Republic of Korea. Heavy
metals were measured with atomic absorption
spectrophotometer (AA-6401 Shimadzu, Japan).
Biological oxygen demand (BOD), NOs, total-P
and pH were cited from the data of local
government (Ministry of Environment 1997). Waste
leachate showed very high BOD and NOs concen-
tration (Table 2).

Table 2. Waste leachate collected from Wha-seo landfill

at Sangju city (Unit: ppm)
Legal standard Tab Leachate
for discharge water solution
pH 8.6 6.9 . 79
BOD 100.0 0.0 4050.0
NO3 10.0 0.03 1256.0
Total-P 4.0 Ch 7.89
K ND 05 124.0
Ca 5.0 0.2 3850.0
Fe 370 0.1 89.0
Co ND CD 0.8
Cu 3 CD 6.8
Sn ND CD 0.44
Na ND CDh 25.0
Ni ND CD 0.6
Mn 2 0.1 105.0
Al ND 0.1 124.0
Cd 0.1 Ch 0.15
Cr 2.0 0.01 2.0
As 0.5 0.01 0.08

CD: could not be detected, ND: No data available
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The experimental seedlings were transplanted
into 37-liter pots which contained clay and sand
in a 1:1 ratio. Pots were irrigated daily by
leachate. Amount of daily waste leachate absorption
was checked everyday and compared with
transpiration. Treatments of leachate solution
(100% leachate), 25% dilution (75% leachate: 25%
water, v/v) and 50% dilution (50% leachate: 50%
water, v/v) were applied to identify the effects
of leachate on Populus euramericana (Table 1).

Growth measurements

Height and diameter at root collar, were measured
for each tree. At the end of the experiment.
plants were removed from soil. After the roots
were washed, plants were separated into roots
(excluding the cutting itself), shoots and leaves.
then oven-dried at 70°C for 3 days, and weighed.

Photosynthesis

Net photosynthesis (A,) was measured with
mature leaves of LPI (Leaf Plastachron Index)
11 or 12 on every individual. Net photosynthesis
was measured with a broad-leaf cuvette of the
Li-Cor 6400 Portable Photosynthesis System (Li
-Cor Inc., USA), the leaf was sealed and CO:
concentration was allowed to be maintained at
ambient levels. Air flow through the analyvzer
was adjusted to maintain leaf cuvette relative
humidity near ambient levels (ranged between
60 and 70%) during measurement. The average
cuvette temperature was maintained at 25C.
Light intensity (Photosynthetically Active Radla—
tion: PAR) was maintained to 1000 mol m™ s™.
Net Photosynthesis was calculated by using the
following equation.

U.(C.—C.)

A== —C.E

An: Net Photosynthesis ( zmol COz m™ s™). Ue:
mole flow rate of air entering the leaf chamber
(umol/s), Ce: mole fraction of CO: in the leaf
chamber( zmol COz/mol air), Cc: mole fraction of
CO; entering in the leaf chamber ( zmol CO2 /mol
air), s leaf area (cm?), E: transpiration (mmol

H:0 m? s

Transpiration
Transpiration was calculated by using the
following equation.

E=U, (W, — W.)/(5%10° (1 — W./1000))
E: transpiration rate (mmol H:0 m 2 sy, Ues

mole flow rate of air entering the leaf chamber
( zmol/s), W¢: mole fraction of water vapor in
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the leaf chamber (mol H:0/mol air),'We: mole
fraction of water vapor entering the leaf
chamber(mmol H20 /mol air).

Chlorophyll contents

Chlorophyll contents were measured with
SPAD-502 meter (Minolta, Japan) and averaged
for 30 measurements. The measurements with
the instrument were strongly related to Arnons
method (Tadaki and Kinoshita 1988, Wiebel et
al 1994, Kim and Um 1996).

Statistical analysis

Analysis of variance was used to evaluate the
significance of the treatment effects on biomass,
photosynthetic capacity, leachate absorption and
transpiration. Duncans multiple range test (< 0.05)
was conducted for all variables. All statistical
analyses were conducted using the Statistical
Package for the Social Sciences (SPSS PC*,
version 4.0).

RESULTS AND DISCUSSION

Height and diameter growth at root collar

Height and diameter growth at root collar was
significantly stimulated by the application of
waste leachate compared to the water control
for Populus euramericana. Fig. 1 illustrates the
height growth during experimental period (March
29~July 3). Populus euramericana saplings
irrigated with leachate grew taller than their
water -irrigated counterparts (average 358 c¢m
and 302 cm, respectively). Diameter growth at
root collar showed similar trend with height
growth changes (Fig. 2). In other words, diameter
growth at root collar of Populus euramericana
saplings increased with increasing the waste
leachate concentration levels.

This result was similar to that reported by
Cureton et al (1991) who observed that the
height and diameter growth at root collar was
significantly greater with waste leachate treatments
compared to a water irrigation treatment for
hybrid poplar (Populus nigra X maximowiczii).
In general, waste leachate gives many negative
impacts on tree growth such as reducing height
and diameter growth, stimulating leaf senescence
and reducing biomass growth due to high BOD
and other toxicity in waste leachate inhibiting
tree metabolism. In contrast, waste leachate
stimulated height and diameter growth at root
collar of poplar in this study. This somewhat
conflicting result indicates that an intensive
study of poplar clones for growth responses to
waste leachate might help to elucidate the nature
of these responses.
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Fig. 1. Changes in height of Populus euramericana. Bars
indicate standard error.
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Fig. 2. Changes in diameter at root collar of Popuius
euramericana. Bars indicate standard error.

Soil in the pots could reduce the toxicity of
waste leachate (Balsberg 1989). This experiment
was conducted during very short periods (March
29~July 4: 95 days during growing season only).
Therefore, soil in the pots could immobilize the
toxicity of waste leachate during short period. In
addition, high NH; concentration, probably. could
induce the height and diameter growth at root
collar as a role of nutrients for fast growing
poplar.

Nanjido landfill is a municipal waste deposit
area in Seoul, the biggest city in Korea. To test
the suitability of poplars for landfill reclamation.
Populus euramericana was planted on Nanjido
landfill in 1994 and 1995 (Koo et al 1997). The
growth of Populus euramericana in Nanjido
landfill was better than that in mountain area.
The 3-year-growth of poplar planted in 1994
showed that average height and DBH were 5.9m
and 6.2cm, respectively. These impressive growth
rates were 1.6 and 1.8 times higher than those in
mountain area. Poplar planted at Nanjido
landfill in 1995 also showed higher growth than
that in mountain area (Koo et al. 1997).

High NH; and NO: concentration in landfill
area might help improve tree growth (Nutter and
Red 1986). The leachate from landfill or sludge
contains high concentration of nutrients. Today.
there are numerous examples of the application
and treatment of both leachate and sludge on
forest and agricultural lands not only to dispose
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the waste but also to improve plant growth. In
the U.S.A., the growth of Douglas-fir from sludge
application was twice as great as when this
species was fertilized with urea (Cole and Hentry
1986).

Biomass

Poplar grew better when irrigated with 100%
leachate solution than with diluted-leachate
treatment which in turn was significantly better
than the water-irrigated control (Fig. 3). Biomass
growth showed a trend similar to the height and
diameter growth at root collar (Fig. 1 and 2).
Even though root biomass growth by the 100%
leachate treatment was slightly smaller than those
of the other treatments, the effect of leachate
treatment was likely to be positive on the growth
of Populus euramericana in this study.

Root system of poplar may be beneficial for
biomass production. Generally, poplar has a
shallow root system. Shallow-rooted tree species
may be tolerant of landfill condition because their
roots are distributed at shallow depth. Deep-
rooted tree species may be more sensitive on
landfill soils because they are forced to grow a
shallower root system than they normally do
(Gilman 1989). This fact suggested that poplar
could be a suitable species for planting on landfill
area, showing vigorous growth. Landfill areas in
Korea have common problems such as low O
supply and thin soil cover.

Chlorophyll content

Chlorophyll content is a sensitive indicator of
photosynthetic capacity of trees (Grimm and
Fuhrer 1992). In this study, chlorophyll contents
of the leachate-treated trees were significantly
higher than those of control (Fig. 4). It is well
known that higher chlorophyll content may help
to maintain high photosynthesis rates for stressed
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Fig. 3. Biomass changes of Populus euramericana. Different

letters were statistically different at the 5% significance
level (n=5).
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Fig. 4. Chlorophyll contents of Populus euramericana. Bars
indicate standard error.

trees (Kudson et al 1977, Grimm and Fuhrer
1992).

Photosynthesis

Photosynthetic capacity of Populus euramericana
was significantly stimulated by the application of
waste leathate (Fig. 5).

Generally, stresses such as waste leachate with
high concentrations of heavy metals decrease
photosynthetic capacity of many tree species
(Cureton et al. 1991). In this study, leachate-treated
frees have shown higher photosynthetic capacities
(Fig. 5). High concentrations of nitrate in leachate
may be important in determining the effect of
leachate treatments on the photosynthetic ca-
pacities of Populus euramericana. The leachate
was acting as a fertilizer, and the photosynthetic
capacity of Populus euramericana was accelerated.
Furthermore, biomass production is strongly
related to photosynthetic capacity (Grimm and
Fuhrer 1992): This fact may result in maintaining
high biomass production with leachate treatments.
In fact, the leachate of municipal waste used in
this study has lower concentration of heavy metal
than that of industrial waste (Ministry of En-
vironment 1997).
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Fig. 5. Photosynthetic capacity of Populus euramericana.
Different letters were statistically different at the 5% signi-
ficance level (n=20).
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Fig. 6. Comparison of leachate absorption and transpiration
in Populus euramericana. Different letters were statistically
different at the 5% significance level (n=20).

Leachate absorption

The transpiration and the amount of waste
leachate absorption of P. euramericana showed
similar array of responses. Three other leachate
irrigated-treatments showed higher transpiration
e(ind a%s)orption capacity than those of water control

Fig. 6).

Poplar can immobilize leachate that waste
landfill produces. Since fast growing trees utilize
large amount of water for transpiration, moisture
is extracted from the soil before it percolates
beyond the root zone. If poplars produce dense
root into the landfill cover soil, they will act as a
pump that transpires the soil water back to
atmosphere (Schnoor et al. 1992). Hybrid poplar
trees can remove 600 liters of water from the
soil for every kilogram of stem dry matter growth
in the U.S.A. (Stomp et al. 1994, Licht and
Madision 1995).

APPLICATION

In Korea, landfill area has been gradually
increased in the past decades. Waste leachate
from landfills can be environmentally problematic.
The growth of Populus euramericana in leachate
-irrigated-individuals was better than that in
water-irrigated-individuals. Based on this study,
using leachate solution to nutrient deficient places
can be a useful way to dispose of leachate. It
can improve site quality by adding essential
nutrients for tree growth. It is hard to say that
Populus euramericana has good growth perfor-
mance in landfill area because the effect of
leachate application is likely to be cumulative in
natural condition. In spite of this fact, the result
mentioned above suggested that Populus
euramericana may be a suitable species for
phytoremediation in landfills because this species
showed good growth performance and uptake of
waste leachate. Therefore, more long-term
leachate study would be needed to determine the
effect of leachate on the growth of Populus
euramericana.
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CONCLUSION

Height, diameter at root collar and biomass
production was significantly stimulated in Populus
euramericana by the application of waste leathate
relative to the water control. Chlorophyll content,
photosynthetic capacity and transpiration of the
leachate irrigated-trees were significantly higher
than those of water control. These results suggest
that Populus euramericana may be a suitable
species for phytoremediation in landfills because
of the good growth performance and uptake of
waste leachate.
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