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ABSTRACT

There has been much interest recently in central California for reusing drainage
water to grow trees. A sand-culture study was conducted to investigate the accumu-
lation of boron (B) and selenium (Se) in eight hybrid poplar (Populus) clones
irrigated with synthetic agricultural effluent containing increasing levels of chloride
salt, B, and Se. Electrical conductivity (EC) ranged from 1.5 to 15 dS m–1, B levels
from 1 to 5 mg L–1, and Se levels from 100 to 500 µg L–1. Compared with all tree
organs, the leaves accumulated the greatest concentrations of B and Se at the time of
harvest. The results show that pooled leaf B concentrations were positively correlated
with EC levels (r = 0.78, P < 0.001) and negatively correlated (r = –0.53, P < 0.001)
with leaf dry matter for all clones at all tested B levels. Combined leaf and stem Se
data show, respectively, a significant decrease (P < 0.05 level) in tissue accumulation
of Se with increased salinity. Toxicity symptoms (e.g., burning leaf margins, shoot
die back) occurred in most clones grown at 12 and 15 dS m–1 treatments leading to
leaf abscission. Based on the data, clone 49177 (Populus trichocarpa × P. deltoidus)
best tolerated the tested parameters among the clones and accumulated the greatest
amount of B and Se. The moderate ability of the Populus species to remove and
accumulate B and Se from saline effluent is most effective at salinity levels less than
7 dS m–1.

KEY WORDS:  phytoremediation, agroforestry, salinity.
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INTRODUCTION
The concept of “drainage-water reuse” has been promoted for reducing volume

and concentrating saline drainage water in the San Joaquin Valley of Central Cali-
fornia (San Joaquin Valley Drainage Report, 1990). This approach is advocated to
conserve and protect downstream water quality, reduce drainage water volume, and
thus minimize the need for use of otherwise arable land for the construction of
drainage water disposal facilities. However, saline effluent collected in some regions
of Central California contains a new hazard to long-term drainage water reuse,
namely, the presence of naturally occurring boron (B) and selenium (Se). Although
Se is an essential trace element for humans and animals (Underwood, 1976), its
bioconcentrations in the wetland food chain led to the deformities in waterfowl
frequenting Kesterson National Wildlife Refuge in Central California (Ohlendorf et
al., 1990; Presser and Barns, 1985). Water-soluble B concentrations as low as 5 mg
B L–1 in soil water and/or in irrigation water can be toxic to many agricultural crops
(Keren and Bingham, 1985; Maas 1987), because this form of B is readily available
for plant uptake. High levels of salinity in conjunction with soluble B may also affect
a plant’s ability to tolerate drainage water. Consequently, the Se, B, and salt tolerance
of a plant must all be considered when selecting plant species for drainage-water
reuse.

Information on salt tolerance has been described in detail for many crop and tree
species (Maas, 1987), while information regarding the effect of both salinity and B
on the plant is not as available (Ferryeyra et al., 1997; Shannon et al., 1998; Grattan
et al., 1996). During the last decade, plant species such as eucalyptus trees (Eucalyp-
tus spp.) have been established not only in Central California but in parts of Australia
(Sweeney and Stevens, 1997) for the purpose of receiving poor-quality drainage
water. It was thought that trees (e.g., eucalyptus) may be suitable for drainage water
reuse because these species are tolerant of high levels of salinity (Tanji and Karajeh,
1993). Tree species used as recipients of drainage water offer advantages because
they: (1) transpire large quantities of water; (2) produce large plant biomass; (3) con-
centrate the total dissolved salts within their tissue; (4) have long life spans measured
in decades; (5) grow on low-fertility soils that are not productive for annual crops;
(6) need less frequent irrigation, (i.e., deep rooted); (7) promote ecosystem diversity;
and (8) significantly reduce the volume of effluent for disposal.

Other rapidly growing tree species, such as Populus spp., were used successfully
for managing compounds within municipal and inorganic agricultural effluent (e.g.,
nitrate and organic complexes) as early as 1988 in Iowa (Licht, 1991; Schnoor et al.,
1995; Carlson, 1992). Hybrid poplar varieties are perennial, long-lived, fast growing,
and produce a large amount of foliage to harvest. With their extensive root system
they can quickly take up large volumes of water and soluble ions. When the trees are
cut, new stems regrow from a cut tree stump while maintaining a vigorous, deep,
perennial root system. Hybrid poplars tailored for a variety of soil conditions may be
possible because there is much genetic diversity in poplars and the species can be
easily manipulated through selective breeding, interspecific hybridization, and clon-
ing (Stettler et al., 1988). Identifying or creating poplar hybrids with the ability to
both accumulate and tolerate ions such as Se or B under saline conditions is useful
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for agroforestry drainage water reuse programs in central California (Cervinka,
1994). Quantitative information is, however, not available on B and Se tolerance and
accumulation by Populus spp. The purpose of this study was to characterize B and
Se uptake and their respective distributions in hybrid poplar clones irrigated with
synthetic agricultural effluent containing increasing levels of chloride salt, B, and Se.

METHODS AND MATERIALS
This study was conducted at the USDA-ARS, U.S. Salinity Laboratory located at

Riverside, CA. Populus clones were grown in an outdoor sand tank facility between
April 11 and August 15, 1995. Eight hybrid Populus clones referenced in the text are
as follows: (with clone identification numbers in parenthesis): 1 (50197), 2 (50194),
3 (D-01), 4 (DN-34: aka IC), 5 (OP-367), 6 (1529), 7 (49177), and 8 (PC-1). Clones
consisted of hardwood cuttings from Populus hybrids ([P. trichocarpa × P. deltoidus;
#1, 2, 6, and 7), (P. deltoidus × P. nigra; #4, 5, and 8), and (P. trichocarpa × P. nigra;
#3]) approximately 20 cm in length and 1 to 3 cm in diameter and thinned to a single
plant per clone on July 14, 1995. The sand tank facility consisted of 24 lysimeters
(0.76 m × 2 m × 1.5 m deep) filled with Lytle Creek sand having an average bulk
density of 1.2 mg m–3. At saturation, the sand had an average volumetric water
content of 0.34 m3 m–3. Each tank was irrigated with solutions prepared in an
individual reservoir having a volume of approximately 1800 L. The solutions were
pumped once daily from the reservoirs to lysimeters and then returned to the
reservoirs through a subsurface drainage system at the bottom of each lysimeter. Salt
concentrations were checked on a weekly basis to confirm that target concentrations
of salts were maintained. Treatments were imposed on the Populus (plots) in an
unbalanced randomized block design with seven salinity treatments. Salt treatments
were selected based in part on saline composition predominately high in MgCl2,
while B and Se levels were selected to be below normal toxicity levels found in
agricultural effluent in central California (Shennan et al., 1995), but different enough
to provide information on ion uptake responses. The target electrical conductivities
(EC) of the salt solutions were 1.5, 3, 5, 7, 9, 12, and 15 dS m–1. The three lowest and
highest salinities were replicated three times, and the middle salinity was replicated
six times. Each salinity level contained three levels of B (1, 3, or 5 mg L–1 added as
boric acid) and three levels of Se (100, 300, and 500 µg L–1 added as sodium
selenate). The final salt composition was synthesized by considering other simula-
tions, for example, concentration-dependent solubility, adsorption, desorption, pre-
cipitation, and nutrient reactions (Simunek and Suarez, 1994). Solutions also con-
tained sufficient nitrate, phosphate, and essential micronutrients (Hoagland and
Arnon, 1950). Water lost by evapotranspiration was replenished automatically each
day to maintain constant osmotic potentials. Daily irrigation quantities were made to
maintain uniform distribution of salt (leaching fraction = 1).

Average daily high and low temperatures during the study were 30.0 and 14.6°C,
respectively, with temperatures sometimes > 40°C. After a total of 4 months of
growth in the sand culture and 3 months of irrigation with the respective salt
treatment, all clones were harvested on August 16, 1995. The main stem (stalk) was
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divided into two parts:  lower and upper stems. Leaves were collected from each
lower and upper stem, respectively, and designated as lower and upper leaves.

Most harvested plant materials were dried at 45°C for 7 d for the determination
of dry matter (DM). Stems were cut, however, into smaller pieces to promote drying
and dried at 45°C for 14 d. Stem and leaf samples were ground in a Wiley mill
equipped with a 850 µm sieve. Tissue Se and B were determined by atomic absorp-
tion with continuous hydride generation and inductively coupled plasma emission
spectrometry, respectively, after samples were microwaved and wet acid digested as
described by Bañuelos and Akohoue (1994). The NIST Wheat Flour (SRM 1567; Se
content of 1.1 ± 0.2 mg kg–1 DM) and Apple Leaf (1515; B content of 27 ± 1 mg kg–
1) were used as standards for quality control of plant Se and B analyses, respectively.
Selected elements were analyzed by atomic absorption spectrometry, and chloride
was analyzed by potentiometric titration after extracting with 2% acetic acid.

Data Analysis
General linear model (GLM) test correlation and regression analyses were per-

formed using the statistical analysis system (SAS) version 6.03 (SAS Inst. 1988).
SAS was also used to fit selected data to the nonlinear equation from van Genuchten
and Hoffman (1984).

RESULTS
Effects of Boron and Selenium on Growth

The relatively low to moderate B and Se treatment concentrations used in this
study were chosen in order to provide information on ion uptake without affecting
growth. When total plant dry weight of each clone at each salinity level was
normalized and the effects on B and Se on growth were tested using the Tukey Test,
it was found that there were no significant effects in any of the clones at an alpha level
of 0.05 with 15 degrees of freedom ([using the GLM procedure] [SAS. Inst., 1988]).

Because of the large number of plant samples, B and Se concentrations are only
reported for the highest concentrations of B and Se (5 mg B L–1 and 500 µg Se L–
1) in the salinity treatment. Pooled values for all solution Se and B levels are reported.

Visual Observations
Toxicity symptoms (e.g., burning of leaf margins, leaf abscission, and shoot die

back) generally occurred by 6 weeks in most clones grown in 12 and 15 dS m–1

treatments. Prolonged high temperatures > 30° during the summer likely exacerbated
leaf abscission at these high salinity treatment for all clones.

Boron Accumulation
Leaves and Stems

Boron concentrations significantly (P < 0.05) increased in clones with increasing
salinity level up to 7 dS m–1 (Tables 1 and 2). These increases in B concentration were
also observed in the unreported data between salt treatments 1.5 and 7 dS m–1. At 15
dS m–1, leaf B could be accurately measured in leaves from only clones 4, 7, and 8,
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TABLE 1. Tissue B Concentrations in Poplar Clones Grown at
Different Salinity Levels with 5 mg B L–1

Boron concentrations inb

Leaves Stems

Clonea Salinity Lower Upper Lower Upper

# (dS m–1) mg kg–1 DM

1 1 121 48 12 22

7 384 232 14 28

15 NAc NA 39 130
2 1 105 56 13 20

7 383 235 22 24

15 NA NA 34 113
3 1 174 59 15 28

7 520 257 16 37

15 NA NA 37 163
4 1 107 53 13 22

7 358 173 18 37

15 NA 590 27 89
5 1 103 72 17 24

7 543 306 21 35

15 NA NA 49 137
6 1 117 43 12 22

7 404 207 20 28

15 NA 767 33 184
7 1 112 47 14 15

7 440 246 22 33

15 503 457 30 319
8 1 121 65 13 27

7 376 253 16 40

15 NA 197 45 173

a Clones are identified in methods and materials.
b Statistics were not performed on each clone; there were only ample repli-

cations at salinity 7 d Sm–1.
c NA = leaf abscission occurred and dead leaves were not collected.

because these retained enough leaves to sample. Lower leaves contained signifi-
cantly (P < 0.001) more B than the upper leaves in each clone, irrespective of
treatment. Lower and upper leaves contained greater concentrations of B than both
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TABLE 2. F-Values on the Effect of Increasing Levels of Salinity
and Boron on Leaf and Stem B Concentrations for
Each Clone

F-values in

Treatment Leaves Stems

Clonea Factorb,d Lower Upper Lower Upper

1 Salinity 10.3* 67.1***c 51.9*** 4.9
Boron 1.7 5.4 0.7 1.0

2 Salinity 9.3* 23.3* 55.7*** 11.3*

Boron 0.7 3.3 1.0 0.9
3 Salinity 12.4* 80.1*** 3.8 35.8***

Boron 0.4 1.9 1.4 0.8

4 Salinity 11.8* 9.7* 24.9*** 2.2
Boron 3.1 0.3 2.7 1.6

5 Salinity 56.0*** 124.9*** 44.5*** 54.1***

Boron 1.0 0.1 0.7 2.0
6 Salinity 10.2* 294.1*** 96.2*** 9.6*

Boron 0.8 0.5 0.3 0.6

7 Salinity 19.5** 46.0*** 52.5*** 6.6*

Boron 0.2 0.6 1.6 1.2

8 Salinity 16.2** 156.5*** 153.1*** 17.6**

Boron 0.4 0.9 2.4 0.3

a Clones are identified in methods and materials.
b Factors consist of increasing levels of salinity and boron in irrigation

water.
c Significance at the following levels: *, P < 0.05); ** , (P < 0.01); *** ,

(P < 0.001).
d There were no significant differences due to interaction between salinity

and B level in treatment.

stem segments in all treatments for all clones (Table 1). Upper stems contained
greater B concentrations than that measured in lower stems of all clones at all
treatments (Table 1). The greatest stem B concentration was at the highest salinity
treatment. Increasing solution B from 1 to 5 mg B L–1 did not significantly increase
B in either stem segment (Table 2). Salinity significantly (P < 0.05) increased stem
B concentrations in most clones.

Pooled data from all clones showed that leaf and stem B concentrations did not
increase with increasing B concentration in the treatments (Figures 1, 2, 3, and 4).
However, increasing salinity significantly enhanced B concentrations in upper and
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FIGURES 1–4. Pooled tissue B concentrations in leaves and stems from all poplar clones
grown at different B and salinity levels.†

lower leaf and stems (Figures 1, 2, 3, and 4). Overall, pooled leaf B concentrations
from all clones were positively correlated (r = 0.78, P < 0.001) with EC levels and
negatively correlated (r = -0.53, P < 0.001) with leaf dry matter at all tested B levels.
Using a nonlinear crop response model described by van Genuchten and Hoffman
(1984), critical leaf B concentrations (the concentration at which a decrease in DM
yield is to be expected) were calculated. Based on the calculated tissue B concentra-
tion (mg B kg–1 DM), clones were ranked from most tolerant to least tolerant to
accumulated B as follows: clone 49177 (211), clone 50197 (180), clone PC-1 (160),
clone D-01 (148), clone OP-367 (141), clone 1529 (129), clone DN-34 (63), and
clone 50194 (62).
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SELENIUM ACCUMULATION
Leaves and Stems

Tissue concentrations of Se did not exceed 1 mg Se kg–1 DM in clones exposed
to treatments containing 100 and 300 µg Se L–1. Thus, only data in salinity treatments
containing 500 µg Se L–1 are presented, unless specifically noted. Tissue Se concen-
trations ranged from 1.3 to 9.1 mg Se kg–1 DM in upper and lower leaves for all
clones (Table 3). At the highest salinity treatment, 15 dS m–1, leaf Se was only
accurately detected in clones with sufficient leaf material (3, 4, 6, 7, and 8). Increas-
ing Se level in solution significantly increased (P < 0.05 level) Se concentrations in
upper and lower leaves for all clones except for clone 3 (Table 4). Salinity signifi-
cantly (P < 0.05) decreased the accumulation of Se in lower and upper leaves of
clones 3, 7, and 8, as well as in lower and upper stems, for all clones (Table 4).
Selenium concentrations were generally greater in upper stems than in lower stems
(Table 3). Increasing solution Se did not significantly result in greater stem Se
concentrations for any clones (Table 4). Pooled data from all clones showed that leaf
and stem Se concentrations significantly decreased (P < 0.05 level) with increased
salinity (Figures 5 and 6).

DISCUSSION
Studies indicate many plants (e.g., wheat and alfalfa) respond independently to

boron and salinity (Bingham et al., 1987; Mikkelsen et al., 1988; Shani and Hanks,
1993; Manchanda and Sharma, 1991) at the levels used in this study. In contrast to
B data reported for Prunus root stocks (El Motaium, Hir, and Brown, 1994), tissue
B concentrations increased inconsistently in leaf and stem segments with increasing
salinity. Compared with other tree species (e.g., eucalyptus, grown under similar salt
and B conditions) leaves from the hybrid Populus clones contained lower B concen-
trations (≅ 600 mg B kg–1 DM) than those reported for Eucalyptus camaldulensis (up
to 1043 mg B kg–1 DM) evaluated under salinity and B levels higher than those used
in this study (Shannon et al., 1997). Shannon et al. (1997) suggested that high salinity
reduces transpiration and plant water uptake and thus the net flux of B from the root
to the shoot was reduced. This hypothesis is dependent on the presumed movement
of B via the transpiration stream within the plant; boron has been reported to be
mobile in the phloem of other tree species, (e.g., Prunus) and thus less dependent on
the transpiration flow (Brown and Hu, 1996). Bañuelos (unpublished data, 1998) has
observed reduced tissue B concentrations in plants (e.g., sunflowers, canola, pawlonia
trees) grown under high B (≈10 mg B L–1) and saline conditions (>10 dS m–1)
compared with the same species grown under non-saline and high B conditions
(<1 dS m–1).

Boron concentrations determined in leaves collected from upper and lower seg-
ments on the Populus clones show that the distribution of B in the poplars resembles
that of other plants (Huang, Zhenggi, and Bell, 1996). Once B enters the leaf, it
remains there with little or no redistribution. As a result, there is an increasing
concentration of B as the leaf ages. Generally, leaves with concentrations greater than
250 mg B kg–1 DM exhibit symptoms of B toxicity; expressed as burned leaf margins
(Gupta, 1993). Toxicity symptoms reflect the distribution of B in the leaves, with B
accumulating at the end of the transpiration stream (Nable, Bañuelos, and Paull,
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TABLE 3. Tissue Se Concentrations in Poplar Clones Grown in
Different Salinity Levels with 500 µg Se L–1.

Se concentrations in

Leaves Stems

Clonea,b Salinity Lower Upper Lower Upper

# (dS m–1) mg kg–1 DM

1 1 6.80 8.40 0.41 2.00

7 2.73 4.20 0.58 1.34

15 NAc NA 0.78 2.84
2 1 3.23 4.25 0.61 1.64

7 9.10 7.20 0.60 1.30

15 NA NA 2.84 2.43
3 1 ND ND NDd ND

7 2.30 2.28 0.40 0.74

15 1.19 1.33 0.51 1.34
4 1 6.75 5.30 0.36 0.89

7 0.24 3.21 0.54 1.47

15 NA 0.26 0.38 1.21
5 1 3.57 3.57 0.30 0.86

7 1.20 1.74 0.30 0.80

15 NA NA ND ND
6 1 5.18 4.14 0.62 1.40

7 1.67 1.70 0.53 1.21

15 NA 0.19 ND ND
7 1 5.45 3.44 0.54 0.27

7 1.62 2.53 0.40 1.09

15 0.42 0.12 ND ND
8 1 1.84 2.10 0.23 0.57

7 1.05 1.30 0.29 1.00

15 NA 0.08 ND ND

a Clones are identified in methods and materials.
b Statistics were not performed on each clone; there were only ample repli-

cations at salinity 7 dS m–1.
c Not applicable; leaf abscission occurred and dead leaves were not collected.
d Not detected; values were less than 50 µg Se kg–1 DM and thus not reported.

1997). In our study, lower leaves exhibited less toxicity symptoms than the upper
leaves. The lower leaves have larger surface areas and larger cell sizes than upper
leaves, and thus a larger number of sites were presumably available for the storage
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TABLE 4. F-Values on the Effect of Increasing Levels of
Salinity and Selenium on Leaf and Stem Se
Concentrations for Each Clone

F-values in

Clonea Treatment Leaves Stems

# factorb Lower Upper Lower Upper

1 Salinity 2.5 0.9 51.9*** 4.9
Selenium 19.5* 16.9*c 0.7 1.0

2 Salinity 2.2 2.9 55.9*** 11.3

Selenium 25.1* 13.9* 1.0 0.9
3 Salinity 3.0 877*** 3.8 35.8***

Selenium ND NDd 1.4 0.8

4 Salinity 3.1 1.9 24.9*** 2.3
Selenium 29.3* 3.2 2.7 1.6

5 Salinity 4.8 2.9 45.6*** 54.1***

Selenium 43.5*** 8.6 0.7 2.0
6 Salinity 2.8 2.9 94.2*** 9.6*

Selenium 8.9* 7.2 0.3 0.6

7 Salinity 11.6* 767*** 52.5*** 6.6*

Selenium 7.2 145*** 1.6 1.2

8 Salinity 10.3* 28.8* 153.3*** 17.6**

Selenium 6.5 31.6* 2.4 0.3

a Clones are identified in methods and materials.
b Factors consist of increasing levels of salinity and selenium in irriga-

tion water.
c Significance at the following levels: **P < 0.05); ** (P < 0.01); *** (P <

0.001).
d Not detected; insufficient data to give an accurate F value.

or deposition of absorbed B (Ceulemans et al., 1992). Differences in B accumulation
were observed among the different clones. Visual morphological differences, for
example, differences in size, form, and number of leaves, and dry matter yield may
influence a clone’s ability to accumulate and tolerate B (observations not recorded).
However, the genetic parentage of our hybrid crossings likely influenced the accu-
mulation of B similar to the reported effect that other hybrid crossings, P. deltoides×
P. nigra and P. nigra × P. trichocarpa, have on the accumulation on other elements,
N, P, and Ca (Hansen 1994; Teng and Timmer, 1990).
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Selenium
Selenium accumulated primarily in the leaves compared with stems for all tested

clones, where transpiration water losses concentrated Se in the leaves. Selenium
concentrations in the leaves decreased as salinity concentration increased. Bañuelos
et al. (1996b) have observed decreased accumulation of Se in other plant species
(e.g., canola, tall fescue, birdsfoot trefoil) with increased salinity. There were not
enough surviving clones with leaves at 15 dS m–1 to accurately evaluate leaf Se
concentrations at this salinity level. Selenium uptake has been examined in other tree

FIGURES 5 AND 6. Pooled tissue Se concentrations in leaves and stems from all poplar
clones grown at different salinity levels.†
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species (i.e., eucalysptus and casuarina) that are used presently in agroforestry
programs, where agricultural effluent containing Se, B, and other salts were used as
irrigation water (Cervinka, 1994). Compared with these tree species, selected Populus
clones may be more effective in capturing and extracting Se from Se-laden effluent
at lower saline levels (< 10 dS m–1).

Data Extrapolation to Field Conditions
A general and simplistic extrapolation on the presently collected data from 3

months of growth may provide indications of the feasibility of using Populus trees
as a recipient for saline drainage effluent containing B and Se (estimated extrapola-
tions from lysimeter results obtained under greenhouse conditions to field conditions
should always be made with caution). Based on the data obtained from clone 7
(49177), which among the clones best tolerated the tested parameters, field extrapo-
lations were made for a 3-month period on its ability to accumulate B and Se in the
stem and leaves after irrigating with a typical saline water (7 dS m–1) containing 5 mg
B L–1 and 500 µg Se L–1. Using a well-spaced planting density of 5425 Populus trees
ha–1 (>1.6 m2 per tree), 440,000 L ha–1 of water are minimally necessary to grow this
number of trees for the first 3 months under Iowa conditions (water usage would be
far greater under growing conditions in Central California). With this volume of
water, a total of 2.2 kg B ha–1 and 0.22 kg Se ha–1 would be applied to the trees via
irrigation water.

Based on greenhouse data observed by Shannon et al. (1998), a conservative leaf
DM yield of 300 g and a stem DM yield of 325 g per tree after 3 to 4 months of growth
were measured for clone 7 (49177) irrigated with a saline effluent at 7 dS m–1. Using
these conservative DM values leaf yields of 1628 kg and stem yields 1763 kg would
be expected (root dry matter is not included) for 3 to 4 months of growth for 1 ha
planted to poplar trees at the above density. Based on B and Se data measured in this
study, leaf B concentrations of 343 mg B kg–1 DM (derived from mean between upper
and lower leaf B concentrations reported for clone 7 in Table 1) and a stem B
concentrations of 27 mg B kg–1 DM (derived from mean between upper and lower
stem B concentrations reported for clone 7 in Table 1), the leaves and stems from
5425 trees would accumulate 560 and 47 g B, respectively, and 3.42 and 1.32 g Se
in leaves and stems, respectively. Therefore, above-ground plant material from 3 to
4-month-old poplars would conservatively accumulate 27% and 2% of the applied B
and Se, respectively, from the applied drainage effluent (calculated percentages are
only extrapolated estimates). Yields of biomass and amounts of B and Se removed,
however, would likely be considerably higher, because hybrid poplars can easily
produce 30 tons of dry matter per hectare per year at a density of 10,000 trees per
hectare (Schnoor et al., 1995). Yields of biomass would, however, fluctuate in the
field depending on the salinity level present in the irrigation water.

The conservative estimation of tree accumulation of B and Se from saline effluent
(illustrated above with typical concentrations of B [5 mg L–1], Se [500 µg L–1], and
7 dSm–1 [salinity]) would eventually lead to residual salt and B level in the soil
because it is not likely that the Populus spp. or any plant species could accumulate
all applied B or Se. If water reuse on Populus trees is to be considered as a disposal
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option for B/Se-laden saline effluent, long-term use of drainage water will require
well-planned soil strategies related to chemical and physical quality changes within
the soil after receiving effluent for long periods of time (Shennan et al., 1995; Ayars
et al., 1994; Rhoades et al., 1988; Thellier et al., 1990). Despite the likely increase
in soil salinity with use of effluent on Populus spp., resulting in decreases of biomass
yield, one primary advantage with poplar trees compared with other tree species is
that presently they are used as a viable wood product in today’s market. Hybrid
poplars are often used in the tree and wood industry because of their vigor and rapid
growth. Other uses of poplar biomass may include firewood, paper pulp, and bio-fuel
for power-generating plants.

The feasibility of using annual herbaceous plant species instead of poplar trees as
recipients for poor quality water with high salinity, Se and B levels has been
addressed indirectly by research conducted by Parker, Page, and Thomas (1991),
Bañuelos, Meek, and Hoffman (1990), Bañuelos et al. (1996a), and Shannon et al.
(1998). Although some plant species (e.g., Astragalus, Brassica, Hibiscus, spp.) may
accumulate much greater Se concentrations than the Populus trees, lower yields
compared with poplars would require unrealistically high biomass plant yields to
achieve similar amounts of B extracted by the selected Populus clone. Moreover, dry
matter yields would increase with each year’s growth of the poplar species and
consequently more B should be extracted.

Additional studies with Populus spp. should evaluate the recycling of B and Se as
an organic component of leaf abscission. Leaf incorporation into soil as organic
matter and subsequent accumulation of Se should also be evaluated. In addition to
evaluating the poplar’s ability to accumulate Se and B, other structural components
of new hybrids, for example, phenology (Ridge et al., 1986), leaf and whole-tree
photosynthetic capacity (Isebrands et al., 1983), stomatal morphology and behavior
(Bassman and Zwier, 1991) and germplasm base, may provide additional informa-
tion for selecting trees most capable of accumulating Se and B from poor-quality
water.

CONCLUSION
The potential for removing B and Se using perennial tree buffers (e.g., Populus

species) has been evaluated in lysimeters with moderate success under saline condi-
tions. The tested Populus clones showed a range of B accumulation, salinity, and B
tolerance. Breeding for B and salt tolerance in Populus clones may help growers use
species that are more effective for extracting B from saline effluent and immobilizing
more B into stem, leaves, and possibly roots. Harvesting the white wood fiber as a
commodity in a multiple year cropping cycle may also be part of the B removal tree
system. Although poplar species may accumulate more Se than other tree species
(e.g., eucalyptus under the test conditions), the net accumulation of Se appears to be
minimal. Long-term field trials are essential to determine the potential effectiveness
of selected poplar hybrids to tolerate poor-quality water and extract B and Se under
hot summer conditions present in Central California.
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