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ABSTRACT

The soils that sustained damage from the mining industry are threatened with high salinity. The aim of the research
involved assessing the impact of drilling wastes on the salinity of soils, and the influence of salinity on the germi-
nation and growth of various grass species. The research involved the energy, germination capacity and growth
of four grass species: tall fescue Festuca arundinacea (cv. Odys), red fescue Festuca rubra (cv. Areta), perennial
ryegrass Lolium perenne (cv. Gazon) and smooth meadow grass Poa pratensis (cv. Alicja) in the soils with various
amount of drilling wastes addition and different salinity. The drilling waste addition in the amount of 5%, 10%,
15%, 20%, 30% (v/v) (pH 4.1, EC = 8.84 uS/cm) significantly increased the salinity of the prepared mixtures to
the levels of >2.5 dS/m, determined as harmful for most plants. Studies indicated that 5%, 10% and 15% (v/v) drill
cuttings addition does not inhibit the growth of the considered grasses, while at the 25% addition of drill cuttings,
the length of seedlings and roots is halved in comparison to the control sample without drilling waste addition.
The mixture with 30% drilling waste addition, characterized by the salinity of 18 dS/m, inhibits the growth of all
considered plant species. The conducted discrimination analysis indicated that cv. Gazon and cv. Odys differ from
the other considered grass species, exhibiting the highest resistance to salinity caused by drilling waste addition.

In turn, cv. Alicja was characterized by the lowest tolerance to salinity.
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INTRODUCTION

Rapid development of industry threatens the
natural environment in numerous ways. Increased
occurrence of drillings related to the prospecting
of gas or crude oil results in the generation of
drilling wastes [Borowski et al. 2019]. The grow-
ing amount of drilling wastes contributes to the
largest group of industrial wastes, i.a. from coal
mining. These wastes cause the appearance of de-
graded lands, including heaps of tailings or post-
drilling areas. Their proper management facili-
tates reclamation and later use. In 2017, the non-
reclaimed areas in Poland amounted to 8376.8 ha,
and only 18.2 ha was reclaimed [GUS, 2018].

Another limitation in reclaiming post-indus-
trial areas pertains to the salinity of industrial
wastes. Their storage may raise the salinity of

soil, when the upper parts of soil profiles with
low soil content are mixed with the waste char-
acterized by high salinity. Worldwide, more than
400 Mha are saline. In Poland, the estimated area
of saline soils reaches approximately 5420 ha
[Wasilewski et al. 2015]

Cultivation of plants on such areas is diffi-
cult and sometimes does not yield the expected
results. Salinity is connected with excessive
amount of dissolved ions in the soil solution,
especially Na*, CI, SO,*, HCO,, and rarely K",
Ca*, Mg*", NO,. This leads to the physiological
drought, which makes the seeds during the germi-
nation phase more vulnerable to the salinity stress
[Borowski 2008].

The simplest, but also most time-consuming
method of reclamation is to employ the natural
plant capacity for the removal of excess soil.
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Such plants should be characterized by resistance
to elevated salinity in order to facilitate rapid
growth and produce large amount of biomass
[Jakubiak et al. 2008].

Studies on the selection of plants capable of
growing on the areas degraded by various types
of industrial activity and saline soils are con-
stantly being conducted [Kienberg et al., 2014,
Giannini et al. 2016].

Grasses are the most abundant type of
plants. They are characterized by a large mor-
phological and practical diversification. These
plants are found in various habitat conditions.
Such properties enable to use grasses not only
as animal fodder but also as decorative plants
and lawns. The term /awn grasses is very broad,
since it encompasses both the intensively main-
tained and used areas, including, e.g. tennis
courts or gold fields, to extremely extensive
areas like heaps of brown or hard coal tailings
[Przydatek et al. 2006].

Due to the common application of grasses,
an attempt was made in this work to evaluate the
growth of selected grass types on the soil with
the addition of drilling wastes characterized by
high salinity. The tolerance of various grass spe-
cies to salinity was described in the studies by
Yuying et al. (1999), Xiaofang et al. (2000), Hu-
jun et al. (2001) and Pawluskiewicz (2000). For
instance, in the research conducted by Stawicka
et al. (2006) on the soils characterized by salin-
ity of 0.3—1.2 dS/m, the monocotyledonous spe-
cies were the most useful. These included Fes-
tuca rubra, Lolium perenne, and Poa pratensis
[Stawicka et al. 2006]. However, the results of
studies conducted on the grasses cultivated on
saline soils are often ambiguous. For instance,
Hujun et al. (2001) considered Lolium perenne
as a highly valuable species that is tolerant to
salinity, while Festuca rubra is considered mod-
erately or low tolerant. In turn, Pawluskiewicz
(2000) observed no difference in the germina-
tion of Lolium perenne and Festuca rubra on the
substrate with the salinity of 8 mS/cm [Hujum et
al. 2001, Pawluskiewicz B. 2000]. This means
that grass seeds are highly differentiated within
a species and even a variety, in respect to salinity
tolerance, which was also noted by Hanslin and
Eggen (2005).

The aim of the work is to assess the impact
of drilling wastes on soil salinity as well as the
influence of salinity on germination and growth
of various grass species.
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MATERIALS AND METHODS

The conducted pot experiment investigated
the influence of drilling wastes (cuttings) from
shale gas extraction on the germination of grass
seeds forming the roadside grassy ecosystems
[Stawicka 2003, Harkot i in. 2005].

The drilling wastes, i.e. cuttings, origi-
nated from the waste facility in Luchéw near
Bilgoraj, Poland. The granular composition of
the drill cuttings comprised the sand fraction
(2+0.05 mm) that constituted 75%=+0.57 of total
mass of each investigated sample. The dust frac-
tion (0.05+0.002 mm) corresponded to 18%+0.46,
whereas the loam fraction (<0.002 mm) constitut-
ed only 7%=0.33 of total material mass. The drill-
ing waste is characterized by a highly alkaline pH
(9) and electric conductivity of EC>40dS/m.

The following grass species were investigat-
ed: Festuca arundinacea (cv. Odys), Festuca ru-
bra (cv. Areta), Lolium perenne (cv. Gazon) and
Poa pratensis (cv. Alicja). Sterile sand with the
granular composition of loamy sand and the con-
tent of sand fraction >90% (sterilizied for 60 min
at 180°C) was used as the substrate for cocci
growth. The sand was placed in pots (volume
11,8 I, upper 24 cm, height 30 cm) after polluting
it with drilling wastes in 5%, 10%, 15%, 20% and
30% ratios of drilling wastes to substrate/sand
weight. Unpolluted sand constituted the control
object. The mixtures named: PO, P5, P10, P15,
P20, P30. A 100 seeds were placed in each pot, af-
ter considering the germination capacity of seeds
characterizing each of the considered varieties.

The energy and shooting capacity of cocci
was determined in Petri glasses (3%50 cocci) on 3
plies of cellulose chromatography papers (What-
man No3001917), which was wetted with 3 ml
of distilled water on a daily basis. The energy of
seed germination (% of seeds that germinated af-
ter a longer period of time) of F. arundinacea and
L. perenne was determined after 5 days, F. rubra
and F. ovina after 7 days, while P. pratensis after
10 days. The germination capacity (% of seeds
that germinated after a longer period of time) of
F. arundinacea, L. perenne were determined af-
ter 14 days, F. rubra and F. ovina after 21 days
and P. pratensis after 28 days [Dorywalski i wsp.,
1964]. During the research, the humidity of sub-
strate in all pots was maintained at a constant level
(80% field water capacity). The pots were placed
in containers with distilled water, maintaining its
constant level (2 cm). The studies were conducted
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for 6 weeks under 12-hour artificial lighting con-
ditions, provided using SON-T AGRO lamp (ap-
prox. 400 Lux). The air temperature in the room
reached 24-25°C.

The growth rate of seedlings was evaluated
on the basis of the root length and seedling height
(in mm), in 5%, 10™, 15%, 20™, 25% 30™, 35% 40
50", 55" and 60" day from the beginning of the
experiment. The height of seedlings was mea-
sured form the caryopsis base to the tip of the
fully developed blade, while the root length from
the caryopsis base to the tip of root.

The electrical conductivity of the prepared
mixtures was carried out with the conductometric
method, in line with PN-EN 27888:1999 standard.

Statistical analysis

While elaborating the results of studies con-
ducted in repetitions, the arithmetical means
and means standard deviations were calculated.
In order to assess the significance of differences
between the mean values, the statistical analyses
conducted, based on the T Tukey’s test at the sig-
nificance level of a =0.05. This test enabled to
conduct a detailed comparison of mean values by
indicating Tukey homogeneous groups, marked
with letters. The mean values of particular pa-
rameters determined for the compared substrates
marked with the same letter indicate that they be-
long to a statistically homogeneous group, mean-
ing the lack of a statistically significant difference
between them.

The impact of investigated parameters on the
species of considered grasses was assessed by
means of the discriminant analysis.

The calculations were carried out using Mi-
crosoft Excel 2010 and Statistica 13.0 software
package (licensed for the Faculty of Environ-
mental Engineering of Lublin University of
Technology).

RESULTS AND DISCUSSION

Addition of drilling wastes in all applied
doses increases the electrical conductivity (EC)
values of sand, which was presented in Table 1.
The conducted post hoc statistical analysis us-
ing T-test statistical significance indicated that
the addition of drilling fluids had a statisti-
cally significant influence on the EC values in
particular mixtures.

Table 1. Electrical conductivity values of the
considered mixtures

Mixture EC [dS/m]
0 0.8842
P-5 5.03°
P-10 6.4°
P-15 9.5¢
P-20 15.3¢
P-30 18¢

Electrical conductivity expresses the capac-
ity of water to conduct electric current, which
changes depending on the number and type of
ions in the solution expressed in uS/m. This pa-
rameter affects the efficiency of cultivated plants,
as well as the soil texture, cation exchange capac-
ity, dehydration conditions, organic matter con-
tent, salinity and substrate properties [Patel and
Lankawada, 2014].

The EC in the substrate with 5% drilling
waste addition increases more than 20-fold, with
10% addition — by 45-fold, while a 15% addi-
tion results in a 73-fold increase in relation to the
control soil. These values are statistically signifi-
cantly different. In the substrates with the highest
20% and 30% drilling waste addition, these val-
ues increased more than 80-fold, but the differ-
ence was not statistically significant.

While comparing the EC values measured in
the produced substrates with the soil salinity scale
presented by Patel and Lankawda, it was observed
that the drill cuttings addition increases the soil
salinity from EC<0.08 dS/m to 0.19-0.75 dS/m.
It changes the soil category from “normal” in
the control to “injurious” in most crops of all re-
maining mixtures, since EC>2.5 dS/m [Patel and
Lankawda, 2014]. Taking into account the plant
requirements in terms of EC values of the sub-
strate, it should be purported that they will limit
the plant growth to a varying degree. Therefore,
selection of appropriate plant species, e.g. grasses
with high tolerance to salinity, is necessary. It will
then be possible to use it for reclamation of post-
drilling areas.

An increase in EC of soils following the addi-
tion of drilling wastes was observed by numerous
scholars [Bauder et al., 2005; Kisic et al., 2009;
Yao et al., 2014 a,b]. The studies by Baudera et al.
(2005), Lesky et al. (1989) indicated that the ad-
dition of spent caused such increase in the sodium
content and electrolytic conductivity of soils that
it inhibited the growth of plants. None of the cited
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papers described the impact of drilling wastes on
the growth of grasses.

In order to evaluate the impact of drill cut-
tings on the behavior of the considered grass spe-
cies, the energy and capacity of germination were
determined. The germination energy is the per-
centage of seeds that germinated in the shortest
time possible. In turn, the germination capacity
enables to check whether the seeds germinated
under appropriate conditions and in time.

In the first stage, the germination energy and
capacity of grass seeds without drilling waste ad-
dition were investigated (Table 2). The germina-
tion energy of seeds ranged from 52.7% for cv.
Alicja to 90.7% for cv. Gazon, while the ger-
mination capacity varied from 97.3% to 85.3%.
Among the considered varieties, the highest ger-
mination energy was observed in the case of cv.
Gazon seeds. For cv. Areta and Odys, the germi-
nation energy was statistically significantly dif-
ferent from other grass seeds; the values were
similar, reaching approximately 75%. The lowest
statistically significant germination energy and
capacity were observed for cv. Alicja seeds. No
statistically significant differences in germina-
tion capacity of cv. Gazon, Odys and Areta were
found, reaching the values of over 90 %.

Table 3 shows the impact of salinity caused
by the addition of drilling wastes on the germi-
nation energy capacity of the produced mixtures.
The seeds of cv. Gazon grass cultivated on P5 and
P10 mixtures grew much faster than the seeds of
the control sample. In the case of P15 mixtures,

Table 2. Germination energy and capacity of the
considered Grass varieties growing on Petri Glasses

. Germination Germination
Grass variety .
energy capacity
Odys 79.3a 97.3a
Alicja 52.7¢c 85.3b
Areta 76.7a 96.0a
Gazon 90.7b 96.7a

the seeds of cv. Alicja, Odys and Areta showed
approximately half of the germination energy and
capacity of the control sample. The seeds of cv.
Alicja grass germinated much slower than others
considered seeds. The 20% and 30% (v/v) addi-
tion of drilling wastes, characterized by salinity of
15.3 dS/m and 18 dS/m statistically significantly
reduced the germination energy of all considered
plant species.

Figures 1-5 present the length of seedlings
and roots of the considered plant varieties cul-
tivated on mixtures with the addition of drilling
wastes on the 5% 10% 15% 20% 25% 30t 35t
40" and 45" measurement day.

The analysis of seedling length indicates that
the grasses of cv. Odys, Gazon and Areta did not
differ statistically significantly from ones in the
control samples at the salinity levels ranging from
5.03 to 9.5 dS/m, but only until the 35" measure-
ment day. In the case of cv. Odys, the length of
seedlings from the 40™ to 60" measurement day
was statistically significantly shorter than in the
control sample. On the 60" measurement day, the
length of cv. Odys shoots cultivated on PS5, P10
and P15 mixtures with the salinity of 5.03, 6.4,
9.5 dS/m, respectively, were about 1.2-fold lower
than the control sample. The cv. Areta and Gazon
grasses exhibited a different behavior. From the
50" measurement day, at the salinity level of 5.03,
a stimulation of cv. Areta and Gazon seedlings
growth was noted. On the 60" measurement day,
the seedling length of the afore-mentioned variet-
ies reached similar values of 14.3 c¢cm, which is
1.2-fold longer than in the control samples.

At the salinity of 15.3 ds./m (P20 mixture),
the growth of cv. Odys, Areta and Gazon was af-
fected. The seedling length of these grasses were
1.2—1.6-fold lower than the seedlings in the con-
trol sample. On the 60" measurement day, the
seedlings of cv. Areta and Gazon were about half
the height of the control sample. In the case of
cv. Gazon, the growth of seedlings was stunted on
the 45™ day of the experiment.

Table 3. Germination energy and capacity of selected plant varieties growing on drill cuttings

. Germination energy Germination capacity
Grass variety
0 P5 P10 P15 P20 P30 0 P5 P10 P15 P20 P30
EC [dS/m] 0.884 5.03 6.4 9.5 15.3 18 0.884 5.03 6.4 9.5 15.3 18

Odys 50.0a 50.0a 42.0b | 18.7¢c 1.3d od 60.0a | 58.7a | 59.3a | 59.3a | 42.0c | 12.7d
Alicja 51.3a 30.0b 21.3c | 18.0d 4.0e od 61.3a | 43.3b | 40.0b | 43.3b | 26.7c | 2.0d
Areta 66.0a | 54.0ab | 48.7b | 24.0c 8.7d od 67.3a | 64.7a | 72.7b | 63.3a | 65.3a 3.7c
Gazon 77.3a 78.7a 74.0b | 60.7c | 36.0d | 8.0e | 80.0b | 88.7a | 88.7a | 79.3a | 72.0a | 23.3b
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15%, 20%, 25% 30t 35% 40", 450 50, 551 60" day after the experiment was established
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Fig. 3. Seedling height in studied cultivars of the Poa pratensis (cultivar Alicja) on the 5%, 10%,
15%, 201 250 30% 35%h 401 450 50t 551 60" day after the experiment was established
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Fig. 4. Seedling height in studied cultivars of the Lolium perenne (cultivar Gazon) on the 5", 10™,
15%, 20t 25% 30t 35h 401, 450 50t 551 60" day after the experiment was established

The cv. Alicja grass was the least suscep- 15" to 50" measurement day cultivated on P5,
tible to the drilling wastes addition. As it was P10, P15 and P20 mixtures reached the half the
mentioned before, cv. Alicja was characterized  height of the control seedlings. These values
by the lowest germination energy and capac- were statistically significantly lower than the
ity. The length of cv. Alicja seedlings from the ones in the control. On the 55" day, the growth
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Fig. 5. The length of the main root in studied cultivars of the Festuca arundinacea (cultivar Odys) on
the 5%, 10™, 15%, 20%, 25" 30", 35%, 40", 45% 50%, 55" 60" day after the experiment was established
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Fig. 6. The length of the main root in studied cultivars of the Poa pratensis (cultivar Alicja) on the 5,
10™, 15%, 20%, 25%, 30, 355, 40", 450, 50™, 55, 60" day after the experiment was established
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Fig. 8. The length of the main root in studied cultivars of the Lolium perenne (cultivar Gazon) on the
Sho10m, 15% 20™M 25M, 301, 350 40M, 450 501, 551 60" day after the experiment was established

of cv. Alicja grass was completely stunted in all greatest degree. The seedling growth inhibition
samples. has occurred since the beginning of the experi-

Salinity of 18 dS/m (P30 mixture) inhibited = ment. On the 15" and 20" measurement day, the
the growth of all considered grass varieties to the cv. Odys seedlings were half the length of the

68



Journal of Ecological Engineering Vol. 21(1), 2020

ones in the control sample, on the 30" and 35
measurement day, a 2.5-fold reduction was noted,
while on the 40" and 45" day — a 5-fold drop was
noted. On the 50th measurement day, the growth
of cv. Odys grass was stunted. In the case of cv.
Areta, the seedling length was 5-fold shorter than
the control sample already on the 15" measure-
ment day, while on the 35" day, the difference
was 12-fold. The growth of cv. Areta seedlings
was stunted on the 40" measurement day. In turn,
the seedlings of cv. Gazon on 25" to 40" measure-
ment day reached half the length of the seedlings
in the control sample. Their growth was stunted
on the 50™ day. At the salinity level of 18 dS/m,
cv. Alicja did not germinate.

The length of cv. Odys and Areta grass shoots
cultivated on P5 mixture with the salinity of
5.03 dS/m was statistically significantly greater
than in the control samples and other considered
mixtures. In the case of cv. Gazon grown on P5
mixture, the length of shoots exceeded the ones in
control samples only from 40" day onward.

While analyzing the influence of P10 and P15
mixtures, exhibiting salinity of 6.4 dS/m and 9.5
dS/m on the length of cv. Odys and Gazon seed-
lings, they did not differ statistically significantly
from the control samples throughout the experi-
ment. In turn, the length of cv. Areta seedlings
cultivated on these mixtures were about 2-fold
greater than the control sample.

Salinity of 15.3 dS/m in P20 mixture contrib-
uted to the stunted growth of seedlings, especially
in cv. Areta and Gazon. Throughout the experi-
ment, the growth of cv. Areta grass roots culti-
vated on P20 mixture was inhibited. In the case of
cv. Gazon seedlings on the 25" measurement day
they were half the length of the control sample.
Already on the 45™ day, the growth of cv. Gazon
roots, cultivated on P20 mixture, was complete-
ly stunted. In turn, cv. Odys had the root length
similar to the control, which was confirmed by a
statistical analysis. However, on the 60" measure-
ment day, the length of cv. Odys roots were 1.7-
fold shorter than in the case of the control.

While analyzing the length of cv. Alicja
shoots, the greatest root growth inhibition can be
observed at the lowest dose of wastes. The addi-
tion of drilling wastes to mixtures inhibited the
growth of cv. Alicja shoots, similarly to seedlings.
On the 30th measurement day, the length of grass
shoots cultivated on P5. P10, and P15 were ap-
proximately 5-fold shorter than in the control
(which was confirmed by the statistical analysis.

In turn, the length of shoots on P20 mixture were
17-fold shorter than in the control. On the 50®
measurement day, the growth of shoots was in-
hibited in all considered mixtures.

Salinity at the level of 18 dS/m (P30 mixture)
inhibited the growth of roots in all considered
grass varieties. The growth of cv. Alicja was in-
hibited throughout the entire measurement period;
in the case, of cv. Areta, it was stunted on the 40™
day, while cv. Odys and Gazon — on the 50" day.

Our research correlates with other studies
which indicated that salinity has a negative impact
on the growth of plants, the length of seedlings and
roots decreases linearly with salinity increase.

The grass tolerance to salinity can be present-
ed in the following order: tall fescue = Festuca
arundinacea (cv. Odys)> perennial ryegrass =
Lolium perenne (cv. Gazon)> red fescue= Festu-
ca rubra (cv. Areta)> smooth meadow grass Poa
pratensis (cv. Alicja).

Borowski indicated that perenne, Festuca
rubra, Agrostis capillaris, Poa pratensis tolerate
the salinity in the range from 5 dS/m to 10 dS/m
[Borowski, 2008].

In our studies, the growth of cv. Alicja roots
(Poa pratensis) was inhibited already at the salin-
ity of 5 dS/m. On the 15™ measurement day, the
length of cv. Alicja roots was 5-fold shorter than
in the control sample.

Literature suggests that the seedlings of
L. perenne exhibit varied tolerance to the salinity
stress [Hujun et al., 2001; Borowski, 2008 a; b;
Kusvuran et al., 2015], while P. pratensis should
be considered as moderately vulnerable [Friell
et al., 2013]. The Lolium perenne seeds showed
the highest tolerance to salinity, followed by (in
descending order) Festuca rubra, Agrostis capil-
laris and Poa pratensis. To some extent, our stud-
ies confirmed these relationships. However, it is
difficult to confirm them unequivocally, as the
varieties of investigated grasses. As indicated in
the studies conducted by Borowska-Jarmutowiec,
the seedling length of Lolium perenne cv. Biilla
at the salinity of 100 dS/m was 1.3-fold shorter
than in the control sample, whereas the growth of
cv. Sojka was completely stunted [Pawluskiewicz
2000, Xiaofang et al. 2000, Hujun 2001, Yongqin
et al. 2003, Stawicka et al. 2006].

Discriminant analysis was carried out to de-
termine which of the considered parameters stand
out among the investigated grass species. The
tables 4 and 5 presented the results of the con-
ducted discriminant analysis.
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Table 4. Mean canonical variables

Table 5. Discriminant function coefficients

Mean canonical variables
Grass variety | First discriminant _Second
. discriminant
function .
function
Odys 0.87429 0.116193
Gazon 0.78099 0.182006
Alicja -1.50503 0.212974
Areta -1.5025 -0.511173

Standardized coefficients of canonical
variables
G
roup First discriminant _Se_co_nd
. discriminant
function .

function
Salinity 0.09001 -0.001723
Seedling length 0.02030 -0.033782
Shoot length 0.02773 0.058288
Measurment time -0.02553 -0.009203

The first discriminant function sets cv. Odys
apart from the other varieties, while in the sec-
ond discriminant function — cv. Gazon is set apart.
The values of coefficients of discrimination indi-
cate that salinity has the greatest influence on the
first discriminant function, i.e. cv. Odys grass.
The length of shoots and roots also influences this
function in a statistically significant way.

CONCLUSIONS

1. The Festuca arundinacea (cv. Odys), Lolium
perenne (cv. Gazon) and Festuca rubra (cv.
Areta) grasses tolerate the salinity caused by
drilling waste addition up to 6 dS/m.

2. In the conducted studies, certain differences
in shoot length can be noted depending on the
dose of wastes and the type of grass variety.
The obtained tolerance of grasses to salinity is
as follows (descending order): Festuca arundi-
nacea (cv. Odys) > perennial ryegrass = Loli-
um perenne (cv. Gazon) > red fescue = Festuca
rubra (cv. Areta) > smooth meadow grass Poa
pratensis (cv. Alicja).

3. The statistical analysis — discriminant analy-
sis indicates Festuca arundinacea (cv. Odys)
among the considered grass varieties.

4. The results of studies indicate that Festuca
arundinacea (cv. Odys) and Lolium perenne
(cv. Gazon) can be applied for the reclamation
of post-drilling areas; however, constant moni-
toring of the impact of wastes on the soil prop-
erties is required.
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