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Abstract: Field crops such as wheat, alfalfa, ryegrass, and corn play a vital role in agriculture and
livestock production, particularly in the Kahramanmaras plain. Given the critical importance of
irrigation water quality for optimal crop production, this study aimed to assess the effects of some
water sources used as irrigation water, including Karasu, Erkenez, and Oklu creeks on the Aksu
River and Sir Dam, on seed germination and seedling growth. The experiment was conducted in
2017 at the Field Crops Laboratory, Faculty of Agriculture, Kahramanmaras Sutcu Imam University,
Turkey, using a completely randomized design (CRD) with four replications. Seeds were
germinated using water samples collected from various locations within the dam lake and its basin,
tap water was used as the control. All of the water samples to be used were analyzed for the
concentrations of heavy metals including copper (Cu), iron (Fe), lead (Pb), chromium (Cr), arsenic
(As), nickel (Ni) and cadmium (Cd) before the experiment. Seeds exposed to different water
treatments were germinated in a climate chamber at 20 + 1°C. Over two weeks, daily germination
counts were recorded, and at the end of the experiment, total germination and seedling growth
parameters were measured. The results demonstrated that irrigation water contaminated with
heavy metals significantly affected seed germination and seedling growth. Notably, water from
Karasu Creek exhibited the most pronounced negative impact on all germination and growth
parameters in the tested crops.

Keywords: heavy metals; irrigation water; toxicity; seed germination; plant growth

1. Introduction

Environmental contamination still poses a regional and worldwide hazard to humans and
animals as well as plants. The primary sources of organic and inorganic contaminants are industrial
effluents [1]. Heavy metals present in nature can reach high levels due to anthropogenic activities
and cause serious ecological and environmental problems. Heavy metals are irreversible, persistent,
and toxic pollutants of great environmental concern [2]. Heavy metals are one of the factors that cause
environmental pollution and are increasingly dangerous for the stability of ecosystems. Heavy metals
such as silver (Ag), arsenic (As), cadmium (Cd), copper (Cu), iron (Fe), nickel (Ni), lead (Pb), zinc
(Zn), molybdenum (Mo), cobalt (Co), and chromium (Cr) contribute to soil and water pollution,
causing environmental damage that has become a major issue in many countries worldwide [3,4].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Rapid urbanization, industrialization, and extensive use of fertilizers and pesticides have
contaminated numerous soil and water resources with harmful metals. The deposition of hazardous
metals creates an imbalance in the ecosystem, and most toxic metals accumulate in large quantities
throughout the development of natural ecosystems. This is transferred and accumulated throughout
the food chain during the biological growth process. In addition, due to the high concentration of
these metals in the food chain, human and animal health is constantly threatened [5].

Heavy metal phytotoxicity is known the main factors limiting germination and plant growth [6].
Seed germination is one of the most important stages in the life cycle of a plant [7], and is very
sensitive to environmental conditions [8]. For this reason, seed germination and root elongation
studies are considered one of the easiest methods of biologically tracking changes in the environment
[9]. Accurate, simple, and inexpensive seed germination tests under different conditions are very
helpful in determining the toxicological damage caused by the presence of various pollutants in the
environment [10]. The most significant effects of heavy metals in the biological cycle occur in plants.
They have an impact on seed germination, seedling growth, development, plant retardation, biomass
production, flower, fruit set, yield, and product quality [11,12]. Furthermore, heavy metals have
negative effects on various physiological processes of the plant on the intracellular level such as
disrupting photosynthesis, nitrogen cycle, and binding, decreasing chlorophyll amount, leading to
deterioration in enzyme systems, inhibition in the uptake of useful elements [13,14]. The practical
solution to determining the tolerant species and varieties is considered a viable idea [14]. Early
studies, such as germination and seedling, in determining the tolerance of different plant species and
varieties to heavy metals may be much more useful and economical.

There are many studies on the effects of heavy metals on the development of radicle, hypocotyl,
epicotyl, plumule, and seedling in germination and initial growth and development stages. In these
studies, the presence of Co, Cu, and Zn in cucumber and wheat [15]; Zn in Nigella sativa and Triticum
aestivum [16]; Co in wheat, clover, and tomato [17]; cause decreased germination rates and early
development. Also, some researchers found that Al destroyed roots in wheat [18]; Hg, Cd, Co, Cu,
Pb, and Zn in cucumber and wheat resulted in smaller root lengths, shorter root age, and lesser dry
weight [15]; Co inhibited root growth in wheat, clover, and tomatillo [17]; Cd decreased root growth
and root tolerance index in maize [19]. Levels of metals such as Cr, Cd, Zn, Cu or Pb can be found in
streams, lakes and soils polluted by anthropogenic activities. While some heavy metals such as Cr,
Cd, Mn and Zn are considered essential micronutrients for plant and animal growth at low doses,
they cause toxic effects such as metabolic disorders and growth inhibition at high concentrations
above the threshold value [20,21]. Although trace metals that have toxic effects on some plants have
been studied for many years, there is a strong need in the literature to fully determine their phytotoxic
effects [22]. For example, it has been reported that the growth of wheat (Triticum aestivum L.) was
reduced by 50% at 0.5 pM Cu and 30 pM Cu concentrations [23,24].

The textile industry in Kahramanmaras is very extensive and is ever-expanding. The industrial
effluents from the textile industry are discharged into the Aksu River and eventually find their way
to Sir Dam, polluting further dam water besides domestic wastes. These industrial activities are one
of the most important pollutants of the dam in the Aksu River. The Aksu River and the side branches
feeding this river are the key pollutants loaded with domestic and industrial wastes to the brim.
However, the waters of this river are frequently used for irrigating agricultural fields in this region.

Some field crops chosen as test plants for this study were subjected to germination and seedling
growth tests. Because the germination stage, which is the first step of a plant's life cycle, is when they
are most vulnerable to stress, it is crucial to provide optimal environmental conditions to ensure
successful seedling establishment. Thus, alfalfa, ryegrass, wheat, and corn seeds, which are
commonly grown around the Aksu River and the Sir Dam basin, were tested. Water samples from
the dam basin and the several sources of the stream that supply the basin were used in the tests to
assess the influence of water quality on the germination and early development of the primary crop
seeds planted in the research region. The extent of contamination by heavy metals in
Kahramanmaras and the nearby water resources was therefore examined, as well as the negative
impacts of the irrigation water obtained from these sources on the grown crops in the region.
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2. Materials and Methods

2.1. Analysis of Water Samples Used for Irrigation

The geographical coordinates of the locations from where water samples were acquired are
presented in (Table 1). Water samples were collected as per the standard method of sampling
techniques [25]. The water samples were taken in 1 L plastic bottles, and filtered and, solid impurities
were removed. These water samples were used for the watering of crop seeds. The concentration of
some pollutants heavy metals Cu, Fe, Ni, Pb, Cr, As, and Cd in the initial water samples was
determined by Inductively Coupled Plasma Optical Emission Spectroscopy (Perkin Elmer ICP-OES-
6000) in USKIM (University, Industry, Public Cooperation Development, Application and Research
Center).

Table 1. The geographical location of water sample collection points.

Karasu Creek Erkenez Creek Oklu Creek Sir Dam
Latitude 37°31'3.45"K 37°32'25.56"K 37°33'49.39"K 37°34'30.35"K
Longitude 36°56'0.85"D 36°55'13.30"D 36°54'42.67"D 36°48'6.19"D

Figure 1. View of the study area (A; Oklu Creek, B; Karasu Creek, C; Erkenez Creek; D; Sir Dam).

The pollution level of the water samples used for irrigation was assessed considering the
maximum permissible limits summarized in (Table 2). The heavy metals concentration below or
equal to these values in the irrigation waters does not pose any toxic effects for up to 24 years on
clayey soils with a pH of 6.0-8.5.

Table 2. Maximum permissible limits of heavy metals in irrigation waters [26].

Elements Maximum Allowable Maximum Concentrations
amount that can Boundary values in case of When watering less than 24
be given to the continuous irrigation of all years in clay soils with a pH
unit (kg ha) kinds of soil (mg L) value between 6.0-8.5 (mg L)
Arsenic (As) 90 0.1 2.0
Cadmium (Cd) 09 0.01 0.05

Chrome (Cr) 09 0.1 1.0
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Copper (Cu) 190 0.2 5.0
Iron (Fe) 4600 5.0 20.0
Lead (Pb) 4600 5.0 10.0
Nickel (Ni) 920 0.2 2.0

2.2. Studies on Germination and Seedling Growth

This study was carried out from 01, March to 30, July 2017 in the laboratory of the Department
of Field Crops of the Faculty of Agriculture, Kahramanmaras Sutcu Imam University. Irrigation
waters containing heavy metals were collected from 4 different sources (Erkenez Creek, Oklu Creek,
Karasu Creek, and Sir Dam ponds) of Aksu River and Sir Dam located in Kahramanmaras, Turkey.
Four field crop seeds commonly grown in the Kahramanmaras region and around the dam were used
as test plants. The seeds were germinated in water samples obtained from 4 different sources (Table
1) in comparison to tap water (control). Before sowing, the seeds were kept in a 5% NaClO (sodium
hypochlorite) solution for 5 minutes and sterilized and rinsed with tap water. After putting the filter
paper in Petri dishes (90 mm diameter), 25 seeds were sown by using 20 ml of irrigation water
samples in each Petri dish according to the assigned treatments in a completely randomized design
(CRD). The seeds were germinated in a room climate at the temperature of 20 + 1 °C. The seed
germination was monitored daily for 14 days. Germination rate, root length, plumage length,
seedling length, seedling age, weight, seedling dry weight, and seedling vigor index values were
measured daily. Percent germination was calculated as the ratio between the number of germinated
seeds and the total number of seeds. Seedling length, radicle, and plumule were separated and
measured with measuring tape. The fresh and dry biomass was determined gravimetrically, by
weighing before and after drying (at 80°C for 24 hours) [27]. For the vigor index, seedling length was
multiplied by germination percentage. All obtained experimental results were statistically analyzed
using the SAS Statistical Program [28]. Means were separated through the LSD test [29].

3. Results

The data provide a concise and precise the heavy metal concentration determined in all water
samples used as irrigation water in the study was evaluated according to the permissible maximum
values (Table 2) and is summarized in (Table 3). According to the results, in the Karasu Creek
irrigation water, Cu is approximately 5 times higher than the maximum permissible limit, while Fe
is about 3.7 times the maximum permissible limit (Table 2). A high concentration of Cu has been
found also in the Oklu Creek water sample (approximately 8 times higher), in the Erkenez Creek
water sample (5 times higher), and in the Sir Dam water sample (6 times higher) than the maximum
permissible limit. In Sir Dam water samples, high concentrations of Fe were also obtained, but these
values are only 1-2 times higher than the maximum permissible limit. In addition, Cd concentrations
in EC and SD waters were found to be 20 and 23 times higher than the maximum acceptable Cd
amount, respectively (Table 3).

Table 3. Heavy metals concentration in irrigation waters used in this study (mg L™).

AMC KC CS OC CS EC CS SD CS
Cu 0.2 0.98 H 1.627 H 0.945 H 1.218 H
Fe 5.0 18.69 H 0.555 L 2.395 L 8.89 H
Pb 5.0 0.00015 L 0.00056 L 4.5 L 0.013 L
Cr 5.0 0.097 L 0.00038 L 0.02 L 0.00013 L
As 1.0 0.206 L 0.171 L 0.165 L 0.132 L
Ni 0.5 0.00328 L 0.04 L 0.00067 L 0.00067 L
Cd 0.005 0.00068 L 0.00069 L 0.099 H 0.115 H
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AMC: Allowable Maximum Concentration; KC: Karasu Creek; OC: Oklu Creek; EC: Erkenez Creek; SD: Sir Dam;
CS: Current Situation; H: High; L: Low.

Based on these results (Table 3) it can be stated that the analyzed water samples have a high
content of Cu, Fe and Cd and, therefore their use as irrigation water can affect the plant growth in
crops.

In order to see how the plant’s growth is influenced by water irrigation with a high content of
such heavy metals, some important parameters have been determined in each case. The mean values
of all the parameters examined are given in (Table 4). The statistical analysis of the obtained results
indicates that all considered parameters are significantly affected by the irrigation of plants with
water with a high content of heavy metals.

Table 4. The Average GR, RL, PL, SL, SFW, SDW, and VI Values for Species and Irrigation Water and

Interactions.
GR(%) RL(m) PL(m) SL(cm) SFW(g) SDW(g) VI
- - - - - - -
Wheat 98 a 16.96 a 11.63 a 28.58 a 1.68 b 0.34c 2812 a
Alfalfa 96 a 9.38 ¢ 7.25Db 16.64 b 146D 0.47 b 1598 b
Species Ryegrass 78b 9.31c 6.97 b 16.28 b 0.28 c 0.04d 1352 ¢
Corn 72b 11.36 b 6.63 b 17.99b 4.66 a 0.62 a 1322 ¢
LSD 6.97 1.76 0.88 2.17 0.68 0.09 232.60
- o o o ns o o
Control 95 a 11.50 a 8.16 a 19.66 a 2.17 0.42ab 1874 a
Erkenez 87 a 12.11a 8.55a 20.67 a 2.02 050 a 1841a
Creek
frrigation =) i Creek 89 13142  855a  21.69a 245 034bc  1967a
waters Karasu Creek 71b 8.46 b 6.60 b 15.06 b 1.61 027 ¢ 1177b
Sir Dam 87 a 13.55a 8.73a 22.28a 1.84 0.31 bc 1997 a
LSD 7.98 1.97 0.98 243 0.76 0.11 260.10
** * ns Ns ns ** *
Control 98ab 15.99 ¢ 11.03 27.01 1.51 0.34de 2643 c
Erkenez 98ab 17.93b 11.63 29.56 1.62 0.36de 2899 b
Creek
Wheat
Oklu Creek 99a 20.19 a 12.83 33.02 2.04 0.32e 3266 a
Karasu Creek  97abc 11.22efg  10.76 21.98 1.55 0.34de 2143d
Sir Dam 99a 19.46 a 11.88 31.34 1.67 0.35de 3107 a
Control 98ab 8.691 7.00 15.68 1.37 0.65bc 1538 {
Erkenez 96abc 9.231 8.06 17.31 1.83 1.04a 1659ef
Creek
Alfalfa
Oklu Creek 100a 8.421 6.57 14.98 1.34 0.23ef 1498fg
Karasu Creek  88bcd 8.731 6.18 14.91 1.09 0.17ef 1306gh
Sir Dam 98ab 11.83ef 8.48 20.30 1.67 0.27e 1988 d
Italian Control 93abced 8.861 7.65 16.51 0.33 0.04f 1536 f

Ryegrass  Erkenez 87cd 11.56ef 7.39 18.95 0.26 0.04f 1653ef



https://doi.org/10.20944/preprints202411.0419.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2024 d0i:10.20944/preprints202411.0419.v1

6

Creek
Oklu Creek 85d 991ght 740 17.31 0.36 0.05f 1467fg
Karasu Creek  44¢g 4.25] 4.70 8.95 0.21 0.03f 429j
Sir Dam 85d 11.98ef 7.69 19.67 0.23 0.04f 1672ef
Control 92abed 12.48 e 6.97 19.45 5.48 0.65bc 1778 e
Erkenez 68e 9.71 1 7.14 16.85 4.36 0.59bc 1149 h
Creek

Com Oklu Creek  74e 1403d 741 2144 608 076b  1636ef
Karasu Creek  58f 9.65 h1 4.77 14.41 3.58 0.53cd 8271
Sir Dam 68e 10.93fgh  6.87 17.80 3.78 0.58bc 1218 h
LSD 9.09 1.37 0.46 1.60 0.38 0.18 186.90
Mean 86 11.75 8.12 19.87 2.02 0.37 1771
CV % 12.77 23.64 17.04 17.24 53.28 41.27 20.74

**Significant at P<0.01; * Significant at P<0.05 ns: not significant; GR: Germination Rate; RL: Radicle length;
PL: Plumule Length; SFW: Seedling Fresh Weight; SDW: Seedling Dry Weight; VI: Vigour Index (Different
letters stand for statistically significant differences at p<0.05 (Fisher LSD test)).

3.1. Germination Rate (%)

In terms of germination rate, cultivar, irrigation water, and cultivar x irrigation water interaction
were statistically significant (Table 4). The highest germination rate was obtained in wheat with
98.20%, followed by clover with 96%. The lowest germination rate was obtained in corn at 72%. It is
seen that wheat is the most resistant to heavy metals contained in irrigation water. The highest
germination rate in terms of irrigation water was obtained from the control application at 95.25%,
and the lowest germination rate was obtained from Karasu Creek water at 71.75%. It is observed that
especially the heavy iron content of Karasu Creek irrigation water reaches very dangerous
dimensions. This is because the iron heavy metal is well above the permissible limits. The highest
germination rate in terms of cultivar x irrigation water interaction was obtained in alfalfa from Oklu
Creek water at 100%, followed by wheat from Sir Dam and Oklu Creek irrigation water at 99%. The
lowest germination rate was 44% with Italian ryegrass in the Karasu creek (Figure 2).

B CONTROL mERKENEZ OKLU m KARASU mSIR
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Wheat Alfalfa Ryegrass Corn
Water Samples

Figure 2. Effects of different irrigation water on seed germination rate.
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3.2. Radicle Length (cm)

In terms of radicle length, cultivar, irrigation water, and cultivar x irrigation water interaction
were statistically significant (Table 4). The highest radicle length was obtained in wheat with 16.95
cm, followed by corn with 11.31 cm. The lowest radicle length was 9.31 cm in Italian ryegrass. In
terms of irrigation water, the highest radicle length value was obtained from the Sir Dam irrigation
water application with 13.54 cm and the lowest radicle length was obtained from Karasu Creek water
with 8.46 cm. In terms of interaction x cultivation water, the highest radicle length was 20.19 cm in
wheat from Oklu Creek water, followed by Sir Dam irrigation water in wheat at 19.46 cm. The lowest
radicle length of 8.41 cm was obtained in alfalfa from the Oklu Creek irrigation water (Figure 3).

m CONTROL mERKENEZ OKLU mKARASU mSIR

10

Radicle Length (cm)

(2}

Wheat Alfalfa Ryegrass Corn

Water Samples

Figure 3. Effects of different irrigation waters on radicle length of seeds (Error bars shows + standard
errors. Different letters stand for statistically significant differences at p<0.05 (Fisher LSD test)).

3.3. Plumule Length (cm)

Data regarding plumule length, cultivar, and irrigation water were statistically significant;
cultivar x irrigation water interaction was non-significant (Table 4). The highest plumule length was
obtained in wheat at 11.63 cm, followed by alfalfa at 7.25 cm. The lowest plumule length was obtained
in Italian ryegrass 6.63 cm. It has been observed that wheat is the most resistant to heavy metal-
containing irrigation water. The highest and lowest plumule length values were found to be
consistent with the radicle length values. In terms of irrigation water, the highest plumule length
value was obtained from the irrigation water application with 8.73 cm Sir Dam, and the lowest
plumule length was obtained from 6.60 cm Karasu Creek water. The highest plumule length was
obtained from Oklu Creek water in wheat at 12.83 cm. The lowest plumule length was obtained from
irrigation water of Karasu Creek with Italian ryegrass as 4.70 cm (Table 4).

3.4. Seedling Length (cm)

In terms of seedling length, cultivar and irrigation water were statistically significant, and
cultivar x irrigation water interaction was non-significant (Table 4). The highest seedling length was
obtained in wheat at 28.58 cm, followed by corn at 17.99 cm. The lowest seedling length was obtained
in Italian ryegrass 16.28 cm. It is seen that wheat is the most resistant to heavy metal-containing
irrigation water. The highest and lowest seedling length values were found to be consistent with the
radicle and plumule length values. In terms of irrigation water, the highest seedling length value was
obtained from the Sir Dam irrigation water application at 22.28 cm and the lowest seedling length
was obtained from 15.06 cm of Karasu Creek water. It is seen that seedling growth slows down in
parallel with the negative effect of Karasu Creek irrigation water, especially iron heavy metal content
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on germination rate. The highest seedling length in terms of cultivar x irrigation water interaction
was obtained from Oklu stream water in wheat at 33.02 cm, followed by Sir Dam irrigation water in
wheat at 31.34 cm. The lowest seedling length was obtained in Italian ryegrass at 8.94 cm from the
Karasu Creek irrigation water (Table 4).

3.5. Seedling Fresh Weight (g)

Regarding the seedling’s fresh weight, only the difference between cultivar means was
statistically significant (Table 4). The highest seedling fresh weight was obtained in corn at 4.65 g,
followed by wheat at 1.67 g. The lowest seedling fresh weight was obtained in Italian ryegrass at 0.27
g. In terms of irrigation water, the highest seedling fresh weight value was obtained from Oklu Creek
irrigation water application with 2.45 g, and the lowest seedling fresh weight was obtained from
Karasu Creek water with 1.60 g. The negative effects of Karasu Creek irrigation water on germination
and seedling growth negatively affected the mass formation of the plant. This is due to the presence
of iron heavy metal in Karasu Creek irrigation water well above the allowable limits. The highest
seedling fresh weight was obtained from Oklu Creek water in corn at 6.07 g in terms of variety x
irrigation water interaction, followed by control application in corn at 5.48 g. The lowest seedling
fresh weight was obtained from Karasu Creek irrigation water in Italian ryegrass at 0.21 g (Table 4).

3.6. Seedling Dry Weight (g)

The cultivar, irrigation water, and cultivar x irrigation water interaction were all statistically
significant factors for seedling dry weight (Table 4). The highest seedling dry weight was obtained in
corn at 0.62 g, followed by alfalfa at 0.47 g. The lowest seedling dry weight was obtained in Italian
ryegrass at 0.03 g. In terms of irrigation water, the highest seedling dry weight value was found to be
0.50 g from Erkenez Creek irrigation water, and the lowest seedling dry weight was obtained from
Karasu Creek water at 0.26 g. The negative effects of Karasu Creek irrigation water on germination
and seedling growth negatively affected the mass formation of the plant. This is due to the presence
of iron heavy metal in Karasu Creek irrigation water well above the allowable limits. The highest
seedling dry weight in terms of cultivar x irrigation water interaction was obtained from alfalfa in
Erkenez Creek irrigation water at 1.03 g, followed by Oklu Creek irrigation water at 0.75 g. The lowest
seedling dry weight value between 0.03-0.05 g was obtained in all applications in Italian ryegrass
(Figure 4).

B CONTROL mERKENEZ OKLU mKARASU mSIR

Seedling Dry Weight (g)

Wheat Alfalfa Ryegrass Corn

Water Samples

Figure 4. Effects of different irrigation water on the seedling dry weight of seeds (Error bars shows +
standard errors. Different letters stand for statistically significant differences at p<0.05 (Fisher LSD
test)).
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3.7. Vigor Index

In terms of vigor index cultivar, irrigation water, and cultivar x irrigation water interaction was
statistically significant (Table 4). The highest vigor index was obtained in wheat at 2812, followed by
clover at 1598. The lowest vigor index was obtained in maize as 1322. It was determined that the
highest vigor index value in terms of irrigation waters was obtained from the Sir Dam irrigation water
application in 1997 and the lowest vigor index was obtained from Karasu Creek water at 1177. In
terms of cultivation x irrigation water interaction, the highest vigor index was obtained from Oklu
Creek water in wheat as 3266, followed by Sir Dam irrigation water in wheat as 3107. The lowest
vigor index value was obtained from Karasu Creek irrigation water application in Italian ryegrass as
429 (Figure 5).

B CONTROL mERKENEZ OKLU mKARASU mSIR
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Figure 5. Effects of different irrigation waters on vigor index values of seeds (Error bars shows +
standard errors. Different letters stand for statistically significant differences at p<0.05 (Fisher LSD
test)).

4. Discussion

Germination and the early plant growth stage are critical for crops whose seeds are used as food
[30,31]. Abundant production of high-yielding and high-quality seeds and germination success is
essential for these species [30-32]. Germination and early seedling growth laboratory assays have
been accepted as basic experiments that require minimum expense, time, and effort to evaluate the
effect of any external intervention (such as fertilization or heavy metal pollution) during plants' early
development period [12,33].

Quality water supply and irrigation frequency are very important for the germination of plant
seeds and the continuation of biochemical processes [34,35]. The decrease in water potential during
germination periods can negatively affect seed germination and cause osmotic stress. Since the
Mediterranean region is one of the sensitive regions exposed to global climate change [36,37],
irregularity in rainfall amount and regime causes water scarcity and encourages the use of alternative
irrigation water sources. However, it should not be forgotten that the use of alternative irrigation
waters containing heavy metals or having salinity problems is an important factor affecting the
germination and plant growth parameters [38-40]. Germination and seedling development are as
essential for a plant to survive and continue its generation as it is for the environment in which it
grows to be free from heavy metal stress [33]. Some researchers have reported that heavy metal
toxicity reduces the germination rate and seedling growth of different plants [41,42]. In contrast, it
has been stated that the germination and early seedling growth parameters of Leucaena are not
affected by water quality [43], and winter wheat and spring maize plants can develop resistance after
the early growth stage [44].


https://doi.org/10.20944/preprints202411.0419.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2024 d0i:10.20944/preprints202411.0419.v1

10

Although most plants have phytotoxic tolerance to some heavy metals, some heavy metals can
cause serious negative effects on that plant. For instance, Talebi et al. [45] reported in a study that
triticale germination percentage and rate were significantly affected by heavy metals, especially Cd.
From our data, it was observed that there was a significant decrease in germination percentage
depending on the heavy metal concentration in irrigation waters. This may be due to the toxic effects
of concentrated ions on the germination process [46,47].

The decrease in seed germination percentage due to the presence of heavy metals is consistent
with the findings of other researchers. For example, Rahman Khan and Mahmud Khan [48] observed
a decrease in seed germination in chickpeas treated with 50, 100, 200, and 400 ppm nickel and cobalt
compared to the control. Similarly, Singh et al. [49] observed a decrease in germination percentage in
wheat treated with copper at 5, 25, 50, and 100 ppm. Peralta-Videa [50] reported that alfalfa seed
germination and seedling growth were adversely affected by heavy metals (Cd, Cr, Cu, and Ni).
Azmat et al. [51] also reported that Lens culinaris seed germination was inhibited by Pb. Similarly,
Talebi et al. [45] determined that Cu? and Cd concentrations applied at 1000 mg/L! were the highest
inhibitory factors for the germination and seedling growth of triticale seeds. It has been reported that
heavy metals physiologically inhibit the absorption of water by seeds and plants [52]. Tsamo et al.
[41] reported that there was a significant decrease in the germination rates of corn and bean seeds
irrigated with increased Cu? element and that there was no germination in beans in 600 pumol/L Cu?*
solution. In this study, Cu? concentration in all irrigation waters used; Fe concentration in KC and
SD waters and Cd concentration in EC and SD waters being above the tolerable amount affected the
germination of seeds of different crops and early seedling development. Cu is an essential
micronutrient for the growth and development of plants and plays an important role in many
biological processes such as photosynthesis, respiration, and response to oxidative stress [53,54].
Excessive Cu levels can cause several morphological and physiological disorders. In addition,
excessive Cu can reduce germination rate, shoot elongation, plant biomass, and water content [33].
Likewise, Cadmium (Cd) is a very toxic heavy metal that causes oxidative stress in plants [55]. Cd is
not essential for plant growth and can cause various phytotoxic symptoms, including leaf chlorosis,
root rot, and growth inhibition [56].

The lowest radicle length measured from the early seedling development parameters of the
seeds was obtained from Karasu Creek water. It is thought that the heavy metal content of Karasu
Stream irrigation water slows down the radicle development in parallel with the negative effect on
the germination rate. Similarly, it was stated that heavy metals used in irrigation caused a significant
decrease in the radicle length of triticale [45]. There was a direct relationship between heavy metal
concentration and radicle length because the radicle length decreases as the heavy metal
concentration level increases [45]. Similarly, John et al. [57] reported a significant decrease in radicle
length with increasing heavy metal concentrations in the growth environment. The heightened
sensitivity of root length to heavy metals can be attributed to the plant root being the initial point of
contact with toxic substances in the growth medium. Some studies have indicated that Cd application
has negative effects on Triticum aestivum, Zea mays, Sorghum bicolor, and Cucumis sativus plants,
especially on the root part first, making the root the most sensitive part of the plant [58,59].
Furthermore, some researchers have suggested that the inhibition of root elongation by heavy metals
may result from interference with cell division, including the induction of chromosomal aberrations
and abnormal mitosis [60,61], which could adversely affect seedling growth.

It is observed that Karasu Creek water, which contains high concentrations of Cu and Fe heavy
metals, slows down plumule growth in parallel with its negative effect on germination rate, just like
in radicle. Similarly, Talebi et al. [45] stated that the plumule length of triticale decreased with
increasing concentration of heavy metals. In the same research, the highest plumule length was
determined in the control application and the shortest plumule length was determined in the highest
(1000 ppm) heavy metal concentration. At higher concentrations, it was thought that the presence of
inhibitory chemicals could completely stop seedling growth [62]. Maity et al. [63] found that the
lowest values of growth parameters of Cicer arietium were a result of the use of industrial wastewater.
The increase in heavy metal concentration in wastewater can cause inhibition of enzyme activity by
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reducing enzyme dehydrogenase activity, which is considered to be one of the biochemical changes
that negatively affect seedling biomass. Cd absorbed by plants accumulates in different parts of the
plant, causing growth inhibition and changes in morphological, physiological, and biochemical
properties in plants [64]. Cd reduces root and shoots growth by inhibiting cell division and cell
growth or both [65,66]. Cd has been reported to inhibit plumule and radicle growth in rice [67].

In this study, it was observed that the highest and lowest seedling length values were compatible
with the radicle and plumule length values. Seedling development was found to slow in parallel with
the negative effects of heavy metals—particularly copper and iron—present in Karasu Creek
irrigation water, which impacted the germination rate. Maity et al. [63] stated that industrial
wastewater negatively affected the seedling length of Cicer arietium. The reduction in germination
percentage, along with shorter radicle and plumule lengths in response to higher heavy metal
concentrations in the irrigation water, also impacted overall seedling length. Athar and Ahmad [68]
showed that the toxic effects of certain heavy metals on the seedling length and grain yield of wheat
(Triticum aestivum L.) caused significant decreases in both parameters, and Cd was the most toxic
metal, followed by Cu, Ni, Zn, Pb and Cr.

Talebi et al. [45] reported that the presence of heavy metals significantly reduced the fresh and
dry weight of triticale seedlings compared to the control. The ability of heavy metals to reduce the
fresh and dry weight of triticale was as follows: Cd > Cu>Pb. Zeng et al. [69] reported that Pb caused
a decrease in rice biomass. The decrease in biomass was also attributed to the inhibition of chlorophyll
synthesis and photosynthesis by heavy metals [49,70]. These researchers observed a significant
reducing effect on wheat (T. aestivum) germination, plumule length, radicle length, lateral root
number, fresh weight and dry weight with increasing Cu?" concentrations. Tsamo et al. [41] found
that the fresh and dry weight of plants with high heavy metal concentrations was very low compared
to control experiments. Similarly, Athar and Ahmad [68] reported that exposure of wheat plants to
heavy metals resulted in a decrease in the dry weight content and grain yield of the plants and a
significant decrease in the protein content in plant tissues and grains. This indicates that heavy metals
have a negative effect on the growth and yield of wheat plants and confirms the reported
phytotoxicity of these metal ions [68]. The effect of the plant against environmental stress factors is
generally determined by the responses of the organelles whose morphological and functional
integrity are affected [71]. In another study, it was determined that the shoot length of maize and
bean seedlings irrigated with different Cu?* concentrations was shorter than the control [41]. The
decrease in fresh and dry weight of plants may also be due to the concentration of heavy metals in
water, protein degradation of amino acid metabolism at high concentrations [41], and a decrease in
carotenoid and chlorophyll content [72].

There was a direct relationship between the heavy metal concentration and the decrease in the
vigor index because the vigor index decreased as the heavy metal concentration level increased.
Similar results were also observed by Channappagoudar [73] and Talebi et al. [45]. Also, Shaikh et al.
[74] studied the phytotoxic effects of different concentrations of Cr, Cd, Mn, and Zn on seed
germination, root, shoot, seedling growth, seedling vigor index and tolerance index of wheat
(Triticum aestivum L.) and found that heavy metals adversely affected the normal growth of plants by
reducing seed germination, root and shoot length compared to control. It was determined that the
highest vigor index value in terms of irrigation waters was obtained from the Sir Dam water
application and the lowest vigor index was from Karasu Creek water. The negative effects of Karasu
Creek irrigation water on germination rate and seedling growth also decreased the vigor index values
of the plant. This is due to the presence of iron heavy metal in Karasu Creek irrigation water well
above the allowable limits.

Heavy metals such as Fe, Cu, Zn, and Mn are essential for plant growth at appropriate
concentrations, but some are harmful to plants when exceeded above acceptable levels [41,75]. These
include Cd, Hg, Pb, and As [76]. For example, high concentrations of Pb and Cu also cause oxidative
stress in plants [77], which leads to the destruction of macromolecules and the disruption of metabolic
pathways [78]. Vassilev et al. [79] showed in their study how copper toxicity affects the growth of
barley plants. This toxicity caused leaf chlorosis by degrading photosynthetic elements. In our study,
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the Cu element was found to be a phytotoxic metal for plants in all water samples, Fe element in KC
and SD waters, and Cd element in EC and SD waters. Athar and Ahmad [68] found that Cd was the
most toxic metal for free-living nitrogen-fixing bacteria and wheat plants, causing significant
decreases in the dry weight of shoot, root, and grain yield after Cu, Ni, and Zn, respectively.
Kalyanaraman and Sivagurunathan [80] reported that Cd and Cu had higher phytotoxicity than other
elements. Similarly, Tsamo et al. [41] reported that heavy metals Zn and Cu significantly affected
other plant growth parameters such as germination, shoot length, leaf area index, and shoot
circumference of bean plants and Pb of maize. However, the presence of more than one heavy metal
concentration in the environment may also cause antagonistic effects [68]. For example, it has been
reported that Cd antagonized the inhibitory effect of Zn on the total amount of mineralized carbon
[81]. It has been reported that the decrease in seed germination and plant growth parameters is a
reflection of the increase in industrial pollution [82]. The decrease in protein content in tissues
exposed to heavy metals has been reported by many workers [83,84].

5. Conclusions

This study focused on germination and seedling growth because crop establishment depends
on successful germination and seedling emergence. The results provided sufficient evidence for the
effects of water sources used on seed germination and plant growth. The data showed that all
irrigation waters contained significantly higher copper (Cu) than the "maximum acceptable level". In
addition, the iron (Fe) concentrations in the Karasu Creek and Sir Dam irrigation waters and the
cadmium (Cd) concentrations in the Erkenez Creek and Sir Dam were significantly above the
threshold level. Sir Dam has the largest irrigation capacity among the water sources investigated. The
contamination in the irrigation waters originates from the industrial factories which are located in
the water basin. Therefore, the wastewater treatment systems of the factories should be regularly
functional, and legal sanctions should be implemented in this regard. In addition, irrigation waters
containing heavy metals have a significant statistical effect on seed germination and seedling growth.
When the irrigation water contained heavy metals, the germination, and seedling growth traits were
negatively affected. Among all the treatments, irrigation water from Karasu Stream was found to
have the highest negative effects on the quality of the seeds used in the current study. According to
this study, corn and Italian ryegrass seeds do not germinate as well as wheat and alfalfa seeds under
heavy metal pollution conditions. The highest vigor index was recorded in wheat in comparison to
other texted crops.
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