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Abstract

Weeds compete with crops including potato and cause a huge yield and qual-
ity reduction. This competition varies according to weed type and their infestation
level. The objective of this study was to explore the inter- and intra-specific com-
petition of potato and four of its major weeds, i.e., Amaranthus retroflexus, Che-
nopodium album, Salsola kali, and Solanum nigrum, under varying densities. The
weeds and potato plants were grown in pots by maintaining weed densities of 0,
2, 4, and 6 weed plants, together with the potato plant densities of 0, 1, 2, and 3,
with all possible interactions and a control (only weed or potato plants). The results
showed that with an increase in the density of A. retroflexus, potato height and yield
started decreasing, and there was a 9-49% tuber yield reduction due to A. retroflexus
interference depending on its density. The A. retroflexus height and biomass were
positively influenced under low inter-specific competition with potato compared to
when grown alone (intra-specific competition). The maximum C. album height and
biomass were observed under low intra-specific (only 2 C. album plants) and inter-
specific competition conditions (2 C. album X 1 potato). There was a 9-48% reduc-
tion in tuber yield when potato was exposed to competition from different densi-
ties of C. album. The height and biomass of S. kali were significantly higher under
low inter- and intra-specific competition. Tuber yield loss due to S. kali interference
was 32-63% under inter-specific competition conditions. The highest height and dry
weight of S. nigrum were recorded under low competition/densities (2 S. nigrum
X 1 potato). Yield loss under inter-specific competition of potato with S. nigrum
was 22-43% depending on the densities of S. nigrum. In general, the weeds per-
formed well under low competition and caused a decrease in tuber yield, showing
their ability to compete at inter-specific competition conditions. The results of this
study could be helpful in providing insights into the competition of potato with their
common weeds, enabling a focus on the management of the most competitive ones.
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Introduction

Weeds and crops compete for resources such as water, light, nutrients, and space
throughout the crop-growing season (MacLaren et al. 2020; Ahmad et al. 2023).
Weeds often compete more effectively by capturing resources more efficiently,
exhibiting an aggressive growth habit and strong competitiveness, leading to a
reduction in crop yield (Horvath et al. 2023). The economic loss caused by weeds
ranges from US $ 100 million to US $ 26 billion annually worldwide (Ahmad
et al. 2023).

The competitiveness of weeds depends on the composition of weed flora, its
diversity, and abundance in a specific cropped area (Nkoa et al. 2015). Weed
species belonging to families such as Poaceae, Amaranthaceae, Solanaceae, and
Convolvulaceae are of particular importance because they cause a high weed-
crop competition and reduction in crop yields. Weed species from these families
such as redroot pigweed (Amaranthus retroflexus L.), lamb’s quarters (Chenopo-
dium album L.), common saltwort (Salsola kali L.), and black nightshade (Sola-
num nigrum L.) are commonly known due to their abundance and presence in a
wide range of diverse climates. These weeds are noxious in nature, have universal
distribution, and are mostly crop specific (Zaidi 2000). These weeds successfully
invade cropped areas and cause a huge yield reduction in different crops includ-
ing potato (Solanum tuberosum L.) (Siddiqui and Jabran 2025). In potato, weeds
cause huge competition and significantly influence the yield and damage the qual-
ity of tuber by destructing tuber shape (Abdallah et al. 2021; Jabran et al. 2023;
Siddiqui et al. 2024).

Amaranthus retroflexus is one of the most troublesome potato weeds. It is
found in high numbers in the potato crop under both organic and conventional
potato production systems (Nikolic et al. 2013). Under favourable conditions, this
weed may grow up to 2 m in height and produce millions of seeds, enabling it
to compete extensively for resources as well as causing a shading effect due to
its greater height (Safavi et al. 2023). It is capable of damaging crop yields even
if present at low densities. For example, the presence of only 1.41 A. retroflexus
plants/m? starts causing threshold damage in maize (Zea mays L.) crops (Dogaru
et al. 2012).

Chenopodium album is a common weed of potato fields and is highly adapt-
able to different environmental conditions (Ahmadvand et al. 2009). This weed
is found extensively throughout the world due to its aggressive growth, high seed
production, and tall height. Chenopodium album infests a wide range of agro-
nomic and horticultural crops and is capable of reducing crop yields by up to
90% (Bajwa et al. 2019; Kupdhoni et al. 2023). It reduces the rapeseed (Brassica
napus L.) yield by 45% when 12 weed plants per metre of crop row were present
(Valizadeh and Mirshekari 2011). Solanum nigrum is an important weed of potato
and is abundantly found in irrigated cropping lands worldwide (Shah et al. 2010).
It has physiological properties similar to potato, making its control challenging,
as it competes for similar resources and can thrive under the same environmental
conditions. Salsola kali is a weed native to Tiirkiye; it establishes easily, even
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in arid conditions, and its presence in cropped areas prevents the establishment
of other plants (Blankers 2014). Weeds such as C. album, A. retroflexus, and S.
nigrum have strong association with potato crop (Fernidndez-Quintanilla et al.
2018), while S. kali is found extensively in the studied area due to its local infes-
tations (Jabran K, personal communication). The presence of these weeds causes
a huge competition for resources, reducing the growth and yield of potato (Jabran
et al. 2023).

The study of competition between different weeds and crops has been conducted
previously and reported (Moechnig et al. 2003; Guglielmini et al. 2017; Qasem
2018), but less literature is available on potato-weed interactions especially on the
weed species included in this study, i.e., A. retroflexus, C. album, S. kali, and S.
nigrum. A better understanding of the potato and the weeds in this study would
allow for better decision-making regarding their control. Hence, the objectives of
the current study were to assess (1) the effect of varying planting densities of A. ret-
roflexus, C. album, S. kali, and S. nigrum on potato growth and yield; (2) the intra-
specific response of targeted weeds to determine their competitiveness; and (3) the
effect of different densities of potato on the growth of targeted weeds.

Materials and Methods

This research work was conducted in the screenhouse of the Department of Plant
Production and Technologies, Nigde Omer Halisdemir University, Nigde (37.9712°
North and 34.6776° East), Turkiye, during the years 2022 and 2023. The average
temperature of the screenhouse was 25-30 °C during the experiment. Plants benefit-
ted from the natural light condition, and the average humidity was 40-60% inside
the screenhouse.

The seeds of the selected weed plants were collected from the crop-growing area
of the Department of Plant Production and Technologies, Nigde Omer Halisdemir
University, Nigde, Turkiye. No permission was required for seed collection as the
seed collection area belongs to the Department of Plant Production and Technolo-
gies, Nigde Omer Halisdemir University, Nigde, Turkiye, and no endangered spe-
cies were involved in the research. The seeds were dried under shade, cleaned, and
stored at room temperature for use in the experimentation. Potato seeds of the culti-
var “Petek” were sourced from the Doga Seed Company (Doga Arge Merkezi San.
Tic. A.S.), Nevsehir, Turkiye. The Petek cultivar is a late-maturing variety primarily
utilized for both cooking and frying purposes (Tarim and Orman Bakanligi 2022).

A soil and peat mixture was used to fill the pots (15 L; 33 cm X 25 cm). The
experiments began on June 5, 2022, and June 1, 2023, in the first and second years
of the study, respectively. Different plant sowing densities of potato and all four
weed species were used according to the treatments to determine their inter- and
intra-specific interactions by using a randomized complete block design (RCBD)
for each experiment (Table 1). The weeds and potato plants were seeded in pots by
maintaining weed densities of 0, 2, 4, and 6 weed plants together with the potato
plant densities of 0, 1, 2, and 3 with all possible interactions and a control (only
weed or potato plant). Weed densities of 0, 2, 4, and 6 weeds per pot were referred
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to no competition, medium, low, and high competition, respectively. The nitrogen,
phosphorus, and potassium (NPK) fertilizer at the rate of 140 kg ha~! was applied
at the time of sowing. Four replications were used for each treatment. The pots were
irrigated regularly to fulfill the plants’ water needs. The treatments used for each
experiment are summarized in Table 1:

Data Recording

Data for weed and potato plant heights were recorded at the flowering stage (BBCH
60-69 DAS) (Nemes et al. 2008). Plant heights of both potato and targeted weed
species were recorded by using a meter scale, from the soil surface to the uppermost
leaf tip. After that, weeds were cut separately from each pot and kept in an oven
for 72 h at a temperature of 70 °C, and their dry weights were recorded using an
electronic weighing scale (ATX24, SHIMADZU). At the completion of the maturity
stage (BBCH 91-97 DAS), the potato tubers were separated from the soil in each
pot (Nemes et al. 2008). The data for tuber yield was recorded by measuring the
weight of the obtained tubers.

Yield loss due to weeds was determined by using the formula given by Soltani
et al. (2016):

WFY — WCY %
WFY

Yield loss due to weeds = 100 (1)
Here, WFY is the crop yield in weed-free pots and WCY is the crop yield in
weedy pots.

Data Analysis

Data on potato height and tuber yield, as well as weed height and dry biomass,
were analysed using Statistix 8.1 software. Analysis of variance (ANOVA) was per-
formed, and the means were compared using the least significant difference (LSD)
test at a 5% probability level. The data for this study (the recorded parameters) was
not different across the years as established by the ANOVA; hence, the data from the
years were pooled and presented as means of the two sets of the experiments.

Results
Crop-Weed Relationship Between Amaranthus retroflexus and Potato Crop

The highest A. retroflexus height was observed under low competition; i.e., two
plants of A. retroflexus and one potato plant were grown per pot (Figure 1 A). With
the increase in the density of potato and A. retroflexus, the height of A. retroflexus
started decreasing due to high competition for space and other resources. The dry
weight of A. retroflexus was significantly influenced by plant densities under both
inter- and intra-specific competition (Figure 1B). The highest dry weight of A.
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Figure 1 Amaranthus retroflexus height (A), dry weight (B), potato height (C), tuber yield (D), and yield
reduction (E) under different potato plants and A. retroflexus densities. Different letters on each bar indi-
cate significant differences among the values for the grouped samples (p < 0.05 according to a one-way
analysis of variance, ANOVA)

retroflexus was observed under low inter-specific competition (1 potato X 2 A. retro-
flexus) as compared to intra-specific competition. With the increase in competition,
the dry weight of A. retroflexus decreased significantly, and the lowest dry weight
was observed at high densities or competition, i.e., when 6 A. retroflexus X 3 potato
plants were grown together.

The highest potato height was observed when one potato was grown per pot
without A. retroflexus, i.e., no competition (Figure 1C). With the increase in
the density of potato (intra-specific competition) and A. retroflexus (inter-spe-
cific competition), potato height started decreasing and reached the lowest at
medium and low competition, i.e., four and six A. retroflexus plants per pot.
The tuber yield per pot was significantly influenced by inter-specific competi-
tion with A. retroflexus, while it was non-significant under intra-specific com-
petition of potato at different densities (Figure 1D). Yield loss due to A. retro-
flexus interference varied, and a 9-60% reduction in tuber yield was observed
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compared to when potato was grown without competition (Figure 1E). Yield
loss was only 9.26% under low inter-specific competition (3 potato + 2 A. ret-
roflexus). At high competition, these values were not varied significantly and
showed 46.5-59.8% yield loss at all potato densities, i.e., when 1, 2, or 3 pota-
toes + 6 A. retroflexus plants were grown together.

Crop-Weed Relationship Between Chenopodium album and Potato Crop

The maximum C. album height was observed under intra-specific competition,
i.e., when two plants of C. album were grown per pot without potato (no com-
petition) and this value was at par with the low competition (2 C. album X 1
potato) (Figure 2 A). With the increase in the density of potato and C. album, the
height of C. album started decreasing likely due to high competition for space
and other resources. The dry weight of C. album was the highest at low com-
petition, i.e., when two plants of C. album were grown in competition with one
potato plant, proving that under low inter-specific competition, C. album per-
formed better (Figure 2B).

The potato height was significantly impacted under both inter- and intra-
specific competition conditions, and the maximum height was observed when
one potato plant was grown per pot without C. album, i.e., no competition (Fig-
ure 2 C). With the increase in the density, intra-specific competition (between
potato) and inter-specific competition (between potato and C. album), potato
height started decreasing and became the lowest at high competition, i.e., when
3 potatoes X 6 C. album plants were grown together. The tuber yield per pot was
significantly influenced by inter-specific competition with C. album, while it
was non-significant under intra-specific competition of potato at different densi-
ties (Figure 2D). The C. album interference caused a huge impact on the tuber
yield, and a 9-51% reduction in tuber yield was observed compared to when
potato was grown without competition (Figure 2E). The maximum yield losses
of 47.1-49.7% were observed under high competition (1, 2, or 3 potatoes X 6 C.
album). The yield loss was minimum and ranged from 9.3 to 18.3% under low
competition (1, 2, or 3 potatoes X 2 C. album).

Crop-Weed Relationship Between Salsola kali and Potato Crop

The height of S. kali was decreased under inter- and intra-specific competition.
Under high inter-specific competition, the height of S. kali was significantly lower as
compared to intra-specific competition (Figure 3 A). With the increase in the density
of potato and S. kali, the height of S. kali started to decrease and reached a minimum
at high competition (1, 2, or 3 potato X 6 S. kali) due to high competition for space
and other resources. Dry weights of S. kali were the highest at low inter-specific
competition (1, 2, or 3 potato X 2 S. kali) as compared to grown alone (intra-specific
competition) (Figure 3B). The maximum dry weight was observed under low com-
petition, i.e., when 1 potato X 2 S. kali plants were grown together. The dry weight
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Figure 2 Chenopodium album height (A), dry weight (B), potato height (C), tuber yield (D), and yield
reduction (E) under different potato plants and C. album densities. Different letters on each bar indi-
cate significant differences among the values for the grouped samples (p < 0.05 according to a one-way
analysis of variance, ANOVA)

of S. kali decreased significantly with the increase in densities/competition, and the
lowest dry weight was obtained when six plants of S. kali X 3 plants of potato were
grown together.

The highest potato height was observed when one potato was grown per
pot without S. kali, i.e., no competition (Figure 3 C). With an increase in the
density of potato and S. kali, potato height started decreasing and reached a
minimum at high competition (1, 2, or 3 potato X 6 S. kali). The tuber yield
per pot was significantly influenced by inter-specific competition with S. kali,
while it was non-significant under intra-specific competition of potato at dif-
ferent densities (Figure 3D). Yield loss due to S. kali interference varied, and
a 32-63% reduction in tuber yield was observed compared to when potato was
grown without competition (Figure 3E). The maximum yield loss (46.9-63.4%)
was observed at high competition (1, 2, and 3 potatoes X 6 S. kali), while under
low competition (1, 2 and 3 potatoes X 2 S. kali), yield losses were 32.7-45.1%.
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Figure 3 Salsola kali height (A), dry weight (B), potato height (C), tuber yield (D), and yield reduction
(E) under different potato plants and S. kali densities. Different letters on each bar indicate significant
differences among the values for the grouped samples (p < 0.05 according to a one-way analysis of vari-
ance, ANOVA)

Crop-Weed Relationship Between Solanum nigrum and Potato Crop

The densities of both potato and S. nigrum had a significant effect on weed height,
and the maximum height of S. nigrum was observed under low densities (2 S.
nigrum X 1 potato) (Figure 4 A). The dry weight of S. nigrum was influenced by
both inter- (S. nigrum and potato) and intra-specific (between S. nigrum plants) com-
petitions at different densities (Figure 4B). The highest dry weight of S. nigrum was
recorded under low competition/densities (2 S. nigrum X 1 potato). The dry weight
of S. nigrum was significantly lower at high densities or competition (6 S. nigrum X
3 potatoes).

The potato height varied under intra- and inter-specific competition with S.
nigrum. The maximum potato height was observed when one potato was grown
per pot without S. nigrum, i.e., no competition (Figure 4 C). With the increase
in the density of potato and S. nigrum, potato height started decreasing, and the
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lowest height was observed when the potato was grown with high densities of
S. nigrum. Tuber yield varied significantly under inter- and intra-specific com-
petition (Figure 4D). The maximum tuber yield was observed when the potato
was grown alone (i.e., without competition) and at medium sowing densities, i.e.,
when only two potato plants were grown in one pot, and this value was at par
when only one potato plant was grown in one pot. The tuber yield was decreased
with the increase in competition and densities although potato densities had a
non-significant impact on the tuber yield. Yield loss under inter- and intra-spe-
cific competition of potato with S. nigrum showed a significant impact, and yield
decreased by 22-43% in the presence of all densities of S. nigrum (Figure 4E).
The maximum yield losses of 39-42.4% were observed at high densities or com-
petition (1, 2, and 3 potatoes X 6 S. nigrum), while the impact of potato densities
was non-significant. At low competition (1, 2, and 3 potatoes X 2 S. nigrum),
yield losses ranged from 21.7 to 24.2%.

Among the four weeds, S. kali proved to be the most competing weed and caused
the highest potato tuber yield reduction that ranged from 32 to 63% (Table 2). Keep-
ing in view the tuber yield reduction, S. nigrum proved to be the second most com-
petitive weed after S. kali and caused a minimum of 32% and a maximum of 43%
yield reduction. A. retroflexus and C. album caused a similar decrease in the tuber
yield, i.e., 9-49%.

Discussion

The results of the current study showed that the densities of A. retroflexus, C. album,
S. kali, and S. nigrum had a significant impact on the growth and tuber yield of
the potato crop. The highest tuber yield was observed when the potato was grown
alone without competition with any of the targeted weed species, i.e., A. retroflexus,
C. album, S. kali, and S. nigrum. Tuber yield decreased significantly when compet-
ing with the weeds, especially at medium and high densities, i.e., four or six weeds
per pot. The potato is highly susceptible to weed interference, and high weed inter-
ference may cause up to 65 and 80% marketable and total yield reduction, respec-
tively (Siddiqui et al. 2024). The highest emergence of annual broadleaved weeds
especially C. album and A. retroflexus is usually observed in the potato-growing
areas, due to crop-weed association, and a widespread impact is observed if these
weeds are not controlled properly (Zaidi 2000; Ciuberkis et al. 2007). Amaranth ret-
roflexus, C. album, and S. nigrum are the most densely observed weeds in potato-
growing areas (Kilic 2016).

The intra-specific competition had less impact on the plant height of both, i.e.,
weeds and the potato plant, under both low and high densities of competition. The
high densities of potato and weeds decreased the plant height and tuber yield. The
height and dry matter of the weeds were also decreased with the increase in com-
petition. This is because weeds are strong competitors, performing more efficiently
when grown in a mixture (under inter-specific competition) as compared to when
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Figure 4 Solanum nigrum height (A), dry weight (B), potato height (C), tuber yield (D), and yield reduc-
tion (E) under different potato plants and S. nigrum densities. Different letters on each bar indicate sig-
nificant differences among the values for the grouped samples (p < 0.05 according to a one-way analysis
of variance, ANOVA)

grown alone (intra-specific competition) (Oladokun 1978; Basinger et al. 2019;
Sharpe 2020).

The highest tuber yield reduction was observed when potato and S. kali were
grown in competition as compared to other studied weeds because the tuber yield
is highly dependent on weed species and their densities/competition (Yadavi et al.
2016). The S. kali is a highly competitive weed and has the ability to occupy the
whole cropped area by suppressing the growth of neighbouring weeds and other
flora (Santin-Montanya et al. 2020). Also, its tangling growth habit with spiny leaf
structure causes difficulties in field operations and hinders harvesting operations
(Klopper 2000). The yield loss due to A. retroflexus and C. album was almost simi-
lar due to their belonging to the same family and shared morphological character-
istics (Hadi and Noormohamadi 2012). Also, their ability to grow in a wide range
of environmental conditions and tall height makes them compete extensively with
the main crop and capture more resources (Hamidzadeh et al. 2021). The S. nigrum
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Table2 Tuber yield loss due to

. Sr. no. Weed species Tuber
weed species : <
yield loss
(%)
1 Amaranthus retroflexus 9-49
2 Chenopodium album 9-48
3 Salsola kali 32-63
4 Solanum nigrum 22-43

gained an advantage owing to the same family as potato and caused a significant
amount of yield loss at each planting density (Jain et al. 2011). The reason is that S.
nigrum can compete better for resources as compared to potato due to some shared
similar characters and being advantageous to potato.

Overall, the selected weed species, C. album, A. retroflexus, and S. nigrum, are widely
observed weeds in potato-growing area (Kilic 2016; Fernandez-Quintanilla et al. 2018),
while S. kali has its local infestation. Both the factors studied, i.e., weed densities/compe-
tition and species type, have a significant impact on the growth and tuber yield of potato.
Under intra-specific competition, the yield reduction was lower, and it increased with
the increase in competition with the weeds. The weeds have strong competitive abilities
when grown with the plants of other species as it has been observed under low intra-
specific competition, where all the weeds showed low performance, and the height and
dry matter were decreased. These observations could be helpful in weed management by
determining the competitive abilities of the commonly observed weeds and prioritizing
the management of the most problematic species on a sustainable basis.

Conclusions

Weeds significantly affect the growth and yield of the potato crop, and the degree of com-
petition and yield loss depends on densities and types of weeds. This research concluded
that potato-weed competition started even when the potato plants were exposed to low
weed densities, and the intensity of this competition was increased with an increase in
weed densities. Either on the plant height or tuber yield, the intra-specific (potato-potato)
competition had a lower impact than the inter-specific (potato-weed) competition. The
highest rate of tuber yield decrease (32-63%) was caused by S. kali, followed by S.
nigrum (22-43%), proving the high competitive ability of these two weeds. The other two
weeds in the study, i.e., A. retroflexus and C. album, decreased the tuber yield by 9-49%.
The results of the current study can help to improve management strategies by prioritizing
the most problematic or competitive species. Moreover, the results will allow farmers to
better plan specific herbicide strategies based on the competitiveness of weeds.
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