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Abstract 

Background  Cotton (Gossypium hirsutum L.), adapted to tropical and subtropical regions of the world, is highly 
sensitive to low temperatures throughout its life cycle. The objective of this study was to evaluate the mitigating 
effects of different doses of animal-derived (0.25%, 0.50%, and 1.00% Isabion® ), seaweed-based (0.165%, 0.330%, 
and 0.660% Proton®) biostimulants, as well as a copper (Cu)-containing fungicide application, on cotton cultivar 
Lazer seedlings at the four true leaves (V4) stage. The plants were exposed to a low temperature of 5 °C for 48 h, 
and the changes in morphological (seedling fresh and dry weight, plant height, and stem diameter) and physiological 
parameters (leaf temperature, chlorophyll content, relative water content, electrolyte leakage, and relative injury) were 
examined.

Results  The results revealed that chilling stress reduced plant growth, while biostimulants helped protect the plants 
and overcome the adverse effects of chilling. Under chilling stress, there was a considerable reduction in seed-
ling fresh weight (SFW), seedling dry weight (SDW), plant height (PH), stem diameter (SD), leaf temperature (LT), 
and relative water content (RWC). Cotton seedlings treated with the animal-derived biostimulants showed signifi-
cantly enhanced SFW, SDW, PH, SD, LT, chlorophyll content (Chl), electrolyte leakage (EL), and relative injury (RI), 
although there were no positive changes in RWC. No significant differences in the morphological traits were observed 
among the doses of seaweed biostimulants. For SDW, PH, EL, and RI, the best results were obtained with the applica-
tion of a fungicide containing copper.

Conclusion  These results show the efficiency of the biostimulant and fungicide treatments in mitigating low-
temperature stress in cotton seedlings. Applying a copper-containing fungicide to cotton seedlings helped to coun-
teract the negative effects of low-temperature stress and to protect the plants from damage by maintaining elec-
trolyte balance. Among the biostimulant applications, all levels of animal-derived biostimulant applications, as well 
as the 0.660% level of the seaweed-derived biostimulant, led to increased tolerance of cotton plants to chilling stress.
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Introduction
Low temperatures pose a widespread environmental stress 
that significantly  inhibits agricultural productivity world-
wide by impeding plant growth and development (Mishra 
et  al., 2019). Low temperatures can be divided into two 
categories: chilling, which occurs between 5 and 15 °C, and 
freezing, which happens below 0 °C (Ruelland et al., 2009; 
Theocharis et al., 2012; Liu et al., 2018; Hajiboland, 2022). 
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Low temperatures considerably and adversely alter physi-
ological and biochemical mechanisms (Snider et al., 2022; 
Fu et al., 2023), leading to a loss in plant height, leaf area, 
and aboveground biomass (Liang et al., 2023; Wang et al., 
2023). Additionally, plant damage to tissues caused by low 
temperatures can postpone plant growth and development 
(Bhattacharya, 2022). Under low temperatures, plants can 
experience structural damage (Moriyama et  al., 1989), 
accumulation of reactive oxygen species (ROS) (Sharma 
et  al., 2012), increased permeability of cell membranes 
(Kawamura, 2008), changes in membrane lipids (Uemura 
et al., 1999), protein content and enzyme activities (Ruel-
land et  al., 2010), cellular osmotic concentrations, gene 
expression (Hiraki et al., 2014), and necrosis or death (The-
ocharis et al., 2012). In addition, transgenic cotton plants 
with AmDUF1517 and GhDREB1B have been shown to 
increase the resilience to cold stress by regulating relative 
water  content, chlorophyll  levels, soluble sugar content, 
and electrolyte leakage (Ahmed et al., 2024).

In recent years, biostimulants derived from seaweed, 
plants, microorganisms, or animals containing amino acids, 
vitamins, enzymes, and plant nutrition, have been avail-
able for the induction of plants’ tolerance to various abiotic 
stresses (Kauffman et  al., 2007). These biostimulants help 
stressed plants cope better with adverse conditions by bene-
fiting many metabolic pathways. Biostimulants can increase 
crop yield (Bulgari et  al., 2015)  by influencing the plant’s 
metabolism (Nephali et  al., 2020), improving the growth 
and development of aboveground and underground parts 
(Halpern et al., 2015; Rouphael et al., 2020), promoting chlo-
rophyll biosynthesis and enhancing photosynthesis (Rashid 
et al., 2021), and increasing nutrient use efficiency (Du Jar-
din, 2015; De Pascale et  al., 2017). Due to their  beneficial 
effects, biostimulants have been advised for use on  plants 
damaged by low temperatures (Niu et al., 2022).

Copper (Cu) is an essential element for plant growth and 
plays a significant role in many physiological processes, 
including photosynthesis, respiration, carbohydrate distri-
bution, nitrogen fixation, protein metabolism, antioxidant 
activity, cell wall metabolism, hormone perception, seed 
germination, drought resistance, and water supply (Yama-
saki et al., 2008; Sundin et al., 2016). However, it can also 
catalyze the formation of harmful free radicals such as 
hydroxyl, peroxyl, and alkoxyl radicals, resulting in oxida-
tive stress. The activity of one or more antioxidant enzymes 
generally increases in plants exposed to stress conditions, 
and this elevated activity correlates with increased stress 
tolerance (Pilon et al., 2006). Copper is extensively used as 
a protectant (La Torre et  al., 2018), exhibiting distinctive 
fungistatic and bactericidal activity through the release of 
copper ions (Cu++) into water (Yruela, 2005). These ions, 
when dissolved in water layers on plant surfaces, can pene-
trate the cell protoplasm of oomycetes, fungi, and bacteria.

Cotton (Gossypium hirsutum L.) is a unique fiber crop 
for textiles in Türkiye. It also helps oil production as the 
seeds contain 17%–21% crude oil. It is mainly grown in 
southern Anatolia, followed by the Mediterranean and 
Egea regions, where the climate is characterized by high 
temperatures in summer and moderate temperatures in 
winter. For optimal growth, cotton requires a minimal 
temperature of 12–15 °C and an optimum temperature of 
20–30 °C (Reddy et al., 1991; Singh et al., 2018; Li et al., 
2019). Because of its long vegetation period, growers are 
willing to plant early soil and weather temperatures are 
unfavorable for young cotton plants (Basal et al., 2019). In 
such cases, cotton is often exposed to low temperatures 
from the seedling stage up to the four true leaves (V4), 
which typically occurs in late May and early June. This 
study investigated how biostimulants derived from ani-
mals and seaweed, as well as the traditional application 
of a copper-containing fungicide for root rot and damp-
ing off, might improve the tolerance of cotton seedlings 
to chilling stress.

Materials and Methods
Treatment preparation
This study was conducted at Seed Science and Technol-
ogy Laboratory at Eskişehir Osmangazi University, Tür-
kiye, in 2023. Cotton cultivar Lazer and two commercial 
biostimulants, one animal-derived (Isabion®) and the 
other seaweed-based (Proton®), were used in the study. 
In addition, Tricopper Forte®, a commonly used fungi-
cide for root rot and damping off, was applied. Isabion® is 
composed of 62% (mass fraction, same as below) organic 
matter, 29% organic carbon, 8% organic nitrogen, and 
10% free amino acids, with a pH of 5.5–7.5. Proton® is 
composed of 45% organic matter, 1.5% alginic acid, and 
10% potassium oxide (K2O), with a pH of 9.0–11.0. Tri-
copper Forte® fungicide with copper was applied by foliar 
spraying at a concentration of 0.3%. The active substances 
of Tricopper Forte® consist of 21% copper salts equiva-
lent to metallic copper (Bordeaux mixture + copper oxy-
chloride + copper carbonate) and 20% mancozeb.

Experimental setup and growth conditions
The seeds were sown in two 70-well vials filled 
with  a  mixture of peat, perlite, and vermiculite (in a 
ratio of 3:1:1) at a depth of 2 cm and irrigated with tap 
water. Seedlings were grown in a growth chamber (16 h 
light / 8  h dark at 25  °C and 60% relative humidity) for 
15 days and transplanted to Polyvinyl chloride pots (9 cm 
in  diameter, 12 cm in  height) filled with the same mix-
ture medium. Nine treatments with seven plants for each 
treatment were arranged as follows:
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T1: control (no stress).
T2: chilling.
T3: 0.25% Isabion® + chilling.
T4: 0.50% Isabion® + chilling.
T5: 1.00% Isabion® + chilling.
T6: 0.165% Proton® + chilling.
T7: 0.330% Proton® + chilling.
T8: 0.660% Proton® + chilling.
T9: 0.300% fungicide with copper + chilling.

The biostimulants were sprayed on the cotton seedlings 
at the V4 stage at the dose of 50  mL per  plant using a 
hand sprayer. An advised dose of fungicide was applied to 
protect the plants from diseases. One day after applying 
biostimulant, the plants were exposed to chilling stress by 
cycling at 15 °C for 24 h, followed by 5 °C for 48 h.

Growth measurements
Measurements were conducted on three randomly selected 
seedlings per experimental unit. Seedling fresh weight 
(SFW), seedling dry weight (SDW), plant height (PH), stem 
diameter (SD), leaf temperature (LT), chlorophyll content 
(Chl), relative water content (RWC), electrolyte leakage 
(EL), and relative injury (RI) were measured after chilling 
stress. PH was defined by the distance from the soil sur-
face to the highest point of the cotton seedlings. SD was 
measured with a caliper below the cotyledonary leaves. To 
determine the seedling dry weight, the plants were cut at 
the growth medium surface, and SFW and SDW (dried for 
48 h at 70 °C) were determined. LT was determined by an 
infrared thermometer (Trotec BP21, Germany).

Chlorophyll content
The Chl readings of the second fully expanded leaves 
were performed with a chlorophyll meter (Konica-
Minolta SPAD-502, Japan) and expressed as SPAD units.

Relative water content
RWC was calculated using the formula described by 
Ghoulam et  al. (2002): RWC (%) = [(FW–DW) / (TW–
DW)] × 100, where FW = fresh weight of leaf, DW = dry 
weight of leaf, and TW = turgid weight of leaf.

Electrolyte leakage
Four discs with a 10  mm diameter were excised from 
the second leaf for EL. The leaf samples were washed 
with deionized water to remove any remaining electro-
lytes from the leaf surface. These discs were weighed 
and placed into a glass tube filled with 20 mL of deion-
ized water. After the incubation period of 24 h at 20 °C, 
the electrical conductance (EC) of the  solution (Li) 
was directly read using an EC meter (WTW 3.15, Ger-
many). Then, they were taken into the water bath at 

90  °C for 45  min, and the EC (Lo) was re-recorded. It 
was calculated by the formula (Ghoulam et  al., 2002): 
EL (%) = (Li / Lo) × 100.

Relative injury
RI was calculated using the formula described by Gulen 
et al. (2003): RI (%) = (ELs–ELc) / (100–ELc) × 100, where 
ELs and ELc are EL values belonging to the seedlings 
under stress or control, respectively.

Data analysis
The experiment was performed using a complete ran-
domized block design, including nine treatments with 
three replicates per treatment. All data were subjected to 
analysis of variance (ANOVA). The data were analyzed 
using the MSTAT-C program (Freed et al., 1991), and the 
statistical difference between treatments was determined 
by Duncan’s test (P < 0.05) (Duncan, 1955). The correla-
tion between morphological parameters and physiologi-
cal parameters was determined using the correlation 
coefficients (r) at the 1% and 5% significance levels.

Results
The investigated characteristics of cotton plants treated 
with biostimulants and copper-containing fungicide 
against chilling stress were significantly different. Chill-
ing stress caused significant inhibition in the morpholog-
ical characteristics of cotton seedlings, as shown in Fig. 1.

All biostimulant applications had lower SFW compared 
to the untreated seedlings. There was an increasing lin-
ear effect of animal-derived biostimulant doses for SFW, 
with the highest SFW (1 217 mg·plant−1) recorded in T4 
treatment. Also, SFW for seedlings treated with copper-
containing fungicide (1 113 mg·plant−1) was close to that 
of T4  treatment. Similar trends were observed in SDW, 
which reached the highest value (191  mg·plant−1) in 
the- fungicide treatment. The lowest SFW and SDW val-
ues were observed at all applied doses of seaweed-based 
biostimulant. PH and SD were reduced by 15%–20% after 
chilling stress, while increasing levels of the biostimu-
lants promoted the increase of PH. Except for unstressed 
seedlings, the maximum PH (5.27 cm) was obtained from 
the T9 treatment. SD was 2.10 cm in unstressed seedlings 
and  decreased to 1.77  cm in chilled seedlings. In addi-
tion, the highest SD after chilling stress  was measured 
with Isabion® applications at T3 and T4 doses.

The LT (26.4 ℃) of cotton seedlings grown under 
unstressed conditions was higher than all treatments 
under chilling stress (Fig.  2). Compared with T2 treat-
ment,  LT increased at all doses of the animal-derived 
biostimulant. Similar Chl content were recorded in both 
control treatments, and generally, biostimulant appli-
cations and the increase  in  dosages enhanced Chl. The 
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peak Chl value (51.6 SPAD) was obtained at the high-
est dose of Proton®  (T8 treatment). Compared with 
T1  treatment,  Chilling stress decreased RWC by 35%. 
The RWC values of plants receiving T4, T5, T7, and T9 
treatment were higher than 50%. Seedlings grown under 
normal conditions had an EL of 25.0%, whereas under 
low temperatures it increased to more than 60%. A posi-
tive effect of Isabion® on EL was observed in the plant 
exposed to chilling stress. Among the treatments, fungi-
cide treatment resulted in the minimum EL value (29.9%), 
followed by T5 (38.2%) and T4 treatment  (39.0%).

The highest RI was obtained from T7  treatment  , 
probably due to high electrolyte leakage. RI was low-
est in the T9 treatment (copper-containing fungicide), 
followed by T5 and T4 treatment. Unexpectedly, cotton 
plants treated with Isabion® (T3, T4, and T5 treatment) 
exhibited a lower RI than T2 treatment (Fig. 3).

There were significant correlations between the 
investigated parameters (Table  1). Some physiologi-
cal traits showed a significant relationship with the 
morphological characteristics. Specifically, RWC was 

positively  associated with SFW (r = 0.877**). However, 
EL was negatively correlated with SFW (r = –0.686**),  
SDW (r = –0.658**), and SD (r = –0.541**). Chl was 
negatively correlated with SFW and RWC.

Discussion
The results show that the chilling stress remarkably inhib-
ited the plant growth of cotton seedlings. Similar results 
were reported by Singh et al., (2018), who found a reduc-
tion in plant height, leaf number, leaf area, leaf weight, 
stem weight, and total weight in cotton lines  subjected 
to chilling stress. In the present study, a medium dose of 
animal-derived biostimulant and the spraying of copper-
containing fungicide protected the plants and stimulated 
the growth of cotton after chilling stress. Higher doses of 
seaweed biostimulant had positive effects on PH and SD. 
These results were supported by the findings of Polo et al. 
(2018), who indicated that animal-derived (Pepton®) and 
seaweed-based (Acadian®) biostimulants improved vege-
tative parameters, including PH and SD, for cherry toma-
toes compared with the control under low-temperature 

Fig. 1  Changes in SFW (seedling fresh weight), SDW (seedling dry weight), PH (plant height), and SD (stem diameter) of cotton seedlings 
in different foliar applications under chilling stress (at 5℃ for 48 h). The letter(s) on each column denotes a significance level at P < 0.05
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stress. Xu et  al. (2017) also confirmed increased root 
and shoot growth by biostimulants in lettuce. In addi-
tion, Rouphael et  al. (2023) observed that copper and 

copper-combined biostimulants applied to basil plants 
enhanced fresh and dry weights. Similarly, Botta (2013) 
found that an animal-derived biostimulant led to heavier 

Fig. 2  Changes in LT (leaf temperature), Chl (chlorophyll content), RWC (relative water content), and EL (electrolyte leakage) of cotton seedlings 
in the different foliar applications under chilling stress (at 5℃ for 48 h). The letter(s) on each column denotes a significance level at p < 0.05 

Fig. 3  Changes in RI (relative injury) of cotton seedlings treated with different foliar applications of biostimulants under chilling stress. The letter(s) 
on each column denotes a significance level at p < 0.05 
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shoot and root fresh weights compared with untreated 
control lettuce plants. In that study, chilling stress (5°C) 
led to a significant loss of amino acids and sugars like 
glucose, fructose, and sucrose from the roots, and the 
amount of loss increased linearly with increasing dura-
tion of chilling temperature. Liu et al. (2013) found that 
cool temperatures enhanced the activities of Rubisco and 
cytosolic fructose‐1,6‐bisphosphatase. Also, dehydration 
and cellular membrane disintegration in plant tissues 
commonly occur (Yadav, 2010), resulting in inhibition of 
root and shoot growth (Hussain et al., 2018). These find-
ings are consistent with the observations of Hund et  al. 
(2007) and Farooq et  al. (2009), who found restricted 
growth of the aboveground part of seedlings.

In the present study, using biostimulants resulted 
in increased chlorophyll content in the cotton plants 
compared with the untreated plants. In particular, 
treatments T3, T7, T8, and T9 exhibited elevated chlo-
rophyll levels compared with other treatments. Both 
animal- and seaweed-based biostimulants containing 
bioactive substances such as amino acids, betaines, and 
minerals have been found to boost chlorophyll levels 
in plant tissues (Bahmani Jafarlou et  al., 2023). These 
biostimulants regulate osmotic adjustment, nutrient 
uptake, and water absorption, hence enhancing the tol-
erance to stress conditions. Niu et  al. (2022) found 
that foliar application of two seaweed extract-based 
biostimulants (Boosten® and Megafol®) and an animal 
collagen-derived biostimulant (Isabion®) to tomato 
seedlings could promote plant biomass accumulation, 
and that seaweed extract-based biostimulants enhanced 
chlorophyll synthesis under low-temperature stress. 
Do Rosário Rosa et  al. (2021) showed that the SPAD 
index of bean plants was higher in all seaweed extract 
treatments than those in the control under suboptimal 
temperatures (< 20  °C). However, the findings of the 
present study indicate a significant correlation between 

chlorophyll concentration and SFW or RWC. In the 
present study, chilling stress considerably reduced cell 
membrane stability, but seaweed-based extract signifi-
cantly enhanced it. These results are in line with the 
findings of Bahmani Jafarlou et  al. (2023), who deter-
mined that a seaweed extract biostimulant triggered 
cell membrane stability under salinity stress. Electro-
lyte leakage increases when cotton plants are exposed 
to stress factors such as drought and high temperatures 
(Rehman et al., 2021; Majeed et al., 2024). In this study, 
electrolyte leakage was higher in the plants exposed to 
chilling stress, and the minimum value for electrolyte  
leakage was obtained from the plants treated with copper-
containing fungicide (T9 treatment).

Conclusion
This study found that low temperatures negatively influ-
enced the morphological and physiological parameters of 
cotton seedlings at the V4 stage. However, seedlings sprayed 
with copper-containing fungicide balanced cell membrane 
stability and improved all morphological parameters fol-
lowing chilling, suggesting that such treatment provides 
resilience against chilling stress. In addition, all levels of ani-
mal-derived biostimulant applications, as well as the 0.660% 
level of the seaweed-derived biostimulant, led to increased  
tolerance of cotton plants to chilling. As a result, only copper- 
containing fungicide treatment may be beneficial for  
mitigating the damages caused by low temperatures and for 
protecting cotton seedlings against disease.
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