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Summary. The article presents the results of studies of the influence of the use of the 

biostimulator Reglalg and negative temperature stress (NTS) on the chlorophyll index of maize 

plants grown in field conditions at the experimental area of the Institute of Genetics, Physiology & 

Plant Protection, MSU. Growing maize from seeds treated before sowing with Reglalg and then 

subjected to temperature treatment at -4°C for 16 hours showed that the use of Reglalg reduces the 

negative effect of NTS and contributes to an increase in the chlorophyll index of leaves in the early 

period of plant growth. 
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Introduction 

At the current conditions of climate change and global warming, much attention is paid to 

studying the influence of negative environmental factors on the plant’s growth and development (7, 

12). Among the environmental factors that negatively affect the germination, productivity and 

quality of the crops, low temperature is one of the most common stresses that have a damaging 

effect on the plant organism (10,5). The response of different plant species to extreme temperature 

stresses varies throughout their life cycle (9). Tropical and temperate plant species, including maize, 

have limited ability to withstand low temperatures (8, 11). 

Maize is widely cultivated in the world due to the high demand of various branches of the 

economy in the varied production of maize, which increases every year. This leads to the need to 

increase the yield of maize hybrids and expand their area of cultivation. This becomes possible if 

there are suitable hybrids for cultivation in heat-deficient regions. Therefore, the main conditions 

for the promotion of maize in the northern regions is the selection for early maturity and frost 

resistance. 

Numerous studies have been conducted to investigate the influence of low positive temperatures on 

the growth processes and productivity of maize plants (8, 15). Recently (1) five maize hybrids were 

evaluated for germination and the growth of seedlings, obtained from seeds exposed to treatment 

with low positive temperatures (from 26°C to 1°C) before placement for germination and growth. It 

was shown that maize hybrids differed significantly in seed germination and root properties under 

low temperatures treatments. 

Also, there were conducted experiments to study influence of freezing, temperature below 

0°C, on maize plants during early seedling growth, or at late stages of ontogeny (14). However, less 

attention has been paid to the impact of freezing temperatures on maize at the germination stage. 

 At the same time, less attention was paid to the influence of freezing, sub-zero temperatures 

on maize at the germination stage.  

We have started a series of studies on subjecting seeds of different maize hybrids to negative 

temperature stress (NTS) before germination (2). NTS, a temperature of -4°C applied to seeds for 

16 hours in fourteen maize hybrids before germination, resulted in a decrease in final germination 

percentage, which depended on the type of hybrid. 

In the face of climate changes and to provide the population with food, the development of 

methods for cultivating maize is important, including the creation of new methods for improving 

hybrids and maize lines that can acclimatize to relevant environmental conditions. It is also 
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important to improve agrotechnical cultivation methods through the use of plant growth 

biostimulators (PGB) (3,13).       

The purpose of the study was to study the effect of the use of PGB Reglalg and pre-sowing 

seeds treatment with negative temperature stress on the chlorophyll index of young maize plants at 

the beginning of the growing season under field conditions.  

 

Materials and methods 

The research was carried out using seeds of the maize hybrids Porumbeni (P.) 310 and P. 

374, provided by the Public Institution "National Center for Research and Production of Seeds", 

Republic of Moldova. The experiments were conducted under field conditions at the experimental 

area of the IGFPP, USM. The experimental design was a Latin square, where the plots were 

arranged in triplicate with a randomized distribution. Each plot was 2,8 meter wide and 5 meters 

long. Sowing was carried out in May, manually, at a depth of 5 - 6 cm and at a distance between 

rows of 70 cm. Before sowing, maize seeds treated with water (control) or the optimal doze (1/50) 

of PGB Reglalg (experimental) and air-dried were placed for imbibition in water at 5°C for 36 

hours. Then, some of the control and experimental seeds, freed from water, were subjected to 

negative temperature stress (NTS) of -4°C for 16 hours, and the other part of the control and 

experimental seeds, also freed from water, were placed in a refrigerator at a temperature of 5°C. At 

the beginning of the growth period, when the plants had 5-6 leaves, the chlorophyll index was 

measured. The chlorophyll index was determined using a chlorophyll counter CCM-200 Plus (Optic 

Science), capable of measuring the chlorophyll index from 0 to 999 at a distance. at a distance of up 

to 1.5 m over an area of 11 cm with a reproducible reading accuracy of ±5%. The data were 

statistically processed by determining the mean value and the standard deviation of the mean was 

calculated using the program "Statistics 7". 

 

Results and discussion 

The resistance of plants to low temperatures largely depends on the possibility of 

functioning of the photosynthetic apparatus, which provides cellular metabolites necessary for the 

growth and development of plants both under conditions of optimal growth temperatures and under 

conditions of adaptation to stressful temperatures (4). 

Since maize is a tropicale /temperate crop, the processes occurring in the early stages of 

ontogenesis will be sensitive to environmental factors, including low temperatures. The processes of 

germination, emergence of seedlings, development of juvenile leaves and the formation of the 

photosynthetic apparatus, which ensure the transition from heterotrophic growth to autotrophic 

growth, will largely depend on soil temperature, humidity and other environmental factors (6). 

In order to evaluate the state of the maize crops in the juvenile period and to determine the 

effect of the use of the biostimulator Reglal and the treatment of the seeds before sowing with 

negative temperature stress (NTS),  measurements of the chlorophyll index of the plants at the stage 

of  5-6 -leaf seedlings were carried out (Fig. 1). It was found that the highest accumulation rates of 

the chlorophyll index were characteristic for plants from the control and from the variant with 

Reglalg, both without preventive treatment of the seeds with NTS, regardless of the type of hybrid. 

At the same time, it can be observed that the highest level of the chlorophyll index was 

characteristic for plants obtained from seeds treated before sowing with the PGB Reglalg (Reg.), 

compared to the control variant (C). It should be mentioned that in plants grown from P. 374 hybrid 

seeds treated with Reglalg, the chlorophyll index was significantly higher (cci=36), compared to P. 

310 hybrid plants (cci=33). The results presented in Fig. 1 also demonstrate that the values of the 

chlorophyll index in the leaves of the plants of both hybrids, obtained from seeds preventively 

treated with NTS (C+NTS) and (Reg.+NTS), are lower compared to those of the control (C) and 

Regallg (Reg.) plants. Literature data (4) from the experience with young maize plants, at the 3-rd 

leaf appearance seedlings, exposed for seven days at low temperature of 10°C, demonstrated that 
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this treatment resulted in decreased photosynthetic pigments, lowered efficiency of PSII and 

reduction in CO2 assimilation. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Chlorophyll index of plants under field conditions, grown from sseds  

treated before sowing with Reglalg and NTS 

 

Our results suggest that the treatment of seeds with the solution of PGB Reglal before 

exposure to NTS action favored the stimulation of the viability of the resulting plants, which was 

reflected in the chlorophyll content of the leaves of the seedlings in the juveline stage of 

ontogenesis. The use of Reglalg for seed treatment before their expose to NTS demonstrates a 

tendency to have a beneficial effect on the processes of germination and growth of maize seedlings 

in field conditions, especially in the P. 374 hybrid, which has a higher  chlorophyll index coefficient 

(Fig. 1). It should also be mentioned, that exogenous application of PGB Reglalg induces as well 

cold tolerance in the early maize hybrid, P. 180 and the semi-early maize hybrid, P. 310, promoting 

to improve the functioning of the photosynthetic apparatus by increasing the content of chlorophyll 

pigments in the leaves of plants in the 5-6 leaf phase under field conditions (3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The ratio between the values of the chlorophyll index of the seedlings under  

fiels conditions from variants C and reg. to the value of the C+NTS and Reg.+NTS 

 

Determination of the ratio between the chlorophyll indices from the C variant to this index 

from the C+ NTS variant, as well as the chlorophyll indices from the Reglalg variant to the values 

of this indice from the Reg+NTS variant demonstrate (Fig. 2), that the values of this ratio are 

greater than 1 and that the application of PGB Reglalg for seed treatmnet before sowing showed a 

greater effect in P. 374 hybrid plants.   

Thus, the data on the chlorophyll index in the leaves of maize plants grown from seeds 

treated with PGB Regalg and then exposed to NTS made it possible to identify the state of the 

plants under the influence NTS, the role of biostimulatory substances in reducing the negative 

effects of NTS, as well as the comparison of reactions of the studied hybrids to NTS effects. 
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Conclusions 

Young maize plants of hybrids P. 310 and P. 374, grown from seeds pre-treated with 

negative temperature stress (NTS) for 16 h before sowing in the field, responded to this treatment 

with different levels of leaf chlorophyll index, indicating at the same time that hybrid P.374 is more 

sensitive to NTS than hybrid P.310. 

The treatment of maize seeds before sowing with PGB Reglalg conditioned the increase of 

the chlorophyll index in the juvenile phase in the plants of the two investigated maize hybrids, P. 

310 and P. 374.  

In addition, the beneficial effect of the biostimulator Reglalg was also manifested in 

maintaining the chlorophyll index content at a higher level in plants grown in field conditions from 

seeds exposed to NTS before sowing, compared to those in the control. 
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