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ABSTRACT 

In recent years in agriculture, the use of biostimulants has been enhanced to improve 

productivity and crop quality. The objective of this work was to determine the most effective 

concentration of a mixture of oligogalacturonides (Pectimorf®) in combination with the 

inoculant Azofert® (based on rhizobia), in the vegetative development of bean plants 

(Phaseolus vulgaris L.) Cuba Cueto variety -25-9-N. Two experiments were conducted under 

controlled conditions, in which two forms of application were evaluated and the 

concentrations 1, 5, 10, 20, 40 and 100 mg L-1 of Pectimorf® in seeds inoculated with 

Azofert® at the concentration of 1x109 CFU mL-1, and a dose of 200 mL of Azofert® per 

46.04 kg of seed. In the first experiment the seeds were treated with the mixture of Azofert® 

and Pectimorf® prior to planting and in the second experiment, the foliar spray of Pectimorf® 

in the vegetative stage V3 was evaluated. Stimulation of nodulation and growth with the joint 

application of biostimulants depended on the form of application and the concentration of 

Pectimorf®. Most of the morphoagronomic indicators evaluated were stimulated with foliar 

spray of Pectimorf® at concentrations of 1, 5 and 100 mg L-1. However, only the radical dry 

mass was stimulated with 10 mg L-1 Pectimorf® when applied to the inoculated seeds. 
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INTRODUCTION 

Biostimulants are microorganisms or substances that favor plant nutrition, confer tolerance 

to abiotic stress and increase crop yield and quality (1,2). Microbial biostimulants, such as 

rhizobia-based inoculants are frequently used to decrease the use of inorganic fertilizers. 

These microorganisms have the ability to carry out biological nitrogen fixation (FBN) in 

symbiosis with leguminous plants and through this process; they supply the plant with 

atmospheric nitrogen in an assimilable form, thus favoring its growth and development (3). 

Legumes are very variable in terms of their efficiency to fix atmospheric nitrogen in 

symbiosis, especially common beans (Phaseolus vulgaris L.), which is considered among the 

least studied in this process (4). For this reason, we work in the search for non-microbial 

biostimulants that, together with these bacteria, allow activating the physiology of these 

plants and increasing the yields and quality of the crops (5). 

Among the non-microbial biostimulants most used in agriculture are the Oligosaccharines. 

Within some molecules the most studied for their biological applications are 

oligogalacturonids, chitins and chitosans and nodulation factors of the Rhizobiaceae family 

(6). Oligogalacturonides (OGAs) can regulate the synthesis and action of hormones and 

different organogenesis and growth processes in plants (7). 

The mixture of OGAs, commercially called Pectimorf®, stimulates rooting, growth and cell 

differentiation of different plant species (6,8). In addition, it can activate defense mechanisms 

and reduce or mitigate environmental stress in plants (6,9,10). However, despite the use of 

Pectimorf® in several species in different concentrations, forms of application and growing 

conditions, a study has not yet been carried out to determine which the concentrations that 

favor the growth of beans are. For this reason the objective this work was to determine the 

concentration of Pectimorf® in combination with Rhizobium more effective in stimulating 

the nodulation and the growth of bean plants (Phaseolus vulgaris L.), by means of seed 

treatment and foliar spray. 

 

MATERIALS AND METHODS 

The study was at the National Institute of Agricultural Sciences conducted in Mayabeque 

Province, Cuba. As biostimulants, the commercial inoculant Azofert-F® of Rhizobium 

leguminosarum (CF1, 1x109 CFU mL-1) was used at a dose of 200 mL per 46.04 kg of seed 
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and a mixture of peptide oligosaccharides (oligogalacturonides) known commercially as 

Pectimorf®  

 

Seed application 

Bean seeds of the Cuba C-25-9-N variety (40 seeds per treatment) were treated with 170 µL 

of a mixture containing Pectimorf® in different concentrations (1, 5, 10, 20, 40 and 100 mg 

L-1) and the Azofert-F® inoculant. The seeds were in containers of 0.55 kg capacity sown, 

with typical Leachate Red Ferralitic soil, eutric (11). Eight treatments were established: two 

controls (one inoculated with Azofert-F® (inoculated control (IC)) and the other not 

inoculated or treated with Pectimorf® (absolute control (CA)) and the rest corresponded to 

each of the concentrations of Pectimorf® used. The plants grew in a light room with 16 light 

hours, at a temperature of 25-27 ºC, with 60-70 % relative humidity and were every day with 

running water irrigated. In the growth, stage R5 when 50 % of the plants had the first buttons 

were evaluated the number and dry mass of the total nodules (g), the number of trifoliate 

leaves, the diameter and length of the stem (cm). Besides, the radical length (cm), the aerial 

and root biomass (g) and the relative content of total chlorophylls in the third trifoliate sheet 

(SPAD units) were evaluated using the MINOLTA SPAD 502 Plus portable meter. 

 

Foliar spray application 

Eight treatments were established two controls (one inoculated with Azofert-F® (CI) and the 

other not inoculated or treated with Pectimorf® (CA)) and the rest corresponded to each of 

the Pectimorf® concentrations used. The seeds were inoculated with Azofert-F® and when 50 

% of the plants had the second pair of trifoliate leaves deployed (growth stage V3), they were 

sprinkled with 1.5 mL of Pectimorf® per plant at different concentrations. The experiment 

was performed under the same conditions as the previous one; the same variables were 

evaluated in the growth stage R5. 

Experimental design and statistical analysis 

The experiments were performed under a Fully Randomized Design with two repetitions and 

20 plants were evaluated per treatment. All results were processed from a simple 

classification variance analysis and comparison of means by the Tukey test p <0.05 in the 

SPSS statistical program, Statistics v22. To verify the normality of the data, the 
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Kolmogorov–Smirnov test was used and for the homogeneity of variances, the Levene 

statistic was used. 

 

RESULTS AND DISCUSSION 

Seed Application 

The effect of the joint application of Pectimorf® and Azofert-F® to bean seeds at different 

concentrations is observed in Tables 1 and 2. 

 

Table 1. Effect of application to seeds of Pectimorf® (Pm) and Azofert-F® 

Treatments N.T MSNT (g) 

CA 49.0 ab 0.056 a 

CI 51.4 ab 0.056 a 

1 mg L-1 Pm + A 46.5 ab 0.046 ab 

5 mg L-1 Pm +  A 39.1 b 0.040 b 

10 mg L-1 Pm + A 59.7 a 0.055 a 

20 mg L-1 Pm + A 43.9 b 0.057 a 

40 mg L-1 Pm + A 53.4 ab 0.054 a 

100 mg L-1 Pm + A 60.3 a 0.061 a 

ESx 3.55 0.004 

(A) in the nodulation of bean plants (Cuba Cueto-25-9-N) in stage R5. N.T: total nodules, MSNT: dry mass of total nodules. CA: 

absolute control, CI: inoculated control 

Equal letters do not differ significantly for p <0.05. ESx, standard error of the mean 

 

Table 2. Effect of application to seeds of Pectimorf® (Pm) and Azofert-F® 

Treatments N. Leaves L. Stem 

(cm) 

L. Root 

(cm) 

D. Stem 

(mm) 

MSPA (g) Chlorophylls (SPAD 

units) 

CA 4.93 57.82 27.32 ab 2.82 0.86 33.57 b 

CI 4.73 68.00 26.33 ab 2.74 0.96 36.64 ab 

1 mg L-1 Pm + A 5.00 62.64 25.59 ab 2.81 0.94 34.23 b 

5 mg L-1 Pm +  A 4.47 57.58 26.87 ab 2.71 1.00 36.64 ab 

10 mg L-1 Pm + A 4.60 58.46 24.55  b 2.68 0.93 39.28 a 

20 mg L-1 Pm + A 4.93 66.03 27.67 a 2.74 0.97 33.51 b 

40 mg L-1 Pm + A 5.10 61.99  25.08 ab 2.67 0.85 33.67 b 

100 mg L-1 Pm + A 4.73 63.03 24.54 b 2.74 0.94 33.01 b 

ESx 0.22 (NS) 2.83 (NS) 0.7 0.05 (NS) 0.05 (NS) 0.99 

(A) in the growth of bean plants (Cuba Cueto-25-9-N) in stage R5. N. Leaves: number of leaves, L. Size: stem length, L. Root: root 

length, D. Size: stem diameter, MSPA: dry mass of the aerial part, Chlorophylls: relative content of chlorophylls in the third leaf 

trifoliate. CA: absolute control, CI: inoculated control. 

Equal letters do not differ significantly for p <0.05. ESx, standard error of the mean 
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In the nodulation variables evaluated, the effectiveness of the Azofert-F® inoculant was not 

evidenced with respect to the native population of the Rhizobium bacteria present in the soil 

used. Although the plants treated with Pectimorf® showed no significant differences in 

relation to the controls, there were differences between treatments (Table 1). Plants treated 

with concentrations of 10 and 100 mg L-1 had a greater number of nodules than plants treated 

with concentrations of 5 and 20 mg L-1. In the case of the dry mass of the nodules, it was 

lower for the treatment of 5 mg L-1 than for the rest of the treatments, this result is not 

sufficient to state that the application of the product at this concentration affects the biological 

fixation of nitrogen. 

As for the growth variables, the highest value in the relative content of total chlorophylls in 

the third leaflet trifoliate corresponded to the plants treated with the concentration of 10 mg 

L-1, although this effect was not significant, compared to the control inoculated and with the 

treated plants with the concentration of 5 mg L-1. 

The combination of both products increased the dry mass of the root in the treated plants with 

the concentration of 10 mg L-1, observing significant differences with the rest of the 

treatments, except with 5 mg L-1 (Figure 1). Although there were no significant differences 

in root length, the lowest value corresponded to plants treated with 10 mg L-1 Pectimorf®. 

These results indicate that this increase in dry root mass is due to an increase in the number 

of secondary and adventitious roots and not to the length of the root. 
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CA: absolute control, CI: inoculated control. 

Equal letters do not differ significantly for p <0.05. ESx, standard error of the mean 

Figure 1. Effect of the application to seeds of Pectimorf® (Pm) and Azofert-F® in the dry root mass 

(DMRoot) of bean plants (Cuba Cueto-25-9-N), in stage R5 

 

Similar results were obtained in experiments with soy plants (Glycine max) var. INCAsoy-

24 inoculated with Bradyrhizobium and treated with 10 mg L-1 of Pectimorf® before sowing. 

The development of the radical system in the flowering stage, 60 days after sowing, was 

favored with the application of Pectimorf®, both in inoculated and non-inoculated seeds (12). 

Both results show the rooting power that some authors attribute to this mixture of OGAs (13-

15). 

In investigations conducted in petioles of African violet (Saintpaulia ionantha) with 

Pectimorf® at the concentration of 10 mg L-1, an increase in root length was evident, but not 

in the formation of secondary roots, an effect that was more significant than with the 

application of indole acetic acid (AIA) (13). This effect of Pectimorf® has also been obtained 

at concentrations below 10 mg L-1 (2 mg L-1) in banana plants cultivating ‘FHIA-18’ under 

in vitro conditions (16). In addition, at higher concentrations (20 mg L-1) in guava cuttings 

(Psidium guajava) var. Enana Roja Cubana, in which the rooting power of this product was 

manifested in the adventitious root formation (17). 
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These results corroborate what has been reported by other authors that OGAs can act as a 

substitute for traditional hormones, favoring cell differentiation and the formation of organs 

in plants (13). 

 

Foliar spray application 

Pectimorf® applied by foliar spray at the concentration of 100 mg L-1 stimulated the number 

of leaves produced, the dry mass of the aerial part, and the dry mass of the root and decreased 

the radical length. The rooting effect of the product was also observed at concentrations of 1 

and 5 mg L-1. No effect of the products on the stem length was observed; however, the 

concentration of 1 mg L-1 increased its diameter (Table 3). 

 

Table 3. Effect of foliar application of Pectimorf® (Pm) on the growth of bean plants (Cuba Cueto-

25-9-N) inoculated with Azofert-F® 

(A), in stage R5. N. Leaves: number of leaves, L. Root: root length, D. Size: stem diameter, MSPA: dry mass of the aerial part, MSRoot: 

dry mass of the root, Chlorophylls: relative content of chlorophylls in the third leaf trifoliate. CA: absolute control, CI: inoculated control. 

Equal letters do not differ significantly for p <0.05. ESx, standard error of the mean 

 

The relative content of total chlorophylls in the third trifoliate leaf did not show significant 

differences between treatments. There are authors who suggest that a possible way by which 

OGAs increase plant growth is because these molecules stimulate photosynthetic activity; 

which causes a greater gain of carbon skeletons that can be used for protein synthesis (18,19). 

However, it must be taken into account that photosynthetic activity is not determined solely 

by the chlorophyll content, but there are also other elements such as stomatal opening and 

Treatments N. Leaves L. Stem 

(cm) 

L. Root 

(cm) 

D. Stem 

(mm) 

MSPA 

(g) 

DMRoot 

(g) 

Chlorophylls 

(SPAD units) 

CA 5.40 bc 69.61 31.18 ab 2.29 bc 0.8704 b 0.2553 c 31.19 

CI 5.47 bc 75.50 31.62 ab 2.21 cd 0.8179 b 0.2823 c 33.94 

A+1 mg L-1 Pm 5.20 c 67.38 34.79 a 2.53 a 0.9998 ab 0.3889 ab 34.65 

A+5 mg L-1 Pm 5.73 abc 74.16 29.49 bc 2.34 bc 0.9704 ab 0.4311 a 32.36 

A+10 mg L-1 Pm 5.53 bc 74.68 26.52 cd 2.32 bc 0.9022 b 0.3068 bc 33.44 

A +20 mg L-1 Pm 5.60 bc 77.78 31.17 ab 2.16 c 0.9059 b 0.2674 c 32.61 

A +40 mg L-1 Pm 6.07 ab 80.13 25.08 d 2.11 c 0.9349 b 0.3286 bc 33.36 

A +100 mg L-1 Pm 6.47 a 81.11 24.06 d 2.31 bc 1.1442 a 0.4229 a 31.16 

ESx 0.24 4.84 (NS) 1.29 0.03 0.06 0.02 1.19 (NS) 
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closing and the activity of the rest of the components of the photosystems that influence in 

the process of photosynthesis. 

In a study in bean plants sprinkled with 10 mg L-1 of Pectimorf®, in the second stage of the 

vegetative phase of cultivation, the product caused changes in distribution patterns and 

stomatal morphogenesis with an increase in the stomatal index. These modifications were 

fundamentally in the abaxial surface evidenced, where the occlusive cells were narrower and 

shorter. Likewise, it was observed that the leaves with the highest stomatal index had smaller 

stomata. The lower location of the stomata on the adaxial surface causes an increase in the 

stomatal resistance of this surface, when it is directly to solar radiation exposed and thus 

prevents water loss, which favors the availability of this substance for the photolysis to occur, 

a phenomenon that together with light is necessary for plants to carry out photosynthesis (20). 

As for the nodulation variables, the number of total nodules was higher in the plants sprinkled 

with 100 mg L-1 and the dry mass of the nodules increased with the concentrations of 5 and 

100 mg L-1 (Figure 2). 
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(A), in stage R5. CA: absolute control, CI: inoculated control 

Equal letters do not differ significantly for p <0.05. ESx, standard error of the mean 

Figure 2. Effect of the foliar application of Pectimorf® (Pm) on the number of total nodules (N. 

Nodules) and on the dry mass of the nodules (DMNodules) of bean plants (Cuba Cueto-25-9-N) 

inoculated with Azofert-F® 

 

Background of the combination of both biostimulants is only in field conditions taken, in the 

cultivation of soybean var. INCAsoy-24 and INCAsoy-27. In both studies the plants 

inoculated with Bradyrihzobium were sprinkled at the beginning of flowering with 

Pectimorf® at the concentration of 10 mg L-1. The evaluations were performed 60 days after 

planting for INCAsoy-24 and 45 days for INCAsoy-27. In the case of INCAsoy-24, the 

application of both products increased the aerial and root dry mass, while in the INCAsoy-

27 variety, only the aerial dry mass. In these experiments, the application of both products 

did not favor nodulation (12,21). However, in our case the evaluations were made 35 days after 

sowing, being found that at lower concentrations (1 and 5 mg L-1) and higher (100 mg L-1) 
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than those applied in soy, Pectimorf® favored both the formation of secondary roots and the 

development of the nodules. 

The increase in the dry mass of the root caused by Pectimorf® at 5 and 100 mg L-1 confirms 

what was stated by other authors, that this product, based on OGAs has auxinic activity (22-

24), although it is also possible The function you perform is to activate signals that stimulate 

the synthesis of this hormone. To affirm this, biochemical and molecular studies are required. 

It is proposed that the development of the radical system allows the plant, both under normal 

conditions of growth and drought stress, a greater absorption of water and minerals that 

allows an increase in foliar development (25), as shown in the results with the concentration 

of 100 mg L-1. The results let the development of the root allowed the plant an increase in 

the number of leaves and the dry mass of the aerial part. 

The best results in the aerial part were with the application of 100 mg L-1 of Pectimorf®, 

obtained, a concentration that also increased the number of nodules. This result could be a 

consequence of the increase in the biological fixation of nitrogen that favors a greater 

synthesis of ureides, which allows the plant to have nitrogen for the synthesis of proteins and 

other molecules necessary for the formation and growth of the stem. 

These increases in morphoagronomic variables and nodulation at concentrations of 1, 5 and 

100 mg L-1 of Pectimorf® may be the result of a group of biological signals triggered in plants 

by the combination of these products. For this, it is recommended to carry out biochemical 

and molecular studies through the analysis of metabolites and enzymes involved in the 

metabolism of nitrogen and carbon that explain this effect. It is also proposed to evaluate 

these bioproducts in yield and crop quality. 

 

CONCLUSIONS 

• The positive effects that Pectimorf® exerts, in combination with Azofert-F®, on the 

nodulation and growth of bean plants, depends on the form of application and the 

concentration of this oligosaccharin. 

• These macromolecules have a significant effect on root formation at concentrations of 10 

mg L-1, when applied to seeds prior to planting and 1, 5 and 100 mg L-1 when applied by 

foliar spray. 

• The application of this mixture of OGAs to the seeds does not affect the nodulation. 

However, by foliar application at concentrations of 5 and 100 mg L-1 this process benefits. 
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• Despite knowing that OGAs can act as substitutes for traditional hormones and stimulate 

plant growth and development, it is necessary to conduct studies that identify which 

processes related to vegetative growth are stimulated and how they benefit the biological 

fixation of nitrogen. 
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