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Abstract. The aim of the paper is to study the effects of auxin and cytokinin, synthetic growth regulators, 

on selected parameters of hybrid alfalfa and red clover nutritional value. The experiment was conducted 

at the experimental facility of Siedlce University of Natural Sciences and Humanities between 2014 and 

2016. In the autumn of 2014 plastic cylinders with no bottom, 40 cm high and with the diameter of 

36 cm, were sunk 30 cm deep into the ground, with spacing of 0.8 × 0.8 m. They were filled with the soil 

of the anthropogenic order. Experimental factors: plant species - hybrid alfalfa and red clover, growth 

regulator - control (distilled water), indole-3-butric acid (auxin), 6-benzyloaminopuryn (cytokinin), 

indole-3-butric acid + 6-benzylaminopuryn. After plants in each cylinder were harvested their chemical 

analysis was carried out. Dry matter digestibility (%) and total protein, crude fibre concentration in dry 

matter (g kg-1) was determined with the NIRS method using the Buchi NIRFlex N-500 spectrometer. The 

results of the multi-factor experiment with 24 experimental units were processed statistically using 

repeated measures analysis of variance. Growth regulators affected the content of protein and crude fibre 

in plant matter in different wayes. Cytokinin and a mixture of hormones reduced the concentration of 

protein relative to the control, but fibre share increased. Auxin had no significant effect on these features. 

Keywords: auxin, cytokinin, Fabaceae, total protein, crude fibre, dry mater digestibility 

Introduction 

Auxin and cytokinin are important plant hormones regulating such important 

physiological processes as nutrient transport (Jenik and Barton, 2005). Additionally, 

according to many authors (Jenik and Barton, 2005; Cheng et al., 2006, 2007; Weijers 

et al., 2006), natural plant hormones take part in root elongation, which, in turn, affects 

the rate of nutrient absorption from the soil. It was confirmed by other studies that plant 

growth regulators containing synthetic hormones stimulate root system growth too, 

increasing nutrient uptake form the soil (Hwang and Sakakibara, 2006). Ali et al. (2008) 

reported that auxins are leading factors in this process, acting as signals informing about 

the state of physiological processes in cells and about growing demand for nutrients, 

this way attracting them. Thus, high quantities of soil nutrients are absorbed by the 

roots, and big amounts of them are transported from vegetative to generative parts. 

According to Nowak and Wróbel (2010a, b) chemicals and mineral fertilizers can no 

longer be used in rising quantities to increase agricultural productivity, which is why 

there is a need to look for other substances affecting plant growth. The authors’ opinion 

is that such growth regulators should increase production potential in unfavourable 

climatic and in other adverse conditions, not conducive to the growth and development 

of a particular plant species. Von Richthofen (2006) pointed out that those products 

would be very important in the case of Fabaceae plants, with their unstable growth and 
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sensitivity to weather conditions. Among growth regulators there are synthetic plant 

hormones that have been used both in agriculture and horticulture for quite a few years 

(Czapla et al., 2005; Nowak and Wróbel, 2010a, b; Wierzbowska and Bowszys, 2008) 

For economic and environmental reasons Fabacea plants like lucerne (Medicago x 

varia T. Martyn) and clover (Trifolium pratense L.) are worth considering for 

cultivation in larger areas. Those plants make it possible to limit mineral fertiliser use, 

and, besides, they contribute to activation and movement of many nutrients in the soil 

(Wilczek et al., 2006). Additionally, Fabaceae plants grown together with grass species 

as mixtures improve physical and chemical properties of the soil, positively affecting its 

structure, fertility, biological activity of microflora, and movement of nutrients from 

lower to upper layers (Gaweł and Żurek, 2003). Wild growing clover (Trifolium 

pratense L.) has been known for a long time, mainly as a medicinal plant (Booth et al., 

2006). High content of polyphenols and isoflavones belonging to the group of 

phytoestrogens such as daidzein, genistein, formononetin and biochanin makes it an 

antioxidant plant (Surh et al., 2006). Present in Fabaceae plants Polyphenol compounds 

positively affect human health, for example, mitigating menopause symptoms, 

preventing development of cardiovascular disease, and lowering a risk of some cancer 

forms (Thompson et al., 2007). High-protein PX (protein-xanthophyll) concentrate is an 

alfalfa product which may become widely used in animal nutrition, while EFL (extract 

fleur lucerne) produced form concentrated alfalfa juice is used in human nutrition. For 

their yield to be high and to contain high protein content, plants used to produce PX 

should be grown in good conditions, without weeds. All chemical treatments should be 

applied according to the withdrawal period, to maintain high standards of health and 

safety (Plaza et al., 2003; Karwowska et al., 2010). Both of the above substances are 

produced by extracting proteins, macronutrients, and vitamins from alfalfa juice, with 

indigestible elements removed earlier (Brito et al., 2007). 

The aim of the paper is to study the effects of auxin and cytokinin, synthetic growth 

regulators, on selected parameters of Medicago x varia T. Martyn and Trifolium 

pratense L. nutritional value. The purpose of the experiment was to assess the impact of 

indole-3-butyric acid (synthetic auxin), 6-benzyloaminopuryn (synthetic cytokinin), and 

their mixture on total protein and crude fibre content, and dry mater digestibility of 

selected plants. 

Material and methods 

Experimental conditions 

The experiment was conducted at the experimental facility of Siedlce University of 

Natural Sciences and Humanities (52°10’03”N; 22°17’24”E; Poland) between 2014 and 

2016. In the autumn of 2014 plastic cylinders with no bottom, 40 cm high and with the 

diameter of 36 cm, were sunk 30 cm deep into the ground, with spacing of 0.8 × 0.8 m. 

They were filled with the soil of the anthropogenic order, culture earth type, hortiolse 

subtype, and the granulometric composition of loamy sand. Before the experiment was 

set up, organic carbon (Corg) concentration in the soil was 13.50 g kg-1 DM, with total 

nitrogen concentration of 1.30 g kg-1 DM. The ratio of C:N was 10.4:1, and soil pH of 

6.8 was close to neutral. The soil had high content of phosphorus and magnesium, while 

available forms of potassium were of medium quantities. Because of relatively high 

content of nutrients mineral fertilizers were not used. 
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Plastic sheeting was spread between the plants to prevent weeds from sprouting. 

Next, 10 seeds were planted into each cylinder. After germination, when seedlings had 

3-10 leaves, three best looking plants were selected for further research, while the others 

were removed. In the growing seasons of 2015 and 2016 plants reached their full 

potential to be harvested three times when 30-40% alfalfa and clover plants were in the 

bloom stage. The experiment was set up in a split-plot design with three replications 

(Fig. 1). 
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Figure 1. The outlay of the experiment. Plants: A1 - hybrid alfalfa, A2 - red clover. Treatments: 

B1 - control, B2 - auxin; B3 - cytokinin, B4 - auxin + cytokinin 

 

 

Experimental factors: 

• Plant species: hybrid alfalfa (Medicago x varia T. Martyn) var. Kometa and red 

clover (Trifolium pratense L.) var. Krynia; 

• Growth regulator (applied as a spray): K – control (distilled water), A – indole-

3-butric acid (IBA – synthetic auxin), C - 6-benzyloaminopuryn (BAP - 

synthetic cytokinin), AC - indole-3-butric acid + 6-benzylaminopuryn 

(IBA+BAP at a rate of 1:1). 

 

Plants were treated twice during each growing cycle: 

• Hybrid alfalfa – the first treatment after the development of the first internode, 

the other when the first flower buds were visible outside leaves; 

• Red clover – the first treatment after the appearance of the first branches, the 

other when the first florescence emerged. 

 

For the plants to be thoroughly covered, 0.2 dm3 of spraying liquid was used per one 

cylinder with growth regulator concentration of 30 mg dm-3. The control unit was 

treated with the same amount of distilled water. 

After plants in each cylinder were harvested their chemical analysis was carried out. 

Dry matter digestibility (%) and total protein, crude fibre concentration in dry matter 

(g kg-1) was determined with the NIRS method using the Buchi NIRFlex N-500 

spectrometer. 
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Weather conditions 

Sielianinov’s hydrothermal coefficient was calculated in order to determine temporal 

variation of meteorological conditions and their effects on vegetation. The hydrothermal 

coefficient (K) was calculated on the basis of monthly sums of precipitation (P) and a 

sum of monthly air temperatures (t), using the following formula (Skowera and Puła, 

2004): 

 

 K=P/0.1   

 

Values of Selianinov’s hydrothermal coefficient (K) are presented in Table 1. It was 

assumed that extreme conditions took place when its value was below 0.7 and above 2.5 

(Skowera and Puła, 2004). 

 
Table 1. The value of Sielianinov’s hydrothermal coefficient (K) in the growing season 

Years 
Months 

April May June July August September October 

2014 
1.36 

(o) 

1.87 

(mw) 

1.64 

(mw) 

0.59 

(sd) 

1.92 

(mw) 

0.64 

(sd) 

0.12 

(ed) 

2015 
1.22 

(md) 

2.63 

(sw) 

0.87 

(d) 

1.08 

(md) 

0.18 

(ed) 

1.46 

(o) 

1.94 

(mw) 

2016 
1.89 

(mw) 

0.82 

(d) 

1.02 

(md) 

2.15 

(w) 

1.05 

(md) 

0.36 

(ed) 

7.65 

(ew) 

K ≤ 0.4 extreme drought (ed). 0.4 < K ≤ 0.7 severe drought (sd). 0.7 < K ≤ 1.0 drought (d). 1.0 < K ≤ 

1.3 moderate drought (md). 1.3 < K ≤ 1.6 optimal (o). 1.6 < K ≤ 2.0 moderately wet (mw). 2.0 < K ≤ 

2.5 wet (w). 2.5 < K ≤ 3.0 severely wet (sw). K > 3.0 extremely wet (ew) 

2014 - the year in which the experiment was established, 2015 and 2016 - years of full use of 

experience 

 

 

Optimal temperature and moisture conditions were only in April 2014 and in 

September 2015. In the remaining months of the growing periods they were not as 

favourable, varying from extremely dry in August 2015 to extremely wet in May 2014. 

Throughout the experiment the best conditions were at the beginning of each growing 

season. It can be concluded that the most difficult situation for plants was in 2015, 

when, apart from May and the end of the growing season, the weather ranged from 

moderately dry to extremely dry. The growing season of 2016 was characterized by a 

lack of a period with optimal conditions for plant growth. A high level of precipitation 

in July (K = 2.15) and drought in most of the remaining months hindered proper growth 

and development of plants. 

 

Statistical analysis 

The results of the multi-factor experiment with 24 experimental units were processed 

statistically using repeated measures analysis of variance; the same forage parameters 

were measured during each growing cycle. The Fisher-Snedecor test was done to 

determine the significance of the effect of experimental factors on the parameters. 

Tukey’s test was used to compare differences between means at the LSD0.05 significance 

level. All the calculations were made with the Statistica 13 – 2017 program. In tables 
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homogenous groups are marked with letters. Means in lines and columns marked with 

the same letters are not significantly different. 

Results and discussion 

Total protein concentration (Table 2), an average for treatments, was in a statistically 

significant way higher in hybrid alfalfa (199 g kg-1) than in red clover (176 g kg-1). The 

concentration in red clover was lower but at close levels during both growing seasons; 

similar results were recorded by Ćwintal and Kościelecka (2005) in their experiment on 

diploid and tetraploid red clover agricultural value. Throughout the experiment protein 

concentration was the highest in the second year, also in alfalfa, with 203 g kg-1. 

 
Table 2. The effect of growth regulators on total protein concentration (g kg-1 DM) 

Treatments 
Year 

Means 
2015 2016 

Treatment effect 

K 194 Aa 185 Aa 189 a 

A 187 Aa 190 Aa 189 a 

C 181 Ab 190 Aa 186 b 

AC 185 Ab 187 Aa  186 b 

Species effect 

Hybrid alfalfa 195 Ba 203 Aa 199 a 

Red clover 179 Ab 173 Ab 176 b 

Means 187 A 188 A  

Means followed by the same lowercase letters in columns are not significantly different. Means 

followed by the same capital letters in lines are not significantly different. 

K - control (distilled water), A - synthetic auxin, C - synthetic cytokinin, AC - synthetic auxin + 

synthetic cytokinin 

 

 

Growth regulators diversified total protein concentration in dry matter. It was the 

highest in plants from units treated with auxin and from the control, with the identical 

value of 189 g kg-1. Cytokinin and a mixture of auxin with cytokinin resulted in 

statistically significant reductions of protein content in the biomass. Average annual 

protein content values were similar throughout the experiment, but there were some 

differences between harvests (see below). Gaweł and Żurek (2003) studying protein 

content in three varieties of alfalfa demonstrated opposite results, with its decrease in 

consecutive years. Low total protein content in the present experiment resulted from 

longer growing cycles, which was a consequence of three harvests instead of four. 

Andrzejewska et al. (2013) found that delaying alfalfa harvest time from the beginning 

of the flower budding stage to the flowering stage resulted in a decrease in protein 

content by, on average, 20 g kg-1. In addition, the authors discovered that this delay 

caused an increase in the amount of fibre. 

In the present experiment there was some diversification of total protein content in 

plants caused by an interaction between the effect of a regulator and a harvest (Table 3). 

The highest average total protein content for both species was in the first harvest 

(202 g kg-1), and it was lower in the second (188 g kg-1) and third (172 g kg-1). 
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Table 3. The effect of growth regulators on total protein concentration in harvests (g kg-1 

DM) 

Treatments 
Harvest 

1 2 3 

Treatment effect 

K 212 Aa 187 Ba 170 Ca 

A 199 Ab 195 Aa 173 Bc 

C 201 Aab 188 Aab 167 Ba 

AC 197 Ab 181 Ba 180 Ba 

Species effect 

Hybrid alfalfa 214 Aa 198 Ba 185 Ca 

Red clover 190 Ab 178 Bb 160 Cb 

Means 202 A 188 B 172 C 

Means followed by the same lowercase letters in columns are not significantly different.  Means 

followed by the same capital letters in lines are not significantly different 

K - control (distilled water), A - synthetic auxin, C - synthetic cytokinin, AC - synthetic auxin + 

synthetic cytokinin 

 

 

The above differences were statistically significant. Those findings were comparable 

with results provided by Wilczek et al. (2005a). Wilczek et al. (2005a, b) examined 

selected varieties of hybrid alfalfa and alfalfa (Medicago sativa L.) and found total 

protein content in those plants at the level of 170-220 g kg-1 DM. In turn, Stochmal et al. 

(2000) identified general protein content in legume plants as190 g kg-1 DM. 

Hybrid alfalfa had higher average concentration of crude fibre (239 g kg-1) than red 

clover (Table 4). This concentration in red clover was in a statistically significant way 

similar in both growing seasons (2015 – 214 g kg-1; 2016 – 216 g kg-1). Crude fibre 

content was diversified by growth regulators, and it was on average the highest in 

forage from units treated with cytokinin (234 g kg-1) and with a mixture of auxin and 

cytokinin (231 g kg-1). In the control unit and in the one with auxin there was 

statistically significant reduction of crude fibre concentration, by, on average, 5.1%. 

 
Table 4. The effect of growth regulators on crude fibre concentration (g kg-1 DM) 

Treatments 
Year 

Means 
2015 2016 

Treatment effect 

K 225 Ab 219 Ab 222 b 

A 219 Ab 221 Ab 220 b 

C 237 Aa 231 Ba 234 a 

AC 232 Aa 231 Aa 231 a 

Species effect 

Hybrid alfalfa 243 Aa 235 Ba 239 a 

Red clover 214 Ab 216 Ab 215 b 

Means 228 A 225 A  

Means followed by the same lowercase letters in columns are not significantly different. Means 

followed by the same capital letters in lines are not significantly different 

K - control (distilled water), A - synthetic auxin, C - synthetic cytokinin, AC - synthetic auxin + 

synthetic cytokinin 
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As an average for both species crude fibre content underwent substantial variation as 

a result of regulator and harvest interaction (Table 5). In the first and second harvests 

auxin caused a statistically significant decline in fibre concentration, to 207 and 

231 g kg-1. In the third harvest the regulator also caused a decrease, but this trend was 

not statistically significant. The experiment confirmed the view of differences in fibre 

content between consecutive harvests. Forage from the first and third harvests had a 

better nutritional value because fibre content was in a statistically significant way lower 

than in the second one. This tendency in consecutive harvests was confirmed by other 

authors (Wilczek et al., 2005a, b). 

 
Table 5. The effect of growth regulators on crude fibre concentration in harvests (g kg-1 DM) 

Treatments 
Harvest 

1 2 3 

Treatment effect 

K 221 ABa 235 Abc 210 Bb 

A 207 Bb 231 Ac 223 Aab 

C 222 Ba 251 Aa 230 Ba 

AC 226 ABa 246 Aab 223 Bab 

Species effect 

Hybrid alfalfa 225 Ba 261 Aa 230 Ba 

Red clover 213 Aa 220 Ab 213 Ab  

Means 219 B 241 A 221 B 

Means followed by the same lowercase letters in columns are not significantly different. Means 

followed by the same capital letters in lines are not significantly different 

K - control (distilled water), A - synthetic auxin, C - synthetic cytokinin, AC - synthetic auxin + 

synthetic cytokinin 

 

 

According to Gaweł (2009) proper digestibility of plant material should be around 

65%. Dry matter digestibility (Table 6), i.e. percentage of nutrients absorbed by the 

digestive system, was significantly higher in red clover (52.7%) than in alfalfa hybrid 

(50.5%), with a statistically significantly increase in the latter plant in the second year. 

This result was confirmed by the research of Gaweł (2012), when digestibility of alfalfa 

mixtures with grasses was also the highest in the second year. 

Generally, throughout the research growth regulators did not affect red clover and 

hybrid alfalfa digestibility, with its average annual values remaining similar with no 

statistically significant differences. However, there were differences between harvests 

during the same growing season (Table 7). The lowest value, average for the species 

and the regulator, was in the biomass of the second harvest (48.2%), while plant 

material from the first and third ones had statistically significantly higher digestibility, 

53% and 53.6%, respectively. The highest digestibility of all samples was in alfalfa 

treated with growth regulators in the third harvest (55.5%), and the lowest in the second 

(45.2%). In red clover dry-matter digestibility in the second and third harvests remained 

at a similar level and was significantly lower than the values in the first one. 

According to Gaweł and Żurek (2003) the number of growing cycles in a growing 

season had a marked effect on plant digestibility. This was closely related to the 

development stage at the harvest time and the pace of plant senescence. Overall, low 

digestibility of hybrid alfalfa and red clover in the present study resulted from the three 
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harvests in the growing season. Gaweł (2009, 2012) reported that with four harvests 

read clover had dry matter digestibility of 72%, and growing this species in a mixture of 

grasses raised it to 75%. 

 
Table 6. The effect of growth regulators on digestibility (%) 

Treatments 
Year 

Means 
2015 2016 

Treatment effect 

K 52.0 Aa 53.2 Aa 52.6 a 

A 51.6 Aa 51.5 Aa 51.5 a 

C 49.9 Aa 51.9 Aa 50.9 a  

AC 50.4 Aa 52.5 Ba 51.4 a 

Species effect 

Hybrid alfalfa 49.8 Bb 51.2 Ab 50.5 b 

Red clover 52.1 Aa 53.3 Aa 52.7 a 

Means 51.0 B 52.2 A  

Means followed by the same lowercase letters in columns are not significantly different. Means 

followed by the same capital letters in lines are not significantly different 

K - control (distilled water), A - synthetic auxin, C - synthetic cytokinin, AC - synthetic auxin + 

synthetic cytokinin 

 

 
Table 7. The effect of growth regulators on digestibility of forage in individual harvests (%) 

Treatments 
Harvest 

1 2 3 

Treatment effect 

K 52.0 ABa 51.2 Ba 54.6 Aa 

A 54.7 Aa 48.0 Bb 51.9 ABa 

C 52.1 Aa 47.2 Bb 53.4 Aa 

AC 53.2 Aa 46.5 Bb 54.5 Aa 

Species effect 

Hybrid alfalfa 50.8 Bb 45.2 Cb 55.5 Aa 

Red clover 55.2 Aa 51.2Ba 51.6 Bb 

Means 53.0 A 48.2 B 53.6 A 

Means followed by the same lowercase letters in columns are not significantly different. Means 

followed by the same capital letters in lines are not significantly different 

K - control (distilled water), A - synthetic auxin, C - synthetic cytokinin, AC - synthetic auxin + 

synthetic cytokinin 

 

 

In the first harvest of the first and second years (Fig. 2) the highest dry matter 

digestibility was on units treated with auxin, but the values were not significantly higher 

than those obtained on units with other treatments. 

In the second harvest of the second year (2016) it was highest on the control and on 

units with cytokinin. Other treatments decreased this value. In turn, in the third harvest 

of the second year the highest dry matter digestibility was on the unit treated with a 

mixture of auxin with cytokinin, and it was statistically significantly higher than the 
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values on other units. It should be noted that that growing season was characterized by 

extreme weather conditions. September 2016 was extremely dry and October extremely 

wet (Table 1). Such a large diversity of weather conditions could have impacted the 

effect of hormone mixtures on plants. It can be concluded that because of the September 

drought in 2016 a mixture of auxin with cytokinin stimulated total protein accumulation 

in plants, limiting accumulation of fibrous substances. The consequence of this was a 

big increase in plant dry matter content. In turn, extremely wet October (monthly 

rainfall of 161.2 mm) with low temperatures (daily average temperature of 7.2 °C) 

slowed down accumulation of protein and of non-digestible substances. 
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Figure 2. The effect of growth regulators on digestibility of forage in individual harvests (%) 

Conclusions 

1. Exogenous growth regulators in different ways affected the content of protein 

and crude fibre in plant dry matter. 

2. Cytokinin and a mixture of hormones reduced the concentration of protein 

relative to the control, but fibre share increased. Auxin had no significant effect 

on these features. 

3. Overall, growth regulators did not change dry matter digestibility, but there 

were differences between harvests. 

4. The experiment did not prove that the quality of plant material improved as a 

result of the application of synthetic auxin, cytokinin, and mixtures of these 

compounds. 
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