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Abstract 

In our researches, special attention was given to the influence of soil treatment methods on the accumulation of moisture and its role in the ap-

pearance of even shoots, their preservation that ultimately affected the growth and development of plants. A direct relationship had been estab-

lished between the field germination and the moisture content of the soil seed layer. The different depth of presowing treatment affected the 

soil moisture. The maximum indicators of field germination of milk thistle in our experiments were observed in plowing to a depth of 25-27 

cm in combination with presowing harrowing and one cultivation to 5–7 cm representing 84,0%, which was 8–12% higher compared to shal-

low plowing to 18–20 cm in combination with presowing harrowing and cultivation. It was revealed that the seeds of milk thistle had high la-

boratory germination, which was kept at a high level at storage of seeds up to 1–3 years. A close correlation had been established between the 

depth of basic soil treatment and photosynthetic activity of milk thistle plants. Soil treatment had an impact on soil moisture reserves, total wa-

ter consumption and the consumption factor. However, weather conditions had a more significant impact on these indicators as compared to 

soil treatment. On average, during the years of research, the maximum yield of seeds (0.96 t/ha) was achieved by plowing at a depth of 25-27 

cm in combination with presowing harrowing and cultivation, which was 19.4–43.2% lower compared to other basic treatment methods. With 

the increase in the treatment depth from 18–20 cm (ordinary plowing) to 25–27 cm (deep plowing) the content of biologically active and bio-

chemical substances also increased. The presowing treatment methods did not influence the chemical composition of the seeds.  

Keywords: milk thistle, chernozem soils, basic and presowing soil treatment, total water consumption, structure and density of soil, postharvest root re-

mains, weed infestation of crops, seed productivity, oil content, biochemical Indicators. 

INTRODUCTION 

Milk thistle is a valuable medicinal culture on the basis 

of which drugs have been developed to treat hepatitis, cirrhosis, 

biliary tract diseases. The flavolignans of milk thistle promote for 

active withdrawal of toxins from the liver, as well as salts and 

slags [1-4, 5]. It is possible to fully provide the population with 

medicinal products on the basis of this culture by expanding the 

area of its crops and increasing the yield.  

It should be noted that milk thistle along with its valua-

ble medicinal properties is a productive fodder culture. This is due 

to the high content of biologically active substances, full protein 

(up to 18%), polyunsaturated oils (up to 23%) and balanced full-

fledged vitamin-mineral complex in its biomass and seeds. There-

fore, the use of silage, grass meal and cake in rations of farm ani-

mals increases their productivity by 13-15% [6, 7, 8]. 

Increasing the yield of milk thistle should follow the 

path of improving the technology of its cultivation and creation of 

highly productive varieties. In the technology of cultivation of 

milk thistle, the basic and presowing treatment of soil are the most 

intensive techniques. It is this problem that should be given spe-

cial attention to. The analysis of scientific literature showed the 

absence of data on the use of basic and presowing soil treatment 

in the dry zone of the Volga region [9, 10, 11]. Only short-term 

experiments on the study of basic soil treatment in isolation from 

presowing treatment were conducted. It has not allowed establish-

ing the efficiency of a combination of the basic and presowing 

soil treatment that is important for the determination of optimum 

terms of sowing and creation of the most favourable conditions of 

crop formation [8, 11]. 

On the basis of literature and production data, the spe-

cific scheme of field experiment was created, directed on the de-

velopment of adaptive basic and presowing preparation of soil on 

Chernozems of the Volga region steppe zone. 

The aim of the research was to study the optimal combi-

nation of basic and presowing soil preparation in cultivation of 

milk thistle, aimed at obtaining the maximum yield of seeds with 

optimal parameters of oil content and biochemical indicators; to 

establish the influence of soil treatment methods on its fertility 

and water-physical properties, weed infestation of crops and on 

formation of the above-ground biomass and root system. 

METHODS 

Field experiments were conducted in 2013-2016 on the 

experimental field of the Saratov State Agrarian University. The 

scheme of a long-term two-factor experiment included the study 

of methods of basic and presowing soil treatment.  

Methods of basic soil treatment (factor A):  

1) Ordinary plowing to a depth of 18-20 cm; 2) deep
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plowing to a depth of 25-27 cm; 3) subsurface cultivating treat-

ment to a depth of 25-27 cm; and 4) treatment to a depth of 25-27 

cm with the use of the SibIME racks. 

 Methods of presowing treatment (factor B): 

1) harrowing; 2) harrowing + cultivation; and 3) harrowing + 

2 cultivations. 

The released high-yielding variety of Amulet milk thistle 

developed by us (Patent No. 6446, No. 8954188; appl. 

30.11.20110, publ. 17.02.2012, Bull. No. 22) had been sown. 

The climate of the region is sharply continental. By the 

amount of precipitation, the HTI was 1.21-1.40 in wet years; in 

the well-covered years - 0.71-0.92, and in arid years – 0.57-0.63. 

The average annual precipitation was 350-460 mm. 

The soil of the experimental field is the southern low-

humus medium-heavy heavy loam chernozem. The humus content 

(according to Tyurin) is 3.2-4.3%, the mobile phosphorus is 18.2-

22.6 mg/kg, the exchangeable potassium (according to Machigin) 

is 28.0-34.6 mg/100 g of soil. The water-physical properties of the 

soil layer 0-70 cm are: density is 1.25-1.36 g/cm3, the minimum 

water capacity (WC) is 28.1%, and the permanent wilting coeffi-

cient is 13.8% to the dry mass of the soil.  

Field experiments were carried out in four replications, 

by a randomized method. The area of the registration plot was 

120-150 m2, and that of the sowing plot was 210-250 m2. The 

technology of cultivation of milk thistle in experiments was gen-

erally accepted for the region in the use of the common method of 

sowing and the norm of sowing of 500 thous. germinating seeds 

per 1 hectare. 

The organization and conduct of field experiments and 

studies were carried out according to generally accepted methods 

[12-14]. Soil samples were selected in accordance with GOST 

174.3.01-83, GOST 28168-89, GOST 174.4.02-84. 

The granulometric composition and density of the soil were de-

termined according to GOST 12536-79, humidity - by the thermo-

statically-weighted method under GOST 20915-89. Structural and 

quality indicators of seeds were determined as follows: moisture - 

by drying method under GOST 12041-76, chemical composition - 

under GOST 10842-76. 

Statistical processing of the experimental data was per-

formed by the method of dispersion and correlation analysis [15]. 

 

RESULTS 

It has been identified that the highest biomass formation 

rates were established by deep plowing to 25-27 cm as the basic 

treatment and harrowing with a single cultivation as presowing 

treatment – 28.57 t/ha, which was 18% higher than the ordinary 

plowing to 18-20 cm and the same presowing treatment. 

For all methods of basic soil treatment, the maximum 

biomass formation rates were observed on the options with 

presowing harrowing and a single cultivation. The harrowing only 

or harrowing with subsequent two cultivations reduced this figure 

by 12-18%, which was caused by the increased weed infestation 

of crops with a single harrowing as a presowing treatment. Two 

cultivations before sowing resulted in delay of sowing for 10-12 

days and loss of moisture from the surface soil layer.  

Deep plowing to 25–27 cm together with presowing har-

rowing and a single cultivation provided the maximum values of 

the leaves area (49.1 thous.), the photosynthetic potential (2,260 

thousand m2/ha·day), PAR efficiency – 1.62, and bound energy 

(10.0 mln. kcal/ha). For other methods of presowing treatment, 

these indices were lower by 10-15%. The indices of photosynthet-

ic activity of milk thistle plants for subsurface cultivating treat-

ment and treatment using SibIME racks were lower by 8-12% as 

compared to deep treatment. These differences were observed for 

all presowing treatment methods. 

A direct correlation was established between the amount 

absorbed by photosynthetically active radiation and the total cost 

of photosynthetic potential (r = 0.86), which was confirmed by the 

studies conducted at the Institute of Plant Physiology [13]. 

Total water consumption. In arid conditions of the Vol-

ga region moisture is the main limiting factor for the formation of 

high yield [14, 16, 17]. The results of our studies show that the 

accumulation of moisture in the soil and the total water consump-

tion of milk thistle are noticeably changed by years, and to a less-

er extent – by soil treatment methods.  

The total water consumption was the highest in the wet 

2015 and 2016 - from 200.4 to 237.0 mm/ha, and in the dry 2013 

and 2014 it was from 98.0 to 156.1 mm/ha. On average, during 

the years of the research, the maximum total water consumption 

was noted for deep plowing to 25-27 cm depending on the 

presowing soil treatment methods (172.5–181.8 mm/ha), and the 

minimum - for ordinary plowing to a depth of 18–20 cm (152.1–

159.3 mm/ha). The soil treatment methods had the same effect on 

the water consumption ratio, which was minimal for deep plowing 

to 25-27 cm – 185.2–246.6 mm per 1 ton of seeds, and maximum 

for ordinary plowing to 18–20 cm – 223.8–262.9 mm per 1 ton of 

seeds. 

Such an effect of ordinary soil treatment on water con-

sumption was manifested in all presowing treatment methods. 

The increase in water-physical properties and soil fertil-

ity. Roots and stubble-root remains are crucial for creating a fine-

grained soil structure and the formation of humus [18-20]. Our 

research has shown that the milk thistle plants contributed to a 

noticeable increase in the number of hydro-resistant aggregates in 

all options of the experiment. A significant increase in the number 

of waterproof aggregates was observed in options with deep soil 

treatment. On average for 2013–2016, in the layer of 0–15 cm for 

deep plowing it was 30.4%, and for ordinary plowing – 29.2%. 

This was due to the best development of the root system and the 

mass of stubble remains. 

The soil density is closely related to the macroaggregate 

composition. This indicator is adjusted by mechanical treatment 

[19, 20]. While the treatment depth increased, the bulk density 

reduced (11–13%) throughout the depth of the plowing layer. The 

more friable bulk density of soil in a layer of 20–40 cm was ob-

served on the option with a deep treatment (to 25-27 cm).  

Accumulation of the stubble-root remains in the milk 

thistle crops. Domestic and foreign studies found that the bulk of 

the roots (55-80%) were usually found in the 0-40 cm layer, 

where the greatest amount of moisture and nutrients was observed 

[20-22]. We have found that by the time of seed ripening, the milk 

thistle accumulated a lot of roots, from 4.00 to 4.70 t/ha (Table 1), 

depending on the soil treatment methods.  

 

Table 1 - Accumulation of the root mass of milk thistle, depending on the soil treatment method, the average for 2013-2016 

Method and depth of 

basic soil treatment 

Weight of dry roots by soil layers, t/ha 

0–25 cm 25–50 cm 50–75 cm 75–100 cm 0–100 cm 

Plowing to 18-20 cm 2.77 0.83 0.35 0.05 4.00 

Plowing to 25-27 cm 3.05 1.05 0.50 0.10 4.70 

Subsurface cultivating treatment to 25-27 cm 3.2 0.8 0.45 0.07 4.62 

Treatment with SibIME racks to 25-27 cm 3.14 1.06 0.45 0.05 4.70 
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Table 2 - Accumulation of roots and stubble remains on milk thistle crops, t/ha 

Method and depth of 

basic soil treatment 

Root weight by years in the 0-50 cm 

layer 
Stubble remains’ weight by years 

Total, the 

average for 

2014-2016 2014 2015 2016 average 2014 2015 2016 average 

Plowing to 18-20 cm 3.8 3.4 3.6 3.6 1.8 1.6 2.3 1.9 5.5 

Plowing to 25-27 cm 4.1 3.9 4.3 4.1 2.0 2.0 2.3 2.1 6.2 

Subsurface cultivating treatment to 

25-27 cm 
4.3 3.7 4.0 4.0 2.6 1.9 2.4 2.3 6.3 

SibIME racks treatment 4.1 3.9 4.6 4.2 1.9 2.2 2.3 2.1 6.3 

 

Table 3 - The effect of soil treatment methods on the size and structure of the milk thistle yield 

Method and 

depth of 

basic soil 

treatment 

(Factor А) 

Method of presowing 

soil treatment 

(Factor В) 

Yield of seeds by years, t/ha 

Crop structure (average for 2013-2016) 

number of 

heads per one 

plant 

seed 

weight 

from 1 

plant, g 

Mass of 

1000 

seeds, g 

2013 2014 2015 2016 

average 

for 2013-

2016 

 

  total, 

pcs. 
riped, % 

Plowing to 

18-20 cm 

Harrowing 0.36 0.45 0.82 0.81 0.61 3.8 83 2.3 27.1 

Harrowing+ cultiva-

tion 
0.47 0.49 0.86 0.86 0.67 4.0 87 2.5 28.3 

Harrowing+ 

2 cultivations 
0.43 0.38 0.80 0.79 0.60 4.9 88 2.4 27.0 

Plowing to 

25-27 cm 

Harrowing 0.55 0.52 0.98 0.92 0.74 4.5 83 3.0 28.1 

Harrowing+ cultiva-

tion 
0.64 0.69 1.28 1.24 0.96 4.7 87 3.1 29.1 

Harrowing+ 

2 cultivations 
0.63 0.42 1.10 1.05 0.80 4.6 88 3.0 27.2 

Subsurface 

cultivating 

treatment to 

25-27 cm 

Harrowing 0.51 0.46 0.91 0.92 0.70 3.8 87 2.8 26.4 

Harrowing+ cultiva-

tion 
0.49 0.58 1.20 0.95 0.80 4.0 82 2.6 27.2 

Harrowing+ 

2 cultivations 
0.55 0.56 1.05 0.89 0.76 4.0 82 2.6 26.1 

Treatment 

with 

SibIME racks 

to 25-27 cm 

Harrowing 0.49 0.53 0.84 0.84 0.67 4.0 85 2.8 27.1 

Harrowing+ cultiva-

tion 
0.59 0.55 1.24 1.04 0.85 4.2 83 2.8 28.1 

Harrowing+ 

2 cultivations 
0.55 0.47 1.25 0.80 0.76 4.1 83 2.7 27.3 

F fact 171.4 44.39 513.6 447.8 106.51  

LSD 05 by factor A 0.014 0.021 0.016 0.014 0.02  

F fact 34.17 58.97 364.8 155.22 63.922  

LSD 05 by factor B 0.014 0.021 0.016 0.014 0.02  

F fact 10.84 9.748 22.21 38.75 4.521  

LSD05 by AB factors’ interaction 0.028 0.043 0.032 0.027 0.04  

 

From the studied methods of soil treatment, the greatest 

effect was observed for deep plowing, which ensured the accumu-

lation in the meter layer of 4.70 t/ha of root mass, which was 0.4-

0.7 t/ha (12-16%) higher than in ordinary plowing to 18-20 cm. 

The study of the accumulation of the stubble-root re-

mains in the soil layer of 0-50 cm made it possible to establish 

that most of them were observed in deep ordinary treatments (Ta-

ble 2). 

Significant differences in the accumulation of stubble-

root remains between deep soil treatments to 25-27 cm and ordi-

nary plowing to 18-20 cm could not but affect the dynamics of 

humus in the plowing layer. In experiments, we used the minerali-

zation and humification of stubble-root remains ratios proposed 

by M.M. Kononova [23]. When growing milk thistle only on op-

tions with deep plowing (25-27 cm), subsurface cultivating treat-

ment and treatment using SibIME racks, a positive balance of 

humus was obtained.  

The effect of soil treatment on the weed infestation of the 

milk thistle crops and its productivity. The methods of primary 

and presowing treatment, depending on their combination, had a 

noticeable effect on the weed infestation of soil. The minimum 

weed infestation of the thistle crops in the rosette phase was ob-

served in deep plowing with presowing harrowing and a single 

cultivation - 14.6 pcs/m2 with their vegetative mass of 361.8 g/m2, 

which was 40% lower than the weed infestation on subsurface 

cultivating treatment and treatment using SibIME racks to the 

same depth. 

The size of the yield of milk thistle seeds largely de-

pends on the technology of cultivation and the amount of precipi-

tation. In wet 2015 and 2016, the most favourable conditions for 

the growth and development of milk thistle developed, so the 

yield of seeds was the maximum for the options of the experiment 

- from 0.81 to 1.24 t/ha, and in dry 2013 and 2014 it was 0.44-

0.80 t/ha, which was 28–48% lower (Table 3). 

Both in wet and dry years, a positive effect of deep basic 

soil treatment on the yield of milk thistle seeds was observed in 

comparison with usual plowing. This pattern was observed for all 

methods of presowing soil treatment. With interaction of the basic 

and presowing soil treatment, the maximum yield of seeds of 0.96 

t/ha was obtained on plowing to 25-27 cm in combination with 

presowing harrowing and cultivation, and on conventional plow-

ing to the depth of 18–20 cm and the same presowing treatment it 

was lower by 30% and amounted to 0.67 t/ha. 

The deep plowing to 25-27 cm had provided for the in-

crease in the yield of milk thistle to 8-12 t/ha in comparison with 

the subsurface cultivating treatment and treatment using SibIME 
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racks to the same depth. 

The reached value of the seed production depending on 

soil treatment methods was confirmed also by its structure (see 

Table 4). Thus, for deep plowing the maximum was the number of 

heads per plant - from 4.5 to 4.8 pcs., and the weight of seeds 

from one plant from 3.0 to 3.3g. For ordinary plowing, these fig-

ures were 15 to 24% lower. The number of shoots per plant and 

the height of plants by the time of harvesting were higher on op-

tions with deep basic treatment as compared to conventional 

plowing. A close correlation relationship was established between 

these indicators and the yield of seeds (Figure 1, 2). 

The studied methods of ordinary soil cultivation had an 

effect on the chemical composition of the seeds. On average in 4 

years an increase in depth of treatment from 18–20 to 25-27 cm 

contributed to an increase in protein content in the seeds of milk 

thistle from 21.3 to 23.8–23.5%, and that of oil - from 28.8 to 

31.1–31.5% (Table 4). In wet 2015 and 2016, the oil content in 

the seeds of milk thistle was 1.3-2.9% higher compared to the dry 

2013 and 2014. 

 

 

 
Figure 1. The effect of the number of productive stems on the yield of milk thistle, the average for 2013-2016 

 

 
Figure 2. The effect of plant height on the yield of seeds of milk thistle on plowing to a depth of 25-27 cm, the average 

for 2013-2016 
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Table 4 – The content of oil and protein in the seeds of milk thistle, depending on the methods of basic soil treatment, % of absolutely dry matter 

Method and depth of 

basic soil treatment 

Oil Protein 

2013 2014 2015 2016 
Average for 

4 years 
2013 2014 2015 2016 

Average for 4 

years 

Plowing to 18-20 cm 27.8 26.8 30.8 29.8 28.8 23.2 23.4 19.4 19.0 21.3 

Plowing to 25-27 cm 29.4 30.4 33.6 32.2 31.4 21.9 21.7 25.7 25.9 23.8 

Subsurface cultivating 

treatment to 25-27 cm 
30.0 30.9 31.9 33.0 31.5 22.1 21.0 24.2 25.2 23.1 

SibIME racks’ treatment 30.2 30.0 33.0 31.0 31.0 21.4 21.4 25.5 25.6 23.5 

LSD 05 by factor A 0.9 0.8 1.0 1.0 0.9 0.5 0.5 0.7 0.6 0.7 

LSD 05 by factor B 1.0 1.0 1.2 1.1 1.0 0.6 0.6 0.8 0.7 0.8 

LSD 05 by factor AB 1.0 1.1 1.3 1.2 1.2 0.7 0.7 0.9 0.8 1.0 

CONCLUSION 

The appearance of even sprouts depends on the presence 

of moisture in the 0–10 cm layer. Deep plowing in combination 

with presowing harrowing provided the optimal accumulation of 

moisture and high germination of plants – 84.8%, and viability – 

93.5%, and the reduction of the basic processing depth and carry-

ing out presowing harrowing only or two cultivations reduced 

these indices by 7.1 and 9.0%, respectively.  

 The methods of soil treatment influenced the photo-

synthetic activity of milk thistle plants. Thus, the maximal flower-

ing parameters of the leaf surface and above-ground biomass 

(49.3 thousand m2 and 28.6 tons/ha, respectively) were 25-27 cm 

on plowing in combination with harrowing and cultivation, which 

was 15% higher compared to ordinary plowing to 18-20 cm. 

The total water consumption was maximum on plow-

ing to 25-27 cm. Depending on the presowing treatment methods, 

it varied from 172.5 to 185 mm/ha, while the minimum for ordi-

nary plowing to 18-20 cm was 152.1-159.3 mm/ha, or 13% lower. 

Milk thistle plants have contributed to the increase in 

the quantity of the waterproof units on all methods of soil treat-

ment. Plowing to a depth of 25-27 cm ensured an increase in the 

content of waterproof aggregates in the soil layer of 0-20 cm by 

12-14% as compared to ordinary plowing, and the density of soil,

by contrast, on plowing to 25-27 cm was 11-13% lower compared

with the usual plowing to 18-20 cm.

Deep treatment to 25-27 cm in combination with 

presowing harrowing and cultivation ensured the minimal weed 

infestation of crops by the rosette phase - 141 pieces/m2 with their 

vegetative mass of 240 g/m2, which was 35-40 pcs lower as com-

pared to the subsurface cultivating treatment and treatment using 

SiBIME racks. 

As compared to the soil treatment, weather conditions 

had a greater impact on the yield of milk thistle seeds. In dry years 

(2013 and 2014) as compared to the wetter ones (2015 and 2016), 

the yields of seeds were 25–55% lower – 0.28–0.35 and 0.44–0.80 

t/ha, respectively. On average, during the years of research 

the maximum yield of seeds (0.96 t/ha) was achieved by plowing 

at a depth of 25-27 cm in combination with presowing harrowing 

and cultivation. The minimum yield (0.67 t/ha) was obtained for 

ordinary plowing to 18-20 cm, which was 19.4-43.2% lower as 

compared to other basic treatment methods. This pattern was ob-

served for all methods of presowing treatment.  

With the increase in the treatment depth from 18-20 

cm (ordinary plowing) to 25-27 cm (deep plowing), the content of 

biologically active and biochemical substances increased: flavo-

lignans - from 3.1 to 3.5%, nitrogen - from 3.01 to 3.24%, phos-

phorus - from 1.11 to 1.22%, potassium - from 0.58 to 0.78%, and 

the amount of fibre, on the contrary, slightly decreased from 25.6 

to 23.0%.  

When assessing the oil content of seeds, depending on 

the methods of soil treatment, it was established that the usual 

plowing to 18-20 cm reduced the oil content to 26.0%, while deep 

plowing to 25-27 cm, subsurface cultivating treatment and treat-

ment using SibIME racks increased this index to 26.8; 26.5 and 

26.7%, respectively. 

REFERENCES 
[1] Miiller, E. Heilpflanzen in Garten gezogen. Moscow: Grazstuttgart, 1982, 

pp. 53. 

[2] Reuter Hans D. Phytopharmara und Phytotherapie. Heilkunst, 1993; 106(9):

37-45. 

[3] Tamminga, S. Further studies on the effect of fat supplementation of concen-

trated fed to lactating dairy cows. Effect on rumen fermentation and site of 

digestion of dietary components. Netherl. J. Agr. Sc., 1983; 31(3): 249-258. 

[4] Perevozchenko, I.P. Lekarstvennyye rasteniya [Medicinal Herbs]. Kiev: 

Urozhay, 1991, pp. 196 

[5] Dranik, L.I. Flavolignani plodiv chervonokvitkovoi i bilokvitkovoi Silybum 

marianum [Flavovignants of fruits of red and white flowers of Silybum mari-

anum]. Pharmaceutical magazine. – 1993; 4: 83-85. 

[6] Muirhead, S. Grinding, roasting influences value of soybeans for cows. 

Feedstuffs, 1986; 58(17): 27-28. 

[7] Chabayev M. G. Produktivnost' i obmen veshchestv u molodnyaka krupnogo 

rogatogo skota, vyrashchivayemogo na myaso pri skarmlivanii silosa iz ras-

toropshi v smesi s podsolnechnikom [Productivity and metabolism in young 

cattle bred for meat when feeding silage from milk thistle in a mixture with 

sunflower]. Zootechniya, 2012; 11: 11-12. 

[8] Nikolaychenko N.V. Rastoropsha v Povolzh'ye: biologiya, tekhnologiya 

vyrashchivaniya i primeneniya. [Milk thistle in the Volga region: biology,

technology of cultivation and application.]. Saratov, 2013, pp. 19 

[9] Mupangwaa, W. Effect of minimum tillage and mulching on maize (Zea 

mays L.) yield and water content of clayey and sandy soils. Physics and 

Chemistry of the Earth, 2007; 32(15–18): 1127-1134. 

[10] Phillips, S.H. No-Tillage Agriculture. Science, 1980; 208(44–48): 1108-

1113. 

[11]  Gushchina, V.A. Formirovaniye vysokoproduktivnykh agrotsenozov no-

vykh, malorasprostranennykh kormovykh i lekarstvennykh rasteniy v 

lesostepi Povolzh'ya [Formation of highly productive agrocenoses of new, 

sparsely distributed fodder and medicinal plants in the forest-steppe of the 

Volga region]: dis. abstract, Doct. of Agr. Sc. Penza State Agricultural 

Academy, Penza, 2003, pp. 46 

[12]  Metodika gosudarstvennogo sortoispytaniya sel'skokhozyaystvennykh kul'tur. 

[The method of state variety testing of agricultural crops.]. Мoscow: Kolos, 

1971, pp. 233 

[13]  Nogtev V.P. Novyye kolichestvenno-analiticheskiye i fiziologicheskiye 

pokazateli kseromorfizma i gigromorfizma rasteniy [New quantitative-

analytical and physiological indices of plant xeromorphism and hygro-

morphism]. Reports of the ANSSSR, 1950; 74(1): 143–146. 

[14]  Gusev N. А. Vodoobmen i zasukhoustoychivost' rasteniy [Water exchange 

and drought tolerance of plants]. Development of theoretical and experimental

research in combating drought. Stavropol, 1982, pp. 78–79. 

[15]  Dospekhov, B. A. Metodika polevogo opyta [Technique of field experiment]. 

Moscow, 1985, pp. 35-112. 

[16]  Nikolaychenko, N.V. Tekhnologiya vozdelyvaniya rastoropshi pyatnistoy v 

stepnoy zone Povolzh'ya. [Technology of cultivation of milk thistle in the 

steppe zone of the Volga region.]. Saratov, 2002, pp. 140 

[17]  Ellies, A. “La Degradation Efsica del Suelo” En Simposio Proyecto Ley de 

Protección de Suelo. Búllete. Ed. Sociedad Chilena del Suelo, Comisión Na-

cional del Medio Ambiente, 2000; 14: 86–93. 

[18] Zarson, W. Tillage acomplishmente and potential. Preaichting Tillage Ef-

fects, 1982, pp. 1-11. 

[19] Rode, A.A. Pochvovedeniye [Soil Science]. Leningrad: Goslesbumizdat, 

1995, pp. 522 

[20] Kachinskiy, N. А. Proiskhozhdeniye i zhizn' pochvy [Origin and life of the 

soil]. Kuibyshev: Oblgiz, 1947, pp. 52 

[21] Hulugalle,N.R. Soil properties, nutrient uptake and crop growth in irrigated 

Vertisol after nine years of minimum tillage. Soil and Tillage Research, 

1997; 42(1–2): 15-32. 

[22]  Stankov, N.Z. Kornevaya sistema polevykh kul'tur [Root system of field 

crops]. Мoscow: Kolos, 1964, pp. 280 

[23]  Kononova M. M. Organicheskoye veshchestvo [Organic matter]. Moscow:

Publishing House of the USSR Academy of Sciences, 1963, pp. 313 

Natalya Viktorovna Nikolaychenko et al /J. Pharm. Sci. & Res. Vol. 10(1), 2018, 223-227

227




