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Abstract: A new farming system has been proposed, which
combines phytomelioration and minimization of primary tillage
for saving the water-physical factors of southern black soil fertility
and productivity of spring crops of early grain crops cultivated in
field crop rotation. During the research, it has been found that
minimization of tillage during a crop rotation that includes 3 years
of using the alfalfa phytomeliorant contributed to longer
preservation of soil fertility.

It has been experimentally found that plowing on a layer of
alfalfa increased air permeability by 53 %, and disk plowing by
171 %. The greatest permeability in the variant with minimal
tillage was noted in case of soil overturning, which amounted to
112 mm/hour. During the first year after plowing into the
phytomeliorant, the moisture content in the one meter thick soil
layer increased by 0.8 % after plowing, and by 1.3 % after disk
plowing. The highest increase in the soil moisture was noted in the
third year — 1.3 — 1.5 %, which amounted to 18.2 — 21.0 mm of
moisture.

The yield of grain crops in case of minimal tillage in a crop
rotation with the phytomeliorant exceeded the reference by 6.0 —
73.2 % in the first year, by 16.9 — 60.9 % in the second year, by
24.6 — 56.7 % in the third year after harrowing the soil after
alfalfa, by 11.0 — 57.5 % in the fourth year, and by 10.9 - 44.0 % in
the fifth year. In the plowed variants in field crop rotation, the
after-effect of phytomelioration ended by the fifth year. The yield
data for barley and oats were within the error of the experiment,
compared to the reference variant (with the use of lentil instead of
alfalfa). In the variants with minimal tillage, the productivity of
barley increased by 16.3 %, and that of oats increased by 10.9 % in
the fifth field of crop rotation, compared to the reference.

In the sixth field, after tillage of an alfalfa field in the variant
with the use of conventional dump tillage in crop rotation, the
productivity of spring cereals was lower by 7.1 — 16.1 %, compared
to the reference. The combination of phytomelioration and
minimum tillage, the grain yield was the same as in the reference.
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I. INTRODUCTION

Insufficient use of organic fertilizers and phytomelioration
on the basis of classical soil treatment with the overturning of
the soils with low humus content results in deterioration of
soil physical and hydrophysical properties, and,
consequently, lower productivity of crop rotation. Therefore,
the development of a new system of agriculture that
combines phytomelioration and minimizing main tillage is
relevant.

Restoring soil fertility by perennial and biennial herbs has
been discussed in many works, but without regard to the
after-effect and minimization of main tillage after
phytomelioration [1-12].

In the experiments, the authors used alfalfa, which has
several botanical and biological features, as the
phytomeliorant. An important advantage of alfalfa is its
ability, in the symbiosis with rhizobia, to assimilate
molecular nitrogen from the atmosphere, and to accumulate it
in the roots and crop residues [13, 14]. It has a deeply located
powerful root system which improves soil structure,
increases its water and air permeability, and prevents water
and wind erosion [15]. Alfalfa leaves up to 10 tons of organic
matter with the roots and stubbles; this organic matter
contains up to 120 — 150 kg/ha of nitrogen. In this regard, the
formation of perennial legumes is one of the best precursors
for the vast majority of field crops. This also stabilizes and
restores soil fertility [16].

The process of water infiltration in the soils is of great
importance for creating good moisture reserves in the soil.
The flow of moisture in the soil at full water-bearing capacity
is divided into two stages: the stage of absorption, which is
dominated by the process of filling large and free pores with
water (water permeability); and the stage of filtration, when
the water passes through the pores (capillaries) filled with
water [17].

The research was aimed at studying the combined effects
of phytomelioration and methods of main tillage (dump and
minimum tillage) on the water regime of southern black soil
and the yield of spring wheat, oats, barley and lentil in the
conditions of the Saratov region.

Published By:

Blue Eyes Intelligence Engineering
& Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/

Phytomelioration as a Factor of Increasing Fertility, Productivity of Crop Rotation and Improving Soil Moisture
Dynamics of Southern Black Soil

Il. METHODS

The experiments were performed at the experimental field
of the Saratov State Agricultural University n.a. N. I. Vavilov
in 2009 — 2015. The soil at the experimental plot was
represented by southern black soil containing 3.1 — 3.2 % of
humus. Main soil tillage after alfalfa of the third year of use
was performed during 2009 — 2012. By the many years'
average data, in the area of the experiments, there were 132
mm of rainfall during the vegetation period of spring early
crops (May to July). In 2010, from May to July, there were
72.3 mm of rainfall, in 2011 — 79.6 mm, in 2012 — 80.2 mm,
in 2014 — 110.1 mm, respectively, by 59.7; 52.4; 51.8, and
21.9 mm less than the many years’ average norm, in 2013, the
total rainfall for the period was 222.2 mm, in 2015 — 138.3
mm, which exceeded the many years’ average by 90.2 and
6.3 mm.

The experiments were performed in a field crop rotation
that included the following alternation (factor A):

1. lentil, spring wheat, oats, barley (reference 1);

2. meliorative field (alfalfa of 3 years of use), spring wheat,
oats, barley, spring wheat, oats, barley;

3. meliorative field (alfalfa of 3 years of use), oats, barley,
spring wheat, oats, barley, spring wheat; and

4. meliorative field (alfalfa of 3 years of use), barley, spring
wheat, oats, barley, spring wheat, oats.

Two methods of main soil tillage were studied (factor B):

1. dump plowing with plow PLN-5-35 to the depth of 23 —
25 cm (reference 2);

2. minimal tillage with a disc harrow Catros-3001 to the
depth of 10 — 12 cm.

The experiment was repeated 4 times. The area of the
experimental plots was 250 m?, that of the accounting plots —
150 m?2. The plots were placed randomly. Variety of spring
wheat was Favorite, of oats — Skakun, of barley — Nutans 642,
of lentil — Vekhovskaya, and of blue alfalfa — Diana.

The field experiment was accompanied by observations and
studies in accordance with the generally adopted practices

and guidelines [17-19].

Agrotechnics in the experiment: after harvesting of
predecessors, the experimental plot was treated with
herbicide Roundup at the rate of 4 I/ha. Main tillage was
performed 2 weeks after spraying with the herbicide,
according to the scheme of the experiment.

111, RESULTS

Improving physical and mechanical properties of the soil
using the phytomeliorant promotes the higher accumulation
and efficient use of moisture. Monitoring soil permeability
has shown that dump tillage after alfalfa helped to increase
this indicator to 161 mm/hour, i.e. by 53 %; while minimum
tillage — by 171 %. The maximum permeability in the variant
with minimum tillage after alfalfa (the phytomeliorant) was
observed in case of soil turnover — 112 mm/hour. By the
fourth year of cultivating cereals, soil permeability decreased
by 18 %, compared to dump tillage, and only by 4 %,
compared to minimal tillage. By the sixth year, soil treatment
with soil turnover resulted in a permeability decrease down to
107 mm/h, which corresponded to the background values
(105 mm/h). In the variant with minimal tillage, soil
permeability was higher than in the reference by 13 mm/h, or
26 % (Table 1).

Minimal tillage with a disc harrow resulted in a decreased
permeability, compared to plowing, in the first year by 34 %,
in the second year — by 29 %, in the third year — by 28 %, and
in the sixth year — by 42 %. The decreased permeability in the
variants where disk harrow Catros-3001 was used may be
attributed to increased spraying of structural aggregates to the
mechanical particles that silt in (decrease the permeability of)
capillary pores. In addition, decomposition of organic matter
of alfalfa in the conditions of insufficient moisture in case of
minimal tillage occurred to a greater extent at the expense of
anaerobes, and in case of dump tillage — due to aerobic
microorganisms.

Table 1. Water permeability of soil in spring crops by to variants of the experiment, mm/h

Tillage Year of crop rotation with the phytomeliorant Grain crop rotation with
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 lentil (reference)
dump (reference 1) 161 159 151 132 115 107 105
minimal 106 112 108 102 81 62 49

Improved soil permeability in crop rotation with an
ameliorative field had an influence on the accumulation of

moisture during the autumn-and-winter period (Table 2).

Table 2. Soil moisture before sowing spring crops in the 1.0 m layer, percentage from the weight of absolutely dry

s0il
Variant Years of research after phytomelioration/rotation
method of 2010-2013 | 2011-2014 | 2012-2015 | 2013 -—-2015 | 2014 — 2015 2015
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crop rotation tillage Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

(factor A) (factor B)
crop rotation dump 19.6 19.7 19.5 194 19.3 18.8

with lentil (reference 1)

(reference) minimal 17.8 18.2 17.9 18.3 18.0 17.1
crop rotation dump 20.4 20.9 20.8 20.2 19.7 18.6
with alfalfa minimal 19.1 19.6 194 19.6 19.1 175

Increase in soil moisture in a crop rotation with the phytomeliorant compared to the reference
crop rotation dump 0.8 1.2 13 0.8 0.4 -0.2
with alfalfa minimal 1.3 14 15 1.3 11 0.4

In the first year after phytomelioration, soil moisture in the
one-meter thick layer increased by 0.8 % in case of dump
tillage, and by 1.3% in case of minimal tillage. The
maximum increase in soil moisture in the grass level,
compared to reference 1, was noted in the third year, and
amounted to 1.3 — 1.5 % of the weight of absolutely dry soil.
The calculations show that during the third year, additional
18.2 — 21 mm of moisture accumulated, during the fourth
year — 11.2 — 18.2 mm, and during the fifth year — 5.6 — 15.4
mm. It can be noted that minimum tillage with a disc tool
after phytomelioration had greater effect on moisture
accumulation in the one-meter layer of soil, compared to a
crop rotation with lentil. A positive effect after such tillage
remained evident for 6 years, and after plowing — for only 5
years. A final criterion of the developed agricultural system is
its performance, which is characterized by product yield per
unit area. Accounting for the grain yield of spring wheat and

barley in a grain crop rotation with the use of the alfalfa
phytomeliorant has shown that the maximum difference was
observed in perennial grasses. The growth of spring wheat
and barley yield in the variants with plowing amounted by
crops to 0.60 and 0.33 t/ha, or 50.0 and 22.0 %, accordingly,
and in the variants with minimum tillage — to 0.71, 0.36 t/ha,
73.2; 28.6 % (Tables 3, 4). Oats productivity in case of
plowing increased on average over 4 years (2010 — 2013) by
0.19 t/ha, or 10.6 % (Table 5). In the variant with disk
harrowing, it increased by 0.10 t/ha, or 6.0 %.

On the turnover of perennial grass (2011 — 2014), the
highest yield growth was observed in spring wheat in the
variant with turnover — 47.6 %, while after minimum tillage
with a disc tool to the depth of 10 — 12 cm, the yield growth
was 60.9 %. The smallest yield growth was observed in the
case of oats cultivation and amounted to 15.3 % and 16.9 %,
respectively.

Table 3. Spring wheat grain yield, t/ha

Variant Years of research after phytomelioration/rotation
crop rotation method of tillage 2010 - 2011 - 2012 - 2013 - 2014 — 2015
(factor A) (factor B) 2013 2014 2015 2015 2015

Yearl Year 2 Year 3 Year 4 Year 5 Year 6

crop rotation with lentil dump (reference 1) 1.20 1.28 0.93 0.89 0.87 0.84
(reference) minimal 0.97 1.10 0.81 0.80 0.84 0.75

crop rotation with alfalfa | dump 1.80 1.89 1.29 1.32 1.14 0.78
minimal 1.68 1.77 1.27 1.26 1.21 0.74

yield growth in a crop rotation with the phytomeliorant, compared to the reference

crop rotation with alfalfa dump 0.60 0.61 0.36 0.43 0.27 -0.06
minimal 0.71 0.67 0.46 0.46 0.37 -0.01

LSDgs (for factor A) 0,12 0.13 0.11 0.14 0.11 0.15

LSDgs (for factor B) 0,09 0.08 0.08 0.08 0.07 0.07

LSDgs (for factor AB) 0,10 0.11 0.09 0.11 0.10 0.12

In the third year of dump tillage in a crop rotation with the
phytomeliorant (2012 — 2015), the growth of spring wheat
productivity, compared to reference, was 0.36 t/ha, for disk
harrowing — 0.46 t/ha; for oats — 0.29 t/ha and 0.32 t/ha; for
barley — 0.24 t/ha and 0.29 t/ha. By the fourth year (2013 —
2015) of spring grain crops cultivation, the phytomeliorative
efficiency of alfalfa dropped to 9.8 — 48.3% in case of
plowing, and to 11.0 — 57.5% for disk harrowing. The
decreased efficiency of the phytomeliorant is probably due to
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mineralization of the organic residues delivered to the soil by
alfalfa.In the plowed variants in a crop rotation with the use
of the alfalfa phytomeliorant, no yield growth of barley (-0.08
t/ha) and oats (+0.04 t/ha) was observed by the fifth year,
compared to the reference; these deviations were within the
experimental error. Minimization of main tillage increased
the productivity of barley by 16.3 %, and of oats — by 10.9 %.
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Table 4. Barley grain yield, t/ha

Variant Years of research after phytomelioration/rotation
crop rotation (factor A) method of tillage 2010 - 2011 - 2012 — 2013 - 2014 — 2015
(factor B) 2013 2014 2015 2015 2015

Yearl Year 2 Year 3 Year 4 Year 5 Year 6

crop rotation with lentil dump (reference 1) 1.50 1.57 0.98 1.08 1.09 1.13
(reference) minimal 1.26 1.36 0.79 0.86 0.86 0.93

crop rotation with alfalfa | dump 1.83 1.81 1.22 1.19 1.01 1.03
minimal 1.62 1.64 1.08 1.14 1.00 0.91

yield growth in a crop rotation with the phytomeliorant, compared to the reference

crop rotation with alfalfa dump 0.33 0.24 0.24 0.11 -0.08 -0.10
minimal 0.36 0.28 0.29 0.28 0.14 -0.02

LSDgs (for factor A) 0,10 0.09 0.09 0.10 0.09 0.10

LSDgs (for factor B) 0,08 0.06 0.06 0.07 0.05 0.06

LSDs (for factor AB) 0,08 0.10 0.09 0.11 0.08 0.08

In 2015, 6 years after dump tillage of an alfalfa field, the
productivity of spring grain crops was lower than in a crop
rotation with lentil by 7.1 — 16.1 %. With minimal tillage, the
yield was at the level with reference 1.

Analysis of the results obtained has shown that spring
cereals in a crop rotation with alfalfa are more responsive to
minimum tillage, compared to a crop rotation without the

yield growth in case of disk harrowing to the depth of 10 — 12
cm was 0.53 t/ha, or 58.8 %, and in case of plowing — 0.45
t/ha, or 43.0 %. Oats and barley productivity growth in case
of minimal tillage was observed for 5 years, and was 14.1 %
and 26.2 %, respectively, while in case of dump plowing, it
was observed for only 4 years, and amounted to 13.8 % and
18.0 %.

phytomeliorant. On average over the 5 years, spring wheat

Table 5. Oats grain yield, t/ha

Variant Years of research after phytomelioration/rotation
crop rotation method of tillage 2010 - 2011 - 2012 - 2013 - 2014 — 2015
R -
crop rotation with | dump (reference 1) 1.79 1.89 1.48 1.53 1.32 1.24
lentil (reference) | minimal 1.66 1.71 1.30 1.36 1.10 1.19
crop rotation with | dump 1.98 2.18 1.77 1.68 1.36 1.04
alfalfa minimal 1.76 2.00 1.62 1.51 1.22 1.19
yield growth in a crop rotation with the phytomeliorant, compared to the reference
crop rotation with dump 0.19 0.29 0.29 0.15 0.04 -0.20
alfalfa minimal 0.10 0.29 0.32 0.15 0.12 0.01
LSDos (for factor A) 0,09 0.09 0.07 0.10 0.09 0.10
LSDos (for factor B) 0,08 0.06 0.06 0.07 0.05 0.06
LSDos (for factor AB) 0,08 0.10 0.09 0.11 0.08 0.08

IV. CONCLUSION

Minimization of main tillage in a crop rotation with the use
of the phytomeliorant allowed preserving soil fertility for a
longer period. During the first year of alfalfa, dump plowing
increased permeability by 53 %, and minimal treatment — by
171 %. By the sixth year of plowing with soil turnover,
permeability was the same as in the reference, and in case of
minimal tillage, it was higher by 26 %.

In the first year tillage after perennial grass, soil moisture
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increased by 0.8 % in the case of plowing, and by 1.3 % in
case of minimal tillage. The highest growth of soil moisture
was observed in the third year — 1.3 — 1.5 %, which amounted
to 18.2 — 21.0 mm of moisture. Spring cereal crops in field
crop rotations with the use of phytomeliorant are more
responsive to minimal tillage, compared to a field crop
rotation that includes a field of lentil.
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The increased productivity was observed for 5 years: for
spring wheat — 58.8 %, for oats — 14.1 %, for barley — 26.2 %;
while in case of dump plowing, it was observed for only 4
years for oats and barley, 13.8 % and 18.0 %, respectively.
Spring wheat is the most responsive to phytomelioration, and
oats are the least responsive to it.
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