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Abstract: Reduced soil tillage is a powerful means to mitigate soil degradation. However, in arid
climates, no-till rainfed technologies often result in yield drop due to lack of soil moisture and mineral
nutrition. Rainfed production of winter wheat using direct sowing and diversified fertilization in
South Kazakhstan was studied in 2019–2020. Eight field-scale treatments using nitrogen and phos-
phorus fertilizers were studied for biometric parameters of winter wheat. An economic profitability
of the amendments used was assessed. The soil managed to accumulate productive moisture to
support plants’ needs during formation of productive organs. Use of phosphorus fertilizer at direct
sowing accelerated grain maturation, and the combination of phosphorus and nitrogen fertilizer
lengthened the growing season. The highest production cost of 1 tonne of grain was in the plots that
did not receive any amendments, and the lowest cost was in the treatment with use of plant growth
stimulants together with micronutrient fertilizer. For the first time, optimization of the soil nutritional
regime with consideration of the biological and phenological demands allowed for the balance of
the plant nutrition and cost efficiency of grain production with direct sowing of winter wheat in dry
conditions in South Kazakhstan.

Keywords: direct sowing; winter wheat; phosphorus; micronutrients; growth stimulant; soil moisture

1. Introduction

Significant areas of agricultural soils are degraded due to improper management [1–7].
World experience shows that traditional farming systems, even with their possible high
productivity, lead to soil degradation problems and reduced cost efficiency [8–13]. For
example, frequent bare fallowing and conventional methods of soil cultivation have been
attributed to the main causal factors in the manifestation of soil erosion processes [13–16].
Traditional tillage accumulates in a small amount of crop residues on the field, accelerates
decomposition of SOM and affects soil structure, which accelerates depletion of soil fertility
and leads to an increased risk of erosion. Conservation agriculture, such as zero and
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minimum tillage, are firmly gaining a place in many countries of the world. These low-
impact technologies preserve stubble on the soil surface, decrease the weight load on
the soil, decrease the mineralization of soil organic matter, and thus contribute to carbon
sequestration goals [17–19]. The mulch protective layer on the surface of the field begins to
work when the chopped mass accumulates from 3 to 5 tonnes per hectare. The accumulation
of such amount requires a long period and stable high yield of agricultural crops [20–22].
The larger amount of crop residues usually translates into improved crop growth [23].

In the rainfed agriculture of the South Kazakhstan, the main limiting factor for the
growth and development of agricultural crops is soil moisture, since during the growing
season there is an insufficient amount of atmospheric precipitation, and the moisture
reserve in the soil accumulated in the autumn–winter period does not satisfy the water
demand of crops. Winter wheat is a popular crop in this region and it is grown under dry
farming without irrigation. Conservation farming systems, such as minimum and zero
tillage with direct sowing of cereals, can significantly help in solving soil moisture deficit
problems, which is especially important for farmers in dry and hot regions of Kazakhstan.
These technologies preserve plant mulch on the soil surface thus reducing the evaporation
of soil moisture by 60–70% and providing guaranteed uniform plant shoots [18,24].

An important factor for increasing the efficiency of zero-till technology is an optimiza-
tion of plant nutrition [25–29]. The balanced fertilization implies that crops are adequately
supplied with nutrients at every stage of growth and development. And at the same
time, nutrient supply should avoid any over or under-supply in order to ensure safe and
sufficient grain yield while minimising environmental impacts.

Among the most pressing problems associated with the direct sowing of cereals,
special attention is drawn to a plant protection system. Some authors argue that zero
cultivation technology leads to a strong increase in plant damage by phytopathogens due to
an increase in the amount of plant residues on the surface [30–32]. Other scientists believe
that with zero tillage technologies, the damage caused by root rot of plants is lower than
with traditional soil tillage. In the conditions of South Kazakhstan, with direct sowing of
winter wheat, more than 30 species of weeds can be found [33–35]. Often with traditional
crop technology, weed control is achieved exclusively with herbicides. This over-reliance
on herbicides in traditional agriculture is posing new and complex problems, including the
rapid development and spread of herbicide-resistant weeds, pollution of the environment
and the food chain with pesticides. To minimize these risks, it is necessary to study and
apply new generation weed-control preparats that are suitable for green farming.

From an economical point of view, direct sowing technology reduces cost of fuel
and lubricant, and reduces energy and resource consumption. From an environmental
point of view, it contributes to preservation of soil moisture and ultimately decreasing soil
degradation risks by improving soil physical and biological properties [11,36,37].

Although many studies were devoted to the topic under consideration; nevertheless,
there is still much debate about the impact of zero tillage on soil properties [38,39] and
mitigation of climate change [23,40]. In South Kazakhstan, the problems of resource-saving
technology for the cultivation of rainfed winter wheat with direct sowing is one of the many
priority areas, which is only in the development stage. Under insufficient precipitation,
introduction of no-till technologies is highly challenging and requires detailed studies in
order to develop an optimal technology for obtaining both satisfactory and economically
profitable crop yield, and at the same time maintain soil quality. A more detailed study
and justification of the use of macro and micro fertilizers, growth stimulants and the
identification of the most optimal doses and timing of their application in dry farming with
direct sowing of cereals is a highly relevant issue.

Therefore, the development of cultivation approaches for direct sowing of rainfed
winter wheat with the choice of the most rational doses of mineral fertilizers, micronutrient
fertilizers and growth stimulants and with testing of new generation herbicides are of
particular interest and have an important practical significance in the production of winter
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wheat grain in Kazakhstan and central Asian regions. To achieve this goal, the following
specific tasks were set to study:

(1) Growth and development of rainfed winter wheat, depending on the dose and time
of fertilization in a “zero” till system in dry climate of South Kazakhstan;

(2) Formation of the yield structure indicators depending on the soil moisture and fertil-
ization of rainfed winter wheat in a “zero” till system;

(3) Economic efficiency of fertilizers used in the agro-technological system of direct
sowing of winter wheat in dry climate of South Kazakhstan.

2. Materials and Methods
2.1. Description of the Experimental Site

The soil and climatic conditions of South Kazakhstan region are distinguished by
a variety of relief (deserts, foothills and mountains). The mountains of the Talas Altai
are connected with the western ridges of the Tien Shan, the north-western part of the
region is connected with the sandy desert, Betpak steppe. The studied area is situated
on a semi-desert climate, which is characterized by a pronounced continentality, dryness
and an abundance of warmth. High continentality manifests itself in sharp temperature
contrasts between day and night, winter and summer. The average temperature of the
coldest month is from +2 to −5 ◦C, the warmest—26–30 ◦C. Summers are hot, long and
extremely dry. The duration of the period with temperatures >10 ◦C is 170–245 days; the
sum of temperatures for this period is 3400–5800 ◦C. Winter in the region is short and mild,
with frequent thaws. Aridity is one of the main distinguishing features of the region’s
climate. The annual amount of precipitation is 100–250 mm. Precipitation is distributed
extremely unevenly over the seasons. Two precipitation maxima are noted: the main
primary, sharply expressed is in the spring and the secondary is in the fall. The evaporation
rate is 1000–1700 mm and moisture coefficient is 0.12–0.33.

The soil cover of the study area is represented by ordinary sierozem [41] and Cal-
cisols [42], developed on a thick loess- loams and sandy loams. These soils are light, friable,
calcareous from the surface with an undifferentiated profile, formed in desert steppes
(semi-deserts) of the South Kazakhstan region. The flora of this region is represented by
ephemeral plants forming a variety of meadows.

The research was carried out in 2019 and 2020, at the stationary experimental fields
of the South-Western Research Institute of Livestock and Plant Breeding located near
Shymkent City (42◦29′90” N and 69◦70′43” E) at an altitude of about 650–800 m above sea
level. The growing crop was winter wheat (Triticum durum L.), variety Steklovidnaya 24
and grown in the conditions of rainfed agriculture.

2.2. Experimental Design

A standard design for agricultural experiments was applied, where each plot’s size was
5.6× 10 m plotted in randomized complete blocks in four replications. Field experiments on
the use of fertilizers for direct sowing of winter wheat were laid according to the following
scheme (Table 1).

2.3. Laboratory and Field Methods

The moisture content and reserves of productive moisture in the soil layers were
determined at the ends of the first, second and third 10-day periods of each month, during
the winter wheat vegetation to a depth of 1 m, every 10 cm [43]. The determination of soil
moisture was carried out by the thermostat-weight method. For sampling, a 100 cm long
sampling drill was used, on which marks were applied every 10 cm.

Phenological observations were carried out according to the date of the onset of the
developmental phases: sprouting, tillering, booting, earing, milk maturity, wax maturity
and full maturity. The sprouting phase was recorded when an awl or the first true leaf
appeared on the soil surface. The autumn tillering phase was observed when 3 lateral
shoots appeared. The booting phase was recorded with the growth of the lowest internode
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of the stem. The heading phase was recorded when inflorescences of an ear appeared from
the axils of the upper leaf.

Table 1. Design of the field experiment with direct sowing of winter wheat with various fertilization
in South Kazakhstan.

No Treatments Fertilizer Application Term

1 control No fertilization
2 P30 Phosphorous fertilizer 30 kg ha−1 at direct sowing
3 P45 Phosphorous 45 kg ha−1 at direct sowing

4 P30 + N50
Phosphorous 30 kg ha−1,

Nitrogen 50 kg ha−1
P30-at direct sowing

N50at the tillering phase in early spring

5 P30 + N70
Phosphorous 30 kg ha−1

Nitrogen 70 kg ha−1
P30-at direct sowing

N70-at the tillering phase in early spring

6 P45 + N50
Phosphorous 45 kg ha−1

Nitrogen 50 kg ha−1
P45-at direct sowing

N50-at the tillering phase in early spring

7 P45 + N75
Phosphorous 45 kg ha−1

Nitrogen 75 kg ha−1
P45-at direct sowing

N75-at the tillering phase in early spring

8 GS + MNF † Growth stimulant 0.5 L/t + micronutrient fertilizer
1L/t Growth stimulant 0.5 L/t + microfertilizer 2 L/t

One autumn treatment in the tillering phase Two
treatments: in early spring tillering and at flag

leaf phase.
† In treatment 8, the pre-sowing seed treatment was performed using a universal complex growth stimulant of
contact-systemic action that consists of polyethylene oxide (PEO)- 770 g/L and washed salts of humic acids-up to
30 g/L, and microfertilizer of the following content: SO3– 36; P2O5-66; K2O-44; Zn-8; Fe-6; Cu-8; Co-0.05; B-6 g
per litre. Fertilizers were applied on the depth of 10 cm.

Plant density was determined on the test plots with a size of 0.25 m2, for each repli-
cation. Standing density was calculated in each phase. The content of dry matter was
determined by grinding the green mass of the test grain with two weighed portions of 50 g
each and dried at a temperature of 100–105 ◦C to constant weight. The species composition
of weeds and the load of weed infestation were determined according to [43]. In the last
days of March, a mixture of the herbicides of a selective action were applied as a foliage
spraying against annual and perennial dicotyledonous and grain weeds. The herbicides
used were as follows: Ballerina is a systemic herbicide as a suspension emulsion against
annual dicotyledons, including those resistant to 2,4-D and MCPA, and some perennial root
weeds, contains: 2,4-D, complex 2-ethylhexyl; ether 410 g/L; florasulam 7.4 g/L. The Lastic
extra is a selective herbicide for the control of annual cereal weeds containing antidote
cloquintoset-mexil 40 g/L: fenoxaprop-P-ethyl 70 g/L. On 31 March, Ballerina 0.4 L/ha
plus Lastic extra 100–0.9 L/ha herbicides were mixed with water separately and then the
mixed solution was sprayed over the winter wheat plants in the amount of 200–300 L/ha.
At the phase of the flag leaf before heading, the crops of the treatment number 8 were
treated with a growth stimulant 0.5 L/ha plus micronutrient fertilizer 2.0 L/ha, in the
evenings.

Direct sowing of winter wheat was performed with the Brazilian seeder FANKHAUSER
2115. The grain yield was determined for each plot by threshing with a Sampo-500 combine.
All measurements were performed in four biological and analytical replicates.

Biometric characterization of plants consists of evaluating morphological properties
of different parts of the plant, phenological phases such as start and duration of each stage
of biological dvelopment of a plant, as well as seed chracteristics. The plant biometric
parameters of winter wheat were determined according to the standard methods [44].

The economic efficiency of the technologies of direct sowing winter wheat with use of
different doses of fertilizers was calculated based on technological maps at prices and rates
in effect on average for 2019–2020. Statistical processing of the data obtained was carried
out by the method of variance and correlation analysis [45]. The experimental results
presented as mean values. A parametric assessment (one-way ANOVA) was performed at
the probability level (p) ≤ 0.05 to detect significant differences in the measured variables.
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3. Results and Discussion

The main soil agrochemical characteristics are given in Table 2. The studied soil is
characterized by a low supply of nitrogen, phosphorus and good supply of potassium. The
soil acidity level in the upper layer is weakly alkaline, and in the lower layers-alkaline.
The humus content for this soil is usually low. Carbonates are present in all layers with a
tendency to increase along the soil profile.

Table 2. Main agrochemical properties of the experimental field soil (2019).

Soil Layer, cm
Total Content, %

pH in H2O
Mobile Nutrients, mg/100 g

Humus Nitrogen CO2 Ca CO3
Hydrolysable

N P2O5 K2O

0–10 1.36 0.08 4.8 10.8 7.35 13.3 2.7 406
10–20 1.18 0.07 4.9 11.0 7.41 10.8 2.7 439
20–35 0.5 0.05 6.9 15.8 7.47 6.5 1.6 308
35–50 0.3 0.05 8.7 19.7 8.50 nd 1.4 320

50–100 nd nd 9.0 20.5 8.50 nd nd nd

Note: the data are the average of four field replications; nd—not determined

3.1. Influence of Climatic Factors and Fertilizers on Germination and Wintering of Winter Wheat
in 2019 and 2020
3.1.1. Germination and Wintering of Winter Wheat in 2019

Generally, in 2019, the air temperature and amount of precipitation were favorable for
obtaining simultaneous and uniform shooting of winter wheat (in October 2018, there was
44.2 mm rainfall) (Table S1). Full shoots were obtained on the 11th day with a high field
germination rate of 87.8–94.7% (Table 3).

Table 3. Phenological phases of development of winter wheat with direct sowing depending on
fertilization in South Kazakhstan (days after sowing).

No. Treatments Year Sowing-
Germination

Germination-
Tillering

Tillering-
Booting

Booting-
Earing

Earing -
Flowering

Flowering-
Milk

Maturity

Milk-
Waxy

Maturity

Waxy-
Full

Maturity

Sowing-Full
Grain

Maturity

1 control
2019 11 21 18 43 6 9 12 11 254
2020 28 41 20 40 5 9 11 11 239

2 P30
2019 11 20 17 40 6 8 11 10 249
2020 28 40 19 38 5 8 10 11 235

3 P45
2019 11 20 17 40 6 8 10 10 248
2020 28 40 19 38 5 7 10 10 234

4 P30 N50
2019 11 19 16 40 6 9 13 12 255
2020 28 39 18 39 5 9 12 13 241

5 P30 N70
2019 11 19 16 41 6 9 13 12 256
2020 28 39 18 40 5 9 12 13 242

6 P45 N50
2019 11 18 16 40 6 9 13 12 255
2020 28 38 18 39 5 9 12 13 241

7 P45 N70
2019 11 18 16 41 6 9 13 12 257
2020 28 38 18 40 5 9 12 13 243

8 GS+MNF † 2019 11 18 16 39 6 8 12 11 243
2020 28 38 18 38 5 8 11 10 234

† GS-growth stimulant; MNF-micronutrient fertilizer; at the beginning of the tillering phase the plants were
treated with a GS 0.5 L/ha plus MNF 2.0 L/ha.

The very high rates of seeds’ germination were apparently due to the good contact
with the soil and their uniform embedding at a depth of 4–5 cm. This was possible because
in October there was a sufficient amount of precipitation with an optimal air temperature
regime (Table S1), which ensured the intensive emergence of seedlings with a high field
germination rate.

The condition of winter wheat plants before going into winter is crucial in obtaining
high yields, since it determines cold resistance, growth, development and the course of crop
formation [46]. In November, the temperature sharply dropped (from 12.3 ◦C in October to
3.8 ◦C in November) and the amount of precipitation increased from 44.2 mm in October to
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85.3 mm in November (Table S1). Under the prevailing climatic conditions, winter wheat
developed at a moderate pace and entered the tillering phase at the end of November
2019 (Table 3). In general, the state of the crops was good before going into winter and the
autumn vegetation of plants continued.

On average, during the winter months in 2019, the total amount of atmospheric
precipitation was 222.0 mm, which is slightly lower than the long-term average (234.0
mm). The average monthly air temperature fluctuated within 2.0 and 3.0 ◦C. In the winter
precipitation mainly fell as a rain and wet snow with a shallow snow cover of 7–11 cm,
which rapidly thawed. The freezing of the soil was not observed and the plants of winter
wheat overwintered safely.

The preserved plants in the fertilized treatments ranged from 261.8–310.6 pieces/m2

or 74.8–88.7% of the number of sown seeds (Table 4). According to the visual observations,
some sparseness of plants was due to the damage of crops by birds, such as a sparrow and
a crow. The number of preserved plants in the control treatment was 238.0 pcs m−2, which
is significantly lower than in the fertilized variants. From these results, it follows that the
simultaneous application of phosphorus fertilizers alone as well as the combinations of
phosphorus and nitrogen fertilizers with the direct sowing of winter wheat contributed
to an increase in the cold resistance of plants and their safety from unfavorable winter
conditions.

Table 4. Biometric indicators of the rainfed winter wheat development with direct sowing and
various fertilization in South Kazakhstan.

No. Treatment

Number of
Overwintered

Plants, pcs m−2

Ear Quantity,
pcs m−2 Plant Height, cm Ear Length, cm

Number of
Grains per Ear,

pcs

Weight of 1000
Seeds

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

1 control 238.0 a
† 243.4 a 202.3a 207.0a 68.5a 73.6a 7.0a 6.8a 20.0a 21.1a 30.6a 13.2a

2 P30 261.6b 270.3b 212.1a 217.2b 78.5b 80.1b 8.6b 8.9b 25.1b 23.9a 35.0b 17.5b
3 P45 269.7b 272.0b 215.8a 220.1b 80.2b 81.3b 8.7b 8.8b 26.0b 25.3ab 35.7b 19.1b
4 P30 N50 271.5b 295.6c 265.4b 271.3c 88.1bc 90.4bc 9.9c 9.6bc 32.4c 31.7b 37.1bc 31.7c
5 P30 N70 288.9c 303.8c 281.1bc 283.2c 89.7bc 92.1bc 10.2c 9.8c 33.2c 32.6b 37.3bc 34.3c
6 P45 N50 295.5c 318.6cd 290.0c 300.1cd 94.9c 93.4bc 10.8c 10.9c 33.4c 32.0b 37.0bc 35.4c
7 P45 N70 310.6cd 325.8d 302.2c 302.0cd 95.8c 98.4b 10.9c 11.2c 34.0c 32.8b 37.5bc 36.8cd
8 GS + MNF †† 269.5b 288.6e 245.0d 269.0c 79.8b 84.5b 8.5b 9.3bc 28.1bc 29.8b 35.1b 27.7c

† The different letters within a column indicate a statistically significant difference at p < 0.05; †† GS–growth
stimulant; MNF-micronutrient fertilizer.

3.1.2. Germination and Wintering of Winter Wheat in 2020

In 2019, at the time of wheat sowing in October, the high air temperature and the ab-
sence of precipitation (10 mm in October) created an autumn drought. Despite unfavorable
conditions for field work, the direct sowing of winter wheat to a depth of 4–5 cm with
simultaneous application of phosphorus fertilizers at the rate of P30 and P45 kg/ha was
carried out on October 19.

In the first 10 days of November, the air temperature became cooler (7.0 ◦C) and the
amount of precipitation less (12.1 mm), compared to the mean annual climatic conditions.
This amount of precipitation was just enough to moisten the soil surface to the depth of
direct planting seeds and for the formation of primary roots. However, for the emergence
of seedlings, the moisture reserve was insufficient; therefore, until November 18, the
seedlings of winter wheat did not appear. Although subsequent rainfall encouraged wheat
germination, negative temperatures resulted in only scattered seedlings emerging.

From the beginning of December, warm rain fell in the amount of 88.1 mm and the
average 10-day air temperature increased (+3.1 ◦C that is 1.2 times more than long-term
norm). This resulted in full shoots of winter wheat appearing at the beginning of December
and the vegetation lasting until the end of December. It should be noted that in the
South Kazakhstan, the continuation of the growing winter cereals in winter is a common
phenomenon. In January 2020, the wet snow precipitation amounted to 81.7 mm, or for
10.7 mm higher than normal. The snow quickly thawed and penetrated into the deeper
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soil layers. The average monthly air temperature was −0.1 ◦C, so soil freezing was not
observed. In January, winter wheat suspended the growing until the end of the month.

Basically, in both years of no-till, the plants overwintered successfully and created a
good foundation for high grain yields. Likewise, [47], comparing the effects of no till and
shallow till on winter wheat in the arid steppes of Russia, found that with no till, plants
were better prepared for wintering and better preserved after winter, which ultimately
resulted in increasing the crop yield. This was mainly due to better soil water-physical and
agrochemical characteristics in a no-till system.

3.2. Influence of Climatic Factors and Fertilizers on the Growth and Development of Winter Wheat
in 2019 and 2020

From the beginning of March 2019, the weather was warm with the average monthly
air temperature 10.8 ◦C that is 1.6 ◦C above the norm, and 30.1 mm precipitation, which
was 2.7 times lower than the multi-year norm. However, the total amount of autumn–
winter precipitation (351.5 mm) penetrated to the soil depth thereby creating satisfactory
reserves of productive moisture in the soil of 176 mm in a meter layer. This moisture
reserve supported an intensive development of winter wheat. Moreover, on the treatments
where nitrogen fertilization (N30 and N45 kg/ha) and the spring treatment of crops with
the growth stimulant 0.5 L/ha plus micronutrient fertilizers 2.0 L/ha were applied, the
plants developed rapidly and intensely.

In April 2019, the amount of precipitation was 138.4 mm, which was two times more
than the multi-year norm. This contributed to the accumulation of soil productive moisture
of 191 mm in a 0–100 cm soil depth (Table 5). The high temperatures in the first and second
10 days contributed to the intensive development of winter wheat with their transition to
the booting phase and growth in height.

Table 5. Accumulated moisture reserves under winter wheat at various phases of the plant vegetation
(2019 and 2020).

Sampling Date
Moisture Reserve (mm) in Soil Layers (cm)

0–10 0–20 0–50 0–100

08 March 2019 11 28 82 176.0
18 March 2019 10 23 71 169.5
28 March 2019 15 34 76 176.0
08 April 2019 20 41 98 191.0
18 April 2019 20 40 96 182.0
28 April 2019 23 47 98 196.0
08 May 2019 10 22 63 152.0
18 May 2019 11 27 58 143.0
28 May 2019 10 30 45 94.0

08 March 2020 25 49 102 173.0
18 March 2020 23 45 100 166.0
28 March 2020 21 46 110 207.7
08 April 2020 21 44 108 205.2
18 April 2020 11 24 68 160.1
28 April 2020 9 20 59 150.7
08 May 2020 11 24 61 146.4
18 May 2020 5 12 43 170.0
28 May 2020 2 6 29 84.0

From the beginning of May 2019, air temperatures were higher than normal, and the
amount of precipitation was 2.4 times lower than normal. Therefore, by the end of May, the
reserves of productive soil moisture decreased to 94 mm in the 0–100 depth.

From the beginning of February, the daily temperature has increased and overall,
103.5 mm of precipitation fell resulting in a resumption of the vegetation of winter wheat.
The average monthly air temperature was 4.7 times higher than the norm, which con-
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tributed to the continuation of the vegetation of winter wheat plants with their transition
to the tillering phase.

In March, air temperatures increased substantially (1.3 and 2.1 times higher than the
multi-year norm in the first and second 10 days), resulting in greater evaporation of soil
moisture. However, lack of precipitation was compensated by the previously accumulated
soil productive moisture 173 mm (8 March 2020) and 166 mm (18 March 2020) (Table 5).
This allowed winter wheat to develop intensively and enter in the tillering phase. However,
at the same time, ideal conditions were also formed for the emergence and intensive
growth weeds. Therefore, at the beginning of the vegetation, the plants were treated with a
mixture of the herbicides. The biological effectiveness of systemic herbicides ranged from
85.9 to 94.7%.

From the beginning of April 2020, there have been favorable conditions for plant
growth (the amount of precipitation was 32.9 mm higher than the mean annual). From
8 April, the plants in the fertilized treatments developed rapidly with the transition to the
booting phase, except in the control, where the plants lagged behind both in growth and
development.

In the first and second 10 days of May the amount of precipitation was by 3.2 times
higher than the perennial average, which provided a good supply of productive moisture in
a meter layer of soil (170 mm). However, because the temperature sharply increased and no
precipitation occurred at the third 10 day period in May, plants entered the heading phase
followed by flowering. It should be noted that the cultivated variety “Steklovidnaya-24”
under high thermal conditions (during the day the temperature recorded above 40 °C)
and at low relative air humidity (17%), successfully developed uniform grain formation.
This implies that the variety is resistant to the dry and hot weather of South Kazakhstan.
By the end of May (28 May 2020), the reserves of productive moisture in the 0–100 layer
dropped to 84 mm or in 10 days, it decreased by 1.6 times. This is explained by higher air
temperatures and a greater demand for water of winter wheat in this biological phase of
plant development [48].

In general, during both years, no tillage and direct sowing managed to accumulate
moisture reserves in the soil at levels capable of ensuring good growth and development of
winter wheat plants. This is explained by the fact that under direct sowing and absence
of ploughing the moisture accumulated in the soil is less prone to evaporation due to the
protective mulching layer on the soil surface, thus effectively accumulating and storing
productive moisture reserves [49].

3.3. Influence of Climatic Factors and Fertilizers on the Productive Parameters of Winter Wheat in
2019 and 2020

The results show that the application of phosphorus fertilizers at the rates of P30
and P45 kg/ha accelerated grain ripening by 5–6 days compared to the control (Table 3).
The use of phosphorus and nitrogen fertilizers at the rates of P45 N70 kg/ha extended the
length of the growing season of winter wheat up to 257 days, with maturation of winter
wheat grain occurred 4 days later compared to the control (253 days) and 9 days later
compared to the P45 kg/ha (248 days) (Table 3). When using plant growth stimulants with
micronutrient fertilizer, the length of the growing season was 247 days implying that this
amendment accelerated the processes of grain ripening by 6 days in comparison with the
control (Table 3). During the milky and waxy maturity of grain in 2020, the weather was
generally very hot and dry, which accelerated the maturation of winter wheat grains.

Nevertheless, on fertilized treatments, the efficient use of productive moisture reserves
on rainfed lands led to a high yield of winter wheat. The yield of winter wheat in rainfed
conditions was largely determined by the productive tillering and the number of plants per
unit area. In the 2019–2020 years, the number of plants per unit area increased from 212.1 to
302.2 pcs m−2 in 2019 and from 217.2 to 302.0 pcs m−2 in 2020 in the fertilized treatments
against the control (202.3 and 207.0 pcs/m2 in 2019 and 2020 years, respectively) (Table 4).
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One of the indicators determining the yield of grain crops is the number of grains per
ear, the length of the ear, the number of grains per ear and the weight of 1000 grains. The
lowest number of grains per spike was in the control (the number of grains per spike was
20.0–21.1 pcs). Use of fertilizers and improved nutritional conditions increased the number
of grains and their length. The largest number (32.8–34.0 pcs) and length (10.9–11.2 cm)
were obtained with application of phosphorus fertilizers at direct sowing in the dose of P45
kg/ha and with nitrogen added in the tillering phase early spring in a dose of N70 kg/ha
(Table 4). Use of the growth stimulants and micronutrients resulted in the number of grains
in an ear of 28.1–29.8 pcs and the length of an ear of 9.5–9.3 cm.

In June of both years, high air temperatures, little precipitation and low relative air
humidity (Table S1) accelerated grain ripening and 1000 seeds weight (Table 4). The largest
weight of 37.5–37.2 g was obtained under use of P45 N70 kg/ha, compared to the control
(30.6–30.3 g).

Obviously, for the uniform course of development of winter wheat and the formation
of stable productivity parameters, in the rainfed conditions with direct sowing, the decisive
factor was the optimization of nutritional conditions with consideration of the biological
needs of plant and appropriate pest control.

3.4. Impact of Fertilizer on Grain Yield of Rainfed Winter Wheat for 2019–2020

Our results confirm that the effectiveness of the applied fertilizers depends on the
moisture level, the amount of precipitation in the field and the time of precipitation during
the growing season of winter wheat. Higher precipitation in October and November 2018
allowed for better dissolution of the applied phosphorus and positively influenced the
growth and deep root setting of winter wheat [35,48]. Normally, after the appearance of
the first shoots, in the presence of a sufficient amount of moisture in the soil, the roots of
winter wheat grow to the sides and an intensive deep growth occurs along the soil [48].
In our case, winter precipitation saturated the soil for 2–3 days, as a result of which 176
mm of moisture accumulated at a depth of 0–100 cm in the first days of spring, which is an
excellent amount of moisture for an arid climate.

The application of phosphorus fertilizers at the rate of P30 иP45 kg/ha at the time
of direct sowing, increased the grain yield of wheat by 0.48 and 0.68 t/ha, respectively,
compared with the control (Table 6). These results are important because generally, in arid
climate with alkaline soil pH, phosphorus availability is restricted due to precipitation reac-
tions and/or fixation by calcium carbonate and clay minerals [50] and become unavailable
to plants. Despite the phosphorus fertilizers being applied during the autumn drought, the
plants were able to effectively use phosphorus due to the moisture reserves accumulated in
sufficient quantities because of reduced evaporation due to the mulch layer.

Table 6. Grain yield of rainfed winter wheat at direct sowing as affected by doses of mineral
fertilization in South Kazakhstan (average for four field replications).

No. Treatment
Grain Yield, t/ha Average Grain

Yield, t/ha
Deviation from

Control, t/ha2019 2020

1 control 1.24a † 1.32a 1.28a -
2 P30 1.80b 1.75a 1.76b +0.48
3 P45 2.01b 1.91ab 1.96b +0.68
4 P30 N50 3.19c 3.17c 3.18c +1.90
5 P30 N70 3.48c 3.43c 3.46c +2.18
6 P45 N50 3.58c 3.54c 3.56c +2.28
7 P45 N70 3.85cd 3.68c 3.77c +2.49
8 GS + MNF †† 2.42bc 2.77bc 2.59bc +1.31

† The different letters within a column indicate a statistically significant difference; †† GS: growth stimulant; MNF:
micronutrient fertilizer.
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Application of phosphorus (P30 kg/ha) in combination with nitrogen (N50 and N70
kg/ha) contributed to the increase in grain yield by 1.90–2.18 t/ha compared to the control,
producing high grain yield per hectare between 3.18 and 3.46 t/ha. This suggests that the
use of phosphorus-nitrogen fertilizers in a proposed dosage and timing contributed to the
balanced nutritional regime during the entire growing season and thereby providing a high
grain yield. This assumption is supported by the highest grain yield of 3.77 t/ha on average
over two years, formed on the treatment with application of phosphorus fertilizers at the
rate of P45 kg/ha at the direct sowing and nitrogen fertilizer at the rate of N70 kg/ha in
early spring in the tillering phase (Table 6). In this treatment, the grain yield was 2.9 times
higher than in the control. Optimization of the phosphate and nitrogen nutritional regimes
of winter wheat during the period of their greatest need balanced the plant nutrition.
Probably, the synergetic phenomenon took an action, i.e., optimization of one factor of
biological cycle enhanced the action of other factors [51]. Earlier studies also showed that
minimization of soil mechanical disturbance facilitates optimization of crop nutrition and
soil moisture [52] as well as reduces the cost of resources [35,52,53].

3.5. Economic Assessment of the Direct Sowing of Winter Wheat in Southern Kazakhstan

The current financial difficulties of farms and the lack of the necessary equipment and
processing facilities have made it practically impossible to maintain the existing farming
system at a sustainable level. Therefore, the development of economically and energy
efficient agricultural technologies in accordance with the local climate and soil is a priority
for grain production in South Kazakhstan.

The cost of 1 tonne of product and the percentage of economic efficiency were calcu-
lated by taking into account the total cost of the product from 1 hectare of land and the net
profit of the product for each treatment for the yield of 2019 and 2020 (Table 7). Economic
calculations included the cost of agro-technical measures used in the experimental fields,
the cost of herbicides and fertilizers and fuels and lubricants, as well as the cost of labor and
equipment for their application into the field. In 2019, the cost per hectare varied depending
on the cost of sown seeds, cost of phosphorus and nitrogen fertilizers and micronutrients,
as well as on the cost of plant growth stimulants and herbicides used. The cost of the
cultivation winter wheat without fertilizers (control) amounted to about EUR 44 per hectare
and the cost of the fertilized treatments increased in line with the amounts of fertilizer
applied reaching around EUR 112 in the treatment number 7 (P45N70) and around EUR
61 in number 8 (Table 7). However, the trend of the net profit per hectare was oppositely
distributed with the lowest profit around EUR 131 in the control and around EUR 432 in
treatment number 7 (P45N70) and EUR 281 in treatment number 8.

In today’s market conditions, the price of fuel and lubricants used in the agricultural
system is at its peak; therefore, the cost of products per one tonne in the fertilized fields
is much higher than the non-fertilized one. But the conditional net profit per hectare in
fertilized treatments is multiplied. The highest cost of production of 1 tonne of winter
wheat grain was in the control plots that did not receive any amendments, and the lowest
cost was in treatment number 8 with addition of plant growth stimulants together with
micronutrient fertilizer. Treatments of winter wheat seeds with the growth stimulant and
micronutrients doubled the grain yield (2.59 t/ha) compared with the control and at the
same time nearly for two times reduced the cost of 1 tonne of grain (Table 7). So, the use
of plant growth regulators proved to be profitable for farmers and a completely justified
agro-technological method for direct sowing of winter wheat with a significant reduction
in direct costs of their cultivation.

The above discussed results confirm the earlier findings on the economic efficiency
of zero-till technology of cultivation of cereals on dry areas of South Kazakhstan [53,54].
The later researchers found that the cost of production of winter wheat with direct sowing
decreased by 30.2%, fuel costs decreased by 38.6%, and net profit increased by 16.7% on
average, compared with the traditional agro-technological system [53,54].
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Table 7. Economic efficiency of fertilizers used in the cultivation of winter wheat with “zero”
technology in 2019 and 2020.

Treatment

Grain Yield Production
Costper 1 ha

Price of Grain
Produced

Net Profit per
Hectare

Cost of 1 Ton
of Product

Cost of 1 Ton
of Product

t/ha KZT * EUR

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

control 1.24 1.32 21,800 26,300 86,800 118,800 65,000 92,500 17,580 19,920 35,472 40,194
P30 1.86 1.75 30,600 38,500 130,200 157,800 99,600 119,300 16,450 22,000 33,192 44,391
P45 2.01 1.91 35,000 44,700 140,700 171,900 105,700 127,200 17,410 23,400 35,129 47,215

P30 N50 3.19 3.17 45,100 54,800 223,300 285,300 178,200 230,500 14,130 17,280 28,511 34,867
P30 N70 3.48 3.43 50,900 61,300 243,600 308,700 192,700 247,400 14,620 17,870 29,500 36,057
P45 N50 3.58 3.54 49,600 60,900 250,600 318,600 201,000 257,700 13,850 17,200 27,946 34,705
P45 N70 3.85 3.68 55,400 67,400 269,500 331,200 214,100 263,800 14,390 18,320 29,036 36,965

GS + MNF ** 2.42 2.77 30,200 30,200 169,400 249,300 139,200 219,100 12,470 10,900 25,161 21,994

* KZT: Kazakhstan tenge, calculated at 1 euro (EUR) equal to 497.3 tenge (average on 02 November 2021). The
average market price of 1 tonne of winter wheat grain in 2019 and 2020 was KZT 70,000 and 90,000, respectively;
** GS: growth stimulant; MNF: Micronutrient fertilizer.

4. Conclusions

The results have shown that in dry and hot climate conditions with a deficit moisture
regime, direct sowing of rainfed winter wheat can be successfully applied provided an
appropriate combination, dosage and timing of fertilizers and crop protection chemicals
are applied.

Production of winter wheat grain with direct sowing and use of growth stimulants
and macro and micronutrients has proven to be economically profitable compared to the
control treatment.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/agronomy12010111/s1, Table S1: Average precipitation, air temperature and humidity for the
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