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Abstract. The paper presents the results of seasonal dynam ics of nutrients in alluvial 
m eadow  saline soils in experim ental area  under fodder crop melilot. Conducted experim ents on 
m anure background with application of hum ic-adaptogen drug PA 2 -1  are  characterized  by in­
crease of their fertility. In soil n itrate m ode a clear dependence on the phase of cultivated m eli­
lot crop has been observed. A significant am ount of mobile phosphorus and exchangeable p otas­
sium has been observed in spring. During the sum m er period a gradual d ecrease in con centra­
tion of these elem ents has been observed. At the end of the sum m er a gradual increase in con­
centration of nutrients has been observed. Nutrient elem ents concentration in all variants of the 
experim ent is higher in arable horizon of pilot area.

Keywords: topsoil, m anure, drug-adaptogen, nitrate m ode, mobile phosphorus, exchange­
able potassium .

INTRODUCTION
In recent years, under the influence 

of the existing natural- climatic conditions 
and as a result of irrational use of arable 
land by peasant and private farms, due to 
destruction of irrigation systems and de­
terioration of ameliorative condition, 
sharp increase of secondary saline and 
junk soils has been observed. Uncon­
trolled economic activity leads to aliena­
tion of soils from biological cycle, besides 
this, imperfect farming systems reduce 
the level of soil fertility, which is primarily 
determined by humus status, including 
soil carbon reserves. Also soil agro­
physical and water properties are signifi­
cantly worsening.

The effective method of improving 
nutritional regime is their planting with 
perennial grasses. The application of or­
ganic and mineral fertilizers is also desira­
ble in this case.

With application of manure, soil re­
ceives all macro-and micronutrients nec­
essary for plants, soil water and thermal 
properties, soil structural properties and, 
accordingly, resistance to formation of 
crust after watering are improving. Fur­
thermore, a large number of micro­

organisms are introduced into soil with 
manure which decompose organic matter 
of manure and soil and thereby convert 
nutrients into a form which is accessible 
for plants.

The experiments of scientific insti­
tutions of Kazakhstan have determined 
high responsiveness of fodder and vegeta­
ble crops to organic and mineral fertiliz­
ers, which are extensively cultivated in 
irrigated conditions. In this regard, the 
research on seasonal dynamics of mobile 
nutrients directly under fodder crops in 
irrigated area taking into account availa­
bility of nutrients in soil represents scien­
tific and practical interest and relevance. 
Therefore, the research on the effect of 
organic fertilizers on productivity of for­
age crops with application of humic prep- 
aration-adaptogen PA 2-1, depending on 
availability of soil nutrients is of interest 
to agricultural producers.

OBJECTS AND METHODS
The research works were conducted 

on alluvial- meadow saline soils in Ma- 
khambet irrigation area. By natural recla­
mation zoning this area refers to the Old 
Ural-Baksay Sokolinsky delta-sea plain. It 
is located on both sides of the river Urals.
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It has formed as Novobogatinsk regression 
phase of Hvalynski sea [1]. This -is old 
delta maritime (Novo-Caspian) very flat 
plain, it is broken by numerous canals 
with steep banks (up to 3 m depth) and 
flat extensive depressions of former spills 
and dried estuaries. The plain is compli­
cated by hydrochloric elevations 
(Chernorechenskoye, Novobogatinskoe), 
most of which have a flat surface. The 
depth of groundwater -  2,5-4,5 m, miner­
alization - 24-53 g/l, and it has chloride. 
The capacity of water-bearing argillaceous 
rocks with sand layers of Khvalyn-Khazar 
sands - from 3-4 to 20 m, clay of Apsheron 
tier, opening is at a depth of 15-25 m 
south of the village Makhambet in 14 km 
[2]. Most of the territory is composed of 
late Khvalyn clays and heavy loams or un­
derlying sands or layered medium loams. 
Prisorochinsk meadows are composed of 
layered medium loams.

The main background is meadow 
saline-saline marsh clay soils, containing
2,4 % of humus, absorbed sodium at

depth of 50 cm - 6-12 % of the amount, 
calcareous from the surface salinity to 30­
50 cm - weak, deeply - strong and very 
strong, chloride -sulfate and sulfate- 
chloride. Meadow coalescent soils on flat 
wide depressions are significantly spread. 
They contain 3 % humus, weak saliniza­
tion, deep salinization, but after flooding 
in the summer and autumn, the salts are 
pulled to the surface (1 %). Filtering from 
surface -  1,5 m/day and 15 cm in dense 
fusion horizon -  0,02-0.04 m/day. One me­
ter soil layer contains 18 gypsum and 
1567 t/ha of carbonates. Meadow deep 
saline medium loamy soils occur in So- 
rochinsk meadows and Naryn plain. In 
recent years, meadow soils began deserti­
fication.

Alluvial-meadow saline soil is char­
acterized by high humus concentration. In 
the whole area humus concentration is 
very low (Table 1). Only in the upper layer 
of 0-10 cm humus concentration is 2,17 % 
and is in gradation - 2, that is, low.

Table 1 - Chemical properties of alluvial-meadow saline soil

Depth of 
sample, 

cm
Humus, %

Gross ni­
trogen, %

Mobile forms, m g/k g  of soil
СО2 рн

N hydro. P2O5 К2О

0 -1 0 2 ,17 0 ,1 4 0 25 ,3 2 6 ,0 4 1 0 3 ,54 8 ,2 6

1 0 -2 0 0 ,93 0 ,0 9 8 22 ,2 2 3 ,0 3 8 0 4 ,09 8 ,1 0

2 0 -4 0 0 ,65 0 ,082 2 0 ,8 2 0 ,0 3 3 8 3 ,86 8 ,1 7

4 0 -5 0 0 ,31 0 ,0 7 0 - - - 3 ,31 7 ,96

5 0 -8 0 0,72 0 ,062 - - - 3 ,78 7 ,91

8 0 -1 3 0 0 ,79 0 ,0 5 6 - - - 3 ,96 7 ,99

1 3 0 -2 0 0 0 ,28 0 ,042 - - - 3 ,15 8 ,09

Total humus is found throughout the 
explored soil profile. Stretching of humus 
profile through the entire soil thickness is 
caused by the process of removal of hu­
mus in terms of high alkaline reaction of 
soil solution. The character of distribution 
in soil profile is not quite even. Gross ni­
trogen concentration is characterized by 
relatively low from 0,098 to 0,140 % in

the upper layers, in deep layers ross nitro­
gen decreases. The quantity of mobile 
forms of nitrogen in soil profile varies be­
tween 20,8-25,3 mg/kg soil. Availability of 
mobile nitrogen is very low. Availability of 
mobile forms of phosphates is medium. 
Availability of mobile forms of potassium 
is high. The carbonate concentration in 
soil profile increases from 3,54 to 4,09 %.
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Concentration of gypsum is not high and 
varies from 0,068 to 0,088 %. There is 
some correlation between concentration 
of carbonates and gypsum.

This is due to soil hydromorphic fea­
tures and exudative type of salinity. Bulk 
weight of these soil horizons vary from 
1,06 to 1,26 g/cm3. The rate of absorption 
in the first meter of soil is 1,15 m/day. Fil­
tration coefficient -  0,748 m/day. Salinity 
of alluvial meadow saline soils is observed 
in depth of 20 cm and further in soil pro­
file. On this soil we have conducted field 
experiment on the effect of manure in 
combination with humic preparation

According to the scheme of experi­
ment, soil samples from depth of 0-20 and 
20-40 cm have been selected for NPK nu­
trient concentration.

Field, morphological and specialized 
techniques were used in the research. For 
the analysis of soil substance composition, 
common soil science analytical research 
methods were used as described by 
E.V. Arinushkina [3] in guide for general 
soil analysis. In selected soil samples the 
following was determined: nitrate nitro­
gen by method of Granville-Lyazhu, mobile 
phosphorus by Machigin method, ex­
changeable potassium by Machigin meth­
od in Grabirov's modification.

RESULTS AND DISCUSSION 
Here is some information on the na­

ture of legume crop Melilot white ’Arkas", 
Melilotus (Kaz. tuyezhonyshka.) - biennial, 
rarely annual herbaceous plant which re­
fers to the legume family.

Sown forage grasses are of great im­
portance in field forage production. Their 
green mass is used to produce different

adaptogen PA 2-1 on seasonal dynamics of 
nutrients during growing season of fodder 
crop white "Arkas" melilot. The land plot 
intended for experiments was divided into 
two equal portions of 900 m2. 1,8 m of ma­
nure was applied on one side, on the other 
side manure was not applied, that means 
they remained as control. On these back­
grounds the effectiveness of drug- 
adaptogen PA 2-1 on growth and develop­
ment of melilot forage crop has been ex­
plored. Experiment was conducted in trip­
licate according to experimental scheme. 
Area of plots 50 m2. The experiment 
scheme is shown in Table 2.

types of feed. Perennial grasses accumu­
late a lot of organic matter in soil, loosen 
it, increase its resistance to water and 
wind erosion. Besides, leguminous grass­
es, accumulate nitrogen in soil.

Before sowing Melilot, the seeds 
were treated with drug-adaptogen-PA 2-1 
in two percent concentration within three 
hours, and during vegetation the crops 
were sprayed with the same drug in dose 
of 0,04 %. Spraying of crops was done 
twice during the whole growing season by 
plant phases. After seed treatment by 
adaptogen drug PA 2-1 the sowing was 
done on May 9, 2015. Melilot sprouts ap­
peared on May 17, and on May 24 single 
leaves emerged, and shoots emerged on 
June 5th. Melilot entered branching phase 
on 11 June. On June 30, 2015 first spraying 
of melilot was done. Repeated sprayings 
were done on July 15, 2015.

Autumn and spring weather and cli­
matic conditions of 2015-2016 agricultur­
al year have been very favorable for 
growth and development of melilot

Table2 -  Experimental plot scheme

№ of 
variant

Crop
Background with­

out m anure
№ of v a r­

iant
Crop

Background with  

m anure

1

Melilot

Control 4

Melilot

PA 2 -1  + sp ray­
ing

2 PA 2-1 5 Control

3 PA 2 -1  + spraying 6 PA 2-1
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'Arkas". For the first time in the history of 
Atyrau region, spring period was charac­
terized by increased spring rainfall, which 
amount was 3,5-4 times higher than aver­
age long-term standards, on the back­
ground of warm spring this contributed to 
rapid growth and development of melilot 
'Arcas". Growth of melilot was observed 
on 22 March, on 28 April melilot plants 
began branching, on May 12-18, budding 
was observed, they entered flowering 
stage on May 26. Plants of melilot "Arkas" 
finished fruiting stage on July 10, 2016, 
about 20 days earlier than average long­
term period of its ripening.

The average results of two year pe­
riod of growth and development of melilot 
feed crop are presented below (Table 3).

According to Table 3, it should be 
noted that manure had high efficiency on 
quantity of germination in spring and 
plants in autumn, as well as on the height 
of plants, and among studied methods of 
use, the same efficiency is noted in treat­
ment of seeds and crop spraying with 
preparation adaptogen PA 2-1 .

So, on the same variant, both on 
background of manure and without ma­
nure, quantity of seedlings and adult 
plants in autumn was higher in variant 3 
with seed treatment and spraying with 
drug adaptogen PA 1.2, and then in variant
2 with seed treatment with PA 2-1, com­
pared with control. High plant density and 
high plant growth resulted in high yield of 
green mass and hay.

Among melilot varieties, "Arkas" 
variety has high yield capacity in the first 
year of life and also in the first year of life, 
melilot plants are more leafy (49-52 %) 
than plants of the second year of life.

Crop yield depends on supply of soil 
with forms of mineral nutrients elements. 
Concentration of nitrate nitrogen in top- 
soil was 30,8 mg/kg of soil. In the spring 
due to the abundant precipitation, nitrate 
nitrogen compounds as a result of good 
solubility have been slightly washed out in 
lower levels [4]. This shows the dynamism

of nitrates, and their accumulation is di­
rectly depending on soil humidity and aer­
ation, on crop cultivation, tillage and ferti­
lization systems [5]. Concentration of ni­
trates in soil upper arable layer on back­
ground of drug adaptogen PA 2-1 was
36,4 mg/kg, ie, in subsurface layer -  
42,0 mg/kg of soil (Table 4).

From Table 4, it should be noted 
that in the context of seed treatment with­
out manure with seed treatment and 
spraying of plants with adaptogen drug PA
2-1, their content increased to 39,2 mg/kg 
of soil. On the background with manure, 
nitrate concentration was higher than in 
control variant, compared to the same var­
iant without manure. The same pattern is 
observed in variants using the adaptogen 
drug PA 2-1.

Experiments conducted on the back­
ground of manure are characterized by 
increased fertility in comparison with 
background without manure. There is one 
specific feature - topsoil contains nitrates 
less than in subsoil. This is due to mobility 
of nitrate nitrogen and soil aeration and 
porosity. Only in variant with seed soak­
ing, as well as in control variant, concen­
tration of nitrate nitrogen became higher 
in the plow layer. In soil nitrate mode the 
dependence on cultivated melilot and its 
development phase is observed. Since 
melilot relates to the legume family that is 
in symbiosis with rhizobia, it enriches the 
soil with nitrogen. In phase of branching 
and subsequent phases melilot was char­
acterized by increased growth. In this pe­
riod of growth as a result of energetic con­
sumption of nutrients from soil by meli- 
lot, nitrate nitrogen concentration has de­
creased. At the end of growing season of 
melilot nitrate concentration has gradual­
ly increased.

Experiments conducted on the back­
ground of manure are characterized by 
increased fertility in comparison with 
background without manure. There is one 
specific feature - topsoil contains nitrates 
less than in subsoil.
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This is due to mobility of nitrate 
nitrogen and soil aeration and porosity. 
Only in variant with seed soaking, as well 
as in control variant, concentration of 
nitrate nitrogen became higher in the 
plow layer In soil nitrate mode the de­
pendence on cultivated melilot and its 
development phase is observed. Since 
melilot relates to the legume family that 
is in symbiosis with rhizobia, it enriches 
the soil with nitrogen. In phase of 
branching and subsequent phases meli­
lot was characterized by increased 
growth. In this period of growth as a re­
sult of energetic consumption of nutri­
ents from soil by melilot, nitrate nitro­
gen concentration has decreased. At the 
end of growing season of melilot nitrate 
concentration has gradually increased.

According to concentration of mo­
bile forms of phosphorus these soils re­
fer to weak alkaline soils, as the quantity 
of mobile phosphoric acid in the topsoil 
at all backgrounds and in all terms of de­
termination, does not exceed 27 mg/kg 
(Table 4). Insignificant amount of mobile 
Р2О5 in topsoil was 20-33 mg/kg which 
was observed in May, it has reduced to 
13-18 mg/kg in June due to the entry of 
melilot into branching phase and subse­
quent phases. In subsurface layer there 
was even higher decrease (3-10 mg/kg). 
Since August, there has been observed a 
gradual increase in available phosphorus 
concentration in all variants of the ex­
periment, further the increase of mobile 
phosphoric acid in soil has been ob­
served at the end of the growing season. 
It should be noted that process of accu­
mulation of phosphoric acid is most in­
tense in plow layer In subsurface soil 
layer concentration of phosphorus has 
significantly decreased.

Favorable water and heat regimes 
of soil during growing season of melilot 
plants have created conditions for nor­
mal nitrogen soil regime, in spite of rela­
tively low concentration of phosphorus 
in soil, high yield of melilot was harvest-
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ed from 581 to 716 c/ha of green mass, 
and from 156 to 202 c/ha of hay.

Availability of potassium in soil is 
high. It should be noted that organic ferti­
lizer affects concentration of exchangeable 
potassium. On control variants with ma­
nure compared with the same variant 
without manure, exchangeable potassium 
concentration was higher The highest 
concentration of exchangeable potassium 
has been noted in the topsoil. Preparation 
PA 2-1 had a significant impact on concen­
tration of exchangeable potassium in all 
variants. Increased concentration of ex­
changeable potassium in the top arable 
layers is associated with high absorption 
capacity of horizon, as well as with the 
process of biological accumulation of po­
tassium in accumulative horizons.

The exchangeable potassium con­
centration in depth of soil profile is reduc­
ing. Relatively moderate exchangeable po­
tassium concentration has been observed 
in the summer months. Gradual increase 
in exchangeable potassium concentration 
in all variants of the experiment was ob­
served at the end of the growing season. It 
should be noted that process of exchange­
able potassium accumulation is most in­
tensive in arable layer. In subsurface layer 
its quantity drastically reduced from 1,3 to
1,5 times. So, in manure application, ex­
changeable potassium concentration in­
creases.

Humic adaptogen preparation PA 2­
1 had a significant impact on exchangeable 
potassium concentration in all variants.

CONCLUSIONS
1. Seasonal dynamics of nutrients is 

closely related to vegetation of melilot. 
Depending on the phase of development of 
fodder crop the concentrations of nutri­
ents in soil also changed.

2. The highest concentration of min­
eral nutrient elements was observed on 
the background of manure with treatment 
using preparation adaptogen PA 2-1.

3. High efficiency was observed in 
manure application, seed treatment and
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spraying of plants during growing period same time high effective fertility of alluvial 
with preparation adaptogen PA 2-1. At the meadow saline soils was observed.
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топы рактарды ц коректж  элементтерш щ  маусымды к динамикасы  беры ген. Кец жэне 
адаптоген препаратын колданганда топы рактыц кунарлылыгы артты. Топырактыц  
нитратты к режиму онда еп лген  тYЙежоцышканыц есш  дам у каркынына байланысты  
болды. Жылжымалы фосфор мен алмаспалы  калиидщ  жогаргы  керсеткiш терi кектем  
аиларында ^ркелш дь Ж аз аиларында олардыц мелшерi бiртiндеп азая бередi. Жаз 
аиыныц соцы нда осы аталган коректж  элементтер бiртiндеп арта бастаиды . Kоректiк  
элементтердщ  басым кепшiлiгi топы рактыц жырту кабаты нда ^ркелш дь

TyuiMdi свздер: топы рактыц жырту кабаты, кец, адаптоген препараты, нитрат  
режиму жылжымалы фосфор.
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В статье приводятся результаты  сезоннои динамики питательны х вещ еств на ал­
лю виально-луговы х солончаковаты х почвах опытного участка под кормовои культурои  
донника. Заложенные опыты на фоне навоза с применением гуминового препарата -
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адаптогена ПА 2 -1  характеризую тся повышением их плодородия. В нитратном режиме 
почвы наблю дается явная зависим ость от фазы возделы ваемои культуры донника. Зна­
чительное количество подвижного фосфора и обменного калия отмечено в весеннем сро­
ке. В летнии срок наблю дается постепенное снижение содержания этих элементов. В кон­
це лета наблю дается постепенное увеличение содержания эти х элементов. Содержание 
элементов питания во всех вариантах опыта выше в пахотном горизонте опытного уч аст­
ка.

Ключевые слова: пахотныи слои почвы, навоз, препарат-адаптогена, нитратныи  
режим, подвижныи фосфор, обменныи калии.
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