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Abstract: The purpose of our research was studying the indicators of grain 

quality, productivity and analysis of anatomical stem structure during the 
full maturity of two cultivars of winter common wheat. Novelty of work 

consists in carrying out such a research using a local standard cultivar 

Almaly and a new cultivar SWW 2/127 grown using the drip irrigation 
technology. Researches were carried out in field and laboratory conditions 

using methods of field experiment, drip irrigation, microscopic section and 
biometric analysis. Stem structure of the 3rd internode, epidermis thickness, 

length and width of large conducting bundles, xylem length and width, 
thickness of parenchyma cell and culm thickness were analyzed. SWW 

2/127 cultivar demonstrated increase of the values of these traits. Other 

biometric indicators of SWW 2/127 cultivar such as thickness of 
mechanical tissue and bark, length and width of small conducting bundles 

demonstrated their decreasing in comparison with Almaly cultivar. Some 
increasing of the total quantity of small conducting bundles of the primary 

bark of Almaly cultivar was noted in comparison with SWW 2/127 

cultivar; and vice versa decreasing of the total quantity of large conducting 
bundles of Almaly cultivar was observed in comparison with SWW 2/127 

cultivar. Almaly cultivar had higher rates of mass of 1000 grains (51.7 g), 
grain nature (772 g L

−1
), glassiness (85%), protein quantity (15.6%) and 

gluten quantity (34.4%). Both cultivars formed grain nature, glassiness, 
starch and protein quantity, gluten quantity at the level of State standards 

for strong and valuable wheat; gluten quality corresponded to the 2nd 

group. Indicators of the ear structure of Almaly cultivar were higher than 
indicators of SWW 2/127 cultivar. Productivity of Almaly cultivar was 91.8 

centners per a hectare, seed sowing norm was 2 million grains per a 
hectare; productivity of SWW 2/127 cultivar at the same norm of seed 

sowing was 77.4 centners per a hectare. 

 

Keywords: Winter Common Wheat, Drip Irrigation, Anatomical Structure, 

Grain Quality, Productivity 
 

Introduction 

It is known that one of the most important and 
ancient crop in the world agriculture is wheat. Common 
wheat (Triticum aestivum L.) is the important cereal and 
widely adapted crop that provides inquiries in grain of 

one third of the world (Rajaram, 2001). Common wheat 
(Triticum aestivum L., 2n = 6× = 42) is a main species 
that is worldwide cultivated covering more than 85% of 
the agricultural area. Wheat is also a food crop which is 
most widely cultivated in the world. Food and Agricultural 
Service (FAS) of the U.S. Department of Agriculture 
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(2005). Wheat (Triticum spp.) is also the most important 
grain culture in the world from the point of view of 
production. In 2009, wheat world production was 685.61 
million tons; the second place belongs to rice. In 2009, 
rice world production was 685.24 million tons (FAO, 
2011). Production of wheat grain in many regions of the 
world is not sufficient for the needs of increasing 
population (El-Maghraby et al., 2005). So, in a number 
of researches the great gap between production and 
consumption of wheat was revealed. The harvest and 
quality of grain of winter wheat are defined by soil-
climatic conditions and science-based technologies of 
cultivation; their main elements are cultivars, 
predecessors, mineral nutrition, terms of sowing and 
norm of seeding (Martre et al., 2003). One of the most 
key problems of wheat cultivation is deficiency of water. 
The water stress influences growth, physiological 
processes and productivity of wheat (Metwaly, 2012). 
The drought as a stressful factor causes changes in 
physiological processes and reduces ability of the 
biosynthesis and, perhaps, causes some destructive 
damages of a plant (Lichtenthaler, 1996). 

Plants in severe conditions of water deficiency 

caused by drought cease growing and accumulate 

completely dissolved substances in cells for maintenance 

of cellular volume and turgor. One can reveal plant 

dehydration, i.e., osmotic regulation which is disrupted 

in stems, leaves and roots (Nonami, 1998; Patakas et al., 

2002). In conditions of water stress in wheat during its 

vegetative growth phyllochron decreases (Mcmaster, 

1997); and leaves become smaller in size that can 

decrease the indicators of the leaf area and the number of 

reproductive shoots, in addition it restricts their contribution 

to grain yield (Gupta et al., 2001; Dencic et al., 2000). 

During the decades demand for water considerably rose 

due to the climate change, constant drought and increase 

of water requirements connected with increase of the 

irrigated surfaces and urbanization. In the system of 

actions for rationalization and enhancement of 

productivity potential the essential value belongs to 

technologies and methods of irrigation which provide 

possibility of supply of irrigation water and nutrients 

directly to the zone of root nutrition of plants. The 

drip irrigation technology belongs to such methods of 

watering (Ovchinnikov and Akulinina, 2010). The 

numerous researches mainly carried out abroad 

showed that the most efficient way of rational use of 

irrigation water is drip irrigation of crops. Drip 

irrigation is such a method of watering when water in 

small portions is regularly supplied to plant roots 

throughout the vegetative period and irrigational 

moisture is delivered to plants without wasting in 

row-spacing. Thanks to it the system of drip irrigation 

is more effective method than other methods of 

irrigation (Tiwari et al., 2003; Paul et al., 2013; Seyfi and 

Rashidi, 2007; Phene, 1995; Yeraliyeva et al., 2016). 

In the letter of President of the Republic of 

Kazakhstan Nazarbayev (2014) to the people of 

Kazakhstan “The Kazakhstan way-2050: United aim, 

united interests, united future” special attention was paid 

to development of agro-industrial complex and to the 

transition to innovative rails. It was noted that the global 

need for food would increase. Therefore, modern farmers 

should care for increase in production but should not be 

satisfied only with the short achievements connected 

with weather conditions. First of all only the farmers 

implementing new technologies, continuously increasing 

productivity and using the best main international 

standards should cultivate the land (Nazarbayev, 2014). 

The drip irrigation is successfully used in case of 

cultivation of a wide range of various crops, in particular 

vegetables, garden cultures, flowers and plantation crops. 

However, for grain crops, in particular for wheat, the 

limited researches to study this method were carried out. 

In a number of researches, it was revealed that to 

produce 1 kilo of wheat grain one should use about 1000 

liters of irrigation water. Application of the drip 

irrigation technology saves up to 20% of irrigation water 

in comparison with surface irrigation (Kharrou et al., 

2011; Hoff, 2004). Success of use of drip irrigation is 

determined by a complex of factors (soil type, climatic 

conditions and ability to regulate the irrigation system) 

and, therefore, the technology should be checked and 

adapted to specific conditions of cultivation of a certain 

crop. One will not find a great number of the researches 

for checking the possibility of use of the alternative 

drip irrigating systems (surface and underground) in the 

intensive field conditions (Abdelraouf et al., 2013; 

Arafa et al., 2009; Alam et al., 2009; Suarez-Rey et al., 

2000; Abd El-Rahman, 2009; Camp, 1998). Researchers 

carried out the assessment of suitability of lands for two 

types of irrigation, i.e., surface watering and drip 

irrigation. According to this investigation, drip irrigation 

more corresponds to the irrigated lands in comparison 

with surface irrigation. Surface irrigation in assessment 

of its suitability clashed with the topographical slopes, 

depth and texture of the soil and limitation of drainage 

(Albaji et al., 2014). 

The purpose of our research was comparative 

studying the indicators of grain quality, productivity and 

analysis of biometric indicators of anatomical structure 

of the stem during the full maturity of winter common 

wheat of the local standard cultivar Almaly and a new 

cultivar of the super wheat SWW 2/127 grown using the 

technology of drip irrigation. In Kazakhstan the drip 

irrigation technology is not enough studied and not 

developed completely. In this connection, our researches 

were carried in the foothill of the Ile Alatau in the 

irrigated zone, on light-chestnut soils of the southeast of 

Kazakhstan for studying the efficiency of drip irrigation 

of winter common wheat. 
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Materials and Methods 

Two cultivars of winter common wheat were chosen 

(Triticum aestivum L.) as objects of researches: A 

competitive, zoned, standard cultivar of domestic 

selection Almaly (further Almaly) and a new cultivar of 

super wheat SWW 2/127 (further SWW 2/127). Almaly, 

a cultivar of winter common wheat was bred in LLP 

“Kazakh research institute of agriculture and plant 

growing”. It was created by method of intra specific 

hybridization: (K-50431×Bezostaya-1) with the 

subsequent individual selection. K-50431, the sample 

from Bulgaria, Bezostaya-1, the sample from the USSR 

(the source is All-Russian Institute of Plant Industry). 

Its variety is nigri-erythrospermum. The cultivar is 

mid-ripening, its ear emergence and ripening come 2-3 

days later in comparison with standard cultivar Zhetysu. 

Weight of 1,000 grains is 47-54 g. Its winter hardiness is 

higher than average, drought resistance is high; lodging 

resistance is 8-9 points. Height of a stem is 80-110 cm 

(Zhangaziyev, 2010). It differs in high plasticity and 

complex resistance to brown rust (Puccinia triticina), 

yellow rust (Puccinia glumarum) and leaf blotch 

(Septoria nodorum). Its potential productivity is 65-70 

centners per a hectare. According to grain quality this 

cultivar belongs to valuable wheat. The author' 

certificate No 134, June 24, 2002. Since 2003, it was 

allowed to cultivation in Almaty, Zhambyl and Southern 

Kazakhstan areas of the Republic of Kazakhstan. By 

results of the state trial (1999-2003) Almaly cultivar in 

17 trial plots among 19 surpassed in productivity of 

grain the earlier zoned cultivars (Bezostaya-1, Zhetysu, 

Odesskaya-120, Yuzhnaya-12 and Krasnovodopadskaya-

210) from 2 up to 20 centners per a hectare. According 

to statistical data of the Republic of Kazakhstan of 2008, 

this cultivar occupied 7.6 thousand hectares. Almaly 

cultivar gives the guaranteed harvest increase from 2 to 6 

centners per a hectare; on average is 0.4 tons per a 

hectare. Extra production of this cultivar in its zoned 

area composes 120 thousand tons annually (300 

thousand hectares × 0.4 tons per a hectare). The authors 

are Urazaliyev R.A., Zhangaziyev A.S., Kalibayev B.S. 
and Gabdullin K.M.   

Experiment was carried out in the field and 

laboratory conditions. The field experiment was 

carried out in the irrigated zone of the Ile Alatau 

foothill (2014-2015) at the demonstration site 

“Ushkonyr” of LLP “Kazakh Research Institute of 

Agriculture and Plant Growing” on light-chestnut soils. 

The total area of the experiment site was 0.10 hectare. 

The area of the plots was 50 sq. m in triple replication. 
According to Table 1: The content of humus in 0-30 

cm's layer of the soil of the experimental site was 2.06%; 
total nitrogen was 0.14%; gross phosphorus was 0.07%. 

According to the content of mobile nutrition elements 
the soil was characterized as having very low content of 
mobile phosphorus, low content of mobile alkali 
hydrolized nitrogen and high content of exchange 
potassium. In the present work the following techniques 
of researches of soils were used (Kaurichev, 1973; 
Frolova and Atselovich, 1965): Determination of total 
humus; determination of alkali nitrogen; determination 
of nitric nitrogen; determination of exchange potassium 
and mobile phosphorus. Phenological observations were 
carried out according to the phases of development of 
plants. During the anatomical researches measurement of 
the biometric indicators was carried out by the standard 
methods. Fixation of over ground and underground parts 
of plants was carried out in the preserving mixture 
alcohol-glycerin-water (1:1:1) (Permyakov, 1988). 
Temporary anatomical specimens were done manually 
with use of the blade of the ordinary razor. The slices in 
10-15 microns thickness were kept in glycerin (Prozina, 
1960). The prepared temporary specimens were used for 
making the microphotography and carrying out the 
morphometric analysis using the microscope Micros 
Austria MCX100 with the video camera 519CU 5.OM 
CMOS (lens 10×/0.25, magnification 100×). Statistical 
processing of morphometric indicators was done via 
standard methods (Lakin, 1990). 

The analysis of grain quality was carried out in the 
laboratory of technological evaluation of grain of the 
LLP “Kazakh Research Institute of Agriculture and Plant 
Growing”. The indicators of grain quality were found by 
the methods presented in the State Standards (GOST, 
2017a; 2017b; 2017c; 2017d; 2017e; 2017f; 2017g): 
Mass of 1,000 grains; grain nature; glassiness; humidity 
of grain; quantity of protein; quantity of starch; quantity 
and quality of gluten. Statistical processing of harvest 
data was carried out by via standard methods (GOST, 
2017f). Before cropping the experimental samples of two 
cultivars were selected for definition of basic elements of 
the harvest structure. Harvesting the wheat from the 
experimental sites was carried out by the mono-phase 
combine “SAMPO-250” (Fig. 1). 
 

 
 
Fig. 1. Harvesting the cultivars of winter common wheat 

Almaly and SWW 2/127 
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Table 1. Agrochemical characteristic of the experimental site 

 Indicators 
 ----------------------------------------------------------------------------------------------------------------------------------- 
 %    mg/kg of soil 
 --------------------------------------------------------------- ------------------------------------------------------------ 
    Gross Alkali hydrolized Mobile Exchange  
Soil type Layer (cm) Humus Total nitrogen phosphorus nitrogen phosphorus potassium 

Light-chestnut 0-30 2.06 0.14  0.07 155 11,9 427 

 

Results  

It is known that the stem of wheat is characterized 
by primary anatomical structure. It has the plump 
peripheral part and a cavity lacuna in the center. A 
peripheral part is formed by the epidermis which is 
poor notable against the background of a 
sclerenchyma, the primary bark and the central 
cylinder. The central cylinder consists of the closed 
conducting bundles, the ring of the mechanical tissue 
(sclerenchyma) and the storage parenchyma 
(Lazarevich, 1999). The epidermis consists of the 
identical cells located densely in one chain and on the 
surface of the external epidermis the cuticle is formed. 
The sclerenchyma cells forming the mechanical tissue 
adjoin to the epidermis. The mechanical tissue consists 
of the small cells with a thick cell wall which tightly 
adjoin to each other and are arranged in several rows. 
Behind the mechanical tissue the colourless 
parenchyma is located. The parenchyma is formed by 
multi-scale large cells with a thin cytoderm (cell 
wall). There is no parenchyma in the centre and the 
lacuna is formed. Conducting bundles are divided into 
large and small ones. Small conducting bundles are 
located in the mechanical tissue distantly from each 
other. They provide metabolism in the cells of the 
primary bark. In the main tissue closer to the center 
there are large conducting bundles, they form the 
regular circle. All conducting bundles are collateral 
and closed. The metaxylem is presented by two large 
porous vessels; among these vessels a small number 
of the fibrous tracheids are located. 

In the present research for the chosen cultivars grown 
with application of the drip irrigation technology we 
carried out the comparative analysis of the biometric 
indicators. Also the features of the anatomical structure 
of the stem (Fig. 2) on the site of the transversal slice of 
the third internode during the complete maturity of grain 
were determined. 

Anatomical structure of the stem of the studied 
cultivars of winter common wheat grown with use of 

drip irrigation technology. As it is visible on the 
transversal slice the phloem is presented in the form of a 

sieve tube. Conducting bundles have the facing 
composed of sclerenchyma; the strength of the 

mechanical facing depends on the volume of bundles, 

arrangement in the stem and the internodes. In the stem 
the number of conducting bundles changes. In 

sclerenchyma their number is less than in the inside 
part. In the middle part of the stem the core is not kept. 

Solid stems of common wheat (Triticum aestivum L.) are 
thin but very rigid; the stem is filled with solid suber. The 

stems of common wheat are assumed to be resistant to 

lodging thanks to their morphological features and stem 
durability. It is known that stem strength of cultural plants, 

presence of a solid core interferes with larval growth and 
movement of larvae and, in particular, promotes the 

increased resistance to damage of the saw-fly larvae 

(Cephus pygmaeus) (Wallace et al., 1966). 
As a result of growth of cells and stem thickening 

the core of a stem is torn and the lacuna, the feature of 
many cereals, is formed. That stem is called a culm. It 
was noticed that the new cultivar of super wheat 
SWW 2/127 differed from the standard cultivar 
Almaly, its stem was higher (Fig. 3). The stem height 
of Almaly cultivar was 110 cm, the stem height of 
SWW 2/127 cultivar was 120 cm. 

The results of measurement of biometric indicators of 

the anatomical structure of a stem of the studied cultivars 

are presented in Table 2. 

According to Table 2 the analysis of the quantitative 
data of biometric indicators demonstrated the following: 
The thickness of epidermis of Almaly cultivar was 
smaller than the same of SWW 2/127 cultivar, 39.16 and 
41.45 microns, respectively; the thickness of mechanical 
tissue of Almaly was bigger than the same of SWW 
2/127 cultivar, 237.31 and 224.23 microns, respectively; 
the thickness of primary bark of Almaly cultivar was 
bigger than the same of SWW 2/127 cultivar, 608.87 and 
468.27 microns, respectively; the length of a small 
conducting bundle of Almaly cultivar was bigger than 
the same of SWW 2/127 cultivar, 246.7 and 142.2, 
respectively; the width of a small conducting bundle of 
Almaly was bigger than the same of SWW 2/127 
cultivar, 292.3 and 233.6 microns, respectively; the 
length of large conducting bundle of Almaly was smaller 
than the same of SWW 2/127 cultivar, 563.4 and 617.8 
microns, respectively; the width of large conducting bundle 
of Almaly was smaller than the same of SWW 2/127 
cultivar, 511.8 and 522.5 microns, respectively; the length 
of xylem of Almaly was smaller than the same of SWW 
2/127 cultivar, 146.1 and 159.5 microns, respectively; the 
width of xylem of Almaly was smaller than the same of 
SWW 2/127 cultivar, 139.6 and 147.2 microns, 
respectively; the thickness of parenchyma cell of Almaly 
was smaller than the same of SWW 2/127 cultivar, 399.7 
and 410.1 microns respectively; the thickness of a stem of 
Almaly was smaller than the same of SWW 2/127 cultivar, 
2089.1 and 2335.7 microns, respectively. 
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Fig. 2. The site of the transversal slice of the 3rd over ground internode of the cultivars of winter common wheat А- Almaly cultivar, 

В- SWW 2/127 cultivar: 1-Epidermis; 2-Mechanical tissue; 3-Small conducting bundle; 4-Large conducting bundle; 5-

Xylem; 6-Phloem; 7-Parenchyma, 100×Magnification 

 

 
 

Fig. 3. Winter common wheat in the phase of full maturity, Ushkonyr. Almaly cultivar is on the left; SWW 2/127 cultivar is 

on the right 
 
Table 2. Biometric indicators of the anatomical structure of the stem (3rd internode) in the studied cultivars 

  The cultivars of winter common wheat 

  ----------------------------------------------------------------------------- 

Biometric indicators, microns  Almaly SWW 2/127 

Epidermis thickness  39.16±3.79 41.45±4.43 

Mechanical tissue thickness  237.31±3.39 224.23±0.91 

Primary bark thickness  608.87±1.57 468.27±2.55 

Small conducting bundle length 246.70±1.17 142.22±3.57 

 width 292.29±5.63 233.61±4.40 

Large conducting bundle length 563.43±3.18 617.80±1.19 

 width 511.79±5.19 522.50±2.42 

Xylem length 146.06±4.09 159.49±4.11 

 width 139.63±4.67 147.26±2.42 

Parenchymal cell thickness  399.74±3.43 410.16±5.22 

Stem thickness  2089.14±3.61 2335.70±1.50 

 

It is known that thickness of sclerenchyma, the 
thickness of epidermis and the density of epidermis are 

the important factors for digestion of wheat straw as 

forage for ruminant animals (Travis et al., 1996). 

Cultivars which are less susceptible to lodging contain 

smaller amount of the neutral acquired fiber and, thus, 

have smaller nutritional value as forage for animals. 

When studying the anatomical structure of a stem 

on the site of the third internode with video micro 

scope the studied cultivars demonstrated the ring of 
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the mechanical tissue and inside of this ring there 

were small conducting bundles surrounding the stem. 

Larger conducting bundles with well developed xylem 

and phloem were located in the thickness of the main 

parenchyma. When comparing the total amount of 

small and large conducting bundles of two cultivars it 

was noted that the standard cultivar Almaly had 19 small 

conducting bundles of the primary bark and the cultivar 

SWW 2/127 had 14 small conducting bundles of the 

primary bark and vice versa the total amount of large 

conducting bundles of SWW 2/127 cultivar was more than 

the same of Almaly cultivar, 37 and 33, respectively. 

Batoyev (1991) noted that well developed 

conducting system of a stem provides formation of 

well-grained ears; the more the total area of 

conducting system the bigger the mass of an ear and 

the mass of grain per an ear. 

Grain quality. During our research the quality 

indicators of grain of the studied cultivars of winter 

common wheat Almaly and SWW 2/127 were 

determined, such as: Nature of grain (g/l), glassiness 

(%), humidity, starch, protein, gluten quantity (%) and 

gluten quality (Table 3). The studied cultivars of winter 

common wheat differed from each other by qualitative 

characteristics of grain. 

As it was shown in Table 3, the indicator of grain 

nature of Almaly exceeded the same indicator of SWW 

2/127 cultivar, 772 g L
−1
 and 748 g L

−1
, respectively; the 

glassiness indicator of Almaly cultivar exceeded the 

same one of SWW 2/127 cultivar, 85 and 63%, 

respectively; the indicators of grain humidity of both 

cultivars were almost identical, 9.7 and 9.5%, 

respectively; the starch quantity in grain of SWW 2/127 

cultivar was a little bit higher than in grain of Almaly 

cultivar, 58.6 and 56.1%, respectively; the protein 

quantity in grain of Almaly cultivar exceeded the 

protein quantity in grain of SWW 2/127 cultivar, 15.6 

and 13.2%, respectively; the gluten quantity in grain 

of Almaly exceeded the gluten quantity in grain of 

SWW 2/127 cultivar, 34.4 and 28%, respectively. The 

gluten quality remained the same in both cultivars. It 

was 100 units of MGD. Almaly cultivar was also 

characterized with the highest grain nature (772 g L
−1
), 

the SWW 2/127 cultivar was characterized with the least 

grain nature (748 g L
−1
). The grain glassiness (the 

endosperm consistence) is considered one of the 

important indicators of wheat quality and its flour-

grinding properties. The grain glassiness is one of the 

indicator according to which the consignment of grain 

belongs to this or that class during raw material 

purchase. This trait depends on cultivation conditions 

(level of mineral nutrition of plants). The glassiness 

influences the physical properties of grain, its flour-

grinding, baking and commercial qualities. According 

to our research Almaly cultivar was characterized 

with the highest glassiness of grain, 85%. The 

glassiness of grain of SWW 2/127 cultivar was 63%. 

Low humidity of grain causes an inactive condition 

of the microorganisms living on the grain. In such state 

they do not cause any changes in the grain during 

storage. Therefore the grain possessing the humidity 

13.5-15.5% (Zharikova, 2005) is allowed to storage. The 

grain humidity of Almaly cultivar was 9.7%; the grain 

humidity of SWW 2/127 cultivar was 9.5%. 

According to literary data, grain of winter wheat 

contains on average 54% of starch (Kazakov and 

Karpilenko, 2005). The starch quantity of Almaly was 

less than starch quantity of SWW2/127, 56.1% and 

58.6%, respectively. 

Protein quantity is the most important indicator of 

technological and nutrition value of grain. According to 

literary data (Koehler and Wieser, 2013) the average 

amount of protein in grain of winter common wheat is 

11.2%. Protein in wheat grain is controlled by State 

Standard where one can find the following requirements: 

For the first class it must not be less 14.5%; for the 2
nd
 

class it must not be less 13.5%; for the 3rd class it must 

not be less 12%; for the 4th class it must not be less 

10%; for the 5th class the size of this indicator is not 

limited. At the comparative analysis the largest protein 

quantity was determined in Almaly cultivar, 15.6%. The 

slight decrease in size of this indicator was determined in 

SWW 2/127 cultivar, 13.2%.  
Gluten is a complex of the protein matters of grain 

capable at swelling in water to form coherent elastic 
mass. The gluten in grain and in flour in a large extent 
defines the exit and quality of cereal products. Active 
State Standard of the Republic of Kazakhstan 1046-2008 
"Wheat. Technical specifications" requires: The 
gluten level for the highest class is to be not less than 
32%, for the first class is to be 28%, for the second 
class is to be 25%; for the third class is to be 23%; for 
the fourth class is to be 18%; for the fifth class the 
size of this indicator is not limited. When comparing 
two cultivars it was noted that SWW 2/127 cultivar 
concedes to Almaly cultivar by the gluten quantity, 28 
and 34.4%, respectively.  

The structure analysis of an ear and productivity. The 

grain yield of cereals was defined by the number of 

productive ears, by the number of grains per an ear and 

by the mass of 1,000 grains (Dospekhov, 1985). Set of 

these indicators allowed defining the harvest structure, 

i.e., it was possible to determine what parameter or the 

set of parameters influenced the harvest increasing. 

When carrying out the comparative structure analysis of 

an ear of the studied cultivars it was noticed that the 

samples of the cultivars SWW 2/127 and Almaly were 

characterized by a variety (Table 4). 
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Table 3. Quality indicators of grain of the studied cultivars of winter common wheat, 2016 

 Grain Glassiness Humidity Starch Protein Gluten Gluten quality 

Cultivar nature (g/l) (%) (%) (%) (%) quantity (%) (units of MGD) 

Almaly 772 85 9.7 56.1 15.6 34.4 100 

SWW2/127 748 63 9.5 58.6 13.2 28 100 

Notes: MDG, measure of gluten deformation 

 
Table 4. Comparative structure analysis of two studied cultivars of winter common wheat, 2016 

  Number, pieces  Mass, g 

  ---------------------------------------------------- --------------------------------------------- 

Cultivars Stem length (cm) Spikelets Grains per an ear Grain per an ear 1,000 Grains 

Almaly 8.8 34 37 1.88 51.7 

SWW 2/127 7.3 30 34 1.26 42.2 

 

Table 5. Productivity of the studied cultivars of winter common wheat at drip irrigation, centners per a hectare, 2016 

 Norm of seed sowing, mln grains per a hectare 

 ------------------------------------------------------------------------------------------------- 

Cultivars 2.0 4 6.0 

Almaly 91.8 101 98.8 

SWW 2/127 77.4 93 93.0 

Р = 3.1%, LED0.95 = 6,2 centners per a hectare 

 

Analyzing data of Table 4 it is possible to note that 

the greatest length of an ear appeared at the standard 

cultivar Almaly. It was 8.8 cm. It was about 1.5 cm more 

than at the cultivar SWW 2/127. By the number of 

spikelets and number of grains per an ear the domestic 

standard cultivar Almaly demonstrated high indicators: 

34 spikelets and 37 grains, respectively. In the 

experiment the biggest mass of grain per an ear was 

formed by the standard cultivar Almaly and the least 

mass was formed by the cultivar SWW 2/127: 1.88 g and 

1.26 g, respectively. One of the most important 

indicators of physical properties of wheat grain is the 

mass of 1,000 grains. The high rate of this trait indicates 

the large supply of nutrients in grain; this rate depends 

on the cultivar, conditions of cultivation, duration of the 

phase of grain filling and can vary from 20 to 60 g. The 

standard cultivar Almaly showed steadily high 

indicators. Its mass of 1,000 grains was 51.7 g. It 

should be noted that the mass of 1,000 grains of the 

cultivar SWW 2/127 was also good, it was 42.2 g. The 

data of grain yield of the studied cultivars of winter 

common wheat grown when using the drip irrigation 

technology are presented in Table 5. Almaly cultivar 

demonstrate the best productivity than SWW2/127, 

91.8 c/he and 77.4 c/he, respectively. 

Discussion 

Grain of wheat is an organic product; its quality is 
characterized by a complex of properties. One can 
distinguish physical, physiological, biochemical and 
technological properties. One of the main physical traits 
of grain quality is natural weight of grain. Grain nature is 
also one of the traits which are the cornerstone of wheat 

grain classification in all countries. It is very changeable 
indicator and it depends on the cultivar and cultivation 
conditions. According to active SSRK (2017) there were 
established requirements for grain nature size. At 
comparative research of two cultivars of winter common 
wheat there were determined that the indicators of grain 
nature of Almaly mostly exceeded the same indicator of 
SWW 2/127 cultivar. For the highest class the grain 
nature must not be less than 760 g L

−1
, for the first class 

the grain nature must not be less than 750 g L
−1
; for the 

second class the grain nature must not be less the 730 g L
−1
, 

for the third class the grain nature must not be less than 
710 g L

−1
, for the fourth class the grain nature must not 

be less than 700 g L
−1
, for the fifth class this indicator is 

not limited. The higher the indicator of grain nature the 
higher amount of nutrition elements can be contained in 
grain. The glassiness of the studied cultivars exceeds the 
standard glassiness by this indicator, 60%. These 
parameters correspond to the demands made to the strong 
wheat. According to our research the greatest number 
of starch, 58.6%, was contained in grain of SWW 
2/127 cultivar. The starch quantity in grain of Almaly 
cultivar slightly differed on this indicator and it was 
56.1%. According to our research the best cultivar of 
winter common wheat by the protein quantity was 
Almaly cultivar. The analysis of the experimental data 
by gluten quantity in grain demonstrated that both 
cultivars according to this indicator belong to strong 
cultivars and Almaly cultivar corresponds to the highest 
class of the State standard. Quality of gluten and its 
resilient properties are the major factors determining the 
baking force of flour. According to the Standard 
requirements the quality of the wheat gluten of the 1st 
and 2nd classes must not be lower than the 1st group 
(45-75 units of MGD), the quality of the wheat gluten 
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of the 3
rd
 and 4th classes must not be lower than the 

2nd group (20-100 units of MGD). The quality of 
gluten of the studied cultivars of winter common 
wheat corresponded to the 2nd group. The negative 
property of the cultivars, gluten deterioration, was 
also noted. Gluten was tensile (100 units of MGD). 

Thus, at the comparative structure analysis of an 

ear of the studied cultivars the standard cultivar 

Almaly differed both by the mass of grain per an ear 

and by the mass of 1,000 grains, i.e., by the 

parameters which are the main components of the 

harvest structure. Having compared the studied 

cultivars of winter common wheat we noted that the 

highest productivity was provided by the zoned, 

domestic cultivar Almaly. At norm of seed sowing in 

2 million grains per a hectare and optimum conditions 

of mineral nutrition with application of N120P60 this 

cultivar formed 91.8 centners per 1 hectare. The 

studied cultivars formed high yield when using 

surface drip irrigation as harvest accounting had 

shown. At the total background of mineral nutrition, 

N120P60, the studied cultivars formed the grain yield 

from 77.4 to 101 centners per a hectare. The high rate of 

productivity at the same time depended both on the norm 

of seed sowing and on the biological features of the 

studied cultivars having demonstrated their plasticity. 

Conclusion 

The comparative data of indicators of the anatomical 
structure of a stem, quality of grain, the structural analysis 
of an ear and productivity of two cultivars of winter 
common wheat cultivated with use of drip irrigation 
technology in the conditions of the southeast of 
Kazakhstan, received as a result of carrying out the 
researches allowed us drawing the following conclusions: 
 

• SWW 2/127 cultivar at the  3rd internode had bigger 

indicators of thickness of epidermis, length and width 

of a large carrying bundle, length and width of xylem, 

thickness of cells of parenchyma and stem thickness 

than Almaly cultivar had; but SWW 2/127 cultivar had 

smaller indicators of thickness of mechanical tissue 

and primary bark, length and width of small carrying 

bundles than Almaly cultivar had 
• Almaly cultivar had larger total number of small 

conducting bundles of primary bark than SWW 
2/127 cultivar had; and Almaly cultivar had fewer 
total number of large conducting bundles located 
in the main tissue than SWW 2/127 cultivar had. 
Almaly, the standard cultivar, demonstrated high 
rates of the mass of 1,000 grains (51.7 g), grain 
nature (772 g L

−1
), glassiness (85%), protein 

content (15.6%) and gluten quantity (34.4%). 
Almaly cultivar demonstrated higher rates of the 
structural analysis of a spike in comparison with 
SWW 2/127 cultivar. Among two studied 

cultivars at the norm of seed sowing in 2 million 
grains per a hectare and optimum conditions of 
mineral nutrition with application of N120 and P60 
in combination with drip irrigation, the best yield 
was demonstrated by Almaly cultivar, 91.8 
centners per a hectare 

• The plants of the both cultivars of winter common 

wheat grown up when using the drip irrigation 

technology had formed the grain nature, the 

glassiness, the starch content, the protein and the 

gluten quantity at the level of the State requirements 

imposed to the strong and valuable wheat, only the 

gluten quality corresponded to the 2nd group. Drop 

irrigation positively affected the quality of grain and 

productivity of two cultivars of winter common 

wheat (77.4 and 101 centners per a hectare) grown 

on light brown soils in the foothill irrigated zone of 

the Ile Alatau of the southeast of Kazakhstan 

 
On the basis of the above stated it is possible to 

conclude that high rates of productivity of two studied 
cultivars of winter common wheat Almaly and SWW 
2/127 were formed under the influence of several factors 
such as: Anatomic features of a stem; plasticity of the 
cultivar; the optimally chosen norm of seed sowing and 
using the drip irrigation technology. 
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