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ABSTRACT 

Ten wheat genotypes of Triticum aestivum (V1: AIN ABID, V2: ARZ, V3: HIDHAB, V4: 

PASTOR/WBL11, V5: BABAX/LR42//BABAX
*
2/3/VIVITSI, V6: WBL11

*
2/BRAMBLING, V7: 

THELIN//2
*
ATTILA

*
2/PASTOR,V8: KAUZ/PASTOR//FISCAL,V9: PRL/2

*
PASTOR and V10: 

BABAX/LR42//BA BAX
*
2/3/KUKUNA),  were grown on Technical Institute of Ground Cultivars 

(ITGC, East-Algeria) during 2011-2012 under normal condition in three different regions which are 

Constantine and Setif (semi-arid) and Guelma (sub-humid), to determine the effect of water regime 

on quality traits. Quality analyses were performed on grains: protein content, moisture content, 

starch concentration and yield grain. The quality traits have differences among the genotypes and 

zones. Water in the grain filling period was found to affect quality parameters. An increase in 

protein content in Setif compared to Constantine and Guelma, starch concentration and yield grain 

were higher in Constantine than the two other zones; however the moisture content was important 

in Guelma’s zone. Likely water stress which in general happens under Mediterranean conditions 

over grain development, may have caused a higher accumulation of quality parameters. 
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INTRODUCTION  

Water, the main component of a plant body [1], is the major abiotic limiting factor for plant 

growth and development [2, 3], adversely affecting crop yield and food grain production [4]. 

Agricultural sector is on the top, for consumption of fresh water (70%) globally [5]. One of the 

most important factors for plant production and geographical distribution is water availability [6]. 

The term drought refers to the condition in which the rate and distribution of rainfall is low enough 

to lead to a decreased crop yield cited by Madjidi Harvan 2002 in [7].  

Wheat is one of the most important crops in the entire of the world. However, water is the 

most important restricting parameter for wheat growth. Wheat is grown under irrigated and rain-fed 

environments in all over the world. Under rain-fed environments the filling grains are exposed 

stress at grain filling stage [8]. Certain genotypes can attract a price premium if it has a combination 

of suitable traits that make it desirable for, bread making [9]. 
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Most of the Algerian population consumes wheat in the form of flat. Wheat is the cheapest 

source of daily caloric and nutritional requirements but declining water availability represents a 

threat to food supply around the world [10]. The quality of wheat products depends upon the quality 

of the grain [11, 12], thus wheat quality axiomatically affects the quality of flat breads. The wheat 

grain quality properties are influenced by genotype, environmental parameters and interactions 

between genotype and environment. Undesirable environmental conditions during post anthesis 

period have been identified as a main limited to the wheat quality world entire [13]. Within a 

particular location, the environmental impacts on grain protein content and dough characteristics 

can be changed with a choice of irrigation regimes [14].  

Nutritive value of wheat grains mainly depends upon the concentration of different 

macromolecules [15], especially starch and protein [16]. Advanced wheat lines generally have less 

grain proteins than their ancestors (wild lines), indicating that plant breeders give more emphasis on 

improving grain yield and not quality. Water stress causes reduction in protein synthesis resulting 

reduced grain protein, the most important factor in yield determination [17, 18]. Synthesis of starch 

is another main factor determining grain yield in cereals [19]. Water stress has varying effects on 

starch biosynthesis depending upon the crop stage and genotype selection. It is well reported that 

grain quality attributes depends upon supply of assimilates at anthesis stage [20, 21] and assimilate 

availability directly depends on photosynthetic activity. It was hypothesized that physiological 

variations within wheat lines under water limited environment will reflect in yield attributes [22].  

There are inconsistent reports about the effect of water stress on wheat grain quality 

depending on the variability of study conditions, different experimental methods, and stress 

imposed. Thus, the aim of the present study was to determine the effect of water on physio-

chemical properties of wheat and to characterize varieties yield response and quality response to 

normal conditions. Another objective was to study correlation of different quality parameters. 

 

MATERIALS AND METHODS 

This experiment was done to evaluate the effects of natural condition on yield grain and 

physico-chemical seed composition of breed wheat (Triticum aestivum). Tests were done at the 

Technical Institute of Ground Cultivars (ITGC, Eastern of Algeria), during 2011-12. The 

experiment was set up as a bloc Fisher randomized complete block design with 4 replications. 

 

Plant material and growing conditions 
Ten wheat cultivars with a wide range of genetic backgrounds were chosen for the quality 

analysis: three of them were local (V1: AIN BID, V2: ARZ, V3: HIDHAB) and the others were 

introduced (CIMMYT Mexico; V4: PASTOR/WBL11, V5: BABA/LR42// BABAX
*
2/3/ VIVITSI, 

V6: WBL11
*
2/ BRAMBLI NG , V7: THELIN //2

*
ATTILA

*
2/PASTOR, V8: KAUZ/PASTOR//FIS 

CAL, V9: PRL/2
*
PASTOR and V10: BABAX/LR42//BABAX

*
2/3/KUKUNA) from tree zones 

which are Guelma, Constantine and Setif and located respectively between the coordinates 36°28' N 

latitude and 7°26' E longitude, 36°25' N latitude and 6°67' E longitude and 36°11'29" N latitude and 

5°24' 34" E longitude. The estimate terrain elevation above sea level is 290 m for Guelma, 640 m 

for Constantine and 1080 m for Setif. 

There bioclimatic varies between semi-arid at Constantine and Setif to sub-humid at 

Guelma. The average annual rainfall is estimated to 330 mm in Setif, 575 mm in Constantine and 

664 in Guelma. The experiment consisted to compare ten genotypes cultivated in three different 

zones located in Northeastern-Algeria.  

 

Determination of protein content  
The measurements were made on the protein content, changes in the proportion of starch 

and the changes in the moisture content of the grain.  
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Whole meal samples from grains were analyzed in three replications using a Perten 

Informatics 8611 instrument (ICC 202; ICC 159). This instrument works on the principle of near 

infrared reflectance (NIR) spectroscopy at the wavelengths of 1680 nm and 2230 nm. When 

suitably calibrated using standard methods and measurements, the light absorption of the 

illuminated samples can be used to measure traits such as the moisture content (ICC 110/1), protein 

content (ICC 105/2). 

For all the evaluated traits, the analysis of variance (ANOVA) was performed using a split-

plot design by Minitab (2008). Significant differences among the mean values were assessed by 

Tukey’s multiple range method at 0.05 probability level. The data for all variables under experiment 

correlations were also calculated. 

 

RESULTS AND DISCUSSION 

Wheat grain quality attributes are affected by various physiological processes taking place at 

different developmental stages [23]. 

Grain yield, grain protein, starch and moisture contents analysis of variance are presented in 

Tables 1, 2 and 3. Significant differences were observed among the genotypes and zones (Table 4) 

effects for protein content. The present investigation showed that all the genotypes had significantly 

higher protein concentration.  

The higher protein content is obtained at genotype V7 (15.45%) and V8 (14.42%) in Setif  

(semi-arid) and Guelma (sub-humid) respectively. However, there was no difference between the 

genotypes in Constantine. The higher average of protein is showed at Setif compared to Constantine 

and Guelma. Ozturk and Aydin [24] also reported that water stress increased grain protein content 

by 18.1%. Protein content is of prime importance in wheat quality grain and wheat flour. Dry and 

sunny weather as well as water stress favor maximum production of protein in wheat grain. Kent 

and Evers (1994) in Rehman [25] reported that protein contents in wheat are affected by genetic as 

well as non-genetic factors e.g., soil, climate and fertilizer application. Protein accumulation also 

changes in response to stress. Instead of the proteins that play an active role in the biosynthesis and 

metabolism, storage proteins and those involved in protecting the plants against biotic and abiotic 

stresses are accumulated preferentially [26]. 

Moisture content is a very important quality character in terms of storage of wheat grains for 

definite periods before it is rendered fit for use; lower flour moisture implies better storage quality 

and stability and wheat grains with high moisture content due to normal irrigation are difficult to 

store and vulnerable to pest and diseases [27]. There were high variations in moisture values within 

genotypes. Moisture values for grain ranged from 11.20 to 13.10% in Guelma, from 9.67 to 13.23% 

in Constantine and from 9.30 to 12.80% in Setif. Moisture values were more important at Guelma 

and Constantine than Setif. An alternative form of storage is oven drying which is un-natural and 

may damage the proteins [28]. Under normal condition, the moisture contents ranged from 11.20-

13.10% while it ranged from 9.30-12.80% showing a significant decrease in each genotype. Other 

researchers reported a range of moisture content in wheat grain from 12.09-11.78% [29] and 

13.45% [30] under normal irrigation conditions. 

According to the analysis of variance (Tables 1, 2, 3), significant differences were observed 

on grain yield under normal conditions in Guelma and Setif regions (P<0.01); but there is no 

difference (P<0.539) between the genotypes in Constantine zone. The highest grain yield produced 

with normal conditions was obtained at V1 (56.10 q/ha) in Constantine compared to V9 (31.49 

q/ha) in Setif; Guelma and Constantine marks the higher grain yield compared to Setif. Rodriguez 

and al. [31] reported that among stress factors, drought is the most important factor responsible for 

50% reduction in yield in many crops. Researchers have stated that with increasing planting density, 

water availability decreases and becomes inadequate for plants that then suffer from water shortage 

and yields decrease [30]. According to the researchers comments, grain yield is affected by the 
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interaction of environmental and genetic factors including soil type, planting date, planting method, 

plant density, fertilizer and irrigation time, row spacing, which has an important role in obtaining 

high yield [32]. 

Significant differences expressed highly variation between genotypes and probably different 

mechanisms between them in response under natural conditions to starch concentration; those were 

used at selection desirable genotypes at breeding programs and producing of segregating 

populations that were used in gene localization. The variety 9 (67%) in Constantine has the highest 

value. In contrary V7 (61.10%) and V8 (61.80%) respectively at two zones Setif and Guelma have 

the lowest values. The yield losses are caused by a reduction in the starch content, since over 65% 

of cereal kernels is of starch [33] [34]. Starch accumulation is correlated with the sucrose content of 

the kernels and with the activity of sucrose synthase and other enzymes with an important role in 

starch synthesis [35]. This suggests that low sucrose content and a decline in the enzymatic activity 

involved in starch synthesis are responsible for the reduction of starch accumulation. The functional 

properties of starch, especially the water absorption ability of starch or flour and the flexibility of 

the dough, are dependent on the amylose-to-amylopectin ratio and the size distribution of the starch 

granules [36]. 

 

Table 1. Means of protein, starch, moisture content and yield grain of ten 

aestivum wheat genotypes under normal conditions in Guelma.  

 

 

 

Table 2. Means of protein, starch, moisture content and yield grain of ten 

 aestivum wheat genotypes under normal conditions in Constantine.  

 

Genotypes Starch Protein Moisture Grain yield 

V1 63.60b 10.64a 12.10abc 56.10a 

V2 67.00a 11.99a 11.40c 48.10a 

V3 65.27ab 13.39a 11.83bc 49.09a 

V4 66.53ab 12.30a 11.60bc 52.33a 

V5 65.90ab 11.60a 12.60abc 49.05a 

V6 64.93ab 12.77a 19.67d 55.30a 

V7 65.30ab 11.90a 11.53c 56.08a 

V8 65.23ab 11.81a 12.43abc 53.08a 

V9 66.73a 11.24a 12.80ab 53.55a 

V10 64.93b 11.72a 13.23a 53.55a 

 

Genotypes Starch Protein Moisture Grain yield 

V1 62.00bc 12.87ab 11.95d 39.95b 

V2 66.03ab 10.01d 12.10cd 42.43ab 

V3 65.30abc 12.46b 11.53e 44.11ab 

V4 66.20ab 10.58cd 13.10a 48.59ab 

V5 64.43abc 13.07ab 11.20e 51.85ab 

V6 66.77a 12.04b 12.13cd 51.48ab 

V7 64.60abc 11.96b 12.43bcd 46.16ab 

V8 61.80c 14.42a 12.73ab 41.34b 

V9 63.63abc 14.07a 12.53bc 54.37a 

V10 64.43abc 11.48bc 12.73ab 49.69ab 



International journal of advanced scientific and technical research                                Issue 4 volume 3, May-June 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                          ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 161 
 

Table 3. Means of protein, starch, moisture content and yield grain of ten  

 aestivum wheat genotypes under normal conditions in Setif.  

 

Genotypes Starch Protein Moisture Grain yield 

V1 61.75e 14.71ab 11.05e 34.05b 

V2 62.00e 15.05ab 11.57e 33.90b 

V3 64.20bcd 13.13bc 12.37b 41.40a 

V4 62.68de 14.98ab 9.30f 35.18ab 

V5 65.57ab 13.50abc 10.90e 36.04ab 

V6 62.77cde 14.31ab 12.00c 34.38ab 

V7 62.47de 15.45a 11.90c 32.45b 

V8 61.10e 15.28ab 10.83e 35.09ab 

V9 66.87a 11.65c 10.90e 31.49b 

V10 64.53bc 11.41c 12.80a 32.71b 

 

 

 Table 4. Comparison between zones by their grain yield and seed composition.  
Zones Protein Starch Moisture Yield grain 

Guelma 12.25b 64.60b 12.25a 47.00b 

Constantine 11.95b 65.60a 11.92a 52.62a 

Setif 11.95a 63.39c 11.37b 34.67c 

 

Correlation coefficients were calculated to establish relationship between quality traits and 

grain yield [37]. The results of correlation of quality traits showed negative responses in 

different zones. There was a higher significant negative correlation between starch and Protein 

percent at two zones respectively Guelma and Setif (r=-0.739, r=-0.847), but in Constantine wasn’t 

significant between parameters (Table 5). A significant negative correlation was demonstrated 

between the starch granule size and the relative grain protein content in the drought stress [38]. In 

contrast, an inverse correlation between the protein content and B-type starch granules was 

observed. It seems that starch granule size distribution is a unique property that affects the 

physicochemical properties of wheat, flour, and bread making properties in conjunction with its 

counterpart, protein [39]. Moisture analysis of grain showed decreasing trend under water limited 

condition. Since drought stress plants receive less amount of moisture then normally irrigated ones, 

the decrease in grain moisture due to drought stress was expected [13].  Temperatures of over 35°C 

during the grain-filling period are capable of causing a substantial decline in the grain yield quality 

[39]. The application of nitrogen after flowering may indirectly increase the protein content of the 

kernel without reducing the yield, while the increased grain protein content caused by water stress 

after flowering may be associated with yield losses, due to a reduction in the starch production [40]. 

 

Table 5. Matrice of correlation 

 Guelma Constantine Setif 

 S P M YG S P M Y S P M Y 
S 1    1    1    

P -0.739 1   0.182 1   -0.847 1   

M -0.041 -0.153 1 0.042 -0.254 0.283 1  0.113 -0.380 1  

Y

G 0.395 0.080 0.042 1 -0.489 -0.372 0.347 1 -0.041 0.068 0.089 1 
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CONCLUSION 

 

Environmental variables have important effects on wheat grain yield and physico-chemical 

seed composition, although wheat quality is a genotype-dependent trait. Yield grain and seed 

composition may be improved by exploiting the synergism between genotype and the environment.  
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