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Profitability and plant development are mostly impaired by drought. Triticale (X. Triticosecale rimpaui) is 
one of the most successful man-made cereals, synthesized to combine unique wheat grain quality with 
rye’s stress tolerance. In this study, T. rimpaui plant was exposed to regular water supply (100% FC) 
and three stages of water shortage (75%, 50%, and 25% FC). Soil properties and growth characteristics 
of T. rimpaui in the vegetative growth stage and agronomical parameters at the crop yield stage under 
different water gradients were determined. The results showed that the soil’s pH value significantly 
decreased to values lesser than control’s only under moderate and severe water deficiency–induced 
stress conditions. Plant growth and plant pigments content reduced gradually with the increase of 
drought stress conditions to values lower than that of the control’s (100% FC). Soluble carbohydrates 
and free amino acids’ shoot contents were not affected significantly by all studied water stress levels 
compared with the controls. In the grains, carbohydrates significantly decreased only under moderate 
and severe water stress conditions. Soluble proteins in the shoots and grains were gradually decreased 
under all studies’ drought levels. It was clear that drought stress less affected triticale’s yield when 
crosschecked with vegetative growth.  

Keywords: Drought stress; Triticale; Minerals; Plant growth; Crop yield 

 
INTRODUCTION 

Harmful environmental circumstances, e.g., 
biotic and abiotic strains, immensely harm plant 
productivity, growth, and food security (Daryanto, 
2016, Farooq, M2017). Drought stress is an 
example of abiotic stress, which is a scenario of 
low water availability for an extended interval of 
time. The global population is steadfastly 
increasing, estimated to exceed 2.4 billion by 
2050 (United Nations, 2015). It is imperative to 
account for this increase in food production and 
quality up to 70%. Climatic stresses, like drought, 
cold, heat, and salinity drastically affect plant 
production worldwide (Wani and Sah, 2014).  

Plants responses severally to biochemical, 
physiological, and molecular influences, which 
alters their many cellular processes and 
morphology to content with stresses induced by 
environmental factors (Ismail, 2020). Drought 
stress hinders plants’ survival, enforcing a 
decreased growth index in terms of height, 
biomass, leaf size, and root proliferation (Bai et al. 
2006). Many pieces of research exhibited that 
plants alter their ion balance, metabolic rate, 
carbon assimilation, enzymatic activity, leaf 
gasses’ exchange, endogenous hormone content, 
and secretion of osmotic regulating substances, 
and suffer an increased oxidative damage value 
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due to the threats of droughts (De Souza and 
Magalhaes, 2013; Sucu et al. 2017). The 
aforementioned drought-caused disturbances 
reduce yield (Chowdhury, 2016; Hussain, M 
2018).  

To guard against drought stress, plant species 
begin with the anticipation of signals induced due 
to stress prompted by plant cells. Generally, the 
signals relate to the cellular signaling pathways 
and multiple genes that specifically regulate 
physio-morphological and molecular reactions 
(Zhu, 2016). Abscisic Acid (ABA) is a vital 
influencer for multiple factors related to the growth 
of plants, e.g., germination and dormancy of 
seeds, embryo maturation, floriation, and growth 
of roots. Besides, ABA takes part in diminishing 
the negative plant-related stress effects. Thanks 
to ABA, plant species are capable of adapting to 
an ever-changing environment while maintaining 
under-drought physiological processes. The 
physiological processes of plants can be 
modulated by the varying expression of different 
ABA-responsive genes controlling the opening 
and closing of the stomatal aperture (Zhu, 2002; 
Dong, 2015).  Due to drought-caused stress, the 
plant leaf stomata contract (Mehri et al. 2009; Ji et 
al. 2014). Moreover, some adaptive alterations 
take place in the structure of the plant leaf, e.g., 
diminished leaf moisture content and thickness, 
thusly improving the capacity of water retention 
capacity and photosynthesis and reducing 
transpiration (Cao et al. 2018).  

Triticale (X Triticosecale Wittmack) is a cross 
between A and B wheat genomes (Triticum 
turgidum L., Triticum aestivum L.) and the rye 
genome R (Secale cereale L.), developed to 
combine the superior quality and bountiful yield of 
commercial wheat with the rye’s stress tolerance 
and disease resistance (Zillinsky, 1974). Triticale 
crossing can be traced back to Wilson in 1876. 
Some modern triticale cultivars can compete with 
wheat when a concerted effort to sustain research 
is exerted (Mergoum et al. 2004). Tests on 
specific classes of marginal soils show that 
triticale can prevail over the best wheat cultivars 
(Mergoum et al. 2004). Triticale can have a 
spring, winter, or facultative growth habit and can 
resemble wheat or rye in appearance (Mergoum 
et al. 2009).   

Triticale could immensely contribute to the 
now prominent healthy food market by availing 
new cereal products. Triticale’s chemical 
composition seems to incline toward wheat more 
than rye. With wheat as a reference, triticale 
possesses somehow higher levels of the majority 

of nutritious compounds. One of triticale’s 
renowned features is its content of protein 
(Stankowski et al. 2017); triticale’s protein content 
exceeds that of wheat, with a more beneficial 
essential amino acid balance. These features are 
beneficial for poultry and swine industries, 
rendering triticale more nutritionally valuable than 
wheat despite its baking characteristics (Gatel et 
al. 1985). Triticale can act as a baking supplement 
with wheat because of its minimal content of 
gluten (McGoverin et al. 2011). Triticale grain’s 
starch content resembles that of wheat, and it is 
present in higher quantities than rye’s (61%, 60%, 
and 54%DM) (USDA, 2018). Triticale can even be 
used in brewing and there is potential for 
increased use with further breeding (Glatthar et al. 
2005). 

Plants’ reactions to drought stress vary, and 
thus they demonstrate differing drought resistance 
(Chen et al. 2013; Ghane and Nikam, 2017). 
Therefore, the aim of this study emphasizes the 
evaluation of triticale tolerance under drought 
stress during various growth stages to assess the 
effect of different drought levels on triticale 
vegetative growth and crop yield production. 
  
MATERIALS AND METHODS 

2.1 Experimental Design  
This study occurred at King Abdulaziz 

University Experimental Station, Saudi Arabia, in 
winter (October–January) of 2019, which inclines 
toward moderate temperatures and minimal 
humidity. During the experiment, the average daily 
maximum temperature was 37.13ºC daily 
minimum temperature was 19.08ºC. There was no 
rainfall during the timeframe of the experiment. 
Seeds of Triticosecale rimpaui were sown in pots 
carrying 5 Kg homogenously mixed sand and clay 
soil (2:1) and irrigated with tap water using field 
capacity. After the appearance of the third true 
leaf, six homogenous plants were left in each pot. 
Then, the pots were divided into four sets; these 
sets were irrigated with tap water at control 
parameters (100%), 75%, 50%, and 25% from 
field capacity, respectively. The experiment was 
conducted in a Randomized Complete Block 
Design in three replicates. Plant samples were 
gathered at two different growth stages after one 
month of drought treatment for vegetative growth 
analysis and after 3.5 months for agronomy 
parameters. 
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2.2 Soil Analysis  
Following the end of the period of the 

experiment, 10 g of soil from each treatment was 
extracted in flasks containing10 ml of distilled 
water. The flasks were shaken overnight to mix 
their contents. Using a filter paper, the mixtures 
were then filtered to displace the liquid from the 
soil, the latter being then used for the soil pH and 
electrical conductivity measurements.  

Soil pH:  
A pH meter (Mettler Toledo AG) was used to 

gauge the level of pH of the solution according to 
Conklin (2005). 

Soil Electrical Conductivity (EC):  
An EC meter was utilized to evaluate the 

electrical conductivity for soil extracts using 

decmins/m as a concentration for soil anions 

following the method of Page et al. (1982).  

Soil Moisture:  
Soil water content was measured according to 

the method provided by Yousef (1999) and 
Conklin (2005). Soil samples (100 g) were placed 
in an oven at 105°C for 24 hours. The samples 
were subsequently weighed before being placed 
in the oven again to dry further. The soil samples 
were repeatedly oven dried until no further change 
in weight was observed. The following formula 
was used to calculate the amount of water in the 
soil sample: 

 

2.3 Plant Analysis at Vegetative Growth Stage 
After one month of drought treatment, plant 

samples were collected and transported to the 
laboratory for the following analysis: 

Plant Growth  
The samples were washed with distilled water 

and gently dried with tissue paper. Freshly 
harvested shoots and roots were weighed and 
recorded after two hours for each experiment 
plant, three replicate each. Shoot and root lengths 
(cm) were measured using a ruler. Root volume 
was measured according to Asanoah’s method 
(1984). The volume of water residing in the 
cylinder was gauged before and after immersing 
the roots into the cylinder. The roots’ volume was 
gauged as follows: root volume = volume of the 
water after immersing the roots into the cylinder – 
volume of the water before immersing the roots. 
Leaf area (cm2) was determined according to 

Larcher’s (1995) method using the following 
equation: 

Leaf Area = RLB. 
Where R= coefficient determined by a 

correlation of L and B of the plant leaf, L= Leaf 
length, and B = maximum leaf breadth.  

Then, the samples were wrapped in foil paper 
and oven dried by JSON-100 Natural Convection 

Oven at 70℃ for 48 hours until each sample 
reached a constant weight, allowing the 
determination of the dry weight.  

Photosynthetic Pigments  
Chlorophylls and carotenoids concentrations 

were measured with UV-VIS spectroscopy 
according to Lichtenthaler (1987) in ethanol 
extracts at 60°C with some modifications by Su 
et.al (2010). 

Soluble Carbohydrates  
The soluble carbohydrate content in the plant 

shoots was estimated by colorimetric anthrone 
method where carbohydrates are dehydrated, by 
concentrated sulphuric acid to form furfural which 
condenses with anthrone reagent to give a green 
color (Fales, 1951; Sctilegel, 1956).  

Soluble Proteins  
Soluble protein content in the shoot extracts 

was estimated according to the Lowry method for 
protein quantitation (Lowery et al., 1951).  

Total Free Amino Acid   
Free amino acid content in the shoot extracts 

was estimated per the method of Moore and 
Stein,1948.  

2.4 Minerals Analysis 
For each treatment, dry soil, shoots, and root 

samples were used to determine the mineral 
nutrients contents. Phosphorus, potassium, 
calcium, magnesium, and sodium concentration 
(mg/l) was measured using the atomic absorption 
spectrometer at the Analytical Chemistry Unit 
(ACAL), RICI MAAZ Chemical & Environmental 
Testing Laboratory, Dammam. 

2.5 Crop Yield Parameters  
After the conclusion of the experimental 

period, the number of seeds per six plants (pot), 
the number of spikes per six plants (pot), and the 
weight of 100 seeds (g) were determined for each 
water level. Furthermore, seeds carbohydrates, 
proteins, and total amino acid contents were 
determined according to the previous methods. 
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Statistical Analysis 
The outcomes were assayed statistically via 

the SPSS package software, version 21.0 (SPSS, 
Chicago, USA). Variances across different water 
levels were evaluated with a one-way Analysis of 
Variance (ANOVA), followed by a 5% (P < 0.05) 
significance level post hoc test. The values were 
represented as the mean of three replicates with 
their Standard Deviation (SD).  
 
RESULTS  

4.1 Soil Properties 
Data represented in figure 1 illustrate the 

influence of varying tiers of water stress on soil pH 
and EC values and moisture percentage. The 
value of the soil’s pH immensely diminished to be 
lesser than that of the control’s only under 
moderate (50% FC) and severe (25% FC) water 
stress conditions (figure 1A). However, soil 
electrical conductivity was not significantly 
affected by all studied water stress levels 
compared with that of the control’s as inferred 
from results shown in figure 1B. Soil moisture 
percentage significantly decreased under all 
investigated drought levels, where they were 
lesser than those of the control’s (figure 1C). 

4.2 Soil Minerals 
The effect of all studied drought conditions on 

soil minerals content is represented in table 1.  No 
significant effect on all studied water stress levels 
was recorded on calcium, magnesium, and 
sodium ions concentration compared with the 
control soil samples. However, phosphorus and 
potassium ions concentration significantly 
increased by about 60.57% and 57.34 % higher 
than that of controls, respectively, under moderate 
drought conditions (50%). 

4.3 Plant Growth  
Figure 2 provides information about drought 

stress influence on triticale fresh and dry biomass. 
According to the results represented in figure 2A, 
shoot and root fresh weight immensely diminished 
to be less than that of the control under all studied 
drought levels. Shoots’ fresh weight significantly 

decreased by about 27% at all studied drought 

levels. However, root FW was gradually 
decreased by increasing the drought conditions by 
about 8.14%, 14.22%, and 26.97% less than 
control’s under drought levels of 75%, 50%, and 
25% FC, respectively. Additionally, shoots and 
roots’ dry weight decreased gradually by 
increasing water shortage conditions (figure 2B). 

Shoots DW decreased by about 25.97%, 38.96%, 
and 57.14% less than control’s to be fewer than 
75%, 50%, and 25% FC, respectively. Root DW 
significantly decreased by about 50.57%, 62.06%, 
and 77.11% at 75%, 50%, and 25% FC less than 
control’s, respectively. 

As shown in figure 3, drought stress influence 
on the shoot and root length significantly 
diminished to be less than that of control under all 
analyzed drought levels. 

Regarding shoot length (figure 3A), it 
significantly decreased by about 12%, 28.99%, 
and 46.99% less than that of control under 
drought levels of 75%, 50%, and 25% FC, 
respectively. 

Concerning root length, it significantly 
decreased by about 35.30% at all studied drought 
levels. 

Figure 3B illustrates the effect of drought 
stress on leaf area. The effect on leaf area was 
gradually decreased by increasing drought 
conditions by about 

19.26%, 53.82%, and 68.55% to be less than 
that of control under drought levels of 75%, 50%, 
and 25% FC, respectively. 

Figure 3C illustrates the effect in root volume 
that was significantly decreased by about 19.14% 
less than that of control under moderate drought 
conditions (50%). 

4.4 Plan Pigments 
According to the results represented in figure 

4, the chlorophyll A, B, and carotenoids values 
immensely diminished to be less than that of 
control across all studied drought levels. 
Chlorophyll A significantly decreased by about 
32.99%, 54.04%, and 54.49% less than that of 
control under drought levels of 75%, 50%, and 
25% FC, respectively. 

Chlorophyll B gradually decreased by 
increasing drought conditions by about 

43.36%, 47.30%, and 57.55% less than that 
of control’s under drought levels of 75%, 50%, 
and 25% FC, respectively. Regarding carotenoids, 
they gradually decreased with the increase of 
drought conditions by about 24.72%, 23.07%, and 
33.65% less than that of control under drought 
levels of 75%, 50%, and 25% FC, respectively. 

4.5 Primary Metabolites 
Figure 5 provides information about drought 

stress influence on soluble carbohydrates and 
proteins and free amino acids in shoots and 
grains.  

According to the results represented in figure 
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5A, soluble carbohydrates in shoots showed no 
significant effect on all studied water stress levels 
compared with control. Regarding grains, they 
significantly decreased by about 1.84% and 
9.72% less than that of control under drought 
levels of 50% and 25% FC, respectively. As 
shown in figure 5B, the effect of different water 
levels on soluble protein in shoots gradually 
decreased by increasing drought conditions by 
about 31.64%, 48.04%, and 53.12% less than that 
of control’s under drought levels of 75%, 50%, 
and 25% FC, respectively. Soluble proteins in 
grains gradually decreased with the increase of 
drought conditions by about 55.90%, 62.15%, and 
69.44% less than that of control under drought 
levels of 75%, 50%, and 25% FC, respectively. 
Figure 5C provides information about drought 
stress influence on free amino acids in shoots and 
grains: The free amino acids in shoots had no 
significant effect on all studied water stress levels 
recorded compared with control. In grains, a 
significant decrease by about 13% less than 
control under drought levels of 50% and 25% FC, 
respectively, was detected. 

4.6 Plant Minerals 
Data summarized in table 2 illustrate drought 

stress influence on calcium, magnesium, 
phosphorus, potassium, and sodium. For calcium, 
phosphorus, potassium, and sodium, there was 
no significant effect on all studied water stress 
levels recorded compared with control. However, 

Magnesium ion concentration significantly 
increased by about 10.95% higher than that of 
control under severe drought conditions (25%). 

Data summarized in table 3 illustrate drought 
stress influence on calcium, magnesium, 
phosphorus, potassium, and sodium. For calcium, 
phosphorus, and sodium, there was no significant 
effect on all studied water stress levels recorded 
compared with control. Regarding the magnesium 
ions, concentration significantly increased by 
about 29.77% higher than that of control under 
severe drought conditions (25%).Unlike 
potassium, which significantly decreased by about 
16.49% less than that of control under severe 
drought conditions (25%). 

4.7 Crop Yield Parameters 
Data summarized in figure 6 exhibit the 

number of spikes and seeds per pot and the 
weight of 100 seeds under different levels of water 
stress. All studied water levels reduced the 
number of spikes per pot to a comparable value 
(about 55% less than control) (figure 6A). Seeds 
per pot immensely diminished compared with 
control’s only under moderate (50% FC) and 
severe (25% FC) drought conditions by about 
57.89% and 68.42%, respectively (figure 6B).  
The weight of 100 seeds significantly decreased 
by about 7.36%, 31.04%, and 68.42% less than 
control’s under drought conditions of 75%, 50%, 
and 25% FC, respectively (figure 6C). 

 
 

Table 1: Soil minerals (mg/l) under different water levels 
 

Water Level 
 (FC%) 

Calcium Magnesium Phosphorus Potassium Sodium 

100% 13.95 ± 2.62a 5.75 ± 0.19ab 0.76 ± 0.05a 2.38 ± 0.45a 0.44 ± 0.00ab 

75% 17.33 ± 0.84a 5.17 ± 2.34ab 0.77 ± 0.19a 2.10 ± 0.54a 0.40 ± 0.01a 

50% 14.68 ± 1.13a 7.44 ± 1.07b 1.22 ± 0.08b 3.76 ± 0.02b 0.47 ± 0.02b 

25% 17.86 ± 0.47a 3.36 ± 0.59a 0.68 ± 0.07a 2.05 ± 0.56a 0.43 ± 0.00ab 

       Different letters represent the statistical significance between all water levels at P < 0.05. 
 

Table 2: Plant shoots minerals (mg/l) under different water levels 
  

Water Level  
(FC%) 

Calcium Magnesium Phosphorus Potassium Sodium 

100% 2.70 ± 0.00a 2.92 ± 0.04ab 9.15 ± 0.23a 61.15 ± 7.90a 0.54 ± 0.04a 

75% 6.65 ± 2.48a 2.37 ± 0.20a 8.63 ± 1.20a 59.34 ± 7.22a 0.48 ± 0.20a 

50% 4.01 ± 1.17a 2.71 ± 0.09ab 8.34 ± 1.13a 47.79 ± 0.11a 0.75 ± 0.12a 

25% 10.32 ± 6.94a 3.24 ± 0.48b 8.24 ± 0.90a 46.82 ± 3.01a 0.66 ± 0.03a 

      Different letters represent the statistical significance between all water levels at P < 0.05. 
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Table 3: Plant root minerals (mg/l) under different water levels  
 

Water Level 
 (FC%) 

Calcium Magnesium Phosphorus Potassium Sodium 

100 % 7.52 ± 0.44a 4.40 ± 0.18b 3.31 ± 0.02a 13.22 ± 0.05ab 1.00 ± 0.07a 

75 % 17.18 ± 11.15a 3.05 ± 0.54a 3.36 ± 0. 62a 14.50 ± 1.48ab 1.47 ± 0.52a 

50 % 11.13 ± 1.94a 2.90 ± 0.59a 3.37 ± 0.22a 16.92 ± 2.02b 1.22 ± 0.43a 

25 % 14.97 ± 1.39a 5.71 ± 0.10c 2.93 ± 0.73a 11.04 ± 1.92a 1.24 ± 0.08a 

     Different letters represent the statistical significance between all water levels at P < 0.05. 
 
 
 
 

 

 

Figure 1:  Soil pH value (A), EC value (B), and moisture (%) (C) of soil extracts under 
different water levels, each histogram is a mean value of three replicates and the 

vertical bars indicate ± SD. The different letters illustrate the statistical significance 
between all water levels at P < 0.05. 
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Figure 2: Fresh weight (FW) (A) and dry weight (DW) (B) for shoot and root of triticale 
plant grown under different water levels, each histogram is a mean value of three 

replicates and the vertical bars indicate ± SD. The different letters represent the statistical 
significance between all water levels at P < 0.05. 

 
 

 
 

Figure 3: Shoot and root length (A), leaf area (B), and root volume (C) of triticale plant 
grown under different water levels, each histogram is a mean value of three 

replicates and the vertical bars indicate ± SD. The different letters demonstrate the 
statistical significance between all water levels at P < 0.05. 
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Figure 4: Pigments concentration of triticale plant grown under different water levels, each 

histogram is a mean value of three replicates and the vertical bars indicate ± SD. The different 
letters represent the statistical significance between all water levels at P < 0.05. 

 
 

  

Figure 5: Carbohydrates (A), proteins (B), and free amino acids (C) in shoots and 
grains of triticale plant grown under different water levels, each histogram is a mean 

value of three replicates and the vertical bars indicate ± SD. The different letters 
illustrate the statistical significance between all water levels at P < 0.05. 
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Figure 6: Number of spikes (A), seeds weight (B), and the number of grains (C) of 
triticale plant grown under different water levels, each histogram is a mean value of 

three replicates and the vertical bars indicate ± SD.  
The different letters illustrate the statistical significance between all water levels at P < 0.05. 

 
DISCUSSION 

Drought is one of the most damaging abiotic 
stress processes that harm crop yield. It harms 
crops’ physiological and morphological 
characteristics, impairing grain development, and 
plant growth (Alghabari and Ihsan, 2018). Drought 
affects also soil nutrient availability and changes 
soil redox and pH (Naylor and Coleman, 2018). In 
the current study, drought stress significantly 
reduced soil pH only under moderate (50% FC) 
and severe (25% FC) drought parameters. EC is 
known to be high during water stress (Dilip and 
Milan, 2014). In the current study, drought stress 
did not significantly affect soil conductivity.  

Heavier plant fresh and dry weights during 
limiting conditions are desirable characters. A 
prominent downside of water stress on crop plants 
is biomass production, fresh or dry, reduction 
(Farooq et al. 2009). Triticale shoots and roots 
fresh weight significantly diminished to be less 
than that of the control under all studied drought 
levels. Shoots and roots dry weight also 
diminished gradually with the increasing water 

shortage conditions. Water stress–induced 
diminished biomass was evident in almost all 
sunflower genotypes (Tahir and Mehid, 2001). 
However, a portion of genotypes exhibited 
exemplary stress tolerance more than others. Mild 
water stress had an effect on the shoot’s dry 
weight, while shoot dry weight exceeded that of 
root dry weight loss under severe stress in sugar 
beet genotypes (Mohammadian et al. 2005). 
Moderate stress tolerance in terms of shoot dry 
mass plants was noticed in rice (Lafitte et al. 
2007). Also, the outcomes exhibited that drought 
stress, where moderate or severe, immensely 
impaired triticale shoots and roots length, leaf 
area, and root volume immensely decreased to be 
less than well-watered plants. Drought halts plant 
growth and development by hindering metabolic 
processes and diminishing nutrient availability (Hu 
and Schmidhalter, 2005; Bohnert et al. 2006).  

Water deficiency directly affects the rate of 
photosynthesis and chlorophyll content (Flexas et 
al. 2006; Chaves et al. 2009). According to the 
results represented in this study, chlorophyll A, B, 
and carotenoids content immensely diminished to 
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be less than that of control under all studied 
drought levels. Reactive oxygen species are 
significantly accumulated under drought stress, 
which damages chloroplasts and ultimately 
causes chlorophyll degradation. This is probably 
another cause of lesser content of chlorophyll 
under drought stress parameters (Zaefyzadeh et 
al. 2009). Although reduced chlorophyll content 
carbohydrates concentration in triticale shoots and 
grains was not affected by all studied drought 
levels, which indicates higher photosynthetic 
efficiency. These findings with those of Mafakheri 
et al. (2011) who found that drought stress surged 
water-soluble carbohydrate concentration in three 
varieties of Cicer arietinum. Increased 
carbohydrate synthesis prospects for drought 
tolerance. High carbohydrate concentration, 
besides its water potential–decreasing role, takes 
part in halting oxidative damage and guarding the 
structure of membranes and proteins under 
moderate dehydration during periods of drought 
(Hoekstra et al. 2001). During drought stress, 
compatible solutes accumulate: of which is 
carbohydrates, which is claimed to be an effective 
stress tolerance mechanism (McKersie and 
Leshem, 1994). Similarly, the amino acid content 
in triticale shoot and grains did not diminish under 
all studied drought levels as shown in figure 5C. 
The adaptation of plants to water deficit is usually 
correlated with the increase in total amino acids 
(Pinheiro et al. 2004; Abogadallah, 2010). Many 
reports have recorded a surge in the level of some 
amino acids in the leaves of various plants during 
water stress (Jones et al. 1980; Navari et al. 
1990). On the other hand, soluble protein in 
triticale shoot was gradually decreased by 
increasing drought conditions under all studied 
drought levels. Degradation of proteins could 
result from increased activity of protease or other 
catabolic enzymes, activated under drought 
stress, besides proteins’ fragmentation caused by 
toxic effects of ROS diminishing protein content 
(Davies, 1987).  

Macro-elements of soil in terms of calcium, 
magnesium, phosphorus, potassium, and sodium 
are extremely important for plant growth and 
development. The importance of these elements 
is clarified in many pieces of research (Soil 
Survey,2007; Ishida, et al. 2012; Jogaiah et al. 
2012 and Osakabe, 2013) In the current study, 
soil minerals analysis showed no significant effect 
on all studied water stress levels for calcium, 
magnesium, and sodium ions concentration 
compared with control soil samples. However, 
phosphorus and potassium ions concentration 

significantly increased more than control, 
respectively, under moderate drought conditions. 
Furthermore, no significant effect on all studied 
water stress levels on the concentration of most 
studied macro-elements in plant shoots and roots 
were recorded compared with the tested control. 
Magnesium ions concentration significantly 
increased to be higher than control’s in shoots 
and roots samples under severe drought 
conditions. While potassium concentration 
significantly decreased to be less than control’s 
under severe drought conditions. 

The productivity of plants during drought 
stress is adherent to dry matter partitioning and 
temporal biomass distribution (Kage et al. 2004). 
In the current study, most studied crop yield 
parameters were less than that of the control only 
under moderate and severe drought conditions. 
Abayomi et al. (2012) found that cereal grain yield 
correlated to Drought Susceptibility Index (DSI) 
Water Stress Index (WSI) (Rizza et al. 2004) . 
WSI integrates the actual plant-available soil 
water content (soil water content - water content 
at permanent wilting) during the growing season, 
and the DSI is based on the grain yield ratios 
under water stress and at normal soil moisture 
(Golabadi et al. 2006). The indices demonstrated 
a significant negative relationship between water 
stress and grain yield of barley (Rizza et al. 2004) 
and maize (Abayomi et al. 2012).Drought is a 
prominent environmental stress for plants, as it 
reduces production, obstructs growth, and 
diminishes grain filling (Farooq et al. 2009; Singh 
et al. 2015). Lemerle et al. (2001). Note that the 
number of tillers is the most important yield 
component in wheat, which was reduced with the 
increasing competition of weeds. Armin et al., 
(2011) reported that taking into consideration 
competition for nutrients, water, and light 
availability, plant growth is restricted and the 
number of tillers per plant is reduced. Similar 
results were also found by (Marof, 2008; Marof, 
2013). 

CONCLUSION 
Triticale is an economically important grain 

that can be farmed as a valuable alternative to 
wheat, especially under stress conditions. The 
results of this study demonstrated its ability to 
withstand low drought conditions. However, 
moderate and severe drought conditions 
adversely affect triticale growth and crop 
productions. Drought stress–affected triticale 
yields more vegetative growth than crop yield. 
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