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 A wheat ideotype is represented by a set of cultivar parameters in a model, which could be optimized for best 
wheat performance under projected heat-tolerant conditions. Globally, heat stress significantly limits the 
yield. So, a major challenge of the 21st century is to achieve food supply security under a changing climate and 
roughly a doubling in food demand by 2050. Global warming became a serious threat to crop productivity as 
heat stress significantly reduced grain yield. Although the different traits related to high grain yield have been 
identified, the combination of traits that optimize high grain yield has not been established. The later sown 
experiments were exposed to higher temperatures at the critical reproductive and grain-filling stages of 
development. The influence of high temperatures was highest during anthesis, and with every 1% increase 
in average maximum temperature over the optimum of 25 degrees Celsius, grain yield was lowered by 4% to 
7%. High temperature reduced yield, plant height, grain weight and days to anthesis and maturity, and 
increased the percentage of screenings and grain protein content. Genotypes that produced higher yield 
under heat stress had shorter days to flowering and maturity, higher NDVI during grain filling, greater 
chlorophyll content at the milk stage of grain fill, taller plants, greater grain weight and number, and lower 
screenings compared with the benchmark cultivar Sun top (main factors contributing to yield 
increase/parameters).  
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1. INTRODUCTION 

Wheat yield losses owing to global warming are estimated to total 7.7 
billion dollars this year, rising to about 18 billion dollars by 2025 (Kumar 
et al., 2013). Wheat cultivars with higher grain yield potential, improved 
water usage efficiency, heat tolerance, end-use quality, and long-term 
resistance to major diseases and pests can help reach at least half of the 
production targets (Singh et al., 2011). The effect of high temperatures is 
most severe during grain filling, with losses of up to 40% possible under 
extreme conditions (Kumar et al., 2013). Heat stress affects the metabolic 
pathways of wheat at every stage of its life, ultimately resulting in a yield 
decrease. There is huge improvement and advancement in the context of 
plant breeding. We need to withstand a lot of disasters on land 
management and global warming. So, a new breeding approach and 
introduction of the variety having drought-tolerant traits by strategic 
ideotype development and crop modelling is necessary. If we found a 
better ideotype for next-generation, genetic advancement could be 
achieved in any climatic condition. The concept of ideotype developed in 
breeding approaches mainly for the selection of varieties with high yield 
potential and to cope with the problem of disease sensitivity and physical 
imperfectness of crop (Gauffreteau, 2018). The ideotype featured a plant 
with a medium tillering capability, heavy and falling panicles, some 
physical attributes of the top three leaves, and a panicle location that 
maximized source-sinks interactions (Gauffreteau, 2018). 

Ideotypes along with Conventional breeding and now traits-based 
approaches and wide-crossing have become subject matter in the field of 
research for high crop productivity (Reynolds and Tuberosa, 2008). Plant 
breeding advancement has been achieved by including physiological 
traits into the selection process to conventional breeding for high yield. 
(Pierre et al., 2010). Also, in recent days, the use of transgenic and genomic 

technologies has yielded a lot of information on the molecular basis of 
abiotic stress adaptation (Reynolds and Tuberosa, 2008). New screening 
technologies must be evaluated for their capacity to express genetic 
variation in populations with minimal environmental influence and low 
genotype-environment interactions (Pierre et al., 2010). To enhance the 
breeder's vision, screening techniques for those traits must be quick, 
accurate, simple to use, preferably non-destructive, repeatable, and 
affordable (Pierre et al., 2010). 

2.   DISCUSSION  

In wheat, three important elements influence grain in yield: (a) the 
number of spikes per plant or planted area; (b) the number of grains per 
spike; and (iii) grain weight (Abdelrahman et al., 2020). Heat stress can 
affect both floret setting and fertilization, since high temperatures lower 
anther and pollen viability, resulting in spikelet sterility, due to a lack of C 
and N (source restriction) and alterations in photoperiod sensitivity 
(Abdelrahman et al., 2020). During the grain-filling time particularly at the 
post-anthesis stage, the temperature above 35 degrees Celcius can 
significantly reduce the grain yield of wheat. (Qureshi and Sial, 2016). 
When compared to those with a lower yield than the normal condition, the 
yield potential ideotype had a faster ground cover, longer days to 
flowering and maturity, higher Normalized difference in vegetation index 
(NDVI) at the grain-filling stage, and higher chlorophyll content at grain 
filling, taller plants, greater kernel weight, and lower screenings (Ullah et 
al., 2020). To distinguish wheat germplasm for heat stress tolerance, traits 
such as early phenology, low canopy temperature, high chlorophyll 
content, and increased kernel weight had been employed (Ullah et al., 
2020). Cropping settings are well-suited to intensive agriculture, with 
ample water and nutrients and weeds and pests under control. 
(Gauffreteau, 2018). 
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Suggested that high grain yield ideotype could be planned as plant 
showing densely on crop community. Some traits for high grain yield are 
described as (Donald, 1968): 

2.1   Short Strong Stem 

It reduces the risk of lodging and reduces the number of photosynthates 
invested in stem production. But the stem should not be excessively short 
as it may lead to mutual shading of leaves. The importance of a strong stem 
is needed to check the high frequency of wind, which becomes higher as 
fertility rises as the ear's weight increases (Donald, 1968).  

2.2   Erect Leaves 

In a dense plant population, near-vertical leaves will permit adequate 
illumination of a greater area of leaf surface than that when long 
horizontal/drooping leaves are present. This would apply to all such 
species in which the leaf is nearly saturated for photosynthesis at a light 
intensity substantially below the prevailing light intensity. Vertical leaves 
are highly associated with higher productivity, low competitive ability, 
and greater tolerance for crowding (Donald, 1968).  

2.3   Few Small Leaves  

The number of leaves on the main shoot of wheat ranges from 7 to 20 or 
more, and the axils of lower leaves give rise to tillers. In a monoculm plant, 
leaves serve mainly as photosynthetic, respiring and transpiring surfaces. 
Therefore, few small leaves per uniculm plant are desirable since the 
planting density will be high (Donald, 1968).  

2.4   Large Ear 

This would mean a large number of fertile florets per ear, i.e., per unit of 
dry matter of above-ground parts. This is highly desirable since in wheat 
ear is normally a limiting sink for photosynthates (Donald, 1968).  

2.5   Erect Ears  

This will ensure illuminations of ears from all sides and thereby greater 
photosynthesis. This is a common trait in commercial varieties (Donald, 
1968).  

2.6   Presence of Awns 

Generally, awn contributes to the photosynthetic ear of wheat. Awns 
provide substantial photosynthates to the developing grains (usually 
more than 10% of grain dry weight), especially, under semiarid conditions 
because awns are xerophytic structures (Donald, 1968).  

2.7   Single Culm 

In tillering genotypes, at least some of the tillers do not produce ears; this 

represents a waste of resources and additional detrimental competition. 
Non-tillering mutants are available in barley and monoculm lines have 
been developed in wheat (Donald, 1968). 

2.8   Ideotype For Heat Tolerance 

Heat affects the growth and development of wheat plants as well as grain 
quality (Spiest, 1977, warllew et al., 2002). Especially weather condition 
during grain filling strongly affects quality performance of wheat 
genotypes. Heat stress has negative effect both on grain dry mass and grain 
quality. Even a short period of high temperature (30-40 degrees Celcius) 
during grain filling reduces the grain yield (Ciaff et. al, 1996). Heat stress 
has a significant impact on wheat at this stage of growth and development 
because the quantity and size of grains, which are established to a major 
extent during the period of anthesis, might limit wheat productivity 
(Potter and Semenov 2005). Photosynthesis and leaf senescence also 
depend upon the drought stress. Increased resistance to drought stress 
will allow leaves to remain green for longer when exposed to water stress, 
which might boost grain output. 

To prevent the losses due to heat stress various strategies can be applied 
such as the development of wheat ideotypes which have a shorter day of 
flowering and maturity, higher NDVI during grain filling, and greater 
chlorophyll content at the milk stage, and taller plant, greater kernel 
weight. Early flowering is associated with the heat scape. Heat tolerant 
ideotype should be early flowering with faster grain development rates, 
and high pollen viability under high-temperature stress (Devesirvastham 
et al., 2016). Well, establishment root system, low canopy temperature, 
optimized transpiration efficiency and good milling quality also help to 
optimize the grain yield in heat stress. 

2.9   Ideotype For High Yield Potential 

High yield potential ideotypes are those which have faster ground cover, 
longer day to flowering and maturity, greater kernel weight, and faster 
grain filling rate. The single most crucial element in maximizing output in 
a dry climate has been the ideal blooming period (Richards1991), and an 
increase in wheat yield is correlated with a reduction in the length of the 
vegetation growth phase (Calderini et al., 1997). A promising feature for 
improving wheat grain output has been suggested: extending the grain 
filling time (Evans and Fishcher, 1999). One way to boost grain output is 
to extend the duration of leaf senescence and keep the green leaf area 
longer after these variables gave rise to the green" trait (Austin, 1999; 
Silva et al., 2000). Nitrogen deficiency during post-anthesis reduces the 
final yield of wheat. One of the strategies to prevent losses due to nitrogen 
deficiency, increase the capacity to store N in the non-photosynthetic 
organ such as the internode, which allows the translocation of N to grain 
without reducing wheat photosynthesis capacity (Drecer et al., 1998; 
Marter et al., 2007). 

Table 1: Different mechanisms of heat stress resistance in plants 

Mechanism Contributory processes Consequences/remarks 

Heat avoidance 

Transpiration 

Leaf reflectance due to 

1. Pubescence 

2. Glaucousness 

Insulation by bark 

Cooling 

 

Reduced light interception by leaves 

 

Reducing heating 

Heat tolerance 

Membrane stability 

Stability of photosytem III 

Photosynthate translocation 

Stem-reserve mobilization 

osmoregulation 

Associated with heat hardening and possibly 

heat shock protein synthesis 

3.   CONCLUSION 

The design and idea of traits for ideotype development in wheat can be 
summarized. The target ideotype is not static and changes as the plant 
breeder gain access to better information and analysis tools. In recent 
years, we are struggle against climate change and global warming that 
threaten crop productivity and food security. So, we have been shifting to 
develop a set or model as an ideotype that assures the grain yield in a 
greater range than normal conditions. At first, we can target the 
populations of environments by collecting environmental data and 
modelling.  Existing knowledge of ideotypes like physiological traits, 
phenology, plant architecture and grain quality can be collected and 
maintained. Study the genotype × environment interaction by multi-
environmental trial data analysis, probe genotypes and isolines. Studying 
Gene (QTL) × Environment interaction by estimation of gene effects, cross 

prediction and simulation. At last, assembling the target ideotype like 
genomics strategies, MAS, male sterility, double haploids etc. however, is 
a starting point for the accurate establishment of genetic ideotype for 
wheat. Ideotype became an amazing tool for changing breeding 
approaches and varietal selection with high-yielding potential.  
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