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ABSTRACT

Frequent episodes of heat threaten sustainable agriculture in Egypt. Here, twenty
spring wheat genotypes were exposed to heat stress under field conditions for screening heat
tolerance. Stress environments were simulated by delaying the sowing date by 53 and 58
days than the normal environments for two successive seasons. Eight phenotypic parameters
were measured to evaluate genotype tolerance. Mean performance, reduction
percentage/trait, and heat susceptibility index were calculated. Additionally, the pollen grains
viability during spike emergence and the germinability of produced grains were investigated.
The molecular tolerance mechanism was studied by investigating the expression of nine
heat-responsive genes. Results demonstrated: (1) A significant reduction was observed in all
studied traits compared to the non-stress environment, (2) the overall yield reduction, based
on grain yield/m?, was 40.17, 41.19% in the first and second seasons, respectively, and the
most tolerant genotypes were Misr2, Sidsl, Gizal71 and Line9, (3) limited impact of heat
was detected on pollen grains viability and germinability, and (4) grain yield as a selection
criterion for heat stress remains the most reliable yardstick. Thereafter, the most tolerant
(Misr2) and one of the most susceptible (Line4) genotypes have been chosen to study the
genetical and physiological mechanisms of heat tolerance. The most tolerant and the most
susceptible genotypes were sown in the third season, using the same procedure to stimulate
heat stress. Samples were collected at 7 days after anthesis (DAA). Physiological studies
revealed changes in all studied physiological traits in response to heat stress. The tolerant
genotype showed increases in photosynthetic pigments, proline, total soluble sugars and all
studied antioxidant enzymes, comparing with susceptible genotype. For the first time, we
measured the peroxisome abundance under stress condition relative to normal one, in the
most tolerant and most susceptible genotypes and found that the peroxisome abundance was
increased under stress condition, especially in the tolerant genotype. The molecular data
revealed changes in the gene products in all studied heat shock proteins (HSP70, HSP90 and
HSP101), genes encoded the antioxidant enzymes (SOD and CAT) and some of peroxisomal
proliferation genes due to heat stress. The tolerant genotype (Misr2) could enhance the
transcription levels of several genes (HSP70, HSP90, HSP101, CAT and PEX11.4), which is
considered as a main tolerance mechanism. On the other hand, the susceptible genotype also
enhanced the transcription levels in HSP70 and CAT genes, but in a lower rate, as well as
SOD and DRP5B, comparing with the normal environment. It could be concluded that the
tolerant genotype possesses different ways to withstand heat stress; such as increasing the
expression of some heat-responsive genes, increasing in the production of osmoprotectants,
increasing in the activities of antioxidant enzymes defense system and more peroxisome
abundance which allowed Misr2 to tolerate the negative impact of heat stress. While the
susceptible genotype (Line4) showed some of these defense mechanisms but to a lesser
extent which finally visualized in low yield and bad performance under stress conditions.

Keywords: Bread wheat, Heat stress, Field evaluation, Reproductive stage, Heat
susceptibility index, Gene expression, Physiological analysis, peroxisomes.
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