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Abstract 
The assimilation of stem reserves by pre-anthesis is regarded as an essential source of grain filling during 
abiotic stresses that inhibit photosynthesis during post-anthesis. Twenty-one Egyptian wheat genotypes and F1 
hybrids were evaluated using potassium iodide (0.4% KI) induced desiccation stress 14 days after anthesis for 
stem reserve mobilization (SRM). For a percentage reduction in grain weight under chemical desiccation stress, 
the measured genotypes differed significantly (P<0.01). The stress tolerance index for grain weight varied from 
85.88 to 97.67%. The minimum reduction was observed in Gemmiza-10 x Sids-12 (85.88 %) showing the lowest 
SRM while in Gemmiza 7 x Gemmiza 11 (97.67%) showing the highest utilization of SRM, the maximum 
reduction in grain weight was reported. A strong negative correlation (r = 0.037) was observed between the 
percentage decrease in grain weight and plant height. In conclusion, when subjected to post-anthesis chemical 
desiccation that prevents photosynthesis, tested genotypes differ considerably in stem reserve use. In the 
absence of photosynthesis, genotypes with better SRM dependent grain growth can also have relative drought 
tolerance. Therefore, this approach can be used to indirectly screen the genotypes of wheat for better output 
under conditions of terminal drought. 
 
Keywords: Bread wheat (Triticum aestivum L.), Chemical Desiccation Stress, Drought stress, Post-anthesis, 
Stem reserve mobilization. 
 

Introduction 
Wheat is one of the world's main grains and a 
staple food for over half of the world's population. 
The wheat grain contains about 12% of water, 60-
80% of carbohydrates (mainly starch), 8-15% of 
proteins, 1.5-2% of fats, 1.5-2% of minerals and 
about 2% of vitamins and crude fibers. Grain 
production and growth depends primarily on 
current assimilates that is directly translocated to 
the grains, but also plays an important role in the 
development and growth of carbohydrates 
assimilated after anthesis and temporarily 
deposited in the stem until mobilizing to the 
grains. The carbohydrate synthesized before 
anthesis accumulated primarily in the stem and 
mobilized to produce grain is the third source of 
carbohydrates in grains, which is very important 
for grain filling under stress (Ehdaie et al., 2006, 
Saleh et al. 2020). During grain growth and 
production, wheat crops frequently experience salt 
stress, heat stress and water deficiency, limiting 
productivity (Ehdaie et al., 1988; Salem et al. 2008; 

Mattar et al. 2009; Salem 2009; Salem and Mattar 
2014; El-Absawy, 2015; Mattar et al. 2016; 
Nawara, et al. 2016; 2017, Mourad et al., 2019). 
The response of wheat genotypes, however, differs 
according to different water-deficit levels (Hameed 
et al., 2011). Grain shriveling, decrease in test 
weight and decrease in grain yield are the typical 
result of these stresses. In many developing 
countries, these stresses are permanent 
restrictions on agricultural productivity, while in 
developed countries, these stresses cause 
occasional losses in agricultural production 
(Ceccarelli and Grando, 1996). Usually, there is a 
growing pattern at the time of grain filling for 
wheat crop temperature while moisture levels are 
decreasing. In normal grain filling, readily available 
assimilates could be a limiting factor even under 
mild circumstances. The current source of 
assimilated carbon depends on the plant's active 
green surfaces that intercept light for 
photosynthesis. The effect of multiple stresses and 
natural senescence reduces the photosynthesis 
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rate at the terminal level, while the need for the 
growing grain increases at this stage. Stem 
reserves are a critical source of grain filling in this 
situation, and wheat crops can rely more on stem 
reserves in dryland areas than on current 
photosynthesis for proper grain filling (Ehdaie et 
al., 2006). In wheat, an important physiological 
feature and breeding aim is to increase the ability 
to sustain grain filling through stem and spike 
reserves (Blum, 1998, Börner et al. 2010). In a 
theoretical model for drought tolerance, a strong 
capacity for stem reserve and its remobilization 
has been suggested as a drought adaptive trait 
(Reynolds et al., 1999). Several studies are 
confirming that the desiccation of leaves 
significantly decreases photosynthesis when 
extreme drought stress occurs at the time of grain 
filling, and grain filling mainly depends on 
mobilized stem reserves (Bidinger et al., 1977; 
Davidson and Birch, 1978; Hunt, 1979; Blum, 1988, 
Salem et al. 2007; Börner et al. 2010; Nezhad et al. 
2012). Different indicators have been tested that 
may be useful to distinguish between drought 
tolerant and wheat vulnerability (Hameed et al., 
2010). In the absence of active photosynthesis, the 
chemical desiccation process applied at the time of 
grain filling shows genotypic variations in varieties 
in the use of stem reserves (Blum et al., 1983a; 
1983b; 1990). Potassium iodide (KI), a chemical 
contact desiccant, has been reported to be useful 
for disrupting photosynthesis and assessing grain 
filling via stem reserve mobilization (Blum et al., 
1983a, 1983b; Blum and Pnuel, 1990; Hossain et 

al., 1990; Nicholas and Turner, 1993, Salem et al. 
2007). This treatment does not replicate drought 
stress, but inhibiting photosynthesis produces the 
impact of stress. The observed outcome of 
treatment with KI is close to that recorded in 
plants under stress from water. One of the most 
desirable breeding targets of recent times is the 
enhancement of drought tolerance (Keim and 
Kronstad 1979; Blum 1983b). In the above view, 
the present investigation was carried out to i) 
examine genetic differences between Egyptian 
wheat genotypes and F1 hybrids in the use of stem 
reserve by developing grains under post-anthesis 
drought stress using chemical desiccation and ii) 
determine the potential use of this technique in 
wheat for indirect screening for post-anthesis 
drought tolerance. 

Materials and Methods 
Plant materials: At the experimental farm of 
Genetic Engineering and Biotechnology Research 
Institute (GEBRI), Sadat City, University of Sadat 
City, Egypt, during the two wheat growing season.   
six wheat genotypes were used in this study i.e., 
Giza 168, Gemmiza 7, Gemmiza 9, Gemmiza 10, 
Gemmiza 11 and Sids 12 as local genotypes from 
Agriculture Research Center (ARC), Giza, Egypt and 
these genotypes were drawn from the genetic 
stock of wheat section, Field Crops Research 
Institute, Agriculture Research Center (ARC), Egypt. 
Name, origin and pedigree of the six wheat 
genotypes are presented in (Table 1). 

 
Table 1. Wheat varieties, origin, and pedigree used in the study. 

No. Variety Pedigree Selection history Year of 
release 

1 Giza-168 MIL/BUC// Seri CM93046-8M-0Y-0M-2Y-0M CM93046-8M-0Y-
0M-2Y-2B 

1999 

2 Gemmiza-7 CMH74A.360/5x//Seri82/3/Agent CGM4611-2GM-
3GM-1GM-0GM. 
 

CGM 4611-2GM-
3GM-1GM-0GM 

2000 

3 Gemmiza-9 ALD”S”/HUAC”S”//CMH74A.630/5X. CGM 4583-5GM-
1GM-0GM 

2000 

4 Gemmiza-10 MAYA74"S"/ON//II60.147/3/BB/GLL/4/CHAT"S" 
/5/CROW"S" 

--- 2004 

5 Gemmiza-11 BUC’’S’’/ Kvz’’S’’// 7c/ Seri 82 /3/Giza 168/ Sakha 61 
GM7892-2GM-1GM- 0 GM. 

--- 2011  
 

6 Sids-12 BUC// 7c/ Ald/5/ Maya 74/ On/ 1160.147/3/ BB/ 
G11/4/ Chat’’S’’ /6/ Maya/ vu1 // Cmh 74A.630/4* 
sx, SD7096- 4SD- 1SD-0SD. 

SD7096-4SD-1SD-
1SD-0SD 

2008 

 
Field experiments: All possible crosses among the 
six parents excluding reciprocal were generated 
through a diallel mating scheme in wheat-growing 
season 2012/2013. The seeds of the six parents 
and all possible 15 crosses were sown in the next 

season 2013/2014 in rows. The experiments were 
arranged in a randomized complete block design 
(RCBD), with three replicates for each stress 
condition. All of the agricultural practices 
recommended were followed up to the harvest. 
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Drought test: The planting of materials was carried 
out according to the method defined (Blum 
1983a,b; Salem 2004; Salem et al. 2007) in two 
plots, one as control (without the spray) and 
another as treated sprayed with potassium iodide 
spray (KI, 0.4 % w/v) including ears. The treatments 

were hand-sprayed 14 days after anthesis using a 
hand-held boom sprayer ensuring full wetting of 
leaves and panicles at a rate of 280 ml/m

2 
(Figure 

1). The rows have been spaced 30 cm apart so that 
the lower sections of the canopy also receive the 
right amount of spray. 

  

   

Figure 1: Chemical desiccation drought test. a) Wheat spike with exerted anthers, b) Spray treatment with 
potassium iodide spray (KI, 0.4 % w/v) in the field and c) Potassium iodide spray. 

 
Agronomic data: At maturity, plants were selected 
at random for subsequent measurements as 
follows i.e., plant height (cm) and 1000-grain 
weight (g) for each treated and untreated 
genotypes and F1. The data were recorded on an 
individual plant basis for parents and F1 
generation. Finally, due to chemical desiccation, 
the magnitude of stem reserve was calculated as a 
percentage reduction in grain weight by comparing 
the mean grain weight of desiccated and control 
genotypes (Salem 2004, Salem et al. 2007).   
Statistical analysis: All the information was 
subjected to MSTAT-C statistical analysis. In order 
to compare the mean values, correlation analysis 

was carried out to analyze correlations between 
characters. 

Results and Discussion 
By analysis of variance for a percent reduction in 
grain weight due to chemical desiccation, highly 
significant differences (P <0.01) were revealed 
(Table 2). The differences in plant height between 
the genotypes were also important. Regan et al. 
(1993) have previously documented substantial 
variations in the response of genotypes to the 
treatment of desiccation. For the improvement of 
yield, genetic variability among genotypes for 
tested traits can be helpful. 

 
Table 2. Mean square estimates of ordinary analysis for all traits studied under control and post-anthesis 

drought stress. 

S.O.V. d.f Plant height (cm) 1000-grain weight 1000-grain weight STI 
% Normal Stress Comb. 

Replications 2 8.11 0.02 0.15 0.08 115.62** 
Genotypes (G) 20 186.80** 0.90** 1.87** 1.47** 28.89** 
Error 40 6.13 0.03 0.025 0.029 6.98 

* and ** significant at the P > 0 .05 and the P > 0.01 levels of probability, respectively 
 
To simulate drought stress in the field, chemical 
desiccants are recorded to enable the selection of 
drought stress tolerance postanthesis (Haley and 
Fast, 1993; Salem 2004, Salem et al. 2007). Grain 
filling depends mainly on the source of carbon 
resulting from the current assimilation resulting 
from the viable green surfaces that intercept light 
after the stage of anthesis. The chemical desiccant 
spray (0.4% KI) in our experiment resulted in leaf 
desiccation of the tested genotypes within 3-4 
days of treatment. The induced desiccation, as an 
outcome of different stresses, resulted in complete 
yellowing of leaves similar to natural senescence. 
In the absence of photosynthesis, the stem reserve 
mobilization capacity of the plant is calculated as a 

variance in 1000-grain weight because at the time 
of treatment all yield components other than grain 
weight were already determined (Blum et al., 
1983a; 1983b; 1991; Salem 2004, Salem et al. 
2007). The differential response of six Egyptian 
wheat genotypes and 15 F1 to the imposed stress 
condition was shown by the percent reduction of 
grain weight by chemical desiccation. With an 
average of 94.33% (Table 3), the mean values for 
percent reduction in grain weight ranged from 
85.88 to 97.67%. The highest decrease was 
observed in Gemmiza 10 x Sids-12 (85.88%), 
followed by Giza 168 x Gemmiza 10 (87.27%), 
while the minimum decrease in grain weight was 
observed in Gemmiza 7 x Gemmiza 11 (97.67%), 

a b c 
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followed by 96.84% in Gemmiza 9 (Table 3). The 
reduction rate in the tested wheat germplasm 
ranged from 2 to 15%, which is comparable to 
previous findings (Blum et al. 1983a; 1983b; Salem 
2004; Salem et al. 2007; Börner et al. 2010). 
Significant associations have been identified in 
previous studies between the rate of decrease in 
grain weight by chemical desiccation and the rate 
of drought stress reduction (Blum et al., 1983b; 

Nicholas & Turner, 1993; Salem 2004; Salem et al. 
2007). 
In view of previous studies, the genotypes tested 
were divided into three groups with large (< 30% 
decrease in grain weight), medium (31-41 % 
decrease in grain weight) and low (< 41 % decrease 
in grain weight) stem reserve utilization during 
post-anthesis drought stress and any association 
with reported drought tolerance or susceptibility 
was analyzed (Table 3).  

 
Table 3. Plant height, 1000-grain weights and description of wheat genotypes. 

No. Variety/Accession Origin Year of 
release 

Plant 
height 
(cm) 

1000-grain 
weight 
(spray) 

1000-grain 
weight 

(control) 

1000-grain 
weight  
(STI %) 

1 Giza-168 Egypt 1999 88.85 48.79 47.08 96.50 

2 Gemmiza-7 Egypt 2000 88.21 53.54 50.77 94.83 

3 Gemmiza-9 Egypt 2000 63.61 49.74 48.17 96.84 

4 Gemmiza-10 Egypt 2004 86.68 55.63 51.94 93.37 

5 Gemmiza-11 Egypt 2011 83.30 47.40 45.99 97.03 

6 Sids-12 Egypt 2008 101.99 51.98 47.76 91.88 

7 Giza-168       x Gemmiza-7 Egypt 2013 81.90 53.58 51.48 96.08 

8 Giza-168      x Gemmiza-9 Egypt 2013 90.94 47.23 45.93 97.25 

9 Giza-168      x Gemmiza-10 Egypt 2013 93.48 52.41 45.74 87.27 

10 Giza-168      x  Gemmiza-11 Egypt 2013 101.90 57.84 53.04 91.70 

11 Giza-168      x Sids-12 Egypt 2013 93.05 59.43 57.08 96.05 

12 Gemmiza-7   x Gemmiza-9 Egypt 2013 93.26 52.43 50.27 95.88 

13 Gemmiza-7    x Gemmiza-10 Egypt 2013 82.70 54.39 51.77 95.18 

14 Gemmiza-7    x  Gemmiza-11 Egypt 2013 96.85 45.89 44.82 97.67 

15 Gemmiza-7    x Sids-12 Egypt 2013 93.23 53.93 51.18 94.90 

16 Gemmiza-9    x Gemmiza-10 Egypt 2013 83.32 54.43 50.17 92.17 

17 Gemmiza-9    x  Gemmiza-11 Egypt 2013 98.65 50.16 47.74 95.18 

18 Gemmiza-9    x Sids-12 Egypt 2013 80.10 55.14 52.07 94.43 

18 Gemmiza-10  x  Gemmiza-11 Egypt 2013 78.45 58.23 56.07 96.29 

20 Gemmiza-9  x Sids-12 Egypt 2013 84.29 45.69 39.24 85.88 

21 Gemmiza-11  x Sids-12 Egypt 2013 89.31 53.53 50.66 94.64 

Mean ---- ---- 88.29 52.45 49.47 94.37 

L.S.D. 5 % ---- ---- 1.33 3.36 3.18 4.36 

L.S.D. 1 % ---- ---- 1.75 4.50 4.20 5.83 

 
Compared to those with low use (drought 
susceptible), the genotypes with high use of stem 
reserves were considered relatively drought 
tolerant. Theoretically, when the supply of 
photosynthesis is reduced, genotypes that 
accumulate a large amount of water-soluble 
carbohydrates (WSC) in the stem may be able to 
relocate more carbohydrates to the grain than 
genotypes with lower stem carbohydrate 
concentrations. The Gemmiza 7 x Gemmiza 11 and 
Gemmiza 9 fall in the first group having a minimum 
percent reduction in grain weight exhibiting high 
utilization of stem reserves under stressed 
conditions (Figure 2). Under conditions of drought, 

these genotypes also perform well. Wheat 
genotypes with low decreases in grain weight after 
KI treatment also showed stable grain weight 
under drought stress in previous reports (Nicolas 
and Turner, 1993, Salem 2004; Salem et al. 2007). 
Such high grain weight reductions have also been 
reported (Mohammadi et al., 2009).  In drought 
conditions, genotypes with low stem reserve use 
may not perform well, as stem reserve use is an 
efficient yield sustaining mechanism under drought 
stress (Hossain et al., 1990; Pheloung & Siddique, 
1991; Gavuzzi et al., 1997; Yang et al., 2002; 
Asseng & Van Herwaarden, 2003; Plaut et al., 
2004; Salem 2004; Salem et al. 2007). 
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Fig. 2. Variation in stem reserve mobilization by different wheat genotypes under post-anthesis drought 

stress. 
 

It appears that plant height in bread wheat is an 
essential component of grain yield. The storage 
ability is increased by longer stems and a greater 
specific weight (Blum et al., 1994). The correlation 

coefficient between plant height and 1000-grain 
weight stress tolerance index was elucidated in our 
data, r = 0.037 (P < 0.01) Figure 3. 

 

 
Fig. 3. Correlation between plant height and 100-grain weight STI under post anthesis drought stress. y = -

0.0675x + 100.29, R
2
= 0.0373 

 
Under stress conditions, the genotypes having tall 
stature showed less reduction in grain weight. 
However, the relatively short genotypes were 
susceptible to a high decrease in grain weight, 
indicating a poor contribution of stem reserves to 
stressed plants. In this regard, Borrell et al. (1993) 
and Salem (2015) stated that a 21% decrease in 
stem length can result in a 35 and 39% decrease in 
storage reserves, depending on the presence of 
wheat's dwarfing genes Rht8, Rht-B1b and Rht-D1b 
respectively. Our findings are also in line with the 
results of Mohammadi et al. (2009), who reported 
a major association in chemically induced stress 
conditions between plant height and stem reserve. 
During the 1960s and 1970s, the high-yielding 
technologies developed in Mexico helped 
revolutionize cereal production and culminated in 

what is known as the green revolution. A new 
plant form, the semi-dwarf varieties with short 
stature, which were tolerant to lodging under 
higher levels of fertilizers and irrigation, was 
shaped by the use of dwarfing genes. As described 
above, the decreased storage capacity of the stem 
was the product of dwarfing genes in wheat 
(Borrell et al., 1993). It seems rational to conclude 
that semi-dwarf wheat has lower stem reserve 
usage and tolerance to drought after the green 
revolution. In this regard, it is important to note 
that wheat genotype Gemmiza 7 x Gemmiza 11 
(97.67%), followed by 96.84% in Gemmiza 9 in the 
current study belongs to the comparatively taller 
pre-green revolution period. A major goal in the 
current scenario is a decrease in irrigation water 
with every passing day of breeding for drought 
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tolerance. In our view, changing the preference for 
breeding from. In our view, it can help to improve 
the drought tolerance of this crop by changing the 
breeding preference from semi-dwarf to medium 
stature plant type in wheat. 

Conclusion 
It can be assumed that when subjected to post-
anthesis stress relative to transient 
photosynthesis, stem reserve mobilization 
supports grain development in cereal crops. The 
implementation of post-anthesis chemical 
desiccation stress tests provides a probable basis 
for the selection of genotypes that are relatively 
drought tolerant. To grow wheat varieties that are 
more suited to stressed conditions, genetic 
variation for the use of stem reserves may be used 
for further development. Based on the continuous 
change in the climate, we need to alter our 
breeding preferences. 
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