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Yeast extract leads to improvement of physiological and biochemical parameters
and reduction of late planting stress in wheat
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ECENTLY, there is a great demand for bio-fertilizer usage, to reduce the detrimental effects of

late sowing and enhance crop cultivation. Thus, the current research aims to improve wheat plant
(Gemiza-11 and Sids-13 cultivars) growth, some physiological parameters, grain yield and quality by
the use of yeast extract as foliar treatment. Therefore, throughout the course of two consecutive winter
seasons, the effects of foliar treating yeast extract (1%, 2% and 3%) at two different sowing times (15%
of November and December) on growth, certain biochemical characteristics and yield attributes were
assessed. The obtained results demonstrate the superiority of Gemiza-11 cultivar over Sids-13 cultivar
in terms of growth, yield quantity, and quality. Furthermore, compared to plants sown onl5th
November, the late sowing date Foliar treatment with yeast extract greatly enhanced growth
characteristics, photosynthetic pigments, indole acetic acid, some osmoprotectants, yield, and its
constituents in wheat plants. Finally, the above findings implied that exogenous yeast extract enhanced
photosynthetic pigments, indole acetic acid (IAA), and the studied osmolytes and phenolics which
further promoted growth and productivity of the two tested wheat cultivars under late sowing date.
Therefore, the stimulative effect of yeast extract may be suggested as an effective strategy for
strengthening the late sowing (15" December) stress tolerance of wheat plants.

Key words: Antioxidant activity, Foliar treatment, Late sowing, Osmoprotectants, Wheat, Yeast

extract.

1. Introduction

By the end of this century, it is predicted that the
average globaltemperature would rise by 1.5-4C
(IPCC. 2021). Globally, increased temperatures
significantly impacted agricultural production in
many regions especially arid and semiarid regions
like South Africa (Bakhoum et al, 2016 and
Ramadan et al., 2025).

Wheat (Triticum aestivum L.) is considered the most
important grain-producing cereal and the first crop
among cereals consumed by humans (FAO, 2018).
Wheat is used as a food crop in urban and rural
societies and as a major source of straw for animal
feed (El-Said and Mahdy, 2016 and Soliman, 2025).
According to the Food and Agriculture Organization
of the United Nations (FAO, 2020), wheat is
cultivated on an area of 1.343 million hectares

season with an annual production 0f8.800 million
tons, with an average yield 0f6.55 t’/ha (Ahmed et al.,
2020 and Ragaey et al., 2022). Winter wheat
cultivars have unique cold requirements, which
depending on a number of variables, including the
date of planting, general weather conditions and
plant’s cold requirements, blooming may or may not

take place.

Late sown wheat cropis subjected to elevated
temperature stress resulting in yield decrease and
contributing to the yield gap (Pecio and Wielgo,
1999 and Ibrahim & El-Waraky 2023). With recent
variations in agricultural climate as well as the
unpredictable rainfall pattern, there would be
anurgent demand for wheat cultivars to be examined
with different sowing schedules and planting

densities for yield optimization (Grigorieva et al.,
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2023). As a result, evaluating wheat cultivarsfor
optimal planting period and seed rate for irrigated
and rainfed areas is critical for establishing a proper
cropping pattern in wheat-growing regions. The date
of planting is determined by the environmental
requirements of the wheat crop (Khalaf and Shahaz,
2016). Furthermore, the apparent role of agronomic
processes such as the use of promising cultivars, the
use of foliar stimulants, such as yeast extracts has a
very important impact on plant growth and chemical
composition, in addition to its yield and attributes
(du Jardin, 2015).

Recently, there is a great demand for bio-fertilizer
usage which are safe, in order to reduce the
detrimental effects of late sowing or heat stress on
different plants and enhance crop cultivation (Kasim
et al., 2020, and Badr et al., 2025). Given that, yeast
extract contains considerable levels of amino acids,
carbohydrates, reducing sugars, enzymes, mineral
elements, and vitamins (such as B1, B2, B3). Bread
yeast (Saccharomyces cerevisiae) functions as a
natural biological fertilizer which enhances growth
and productivity of various plants (Dawood et al.
2013 and Sadak & Dawood 2022). Additionally,
yeast is a naturally occurring supply of cytokinins
and tryptophan, which are building block for indole
acetic acid (IAA) biosynthesis (Mostafa and Abou
Raya, 2003). Therefore, active dry yeast promotes
cell differentiation and proliferation, controls
morphogenesis of shoot and root, and modulates
chloroplast maturation (Ezz El-Din and Hendawy,
2010).

Foliar treatment of yeast extract are ideal for
correcting nutrient deficiencies and it is an excellent
additive for increasing growth and crop yield
quantity and quality (Bulgari et al., 2019). Its use is
practiced as an alternative to chemical fertilizers that
are safe for humans, animals and the environment
(Omran, 2000). Most studies have shown that plant
root growth can be directly or indirectly enhanced by
rhizospheric yeast (Xin et al., 2009). Foliar treatment
with yeast extract are good for fixing nutrient

deficiencies in agricultural soil and it is an excellent
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additive for increasing growth and crop yield
quantity and quality (Xi et al, 2019). Its use is
practiced as an alternative to chemical fertilizers that
are safe for humans, animals and environmentally
(Omran, 2000). Many researchers have shown that
plant root growth can be directly or indirectly
enhanced by rhizospheric yeast (Xi et al., 2019). In
addition, Mohamed et al., (2015) stated that foliar
spraying of yeast extract has been to improve growth
of some plants. It is important to note that treatments
with yeast extract enhanced wheat plant
development in both normal and stressful field
conditions (Haider ef al., 2021; Hamed et al., 2022).

Thus, this study aimed to understand how exogenous
yeast extract impacts wheat growth under late
sowing stress focusing on its potential to mitigate
growth inhibition, photosynthetic pigments and [AA
inhibition maintain osmoprotectant balance and
promote yield components. Also, compare the
response of two cultivars Gemiza-11 and Sids -13

with different degrees of tolerance.

2. Material and Methods

2.1. Experiment location: Two field trials were sown
in the winters of 2019/2020 and 2020/2021 to study the
effect of three concentrations of baker's yeast extract,
including 1, 2, and 3% on wheat plant under late sowing
effect. In the National Research Center's experimental
farm in the Nubaria district of Egypt (30 _86'67" N
31 16'67" E, with a mean altitude of 21 m above sea
level). The zone of the soil Farm is assumed to be arid
or semi-arid. At night, temperatures ranged from 8.83°C
to 15.56°C at a mean of 12.20°C and from 7.47°C to
17.44°C with an average of 12.46°C, while daytime
temperatures ranged from 16.34°C to 28.03°C at a mean
of 22.19°C and from 19.27°C to 29.84°C 35.74 to
57.42%, at a mean of 46.58%, and from 32.3 to 53.30%
at meanof 42.8% while daytime relative humidity about
from 85.97 to 91.62% at a mean of 88.80% and from
83.65t0 90.79% at a mean of 87.22% in successive
winters must be withheld in 2019-2020 and 20202021,
respectively: The experimental site's meteorological
information for the two growth seasons is shown in

Figure 1.



YEAST EXTRACT LEADS TO IMPROVEMENT OF PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS AND ... 515

2019/2020

et Temperature (°C) Max ==fll==Temperature (°C) Avg ==fe==Temperature (°C) Min

=== Humidity (%) Max

100

== Humidity (%) Avg

—@— Humidity (%) Min

90
80

N

70 w&)’hﬂ\x
60
50
40
30
= e ——
10

Nov

Dec Jan

2020/2021

Feb

Apr May

—&— Temperature (°C) Max =ll=Temperature (°C) Avg =—fe=Temperature (°C) Min

== Humidity (%) Max

100
90

== Humidity (%) Avg

80

—&— Humidity (%) Min

70 W
60

50 \
———

40
30

20 ; M
10

Fig. 1. The data of maximum, minimum, average temperature, and relative humidity, were gained from the
weather station installed at the experimental station of the National Research Centre, Nubaria region,

Egypt.

The mechanical and

chemical analyses

of

experimental soil were analyzed according to

Table 1. Mechanical and chemical analysis of the experimental sandy soil.

Chapman & Pratt, (1961) as presented in Table (1)
and Table (2).

Season Constant Depth (cm) | Sand % Silt% Clay%

2019/2020 00-30 85.3 10.5 4.2
30-60 81.2 13.6 5.2

2020/2021 00-30 81.3 13.4 53
30-60 74.6 17.6 7.8
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Table 2. Soil chemical analyses of the experimental site.
Anions (milliequivalents/ Cations (milliequivalents/

v | Constant Electrical | Saturation liter) liter) Oreanic

2 Depth pH | conductivity CaCos £ o

g (cm) (ds/m) Percentage | CO; SO Matter %

2 N CO;- Cl N Ca™ | Mg™ | Na* K* %

o

2019/ 00-30 7.74 1.17 32 0.50 8.40 1.11 1.80 0.90 7.1 0.20 1.00 0.40
2020 30-60 7.79 1.79 27 0.60 8.00 140 | 2.10 1.50 6.2 0.20 6.00 0.07
2020/ 00— 30 7.75 1.59 23 032 | 12.70 | 1.98 | 4.00 | 1.80 | 9.0 | 0.20 1.90 0.38
2021 30-60 7.77 1.81 25 0.45 15.40 | 2.15 | 5.60 2.00 10.2 | 0.20 1.30 0.32

2.2. Experimental procedure

Two cultivars of wheat (Triticum aestivum, L.)
namely Gemiza-11 andSids-13 were sown at two
sowing date15"November (normal sowing date) and
15"December (late sowing date) in two successive
winter seasons (2019/2020 and 2020/2022). Grains
of two wheat cultivars were obtained from the
Agricultural Research  Center, Ministry of
Agriculture, Giza, Egypt. Granular ammonium
sulfate 20.5% N at a rate of 40 kg N ha™!, and single
superphosphate (15% P,0s) at a rate of 60 kg P»0s
ha™! were added. The N and P fertilizers were mixed
thoroughly into the soil immediately before sowing.
Sprinkler irrigation was used. The recommendations
of the Ministry of Agriculture, Egypt, were carried
out under field conditions. The plants were foliar
sprayed with four concentrations of yeast extract
(control, 1%, 2%, and 3%) at 35 and 50 days after
sowing using a hand-operated compressed air
sprayer. Yeast extract was obtained from the bakery.
The commercial bakery yeast (Saccharomyces
cerevisiae) was used as biological amendments;
three different treatments were made by adding 10,
20, and 30 g in one liter of warm water, with two
table spoons of sugar to activate the yeast, and
allowing it to sit for 24 hours (at 28-35C) and
consequently filtered via a piece of cloth (Morsi et
al., 2008).

2.3. Experimentaldesign: Experimental design:
The trial was designed using a completely
randomized block design with a split split-plot
structure with three replicates in both seasons. The
main plots were devoted to two wheat cultivars and
the sub plots were occupied by the two sowing dates
whereas, the sub-sub plots were assigned to the four
yeast extract YE treatments. Wheat grains of the two
cultivars were planted in rows 3.5 meters long, with
20 cm between each row, the total area of the plot
was 10.5 m? (3.5 m in length and 3.0 m in width)
using traditional agricultural methods.
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2.4. Measurements

Samples of five guarded plants were randomly taken
from the three middle rows for each sub plot to
determining growth parameters including shoot
length (cm), leaf number/tiller, fresh and dry
weight(g).At harvest, one square meter of each sub-
subplot was harvested to determine the following
yield characters namely: shoot dry weight (g), spike
weight /plant (g), spikelet number/spike, biological
yield (ton/hectare), grains weight/plant (g),grains
yield (ton/hectare), straw yield (ton/hectare) and
1000 grains weight (g).

2.5. Chemical analysis

Chlorophyll a, chlorophyll b and carotenoids were
determined using the Spectrophotometric method
described by Lichtenthaler and Buschmann (2001).
Total soluble sugars (TSS) were extracted and
analyzed according to the method described by
Chow and Landhausser (2004). Free amino acids
were extracted and assayed according to the method
described by Sorrequieta ef al. (2010). Proline was
assayed by Kalsoom et al. (2016). Indole acetic acid
content was extracted and analyzed using the method
described by Larsen et al, (1962). Total
carbohydrates was extracted and analyzed according
to Albalasmeh et al. (2013). Total phenolic content
was measured as described by Gonzalez et al.
(2003). DPPH% was measured according to the
method reported by Gyamfi et al., (2002).

2.6. Statistical analysis

The data was subjected to a completely randomized
block design statistical analysis. Given that the
tendency was similar between both seasons, the
homogeneity test utilized Bartlet's equation to
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integrate the analyses of both seasons. All data were
exposed to the analysis of variance according to the
MSTAT-C (1988) statistical analysis program
version 14. Duncan's multiple range test was
measured to compare the means atP< 0.05 (Steel &
Torrie, 1997).

3. Results

3.1. Changes in growth characters:

For the individual impact of each factor, Table (2)
shows the effect of cultivars, sowing date and foliar
application with different levels of yeast extract on
different morphological parameters of wheat plants
grown in sandy soil, Data clearly show significant
differences between Gemiza-11 and Sids-13
regarding to shoot length (cm), number of
leaves/tiller, shoot fresh and dry weight (g). Growth
of Gemiza-1lcultivar was superior by 18.39%,
25.17%, 10.86% and 12.00% over Sids -13 in the
above mentioned parameters respectively.

While, the effect of sowing date of wheat plants on
morphological parameters (Table 2), clearly stated
that, late sowing (15" December) significantly
reduced shoot length (12.7% decrease), leaves
number/tiller (10.5% decrease), shoot fresh weight
(9.5% decrease) and dry weight (with 12.0%
decrease) in comparison to first planting date.

Regarding the effect of yeast extract treatment with
different concentrations, data presented in the same

Table 2 showed that different YE concentrations

increased significantly shoot length (cm), leaves
number/tiller, shoot fresh and dry weight (g)asover
untreated control plants. Furthermore, foliar
application with 2% yeast extract was the most
effective concentration (it increased shoot length by
27.2%, leaves number/tiller by 21.04%, shoot fresh
weight by 34.7% and dry weight by 34.7% increase)
followed by (3%) as compared to other y used
treatments and control (Table 2).

Analysis of variance for the third interaction effect
among cultivars, sowing dates and bio-fertilizer
treatment (yeast extract) on growth characters of
wheat plants were presented in Table 3. Different
treatment of yeast extract increased shoot length
(cm), number of leaves/tiller, shoot fresh and dry
weight (g)of the two cultivars of wheat plants in both
planting dates of both Gemiza -11 or Sids-13.
Furthermore, the best effective treatment under both
planting times was 2% yeast extract on either
Gemiza-11cultivaror Sids-13. Under both normal
and late sowing dates of Gemiza-11, foliar treatment
of 2% YE, the percentages of increases in shoot
length were 31.73%, 22.58%, number of leaves per
tiller, 17.64% and 26.6%, shoot fresh weight,
12.14% and 13.31% and shoot dry weight, 24.58%
and 21.57%. While the percentages of increases in
Sids-13 in shoot length were 24.14%, 29.84%,
number of leaves per tiller, 23.09% and 17.98%,
shoot fresh weight, 52.94% and 63.85% and shoot
dry weight, 45.35% and 54.67%.

Table 2. Impact of cultivars (Gemiza-11 and Sids-13), sowing dates ( Normal date and late sowing date) and
foliar application of yeast extract (0, 1%, 2% and 3%) on growth attributes in wheat (combined

analysis of two seasons).

number of shoot fresh wt Shoot dry wt
Treatments Shoot length (cm)
leave/tiller (g) (g)
Impact of cultivars (combined average of the two sowing dates)
Gemiza-11 38.29a 5.96a 3.50a 1.25a
Sids-13 31.25b 4.46b 3.12b 1.10b
Sowing dates (combined average of the two cultivars)

Normal sowing 37.13a 5.50a 3.47a 1.25a
Late sowing 32.42b 4.92b 3.14b 1.10b
Foliar application of yeast extract (YE)

Control 30.08¢ 4.67c 2.71c 0.95¢
1% YE 35.17b 5.17b 3.30b 1.19b
2% YE 38.25a 5.67a 3.65a 1.28a
3% YE 35.58b 5.33ab 3.57ab 1.28a
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Table 3. Impact of interaction among cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and
late sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on growth attributes
in wheat (compound analysis of two seasons).

Yeast

. Time of Shoot length Leave Shoot fresh ~ Shoot dry
Cultivars . extract .
sowing (YE) (cm) no/tiller wt (g) wt (g)
Control 34.67e£2.55  5.67b+0.65  3.26d+0.35  1.18c+0.06
Normal 1% YE 42.00b+3.05  6.33a+0.35  3.72ab+0.14  1.41a+0.05
sowing 2% YE 45.67a+1.15  6.67a+0.51  3.99a+0.62  1.47a+0.03
Gemiza-11 3% YE 43.33b+1.65  6.33a+0.15  3.92a+0.15  1.43a+0.03
Control 31.00££2.65  5.00bc+0.32  3.08de+0.08  1.02¢+0.04
Late sowing 1% YE 36.33d+1.54  5.67b+0.21  3.28d+0.09  1.11d+0.01
2% YE 38.00c£3.05  6.33a+0.42  3.49¢+0.00  1.24b+0.08
3% YE 35.33de+2.35  5.67b+0.00  3.23d+0.04  1.13d+0.04
Control 29.00g+1.32  4.33cd+0.32  2.38d+0.16  0.86f£0.03
Normal 1% YE 33.00ef+1.52  4.67c¢+0.08  3.18de+0.01  1.14d+0.07
sowing 2% YE 36.00d+2.06  5.33bc+0.36  3.64b+0.10  1.25bc+0.02
Sids-13 3% YE 33.33ef+2.04  4.67c+0.15  3.68b+0.07  1.24bc+0.00
Control 25.67h+2.62  3.67d+0.06  2.13f+0.12  0.75g+0.04
Late sowing 1% YE 29.33fg+2.54  4.00d+0.32  3.00e+0.34  1.09e+0.03
2% YE 33.33ef+3.62  4.33¢d+0.21  3.49¢+0.05  1.16d+0.04
3% YE 30.33f£3.51 4.67¢+0.36  3.45¢+0.17  1.30b+0.03
3.2. Changes in yield and its components: weight/plant g (16.94%), spikelet no/spike

For each factor’s individual impact, Table (4) and

(13.78%),

grains

weight /plant

g (17.25%),

Fig 1 (a, b, c and d) indicated that wheat cultivar
Gemmiza-11 surpassed Sids-13 in yield traits
expressed as shoot length cm (7.32%), spike length
cm (1.37%),), shoot dry weight g (18.81%), spike
weight/plant g (12.85%), spikelet no/spike
(11.26%), grains weight /plant g (8.61%), biological
yield (ton/ha, 7.23%), grains yield (ton/ha, 10.67%)
straw yield (ton/ha, 4.89%) and 1000 grains weight
(14.82%). Late sown plants showed significant
decreases in the above mentioned yield and its
components, the percentages of decreases were, as
shoot length cm (10.35%), spike length cm
(19.55%),), shoot dry weight g (25.22%), spike

biological yield (ton/ha, 18.27%), grains yield
(ton/ha, 18.46%) straw yield (ton/ha, 18.15%) and
1000 grains weight (13.22%). However, treating
wheat plants with different levels of yeast extract
increased significantly shoot length (13.25%), spike
length (17.97%), shoot dry weight (36.97%), spike
weight/plant (69.60%), spikelet no/spike (51.83%),
grains weight /plant (7.42%), biological yield
(35.77%), grains yield (35.79%) straw yield
(37.75%) and 1000 grains weight (29.81%). The
highest mean values are recorded in plants treated
with foliar application of yeast (2%) followed by
3%.

Table 4. Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and foliar
application of yeast extract (0, 1%, 2%and 3%) on yield and its attributes in wheat (compound analysis of two

seasons).
Shoot spike length Shoot dry spike weight spikelet grains weight
Treatment length (cm) weight (g/plant) no/spike (g/plant)
(cm) (g/plant)
Cultivars of wheat (combined average of the two dates of sowing)
Gemiza-11 62.67a 10.92a 2.18a 1.79a 15.54a 2.44a
Sids-13 58.08b 10.77a 1.77 1.56b 13.79b 2.23b
Sowing dates (Combined averabge of the two cultivars)
Normal sowing 63.67a 12.02a 2.26a 1.83a 15.75a 2.55a
Late sowing 57.08b 9.67b 1.69b 1.52b 13.58b 2.11b
Foliar application of yeast extract (YE)
Control 55.92¢ 9.96¢ 1.65d 1.25¢ 10.92b 2.29¢
1% YE 61.17b 11.00b 1.92¢ 1.66b 15.92ab 2.20c
2% YE 63.33a 11.75a 2.26a 2.12a 16.58a 2.46a
3% YE 61.08b 10.67a 2.08b 1.67b 15.25ab 2.39b
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Fig. 1(a). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and foliar application of yeast
extract (0, 1%, 2% and 3%) on yield and its attributes in wheat (compound analysis of two seasons).
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Fig. 1(b). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and foliar application of yeast
extract (0, 1%, 2% and 3%) on yield and its attributes in wheat (compound analysis of two seasons).
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Fig. 1(c). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and foliar application of yeast
extract (0, 1%, 2% and 3%) on yield and its attributes in wheat (compound analysis of two seasons).
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Fig. 1(d). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and foliar application of yeast
extract (0, 1%, 2% and 3%) on yield and its attributes in wheat (compound analysis of two seasons).

Furthermore, results in Tables 5 and Fig 2(a, b, ¢ and
d) indicate the impact of interaction effect of
date of sowing and different
concentrations of yeast extract on yield and its

cultivars,

components (shoot length (cm), spike length (cm),
shoot dry weight (g), spike weight/plant (g), spikelet
no/spike, grains weight /plant (g), biological yield
(ton/ha), grains yield (ton/ha) straw yield (ton/ha)
and 1000 grains weight (g) as well as carbohydrate

and protein content of the yielded grains) of wheat
plants. Data revealed that, Gemiza-11 showed higher
yield and its components in both date of planting and
yeast extract treatments Furthermore, data clearly
show that treating wheat plants with different
concentrations of yeast extract could alleviate the
reduced effect of late sowing as compared with
untreated controls. The most effective treatment was
2% yeast extract (Table 5).

Table 5. Impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date)
and foliar application of yeast extract (0, 1%, 2% and 3%) on yield and its attributes in wheat (compound
analysis of two seasons).

biological
Treatment Shoot length  Spike length shoot dry spike weight spikelet yield grains weight
(cm) (cm) weight (g) (plant/g) no/spike (g/plant)
(ton/fed)
Control 61.3d+0.33 11.5¢+0.88 2.16e+0.06 1.29g+0.08 13.00e+0.47 4.57d+0.07 2.21e+0.06
Normal 1% AYE 66.7bc£1.20 12.7b+0.88 2.36¢+0.06 1.64d+0.09 16.67¢+0.57 5.43bc+0.06 2.50d+0.04
sowing 2% AYE 71.3a+0.57 13.7a+0.66 2.69a+0.03 2.41a+0.08 19.67a+0.06 5.88a+0.05 3.23a+0.00
Gemiza 3% AYE 68.0b+0.66 11.7¢+0.66 2.46b+0.00 1.60d+0.11 17.33b+0.84 5.64b+0.04 3.08b+0.06
-11
Control 51.7i+1.33 8.0f+0.33 1.57h+0.06 1.13h+0.04 10.67+0.68 3.58fg+0.06 2.10+0.04
Late 1% AYE 58.3e+0.66 9.3e4+0.33 1.85g+0.04 1.20g+0.12 15.00d+0.72 4.01£:0.07 2.40d+0.03
sowing 2% AYE 63.7¢£0.66 10.0d+0.33 2.26d+0.03 1.67d+0.040 18.33ab+0.03 4.72d+0.06 2.70c+0.05
3% AYE 60.3de+0.88 9.3e40.66 2.12e+0.05 1.55e+0.00 16.67¢+0.54 4.02¢+0.00 2.61cd+0.04
Control 56.0££0.84 10.7d+0.33 1.70g+0.00 1.34ef+0.08 10.67+0.85 4.02+0.06 1.75g+0.06
Normal 1% AYE 61.0d+1.15 11.3¢+0.66 2.06£+0.06 1.98¢+0.06 15.67d+0.68 5.08¢+0.07 1.96g+0.07
sowing 2% AYE 63.0c£1.15 12.7640.88  2.34c£0.04  2.25b+0.04 18.33a£0.75  5.51bcx0.00  2.49d0.06
4 3% AYE 62.0cd+1.15 12.0c+0.66 2.28d+0.06 2.11bc+0.03 17.00b+0.68 5.04¢£0.06 2.20e+0.04
Sids-13
control 54.7h+1.25 9.7¢4+0.33 1.16k+0.05 1.22£+0.01 9.67g+0.84 3.38g+0.08 1.69g+0.00
Late 1% AYE 58.7e+1.62 10.7d+0.33 1.41j+0.00 1.82¢d+0.06 13.33e+0.62 4.02e+0.01 1.97fg+0.07
sowing 2% AYE 55.3g+0.88 10.7d+0.88 1.73g+0.06 2.16bc+0.06 14.67de+0.00 4.99¢+0.06 2.15e+0.00
3% AYE 54.0h+0.66 9.7¢+0.66 1.46i+0.03 1.40££0.00 12.33e+0.75 4.77d+0.04 1.86g+0.006
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Fig. 2(a). impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (normal date
and late sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield
and its attributes in wheat (compound analysis of two seasons).
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Fig. 2(b). impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and
late sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield and
its attributes in wheat (compound analysis of two seasons).
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Fig. 2(c). impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates ( Normal date
and late sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield
and its attributes in wheat (compound analysis of two seasons).
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Fig. 2 (d). impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates ( Normal date and late
sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield and its attributes
in wheat (compound analysis of two seasons)

3.3. Changes in photosynthetic pigment and photosynthetic ~ pigments  constituents  and
endogenous indole acetic acid: endogenous IAA level. Late sowing date (15
For the individual impact of each factor, data in December) significantly decreased in Chlorophyll a,
Table (6) indicate that chlorophyll a, chlorophyll b, chlorophyll b, carotenoids and total pigments as well
carotenoids, total pigment and indole acetic acid as TAA level comparing to control. While, foliar
(IAA) contents were significantly (P < 0.05) treatment of yeast extract with different levels (1%,
different between the two wheat cultivars (Gemiza- 2% and 3%) caused significant increases in the
11 and Sids-13). However, Gemiza-11 significantly above mentioned studied parameters of wheat leaves
surpassed  Sids-13  cultivars  in  different as compared with untreated control (Table 6).
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Table 6. Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and
foliar application of yeast extract (0, 1%, 2% and 3%) on photosynthetic pigment (mg/100 g fresh
wt) and IAA (ng/g fresh wt) contentin wheat.

Treatment Chlo a Chlo b Carotenoids Total TAA (pg/g
pigment FW)
(mg/100 g FW)
Cultivars of wheat
Gemeiza-11 1.25a 0.737a 0.346a 2.35a 45.42a
Sids-13 1.10b 0.559b 0.291b 1.77b 31.34b
Sowing dates
Normal sowing 1.25a 0.720a 0.362a 2.25a 67.11a
Late sowing 1.10b 0.576b 0.275b 1.88b 89.39b
Foliar application of yeast extract

Control 0.95¢ 0.604c 0.291c 1.84c 65.81d

1% YE 1.19b 0.657b 0.318b 2.08b 76.20c

2% YE 1.28a 0.680a 0.346a 2.24a 86.79a

3% YE 1.28a 0.652b 0.319b 2.10b 84.19b

On the other hand, the third order interactions
applied of wheat plant as cultivars x sowing dates x
foliar yeast extract, presented in Table 7. The
obtained data illustrated the influence of foliar
application of 2% yeast extract on chlorophyll a,
chlorophyll b, carotenoids and total pigments as well
as IAA in wheat leaves under two sowing dates and
two cultivars. All yeast extract could not only,

improve different photosynthetic pigment contents
and TAA in normal sowed wheat cultivars, but also,
alleviate the effect of late sowing date in the two
tested cultivars (Table 7). However maximum values
of photosynthetic pigments constituents and
endogenous IAA contents were obtained in Gemiza-
11 cultivar using foliar sprayed with 2% yeast extract
in plants sowed at 15* of November.

Table 7. Impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date)
and foliar application of yeast extract (0, 1%, 2% and 3%) on Photosynthetic pigment and IAA content in

wheat.
Treatment Chlo a Chlo b carotenoids Total pigment TAA (ug/g
(mg/100 g FW) FW)

Gemeiza-11 Early Control 1.18bc+0.03 0.829b+0.02 0.363¢+0.03 2.40c+0.35 24.40m+0.25
sowing 1% YE 1.41a+0.10 0.842a+0.05 0.437b+0.03 2.67b+0.12 33.40i+0.33

2% YE 1.47a+0.03 0.869a+0.06 0.475a+0.00 2.84a+0.12 43.34e+0.35

3% YE 1.43a+0.04 0.857a+0.05 0.475a+0.00 2.63b+0.33 38.91g+0.88

Late sowing Control 1.02¢+0.06 0.596d+0.02 0.252i+0.03 1.77££0.44 19.73n+0.16

1% YE 1.11¢+0.01 0.619¢d+0.02 0.265h+0.01 2.09d+0.06 27.24140.35

2% YE 1.24b+0.03 0.641c+0.04 0.288fg+0.03 2.62b+0.16 32.79j%0.35

3% YE 1.1bc+0.01 0.640c+0.02 0.261h+0.02 2.16d+0.06 30.89k+0 36

Sids-13 Early Control 0.86d+0.00 0.515££0.04 0.286+0.02 1.67+0.00 39.54££0.16
sowing 1% YE 1.14bc+0.04 0.638¢+0.03 0.294+0.00 1.91+0.03 49.65¢+0.00

2% YE 1.25b+0.03 0.641c+0.04 0.317d+0.03 2.02b+0.06 62.22a+0.66

3% YE 1.24b+0.02 0.567de+0.06 0.300e+0.04 1.85e+0.00 57.88b+0.88

Late sowing Control 0.75e+0.03 0.474g+0.02 0.265h+0.03 1.50h+0.01 28.33k+0.51

1% YE 1.09¢+0.02 0.528£+0.00 0.277g+0.02 1.64g+0.03 35.48h+1.36

2% YE 1.16bc+0.02  0.567de+0.02 0.302e+0.03 1.83e+0.12 46.73d+1.25

3% YE 1.30ab+0.01 0.545¢+0.03 0.289fg+0.01 1.76£+0.14 43.55¢+1.36

phenols and antioxidant activities expressed as
DPPH%. Furthermore, Gemiza-11 gave higher
contents of osmoprotectants expressed in TSS, FAA
and proline contents over Sids-13 cultivars.
Moreover, sowing wheat plants at 15%"December
significantly increased the above mentioned

3.4. Changes in osmoprotectants, phenols and
antioxidant activity (DPPH%):
As for the individual effect of each factor, data

presented in table (8) showed the significant
differences between the two tested cultivars Gimeza-
11 and Sids-13 in the contents of total soluble sugars
(TSS), free amino acids (FAA) and proline contents,
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osmolytes as compared with the plants planted at the
normal time 15" November. On the other hand, bio-
fertilizer treatment with different concentrations
(1%, 2% and 3% yeast extract) significantly
enhanced all the studied osmolytes (TSS, FAA and

proline contents). However, 2% yeast extract was the
most effective treatment compared with the other
treatments. Regarding to the third order interaction,
wheat cultivars x sowing dates x foliar yeast extract,

Table 8. Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and foliar
application of yeast extract (with 1%YE, 2% YE and 3%YE) on some osmoprotectants (TSS, FAA and proline)
in wheat plant.

Treatment TSS Free AA Proline Phenols DPPH%
(mg/100 g DW)
Cultivars of wheat
Gemeiza-11 6054.79a 409.48b 60.00a 74.66b 47.29b
Sids-13 3908.40b 427.32a 57.27b 81.84a 61.09a
Sowing dates
Normal sowing 4881.90b 400.57b 50.52b 67.11b 54.31a
Late sowing 5081.29a 436.23a 66.75a 89.39a 54.08b
Foliar application of yeast

Control 4785.39d 395.73d 45.32d 65.81d 50.71d
1% AYE 4932.08¢c 416.86¢ 57.51¢c 76.20c 53.66¢
2% AYE 5135.50a 437.49a 68.94a 86.79a 56.68a
3% AYE 5073.42b 423.53b 62.77b 84.19b 55.71b

11. While, the maximum FAA content was obtained
by late date and sprayed with 2% of yeast extract
with cultivar Sides 13. On the other hand, the highest
values of prolinecontent were obtained in Gemiza-
11 wheatcultivar sprayed with 2% of yeast extract
sowing at 15% of December.

Regarding the interaction effects, Table (9) showed
that, different osmolytes content were increased
significantly in wheat plants sown in late date more
than those plants sown in normal date. Furthermore,
TSS content was recorded in highest level in plants
treated with 2% of yeast extract in cultivar Gemiza-

Table 9. Impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late
sowing date) and foliar application of yeast extract (with 1%YE, 2% YE and 3%YE) on some
physiological aspects in wheat.

TSS Free amino proline Phenols DPPH%
Treatment acid
(mg/100 g DW)
Control 5668f+50.3 359i+10.64 39.1i£1.35 56.7m%3.21  43.2n+0.65
Normal 1%AYE 5970e+63.5 381h+9.65 50.8g£1.05  63.91+3.05 44.7m+0.45
sowing 2%AYE 6259¢+61.5 4061+8.54 61.8d+2.31  74.4i+2.05 45.8k+1.02
Gemiza-11 3%AYE 6047d+60.2 389g+6.35 492h+£2.05 67.9k+2.15  45.21+0.98
Control 6060d+58.8 409e+8.45 58.2e£1.35  70.2j%£2.35 46.7j+0.84
Late 1%AYE 6112cd+54.6 427¢+7.35 71.6c+0.86  80.8h+1.62  49.1i+0.62
sowing 204 AYE 6180a+63.5 456a+5.63 76.1a+0.74  94.7d+1.54  52.6h+0.74
3%AYE 6140b+45.6 447b+4.65 73.4b+1.03  88.5e+1.06 51.2i£0.65
Control 3514k+43.5 389g+10.63 35.7j£1.05 52.7+0.95 58.8e+1.00
Normal 1%AYE 3643j+41.6 417e+9.52 49.7h+0.95  62.91+0.86 63.1¢c+0.00
sowing 2%AYE 3898j+25.3 432¢+8.65 62.2d+0.84 105.6a+0.95 67.6a+0.87
Sids-13 3%AYE 4054h+43. 428d+7.68 55.8f£0.62  85.8ft0.98  66.1b+0.95
Late Control 3897i+36.5 424d+8.36 48.4h+1.06  83.7g+0.00  54.2j+0.75
sowing 1%AYE 4002i+32.5 440b+4.35 58.0e£1.00 97.1c+1.00  57.8f+0.36
2%AYE 4205g+33.5 454a+3.62 75.7a£0.00 100.6b+1.03  60.8d+0.51
3%AYE 4052h+34.5 428d+8.25 72.76+0.86 94.5d+1.16  60.4d+0.25

3.5. Changes in some nutrients of the harvested nutrients such as total carbohydrates, proteins,
phenols and antioxidant activity as DPPH% over
Sids-13 cultivars. Moreover, early sowing date

significantly increased total carbohydrates, proteins,

grains:

As for the individual effect of each factor, data
presented in Fig 3 showed that, Gemiza-11 has more
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phenols and DPPH% compared to late planting enhanced all the studied nutrients contents of the
plants sowed at 15% December (Late sowing). On the yielded wheat grains. However, 2% caused the
other hand, bio-fertilizer treatment with different highest increases in the nutrients contents of the
concentrations of yeast extract significantly yielded grains compared with all other treatments.
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Fig. 3(a). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and
foliar application of yeast extract (0, 1%, 2% and 3%) on nutrient contents (carbohydrate% ,
proteins, phenols mg/100 g DW and DPPH%) content in the yielded grains of wheat.
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Fig. 3(b). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and
foliar application of yeast extract (0, 1%, 2% and 3%) on nutrient contents (carbohydrate %, proteins,
phenols mg/100 ¢ DW and DPPH%) content in the yielded grains of wheat.
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Fig. 3(c). Impact of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late sowing date) and
foliar application of yeast extract (0, 1%, 2% and 3%) on nutrient contents (carbohydrate %,
proteins, phenols mg/100 g DW and DPPH%) content in the yielded grains of wheat.

As for the third order interaction, wheat cultivars x November. And foliar application with 2% of yeast
sowing dates x foliar yeast extract, Data in Fig extracts of Gemiza-11 cultivar. While the highest
(4) illustrated that, maximum values of total phenols contents and antioxidant activity were
carbohydrates%, proteins, phenols content and recorded in the normal sowing date and treated with
DPPH% was obtained by normal sowing date 15% 2% yeast extract of the yielded grains of Sids-13.
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Fig. 4(a). impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late
sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield and its attributes in
wheat.
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sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield and its attributes
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Fig. 4(c). impact of interaction of cultivars (Gemiza-11 and Sids-13), sowing dates (Normal date and late
sowing date) and foliar application of yeast extract (0, 1%, 2% and 3%) on yield and its attributes in

wheat.

4. Discussion

The analysis of variance of the variations in growth
and yield between the two tested cultivars Gemiza-
11 and Sids-13, revealed substantial variations
between the two tested cultivars. Our results of the
impact of cultivars on growth, biochemical aspects
and yield of wheat plant are in accordance with those
obtained by Bakhoum et al., (2019and 2022) on
soybean and Viciafaba plants. El Habbasha ef al.,
(2015) and Asal et al., (2015) found that, the
genotypes of wheat significantly differed from each
other in the studied characters. Elham et al. (2016),
Mansour et al. (2017) and Bakhoum et al., (2022b)

reported that these variations are associated with
cultivars genetic back-ground. The superiority of
Gimeza-11 cultivar may be due to the increased level
of photosynthetic pigments as in Table 6(chlorophyll
a, chlorophyll b, carotenoids), these increments
resulted due to improved rate of quenching of

chlorophyll  fluorescence, that significantly
increased plant output and this steady state was
higher than the other cultivar (Sids-13).

Furthermore, the variations between cultivars may
be predicted due to the differences in growth habit of
these cultivars, the vast diversity in genetic
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constituent and the environmental conditions of
researched cultivars on sandy soils. However, the
superiority of Gemaza-11 in growth and yield
attributes (Table 2 and 4) may be due to higher rate
of translocation of nitrogenous compounds from
source to sink comparing Sides-13cultivar (Fergany
et al 2014).Moreover, it could be concluded that the
superiority (Gemiza-11 over Sides -13 cultivar in
some characters may be due to the increase in the
efficiency to photosynthetic or uptake of more water
and minerals from soil (Tawfik et al., 2018). This
was reflected on increasing the production of more
large grains. The same results on the yield attributes
(Table 4 &S5), the observed differences in the
behavior of variations in the examined features on
yield could be attributed to the differential
expressivity of specific genes. Sayed et al., (2021) in
their study found that Gemiza 11 cultivar gave the
highest grain yield, 1000 grain weight, straw yield
over fourteen Egyptian tested cultivars. These results
are consistent with those obtained by Atia and Ragab
(2013), who observed that wheat cultivars
significantly differed in their straw and grain yield.
Regarding to wheat productivity all over the world,
wheat yield might decreased up t06% by every 1°C
higher than the suitable crop temperature (Lipec et
al., 2013). Furthermore, there is a greater risk to
global wheat productivity and food security due to
the increase in the duration, frequency, and severity
of the heat stress period during the wheat grain
filling stage. Therefore, improving winter wheat’s
heat tolerance will be crucial for ensuring food
security.

Wheat development is primarily influenced by light
and temperature, which makes wheat sensitive to
climate change. Temperature change which is
concurrent with the late sowing date, particularly
throughout the tillering and elongation stage, caused
the vegetative parts to slow down their growth and
plants’ ability to flower. Results in Table (2)
recorded that, late sowing date significant reduced
growth attributes of wheat plant comparing with
plants sowed at normal date. Many researchers have
identified the negative impact of late planting on
growth and productivity of wheat (Tahir et al. 2009,
Al-Hassan. et al., 2016 and Al-Ubori, Al-Lami 2023,
and Al-Asseel and Madb, 2019). These decreases
could be attributed to the substantially higher
temperatures that prevailed during the key stages of
growth in late sowing plants (Sadak & Orabi, 2015).
The decreased growth parameters obtained in late
sowing wheat plants might be due to the plant was
driven to flower and mature early resulted from late
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sowing’s reduced growth time, which also, reduced
plant height (Al-Asseel and Madb, 2019).

The higher yield obtained in normal date sowing
wheat plants (Table 4) resulted due to higher
effective tillers, spike length and grains /spike as
well as 1000- grains weight. While, the lower yield
recorded in the late planted plants might be due to
less time taken to maturity (Table 4). According to
Sattar et al., (2017), high temperatures during
reproductive phase alter water relations, reduce
photosynthetic rate, and transpiration rate, stomatal
conductance and antioxidantive defence system.
According to El-Sayed et al, (2018) the
recommended sowing date resulted in the maximum
grain yield compared to late sowing and improved
wheat germination per unit area, plant height,
number of spikelets spike™!, number of kernels spike-
1 and 1000-kernel.

Thismaybeattributedtobetterweatherconditionsdurin
gthegrowingseason,whichfacilitatedgermination,esp
eciallythelackofsunshinehours,lower  temperature
andlightintensity,whichmadethegrowingperiodsuita
bleforvegetativegrowthofwheatplants  (El ~ Hag,
2012), these results were in agreement with El-
Nakhlawy et al.,, (2015) and Mumtaz et al.
(2015)they stated that delay in sowing suppressed
the yield caused by reducing the yield contributing
characters .In our study, we found planting at
15"November surpassed 15" December in most of
characters. Hence, Harouner al., (2012) confirmed
these obtained data, also, ElI-Nakhlawy et al., (2015)
and Mumtaz ef al. (2015) recorded same results, that
delay in sowing suppressed the yield caused by
reduction in the yield contributing traits; number of
productive tillers, grains spike! and grain yield
plant.

It is possible that late sowing accumulated heat units
were not enough to finish the phonological stages of
wheat growth which had a negative impact on plant’s
growth and output. Late sown wheat produced poor
grains quality (decreased total carbohydrates
content) because of exposure to high temperature
stress during different developmental stages of
growth (Table 10). These outcomes could be
explained by the decrease in grain weight or a
decrease in starch accumulation. Additionally, these
reductions could be the result of shorter grain filling
times and smaller endosperm cells (Wiret al., 1984)
decreasing the activity of soluble starch synthesis
(Hawker and Jenner, 1993), or impaired starting of
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o—type starch granules (Bhullar and Jenner, 1985)
that might be correlated to the decreased duration of
grain filling. These findings are consistent with those
obtained by Sadak & Orabi, (2015) and El-Shafey et
al., (2016) when compared to those sown on time
(Table 10). Those findings can be related to a
decrease in grain weight. High temperature stress
causes great metabolic variations that are reflected
by disturbed of endogenous hormones such as TAA.
These decreases in auxin expressed as IAA in
response to late sowing (high temperature) were also
obtained by Sadaket al., (2015) on wheat plant. The
increased temperature inhibitory effect on flowering
is mediated via its impact on decreasing endogenous
IAA content (Su et al., 2000). Furthermore, high
temperature stress (at Late sowing date) increased
significantly total soluble sugars (TSS), free amino
acids, proline and phenolics contents as well as
antioxidant activity (DPPH %) of wheat plants.
These increases might be among of the earliest
metabolic responses triggered in transduction
pathways that link the perception of many
environmental stresses to the elicitation of
physiological responses at cellular levels (El-Awadi,
et al., 2016 and Sadak, 2016).

On the other hand, foliar application of bio-
regulators as yeast extract with different
concentrations is one of the recent agricultural
methods to improve growth, yield quantity and
quality characteristics of different crops (Sadak et
al., 2015; Sadak and Ramadan 2021). The obtained
results reported that various concentrations
improved significantly all the studied growth and
yield attributes of wheat plants either at normal and
late sowing dates. These results are similar to those
obtained earlier by Sadak and Dawood, (2023)on
wheat. El-Hawary et al., (2019). Sadak (2016) on
pea plant and Dawood et al, (2013) on soybean
plant. These beneficial effects on wheat growth may
be attributable to yeast extract's abundance of growth
factors, including thiamine, riboflavin, niacin,
pyridoxine and vitamins B1, B2, B3, and BI12),
cytokines, sugars, macro and micronutrients, short
peptides of two to three amino acids, and long chain
protein hydrolysates, as well as free amino acids and
short peptides of two to three amino acids
(Elhabasha et al.,, 2015). Additionally, the
advantages brought about by the addition of yeast
suspension in improving shoot characteristics may
be attributable to the yeast's direct or indirect effects
through its capacity to alter the environment of roots
or because of the yeast’s development following

analysis into various groups of amino acids and
vitamins. (El-Shafey ef al., 2016). According to El-
Shafey et al., (2016) the physiological functions of
vitamins and amino acids in yeast extract can speed
up metabolic processes and endogenous hormone
levels, both of which promote growth. Also, due to
their hormone-like action and signaling effects, yeast
extract act as prophylactic agents against stressful
conditions and can also, improve stomatal control
and gene expression for stem growth (Svennerstam
et al., 2008). Furthermore, foliar spraying of yeast
extract improves plant growth parameter, so, the
application of readily uptake amino acids allows the
plants to save energy and increase their development
or reconstruction, especially during critical times of
plant development (Popko et al., 2018). These
findings were confirmed with the results of Salwa&
Osama (2014) who reported that adding yeast to a
crop increased both the yield and grain quality of the
wheat.

Regarding to Photosynthetic pigment (Table 6 & 7),
the obtained results showed that, yeast extract with
1%, 2% and 3% levels caused marked significant
increases in  photosynthetic — pigments and
endogenous IAA in both wheat cultivars, These
results could be due to the foliar treatments'
stimulating effects on enzymes involved in the
photosynthetic process and their reduction of
electrolyte leakage, which increased uptake of
minerals like magnesium and iron as well as other
nutrients needed forchlorophyll biosynthesis. (El-
Guibali, 2016; Hafez and Gharib2016).The
accumulation of the studied osmoprotectants TSS,
FAA and proline in addition to phenolic contents and
DPPH%, this could be due to building up
osmoprotectants made from the proteins,
carbohydrates, and amino acids found in yeast
extract, the employed yeast extract may help with
osmotic adjustment (Darwesh2016).This finding is
supported by research by Dawood ef al. (2013) on
soybeans, which found that the most effective yeast
concentration was 6%; and by Sadak and Dawood
(2023), which discovered that the most effective
yeast concentration was 4%. These concentration
differences are caused by the different plant species
and responses of the various varieties.

Finally, the obtained data of the interaction between
cultivars, time of sowing and yeast extract treatments
Table (3, 5, 9) showed the alleviating effect of yeast
extract on late sowing reduced effect on the two used
cultivars. The highest values of growth and
productivity under late sowing (15" December) were
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obtained by Gemeiza -11 and applying yeast extracts
(2%) foliar treatment.

5. Conclusion

This research demonstrated that exogenous
application of yeast extract ameliorates late sowing
stress in two cultivars of wheat, as evidenced by
enhancing  vegetative = growth  parameters,
photosynthetic pigments, IAA, total soluble sugars,
proline and proline, as well as phenolics and
DPPH% in addition to, grains yield/plant, and
carbohydrates content. It is worthy to mention that
the promotive effect of yeast extract at 2% in
increasing wheat tolerance and decreasing harmful
effect of high temperature on wheat growth, grain
yield quality and quantity. F.

Future perspectives

Foliar treatment of yeast extract significantly
reduced the adverse impact of heat stress on both
used cultivars of wheat plants. Gimeza-11 cultivar of
wheat showed overall higher growth, photosynthetic
and other biochemical parameters as well as yield
aspects with foliar treatment of yeast extract under
heat stress than Sids-13. Hence, ann exogenously
applied yeast extract is an effective strategy to
increase plant physiological and biochemical
activities thus increase plant productivity. The best
concentration was 2% yeast extract will be
recommended to enhance the growth, and yield of
plants and minimize the heat stress impact.
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