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Received:1/6/2021  yeast extract on yield and quality of wheat, in this respect the two experiments
Accepted:2/8/2021  \were carried out at the Experimental Farm, Faculty of Agriculture, Saba
Basha, Alexandria University, Alexandria Governorate, Egypt, during the
Keywords: two winter seasons of 2019/2020 and 2020/2021. This factorial experiment
Wheat, salicylic  was laid out in randomized complete block design (RCBD) with three
acid (SA), yeast replications in both seasons. The first factor was salicylic acid concentrations
extract, yield, (spray water, 150, 300 and 450 ml/I), while the second factor was yeast (water
components. = control, 2, 4 and 6 g/l water) was in both seasons. The obtained results
showed that foliar application of salicylic acid (SA) and yeast extract of
wheat significantly affected yield and its component, whereas increasing of
SA and yeast extract increased yield and yield component characters of wheat
in both seasons. The interaction between SA and yeast was significant on all
the studied characters, where planting Giza 171 with foliar application of 450
ppm SA/L and 4 and 6 g yeast/L recorded the highest ones in the two seasons
under the study conditions.

INTRODUCTION

Wheat (Triticum aestivum L.) is the most important world’s leading cereal crop. In
Egypt, wheat is considered the chief crop used as a source of human food. While wheat
production/unit area in Egypt has significantly increased during the past years, wheat
production supplies about 40 % of its annual domestic demand only. Wheat is the essential
crop in Egypt and grows on an area of 3.39 million faddan (faddan = 4200 m2) with an
annual production of about 9.28 million tonnes and with an average yield of 2.74 tons per
feddan (FAO, 2019).

Salinity as an abiotic stress agent is one of the most vital factors appearing in areas
categorized by low amounts of freshwater, high evapotranspiration rate, and lack of
precipitation, which has a harmful effect on crop production. Salinity is an obstacle in
agriculture, and the ability to maintain or even improve soybean production levels under this
constraint will require a good understanding of the genetic components responsible for salt
tolerance. Salt stress affects major crop processes as photosynthesis, protein synthesis and
lipid metabolism (Parvaiz and Satyawati, 2008). El Sebai et al. (2016) reported that salt
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stress is considered one of the most important abiotic stress limiting plant growth and
productivity through increases in reactive oxygen species (ROS).

Salicylic acid (SA) is an endogenous growth regulator of phenolic nature, which
participates in the regulation of physiological processes in plants. Salicylic acid plays an
important role in the regulation of plant growth, development, defense from biotic and
abiotic stress, and in-plant immune responses (Pasala et al., 2016; Maruri-Lopez et al., 2019;
Pasternak et al., 2019). Salicylic acid (SA) enhances plant growth and photosynthetic
capacity in saline conditions (Noreen et al., 2012). On the otherwise, Khodary (2004) found
that SA could be encouraged salt tolerance in maize plants via improving their
photosynthesis performance and carbohydrate metabolism. Foliar application of SA
significantly affected growth and photosynthesis. Photosynthesis acts an essential role in
plant productivity and takes place in green leaves and depends on its content of chlorophyill.
(Khodary, 2004 and El-Tayeb, 2005). The phytohormones have critical roles in plant
responses to salinity in addition to the application of salicylic acid (SA) improves
photosynthesis activity and plant growth under salinity conditions (Afzal et al., 2006 and
Khan et al., 2014). On the other trend, Abdelaal et al. (2020) revealed that foliar application
of SA led to improvements in the plant growth characters, as stem length, number of leaves,
and dry weight of plants, in addition to relative water content; however, electrolyte leakage
and lipid peroxidation were decreased. Furthermore, foliar application of SA led to enhanced
yield characters in stressed plants compared with untreated stressed barley plants. Also, SA
plays a pivotal role as a plant growth regulator and influences intra- and inter-plant
communication attributable to its methyl ester form, methyl salicylate, which is highly
volatile. Under stress, including HM stress, SA interacts with other plant hormones (e.g.,
auxins, abscisic acid, gibberellin) and promotes the stimulation of antioxidant compounds
and enzymes thereby alerting HM-treated plants and helping in counteracting HM stress
(Sharma et al., 2020). Gomaa et al. (2020 a and 2020 b) indicated that SA application
increased yield and yield components of soybean under the soil as affected by salinity.

Yeasts create antimicrobial and other useful materials required for plant growth from
amino acids and sugars secreted by bacteria, organic matter and plant roots (Boraste et al.,
2009). However, Agamy et al. (2013) showed that the use of yeast as a bio-fertilizer in
agriculture has received considerable attention because of its bioactivity and safety for
humans and the environment. Also, Ismail and Amin (2014) showed that application of yeast
(6 g /1) + B12 or yeast (6 g /) + arginine showed the heaviest 100 seeds as a compared with
untreated plant. Moreover, it could be decided that foliar spraying of yeast (4 g/l) +Arg.
caused the highest values of yielded seeds protein, while the highest values of yielded
carbohydrates at yeast extract (4 g/l) +B12 of wheat plants. However, Abdelaal et al. (2017)
showed that the application of yeast extract (6 g/L), improved the physiological
characteristics and yields of salt-stressed plants as compared with untreated stressed plants.
They showed the important role of yeast extracts in enhancing sweet pepper growth and
tolerance to salinity stress via modulation of the physiological parameters and antioxidants
machinery.

The aims of this study were to:

1- Study the effect of salicylic acid (SA) and yeast extracts on yield and yield components
of wheat, and

2- study the interaction effect between salicylic acid (SA) and yeast extracts concentrations
onyield and its components characters of wheat to determine the best combination, which
will increase the production of wheat and avoid exposure of the crop to salt stress.
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MATERIALS AND METHODS

Two field experiments were conducted out at the experimental farm, Faculty of
Agriculture, Saba Basha, Alexandria University, Alexandria Governorate, Egypt, during the
two winter seasons of 2019/2020 and 2020/2021 to study the effect of foliar application of
salicylic acid (SA) concentrations, yeast extracts and their interaction on wheat (cv. Giza
171) productivity under the soil as affected by salts.

The physical and chemical properties of experimental soil are presented in Table 1

which according to the method described by Page et al. (1982).

The two factorial experiments were laid out in randomized completely block design
(RCBD) with three replications in both seasons. The first factor was salicylic acid
concentrations (spray water, 150, 300 and 450 ml/I), while the second factor was yeast (water
= control, 2, 4 and 6 g/l water) was in both seasons.

Table 1. Soil physical and chemical properties of experimental sites in both seasons.

Soil ) Seasons
otf properties 2019/2020 | 20202021

A- Mechanical analysis

Sand 14.50 14.70

Silt 42.10 42.10

Clay 43.40 4320

Soil texture Clay loam Clay loam
B- Chemical properties

pH (1:1) 7.70 7.60

EC(1:1)dS/m 4.10 420
1- Soluble cations (1:2)

K~ 1.40 1.45

Ca™ 14.20 15.40

Mg™ 11.30 11.50

Na* 13.60 13.80
2- Soluble anions (1:2)

CO:+HCO~ 2.80 2.90

CL- 19.70 19.80

SOy 12.40 12.50

Calcium carbonate (%) 6.70 6.90

Total nitrogen (%o) 1.10 1.20

Available P (mg/kg) 3.70 3.60

Organic matter (%) 1.50 1.60

In both seasons of 2019/2020 and 2020/2021, wheat grains were sown on 22"
November and 20 November.

The area of the plot was 10.5 m? as 3.5 meters long and 3.0 m in width. The
broadcasting method called (Afair) was used and all the other cultural practices were
followed as the recommendation of Ministry of Agriculture and Land Reclamation
recommendations.

The commercial SA from El Jomhoureya Company — Cairo- Egypt were prepared in
concentrations of 150, 300 and 450 ml/l and sprayed two times during the growing season
after 30, and 45 days after sowing at the same times control was sprayed with tab water.

At harvest time, the number of spikes/m?, 1000- grain weight (g), grain yield (t/ha),
straw yield (t/ha), biological yield (t/ha), harvest index (%), and grain protein content (%)
were recorded in both seasons.
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Data obtained was exposed to the proper method of statistical analysis of variance as
described by Gomez and Gomez (1984). The treatment means were compared using the least
significant differences test (L.S.D.) at a 5% level of probability. All the statistical analysis
using CoStat 6.311 (2005) computer software package.

RESULTS AND DISCUSSION

The results presented in Tables (2 and 3) showed the effect of salicylic acid (SA)
concentrations, yeast extract and their interaction on a number of spikes/m?, number of
spikelets/spike, number of grains/spikes, 1000- grain weight (g), grain yield, straw yield,
biological yield (t/fed) and harvest index (H1%) during 2019/2020 and 2020/2021 seasons.

Concern to the effect of SA on yield and its components characters, the results in
Tables (2 and 3) revealed that application of SA concentration affected yield and yield
components of wheat in both seasons, where the highest values of the number of spikes/m?,
number of spikelets/spike, number of grains/spike, 1000- grain weight (g), grain yield, straw
yield, and biological yield (t/fed) were recorded with 450 mg/l of SA with no significant
difference between the rate of the other 300 mg/l and 450 mg/l on the most of yield and its
components characters. On the other hand, the rate of SA at 150 mg gave the highest HI %
during the two seasons, meanwhile, the control (spray water) treatment gave the lowest ones
in both seasons. This increase may be due to the foliar application of SA which appears to
promote shoot growth and components of yield to counteract the adverse effect of abiotic
stresses in a number of crop plants. Also, Azimi et al. (2013) reported a positive effect of
SA on the physiological process of ovule fertilization, resulting in significant promotion of
the grain dry weight of plants under moisture stress. It seems that spraying plants with SA
before spike emergence and at the flowering stage can result in an improved weight of grains
per spike as well as the number of spikes. These results are in accordance with those
confirmed by Sharafizad et al. (2013); Ziasmin et al. (2017); Oztiirkci and Arpali (2019);
Gomaa et al. (2020 a and 2020 b) who reported that application of SA increased yield and
its components of many crops under different stresses.

Regard the effect of yeast extract on yield and its components characters, the results
in Tables (2 and 3) showed that increasing yeast extract from 0 to 6 g/l increased the number
of spikes/m?, number of spikelets/spike, number of grains/spike, 1000- grain weight (g),
grain yield, straw yield, and biological yield (t/fed) of wheat, meanwhile the highest harvest
index (H1%) gave with 4 or 2 g yeast extract/L in both seasons, where the highest values of
these traits were recorded with 6 g/l, while the lowest ones were given with the control (0
g/l), on the otherwise the lowest HI % were recorded with the higher rate of yeast extract (6
g/L) in both seasons. These results are in harmony with those reported by Zaki et al. (2007);
Hammad and Ali (2014); Abou-Aly et al. (2015); Mohamed and Almaroai (2016); Mohamed
et al. (2018) who indicated that using yeast extracts increased yield and yield components.

Belong to the interaction between SA and yeast extract, Table (2 &3) showed that
the highest values of the number of spikes/m?, number of spikelets/spikes, number of
grains/spikes, 1000- grain weight (g), grain yield, straw yield, and biological yield (t/fed)
were obtained with the combination with 300 mg/l of SA concentration + 6 g/l of yeast
extract, while the lowest ones were given with the combination with the control treatments
(spray water + untreated treatments) in both seasons. On the other hand, the highest HI %
recorded with 150 mg SA/L + 4 g yeast extract/L, while the lowest HI % was given with the
higher concentration from SA and yeast extract in both seasons.
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Table 2. Plant attributes of wheat as affected by SA concentration, yeast extract and their
interaction in both seasons.

Season 2019/2020 Season 2020/2021
A)-SA Average Average
Attributes concentrati B). Yeast extracts (g/1) : (A) 2 L.S.D. at 0.05 B). Yeast extracts (g/1) (A)g L.S.D. at 0.05
/|
on (me/h) 0 z 4 6 A | B |AB 0 4 A | B | AB
Spray water | 247.22 | 27999 | 309.21 | 347.33 | 295944 28746 | 324.94 | 34339 | 36333 | 329.78d
Number of 150 26319 | 29768 | 32843 | 38566 | 31874c . [ 30587 | 34502 | 36132 | 39567 | 35197¢ .
spikes/m? 300 20005 | 31630 | 34868 | 40933 | 3at32b | F72 | #7299 [T33735 | 36607 | 37033 | 42033 | 373556 | 00 | 7| 1S4
450 31807 | 33588 | 36906 | 40400 | 35720a 36982 | 38830 | 38866 | 41600 | 39072a
Average (B) 280.08d | 307.46¢ | 339.07b | 386.58a 325134d | 35613 ¢c | 365936 | 583
Spray water | 1777 2030 2343 2724 2218 ¢ 1740 1830 237 2491 | 21096
150 1923 2205 2510 2841 2368 1795 2005 2310 | 2641 | 21881
Number of - 086 | 086|173 2 149 | 149 | 297
spikelets/spikes 300 2138 23.90 27.10 28.93 2533a 19.38 21.90 2562 | 2893 | 2396a
450 1967 24.39 27.16 28.33 2490a 1928 23.20 2672 | 2833 | 2438a
Average (B) 19.53d 2265¢ 25.70b 2820a 18.50d 20.86 ¢ 2480b | 2715a
Spray water | 3588 40.67 46.85 5448 44470 3513 39.29 44 | 5215 | a280c
Number of 150 37.00 43.00 4769 5433 45516 | 180 | 180|366 | 3623 4102 46,51 5467 | 4461bc |226 (226 | 452
grains/spikes
300 3931 47.25 49.33 53.66 4739a 38.96 43.8 4847 | 56 46.86 ab
450 38.00 50.11 5333 55.33 49.19a 3833 46.49 5389 | 57, 49102
Average (B) 3755d | 4526c | 4930b | 5445a 3716d | 4265c | 4840b | 5517a
1000-grain | oo oo water | 3380 | 3817 | 4330 | 5081 | 4152¢ 3381 | 3779 | 4230 | 4981 | 4095¢
weight (g)
150 3433 40.50 44.69 49.33 4221c | 184 184368 [ 3467 4043 4501 | 5167 | 42956 [230[230] 470
300 3731 43.91 45.83 51.33 44.60b 37.48 4217 4750 | 5337 | 45130
450 38.83 47.61 49.33 53.50 4732a 38.67 47.83 5156 | 5600 | 4852a
Average (A) 3607d | 4255¢c | 45.79b | 5l24a 3616d | 42.06c | 4662b |5271a
Means in column (s)/row(s) followed by the same letter are not significant at 0 05 level of probability_

Table 3. Plant attributes of wheat as affected by SA concentration, yeast extract and
their interaction in both seasons.

A).5A Season 2019/2020 Season 2020/2021
Attributes | concentrat B). Yeast extracts (g/1) Average L.S.D. at 0.05 B). Yeast extracts (g/) A\'(eAr)nge L.S.D. at 0.05
fon (meg/h 4 6 @ A | B [AB| o0 z 4 6 A | B | AB
Seray 2.02 2.14 239 275 233b 2.04 217 238 2.85 236b
Grain water
yield 150 197 237 253 2.83 243a | goe | o0e |o1g | 217 249 252 293 2533 | gos | 008 | 016
(t/fed) 300 2.07 240 2.61 2.83 2432 2.10 2.44 2.64 2.96 2.54a
450 212 260 250 280 251a 227 256 267 287 259a
Average (B) 205d | 238c | 251b | 2380a 215d | 242¢ | 255b | 290a
Spray 2.75 2.94 3.08 3.60 3.09d 2.87 293 313 3.70 3.164d
Straw Wwater
yield 150 2.77 3.20 3.24 4.00 330c | 014 | 014 |028 | 3.00 3.30 323 4.03 3.39¢ | 013 | 013 | 027
(t/fed) 300 293 313 341 443 348b 293 333 344 443 353b
450 300 340 357 450 362a 320 337 380 493 383a
Average (B) 286d | 317c | 333b | 413a 300d | 323c | 340b | 427a
Spray 477 5.08 547 6.35 542¢ 191 510 551 6.55 552¢
Biologica water
1yield 150 474 5.57 577 6.83 5.73b 018 | 018 |038 517 5.79 575 6.96 592b 019 | 019 | 039
(t'fed) 300 500 553 602 726 5953 503 577 6.08 739 607b
450 512 600 607 730 612a 547 593 647 7 80 6423
Average (B) 491c 555h 583 | 694a 515d | 565¢c | 595b | 718a
\S‘pa'[?r 4235 4213 $369 | 4331 4287a 4155 4255 4319 | 4351 | 4270ab
150 4156 | 4255 4385 | 4143 | 42353b 4197 | 430 #3383 | 4210 | 9273a
Harvest
index (HI 300 4140 | 43.40 43.36 3898 | 41.78bc | 103 | 103 | 206 | 4175 42.29 4342 | 4005 | 41.8%8b | 0385 | 085 | 1.70
%)
450 141 4333 4119 3836 | 4107c 150 | 4317 4127 3679 | 4068¢c
Average (B) 4168b | 4285a | 4302a | 4052¢ 4169b | 42752 | 4293a | 406l¢c
Means in column (s)/row(s) followed by the same letter are not significant at 0.05 level of probability.

CONCLUSION:
From the result of these two growing seasons field's study, it was concluded that
yield and its components of the wheat crop increased with planting date cv. Giza 171 with
combination between foliar application of salicylic acid (SA) at the rate of 300 mg/l and
yeast extract at the rate of 4 g/l under study conditions at Alexandria Governorate, Egypt.
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