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Abstract

Background and Objective: wheat is an annual crop that needs cold and long day to transition to flowering that is essential in
cultivated cereal to maximize yield. But little is reported in flowering inducing substances on flowering induction in spring wheat.
Materials and Methods: Two field experiments were done in the Agric Bot. Dept., Mansoura Univ., Egypt, to assess the role of
vernalization (VER) and flowering inducing substances 'FIS' (ascorbic acid 'AsA" and benzyl adenine 'BA") application as well as their
interaction on wheat growth, flowering yield and grain quality. Results: Thirty days VER treatment increased plant growth, improved
physiological characteristics, induced flowering by modulating plant phytohormone concentration and finally increased yield and grain
quality. Exogenous application of 75 mg L= AsA plus 50 uM BA under normal or VER treatment increased all studied characters.
Conclusion: Application of 75 mg L~" AsA plus 50 uM BA with 30 days VER three times 30, 40 and 50 days from sowing is suggested to
achieve the uppermost growth and yield.
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INTRODUCTION

Wheat (7riticum aestivum L.) is the premier staple crop
worldwide and counted among the 'big three' cereal crops,
accounting 216.8 million ha with a production of 651.4 million
t being harvested annually’. In Egypt and Libya, wheat is
considered the first strategic food crop for human and
animals. The magnitude of wheat lies in it's vital nutritional
and industrial commodity in which proteins and
carbohydrates, it provides 37% of the total calories for people
and 40% of the protein in the Egyptian diet. Remarkable
increment in wheat production from 19.64 million t ha=! in
2009 to 22.88 million t ha™' in 2015, was achieved by
raising the wheat area from 1.32 to 1.46 million ha year~' and
grain yield from 6.451t06.60 t fed™" in the same period.
There is a gap between wheat consumption and production,
hence, using suitable agricultural practices such as
vernalization (VER) and foliar spraying with flowering inducing
substances (FIS) may have an effect on wheat productivity and
grain quality.

During plant development, the timing of the transition
from vegetative to reproductive growth is crucial for
reproductive success and maximizing grain yield. Recently,
vernalization has been examined widely at the biochemical
and molecular levels?. Gardner and Barnett? classified wheat
cultivars in response to VER into three types of qualitative
(6-8 weeks at 6°C), quantitative (2-4 weeks at 2°C) and neutral.
However, according to Wang et a/4, the classification relies
further on cultivation date, reliable with a cultivar, rather than
the nature of the VER response of that cultivar, thus some
spring varieties may require VER or in contrary, winter
varieties may necessitate an extended VER. Plant responses to
VER have been reported in some field crops and it has been
assessed that VER accelerate plant growth and development
as well as improves biochemical attributes, raising the yield of
several plants>”7.

Ascorbic acid (AsA) regulates various crucial aspects of
physiological processes like cellular division, growth and
phytohormone-mediated signaling processes throughout the
flowering stage®. The beneficial effects of ascorbic acid upon
growth and productivity as well as some biochemical
attributes have been reported on several field crops®'". In this
concern, Hamed and Abd Elgawas'? proved that there were a
progressive increase in growth, yield and its attributes, grain
quality and photosynthetic pigments by the AsA application.

Cytokinins regulate flowering genes in shoot apical
meristem, leading to floral stimulus' and play a vital role in
the greater partitioning of photosynthates towards
reproductive sink thus raising the yield'. Generally, during
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flowering transition and development, there is a massive
concentration  of cytokinin observed in the apical
meristem of many plants™. Benzylaminopurine (BAP) or
6-benzyladenine (6-BA) was shown to increase plant growth
and biochemical attributes as well as yield components’®.

In higher plants, flowering time is tightly manipulated by
multi-internal or external factors. The timing of flowering
affects total yield as well as fruit quality. There are no
applicable data in the compartment effect of FIS and VER on
spring wheat flowering. Understanding the regulatory
mechanisms by which these factors modulate flowering time
is very helpful when developing management strategies for
wheat crop production.

The aim of the present investigation was to clarify therole
of FIS with or without VER treatments on vegetative growth,
some physiological attributes, flowering and finally yield and
grain quality in wheat.

MATERIALS AND METHODS

Plant materials and experimental location: Two field
experiments were done at Agricultural Botany Department
Experimental Farm, Mansoura University, during 2014/2015
and 2015/2016 winter season to assess the influence of
vernalization (VER), ascorbic acid (AsA), benzyladenine (BA)
and their interaction on wheat crop growth, earliness and
yield and grain quality. Wheat grains (7riticum aestivum L.cv
Gemmeza 9) were secured from the Field Crop Research
Institute, ARC, Egypt. Random soil samples were collected
from the experimental soil at the depth of 0-30 cm before
planting for the physical and chemical properties of soil
according to methods delineated by Motsara and Roy". Data
of physical and chemical analysis are shown in Table 1.

Layout of the experimental design and plant management:
A split-plot design with three replicates was followed VER
treatment occupying the main plots, whereas foliar spraying
with flowering inducing substances (FIS) was allocated in
the sub-plots. The plot size was 3 m? (1.5 minlengthand 2 m
width) including 13 rows.

The experimental soil was regularly prepared and
fertilized according to the recommendation of the Ministry of
Agriculture and Land Reclamation, Egypt. Nutrient doses of
119 and 119 kg P,O5 ha™' as superphosphate (15.5% P,0s) or
potassium sulfate (48% K,0O) were added previously to sowing,
while nitrogen was supplied at a rate of 238 kg N ha™' as
ammonium nitrate (33.5% N) four times, the first one 21 days
from sowing (DFS) and then every 10 days. For VER treatment,
the grains were divided into three groups, the first one stored
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Table 1: Physical and chemical analysis of the experimental soil in the first and second season

Soil properties 1st season 2nd season Soil properties Compounds 1st season 2nd season
Clay (%) 41.10 41.30 Cations (meqg L") Calcium 1.21 1.31

Silt (%) fine 24.60 24.40 Magnesium 1.20 1.19
Sand (%) 26.30 23.60 Sodium 2.29 241
Coarse sand (%) 8.00 7.70 Potassium 0.38 0.32
Hygroscopic water (%) 5.00 5.10 Anions (meq L™") Carbonate -

SSP (%) 58.00 57.00 Bicarbonate 1.31 1.40
ECdSm™! 0.72 0.74 Chlori¢ 243 2.61

pH (1:1.5, soil: water extract) 7.26 7.34 Sulphate 1.33 1.22

in the lab conditions, while the other two groups were placed
in wet peat in perforated plastic bags, then exposed to low
temperatures at 4-5°C in the refrigerator for 30 or 45 days
before sowing date. Wheat grains were sown at the rate of
168 kg ha=! on the 10th and 15th November in 15 ¢cm row to
row distances by the single row handheld drill.

The plants were sprayed three times at 30,40 and 50 DFS
once adding 0.05% (v/v) Tween 20 as a wetting agent,
according to the following treatments (1) Control (water);
(2) 75 mg L7" AsA, (3) 50 uM BA and (4) 75 mg L=" AsA plus
50 uM BA.

Sampling and measurements: Random samples of 10 plants
were chosen from every experimental plot at 90 DFS in each
season for assessing the growth characters and some
physiological attributes.

Vegetative growth characteristics:

Plant height (cm) was measured from the soil surface to
the tip of the largest linear blade in the plant

Leaf area per plant (cm?) was estimated using the leaf
area meter, AM 300 150 (ADC Bioscientific Ltd)

Shoot dry weight ()

No of tillers per plant

Physiological trails in the second season: The method of
Lichtenthaler and Wellburn'® was used for the estimation of
photosynthetic pigments in the flag leaf using methanol
supplemented with a trace of potassium carbonate as
extraction solvent.

Total and soluble carbohydrates were extracted and
determined according to the method of Sadasivam and
Manickam’™.

lon percentage was estimated once wet digesting. Total
nitrogen was estimated by the micro-Kjeldahl method,
potassium was determined by flame photometry", total
phosphorus was assayed by the ammonium molybdate and
ascorbic acid method? using a spectrophotometer. Flag leaf
relative water content was estimated by the procedure of
Bajji et a/?.
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Membrane permeability (%) was estimated following the
method of Wang et a/.

Endogenous phytohormones concentration in the flag
leaf was determined by the method of Shindy and Smith?,

Yield and its components: At harvest, the yield and its
components were estimated as spike length (cm), grain
yield/plant, number of grains per spike, grain yield per plant
and grain index (1000 grain weight). Additionally,
determination of grain protein and carbohydrate percent'.

Statistical analysis: Data were presented as mean®SD of
10 replicates and subjected to two-way analysis of variance
using CoHort Software, 2008 statistical package. For means
comparisons, analysis was used Duncan's multiple range test
methods (DMRT) at p<0.05 significance level.

RESULTS

Plant growth: Data in Table 2 shows that growth characters
of wheat plants were significantly influenced by either
vernalization "VER" or foliar application of flowering inducing
substances "FIS" and their interaction. The data indicated that
VER treatment significantly increased all plant growth in both
season compared with control plants. On the other hand, all
growth characters increased under FIS foliar application, in
special, application of 75 mg L' AsA plus 50 uM BA which
increased plant height by 14 and 8%, tillers number per plant
by 58 and 45%; leaf area per plant by 25 and 19% and shoot
dry weight by 35 and 41% in the first and second season
respectively. Regarding the interaction effect, the data in the
same table suggest that exogenous application of FIS has an
additive effect under VER treatment.

Photosyntheticpigmentand carbohydrates concentration:
Grain pre-treatment with VER, in special, for 30 days before
sowing, significantly raised the total chlorophyll, total
carotenoids, total carbohydrates and total soluble
carbohydrates  concentration and decreased the ratio
between chlorophyll ato chlorophyll bin theflag leaf relative
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Table 2: Wheat plant growth as affected by vernalization, flowering inducing substances and their interaction at 90 days from sowing in both seasons

Plant height (cm) Tillers no/plant Leaf area/plant (cm?) Shoot DW (g)
Treatments 1st season 2nd season 1st season 2nd season 1st season 2nd season 1st season 2nd season
Vernalization
0 days (V0) 78.7%£1.63¢ 77.6£1.60¢ 3.9+0.19° 34140130 208+5.64¢ 212£591¢ 11.11£0.39¢ 10.88+0.41¢
30 days (V3) 83.81£1.09 81.55+0.45° 47%0.26° 43%0.212 235+7.39° 232+£5.40° 12.72+047° 12.98+0.64°
45 days (Vs) 80.61+0.88° 80.561+0.24° 3.9+0.18° 3.5+0.14° 218+4.50° 223+3.02° 11.77+£037° 11.45+0.30°
Flowering inducing substances
Water (V5) 75.0+1.364 75.9+1.87¢ 3.1+0.07¢ 3.1+0.06¢ 195+4.16¢ 200+5.73¢ 9.84+0.20¢ 9.611+0.25¢
75 mg L~" ascorbic acid (AsA)  82.7%0.75° 80.91+0.38° 4.6+0.15° 3.940.26° 228+5.70° 229+1.94° 12.61+0.19° 12.30£0.34°
50 UM benzyl adenine (BA) 80.9£0.42¢ 80.6+0.14° 41%0.11¢ 3.6£0.10¢ 214£3.15¢ 222+1.53¢ 11.651+0.28¢ 11.561+0.22¢
75 mg L=" AsA+50 uM BA 85.6+0.70% 82.1+0.32? 49+0.20° 45+0.18 244+5.95° 239+5.68° 13.361+0.39° 13.57+0.62?
Interaction
Vo+W 69.81+0.16 68.4+0.77° 3.0+0.00" 3.0£0.00 180+2.51" 179+3.78¢ 9.18+0.25" 8.67+0.129
Vot+Asa 80.7£0.23¢ 80.3+0.17% 4.3+0.08¢% 32+0.14F  215+1.81¢0 2244069  12.13%+0.32« 11.57£0.18«
Vy+BA 80.21+0.24f 80.41+0.21% 3.740.03f 3.6+0.15¢ 206+1.04 217+£1.09¢  10.88+0.49¢ 11.06+0.39¢%
Vy+AsA+BA 84.31£0.20¢ 81.1+0.08« 4.7%0.03¢ 4.1£0.05>  230%5.25< 226+1.37°  12.26%0.04< 12.25+0.08¢
Vet W 78.8+0.469 79.6£0.03¢ 3.4+£0.03¢ 341+0.03%  203+0.96° 214+0.51¢  10.42+0.201 10.33£0.10¢
Vy+AsA 85.5+0.51° 82.3+0.56° 5.1%+0.12° 4.9%0.06° 249+5.25b 236+2.40° 13.28+0.08° 13.60£0.15°
V;0+BA 82.5+0.414 80.61+0.38% 45+0.11« 4.0%0.00¢ 22542604 2254196  12.52+0.24% 12.07+0.45¢
V;0+AsA+BA 88.4%0.37° 83.3%£0.172 5.6%0.332 52%£0.15° 264+9.49° 256+8.07° 14.651+0.522 15.92+0.74°
Vst W 76.31+0.60" 79.6£0.11¢ 3.0+0.00" 3.0£0.03f 201£5.799 209+4.49¢ 9.924+0.00%" 9.84+0.02f
V,s+AsA 81.81+0.49% 80.2+0.13% 43%0.11¢% 3.6+0.03¢ 220+3.09%F  226+1.50°  12.4140.05%¢  11.73+£0.22¢
V,s+BA 80.1+0.16 80.51+0.12% 4.0£0.03¢ 3310.06% 211%£4.91¢  223+285>  11.55+0.07% 11.57£0.13¢
V,s+AsA+BA 84.2£0.14¢ 81.81£0.03b¢ 45%0.13 43+0.15° 239+1.18bc  234+1.26° 13.19+0.38° 12.55+0.15¢

Values are given as Mean=SD of three replicate. Means in columns with different letters are significantly different at p<0.05 (Duncan's multiple range test)

Table 3: Photosynthetic pigments, total and soluble carbohydrates of wheat flag leaf as affected by vernalization, flowering inducing substances and their interaction

at 90 days from sowing in the second season

Treatments Total chlorophyll Carotenoids Total carbohydrates Soluble carbohydrates
(mgg~'FW) Chl A:B (mg g~ FW) (mg g~ DW) (mg g—' DW)
Vernalization
0 days (Vo) 1.130£0.036¢ 1.726+0.054° 0.298+0.018¢ 2.390+0.720¢ 1.225+0.430°
30 days (V) 1.284%+0.0232 1.515%0.050¢ 0.371%+0.016° 2.716%0.707° 1.287£0.1172
45 days (Vys) 1.223%£0.014° 1.669+0.025° 0.329+0.011° 2484+0.379° 1.252+0.083%*
Flowering inducing substances
Water (W) 1.102£0.040¢ 1.839+0.053° 0.256+0.015¢ 2.244+0.637¢ 1.157£0.345°
75 mg L™" ascorbic acid (AsA) 1.255+0.021° 1.598+0.033° 0.355+£0.012° 2.6231£0.494° 1.308+0.3132
50 uM benzyl adenine (BA) 1.183%£0.019¢ 1.6324+0.011° 0.329£0.004¢ 2.488+£0.268¢ 1.258+0.034°
75 mg L' AsA+50 uM BA 1.309£0.020° 1.477%0.051¢ 0.390£0.012° 2.765%0.7112 1.2961+0.125°
Interaction
VotW 0.947£0.034" 2.012£0.088° 0.196£0.008" 2.007£0.306' 1..25£0.308¢
Vo+AsA 1.207£0.007%f 1.671£0.014« 0.3231+0.001¢ 2.508+0.492¢%f 1.361£0.9732
Vo+BA 1.107£0.0029 1.640+0.015< 0.316£0.000¢ 2.408+£0.0819 1.248+0.055
Vo+AsA+BA 1.258+0.004< 1.580+0.006¢ 0.356£0.002¢ 2.637%0.070¢ 1.268+0.055%¢
V3t W 1.190£0.007¢ 1.725%0.011%¢ 0.297+0.004 2.43440.071% 1.240%+0.016¢
V3p+AsA 1.341£0.007%® 1.4681+0.017¢ 0.402+0.009° 2.807+0.298° 1.296+0.026*
V3+BA 1.233%0.005% 1.593+0.004¢ 0.348+0.002¢ 2.585+0.178« 1.6681+0.003°
V30+AsA+BA 1.372£0.036° 1.274£0.013f 0.437%0.005° 3.036+0.728° 1.343+0.127%*®
VistW 1.169+0.014f 1.779%0.054° 0.275%£0.008¢ 2.291£0.254" 1.206+0.033¢
Vs+AsA 1.217£0.004%f 1.657£0.021< 0.340£0.004¢ 2.554+0.0864 1.267+0.020*
V,s+BA 1.208+0.003%f 1.662+0.010< 0.322+0.001¢ 2.4697%0.124e 1.257%£0.016
V,5+AsA+BA 1.298+0.016" 1.577£0.008¢ 0.37940.006¢ 2.621%0.106¢ 1.278+0.041%

Values are given as Mean=SD of three replicate. Means in columns with different letters are significantly different at p<0.05 (Duncan's multiple range test)

to un-vernalized treatments (Table 3). Data also showed that
the highest concentration of chlorophyll, carotenoids, total
carbohydrate and soluble carbohydrate were obtained under
foliar application of 75 mg L=! AsA plus 50 uM BA which raised
total chlorophyll, total carotenoids, total carbohydrates and
total soluble sugars by 18 m, 52 m, 23 m and 12% relative to

273

control, respectively. This treatment also decreased the ratio
between chlorophyllato chlorophyll b by 19%. Regarding the
interaction effects, the data in Table 3 clearly indicated that
the most effective interaction that gave the highest values
relative to control was the foliar application of 75 mg L™
AsA plus 50 uM BA combined with 30 days VER.
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Table 4: Nitrogen (N), phosphorous (P), potassium (K), relative water content (RWC) and membrane permeability (MP) percentage of wheat flag leaf as affected by
vernalization, flowering inducing substances and their interaction at 90 days from sowing in the second season

Treatments N P K RWC MP
Vernalization

0 days (Vo) 1.173+0.014¢ 0.132%0.003¢ 1.5324+0.059¢ 66.10+1.626¢ 81.72+0.75?
30 days (V3) 1.240%0.0212 0.1460.003? 1.660+0.0072 73.04+1.929° 78.18+1.15°
45 days (Vys) 1.193£0.014° 0.1361+0.002° 1.595+0.027° 68.131+1.421° 81.62+£047°
Flowering inducing substances

Water (W) 1.130%0.008¢ 0.123+0.002¢ 1.423£0.063° 60.74+1.09¢ 84.18+0.47°
75 mg L~" ascorbic acid (AsA) 1.227+0.018° 0.142+0.003° 1.652+0.004° 71.69+1.48° 79.38+0.64¢
50 uM benzyl adenine (BA) 1.179£0.004¢ 0.137£0.001¢ 1.640%0.003° 68.92+0.40¢ 81.111+0.26°
75 mg L=" AsA+50 uM BA 1.272%+0.0112 0.148+0.0022 1.668+0.006° 75.01£1.45° 77.35%+1.18¢
Interaction

Vot W 1.100%0.001" 0.114%0.001¢ 1.200£0.054¢ 57.17%1.06 85.58+0.62°
Vy+AsA 1.187£0.004% 0.13610.001 1.645+0.002* 68.381+0.24f 80.861+0.42%
Vo+BA 1.16910.004f 0.134%0.001¢ 1.634+0.001% 67.721+0.06 81.57+0.22¢
Vy+AsA+BA 1.236%+0.006¢ 0.1430.001° 1.65120.001% 71.14%0.69¢ 78.86+0.12f
Vit W 1.150%0.001 0.130£0.001¢ 1.624£0.002° 64.06+0.559 82.87+0.40¢
V3+AsA 1.3011+0.0149° 0.154£0.002° 1.672+0.002* 77.5610.40° 76.921+0.399
V;o+BA 1.19740.003¢ 0.1431+0.001%¢ 1.6541+0.002* 70.42+0.21% 80.22+0.38¢
V;0+AsA+BA 1.313+0.003° 0.157%0.0042 1.692+0.009° 80.11+1.54° 72.71%£0.23"
Vst W 1.141£0.0119 0.126+0.001° 1.445+0.028¢ 60.99+0.97" 84.09+0.51°
V,s+AsA 1.194£0.002¢ 0.13610.004< 1.640+0.0012° 69.1410.49%f 80.37£0.22¢
V,s+BA 1.17110.001¢f 0.13510.0024 1.633+0.003* 68.621+0.15¢ 81.53+0.19¢
V,s+AsA+BA 1.267£0.010° 0.145%0.002° 1.662+0.001% 73.77%£1.10¢ 80.471+0.14%

Values are given as Mean=SE of three replicate. Means in columns by different letters are significantly different at p<0.05 by (Duncan's Multiple Range Test)

Table 5: Flag leaf endogenous phytohormones concentration (ng g=' FW) and days to heading of wheat as affected by vernalization, flowering inducing substances
and their interaction at 90 days from sowing in the second season

Days to heading
Treatments Gibberellin Cytokinin Abscisic acid 1st season 2nd season
Vernalization
0 days (Vo) 32.31£0.64 20.35+041° 0.723%+0.0122 92.41+0.82° 91.3+0.78°
30 days (Vs) 35.10+0.672 21.60£0.33° 0.6761+0.010¢ 88.61+0.90° 88.0+0.94¢
45 days (Vys) 33311043 21.57%0.23° 0.706+0.007° 91.5+0.70° 90.4+0.59°
Flowering inducing substances
Water (W) 30.81£0.55¢ 19.53+£0.41¢ 0.751+0.0112 94.5+0.63° 93.41+0.57°
75 mg L~" ascorbic acid (AsA) 34.52+0.40° 21.22+0.13° 0.687£0.007¢ 90.0%0.68¢ 89.2+0.45¢
50 uM benzyl adenine (BA) 33.27%0.28¢ 21.83%£0.18° 0.704+0.003° 91.5+0.44° 90.4+0.37°
75 mg L=" AsA+50 uM BA 35.71+0.64° 22.12+0.232 0.664£0.009¢ 87.5+0.76¢ 86.5+0.80¢
Interaction
VotW 28.78+£0.48" 18.05+0.089 0.790£0.015° 96.7+0.29° 95.1+0.91°
Vo+AsA 33.80+0.15% 20.73£0.1179%f 0.706+0.008 91.1+0.06% 90.1£0.16%f
Vo+BA 32.59+0.12¢ 21.31£0.16% 0.713£0.006< 92.2+0.23« 91.5+0.17<
Vot+AsA+BA 34.08£0.02 21.30%0.24 0.68510.002¢ 89.5+0.53¢ 88.310.139"
V3+W 32424017 20.02+0.49f 0.720%0.001¢ 92.6+0.32¢ 91.9%0.18%
V3o+AsA 36.10£0.15° 21.49+0.19° 0.660+0.0059 87.3%£0.209 87.5+0.519
V30+BA 33.87+£0.41« 22.20£0.15%® 0.694£0.002¢%f 89.9+0.06% 89.1£0.03
V3o+AsA+BA 38.00£0.922 22.70%+0.25° 0.631£0.010" 84.81+0.94" 8341061
VistW 31.21%+0.169 20.52+0.32¢ 0.744£0.011° 94.3%0.53° 93.0+0.67°
V,s+AsA 33.66+0.06% 21.44+0.05° 0.695+0.001%f 91.6£0.15¢ 90.0£0.05¢
V,s+BA 33.35£0.62%f 21.98+0.36% 0.706£0.002¢¢e 92.3+0.68< 90.7 £0.44<e
Vis+AsA+BA 35.04£0.20% 2235+0.17° 0.678+0.004% 88.1+0.299 87.8+0.269"

Values are given as Mean=SE of three replicate. Means in columns by different letters are significantly different at p<0.05 by (Duncan's Multiple Range Test)

lon, relative water content and membrane permeability  Alternatively, VER treatment decreased membrane
percentages: lon and relative water content percentages  permeability percent (Table 4). Concerning the role of FIS
significantly raised by 30 days VER treatment which increased ~ on ion and RWC (%), Table 4 verified that foliar spraying of
N, P, K and RWC (%) by 5, 10, 5 and 10%, respectively. 75 mg L~ AsA plus 50 uM BA gave the highest percent of N,
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P, Kand RWC relative to untreated plants reaching to 12, 20,
17 and 23%, but decreased membrane permeability percent
by 8%.

Endogenous phytohormones and number of days to
heading: Datain Table 5 indicated that the number of days to
heading significantly decreased by VER treatment in special
30days, that was associated to increased the concentration of
GA and cytokinin likewise as decreased ABA concentration in
flag leaf of wheat plants. The data in the Table 5 showed that
exogenous application of FIS increased the concentration
of GA and cytokinin, however, decreased ABA resulting in
shortage the time requisite to heading. The most effective
treatment in this concern was 75 mg L=" AsA plus 50 uM BA
that decreased the time for heading by about 7 days relative
to untreated control plants. This decrease in the time needed
for heading was associated with increasing GA and cytokinin
by 15 and 13%, also decreasing the ABA concentration by
11%. Compared to untreated plants, exogenous application of
FIS in special 75 mg L= AsA plus 50 uM BA treatment
considerable decline the number of days to heading by about
11 days. This decrease resulted from increasing the
concentration of either GA or cytokinin and declines the
concentration of ABA by 32, 25 and 20%, respectively.

Yield and its components: Yield and grain quality were
significantly increased under vernalization treatment, in
special for 30 days which gave the highest values compared
with not-vernalized plants in each experimental season
(Table 6). Exogenous application of FIS in special, 75 mg L™!
AsA plus 50 uM BA, significantly increased yield and grain
quality, relative to untreated plants (Table 6). Data in the same
Table showed that the interaction impact between
vernalization and FIS foliar application gave an accumulative
effect.

DISCUSSION

The current investigation verified that application of
flowering inducing substances (FIS) with or without
vernalization (VER), accelerates flowering induction of spring
wheat and increased plant growth and yield and improved
grain quality. These findings are in agreement with earlier
reported>691%1216_ The improvement in yield and grains
quality of wheat under the present investigation may be a
result of their responding increased in leaf area and tiller
numbers per plant, photosynthetic pigment concentration,
enhanced photosynthetic rate, coupled with an increment in
sub-stomatal CO,, as well as increased rates of assimilate
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transport fromthe source to the developing grains?*. However,
increase yield might be due to more grains per spike and
increased assimilate partitioning from leaves to grains, as
suggested by the 1000-grain weight>t. Additionally, all
experimental treatment increased the concentration of GA
and/or cytokinin and decreased ABA as well as increasing the
availability of photoassimilate transport to developing grains,
leading to raised fruit set and improved grain quality®. All
experimental treatmentsimproved considerably grain quality
represented as increasing protein and carbohydrate percent
in the wheat grains relative to the untreated ones. In
this concern, Mohamed? proved that application of AsA
improved wheat grain quality as compared to control plants.
Application of BA increased grain protein and total
carbohydrates percentage?. It can be suggested here that the
application of AsA or BA encourages the absorption of
nitrogen from the soil and/or improved the photosynthetic
processes through their impact on some enzymatic action.
The activation of these processes might cause the rise in
protein buildup and carbohydrate accumulation in the
developing grains.

Throughout plant development, the timing of the
transition from vegetative to reproductive phase isimportant,
in cultivated cereals, to maximize grain production. Upon
starting this transition and thus have evolved a series of
mechanisms by which flowering time can be specifically
synchronized with environmental cues. However, according to
Wang et al,* the classification of wheat cultivars as spring and
winter, relies further on cultivation date consistent with a
cultivar, rather than the nature of the VER response of that
cultivar, so some spring varieties may need VER or in contrary,
winter varieties may require an extended VER.

Gardner and Barnett? calculated VER of wheat varieties in
terms of a quantity called the chilling unit and declared that
the amount of chilling unit required to fulfill VER requirement
is natural in the field. According to these researchers?, high
fluctuation in temperatures in the field can increase the effect
of coldness on the fulfillment of VER requirement of wheat,
this occurs duetoanincrease in chilling units for fulfilling VER
requirement in the refrigerator (compared to the field). In
temperate cereals, such as wheat and barley, the main genes
regulating the VER response are VERNALIZATIONT (VRN1)S,
VERNALIZATION2 (VRN2)?® and VERNALIZATION3 (VRN3)%.
These genes are interconnected by complex epistatic
combinations whereby an allele for spring growth habits every
gene is epistatic to the alleles for winter growth habit in the
other two genes?. The induction of VRN1 transcription by
VER coincides with cold-induced changes in histone
methylation and acetylation patterns in its regulatory
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regions3®. The up regulation of VRNTin the leavesisimportant
to maintain low transcript levels of the flowering repressor
VRN2 in the spring®!, which facilitates the up-regulation of
VRN3 and the initiation of the transition to the reproductive
phaseZ. It was shown that winter wheat, rye and barley
cultivars can quickly turn to heading only if germinated grains
or plantlets were exposed to low temperature for a certain
time at the onset of development.

AsA and/or BA and/or VER may play a crucial role in floral
induction, through alterations in phytohormone levels, like
decreasing ABAand enhanced GA and endogenous cytokinin.
ABA may contribute to the down-regulation of LEAFY and thus
to the late flowering phenotype, while GA plays a major role
in promoting flowering. The GAs are a family of tetracyclic
diterpenoid carboxylic acids that comprise several bioactive
forms that regulation numerous aspects of plant's
development, counting the initiation and promotion of
flowering®. In wheat, GA has previously been reported to
accelerate flowering in spring wheat under long days®.
Moreover, circumstantial evidence that floret fertility was
linked to an increment in the level of soluble carbohydrates in
the shoot and spike that may accelerate the bio-synthesis of
afloral stimulus that's transported through vascular tissues to
the shoot apical meristem and subsequently induces flower
initiation**. These finding verified that the exogenous
application of AsA or BA may accelerate flower induction by
raising photo-assimilate movement.

The increment of photosynthetic pigments due to FIS
could be attributed to inhibition of chlorophyll degradation
and/or the promotion of chlorophyll synthesis and/or
accelerated the development and modification of the
chloroplast®®. Moreover, the increment in photosynthetic
pigmentunder FISmight be attributed to efficient scavenging
of ROS by antioxidant-enzymes and molecules; that would
have destroyed chlorophylls®®. Application of AsA, BA or VER
decreased the Chl a:b ratio that plays a critical role in
stabilizing photosynthetic processes. Such a decline in the
Chla:b ratio seems to be a conflict with the fact that Chl a is
comparatively stable throughout senescence, however
chlorophyll b is almost labile.

Functionally, the decline in Chla:b ratio induced the
capture of far-red radiation and helps to sustain an energy
balance between PSI and PSIl, resulting in optimal
functioning®.

CONCLUSION

The present investigation proved that, spring wheat
might be flowering earlierand gave the greatest grain yield by
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foliar spraying three times 30, 40 and 50 days from sowing
with 75 mg L~" AsA plus 50 uM BA under 30 days vernalization.

SIGNIFICANCE STATEMENT

The timing of flowering affects total yield and grain
quality. The genetic elements and molecular mechanisms that
rule in flowering process have been studied in diverse crops.
But, reports on the responsibility of flowering inducing
substances with or without vernalization for induction
flowering in spring wheat are inadequate. The current
investigation provides insight into how crops might be
managed to increase wheat production by FIS and VER. Also
the performed experiment is one of several steps on the way
to explain the flowering mechanisms of spring wheat.
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