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1. Triticum aestivum
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1. Food and Agricultural Organization (FAO)
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1. Emasculation
2. Self-pollination
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1. Plant Growth Regulation
2. Intracellular

3. Intercellular

4. Chemical messengers
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1. Plant Growth Substances
2. Phytohormones

3. Plant hormone

4. Plant Growth Promoters
5. Plant Growth Inhibitors

6. Abscission
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1. Fusarium miliform
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1. Ent-gibberellan
2. Diterpenoid
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1. Diterpenoid

2. Tetraisoprenoid

3. Isoprenoid

4. Isoprene

5. Carboxyl

6. Acetate

7. Methyl

8. Acetic acid

9. Acetyl CoA

10. Adenosine triphosphate
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1. Acetoacetyl CoA

2. B-Hydroxy p-methylglutaryl-CoA

3. Nicotinamide adenine dinucleotide phosphate
4. Mevalonic acid

5. MVA kinase

6. phosphorylated
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1. MVA pyrophosphate
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1. Dimethylallyl pyrophosphate

2. Diisoprenoid alcohol pyrophosphate
3. Geraniol pyrophosphate
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1. lactone bridge
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1. Ficin

2. Conjugates of glucose
3. Acetyl GA

4. Glucosyl esters

5. Conjugated GAs

6. Assimilates
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1. sub-apical meristem
2. Long-day plants

3. Short-day plants

4. Day-nutral plants
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Table 4-1
Physical and chemical properties of the experimental field.
EC pH O.C. Total N Avai.P(mg/kg) Avai.K(mg/kg) Sand Clay  Silt (%)
(dS/m) (%) (%) (%) (%)
3.23 7.85 0.14 0.11 65 910 12.6 39.6 47.8

EC: electrical conductivity, O.C.: organic carbon, Avai: available.
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Table 4-2
treatments
Treatment Priming Spraying Dosage in one liter
PiS1 Autumn planting Control ~ without  control without spraying
Spraying
P1S2 Autumn planting Spraying with  Spraying with water
Water
P1Ss3 Autumn planting GAas+7 Spraying with (100mgi+100mg1)
P1S4 Autumn planting GAs7 Spraying with (100mgi+100mgn)
P1Ss Autumn planting BAs Spraying with (50mgn)
P1Se Autumn planting Kinetin Spraying with (200mg1)
P1S7 Autumn planting GAs+7+ BAs Spraying with (100mg1+100mgi+50mgn)
P1Ss Autumn planting GAss7+ BAs Spraying with (100mgi+100mg1+50mgr)
P1Se Autumn planting GAs+7+ Kinetin Spraying with (100mg1+100mg1+200mg1)
P1S10 Autumn planting GAs7+ Kinetin Spraying with (100mgi+100mg1+200mg1)
P2S1 spring planting without priming Control  without  control without spraying
Spraying
P2S, spring planting without priming Spraying with  Spraying with water
Water
P2Ss spring planting without priming GAs+7 Spraying with (100mgi+100mgn)
P2Sa spring planting without priming GAs7 Spraying with (100mgi+100mgn)
P2Ss spring planting without priming BAs Spraying with (50mgn)
P.S6 spring planting without priming Kinetin Spraying with (200mg1)
P2S7 spring planting without priming GAs:7+ BAs Spraying with (100mgi+100mg1+50mgr)
P2Sg spring planting without priming GAsu7+ BA Spraying with (100mg1+100mgi+50mgn)
P2Se spring planting without priming GAas.7+ Kinetin Spraying with (100mgi+100mgi+200mgn)
P2S10 spring planting without priming GAs+7+ Kinetin Spraying with (100mg1+100mg1+200mgn)
P3S1 Spring planting with priming  control  without  Priming with (100mg1+100mg1+100mg1) and control
using (GAs+4+7) spraying without spraying
PsS2 Spring planting with priming  water Priming with  (100mg1+100mgi+100mgn) and
using (GAs+4+7) Spraying with water
P3S3 Spring planting with priming  GAs.7 Priming with  (100mgi+100mg1+100mgr) and
using (GAs+4+7) Spraying with (100mg1+100mgn)
P3S4 Spring planting with priming  GAs7 Priming with  (100mgi+100mgn+100mgr) and
using (GAa+4+7) Spraying with (100mgi+100mgn)
P3Ss Spring planting with priming  BAs Priming with  (100mgi+100mgn+100mgr) and
using (GAa+4+7) Spraying with (50mgn1)
P3Se Spring planting with priming  Kinetin Priming with  (100mgi+100mgn+100mgr) and
using (GAa+4+7) Spraying with (200mgn1)
P3S7 Spring planting with priming  GAs.7+BAs Priming with  (100mg1+100mg1+100mg1) and
using (GAs+4+7) Spraying with (100mgi+100mg1+50mgr)
P3Ss Spring planting with priming  GAs7+BA Priming with  (100mg1+100mgi+100mgn) and
using (GAs+4+7) Spraying with (100mgi+100mg+50mgr)
P3So Spring planting with priming  GAs.7+ Kinetin Priming with  (100mg1+100mg1+100mgr)  and
using (GAs+4+7) Spraying with (100mg1+100mg1+200mgn)
P3S10 Spring planting with priming  GAs+7+ Kinetin Priming with  (100mgi+100mgn+100mgr) and
using (GAs+4+7) Spraying with (100mgi+100mgn+200mg1+)
P4S1 Spring planting with priming  Control ~ without  Priming with
using (GAas+s+7+Kinetin+ BAs) Spraying (100mg/+100mg/1+100mgi+100mgn+50mgn) and
control without spraying
P4S2 Spring planting with priming  Spraying with  Priming with
using (GAs+s+7+Kinetin+ BAe) Water (100mgn+100mg1+100mgn+100mg/1+50mgn) and
Spraying with water
P4Ss Spring planting with priming  GAs:.7 Priming with
using (GAs+s+7t+Kinetin+ BAe) (100mg/+100mg/1+100mg/+100mg/1+50mgn) and
Spraying with (100mgi+100mg1)
P4S4 Spring planting with priming  GAus7 Priming with
using (GAas+s+7+Kinetin+ BAs) (100mg/1+100mg/1+100mgi+100mgn+50mgn) and

Spraying with (100mg/1+100mgn)
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P4Ss Spring planting with priming  BAs Priming with
using (GAa+a+7+Kinetin+ BAs) (100mg/+100mg/1+100mg/+100mg/n+50mgn) and
Spraying with (50mg1)
P4Se Spring planting with priming  Kinetin Priming with
using (GAa+a+7+Kinetin+ BAs) (100mg/+100mg/1+100mg/1+100mg/n+50mgn) and
Spraying with (200mg1)
P4S7 Spring planting with priming  GAs:7+BAs Priming with
using (GAs+s+7+Kinetin+ BAg) (100mgn+100mg/+100mgn+100mgi+50mgn) and
Spraying with (100mgi+100mgi+50mgn)
P4Ss Spring planting with priming  GAs7+BA Priming with
using (GAa+a+7+Kinetin+ BAs) (100mg/+100mg/1+100mg/1+100mg/n+50mgn) and
Spraying with (100mgi+100mgi+50mgn)
P4So Spring planting with priming  GAas:+7+ Kinetin Priming with
using (GAs+s+7+Kinetin+ BAg) (100mgn+100mg+100mgn+100mgn+50mgn) and
Spraying with (100mgi+100mg1+200mg1)
P4S10 Spring planting with priming  GAs:+7+ Kinetin Priming with
using (GAs+s+7+Kinetin+ BAg) (100mgn+100mg+100mgn+100mgi+50mgn) and
Spraying with (100mgi+100mg1+200mg1)
PsS1 Spring  planting using the Control  without  control without spraying
stratification (wet chilling) of the  Spraying
seeds
PsS2 Spring  planting using the  Spraying with  Spraying with water
stratification (wet chilling) of the ~ Water
seeds
PsS3 Spring  planting using the GAss« Spraying with (100mgi+100mgn)
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PsSg Spring  planting using the  GAs7+BA Spraying with (100mgi+100mg1+50mgr)
stratification (wet chilling) of the
seeds
PsSo Spring  planting using the  GAas«+ Kinetin Spraying with (100mg1+100mgi+200mgn)
stratification (wet chilling) of the
seeds
PsS10 Spring  planting using the  GAs7+ Kinetin Spraying with (100mgi1+100mgi+200mgn)

stratification (wet chilling) of the
seeds
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Table 4-3

Analysis of variance indicating the effects of priming and spraying treatments on different
wheat yield and yield components.

S.V. d.f. RL PH SDW GY NP GIP MP
Rep. 3 0.018™ 0.893™ 0.006"™ 0.056™ 0.017™ 0.005™ 0.004™
Priming (P) 4 63.392™ 3217.550™ 16.866™ 200.508" 1.875" 1408.229™ 0.317"
Error A 12 0.206 0.560 0.013 0.038 0.015 0.010 0.001
Spraying (S) 9 15.861" 126.411™ 1.425™ 31.036™ 0.074™ 299.452" 0.095™
P*S 36 15.279" 86.114™ 2.072™ 20.061™ 0.145™ 271.392" 0.360™
Error B 135 0.220 0.760 0.013 0.025 0.015 0.003 0.0001
C.V. (%) 4.79 1.13 3.28 1.62 4.95 0.15 0.18

S.V.: source of variation, d.f.: degree of freedom, RL: root length, PH: plant height, SDW: spike dry weight, GY:
percentage, MP: moist percentage, C.V.: coefficient of percentage, GIP: Gluten index grain yield, NP: Nitrogen
variation, ns: not significant, * and **: significant at 5 and 1% of probability.
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Table 4-4
The single effects of dlfferent priming and spraying treatments on wheat yield and yield components.

Treatment PH SDW. NP GIP MP

Py 11 82a 92.13a 3.74c 10 54c 2.14d 24.12e 8.72c
P, 9.25¢ 71.72d 2.3% 6.17¢ 2557h 34.72d 8.9a

Ps 10.13b 77.43b 3.91b 11.14b 25¢ 36.42¢ 8.75b
P, 9.175¢ 75.05¢ 3.97a 1191a 2.7a 37.83b 8.7d

Ps 8.6d 69.18e 3.46d 9.45d 261b 38.78a 8.68d
S 8.95de 76.75d 3.12e 7.69f 2.44bc 32.75g 8.69h
S, 8.85e 76.15e 3.11e 7.74F 237c 33.04f 8,72f
S5 10.3b 79.85ab 352 10.08¢ 2.49ab 34.72d 8.79b
S, 11.75a 80.3a 3.67b 1058b 2.56a 32.859 8.76d
Sg 10.35b 78.2¢ 391a 11242 2.55a 29.91h 8.71g
Se 9.5¢ 79.7b 3.43d 10.56b 2.56a 29.42i 8.92a
S 9.4c 76.95d 3.85a 11.15a 2.52ab 36.59¢ 8.72f
Sg 10.35b 75.85e 341d 9.81d 2.48ab 40.01b 8.69h
So 9.25¢d 72.159 3.44d 9.49% 2.55a 3331 8.78¢
Sio 9.25¢d 75.1f 3.48¢cd 10.08¢ 2.51ab 41.13a 8.74e

RL: Root length, PH: Plant height, SDW: spike dry weight, , GY: grain yield, NP: Nitrogen percentage, GIP: Gluten
index percentage, MP: moist percentage. Values in each column followed by the same letter are not statistically
different at P ¥ 0.05 using Duncan's multiple range test.
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Table 4-5
The interaction effects of priming and spraying on wheat yield and yield components.

Priming Spraying RL PH SDW GY NP GIP MP
P1 S1 10.75fgh 84.25g 3.23t-w 7.54w 1.96pq 20.51j° 8.5x
P1 Sz 11efg 85.75f 3.76jkl 7.7w 1.99pq 21.2¢ 8.53vw
P1 Ss 8.25Im 97a 3.18vw 10.120 2.120pq 21.72h’ 8.95ij
P1 S4 11.75e 94.75b 2.91x 8.41u 2.150p 28.35b 8.32b’
P1 Ss 15b 91.75de 4.05fgh 11.89i 2.23no 13.921 8.48y
P1 Se 9.75ij 97a 3.47n-r 10.43n 2.23n0 16.09k’ 9.25b
P1 S7 13.5¢ 93.75bc 4.71b 14.44c 1.94q 31.52y 8.93k
P1 Sg 15.75a 91.25e 5.15a 15.13a 2.2no 22.55g 8.66r
P1 So 11.25ef 93cd 3.33g-v 9.14r 2.2no 26.78d’ 9.1d
P1 S1o 11.25ef 92.75cd 3.61Imn 10.58mn 2.36j-n 38.54n 8.48y
P2 S1 70 76.75n0p 1.38¢” 1.794° 2.31l-0 23.89f 8.84m
P2 Sz 6.25p 73.75s 1.51¢’ 2.37¢’ 2.33k-0 24.27¢’ 8.851
P2 S3 9.75ij 75.5pqr 2.28z 6.14y 2.51g-1 38.270 9.24c
P2 S4 12.75d 81.5h 3.2uvw 10.090 2.48h-m 31.62y 8.92k
P2 Ss 7.5mno 79.75i 3.37p-u 9.53q 2.69c-h 38.88m 9.09d
P2 Se 11.25ef 74.5qrs 3.54m-p 11.091 2.61d-h 21.93k 9.01g
P2 S7 7.5mno 70.75t 3.265-w 8.87st 2.63d-h 34.89u 8.48y
P2 S 10.5gh 61.75x 1.76a’b’ 3.77a’ 2.85abc 60.95b 8.97h
P2 So 9.75ij 58.25y 1.7b° 3.29b 3a 39.44k 9.07e
P2 S1o 10.25hi 64.75w 1.88a’ 4.74z 2.29mno 33.07v 8.58t
P3 S1 11.75e 74.75qrs 3.40-t 9.77p 2.37i-n 44.16¢ 8.94j
Ps Sz 11.75e 73.5s 2.86x 8.81t 2.38i-n 44.28¢c 8.97h
Ps Ss 12.75d 78.75ijkl 3.43n-s 8.55u 2.535f-] 36.44qr 8.46z
Ps S4 13.25cd 81h 4.3de 11.32jkl 2.7b-g 21.84k 8.96hi
Ps Ss 11.75e 81.25h 4.36d 11.97hi 2.67c-h 32.53w 8.82n
P3 Se 70 78jkimn 2.87x 9.04rst 2.57e-j 36.65q 8.26¢
Ps S7 8.25Im 77.75kImn 4.66hc 13.31e 2.73b-f 40.57i 9.01g
Ps Ss 9.25jk 78.5ijkl 3.86ijk 11.17kl 2.28no 41.28g 8.52w
Ps3 So 8.25Im 77mno 5.06a 14.82b 2.29mno 38.35n0 8.54v
Ps Sio 7.25n0 73.75s 4.3de 12.61f 2.52g-k 28.05¢” 9.05f
P4 S1 7.5mno 79ijk 3.51n-q 11.21jkl 2.57e-j 36.07s 8.66r
Pa Sz 7.5mno 79.25ij 3.57mno 11.42j 2.577e-i 36.17s 8.69p
Pa Ss 12.75d 74.25rs 4.53c 13.79d 2.53f-j 35.53t 8.56u
Pa S4 11.75e 77.5Imn 4.81b 13.98d 2.67c-h 41.58f 8.97h
Pa Ss 8.25Im 73.5s 3.929-j 12.12gh 2.51g-k 37.69p 8.42a°
Pa Se 9.25jk 77.5Imn 3.35g-v 10.4n 2.86abc 43.03e 9.52a
P4 S7 9jk 75.5pqr 4.03f-i 12.229 2.77b-e 36.22rs 8.23d’
Pa Ss 8lmn 69.5u 3.99f-i 11.39jk 2.79bcd 36.45qr 8.47yz
Pa So 8lmn 68.75u 3.7klm 10.060 2.9ab 32.27x 8.52w
Pa Sio 9.75ij 75.750pq 4.31de 12.47f 2.79bcd 43.28d 8.94j
Ps S1 7.75mno 69u 4.06fg 8.15v 3a 39.141 8.52w
Ps Sz 7.75mno 68.5u 3.85ijk 8.39u 2.57e-i 39.27kl 8.56u
Ps Ss 8lmn 73.75s 4.15ef 11.81i 2.78bcd 41.62f 8.770
Ps S4 9.25jk 66.75v 3.13w 9.07rs 2.78bcd 40.85h 8.61s
Ps Ss 9.25jk 64.75w 3.87h-k 10.69m 2.65d-h 26.54d 8.740
Ps Se 10.25hi 71.5t 3.90-j 11.81i 2.52f-k 29.39a’ 8.57tu
Ps S7 8.75kI 67v 2.6y 6.88x 2.54f- 39.74j 8.95ij
Ps Ss 8.25Im 78.25jkIm 2.282 7.62w 2.3mno 38.81m 8.84Im
Ps So 9jk 63.75w 3.390-t 10.160 2.4i-n 29.72z 8.68q
Ps S1o 7.75mno 68.5u 3.31r-w 9.990p 2.61d-h 62.7a 8.62s

RL: Root length, PH: Plant height, SDW: spike dry weight, GY: grain yield, NP: Nitrogen percentage, GIP: Gluten
index percentage, MP: moist percentage. Values in each column followed by the same letter are not statistically
different at P % 0.05 using Duncan's multiple range test. The P treatments (P1-Ps) are P, (spring planting without
priming) to Ps (the stratification (wet chilling) of the seeds), and the S treatments (S;-S1) are S; (control without
spraying) to Sio (GAs and GA; at 100 mg and Kinetin at 200 mg).
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Facing and controlling the adverse effects of global warming on crop production, especially under arid
and semi arid conditions is an important question, which must be addressed by research work. This may
be achieved by altemnating crop phonological properties including the vernalization stage, essential for
the vegetative/reproductive transition of winter wheat (Triticumn gestivum L.). Shortening vernalization,
during spring, can be a suitable method for the earlier production of crop plants, especially under stress
conditions. Accordingly, it was hypothesized that it is possible to shorten vernalization, using priming
(seeds) and spraying (plants) treatments while achieving optimum yield, in winter wheat, under the arid
and semi arid conditions of Isfahan, Iran. The objective was to investigate the effects of plant growth
regulators including gibberellic acd (GA, 100 mgfl), kinetin (100 and 200 mg/l). 6-benzyl adenine (BAB,
50 mgjfl) and cold stratification on shortening vernalization in winter wheat. The research was a split plot
experiment on the basis of a completely randomized block design, with four replicates, conducted in
2016. Different traits including number of fertile tillers (NFT), number of grains per spike {NGS), weight of
1000 grains (W1000). number of spikelet per spike (NST), grain yield (GY), protein percentage (PRO), and
moist gluten percentage (MGP) were determined. The results indicated that priming and spraying winter
wheat with the single or combined use of GA, kinetin and BAB is the most suitable replacement for
vernalization and increasing grain yield, under arid and semi arid conditions. However, priming winter
wheat with cold stratification was not as effective, compared with the use of plant growth regulators. The
highest grain yield (15.13 t/ha) was resulted by autumn planting + B8 (GA + BAGB), followed by spring
planting + GA and B9(14.82 t/ha) Spraying wheat planted in spring (without priming and vernalization)
with kinetin + GA3+GA7 {100 mg/l), increased PRO and MGP. The important results of this research work
are: 1) planting winter wheat as spring wheat (vernalization not required) resulted in optimum yield
amounts by priming and spraying techniques using gibberellins, kinetin and 6-benzyl adenine. This is of
significance, with respect to the issue of global warming. 2) Shortening vernalization in winter wheat,
which is especially important under arid and semi arid conditions, as the plant is subjected to different
stresses including drought. 3) Improving wheat grain quality by the increased rate of protein and gluten.
It is possible to plant winter wheat under arid and semi arid conditions using gibberellins, kinetin and
benzyl adenine. Such a method results in alleviating the adverse effects of global warming on wheat
production. It is also possible to plant winter wheat under different stresses including drought and cold
by controlling the vernalization process.

i@ 2019 Elsevier Led. All rights reserved.
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