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Abstract: A field trial was conducted in a private farm at AL-Hilla, Iraq during the growing season 2014-2015. The
objective of this study was to investigate the foliar application of ethephon and gibberellin on growth and yield of wheat
(Triticum aestivum L.) cultivar 1ba.99 planted in different dates. Results of this experiment revealed that: application of
ethephon (GR,) caused a significant increase in grain yield (an average) of 3.754 t ha" due to its superiority in one of the main
components (number of spike.m™) which was amounted to 328.25 spike m™ as a result of increased number of tillers (377.18
tiller m™). However, gibberellin (GR,) had significant increase in the weight of thousand grain (38.26 g). Planting date in
November 18 (D3) significantly increased the grain yield to 5.25 tons. ha™ due to high values of grain yield components. Most
growth traits, were reflected in an increased biological yield. There was a significant interaction between planting dates and

plant growth regulators (ethephon and gibberellin) in all traits, except spike length.
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1. Introduction

Variation in yield and quality can occur because of
variation in genetics, soil, weather and other growing
conditions [1]. Planting date is the key of successful wheat
management which is important to maximize yield, when
planting too early or too late reduces yield potential [2] [3].
The seasonal sequence of condition play a major role in
determining whether source (photosynthesizing organs) or
sink (storage organs) is more limiting [4] [5]. In any crop
plant when source and sink developed simultaneously the
adjustment of these two component may be more readily
achieved [6]. Planting date plays a vital role in adjusting the
balance between source and sink [7], The optimum window
for wheat planting date in the middle region of Iraq is
typically from mid November to mid December [8] [9], but
planting during this period can not be always controlled.
Sometimes, there is a need to plant wheat earlier than the
optimum date due to the irrigation scheduling among the

farmers which extend the intervals of irrigation to insure fair
distribution of water. In other time the early fall of rain
(beginning of November) makes machines movement more
difficult due to the high soil moisture content which delay
planting, therefore, there is a need to plant wheat earlier.
Tillering the increase in the number of stem developed
form a single plant is the most critical component for wheat
yield. Early planting results in a decreased tillering due to
high temperature and apical dominance of main shoot which
inhibit axillar buds growth [10]. Many studies conducted on
major crops such as wheat, rice, corn and soybean have
identified materials capable of tillering individual agronomic
characteristics like tillering, lodging, plant height, seeds
number and maturity [11]. [12] investigated the exogenous
hormones (GA3, IAA....et.c ) to regulate the population
structure, tiller initiation, growth and uniformity of tillers in
wheat. It was found that release of ethyllen in plant tissue
stimulates growth of lateral tiller buds from inhibition of
apical dominance (main shoot) by retarding auxin action of
elongation the main stem [13] [11]. For example, foliar
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treatments included chlormequat (CCC) at 2.20 kg. ha
sprayed over the foliage at growth stages ZGS 25 [14], and
ethephon at 0.28 kg. ha™ sprayed over the foliage at growth
stage ZGS 39 could increase number of tillers and then
number of spike per m” [15]. The objectives of this research
were to investigate the effect of application of PGRs
(ethephon and gibberellin) on growth, yield and the yield
components of wheat (cv. Iba-99) when planting earlier than
the optimal date under the middle region of Iraq conditions.

2. Materials and Methods

To investigate the influences of plant growth regulators
(PGRs) on growth, yield and its components of early planted
wheat,a field experiment was conducted at a private (within

latitude 32°31' north and longitude 44°21' eastwards)
belong to ALfayha company in Annana region, Hilla, Babil,
Iraq during the season 2014-2015. Soil of experiment was
ploughed twice by using mould board plough, cultivated by
disc harrow and leveled.

The soil in this area was a silt clay loam with average
SOM of 4.6 gm.kg' N 71.4 gmkg”, P 11.7 gm kg™, K 279.0
gm.kg, PH 7.18 and Ec 3.02 ds.m™.

The experiment was laid out in a randomized complete
block design with a split-plot arrangement and three
replicates, plot was 3m x 4m. The experimental plot fertilized
with 200kg N. ha” as urea (46% N) Which divided in four
equal payments (buried with per sowing, The emergence of
three full leaves, 2 nd nods and at the booting stage) and
phosphate (45% P,0s) buried per sowing. A spring wheat
cultivar (Iba-99) was chosen as a in common the region it
was drilled in 15 cm spaced at a seed rate of 140 kg.ha
(according to planting dates) of experiment. The factors
included three planting dates (October 18 (D;), November 3
(D,) and November 18 (D;) as a main plots. Four growth
regulators foliar treatments including GR, (sprayed with
distilled water as a control), GR; (sprayed with gibberellic

acid at 250 mg. L"), GR, (sprayed with ethephon at 0.420
gm. ha” as solution with distilled water) and GR; (sprayed
with ethephon after two weeks from gibberellin spraying).
The spraying of this treatment was done by handling sprayer
(vol. 18 L) in the early morning over the foliage at growth
stage ZGS23. Weeding is done and irrigation scheduling is
managed according to soil moisture content. At anthesis,
fifteen plants per sub-plot were randomly sampled to
measure plant height, number of tiller, flag leaf area and its
dry weight, spike length.

At harvest maturity fifteen plants per sub-plot were
sampled to determine, number of spikelet per spike, number
of kernel per spike and 1000 kernel weight. A sample area of
2m?” (the center three rows of each plot ) was hand harvested
and the mass of plants and grain were determined on 15 may
2015. The samples were threshed to grain and straw. grain
yield was calculated as a weight of grain of 2m2 and then
converted to kg per hectare.

All data were analyzed by using the SPSS 12.0 statistical
software package and least significant difference (LSD) test
were used at P=0.05.

3. Results

3.1. Growth Parameters

Varying planting dates and growth regulators had
significant effects on above ground dry matter (biomass)
accumulation (DM), crop grow ration (CGR) and relative
growth ration (RGR).

Planting date (D,) produced greater dry matter (DM) after
of and go days of sowing than the D, and D while after 110,
130, and 150 days, D3 produced greater than D; and D,.
Spraying with gibberellin (GR) only produced a greater dry
matter (DM) with on significant differences with ethephon +
gibberellin (GR3). Combination D; x GR, produced a highest
biomass after 150 days of planting dates.

Figure 1. Effect of planting dates on DM.
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Figure 2. Effect of PGR on DM.

The results shows that CGR was little of the primary Plants of D3 gave a highest RGR at 90-110, 110-130 and

periods of growth. then it increased and reached the peak at ~ 130-150 days compared with D1 and D,, while the D, gave a
90-110 days for D, and D; while the D; plant was late to 110-  highest RGR at 130-150 days.
130 days to reach the peak. D, gave a highest CGR at 70-90
days while D; gave a highest CGR at 90-110, 110-130 and
130-150 days compared with D,. Et x D; gave a highest CGR
at 90-110 days.

Figure 5. Effect of planting dates on RGR.

Figure 3. Effect of planting dates on CGR.

Figure.4. Effect of PGR dates on CGR. Figure 6. Effect of PGR on RGR.
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3.2. Vegetation Indices

Plant height was maximum in D; (105.68 cm), while late
dates (D, and D;) and cause of the delay from this date (D,)
shorthand in plant height were percentage of 4.2% and 12.4%
respectively. Spraying with gibberellin (GR,) and ethephon +
gibberellin (GR;) caused increase with plant height by 4.5%
and 3.6% to control. GR; X D, gave a highest plant height
(117.28 cm).

Early planting date (D) gave lesser tiller (270.02 tiller.m?),
while D, and D; increased by 34% and 57% on D,
respectively. The highest number of tillers was obtained with
spraying ethephon only (377.1 tiller.m™). There was no effects
of (GR) and (GRj3) treatment on number of tillers. there was a
greater tillers number (477.14 tiller. m™) from GR;.

The greater flag leaf area (48.21 cm?) and its dry weight
(0.53 gm) were recorded in D;, while the D, was the fewest.
Spraying with gibberellin (GR;) caused increase of flag leaf
area (53.56 cm?) and its dry weight (0.60gm) followed by
GR;. It was obtained at the highest flag leaf area and flag leaf
weight of interaction in GR3; x D; amounted 57.48 cm? and
0.67 g sequentially.

The results shows that lowest spike length was in D,
(11.04 cm), spike length was increased with late of planting
date by 7.8% (D) and 13.2% (D3;) compared with D;.
Spraying of ethephon+ gibberellin (GR;) caused increase
with spike length (12.13 cm) and by 5.9% on the control. It
was not interaction significant effect in spike length.

Table 1. Effect of sowing dates and PGR (ethephon and gibberellin) on plant height (cm), no. of tillerm-2flag leaf area(FLA)(cm), flag leaf dry weigh

(FLDW)(g) and spike length (cm).

Treatments plant height no.of Tillers FLA FLDW spike length
Swing(D) GRy 112.18 288.5 45.12 0.54 11.08
D GR, 115.95 279.6 50.11 0.55 11.11
! GR, 110.34 285.9 45.39 0.47 10.82
GR; 117.28 275.2 49.34 0.50 11.14
Mean 113.94 2823 47.49 0.51 11.04
GR, 105.43 349.1 48.83 0.55 11.24
D GR, 111.74 346.9 53.92 0.61 11.87
2 GR, 101.49 368.5 46.27 0.53 12.22
GR; 110.60 354.2 51.79 0.57 12.34
Mean 107.31 354.7 50.20 0.56 11.92
GRy 102.73 408.8 52.45 0.59 12.01
D GR; 106.80 421.1 56.64 0.64 12.62
} GR, 095.11 477.1 51.86 0.60 12.45
GR; 103.76 436.8 57.48 0.67 12.92
Mean 102.10 436.0 54.61 0.62 12.50
GR Sowing data 2.69 7.8 1.63 0.02 0.51
LSD(0.05) Interaction 3.21 11.04 2.02 0.03 ns
GR, 106.68 348.8 48.80 0.56 11.45
Plant Growth GR, 111.50 349.2 53.56 0.60 11.86
Regulators (GR) GR, 102.31 377.1 47.84 0.53 11.83
GR; 110.55 3554 52.87 0.58 12.13
LSD(0.05) 6.2 1.63 1.19 0.01 0.46

3.3. Grain Yield and Its Components and Biological Yield

Early planting date (D;) gave lesser number of spikes
(257.63spike.m™), while D, and D5 increased it by 18% and
24.47% over D, respectively. Ethephon (GR,) caused a
significant increase in the number of spikes at an average of
328.25 spike. m™ by an increase of 9.2% compared with non-
treated plants (GRy), followed by ethephon + gibberellin
(GR3), which increased it by 2.1%. Interaction of GR; X D;
gave the highest number of spikes 402.59 spike.m™.

D; gave the highest average number of grains 46.91 grain.
spike ", while (D1) gave the less 37.44 grain. spike” with a
reduction of 20.1% and 15.3% from D; and D2,respectively.
None significant effect of growth regulators on the number of
grain. spike” was found. GR; x D3 gave the highest number
of grains (59.36 grain. spike™).

Third date (D;) caused a significant increase in the grain
weight (40.41g), while the first date (D,) gave the less weight

of the grain (33.95g). Spraying gibberellin (GR,) caused a
significant increase in the weight of grain (38.26g) by 5.4%
over control. The highest mean of grain weight 42.28g
resulted from GR, x D; interaction.

Date of early planting (D;) gave lower grain yield (1.98 t.
ha™). There was increase by 47.1% for (D,) and 95.3% for
(Ds). A greater grain yield was for ethephon (3.77 t. ha™)
with an increase of approximately 9.8% over control. A
highest grain yield was obtained from GR,x Dj; interaction
(5.77 t. ha™).

The date of the third of planting (D;), gave the highest
biological yield and harvest index. They were 13.63 t. ha-1
and 27.03%, respectively. Spraying with GR; gave a highest
biological yield (13.13 t. ha-1) and harvest index (28.43%).
There were no significant differences for GR; and GR, The
highest biological yield 14.73 t ha resulted from the
interaction GR; x Dj.
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Table 2. Effect of sowing dates and PGR (ethephon and gibberellin) on No. of spikes. m™>No. of grains. spike”,Grain weithg(g),Grain yield (t. ha™*) and

Biological yield (t. ha').

Treatments no.of spikes no.of grains Grain weight  Grain yield Biological yield
Swing(D) GR, 264.37 41.26 32.17 2.28 11.60
GR; 255.26 41.03 36.66 2.32 11.70
L GR, 261.27 42.37 32.52 2.28 11.52
GR; 24991 40.21 34.46 227 11.81
Mean 257.63 41.22 33.95 2.28 11.65
GRy 297.67 46.38 36.33 3.22 12.37
D, GR, 269.64 44.52 39.96 3.14 12.79
GR, 320.89 44.08 34.46 3.27 12.43
GR; 301.76 43.63 37.28 3.09 12.90
Mean 304.00 45.15 37.01 3.18 12.62
GR, 339.35 53.24 41.62 4.79 14.19
D, GR; 356.63 59.36 39.83 5.31 14.52
GR, 402.59 50.62 42.28 5.77 14.73
GR; 369.62 57.79 36.88 5.13 14.68
Mean 367.05 55.25 40.41 5.25 14.53
GR Sowing data 5.87 2.01 1.64 0.51 0.20
LSD(0.05) Interaction 10.34 4.08 2.93 0.56 0.53
GR, 300.46 46.96 36.71 3.43 12.72
Plant Growth GR, 302.84 48.31 39.15 3.59 13.00
Regulators (GR) GR, 328.25 46.36 36.42 3.77 12.89
GR; 306.97 47.21 36.20 3.49 13.13
LSD(0.05) 5.81 Ns 1.80 0.25 0.31

4. Discussion

The greater grain yield in the D;-planting date compared
with D; and D, in this study was attributed to the increase of
yield components (no. of spike.m™, no. of grain. Spike -1 and
grain weight) as shown in Table (2), The increase in spike
number was a result of greater tiller number which produced
more spikes in D;. The number of tiller related to the
environmental and genetics factors, because the dynamic of
potential tillering ability for cultivar depends on the
suitability of environmental factors [16]. Temperature plays
important role among the environmental factors which affects
tillering phenomenon, prevailing temperature during
initiation, growth and development of leaf primordial and its
expansion that reflected in the increase leaf node of the stem
[17] [18]. The suitable climatic factors such as temperature,
light and relative humidity (data not shown) for producing of
tillers were exist during this stage in D; sowing which
extended from beginning of full third leaf to the begin of
elongation (ZGS13 — ZGS31) which reflected in the hasting
emergency, leaf and expansion and perhaps its number. all
that was linked with tillers initiation and emergency. The
greater number of fertile tillers may be a result of excess of
assimilation at tillers production and initiation stage which
was very important because the high demand on assimilation
that begin to elongate and this tillers, which led to the
increase in the CGR (Figure 3 ) and RGR (Figure 5 ).

The hormone play a vital role in the initiation and
appearance of tillers and increase the number of fertile tillers
[19], Ethylen is released when ethephon is applied to the
plants when we applied ethephon (GR;). Ethephon is

classified as anti- gibberellin, therefore it breaks the apical
dominance which in imposed by gibberellin and auxin,
hence, causing an increase in the tillers production (Tablel)
and then the number of fertile tillers, according to [20].

Many previous studies confirmed that the stimulation of tillers
emergency after ethephon application was due to the hormonal
balance, where the of ethelen from ethephon cause retarding of
auxin and gibberellin biosynthesis and their movement in the
stem tissues. Due to the cytokinin increase which stimulates the
growth of tiller buds [21]. Attya and Jaddoa suggest that the
increase in the number of tillers in our study was a result of
ethylen action which inhibited auxin action.

Increase the number of tillers in D, and D; was due to the
low temperature which linked with the hormonal balance,
increased ephephon inhibited the apical dominance and
retarded the auxin and gibberellin which increases the
cytokinin biosynthesis [22].

The greater number of spikes following the application of
ethephon and gibberellin was due to increase the number of
tillers and increase net photosynthesis, which was reflected in
an increasing of CGR, RGR, Dry matter accumulated
(Figures 3, 5 and 1) and biomass (Table 2), which supported
the growth of spikes from the adequate of photo assimilates.
This was confirmed by the statement of [23] and [24] that
sufficient assimilate during tillers initiation and development
reduce the competition between tillers, leading to the
increased fertile tillers (spikes).

The greater number of grains per spike (Table 2) in D3
was due to an increase of spike length (Table 1) and number
of spikelet per spike, which this initiation and development
coincides the Dry matter accumulated as a result of RGR
increase and CGR (Figures 5 and 3), which was effected in
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an increase of spike length and floret number. Consequently,
establishing more grain sites in the plants grown in the third
sowing (D3).

That determine number of grain this was investigated in
D3. From that the number of grain per spike genetically
controlled and ecological therefore the variation in
temperature due to change the planting date effected on
determine the number of grain per spike and to realize the
potential number for genotype than temperature play a vital
role in controlling the hormonal balance within the plant, and
probably it had a larger role for the application gibberellin
(GR)) at D3 which came increase number of grain (Table 2).
According to [25] the apical dominance was controlled by
hormones. This might consolidate the probability of increase
the grain yield of wheat by synthetic hormones through the
control of yield components. It was

possible to delay the growth of median spikelet to provide
an adequate time for apical and basal spikelet to reach the
right developmental stage, resulting in a synchronous
development of all spikelets, therefore, spikes and number of
grains per spike were increased. This might be due to the
redistribution of assimilates to the sinks [26].

Application of gibberellin caused improvement in sources
capacity (increased flag leaf area), this contributes to an
increases in assimilation abundance which was invested for
the spike and florets growth to compete efficiantelly with the
elongated stems [27], This was in agreement with the
findings of [28].

5. Conclusions

Foliar application of ethephon improved growth
characteristics and increased grain yield via the reduction of
plant height associated with increased tiller number and
consequently spike number and high harvest index. However,
gibberellin had reverse effect to that of ethephon. It increased
only grain weight with no effect on grain yield. For sowing
dates, the highest grain yield was obtained in the plants grown
on Nov.18 due to increase spike number, grain of spike and
weight of grain compared with the earlier sowing on Oct. 18
which gave the lowest values of grain yield and its components
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