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Abstract

Wheat (Triticum aestivum L.) is the primary cereal crop for the vast majority of the global population. Ashes (coal fly
ash and coarse ash which) are heterogeneous sources of nutrients would play a vital role in agriculture production.
This study was planned to evaluate the impact of coal fly ash and coarse ash (bottom ash) on the growth and yield of
wheat at agronomic research area, University of Agriculture Faisalabad. A simple randomized complete block design
(RCBD) was laid in triplicates under split-plot arrangement. The experiment was performed using two ashes (coal fly
ash and coarse ash) with three application levels (0, 5 and 10 tha™!). Data regarding growth and physiological attributes
were recorded during and after the completion of the experiment. Results show that application of ashes significantly
improved the growth and yield of wheat. About 35.3%, 28.8%, 34%, 15.5%, 19.9%, 18.8%, 32.6% and 28.5% higher,
grain weight per spike, no of spikelets per spike, no of grain per spike, 1000 grains weight, harvest index, grain yield
and biological yield respectively were observed in treatment where 10% fly ash was applied compared to control. This
study has shown that application of coal fly ash and course ash would be affective in improving growth and yield of

wheat.
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1. Introduction

Wheat (Triticum aestivum L.) is a major cereal crop and
has been grown as the first domesticated food crop in
many regions of the world for the last 8000 years
(Charmet, 2011; Zhou et al,, 2020). It is a staple food for
approximately 40% population of the globe and provides
a significant number of fibers and carbohydrates that are
necessary for strength as well as digestion (Giraldo et al.,
2019). It also contains 20% of the daily necessary protein
and calories that a human body needs regularly (Petrie et
al., 2004). Wheat grain is also a major source of essential
nutrients (Shewry, 2015; Sarwar et al., 2013). In Pakistan
wheat is the most significant cereal crop, planted over a
8.83 million hectares and providing about 25 million
tons of edible grain per year at a productivity of roughly
2.8 t ha!. With 8.7 percent of value-added and 1.7
percent of Pakistan's GDP, wheat has a major role in the
economy. According to Pakistan’s census of 2017, our
population is increasing at a faster pace of 2.0% per year
(Census, 2017). Therefore, there is a current need to
increase the area and yield of wheat to overcome food
security issues.

The average farmer's wheat yield in Pakistan is 2.26 t ha”
!'as compared to 6.80 t ha! gained by research institutes.
This represents a difference of 67 percent between the
theoretical yield. In addition, average wheat yield in
Pakistan is 70% lower than the average wheat yield of
major wheat producing countries (Aslam, 2016). There

are many reasons of this low productivity; however, poor
soil health is major one (Aslam, 2016). Application of
coal fly ash and coarse (bottom) ash would improve soil
health by replenishing the nutrients and improving soil
conditions. Fly ash (main residual component of thermal
power plants) plays a valuable role in agriculture because
it is comprised of heterogeneous mixture of calcium,
sodium, potassium, phosphorus, sulfur, magnesium,
aluminum, silicon, iron and many other valuable
nutrients (Mattigod ef al., 1990). Fly ash has also been
employed for plant development over the last three
decades due to the presence of important micro and
macro-nutrients (Zacco et al., 2014). At various degrees
of incorporation, fly ash improves the biological and
physicochemical features of the soil. Its use has
increased significantly during the last three decades
(Ram and Masto, 2010).

Coarse ash has particle sizes ranging from 0.1 to 10 mm
and an apparent dark grey color (Theis and Gardner
1990; Ahmaruzzaman, 2010). The coarse ash is a
granular and bristly material as compared to the fly ash
(Mukhtar et al., 2003). It was observed that clayey soils
combined with coarse ash can improve tilth by
decreasing crust development and increasing clayey soil
friability. Coarse ash mixed with soil exhibits high air
content and water holding capability and also contains
several mineral elements that are beneficial for plant
growth. The coarse ash may improve water infiltration
and soil structure which generally improves soil
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productivity (Sell ef al., 1989. Some of the coarse ash
mineral nutrients may have a revitalizing impact when
applied to agricultural or forest soils.

To the best of our knowledge, literature is very sketchy
about the usage of fly ash and coarse ash in agriculture
in Pakistan. Therefore, this study was planned to check
the effect of coal fly ash and coarse ash on wheat growth
and yield.

2. Materials and Methods

2.1 Experiment and treatment description

The experiment was conducted at Agronomic Research
Area, University of Agriculture, Faisalabad (Pakistan),
in winter season 2020-21. The research was carried out
on sandy clay loam soil. The soil of the experimental site
was fertile with fine texture and uniform soil particles.
Soil samples were taken from each experimental plot
from 0-30 cm depth using an auger to determine soil
physicochemical properties. Wheat was sown by using
recommended production technology in each
experimental plot. The experiment was laid out in
randomized complete block design (RCBD) with simple
plot arrangements. The experiment was comprised of the
following treatments, control, Fly-ash @ 5 t ha'l, Fly-ash
@ 10 tha?, coarse-ash @ 5 tha, coarse-ash @ 10 t ha-
L. The experiment was replicated three times with gross
plot size of 1.8 m x 5 m in three replications.

2.2 Crop husbandry

Pre-sowing irrigation (Rouni) was applied in the field.
When the moisture was at field capacity (Wattar)
seedbed was prepared with the cultivator and then with a
tractor-mounted rotavator followed by the planking. For
this experiment wheat genotype, Anaj-2017 was taken
from Agronomic Research Farm University of
Agriculture Faisalabad. Seed (@ 125 kg ha was sewn
by hand drill method. Recommended dose of NPK (120
kg ha, 100 kg ha and 60 kg ha? respectively) were
applied using urea, diammonium phosphate (DAP) and
sulfate of potash (SOP) fertilizers respectively. DAP and
SOP were applied as basal fertilizer while urea was
applied with first irrigation. All other recommended
agronomic practices were kept constant for all the
treatments.

2.3 Yield and Yield Components

With the use of a measuring tape, the height of ten
randomly selected mature plants from each plot was
taken. After that, the average plant height in cm was
computed. Then five wheat spikelets were picked from
each plot to count spikelets per spike and also calculated
the number of grains per spike. The average 1000 seed
weight grams was calculated by obtaining three
representative samples of seeds from each treatment and
weighing them on an electrical balance. At crop
maturity, the entire plot was harvested and threshed
manually using mini thresher and economic yield
calculated. Each plot's biological yield was measured in
kilograms, then converted into tons per hectare (t ha).
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The harvest index (HI) was calculated by dividing grain
yield on biological yield and then represented as a
percentage.

2.4 Statistical Analysis

Fisher's analysis of variance was used to statistically
interpret the results of all parameters. The means of the
treatments were compared using the computer software
Statics 8.1 and the Least Significant Difference (LSD)
test at the 5% probability value (Steel et al., 1997).

3. Results

3.1. Growth related traits

Results show that plant height was significantly affected
by the use of fly ash and coarse ash in the soil (Table 1).
All ash treatments except course ash at higher rate (10 t
ha%) significantly improved the plant height at maturity.
Maximum plant height 94.47 cm was noted in treatment
where fly ash mixed with soil at the rate of 10 t ha?
followed by Fly-ash @ 5 t ha’. However, minimum
plant height was observed in control treatment.

Results also show that SPAD value was significantly
affected by the use of fly and coarse ashes in soil (Table
1). Maximum SPAD value 54.00 was recorded in the
treatment where fly ash mixed with soil at the rate of 10
t hal; however, minimum was noted in control
treatment. Among the ash treatments, soil application of
coarse ash at the rate of 10 t ha! was shown minimum
SPAD value i.e. 45.46, however it was non-significant to
control treatment wherein fly ash or coarse ash was not
applied.

3.2. Yield Components

Impact of ashes on the yield contributing traits and yield
of wheat is shown in table 2. Results show that
application of ashes, significantly affected the yield and
related traits. Overall, fly ash exhibited better response in
terms of yield contributing traits and yield compared to
the corresponding course ash treatments. Application of
fly ash at the higher rate i.e. 10 ton ha* exhibited the
highest no of spikelet per spike (19.67); however,
minimum were found in control treatment. Similarly, the
number of grains per spike was also highest in treatment
where fly ash was applied at the rate of 10t ha™. It is also
evident from the results that 1000 grain weight was
highest i.e. 46.37 g in treatment where fly ash was
applied at the rate of 10 t ha whereas minimum was
found in control i.e. 37.10 g.

3.3. Biological yield, grain yield and harvest index

Results show that application of fly ash at higher rate (10
t hal) produced highest yield i.e. 3.49 t ha™ followed by
the fly ash at the rate of 5 t haand there is a statistically
significant yield difference with course ash treatments
whereas minimum yield was found in control treatment.
Similarly, highest biological yield was found in
treatment where flay ash was applied at 10 t ha?
followed by the treatment where fly ash was applied at
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Table 1. Impact of Coal fly ash and Course ash on SPAD value and plant height.

Treatments SPAD value Plant Height
Control * 35.76B 70.33C
Fly-ash @ 5 t ha'* 51.58A 83.20B
Fly-ash @ 10 t ha* 54.00A 94.47A
Coarse-ash @ 5t ha 51.30A 83.15B
Coarse-ash @ 10 t ha! 45.46AB 74.43C

Table 2: Impact of Coal fly ash and Course ash on number (No). of spikelets per spike, number of grains per
spike, grain weight per spike, thousand grain weight, grain yield, biological yield and harvest index of wheat

Treatments No. of spikelets No. of grains Grain weight 1000 grains Harvest
per spike per spike per spike (g) weight (g) Index(%)
Control * 14.00B 45.47B 1.88C 37.10C 31.47B
Fly-ash @ 5 t ha™! 18.67A 53.53A 2.33B 43.53AB 34.78AB
Fly-ash @ 10 t ha'! 19.67A 53.87A 291A 46.37A 38.77A
Coarse-ash @ 5 t ha™! 18.66A 53.33A 2.18BC 43.13AB 34.71AB
Coarse-ash @ 10 tha! 17.33AB 51.00AB 2.17BC 38.93BC 32.87B
Grain Yield (t ha-1)

AC10tha-1

Biological Yield (t ha-1)

Control FAS tha-1

Figure 1. Impact of Coal fly ash (FA) and Course ash (CA) on grain yield and biological yield of wheat. Column show the

mean of three replicates whereas bars show the standard error.

the rate of 5 t ha. Results also show that highest harvest
index (38.77) was found in treatment where fly ash was
applied at higher rate; however, minimum was found in
control treatment i.e. 31.47.

4. Discussion

Our results show that application of ashes significantly
improved the plant height and chlorophyll content of
wheat. Our results concur the findings of Durgude et al.
(2018), who reported an increase in chlorophyll content
when fly ash was added in soil. Improvement in the
chlorophyll and plant height might be due to the presence
of macro and micronutrients present in the ashes. Singh
and Yunus (2000) reported that plant growth can be
increased by coarse ash and fly ash because these contain
essential elements such as Ca, Fe, Zn, Na, K, and Mg,

Rai et al., (2000) suggested that the concentration of the
fly ash and coarse ash present in the plant tissue is easily
available to the plant for use in the metabolic process. In
addition, it would also be due to positive effects of ashes
on the soil biochemical properties (Babu et al., 2011).
Chang etal., (1977) reported that use of fly ash increased
the soil's ability to store water and essential plant
nutrients and soil properties which would help plant
growth. When fly ash and coarse ash are incorporated
into the soil, they can fix hazardous heavy metals in the
soil, improve soil aeration and water holding capacity,
which ultimately enhance the growth of plants (Su and
Wong, 2004). They can also stimulate the soil
microbiota by providing them with excessive carbon and
other nutrients, which has a valuable role in plant growth
(Ramme et al., 2013).

Application of ashes significantly improved the yield
and contributing traits of wheat. Thind et al. (2012)
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conducted a 3.5-year field experimentto study the
feasibility of application of fly ashto increase the
productivity of the paddy and wheat systems in various
eco-zones. The treatments consisted of fly ash @ 15 and
30 Mg ha™!. They observed that the application of fly ash
on wheat produce much better results. They suggested
that application of the fly ash on wheat and rice improved
physiological, physical and yield attributes.

Itis also found that application of ash on wheat increased
the biological and grain yield of grain by 25%. The grain
yield is the combined effect of all individual parameters
of yield components under the particular set of
ecological conditions. The results are in the same trend
of the results of growth and yield contributing traits. This
would be due to the direct impact of the ashes on the soil
nutrient status and indirect effects in terms of improving
soil health. Our results are in line with the studies of
Wearing et al. (2004) who conducted field experiment
for assessment of effects of coarse ash on yield and
growth of peanut and also investigate the effect of the
coarse ash on the physical properties of the soil. They
found that addition of coarse ash increased the yield of
large sized peanuts, the larger kernels percentage was
increased 9.5 mm from 63 percent to 78 percent. In
addition, they concluded that application of coarse ash
enhanced the quality and yield of peanuts and also
improved the soil physical and chemical properties. It is
also evident from our results that at higher level of course
ash application, the yield slightly declined. It would be
due to some negative impacts of course ash on soil
properties. In literature, some negative impacts of
application of fly ash have also been reported. The high
pH of ash may damage the microbial activities and for
many other critical plant growth activities. Application
of ash may delay the nodulation in the plants that show
reduction in nodules (Martensson and Witter 1990).

5. Conclusion

This study has proved the hypothesis that application of
coal fly ash and course ash would be effective in
improving growth and yield of wheat. It was found that
the soil amendment of fly ash at rate of 5 and 10 t ha™*
and course ash at the rate of 5 t ha? significantly
improved the growth and yield of wheat. However, the
addition of higher rate of course ash slightly reduced the
yield. To further recommend the application of fly ash
and course ash for crop production, more studies should
be done to check the impact of ashes on the
physicochemical properties of different soil types.
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