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Abstract

Appropriate tillage (T) and potassium (K) fertilizer from a suitable source can play a vital role in optimization of wheat
(Triticum aestivum) production. Therefore, we evaluated the effect of potassium levels (of 30, 60, 90, and 120 kg K,O ha™),
sources [sulphate of potash (SOP 50% K,0) and muriate of potash (MOP 60% K,O)], and various tillage implement
(moldboard plough, chisel plough and rotavator) on growth and yield of wheat in a field experiment during winter 2012-13.
Three factorial randomized complete block design (RCBD) with split-split plot arrangement having three replications was
adopted where tillage implement was assigned to main plot, sources to sub plot and K levels to sub-sub plot. Plots tilled
through rotavator or moldboard and treated with 60 kg K,O ha™' as SOP produced significantly higher spikes per m?, kernels
per spike, thousand grains weight, kernel and biological yield compared to plots tilled through chisel plough and control or
plots fertilized with other K levels. Crop growth rate (CGR) was at par for different tillage implements and K sources. We
can conclude that rotavator and mould board plough with application of 60 kg K,O ha™! from SOP source have improved
yield and yield components of wheat, and optimized wheat production.
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Introduction

Wheat (Triticum aestivum L.) is a major staple food
cereal crop of Pakistan and the rest of the world as will. In
most countries of South America, Africa and Asia wheat is
major grain crop in terms of area and production (Arzadum
et al., 2006; Basir et al., 2016; Mfarrej et al., 2021). In
Pakistan the total wheat cultivated area is 9.18 million
hectares, with overall production and yield of 25.478
million tones and 2775.00 kg ha™' respectively in the year
2014-15 (Pakistan Economic Survey, 2014-15), where as in
Khyber Pakhtunkhwa (KP), it is cultivated on an area of
0.636 m hectares which produced 1.149 m tones with an
average yield of 1807 kg ha' (Bureau of statistics-KP,
2012-13). The mechanical operation of soil is called tillage
and the sequence of operations to prepare the soil for crop
production is called tillage system (Muqaddas ef al., 2005;
Ashraf et al, 2022). Soil water content and physico-
chemical properties can be affected by tillage systems and
thus, affect crop yield (Patra et al., 2004; Zahoor et al.,
2016; Saleem et al., 2020b). Different tillage depths i.e.,
deep, conventional or reduce tillage has their own
consequences on the soil. Soil porosity, moisture content,
aeration and nitrates has been improved by deep and
conventional tillage while it reduces weeds and soil
compaction (Danilove & Kargin, 1979; Warkentin, 2000;
Saleem et al., 2020a). While on the other hand shallow
tillage is recommended for improved crop yield and soil
quality as compared with more intensive tillage (Basir et
al., 2017). Conventional tillage (20-22 cm) improved wheat

yield however, wheat yield reduces by 1.4% in the reduced
tillage system (10-12 cm) (Seeibutis et al., 2009). In
contrast deep manipulation with chisel plough improved
soil aeration, moisture and porosity (Malhi et al., 2006).
Potassium is naturally found in sufficient quantity in most
soils of Pakistan however, cultivating high yielding
varieties, lack of rotation and continuous mono-cropping
have the led the soil deficient in this essential soil nutrient
(Ranjha et al., 1990; Tariq et al., 2022). Potassium is
playing a very important role in many physiological
processes such as photosynthesis and carbohydrates
formation, and building drought tolerance in plants (Tahir
et al., 2008). Fertilizer potassium also plays an important
part in improving crop yield and quality (Mengel & Kirby,
1987; Imran et al., 2020). Mostly the crops meet potassium
requirements from two sources i.e. SOP and MOP (David
et al., 1986; Amanullah et al., 2021) however, the later one
is not commonly used in Pakistan although less expensive
than the SOP. One of the reasons for less use of MOP
fertilizer may possibly maximize the chloride content in
Pakistani soils as they are naturally abundant in chloride
content however, the use of MOP is preferred due to
sulphate reduction into sulphide ion in the damp conditions
(Glander & Peter, 1962). Despite cheaper source of K,
MOP application as inorganic sources of fertilizer in not
preferred due to the detrimental effect of chloride on plant
growth (Hanadi ef al., 2002; Ahmad ef al., 2021). Chloride
concentration can be increased with application of MOP
while it reduces the K content of wheat grain and straw
(Khan, 1985; Hussain et al., 2021). Keeping in view the
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pros and cons of MOP and SOP the current research was
planned to investigate the influence of K sources, quantities
and three different tillage implements including, chisel,
mould board and rotavator on growth and yield of wheat
under agro-climatic condition of Peshawar, Khyber
Pakhtunkhwa Pakistan.

Material and method: A research trial was conducted at
research farm of the University of Agriculture, Peshawar
Pakistan to determine the effect of potassium, their
sources and various tillage implements on growth related
aspects of wheat crop. The experiment was laid out in
randomized complete block design in a split plot
treatment arrangement and 3 replicates. Tillage
implements [Chisel (50 cm), Mould board (30 cm) and
Rotavator (15 cm)] were assigned to fixed plots, whereas
potassium at the rate of 30-60-90 and 120 kg ha' and
potassium sources (SOP and MOP) were assigned to sub
plots each of 15 m? (5 x 3 m?). Each sub-plot was consist
of 10 rows with a row-to-row distance of 30 cm. Nitrogen
(N) requirement of the crop were meet through
application of urea at the rate of 150 kg ha ', half of the
N requirement was meet at planting time and the
remaining half at booting stage while full dose of
phosphorus (90 kg P,0s ha™') was applied at planting
time. Wheat (siran 2010) was sown as test crop at a seed
rate of 100 kg ha '. Productive tillers were recorded by
counting the spiked tillers in m?area of each sub-plot. The

BY (Kgha™!) =

Pack weight of central 4 rows of each subplot
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crop growth rate (CGR) at boot and anthesis stages was
determined by harvesting one meter row in each sub-plot,
sun dried and worked out weight by automatic balance.
The following formula described by Gardner et al.,
(1985), was used for calculating CGR.

W2 'Wl « 1 (g m2 d-l)
T,-T, GA

CGR=

W= Sample dry weight on boot stage

W,= Sample dry weight on anthesis stage

T, = Sample collection date at the time of boot stage

T, = Sample collection date at the time of anthesis stage
GA = Ground Area

Numbers of grains per spike were recorded by
threshing five spikes selected randomly in each plot and
mean was worked out. For thousand grains weight (g)
grains were picked from seed lots and weight worked out
with automated balance. For biological and kernel yield
four central rows in each sub-plot were harvested and sun
dried. The sun dried packets were weighed for recording
biological yield (BY) and then threshed with a small
thresher. Biological and grain yield (GY) was weighted
with the help of automatic balance and then worked out
into kg ha ' by the given formulas:

x 10000 m?

GY (Kgha™1) =

Grain wt of central 4 rows in each plot

Row wieght of central 4 rows length x No of rows harvested

x 10000 m?

Statistical analysis

Statistical analysis of the observed data were
conducted by using statistical package MSTAT-C (Steel &
Torrie, 1980) appropriate for three factorial split-split plot
RCBD. The data were further subjected to least significant
difference (LSD) test at 5% level of probability to
determine significant differences among the means.

Results and Discussion

Tillage practices had significantly affected productive
tillers m™ Table 1. Among tillage practices rotavator had
resulted statistically higher productive tiller m? (359) as
compared to the rest of the tillage systems. Comparable
results were described by Dolan et al., (2006) who found
that productive tillers were reduced by 20% when
ploughing was done through chisel as compared to
rotavator or mold board plough. This high number of
productive tillers would be attributed to optimum water
availability in the shallow tilled soil ploughed through
rotavator (Chiroma et al., 2006; Thomas et al., 2007;
Slawinski et al., 2012) for thorough germination and flower
commencement at reproductive stage. The applied
Potassium (60 kg ha') had significantly increased
productive tillers m? (366) as compared to the control

Row to row distance x row lenght x No of rows harvested

(301) however, further increase in K level reduced tillers m*
* Table 1. These finding are in line with the reports of
Mukhtar (1975) who reported that all treatment with
potassium up to 70 kg ha' resulted significantly greater
number of spike tillers m™> over NP alone and check
treatment. Control vs rest contrast indicated that plots other
than control produced maximum productive tillers m™
(349) as compared with control plots (301). Application of
SOP as a source of Potassium produced statistically
maximum (359) productive tillers m” as compared with
MOP source. These results are in consistent with those of
Bakhsh et al., (1986) who reported that SOP performed
better as compared to K application as a MOP source.

Crop growth rate were significantly affected by
potassium levels while tillage practices and K sources had
non-significant effect on crop growth rate Table 1. The
application of K up to 60 kg ha' had significantly
increased CGR (23.57 g m™> d™") however; further increase
or decrease in K level had significantly reduced CGR.
Similarly rest plots treated with K had resulted
significantly higher crop growth rate over control plots.
Nataraja et al., (2006) reported comparable results and
recorded that potassium fertilizer had significant influence
on crop growth rate as compared with control plots.

Plots tilled with rotavator had significantly increased
number of grains spike™ (51) as compared to chisel plough
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(48) however, statistically at par with moldboard plough
Table 1. The improved number of grains spike™ in shallow
tilled plots was due to increased soil moisture (Al-Kaisi and
Yin 2005) greater N efficiency as result of less NO;
leaching (Bossche et al., 2009). Parallel results were
reported by Nakamoto et al, (2006) in which yield
components were significantly affected by moldboard
plough as compared with chisel plough. No of kernels
spike” improved by augmenting K levels and maximum
kernels spike” (53) were observed for 60 kg K ha™' but
statistically comparable with 90 kg K ha™' while less
kernels spike™ (42) were produced in control plots. Parallel
results were testified by Malik et al., (1988) who studied
that K applied up to 45 kg ha' as SOP had encouraging
influence on yield and its attributes over Nitrophos alone.
The mean values of control vs rest contrast indicated that
rest plots produced statistically higher grains spike™ (49) as
compared with control plots grains spike” (42). Potassium
source (SOP) had resulted greater grains spike” (51) as
compared with MOP source of potassium. These results are
in consistent with those of Rasul et al., (1987) who are of
the opinion that SOP source of K can perform better than
MOP source of potassium in terms of grains spike™.
Significantly heavier grains were recorded in the
rotavator tilled plots as compared to chisel tilled plot
however, statistically at par with mold board plough plots
Table 1. The greater soil moisture (Thomas et al., 2007)
better soil nutrients (Wright & Hons, 2005; Papini et al.,
2007) and lower bulk density (Weisskopf & Anken, 2006)
had improved grain weight and other yield components in
the shallow tilled plots (Hao et al., 2001). Comparable
results were reported by Nakamoto et al., (2006) who
reported that yield components can be affected by
different tillage practices. Potassium levels had
significantly affected 1000 grains weight and plots treated
with 60 kg K ha™' resulted greater 1000 grains weight
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(45.94 g) compared to control plots (40.25 g). The results
of Rasul er al, (1987) support our results who
investigated that pots treated with 55 kg K ha™' produced
significantly maximum thousand grain weight over
control pots. The mean values of control vs rest contrast
indicated that rest plots produced heavier 1000 grains
weight (44.66 g) as compared to control plots (40.25 g).
Potassium applied as SOP source had significantly
increased 1000 grains weight as compared with MOP
source of potassium. Similarly Rasul et al., (1987) stated
that SOP source of K can perform better as compared
with MOP source of potassium.

Tillage practices specifically rotavator had
significantly increased grain yield (4066 kg ha') as
compared to chisel plough but statistically at par with
mold board plough Table 1. This maximization of grain
yield in the shallow tilled plots was due to increased soil
beneficial ~ microorganisms, improved  nutrients
availability, improved soil structure and minimum
leaching (Thomas et al., 2007; Wright & Hons, 2005).
The application of optimum level of potassium (60 kg
ha ') had statistically improved grain yield (4184 kg ha™)
against the rest of K treated plots and control plot (3491
kg ha™"). Control vs rest contrast indicated that plots other
than control produced maximum (3972 kg ha™') grain
yield against control plots (3491 kg ha™'). Potassium
sources had significantly affected grain yield. Sulphate of
Potash source of K had resulted statistically greater grain
yield (4058 kg ha™') as compared with MOP source of
potassium. Rotavator as tillage implements and
application of potash @ 60 kg ha ' in the form of SOP
fertilizer (T x K x S) had significantly increased grain
yield Fig. 1. Linear increased for grain yield was observed
when mold board plough or rotavator was used along with
60 kg K ha™' from SOP source. However, further increase
in K had slightly decreased grain yield (Fig. 1).

Table 1. Spike tillers m2, CGR, kernel spike™, 1000 kernels weight, GY and BY of wheat as influenced by tillage operations,
potassium guantities and potassium sources.

Treatment Spike gllers C(_BZR_1 Grairg 1000- grains GY—| BY_1
m (gm=d™) spike weight (g) (kg ha™) (kg ha™)
Tillage Operations
Chisel (50 cm) 332b 20.06 48b 42.89b 3847b 7869b
Mould board (30 cm) 357a 22.11 50a 45.25a 4002a 8747ab
Rotavator (15 cm) 359a 22.61 S5la 45.95a 4066a 9112a
LSD (0.05) 15.95 Ns 1.66 1.85 146 965.4
Potassium (kg ha—1)
30 337b 20.85b 47b 44.41b 3912b 8435bc
60 366a 23.57a 53a 45.94a 4184a 8955a
90 354ab 21.40b 50ab 44.29 3900b 8677ab
120 33% 20.55b 48b 44.01b 3891b 8236¢
LSD (.05 23.16 1.38 3.54 1.44 140.6 430.8
Control vs Rest
Control 301b 18.20b 42b 40.25b 3491b 6774b
Rest 349a 21.59a 49a 44.66a 3972a 8576a
K Sources
SOP (50 % K,0) 359 22.21 Sla 45.40a 4058a 8888
MOP (60 % K,0) 33% 21.98 48b 43.93b 3885b 8764
Interaction
TxK - - - - - -
TxS - - - - - -
KxS - - - - - -
TxKxS - - - - * *

Means in the same category followed by different letters are significantly different at p<0.05 levels. (-) = Non-significant; * = Significant
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Fig. 2. Biological yield of wheat is affected by potassium levels, sources and tillage practices.

Plots tilled with rotavator had significantly improved
wheat biological yield (9112 kg ha™') as compared to
chisel plough (7869 kg ha™') but statistically comparable
with mold board plough Table 1. These results are
comparable with those of Thomas et al., (2007) and
Ozpinar & CAY (2005), who reported that shallow tillage
with rotavator resulted statistically greater biological yield
as compared to deep tilled plots with chisel plough.
Biological yield significantly enhanced with increasing
potassium level up to 60 kg ha™' further increase in K
level had decreased BY. Malik et al., (1988) also reported
significant increase in BY with application of K level
from 20 to 60 kg ha™' further increase in K had non-
significant effect on biological yield. The mean values of
control vs rest contrast shown that plots other than control
produced maximum BY (8576 kg ha ') as compared with
control plots (6774 kg ha™'). Rotavator when used for

cultivation of wheat along with application of K up to 60
kg ha™' from SOP source (T x K x S) had significantly
increased biological yield (Fig. 2). A linear increasing
trend was observed in terms of biological yield for mold
board plough and rotavator with application of 60 kg K
ha™' from SOP source. Further increase in K from both
sources significantly decrease biological yield.

Conclusion

Tillage with mold board plough or rotavator along
with 60 kg K,O ha™' as SOP significantly improved
numbers of spikes m™, grains spike™, 1000 grains weight,
grain and BY in wheat. Therefore, using mould board
plough or rotavator with application of 60 kg K,O ha' as
SOP is recommended for obtaining optimum wheat yield
in agro-climatic conditions of Peshawar.
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