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Introduction
Maize (Zea mays L.) Belongs to Gramineae family of plant 

kingdom. It is an important position in the existing cropping systems 
of Pakistan. Maize is grown in almost all the provinces of the 
country, but Punjab and Khyber Pakhtunkhwa are the main areas of 
production.1 It is not only consumed by human beings in the form 
of food grain but it is also used as feed for livestock and poultry 
besides being a good forage crop.2 It is also gaining importance 
due to being a commercial/industrial crop, where a large number of 
products are being manufactured out of its grain. Maize grain contains 
about 72% starch, 10% protein, 4.8% oil, 5.8 % fiber, 3.0% sugar 
and 1.7% ash.3 The area under maize cultivation in Pakistan and 
Khyber Pakhtunkhwa Province was 935.1 Kg/ha-1 and 421.9 Kg/ha-1, 
respectively with production of 3261.5 Kg/ha-1 tones and 752.2 Kg/
ha-1 tones and the average grain yields of 3488 kg/ha-1 and 1854 kg/
ha-1in Pakistan and Khyber Pakhtunkhwa, respectively.4 Maize crop is 
planted more than 500,000 ha land area in high mountain and plains of 
Khyber Pakhtunkhwa but its production is much lower in these areas 
(Rahman et al., 2012). Maize grains have great economic importance 
and are used for food, fodder, pharmaceutical and industrial purposes. 
Its grains contain starch, protein, fiber, oil and ash (Ahmad et al., 
2007). In Pakistan maize is grown twice in a year (spring and autumn). 
There is a gradual increase in planting of maize during spring season, 
since the introduction of spring maize cultivation in Pakistan. Since 
the active involvement of multinationals in Pakistan, cultivation 

of spring maize has been increased. Though the climatic and soil 
conditions of Pakistan are satisfactory for maize production but it’s 
per hectare yield is very low as compared to other maize growing 
countries of the world. Potassium as a macronutrient plays a vital role 
in plant growth and sustainable crop production.5 It sustains turgor 
pressure of cell which is essential for cell expansion. It assists in 
opening and closing of stomata and helps in osmoregulation of plant 
cell.6 It plays an important part in activation of more than 60 enzymes 
(Tisdale et al., 1990). Application of K has primitive effect on growth 
and development (Bukhsh et al., 2011) and grain yield in maize 
(Bukhshet al., 2009). It not only affects the rate of photosynthesis but 
also regulates transport of assimilates in maize. It is well known for 
its interaction both synergistic and antagonistic with essential macro 
and micro nutrients (Dibb and Thomson, 1985). Application of K is 
known vital for effective N utilization and have a fairly consistent 
effect on lowering tissue concentration of Ca and Mg (Bukhshet al., 
2010). Maize genotypes respond to potassium application contrarily 
due to modification in its uptake, translocation, accumulation, growth 
and utilization.7,8 K-efficient genotype is a complex one involving 
a mixture of uptake and utilization efficiency mechanisms. One of 
the mechanisms of differential K uptake efficiency is the exudation 
of organic compounds to facilitate release of non-exchangeable K. 
Cultivars effective in K uptake and its utilization may have a larger 
surface area of leaf. Improved translocation of K into different plant 
organs, enhanced capacity to uphold cytosolic K+ concentration 
within optimal ranges and augmented capacity to substitute Na+ for K+ 
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Abstract

An experiment was conducted during 2014 on spring maize hybrids and potash levels at 
Agriculture university Peshawar research form in Khyberpakhtunkhwa Pakistan. A set of 
four hybrids and four potash levels were evaluated in randomized complete block (RCBD) 
design, having four replication for effect of various potash levels on spring maize hybrids. 
Analysis of variance results revealed significant differences for days to tessling, days to 
silking, mean single leaf area, plant height, and number of plant at harvest, thousand grains 
weight, grain yield and biological yield. Mean data ranged from days to tessling 62 to 67, 
days to silking 69 to 74, mean single leaf area 440.15cm2 to 494.28cm2, plant height 204cm 
to 215cm, number of plant at harvest not effected by potash level, grain ear 520g to 547g, 
1000 grain weight 375g to 414g, grain yield 3424 kg ha-1 to 4192kg ha-1, biological yield 
11118kg ha-1 to 13580 kg ha-1. Based on the result of this study significantly. Delay in 
tasseling was observed with 120 kg K ha-1. Among the hybrids tasseling was delayed (67 
days) in 30K08. Silking was delayed (74 days) with 120 kg K ha-1. Potash applied at the rate 
of 120 kg ha-1 had the largest leaf area (494.28 cm2). Among the hybrids, larger leaf area 
(479.73cm2) was recorded for CS200. Plants height (215.25cm) was produced when potash 
was applied at the rate of 120 kg ha-1. In case of hybrids, 30K08 produced taller plants 
(212.87cm). The hybrids, CS 200 produced higher number of grains ear-1 (538.87). Hybrids 
CS200 produced heavier thousand grains weight (395.18 g), followed by 3025 (384.87g). 
The hybrids higher grain yield (4143kg ha-1) was produced by CS200, followed by 3025 
(3873 kg ha-1). Higher biological yield Application of potash at the rate of 90 kg ha-1 resulted 
in higher biological yield (13580kg ha-1). Among the hybrids, CS200 produced higher bio-
logical yield (13630 kg ha-1). In this experiment our study that application of potash at the 
rate of 90 kg ha-1 improved yield and yield components. Hybrid-CS200 performed well in 
terms of yield and yield components. Hence for obtaining higher grain yield, Hybrid-CS200 
with application of potash at the rate of 90 kg ha-1 is recommended.
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are the key mechanisms underlying K utilization efficiency (Rengel 
and Damon, 2008). Hybrids with reduced harvest index under poor 
K supply were K-inefficient. Ability to tolerate low concentrations of 
K in shoot tissue where K supply was scarce was also important in 
determining K efficiency for grain yield. Hybrids which are K-efficient 
could have the potential to improve the efficiency and sustainability of 
cereal cropping systems (Damon and Rengel, 2007). Proficient plant 
cultivars could have better fertilizer use efficiency (FUE)9 and leave 
low soil K and nitrogen as it is now understood that both of these 
elements should be present in sufficient and balanced quantities for 
proper crop growth5 and hence may reduce input cost and conserve 
environment.10

Potassium status of soils is rapidly declining at a stressful rate and 
net K draining rate is even steeper (0.3 kg ha-1 year-1) in Pakistan. It 
might be due to the inappropriate (0.8 kg ha-1 year-1) utilization of K in 
Pakistan in comparison to the world average K use (15.1 kg ha-1 year-

1).11 Consequently, it was needed to recognize spring maize hybrids 
effective in K uptake to provide best opportunities for future breeding 
research towards low input, sustainable and environment friendly 
agriculture. Therefore, the present study was aimed at exploiting the 
genetic variation among four spring maize hybrids for their suitable 
K level.

Materials and methods
A field experiment entitled “influence of different potash levels 

on spring maize hybrids” was conducted during spring, 2014 at 
Agronomy Research Farm, The University of Agriculture Peshawar. 
The experiment was consisting of two factors i.e. potash levels and 
maize hybrids. A randomized complete block design (RCBD) was used. 
Plot size was kept 3.5 m by 3 m with row to row and plant to plant 
distance of 70 cm and 25 respectively, having 5 rows. A uniform dose of 
150 kg N ha-1 and 90 kg P ha-1 in the form of urea and DAP was applied. 
Pre-sowing soil test was carried for the N and K. Nitrogen was applied 
in two equal splits i.e. 50% at sowing and 50% at 2nd irrigation. Sulphate 
of potash was used as a source of potash. All P and K dose was applied 
at the time of sowing. . All other agronomic practices were carried out 
uniformly for all the treatments. Pre-soil analysis was carried out for K, 
N and pH. The texture of the experimental area was silty clay loam 
with alkaline nature (pH 7.5-7.8). The soil was deficient in total N 
(≤0.53g kg-1 soil) and K≤92 mg kg-1 soil.

The details of the factors and their levels were as follows:

Factor A: Four K levels

   K1 = 0 kg ha-1

   K2 = 60 kg ha-1

   K3 = 90 kg ha-1

  K4 = 120 kg ha-1

Factor B: Four Hybrids

   H1 = 30K08

   H2 = 2031

   H3 = CS 200

   H4 = 3025

Data was recorded on the following parameters;

Days to tasseling: Data regarding days to tasseling was recorded by 

counting number of days from the date of sowing to the date on which 
80% plants developed tassels.

Days to silking: Data regarding days to silking was recorded by 
counting number of days from sowing to the date on which 80% 
plants developed silks.

Mean Single Leaf Area (cm2): Leaf area was taken manually of three 
plants in each plot at silking stage by using the following formulae:

L.A.=Leaf length (cm)xLeaf width (cm)x0.75

Plant height (cm): Plant height was recorded by recording the plant 
height of five plants from ground level to tip of each plot with the help 
of meter rod.

Number of plants at harvest ha-1: Plants in every plot were recorded 
and then converted to ha-1 in order.

Grains per ear: The ears harvested for grains yield were used for 
the determination of number of grains per ear by selecting five ears 
randomly from each plot, dried and shelled for counting the grain ear-

1.

1000 grains weight: Data regarding 1000 grains weight was recorded 
by counting randomly selected grains from seed plot.

Grain yield (kg ha-1): Grain yield was recorded after shelling of ears 
from each three rows and was converted into kg ha-1.

Grain yield (kg) in three central rows X 10000

Grain yield (kg ha-1) = Row-row distance x Row length x No. of 
rows

Biological yield (kg ha-1): Biological yield was recorded by weighing 
all the plants harvested from three rows and then converted into kg 
ha-1.

Biological yield (kg) in three central rows X 10000

Biological yield (kg ha-1) =Row-row distance x Row length x No. 
of rows

Statistical analysis: The data was analyzed statistically using 
analysis of variance techniques appropriate for randomized 
complete block design. Significant differences among treatments 
were determined using least significant difference (LSD) test for 
main as well as interaction effects.12

Results and discussion
According to the procedures given in materials and methods, the 

data collected on various parameters are briefed as under.

Days to tasseling

Data concerning days to tasseling was significantly affected by 
potash (K) application and hybrids (H) (Table 1). The interaction 
between K x H was non-significant. Mean values for potash showed 
that tasseling was delayed with the increase in potash level. Delay 
in tasseling was observed with 120kg K ha-1 (67 days) while early 
tasseling was observed with no application of potash (63 days). Among 
the hybrids, tasseling was delayed (67 days) in 30K08 however it was 
statistically at par with 2031, followed by 3025 (64 days) whereas 
early tasseling was observed for CS200 (62 days). Finding of our 
results are in accordance with the findings of Bukhsh et al. (2011), 
Chanda et al.,13 & Hussain et al.,14
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Table 1 Days to tasseling of spring maize hybrids as affected by levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 65 66 60 62 63 d

60 67 67 61 64 65 c

90 68 68 63 65 66 b

120 69 69 64 65 67 a

Mean 67a 67a 62 c 64 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=0.48

LSD for Hybrids (H)=0.48

LSD for K X H=ns

Days to silking

Data in accordance with days to silking was significantly 
affected by potash (K) application and hybrids (H) (Table 2). No K 
x H interaction occurred for days to silking. Mean values for potash 
indicated that silking was delayed (74 days) with 120 kg K ha-1. 
Early silking (70 days) was observed in plots receiving no potash. In 
case of hybrids there was significant difference for days to silking. 
Late silking (74 days) was observed for hybrid 30K08 which was 
statistically similar to 2031, followed by 3025 (71 days), while early 
silking (69) was observed for CS200. Finding of our results are in 
accordance with the findings of Bukhsh et al. (2011), Chanda et al.,13 
& Hussain et al.,14

Table 2 Days to silking of spring maize hybrids as affected by potash levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 72 73 67 69 70 d

60 74 74 68 71 72 c

90 75 75 70 72 73 b

120 76 76 71 72 74 a

Mean 74 a 74 a 69 c 71 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=0.529

LSD for Hybrids (H)=0.529

LSD for K X H=ns

Mean single leaf area (cm2)

Leaf area was significantly affected by potash (K) application and 
hybrids (H) and their interaction (K x H) (Table 3). Potash applied at 
the rate of 120kg ha-1 had the largest leaf area (494.28cm2) which was 
statistically at par with 90 kg ha-1, followed by 60kg ha-1 (475.21cm2), 
whereas less leaf area (376.95cm2) was obtained where potash was 
not applied. Among the hybrids, larger leaf area (479.73cm2) was 
recorded for CS200, followed by 3025 (467.79cm2) and 30K08 

(451.79cm2), while lower leaf area (440.15cm2) was recorded for 
2031. Interaction between K x H showed that all the hybrids produced 
larger leaf area when K was applied at the rate of 90 kg ha-1 (Figure 
1). Findings of our study are in line with Ayub et al.,;15 Hussain et al.,16 
Yang et al. (2004); Bukhsh et al.(2011) and Aslam et al.17 who also 
found improvement in growth parameters in different cultivars with 
the application of potash.

Table 3 Mean single leaf area (cm2) of spring maize hybrids as affected by 
potash levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 371.8 372.9 381 377.9 375.9 c

60 478.3 443.1 494.5 484.8 475.2 b

90 478.2 472.8 521.7 503.2 494.0 a

120 478.7 471.6 521.5 505.1 494.2 a

Mean 451.7 c 440.1 d 479.7 a 467.7 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=5.57

LSD for Hybrids (H)=5.57

LSD for K X H =**

Figure 1 Interaction between K and H for mean single leaf area (cm2)

Plant height (cm)

Potash (K) application and hybrids (H) as well as their interaction 
significantly affected plant height (Table 4). Long stature plants 
(215.25cm) were produced when potash was applied at the rate of 
120kg ha-1 which was statistically similar to 90 kg ha-1, followed 
by 60kg ha-1 (198.37cm) whereas short stature plants (179.43cm) 
were produced in plots where potash was not applied. In case of 
hybrids, 30K08 produced taller plants (212.87 cm), followed by 
CS200 (205.87cm) and 3025 (199.81cm) whereas short stature plants 
(189.62cm) where recorded for 2031. As for as concerned with the 
interaction between K x H, mean data revealed that plant height 
increased significantly with the increase in potash level up to 90 kg 
ha-1 in all hybrids (Figure 2). Findings of our study are in line with 
Ayub et al.,15 Hussain et al., (2011); Yang et al., (2004); Bukhsh et 
al., (2011) and Aslam et al.,17 who also found improvement in growth 
parameters in different cultivars with the application of potash.
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Table 4 Plant height (cm) of spring maize hybrids as affected by potash levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 188 174 180.7 175 179.4 c

60 207 182.2 204 200.2 198.3 b

90 229.2 200.5 219 211.7 215.1 a

120 227.2 201.7 219.7 212.2 215.2 a

Mean 212.8 a 189.6 d 205.8 b 199.8 c

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=2.42

LSD for Hybrids (H)=2.42

LSD for K X H =**

Figure 2 Interaction between K and H for plant height (cm)

Number of plants at harvest (ha-1)

Number of plants at harvest was neither affected by potash (K) 
application nor by hybrids (Table 5). Interaction between K x H also 
did not significantly affected number of plants at harvest.

Table 5 Number of plants at harvest (ha-1) of spring maize hybrids as affected 
by potash levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 54762 54285 54047 55714 54702

60 54761 54524 54524 54762 54642

90 41860 55238 54761 54523 51596

120 54762 54523 55000 54047 54583

Mean 51536 54642 5458 54761

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=ns

LSD for Hybrids (H)=ns

LSD for K X H=ns

Grains ear-1

Statistical analysis of the data revealed that potash (K) application 
and hybrids (H) had significantly affected grains ear-1 (Table 6). 
Interaction between K x H showed no significant difference for grains 
ear-1. Application of potash at the rate of 120 kg ha-1 resulted in more 
number of grains ear-1 (547.37) however it was statistically at par with 
90kg K ha-1, followed by 60kg K ha-1 (515.31), while lower grains ear-

1 (483.62) were recorded for the plots where potash was not applied. 
Among the hybrids, CS 200 produced higher number of grains ear-1 
(538.87), followed by 3025 (530.87) then by 30K08 (518.87), while 
2031 resulted in lower number of grains ear-1 (504.06). Similar trends 
were also reported by Rengel and Damon (2008); Minjian et al.,8; 
Akhtar et al.,18 Shahzad19 & Gozubenli et al.,20

Table 6 Grains ears-1 of spring maize hybrids as affected by potash levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 479 462 501 491 483 c

60 511 500 530 518 515 b

90 541 526 561 556 546 a

120 543 527 562 557 547 a

Mean 518 c 504 d 538 a 530 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=5.52

LSD for Hybrids (H)=5.52

LSD for K X H=ns

Thousand grains weight (g)

Thousand grains weight was significantly affected by potash (K) 
application and hybrids (H) as well as their interaction (K x H) was 
also significant (Table 7). Application of potash at the rate of 120kg h-1 
produced heavier thousand grains weight (414.87g), followed by 90kg 
ha-1 (391.68 d) then by 60kg ha-1 (378.12g), while no application of 
potash resulted in lighter thousand grains weight (354. 12g). In case of 
hybrids, CS200 produced heavier thousand grains weight (395.18g), 
followed by 3025 (384.87g) whereas 2031 produced lighter thousand 
grains weight (375.37g). As for as concerned with the interaction 
between K x H, mean data revealed that thousand grains weight 
increased significantly with increase in potash level in all hybrids 
(Figure 3). Similar trends were also reported by Rengel and Damon 
(2008); Minjian et al.;8 Akhtar et al.;18 Shahzad19 and Gozubenli et al.20

Figure 3 Interaction between K and H for thousand grains weight (g)
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Table 7 Thousand grains weight (g) of spring maize hybrids as affected by 
potash levels

K Level  
(kg ha-1)

Hybrids
Mean

30K08 2031 CS200 3025

0 340 348.75 370.5 355.75 353.75 d

60 379.25 366 386.75 373.5 376.37 c

90 393.25 384 397.25 390.25 391.18 b

120 407.25 402.75 426.25 420 414.06 a

Mean 379.93 c 375.37 d 395.18 a 384.87 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=3.5

LSD for Hybrids (H)=3.5

LSD for K X H =**

Grain yield (kg ha-1)

Statistical analysis of the data showed that potash (K) application 
and hybrids (H) significantly affected grain yield (Table 8). Grain 
yield was also significantly affected by the interaction of K x H. Mean 
values for potash (K) indicated that higher grain yield (4192kg h-1) 
was obtained with 120kg K ha-1 which was statistically similar to 
90kg K ha-1(4128kg h-1), followed by 60kg K ha-1(3515kg ha-1), while 
no application of potash resulted in lower grain yield (3151kg ha-1). 
Among the hybrids, higher grain yield (4143kg ha-1) was produced 
by CS200, followed by 3025 (3873kg ha-1) and 30K08 (3547kg ha-

1), whereas lower grain yield (3424kg ha-1) was produced by 2031. 
Interaction between K x H showed that there was significant variation 
among the grain yield of hybrids, increase in grain yield of all hybrids 
was more pronounced up to 90 kg K ha-1, but there was no significant 
increase in grain yield of all hybrids when potash level was increased 
above 90kg K ha-1 (Figure 4). Findings of our study are in line with 
Khan et al. (1999); Tahir et al.;21 Saha et al.;22 Alias et al. (2009) and 
Pettigrew.23

Table 8 Grain yield (kg ha-1) of spring maize hybrids as affected by potash 
levels

K Level (kg ha-1)
Hybrids

Mean
30K08 2031 CS200 3025

0 3077 2903 3410 3216 3151 c

60 3441 3239 3759 3623 3515 b

90 3800 3682 4707 4322 4128 a

120 3871 3871 4695 4331 4192 a

Mean 3547 c 3424 d 4143 a 3873 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=66

LSD for Hybrids (H)=66

LSD for K X H =**

Figure 4 Interaction between K and H for grain yield (kg ha-1)

Biological yield (kg ha-1)

Data in association with biological yield revealed that there was 
significant variation for potash (K) application and hybrids (H) 
(Table 9). Data collected on this plant parameter also revealed that 
interaction between K x H had significant. Application of potash at 
the rate of 90kg ha-1 resulted in higher biological yield (13580kg ha-

1) however it was statistically at par with 120kg K ha-1, followed by 
60kg K ha-1 (11502kg ha-1), while plots where potash was not applied 
resulted in lower biological yield (10496 kg ha-1). Among the hybrids, 
CS200 produced higher biological yield (13630kg ha-1), followed 
by 3025 (12776kg ha-1) and 30K08 (11516kg ha-1), whereas 2031 
produced lower biological yield (11118kg ha-1). As for as concerned 
with the interaction between K x H, biological yield tended to 
increase up to 90kg K ha-1 in all hybrids, however further increase did 
not significantly affected biological yield in all hybrids (Figure 5). 
Findings of our study are in line with Khan et al. (1999); Tahir et al.;21 
Saha et al.;22 Alias et al. (2009) and Pettigrew.23

Table 9 Biological yield (kg ha-1) of spring maize hybrids as affected by potash 
levels

K Level 
(kg ha-1)

Hybrids

Mean

30K08 2031 CS200 3025

0 10318 9830 11187 10649 10496 c

60 11421 10476 12149 11963 11502 b

90 12302 12262 15591 14167 13580 a

120 12024 11905 15595 14325 13462 a

Mean 11516 c 11118 d 13630 a 12776 b

Means in similar category of columns and rows with different alphabets differ 
significantly from each other at p≤0.05 using LSD.

LSD for Potash (K)=327

LSD for Hybrids (H)=327

LSD for K X H =**
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Figure 5 Interaction between K and H for biological yield (kg ha-1)

Conclusions and recommendation
It was concluded that Applying potash at the rate of 90kg ha-1 

resulted in significantly higher mean single leaf area and plant height 
as compared to control plots. It was obtained in those plots which 
received potash at the rate of 90kg ha-1. Hybrid-CS200 produced more 
grain yield and biological yield than the other hybrids. Interaction 
between K x H also occurred for grain yield and biological yield. 
Thenumber of grains per ear and thousand grains weight were 
significantly affected by the application of potash. More number of 
grains per ear was recorded in plots which received potash at the rate 
of 90 kg ha-1. Heavier thousand grains weight was recorded in plots 
receiving potash at the rate of 120kg ha-1. Hence for obtaining higher 
grain yield, Hybrid-CS200 with application of potash at the rate of 
90kg ha-1 is recommended.

Acknowledgments
None.

Conflicts of interest
The author declares that there are no conflicts of interest.

References
1. PARC. Pakistan Agricultural Research Council, Pakistan. 2007.

2. Harris D, Rashid A, Miraj G, et al. ‘On‒farm’ seed priming with zinc 
sulphate solution‒A cost‒effective way to increase the maize yields of 
resource‒poor farmers. Field Crops Res. 2007;102(2):119‒127.

3. Chaudhry AR. Fodder crops. P. 319‒418. In: Nazir S, Bashir E, editors. 
Crop Production. National Book Foundation, Islamabad, Pakistan. 1993.

4. Minfal. Agricultural Statistics of Pakistan. Ministry of Food, Agriculture 
and Livestock (Economic Wing). 2010. p. 18‒19.

5. Bukhsh MAAHA, Ahmad R, Iqbal J, et al. Nutritional and physiological 
significance of potassium application in maize hybrid crop production. 
Pakistan J Nutri. 2012;11(2):187‒202.

6. Mengel K, Kirkby EA. Principles of Plant Nutrition, 4th ed. Switzerland: 
International Potash Institute, Horgen. 1987.

7. Nawaz I. Genetic differences for the potassium nutrition of different 
maize cultivar. Proc. Int. Conference. Strategies for Crop Improvement 
against Abiotic Stresses. Department of Botany, University of 
Agriculture, Faisalabad, Pakistan. 2006.

8. Minjian C, Haiqui Y, Hongkui Y, et al. Difference in tolerance to 
potassium deficiency between maize inbred lines. Plant Prod Sci. 
2007;10(1):42‒46.

9. Epstein E, Bloom A. Mineral nutrition of plants: Principles and 
Perspectives, 2 ed. Sinauer Associates, Sunderland. MA. 2005. 7 p.

10. Baligar VC, Fageria NK, He ZL. Nutrient use efficiency in plants. Comm 
Soil Plant Analysis. 2001;32(7‒8):921‒950.

11. Ahmad, N. and M. Rashid. Fertilizers and their use in Pakistan. Extension 
Bulletin. NDFC. Islamabad. 2003. 112 p.

12. Steel RGD, Torrei JH. Principles and procedure of statistics. USA. 1980.

13. Chanda N, Mondal SS, Arup G, et al. Effect of potassium and sulphur on 
mungbean in relation to growth, productivity and fertility buildup of soil. 
J Interacademicia. 2002;6(3):266‒271.

14. Hussain N, Khan AZ, Akbar H, et al. Response of maize varieties to 
phosphorous and potassium levels. Sarhad J Agric. 2007;23(4):881‒888.

15. Ayub M, Nadeem MA, Sharar MS, et al. Response of maize (Zea mays 
L.) to different levels of nitrogen and potassium fertilizer. Asian J Plant 
Sci. 2002;4(1):352‒354.

16. Hussian F, Malik AU, Haji MA, et al. Growth and yield response of two 
cultivars of mungbean (Vignaradiata L.) to different potassium levels. J 
Anim and Plant Sci. 2011;21(3):622‒625.

17. Aslam M, Hussain M, Nadeem MA, et al. Comparative efficiency 
of different mungbean genotypes under Agro‒climatic conditions of 
Bhakkar. Pakistan J Life Soc Sci. 2004;2(1):51‒53.

18. Akhtar M, Ahmad S, Mohsin S, et al. Interactive effect of Phosphorous 
and Potassium nutrition on the growth and yield of hybrid maize. Pak J 
Bio Sci. 1999;2(1):240‒241.

19. Shahzad MA. Response of spring maize to NPK application. Pakistan. 
1987. 87‒90 p.

20. Gozubenli H, Ulger AC, Sener O. The effect of different nitrogen doses 
on grain yield and yield related characters of some maize genotypes 
grown as second crop. J Agric. 2001;16:39‒48.

21. Tahir M, Tanveer A, Ali A, et al. Growth and yield response of two wheat 
(Triticumaestivum L.) varieties to different potassium levels. Pak J Life 
Soc Sci. 2008;6(2):92‒95.

22. Saha PK,. Hossain ATMS, Miah MAM. Effect of potassium application 
on wheat (triticumaestivum l.) in old himalayan piedmont plain. 
Bangladesh J Agril Res. 2010;35(2):207‒216.

23. Pettigrew WT. Potassium influences on yield and quality production 
for maize, wheat, soybean, and cotton. J Physiolgia Plantarum. 
2008;133(4):670‒681.

24. Ahmad M, Ahmad R, Rehman AU, et al. Effect of various tillage methods 
and nitrogen management on weeds and maize performance. Pak J Weed 
Sci Res. 2011;17(3):253‒262.

25. Akram M, Ashraf MY, Ahmad R, et al. Allometry and yield components 
of hybrids to various potassium levels under saline conditions. Arch Biol 
Sci Belgrade. 2010;62(4):1053‒1063.

26. Ali T, Anwar S, Shah WA, et al. Response of maize hybrids/cultivars 
to various levels of potassium and irrigation frequencies. J Agron. 
2004;3(3):201‒207.

27. Asghar MI. Effect of potassium on growth, yield and quality of two 
genotypes of maize. Pakistan. 1999.

28. Asif M, Amanullah, Anwar M. Phenology, leaf area and yield of spring 
maize (Cv. Azam) as affected by levels and timings of potassium 
application. J World App Sci. 2007;2(4):299‒303.

https://doi.org/10.15406/apar.2019.07.00406
http://www.pakistan.com,allabout/crops/maize
https://www.sciencedirect.com/science/article/pii/S0378429007000342
https://www.sciencedirect.com/science/article/pii/S0378429007000342
https://www.sciencedirect.com/science/article/pii/S0378429007000342
http://www.pbs.gov.pk/content/agriculture-statistics-pakistan-2010-11
http://www.pbs.gov.pk/content/agriculture-statistics-pakistan-2010-11
https://scialert.net/abstract/?doi=pjn.2012.187.202
https://scialert.net/abstract/?doi=pjn.2012.187.202
https://scialert.net/abstract/?doi=pjn.2012.187.202
https://www.springer.com/in/book/9780792371502
https://www.springer.com/in/book/9780792371502
https://www.tandfonline.com/doi/abs/10.1626/pps.10.42
https://www.tandfonline.com/doi/abs/10.1626/pps.10.42
https://www.tandfonline.com/doi/abs/10.1626/pps.10.42
https://www.sinauer.com/media/wysiwyg/tocs/MineralNutrition2.pdf
https://www.sinauer.com/media/wysiwyg/tocs/MineralNutrition2.pdf
https://www.tandfonline.com/doi/abs/10.1081/CSS-100104098
https://www.tandfonline.com/doi/abs/10.1081/CSS-100104098
https://trove.nla.gov.au/work/9171434
http://www.aup.edu.pk/sj_pdf/RESPONSE%20OF%20MAIZE%20VARIETIES%20TO.pdf
http://www.aup.edu.pk/sj_pdf/RESPONSE%20OF%20MAIZE%20VARIETIES%20TO.pdf
http://thejaps.org.pk/docs/21-3/31.pdf
http://thejaps.org.pk/docs/21-3/31.pdf
http://thejaps.org.pk/docs/21-3/31.pdf
http://www.pjlss.edu.pk/pdf_files/2004_1/2004_51-53.pdf
http://www.pjlss.edu.pk/pdf_files/2004_1/2004_51-53.pdf
http://www.pjlss.edu.pk/pdf_files/2004_1/2004_51-53.pdf
http://docsdrive.com/pdfs/ansinet/pjbs/1999/240-241.pdf
http://docsdrive.com/pdfs/ansinet/pjbs/1999/240-241.pdf
http://docsdrive.com/pdfs/ansinet/pjbs/1999/240-241.pdf
http://www.pjlss.edu.pk/pdf_files/2008_2/6_tahir92-95.pdf
http://www.pjlss.edu.pk/pdf_files/2008_2/6_tahir92-95.pdf
http://www.pjlss.edu.pk/pdf_files/2008_2/6_tahir92-95.pdf
https://www.banglajol.info/index.php/BJAR/article/view/5883
https://www.banglajol.info/index.php/BJAR/article/view/5883
https://www.banglajol.info/index.php/BJAR/article/view/5883
https://pubag.nal.usda.gov/pubag/downloadPDF.xhtml?id=20226&content=PDF
https://pubag.nal.usda.gov/pubag/downloadPDF.xhtml?id=20226&content=PDF
https://pubag.nal.usda.gov/pubag/downloadPDF.xhtml?id=20226&content=PDF
http://agris.fao.org/agris-search/search.do?recordID=RS2011000221
http://agris.fao.org/agris-search/search.do?recordID=RS2011000221
http://agris.fao.org/agris-search/search.do?recordID=RS2011000221
https://scialert.net/fulltextmobile/?doi=ja.2004.201.207
https://scialert.net/fulltextmobile/?doi=ja.2004.201.207
https://scialert.net/fulltextmobile/?doi=ja.2004.201.207
https://www.idosi.org/wasj/wasj2(4)/6.pdf
https://www.idosi.org/wasj/wasj2(4)/6.pdf
https://www.idosi.org/wasj/wasj2(4)/6.pdf


Influence of different potash levels on spring maize hybrids 33
Copyright:

©2019 Jasar et al.

Citation: Jasar M, Khan K, Ali N, et al. Influence of different potash levels on spring maize hybrids. Adv Plants Agric Res. 2019;9(1):27‒33. 
DOI: 10.15406/apar.2019.07.00406

29. Aslam M, Zamir MSI, Afzal I, et al. Morphological and physiological 
response of maize hybrids to potassium application under drought stress. 
J Agric Res. 2013;51(4):443‒454.

30. Baque MA, Karim MA, Hamid A, et al. Effects of fertilizer potassium 
on growth, yield and nutrient uptake of wheat (Triticumaestivum) under 
water stress conditions. J South Pacific Studies. 2006;26(1):25‒35.

31. Baque MA, Karim MA, Hamid A, et al. Effects of potassium fertilizer on 
growth, yield and nutrient uptake (Triticumaestivum) under water stress 
conditions. J South Pacific Studies. 2006;27(1):26‒34.

32. Chaudhry A, Malik JK. Determination of optimum level of potash and its 
effects on yield and quality of maize. Pak J Biol Sci. 2000;3(12):194‒195.

33. Hammeed E, Shah WA, Shad AA, et al. Effect of different planting dates, 
seed rate and nitrogen levels on wheat. Asian J Plant Sci. 2003;2:467‒474.

34. Kent NL, Evers AD. Technology of cereals. 4th ed. Pergamon press, 
oxford. 1994.

35. Kogbe JOS, Adediran JA. Influence of nitrogen, phosphorus and 
potassium application on the yield of maize in the savanna zone of 
Nigeria. J African Bio. 2003;2(10):345‒349.

36. Laghari GM, Oad FC, Tunio S, et al. Growth, yield and nutrient uptake of 
various wheat cultivars under different fertilizer regimes. Sarhad J Agric. 
2010;26(4):491‒497.

37. Marschner H. Mineral nutrition of higher plants. USA: Academic Press; 
1995. p. 379‒396.

38. Modarres AM, Hamilton RI, Dijak MW, et al. Plant population density 
effects on maize inbred lines grown in short season environments. Crop 
Sci. 1998;38(1):104‒108.

39. Mohammadi MM, Maleki A, Siaddat SA, et al. The effect of zinc and 
potassium on the quality yield of wheat under drought stress conditions. 
Int J Agric and Crop Sci. 2013;6(16):1164‒1170.

40. Ritche J, Alagarswamy G. Model concept to express genetic differences 
in maize yield components. J Agron. 2003;95(1):4‒9.

41. Saifullah, Ranjha AM, Yaseen M, et al. Response of wheat to potassium 
fertilization under field conditions. Pak J Agri Sci. 2002;39(4):269‒272.

42. Saleem A, Javed HI, Saleem R, et al. Effect of split application of potash 
fertilizer on maize and sorghum in Pakistan. Pakistan J Agric Res. 
2011;24(1‒4):1‒4.

43. Sener O, Gouzubenli H, Konuskan O, et al. The effects of intra row 
spacing on the grain and some agronomic characteristics of maize 
hybrids. Asian J Plant Sci. 2004;3(4):429‒432.

44. Tabatabaii, Ebrahimi S, Yarnia M, et al. Effect of potassium fertilizer on 
corn yield (Jet acv.) under drought stress condition. American Eur J Agri 
and Envi Scie. 2011;10(2):257‒263.

45. Tahir M. Reponse of maize (zea mays) to salinity and potassium 
application. University of Agriculture Faisalabad. 2009. 162 p.

46. Tariq M, Saeed A, Nisar M, et al. Effect of potassium rates and sources 
on the growth performance and on chloride accumulation of maize in 
two different textured soils of Haripur, Hazara Division. Sarhad J Agric. 
2011;27(3):416‒422.

47. Wakeel A, Aziz T, Hassan A. Growth and potassium uptake of maize 
(Zea mays L.) in three soils differing in clay contents. Emirates J Agric 
Sci. 2005;17(1):57‒66.

https://doi.org/10.15406/apar.2019.07.00406
http://apply.jar.punjab.gov.pk/upload/1386749360_111_Microsoft_Word_-_9.pdf
http://apply.jar.punjab.gov.pk/upload/1386749360_111_Microsoft_Word_-_9.pdf
http://apply.jar.punjab.gov.pk/upload/1386749360_111_Microsoft_Word_-_9.pdf
https://www.ajol.info/index.php/ajb/article/view/14850
https://www.ajol.info/index.php/ajb/article/view/14850
https://www.ajol.info/index.php/ajb/article/view/14850
https://www.aup.edu.pk/sj_pdf/GROWTH,%20YIELD%20AND%20NUTRIENT%20UPTAKE%20OF%20VARIOUS%20WHEAT.pdf
https://www.aup.edu.pk/sj_pdf/GROWTH,%20YIELD%20AND%20NUTRIENT%20UPTAKE%20OF%20VARIOUS%20WHEAT.pdf
https://www.aup.edu.pk/sj_pdf/GROWTH,%20YIELD%20AND%20NUTRIENT%20UPTAKE%20OF%20VARIOUS%20WHEAT.pdf
https://www.sciencedirect.com/book/9780124735422/mineral-nutrition-of-higher-plants
https://www.sciencedirect.com/book/9780124735422/mineral-nutrition-of-higher-plants
https://dl.sciencesocieties.org/publications/cs/abstracts/38/1/CS0380010104
https://dl.sciencesocieties.org/publications/cs/abstracts/38/1/CS0380010104
https://dl.sciencesocieties.org/publications/cs/abstracts/38/1/CS0380010104
https://dl.sciencesocieties.org/publications/aj/abstracts/95/1/4?access=0&view=pdf
https://dl.sciencesocieties.org/publications/aj/abstracts/95/1/4?access=0&view=pdf
http://agris.fao.org/agris-search/search.do?recordID=PK2006000037
http://agris.fao.org/agris-search/search.do?recordID=PK2006000037
https://www.cabi.org/gara/FullTextPDF/2013/20133374599.pdf
https://www.cabi.org/gara/FullTextPDF/2013/20133374599.pdf
https://www.cabi.org/gara/FullTextPDF/2013/20133374599.pdf
http://agris.fao.org/agris-search/search.do?recordID=DJ2012050038
http://agris.fao.org/agris-search/search.do?recordID=DJ2012050038
http://agris.fao.org/agris-search/search.do?recordID=DJ2012050038
https://www.idosi.org/aejaes/jaes10(2)/19.pdf
https://www.idosi.org/aejaes/jaes10(2)/19.pdf
https://www.idosi.org/aejaes/jaes10(2)/19.pdf
http://prr.hec.gov.pk/jspui/bitstream/123456789/186/1/118S.pdf
http://prr.hec.gov.pk/jspui/bitstream/123456789/186/1/118S.pdf
http://agris.fao.org/agris-search/search.do?recordID=PK2012000784
http://agris.fao.org/agris-search/search.do?recordID=PK2012000784
http://agris.fao.org/agris-search/search.do?recordID=PK2012000784
http://agris.fao.org/agris-search/search.do?recordID=PK2012000784
https://www.ejfa.me/index.php/journal/article/view/316
https://www.ejfa.me/index.php/journal/article/view/316
https://www.ejfa.me/index.php/journal/article/view/316

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results and discussion 
	Days to tasseling 
	Days to silking 
	Mean single leaf area (cm2) 
	Plant height (cm) 
	Number of plants at harvest (ha-1) 
	Grains ear-1 
	Thousand grains weight (g) 
	Grain yield (kg ha-1) 
	Biological yield (kg ha-1) 

	Conclusions and recommendation 
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9

