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Changing pattern of climate is causing direct effects on reducing crops production. Possible strategies to 
counteract the impact of climate change is to configure the sowing time of crops and to seek out crop 
cultivars that are adapted to extreme climatic conditions of a specific ecological zone. Field experiment 
was conducted at different locations (i. Agronomy Research Farm, The University Agriculture Peshawar 
ii. Mingora Agriculture Research Center, Swat iii. Karak Farmers Field, Khyber Pakhtunkhwa), during 
summer season, 2017. Experiment was laid-out in a Randomized Complete Block Design with split plot 
arrangement having four replications. Sowing of different maize varieties i.e Local (Azam, Jalal) and 
hybrids (CS-200 and CS-220) was sown on different dates starting from May 25 to July 25 with twenty 
days interval. Data was recorded on thousand grain weight (g), biological yield (kg ha-1), grain yield (kg 
ha-1), harvest index (%) and shelling (%). Analysis of the data showed that early sowing (25 th May to 25th 
July) of maize hybrids in all locations (Karak, Peshawar and Swat) resulted in maximum thousand grain 
weight (33.77g), biological yield (11978 kg ha-1 ), grain yield (4502 kg ha-1 ), harvest index (38.14 %) and 
shelling percentage (85.02 %). However, delay in sowing time onward from 25th June in all locations 
resulted in lower thousand grain weight (339.43 g), biological yield (11169 kg ha-1), grain yield (4093 kg 
ha-1), harvest index (36.80 %) and shelling percentage (74.79 %), respectively. Maize varieties had more 
grain weight, biological yield, grain yield, harvest index and shelling percentage at Swat as compared to 
other locations, when sowing dates extended from May to July. Hence, early sowing of maize hybrids is 
recommended for maximum yield under changing climatic scenario of Karak, Peshawar and Swat. 
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INTRODUCTION 

Globally climate change is caused by the 
adverse effects of greenhouse gases in the lower 
atmosphere. Due to which CO2 concentration 
increased from 280 to 384 ppm in year 2009 with 
a mean temperature rise of 0.760C (DaMatta et 
al., 2010). Recent analysis observed by the 
Intergovernmental Panel on Climate Change that 
global average temperature would be increased 
from 1.4 to 5.8° C over the period year 1990 to 
2100, The rise in temperatures will cause 
reduction in crop yield due to shifting of crop 
growing season and zones, changing pattern of 

precipitation and potential evapotranspiration, 
shifting habitat of crop pest and diseases, 
changing Growing Degree Days requirements, 
increasing temperature and Carbon dioxide 
concentration, respectively, (IPPC, 2001). 

It was estimated that global mean surface 
temperature may rise by 1.5 to 3.5°C and rise in 
sea level from 15 to 95cm for the year 2100. This 
may cause changes in the amount, time and 
duration of precipitation (Anderegg et al., 2010). 
Accumulated increased in temperatures can 
cause an array of morphological, anatomical, 
physiological, and biochemical changes within 
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maize. The threshold temperature for the maize 
crop varies across environments. The most 
significant factors associated with maize yield 
reduction include shortened life cycle, reduced 
light interception, and increased sterility (Stone, 
2001). It is suggested that climate change impact 
indicated that some regions of the world are likely 
to be benefited from an increased in the 
agriculture productivity, while the reaming areas 
may suffered in reductions (Lioubimtseva & 
Henebry, 2009) including green fodder (Akmal et 
al., 2010). 

Maize (Zea mays L.) is the third most 
important cereal crop in the world. In Pakistan, 
maize is the fourth largest grown crop after wheat, 
cotton and rice. While, in the farming system of 
Khyber Pakhtunkhwa it ranges 2nd after wheat in 
its importance. Maize grain is processed for 
starch, corn sugar, syrup, corn oil meal, gluten 
feed and meal, whiskey, alcohol, and for direct 
human food in the form of corn flakes, corn meal, 
hominy and girts (Khalil and Jan, 2002). Maize is 
a nutritious fodder and is the richest source of 
livestock feed. In 2016 it was cultivated on an 
area of 1.19 m ha with a total production of 4.99 m 
tonnes and yield was 3590 kg ha-1 (MNFSR, 
2016). 

It was evident that early to late sowing affects 
growth and yield of crop adversely due to which 
changes in the weather and climate of the area. 
However, these changes in the climate affect 
growth and yield differently, depending upon the 
magnitude of change and developmental stage of 
the crop. Optimum sowing time of the crops, 
specially maize and its validation is essential to 
maintain its productivity under the changing 
climate, specifically, the increasing summer 
temperature effects on anthesis in circumstances 
in the area like Pakistan (Asim et al., 2013). A 
significant effect on growth and yield of maize has 
been already observed by changing climate of 
crop growth (Binder et al., 2008). Optimum maize 
planting date is important with respect to regional 
climate change (Laux et al., 2010).  

It has been established through research that 
sowing dates recommendations for an area shall 
be monitored through field experimentations that 
have been done periodically with limited multiyear, 
multi-location with conclusions extrapolated 
statistically or otherwise. Nonetheless, sowing 
date response depending on weather variability at 
a given location, also differ to a great deal among 
the years and locations etc (Sun et al., 2007). 

 Crop phenology is strongly controlled by 
short and long term changes in climate and 

consequently phonological shifts have been the 
first reported biological footprint of the impact of 
climate change (Menzel et al., 2006). 
Temperature increases result in altered phenology 
of leaf development, flowering, harvest and fruit 
production, decreased vernalization period, and in 
asynchrony between flowering and pollinators 
(Baldocchi and Wong, 2008). In addition, 
increased temperatures result in higher 
respirations rates, shorter seed formation periods, 
and lesser biomass production, hence lower 
yields (Adams et al., 1998). 

There are many methods by which farmers 
might adapt their practices to a changing climate. 
Thus it is important to also examine the impact of 
adaptation strategies, particularly given that it has 
been found that in the short term, and with little 
financial input, autonomous adaptation may 
overcome the negative effects of climate change 
on yield (Lobell et al., 2008). Two of the 
suggested adaptation strategies include altering 
the sowing date and changing variety (Matthews 
et al., 1997). Optimum planting date for maize 
sowing is between June 20 and July 15 in 
Peshawar, Pakistan (Akmal et al., 2010). As 
Maize were sown after wheat harvesting, wheat 
was harvested in June from the last years (PAK-
SCMS, 2011) now wheat matured in April and 
threshing starts in May (PAK-SCMS, 2017) due to 
changing weather conditions. In view of the above 
facts this study was carried out to study the effect 
altering sowing time and varieties on maize 
productivity on different ecological zones under 
changing climate. 

 
MATERIALS AND METHODS 

Study area and research design 
Field experiment was conducted at different 

locations (i. Agronomy Research Farm, The 
University Agriculture Peshawar, 331 above sea 
level. (ii.Mingora Agriculture Research Center, 
Swat (iii. Karak Farmers Field, Karak, Khyber 
Pakhtunkhwa, during summer season, 2017 (Fig. 
1). Experiment was laid-out in a Randomized 
Complete Block Design with split plot 
arrangement having four replications. Sowing was 
done on different dates starting from May 25 to 
July 25 with twenty days interval. Best performing 
varieties were sorted-out from the screening trials 
and sown in 1st year of the project. Maize 
varieties i.e Local (Azam, Jalal) and hybrids (CS-
200 and CS-220) were selected for the study. 
Sowing dates were allotted to main plots while, 
maize varieties were allotted to sub-plots. Each 



Muhammad et al.,                                                                                                                    Improving maize yield 

 

                                               Bioscience Research, 2018 volume 15(3): 2828-2839                                          2830 

 

experimental unit was of (3m x 3.5m) size, 
accommodating five rows, Row-row and plant-
plant distance was 70 cm and 20 cm, respectively. 
However, the desired population was maintained 
by manual thinning. Nitrogen was applied at the 
rate of 120 kg ha-1 as basal dose, in split 
applications, half each at sowing time and the 
other half at knee stage. Phosphorus as basal 
application was applied 90 kg P ha-1 at sowing. 
Mean monthly Maximum & Minimum  temperature 
(oC), rainfall (mm), and relative humidity (%) of the 
experimental sites of Karak, Peshawar and Swat 
were collected from Pakistan Metrological 
Department (Fig. 2). Mean monthly solar radiation 

(MJ m-2 day-1) of the experimental sites of Karak, 
Peshawar and Swat (Fig. 3). 

Data collection and parameters 
Data on thousand grains weight was recorded 

by taking grain weight of randomly selected 
thousand grains taken from seed lot of each 
subplot and was weighed with the help of sensible 
electronic balance. For data on biological yield, 
four central rows in each subplot were harvested, 
sun dried and weighed for recording biological 
yield data, then converted into kg ha-1 by formula 
the following formula:  
 
 

Biological yield (kg ha
-1)=

Biological yield in 4 rows

R-R distance (m) x Row length (m) x No.of rows
 x 10000 

Ears from four rows harvested for biological yield was threshed and weighed to determine the grain 
yield in kg ha-1 by using the formula: 

Grain yield (kg ha
-1)=

Grain yield in 4 rows

R-R distance (m) x Row length (m) x No.of rows
 x 10000 m2 

Harvest index (%) was calculated by using the formula: 

Harvest index (%) = 

-1

-1

Economic yield (kg ha )
100

Biological yield (kg ha )


 
Shelling percentage for each treatment was calculated by using the following formula: 

                       Shelling (%) = Grain wt. of 10 ears/ total wt. of 10 ears x 100 

 
Figure. 1. Experimental sites i.e Karak (Arid region), Peshawar (Sub-tropical) and Swat 
(Temperate) region. 
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Figure. 2. Mean monthly maximum & minimum temperature (oC), rainfall (mm), and relative 
humidity (%) of the experimental sites of Karak, Peshawar and Swat. 

 
 
 
 
 

 
 

 
Figure. 3. Mean monthly solar radiation (MJ m-2 day-1) of Karak, Peshawar and Swat.
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Statistical Analysis:  
Data was statistically analyzed using MS EXCEL 
Sheet for randomized complete block (RCB) 
design. Means were compared using least 
difference (LSD) test at 5% level of probability 
when F values were significant (Jan et al., 2009). 
 
RESULTS 

Thousand grains weight (g) 
Thousand grains weight was significantly 

influenced by locations (L), sowing dates (D), and 
varieties (Table. 1). Analysis of the data showed 
that among different locations, thousand grains 
weight at Swat (352.53 g) and Peshawar (347.46 
g) was higher than Karak (340.29 g).  Likewise, 
heavier grains of 353.77 g and 352.15 g was 
recorded when early sowing was done on 25th 
May and 15th June, respectively followed by 5 July 
(341.69 g). However, lighter grains were observed 
(339.43 g) when delaying sowing upto 25th July. 
Our results are supported by Shah et al., (2012) 
who also recorded higher thousand grain weight 
for early sowing maize and lower for late sowing. 
Means for varieties revealed that the highest grain 
weight was observed for early (June 18) sowing 
date, followed by June 30 sowing and the lowest 
grain weight for August 5 (Liaqat et al., 2018). In 
case of varieties, hybrid (CS-200) resulted in 
higher grains weight (350.0 g) followed by hybrid 
CS-220 (346.56 g) and Azam (348.65 g), while 
minimum thousand grains weight (341.83 g) was 
noted for Jalal variety. Thousand grian weight is 
related to genetic makeup of variety, therefore, 
varieties differ because their genetic constitution 
is different. Weather conditions effects on 
thousand grain weight were also significant but it 
can be compensated by selection of suitable 
variety (Liaqat et al., 2018). Moreover, interaction 
between sowing dates and locations (D x L) 
indicated that earlier sowing of maize at Swat and 
Peshawar comparatively had maximum thousand 
grains weight as compared to Karak when sowing 
extended from May to July (Fig. 4 (A)). Similarly, 
interaction between sowing dates and varieties (D 
x V) indicated that earlier sown maize hybrids 
(CS-200 and CS-220) had maximum grains 
weight as compared to local maize varieties with 
delaying sowing time (Fig. 4 (B)). Grain weight of 
local Maize varieties i.e Azam and Jalal were 
decreased at the rate of -4.626 g and -2.8 g when 
sowing dates delaying from 25th May to 25th July 
(Fig. 4 (B)). While more grain weight reduction in 

maize hybrids (CS-200, CS-220) were seen at the 
rate of -5.772 g and -8.1917 g when sowing 
extended from 25th May to 25th July (Fig. 4 (B)). 
Heavy grains were produced for early sowing of 
maize on May 25th while lighter and smaller grains 
were produced when sowing delayed at 25th July. 
This might be due to variability of more days for 
complete growth and development with no 
temperature and sunshine constraints in early 
sowing. Healthy grainswere produced by early 
planting dates which is may be due to more days 
were attained to complete grain size and weight in 
early sowing Maize (Liaqat et al., 2018). Seed 
filling duration was also greater for early maize 
sowing dates for assimilates storage (Liaqat et al., 
2018; Shah et al., 2012).The seed filling duration 
was also more in case of early sowing than late 
sowing, where grain has less duration for 
assimilates storage. Low seed weight under late 
sowing might be due to low speed of grain 
development and less translocation of assimilates 
towards developing sink (Giunta et al., 2009).  

Biological yield (kg ha-1) 
Biological yield was significantly influenced by 

locations (L), sowing dates (D) and varieties (V) 
(Table. 2). Analysis of the data showed that 
among different locations, maximum biological 
yield (11629 kg ha-1) was observed at Swat 
followed by Peshawar (11596 kg ha-1) while, 
biological yield was observed minimum (11208 kg 
ha-1) for Karak. Early sown maize showed 
maximum biological yield (11978 kg ha-1) and 
(11476 kg ha-1) when sowing was done at 25th 
May and 15th June followed by 5th July (11288 kg 
ha-1) respectively. However, biological yield was 
decreased when sowing delayed from 25th May to 
25th July. Early crop sown had the opportunity to 
avail more solar and thermal hours required for 
production of dry matter as compare to late sown 
crop while difference in varieties for biological 
yield might be due to difference in their plant 
height, leaf area, number of leaves and ear length 
(Liaqat et al., 2018). It is confirmed that early 
sown crop had a longer growth period with lengthy 
days and short nights to avail more sunlight as 
compared to late sown maize (Amjad et al., 2011).  
Hybrid (CS-200) resulted in higher biological yield 
(11916 kg ha-1), followed by hybrid CS-220 
(11819 kg ha-1) as compared to local varieties i.e 
Azam (11357 kg ha-1) and Jalal (10819 kg ha-1).  
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Table 1. Averaged physio-chemical properties of soil at depth of 0-100cm at experimental sites of 
Karak, Peshawar and Swat. 

Experimental 
Sites 

Soil 
Depth 

pH 
EC  

(µS/cm) 
Silt 
(%) 

Sand 
 (%) 

Clay 
 (%) 

Bulk 
 Density 

Soil 
Texture 

Organic  
Matter (%) 

Karak 0-100 cm 7.4 412.8 41.4 58.5 5.2 1.0 Sandy Loam 0.53 

Peshawar 0-100 cm 7.1 529.7 60.0 37.0 4.6 1.0 Silt Loam 0.83 

Swat 0-100 cm 6.3 475.2 47.3 43.3 9.4 1.3 Silt Loam 1.72 

 
Ali et al. (2015) reported significant 

differences in biological yield of various maize 
varieties for different sowing dates. Furthermore, 
interaction of location and varieties (L x V) 
showed that maize hybrids resulted in maximum 
biological yield at Swat as compare to other local 
varieties and locations (Fig. 4 (C)).   

Grain yield (kg ha-1) 
Grain yield was significantly influenced by 

locations (L), sowing dates (D) and varieties 
(Table. 3). Grain yield at Swat (4441 kg ha-1) and 
Peshawar (4433 kg ha-1) was statistically higher 
than Karak (4048 kg ha-1). Differences in location 
might be due to favorable and unfavorable 
environmental conditions of a place. Likewise, 
highest grain yield was observed on 25th May 
(4502 kg ha-1), followed by 15th June (4356 kg ha-

1) and 5th July (4278 kg ha-1). Optimum sowing 
date resulted in higher grain yield than early and 
late planting dates (Bhusal et al. (2016). These 
results are in confirmation with Jaliya et al. (2008), 
Namakka et al. (2008), Aziz et al. (2007), Khan et 
al. (2002) and Zaki et al. (1994) who reported that 
grain yield was reduced by delay in sowing. 
However, grain yield was reduced (4093 kg ha-1) 
by delay sowing of maize on 25th July. Lowest 
grain yield was observed when Maize sowing was 
done on  July 24 (Shah et al., 2012). Early sowing 
showed higher grain yield due to favorable 
season, while decreasing trends were observed 
for delayed sowing dates. It was confirm that 
longer growth period resulted in healthy plants 
with better traits and hence produced the highest 
yield (Ali et al., 2015).The early sown crop has 
higher grain yield because drop of temperature 
and unfavorable conditions for growth at late 
sowing had decreased the grain yield. Both 
hybrids (CS-200 and CS-220) resulted in 
maximum grain yield (4581 kg ha-1) and (4424 kg 
ha-1) as compared to local Azam (4284 kg ha-1) 
and Jalal (3940 kg ha-1) varieties. Difference in 
varieties for grain yield is might be due to 
differences in their thousand grain weight, ear 
length, rows per ear and grains per row. 

Moreover, interaction between sowing dates and 
locations (L x D) indicated that maize varieties 
had more grain yield at Swat as compared to 
other locations when sowing dates extended from 
May to July, while minimum reduction of yield (-
106.58 Kg ha-1) were occurred in Swat (Fig. 4 
(D)).  

Harvest Index (%) 
Locations (L), sowing dates (D) and varieties 

(V) significantly affected harvest index (Table. 2). 
Maximum harvest index was found in swat (38.47 
%) and (38.37 %) was recorded at location Swat 
and Peshawar, respectively, while harvest index 
was observed minimum (36.30 %) for location 
Karak. Harvest index increased when maize sown 
at 25th May (38.14 %) and 15th June (37.97 %) as 
compared to later sowing dates (5th July and 25th 
July). In case of varieties, hybrid (CS-200) 
resulted in more harvest index (38.80), which was 
statistically similar to hybrid CS-220 (37.64 %) 
followed by Azam variety (37.86%), while 
minimum harvest index (36.53%) was noted for 
Jalal variety. Difference in varieties regarding 
harvest index might be due to difference in their 
ability to convert dry matter into grain yield. 
Minimum reduction of harvest index were counted 
in Swat (0.1226) as compared to Peshawar 
(0.377) and Karak (0.712) (Fig. 5 (E)). 

Shelling percentage (%) 

Shelling percentage was significantly 
influenced by sowing dates (D), locations (L) and 
varieties (V) (Table. 3). Maximum shelling 
percentage were observed at Swat (82.53 %) and 
Peshawar (81.96 %), While minimum shelling 
percentage (74.79 %) was observed at Karak. 
Highest shelling percentage was observed on 25th 
May (83.77 %) and 15th June (82.15 %) while 
shelling percentage was decreased at later 
sowing dates. Maximum shelling percentage was 
noted in case of early sowing while lower shelling 
percentage were recorded when sowing was 
delayed. 
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Figure. 4. Thousand grains weight (g), biological yield (kg ha-1) & grain yield (kg ha-1) of maize as 

affected by location and sowing dates. 
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`   
Fig. 5. Harvest index (%) and Shelling (%) of maize as affected by location and sowing dates. 
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Table 2. Thousand grains weight (g), biological yield (kg ha-1), grain yield (kg ha-1), harvest (%), 
shelling percentage of maize as affected by location and sowing dates.  

Thousand grains weight (g) Sowing Dates  

Locations 25th May 15th June 5th July 25th July Means 

Karak  348.70 347.13 333.39 331.96 340.29 c 

Peshawar  356.16 355.88 340.39 337.39 347.46 b 

Swat   356.45 353.44 351.27 348.95 352.53 a 

Means    353.77 a 352.15 a 341.69 b 339.43 c  

Biological yield (kg ha-1) Sowing Dates  

Karak  11832 11051 10903 11046 11208 c 

Peshawar  11824 11742 11608 11210 11596 b 

Swat   12279 11635 11352 11249 11629 a 

Means    11978 a 11476 a 11288 ab 11169 b  

Grain yield (kg ha-1) Sowing Dates  

Karak  4258 4125 4027 3782 4048 b 

Peshawar  4653 4456 4389 4234 4433 a 

Swat   4596 4485 4418 4263 4441 a 

Means    4502 a 4356 b 4278 c 4093 d  

Harvest (%) Sowing Dates  

Karak  36.54 37.36 37.00 34.29 36.30 b 

Peshawar  39.42 37.98 37.86 38.20 38.37 a 

Swat   38.45 38.57 38.94 37.92 38.47 a 

Means    38.14 a 37.97 a 37.93 a 36.80 b  

Shelling percentage Sowing Dates  

Karak  78.70 77.13 72.39 70.96 36.30 b 

Peshawar  86.16 85.88 79.39 76.39 38.37 a 

Swat   86.45 83.44 81.27 78.95 38.47 a 

Means    83.77 a 82.15 a 77.69 b 75.43 c  

 
 

Azam= 74.75 + 2.4063x, R² = 0.73
Jalal= 65.833 + 4.5x , R² = 0.91

CS-200 = 73.189 + 4.9031x,  R² = 0.83
CS-220 = 75.625 + 2.6881x, R² = 0.44
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Table. 3. Thousand grains weight (g), biological yield (kg ha-1), grain yield (kg ha-1), harvest (%), 
shelling percentage of maize as affected by sowing dates and varieties. 
Varieties     Sowing Dates  Means 

Thousand grains weight (g)  25th May 15th June 5th July 25th July  

 Azam 354.42 353.58 344.58 342.00 348.65 b 

 Jalal 345.33 344.33 340.33 337.33 341.83 b 

 CS-200 357.75 355.58 344.41 342.24 350.00 a 

 CS-220 357.58 355.08 337.42 336.17 346.56 a 

 Means 353.77 a 352.15 a 341.69 b 339.43 c  

Biological yield (kg ha-1) Azam 11602 11548 11493 10785 11357 b 

 Jalal 10904 10940 10686 10744 10819 c 

 CS-200 12974 11775 11429 11488 11916 a 

 CS-220 12433 11641 11543 11658 11819 a 

 Means 11978 a 11476 a 11288 ab 11169 b  

Grain yield (kg ha-1) Azam 4474 4315 4235 4113 4284 c 

 Jalal 4203 4003 3882 3672 3940 d 

 CS-200 4731 4626 4609 4360 4581 a 

 CS-220 4602 4479 4385 4229 4424 b 

   Means 4502 a 4356 b 4278 c 4093 d  

Harvest (%) Azam 38.57 37.38 36.86 38.65 37.86 b 

 Jalal 38.65 36.74 36.48 34.27 36.53 b 

 CS-200 37.57 39.28 40.36 37.99 38.80 a 

 CS-220 37.76 38.49 38.01 36.31 37.64 a 

  Means 38.14 a 37.97 a 37.93 a 36.80 b  

Shelling percentage  Azam 84.42 83.58 80.58 78.00 81.65 b 

 Jalal 75.33 74.33 76.33 73.33 74.83 d 

 CS-200 87.75 85.58 80.41 78.24 83.00 a 

 CS-220 87.58 85.08 73.42 72.17 79.56 c 

   Means 83.77 a 82.15 a 77.69 b 75.43 c  

 
Table. 4. Thousand grains weight (g), biological yield (kg ha-1), grain yield (kg ha-1), harvest (%), 

shelling percentage of maize as affected by sowing dates and varieties. 
Parameters Location (L) Sowing dates (D) Varrieties (V) L x D D x V L x V L x D x V 

Thousand grain wt (g) 1.14 2.05 1.22 ** ** Ns Ns 

Biological yield  314.56 563.37 339.35 NS NS ** NS 

Grain yield  33.57 60.13 39.84 ** NS NS NS 

Harvest (%) 0.87 1.56 0.98 ** NS NS NS 

Shelling (%) 1.14 2.05 1.22 * NS ** NS 

 
 
As early crop sown had longer and warmer days 
for whole growing period and plants translocate 
most of their assimilates toward grains, hence, 
higher shelling percentage in comparison to late 
sowing where days are comparatively shorter and 
cooler. As early crop sown had longer and warmer 

days for whole growing period and plants 
translocated most of their assimilates toward 
grains, hence, higher shelling percentage in 
comparison to late sowing where days are 
comparatively shorter and cooler. In case of 
varieties, hybrid (CS-200) resulted in more 
shelling percentage (81.65) followed by Azam 
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(81.65 %) and hybrid CS-220 (79.56 %) while 
minimum shelling percentage (74.83) was noted 
for Jalal variety. Difference in varieties for shelling 
percentage is might be due to differences in their 
thousand grain weight, ear length, rows per ear 
and grains per row (Binder et al., 2008). 
Moreover, interaction between locations and 
sowing dates (L x D) indicated that shelling 
percentage was found decreasing with respect to 
delaying sowing time at all locations. However, 
Swat and Peshawar locations had comparatively 
higher shelling percentage when sown early (25th 
May), while later dates have lower shelling 
percentage (Fig. 5 (F)). Similarly, interaction of 
location and varieties (L x V) showed that maize 
shelling percentage were decreased at the rate of 
-3.049, -3.577 and -3.9219 at Karak, Peshawar 
and Swat respectively, when sowing extended 
from 25th May to 25th July (Fig. 5 (G)). 

CONCLUSION 
Among locations, at Swat and Peshawar 
maximum yield attributes were obtained. At Swat, 
maximum thousand grain weight (352.53 g), 
biological yield (11629 kg ha-1), grain yield (4441 
kg ha-1), harvest index (38.47%) and shelling 
percentage (82.53%) was recorded as compare to 
other locations. Similarly, early sowing of maize at 
25th May resulted in maximum thousand grain 
weight (353.77 g), biological yield (11978 kg ha-1), 
grain yield (4502 kg ha-1), harvest index (38.14%) 
and shelling percentage (83.77%). Moreover, 
among maize cultivars, the hybrid (CS-200) gave 
maximum thousand grain weight (350.00 g), 
biological yield (11916 kg ha-1), grain yield (4581 
kg ha-1), harvest index (38.80 %) and shelling 
percentage (83.00 %). Early sowing (25th May to 
15th July) of maize cultivars is recommended for 
obtaining maximum yield under challenging 
climate of different ecological regions of Karak, 
Peshawar and Swat. Now it is suggested that 
sowing season for Maize crop was shifted to May 
and early June for Karak, Peshawar and Swat, 
after delaying sowing from 15th June yield was 
decreased. 
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