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ABSTRACT 
 

A field study was conducted in Department of Agronomy, University of 
Agriculture, Faisalabad, Pakistan during 2011-12 to evaluate growth and 
development of maize (Zea mays L) in response to various planting methods. 
Planting methods were bed sowing manually (T1), ridge sowing manually (T2) 
flat sowing with dibbler (T3), flat sowing with single row hand drill (T4) and 
sowing with multiple crop planter (T5). Results revealed that maximum crop 
growth rate (CGR) (17.39 g/m

2
/day) and net assimilation rate (NAR) (6.27 

g/m
2
/day) were noted in T1, while least values were observed in T2 and T3. 

Similarly, T1 and T2 took less days to 50% silking i.e. 74.83 and 75. Leaf area 
index (LAI) was substantially improved in T1 (4.69 to 4.94) and T2 (4.66 to 4.91) 
followed by T4 (4.11 to 4.72). However T3 and T5 did not improve CGR and LAI. 
Maximum grain yield was exhibited by manual bed sowing (T1) (6.24 t/ha), 
followed by ridge sowing (5.97 t/ha). Least grain yield was obtained by multiple 
crop planter (T5) (5.2 t/ha). Therefore, it is concluded that maize sown on beds 
(T1) performed better as compared to other sowing methods.  
 
KEYWORDS: Zea mays; maize; planting methods; multiple crop planter; crop 

growth rate; net assimilation rate, Pakistan. 
 

INTRODUCTION 
 
Maize (Zea mays L.) is the third most important cereal crop after wheat and 
rice in the world. Although soil and climatic conditions of Pakistan favor 
successful production of maize but inappropriate planting methods 
significantly reduce the maize production. Adoption of modern management 
practices is imperative for boosting per hectare maize yield. Planting method 
is an important agronomic practice for enhancing crop yield. Inappropriate 
planting method caused reduction in germination, growth and development, 
ear size and increased susceptibility to diseases and lodging (3). 
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Maize growth and development is highly susceptible to available soil micro-
environment. Appropriate planting method not only governs the development 
of suitable micro-environment but also facilitate interculture practices, 
weeding, uniform irrigation and insect management (13, 18). Furthermore, 
the degree of soil compaction, soil bulk density and soil moisture conditions 
are important factors which influence seedling emergence and crop yield. 
Butter et al. (7) has also suggested to improve planting techniques for 
suitable seed bed preparation in order to ensure good stand establishment 
and optimum plant population. Maize biometrical parameters are significantly 
affected by planting methods (21). Rasheed et al. (17) observed increased 
leaf area, leaf area index, crop growth rate and net assimilation rate in 
different planting methods. 
 
In Pakistan, different planting methods including flat sowing, ridge sowing 
and bed sowing are employed for maize. Conventional flat sowing of maize 
has a number of disadvantages. Flood irrigation in flat sowing reduced water 
productivity and increased leaching of nutrients thus cause degradation of 
quality of water bodies due to eutrophication. Soil surface crusting developed 
in flood irrigated flat sown maize reduced seed germination and seedling 
emergence (4). Ridge sowing had advantages over flat sowing and acted as 
an alternate tool against flat sowing (13). Amin et al. (1) reported higher 
growth and yield of maize in ridge sowing than flat sowing. Furthermore, it 
was manifested that  ridge sowing improved water and soil conservation and 
took less time to complete phenological stages and hence produced higher 
biomass and grain yield (4). This was supported by Musambasi et al. (14). 
Better performance of maize on ridge sowing might be due to efficient use of 
irrigation water and nutrients for proper growth and development. However, 
soil compaction and less residues management are main constraints of ridge 
sowing (5). 
 
Contrarily, bed planting resulted in reduced soil compaction and easy 
management of soil residues and gave high crop growth rate as compared to 
ridge sowing (22). Biochemical contents of maize are also higher on bed 
sowing than those of other planting techniques. Better seedling 
establishment was obtained from bed planting as there was more space and 
supply of water and nutrients, thus resulted in higher yield (16). Ortega et al. 
(15) also reported that raised bed planting is the most efficient method of 
planting for wheat, maize and other crops. 
 

All above methods have one common problem of labor availability. 
Mechanical sowing of maize on either ridge or bed seems to be costly as 
there is severe shortage of labor in Pakistan. Unfortunately, there is no 
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proper maize planter available. The engineers can contribute for improving 
field efficiency by designing planters and seeding machines which have high 
reliability and low service requirement (11). 
 
Keeping in view the problems discussed above a study was planned to 
evaluate growth and development of maize under different sowing methods.  

 
MATERIALS AND METHODS 

 
The response of maize to different planting methods was studied through 
field experiments conducted during 2011-12, at Agronomic Research Area, 
University of Agriculture, Faisalabad, Pakistan, following RCBD with three 
replications. Five different sowing methods were adopted with recommended 
doses of fertilizer and irrigation. The hybrid seed (Pioneer 32T16) was used 
as testing material for sowing at equal planting distance. Sowing methods 
includes bed sowing manually (T1), ridge sowing manually (T2), flat sowing 
manually (T3), Flat sowing with drill (T4) and sowing with multiple crop planter 
(T5). The crop was sown in 2

nd
 week of February 2011 and 2012 with 60 cm 

row to row distance. Seed used was 25 kg per hectare, whereas fertilizer was 
applied @ 250 kg N, 125 kg P and 125 kg K per hectare. Data on growth and 
yield parameters of maize were recorded and analyzed statistically using 
Fisher’s analysis of variance technique. Differences among treatment means 
were compared by using LSD test at 5% probability level (20). 
 
Protocols for data recording 
 
Plant height: It was recorded using measuring tape. Plant height was 
measured from bottom to top of maize plant except tassels at physiological 
maturity stage (9). 
 
Stem diameter: Vernier caliper was used for computing stem diameter of 
four tagged plants per replication. Stem diameter was measured from base, 
middle and top portion and average was taken. 
 
Leaf area index (LAI): It is ratio of leaf area to ground area. Leaf area was 
measured at regular interval of 15 days by a portable area meter (Model: 
300, Nebraska, USA). First sample for leaf area calculation was initiated 30 
days after emergence. 
 
Crop growth rate (CGR): This was measured in g/m2/day by using formula 
described by Hunt (10, 13). 



M. Tanveer et al.  

J. Agric. Res., 2014, 52(4) 

514

 

CGR= (W2-W1) / (t2-t1) 
 

Where CGR= crop growth rate, W1= total dry matter at first harvest, W2= total 
dry matter at second harvest, t1= days of observation of first harvest, t2= days 
of observation of second harvest. 
 

Net assimilation rate (NAR): This was computed by employing formula 
described by Hunt (10). 
 

NAR= TDM / LAD 
 

Where, TDM= total dry matter and LAD = leaf area duration 
 

Time to 50% tasseling: Days to tasseling were observed by counting the 
number of days from sowing till the plants produced 50% of tassels in each 
sub-plot. 
 
Time to 50% silking: Silking date was recorded when the silk became visible 
on the topmost ears of at least 50% of plants in a plot. The number of days 
from planting to silking were then expressed as days to silking. 
 
Yield and related traits: Final grain yield and yield contributing attributes like 
number of cobs per plant, number of grains per cob, 1000 grain weight were 
computed on harvesting.  Each year, maize was harvested manually during 
the 3rd week of June. 
 
Statistical analysis: Data were analyzed statistically through analysis of 
variance following the method described by Bricker (8). MSTATC computer 
software was used to carry out statistical analysis (6). The significance of 
differences among means was compared by using LSD test (20). 
 

RESULTS AND DISCUSSION 
 

Leaf area index  
 
Leaf area index (LAI) is a major factor determining radiation interception, 
canopy photosynthesis and yield. Table 1 presents the statistically analyzed 
means (with ± standard error) of LAI of 2011 and 2012. In 2011, LAI was 
similar for all planting methods till 51 days after sowing. Later on during 66 to 
81 days, it substantially improved in T1 (4.69 to 4.94) and T2 (4.66 to 4.91) 
followed by T4 (4.11 to 4.72). However, T3 and T5 did not improve LAI. 
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Table 1. Influence of planting method on leaf area index in maize a= 2011; b= 2012. 
 

(a) 2011 

Treatments 51 days 66 days 81 days 96 days Mean 
Bed sowing manually (T1) 3.6 4.86 4.943 3.607 4.25 A 
Ridge sowing manually (T2) 2.89 4.66 4.91 3.58 3.204BC 
Flat sowing with dibbler (T3) 2.96 3.76 4.13 3.63 2.896C 
Flat sowing with drill (T4) 2.886 4.11 4.716 3.503 3.803B 
Multiple crop planter (T5) 2.816 3.84 3.88 3.3167 3.46B 

Mean 2.91 4.21 4.5158 3.52  

(b) 2012 

Treatments 51 days 66 days 81 days 96 days Mean 

Bed sowing manually (T1) 3.6 5.5 5.7 4.8 4.9A 
Ridge sowing manually (T2) 3.3 5.3 5.4 4.3 4.57B 
Flat sowing with dibbler (T3) 3.2 4.6 5.2 4 4.25B 
Flat sowing with drill (T4) 3.1 5.1 5.2 4.1 4.375AB 
Multiple crop planter (T5) 3.1 4.3 5.1 3.8 4.075B 
Mean 3.26 4.96 5.32 4.2  

LSD for planting methods (2011) = 0.45, LSD for planting methods (2012) = 0.33, Any two 
mean not sharing a letter in common differ significantly at P ≤ 0.05. 
 

Decline in LAI in T5 might be attributed to reduced leaf expansion, thus 
reducing leaf area over ground area. Furthermore, in 2012, LAI was parallel 
till 51days after sowing. In the middle phase of growth LAI continued to 
increase, while towards maturity it decreased. LAI was minimum (3.8) for T5. 
Bed sowing also increased LAI as compared to other planting methods. 
These results are in conformation with Khan et al. (12) and Shah et al. (19), 
who reported that planting methods influenced leaf area index greatly. 
 

Crop growth rate (CGR) 
 

Crop growth rate is an important parameter which indicates how efficiently 
crop is using input resources and producing photosynthates which are used 
by plant for production of economic yield. Table 2 presents the statistically 
analyzed means (with ± standard error) of CGR of 2011 and 2012. It was 
observed that during the year 2011, T1 substantially increased CGR during 
66

th
 day to 80

th
 day, however, it declined towards maturity. Crop growth rate 

was maximum (17.39 g/m2/day) in T1 at 81 days. T2 and T4 also improved 
CGR and were similar. However, T3 and T5 did not improve CGR. During 
2011, T1 showed maximum CGR than those of other planting methods. 
 

In year 2012, CGR was similar for all sowing methods at 66 and 81 days 
after sowing. Maximum CGR was observed at 81 days for all methods. 
However it started declining after 81 days. All planting methods except T5 
exhibited statistically same CGR during second year of study. However CGR 
decreased rapidly in T5 towards maturity. The variation in CGR might be 
result of prevailing agro-ecological conditions. T1 is ascribed with higher CGR 
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and might be due to that maize plants were able to harvest more light and dry 
matter accumulation. The obtained results, pertaining to CGR are in 
accordance with Khan et al. (12). 
 

Table 2.  Influence of planting method on crop growth rate a= 2011; b= 2012. 
 

(a) 2011 

Treatments 60 days 81 days 96 days Mean 
Bed sowing manually (T1) 13.37 17.39 14.07 14.94A 
Ridge sowing manually (T2) 13.09 15.91 13.094 14.031A 
Flat sowing with dibbler (T3) 11.03 15.19 12.5 12.90BC 
Flat sowing with drill (T4) 12.14 15.3 12.02 13.15AB 
Multiple crop planter (T5) 10.113 14.05 11.679 11.94C 
Mean 11.94 15.568 12.672  

(b) 2012 

Treatments 60 days 81 days 96 days Mean 
Bed sowing manually (T1) 15.2 18.5 16.5 16.66A 
Ridge sowing manually (T2) 13.4 18 15.3 15.56B 
Flat sowing with dibbler (T3) 14.5 17.5 14.3 14.833BC 
Flat sowing with drill (T4) 14 17.1 15 15.3B 
Multiple crop planter (T5) 12.5 16 14.1 14.2C 
Mean 13.72 17.42 14.84  

LSD for planting methods (2011) = 1.73, LSD for planting methods (2012) = 0.97, Any two 
mean not sharing a letter in common differ significantly at p ≤ 0.05. 
 

Net assimilation rate (NAR) 
 

Net assimilation rate is total amount of photosynthates accumulated in plant 
after utilization during respiration. The data (Table 3) indicated that NAR was 
significant during both years, showing highest assimilation rate (5.75 
g/m2/day) in 2011 followed by 2012 (4.92 g/m2/day). According to data, the 
effects of various sowing methods on NAR were noted to be significant. Bed 
sowing (T1) had higher NAR (6.27 g/m

2
/day), while T2, T3 and T4 had NAR as 

5.38, 5.13 and 5.18 g/m
2
/day, respectively. These results are in conformity 

with those of Khan et al. (12) who reported higher NAR when maize was 
planted on beds. 
 

Table 3. Effect of different planting methods on mean of NAR (g/m
2
/day). 

 

Treatments 2011 2012 Mean 
Bed sowing manually (T1) 6.80 5.73 6.27 a 
Ridge sowing manually (T2) 5.57 5.20 5.38 b 
Flat sowing with dibbler (T3) 5.70 4.55 5.13 b 
Flat sowing with drill (T4) 5.67 4.70 5.18 b 
Sowing with multiple crop planter (T5) 5.01 4.40 4.72 b 
Mean 5.75 a 4.92 B  

LSD for year 0.5096, LSD for planting methods 0.8057, Interaction of planting 
methods and year= non-significant (NS). 
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Days to 50% silking 
 
It is evident that number of days had significant effect on silking. Statistically 
more number of days to silking (80.40) were recorded in 2012 as compared 
to 70.93 days in 2011 (Table 4). It became evident from Table 4 that there 
were dissimilarities among the planting techniques regarding the period to 
reach silking stage. Statistically T4, T5 and T3 took more days (76.67, 76.33 
and 75.50) to silking, respectively, being at par with one another. Increased 
time to 50% silking might be attributed to insufficient crop establishment. Bed 
sowing (T1) took less days (74.83) to silking stage, which was at par with 
ridge sowing (T2). These results are supported by Bakht et al. (4). 
 

Table 4. Effect of different planting techniques on days to 50% silking. 

 
Treatments    2011 2012 Mean 
Bed sowing manually (T1) 70.00 79.66 74.83c 
Ridge sowing manually (T2) 70.00 80.00 75.00bc 
Flat sowing with dibbler (T3) 71.33 79.67 75.50ab 
Flat sowing with drill (T4) 72.33 81.00 76.67a 
Sowing with multiple crop planter (T5) 71.00 81.67 76.33ab 
Mean 70.93 b 80.40 a  

LSD for year=0.9755, LSD for planting methods=1.259, Interaction of planting 
methods and year= non-significant (NS) 

 
Number of cobs per plant 
 
The data (Table 5) revealed that planting methods had non-significant effect 
on number of cobs per plant during both years. Non-significant effect of 
planting methods on number of cobs per plant might be ascribed to the 
reason that development of cobs per plant is genetically controlled character 
and may not be affected significantly by sowing methods. These results are 
contradictory to those recorded by Arif et al. (2) wherein number of cobs per 
plant was affected by sowing methods. 

 
Table 5. Effect of different planting techniques on number of cobs per plant. 

 
Treatments 2011 2012 Mean 
Bed sowing manually (T1) 1.00 1.00 1.00 NS 
Ridge sowing manually (T2) 1.08 1.02 1.05 NS 
Flat sowing with dibbler (T3) 1.07 1.03 1.05 NS 
Flat sowing with drill (T4) 1.12 1.06 1.09 NS 
Sowing with multiple crop planter (T5) 1.05 1.05 1.05 NS 
Mean       1.06 NS     1.03 NS  

Any two means not sharing a letter in common differ significantly at P < 0.05. 



M. Tanveer et al.  

J. Agric. Res., 2014, 52(4) 

518

Number of grains per cob 
 
Higher the number of grains per cob, higher will be the yield. Planting 

methods have significantly affected development of grains per cob (Table 6). 

Among the planting methods, bed sowing manually (T1) and ridge sowing 

manually (T2) produced maximum number of grains per cob (521.11 and 

490.33), while (T5) and (T3) produced lower number of grains (459.93 and 

460.17) per cob, respectively which were statistically at par. Lower number of 

grains per cob in T5 might be attributed to placing of seed at improper depth. 

These results are inline with the findings of Arif et al. (2) and Khan et al. (12) 

but contrary to those recorded by Verhulust et al. (22), who reported non-

significant effect of planting methods on character concerned. 

 
Table 6. Effect of different planting techniques on number of grains per cob. 

 
Treatments 2011 2012 Mean 
Bed sowing manually (T1) 514.23 528.00 521.11 a 
Ridge sowing manually (T2) 481.40 499.27 490.33 ab 
Flat sowing with dibbler (T3) 457.97 462.37 460.17 b 
Flat sowing with drill (T4) 467.80 480.50 474.15 b 
Sowing with multiple crop planter (T5) 459.90 459.97 459.93 b 
Mean 476.26 NS 486.02 NS  

 LSD for planting methods 41.127, any two means not sharing a letter in common differ 
significantly at P ≤ 0.05. 

 
Grain weight per cob (g) 
 
Effect of various sowing methods on grain weight per cob is presented in 

Table 7. All planting methods exhibited statistically same total grain weight 

per cob except T3 (116.64 g). These results are in line with the findings of Arif 

et al. (2). 

 
Table 7. Effect of different planting techniques on grain weight per cob (g). 

 

Treatments 2011 2012 Mean 
Bed sowing manually (T1) 127.06 127.68  127.37 a 
Ridge sowing manually (T2) 120.91 127.32 124.11 ab 
Flat sowing with dibbler (T3) 119.79 113.50 116.64 b 
Flat sowing with drill (T4) 128.84 133.76 131.30 a 
Sowing with multiple crop planter (T5) 130.17 133.10 131.63 a 
Mean 125.35 127.07  

LSD for planting methods = 8.980, any two mean not sharing a letter in 
common differ significantly at p < 0.05. 
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Thousand grains weight (TGW) (g) 
 

It is an important yield contributing factor, expresses kernel size and weight. 
Experimental results indicated a significant effect of all planting methods on 
1000-grains weight, while a non significant effect of number of days. A review 
of Table 8 revealed that sowing methods such as T4 (265.44 g), T5 (260.87 g) 
and T2 (259 g) produced higher TGW, while T3 and T4 exhibited 
comparatively lower TGW i.e. 241.28g and 239.69g, respectively. Lower 
TGW in T1 may be attributed to higher number of grain rows per cob and 
number of grains per cob. The results were similar with the findings of 
Rasheed et al. (17) and Memon et al. (13) who inferred that maize crop sown 
on ridges gave outstanding results by producing maximum value of seed 
index. 
 

Table 8. Effect of different planting methods on 1000-grains weight (g). 
 

Treatments 2011 2012 Mean 
Bed sowing manually (T1) 239.29 240.10 239.69 b 
Ridge sowing manually (T2) 259.91 258.10 259.00 a 
Flat sowing with dibbler (T3) 239.79 242.77 241.28 b 
Flat sowing with drill (T4) 263.15 267.74 265.44 a 
Sowing with multiple crop planter (T5) 259.05 262.62 260.83 a 
Mean 252.23 255.63  

LSD for planting methods 13.19, any two means not sharing a letter in 
common differ significantly at P < 0.05. 

 

Grain yield (t/ha) 
 

In simple term, maize grain yield is the product of number of ear and average 
weight of grains per ear. The final grain yield (g) is a function of cumulative 
effect of various yield components developed under particular set of 
ecological conditions. Grain yield is affected by internal (genetical) as well as 
external (environmental) factors. The grain yield was maximum (5.86 t/ha) in 
2012 as compared to that of 2011 (5.37 t/ha), which was statistically 
significant.  Perusal  of   data   (Table-9)  showed  that  T1  and  T2  produced 
 

Table 9. Effect of different planting techniques on grain yield (t/ha). 

 
Treatments 2011 2012 Mean 
Bed sowing manually (T1) 6.20 6.28 6.24a 
Ridge sowing manually (T2) 5.71 6.23 5.97a 
Flat sowing with dibbler (T3) 5.47 5.20 5.33b 
Flat sowing with drill (T4) 4.67 5.90 5.27b 
Sowing with multiple crop planter (T5) 4.80 5.69 5.24b 
Mean    5.37B    5.86A  

LSD for year = 0.3793, LSD for planting methods = 0.4897, any two means 
not sharing a letter in common differ significantly at P < 0.05. 



M. Tanveer et al.  

J. Agric. Res., 2014, 52(4) 

520

maximum grain yield (6.24 and 5.97 t/ha). Whereas. T5 gave lower grain yield 
(5.24 t/ha), followed by T4 (5.27 t/ha) and T3 (5.33 t/ha), which were 
statistically at par with each other. The higher grain yield of maize in T1 and 
T2 might be attributed to more number of grains per cob with higher grain 
weight as compared to other planting methods. These results are in line with 
Musambasi et al. (14). 
 

CONCLUSION 
 
The study revealed that manual bed sowing produced higher grain yield 
probably due to the provision of better micro-environment to plants. Whereas, 
sowing with multiple crop planter was found to be least effective in improving 
maize yield. Therefore, further research work is required for development of 
mechanical planters in order to sustain maize production level. It may be 
concluded that planting methods have significant role on crop growth and 
development. 
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