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Abstract
To check the performance of maize under different tillage practices and varied sowing methods,
an experiment was conducted at Agronomic Research Area, University of Agriculture, Faisalabad.
The experiment was carried out in a randomized complete block design (RCBD) with split plot arrangement with three replications. Different tillage practices viz, conventional tillage, minimum
tillage and deep tillage were kept in main plots while sowing methods viz, flat sowing, ridge sowing and bed sowing were allocated to subplots. The maize hybrid “Pioneer-32T16” was sown on
24th February, 2012. Data pertaining to morphological and phenological attributes of maize showed
that tillage practices and sowing methods had a significant effect on Germination count·m−2 (7.8),
leaf area per plant (5010 cm2), leaf area index (4.87), crop growth rate (20.69 g·m−2·d−1), plant
height (213.04 cm), number of leaves per plant (11.89), days to 50% tasseling (72.44) and days to
50% silking (73.77). Economically, maize sown on ridges under deep tillage gave maximum net
income of Rs. 85162 ha−1 while minimum net income of Rs. 56984 ha−1 was found where flat sowing was adopted under minimum tillage system and also more BCR of 1.70 was recorded in ridge
sown maize under deep tillage.
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1. Introduction
Maize is the third most important cereal crop of Pakistan after wheat and rice. Due to its multipurpose usage in
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agro-industry, it is termed as “Queen of cereals” [1]. It has high nutritive value as it contains about 0.7% - 1.3%
ash, 3.2% - 7.7% fats, 7.7% - 14.6% protein, 0.80% - 2.32% crude fiber and 69.65% - 74.54% carbohydrates [2],
mostly grown for three main purposes as human food, feed for poultry and fodder for livestock. About 50% to
55% of total maize production is used as food in developing countries [3]. In Pakistan, it is grown twice a year
in autumn as well as spring season. The area in the country under maize is very low as compared to wheat and
rice despite its importance as high worth edible oil, food for human beings, feed for farm animals and poultry
and unprocessed material for miscellaneous agro-based industries [4] and desirable crop for crop rotation. It is
used as staple food in many countries. It is cultivated on 1.08 million hectares area with 4.27 million tons production and 3.94 t·ha−1 average yield [5]. This yield is low as compared to other developed countries around the
globe owing to agronomic, edaphic and environmental factor including both tillage and sowing methods that affect the morphology and allometry of maize. According to Kepner [6], goal of tillage is to offer a proper environment for the seed germination, weed control and to maintain the soil moisture by increasing infiltration. Tillage is the physical manipulation of soil affecting degree of soil bulk density, soil compaction and soil moisture
that ultimately affect seedling emergence and crop yield. Moreover, it is also practiced for management of previous crop residues, control of competing vegetation, and incorporation of amendments and preparation of
seedbed and considered as an essential part of crop production disturbing many factors imperative to crop
growth. Khurshid et al. [7] reported that tillage methods considerably affected the physical properties of soil.
The soil moisture contents were higher in conventional tillage and bulk density was lesser in case of deep tillage
as compared to minimum tillage. Depending upon climate, topography and soil properties, tillage practices and
sowing methods vary from one area to another. Sowing is basic operation that is desired to get better yield from
agriculture. Proper sowing method is one of the essential factors for successful crop yield. It guarantees the optimum plant population and supports plants to use land and other basic resources more competently for the better
crop growth and development [8]. Furthermore, ridge tillage and sowing are applied in various crops and climates in order to offer labor saving, better water management, enhance soil fertility, enhance rooting depth, improve wind and water erosion control and improve pest controlling [9]. It is necessary that maize be sown using
a multipurpose method that makes sure the efficient nutrients uptake, interplant competition and minimum over
shading. Better sowing or planting methods increase crop yield [10]. Keeping in view the importance of cultural
practices in crop yield, the present study was planned to evaluate the affect of different tillage systems and sowing methods on morphological and phenological attributes of maize.

2. Materials and Methods
Experimental Details
A field experiment was conducted to evaluate the effect of different tillage practices and sowing methods on the
morphological and physiological attributes of maize (Zea mays L.) during spring, 2012 at Agronomic Research
Area, University of Agriculture Faisalabad Pakistan. Pre-sowing soil samples were collected from experimental
area with the help of a soil auger to a depth of 0 - 30 cm and then air dried for physico-chemical analysis. The
soil was found to be normal but low in organic matter. Further characteristics of experimental soil are given in
the Table 1. Maize hybrid “Pioneer-32T16” was sown, with 30 kg·ha−1 seed rate, in well prepared seed bed according to the treatments on 24th February, 2012. The experiment was laid out in randomized complete block
design (RCBD) with split plot arrangement and repeated thrice. Experiment comprised of Tillage Practices
(Main-Plots) i.e., T1: Conventional tillage (Disc harrow twice + cultivator once + planking); T2: Minimum tillage (Cultivator twice + planking) and T3: Deep tillage (Chisel plough twice + cultivator once + planking) as
well as sowing methods (Sub-Plots) i.e., S1: Flat sowing (R × R = 60 cm); S2: Ridge sowing (R × R = 60 cm)
and S3: Bed sowing (Bed = 120 cm). Tractor, Planker, Hand Drill, Spade and Chisel Plough were used for tillage
and sowing purpose. Fertilizer was applied @ 250:125:125 kg NPK·ha−1. Whole quantity of Phosphorus and
Potash was applied prior to seeding as a basal dose while nitrogen was applied in three splits (1/3rd at the time of
sowing, 1/3rd at five leaf stage and 1/3rd at tasseling stage. Leaf area index (LAI) and crop growth rate (CGR)
were computed by the formulae given by [11] [12], respectively.

LAI = Leaf area Land area
CGR =
( W2 − W1 ) ( t 2 − t1 )
where
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Table 1. Physico-chemical properties of experimental soil.
Texture Class

Sandy clay soil (Medium hard)

Parameter

Values
−1

EC (1:2.5) dS·m

Status

0.15

Non saline

pH

8.00

Medium alkaline

Organic matter (%)

0.27

Very low
Very low

Nitrogen (%)

0.017

Available P (ppm)

7.5

Low

Exchangable K (ppm)

102

Medium

W1 = Total dry matter at the first harvest
W2 = Total dry matter at the second harvest
t1 = Date of observation of first dry matter
t2 = Date of observation of second dry matter
All other agronomic practices was done by using standard procedures and at the end crop was harvested and
cobs were removed from husk and were kept for sun drying to minimize moisture content of grain and easy
shelling. After certain period of sun drying, the cobs were shelled with the help of maize sheller to separate
grains from pith. The data was collected analyzed by using Fisher analysis of variance technique and significant
treatment means were compared by the least significant difference (LSD) test at 0.05 probability level [13]
where as economic analysis was carried out to look into comparative benefits of different treatment combinations [14].

3. Results
3.1. Germination Count·m−2
Data regarding germination count·m−2 as affected by various tillage practices and sowing methods are depicted
in Table 2. It is obvious from the table that there were non-significant differences in germination count·m−2
when maize hybrid was sown under different tillage practices. Maximum germination count of 7.1 plants·m−2
was observed in deep and minimum tillage while minimum (6.7 m−2) was recorded in conventional tillage but
they were not varying up to the level of significance. As regard the maize sowing methods, there were significant differences in germination count·m−2. Maximum germination count (7.8 m−2) was observed in ridge sowing
that was at par with bed sowing while flat sowing attained minimum germination count of 6.1 plants·m−2.
Greater germination·m−2 in ridge sowing might be due optimum moisture level and nutrients availability.

3.2. Plant Height at Maturity (cm)
Plant height at maturity was affected appreciably by different tillage practices and sowing methods. The plant
height was found maximum (213.04 cm) in deep tillage and lowest (201.84 cm) in minimum tillage that was
found statistically similar with conventional tillage (204.00 cm). As far sowing methods are concerned, ridge
sown maize produced maximum plant height of 211.86 cm that was statistically comparable with bed sowing
(210.40 cm) while minimum plant height of 196.62 cm was recorded in flat sowing. Moreover, interaction between tillage practices and sowing methods was found non-significant.

3.3. Stem Diameter (mm)
Various tillage systems and sowing methods are depicted in Table 2 clarified that neither the individual factors
nor the interaction affect stem diameters of maize hybrid noticeably, when it was sown with different sowing
methods under different tillage practices. The stem diameter ranged from 11.30 mm to 13.30 mm but the differences were found statistically non-significant.

3.4. Leaf Area per Plant (cm2)
Data regarding the effect of different tillage practices and sowing methods on leaf area per plant 70 (days after
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Table 2. Effect of various tillage practices and sowing methods on rice growth and phenology.
Treatments

Germination
count·m−2

Plant height
(cm)

Stem diameter
(mm)

Number of leaves
per plant

Days to 50%
tasseling

Days to 50%
silking

Conventional Tillage

6.7

204.00 B

11.98

11.60 AB

71.00

72.44

Minimum Tillage

7.1

201.84 B

11.86

11.36 B

71.55

72.44

Deep Tillage

7.1

213.04 A

12.82

11.89 A

70.22

71.44

LSD (p ≤ 0.05)

NS

7.53

NS

0.31

NS

NS

Flat Sowing

6.1 B

196.62 B

11.90

11.53

72.44 A

73.77 A

Ridge Sowing

7.8 A

211.86 A

12.00

11.49

70.44 B

71.44 B

7.0 AB

210.40 A

12.76

11.82

69.89 B

71.11 B

LSD (p ≤ 0.05)

0.98

5.90

NS

NS

0.85

1.73

Conventional Tillage
× Flat Sowing

5.7

199.33

12.13

12.00 a

72.00

73.66

Minimum Tillage
× Flat Sowing

6.0

193.20

11.67

11.33 a

72.66

74.33

Deep Tillage
× Flat Sowing

6.7

197.33

11.90

11.27 b

72.66

73.33

Conventional Tillage
× Ridge Sowing

7.7

205.26

11.30

11.33 a

70.66

72.00

Minimum Tillage
× Ridge Sowing

7.7

207.93

11.40

11.07 a

71.00

71.33

Deep Tillage
× Ridge Sowing

8.0

222.40

13.30

12.07 a

69.66

71.00

Conventional Tillage
× Bed sowing

6.7

207.40

12.50

11.47 a

70.33

71.66

Minimum Tillage
× Bed sowing

7.7

204.40

12.50

11.67 a

71.00

71.66

Deep Tillage
× Bed sowing

6.7

219.40

13.27

12.33 a

68.33

70.00

LSD (p ≤ 0.05)

NS

NS

NS

0.68

NS

NS

Bed sowing

Any two means not sharing a letter in common in the same column differ significantly at p ≤ 0.05.

sowing) DAS of maize hybrid are shown in Figure 1. The leaf area was recorded at 40, 55, 70 and 85 cm−2 days
after sowing. It further elucidated that leaf area per plant varied significantly when maize hybrid was sown with
different sowing methods under various tillage systems. Leaf area per plant was highest in the plots where ridge
sowing was practiced under deep tillage while lowest was recorded in the flat sowing under minimum tillage.

3.5. Leaf Area Index (LAI)
Figure 2 expounded that leaf area index (LAI) varied extensively when maize hybrid was sown with different
sowing methods under various tillage systems. Maximum LAI was recorded at 40, 55 and 70 DAS in the plots
where ridge sowing was done under deep tillage while minimum in the flat sown maize where minimum tillage
was practiced. In the middle phase of growth, leaf area index was continued to increase while decreased towards
maturity. The results were much better in conventional tillage with ridge and bed sowing. Moreover, all sowing
methods except flat sowing were found effective regarding improvement of LAI.

3.6. Crop Growth Rate (g·m−2·day−1)
Various tillage practices and sowing methods affected the crop growth rate (CGR) of maize hybrid under study
(Figure 3). The CGR was calculated within the certain periods (40 - 55, 55 - 70 and 70 - 85 DAS) and was
measured highest at all stages in the plots where ridge sowing and bed sowing was done under deep tillage while
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Figure 1. Effect of tillage practices and sowing methods on leaf area per plant.
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Figure 2. Effect of tillage practices and sowing methods on leaf area index (LAI).
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Figure 3. Effect of tillage practices and sowing methods on crop growth rate (CGR).

lowest was recorded in the flat sowing where minimum tillage was practiced. CGR continued to increase up to
middle phase of growth then declined towards maturity. All sowing methods except flat sowing increased the
crop growth rate. The results were much better in conventional tillage with ridge and bed sowing.

3.7. Number of Leaves per Plant
Table 2 illustrated that number of leaves per plant was affected radically by different tillage practices. The
number of leaves per plant was higher (11.89) in the deep tillage that was at par with the conventional tillage
(11.60) while lower number of leaves per plant (11.36) was found in minimum tillage that was closely followed
by conventional tillage. As for sowing methods were concerned, maximum number of leaves per plant was produced in bed sown maize (11.82) while the minimum number of leaves was produced in ridge sowing (11.49)
but these were not varying up to the level of significance. Furthermore, a significant interactive effect was also
noted between various tillage practices and sowing methods for number of leaves per plant. All the sowing methods including flat, ridge and bed sowing showed statistically non-significant differences in the means regarding number of leaves per plant under conventional and minimum tillage. But under deep tillage, maize on ridges
produced maximum number of leaves per plant (12.07) that was statistically similar with bed sown maize (12.33)
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while flat sown maize produced significantly minimum number of leaves per plant (12.27).

3.8. Days to 50% Tasseling
Data regarding days to 50% tasseling indicated that there were non-significant differences in days to 50% tasseling when maize hybrid was sown under different tillage practices. Maximum days to 50% tasseling (71.55 days)
were observed from minimum tillage while minimum days to 50% tasseling (70.22 days) were recorded in deep
tillage but did not differ significantly. As regard the sowing methods, there a significant difference in days to 50%
tasseling was observed. Maximum days to 50% tasseling (72.44 days) were recorded in flat sowing while minimum days were recorded in bed sown maize (69.89 days) that was similar with ridge sown maize (70.44 days).

3.9. Days to 50% Silking
A non-significant difference in days to 50% silking was observed when maize hybrid was sown under different
tillage practices (Table 2). Maximum days to 50% silking (72.44 days) were observed minimum tillage and
conventional tillage while minimum days to 50% silking (71.44 days) were recorded in deep tillage but they
were not varying up to the level of significance whereas sowing methods significantly affected to days to 50%
silking. Maximum days to 50% silking (73.77 days) were observed in flat sowing while minimum days (71.11)
were recorded in bed sown maize that was similar with ridge sown maize (71.44 days).

3.10. Economic Analysis
It is clear from the Table 3 that highest net return of Rs. 85162 was recorded in the treatment where ridge sowing of maize hybrid was done under deep tillage while lowest net return of Rs. 56984 was recorded in flat sown
maize under minimum tillage. As farmers are more interested in variability in benefits than yields, therefore net
field benefits (NFB) were calculated against the variable cost. Table 3 further revealed that maximum NFB of
Rs. 173788 was achieved in the treatment where ridge sowing of maize hybrid was done under deep tillage. The
minimum NFB of Rs. 145610 was obtained where flat sowing was done under conventional tillage. Moreover,
the efficiency of tillage practices and sowing methods on maize was determined from the benefit cost ratio. The
maximum benefit cost ratio (BCR) of 1.70 was found where ridge sowing of maize was practiced under deep
tillage.

4. Discussion
Stand establishment is pre-requisite for better crop growth and harvest of the optimum crop yield. High and rapid germination determines good stand establishment which results in higher yield. More the germination per
Table 3. Economic analysis of different tillage practices and sowing methods.
Treatments
Flat Sowing

5.52

165,600

10.31

13,403

179,003

113,806

65,197

1.57

6.01

180,300

10.66

13,858

194,158

115,753

78,404

1.68

Bed Sowing

5.92

177,600

10.48

13,624

191,224

115,506

75,718

1.66

Flat Sowing

5.04

151,200

10.40

13,520

164,720

107,736

56,984

1.53

Ridge Sowing

5.74

172,200

10.88

14,144

186,344

110,261

76,083

1.69

Bed Sowing

5.55

166,500

10.62

13,806

180,306

109,738

70,567

1.64

Flat Sowing

5.72

171,600

11.01

14,313

185,913

118,356

67,557

1.57

Ridge Sowing

6.40

192,000

10.76

13,988

205,988

120,826

85,162

1.70

Bed Sowing

6.13

183,900

11.20

14,560

198,460

120,083

78,376

1.65

Conventional
Ridge Sowing
Tillage

Minimum
Tillage

Deep
Tillage

Grain yield
Value
Straw yield
Value
Gross income Total cost Net return Benefit
(t·ha−1)
(Rs. ha−1)
(t·ha−1)
(Rs. ha−1)
(Rs. ha−1)
(Rs. ha−1) (Rs. ha−1) cost ratio

Price of grain yield per ton = Rs. 30,000/Price of straw yield per ton = Rs. 1300/-
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square meter more will be the overall plant population which ultimately enhances the crop yield significantly.
Germination is the emergence and development from the seed embryo of those essential structures which indicate the ability to produce a normal plant under favorable condition and it depends on sowing depth, soil moisture level, soil aeration, temperature and quality of the seed. Maize planted on ridges provided better stand establishment as compared to other sowing methods. Greater germination·m−2 in ridge sowing might be due optimum moisture level and nutrients availability. These results were supported by Memon et al. [15] and Bakht et
al. [16] who found maximum emergence % in ridge sowing but in contradiction to Arif et al. [17] who stated
that sowing methods significantly affected all parameters calculated excluding emergence·m−2.
Plant height at maturity is an important morphological attribute because it is a function of combine effect of
genetic makeup of plant, soil nutrition status, seed vigor and environmental conditions under which it was
grown. Deep tillage was seen an improved practice regarding plant height and but flat sowing remained inefficient to improve plant height as compared to ridge and bed sowing. Borghei et al. [18] and Wasaya et al. [19]
who concluded that sub-soiling up to 50 - 55 cm caused the highest average plant height while our results were
contradictive to Najafinezhad et al. [20] who concluded that conventional tillage (CT) and reduced tillage (RT)
plots exhibited highest plant height whereas stem diameter remained in effective by different tillage operations
and sowing methods which was found in line with Aikins et al. [21], who concluded that maize stem girth was
non-significant under different tillage practices. Moreover, deep tillage and ridge sowing improved leaf area,
leaf area index and crop growth rate of maize which found in accordance with the results reported by Rasheed et
al. [22] and Balasubramaniyan et al. [23] who found that maize crop sown on ridges gave considerably higher
leaf area index (5.22) and further elucidated that planting methods influenced leaf area index positively and crop
growth rate of maize significantly. Additionally, deep tillage and conventional tillage was found statistically
similar regarding number of leaves per plant whereas a significant interaction between tillage practices and
sowing methods also observed. Furthermore, flat sown maize took more days to 50% tasseling and silking than
ridge and bed sowing while tillage practices did not affect to duration of crop maturation significantly. These
results were in confirmation with Majid et al. [24] who during studying the effects of various maize sowing methods concluded that days to tasseling were decreased in ridge sowing. Growth parameters were improved in
ridge sowing and days to 50% tasseling and silking were significantly affected by planting methods where as an
interactive effect of tillage practices and sowing methods on days to 50% silking was found to be non-significant
[15].
Finally, the effectiveness of any production system is ultimately evaluated on the basis of its economic analysis. Economic analysis is used for the determination of net benefits. The economic analysis of the experiment
was done to look into experimental results from farmer’s point of view as they are mainly interested in benefits
and cost of a certain technology and also they like to know about risks involved in the adoption of new practices.
Ridge sowing under deep tillage proved to be economically viable and resulted in highest benefit cost ratio BCR.
This might be due to its less cost of production and more gross income as compared with other treatments.
Higher net income and BCR was recorded when the maize crop was sown on ridges [25].

5. Conclusion
It was concluded that ridge sowing after deep tillage gave higher grain yield, net return and BCR as compared to
other tillage practices and sowing methods. Hence it was recommended that for maximum benefits maize should
be planted on ridges after deep ploughing.
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