
 

 

 

1 
 

 

IMPACT OF TILLAGE, PLANT POPULATION AND MULCHES ON 
WEED MANAGEMENT IN MAIZE (Zea mays L.) 

    
 
 

By 
 

BAKHTIAR GUL 
 
 

A dissertation submitted to NWFP Agricultural University, Peshawar  
in partial fulfillment of the requirements for the degree of  

 
DOCTOR OF PHILOSOPHY IN AGRICULTURE 

(WEED SCIENCE) 

 
 
 

       
            
            
            

           
 
 
 
 
 
 
 
 
 
 
 

DEPARTMENT OF WEED SCIENCE 
FACULTY OF CROP PROTECTION SCIENCES 

NWFP AGRICULTURAL UNIVERSITY  
PESHAWAR-PAKISTAN 

MAY, 2009 



 

 

 

2 
 

 

IMPACT OF TILLAGE, PLANT POPULATION AND MULCHES ON WEED 
MANAGEMENT IN MAIZE (Zea mays L.) 

 

By 

BAKHTIAR GUL 
 

Dissertation submitted to the NWFP Agricultural University, Peshawar 
in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy in Weed Science 
 

Approved by: 
 

 
 _________________________ Chairman Supervisory Committee 
 Prof. Dr. Khan Bahadar Marwat  
 
 
 
 _________________________ Member 
 Prof. Dr. Gul Hassan    
 

 
_________________________ Member  

 Prof. Dr. Amanullah Jan    
 Department of Agronomy 
 
  
 _________________________ Convener Board of studies/Chairman  
 Prof. Dr. Khan Bahadar Marwat Department of Weed Science 
  
  
 
 ________________________ Dean Faculty of Crop Protection Sciences 
 Prof. Dr. Muhammad Naeem    

 
 

 ________________________ Director Advanced Studies and Research 
 Prof. Dr. Muhammad Jamal Khan 

 
        DEPARTMENT OF WEED SCIENCE 
FACULTY OF CROP PROTECTION SCIENCES 

NWFP AGRICULTURAL UNIVERSITY 
PESHAWAR-PAKISTAN  

MAY, 2009 
 
 



 

 

 

3 
 

 

  
 
 
 
  
 
  
 
 
 
 
 

Dedicated to my parents  
and 

to all of my teachers  
from  

nursery to PhD 
who  

nurtured me 
 to 

 the present position 
 
 

                     BAKHTIAR GUL 

 
 
 



 

 

 

4 
 

 

CONTENTS 
 
CHAPTER     TITLE            Page No. 

 
                                    ACKNOWLEDGEMENTS--------------------------------------------    i 

   
                                 ABSTRACT-------------------------------------------------------------     ii 

   
                                   LIST OF TABLES---------------------------------------------------------  iv 
 
             LIST OF FIGURES--------------------------------------------------------   v 
 
             LIST OF APPENDICES--------------------------------------------------  vi 
   

   
 

1. INTRODUCTION-------------------------------------------------------------------------------1 

2. REVIEW OF LITERATURE------------------------------------------------------------------6 

3. MATERIALS AND MATHODS------------------------------------------------------------44 

4. RESULTS AND DISCUSSION------------------------------------------------------------- 51 

5. SUMMARY------------------------------------------------------------------------------------ 91 

6. CONCLUSION AND RECOMMENDATIONS ----------------------------------------  94 

   LITERATURE CITED ---------------------------------------------------- 96 

   APPENDICES--------------------------------------------------------------110     

  



 

 

 

5 
 

 

ACKNOWLEDGEMENTS 

All praises be to Almighty Allah for enabling me to complete successfully my Ph.D course work, research 

work and finally dissertation and all the respects be to the Holy Prophet Muhammad (SAW), who is always 

the model of guidance for humanity. 
 

I am happy and pleased to express my gratitude and thanks to my honorable major supervisor Prof. Dr. 

Khan Bahadar Marwat, Meritorious Professor of Weed Science, for his guidance, technical advices and 

suggestions throughout my scholastic life. It was difficult for me to complete this task without his sincere 

assistance. 
 

Heartfelt thanks are extended to Prof. Dr. Gul Hassan Department of Weed Science and Prof. Dr. 

Amanullah Jan and Dr. Muhammad Arif Department of Agronomy, NWFP Agricultural University 

Peshawar-Pakistan for their support and keen guidance during the study. 
 

Thanks are extended to Dr. Muhammad Azim Khan and Dr. Ijaz Ahmad Khan Department of Weed 

Science, Dr. Zahid Hussain, Department of Agric. Research for their guidance in finalizing this manuscript. 

  

I am very much thankful to my colleagues Muhammad  Saeed, Haroon Khan Yousafzai, Muhammad 

Ashfaq, Dr. Imtiaz khan and all the departmental staff for their moral support, cooperation and 

encouragement throughout my Ph.D. 
 

Furthermore I am grateful to Higher Education Commission for granting me an opportunity through 

Indigenous scholarship scheme to obtain PhD degree. I am indeed indebted to Prof. Dr. Atta-ur-Rehman 

Ex. Chairman (HEC) for initiating such indigenous PhD program. 

  

My parents always prayed for my success and brilliant future, provided financial support, are a stable 

source of prayers and motivation throughout my carrier therefore, I would feel failing without thanking 

them and wish them to live long to avail their prayers and meet the challenges of this world.   
 

                           (Bakhtiar Gul) 



 

 

 

6 
 

 

 

IMPACT OF TILLAGE, PLANT POPULATION AND MULCHES ON WEED 
MANAGEMENT IN MAIZE (Zea mays L.) 

 

Bakhtiar Gul and Khan Bahadar Marwat 
Department of Weed Science, Faculty of Crop Protection Sciences  

NWFP Agricultural University Peshawar-25130 Pakistan 
 

ABSTRACT 

Field experiments were conducted during 2006 and 2007 in Peshawar, using open pollinated 

maize variety “Azam” in RCB design having 3 factors viz., tillage, maize populations and 

mulches with split-split plot arrangements. Tillage levels (zero and conventional) were 

assigned to the main plots, populations (90000, 60000 and 30000 plants ha-1) to the sub-plots 

and four types of mulches (weeds mulch, black plastic mulch, white plastic mulch and 

mungbean as living mulch), a hand weeding and a weedy check were allotted to sub-sub plots, 

respectively. Data were recorded on days to tasseling, days to silking, leaf area of maize plant-1 

(cm2), leaf area index, plant height (cm), fresh weed biomass (kg ha-1), weed species 

composition, days to maturity, biological yield (kg ha-1), number of grains cob-1, 1000-grain 

weight (g), grain yield (kg ha-1), harvest index, and Cost-Benefit Ratio (CBR). 

 Crop yield was not affected significantly by the years, whereas all other factors affected the 

maize yield.  With zero-tillage the yield of maize was 2271 kg ha-1, compared to 2429 kg ha-1 

in conventional tillage. Similarly, increasing crop density (population) increased the yield; 

having 2055 kg ha-1 in 30000 plants ha-1, 2412 kg ha-1 in 60000 plants ha-1 and 2483 kg ha-1 in 

90000 plants ha-1, respectively. However, number of grains cob-1, biological yield, harvest 

index, and thousand-grain weight of individual plants were affected negatively with increasing 

plant population. Similarly, mulches, hand weeding and weedy check plots also affected the 

yield and yield components of maize. Significantly higher grain yield of 2863 kg ha-1 was 

recorded in the hand weeding as compared to weedy check (1422 kg ha-1) and statistically at 

par with black plastic mulch (2813 kg ha-1), followed by weeds mulch (2460 kg ha-1), white 

plastic (2398 kg ha-1) and living mulch (2145 kg ha-1), respectively. Zero tillage resulted in 

maximum fresh weed biomass of 183 kg ha-1 as compared to 165 kg ha-1 in the conventional 

tillage. While lesser weed biomass (158 kg ha-1) was recorded in the highest population of 
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90000 plants ha-1 as compared to 60000 plants ha-1 (168 kg ha-1) and 30000 plants ha-1 (196 kg 

ha-1), respectively. Less fresh weed biomass was recorded in the hand weeding plots (112 kg 

ha-1) and statistically at par with black plastic mulch (120 kg ha-1), followed by weeds mulch 

(164 kg ha-1), white plastic mulch (191 kg ha-1) and living mulch (195 kg ha-1) as compared to 

weedy check (260 kg ha-1). Number of weeds species was higher (62 %) in zero tillage than 

conventional tillage (58 %). Similarly, higher plant populations (90000 plants ha-1 and 60000 

plants ha-1) had 58 % weed species each as compared to 63 % in the lower plant population 

(30000 plants ha-1). In hand weeding fewer weeds species (38 %) were reported, followed by 

black plastic (51 %), weeds mulch (58 %), living mulch (63 %) and white plastic (64 %), 

respectively, as compared to 84 % in the weedy check. Based on two year study it is suggested 

that even if tillage options and plant populations are a part of the weed management program, it 

should not be used as a sole management tool; instead it should be integrated and 

supplemented with other control methods, like mulches, hand weeding and/or herbicides. 
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1. INTRODUCTION 

 Maize (Zea mays L.), a member of Poaceae, is an important spring as well as summer 

crop in Pakistan. Its grain and fodder are the basis of a number of food, feed, pharmaceutical 

and industrial products. A large quantity of maize has been used in manufacturing of edible oil, 

soaps, varnishes, paints, and several other products. The increasing industrial use of maize 

gives this crop a prominent place in agricultural economy. Maize has high nutritional value as 

it contains 72 % starch, 10 % protein, 4.8 % oil, 8.5 % fiber and 1.7 % ash (Ahmad et al., 

2007).  

Maize is cross-pollinated, a feature that contributes to its broad morphological 

variability and geographic adaptability. It is adaptable to widely varying climatic conditions 

but does not perform well under high temperature and low humidity damaging the foliage and 

thus hampers pollination, resulting in poor grain formation (PARC, 2007). Maize can be grown 

on a variety of soils ranging from sandy to clay but prefers deep, medium textured soils, high 

in organic matter, well drained with good water holding capacity, and capable of providing the 

nutrients needed by the crop in pH range of 6.5 - 7.5 (PARC, 2007). 

Maize is currently produced in most countries of the world and is the third most planted 

field crop (after wheat and rice). The bulk of maize production occurs in the United States, 

China and Brazil, which together account for 73 % of the annual global production of 456.2 

million tons (Salvador, 1997). Being the highest yielding cereal crop in the world, it is of 

significant importance for countries like Pakistan, where rapidly increasing population has 

already out stripped the available food supplies. Maize was planted on an area of 1.0169 m ha 

with an annual production of 3.0884 m tons with an average of 3037 kg ha-1 during 2006-07. In 

the North West Frontier Province, it was planted on 0.5161 m ha, with annual production of 

0.9186 m tons with average of 1780 kg ha-1, (MINFAL, 2007).  

Both biotic and abiotic factors affect maize production. The biotic factors like insects, 

diseases, and weeds have received much attention compared to some abiotic factors, like 

drought and low soil nitrogen status (Mduruma and Ngowi, 1997). Weeds are a major 

component of the agro-ecosystem, and cause negative effects in the form of reduced crop yield, 

lower quality of harvest, predisposition of crops to harmful insect, diseases and other pests, 

difficult and costly farm operations and direct injury to humans (Tapay, 1997). Crop losses due 

to weed competition throughout the world are estimated to be greater than those resulting from 
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the combined effect of insect pests and diseases (Shad, 1994). In addition, weeds provide 

shelter to many harmful insects pests and also act as an alternate host for many pathogens. The 

critical period for weed control in maize is found to be within the first 56 days after planting 

(Kumwenda and Kabambe, 1995) depending on crop variety and climatic conditions. 

Uncontrolled weed growth can cause an average yield loss of 50-72 percent in the pure maize 

experiment (Kumwenda and Kabambe, 1995), while it may be 27-56 % in case of 

intercropping soybean with maize. But according to Tadious and Bogale (1995) yield loss due 

to weed competition in maize is 30.4-57.2 percent. Such a heavy loss necessitates weeding 

which has traditionally been a labour intensive operation in crop production (Vogel, 1994). 

However, depending on the severity of weed infestation and the weed population, hand 

weeding twice at 2 and 4 weeks, or three times hand weeding at 2, 4, and 6 weeks after 

emergence was found to be economical where sufficient labour force is available (Tadious and 

Bogale, 1995).  

The practice of growing crops with minimal or no soil disturbance is termed 

conservation tillage. Conservation tillage practices including minimum and no-tillage have an 

important role to overcome the physical limits to productivity of agricultural land (Somervaille, 

1995). No-tillage is a crop production system without any soil disturbance from previous 

harvest to direct seeding.  It conserves soil and water at the same time it is labour saving and 

cost cutting (Sturny, 1998). It is generally recognized that water runoff and soil erosion will 

decline as no-tillage and mulch tillage systems are used more extensively on cropland. Zero 

tillage has an above average expenditure on pesticides and a below average expenditure on 

fuel. Additionally, for a farm adopting a no-tillage production practice, an above average 

expenditure will be made on fertilizer (Uri., 1998), which is a demanding system, requiring 

some rethinking on the part of the farmers (Sturny, 1998). Reduced tillage may offer the 

potential for increasing weed diversity by reducing the competitiveness of dominant species 

and facilitating the establishment of new or minor species (Mabasa et al., 1999).  

Plant population density can also be exploited for economical and environment friendly 

weed control and better production. The majority of farmers in our country do not follow the 

recommended plant population density. Higher plant densities than recommended (3.9–5.2 

plants m−2) affect leaf area index (LAI), grain yield, ear size and yield negatively (Wiyo et al., 

1999). Some cultivars can lodge at high plant populations, which reduces cob size, weight, 
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length, rows, and kernels. At high plant populations seedling decay after emergence increase 

up to 27 %. Single plant grain yield was decreased at higher plant density (Mudarres et al., 

1998). Therefore, suitable plant population for each maize cultivar is one of the key factors for 

better maize production (Bavec and Bavec, 2002).  

In traditional or conventional tillage systems, crop residues and associated weeds are 

burned, incorporated with soil, used for grazing or collected for domestic use and feed (Ortega, 

1991; Sanchez et al., 1994). Under these systems, soil surface is left unprotected and 

vulnerable to erosion. In contrast, in conservation tillage, plant cover is managed to induce the 

establishment of mulches which, protect the soil surface, provide organic matter and promote 

better interception and infiltration of rain or irrigation water (Ortega, 1991). Maintaining crop 

residues and weeds on the soil surface may alter the relative abundance of biotic components in 

the agro-ecosystem. The plant cover and undisturbed soil are carriers of harmless organisms as 

well as pests (Ortega, 1991). Thus it is essential to maintain a permanent soil cover with straw, 

plant residues, plastic mulch and living mulches as basis for a high soil biological activity, 

including an efficient weed control as a tool for minimizing pressure on the soil (Sturny, 1998). 

Black polythene sheet laid on ground surface of prepared seedbeds increased shoot growth and 

length of the first internode, by positioning the apical meristem at a shallower depth (Abrecht 

and Bristow, 1990). Pre-planting polythene mulches significantly reduced weed emergence. 

Some weeds germinated but died because of high temperature and lack of light. In dry 

conditions polythene sheet prevented moisture evaporation from seedbeds, increased soil 

temperature, which encouraged N mineralisation, and made it available (Li-Yan et al., 2003; 

Kwabiah, 2003). Pre-planting polythene mulches could, therefore, give higher crop yields. 

Under the plastic mulch the increased temperature works as a soil solarizer, which, ultimately 

kill the heat sensitive weed seeds. Mulching decreases light transmission and therefore 

prevents the germination of most weed species. (Ngouajio and Ernest, 2004).  

 Organic mulches maintain soil moisture and provide nutrients for maize crop 

(Wihardjaka et al., 2000). Organic mulches reduced the maximum soil temperature at 5 cm 

depth and raised the minimum temperature, conserved soil moisture during the entire growing 

period and had higher seedling emergence and grain yield (Rahman and Khan, 2002). Certain 

plant species can be grown as cover crop or living mulch in maize and have become a viable 

option for sustainable agriculture as these improve soil fertility and crop performance 
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(Teasdale, 1996). Cover crops suppress weeds and pest population, protect soil against erosion, 

reduce nutrients leaching and improve soil physical properties. They reduce the use of 

pesticides and mineral fertilizers and hence protect environment, thereby enriched the soil with 

organic matter and mineral nutrients, which may increase the yields of subsequent crop. On the 

other hand the living mulches compete with crops and often decrease their yield. But such 

competition can be reduced by choosing the short species, delayed sowing, mowing or using 

selective herbicides that suppress their growth (Kolota and Adamczewska-Sowinska, 2003; 

Hartwig and Ammon, 2003).  

The use of herbicides is accepted by many farmers as an essential part of crop 

husbandry. Other farmers have criticized their widespread use and the concept of organic 

farming necessitated a non-chemical approach to weed control (Parish, 1990). In today's 

markets, people are opting for organically grown fruits and vegetables raised without the use of 

agrochemicals. Seventy-five percent of consumers believed that residues from pesticides and 

herbicides could be a potential hazard. Problems may arise when synthetic chemicals in these 

processes are overused, mishandled or abused. Organically grown produce is an alternative to 

avoid chemicals, including fertilizers and pesticides (Meeker, 1987).  

The recent upsurge in environmental awareness of the public, interest in organic food 

production, and some possible hazards of herbicide use, has led us to devise methods of weed 

management that could be economical, long lasting, and environment friendly (Parish, 1990). 

In the past, the slash-and-burn agriculture was sustainable but not now, because of increased 

pressure on land due to arising population and other pressing competitors for land. The search 

for a replacement of “slash-and-burn agriculture” has produced technology components such as 

green manuring, organic mulching, live mulching, zero tillage methods, and agro-forestry 

(Sanchez et al., 1994; Govaerts et al., 2005). Therefore, farmer-researcher partnership is 

needed to ensure soil and crop management practices that are productive, environmentally safe 

and socially acceptable (Karlen et al., 1995).  

 Keeping in view the importance of zero tillage, manipulation of plant populations, and 

the use of various types of mulches as the tools of organic farming in maize, two experiments 

were designed to analyze their efficacy in maize. The aim was to conduct research that would 

address profitability of farming operations, altering the farming practices and saving the 
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environment from pollution. Keeping in view the importance of cultural practices for weed 

management in maize the experiments were conducted with the following objectives:  

1. To evaluate the weed control under zero-tillage and conventional tillage systems in 

combination with varying maize populations and various types of mulches.  

2. To measure the effect of various types of mulches for weed control in maize crop. 

3. To determine the effect of cultural control on yield and yield component of maize. 

4. To recommend the most economical and feasible weed control method for the 

farmers. 
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2. REVIEW OF LITERATURE 

After thorough search of the world’s libraries through web browsing, emails and 

personal contacts, no exact research work was found. However, the related research work on 

different aspects of the crop carried out in Pakistan and elsewhere in the world is reviewed in 

the following pages. 

 
2.1. Zero-tillage in maize 

Since 1987 the technology has experienced a 59-fold increase in Latin America from 

0.67 ha to 40.6 million ha till the year 2004 (Anonymous, 2009a). Although zero tillage 

technology is gaining worldwide acceptance, conventional tillage practices still dominate. The 

environmental consequences of conservation tillage practices are an important issue 

concerning the impact of agricultural production on the environment. It is generally recognized 

that water runoff and soil erosion decline as no tillage and mulch tillage systems are used more 

extensively on cropland (Uri, 1998). Kang et al., (1980) investigated the effects of fertilizer 

and weeding on growth and yield of maize under zero-tillage and conventional tillage system. 

Broadleaved weeds were more under no-tillage while grasses and sedges were abundant when 

the soil was tilled. Yield of no-tillage maize was less than that of tilled maize with no or low 

rates of N application, but with adequate N fertilization yield from no-tillage maize equaled 

that of tilled maize. Lower yield of no-tillage maize may was attributed to severe N stress 

during early growth. Consequently on low fertility soil, no-tillage maize production is not 

recommended without adequate N fertilization.  

Probing the effect of cultivation techniques, mulch treatments, and fertilizers on the 

yield of maize in an intercropping system, Mashina and Jana (1982) reported that continuous 

cultivation gave the highest grain yield of both crops, whereas the no-mulch treatment recorded 

the lowest grain yield. Nitrogen and phosphorus together gave the highest grain yield of maize 

and cowpea, whereas the treatment using no fertilizer gave the lowest yield. Tillage levels 

significantly affected weed growth. Shrestha (1984) reported that weed biomass decreased as 

the tillage level increased. Yields were significantly higher in the maximum tillage plots than 

in the zero tillage plots. Weed biomass was negatively correlated with yield but there was no 

relationship between weed density and yield. Tangadulratana (1985) showed that days to 

flowering were not affected by tillage system. Conventional tillage was superior to no-tillage 
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on leaf area index and plant height of maize when grown in early rainy season, but it was 

opposite in the late rainy season. Yield and yield components obtained from conventional 

tillage were higher than those obtained from no-tillage when grown in the early rainy season. 

The opposite was true for the late rainy season trial. Elliot et al. (1993) determined the effect of 

number of plowings and harrowings on weed growth and yields maize. As number of plowing 

and harrowing increased, weed biomass and time required for weeding were reduced. 

Rottboellia chinensis Lour. was observed only at the lowest tillage level. Maize yields increase 

in the hand-weeded plots as the tillage level increased.  

Sharma et al. (1988) studied the effects of zero, minimum, and conventional tillage on 

soil physical properties and on the growth and yield of maize. Plant parameters like tasseling, 

silking and maturity were not significantly different in minimum and conventional tillage. 

Tillage significantly lowered bulk density (10 %) and increased aeration porosity (120 %) of 

the clay loam soil. In sandy loam soil, tillage decreased bulk density by 7 % and increased 

aeration porosity by 61 %. Seedling emergence was 15 % higher with zero tillage than with 

minimum and conventional tillage. Tillage increased maize plant height (42 %) and root length 

(61 %) as compared with no tillage. In clay loam soil, tillage increased grain yield of maize by 

242 %. Cox et al. (1990) reported that cool spring temperatures are a major constraint to maize 

production and a no-till (NT) system intensified the problem because residue on the surface 

further decreased soil temperature. Soil growing degree days averaged about 35-40 (GDD) less 

under zero tillage, which resulted in a three-day delay in tasseling and silking, lowered leaf 

area index and crop growth rate. Ridge tillage (RT), because of the configuration of the ridge 

and the removal of most of the residue from the seed zone during the planting operation 

alleviated this problem. Under drained conditions, grain yields under no-tillage were 10 % 

lower than conventional tillage.  

In traditional or conventional tillage systems, crop residues and associated weeds are 

burned, incorporated, used for grazing, or collected for domestic use and feed. Under these 

systems, soil surface is left unprotected and vulnerable to erosion processes for long periods of 

time. In contrast, in conservation tillage, crop residue is retained on the soils surface and acts as 

mulch. These mulches, protect soil surface, provide organic matter, and promote better 

interception and infiltration of rain or irrigation water. The decrease or suspension for 

prolonged periods of seedbed preparation, as well as maintaining crop residues and weeds on 
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the soil surface, may alter the relative abundance of biotic components in the agro-ecosystem. 

The crop residue and undisturbed soil are carriers of harmless organisms and those considered 

pests. (Ortega, 1991).  

Mohler and Callaway (1995) reported that A. retroflexus L., and D. sanguinalis (L.) 

Scop. gave significantly greater seed production in no-till than in tilled treatments. Seed 

production by A. retroflexus L., C. album L. and P. oleracea L. pure stands was significantly 

greater in the absence of maize. The only effect of Secale cereale mulch was to decrease seed 

production by P. oleracea L. Seed banks of D. sanguinalis (L.) Scop. were greater in no-till 

than in till treatments, whereas the seed banks of winter annuals were greater in tilled 

treatments. While surveying tillage practices, fertilizer use and weed management practices of 

the farmers in maize Mabasa et al. (1996) reported that 30.8 per cent of the farmers practiced 

reduced tillage. Minimum tillage, no-tillage, and mulching have been broadly used in modern 

Chinese agricultural production for the past 20 years. The application area has reached 12.34 m 

ha and corn, soybean, rapeseed, wheat, peanut, and rice have been involved in these tillage 

systems. These techniques have provided obvious benefits of soil and water conservation on 

sloping farm-land in the hill regions; obtained remarkable effects of storing water and reducing 

drought in the dryland farming regions; and resulted in some success in the reclamation of 

saline soil. The common characteristics in different regions are building a good agro-ecological 

environment, improving soil physical properties, enhancing the capacity of storing water, 

regulating the activity of soil micro-organisms, improving the accumulation of soil organic 

matter and nutrients, fertilizing the land and increasing crop production. In comparison with 

the traditional tillage systems, crop production increased 10–20 % and the benefit of soil and 

water conservation was 40–90 % (Tang and Zhang, 1996).  

Investigating the effect of different tillage intensities in combination with herbicide 

application or interculture on growth and yield of maize Ahmad et al. (1999) reported that 

maximum grain yield (4920 kg ha-1) along with highest net benefit (Rs. 38660/=) ha-1 was 

obtained for the crop raised with tilling the soil twice followed by herbicide application against 

the lowest grain yield (2720 kg ha-1) and net benefit (Rs. 20890/=) ha-1 for the crop grown at 

zero tillage followed by interculture. Similar results were obtained by Madriaga et al. (1996) 

who used glyphosate plus ammonium sulphate (Trade name: Power) in zero and minimum 

tillage and found it as a practical, cost and time effective, feasible and easy to manage, to 
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enhance corn production (Madriaga et al., 1996). Minimum and no-tillage have played an 

important role in overcoming the physical limits to productivity of agricultural land in the 

tropical and sub-tropical regions of the world. In addition, adoption of conservation tillage 

practices could increase profitability of crop while at the same time decreases soil erosion and 

structural decline. (Somervaille, 1995). Conservation tillage systems, such as no-tillage, are 

ecologically advantageous because they reduce soil erosion; however, they rely heavily on 

herbicide use. Swanton et al. (2006) determined how no-tillage systems affect weed 

communities. They used interrow cultivation with banded herbicide application. Weed 

communities with interrow cultivation were more diverse than those in conventional no-tillage. 

Seed bank species richness increased over time and was highest in systems with interrow 

cultivation and the weed community became more diverse. A more diverse weed community 

will not necessarily alter how to manage weeds (Swanton et al., 2006).  Whereas, Al-Ghrerie, 

(1988) reported that the two tillage systems (no tillage and conventional tillage) did not affect 

grain yield and yield components of maize as well as other characters in both seasons. 

 Kamau et al. (1999) investigated the effect of cowpeas planted in rotation with maize 

on weed and maize growth in the following season. They noted a significant interaction (P≤ 

0.01) between tillage and rotation for stand counts which was due to plant residues left behind 

in the minimum tillage plots that provided hiding places for the rodents, and insect's pests that 

destroyed the germinating maize seedlings. The weed biomass and weed types recorded were 

highly influenced by the type of tillage and rotation practiced. The results of their work 

indicated that it is possible to reduce the weed load and improve soil fertility by planting 

cowpeas in rotation with maize. On the other hand Mabasa et al. (1999) evaluated two tillage 

practices (conventional and reduced tillage) and seven weed management systems 

(combinations of hoe weeding, ox-cultivation, plough weeding and banded Atrazine at 0.9 kg 

a.i./ha.) for maize in farmer's fields they reported that Atrazine efficacy on weeds was less 

satisfactory due to low soil pH and low rainfall but when soil pH was corrected through liming, 

and herbicide application is done under moist soil conditions, Atrazine efficacy became better.  

Momirovic et al. (1999) investigated three different tillage systems:  conventional tillage, 

mulch tillage and no tillage on maize grain yield under continuous cropping. The highest yield 

was obtained on the plots following mulch tillage, which was significantly higher regarding 

maize yield on no-tillage system. Karunatilake et al. (2000) conducted an experiment involving 
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spring and fall moldboard plow till (PT), no-till (NT)/zone till (ZT), and ridge till (RT) under 

maize production following alfalfa (Medicago sativa L.). Soil water contents were generally 

higher for NT than PT in one year, but equal in the other. NT recorded higher plant heights, 

leaf area index and leaf numbers, while PT recorded higher per plant leaf area, stem and root 

biomass. Roots were generally more abundant under PT than NT at all depths, and were 

reduced in trafficked inter-row areas. Maize yield was significantly higher under PT in one 

year, but similar to NT in the other. Qin et al. (2004) were also interested to study the effect of 

zero-tillage on root development.  They stated that soil conditions under no-tillage (NT) were 

often unfavorable for the growth of maize roots in comparison to conventional tillage (CT).  

While Ghuman and Sur (2001) studied the effect of tillage and crop residue mulch on 

some properties of a sandy loam soil cropped to rainfed maize–wheat sequence. Three main 

treatments investigated were minimum tillage with crop residue mulch (MTR), minimum 

tillage without residue mulch (MT), and conventional tillage (CT) without residue mulch. The 

results indicated the necessity of using residue mulch in conjunction with minimum tillage in 

order to improve soil quality and sustain/improve crop production. They noted that grain yield 

of zero/ minimum tillage was lower than that of conventional tillage. Using no-tillage 

technology Hnat (2002) planted maize without tillage by machine (Kinze-2000) with a row 

distance of 0.7 m. The weediness was determined from number of weeds per unit area and 

phenology of weeds (weed occurrence before herbicide application, two weeks after 

application and four-five weeks after application of examined herbicides). With no-tillage 

technology, the results indicate the possible risk of infestation with problematic weeds.  

According to Carter et al. (2002) reduced tillage systems may be an option to allow 

rapid crop establishment in areas constrained by a short growing season, but such methods 

need to be adapted to soil tillage requirement and crop establishment needs. They conducted 

rotation and tillage studies during a 6-year period on a fine sandy loam with silage maize under 

the cool, humid climate to compare a continuous maize rotation with a maize–barley (Hordeum 

vulgare L.) rotation, using both no-tillage and conventional mouldboard ploughing for the 

maize, and to evaluate treatment effects on maize growth and productivity, weed populations 

and soil quality. Plant population and maize yield were not consistently influenced by the 

tillage or rotation treatments. Mean maize yield ranged from 7.2 to 7.7 Mg ha-1. An increasing 

density of weeds over the 6-year period, especially perennial species, was evident under no-
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tillage, compared to mouldboard ploughing. Use of rotational tillage resulted in an intermediate 

soil physical condition between continuous no-tillage and ploughing. Overall, no-tillage 

appeared a promising strategy to facilitate a fast and early establishment of maize on sandy 

loam soils. While the energy efficiency of reduced tillage was significantly smaller to 

conventional tillage (Menzel and Dubas, 2003). Khajanji et al. (2002) evaluated the effect of 

tillage and weed control methods on growth and yield of maize. All the tillage operations 

produced statistically similar grain and stover yield of maize. Managing weeds using atrazine 

as pre-emergence gave similar results to hand weeding twice at 25 and 50 DAS and both 

treatments gave higher yields than the weedy check. The growth characters, weed dry weight 

and bulk density of soil also showed similar trends.  

Barton et al. (2004) planted maize either along the contour or downslope, on 3°, 10° 

and 27° slopes. Straw mulch maintained topsoil structure and encouraged infiltration, thus 

decreasing runoff and erosion rates. Conversely, erosion rates under conventional tillage were 

high. Erosion rates from the polythene mulch plots were similar to conventional tillage, as 

infiltration was effectively decreased, thereby concentrating runoff and channeling it towards 

exposed, inter-mulch areas. However, maize development and grain yields were consistently 

higher under the polythene mulch than the other treatments. Kayode and Ademiluyi (2004) 

evaluated the influence of four tillage methods on weed control and maize yield. The results 

from manual ridging plus manual weeding and heaping were not significantly different, but 

both showed better weed control, plant heights at 4 and 10 weeks after planting and yield than 

manual hoeing and zero tillage. Weed density and weed biomass were highest in the zero 

tillage + weedy check plots. Germination count was lowest in the zero tillage plots.  

Subtropical highlands of the world have been densely populated and intensively 

cropped; therefore, agricultural sustainability problems resulting from soil erosion and fertility 

decline have arisen throughout this agro-ecological zone. Govaerts et al., (2005) started a long-

term field experiment under rainfed conditions. It included treatments continuous maize or 

wheat and the rotation of both tillage (conventional, zero and permanent beds) and crop residue 

management (full, partial or no retention). They pointed out that small-scale maize and wheat 

farmers may expect yield improvements through zero tillage, appropriate rotations and 

retention of sufficient residues compared to the common practices of heavy tillage before 

seeding, monocropping and crop residue removal. Leaving residue on the field is critical for 
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zero tillage practices. However, it can take some time; roughly 5 years before the benefits are 

evident. After that, zero tillage with residue retention resulted in higher and more stable yields. 

Conventional tillage with or without residue incorporation resulted in intermediate yields. Zero 

tillage without residue drastically reduced yields. Zero tillage treatments with partial residue 

removal gave yields equivalent to treatments with full residue retention. There may be scope to 

remove part of the residues for fodder and still retain adequate amounts to provide the 

necessary ground cover. This could make the adoption of zero tillage more acceptable for the 

small-scale, subsistence farmer whose livelihood strategies include livestock as a key 

component.  

Monneveux et al. (2006) too studied the effects of zero tillage and residue conservation 

in continuous maize-cropping systems. They cultivated maize during the wet and dry seasons 

for three consecutive years, under different treatments combining tillage with residue 

management techniques and with nitrogen rates. During the wet season, zero tillage was 

associated with less biomass and grain yield. Leaf chlorophyll concentration was smaller under 

zero tillage, suggesting less nitrogen uptake. Both zero tillage and residue conservation 

reduced early growth and strongly increased ear rot. During the dry season, zero tillage was 

associated with greater root mass. Residue conservation decreased the anthesis-silking interval, 

suggesting better water uptake. There was, however, no significant effect of tillage or residue 

management practices on yield.  

 

2.2. Plant population 

Plant population density has been recognized as a major factor determining the degree of 

competition between plants. It plays an important role in crop competition with the weed 

community. Maize grain yield is more affected by variations in plant density than other 

members of the grass family due to its low tillering ability, its monoecious floral organization, 

and the presence of brief flowering period. Maize grain yield per unit area shows a curvilinear 

response to plant population, presenting a maximum yield at the optimum plant density. For 

each production system, there is a population that optimizes the use of available resources, 

allowing the expression of maximum attainable grain yield in that environment. The ideal plant 

number per unit area will depend on several factors such as water availability, soil fertility and 

row spacing. The use of lower than optimum plant population delays canopy closure, 
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decreasing seasonal interception of incident solar radiation, leading to high grain production 

per plant but low grain production per unit area. Conversely, high plants densities enhance 

inter-plant competition for assimilates particularly during the period bracketing, silking, 

favouring apical dominance and decreasing the ratio of ear to tassel growth rate. Grain yield of 

maize crops grown at high densities is composed by plant bearing very different kernel 

numbers, with slight differences in kernel size. Yield per plant decrease as the density per unit 

area increases. The rate of yield decrease is in response to decreasing light and other 

environmental resources available to each plant.  Reduction in yield is mostly due to lower 

number of ears (bareness), fewer kernels per ear, lower kernel weight or a combination of these 

components. In dense populations, many kernels may not develop. 

Akrapat and Choomsai (1985) stated that when plants per hill was increased, plant height, 

ear height, yellow leaf plant-1, percentage of lodging, total ear area-1, number of ear with 

unfilled seed set area-1 and cob weight from the unfilled seed set area-1 were also increased, but 

50 % silking was delayed about 5 days from 55 days to 60 days. In contrast increasing plants 

per hill, decreased ear weight, 1000-grain weight, number leaf plant-1, leaf area plant-1, ear 

plant-1, grain weight ear-1, cob weight ear-1, grain ear-1, grain weight area-1 and cob weight area-

1. When plant spacing increased from 25 to 50 cm within row, plant diameter, ear length, ear 

weight, seed weight ear-1, cob weight ear-1, per-1 plant and percentage of ear with filled seed set 

were increased. Meanwhile lodging percentage, ear height, total ear area-1, number of ear with 

unfilled seed set area-1, weight of cob from the ear with unfilled seed set area-1 were decreased. 

When spacing within rows increased, the 50 % silking date was observed to be about 3 days 

earlier, from 59 days to 56 days. Highest seed yield of 367 kg. rai-1 was obtained from 25x75 

cm and 1 plant per hill (8,533 plants/rai) and 355 kg rai-1 was obtained from 50x75 cm and 2 

plants per hill (8,553 plants/rai). The lowest seed yield was 210 kg rai-1 when sweet corn was 

grown at 25x75 cm with 3 plants per hill (25,599 plants/rai). All plant densities used in the 

experiment did not affect the seed quality. 

Tetio-Kagho and Gardner (1988) conducted experiments using a systematic (fan) design 

to assess the interrelationships among maize canopy structure, light interception, and 

vegetative growth over 15 plant population densities (0.8 to 15.4 plants m-2). Leaf area and 

light interception were highly concentrated at ear level, but level of light interception shifted 

upward with increasing plant population densities (PPD). Maxima LAI were 1.7, 2.6, and 4.0 
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at tasseling for the 1.7, 2.6, and 6.3 plants m-2, respectively. Light interception by tassels was 

approximately 2, 30, and 40 % for 1.9, 3.5, and 6.3, plants m-2, respectively, while that for 

whole canopy was 75, 90, and 97 %, respectively. As early as 35 d after planting (DAP) 

canopy interception was 40, 60, and 75 % for 1.9, 3.5, and 6.3 plants m-2, respectively. Leaf 

area index, total dry matter, crop growth rate, and plant height were significantly influenced by 

PPD. Tiller number decreased linearly with increasing PPD to no tillers at 3.5 plants m-2. They 

concluded that increasing PPD of maize increased LAI and vegetative DM yield but altered 

light distribution within the canopy by shifting it from lower to upper canopy strata and 

increasing fraction intercepted by tassels. Khan and Haque (1989) determined the optimum 

dose of N and optimum plant population to obtain higher yield in maize using nitrogen levels 

in main plot and spacing in subplots. Among the nitrogen levels, 120 kg ha-1 of nitrogen gave 

the highest grain yield (4612 kg ha-1) and the spacing 60 x 20 cm (83333 plants ha-1) gave the 

maximum yield (4978 kg ha-1). There was no interaction effect between spacing and different 

nitrogen levels. 

Tollenaar et al. (1994) planted maize at densities (4, 7, and 10 plants m–2) under three 

weed pressures i.e. all season (weed free), planting to 5-7 leaf stage (medium weed pressure) 

and planting to 3-4 leaf stage (high weed pressure) and found up to 50 % reduction in weed 

biomass by increasing maize plant density from 4 to 10 plants m–2. The impact of high weed 

density treatments on maize dry matter accumulation remained in a narrow range of 18 to 21% 

throughout the growing season. The grain yield reductions attributable to high weed pressure 

were 26, 17, and 13 % for the maize plant densities of 4, 7, and 10 plants m–2, respectively. 

Results of this study show that the competitiveness of maize with weeds can he enhanced by 

increasing plant density. Stanojevic et al. (1996) worked on maize weediness in relation to 

crop density and evaluated number of species, as well as, the number of individual species m-2 

in two maize crop densities. They detected a total of 47 species the most prevalent being 

Sorghum halepense (L.) Pers., Amaranthus retroflexus L. and Panicum crus-galli (L.) P. 

Beauv. Increased planting density decreased the number of weed species, as well as their 

individual densities. The highest yields were obtained where all necessary measures of weed 

control were applied. They pointed out that manipulating crop density could significantly 

regulate maize weediness. 
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Johnson and Wilman (1997) seeded maize with different distances between rows. 

Reducing the distance between stations to 0.75 or 0.5 m reduced the size of individual plants in 

terms of leaf size, number of leaves, total leaf area, weight of ears, number of grains, and 1000-

grain weight, but increased the leaf area index and grain yield ha-1. Maximum grain yield was 

achieved at a spacing of 0.5 m x 0.5 m and one or two plants per station or a spacing of 0.75 m 

x 0.75 m and two, four, or six plants per station. Higher plant densities produced smaller ears 

compared with the traditional plant density. According to Suena (1997) the highest yield of 

maize was obtained from plant spacing of 30 cm x 50 cm. The treatment of soil tillage 

frequencies had no significant effect on fresh weight and oven dry weight of marketable cob 

ha-1. However, there is a tendency that the highest marketable fresh weight and oven dry 

weight of cob ha-1 were obtained from the twice soil tillage i.e. 9800 kg and 1800 kg 

respectively, and the lowest yield was obtained from the treatment of non-soil tillage ie. 9500 

kg and 1700 kg ha-1.  

Mahmood and Saeed (1998) studied N level and plant density effects on different agro -

physiological traits of maize under field conditions using three plant densities (11.11, 8.33 and 

6.67 plants m-2). Yield components, such as number of cobs plant-1, number of grains cob-1 and 

1000-grain weight were decreased at higher plant densities. The maximum grain yield of 7.11 t 

ha-1 was recorded from the crop at 11.11 plants m-2, while the minimum (2.03 t ha-1) was found 

in control (plant density of 6.67 plants m-2). The results suggested that 11.11 plants m-2 should 

be used to obtain the maximum grain yield of maize under the edaphic and climatic conditions 

matching to those of the experiment. Using densities of 5.56, 6.67, 8.33, and 11.33 plants m-2, 

the optimum plant population density, which resulted in the maximum grain yield, was 11.33 

plants m-2. Grain number ear-1 and grain number row-1 were the most important grain 

components responding to changes in plant density in the hybrids. Weight grain-1 and ear 

number plant-1 had a negligible effect on the yield adjustment (Dastfal et al., 1999).  

Mudarres et al. (1998) evaluated the effect of plant population (65000 and 130000 plants 

ha-1) and row spacing on morphology and yield of hybrid (Pioneer-3902). The results 

suggested that increased population density increase the grain yield and days to tasseling and 

silking were greater at higher density. Single plant grain yield was decreased at higher plant 

density. Noor-ul-Akbar (1998) reported that days to tasseling, days to silking, days to maturity 

and plant height all increased whereas cob length, 1000-grain weight and grain yield ha-1 



 

 

 

26 
 

 

decreased at a density of 125,000 plants ha-1. They noted maximum grain yield (4428.7 kg ha-

1) in plots having 75,000 plants ha-1. Akbar et al. (1996) planted maize at plant densities of 

50,000, 100,000 and 150,000 plants ha-1 with N applied at the rate of 0, 50, 100 and 150 kg ha-

1. They stated that the biomass and grain yield of the crop increased with increasing N rate and 

crop density, with the highest values at 100,000 plants ha-1. Using five different plant densities 

ranging from 35,000 to 95,000 plants ha-1 to find the optimum plant population that adapted 

well with the limited available resource Bahadur et al. (1999) made observations on growth 

attributes, yield and yield components of maize. Leaf area index (LAI), total dry matter, 

biological yield and grain yield increased with plant density while plant height, leaf number 

plant-1, stem diameter, time of flowering and maturity, cob plant-1, 1000-grain weight, number 

of grains cob-1 responded negatively. Weed competition severely reduced the maize grain 

yield.  

Cavero et al. (1999) studied growth of maize and Datura stramonium L. in monoculture 

and in competition, keeping plant density at 8.33 m-2 for maize and either 16.66 m-2 or 8.33 m-2 

for D. stramonium L. They reported a decrease in maize yield by 14–63 % when competing 

with the weed, and added that competition from the weed slightly decreased the maximum LAI 

of the crop and accelerated leaf senescence of maize. They concluded that the competitive 

ability of D. stramonium L. for light was mainly due to its growth habit, with the leaves 

concentrated in the upper part of the canopy (more than 75 % of LAI in the upper 25 % of its 

height), its higher light extinction coefficient (0.89) and its indeterminate growth habit.  

Nasir (2000) studied the effect of plant population in relation to varietal effect. Four 

varieties (Azam, Sarhad white, Phari and Shaheen) were allotted to main plots while the five 

plant populations (80,000, 100,000 120,000, 140,000, 160,000 plants ha-1) were allotted to 

subplots. Greatest leaf stem ratio was recorded in 80,000 plants ha-1 and lowest leaf stem ratio 

was noted in the plots having 120,000 plants ha-1. Plant population significantly affected the 

plant height and greatest plant height was recorded by 80,000 plants ha-1. Maximum days to 

maturity were recorded in the plots having 160,000 plants ha-1. Different plant populations 

significantly affected cob length and maximum cob length was recorded for 80000 plant ha-1. 

Maximum number of cobs plant-1 was produced by Azam variety. Plots of 80,000 plants gave 

highest number of ears. Highest thousand-grain weight was recorded in Plot having 80,000 

plants ha-1 while minimum thousand-grain weight was recorded in plots of 160,000 plants ha-1. 
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Plant population significantly affected grain yield ha-1. Plots of 120,000 plants ha-1 had 

maximum grain yield ha-1. Plant population significantly affected the biological yield too. He 

concluded that Azam variety and 80,000 plants ha-1 plant population proved superior over 

others by enhancing desirable growth, yield, and morphological characteristics and 

recommended them for higher productivity.  

Amanullah et al. (2006) studied the response of seed yield and quality in maize to plant 

density, rate and timing of nitrogen application. Two plant densities (60,000 and 100,000 

plants ha-1) and three nitrogen rates (60, 120 and 180 kg N ha-1) applied to main plots, while 

six split application for N in different proportions were applied to subplots at different growth 

stages of maize (cv. Azam), in two equal, three equal, three unequal, four equal, five equal and 

five unequal splits at sowing and with 1st, 2nd, 3rd & 4th irrigation at two weeks intervals. The 

crop was irrigated at two weeks interval i.e. 14, 28, 42, and 56 days after emergence. 

Increasing N rates and number of split applications for N significantly enhanced seed yield, 

seed weight and protein concentration in seeds. Seed yield increased at thicker density and seed 

weight increased at thinner density while; density had no significant effect on protein 

concentration in seed.  

Hussein et al. (2000) reported the effect various plant population levels on the grain yield 

of maize at five moisture-stress sites. Grain yield was significantly correlated with seasonal 

rainfall (r = 0.699, P= .01), with each mm of rainfall increasing grain yield by about 9.5 kg ha-

1. Increasing plant population from 43000 to 120000 plants ha-1 linearly increased the total 

biomass. Under favorable rainfall conditions plant populations up to 80000 plants ha-1 resulted 

in grain yield increase, whereas during dry years an increase of plant population above 50000 

plants ha-1 decreased grain yields. During seasons of high rainfall (more than 600 mm in the 

growing season), each 10000 increase in plans ha-1, up to 80000 plans ha-1, increased yield by 

200 to 300 kg ha-1. During dry growing seasons, increasing plant population above 50000 

plants ha-1 decreased grain yield by 5 to 16 %. The average increase in grain yield over the five 

locations from mulching, closed furrows, and open furrows were 23.5, 13 and 11.4 % with 

respective average yields of 3150, 2880 and 2840 kg ha-1, while flat planting produced 2550 kg 

ha-1.  

Hassan (2000) revealed that plant height, ear height and grain yield increased with 

increasing plant density, whereas mean ear leaf area, ear length, ear diameter, number of grains 
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row-1 and 1000-grain weight decreased with increasing plant density. Ear length, number of 

grains row-1 and 1000-grain weight together contributed 84.96, 95.07 and 82.16 % of the total 

grain yield variation at 47,600, 57,120 and 71,400 plants ha-1, respectively. The grain yield was 

a function of the cultivar effect, plant population and weather conditions reported by Oleksy et 

al. (2001). They investigated that higher plant population led to increased grain yields but 

delayed grain maturation. The number of grains cob-1, 1000-grain weight and the weight of 

grain cob-1 declined when the plant density was increased. Two long-term field experiments 

were carried out by Bavec and Bavec (2002) to investigate the effect of plant populations (PP) 

on the leaf area index (LAI), grain yield and cob characteristics of maize cultivars. In the first 

experiment, an increase of PP from 4.5 to 13.5 plants m-2 did not affect the LAI of four older 

maize cultivars at the 7–9 leaf stage. Increased PP significantly changed the following cob 

characteristics, weight of 1000 kernels, cob length, number of kernel rows, and number of 

kernels row-1. At high PP, the percent of plants decaying after emergence increased up to 27 % 

during the vegetation period. Therefore, it was concluded that the information on suitable PP 

for each maize cultivar was one of the key factors for planning maize production.  

The plant height, grains cob-1 and 1000 grain weight were maximum at 1.5 feet spacing 

followed by 1.0 and 0.5 feet spaced treatments whereas days to 50 % tasseling and silking 

prolonged with increasing plant density, in a study on the effects of plant spacing on the 

growth behavior of maize (Hamayun, 2003). To workout the most appropriate population 

density for maize Mangaser (2003) studied the effects of corn interplanted to cow pea and 

found that corn planted at 25 seeds m-1 intercropped with cow pea significantly registered the 

heaviest yield. A substantial combined return on total expenses (106.40 %) and cost benefit 

ratio (2.06%) was realized in with a LER of 1.15 indicating an economic viability and 

environmental soundness of growing maize with cowpea.  Ahmad and Khan (2002) studied the 

effect of 3 plant densities (6, 8 and 10 plants m-2) of two maize varieties and two hybrids. They 

reported that increase in plant density significantly increased days to maturity, fresh biomass at 

tasseling, plant height, number of grains ear-1, stover yield, ear yield, grain yield, 1000-grain 

weight, harvest index and shelling percentage. They also mentioned that high plant density, up 

to 10 plants m-2, decreased number of ears plant-1, number of rows ear-1, number of grains ear-1 

and 1000-grain weight. Maximum dry matter yield at tasseling (3670 kg ha-1), number of 
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grains ear-1 (313), ear yield (4602 kg ha-1), grain yield (4222 kg ha-1), thousand grain weight 

(249 g), and harvest index (37.1 %) were obtained at density of 8 plants m-2. 

 Harvest index (HI) is one of the indices currently used to evaluate a crop's partitioning 

efficiency. Aziz (2004) determined how the harvest index of maize was affected by changes in 

population density (30, 60, 90 and 120 thousand plants ha-1). The highest harvest index of 

30.74 % was obtained at lowest plant density. The lowest harvest index of 24.22 % was noted 

at highest population density due to less food availability and less space. Nevertheless, to the 

subsistence farmers, higher harvest index may not be a first priority in crop improvement 

because of the need for large quantities of stover.  

 Amanullah et al. (2009) evaluated the effect of plant density and N on phenology, 

morphology and yield of maize. The 2 x 3 x 6 factorial experiment was designed having two 

plant densities and three N levels applied to main plots, while six split application of N in 

different proportions were applied to subplots in two equal, three equal, three unequal, four 

equal, five equal and five unequal splits at sowing and with first, second, third and forth 

irrigation at two week intervals. Results indicated that all the phenological characters were 

significantly (P ≤ 0.05) affected by year, plant density, rate and timing of nitrogen application. 

Year and plant density had no significant effect while rates and split application of N had 

significant effects (P ≤ 0.05) on the leaf number plant-1 and seed number ear-1. Year, plant 

density and N rate had significant effects while N splits had non-significant effects on the 

number of ears 100 plants-1 of maize (P ≤ 0.05). Significantly higher grain yield was observed 

under high densities, high rate and split application of N while its response to year effects was 

statistically non-significant (P ≤ 0.05). Tasseling, silking and physiological maturity were 

delayed and maximum grain yield was obtained from those plots maintained at higher density. 

Delaying in the phenological characteristics while increasing the number of leaves and seeds 

plant-1, and number of ears 100 plant-1 through high rate and split application of N results in 

maximum yield. Phosphorus (P) fertilizer source and plant density are considered some of the 

most important factors affecting crop growth and yield.  

 Amanullah and Arif (2009) conducted a field experiment to determine the impact of P 

source and plant density on growth and yield of maize (cv. Azam) on a P-deficient soil (6.6 mg 

P kg-1). Physiological maturity was delayed, plant height was increased and leaf area was 

decreased significantly when maize was planted at highest (D4) than at lowest plant density 
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(D1). Application of SSP resulted in earlier physiological maturity of maize than other P 

fertilizers. Grain and stover yield, harvest index, shelling percentage, thousand grain weight 

and grains ear-1 were maximized at D3 (80,000 plants ha-1) and with application of P fertilizer. 

Highest benefit in growth and grain yield was obtained with application of DAP to maize 

planted at D3. Application of DAP at D3 gave 15, 29 and 19 % higher grain yield than its 

application at D1, D2 and D4, respectively. In conclusion, the findings suggest that growing 

maize at 80,000 plants ha-1 applied with DAP can maximize productivity of maize in the 

wheat-maize cropping system on P-deficient soils. 

A seeding rate of 50 kg ha-1 gave maximum days to tasseling, germination m-2 and 

biological yield. Plots seeded with 10 kg ha-1 gave maximum plant height, ear height, number 

of grains cob-1 and ear weight. However, a 20 kg ha-1 seed rate gave maximum number of 

leaves plant-1. Maximum grain yield was recorded from plots sown with 40 kg ha-1 (Khan et 

al., 2004). Hashemi et al. (2005) revealed that plants grown at noncompetitive densities 

(isolated plants) could be used to relate competitive pressure on yield and yield components at 

high plant densities. He quantified the sensitivity of grain yield and its components to 

manipulation of crowding stress in corn by planting single-ear corn hybrids at six densities 

(0.25, 3, 4.5, 6, 9, and 12 plants m–2), the lowest density being considered an isolated density. 

He quantified intensity of competition by comparing grain yield and its components of plants in 

these densities with those of isolated plants. Thus he obtained the highest grain yield from 9 

plants m–2 and highest biological yield from 9 and 12 plants m–2. Kernel yield per plant and all 

other yield components decreased linearly as plant density intensified. The reduction in kernel 

yield was attributed most to the reduction in number of kernels per row.   
 

2.3. Mulching in maize 

 2.3.1. Organic and Inorganic Mulches 

Mulching can be an efficient and sustainable weed control method and is mostly used 

in the truly no-tillage system. Mulch by itself, in adequate amounts, prevents the germination 

and growth of annual weeds due to its shading effect. Mulch improves water storage, 

moderates high soil temperatures, protects the soil surface against raindrops impact reducing 

erosion, increases soil infiltration, reduces weeds growth, increases soil organic matter and 

fertility, and improves soil structure. No-tillage experimentation in the tropics revealed that 
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mulching could increase certain beneficial insect, which were not abundant in the conventional 

tillage. By lowering soil temperature in tropical areas, mulch protects the soil against excessive 

water losses through evaporation. Additionally, residues maintain soil moisture close to the 

surface and prevent crusting. This favours normal coleoptile growth. Mulch dissipates kinetic 

energy of raindrops that upon impact with bare soil would otherwise loosen soil particles and 

disperses its aggregates, and finally, would cause soil erosion. Mulch also reduces water run-

off. In addition, mulch keeps the soil surface moist, favours biological activity and makes 

water available to the root system. Mulch in no-tillage is the most efficient and economic 

method for controlling and conserving runoff. Mulch reduces evaporation by insulating the soil 

from radiation and by producing a high relative humidity between the soil surface and the 

mulch cover. As a consequence, the amount of water stored in the soil profile is significantly 

higher. Moreover mulch also protects the seeds from excessive high soil temperature that may 

interfere with germination.   

Organic mulch has the advantage to decompose thus contributing to soil health over 

time. Previous crop stubble and weeds, straw, saw dust, newspaper, hay, compost, nutshells, 

cottonseed hulls, cocoa beans hulls, shredded tree bark and other products are widely used as 

organic mulch. In vegetable garden weeds are suppressed between rows by putting down 

several layers of newspaper, anchored with stones, compost or shredded tree bark. In areas 

having no irrigation, straw mulch could be utilized for conservation of soil moisture. Plastic 

mulches and other inorganic mulches have been used to improve establishment and hasten 

maturity during the short production season. Plastic mulch increases air and soil temperatures.  

Plastic mulch enhances emergence, silking, and maturity. The beneficial effect of 

transparent plastic mulch sheeting was tested using two maturing types of varieties. The plastic 

mulch increased soil temperature about 4.5 °C from the beginning of May to the end of June, 

because the ground had been covered with mulch sheeting. Plastic mulch also increased the 

speed with which leaves appeared, and 18 % fewer units of heat were required for plants from 

planting to silking. At harvest, the maturity of the mulched crop was 1 to 2 weeks more 

advanced than that of the non-mulched control crop. Covering the ground with mulch sheeting 

increased the plant dry matter. The use of mulch sheeting to cover the soil led to a respective 

increase in the yield for the whole plant and for the ear of 4300 and 2900 kg of dry matter ha-1. 

They concluded that the use of mulch sheeting led to an increase in the TDN yield of 2500 to 
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4000 ha-1 (Nakui et al., 1995). Plant height, crop growth rate, leaf area index, nutrient uptake, 

grain yield and dry matter production increased with the application of N and mulch with out 

irrigation. But N and mulch lowered leaf area ratio and barrenness of maize ears and induced 

early silking in maize. Mulch improved total dry matter accumulation, plant height, leaf 

development, and grain yield and nitrogen uptake. Mulch conserved soil moisture and lowered 

soil temperature. The residual mulching effect resulted in a two-fold increase in yield of 

subsequent crop (Rifin, 1988). 

Application of vegetative mulch had no significant effect on maintaining the soil 

structure (measured by porosity and bulk density) obtained from tillage on a heavy clay soil. 

Mulching had positive effects on soil moisture conservation and lowering of supra-optimal soil 

temperatures. Soil moisture conservation was beneficial when rainfall was low; but detrimental 

to crop growth when rainfall was high. A build-up of N and organic C in the 0-5 cm soil depth 

occurred with mulching. Maize seed yield increased by 70-92 % over the unmulched treatment. 

Mulching however cannot be recommended in the long rainfall period (Simpson and Gumbs, 

1986). Abrecht and Bristow (1990) investigated that mulching increased shoot growth rate 

before and after emergence. Surface mulch also increased the length of the first internode, 

thereby positioning the apical meristem of the plant at a shallower depth in mulched soil. 

Brunotte et al. (1996) investigated that with mulch seed methods it is possible to reduce soil 

erosion on endangered sites.  

 The effects of an oat (Avena sativa L.) straw mulch and an inert poplar excelsior 

(Populus) mulch applied at second leaf tip emergence and at the time of full extension of the 

fourth leaf, on seed-zone temperature, time, and thermal time between specific vegetative 

stages, were investigated on a loam under irrigated conditions by Fortin and Pierce (1991). 

Developmental delays occurred as average soil temperatures, under the mulches, were 2.2 

degrees C lower than the bare soil control. When mulches were applied at second leaf tip 

emergence, soil temperature-based thermal time was significantly higher for the oat mulch than 

for the popular mulch or the bare soil, until the full extension of the fourth leaf. The differences 

in thermal time due to the two mulches during the early vegetative stages of corn, suggested 

that in addition to soil temperature, allelopathy from oat straw may be a source of 

developmental delay and that its occurrence was weather-dependent (Fortin and Pierce, 1991). 

Mulching with wheat chaff at 10 ton ha-1, farmers’ practice of weeding and earthing up and 
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two hoeing as the 1st and the 2nd weeding without removing weeds showed N balance in the 

system. Organic matter percentage was reduced from 0.06 to 0.31 due to maize-rape seed 

pattern (Paudel, 1997). Wihardjaka et al. (2000) conducted field experiment to study the effect 

of K application and organic mulching on maize productivity. Maize yield and growth was 

relatively lower in the first year than the second year and was related to the amount of rainfall 

during the growing season, which was higher in second year than first year. Maize crop was 

very responsive to K application and mulching. Organic mulch maintained soil moisture and 

provided nutrients for maize crop.  

Awal and Khan (2000) studied mulching effects of sawdust, ash, rice straw, and water 

hyacinth on growth, dry matter partitioning, earliness, yield attributes and yield of maize. 

Water hyacinth and rice straw mulches hastened the tasseling, silking and maturity time by 6, 8 

and 8 days respectively and produced double the amount of biological and economic yield as 

compared to the control and sawdust, the ash mulch behaved intermediately. Significantly 

higher harvest index was also observed under water hyacinth and rice straw mulches. 

Moreover Rahman and Khan (2002) studied microclimatic variation, seedling emergence and 

grain yield of maize under the influences of different mulches such as ash, rice husk, rice straw 

and water hyacinth. Water hyacinth and rice straw mulches reduced the maximum soil 

temperature at 5 cm depth by 4-9 °C and raised the minimum temperature by 1.7-2.5 °C 

compared to control. These two mulches also conserved more soil water during the entire 

growing period compared to other treatments. The investigation also revealed that water 

hyacinth and rice straw mulches had higher seedling emergence percent (90.6 and 88.2 

percent) and grain yield (6670 and 5540 kg ha-1) compared to the control (75 % and 2960 kg 

ha-1), respectively. 

Wheat straw mulch significantly decreased the maize fresh weight, increased leaf area 

index and water use efficiency. While soil texture significantly affected the leaf area index 

mostly in clayey soil. More growth of maize fodder was measured in clayey soil than in loamy 

soil. Interactions between mulch and soil texture was found statistically significant as increase 

in parameters like leaf area index, water use efficiency and decreased in biomass were 

observed (Iqbal and Anwar-ul-Hassan, 2003). On the other hand Yang et al. (2003) 

investigated the effect of various organic mulches on soil dehydrogenase activity and microbial 

community structures in the top 1 cm and 5 cm below the soil surface I year after application 
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of the mulches. Their results indicated that the long-term effect of organic mulches on the soil 

microbial activity and community structure is highly dependent upon the type of mulch and is 

mostly exerted in the top few centimeters of the soil profile. Similarly, the results of Cong-Tu 

et al. (2006) also showed that microbial biomass and microbial activity were generally higher 

in organically than conventionally managed soils with cotton gin trash being most effective. 

The cotton gin trash additions increased soil microbial biomass C and activity by 103–151 % 

and 88–170 % over a period of two years, respectively, leading to a 182–285 % increase in 

potentially mineralizable N, compared to the synthetic fertilizer control. Straw mulching 

further enhanced microbial biomass, activity, and potential N availability by 42, 64, and 30 %, 

respectively, relative to non-mulched soils, likely via improving C and water availability for 

soil microbes.  

Maurya and Lal (1981) compared the effect of translucent and transparent polythene 

sheet mulches with that of rice straw mulch, and with unmulched and ridged soil surfaces. The 

amplitude of diurnal fluctuation in soil temperature at 5 cm depth was 7, 10, 12, 12, and 15°C 

for straw mulch, bare soil surface, ridged soil, translucent polythene, and transparent polythene 

mulch, respectively. Root density was generally high under straw mulch and low under 

unmulched flat and ridged treatments. The maximum shoot elongation rate was 5.5 cm day-1 

with the straw mulch and 3.0 cm day-1 with the unmulched ridged treatment. In general, 

translucent polythene and straw mulch materials yielded more than unmulched ridges and 

transparent polythene treatments. Soil temperature, as affected by different mulch and seedbed 

preparation treatments, has a significant effect on root growth, plant vigour, and grain yield. 

 Balaki and Rivera (1992) investigated the efficiency of black plastic mulch in 

controlling weeds in comparison to the traditional practice of using hand weeding plus cogon 

mulch. Results showed that black plastic mulch had effectively controlled weeds resulting in 

the reduction of weeding cost by about P 3000 in comparison to the traditional practice of 

spending some P 93666 ha-1. As a result, net profit derived from the use of black mulch 

amounted to P 234311 ha-1 as compared to the traditional practice of generating only P 82167.  

Yonghe (1994) revealed that under different cropping systems, plastic mulch 

significantly raised the soil temperature keeping soil water content stable and enhancing 

microbial activity. As a result, crops grew faster with higher yields. Plastic mulch significantly 

improved corn yield, especially in the area with high elevation. It also improved the yield and 
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quality of tobacco, vegetables and rice. Weeds and some insects were effectively controlled by 

mulch. Soil salt accumulation, soil erosion, labor force input, irrigation water were all reduced. 

Plastic mulch increased the effective areas for crop production and subsequently the total 

production that helped improved farmers' farm income. Plastic mulch also caused such 

environmental problems as the drop of soil fertility and plastic residues in the soil. Increasing 

manure and chemical fertilizers had compensated the drop of soil fertility.  

Yield of maize is limited by low temperature. A small increase in temperature due to 

plastic mulch resulted in a proportionately larger increase in total DM yield. Plastic mulch 

advanced plant emergence by 9-10 days, 50 % silking by 10-15 days and 50 % kernel milk line 

by 9-15 days as compared to not covered treatment. Relative to not covered plots the plastic 

mulch improved the corn heat units (CHU) by 9 % and total dry matter yield by 14 %. Plastic 

mulches have the potential to accelerate maturity thereby insuring silage corn crops achieve 

acceptable DM yields in cool climate regions (Kwabiah, 2003). Li-Yan et al. (2003) used 

plastic mulch to reduce soil water evaporation. Their research indicated that plastic mulch had 

a preventive effect on evaporation. Compared with bare soil the evaporation percentage 

reduced up to 69.26 %. Kwabiah (2004) studied effects of cultivar, plastic mulch and planting 

date on plant growth, yield and quality traits of sweet corn. Two plastic mulch systems (plastic 

mulch, and no mulch), four sweet corn cultivars and three planting dates were used. Maximum 

air and soil temperatures during the first 4 weeks were up to 20 °C higher under plastic mulch 

than on no mulch plots. The influence of plastic cover on plant growth was higher at the early 

planted plots than the late planted.  

Mulches decrease light transmission and prevent development of most weed species. 

Plastics chemistry has developed films varying in their ability to reflect, absorb, and transmit 

light. Ngouajio and Ernest (2004) conducted field experiments to measure light transmitted 

through colored mulches, to evaluate weed populations under each mulch type, and to 

determine if light transmission could be used as an indicator for weed populations in the field. 

The polyethylene mulches were black, gray, infrared transmitting brown, infrared transmitting 

green, white, and white/black. On average, 1, 2, 17, 26, 42, and 45 % light was transmitted 

through the black, white/black, gray, infrared transmitting brown, infrared transmitting green 

and white mulches, respectively. The white mulch had the highest weed density with an 

average of 40 and 156 plants m-2 in year 1 and year 2, respectively. This was followed by the 
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gray mulch, with 10.4 and 44.1 weed seedlings m-2. Weed density was more than 25 plants m-2 

with the other mulches in both years.   

Stupnicka et al. (2006) sought methods of limiting weed infestation in organic farms 

where herbicide application is not permitted. Using allelopathic influence of biomass from 

several allelochemical donor plants an effect of maize weed infestation was compared with the 

effect of herbicide application. The donor plants sown together with maize, proved more a 

convenient, than sowing early in spring. Average better weed control was achieved by using 

biomass of oats, spring barley and rye but worse when buckwheat biomass was utilized, 

whereas application of white mustard produced an average effect. 
 

2.3.2 Living mulches, cover crops and intercropping in maize 

Living mulches and cover crops are plants intercropped with a cash crop that can 

decrease erosion, suppress weeds, reduce insect pests, and in the case of legumes, supply N. 

Legume interseeding in established corn stands may cause yield losses due to moisture stress, 

N deficiency and less corn populations due to wider row spacing. In the living mulch systems 

corn yields are equal to or greater than those in conventional corn production, but these systems 

are adapted to areas where seasonal precipitation is higher. Similar results may not be achieved 

in the low rainfall areas due to competition for water, light and nutrients. An adequate number 

of previous research references are listed below to prove the usefulness and efficiency of living 

mulch, cover crops and intercropping in maize for controlling weeds, decreasing soil erosion, 

reduce insect pests, and in the case of legumes, to supply Nitrogen.  

Akobundu and Okigbo (1984) assessed several ground covers to determine their effects 

on weed competition and maize  yield. Maize  was planted directly into established covers 

of Axonopus compressus (Sw.) P. Beauv., Desmodium triflorum (L.) DC. and Indigofera 

spicata Jacq. Weed infestation was heaviest in Axonopus compressus, Desmodium triflorum, 

Indigofera spicata and no-tillage; moderate in the Arachis repens L. and maize  stover; and 

very low in Centrosema pubescens Benth. and Psophocarpus palustris Desv. Maize  yield 

was highest in the maize  stover and poorest in the Indigofera spicata. Good maize  yield 

was obtained in the live mulch in which weed competition was minimized by the legume 

cover. This technique eliminated or significantly reduced weeding and saved 40 % of farmer's 

time. Similarly, Zink and Hurle (1990) screened different types of cover crops for their ability 
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to suppress weeds in maize. Fast growing cover crops like mustard, sown in between the maize 

rows, gave good weed control. Weed suppression was strongest at a point where the cover 

crops competed already with maize. Chemical elimination of the cover crops was difficult 

because of their decreasing sensitivity to herbicides in this stage of development. Besides small 

weeds growing underneath the cover were not affected by the herbicide and could develop 

afterwards. The use of a growth regulator to keep cover crops on a threshold level increased 

weed suppression due to intensified shading and maintaining competition. Rye, established in 

autumn and treated with glyphosate immediately before maize seedling, gave complete weed 

control, due to allelopathic effects, and caused only small yield losses. This system not only 

gave the possibility to improve weed control and reduce contamination of soil and ground 

water with persistent soil herbicides but also helped reduce soil erosion and leaching of 

nutrients during winter. 

Autumn-sown cover crops (mustard, rye) reduced abundance and biomass of the weed 

community by 41 62 % and 94 %, respectively. The cover crops had no influence on the 

species composition, out of 37 weed species 8 were found to be highly consistent, and on the 

weed seed bank of the top 25 cm of the soil. Also after maize planting the structure of weed 

community did not change (23 weed species, 8 highly consistent ones) due to different 

methods of seedbed preparation with or without application of glyphosate and mulching 

material. Concerning the abundance and biomass of weeds, the rotary tiller treatment of 

mustard mulch without glyphosate and the conventional tillage were mostly heavily, the zero-

tillage with glyphosate least weed-infested. Weed control during maize growth changed 

structure, abundance and biomass of the weed community. At the 5-leaf stage of maize weed 

competition already decreased the biomass of the crop. The low crop density was an additional 

risk of zero tillage (Unger and Ackermann, 1992). Living mulches are vegetative covers that 

can be grown in association with row crops to reduce soil erosion, improve trafficability, and 

suppress weeds. Interference by the living mulch can reduce yields of an associated crop. The 

interference between a white clover (Trifolium repens L.) living mulch and sweet maize was 

studied using an established clover sward that was mowed and then sprayed with 1 to 1.5 kg 

a.i. ha-1 of atrazine. Maize was planted at different densities and planting arrangements into a 

narrow band tilled in the clover. Interference by clover reduced corn yields by 12 to 39 %. 

However, when corn row width was reduced from 0.76 to 0.38 m, competition among corn 
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plants declined, they became more vigorous and clover-suppressive, reached even higher yields 

than conventional (no mulch) 0.76-m-row corn. Similarly, a range of sweet corn densities, 

planted on a clover mulch killed by atrazine, yielded more in equidistant planting than in wide 

(0.76 m) rows. A near equidistant corn planting arrangement can, therefore, be a low-input 

alternative to achieve season-long clover suppression, and thus minimize its competition with 

the intercropped corn (Fischer and Larry, 1992). 

Garibay et al. (1997) stated that in sloping areas with high precipitation, planting maize 

into live winter cover crop sods may help to alleviate the environmental problems associated 

with clean-tillage production systems of maize. They evaluated the performance of maize 

under conventional cropping system (maize was sown into the bare, autumn-ploughed soil), 

planted into a living Italian ryegrass (Lolium multiflorum Lam.) sod, which was subsequently 

herbicidally killed and planted Italian ryegrass (the ryegrass was mechanically regulated). 

Changes in the botanical composition of the cover crop sod and in the time and method of 

cover crop control helped reduce the competition for nitrogen between maize and the living 

mulch. Adbin et al. (1998) conducted field experiments to determine the effects of interseeding 

12 cover crops on corn yield and yield components. Fall rye (Secale cereale L.), hairy vetch 

(Vicia villosa Roth), a mixture of red clover (Trifolium pratense L.) and ryegrass (Lolium 

multiflorum Lam.), a mixture of white clover (T. repens L.) and ryegrass, subterranean clover 

(T. subterraneum L.), yellow sweetclover (Melilotus officinalis Lam.), black medic (Medicago 

lupulina L.), Persian clover (T. resupinatumi L.), strawberry clover (T. fragiferum L.), crimson 

clover (T. incarnatum L.), alfalfa (Medicago sativa L.), and berseem clover (T. alexandrinum 

L.) were seeded 10 and 20 days after corn emergence. Seeding the cover crops either 10 or 20 

days after corn planting did not affect corn grain yield. Maize plants were stressed when 

interseeded with crimson clover (P≤ 0.05). Crimson clover was found to be too competitive 

with corn at the seeding rates used in the experiment. Maize yield was less affected by the 

interseeded cover crops under conditions of adequate rainfall.  

Studying intercropping in maize Shahjahan et al. (1989) intercropped maize with 

mustard, lentil, Khesari and chickpea to supply food for human and feed for livestock 

including fuel in the flood affected area at the same time to evaluate the better crop 

combination, intercropping maize with pulses and oilseed crops at zero tillage condition and to 

popularize this new crop among the farmers. Maize was intercropped successfully with 
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mustard but other three crop combination could not be established due to bird damage and 

excessive soil moisture immediately after seeding. Maize yield from maize + khesari 

combination was second best as compared to sole maize. Lowest maize yield was recorded 

from maize + mustard combination. Highest benefit cost ratio (4.17) was found from sole 

maize. In contrary, Shrestha (1984) investigated that legumes were superior to cereals in their 

weed suppressing ability when intercropped with maize. He noted that cowpea had more weed 

smothering capacity than mungbean both as a sole crop and in combination with maize. 

Whereas, Monneveux et al. (2006) recommended that intercropping maize with jackbean and 

conservation of its residues in addition to maize residues to increase soil nitrogen 

concentration. 

Plant height, ear length, number of cobs plant-1, grain weight cob-1, 1000 grain weight, 

grain yield, biological yield and harvest index of maize were affected significantly by the 

intercropping patterns. The yield of component crops tended to decrease but the total yield of 

intercropping patterns was higher than sole cropping of component crops. The highest gross 

income, Rs. 24967.0, net income Rs. 19957.2 and benefit cost ratio 4.98 were obtained in 

maize and mungbean sown in alternate rows (Malik et al., 1998). Similarly, Khan et al. (1999) 

studied the economic return under maize, soybean (Glycine max L.) and sunflower (Helianthus 

annuus L.) sown alone and in four possible intercropping systems. The results indicated that 

intercropping substantially affected grain yield. Intercropping of sunflower significantly 

affected grain yields of maize and soybean. The relative yield total of different species in 

intercropping was greater than their yields in monocultures. The highest gross income of Rs. 

23197 ha-1 were obtained from maize + soybean intercropping system. Which suggests 48 % 

increase in production during one season of intercropping.  

Fischler et al. (1999) used Crotalaria as a green manure to improve the productivity of 

maize–bean cropping systems. Crotalaria biomass was produced in pure stands or in intercrop 

systems with either common beans (Phaseolus vulgaris L.) or maize as companion crops. The 

biomass of early-planted crotalaria was mulched, that of late planted crotalaria was 

incorporated into the soil at planting of the following crop. The first subsequent crop was 

maize. Major differences in soil mineral nitrogen content among the treatments occurred at the 

six-leaf stage of maize only. The decrease in bulk density and the increase in water infiltration 

capacity of the soil suggested that the yield stimulation because of crotalaria not only resulted 
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from the increased nitrogen supply, but also from more favorable soil physical properties. 

Considering the positive effect of crotalaria on yield of subsequent crop, two options are 

especially promising:  incorporation of crotalaria produced by relay intercropping with beans 

and mulching of early sown crotalaria produced in pure stands.  

Ennin et al. (1999) evaluated maize/cassava and maize/cowpea intercrops over a 5-year 

period to determine the optimum combination of component crop varieties and component 

plant population densities to optimize productivity of maize-based intercropping systems. 

Results indicated that some cowpea varieties, which perform well under sole cropping, tend to 

climb under intercropping and may not be adapted for intercropping. Full-season maize 

intercropped with short-duration cassava (LER=1.5), and medium-maturing cowpea 

intercropped with early-maturing or full-season maize (LER=1.4-1.53) resulted in high 

productivity of the intercrops. The optimum plant population density of the intercropped maize 

(50,000 to 58,000 plants ha-1) was similar to the recommended optimum sole crop maize plant 

population density. It was recommended that intercropped cassava population density should 

not exceed 15,000 plants ha-1 to obtain marketable sizes of cassava roots. Planting double rows 

of cowpea between two rows of maize was a better alternative (LER=1.60- 1.62) to sole 

cropping. Working on the row ratios in intercropping Pandita et al. (2000) studied the effect of 

various row ratios on productivity and competition in maize-field bean (Phaseolus vulgaris L.) 

intercropping. The intercropping of maize with field bean in a row ratio of 1:2 recorded 

maximum land-equivalent ratio (1.61) and also proved profitable with highest benefit: cost 

ratio (1.87). 

Yield components and grain yield of maize and cowpea were lower under intercropping 

than in monoculture systems. Intercropped cowpea yields were decreased by 29 and 26 %, 

respectively, under the short and tall maize varieties, while the yields of intercropped maize 

were reduced by 11 and 33 % for the short and tall varieties, respectively. The results of this 

study indicated that although intercropping may result in decrease in the yield of one or both of 

the component crops in a maize-cowpea mixture, the productivity of a unit land area is higher 

with intercropping than with monoculture (Abayomi, 2000). Weed competition can cause 

substantial maize yield reductions. Interseeding maize with cover crops or interseeding cover 

crops with maize are possible alternative methods of weed control. Abdin et al. (2000) 

determined the effects of 12 cover crops on weed control in maize. Fall rye (Secale cereal L.), 
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hairy vetch (Vicia villosa Roth), a mixture of red clover (Trifolium pratense L.) and ryegrass 

(Lolium multiflorum Lam), a mixture of white clover (Trifolium repens L.) and ryegrass, 

subterranean clover (Trifolium subterraneum L.), yellow sweet clover (Meliotus officinalis 

Lam), black medic (Medicago lupulina L.), Persian clover (Trifolium resupinatum L.), 

strawberry clover (Trifolium fragiferum L.), crimson clover (Trifolium incarnatum L.), alfalfa, 

and clover (Trifolium alexandrinum L.) were seeded at two planting dates, 10 and 20 days after 

maize emergence. Interrow cultivation was carried out weekly until forage seeding, with a final 

cultivation being conducted just prior to cover crop seeding. Cover crop planting date did not 

affect maize yields or the ability of interrow tillage plus cover crops to suppress the 

development of weed populations. Maize yield was less affected by the cover crops planted in 

it under conditions of adequate rainfall. Maize planted in fields heavily infested with weeds 

resulted in substantial yield reductions even when rainfall was adequate. The ability of 

interrow tillage plus cover crops to suppress the development of weeds was affected by the 

level of weed infestation, the growing conditions and location. The cover crops provide 

additional weed control but the interrrow tillage or some herbicide application was also 

necessary.  

Zemenchik et al. (2000) suggested that cropping systems that could improve soil 

conservations is needed for mixed grain and forage enterprises. They suggested that established 

clover (Trifolium ambiguum M.) stands could serve as a living mulch for no-till maize 

production, followed by a return to clover without replanting. Kura clover was managed as 

living mulch in corn with little or no corn whole-plant or grain yield reduction and clover was 

recovered to full production within 12 months without replanting. Studying the effect of 

intercropping of groundnut with maize in saline area under tainted condition Uddin et al. 

(2003) reported the highest groundnut seed yield and maize grain yield obtained from their 

respective sole crop. Grain yield of maize reduced from 26.67 to 54.28 % depending on 

treatment. The highest marginal rate of return (779.15 %) was obtained from the treatment of 

groundnut (30 x 15 cm2) + maize (200 x 25 cm2). Hussain et al. (2003) obtained maximum 

seedlings emergence (40.20 m-2) at 120 kg N ha-1 in maize alone. Maximum days (61.7) to 

silking were taken by maize intercropped with janter. Maximum days to silking (68) were 

taken by maize + janter intercrop at 0 kg N ha-1. Maximum plant height (165.50 cm) was 

observed in maize alone at 120 kg N ha-1. Maximum cob length (12.55 cm) was noticed in 
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maize and mungbean intercrop under 40 kg N ha-1. Maximum biological yield (28429 kg ha-1) 

was obtained from maize alone by 40 kg N ha-1. Maximum grains cob-1 (309) was obtained 

from maize and pigeon pea intercropping at 120 kg N ha-1. For maximum yield potential maize 

alone and maize + mungbean intercropping was at par statistically at 80 and 40 kg N ha-1 by 

giving 3463 and 3444 kg ha-1 yield respectively. Overall legume intercrop was superior by 

decreasing less yield of maize crop in addition to legume seed yield and N cost minimization. 

Maize (70000 plants ha-1) plus cowpea and maize (70000 plants ha-1) plus blackgram 

intercropping systems recorded less runoff (14.9 % and 15.8 %, respectively) and soil loss 

(29.7 and 30.9 %, respectively) over maize (55000 plants ha-1) and more maize grain 

equivalent yield (30.3 and 29.6 %, respectively) and net return (42.5 and 41.2 %, respectively) 

over sole maize having 55,000 ha-1 (Tyagi et al., 2003). Based on the result of the study, 

Mangaser (2003) reported that different mungbean varieties interseeded with sweet corn 

emerged, flowered and matured uniformly with acceptable yield seeds size, color and quality. 

Moreover, encouraging return on total expenses of 70.92 to 107.29 % or benefit cost ratio of 

1.70 to 2.07 was realized. Hartwig and Ammon (2003) stated that cover crops and living 

mulches bring many benefits to crop production. Whereas, Liedgens et al. (2004) argued that 

the use of living mulches solved some of the environmental problems associated with the 

conventional cropping of maize but plant growth and yield were often reduced in such a 

cropping system. Furthermore Duiker and Hartwig (2004) suggested that living mulches of 

legumes are permanent cover crops that can fix atmospheric N and improve soil quality. 

Bàrberi (2006) also argued that weeds could be suppressed in the field by cover crop residues, 

extracts of which have been demonstrated to exert chemical inhibition of crop and weed 

germination and early growth in bioassays.  

 

2.3.3 Mulches in other crops 

Before the utilization of mulches in maize, they were initially used in fruits and 

vegetables production systems, ornamentals and landscaping (Anonymous, 2009b). Later on 

with the introduction of no-till technology the concept of mulching was extended to the field 

crops too. Using live mulch and no tillage with cropping systems on such soil after the soil 

conditions have been improved can be recommended to the farmers who need to develop the 

land for sustainable agriculture (Tharathabhand et al., 1992). Mulching is a very efficient and 
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economical weed control method in such a system. It control weeds and improves water 

storage, moderates soil temperatures, reduces erosion, increases soil infiltration, increases soil 

organic matter and fertility and improves soil structure.   

Strawberry gave a higher early yield when grown under polyethylene tunnels than with 

clear polyethylene mulch. With adequate weed control the latter method gave the highest total 

yield, and the highest percentage of marketable berries. Covering the mulch with black 

polyethylene one month before planting gave a lower yield than the metham-Na or dazomet 

treatments, but a greater yield than that obtained under polyethylene tunnels (Nestby, 1985). 

Strawberries yield was higher in living mulch plots than in control plots and fruit from control 

plots were small and dark relative to those from the ryegrass plots. Living mulch prevented 

annual weed establishment after the first and improved winter survival of flower buds. A 

tillering type of ryegrass was the best living mulch of the three species tested. It quickly 

covered the ground but did not spread into the crop rows, and grew tall enough to afford wind 

protection (Newenhouse and Dana, 1989). Harper and Walker (1987) tested three sweet potato 

varieties, LO-323, Beerwah and Red Abundance for spring and summer harvests. Polyethylene 

mulch significantly increased total yield. There were significant differences between varieties 

for total and saleable yields and percentage saleable. Working on cotton Cruz et al. (1988) 

evaluated the effects of minimum and conventional tillage with and without mulch on the 

water consumptive use (ET), growth, yield and net return of cotton. The seasonal ET of cotton 

was greatly affected by tillage practices in both locations. Generally, mulched plants, whether 

grown under minimum or conventional tillage, had significantly lower ET than those without 

mulch. They also had higher yields and better agronomic characters. Minimum tillage plus 

mulch netted highest in both locations. 

The influence of polyethylene mulch surface color on the plant light environment and 

tomato (Lycopersicon esculentum Mill) production was investigated Decoteau et al. (1989). 

White or silver painted mulches reflected more total light, and a lower ratio of far-red relative 

to red light, than mulches painted black or red. Soil temperatures were warmer under the black 

and red mulches. Mulch color also affected the yield and growth of tomato. Tomato plants 

grown with red mulch generally had the greatest early marketable yields and produced the least 

amount of foliage. Plants grown with a white or silver-colored mulch had lower early 

marketable yields but produced more foliage. These results suggested that mulch surface color 
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could induce changes in the plant microclimate (e.g., spectral balance and quantity of light, 

root zone temperatures) that can act through natural regulatory systems within the growing 

plant and affect tomato plant growth and fruit production 

A relatively early degrading formulation (221B) and late degrading formulation (2B) of 

photodegradable mulch were as effective as nondegradable black polyethylene in enhancing 

early yields, but only the late degrading mulch was as effective as nondegradable polyethylene 

mulch in enhancing total season-long fruit production of watermelons. The late degrading 

formulation of photodegradable mulch was successfully used at a commercial melon growing 

site (Decoteau and Rhodes, 1990). Omoy et al. (1992) used seven kinds of mulch materials i.e. 

rice straw mulch, grass mulch, black plastic mulch, silver plastic mulch, sack plastic mulch, 

newspaper mulch and control (without mulch) for the control of aphids and mites population in 

bell pepper. The result of the experiment indicated that sack plastic mulch was the best 

material to reduced mite and aphid population and also increased yields. Whereas the results of 

Bote and Diputado (1998) showed that the use of plastic mulch increased plant height, number 

of lateral branches, fruit size and herbage yield, and more than doubled the number and yield 

of marketable fruits of all the cultivars of sweet pepper. The favorable effects of the mulch 

were due to soil moisture conservation during dry periods, prevention of water logging during 

heavy rains as well as effective control of weeds.  

Competition from soybean and sunflower reduced sicklepod biomass by 19 and 77 %, 

respectively. Rye mulch reduced sicklepod height. Rye root residue reduced sicklepod biomass 

by 49 %, while whole plant rye mulch reduced weed growth an additional 12 %. Crop 

competition reduced sicklepod shoot biomass to a greater extent when rye residue was present. 

Crop seed yield was 32 % lower in tilled plots compared with no-tillage due to weed 

competition in the tilled plots. In the presence of rye root residue, soybean yield showed a two-

fold increase over no mulch or whole plant rye mulch. Sunflower yield increased by 30 % in 

the presence of rye residue compared with no mulch (Brecke and Shilling, 1996). 

Weed suppression and marketable broccoli yield with no-tillage (NT) were equal to or 

higher than with conventional tillage (CT). Overseeded legume living mulches did not affect 

broccoli yield compared to the control plots and suppressed weeds. Thus, the NT systems 

suppressed weeds and produce high broccoli yields. Also, overseeded legume living mulches 

established effectively after transplanting to suppress weeds without reducing broccoli yield 
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(Infante and Morse, 1996). Araki and Ito (1999) formed organic mulch by mowing wheat straw 

and hairy vetch in a no-tillage field. Soil temperature under the organic mulch was constant, 

and the organic mulch decreased soil temperature in summer and early autumn and increased it 

in middle and late autumn compared with a bare and tilled field. Nitrogen concentration in 

lettuce produced in the hairy vetch mulch field was a little higher than that of lettuce in the 

bare and tilled field. Weed growth was suppressed effectively in the field covered with hairy 

vetch, and weed control was 53 % in the wheat straw mulch field compared with that in the 

bare and tilled field. The yield of leaf lettuce (butter head), tomato and pod soybean in the 

hairy vetch mulch field was higher than in the wheat straw mulch field or the bare and tilled 

field. 

Tillage practices and mulching showed significant influence on the growth, yield and 

yield components of ginger. The highest yield (18750 kg ha-1) was recorded from zero tillage, 

which was significantly different from other tillage practices. Significantly higher yield (17870 

kg ha-1) was obtained from the mulched plants than that of unmulched plants (11850 kg ha-1). 

In case of, combined effect, the most satisfactory yield (22360 kg ha-1) was found in the zero 

tillage with mulch while the lowest yield (9410 kg ha-1) was in conventional tillage with no 

mulch (Zaman et al., 2002). The effect of meadow fescue, common vetch, and white clover, 

used as living mulches, on white cabbage yielding, soil aggregates water resistance, and weed 

infestation was studied by Jedrszczyk et al. (2005). After the living mulches were broad-

seeded, transplants of white cabbage Lennox F1 were planted into mulch, with spacing of 70 x 

50 cm. All the used mulches decreased the total and marketable yield of cabbage in 

comparison with the control. The beneficial effect of living mulches on aggregates water 

resistance was found. The pronounced effect of living mulches on the reduction of weed 

infestation was also found.  

In another experiment Jedrszczyk and Poniedzialek (2007) used five living mulch 

treatments: white clover, mulch of white clover (desiccated), lucerne, mixture rye and clover, 

and rye alone compared to two controls: the weeded and the twice-weeded. The living mulches 

decreased the height of sweet corn plants. The effect of using mulches of rye and rye mixed 

with clover was highest, whereas that of clover lowest. Mulching affected ear weight, length 

and diameter, kernel row number and ear peels badly. All mulches decreased marketable yield 

by 21, 26, 32, 56 and 64 % respectively as compared to the control plots. 
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Yellow nutsedge shoot production was reduced 46 and 72 % by black and clear mulch, 

respectively. The number of nutsedge shoots that pierced and emerged through black and clear 

mulches was reduced 96 % relative to emerged shoots in the unmulched control. Nutsedge in 

the unmulched produced 366 tubers per initial tuber, whereas tuber production was reduced 49 

to 51 % in black and clear mulch. Growth of purple nutsedge shoots and tubers in black 

polyethylene mulch was similar to the unmulched. Clear polyethylene reduced purple nutsedge 

tuber biomass relative to unmulched, but clear mulch was similar to black mulch in nearly all 

measured variables. Without mulch, yellow nutsedge produced more shoots, shoot biomass, 

tubers, tuber biomass, and root biomass than purple nutsedge. However, growth of yellow 

nutsedge was hindered by polyethylene mulch, whereas differences in purple nutsedge growth 

among mulches could not be detected. The relative insensitivity of purple nutsedge and 

sensitivity of yellow nutsedge growth to the physical mulch barrier could lead to a shift in 

nutsedge species composition in mulched vegetable production (Webster, 2005).  

 

2.4. Hand weeding  

Since the beginning of agriculture the humans have had to deal with weed problems. 

Early agriculturalists pulled weeds manually. That early weed control strategy is still in use due 

to its simplicity, economy, and environmental soundness besides the enormous development of 

weeds management like the use of herbicides, no- tillage technology, the use of mulches etc. 

The only drawback of this method is it requires plenty of labor, not applicable in very large 

farm size and/or in unfavorable weather conditions. The requirement of hand labor to produce 

one hectare of maize (from planting to harvesting) could practically be up to120 person-

working days and most of the labor is required for tillage and weeding operations (Steiner, 

2002).  Manual operations using cutlasses and hand hoes are necessary for early and effective 

weed control.  Weeds must be slashed in such a way that they do not reach post flowering stage 

to set seeds or to multiply the roots system.  The most common weed control program used has 

been hand weeding during the first 45 days, when required. A lot of previous research work is 

listed below to support our view of hand weeding as a tool to control weeds in maize.  

The development of cost-effective weed management for maize timely interrow 

cultivation plus the removal of weeds within the row by hand or hoe weeding was highly 

profitable. Herbicides are unlikely to be used for weed control because of their cost. There is a 
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need to develop economically feasible integrated weed management systems that meet the 

needs of the farmers (Moody et al., 1988). Interrow cultivation (IRC) plus hand or hoe 

weeding significantly reduced weed weight and resulted in higher yields and higher marginal 

benefit-cost ratio (MBCR). Removal of weeds in maize rows was essential for good weed 

control and higher grain yields. The use of a double moldboard plow for IRC plus hand or hoe 

weeding is likely to gain acceptance among farmers because it saves time, provides adequate 

weed control, and results in high grain yields. The use of pendimethalin alone or combined 

with hand weeding, hoe weeding, or IRC provided good weed control and saved labor (Elliot 

and Moody, 1990). Parish (1990) stated that weeding has traditionally been a labour intensive 

operation in crop production. The use of herbicides was rapidly accepted by many farmers and 

became an accepted part of crop husbandry, although a few farmers always questioned the 

widespread use of chemicals in farming, and the concept of organic farming necessitated a 

non-chemical approach to weed control. The recent upsurge in environmental awareness of the 

public, interest in organic food production and some problems with herbicide use, has led to a 

range of techniques and machines being developed for non-chemical weed control. Thermal 

and mechanical techniques are reviewed for cereal and row crop production.  

Results of Gedeno and Dadi (1993) showed that the average labor requirement for 

recommended hand weeding was less than for the farmers' practice (425 vs. 554 hrs ha-1). 

There was no significant difference in grain yield between recommended hand weeding (2700 

kg ha-1) and the farmers' practice (2400 kg ha-1). However, the second weeding under the 

recommended practice coincided with add time when labor was in high demand for other farm 

operations. During that period the labor requirement for the recommended hand weeding was 

226 hrs ha-1 but only 15 ox hrs plus 127 labor hrs ha-1 for farmers' practice. This was why the 

farmers preferred their current practice rather than the recommended one. The results 

suggested that the second weeding under the recommended weeding practice should be 

replaced by interrow cultivation with oxen, to make the recommendation more appropriate for 

farmers. 

Weed infestations and hoe weeding labour requirements for monocrop maize were 

measured by Vogel (1994) in the sub-humid and semi-arid agro-ecological zones. The results 

showed that weed pressure and hence labour requirements for hoe weeding were very high. 

Generally, three weeding runs were required in the sub-humid zone and two under semi-arid 
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conditions. The timing of weeding was revealed to be of prime importance. If the first weeding 

was delayed, then weed infestation was higher. This was due mainly to the rapid proliferation 

of annual weeds. In contrast, the reduced tillage techniques quickly developed a severe 

perennial-weed problem. Muza et al. (1997) studied maize responses to crop establishment and 

weeding methods. Crop establishment was by hand planting (HP), open plough furrow planting 

(OPFP) with an ox-drawn plough, ripping a planting line to a depth of 0.2 (R20) and 0.3 (R30) 

m with a ripper tine, whilst weeding methods were hand-hoeing, ox- cultivating between maize 

rows, or post-plant tie-ridging with an ox-plough at two and six weeks after crop emergence. 

Weed control methods had no significant effect on maize grain yield. Hand-weeded plots had 

significantly (p0.01) more weeds than either ox-cultivated or ox -ploughed plots. The return to 

labour (kg of maize grain ha-1) was similar for open plough furrow planting and to a depth of 

0.3 m with a ripper tine.  

Nawab et al. (1997) did hand weeding in the plots at 30 and 45 days after emergence, 

while no weeding was performed in the weedy check throughout the growing period of the 

crop. Weeding 30 days after emergence increased grain and stalk yields by 25.3 and 8.7 %, 

respectively. Number of days to tasselling and silking were also increased as compared to 

control and weeding 45 days after emergence. Hand weeding increased yields in all crops 

(Elliot et al., 1993). Weeds are a constant and important problem for farmers producing maize 

and can be tackled by different forms of crop management. Field trials were conducted by 

Tadious and Bogale (1995) to determine the optimum frequency of hand weeding, the critical 

period of weed competition, the content of yield loss, and to compare different cultural 

weeding methods on maize. In general the major weed species observed were Gizotia scabra 

L., Galinsoga parviflora Cav., Datura stramonium L., Amaranthus retroflexus L., Nicandra 

physaloides L., Ageratum conyzoides Cav., Plantago lanceolata (L.) Pers., Convolvulus 

Arvensis L., Cynodon dactylon (L.) Pers, Digitaria scalarum (L.) Scop, Eleusine indica (L.) 

Gaertn and Cyperus esculentus L. and other broadleaf and grass spp. The lowest grain yield, 

1.91 t ha-l was obtained from zero weeding. Other combinations of ox cultivation, hand pulling 

and hoe weeding, ranged from 3.77 t ha-l to 4.23 t ha-l. The yield loss due to weed competition 

in maize was 30.4 to 57.2 %. However, depending on the severity of weed infestation and the 

weed population, hand weeding twice (hoeing followed by pulling) at 2 and 4 weeks, and three 

times hand weeding at 2, 4, and 6 weeks after emergence was found to be economical.  
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Hand weeding due to effective control of weeds recorded significantly higher yield of 

maize in a study of examining the shift in weed flora in maize- chickpea cropping system due 

to weed control practices. Shift in weed flora was recorded from dicots in the first year to 

monocots in the second year only during rainy season (Saikia and  Jitendra, 1999). Similarly 

Shrestha, (1984) also reported that hand weeding was more effective in controlling weeds than 

the use of herbicides. The tillage treatment harrowing once planking recorded maximum 

benefit-cost (2.02-2.16) and energy output-input ratio (6.8-7.2). The weed control treatment 

hand weeding twice at 25 and 50 DAS and atrazine @ 1.0 kg a.i.ha-1 as pre-emergence 

produced significantly more grain yield and were also better than weedy check in respect of 

benefit-cost as well as energy output-input ratio (Khajanji et al., 2002a). Weeding with khurpa, 

hand hoe, wheat mulch, and oat mulch, Ihsanullah et al. (2003) reported that maximum 

emergence m-2 of maize was for oat mulch, which was at par to wheat mulch. The weed 

species infesting the field were Cyperus esculentus L., Sorghum halepense L., Cynodon 

Dactylon L., Leptochloa chinensis L., Echinochloa crussgall L., Tribulus terrestris L., 

Convolvulus arvensis L. and Portulaca oleracea L. etc.  

Fuksa et al. (2004) studied the influence of various ways of weed control in maize. They 

compared mechanical weeding throughout the whole vegetation period, mechanical weeding 

from the beginning of vegetation till the stage of the 5th leaf without weeding later on) and 

chemical weeding. The yield from the check reached 8090 kg ha-1, from the 2nd treatment 

13240 kg ha-1, from the 3rd treatment 11460 kg ha-1 and from the 4th treatment 12340 kg ha-1. 

The weed infestation led to a decrease of the weight of different plant parts, but their 

proportions remained unchanged. Treatment levels did not affect total number of leaves. The 

mechanical cultivation at the beginning of the vegetation period could not prevent the yield 

reduction.  Results of Chikoye et al. (2004) showed that maize grain yield was significantly 

higher in the treatment in which either the herbicide mixture or velvetbean was combined with 

40,000 maize plants ha-1 and weeded thrice. The lowest maize grain yield was obtained in the 

control plots. Weed dry matter was 60% more in control than in velvetbean combined with 

40,000 maize plants ha-1 and weeded three times. The control was higher in weed species 

diversity with Setaria viridis L., Vernonia galamensis Cass., and Boerhavia erecta L. as the 

dominant species.   
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2.5. Weeds of maize 

Weeds are one of the major factors influencing maize yield. Accurate simulation of the 

impact of weeds on crops requires adequate quantification of weed effects on crop biomass and 

on the partitioning of crop biomass into grain (Kiniry, 1994). It has been estimated that crop 

losses due to weed competition throughout the world as a whole, are greater than those 

resulting from the combined effect of insect pests and diseases. In addition weeds provide 

shelter to many harmful insect pests and act as an alternate host for the pathogens. Unrestricted 

weed growth can reduce maize grain yield by 58 – 62 % compared to weed free full season 

treatment. Maize grain yield decreases as the duration of weed infestation period increases. The 

critical period of weed competition is between 2-8 weeks after planting in winter and 2-9 

weeks in summer (Mukhtar et al., 2007). While Kumwenda and Kabambe (1995) noted 50-

72% yield losses in the maize due to weeds infestation. They found critical period for weed 

control in maize about 56 days after planting. But according to Tadious and Bogale (1995) 

yield loss due to weed competition in maize is 30-57 %. Major weeds of maize are Setaria 

verticillata L., Cynodon dactylon (L.) Pers., Echinochloa crus-galli L., Amaranthus blitoides 

L., A. retroflexus L., Convolvulus arvensis L., Xanthium strumarium L., Polygonum aviculare 

L., Sorghum halepense (L.) Pers., Cyperus rotundus (L.) Pers., Leptochloa chinensis (L.) 

Nees., Trianthma partulacastrum L., Digeria scalarum (L.) Scop., Digitaria sanguinalus L., 

Paspalum conjugatum Schrad., P. notatum L., Partuleca oleracea L., and Tribulus teristeris 

L.. Some of the previous research references have been listed below regarding weeds of maize.  

Palmer et al. (1987) reported Cynodon dactylon (L.) Pers., Sorghum halepense (L.) Pers., 

Rottboellia exaltata L., Cyperus species and the parasitic weed Striga species as serious weeds 

in maize. They reported that weed competition in the early stages of the maize crop has the 

greatest effect on yield. Imperata cylindrica (Linn.) is a common perennial aggressive weed of 

maize and other crops of Pakistan (Hussain et al., 1992). Accurate simulation of the impact of 

weeds on crops requires adequate quantification of weed effects on crop biomass and on the 

partitioning of crop biomass into grain. Monoculture plots of maize and johnsongrass and plots 

with the two species competing were established on Houston black clay. Johnsongrass reduced 

grain yield of maize by 33 to 49 %. The greater competition reduced maize HI from 0.55 to 

0.43 (Kiniry, 1994). Similarly, Hussein (1997) discovered that weeds competition significantly 

decreased plant height, number of leaves per plant, leaf area per plant, biological yield, leaf 
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area index, net assimilation rate (NAR) and crop growth rate (CGR). While specific leaf area 

(SLA) and leaf area ratio (LAR) were not affected significantly. Decrease in nutrients content 

in grains per plant was often in nearly a linear with decreasing the dry matter of grains and 

were proportional with the duration of weed competitions. 

A total of 213 weed species, grouped into 134 genera and 39 families, are detected in 

maize. The maize crop weed species are mostly thermophylic and heliophylic species of dry 

and warm habitats, of well aerated soils of poor acid to neutral reaction (Sinzar et al., 1996). 

Syawal (1998) revealed that Galinsoga parviflora Cav., Drymaria villosa Cs., Cyperus 

rotundus L., Borreria alata (Aubl). DC., Oxalis coniculata L., Eleusine indica (L.) Gaertn, 

Murdania nudiflora (L.), Cynodon dactylon  (L.) Pers., and Panicum repens L., were the 

dominant weeds in maize. The longer the growing period of weeds, the higher the weed 

biomass and its N constituent, both, which appeared on sweet corn plantation and on bare soil. 

However, the biomass and N constituent of weeds from bare soil was higher than that of from 

sweet corn plantation. Percentage of yield lost of corn grains from weeding treatment of 

different time were not significantly different compared to N fertilization treatments at several 

dosage applied. 

Khan et al. (1998) reported Echinochloa crus-galli L., Leptochloa chinensis (L.) Nees., 

Cyperus rotendus L., Trianthma partulacastrum L., Digiteria sanguinalus L., Convolvulus 

arvensis L., Sorghum helpense L and Digaria spp were the weeds species that infested the 

maize field in ARI Tarnab Peshawar. The lowest dry weight recorded in hand weeding was 

70.5 g m-2 followed by Primextra 115.5 g m-2. Hand weeding showed 96.17 % higher yield 

than untreated control. Gethi et al. (1999) requested farmers from different Agroecological 

zones to prioritize crop protection problems they usually encounter in maize /beans cropping 

system. Weed problem was ranked second amongst all other crop protection problems. There 

was gradual increase in dry weight of weeds with increased weed-crop competition duration. 

Decrease in number of grains cob-1 and 1000-grain was recorded with increased competition 

duration of weeds (Tanveer et al., 1999). Similarly, Salarzai et al. (2002) reported that a 

gradual increase in dry weight of weeds occurred with increased weed-crop competition 

duration. Decrease in number of grains cob-1 and 1000-grain was recorded with increased 

competition duration of weeds. 
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Hashim and Marwat (2002) conducted a survey in district Abbottabad during 2001-02 

regarding invasive weeds. A total of 16 weeds were reported as invasive. They were Xanthium 

strumarium L., Ipomoea eriocarpa L., Alternanthera pungens L., Trianthema portulacastrum 

L., Tagetes minuta L., Imperata cylindrica L., Amaranthus hybridus L., Robinia pseudoacacia 

L., Broussonetia papyrifera L., Ailanthus altissima L., Pistia stratiotes L., Phragmites 

australis L., Parthenium hysterophorus L., Cannabis sativa L., Galium aparine L. and Emex 

spinosus L.. Shah and Khan (2006) studied weed flora of District Mansehra, Hazara, Pakistan 

and reported 63 weed species belonging to 32 families as common in four major crops viz. 

wheat, maize, rice, tobacco and vegetables. In total, 23 weeds were perennial, 37 weeds were 

annual and three weeds were parasitic. Commelina benghalensis L., Convolvulus arvensis L., 

Digitaria sanguinalus L., and Ipomoea Alba L. were recorded as highly problematic weeds in 

maize crop. Many weeds were ethnobotanically important and utilized by the local community. 

Shah et al. (2006) studied the medicinal value of these weeds. A total of 19 weeds of different 

families were found in maize fields of Peshawar. They reported that puncture vine (Tribulus 

terrestris sanguinalus L.) was used as sex stimulant. Cichorium intybus sanguinalus L. as tonic 

for liver and digestive tract, Convolvulus arvensis sanguinalus L. for joint pain.  

Kolesnik and Romanyuk (2006) revealed 110 weed plant species in maize referring to 27 

botanical families including 83 botanical genera. Chenopodium album L., Echinochloa 

crusgalli (L.), Elytrigia repens (L), Polygonum convolvulus L), Viola arvensis sanguinalus L. 

were the dominant weeds plants. Mukhtar et al. (2007) investigated maize yield loss due to 

weeds and identified the critical period for weed interference. They planted maize for two 

consecutive winter and summer seasons. Two sets of weeding were conducted. The first set 

included weed-free treatments for 0, 2, 4, 6, 8, 10 weeks after sowing and a weed free 

treatment till harvest. The second set consisted of a weedy treatment for 0, 2, 4, 6, 8, 10 weeks 

after sowing and a weedy treatment till harvest. Combined analysis of both winter seasons 

indicated that unrestricted weed growth significantly reduced maize grain yield by 58 – 62 % 

compared to weed free full season treatment, while in summer the reduction was 67- 79 %. 

Maize grain yield decreased as the duration of weed infestation period increased. Plant height 

was reduced by 62.5 and 67.1 % under full season weedy conditions for winter and summer 

plantings, respectively. The same trend was also observed for shoot dry weight and leaf area 
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index. The critical period of weed competition was found to be between 2-8 weeks after 

planting in winter and 2-9 weeks in summer. 
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3. MATERIALS AND METHODS 

Field experiments were carried out at Agriculture Research Farm, NWFP Agricultural 

University Peshawar NWFP, Pakistan for two crop seasons i.e. summer 2006 and 2007. The 

study site is located at 71° 27/ and 72° 47/ east longitude and 33° 40/ and 34° 31/ north latitude 

and at an altitude of 347 m above sea level. The irrigation water was supplied to the research 

field from a canal flowing adjacent to the farm. Data on rainfall, temperature, relative humidity 

etc. were taken from the weather station situated within the farm area. The experimental site 

has a mean soil pH of 8.02 having 40 % clay, 51.3 % silt and 8.7 % sand (Bhatti, 2002; Tariq 

et al., 2002). The soil texture is silty clay loam, calcareous in nature (CaCO3 = 14.4%), alkaline 

in reaction, low in organic matter content (0.845 g kg-1) and with a total nitrogen content of 

0.04 g kg-1 (Table 3.3). Two trials were carried out on the same site in 2006 and 2007, with 

treatments re-randomized in the second year.  

The 2 x 3 x 4 factorial experiment was laid out in a randomized complete block design 

with a split-split-plot arrangement comprising two main plots, three sub-plots, and six sub-sub-

plots all replicated three times. Two levels of tillage i.e. zero and conventional tillage were 

assigned to the main plots; three populations (densities) of maize i.e. 90,000, 60,000 and 30000 

plants ha-1 were allotted to the sub-plots; and four types of mulches, a hand weeding and a 

weedy check treatment were assigned to sub-sub plots. There were 4 rows of maize crop in 

each of the experimental unit, 4 m long and 0.75 m apart.  

 In conventional tillage plots, land was prepared by ploughing the field thrice followed 

by harrowing. The land was prepared according to the standard practices in order to improve 

moisture conservation of the soil required for soil-seed interaction, good seed germination, 

emergence, growth and development. The soil was fertilized in both tillage systems with 100 

kg ha-1 N in the form of Urea, 60 kg ha-1 phosphorus in the form of single super phosphate (18 

% P2O5) before sowing. A complementary application of 60 kg ha–1 N was applied one month 

after sowing. The seeds of maize variety ‘Azam’ were sown on June 25 in 2006 and June 28 in 

2007 at three different densities; 90000, 60000 and 30000 plants ha-1 with the help of Dibbler. 

These densities are referred to as low density (LD), normal density (ND) and high density 

(HD), respectively. Additional population of maize was maintained for replacing the missing 

plants in case of no germination or seedling mortality to keep the plant population constant.  
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Two rows of mungbean (variety NM-92) were planted with the help of a hand hoe in the 

conventional tillage plots while with the help of dibbler in the zero-tillage plots. The other 

treatments (black plastic mulches, white plastic mulch and weeds as mulch) were applied 4 

days after crop emergence. In the weeds as mulch treatment all the available weeds (except 

those perennial weeds containing perenniating parts and those annual weeds having mature 

seeds) were cut and spread in 4-6 inches layer between maize rows as organic mulch. In the 

hand weeding treatment weeding was done twice i.e. 30 and 45 days after crop emergence. 

 The crop was irrigated as per requirement of the crop. Meteorological data were 

recorded during both years and there was a variation in precipitation and temperature between 

the two years (Table 3.4). All the other agronomic practices were kept uniform for all the 

treatments from sowing to harvest.  

 

The detail of treatments during the course of experiment were as follows:  

A. Tillage (in Main plots):  

T1 = zero tillage 

T2 = conventional tillage 

B. Plant populations/densities (in Sub-plots) 

P1 =  90000 plants ha-1 

P2 =  60000 plants ha-1 

P3 =  30000 plants ha-1 

C. Mulches (in Sub-sub-plots) 

M1 =  weeds as a mulch 

 M2 =  black plastic 

 M3 =  white plastic 

 M4 =  mungbean (Vigna radiata L.) variety NM-92 as living mulch  

 M5 =  hand weeding 

 M6 =  weedy check 

 

Data were recorded on days to tasseling (at 50% tasseling stage), days to silking (at 

50% silking stage), leaf area of maize plant-1 at anthesis (cm2), leaf area index of maize crop, 

plant height (cm), fresh weed biomass, weed species composition, days to maturity, biological 
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yield (kg ha-1), number of grains cob-1, 1000-grain weight (g), grain yield (kg ha-1), harvest 

index (%), and Cost-Benefit Ratio (CBR) 

 

Procedure for Data Recording 

1. Days to tasseling (at 50% tasseling stage) 

Data on days to tasseling was recorded when 50% plants developed tassels in each 

treatment. Days were counted from date of sowing till the completion of more than 50% 

tassels. 

2. Days to silking (at 50% silking stage) 

Data on days to silking was recorded when 50% plants developed silks in each 

treatment. Days were counted from date of sowing till the completion of more than 50% silks. 

3. Leaf area (cm2) plant-1 at anthesis 

To calculate leaf area, 5 plants from each sub-sub-plot (experimental unit) were 

selected randomly after complete anthesis. The leaves of each plant were cut with scissors and 

put in plastic bags. Leaf area was measured with the help of LI-COR leaf area meter model LI-

3100. The mean of the sample determined the leaf area plant-1.   

4.  Leaf area index (LAI) of maize crop:   

LAI is the ratio of leaf surface (one side only) to the ground area occupied by the crop. 

The mean leaf area plant-1 of maize in each treatment was multiplied by number of plants m-2 

of that treatment to get leaf area index. 

5. Plant height (cm) 

Plant height data was recorded at the time of maturity. Five plants were randomly 

selected from each experimental unit and the height was measured from base to the top of the 

plant and was then averaged.   
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6. Fresh weed biomass (kg ha-1) 

To determine fresh weed biomass, all the existing weeds from the individual treatments 

were pulled out 56 days after sowing, weighed simultaneously and the data obtained was 

converted to kg ha-1.  

7. Weed species composition (%) 

 To determine weeds species composition all the weeds were identified and counted in 

each treatment 45 days after sowing and the data was converted to percent of the total weeds 

flora of all the treatments.  

8. Days to maturity 

Days to maturity were recorded by counting the number of days from date of sowing 

till 75% of the plants got fully matured. 

9. Biological yield (kg ha-1) 

Biological yield includes cob weight (husks + grains) and stover weight. Plants of two 

central rows of each sub-plot were harvested at maturity. Bundles was tied, air-dried and 

weighed by spring balance and converted to kg ha-1 by the formula:  

Biological yield (kg ha-1) =  
Biological weight (kg) x 10000 m2

Area harvested (m2)   

10. Number of grains cob-1 

From each subplot, 5 cobs were randomly selected and their grains were counted after 

threshing each cob separately and then averaged. 

11. Thousand-grain weight (g) 

Thousand-grain weight was taken at random from the grain lot of each subplot and was 

weighed by using electronic digital balance. This was repeated thrice and then average weight 

(g) for 1000 grains was calculated and recorded.  

12. Grain yield (kg ha-1) 

Data on grain yield was recorded by cutting two central rows of 4m length, the cobs 

were husked, dried and shelled of each subplot and converted into kg ha-1 by the formula:  

Grain yield (kg ha-1) =  
Grain weight (kg) x 10000 m2

Area harvested (m2)   



 

 

 

58 
 

 

13. Harvest index (%) 

Harvest index was calculated by using the formula; 

Harvest index (%) =  
Grain yield (kg ha-1) x 100
 Biological yield (kg ha-1)   

14. Cost-Benefit Ratio (CBR) 

 Cost-Benefit Ratio (CBR) was determined by dividing the added income by added cost. 

The added income and added cost were obtained from the added yield due to the use of mulches 

and hand weeding and their respective costs as compared to the weedy check. The added cost 

was the cost of mulches and hand weeding. Cost-Benefit ratio was calculated by the following 

formula:    

  Cost-Benefit Ratio (CBR)  =  
Added Income

Added Cost   

Statistical Analysis 

The data recorded individually for each parameter were subjected to the ANOVA. 

Significant differences among means were determined by using LSD Test (Steel and Torrie, 

1980). Combined analysis was done to determine the effect of year (Table 3.1) and where years 

differed, then yearly analysis were done (Table 3.2). 
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Table 3.1.  ANOVA Table for 3 factors RCBD with split-split plot combined over years  
Source of Variation    Degree of Freedom 
Year      y-1 
Replication over years    y (r-1) 
Main plot factor (A)    a-1  
Y x A      (y-1) (a-1) 
Error (a)     y (r-1) (a-1)  
Sub-plot factor (B)    b-1     
Y x B      (y-1) (b-1) 
A x B      (a-1) (b-1) 
Y x A x B     (y-1) (a-1) (b-1) 
Error (b)     ya (r-1) (b-1) 
Sub-sub-plot factor (C)   c-1 
Y x C      (y-1) (c-1) 
A x C      (a-1) (c-1) 
B x C      (b-1) (c-1) 
Y x A x C     (y-1) (a-1) (c-1) 
Y x B x C     (y-1) (b-1) (c-1) 
A x B x C     (a-1) (b-1) (c-1) 
Y x A x B x C     (y-1) (a-1) (b-1) (c-1) 
Error (c)     yab (r-1) (c-1) 
Total      yrabc-1 
 
 
 
 
Table 3.2.  ANOVA Table for separate year wise data analysis (RCBD for Factor A with 
Factor B a split plot on A and factor C a split plot on B)  
Source of Variation    Degree of Freedom 
Replication     r-1 
Main plot factor (A)    a-1  
Error (a)     (r-1) (a-1)  
Sub-plot factor (B)    b-1     
A x B      (a-1) (b-1) 
Error (b)     a (r-1) (b-1) 
Sub-sub-plot factor (C)   c-1 
A x C      (a-1) (c-1) 
B x C      (b-1) (c-1) 
A x B x C     (a-1) (b-1) (c-1) 
Error (c)     ab (r-1) (c-1) 
Total      rabc-1 
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Table 3.3. Physio-chemical properties of the experimental site 
 Characteristics    Units 

 Sand      8.7 % 

 Silt      51.3 % 

 Clay      40.0 % 

 Textural class     Silty clay loam 

 Organic matter    0.845 g kg-1  

 Total nitrogen     0.04 g kg-1 

 Lime (CaCO3)     14.4 % 

 pH 1: 1 water     8.02 

 Electric conductivity (1: 1)   0.87 d S m-1 

 AB-DTPA extractable nutrients 

 P (mg kg-1)     3.80 

 K (mg kg-1)     105.0 

 Zn (mg kg-1)     0.68 

Data from Bhatti (2002) and Tariq et al. (2002) for Agricultural Research Farm, NWFP 
Agricultural University Peshawar, Pakistan 
 
Table 3.4. Weather data at the Agricultural Research Farm, NWFP Agricultural University 
Peshawar, Pakistan (the experimental site) during maize growing seasons of 2006 and 2007 
          Temperature (°C) 

Year  Month  Mean Max  Mean Min Precipitation (mm) 
2006  June  37.6  23.2   18.6 
  July  34.8  25.6   80.0 
  August  33.8  24.4   46.6 
  September 35.3  21.7   06.8 
  October 31.8  18.2   32.2 

  Average 33.7  22.6  Total 184.2 

2007  June  39.6  25.8   00.0 
  July  37.7  25.9   00.0 
  August  37.2  26.6   21.5 
  September 36.6  25.6   17.3 
  October 35.7  24.4   09.0 

  Average 37.1  25.7  Total 47.8 
Source:  Weather Station, Institute of Biotechnology and Genetic Engineering, NWFP     
    Agricultural University, Peshawar. 
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4. RESULTS AND DISCUSSION 

 Field research was conducted in summer 2006 and repeated in the summer of 2007. In 

general, the average temperatures were a higher in 2007 than 2006 but rainfall accumulation 

during 2007 was lower than for 2006. The detailed weather data for both the years is presented 

Table 3.4. The data were subjected to ANOVA procedure using MSTATC and MS Excel. The 

means were separated using the LSD test. Combined analyses were done for 2006 and 2007 to 

determine the years effect. The years effect was nonsignificant (Appendix B), therefore 

average of the two years data was then analyzed (Tables 4.1-4.14). The significant interactions 

between tillage x plant population, tillage x mulches, and plant population x mulches for the 

quantitative parameters were also presented graphically (Fig. 4.1– 4.6). 
 

4.1. Days to tasseling  

 The first signal of the initiation of reproductive growth of the maize is tasseling and 

silking. Once tasseling dates are known, we can have a better speculation for the maturity 

prospects of the crop. As shown in the Table A1, the effect of tillage practices was not 

significant, whereas effects of plant populations and mulches were significant on days to 

tasseling. None of the interactions were significant. The highest plant population of 90000 

plants ha-1 took 59 days to tasseling compared to 57 days in other populations (60000 plants ha-

1 and 30000 plants ha-1). Tasseling took 60 days each in living mulch and hand weeding, 

followed by weeds mulch and weedy check taking 57 days each, followed by 56 days in each 

of black plastic and white plastic mulches (Table 4.1). Since the number of seedlings was kept 

uniform, plant density was not affected by the tillage and no apparent stress was found in both 

the systems. However, researchers have reported different findings. For example, according to 

Tangadulratana (1985) tillage did not affect the flowering dates, whereas Cox et al. (1990) 

found that tasseling took more days in no-tillage situation compared to tilled one.  

Delayed tasseling at higher plant densities might be due to lowering soil temperature in 

higher populations, compared to thin canopies in lower populations. These results for 

population effect are similar with the work of Akrapat and Choomsai, (1985) who stated that 

increasing plant population delayed tasseling and silking. Mudarres et al. (1998) and Ahmad 

and Khan (2002) also reported that higher maize population prolonged days to tasseling. Noor-

ul-Akbar (1998) also investigated that days to tasseling, silking and maturity increased when 
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maize plant population was increased. Similarly, Oleksy et al. (2001) investigated that higher 

plant population delayed maturity.  

 The early tasseling in both plastic mulches (black as well as white) could be attributed 

to increase in temperature under plastic mulch treatments, which may have promoted early 

tasseling. These findings for the plastic mulches are in agreement with the results of Rifin 

(1988) that mulches induced early tasseling and silking in maize. These results are also in line 

with the work of Yonghe (1994) who reported that under different cropping systems, plastic 

mulch significantly raised the soil temperature, kept soil water content stable and enhanced 

microbial activity and as a result crops grew faster. Plastic mulches have the potential to 

accelerate maturity (Li-Yan et al., 2003). While maximum days to tasseling in living mulch 

might be due to the interspecific competition between maize and living mulch. Living mulch 

competed with maize as maize itself at higher plant populations. Hussain et al. (2003) reported 

that days to tasseling increased with living mulch in maize. Hand weeding also increased 

number of days to tasselling and silking compared to control (Nawab et al., 1997). 
 

 4.2. Days to silking 

 Silking is another good indicator of the commencement of the reproductive growth stage 

of maize crop. One can assess the maturity of the crop when one comes to know about the 

silking dates. The effect of tillage practices was not significant, whereas plant population and 

mulches had a significant effect on days to silking. The tillage x plant population x mulch 

interaction was significant (Table A2). The highest plant population of 90000 plants ha-1 took 64 

days to tasseling compared to 63 and 62 days in the 60000 and 30000 plants ha-1, respectively. 

Silking took 66 days each in living mulch and hand weeding, followed by weedy check taking 63 

days, weeds mulch taking 62 days, black plastic and white plastic taking 61 days each to reach 

silking stage (Table 4.2), respectively. Since the population was same in different tillage 

practices and no stress was observed, therefore, this might be the possible explanation. These 

results for tillage effects are in line with the findings of several  
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Table 4.1.  Impact of tillage, plant population and mulches on days to tasseling of maize 
  Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants  Means 
Weeds mulch Zero   59 55 56 56.8 
Black plastic  57 55 55 55.6 
White plastic  57 56 55 55.8 
Living mulch  60 59 58 59.3 
Hand weeding  60 59 58 59.0 
Weedy check  58 58 56 57.2 
Weeds mulch Conventional 60 56 56 57.2 
Black plastic  58 57 56 56.7 
White plastic  59 56 55 56.5 
Living mulch  62 62 61 61.4 
Hand weeding  61 60 60 60.4 
Weedy check  60 56 57 57.5 
Weeds mulch --- 59.6 55.7 55.8 57b 
Black plastic --- 57.5 55.9 55.0 56c 
White plastic --- 57.5 55.7 55.3 56c 
Living mulch --- 61.3 60.3 59.4 60a 
Hand weeding --- 60.5 59.3 59.3 60a 
Weedy check --- 58.8 56.9 56.3 57b 
 Zero  58.4 57.0 56.4 57 
 Conventional 60.0 57.6 57.3 58 
 Means 59a 57b 57b  

LSD for plant population =  0.68         
LSD for mulches    =  0.84 
*  = Significant at P≤ 0.05 
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researchers. For example, Sharma et al. (1988) reported that different tillage systems did not 

affect silking and maturity of maize. Tangadulratana (1985) also reported that tillage system did 

not change time of flowering in maize. Cox et al. (1990) also found that delayed silking under 

zero tillage system compared to conventional tillage systems.  

 Comparatively low humidity under the thin canopies might be the possible reason for 

the early silking at lower maize densities compared to delayed silking at higher maize density. 

These results for plant population effects are in agreement with the work of Akrapat and 

Choomsai (1985), Mudarres et al. (1998) and Ahmad and Khan (2002) who reported that 

higher maize densities prolonged days to silking. Similarly, Noor-ul-Akbar (1998) and Oleksy 

et al. (2001) also reported that higher maize populations delayed tasseling, silking and 

maturity.  

The early silking in plastic mulches as well as weeds mulch might be attributed to the 

effects of mulch material in increasing soil temperature that induced early flowering and 

maturity. These results for plastic mulches are in agreement with those of Kwabiah (2003) and 

Rifin (1988) that plastic mulch enhanced silking compared to uncovered treatments. Yonghe 

(1994) also reported that under different cropping systems, plastic mulch significantly raised 

the soil temperature keeping soil water content stable, which, resulted in faster growth of the 

crops. Plastic mulches have the potential to accelerate maturity thereby ensuring silage corn 

crops achieve acceptable dry matter accumulation in cool climate regions (Li-Yan et al., 2003). 

While delayed silking in living mulch might be due to lower soil temperature under the denser 

cover of living mulch. These results for the living mulch are in line with the findings of 

Hussain et al. (2003) that living mulch delayed silking in maize. On the other hand Nawab et 

al. (1997) reported that hand weeding (30 days after emergence) increased number of days to 

tasselling and silking as compared to weedy check and weeding 45 days after emergence. In 

the tillage x population x mulches interaction, silking is delayed more in the zero tillage system 

with increasing plants population as compared to conventional tillage system. The tendency of 

delayed silking with increasing plant population is noted in all mulches (Table 4.2). 
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Table 4.2.  Impact of tillage, plant population and mulches on days to silking of maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero     62.3* 62.5 61.7 62.2 
Black plastic  62.0 61.5 60.5 61.3 
White plastic  62.3 60.8 60.5 61.2 
Living mulch  66.8 65.3 65.3 65.8 
Hand weeding  66.5 65.3 64.7 65.5 
Weedy check  62.8 62.3 62.3 62.5 
Weeds mulch Conventional 62.7 61.7 60.8 61.7 
Black plastic  61.0 61.2 59.2 60.4 
White plastic  60.7 61.3 60.8 60.9 
Living mulch  67.3 65.5 65.3 66.1 
Hand weeding  66.8 65.7 64.8 65.8 
Weedy check  65.5 62.0 61.2 62.9 
Weeds mulch --- 62.5 62.1 61.3 62c 
Black plastic --- 61.5 61.3 59.8 61d 
White plastic --- 61.5 61.1 60.7 61d 
Living mulch --- 67.1 65.4 65.3 66a 
Hand weeding --- 66.7 65.5 64.8 66a 
Weedy check --- 64.2 62.2 61.8 63b 
 Zero  63.8 63.0 62.5 63 
 Conventional 64.0 62.9 62.0 63 
 Means 64a 63b 62c  

LSD for plant population =   0.57         
LSD for mulches     =  0.67 
*  =  Significant at P≤ 0.05 
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4.3. Leaf area plant-1  

 There was a significant effect (P≤ 0.05) of tillage, plant population and various mulches 

on leaf area plant-1 of maize. All of the of interactions were also significant (Table A3). Leaf 

area plant-1 was less under zero tillage (4094 cm2) as compared to conventional tillage (4722 

cm2). Leaf area plant-1 increased in linear fashion with decreased in plant population of 90000 

plants ha-1 (3894 cm2) to 60000 plants ha-1 (4398 cm2) and 30000 plants ha-1 (4932 cm2), 

respectively (Fig. 4.1a). The highest leaf area plant-1 was obtained in the hand weeding 

treatment (4848 cm2) and black plastic mulch (4844 cm2), followed by weeds mulch (4432 

cm2), white plastic (4426 cm2) and living mulch (4360 cm2), respectively against 3537 cm2 in 

weedy check (Table 4.3). Although zero tillage did not hinder the establishment and early 

growth of the maize, yet later on may have affected root development as compared to 

conventional tillage. The negative effect on root development may have led to slower flow of 

water and nutrients from soil to the plant. These results for tillage effect are in agreement with 

those of Tangadulratana  (1985) that conventional tillage was superior to zero tillage regarding 

leaf area and leaf area index. Karunatilake, (2000) also reported higher leaf area plant-1 in 

conventional tillage compared to no-tillage in maize. He attributed the higher leaf area plant-1 

in conventional tillage to abundant root growth compared to that of zero tillage.   

Leaf area plant-1 was smaller at higher plant populations probably because of crowding 

effect of the plant and due to higher intraspecific competition for space, moisture and nutrients. 

Our results for plant population effect are in agreement with the findings of Akrapat and 

Choomsai, (1985) who reported that increasing plant population decreased leaf area plant-1. 

Bahadur et al. (1999) also reported that higher maize population decreased leaf area plant-1 but 

increased leaf area index. By increasing plant population we reduce the distance between 

plants and consequently increase intraspecific competition, which as a result reduce the size of 

individual plants in terms of leaf size, number of leaves and total leaf area (Johnson and 

Wilman, 1997). 

While the highest leaf area plant-1 in the hand weeding and black plastic mulch might 

be attributed to effective weed control, thus providing favorable conditions. Whereas the lower 

leaf area plant-1 in the rest of the treatments might be due to higher weed infestation and more 

competition. Yonghe (1994) also reported that plastic mulch significantly raised the soil 

temperature keeping soil water content stable, which, resulted in faster growth with higher dry 
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matter yield as compared to uncovered treatments. Plastic mulches have the potential to 

accelerate vegetative growth (Kwabiah, 2003). Mulch significantly increased leaf area plant-1 

and increased leaf area index (Iqbal and Anwar-ul-Hassan, 2003; Rifin, 1988). The lowest leaf 

area plant-1 in the weedy check plots is supported by the results of Hussein (1997) that weeds 

competition significantly decreased leaf area and leaf area index.  

 In the tillage x population interaction, leaf area plant-1 was decreased with increasing 

plants population in both the tillage systems (Fig. 4.1a). In the tillage x mulches interaction 

zero tillage affected leaf area plant-1 negatively in all mulches except in the weedy check where 

both the tillage systems had statistically similar leaf area plant-1 (Fig. 4.1b). The interaction 

between population x mulches also had the tendency of decreasing leaf area plant-1 with 

increasing plant population. The trend is evident in almost all of the mulches, hand weeding 

and weedy check (Fig. 4.1c). In interaction among tillage x population x mulches, leaf area 

plant-1 increased across tillage i.e from zero tillage to conventional and decreased across plant 

populations i.e from 30000 plants ha-1 to 90000 plants ha-1.  
 

4.4. Leaf area index (LAI)  

 The leaf area index (LAI) is the ratio of total upper leaf surface of vegetation divided 

by the surface area of the land on which the vegetation grows (Chahal et al., 1994). The LAI is 

a dimensionless value, typically ranging from 0 for bare ground to 6 for a dense forest. As 

shown in the Table A4, effects of tillage practices, plant populations, and mulches were 

significant on leaf area index of maize. Moreover, interaction effects were also significant. 

Conventional tillage recorded higher leaf area index (2.84) than that of zero tillage plots (2.39). 

Leaf area index was increased with increasing plant population in a linear fashion from 1.55 

for 30000 plants ha-1 to 2.73 for 60000 plants ha-1 and 3.57 for 90000 plants ha-1, respectively 

(Fig. 4.2a). The highest Leaf area index was recorded in the hand weeding (2.88) and black 

plastic (2.87), followed by white plastic (2.63), weeds mulch (2.62) and living mulch (2.59), 

against 2.11 in weedy check (Table 4.4). The lower leaf area index in the zero tillage plots 

might be attributed to the lesser root development under zero tillage system as compared to 

conventional tillage. Consequently the less developed root system in the hard to penetrate root 

zone under zero tillage system may have hindered proper nutrient absorption  
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Table 4.3.  Impact of tillage, plant population and mulches on leaf area plant-1 (cm2) of maize 

   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero     3580* 3922 4713   4072* 
Black plastic  3787 4398 5215 4467 
White plastic  3562 3813 4688 4021 
Living mulch  3523 3749 4722 3998 
Hand weeding  3852 4472 5183 4502 
Weedy check  3255 3416 3840 3504 
Weeds mulch Conventional 4073 4974 5331 4793 
Black plastic  4871 5277 5518 5222 
White plastic  4314 4897 5284 4831 
Living mulch  4042 5030 5096 4723 
Hand weeding  4691 5275 5616 5194 
Weedy check  3178 3550 3981 3570 
Weeds mulch ---   3827* 4448 5022 4432b 
Black plastic --- 4329 4838 5366 4844a 
White plastic --- 3938 4355 4986 4426b 
Living mulch --- 3782 4389 4909 4360b 
Hand weeding --- 4272 4874 5400 4848a 
Weedy check --- 3217 3483 3910 3537c 
 Zero  3593* 3962 4727   4094* 
 Conventional 4195 4834 5138 4722 
 Means 3894c 4398b 4932a  

LSD for plant population =    86         
LSD for mulches     =  105 
*   =  Significant at P≤ 0.05 
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Fig. 4.1. Interaction effect between tillage x plant population (a), tillage x mulches (b) and         
population x mulches (c) on leaf area plant-1 of maize. 
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and thus affected plant growth.  The findings of several researchers have supported these 

results for tillage effects. For example, according to Tangadulratana (1985) conventional tillage 

performed better than zero tillage with respect to leaf area and leaf area index. Similarly, 

Karunatilake, (2000) also reported that conventional tillage recorded higher leaf area index 

compared to no-tillage. He attributed the higher leaf area index in the conventional tillage to 

prolific root growth at all depths under conventional tillage system compared to zero tillage. 

He further stated that soil conditions under zero tillage were unfavorable for growth as 

compared to conventional tillage. Likewise, Cox et al. (1990) also reported that conventional 

tillage resulted in a higher leaf area index of maize compared to no tillage. While higher leaf 

area index in higher plant population is due to the more plants per unit area which, ultimately 

increased total leaf area compared to reduction in leaf area plant-1. These findings for 

population effect are in line with the work of Tetio-Kagho and Gardner (1988) that increasing 

plant populations increased leaf area index of maize. Akrapat and Choomsai (1985) and 

Johnson and Wilman, (1997) also reported that higher maize population reduced the leaf area 

of individual plants but increased leaf area index ha-1.  

The highest leaf area indices in the hand weeding and black plastic mulch were 

probably due to their efficient weed control, which provided favourable conditions for growth. 

Consequently, in the weed free conditions, all the available resources were utilized by crop. 

These results for effect of mulches are in agreement with the work of Iqbal and Anwar-ul-

Hassan (2003) who reported that mulches significantly increased leaf area index as compared 

to unmulched treatments. Similarly, Rifin (1988) also reported increased leaf area index for 

mulches compared to unmulched treatments. Weedy check recorded the lowest leaf area index 

(Hussein, 1997). In the tillage x population interaction leaf area index increased with 

increasing plants population in both the tillage systems (Fig. 4.2a). In the tillage x mulches 

interaction almost all of the mulches, hand weeding and weedy check were equally affected by 

the tillage systems i.e zero tillage recorded lower LAI compared to conventional tillage (Fig. 

4.2b). The interaction between population x mulches showed the tendency to increase the leaf 

area indices with increasing plant population (Fig. 4.2c). In tillage x population x mulches 

interaction, LAI increased across tillage (zero to conventional) and plant populations (from 

30000 plants ha-1 to 90000 plants ha-1) for all of the mulches, hand weeding and weedy check 

(Table 4.4). 
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Table 4.4.  Impact of tillage, plant population and mulches on leaf area index of maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero     3.20* 2.46 1.44   2.37* 
Black plastic  3.44 2.69 1.63 2.59 
White plastic  3.19 2.37 1.45 2.34 
Living mulch  3.27 2.37 1.46 2.37 
Hand weeding  3.52 2.72 1.61 2.62 
Weedy check  2.92 2.12 1.23 2.09 
Weeds mulch Conventional 3.79 3.15 1.67 2.87 
Black plastic  4.46 3.26 1.71 3.14 
White plastic  3.93 3.08 1.77 2.93 
Living mulch  3.73 3.12 1.59 2.81 
Hand weeding  4.43 3.25 1.74 3.14 
Weedy check  2.93 2.20 1.24 2.12 
Weeds mulch ---   3.50* 2.81 1.56 2.62b 
Black plastic --- 3.95 2.98 1.67 2.87a 
White plastic --- 3.56 2.73 1.61 2.63b 
Living mulch --- 3.50 2.75 1.53 2.59b 
Hand weeding --- 3.97 2.99 1.68 2.88a 
Weedy check --- 2.92 2.16 1.23 2.11c 
 Zero    3.26* 2.46 1.47   2.39* 
 Conventional 3.88 3.01 1.62 2.84 
 Means 3.57a 2.73b 1.55c  

LSD for plant population =    0.05         
LSD for mulches     =  0.06 
*   =  Significant at P≤ 0.05 



 

 

 

72 
 

 

Y = 4.2 - 0.89x   R2 = 99 %

Y = 5.1 - 1.1x   R2 = 98%

1.00

1.80

2.60

3.40

4.20

90000 60000 30000

Plant ha-1

Le
af

 a
re

a 
in

de
x

Zero tillage

conventional tillage

Li ( ti l

(a)

1.00

1.80

2.60

3.40

4.20

wee
ds

 m
ulc

h

bla
ck

 pl
as

tic

whit
e p

las
tic

liv
ing

 m
ulc

h

ha
nd

 w
ee

din
g

wee
dy

 ch
ec

k

Mulches

Le
af

 a
re

a 
in

de
x Zero tillage Conventional tillage

(b)

 

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

wee
ds

 m
ulc

h

bla
ck

 pl
as

tic

whit
e p

las
tic

liv
ing

 m
ulc

h

ha
nd

 w
ee

din
g

wee
din

g

Mulches

Le
af

 a
re

a 
in

de
x

90000

60000

30000

Plant ha-1(c)

  
 
Fig. 4.2. Interaction effect between tillage x plant population (a), tillage x mulches (b) and plant   
       population x mulches (c) on leaf area index of maize. 
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4.5. Plant height 

 Analysis of data indicated that the effect of tillage practices was not significant, 

whereas effect of plant population and mulches was significant on plant height of maize. While 

among the interactions only tillage x population x mulches was significant (Table A5). Plant 

height increased at 90000 plants ha-1 (167 cm) and decreased at 60000 plants ha-1 (161 cm) and 

30000 plants ha-1 (159 cm). Maximum plant height was recorded in hand weeding (173 cm) 

and black plastic mulch (172 cm), followed by weeds mulch (162 cm) and white plastic mulch 

(161 cm), followed by living mulch (154 cm) against 152 cm in weedy check (Table 4.5). 

Since the early growth and development under both the tillage systems was alike, this may 

explain the similar plant heights under both the tillage systems. These results for the tillage 

effect are in agreement with the findings of Sherma et al. (1988) who reported that all 

parameters including plant height was not affected significantly by the two tillage systems. Al-

Ghrerie (1988) also reported that the two tillage systems (zero tillage and conventional tillage) 

had no significant affect on plant height of maize. While taller plants at higher plant 

populations might be due to the increase in competition for light. These results for populations 

effect are in line with the work of Tetio-Kagho and Gardner (1988) that increasing the maize 

density increased plant height and vegetative dry matter accumulation. Whereas Noor-ul-Akbar 

(1998) also reported that higher maize population increased plant height. Increasing plant 

density significantly increased plant height (Ahmad and Khan, 2002).  

The plants grew taller in the hand weeding probably due the effective weed control, 

better allocation of the available resources towards crop rather than weeds. While better plant 

heights in the black plastic mulch might be attributed to the ability of black plastic to raise soil 

temperature, to prevent the germination of light sensitive weed seeds and consequently by 

providing an efficient weed control. These results for mulches effect are in line with the work 

of Jedrszczyk and Poniedzialek (2007) who reported that living mulches decreased the height 

by 62.5- 67.1 % under full season weedy conditions compared to weeding. In the tillage x 

population x mulches interaction plant height increased with increase in plant population in 

zero tillage but in conventional tillage system plant height either remained constant or 

decreased with increase in plant population as evident in hand weeding of conventional tillage 

plots (Table 4.5). 
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Table 4.5.  Impact of tillage, plant population and mulches on plant height (cm) of maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero     168.7* 158.0 159.7 162.1 
Black plastic  182.0 171.2 165.7 172.9 
White plastic  167.3 158.8 158.5 161.6 
Living mulch  157.5 155.7 149.5 154.2 
Hand weeding  183.2 169.0 161.3 171.2 
Weedy check  151.2 155.7 148.8 151.9 
Weeds mulch Conventional 165.5 160.0 158.0 161.2 
Black plastic  177.7 170.2 161.0 169.6 
White plastic  163.3 160.7 156.8 160.3 
Living mulch  158.2 152.7 152.3 154.4 
Hand weeding  175.0 166.7 181.0 174.2 
Weedy check  154.7 151.8 149.8 152.1 
Weeds mulch --- 167.1 159.0 158.8 162b 
Black plastic --- 179.8 170.7 163.3 171a 
White plastic --- 165.3 159.8 157.7 161b 
Living mulch --- 157.8 154.2 150.9 154c 
Hand weeding --- 179.1 167.8 171.2 173a 
Weedy check --- 152.9 153.8 149.3 152c 
 Zero  168.3 161.4 157.3 162 
 Conventional 165.7 160.3 159.8 162 
 Means 167a 161b 159b  

LSD for plant population =   4.48         
LSD for mulches     =   4.24 
*  =  Significant at P≤ 0.05 
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4.6. Fresh weed biomass (kg ha-1) 

 Statistical analysis of the data showed that the effect of tillage practices, plant 

populations and mulches was significant on fresh weed biomass. While among the interactions 

only population x mulches was significant (Table A6). Fresh weed biomass was higher (183 kg 

ha-1) in the zero tillage plots compared to that of conventional tillage (165 kg ha-1). While 

minimum fresh weed biomass was recorded in 90000 plants ha-1 (158 kg ha-1) compared to 168 

kg ha-1 from 60000 plants ha-1 and 196 kg ha-1 from 30000 plants ha-1. Less fresh weed biomass 

was recorded in the hand weeding (112 kg ha-1) and black plastic mulch (120 kg ha-1), followed 

by weeds mulch (164 kg ha-1), followed by white plastic (191 kg ha-1) and living mulch (195 

kg ha-1) against 260 kg ha-1 in weedy check (Table 4.6) This shows that weed biomass 

decreased with imposing tillage. Perhaps, tillage destroyed the existing weed flora and 

prevented the germination of the small seeded weeds by burying them deep. Therefore, the 

intensity of weeds was less in the tilled plots compared to no-till. These results for the tillage 

effects are in line with the findings of Tangadulratana (1985) that weeds tended to be minimum 

when tillage was imposed and conventional tillage was superior to no-tillage regarding weed 

infestation. Similarly, Elliot et al. (1993) reported that by increasing the number of plowing 

and harrowing weed biomass and time required for weeding were reduced. They further noted 

that grassy weeds were more under zero tillage compared to conventional tillage plots. Kamau 

et al. (1999) reported that tillage reduced fresh weed biomass. Similarly, Mabasa et al. (1999) 

also reported that zero tillage increased total weed population in maize. An increasing density 

of weeds over years especially perennials were noted under no-tillage (Carter et al., 2002). 

Weed biomass decreased as tillage level increased (Shrestha, 1984).  

Lower fresh weed biomass at higher plant population indicated that increasing plant 

population ensured uniform crop stand and covered the open niches which otherwise might 

have been utilized by weeds. So, with increasing plant population, the chances of weed 

establishment were minimized. These results for population effect are in agreement with the 

work of Tollenaar et al. (1994) that increasing plant density from 4-10 plants m-2 reduced weed 

biomass by up to 50 %. Similarly, Stanojevic et al. (1996) also reported less number of weeds 

species with increasing plant population of maize.  

All the management strategies controlled weeds with varying degree of efficiencies. 

But due to the effective weed control hand weeding and black plastic mulch recorded least 
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weed biomass. The weeds in the hand weeding were destroyed through weeding twice, while 

the weeds under black plastic mulch might have failed to germinate due to lake of light and rise 

in temperature under black plastic. These results for mulches effect are in line with the findings 

of Syawal (1998), Saikia and Jitendra (1999) and Balaki and Rivera (1992) that hand weeding 

and black plastic effectively controlled weeds. Tadious and Bogale (1995) reported the highest 

weed biomass from weedy check. According to Khan et al. (1998) hand weeding is best among 

all weed management practices and recorded the lowest weed biomass. Paudel (1997) stated 

that hand weeding significantly reduced weed biomass. Heavy weed infestation in the living 

mulch is supported by the findings of Akobundo and Okigbo (1984) who noted heaviest weed 

infestation in the living mulch. While the relatively higher weed biomass in the white plastic 

mulch is in conformity with the results of Ngouajio and Ernest (2004) who also recorded 

higher weed biomass in white plastic mulch as compared to the black plastic. While Unger and 

Ackermann (1992) reported that cover crops (mustard, rye) reduced abundance and weed 

biomass by 41, 62 % and 94 %, respectively. 

 In population x mulches interaction fresh weed biomass decreased with increase in 

plant population in all of the mulches (Fig. 4.3).  

 
4.7. Weed species composition (%) 

The effect of tillage practices, plant populations and mulches was significant on weed species 

composition. While none of the interactions were significant (Table A7). More weed species 

were recorded in zero tillage (62 %) compared to conventional tillage (58 %). While lesser weed 

species (58 %) were observed in 90000 plants ha-1 and 60000 plants ha-1 each, compared to 63 % 

in 30000 plants ha-1. Minimum weed species were recorded in the hand weeding (38 %), 

followed by black plastic mulch (51.5 %) and weeds mulch (58 %), followed by living mulch (63 

%) and white plastic mulch (64 %) against 84 % in weedy check (Table 4.7). Zero tillage had 

more grassy and perennial weed species while conventional tillage plots recorded more annual 

and broad leaf weed species. In zero tillage plots the already existing perennial weeds, from the 

previous crop season flourished, utilizing inputs given to the current crop, in addition to new 

weeds through seed germination. While in tilled plots, the existing weeds were 
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Table 4.6.  Impact of tillage, plant population and mulches on fresh weed biomass (kg ha-1). 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   154.3 171.0 192.0 172.4 
Black plastic  117.5 120.5 144.5 127.5 
White plastic  172.0 202.8 243.8 206.2 
Living mulch  188.8 193.2 249.0 210.3 
Hand weeding  117.5 105.0 115.3 112.6 
Weedy check  232.7 264.0 304.3 267.0 
Weeds mulch Conventional 117.7 104.8 116.8 154.7 
Black plastic  151.0 166.3 212.2 113.1 
White plastic  157.3 173.3 211.2 176.5 
Living mulch  114.3 108.3 111.2 180.6 
Hand weeding  214.7 255.2 289.3 111.3 
Weedy check  117.7 104.8 116.8 253.1 
Weeds mulch ---   155.1* 158.3 177.3 164c 
Black plastic --- 117.6 112.7 130.7 120d 
White plastic --- 161.5 184.6 228.0 191b 
Living mulch --- 173.1 183.3 230.1 195b 
Hand weeding --- 115.9 106.7 113.3 112d 
Weedy check --- 223.7 259.6 296.8 260a 
 Zero  163.8 176.1 208.2  183* 
 Conventional 151.8 158.9 183.9       165 
 Means 158c 168b 196a  

LSD for plant population =   8.5         
LSD for mulches     =  10.4 
*  =  Significant at P≤ 0.05 
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Fig. 4.3. Interaction effect between plant population x mulches on fresh weed biomass in maize. 
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destroyed through tillage. Yet weed infestation occurred through re-growth and germination in 

the disturbed soil. These results for the tillage effect are in agreement with the findings of 

Mabasa et al. (1999) who reported that zero tillage increased total weed population and was 

dominated by grassy and perennial weeds. Kamau et al. (1999) also reported that tilled plots 

were dominated by broad leaf and annual weeds while grassy and perennial weeds dominated 

no-tillage plots. According to Hnat (2002) zero tillage was a risk of possible weed infestations 

with problematic weeds. Whereas Carter et al. (2002) investigated that in the zero tillage 

system there was a shift from annual to perennial weeds. They observed under zero tillage an 

increasing density of weeds over years especially perennials. Swanton et al. (2006) also 

reported that the response of weed management system was species specific.  

The shading effect under the denser plant populations restricted weed germination and 

establishment, and thus may have reduced the chances of heavy weed infestation. These results 

for the population effect are in agreement with the work of Tollenaar et al. (1994) who 

reported that increasing plant density from 4-10 plants m-2 reduced number of weed species. 

Similarly, Stanojevic et al. (1996) also found less weed species in denser maize populations. 

While Unger and Ackermann (1992) pointed out that lower plant population in combination 

with zero-tillage may lead to heavy weed infestation. 

 Weed control through mulches was species specific. Each weed management strategy 

controlled certain weeds. For example, hand weeding controlled annual weeds but was less 

effective on perennial weeds. Similarly, black plastic killed light sensitive weed during 

germination and heat sensitive weed failed to germinate because of intense rise in temperature 

during the hot summer days. As a result hand weeding and black plastic mulch recorded least 

weed species compared to the weedy check. These results for mulches effect are in line with 

the findings of Chikoye et al. (2004) that the hand weeding thrice recorded least number of 

weed species against the highest species diversity in the weedy check. While Ngouajio and 

Ernest (2004) reported that white plastic mulch recorded the highest number of weed species as 

compared black plastic and other coloured plastic used in the experiment. Khan et al. (1998) 

also reported that hand weeding effectively controlled most of the weeds species thus recorded 

the lowest number of weed species. Unger and Ackermann (1992) pointed out that cover crops 

reduced weed species as well as weed biomass. 
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Table 4.7.  Impact of tillage, plant population and mulches on weed species composition (%) in 
maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   52.6 55.3 66.6 58.1 
Black plastic  49.2 50.9 57.3 52.5 
White plastic  67.9 64.4 74.8 69.0 
Living mulch  62.5 63.7 68.9 65.0 
Hand weeding  38.0 38.3 41.8 39.4 
Weedy check  82.3 88.6 89.4 86.8 
Weeds mulch Conventional 54.4 55.4 63.2 57.7 
Black plastic  51.8 49.2 50.3 50.4 
White plastic  58.0 59.9 61.7 59.9 
Living mulch  58.2 58.3 64.6 60.4 
Hand weeding  37.8 37.3 35.0 36.7 
Weedy check  78.9 80.7 84.1 81.2 
Weeds mulch --- 53.5 55.3 64.9 58c 
Black plastic --- 50.5 50.1 53.8 51d 
White plastic --- 63.0 62.2 68.2 64b 
Living mulch --- 60.4 61.0 66.7 63b 
Hand weeding --- 37.9 37.8 38.4 38e 
Weedy check --- 80.6 84.7 86.8 84a 
 Zero  58.7 60.2 66.5   62* 
 Conventional 56.5 56.8 59.8 58 
 Means 58b 58b 63a  

LSD for plant population =  3.1         
LSD for mulches     =  4.6 
*  =  Significant at P≤ 0.05 
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4.8. Days to physiological maturity 

 The effect of tillage was not significant, whereas plant population and mulches had a 

significant effect on days to physiological maturity of maize, while among the interactions 

population x mulches was significant (Table A8). The highest plant population (90000 plants 

ha-1) took 97 days to maturity compared to 96 days in other populations (60000 and 30000 

plants ha-1). Maturity took 98 days in living mulch, followed by hand weeding, weeds mulch 

and weedy check taking 97 days each, followed by 95 days in white plastic and 94 days in 

black plastic mulches to reach physiological maturity (Table 4.8). These results for the tillage 

effect are in line with the findings of Tangadulratana (1985) who reported that different tillage 

practices did not delay physiological maturity in maize. Similar results have been obtained by 

Sharma et al. (1988) that different tillage systems recorded statistically similar dates for 

tasseling, silking and maturity. Zero tillage and conventional tillage systems did not affect days 

to maturity (Al-Ghrerie, 1988). 

Delayed physiological maturity at higher plant populations might be because of shading 

effect under thick canopies against lower populations, where the direct sunlight may heat up 

soil surface. These results are in agreement with the findings of Mudarres et al. (1998) that 

physiological maturity was delayed at higher plant populations. Increasing plant population 

delayed physiological maturity (Akrapat and Choomsai, 1985). According to Ahmad and Khan 

(2002) higher maize populations prolonged days to maturity. Noor-ul-Akbar (1998) also 

reported that days to tasseling, silking and maturity increased when maize plant population was 

increased. Higher plant population led to delayed maturity (Oleksy et al., 2001).  

Plastic mulch raised soil temperature, which might have accelerated maturity. These 

results for mulches effect are in line with the work of Yonghe (1994) that plastic mulch 

significantly raised soil temperature, kept soil water content stable and enhanced microbial 

activity as a result crops grew faster. Kwabiah (2003) also reported that plastic mulch reduced 

days to physiological maturity as compared to uncovered treatment. Plastic mulches have the 

potential to accelerate maturity (Li-Yan et al., 2003).  

In the population x mulches interaction days to physiological maturity increased with 

increasing plant population in all mulches, hand weeding and weedy check (Table 4.8). 
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Table 4.8.  Impact of tillage, plant population and mulches on days to maturity of maize 

   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   98 96 95 96 
Black plastic  94 94 95 94 
White plastic  94 94 95 94 
Living mulch  100 98 97 98 
Hand weeding  99 97 96 98 
Weedy check  100 97 96 98 
Weeds mulch Conventional 98 98 95 97 
Black plastic  94 94 94 94 
White plastic  97 95 94 95 
Living mulch  99 96 97 97 
Hand weeding  97 96 96 97 
Weedy check  99 96 96 97 
Weeds mulch ---   98* 97 95 97b 
Black plastic --- 94 94 95 94d 
White plastic --- 96 95 95 95c 
Living mulch --- 99 97 97 98a 
Hand weeding --- 98 97 96 97b 
Weedy check --- 99 97 96 97b 
 Zero  98 96 96 96 
 Conventional 97 96 95 96 
 Means 97a 96b 96b  

LSD for plant population =  0.64         
LSD for mulches     =  0.78 
*  =  Significant at P≤ 0.05 
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4.9. Biological yield 

 Biological yield refers to the dry weight of both the cob and stover. As shown in the 

Table A9, the effect of tillage practices, plant populations and mulches was significant on 

biological yield of maize, while among the interactions tillage x mulches and populations x 

mulches were significant. Conventional tillage recorded higher biological yield (7980 kg ha-1) 

compared to zero-tillage (7708 kg ha-1). Biological yield was increased at 90000 plants ha-1 

(8541 kg ha-1) and 60000 plants ha-1 (7992 kg ha-1) compared to 30000 plants ha-1 (7000 kg ha-

1). Similarly, maximum biological yield was recorded in the hand weeding (9118 kg ha-1) and 

black plastic mulch (8982 kg ha-1), followed by weeds mulch (7956 kg ha-1) and white plastic 

mulch (7934 kg ha-1) and followed by living mulch (7540 kg ha-1) compared to 5537 kg ha-1 in 

weedy check (Table 4.9). Higher leaf area and lower fresh weed biomass in conventional 

tillage might have contributed to higher biological yield in conventional tillage as compared to 

zero tillage. These results for tillage effect are in agreement with the work of Elliot et al. 

(1993) who reported that biological yield increased in the tilled plots. According to Kang et al. 

(1980) the yield in conventional tillage plots was two times more than that in the zero tillage. 

Similarly, Karunatilake et al. (2000) also reported higher stem and root biomass in tilled plots 

as compared to zero tillage. No-tillage produced the lowest yield as compared to twice tilled 

plots (Suena, 1997).  

Increase in biological yield at higher plant population might be due to increase in 

number of plants as well as in plant height of individual plants at denser populations.  These 

results for the population effect are in line with the findings of Tetio-Kagho and Gardner 

(1988) that increasing maize density increased biological yield and vegetative growth. Bahadur 

et al. (1999) also reported that higher maize population increased biological yield. Increase in 

plant density significantly increased fresh biomass of maize (Ahmad and Khan, 2002). The 

results of Hashemi et al. (2005) strongly supported our findings who reported the highest 

biological yield from 90000 plants ha-1.  

The highest biological yield in the hand weeding and black plastic mulch might be 

attributed to their maximum plant height and leaf area as a result of their efficient weed 

control. These results are in line with the work of Kwabiah (2003) that maximum biological 

yield was recorded in the plastic mulch, while Nawab et al. (1997) reported that hand weeding 

significantly increased biological yield. The comparatively higher biological yield in the white 
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plastic mulch is in agreement with the findings of Kwabiah, (2004) who reported maximum 

biological yield in plastic mulches. While the lowest biological yield in the living mulch is in 

line with the findings of Zink and Hurle (1990) and Fischer and Larry (1992) who reported that 

competition of living mulch with maize severely reduced biological yield. 

 In the tillage x mulches interaction biological yield increased with tillage in all of the 

mulches, hand weeding and weedy check (Fig. 4.4a), while in the population x mulches 

interaction biological yield increased from lower plant population to higher plant population in 

all of the mulches, hand weeding and weedy check (Fig. 4.4b).  

 
4.10. Number of grains cob-1 

 The effect of tillage practices was not significant, whereas effect of plant population 

and mulches was significant on number of grains cob-1, however, none of the interactions were 

significant (Table A10). Lowest number of grains cob-1 (224) was recorded in the highest plant 

population of 90000 plants ha-1 compared to medium plant populations of 60000 plants ha-1 

(254) and lower plant population of 30000 plants ha-1 (280). Maximum number of grains cob-1 

was recorded in the hand weeding plots (278) and black plastic mulch (269), followed by 

weeds mulch (251), white plastic mulch (251) and living mulch (246) against weedy check 

(221) as shown in Table 4.10. Since the early growth and development of the crop was not 

affected by different tillage practices, which is reflected in several characters of the crop like 

statistically similar plant height, days to tasseling, silking and physiological maturity, under 

both the tillage systems. This may explain the situation. These results for the tillage effect are 

in line with the findings of Al-Ghrerie, (1988) who reported that both the two tillage systems 

(zero tillage and conventional tillage) did not affect yield and yield components of maize. 

Similarly, Govaerts et al. (2005) also reported that the yield and yield components in the zero-

tillage were equivalent to those of conventional tillage system.  

 The lowest number of grains cob-1 at higher plant populations might be due to the rise 

in competition for light, moisture and nutrients. These results for the population effect are in 

line with those of Johnson and Wilman (1997) that increasing maize density decreased grains 

cob-1. Higher maize population decreased grains cob-1 (Bahadur et al., 1999). Dastfal et al. 

(1999) reported that increasing plant density significantly decreased number of grains cob-1. 
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Table 4.9.  Impact of tillage, plant population and mulches on biological yield (kg ha-1) of 
maize 

   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   8754 8244 6564   7854* 
Black plastic  9643 8982 7688 8771 
White plastic  8434 8066 7035 7845 
Living mulch  8005 7912 6597 7504 
Hand weeding  9421 8776 8235 8811 
Weedy check  5791 5375 5225 5464 
Weeds mulch Conventional 9022 8251 6900 8058 
Black plastic  10134 9283 8161 9193 
White plastic  8652 8357 7057 8022 
Living mulch  8575 7568 6583 7575 
Hand weeding  10157 9565 8553 9425 
Weedy check  5901 5521 5408 5610 
Weeds mulch ---   8888* 8247 6732  7956b 
Black plastic --- 9889 9133 7924  8982a 
White plastic --- 8543 8212 7046  7934b 
Living mulch --- 8290 7740 6590  7540c 
Hand weeding --- 9789 9171 8394  9118a 
Weedy check --- 5846 5448 5317  5537d 
 Zero  8341 7892 6891   7708* 
 Conventional 8740 8091 7110 7980 
 Means 8541a 7992b 7000c  

LSD for plant population =  126         
LSD for mulches     =  154 
*  =  Significant at P≤ 0.05 
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Fig. 4.4. Interaction effect between tillage x mulches (a) and plant population x mulches (b) on 
       biological yield of maize. 
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The highest number of grain cob-1 in the hand weeding and black plastic mulch could 

be attributed to enhanced soil temperature, better conservation of soil moisture and efficient 

control of weeds. The lowest grains cob-1 in the weedy check and living mulch treatments 

might be due to higher weed infestation and increased interspecific competition. These results 

are in line with the work of Kwabiah (2003) and Kwabiah (2004) who investigated that plastic 

mulch increased number of grains cob-1. The lowest number of grains cob-1 was recorded in 

weedy check plots at lower plant densities due to wider row spacing of maize (Fischer and 

Larry, 1992). 

 

4.11. Thousand-grain weight of maize (g) 

 The effect of tillage practices, plant population and mulches was significant on 

thousand-grain weight of maize, while none of the interactions were significant (Table A11). 

Conventional tillage recorded higher thousand-grain weight (178 g) than zero-tillage plots (176 

g). Maximum thousand-grain weight was recorded from 30000 plants ha-1 (181 g) and 60000 

plants ha-1 (180 g) as compared to 90000 plants ha-1 (171 g). Similarly, maximum thousand-

grain weight was recorded in the hand weeding (187g) and black plastic mulch (184 g), 

followed by white plastic mulch (175 g), living mulch (174 g) and weeds mulch (172 g) against 

171 g in weedy check (Table 4.11). Although zero tillage did not hinder the establishment and 

early vegetative growth yet later on might have influenced grain development probably due to 

poor root development under zero tillage conditions. The poor root growth might have affected 

nutrients uptake during grain maturation and resulted in under weight grain formation. These 

results for tillage effect are in line with those of Kang et al. (1980) that zero tillage maize gave 

less grain weight than that of conventional tillage maize. The findings of Tangadulratana 

(1985) are also supportive that conventional tillage was superior to no-tillage regarding grain 

weight. Decrease in the thousand-grain weight at higher plant populations might be due to the 

increased competition for moisture, light and nutrients as a result of increase in plant 

population. These results for population effect are in line with the work of Johnson and 

Wilman (1997) that increasing the maize density decreased thousand-grain weight. Bahadur et 

al. (1999) also reported that higher maize population decreased thousand-grain weight. 

Similarly, Hassan (2000); Oleksy et al. (2001); Ahmad and Khan (2002) and Amanullah and 

Arif (2009) reported that increase in plant  
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Table 4.10.  Impact of tillage, plant population and mulches on number of grain cob-1 of maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   213 246 273 244 
Black plastic  229 273 299 267 
White plastic  211 252 282 248 
Living mulch  222 243 279 248 
Hand weeding  225 278 299 267 
Weedy check  196 233 225 218 
Weeds mulch Conventional 229 252 295 258 
Black plastic  254 276 282 271 
White plastic  225 240 294 253 
Living mulch  209 245 277 244 
Hand weeding  271 286 307 288 
Weedy check  209 221 242 224 
Weeds mulch --- 221 249 284 251b 
Black plastic --- 242 275 290 269a 
White plastic --- 218 246 288 251b 
Living mulch --- 215 244 278 246b 
Hand weeding --- 248 282 303 278a 
Weedy check --- 203 227 234 221c 
 Zero  216 254 276 249 
 Conventional 233 253 283 256 
 Means 224c 254b 280a  

LSD for plant population =  26         
LSD for mulches     =  12 
*  =  Significant at P≤ 0.05 
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density significantly decreased thousand-grain weight of maize. 

 The highest thousand-grain weight in black plastic mulch could be attributed to 

increase in soil temperature and enhanced microbial activity under the plastic mulch, which 

resulted in enhanced soil physical conditions and faster crop growth. These results for the 

mulches effect are in line with the findings of Kwabiah (2004) that plastic mulch increased 

grains weight, while Malik et al. (1998) reported that the lowest 1000-grain weight was 

recorded in the living mulch. Hussein (1997) reported that decrease in grains weight was 

proportional with the duration of weed competitions.  
 

4.12. Grain yield 

 Statistical analysis of the data showed that there was a significant effect of tillage, plant 

population and mulches on grain yield of maize, while among the interactions, tillage x mulches 

and populations x mulches were significant (Table A12). Conventional tillage recorded higher 

grain yield (2429 kg ha-1) than zero-tillage (2271 kg ha-1). Maximum grain yield was obtained in 

higher plant population of 90000 plants ha-1 (2582 kg ha-1) as compared to medium plant 

population of 60000 plants ha-1 (2412 kg ha-1) and lower plant population of 30000 plants ha-1 

(2055 kg ha-1). Highest grain yield was recorded in the hand weeding plots (2863 kg ha-1) and 

black plastic mulch (2813 kg ha-1), followed by weeds mulch (2460 kg ha-1) and white plastic 

mulch (2398 kg ha-1), followed by living mulch (2145 kg ha-1) against 1422 kg ha-1 in weedy 

check (Table 4.12). The period of grain formation and grain filling is very sensitive to moisture, 

nutrients and environmental stresses. The less developed root system under zero tillage 

conditions might have affected the flow of water and nutrients during grain formation in the hot 

summer days of July and August. As a result the grains remained small, which is reflected in the 

smaller thousand-grain weight under zero tillage, which consequently affected grain yield. These 

results for the tillage effect on root development under zero tillage are in line with the results of 

Karunatilake, (2000) who reported poor root development under zero tillage system compared to 

the prolific root growth under conventional tillage system. He further stated that soil conditions 

under zero tillage were unfavorable for growth as compared to conventional tillage. These 

findings for tillage effect on grain yield are in agreement with the results of Kang et al. (1980) 
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Table 4.11.  Impact of tillage, plant population and mulches on 1000-grain weight (g) of maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   166.3 173.0 182.1 173.8 
Black plastic  177.4 189.3 181.9 182.9 
White plastic  165.1 177.0 180.6 174.2 
Living mulch  161.4 170.8 179.5 170.6 
Hand weeding  181.7 187.8 192.5 187.3 
Weedy check  170.3 170.6 173.3 171.4 
Weeds mulch Conventional 162.9 176.9 170.9 170.2 
Black plastic  181.6 188.1 188.2 185.9 
White plastic  169.0 178.4 185.1 177.5 
Living mulch  166.6 181.0 185.5 177.7 
Hand weeding  185.0 189.4 185.1 186.5 
Weedy check  163.6 175.6 169.7 169.6 
Weeds mulch --- 164.6 175.0 176.5 172b 
Black plastic --- 179.5 188.7 185.0 184a 
White plastic --- 167.1 177.7 182.8 175b 
Living mulch --- 164.0 175.9 182.5 174b 
Hand weeding --- 183.3 188.6 188.8 187a 
Weedy check --- 166.9 173.1 171.5 171b 
 Zero  170.4 178.1 181.6  176* 
 Conventional 171.4 181.6 180.7 178 
 Means 171b 180a 181a  

LSD for plant population =  5.44         
LSD for mulches     =  4.90 
*  =  Significant at P≤ 0.05 
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who reported that zero tillage maize gave less grain yield than that of conventional tillage 

maize. Tangadulratana (1985) also reported that conventional tillage produced higher grain 

yield compared to no-tillage. Ghuman and Sur (2001) investigated that no-tillage maize yielded 

less than that of conventional tillage. The results of Suena (1997) that zero tillage recorded 

lower grain yield than that of tilled maize also conformed our research findings. Increase in 

grain yield at higher plant populations might be due to 2-3 times increase in number of plants 

ha-1. As a result the amount of yield components i.e. cobs also increased almost 2-3 times, 

which ultimately contributed to the final grain yield. But increase in the final yield was not 

parallel to increase in the number of plants ha-1, because of other factors like, increased plant 

competition and crowding stress etc. at higher plant populations. These results for the 

population effect are in line with the work of Akbar et al. (1996) who reported that highest 

grain yield was obtained from population of 10 plants m-2. Grain yield increased with 

increasing plant population (Mudarres et al., 1998; Bahadur et al., 1999; Dastfal et al., 1999). 

Hussain et al. (2000). Ahmad and Khan (2002) noted yield enhancement with increasing 

population and recorded highest grain yield in 8 plants m-2, while Hashemi et al. (2005) 

reported higher grain yield from 9 plants m-2, which strongly supported our results. Hassan 

(2000) also reported that grain yield increased with increase in plant population.  

Lower grain yield from living mulch and weedy check treatments might be due to 

heavy weed infestation and partial weed control as compared to hand weeding and black 

plastic mulch. These results for the mulches effect are in line with those of Maurya and Lal, 

(1981) who reported that black plastic and straw mulches yielded more than unmulched 

treatments and white plastic mulch. Similarly, Saikia and Jitendra (1999) reported that hand 

weeding due to effective control of weeds recorded significantly higher grain yield. Hand 

weeding reduced weeds, which resulted in higher yields (Elliot and moody, 1990). Similarly, 

Khajanji et al. (2002) obtained higher grain yield with twice hand weeding. However, 

according to Chikoye et al. (2004) three times hand weeding was necessary to obtain 

maximum grain yield. Plastic mulch improved maize grain yield (Yonghe, 1994).  

 In tillage x mulches interaction grain yield was less in zero tillage compared to 

conventional tillage for all mulches with varying degree of increments (Fig. 4.5a). Similarly, in 

the population x mulches interaction, grain yield increased from lower plant population to 

higher plant population for all mulches, hand weeding and weedy check (Fig. 4.5b).  
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Table 4.12.  Impact of tillage, plant population and mulches on grain yield (kg ha-1) of maize 
   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   2631 2579 1974 2395* 
Black plastic  3028 2739 2261 2676 
White plastic  2613 2431 2035 2360 
Living mulch  2207 2239 1814 2087 
Hand weeding  2917 2726 2492 2712 
Weedy check  1493 1392 1302 1395 
Weeds mulch Conventional 2911 2573 2094 2526 
Black plastic  3277 2992 2579 2949 
White plastic  2659 2539 2111 2436 
Living mulch  2472 2195 1941 2203 
Hand weeding  3250 3093 2698 3014 
Weedy check  1529 1453 1363 1448 
Weeds mulch --- 2771* 2576 2034 2460b 
Black plastic --- 3153 2865 2420 2813a 
White plastic --- 2636 2485 2073 2398b 
Living mulch --- 2340 2217 1878 2145c 
Hand weeding --- 3084 2909 2595 2863a 
Weedy check --- 1511 1422 1332 1422d 
 Zero  2481 2351 1980 2271* 
 Conventional 2683 2474 2131 2429 
 Means 2582a 2412b 2055c  

LSD for plant population =  68.2         
LSD for mulches     =  63.3 
*  =  Significant at P≤ 0.05 
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Fig. 4.5. Interaction effect between tillage x mulches (a) and plant population x mulches (b) on  
  grain yield of maize. 
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4.13. Harvest index (%) 

Plant harvest index is the ratio of grain yield to total plant yield. It is one of the indices 

currently used to evaluate a crop's partitioning efficiency. Improvements in the harvest index 

reflect the increase in the allocation of photosynthate in grain production. Higher harvest index 

may not be a first priority in crop improvement to the subsistence farmers because of the need 

for large quantities of stover (Aziz, 2004). Effect of tillage practices and plant populations was 

not significant, whereas effect of mulches was significant on harvest index of maize, while 

among the interactions only tillage x mulches was significant (Table A13). Highest harvest 

index was recorded in the hand weeding plots (31.5) and black plastic mulch (31.2), followed 

by weeds mulch (30.8) and white plastic mulch (30.2), followed by living mulch (28.8) against 

25.9 in weedy check (Table 4.13). Different tillage practices probably affected grain yield as 

well as biological yield equally. Thus, being the ratio between grain yield to the biological 

yield; harvest index remained unaffected among different tillage systems. These results for the 

tillage effect are in line with the work of Sharma et al. (1988) that all parameters studied were 

not significantly different with zero and conventional tillage. Govaerts et al. (2005) also 

reported that zero-tillage gave yields equivalent to those of conventional tillage system. 

Similarly, Al-Ghrerie (1988) also reported that the two tillage systems (no tillage and 

conventional tillage) did not affect grain yield and yield components of maize as well as 

biological yield. With increasing plat population, competition among plants increased, which 

affected the performance of the crop as a whole but particularly in the grain yield. The decrease 

in the final yield is evident more in grain yield than in biological yield. The harvest index 

decreased with increasing plant population numerically. These results for population effect are 

in line with the work of Ahmad and Khan, (2002) who reported that harvest index increased 

with increasing plant population up 8 plants m-2 and increase in plant population above 8 plants 

m-2 decreased harvest index. Similar results had been obtained by Oleksy et al. (2001) who 

reported that the number of productive ears plant-1 decreased with increasing plant population 

above certain threshold level, which resulted in lower harvest index.  The highest harvest index 

of 30.74 % was obtained at lowest plant density. The lowest harvest index of 24.22 % was 

noted at highest population density due to less food availability and less space (Aziz, 2004). 

The higher harvest index from black plastic mulch could be attributed to its ability to enhance 

soil physical properties and increasing soil temperature, which helped accelerate N 
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mineralization and availability during the critical period of grain formation, which may have 

affected allocation of photosynthate towards grain. This may explain the high harvest index in 

the black plastic mulch. While the lower harvest index in living mulch and weedy check might 

be due to increased competition because of higher weed infestation for the limited available 

resources. These results are in line with those of Malik et al. (1998) that living mulch reduced 

harvest index significantly. The high harvest index in the weeds mulch is supported by the 

results of Ahmad and Khan, (2002) who obtained high harvest indices in the rice straw and 

water hyacinth as being organic mulches. The organic mulches improved soil physical 

conditions and helped improve availability of certain nutrients. In the tillage x mulches 

interaction harvest index increased from zero tillage to conventional tillage, for all mulches 

except weedy check. Statistically similar harvest indices were obtained for both the tillage 

systems in the weedy check (Fig. 4.6).  

4.14. Cost-Benefit Ratio (CBR) 

 Cost-Benefit Ratio is the ratio between added income of a weed management practice 

and added cost of that practice. Cost-benefit ratio was calculated only for weed management 

strategies i.e. mulches, hand weeding and weedy check only, excluding tillage and plant 

populations. Various weed management methods were applied like, hand weeding, black plastic 

mulch, white plastic mulch, living mulch and weeds mulch against weedy check. All of them 

affected yield differently and were carried out with various costs. Highest cost-benefit ratio was 

recorded in the hand weeding plots (3.49) followed by living mulch (2.47), weeds mulch (1.98) 

and black plastic mulch (1.39). While the lowest cost-benefit ratio was recorded from white 

plastic mulch (1.04) as shown in Table 4.14. The lowest cost benefit ratio of the plastic mulch 

(black as well as white) was due to the high cost of plastic although its added income was more 

than those of living mulch and weed mulch each. These results are in line with the findings of 

Elliot and moody (1990) who stated that hand weeding significantly controlled weeds and 

resulted in higher cost benefit ratio. Khajanji et al. (2002a) reported that hand weeding twice was 

better than weedy check in respect of cost benefit ratio as well as energy output-input ratio, while 

according to Malik et al. (1998) the highest gross income and cost benefit ratio was obtained  
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Table 4.13.  Impact of tillage, plant population and mulches on harvest index of maize 

   Plant populations (ha-1)  
Mulches Tillage 90000 plants 60000 plants  30000 plants Means 
Weeds mulch Zero   30.2 30.7 29.8 30.2* 
Black plastic  30.7 30.1 29.7 30.2 
White plastic  30.1 30.4 29.2 29.9 
Living mulch  27.8 28.6 27.8 28.1 
Hand weeding  30.3 31.3 30.5 30.7 
Weedy check  25.9 26.3 25.3 25.8 
Weeds mulch Conventional 31.8 31.5 30.7 31.3 
Black plastic  32.1 32.5 31.9 32.1 
White plastic  30.9 30.6 30.2 30.6 
Living mulch  29.3 29.3 30.3 29.6 
Hand weeding  32.5 32.6 31.9 32.3 
Weedy check  25.8 26.7 25.6 26.0 
Weeds mulch --- 31.0 31.1 30.2 30.8bc 
Black plastic --- 31.4 31.3 30.8 31.2ab 
White plastic --- 30.5 30.5 29.7 30.2c 
Living mulch --- 28.5 28.9 29.0 28.8d 
Hand weeding --- 31.4 32.0 31.2 31.5a 
Weedy check --- 25.8 26.5 25.4 25.9e 
 Zero  29.2 29.6 28.7 29.1 
 Conventional 30.4 30.5 30.1 30.3 
 Means 29.8 30.0 29.4  

Plant population     =   Nonsignificant           
LSD for mulches    =   0.67 
*  =  Significant at P≤ 0.05 
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Fig. 4.6. Interaction effect between tillage x mulches on harvest index of  maize. 
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 Table 4.14.  Cost-benefit ratio and net profit as affected by various mulches and hand weeding 
         as compared to weedy check in maize 

 Added incomea 

 
Added costb 

 

Net profit 
(PKR)c 

 

Cost-benefitd 
Ratio 

 
Weeds mulch 

 
16616 8393 8223 1.98 

 
Black plastic 

 
22254 16000 6254 1.39 

 
White plastic 

 
15618 15000 618 1.04 

 
Living mulch 

 
11568 4688 6880 2.47 

 
Hand weeding 

 
23053 6600 16453 3.49 

 
Weedy check 

 
---  -- -- 

 
a =  Monetary value of the added yield in PKR (Rupee i.e. Pakistani currency) 
b =  Cost of the weed management strategy in Pakistani currency 
c =  Added income – added cost 
d =  Added income / added cost  
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from maize and mungbean sown in alternate rows. Similarly, Mangasser (2003) also recorded 

high cost benefit ratio from maize with mungbean intercropping. In another experiment 

Mangasser (2003) confirmed the effectiveness of intercropping and recorded high cost-benefit 

ratio (2.06%) of maize to cow pea (Vigna unguiculata L.), while the results of Balaki and 

Rivera (1992) revealed that black plastic effectively controlled weeds and reduced weeding 

cost by spending only P 3000 as compared to the traditional practice of spending P 93,666.0 

ha-1. Pandita et al. (2000) studied intercropping of maize with field bean and recorded 

maximum land-equivalent ratio (1.61) and highest cost-benefit ratio (1.87) for a row ratio of 

1:2.  

 As already discussed effect of tillage was significant on leaf area of maize plant-1, leaf 

area index, fresh weed biomass, number of weed species, biological yield, 1000-grain weight 

and grain yield, while days to tasseling, days to silking, plant height, days to maturity, number 

of grains cob-1 and harvest index were not significantly affected by the tillage practices. The 

effect of plant populations was more prominent on all the studied parameters except harvest 

index (%). Similarly, the effect of mulches was even more obvious than that of plant 

population and significantly affected all of the studied parameters.  

 Zero tillage affected leaf area, leaf area index and biological yield negatively as 

compared to conventional tillage. This may explain that lower biological yield in the zero 

tillage might be due to the lower leaf area. Similarly, higher biological and grain yield under 

conventional tillage conditions might be accredited to the lower fresh weed biomass and 

smaller number of weed species under conventional tillage. While the increase in the grain 

yield in the tilled plots might be attributed to superior thousand-grain weights and efficient 

weed control, rather than the non-significantly different number of grains cob-1.  

 Plant populations significantly affected not only days to tasseling but also silking and 

physiological maturity. But earliness or delay in tasseling, silking and physiological maturity 

seemed to have no or negligible correlation with the yield and yield components of maize. For 

example, days to tasseling, silking and maturity increased in hand weeding and living mulch 

equally but there was a big gap between their grain yield. Similarly, with both black plastic 

mulch and white plastic mulch days to tasseling, silking and maturity were reduced. Similarly, 

the maximum leaf area plant-1 and plant height might have contributed to higher biological 

yield, whereas the higher number of plants and thus cobs in the higher plant populations might 
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be the reason of higher grain yield rather than number of grain cob-1 and 1000-grain, because 

number of grain cob-1 and 1000-grain were negatively affected with increase in plant 

population.  

 Mulches significantly affected all the studied parameters. Increased biological yield in 

the hand weeding and black plastic mulch might be attributed to increase in plant height, 

maximum leaf area and leaf area index as well as lower fresh weed biomass and lesser number 

of weed species. Similarly, yield and yield components like thousand-grain weight, number of 

grains cob-1 and grain yield were significantly affected among various types of mulches, hand 

weeding and weedy check treatments. Higher grain yield was recorded in treatments where 

thousand-grain weight was better and number of grains cob-1 was higher. For example, hand 

weeding, black plastic, weeds mulch and white plastic mulch recorded comparatively higher 

number of grains cob-1 and better thousand grain weights, moreover, where number of weed 

species was lower and fresh weed biomass were smaller, which is reflected in their higher 

grain yields as compared to the remaining treatments. Cost-Benefit Ratio of various weed 

management methods was also different. Higher cost-benefit ratio was recorded in the hand 

weeding as well as in the living mulch. However, the higher cost benefit ratio in the living 

mulch compared to black plastic mulch was not due to higher yield in the living mulch but was 

due to lower cost, although the yield from living mulch was sufficiently lesser than that of 

black plastic mulch. In other words, the lowest cost-benefit ratio from plastic mulch was due to 

the high cost of plastic although its added income was more than those of living mulch and 

weeds mulch both. 
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5. SUMMARY 

 The effect of tillage (zero and conventional), plant population (90000 plants ha-1, 60000 

plants ha-1 and 30000 plants ha-1) and mulches (weeds mulch, black plastic mulch, white 

plastic mulch, living mulch, hand weeding and a weedy check) on weed control in maize was 

investigated during summer 2006 and 2007 at Agricultural Research Farm, NWFP Agricultural 

University Peshawar, Pakistan. Experiments were conducted in RCB design with split-plot 

arrangements, putting two tillage levels in main plots, three populations in sub-plots and six 

mulch treatments in sub-sub plots. The purpose of this study was to evolve a socio-

economically feasible and environment friendly weed management package for maize growing 

farmers of North-West Pakistan. The results indicated that various levels of all the factors 

(except years) significantly affected the performance of maize in terms of yield. Zero-tillage 

reduced the yield to 2271 kg ha-1, as compared to 2429 kg ha-1 in conventional tillage. 

Similarly, increasing plant population increased yield from 2055 kg ha-1 in 30000 plants ha-1 to 

2412 kg ha-1 in 60000 plants ha-1 and 2483 kg ha-1 in 90000 plants ha-1, respectively. But the 

yield and yield components like the number of grains cob-1, biological yield, harvest index, and 

thousand-grain weight of the individual plants were affected negatively with increase in plant 

population. Four various types of mulches, hand weeding and weedy check also had a 

significant effect on the yield and yield components. Hand weeding was the best among all the 

treatments in terms of weed control and yield improvement of maize and recorded significantly 

higher grain yield of 2863 kg ha-1. However, it was statistically at par with black plastic mulch 

(2813 kg ha-1) in terms of grain yield, followed by weeds mulch (2460 kg ha-1), white plastic 

(2398 kg ha-1) and living mulch (2145 kg ha-1), respectively. But due to its high cost, plastic 

mulch was uneconomical as compared to other treatments. Weeds mulch, white plastic and 

living mulch were ineffective in weed control and yield enhancement of maize. White plastic 

neither controlled weeds effectively nor improved the yield despite its high cost. Weeds mulch 

too was not economical because of its higher labor requirements in order to cut, transport and 

spread these weeds on the soil surface in the field. However, where sufficient labor force and 

desirable weeds are locally available then weeds mulch can be used, effectively and 

economically. Living mulch on one hand controlled weeds but on the other hand competed 

with the crop as well. As a result, the yield from the living mulch plots was very low and close 

to the weedy check. 
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In terms of weed infestation conventional tillage was superior and minimum weed 

biomass of 165 kg ha-1 was found as compared to 183 kg ha-1 in the zero tillage. Similarly, 

higher plant populations suppressed weeds more than lower plant population. Less weed 

biomass of 158 kg ha-1 was recorded in the highest population of 90000 plants ha-1 as 

compared to 168 kg ha-1 in 60000 plants ha-1 and 196 kg ha-1 in 30000 plants ha-1, respectively. 

Among the various weed management lesser fresh weed biomass was recorded in hand 

weeding (112 kg ha-1) and black plastic mulch (120 kg ha-1), followed by weeds mulch (164 kg 

ha-1), white plastic mulch (191 kg ha-1) and living mulch (195 kg ha-1) as compared to weedy 

check (260 kg ha-1). All the management strategies controlled weeds with varying degree of 

efficiencies. But due to the effective weed control least weed biomass was found in hand 

weeding and black plastic mulch. The weeds in the hand weeding were destroyed through 

weeding twice, while the weeds under black plastic mulch failed to germinate due to lake of 

light and rise in temperature. Number of weeds species was higher (62 %) in zero tillage than 

conventional tillage (58 %). Zero tillage had more grassy and perennial weed species while on 

the other hand conventional tillage plots has more annual and broad-leaf weeds. In zero tillage 

plots the existence of perennial weeds, flourished, in addition to new weeds through seed 

germination. While in tilled plots, the existing weeds were destroyed through tillage. Yet weed 

infestation occurred through re-growth and germination in the disturbed soil too. Higher plant 

populations (90000 plants ha-1 and 60000 plants ha-1) had lesser weed species (58 % each) as 

compared to 63 % in the lower plant population (30000 plants ha-1). This indicated that higher 

plant populations reduced weeds infestation. Hand weeding (38 %), black plastic (51 %) and 

weeds mulch (58 %) had less weed species as compared to living mulch (63 %), white plastic 

(64 %) and the weedy check (84 %).  

Biological yield is the ultimate goal of the farmer where maize is grown for forage. 

Biological yield was increased to 7980 kg ha-1 with the conventional tillage compared to no-

tillage (7708 kg ha-1). Similarly, biological yield increased with increase in plant population 

from 7000 kg ha-1 in the lower plant population to 7992 kg ha-1 in medium plant populations 

and 8541 kg ha-1 in the higher plant population. Among the various weed management 

strategies, maximum biological yield was recorded in the hand weeding (9118 kg ha-1) and 

black plastic mulch (8982 kg ha-1), followed by weeds mulch (7956 kg ha-1), white plastic 
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mulch (7934 kg ha-1) and living mulch (7540 kg ha-1) as compared to weedy check plots (5537 

kg ha-1).  

Various weed management methods viz; hand weeding, black plastic mulch, white 

plastic mulch, living mulch and weeds mulch were applied in addition to weedy check. All of 

these affected yield differently and were carried out with varying costs. Highest cost-benefit 

ratio was recorded in the hand weeding plots (3.49) followed by living mulch (2.47), weeds 

mulch (1.98) and black plastic mulch (1.39), while the lowest cost-benefit ratio was recorded 

from white plastic mulch (1.04). The lowest cost benefit ratio of the plastic mulch (black as 

well as white) was due to the high cost of plastic although its added income was more than 

those of living mulch and weed mulch each.  

The results further showed that crop yield losses were almost similar during both the 

years even though the weather conditions in 2006 (rainfall 184 mm) were more favourable than 

in 2007 (48 mm). It implied that weeds could be harmful to maize crop in any ecological 

atmosphere, particularly at low plant populations in these studies. On the other hand, the yield 

losses in the living mulch were similar to those occurred at lower plant populations due to 

strong interspecific competition among the crop and living mulch. As far as the weeds are 

concerned, the biomass and other weed parameters were higher in 2006 than in 2007; 

nonetheless, the yield losses due to weeds were statistically similar in both cropping seasons.  

 Overall conventional tillage proved better than zero tillage in the agroecological 

condition of Peshawar. Plant population of 90000 plants ha-1 showed to be the optimum plant 

population and ensured maximum yield with uniform crop stand. Hand weeding was the best 

among all the mulches but being labour intensive, not feasible where labour force is scarce and 

expensive. Therefore, it is concluded from the two years’ research that weeds can cause 

considerable yield losses and must be scientifically administered. It is suggested in light of the 

two years’ research that even if optimum plant population is a part of the weed management 

program, it should not be used as a sole non-chemical management tool, instead it must be 

integrated with some control method like, tillage, mulches, hand weeding and herbicide in 

order to put together a more effective approach to evolve effective and sustainable weed 

management package for this area.  
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6. CONCLUSION AND RECOMMENDATIONS 

 The rapid growth in population and consequent shrinking of agricultural land compels 

us to produce more from the available land. As a result, the vertical increase in crop yield is the 

only option; which is hindered by several factors, including weeds, that cannot be ignored. To 

cope with this situation, one should know various weed management methods for the crop 

concerned, their time of application and the weeds species involved. The two years research in 

this regard revealed the need of putting together the tillage, manipulation of plant population 

and using various mulches to evaluate the most economical, environmental friendly and 

traditionally feasible weed management practice in our environmental condition.  

Zero-tillage reduced yield in maize due to poor root establishment and severe weeds 

infestation. The vigor, strength and competitive ability of the crop can be enhanced to some 

extent by manipulating plant population. The hypothesis that “the more vigorous and 

competitive the crop is the less damage will be caused by the weeds” proves true when we 

ensure the optimum plant population with uniform crop stand. However, weeds when left 

unchecked can compete maize across all the plant populations. Therefore, the approach to 

control weeds through higher plant populations alone, may not give satisfactory results in 

terms of compensation for yield loss. Consequently other control measures, like mulches 

should also be incorporated in the weed management package to minimize the yield losses. 

Mulches and hand weeding reduced yield loss differently. Black plastic controlled 

weeds adequately and enhanced the yield sufficiently. However due to the high cost of plastic 

it is an expensive weed control. Effect of weeds mulch yet statistically similar to white plastic 

in weed control had higher cost-benefit ratio and may further be improved, where weeds used 

as mulch are plentiful and available. Living mulches might be the best option where stover and 

fresh biomass is the ultimate goal of the farmer, because living mulch acts just as weeds do to 

the crop. The only difference is the forage value of living mulch. It is finally concluded that in 

conventionally tilled maize having optimum plant population, hand weeding was the best 

among all the treatments; but being labor intensive cannot be applied on large and where labor 

is scarce. In such circumstances herbicides prove more economical and independent of 

weather. However, cultural methods for weed control should always be encouraged to maintain 

organic farming and ensure environmental safety.  
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Keeping in view the results of the two years’ research work on “impact of tillage, plant 

populations and mulches on weed management in maize” the following recommendations are 

made; 

1. The yield and yield components of maize were significantly influenced by the tillage 

system. Zero-tillage caused yield losses in maize due to severe weeds infestation and 

should not be recommended in irrigated plains of Peshawar valley. 

2. Competitive ability of the crop can be enhanced by ensuring optimum plant 

 density with uniform crop stand. The optimum plant population varies for various

 cultivars. Optimum plant density for variety ‘Azam’ proved to be 90000 plants ha-1.  

3. Hand weeding was the best among all the mulches regarding weed control, yield 

 improvement and cost-benefit ratio. However it is not feasible where labour force is 

 scarce and more expensive.   

4. Black plastic controlled weeds adequately and enhanced the yield sufficiently. 

 However due to the high cost of plastic, it is not economical particularly in case of 

 field crops. 

5. Weeds mulch performed better in weed control and yields enhancement and was 

cheaper compared to plastic mulches and is recommended in situation where weeds are 

a problem.  

6. Living mulches might be the best option regarding its low cost. Yet, they should be 

 practiced where biological yield of maize as well as living mulch is the ultimate goal. 
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APPENDICES 

Appendix-A: ANOVA applied on the averages of the two years data for crop-weed 
parameters 
 
A1. ANOVA Table for days to tasseling of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 74.59 37.29 4.85 0.17 
Tillage (T) 1 29.04 29.04 3.77 0.19 
Error (a) 2 15.39 7.70   
Population (P) 2 112.87 56.43 93.77 0.00 
Tx P 2 3.84 1.92 3.19 0.10 
Error (b) 8 4.81 0.60   
Mulches (M) 5 298.88 59.78 37.94 0.00 
T x M 5 11.19 2.24 1.42 0.23 
P x M 10 20.61 2.06 1.31 0.25 
T x P x M 10 20.86 2.09 1.32 0.24 
Error (c) 60 94.54 1.58   
CV (%) 2.1722 
 
A2. ANOVA Table for days to silking of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 16.25 8.13 2.48 0.29 
Tillage (T) 1 0.39 0.39 0.12 0.76 
Error (a) 2 6.56 3.28   
Population (P) 2 48.91 24.45 22.26 0.00 
T x P 2 2.02 1.01 0.92 0.44 
Error (b) 8 8.79 1.10   
Mulches (M) 5 449.37 89.87 126.19 0.00 
T x M 5 5.65 1.13 1.59 0.18 
P x M 10 11.06 1.11 1.55 0.14 
T x P x M 10 16.90 1.69 2.37 0.02 
Error (c) 60 42.73 0.71   
CV (%) 1.34 
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A3. ANOVA Table for leaf area plant-1 of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 85215 42607 0.868 0.535 
Tillage (T) 1 10656314 10656314 217.0 0.005 
Error (a) 2 98204 49102   
Population (P) 2 19403243 9701622 2467.9 0.000 
T x P 2 966653 483327 123.0 0.000 
Error (b) 8 31448 3931   
Mulches (M) 5 20635752 4127150 165.0 0.000 
T x M 5 1744065 348813 13.9 0.000 
P x M 10 559540 55954 2.2 0.027 
T x P x M 10 878575 87857 3.5 0.001 
Error (c) 60 1500704 25012   
CV (%) 3.6 
 
A4. ANOVA Table for leaf area index of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 0.015 0.008 0.273 0.786 
Tillage (T) 1 5.279 5.279 188.277 0.005 
Error (a) 2 0.056 0.028   
Population (P) 2 74.277 37.139 3984.747 0.000 
T x P 2 1.171 0.586 62.822 0.000 
Error (b) 8 0.075 0.009   
Mulches (M) 5 7.088 1.418 175.919 0.000 
T x M 5 0.961 0.192 23.849 0.000 
P x M 10 0.888 0.089 11.025 0.000 
T x P x M 10 0.577 0.058 7.164 0.000 
Error (c) 60 0.483 0.008   
CV (%) 3.432109 
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A5. ANOVA Table for plant height of maize as average of the two years data (2006 and 2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 141.13 70.56 7.875 0.113 
Tillage (T) 1 3.34 3.34 0.373 0.604 
Error (a) 2 17.92 8.96   
Population (P) 2 1380.18 690.09 37.979 0.000 
T x P 2 126.81 63.41 3.490 0.081 
Error (b) 8 145.36 18.17   
Mulches (M) 5 6495.14 1299.03 45.025 0.000 
T x M 5 100.38 20.08 0.696 0.629 
P x M 10 505.85 50.58 1.753 0.090 
T x P x M 10 646.72 64.67 2.242 0.027 
Error (c) 60 1731.09 28.85   
CV (%) 3.31 
 
 
A6. ANOVA Table for fresh weed biomass as average of the two years data (2006 and 2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 826 413 1.13 0.47 
Tillage (T) 1 8569 8569 23.46 0.04 
Error (a) 2 731 365   
Population (P) 2 28397 14198 110.79 0.00 
T x P 2 688 344 2.68 0.13 
Error (b) 8 1025 128   
Mulches (M) 5 270108 54022 221.56 0.00 
T x M 5 2619 524 2.15 0.07 
P x M 10 15467 1547 6.34 0.00 
T x P x M 10 1300 130 0.53 0.86 
Error (c) 60 14630 244   
CV (%) 8.98 
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A7. ANOVA Table for weed species composition as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 101.3 50.7 12.27 0.08 
Tillage (T) 1 450.5 450.5 109.11 0.01 
Error (a) 2 8.3 4.1   
Population (P) 2 630.0 315.0 16.17 0.00 
T x P 2 95.0 47.5 2.44 0.15 
Error (b) 8 155.8 19.5   
Mulches (M) 5 20940.3 4188.1 130.45 0.00 
T x M 5 214.5 42.9 1.34 0.26 
P x M 10 267.6 26.8 0.83 0.60 
T x P x M 10 109.4 10.9 0.34 0.97 
Error (c) 60 1926.2 32.1   
CV (%) 9.48 
 
 
A8. ANOVA Table for days to maturity of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 1.03 0.52 0.69 0.59 
Tillage (T) 1 1.56 1.56 2.08 0.29 
Error (a) 2 1.50 0.75   
Population (P) 2 69.89 34.95 30.19 0.00 
T x P 2 0.23 0.11 0.10 0.91 
Error (b) 8 9.26 1.16   
Mulches (M) 5 164.38 32.88 23.90 0.00 
T x M 5 14.91 2.98 2.17 0.07 
P x M 10 34.66 3.47 2.52 0.01 
T x P x M 10 16.55 1.66 1.20 0.31 
Error (c) 60 82.54 1.38   
CV (%) 1.22 
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A9. ANOVA Table for biological yield of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 24956 12478 1.0 0.50 
Tillage (T) 1 2002603 2002603 163.0 0.01 
Error (a) 2 24579 12289   
Population (P) 2 43876426 21938213 345.7 0.00 
T x P 2 218063 109031 1.7 0.24 
Error (b) 8 507618 63452   
Mulches (M) 5 150358931 30071786 563.7 0.00 
T x M 5 943148 188630 3.5 0.01 
P x M 10 5837701 583770 10.9 0.00 
T x P x M 10 809241 80924 1.5 0.16 
Error (c) 60 3200781 53346   
CV (%) 2.944 
 
 
A10. ANOVA Table for grains cob-1 of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 19.9 9.9 0.02 0.98 
Tillage (T) 1 1538 1538 2.48 0.26 
Error (a) 2 1240 620   
Population (P) 2 54937 27469 45.38 0.00 
T x P 2 1388 694 1.15 0.36 
Error (b) 8 4843 605   
Mulches (M) 5 35003 7001 31.07 0.00 
T x M 5 1715 343 1.52 0.20 
P x M 10 3862 386 1.71 0.10 
T x P x M 10 3079 308 1.37 0.22 
Error (c) 60 13520 225   
CV (%) 5.95 
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A11. ANOVA Table for thousand-grain weight of maize as average of the two years data 
(2006 and 2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 64 32 6.41 0.13 
Tillage (T) 1 117 117 23.39 0.04 
Error (a) 2 10 5   
Population (P) 2 2436 1218 12.14 0.00 
T x P 2 83 42 0.41 0.67 
Error (b) 8 803 100   
Mulches (M) 5 4088 818 15.36 0.00 
T x M 5 332 66 1.25 0.30 
P x M 10 640 64 1.20 0.31 
T x P x M 10 328 33 0.62 0.79 
Error (c) 60 3195 53   
CV (%) 5.65 
 
 
A12. ANOVA Table for grain yield of maize as average of the two years data (2006 and 2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 4007 2003 0.23 0.81 
Tillage (T) 1 679649 679649 79 0.01 
Error (a) 2 17107 8553   
Population (P) 2 5206121 2603061 164 0.00 
T x P 2 28586 14293 0.90 0.44 
Error (b) 8 126630 15829   
Mulches (M) 5 25109751 5021950 557 0.00 
T x M 5 243629 48726 5.4 0.00 
P x M 10 713027 71303 7.9 0.00 
T x P x M 10 134570 13457 1.5 0.16 
Error (c) 60 541129 9019   
CV (%) 4.041 
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A13. ANOVA Table for harvest index of maize as average of the two years data (2006 and 
2007) 

Source of variation DF 
Sum of 
squares  Mean Square  F-cal P value 

Replications ( R )  2 0.25 0.13 0.06 0.94 
Tillage (T) 1 37.93 37.93 18.08 0.05 
Error (a) 2 4.19 2.10   
Population (P) 2 7.48 3.74 2.78 0.12 
T x P 2 0.74 0.37 0.27 0.77 
Error (b) 8 10.78 1.35   
Mulches (M) 5 396.39 79.28 111.18 0.00 
T x M 5 9.65 1.93 2.71 0.03 
P x M 10 5.14 0.51 0.72 0.70 
T x P x M 10 4.57 0.46 0.64 0.77 
Error (c) 60 42.78 0.71   
CV (%) 2.84 
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Appendix-B: ANOVA Tables of combined (over years) analysis for crop-weed parameters 

B1. ANOVA Table for days to tasseling of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 69 68.9 0.00137 1.0 
Replications ( R )  4 1372386 343096 6.81304 0.0 
Tillage (T) 1 2 1.5 0.00003 1.0 
Y x T 1 2 1.5 0.00003 1.0 
Error (a) 4 201435 50359   
Population (P) 2 212 105.8 0.00231 1.0 
Y x P 2 4 2.2 0.00005 1.0 
T x P 2 1 0.3 0.00001 1.0 
Y x T x P 2 1 0.3 0.00001 1.0 
Error (b) 16 732054 45753   
Mulches (M) 5 546 109 0.00107 1.0 
Y x M 5 18 3.7 0.00004 1.0 
T x M 5 3 0.6 0.00001 1.0 
P x M 10 42 4.2 0.00004 1.0 
Y x T x M 5 3 0.6 0.00001 1.0 
Y x P x M 10 54 5.4 0.00005 1.0 
T x P x M 10 9 0.9 0.00001 1.0 
Y x T x P x M 10 9 0.9 0.00001 1.0 
Error (c) 120 12216888 101807   
 
B2. ANOVA Table for days to silking of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 33 32.7 0.0006 0.98 
Replications ( R )  4 1372386 343096 6.8 0.04 
Tillage (T) 1 2 1.9 0.0000 1.00 
Y x T 1 3 3.1 0.0001 0.99 
Error (a) 4 201435 50359   
Population (P) 2 34 17.0 0.0004 1.00 
Y x P 2 15 7.7 0.0002 1.00 
T x P 2 8 3.9 0.0001 1.00 
Y x T x P 2 20 9.8 0.0002 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 894 178.9 0.0018 1.00 
Y x M 5 7 1.4 0.0000 1.00 
T x M 5 10 2.0 0.0000 1.00 
P x M 10 22 2.2 0.0000 1.00 
Y x T x M 5 3 0.6 0.0000 1.00 
Y x P x M 10 10 1.0 0.0000 1.00 
T x P x M 10 32 3.2 0.0000 1.00 
Y x T x P x M 10 20 2.0 0.0000 1.00 
Error (c) 120 12216888 101807   
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B3. ANOVA Table for leaf area plant-1 of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 253724 253724 5.04 0.09 
Replications ( R )  4 1372386 343096 6.8 0.04 
Tillage (T) 1 10214235 10214235 203 0.00 
Y x T 1 123123 123123 2.44 0.19 
Error (a) 4 201435 50359   
Population (P) 2 18376341 9188171 201 0.00 
Y x P 2 111948 55974 1.22 0.32 
T x P 2 933382 466691 10.2 0.00 
Y x T x P 2 43818 21909 0.48 0.63 
Error (b) 16 732054 45753   
Mulches (M) 5 19708723 3941745 38.7 0.00 
Y x M 5 72547 14509 0.14 0.98 
T x M 5 1677399 335480 3.30 0.01 
P x M 10 530333 53033 0.52 0.87 
Y x T x M 5 340768 68154 0.67 0.65 
Y x P x M 10 227060 22706 0.22 0.99 
T x P x M 10 837323 83732 0.82 0.61 
Y x T x P x M 10 145448 14545 0.14 1.00 
Error (c) 120 12216888 101807   
 
B4. ANOVA Table for leaf area index of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 0 0.2 0.0000 1.00 
Replications ( R )  4 1372386 343096 6.8 0.04 
Tillage (T) 1 5 4.7 0.00000 0.99 
Y x T 1 0 0.0 0.00000 1.00 
Error (a) 4 201435 50359   
Population (P) 2 66 33.0 0.0007 1.00 
Y x P 2 0 0.0 0.0000 1.00 
T x P 2 1 0.5 0.0000 1.00 
Y x T x P 2 0 0.0 0.0000 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 6 1.3 0.0000 1.00 
Y x M 5 0 0.0 0.0000 1.00 
T x M 5 1 0.2 0.0000 1.00 
P x M 10 1 0.1 0.0000 1.00 
Y x T x M 5 0 0.0 0.0000 1.00 
Y x P x M 10 0 0.0 0.0000 1.00 
T x P x M 10 1 0.1 0.0000 1.00 
Y x T x P x M 10 0 0.0 0.0000 1.00 
Error (c) 120 12216888 101807   
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B5. ANOVA Table for plant height of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 17 17.2 0.0003 0.99 
Replications ( R )  4 1372386 343096 6.8130 0.04 
Tillage (T) 1 61 61.2 0.0012 0.97 
Y x T 1 234 234 0.0047 0.95 
Error (a) 4 201435 50359   
Population (P) 2 1130 565 0.0123 0.99 
Y x P 2 73 36.6 0.0008 1.00 
T x P 2 6 3.0 0.0001 1.00 
Y x T x P 2 3 1.3 0.0000 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 6691 1338 0.0131 1.00 
Y x M 5 395 79.0 0.0008 1.00 
T x M 5 43 8.7 0.0001 1.00 
P x M 10 231 23.1 0.0002 1.00 
Y x T x M 5 32 6.4 0.0001 1.00 
Y x P x M 10 139 13.9 0.0001 1.00 
T x P x M 10 240 24.0 0.0002 1.00 
Y x T x P x M 10 225 22.5 0.0002 1.00 
Error (c) 120 12216888 101807   
 
B6. ANOVA Table for weed biomass of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 134 134 0.003 0.96 
Replications ( R )  4 1372386 343096 6.813 0.04 
Tillage (T) 1 18741 18741 0.372 0.57 
Y x T 1 1411 1411 0.028 0.88 
Error (a) 4 201435 50359   
Population (P) 2 70726 35363 0.773 0.48 
Y x P 2 251 126 0.003 1.00 
T x P 2 1160 580 0.013 0.99 
Y x T x P 2 772 386 0.008 0.99 
Error (b) 16 732054 45753   
Mulches (M) 5 598701 119740 1.176 0.32 
Y x M 5 1118 224 0.002 1.00 
T x M 5 4461 892 0.009 1.00 
P x M 10 29078 2908 0.029 1.00 
Y x T x M 5 1394 279 0.003 1.00 
Y x P x M 10 8909 891 0.009 1.00 
T x P x M 10 1587 159 0.002 1.00 
Y x T x P x M 10 2477 248 0.002 1.00 
Error (c) 120 12216888 101807   
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B7. ANOVA Table for weed species composition in maize 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 115 115 0.002 0.96 
Replications ( R )  4 1372386 343096 7 0.04 
Tillage (T) 1 967 967 0.019 0.90 
Y x T 1 0 0 0.000 1.00 
Error (a) 4 201435 50359   
Population (P) 2 850 425 0.009 0.99 
Y x P 2 112 56 0.001 1.00 
T x P 2 119 59 0.001 1.00 
Y x T x P 2 17 9 0.000 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 48235 9647 0.095 0.99 
Y x M 5 3913 783 0.008 1.00 
T x M 5 435 87 0.001 1.00 
P x M 10 299 30 0.000 1.00 
Y x T x M 5 162 32 0.000 1.00 
Y x P x M 10 249 25 0.000 1.00 
T x P x M 10 394 39 0.000 1.00 
Y x T x P x M 10 354 35 0.000 1.00 
Error (c) 120 12216888 101807   
 
B8. ANOVA Table for days to maturity of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 139 139 0.003 0.96 
Replications ( R )  4 1372386 343096 6.813 0.04 
Tillage (T) 1 0 0 0.000 1.00 
Y x T 1 0 0 0.000 1.00 
Error (a) 4 201435 50359   
Population (P) 2 58 29 0.001 1.00 
Y x P 2 5 2 0.000 1.00 
T x P 2 3 2 0.000 1.00 
Y x T x P 2 1 1 0.000 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 36 7 0.000 1.00 
Y x M 5 10 2 0.000 1.00 
T x M 5 2 0 0.000 1.00 
P x M 10 4 0 0.000 1.00 
Y x T x M 5 1 0 0.000 1.00 
Y x P x M 10 2 0 0.000 1.00 
T x P x M 10 5 1 0.000 1.00 
Y x T x P x M 10 4 0 0.000 1.00 
Error (c) 120 12216888 101807   
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B9. ANOVA Table for biological yield of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 346320 346320 6.88 0.06 
Replications ( R )  4 1372386 343096 6.81 0.04 
Tillage (T) 1 4140873 4140873 82.23 0.00 
Y x T 1 2838 2838 0.06 0.82 
Error (a) 4 201435 50359   
Population (P) 2 87067029 43533514 951.48 0.00 
Y x P 2 357767 178883 3.91 0.04 
T x P 2 500872 250436 5.47 0.02 
Y x T x P 2 81516 40758 0.89 0.43 
Error (b) 16 732054 45753   
Mulches (M) 5 299483891 59896778 588.33 0.00 
Y x M 5 849229 169846 1.67 0.15 
T x M 5 1981215 396243 3.89 0.00 
P x M 10 11449062 1144906 11.25 0.00 
Y x T x M 5 179422 35884 0.35 0.88 
Y x P x M 10 745480 74548 0.73 0.69 
T x P x M 10 1606646 160665 1.58 0.12 
Y x T x P x M 10 453640 45364 0.45 0.92 
Error (c) 120 12216888 101807   
 
B10. ANOVA Table for grains cob-1 of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 876 876 0.017 0.90 
Replications ( R )  4 1372386 343096 6.813 0.04 
Tillage (T) 1 2380 2380 0.047 0.84 
Y x T 1 340 340 0.007 0.94 
Error (a) 4 201435 50359   
Population (P) 2 118632 59316 1.296 0.30 
Y x P 2 802 401 0.009 0.99 
T x P 2 276 138 0.003 1.00 
Y x T x P 2 378 189 0.004 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 68301 13660 0.134 0.98 
Y x M 5 2474 495 0.005 1.00 
T x M 5 1766 353 0.003 1.00 
P x M 10 4640 464 0.005 1.00 
Y x T x M 5 1000 200 0.002 1.00 
Y x P x M 10 1829 183 0.002 1.00 
T x P x M 10 3606 361 0.004 1.00 
Y x T x P x M 10 1639 164 0.002 1.00 
Error (c) 120 12216888 101807   
 



 

 

 

131 
 

 

B11. ANOVA Table for thousand-grain weight of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 72 72 0.001 0.97 
Replications ( R )  4 1372386 343096 6.813 0.04 
Tillage (T) 1 1039 1039 0.021 0.89 
Y x T 1 53 53 0.001 0.98 
Error (a) 4 201435 50359   
Population (P) 2 10628 5314 0.116 0.89 
Y x P 2 13 6 0.000 1.00 
T x P 2 13 6 0.000 1.00 
Y x T x P 2 14 7 0.000 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 6980 1396 0.014 1.00 
Y x M 5 1098 220 0.002 1.00 
T x M 5 410 82 0.001 1.00 
P x M 10 588 59 0.001 1.00 
Y x T x M 5 739 148 0.001 1.00 
Y x P x M 10 344 34 0.000 1.00 
T x P x M 10 399 40 0.000 1.00 
Y x T x P x M 10 282 28 0.000 1.00 
Error (c) 120 12216888 101807   
 
B12. ANOVA Table for grains yield of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 136353 136353 2.71 0.18 
Replications ( R )  4 1372386 343096 6.81 0.04 
Tillage (T) 1 1359297 1359297 26.99 0.01 
Y x T 1 191 191 0.00 0.95 
Error (a) 4 201435 50359   
Population (P) 2 10412243 5206121 113.79 0.00 
Y x P 2 2861 1431 0.03 0.97 
T x P 2 57172 28586 0.62 0.55 
Y x T x P 2 83211 41606 0.91 0.42 
Error (b) 16 732054 45753   
Mulches (M) 5 50219501 10043900 98.66 0.00 
Y x M 5 181012 36202 0.36 0.88 
T x M 5 487258 97452 0.96 0.45 
P x M 10 1426054 142605 1.40 0.19 
Y x T x M 5 66120 13224 0.13 0.99 
Y x P x M 10 166495 16650 0.16 1.00 
T x P x M 10 269140 26914 0.26 0.99 
Y x T x P x M 10 61529 6153 0.06 1.00 
Error (c) 120 12216888 101807   
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B13. ANOVA Table for harvest index of maize. 
Source of variation DF Sum of squares Mean squares F-cal P value 
Year (Y) 1 2 2.4 0.0000 0.99 
Replications ( R )  4 1372386 343096 6.8 0.04 
Tillage (T) 1 17 16.6 0.0001 0.99 
Y x T 1 0 0.0 0.0001 1.00 
Error (a) 4 201435 50358   
Population (P) 2 51 25.6 0.0001 1.00 
Y x P 2 4 1.8 0.0001 1.00 
T x P 2 0 0.2 0.0001 1.00 
Y x T x P 2 1 0.4 0.0001 1.00 
Error (b) 16 732054 45753   
Mulches (M) 5 814 162.7 0.0001 1.00 
Y x M 5 7 1.4 0.0001 1.00 
T x M 5 5 0.9 0.0001 1.00 
P x M 10 7 0.7 0.0001 1.00 
Y x T x M 5 1 0.2 0.0001 1.00 
Y x P x M 10 2 0.2 0.0001 1.00 
T x P x M 10 3 0.3 0.0001 1.00 
Y x T x P x M 10 7 0.7 0.0001 1.00 
Error (c) 120 12216888 101807   
 


