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ABSTRACT 

KHIN HNIN YU, University of the Philippines Los Baños, December 2016. “Growth 

and Productivity of Maize Cultivars as Affected by Different Planting Dates Under 

Los Baños Condition” 

Major Professor: Dr Pompe C. Sta Cruz 

The study evaluated four maize (Zea mays) cultivars (Supersweet, IES Glutinous-4, 

MMSU and Sweet Jubilee-209) that were established in four planting dates (9
th

 Feb, 9
th

 

Mar, 9
th

 Apr, and 9
th

 May) under Loas Banos condition. The effect of varying growing 

environments imposed through different planting dates on maize cultivars were evaluated 

in terms of growth, yield components and yield.  Planting date had significant effect on 

phenological durations of the maize cultivars. The February planting with high 

cumulative solar radiation had longest growth period. The April planting shortened the 

phenological stages of the maize cultivars. The February planted maize crops due to high 

solar radiation had the highest grain yield (3928.21kg ha
-1

) with more leaves, taller 

stature, high leaf area index that contributed to high crop growth rates and high dry 

matter accumulation. The April planting with low solar radiation with high rainfall on the 

other hand, produced the lowest grain yield (2159 kg ha
-1

) with least number of leaves, 

shortest stature, low leaf area index that contributed to low crop growth rates and low 

total dry matter accumulation with low cumulative solar radiation and high rainfall. 

MMSU cultivar produced the highest yield in four planting dates in which February 

planting date was also the best for MMSU cultivar and had the highest average yield 

(4160.41 kg ha
-
1). Within the February to May planting window, the February planting 

date is recommended for growing maize crop under Los Baños condition. The MMSU 

cultivar performs well under Los Baños condition, particularly in February planting.  

Keywords; maize, planting daes, cultivars, yield, climate, solar radiation, rainfall.



 

 
 

CHAPTER I 

INTRODUCTION 

  Maize (Zea mays L) is the third most important cereal crop both for human and 

animal consumption and ethanol production (Milander, 2015) after wheat and rice in 

world production (FAO, 2002), and the major staple food in most developing countries 

(Carraretto, 2005). It is the most popular cereal crop in the world due to its high 

productivity per unit area, lower cost to cultivate, its ability to grow quickly being short 

duration crop (Akbar et al., 2008), and  its high photosynthetic activity as a C4 crop 

pathway. Maize is one of the valuable crops that are placed in the most important crops 

group of the world due to its versatility, vast compatibility and high-food value 

(Stoocksbury et al., 1994). Maize, at present time, is produced on nearly 100 M ha in 125 

developing countries, one of the three most widely-grown crops in 75 countries and it is 

approximately produced to be over 800 Mt yr
-1 

of production at the global scale (Anley et 

al., 2013). 

Maize productivity is dependent on the environmental climate conditions, such as: 

temperature, moisture, solar radiation, daylength, and soil fertility. Although rainfall 

limitation can cause damage to maize production in infested area, maize is grown in 

regions that receive annual rainfall of greater than 500 cm (Shaw, 1988). When maize is 

grown in drier areas, yields considerably depend on temporal rainfall if the crop is not 

irrigated. Highest maize yields can only be obtained under optimum moisture content 

during the growing season.  
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The PIDS (2009) reported that under Philippines condition, a typical crop cycle of 

maize can be completed within from 90-120 days after planting (DAP), the boiler type 

(food) maize could be harvested in 65-75 DAP, and the baby corn (vegetable) could be 

marketed after 50 DAP.  

Significance of the Study 

Philippines is ranked the 13
th

 most climate-vulnerable country over the world 

(Ranada, 2015), and annually experiences serious to extreme climate change conditions. 

Maize productivity in the Philippines has been affected by poor soil fertility, incidence of 

pests and diseases, and of abiotic stresses such as drought and water-logging due to El 

Niño and typhoons, respectively.  

Environmental climate variations associated with different  planting times  (solar 

radiation,  rainfall)  have a  significant  effect  on  the  growth  and development  of  

maize  plants.  Each  cultivar  has  an  optimum  plating time,  and  the  greater  the 

deviation from this optimum (early or late planting),the higher the yield loss (Sárvári and 

Futó, 2000).  Many authors reported the planting time as an important factor that 

significantly affects the growth and yield of maize.  According to Nielson et al. (2002), at 

present time,  the  challenge  for  maize  growers  is  finding  the  thin  window between 

the too early and  too late planting. 

 The maize yield (Zea mays L.) consists of  different  proportional  contributions  

of  the effective  factor  in  all  growth  stages  from emergence  to  maturity.  For  a  
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better understanding of climatic and cultural effects on  maize  yield  and  grain  quality,  

intensive research  that  evaluates  different  geographic locations, planting times and 

cultivar selection are  urgently required.  In  order  to  minimize  negative effect of some 

abiotic and biotic stress on maize plant, planting time  can  play  a  major  role  in 

determining  the  seed  yield,  quality,  seed germination  and  understanding  whole 

phenological  stages  in  many  regions.  Norwood (2001) suggested that farmers should 

plant on more than one planting time in order to safeguard against unpredicted seasons. 

The optimum planting dates provide different growth conditions, such as:  temperature, 

precipitation and solar radiation levels throughout the crop cycle (Tsimba, 2011). 

Generally, yield reduction in most dryland regions occur because seasonal rainfall 

distribution is erratic (Du Toit et al., 2002). As Philippines is a tropical dryland country, 

in a successful maize production requires an understanding of various management 

practices as well as environmental climate conditions that affect crop performance 

(Eckert, 1995). Selection of appropriate cultivars and planting times are cultural practices 

that have been shown to affect maize yield potential and stability (Norwood, 2001). 

Cultivar selection, for a particular region, and planting times are other factors that 

consistently affect maize yield. 

Determining the optimum planting dates for maize through field experimentation 

requires trials that are repeated for many years to catch rainfall variability, solar radiation, 

and temperature. Choosing planting date plays an important role in agronomic strategies 

for increasing or maintaining the crop yield under unfavorable environmental conditions 

during critical crop phenological stages. Adaptability of varieties to varying climates in 
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different growing environments may differ. The experimental data for one area may not 

be relevant for another because of differences in rainfall distribution and soil type.  The 

optimum plating date is considered to be the date where yield and profit are maximized 

by reducing the production risks to minimum, while at the same time allowing the crop to 

fit within the overall farming system (Tsimba, 2011). Accordingly, variety selection trials 

at different planting time are necessary to identify the best suitable varieties for given 

areas. Due to variations in climate and seasonal length, optimum maize planting dates 

differ across locations and seasons. Therefore, improving our understanding of the 

interactive effects between crop management practices and weather conditions is deemed 

necessary to enhance maize yield, improve the use efficiency of natural resources, and 

reduce the potential for environmental pollution.   

Methodological Framework of the Study 

 The methodological framework of the study is shown in Figure 1. The growth, 

development and yield response of maize vary with the function of weather condition, 

crop management practices, and soil characteristics. The crop management practices, 

such as optimum planting date and cultivar which interact with the crop environment, 

may affect the agronomic and physiological responses of the crop, which in turn will 

influence its growth rate, dry matter partitioning, and development of yield components. 

Leaf area index (LAI), crop growth rate (CGR), harvest index (HI), and grain yield of 

maize will be used as major parameters in the evaluation. The result of this study will 

provide information on the productivity of four maize cultivars as affected planting dates. 
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Eventually, the optimum planting date for particular maize cultivar will be determined 

under Los Baños climatic condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Methodological framework of the study. 
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Objectives of the Study 

 This study evaluated four selected maize cultivars that were established at 

different monthly planting dates (February to May 2016) under Los Baños climate 

condition. Appropriate planting time monthly February to May of maize cultivars under 

Los Baños climate condition was determined. Specifically, the study:  

1. Evaluated the growth and agronomic responses of four maize cultivars at 

different crop growth stages due to planting times; 

2. Assessed the effect of planting time on the development of yield components of 

four cultivars; 

3. Determined the productivity and adaptability of four maize cultivars planted 

from February to May under Los Baños condition. 



 

 
 

CHAPTER II 

REVIEW OF LITERATURE 

Developmental Stages of Maize Crop 

  The growth of maize can be divided into vegetative and reproductive stages. 

Vegetative stage is defined as the development between seedling emergence and tasseling 

(VT) stage, by the number of leaves with visible collars, and reproductive growth stage, 

the development between silking and grain maturity stage.  At the VT stage, the tassel 

emerges from the flag leaf and maize plant has the maximum leaf area, all the numbers of 

leaves and ear shoot have been produced during this period. When the silks emerge from 

the ear shoot, the plant is considered to be in the silking stage which is the first phase of 

the reproductive stage. Westgate et al. (1997) documented that silking stage is the most 

sensitive period to stress due to the fact that the number of kernels perear is determined in 

this stage.  Later reproductive stage, include: R2 (blister) stage in which starch is just 

beginning to accumulate, and silks begin to dry and darken; R3 (milk) stage; R4 (dough) 

stage; R5 (dent); and R6 (physiological maturity) stage. All of these stages are 

determined based on the appearance and physical properties of the kernels.  Maize grain 

yield can be described as a function of the rate and duration of dry matter accumulation 

by the individual kernels multiplied by the number of kernels per plant (Westgate et al., 

1997). In simple terms, maize grain yield is a product of the number of ears produced and 

the average weight of the grain on the ears. Thus, anything that affects one or both of 



8 
 

 
 

these factors will significantly affect the final yield (Hatfield et al., 1984). According to 

Hashemi et al. (2005), grain yield per unit area is the product of grain yield per plant and 

number of plants per unit area.   

Optimum Input for Maize Production 

Maize demands less production inputs especially water, and it develops well in 

marginal areas, making it a feasible source of livelihood for resource-restrained 

smallholder farmers (PIDS, 2009). The most desirable soil for corn production is deep, 

medium textured soil that is easy to drain water and possesses high organic matter and 

water holding capacity (PCARRD, 1981). Maize has high productivity due to its large 

leaf area and being a C4 plant has one of the highest photosynthetic rates of all food 

crops.  It has the highest potential for carbohydrate production per unit area per day. It 

can be grown throughout the year because of its photo-insensitiveness. The maize seed 

contains 11% protein and its nutrient value is higher in comparison to rice and wheat 

(Chowdhury and Hassan, 2013). 

Crop yield depends on many factors such as crop management practices, soil 

fertility and crop environment weather conditions because the variability in the crop 

production is the function of the temporally-variable climate factors. Among these 

factors, crop management practices, such as sowing time, weeding, fertilization, 

irrigation, variety choice, insect/pest management can be controlled. On the other hand, 

environmental climate factors, such as temperature, rainfall, solar radiation, wind and 

humidity, cannot be controlled. In order to get the maximum yield of corn by sowing at 
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the optimum time with the suitable choice of variety, knowledge from the literature for 

optimum input for maize is of primary importance. 

 According to Hanway (1966) and Shaw (1977), 41-64 cm of water is required to 

produce an acceptable maize yield but others have documented that normal yields can be 

obtained with as little as 30 cm of water (Lamm et al., 1995; Robins and Rhodes, 1958). 

Although maize is grown in areas that receive annual rainfall of more than 500 cm, 

extreme rainfall can damage maize crop, especially with water-logging problem (Shaw, 

1988). Follett et al. (1978) observed that if maize is grown in arid areas, yields are greatly 

variable depending on temporal precipitation without irrigation. However, Devi and Rao 

(2002) reported that the water requirement for maize production can be determined based 

on the variability of evapotranspiration. 

Maize Productivity and Varying Growing Environments 

 Yield potential is defined by Evans (1993) as the yield obtained when a crop is 

grown under field conditions with management practices that seek to excrete growth 

reductions from deficiencies of nutrient, insect pests, diseases, weeds, and moisture 

deficits or water-logging  throughout crop growth period from planting to maturity. Most 

of these management factors can be controlled by the growers, but the environmental 

climate factors cannot be manipulated by the growers. It was reflected by Tsimba (2011) 

that if  nutrients  are  non-limiting  in maize cultivation,  its growth and  development  in  

the  field  are  primarily  determined  by  temperature,  solar radiation,  photoperiod  and  
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water  availability (rainfall)  which vary  in  time  and  space. Hence, crops planted on 

different dates experience dissimilar environmental conditions.  

Among the environmental factors, solar radiation interception during the crop 

growth plays an important role for final yield. It was explained by Muchow and Carberry 

(1989) that radiation interception strongly depends on growth duration which is 

determined by crop phenology, and leaf canopy development which is influenced by 

ambient temperature. Leaf canopy development determines the LAI of the crop, thereby 

dictating the proportion of incident radiation that is intercepted. Similarly, temperature 

primarily influences on growth duration, with lower temperature increasing the time that 

the crop can intercept radiation (Muschow, 2000).In crop production, the utilization of 

solar radiation is the most important one which is influenced by canopy architecture 

(Daughtry et al., 1983).  

Maize plants in a field are always influenced by competition with other plants for 

solar radiation, nutrients, and water (Rajcan and Swanton, 2001). There is a strong 

relationship between photosynthetic efficiency and growth of maize, and the effect of 

canopy architecture on vertical distribution of light within the canopy. On the other point 

of view, biomass accumulation is directly proportional to the amount of radiation 

intercepted and for a given HI, while grain yield is directly related to the biomass 

accumulation. Consequently, high maize yield is associated with low temperature and 

high solar radiation within the range of environments. Solar radiation and temperature 

regimes set a finite limit to potential yield in a given environment. Accordingly, the crop 
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productivity varies with the environment that experience during crop growth period.  

Environmental changes associated with different  sowing  dates  (sunshine,  temperature)  

have a  modifying  effect  on  the  growth  and development  of  maize  plants. Each  

cultivar  has  an  optimum  sowing  date,  and  the  greater  the deviation from this 

optimum (early or late sowing), the greater the yield loss (Sárvári and Futó, 2000). 

The most important goal in any farming system is to minimize risk, maximize 

productivity and make profit. In general, the low productivity of dryland maize could be 

attributed to a combination of factors including low soil fertility, drought, low 

temperatures, erratic rainfall and deficient soil moisture during the growing season 

(Major et al., 1991). Of all these factors, erratic rainfall and drought are perhaps the more 

difficult phenomena to manage, primarily because their occurrences are unpredictable 

(Du Toit et al., 2002). They are more detrimental during the flowering, grain formation 

and filling stages of maize, which result in severe yield losses (ARCGCI, 2002).  

Varying Planting Time and Maize Productivity 

 Appropriate planting date for a maize cultivar has the  greatest  influence  on  

development  of maize,  as  it  determines  the  rate  and  duration  of  developmental  

phases which is influenced by environmental factors. The optimum sowing date generally 

varies depending on the climatic condition of the region and the cultivar to be grown. 

Failure to achieve the optimum timing for planting is one of the main contributors to 

minimum yields (Johnson and Mulvaney, 1980). Tismba (2011) described that due to 

variations in climate and season length, optimum planting date differs across regions, and 
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seasonally within a region. Planting date is one of the most important components of a 

maize cropping system that can influence grain yield and yield components significantly 

(Ahmadi et al., 1993).  Bollero et al. (1996) mentioned that the yield differences between 

planting dates could be related to leaf area development. They found grain yield to 

decrease linearly with decreasing soil temperature, which affected leaf area development. 

They concluded that increase in grain yield due to increasing soil temperature is 

attributed to the development of a larger leaf area index. Otegui and Melon (1997) 

reported that delayed planting is generally accompanied by increased temperatures under 

the temperate region which accelerated crop development and decreased the accumulated 

solar radiation, resulting in less biomass production, kernel set, and grain yield. 

Among the cultural practices for maize production, sowing maize cultivar at the 

optimum time has the  largest  influence  on  development  of maize  as  it  determines  

the  rate  and  duration  of  developmental  phases. Then, maize cultivation markedly 

depends on the right choice of varieties so that the length of growing period of the crop 

matches the length of the growing season and the purpose for which the crop is to be 

grown. The optimum planting date generally varies depending on the climatic condition, 

especially those that affect the yield- determining parameters in maize. Solar radiation, 

temperature, rainfall, and variety to be grown are identified to be the key factors in the 

maize by environment interaction. For this condition, (Villalobos et al., 2002) reported 

that in the interception of light (LI) by a canopy, the difference between the incident and 

reflected solar radiation by the soil surface is a major factor that determines crop 

development and provides the energy needed for fundamental physiological processes, 
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such as photosynthesis and transpiration. Moreover, the amount of availability of solar 

radiation depends on the planting time.  

Significant interaction  between  cultivar  yield  and  planting  date  indicated  that 

the optimum planting time is an important factor in corn production, taking into 

consideration the various environmental stresses (pests, climate and soil) that could 

hamper production (Valerio et al., 2014).  Planting date and variety selection, including 

soil fertility, temperature regimes and irrigation are the fundamental factors influencing 

maize production (Ramankutty et al., 2002). For optimization of yield, planting at the 

appropriate time is very critical, as delay in planting date may lead to a linear decrease in 

grain yields (Anapalli et al., 2005). The recommended crop management adaptations to 

mitigate the climate change effects include the planting date adjustment, and the 

combination management of planting date and cultivar adjustment (FAO, 2014). For 

optimum production, seed must be planted at the proper time since considerable yield 

reduction can occur if the crop is planted too early or too late (Chaudry, 1994). 

According to Khan et al. (2002), many factors are responsible for low yield of maize, and 

one of the most important factors contributing to yield reduction is the planting of maize 

either too early or too late. The authors concluded that a delay in planting date decreased 

grain yield by 58.2%, and also resulted in lower grain mass and number of grain per ear. 

Otequi et al. (1995) found that early and intermediate under the temperate condition in 

France tended to allow plants to best utilize solar radiation, thus resulting in higher grain 

yield, provided that growth factors such as water and nutrient supply were optimal. 
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 Of all the management aspects of growing a maize crop (cultivar selection, plant 

density, amount and timing of fertilizers, etc.), planting time is probably the most subject 

to variation because of the very great differences in weather at planting time between 

seasons and within the range of climates (Otegui et al., 1995). The year-to year variation 

in plant establishment, pest and disease incidence makes it difficult to predict optimum 

planting dates for maize crops (Oktem, 2000). In practice, recommended dates are 

normally drawn up from the results of long-running series of agronomic experiments, 

which can identify mean planting dates for highest yield together with realistic estimates 

of expected yield penalties for each week of delay in planting (Lauer et al., 1999). 

Some researchers claim that sowing date is very important in maize (Kucharik, 

2008 and Wiatrak, 2004). Saseendran et al. (2001) concluded that suitable sowing date 

produces higher maize yield, and Dwyer et al. (1991) claimed that in each area, the 

determination of appropriate planting date is very important in order to obtain highest 

maize yield. At present, introduction of short duration varieties in weather with marginal 

increases in minimum temperatures over the years have meant that maize is now grown 

in either cooler short season or areas that were previously regarded as unsuitable for 

maize production in other regions, such as in New Zealand.   

Maize Cultivar Productivity 

The most desirable genotype is the one which shows wide-adaptability to the 

varying crop environments. Grafius (1960) documented that in a given climate condition, 

the potential grain yield components of maize is influenced by the grain yield of a 
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particular maize variety (inbred or hybrid). Gardner et al. (1985) concluded that the grain 

yield of maize is the product of three yield components, i. e. the number of ears per unit 

area, the number of grains per ear and the unit grain weight. Ragheb and Rassy (1989) 

reported that hybrids generally exhibit the significant differences in grain yield due to 

genetic factors and the different physiological factors, which affect the grain yield. The 

extended root system with more root hairs to absorb more nutrients and the canopy 

architecture to intercept more photosynthetic active radiation (PAR) are some of the 

identified physiological responses. Wajid et al (2007) reported there were significant 

differences in ears per plant of various hybrids (B-202, M-919 and P-31-R-88). Grzesiak 

(2001) reported that there is a significant genotypic variability among different maize 

genotypes for various traits. Ihsan et al. (2005) also reported significant genetic variation 

for morphological traits for maize genotypes and, Welsh (1981), claimed that such 

variability is an important key to crop improvement. Major and Dynard (1972) reported 

that LAI of 2.6 is optimum for grain yield in hybrids, while 2.0 is considered optimum 

for inbreds. At optimum LAI, about 90% of the incoming solar radiation is intercepted by 

the crop canopy. Sabir et al. (2000) reported significant differences were observed among 

the hybrids in terms of HI. Devi et al. (2001) reported that the grain yield is directly 

influenced by the number of ears per plant, ear length, number of seeds per ear and 100-

seed weight, while several other parameters are indirectly affected.  Any kind of stress, 

for example a drought stress, during or around the stage(s) which occur these components 

may seriously affect grain yield. Thus, not only choosing optimum cultivar (genotype) 

but also avoiding being stressed at the critical development stages play an important role 
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in attaining maximum yield. Therefore, any alteration either agronomic management or 

breeding type (genotype or cultivar) will affect the yield components and the final maize 

yield. 



 

 
 

CHAPTER III 

MATERIALS AND METHODS 

Time and Place of Study 

This study was conducted at the Central Experimental Station (CES) of the 

University of the Philippines, Los Baños (UPLB), College, Laguna (N 14°10’, E121° 15’, 

74 masl) falling within both the dry and wet seasons of 2016 growing periods (February 

to August 2016). The study was started from February 2016 and the harvesting of fourth 

planting date was by August 2016. The maximum rainfall period in the experimental 

period is usually from June to December. Figure 2 shows the average monthly rainfall 

pattern in the experimental site for the period of 30 years (1986-2015). 

 

Figure 2 Average monthly rainfall for 30 years period (1986-2015) at UPLB, NAS. 
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Experimental Design and Treatments 

 Four Philippine maize cultivars (Supersweet, IES Glutinous - 4, Sweet Jubilee 

209 and MMSU) were planted at different planting dates in this study. The experiment 

was laid out in RCBD with three replications for each of the planting date, namely: [9
th

 

February (P1), 9
th

 March (P2), 9
th

 April (P3), 9
th

 May (P4)]. Treatment details are shown 

in Table 1, and experimental layout is shown in Appendix Figure1.  

Table 1 Treatments imposed in the study. 

 

 

 IES Glutinous-4 (open-pollinated variety), which is recommended for nationwide 

planting, is an early-maturity group and matures in 98-103 DAP. This cultivar was 

PLANTIG TIME MAIZE CULTIVAR 

February Plantign 

9
th

 Feb 2016 

IES Glutinous-4 

Sweet Jubilee-209 

MMSU 

Supersweet 

March Planting 

9
th

 Mar 2016 

IES Glutinous-4 

Sweet Jubilee-209 

MMSU 

Supersweet 

April Planting 

9
th

 Apr 2016 

IES Glutinous-4 

Sweet Jubilee-209 

MMSU 

Supersweet 

May Planting 

9
th

 May 2016 

IES Glutinous-4 

Sweet Jubilee-209 

MMSU 

Supersweet 
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obtained from Cagayan Valley Research Center (CVRC), Ilagan.  It has the ability to 

yield an average of 5800 kg ha
-1

. Its highest yield (9330 kg ha
-1

) for this cultivar was 

obtained in Sta. Maria, Pangasinan. Supersweet cultivar (open pollinated yellow corn) 

was obtained from Institute of Plant Breeding (IPB), UPLB and the recommended 

population is 26,000-27,000 plants ha
-1

 if irrigated or 20,000-24,000 plants ha
-1

 if not 

irrigated, and planted at 76 cm between rows and 15-20 cm between plants. When 

Supersweet is grown as table consumption and it can be harvested in 72-76 DAP. The 

MMSU (open pollinated white maize) cultivar was obtained from Mariano Marcos State 

University (MMSU) in Batac, Ilocos and it matures in 94-99 DAP. This variety can 

produce the yield of 5720 kg ha
-1

 under good agricultural management practices with 

recommended complete inputs. Sweet Jubilee-209, a hybrid, matures 90-105 DAP. It is 

one of the latest maturing varieties and it may not mature in some cooler climates.  

Crop Establishment and Maintenance 

The experimental area was plowed two times and harrowed once before planting. 

The gross experimental plot size was 35 m long from North to South and 47.5 m wide 

from East to West. Area of each plot had a dimension of 4.5 m x 5 m, having seven rows 

of 4.5 m length in which 18 plants per row were sown. Plants were spaced at 0.75 m 

between rows and 0.25 m between plants, with plant population of 53,333 plants ha
-1

.  

Three seeds of maize per hill were planted by hand with the spacing of 0.75 m 

between rows and 0.25 m between plants at a seeding depth of 2-4 cm. Gap filling was 

done immediately after 90% of the plants had emerged. After complete emergence (third 
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leaf stage) or about 10 (DAP), only one plant per hill was maintained by thinning out 

excess seedlings. 

Crop Management 

To supply 40 kg ha
-1

for each nutrient of NPK, 643.5 g complete fertilizer (14-14-

14) was applied for each experimental unit as basal fertilizer before planting. The basal 

fertilizer was placed at approximately 7 cm below the soil surface and covered and 

compacted with a soil layer, above which three seeds were placed to make a seeding 

depth of 2-4 cm by hand seeding. To apply the remaining 80 kg N ha 
-1

, second round 

fertilizer application in the form of urea was done at 25 (DAP) for all planting dates.  

After planting, sprinkler irrigation was immediately done. Furrow system of irrigation 

was also practiced at seven days interval depending on the crop water requirement and 

soil moisture content.  Insect/pest and disease control management was carried out as 

necessary. For the super sweet and sweet jubilee cultivars, corn borer protection was 

usually done during silking stage.  Hand weeding was carried out during the vegetative 

growth stages. Weeding was made at the second round application of fertilizer. 

Data Gathered 

Soil Data 

Composite soil samples were taken from five randomly-selected soil samples that  

represent the whole experimental field using soil auger at 5 DAP. Soil sampling was done 

up to a depth of 20 cm to get four soil layers: 0-5 cm, 5-10 cm, 10-15 cm and 15-20 cm. 
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Soil samples were processed and submitted to Soil Analytical Laboratory, Agricultural 

Systems Cluster (ASC), at UPLB to determine the required soil physical ( soil texture, 

water holding capacity, bulk density and particle density) and chemical characteristics 

(soil pH, organic matter content, available phosphorous, exchangeable potassium, total 

nitrogen and cation exchangeable capacity). 

Meteorological Data 

 Daily weather information data, such as: minimum and maximum air 

temperatures, relative humidity, solar radiation, and precipitation were obtained from the 

National Agrometeorological Station of the University of UPLB. Daily solar radiation 

was obtained from the Climate Unit, Crop and Environmental Sciences Division of the 

International Rice Research Institute (IRRI). Cumulative solar radiation was calculated 

for each experimental unit by summing up the daily solar radiation during radiation for 

vegetative growth stage and reproductive stage. 

Agronomic Parameters  

The data collection through experimentation was conducted in 15-day interval 

until harvest and particularly during V6 (sixth leaf emergence stage), R1 (50% silking 

stage), R4 (50% dough stage), and R6 (50%physiological maturity) stages. The following 

agronomic parameters, physiological parameters, and yield component parameters were 

collected: 
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Plant height (cm).  Ten plants were randomly selected and tagged at about 10 

DAP. Plant height was measured from the tagged plants by using the measuring tape 

from ground level to the highest leaf tips at 15-day interval from 15 DAP to tasseling.  

Total number of leaves.  The total number of leaves was counted at tasseling. To 

get the accuracy observation on total leaf number, a fifth leaf of 10 plants per plot per 

replication was marked with permanent marker paint before the cotyledons fall off. 

Physiological Parameters 

Phenological dates. Detailed observations on phenology and crop growth 

measurements were carried out from using 10 monitoring plants, which were randomly 

tagged from the center of each plot. Recording the length of time in terms of number of 

days for attaining a particular physiological event were done based on Mourice et al. 

(2014) specifically: 1) the time taken for crop emergence, 2) days to 50% tasseling and 3) 

50 % start of flowering (silk stage or R1 stage), 4) days to 50 % dough stage (R4 stage), 

and 5) days to 50 % physiological maturity (R6 stage) (Chisanga et., al, 2015). Days to 

50% tasseling was recorded when tassels were observed in 50 % of the tagged plants in 

each plot. Days to 50% silking stage (R1) and dough stage (R4) were recorded similarly 

as at VT stage. For the observation of physiological maturity, grains were removed from 

the base, middle and distal end of each marked ear using two plants sampled from the 

border row in each plot, at an interval of 2-3 days as soon as browning of the husks has 

started. Days to physiological maturity was recorded when 80% of the grains in each ear 
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formed a black layer, an indication that there is no further accumulation of assimilates in 

the plant. 

Leaf area (LA) and leaf area index (LAI). For leaf area measurement, three 

randomly-selected sample plants were observed at 15-day interval. Leaf area was 

obtained by multiplying the leaf length (L)  which was measured from leaf tip to the point 

of the collar, with leaf width (W)  which was measured at the widest point of the leaf, and 

multiplied by a coefficient factor of 0.75 (Mokhtarpour et al., 2010). Leaf area was 

calculated using the formula: LA = L * W * 0.75     

The LAI calculation was made depending on the plant density (Lukeba et al., 

2013), i.e.   LAI = leaf area (m
2 

plant
−1

) × number of plants m
−2

. The LAI is the total 

functional leaf area per unit ground area. The LAI was calculated from three plants at 15-

day interval (biweekly).    

  Plant biomass and crop growth rate (CGR). To determine plant biomass, sampling 

of three plants was done during at 15 days interval and at specific growth stages, such as: 

50% visible collar of 6th leaf (V6), 50% silk visible outside husks (R1), 50% “dough” 

stage (R4), 50% physiological maturity (R6), and harvest time. To obtain biomass, three 

randomly-selected plants were pulled out from the ground from each plot. Leaves were 

separated from the stem, chopped and dried in the shade for 3 days. Stems, roots, ears, 

tassels, husks, and leaves were separately oven-dried at 78˚C for 36-48 h.  Plant biomass 

was obtained by weighing the oven-dried plant samples. The CGR estimates the increases 
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in biomass by integrating the gain from photosynthesis and loss from respiration, was 

computed, using the formula: 

  CGR =
(W2−W1)

GA(t2−t1)
    

where: W1 is plant dry weight (g) at time 1; and W2 is plant dry weight (g) at time 2; and 

GA is the ground area expressed in m
2
. In this study, CGR at V6 was calculated as 

follow:  

 CGR (V6) =
(W2−W1)

GA(t2−t1)
 

Where: w2 was the plant dry weight at V6 stage, w1 was the number of seeds per m
2
 (seed 

weight), t2 was the time to reach V6 stage, and t1 was the time at emergence. 

Yield and Yield Components 

The designated harvest area was 2 m
2
 in each plot for all treatments. All plants 

within this area were harvested to determine the ear number (ears m
-2

) and plant 

population (plants m
-2

). A subsample of three plants from the harvest area was selected 

for yield and yield component data calculations. In order to get the average measurement, 

plant parts were separated into leaves, stover, cobs, husks, grains, ears, and roots. All 

plant parts were oven-dried at 78˚C, for 36-48 h, and plant biomass was obtained by 

weighing the samples. Specifically, the following parameters were gathered: 
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Number of ears per m
2
 (ears).  This parameter was measured from 2 m

2
 sample 

harvest area by counting the number of ears. Average numbers of ears per m
2
 was 

calculated. 

Kernel weight per m
2
.  All the grains were removed from the three randomly 

selected sample plants and separated from the cobs. After drying the sample grains to 

14% moisture content, all of the grains were weighed. Then, the average grain weight per 

plant was calculated by dividing the total grain weight from the three sample plants by 

the total number of plants. The kernel weight per m
2
 was calculated by multiplying the 

average grain weight per plant with number of ears per m
2
. 

Thousand kernel weight (g).  For each experimental unit, 1000 kernels from 2 m
2
 

sample harvest area was counted, dried to 14% moisture content and weighed. 

Harvest index (HI). The HI was obtained from three randomly selected sample 

plants from each plot at harvest time. Total shoot dry mass was all the plant parts except 

the economic harvest portion (grais) and HI was computed by using the formula: 

 HI =
Dry mass of harvest component (g)

Total shoot dry mass (g)
   

Grain yield (14% MC, kg ha
-1

). Grain yield was calculated from the designated 2 

m
2
 harvest area, calculated the average grain yield for 1 m

2
 harvest area, and adjusted to 

14% moisture content by using the formula: 

 GY = HGY (gm−2) × 
1

1000
×

10000

1 ha
× [ 

100 − MC

86
] 
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Where, GY is grain yield (kg ha
-1

 at 14 % moisture content), HGY is harvest grain yield 

(g m
-2

) and MC is moisture content.  

Statistical Analysis 

The data gathered from the experiment were analyzed by using Statistical Tool for 

Agricultural Research (STAR) version 2.0.1 (IRRI-STAR). The treatment means were 

compared by using Least Significant Difference (LSD) Test. Correlation analysis was 

done on selected parameter. 



 
 

 
 

CHAPTER IV 

RESULTS AND DISCUSSION 

Meteorological Characteristics of the Experiment 

 The physical and chemical properties of the soil in the experimental site are 

presented in Table 2. The soil predominantly contains highly weathered clays with 

relatively low pH level, available potassium (K), nitrogen (N), and with high water- 

holding capacity which is the cause of the observed water-logging problem in the study 

site. Special management including drainage during heavy rainfall or irrigation during 

dry spell was important due to high clay content of the experimental field. 

Table 3 shows climatic characteristics within the growth duration of crops as 

affected by the planting time. Considerable differences in the total amount of cumulative 

solar radiation (CSR) and rainfall that occurred within each planting time provided 

diverse growing environments for the evaluation of the performance of four maize 

cultivars. Highest CSR (1791.4 MJ m
-2

) was obtained in the February planted crops while 

lowest amount rainfall of 112.8 mm was received. The May planted crops on the other 

hand, received the lowest amount of CSR (1518.8 MJ m
-2

) but had the highest amount of 

rainfall (489.5 mm) during the crop growth period (Figure 6). There were no significant 

differences in average daily maximum and minimum temperatures among the four 

planting months, except for RH that was highest (85.65 %) during the crop growth period 

in May planted crops (Figure 7).  
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Table 2 Physical and chemical properties of soils at the field experimental site, Los 

Banos, 2016. 

 

SOIL PARAMETER SOIL DEPTH (cm) 

0-5   5-10  10-15 15-30  

Mechanical analysis     

Sand (%) 17 15 18 20 

Silt (%) 34 31 31 28 

Clay (%) 49 54 51 52 

Texture Clay Clay Clay Clay 

OM (%) 1.82 1.66 1.65 1.74 

WHC (%) 80 80 82 80 

PD (g cm-3) 2.66 2.47 2.62 2.57 

BD (g cm-3) 1.01  -  -  - 

K (me 100g-1 soil) 0.6 0.54 0.6 0.6 

CEC (%) 31.68 31.37 34.01 31.22 

pH 6 6.2 6.3 6.3 

Total nitrogen (%) 0.09 0.09 0.09 0.09 

Available exchangeable phosphorous (ppm) 11 51 50 52 

 

Table 3 Climatic characters during crop growth period of four maize cultivars as 

affected by planting time. 

 

WEATHER PARAMETER PLANTING TIME 

February March April May  

Cumulative solar radiation* (MJ m-2) 1791.4 1771.6 1709.2 1518.8 

Average Daily Solar Radiation* (MJm-2d-1) 17.4 17.7 16.9 15.3 

Cumulative Rainfall* (mm) 112.8 122.0 293.4 489.5 

Average Relative Humidity
*
 (%) 79.9 79.6 81.1 82.7 

Average Daily Minimum Temperature
*
 (°C) 23.6 24.4 24.8 24.9 

Average Daily Maximum Temperature
*
 (°C) 33.1 34.1 34.0 33.3 

*
 - for whole growth duration period in each planting time   

 

  The cumulative and mean daily solar radiation, cumulative rainfall, mean daily 

minimum and maximum temperatures, and daily RH that occurred during the experiment 

are presented in Table 4. Cumulative solar radiation and total monthly rainfall received 

by the crops planted in different months are also presented in Appendix Figure 2. 
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Appendix Figure 2 shows the information on the daily solar radiation, and daily rainfall 

that occurred within the growth period of crops planted within the months of February to 

May. Daily maximum temperature received during each planting time is presented in 

Appendix Figure (3). 

Table 4 Cumulative and mean daily solar radiation, cumulative rainfall, mean daily 

minimum and maximum temperatures and mean daily relative humidity 

during the experiment (February- August 2016), Los Baños. 

 

MONTH 

CLIMATIC PARAMETER 

Cumulative  

SR(MJ m
-2

) 

Mean Daily  

SR(MJm
-2

d
-1

) 

Cumulative 

Rainfall 

(mm) 

Tmin 

(°C) 

Tmax 

(°C) 

RH 

(%) 

February 403.80 13.92 39.40 22.31 30.17 85.17 

March 435.00 15.00 3.90 22.93 32.33 82.06 

April 526.27 18.15 46.60 24.42 34.52 78.10 

May 528.99 18.24 45.50 25.18 34.66 78.52 

June 428.91 14.79 118.40 24.63 33.42 84.43 

July 481.70 16.61 132.50 24.57 32.21 84.87 

August 432.08 13.17 252.8 25.58 31.77 81.88 

SR - Solar Radiation, Tmin-Minimum Temperature, Tmax - Maximum temperature  

RH - Relative Humidity 

 

Effect of Varying Planting Time on Phenology and Growth of Maize Cultivar 

Crop Phenology 

Days to 50% V6 (vegetative).The number of days to reach 50% V6 was 

significantly (P<0.05) affected by both planting time and cultivar (Table 5 and Appendix 

Table 1). Sweet Jubilee-209 had the longest number of days to reach 50% V6 (23.9 d), 

followed by the Supersweet, MMSU, and IES Glutinous - 4 cultivars, which were not 

statistically different (22.4, 21.7 and 21.5 d, respectively) (Appendix Figure 4). The 
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February planting had the longest number of days to reach V6 stage (24 d), followed by 

the March and April plantings (22.8 and 22.1 d, respectively). The maize crops planted in 

May had the shortest number of days (20.3 d) to reach 50 % V6 (Appendix Figure 5). 

Days to 50% tasseling. The days to 50 % tasseling was significantly (P<0.05) 

differed by both planting time and cultivar (Table 5 and Appendix Table 1). IES 

Glutinous-4 and Supersweet, although not significantly different, had the longest days to 

reach 50% tasseling (52.2 and 50.2 d, respectively), followed by Sweet Jubilee-209 and 

MMSU, which were also statistically similar (49.6 and 44.2 d, respectively). Thus, 

MMSU was the earliest to tassel among the four cultivars (Appendix Figure 4).    

The February, March and April plantings had similar (50.5, 49.5 and 50.5 d, 

respectively) days to tasseling, while the May planting had the shortest number of days 

(45.8 d) among the four planting times (Table 5, Appendix Table 2, and Appendix Figure 

5). In this case, the May planting having the highest atmospheric moisture content (mean 

daily RH= 82.1 %) due to highest amount of rainfall, was the earliest to tassel. This 

observation could be due to high moisture content and high rainfall that may have 

reduced evapotranspiration.  

 Days to 50% silking. Days to silking had similar trend with days to tasseling. IES 

Glutinous-4, Sweet Jubilee-209 and Supersweet, although statistically similar, had the 

longest days to 50% silking (55.9, 54.9 and 59 d, respectively). Relatively, the cultivar 

Supersweet had the longest days to silking, while MMSU the shortest (48.7 d) (Table 5 

and Appendix Figure 4).  
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The April planted crops had the longest days to silking (57.2 d), but did not differ 

statistically with the February, March and May planted crops (55.2, 54.4 and 51.7 d, 

respectively) (Appendix Figure 5). May planting had shortest, while the April planted 

crops had the longest days to silking. These results conform with the findings of 

Matzenauer et al. (1998), who found that early planted maize flowers earlier in the 

growing season in which atmospheric evaporative demand is usually low, minimizing the 

probability of moisture stress.  Table 6 shows the interaction between cultivar and 

planting date for days to silking. The MMSU cultivar had the shortest days for silking 

stage, while Supersweet the longest. 

Days to 50% physiological maturity. Analysis of variance is presented in 

Appendix Table 1. Table 5 shows that both the cultivar and the planting time had 

significant effect on the number of days to reach physiological maturity. Days to 

physiological maturity of IES Glutinous-4, Sweet Jubilee-209 and Supersweet did not 

differ (97.8, 95.8 and 99.2 d, respectively). Relatively, Supersweet had the longest for 

maturity, while MMSU had the shortest (87 d) (Table 5 and Appendix Figure 4).  

  Planting time significantly affected the number of days to 50 % physiological 

maturity in maize crops (Table 5 and Appendix Table 1). March and April planted crops 

reached physiological maturity earlier, (93.8 and 93.2 d, respectively), followed by the 

May planting (95.2 d) while February planted crops had the longest growing period (97.5 

d) for maturity. The February planted crops were exposed to higher amount of solar 

radiation and relatively lower mean daily temperature especially at the vegetative growth 
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stage (Appendix Figure 2), thus higher photosynthesis resulting to higher dry matter 

accumulation and yield due to longer growth duration. Tollenaar and Aguilera (1992) 

reported that late planting date, under Ontario condition, with low amount of daily 

incident radiation resulted to reduced cumulative intercepted PAR from silking to 

physiological maturity, thus shortened the growth period and reduced grain yield. 

Hardman and Gunsolus (2002), also observed that variations in planting affect the 

amount of intercepted solar radiation, which subsequently affected plant growth period 

and yield of maize.  Khan et al., (2002) also observed that early maturity of late sown 

crop under Peshawar Khyber Pakhtunkhwa, Pakistan condition, is attributed to shortened 

vegetative and reproductive periods.  

The interaction effect between cultivars and planting time was significant in terms 

of the number of days to reach 50 % physiological maturity in the evaluated maize 

cultivars (Tables 5 and 7, Appendix Table 1). Supersweet had the longest number of days 

to reach physiological maturity (101 d) when planted in February, followed by the March 

planting with (99 d) while April and May planted crops had the lowest (98.3 d). 

Supersweet and IES Glutinous-4 had both longest days to physiological maturity (100.7 

d) in the February planting, followed March planting (97 d), and April and May plantings 

(96 d). MMSU cultivar when planted in February resulted to longest days to 

physiological maturity (92 d) among four planting times. For Sweet Jubilee-209, days to 

physiological maturity was the longest in the May planting (98.3 d), followed by April 

planting (97.7 d) and February planting (96.3 d).  Thus, MMSU had the shortest growing 

period, while the Supersweet the longest. In terms of planting time, February planting 
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lengthened the growing period of crops, followed by May planting. The relatively longer 

period of crop growth in February planted crops could have been due to relatively low 

mean daily temperature with high solar radiation which in turn increased source capacity, 

hence the best planting time for all of the maize cultivars evaluated.  

Table 5 Days to 50% V6, 50% tasseling, 50% silking, 50% dough and 50% 

physiological maturity of maize cultivars as affected by planting time under 

Los Baños condition, 2016. 

 

TREATMENT 

CROP GROWTH STAGE (days) 

50% V6 
 50% 

Tasseling 

50% 

 Silking 

50% 

Physiological 

Maturity 

Cultivars (C ) 
    

IES Glutinous 21.25 b 50.25 a 55.92 a 97.75 ab 

Jubilee 23.92 a 49.58 b 54.92 a 95.83 ab 

MMSU 21.67 b 44.25 bc 48.75 b 87.00 c 

Supersweet 22.42 b 52.17 a 59.00 a 99.17 a 

Significance ** ** ** ** 

Planting Time (PT)         

February planting 24.00 a 50.5 a 55.25 ab 97.5 a 

March planting 22.83 ab 49.5 a 54.42 ab 93.75 ab 

April planting 22.08 b 50.5 a 57.17 a 93.25 ab 

May planting 20.33 c 45.75 b 51.75 ab 95.25 ab 

Significance ** ** ** ** 

Interaction         

C × PT ns ns ** ** 

LSD0.05 1.3139 2.02 5.04 2.83 

Mean 22.31 49.06 54.65 94.94 

CV% 7.06 4.94 5.53 1.79 

Means followed by the same alphabet do not differ significantly at 5% level. 

ns - non significant, * - significant at 5% level, ** - highly significant at 1% level 
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Table 6 Interaction between cultivar and planting date for days to 50 % silking in 

maize cultivars planted in different months under Los Baños condition, 

2016. 

 

PLANTING 

 TIME 

CULTIVAR 

IES Glutinous-4 Sweet Jubilee-209 MMSU Supersweet 

February  56.67 a 55.67 ab 52.67 a 56.00 b 

March  56.00 a 51.33 b 48.00 ab 62.33 a 

April  57.33 a 59.00 a 49.67 ab 62.67 a 

May  53.67 a 53.67 b 44.67 b 55.00 b 

LSD0.05 5.0398 

Means with the same letter within the same column are not significantly different. 

 

Table 7 Interaction between cultivar and planting date on days to 50% physiological 

maturity (R6) in maize cultivars planted in different months under Los 

Baños condition, 2016.  

 

PLANTING 

 TIME 

CULTIVAR 

IES Glutinous-4 Sweet Jubilee-209 MMSU Supersweet 

February  100.67 a 96.33 a 92 .00 a 101.00 a 

March  97.33 b 91.00 b 87.67 b 99.00 a 

April  96.33 b 97.67 a 80.67 c 98.33 a 

May  96.67 b 98.33 a 87.67 b 98.33 a 

LSD0.05 2.8315 

Means with the same letter are not significantly different. 

 

 As a summary, planting time significantly affected the number of days to V6, 

tasseling, silking and physiological maturity in maize cultivars planted within February to 

May 2016. The MMSU cultivar had the shortest duration for each of the growth stages. 

Supersweet cultivar on the other hand, had the longest duration for each growth stage. 

This implies that the number of days to reach each growth stage is genotype specific. The 

effect of planting time on the duration of phenological stages of same maize cultivar 
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could be attributed to the differences in cumulative solar radiation and the amount of 

rainfall received by the crops planted at different months.  

Growth Parameters 

 The analysis of variance table and mean values for number of leaves (NL), plant 

height (PH), leaf area index (LAI), total dry matter at final harvest (TDM) and harvest 

index (HI) were presented in Table (8) and Appendix Table (2).   

Number of Leaves. Analysis of variance presented in Appendix Table (2) shows 

that the number of leaves significantly differed in cultivars planted at different planting 

months although no interaction effect between cultivar and planting time was obtained. 

The number of leaves due to cultivar and planting time treatments is presented in Table 8. 

Highest number of leaves was obtained in Supersweet (19.2), followed by IES Glutinous-

4 and Sweet Jubilee-209 (18.5 and 18.1 respectively), while MMSU had the least number 

of leaves (16.9). This result shows that NL is cultivar specific. Moreover, cumulative 

rainfall at vegetative stage (CRFV) positively correlated with NL in IES glutinous - 4 and 

Sweet Jubilee – 209 cultivars (r = 0.86
**

 and r = 0.84
**

, respectively) (Table 9).  

 Among the planting time treatments, the April and May plantings produced the 

highest number of leaves (18.4 and 18.8 respectively), followed by February and March 

planting times (17.6 and 17.8 respectively) (Table 8). The number of leaves increased 

gradually from February to May plantings with a range of 17.6-18.8. Table 10 presents 

that CRFV and cumulative solar radiation at vegetative stage (CSRV) positively 

correlated with NL in maize crops planted in February (r = 0.81
**

, r = 0.83
**

, 
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respectively).  These results indicate that reduction of NL in the maize crops planted in 

February could be attributed by relatively higher amount of solar radiation and lower 

amount of rainfall in this planting time. In April planting, on the other hand, CRFV 

positively affected on NL (r = 0.7
*
). This finding indicates that relatively higher number 

of leaves in this planting time was due to the relatively higher amount of rainfall. Thus, 

this study shows that the delay in planting time from February to May plantings resulted 

to higher number of leaves in maize cultivars. This could be due to higher amount of 

rainfall and RH that are more favorable to the production of leaves.  

Plant height. Analysis of variance presented in Appendix Table 2 shows that 

plant height significantly varied due to planting time and cultivars, while no interaction 

effect was obtained. Among the cultivars, IES Glutinous-4 and Supersweet were the 

tallest (233.4 and 233.5 cm, respectively), followed by MMSU and Sweet Jubilee-209 

(208.1 and 198.0 cm, respectively) (Table 8). Then, CSRV negatively correlated with PH 

in IES Glutinous–4, Jubilee and Supersweet cultivars (r = -0.62
*
, r = -0.78

*
, and r = -

0.59
*
, respectively) (Table 9). These results indicate that the plant stature is cultivar 

specific, and it is also affected by solar radiation at vegetative stage.  

The February planted crops were taller (252.8 cm), followed by the May planted 

crops (225.8 cm) (Table 8). The February planting appears to be affected by relatively 

low mean daily minimum and maximum temperatures (Appendix Figure 4), relatively 

low RH, and higher amount of solar radiation during the crop growing period. Shorter 

plants observed in March and May plantings could be due to limited crop growing period, 
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i. e. translated to shorter growth duration, thus inadequate time for growth such as 

increment in height. These results are in agreement with the results of Jafari (2010) on 

forage millet, and with findings of Noormohamadi et al. (1997). These authors observed 

that the optimum temperature for maize growth and development is 18-32 °C.  

Temperatures of 35°C and above are considered inhibitory. Yokozawa and Hara (1995) 

observed that the final height of plant and the diameter of its stalk are strongly influenced 

by environmental conditions during stem elongation. Moreover, CSRV and CRFV 

positively correlated with PH of maize crops planted in February (Table 10). Thus, the 

February planting provided the most favorable growing environment for maize cultivars 

in terms of prevailing relatively low daily maximum temperature at vegetative stage and 

high solar radiation during critical growth stages. 

 Leaf area index. The  increase  or  decrease  in  LAI  has  a  direct  effect on  

plant  growth  rate.  This  index  is  the  main  parameter  for enhancing  photosynthetic  

capacity  and  assimilate  production in crops.  Analysis of variance (Appendix Table 2) 

shows that LAI did not vary among cultivars but was affected by planting time, and no 

interaction effect between cultivar and planting time was obtained.  Although LAI did not 

differ among cultivars, Supersweet had the highest LAI (2.3), followed by IES Glutinous-

4 (2.1), Sweet Jubilee-209and MMSU with LAI values of 1.84 and 1.82, respectively 

(Table 8). The highest LAI of Supersweet and IES Glutinous-4 could be due to the 

significantly high number of leaves and taller plant statures in these cultivars.   



38 
 

 
 

The February planting produced the highest LAI (2.5), followed by the March and 

May plantings (2), while the lowest LAI of 1.50 was recorded in the April planting. 

Despite the relatively smaller number of leaves in February planting, highest LAI was 

obtained in this planting month considering the higher solar radiation during reproductive 

stage that enabled more leaf expansion, thus higher LAI. This result was earlier observed 

by Hesketh and Warrington (1989) who found that the planting season which received 

high amount of solar radiation has enhanced leaf development and higher LAI. Lizaso et 

al. (2003) claimed that average absorbed PAR by the leaf at reproductive stage is the 

determining factor for maize yield. Delay of sowing that shortens in the growing cycle 

caused reduction in LAI, a similar finding was reported by Noferesti (2006).  This study 

found that LAI is more influenced by planting time rather than cultivars. 
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Table 8 Number of leaves (NL), plant height (PH), leaf area index (LAI), total dry 

matter at final harvest (TDM) and harvest index (HI) in maize cultivars as 

affected by planting time under Los Baños condition, 2016. 

 

TREATMENT 

GROWTH PARAMETER 

NL  

(#) 

PH  

(cm) 

LAI 

(cm
2
cm

-2
) 

TDM  

(kg ha
-1

) 

HI 

(kg kg
-1

) 

Cultivars (C ) 
    

 IES Glutinous-4 18.52 b 233.38 a 2.06 11528.70 a 0.34 b 

Sweet Jubilee-209 18.05 b 198.01 b 1.82 6243.23 c 0.27 c 

MMSU 16.92 c 208.88 b 1.84 10337.97 a 0.40 a 

Supersweet 19.16 a 233.53 a 2.29 8498.89 b 0.20 d 

Significance ** ** ns ** ** 

Planting Time (PT) 
    

February 17.62 b 252.79 a 2.49 a 11126.89 a 0.35 a 

March 17.80 b 197.38 c 2.01 b 8984.30 b 0.33 ab 

April 18.39 a 197.79 c 1.50 c 6606.60 c 0.29 bc 

May 18.84 a 225.83 b 2.00 b 9891.00 ab 0.25 c 

Significance ** ** ** ** ** 

Interaction           

C × PT ns ns ns ns ns 

      Means followed by the same alphabet do not differ significantly at 5% level. 

 ns - non significant, * - significant at 5% level, ** - highly significant at 1% level 
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Table 9 Correlation coefficient (r) generated based on the effect of climatic 

parameter and cultivars on the growth parameters at varying planting times 

(February-May) under Los Baños condition, 2016. 

 

CULTIVAR 
CLIMATIC 

PARAMETER 

PARAMETER 

NL  PH LAI TDM 

IES  

Glutinous-4 

CSRV  -0.38
ns

  -0.62
*
  -0.59

*
  -0.55

ns
 

CRFV  0.86
**

 0.11
ns

  -0.25
ns

   -0.13
ns

 

Sweet  

Jubilee-209 

CSRV  -0.17
ns

  -0.78
**

  -0.54
ns

  -0.53
ns

 

CRFV  0.84
**

  -0.13
ns

  -0.42
ns

  -0.57
*
 

MMSU 
CSRV  -0.39

ns
  -0.30

ns
  -0.11

ns
    -0.10

ns
 

CRFV  0.29
ns

  0.17
ns

  -0.23
ns

  -0.52
ns

 

Supersweet 
CSRV  -0.38

ns
  -0.59

*
  -0.46

ns
  -0.54

ns
 

CRFV  0.42
ns

  -0.18
ns

  -0.29
ns

   -0.32
ns

 

CSRV -Cumulative Solar Radiation at Vegetative Stage  

CRFV - Cumulative Solar Radiation at Vegetative Stage 

NL - Number of leaves, PH  - Plant Height, LAI - Leaf Area Index 

TDM  - Total Dry Matter at the end of vegetative stage 

   
 

Table 10 Correlation coefficient (r) generated based on the effect of climatic 

parameter and varying planting times (February-May) on the growth 

parameters of four maize cultivars under Los Baños condition, 2016. 
 

PLANTING 

TIME 

CLIMATIC 

PARAMETER 
GROWTH PARAMETER 

NL  PH LAI TDM 

February 
CSRV  0.81

**
  0.60

*
  0.26ns 0.14ns 

CRFV  0.83
**

 0.57
*
  0.28ns  0.13ns 

March 
CSRV 0.33ns  0.34ns  0.07ns  0.26ns 

CRFV  0.49ns 0.48ns  0.03ns 0.37ns 

April 
CSRV  0.58

*
   -0.32ns   -0.23ns   -0.26ns 

CRFV  0.70
*
   -0.11ns  -0.10ns  -0.20ns 

May 
CSRV  0.68

*
  0.16ns  0.15ns   0.40ns 

CRFV  0.55ns 0.08ns  0.06ns   0.36ns 

CSRV -Cumulative Solar Radiation at Vegetative Stage 

  CRFV - Cumulative Solar Radiation at Vegetative Stage 

  NL  - Number of Leaves,PH - Plant Height, LAI  - Leaf Area Index 

TDM  - Total Dry Matter at the end of Vegetative Stage 
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 Crop growth rate. Crop growth rate is an index of canopy photosynthesis and its 

trend represents the rate of biological yield (biomass) accumulation. Analysis of variance 

for CGR at different growth stages in maize cultivars as affected by planting time is 

shown in Table 11 and Appendix Table 3. Crop growth rate did not vary significantly at 

V6 and R1 stages in all cultivars. The CGR of four maize cultivars increased 

progressively from V6 stage to R1 (silking) stage (Figure 3). The IES Glutinous-4 and 

MMSU cultivars had increasing CGR until to R4 (dough) stage, and decreased beyond 

R4 stage. On the other hand, the CGR of Supersweet plateaued at R1 (silking) and R4 

(dough) stages, then decreased until R6 (physiological maturity). The CGR of Sweet 

Jubilee-209 cultivar peaked at R1 (silking), then declined until physiological maturity. 

Thus, the peak in CGR was recorded at R4 (dough) stage for IES Glutinous-4 and 

MMSU, while Sweet Jubilee-209 had lowest CGR as Sweet Jubilee-209 was not resistant 

to stem borers, especially within and after tasseling stage. The MMSU cultivar was the 

second highest in terms of CGR. The higher CGR obtained in IES Glutinous-4 and 

MMSU could be due to high number of leaves, taller plant stature, and large LAI (Table 

11, Figure 3 and Appendix Table 3), suggesting that these cultivars can grow well under 

the  Los Baños climatic condition regardless of planting time within the months of 

February to May.  

The time of planting had significant effect on CGR at V6 and R1 growth stages but 

had no significant effect on R4 and R6 stages (Table 11, Figure 4 and Appendix Table 3). 

The April planting time had the lowest CGR from V6 to R4 stage. This could be due to 

unfavorable environmental condition which resulted in lower plant height with higher 
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number of leaves, but relatively smaller leaves, and hence lowest LAI (1.5). Lower CGR 

was recorded in May planting, in spite the higher number of leaves and taller plants. This 

result could be attributed to the significantly low SR, high RH, and high rainfall during 

the growth periods which is favorable to stem borer infestation. The CGR of February 

planted crops was highest, although maize crops did not produce more leaves and 

received the least amount of rainfall, hence high SR and low RH, good height 

development and good leaf area development (although few in numbers) resulted to high 

LAI.  

 
 

Figure 3 Trend of crop growth rates of four maize cultivars at different growth stages 

under Los Baños condition, 2016.(Vertical bars represent the standard 

errors.). 
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Figure 4 Trend of crop growth rates of four maize cultivars at different growth 

stages as affected by planting times (February-May) under Los Baños 

condition, 2016. (Vertical bars represent the standard errors.). 

 

Table 11 Crop growth rate (CGR) of four maize cultivars at different stages as 

affected by planting time (February-May) under Los Baños condition, 2016 

 

TREATMENT 
CROP GROWTH RATE (g m

-2
 d

-1
) 

Emergence 

to 6-Leaf 

6- Leaf  

to Silking 

Silking  

to Dough 

Dough to Physiological 

Maturity 

Cultivar(C )  
    

IES Glutinous-4 0.94 13.74 22.8 a 5.03 

Sweet Jubilee-209 0.65 12.68 9.22 c 3.38 

MMSU 0.88 13.80 17.7 ab 7.15 

Supersweet 0.74 13.81 14.59 bc 7.56 

Significance ns ns ** ns 

Planting Time (PT)       

February  0.89 a 16.85 a 18.56 6.59 

March 0.54 b 15.34 ab 18.86 5.98 

April 0.88 a 8.82 c 13.82 5.94 

May 0.89 a 13.02 b 13.06 4.61 

Significance ** ** ns ns 

Interaction 

 
 

 
 

C × PT ns ns ns ns 

Within the column, means with the same letter are not significantly different. 

ns - non significant, * - significant at 5% level, ** - highly significant at 1% level 
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 Total dry matter. Both cultivar and planting time treatments affected total dry 

matter accumulation (Table 8 and Appendix Table 2). Highest TDM (11528.7 kg ha
-1

) 

was recorded in IES Glutinous cultivar, followed by MMSU with TDM (10337.9 kg ha
-

1
), by Supersweet (8498.89 kg ha

-1
), while lowest TDM was observed in Sweet Jubilee-

209 (6243.2 kg ha
-1

). The trend in TDM accumulation was consistent with that of LAI 

(Table 8 and Figure 5). Then, CRFV negatively correlated with TDM at the vegetative 

stage (r = -0.57
*
) (Table 9). This shows that Sweet Jubilee-209cultivar was not adaptable 

to higher amount of rainfall during the period of vegetative stage. Moreover, CSRR 

positively correlated with TDM at reproductive in IES Glutinous-4, Sweet Jubilee-209 

and Supersweet (r= 0.78
**

, r = 0.78
**

 and r = 0.89
**

) (Table 9) while CRFR was not 

significantly correlated with TDM at reproductive stage (Table 12). The growth of IES 

Glutinous-4 and MMSU were more adaptable to varying growing environments as a 

result of different planting time within February to May. Although MMSU produced the 

least number of leaves (Table 8) with relatively shorter stature, MMSU cultivar appeared 

to be adapted to the February to May planting time. 

The February plantings had the highest TDM with 11126.89 kg ha
-1

 followed by 

May planting (9891.0 kg ha
-1

) and 11609.03 kg ha
-1

, while April planting produced the 

least TDM (6606.6 kg ha
-1

) (Table 8).This observation could be due to longer growth 

period in February planted crops, thus more solar radiation was received by the crop as 

compared to the April planted crops. This result was similar reported by Ahmed et al. 

(2011) in maize crops in Pakistan. In addition, CRFR positively correlated with TDM at 

reproductive stage (final harvest) (r = 0.67
*
) in February planted crops, but negatively 
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affected on TDM at reproductive stage (final harvest) (r = -0.74
**

) in May planting time 

(Table 13). The highest TDM accumulation in the February planted crops could be due to 

the longer growth duration that allowed the maize crops to absorb more solar radiation 

for increasing photoassimilates. Thus the TDM of February planted crops was mainly 

partitioned to the leaf development (expansion of leaves) and increment in height, 

resulting to high LAI that is vital for photosynthesis. The relatively higher in May planted 

crops could be due to the production of more leaves, taller plant stature and high LAI.  

Hashemi Dezfuli et al.  (1994)  reported that variations in planting time may affect TDM 

production and yield, mainly due to alteration in growing period that may limit the 

capture of solar radiation. However, this was not observed in MMSU cultivar, having a 

short growing period, and it can be assumed that MMSU had the most adaptable canopy 

structure to absorb efficiently PAR.      
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Figure 5 Leaf area index and total dry matter in maize crop at harvest as affected by 

varying planting times (February-May) under Los Baños condition, 2016. 

 (Vertical bars represent the standard errors.) 

 

Table 12 Correlation coefficient (r) generated based on the effect of climatic 

parameter and maize cultivars on the total dry matter accumulation at 

varying planting times (February-May) under Los Baños condition, 2016. 
 

CORRELATION 

PARAMETER  

CULTIVAR 

IES Glutinous-4 Sweet Jubilee-209 MMSU Supersweet 

CSRR Vs TDM 0.78
**

 0.78
**

 0.52
ns

 0.89
**

 

CRFR Vs TDM  -0.50
ns

  -0.10
ns

   0.33
ns

  -0.44
ns

 

CSRR    - Cumulative Solar Radiation at Reproductive Stage 
  

CRFR    -  Cumulative Rainfall at Reproductive Stage  
  

TDM      - Total Dry Matter at Final Harvest 
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Table 13 Correlation coefficient (r) generated based on the effect of climatic 

parameter on the total dry matter accumulation of four maize cultivars at 

varying planting times (February-May) under Los Baños condition, 2016. 
 

CORRELATION  

PARAMETER 

PLANTING TIME 

February  March April May 

CSRR Vs TDM  0.41ns 0.33ns 0.37ns 0.54ns       

CRFR Vs TDM  0.67
*
 0.34ns   -0.09ns  -0.74

**
 

CSRR    - Cumulative Solar Radiation at Reproductive Stage 

CRFR    -  Cumulative Rainfall at Reproductive Stage  

 

TDM      - Total Dry Matter at Final Harvest 

 

  Harvest index (HI). Harvest index  is  one  of  the  indices  used  to  assess  the 

efficiency of dry matter  partitioning to economic yield in crops.  Ratio of ear dry matter 

to plant total dry matter is related with the reproductive activities, and any negative effect 

on reproductive activities may decrease the ratio of ear dry matter to the plant total dry 

matter. Harvest index varied among cultivars and was significantly affected by planting 

time (Table 8 and Appendix Table 2).  Highest HI (0.40) was obtained in MMSU 

cultivar, and the second highest HI (0.34) was observed in IES Glutinous-4, followed by 

Sweet Jubilee-209 (0.27), while the lowest was Supersweet (0.20). Moreover, in IES 

Glutinous -4, CSR positively correlated with HI (r = 0.83
**

) and CRF negatively affected 

on HI (r = -0.80
**

) while in MMSU, CRF also negatively correlated on HI (r = -0.78
**

) 

(Table 13). These results indicates that dry matter partitioning in IES Glutinous -4 

cultivar was more favored by CSR, but CRF was not favored to the dry matter 

partitioning to economic yield in both IES Glutinous -4 and MMSU cultivar. 
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 The February planted crops had the highest HI (0.35), followed by the March 

and April planted crops (0.33 and 0.29, respectively). Lowest HI was recorded in May 

planted crops (0.25). Table 17 presents that CSR negatively affected on HI in all planting 

times from February to May (r = -0.70
*
, r = 0.63

*
, r = -0.63

*
, and r = -0.69

*
, respectively) 

while CRF negatively correlated with HI in March, April and May planting times (r = -

0.62
*
, r = -0.61

*
, and r = -0.73

**
, respectively). These results indicate that obtaining 

maximum HI in all planting times was limited by both CSR and CRF. 

Yield Components 

 Analysis of variance and mean values for number of ears per m
2
, number of 

kernels per m
2
 (NK), kernel weight per m

2 
(KW), and thousand kernel weight (TKW), are 

presented in Table (14) and Appendix Table (4).  

 Numbers of ears per m
2
. The number of ears per m

2
 varied among cultivars, but 

was not affected by planting time (Table 10 and Appendix Table 4).  IES Glutinous-4 and 

MMSU produced the highest number of ears per m
2
 (4.58), followed by Supersweet and 

Sweet Jubilee-209 (4.08 and 3.96 respectively). In MMSU cultivar, NE was positively 

affected by CRF (r = 0.62) (Table 14). The number of ears per m
2
 was not affected by 

planting time although February and April planted crops had high number of ears per m
2
 

(4.42), relative to the May and March planted crops (4.21 and 4.12 ears m
-2

, 

respectivelyThese results do not conform to Harris et al. (1984), and Otegui and Melon 

(1997) who reported that under temperate (France) conditions, the number of grains per 

ear and number of cobs per plant are affected by planting date. In addition, CSR 
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negatively correlated with NE in May planting time (r = -0.76
*
) (Table 17). This shows 

that CSR (low in reproductive stage, Appendix Figure 3) in May planting time was not 

favorable for formation of kernels.   

Number of kernels per m
2
. The number of kernels per m

2
 did not vary among 

cultivars, but was affected by planting time (Table 10 and Appendix Table 4). Even 

though there was no significant effect of cultivars, the highest NK was recorded in IES 

Glutinous-4 (1573.51), followed by Sweet Jubilee-209 (1544.72), MMSU (1535.61), and 

the least in Supersweet cultivar with 1519.01 kernels m
-2

. In IES Glutinous -4 cultivar, 

moreover, CSR positively correlated with NK (r = 0.72
**

) while CRF negatively 

correlated with NK (r = -0.71
**

) (Table 14). 

 In this study, different planting time had significantly affected the number of 

kernels per m
2
. The February planting gave the highest number of kernels m

-2
 (2010), 

followed by the March and May plantings that were statistically similar (1569.7 and 

1440.3, respectively). The lowest number of kernels m
-2 

(1152.8) was observed in April 

planting. The higher number of kernels per m
2
 in February planting could be explained 

by higher LAI and higher TDM obtained (Table 10). The favorable condition in the 

February planted crops could be due to high solar radiation, with optimum mean daily 

temperatures not greater than 32°C. The May planted crops on the other hand, were 

exposed to highest amount of rainfall, coupled by low solar radiation, particularly during 

reproductive and grain filling stages. Harris et al. (1984), and Otegui and Melon (1997) 
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earlier observed that variations in planting date influence the number of grains per ear 

and number of cobs per plant. 

Kernel weight per m
2
. The kernel weight per m

2
 varied in both cultivar and 

planting time treatments (Table 14 and Appendix Table 4). MMSU and IES Glutinous-4 

cultivars did not differ in terms of kernel weight (415.4 and 402.9 g m
-2

, respectively), 

but relatively higher thanSweet Jubilee-209 and Supersweet (186.3 and 184.5 g m
-2

, 

respectively). The MMSU cultivar had the highest KW (415.4 g m
-2

) while Supersweet 

had the lowest (184.5 g m
-2

). Cultivar differences in terms of KW conforms to the 

generalization that the individual grain mass for a given cultivar is a stable character 

(Maddonni et al., 2004).  Table 15 shows that CSR positively correlated with KW in IES 

Glutinous -4 (r = 0.67
**

) while CRF negatively affected on KW (r = -0.60
*
). This 

indicates that KW was more favored by CSR but CSR did not favor for KW in IES 

Glutinous -4. 

Among the planting times, the highest kernel weight per m
2
 was recorded in 

February planted crops (390.8 g m
-2

), followed by March and May planted crops (296.2 

and 287.5 g m
-2

, respectively) (Table 14). The lowest kernel weight per m
2
 was observed 

at the April planted crops (214.63 g m
-2

). These results indicate that variation in kernel 

weight per m
2
 is connected with the LAI, TDM and KN development which are highly 

affected by planting time. Stewart and Dwyer (1999) observed earlier that LAI and the 

distribution of leaf area within a maize canopy are major factors in determining total light 

interception, which affects photosynthesis, transpiration and dry matter production. The 

delayed planting from March to May, aside from exposure to lower cumulative solar 
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radiation, maize crops had shorter growth duration due to relatively higher temperature 

during their vegetative stage, and relatively higher rainfall during reproductive stage, that 

affect the growth parameters (PH, LAI) that are major determinants of TDM and yield 

components, such as kernel weight. Then, in April planting time, CSR negatively 

correlated with KW (r = -0.47
*
) while both CSR and CRF negatively affected on KW of 

maize crops planted in May (r = -0.75
**

, r= -0.83
**

, respectively) (Table 16).These results 

indicate that CSR and CRF were limited to KW in April and May planting times.  Killi 

and Altanbay (2005) also observed that grain weight is significantly influenced by 

planting dates. 

Table 14 Number of ears per m
2
 (NE), number of kernels per m

2
 (NK) and kernel 

weightper m
2 

(KW) in maize cultivars as affected planting time (February-

May) under Los Baños condition, 2016. 

 

TREATMENT 

YIELD COMPONENT 

NE  

(Ears m
-2

) 

NK  

(kernels m
-2

) 

KW 

(g m
-2

) 

GY 

(kg ha
-1

) 

Cultivars (C ) 
    

IES Glutinous 4.58 a 1573.51 402.92 a 4047 a 

Jubilee 3.96 b 1544.72 186.32 b 1879 b 

MMSU 4.58 a 1535.61 415.4 a 4160 a 

Supersweet 4.08 b 1519.01 184.51 b 1871 b 

Significance * ns ** ** 

Planting  Time (PT)       

February planting 4.42 2010.03 a 390.8 a 3928 a 

March planting  4.17 1569.72 b 296.19 b 2981 b 

April planting 4.42 1152.78 c 214.63 c 2159 c 

May planting 4.21 1440.33 bc 287.55 b 2888 b 

Significance ns ** ** ** 

Interaction         

C × PT ns ns ns ns 

Within the column, means with the same letter are not significantly different. 

ns - non significant, * - significant at 5% level, ** - highly significant at 1% level 
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 Thousand kernel weight. Thousand kernel weight significantly differed in maize 

cultivars but not affected by planting time. The interaction effect of cultivar and planting 

time was also non-significant (Table 14 and Appendix Table 4).  Highest TKW was 

recorded in IES Glutinous-4 and MMSU (255.32 and 269.82 g, respectively), followed 

by Sweet Jubilee-209 and Supersweet (118.79 and 118.77 g respectively).  

Although planting time did not effect on TKW, it appeared that February planting 

produced the highest TKW of 200.72 g, followed by the May, March and April plantings 

(198.66, 186.17 and 177.15 g, respectively) (Table 14). The thousand kernel weight 

resulting from delayed sowing from February planting to April planting was probably due 

to  the decrease in translocation of photosynthates to the ripening  grain (Rahman  et al., 

2001) and  low daily incident radiation  Cirilo and Andrade (1996), which is consistent 

with findings of Ahmad et al. (2007) and Khan et al. (2002). 

 Generally, MMSU produced the highest yield and yield components (ears per m
2
, 

kernel weight per plant), except in number of kernels per m
2
, while Supersweet was the 

lowest. The February planted crops performed best while the April planted crops was the 

least productive. This could be explained by the exposure of February planted crops to 

lowest amount of rainfall, and high amount of cumulative solar radiation, especially at 

the reproductive stage, while  the April planted crops were exposed to low daily solar 

radiation (14.79 MJm
-2

) and high amount of rainfall during the reproductive stage. 
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Table 15 Correlation coefficient (r) generated based on the effect of climatic 

parameter and maize cultivars on the yield components and yield at 

varying planting times (February-May) under Los Baños condition, 2016. 
 

CULTIVAR 
CLIMATIC 

PARAMETER 

PARAMETER 

HI NE KN KW Y 

IES  

Glutinous-4 

CSR  0.83
**

  -0.05
ns

  0.72
**

  0.67
*
  0.68

*
 

CRF   -0.80
**

  0.03
ns

  -0.71
**

  -0.66
*
   -0.66

*
 

Sweet  

Jubilee-209 

  

CSR  0.19
ns

 0.37
ns

  0.09
ns

  0.01
ns

   0.01
ns

 

CRF  -0.56
ns

  -0.30
ns

   -0.35
ns

  -0.31
ns

    -0.31
ns

 

MMSU 
CSR    0.54

ns
   -0.78

**
  0.32

ns
   0.29

ns
  0.30

ns
 

CRF  -0.78
**

 0.62
*
  -0.23

ns
  -0.08

ns
  -0.10

ns
 

Supersweet 

  

CSR   0.45
ns

  0.51
ns

  0.40
ns

   0.47
ns

   0.47
ns

 

CRF  -0.37
ns

  -0.37
ns

  -0.32
ns

  -0.41
ns

  -0.41
ns

 

CSR    - Cumulative Solar Radiation for the whole planting time 
  

CRF    - Cumulative Rainfall for the whole planting time 

  HI - Harvest Index, NE - Number of ears per m
2
,KN - Number of kernels per m

2
 

KW - Kernel weight per m
2
, GY - Grain Yield per m

2
 

 

 

Table 16 Correlation coefficient (r) generated based on the effect of climatic 

parameter on the yield components and yield of four maize cultivars at 

varying planting times (February-May) under Los Baños condition, 2016. 

 

PLANTING 

TIME 

CLIMATIC 

PARAMETER 

YIELD AND YIELD COMPONENT  

HI NE KN KW Y 

February 
CSR   -0.70

*
 0.07

ns
  0.17

ns
  -0.35

ns
  -0.34

ns
 

CRF  -0.54
ns

   0.19
ns

  0.03
ns

  -0.07
ns

   -0.06
ns

 

March 
CSR     -0.63

*
   0.11

ns
    0.10

ns
 -0.04

ns
  -0.05

ns
 

CRF  -0.62
*
 0.25

ns
  0.24

ns
  -0.02

ns
  -0.02

ns
 

April 
CSR  -0.63

*
   -0.20

ns
   -0.04

ns
   -0.47

*
  -0.47

ns
 

CRF  -0.61
*
  -0.26

ns
  -0.02

ns
  -0.44

ns
  -0.43

ns
 

May 
CSR  -0.69

*
   -0.76

**
  -0.41

ns
   -0.75

**
  -0.75

**
 

CRF  -0.73
**

  -0.84
**

  -0.43
ns

  -0.83
**

  -0.82
**

 

CSR    - Cumulative Solar Radiation for the whole planting time 
  CRF    - Cumulative Rainfall for the whole planting time 
  HI  - Harvest Index, NE - Number of ears per m

2
, KN- Number of kernels per m

2
 

KW - Kernel weight per m
2
, GY - Grain Yield per m

2
 



54 
 

 
 

Productivity of Maize Cultivars as Affected by  

Planting Time (kg ha
-1

, 14 % MC) 

 

 Maize yields considerably differed among cultivars and planting time (Table 17). 

IES Glutinous-4 and MMSU had highest GYs (4046.9 and 4160.4 kg ha
-1

, respectively), 

followed by Sweet Jubilee-209 and Supersweet (1878.7 and 1870.5 kg ha
-1

 respectively). 

For MMSU cultivar, both CSR and CRF did not significantly affected on GY, but CRF 

negatively correlated with HI and NE, and CSR negatively correlated with NE (Table 

15). This finding shows that low amount of rainfall was required to increase HI and NE 

in MMSU cultivar. The high CSR that exceeds the optimum amount could limit the NE 

in this cultivar. For IES Glutinous-4 cultivar, both CSR and CRF significantly affected on 

GY wherein CSR positively correlated with GY (r = 0.68
*
) while CRF negatively 

affected on GY (r = -0.66
*
) (Table 15). This means that CSR was the important climatic 

factor for higher GY of IES Glutinous-4 cultivar because CSR positively correlated with 

HI, NK and KW. Then, TDM at final harvest was positively favored by CSRR.  The CRF 

was significantly influenced on GY as this climate factor negatively correlated with HI, 

NK and KW.  

 February planted crops had the highest yield (3928 kg ha
-1

), followed by the 

March and May planted crops (2981 and 2888 kg ha
-1

, respectively) (Table 17). Lowest 

yield (2159 kg ha
-1

) was obtained in April planted crops (Table 17). Results showed that 

the planting time significantly affected on maize yield. February planted maize crops had 

relatively high number of leaves, taller stature and high LAI attributed by high 

cumulative solar radiation, low daily RH and low amount of rainfall received during the 
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growth period.  The effect of favorable climatic elements was apparent in high CGRs and 

TDM accumulation in February planted crops. Moreover, major problem of water-

logging due to heavy rainfall did not affect the February planted maize crop instead 

supplemental irrigation was applied as necessary. The April planted crops exposed to 

high temperatures, high rainfall and low cumulative solar radiation which are not 

favorable to biomass accumulation and yield formation. The results of the study conform 

with the finding of Hardman and Gunsolus (2002), who concluded that variations in 

planting time influence growth duration and yield of maize mainly due to variation in 

intercepted solar radiation. Thus, the February planted crops had enhanced growth 

parameters that favored the development of yield components and the final yield of maize 

crops.  

Productivity of February Planted Maize Cultivars 

 February planting produced the relatively tallest plants, with second highest in 

terms of leaf number, highest LAI, and second highest total dry matter (Table 8). The 

maize crops planted on February had the highest yield among the four planting time 

treatments. The dominant environmental meteorological characteristics of the February 

planting were: lowest rainfall of 112.8 mm (least rainy days, Appendix Figure 2), highest 

cumulative solar radiation of 1734.6 MJ m
-2

 (lower daily temperature during vegetative 

stage) (Appendix Figure 3) and a RH of 79.9 % (Figures 6 and 7). This climatic regime 

produced the relatively lowest leaf number, but well expanded and high LAI. In spite of 

having received the lowest amount of rainfall, supplemental irrigation was applied as 
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necessary, thus the highest amount of solar radiation with prevailing lower humidity 

enhanced the leaf development of the February planted crops. In addition, these 

environmental conditions were not favorable to disease developments. Therefore, the 

February planted maize crops produced the highest yield (3928 kg ha
-1

) due to the 

relatively higher amount of incident solar radiation with longer growth duration which 

was attributed by relatively lower mean daily temperature especially at the vegetative 

growth stage.  

Table 17 Grain yield (GY) of maize cultivars as affected planting time (February-

May) under Los Baños condition. 2016.  

 

TREATMENT GRAIN YIELD (kg ha
-1

, 14% MC) 

Cultivars (C ) 
 

IES Glutinous-4 4047 a 

Sweet Jubilee-209 1879 b 

MMSU 4160 a 

Supersweet 1871 b 

Significance ** 

Planting Time (PT)   

February 3928 a 

March  2981 b 

April  2159 c 

May  2888 b 

Significance ** 

Interaction   

C × PT ns 

LSD0.05 617.15 

Mean 2989.15 

CV% 24.76 

Means followed by the same alphabet do not differ significantly at 5% level. 

ns - non significant, * - significant at 5% level, ** - highly significant at 1% level 
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Moreover, the correlation data for this planting time shows that cumulative solar 

radiation during vegetative stage (CSRV), and cumulative rainfall during vegetative stage 

(CRFV) positively correlated with growth parameters, such as NL and PH (Table 10), 

while CSR negatively affected on HI of maize crops in February planting time (Table 

16). However, both CSR and CRF did not significantly attribute to the GY. This finding 

indicates that the climatic parameter in February planting were favorable for growth 

parameters for improving yield components in spite the decrease in partitioning of dry 

matter for sink capacity. Thus, the February planted crops had best crop growth rates 

(CGR) across different growth stages. This finding was consistent with many earlier 

authors who concluded that the observed LAI and distribution of leaf area within a maize 

canopy, which are the major factors for light interception, photosynthesis, transpiration 

and dry matter production (Stewart and Dwyer, 1999), increase in photosynthetic rate per 

plant (Edmeades and Daynard, 1979), and enhanced plant growth rate (Andrade et al., 

1993).  Hence, the February planted crops had the highest productivity relative to March, 

April and May planted crops. 



58 
 

 
 

 

Figure 6 Cumulative rainfall and solar radiation during crop cycle as affected by 

varying planting time (February- May) under Los Baños condition, 2016. 
 

Productivity of March Panted Maize Cultivars 

 The growing environment for March planted crops was little bit higher amount of 

rainfall and lower cumulative solar radiation relative to February planted crops (Figure 

6). Mean maximum and minimum daily temperatures were a little bit higher in March 

planting relative to February planting (Table 3, Appendix Figure 3). Accordingly, the 

March planting time was relatively drier than February planting time in spite of the 

higher amount of rainfall. This environmental condition may have reduced the growth 

duration of maize cultivars, and so decrease the productivity of maize cultivars. 

Generally, the March planted crops had the second highest mean maize yield (2980.9 kg 
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ha
-1

) relative to the February, April and May planted crops (Table 17). Regarding the 

relationship between climatic parameters, and growth, yield components and yield, both 

CSR and CRF negatively correlated with HI, but did not significantly affected on GY of 

maize crops (Table 17). Regarding CRF, two heavy rainy days (20-22 mm, Appendix 

Figure 3) caused water-logging problem, and so reduced the growth parameters. The cops 

planted in March intercepted relatively high amount of solar radiation with high daily 

maximum temperature in the vegetative stage (Appendix Figure 2 and 3). Thus, relatively 

drier environment in the vegetative stage and water-logging can reduce the growth and 

yield components, and reduce the dry matter partitioning to the economic yield of crops 

that decrease GY. 

 

Figure 7 Average daily relative humidity during crop cycle as affected by varying 

planting time (February- May) under Los Baños condition, 2016. 
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Productivity of April Planted Maize Cultivar 

 The April planted crops were exposed to higher amount of rainfall that is more or 

less twice at reproductive stage than that at the vegetative stage, had significantly higher 

RH, which is associated with lower amount of cumulative solar radiation received 

relative to February and March planted crops. April planted maize crops were also 

exposed to higher RH during reproductive stage relative than the vegetative period. Due 

to smaller amount of cumulative solar radiation, higher daily maximum temperature 

(Appendix Figures  2 and 3), higher amount of rainfall, and high amount of RH (Table 3), 

in April planted crops, lowest LAI, lowest crop growth rate, and the lowest maize grain 

yield were attained shortening growth duration (2159 kg ha
-1

) (Table 17). Then, CSRV 

and CRFV positively correlated with NL, but both CSR and CRF negatively correlated 

with HI (Table 15 and 17) although there was no significant effect of climatic parameters 

on GY.The reason could be due to relatively higher temperature at vegetative stage 

(Appendix Figure 4), and so this condition can limit the yield components. This 

observation however, is not consistent with the findings by Cirilo and Andrade (1994) 

under the temperate condition (France), in which high solar radiation interception and 

radiation use efficiency (RUE) resulted in high crop growth rates during the vegetative 

period, but conversely crop growth rates during grain filling because of low incident 

radiation and RUE. Maddonni et al. (2004) found that late plantings under temperate 

condition, both solar radiation and temperature are lower during grain filling, thus 

reduced solar radiation, source limitation.  
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Productivity of May Planted Maize Cultivars 

 Maize planted in May were exposed to the lowest amount of cumulative solar 

radiation (1518.8 MJ m
-2

), and highest amount of rainfall (489.5 mm) (Table 3 and 

Appendix Figure 2). The condition during this growing period resulted to high number of 

leaves, taller plants and high LAI. Thus, May planted crops were exposed to favorable 

condition for production of biomass as reflected on the highest total dry matter (TDM). 

Consistently, the May planted maize crops were exposed to the highest mean daily RH 

that favored disease development, and crop lodging due to heavy rainfall.  The number of 

grains per plant in the May planted crops was relatively low (third) but the third and the 

second highest in terms of grain weight. Generally, the May planted crops had lower 

yield (2888 kg ha
-1

) than the February and March planted crops.  

In the May planting time, CSRV positively affected on NL (Table 9). This 

indicates that daily solar radiation at vegetative stage was favorable for leaf production. 

However, CRFV negatively affected on TDM at the end of vegetative stage and both 

CSR and CRF negatively correlated with HI, NE and KW (Table 17). Thus, CSR and 

CRF negatively correlated with GY (r = -0.75
**

, r = -0.82
**

, respectively) (Table 17). 

This indicates that daily solar radiation at vegetative stage was favorable for leaf 

production, while amount of rainfall at both vegetative and reproductive stage were least 

favorable for intercepting solar radiation, and retarding yield components, thus reduced 

the GY. Thus, the relatively high amount of rainfall received at both vegetative and 

reproductive stage could have also limited to TDM accumulation and HI.  Therefore, the 
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yield reduction, in spite the high NL, PH, LAI, TDM, may be attributed by CSRV and 

amount of higher cumulative rainfall at both vegetative and reproductive stages by 

decreasing the photosynthetic efficiency of maize plants, and causing pest infestation and 

waterlogging and lodging problem. This result is supported by Andrade et al., (2002) who 

concluded that the capacity of the crop to intercept photosynthetically active radiation 

and synthesize carbohydrates for growth is a nonlinear function of LAI (Andrade et al., 

2002). Then, Shaw (1988) reported that although maize is grown in areas that receive 

annual rainfall of more than 500 cm, extreme rainfall can damage maize crop, especially 

with water-logging problem (Shaw, 1988). 



 
 

 
 

CHAPTER V 

GENERAL DISCUSSION 

 The grain yield formation in maize is a function of proportional contributions of 

effective factors from emergence to maturity. Hence, it is necessary to understand the 

effect of climatic and cultural practices on maize yield. Maize grain yield can be 

described as a function of the rate and duration of dry matter accumulation by the 

individual kernels, multiplied by the number of kernels per plant (Westgate et al., 1997). 

In simple terms, Hatfield et al. (1984) stated that maize grain yield is a product of the 

number of ears produced and the average weight of grain in the ears. Anything that 

affects one or both of these factors will significantly affect the final maize yield. 

According to Hashemi et al. (2005), grain yield per unit area is the product of grain yield 

per plant and number of plants per unit area.  In the present study, varying planting time 

(February-May planting) significantly affected the crop phenology, growth parameters, 

yield and yield component parameters of four maize cultivars. The differential response 

of maize cultivars is associated with variations in CSR and CRF during maize growth 

brought about by the different planting time. 

 Environmental  factors,  especially  solar radiation and rainfall,  are  the key  

agents  which  affected  maize plant  growth  and  development and grain yield.  

Significant differences among different maize cultivars from emergence to physiological 

maturity show that different cultivars had varying maturity periods, variations in the 

account of intercepted solar radiation due to varying planting time. The MMSU cultivar  
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 had the shortest duration for each of the growth stages. Supersweet cultivar on the other 

hand, had the longest duration for each growth stage. This implies that the number of 

days to reach each growth stage is genotype specific. Moreover, the tested maize 

cultivars showed well respond to different climatic parameters especially mean daily 

temperature, solar radiation and rainfall within varying tested planting times. The 

planting time significantly affected the number of days to V6, days to tasseling, silking 

and physiological maturity in maize cultivars planted within February to May 2016. The 

effect of planting time on the duration of phenological stages of maize cultivar is 

attributed to the differences in cumulative solar radiation and the amount of rainfall 

received by the crops planted at different months. Cumulative solar radiation and rainfall 

differences  during  the  period  from  seed  development to maturation,  have  affected  

crop phenology, and growth parameters yield  components and yield  of each cultivar 

within each planting time.  Thus, there was significant decrease of yield when planting 

was delayed from February to April 2016. This response is due to the decrease in 

photosynthetic rate per plant as a function of CSR and LAI, which is reflected on the crop 

growth rate.  

In this study, planting time had significant effect on number of leaves, plant 

height, and total dry matter, but not on the LAI and HI, yield. For yield components, only 

ears per m
2
 and kernel weight more affected. The February planting gave the highest 

grain yield. High grain yield in this planting month is attributed to plant stature, long 

growth duration and highest LAI despite the low number of leaves per plant observed. 

This implies that the leaf distribution and development was under the favorable climatic 
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condition (SR and RF) that increased source capacity of photosynthetic efficiency, and 

longest growth duration efficiently increased the intercepted PAR for higher source 

capacity. The amount of intercepted solar radiation and rainfall at both vegetative and 

reproductive stages at February planting time were positively favorable for good growth 

parameters of maize crops, such as NL and PH maximizing TDM accumulation which 

resulted to higher GY. Moreover, this planting time did not receive heavy rainfall during 

critical reproductive stage apart from lodging, and so produced the highest GY of maize 

cultivar. Thus, February planting had relatively higher LAI and total dry matter that 

efficiently supported the developments of sink organs (yield components). While 

February planting time had the lowest amount of rainfall, irrigation was done, hence, 

water is not limiting.   

Delayed sowing in March and April, resulted in significant reduction in plant 

height, LAI, total dry matter, grain number per plant, kernel weight, and growth duration. 

Thus, lower grain yield was obtained when maize crops were planted in March and April. 

April planting is characterized by dry growing environment, with highest monthly 

maximum temperature, relatively lower SR but higher amount of rainfall during 

reproductive and grain filling stages. Generally April planting resulted to shorter growth 

duration, and most variation in growing climatic condition that may have interrupted 

maize plant physiological processes (photosynthesis, assimilate partiotioning) during 

reproductive and grain filling stages. Thus, the April planting had lowest number of 

leaves and shortest plant stature, least LAI, least CGR and least TDM produced. These 

responses in growth parameters, was different in reduced number of ears per m
2
, number 
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of kernels per m
2
, and kernel weight per m

2
. Moreover, the water-logging problem was 

very difficult to control as the experimental field has high clay content. Therefore, the 

maize cultivars planted in April had the lowest grain yield. 

The May planted crops gave the highest leaf numbers, relatively tall and higher 

LAI, which resulted to highest total dry matter yield and relatively higher CGR. These 

vegetative growth parameters were due to favorable high RH and RF during vegetative 

stage. The correlation tables show that, the relatively lower in CSR and cumulative 

rainfall (CRF) during reproductive stage were the limiting climatic factors in May planted 

crops pest infestation (stem borer), that decreased the grain yield productivity of the May 

planted crops. However, Lizaso et al. (2003)  observed earlier that  the average  absorbed  

photosynthetic  active  radiation  (PAR)  by  leaf  area  at  reproductive  stage  is  the 

determining factor for maize yield, and grain yield in higher correlation with leaf area. In 

May planting, yield could be attributed to crop lodging and pest infestation, which 

brought about by low CSR and high RH at post-reproductive stage. 

 Moreover, the number of ears per unit area was significantly varied with 

cultivars, while not affected by planting time. IES Glutinous and MMSU had the highest 

number of ears per unit area. This implies that IES Glutinous and MMSU were adaptable 

to the growing environment in the February planting, in which highest number of ears per 

unit area was recorded.  

Planting time had the significant effect on the KN. In the present study, more 

grains were produced. The greater grain numbers were produced by the treatments with 
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higher LAI and TDM. These favorable conditions in February and the March plantings 

could be mainly due to high solar radiation and moisture content during the vegetative 

and reproductive stage. The May planted crops on the other hand were exposed to highest 

amount of rainfall and low solar radiation which are favorable for vegetative growth, but 

negatively affected growth and development during reproductive stage.  

The LAI with delayed planting from February to April increased in May planting. 

This trend in LAI was also observed in TDM, GN GW parameters. Stewart and Dwyer 

(1999) reported that LAI and distribution of leaf area within a maize canopy are major 

determinants of light interception that affects photosynthesis, transpiration and dry matter 

production.  Andrade (1995), and Killi and Altanbay (2005) also observed that grain 

weight is significantly influenced by planting dates.  

The highest KW was produced by MMSU in the February planting date. The KW 

trend was consistent with the observed grain yield, particularly attributed to the highest 

cumulative solar radiation during the whole growing period of the crop, particularly 

during the reproductive stage. Conversely May planting had the lowest cumulative solar 

radiation, highest amount of rainfall, and highest number of rainy days during the 

reproductive period which may have reduced the radiation use efficiency. This finding is 

in agreement with Cirilo and Andrade (1994) who concluded that plants exposed to low 

radiation and low temperature during reproductive and grain filling stages have low dry 

matter production and grain yield. 



 
 

 
 

CHAPTER VI 

CONCLUSION 

Planting  date is  one  of  the  key  points  in  crop management  to  optimizing  

productivity. This study  provides  new  information  about  the  effect  of  four different 

planting  times in four maize  cultivars grown under Los Baños condition.  

Plant height, LAI and dry matter yield were affected by both planting date and 

cultivars. Varying crop responses were observed with different planting time. February 

planting was found to be the most productive (relative to March, April and May 

plantings). This was due to high leaf area development (LAI), CGR, TDM productivity 

and favorable development of yield components brought about high cumulative solar 

radiation, low RH and low rainfall (but irrigation was provided). Delaying the planting 

date from February to April had a negative effect on the leaf development, and height 

development resulting to lower LAI and shortened growth duration of maize cultivars.  

Thus delay in planting date from February to April caused decreasing trend in CGR and 

TDM, negatively affected the yield components, grain yield of the maize cultivars.  

MMSU cultivar consistently out-performed the other cultivars in terms of growth 

parameters, yield components and grain yield across four planting times despite having 

the shortest growing period. Thus, MMSU could be a good cultivar for off-season 

planting, i. e. with March, April and May. 
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 For higher productivity, moreover, MMSU should be grown in the month of 

February, but not later than March so that this cultivar will be exposed to high amount of 

the solar radiation, with the supplemental irrigation considering the low amount of 

rainfall in this planting time under Los Baños condition. April and May planning of 

maize Los Baños condition should be avoided due to high occurrence of rainfall, and low 

solar radiation during reproductive and grain filling stages. Crop lodging and pest-

infestation would be the other yield-limiting factors in these planting months. 
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 Figure 1 Layout of the experiment (RCBD design). 

        V1 = Supersweet   P1 = 9
th

 February 

 V2 =IES Glutinous-4 P2 = 9
th

 March 

 V3 = MMSU  P3 = 9
th

 April 

 V4 = Sweet Jubilee-209   P4 = 9
th

 May 
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Figure 2 Daily solar radiation, and rainfall during crop cycle within (a) February 

planting, (b) March planting, (c) April planting and (d) May planting under 

 Los Baños condition, 2016. 
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Figure 3 Daily maximum temperature during crop cycle within each planting time 

(February-May) under Los Baños condition, 2016 
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Table 1 PR>F-values from the analysis of variance for days to 50 % V6, days to 50 

%  tasseling, days to 50 % silking (R1) and days to 80% physiological 

maturity (R6) of four maize cultivars under four planting times. 

 

TREATMENT 

Pr >F 

Days to 50%  

V6 

Days to 50%  

Tasseling 

Days to 

50% 

silking 

Days to 50% 

physiological 

maturity 

Planting Time 

(PT) 0.0000 0.0001 0.0014 0.0000 

Cultivar (C ) 0.0014 0.0000 0.0000 0.0000 

PT*C 0.5527 0.3458 0.0465 0.0000 

CV % 7.06 4.94 5.53 1.79 

 

 

 

 

Figure 4 Days to different growth stages as affected by cultivars 
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Figure 5 Days to different growth stages as affected by planting time. 

 

Table 2 Pr> F values for number of leaves (NL), plant height (PH), leaf area index 

(LAI), total dry matter at harvest (TDM) and harvest index (HI) in maize 

cultivars as affected by planting time (February- May) under Los Baños 

condition, 2016 

 

TREATMENT 
Pr > F 

NL PH LAI TDM HI 

Planting time (PT) 0.0003 0.0000 0.0005 0.0000 0.0002 

Cultivar (C ) 0.0000 0.0003 0.0908 0.0000 0.0000 

PT*C 0.7265 0.8655 0.8196 0.0637 0.3272 

CV % 3.65 9.65 25.02 19.05 16.78 
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Table 3 . PR>F-values from the analysis of variance for crop growth rate (CGR) of 

four maize cultivars at different  growth stages as  affected by planting 

time under LosBaños condition. 2016. 

 

GROWTH  

STAGE 

Pr> F 

Planting time (PT) Cultivar (C ) C*PT CV% Mean 

V6 (six- leaf) 0.0069 0.0628 0.6550 33.96 0.801 

R1 (silking) 0.0000 0.8123 0.1955 25.07 13.51 

R4 (dough) 0.1150 0.0007 0.4843 45.02 16.08 

R6 (maturity) 0.6929 0.0664 0.2140 71.62 5.78 

 

 

 

Table 4 PR>F-values from the analysis of variance Summary of ANOVA for 

number of ears per m
2
 (NE), number of kernels per m 

2
 (NK),  kernel 

weight per m 
2 
(KW), thousand kernel weight (TKW) and grain yield (GY)  

in maize cultivars as affected by planting time (February- May) under Los 

Banños condition, 2016. 

 

TREATMENT 

YIELD COMPONENT PARAMETER   

NE  

(Ears per m
2)

 

NK  

(kernels 

per m
2
) 

KW 

(g per m
2
) 

TKW 

(g) 

GY 

(kg/ha) 

Planting Date 

(PD) 0.5405 0.0022 0.0000 
0.3270 0.0610 

Cultivar (C ) 0.0106 0.9945 0.0000 0.0000 0.0000 

PD*C 0.5438 0.9231 0.5407 0.7953 0.2060 

CV % 12.25 32.24 24.82 12.10 18.85 

 


