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SYNOPSIS 

The maize is the most widely grown cereal crop in America and 3rd  order crop of the 

world. No other crop has utility as the maize can be utilized since its vegetative growth stage 

to post harvest stage. Maize is very adaptable to diverse environment at present its demand is 

felt worldwide. In this way the maize has became a most widely grown cereal crop useful for 

both human and animal consumption. 

It occupies 138.6 million ha area with a production of 603.0 million tones every year. 

Over 85% of its production in the country is consumed directly as food in various form, i.e. 

chapattis, roasted with popcorn and also used as feed for poultry & in the starch industry. 

Maize has also a good tolerance of pH of soil within range 7.5 — 8.5 and temperature 

21°C — 27°C for its proper growth and development. 

The study entitled "Effect of Row-Direction and Organic Manuring on Growth, 

Development and Yield of Hybrid Maize", has been carried out with the following 

objectives: 

• To compare the grain—yield of maize under the influence of row direction and organic 

manuring. 

• To compare the growth and development of hybrid maize growth under the 

treatments of row-direction and organic manuring. 

• To recommend a suitable row-direction and organic manuring. 

• Level for the cultivation of maize in soil climatic conditions. 

The dissertation divided into chapter as follows: 

2. Chapter I - Introduction provides justification of work and sets the objective of study. 

3. Chapter II - Review of Literature 

4. Chapter III - Materials & Methods describes the methodology adopted and material 

used in the conduct of field experimentation. 

5. Chapter IV- Observation describes the data recorded and analysis made statistically. 

6. Chapter V- Results and discussion has discussed the logic of the results obtained. 

vi 



7. Chapter VI- Summary and Conclusions summarizes the experimentation and its 

findings. Practices suitable for the soil climatic conditions of Roorkee 

recommended and future course of action is suggested. 

References — Various literature cited are referred. 

The experiment entitled "Effect of Row Direction and Organic Manuring on Growth, 

Development and Yield of Hybrid Maize", was conducted on factorial design with 4 

direction of planting and 3 levels of organic manuring and 3 replications. Observation 

recorded indicated that rows of maize in East-West direction recorded highest yield. Addition 

of organic manuring (FYM) increased grain yield progressively with increase the organic 

manuring. 
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CHAPTER —1 

INTRODUCTION 

1.1 HISTORY OF MAIZE 

The origin of maize was accepted in Haiti, America where it was named "Mahiz". 

Cristopher Columbus carried maize from America to Europe, later on it was introduced in 

Africa and Asia , in the 16 — 17th centuries .The above chain of origin to maize all over 

the world is still a mystery but one of the most accepted thing about the maize is that the 

direct predecessor of maize is the " Teosinte" grass. The maize plant has the distichuos• 

leaves (two ranks of single leaf borne in alternate position) .The external surface of the 

leaves blades is adapted for the absorption of solar energy by little hairy structure and the 

internal surface is shiny and hairless with numerous stomata for breathing . 

Maize is one of the greatest cereal crop in the United states, Mexico, China and Brazil, 

"Corn has always been America's most efficient crop for converting sun's energy into 

food." Very often it is said that the productivity of maize is due to its large leaf area and 

the modification of its photosynthesis pathway. Actually this modification is common in 

other tropical species, resistant to drought periods, is known as the "c4 syndrome. "This 

term means, an efficient mechanism to exchange water vapour for atmospheric carbon-

dioxide, therefore c4 -species are capable to produce more dry matter per unit of water 

transferred than normal plants as c3—syndrome [Ref. 91 . The maize has wider varieties, 

some tropical varieties of maize grow as tall as 7.5m and may have until 4 to 5 ears per 

stalk but may be dwarf as short as only 0.9 m. maize is cultivated at latitude 50°  N and S, 

and slightly. Higher from the Equator. It may grow up to altitude 3600- 4000 meters 

elevation. The main characteristics are good adaptation qualities (i.e. tolerance, edurance 

and resistance etc). It is a versatile crop, and it also has tremendous genetic variability, 

which enables it to thrive well under lowland tropical, subtropical and temperate climates. 

It is grown in many countries than any other cereals, U. S. farmers, seed men and 

scientists were jointly worked and developed outstanding open-pollinated varieties, and 

intensive research in plant breeding offers improvement in crop- yield. Today hybrid 

maize is the greatest practical achievement of plant genetics. According to recorded data, 



in the period from 2000 to 2002 about 600 million tons of maize was produced in the 

world, on 1.39 million hectares of area. 

1.2 REQUIREMENTS OF MAIZE CROPPING: 

The maize requirements for cropping & availability of what extent on the experimental 

site are summerise as: 

SEED: The seed should be required a new hybrid diversified quality for the high grain 

yield in typical climatic conditions. I have already used the hybrid maize variety name"K-

25 kanchan ganga" for my experiment. 

SOIL: Generally maize can be grown on any type of soil ranging from deep clay to light 

sandy stones. However it require soil containing ph ranging 7.5-8.5.The soil ideally suited 

for the hybrid maize would have good water holding capacity &provide good drainage. 

The soil of experimental site, WRDTC Demonstration Farm IIT-Roorkee is found sandy-

loam, hence it would be come under the normal category of soil. 

1.3 AGR 0 CLIMATIC FACTORS 

The climatic factors which would be affecting to the agriculture or crop growth, 

development and ultimately to the yield of the crop (hybrid maize) are as under : 

♦ Temperature:-It is the radiant energy emerges from sunlight which useful in 

photosynthesis but temperature is responsible for evapotranspiration & the main 

function of temperature is to rapening of grain at maturity . If mean daily temperature 

greater than 20°c the early grain variety taken 80 —110 days , when mean daily 

temperature below 20°c the maturity will be extend 10 —20 days for each 0.5°c 

dedease depending upon the variety of crop . The optimum mean daily temperature 

would be 10°c for germination & 10°c — 20°c for growth and good maturity. The mean 

daily' temperature being existed 20°c — 25°c during entire crop-period at experimental 

site. 
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♦ Rainfall (Precipitation):- Precipitation may be in the form of rain, frost, fog and dew 

etc. but the rainfall play the bitter role for the growth of any crop by meet-out the crop 

water requirement of maize. 

In the present experimental hybrid maize crop has obtained near-about 650 mm 

rainfall in this vicinity and during the crop — period , but extra water requirement has 

met-out by two time irrigation of 173mm . The general water - requirement for maize 

should be 600-800mm. 

• Wind-Speed:-It is also a important agroclimatic factor which is responsible for 

pollination of settling of seed as well as evapotranspiration. If the wind velocity more 

than 5 m/sec, it would be create problem in falling & setting of pollen on silk, 

ultimately the full fertilization would not take-place & 'Drift' problem will also arise. 

In such situation the seed-setting on the cobs would be less, therefore yield will be 

reduces. The high wind also increases the evaporation from the soil surface. Thus, for 

water-conservation point of view, the wind should be less 1-31cm/hr. for justified 

yield, therefore during the pollination the wind speed should be minimum. 

♦ Photo-Days:-It is also called the available duration of sun-shine hours. This factor is 

very essential for photosynthesis process of plants, ultimately it is responsible for the 

growth & development (juvenile stage) of plants but during pollination and 

fertilization the process would be inversely-proportional to duration of sun-shine. The 

sugar-cane and maize are the crops utilize more solar energy . In my experiment, the 

solar-energy have already been found in sufficient quantity. The solar-radiation 

between 0.30 to 0.5511M has good photoperiodic effect and 0.40 to 0.70jim most 

effective to photosynthesis [Ref.22]. 

♦ Relative-Humidity:- Relative-humidity affects the water relation of plants by 

influencing evaporation. Low Rh increases leaf water potential due to high 

evaporation and vice-versa. The high Rh turgor pressure of leaves increases because of 

less transpiration, it results into cell enlargement & leaf enlargement. Humidity 

indirectly affects leaf growth, photosynthesis and pollination. Moderately low air Rh is 

also favorable for seed-setting. In low Rh, the water deficit in plant leaves will closes 

the 'stomata' 
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1.4 OBJECTIVES OF THIS STUDY 

The main objectives of this study entitled " Effect of Row-Direction and Organic 

Manuring on Growth, Development and Yield of Hybrid Maize," are as follows :- 

• To compare the grain yield of maize under the influence of row-direction and 

organic manuring. 

• To compare the growth and development of hybrid maize growth under the 

treatment of row-direction and FYM. - 

• To recommend a suitable row-direction and organic manuring. 

• Level for the cultivation of maize in soil climatic conditions. 

4 



CHAPTER — 2 

REVIEW OF LITERATURE 

Agarwal et al.(2001) they developed a model for wheat and rice grown in Madhya 

Pradesh (India).This model is about yield forecast based on weather variables & 

agriculture input on agro-climatic zone basis. The data on weather parameter were 

collected from various districts from1971 to 1990 .They also collected other data from 

percent area under irrigation ,percent area under high yielding varieties and quantities of 

N,P and K used .The result indicated that reliable yield forecast could be obtained 15 

years data when crops were 12 weeks old i.e. two months before harvest. 

Ameta et al. (2000) they have conducted a field survey and reported about the winter 

maize responded to nitrogen levels with regard to varying of row spacing and plant 

population density. They were carried experiment during 1988-89 in Rajasthan ,comprise 

to row spacing (60 and 75 cm) four plant population density (65,75,85,95 thousands plants 

per ha.) and used five levels of nitrogens (60,90,120,150and 180kg N /ha.).They found 

results that the closer row (60cm.) spacing gave 4.12% higher grain yield than wider row . 

(75cm.),It shows that the grain and stover yield linearly increased with successive increase 

in population density and nitrogen levels upto the limit of 85thousands plants / ha.&150 

kg/ ha nitrogen respectively and got 58.97 and 60.68 q /ha of grain yield. During the both 

years they found the significant interaction between plant population & nitrogen levels. 

Antonopoulos (2001) studied and reported about the simulation of soil water and nitrogen 

balances of irrigated and fertilized corn-crop soil. This simulation study was conducted in 

a field in Northern Greece during 1996 growing period and subsequent non-cropped 

period using a one-dimensional model based on Galerkin finite element method. The 

simulation described dynamic environmental conditions, irrigation schedule, and 

inorganic N applications. They were carried out on two plots of the field that differed in 

the amount and the timing of nitrogen applications. Inadequate irrigation water was 

applied, resulting in low availability of water in the Root Zone. The qualitative and 

quantitative procedures for model evaluation showed that there was good agreement 
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between the simulated and measured values of water content and inorganic species of N at 

different soil depths and the cumulative N up take by the plants. The average error was 

0.006 cm3/cm3  for water content and ranged from -1.06 to 0.52 eg/g of soil for NH4-N and 

from -0.107 to 2.753 eg/s soil for NO3  — N. Different procedures for getting the 

characteristics curves resulted in differing water contents and nitrogen concentrations in 

the soil. 

Balthazar et al.(2003):reported that gene flow in maize (Zea maize L.ssp. mays), among 

genotype with varying levels of hybridization and stages of evaluation, including- the wild 

relative teosinte is not new. He discussed that a teosinte plant with at least 15 tassels 

distributed along the stems is also a large pollen producer compare to a hybrid plant ,with 

a large number of spikelet,3921 per plant as compared to 769 for a modern maize hybrid. 

They also concluded in his experiment that cross pollination has occurred at a maximum 

distance 200 m from the source planting and that very limited cross pollination occurred at 

100m. but they did not observe any cross —pollination at 300m .They also highlighted the 

factors to controlling the process of transgenes by out crossing pollination. This report & 

guidelines would be beneficial for producing new hybrid maize varieties in future. 

ChandrashekhAra et al.(2000) studied about the response of maize to organic manure with 

inorganic fertilizer. A field experiment conducted in Arabhavi, Karnataka (India) during 

Kharif of 1996. They used four treatments comprising organic manure( 10 t. on poultry 

manure/ha , 2.5 ton vermi compost/ha and 10 ton FYM /ha )with recommended rates of 

fertilizer (RRF,150 kg N/ha) in three doses, 75 kg P/ha,37.5 kg K/ha and control(RRF) . 

were applied to maize hybrid DMH-1.The application of poultry manure with RRF gave 

higher (50.8 q /ha) and fodder(74.4 q /ha) yield than vermi compost with RRF, FYM with 

RRF and control treatments .They reported the percent increase in grain yield with 

application of poultry manure , vermicompost and FYM were 33.16 and 14% compared 

with control . Application of poultry manure with RRF produce taller plant (187.5), longer 

cobs(14.35cm) with bigger dia.(15.6cm) and heavier cob weight (170.50 gram/cob) than 

with control .The percent increase in cob length, cob girth, and grain weight per plant with 

the application of poultry manure was 13.1,13.8, and 53.2%respectively compared with 

control. 
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Fernando et al. (2002) reported that response of grain yield to narrow rows can be 

analyzed in terms of the effect on the amount of radiation intercepted by the crops. The 

objective of this work was to study the effect of row spacing on grain yield and radiation 

interception (RI) during the critical period for grain set in three crop species. Ten 

experiments were conducted with maize (Zea mays L), sunflower (helianthusannuus L), 

or soybean Glycinemax (L) Merr. Under irrigation or tinder dry and conditions without 

severe drought during flowering and grain fillings. The treatments consisted of two row 

distances combined with other factors such as plant density, cultivar, defoliation, etc. 

grain yield responses to decrease distance between rows were inversely proportional to RI 

achieved with the wide-row control treatment during the critical period for grain number 

determination (r2= 0.62, 0.54, and 0.86 for maize, soybean, and sunflower, respectively ). 

Moreover, when row spacing was reduced, grain yield increases and RI increases during 

the critical periods for grain set were significantly and directly correlated in the three crop 

species (r2  ------ 0.71, 0.64, and 0.94 for maize, soybean, and sunflower, respectively). For the 

conditions of these experiments, grain yield increase in responses to narrow rows was 

closely related to the improvement in light interception during the critical period for grain 

set. 

Fund et al.(2003) reported that production of maize and more specifically to hybrid corn 

plants with certain advantages phenotypes resulting from interaction of the haploid genetic 

contributions of inbred parental lines. They reported that all corn as we know it today, zea 

mays is a result of human manipulation. It was never a natural plant .They reported that 

,unfortunately, reduction in yield performance and the appearance of other plant 

characteristics which are undesirable accompanies inbreding. In addition ,progressive 

selling reduce plant vigor. Many of these deleterious effects are caused by homozygosity 

for deleterious recessive gene whose effects are unmarked by loss of desirable dominant 

alleles. They also described about the first generation(F.sub.l)and (F.sub.2) etc. This 

invention addressed some of the shortcomings in the prior art of corn hybridization, and 

discloses a corn hybrid genetic complement & characterize to increased yield and root 

lodging. 
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Grazia et al. (1999) studied about the plant population and fertilizer effect on sweet corn 

crop yield .Their field study at Hernandez, Argentina in 1996-97,sweet corn cv, fleshy 

was grown at 4,6 on 8 per m giving plant population of 56800, 85200 and 113600 plant 

per ha respectively. The crop were given no fertilizer 100 kg mono ammonium phosphate 

at sowing plus 100kg urea spread when plant had eight leaves expanded. They reported 

that yield was highest with 6 plants per metre plus mono ammonium phosphate and urea. 

The highest plant density gave lowest yield and at this density the higher fertilizer 

application also decreased the yield. 

Jaya et al.(2001) studied and reported that the maize is one of the row crops often selected 

for inter cropping to provide shelter to understorey crops because of its wide adaptation 

over a range of climates .They concluded that leaf area index ( L AI ) but not by row-

orientation .It is also highlighted that the maize row oriented N-S absorbed radiation 

higher in the canopy then E-W oriented plants. It is also concluded that the temperature 

reduction was associated with a reduction of irradiance up to 70% the reduction especially 

in temperature, was highly sensitive to row-orientation and at some combinations resulted 

in increased in temperature. 

Joanne et al.(2003) reported that molecular genetic variation , influences pedigree, 

adaptation and migration in the genetic make-up of concerned corn-Belt ,Dent related 

germplasm. Plant sampled from 57 assession represented corn-Belt Dents, Northern flints, 

southern Dents, plus 12 public inbreds, where genotyped at 20 simple sequence 

repeat(SSR) loci, for 47 of the accessions, between 5 and 23 plants per accession were 

genotyped (mean —9.3).Mean number of alleles per locus was 6.5 overall, 3.17 within 

accession and 3.2 within pooled inbreds. Mean gene diversity was 0.53 within accession 

and 0.61 within pooled inbreds. Open pollinated accesions showed a tendency towards 

inbreading and 85 %of genetic variation was shared among them. They found mentel test 

revealed significant correlation between genetic distance and geographical (r =0.54, 

p=0.04) or maturity zone( r = 0.33 , p =0.03 ): They found a significant correlation 

(r = 0.76 , p < 0.01 )between days to pollen shed and maturity zone of accession origin 

Pedigree , rather than migration or selection ,has most influenced the genetic structure of 

the extent representatives of the open pollinated cultivars at these SSR loci. Leaf orient 
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can switch from a random distribution in nearly isolated plants (i,e. 3 plants 111-2  ) to a 

distich distribution where the leave are placed perpendicular to rows when the plant are 

grown at commercial crop densities (i,e. 3 plants m-2) Girardin, 1992, Stewart and Dwyer, 

1993. Girardin and Collinear, 1994. Maddonni et al. 2001a) thus, maize canopies may 

adopt a no isotropic structure with a preferential across-row orientation of the leaves. Both 

field measurements and computer simulations indicate that maize canopies with leaves 

perpendicular to the rows may present increased light interception (about 10 % higher) 

and grain yield (about et al., 1999, Maddonni et al, 2001 b) therefore, it is of importance 

to understand the mechanisms that drive leaf reorientation. 

Musambasi et.al. (2003) conducted a experiment in chumyika resettlement area to 

determine the effect of ridging treatments and two maize cultivars (R215 and SC 501) on 

striga as asitica density and maize grains yield during 1995-96 rainy reasons. They 

reported that the ridging plots planted to R215 supported fewer (1 plant m2) emerged, 

while it resulted in the highest number (3 plants /m2) in plots during 1994-95 season at 

eight —weeks after crop emergence. However particular cultivar is plants were in plots 

where the two maize cultivars were planted. During the 1995 -96 season, ridging at 5 

weeks after cops emergence resulted in the last number emerged 5 asiatica plants at 

chinyudze and chibandes. Planting SC 501 on the flat resulted in the least grain — yield 

(123 kg/ha) during 1994 -95 season while planning it on ridges gave the highest grain 

yield (5197 kg/ha) during 1995 -96 season. 	• 

Manoj et.al. (2003) conducted at field experiment during rainy season (kharif) of 2000 at 

SASRID under rained condition of Negaland, to study the effect on nitrogen and 

phosphorus levels on yield and nutrient uptake on maize (zea maysh) cv. Vijay. The 

treatments comprised four nitrogen levels (No, N50, N100 and N150) and there phosphom 

levels (P0, P40 and P80). The stover and grain yield increased significantly with the , 

increasing level of nitrogen and phosphorus. The highest stover grain yields were recorded 

64.92 and 30 q/ha respectively, with the highest level of nitrogen and phosphorus (N150 

and P50) combination did not show any significant effect on stover and grain yields the. 

nitrogen & phespphrus uptake. 

9 



Maddonni et al.(2002) reported that commercial crops, maize (zea mays ) plants are 

typical grown at a larger distance between rows (70 cm) than within the same row (16-23 

cm). This rectangular arrangement creates a heterogeneous environment in which the 

plants receive higher red light ( R) far-red light (FR) rations from the outer row spaces. In 

field crops, the hybrid Dekalb 696 (DK969) showed an increased proportion of leaves 

toward inter row spaces, whereas the experimental hybrid 980 (Exp980) retained random 

leaf orientation. Mirrors reflecting FR were placed close to isolated plants to simulate the 

presence of neighbors in the field. In addition, localized FR was applied to target leaves 

in a growth chamber. During their expansion, the leave of DK 696 turned away from the 

low R to FR ratio signal, whereas Exp 980 leaves remained unaffected. On the country, 

tailoring reduced and plant height was increased by low R to FR rations in Exp 980 but 

not in DK 969. isolated plants preconditioned with low R/FR-simulating neighbors in a 

North-South row showed reduced mutual shading among leaves when the plants were 

actually grouped in North-South rows. These observations contradict the current view that 

phytochrome-mediated responses to low R/FR are a relic from wild conditions, 

detrimental for crop yield. 

The R to FR ratio signals are perceived by phytochromes, a family of photoreceptors with 

two photo-interconvertible forms, Pr and Pfr (Smith, 2000).. High R to FR ratios increase 

the proportion of phytochromes in the biologically active Pfr from. Phytochromes 

modulate growth and development throughout plant development, including seed 

germination, seedling de-etiolation, shoot morphology, and flowering (Ballare and Casal, 

2000, Casal, 2002) 

Pandey et al.(2003) reported that an experiment was conducted during the rainy season 

1998-99 at research Farm of Rajendra Agricultural University, Pusa(Bihar) to study the 

effect of maize (zea mays L.) based intercropping systems on maize yield under rainfed 

condition. They concluded that wherever the intercropping system reduced the values of 

yield attributes and grain yield of maize than sole cropping of maize but significant 

reduction in cob length, kernels/row , grains/cob and grain yield was recorded only with 

sesame (sesamum indicum L.), turmeric (curcuma lenga L.) and forage meth but act 

intercropping systems recorded significantly higher maize-equivalent yield, 

productivity(kg / ha /day) and significant reduction in weed dry-biomass than sole 
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cropping of maize. Among the intercropping system; maize + turmeric showed 

significantly higher maize-equivalent yield and productivity (kg/ha/day), however 

significantly lower values of these were associated with maize , + sesame. Maize + forage 

meth recorded the lowest weed population, weed dry-biomass and highest weed control 

efficiency but these all were found with maize + pigeon pea (cajanus cajan L. millsp.) 

intercropping system. 

Paskiewicz et al.(2003) reported that higher plant population increases competition 

among individual plants for water, sunlight and soil nutrients. They suggested that the 

higher plant population may lower the individual plant-yield but increases yield per 

hectare by optimizing the relationship between the key yield components: Number of cobs 

per hectare, Number of kernels per cob and weight of each kemels(test weight kg/no. or 

kernel density).The new pioneer planting rate recommendation are provided by potential 

yield environment ,offering growers the opportunity to improve yields by increasing plant 

population, particularly in medium & high yield environment. They optimized & found 

plant population for maximizing grain yield between 104,000 to 110,000 plants / ha for 

individual hybrid, with little difference between the hybrid maturity groups tested . 

Rusu et al.(1999) studied about long term fertilizer treatments on maize to determine the 

effect on maize grain yield of yield of yearly application of same nitrogen, phosphorus 

and potassium rates on organic mineral soil. Such experiment had been initiated in 1962 

on typical chennozem and brown-lubic soil in Romania. The yield & soil chemical 

properties had also been determined in 1963 to 1997. Soil reaction increased with higher 

N rates, while mobile P and K in soil were increased by the respective fertilizer elements. 

Several nutritional disturbances required the application of 11 kg Zn/ha on chemozem. En 

1985,five ton per ha calcium carbonate was applied on brown —luvi soil .Afterward- in 

1993,10kg Zn/ha,2kgMo/ha and 2 kg B/ha were applied on both the soil types on 

chemozem,15 kg Mn was also applied. Maize yield varied with fertilizer treatment, 

weather and soil type. Yield was higher on unfertilized chemozone than on brown-luvic 

soil with difference greater in unfertilized control than where fertilizers were applied. 

1. How to maintain access to genetic resources. 

2. How to maintain access to cutting edge technology. 
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3. How to maintain access to genomic data-bases and other sources of information 

needed for biotechnology-assisted crop improvement research. 

4. How to maintain and stabilize funding. CIMMYT concluded that " over- one third 

of the developing word's maize area is still planted to farm-saved seed of uncertain 

genetic background and variable quality. In many instances, farmers continue to 

use farm-saved seed not because MVs are unavailable; rather the problem is that 

small-scale, subsistence-oriented farmers located in isolated rural areas are not 

well integrated into the market economy. As CIMMYT and its partners look to the 

future, they will be challenged to come-up with creative approaches to reaching the 

millions of non-commercial farmers who will do not enjoy full access to the fruits 

of the international breeding system." This report shows that the yield of maize 

among the developing countries is comparatively very less while these countries 

allotting a major part of their total cultivated area. In Indian agriculture, there are 

2 / 3rd farmers having small—holdings and they used to traditional seeds & 

cultivation methods, hence if my subject based method would be successful in any 

climate and anywhere in the world, this will be the best technique to increase grain 

yield of new hybrid varieties of maize in addition to other inputs. 

Saha et al. ( 2001) conducted a field experiment to find-out the suitable dose of fertilizer 

for hybrid- maize (var. sohag), two planting system and four fertilizer levels were used as 

treatment variables. They had been found highest grain yield of maize from the 

appropriate dose of fertilizer. The yield attributes increased with the increased fertilizer 

dose in maize but reverse in soybean from economic point of view, the highest benefit-

cost-ratio was obtained from the fertilizer dose 250-120 , 120-40 and 40-5 of N, P2O5, K 

2 0, S and Zn Kg/ ha in both normal and paired row system of Joydebpur of Bangladesh. 

Selvam (2002): conducted a field experiment for M. tech dissertation on Application of 

`DSSAT' for prediction of yield of maize. They found and reported that the grain-yield of 

maize increased with the increasing off plant population up to some extant from 4 to 6 

plant/m2  but dectased the number of grains per crop and unit weight of grain. He also 

found and reported that the maize grain yield increased, unit weight of grain (karnels) and 
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number of grains per cob with the increasing levels of nitrogen 0 to 100kgN/ha. The other 

inputs were assumed & results summarized as: 

	

1. 	Increasing the plant population increased grain yield with increased 

plant population 4-6 plant/m2. 

(a) To 1.87 %, 2.12% when no nitrogen was applied. 

(b) To 1.53 %, 2.38% when 50 kg/ha nitrogen applied. 

(c) To 3.03 %, 5.14 % with the 100 kg N/ha nitrogen was applied. 

	

2. 	The maize grain yield increased with the application of nitrogen for 0 to 

100 kg/ha. 

(a) To 39.50-40.60 % when 50 kg N/ha was applied. 

(b) To 48.80 — 53.20 % when 100 kg N/ha was applied. 

There above DSSAT findings were predicated almost similar to observed result within the 

acceptable limits. 

Stewart et al. (2003) conducted & reported about the amount and distribution of leaf area 

and leaf angle in a crop canopy determine how photo synthetically active radiation (PAR) 

is intercepted ad consequently influences canopy photosynthesis and yield. Factors such 

as plant shape, plant populations, and row width will affect these leaf distributions and can 

occur in an almost infinite number of different combinations. To supplement 

experimentation, a mathematical mode, was developed to use measurements of leaf area 

and leaf angle in two dimensions (with height and across the row) to calculate PAR 

interception and canopy photosynthesis. The extreme phenotypes leaf and reduced stature 

were included to very plant height and number of leaves above the ear. Measure elements 

of average PAR at various levels were made in seven different canopies and compared 

with calculations from the model (R2  of 0.68 and 0.92 for two sets of data). As well, 

measurements of PAR at 20-cm increment on transects perpendicular of the row were 

made in three canopy type a three levels and compared with theoretical calculations 

(R2  = 0.74). A simple numerical experiment was run to demonstrate the utility of the 
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model where daily canopy photosynthesis wads calculated for two row widths and seven 

plant types. One result was that depending on row widths, plants with very upright levels 

can have both the smallest and largest daily canopy photosynthesis. 

William et al., (2003) reported that in narrow rows at high plant densities and N fertility 

evaluated first-year, second-year and continuous corn in field scale studies at 0.76- and 

0.38-m row spacing at recommended densities (85000) plants had) and N fertility (165 

kg/had) and at 0.38-m spacing at high densities (100000 plant/ha") and N fertility (225 

kg/ha-1) in 1998, 1999, and 2000 to determine if narrow-row corn at high vs. 

recommended densities and N fertility had similar soil NO3-3 concentrations in the upper 

0.3-m depth and whole-plant N concentrations at the sixth leaf stage of com (V6) as well 

as similar ear-leaf N concentrations at silking in eight of the nine site-year comparisons. 

All treatments were above critical concentration for soil NO3-N concentrations (<25 mg 

kg -1), whole-plant N concentration (>35 g kg d ), and ear-leaf N concentration 

(25> g mg 1), except in the cool 2000 season). Consequently, narrow-row corn at high vs. 

recommended densities and N fertility had similar. dry matter yield and quality in eight 

site-year comparisons. Furthermore, narrow-row com at high vs. recommended densities 

and N fertility had greater residual soil NO3-N concentrations in three site-year 

comparisons. They recommended that dairy producers in the north eastern USA grow 

narrow-row corn forage at recommended plant densities and N fertility. 

William et al., (2002) reported alert plant density level and row width for corn grain yield 

may very with location, primarily latitude, in the com belt. This study was conducted to 

evaluate corn grain yield, harvest moisture, test weight, and stalk lodging with modern 

corn hybrid, as affected by row width and plant density in the northern Com Belt. At six 

locations in 1998 and 1999, four hybrid differing in relative maturity. Ear type, plant 

height, and leaf orientation were planted at row widths of 76, 56, and 38 cm and five plant 

density levels ranging from 56000 to 90000 plants had. Plots were arranged randomly in a 

split-split plot configuration. Result show that corn grain yield increased 2 and 4% and 

harvest moisture decreased by a factor of 2.1% when row width was narrowed from 76 cm 

to 56 cm and 38 cm, respectively. The highest plant density evaluated, 90000 plants had, 
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had the highest grain yield. Grain moisture decreased and grain test weight increases 

slightly as plant density increased. A hybrid x row width interaction was not observed 

indicating that hybrid that yield well in conventional 76-cm row systems will also yield 

well in narrow systems. 
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CHAPTER - 3 

METHODOLOGY 

3.1 GENERAL SITE INFORMATION 
The plan was prepared according to the subject title and experimentation at WRDTC, 

Demonstration Farm, IIT-R campus, 

as initial work are as follows:- 
Experimented duration 

Location of site 

Latitude 

Longitude 

Altitude 

Preparation of field 

Date of Layout 

Date of sowing 

Number of observation plots : 

Variety of seed 

Date of weeding 

Date flowering 

Date of harvesting 

Roorkee (India) .The details of my field site as well 

19.06.2003 to 25.09.2003 

WRDTC Demonstrations farm IIT-R 

29°  —52' N 

77°  -54' E 

252.00m (above MSL) 

19.06.2003 and 21.06.2003 

21.06.2003 

22.06.2003 

36 nos. 

Hybrid — maize " K-25 (kanchan Ganga) 

12.07.2003 

04.08.2003 

20.9.2003 

3.2 FIELD PREPARATION AND LAYOUT 

The selected part of Demonstration Farm was ploughed by tractor on 19.06.2003 and 

21.06.2003, thereafter the field manually cleared free from the previous root residuals. On 

21.06.2003. The layout has been demarcated as per plan with the help of measuring tape, 

string and pegs (Fig, 3.1 and 3.2). We laid the experimental plots and allotted its serial 

numbers so that we would differentiate among them. We also applied the organic manure 

(FYM) @8 t / ha in Fl type plots and @16.5 t / ha in F2 type plots but FO type plots were 

keep without FYM. 
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Fig. 3.2: Showing the preparation of field and mixing of organic manure 

Fig. 3.3: Showing weed removing from plots of hybrid maize at demo:farm 
R D -rc Pr--RoOR KEE- 
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3.3 PLOTS — INFORMATION 

The details of plots may summaries as under: 

Number of observation plots 	: 36 nos. 

Area of each plot 	 : 18 sq.m 

Size of each plot 	 6 m X 3m 

Plant to plant spacing 	: 25 cm 

Row to Row spacing 	 50cm 

Replications 	 3 nos. 

TABLE 3.1 : Showing the Designation and Serial Number of Experimental Plots 

Plot No. Designation Plot No. Designation Plot No. Designation 
1 F2 DO 13 F I DO 25 FO DO 

2 F2 DI 14 Fl DI 26 FO D1 

3 F2 D2 15 Fl D2 27 FO D2 

4 F2 D3 16 F1 D3 28 FO D3 

5 FO DO 17 F2 DO 29 Fl DO 

6 FO DI 18 F2 DI 30 Fl D1 

7 FO D2 19 F2 D2 31 Fl D2 

8 FO D3 20 F2 D3 32 Fl D3 

9 Fl DO 21 FO DO 33 F2 DO 

10 Fl DI 22 FO DI 34 F2 DI 

11 F I D2 23 FO D2 35 F2 D2 

12 FI D3 24 FO D3 36 F2 D3 

3.4 TREATMENTS 

It has already been discussed: FO, Fl and F2 are the treatments : 

Farm yard manure (FYM) : 

FO - Plots without application of FYM. 

Fl —Plots applied FYM @ 8.0 ton / ha. 

F2 —Plots applied FYM@ 16 ton / ha. 
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Row — Directions: 

DO —Random row —direction. 

D1 —East - West row —direction. 

D2 — North —South row-direction. 

D3 —N E - SW row- direction. 

3.5 CULTIVARS 

There are hundreds of varieties of hybrid maize available in the market. The variety used 

for this experiment is K-25, Kanchan-Ganga which is developed by the private company 

from Hydrabad (A.P.) 

3.6 INITIAL CONDITIONS 

The field was fallow after previous wheat crop. It was prepared properly as mentioned in 

3.2. The root residuals were picked-up manually and removed from field after ploughing. 

The climate was dry during sowing. 

3.7 SOWING ( OR PLANTING ) DETAILS 

When the experimental field had been prepared properly and laid-out as per plan. The 

prescribed seed were sowed by 'hill-sowing method' in experimental plots on 22.06.2003, 

the details are as under:- 

Method of sowing adopted 	: Hill-sowing 

Seed / hill 	 : 2 nos. 

Depth of sowing 	 : 3.5 cm. 

Hill to hill (plant to plant) spacing : 25 cm. 

Row to row spacing 	 : 50 cm. 

Seed-rate 	 : 30 kg/ha. 

3.8 WEEDING 

Weeding or weed removing is a process to pick-up undesirable vegetation from crop, 

otheiwise it will compete with the crop. In presence of weeds the growth & development 

of crop would be effected, ultimately the yield of crop will be reduce. In this experiment, 

weed removal has been done at 20 DAS (on 11. 07. 2003), Just before the first irrigation. 

There were reasons to choose this stage as weeding first to curtail the competitors for 

water & nutrients removed from soil. The other reason for weeding is to increase the soil 
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porosity for easy infiltration of irrigation - water in to the soil. This process came under 

intercultural. 

3.9 IRRIGATION 

The irrigation is an artificial supply of water to the crop for meeting-out the water-

requirement of crops. In this experiment the water-stress was experienced by the 

symptoms on leaf. The crop was uniformly irrigated on 12.07.2003 (85 mm) and on 

08.08.2003 (85 mm). 

3.10 WATER MANAGEMENT AND ENVIRONMENTAL IMPACT 

The water stress in maize generally found (20 DAS or 40 — 47 DAS) at growth, flowering 

and silking stages, therefore the above dates have been chosen in absent of 'rain'. Water is 

a prime in dispensable, finite and vulnerable natural resources. Water travels from sea and 

land to the air and back to the sea and land by hydrological cycle [22]. Kharif crop of 

maize is generally grown under raided conditions as maize required water 500 — 800 mm 

during the crop — period. If it grown in rainy (kharif) season, the maximum water 

requirement will be meet out through natural rain. Thus water-storage will be save and 

utilize in other crops. The soil erosion may be reduce through maize crop during rainy 

season. The water management techniques including drainage practices to raise a good 

crop of maize with higher yield. The depth interval of frequency of irrigation depends on 

climatic situations. 

Maize is a good crop to utilize as environmental impact as this is one of the C-4 syndrom 

crop. Thus it is best removal of CO2 from surroundings hence it will diminishing to green 

house effect. Hence the maize (kharif) crop may be used as water management and 

environmental impact tool. 

3.11 WEATHER DATA 

At the WRDTC, Demonstration Farm, the weather station (observatory) has already been 

installed. The daily weather data i.e. Temperature, humidity, rain-fall, wind-speed, pan-

evaporation and ground-water table which may influence to yield of hybrid maize. The 

data-Tables of experimentation (entire crop-period) site are shown in Table 3.2 - 3.5, and 

figures, 3.2-3.5 are given in Annexure. 
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Table 3.2 : Showin• Dail weather data •  if c 

(From 22-6-2003 to 20-9-2003) 

Weather station: Water Resources Development Training Centre, Demonstration Farm (WRDF) 

Latitude 29.52°  N Longitude 77.52°  E 

Elevation 252 in TAV 23.8°  

AMP 5m REFHT 2m 

WNDHT 2m 

Month-June 

Date Julian 
Day 

T. max. 
° C 

T. min. 
° C 

Solar 
Radiation 
MJ/m2  da 

Rainfall 
mm 

. 
Sunshine 

firs. 

1/06/03 73152 41.5 25 28.1 • 0 12 
2/06/03 73153 43 ' 	25 28.8 0 12.3 
3/06/03 73154 42.5 24.5 28.8  0 12.3 
4/06/03 73155 41 27 28.8 0 12.3 
5/06/03 73156 38.5 24.5 25.1 0 10 
6/06/03 73157 39 27.5 28.1 0 12 
7/06/03 73158 40 26 28.1 0 12 
8/06/03 73159 38 26.5 26.6 0 11 
9/06/03 731, 60 37.5 24.5 25.1 0 10 
10/06/03 73161 39.5 29 25.1 0 10 
11/06/03 73162 41 26 23.6 0 9 
12/06/03 73163 41 28.5 26.6 0 11 
13/06/03. 73164 41 27 26.6 0 11 
14/06/03 73165 40 26 27.4 0 11.3 
15/06/03 73166 39.5 26.5 28.1 0 12 
16/06/03 73167 39 26 28.1 0 12 
17/06/03 73168 37 26.5 28.1 0 12 
18/06/03 73169.  28 22 26.6 24 11 
19/06/03 73170 33 22.5 14.8 0 3 
20/06/03 73171 29 27 14.8 0 3 
21/06/03 73172 29.5 25 25.1 0 10 
22/06/03 73173 30 24.5 26.6 0 11 
23/06/03 73174 30 23.5 28.1 13 12 
24/06/03 73175 35.5 26.5 20.7 0 7 
25/06/03 73176 34.5 25.5 26.6 0 11 
26/06/03 73177 37 27 26.6 0 11 
27/06/03 73178 32 24 27.3 5.6 11.3 
28/06/03 73179 31.5 22 26.6 6.4 11 
29/06/03 73180 32 23 23.6 0 9 
30/06/03 73181 32.5 25 22.1 9.4 8 

0 • II in : r 0 . f M 
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(From 22-6-2003 to 20-9-2003) 

Month: JULY 

Date Julian 
Day 

T. max. 
° C 

T. min. 
° C 

Solar 
Radiation 
MJ/m2  day 

Rainfall 
mm 

Sunshine 
Hrs. 

1/07/03 73182 35.5 26 20.6 0 7 
2/07/03 73183 34.5 25 27.3 4.2 11.3 
3/07/03 73184 36 28 27.3 0 11.3 
4/07/03 73185 36.5 27.5 28 0 12 
5/07/03 73186 36 26 10.2 82 4 
6/07/03 73187 35 26.5 16.2 12.2 3 
7/07/03 73188 34 22 14.7 0 .3 
8/07/03 73189 35 28 20.6 0 7 
9/07/03 73190 29 27 21.3 0 .  7.3 

10/07/03 73191 29 24 20.6 11.2 7 
11/07/03 73192 25.5 23 13.2 20.8 2 
12/07/03 73193 27 22 10.2 22 1 
13/07/03 73194 28 24.5 13.1 19 2 
14/07/03 73195 34 24 20.5 0 7 
15/07/03 73196 34 26.5 26.4 0 11 
16/07/03 73197 34.5 27.5 25.7 1.2 10.3 
17/07/03 . 	73198 34.5 27.5 22 0 8 
18/07/03 73199 34.5 27.5 23.4 3 9 
19/07/03 73200 29.5 27 20.4 0 7 
20/07/03 73201 30 28 21.9 0 8 
21/07/03 73202 28.5 23.5 21.9 0 8 
22/07/03 73203 33.5 24.5 14.5 0 3 
23/07/03 73204 33.5 28 26.3 0 11 
24/07/03 73205 33.5 28 21.8 0 8 
25/07/03 73206 36.5 29 24.8 0 11 
26/07/03 73207 34 26.5 26.2 0.6 11 
27/07/03 73208 36 28.5 23.3 0 9 
28/07/03 73209 34.5 27.5 26.2 0 11 
29/07/0 73210 33 25 26.2 	' 4.8 11 
30/07/03 73211 33 25.5 20.2 0 7 
31/07/03 73212 28.5 25.5 21.7 1.4 8 



Table 34: Showing Daily weather data of cropping period of Hybrid Maize 

(From 22-6-2003 to 20-9-2003) 

Month: AUG UST 

Date Julian 
Day 

T. max. 
° C 

T. min. 
o C 

Solar 
Radiation 
MJ/m2  day 

Rainfall 
mm 

Sunshine 
Hrs. 

1/08/03 73213 31 23.5 15.8 21 4 
2/08/03 73214 32 25.5 17.2 0 5 
3/08/03 73215 32.5 25 12.8 0.6 5 
4/08/03 73216 32 26.5 14.2 0.6 3 
5/08/03 73217 35.5 26.5 21.5 1.2 8 
6/08/03 73218 35 26.5 25.9 0 6 
7/08/03 73219 36.5 27 21.5 0 8 
8/08/03 73220 37 28 25.9 0 11 
9/08/03 73221 31 • 23.5 22.9 21 9 

10/08/03 73222 29 23 20.7 53 8 
11/08/03 73223 33 26.5 18.4 0 6 
12/08/03 73224 33 24.5 20.6 12.6 7.3 
13/08/03 73225 32 25 21.3 0 8 
14/08/03 73226 30.5 26 18.3 11.2 6 
15/08/03 73227 28 25 18.3 0 6 
16/08/03 73228 32 24.5 15.3 13.8 4 
17/08/03 73229 34 26 18.2 10 6 
18/08/03 73230 35 28 24 0 10 
19/08/03 73231 31 25 21 0 8 
20/08/03 73232 31 22 22.4 0 9 
21/08/03 73233 . 32 23.5 23.8 33 10 
22/08/03 73234 33 25.5 20.9 23 8 
23/08/03 73235 34.5 25 22.3 0 9 
24/08/03 73236 34.5 25.5 23 0 9 
25/08/03 73237 34 26 25.1 0 11 
26/08/03 73238 33 26.5 23.6 0 10 
27/08/03 73239 34 26 23.5 0 10 
28/08/03 73240 34.5 26 23.5 0 10 	• 
29/08/0 73241 27 25.5 20.5 32.4 7 
30/08/03 73242 28 23.5 17.6 48 6 
31/08/03 73243 30 23.5 20.4 1.4 8 
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Table 3.4-: Showing Daily weather data 9f cropping period of Hybrid Maize  

(From 22-6-2003 to 20-9-2003) 

Month: SEPTEMBER 

Date Julian 
Day 

T. max. 
° C 

T. min. 
° C 

Solar 
Radiation 
MJ/m2  day 

Rainfall 
mm 

Sunshine 
Hrs. 

1/09/03 73244 32 25 17.5 0.2 4 
2/09/03 73245 30.5 26' 14.6 54 8 
3/09/03 73246 28 24.5 14.6 0 2 
4/09/03 73247 27 24.5 11.7 0 3 
5/09/03 73248 33 27.5 13.1 5.8 10 
6/09/03 73249 33.5 29.5 22.9 0 8 
7/09/03 73250 32 24.5 20 0 5 
8/09/03 73251 33 24.5 14.3 0 8 
9/09/03 73252 32 26 19.9 0 4 
10/09/03 73253 27 25 12.8 0.2 2 
11/09/03 73254 30 25 10.4 0 2 
12/09/03 73255 30.5 25 9.9 0 3 
13/09/03 73256 30 25.5 19.6 0 8 
14/09/03 73257 31 24.5 20.9 0 9 
15/09/03 73258 29.5 23 12.5 13.4 3 
16/09/03 73259 28 23 13.9 0 4 
17/09/03 73260 30.5 24 12.4 0 7 
18/09/03 73261 32 23.5 20.6 0 8 
19/09/03 73262 33.5 24.5 21.9 0 9 
20/09/03 73263 32 25.5 20.4 0 9 
21/09/03 73264 30 25 20.4 0 8 
22/09/03 73265 31 26 20.3 54 6 
23/09/03 73266 29 21.5 16.1 0 5 
24/09/03 73267 31 21.5 14.7 0 7 
25/09/03 73268 26.5 22 17.3 0 7 
26/09/03 73269 32 22 17.3 0 10 
27/09/03 73270 31 23 21.2 0 9 
28/09/03 73271 31 22 19.8 0 8 
29/09/0 73272 31.5 22.5 20.1 0 7 

30/09/03 . 73273 33 20 17.6 0 8 
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LAI 
104  

Hillno./M2  x leafno/hillx Av.leaf lengthx Av.1 eafwidthx Shape factor 

3.12 GROWTH AND DEVELOPMENT OBSERVATION 

3.12.1 Plant Physiology 

Plant number, plant height, leaves number / plant, leaves length, leaf breadth etc. Those 

observations were recorded at 20 days intervals (cm), 40 DAS, 60 DAS and 80 DAS. 

3.12.2 Dry Weight 
Dry weight was observed at 20 days intervals (40 DAS, 60 DAS and 80 DAS). Dry-

weight of plant was observed recorded. 

3.12.3 Rooting Depth 

Soil samples was collected at 40, 60 and 80 DAS, between two hills of plant upto depth of 

90 cm and 1.20 m. Those samples were collected by hand auger in the block of 15 cm 

from each plot and observed the root depth in different layers and root density. 

The biotic and abiotic factor which are responsible to influence the growth of hybrid 

maize were observed as below. 

(a) Plant Number : The observation was taken at emergent stage or at 40 DAS, 60 

and 80 DAS (almost at flowering) 

(b) Leaf area index (LAI): Leaf area is important for photosynthesis. Leaf area per 

unit of land area is important for analysis of crop production. It is called leaf 

area index (LAI). 

LAI = Total Leaf area 
Ground area 

(c ) Crop Growth Rate (CGR) 

It is defined as the rate of crop growth, expressed as gram of dry matter 

productions per day. The effect of row —direction & FYM on CGR has shown 

[Ref. A-V]. 
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CGR = 
W2 - WI  

t2 - tI 

where as W1 and W2 are dry matter weights at time ti and t2 

(d) Relative growth rate (RGR) 

It is defined as the rate of growth per unit dry matter and expressed as gram (g) 

of dry matter produced by a gram of existing dry matter in a day. 

RGR — 1°ge —1°ge W1  
t2  - tI  

where W1  and W2 are the dry matter of plants at time ti  and t2. 

(e) Days to 50% of flowering and silking. 

It is the number of days in which 50% the plants flowered. The observations have 

taken & found 50% flowering at 43-46 DAS. 

(f) Days to Maturity 

It is the number of days in which the plants attain maturity for harvesting. This 

crop observed matured at 87 DAS and harvested on 20.09.2003 as mentioned 

in 3.1. 

3.13 YIELD ANALYSIS 

The analysis of yield was as under. 

(I) 	Grain yield 

Grain yield was recorded after the harvest of the crop in q / ha. Globally 

status of Grain-yield shown [Plate. A- III]. 

(ii) 	Yield Attributes 

(a) Grain/ cob 

Grains were counted and recorded as numbers / cob. 

(b) Test weight 

The 100 grains weight was recorded (g). 
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3.14 ANALYSIS OF VARIANCE (ANOVA) 

All observed and recorded data on growth and development at every 20 days interval 

(w.e.f. 40 DAS) and yield attribute at harvest were nalysed statistically with factorial 

design. The ANOVA table used as format below: 

Source 	of D.f. Sum 	of Mean F. value F. Tabulated C.D. 
variance square sum 
	square  	 

95% 99% ( P = 0.05) 
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CHAPTER —4 . 

OBSERVATIONS AND ANALYSIS 

4.1. OBSERVATIONS 

The observations of the field experiment started since sowing. The weather observation 

have taken and recorded from 22nd may 2003 from weather observatory of W.R.D.T.C. 

Demo. Farm i.e. minimum & maximum temperature, relative humidity, Rainfall, wind 

velocity etc. As shown in fig. 4.1. 

4.2. PLANT PHYSIOLOGY 

. This type of observation would be started since seedling or emergent stage to harvest, in 

different stages i.e. 40 DAS, 60 DAS and 80 DAS and different components of crop plant 

height, Leaf Length, Leaf breadth Leaves numbers, Dry-weight and yield attributes etc. 

4.2.1. Plant Number 

The plant numbers were observed at 40 DAS, 60 DAS and 80 DAS and data presented is 
Table 4.1 to 4.3. 

4.2.2. Leaves Number 

Leaves number per plant have observed at 40 DAS, 60 Das and 80 DAS data is presented 
in Table 4.4 to 4.6. 

4.2.3 Plant Height 

Plant height observations were also taken at 40 DAS, 60 DAS and 80 DAS. Data 

presented in Table 4.7 to 4.9 

4.2.4Leaves Length 

The leaf length observations are essential to study the LAI, therefore these observations 

were taken at 40 DAS, 60 DAS and 80 DAS and data presented in Table 4.10 to 4.12. 
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4.2.5 Leaves Breadth 
The leaf breadth is also required for calculating LAI. The observation recorded and 

presented in Table 4.13 to 4.15. 

FIG - 4.1: Showing the observation at silking stage of hybrid maize at Demo. Farm 
vstRI:rrc 1 LT- •R ooRKEE 

4.2.6 Plant Dry-Weight 
Plant dry weight observations were taken at 40 DAS, 60 DAS and 80 DAS. The data is 

presented in Table 4.16 to 4.18 

4.2.7 Rooting Depth 

The observation were also taken at 40 DAS, 60 DAS and 80 DAS. Data presented in 

Table 4.19 to 4.21. 

Page no:30 
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FIG- 4.2: Showing the observation of Rooting depth and density of hybrid maize 
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4.2.8 Cob Survivability 

The observation has been taken plot-wise as Table 4.24 

4.2.9 Grains/Cob 

The observation taken and averaged (i.e. 371.25 grains/cob) as shown Fig 4.3 

FIG- 4.3: showing the Grains/Cob observation of hybrid maize at site 

4.2.10 Grain Test Weight 

The grain test weight (100 grains) were observed were taken and recorded in table 4.22. 

4.2.11 Grain Yield 

The plot wise weights of grain were taken recorded and testified by Analysis of variance 

methOd as in Table 4.23. The effect of row-direction & FYM application on Grain-yield 

has shown [ A- IV]. 
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CHAPTER 5 

RESULT & DISCUSSION 

5.1 GENERAL 

This chapter deals with discussion on the result obtained which are presented in Table 5.1-

5.4 and Fig. 5.1-5.4. 

5.1.1 Plant Height 

Plant height in general was recorded as 121.56, 205.81 and 	1- ms. At 40, 60 and 80 

days after slowing (table — 5.1 & Fig- 5.1). The effect on Plant height at 40 DAS due to 

FYM application or row-direction treatment was insignificant. It became remarkable at 60 

DAS and 80 DAS. Application of FYM recorded improved plant height at 60 and 80 

DAS. Row-direction also affected the plant height and the beigest plant height was 

recorded with east-west planting of maize. Positive response of FYM application and east-

west row-direction planting has also been reported by Hussein et at. (2003) had found 

significant results about taller plant (197.7 cm and 196.4 cm) respectively due to different 

varieties and level of nitrogen, Chandra Shekhar et al. (2002), Stewart et al. (2002) 

reported about plants physiology and Antonopoulos et al.(2001) 

5.1.2 Plant Dry Weight 

Plant-dry-weight also changed significantly with the application of FYM and fixing the 

row-direction of planting at all the stages of growth. Lowest dry matter production was 

recorded when FYM was not applied and rowing was random (Table 5.1, Fig. 5.2.). 

Positive response of FYM application on dry matter production of maize crop has also 

been reported contradictory by Rusu et al. (1999), Agarwal et al.(2001), Bavee et al.' 

(2001), Badran et al.(2001) and Singh et al. (2002). 
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GROWTH STAGE :- 
TABLE - 5.1 : Showing the growth ( Plant height (cm), Dry-weight (g)) 

influenced of Row-direction & FYM in Hybrid-maize. 

TREATMENT 
Plant-height (cm.) Dry-weight (g) 

40 DAS 60 DAS 80 DAS 40 DAS 60 DAS 80 DAS 
Fo  Do  113.33 190.67 128.00 19.27 58.82 101.67 
Fo D1 130.33 203.00 207.00 19.72 68.41 132.40 
Fo  D2  122.67 198.33 208.00 19.87 66.07 155.21 
F0  D3  127.67 195.33 200.00 20.12 66.28 145.44 
Average 123.50 196.83 185.75 19.75 64.90 133.68 
F1  Do  115.33 207.33 217,00 19.46 74.02 149.39 
F1  D1  130.33 215.33 220.00 20.22 78.39 181.15 
F1  D2 126.00 203.33 218.00 20.04 75.31 150.39 
F1  03  120.00 202.33 207.00 20.06 76.27 132.70 
Average 122.92 207.08 	. 215.50 19.95 76.00 153.41 
F2 D0  117.00 225.67 224.00 20.07 78.57 162.29 
F2  D1 115.00 222.67 228.00 20.30 79.59 165.72 
F2 D2 126.33 201.67 227.00 20.28 73.44 • 172.57 
F2  D3  114.67 204.00 209.00 20.28 77.69 167.00 
Average 118.25 213.50 222.00 20.23 77.32 166.90 
Overall Av. 121.56 205.81 2.6775-  19.97 72.74 151.33 
Test of significant N5.9-5- 

( i)FYM N.S Sig N.S. Sig. Sig. Sig. 
(11)Row-dir. N.S Sig Sig Sig. Sig. Sig. 
(ii)Interaction N.S Sig N.S. N.S. Sig. Sig. 
Critical-difference 
(i) FYM - 5.42 12.62 0.26 0.84 4.87 
(II)Row-dir. - 6.26 14.58 0.31 0.96 5.63 
(iii)Interaction - 10.85 - - 1.67 9.74 
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DEVELOPMENT STAGE :- 

TABLE -5.2 : Showing the development ( Age at 50% flowering & silking, Cobs 

survivability) influenced with Row-Direction and FYM in Hybrid maize. 

TREATMENT Age of 50 % Cobs Survivability % 

Flowering Silking 

Fo  Do 45 Days 51 Day 75.77 

Fo  Di 44 „ 50 „ 70.70 

F0  D2 44 „ 52 „ 65.00 

F0  03  43 „ 51 	„ 65.77 

Average 69.31 

F1  Do  44 „ 50 „ 77.53 

F1  Di  43 „ 49 „ 69.13 

F1  D2 43 „ 50 „ 66.33 

F1  D3  45 „ 52 „ 66.30 

Ave 69.83 

F2 Do 46 „ 52 „ 77.90 

F2  D1 44 „ 50 „ 69.77 

F2  D2 44 „ 50 „ 71.80 

F2  D3  45 „ 51 „ 70.17 

Average 72.41 

Overall Av. 70.51 

Test of significant 

( i)FYM NS 

(II)Row-dir. Sig. 

(ii)Interaction NS 

Critical-difference 

(i) FYM - 

(II)Row-dir. 6.1 

(iii)Interaction - 



YIELD :- 

TABLE- 5.3 : Yield ( grain-yield (kg)) influenced with 

Row-direction and organic manuring in Hybrid maize.  

TREATMENT 

Grain-yield ( kg / ha) 

Fo  Do 
4280.20 	

. 

Fe  Di 
5261.00 

Fo  D2  
' 4706.10 , 

Fo  D3 
5187.90 

Average 4858.80 
 

4 

Fi  Do  
4830.00 

F1  Di 5497.40 

FI E)?  5428.90  

F1  D3 
4832.00 

Average 
5147.08 

 
5 

F2  DQ  
4893.00 

F2  D1 
5295.00 

F2  D2 
5558.20 

F2  D3 
5271.50 

Average 
5254.43 

 
5 

Overall Av. 5086.77 

Test of significant 

( i)FYM Sig. 

(II)Row-dir. Siq. 

(ii)Interaction NS 

Critical-difference 

(I) FYM 2.92 

(II)Row-dir. 3.37 

(iii)interaction - 
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YIELD-ATTRIBUTES :- 

TABLE- 5.4 : Showing the yield-attributes ( cobs/plant, grains/cob, 
Test-weight) influenced of Row-direction and FYM in Hybrid maize. - 

Treatment cobs / plant Grains / cob Test-weight ( g ) 

Fo  Do 0.90 315.00 22.61 

Fo  D1 0.85 378.00 24.28 

Fo  D2 0.83 371.00 22.80 

F0  D3  0.97 397.00 23.26 

Average 0.89 365.25 23.24 
F1  Do  0.86 343.00 22.29 
F1  D1  0.88 368.00 24.56 

F1  D2  0.89 418.00 23.57 

F1  D3  1.01 355.00 22.75 

Average 0.91 371.00 23.29 
F2 DO 0.83 349.00 22.79 

F2  Di  0.87 373.00 23.84 

F2 D2 0.85 408.00 23.12 

F2  D3  0.98 380.00 23.67 

Average 0.88 377.50 23.36 
Overall Av. 0.89 371.25 23.30 
Test of significant 
1 i)FYM NS 
(II)Row-dir. Sig. 
(ii)Interaction NS 
Critical-difference 
(i) FYM 0.96 
(II)Row-dir. 1.11 
(iii)Interaction 1.93 
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5.1.3 50% Silking and Flowering 

This was not affected significantly at any stage of growth probably day length and light 

length or (photoperiod) were not a linking factor for the hybrid maize variety taken for 

experimentation (Fig. 5.2). The brief description reported by Gupta (1978), Baltazar et al. 
. (2003) and Maddonni et al. (2002) 

5.1.4 Cob Survivability 

Result are present in table 5.2 and Fig. 5.4. The result showed that the increasing FYM 

dose progressively, decreased the cobs survivability irrespective of the direction of 

planting. Randomly transplanted treatments recorded maximum survivability of cobs. This 

could be attributed to the fact that cobs being shall in randomly planted treatment give 

equal opportunity to other cobs. The containing big and bold cobs had supposing effect 

on the other cobs. The discussion reported by Jonne et al. (2003) about cob survivability 

& pollination. Pandey et al. (2003) also concluded cobs & total yield increased with 

intercropping. 

5.1.5 Grain Yield 

Result obtained on grain yield presented in table 5.3 and Fig.5.5 This grain-yield recorded 

in east-west (E-W) and north-south planted treatments was significantly superionover that 

1- of random or diagonally planted treatment. This could be attributed to better 

sunshine availability in the east-west and north-south planted rows of maize. Application 

of FYM positively affected to the grain yield. This increased with increasing the amount 

of FYM application could be attributed to increased reorient and micronutrients 

availability to maize plants. Positive response on grain yield of maize grown under FYM 

and east-west (sowing) planting has also been reported by Fernando et al. (2002) obtained 

similar result due to effect of increased radiation interception (RI) with decreased row 

spacing, Chandrasekhar et al. (2002) also studied & reported about the organic manuring' 

effect of grain yield of hybrid maize. Ameta et al, (2002) also obtained higher grain-yield 

response with plant density (85 thousands plant/ha and nitrogen levels 150 kg/ha, Selvam 

(2002) reported increased grain yield, plants 4 to 6 plant/m2  and nitrogen level 0 to 100 

kg/ha, Jaya et al. (2001) Grazia et al. (1999), Mahal et al.(2000), Manoj et al. (2003), 

Musambasi et a1,(2003), Paskiewicz et al. (2003). Rusu et al. (1999), Wiliam et al. 

(2000), 
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5.1.6 Cobs/Plant 

In general Average 0.89 cobs were produced/plant. Diagonally planted rows recorded 

highest number of cobs/plant the application of FYM could not influence it systematically. 

This result is countrary to the reports concluded by Fund et al. (2003), Singh et al.(2002) 

and Tripathi S.K. (1994). 

Probably, this contradiction may be because of the change of soil and management 

conditions of this crop. 

5.1.7. Grains/Cobs 

In general 371.25 grain/cob were observed. Increasing the dose of FYM, progressively 

increased the grains/cob out of the numbers planted treatment randomly planted crop 

recorded lowest and row planted recorded the highest as (table 5.4). This could be 

attributed to the husk of the plant. The results about the yield attributes have also been 

reported by Saha et al (2001) with application of fertilizer dose. Pabio et al. (2000) and 

Jemison et al.(2001). Binder et al. (2001), Danilo (2003), Baltazar (2003). 

5.1.8 Test Weight (100 Grains) 

There was no effect found due to FYM application. However, sowing (planting) row-

direction affected to the test-weight systematically. East-west planted rows recorded 

highest test-weight. The effect of organic manuring on test- weight has also been reported 

by Musambasi et al. (2003). and Willam et al. (2002) and Ferreira et al.(2000) concluded 

the effect of plant density, longitude- latitude on test weight of hybrid corn and stewart et 

al. (2002). 
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CHAPTER — 6 

SUMMARY AND CONCLUSION 

6.1 SUMMARY 
The study entitled Effect of Row-direction and Organic Manuring on Growth, 

Development and Yield of Hybrid Maize, was conducted during kharif (rainy) cropping 

season (June to September 2003) at Demonstration Farm of WRDTC, IIT Roorkee, 
Uttaranchal, India. 

The experiment was conducted in (3 x 4) factorial blocks. During the process three farm 
yard manuring treatments Fo, F1  and F2  and four row direction(sowing) planting 
treatments namely Do, D1, D2  and D3  respectively, considered are as under: 

FYM Treatments 	 Row-direction treatments  
Fo  = 0 (without FYM applications) 	Do  = Random row direction. 
F1  = 8.0 t/ha. (FYM applied) 	 D1= East-west, plants-row direction. 

F2 = 16.5 t/ha.(FYM applied) 	 D2 = North-South plants row-direction. 

D3  = NE — SW, row-direction. 

Each treatment included three replications, thus the total experiment plots were 36 nos. 

The crop was uniformly irrigated twice (i.e. 85 mm each) during entire crop-season of 
hybrid maize cv K-25. The obtained results summarized are as under: 

6.2 GROWTH STAGE 

6.2.1 The average plant — heights at 40, 60 and 80 days after sowing were obtained 
,-V5- 

121.56 cm, 205.81 cm, and 207,-75 cm. The highest plant height at 80 DAS was recorded 

and the effect of FYM application Fo, F1 and F2 were obtained 185.75 cm, 215.50 cm and 

222.00 cm plant heights respectively. The row-direction effect also found significant and 

remarkable at 80 DAS. 226.72 cm in East-west row-direction, but effect at 40 DAS was 
insignificant. 
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6.2.2 The average plant dry-weight at 40, 60 and 80 DAS were recorded 19.97, 72.74 

and 151.83 (g). The highest dry-matter weight was found due to maximum FYM 

treatment F2 (i.e. 166.90 g) at 80 DAS and east-west row-direction planting DI (159.76 

g). Therefore FYM effect is in increasing order and more significant. 

6.3 DEVELOPMENT STAGE 

6.3.1 Age at 50% Flowering and Silking 

This phenomenon was not found significant due to any treatment. The flowering was 

started 43 — 46 DAS and silking was at 49 — 52 DAS. 

6.3.2 Cobs Survivability Percentage 

Cob-survivability percentage found maximum in F2 treatment (i.e. 72.41%) showed 

progressive order of FYM application but in row-orientation planting, the random 

direction treatment Do obtained highest. 

6.4 YIELD 

The grain yields of hybrid maize were found significant results influenced by FYM and 

row-direction planting. The highest grain yield was recorded 53.51 q/ha in east-west 

row-direction planting and 52.54 q/ha due to highest level of Farm yard manuring (F2). 

6.5 YIELD ATTRIBUTES 

6.5.1 Cobs / Plants 

In general average cobs produced 0.89 cobs/plant. The NE-SW (diagonal) row-direction 

recorded highest result. 

6.5.2 Grains / Cob 

The grains observed and counted average 371.25 grains/cob. 

• 6.5.3 Test — Weight (100 grains) 

The test weight of 100 grains were found significant and influenced with row-direction 

planting in east-west row-direction and obtained highest 24.23 g, perhaps it was due to 

light interception, but the FYM effect was insignificant. 
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6.6 CONCLUSION 

The above summary and results of the conducted field experiment entitled "Effect of 

Row-Direction and Organic Manuring on Growth Development and Yield of Hybrid 

Maize", is concluded that there were found the significant influence of row-direction 

.sowing (planting) and FYM application in the all stages i.e. growth, development and 

yield of `K-25' hybrid maize variety except the age of 50% flowering and silking. This 

study has achieved the main objective to compare the highest grain yield of K-25 hybrid 

maize (i.e. 53.51 Om), under the influence of east-west row-direction sowing (planting) 

at specified experimental site WRDTC, Demonstration Farm station IIT-Roorkee, U.A. 

India. 

6.7 SUGGESTION FOR FUTURE WORK 

(1) The present study has brought about the significant results, however it is 

recommended that the same study may be carried out under different set of conditions 

are as given below: 

(1) 	Different locations with respect to latitude and longitudes. 

(ii) Under different solar azimuths. 

(iii) Multiple cropping seasons should be considered. 

(iv) Compare the adaptability of various hybrid varieties to the unique set of 

conditions. 

(v) Adaptability of single hybrid variety to various set of conditions. 

The level of significance of the out comes under the mentioned conditions will a 

attest the level of universal validity of the present study. 

(2) 	The present study may play the vital role in the management of natural resources 

(i.e. solar energy, sunshine and rain) in cultivation of different crops. Hence it is 

advisable to carry out future study in this concern. 

(3) 	The row-direction sowing method should be used as an additive to the other inputs 

(i.e. irrigation, manure or fertilizer and insecticides - pest etc.) 
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APPENDIX-A (II-1) 

Table : Nutrients removed from the soil 

Plant part Yield Nutrients Extracted Kg/Ha. 

(tones/ N P K Ca Mg 

Ha) 

Grain yield 1.0 25 6 15 3.0 2.0 

Stove 1.5 15 3 18 4.5 3.0 

Tota). i 2.5 40 9 33 7.5 5.0 

Grain yield 4.0 63 12 30 8 6 

Stover 4.0 37 .  6 38 10 8 

Total 8.0 100 18 68 18 14 

Grain yield 7 128 20 37 14 11 

Stover 7 72 14 93 17 13 

Total 14 200 34 130 31 24 

[Ref. 9] 

APPENDIX-A (II-ii) 
Table: Showing the variety, maturity period and yield. 

S.No. Season Maturity period Yield t/ba 

1.  Full season variety 100-110 days 4.5-6.5 

2.  Medium maturity 90-100 days 3.5-4.5 

3. - Early maturity 85-90 days 2.5-3.5 

4.  Extra early maturity 75-85 days 2.0-2.5 
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APPENDIX-A (III) 

The 20 Largest Maize Producers, 2000-2002 

Country Area (million ha) Yield (t/ha) Production (million t) 

USA 28.6 8.4 240.7 
China, People Rap 23.9 4.5 97.2 	

. 

Brazil 11.9 3.1 36.3 
Mexico 7.6 2.5 18.9 

France 1.8 	• 8.8 16.2 

Argentina 2.8 . 5.6 15.6 
India 6.5 1.9 12.5 
Italia 1.1 10.0 10.8 
South Africa 3.5 2.7 9.5 
Indonesia 3.3 2.7 9.4 
Canada 1.2 6.6 7.7 

Romania 2.8 2.6 7.5 
Egypt 0.9 7.8 6.7 

Yugoslavia 1.2 4.0 4.8 

Nigeria 4.1 1.1 4.7 

Spain 0.5 9.7 4.5 
Philippines 2.5 1.8 4.5 
Thailand 1.2 	 . 3.6 4.2 

Ukraine 1.2 3.6 3.9 

Germany 0.4 9.0 3.4 

Source: FAOSTAT, 2002 . 

Ref. [9] 
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