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Preface

Maize is an important staple cereal after wheat and rice. It is a source of carbohydrate,
protein, iron, vitamin B and minerals for many poor people in the world. In some
areas, maize is used both as silage and the grains are usually used for food, starch and
oil extraction industrially. In developing countries, maize is a major source of income
for resource-poor farmers. Due to its multiple uses, the demand for maize is rising day
by day globally. Therefore, it is imperative for the improvement of maize productiv-
ity to meet the increasing demand. This book, entitled ‘Maize - Production and Use},
highlights the importance of maize and the improved management approaches for
improving the productivity of maize in the era of changing climate.

As the academic editor of the book, I want to thank all the authors for their
wonderful contributions, as well as the speed and efficiency in the delivery of their
chapters. Special gratitude should be mentioned to all the excellent team from the
Editorial Board of IntechOpen, particularly to Ms. Marijana Francetic, Author
Service Manager, for their continued support and final compilation of this book.

Akbar Hossain, Ph.D

Senior Agronomist,

Bangladesh Wheat and Maize Research Institute (BWMRI),
Dinajpur, Bangladesh
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Chapter1
Maize as Energy Crop

Elpiniki Skoufogianni, Alexandra Solomou,
Georgios Charvalas and Nicholaos Danalatos

Abstract

Maize is the predominant raw material (together with sugar cane) for the pro-
duction of bioethanol, the most common and widespread biofuel, and at the same
time the predominant raw material for biogas production, with the highest yields
in Europe. The advantage of maize biomass over other energy plants is the fact that
biomass occurs after harvesting the seed and does not require the use of a different
area for its development. The main drawback of the use of maize biomass is the
negative effects of removing crop residues on fertility and the physical properties
of the soil. Bioethanol’s share of global biofuel production is over 94%, as many
countries are replacing a portion of their fossil fuels with biofuels, according to
international regulations. The choice of crops used as feedstock for the production
of bioethanol is strongly associated with local climatic factors. About 60% of world
bioethanol production is made with cane raw material in the Central and South
American countries, with Brazil leading, while the remaining 40% from other crops
with North America producing bioethanol almost exclusively from maize, and the
EU uses as raw material raw starch (cereals and maize) as well as crops such as sugar
beet and sweet sorghum.

Keywords: maize, bioethanol, biodiesel, bioenergy

1. Introduction

As aresult of anthropogenic activities, billions of tons of carbon dioxide deriv-
ing mainly from the burning of minerals fuels (oil, coal, and natural gas) as well
as other gases, such as methane and nitrous oxide, are annually released into the
atmosphere, thus changing the composition of the gases that have remained stable
for tens of thousands of years [1, 2]. This overturning is expected to change drasti-
cally the climate in the next decades. Its dioxide coal is responsible for 50% of the
atmosphere’s overheating [3, 4].

Despite the environmental burden, the shifting to alternative forms of energy
has begun from the oil crisis in the 1970s and the sudden rise in oil prices. This has
led to the first boost for the development of renewable energy sources. In addition
to food production, many governments supported the development of new culti-
vated plants for energy production [5, 6].

However, the fall in oil prices in the 1990s tempered the markets, resulting in
hindering green energy development and limiting them to small ones.

Nevertheless in our day and age, global energy requirements have increased
sharply due to the rapid increase in both the population and the technology.
Therefore, alternative forms of energy are imperative. Research has shown that by

3 IntechOpen



Maize - Production and Use

2030, the world’s population will have grown from 6 to 8bn (33%) and the demand
for energy will increase by 50% [7, 8].

Hopefully, there are many possible alternatives to fossil fuels, especially for heat
and power generation. In recent years, we have seen a strong desire for some nations
to reduce their confidence in fossil fuels and turn to new forms of energy. Three
new markets have emerged for energy crop plants:

* bioenergy;
* biofuels; and
 biorenewable materials [9, 10].

Energy crops are either cultivated or native species, traditional or new, which
produce biomass as the main product that can be used for various energy purposes
[11]. The biomass produced can be used for combustion or cogeneration for coal,
electricity and heating as raw material for thermochemical processes such as
pyrolysis and gasification for the production of methanol, biogas and pyrolytic oils
and for biochemical processes (for example, fermentation) for the production of
ethanol or methane [12, 13].

Their main advantage is that their stable production can ensure a large-scale
long-term raw material supply with uniform qualitative characteristics in liquid
biofuels and energy plants.

Traditional crops whose final product is used to produce energy and biofuels are also
considered as energy crops, such as wheat, barley, maize, sugar beet, sunflower, etc.

“New” energy crops are species with high biomass productivity, per unit of land
and divided into two categories which are agricultural and forestry. Agricultural
energy crops are further distinguished in annual and multiannual years.

Biofuel compared with fossil fuels is considered to be more effective. For
example with coal, oil and natural gas to produce 1 MJ of electricity; non-renewable
energy consumption is projected to be between 1.7 and 4.2 MJ; biomass values range
from 0.1 to 0.4 MJ. In the case of thermal energy, prices are 1.1 and 1.5 for fossil
fuels and only 0.01-0.15 for biomass. Although the energy is considered to be CO,
neutral, in fact there is actually a burden on greenhouse gas emissions due to the
process of cultivation and harvesting. However, this charge does not exceed the
total emissions of fossil fuels which results in being up to 90% reduced [14].

The amount of land devoted to the cultivation of energy crops for biomass
fuels is estimated to account for only 0.5-1.7% of the available agricultural land.
Although there are still strong concerns about the production of plants for energy
and not for the classic crops purposes such as fee [15], human food production [16]
and other related issues [17], there is no doubt that plant biomass is of paramount
importance in this field of renewable energy sources, particularly, in the produc-
tion of biogas and biofuels, through well-designed and organized development
programs [15, 18].

2. Energy crops

Energy crops include plants intended for energy production. One of their main
strengths is stable production, which can ensure a large-scale, long-term raw mate-
rial supply. In particular, new crops have significantly higher yields per unit area
than conventional ones. Energy plants produce different types of biomass as main
products, which can be used for various energy purposes [19].
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For the production of liquid biofuels, the energy crops that can be grown are:
sunflower and soybeans. For the production of solid biofuels, plants such as car-
doon, eucalyptus, canary grass and switchgrass can be used. Finally, sunflower,
maize and others can be used to produce biofuel gas [20, 21].

2.1 Advantages of energy crops

There are many potential benefits using energy crops such as increased eco-
nomic rural development, energy security and environmental benefits [22]. Rural
economic development, a compulsory reason for producing energy from crops is
the development of a new and profitable crop market taken into account that in
recent years, crop prices have been extremely low, which means low profits.

Energy crops can be planted in degraded cultivated land, pastures and land
which is currently used for traditional crops. There are 392 million acres of land
potentially eligible for energy crops in the United States.

Using energy crops to produce transport fuels could increase our energy secu-
rity. Currently, the US is importing over 50% of the oil used for transport fuels and
is estimating that imports could increase to 75%. Dependence on foreign imports
has significant economic social costs [23].

The environmental benefits of using energy crops include water and soil
improvement. By reducing the use of herbicides and pesticides that reduces the
chances of water pollution and other environmental problems are also reduced due
to non-point pollution. Compared to traditional crops, energy crops have increased
soil stability, reduced surface water run-off and reduced nutrient and sediment
transport [23].

Reducing the emissions of energy crops against fossil fuels for power genera-
tion unlike fossil fuels, plants grown for energy crops absorb the amount of carbon
dioxide released during combustion, unlike fossil fuels.

Another advantage of using biomass is the avoidance of atmospheric pollution
with sulfur dioxide (SO,) produced during combustion of fossil fuels which con-
tributes to the phenomenon of “acid rain.” The sulfur content of biomass is practi-
cally negligible.

Finally, energy crops can ensure employment and the retention of rural popula-
tions in the border and other agricultural areas, thus contributing biomass to the
regional development of the country [24].

2.1.1 Zea mays L.

Maize (Zea mays L.) is a member of the Poaceae family. It originates from the
American continent where thousands of ancient cultures, such as the Indians,
the Magyars and the Aztecs, used to grow it. Today, it is one of the most popular
cultivations around the world, such as the United States, China, India and Brazil
and produces the largest quantities. Maize is a monocotyledon annual plant wind
pollinated, both self and cross pollinated.

Since the sixteenth century, its cultivation has spread to all tropical, semi-tropi-
cal and many temperate regions worldwide. It is a crop mainly used for human and
animal nutrition [25], but in recent decades, the production of biofuels from maize
has redefined the purpose of its cultivation. Today, the contribution of maize to
biofuels and especially to bioethanol has increased at levels equal to or higher than
all energy plants [26-28]. Nitrogen and ash concentrations as well as lignocellulose
are two very important factors that define the quality of the raw material in ethanol.
These characteristics, in most cases, are based on climatic conditions as well as on
the genome of the plant [29].
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2.1.1.1 Maize production

The main root system of maize is rich and can reach a depth of 2.5 m, although
its main bulk grows in the first 60 cm of soil.

The pH range for ideal yields is 6-6.5 while a range of 5.8-7 is gener-
ally shown, and there are reports that mention an even greater range of 5-8.
Generally, attempts have been made to create varieties that adapt to high or low
pH in acidic pH, expecting only 35% of ideal yields and being defined as an
optimum pH of 6.8 [30].

The water requirements of maize range from 744 to 901 mm. The irrigation
frequency affects the yield of corn seed as they propose an irrigation program
where a dose of 15% of the water capacity of the soil will be applied irrigation every
9 days [31, 32].

Increased salinity results in reduced plant leaves, decreased green weight, fresh
weight, shorter shoots and root lengthening. However, varieties that are ideally
adapted to conditions of high salinity have been developed, as they have particular
durability [33, 34]. Still hybrids with respect to pure maize rows show greater toler-
ance to salts [35].

Corn seed germination may be affected even slightly from 28°C or above as the
activity of certain protein-producing enzymes is inhibited by this critical tempera-
ture and then [36]. When the temperature increases (in the range of 13-38°C),
there is a similar increase in leaf growth rate and photosynthesis rate. Also it was
found an increase in photosynthesis rate by increasing the temperature (study
range, 13-28°C).

The nutrition of the cobbler in continuously cultivated soil suggests 17-23 kg of
nitrogen per hectare, while when there is an increase in organic matter, the addition
may be twice as low. For high yields, it is necessary to add potassium as a mature
crop of maize which may contain up to 30 kg of potassium per hectare in its plant
parts. An experiment in Brazil showed that nitrogen application increased the pro-
ductivity of grains and dry matter, the calorific power, and the potential for energy
generation from maize. Maximum grain yield was obtained with an application of
226 kg ha™' N, resulting in 13.647 kg ha™" of grain yield and 10.968 kg ha™" of total
biomass. This biomass presents an energy potential of 11.050 kWh ha™". Taking the
use of only husks and cobs into consideration, it is possible to generate 2712 kWh
ha™" of bioenergy [37].

Like energy crops, maize is mainly used for two reasons: (i) for the starchy raw
material contained in seeds and the material from which bioethanol is mainly pro-
duced [38, 39] and (ii) for the biomass (crop residues) resulting from the removal
of the seeds and consisting of leaves, stems and a cone of the blade. Biomass can be
used for combustion or production of second-generation bioethanol [27, 40, 41].

The appropriate time of harvesting is when the moisture content of the seeds is
between 20 and 30% [42]. Late maturation and flowering of maize cause a greater
accumulation of lumps with reduced grain yields and a reduced number of cores
per plant.

Maize requires more nitrogen and pesticides than many other crops, thus affect-
ing its energy balance. Increasing the energy potential with ethanol from maize is
significantly less than with sugar cane [43].

The choice of varieties with a dry matter content of 30-32% is very important
for harvesting date to facilitate the process. Based on the system, FAO maize needs
about 45 units of heat to form a new real leaf and about 300 units of heat to fully
populate the plant. Early varieties (FAO 150-160) require about 2100 heat units,
late (FAO 180-210) approximately 2400 units, while biogas crude maize hybrids
(FAO 240-260) require a longer period of 2800-3000 heat units.
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3. Biofuels

The use of corn-based biofuels was first introduced into the US as a food additive,
but ethanol-maize production increased drastically when conventional fuel prices
doubled between 2004 and 2007. Biofuels and rising food prices have contributed
to the accumulation of wealth in the agricultural sector, thus increasing the income
of farmers, potential value to agricultural land and shifting the relative allocation of
resources to the agricultural sector in relation to the rest of the economy [44].

The use of biofuels in the transport sector has become very timely recent years.

In Tables 1 and 2 below, we can see the liquid biofuel production globally and in
each continent separately, up to 2017.

3.1 Biodiesel

The European Commission has adopted the Biofuels Directive in 2009, which
requires biofuels to contribute 10% of all transport fuels by 2020 [46, 47].

The two main substitutes for conventional fuels are biodiesel and bioethanol.
Biodiesel is used in diesel-powered vehicles, while bioethanol is used in gasoline-
powered vehicles. The European Union is the major biodiesel producer. USA, Brazil,
Argentina, Indonesia and Thailand along with the EU together produce 85% of all
biodiesel worldwide. In 2016, 32.6 billion liters of biodiesel were produced globally.
Global biodiesel production is expected to reach 39 billion liters by 2024, correspond-
ing to a 27% increase from 2016. It is important to point out that the cost of biodiesel
from the first generation biodiesel feedstock is currently 30% higher than of petro-
leum-based diesel [48]. Furthermore, it is estimated that 60-80% of the biodiesel
production cost stems from the cost of raw materials. All this makes use of low-cost
second generation biodiesel feedstock which is very attractive alternative [49].

3.1.1 Production

Europe is the world’s largest biodiesel producer (Figure 1). Total European
production in 2016 is estimated at over 1.5 million tons, with Germany and France

2000 2005 2010 2015 2016 2017
Total 159 341 94.4 125 132 143
Bioethanol 12.2 24.5 60.5 82.0 85.6 —
biodiesel 0.78 342 189 289 32,6 —
Other biofuels 297 6.16 15.0 14.6 136 —

Table 1.
Liquid biofuel production globally (all values in billion liters) [45].

Africa Americas Asia Europe Oceania
Total 0.07 101 139 193 0.29
Biogasoline 0.07 721 595 4.42 0.2
Biodiesel 0.00 12.5 748 137 0.06
Other Biofu. 0.00 16.0 0.47 113 0.00

Table 2.
Liquid biofuel production in continents in 2016 [45].
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Figure 1.
Liquid biodiesel production in 2016 [45].

being the largest producers within the EU. Italy, the Czech Republic and Austria are
also active in biodiesel production [50].

Biodiesel is a generic name for the methyl esters or ethyl esters of organic fatty
acids. Biodiesel can be produced from a wide range of seed oils such as oilseed rape,
sunflower, soybean and coconut oil.

For example, rapeseed oil is an extremely good substitute for diesel, and it is
one of the main oil seeds produced in the European Union. The treatment of plant
oil through metallization gives us methyl ester by enabling its ultimate use in diesel
vehicles [51].

Seed oils used for biodiesel production come from conventional crops grown by
conventional techniques in many parts of Europe. With proper management, crop
alternatives may arise as seed oil biodiesel opens a new market for regional economies.

The technology for the production of biodiesel from seed oils has been proven
and commercially available for several years. For example, biodiesel is produced
from rapeseed by a simple transesterification process, which involves reacting the
pulp with small amounts of methanol in the presence of a catalyst. The resultant
biodiesel is usually mixed with conventional diesel at the refinery. Biodiesel can
also be produced from recycled or used cooking oils, and thus provides a useful
outlet for disposal of these oils, which otherwise would have to be disposed of in an
environmentally acceptable alternative [52].

3.1.2 Environmental performance

The main advantage of using biodiesel as a transport fuel is that it may have a
reduction in greenhouse gas emissions compared to conventional oil use. The use of
100% biodiesel (which is rare) can reduce net CO, emissions by 40-50%, respec-
tively, 5% reduces CU2 by 2-2.5% [51].

These calculations are based on a comprehensive life cycle analysis of
biodiesel - covering crops, biodiesel production and biodiesel use in the vehicle.
In theory, biodiesel can be considered free of carbon, since the carbon emitted
during combustion is initially blocked during the growth phase of the cultivated
plant. In practice, however, the reduction in emissions from biodiesel from
energy crops is lower, because growing and growing plants requires the use of
conventional fuels. The use of biodiesel contributes to the creation of an alterna-
tive for transport fuels in the context of European Union policy and national
climate change policies [51, 53].
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Biodiesel can reduce emissions and some other pollutants from vehicles,
although this depends on the type of vehicle and the fuel specifications. Biodiesel is
a new energy source, aiming to reduce crude oil imports and strengthen security of
energy supply in Europe. Biodiesel is easily biodegradable and safe, a property that
gives it an advantage for specific uses, such as fuel for boats sailing in ecologically
sensitive wetlands.

3.2 Bioethanol
3.2.1 Production

At present, Brazil and the United States (which holds 44% of world production
and covered 1.2% of demand for automotive fuel producing 12 billion liters of etha-
nol) are the largest bioethanol producers of transport fuel worldwide (Figure 2),
using cane and corn as feedstock, respectively. In Europe, bioethanol is mainly
produced from sugar beet and wheat. Spain, Poland and France dominate the bio-
ethanol sector in Europe with a total production of 500,000 tons in 2004. Sweden,
Austria and Germany are also active in the production of bioethanol. Production in
2015, after continuing increases, amounted to 58 billion liters. The raw material for
bioethanol production is common products from agricultural crops that grow using
conventional cultivation techniques in different parts of Europe. Bioethanol produc-
tion from agricultural crops can be a useful new market for regional economies and
help regional development. Bioethanol is prepared by fermenting sugars, starch
or cellulose using yeast [54]. The choice of feedstock depends on factors related to
cost, technology and economics. Technologies for the production of bioethanol from
agricultural products containing sugars and starch are commercially available [55].

Cellulosic materials such as agricultural and forest residues, as well as sorted house-
hold waste, are considered as future sources of raw material. However, these materials
need to be hydrolyzed before fermentation, using a more complex process than the
cereal equivalent. In the long run, cellulosic materials will be considered a potential
source of sugars for ethanol production and their use can further reduce CO, emissions.

Ethanol production is made from corn grain through two different processes: dry
or wet milling. The main difference between the two is the grain processing method.
In dry milling, which is the most common procedure, the dried grain is milled
into a meal, which is then heated in water to liquefy the starch. Then introduce an
enzyme to hydrolyze the starch into sugar, and then is added to ferment the sugar
into ethanol and CO, [56, 57]. The resulting CO, can be used for the production of

i

Alrcs
0,08%
Amancas
B Dosania
' 0.28%

Figure 2.
Liquid bioethanol production in 2016 [45].
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carbonated beverages and dry ice and starch-off cereal residues can be marketed
for animal feeding (DDGS). During wet milling, the plants, oil (germination) and
protein content are separated from the starch (endosperm) in aqueous medium
before starch hydrolysis and fermentation begin. With either dry or wet grinding,
maize remains a low-cost source of starch that can easily be converted into sugar,
fermented and distilled [58].

The choice of crops used as raw material for the production of bioethanol is
closely linked to local climatological factors. About 60% of world bioethanol pro-
duction is produced from sugar cane in the Central and South American countries,
with Brazil on the leaf and the remaining 40% from other crops [59], with North
America producing bioethanol almost exclusively from maize and the EU uses raw
starch (cereals and maize) as well as crops such as sugar beet and sweets. The share
of bioethanol in world biofuel production is over 94% with many countries replac-
ing fossil fuels with biofuels [60, 61].

3.2.2 Environmental benefits

The main advantage of bioethanol is that its use results in a significant reduc-
tion in greenhouse gas emissions. The use of 100% bioethanol results in a 50-60%
reduction compared to conventional fuels. Benefits resulting from the use of blends
are obviously smaller [47].

Regarding biodiesel, the benefits of climate change will depend on the raw mate-
rial to be used to produce bioethanol. GHG (greenhouse gas) emission reductions
of 50-60% arise if bioethanol is produced from sugar beet and wheat. If cellulosic
materials are used, the net reduction may be greater — perhaps up to 75-80%. This
is because less energy is needed for the cultivation of such plants, as well as the fact
that during the production phase, energy efficient processes are also used, which
also allow the use of renewable energy sources [47].

It is important to understand that bioethanol production is in itself an energy-
intensive process and requires significant amounts of energy produced from
conventional fuels. However, it is clear that the use of bioethanol can help to achieve
the objectives of legislation to prevent climate change. The use of bioethanol can
also reduce emissions of other pollutants from vehicles, although this reduction
depends on vehicle type and fuel specifications [55, 62].

3.2.3 Disadvantages

There are many concerns about energy crops and bioenergy due to the land
and resources needed to produce biofuels. Bioethanol demand in the EU in 2010
amounted to 12.7 billion liters, with domestic production capacity of only 2 billion
liters per year [63], so to meet demand it is estimated that it would be about 13% of
the total arable land to be used for energy crops [64]. There are serious reactions to
the increase in the price of maize and the change of use of limited resources such
as cultivated land and water reserves. The use of lignocellulosic corn biomass is an
alternative source of biofuels [65].

A major problem in biofuels is the high cost of energy you need to make biomass
actively converted [49]. This problem can be solved by research in order to improve
the biomass conversion technologies and how it is produced. An important step in
the technological field in this direction is the development of second-generation
bioethanol production technology from lignocellulosic raw materials, allowing even
greater flexibility in the choice of raw materials, releasing much of the arable land
from energy production [66].
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Finally, a great deal of concern is also given to the biofuels’ performance ratio
and more specifically to maize from the surveys that have been done to show that
the energy efficiency index is positive and can reach 1.5 with more realistic consen-
sus values is 1.25. The net solar conversion efficiency is very low 0.01% (below our
initial estimate of 0.045%) [67, 68].

Although second generation bioethanol production technologies from lignocel-
lulosic biomass are still growing, the contribution of maize biomass to bioenergy
production is important. The advantage of maize biomass over other energy plants,
such as Miscanthus x giganteus, switchgrass (Panicum virgatum L.) and others, is the
fact that biomass occurs after harvesting the seed and does not require the use of
a different area for its development. The main drawback of the use of maize bio-
mass is the negative effects of removing crop residues on fertility and the physical
properties of the soil [69, 70].

Corn ethanol is the third most efficient biofuel that yields 1350 1 ethanol per
hectare. The average US yield in maize is 8.6 mg grains/hectare. Assuming that
25 kilograms of corn grains produce about 10.6 liters of ethanol (a metric equivalent
of 1 pounds yields US $ 2.8), the average grain yield translates to 3650 liters/hectare.
According to some estimates, the use of ethanol produced from corn cereals offers
a10-20% reduction in GHG emissions compared to petroleum fuels. Maize seed
(stem, bark and pellet residues) has the potential to contribute substantially to the
biofuel tank when appropriate conversion technologies are developed to convert
cellulosic biomass to biofuels. Residues account for about 50% of the cultivation
biomass and are readily available in the maize production areas [71].

Several issues need to be resolved before large-scale maize is used to produce
biofuels, for example, biodegradation should be at a relatively close distance (about
80 km). From areas where the site will be harvested, transport costs are reduced.
The “window” for harvesting the stover will be rather narrow in most places if not
removed from the domain.

However, in order for maize to have a sustainable outlook as an energy plant,
it is important that the Net Energy Balance (NEB), in the overall production of
biofuels from maize growing, be larger than the unit. The term NEB is defined as
the fraction between outflows and inputs of the system. The input is considered to
be the sum of the fossil fuels required throughout the biofuel production process
and includes inputs during the installation and completion of the crop in the field
(fertilizers, use of agricultural machinery, agrochemicals, etc.), transportation
and the process of converting the seed or biomass into biofuels and as the output
of the total energy of the biofuels produced that eventually end up outside the
production system. The energy balance in the production of biofuels from maize
is reported in the literature in many larger unit studies [72, 73] but also smaller.
These differences in the results of the research are identified in the different bio-
fuel production processes but mainly in environmental factors such as climatic and
soil conditions, as well as in the cultivation practices followed and influenced the
growth and production of maize cultivation [74] since NEB is mainly determined
by crop productivity [75].

3.3 Biogas

Biogas production from energy crops is of increasing importance, as it offers
significant environmental benefits such as reducing CO, emissions. In addi-
tion, it can contribute to raising farmers’ incomes. Maize has great potential for
biogas production. Biogas has the advantage that it can be used in many sectors,
such as car fuel, but also as a source of energy in fixed units. Biogas has greater
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2000 2005 2010 2015 2016
Biogas (Billion m®) 13.2 231 38.7 60.0 60.8
Biogas (EJ) 0.28 0.50 0.84 130 131

Table 3.
Biogas production globally from 2000 to 2016 [45].

Oceania
200

Figure 3.
Biogas production in continents in 2016 [45].

advantages over other biofuels, such as bioethanol for the greater energy that
produces, for example, a hectare of corn when converted to bioethanol, giving

20 Gj (Giga Joules). Biogas in the same area gives us nearly three times as much as
55 Gj. Maize, energy beet, rye and grass are crops grown commonly in the central,
south-eastern Europe and United Kingdom for energy purposes and mainly for
biogas production [74].

Silage maize is digested anaerobically, a conversion process where organic
matter of biomass is converted into methane in four phases by bacteria in the
absence of oxygen. The end products of the digestion process are biogas and
digestate [76, 77].

A major problem we face with maize is its lignocellulos structure which prevents
the process of fermenting. Several technologies have begun solving this problem,
making maize commercially viable [78, 79]. To help increase the fermentation rate,
we cut maize much shorter than a standard loader to increase the surface, which
means it will be more accessible to microbes [80].

Recently, lignocellulosic materials have gained more interest as potential
candidates for biogas production, but a large-scale implementation has not been
widely adopted, mainly because of the complicated structure of the cell walls of
lignocellulosic plants, which makes them resistant to hydrolysis by microbial attack.
Therefore, the pretreatment of lignocellulosic material is essential step to achieve

high process yields [81] (Table 3) (Figure 3).

4, Conclusions

The rapid development of technology and the constant increase in the number
of the world’s population combined with the pollution of the environment lead to
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the need to find new energy resources more friendly and efficient. Energy crops can
provide a large amount of energy by exploiting unused agricultural pieces of land
or degraded land without burdening environments compared to fossil fuels. Maize
is one of the best representatives of energy crops and presents great prospects in

the bioethanol sector. Despite the great prospects of energy crops, and in particular
maize, we still need research into more efficient use of biomass in cheaper and more
economical ways.
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Chapter2

Nutritive Value
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Abstract

Nature has blessed the human and animal beings with great food diversity in
terms of cereal grains to maintain their health status. Among the cereal grains,
wheat, rice and maize (Zea mays) are the major ones that are considered as
stable food across the globe due to their high nutritional significance enriched
with abundant amount of macronutrients like starch, fibre, protein and fat
along with micronutrients like B-complex vitamins, {3-carotene and essential
minerals, i.e. magnesium, zinc, phosphorus, copper, etc. Maize is also consid-
ered as low-cost-high-benefit ratio for human beings that help in the prevention
of metabolic syndrome due to the presence of different antioxidants like phenols
and phytosterols in it. Maize or corn can be consumed only after processing into
different food items such as popcorn, flour, tortillas, cornflakes, corn germ oil,
etc. Maize products are also used in supplementary nutritional programmes to
feed the malnourished children and to improve their health status. However, the
quality of maize products depends upon the agronomic practices and climatic
conditions.

Keywords: maize, nutritional value, health, quality

1. Brief overview

The cereal grains, wheat, rice and maize (Zea mays), are considered as stable
food across the globe and contribute to 50-60% of daily human energy require-
ments. Maize as a third leading cereal grain around the world due to its high
yield and nutritive value is also known as the queen of cereal crops. The largest
producer of maize is the United States of America (USA) contributing about
35% of the total world maize production. It is also known as the mother grain of
Americans and it is the driver of the US economy [1]. Maize is a stable cereal very
popular due to its high nutritional significance enriched with abundant amount
of macronutrients like starch, fibre, protein and fat along with micronutrients
like vitamin B complex, f3-carotene and essential minerals, i.e. magnesium,
zinc, phosphorus, copper, etc. Maize also contains a booster of antioxidant that
protects from various degenerative diseases. The quality of maize depends upon
the agronomic practices and climatic conditions. Maize contains 11% of protein
but is deficient in amino acids like tryptophan and lysine. However, new fortified
varieties are also being produced in the American region. Maize has to undergo
different food processing methods like grinding, alkali processing, boiling, cook-
ing, fermentation, etc. so that it can be used in the development of variety of food
items, that is, flour, flakes, popcorn, tortillas, etc. Nutritional quality of maize
also depends upon the processing method used for food preparations. Maize
like wheat and rice is also used in supplementary nutrition programmes and
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integrated child development service programmes to feed malnourished children
[2]. Maize kernel is an edible and nutritive part of the plant. Maize is a major
cereal crop for both livestock feed and human nutrition.

2. Food processing techniques for maize

There are three major processes utilised in the production of maize for food
usage as discussed below.

2.1 Dry milling

Grinding of the whole grain stone or roller mill to produce flour or meal is a
simple method used around the world when the ground products are to be con-
sumed shortly after processing. The stability of such products is limited owing
to the presence of crushed germ in the flour. Oil from broken germ cells is easily
oxidised to produce rancid odour and flavour. The large as well as small grits are
used in the production of cornflakes and breakfast cereals. Dry milling germ can
be pressed or solvent extracted to recover the valuable oil. The major advantages of
maize dry milling are the lower capital costs as compared to wet milling [3].

2.2 Wet milling

In developed countries like the USA, the major utilisation has been wet milling. The
two most important products of wet milling are high-fructose corn syrup and ethanol.

2.3 Alkali processing

In this process, maize is cooked with water and lime at 90°C for 50 minutes then
steeped for 14 hours before being washed with fresh water to remove residual alkali
and other waste materials from maize.

3. Products of maize

There are varieties of products that can be derived after application of food
processing methods like dry milling, wet milling and alkali processing to make it
consumable for human beings as discussed above. Commonly, maize is used to
make flour, oil, starch, grits, flakes, popcorn, etc. [4]. Few very popular products
derived from maize are discussed below.

3.1 Degerminated flour

This consists mostly of the endosperm and has content of B vitamins. It is used
by brewers as a starch medium for the action of barley malt in the preparation of
wort for the production of beer. It is also used to make chapatti or bread in the
northern region of India. The flour is supplemented with green leafy vegetables to
make it more nutritious and healthy. The chapatti is famous around the Punjab as
‘makki di roti’ that is served with well-cooked mustard leaves along with butter.

3.2 Corn germ oil

It can be obtained by solvent extraction. Maize oil has become a highly desired
vegetable oil owing to its relatively high level of linolenic fatty acid and its excellent
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flavour. The fat content of maize is 3.6%, and oil extracted from it can be refined to
produce a high-quality vegetable oil for cooking or food use.

3.3 Popcorn

A particular variety of corn is used to make popcorn and most famous food items
derived from maize. To make popcorn a hard corneous endosperm is desirable.
Other desirable traits of popcorn are good flavour, tenderness, the absence of objec-
tionable hulls and high popping expansion. Moreover, the moisture content recom-
mended is 13.5% for the best popping expansion. The popping of corn is a method
of starch cookery. As the kernels of popcorn are heated, the water vapour within
them expands, increasing the pressure until it is sufficient to make the kernels
explode or ‘pop’ [5]. Popping can be done with or without fat as well. Ready-to-cook
popcorns are also easily available that are enriched with both nutrition and taste.
Thus it can be added as supplementary snacks in the diet of malnutrition children.

3.4 Corn starch

It is the most widely used product obtained from maize. It is made by a process
of wet milling in which the hull and germ are removed and the corn ground and
mixed with water. The semi-liquid material is separated by passing it over sieves or
centrifuging it. The starch settles out while most of the proteins are suspended. The
starch is then washed, dried and powdered. Corn starch is widely used because it is
inexpensive, lacks characteristic flavour and cooks to a smooth and almost clear paste
in water or other clear liquids and is superior to wheat flour or potato starch. Corn
starch flavoured with vanilla and containing edible colours is solid as custard powder.

3.5 Cornflakes

The whole grain is crushed between the large metal rollers to remove the bran
from the outer layer and then mixed with seasoning agents (salt, sugar, flavours and
fortified minerals) and water in a large rotating pressure cooker. The physiochemical
properties like time, temperature and speed of rotation vary with the type of grain
being cooked. The cooked grain is moved to a conveyor belt which passes through a
drying oven. In this process, soft and solid mass is obtained which can be moulded into
desired shapes. Then these cooked grains are allowed to cool, and stabilising the mois-
ture content is known as ‘tempering’ Then the tempered grains are flattened between
large metal rollers under tons of pressure, and the resulting flakes are further conveyed
to ovens with blast of very hot air to remove reaming moisture and to toast them to
desirable flavours. Cornflakes are also processed from extruded pellets in a similar way.

4, Nutritive value of maize
4.1 Macronutrients

Maize provides approximately 1400 Kcal/100 g (on a dry basis) of energy that is
sufficient to maintain the equilibrium. This energy is also used to perform different
types of physiological task. Maize or corn can be consumed as a source of energy
in the form of breakfast cereals as cornflakes, chapattis, tortillas, etc. Maize also
contains an appreciable amount of fat content that helps in the carrier of fat-soluble
vitamins A, D, E and K. The presence of fat in maize or corn is responsible for
much of the texture and flavour of food. Thus it helps in increasing the palatability.
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The fat content beneath the skin known as the subcutaneous fat also serves as an
insulating material for the body and is effective in preventing heat loss. Moreover,
fat content also acts as a body reservoir for energy conservation purpose.

Another important component in maize after fat is dietary fibre and is
defined as the portion of food derived from plant cell, which is resistant to
hydrolysis or digestion by the elementary enzyme system in human beings.
However, some of the bacteria in the large intestine can degrade some compo-
nents of fibre releasing products that can be absorbed into the body and also
used as a source of energy. Crude fibre is the residue remaining after the treat-
ment with hot sulphuric acid, alkali and alcohol. The major component of crude
fibre is a polysaccharide called cellulose and a part of dietary fibre. Insoluble
fibres are indigestible and insoluble in water, while soluble fibres are indigestible
but soluble in water. Total fibre is the sum of insoluble and soluble fibres. Dietary
fibre is isolated and extracted from a synthetic fibre that has proven health
benefits. Resistant starch also functions as dietary fibre [6-8].

Total fibre = dietary fibre + functional fibre

The effect of fibre on the gastrointestinal tract (Table 1) is influenced by the
characteristics of the fibre itself, the particle size, the interaction between fibre and
other dietary components and the bacteria flora. Maize also contains a significant
quantity of insoluble fibre found in the cell wall of the constituent [9].

The insoluble fibre present in maize or corn has a physiological effect in
preventing constipation, diverticulitis and even cancer of the large intestine as
presented in Table 2.

Maize is also considered as a booster of nutrient like carbohydrates, fats,
proteins and insoluble fibres that helps in providing sufficient energy to meet the
human daily dietary requirements [10]. The proximate composition of maize is
presented in Table 3.

4.1.1 Protein

Maize contains 8-11% of protein that is made from different components like
albumin, globulin, nonnitrogen substance, prolamin, etc. The quality of maize
protein depends upon its agronomic practices and genotype as well. The quality
of maize protein is not of good quality as compared to other cereal grains like rice,
wheat, barley, etc. Recent researches have shown that with genetic modification,
the quality of maize protein can be improved. The maize protein is known as zein
that is lack of essential amino acids tryptophan and lysine. The opaque-2 gene is
also helpful in reducing the concentration of zein up to 30% and improves the qual-
ity protein maize (QPM). The protein content present in maize helps in the growth

Site Activity

Mouth Stimulate saliva secretion

Stomach Dilutes contents, delays gastric emptying

Small intestine Dilutes content, delay absorption

Large intestine Dilutes contents, forms substrate for bacteria, traps water, binds cation,

soften stools, prevents straining

Source: Raninen et al. [9].

Table 1.
Influence of dietary fibre on the gastrointestinal tract.
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Disease Physiological mechanism
Constipation * Increase the water-holding capacity
Diverticulitis

; * Increases the stool weight
Irritable bowel syndrome

Reduces the transit time

Varicose veins *

Haemorrhoids * Enhances gastric motility
* Volatile fatty acids which are released by bacteria having a laxative effect
* Faster bowel emptying due to increased intraluminal mass bulk
¢ Decreases intracolonic pressure

Cancer of the large * Changes in the population of microbes in the GI tract

intestine

Increases binding of intestinal bile acids

Food residues remain in the colon for less time for carcinogen to be absorbed

.

Increases stool weight and volume

Increases frequency of defaecation

Bulk and water of the faeces may dilute the carcinogen to a nontoxic level

Fibre-induced effects on faecal enzymes

Production and distribution of short-chain fatty acids in the colon resulting in
pH modifications

Increases on bile acids and mutagens in the colon

Adsorbing cancer-producing hydrocarbons

Source: Raninen et al. [9].

Table 2.
Role of dietary fibve in preventing and managing diseases.

S. no. List of nutrients Nutritive value
1 Moisture 9.26 + 0.55

2 Protein (g) 8.80 + 0.49

3 Ash (g) 117+ 0.16

4 Fat (g) 377+ 048

5 Total fibre (g) 12.24 + 0.93

6 Insoluble fibre (g) 1129+ 0.85

7 Soluble fibre (g) 0.94 +0.18

8 Carbohydrates (g) 64.77 + 1.58

9 Energy (KJ) 1398 + 25

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values are presented as per 100 grammes of edible portion.

Table 3.
Nutritive value of proximate content of maize, dry (Zea mays).

and maintenance of tissues, formation of essential body compounds, transport of
nutrients, regulation of water balance, maintenance of appropriate pH, defence and

detoxification as well.

4.1.2 Essential amino acids
These amino acids cannot be synthesised by the body at a sufficient rate to

meet the body requirement for optimum growth and development. The human
body has certain limited powers of converting one amino acid into another. This is
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Essential amino acids Conditionally essential Non-essential amino acids
amino acids
Amino acids Nutriti“/e Amino Nutritive Amino acids Nutritive value
value acids value
Histidine 270 +0.21 Arginine 420+0.24 Alanine 773 + 0.46
Isoleucine 367 +0.22 Cysteine 1.55+0.14 Asparagine —
Leucine 12.24 £ 0.57 Glycine 327+015 Aspartic acid 6.55 + 0.59
Lysine 264 +0.18 Proline 788 +0.71 Glutamic acid 1939 + 0.70
Methionine 210+0.17 Tyrosine 3.71£0.18 Glutamine —
Phenylalanine 514 +0.29 Serine 4.58 + 0.44
Threonine 323+0.29 Selenocysteine —
Tryptophan 0.57 £ 0.12 Pyrrolysine —
Valine 541+0.71

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values ave presented as per 100 grammes of edible portion.

Table 4.
Essential and non-essential amino acid profile (g) of maize, dry (Zea mays).

achieved in the liver by the process of transamination, whereby an amino group is
shifted from one molecule to another under the influence of amino transferases, the
coenzyme of which is pyridoxal phosphate. The inability to synthesize the carbon
skeleton of these amino acids is the probable reason why they are dietary essentials.
There are nine essential amino acids that are required for a human body to perform
various functions (Table 4).

4.1.3 Conditionally essential amino acids

These are needed in the diet unless abundant amounts of their precursors are
available for their synthesis. The newborn may not have enzymes in adequate
amounts to synthesise non-essential amino acid, or in intestinal metabolic dysfunc-
tion, arginine may not be synthesized. Hence it becomes a conditionally essential
amino acid. Amino nitrogen is not freely interchanged between all amino acids. The
precursors of conditionally essential amino acids are mentioned in Table 4.

4.1.4 Non-essential amino acids

Non-essential amino acids are the ones that the body can make in adequate
amount if nitrogen is available in the diet. They are non-essential only in the sense
that they are not essential components of the diet as discussed in Table 4.

4.1.5 Starch

The main portion of maize grin is starch that provides more than 70% weight to its
cereal kernel. Starch in maize is composed of two glucose polymers mainly amylose
that contributes to 30% of its starch content and the rest of the content is made from
amylose pectin (70%). Waxy maize is composed of 100% amylopectin content. Due
to the pectin content, maize has a branch-type structure. The monosaccharide present
in maize is comprised of glucose and fructose, and the disaccharide is comprised of
sucrose in a little amount. The starch and sugar content of maize is presented in Table 5.
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S. no. List of nutrients Nutritive value
1 Total available CHO 61.01+0.76
2 Total starch 59.35+0.83
3 Fructose 0.16 + 0.03
4 Glucose 0.80 £ 0.01
6 Sucrose 0.70 + 0.03
6 Total free sugars 1.66 + 0.04

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values ave presented as per 100 grammes of edible portion.

Table 5.
Starch and sugar content (g) of maize, dry (Zea mays).

S. no. List of nutrients Nutritive value
1 Thiamine (B1) (mg) 0.35+0.039
2 Riboflavin (B2) (mg) 0.14 + 0.014
3 Niacin (B3) (mg) 2.10 + 0.09
4 Pantothenic acid (B5) (mg) 0.27 £+ 0.02
5 Total B6 (mg) 0.28 + 0.023
6 Biotin (B7) (mg) 0.70 + 0.06
7 Total folates (B9) (mg) 3942 + 313

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values ave presented as per 100 grammes of edible portion.

Table 6.
B-complex nutritive content of maize, dry (Zea mays).

4.2 B-complex vitamins

Maize is also enriched with B-complex vitamins that play a vital role in growth,
healthy skin, heart, hair, brain, digestion, nails and dementia as well. Maize products
can be used in the daily diet of coeliac patients to improve their health status [11].
People with coeliac disease cannot absorb gluten due to an abnormal immune reac-
tion that occurs in the small intestine. So the only cure is consumption of gluten-free
diet that helps in improving the gastrointestinal function [12]. Maize is enriched with
thiamine, riboflavin, niacin, pantothenic acid, pyridoxine and folic acid as well. The
nutritional content of B-complex vitamin present in maize is discussed in Table 6.

The B-complex vitamin present in maize is of water-soluble nature and found in
the aleurone layer of the kernel. The processing method has significant direct rela-
tionship with the amount of vitamin present in maize. Moreover, niacin deficiency
causes pellagra that is also directly related with maize.

4.3 Fat-soluble vitamins

Maize contains fat-soluble vitamins that is comprised of provitamin A, carot-
enoids, lutein, zeaxanthin, ergocalcifeol, tocopherol, phylloquinones (Table7),
etc. that have a unique role in preventing both ageing and cancer. These fat-soluble
vitamins (A, D, E, K) act as antioxidants and scavenge the free radicals that help
in protection against different types of cancer. The content of fat-soluble vitamin
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S. no. List of nutrients Nutritive value’
1 Lutein (pg) 186 + 194
2 Zeaxanthin (pg) 424 +157
3 B-Cryptoxanthin (pg) 110 +10.1
4 p-Carotene (pg) 186 +19.2
5 Total carotenoids (pg) 893 + 154
6 Ergocalciferol (pg) 3360 +2.82
7 Tocopherol-alpha (mg) 0.21+0.04
8 Tocopherol-gamma (mg) 129017
9 Tocopherol-delta (mg) 0.38 + 0.05
10 Tocotrienol-alpha (mg) 0.05+0.00
11 o-Tocopherol, vitamin E (mg) 0.36 + 0.03
12 Phylloquinones (vitamin K (ug) 2.50 +0.76

Source: Longvah et al. [6]s, Indian Food Composition Tables, Government of India.
"All the values ave presented as per 100 grammes of edible portion.

Table 7.
Nutritive content of fat-soluble vitamin in maize, dry (Zea mays).

S.no. List of fatty acids Nutritive value
1 Palmitic (C16:0) 363 £ 4.6
2 Stearic (C18:0) 4245 +2.76
3 Arachidic (C20:0) 714 £+ 0.95
4 Oleic (C18:1) 700 + 179
5 Eicosaenoic (C20:1) 6.62+0.74
6 Linoleic (C18:2) 1565 + 18.2
7 a-Linolenic (C18:3) 40.76 + 243
8 Total saturated fatty acids (TSFA) 413 +56
9 Total monounsaturated fatty acids (TMUFA) 706 + 174
10 Total polyunsaturated fatty acids (TPUFA) 1606 + 18.5

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values are presented as per 100 grammes of edible portion.

Table 8.
Essential fatty acid profile (mg) of maize, dry (Zea mays).

depends upon the genotype of maize whether it is fortified or not, that is, yellow
maize is enriched with different types of carotenoid pigment due to its genotype,
while white maize is deficient in carotenoid content due to absence of this genotype.

Majority of the carotenoid contents are present in the hard endosperm of
maize kernel and the rest in small quantity in the germ. The ergocalciferol
content present in maize helps in the bone formation and tocopherol (a, B, v) in
anti-ageing and cosmetic products. As an antioxidant, tocopherol (vitamin E)
helps in protecting different types of skin cancer. Phylloquinone (vitamin K)
helps in the blood clotting when an accident or injury happens. It has anticoagu-
lating properties. The following tables discussed the nutritive value of fat-soluble
vitamin content present in maize (Tables 7-12).
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S. no. List of nutrients Nutritive value
1 Aluminium (Al) 2.82+0.16

2 Calcium (Ca) 891+ 0.61

3 Chromium (Cr) 0.010 + 0.006
4 Cobalt (Co) 0.010 + 0.003
5 Copper (Cu) 0.45+0.23

6 Iron (Fe) 249 +0.32

7 Lithium (Li) 0.002 + 0.001

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values are presented as per 100 grammes of edible portion.

Tableg.
Minerals and trace content (mg) of maizge, dry (Zea mays).

S.no. List of nutrients Nutritive value
1 Total oxalate 15.26 + 1.78
2 Insoluble oxalate 14.19 £ 1.30
3 Soluble oxalate 273+1.34
4 Fumaric acid 0.66 +0.20
5 Malic acid 0.93+0.50
6 Quinic acid 0.84 + 0.07
7 Succinic acid 1.50 £ 0.23
8 Tartaric acid 0.94 £ 0.05

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values are presented as per 100 grammes of edible portion.

Table 10.
Total organic acid content (mg) of maize, dry (Zea mays).

4.3.1 Essential fatty acids (EFA)

The oil content of maize is extracted from the germ part which is genetically modi-
fied with an average range of 3-18%. Three classes of fatty acids are described according
to the number of double bonds between the carbon atoms as described in Table 8. In
saturated fatty acids, there are none; in an unsaturated fatty acid, there may be one
(monoenoic or monounsaturated fatty acids) or two or more (polyenoic or polyun-
saturated fatty acids) double bonds. Corn oil is enriched with PUFA (polyunsaturated
fatty acid) and MUFA (monounsaturated fatty acid) while having low content of SFA
(saturated fatty acid). SFA comprises of palmitic, stearic and arachidic acids. PUFA
contains linoleic, a-linolenic, arachidonic and eicosaenoic acids that help in maintaining
healthy skin and vision, strong immune system and optimum growth and development.
Moreover, it has also anti-inflammatory properties and reduces the production of inter-
leukin-1 and tumour necrosis factor (TNF) by downregulating inflammatory response.
It is also responsible for the formation of prostaglandins that are found in every single
cell of the body and helps in regulating cell activities including transmission of genetic
information from generation to generation.

This is rare in human beings that deficiency of fatty acid occurs. It has been
reported, however, in patients fed solely by vein (total parenteral nutrition (TPN))
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S. no. List of nutrients Nutritive value’
Phenols
1 3,4-Dihydroxybenzoic acid 0.07 + 0.02
2 Protocatechuic acid 293+ 042
3 Vanillic acid 296 + 0.44
4 p-Coumaric acid 2.84+0.36
5 Caffeic acid 291+0.32
6 Chlorogenic acid 1.01+ 045
7 Ferulic acid 143 £ 0.09
8 Total polyphenols 3292 +3.85
Phytosterol
1 Campesterol 1249+ 0.24
2 Stigmasterol 422+0.18
3 B-Sitosterol 87.70 £ 2.61
Phytate 646 £ 194

Source: Longvah et al. [6], Indian Food Composition Tables, Government of India.
"All the values ave presented as per 100 grammes of edible portion.

Table 11.
Total polyphenol, phytosterol and phytate contents (mg) of maize, dry (Zea mays).

S.no. Nutrients Deficiency

1 Energy, protein Underweight, marasmus, kwashiorkor
2 Fibre Constipation, diverticulitis

3 Calcium Rickets, osteomalacia

4 Iron Anaemia

5 Vitamin A Night blindness

6 Thiamine Pain in the calf muscle, weakness of the heart muscle
7 Niacin Dementia, diarrhoea, dermatitis

8 Pyridoxine Angular stomatitis

9 Folic acid Megaloblastic anaemia

10 Antioxidants Decreased immunity

Source: Srilakshmi, [17], Text Book on Nutrition Science.

Table 12.
Nutrient deficiency symptoms related to maize.

for long times without fat emulsions. EFA deficiency can occur in fat malabsorption
and occasionally in protein-calorie malnutrition, where there is a deficiency of
fat calories.

4.4 Mineral and trace element
The majority of minerals and trace elements of maize is present in germ portion

and very few in endosperms. Phosphorus is found in the embryo portion of the
maize. Environmental factors strongly influence the quality and quantity of mineral
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content present in maize. Maize is having a low content of mineral and trace element
(Table 9) as compared with other cereal grains. The minerals present in maize have
avital role in bone development, tooth formation, haemoglobin formation, growth
regulation, regulation of acid-base balance of the body, facilitation of energy trans-
actions, absorption and transport of nutrients and metabolism of carbohydrates,
proteins and fats. These minerals also act as a cofactor and regulator of biochemical
reactions for blood clotting, contraction of muscles, releases of insulin and parathy-
roid and calcitonin hormones as well. Furthermore, these minerals play vital role

in the growth, development and formation of red blood cells in human system. The
chromium content of an adult body is estimated to be 6 mg and potentiates insulin
action. The mineral and trace element content of maize is discussed below.

4.5 Organic acid content

There are a number of organic acids present in nature like formic, malic, suc-
cinic, etc. Organic acids help in building the carboxylic acids which can alter the
physiology of bacteria and cause metabolic disorders that prevent their prolifera-
tion and death. Organic acids are not fixed in one state, and supplementation of
its higher doses in animal feed helps them to gain body weight and improves feed
conversion ratio by reducing the colonisation of pathogens in the intestine. The total
organic content of maize is discussed in Table 10.

4.6 Antioxidants

Food polyphenols (Table 11) are ubiquitous components and have an anti-
oxidant mechanism involved in fighting free radical damage by interaction
of ascorbic acid and glutathione (GSH) with oxidants and oxidising agents.
Scavenging of free radicals and single oxygen through food polyphenols
(Vitamin E, ascorbic acid, f8-carotene and superoxide dismutase) by reduction
of hydroperoxides, glutathione peroxidases (GSHPx) and catalase enzymes as
well. Food polyphenols also act as chelating agent by binding with transition
metals that cause cellular damage [13]. Thermal processing deteriorates the
quality of maize grains due to leaching of water-soluble polyphenols into brine
or sugar solution. The effects of processing method cause alteration in the
structure, chemical composition and nutritional value of the food products like
canned sweet corn, tortillas, chips, etc. [14].

Recently, the industry has focused attention to plant matrices rich in phytoster-
ols and phytostanols for their ability to reduce serum cholesterol levels. Therefore,
the objective of this study was to examine the phytosterol and phytostanol contents
of different fractions (endosperm, pericarp, germ) of corn kernel. The phytos-
terols are found in the endosperm, pericarp and germ portion of corn kernel. The
germ portion contains 25-31% of oil as compared to other fractions. Corn oil is
enriched with f-sitosterol (62-69%), followed by campesterol (11-18%) and stig-
masterol (5-13%). Processing of maize, especially during roasting, results in the
loss of phytate content and increase of the availability of minerals. For example,
baking chapattis from maize helps in the reduction of phytates and improves
the nutritional quality of maize. Due to the emerging field of nutraceuticals, the
phytochemicals derived from maize have achieved great attention. The antioxidant
capacity in terms of DPPH radical scavenging activity of maize (139 mg/100 g)
is quite high as compared to other cereal and pulse grains except finger millet
(173 mg/100 g). This antioxidant activity of maize helps in protecting different
types of degenerative diseases [15].
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4.7 Relationship of maize with health

Being comparatively inexpensive, maize as a stable diet contributes to most
of the caloric requirement. It is also an excellent source of starch and B-complex
vitamins along with antioxidants such as different types of polyphenols [16]. It also
contributes to satiety and is used as a main dish in the diet. No meal can be prepared
from cereals. Maize is also used as a thickening agent as a corn flour in custards and
puddings. Maize as a thickening agent used in the preparation of different types of
sausages as well.

Maize is also consumed as a ready-to-eat food in the form of cornflakes with
milk as a healthy breakfast [17]. The fibre present in the maize helps to lower
cholesterol levels and reduce the risk of colon cancer (Table 12). Moreover, it is also
useful for anaemic, haemorrhoid, cardiac and diabetic patients due to significant
nutritional value of macro- and micronutrients in it. It is also helpful in the metabo-
lism of carbohydrates due to the presence of thiamine in it [18].
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Chapter 3

Quality Protein Maize: An
Alternative Food to Mitigate
Protein Deficiency in Developing
Countries

S.R. Krishna Motukuri

Abstract

Maize (Zea mays L.) plays a significant role in human nutrition and animal feed.
After the discovery of opaque-2 mutants in maize, that produces with enhanced
levels of lysine and tryptophan. Quality protein maize (QPM) holds superior
nutritional value and is essentially exchangeable with normal maize. The increasing
use of maize as feed, increasing interest of the consumers in nutritionally enriched
products and rising demand for maize seed are the core driving forces behind
emerging importance of maize crop in India. Protein malnutrition is a serious global
issue demanding huge resources on healthcare. The problem can be addressed to a
considerable extent by shifting to quality protein maize diet. The development of
QPM hybrids through advanced breeding approach like molecular marker-assisted
breeding was adopted. It could solve the issue related to protein deficiency in
developing countries.

Keywords: maize, opaque-2, QPM, protein deficiency, marker-assisted breeding

1. Introduction

Improvement of protein quality of maize incorporated the mutant gene called
opaque-2, thus leading to the development of quality protein maize (QPM). Several
natural mutants, which confer the highest lysine and tryptophan levels, had been
identified in the 1960s and 1970s, i.e. opaque-2, opaque-6, opaque-7, floury-2 and
floury-3 [1]. QPMs are having more quantity of lysine and tryptophan and lesser
quantity of leucine and isoleucine. Baby corn, sweet corn, popcorn, waxy corn
and high oil corn were targeted to develop quality protein maize [2]. QPM hybrids
with different kernel colors have been developed and are released in India for their
cultivation in various agroclimatic conditions. The technology involved in the
production of QPM and normal maize are the same, but QPMs should be grown
separately to maintain its purity.

In the QPM, recessive opaque-2 (02) allele has been successfully utilized in
the conversion breeding program for increasing the quality of protein in maize
[3]. Primarily, maize varieties with 02 mutation were not chosen by farmers and
consumers, because of opaque endosperm. Opaque-2 mutant is susceptible to pests
and diseases, and it also undergoes grain breakage during milling [4]. Endosperm
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modifier genes, which present hard endosperm in the 02 background, were devel-
oped at the International Maize and Wheat Improvement Center (CIMMYT),
Mexico [5], and University of Natal, South Africa [6]. This leads to the development
of nutritionally enriched hard endosperm maize, widely known as ‘quality protein
maize’ [3].

2. Nutrition deficiency and related challenges

With the increasing world population, enhancing the production of food and
nutritional quality of staple crops is the strategy to address the emerging food
crises [7]. A food crisis causes multidimensional effects on human nutrition, and
it causes malnutrition. It also has effects on the supply of food quantity and qual-
ity of food. In the last two decades, these problems have been tried to be solved
to reduce the proportion of the world’s malnourished population [8]. Protein
deficiency malnutrition has emerged as a major nutritional problem, particularly in
the developing countries [9]. In the developing countries, cereals play an important
source of dietary protein for humans, which comprise 70% of the protein intake
[10]. Maize is the world’s third primary cereal crop, which is an important protein
source used as food and feed for humans and animals and also used in corn starch
industry, corn oil production, etc. [11]. QPM has more quantity of carbohydrates,
fats, proteins, vitamins and minerals. It is also called as a ‘poor man’s cereal crop’

In developing countries like Africa and Latin America, as the animal protein is very
limited and expensive, which results in being unavailable to a vast sector of the
population, maize grains provide about 15-56% of total daily calories in people’s
diets [12]. Nearly 9.09 million hectares were allocated to cultivate maize, which
produces nearly 24.26 million tons in India and can be cultivated throughout the
year [13]. Maize proteins consists just 1.81 and 0.35% of lysine and tryptophan
content, respectively, which is very low compared with the Food and Agriculture
Organization (FAO) recommendation. From the human nutrition perspective,
lysine and tryptophan are the most considerable limiting amino acid in the maize
endosperm protein. Thus humans and other monogastric animals should include
other alternative sources of lysine and tryptophan in their healthy diets [14]. Babies
fed on normal maize without any protein supplements suffer from malnutrition
and develop Kwashiorkor disease [15]. In this context, the International Maize

and Wheat Improvement Center (CIMMYT) and the International Institute of
Tropical Agriculture (IITA) are developing varieties to improve the protein quality
of maize by incorporating the opaque-2, along with modifier genes, thus increas-
ing the amount of lysine (>4.0%) and tryptophan (>0.8%) contents in the whole
grain compared with normal maize [16]. Maize cultivars containing high yield
with increasing levels of lysine and tryptophan and having the kernel structure of
conventional maize have the potential to reduce the malnutrition [14].

3. Storage proteins in QPM

The mature maize kernel consists of a germ, pericarp and endosperm. An
endosperm consists of 90% starch which is a source of concentrated energy and
10% protein which include albumins, globulins, zein and glutelin out of which zein
consists 50-70% of total proportion [10]. Zeins are the important storage proteins;
these forms as deposit on rough endoplasmic reticulum-delimited protein bodies
(PBs) [17]. During the maturation of kernel, these protein bodies become densely
packed between starch grains in the vitreous regions of the endosperm [18]. Zeins
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are a group of four structurally distinct alcohol-soluble proteins (x-zein, B-zein,
y-zein and 8-zein) [17] present only in seeds’ endosperm and playing a key role in
storing and supplying N, C and S to the germinating seedling [12]. Among those
zein proteins, a-zeins and 3-zeins are deposited in the central region, and y-zeins
and p-zeins were deposited in the outer region of protein bodies [19]. The zein
fractions are rich in cysteine and methionine amino acids, and it also consists of
glutamine, leucine and proline and is completely devoid of two important essential
amino acids lysine and tryptophan, whereas other proteins consist of these amino
acids in large quantities [20]. The zein synthesis serves as a model system to study
coordinated genetic regulation of several genes expressed at very high levels at a
specific developmental stage. Suppression of zein fraction without drastically alter-
ing the contribution of other fractions could be, thus, seen as a feasible approach to
bring about improvements in the amino acid balance in maize grain [12].

3.1Zein gene

Zein is a class of prolamin proteins that are mainly present in maize. All the zein
polypeptides are products of different structural genes [21]. Most of the prolamin
genes have a promoter element called the endosperm or prolamin box. The pro-
moter element is present about the 300 base pairs upstream of the translation start
codon and has a conserved 15-bp element that contains the 7-bp endosperm motif
(TGTAAAG) [22]. This endosperm motif acts as a tissue-specific enhancer in Mr.
22,000 gene promoters [23].

Genetic analysis of 02 modifiers revealed several quantitative trait loci (QTLs)
dispersed on the chromosomes. These identified QTLs were correlated with the
27-kDa y-zein gene expression and protein quantity in QPM [24]. The 27-kDa y-zein
gene expression is not under the control of the 02 protein [25]. The 02 modifier
genes involved in the 27-kDa y-zein gene expressions are observed in two different
QTLs. The first of these is associated with increased expression [26]. Single copy of
y-zein genes encodes the 50, 27 and 16-kDa proteins, which were observed in the
B73 genome [27]. Based on the allotetraploidization and protein-sequence similar-
ity, both 27 and 16 kDa y-zein genes originated from a common progenitor [28].

It is about 20-25% of total zeins; the low abundance 50-kDa y-zein gene has low
similarity with other two y-zein genes [27]. The yRNAi and BRNAi were involved in
maize kernel opacity to increase the intensification. It reveals that opacity was not
involved in reducing the thickness of the opaque-2-mutated endosperm,; it is due

to partial arrangement of starch granules in the endosperm [29]. Although discrete
protein bodies were observed in endosperm cells, honeycomb-like masses of protein
bodies were observed. It indicates that different zeins have played an important role
in the endosperm development.

4. Nutrition analysis of QPMs

Generally, quality of protein nutrition was estimated by composition of amino
acids, digestibility and amino acid requirement to consume the protein. The
QPMs are reported to have increased levels of lysine and tryptophan in the endo-
sperm protein, which enhances the biological value of protein similar to the milk
protein. It has brought about great hope in the effort to improve human nutrition
[30]. Firstly there is a significant difference in the QPM kernel when compared to
normal maize kernel. Kernel hardness was determined by calculating floatation
index where it is 57% for QPM, whereas for normal maize, it is 19.7%. The whole
kernel protein was 13.15% in QPMs with contribution of 8.6 and 13.88% from
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endosperm and germ, whereas it is 9.25% in normal maize with contribution of
7.9 and 1.28% from endosperm and germ, respectively [18]. An improvement of
protein quality has been correlated with the presence of the opaque-2 mutant gene
[31]. Crude protein of QPM was higher than the normal maize, and the propor-
tional contribution of the germ is lower in QPMs than with normal varieties.
These structural and biochemical changes that happen in the kernel lead to the
modifications of the protein profile, both in content and structure, and there-
fore on the functionality of the protein extracted from QPM [30]. Based on the
chemical component analysis, QPM whole kernels showed highest protein content
compared with normal maize [32].

5. Efforts in enhancing QPM production
5.1 Genetics of QPM

QPM contains the mutation at opaque-2 loci, which changes the protein compo-
sition of the maize endosperm, resulting in increased concentrations of lysine and
tryptophan [33]. The increase in concentration (60-100%) of these two essential
amino acids increased the biological value of QPM (80%), when compared to
normal maize (40-57%) [34]. The biological value of cow milk protein was about
90%, whereas QPM has about 80% value [35].

QTL mapping of 02 modifiers insights that it encodes that the 27-kDa - zein pro-
tein and it is observed on chromosome-7 long arm [36]. The function of the 27-kDa
zein protein in the formation of vitreous endosperm was revealed when the protein
quantity increased threefold in QPM compared with soft opaque-2 mutant [37]. An
increase in the number of zein proteins and their compaction between starch grains
is partially involved in endosperm modification in QPM [38]. The 02 modifier genes
have complexity in inheritance [12]; it reveals that several other loci control the
formation of a vitreous kernel in QPM. For identifying the other factors linked to
the endosperm modification, [39] performed a proteomic study of the non-zein
proteins, and it was observed that the quantity of a starch synthesis enzyme and
the amylopectin branching structure are changed in QPM. It is supported that QPM
starch expands more than normal maize. It reveals that suppression of the opaque
endosperm in QPM was associated with the starch grain properties.

Maize protein quantity can be enhanced with the opaque-2 (02) mutation,
which increases the lysine and tryptophan levels by decreasing the synthesis of
zeins. The QPM utilization mainly restricts due to chalky and soft texture kernels
[3]. The quality protein maize was developed based on introgression of opaque-2
QTLs, called 02 modifiers which convert to hard and vitreous endosperm [40].
QPM development has significantly improved the status of nutrient-deficient
people who suffer from malnutrition and protein energy deficiency in the develop-
ing countries [41].

6. Breading efforts in QPM

Although QPM breeding has been practiced for more than 60 years, genetic
mechanism and genetic components controlling endosperm modification are
not clearly understood. Opaque-2 (0,) modifier loci have been distributed on six
chromosomes [26]. The opaque-2 modification is positively correlated with 27-kDa
y-zein in an F, population and recombinant inbred lines (RILs), which are produced
through crosses between QPM and an 02 mutant as parents [42]. Gene silencing
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or deletion of y-zeins eliminates 27-kDa y-zein expression, and it eliminates the
formation of vitreous endosperm [43]. Zein proteins are stored at rough endoplas-
mic reticulum-retained protein bodies in the endosperm [44]. For protein body
formation, 27-kDa y-zein, 16-kDa y-zein and 15-kDa f-zein plays an important
role in initiation and stabilization [19]. Zein gene knockout studies in QPM showed
irregular, clumped protein bodies in lesser number and an opaque phenotype [29].

Worldwide different agricultural research centers are showing significant
progress in increasing the lysine and tryptophan content in the whole grain [16].
Maize varieties’ improvement and QPM conversion programs, a multi-trait selec-
tion procedure using independent selection levels has been employed to increase
grain yield, resistance to pest and diseases, accumulate modifiers and improve
other important traits in which QPM germplasm is defective [4]. In QPM breeding
program, protein and tryptophan analysis in germplasm is an important step [45,
46]. A broad range of the CIMMYT’s maize populations have been converted to
QPM. This germplasm is reported to have high potential for QPM cultivar devel-
opment [47, 48]. QPM with high protein quality and grain yield could be accepted
by the farmers [1]. QPM germplasm has been widely used for the development
of QPM cultivars with high grain yield in African countries [16]. The important
problem in QPM breeding is abiotic stresses. Water stress and soil infertility are
the most important stresses that reduce maize productivity in developing coun-
tries. It affects major maize yield loss in African countries [49]. High land usage
affects the soil fertility and decreases the nitrogen content in the soils [50]. Global
climate change could influence the soil fertility and water holding capacity, and it
also affects the maize production [51].

Worldwide, a large number of normal maize hybrids have been released and
commercialized. But the QPM-based germplasm is quite narrow, and significantly
small numbers of genetically diverse QPM hybrids are available. Nearly 12 QPM
hybrids have been released in India, compared to greater than hundred normal
maize hybrids [52]. In this context, it is necessary to develop various QPM varieties
across the world. Conversion of QPM through conventional breeding takes at least
10-15 years. Conversion of elite normal maize hybrids into QPM hybrids requires
lesser time, initially due to tested combining ability, heterosis and adaptability of
the released hybrids [53]. Opaque-2 recessive allele introgression through conven-
tional backcross breeding of 6-7 generations is required. Through marker-assisted
advanced backcross breeding, time could be significantly reduced to two back-
crosses [54, 55].

The opaque-2 mutation in maize inspired the research interest, with wishes
to significantly increase the nutritional status of maize consumers in develop-
ing countries. QPM, which has high lysine and tryptophan, holds the security of
improving the nutritional condition of children whose main staple food is maize. It
is an alternative food for protein supplement in the diet. QPM has been an alterna-
tive to the people who are using synthetic lysine and tryptophan.

6.1 QPM genotypes for stress conditions

Under stress conditions, the quality of the QPM protein does not vary, but
the modifications of endosperm and the content of the proteins vary greatly. To
enhance the yield of QPMS under different stress conditions is the major constrain
for the breeders. Drought stress affects on QPM yield mainly in grain-filling
stage [56]. Some studies reported that the supply of selenium to the plant could
reduce the negative effects of the water stress conditions and is considered as the
cost-efficient approach to improve the quality and yield of maize [57]. Supplying
nitrogen and sulfur results in the enhanced growth and yield of QPMs [58]. Some
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QPM have the potential to resist some biotic stresses that are caused by some
diseases and pests, but the development of QPMs that has resistance to pest or
diseases that attack the grains got more importance. Thus the CIMMYT developed
the QPM varieties that are resistant to some viruses and are distributed to the
National Agricultural Research System (NARS) breeders that are present at differ-
ent countries in 2002 [59]. During the breading process of QPMs, multiple genes
are involved in enhancing the yield of grains, whereas nonadditive gene actions are
highly involved for inheritance of the trait. QPM hybrids that are evaluated under
salt-, drought- and Striga-affected conditions showed nonadditive gene action [60].
Different varieties of QPM genotypes that adapt to the environmental conditions of
sub-Saharan Africa were developed by the CIMMYT (2005), and thus great benefits
for children have been documented [61]. QPM hybrids could help the poor people

for elevation of malnutrition in developing countries.
7. Conclusion

There is a need for the development of QPM hybrids in developing countries
for protein energy source. All the agricultural research institutes have started this
QPM improvement work. Through conventional breeding methodologies, the
international maize research center research team has slowly improved the original
opaque-2 problems. Marker-assisted breeding is an alternative method to improve
the QPM production and productivity in the developing countries.
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Abstract

Maize (Zea mays L.) is one of the commonly grown grain crops and remains a
source of staple food and food security for most countries in sub-Saharan Africa
(SSA). But climate change threatens agricultural potential in SSA thereby risking
food security especially that most maize production is rain-fed in these countries.
Thus, numerous studies have examined impacts of climate change on maize pro-
duction and productivity resulting in several adaption strategies being promoted
to mitigate the negative effects of climate change. But to the best of our knowledge,
there has not been any studies in literature that provide a review of impacts of cli-
mate change on maize production and productivity in SSA. This chapter therefore
provides a review of empirical climate change impacts on maize production and
its productivity in SSA. We chose SSA because most countries in SSA are underde-
veloped and therefore more vulnerable to climate change effects. This is important
because this review will provide an easier access of such results for both scholars
and policy makers in search of empirical impacts of climate change on maize
production and productivity in SSA.

Keywords: climate change, maize, smallholder farmers, sub-Saharan Africa

1. Introduction

Climate change is a real phenomenon worldwide [1] as observed in the increase
in atmospheric and oceanic temperature, decreased amounts of snow and ice as well
as arise in sea level [2]. The earth’s surface has been warmer in past three successive
decades [2] resulting higher average temperature compared to the past centuries.
The term “climate change” is defined differently among different stakeholders
even though the contents are similar in context. IPCC [3] defines climate change
as a change in the state of the climate that can be identified by changes in the mean
and/or the variability of its properties, and that persists for an extended period,
typically decades or longer. Based on the United Nations Framework Convention
on Climate Change (UNFCCC), climate change refers to a change of climate that
is attributed directly or indirectly to human activity that alters the composition of
the global atmosphere and that is in addition to natural climate variability observed
over comparable time periods [3].

Impacts of climate change vary depending on the state of development of a
region. For example, IPCC [4] suggest that rising temperatures and changing
precipitation rates will most likely hamper success of rain-fed agriculture in most
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developing countries. Africa is one of the continents that is projected to experience
rising temperatures of at least 1 to 2°C and higher likelihood of extreme weather
[5, 6]. Thus, the effects of climate change will more directly affect agriculture
because about three-quarters of Africa’s population depends on agriculture for a
livelihood and Africa’s agriculture is mainly rain-fed [7-11].

For sub-Saharan Africa (SSA), agriculture largely contributes to employment
of the majority of the people in rural areas and significantly to the Gross Domestic
Product (GDP) of most countries. Thus, a large number of people in SSA is employed
in agriculture and increasing agricultural productivity is necessary to reducing poverty
and food insecurity (AGRA [12]). However, the rise in temperatures and increased
stochastic rainfall variations have both direct and indirect grave consequences on crop
yields and agricultural productivity. While agriculture is so important to most develop-
ing economies in SSA, most agricultural sectors in SSA have performed poorly relative
to other developing world regions [8]. Kotir [7] contends that over the past 50 years,
agricultural productivity has been steadily declining in SSA and recorded the slowest
increase across the world over and that this would only get worse with climate change.
Taken together, this evidence suggests production of maize, a vital crop for many mil-
lions in SSA [13] may have its production in danger in the face of climate change.

Maize, a field crop that is one of the most cultivated crops in the world, is a
staple crop for most countries in SSA [13]. While maize remains an important crop
for many millions in SSA, its yields in developing countries (including SSA) are
lower than in developed countries [14-16]. More importantly, maize production
depends on water availability, and most of SSA’s agriculture is rain-fed, which
makes maize production an obvious candidate to be affected by weather shocks
such as droughts—one of the negative consequences of climate change. Lobell et al.
[17] suggest maize is sensitive to daytime high temperatures above 30°C and with
climate change, the projected 2°C in temperatures for most parts of Africa would
affect maize production, which would further lower maize productivity levels in
SSA despite the increasing demand for maize.

Because climate change impacts are seemingly being felt, numerous studies have
examined impacts of climate change on maize production and productivity resulting
in several adaption strategies being promoted to negate the negative effects of climate
change (e.g., [5, 14, 18-21]). To the best of our knowledge, there has not been any
studies in literature that provide a comprehensive review of impacts of climate change
on maize production and productivity in SSA. This chapter therefore provides a
detailed review of climate change impacts on maize production and its productivity in
SSA. We chose SSA because as mentioned earlier, most countries in SSA are underde-
veloped and their agriculture is rain-fed—making them more vulnerable to climate
change effects. This is important because this review will provide an easier access of
such results for both scholars and policy makers that are in search of empirical impacts
of climate change on maize production and productivity for relevant policy.

This rest of the chapter is organized as follows. The next section provides the
main literature review of studies that have examined climate change impacts on
maize production and productivity specifically in SSA. Adaptation to climate
change as well as relative importance of temperature and rainfall are also discussed.

2. Literature review
2.1 Climate change and maize production

Climatic change is a result of anthropogenic greenhouse gas emissions which
have been on the rise since the pre-industrial era. This has been largely driven by
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economic and population growth and the greenhouse gas emissions are now higher
than before and the atmospheric concentrations of carbon dioxide, methane and
nitrous oxide have increased [2, 7]. Besada and Sewankambo [1] argue that the 4th
Assessment Report by the IPCC seemed to overlook Africa’s concern about climate
change. They claim the issue of climate change should not mainly be in terms of pro-
jections of carbon emissions and future environmental damages, but it is more about
the links between climate change and contemporary disaster events which includes
droughts, desertification, floods, and coastal storms. They further argue that these
climate change-related disaster events eventually threaten lives and livelihoods and
are a hindrance to economic growth and social progress of the continent of Africa.

Maize originated from Mesoamerica and is currently grown all over the world
[13]. Maize can be grown between latitude 58°N and latitude 40°S and it grows best
at moderate latitudes, but it can also be grown below sea level [22]. In Africa, 30%
of the total area under cereal production is maize which accounts for over 30% of
the total calories and protein consumed [14]. Of the total maize production in the
developing world, 67% comes from low and lower middle-income countries which
shows that maize plays an imperative role in the livelihoods of a good number of
poor farmers [13].

Despite its importance, maize productivity in SSA with the exception of South
Arica has remained quite low—only increased from about 0.9 to 1.5 tons/ha while
the yield remains highly variable [14, 23]. The variation in yields is mainly due to
dependence on rainfall under uncertain climatic conditions. With climate change,
the yields of maize have been negatively affected in many regions [2]. Thus, even
when compared to the top five maize producing countries in the world, maize
yields in SSA have stagnated at less than two tons per hectare and less than 1.5 tons
per hectare in Western and Southern Africa [14]. In addition, in SSA, the highest
growth in maize area, yields and production from the year 1961 to 2010 has been
West Africa when South Africa is excluded, and the lowest has been in Southern
Africa with yields at a little over 1 tons/ha [24].

The prime reason put forward for this discrepancy in maize yields between
SSA and other regions is less adaptive capacity of smallholder farmers to climatic
change-related effects. Ngombe et al. [25] suggest the success of agriculture in SSA
is hindered by the negative effects of climate change while [6] contend that less
adaptive capacity of smallholder farmers in SSA coupled with their rain-fed farm-
ing systems (common in SSA) expose their vulnerability to climatic effects while.
This observation corroborates [24] who suggest that the large gap in yield between
countries in SSA and countries with comparable production conditions is larger
when rain-fed areas are considered. The lower maize yields in SSA are more attrib-
uted to drought stress than other reasons such as low soil fertility, weeds, pests,
diseases, low input availability, low input use and inappropriate seeds [14] and poor
irrigation schemes or lack of efficient irrigation systems [26, 27].

While these climatic change-related effects on maize production may at first
sight seem to be homogenous across SSA, maize production trends in some SSA
countries like Zimbabwe and Zambia have changed perhaps as a result of shifts in
agricultural policy. Zambia has in recent years recorded successive maize bumper
harvests [28] while accessibility to subsidized farm inputs in Zambia have had a
positive effect on technical efficiency of maize production in most of Zambia’s
provinces [29]. In contrast, the situation in Angola and Mozambique is different
because prolonged civil strife and wars in the past have somehow depressed maize
production and productivity trends [24]. However, being a highly susceptible crop
to droughts, about 70-80% of maize losses in SSA are attributed to droughts and
floods [11]. Depending on the weather conditions, farmers in some cases abandon
who fields after planting [19].
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According to Nelson et al. [30] the negative effects of climate change on crop
production are more pronounced in SSA than in other parts of the world. Thus,
severe and prolonged droughts, flooding and loss of arable land leading to reduced
agricultural yields through such avenues as crop failure and loss of livestock [1]
which provide draught power and household income is still probable. Literature
indicates that as a result of climate change, there is an observed 10% decline in maize
yield, 15% decline in rice yield and 34% decline in wheat yield in SSA in previous
years [3]. Yield projections indicate that by the year 2020, yields from rain-fed agri-
culture in some African countries could be reduced by up to 50% which would to a
great extent affect food security and worsen the malnutrition situation [3]. Mulungu
et al. [31] show that for maize in Zambia under the worst-case scenario, maize yields
will decrease by 25% driven mainly temperature increases offsetting the gains from
increased rainfall. Hamududu and Ngoma [6] suggest decline in water availability
in Zambia by 13% by the end of the century in 2100 at national level as a result of
climate change which poses a much greater risk to field crops such as maize.

Africa’s inability to cope with the physical, human and socioeconomic conse-
quences of the extremes of climate makes it the most susceptible to climate change
[1, 6,7, 10, 23]. What also adds weight to the incumbent problem is that majority
of maize agricultural producers in SSA reside in rural areas. For example, [5] point
out that at least 83% of the 1.4 million smallholder households in Zambia grow
maize—which is a huge number. But the rural poor are more vulnerable to these
changes in climate and consequently, hunger, poverty and malnutrition levels will
more likely continue to rise which means that the severity of climate change will
increase keeping other factors constant [32]. Because of this evidence, there is need
to diversify from maize production as dependence on maize production in most SSA
countries is a worry for food and nutritional security, especially when alternative
supplements for dietary diversity are limited [13].

According to the report by the [3] climate change will negatively affect the
agricultural sector and the impact will vary by adaptation as well as rate of tempera-
ture. In line with temperature variation, the projection is that crop productivity will
slightly increase at mid to high latitudes and will decrease at lower latitudes, more
so in seasonally dry and tropical regions. The increase in crop productivity will
occur at local mean temperature increases of up to 1-3°C and in some regions but
will decrease at temperature beyond this magnitude. On the other hand, at lower
latitudes, reduction in crop productivity is projected to decrease even at minor local
temperature increments of 1-2°C. In particular, cereal productivity is highly likely
to decrease more at lower latitudes and less at mid to high latitudes, though this
would vary in some regions with temperature increase [3].

Although maize is usually considered as a warm season crop, it is actually more
sensitive to high temperature stress as compared to other crops [20]. At higher
temperatures, maize yields will reduce but at the same time production or multipli-
cation of some weeds and pests will be encouraged [13]. At a high temperature of
35°C, maize yield reduces by 9% with a one-inch reduction in rainfall [23]. Thus,
even if plant breeders have developed maize varieties that grow well under different
biophysical environments [33], sound maize productivity is still under threat by
climate change effects.

2.2 Adaptation to climate change
Research on maize has a very important role to play when it comes to adaptation
to climate change in vulnerable areas [13]. Africa has been projected to be affected

the most by climate change due to limited institutional, financial and technologi-
cal capacity, adaptation to climate change will be difficult and complex [13]. Itis
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expected that research and plant breeding will mitigate many of the detrimental
effects but the negative effects of climate change are what is expected if farmers
continued to plant the same varieties in the same way in the same areas. Some
autonomous adaptations that will help offset some negative impacts of climate
change include shifting of planting dates, modifying crop rotations or an uptake of
pre-existing crop varieties [34].

To ensure food security for a growing population of SSA, it is very critical to
adapt agricultural systems to climate change [20]. Important steps towards design-
ing and implementing measures that are appropriate are to identify hotspots of
climate change and understand associated socioeconomic impacts at different
spatial scales [20]. Continued investment in maize productivity remains crucial to
the growth of agriculture and food security even if there has been success in the
past, which includes policies that favor maize production and productivity as well
as development and adoption of new and improved maize seed and fertilizer [24].
For instance, the maize area covered by improved varieties in Ethiopia grew from
14% in 2004 to 40% in 2013 [35]. There is need to invest in research to produce
a new generation of improved varieties that are tolerant to drought, resistant to
pests, and nutrition-efficient [24]. Therefore, if appropriate actions are not put in
place to reduce the negative effects of climate change, the danger of food insecurity
is expected to increase [36]. To manage the current climate change and for future
adaptation to these variations, there is need for maize varieties that are tolerant to
drought, heat and water logging and are resistant to diseases and pests and insects,
and to effectively contribute to mitigating climate change, practicing conservation
agriculture and precision agriculture would be helpful [13].

2.3 Relative importance of temperature and rainfall

Even if temperature is an important factor in the year-to-year production, it is
not as important as rainfall in determining agricultural production. In SSA, there
has been some countries which had too much rainfall which led to severe flooding
and unfavorable livelihood consequences. These countries included Burkina Faso
in 2007 and 2009, Mozambique in 2000 and 2001, Ethiopia in 2006 and Ghana
in 2007 and 2010 [7] and in the year 2017 Niger, Nigeria, Burkina Faso, Guinea,
Mali, Sierra Leone, Ghana, and Central African Republic experienced floods that
destroyed lives and the agricultural sector [37]. These rainfall-related disasters
are more common in some countries. For example, Malawi has had 40 weather-
related disasters between 1976 and 2009 [38]. Floods are very destructive and their
impacts, which includes deaths and injuries of people and exposing people to toxic
substances, are instant. Flooding is world over but the difference is the degree of the
impacts which is dependent on the adaptive capacity of a country. Poor countries
suffer more from the impacts of flooding as compared to developed countries which
have high capacity to adapt [9]. Increases in temperature and variation in rainfall
therefore make it less conducive for maize production in almost three quarters of
countries in the world and results in yields declining [39].

However, the extreme opposite of too little rainfall, drought, is also a reality.

Due to increased frequency of droughts, yields of grains and other crops could
decrease substantially across the continent. The drought conditions could lead to
maize being no longer grown in some areas [40]. In southern Africa, the 2002-2003
drought experience resulted in a food deficit with an estimation of 14 million people
who were at a risk of starvation and in eastern Africa in 2005-2006 and 2009, maize
fields were struck by severe droughts [13]. In the coming decades, so much droughts
will be experienced in most of SSA [7]. More than 100 million people were affected
by drought in Africa, for example over the period 1991-2008, Kenya was affected by

51



Maize - Production and Use

drought about seven times which affected about 35 million people and Ethiopia was
affected by drought about six times in 25 years (1983-2008) [9].

Climatic change impact on crop productivity greatly varies from region to region
[8] and climate change will also affect crops differently, that is, crops like maize,
rice, wheat, beans and potatoes will be highly affected and crops like millet may
be less affected since they are able to resist high temperatures and low water levels
[9]. However, smallholder farmers in developing countries are the most vulnerable
and disadvantaged people as they entirely depend on rain-fed agriculture [8]. Cohn
et al. [10] showed that in SSA and Latin America, a greater proportion of the varia-
tion in maize yields was associated with climate change. Hence, change in climate
has potential to hinder sustainable development of nations by reducing production
in yield which consequently leads to food insecurity [9]. However, SSA has a huge
potential for expanding maize production. About 88 million hectares (88 M ha),
excluding protected and forested areas, which has not yet been planted, is suited to
maize production [24]. For as long as farmers replace seed every season, advantages
in yield can be significant [24]. The adoption of improved open-pollinated varieties
and hybrids was at 44% of maize area in Eastern and Southern Africa in 2006-2007
minus South Africa, and it was at 60% in West and Central Africa. This statistic
was a suggestion of a significant increase in adopting improved varieties more so in
West and Central Africa [24].

In the study done by Jones and Thornton, the global circulation model (GCM)
postulated three major types of response of maize crop to climate change and these
include (1) the productivity of the crop will decrease but to an extent that can be
readily handled by breeding and agronomy. For example, in eastern Brazil, the
changes in maize yield are predicted to be moderate with some pixels (plots of land)
showing a slight yield advantage, (2) the maize crop benefits from climate change.
For example in the Ethiopian highlands that surround Addis Ababa, the yields are
predicted to increase even up to 100% at times although many of the pixels showing
yield increases are adjacent to pixels where yields are predicted to decrease, some-
times drastically, (3) “maize yields decline drastically, all other things being equal,
that major changes may have to be made to the agricultural system, or even human
population may be displaced” [40].

According to [35], most of the results from Africa showed a projected yield
reduction of up to —40% across all types of projections as well as sub regions even
if there was a large difference in the impacts that were reported. However, only
about 12% of the total sample from this study reported an increase in yield for
maize grown in East, West and Northern Africa. Results for South Asia showed a
similar negative projected impact but with the variation being wider [35]. Following
[40] maize production is likely to reduce by 4.6 million tons per year to 2025 and
this decrease will more than double to 11.6 million tons per year by 2055. In Latin
America and Africa, the total production impacts of the likely future climate change
to 2055 on smallholder rain-fed maize production are comparatively modest.
Aggregated results, however, conceal variability, that is, in other areas yields will
increase and areas where subsistence agriculture is the norm, yields will reduce [39].

Tesfaye et al. [20] outlined the biophysical impacts of climate change and the
impact of climate change on maize production, consumption and food security. The
biophysical impacts of climate change include changes in potential maize cultivation
area, changes in maize yields and yield response to nitrogen levels. Under maize
cultivation area, aggregating the change in land area suitable for maize production
in SSA by the year 2050 shows a small change of 0.6-0.8% which conceals regional
differences. By 2080, due to increasing areas suitable for maize cultivation in Eastern
and Southern Africa, the cultivation area for SSA may increase by 1.3-2.5% whereas
suitable maize cultivation areas in Central and Western Africa may reduce by
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1.2-1.4%. And because of climate change, Sub-Saharan Africa countries that sur-
round the Sahara Desert and the coastal areas of Angola are likely to lose areas that
are suitable for maize production. Hence, some countries are likely to experience
greater reduction in maize cultivation area by 2050 and 2080 and other countries are
likely to experience an increase in maize production areas.

Under changes in maize yields, the outputs of CERES-maize (crop estimation
through resource and environment synthesis) indicated a large spatial difference
in maize yields under the projected climate in 2050 and 2080 across Sub-Saharan
Africa. By 2050, in some parts the change in yield may be within +5%, some may
experience a reduction in yield of between 5 and 25%, other parts may experience
areduction of more than 25% and some parts of SSA may experience an increase
in yields by up to 25%. By 2080, yields are likely to reduce even further in many
areas and only a few will maintain the current maize yields. Under maize yield
response to nitrogen levels, even if application of nitrogen increases maize yield
for both the baseline and future climate conditions, the yield response of maize to
nitrogen fertilizer application was less under climate conditions than the baseline
conditions. However, the impact was less with high level of nitrogen application
than with low level of nitrogen application. Outputs from IMPACT (International
Model for Policy Analysis of Agricultural Commodities and Trade) shows that
global maize production may decrease by 40-140 million tons by 2050 depending
on the GCM projections. Therefore, this reduction in the global maize production
may result in a decrease in global maize consumption across SSA which may lead
to a decrease in daily caloric intake that is derived from maize. Consequently, the
reduction in the daily caloric intake is likely to worsen food insecurity across SSA
and this may result in the number of people at risk of hunger to increase by 17-37
million people.

According to [8] the impacts of climate change in Ghana in the near future
are expected to worsen especially if nothing is done about the trend. With global
climatic changes, the combination of abiotic and biotic stresses are likely to increase
and these are damaging to crops [13]. What have been more common are the nega-
tive impacts of climate change on crops than positive impacts ([2]) and “climate
change will act as a multiplier of existing threats to food security” [7]. With high
confidence, the IPCC projected increases in annual mean temperatures to be larger
in the tropics and subtropics of SSA than in the mid-latitudes [2]. Furthermore, by
the end of this century rainfall will become more intense and more frequent over
most of the mid-latitude land masses and wet tropical regions. The fifth assess-
ment report of the IPCC reports that hazards that are related to climate worsen
other stressors which have often resulted in negative outcomes for livelihoods of
the poor people. Climate-related hazards affect the lives of poor people directly
and indirectly through reduced crop yields or destruction of homes and increased
prices for food and a reduction in food security, respectively [2]. Depending on the
level of input supply and GCM projections in SSA, yields will reduce by 6-12% and
9-20% in 2050 and 2080, respectively [20]. Moreover, these figures vary according
to region and the most reduction in maize yields will be in Western and Southern
Africa [20]. Even if maize yields will be negatively affected by climate change by
2050 across maize mega environments (MMEs), dry and wet lowland MMEs will
experience the greatest reductions [20].

Literature shows that by the end of the twenty-first century, East Africa will
be likely to lose about 40% of its maize production and a general consensus is
that climate change will affect maize productivity [23]. Therefore, “the impact
of climate change on global maize production may cause supply shocks in maize
markets across the globe which could affect food prices and, in turn, lead to some
adjustments in food production, consumption and trade patterns worldwide” [20].
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3. Conclusion

Climate change potentially threatens productivity and production of maize,
a field crop that depends on water availability. Literature has shown that climate
change effects on maize production and productivity are serious and if proper
adaptation strategies to negative effects of climate change are not followed, these
impacts would deepen in the near future. Governments and international agencies
need to boost efforts to minimize effects of droughts, floods or in fact ensure that
climate change effects are minimized. While we believe these efforts are in place,
taking a longer step at improving adaption may mitigate these negative effects. For
example, more competent irrigation technologies, increased research and develop-
ment of drought-tolerant maize varieties, increased adoption of climate-smart
adaption strategies, and call for world leaders to reconsider the negative effects of
human activities on the ecosystems are highly encouraged in literature.
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Chapter 5

Amelioration of Drought

Tolerance in Maize Using Rice
Husk Biochar

Md. Abdul Mannan and Maviam Akter Shashi

Abstract

This chapter discussed on mitigating effects of rice husk biochar to the drought
effect on maize (“BARI Hybrid Bhutta 9”). Four doses of rice husk biochar at 0, 5,
10, and 20 t/ha were applied in soil before sowing of seed. Drought treatments were
maintained at 60% of field capacity and 40% of field capacity by watering every
alternate day, and 80% of field capacity (control) was also maintained as well-
watered treatment. Plant growth and physiological parameters were studied at 6th
leaf, 10th leaf, 14th leaf, tasseling stage, cob initiation stage, and maturity stage, and
yield contributing parameters were studied after harvest. Soil physical and chemical
properties were studied before sowing and after harvest of crop. Drought stress
reduced plant morphological growth and affected physiology and yield of maize.
Mitigation of drought stress in maize was well associated with the reduction of
proline content, maintenance of water-related traits, exudation rate and enhanced
chlorophyll content and SPAD value, as well as dry matter production. Rice husk
biochar improved the growth and yield performance of maize under drought con-
dition. Biochar application at 20 t/ha was the best treatment to improving drought
tolerance in maize.

Keywords: amelioration, drought, tolerance, maize, biochar

1. Introduction

The world population is increasing and is projected to rise by more than 1 billion
by 2030 and over 2.4 billion by 2050 [1]. Therefore, to feed the increasing popula-
tion, agricultural food production must be increased by 70% by 2050 [2]. In the
event of growing concerns of uncertainties in climatic conditions, the abiotic
stresses have become the major threat to agriculture production worldwide.
Drought is one of the most important abiotic stresses which affect crop growth and
yield. In Bangladesh drought is a major threat to agricultural production. As maize is
usually a winter condition and due to low rainfall, the growth of maize and yield of
maize are severely affected by drought stress [3]. Under drought stress, plant
photosynthesis can significantly decrease, consequently reducing the amount and
energy of metabolites [4] required for the proper development of both the above-
and belowground biomass [5]. In severe water shortage conditions, the roots will
shrink and in the leaves induced deposition. In drought conditions, reduced water
potential and increased cell content of ABA regulate the metabolism of cells.

59 IntechOpen



Maize - Production and Use

Increase in substances such as proline can be one of the major molecular responses
to drought stress [6]. Drought stress-induced free radicals cause lipid peroxidation
and membrane deterioration in plants [7].

Maize is the third most important cereal crops in Bangladesh, after rice and
wheat. It can be cultivated year round. The crop is high yielding and rich in nutrient
and has diversified uses. The demand of maize in Bangladesh is primarily from the
commercial feed processing industry. This industry is the driving force of maize
sector, using 80% of its aggregate maize production (excluding imports), and
statistically, the poultry sector (a significant representative of feed industry) is
growing at an average rate of 23% per year [8].Therefore, production of maize
needs to be increased. However maize production is severely affected by drought
stress. Water absorption, imbibition, and metabolic enzymatic activation are hin-
dered under limited water availability which reduces the maize grain germination.
Root and shoot elongations are parameters of seedling growth, and these are
subjected to reduction by drought stress. At seedling stage in maize, reduction in
shoot elongation is more than root elongation under drought stress [9]. Application
of biochar is such technology which can mitigate adverse effects of drought stress
on maize.

Biochar is charcoal formed from the thermal decomposition of biomass in a low-
or zero-oxygen environment and at high temperatures (<700°C), and biochar
production and application in soils has a very high potential for the expansion of
sustainable agricultural systems and also for global climate change mitigation [10].
Experimental evidence so far shows that incorporation of biochar to soil enhanced
soil water-holding capacity, improved soil water permeability, and improved satu-
rated hydraulic conductivity (SHC) [11], modification in soil bulk density [12],
and modified aggregate stability [13]. Biochar has the potential to increase the
availability of plant nutrient [14]. Furthermore, research has found that biochar
improves crop productivity and mitigates drought, salinity, acidity, and toxic metal
stresses that are commonly associated with plant stress [15]. Biochar application
increases growth and biomass of drought-stressed plants as well as increased
photosynthesis [16].

Therefore, the objectives of this manuscript are to know the effects of rice husk
biochar to mitigate drought effects on the growth, physiology, and yield of maize at
drought conditions.

2. Mitigating effects of biochar on drought stress in maize

2.1 Effect of rice husk biochar on plant height of maize at vegetative stages
under drought stress

Plant height differences of maize at vegetative stages indicated that plant height
varied due to different doses of biochar under drought conditions (Table 1).

At the sixth leaf stage, under control condition (80% of FC), 60% of field
capacity, and 40% of field capacity, highest plant heights of maize were 44.8, 43.8,
and 42.2 cm, respectively, when biochar was applied at 20 t/ha, and lowest plant
heights of maize were 39.4, 39.1, and 38.7 cm, respectively, when no biochar was
applied. At the 10th leaf stage, under control condition (80% of FC), 60% of field
capacity, and 40% of field capacity, highest plant heights of maize were 95.4, 93.0,
and1.2 cm, respectively, when biochar was applied at 20 t/ha, and lowest plant
heights of maize were 90.4, 89.5, and 80.2 cm, respectively, when no biochar was
applied. At the 14th leaf stage, under control condition (80% of FC), 60% of field
capacity, and 40% of field capacity, highest plant heights of maize were 169.3,
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Biochar doses 6th leaf stage (cm) 10th leaf stage (cm) 14th leaf stage (cm)
(t/ha) Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of
FC FC FC FC FC FC

0 39.4de  39.1e 38.7f 90.4b 89.5b  80.2b 150.60d 139.0f 134.3f
5 42.2a-e 40.9b-e 402c-e 91.2ab 90.4b 90.3b 156.6c 1453e 136.3f
10 42.8a—c 419a-e 41.2b-e 939ab 91.4ab 90.7b 164.0b 151.3d 138.3f
20 44.8a 438ab 42.0a—e 954a 93.0ab 91.2ab 169.3a 154.3cd 145.0e
CV (%) 4.2 31 2.0

Figure having similar letter did not vary significantly.

Table 1.
Effect of rice husk biochar on plant height of maige at vegetative stages under drvought conditions.

154.3, and 145.0 cm, respectively, when biochar was applied at 20 t/ha, and lowest
plant heights of maize were 150.6, 139.0, and 134.3 cm, respectively, when no
biochar was applied. So it is clear that plant height is affected by drought conditions
and application of rice husk biochar mitigated the effect of drought condition by
increasing plant height. Similar result was reported in maize by [17]. Biochar pro-
moted plant height of maize under drought conditions [18]. By affecting cell tur-
gidity, drought impaired plant height [19]. Application of biochar can increase soil
water-holding capacity which increased tissue water status and ultimately increased

plant height [20].

2.2 Effect of rice husk biochar on plant height of maize at reproductive stages
under drought stress

Plant height differences of maize at reproductive stages indicated that plant
height varied due to different doses of biochar under drought conditions (Table 2).

At tasseling stage, under control condition (80% of FC), 60% of field capacity,
and 40% of field capacity, highest plant heights of maize were 190.0, 184.3, and
165.6 cm, respectively, when biochar was applied at 20 t/ha, and lowest plant
heights of maize were 164.0, 161.6, and 136.6 cm, respectively, when no biochar
was applied. At cob initiation stage, under control condition (80% of FC), 60% of
field capacity, and 40% of field capacity, highest plant heights of maize were 195.6,
190.3, and 169.0 cm, respectively, when biochar was applied at 20 t/ha, and lowest
plant heights of maize were 174.3, 170.0, and 141.3 cm, respectively, when no
biochar was applied. At maturity stage, under control condition (80% of FC), 60%

Biochar Tasseling stage (cm) Cob initiation stage (cm) Maturity stage (cm)
((13::) Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of
FC FC FC FC FC FC

0 164.0cd 161.6d 136.6f 174.3cd 170.0d 1413f 175.3c 173.0c  154.0e
5 172.6bc 172.0bc  139.3f 175.6cd 174.6cd 1453 f 180.6bc 178.3bc  156.6de
10 1743b 174.0b 151.3e 186.6b 182.6bc 157.6e 186.6b 185.6b 163.0d
20 190.0a 184.3a 165.6bcd 195.6a 190.3ab 169.0d 202.3a 195.6a 1733 ¢
CV (%) 3.5 2.9 2.9

Figure having similar letter did not vary significantly.

Table 2.
Effect of rice husk biochar on plant height in maize at reproductive stages under drought conditions.
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of field capacity, and 40% of field capacity, highest plant heights of maize were
202.3, 195.6, and 173.3 cm, respectively, when biochar was applied at 20 t/ha, and
lowest plant heights of maize were 175.3, 173.0, and 154.0 cm, respectively, when
no biochar was applied. Drought conditions affected plant height, and biochar
application increased plant height under drought conditions. Similar result was
reported in maize by [21]. Addition of biochar improved plant height [22]. In rice,
drought stress during the vegetative stage greatly reduced the plant height; [23] and
[24] found that biochar increased the plant height of maize.

2.3 Effect of rice husk biochar on days to flowering of maize under drought
stress

Under drought conditions plant growth as well as days to flowering of maize was
affected. Days to flowering of maize varied appreciably with different doses of
biochar under drought conditions (Figure 1).

Under control condition (80% of FC), 60% of field capacity, and 40% of field
capacity, lowest days to flowering of maize were 52, 57, and 61 days, respectively,
when biochar was applied at 20 t/ha, and highest days to flowering of maize were
60, 62, and 63 days, respectively, when no biochar was applied. Drought stress
affected plant physiological process and biochar helps to maintain physiological
activities thereby flowering of plants, improved plant growth and influenced days
to flowering. [25] observed that the mung bean plants grown in soil amended with
8.5% and 15.75% wood biochar started flowering, pod filling, and maturing 6 to
7 days earlier than those grown in unamended soil.

2.4 Effect of rice husk biochar on days to maturity of maize under drought
stress imposition

Plants try to avoid drought conditions by completing their life cycle within the
short times. Biochar helped to reduce the effects of drought stress on crops. Days to

W Control & 80% Of FC 2 40% of FC
an -
0 -

al -

40 -

30 -

Days to flowering

20 -

10 -

Mo bwchar 5 10 20

Bivochar deses ( t'ha)

Figure 1.
Effect of rice husk biochar on days to flowering of maize under drought conditions. Bar indicates LSD at 5%
level of significance.
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maturity of maize plant were varied significantly at different doses of biochar under
drought conditions (Figure 2).

Under control condition (80% of FC), 60% of field capacity, and 40% of field
capacity, highest days to maturity of maize were 136, 135, and 133 days, respectively,
when biochar was applied at 20 t/ha, and lowest days to flowering of maize were 131,
130, and 128 days, respectively, when no biochar was applied. Application of biochar
increased the water-holding capacity of silty sand under maize cultivation in pots;
[26] and [27] reported that biochar helped in maintaining normal physiological func-
tions including maturity of wheat under saline conditions. [28] observed that biochar
application increased tomato growth and life cycle under saline conditions.

2.5 Effect of rice husk biochar on relative water content (RWC), water uptake
capacity (WUC), and water saturation deficit (WSD) in maize under
drought stress

Relative water content of maize plant was reduced significantly at drought stress
conditions because of low water content of soil. Application of rice husk biochar at
different doses helped to increase water-holding capacity of soil under drought
conditions and thereby increased relative water content of maize plant (Table 3).
Under control condition (80% of FC), 60% of field capacity, and 40% of field
capacity, highest RWC of maize were 83.37, 79.86, and 78.32%, respectively, when
biochar was applied at 20 t/ha, and lowest RWC of maize were 66.93, 63.75, and
62.25%, respectively, when no biochar was applied.

Water saturation deficit of maize plant was increased significantly at drought
stress conditions, and it is varied with different doses of biochar under drought
conditions (Table 3).Under control condition (80% of FC), 60% of field capacity,
and 40% of field capacity, lowest WSD of maize were 16.6, 20.1, and 21.1%,
respectively, when biochar was applied at 20 t/ha, and highest WSD of maize were
33.0, 36.2, and 37.7%, respectively, when no biochar was applied.

Water uptake capacity of maize plant was increased significantly under drought
stress because soil contained low moisture to be uptaken by plant. WUC depended

weminol = dleelFC =409 o[ FC

155

150 4

145 1

14 4

Days to Maturity

130

125

120

115

Mo binchar A I a0

Biochar dases (t/ha)

Figure 2.
Effect of rice husk biochar on days to maturity of maize under drought conditions. Bar indicates LSD at 5% level

of significance.

63



Maize - Production and Use

Biochar doses  Relative water content Water saturation deficit Water uptake capacity

(t/ha) (%) (%)

Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of

FC FC FC FC FC FC

0 66.9bc  63.7bc  622c 33.1a-c 36.2ab 37.7a 1.9ab 1.9a 2.0a
5 712bc  70.2a—c 66.4bc 28.8a—c 29.7a-c 33.5a-c 1.8a-d 1.8a—c 1.9a
10 76.8bc  75.7a-c 72.8a-c 23.la—c 24.3a-c 27.Ja—c 1l7a-d 17a-d 1.8a-d
0 83.3a 79.8ab 78.3bc 16.6c  20.1bc 2l.la-c 1.5d 1.5cd  1.6b-d
CV (%) 141 36.8 10.7

Figure having similar letter did not vary significantly.

Table 3.
Effect of rice husk biochar on RWC, WSD, and WUC of maize under drvought conditions.

on water-holding capacity of soil, and it was varied with different doses of biochar
under drought condition (Table 3). Under control condition (80% of FC), 60% of
field capacity, and 40% of field capacity, lowest WUC of maize were 1.5, 1.5, and
1.6, respectively, when biochar was applied at 20 t/ha, and highest WUC of maize
were 1.9, 1.9, and 2.0, respectively, when no biochar was applied. [29] reported
biochar increased water-holding capacity. [30] found that biochar increased RWC
and water use efficiency of drought-stressed tomato plants. [31] also reported that
biochar increased tissue water status of maize in sandy soil.

2.6 Effect of rice husk biochar on exudation rate of maize under drought stress

Exudation rate of maize plant was reduced significantly at drought conditions.
Exudation rate depends on available water in soil to be uptaken by the plant.
Exudation rate of maize varied due to different doses of biochar under drought
conditions (Figure 3). Under control condition (80% of FC), 60% of field capacity,
and 40% of field capacity, highest exudation rates of maize were 2.3, 1.5, and

w Conlrol s 60% ol FC w40 ol FC

35 - - T

W
1

P
wn
1

Fxudatinn rate ('hr)
o

[

0.5

h
=
[
=
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Figure 3.
Effect of rice husk biochar on exudation vate of maize under drought conditions. Bar indicates LSD at 5% level

of significance.
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1.5 g/hr., respectively, when biochar was applied at 20 t/ha, and lowest exudation
rates of maize were 1.1, 1.0, and 0.7 g/hr., respectively, when no biochar was
applied. Similar result was observed by [32]. [33] found biochar application
increased water retention capacity of soil. [34] reported application of biochar
increased water-holding capacity of field-grown wheat and exudation rate.

2.7 Effect of rice husk biochar on chlorophyll contents of maize under drought
stress

Chlorophyll content of maize leaf was reduced significantly at drought stress
conditions. Chlorophyll a content varied significantly with different doses of
biochar under drought conditions (Table 4).

Under control condition highest chlorophyll a (1.4 mg/g) was found when
biochar was applied at 20 t/ha, and it was lowest (1.2 mg/g) when no biochar was
applied. Under 60% of field capacity, highest chlorophyll a (1.4 mg/g) was found
when biochar was applied at 20 t/ha, and it was lowest (1.1 mg/g) when no biochar
was applied. Under 40% of field capacity, highest chlorophyll a was observed when
plant was treated with biochar at 20 t/ha (1.3 mg/g), and it was lowest (1.1 mg/g)
when no biochar was applied. Chlorophyll b increased with the application of
biochar under drought stress conditions, although it was insignificant (Table 4).
Under control condition highest chlorophyll b (1.1 mg/g) was found when biochar
was applied at 20 t/ha, and it was lowest (0.9 mg/g) when no biochar was applied.
Under 60% of field capacity, highest total chlorophyll b (1.0 mg/g) was found when
biochar was applied at 20 t/ha, and it was lowest (0.9 mg/g) when no biochar was
applied. Under 40% of field capacity, highest chlorophyll b was observed when
plant was treated with biochar at 20 t/ha (1.0 mg/g), and it was lowest (0.9 mg/g)
when no biochar was applied. Under control condition highest total chlorophyll
(2.0 mg/g) was found when biochar was applied at 20 t/ha, and it was lowest
(1.5 mg/g) when no biochar was applied. Under 60% of field capacity, highest total
chlorophyll (1.7 mg/g) was found when biochar was applied at 20 t/ha, and it was
lowest (1.4 mg/g) when no biochar was applied. Under 40% of field capacity,
highest total chlorophyll was observed when plant was treated with biochar at 20 t/
ha (1.6 mg/g), and it was lowest (1.3 mg/g) when no biochar was applied. [39]
marked reduction in chlorophylls in wheat cultivars subjected to water stress. [35]
reported that biochar increased chlorophyll content in milk thistle under drought
conditions.

Biochar doses  Chlorophyll a (mg/g fresh Chlorophyll b (mg/g fresh Total chlorophyll (mg/g

(t/ha) weight) weight) fresh weight)
Control 60% of 40% of Control 60% of 40% of Control 60% of 40%
FC FC FC FC FC of
FC
0 1.2c-e 1.1de 1.1e 0.9a 0.9a 0.9a 1.5ab l4ab  1.3b
5 1.2¢ 12de  12c-e 1.0a 0.9a 0.9a 1.5ab 1.5ab  1.4ab
10 1.2¢ 12cd  12c-e 1.0a 1.0a 0.9a 1.9ab 1.5ab  1.5ab
20 l.4a 1.4ab 1.3bc 1.1a 1.0a 1.0a 2.0a 17ab  1.6ab
CV (%) 6.1 33 23

Figure having similar letter did not vary significantly.

Table 4.
Effect of rice husk biochar on chlorophyll content in maize under drought conditions.
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2.8 Effect of rice husk biochar on SPAD value of maize at vegetative stages
under drought stress

At vegetative stage SPAD value of maize plant was reduced significantly at
drought stress conditions. SPAD value varied with different doses of biochar under
drought conditions (Table 5).

At the 6th leaf stage of maize after under control condition, highest SPAD value
(30.7) was found when biochar was applied at 20 t ha™?, and it was lowest (25.3)
when no biochar was applied. Under 60% of field capacity, highest SPAD value
(30.5) was found when biochar was applied at 20 t/ha, and it was lowest (23.7)
when no biochar was applied. Under 40% of field capacity, highest SPAD value
(29.5) was found when biochar was applied at 20 t/ha, and it was lowest (20.4)
when no biochar was applied. At the 10th leaf stage of maize after under control
condition, highest SPAD value (33.3) was found when biochar was applied at
20 t/ha, and it was lowest (29.3) when no biochar was applied. Under 60% of field
capacity, highest SPAD value (30.2) was found when biochar was applied at
20 t/ha, and it was lowest (29.3) when no biochar was applied. Under 40% of field
capacity, highest SPAD value (29.8) was found when biochar was applied at 20 t/ha
and at 5 t/ha (29.4), and it was lowest (29.0) when no biochar was applied. At the
14th leaf stage of maize after under control condition, highest SPAD value (35.3)
was found when biochar was applied at 20 t/ha, and it was lowest (29.5) when no
biochar was applied. Under 60% of field capacity, highest SPAD value (32.0) was
found when biochar was applied at 20 t/ha, and it was lowest (27.7) when no
biochar was applied. Under 40% of field capacity, highest SPAD value (31.8) was
found when biochar was applied at 20 t/ha, and it was lowest (27.2) when no
biochar was applied. It indicates that the longer the exposure to drought stress, the
higher the decreases of the SPAD value. The decrease of SPAD reading under
drought conditions is reported by [36]. [37] showed that biochar may alleviate
water stress in plants and increased SPAD value.

2.9 Effect of rice husk biochar on SPAD value of maize at reproductive stages
under drought stress

SPAD value of maize plant was reduced significantly at drought conditions, and
reduction was higher at 40% field capacity than 60% of field capacity at tasseling
stage and cob initiation stage (Table 6).

Biochar doses 6th leaf stage 10th leaf stage 14th leaf stage
(t/ha) Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of
FC FC FC FC FC FC
0 253c-e  23.7e 20.4f  30.4cd  29.3ef  29.0f  29.5de 27.7e 27.2e
5 27.5bc  252de 24.4de  30.7c  29.9de 29.4ef 33.0a-c 29.9b-e 28.9de
10 29.5ab  26.4cd  262cd  32.0b  30.0cd 29.7d-f 33.3ab 311bd 29.7c-e
20 30.7a 30.5a  29.5ab 333a  30.2cd 29.8d-f 353a  32.0a- 31.8b-
d d
CV (%) 5.0 1.6 6.6

Figure having similar letter did not vary significantly.

Table 5.
Effect of rice husk biochar on SPAD value in maize at vegetative stages under drought conditions.
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Biochar doses (t/ha) Tasseling stage Cob initiation stage

Control 60% of FC 40% of FC Control 60% of FC  40% of FC

0 30.2bc 28.0cd 27.8d 28.2b-d 27.6cd 27.1d
5 30.6b 29.4c-d 29.2b-d 29.8a—c 29.3a-d 29.2a-d
10 30.9b 29.8b-d 29.7b-d 30.7ab 29.5a-d 29.5a-d
20 33.5a 31.2b 30.7b 31.3a 31.0a 30.7ab
CV (%) 4.4 5.0

Figure having similar letter did not vary significantly.

Table 6.
Effect of rice husk biochar on SPAD value in maize at reproductive stages under drought conditions.

When biochar was applied at different doses, SPAD value was increased. At
tasseling stage of maize under control condition (80% of FC), 60% of field capacity,
and 40% of field capacity, highest SPAD values were 33.5, 31.2, and 30.7, respec-
tively, when biochar was applied at 20 t/ha, and lowest SPAD values were 30.2,
28.0, and 27.8, respectively, when no biochar was applied. At cob initiation stage of
maize under control condition (80% of FC), 60% of field capacity, and 40% of field
capacity, highest SPAD values were 31.3, 31.0, and 30.7, respectively, when biochar
was applied at 20 t/ha, and lowest SPAD values were 28.2, 27.6, and 27.1, respec-
tively, when no biochar was applied. Similar result was reported by Mannan et al.
(2016) in soybean plant under salinity stress due to poultry litter biochar. With
increasing drought stress levels, SPAD readings were decreased [38]. [39] reported
biochar increased soil moisture level and maize yield.

2.10 Effect of rice husk biochar on proline of maize under drought stress

Proline is a kind of stress protein. Proline accumulation under stress condition
occurred because the Calvin cycle of photosynthesis is affected by drought; as a
result N content could not be properly metabolized. In drought soil biochar
increases photosynthesis and proper metabolism of N content. Proline content of
maize varied significantly with different doses of biochar under drought conditions
(Figure 4).

Under control condition (80% of FC), 60% of field capacity, and 40% of field
capacity, lowest proline contents were 1.1, 1.1, and 3.2 p mole/g, respectively, when
biochar was applied at 20 t/ha, and highest proline contents were 1.8, 2.9, and 6.1 p
mole/g, respectively, when no biochar was applied. [40] reported biochar decreased
proline content in plants. [41] marked drought stress caused overproduction of
proline content. [42] also reported biochar increased photosynthesis in grape leaves.

2.11 Effect of rice husk biochar on dry weight of cob sheath, leaf, and stem of
maize under drought stress

A major effect of drought is reduction in photosynthesis, which is associated
with reduction in food production and ultimately reduced dry weight of plant parts.
Dry weight of cob sheath, leaf, and stem of maize is greatly affected by drought
conditions. Application of rice husk biochar increased dry matter of cob sheath,
leaf, and stem of maize under drought conditions. Dry weight of cob sheath, leaf,
and stem of maize varied significantly with different doses of biochar under
drought conditions (Table 7).
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Effect of vice husk biochar on proline content of maize under drought conditions. Bar indicates LSD at 5% level
of significance.

Biochar doses ~ Cob sheath (g/plant) Leaf (g/plant) Stem (g/plant)
(t/ha) Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of
FC FC FC FC FC FC
0 12.8bc  11.7bc  10.3c 37.2d-g 352fg 34.4g 24.8ab 21.4ab 19.0b
5 13.1bc  12.6bc 11.4bc 39.8a-d 36.4e-g 36.2e-g 25.4ab 22.3ab 20.6ab
10 14.5bc  14.2bc  12.9bc 40.3a—c 39.4a-d 37.7cf 26.8a 252ab 21.3ab
20 19.7a 15.5ab 14.8abc  42.0a  41.5ab 38.6b-e 27.2a 26.2a  22.7ab
CV (%) 21.9 4.6 17.3

Figure having similar letter did not vary significantly.

Table 7.
Effect of rice husk biochar on dry weight of cob sheath, leaf and stem of maize under drought conditions.

The highest dry weight of stem were 27.28 g, 26.25 g and 22.75 g in control, 60%
of field capacity and 40% of field capacity, respectively, when biochar was applied
at 20 t/ha, and lowest dry weights of cob sheath were 12.8, 11.7, and 10.3 g,
respectively, when no biochar was applied. Under control condition (80% of FC),
60% of field capacity, and 40% of field capacity, highest dry weights of leaf were
42.0, 41.5, and 38.6 g, respectively, when biochar was applied at 20 t/ha, and lowest
dry weights of leaf were.

Table 7. Effect of rice husk biochar on dry weight of cob sheath, leaf, and
stem of maize under drought conditions, 37.2, 35.2, and 34.4 g, respectively,
when no biochar was applied. Under control condition (80%of FC), 60% of field
capacity, and 40% of field capacity, highest dry weights of stem were 27.2, 26.2, and
22.7 g, respectively, when biochar was applied at 20 t/ha, and lowest dry weights of
stem were 24.8, 21.8, and 19.0 g, respectively, when no biochar was applied. [43]
found drought stress reduced dry weight of plant parts by affecting photosynthesis.
[44] reported that application of biochar increased dry weight of field-grown
wheat.
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2.12 Effect of rice husk biochar on shoot, root, and total dry weight of maize
under drought stress

In drought stress shoot dry weight of maize reduced, but root dry weight
increased, because under drought conditions for searching water, root growth
increased, thereby increasing dry weight of root. Application of rice husk biochar
reduced the effects of drought. The dry weight of root and shoot varied significantly
with the application of biochar under drought conditions (Table 8).

Under control condition (80% of FC), 60% of field capacity, and 40% of field
capacity, highest dry weights of shoot were 84.1, 83.1, and 75.9 g, respectively,
when biochar was applied at 20 t/ha, and lowest dry weights of shoot were 75.4,
68.4, and 63.8 g, respectively, when no biochar was applied. Under control condi-
tion (80% of FC), 60% of field capacity, and 40% of field capacity, lowest dry
weights of root were 12.4, 15.6, and 16.8 g, respectively, when biochar was applied
at 20 t/ha, and highest dry weights of root were 17.5, 26.8, and 27.3 g, respectively,
when no biochar was applied. Total dry weight of maize plant was reduced at
drought stress conditions, but reduction was not significant. When biochar is
applied at different doses under drought conditions, total dry weight increased
(Table 8). Under control condition (80% of FC), 60% of field capacity, and 40% of
field capacity, highest total dry weights were 98.8, 97.0, and 93.9 g, respectively,
when biochar was applied at 20 t/ha, and lowest total dry weights were 93.1, 91.1,
and 89.3 g, respectively, when no biochar was applied. [45] found that root dry
weight increased, while shoot dry weight decreased under drought conditions. [46]
marked shoot dry weight increased under drought conditions due to application of
biochar.

2.13 Effect of rice husk biochar on number of cob, length of cob, and diameter
of cob of maize under drought stress

The number of cob was one per plant, and there is no significant difference
among numbers of cob per plant under drought stress condition with different
biochar doses (Table 9).

Drought affected growth of maize. Length of cob of maize was reduced under
drought conditions. When biochar was applied at different doses, the cob length
was increased under drought conditions (Table 9). Under control condition highest
cob length (17.6 cm) was found when biochar was applied at 20 t/ha, and it was
lowest (15.9 cm) when no biochar was applied. Under 60% of field capacity, highest

Biochar doses Shoot dry weight Root dry weight (g/plant) Total dry weight

(t/ha) (g/plant) (g/plant)
Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of
FC FC FC FC FC FC

0 75.4a-d 68.4cd 63.8d 17.5a-c 26.8a 27.3a 93.1a 91.1a 89.3a
5 77.8a—c 71.5b-d 68.2cd 16.7a-c 17.7a-c 24.4ab  95.2a 94.6a  92.6a
10 81.2ab 79.3a—c 729a-d 15.7bc 16.3a—c 21.7a-c  95.6a 95.5a  92.8a
20 841a 831ab 759a-c 12.4c  15.6bc 16.8a-c 98.8a 97.0a  93.9a
CV (%) 9.3 34.4 8.7

Figure having similar letter did not vary significantly.

Table 8.
Effect of rice husk biochar on shoot, root, and total dry weight of maize under drought conditions.
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Biochar doses Number of cob Length of cob (cm) Diameter of cob (cm)

(t/ha) Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of
FC FC FC FC FC FC

0 1.0a 1.0a 1.0a  159a—c 132bc 121c  3.5a—c 3.2¢ 3.1c

5 1.0a 1.0a 1.0a 16.5ab 14.7a-c 14.6a-c 3.6a-c  3.3bc 3.2¢

10 1.0a 1.0a 1.0a 172ab  15.1a-c 15.0a-c 3.8ab  3.5a-c 3.3a-c

20 1.0a 1.0a 1.0a 17.6a  15.3aa- 153a-c  3.9a 3.6a—c 3.5a-c

c
CV (%) 0.0 15.7 215

Figure having similar letter did not vary significantly.

Table 9.
Effect of rice husk biochar on number of cob, length of cob, and diameter of cob of maize under drought
conditions.

cob length (15.3 cm) was found when biochar was applied at 20 t/ha, and it was
lowest (13.2 cm) when no biochar was applied. Under 40% of field capacity, highest
total cob length (15.3 cm) was found when biochar was applied at 20 t/ha, and it
was lowest (12.1 cm) when no biochar was applied. Cob diameter of maize was
reduced under drought stress conditions, and reduction was higher at 40% of field
capacity than at 60% of field capacity. Biochar application increased cob diameter
under drought conditions (Table 9). Under control condition highest cob diameter
(17.6 cm) was found when biochar was applied at 20 t/ha, and it was lowest

(15.9 cm) when no biochar was applied. Under 60% of field capacity, highest cob
diameter (15.3 cm) was found when biochar was applied at 20 t/ha, and it was
lowest (13.2 cm) when no biochar was applied. Under 40% of field capacity, highest
total cob diameter (15.3 cm) was found when biochar was applied at 20 t/ha, and it
was lowest (12.1 cm) when no biochar was applied. [47] reported biochar increased
yield of lettuce. Reductions in plant yield have been reported in snap bean by [48].
[49] observed biochar application increased maize yield in semiarid conditions.

2.14 Effect of rice husk biochar on number of seed/cob, 100 grain weight (g),
and grain yield (g) of maize under drought stress conditions

Drought stress affected anthesis, grain filling of maize associated with reduction
of number seed/cob, 100 grain weight, and ultimately grain yield. Decrease of
photosynthesis under drought conditions also affected grain yield. Application of
biochar increased photosynthesis efficiency, anthesis, and grain filling, thereby
increasing yield of maize. The number of seed per cob, 100 grain weight, and grain
yield varied significantly with biochar doses under drought conditions (Table 10).

Under control condition (80%of FC), 60% of field capacity, and 40% of field
capacity, highest numbers of seed per cob were 353.0, 335.0, and 334.6, respec-
tively, when biochar was applied at 20 t/ha, and lowest seeds per cob were 163.0,
147.3, and 139.0, respectively, when no biochar was applied. Under control condi-
tion highest 100 grain weight (27.7 g) was found when biochar was applied at
20 t/ha, and it was lowest (21.8 g) when no biochar was applied. Under 60% of field
capacity, highest 100 grain weight (26.5 g) was found when biochar was applied at
20 t/ha, and it was lowest (20.7 g) when no biochar was applied. Under 40% of field
capacity, highest 100 grain weight (25.0 g) was found when biochar was applied at
20 t/ha, and it was lowest (20.0 g) when no biochar was applied. Under control
condition (80% of FC), 60% of field capacity, and 40% of field capacity, highest
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Biochar Number of seed /cob 100 grain weight (g) Grain yield (g/plant)
((13:::) Control 60% of 40% of Control 60% of 40% Control 60% of 40% of
FC FC FC of FC FC FC
0 163.0bcd 147.3cd  139.0d 21.8a-c 20.7bc  20.0c  40.7cd 359cd  27.8d
5 273.0a-d 244.0a-d 164.3b-d 23.4a-c 21.7a—c 2l.4a—c 58.6a-d 57.5a-d 34.9cd
10 300.0ab 297.0a-c 288.3a-d 26.8ab 23.0a-c 21.5a-c 79.5ab 68.9a—c 61.0a-d
20 353.0a 335.0a 334.6a 2772 26.5a-c 25.0a—c 96.7a 89.7ab 84.5ab
CV (%) 35.5 16.70 37.40

Figure having similar letter did not vary significantly.

Table 10.
Effect of rice husk biochar on the number of seed/cob, 100 grain wt. (g), and grain yield (g) of maize under
drought conditions.

grain yields were 96.7, 89.7, and 84.5 g/plant, respectively, when biochar was
applied at 20 t/ha, and lowest grain yields were 40.7, 35.9, and 27.8 g/plant, respec-
tively, when no biochar was applied. Similar result was reported by [50]. [51]
observed water stress reduced yield of triticale. [52] reported biochar increased pod
yield of soybean under saline conditions.

2.15 Effect of rice husk biochar on N, P, and K in soil under drought stress

Under drought conditions biological activities as well as nutrients in soil are
greatly affected. As a result macronutrients such as N, P, and K are reduced.
Application of rice husk biochar showed positive effects on total nitrogen content
and P and K under stress and nonstressed conditions (Table 11).

The initial total N was 0.17%, and after crop harvest under control condition, the
highest total N (0.14%) was found when biochar was applied at 20 t/ha; it was
lowest (0.10%) when no biochar was applied. Under 60% of field capacity, highest
total N (0.13%) was found when biochar was applied at 20 t/ha, and it was lowest
(0.10%) when no biochar was applied. Under 40% of field capacity, highest total N
(0.11%) was found when biochar was applied at 20 t/ha, and it was lowest (0.09%)
when no biochar was applied. The initial P was 7.24 ppm, and after harvest under
control condition (80% of FC), 60% of field capacity, and 40% of field capacity,

Before Total N (%) P (ppm) K (meq/100 g soil)

sowing

0.172 7.24 0.169

After harvest

Biochar doses Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of

(t/ha) FC FC FC FC FC FC
0 0.10a 0.10a  0.09a 7.49bc 7.48bc 7.44c 0.17a 0.17a 0.17a
5 0.11a 0.1l1a  0.10a 7.96bc 7.74bc 7.61bc  0.17a 0.17a 0.17a
10 0.12a 0.11a 0.11a 9.13a 7.98bc  7.64bc 0.18a 0.17a 0.17a
20 0.14a 0.13a 0.11a 9.18a 8.00b  7.96bc 0.18a 0.18a 0.17a
CV (%) 7.0 4.0 15

Figure having similar letter did not vary significantly.

Table 11.
Effect of rice husk biochar on N, P, and K in soil under drought conditions.
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highest P were 9.18, 8.00, and 7.96 ppm, respectively, when biochar was applied at
20 t/ha, and lowest P were 7.49, 7.48, and 7.44 ppm, respectively, when no biochar
was applied. The initial K was 0.16 meq/100 g soil, and after crop harvest under
control condition (80% of FC), 60% of field capacity, and 40% of field capacity,
highest K were 0.18 meq/100 g soil, 0.18 meq/100 g soil, and 0.17 meq/100 g soil,
respectively, when biochar was applied at 20 t/ha, and lowest K were 0.17 meq/
100 g soil, 0.17 meq/100 g soil, and 0.17 meq/100 g soil, respectively, when no
biochar was applied. [53] reported biochar increased plant available nutrient in soil.
[54] reported drought reduced N, P, and K levels in soil. [55] observed that the
addition of biochar to soils increased soil phosphorus (P), soil potassium (K), and
total soil nitrogen (N).

2.16 Effect of rice husk biochar on Zn, pH, and organic carbon (OC) in soil
under drought stress

Drought stress adversely affected soil chemical properties such as Zn, pH, and
OC. Application of rice husk biochar increased Zn, pH, and OC in soil. Zn and soil
pH varied significantly with different doses of rice husk biochar under drought
conditions, but OC varied insignificantly (Table 12).The initial Zn content was
17.4 meq/100 g soil, and after crop harvest under control condition (80% of FC),
60% of field capacity, and 40% of field capacity, highest Zn were 17.4 meq/100 g
soil, 15.3 meq/100 g soil, and 14.9 meq/100 g soil, respectively, when biochar was
applied at 20 t/ha, and lowest Zn were 13.9 meq/100 g soil, 13.2 meq/100 g soil, and
12.6 meq/100 g soil, respectively, when no biochar was applied. The initial pH was
6.1, and after crop harvest under control condition (80% of FC), 60% of field
capacity, and 40% of field capacity, highest pH were 7.0, 6.9, and 6.7, respectively,
when biochar was applied at 20 t/ha, and lowest pH were 6.7, 6.7, and 6.6, respec-
tively, when no biochar was applied. The initial OC was 1.4%, and after crop
harvest under control condition (80% of FC), 60% of field capacity, and 40% field
capacity, highest OC were 0.7, 0.7, and 0.6%, respectively, when biochar was
applied at 20 t/ha, and lowest OC were 0.54, 0.53, and 0.52%, respectively, when no
biochar was applied. Similar result was reported by [56]. [57] marked biochar
improved soil chemical properties of saline soil and biochar increased organic car-
bon. [58] found that biochar increased soil pH, thus reducing lime requirements.

Before Zn (meq/100 g soil) pH OC (%)
sowing
17.49 6.18 1.45
After harvest

Biochar doses Control 60% of 40% of Control 60% of 40% of Control 60% of 40% of

(t/ha) FC FC FC FC FC FC
0 13.9b-e 13.2de  12.6e 6.7ab 6.7b 6.6b 0.5a 0.5a 0.5a
5 14.3b-e 14.0b-e 13.2de  6.7ab 6.7ab  6.7ab 0.5a 0.5a 0.5a
10 15.7ab  14.8b-d 13.9c-e  6.9a 6.7ab  6.7ab 0.6a 0.6a 0.59a
20 17.4a 15.3bc 14.9b-d  7.0a 6.9a 6.7ab 0.7a 0.7a 0.6a
CV (%) 7.4 2.9 6.8

Figure having similar letter did not vary significantly.

Table 12.
Effect of rice husk biochar on Zn, pH, and organic carbon in soil under drought conditions.
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3. Conclusions

Application of rice husk biochar increased plant height, days to maturity, total
dry weight, chlorophyll content, plant water relations, SPAD value, exudation rate
and reduced proline content, and days to flowering of maize under drought condi-
tions. In maize plant drought stress tolerance ameliorate rice husk biochar and
increased cob diameter, cob length, 100 grain weight of cob, seed /cob and finally
maize yield at drought conditions.
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Abstract

An array of production technologies, from land preparation to harvesting,
has been recommended for maize crop. Being non-tillering crop, optimum plant
population can be achieved if suitable crop establishment techniques like method
of sowing, sowing time, seed rate, seed treatment, crop geometry etc., are fol-
lowed. Weeds can be managed well either by two hoeings 15-30 days after sowing
or herbicides like atrataf 50 WP (atrazine) at 2 kg/ha on medium to heavy textured
soils and 1.25 kg/ha in light soils within 10 days of sowing, using 500 litres as
pre-emergence or spray 262.5 ml/acre laudis 420 SC (tembotrione) in 375 litres of
water at 20 days after sowing. Integrated nutrient management strategy renders use
of farm yard manure at 10-15 t/ha, Paddy straw compost at 450 kg/ha or synthetic
fertilizers at 120 kg N, 60 kg P,05 and 40 kg K,O per hectare for hybrids and 80 kg
N, 30 kg P,05 and 20 kg K,O per hectare for composites. Integrated pest manage-
ment approach emphasizes on use of physical, chemical or biological measures
for the control of insect-pests. Maize borer can be controlled by spraying coragen
18.5 SC at 75 ml using 150 litres water/ha. Drying of maize produce can be done sun
drying, smoking or air drying for fetching better market price.

Keywords: maize, production technologies, crop establishment,
integrated nutrient management, integrated pest management, maize drying

1. Introduction

Maize is known as the Queen of Cereals’ due to its’ demand and wider adapt-
ability. It is the second most important cereal crop in the world in terms of acreage
and production. Global production of Maize was about 1040 million MT in the year
2016-2017, where in USA and China contributed about 38 and 23%, respectively. In
India, maize is the 3rd most important food crop after rice and wheat, where about
15 million farmers are engaged in maize cultivation [1]. In India, Andhra Pradesh
ranks first in maize production followed by Karnataka with per cent share of 20.9
and 16.5, respectively [2]. It has a share of 9% in about Rs. 100 billion agriculture
sector gross domestic product [3]. Maize can be cultivated successfully in loamy
sand to heavy clay, well aerated, neutral pH soils. As of tropical origin, it is highly
sensitive to water stagnation, so avoid the cultivation in low-lying or poor drain-
age fields. Furthermore, extended low temperature less 5°C severally affects the
crop. Optimum range of temperature for better crop growth and yield realization
is 25-35°C [4]. Being day neutral, maize crop can be cultivated throughout the
year which leads to high yield levels in a short period of time. In this chapter, we
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are going to discuss an array of different production technologies to be followed by
farmers for successful cultivation and better realization of yields. A brief outline of
the chapter is given below.

2. Origin and distribution

Central America and Mexico is the primary centre of origin of maize which
consists of a diversity of maize crop. Various studies reveal that maize crop was a sig-
nificant crop in Mexico about 5000 years ago. USA has the largest area under maize
crop followed by Brazil, China, Mexico and India. USA also stands first in terms of
production followed by China. In India, Uttar Pradesh, Bihar, Rajasthan, Madhya
Pradesh and Punjab are the major maize growing states. Highest acreage and produc-
tion is in Uttar Pradesh while average yield/ha is recorded in Andhra Pradesh [2, 5].

3. Climatic requirements

Maize crop can grow under diverse conditions from sea level to about 3000 m
altitude throughout the year in many parts of the country. In Northern India,
kharif (monsoon) season is main growing period while in Southern India it can be
grown from April to October as warm weather conditions prevail for longer period.
Maize crop requires 21 and 32°C temperature for proper germination and growth
with considerable moisture availability. For instance, 50-75 cm of well distributed
rain is conducive for proper growth. During flowering, high temperature and low
humidity damages the foliage, desiccates the pollens interferes with pollination and
decreased grain formation. Maize is highly sensitive to water stagnation especially
during early period of growth [2, 5].

4. Improved production technologies
4.1 Crop establishment
4.1.1 Selection of cultivar

Type of cultivar/hybrid to be grown depends on the crop season namely, spring,
Kharif or Rabi. Cultivars can be proffered based on length of growing season, avail-
ability of optimum moisture regime. Depending upon above factors, cultivars can
be selected as follows (Table 1) [6]:

4.1.2 Sowing time

Due to occurrence of diverse climatic conditions in country, planting time varies
from place to place. Optimum planting time in different agro-climatic regions is
described in Table 2 [2]. The optimum time to sow the crop depends on availability
of irrigation facilities. For example, if irrigation facilities are available, maize crop
can be sown about 2 weeks before onset of monsoon while under rainfed condi-
tions, crop is sown with the onset of monsoon to have optimum moisture regime
so that proper plant stand can be maintained in field. In Punjab, Maize crop can be
sown during all seasons at following sowing times (Table 3) [7, 8]:
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Length of cropping season (days) Type of cultivar

More than 100 Late maturing

90 to 100 Medium maturing

801090 Early maturing
Table 1.

Choice of cultivar as per length of growing season.

Agro-climatic region Optimum planting time
Indo-gangatic plains 15 June-15 July
North-western hills April-early May
North-eastern hills First fortnight of March
Peninsular region May-June

Table 2.

Optimum planting of maize in different agro-climatic regions.

Season Planting time
Kharif Last week of May to last week of June
Spring 20th of Jan to 15th of Feb

Table 3.

Season wise planting time maige.

Hybrids 20-25kg/ha
Composites 18-20 kg/ha
Table 4.

Seed rate of maize hybrids and composites.

4.1.3 Seed rate

Being a non-tillering crop it cannot compensate for the lost space if proper
plant stand is not maintained under field conditions. So maintenance of
60-65,000 plants/ha is pre-requisite for realizing maximum yield. Sowing of the
crop should be done 60 x 20-25 cm crop geometry. For hybrids and composites,
seed rate can be used with respect to seed weight and requirement of plant popula-
tion as given in Table 4 [2, 8].

4.1.4 Seed treatment

Seed treatment plays a pivotal role in prevention of diseases and availability of
nutrients to growing crop. For instance, seed treatment of maize with Bavistin or
Derosal or Agrozim 50 WP (Carbendazim) @ 3 g/kg seed prevents the attack of
seed and soil borne diseases in maize crop. Furthermore, treatment of seed with
consortium (biofertilizer) @ 1.25 kg/ha helps in yield enhancement and improve-
ment of soil health [2, 7, 8].
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Purpose Crop geometry
Grain crop 60 cm x 20 cm; 75 cm x 20 cm
Baby corn 30 cm x 20 cm; 60 cm x 15 cm
Fodder 30cm x 10 cm

Table 5.

Crop geometry of maize to be followed as per requirement.

4.1.5 Crop geometry

Crop geometry has direct effect on inter and intra-plant competition in field
crops. Maize crop can be planted in varied crop geometries (Table 5) depend-
ing upon the purpose of cultivation [2, 8]. Interculture operations like thinning,
gap filling and earthing-up play critical role in performance of maize crop.
Thinning needs to be performed about 10 days after germination to keep 1 plant/
hill. Further, 2 earthing-ups are required in maize crop. First at 35-40 and 2nd at
60-65 days after germination [9].

4.1.6 Method of planting

Although crop establishment is a series of events that depends on interactions
of seed, soil moisture, method of sowing, machinery etc. but method of planting
plays an important role in establishment of crop under given set of conditions.
Maize is mainly sown directly through seed by using different methods of tillage &
establishment. Recently, resource conservation technologies (RCTs) namely, zero
tillage, minimum tillage, surface seeding etc. had came in practice in various maize
based cropping system and are cost effective and environment friendly. Following
are major planting methods that vary from situation to situation.

4.1.7 Zero tillage

Maize crop can be cultivated without any primary tillage under no-till (Figure 1)
with decreased cost of cultivation and better resource use efficiency. In this situa-
tion, maintenance of proper soil moisture at sowing and band placement of seed
and fertilizers with zero-till seed-cum-fertilizer planter with furrow opener as per
the soil texture and field conditions is pre-requisite. The technology is followed by
large number of farmers especially under rice-maize and maize-wheat systems in
peninssular and eastern India. If the field is infested with weeds, farmers can go for
foliar spray of gramoxone 24 SL (paraquat) @ 1250 ml/ha about 24 hours before
planting of maize crop [2, 7, 8].

4.1.8 Ridge/vaised bed planting

This planting method (Figure 2) is considered best for cultivation during
monsoon and winter seasons both under excess and limited water availability
conditions. On non-uniform lands, this method is most suitable for successful
cultivation of maize crop. Planting of crop needs to be done on the southern side of
the east-west ridges/beds for better exposure to sunlight during winters and better
crop stand. Raised bed planter having inclined plate, cupping or roller type seed
dropping system should be used for planting that facilitates proper placement of
seed and fertilizers in single operation for having good crop stand, higher pro-
ductivity and resource use efficiency. Irrigation water can be saved to the tune of
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Figure 1.
Maize crop sown under zero tillage system.

Figure 2.
Planting of maize crop on the ridges.

Figure 3.
Flat sowing of maize crop.

20-30%. Under temporary excess soil moisture/water logging due to heavy rains,
the furrows will act as drainage channels and crop can be saved from excess soil
moisture stress [2, 5, 7, 8].

4.1.9 Flat sowing

Maize crop can be cultivated by conventional tillage flat planting (Figure 3)
depending upon soil type and availability of irrigation facilities. Light soils have high
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Figure 4.
Maize crop establishment through transplanting system.

infiltration rate and low water holding capacity, so farmers can go for flat planting
of maize crop. Under rainfed conditions, to have better moisture availability to crop
for longer period, flat planting becomes better alternate. Flat planting is also benefi-
cial when no tillage system gets infested with high weed population and chemical/
manual weed control becomes non-economical [7, 8].

4.1.10 Transplanting

It is better establishment technique winter maize (Figure 4) in the intensive
cropping system where field cannot be vacated on time, to prevent the delayed
planting and crop loss due to low temperature. Under this situation, nursery of
the crop is raised on a smaller portion of land and seedlings are transplanted in
required field as and when they achieve certain age. For example, if the fields are
to be vacated during December—January, it is advisable to go for nursery sowing
30-40 days before the transplanting. Seedlings can be transplanted in the furrows
followed by light irrigation [2, 5].

4.1.11 Furvow planting

Furrow planting (Figure 5) of maize is recommended when crop is to be cul-
tivated during spring season as high evaporative losses may lead to water deficit
stress in flat and raised bed or ridge sowing [2, 5, 7, 8].

4.2 Water management

Water requirement of the maize crop varies from 400 to 600 mm [10]. Excess or
shortage of moisture can have harmful impact on the crop growth. Proper drainage
of standing water and meeting the crop needs at critical stages play a pivotal role in
better crop performance. Especially for winter maize, it is advisable to keep soil wet
(frequent & mild irrigation) during 15 December to 15 February to protect the crop
from frost injury [3].

4.2.1 Flood irrigation

Flood method of irrigation is followed where maize crop is cultivated with flat
sowing. Crop is irrigated as and when required. Generally, young seedlings, knee
high stage (V8), flowering (VT) and grain 7.

86



Improved Technologies for Higher Maize Production
DOI: http://dx.doi.org/10.5772/intechopen.88997

Figures.
Crop establishment by furrow planting.

filling (GF) are critical stages and hence irrigation should be ensured at these
stages [2, 7, 8].

4.2.2 Furvow irrigation

When crop is cultivated as ridge/raised bed planting, furrow irrigation is fol-
lowed. Care needs to be taken at first irrigation that water should not overflow on
the ridges/beds. As a thumb rule, the irrigation should be applied in furrows up to
2/3rd height of the ridges/beds. In raised bed and in limited irrigation water, the
irrigation water can also be applied in alternate furrows to save irrigation water. In
rainfed conditions, tied-ridges prove helpful in conserving the rainwater, increasing
its availability in the root zone for longer period [2, 7, 8, 11].

4.2.3 Above ground drip irrigation

High temperature and high evaporative demand during summer season
enhances the water requirement of maize crop as a result of which farmers go for
a number of irrigation. To increase the water use efficiency of crop, above ground
drip irrigation is recommended by Punjab Agricultural University. In this, broad
beds are prepared at 1.20 m apart from centre to centre of furrow. These beds are
80 cm wide on the top and 40 cm wide furrows between beds. The beds are covered
with UV stabilized plastic film (Black) of 25 micron thickness (23 grams per m?).
Two rows of maize are planted at a spacing of 60 cm keeping plant to plant distance
of 20 cm. One lateral pipe is used to irrigate two rows of maize. The drippers are
spaced 30 cm apart and are operated at a discharge of 2.2 L per hour as given in
Table 6 [7, 8, 12]. Prevailing climatic regimes of an area affect the efficiency of drip
irrigation system [12].

* If discharge rate is different, time of irrigation may be adjusted proportionally
by the formula:

2.2 x Time of irrigation (min.)

@

Time of irrigation =
& Discharge of dripper (1/hr)

4.2.4 Sub-surface drip irrigation

In field experiments, sub surface drip irrigation and fertigation resulted in
18.4% higher system productivity with saving of 28.5% applied irrigation water.
Sub-surface irrigation technology can be followed in maize-wheat-summer moong

87



Maize - Production and Use

Month Timing of irrigation (min)
February 22
March 64
April 120
May 130
Table 6.

Month-wise timing of above ground drip irrigation in spring maige.

Crop Month Timing of irrigation (min)
Maize July 35
August 35
September 50
October 30
Wheat December 30
January 65
February 70
March 50
Summer Moong May 60
June 45
Table 7.

Month-wise timing of sub-surface drip irvigation in maize-wheat-summer moong cropping system.

cropping system. For this system, Place drip inline having dripper having 20 cm
spacing at 20 cm depth with lateral to lateral spacing of 67.5 cm for sub surface drip
irrigation in maize-wheat-summer moong cropping system. Sow one row of maize,
two rows of wheat and two rows of summer moong on each drip inline during
respective season. If discharge of the dripper is 2.2 L/hour, the schedule given in
Table 7 can be followed for sub-surface drip irrigation in above mentioned crop-
ping system [7, 8, 10].

If discharge rate is different, then time of irrigation may be adjusted proportion-
ally by the formula:

= (2.2 x time of irrigation (minutes) %) + dripper discharge (litre/h) 2)
4.2.5 Partial root drying irrigation

This technique (Figure 6) involves alternate wetting and drying of two halves
of root zone of crop plants during consecutive irrigations. The PRD technique
was developed on the basis of knowledge of root-to-shoot chemical signaling (can
be negative or positive) about soil conditions that regulates the shoot physiology.
Alternating is essential for maintaining a constant emission of signals from the
root-to-shoot, because prolonged exposure of root to drying soil may cause ana-
tomical changes which reduce the ability of root to sense soil drying and not able
to sustain the production of ABA for long time period [10]. Different methods to
apply the PRD technique can be separation of root system into two parts with sheet
particularly in pots, controlled alternate surface drip irrigation on half part of the
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Figure 6.
Field view of partial root drying irrigation technique in maige.

root zone, controlled alternate subsurface drip irrigation on half part of the root
zone or controlled alternate furrow irrigation [10].

4.3 Weed management

Maize crop is infested with grassy and broad leaf annual weeds. Among grassy,
Dactyloctenium aegypticum, Eleucine indica, Setaria glauca, Cyanodon dactylon,
Cyperus rotundus, Sorghum helepanse, Bracharia rapens are common. The broad
leaf weeds are Celosia argentia, Commelina bengalensis, Phylanthis niruri, Solanum
nigrum, Amaranthus viridis, Trianthema partulacastrum. Effective weed manage-
ment strategies have key role in successful maize cultivation. Adoption of weed
control practices during the first 6-8 weeks after planting is crucial because maize
crop kept weed free for 30-45 days after planting is almost similar in yield as that
kept weed free for entire crop period. The annual yield loss in maize because of
weed problems is estimated to be approximately 10%. A number of weed manage-
ment approached can be followed for weed management in maize crop that can be
as follows [2, 7, 8]:

4.3.1 Non-chemical control: manual weeding, mulching

Non-chemical weed control measures can physical or cultural that means
manual removal of weeds from the maize fields. In cultural method, Give two
hoeings 15-30 days after sowing with khurpa/kasaula/wheel-hoe/triphali/tractor-
drawn cultivator. Mulching is practice of keeping crop residues or plastic sheets on
the soil surface within the crop rows. Mulching helps in temperature regulation,
water conservation as well weed control in field crops [7, 8].

4.3.2 Chemical control

Sometimes due to continuous rains during the early stages of maize growth
it becomes impossible to enter in the field. Also due to scarce availability of farm
labour, the only effective way to control weeds is the use of herbicides. Spray of
atrataf 50 WP (atrazine) @ 2 kg/ha on medium to heavy textured soils and 1.25 kg/
ha in light soils within 10 days of sowing, using 500 L of water prove propitious
in keeping weed population low in maize fields. Spray the herbicide uniformly
at recommended rates to minimize residual toxicity to crops sown after maize.
Alternatively, spray 262.5 ml/ha laudis 420 SC (tembotrione) in 375 L of water at
20 days after sowing provides effective control of mixed weed flora. For the control
of Cyperus rotundus (dila/motha), apply 500 ml/ha 2,4-D amine salt 58 SL as post
emergence 20-25 days after sowing in 375 L of water [2, 7, 8].
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4.4 Nutrient management
4.4.1 Integrated nutrient management

Among the cereal crops, maize in general and specifically hybrids are very respon-
sive to nutrients applied through organic or inorganic means. The rate of application
depends on soil nutrient status and cropping system. For realizing required yield,
the dose of applied nutrients should be as par the soil supplying capacity and crop
demand. As the response of maize crop to organic manures is remarkable so inte-
grated nutrient management (INM) is very important option in maize based systems.

* Apply 10-15 t/ha of good quality farmyard manure per hectare to the maize
crop year after year [7, 8].

* Green manure the field, to be put under maize with Dhaincha/Sunhemp/
Cowpea. Cowpea/Dhaincha/Sunhemp should be sown during second fortnight
of April using 12/20/20 kg seed per acre, respectively. The 50 days old green
manure crop should be burried and allowed to decompose for about 10 days
before sowing of maize. In case, summer moong crop is grown the straw
should be burried before sowing of maize [7, 8].

* Inoculate the maize seed with recommended bio-fertilizer as described earlier.
For this, mix half kg packet of recommended consortium bio-fertilizer with 1 L
of water and then thoroughly mix it with maize seed on clean pucca floor. Let it
dry in shade and sow the seed immediately. Inoculation with bio-fertilizer should
be done after treating the seed with fungicide. The seed inoculation with consor-
tium biofertilizer increase grain yield as well as improves soil health [7, 8, 11].

* Paddy straw compost @ 450 kg/ha along with recommended dose of fertilizers
can be an alternate to farm yard manure [7, 8].

* Asa general recommendation, one could apply 120 kg N, 60 kg P,0s and 40 kg
K0 per hectare for hybrids and 80 kg N, 30 kg P,Os and 20 kg K,O per hectare
for composites. Drill one third of nitrogen and the entire quantity of phospho-
rous and potassium at the time of sowing. Top dress one third of nitrogen at the
knee-high stage and the remaining one third at the pre tasseling stage. It may
be noted that application of nitrogen fertilizer more than recommended dose is
no substitute for FYM [7, 8].

* Decreased Zn availability visuals emerge on middle leaves (2nd or 3rd from
tip) of plants which include white or light yellow band and reddish veins on
both sides of the midrib [7, 8]. Remedial measures are described in Table 8:

4.4.2 Fertigation

It refers to simultaneous application of irrigation water and fertilizers by drip
irrigation. By this method, FUE can go up to 80%. In drip irrigation model for spring
maize, certain recommendations are made in respect to fertilizer application along
with drip irrigation. For the medium fertility soils application of 200 kg of urea, 80 kg
of mono ammonium phosphate (MAP) and 40 kg of muriate of potash (white)/ha is
recommended. Start fertigation 12 days after sowing of maize and apply 25% of the
fertilizers in four equal splits during first month on weekly basis. Rest of the fertilizer
should be applied in equal splits on weekly basis upto first week of May. Furthermore,
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Method of ZnS0, (33%) ZnS0, (21%)

application

Broadcasting 16.25 kilogram/ha 25 kilogram/ha

Foliar application 1.88 + 0.94 kilogram unslaked lime 3 + 1.5 kilogram unslaked lime
Table 8.

Remedial measures for Zn deficiency in maize.

in sub-surface drip irrigation, fertilizer can be applied to maize crop when grown

in maize-wheat-summer moong cropping system. For instance, Apply sub surface
drip irrigation at 3 days interval for maize and summer moong with fertigation of
80% recommended dose of NPK. In maize, apply 1/5 dose of NPK at sowing and
fertigate remaining P and K in 5 splits and N in 7 splits at 9 days interval starting from
15 DAS. Apply sub surface drip irrigation at 7 days interval up to mid-February and
thereafter at 5 days interval to wheat with fertigation of 80% recommended dose of
NPK. In wheat, apply 1/5th dose of NPK at sowing and fertigated the remaining NPK
in 8 splits at 7 days interval starting from crown root initiation. In summer moong,
fertigated NPK dose in 5 equal splits at 6 days interval starting from 10 DAS. Use
urea, mono ammonium 119 phosphate and muriate of potash as source of N, Pand K,
respectively [7, 8].

4.5 Insect and pest management
4.5.1 Integrated pest management (IPM)

IPM (Figure 7) is highly efficient and eco-friendly strategy which includes inte-
grated use of all possible alternates that can be biological, physical, cultural or chemi-
cal for controlling pests. Growers who are aware of the potential for pest infestation
follow a four-tiered approach. The four steps include: set action thresholds, monitor
and identify pests, prevention and control [11, 13].

‘" REGULATORY
MECHANISM |
: Bt
‘r'_ OTHER | ]« | RESISTANT |
MEASURES | GENOTYPES |
—_— IPM | cuturaL e
‘ CHEMICAL Y 7 | MECHANICAL
| PESTICIDES | |__PRACTICES
" o \\_PREUATGRSE
BIOPESTICIDES |- "1\: PARASITOIDS
MEM \ . =
\-.H_xx__ ‘;’,/
PEST SURVEILLANCE & | =
MONITORING
Figure 7.
Components of IPM.
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* Cultural control: Deep summer plowing helps in destroying resting stage of
pests. Inter-cropping with legume reduces borer incidence. Use of well decom-
posed farm yard manure termite attack. Balanced use of fertilizers.

* Genetic management: Use of good quality planting material from reliable
source.

* Mechanical control: Cutting and destroying infected plants which ceases
further spread. Use of pheromone traps. Set up of light traps.

* Chemical control: use of synthetic chemicals for the control of insect-pest and
diseases [13].

4.5.2 Biological pest management

This approach encompasses use of living entities for the control of insect-pests
and diseases. Living entities can be predators, herbivores or parasites along with
intensive human interference. For controlling maize borer and other insects, apply
bio-insecticides like Neemazal (1%) @ 300 ml/ha. The maize borer can also be
managed by using tricho-cards twice having 40,000 eggs of Corcyra parasitized
by Trichogramma chilonis. Make first release on 10 days old crop and second 1 week
after first release. Cut tricho-cards into 40 equal strips and staple them uniformly
on the underside of the central whorl leaves in evening hours. The tricho-cards
should not be applied on rainy days [8, 11].

4.5.2.1 Major insect-pests and diseases

Maize stem borer: This insect (Figure 8) attacks the maize crop mainly culti-
vated during monsoon season. After hatching, larvae enter the stem by scraping
followed by boring through whorl. Following strategies can be followed for preven-
tion and protection of crop:

* Summer plowing of field.

* Destruction of perennating stages in stubbles, cobs, stalks.

* Cut and bury the severely infested plant parts.

* Spray the crop 2-3 weeks after sowing as soon as borer injury to the leaves is
noticed with Coragen 18.5 SC (chlorantraniliprole) @ 75 ml using 150 L water/
ha with knap-sack sprayer [7, 8, 11].

Shoot fly: Although it is major pest in Southern India but it may infest the maize
crop sown in spring season in Northern India. Mainly it attacks the seedling stage of
crop (Figure 9) where maggots move down to the basal portion through leaf sheath
followed by cutting of growing point resulting in dead hearts. Control measures can
be as follow:

* Spring crop should be sown between January 20 and February 15.

* Seed should be treated with gaucho (imidacloprid) 600 FS @ 6 ml/kg seed [7].
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Figure 8.
Damage of maize crop by maize stem bover.

Figure 9.
Attack of shoot fly in maize crop.

Hairy caterpillar: This pest becomes a serious concern when attacks in epidemic
form. They damage the crop by feeding on leaves and soft stem, from gregarious
(during younger stage) to distant migration (grown up stage). Prevention and
protection strateges can be as follow:

¢ Collection and destruction of young larvae by cutting and burying the
attacked plant parts.

* Physical destruction of large caterpillars [2, 3].
Mite: The attack of mite is serious in June on the young crop or in September—

October when the crop is nearing maturity. The affected leaves turn pale and can be
recognized from the presence of dusty webs [7, 8].
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4.5.2.2 Recently reported pest infestations

In recent years, non-associated pests (Figures 10 and 11) have been reported in
different parts of India with the details as below (Table 9) [3]:

4.5.2.3 Diseases

Seed rot and seedling blight: Poor germination, unthrifty seedlings and seed-
ling mortality are the symptoms. Use disease free seed [7, 8].

Figure 10.
Attack of army worm in maize crop.

Figure 11.
Attack of pollen eating beetle on maize tassels.
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Pest name Plant part infested Region

Helicoverpa armigera Cob Southern India

Chiloloba acuta Pollen Northern India
Tableg.

Recently reported pest infestations in maize.

Figure 12.
Maize crop infested with banded leaf and sheath blight.

Figure 13.
Maydis leaf blight attack in maize crop.

Banded leaf and sheath blight: Water soaked, straw colored necrotic lesions
alternating with dark brown bands develop on basal leaf sheaths (Figure 12).
Lesions enlarge and coalesce with each other. Later, sclerotia develop on diseased
sheaths, husk and cobs. In severe cases, developing ears are completely damaged
and dry up prematurely with cracking of husk. To manage this disease, spray 250 ml
Amistar Top 325 SC (azoxystrobin + difenoconazole) in 200 L of water/ha at disease
appearance. If needed, repeat the spray at 15 days interval [1-3].

Maydis leaf blight: Symptoms of the disease involve spindle shaped, brown-
ish lesions on the leaves which can further merge to emerge as irregular patches
(Figure 13). Late sowing, high humidity (>80%) and temperature of 25 + 2°C

95



Maize - Production and Use

Figure 14.
Maize crop attacked by brown stripe downy mildew.

favors the development of disease. Destroy the infected crop residue in the field.
Grow improved varieties. Follow spray schedule as against Brown stripe downy
mildew [7, 8].

Bacterial stalk rot: Characterized by water soaked appearance and rotting of
stem at basal portion causing loss of green color and gives scortching appearance.
Rotting of stem results in emitting of foul odor and breakage at 2nd/3rd basal
internodes. Excessive rains and poor drainage favors the disease. The infected
plants wilt. Destroy the diseased plant debris, keep the fields well drained and use
improved varieties for its control [7, 8].

Brown stripe downy mildew: Presence of long, brown colored, interveinal
stripes on leaves (Figure 14), which if critically watched, have white cottony fungal
growth on the lower side of leaves. Whitish downy fungal growth may be observed
on close examination on underside of the stripes. Control measures can be as follow:

* Removal of secondary host, that is, Digitaria sanguinalis.
* Proper drainage of the fields.

* Spray mancozeb @ 500 g/ha in 250 L of water after about a fortnight of sowing.
Give two more sprays at 10-day intervals. Grow recommended varieties [7, 8, 11].

4.6 Harvesting

For use as grain, cobs should be harvested when grains are at about 20% mois-
ture. Whereas to consume as sweet corn, harvesting should be done when tassel
starts turning brown and swelling of cob initiates. In case of baby corn, harvest
young cob when the silk is near emergence [6].
4.7 Multiple cropping

System in which >2 crops are cultivated in proper sequence on given piece of

land during a year. Efficiency of the system is determined by a number of factors
namely, manpower, choice of crop/cultivar, availability of irrigation facilities etc.
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technical competence, need based farm activities play a critical role in performance
of multiple cropping. Following strategies can be adopted for successful adoption of
intensive cropping:

* Nursery raising

* Selecting short duration cultivars

* Minimum/no tillage etc. [7, 8].
4.7.1 Intercropping

Maize crop can be cultivated along with other crops as intercrops for better
utilization of resources, enhanced income per unit area and time basis. For instance,
intercropping of 1 row of fodder cowpea or maize, groundnut and soybean in
kharif maize sown in 60 cm x 20 cm crop geometry. Apply nutrients to maize
as per recommendation and to intercrops on the basis of area under cultivation.
Harvest fodder cowpea and maize at about 55 DAS. Furthermore, maize crop can
also be cultivated as intercrop in kharif blackgram. In this system, maize may be
intercropped at every fifth row in the 30 cm apart rows of mash crop. Soybean can
be successfully intercropped with maize by sowing one line of soybean between two
lines of maize sown at 60 cm [8].
4.7.2 Maize based cropping systems

Crops like wheat, paddy, potato, sugarcane, chickpea, berseem, barley, oats etc.
can be grown successfully after harvest of maize crop. Following are some of the
most appropriate maize based cropping systems [2, 8]:

* Cowpea/pearl millet/maize (fodder)

* Spring maize-basmati-wheat

* Maize/rice-wheat

* Maize/rice-potato-wheat

* Maize-potato/toria-sunflower

* Maize-potato-onion

* Maize-potato-mentha

* Maize-wheat/celery-pearl millet fodder

* Maize/rice-gobhi sarson-summer greengram

* Maize-vegetable pea/potato-spring maize

* Maize-potato-sugarcane-wheat

* Maize-wheat-sugarcane
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4.8 Techniques to get higher market price

4.8.1 Maize drying

Maize drying is a vital operation which involves removal of moisture from the
cobs/grains. It is carried out because high moisture grain will deteriorate rapidly
due to grain respiration and heating, germination of grains, mold (fungal) growth
and subsequent incidence of mycotoxins (e.g. aflatoxin) and increase insect
multiplication and damage. The optimum moisture content of maize should be
14% or less [14].

4.8.1.1 Types of drying

* Sundrying: It is a popular method of drying grain where spread grain is
exposed to direct sunlight until the desired grain moisture content is achieved.
It is low energy cost.

* Smoking: The insect infestation is reduced when hung above the fire as the
heat reduces the moisture content and the chemicals in smoke deters insect
from laying eggs.

* Air drying: The maize cobs are hung along the roof of the house to expose it to
air and hence the moisture content is minimized [5].

A portable maize dryer 3 ton capacity has been developed by Punjab
Agricultural University, Ludhiana as per international norms and recommended
to dry maize grains from a moisture level 25 to 15% in 8-10 hours. This cross-flow
dryer has three pass, indirect type diesel fired heating system. A control panel
to regulate and display the temperature of heated air, exit air and speed of air
blower with variable frequency drive is provided for better operation. The dryer
can maintain air temperature 60-75°C with the grain temperature of 45°C for seed
and 60°C for commercial purpose. The dryer is capable of drying maize grain @
1.0-1.5% per hour consuming about 4 L/hour. of diesel initially for 1 hour. A pro-
vision of heat recovery from flue gases ensures higher fuel efficiency with reduced
diesel consumption to about 2 L/hour, later on. The dryer can be operated both
with tractor PTO or electricity. One each of skilled and unskilled labor is required
to operate this dryer [8].

5. Conclusion
* Adoption of production techniques namely, selection of cultivars, irrigation
techniques, INM. IPM and other technological interventions certainly prove
propitious in achieving the potential yield targets.
* Maize crop provides better opportunity to scientific community in explora-
tion of resource conservation technologies like zero tillage, partial root drying

irrigation, integrated pest management etc.

* Characteristically, maize crop can fit well in diverse crop rotations and inter-
cropping options, which enhances its preference in intensive agriculture.
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A.Appendix. Common nutrient deficiency symptoms in maize

Zine deficiency
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Chapter7

Potential and Advantages of
Maize-Legume Intercropping
System
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Abstract

Intercropping provides enough scope to include two or more crops simultaneously
in same piece of land targeting higher productivity from unit area. Maize, a cereal
crop of versatile use, as planted in wide rows offers the opportunity for adoption of
intercropping. The intercropping system with maize and legume is beneficial in mul-
tifaceted aspects. The success of maize-legume intercropping system largely depends
on choice of crops and their maturity, density, and time of planting. Advantage of
maize-legume combination of intercropping system is pronounced in the form of
higher yield and greater utilization of available resources, benefits in weeds, pests
and disease management, fixation of biological nitrogen by legumes and transfer of
N to associated maize, insurance against crop failure to small holders, and control of
erosion by covering a large extent of ground area. Though maize-legume intercrop-
ping system exhibits limitations like less scope of farm mechanization, dependence
on more human workforce, and chance of achieving less productivity from maize,
the system implies more advantages for small holders in developing countries where
human workforce is not a constraint. The chapter has focused on beneficial impacts
of maize-legume intercropping system.

Keywords: intercropping, maize, legume, advantages, productivity, sustainability

1. Introduction

The cropping system is growing of crops on an area interacting with resources
and time and intercropping system is raising of two or more crops simultaneously in
the same piece of land [1, 2]. This a common practice in developing countries and it
is mostly practiced by small and marginal famers. In tropical world, intercropping
is prominently visible with food grain cultivation, whereas in temperate countries
forage based intercropping is very much common [3]. Intercropping is generally
practiced on small farms with limited resources and it has been observed to enhance
yields with greater stability in a variety of crop combinations. Moreover, intercrop-
ping system is known by less use of inputs, namely, fertilizers, plant protection
chemical, and thus healthy, safe, and high quality food under ecologically sound
production system. On-farm biodiversity is also promoted by diversification of crops
in through mixed cropping, intercropping and agroforestry systems resulting in vari-
ation of diet and net return, higher level of production stability, proper utilization of
limited resources human labour-force under low levels of technological intervention
[3] and all these ultimately lead to achieve production sustainability in agriculture.
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Maize (Zea mays L.), also termed as ‘corn’ and ‘queen of cereals), is the third most
important cereal of the world, ranks at third position amongst the cereals after rice
and wheat and it is a member of Poaceae family. The very cereal has been a staple
food for many people in Mexico, Central and South America and parts of Africa. In
Europe and rest of the North America, maize is grown mostly as animal feed. Maize
is widely cultivated throughout the world having a production of 1147 million
tonnes [4]. In various cropping systems as well as in intercropping maize can be
fit due to its wider adaptability in different seasons and agro-climatic conditions.
Maize is a widely spaced crop and offers ample scope for adoption of intercropping
and combination of maize legume in intercropping benefits the agricultural pro-
duction system by many ways with enhancement of productivity from unit area [2].
This chapter focuses on different aspects of maize based intercropping system, such
as considerations, advantages and limitations.

2. Considerations for choosing intercropping system

The success of intercropping depends on different considerations before and
during cultivation as because crops grown in mixture may compete spatially and
temporally amongst species for available resources. An efficient intercropping sys-
tem in terms of economic benefits depends on adaptation of planting geometry and
choice of compatible and suitable crops. The features of an intercropping system
differ with soil and climatic conditions, economic situation and preferences of the
farmers. In cereal-legume intercropping system, choice of crop species, density of
planting, planting geometry, time of planting and maturity of crops are the key
considerations and the success of the system largely depends on these factors.

2.1 Choice of crops

Choice of crops is important in intercropping, because severe competition in
mixed culture may not be beneficial and even harmful if proper plant species are
not chosen. In this way competition amongst plants can be minimized and better
utilization of available resources can be assured. The combination of cereal and
legume is considered an ideal because cereals can utilize a portion of biologically
fixed nitrogen by legumes. In maize based intercropping system, groundnut is cho-
sen as intercrop maize in South East Asia and Africa [5]. Maize can provide shade
to associated legumes and the legume species should be to some extent tolerant to
shade. Legume species like black gram (Vigna mungo), cowpea (Vigna unguiculata),
groundnut (Arachis hypogea) and green gram (Vigna radiata) have much less effect
on maize and these are tolerant to maize shade [6, 7]. Cereal-legume intercropping
is very common in the continents of Asia, Africa and South America [8], however,
in tropical countries, maize based intercropping is practiced with a preference to
cowpea [9]. In Central and South America and parts of East Africa intercropping of
maize and bean is widely practiced [10]. Maize and dwarf red gram intercropping
combination is known as a suitable option in managing cereal component [11].

2.2 Maturity of crop

Maturity of crop is another important consideration in adoption of intercrop-
ping. Generally, crops grown in intercropping should have different peak period of
growth, otherwise there will be competition amongst the crop species for available
resources. The complementary effects benefit the system and these are reflected
into yield advantage when the component species in intercropping have different
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growing period for major demands on available resources. Therefore crops with dif-
ferent duration maturity are chosen to get complementary effects. Maize has been
recognized as a common crop in cereal-based intercropping and treated as base crop
in additive series and dissimilar legumes are preferably considered as intercrop. In
maize-based intercropping system choosing short duration legumes as intercrops

is an ideal option. For example, in maize + green gram intercropping system, initial
growth of maize is slow and it reaches at knee-height stage after 6-7 weeks and peak
light demand starts from 55 to 60 days after sowing and by this period green gram
sown at the same time will be in reproductive stage or in close to harvest. In this way
green gram completes its major growth period and maize starts the same and thus
high level of complementarity is observed.

2.3 Plant density and maturity of component crops

Optimum plant stand is synonymous to optimum yield. But in intercropping
system two or more crops are accommodated in the same land at the same time and
thus there may be reduction in population of crops compared to pure stand of indi-
vidual species. On the basis of plant density, intercropping may be categorized into
two groups, namely, additive series and replacement series. The additive series is
comprised of addition of intercrop within fullest population of base crop. Another
crop known as intercrop and it is sown into the base crop population by adjusting
row spacing or changing planting geometry. Sometimes, paired row planting of
maize is done to accommodate greater space for intercrops. But in replacement
series of intercropping, there is not the concept of base crop and the crops (two
or more) considered are termed as component crops or intercrops. In such type of
intercropping, introduction of a component crop is made by replacing another and
none of the component crops are sown with 100% population as recommended in
their pure stands. It is very clear that certain proportion of population of one crop
component is sacrificed and another component is introduced in that place. In many
intercropping situations with replacement series, yield advantages are maximized
by increasing population density in excess than their recommended population in
the sole cropping. Here, the competition is relatively lesser in between component
crops as compared to additive series. As maize is widely spaced crop and generally
row spacing ranges between 60 to 90 cm and intercrops can easily be raised in
uniform rows of planting. The planting geometry, particularly, paired row planting
of maize may enhance the efficiency of growth parameters as well as yield of maize
and associated legumes by efficient accommodation of crops. Prasad and Brook [12]
observed an enhanced LAI per unit area with increase in plant population of maize
in maize-soybean intercropping system. Under the major demand for resources at
different times of system duration, the long duration cereal crop maize can recover
its resource needs in combination with short duration legumes during remaining
phase of growth that is after harvest of legumes [13].

2.4 Time of planting

Maize is recognized as a very common crop in intercropping system in which
legumes can be sown easily. Generally, in maize based intercropping systems, as
maize has slower initial growth rate up to knee height stage (6-7 weeks of sowing),
if short duration legumes are sown simultaneously can reach into their reproductive
stage can start their reproductive period and hence competition for common natural
resources do not appear at the same period. Maize has diverse use and if maize is con-
sidered as fodder in intercropping, competition does not come into figure because
of enhance biomass yield and mixture of grass-legume combination enhances the
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quality of forage in terms of dietary value. Moreover, maize has higher potential for
accumulation of carbohydrate, a source of energy as fodder, from unit area on daily
basis. However, legumes can be planted in maize at the same time can also register
higher growth attributes because of wider spacing of maize as grain crop.

3. Advantages of intercropping

Maize and legume intercropping system has advantages in many ways and so
preferred by small and marginal farmers. Experimental results showed that maize-
legume intercropping can assure higher yield, soil restoration and greater impact of
system productivity.

3.1 Advantage in improving productivity and soil fertility

In Intercropping, more crops are grown simultaneously in unit area which
results not only greater productivity but also utilizes natural resources more effi-
ciently. Management of pests, diseases and weeds is easier because of less incidence
which leads to greater yield. Another important aspect of maize-legume intercrop-
ping is restoration of soil fertility.

3.1.1 Higher yield and greater vesource utilization

Yield is the basic consideration for assessing benefits of intercropping. In
maize-legume intercropping maize is treated as based crop without much variation
in plant stand of cereal component. In additive series of intercropping, legumes
add plant population per unit area and benefits are achieved as total yield of crops,
namely maize and legume yields. Further, in a combination of legume and non-
legume, generally non-legume component is benefited by sharing atmospheric
nitrogen fixed by legumes. In assessing efficiency of an intercropping system, some
competition functions are considered. Of which land equivalent ratio (LER) isa
very common index used to measure productivity of intercropping system. Willey
and Osiru [14] proposed the concept of the LER and it is defined as the proportion-
ate land area required under pure stand of crop to produce the same productivity
as obtained in an intercropping at the same management level. Actually, LER is
the summation of ratios of the yield of each crop species involved in intercropping
system to its corresponding pure stand yield. Experiments carried out in differ-
ent countries clearly exhibited higher LER values in maize-legume intercropping
system (Table1).

The LER indicates the advantage of an intercropping with efficient resource
utilization compared to pure stands of respective crops. The value of LER greater
than unity (1.0) is indicative of the advantages in intercropping system [2].

The LER indicates on efficiency of using land area, but time factor is not consid-
ered for which the crop occupies the land area. To rectify the limitation of the LER,
the concept of area time equivalent ratio (ATER) has been developed considering
the occupancy of land by the crops for certain periods [23]. Like the LER, values
of the ATER more than unity also indicate advantage of intercropping. Different
researchers noted beneficial ATER values with maize-legume intercropping systems
(Table?2).

However, researchers comment that the LER overestimates and the ATER under-
estimates the land-use efficiency [27].

Crop equivalent yield is another expression for evaluating the efficiency of
intercropping system [25]. Actually, in maize-legume intercropping system, total
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Intercropping system Ratio/proportion LER Country References
Maize + bean 2:1 2.60 Kenya [15]
Maize + cowpea 11 1.72 Turkey [16]
Maize + French bean 12 1.66 India [17]
Maize + soybean 11 1.54 Nigeria [18]
Maize + groundnut 2:2 142 Ghana [19]
Maize + garden pea 12 1.56 Bangladesh [20]
Maize + soybean 100% + 75% 1.60 Turkey [21]
Maize + groundnut 2:2 1.82 India [7]
Maize + soybean 2:2 1.90 China [22]
Table 1.

Land equivalent vatio (LER) in maize-legume intercropping systems.

Intercropping system Ratio ATER Country References

Maize + black gram 12 1.37 India [24]

Maize + black gram 12 147 India [17]

Maize + soybean 2:6 1.32 India [25]

Maize + black cowpea 22 1.51 India [26]
Table 2.

Avrea time equivalent ratio (ATER) in maige-legume intercropping systems.

yields are converted in the form of base crop (maize) equivalent yield by consid-
ering the intercrop yield and market price of maize (base crop) and associated
intercrops. In maize-legume intercropping system it is termed as maize equivalent
yield (MEY) and expressed in kg™, If the base crop equivalent yield is obtained
higher in intercropping combinations than base crop yield, then intercropping is
considered advantageous. Table 3 indicates advantageous MEYs as obtained by the
researchers in experiments.

The greater yields in intercropping is recorded when the component crops show
complementary effects amongst themselves and use natural resources efficiently
than raised as sole crops [28]. The crops with inherent capability can only utilize
natural resources efficiently and complementarity plays important role in resource
utilization [2]. Further, higher yield of both the crops in maize-cowpea intercrop-
ping combination was noted than pure stands [29].

In soils with low nitrogen content, maize legume intercropping performed
well [30]. Yield advantage in intercropping is expressed by crops because of greater
use of growth resources like light, water, and nutrients and this efficient use is

Intercropping Ratio MEY (kg™) Sole maize Sole legume References

system yield (kg ™) yield (kg ™)

Maize + soybean 2:6 9470 7092 5450 [25]

Maize + black 22 7699 5062 4785 [26]

cowpea

Maize + garden pea 12 20,220 8200 6450 [20]
Table 3.

Maize-equivalent yield (MEY) in maize-legume intercropping systems.
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converted into biomass [2, 31]. The combination of maize-cowpea intercropping
can assure greater light interception and check evaporation loss of soil moisture
than pure stand of maize [32].

Maize and legumes are morphologically dissimilar and their time of peak
demand and requirement of light, nutrients and water are different. Therefore,
complementary effect between component crops is very common. Jiao et al. [33]
noted that maize used strong light and groundnut preferred weak light (because
maize provided partial shade) in maize-groundnut intercropping system and the
system registered yield advantage. Further, soybean-maize intercropping has been
known for efficient utilization of light, nutrients and available soil moisture [2, 34].
Soil moisture or water availability to plants is a determining factor in intercrop-
ping systems and efficient water use leads to use of other resources. Cereal-legume
combination is known to use available water resources more efficiently than pure
stands of crops. Scientific investigations showed that maize-legume combination
registered greater water use efficiency than that of sole crops and under water stress
conditions, it could be one of the best options [35] as soybean as a deep rooted crop
having efficiency to use soil moisture from deeper layer (below 1 m) of the soil [36].

3.1.2 Weed management

Intercropping is an effective practice for weed management because enough
of ground area is covered by crops which suppress weed growth. Combination of
maize and legumes in intercropping is known to reduce weed population and weed
biomass compared to pure stands of maize. Research evidences clearly show ben-
efits of intercropping as it provides competitive effect against weeds both spatially
and temporally than pure stands of maize. Reduced weed growth in maize-cowpea
intercropping system than sole cropping of maize. Chalka and Nepalia [37] men-
tioned that in maize-legume intercropping systems, maize + cowpea and maize +
soybean reduced NPK removal through weeds by 37.4 and 38.0% respectively and
the two intercropping combinations registered higher biological yield of maize.
Rahimi et al. [38] reported that maize-black gram intercropping combination of
either 1:1 or 2:2 recorded lower densities of total weeds compared to pure stand of
maize. Shah et al. [39] opined that weed smothering efficiency was higher in inter-
cropping of maize with soybean than the combination of maize with green gram
and it was due to the lower availability of space and light leads to reduce the weeds
population with maize-soybean intercropping system. Weed biomass is reduced in
intercropping as reported by researchers for maize-legume combinations [40, 41].
In studies it has been claimed that enhancement of diversity of crop species in inter-
cropping system maintains a highly asymmetric competition over weeds resulting
in less weed biomass [42, 43]. Weeds compete with crops for available resources and
less weed occurrence assures ultimately higher productivity.

3.1.3 Pest and disease management

Intercropping systems can influence the pest and pathogen population dynam-
ics. The population of beneficial insects such as parasites and predators are
enhanced in polyculture due to diversity of crops [2] and presence of harmful pests
may remain below the economic threshold level. Thus, plant protection becomes
easy and use of chemicals for crop protection comes down which ultimately reduces
the chemical pollution to agricultural ecology, however, monoculture of maize
requires more chemical pesticides [44]. In intercropping system, two or more crop
species are cultivated which creates complexity in food and habitat of pests. Further,
intercropping of maize with legumes is known to increase population of beneficial
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insects and decrease the population of bud worm, corn borer, leaf hopper and maize
stalk borer [1, 45]. The intercropping system has also an impact against disease
management, because in mixture of crops functional diversity is created that checks
population increase of pathogen. Some diseases of legume crops like angular leaf
spot (Phaeoisariopsis griseola) of beans and ascochyta blight (Mycosphaerella pinodes)
were observed with less severity when these were intercropped with maize [46, 47]
than pure stand of legumes. Reduction of pest-disease incidence not only saves the
crop loss and better yield but also assures less use of chemicals for plant protection
and thus minimizes the chance of pollution in crop ecology.

3.1.4 N-fixation by legumes and transfer to associated non-legume

Legumes are known to fix atmospheric nitrogen biologically. The biological
nitrogen fixation (BNF) is a process where some bacteria convert atmospheric N,
into ammonia (NH;) and making it available to plants. In maize-legume intercrop-
ping system, both the crops acquire N from the common soil pool and compete
and thus deficit of mineral N may occur in the rhizosphere which promotes legume
to fix atmospheric N [48, 49]. Maize is an exhaustive crop and legumes are soil
replenishing crops and decomposition of legumes residue improves soil fertility. In
the soils with poor available nitrogen status, the biologically fixed nitrogen plays an
important role. Under the situation of limited supply of nitrogenous fertilizer also
intercropping legume and non-legume may a suitable option of nutrient manage-
ment. Further, chemical N fertilizers are responsible for degradation of ecosystem in
the form of nitrate pollution and legumes grown as intercrops help in environmental
sustainability [50]. In maize-soybean intercropping system, soybean supplements
nitrogen to cereal component [51]. Maize grown as forage in intercropping with
legumes is known to improve quality parameters of forage like higher crude protein
and mineral content and digestibility [48, 52]. Biologically fixed N by pigeon pea was
transferred to associated maize and N content and uptake by maize was improved
in maize-pigeon pea intercropping system [53]. The associated non-legume crop
(maize) gets benefit of fixed N by legumes [1]. Thus, maize-legume intercropping
system is beneficial in terms of N economy too. Leaf defoliation of legumes is known
to increase productivity of maize—soybean intercropping system [22].

3.1.5 Evosion control

Intercropping is advantageous in terms of erosion control because of coverage of
more ground area than monocropping of cereals. The striking actions of rain drops
can erode the bare or uncovered soil, but the coverage of soil by legumes can check
it. In maize-cowpea intercropping combination, ground area is mostly covered,
thus soil erosion is reduced [54]. Taller crop like maize also plays a vital role as wind
break and protects the crops with shorter canopy (like legumes) as well as erosion
caused by wind [45].

3.2 Advantage in enhancement of system productivity
3.2.1 Insurance against crop failure to small holders

Intercropping is a common practice of small and marginal farmers in developing
countries of Asia and Africa and in risky and fragile ecological conditions which is
known as a suitable practice to provide natural insurance and thus provides a profit-

able shape to farm economy. Under moisture stress conditions, more of ground area
is covered under maize-legume intercropping than sole cropping of maize which
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leads to less evaporation loss of soil moisture. Under extreme conditions, may be
due to either biotic or abiotic factors, a crop may fail, but there will be less chance of
failure of more crops grown in intercropping, which are morphologically dissimilar
and if so happened some yield and return will be earned to save small holders’
economic interest. Thus stability in yield and return are achieved due to creation

of crop diversity in the intercropping systems. In economic point of view, it may be
stated that small farmers may face problem of seasonal price variability of com-
modities which often can destabilize net realization, but diversification in the form
of intercropping can stabilize farm income to a great extent. Experimental results
indicated superiority of intercropping maize-beans in soil fertility restoration

and income enhancement than monocropping of the component crops [55]. Yield
enhancement of crops is another basis to strengthen the economy of small and mar-
ginal farmers adopting intercropping system [56]. Though intercropping of maize-
grain legumes is labour and cost intensive, small holders of central Mozambique
prefer it because of reduced risk of crop failure and enhanced productivity [57].

3.2.2 Sustainability of the system

Intercropping is now in the centre of attention targeting sustainability in agri-
culture. The negative impacts of industrialized and modern agriculture have already
been realized and issues are very crucial in crop ecology to achieve sustainability.
On the other side, maize-legume intercropping has enough potential in the form of
more yields from limited resource, proper utilization of resources, and restoration
of soil fertility, efficient pest management and creation of above and below ground
diversity. In the moisture stress or resource poor conditions, intercropping provides
natural insurance against crop failure caused by biotic and abiotic factors and thus
ascertains economic stability of small holders. Considering the multiple advantages,
it can be stated that maize-legume intercropping system is one of the suitable
options for achieving production sustainability for small holders.

4. Limitations of intercropping

Despite a number of benefits of maize-legume intercropping over monocrop-
ping, sometimes intercropping may exhibit some limitations especially in terms
of agronomic management. In the field where farm mechanizations have been
adopted, intercultural operations and harvest become difficult with two dissimilar
crops. However, there is no problem where the intercrops are harvested for forage
or grazed [13]. It may be mentioned that where human workforce is sufficient, par-
ticularly in developing countries, there is no need for investment in costly machines
for agronomic management and harvest of crops in intercropping and in this regard
intercropping does not express any disadvantages. Intercropping may cause yield
loss of the base crop (maize) compared to its sole stand, but MEY become more and
thus intercropping may be considered more productive than monoculture. Further
in intercropping, crowded crop canopy may create a microclimate which may be
congenial to spread of fungal pathogens, but in maize-legumes intercropping
combination, such incidences are not common.

5. Conclusion

Considering the importance of maize in cereal basket of the world, production
sustainability is a prime concern. Maize is an exhaustive crop by nature that requires
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enough nutrient inputs to achieve target yield. Under small holders’ practices in
poor soil and fragile ecological conditions continuous growing of maize may create
further depletion of soil nutrients causing a threat to production sustainability. In
this regard, maize-legume intercropping system is considered a suitable option as

it has enough potential to replenish the soil nutrients, produce more yield and eco-
nomic benefit by utilizing limited resource, check damage caused by pests, diseases
and weeds to a large extent, control soil erosion by covering ground and provide
natural insurance to small holders under risky conditions against crop failure. Thus,
in true sense, maize-legume intercropping system can boost yield as well as produc-
tion sustainability of the system as a whole.
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Abstract

Maize is a widely grown cereal after rice and wheat and contributes almost 5%
to the global dietary supply. In the Eastern Gangetic Plains (EGP) including India,
Bangladesh, and Nepal, maize is an emerging cash crop, because of its high yield
potentiality and also the favorable climatic conditions which allow maize produc-
tion round the year. In Bangladesh, area and production of maize are escalating
due to the increasing demand for poultry, livestock, and fish feed, and fodder for
animals and starch industries in the region. Presently, more than 90% of maize is
planted by manual dibbling following 5-6 intensive tillage, which increases the cost
of cultivation. The conservation agricultural (CA)-based new agricultural practices
could overcome those above challenges. CA is cost-effective and environmentally
friendly; however, weeds are one of the key challenges in the system. The chapter
described the uses of herbicides in different ways of combinations to make effec-
tive weed control in CA-based maize to achieve potential production and profits by
reducing the intensive pressure of manual weeding. The efficient and right use of
pre-plant/sowing, pre- and post-emergence herbicides and their combination may
be the best way for effective control of weeds in maize production.

Keywords: conservation agriculture, weed management, herbicides, maize

1. Introduction

Maize (Zea mays L.) is the third most important cereal after rice and wheat,
which is widely grown in the world and used as a primary staple food in many
developing countries. The area and production under maize in the world in
2013-2014 was 177 m ha with 967 Mt. production and contributed almost 5% of
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the world’s dietary energy supply [1]. Recent projection indicates that by 2020 the
demand of maize in all developing countries will overtake the demand of wheat
and rice [2], with Asia accounting for nearly 60% of the global demand for maize.
Half of the world maize is produced in the developing countries where maize grain
is one of the major sources of food energy for the poor people and its plant biomass
provides feed for animals [3].

Eastern Gangetic Plains (EGP) covering three neighboring countries (India,
Bangladesh and Nepal) has a very high yield potential of maize production. In
recent decades, maize an emerging as a cash crop for smallholder farmers because
of its high yield potentiality due to favorable climatic conditions which allows maize
production round the years in three seasons [4]. The EGP is mainly dominated by
rice-based farming systems having maximum coverage of rice-rice cropping system
which is associated with own problems of high water consumption, production
costs and labour use, and further soil health deterioration. All these associated
problems make rice-rice production is unsustainable and unprofitable. Farmers
are looking for the alternative crop of dry season rice called boro rice (winter rice)
to diversify their cropping systems and maize is one of the most suitable crops to
provide high yield and profit margin in a more sustainable way.

Presently, more than 90% maize grows in EGP by manual dibbling after inten-
sive tillage operations (4-6 dry tillage) which delayed the maize sowing by at least
1-2 weeks [5]. A number of repetitive tillage operations increase the cost of cultiva-
tion due to higher energy and labor use and delayed planting which further reduces
the net margins of the farmers. Since, the conservation agricultural (CA) based
management practices (minimumy/zero tillage) are the new emerging technologies
growing an attention worldwide due to higher economic benefits, improvement in
soil health and also found more environmental friendly by reducing greenhouse
gases.

Although CA-based maize cultivation has many benefits, however weed
infestation is one of the serious constraints that limits maize production though
weed management is also a major concern in conventional production system. The
competition between weeds and maize at critical growth stages could be reduced
both the quality and quantity of maize yield over 30% [6] as weeds compete with
crop for essential resources [7-9]. For controlling weeds in crop field, farmers are
generally adopting mechanical, cultural, biological and chemical control methods.
Among them, exhausted by cultural methods, farmers are moving towards other
alternative methods due to labour crisis during critical period of weed control [6,
10, 11]. While, the mechanical methods are still useful but are unable to effective
control of weeds successfully due to the absence of right machinery [12]. The judi-
cious and right use of a different combination of herbicides as pre-plant, pre-emer-
gence and post-emergence can provide effective and efficient weed control under
CA system as well as conventional system [13]. The chemical weed control may be
provided cost-effective, faster and better weed control [14-16].

2. Importance of tillage options on weed infestation in the crop field

Weed management strategies are the key to success of the conservation agri-
culture based crop production especially at the beginning of 2 years. With the shift
from conventional agriculture to conservation agriculture there will be a shift
dynamic change in weed species, population and diversity. Therefore, initial weed
management is an important phenomenon through integrated weed management
approaches like stale seed-bed, mulch, and adjustment in planting dates, biological
and mechanical control and effective combination use of herbicides. The many
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long-term studies clearly indicated that if the proper weed management options
adopted at initial 2 years then the weed population significantly reduced with time
under CA-based practices than conventional practices [17-19]. Tillage systems
affect the composition of weeds in a field [20]. Typically, perennial weeds in
conventional tillage systems cannot be fixed due to repeated plowing but alteration
of soil between the surface to sub-surface exposes new weed seeds. In the other
hand, the perennial weeds are more prominent initially in CA-based tillage but also
broadleaf weeds may be prominent due to the light-weight and density of seeds
which remain on the surface facilitate for conducive germination environment.
The several studies showed that Phalaris minor populations significantly reduced
under zero tillage but broadleaves especially Rumex found increases [21-23]. A
recent study in the EGP suggested, if initial weeds are not managed properly then
Polygonum species and sedges dominated under CA systems. However, perennial
weeds in these systems, the plant roots are not pulled out shall be subject to the
complete eradication [24] may regenerate again. [25] reported that dry weight of
weeds in crops without plowing method compared to conventional tillage crops
decreased by respectively 61 and 77%. Another earlier findings [26] observed

that nutrients uptake by crops under CA systems was enriched when weeds was in
CA-system were reduced. CA-based agricultural systems conserve the soil health
through improving the soil organic matter as well as soil microbial finally leading
for the higher productivity of crops [27, 28].

3. Major weed species in association with maize

Infesting weed species in crop field generally depend on crop species, crop-
ping systems and their management practices, environmental conditions, seasonal
variation, soil properties, nutrients and moisture status as well as soil types. The
Eastern Gangetic Plain (EGP) as known for high weed seed bank in soils especially
lower EGP (Bangladesh and West Bengal) due to flash and steady floods bring weed
seeds from distance in their catchment areas. The weed species also highly depend on
seasons as maize is grown round the year in three seasons i.e. Kharif (Monsoon; June—
September), Rabi (Winter; November-May) and Kharif 1 (Spring; February-June).
The high weed seed pressure and diversity make more difficult to manage weeds
manually in conservation agriculture as well as also in conventional agriculture.
Grasses weed species during Kharif season in the maize field in EGP are Echinochloa
colona (L.), Digitaria ciliaris (L.), Leptochloa chinensis (L.), Dactyloctenium aegyptium,
Cynodon dactylon, Echinochloa crus-galli, Eleusine indica, Setaria viridis, Panicum
Jjavanicum, Paspalum commersonii etc. The broadleaf weeds are Marsilea minuta,
Polygonum hydropipey, Galinsoga ciliata, Physalis heterophylla, Heliotropium indicum,
Phyllanthus niruri, Euphovbia hirvta, Jussiaea vepens, Amaranthus spinosus, Amaranthus
viridis, Spilanthes paniculata, Lindernia anagallis, Paspalum distichum etc. and the
major sedges weeds are Cyperus rotundus, Cyperus difformis, Cyperus iria, Eclipta
prostrata, Ludwigia octovalvis, Portulaca oleracea, Fimbristylis miliacea, Scirpus spp.
etc. [29-31]. The perennial weeds species dominant round the years but the seasonal
weeds are different when maize grown in dry season (winter maize) and the major
dominant weeds are Polygonum persicaria, Polygonum pensylvanicum, Polygonum
orientale, Oldenlandia diffusa, Oldenlandia aquatic, Oxalis corniculate, Chenopodium
arvensis, Physalis minima, Solanum nigrum, Hydrocotyle ranunculoides, Agevatum
conyzoides, Medicago denticulate, Avena ludoviciana etc. [32, 33].

A field experiment found that the most dominant weeds in maize field were
sedge C. rotundus and dicot weeds T. portulacastrum, D. arvensis, P. niruri and grass
C. dactylon [34]. In USA, it observed the most common broadleaves weed species
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in a maize crop were Chenopodium album, Asclepias syriaca, Ambrosia artemisiifolia,
Physalis heterophylla and Polygonum rensylvanicum and the most common grasses
were Elymus repens and Setaria pumila [35]. In another studies conducted on sandy
loam soils at Hyderabad, India [26, 36], revealed that among the major weeds

in maize field E. colona (grasses), E. crus-galli, Paspalum distichum, C. rotundus
(sedges), Ageratum conyzoides and T. portulacastrum, Sonchus olevaceus, Acalypha
indica, Eclipta alba and Parthenium hysterophorus (broad-leaved) were the predomi-
nant weeds. A 3 years field survey in Andhra Pradesh of India also confirmed that
most dominant weed species in maize field were E. colona, followed by P. repens,

T. portulacastrum, and D. arvensis [37].

4. The critical period of crop-weed competition

The critical crop growth stages considers as the most vulnerable period for crop-
weed competition, during which crop must be weed free in order to prevent yield
losses. Earlier studies observed [38-40] that the critical period of weed control
in maize ranges from 7 to 56 days after seedling emergence. Other studies also
reported [41-46], the critical period usually corresponds for maize up to 8-10 leaf
stages. Wider canopy spacing and slow-growing nature of the maize crop should
control weeds in first till 21-28 days after sowing for free from crop-weed competi-
tion and it was also suggested that if the weeds are not control within the critical
crop growth stages, the yield losses may occur 30-100% [47, 48].

Weed species, densities, and their interactions influence maize yield loss
[49, 50]. Weed plants compete with maize for their essential growth resources
like water, nutrients, space etc. which ultimately reduce the yield up to 65%
when weeds control measure was not performed at critical crop growth stages
[46]. While, some problematic weeds species as they are similar in nature and
life cycle of maize are difficult to control. Massinga et al., [51] reported that the
yield reduction in maize could be 91% by competition if more than eight ama-
ranth (Amaranthus palmeri S. Wats) plants per meter row length.

5. Weed control in zero-till maize by chemical measures

In maize production, weed management is considered as an important agro-
nomic measure for attaining the potential yield. To minimize the maize yield loss
due to weed competition, farmers are practicing several methods for controlling the
weeds are available such as mechanical, cultural, biological and chemical control
methods. The cultural methods are very expensive and time consuming so, farmers
have to move towards other alternative methods of weed control [10]. Furthermore,
due to the increasing cost and non-availability of labour for manual weeding during
peak and critical maize growth stages significantly influence the maize yield. The
role of herbicides is not only control the weeds timely and effectively, but also offer
a great scope for minimizing the cost of production [10]. The chemical control
method is quick, more effective, time and labour saving method than others [13].
However, it is important to use a broad-spectrum herbicide program including pre-
and post-emergence herbicides for season-long effective weed control and to avoid
shifts towards problematic weed species [32] or evolution of herbicide-resistant
weed biotypes. On the other hand, it is decisive to select the appropriate weedicide
depending upon the weed flora exist in a given field. In addition, the precise dose,
methods, weed growth stage, timings, soil moisture and application techniques
should be followed. A number of herbicides have been evaluated in sequential

120



Chemical Weed Management in Maige (Zea mays L.) under Conservation Agricultural Systems...
DOI: http://dx.doi.org/10.5772/intechopen.89030

combination and suggested pre- and post-emergence herbicide application for
effective weed control in dry direct drill-seeded rice systems, including under zero-
tillage conditions [17]. Use of pre-sowing, pre- and post-emergence application of
herbicides would make herbicidal weed control more acceptable to farmers which
will not change the existing agronomic practices but will allow for complete control
of weeds under CA based management practices. Pre-emergence herbicides spray
will control the weeds up to 25 days after seeding and followed that post-emergence
application depending on weed flora will take care to keep weeds below crop injury
level. Pre-planting, pre and post-emergence herbicides either in sequential or

tank mixture will be taken care of all types of weed flora an ideal means in view of
economics and usefulness in maize [17, 31, 32].

6. Effect of pre-sowing herbicides on weed control of maize

Generally, pre-sowing/planting herbicides are non-selective which are applied
to control prevailing complex annual and perennial weeds flora erstwhile to plant-
ing, particularly under the CA-based cropping system. Among them, herbicide
Glyphosate (1 kg ai ha~! or 0.5-1.5% by volume), Glucofosinate, or dicamba and
Paraquat (0.5 kg ai ha™ or 0.5% by volume) are the most widely applicable herbi-
cides [52, 53]. Where Glyphosate and Paraquat herbicides are available and popular
as these are systemic non-selective and contact herbicides, respectively, and kill
both annual and perennial weeds. To be effective, the systemic (Glyphosate) should
be applied when weeds are growing actively so that the herbicide is absorbed and
translocated into the entire plant system [17], but contact herbicide (Paraquat) can
be applied just before the sowing.

Currently, the present rates of many herbicides do not work properly against many
weeds, due to their resistance against the target weeds. Therefore, it is important to
apply a new product to be available earlier than normal in order to maximize the con-
tribution of residual weed control after crop emergence. The earlier study found that if
the pre-sowing herbicide is applied before planting and is incorporated in the soil with
light tillage, the efficacy of the applied herbicides was found the maximum [54].

7. Effect of pre-emergence herbicides on weed control in maize

When herbicides apply immediately or 1-4 days after maize seeds sowing, and it
can be also mixed with soil during sowing, but it must be applied before weed seed
emergence, are known as pre-emergence herbicides. Earlier findings [55] showed
that pendimethalin can be applied as pre-emergence to get maximum weed control
efficiency and crop selectivity by decreasing the weed population and increased the
maize grain yield over the weedy check field [56]. Thus, Mekky et al. [57] reported
that when pre-emergence herbicides were applied immediately after seed sowing or
pre-emergence, weed control efficiency was the maximum and also increased the
maize yield.

A field experiment in the clay loam soils of Guntur, Andhra Pradesh (India),
with zero tillage maize found that atrazine 1.5 kg ha™ applied at pre-emergence fol-
lowed by (fb) manual hand weeding (HW) at 30 DAS recorded the tallest plant and
the maximum dry-weight over un-weeded check at all stages of crop growth [30].
Scientist [26] reported that when maize was grown under zero till condition with
pre-emergence herbicides atrazine at 1.0 kg ha™' and topramezone 0.030 kg ha™
in combination of two hand weeding at 20 and 40 DAS was produced significantly
higher plant height, dry matter production of maize.
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Recently, a study conducted in a clay loam and sandy loam soils of Bangladesh
as a weed management strategy in pre-emergence and post emergence combina-
tions and results showed that the even application of both Pendimethalin and
atrazine separately reduces the weed biomass, weed population at 30 days after
seeding which further provided better crop yield [58]. In another study clay soils
of Rajendranagar (Telangana, India) was found that the highest crop dry mat-
ter was recorded with two times HW (at 20 and 40 DAS), which was at par with
pre-emergence atrazine at 1.0 kg ha™ + paraquat 0.60 kg ha™, followed by oxy-
fluorfen 0.150 kg ha™" + paraquat 0.60 kg ha™" [59]. The sequential application of
pre-emergence followed (fb) protected spray of non-selective herbicide (Atrazine
as pre-emergence at 1.25 kg ha™' fb Paraquat 0.6 kg ha™" at 3 weeks after sowing
(WAS) or Pendimethalin as pre-emergence at 1.5 kg ha™ fb Paraquat 0.6 kg ha " at
3 WAS) produced the significantly higher yield than weedy check [60]. An experi-
ment was conducted with application of atrazine or glyphosate herbicide alone
and tank mix application of selective (atrazine) and non-selective (glyphosate)
herbicides and found that the grain yield was 170 and 70% more when atrazine +
glyphosate (5.25 kg ha™!) were applied as tank mixture than weedy check and sole
application of atrazine or glyphosate, respectively [26]. Similar to previous study,
a field research in the sandy clay loam soils of Kampasagar (Telangana, India)
reported that when atrazine 1.25 kg ha™' + paraquat 0.75 kg ha™" were applied
as a pre-emergence in tank mixture produced the significantly maximum grains
cob™!, cob diameter and 100 grain weight than other herbicides [61]. Similar grain
yields were recorded when applied atrazine alone as pre-emergence 1.25 kg ha™
(6.7 kg ha™') and atrazine 1.25 kg ha™" + glyphosate 0.5 kg ha™" (7.0 kg ha™") as tank
mixture of pre-emergence.

8. Effect of post-emergence herbicides on weed control in maize

Application of herbicides after the emergence of maize and weed are well-
known as post-emergence herbicides. Generally, post-emergence herbicides spray/
apply in standing crop targeting weeds canopy by using the sprayer equipment.

The most popular/well-known herbicides which have been found to be effective
when applied as a post-emergence for effectively control of weeds in CA-based
maize system are Atrazine, Tembotrione (Laudis), Halosulfuron methyl (Sempra),
Tembotrione (Laudis) + Atrazine, Halosulfuron methyl (Sempra) + Atrazine
[58]. Earlier findings [62] revealed that pre-emergence herbicides pendimethalin
and atrazine reduced the grassy and broadleaves weed population to a significant
extent and among the pre-emergence herbicides, later (atrazine) resulted in a
higher reduction in grass weed population at the early stage (20 days after seed-
ing) than former (pendimethalin). But further he suggested, the post-emergence
herbicides, the mixture of tembotrione + atrazine was more effective in controlling
all classes of weed flora at 40 and 60 DAS. Tembotrione alone also showed good
control of grasses and broad-leaved weeds. Atrazine as pre-emergence followed by
(fb) tembotrione + atrazine as post-emergence found best combination and this
combination reduced the weed dry matter to the tune of 98.7 and 97.9% at 40 and
60 DAS, respectively which ultimately resulted in significantly higher grain yields
(11.57 t ha™!) with maximum net returns.

However, when a single herbicide is used for a long time for controlling the
same weeds it may create resistance against the specific weed(s). Therefore, long
term basis continuous use of the same herbicide should be avoided. So, it should be
rotated with the use of multiple herbicides with a different mode of action to avoid/
delay weed resistance against specific weeds.
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Scientists found that application of two or more compatible herbicides use as a
tank mixture are more effective to control broaden the spectrum of weeds includ-
ing grasses, broadleaves, and sedges than a single application [11, 63]. In the USA,
Atrazine has been used since 1958 in several million hectares of maize field due to
its low cost, control of a broad spectrum of broadleaf weeds, flexible application
timing, and also can be used as both pre- and post-emergence in combination with
several other herbicides. As a result of long-term and continuous use, the atrazine
was found in accumulation in food products, groundwater, and aquatic systems
[64]. Therefore, we should be careful to know the residual effect of applied herbi-
cides when using the as short term as well as long term.

9. Precautionary measures during application of herbicides in the
crop field

Herbicides are chemical compounds used to control weed species but could also
phytotoxic to crops and harmful to animals through entering direct or indirect in
food chain. Therefore, herbicides should be carefully selected considering the toxic-
ity, residual persistence in soil and water bodies as well as cropping systems. The
herbicide residual persistence can be affected the succeeding crops in a crop rota-
tions and also the runoff of rain water from crop fields to water bodies which may
cause the lethal and hazardous to water organism and human beings [65]. However,
non-target living organisms that come to direct contact with weedicides can be
harmful or poisonous especially if they have carry the chemical of the toxic action
[66]. Therefore, while working with herbicides poses an always chemical poisoning
risk to exposed workers if precaution measures are not properly followed.

With the use of herbicides, there is a certain risk of intoxication to directly
exposed environment, food product, workers, as well as applied crops, since it
depends on numerous factors. Therefore, before application of any herbicide, its
short and long term toxicity/risk factors should be considered. The risk of worker
intoxication with pesticides and herbicides, depends on several factors as how they
will be handled and used. It can be grouped under two major factors; the toxicity of
the respective herbicide and how it was exposed under specific working condition
[66]. Therefore, it is an important to must follow the safety and health management
guidelines while working and using the herbicide at all steps as set out by the indus-
trial hygiene [67]. The steps are the ability to antedate, identify, diagnose, evaluate,
and minimize the risks in the workplace. Therefore, the Preventive safety measures
of worker(s)/personnel such as psychological measures; administrative: legislation,
standards, and procedures; and hygiene, cleaning, maintenance, and safety of the
environment also important during selection and application of pesticides [68].

10. Conclusion and policy implication

From the above discussion of the chapter, it is confirmed that weeds are the
major challenge in CA crop production systems, where almost 16 to 42% yield
reduction is occurred due to weed infestation and one-third of the total cost of
cultivation is spent on weeding. On an average of 13.1% of crop reproduced is actu-
ally lost in the farmers’ fields even after adopting in traditional weed control. The
zero/strip-tilled/permanent beds or till the soil with fresh beds based crops produc-
tion system is an alternate option through mechanized precision planting within a
single pass. Although, the CA-based crop management techniques will be faced the
major concern of weed management initially. Therefore, proper weed management
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is considered one of the most important prerequisites in CA-based crop cultivation
systems including maize to ensure high crop yield. High weed pressure in associa-
tion with maize, increase to lower the economic returns and, in extreme cases
complete failure of the crop. Hence, judicious weed management in CA system is a
critical factor for securing and sustaining food security. While, number of repeti-
tive tillage operations increase the cost of cultivation, fuel consumption and delays
planting in two ways by repetitive tillage operations followed by manual sowing.
After post seeding of maize, farmers are facing major challenges for weed manage-
ment due to lack of pre-sowing, pre- and post-emergence herbicides.

Since the traditional weed management in maize systems after 30-35 days
after seeding; generally, farmers cut the weeds with hand weeding which further
consumed more labour or sometimes usually reluctant to control weed in the maize
field. However, sometimes they weeded by hand, which proves uneconomical due to
be increasing labour wages as well as lack of labours due to migrating from the vil-
lages to urban areas for better livelihood. The hand labour based weeding in many
developing countries consumes up to half of the total labour demand. Therefore,
CA-based new agronomic management practices may be advocated to overcome the
above challenges. To address the weed management problems in CA-based maize
production under no-till systems with different chemical weed control is a potential
means for controlling weeds and more economical compared to hand weeding. Now
some herbicides are available in the market for controlling weeds since these should
be needed to validate for controlling weeds as well as to know their residual effect
on the environment.
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Chapter 9

Women Participation in
Post-Harvest Processing of
Maize Using Indigenous
Technologies: A Perspective of
Kogi State of Nigeria

Adejo Patrick Emmanuel

Abstract

This research was carried out in Kogi State, Nigeria. This study investigated the
level of women participation in post-harvest management practices of maize in
Kogi State. Women participation in post-harvest handling of crops in Nigeria and
particularly in Kogi State is a focal area for researches in the post-harvest subsector
of agriculture. Women are found to be actively engaged in making sure that har-
vested crops are properly stored and processed into forms that are consumable and
marketable. Data collected for this study were analysed using descriptive statistics
and Chi-square analysis. Results indicated greater percentages (42.26 and 41.67%)
of women farmers highly participated in the storage and marketing of maize, but
low participation in transportation, grading/sorting/packaging and processing of
maize was recorded. it is recommended that women should have access to produc-
tive resources (land, labour and credits, technical and economic information) in
order to boost their participation in post-harvest management and value addition
of maize. This chapter deals with women activities in indigenous post-harvest
management of harvested maize which covers storage, processing, sorting, grad-
ing, packaging, transportation and marketing. It analyses the peculiarity of women
engagement in post-harvest activities in Nigeria, and particularly in Kogi State.

Keywords: maize, women, post-harvest, indigenous, participation

1. Introduction

Agricultural activities are characterized by gender division of labour in the
Sub-Saharan Africa and in Nigeria in particular. Thus, women are mostly found to
be engaged in post-harvest activities than their men counterpart whose activities
revolve round pre-production and actual production operations that are neck twist-
ing and backbreaking, even when women do, their participation in these operations
are minimal and largely dependent on the socio-cultural and agrarian setting of the
place in question. The Womenfolk plays a key role in agriculture, especially in the
activities revolving round harvest and postharvest. However, their contribution is
always ignored and relegated to the background. It is reported by [1] that in rural
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Pakistan, women carryout 53% of farming activities, and devote 20% more time
than men for work. Yet, they face more constraints than men as they are negatively
affected by socio-cultural values, economics policies and decision making in the
society. Lately, studies have shown that the underlying reasons of food losses are
associated with specific socio-cultural and gender dimensions [2, 3].

Maize is a major staple crop in Nigeria and across Africa. It is said to be the
second most common cereal food crop after rice [4]. Green fresh maize is cooked
or roasted and hawked by women and children, providing a livelihood for many
urban poor households. It is also used for animal feeds and in industries such as
flour mills, breweries and confectioneries. Thus, increased maize production will
enhance food security, serve as import substitution and earn foreign exchange for
the country through export to neighbouring food deficient countries and poten-
tially beyond [1]. In most places across the country, women are found to mostly
undertake activities that range from harvesting, transportation of harvested crops
from the farms to homes, processing, preservation, packaging and marketing [5].
The women equally provide about 60% of agricultural labour force and contribute
to well-being of their households through their income generating activities [6].

Historical trends have suggested that the majority of increased maize produc-
tion in Nigeria reflects an expansion in land under its cultivation rather than an
improvement in yields [7]. In 2010, the estimate for Corn production in Nigeria was
put to about 8800 Metric tonnes with growth rate of —1.68% and in the year 2012,
it rose to about 9410 Metric tonnes for which the growth rate was put to 1.73%. In
recent time, Nigeria’s yield per hectare is found to be lower than the global yields
in the 1960s (1.9 tons/ha). It falls in the range of 1.63 and 1.76 tons per hectare
between 2004 and 2007, this is lower than the global average which could be found
in the range of 4.88 and 4.93 tons per hectares for the same period [8]. Meanwhile,
Kogi State recorded about 333.21 Metric tonnes of corn production with the area
under cultivation of 206.60 Hectare in 2009 and in 2010, it increased minimally to
371.30 MT with area under cultivation of 227.05 hectares [9]. Kogi State is one of the
36 states in Nigeria and it is in the North-central of the country.

Maize post-harvest losses in the tropics have been estimated to be about 20%
[10]. Estimated losses of Nigeria maize post-harvest to have ranged from 15 to 20%.
Nigeria has a land area of 98.3 million hectares and at present about 34 million hect-
ares or 48% are under cultivation. It has been found that more than 60% of maize
produced in Nigeria’s is used industrially for the production of flour, beer, malt
drink, corn flakes, starch, syrup, dextrose and animal feeds. An embargo has been
placed on the importation of maize in order to boost local production to meet the
consumption demand of Nigeria. This reveals significant room for the improvement
of maize production in Nigeria which is necessary if the newly developing trend of
exportable surplus is to be sustained and expanded.

According to [11, 12] the post-harvest operations of maize include drying,
shelling, threshing, storage and marketing. Apart from the foregoing activities
[13], added grading and sorting, packing and bagging, transportation, loading and
unloading. Post-harvest management of maize can be categorized into four major
stages [5]. The first stage is farm-gate operations which include de-sheathing and
packing harvested maize cobs together when they are mature.; the second is trans-
portation, when cobs are transported from farms to homesteads; the third is home-
stead activities which constitutes drying and grading of cobs, shelling of cobs and
drying the grains, winnowing of grains, application of pesticides, packing grains at
household level and the fourth stage is storage of maize where grains are stored for
later use. Studies have shown that proper post-harvest handling can improve earn-
ings of maize growers especially for the women folk [14, 15]. This study focused on
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assessing the level of women participations in post-harvest management on maize
in Kogi State of Nigeria.

2. Methodology of the study

This study was carried out in Kogi State, Nigeria. The State consists of 21 Local
Government Areas. The State is located between latitude 6° 30'N and 8° 5'N and
longitude 5° 51E and 8° O0E. The state is made up of four agro-ecological zones,
namely: Zone A with the headquarter in Aiyetoro Gbede; Zone B has its head-
quarter in Anyigba; Zone C with headquarter in Koton Karfe; and Zone D has its
headquarter in Alloma. This delineation or stratification of the State into these
Zones was done By Kogi State Agricultural Development Projects (KSADP) in order
to ease their extension service delivery for optimum results in the State.

The state is well endowed with river valleys and swamps lands for dry season
farming. Maize is one of the major crops grown in the state and thrives well in
virtually all the agro-ecological zones of the State. For the purpose of this study
registered farmers were randomly selected. A total of 168 farmers were selected for
the study. A three stage random sampling technique was used. In stage one, four (3)
extension blocks were randomly selected from each of the agricultural zones (A, B,
C, D), that gives a total of 12 extension blocks. There are five blocks in each zone. In
stage two, three (2) extension cells were randomly selected from each block, mak-
ing a total of 24 extension cells. There are 8 cells in each zone. In stage three, five (7)
registered farmers were randomly selected from each cell. There are 80 farmers in
each cell. A total of 168 farmers were used for study. Structured questionnaire and
interview scheduled were used to elicit information from the respondents. The date
collected was analysed using both descriptive and inferential statistical tools. The
hypothesis for the study was tested using Chi-square (X°) statistics. The calculation
of Chi-square statistics is given as follows:

XZ _ Z(f(}—fe)Z (1)
€

where y” = Chi-square value.

f, = the observed frequency of levels of women participation in post-harvest
operations in the Zones (A, B, C and D).

f. = the expected frequency of levels of women participation in post-harvest
operations in the Zones (A, B, C and D).

df = (R-1) (C-1).

Decision rule: the Null Hypothesis is rejected when y2 Computed > 2 Tabulated
under the degree of freedom.

Null hypothesis (Ho): there is no significant difference in the levels of post-
harvest operations of maize in the various agro-ecological zones (A, B, C and D) of
the study area.

3. Results and discussion
3.1Indigenous post-harvest handling of maize by women farmers
The post-harvest management of maize can be discussed under the following

subheadings: Storage, processing grading/sorting/packaging, transportation/load-
ing and unloading and marketing of Maize as contained in the Table 1.
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3.1.1 Storage of maize

The analysis of level of women participation in the post-harvest operations
as presented in Table 1 shows that 16.07, 36.91, 42.26 and 4.76% of the women
maize farmers rated their participation in storage of maize as low, moderate, high
and no participation respectively. Drying and storage of maize grains have always
been considered as part of the domestic activities normally performed by women.
This is an indication that women farmers in Kogi State participated highly in the
post-harvest operations of maize. This result is in consonance with that of [16] who
reported that 42.2% of women actively engaged in drying and storage of maize
in five agro-climatic zones of rural Punjab, India. The construction of the storage
facilities are mostly done by men. Although, women sometimes hire the men and
youth in helping them construct the crib as shown in Figure 1. This construction
of crib in the study area is in line with the report of [2] that carried out a study on
gender post-harvest activities in Zambia, that the male support their female coun-
terpart in constructing the storage facilities.

Effectiveness of the preservation of maize, like that of other cereal grains and
food legume, is largely hinged on the ecological conditions of storage; the physical,
chemical and biological features of the grain; the period of storage; and the type
and the features of the storage facilities. Maize can be stored for a long period of
time in the raw form. Its shelf life is largely anchored on the prevailing weather
conditions (temperature and humidity) and other factors like the moisture, pests in
the stored maize and diseases. Hence, it is worthy of note that proper post-harvest
management of maize involve consideration of the above factors in order to improve
the shelf life of maize. The recommended quality of maize is highly dependent on
control harvesting strategies employed.

Maize harvesting is done by separating the cob from its main stalk. The
appropriate period of harvesting maize is when the stalk is dried and moisture
of grain as about 20-17% [17]. Maize that is harvested dry contains 15-20%
moisture at the time of harvesting. After harvesting, the husks are removed from
the cob. Then shelling is done to separate the grants from the rest of the cob. In
many village settings, the shelling is done by hand, or by rubbing the cob over
aroughened piece of metal. However, the use of mechanical shellers for maize
is fairly wide spread in West Africa, and adopting the mechanical method for
shelling their maize.

Post-harvest operations Low (1) Moderate High (3) No
Freq. (2) Freq. Freq. participation
(0)
Storage 27 (16.07) 62 (36.91) 71 (42.26) 8 (4.76)
Processing 60 (35.71) 47 (27.98) 28 (16.67) 33 (19.64)
Grading/sorting/packaging 54 (32.14) 29 (17.26) 39 (23.21) 46 (27.38)
Transportation/loading and unloading 67 (39.88) 45 (26.79) 34 (20.24) 22 (13.10)
Marketing 32 (19.05) 46 (27.38) 70 (41.67) 20 (11.91)

Field Survey, 2014.
Note: multiple responses.
The figures in parenthesis represent percentages (%).

Table 1.
Distribution of maize farmers according to the level of women participation in the post-harvest operations of
maize (n = 165).
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Figure 1.
Maize cobs stoved in a typical crib in Bassa, Kogi State.

In order to reduce the moisture content of maize, it has to be dried to 10-11%
moisture content before storing it [18]. Some have advocated drying it to moisture
of 13-14% [19]. However, the former seem to increase the shelf life of stored maize
because the dryer the maize, the better it is stored. For proper drying of maize, it
may be left spread on a mat or any platform over several days; it could also be taken
to the drying machine which blows hot air over the grains. After it must have been
dried to the desired moisture content, the maize grains can then be stored in silos
(metal or earthened) or in bags over a long period of time without deterioration.
However, if the grains have not been thoroughly dried, they will deteriorate and
become mouldy during storage.

In many rural parts of West Africa, maize is not shelled before being stored.
Instead it is stored on the cob, with or without the husk [7]. Quite frequently,
the maize is hung over domestic fireplaces where the fire helps make it dry, keep
it dry and discourage weevil attack. More commonly, the maize is stored in large
circular cribs or bins, built of bamboo and palm material, on raised platforms.
Fires are occasionally built underneath the bins to promote drying and to
control insect pests in the stored cobs. In these methods, shelling is done only
just before the maize is to be utilized or taken to market. Factors that governed
the design of storage structures included: tribal inheritance, availability of local
building materials, social, economic and cultural standards of the people and
local customs.

Even though farmers have adopted some innovations in post-harvest manage-
ment of their crops, farmers continue to be glued to their indigenous post-produc-
tion practices because of their effectiveness and reliability over time. For example,
farmers in the eastern part of Kogi State do not use industrial dryer on the corn that
are meant for the next planting season as they believe it will destroy the viability of
planting. Instead, they prefer the indigenous way of storing it on cobs local silos or
cribs, basket or hung near fire [14]. Effective management during the post-harvest
period, rather than the level of sophistication of any given technology, is the key in
reaching the desired objectives.
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3.1.2 Processing of maize

Spoilage of harvested maize is prevented wholly or partly either by appropri-
ate storage or by processing it into various storable products. Maize is consumed
in many forms in different parts of the world, from maize grits, maize porridge,
polenta and corn bread to popcorn and products such as maize flakes [11]. With
respect to processing of maize as indicated in Table 1, it was found that 35.71, 27.98,
16.67 and 19.64% of the women maize farmers said their participation in process-
ing of maize into consumable and marketable forms was low, moderate, high and
no participation respectively. This result is in agreement with a study by [2, 16]
that processing activities was low among women in Punjab, India and Malawi.
Processing activities in this study is associated with those of both primary and
secondary transformation of maize into consumable forms. This primary process-
ing includes threshing, winnowing, cleaning, soaking, dehulling, grinding, while
the secondary processing are activities involves changing maize into forms ready for
the table. They are activities such as boiling, steaming, roasting, frying, crushing,
blending, cooking and baking. Primary processing of maize is very essential in the
study area as maize flour is highly demanded for across all the agro-ecological zones
of the State.

Traditional methods of processing maize into flour using pestle and mortar,
grinding stones and manually operated mills vary in detail depending on culture
and geography [10]. The principles however, are the same in Kogi State, Nigeria.
Maize processing essentially begins with soaking the grain and then grinding
it between stones or pounding it in a mortar and pestle arrangement. During
pounding or grinding the bran is removed. The grain is winnowed at intervals
to remove the bran from the kernels. The dehulled grain is then pulverized into
flour by further grinding or pounding. Processing of maize into desirable end
products usually involves primary processing (cleaning, grading, soaking dehull-
ing, grinding and sieving) and secondary processing (blending, cooking, frying
and baking).

In most West African countries, maize is commonly used to make local beer
(Burukutu). For example, malt is gotten from maize grains left to germinate for
4-5 days [10]. The malt is then exposed to the sun to stop germination. The grains
are lightly crushed in a mortar or on a grinding stone. The malt is cooked and the
extract is strained off, cooled and allowed to stand, after 3 days of fermentation it
is ready to be drunk as beer. In some part of Nigeria like in the East of Kogi State,
millet is mostly mixed with maize for the above process of brewing except that yeast
is added and left for some few hours instead of fermentation for 3 days. Threshing
is mostly done by farmers beating the maize cobs in mortar using a pestle or beating
the cobs with a stick while they are still spread on the floor or rocky areas covered
with sack. Using improved method of threshing, the maize in its cobs could be con-
veyed to the shelling machine (Thresher/Sheller) of which very few of them were
available at the time of this study or further processing including dehulling and
grinding machine. Figure 2 depict a typical mortar and pestle for threshing maize,
while Figure 3 shows women dehulling and grinding maize grains. Winnowing and
sun drying can be carried out before dehulling and grinding. Figure 4 illustrates
woman winnowing and sun drying maize.

Cornflakes are a hydrothermically treated maize product of world-wide popu-
larity. They owe their success to their high nutrient value combined with low caloric
content and good digestibility. Flaking is a process consisting of cooking fragments
of cereal kernel, to a certain consistency, pressing the cooked mass between rollers
to form flakes, and toasting the flakes at an appropriate temperature.

136



Women Participation in Post-Harvest Processing of Maize Using Indigenous Technologies...
DOI: http://dx.doi.org/10.5772/intechopen.88517

Figure 2.
Morvtar and pestle for threshing maize grains from the cobs.

Figure 3.
Women dehulling and grinding maize grains.

3.1.3 Sorting, grading and packaging of maize

In terms of sorting, grading and packaging of maize in the study area as shown
in Table 1, 32.14, 17.26, 23.21 and 27.38% rated their participation to be low,
moderate, high and no participation respectively. This result indicates that the
participation of women farmers in Kogi State in the grading/sorting/packaging
of maize was rated low. Sorting and grading are done during threshing of maize
whereby, maize grains are winnowed with the lighter grains separated in as it is
thrown from the container into the air taking into cognizance the direction of the
wind; and bad grains can also be separated from the good ones by hand picking
the bad grains as shown in Figure 3. However, packaging is done by putting the
grains into woollen or polythene bags, while labelling is done by using chalk or
ink inscribed on the bag with any sign or words for identification. Indigenous
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Aisge 10mh P14

Figure 4.
A woman winnowing and sun drying maize.

value added products like maize porridge (ekwo, ogidigho agidi) are packaged

in banana leaves or other broad leaves that can be folded around the semi-solid
porridge. The proportion of the respondents that did not respond may be due to
fact that they are used to their indigenous way of grading/sorting/packaging of
maize and too, that the improved grading and packaging available may not be
cost effective for the farmers. For instance, the improved bagging system (triple
bags), at the time of this report were sold at N300 per triple bag as against the
N50 per single ones.

3.1.4 Transportation of maize by women farmers

With respect to transportation of maize, 39.88, 26.79, 20.24 and 13.10% of the
women farmers said their participation was low, medium, high and no response
respectively. This means that the participation of women farmers in Kogi State in
the transportation of maize was rated low. Transportation is done indigenously
by using their head with a basket or any other container to carry the maize
cobs or grains. The load could be transported using wheelbarrow or bicycle to
convey harvested maize from farm to home or markets or from stores at home
to the market. It is noteworthy, that women are sometimes helped by their men
counterpart especially those that are married in terms of transportation of maize
particularly in the area of loading and unloading, if the harvested maize is bulky.
However, in some cases, improved transportation, such as lorry, pick-up van,
trucks, etc., could be employed for bulkier loads especially at farm gate where
many small-scale farmers put their produce together for buyers (bulk assem-
blers) (Figure 5).

3.1.5 Maige marketing by women farmers

Maize like most agricultural commodities can be marketed freshly harvested
or processed. In Kogi State, local market places which are normally held at an
interval of 4-5 days are the points of convergence of the farm produce, includ-
ing maize. Maize processing would further enhance the chances of success in its
marketing. In terms of marketing of maize in study area as reflected in Table 1,
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Figures.
Wheelbarrow for conveying load.
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Figure 6.

The researcher observing the triple bagging system in front of a warehouse in the market.

19.05, 27.38, 41.76 and 11.91% of the women maize farmers rated their participa-
tion as low, moderate, high and no participation respectively. Women in Kogi
State were found to be mostly responsible for price taking and giving in maize
grain marketing. This does not mean that men do not take part in marketing of
maize; but their activities in marketing of maize are minimal when compared to
women involvement in same. One important feature of the markets in the study
area is the presence of warehouses in and around the market which makes it
easier for marketers to store their goods. Figure 6 depicts a typical market with
warehouses.

One problem faced by both small and large scale maize farmers in food process-
ing particularly if they are into traditional foods, is how to market their products
at a price that will guarantee a reasonable margin of profit. The chances of success
of alarge scale commercial venture producing traditional food could be further
enhanced, especially if they are part of a group or chain of industries, and if some
of the materials which they plan to produce will be utilized by one of the other arms
of the industrial establishment.
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Post-harvest operations Chi-square (X*) value P-value
Storage 11.22 0.10
Processing 8.99N 0.10
Grading/sorting/packaging 0.85" 0.10
Transportation/loading and unloading 13.29° 0.05
Marketing 16.70° 0.01

‘Significant.

NSNot significant.

Table 3.

Chi-square analysis on the level of women participation in post-harvest operations of maize in the various

zones (A, B, C and D) of Kogi State, Nigeria.

Level of participation in storage of maize

Zones Low Medium High
A 8 15 18
B 3 25 30
C 10 10 12
D 6 12 11
Level of participation in processing of maize
Zones Low Medium High
A 10 12 6
B 20 18 10
C 20 11 4
D 10 6 4
Level of participation in grading/sorting/packaging of maize
Zones Low Medium High
A 13 8 10
B 18 8 10
C 10 6 9
D 13 10 10
Level of participation in transportation of maize
Zones Low Medium High
A 14 11 4
B 15 22 12
C 20 6 8
D 18 6 10
Level of participation in marketing of maize
Zones Low Medium High
A 6 10 20
B 6 18 31
C 10 4 6
D 10 14 13
Table 2.

Frequency distribution of respondents according to their level of participation in post-harvest opevations in the

various zones of Kogi State.
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3.2 Tests for hypothesis on the level of women participation in post-harvest
operations in the various zones (A, B, C and D) of Kogi State

Table 3 shows the analysis of Chi-square on the level of post-harvest activities
among farmers in the various zones (A, B, C and D respectively). This was achieved
using the observed frequencies in Table 2. The result indicated that there was a
significant difference (P < 0.10, P < 0.05 and P < 0.01 respectively) their level of
post-harvest operations in storage, transportation and marketing. This implies that
the null hypothesis which was stated that ‘there was no significant difference in
the levels of post-harvest operations of maize in the various agro-ecological zones
(A, B, C and D) of the study area’ was rejected in each case. This may not be uncon-
nected with the fact that maize thrives well in all the agro-ecological zones of the
State and by extension, a high participation of women in the post-harvest activities
should be expected across the zones of the state all things being equal. There were
no significant differences in in terms of grading/sorting/packaging and transporta-
tion. This could be tied to the fact that these marketing functions are activities that
relatively depend on the presence of designated market places; hence, these post-
harvest operations may be higher in the areas where these markets were found, and
lower if otherwise.

4, Conclusion

It can be inferred that there is generally, a high participation of women farmers
in the storage of maize in the study area, but low participation in transportation,
grading/sorting/packaging and processing of maize were recorded. This could be
due to some factors that might have directly or indirectly affected the participa-
tion of respondents. The differences that occurred in the level of participation by
women in post-harvest management of maize at the various agro-ecological zones
of the State because of the peculiarity of the dominance of some post-harvest
handling operation in a particular zone. This can be seen as a point to harness and
integrate the indigenous knowledge on post-harvest handling of maize from these
areas in order to boost their post-harvest activities. Their low level of participa-
tion in some of the post-harvest operations could be tied to the fact that they had
inadequate access to information and other productive resources. If they have
access to productive resources, they could improve their level of participation in
post-harvest activities. The adequate knowledge and attitude about the appropriate
indigenous post-harvest technology to be used by the farmers for maize in a partic-
ular agro-ecology will go a long way to boost farmers’ participation in post-harvest
management of maize. It is obvious that despite the existence of various improved
post-harvest technologies in Nigeria, most of the women in the study area are still
glued to some indigenous technologies for the reason that they might have tested
and are familiar with these indigenous technologies and perhaps, they have little or
no access to the improved or modern ones.
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Maize is a staple cereal after wheat and rice. It is an important source of carbohydrate,
protein, iron, vitamin B and minerals for many poor people in the world. In developing
countries maize is a major source of income in resource-poor farmers. As maize is
used both as silage and as crop residue and the grains of maize are usually used for
food, starch and oil extraction industrially, the demand for maize is rising day by day.
Therefore, it is imperative for improvement of maize to meet the increasing demand.
This book entitled ‘Maize - Production and Use’ highlights the importance of maize
and the improved management approaches for improving the productivity of maize in
the era of changing climate.
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