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Chapter

Rice: Worldwide Production,
Utilization, Problems Occurring
Due to Climate Changes and Their
Mitigating Strategies

Muhammad Tkram and Haseeb-Ur-Rehman

Abstract

The production of rice is least in Pakistan and quite low as compared with
other countries. Proper crop management techniques such as intercropping and
combining organic manures are useful for better productivity and eco-friendly
environment. Whereas studies are needed to evaluate the efficiency of intercrops
and incorporation of certain nutrients with these plants. To examine results of
intercropping experiment was carried out research by combining nutrient manage-
ment practices. Five methods were taken including, sole rice, sole Green gram,
rice + Green gram (drill), rice + green gram (Ridges), rice + green gram (bed) in the
main plot moreover sub-plot included treatments of organic and inorganic supple-
ment. The results show that sole rice followed by intercropping rice along green
gram (poultry manure) has better characteristics of growth and yield, higher yield.
by changing irrigation methods and farming methods, managing organic additives
and fertilizer inputs, and choosing appropriate varieties and planting methods.
CH, decreased by 75% and N20 increased by 58%. The overall rice production
of Rice + green gram(ridges) is 2285 kg ha™' followed by rice + green gram (drill)
(2060 kg ha™). Rice + green gram(ridges) intercropping and (25 percent Urea+25
percent FYM+ 50 percent PM) were also correlated with better N usage perfor-
mance and post-harvest soil usable N, phosphorus (P) and potassium (K) Benefit:
cost (BC) ratios were also higher in the same treatment. From these results it is
obvious that the integration of intercropping and induction of organic manures has
a substantial impact on the outcome of rice.

Keywords: intercropping, F.M(farmyard manure), PM(poultry manure), N:P: K,
Rice, CH4

1. Introduction

As the world population is increasing, the demand of the food supply is also
increasing [1]. Estimating the future food demand, it can be considered that the
food requirements will increase approximately 100 to 110% in regard to feed
the world’s growing inhabitants by 2050 [2]. Cereal crops have been utilized as a
main component of the human diet for start of life in world. Rice (Oryza sativa)
belongs to one of the major cereal crops. It is grown for >7000 years in all over the
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world [3]. The annual production recorded in 2014 > 740Mt. It is consumed as a
staple food in many countries of the world [4]. Furthermore, Various components
of rice crop such as rice husk, rice brans etc. are being used for the manufactur-
ing of the different products such as rice bran is utilized to obtain the oil and rice
husks are being used in manufacturing of different bakery products as a nutrition
enhancing element. Rice is inimitable crop in term of its growth, it can be grown
in various conditions either these are wet or dry, different kinds of soils, wide
range of hydrological circumstances and different climatic conditions. But it is
grown mostly in tropics, sub tropic, humid and sub humid areas. Irrigated rice
gives average yield of 5 tons/ha globally, but this estimate varies widely in accord-
ing to seasons, nations and regions. In tropic regions, well expert farmers can get
the yield of 5 to 6 tons/ha and 7 to 8 tons/ha in wet and dry seasons accordingly.
The decrease in the yield of rice in wet season may be due to the less quantity of
solar radiations reaching to the earth [5].

2. Classification of rice

Kingdom Plantae

Sub Tracheobionta
kingdom

Division Magnoliophyta
Class Liliopsida

Sub class Commelinidae
Order Poales

Family Poacaeae

Sub family Oryzoideae
Tribe Oryceae
Genus Oryza

Specie 22 species including Oryza sativa, Oryza barthii, Oryza glaberrima, Oryza latifolia, Oryza

longistaminata, Oryza punctate, Oryza rufipogon

2.1 Origin

The most grown and utilizing species of rice are glaberrima (known as African
rice) and Oryza sativa (known as Asian rice). These are considered as a progeni-
tor of the Oryza species. It is estimated that Oryza sativa is grown approximately
on the area of 1200 km belt including the areas of Himalaya mountains, areas
near the Gangs river of India, Bangladesh, Bhutan, northern Burma, crossing
the areas of Thailand, passing through Laos and Vietnam, it covers the some area
of china as well. The Asian rice is mostly cultivated in south east Asia and south
region. Due to the large belt of rice cultivation, the exact origin of domestication
and evolution of related species and intermediates of the rice could not find. The
domestication of Asian rice took place at many places in various times in south
Asian regions [6]. On other hand, O glaberrima was known to be originated
from the Niger river areas in west Africa, almost 3000 years before. The wild
crop Oryza barthi is considered as its progenitor. After that Oryza glaberrima was
grown in Liberia [7].
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2.2 Domestication and diversification

There were two ways used for the domestication of the rice cultivation in China
and India. In Yangtze japonica, the traits for the domestication were utilized in
the beginning and this process was accomplished in China 6,000 to 6,500 years
ago. But it was completed approximately after 20,000 years in India. At that time,
the Chinese rice was hybridized. When farming trends increase then the grow-
ing of rice also moved to the nearby areas among the populations. In this way the
rice, the spreading of the rice take place from china to its south regions such as
Austronesian and Sino-Tibetan groups. On other hand, In south regions of Asia
the distribution of the rice take place after Dravidian and Indo-Aryan have gotten
the whole quantity of rice from the northern India [8]. Rice Diversification and
domestication processes were exposed to with the help of archaeology, ecology and
genetics. Archaeology discovers the evolutionary dates of rice were 4000 BC in
india and 5000 BC in china. First detailed study was conducted in Hastinapur city
of India on carbonized grains of rice at 1100-750 BC. The samples were taken from
Atranjikera a city of Uttar Pradesh almost 1500-1000 BC. After that the cultivation
of rice started spreading in different countries of the words such as its cultiva-
tion was introduced to the Japan 100-300 BC, west areas of India at 2000 BC, and
Philippines and Malaysia by 1400 BC [9].

2.3 Distribution of rice

Paddy rice are those rice which do not contain husk on their surface and brown
rice are those which contained any outer surface on it. This can be removed by the
milling. After that the rice are polished to obtain the white rice. Rice are mostly
grown on the flat lands, delta areas and near the rivers, but it is very difficult
to describe the specific environmental conditions and areas for its growth. The
countries containing the warm temperatures or subtropical climates give the maxi-
mum yields of the rice. The rice yield varies in all over the world according to the
latitudes such as 50°N, 45°N and 39°S for China, Japan and Australia accordingly.
The areas present at the latitude of 40°S and 45°N are considered as extensive rice
cultivating areas. Highest yield is observed in between 30°N to 45°N of equators. It
is also being grown in those areas which are present at the below levels of seai.e.,
Kerala. In Jammu and Kashmir, the rice is also cultivated at 1979 m altitudes. It can
also be cultivated in the deep and shallow water while rainy season is on peak [10].
The rice cultivation in widely range is due to its various varieties according to their
origin. Rice can be grown in all kinds of environments depending on the nature
of the cultivars. Mostly varieties can be grown in the areas where irrigation waters
are available. Furthermore, some varieties of rice are also available, which grow in
specific season and at specific lands.

2.4 Civilization due to rice

Rice play an important role in the human diet from the beginning. It has
enhanced the civilization and boosted the national economy in each country
growing the rice by exporting it to the rest of countries. It plays important role to
fulfill the dietary requirements in increasing population, their culture and civiliza-
tions. Rice was swamp grass of the semitropical areas, before its cultivation on large
levels in agriculture sectors. Then it became the additional food to the peoples of
the tribes, who were dependent on the fishing, hunting and other wild foods. Its
yield is less on the local level, but the implementation of the management practices



Cereal Grains - Volume 2

like conservation of nutrients and water, and application of soil fertilizers, weed-
ing and tillage practices, and selection of good varieties of the rice has boosted its
yield on greater extend. The maximum rice crop can be yielded by utilization and
managements of good practices, which are helpful to mitigate the problems of rice
growth. Hence after these adaptations, there was great influence in rice yield per
acre, rice growing areas and different cropping systems were developed. In this way,
civilization was started flourishing throughout the Asia sub-continent. Now, Asian
countries are contributing in their economy and meeting the surplus requirements
of the population [11].

3. Status of climate change
3.1 Crop management

Various methods to reduce greenhouse gas emissions from rice fields can reduce
greenhouse gas emissions from rice fields by changing irrigation methods and
farming methods, managing organic additives and fertilizer inputs, and choosing
appropriate varieties and planting methods. The following section will discuss all
these details with suitable options and possibilities in different agro-conditions.

3.2 Changing irrigation pattern

Irrigation in rice production process is one of the vital features in regulatory
greenhouse gas emissions. According to reports, compared with traditional flooded
rice, several water managements schemes (such as different drainage periods in the
season, alternating wet and dry soil, recurrent irrigation and controlled irrigation)
can minimize GHG emissions, Can be used as an option. Practice under different soil
and climate conditions without reducing crop yields. Mid-season drainage Mid-
season drainage includes a significant period of interruption of irrigation during
crop growth. Usually, a short-term drainage (5-20 days) is performed before the
maximum sub-till number stage to prevent grade growth and reduce the number of
invalid sub-tills, and the duration is adjusted by the conventional method of regional
determination. At the beginning of soil aeration, CH, emissions may increase in a
short time due to the release of CH, entrained in the soil, and its emissions will con-
tinue to decrease even when the field is submerged again. Since additional water can
be used to displace the paddy soil, there is also a difference in the efficiency of mid-
season drainage in reducing CH, (15-59%) [12]. Drainage in the spring increases the
oxidative conditions of the soil and the uptake of nitrogen [13].

Therefore, this can be achieved by reducing the amount of water applied,
because the net reduction in water will ultimately reduce CH, emissions.
Wassmann et al. [14] reported that the aerobic conditions generated by the flux of
oxygen discharged into the soil are not conducive to the activities of methanogenic
bacteria, therefore, in the medium term, drainage can reduce CH, emissions by
43%. Timely mid-season drainage management seems to be an important way
to obtain net benefits from greenhouse gas emissions [15]. So far, many studies
have confirmed its applicability in rice fields based on overall greenhouse gas
emissions. Zou et al. [16] recommended mid-season drainage as the best option
to reduce greenhouse gas emissions, because they pointed out that the GWP of
mid-season drainage was reduced by 27% compared with traditional CH, and
N,O-based floods [17]. Wassmann et al. [18] also reported that the GWP (CH,4
and N,0) of the mid-season drainage was reduced by 42% and 72%, respectively,
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compared with the traditional flood. Since greenhouse gas emissions are greatly
affected by the length and time of sewage discharge.

3.3 Alternate wetting and drying

Alternating wetting and drying are the periodic drying and re-oil flooding of the
rice field. Compared with mid-season drainage, the time interval between wet and
dry conditions seems too short to promote the transition from aerobic soil conditions
to anaerobic soil conditions [19]. Alternating wetting and drying can significantly
reduce CH, emissions, but the N,O emissions of this system vary greatly. Drainage
and the resulting aerobic soil conditions will oxidize CH4 and avoid CH,4 produc-
tion. Song and Fujiyama [20] reported that compared with traditional flooded rice,
alternating wetting and drying may reduce CH, emissions by 73%. Yagi et al. [21]
proposed that optimal irrigation according to the physiological characteristics of
crops at different growth stages can limit the frequency of alternating wet and dry
conditions, thereby reducing the production and emission of N,0. However, further
research is needed in this practice to solve the problem of offsetting N,O emissions.

3.4 Intermittent drainage

Intermittent drainage involves repeated free drainage and irrigation. It has
the advantage of improving soil oxidation conditions by enhancing root activity,
increasing soil carrying capacity and ultimately reducing water input that leads to
anaerobic conditions. It enhances the diffusion of oxygen into the soil, increases
the aerobic area and reduces the production of CH, [22] pointed out that compared
with traditional floods, intermittent drainage can reduce CH, emissions by 44%.
Hardy [23] also showed that, compared with permanent floods, intermittent drain-
age can reduce CH, emissions by 15%. N,0O emission during intermittent irrigation
strongly depends on the flooding conditions of the field. Different water regimes
in rice fields lead to sensitive changes in N,O emissions [17]. Nevertheless [24, 25]
reported that compared with traditional floods, the global warming potential (CH,4
and N,0) of intermittent irrigation was reduced by 34% and 54%, respectively.
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3.5 Controlled irrigation

According to reports, compared with irrigated rice, controlled irrigation can
minimize the net emissions of greenhouse gases [26, 27]. During the rice growing
season, the soil in the controlled irrigated rice field is kept dry (60-80%), but there
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is no flooding after the rice seedlings are regreened [28], similar to the water in the
rice intensive system (Sato) [26] reported that, compared with traditional flooded
rice, CH4 emissions from controlled irrigation rice fields were reduced by 79%,

and N,O emissions increased by 10%. The GWP of controlled irrigation was much
smaller than that of traditional flooded rice (67%). Peng et al. [27] also reported
that the global warming potential (CH4 and N,0) of the irrigation system was
reduced by 27% compared to conventional floods. In addition, some authors report
that deep-water irrigation (water depth of 10 cm) and permanent humidification,
humidification irrigation and water-saving irrigation can also reduce greenhouse
gas emissions from rice fields, especially CH, [29, 30] can be used as a tool to reduce
greenhouse gas emissions.

3.6 Straw/residues management

Crop production inevitably leads to the production of large amounts of
straw/residue that are usually left in the field [31]. With the gradual decrease in
the amount of organic fertilizers, the rice soil relies heavily on the recycling of
straw to overcome the carbon loss caused by soil cultivation and crop harvest-
ing. Although burning straw can ensure rapid seedbed preparation for farmers
and avoid the risk of nitrogen immobilization during the decomposition of
residues, carbon and nitrogen are relatively large, but incomplete carbon com-
bustion will produce a large amount of greenhouse gases and affect air quality.
Produce adverse effects [31, 32]. In addition, N oxides and other fire-source
organic compounds can cause the formation of tropospheric ozone. Rice straw is
composed of a variety of organic components, such as cellulose, hemicellulose,
lipids, protein, lignin, etc., each component’s contribution to the improvement
of CH, emission rate is variable. CH, The discharge rate is very sensitive to the
management method of straw entering the soil. Ali et al. [33] reported that the
CH,4 emission rate of fresh rice straw is higher compared to the non-crop season
in rice fields. In a field survey conducted in Zhejiang Province, China, [34] found
that the recorded greenhouse gas emissions of early straw incorporation at the
beginning of the fallow period in winter were 11% less than the traditional straw
incorporation method in spring. Similarly, [35] showed that in the fallow period
(60 days before rice planting), the incorporation of residues is beneficial in terms
of greenhouse gas emissions and grain yield, compared to the usual application
before transplantation. Abandoning rice straw can also be an effective measure,
because compared with the combined use of straw, straw removal reduces the
emissions of these three gases [36].

Percentage change in sector emissions in developed and
developing country groups, 1990 to 2020
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3.7 Application of biochar

Biochar is a carbon-rich material produced by pyrolyzing waste biomass under
anoxic conditions and high temperatures [37]. The highly porous structure and
the increased surface area of carbon-rich fine-grained biochar makes it an ideal
soil amendment for carbon sequestration [38, 39]. Galloway et al. [40] pointed out
that compared with the plots without biochar, biochar produced by pyrolysis of
crop straw can increase carbon sequestration by 22% and reduce N,O emissions by
35%. Higher levels of biochar are more effective in reducing N,O emissions from
rice fields [41, 42]. Huang et al. [43] observed that the application of biochar at 10
and 40 ha™ reduced N,O emissions by 58% and 74%, respectively. Jin et al. and
Lehmann [44, 45] also recorded that the use of biochar can significantly reduce N,O
emissions. The application of biochar may have a positive impact on soil organic
carbon and significantly reduce N,O emissions, which may be a way to reduce
greenhouse gas emissions. However, the long-term effects of biochar on the physical
and chemical properties of soil and the rate of soil organic carbon sequestration
require further studies to draw reliable conclusions.

3.8 Fermentation of manure

The greenhouse gas emission potential of fermented manure in the soil is low
because the SOM reservoir will be quickly depleted during the fermentation process.
Compared with fresh organic modifiers and a combination of urea and organic modifi-
ers, the application of fermentation residues can reduce CH, emissions by approximately
60% and 52%, respectively [46]. Several field studies have evaluated various organic
corrections for greenhouse gas emissions (especially methane). The difference between
fresh materials (straw or fertilizer) is relatively small; however, it has been reported that
there is a huge difference between the greenhouse gas emissions triggered by preferred
and fresh materials [47, 48]. Using fermented biogas residues can only increase CHy
emissions by 42%, while unfermented manure can increase CH, emissions by 112-138%
[49]. Other carbon benefits obtained by substituting biogas for conventional fossil fuel
energy, the use of biogas residues in rice fields can provide soil fertility while reducing
CH, emissions. Nayak et al. [50] concluded that the application of livestock manure in
rice fields can greatly reduce N,O emissions, while increasing CH, emissions and soil
organic carbon sequestration. Patrick and Reddy [51] reported that the application of
compost in the rice field reduced N,0O emissions by 50% compared to the application of
urea. However, the CH, emissions during anaerobic composting can offset the output
obtained after mixing into the soil, and aerobic composting technology can minimize
such emissions. Nayak et al. [S0] observed that compared with fresh straw, the emissions
of organic amendments produced by aerobic composting of straw were significantly
reduced, indicating that it can be used as an environmentally friendly method.

3.9 Fertilizer management

Fertilizer management is an important part of reducing the environmental impact
of rice fields. Soil fertilizers applied to crops are not always effective [52, 53]. Improving
the efficiency of fertilizer use can reduce greenhouse gas emissions, especially N,O
emissions, and indirectly reduce the carbon dioxide emissions of nitrogen fertilizers
[54]. Measures to improve fertilizer utilization and reduce greenhouse gas emissions
include: accurately adjusting the amount of fertilizer according to crop needs [55-57]
and using nitrification inhibitors or slow-release fertilizers [58, 59] adjust the timing of
application and select the appropriate source, accurately locate the fertilizer in the soil,
avoid excessive application or eliminate the application of nitrogen fertilizer [60].
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3.10 Adjusting fertilization and matching N supply with demand

Adjusting the nitrogen and phosphorus content to meet crop demand is
conducive to crop yields while controlling greenhouse gas emissions. Even in best
fertilization practices, large amounts of nitrogen will be released into the atmo-
sphere. In irrigated rice, nearly 48% of applied nitrogen is lost in gaseous form
[60]. The responsible mechanism for nitrogen loss is ammonia volatilization,
nitrification and denitrification. The specific meaning of all these processes may
vary according to natural conditions and crop management practices [45]. The
rate of fertilizer controls the emission of greenhouse gases. In general, the emis-
sion of greenhouse gases, especially N,O, increases with the increase of nitrogen
input [34, 55]. The general strategy for minimizing N loss and reducing N,O
emissions is to avoid excessive use of N in space and time. Reducing the amount
of nitrogen fertilizer application to a level that does not reduce crop yields can
also reduce the demand for nitrogen fertilizer, and ultimately reduce the indirect
emissions of carbon dioxide during the nitrogen fertilizer production process.
IPCC (1997) estimated that regardless of the source of N, 1.25% of the applied N
would be lost as N,O. Several studies have documented the instantaneous increase
in N;O emissions from rice fields due to the application of nitrogen fertilizers.
[25]. It was observed that the application of urea will increase N,O emissions by
54% compared with no nitrogen fertilizer. Lu et al. [49] reported that N,O emis-
sions in rice fields increased with the application of nitrogen fertilizer, especially
at higher rates. Reducing nitrogen fertilizer has no significant impact on CH,4
emissions, while the current average nitrogen fertilizer application for rice can
be reduced by 33%, which can reduce N,0 emissions by 27%. Recent field studies
report that high nitrogen content can reduce net CH, emissions from rice systems
by roughly 30-50% [59, 60].

Aulakh et al. [34] reported that the increase in nitrogen application reduced CH,4
emissions and increased N,O emissions compared with the control without nitrogen
application. Zou et al. [16] also recorded that when the nitrogen application rate
increased from 150 kg to 400 kg N ha™!, CH, decreased by 75% and N,O increased
by 58%. A recent meta-analysis showed that the response of CH, emissions may be
related to the N rate, where the addition of N at a low rate tends to stimulate CH,
emissions, but it may alleviate CH, emissions at high N rates [35, 47]. However, fur-
ther research is inevitably needed to deal with the compromise between nitrogenous
tertilizers and CH, and N,O. Applying nitrogen fertilizer to the soil near the active
root absorption zone can reduce the loss of surface nitrogen and increase plant
nitrogen use efficiency, thereby reducing N,O emissions. Khaliq et al. [30] pointed
out that placing chemical fertilizers in a 6-10 cm soil layer can significantly increase
nitrogen use efficiency and reduce N,O emissions. In addition, distributing nitrogen
fertilizer at different growth stages of crops can also increase nitrogen use efficiency
and reduce nitrogen loss.

4. Conclusion

From above all discussion it may concluded that nitrogen have positive impact
on rice yield greenhouse gas emissions from rice fields can reduce greenhouse gas
emissions from rice fields by changing irrigation methods and farming methods,
managing organic additives and fertilizer inputs, and choosing appropriate variet-
ies and planting methods. CH, decreased by 75% and N,O increased by 58%. CH,
emissions may be related to the N rate, where the addition of N at a low rate tends to
stimulate CH, emissions.
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