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PREFACE 

Sulphur (S) plays a pivotal role in various plant growth and development processes 
being a constituent of sulphur-containing amino acids, cysteine and methionine, and 
other metabolites viz., glutathione and phytochelatins, co-factor of enzymes which 
contribute to stress repair and amelioration of heavy metal toxicity. Besides, a 
number of S-containing components are biologically active and, thus, a source for 
use as medicinal value. 

The basic global issue before the agricultural scientist and world community is to 
evolve cultivars and develop methodologies for efficient use of inputs to enhance 
agricultural productivity. This is particularly true of the developing countries which 
are going to see maximum rise in population with changing food demands and 
declining availability of land. Amongst the inputs, nutrients play a crucial role. The 
major requirement is for N, P and K followed by several micro-nutrients. In this 
context reports of world-wide S deficiency in the agricultural systems are relevant. 
The reasons are many. Broadly speaking reduction inS emission, use of S-free N, P 
and K fertilizers and higher biomass production contributed the maximum. Despite 
the need for sulphur as an essential plant nutrient and the substantial returns 
expected from its use, very little attention has been given to fill the gap between 
supply and demand of S. 

During the recent past, there has been spurt in research activity in various aspects 
of S utilization by crops. These range from an understanding of the global S cycle to 
the biotechnological approaches to improve the utilization efficiency of not only S 
but also its role in balanced use of fertilizers. This is to contribute to efficient use of 
nutrients and, thus, development of sustainable agricultural practices. 

In this book, the editors have attempted to put together the research contributions 
by experts in their respective fields to elaborate the various aspects of sulphur to be 
considered from the agricultural point of view. 

In chapter 1, a general introduction of the S, its global inventory and the 
expected changes concerning its turnovers on a global scale within the next 15 years 
are discussed comprehensively; the S cycle of upland, wetland and limnic 
ecosystems are examined, and S balances at different scales from landscape over 
sub-field down to plant level are presented. 

Chapter 2 deals with the food requirement scenario keeping in view the increase 
in population, income level, urbanization and, thus, the changing food habits, and 
need to remedy the under-nourishment and malnutrition prevailing amongst the 
teeming millions in some regions of the world. This is followed by discussion on 
prevalence ofS deficiency, its causes and the present and future scenario of fertilizer 
demand and supply. 

Chapter 3 deals with managing sulphur (S) in agroecosystems. In the first part of 
this chapter global biogeochemical S cycle, S sources and transformation processes 
in the environment are dealt. The second part deals specifically with the 
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management of S in agroecosystems. 
Chapter 4 summarizes what is known about the uptake and transport of sulphate 

in plants. The physiological and biochemical background on sulphate transport 
characteristics are summarized together with a critical appraisal of current molecular 
approaches in this research area. A model of a 'highly regulated circuit' controlling 
sulphate uptake and assimilation, mediated by feedback loops involving key 
metabolites of cysteine biosynthesis has been proposed. 

In chapter 5, the newly obtained information for the current view on the pathway 
of assimilatory sulphate reduction are presented. A brief historical account of 
investigations of sulphate assimilation is followed by biochemical and molecular 
characterisation of the enzymes and their regulation. Finally, a summary of the 
remaining open questions and directions for future research is given. 

Chapter 6 deals with the sulphur distribution and redistribution in vegetative and 
generative plants. In the first part, evidence for the reallocation of S, factors that 
influence reallocation changes in mobility and sinks with respect to plant 
development, and mechanisms for loading sulphate and organic-S into the phloem 
are discussed. In the second part, pattern of distribution and redistribution of sulphur 
in vegetative plants in monocots and dicots, pathways for the importation of S into 
developing grains in monocots and dicots and forms of S imported by developing 
cereal grains and incorporated into grain proteins are given. 

Chapter 7 deals with the biosynthesis of cysteine and methionine. 
Chapter 8 focuses on the recent advances in the elucidation of glucosinolate 

biosynthesis. Finally, future research need on identification of regulators of 
glucosinolate biosynthesis to make it possible to metabolically engineer 
glucosinolate profiles in a tissue specific manner to improve disease resistance and 
nutritional value is given. 

Chapter 9 and 10 deal with ecophysiological and molecular aspects of 
metallothionine (MTs) and phytochelatins (PCs). In chapter 9, emphasis is placed on 
their role in metal detoxification, metal specific genetically defined tolerance 
(hypertolerance) and the possible use ofPCs as biomarkers of heavy meal toxicity, 
and chapter 1 0 reviews our current understanding of the biosynthesis, expression, 
regulation and functions of MTs and PCs, drawn from a range of physiological, 
biochemical, genetic and molecular biological approaches to their study. 

In chapter 11 occurrence, localization, coding gene, metabolism and function of 
a higher plant sulpholipid, sulphoquinovosyl diacylglycerol (SQDG), are given in 1-
5 sections. In 6th sections, a number of different stress responses were considered, 
and tried to evaluate whether SQDG can play a role in adaptation. The future looks 
very interesting for research on this unique membrane lipid! 

Chapter 12 discusses the role ofthiol compounds (with special emphasis on GSH 
redox system) in the defense systems and their involvement in plant responses to 
environmental stress. 

In chapter 13, an extensive review of genetic engineering strategies used to 
modify stress tolerance is presented. Main focus is given on the changes in the 
content and redox state of glutathione, a major low-molecular-weight thiol­
containing compound and a scavenger of reactive oxygen species. 
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In chapter 14 detail mechanisms of H2S emission and utilization by plants that 
will help to develop strategies for usefulness of the channelling of extra sulphur into 
specific sulphur pool in order to improve crop quality by using molecular biology 
tools are described. 

Chapter 15 deals with the consequences of S02 influx in plants. 
Chapter 16 describes the very important role plants play in providing the protein 

required in animal diets. Mechanisms by which the plant regulates the relative 
abundance of these two protein classes are proposed. Also, efforts to enhance the 
relative abundance of the sulphur amino acids in seed storage proteins are described. 

Chapter 17 is concerned specifically with impact of S on processing quality of 
wheat. An overview of the distribution of S deficiency, its amelioration, effect of 
other plant nutrients on S uptake is also given. 

Chapter 18 examines the effect of sulphur on yield and quality of oilseed rape 
and also describes the relationship between sulphur nutrient status within the plant 
and disease development. 

Chapter 19 synthesizes the available information on the responses of field crops, 
both in terms of yield and quality to S fertilization in monoculture and cropping 
systems that are prevalent in different states of India, and the role of S in optimizing 
crop production and reducing environmental risks. 

Chapter 20 deals with the interaction of S with other nutrients which is relevant 
to considering/developing strategies for balanced use of fertlizers. 

Chapter 21 discusses the biological profile of some of the sulphur compounds of 
plant origin, and rationale for their possible use in the form of medicine. 

Thus, this book has presented an authorative review of present status of 
knowledge of sulphur and its availability for crop production and quality, and 
identified further research areas to be explored. We believe that this book, written by 
experts in different areas of research, will be useful for under-graduates, graduates, 
professors, scientists in biology and agronomy. 

We are thankful to the authors for their time and efforts. We express our sincere 
gratitude to Mr. Siraj Hussain (lAS, Vice-Chancellor) and Professor Muhammad 
Iqbal (Head, Department of Environmental Botany) ofHamdard University for their 
constant encouragement and for providing us necessary facilities to effectively carry 
out this work. Financial supports from Indian National Science Academy (under 
Honorary Scientist Scheme) and Department of Science and Technology (under 
SERC Fast Track Young Scientist Scheme), Govt. of India are gratefully 
acknowledged. 
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