MORPHOPHYSIOLOGICAL
AITS IN CROP
IMPROVEMENT:

CASE STUDY - SORGHUM

RATIKANTA MAITI

Editorial Production: Pedro A. Wesche-Ebeling

PUBLICACIONES BIOLOGICAS
Division de Estudios de Postgrado - Facultad de Ciencias Biologicas
Universidad Auténoma de Nuevo Leon
MEXICO



sB197
.S7
M35

i
i



Il I\lllllllllllMlillll\llllllllI||l|<|\|\|ii!||l|1l|||




MORPHOPHYSIOLOGICAL
TRAITS IN CROP
IMPROVEMENT:

CASE STUDY - SORGHUM

RATIKANTA MAITI .

P;_g.yo_ B\.‘D\Lo*e Ceo |

‘“

RK.
2! | 2%-

Technical Editors: Pedro A. Wesche—Ebehng, Mannel
Rojas Garciduenas, Paul R. Earl. ARy 7

1993
PUBLICACIONES BIOLOGIGAS

DIVISION DE ESTUDIOS DE POSTGRADO - FACULTAD DE CIENCIAS BIOLOGICAS
UNIVERSIDAD AUTONOMA DE NUEVO LEON
Ciudad Universitaria, Apdo. Postal F-16, San Nicolis de los Garza, Nuevo Leén, México CP 66450

e




CONTENTS

ABOUT THE BOOK
ACKNOWLEDGEMENTS
1. INTRODUCTION
The sorghum crop
Origins and domestication of sorghum
Areas under cultivation
Yield potentials and constraints
Research needs
2. SEEDS
Introduction
Seed morphology
Distribution of corneous and floury endosperm
Development of caryopsis (seeds) .-
Anatomy of mature kernel or seeds
Relationship of seed maturity with nutritional composition
Physical and physiological characteristics of seeds
Variability for different morphological and physiological
characteristics
Viability for seed wetting and drying
Effect of soaking treatment on seed viability and
seedling vigor
Associations among different morpho-physioclogical
characteristics
Germinability and some aspects of pre-harvest and post-harvest 29
General comments 32
3. GERMINATION AND SEEDLING ESTABLISHMENT
Introduction
Crop establishment in sorghum
Germination
Dormancy
Water uptake and movement in the sorghum grain
Seedling establishment
Factors affecting seedling emergence
Post-emergence growth (seedling vigor)
Endosperm-dependent seedling growth
Relationship between protein content and seedling size
Seedling vigor in laboratory and field tests
Evaluation of seedling vigor
FONDO UNIVERSITARIO Factors controlling seedling vigor in sorghum




Drought resistance at the seedling stage 6 6. mm’i‘n%nROWTH AND DEVELOPMENT
Differential response of glossy and nongl lines to drought
resistance at the seedling stage e - Development of root system
Relationship between resistance at the seedling stage and at Seminal root
advanced growth stages Adventitious root
Seedling morphology RoNootd:;;ro ;::;wn root
G:ggfasl 2223::;5 Seedling root anatomy and Snfga parafsci)tizsat;on
Appendix: Techniques to evaluate different crop Host. root anatomy vs field r_esx;}tancgl or : fa
establishment traits Estabhslf:lumeqt of root system in the soil in relation
LEAF to its function
4.]_£af moglcln)lozleM Water and nutrient upta?:e by root system
Leaf anatomy RooF system study techpxques
Leaf surface Brick chamber techniques
Trichome technique General pattern of root development
Laboratory study
Studies in pots and wooden tray
Root studies in polyethylene bag
CSH1, 22E, two Indian hybrids and their parents
(pot culture)
Brick chamber method
Field study
Effect of soil types on root growth in brick chambers
General comments
7. ROLE OF CLIMATIC FACTORS IN SORGHUM GROWTH
Introduction
Sorghum growth regions and the development
Radiation
Temperature
Rainfall
Temperature
Air temperature
Effect of temperature on photosynthesis and respiration
Effect on phenology
Effect of temperature on yield components
Leaf temperature
Soil temperature
Solar radiation
Relative humidity
Wind speed

Scanning electron microscopy of glossy and nonglossy lines . . ..
Electron microscopy
Leaf anatomy in crosssection
Factors that determine leaf development
Leaf emergence
Leaf extension
Importance of leaf area development
Water stress effects on leaf growth
Effect of water stress on leaf extension
Culm
Stem anatomy
Stem elongation
Dry matter distribution in different plant organs
Comparative look on stem and head growth in different seasons
General comments
5. PANICLE DEVELOPMENT AND PRODUCTIVITY
Introduction
Growth and developmental stages
Environment factors influencing phenology
Determination of the development stages of panicle
Panicle development
Heading, anthesis, pollination and physiological maturity
Comparative studies of panicle development of hybrids
and their parents
Grain growth pattern (general) Day-length
Comparative study of panicle development of sorghum Rainfall and soil water
genotypes belonging to different taxonomic groups Soil moisture
General comments




Responses of sorghum to soil moisture deficit
Selection of genotypes for drought resistance
Mechanisms of drought resistance
General comments

8. MINERAL NUTRITION OF SORGHUM R.B. Clark, Univ. Nebrask

Introduction

Mineral element requirements
Nitrogen

Phosphorus

Potassium

Magnesium
Sulfur
Manganese

Molybdemun
Other elements
Aluminum

Chlorine
Silicon
Barium, Cadmium, Chromium, Cobalt, Lead, Mercury,
Nickel and Selenium
9. IMPROVEMENT OF CROPS: THE ROLE OF
MORPHOPHYSIOLOGICAL TRAITS
Introduction
Seed characteristics and seedling establishment
Seed viability following wetting and drying
Grain quality, germinability and dormancy
Seedling emergence and seedling vigor
Research needs
Panicle development
Root growth and development
Glossy sorghum germplasms
Taxonomic group and geographical distribution
Characterisation of glossy trait
Biophysical and biochemical distinction between
glossy and nonglossy sorghum
Chlorophyll
Epicuticular wax (EW) structure

Epicuticular wax content
Differential resonance activity between glossy
and nonglossy lines
Variability in morphological, anatomical and
biochemical characters

Epidermal trichomes

Crop age

Epicuticular wax content
Mechanisms of resistance against biotic and abiotic
factors and the glossy trait
Biotic Factors
Shootfly resistance
Mechanism of resistance to shootfly -
Trichome presence and density
Glossy trait
Quantitative relationship of morphophysiological
traits with shootfly resistance
Glossy characteristics and its role in genetic
improvement in shootfly resistance
Epicuticular wax (EW) structure (scanning electron
microscopy, SEM) in relation to shootfly resistance
Correlation studies between plant height and numbers
of days to 50% flowering with shootfly resistance
Other insects and diseases
Abiotic stresses
Seedling drought resistance
Effect of water stress on some physiological and
biochemical components
Variability in intensity of glossiness and waxiness
and its relation with water stress resistance
Mechanism of drought resistance in glossy lines
Temperature

Evaluation of glossy sorghum for different stress resistance .

Nutrient deficiency
Phosphorus uptake
Uptake of minerals

Determination of antinutritional elements in some glossy

sorghum genotypes
Multiple resistance

Characterisation and potential uses of glossy germplasm accessions

in sorghum crop improvement
Agronomic traits




Observations in India

Observation in Mexico % ABOUT THE BOOK

Genetic diversity
Grain and fodder improvement

o mbois sod oty o wse o oghen . [ iemtantinatic praummofs pt dersoppentmorpiaphyiiogal
Utilization of glossy lines in sorghum crop improvement 25 traits in any crop, cepencs rgc.:y DIk Bk BOUWRRE 1 _1ts i “.ﬂ .
Conclusions 2% components, qa'me.ly seeds, seedlings, stems and reproductive meristem.
Probable plant type concepts in sorghum o5 Total productivity is dependent on expression of these plant components
General comments 24 Which work in harmony. The behavior of these individual components

under a variety of environmentalconditionsis directly reflected in the total
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The role of the plant physiologists is to study the vast array of complex
GENERAL REFERENCES 2% functions operating in plant. It is an essential pre-requisite in a crop im-
provement research program to understand the growth and development
of different organs and their constraints under different environments.
These factors are considered to determine the structure and thesis of the
present book. Although literature is available regarding the growth and
development of sorghum, no one book details all these aspects in a
concise manner. The main objective of writing this book is to present
information of original research by the author and an extensive review of
the literature on the subject in each chapter. I have attempted to make
each chapter independent; however, there are some repetitions in several
chapters. The book is divided into nine chapters.

Chapter 1 is an introductory chapter outlining the sorghum crop, its
origin and domestication, the areas under cultivation, its yield potentials
and constraints, as well as the research needs. Y

Chapter 2 deals with morpho-physiological characteristics of seeds. The
emphasis has been to show seed morphologyrelated to physical character-
istics of seeds and ultimately to the development of seedlings. Factors
relating to seed viability,grain germinability and grain weathering are also
discussed.

Chapter 3 is concerned with the facets of seedling development the
evaluation of seedling vigor and stand establishment traits. Problems of
seedling emergence through crusted soil and methodology of seedling
resistance and traits related to multiple resistance are also discussed.

Chapter 4 deals with morphology, structure, growth and development
of leaf and stem. Distribution of dry matter in different plants organs
under different environments is also discussed in this chapter.




Chapter 5 deals with panicle growth and development and its limitation
under different climatic conditions. The grain growth pattern, the effect
of weather on growth stages and relationship among growth stages and
panicle components are also discussed in this chapter.

Chapter 6 discusses the morphology and development of root both in
the field and under simulated conditions. As the growth and development
of crop is largely influenced by climatic conditions, a general account of
crop environments and its effect on sorghum growth and development is
discussed in Chapter 7. This includes (1) the general aspects of micro-
environments (2) plant responses to physical environments; (3) a review
of the effects of water stress on plant function and (4) integrating soil-
water-crop environments.

Chapter 8 deals with the mineral nutrition of sorghum and it representas
a direct contribution by R.B. Clark, from the University of Nebraska.

Chapter 9 draws inferences of screening techniques for several resistance
traits discussed in previous chapters, the research imperatives and eva-
luates multistress resistance for dryland sorghum crop improvement. It
outlines a plan for development of multistress-resistance traits and plant
type concepts in sorghum.

This book gives special emphasis to look for genetic variability in mor-
phophysiological traits in sorghum and discusses its possible utilization in
crop improvement with special reference to unfavorable conditions. Very
few attempts are made in this directions on any other crops.

I believe this book will serve as a guide to students, extension workers
and also researchers in sorghum crop productivity. I have attempted to
use sorghum crop as a basis for synthesis of the growth and development
of other cereals crops. The work done of this crop could be used as a
guide for the study of other cereal crops.

R.K. Maiti
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INTRODUCTION

THE SORGHUM CROP

Sorghum is a major source of food for millions of people in the semiarid
tropics. In tropical areas sorghum grain is important as food and as livestock feed.
The stem and foliage are used as a green crop, hay silage and pasturage. The
stems are also used as fuel and building material. In temperate areas, it is a major
source of cattle feed except in China, where it is primarily used for food (House,
1980). .

Sorghum is used in the preparation of different types of food, and an un-
leavened bread is the most common food made from sorghum flour. Sometimes
the dough is fermented before the bread is prepared, and the grain is boiled to
make a porridge or gruel. It is also used in the preparation of biscuits. Beer is
prepared from sorghum grain in many parts of Africa. Besides these products,
popped and sweet sorghum which are parched, are also eaten (House, 1980).

The demand for sorghum as a staple food has been growing in recent years.
Though sorghum is known for its versatile use, hardness, dependability, stability
of yield and adaptability over a wide range of cultures and climates, the adverse
edapho-climatic conditions prevailing in the sorghum growing areas of the world
limit the crop’s production (Swindale, 1980). The crop is often grown on poor
soils by farmers who have little resources for control of moisture, the purchase
of fertilizers, insecticides and other inputs. Therefore, there is a need for the

development of cultivars more adaptable to the adverse climatic conditions of the
SAT world (semiarid tropics, Figure 1.1).

ORIGINS AND DOMESTICATION OF SORGHUM

Nothing is known about when Sorghum bicolor was first brought into cultiva-
tion, but Murdock (1959) stated that, along with several West African Crops, it
was domesticated some 7000 years ago. It might have reached India not earlier
than 1500 BC and China by AD 900. Cultivated sorghums were first introduced
to the Americas and Australia about 100 years ago (Peacock, 1984). Sorghum is
distributed in wild forms in Africa and other countries. Mann et al. (1983)
reviewed this subject. In sorghum, domestication is initiated by allelic changes at
only two loci resulting from different selection pressures following the innovation
of harvesting techniques. Wild sorghum disperse their seeds by the breakage of
nodes (due to the absence of an abscission zone along the rachis, panicle or at
spikelet nodes) with the subsequent scattering of the seeds. The essential step
adopted in domestication was the harvest of the whole inflorescence, and the




