INNOVATIVE GERMPLASM DEVELOPMENT TO INCREASE WATER PRODUCTIVITY

BACKGROUND

There are distinct options for managing water resources and improving water productivity (WP). Irrigation (or modifying the environment) was the traditional approach for dealing with water shortages but now that water resources are scarce other solutions are sought. For example, plant breeders are working on the development of crops better adapted to drought-prone environments or for plants with high water-use efficiency. Research suggests that relatively high productivity may be accomplished even in unfavorable environments if selection for adaptation to these environments occurs in targeted crops. Furthermore, recent advances in cell and molecular biology offer a new means (either through genetic transformation or applied genomics) for improving cross tolerant to water stress. All CGIAR centers working on crop breeding invest resources to improve crops for water-scarce environments and are introducing biotechnology methods for enhancing their breeding protocols. Genome sequencing and functional genomics in model plant or crop species are providing not only new knowledge but also new genes to tackle some important abiotic stresses in the plant kingdom. Inputs from crop physiologist and water/irrigation managers/engineers are included in defining new plant types (or ideotypes), which may enhance the adaptation of crops to drought-prone environments or improve the water-use efficiency. Indeed, germplasm improvement and crop-water management are complementary approaches for managing water more efficiently in water-scarce environments.

PURPOSE

A multidisciplinary approach and capitalizing on new science will be the means for making rapid progress in developing new crops that will help to increase water productivity in farming systems worldwide. Integrated crop-soil-water management suggests that genetic solutions may be the one of the answers for enhancing crop adaptation to water stressful environments, e.g. aerobic rice, drought-tolerant maize, or  short-season legumes. Ideotype breeding and new recombinant-DNA tools appear to be complementary to on-going cross-breeding approaches being undertaken by the CGIAR and its research partners in the dry agro-eco-zones of the world. However, breeders need to include in their trait assessment not only plant characteristics but also water parameters, such as water productivity and water savings. Also, suggested characteristics among new plant types must be tested to determine their potential not only in the targeted crop but also related species and where it fits in the agricultural system. Model plant species (Arabidopsis, Medicago, rice or soybean) are available tools for assessing whole-genome transcriptional response and new sources of alleles for (a)-biotic stresses, e.g. drought. Characteristics of interest may be included in a plant ideotype and genetic control points associated to them may be determined. Further, comparative mapping will allow to determine gene synteny of drought tolerance loci between crops within the same family (or tribe therein). Forward and reverse genetics may identify key regulators of drought tolerant genotypes. These tolerant genes may be candidates for genetic transformation or cross-breeding manipulations to develop new crops that may enhance water productivity in drought-prone environments. For example recent analysis of molecular responses to abiotic stresses suggest that using regulation of gene expression and signal transduction in transgenic crops could enhance their adaptation to stressful environments (drought, frost, salinity).

Teams (some not all)

Crop physiologists and irrigation/water engineers/managers define traits of interest for new plant types with enhanced adaptation to water-scarce environments

Genebank managers and crop breeders search for the suggested attributes in the germplasm available in their collections

Molecular geneticists map genes controlling these traits in respective crop pools

Molecular breeders use mapped DNA markers as landmarks for gene introgression or selection

Molecular biologists using functional genomics and gene sequencing dissect candidate genes for specific attributes enhancing water productivity in crops

Biotechnologists transform plants with candidate genes across species

Crop physiologists and crop breeders test new plant types to determine their agronomic potential in targeted agro-eco-zone

OUTPUTS

New plant types for cereal and legume crops that will enhance water productivity developed

Crops with better adaptation to polluted water (e.g. metals or salt) become available

Experimental genotypes with new plant architecture or physiological trait(s) added to the testing tool kit of crop physiologists

Genetic loci controlling trai(s) of interest defined

Candidate genes (as determined by mapping, mutation and transcriptional investigations) for further breeding manipulation through transformation or cross-breeding identified

DNA marker for assisted-selection or aided-introgression incorporated into breeding protocols

Methodologies

Four crops (two cereals and two legumes) will be selected as model crops for this research. Rice and maize among cereals and cowpea and chickpea among legumes are the candidate crops because of their economic importance, their role in specific agro-eco-zones, available breeding pools and protocols for genetic improvements to drought, and recent advances in biotechnology. In addition some of these crops are well-known for their adaptation to very water-scarce environments; e.g. cowpea in the African dry-savanna and the Sahel. The methods to be considered are:

Crop morpho-physiology to determine ideotypes

Germplasm screening to identify accessions with suggested attributes

Gene mapping to locate alleles in chromosome linkage groups

Recombinant DNA technique for gene isolation and cloning

Marker-aided introgression and selection or genetic transformation for advance gene manipulations

Field testing and selection of desired genotypes in targeted agro-eco-zones

ACTIVITIES

Define and test ideotypes in targeted species and agro-eco-zones

Search for traits in available gene pool collections

Map genes associated to trait(s) of interest with DNA markers

Cloning of candidate genes

Genetic transformation with candidate genes

DNA markers for assisted selection in cross-breeding

BENEFICIARIES AND IMPACT
Abiotic stresses (including drought) account for significant yield reduction (up to 71%) in crops. In developed world agriculture (e.g. USA, where data are available) insurance indemnities are paid more for crop losses due to drought than for any other kind of loss. Examples from the developing world speak by themselves, For example, drought stress coinciding with flowering and grain filling reduces maize yields by 50% and 12% respectively, thereby becoming one of the major abiotic constraints for this crop in the Guinea savanna belt of West and Central Africa, or in the drought-prone environments of Eastern and Southern Africa. An annual economic loss of US $ 520 million may be due to drought in groundnut, and genetic enhancement for this trait may reduce this by US $ 208 million. i.e., 5.2 benefit-cost ratio. Hence, farmers in dry land agriculture of in environments prone to long and unpredictable dry-spells are the main beneficiaries on this research-for-development undertaking. Research in model crops will add new tools in the breeder’s kits for related crop species or even for research-neglected crops.

HUMAN RESOURCES

Multidisciplinary teams (breeder, physiologist, agronomist, biotechnologist) from the crop breeding centers of the CGIAR (as in-kind contribution)

Additional full-time professionals or postdoctoral fellows (biotechnology, physiology?) for each of the selected crops for this research may be needed

Research partners in advanced research institutes working in molecular biology for each of the selected crops

Regional and NARS partners working in the development of drought tolerant crops

FINANCIAL RESOURCES

In kind contributions from the on-going research-for-development work in crop breeding centers of the CGIAR and their partners worldwide: genebank screening, breeding populations, crop physiology and agronomic assessment, gene mapping, genetic transformation Additional funding needed for full time research (including staff working on the subject): About US $ 300,000 (tentative but to be cross-referenced with each IARC and for each crop) per crop per year for 5-10 years.

