African Journal of Biotechnology Vol. 7 (6), pp. 664-669, 18 March, 2008

Available online at http://www.academicjournals.org/AJB
ISSN 1684-5315 © 2008 Academic Journals

Review

Biotechnology in plant nutrient management for
agricultural production in the tropics: The research link

Aggrey Bernard Nyende

Jomo Kenyatta University of Agriculture and Technology, Horticulture department. Box 62000, Nairobi, Kenya. E-mail:

abnyende@hotmail.com.

Accepted 29 January, 2008

The potential benefits of biotechnology are extraordinary and traverse sectors like agriculture,
environment, health, industry, bio-informatics, and human resource development. In agriculture,
biotechnology research has helped to improve the understanding of diseases, to improve the diagnosis
and treatment of diseases, to improve resistance to herbicides/insects/pests/diseases/drought, to
improve crop varieties and yields, marker assisted selection breeding, to develop new uses for
agricultural products, to facilitate early maturation and to improve food and feed nutritional value. The
uncertainties and risks of biotechnology are yet to be fully understood but its possibilities are yet also
to be fully exploited for agricultural production. Research has currently linked plant nutrition to
biotechnology through plants modifications to obtain improved photosynthetic system and enhanced
nutrient uptake. Due to the corresponding higher physiological efficiency of the improved crops via the
biotechnological modifications, plant nutrient management can be adjusted appropriately. These
adjustments ultimately lead to other potential benefits in agriculture that include reduced labour and
capital inputs, improved environmental protection and strengthened rural economies, which can

translate into sustained agricultural production.
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INTRODUCTION

In the face of growing human population and environ-
mental challenges, current farming methods are proving
incapable of meeting requirements for sustainable agri-
cultural production, food security, and economic growth.
In Africa, farming is the most important economic activity
that contributes 33% of the National Gross domestic
Product (FAO, 1996; Persley, 2002; Monsanto, 2002).

The available land suitable for agricultural production is
declining due to environmental degradation that includes
soil erosion and soil exhaustion, hence poor plant
nutrition. Pests, weeds and diseases too, have devas-
tating effects on crop yields in Africa causing large losses
of farm produce before and after harvest. Worst still is the
cost of insecticides and fertilizers that are considerably
high for poor farmers who are forced to use them sub-
optimally. This result in higher pest damages
and lower yields (FAO 2000; Monsanto, 2002).

With increasing population growth, food production
must be doubled by the year 2020 if there is to be
sufficient food for all. Agriculture must face and meet this

challenge (FAO, 2000). This implies that boosting agricul-
tural productivity is of paramount importance to improve
people’s welfare and standard of living in Africa. To
achieve this, scientists and researchers should embrace
appropriate technologies and policies to help transform
the agricultural system to become more productive and
profitable (DANIDA, 2002; FAO, 2002). Examples of such
technologies include plant biotechnology. Biotechnology
is a broad term for a group of technologies that employ
biological systems, living organisms, or parts of these
organisms, to make or modify products or processes, to
improve plants and animals, or to develop microorga-
nisms for specific applications. But, plant biotechnology in
Africa must be considered in the context of Africa’s needs
for increased food production, poverty alleviation and
environmental protection. Increased productivity per unit
of land is critical, not only to feed growing populations
and ensue competitiveness, but also to protect biodiver-
sity by conserving indigenous forests, wetlands and
natural ecosystems (Wambugu, 1999). Appropriate appli-



cations of modern plant biotechnology will include:

a.Improving crops vyields via breeding for physiologically
more active plants that are highly efficient in nutrient
utility.

b.Producing better quality and healthier foods via crops
with higher protein, vitamins and mineral contents; also
plants with modified fats and long lasting vegetables
and fruits.

c¢.Producing disease, pest and insect resistant crops.

d.Producing herbicide tolerant crops.

e.Producing specially adapted plants, draught tolerant
crops, and nitrogen fixing crops.

f. Developing plants that produce edible vaccines
(Neutraceuticals).

g.Reducing use of toxic chemical pesticides.

h.Encouraging low-tillage production methods and
thereby reduce accelerating losses of topsoil and
biodiversity caused by farming in poor, marginal lands.

The intensification of agriculture in the favorable agri-
cultural land areas has come at the cost of damage to the
environment, with increasing salinity problems in irrigated
areas and damage to human health. Urbanization and
industrialization has limited prospects of expanding land
available for agriculture except by moving into forests and
marginal areas. Marginal areas have poor soils and little
irrigation and hence prone to drought.

PLANT BIOTECHNOLOGY PRODUCTS

Biotechnology evolved from traditional practices such as
conventional breeding and fermentation. Unlike in tradi-
tional biotechnology, ‘Modern Biotechnology’ involves the
application of cell modification techniques that overcome
natural physiological, reproductive and recombination
barriers but which impart desirable traits for food,
medicine and other applications.

Modern biotechnology is defined as “any technique that
uses living organisms or parts thereof to make or modify
products, to improve plants or animals or to develop
microorganisms for special use” (FAO, 2002). Plant
products of biotechnology have been available in the
market for some time now. These modified crops look like
their traditional counter parts, but they possess special
characteristics that make them superior. These crops
benefit both the farmers and consumers. Farmers gain
higher crop yield and have increased flexibility in
management practices; while consumers have “healthier
crops”. Plant products of biotechnology approved for food
uses have been modified to contain traits (Table 1) such
as disease resistance, herbicide tolerance, altered
nutritional profiles and enhanced storage. These are
termed as the 1% generation genetically modified (GM)
crops.

The 2™ generation GM crops are now improved to-
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wards producing increased nutritional and or industrial
traits, which is very crucial in countries with dietary
deficiencies. Some examples include potato with higher
starch content, rice enriched with iron and vitamin A,
edible vaccines in maize and potatoes, maize varieties
that grow in very poor conditions, and healthier oils in
soybean and canola, pest tolerance in fruit trees, reduced
allergens in peanuts, and protein enrichment in cereals,
ripening controlled pineapples (Bongcam and Poirer,
1999) (Table 1).

CURRENT PLANT BIOTECHNOLOGY RESEARCH
Tissue culture

Commonly referred to as “traditional biotechnology”, it is
the cultivation of plant cells, tissues, or organs on
specially formulated nutrient media. This is an important
technology that leads to disease free high quality planting
materials, rapid production of many planting material,
improved growth and yield, uniform planting time and
product quality. Unfortunately, tissue culture is labour
intensive, time consuming, and can be costly. Important
plants in Africa grown in tissue culture are oil palm,
banana, eggplant, pineapple, cassava, sweet potato, and
tomato (Devries and Toenniessen, 2001). Example of two
important breakthroughs have been the tissue culture
banana in Kenya (Wambugu and Kiome, 2001) for the
production of quality planting materials and the “new rice
for Africa” (NERICA) in Guinea, combining the Africa rice
(Oryza glaberrima) and the Asian rice (Oryza sativa)
through a backcross embryo-rescue (WARDA, 2005).

Marker assisted selection

A selection tool that reduces breeding time frame,
reduces workload and space. The process of developing
a new crop variety can take 14 - 25 years. But plant
biotechnology via the selection of traits using the MAS
can shorten this to 7 - 10 years. This is based on the fact
that a plants genetic material that distinguishes one plant
from the other is encoded in the DNA. Instead of
selection by phenotype, breeders identify specific genes
using genetic or molecular markers. The markers are a
sequence of nucleic acid, which makes up a segment of
DNA. These markers are located near the DNA sequence
of the desired gene. The markers and the genes are
close together on the same chromosome and tend to stay
together as each generation of plants are produced i.e.
they are genetically linked. If breeders can find the
marker of a gene, it means that the desired gene is
present. Using genetic mapping, researchers can analyze
only a tiny bit of plant tissue, even from a newly ger-
minated seedling. Several marker systems have been
developed and are applied to a range of crop species
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Table 1. Plant products of biotechnology.

Improved crop species

Trait characteristic

Herbicide tolerant soybean
Herbicide tolerant cotton
Herbicide tolerant corn

Has a gene providing resistance to some broad spectrum herbicide.

Insect resistant corn
Insect resistant potato
Insect resistant cotton
Virus resistant potato
Virus resistant squash
Virus resistant papaya
Delayed ripening tomato
Canola

Bt gene against corn borers

A protein resistant to the potato beetle

A protein resistant to boll worms and bud worms
Modified to tolerate PLRV* and PVY*

Resistant to the WMV* and the ZYMV*
Resistant to PRSV*

Has extended shelf life

A modified rapeseed product

*PLRV, Potato leaf roll virus; PVY, Potato virus Y; WMV, Water melon virus; ZYMV, Zucchini yellow mottle virus; PRSV,

Papaya ring spot virus.

Modified from the USDA (2001) and Essential Biosafety (2002).

Table 2. Commonly used marker systems.

Feature RFLPs RAPDs AFLPs SSRs SNPs
DNA quality High High Moderate Moderate High
PCR-based No Yes Yes Yes Yes
Ease of use Not easy Easy Easy Easy Easy
Number of polymorph loci analyzed 1.0-3.0 1.5-5.0 20-100 1.0-3.0 1.0
DNA required (ug) 10 0.002 0.5-1.0 0.05 0.05

Modified from Korzun (2003).

(Barone, 2003; Grube et al., 2000). These are (Table 2),
Restriction fragment length polymorphisms (RFLPs),
Random amplification of polymorphic DNA’s (RAPDs),
Simple sequence repeats (SSRs) or microsatellites, and
Single nucleotide polymorphism (SNPs). The molecular
markers also allow the creation of new sources of genetic
variation by introducing new and desirable traits from wild
varieties into elite lines. The main uses of molecular
markers are assessment of genetic variation and
characterization of germplasm; identification and finger
printing of genotypes; estimation of genetic distances
between population, inbreeds, and breeding materials,
identification of sequences of useful candidate genes and
detection of monogenic and quantitative trait loci (QTL)
(Table 2).

Herbicide tolerant crops

Lowers input costs in terms of applied nutrients and
weeding, encourages the use of environmentally friendly
herbicides, less soil erosion therefore enables no-till
farming practices, better weed control, improved yields
and less crop damage (Carlson et al., 1997). For exam-
ple, the use of herbicide tolerant soybean lead to reduced

fertilizer application, reduced weeding and hence a
saving of 216 USD. Adoption of Bt cotton has led to a 5-
fold decrease in usage of pesticides in China while it
resulted in a reduction of 78,000 tons of formulated
pesticide use (James, 2004). Bt cotton in India resulted in
yield increase from 308 to 450 kg/ha between 2001 and
2004 (James, 2004).

Virus/insect tolerant crops

Less chemical pesticides used (benefits the crop and the
environment), less negative impact on non-target organi-
sms, less chemical residue on product, Lower in put
costs, lower fungal toxin levels due to reduced insect
damage and “peace of mind” management (Carpenter
and Gianesis, 2001). Use of Bt cotton in South Africa
under irrigation showed 18% higher vyields, reduced
spraying to only two and a reduction in fertilizer
application by 20% (Van der Walt, 2000). More than 20
genes for resistance to various plant diseases have been
isolated (Baker et al., 1997), tagged and mapped using
molecular markers in many crops species (Zhang and
Yu, 1999).



Diagnostics

Early detection and early treatment of disease causing
organisms is critical in effectively controlling disease
losses. Visual detection at plant level is usually possible
only after major damage to the crop has occurred
(Webster, 2000). Modern biotechnology techniques
provide more accurate and quicker identification of
pathogens using new diagnostics that identify molecular
aspects of the pathogen. The diagnosis is based on rapid
detection of DNA or proteins that are specific to each
pathogen, disease or condition (James, 2000). This can
be extended to nutrient deficiencies during the latent
periods to allow for timely fertilizer applications.

Drought and salt tolerance

Drought, extreme temperatures and high salinity are
major limiting factors for plant growth (Altman, 2003). If
plants can be redesigned to better cope with abiotic
stress (Zhang et al., 2000) agricultural production can be
increased dramatically. Development and utilization of
stress-resistant genotypes would be an efficient
approach. Plants respond to stress by adjusting their
morphology, physiology and biochemistry. Genes regu-
late these responses; hence efforts are geared towards
isolating and characterizing these genes. Among stress-
induced genes isolated to date, several major groups of
genes have been targeted for improving abiotic resis-
tance in plants. This includes genes encoding enzymes
for the biosynthesis of compatible compounds, heat
shock enzymes, transcription factors and proteins re-
quired for homeostasis. A more promising line of
research is the use of gene coding for citrate synthase,
the enzyme for biosynthesis of citric acid (Fuente et al.,
1997). Transgenic sugar beet plants with an elevated
expression of this gene showed an enhanced tolerance
to aluminum and an also increased uptake of phosphate
in the acidic soils as a result of excretion of citrate.

Biofertilizers and biopesticides

Microbes function as both providers and defenders. They
can contribute to plant nutrition by converting important
macromolecules into forms usable by plants. In view of
the rise in the costs of chemical fertilizers and their
adverse effects on the environments, the potential of
certain microorganisms to avail nutrients to crops plants
as biofertilizers has been recognized (Zafar, 2000). Most
biofertilizers fix atmospheric nitrogen to ammonia by
complex metabolic process. Two types of biofertilizers
are known. The symbiotic, which require association with
plants, are represented by Rhizobium, and the free-living,
which fix nitrogen independently, include the Azofobacter,
Azospirillium, blue green algae and Azolla. These bioferti-
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lizers are particularly important in tropical countries where
soils are deficient in organic matter and essential plant
nutrients. Biopesticides as an alternative to chemical
pesticides are becoming important in control of pests due
to two reasons: They are target-specific and they do not
leave harmful residues. Important pesticides include,
trichogramma (egg parasitoid) to control lepidoptera
pests, fungi (Trichoderma and Gliocladium) to control root
rot and wilt disease in pulses, Bacillus thuringiensis and
neem. The fungus Penicillium bilaii allows plants to
absorb phosphates from the soil.

THE RESEARCH LINK: BIOTECHNOLOGY AND
PLANT NUTRITION

In many developing countries, soil infertility limits produc-
tivity. Plant nutritional research can raise productivity by
diagnosis of nutrient deficiencies and toxicities of crops
on previously unfertilized soils, their corrections with
minimal fertilizer and treatment costs, and development
of cultivars with high nutrient efficiency in deficient soils
and high tolerance of natural toxicities (Loneragan,
1997).

Advances in plant breeding and agronomy often
reinforce each other. Example the dwarf wheat and rice
not only reduced the amount of photosynthate needed for
straw but also increased the benefit of adding more
fertilizer (Brown, 1997). Most breeding programs have
confined their research to selecting and breeding culti-
vars with heightened ability to cope adverse soil
conditions. In a few cases, genetic information collected
in breeding programs has enabled researchers to relate
nutrient efficiency to specific genes. Nutrient efficiency
may involve a variety of mechanism in different species
and different genotypes of a single species. Example the
gene position for copper efficiency in barley and the
cDNA clone isolated for manganese efficiency in barley
(Graham, 1984).

Different species and different varieties of plants often
show marked differences in adaptability to soils low in
nutrients. Such differences are due to either:

1. the ability to uptake nutrients from soils of low
availability or
2. the ability to utilize nutrients more efficiently in plants

Hence acquiring sufficient understanding of the
physiology of nutrients is critical in having an efficient
management system.

Yield potential research
Genetic engineering can be used to modify certain

physiological processes for higher yields. Gan and
Amasino (1995) reported a system conceived to delay
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leaf senescence by autoregulated production of cytokinin.
This was seen observed in transgenic tobacco plants,
which showed a significant delay in leaf senescence, and
a corresponding large increase in flower number, seeds
and biomass. Yield improvement has also involved re-
search in both agronomic nutrient uptake involving the
major nitrogen, phosphorous and potassium nutrients, i.e.
the enhanced ability of their uptake by plants and
enhanced photosynthesis.

Research involving transgenes governing photosyn-
thetic system for higher yields has been reported.
Schittenhelm et al. (2002) reported improved yield in
potatoes having the phytochrome B oxidase isolated from
Arabidiopsis thaliana. A high-affinity phosphate transpor-
ter gene (PHT1) has been isolated from A. thaliana. This
gene showed an increase in the rate of phosphate uptake
when over expressed in cultured tobacco cells
(Mitsukawa et al., 1997). Kato et al. (1997) characterized
phenotypically tobacco mutant plants, which over ex-
pressed the axi1 gene, under phosphate deficient
conditions.

Plant genes encoding transporters for inorganic N have
also been isolated and characterized (Wiren et al., 1997).
An enhanced nitrite transporter (Nitr1) gene in the
chloroplast envelope of the tobacco plant and isolated
from the cucumber plant showed an increased utilization
of nitrate (Oka et al., 1997). Increased nitrogen
assimilation and plant yield can be investigated by over
expressing this gene. Potassium uptake system can be
affected by over expression of heterogeneous K channels
that enhance K absorption (Wei-ming et al., 1997).
Currently ongoing research is on the molecular aspects
of water and ion transport under salt and drought stress.

Diagnostic techniques research

Plants have complex mechanism to adapt themselves to
changes in environmental conditions such as nutrient
availability. These mechanisms include the pattern of
gene expression. To understand the mechanism, it is
useful to isolate and analyze mutants or transgenic crops
with altered responses to environmental changes. It is
important to be able to predict nutritional disorder in early
stages and to take effective counter measures prior to the
appearance of visual symptoms (Horiguchi, 1989).
Nutrient disorders can be diagnosed by analyzing
phenolic compounds (eg. Anthocyanins and organic
acids) that show sensitive response to nutrient deficiency
(Chisaki and Horiguchi, 1997). Studies for nitrogen,
phosphorous and potassium deficiency in rice, barley and
field beans show the accumulation of phenolic
compounds prior to visual browning symptoms. Some
visual symptoms caused by nutrient deficiencies are due
to disorders caused by the phenolic compounds and is
gene mediated. Selection of nutrient efficient lines in
various crops can be done through in vitro technology.
Nutrient stress can be done on basal medium in the labo-

ratory and selection of plant cells, tissues and mutants
thereof selected thereof. Selected lines can then be
further characterized for morphological, physiological and
yield parameters. This is based on the observation that
there is genetic control of plant nutrient uptake. Genes
corresponding to induced man-ganese transport in the
manganese-stressed tomato roots have been screened,
cloned and sequenced by Kitano et al. (1997), which also
showed the enhanced activity of Mn uptake in Mn-
deficient roots of tomato and screening of Mn-deffciency-
inducing genes, cloned by PCR-assisted differential
display.

CONCLUSION

Biotechnology is only one tool, but a potentially important
one, in the struggle to improve food security and reduce
malnutrition. The uncertainties and the risks are yet to be
fully understood and the possibilities are yet to be fully
exploited. Biotechnology is by no means a panacea, but
should be considered as part of a holistic solution
towards meeting farmer’s needs via sustainable agri-
cultural production. According to FAO (2006), plant
biotechnology provides powerful tools for sustainable
development of Agriculture as well as the food industry.
When appropriately integrated with other technologies for
the production of food, agricultural products and services,
biotechnology can be a significant assistance in meeting
the needs of an expanding and increasingly urbanized
population in the next millennium (FAO, 2006).

REFERENCES

Altman A (2003). From plant tissue culture to biotechnology: Scientific
revolutions, abiotic stress tolerance and forestry. In vitro Cell Dev.
Biol. 39: 75-84.

Baker B, Zambryski P, Staskawicz B, Dinesh-Kumar SP (1997).
Signaling in plant-microbe interactions.

Barone A (2003). Molecular marker assisted selection for resistance to
pathogens in tomato. A paper presented during the FAO international
workshop on marker-assisted selection. A fast track to increase
genetic gain in plant and animal breeding? 17-18 October 2003,
Turin, ltaly.

Bongcam V, Poirer Y (1999). International news on fats, oils and related
materials (INFORM) 10 (8): 768-774.

Brown A (1997). Facing the challenges of food scarcity: can we raise
grain yields fast enough. In Plant nutrition for sustainable food
production and environment. Ando T, Fujita K, Mae T, Matsumoto H,
Mori S, Sekija J (Eds.). Kluwer academic publishers. pp. 15-24.

Carlson GA, Mara MC, Hubbel B (1997). The economics of first crop
biotechnologies. Raleigh, North Carolina State University.

Carpenter JE, Gianesis LP (2001). Agricultural biotechnology: Updated
benefits estimates. National center for food and Agricultural Policy,
Washington, DC 200036. www.ncfap.org, p. 46.

Chisaki N, Horiguchi T (1997). Responses of secondary metabolism in
plants to nutrient deficiency. In Plant nutrition for sustainable food
production and environment. Ando T, Fujita K, Mae T, Matsumoto H,
Mori S, Sekija J (Eds.) Kluwer academic publishers, pp. 341-345.

Fuente JM, Ramirez-Rodriguez V, Cabrera-Ponce JL, Harrera-Estrella
L (1997). Aluminium tolerance in transgenic plants by alteration of
citrate synthesis. Science 276: 1566-1568.

DANIDA (2002). Assessment of potential and constraints for develop-



ment and use of plant biotechnology in relation to plant breeding and
crop production in developing countries. Working paper. Ministry of
Foreign Affairs. Denmark.

Devries J, Toenniessen G (2001). Securing the harvest: Biotechnology,
breeding and seed systems for African crops. The Rockefeller
foundation, New York. USA.

Graham RD (1984). Breeding for nutritional characteristics in cereals.
Adv. Plant Nutr. 1: 57-102.

Grube RC, Radwanski ER, Jahn M (2000). Comparatives genetics of
diseases resistance within the Solanaceae. Genetics, 155: 873-887.
Gan S, Amasino RM (1995). Inhibition of leaf senescence by

autoregulated production of cytokinin. Science 270: 1986-1988.

Essential Biosafety (2002). Agriculture and Biotechnology Strategies,
Inc.

FAO (1996). Investments in Agriculture: Evolution and prospects. World
food summit technical background. Document 10, Rome. Italy.

FAO (2000). Agriculture. Towards 2015/30, Technical interim report,
April 2000. Economic and social department. Food and agricultural
organization of the United Nations. http://www.fao.org/es/

FAO (2002). Crop biotechnology: In a working paper for administrators
and policy makers in Sub-Saharan Africa. (Eds.) Kitch L, Koch M,
Sithole-Nang .

FAO (2006). www.fao.org/biotech/state.htm.

Horiguchi T (1989). Effects of nitrogen, phosphorous, and manganese
deficiencies on the formation of anthocyanin and other phenolic
compounds in plants. Jpn. Int Soil Sci. Plant Nutr. 60: 226-232.

West Africa Rice Development Association-Warda. (WARDA) (2005.)
http://www.warda.cgiar.org.

James C (2000). Global status of commercialized transgenic crops.
ISAAA briefs. No 21: Preview. ISAAA. lthaca New York.

James C (2004). Preview. Global status of commercialized biotec/GM
crops. ISAAA briefs. No 32. ISAAA. Ithaca New York.

Kitano T, Sasaki K, Amako K, Takahashi M (1997). PCR-assisted
differential display of the expression of genes that are induced by
manganese-deficiency in tomato roots.

Kato M, Hayashi H, Walden R, Chino M (1997). Phenotypic
characterization of tobacco mutant CF 15-9, which over express the
axi 1 gene, under phosphate deficient conditions. In Plant nutrition for
sustainable food production and environment. Ando T, Fujita K, Mae
T, Matsumoto H, Mori S, Sekija J (Eds.). pp 22-228. Kluwer academic
publishers.

Korzun V (2003). Molecular markers and their applications in cereals. A
paper presented during the FAO international workshop on marker-
assisted selection. A fast track to increase genetic gain in plant and
animal breeding? 17-18 October 2003, Turin, Italy.

Loneragan (1997). Plant nutrition in the 20" and perspectives for the
21% century. In Plant nutrition for sustainable food production and
environment. Ando T, Fujita K, Mae T, Matsumoto H, Mori S, Sekija J
(Eds.). pp. 3-14. Kluwer academic publishers.

Mitsukawa N, Okumura S, Shibata D (1997). High-affinity phosphate
transporter genes of Arabidopsis. In Plant nutrition for sustainable
food production and environment. Ando T, Fujita K, Mae T,
Matsumoto H, Mori S, Sekija J (Eds.). Kluwer academic pp. 187-190.

Monsanto (2002). Biotechnology in Africa
http://www.monsantoafrica.com.

Nyende 669

Oka K, Amako K, Takahashi M (1997). Modification of the nitrogen
utilization in transgenic tobacco plants that have enhanced or
repressed expression of a putative nitrite transporter in chloroplast
envelope. In Plant nutrition for sustainable food production and
environment. Ando T, Fujita K, Mae T, Matsumoto H, Mori S, Sekija J
(Eds.). Kluwer academic. pp. 221-222.

Persley GJ (2002). Agricultural biotechnology: Global challenges and
emerging science in “Agricultural Biotechnology”: Country case
studies- A decade of development. Persley GJ, Maclntyre LR (Eds.).
CAB International.

Schittenhelm S, Menge-Hartmann U, Oldenburg E (2002). Growth
analysis of transgenic potato overexpressing Arabidiopsis thaliana
phytochrome B. Vortr. Pflaezenzuectg suppl. 2002/1: 289.

USDA (2001). http://www.aphis.usda.gov, 2001

Van der Walt WJ (2000). Identifying increased production yield
opportunities by monitering biotechnology development. Presentation
delivered at the 7" Annual agricultural management conference, VW
conference centre, Midrand, South Africa, 25-26 October 2000.

Wei-ming S, Su VY, Fujiwara T, Hayashi H, Goto K, Omeda Y, Shaff JE
(1997). Transfer of potassium genes into tobacco. In Plant nutrition
for sustainable food production and environment. Ando T, Fujita K,
Mae T, Matsumoto H, Mori S, Sekija J (Eds.) Kluwer academic, pp.
195-196.

Wambugu F (1999). Why Africa needs agricultural biotechnology.
Nature 4000: 15-16.

Wambugu F, Kiome R (2001). The benefits of biotechnology for small-
scale farmers in Kenya. ISAAA briefs No. 22. ISAAA lthaca, NY.

Webster JR (2000). Biotechnology today and tomorrow. Presentation at
the AfricaBio Symposium, Gallagher Estate, August 2000.

Wiren N, Gazzarrini S, Frommer WB (1997). Regulations of mineral
nitrogen uptake in plants. In Plant nutrition for sustainable food
production and environment. Ando T, Fujita K, Mae T, Matsumoto H,
Mori S, Sekija J (Eds.). Kluwer academic publishers. pp. 4-9.

Zhang Q, Yu S (1999). Molecular marker-based gene tagging and its
impact on rice improvement. In Rice breeding and genetics-
Research priorities and challenges. Nanda JS (Ed.). Science
publishers, Enfield, New Hampshire. pp 241-279.

Zhang J, Klueva NY, Wang Z, Wu R, Ho THD, Nguyen HT (2000).
Genetic engineering for abiotic stress resistance in crop plants. In
Vitro Cell Dev. Biol. 36: 108-114.



