=14 eat*wew Science and Teq*hno!ogy

From The Green Revolution to
The Gene Revolution

L ponpddly - grosng wo
I rid  populavon  and
increasing demand for
more and better food are
verliain to pose serious threals
to social, political, economic
and envirenmental stability
carly in the
century. Without a decline in
the currenl rates of growth,
loday's population of nearly 5.5
hillion is ted to nearly
deuble to 10.7 billion by the
vear 2030. Almost all of this
growth will occur in the al-
reacdy overpopulated and im-
poverished countries of Africa,
Asia and Latin America, which
will be home to nine out of ev-
ery ten human beings.

In this near [uture, addi-
tonal land for growing food as
well as for meeting all the
other needs of the expanding
population will have to be
derived from the destruction
of the already dwindling and
e iiclangered but precious pro-

lected natural aAreas.
Lindoubtedly, these changes
will place unprecedented
strain not only on the global,

social, political and economic
infrastructure, but will also
c.nise further deterioration ol
the Iragile environment of our
ey tallv ocenpied planet. It
dhthia! that world  feod
Prisilic bl which is hﬂl"ft"f
adoyusde 1o omeet today's
neands wan keep pace with
rates ol population’
Iipddeel i the past
VWA ¢ s o tope vivlds  have
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genierally levelled off or have

wctially declined in many of
the developing countries.

Wliat can be done to re-
verse or at least forestall these
darncerous and suicidal trends?
irst and foremost it is neces-
sarv to bring down the rate ol
population growth to a sustain-
able level. In the interim. food
production mus{ be dramati-
cally increased, Sclentists ex-
pect that plant improvement
through the use of biotechnol-
ogy will be an important part
of Lthis process.

Plants in the human diet

Ninety-eight per cent of
global food production is land-
based. Of the total human diet,
32 per cent is derived from
plants, with no more than
Lhirty plant species accounting
for most of the calories and
protein intake. Cereal grains
like wheat. rice and maize
alone provide more than 53
ser cent of the world food
supply. "

Historically, major techno-
logical advances in agriculture
have heen a driving force for
ecoromic growth, political
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stability and socidal and cultural

development In recent lis-
tory. the most dramatic results
ol cowculio, Y nuprovement
wele Lthose ol the Greei

Revolution. which was based
on the introduction and adop-
tion of high yielding and
otherwise improved varieties
of wheat and rice developed at
the international agricultural
centres in Mexico and the
Philippines, in close co-opera-
tion with national agricultural
programme.

The introduction of these
varieties. particularly in
Mexico, India, Pakistan,
Bangladesh and China, in the
mid-to-late 1960s helped not
oaily to save milllons from star-
vation and death but also to
prevent widespread social and
political unrest.

It was in recognition of this
that the Nobel Peace Prize was
awarded to Norman Borlaug,
the American agronomist-whq
developed varieties  of
“miracle” wheat in Mexico and
plavedd a seminal role in the in-
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troduction of such varieties in
‘the developing countries of
Asia and Latin America.

The benefits of the Grefn
Revolution continue to be felt
in the developing world.
During the 1980s, agricultural
production in China rose at an
annual rate of 8 per cent,
making it the largest producer
of food in the worid. In the de-
veloping countries as a whole,
wheat and rice production in-
creased by about 75 per cent
in the fifteen years between
1965 and 1980. From 1950 to
1980, wheat production in-
creased four-fold in Mexico,
while rice production doubled
in Indonesia. Similarly, wheat
production in India increased
three-fold in less than twenty
years. from 1965 to 1983. The
introduction of similar im-
proved agricultural practices
combined with high quality
seed on a limited scale in parts
of Africa, under the leadership
of Norman Borlaug, has in-
creased the yields. of maize,
sorghum and millet by 300 to
400 per cent.

Plant hlmcchnnlug:,r has

by Indra K Vasil and Luis Herrera-Estrella

two important components,
onie based on the use af tissue
culture méthods, and the
other invelving a combination
of cellular and melecular biel-
Each offers powerful

[ntt}-mdl for plmt w
of the

prnt:edum ilwﬂlﬂd are sim-
ple and can be practised with-
out substantial investmen( n
facilities and infrastructure for

the rapid mass and
itiplication of plamts.
nm{}nc of these technologies is

clonal propagation or meris-
tem culture, the process that
occurs when shoet buds ol
plants are isolated and placed
in culture in the presence ol
plant hormones so that many
new shoot buds form. Such
buds can be separated f[rom
each other and indueed 0

form rodts and ceniplete
plants. Ra large scale and

economica c]unil multipca--* 3
- 4Ol |

value for

many fo Wees.

plantation crops, mﬂ.n.ll‘td
species and medicinal plants.

As a rule, one sheot bud
placed in a culture can be
made to produce more than a
million plants in one year. The
rate of .multiplication can be
further improved — and the
costs substantially reduced —
by automation of much of the
process. It 1s significant that
all the plants produced from
the Mmikiat shoot bad are Wen-
tical to sach other i well ae
the source material. This is of
paramount importance whete
a selected and valuable variety
is being multiplied and no ge-
netic variation is desired.

The well-éstablished and
reliable methods of clonal
propagation are simple and do
not require eiaborate and ex-
pensive ‘laboratory faeilities.
They can be easily and prof-
itably praetised as a smatil-scale
industry at the village level,
not only to provide quality
material for plantings but also
as a source of employment
and earnings. This technology
{s potentially most useful for
Teforestation of vast areas in
Asta, Alfrica, Latin America and
Eastern Europe.

Global  reforestation using
this met can greatly-reduce
the damaging effects of pollu-
tion and acid rain, the dangers
of the greenhouse effect, sofil
erosion and flooding, while
preserving precious natural
sources of energy and provid-
ing a natural habitat for endan-
gered flora and fauna.

Another important use of
meristem culture is the elimi-
nation of viruses, which eause
more than 50 per cent yield
loss in many crops, especially
those which are propagated
vegetatively, such as potato,
sugarcane, cassava and banana.
Cells at the extreme tip of a
shoot are generally devoid of
virus particles. Plants obtained
from the culture of very small
shoot buds are, therefore, free
of viruses, and provide maxi-

‘manently integr
‘nuclear DNA. The T-DNA con-

amam yields of quality material.
This technology is well estab-
lished and can be practised on

a large or small scale as neces-

..{'h most powerful and use-
ful methods of biotechnelogy
are those that involve genetit
transformation. the transfer of
genes, at the level of DNA,
from one specicsdb apother

b

Two main strategies have been
used for this purpose. The first
and most commonly used
method is based on a natural
system offered by the soil-

borne micro-organism,
Agrobacterium tumefaciens
{crown gall bacterium); the
second wses the direct physi-

The crown gall bacterium
contains a circular piece of
DNA., called the Ti (tumour in-
ducing) plasmid. During nor-
mal infection of a plant by the
bacterium, a part of the plas-
mid called T-DNA (transfer
DNA) is transferred to the host
plant cell and becomes per-
ated into its

tains left and right border se-
ces which are rlecessary

for its transfer to the plant

cell. In between are genes that
‘control the synthesis of certain
plant growth regulators that
cause the crown gall disease.

v
For directed plant trans-

formation, the Tisplasmid is
disirmed by removing the
genes responsible for tumour
induection and replacing them
with genes of interest. The
useful genes are then trans-
ferred by the bacterium to the
host plant cell during an infec-
tion process that does not re-
sult in the crown gall disease.
Because of its simplicity and
ease of use. this method has
been used extensively since
the production of the first

transgenic plants (plants im

which foreign genes have been
transferred by genetic trans-
formation) in 1983.

~ Unfortunately, for a variety
of reasons that are still not
clearly understood, the cereal
grains such as wheat. rice and
maize are not amenable to

Cussava plands produced by clomang at the Institute of
Trepical Agriculture, Ibadan (Nigeria).
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exploiting space.
Out of the 18 South coun-

tries that use space technel-
ogy many cannot build their
own satellites. Seo lar, only
China and India are able to
launch them. Some countries.
Like Brazil. get other nations
rganisations to launch

transformation by
terium. Fortunately., sevem
methods of direct” ﬂﬂ !
delivery have been develbpg ¥
to produce umw " q.,{
Currently, fthe
genetic inprnrtmtnl
plants s ng
by techny
as by

or o
their satellites while some use
data provided by satellites be-
longing to other nations.

COPUOS holds many train-
ing courses for officials and
scientists from Third World
countries on the use of salel-
lite technology. It alse expects
future technology would allow
salellite data w be distributed
in a form that developing
eountries could interpret and
compnrters.

Development experts say
satellites have become crucial
as disasiers seeni (o reswit in
an ever increasing number of

ldlalilies as years pass.
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Per Oestermann of the
European Space Agenecy (ESA)
says the number of deaths due
to natural disagiers has In-
creased from 20.000 per year
in 1960 to more than 125.000
by 1Q80, while structural dam-

i every year.
‘*-ﬂt fnueh of its
; activities
yoars devoted to-

that have been identified,
characterized and cloned at
the molegular level. The best
characterized .and therefores.
most widely used are hé
genes that confer resistance to
insect pests, to viruses .nd to |
broad spectrum Hherbicides.
Such genes have been success
fully transferred to crops ltke
wheat. rice, maisze, soybean,
cotton, oil seed rape and
tomalto. .

Major efforts initiaied dur-
ing the past few years (0o map
the genomes of some impor- | =

tant crop phﬁll are expected
to provide valuable information
about the location and identity |
of other important génes —
those that confer resistance to |
environmental stresses such as
temperature, drought and

salinity and those that control

N

Thousands of wild plant va- | .
rieties, which are wvaluable }
sources of useful genes, have
either been lost forever or face |
imminent extinction as a re— |
sult of the increasing destruc-

an advanced. age had reached US$100 bil-

tion of natural forests for agri- { |

cultural and urban use. ! 2 1 d-h other developing lion by 1992,

Conservation of these irre- | also fairly-sapidly m hse Of. Toyfifries are following its lead Population growth and
placeable resources for future | earthquakes ™ safd a- 't” - ang #ve moving into-satellite  building density is also making
generations and for the main- | pfesented to, the’ UN b Y, (&ml field that was urban regions more vulnerable
tenance of biodiversity has } ttee on the Penc:fﬂ SOL ™ DIy 1,'jl_?l!lur in of thc indus- to disasters than rural areas,
thus become a global concern. | Outer Sptiee (CO e Mﬂeﬂ expert point out.

In recognition of this, the | anfui mrlftrtnu e ™ Jaet, the Indian Space “The P —_—
Coi.=nltative Group on | recently. - R Mm&%n says at  oooe df‘:“m‘ pusiaie 0
International Agricultural But not Wl ratutral e 4 eountries in the Third " " hld.umtig be 2
ikescirch, which is responsible | are ‘natugal’ ~using space technol- - ur': ‘“nf“ ﬁ““““t iy
for the network of interna- | increaSed wuse - nf ﬂ}t?ﬁ" development purposes. B remoie e 'uﬂu,_..m Mae
tiogal agricultural ktentres | and atipospheri COPUOS, together with tht Biﬂd—Charrﬁnn“.m of FAO's
around the world, has taken a | all l-em! m ﬂmqq ™ ‘@fifcefor Outer Space Affairs,' o = mg’“’"’: -

step in the right direction by | weather ‘pat C g " 1 increase space :
establishing the International | m, saté coeperation be- He adds, "The ultimate cri-
Plant Genetic Resources | ke Tecords, of .North and South terion of its success will be the
Institute, with the mandate to | of such of datnagé, s , ahie South itself. exient to which remote sens-
conserve plant genetic re- ln'grxp'ﬁ'ﬁf'ﬁth ' 7 the developing coun- ing will have contributed to
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the quallty of ltfu on our
Able to benefit from

planet.” — IPS

term used to describe Lhe
long series of technolo-
¢gical, economic. social and
cultural changes which took
place between. very roughly,
1 750-1850 and transformed
firitain, and eventually rest of
the® world, from a fundame-
ntally agrarian to a predo-
minantly industrial sociely.
The industrial revolution
hegan in England about 1750
and spread, first to France and
Belgium, then to Germany and
Uinited State, and finally, by
1890, to Japan and to the rest
ol Europe. Today the effects of
the industrial revolution can be
seenn everywhere in the world.
At the beginning of the pe-
riod most goods were pro-
duced In homes or indepen-
dent workshops by simple
hand-tools or machines. At its
end mosl goods were pro-
duced by power driven ma-
chines in great factaries. Iron
and steel had replaced wood
for many purposes. steam
power had replaced horse-
power or human muscle
power: coal had become the
principle fuel in place of wood;
railways had been built; and
open [ield agriculture had
given place to much larger
farms enclosed by hedges

fences or walls. H%faclm}r

IMULEE«THL&L Revolution is a

organisation as cottage indus-
try was replaced by the factory
system, bringing with it spe-
cialisation eof function, the di-
vision of labour, and new rela-
tionships betwesn employer
and employee; political cha-
nges resulting from the
movement of wealth away from
the land and towards the new
manufacturing classes; and so-
cial changes accompanying in-
ternal migration, rising popu-
lation, the growth of towns,
and the problems resulting
from urban living.

The Indusirial Revolution
had s rool in Great Brilain.
The. British were innovative
and Inventive, and were
strongly determined to over-
come whatever difficulties they

" actually
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gressed. Their innevativeness
enabled them to progress
much faster than other coun-
tries. It was their inventive-
ness and desire to progress
and develop that brought about

" the industrial revolution and

aided the British to take the
lead for a whole century.

In early days, goods were
"manufacture” by hand and in
small quantities. MosL ol Lhe
goods thus produced were
macle by skilled craftsmen in
their own homes. Each village
had its own "army” of crafts-
men — a family of potter, a
carpenter, a weaver, a few
blacksmiths and a few farmers
and was independent and self
sufficient. Skill workers or a
food supply of necessary mate-
rials enabled a particular town
or village to specialize in the
production of a particular good

_and to be renowned for it.

Demand for these products
grew and the makers tried to
increase their efficiency and
output. To do this they had to
increase their skills and had to
improve their machineries. Il
may bé said that this necessity
led to the industrial
revolution. As the proverb
goes, 'Necessity is the mother
of invention'.

The industrial revolution afl-
fecied almost all the indus-
tries. Since we cannot pessibly
cover all the fields, let's focus
on the first industry to be af-
fected — the textile industry.

The first step in the indus-
trial revolution brought the
many scattered craftsmen to-
cether to work in the factory.
This came about when the
British, then colonizing Ame-
rican, found out that cotton
grew well in the northern
America. They alse discovered
that the damp climate in

Lancashire was suitable for

encountered as the}r pra- » apinnlng the cotton thread and

weaving it into clmh. Prompt
action was taken and cotton
was sh from North Anie:
rica. But the scattered craft-
smen could not manage (o
niweet the high demand for Lthe
cotton cloth. ]

Thus the British men tried
to [ind a way to increase effi-

ciency of production. Rich .

inen-took advantage of the
‘economics of scale’ where
producing on large scale leads
to a decrease in costs per unit
of product and therefore could
increase production. They
hired weavers and spinners

* and paid them regular salaries.

The industrial craftsmen could
not compete aghinst the big
factories where many men
wére ‘employed” to spin and
weave. These factories had
machines set up in rows with
men tolling behind each ma-
chine. Instead of selling what-
ever they could make in the
market, the crafismen now
worked for fixed wages to pro-
duce cloth lor their "employ-

ers’. Thus Lhese craftsmen had
1o leave thielr hoines oul [hve

in crowded slums near ihe
factories if they wanted a job.

But all these workers could
not produce as much as ex-
pected with their backward
machines. So. the next step
was to improve and develop
machines so that more cloth
could be produced by fewer
workers. The British racked
their brains for a selution. At
last, in 1738 John Kay in-
venled the "flying shuttle”,
which automatically sent the
shuttle from one side of Lhe
loom to the other, and so en-
abled the weaver worki
home to produce miuch more
and to make wider tloth. 286
y:arl ll'll!l‘ in, 1764, the
"spinning jenny was invented
by James Hargreaves, a Lancas-

hireman. This wis a frame on

which a large number ol spi-

 ndles could be worked simul-

taneously by a single man
turning a handle. It became
very popular and was used
widely.

But the British were nol
satisfied. Another Lancashire
man. Richard Arkwright, de-
¢ided to improve upon the
spinning jenny. He discovered
that the threads with which
the cloth were woven could be
made much stronger
durable if they were passed
between rollers and pressed
together. Arkwright used the
force of a running stream to
run a wheel by the power of
which his "water-frame spin-
ning rollers" were operated.
Next, Samuel Crompton
passed another milestone in
the industrial-revolution by
crossing the jenny with the
water-frame spinning roller, to
produce the "mule" which
spun as many as 16 threads at
once and also twisted each one
into fine yarn.

25 years later, yel another
man, Edmund Cartwright
made another important dis-
covery. It was the use of a
"power Joom" which was a
weaving machine worked by
mechanical power instead of
by hand. Using this power
loom large quantities of cloth
could be produced in factories

with only a few workers.

Gradually the power loom also
applied to the woolen indusiry.

. The factory produced cloth
was durable and could be sold
at rates cheaper than at the
rates the cotlage weavers
could afford to sell especially
because large scale production

bhad decreased Lhe cos. per
et ol procduet, Mooy people
b 1o demamnd thic cheaper
cdurable. Lw ey o larbe 1o
dearer handd woters o loth L he
mariu-l bor hand woven oleth

and -

-t

; world. All these inventiens and
cliscoveries let to the elimina-
tion of the cottage or private
worker and te the rapid
growth of factories and with

: thefm of the manufacturing
towns of the north of England.

.-‘_'

becan to diminish and many to' e used te

weavers had to join the [acto-
ries. _
alffected the then Bangladesh

when the British began to in-

trocluce their machines in
their overseas colonics. The
iridditional “tantis” were rapi-
dly put out of work as people
began to demand the cheapér
and durable “mill-cloth”.

Machines given, the praob~
lem was the power to run
them. That is power supply
had to be improved and devel-
oped in order to establish an
efficient, secure and perma-
nent power supply. Again the
British inventors came for-
ward. They suggested the use
of steam power to run their
factories. Thus the next stride
in the development of the in-
dustrial revohution was the su-
persession of water power by
steam.

Actually the fdea of making
miachines operate using the
power of steam was nolthing
new. A clever man from
Alexandria. Heron, had con-
structed a simple form of
steam engine as early as the
1st century BC. This was, as far
as we know, the first steam
engine ever invented.

Bul the Greek could not
fully appreeiate its uses. Thus
Heron's sieam engine re-
mained an interesting toy and
was never put to any practical
use. It was after the Renai-
ssance that people came o
know about it through Greek
books to Italy.

The actual evolution of the
sicam engine took a lot of
tiine-about 70 years. Over Lhis
long perfod of time the steam
engine slowly emerged and
inok its form. It was in 1698
that an Englishman named
Thomas Savery made lll

This adverse effect also

comen who had beefi ‘wip

i fattnm it could do “he

tﬂ‘ HLM the sam ‘

{ <ot anf Watt engines
Weoai  The engine turned

m whee! fixed at the
Eacu

af"tht"bba[ 4nd enable the
““Hodt o tow a liné of barges or
flat ’ hngctum:ﬂ cargo boats.
Thmvnms the first steam boat
“KnoWwn- in litstory aud a few
yeaf®" later. Robert Fulton

< made a Aumber of successful
loyed.Umder’ Saver

,_ wmm
arts for ‘his pump. Newdomety

X ‘_ < nfhu the same time, in
had the mventiveriels of Bif= <1801, Richard Trevelthick [it-

ancestor€“in his blood and & - (8 Watt's engines into a truck
set to think how he rﬂ:ﬂ&‘hﬂwr w‘hmhm r.}rdlnar}' road. 3
prove upon Savery s s engine. fhf" later, Wt 1804, he made a
1712 he Smcceeded H.nff"il't' gimﬂm’ h:acﬂﬁlﬂtnr to run on

Fapm rlui.'le the fti"'if'_
ton, but he never put H;

Pﬂm@ use.

Bul . the firet Pfﬂv'kﬂ.t ;
puihpl'nl fMachine was
structed by a. Devonshige 4
ksmith named Thomas News:

S - "‘-"_-\.

troducéd., his form .of «i;dhmvmh_

engine ‘which was soon wi

used for pu“rnpmg water oul of, -+ Hu; the major contribution

coal mines, ‘ "“"ﬂ“lhﬂ' of locomotives was

' mad¥ by the son of a fireman of
‘3. mine. This boy was George

q.,;ilenn His parents could

"'iq_ k.
Bui the chalh of e.:rirumn«
did Tet terminate herew Th
1764, a Model of
steafri engide needed
and James Watt, theén art
struiient worker ®t.
University of Glasgbw, Vai
given the responsibility. Watt”
diseovéred the chief imm
tion of Newcomen's
engme _antl set-lo ._m
Lo inwprove upor it.
ten Wﬁra later. in Y774-N

. sebrool, so he had to work. His
. Job wis jooking alter a fixed
Mwhich pulled up eoal-
trucks uphill by means
{_a-pc Uenrge siarted to

~of &
- ponder about the advamtages
-of hlﬂh a travelling engine

4

the coal-laden trucks
‘*uplﬂ rafls. He suceeeded
" in h-m}dfng such a "steam-lo-

wns dbte to inwroduce - an t‘.‘ﬂmﬂti‘lft in 1815. His first lo-
ﬂtﬂh\c which, worked aouve  completbd In 1814
better. “Not enly could Fiibi hn Bucgéasiully at four miles
used for pumping, if mu‘ﬂ. : bur fiour. Séon his locometives
used ‘to driye mashi “Yrere “widely used in coal

. AHines’ Stephenson's engine
..,Miw mo 1" ran over the
y and Darling Raflway
m;{ s, in 1825 and was
*«~{We [irst ever to draw beth
#obds _and passengers. Thus
-I-l;ll'.‘-lhti" efffcient eans eof
;s.l'ﬂuq,iﬁ' Wilh U ) the pub-
“"ﬁ

'!Ihrh develepment of the
. Widustrial revoliuem brought

M &igth progress in Lhe

of hutwdreds 81 men. Was
more powerful. l'hqn
wheéels and therelore
widwpread popularity and dee,
-‘*"r

Now the third ntep of

“affgrd to send him to’

v ulture,
change in man's way of living
so great as
nineteenth century AD. This
was the industrial revelution —

a sudden change in the way of
making things

trial rﬂulum

gone but has left it's .
both goed 4 bad in our pre-
sent progressive world

The industrial revelution
was not an unmixed blessing.
It involved not merely inven-
tions and disceveries but pro-
found social changes, the ef-
fects of which remain with the
world to this day. People were
uprooted and crowded into
unsanitary cities, which were
periodically swept with
cholera and_ {(yphus. Men,
women- and children were
herded together for long hours
in large factories — "dark sa-
tanic mills" as Willlam Blake
called them — and subject to
the grim discipline of the ma-
chine. Women and children
(some as young as five) toiled
at fast moving machines for a
bare living wage. The condi-
tions in most of the factories
were shockingly bad, leading
to much hardship and misery -
for thousands of woerkers,
young and old. Families were
separated and holidays and
slack seasons were of the past.
In the new but grimy industrial
(owns they were crowded into
now upon row of airless,
sqqualid little homes with no
gardens and no amenilies.
Such conditions inevitably gave
rise in the masses of employ-
ces o a growing resentnent
against the increased power

and privilege of the employers.

Since the invention of agri-
there has ‘been no

the changes in the

Thig was the

soclal revolution — a sudden
change in the way of living and
earning live -

-



