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Abstract:

The paper traces the history of the use of nuclear techniques in agricultural restirch in Pakistan and
describes the range of activities and the practical results obtained so far.

INTRODUCTION

First of all let thank the government of Malaysia and the PUSPATI for having invited me to present a
paper of Pakistan's experience in application of nuclear techniques in agriculture and environment. I am
grateful and happy that an opportunity has been provided to meet the friendly people here and explore the
possibilites of fruitful co-operation.

My presentation will not be in the nature of a research paper, rather it is a narration of events and of
some of the relecant work that has been done in our laboratories.

However, before describing the work done in nuclear agriculture, let me briefly describe the
Agriculture system in Pakistan. Agricultural research in Pakistan is entirely a goven:—ent activity; little is
done by the private sector. We have a federal system of government comprising four provinces. Most fo the
agricultural research is conducted at the provincial agricultural research institutes arc their sub-stations.
Three Universitites of agriculture are also provincial. At the Federal level, the Pakistan Agricultural
Research Council (PARCH( co-ordinates all agricultural research and also his its own research
establishments. The research in cotton is co-ordinated by the Pakistan Central Cotton Committee (PCCC)
which also has its own research establishments.

T he use of nuclear techniques in biological research came into vogue in some developed countries in
the late forties and became common in the fifties. Since the use of radiation and ridioisotopes involved
specialized facilities, it was considered to be more useful to have a special cadre of pecrie trained in nuclear
techniques and provide facilities for nuclear agriculture in cities where bulk of the agricultural research was
located. This could have been done in two ways. One that the existing research centres of the provinces or
of the Federation could have been provided trained staff and necessary facilities :r a separate facility
complete with equipment and staff could be located near the agriculture centres. 7 he latter option was
adopted due to many reasons and has so far proved to be useful. Thus, separate research centres were
established to deal exclusively with those researches where the nuclear technic^es were to play an
important role. The Pakistan Atomic Energy Commission (PAEC). a federal orrcnization, was made
responsible for this activity.

Agricultural Research in the Pakistan Atomic E nergy C ommission.

The Pakistan Atomic Energy Commission came into existence as a Departmen: :>f the Government of
Pakistan in the fifties but was later made a semi-autonomous body having its own -.erviee and other rules
and regulations. Ever since its inception, one of the objectives of the Commission "•• programme has been
the application of nuclear techniques in biological research and development, particularly in agriculture
and medicine.

In the late fifties the C ommission had a small laboratory in Karachi which mair.jy served as a training
facility in nuclear techniques and had meagre research activity. The first multidisc-piinary research and
training centre was establised at Lahore in 1961. This centre served as the nucle^t'or all research and
development programmes of the Commission. Its various Divisions and Sections '..i:tr branched out into
fullfledged institutions. This centre had a Division of Radiobiology which produc&i trained manpower in
agricultural and other biological sciences and initiated research activity in both -.-ese areas. The first
full-fledged daughter-institute for agricultural research called the Atomic Energv Agricultural Research
Centre came up in 1962 at Tandojam in Sind province and a second one, the Nuclear Institute for
Agriculture and Biology (NIAB), established at Faisalabad in the Punjab prov—ot in 1970. With the
establishment of this institute all the biological and agricultural research activities rr-aining at the Lahore



centre were transferred to Faisalabad and the institute formaii;. irtagurated in 1972. The NIAB had a
Division of Food Sciences which dealt with Food Preservation. Nutrition, etc. This Division has now
graduated into a new institute, the Nuclear Institute for Food Ü : Agricure (NIFA), established in the
North West Frontier Province in 1980. The relevant staff from MAS is being transferred to MFA.

The three agricultural research institutes of the PAEC ha*- been located at provincial centres of
agricultural research. T*andojam, Faisalabad and Peshawar have Universities of agriculture and also large
agricultural research centres of the respective provinces. The research conducted by the PAEC institutes is
integrated into the provincial system through provincial Agricultural Research Co-ordination Boards and
at the federal level through the PARC; the PAEC is represented a the council and its various technical
committees as aise on the PCCC and provincial Boards and C ontrnittees.

The PAEC's agricultural and biological research centres i r ; thus specialized institutions meant to
provide facilities :o other institutions, conduct courses to train Der>:>nnel from other organizations and have
their own programme of research on such agricultural or biological problems where the use of nuclear
techniques provides a better or easier approach. It does not mean ±,at these centres do not use conventional
or other modern techniques. The research programmes are probier:-oriented and have been developed so
as to complement rather than compete with the other research centres. Some projects have been started on
problems which are not being looked into by the other organization.

The transter of technology from the developed to the deveicr:ng countries is not a simple process. It
requires an infra-structure and "receiving units" to absorb the technology at our end and also requires a
fair amount of adaptive research to make the technology- sun the local socio-economic environment.
Further, the developing countries have been left far behind in sophisticated technology. While it is difficult
to catch up with the developed countries in all kinds of technology, it may be possible to excell in a few. The
fundamental breakthroughs in modern biology, for example, are very recent and an early start in such
areas may give the developing countries a chance to acquire modem biotechnology without much delay.

The PAE C "s research and development programmes have been evolved keeping in view the situation
described above. As a consequence these centres have a rather wide range of activities starting with
evolution of bener crop varieties to understanding and solving other agricultural problems to researches in
genetic engineering and plant and cell cultures. While these insrtutes are mainly concerned with applied
research to translate the results of fundamental research into field applicable techniques some
fundamental research is also done. These centres are also being developed as "receiving units" for some
recent biological technologies.

The activities of the Paec"s biological research institutes my be summarized as follows: Mutation
Breeding of important crops such as wheat, rice, cotton, chickpea, mung bean, sugarcane, potato and
triticale. Agronomy of selected mutants. Entomology consisting of ecobiology, pest management, screening
for pest resistance of crops and grain: storage entomology and u>e of insect repellent natural products for
stored grain. Plant Pathology consisting of screening for disea>; resistance; efforts to develop laboratory
methods for screening for disease using tissue culture and other technigues. Plant Nutrition studies on
marco and micro-nutrients and their interactions; surveys on nucronutrient status of soils. Soil Biology
comprising soil surveys for microflora and finding good cellulose decomposers and nitrogen fixers; use of
cellulosic wastes for energy production; decomposition of organic matter and humus formation; survey of
soils for residual nitrogen fixation in legumes as well as grasses; selection of salt-tolerant crops and
biological methods for reclamation of saline soils; Plant Pbrsiology to study the mechanism of salt
tolerance of plants; use of hormones for control of fruit drop. Isotope Hydrology and chemical analysis of
underground water and to trace its horizontal and vertical movement. Food Preservation involving studies
on extension of shelf life of fish, fruits and vegetables and studies on biochemical, phusiological and
microbiological aspects of storage; flavour chemistry; nutrition. Biochemistry dealing with production of
antibiotics from local strains of bacteria, use of antifungal antibiotic for control of alternaria in citrus;
studies on the effect of radiation on the cell and the enzymology of DNA techniques; mutagenicity testing
and pesticide residues.
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SALIENT RESULTS.

I will now briefly describe salient results of some of the work being done at these institutes in the
context of the different agricultural problems. While some work pertains to efforts at greater production, a
fair amount of effort is directed tow ards consen ation.

Pakistan has about 31 million hectares of arable land half of which is commanded by the canal
irrigation system and some area is irrigated by pumping underground water; a large area depends entirely
or. rain. Such areas stretch from the north to the south with annual rainfall varying from over 150 cm in the

| r^nh to hardly 5 cm in some areas in the south. The variation in crop varieties is, therefore, great and
f suitable varieties and agricultural practices have to be found for all ecological areas.

i. Studies in C rop Improvement.

Mutation Breeding: The PAE C Institutes have selected those crops for study which can give better results
using nuclear techniques. While there is large genetic variability available in wheat and rice, the variability
:r. chickpea, niung bean and cotton is rather limited. Similarly, in case of long grain aromatic variety of
r.ce. basmati, the genetic variability is scanty and efforts at crossing basmati with IRRI types have
produced offsprings without aroma.

The use of radiation induced mutations for creating genetic variability for specific characters in these
crops therefore, has a great role-specifically for obtaining a better structure of the plant, to induce
•sar'.iness. disease and drought resistance, etc.

Wheat and Triticale: The main objectives of the wheat and triticale programmes are to evolve high
yielding, disease and drought resistant mutants. Some dwarfing sources have also been created from the
iriigenous tall wheats which, although low yielding, have several desirable characters such as good chapati
-iking quality. One mutant of wheat Jauhar-"9 evolved at the Tandojam centre has been released for
cr-mercial culvitation. Triticale has been found to give a better performance than wheat under barani
:.: * rain) conditions; a variety. Rye-Gandum-1. e-.oi-.ed at NIAB has been recommended for release.

?:.-.• Basmati rice is one of main agricultural exports of Pakistan. Basmati 370 is a longer duration (125
cv. i). tall variety liable to lodging at higher fertilizer doses. E fforts made to evolve short-statured, fertilizer
responsive, shorter duration mutants proved to be successful. An early maturing (100 days)
raciarion-induced mutant has been evolved and now released as "Kashmir Basmati"'(Fig. 1) in the
»—.hern areas where the summers being shorter in duration, Basmati 370 could not grow. Kashmir
B «mati is doing well even at altitudes ranging fror. 2000 to 6000 feet above sea level. T his variety also has

1 | a.i>.xi ratooning ability. Semi-dwarf mutants from B asmati 370 are being back crossed with the parent to
f, f rercre some of the quality lost in the mutant.

y \
I [ Cmkpea: Induced mutations in chickpea gave two higher yielding, blight resistant mutants CM-68 and
i | CM-"2. After tests in screening nurseries and in the field, seed is being multiplied for distribution to the
f | farmers. Studies are under way to establish the biochemical basis of disease resistance. Preliminary results
[" L indicate that some phenols have a role in the process. Efforts are also being made to evolve laboratory
I { e r iods of screening chickpea against Aschchyta blight; plant tissue cultures and anther cultures of
! . crkkoea have been established for this purpose and for quick propagation of selected mutants.
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Mung bean: In case of mung bean, induced mutations gave short-statured, early and uniform maturing
higher yielding mutants. One of these, M-28, has been field tested and is ready for release. Efforts are also
being made to inducee resistance to yellow mosaic virus, particularly in the kabuli type of mung which has
a bold grain but is highly susceptible to the virus.

FIG. 1 Radiation-induced early maturing mutant along with parent B asmati-370.

Dcys of Plant Growth

Fig - 2 Estimotion t)f Biological Nitrogen Fixarion J S N F ) m

mung baans Using N • 'S Technique

FIG. 2 Biological nitrogen fixation estimated by N-5 technique: plot indicating the increase in S-30
fixation with increase in phosphaticfertilizer when no nitrogen fertilizer was applied.

Using N-15 labelled fenilizers it has been shown that if the fieids are properly inoculated and the level
ofphosphatic fertilizer is raised to 70 Kg/ha, almost the intire nitrogen requirement of the mung bean crop
can be met through biological nitrogen fixation (Fig. 2).



ring Cotton: Cotton is an important crop for Pakistan. While the variability in local cultivars is scanty, efforts
also at introduction of exotic varieties have not succeeded. Induction of mutations in local and exotic varieties
has also did nr>t create much variability. However, irradiation of F-l hybrids from crosses between local and

exotic varieties gave wider variability; several mutants having desirable characters such as high yield, good
technological characteristics, insect tolerance, early and uniform maturity, have been selected. Mutant
NIAB - 78 (Fig. 3) gave yields of 3.7 tons/ha compared with 2.8 from existing varieties. It has been tested in
the field and has been approved for commercial cultivation. Crosses between hirsutum and barbadans
types of cotton have also been successful.

Fig 3. Induced mutation in cotton NIAB • 78 along with a standard variety showing better structure,
earliness and higher yield of the mutant.

Potato T he plant breeders from AE ARC. T andojam, have succeeded in evolving, through induced
mutations, a better variety of potato which was released two years ago.

Pest C ontrol: T he entomologists have adopted an integrated approach to the insect pest problems in
cotton. Starting from the studies on the ecobiology of the insects, they have screened cotton germplasm
generated by the breeders and have determined the optimum pesticide regimes. Labelled pesticides sprayed
over cotton have been traced into cotton seed oil and the cake; the amounts detected were found to be
within permissible limits.

Plant Nutrition: The agronomists and plant nutritionists beside helping the breeders to develop the
optimum irrigation, fertilizer and other cultural practices for their advance lines, have their own
programme of research. Using P-32 labelled superphosphates it was shown that premixing of the fertilizer
with farmyard manure increases its availability and enhances uptake by the plant. A survey of Punjab soils
for their micronutrient status revealed that they were deficient - particularly in zinc when rice was used as
the indicator crop. Studies with the help of Zn-65 have confirmed the deficiency, and small amounts (10
Kg/ha) of zinc have thus been recommended as fertilizer for rice. Studies on interactions between macro
and micronutnents in corn have indicated that in the absence of zinc, the phosphorus response was poor.
Further studies in other crops using P-32 and Zn-65 labelled fertilizers are in progress.



A comparison of zinc uptake by different varieties of wheat indicated that when no zinc was applied,
the varieties recommended for drier areas has a higher uptake of zinc compared with HYY's. The better
root system of the varieties growing under water stress conditions makes the zinc available from the
soil-fixed pool.

The analysis of micronutrients was done on atomic absorption spectrometer and representative
samples double-checked by neutron activation analysis.

Conferratfon.

I have described some of the results of our efforts at increasing productivity. Now I will turn to some of
the results obtained in problems of conservation.

Grain: We lose at least 10-15% of food grain and a higher percentage of fresh fruits due to bad post-harvest
handling. In the grain the main losses are due to insects but microbial infection is also sizeable. Radiation
disinfestation of grain is effective but can not stop re-infestation. The same is the situation with
fumigation. For stopping re-infestation we have used storage bags dipped in extracts from some indigenous
plants. Naem (Asadirackta indica) is known to have many useful properties in the folklore. Four pure
insect-repellent compounds have been isolated from neem seed and leaf. On a semi-commercial scale it has
been shown that radiation disinfestation in combination with storage in bags impregnated with insect
repellent natural products is a practical possibility.

Fruit: In case of fresh fruits, radiation preservation had very limited success. Therefore, other post-harvest
techniques were also tried; a method for cheap storage of oranges has been patented. The fruit can be
stored for six months in cold storage at 16°C and it keeps fresh looks and taste. However, this method
could not take care of infection by Altemaria citri which causes internal blackening.

Anti-fungal antibiotic: The antibiotics group at NIAB, working on isolation and characterization of
antibiotics from local strains of Bascillus subtilis, found that it elaborates antibacterial as well as
anti-fungal antibiotic activity; four antibiotic substances have been isolated and are being characterized.
The anti-fungal complex has now been used to control Altemaria infection in oranges' on a
semi-commercial scale; a dilute water solution applied on the button of the fruit before storage completely
controlled infection (Fig. 4).

5-WEEKS AT ROOM
TEMPERATURE ief-2Oc

FIG. 4 Post-harvest treatment of oranges: photograph showing results after 5 week storage.
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Preliminary studies have shown that the antibiotic does not get into the pulp. Further studies with C-14
labelled antibiotic are planned.

Potato, Onion and Fish: It has been conclusively shown that irradiation with 16Kr of gamma rays
effectively controlled sprouting in potatoes and onions. Similarly, the shelf life of fresh fish could be
extended upto two weeks if it was irradiated with 200 Kr. Irradiation of dried fish was also effective in
reducing bacterial load. Radiation also has a role in sterilization of fish meal; the protein losses that occur
in wet sterilization can be minimized.

Soil Salinity and Soil B iology.

Pakistan has the world's largest network of irrigation canals. Out of the annual total of 140 million
acre feet (MAF) of surface waters, 102 MAF is diverted into the canal system through storage dams and
barrages. However, since few canals are lined with concrete, almost 40 MAF of water seeps out of the
system recharging the underground water and raising the water table. At most places in the canal
commanded are where the water table was almost 100 feet below the surface before the canal irrigation
started, has risen to hardly 10-20 feet while at certain places it stands on the surface itself resulting in water
logging. This water carries large amounts of salt from the soil which get deposited on the soil surface. Even
when the water table is several feet below the surface, capillary action results in salinity on the surface. As a
result, large tracts of good fertile land are changing into barren saline lands creating a problem of gigantic
proportions. Several organizations are working to solve this twin menace of water-logging and salinity.

The PAEC has also taken up a few projects to study some aspects of this problem. These projects
pertain only to isotopeaided studies on the movement of sub-surface water and certain aspects of the
biology of the saline soils. At NIAB, we have found a method of utilization of these soils through
introducing salt-tolerant plants. The studies conducted in this connection involved selection of salt-tolerant
crops, studies on their decomposition in the soil, studies on solubilization of CaCO from the soil, studies
on physiology of salt-tolerance and on biological nitrogen fixation in some grasses and legumes. Most of
these studies have been conducted using radioisotopes or other nuclear techniques (Fig. 5).

«OLOGICAL AMELIORATION OF SALT-AFFECTED SOILS

M3A1X
A P P R O A C H
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FIG.5 Diagrammatic representation of the procedure for utilization of saline soils.



Isotope hydrology: With the help of isotope hydrology and complete chemical analysis of sub-surface
waters at various depths upto 600 feet, the horizontal and vertical movement of water and the salinity
situation have been studied in an area commanded by two canals (Fig. 6). The results indicate that the
canal with a bigger discharge has more seepage. T he surface salinity is the most in the area where the
seepage waters from the two canals meet. The contribution of field irrigation water to the underground
reservoir is negligible; the irrigation water seeps down to hardly one metre and is pushed upwards and
evaporates.

RADÜHYDROMETRY AND OEMCAL ANÄUfSS OF SUB-SURFACE
VOTER N

FABALA8AD AREA -

FIG. 6 Results ofisotopic and chemical analysis of sub-surface waters qfFaisalabadarea.

Study of saline soils: As a result of upward movement of water carrying dissolved salts, the surface becomes
saline killing all vegetation and making the soils biologically dead; very few microbes survive this hostile
environment. In many cases the sodium content of the salts is very high. The excess of sodium replaces
calcium on the soil complex changing the physical structure of the soil and making it impermeable.

Drainage: The Water and Power Development Authority and the Irrigation Department have worked to
bring the water table down through vertical drainage by pumping. However, even after the water table has
been brought down, the surface salts have to be removed to reclaim the soil. In cases where there was no
excess of sodium, this can be achieved simply by leaching down with water. However, in case of sodic soils
leaching cannot be effected because the soils has become impermeable; soluble calcium has to be supplied
in excess to replace sodium and thus to geve the soil its proper structure. This can be done by spreading
powdered gypsum but at a high cost. Moreover, this takes care of only the physical aspects; the biological
activity still remains to be restored. We, therefore, looked into biological methods for utilization and -
reclamation of saline sodic soils.

Green manuring: Most of the Pakistani soils are calcareous containing high amounts of insoluble
carbonates of calcium. By producing acidic conditions the carbonates could be dissolved to provide
calcium for replacing sodium on the soil complex. Green manuring could do just that. However, since these
soils have very low biological activity, and since they could not produce the normal green manuring crops,
this approach had limitations.
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Screening of plants for salt-tolerance: We. therefore, screened a large number of indegenous and exotic
grasses for salt-tolerance and selected a few which could grow on such land. Kallar grass [Diplachnefusca].
a local grass, was found to be most salt-tolerant. It can grow in saline soils upto EC 45 but does not retain
salt and can thus be used as a fodder. It can grow even when brackish water is used for irrigation and can
grow even under water-logged conditions. Several other salt-tolerant fodder crops have also been selected.

Depending upon the salinity status of the soil we can now grow some crops on them. There are several
beneficial effects of growing kallar grass (or other grasses) (i) Since a green cover is provided, the soil
environment does not remain so hostile and its biological activity is restored, (ii) The profuse root system of
kallar grass physically opens up the soil and helps leaching, (iii) The root exudates of the vegetation create
acidic conditions and help dissolve calcium carbonate, (iv) The grass provides fodder and green manure.

For use as a green manure in saline soils, the plant should be easily decomposable and should provide
a larger amount of humus. After establishing the utility of green manuring, we made a quantitative
comparison of the rate of decomposition fo various green manures. A quantitative estimation became
possible after we labelled whole plants with C-14 by growing them in-a home-made "growth chamber";
C -14 labelled C O1Jwas injected into a canopy (Fig. 7) and its level maintained by further injections through
an internal pump in the system. The crop to be labelled was grown inside the chamber for 2-3 weeks after
which it was evacuated and the crop harvested. The crop utilized the labelled CO for its photosynthetic
activity and got uniformly labelled with C-14. By studying the rates of decomposition of various grasses
and legumes grown on saline soils, it was established that kallar grass was quite easily decomposable and
provided more humus than did the usual green manuring crop, Sesbania aculeata.

FIG. 7 One of the growth chambers falongwith controls) used for labelling plants with C-I-f.



5 H .UW.-.UX1 - V

Studies on dissolution of CaCOi: Using various kinds of small and big lysimeters, we have shown the
effects of growing salt-tolerant crops and of green manuring, on soil permeability, on the dissolution of
calcium carbonate and on the decomposition' of organic matter; the permeability increases, large amounts
of CaCO j are dissolved and the humus not only gives a better structure to the soil, it also improves
fertility.

Studies on the physiology of salt-tolerance of Kallar grass, using labelled and other satis have shown that it
does not have a rejection mechanism at the root level; it does take up salt and sends it to the shoot as well.
However, it has a mechanism for expulsion of the s J t through the leaf stomata. T he surface of the leaf gets
a layer of salt which drops off leaving the plant with almost a normal salt content and it can thus be used as
fodder. Electron micrographs of the leaf structure have indicated some gland like sructures which
accumulate salt. However, the exact expulsion mechanism is not yet clear.

Biological nitrogen fixation in grasses: KalUar grass intrigued us further because in addition to its
salt-tolerance characteristics, it keeps growing without any added nitrogen; it grows to 4-5 feet and up to
four cuttings can be obtained during one summer. We have now clearly established that <i is capable of
associative nitrogen fixation. After preliminary studies using the acetylene reduction method, the microbes
have been isolated, cultured and reinoculated; they grow fast and fix large amounts of nitrogen, Biological
nitrogen fixation has also been shown in rice, corn and sugar cane; there were positive indications from
wheat as well.

To establish the "symbiotic" relatationship between the microbes and the host plant, the plants are
being labelled with C-14 and will be inoculated with the microbe in an atmosphere of N-15; the C-14
should appear in the microbe and the N-15 in the plant.

A biosaline research demonstration station has been established on a 65 acre of highly saline land to
demonstrate the feasibility of using biological methods for utilizing it and to study the utilization of
cellulosic materials produced, for production of energy.

Conservation of Nitrogen: In addition to studies on symbiotic and associative nitrogen fixation, studies on
utilization of residual nitrogen and on conservation and better utilization of fertilizer nitrogen have also
been carried out. A survey of Punjab soils indicated that large amounts of nitrogen were available. Effect of
different cultural practices and other factors on mineralization of N will be studied. Using normal and N-15
labelled fertilizers it was found that only 30-50% of the applied nitrogen could be accounted for in the crop;
almost 40% was lost by conversion into ammonia. These experiments were performed in the lab (Fig. 8) as

FIG. 8 One of the laboratory methods for estimating the losses of nitrogenous fertilizer in the form of
ammonia.
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«ell as in the field where the NH evolved was trapped and estimated. Losses due to leaching were not
significant under the Faisalabad conditions where the water table is at 10 feet. Deep placement (5 inches)
of the fertilizer minimized these losses as did the use of sulphur coated urea. Presence of organic matter
also had a good effect.

Water economy: At one time PAEC was interested in putting up a dual purpose reactor for power
aeration and nuclear desalination. Since the water from this would be more expensive, studies, on

! use of desalted water were conducted. Comparison of normal, sub-surface and trickle irrigation
has shown that if fertilizer was also mixed with the water, 40-45% saving can be made on water and

= fertilizer if the latter two methods were used.

So far I have talked of studies on increase in agricultural production and on conservation and better
utilization of the available resources. I will now describe some activities whicij do not fall under these two

Biochemical Studies.

f—^Nutrition: If we calculate the total amount of protein produced by way of meat, cereal and other products
in the country, we find a per capita figure of about 70 gm per day. The WHO recommendations an
Intake of 48 gm per day for humans. However, some surveys done by other organizations indicated protein
deficiency symptoms in certain sections of the population. An analysis of the food consumed by the poorest
section of the population showed that on the basis of nitrogen, the staple food consisting of two chapatb

.__ (baked pancake-like bread) and a dish of dal! (grain legume preparation) contained sufficient protein.
h _ Animal feeding experiments have, however, shown that the efficiency of the cereal protein is less than that

- of meat protein. If the essential amino acid content of the cereals could be raised, the situation would
improve.

-- Studies on natural products: In addition to the studies on natural insect-repellents and on antibiotics
described earlier, studies have been conducted to quantify the aroma of rice and to use aroma as a gene
marker for selection of aromatic mutants by the breeders. The method is also being used as a quality

. control procedure.

Mkrobial degradation of oil and cellulose: Indigenous bacteria have been isolated which have been shown
to decompose heavy fractions of oil into lighter fractions. T he oil refineries in the country produce furnace
oil as a by-product. Microbial degradation of furnace oil has been tried with success. Because of our interst
in studies on decomposition of organic matter in saline soils, we were looking for salt-tolerant fungi having

7 cellulose decomposing ability. A survey of saline soils for their microflora gave 600 fungal species which
have been indemnified and preserved. Three of these have been found to be excellent cellulose decomposers

~ and can be used with green manure to enhance its decomposition. The possibility of utilizing these fungi for
. energy production from cellulosic waster is under study. A rapidly multiplying bacterium has also been

identified as a good decomposer of cellulose to ethanol.

>f

^ Engineering: Facilities have been established for using Recombinant DNA techniques. Some
£—known experiments on gene cloning have been repeated successfully. The technique is to be used in the
"'~: area of microbial energy production and also to study the problem of antibiotic-resistant bacteria in

humans.

~ Mutagenicity testing: Mutagenicity tests on some materials consumed by children showed that out of four
products tested one gave some positive indications. Comparison of irradiated food with spicer used in the
country, for their cytotoxic effects in the onion root tip system showed that the spices produced greater
effects than did irradiated food.

Studies on the effects of radiation on living cells: Radiation causes breakage of the DNA molecule. The cell
has mechanisms to repair this damage. Studies on the enzymology of DNA replication and repair, using
radioisotope labelled DNA, have resulted in the isolotion of a new enzyme involved in the process.

Studies on causes of infertility in buffalo: Studies have been conducted to evaluate the nutrition and
hormonal factors which could result in infertility in buffalo. Using atomic absorption spectrometry and

41



W.<jn

radio-immuno usay techniques, the micronutrient status of the blood and the hormonal picture of the
animal have been studied.

OTHER ACTIVITIES

National and International Co-operation: The PAEC's institutes are a part of various projects of the IAEA
and also have research contracts from the US National Science Foundation, Pakistan Science Foundation.
US Department of Agriculture and International Foundation for Science. They are also participating in
the co-ordinated research programmes of the "Pakistan Agricultural Research Council as well as the
Pakistan C entral C otton C ommittee and the Provincial Agricultural Research C o-ordination B oards.

Through a bilateral agreement betwee PAEC and KfK, Karlsruhe, NIAB has established five joint
research projects with relevant German institutions such as the FAL, B raunschweig, Institute of Radiation
Botany, Hannover, Atomic Energy Centre, Julich and the Institute of Radiohydrometry. Munich. The
projects are (i) C and N transformations (FAL), (ii) biological nitrogen fixation (Hannover), (iii) physiology
of salt tolerance in kallar grass (Julich) and (v) Isotope hydrology (Munich).

Teaching, Training and Symposia: NIAB conducts an annual 2-week postgraduate course on the use of
nuclear and other modem techniques in biological research. Twenty participants from various research
institutions and universities are trained. In addition to the annual course, special postgraduate courses are
also conducted. A 2-week course of DNA replication and repair was held in 1979 and a 2-week course en
gene cloning held in February 1981. The courses consisting of lectures and laboratory work have been
taught by NIAB scientists and scientists from abroad.

Several national seminars and symposia have been held and the proceedings published. Two
international symposia held in 1976 and 1980 included 70 local participants and 25 from abroad. .AD
international symposium on "Nitrogen and the Ecosystem" is planned for March, 1981, the occassion of
the tenth anniversary of NIAB .

The NIAB has arrangements with three universities in the country through which a researcher at the
institute can get registered for an M.Sc. or a Ph.D degree at those universities and continues research under
the guidance of the institute scientists. Over twenty M.Sc. and three Ph. D theses have so far been
completed and another four Ph.Ds will be completed during the next one or two years.

th
do

an
of

42


