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Fig. 1. Symptoms of different diseases on aromatic rice cultivars. 
A. Sheath blight on cv. Pusa Basmati 1. 
B. Sheath rot on cv. Pusa Basmati 1. 
C. Brown spot on cv. Kalanamak. 
D. False smult on Hansraj. 
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Table 2. Aromatic rice varieties reported to be tolerant/moderately resistant/resistant to 
diseases and/or insect pests 

Disease/pest Resistant/tolerant aromatic rice varieties Reference 

Bacterial 
blight 

Bacterial leaf 
Streak 
Blast 

Brown spot 

Sheath blight 

Foot rot 
Sheath Rot 
Stem rot 

Tungro 

Stem borer 

BPH 

WBPH 

Gall midge 

Rice hispa 

Pakistani Basmati, HBC 19, Ghanal, IET 9691, 
Hyangmibyeo, Basmati Sufaid 100, Basmati 
5888, Basmati 410, Basmati 6129, Domsiah, 
Gopalbhog, Basmati Surkf 112, Basmati 
Aman, Guangling Xiangnuo, Bishnubhog, 
Kalanamak, Rambhog, Badshahbhog, 
Hansraj, Basmati 370, Kamal Local 
Pakistani Basmati, IET 8579, T 412 

Amrihari H22, Ram tulsi, Hyangmibyeo, IET 
12609, IET 13548, IET 12021, Basmati 6311, 
Basmati 375, Karnal local. Guangling 
Xiangnuo, HKR 228, HBC 5, Basmati 405, 
Domsiah, Badshahbhog, Gopalbhog, Basmati 
242, Minpal, Type-3, Sita-Bo-tabo, Sonsal, 
Multani, Paesungulla, Pae woltu, HBC 178, 
HBC 145, Basmati 180, Guinata, Azucena, 
Basmati 5853, Basmati 5854, Basmati 153, 
GR101, Dehont, Basmati 6129 
Pusa Basmati-1 

Basmati 410, Basmati Aman, Badshahbhog 

Guangling Xiangnuo 
Basmati 370, Pb Bas1 
Pakistani Basmati, HBC 19, HKR 228, Basmati 
370, Bara 62 

Basmati 370, Ambemohar 59, Krishnabhog 

HKR 243, Basmati 370 (Sel), Rodjolele-2, 
Rodjolele-4, Rodjolele-5, Gamanasanna, 
Basmati Aman, Dubraj, Chok-jye-be-chal, 
ARC 7057, Abor Bora, Boka Chakara, Haru 
Chokura 
IET 13153, Bengawan Solo 

Basmati Kota, HBC 19, IET 13548, Dehradun 
Basmati, HBC 5, Basmati 405, Basmati 6129 
Gopalbhog, Basmati Surkf 112, Basmati 370, 
Taraori Basmati, HKR 228, Basmati 5854, 
Basmati 6129, Hansraj 54, Kamal Local 
IET 13153, IET 12609, IET 12603, 
Badshahbhog 
Type-3 

Chand et al., 1986; Kaur et 
al., 1997 Choi et al., 1995; 
Rani et al., 1996; Pan et al., 
1993; Mahto and Singh, 
1988: Sahu and Khush, 1988; 
Rao et al., 1989; Kumar et 
al., 1996 
Reddy et al., 1989 

Choi et al., 1995; Singh, 1997; 
Rani et al., 1996; Pan et al., 
1993; Panwar et al., 1991; 
Ahuja et al. 1994, Ou, 1973, 
Desai et al., 1987, Bollich et 
al., 1993; Kumar et al., 1996 

Singh, V.P. Personnel com- 
munication 
Rani et al., 1996; Panwar 
et al., 1991 
Pan et al., 1993 
Grewal and Kang, 1988 
Chand et al., 1986; Panwar 
et al., 1991; Seetharaman 
et al., 1972; Raina and Saini, 
1991; Srivastava and Ahuja, 
1973 
Bhaktavatsalam et al., 1988; 
IRRI, 1992 
Kushwaha et al., 1992; Rani 
et al., 1992; Manjunath, 1977 

Singh, 1997; Partoatmodjo 
et al., 1994 
Rani et al., 1992; Rani et al., 
1996; Singh, 1997, Panwar et 
al., 1991; Heinrichs et al., 
1985; Kumar et al., 1996 

Rani et al., 1996; Singh, 1997 

Haque et al., 1987 



222 Aromatic Rices 

Fig. 2. Cultural and morphological variation in different isolates of Rhizoctonia solani 
collected from infected aromatic rice plants from same field. 
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Gliocladium virens or Trichoderma harzianum alone or in combination with 
organic manure ( Gliricidia maculata leaves) (Baby and Manibhusanrao, 
1993) have been tried and found to be effective in reducing the sheath 
blight infection under field conditions (Dasgupta, 1992). Spray of seed 
extract of the Trachispermum ammi and leaf extract of Ocimum sp. reduced 
the sheath blight infection by 70% (Ansari, 1995). Preliminary studies 
have shown that rice-wheat rotation, which is the most popular in north- 
ern India does not favour sheath blight development (Singh, U.S. and 
Singh, Amita, Unpublished) in spite of the fact that wheat is susceptible 
to rice isolates of R. solani. There is an urgent need for the integration of 
various methods for the management of this disease. 

Blast 

Rice blast caused by Magnaporthe grisea is a serious problem in aromatic 
rices even under low land irrigated system because of the long duration 
of crop. It is most serious problem in aromatic rices in Iran, Pakistan and 
India. In 1964 neck blast epidemic was experienced in Basmati rices in 
Punjab province of Pakistan (Khan, 1996). During 1989, blast epidemic in 
Basmati in Haryana (India) resulted in loss of Rs. 110 millions (Ahuja 
et al., 1995). This disease has two phases: leaf blast and panicle blast. Leaf 
blast is characterized by elliptical or spindle shaped lesions with whitish- 
gray or greenish centre and brown or purple margins with yellow halo. 
Panicle blast, which is more damaging, appears as a dark necrotic lesion 
covering partially or completely around the panicle base or secondary 
branches (Figure 3). It may lead to breaking of panicles resulting in few 
or no grain setting. At the time of grain filling in aromatic rices tempera- 
ture is comparatively low, which favours panicle blast development. Dis- 
ease is favored by high nitrogen. Soils with poor silica availability are 
blast conducive (Singh et al., 1995). Good sources of resistance are availa- 
ble and under modem cultivation in different parts of the world popula- 
tion of the pathogen is reported to be simple clonal (Levi et al., 1997). 
With clonal population of the pathogen, it was proposed that by proper 
gene deployment this disease can be managed quite effectively. However, 
recent studies by J. Kumar in association with Robert Zeigler of IRRI on 
population structure of M. grisea in Himalayan hills have shown high 
diversity in rice strains. Some evidence suggest recombination of rice and 
non-rice infecting strains in Indian Himalayas as a cause for this high 
diversity (Kumar et al., 1999). A number of effective fungicides are avail- 
able against rice blast (see Table 1). These fungicides are being used widely 
by the farmers in the cultivation of aromatic rice. New generation chemi- 
cals like tricyclazoles, carpropamid, etc., are environmentally safe and 
provide quite long protection. Rather than being directly fungitoxic these 
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Fig. 3. Symptoms of neck blast on Pusa Basmati-1 (Top left); combined infection of 
sheath rot and white head on Tilakchandan (Top right); view of Taraori Basmati 
field showing heavy incidence of white head (Middle); panicle of cultivar Bindli 
showing grain discolouration (Bottom). 
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chemicals act as antipenetrants by blocking melanin biosynthesis in 
appressoria (Rohilla et al., 1999). Some of the biocontrol agents like 
Pseudomonas fluorescens (Vidhyasekaran et al., 1997), Bacillus sp are 
reported to be effective against the disease (Bhatt and Singh 1992). Appli- 
cation of silica fertilizers reduces blast incidence (Datnoff et al., 1989). 
Host resistance is the most effective method for the management of rice 
blast (see Table 2). However, most of the popular varieties of aromatic 
rices are susceptible to neck blast. Nevertheless, a wide variation in reac- 
tion towards neck blast was noticed in different Indian germplasm/land 
races of aromatic rices (U. S. Singh, R. K. Singh and G. S. Khush, personal 
observation). 

Sheath Rot 

Sheath rot caused by Sarocladium oryzae (Sawada) W. Gams and Hawksw, 
considered a minor disease till a few years ago, has attained status of a 
major disease. It is primarily because of the introduction of the some of 
the high yielding varieties. It might increase further with the populariza- 
tion of the hybrid varieties. Typical symptoms are oblong to irregular 
brown to gray lesions on boot leaf sheath near panicle. Lesions may 
coalesce covering the entire sheath. Disease is highly damaging as it 
infects boot leaf sheath (Figures 1B & 3) and under severe condition it 
may totally inhibit panicle emergence. Burning of the infected stables, 
planting of the tolerant varieties, spray of fungicide like carbendazim 
(Table 1) at tillering and boot leaf stage (Swain et al., 1997) and biocontrol 
agent are some of the methods recommended for the disease management. 
A wide variation was observed in natural incidence of sheath rot in 
different germplasms/land races of Indian aromatic rices (U. S. Singh, 
R. K. Singh and G. S. Khush, personal observation). Early planted rice 
crops could escape disease incidence (Swain et al., 1997). 

False Smut 

Like sheath rot false smut caused by Ustilaginoidea virens is another dis- 
ease which has become important only during the last few years with the 
introduction of some of the high yielding varieties. Infected grains are 
transformed into yellow-greenish or greenish-black velvety looking spore 
balls (Figure 1D). Incidence of the disease is likely to increase with the 
popularization of hybrid varieties. Disease is favored by high nitrogen. 
Sanitation practices like manual removal of sclerotia before harvesting, 
proper dose of nitrogen, and spray of fungicides like foltaf, mancozeb 
etc. (Anonymous, 1989) are some of the recommended management 
practices. 
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Foot Rot 

Bakanae or foot rot, is a seed borne disease, Gibberella fugikuroi (Anamorph: 
Fusarium moniliforme ). Infected seedlings/plants are elongated nearly twice 
the height of the normal plants with thin yellow green leaves. Elongated 
plants die. Infected plants that survive until maturity bear only partially 
filled grains or empty panicles. High nitrogen and temperature range of 
30 to 35°C favour the disease. This is one of the major diseases in the 
Basmati belts of Haryana (India) and Punjab (India and Pakistan). In 1991 
most of the Basmati fields in Punjab (Pakistan) were badly affected by this 
disease (Khan, 1996). Outbreaks of this disease were observed in Haryana 
during 1989, 1990 and 1992 (Ahuja et al., 1995). Foot rot can be effectively 
controlled by seed dressing with fungicide like MEMC and carbendazim. 

Stem Rot 

Stem rot caused by Mugnaporthe salvini (sclerotial stage) Sclerotium oryzae 
is endemic in eastern U.P. (Chakrabarti, 1978). Infection starts near the 
waterline as blackish dark irregular lesions on the outer leaf sheath and 
gradually enlarges. Eventually fungus penetrates into culm and weakens 
the stem leading to lodging. This disease is also favored by high nitrogen. 
K and Si application reduce disease incidence. Application of balanced 
fertilizer, burning of stubble after harvest, avoidance of water logging for 
long period and planting of moderately resistant varieties are some of the 
recommended methods for the disease management. Some of the aro- 
matic rice varieties are reported to be resistant to stem rot (Table 2). 

Narrow Brown Leaf Spot 

This disease is caused by Cercospora oryzae. Incidence of the disease has 
increased in recent past particularly in Bijnore and Dehradun districts of 
U.P. (India). The disease is characterized by small, narrow, elongated 
dark brown spots spread uniformly over the leaf surface. Work is in 
progress to develop disease resistant varieties. Some of the non-aromatic 
resistant varieties like Mahssuri, Bhawani, IR 26, IR 28, IR 29 and IR 30 
(Panduranjan, 1976) may serve as donors. 

Bacterial Blight 

This disease is caused by bacterium, Xanthomonas campestris pv. oryzae 
(Ishiyama) Dye. The disease may appear both in nursery (Kresek phase) 
as well as in field. Kresek phase is characterized by wilting of seedlings. 
In mature plants lesions usually start near the leaf tip or margins or both 
and extend down the outer edges. Young lesions are pale green to grayish 
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green later turning yellow to gray necrotic. Lesions may extend to entire 
leaf length. Disease is more serious under irrigated conditions. Bacterial 
blight is widely distributed and devastating disease of rice (Devadath, 
1992). Some of the aromatic rice cultivars like Pusa Basmati-1 are highly 
susceptible to bacterial blight. It is favoured by high N (Reddy et al., 
1989). Planting of resistant cultivars is the best method of disease man- 
agement. A number of resistant varieties are available among non-aro- 
matic rices (Khush et al., 1989). Among aromatic rices HBC 19, Pakistani 
Basmati, Ghana1 and IET 9691 showed resistance to bacterial blight 
(Table 2). However, in aromatic rice growing belts of UP., India, Pusa 
Basmati-1 was found to be highly susceptible to bacterial blight. Proper 
use of nitrogen and avoidance of water stagnation in field help in keep- 
ing disease in check. 

Grain Discolouration 

It is characterized by darkening of glumes of spikelets brown to black 
including rotten glumes (Figure 3). Disease intensity ranges from sporad- 
ic discolouration to discolouration of entire glumes. A number of fungi 
viz. Sarocladium oryzae, Cochliobolus miyabeanus, Alternaria alternata, 
Magnaporthe salvini, M. grisea etc. are reported to be involved in grain 
discolouration. High rainfall at the time of maturity favours development 
of grain discolouration. 

Integrated Management of Rice Diseases 

In nature rice crop is infected by more than one diseases. Quite often 
diseases like blast, sheath rot and sheath blight, and brown spot and 
narrow brown spot tend to occur together. Sheath blight and stem rot 
appear to be negatively correlated (Kumar et al., 1998). Except brown 
spot and narrow brown spot, most other diseases are favored by similar 
set of factors like high nitrogen and phosphorus, low K, high plant densi- 
ty and crop canopy etc. Intensity of these diseases is likely to increase 
with introduction of high yielding nitrogen responsive aromatic rice vari- 
eties. Some of the cultural practices (e.g. proper spacing, early sowing, 
balanced fertilizer, micronutrients), fungicides (Table 1), biocontrol agents 
(Ps. fluorescens, Bacillus sp., and G. virens ), botanicals etc. are effective 
against multiple diseases (Tewari et al., 1999). Breeding for disease resist- 
ance in aromatic rices is still in infancy. Some of the aromatic rice varie- 
ties are reported to be resistant or tolerant to different diseases (Table 2). 
A few lines have been identified which show multiple field resistance. 
Haryana Basmati-1 is resistant to blast and tolerant to stem rot and stem 
borer (Ahuja et al., 1995). Basmati 6129 is tolerant to bacterial blight, neck 



228 Aromatic Rices 

blast and whitebacked planthopper (WBPH). HBC 5 and Basmati 405 are 
tolerant to leaf blast and WBPH. Domsiah is tolerant to bacterial blight 
and neck blast (Kumar et al., 1996). Korean aromatic variety Hyangmibyeo 
showed multiple resistance to leaf blast, bacterial blight and rice stripe 
virus (Choi et al., 1995). Therefore, it is desirable to integrate disease/ 
pest management (IDM/IPM) strategies involving cultural practices, host 
tolerance/resistance, biocontrol agents, defense inducers and need-based 
application of fungicides for the management of multiple diseases. How- 
ever, IDM/IPM strategies ought to be location specific. 

INSECT PESTS 

More than 800 insects species have been recorded damaging rice in one 
way or another although majority of them are of little importance (Dale, 
1994; Grist and Lever, 1969). In a particular area insect pests attacking 
aromatic rice are the same as those prevalent on non-aromatic rices. In 
Basmati rices in India major insect pests are yellow stem borer, leaf folder, 
brown plant hopper and gall midge (Kushwaha et al., 1992; Rani et al., 
1992). In Pakistan stem borer, leaf folder and whitebacked plant hopper 
(WBPH) are the major problem in Basmati rices. Stem borer and leaf 
folder reach their economic threshold level in third/fourth week of August 
and WBPH one month later depending on weather conditions (Khan, 1996). 
More often reported insect pests from rice are listed in Table 3. 

Soil Inhabiting Insect Pests 

Termite 
Termites are pests of upland rice but damage has also been observed in 
rainfed medium land areas having light soil. Workers of these termites 
initially feed on rice roots and later tunnel through stem. Attacked plants 
die and can be pulled out easily which are characteristically filled with 
soil and may have few workers. Its attack may start from day of sowing/ 
transplanting and continue till harvest. Incidence is usually noticed from 
bund side in patches. Due to incidence, the plants stand becomes poor 
and yield is adversely affected. Drought, which is regular feature of rainfed 
rice, favours termite attacks. 

Although termites have been reported as major pests of rainfed rice 
and four species viz. Odontotermes brunneus; O. obesus; Microtermus obesi 
and Microtermus sp. have been recorded in eastern U.P. infesting rice 
(Rizvi et al., 1996), no work for their management has been carried out. 
Based on experience in other crops, farmers are being advised to follow 
recommendation in the fields having history of termite attacks: 
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Table 3. List of common insect-pests of rice 

Category Common name 

(a) Soil inhabiting (i) Termites 
pests 

(ii) Mole Cricket 
(iii) Crabs 

(iv) Root weevil 

(ii) Dark headed striped borer 
(iii) Sorghum stem borer 
(iv) Gold fringed borer 
(v) Pale headed striped 
(vi) Pink stem borer 

(vii) Gall midge 

(b) Tissue borer (i) Yellow stem borer 

(c) Defoliators (i) Whorl maggot 
(ii) Grasshopper 

(iii) Leaf folder 
(iv) Rice Hispa 
(v) Case worm 

(vi) Rice butterfly 
(vii) Rice skipper 

(viii) Green semi-looper 
(d) Sap feeders (i) Thrips 

(ii) Green leaf hopper 

(iii) Brown plant hopper 
(iv) White backed plant hopper 
(v) Zig zag leafhopper 

(vi) Big white plant hopper 

(ii) Stink bug 
(iii) Climbing cut worm 

(e) Ear damaging (i) Rice bug 

Zoological name 

Odontotermes brunneus (Hagen) 
O. obesus (Rambur) 
Microtermus obesi (Holmgren) 
Microtermus sp. 
Gryllotalpa sp. 
Spiratothelpusa hydrodroma 
Sartoriana spinigera 
Echinocnenos oryzae Marshell 
Scirpophaga incertulus (Walker) 
Chilo polychrysus (Meyrick) 
C. partellus (Swinhoe) 
C. auricilius Dudgeon 
C. suppressalis (Walker) 
Sesabania inferens (Walker) 
Orseolia oryzae (Wood Mason) 
Hydrellia philippina Ferino 
Hieroglyphus banian (F.) 
Oxya cinensis (Thunberg) 
Cnaphalocrosis medinalis (Guenee) 
Decladispa armigera (Oliver) 
Nymphula depunctalis (Guanee) 
Melanitis leda ismene icramer 
Parnara mathias (F.) 
Naranga aenescens (Moore) 
Stenchtothrips biformis (Bajnall) 
Haplothrips aculeatus (F.) 
Nephotettix virescens (Distant) 
N. nigropictus (Stal) 
Nilaparvata lugens (Stal) 
Sogatella furcifera (Horvath) 
Recilia dorsalis (Motschulsky) 
Cofana spectra (Distant) 
Leptocorisa acuta (Thunberg) 
Menida histrio (F.) 
Mythimna separata Walker 

1. Removal of crop residue like leaves, stubble etc. after harvesting. 
2. Restriction on the use of raw FYM. 
3. Avoid taking green manure. 
4. Use of neem cake @ 250-625 kg/ha. 

Mole cricket 
Mole crickets ( Gryllotalpa sp.) usually occur in the upland rainfed rice 
and become serious pests especially when there is drought. Both nymphs 
and adults feed on roots and basal part of the plants/hills. Its damage is 
quite similar to termites but pulled plant tillers are recognized by pres- 
ence of slant cut and absence of soil/workers of termite. No experiment 
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on the losses and management of the pest has been carried out hence 
there is no recommendation for management of crickets except flooding 
of the fields, if possible. 

Crabs 
Crabs are generally carnivorous but Spiralothelpusa hydrodoma and 
Sartoriana spinigera have been found damaging nursery and newly trans- 
planted rice by cutting the plant/tillers from basal region and causing 60- 
80 per cent loss (Chatterji and Dutta, 1980). So far no measures have been 
suggested for its control. 

Rice root weevil 
Grubs of rice root weevil, Echinocnemus oryzae attack roots and rootlets of 
the rice plants at tillering stage in the fields having clay and heavy loam 
soils. Leaves of attacked plants become yellow and finally die. Tillering is 
adversely affected. Such fields show sick and patchy appearance. Adult 
weevils feed on leaves but do not cause noticeable damage. 

Tissue Borers 

Stem borers 
Stem borers viz., yellow stem borer ( Scirpophaga incertulas ) and Pink stem 
borer ( Sesamia inerans ), Dark headed striped borer ( Chilo polychrysus ), 
Pale headed striped borer ( C. suppressalis ), sorghum stem borer ( C. partellus ) 
and gold fringed borer ( C. auricilius ) have been reported infesting rice 
(Pangtey and Sachan, 1983; Dutt and Kundu, 1984; Rai et al., 1989). How- 
ever, yellow stem borer is of common occurrence and causes economic 
loss. Stem borers may damage plants before (dead heart) or after (white 
head) flowering. Dead heart damage may occasionally be mistaken for 
kresek or rat damage but the leaf of a plant with dead heart is easily 
pulled from the tiller. White head causes the entire panicle to dry 
(Figure 3). Studies on characterization of rice pests and quantification of 
yield losses in rice revealed that of 1.43 tones/ha loss caused by various 
agents like diseases, insects and weeds, 0.46 tones/ha is contributed by 
stem borer alone (Savary et al., 1997). Until 1960, the stem borers were 
considered major pests of rice in India, however, their damage declined 
during the last decade. Now again it is increasing as the borers are being 
observed in large numbers in fine rice and hybrid rice especially being 
grown in low lying rainfed and irrigated areas. During 1998 Kharif season 
epidemic of yellow stem borer was recorded in Basmati belt of Haryana 
and Punjab where as high as 50 percent incidence of white head was 
noticed. Stem borers, emerged in northern parts of Iran in 1971, has now 
become a serious problem in both aromatic and non-aromatic rices. 
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The economic injury threshold as dead heart and white head was 
reported to be 5.7-12 and 9.4-14.7%, respectively (Rao et al., 1990). 

Gall midge ( Orseolia oryzae ) 
The bright red female usually lays eggs singly or in groups of 3 to 4 near 
the base of the plants on the legules. The larvae feed on growing buds. 
The feeding results in gall formation, which is commonly known as 'Sil- 
ver shoot' or 'Onion shoot'. There are several generations in a year when 
there is continuous good rain and rice is planted late i.e. in August, as high 
as 65% incidence is reported in non-aromatic rices (Rizvi and Singh, 1980). 

Defoliators 

Whorl maggot 
Whorl maggot, Hydrellia philippina is a pest of early stage of rice plants 
grown both in irrigated and rainfed conditions. Fields having standing 
water first for 3-4 weeks are infested more than the fields without stand- 
ing water. The maggots feed by nibbling the inner margins of leaves 
when they are in whorls. Damage is seen when infested leaves open. 
Typical symptom is degenerated tissue along the inner margins of emerg- 
ing leaves. As leaves expand yellow damaged areas become conspicu- 
ously visible. Damage occurs from seedling to maximum tillering stages. 
Crops planted during middle of July to August suffer more. 

Grass hopper 
Several species of grass hoppers viz. Hieroglyphus banian; Oxya chinensis 
etc. feed on rice leaves from margins leaving midrib, if hard. The damage 
is more pronounced when there is long gap in rains during August to 
September. An outbreak of H. banian occured in about 3,000 ha area of 
rice in West Bengal (Chatterjee and Debgoswami, 1981). 

Leaf folder 
Cnaphalocrocis medinalis is a minor insect pest but now becoming a major 
pest due to growing of high yielding varieties under high management 
conditions. Unbalanced use of fertilizers especially excessive application 
of nitrogenous fertilizers seems to be one of the important factors of 
increasing menace of leaf folders (Dhaliwal et al., 1984). 

The first instar larva feeds on young leaf in whorls while later instars 
larvae feed within folded leaves. The larvae feed on leaf tissues except 
the epidermis causing typical white streaks. They create a leaf tube dur- 
ing the later stages of feeding. Several natural enemies viz., Cotesia sp., 
Trichogramma sp., Bracon sp. etc. have been found parasitizing leaf folder 
larvae in the field and keeping the population below ET level. 
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Rice hispa ( Decladispa armigera ) 
Both grubs and adults feed on rice plants. Grubs mine the leaves and 
cause blotches. Adults remove green matter of leaves between veins and 
cause parallel white streak. In severe cases of attack the field shows dry 
appearance similar to hopper burn. Early intermittent rains may cause 
high population. The damage is observed after transplanting. 

Rice case worm ( Nymphula depunctalis ) 
It is a minor pest but some times it becomes serious. It feeds from the leaf 
surface and removes tissues leaving the upper white papery epidermis. 
The infested plants show no growth, poor tillering and the formation of 
small panicles resulting in poor yield. 

Draining of the field, for 2-3 days, after dislodging the larvae with the 
help of rope is proved to be useful in the management of the pest. 

Rice butterfly ( Melanitis leda ismene ) 
Rice butterfly is also a minor pest. The catterpillars feed on leaves from 
margins and tips quite similar to grasshoppers and army worms. 

No control measure has been recommended for this pest, however 
Andrallus spiniolens, a hemipteran bug is active in the area predating 
upon large number of larvae of rice butterfly. 

Rice skipper 
Rice skipper, Parnara Mathias, is also a minor pest. Damage is caused by 
larvae by rolling and stitching two or more leaves together and eating 
them from the margins inwards. 

Green semi looper 
Larvae of green semi looper, Naranga aenescens, feed on the leaves caus- 
ing defoliation at nursery to tillering stage. Early instar larvae feed by 
scrapping green tissues while older ones eat leaves from the edges. As 
yet no control measure is available for the pest. 

Sap Feeders 
Two species of thrips viz. Stenchatothrips biformis, Haplothrips aculeatus, 
two species of green leaf hoppers (GLH) Nephotettix virescens, N. nigropictus, 
Brown plant hopper (BPH) Nilaparvata lugens, white backed planthopper 
(WBPH), Sogatella furcifera, zig zag leaf hopper, Recilia dorsalis and big 
white plant hopper, Cofana spectra come under this group. Among these, 
thrips, BPH and WBPH cause severe damage to crop in certain years. 
GLH is of regular occurrence. The predominant species i.e. N. virescens 
reaches its peak during August-September and continues till early 
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November but due to absence of tungro virus inoculum, in spite of high 
population it does not cause severe damage. Hopper burn is characterized 
by partial to pronounced yellowing and increasing severity of stunting. 
Extreme signs are wilting to death of plants. Infested area in field may be 
patchy. Hopper burn due to WBPH and BPH have been observed in rice 
fields grown under high fertility level. 

Adult and nymph thrips slash the plant tissue and feed on sap. Dam- 
age causes yellow to red plant discolouration and makes the leaf blade 
roll. Spikelets may have unfilled grains or completely empty heads. Plants 
may be damaged from seedling stage to maturity. 

Ear Damaging Pests 

Among ear damaging insect-pests Rice bug, Leptocorisa acuta, Stink bug, 
Menida histrio (Rizvi, 1978) and Climbing cut worm, Mythimna separata 
(Kulshreshtha et al., 1970; Kalode, 1976 and Rizvi and Singh, 1981) have 
been reported as major, serious and sporadic pests. 

Nymphs and adult bugs suck the sap from different parts of the plant. 
These also remove milk liquid from developing grains, cause chaffy grain 
and heavy yield loss. Staggered planted rice suffers more due to these 
bugs. 

In case of M. separata damage is caused by caterpillars. During early 
stages of the crop, larvae feed on green and dry leaves while at dough 
stage they climb on the ear at night and cut the spikelet bearing few 
grains. Damage continues till harvest and causes severe damage to the 
crop. During the day they remain hidden in the clump or on the soil 
under fallen leaves. 

Integrated Pest Management 

Rice ranks second in consumption of pesticides and their indiscriminate 
use has affected the ecology adversely. This has led to resurgence of 
pests, pesticide resistance, environmental pollution, and health hazards. 
It is well established that most BPH outbreaks in tropical rice are caused 
by overuse of broad-spectrum insecticides, which disrupt biological con- 
trol by spiders and predaceous and parasitic insects (Way and Heong, 
1994; Cuong et al., 1997). The integrated approach to pest management, 
which involves host plant resistance, use of biocontrol agents, botanical 
pesticides, cultural practices and only need based use of chemical pesti- 
cides, have efficiently controlled the pests and have proved eco-friendly 
and cost effective in irrigated system. IPM packages developed for BPH, 
gall midge and stem borer are widely adopted in endemic areas (Siddiq, 
1995). Similar IPM packages should be developed for aromatic rices. 
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Although, cultivation of resistant varieties have been found very effec- 
tive in reducing the crop losses due to insect pests, unfortunately, not 
many such varieties are available in case of aromatic rices (Table 2). 
Under such condition, cultivation of local selections tolerant to most se- 
vere pests of the area may help up to some extent. Haryana Basmati-1 is 
reported to be resistant to blast and WBPH and tolerant to stem rot and 
stem borer. Taraori Basmati shows resistance against WBPH and stem rot 
(Ahuja et al., 1995). However, in absence of many such selections early 
maturing varieties may escape the damage of late coming pests or reduce 
the period for population buildup of GLH, BPH, WBPH and Stem borers. 

Several insects infest the crop in the seedbed and quite often they are 
carried over to the main crop. In the plant hopper endemic area the 
nursery should be raised away from light source because the insects are 
attracted towards it. The seedbed should not be flooded if the case worm 
is a serious problem in the area. Before using the seedlings for transplant- 
ing they should be checked to destroy the eggs of stem borers. Since the 
eggs of stem borer are laid near the tip of the leaf blade, clipping of 
seedling before transplanting reduces the number of eggs carried from 
seed bed to transplanted crop and also minimizes the carry over of leaf 
folder, rice case worm and rice hispa. Method of sowing is also known to 
be helpful in reducing damage of some insects. Direct seeded crop is less 
damaged by whorl maggot as compared to transplanted ones. Further- 
more, transplanting of old seedling has been found effective in reducing 
the damage caused by whorl maggots and case worms. A number of 
pests such as Stem borers, BPH, and WBPH complete several generations 
in a cropping season. Planting fields in an area within 3-4 weeks has been 
found effective in reducing the number of generations of these insects. In 
the rice hispa endemic area transplanting the seedling closely and early 
at the beginning of monsoon reduces the damage due to this insect (Tiwari 
et al., 1999). 

Weed management is also essential to check the population buildup of 
insect pests as so many grassy and other weeds serve as alternate hosts 
of rice pests. In the area inhabited by gall midge, army worm, cut worm, 
leaf folder, rice hispa, and rice bug all such weed should be removed 
from seed bed, crop or surrounding areas (Tiwari et al., 1999). 

Water standing in the field affects the biology of the insect. Draining 
out water from the field at regular intervals in the first month of trans- 
planting reduces the egg laying of whorl maggot the adult of which are 
attracted to standing water. In case of worm endemic area, draining of 
water for several days have been found effective in reducing the damage 
by this insect. When the crop is infested heavily by BPH or WBPH, the 
field should be drained for 3-4 days. On the other hand, flooding elimi- 
nates soil-borne insects and also controls army worm, earhead cutting 
caterpillar and cutworm up to some extent. 
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Fertilizers are known to play a very important role in population build- 
up of different insect pests. Heavy application of nitrogen fertilizer to 
high yielding but pest susceptible varieties aggrevate the pest problem. 
On the other hand moderate level and split application of nitrogenous 
fertilizer makes the crop tolerant to stem borers, BPH, WBPH, gall midge 
and leaf folder (Tiwari et al., 1999). 

Stem borer and gall midge hibernate in the stubble of rice plants. 
Cutting the stubble at ground, burning or plowing the stubble and leav- 
ing the ground fallow for 3-4 weeks have been found very effective in 
reducing the population build up of these insects. 

Most of the rice insect pests are attacked by a large number 
of parasitoides, predators and pathogen under natural condition (Tables 
4 & 5). 

Table 4. Important parasitoids of rice insect pests 

Scientific name 

Anagrus optablis 

Anagrus sp. 
Apanteles flavipes 

Bracon albotineatus 
Bracon chinensis 
Charops sp. 
Elasmus elbopistus 
Eriborusrus sinicus 
Gonatocerus sp. 

Macrocentrus sp. 
Mymar taprobanicum 

Oligosita sp. 

Rhaconotus oryzae 
Rhaconotus scirpophagae 
Stenobracon nicevillei 
Sturmiopsis inferens 
Telenomus dignoides 
Tetrastichus hegenowii 
Tetrastichus israeli 
Tetrastichus schoenobii 
Topobracon schoenobii 

Trichogramma japonicum 

Trichogrammatoidea nana 
Xanthopimpla 

Common name Host 

Mymarid wasp 

Mymarid wasp 
Braconid wasp 

Braconid wasp 
Braconid wasp 

Elasmid wasp 
Ichneumonid 
Mymarid wasp 

Hymenopterus 
Mymarid wasp 

Hymenopterus 

Braconid wasp 
Braconid wasp 
Braconid wasp 
Techinid wasp 

Eulophid wasp 
Eulophid wasp 
Eulophid wasp 
Braconid wasp 

Trichogrammatid 

Trichogrammatid 
Ichneumonid 

Brown plant hopper, 
White backed plant hopper 
Whitebacked plant hopper 
Striped rice borer, 
Yellow rice borer 
Striped rice borer 
Pink borer 
Stem borers, Leaf folder 
Yellow rice borer 
Yellow rice borer 
Brown plant hopper, 
White backed plant hopper 
Stem borers, Leaf folder 
Brown plant hopper, 
White backed plant hopper 
Brown plant hopper, 
White backed plant hopper 
Striped rice borer 
Yellow rice borer 
Yellow rice borer 
Pink borer 
Yellow rice borer 
Dark-headed rice borer 
Yellow rice borer 
Yellow rice borer 
Yellow rice borer, 
Pink borer 
Striped rice borer, 
Yellow rice borer 
Yellow rice borer 
Stem borers, Leaf folder 

Stage 

Egg 

Egg 
Larva 

Larva 
Larva 
Larva 
Larva 
Egg 
Egg 

Larva 
Egg 

Egg 

Larva 
Larva 
Larva 
Larva 

Pupa 
Pupa 
Pupa 

Larva 

Egg 
Egg 
Larva 
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Table 5. Important predators of rice insect pests 

Scientific name Common name Host 

Agriocnemus sp. 

Araneus inustus 

Araneus sp. 

Argiope catanulata 

Bianor hotingchlehi 

Callitrichia formosana 

Clubiona japonicola 

Clubiona drassoides 

Clubiunica nr. japonica 

Conocephalus sp. 

Crocothemis sp. 

Cyrtaphora cicatrosa 

Crytorhinus lividipennis 

Dyschiriognatha sp. 

Ecuta javana 
Gea corbetti 
Heteropoda venatoria 
Larinia tabida 

Lycosa pseudoannulata 

Lyctocoris beneficus 

Micraspis vincta 

Misumenoides sp. 
Neoscona elliptica 

Damsel fly 

Spider 

Spider 

Orb spider 

Spider 

Spider 

Spider 

Spider 

Spider 

Meadow 
grasshopper 
Dragon fly 

Spider 

Myrid bug 

Spider 

Spider 
Spider 
Spider 
Spider 

Wolf spider 

Anthocorid 

Lady bud 
beetle 
Spider 
Spider 

bug 

Brown plant hopper, White backed plant 
hopper, Green leaf hopper 
Leaf folder, Case worm, Brown plant hopper, 
White backed plant hopper 

Green leaf hopper, White rice leaf hopper, 
Whorl maggot, Chironomids 

Green leaf hopper, Brown plant hopper, 
White backed plant hopper, Whorl maggot 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper, 
White rice leaf hopper, Case worm 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, White 
backed plant hopper, Zig zag leaf hopper, 
Whorl maggot, Case worm 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper, Whorl maggot 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Rice bug, Stem borers, Plant hoppers, 
Leaf hoppers 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper 
Green leaf hopper, Brown plant hopper 
Green leaf hopper 
White backed plant hopper, Green leaf 
hopper, Zig zag leaf hopper 
Green leaf hopper, Brown plant hopper, White 
backed plant hopper, White rice leaf hopper, 
Zig zag leaf hopper, Whorl maggot, 

Case worm, Leaf folder, Chironomids 
Striped rice borer 

Brown plant hopper, White backed 
plant hopper 
Green leaf hopper, Brown plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 

( Contd .) 
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Table 5. (Contd.) 

Scientific name Common name 

Neoscona nautica Spider 

Neoscona theisi Spider 

Ophionea indica Carabid 

Oxyopes javanus Lynx spider 

Oxyopes nr. sertatus Spider 

Oxyopes shweta Spider 

Paederus fuscipes Staphylinid 
beetle 

Pardosa sumatrana Spider 

Plexippus paykuli Spider 

beetle 

Runcinia roonwali Spider 

Singa pygmaea Spider 
Tetragnatha japonica Spider 

Tetragnatha maxilosa Long jaw 
spider 

Tetragnatha nr. virescens Spider 
Tetragnatha sp. Spider 
Theridiosoma Spider 

Thomisus cherapunjeus Spider 

Zygoballus sp. Spider 

Host 

Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
White backed plant hopper, Brown plant 
hopper, Green leaf hopper, Zig zag leaf 
hopper, Leaf folder, Whorl maggot, 
Chironomids 
White backed plant hopper, Brown 
plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
White backed plant hopper, 
Brown plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper, White rice 
leaf hopper 
Green leaf hopper, White backed 
plant hopper 
Green leaf hopper, Brown plant hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper, Zig zag leaf 
hopper, Whorl maggot 
Brown plant hopper, White backed 
plant hopper 
Zig zag leaf hopper, Green leaf hopper 
Green leaf hopper 
Green leaf hopper, Brown plant hopper, 
White backed plant hopper 
Green leaf hopper, Brown plant hopper, White 
backed plant hopper, Zig zag leaf hopper 

Green leaf hopper, Brown plant hopper, 
White backed plant hopper 

Depending upon their population and weather conditions these bio- 
logical control agents effectively control most of insect pests of rice e.g. 
spiders control the population of plant hoppers effectively when their 
number is 3 spiders/hill. Mirid bug also control them when predator: 
host ratio is 1:4. To increase the effectiveness of parasitoides and preda- 
tors in the rice field it is essential to conserve and enhance their popula- 
tion by adopting production and protection practices harmless to them. 
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For the conservation and enhancement of the natural enemies, which 
are already present in the field, it is advisable to leave a pest residue in 
the field at non-economic level, for natural enemy. To reduce the harmful 
effect of pesticides on the natural enemy, it should be applied only when 
pest population reaches Economic Threshold Level. It is also recommended 
to select insecticide, which is less toxic to natural enemy. As direct appli- 
cation of insecticide on the plant also kills the natural enemies, applica- 
tion of granules in the soil should be preferred. 

Mass release of parasitoides have also been found effective in the 
management of lepidopterous pests. For this purpose, Trichogramma 
japonicum is released at the rate of 50,000/ha/week for six weeks starting 
from 30 days of transplanting for the control of stem borers, leaf folder 
and other lepidopterous pests. For the management of BPH, mirid bug, 
Cyrtorhinus lividipennis is released at the rate of 100 bugs or 50-75 eggs / 
sq. m. 

Sex pheromone have also been found very useful in the management 
of yellow stem borer (Pathak, P.K., personal communication). Single ap- 
plication of controlled release formulation of sex pheromone at the rate 
of 40 g a.i./ha through 625 point sources checks the population buildup 
of this pest by disrupting mating. Sex pheromone have also been found 
effective in trapping male moth of this insect when used at the rate of 0.5 
g pheromone dispensed in traps installed at 20 points/ha at the time of 

When the pest problem is not controlled by manipulation of cultural 
practices or conservation, enhancement and release of natural enemies, 
the application of pesticides becomes inevitable to check the population 
reaching economic injury levels. However, it is also used some time as a 
preventive measure. Soaking of sprouted seeds in 0.2 per cent 
chlorpyriphos for three hours before sowing has been found effective in 
protecting the seedling from the gall midge attack. Similarly, seedling 
root dip in 0.02 per cent chlorpyriphos for 12 hours or 0.02 per cent 
chlorpyriphos +1 per cent urea for 3 hours protects the seedling from the 
damage of stem borers, gall midge and whorl maggot. Soil application of 
carbofuran before sowing or transplanting of rain fed low land rice fol- 
lowed by need based spray of quinalphos or monocrotophos has been 
found effective against stem borers and hoppers. 

Rodents, mostly rats, cause considerable damage to rice crop in the 
field by cutting the plants in different stages. Cultural and chemical con- 
trol methods have been found very effective in reducing the damage due 
to rodents. Deep ploughing leads to destruction of old burrows which 
deprives shelter to rats. Reduction in size and trimming of field bunds 
also destroy old burrows. Weed management deprives food and alter- 
nate hosts. Simultaneous planting prevents rodent migration from one to 

transplanting. 
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another field after harvesting. When the rodents are not managed by 
these practices zinc phosphide bait (2.5%) is used to kill the rodents or 
their burrows are fumigated with aluminium phosphide tablets (Tiwari 
et al., 1999). 

Till resistant varieties are available, for BPH altering planting dates, 
crop sanitation, formation of alley ways, optimum plant density and con- 
servation of natural enemies through need based use of chemical pesti- 
cides may help to keep the population of BPH well below injury thresh- 
old. Similarly against gall midge, early transplanting, crop sanitation and 
need based use of pesticides may greatly reduce crop losses. 

Both panicle blast and stem borer ( S. incertulus ) were managed effec- 
tively by soil amendment with burnt rice husk before transplanting (@ 10 
t/ha) and Nimbicidine spray after 30 and 60 days of transplanting (@ 20 
ml/l water) (Dodhan and Roshan, Unpublished). 

BIRD DAMAGE 

Because of late harvesting due to long duration, aromatic rices face seri- 
ous problem of birds. Although no systematic research work has been 
carried out, different varieties seem to show differential susceptibility 
towards birds. In a field trial different selections of aromatic rice cultivar 
Brahmamusi exhibited a wide variation in their susceptibility towards 
bird damage even though they were planted side by side (Figure 3) 
(Singh, U.S., Singh, R.K. and Khush, G.S., unpublished information). This 
information could be quite useful for breeding aromatic varieties less 
susceptible to bird damage. 

MOLECULAR BIOLOGY IN MANAGEMENT OF DISEASES 
AND PESTS 

The advent of genetic engineering approaches to diseases and pests re- 
sistance in crop plants now raises the possibility of achieving for the first 
time high level of resistance even against those diseases and pests where 
resistance donors are not available for exploitation by conventional breed- 
ing. Among the advantages of this approach are: (1) the availability of 
several diverse mechanisms of resistance from rice, other crops or mi- 
crobes; (2) the ability to introduce one or several such genes directly into 
popular cultivars without the disadvantages associated with sexual hy- 
bridization; and (3) the availability of three different methods of rice 
transformation based on protoplast, microprojectiles or Agrobacterium 
(Ghareyazie et al., 1997). A large number of potential genes, which can 
provide resistance against diseases and pests, have been cloned. 
(Table 6). Some of these genes have already been transferred to rice and 
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Fig. 4. Field view of aromatic rice cultivar Brahmamusi showing heavy bird damage- white 
seed on panicle are due to bird damage (Top); single panicle showing bird dam- 
age (Middle); one of the selection of cultivar Brahmamusi which was free from bird 
damage (Bottom). 



Table 6. Potential disease and pest resistance genes and their donors which are being used in rice to generate diseases and pest resistant 
transgenics. 

GENE TRAITS (resistance against) DONOR REFERENCE 
Bph-10 (t) 
GNA 

GNA 
Cry IA (b) 

Cry IA (c) 

Gm-2 
Gm 
Gm4(t) 
Gm6(t) 
Glh 
Hbu 

CryIIIA 

Wbph-1 

Wbph2 
Wbph 3 
Wbph4 
Wbph5 
Trypsin 
inhibitor 
PR-5 
Chitinase 
(Chill, 
RC7, 
Serpin, 
Msc) 

Brown plant-hopper (BPH) 
BPH 

BPH & Green leaf hopper 
Yellow stem borer (YSB) 
YSB & stripped stem borer 
YSB & stripped stem borer 
Coleopteran insects 
Gall midge (GM) 
GM 
GM 
GM 
GLH 
Hoja blanca 
White back plant hopper 
resistance (WBPH) 
WBPH 
WBPH 
WBPH 
WBPH 
insect 

Sheath blight 
Sheath blight 
Sheath blight 
Sheath blight 
Sheath blight 
Sheath blight 

Oryza australiensis 
Snowdrop (lectin gene) 

Snowdrop (lectin gene) 
Bacillus thuringiensis 
Bt 
Bt 
Bt var. tenebrionis 
Phalguna 
Duakang #1 
Abhaya 
Daqiuqi 
ARC 11354 
Fanny 
N-22 

ARC 10239 
ADR 52 
Podiwi A 8 
N ' Diang Marie 
Cowpea 
Soybean 
– 

Rice 
Rice 
Menduca sexta 
Menduca sexta 

Ishii et al., 1994 
Gatehouse & Gatehouse, 1997; Rao et al., 1997; 
Muthusamy et al., 1997 
Rao et al., 1997 
Ghareyazie et al., 1997 
Cheng et al., 1997 
Cheng et al., 1997 
Das et al., 1995 
Mohan et al., 1994 
Katiyar et al., 1994 
Nair et al., 1995 
Katiyar et al., 1995 
Sebastian et al., 1995 
Tohme (cited in Zheng et al., 1995) 
McCouch, 1990; Maheswaran & McCouch, 1997 

Maheswaran & McCouch, 1997 
Maheswaran & McCouch, 1997 
Maheswaran & McCouch, 1997 
Maheswaran & McCouch, 1997 
An et al., 1995 
Nandi et al., 1995 
Datta et al.,1997c 
Datta et al.,1997d 
Datta et al.,1997d 
Datta et al.,1997d 
Datta et al.,1997d 
Datta et al.,1997d 

PR-5 Sheath blight Rice Datta et al.,1997d 
(Contd.) 
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GENE TRAITS (resistance against) DONOR REFERENCE 
PR-protein Blast CO39 & IR36 McGee et al., 1995 
Pi-1 Blast LAC 23 Yu, 1991; Mew et al., 1994 
Pi-z 5 Blast 5173 Yu et al., 1991; Mew et al., 1994 
Pi-ta Blast Tetep Yu et a1.,1991; Mew et al., 1994, Sharma, 1997 
Pi-ta 2 Blast Tadukan Rybka et al., 1995 
Pi-5(t) Blast Moroberekan Wang et al., 1994 
Pi-6(t) Blast Apura Yu, 1991 
Pi-7(t) Blast Moroberekan Wang et al., 1994 
Pi-9(t) Blast – Reimers and Nelson (cited in Zheng et al., 1995) 
Pi-9(t) Blast O. minuta Zhang et al., 1997 
Pi-1 1 (t) Blast Zhaiyeqing Zhu et al., 1992 
Pi-? Blast IRAT 13 Tohme (cited in Zheng et al., 1995) 
Pi-12(t) Blast Hong jiao zhan Zheng et al., 1995 
Pi-157 Blast Moroberekan, Tadukan Chattoo et al., 1997 
Pi-b Blast– – Myamoto et al., 1995 
Pi-ql, Pi-q5 Blast Teqing Tabien et al., 1997 
& Piq6 
Pi-b2 Blast Lemont Tabien et al., 1997 
AVR2 Blast Magnaporthe grisea Wu et al., 1995 
YAMO 
RTSV Rice tungro spherical virus ARC 11554 Sebastian et al., 1995 
RTSV-CP & Tungro disease RTSV Huet et al., 1997 
Polymerase 
RTBV-CP Tungro disease RTSV Kochko et al., 1997 
RTBV-RT Tungro disease RTBV Kochko et al., 1997 
RYSV-N Rice yellow stunt virus Xiushui 11 & Bing 88 Fang et al., 1997 

(Contd.) 



Table 6. (Contd.) 

GENE TRAITS (resistance against) DONOR REFERENCE 
RRSV-CP & Rice ragged stunt virus RRSV Upadhyaya et al., 1997 
non-structural 
protein 

Xa-1 Bacterial blight (BB) Kogyoku Yoshimura et al., 1992 
Xa-2 BB Tetep Yoshimura et al., 1992 
Xa-3 BB Chugoku 45 Yoshimura et al., 1992 
Xa-4 BB IR 20 Yoshimura et al., 1992 
Xa-5 BB IR-1545-339 McCouch et al., 1991 
Xa-13 BB Long grain Zhang et al., 1994 
Xa-21 BB O. longistamimta Ronald et al., 1992 

O. minuta Zhang et al., 1997b 
Xa-23 BB & Bacterial leaf streak (BLS) O. rufipogon Zhang et al., 1997a 
Cecropin B BB & BLS Hyalophora cecropia Zhu et al., 1995 

RYMV-CP Rice yellow mottle virus RYMV Kouassi et al., 1995 
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their expression demonstrated (Table 7). Status of diseases and/or pest 
resistant rice transgenics is summarized in Table 8. However, most of the 
efforts on generating diseases and pest resistant transgenics have concen- 
trated on non-aromatic rices. Only recently some efforts are directed to- 
wards improving high quality aromatic rices using molecular techniques. 
Methods for the regeneration and transformation in important aromatic 
rices have already been standardized (see Chapter 5 of this volume). 

Ghareyazie and coworkers (1997) transformed aromatic rice cv. Tarom 
Molaii with a synthetic cryIA(b) gene using microprojectile bombardment. 
The cryIA(b) gene was controlled by the promotor of the maize C4 PEP 
carboxylase gene and was expressed in leaf blades but was not expressed 
to a detectable level in the dehulled mature grain. The transgenic plants 
showed enhanced resistance to stem borer (Figure 5). Maqbool and 
coworkers (1998) generated transgenic aromatic rice varieties Basmati 
370 and M7 expressing the novel cry2A (Bt) insecticidal gene by particle 
bombardment. Transgenics were resistant to yellow stem borer and rice 
leaf folder. Transgenic Basmati 370 with cry 1A (c) or crylla (Bt) insecticid- 
al gene were generated by Husnain et al. (1997) and Bano et al. (1997), 
respectively. These transgenics showed enhanced resistance towards 
lepidopteran and dipteran insects. Rice chitinase gene was transferred to 
Pusa Basmati 1 (Gill et al., 1997) and Basmati 370 (Datta et al., 1997b) 
with the aim of incorporating resistance against sheath blight. 

FUTURE OUTLOOK 

Since aromatic rices are in general long duration but low yielder, at- 
tempts to increase productivity has not been very compatible with quali- 
ty characteristics. Therefore, there is urgent need to minimize the losses 
due to diseases and pests by developing location specific technologies for 
the integrated diseases and pest management and ensure the rapid trans- 
fer of such technologies to end users, farmers. Aspects needing immedi- 
ate attention are as follows: 

1. Assessment of crop loss and development of economic threshold 
levels for different diseases and insect-pests. 

2. Effect of crop rotation, fertilizers, micronutrients, Si, tillage practices 
and residue management on quality traits, yield and diseases and 
pests incidence. 

3. Characterization and augmentation of natural enemies and naturally 
occurring antagonists in aromatic rice growing areas. 

4. Systematic studies on bird damage particularly inheritance aspect. 
5. Generation of multiple diseases and pest resistant varieties using 

molecular tools without sacrificing the quality traits. 
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Table 7. Rice transgenics resistant to biotic stresses 

Rice variety Genes transferred Resistant Traits 

lndica/japonica bar Herbicide 

Japonica 
Japonica 
Indica 
Japonica 
Japonica 
Indica (IR58) 
NPT/IRRI 
breeding line 
Japonica 
Indica 

Indica 
Indica/Japonica 
Indica (IR72) 
Indica/Japonica 

Japonica 

Japonica 
Japonica 

cp-stripe 
Bt 
Chitinase 

Xa-21 
Bt 
Bt/Chi11 

pinll 
Bt/chitinase 

Bt 
Bt 
Xa-21 
Bt 
cp-RTBV 
Cecropin B 

cc 

cp-RTSV 
cp-RTBV 
RYSV-N 
RHBV-N 

Stripe virus 
Insect 
Sheath blight 
Insecticidal 
Bacterial blight 
Insect 
Stem borer & sheath 
Blight 
Insect 
Stem borer & sheath 

Stem borer 
Stem borer 
Bacterial blight 
Rice walker 
Rice tungro 
Bacterial blight & 
bacterial leaf streak 
Rice tungro 

Rice yellow stunt 
Rice hoja blanca 

Blight 

Japonica Antisense Rice dwarf virus 
rhibozyme 
(S5IIIR) 

Japonica bar Blast 
Indica PR-5 Sheath blight 

PR-3(ChiII, Sheath blight 
RC7) Sheath blight 
PR-5(TLP-D-34) Sheath blight 

Japonica RTBV-CP Tungro Disease 
Japonica RTSV-CP Tungro Disease 

Indica (Basmati 370) CyIIa Insect 
Japonica (Taipei 309) BPTI(Trypsin Insect 

Indica (Basmati 370) CryIA(c) Insect 
Japonica 
(Senia & Areite) CryIA(C) Striped stem borer 

CryIB Striped stem borer 
Indica 
(Pusa Basmati-1) Chitinase 
Indica/Japonica CHI 11 Sheath Rot 

Polymerase 

inhibitor) 

Reference 

Christou et al., 1991; 
Datta et al., 1992 
Hayakawa et al., 1992 
Fujimoto et al., 1993 
Lin et al., 1995 
Irie et al., 1996 
Song et al., 1996 
Wünn et al., 1996 
Alam et al., 1996 

Duan et al., 1996 
Datta et al., 1997a 

Tu et al., 1997a 
Datta et al., 1997b 
Tu et al., 1997b, 
Tian et al., 1997 
Tian et al., 1997 
Tian et al., 1997 

Fauquet et al., 1997 

Fang et al., 1997 
Lentini et al., 1997; 
Lee et al., 1997 
Yang et al., 1997 

Tada et al., 1997 
Datta et al., 1997c 
Datta et al., 1997d 
Oatta et al., 1997d 
Datta et al., 1997d 
Kochko et al., 1997 
Huet et al., 1997 

Bano et al., 1997 
Bharadwaj & 
Thomas, 1997 
Husnain et al., 1997 

Bretler et al., 1997 
Bretler et al., 1997 

Gill et al., 1997 
Thara et al., 1997 
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Fig. 5. Bioassay using striped stem borer (Chilo suppressalis). 
A. Dead first instar larva on stem section of transgenic line 827 containing cryIA(b) 

gene. No visible damage, no live larvae recovered. 
B. Stem section of non-transgenic control plants, Larvae were alive and had 

progressed to second instar. Extensive visible damage, no dead larvae recov- 
ered. 
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Table 8. Status of rice transgenics resistant to diseases and/or pests. 

Trait Genes Status of trials* Reference 
transferred 

Green Field Breeding 
house/ Program 

Phytotron 

Herbicide bar yes yes yes Christou et al., 1991; 
Datta et al., 1992 

Sheath blight Chitinase yes yes Lin et al., 1995 
Bacterial blight Xa-21 Yes Song et al., 1996 
Insect Bt Yes Wünn et al., 1996 
Rice dwarf virus Antisense Yes Yes Yang et al., 1997 

rhibozyme 
(S5IIIR) 

Tungro Disease RTBV-CP Yes Kochko et al., 1997 
Tungro Disease RTSV-CP Yes Huet et al., 1997; 

Leaf folder CryIA(c) Yes Husnain et al., 1997 
Striped stem borer CryIA(c) Yes Breitler et al., 1997 
Striped stem borer CryIB Yes Breitler et al., 1997 

Siddiqi, 1999 
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INTRODUCTION 

India is the second largest producer of rice in the world, next only to 
China and accounts for about 21 per cent of the total global rice produc- 
tion. Indian rice exports have shown a phenomenal growth during recent 
years. There has been a remarkable increase in the country’s forex earn- 
ings from rice exports over the past few years. In fact, rice promises to 
boost India’s export earnings substantially during the next few years 
with the growing global rice markets offering plenty of opportunities in 
this regard. Indian rice industry is now all set to venture into new territo- 
ries and ensures that by the turn of this century India gets a leading slot 
in the international rice trade, including the Asian region. In its export 
policies enunciated over the last couple of years the government has, 
therefore, identified rice as a major export item. 

Besides India, other important players in the rice trade are Thailand, 
United States and Vietnam. Thailand continues to occupy the first posi- 
tion followed by India, Vietnam and the United States. Turn of events 
around the globe has placed India amongst the leading rice exporting 
nations for the last two to three years. It would be no exaggeration to 
describe India as the only country capable of making up for any short- 
falls elsewhere in the international rice market. India has made a definite 
dent in the global rice trade and has the confidence of retaining this 
status provided sincere endeavour is made to remove various bottle- 
necks that impede the smooth flow of exports. 
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So far as Basmati rice is concerned, Pakistan and India are the only 
privileged exporters. Thai Jasmine rice is another group of aromatic rice 
with substantial market in some parts of the world. The competition in 
Basmati rice export is likely to grow stiffer in the future. Many non- 
traditional Basmati producing countries like the United States, Australia, 
etc., have expanded and intensified their Basmati rice breeding pro- 
grammes. Development and patenting of a Basmati type variety—Taxmati 
(Basmati 6187)—by the American company Rice Tech is a glaring exam- 
ple of this effort. This chapter discusses India’s potential as a reliable 
supplier of rice in the context of the changing world scenario in rice 
trade. Status of export and import in some major rice producing and 
consuming countries are also discussed in this chapter. At the same time, 
an endeavour has been made to bring out various constraints and oppor- 
tunities in expanding rice trade to meet ever growing global demand. 

TRANSFORMATION OF INDIA INTO A LEADING RICE EXPORTER 

The year 1995 was witness to a capricious blend of elements, exciting as 
well as despairing. While some countries had to withdraw themselves 
from the rice export scene altogether, a few others had to, perforce, throw 
their rice markets open for imports. Paddy output dipped below normal 
levels in some of the major rice producing nations, whereas India had a 
bumper crop. World rice prices started moving up, while Indian prices 
were pegged at their lowest levels. Similarly, India had a very comfortable 
stock position as against China’s lowest ever inventory levels. Whatever 
the circumstances might have been, there could be no second opinion 
that all the changes in the rice sector world-wide went in India’s favour. 
Some of the key factors which positioned India in the top slot during the 
financial year 1995-96 are: 

a) A large scale vacuum was created by China’s withdrawal from the 
export market. The country which was a major rice exporter turned 
into a net importer. 

b) Steady increase in Thai and US rice prices. 
c) Increased demand from Bangladesh, Iran, Indonesia, Malaysia, West 

d) Food Corporation of India’s decision to release rice for exports and 
Africa, Philippines and African countries. 

the resultant availability of cheaper rice from India. 

Favourable Policy Regime 

The ability to sustain growth in exports depends on the one hand on 
research establishment and on the other, on supportive government poli- 
cies. India, in this regard, has been very fortunate and the country has 
witnessed an era of a very friendly and favourable policy regime. The 
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government has taken a series of steps to boost rice exports. Rice has 
been identified as a major ’export thrust’ item. Various licensing and 
procedural bottlenecks have been done away with. The government has 
abolished all pricing and movement restrictions on export of rice. Import 
policies have been simplified for import of capital goods for the rice 
Industry and credit facilities have now been liberalised for exporters. 

Till March 1991, exports of non-Basmati rice were not very significant. 
India exported a mere 25 to 30 thousand tonnes between 1987 and 1990 
for the simple reason that prevailing foreign exchange rates made Indian 
export prices uncompetitive vis-a-vis the world rice prices. The devalua- 
tion of the Indian rupee in 1991 changed the situation rather dramatically 
and made Indian rice competitive in the world market. Subsequent aboli- 
tion of the quota system on non-Basmati exports made things still better. 

Indian Rice Milling Industry’s Commitment 

Ever since Indian economy started getting integrated with global econo- 
my there has been a sea of change in the mindset of businessmen and 
industrialists. This has led to a radical transformation in production tech- 
nologies and management. The industry has opted for graders, sorters, 
polishers and other sophisticated processing machineries. One can form 
an idea of the almost frantic pace of modernisation in rice industry from 
the fact that during the last two years as many as eighty Sortex 
machines—perhaps the best colour sorters in the market today—have 
been installed, their prohibitive costs notwithstanding. In addition, Indi- 
an rice exporters have gone in a big way to import the best technology 
rice machineries from Buhlers of Germany, Cimbria of Denmark, Satake 
of Japan, Carter Days of United States, etc. A few exporters have even 
gone in for turnkey projects with these countries. 

THE GLOBAL RICE TRADE 

Only 6.6 % of all world rice is traded on the international market (IRRI 
1998-1999). The rest is eaten in the countries where it is produced (Table 1). 
This makes the prospects for alleviating rice deficits through imports a 
bit complex. With economic growth, the comparative advantages in rice 
will shift to poorer countries. But as these countries struggle to feed their 
own burgeoning populations, will they have surplus to export?. 

In view of the huge buying by various nations the global rice exports 
are poised to touch an all time high of about 20 million metric tonnes 
during 1999 as against the average of 14.5 million metric tonnes per year. 
This, together with the short - availability of cheaper rice from other regions 
has played a major role in transforming India into a leading rice 
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Table 1. Rice Production and Consumption in Major Countries (1989-90) 

S.No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Country 

China 
India 
Myanmar 
Pakistan 
Thailand 
USA 
Vietnam 
Bangladesh 

Indonesia 
Japan 

Production Consumption Consumption: 
(Million Tonnes) (Million Tonnes) Production Ratio 

126.1 123.3 0.98 
74.1 71.7 0.96 
13.5 7.0 0.52 
3.2 2.4 0.75 

13.7 8.6 0.63 
5.1 2.7 0.53 

12.0 10.3 0.86 
18.0 17.9 0.99 
9.4 9.7 1.03 

29.1 28.2 0.97 

exporting nation. Though purchases would not be at the same levels in 
years to come, the global demand is likely to be in the region of 17 MMT 
per annum in future. India, which has established its capability for 
supplying huge quantities of rice consistently, has a good chance to play 
a key role in this sector. 

Quality preferences vary from country to country (Table 2). Apprecia- 
tion of ageing, for example, is considered a desired phenomenon in 

Table 2. Preferences for particular rice types in various countries 

Origin Preference for rice types 

Japan Short grain, well-milled, new, japonica rice, glossy and sticky 
Thailand Long slender, well-milled, aged- indica soft texture; flavour 

India 
and fragrance 

Non-Basmati Long slender grain, flaky, high volume, also parboiled rice 
Basmati Elongation, extra long grain, soft texture, aroma 

Middle East 
China 

Jordan 
Papua New Guinea 
Bangladesh, 
Sri Lanka, 
Nigeria, Liberia 
Parts of Thailand & Laos 
Surinam & Uruguay 
USA 

Long grain 
Short grain 

Australia 

Long grain, aromatic 
Long slender grain, suitable for fried rice (Sew Mew), high 
volume 
Treated with paraffin oil (Camolino) 
Vitamin-enriched rice 
Parboiled 

Glutinous 
Extra long slender 

Flaky, hard texture, suitable for meat preparations 
Soft texture 
Long and short grain, soft texture 

Senegal, Madagascar Brokens 
Mali, Mauritius, Liberia 
Italy Short grain, chalky, neither soft nor hard 

Adapted from Shobha Rani et al., 1996. 
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tropical Asia, but not in other countries such as Japan, Australia, Korea, 
China and Italy that consume japonica rice which is soft when cooked and 
relatively sticky (Yap, 1987). Strong preference exists for long grained 
aromatic Basmati rices in the Middle East, but this is not the case in non- 
traditional rice markets such as those in the west (Shobha Rani, 1996). 
Parboiled rice is eaten in Bangladesh, Nigeria and Liberia while gluti- 
nous rice is preferred in Thailand and Laos. Besides quality, processing, 
packaging type, lot size and absence of foreign matter are other consider- 
ation in rice trade. 

Non-Basmati rice forms the major part of the global trade in rice. The 
share of Basmati and Jasmine rices is minimal. India and Pakistan con- 
tribute to the total Basmati rice in the world market, while Thailand is the 
sole supplier of Jasmine rice. Current scenario of non-Basmati and 
Basmati/Jasmine rice import and export is discussed below. 

Major Importers and Emerging Markets 

China 
China is the largest producer of rice in the world accounting for about 35 
per cent of the world paddy output. Of the total rice area in China, about 
60 per cent is under the high yielding hybrid varieties. Rice production is 
characterised by the contract responsibility system which was started in 
China beginning 1980. Under this programme, land is assigned to local 
collectives or production units. Individual farmers are freed from com- 
munal labour to work on their own plots of land leased from the collec- 
tives. The farmers deliver a specified quota of rice to the government’s 
Grain Bureau at a procurement price decided by the State and the quan- 
tities produced over and above the quota are sold either in the free 
market or to the government at negotiated prices. 

As far as international trade is concerned, China National Cereals, Oil 
and Foodstuffs Import/Export Corporation (CEROILS), under the Minis- 
try of Foreign Economic Relations and Trade, controls the entire rice 
import-export trade of the country. Presently the Chinese rice industry is 
characterised by decreasing stock levels caused by imbalance in supply 
and demand situation. Paddy production fell from 186.22 million tonnes 
in 1992-93 to 177.7 million tonnes in 1993-94. The reduction in output 
was because of adverse weather conditions as well as a shift in the farmer’s 
interest in favour of higher quality but lower yielding varieties. On the 
other hand, domestic prices of rice have increased because of abolition of 
the rice ration scheme which has sparked off an increased import 
demand. In view of this, imports are projected to increase in future. 

It could be said that China has played a pivotal role in changing the 
overall world rice scenario. The country had been exporting to the tune 
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of about 1.5 MMT of rice per annum. However, the reduction in output 
and increase in prices due to floods and typhoons in the past few years in 
a row have pushed the country to the status of a net importer of rice and 
this year alone China would be importing around 2.6 lakh tonnes of rice. 
Though the country is trying to attain self-sufficiency, she will have to 
resort to imports at least for the next three years. China's earlier market 
share of about 1.5 million metric tonnes which was mainly going to Afri- 
ca and Bangladesh will now have to be met by other countries. 

Indonesia 
This is an important market as far as rice is concerned. Indonesia is the 
third largest rice producing country in the world accounting for more 
than 9 per cent of world rice output. Rice is a major food crop of Indone- 
sia with annual per capita consumption of 140-150 Kg. Over the years, 
Indonesia has achieved remarkable success in increasing rice production. 

Over a period of time, Indonesia has entered the world rice market in 
a big way either by importing or exporting rice depending upon its 
domestic availability. During 1977-80, it was world's largest importer of 
rice accounting for about 20 per cent of the world rice trade. From 1985, 
it started exporting and again from 1995 onwards the country has been 
importing rice. 

The country is one of the signatories to GATT which have agreed to 
open their rice markets for import, and as per the agreement Indonesia 
would be importing 9 lakh tonnes of rice per annum. However, the coun- 
try has far exceeded its commitment under GATT since the actual buying 
by Indonesia this year are likely to be in the range of 2.5 million tonnes, 
the largest volume in the past decade. At this level of purchases, Indone- 
sia which had achieved self-sufficiency in rice in 1984, has reverted to 
previous trade status when it was the world's largest importer of rice. 

South Africa 
The rice market in South Africa is very competitive. The existing players, 
the Thai and US exporters, are well entrenched in the market. South 
Africans have developed a taste for Thai glutinous rice. 

Other factors which go against penetration of this market by Indian 
rice are: 

• India suffers a freight disadvantage vis-a-vis Thailand (US$ 55 per 

• South African affinity with western culture 
• Suspicious attitude towards Indian rice exports (due to bad record 

of non-adherence to delivery schedules and not keeping up to prom- 
ised quality of rice) 

MT as against US$ 30-40 per MT in break bulk) 
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Yet, this market holds a lot of potential for India. Though till now, 
India caters to less than 1% of market demand in the country, an appro- 
priate marketing effort can change all that. The Basmati segment of the 
market is very small. Plus, India suffers a US$250-300 per MT disadvan- 
tage vis-a-vis Pakistan. Yet a niche market for rice can be developed. The 
awareness about Basmati as a quality rice is very high in the metropoli- 
tan cities, especially Durban. What needs to be put across is the univer- 
sally accepted better quality of Indian Basmati. Thereafter an appropriate 
marketing strategy which positions Basmati rice brands for the elite seg- 
ment of the South African society can be successful. The top segment of 
the society is very brand and quality conscious and price plays an insig- 
nificant role in such segments. Very high quality Basmati rice can create a 
super premium niche in the market and gain very high realisations. How- 
ever, this market will take some time to develop. 

South Africa has no local rice production at all. Yet rice is consumed in 
considerable quantities even though the staple diet of a majority of the 
population is maize. Consequently, all the domestic requirements of rice 
in South Africa are met through imports. 

The South African rice market is overwhelmingly dominated by Thai- 
land and the US who have 65% and 31%, respective, shares of the market. 
The rest of the rice is sourced from other countries like Pakistan, India 
and Hong Kong etc. The market is expected to grow at about 10-12% per 
annum. 

Saudi Arabia 
This is a niche market for Basmati and parboiled non-Basmati rice. India, 
no doubt, enjoys a clean majority of the Basmati market share, whereas 
the non-Basmati sector was being served by U.S.A & Thailand. The high 
price levels ruling in U.S.A and Thailand have given a first time opportu- 
nity for India to enter the parboiled non-Basmati market of Saudi Arabia 
in a big way. Total rice imports by this country stand in the region of 8 
lakh tonnes per annum. 

Malaysia 
Rice is one of the important cereal crops of Malaysia with per capita 
consumption of 236 grams/day. It accounts for 80 per cent of the total 
cereal consumption and 57 per cent of the total caloric intake. The total 
rice production during 1992 was 1,211,840 metric tonnes as against the 
consumption of 1,573,000 metric tonnes. Thus, the domestic production 
meets only 77 per cent of the total demand and the rest is met by imports. 
A majority of consumers prefer well-milled long grain indica rice but 
ethnic consumers consider grain elongation and aroma as important 
attributes. 



264 Aromatic Rices 

The National Paddy and Rice Authority (LPN) controls the rice trade 
in Malaysia. The major functions of this body include implementation of 
the Guaranteed Minimum Price (GMP), maintenance of stock, licensing 
of paddy purchase and rice sale enforcement and imports. At present, 
Thailand is the major exporter of rice to Malaysia meeting 80 per cent of 
its total requirements. Myanmar and Pakistan are the two other sources 
of supply of rice to Malaysia. India has also started exporting rice to 
Malaysia from 1987. In 1992, 38,500 tonnes of non-Basmati and 1000 
tonnes of Basmati rice were sold by private exporters from India to 
Malaysia. Prior to 1987, rice was mainly imported on government to 
government basis but since 1987, the LPN has also started purchasing 
rice from private bodies in exporting countries. 

Malaysia is expected to be an importer of rice as its requirement of rice 
is expected to rise every year with the growth in population and limited 
domestic supplies. The policy of the government is to have self-sufficiency 
to the level of 60-70 per cent and to import the rest. 

Japan 
Rice is the staple food of the Japanese. The traditional Japanese diet 
consisted primarily of rice and other cereals. However, after the Second 
World War, with the increase in the national income, there is a trend of 
declining consumption of rice and increasing consumption of meat and 
milk. In the year 1963, rice consumption was 13.41 million tonnes which 
came down to 10.5 million tomes in 1988. 

Until the mid-l960s, Japan was a net rice importer. But increased do- 
mestic production and declining consumption forced it to ban imports. 
From 1967 till 1993, an average of 15,000 to 20,000 tonnes of long grain 
rice were imported annually for industrial use only. The Food Agency of 
the Government of Japan is the sole authority controlling rice imports 
into the country. Imports of rice are made from only those countries 
which are in the government’s shopping list. Imports of long grain rice 
are being made from Thailand whereas emergency imports are made 
from the U.S, Australia and China. Presently, the Japanese government is 
being pressed by the U.S. Rice Millers’ Association to open up Japan’s 
rice market. The Japanese government has been forced to reconsider the 
48-year old ban on rice imports. Under GATT agreement, Japan would 
be importing 4 per cent of its domestic consumption of rice during the 
year 1995-96, which would increase to 8 per cent by the year 1999. 

Though the Japanese like only sticky short grain japonica rice varieties, 
the younger generation is gradually developing a taste for long grain 
varieties. This offers an excellent market for the long grained, soft struc- 
tured and aromatic Indian Basmati. 
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There are around 80 restaurants in Tokyo and many more in other 
parts of Japan, offering Indian cuisine. Built for the peculiar import laws 
of the country they would already be importing Basmati from us directly. 
Since there is no provision for bulk imports of Basmati, these restaurants 
get their supplies from Hongkong through what is euphemistically called 
”the home delivery system” in which individuals are permitted to bring 
in 40 Kg of rice per head. But it is not only the ethnic Indians who go to 
these restaurants to relish Indian dishes. There has been a significant 
change in the eating habits of the people in the post-war Japan under 
Western influence. Basmati could as well benefit by this change in their 
outlook. 

It is important to promote joint ventures exclusively for export of 
japonica varieties from India. But the most important part of the strategy 
has to be the government’s active support to these projects in India aimed 
at developing rice varieties that will be acceptable to the Japanese con- 
sumer. If Switzerland can recently grant more than 3.5 million dollars for 
rice research to Philippines which has one of the lowest yield averages in 
the world, India the home of the best rice in the world is surely a much 
safer bet for Japan. 

Iran 
Iran is one of the major importers of rice, regularly buying about 8-10 
lakh tonnes of rice per annum, mainly from U.S.A. and Thailand. How- 
ever, the windfalls of higher price levels prevailing in these two countries 
have helped India to penetrate into the Iranian rice market. Sustained 
stay in this market would enable India to hold its present position of a 
leading rice exporting nation. 

Bangladesh 
This is another key importer of rice. The 1995 saw Bangladesh turning 
out to be a major buyer for India with huge shipments of rice moving 
from India. Total rice imports by Bangladesh during 1995 were in the 
region of about 10 lakh tonnes. This country which was mainly buying 
from China has now turned towards India owing to a nil supply position 
in China and large scale availability of coarse rice varieties from India. 
The fact that Indian rice prices continue to be the most competitive would 
help India to retain this market in the future also. 

West African countries 
This is a vast market for non-Basmati where India so far has had a 
meagre presence. However, with non-availability of rice from elsewhere, 
the region has resorted to large scale buying from India. African coun- 
tries import around 3.4 million metric tomes of rice per annum. 
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EC countries 
EC member countries import about 7-7.5 lakh tonnes of rice per annum, 
major suppliers being U.S.A. & Thailand. India has a limited presence in 
this market, exporting mainly the Basmati rices. Pending the final out- 
come of the EC Rice Offer under the GATT agreement, buyers in these 
countries were buying only bare minimum quantities. Large scale buying 
has once again been resumed following the announcement of EC offer. In 
a bid to protect the domestic rice milling industry, the European Union 
(EU) imposes a differential import levy on milled and dehusked rice. 
However, a reduction of 250 ecu per tonne on import duty for Indian 
brown Basmati was given by EU recognising the high price of the same. 
Pakistan got a reduction of 50 ecu per tonne. 

Major Exporters 

India 
There has been a remarkable progress in our rice exports during the 
recent years. This assumes larger significance with increased buying in- 
terests from quality conscious markets like Europe, America, Korea, etc. 
Indian non-Basmati export figures have touched an all-time high of 
31,00,476 tonnes during 95-96, which were so far pegged at a more or less 
stagnant level of 3,00,000 tonnes per annum. 

The non-Basmati front has seen exciting developments and India is 
now being looked upon as a strong market force. In a major policy change, 
the Government of India had decided in April '95 to release 2 million 
tonnes of rice from the FCI stocks (Food Corporation of India) for exports. 
The idea was to reduce the excess stock holdings of FCI that were swelling 
at an alarming rate. Understandably, the offer came at such a time when 
the rice supply position was so poor in various leading rice exporting 
nations that it gave India an opportunity to emerge as a leading player in 
the global rice trade. Whether the Government proposes to continue with 
FCI supplies for exports in future or not, India would continue to remain 
in the top slot for ever. It is an avowed fact now that the world today 
identifies India as potentially a reliable and a perpetual supplier of all 
varieties of rice. The private trade had been exceedingly active. 

Thailand 
Thailand continues to be the world's largest rice exporter accounting for 
roughly 30% of the global rice exports. During the year 1995, where the 
world rice exports are poised to touch an all time high of 17.8 MMT, 
Thailand's share was 5.5 MMT. The country's main strength is its 
advanced milling technologies which enable them to retain their leading 
position at fairly good prices. 
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Rice is the main staple food in Thailand. About 25 per cent of a com- 
mon man’s budget on food is spent on rice. Rice occupies about 10 mil- 
lion ha of land (approximately 60 per cent of cultivated land). The share 
of rice production in the country stands at about 30 per cent of the value 
of all the food crops produced. 

The government does not intervene much in marketing. The local trad- 
ers purchase rice directly from the farmers through open bidding in the 
central markets. No tax/levy is imposed on purchase or sale of paddy/ 
rice. The rice traders are not at all bound by any kind of restriction on 
movement or price of paddy/rice. The occasional purchases by the gov- 
ernment are stored and are used for government to government exports. 
About 30 per cent of the rice produced is exported and the rest is re- 
tained for domestic consumption and for use as seeds. Rice is mainly 
exported by the private exporters while about 10 per cent of the total 
exports are on government to government basis. Inspection of export rice 
by a government agency is not mandatory. The government extends lib- 
eral credit to the exporters at a concessional interest rate of 10 per cent 
per annum. 

In order to boost exports further, the Thai government is stated to be 
considering various proposals as listed below: 

1. Setting up stocks abroad and appointing agents in the importing 
countries for taking rice to customers, instead of waiting for orders 
from abroad. The agents would sign consignment contracts with 
Thai exporters; they would take delivery of the rice but would not 
have to pay until the rice has been sold. 

2. Rice should be stocked in Europe for re-export to west and east 
European markets. 

3. Rice should be bartered for fertilizer and crude oil. 
4. Setting up a private company run by professionals under the state 

supervision to handle export order on the government-to-govern- 
ment basis. 

U.S.A. 
The United States has been the second largest exporter of rice in the 
world accounting for almost 18 per cent of the world rice trade. Howev- 
er, recently the Indian rice exports have pushed U.S.A to third place, 
although the coming years would determine whether India manages to 
stay at this level. U.S.A. caters to the premium market sector offering the 
world’s costliest long grain rice varieties, other than Basmati. U.S. long 
grain is sold at par or at times even at higher rates when compared with 
Pakistan Basmati. 
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Rice is the ninth major field crop grown in the U.S. with an annual 
production of 5.17 million tonnes. The domestic consumption of rice is 
around 3.1 million tonnes. The domestic consumption of rice is in the 
form of direct food, processed food and inputs to the beer industry. 
Direct food use accounts for 60-65 per cent of the total consumption of 
rice and the long grain rice claims the major share in it. 

The United States exports almost 50 per cent of its rice production. Its 
rice exports are about 12 times the rice imports. Japan has been an impor- 
tant market for the U.S. medium grain milled and brown rice. The other 
major markets for the U.S. rice include Iran, Saudi Arabia, Turkey, Cana- 
da, Brazil, Peru, Belgium and Switzerland. 

It appears that consumption trend in the U.S. is not likely to absorb the 
bulk of domestic production in the near future. As a result, the exports 
will continue to remain a vital means of maintaining income for the rice 
producers and millers. 

Vietnam 
The most significant development in the world rice trade in recent years 
has been emergence of Vietnam as a major exporter. A net importer of 
rice until 1988, Vietnam now ranks as the third largest exporter in the 
world, exporting an average of 1.8 million tonnes annually. In 1998, it 
accounted for 13.8 per cent share of the world rice trade. 

This spectacular achievement can be attributed mainly to the reform 
measures undertaken by the government in the ‘80s. In 1981, the govern- 
ment introduced the contract system which gave farmers the responsibil- 
ity of managing their own farms. As a result, land improvements began. 
While the authority to import agricultural inputs remained with the state, 
private trade was allowed in domestically produced inputs. Additionally, 
farmers were no longer required to sell a portion of their production to 
the state. From 1989, trade in food grains was completely privatised and 
the subsidised sale of rice to the army and government employees was 
discontinued. Thus due to a combination of policy reforms coupled with 
favourable weather, significant quantities of rice first became available 
for export in 1989. 

Vietnam is largely known as the exporter of low grade rice in the 
international market. But gradually there has been a shift in favour of 
higher grades of rice in its composition of export. By virtue of its lower 
price policy, Vietnam would be giving stiff competition to Thailand, U.S.A. 
and, of course, India. It will be no wonder if Vietnam surpasses the 
U.S.A. in the world rice trade in the near future. 
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Pakistan 
Pakistan is another key rice exporting nation, being India’s sole competi- 
tor in Basmati exports. Rice is not the staple food of the majority of the 
people of Pakistan, but it is a very important foreign exchange earner; 
export earnings from rice being about one-fifth of the total export earn- 
ings of the country. 
The General objectives of Pakistan’s rice export policy are: 

1. To sell in the world market the annual surplus of rice. 
2. To export rice on a commercial basis, so that foreign exchange earn- 

In Pakistan, export of rice has been in the public sector until August 
1987, and RECP (Rice Export Corporation of Pakistan) enjoyed a monop- 
olistic position. However, from July 87, export of Basmati rice was al- 
lowed in the private sector at the first instance. Then from August 90, 
export of all varieties of rice from Pakistan was allowed in the private 
sector in addition to RECP. 

Main export markets for Pakistan are Malaysia, Middle East, Mauri- 
tius, U.K., USA., Canada, etc, for Basmati, and Sri Lanka, Turkey, Bang- 
ladesh, West African countries for IEEI-6 rice. 

Basmati-Jasmine Rice Export 

India and Pakistan are the traditional producers and exporters of Basmati 
type rices. The best quality rices are produced on either side of Indus 
River. For choicest preparations like Biryani and Pulao, Basmati rices are 
the most preferred and, therefore, command a very high premium in 
both international and domestic markets. Basmati rice is generally judged 
by three main factors: appearance, aroma and taste. Basmati rices are 
characterised by superfine grain, pleasant aroma, soft texture and 
extreme grain elongation with least breadth-wise swelling on cooking. 
The Basmati rice has traditionally been grown in the north and north- 
western part of the Indian sub-continent for centuries. Though a number 
of aromatic rices are known to be cultivated in one part or the other of 
India, it is only a few varieties like Basmati 370 (Punjab Basmati), Paki- 
stan Basmati, Type 3 (Dehradun Basmati) and Karnal Local (Taraori 
Basmati) which fulfil the quality requirements of exports. Among the 
Pakistani Basmati varieties, Basmati Pak, Basmati 198, Basmati 385 and 
Super Basmati are most preferred. 

Though paddy is grown in 14 states in India, the Basmati variety of 
rice, which forms the bulk of Indian exports, is concentrated in the north- 
ern belt consisting of the districts of Karnal, Ambala and Kurukshetra in 
Haryana, Gurdaspur, Amritsar and Pathankot in Punjab, and Dehradun, 
Saharanpur, Muzaffarnagar, Nainital and Pilibhit in Uttar Pradesh. The 

ings can be maximised. 
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largest area under Basmati rice is in Uttar Pradesh. Basmati is also grown 
in Delhi, Rajashthan and Jammu and Kashmir. From a total area of 7,00,000 
hectares under Basmati rice in the country, nearly 6,00,000 tonnes of 
milled rice is produced annually. 

As for export potential, demand for superfine scented Basmati rice is 
on the increase in the international markets. Every year 50-70% of the 
Basmati rice produced in India and Pakistan is exported. During the last 
one decade, the export of Basmati rice from India increased more than 
six times from 67,100 tonnes in 1978 to 6,00,602 tonnes in 1999. 

Basmati rice export from India has shown phenomenal growth in the 
last few years. Today, Basmati export alone has touched Rs 1866 crore 
(Table 3). Around 70% of the entire Basmati export from India is going to 
the Middle East. In addition to these countries, there is ample scope for 
its export to USA and the European countries, as their maximum import 
of rice is from India. 

Table 3. Export of Basmati from India 

Crop Year Quantity (MT) Value (Lakh - Rs.) 

1993-94 527227 108125.58 
199495 442125 86531.56 
1995-96 373314 85066.86 
1996-97 523157 124763.58 
1997-98 581791 119739.64 
1998-99 600602 186600.00 

Since 1970, two markets have expanded particularly rapidly: Middle 
East and the EEC. Saudi Arabia, Iran and Iraq are the most important 
importers in the Middle East, and the UK and France in the EEC. Thus, 
there is vast scope for further expansion of Basmati exports, provided we 
could supply to farmers dwarf high-yielding Basmati varieties along with 
appropriate production technologies. 

The Basmati varieties are grown in Pakistan too, which is India’s 
major competitor in the world market. The main rice growing area are 
Punjab, Sindh, NWFP and Baluchistan. The trend of Basmati rice produc- 
tion in Pakistan is given in Table 4. During 1994-95, the total export of 
Basmati rice from Pakistan was to the tune of 452,300 tonnes (Khan, 1997). 

India is finding herself in an extremely tight position today. The pal- 
pable threat of Pakistan to oust Indian rice exporters from the Middle 
East is looming large. India is experiencing the toughest and a perilous 
competition at the hands of Pakistan. Pakistan is all out to snatch India’s 
Middle East and European market as she is selling Basmati at a rate 
which is lower than Indian by about US$550 per tonne. 
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Table 4. Production and Procurement of Basmati Rice (Milled) in Pakistan 
(1981-82 to 1993-94) 

Crop Year Production Procurement (MT) 

1981-82 1035410 388213 
1982-83 987280 337482 
1983-84 925800 264623 
1984-85 854980 266884 
1985-86 785200 230280 
1986-87 791000 237200 
1987-88 904000 222553 
1988-89 1042000 504734 
1989-90 1160000 579421 
1990-91 1059000 315070 
1991-92 1034000 315000 
1992-93 1074000 No Procurement (All the 

produce was surplus by 
private sector's exporters) 

1993-94 1214000 247756 

Source: Mr. Anwar Kabir Sheikh, Chairman Rice Export Corporation of Pakistan, paper 
presented on Major Problems and Constraints to Expanding Inter-regional Rice Trade in 
Asia : Pakistan Perspective at UN; Bangkok 

White long-grained aromatic rices of Thailand are called Jasmine rice. 
KDML 105 and RD6 are the two most preferred Thai varieties. In 1997, 
Thailand exported around 5.24 million tons of rice of which 2.2 million 
tons came from KDML 105 alone, accounting for 42 % of the total rice 
export. As shown in Table 5, there has been a steady growth in the export 
of Jasmine rices from Thailand. 

Table 5. Quality of Thai Hawn Mali rice imported by selected countries (1988-95) 

Quantity of imported rice (tonnes) by 
Year China USA Canada 
1988 5,250 22,256 4,459 
1989 6,700 96,923 18,483 
1990 12,145 122,577 24,548 
1991 34,818 145,015 29,453 
1992 83,249 143,734 29,040 
1993 91,314 168,990 31,756 
1994 239,120 171,883 36,399 
1995 261,553 175,036 39,407 
Adapted from DIT (1996) 

FALL OUT OF GATT 

Signing of the GATT envisages gradual pulling down of various protec- 
tionist measures across the globe by reducing farm subsidies and export 
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subsidies, trimming tariffs and provision of minimum access opportuni- 
ties to signatory nations. The agreement is set to bring about both quanti- 
tative and qualitative changes in world trade in agro-commodities. One 
can expect a boom in rice trade. 

Various counties have thrown their rice markets open for imports, 
viz. Japan - upto 8 lakh tonnes, Korea - upto 1 lakh tonne and Indonesia - 
upto 9 lakh tonnes per annum. All these together would push the global 
purchases upwards by about 3 million metric tonnes per year. India is 
already supplying rice to Korea and Indonesia. Japan, however, is still a 
distant market for us. But, here also we have an indirect advent; the 
purchases of Japan would create demands in other countries, and we can 
try to catch up with the shortfalls faced by other countries for diverting 
their supplies to Japan. 

The impact of GATT would be felt more effectively in the next two 
years since there would be a gradual pulling down of subsidies. As ad- 
vanced countries of America, Europe, etc. would be reducing their subsi- 
dy levels, one can expect a major shift to other activities since farming 
may not be a very profitable proposition. This would reduce the rice 
availability from these regions which would further increase global pur- 
chases. India and other rice growing countries in Asia will have the 
opportunity to exploit this since their subsidy levels are as such very low 
and no further trimming is warranted. However, the question is, will 
they have enough surplus to export ? 

CONSTRAINTS AND OPPORTUNITIES 

Exporters are faced with a widely fluctuating demand which cannot be 
fully anticipated because it is determined largely by the weather. 
Although demand is uncertain, exporters still need to have supplies of 
rice at hand. This requires capital as well as expertise in managing and 
storing supplies. Rice is a perishable product and has a fixed life-span. 
Kept too long or under poor conditions, pest infestation, a problem which 
has caused many countries to disqualify and ban rice from Asia, can 
occur. Pest infestation is among the main reasons why countries attempt- 
ing to export from stocks normally kept for domestic food security pur- 
poses or public distribution programmes, seldom succeed except at a loss 
and, possibly, considerable damage to their reputation as bonafide ex- 
porters. Vietnam, India, Pakistan and newly emerging exporters such as 
Bangladesh and Indonesia are among the main counties where some of 
these problems feature strongly. Understanding and overcoming the prob- 
lems exporters face in the management of export supplies, and the costs 
involved, are crucial for promoting export trade. 
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Many new exporters and even traditional ones have logistical prob- 
lems in reaching buyers and ensuring timely delivery. Port congestion 
and untimely deliveries have often resulted in drastic delays in exports. 
In India, similar internal logistical and marketing problems have ham- 
pered its emergence as a major exporter despite large availabilities of 
rice. Most of the rice is exported from the port of Kandla, but production 
is widely dispersed. It may be relevant to state that in China, poor trans- 
portation and quality control have been among the main factors causing 
Japan to discard the rice it purchased from the country. 

Rice exports, for example, in India are constrained by a lack of market- 
ing and processing technology. Most exporters sell in bulk. Knowledge 
and investment in new approaches to rice marketing are still limited. 
Consumers, by contrast, are becoming increasingly sophisticated and un- 
less the new trend in demand is met, exporters within the region could 
stand to lose future trade in rice to exporters from outside the region. 
Expanding the capabilities of Indian exporters to meet new demands 
could require a complete reorganisation of the existing processing, mar- 
keting and distribution structures. Traditional exporters of rice in bulk 
will have to examine the costs and benefits of expanding into the different 
stages of processing, packaging and exporting. Alternatively, joint invest- 
ment ventures between exporters and importers could be explored, with 
exporters selling in bulk and assisting buying partners to pack and mar- 
ket the rice at the importing end. 

Meeting export demands is not just a matter of increasing supplies. 
Exporters have to produce and supply the type and quality of rice de- 
manded by importers. At the moment, India, for example, has one of the 
largest supplies of long grain indica rice for the export market. However, 
the commercial demand for indica rice of Indian origin from Far Eastern 
countries is limited, partly because the latter countries consume a differ- 
ent type of long grain rice. Indeed, India’s rice exports, which until re- 
cently consisted mainly of Basmati rice, go mainly to the Middle East. 
Basmati rice produced in India and also Pakistan, has a higher amylose 
content and a harder gel consistency than rice grown and eaten in many 
Far Eastern countries. When cooked, Basmati rice elongates to twice its 
original length but does not expand in girth, the characteristics favoured 
in Northern Europe and the Middle East. In the Far East, however, a 
more intermediate amylose content which allows for a moist and tender 
rice (i.e. softer gel consistency) when cooked is preferred. Hence, for 
India to succeed in exporting rice to other Asian countries, it has to 
increase its production of indica rice with a more intermediate content or 
to engage in an extensive promotion programme of its existing varieties. 

However, India alone is not facing the problem of matching supply to 
demand. Vietnam is another example. It produces indica rice but many of 
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the varieties grown do not provide the length needed to fetch a premium 
price in the market. Hence, the lack of knowledge of the characteristics of 
the rice demanded in the international market has been a serious factor 
impending the correct choice of modern varieties to be grown for export. 
Very often, the selection of varieties to be produced is influenced by 
yield potential and not market demand. 

For exporters to compete effectively in the market, the country has to 
produce at a cost that would enable it to sell competitively and still give 
farmers and traders a comfortable profit margin. 

There are various extraneous factors that indirectly hit the internation- 
al rice trade. As rice is a staple food and a source of income for the 
majority of farmers, governments in most of the growing countries pro- 
tect both consumers and farmers from price variations by maintaining 
barriers between the domestic market and the international market. As a 
result, international trade in rice has become a function of the excess 
domestic supply over demand, and not in response to the world prices. 
Besides, the world rice market is thin in relation to world production 
because it has always been a residual market. Only 5-6 per cent of the 
annual rice production is traded internationally. The ratio of trade to 
production is small because the bulk of rice production occurs in the 
Asian countries which are also major consumers (Pingali, 1995). 

Most countries have a declared policy of raising productions and achiev- 
ing greater self-sufficiency. This leads to further thinning of the interna- 
tional rice market. As a result, countries with little resources tend to 
import relatively low-cost rice, while they try to maintain self-sufficiency 
by encouraging high-cost domestic production by extending various sub- 
sidies to the farmers. 

The world rice market is also characterised by fluctuations in the par- 
ticipants’ share in the market. The import volume of the major importing 
countries can get reduced to negligible figures in a matter of few years 
and the same holds true for the exporters as well. The absence of fixed 
trade channels leads to high search and transaction costs. With no central 
market for rice, each decision to enter the market generally requires a 
new search for trading partners. 

Rice is not a homogenous commodity. Different varieties and grades 
are preferred by different consumers. Within a grade again many at- 
tributes influence the value of the given lot, resulting in large price dif- 
ferentials among different grades. This particular feature makes trading 
of rice a complicated task. Attempts have been made in the past to intro- 
duce a standardised international grading system for rice, but they have 
not permeated to the national level. Differences in national grading sys- 
tems continue to contribute to the difficulties of buyers in international 
markets. 
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In many rapidly expanding developing economies in Asia, changes in 
dietary patterns have led to declines in per capita consumption for rice in 
recent years. With the influx of western foods and food chains, the younger 
generation has moved further away from a traditional rice-based diet. In 
some countries rice is now consumed, on average, only twice and not 
three times daily. The fast growing economies of the Republic of Korea, 
Japan, Malaysia, Singapore and Thailand have all experienced such falls 
in per capita consumption. In the Republic of Korea, for example, per 
capita consumption of rice in 1994 was just 109 kilograms per annum 
compared to over 126 kilograms a decade ago. Therefore, efforts to raise 
demand must be based on a greater understanding of rice demands and 
their trends as well as influences on them, because only then can ways be 
sought to revive demand. Investigating on how to maintain and promote 
per capita consumption levels may be one of the best options for promot- 
ing trade because increases in demand also help to support farm prices 
and production. 

The market for rice, and consequently import demand, is very seg- 
mented. Meeting the demand of each country requires information and 
knowledge and focuses on the specific features of its rice market, but 
such information is available only in very broad terms. For example, rice 
consumed in one country may not be accepted in another. Parboiled rice 
is preferred in Bangladesh but is hardly eaten in South East Asian coun- 
tries (Juliano et al., 1964, Azeez and Shaff, 1966). Indica rice commands a 
premium in the South East Asian market but is disliked in Japan and the 
Republic of Korea. Numerous varieties exist of indica rice but they are not 
all interchangeable because of differences in cooking qualities, physical 
appearance, alkali spread, gel consistency, per cent head rice recovery, 
acceptability and colour. Helping overseas markets to acquire the rice 
they need requires an understanding of the demand for the different 
rices. It is not uncommon, for example, to find the international market 
saturated with supplies, but not of the type of rice in demand. Detailed 
information on buying habits and the type and size of packaging required 
in retail/wholesale markets is typical of the data required. The current 
lack of information on consumer preference has created considerable 
bottlenecks in the rice trade. 

US, Europe and the Japanese market—a vast untapped market so far 
as India is concerned—are, in particular, fastidious not only about food 
products being absolutely free of pests, but are also allergic to any trace 
of chemicals in them. The Indian farmer’s traditional dependence on 
organic manure and his distrust of chemical fertilizers have contributed 
in no small measure to the low yield per hectare. But what has been a 
bane could now prove to be a blessing. The chemical residue free rice 
would be welcomed in many developed countries where health con- 
sciousness is no more a mere fad. 
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It is well-known that excessive use of chemical fertilizers causes loss of 
flavour in food; what is less known is that it can also cause loss of nutri- 
tive value and even create some serious health problems. “The use of 
high analysis chemical fertilizers, which is part of the modern intensive 
agricultural technology, had not always gone hand-in-hand with appro- 
priate measures for soil testing and soil replenishment, with the result 
that, as shown by the studies of FAO (1982), there are disturbing evi- 
dences of micronutrient depletion of soils in some areas; these are likely 
to be eventually reflected in imparted nutritive value of food grains grown 
in such soils” (C. Gopalan, personal communication) 
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In rice research, grain quality was initially overshadowed by the need for 
higher yields and greater pest-resistance. Food self-sufficiency for an ex- 
panding population was, necessarily, the primary goal. However, as many 
traditional rice importing countries achieved self-sufficiency, real rice pric- 
es declined in many Asian countries and in the world market over the last 
two decades. The price decline renewed interest in grain quality in interna- 
tional and national research programs. Although secondary to the goal of 
increasing and sustaining yield, grain quality improvement is important 
because it enhances consumer's welfare and expands market potential. 

Although, aroma is an important quality characteristic of high quality 
rices, there has not been much progress in development of aromatic vari- 
eties so far. This may be due to the low priority given to this trait in 
breeding programs, and to problems of intergroup incompatibility. 
Basmati and many aromatic varieties belong to Group V. Crosses of Group 
V varieties with improved indicas belonging to Group I, do not yield 
good progenies. Efforts are being made to search for aromatic rices that 
belong to Group I, to use them as donors. New developments like tag- 
ging of genes for aroma, kernel elongation and other grain quality traits, 
and the QTLs for yield, provide opportunities for improving both yield 
and the grain quality. 

Large variability is known to exit in the scented rice germplasm. How- 
ever, due to the neglect and overemphasis on yield increases during the 



278 Aromatic Rices 

green revolution and after, most of them are already lost and many are at 
the verge of extinction. It is more true for the small and medium-grained 
scented rices which are mostly grown for home consumption than the 
long-grained basmati types which form the bulk of the rice export. Some 
of the locally adapted small and medium grained scented rice cultivars 
possess excellent aroma and other grain qualities like kernel elongation 
after cooking and taste, etc. These could be excellent source for improv- 
ing quality in high yielding varieties. With the availability of new tools 
and techniques in biotechnology and wide-compatibility genes, transfer 
of these properties to high yielding indicas might not be a hurdle any 
more. What is required, now, is to properly understand the genetics of 
these traits and adopt proper breeding approach to enhance the process 
of breeding high yielding high quality aromatic rice varieties. 

Attempts are being made to develop hybrids to improve yield and 
quality of aromatic rices. However, increasing yields of aromatic rices 
through hybrid breeding has several problems. Since the seed produced 
by F1 hybrids are F2, the quality of the grain is likely to be affected due 
to segregation. Low genetic diversity is another problem. Extensive use 
of the small and medium grain aromatic rices provides viable alterna- 
tives to diverse the basmati genepool. Identifying heterotic QTLs for 
yield from aromatic, non-aromatic rices and wild species using molecular 
markers and their transfer to potential lines through MAS are likely to 
enhance the level of heterosis in basmati hybrids. Diversification of CMS 
sources is another area that needs attention. Wide hybridization offers 
scope of diversifying CMS sources. 

Our objective should not be limited to the maintenance of germplasm 
of the indigenous scented rices. Attention should be paid to promote on- 
farm conservation, their proper characterization and development of data 
base. There is need to identify aroma components, their distribution, and 
also to understand which of the synthetic metabolic pathways are in- 
volved in aroma development. Factors affecting aroma should also be 
thoroughly understood. Besides, using some of them as donors for spe- 
cific traits, it will be worthwhile to improve some of them through purifi- 
cation and selection. One of the prime future concerns seems to be the 
ever increasing restrictions on free exchange of germplasm, an issue that 
needs urgent attention. Sharing of germplasm and information among 
the aromatic rice growing countries will enhance the process of varietal 
improvement. 

Rice grain qualities are highly influenced by environmental factors. 
Each variety performs best, with respect to quality, in its own native area 
of cultivation. A variety can be cultivated widely without any effect on 
yield, however, produce from different areas will vary with respect to 
grain quality, especially aroma. So far while improving the aromatic rices, 
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or defining cultural conditions for their cultivation, not much emphasis 
has been given to any other quality traits or factors affecting aroma and 
other quality traits. There is need to scientifically identify and define 
these factors, so that the genetic potential of different cultivars with 
respect to quality traits could be exploited beyond their native areas of 
cultivation. Genotype x Environment studies will be helpful in under- 
standing the environmental factors influencing aroma formation as well 
as determining the suitability of cultivars for specific growing regions for 
further promotion and expansion. There is also the need to validate some 
of the farmers’ observations on aroma and grain quality. Identification 
and manipulation of post-harvest features would also be quite useful. 

Aromatic rices, due to their long duration, week and tall stature, and 
lodging susceptibility, suffer most from pests and diseases. Among the 
diseases, neck blast, bacterial blight, sheath blight, brown spot are most 
disastrous, while stem borer, leaf folder, brown plant hopper and gall- 
midge are the most common insect pests. Although cultivation of resist- 
ant varieties is most effective in reducing crop losses, not many such 
varieties are available in case of aromatic rices. Since most of the Basmati 
produce is exported, limited use of chemicals is recommended. There is 
urgent need to minimize the losses by developing integrated disease and 
pest management strategies. Development of multiple disease and pest 
resistant varieties using molecular tools without sacrificing the quality 
traits, offers the best opportunity. 

India and Pakistan are the traditional producers and exporters of 
Basmati, while Thailand has been supplying Jasmine rices. Many other 
countries are now also trying to enter the Basmati/Jasmine rice trade, 
and have started vigorous quality improvement programs. As a result, 
besides competition, the Intellectual Property Rights (IPR) and trade and 
tariff related issues have cropped up creating confusion both for the 
exporters and the consumers. These issues need quick solutions to ensure 
availability of high quality aromatic rices, internationally. 

Preferences for quality rices have expanded from south and south east 
Asia to Europe, Africa and United States. This added interest requires 
more efforts and research support. There is a need to establish special 
network for aromatic rices enjoining these regions, and improve collabo- 
ration among the scientists, institutions and countries concerned with 
production and export of these rices. Germplasm acquisition from all 
countries should be initiated and tested for their similarities and differ- 
ences. Most importantly, international agreement on sharing of germplasm 
and information would be the key issue for scented rice improvement. 
Involvement of advanced laboratories would be needed to develop meth- 
ods for detection of aroma and taste, and to unravel the mystery of 
aroma development. 
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