


Citation Chung, K R 1998 The contribubon of ICRISAT s mandate crops to household food security a 
case study of four rural villages m the Indian semi-arid tropics Information Bulletin no 52 Patancheru 
502 324, Andhra Pradesh, India International Crops Research Inshtute for the Serm-And Tropics 40 pp 
ISBN 92-9066-390-1 Order code IBE 052 

Abstract 

The conceptual linkage between increased food production and improved nutritional status 
appears straightforward, yet, dewsing research strategies that lead to real change has proved 
difficult Although mtra-household resource allocations are a strong determinant of individual 
nutritional status, this bulletin focuses on the possibilities for technical change to Improve 
consumption at the household level The reported study therefore seeks to update knowledge of 
the role that the International Crops Research Institute for the Semi Arid-Tropics (ICRISAT) 
mandate crops play m the diets of the rural poor Specifically, it examines the state of 
undernutrition in the study area, the dependence of the rural poor on ICRISAT's mandate crops, 
the acbons available for improving the diets of the rural poor, and the role agricultural research 
should play in the fight to reduce undernutribon These topics are addressed through a house- 
hold-level analysis of dietary patterns in four rural villages in the semi-arid tropics (SAT) The 
ultimate purpose is to discuss the menu of options available to researchers interested in strength- 
ening the link between agricultural technology and nutritional well-being The analysis 
focuses on identify~ng current dietary and expenditure patterns in two regions w i t h  the Indian 
SAT 
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II lntroductron 

Dunng the 1970s, techrucal change resulhng 
from agricultural research had a dramahc 
effect on aggregate food supplies in many 
developing countries (Hazell and Ramasamy 
1991) As a result, the concept of techrucal 
change is frequently linked to the goal of 
ending undernutribon (Pinstrup-Anderson 
and Jaramllo 1991, Pinstrup-Anderson and 
Hazell 1987, Pinstrup-Anderson et a1 1984, 
Staatz and Bernsten 1992) Now, more than 
two decades later, the Internahonal Crops 
Research Insbtute for the Semi-Arid Tropics 
(ICRISAT) still considers its core mssion to be 
the development of agncultural technologes 
that bnng greater wealth and improved food 
security to those living in the sem-arid 
tropics (SAT) Agroclimahcally the SAT in- 
cludes the tropical areas of the world where 
rainfall exceeds potenbal evaporahon dunng 4 
to 6 months of the year Large parts of India 
including much of Andhra Pradesh, 
Rajasthan, Gujarat, Karnataka, Madhya 
Pradesh, Maharashtra, Tam1 Nadu, and Uttar 
Pradesh are classified as semi-arid (Walker and 
Ryan 1990) Mean annual rainfall in the SAT 
ranges from about 400 to 1 200 mllimeters per 
year 

ICRISAT s mssion therefore focuses on 
improvmg agncultural producbvity of six 
"mandate crops" (sorghum, pearl millet, 
finger millet, groundnut, chickpea, and 
pigeonpea) that have long been components of 
sem-and agricultural systems around the 
world The abihty of these crops to adjust to 
harsh climates and poor soil condibons have 
caused them to be widely grown in resource- 
poor areas As such they are often termed 
poor man s crops ' 

The conceptual linkage between increased 
food producbon and improved nutrihonal sta- 
tus appears straightforward, yet, devlsing re- 
search strategies that lead to real change has 
proved difficult Figure 1 shows the linkages 
betwee techrucal change, increased household 
food consumphon, and individual nutnhonal 

status The upper box shows the relabonshp 
between techrucal change and household food 
consumpbon The lower box broadens t h s  no- 
bon to include individuals witlun the house- 
hold Although intra-household resource allo- 
cahons are a strong determnant of individual 
nutnbonal status, t h s  bullebn focuses on the 
posslbihhes for techrucal change to improve 
consumpbon at the household level Intra- 
household issues, although important, are be- 
yond its scope 

Techrucal change is proposed to posihvely 
impact household food consurnpbon through 
one of three channels (1) by increasing house- 
hold income, (2) by lowering food pnces, or (3) 
by altenng hme allocabon patterns (Mebrahtu 
et a1 1995) Effecbng change in any one of 
these factors, however, may not be enough to 
elicit sigruficant changes in household food 
consumpbon Rather, researchers must have a 
keen understanding of current dietary patteins 
and the way that consumers react to changes in 
income, pnce, and bme demands Only then 
can well-informed strateges for agncultural 
research be formulated 

It was for t h s  reason that ICRISAT began to 
examine dietary patterns in the SAT (Ryan et 
a1 1974) Between 1976 and 1978, ICRISAT un- 
dertook a large dietary study as part of an ef- 
fort to pnorihze plant breeding achvihes for 
improving human nuimhon (Ryan et a1 1984) 
At t h s  hme, the acadermc commuruty debated 
the relahve importance of protein and energy 
malnutnhon ICRISAT was therefore faced 
w t h  a major queshon regarding its breeding 
strategy should breeding efforts focus on im- 
proving the quality of protein contained m the 
mandate crops, or should they focus on the tra- 
dibonal area of yield enhancement? Early 
studies on nutnhonal patterns inmcated that 
diets in the study area were hghly defiaent in 
energy and several mcronutnents, but less so 
in protein and essenhal amino acids (Ryan et 
a1 1984) Researchers found select cases of 
lysine defiaency in the study area, but 
surmized that greater efforts should be placed 
on increasing the "size" of the exisbng diet, 
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rather than on altenng the anuno-aad content 
of any mandate crop They therefore recom- 
mended that research efforts focus on improv- 
ing ylelds rather than on improving protein 
quahty Researchers maintained that 
ICRISAT s greatest contnbuhon to decreas~ng 
undernutnhon in the SAT would be through 
imgrovlng yleld and yield stabihty through 
advancements in insect and disease resistance 
and /or tolerance 

ICRTSAT has largely followed t h s  research 
agenda dunng the past 15 years However, 
dunng these years changes in croppmg pat- 
terns have led to a dramabc dechne in the area 
sown to coarse grains and cereal crops (Kelley 
et a1 1995) These trends in cropping patterns 
suggest that consumpbon behavlor and di- 
etary patterns may have also changed As 
such, it is prudent for ICRISAT to re-examne 
its nutnhon-related pnonhes for technology 
development 

Ths  study therefore seeks to update our 
knowledge of the role that ICRISAT's mandate 
crops play in the diets of the rural poor Specifi- 
cally, it asks what is the state of undernutnhon 
in t h s  study area in the Indian SAT? How de- 
pendent are the rural poor on ICRISAT's man- 
date crops? What achons are available today 
for improving the diets of the rural poor? And 
finally, what role should agncultural research 
play in t h s  fight to reduce undernutnhon? 

These quesbons are addressed through a 
household-level analysis of dietary patterns in 
four rural villages in the SAT The data used for 
tlus study were collected in 1992/93 in four vil- 
lages that were studied intensively between 
1975 and 1984 as part of ICRISAT's Village 
Level Studies (VLS) The ulhmate purpose of 
t h s  paper is to discuss the menu of ophons 
available to researchers interested in strength- 
emng the hnk between agncultural technology 
and nutnhonal well-being As such, the analy- 
sis focuses on idenhfylng current dietary and 
expenditure patterns in two repons w t h n  the 
Indian SAT Sechon I1 begns w t h  a descnphon 
of the study setbng and data-collechon meth- 
ods Sechon I11 presents an overview of current 

diet and expenditure patterns at the household 
level Secbon IV revlews current levels of nu- 
tnbonal adequacy in the study households 
Sechon V exanunes food expenditure trends 
Sechons VI and VII idenhfy the contnbubon 
made by the mandate crops to the intake of en- 
ergy, and two major mcronutnents, iron and 
vltamn A Sechon VIII presents an exarmna- 
hon of seasonality dimensions Secbon IX 
bnefly discusses dietary protein And, finally 
Secbon X concludes with policy ophons avail- 
able to improve nutnhonal well-being and the 
specific role that technology development may 
play in t h s  endeavor 

II Data used for analys~s 
Household surveys 

The data used in the analysis were collected in 
1992/93 for the purpose of idenhfying indica- 
tors of food and nutnhon secunty in the Indian 
SAT (see Chung 1995 for details of study de- 
sign and results) The four vlllages chosen for 
study were among those studied previously by 
ICRISAT in its VLS These villages have been 
the subject of many studies and are well docu- 
mented by Walker and Ryan (1990) 

Sample 

At the bme the study began there was already 
a wealth of informahon on the VLS house- 
holds The 1992/93 sample was therefore cho- 
sen to acheve a number of objechves (Haddad 
et a1 1995) First, the sample included as many 
former VLS households as possible to maxl- 
rmze the possibihty of future intergenerahonal 
analyses Second for logshc reasons data col- 
lechon was hmited to four of the previously 
studied VLS villages Of the 10 possible VLS 
vlllages four had been studied in detail and a 
hme senes of data had been collected for each, 
these villages were therefore chosen for follow 
up Withn each chosen vlllage all households 
that parhcipated in the 1975-84 VLS study (the 
old VLS study) were included in the sample 



New families that had separated from the 
ongnal VLS households were also included 
In addihon, all households from the second 
1989/90 study (the "new" VLS study) were in- 
cluded Finally, some "non-VLS' households 
were included to ensure at least 80 households 
in each village The non-VLS households were 
chosen from a census of landless and 
smallholder farmlies that had at least two pre- 
school chldren Only 11 non-VLS households 
were included in the sample In total, 328 
households were surveyed d u n g  the study 
w t h  309 households present in all rounds 
Data for these 309 households are used for the 
analyses reported here 

The four study villages, Dokur, Aurepalle, 
Shrapur, and Kanzara are located in the semi- 
and zone of south-central India in two states 
Dokur and Aurepalle are located in the dry, in- 
land, Telangana area of Mahabubnagar distnct 
in Andhra Pradesh state Shrapur is located in 
the Bombay Deccan in Sholapur distnct of 
Maharashtra state and Kanzara is located in 
the rain-assured Akola distnct of Maharashtra 
The village economes are based on rainfed ag- 
nculture, but ranfall is generally lower in 
Sholapur and Mahabubnagar (Walker and 
Ryan 1990) than in Akola 

Aurepalle, the VLS vlllage that was once 
worst-off economcally (Walker and Ryan 
1990) is situated in an area that is prone to 
droughts Most farmng is dryland and the 
soils are predormnantly red Alfisols The in- 
creasing demand for two rural products, toddy 
(local liquor) and sheep, has diversified the 
economy beyond crop produchon The effect 
has been to make many of the landless rela- 
hvely well off, many have done well enough to 
acqure land Farmng conhnues to be the ma- 
jor occupahon, however, w t h  the majonty of 
plots shll rainfed The Alfisols have poor wa- 
ter-holding capaaty, hence, the busiest agn- 
cultural season occurs dunng the khanf, or 
rany season During the postrainy (rabi) and 

summer seasons irngated nce is also grown 
but a far smaller area is sown dunng these 
hmes than in the rainy season Bets are rice- 
based and supplemented by sorghum A state- 
w d e  public distnbuhon scheme provldes ra- 
honed nce at subsidized rates The enhtlement 
is not sufficient for most households and must 
be supplemented by market or in-lund sup- 
phes of rice and sorghum Althoughvegetables 
are not grown for commercial sale, a few 
women from nearby villages come to 
Aurepalle to sell vegetables door to door Fnut 
is not sold in the village Most villagers do not 
make the journey to Amangal (10 km away by 
bus) where fnut and vegetables are regularly 
sold 

Dokur, hke Aurepalle, is situated in 
Mahabubnagar distnct, but is sigxuficantly dif- 
ferent in one respect In Dokur most of the land 
1s irngated from a local irngahon pond The 
effect of irngahon is clear, when the tank fills 
nce is grown in three seasons and there are 
greater opporturuhes for slack season employ- 
ment When the tank does not fill more land is 
sown to sorghum Like Aurepalle, the diet is 
nce-based and subsidized nce is rahoned on a 
monthly basis Sorghum is used to supplement 
the diet, parhcularly as nce pnces rise through 
the postrainy and summer seasons Fmt  and 
vegetables are not sold in the vlllage and vil- 
lagers must travel to Deovarkarda (7 km) to 
purchase them Few households make the jour- 
ney, however, as pubhc transport is not avail- 
able 

Slurapur is situated in an area characterized 
by deep-black clay soils (Verhsols), errahc 
rainfall, and frequent droughts The village 
economy is heavlly dependent on local crop 
produchon, but the cropping cycle is very dif- 
ferent from that found in the other study vil- 
lages More specifically, the Verhsols in 
Shrapur are capable of retairung moisture 
Farmers therefore mrumze the nsk associated 
ulth errahc rainfall by foregoing the rainy sea- 
son They instead allow the soils to collect as 
much moisture as possible in preparahon for a 
postrainy season sowing The postrainy season 



is therefore the main cropping season in tlus 
village Dunng the other seasons much of the 
land lies fallow and employment is low A gov- 
ernment employment scheme (the Employ- 
ment Guarantee Scheme, EGS) provides work 
for villagers, but demand for labor is both in- 
consistent and insuffiaent to employ all who 
need work n e t s  in Shrapur, as in most of 
Maharashtra, are sorghum-based wth  nce 
eaten infrequently Vegetables are grown and 
sold in the vlllage throughout the year 
Strangely enough, the year-round availability 
of vegetables reflects the general lack of profit- 
able alternahves for land d w n g  the off-sea- 
sons More specifically irngahon water is so 
scarce in the summer season that there is only 
enough water to culhvate small patches of veg- 
etables near the wells These vegetables are 
sold daily in the mllage center and are con- 
sumed wdely Few fmts are sold in the vll- 
lage Transportahon to the nearest market in 
Mohol (11 Ism) is difficult and expensive Few 
households use the Mohol market to purchase 
foods that are not available in the vlllage 

Finally, Kanzara is located in a rainfall- 
assured area of Akola district The area is 
charactenzed by medium-deep black clay 
soils Because rainfall is assured dryland farm- 
ing is less nsky here For smallholder farmers 
and laborers ample employment is usually 
avalable dunng the rainy season Dunng the 
postrainy season f a m n g  is also fairly achve 
when canal water is available Kanzara, how- 
ever, is situated at the end of the canal, so irn- 
gahon is not completely assured Neighboring 
vlllages that have greater access to canal water 
provlde backup opportumhes for employment 
in the rany and summer seasons Dets in 
Kanzara are sorghum-based, but are comple- 
mented by frequent wheat consumphon 
Many legume crops are grown in the vlllage 
and they have become a common feature of the 
Kanzaran diet The village is very close to a 
small town called Murhzipur and transporta- 
hon IS quite convement As a result, villagers 
commonly attend the market to buy vegetables 
and fnut 

Data collect~on methods 

Both econormc and nutnhon surveys were 
conducted for tlus study Table 1 shows the 
various modules collected in each mllage The 
data were collected in three rounds dunng the 
1992/93 apcultural year The first round oc- 
curred between Aug and Nov 1992 and coin- 
aded mth  the rainy season The second round 
occurred between Jan and Mar 1993 and coln- 
aded w t h  the postrainy season The final 
round took place between Jun and Aug 1993 
and represented the late summer and early 
monsoon season Table 2 shows the &rung of 
each survey round 

The data collechon methods are detailed in 
Chung (1995) For the sake of brevity, only 
modules 10 and 11 are discussed here, i e , the 
household expenditures and 24hour diet sur- 
vey modules For t h s  study 24hour recall diet 
surveys were used to construct nutnent ad- 
equacy rahos Six diet surveys were conducted 
dunng three rounds of data collechon for each 
household To promde repeated measures of 
dietary intakes two dietary recalls were col- 
lected dunng each round These surveys Iden- 
hfied 127 different foods consumed by the 
sample households Conversion factors pro- 
vided by the Nahonal Inshtute of Nutnhon 
(Gopalan et a1 1994) were used to convert each 
food into ~ t s  nutnent equivalent of energy, pro- 
tein, fat, calaun, carotene, vltarmn C, maan, 
nboflavin, tluamn, and iron Reclpes for each 
preparahon consumed dunng the preceding 
24hour penod were collected and the quanhty 
of each food ingredient was mulhplied by the 
appropnate nutnent conversion The total 
amount of each nutnent consumed by the 
household was obtained by s u m n g  the nu- 
tnent contnbutton across all ingredients iden- 
hfied dunng the diet survey 

To obtain a measure of dietary adequacy at 
the household level, the dietary reqwrement 
for each individual in the household was 
expressed in terms of "adult equvalents " The 
number of adult equvalents for an individual 
is the nutnent requirement (as determned by 



Table I Survey lnformatlon collected from Dokur, Kanzara, Aurepalle, and Shlrapur durlng the 
alternative ~nd~cators study 

Number and names of modules Respondents 

1 Household roster All households m the sample 
2 Migrat~on All households In the sample 
3 ~d&cation 
4 Occupation 
5 Housing 
6 Land 

All households in the sample 
All households in the sample 
All households In the sample 
All households in the sample 

7 Income generating assets and cropping All households in the sample 
8 Durables All households In the sample 
9 C d i t  All households in the sample 
10 Expenditure All households ~n the sample 
11 D~etary recalls All lndlv~duals 
12 ~ o o d  &uency 
13 Anthropomehy 
14 Morb~dity 

All women chldren < 6 years 
All women, chldren < 6 years all males once1 
All females > 10 years all chldren < 6 years 

15 ~reas t  f&lng All mothers of partially or completely breast-fed chldren 
16 Reproductive history All females marr~ed or engaged 
17 Vitarmn A food frequency All ckuldren < 6 years mother of the chld 

1 Infonnakon collected hum all lnd~vlduals m Aurepalle and Shrapur 

Table 2 T~rnlng of the three survey rounds In the four study vrllages 

1992 1993 

Village Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

Aurepalle 
Round 1 2 3 
Typ~cal food surplus medium low 
avallabil~ty 

Season rainy postra~ny summer 

Dokur 
Round 1 
Typ~cal food low 
availab~lity 

Season ralny 

Shlrapur 
Round 
Typlcal food 
availabil~ty 

Season 

1 
low 

rainy 

2 
surplus 

2 
surplus 

3 
low 

summer 

3 
low 

summer 

Kanzara 
Round 1 2 3 
Typ~cal food medium peak medlum 
availability 

Season rainy postrainy summer 



the individual s age, sex, and physiolog.lca1 
status) divided by the requirement for a 
"reference person ' Among the academic 
nutnhon commuruty in India, the reference 
person is usually taken to be a 60-kg man of 
moderate acbvity (Indian Councll of Medical 
Research 1994) S u m n g  the total nutnent in- 
take by the household and dividing it by the 
number of adult eqmvalents gves a measure 
of household nutnbonal adequacy Th~s mea- 
sure allows researchers to compare nutnent 
adequacles among households of different 
sizes and composibons 

To obtain measures of total household 
expenditure and total household food expen- 
diture respondents were asked to recall 
expenditures (by item) dunng the past season 
A variable bme-penod recall method was 
used The expenditure quesbonna~re requested 
the quanbty purchased, the pnce of the item, 
the frequency of purchase, and the source of 
the acquisihon The total expenditure was 
calculated for each item and converted to a 
weekly expenditure figure Expenses for all 
food items were summed to obtain the weekly 
household food expenditure for that season 
Expenses for all non-food items were summed 
in the same way Total weekly household 
expenditures were obtained by summng food 
and non-food expenditures 

Ill An overview of household 
d~etary and expenditure 
patterns 

Table 3 presents an overvlew of dietary and 
food expenditure patterns for the study house- 
holds Mean per capita expenditures, the 
household share of the food budget, and 
household energy intake (as measured by 24- 
hour recall) are shown by income group, caste 
group, and vlllage Throughout t h s  study total 
household expenditure is used as a proxy for 
household income f i s  decision is based on 
results from prevlous VLS research that indi- 

cated that, (1) consurnphon expend~ture is sub- 
stanbally less volable than household income, 
and (2) nutnent intake is better predicted by 
expenditures than income (Walker and Ryan 
1990) Two findings are notable 

Firstly, Table 3 suggests that consumpbon 
behavior vanes substanbally among the four 
sample villages The mean levels of energy in- 
take, for example, vary between 2020 lulocalo- 
nes and 2405 lulocalones The largest differ- 
ences, however, fall out around state hnes 
Table 3 indicates that the mean household en- 
ergy intakes for the two Andhra vlllages are 
substanbally hgher than those displayed in 
the Maharashtra villages, on the whole, 
Andhrans appear to consume approximately 
400 calones per adult eqmvalent more than the 
Maharashtnans Tlus differare (however 
large and surpnsing) is simlarly documented 
by the Nabonal Nutnbon Morutonng Board 
(NNMB) in their most recent Ten-State Survey 
conducted in 1990/91 (NNMB 1993) The 
NNMB surveyed 799 households across 
Andhra Pradesh and 578 households in 
Maharashtra and found a 400 calone d~ffer- 
ence per adult equvalent between the two 
states 

The NNMB document uses the 60-kg adult 
male doing sedentary work as the "reference 
person" in the calculabon of adult equivalents 
2350 is the energy requrement for t h s  refer- 
ence person The calculabons performed m 
t h s  study follow the example gven by ICMR 
(1994) and use a 60-kg adult male doing mod- 
erate work as the "reference person " 2875 is 
the energy requrement for t h s  standard To 
compare the NNMB results to those obtained 
in ths  study the energy values found in Table 3 
of NNMB (1993) need to be mulhphed by the 
factor 2875/2350 to arrive at an average energy 
intake that uses comparable adult equvalent 
measures NNMB (1993) reports a difference in 
average energy intake between Maharashtra 
and Andhra Pradesh to be 325 kcals, assumng 
a sedentary reference person To compare the 
difference wrth that shown in Table 3 mulbply 
325 kcals by (2875/2350), to obtain 397 kcals 



Higher calonc diets therefore appear to be a 
charactenshc feature of the Andhra diet and 
not an arbfact of data collechon These energy 
differences 'by locahon' are substanhal and 
suggest important differences in consumphon 
behavlor between the two areas Thus the term 
'locahon' is used to describe the geographc 
subsets used for t h s  study The four villages 
were therefore divided according to the states 
in wluch they are located The term 'state' has 
been avoided as it is felt to ~mply that a (stahs- 
hcally representahve) statewde survey was 
conducted 

Secondly, although household energy intake 
dlffers between locahons, Table 3 indicates that 
energy does not increase monotomcally w t h  

income Rather, per capita energy intakes ap- 
pear invanant to income, even though per 
capita food expenditures nse monotorucally 
with income f i s  finding is consistent with in- 
come-nutnent relahonshps idenbhed in the 
late 1970s by Ryan et a1 (1984) Using regres- 
sion analysis to study the determnants of nu- 
tnhonal status, Ryan et a1 found that the link 
between energy intake data and income was 
tenuous Although counter-int~uhve at the 
hme, tlus finding is now consistent with the re- 
msiorust mew of energy-mcome relahonslups 
The revislorusts argue that energy consump- 
hon is much less responsive to income than the 
consensus perception of a decade ago 
(Behrman 1995) Cibng that a number of data 

Table 3 Per capita total expenditures, per caplta food expenditure, household shares of food 
budget, and household energy intakes, by total expenditure quartlle, caste group, and v~llage 

Per cap~ta total Per caplta total Share of food Household 
expend~ture' food expenditure' ln household budget energy lntake3 

(Rupees (Rupees (Percentage of (kcals adult 
week I) week l) total expendltu~) equivalent day l) 

Expenditure quartde4 
1 
2 
3 
4 
All 

Caste group 
Scheduled caste/hbe 
Backward class 
Forward class 

V~llage 
Aurepalle 
Dokur 
Shrapur 
Kanzara 

1 Per caplta denved from food expenditures 
2 In 1992/93 1 US$ was valued at 30 Indlan rupees (Rs) 
3 Per adult-eqmvalent denved from 24-hour recall of foods consumed 
4 Quart~le 1 1s the lowest rank and 4 ~s the hghest 
Source ICRISAT-IFPRI Altemabve ~ndlcators vlllane survw 1992/93 



collecbon and eshmahon issues are respon- 
sible for inflated energy-income elashcihes, the 
revisiomsts maintain that the true elasbcihes 
are much lower than previously perceived, 
perhaps even less than 0 1 (Bows and Haddad 
1992) Bouis interprets these elasbcihes to 
mean that low-income households gve  para- 
mount importance to maintaimng a threshold 
level of energy intake (Bouis 1996) In addihon, 
as income nses, households purchase more ex- 
pensive sources of energy, hence, energy in- 
take may nse proporhonately less than total 
food expenditures (Behrman 1995) 

IV Current status of nutr~t~onal 
~ntake in Maharashtra and 
Andhra Pradesh study v~llages 

To descnbe the nutnbonal status of the study 
populahon the nutnent adequacles in the two 
study areas are bnefly discussed Table 4 
shows the mean nubent adequacy for 10 es- 
senhal nuttlents by locabon of vlllage Ad- 
equacy rahos are also gven for the Ten-State 
Study pubhshed by the NNMl3 (NNMB 1993) 
for companson Adequacy figures are smla r  
to the NNMB averages In Maharashtra, the 
only excepbons being iron and calclum With 

Table 4 Nutr~ent adequacy ratlos by locatlon and expend~ture terole 

Nutrient 1 2 3 A11 State average1 

Maharashtra vlllages 
Energy 71 70 74 71 67 
Carotene 35 43 57 44 34 
Iron 62 61 64 62 93 
Vitamn C 37 46 58 47 53 
Proteln 94 96 98 96 93 
Fat 103 113 156 124 141 
N ~ a c ~ n  91 94 106 97 80 
Riboflav~n 48 48 51 49 50 
Thiarmne 136 131 137 135 133 
Calaum 50 59 75 61 97 

Andhra Pradesh villages 
Energy 82 86 84 83 78 
Carotene 20 27 23 23 39 
Iron 29 36 31 32 89 
V~tanun C 42 49 58 49 77 
Prote~n 81 86 82 83 98 
Fat 60 71 95 75 112 
N ~ a c ~ n  73 78 74 75 72 
Riboflavin 36 39 40 38 43 
Thimne  55 64 61 60 64 
Calcium 44 52 63 53 11 2 

1 Source NNMB 1993 



the Andhra villages, however, adequacy rabos 
are substanhally different for iron, vltarmn C, 
fat, and calclum These differences are hkely 
due to the fact that the NNMB study also in- 
cludes distncts from coastal Andhra Ihetary 
patterns in the coastal areas are known to be 
more diverse than in the inland dryland areas, 
hence the difference in adequacy rahos reflects 
these differences These differences also indi- 
cate that the trends shown for the Andhra vil- 
lages in ths  study should not be regarded as 
representahve of Andhra Pradesh as a whole 
Rather they should be regarded as representa- 
hve of the inland Telangana areas of the state 
where the study was conducted 

Each of these ten nutnents is essenhal for 
chld growth and health maintenance Yet, en- 
ergy, iron and vitamn A are of parhcular inter- 
est in South Asia due to the prevalence of low 
intakes and the debilitahng effects of these nu- 
tnent deficiencies Energy, of course, is related 
to proper growth and development in chldren 
and is necessary for bwldmg muscle mass and 
undertalung physical labor Low intakes of vi- 
tarrun A lead to progressive eye damage and 
irreversible bhndness Indian diets are rela- 
hvely devoid of preformed vltamm A 
Low iron intakes are directly associated with 
anema, but are also weakly assoaated w t h  
impaired chld development, reduced work 
capaaty, and dimrushed learrung ability 
(ACC/SCN 1992) The analysis follows the 
NIN convenhon in expressing vltamm A in 
terms of mcrograms of carotene rather than 
rehnol eqwvalents Hereafter, vitarmn Aintake 
is expressed m terms of mcrograms of carotene 

Two intereshng points emerge from Table 4 
Firstly, nutnent adequaaes are low for almost 
all nutnents shown Energy intake is certainly 
defiaent at both locahons, but adequacy levels 
for the mcronutnents reflect even greater defi- 
aencies The largest defiaencies exlst for caro- 
tene, vitamn C, nboflavin, and iron Carotene 
and iron intakes are parhcularly low in the 
study areas On average, households in 
Maharashtra funchon at 44% adequacy of 

carotene requirements, whle those in Andhra 
are funchorung at only 23% of requirements 
Intakes of iron are also very low, although 
those in Maharashtra (62%) are almost twice 
those in Andhra Pradesh (32%) 

Table 4 illustrates that iron and carotene ad- 
equacy levels are extremely low in the Andhra 
villages Furthermore, increases in income ap- 
pear to have no effect on these chrorucally low 
levels of iron and carotene intake Table 4 
also shows that iron adequacy is low in 
Maharashtra and does not appear to be re- 
sponsive to improvements in income Carotene 
adequacy levels are also low, but carotene un- 
dernutnbon appears to decrease as income 
levels rise 

Secondly Table 4 indicates that nutnents 
that are income-sensihve tend to be distnbuted 
more densely in non-staple foods (dairy prod- 
ucts, fruits, and vegetables) By contrast, n u b -  
ents that are distnbuted more densely in staple 
foods are income-invariant In Maharashtra, 
for example, energy, iron, thamn, and ruaan 
adequaaes do not appear to have any relabon 
to income, protein appears to be only slightly 
correlated with income By contrast, carotene, 
fat, calaum and vitarmn C adequaaes nse 
w t h  Increasing income These nutrients are 
present in very low levels in cereals and pulses, 
but are more abundant in fruits, vegetables, or 
dairy products In the Andhra Pradesh vll- 
lages, energy, iron, protein, and ruacin 
adequacles are unrelated to income changes, 
but vitamn C, fat, and calaurn adequacies are 
Carotene, however, appears invanant to 
changes in income Ths  pattern of findings 
suggests that households seek to improve the 
quality and diversity of their diet as incomes 
nse, rather than merely increasing the quanhty 
of staple foods in their diet In addihon, the re- 
sponsiveness of different nutrients to income 
at the two locahons underscores the proposi- 
hon that consumphon patterns differ substan- 
hally in these two areas 

The pattern of nutnent adequaaes shown in 
Table 4 represents long-standing dietary habits 



in these areas Table 5 compares the adequacies 
observed in 1992/93 to those denved from 
data collected from the same villages in 1977/ 
78 The companson between the bme periods 
indicates that nutnent adequacies have gener- 
ally risen over hme Nevertheless, the in- 
creases have been small for almost every nutn- 
ent In addihon, adequacies for micronutrients 
show a pattern of being persistently low For 
example, in 1977/78 carotene adequacy levels 
were only 11% of recommended levels in 
Andhra Pradesh and 17% in Maharashtra Fif- 
teen years later, they conbnue to fall far below 
recommended levels in 1992/93 The same is 
true for vitamn C, riboflavin, iron, and cal- 
a u m  Finally, the pattern of differences be- 
tween two study areas has also remained con- 
sistent through hme Maharashtnan diets tend 
to be lower in energy, but lugher in all other 
nutnents, parhcularly tluamn and fat Andhra 
diets, by contrast, appear to be very poor pro- 
viders of almost all nutnents, but relahvely 
hgh m overall energy 

V Effect of energy, d~verslty, 
and speclflc tastes on food 
expenditure patterns 

Tables 6, 7, and 8 descrlbe food expenditure 
patterns in the study villages These tables are 
used to idenhfy food groups that are respon- 
sible for the changes in adequacy illustrated in 
the previous secbon Per capita food expendi- 
tures are shown in Table 6 by locabon, expen- 
diture tercile, and food source At both loca- 
bons overall per capita food expenditures nse 
monotorucally mth income, with wealther 
families in terclle three spending 21-24% more 
on food than households in tercile one In the 
Maharashtra vlllages per capita food expendi- 
tures nse most rapidly on mlk (118%), nce 
(79%), sorghum (77%), groundnut (203%), and 
green leafy vegetables (208%) In Andhra 
Pradesh expenditures nse rapidly on mlk 
(127%) In both areas margnal increases are 
also observed in other vegetables', but the 

Table 5 A comparison of nutr~ent adequacy 
ratlos In 1977178 and In 1992193 

Andhra Pradesh Maharastra 
vlllages vlllages 

1977/7g1 1992/932 1977/7g1 1992/932 

Energy 77 83 66 71 
Carotene 11 23 17 44 
Iron 31 32 53 62 
VitarmnC 32 49 16 47 
Protein 79 83 84 96 
Fat 58 75 104 124 
Nlac~n 74 75 87 97 
Rboflavin 36 38 39 49 
Thlamne 60 60 123 135 
Calcium 43 53 58 61 

1 ICRISAT VLS dletary survey 1977/78 
2 ICRISAT IFPRI Alternat~ve lndlcators village survey 1992/93 

percentage increases are comparahvely small 
Tables 7 and 8 disaggregate expenditures 

into per capita quanhty consumed and pnce 
paid per kilogram Two sets of consumphon 
changes are evident as incomes nse, (1) house- 
holds choose to increase the quahty of foods 
that are 'basic" to the local diet, and (2) house- 
holds choose to increase the quanhty of foods 
that add diversity to the diet For example, as- 
sumng that pnce differenhals represent qual- 
~ t y  d~fferenbals, Table 7 indicates that house- 
holds opt to consume increasingly more-ex- 
pensive, lugher-quahty staple foods as in- 
comes nse In Maharashtra, for example, 
households in lugher-expenditure categones 
tend to purchase lugher-quality sorghum and 
pulses, two basic components of the local diet 
Simlarly, in Andhra Pradesh, households tend 
to consume hgher-quahty nce, although the 
effect is much smaller than in the 
Maharashtrian villages Table 8 reveals that 
households also choose to increase per capita 
consumphon of foods that add diversity to 
their diets For example, at both locahons, 
households increase their per capita quanbty 
of rmlk products consumed Note, however, 
that the quality of mlk products purchased (as 
revealed by Table 7) appears to remain the 
same 



Table 6 Per caplta food expend~ture (Rs caplta week I) by expend~ture terc~le and food group 
- -  - 

Food group 

- - 

Expenditure tercile 

1 2 3 All 
-- - 

Maharashtra vlllages 
Rice 
Sorghum 
Pearl rmllet 
F~nger rmllet 
Groundnut 
Pigeonpea 
Chckpea 
Wheat 
Mane 
Non-mandate legumes 
M~lk/rmlk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/sp~ces 
Other oilseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 

Andhra Pradesh v~llages 
Rice 
Sorghum 
Pearl mllet 
Finger mllet 
Groundnut 
Pigeonpea 
Chickpea 
Wheat 
Maize 
Non-mandate legumes 
Milk/mlk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/sp~ces 
Other oilseeds 
Green leafy vegetables 
Processed ce~eal foods 

All mandate cereals 
All mandate legumes 

A11 

Source ICRlSAT lFPRl Alternat~ve indicators vlllage survey 1992/93 



Table 7 Food prlces (Rs kg I) by expend~ture terclle and food group 

Expenditure tercile 

Food group 1 2 3 All 

Maharashtra vlllages 
Rice 6 51 6 16 6 03 6 19 
Sorghum 3 24 4 23 4 82 4 14 
Pearl rmllet 4 15 0 3 63 3 92 
Finger rmllet 0 0 0 0 
Groundnut 27 96 24 26 24 79 25 15 
Pigeonpea 14 33 14 54 17 46 15 28 
Chickpea 10 90 11 69 13 00 11 75 
Wheat 4 46 3 50 1 14 3 23 
Maize 3 86 409 409 4 07 
Non-mandate legumes 9 87 11 78 15 88 11 69 
Milk/nulk products 8 49 7 56 740 7 67 
Meat/ fish/eggs 36 76 33 06 32 00 34 05 
Other vegetables 3 49 3 71 3 87 3 70 
Fruit 6 10 6 14 4 24 5 50 
Sugar/spices 8 75 8 93 9 18 8 94 
Other oilseeds 37 30 37 86 40 02 38 00 
Green leafy vegetables 2 87 3 02 2 80 2 88 
Processed cereal foods 15 52 16 50 18 61 16 69 

All mandate cereals 3 25 4 23 4 80 409 
All mandate legumes 17 10 17 60 21 30 18 67 

All 6 31 6 56 6 67 6 51 

Andhra Pradesh v~llages 
Rice 
Sorghum 
Pearl rmllet 
Flnger nullet 
Groundnut 
Pigeonpea 
Chckpea 
Wheat 
Maize 
Non-mandate legumes 
M~llc/nulk products 
Meat/hsh/eggs 
Other vegetables 
F m t  
Sugar / sp~ces 
Other oilseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 
- 

Source ICRISAT IFPRI Altemahve ~nd~cators v~llage survey 1992/93 



Table 8 Kilograms consumed (kg caplta I week I) by expend~ture terclle and food group 

Expenditure tercile 

Food group 1 2 3 Ail 

Maharashtra villages 
Rice 
Sorghum 
Pearl mllet 
Finger mllet 
Groundnut 
Pigeonpea 
Chlckpea 
Wheat 
Malze 
Non-mandate legumes 
Mllk/mlk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/spices 
Other oilseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 

Andhra Pradesh villages 
Rlce 
Sorghum 
Pearl rmllet 
Finger rmllet 
Groundnu t 
Plgeonpea 
Chickpea 
Wheat 
Ma~ze 
Non-mandate legumes 
Milk/mlk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/spices 
Other oilseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 

Source ICRISAT IFPRI Altemtlve lnd~cators v~llage survey 1992/93 



VI D~etary sources of energy 
what role do the mandate 
crops play satrsfyrng 
energy needs' 

Table 9 shows mean energy intakes (denved 
from the six 24hour dietary recalls) by locabon 
of village, income group, and food group En- 
ergy intake is disaggregated by food group to 
deternune the contnbubon of each of the man- 
date crops to total energy intakes Three pat- 
terns are evident Firstly, Table 9 illustrates the 
extent to wluch rural populahons are depen- 
dent on cereal crops In the Maharashtnan vil- 
lages, for example, cereals comprise roughly 
70% of total calones, whle in the Andhra vil- 
lages they compnse over 85% of total calones 
These results are consistent w th  a pnon 
expectahons of simple, monotonous diets in 
these poor areas 

Secondly Table 9 also reveals a stnlung dif- 
ference in mandate crop consumpbon in the 
two study areas Households in the 
Maharashtrian villages denve 62% of energy 
consumed from ICRISAT's mandate crops, and 
50% from sorghum alone By contrast, the 
Andhra villages consume only 19% of energy 
from mandate crops Rce is the preferred ce- 
real and contributes over 70% of the total en- 
ergy to the diet Sorghum provldes only 11% of 
the total dietary energy 

The Andhra preference for nce to sorghum 
is even more clear when the per lulogram 
(Table 7) and energy costs (Table 10) are com- 
pared Table 7 shows that per kilogram sor- 
ghum is indeed cheaper than nce in the 
Andhra villages Pnces shown in Table 7 repre- 
sent the average prices faced by households in 
each expenditure terhle Some foods (e g , sor- 
ghum in Maharashtra and nce in Andhra 
Pradesh) are offered by the state government 
at subsidized pnces, hence, for these goods the 
average prices in Table 7 represent a rmx of free 
market and subsidzed pnces In Andhra 
Pradesh, a hmted quanhty of rabon nce is 
available to most households at 3 5 rupees per 

lulogram (as opposed to roughly 4 8-5 6 ru- 
pees per lulo for market nce) The price of sor- 
ghum ranges from 2 8 to 3 8 Rs kg m the 
Andhra villages Subsidized nce is raboned, 
however, and the monthly allocahon is not 
enough to sustain a whole household Never- 
theless, it lowers the average price of energy 
from rice below the market price (even though 
rice remains shghtly more expensive 
than sorghum) Despite these cost differen- 
bals, the Andhras clearly prefer nce as thelr 
primary source of energy Table 10, however, 
shows the lulocalones of energy provlded per 
rupee of food expenditure at each locabon A 
companson among the grains Illustrates that 
sorghum and nullets (specifically pearl and 
finger mllets) provlde the cheapest source of 
energy at both locabons Sorghum, in fact, pro- 
vides 60-80% more calones per rupee than nce 
As an indicabon of the relabve 'effiaency' of 
consunung sorghum over nce, consider that 
roughly 2 8 rupees per day wl l  provlde the 
recommended daily allowance (RDA) for en- 
ergy from a sorghum-only diet in the Andhra 
villages Table 10 shows that in the Andhra vil- 
lages 1 rupee buys 1162 kcals of energy from 
sorghum The RDA for the reference person is 
2875 kcals Thus, 5 rupees wdl buy the RDA of 
2875 kcals, if only sorghum is consumed By 
contrast, 1 rupee buys only 711 kcals of energy 
from rice In the Maharashtra villages 1 rupee 
buys 1017 kcals of energy Thus, it costs 
roughly 2 5 rupees to purchase the RDA from a 
strictly sorghum diet By contrast, 5 rupees per 
day is needed to provide the RDA from nce 
Note that t h s  companson is provided only to 
illustrate the relahve cost of obta~ung energy 
from vanous food sources n s  companson 
does not imply that it is desirable for house- 
holds to consume a diet compnsed of only one 
food (e g , nce or sorghum) 

Finally Table 9 also shows that Maha- 
rashtrian diets are much more diversified than 
Andhran diets Both groups consume a large 
amount of energy from cereals, but the 
Maharashtnans draw more calones from 
pulses and coolung ingredients (sugar, 



Table 9 Household energy ~ntake (kcals adult equlvalenti dayi) by expend~ture terc~le and food group 

Expenditure tercile 

Food group 1 2 3 All 

Maharashtra vhlages 
Rice 
Sorghum 
Pearl mllet 
Flnger mllet 
Groundnut 
Pigeonpea 
Cluckpea 
Wheat 
Malze 
Non-mandate legumes 
M~lk/rmlk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/spices 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 

Andhra Pradesh vlllages 
Rice 1 773 1 713 
Sorghum 260 289 
Pearl rmllet 17 55 
Finger mllet 6 17 
Groundnut 78 88 
Plgeonpea 30 32 
Chlckpea 3 4 
Wheat 3 16 
Malze 0 0 
Non-mandate legumes 8 9 
Mdk/mlk products 60 62 
Meat/fish/eggs 9 11 
Other vegetables 25 26 
Fruit 2 9 
Sugar/spices 57 58 
Other oilseeds 6 27 
Green leafy vegetables 2 1 
Processed cereal foods 8 8 

All mandate cereals 283 361 
All mandate legumes 111 124 

All 2 344 2 408 

Source ICRISAT IFPRI Alternahve lndlcators vlllage survey 1992/93 



Table 10 Energy (kcals) purchased rupee by expend~ture terc~le and food group 

Food group 1 2 3 All 

Maharashtra vlllages 
R~ce 
Sorghum 
Pearl nullet 
F~nger rmllet 
Groundnut 
Pigeonpea 
Chckpea 
Wheat 
Ma~ze 
Non-mandate legumes 
M~lk/mlk products 
Meat/fish/eggs 
Other vegetables 
Fruit 
Sugar /spices 
Other o~lseeds 
Green leafy vegetables 
Processed cereal foods 
All mandate cereals 
All mandate legumes 
All 

Andhra Pradesh vlllages 

R~ce 
Sorghum 
Pearl rmllet 
Finger rmllet 
Groundnut 
Pigeonpea 
Ch~ckpea 
Wheat 
Ma~ze 
Non-mandate legumes 
M~lk/mlk products 
Meat/fish/eggs 
Other vegetables 
Fru~t 
Sugar/ sp~ces 
Other oilseeds 
G~een leafy vegetables 
Processed cereal foods 
All mandate cereals 
All mandate legumes 
All 

Source ICRISAT IFPRl Altemtlve lnd~cators village survey 1992/93 



groundnut oil, and spices) than the Andhras 
In the Maharashtra vlllages 14% of total di- 
etary energy is provided by legumes, 11% by 
mandate legumes, in Andhra Pradesh almost 
all of the 6% of energy provided by legumes is 
provided by mandate legumes In both areas 
the majonty of these calones are provided from 
groundnut (usually in the form of d b l e  oil) 

Recent evldence from NIN validates that 
these three patterns are representahve of cur- 
rent consumphon patterns in each state 
(NNMB 1993) TheNNMB surveys of 1990/91, 
for example, show that Andhra diets drew 
roughly 450 more calones from cereals than 
did Maharashtnan diets The NNMB reports 
that the average intake of cereals was 523 
grams m Andhra Pradesh and 390 grams in 
Maharashtra Assurmng an average calonc 
density of 3 5 kcal g I, t h s  leads to a difference 
of 465 kcal between the two areas that is attn- 
butable to cereals alone In addihon, the 
NNMB data also show sorghum emergng as 
the pnnclpal source of dietary energy in 
Maharashtra and nce as the dormnant source 
in Andhra Pradesh Intake informahon on 
other food groups supports the nohon that 
dlets are generally much more diverse in 
Maharashtra The NNMB data confirm that 
pulses, oil, and sugar consumphon in the Ten- 
State Study are substanhally hgher in 
Maharashtra than in Andhra 

Evidence drawn from ICRISAT's pnor 
study of these villages also indicates that these 
dietary patterns are part of a longstanding set 
of regonal dietary preferences An analysis of 
the dietary data collected from the same vil- 
lages in 1977/78 illustrates that households 
have long been dependent on cereal crops to 
meet the majonty of their energy needs (Table 
11) In Andhra Pradesh villages in 1977/78 
over 90% of all energy consumed was denved 
from cereals In contrast to the Andhras, the 
Maharashtnan diet was much more diversi- 
lied and contained greater quanhhes of pulses, 
groundnut, wheat, and mlk products Even so, 
59% of all energy consumed was shll denved 
from cereals 

Table 11 also shows the same striking differ- 
ence in mandate crop consumphon between 
the two study areas In Maharashtra, over 62% 
of total energy was denved from the mandate 
crops in 1977/78, with 43% from sorghum 
alone By contrast, in Andhra Pradesh, only 
19% of total energy was consumed from the 
mandate crops fice, by far, contributed the 
largest amount of energy, amounhng to over 
73% of total energy 

These data illustrate that diets in these areas 
have changed very little over the past 15 years 
Grains conbnue to be the dominant source of 
energy, with the Andhrans eahng mostly rice 
and the Maharashtnans eahng mostly sor- 
ghum The Maharashtnan diet, however, has 
proven to be more diverse, mncludmg larger 
quanhhes of legumes, dalry products, and 
wheat 

VII lron and vrtamln A assessing 
the role of mandate crops in 
prov~drng d~etary d~vers~ty 

The previous sechon illustrates that staple 
food preferences are dishnct in the two study 
areas, and that they resemble patterns ob- 
served in the late 1970s Energy conhnues to be 
provlded pnmanly by two cereals, sorghum 
and rlce each shourlng greater importance in 
differing repons But what about micro- 
nutnent intakes' The analysis of the 1977/78 
d~etary data showed that diets were hghly de- 
fiaent in carotene, vitamn C, Iron, and ribofl a- 
VII~ and that these dehciencles persisted 15 
years later Ths  secbon therefore examnes 
current levels of intake for two key mcro- 
nutnents, iron and vltamn A, together urlth 
the primary food sources for each 

lron 
Table 12 shows the pnnapal sources of d~etary 
iron at each locahon Total iron intakes are low 
at both locahons In addihon, disaggregahng 



Table 11 A comparison of household energy intakes (kcals adult equivalent I day1) In 1977178 and 
1992193, by location and food group 

Andhra Pradesh Maharashra 

Food group 1977/7g1 1992/932 1977/7g1 1992/932 

Rice 1 625 1 696 14 75 
Sorghum 211 269 816 1 028 
Pearl rmllet 119 41 0 16 
Flnger mllet 36 9 0 0 
Groundnut 51 93 192 140 
Pigeonpea 37 31 92 67 
Ch~ckpea 10 5 66 22 
Wheat 8 9 188 266 
Maize 0 0 101 47 
Non-mandate legumes 8 10 41 38 
M~lk/mlk products 32 74 61 53 
Meat/fish/eggs 24 10 2 5 
Other vegetables 20 26 16 20 
Fruit 0 5 6 9 
Sugar/sp~ces 18 63 280 166 
Other oilseeds 10 7 8 69 
Green leafy vegetables 1 1 I 5 
Processed cereal foods 1 8 1 13 
All mandate cereals 366 319 816 1 039 
All mandate legumes 98 129 350 229 
All 2 217 2 355 1 884 2 040 

1 Source ICRlSAT VLS dletary s w e y  1977/78 
2 Source ICRISAT IFPRI Alternahve indicators village survey 1992/93 

total intakes by sources of iron indicates that 
low intakes are due to a lack of diverse and nch 
sources of dietary iron Cereals, for example, 
are the main source of dietary iron in both ar- 
eas In the Maharashtra villages cereals pro- 
vide over 80% of total dietary iron, whle in the 
Andhra villages cereals provide over 70% of 
total iron The hrmted set of dietary sources is 
even more clear when the top iron food sources 
are idenbfied for each area Iron sources are 
notably concentrated in only a couple of foods 
sorghum and wheat in Maharashtra, and nce 
and sorghum m Andhra Pradesh In 
Maharashtra sorghum alone contributes ap- 
proxlmately 60% of total dietary iron, in 
Andhra Pradesh nce (32%) and sorghum 
(30%) provide roughly equal shares to the diet 
The preference for nce to sorghum in the 

Andhra villages has sigmficant imphcabons 
for dietary iron intake Mdled nce, for ex- 
ample contains approxlmately one-quarter of 
the iron that sorghum does (Gopalan et a1 
1994), as such, iron intake in the Andhra vil- 
lages is approxlmately half that found in the 
Maharashtra vlllages 

In developed countnes cereals are typically 
considered poor sources of dietary iron In t h s  
study regon, however, households consume 
such large quanbbes of cereals (and such small 
quanhhes of iron-nch foods) that cereals be- 
come the greatest contributor of iron By con- 
trast, foods that are known to be iron-nch (e g , 
green leafy vegetables) provide insigmficant 
quanhhes of dietary iron 

The lack of diverse iron sources also means 
that the iron-income relahonslup follows the 



Table 12 Sources of dfetary Iron (mg adult equlvalenti day') by expenditure terc~le and food group 

Expenditure tercile 

Food group All 

Maharashtra v~llages 
Rlce 
sorghum 
Pearl rmllet 
Finger rmllet 
Groundnu t 
P~geonpea 
Chckpea 
Wheat 
Maue 
Non-mandate legumes 
Mllk/rmlk products 
Meat/fish/eggs 
Other vegetables 
Frul t 
Sugar/sp~ces 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 
All mandate cereals 9 83 
All mandate legumes 0 88 

All 17 27 

Andhra Pradesh vdlages 
R~ce 
Sorghum 
Pearl nullet 
F~nger rmllet 
Groundnut 
P~geonpea 
Ch~ckpea 
Wheat 
Malze 
Non-mandate legumes 
M~lk/nulk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/splces 
Other oilseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 2 89 4 13 3 36 3 46 
All mandate legumes 0 23 0 27 0 31 0 27 

All 7 99 9 76 8 28 8 68 

Source ICRISAT lFPRl Altemahve lndlcators v~llage survey 1992/93 



same pattern as the energy-income pattern 
Table 12, for example, indicates that iron in- 
takes are fairly constant across income groups 
The invanance of iron intakes to changes in in- 
come is a direct consequence of the fact that 
meats (a very nch source of dietary iron) are 
not widely consumed for cultural reasons The 
means shown in Table 12 indicate that meat 
consumpbon remains low at all income levels 
By contrast, cereals are the main source of iron 
and their intakes do not nse dramabcally with 
income level Therefore, dietary iron does not 
nse mth  increases in income at either locahon 

The effect of relying so heavlly on staple 
foods differs according to staple crop prefer- 
ences Because iron consumpbon is concen- 
trated in cereals (and cereals provide the ma- 
jonty of total energy) some mirumalamount of 
iron wll  always be consumed However, the 
lack of diverse iron sources places the nce-con- 
surmng areas at a relahve disadvantage in 
terms of iron nutnhon In Andhra Pradesh, 
households strongly prefer nce to sorghum As 
such, households wll always prefer to con- 
sume a gram that is relahvely iron-poor Fur- 
thermore, so long as nce is subsidized in 
Andhra Pradesh, households w11 conhnue to 
choose nce over sorghum, even though sor- 
ghum is a far ncher source of iron 

Th~s  situahon is in contrast to that in the 
Maharashtnan villages where diets are pnncl- 
pally dependent on sorghum and to a lesser 
extent on wheat In cornpanson to nce, both of 
these crops are relahvely iron-nch and as a re- 
sult, subshtuhng one for another does not have 
an adverse effect on uon consumphon Hence, 
even as sorghum pnces nse, households re- 
spond by increasing consumphon of low-qual- 
ity sorghum, increasing wheat purchases, or 
reduclng purchases of non-staple foods Iron 
consumphon therefore remains relahvely 
stable 

Table 13 illustrates the cost of dietary iron 
from vanous food sources The figures are not 
adjusted for hfferent levels of bioavailability 
between heme and non-heme iron sources 
Adjushng the meat entnes for the hgher 

bioavailability of heme iron in meat products, 
however, would shll not change the finding 
that coarse grains are the cheapest source of 
dietary iron Under the assumphons that heme 
iron is 20-30% bioavailable and non-heme iron 
is 5% bioavailable, meat products are shll an 
expensive source of bioavailable iron In the 
Maharashtra villages green leafy vegetables 
(GLVs) provlde a relabvely cheap source of 
iron By contrast, GLVs are fmly expensive 
sources of iron in the Andhra villages The dif- 
ference in the relahve cost of dietary iron from 
GLVs between these areas is large and is due 
to (1) the consumpbon of such hghly iron-nch 
vegetables as shepu in Maharashtra, and (2) 
the relabve availability of GLVs in the 
Maharashtra vlllages versus the Andhra vil- 
lages These differences also suggest sigruh- 
cant possibihhes for improvlng horbculture 
enterpnses in the Andhra vlllages and thus 
malung GLVs a more reasonably-pnced source 
of dietary iron 

In terms of ICRISAT mandate crops, Table 
13 illustrates that sorghum and mllets are also 
cheap sources of iron IWlets, however, are m 
infenor staple food and are rarely consumed in 
these areas Again, the Mahrastrans appear to 
be at an advantage in terms of acqmnng rea- 
sonably-pnced iron from their preferred cere- 
als In Maharashtra, for example, the iron RDA 
(28 mg) can be purchased for roughly 2 4 ru- 
pees per day from sorghum alone Thus, 
households that are capable of meehng their 
energy needs from a sorghum-based diet (at a 
cost of about 2 5 rupees per day) w~ll  meet 
their iron requirements in the process l lus  
situahon, however, is in contrast to that faced 
by nce-consumng households Table 13 indi- 
cates that nce ranks as one of the more expen- 
sive sources of iron Yet, because so much nce 
is consumed in Andhra Pradesh, nce is shll the 
principal source of iron in these villages Table 
6 demonstrates that low-income households in 
Andhra Pradesh spend approximately 3 5 ru- 
pees per capita per day on food Table 13 
shows that households in the lowest expendi- 
ture terclle obtan only 1 5 mg of iron per rupee 



Table 13 Iron (mg) purchased rupee by expend~ture terc~le and food group 

Expenditure terc~le 

Food group 

Maharashtra vlllages 
Rlce 
Sorghum 
Pearl rmllet 
Finger rmllet 
Groundnut 
Plgeonpea 
Chlckpea 
Wheat 
Malze 
Non-mandate legumes 
MiIk/rmlk products 
Meat/fish/eggs 
Other vegetables 
Fruit 
Sugar/splces 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 

Andhra Pradesh villages 
Rice 
Sorghum 
Pearl rmllet 
Finger nullet 
Groundnut 
Pigeonpea 
Cluckpea 
Wheat 
Maize 
Non-mandate legumes 
M~lk/rmlk products 
Meat/fish/eggs 
Other vegetables 
Frult 
Sugar/sp~ces 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

A11 

3 All 

Source ICRISAT IFPRl Altemahve ~ndlcators vlllage survey 1992/93 
1 At the tlme of the study 1 rupee (= 100 paee) = 0 03 USD 



spent on nce Thus, it is mrtually impossible 
for the lowest income group to obtain the iron 
RDA on their predomnantly nce-based diets 
Clearly efforts to increase the availability of 
reasonably-priced iron-nch GLVs in these ar- 
eas are much needed 

Carotene 

Table 14 disaggregates carotene sources by 
food group Perhaps the most stnlung result 
from ths  table is that carotene intakes are so 
low In the Andhra villages average intakes of 
carotene total about one-fifth of requirements, 
in the Maharashtra vlllages average intakes 
approach two-fifths of reqrurements Beyond 
ths, however, it is noted that in Andhra 
Pradesh carotene is mostly derived from veg- 
etables (leafy and otherwise), whle in 
Maharashtra carotene is mostly denved from 
GLVs Leafy vegetable consumption is also 
much greater in the Maharashtnan villages 
than m the Andhra villages DsaggregatIng 
Table 14 by mllage reveals substanbal vlllage- 
level differences in carotene food sources be- 
tween the two Maharashtnan villages Specih- 
cally Table 15 shows that GLVs are far more 
important sources of carotene in Shrapur than 
in any other vlllage In fact, in Kanzara, caro- 
tene consumpbon from GLVs more closely fol- 
lows the pattern displayed in the Andhra vll- 
lages Kanzara, however, IS umquely dishn- 
guished from the other villages in that h t  
consumpbon contributes sigmficantly to total 
carotene intakes The Andhra villages, by con- 
trast, show patterns of consumphon that are 
consistent with each other low levels of caro- 
tene intake mth  only modest increases be- 
tween the lowest and lughest income levels 
comng from rmlk and leafy vegetables These 
findings are broadly consistent w t h  those re- 
ported in Ryan et al (1984) and suggest again 
that dietary patterns have not changed drash- 
cally dunng the intervemng 15 years 

Table 16 shows the carotene cost by food 
group, expenditure terale, and locabon In the 
Maharashtnan villages GLVs are exceptionally 

cheap sources of carotene, less than 15 paise 
(approximately 0 005 USD) is needed to pro- 
vide the recommended daily allowance for the 
reference person (2400 mg) In the Andhra vil- 
lages GLVs are tmce as expensive, but are st111 
fairly cheap sources of carotene Less than 30 
paise are needed to buy the recommended 
daily allowance Clearly cost is not the reason 
for low intakes in these areas 

In t h s  sechon, nutnent intakes are disaggre- 
gated by round to explore the seasonal fluctua- 
t~ons in energy, iron, and carotene Because of 
the interacbve effect between iron bio- 
availability and vitamn C intake, seasonal 
fluctuabons in vitamn C are also presented 

Table 17 shows the percentage of house- 
holds consunung less than 70% of require- 
ments by survey round and by locahon The 
first round represents the rainy, cropping sea- 
son, the second represents the postrainy crop- 
ping season, and the thrd round represents the 
hot, dry summer season Table 17 Illustrates 
that fluctuahons in nutnent intakes are greater 
in the Maharashtnan vlllages than in the 
Andhra mllages In Andhra Pradesh, energy, 
iron, carotene, and vitamn C intakes are rela- 
bvely stable over bme, although iron, carotene, 
and vitamn C levels are persistently low JA- 
ets, however, appear to be energy-adequate 
throughout the year, most likely due to the 
state-wide program that provides rahoned 
quanbhes of subsidized rice Because of t h s  
preference for nce together with the low levels 
of GLV consumphon, the percentage of house- 
holds consurmng inadequate iron intake levels 
remains h g h  throughout the year Finally, 
there is some seasonal vanabon m vltamn C 
intakes, but the percentage of households with 
low intakes is shll h g h  in every season 

The Maharashtnan villages display far 
more seasonality in nutrient intakes Energy 
intakes, for example, are much less stable over 



Table 14 Source of d~etary carotene (mg adult equlvalentl day1), by expend~ture terctle and food group 

Expendlhue tercile 

Food group All 

Maharashtra v~llages 
Rlce 
Sorghum 
Pearl rmllet 
Finger mllet 
Groundnu t 
Plgeonpea 
Chckpea 
Wheat 
Maize 
Non-mandate legumes 
Milk/mlk products 
Meat/fish/eggs 
Other vegetables 
Fru~t 
Sugar/splces 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 
All mandate legumes 

All 

Andhra Pradesh vdlages 
Rlce 
Sorghum 
Pearl millet 
Flnger mllet 
Groundnut 
Pigeonpea 
Chckpea 
Wheat 
Malze 
Non-mandate legumes 
Mllk/mlk products 
Meat/fish/eggs 
Other vegetables 
Fmt 
Sugar/sp~ces 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 

All mandate cereals 29 2 
All mandate legumes 10 1 

All 463 0 
- - -  

Source ICRISAT IFPRl Altematlve ~ndicators villane survey 1992/93 



Table 15a Food sources of carotene (mg) by expend~ture terc~le and food group, Maharashtra 
vlllages 

Expenditure terclle 

Food group 1 2 3 All 

Shirapur village 
Rice 
Sorghum 
M11Iets 
Other cereals 
Pulses 
Mllk 
Other vegetables 
Frult 
Cooking Ingredients 
Meat 
Green leafy vegetables 
All vegetables 

Total 

Kanzara vdlage 
Rice 
Sorghum 
Millets 
Other cereals 
Pulses 
Mllk 
Other vegetables 
Fmt  
Cooklng ingredients 
Meat 
Green leafy vegetables 
All vegetables 

Total 708 767 1 023 745 

Source ICRISAT/IFPRI Alternative mdicators village survey 1992/1993 

bme Undoubtedly, t h s  is due to a number of 
reasons, but it is clear that the state's system of 
safety-nets has not been successful in stabiliz- 
ing energy intakes The Maharashtra state food 
subsidy scheme provldes subsidized sorghum 
but consumers complain that the quahty of 
sorghum is poor and that supplies are errabc 
Simlarly, the Employment Guarantee Scheme 
(EGS) is not able to provlde work for all that 
need it With the lack of effechve safety-nets, 
the seasonality of energy intakes therefore fol- 

lows the cycle of major harvests m the regon 
In Shrapur the man  harvest is that of the 
postrainy season and the percentage of house- 
holds falhng below 70% of requirements is 
lowest then In Kanzara the main harvest oc- 
curs m the rainy season and the percentage of 
households consurmng low energy diets is 
lowest then Because iron intakes are so closely 
bed to staple crop consumphon, iron intakes 
follow the same pattern as energy intakes 

Carotene and vltarmn C adequacles follow 



Table 15b Food sources of carotene by expenditure terclle and food group, Andhra Pradesh v11- 
lages 

Food group 1 2 3 All 

Dokur ullage 
Rice 0 0 0 0 
Sorghum 27 33 28 29 
Millets 1 4 1 2 
Other cereals 0 1 1 1 
Pulses 14 15 21 17 
Milk 108 96 146 11 7 
Other vegetables 100 133 108 114 
Fruit 48 1 21 23 
Coolung ingredients 6 5 7 6 
Meat 31 30 24 28 
Green leafy vegetables 144 231 264 213 
All vegetables 245 364 371 327 

Total 477 549 619 548 

Aurepalle vlllage 
Rlce 
Sorghum 
Mlllets 
Other cereals 
Pulses 
Mllk 
Other vegetables 
Fruit 
Coolung mgred~ents 
Meat 
Green leafy vegetables 
All vegetables 

Total 347 291 588 546 

Source ICRISAT/IFPRI Altemahve ~nd~cators vlllage survey 1992/1993 

seasonal trends in Maharashtra, but even wth 
seasonal 'dlps" in consumpbon, the average 
Maharashtrian household is almost always 
better off than that m Andhra Table 14 showed 
substanhally hgher mtakes of carotene from 
vegetables and fruits in the Maharashtrlan 
villages Correspondingly Table 17 ~llustrates 
that carotene and wtanun C adequacles follow 
the seasonal avadabihty of the major food 
sources m t h n  each village Leafy vegetables, 
for example, are the major source of carotene 
and ~ t a r m n  C m Shapur and adequacy levels 

26 

are correspondmgly hghest durrng the postrmy 
season Smlariy in Kanzara carotene adequacy 
levels improve dunng the postrany season, but 
Improve even further in the summer season 
when mangoes are available in the mllage VI- 
tamn C adequacy, however, improves in the 
postrainy season due to increased vegetable 
consurnphon and then drops agaln dunng the 
summer 

In short, the Andhra mllages appear to suffer 
from more persistent levels of low mcronutnent 
mtakes The Maharashtnan vrllages on the whole 



Table 16a Carotene (mg) purchased rupee I by expend~ture terc~le and food group, Maharashtra 
villages 

Food group 1 2 3 All 

R~ce 0 0 0 0 
Sorghum 178 135 101 137 
Pearl rmllet 318 0 349 334 
Flnger mllet 0 0 0 0 
Groundnut 17 22 0 19 
P~geonpea 435 442 179 373 
Cluckpea 119 114 101 11 3 
Wheat 38 39 40 39 
Ma~ze 232 223 220 222 
Non-mandate legumes 74 76 29 70 
M~lk/mlk producfs 270 338 342 326 
Meat/fish/eggs 1 030 1 285 1 012 1 122 
Other vegetables 1 514 2 115 710 1 427 
Fruit 3 557 3 595 3 389 3 549 
Sugar/spices 240 233 294 256 
Other ollseeds 600 559 487 576 
Green leafy vegetables 20 712 19 170 22 084 20 953 
Processed cereal foods 11 9 8 10 

All mandate cereals 186 135 115 144 
All mandate legumes 373 395 161 327 

All 8 097 10 343 14 601 11 480 

Source ICRISAT IFPRI Altematwe lndlcators nllage survey 1992/93 

consume &ets poorer in energy intake, but ncher 
in iron, carotene, and vltamm C Although the 
Maharashtnans have hgher rmmnutnent m- 
takes, they experience seasonal swngs m mtakes 
of almost all the nutnents of Interest The 
Andhrans, by contrast, eat a Qet w t h  hgher en- 
ergy mtake, but very poor in mcronutnents 
Thus, the Intakes of all mcronutnents of Interest 
are low m any season and any locahon 

IX D~etary protein quant~ty but 
not qual~ty? 

Legumes are generally considered a good 
source of dietary protein It is therefore appro- 
pnate to discuss the role that ICRISAT man- 
date crops play in providing dletary protein 

Table 4 indicates that people hmng at both 
locabons are consumng farly suffiaent quan- 
hbes of protein Table 18 disaggregates the pro- 
tein intakes by source for each locabon The 
pattern for protein consumpbon is very s~mla r  
to that shown for energy, the vast majonty of 
protein is denved from cereals In Andhra 
Pradesh most protein is obtained from nce and 
in Maharashtra most is from sorghum A very 
low percentage of protein is denved from 
legumes in all vlllages 

Protein adequacy, however, is assessed by 
the quahty of the protein consumed m addition 
to the quanbty consumed Pulses, for example, 
are nch in amno aads (such as lysine) that are 
not present in most cereals For t h s  reason, 
NIN suggests that the proportion of cereal to 



Table 16b Carotene (mg) purchased rupee by expend~ture temlle and food group, Andhra Pradesh 
v~llages 

Expenditure tercile 

Food group 1 2 3 All 

Rice 0 0 0 0 
Sorghum 159 156 157 157 
Pearl rmllet 442 469 456 460 
F~nger nullet 160 160 158 159 
Groundnut 23 25 24 24 
Pigeonpea 77 75 74 76 
Chickpea 107 103 106 106 
Wheat 48 58 41 51 
Maize 0 0 0 0 
Non-mandate legumes 36 98 127 96 
Milk/rmlk products 414 452 320 390 
Meat/fish/eggs 1 262 1 172 1 209 1 220 
Other vegetables 804 1 028 942 928 
Frult 4 735 3 103 4 782 4 422 
Sugar/spices 227 205 231 222 
Other oilseeds 29 35 35 33 
Green leafy vegetables 9 950 7 297 9 099 8 812 
Processed cereal foods 7 6 8 7 

All mandate cereals 197 
All mandate legumes 79 

All 3 819 

Source ICRISAT IFPRI Alternahve d~ca tors  village survey 1992/93 

pulse should not exceed 6 1 to ensure a proper 
balance of protein qual~ty (Gopalan et a1 1994) 
In the Maharashtnan vlllages, the cereal to 
pulse consumphon was roughly in a 8 1 raho, 
hgher than the recommended levels Two 
mandate legumes, chckpea and pigeonpea, 
compnse the majonty of pulse consumphon 
These legumes, despite their relahvely meager 
contnbuhon to overall energy intakes, do 
play a valuable role in providing an essenhal 
armno acid to the d ~ e t  In the Andhra Pradesh 
villages, chckpea, pigeonpea, and all other 
legumes are eaten relabvely spanngly in com- 
parison to the Maharashtra villages As a re- 
sult, the cereal to pulse raho is roughly 25 1, 
far below the raho suggested by NIN l h s  
finding would Imply that Andhrans are most 

hkely deficient in lysine, the essenhal amno 
aad  found in pulses 

The patterns shown in the 1992/93 study 
are somewhat simlar to those found by Ryan 
et a1 (1984) 15 years earlier More speafically, 
in 1977/78 the Maharashtra vlllages consumed 
a hgher proporbon of pulses than the Andhra 
villages In 1977/78 the cereal pulse raho 
was 11 1 in Akola distnct and 16 1 in Sholapur 
distnct In the Andhra villages it was only 35 1 
in Aurepalle and 25 1 in Dokur Pulse to cereal 
consumpbon rahos have cerhnly improved 
dunng the interverung years, but it is clear that 
the pattern between repons is shll very simlar 
Research achvlhes that Increase the availabil- 
ity of pulses to consumers in both areas are 
therefore warranted 
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Table 17 Percentage of households consuming <70% of requ~rements by vlllage, round, and 
season 

Andhra Pradesh Maharashtra 

Dokur Aurepalle Shrapur Kanzara 

Energy 
Rainy 
Postrainy 
Summer/early ralny 

Iron 
Rainy 
Postrainy 
Summer/early rainy 

Carotene 
Rainy 
Postrainy 
Summerfearly rainy 

Vitamn C 
Rainy 81 63 78 91 
Postrainy 82 83 60 68 
Summer/early ralny 93 86 83 96 

Source ICRISAT IFPRI Alternahve indicators vl l la~e survw 1992/93 

The objechve of t h s  study was to invesbgate 
consumpbon patterns for two areas of the In- 
&an SAT and to discuss the imphcabons for 
technology development Parhcular emphasis 
was therefore placed on the consumphon of 
key nutrients and their relabonshp to 
ICRISAT mandate crop consumpbon The nu- 
tnent adequacies of energy, iron, and carotene 
were exarmned in greater detail as these nutn- 
ents are of great pubhc health sigmficance in 
India (ACC/SCN 1992) Protein is also bnefly 
discussed since the mandate legumes are po- 
tenhal sources of essenbal armno aads 

One of the most stnhng findings from ths  
study is the level of undernutnhon that exlsts 
in the study areas Detary patterns are very 
different in the two regons studied Both ar- 
eas, however, display deficienaes in almost all 
of ten essenhal nutrients, most notably energy, 

iron, and carotene Energy intakes are certainly 
low, but even greater deficlenaes are apparent 
in two key micronutnents iron and carotene 
'Ihs pattern of defiaencies is supported sol- 
idly by research conducted in the same villages 
15 years earlier (Ryan et a1 1984) Although 
adequacy levels have nsen sigruficantly, they 
remain very low It 1s remarkable how httle 
progress there has been in improving nutn- 
bonal intakes dunng the intervemng years 

The low levels of iron and carotene intake 
are no doubt due to the fact that diets conbnue 
to be monotonous and heavily dependent on 
cereals In both areas cereals provlde over 60% 
of all calones consumed In fact, most dietary 
energy is denved from a single staple food, in 
the Maharashtra vlllages the staple food is sor- 
ghum, in the Andhra villages it is rice Further- 
more, diets are prachcally devoid of any iron- 
nch meats Green leafy vegetables are infre- 
quently eaten in most of the study villages 



Table 18 Sources of d~etary protein (g proteln adult equlvalentl day1) by expendrture tercile and 
food group 

Expenditure tercile 

Food group 1 2 3 All 

Maharashtra villages 
Rlce 
sorghum 
Pearl mllet 
Finger mllet 
Groundnut 
P~geonpea 
Chckpea 
Wheat 
Maize 
Non-mandate legumes 
Milk/mlk products 
Meat/fish/eggs 
Other vegetables 
Frul t 
Sugar/sp1ces 
Other o~lseeds 
Green leafy vegetables 
Processed cereal foods 
A11 mandate cereals 
All mandate legumes 

All 

Andhra Pradesh vdlages 
Rice 
Sorghum 
Pearl rmllet 
Flnger nullet 
Groundnut 
Pigeonpea 
Chickpea 
Wheat 
Maize 
Non-mandate legumes 
Mllk/nulk products 
Meat/ fish/eggs 
Other vegetables 
Frult 
Sugar/sp1ces 
Other ollseeds 
Green leafy vegetables 
Processed cereal foods 
All mandate cereals 
All mandate legumes 
All 

Source ICRISAT IFPRI Alternative lndlcators village survey 1992/93 



The ICRISAT mandate crops play a vanable 
role in determmng the nutrient m x  of diets in 
the study vlllages In the Maharashtra vlllages, 
for example, sorghum provides over 50% of all 
calones and iron consumed Sorghum also pro- 
vides the majonty of protein to the diet Protein 
adequacy, however, is assessed by both the 
quanbty and the quahty of the protein con- 
sumed Cereals may provlde the bulk of pro- 
tein consumed, but pulses are rich in lysine, an 
essenbal amno acid that is lachng in most ce- 
reals Since cereals and pulses are relabvely 
low-cost sources of protein, India s NIN has 
provlded a recommended raho of cereal to 
pulse consumpbon of not less than 6 1 to en- 
sure a proper balance of protein quality 
(Gopalan et a1 1994) In the Maharashtnan vil- 
lages cereals and pulses are consumed in a ra- 
ho of 8 1 Two mandate legumes, chckpea and 
pigeonpea, compnse the majority of the pulse 
consurnpbon These two legumes therefore 
play a valuable role in providing an essenhal 
amno aad, although they contribute relahvely 
httle energy to the total diet 

Sorghum is also a sigruficant source of caro- 
tene in the Maharashtnar villages Although it 
is not typically considered a rich source of vlta- 
rmn A, sorghum has become a major food 
source of carotene in t h s  area since it is eaten 
so frequently and in such large quanhbes 
Note, however, that t h s  finding is more a testa- 
ment to the very carotene-deficient diets in ths  
area rather than proof of sorghum as an excel- 
lent (or recommended) source of carotene The 
essenbal lesson to extract from t h s  is that 
households do depend on sorghum for dietary 
carotene, but only because consumphon of 
truly carotene-rich foods (such as leafy veg- 
etables and arumal products) is so low 

In contrast to the Maharashtnan vlllages, 
the Andhra diet is much less dependent onany 
of the mandate crops Undoubtedly th s  is be- 
cause nce is the cluef staple in t h s  area But the 
mandate crops do make a valuable contnbu- 
hon to the diet in terms of iron consumphon 
Sorghum, finger mllet, and pearl mllet to- 
gether provide over 40% of total dietary iron, 

although their consumpbon represents only 
13% of all calones By contrast, nce provides 
only 30% of dietary iron although it provldes 
over 70% of total calones The reasons for the 
h g h  contnbubon from mandate cereals are 
twofold Firstly sorghum contans four hmes 
more iron than nce, pearl mllet and finger ml- 
let provlde approximately five hmes more 
Secondly the Andhra diet is also devoid of 
iron-nch meats and leafy vegetables As a re- 
sult, the coarse grains become a major con- 
tributor of dietary iron The sigmficance of 
these mandate cereals to dietary iron, however, 
should not be rmsinterpreted The Andhran 
diet is relabvely devoid of iron-nch foods and 
it is not reasonable for Andhrans to meet their 
iron requtrements by increasing the consump- 
bon levels of any of the mandate crops The 
bioavailabihty of iron from these foods is ex- 
tremely low and consumphon of iron from 
more iron-nch foods should be encouraged In 
terms of the mandate legumes, chckpea and 
pigeonpea are eaten relahvely spanngly As a 
result, the cereal pulse rabo is roughly 25 1, far 
below the rabo suggested by NIN 

The dietary patterns displayed in the study 
indicate that the mandate crops do play an im- 
portant role in the diets of the rural poor In 
addibon, diets are currently inadequate mth  
respect to several nutrients, specifically energy, 
iron, and vltamn A What then is the role of 
techrucal change in improving these diets7 The 
changes in nutrient intakes that occur with ns- 
ing incomes provlde some clues to guide 
ICRlSAT s search for "nutnbon-fnendly ' re- 
search strateges Note, for example, that en- 
ergy and iron intakes are not responsive to in- 
creases in income In addihon witlun each lo- 
cahon, the m x  of cereals consumed does not 
vary much across income groups Rather, 
households tend to consume the same m x  of 
cereals, neither increasing nor decreasing the 
energy intake from any single cereal Increases 
in income lead instead to purchases of more ex- 
pensive grades of staples These two pieces of 
informahon taken together, suggest that per 
capita consumpbon of these staple foods 



should not be expected to nse with incomes 
With respect to the conhnuing research on 

mandate crops, ths  finding yields one very 
clear point grain quality is important even to 
poor consumers The expenditure pattern in 
the Maharashtra villages clearly indicates that 
wealther households choose to purchase more 
expensive grades of sorghum, pigeonpea, and 
chrckpea, rather than purchasing more at the 
same pnce Thus, it appears that consumers 
have a keen understanding of the charactens- 
bcs they want in staple foods, and are wilhng 
to pay for them Quahtahve intermews wth  
villagers in Aurepalle and Shrapur revealed 
an acute awareness of quality differences in the 
available cereals Ths finding underscores the 
need for saenbsts to be keenly aware of pre- 
ferred vanetal attributes It also suggests that 
saenhsts should focus as much on idenhfymg 
and produang these attributes as on increas- 
ing ylelds 

Aside from the issue of grain quality, the 
seasonably of energy consumphon in the 
Maharashtra villages implies that technology 
development can play a role in deterrmmng 
energy and iron adequacy More speclhcally, 
iron and energy intakes are shown to fluctuate 
with the sorghum harvest As such, intakes are 
likely to be more stable if ylelds could be (1) 
stabihzed across years, and (2) increased dur- 
ing the main sorghum season (thus promding 
more storage sorghum for "off-seasons ') The 
sigruficant contnbubon of sorghum to iron in- 
takes in the Andhra villages also indicates that 
yleld stability may also improve dietary iron 
intakes Hence, wlth respect to improving en- 
ergy and iron intakes, it appears that the strat- 
egy of yleld enhancement and stabilizahon is a 
nutnhon-fnendly goal for sorghum research 
In areas where sorghum is not the domnant 
cereal crop (for example western Rajasthan), 
simlar studies might be completed to deter- 
mne  the relabve importance of the same re- 
search on pearl d e t  or finger mllet Note, 
however, that these efforts wll  merely stabihze 
current levels of iron intakes Sigruficant im- 
provements in iron intakes wll reqmre greater 

consumphon of iron-nch foods and comple- 
mentary efforts in forhficahon, supplementa- 
hon, and nutnbon educahon Closing the iron 
gap will therefore be hghly dependent on ef- 
forts outside of agriculture 

The income-energy and income-carotene 
relahonshps also contain valuable informa- 
bon about the potenbal for mandate crop re- 
search to have an impact on carotene intakes in 
the Indian SAT Sorghum and pigeonpea are 
sigruficant contributors to total carotene intake 
in both areas As suggested before, tlus finding 
is somewhat surprising gven the relabvely 
low levels of carotene present in each Never- 
theless, the hgh  consumpbon of sorghum in 
Maharashtra makes it a dominant source of 
carotene, equivalent in importance to GLVs In 
Andhra Pradesh, the near absence of any caro- 
tene-nch foods also makes sorghum and 
pigeonpea relahvely important sources of 
carotene (despite their lower intakes relabve to 
the Maharashtra villages) Although sorghum 
is a pnme source of carotene in the study areas 
there is httle potenbal for increasing carotene 
intakes through increased sorghum consump- 
hon Since energy intakes are not responsive to 
increases in income it is unreasonable to be- 
heve that sorghum consurnphon (and hence 
carotene intakes) will nse with increased in- 
come 

Carotene, however, is more densely distnb- 
uted in fruits and vegetables than in staple 
foods In Maharashtra, carotene intakes from 
fmts  and vegetables are responsive to changes 
in income and should therefore rise if income- 
generahng schemes are successful in raising 
rural incomes, but the potenbal for increasing 
carotene intakes through such programs 
appears to be limited For example, in 
Maharashtra a 170% increase in income (from 
the bottom tercile to the top) increases carotene 
to only 55% of the RDA In the Andhran vil- 
lages the story is much worse, carotene intakes 
do not appear to be responsive to increases in 
income A 125% increase in income (from the 
bottom to the top income tercile) increases 
carotene intakes to only 22% of the RDA 



Clearly, efforts to improve carotene Intakes 
wl l  require more focused iruhahves, many of 
whch wl l  requlre shlls outside of ICRISAT s 
comparahve advantage The primary tools 
available for increasing carotene intakes in- 
clude supplementahon, forhficahon, and nu- 
trihon educahon With vltarmn A, however, 
forhficahon remans difficult Sugar, nce, and 
some specialty foods (e g ,  sweetened con- 
densed mlk and monosodium glutamate) 
have been forhfied in other countries but have 
not been tned on a widespread scale in India 
Simlarly, supplementahon through megadose 
capsules has not found wdespread support 
w ~ t h n  the nutnhon commuruty in India 
Trowbndge et a1 (1993) report that the success 
of capsule supplementahon programs has 
been uneven across the country Reasons for 
poor coverage include inadequate supplies of 
vltmain A supplements, lack of coordinahon 
between health professionals, distnbuhon of 
doses only through chrucs, and lack of commu- 
ruty awareness Capsule supplementahon is 
hghly controversial in India Although many 
scienhsts argue that vitarmn A megadose cap- 
sules reduce both chld mortality and vitamn 
A defiaency (Somrner and West 1996), other 
influenhal scienhsts such as Gopalan beheve 
that more effort should be placed on raising 
consumphon of locally available vltamn A- 
nch foods (Sudhr 1992) Advocates of food- 
based intervenhons maintain that they they are 
more sustanable than capsule programs as 
they do not require dependence on capsule 
doners In addihon, they more directly address 
the root problem of dietary defiaencies 

In the absence of vlable supplementation or 
forlhcahon efforts, nutnhon education and hor- 
ticulture programs become the focus for pohcy 
makers Leafy vegetables are currently the 
cheapest source of carotene avalable in the study 
areas However, due to both a lack of avalabihty 
and a lack of awareness about carotene requre 
ments, leafy vegetables are consumed mfre- 
quently Efforts to increase carotene intakes 
through nutnhon educabon servlces wll depend 
heady on efforts to increase home gardemng 

The literature, however, is mxed regardrng 
the success of t h s  approach A recent study in 
Indonesia indicated that beta-carotene-rich 
food supplements (such as sweet potato and 
dark green leafy vegetables or DGLVs) in com- 
binahon w t h  dietary fat supplements and de- 
womung sigruficantly improved vltarmn A 
status among preschool chldren (Jalal1995) 
However, there is some queshon as to whether 
the source of carotene may have played a sig- 
mficant role in the absorphon of beta-carotene 
Another study from Indonesia suggested that 
increasing the consumphon of DGLVs was not 
enough to show visible improvement in the se- 
rum vltarmn A status among breastfeeding, 
anemc women (de Pee et a1 1995) Rather, in- 
creases were found in women who had re- 
ceived a beta-carotene ennched wafer instead 
of the DGLVs wthn SouthAsia, many orgaru- 
zahons conhnue to expenment w t h  horhcul- 
ture programs, but the success of these pro- 
grams is mxed (see for example, IVACG Secre- 
tariat 1998) 

An intereshng alternahve involves a form of 
natural forhficahon ' In t h s  scenano, saen- 

hsts would breed a commonly consumed food- 
stuff, presumably a food grain, to contain 
hgher quanhhes of micronutnents that are in 
short supply in the regular diet f i s  strategy 
does not fall in the tradihonal venue of 'yleld 
enhancement s t rate~es as it clearly puts 
'natural forbficahon' (though breeding) as the 
pnonty achevement for breedlng research 
Recent assessments by Graham and Welch 
(1996) suggest that t h s  strategy holds great 
potenhal for improving mcronutnent intakes 
among the poor I-hwever a great deal of con- 
troversy surrounds the probabihty for success 
of such a research venture Opponents suggest 
that t h s  strategy wl l  r e p r e  sigruhcantly long 
lead hmes to produce vanehes that overcome 
the many produchon constraints in resource- 
poor areas such as the Indran SAT (Ito et a1 , 
personal commurucahon 1995) Condibons 
may also vary among mcro-chmates, mabng 
it unhkely that a single vanety would be suc- 
cessful in diverse areas For tlus approach to be 



successful, sigruficant resources need to be in- 
vested in breeding research, with benefits ex- 
pected only after 15-20 years Ths alternahve 
is therefore a long-term approach toward in- 
creasing rmcronutnent intakes, and is not ex- 
pected show benefits in the near future How- 
ever, aside from engagng in horhculture re- 
search, ths  alternahve is one of the most pro- 
achve ways in whch ICRISAT could 
strengthen its c o m t m e n t  to research on agn- 
culture-nutnhon hnkages An ex-ante evalua- 
hon of these efforts would indicate if h s  re- 
search investment was warranted 

Without t h s  formal evaluahon, it appears 
that yleld enhancement and yleld stabhzation 
strategtes conhnue to be ICRISAT's most 
nutnhon-fnendly' approach toward breed- 

mg Held stabilizahon, for example, can help 
improve the seasonahty of intakes that is expe- 
nenced in areas where mandate crops are the 
pnmary source of energy or iron Yield en- 
hancement can lower food costs to consumers, 
and improve the produchvity and profits to 
farmers Th~s in turn leads to increased pur- 
chasing power for foods that are nutnhonally 
more diverse 

We must also be reahshc about the nutn- 
honal goals that can be acheved through tech- 
nologcal development of the mandate crops 
In the short-to-medium term, the hnks be- 
tween agncultural research and mcronutnent 
nutnbon appear to be mediated through horb- 
culture rather than through staple crop pro- 
ducbon As such, a yleld stabihzahon or en- 
hancement strategy for the mandate crops is 
unhkely to solve the exlsbng mcronutnent 
problem in the Ind~an SAT Iron and carotene 
intakes are so low in these areas and their nu- 
cronutnent densibes too low in mandate crops 
to expect substanbal increases from increased 
consumphon Furthermore, consumpbon be- 
havlor also suggests that per capita consump- 
bon will not nse w t h  increasing incomes Sta- 
bihzing ylelds of sorghum, however, may help 
to stabihze and protect the iron and carotene 
that is currently denved from current levels of 
consumpbon Th~s in itself will be a contnbu- 

hon toward improving household and 
individual nutrihonal status However, solv- 
ing the mcronutrient problem will require a 
c o m t m e n t  to either a natural forhficahon' 
or horhculture strategy In addihon, address- 
ing micronutnent deficiencies means relying 
on efforts that he outside of ICRISAT's com- 
parahve advantage (e g , supplementahon, 
forhficahon, nutnbon educahon, or horticul- 
ture) to improve rmcronutnent intakes As 
such, collaborahng w t h  orgaluzabons that fo- 
cus more directly on mcronutnent-related is- 
sues may be ICRISAT's greatest strategy to im- 
prove food and mcronutnent secunty in the 
Indian SAT 

In sum, ICRISAT must consider itself a part- 
ner in fighhng undernutnhon in the Indian 
SAT, but it should also recogruze its hmta- 
hons Under its current mandate the Inshtute's 
primary contnbuhons appear to be providing 
stable incomes and staple supphes to resource- 
poor farmers 
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