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Abstract

In the last 20 years, production and consumption of sorghum in parts of southern India have declined. To
understand the factors responsible for this, a survey of postharvest practice was undertaken which included a
participatory rural appraisal with farmers and sampling to test the quality of grain in their stores. Twelve
villages were chosen which grow sorghum during the monsoon rains (kharif season) or after the rains (rabi
season). The grain samples were taken from stores both before and afier the monsoon, analysed for quality, and
lested for mycotoxins.

Overall, prain storage problems of farmers in southern India scem not to be a disincentive to sorghum
cultivation. Both craps suffered mycotoxin contamination but this was helow limits Likely to represent a health
hazard. Hybrid sorghum varicties. by virtue either of the scason in which they grow or inrinsic characteristics,
suffered considerable quality decline in storage, ulthough this is clearly not an issue in the current scenario of
farming practice. This does not mean (hal these traits are not impacting on the wider sorghum economy, but
only that they arc not impacting on the componems of the sorghum production and wtilisation system
examined. A related project has shown a different picture for storage by wholesalc traders and industnial users.
So, while the current study has certainly laid Lo rest many concerns relating to farm siorage. componerus of the
wilisation chain where (hese factors now secin to be more critical remain 0 be studied in detail. In addition,
it farmers in thie future wish s0 retain stocks between seasons, in order 10 market grain strategically, then current

practice may be inappropriate since grain quality at the end of the Starage season wis poor.

SORGHUM production and consumption bas cither
stagnated or declined in many areas of southern Tndia
over the last 20 years {Hall and Brough 1997,
Marsland 1998). In an effort to address agricultural
policy neceds and future research priorities for
sorghum, a study was undertaken of postharvest
quality issucs to determine whether or not these are
involved in the apparent decling in production. Two
other projects, not reported here, considered sorghum
utilisation and marketing issues.
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The exlent of storage losscs and quality deterio-
ration were investigated in sorghum grain from
farmers® stores, and a study maude of farmers™ percep-
tions of these parameters, and of the relative
importance of these to household food security, using
participatory rural appraisal. The study was under-
takcirin 12 seleeted villages in the states of Karnataka,
Maharashtra and Andhia Pradesh. In addition to
assessing the visible grain gqualily characteristics,
further insigits into postharvest problems were gained
by an analysis of mould and imycotoxin contamination,
since thesc can have an important bearing on fssues of
human and animal health. During a rapid rural
appraisal in March 1997, it was established that
farmers considered most grain deterioration 1o occur
during the period of the monsoon. In view of this, a
decision was made to collect grain samples before the
rains in Junc and after the rains in October (Table 1).



Table 1.

Summury of seasonr of origin and age in store of sampled grain.

June 1997

Samples taken {date)

October 1997 January 1998

Kharif (harvested QOctober ’Qa
Rubi (harvested February *97)

7-8 months

43 months

12 months Not sampled

1| monthd

7-8 months

The working hypothescs identificd during the rapid
rural appraisal were that: measurable losses in quantity
are small and wmuch lower than the figure stated by
many postharvest scientists (e.g. 20% weight loss);
quality deterioration is unlikely to present any health
hazard {especially in relation to mycotoxin contami-
nation); and farmers' perceptions were that losses
occurred in storage but that these were low and not a
major constraint in produclion and ulilisation systeins.
These hypotheses conflict with the views of many
agriculwral  workers  (other than farmers) who
expressed the view thal postharvest problems are a
scrious constraint in sorghum agriculwre.

Methods

Selection of districts and villages for
participatory rural appraisal and grain
sampling

Twenty-seven mejor sorghum-produeing districts
were identificd. These had the area planted to khatif or
rabt crops al 15% or more of the total cultivated arca.
A purposcful selection of six of these districts was
made to represent a good cross-section of production
and utilisation scenarios. Within each of these dis-
tricts, two sub-districts werc chosen at random and
within cach of thes¢ one village was sclected at
randomn but rejected if it was on a main road, was
cxcesstvely ubanised or was atypical in some other
characteristic. This yiclded a total of 2 villages for
cach district and 12 villages in all (details of the
villages are given in Hodges et al. 1999).

A smull team of socio-economists, together with
wwo grain survey staff, visited villages in Junc 1997
just before the start of the monsoon. A second saple
survey was undertaken in October 1997, aRer the
monsoon, when samples were taken mostly from the
same tarmers and same stores as in June. At the second
visit some fanmers were absent or no longer had any
stock. Where this occurred, replacement farmers with
stored grain were selccled to ensure that not less than
{four samples were taken per village. A final sample

334

was taken in January 1998 to cxamine the guality of
the 1997 rabi crop just before the new harvest.

Selection of farmers and assessnient of
farmers’ perceptions

During the initial village visit, group meetings were
used to gain an understanding of the storage praclices
of farmers, their store 1ypes and usual storage periods.
From these diseussions it was apparent that storage of
£rain {rom one season 1o another was unconinon apart
{rom the case of a linuted number of rich households.
Subsequem wealth ranking cxercises were used to
classify households into “rich’, “medium’ and *poor’
and, in a number of cases, into an additional category
of *very poor’. These categories broadly correlate with
the area of [andholding. Rich farmers harvested sufhi-
cienl grain to retain some in store for the cnnre period
between harvests. Generally, fanmers were storing
grain for up to 6 months and in the case of poor house-
holds perhaps only 2-3 months.

Farmers were sclected across the range of storage
periods, but with ntore chosen from the shorter storage
periods. It was hoped this would capre the poor
households, but for a number of reasons this was not
entirely successful. Despite these efforts to selcet
households predominantly from the poor category.
subsequent wealth ranking exercises indicated that the
selection was biased rowards farmers from the richer
wealth categories (Table 2). Tt is also the case that the
poorest of the poor are landless labourers and as such,
unless they are paid in grain, have no need to store
grain. Farmers’ perceptions concerming grain and
quality losses were assesscd as part of a wider partici-
putory rural appraisal survey that exaumined aspects of
Loth production and utilisation. Wealth ranking
excreises were used to stratify farmers and a series of
ranking, scoring and diagramuning exercises were
used to gain an understanding of the sorghum
economy in the context of the farming and livelihood
systems. Farmers chosen for grain sampling were the
subjects ol'in-depth interviews. Additional households
from the poor wealih categorics were used to sup-
plement these case studies to provide a more balanced



picwure, correctly weighted for the socioeconomic
profile of the selected villages. The findings of these
in-depth interviews form the basis of the discussion
presented in this repornt.

Sampling from farm stores

Samples of 5 kg were extracted from farm stores
using sampling probes of appropriate dimensions and
then placed in a double layer plastic bag for retum Lo
the laboratory. Mubtiple sub-samples were taken from
across the width and depth of each store to provide the
best possible representative sample. Where there was
open access 1o the grain bulk, such as in mudded
baskets or loose grain piles, a five-compartment probe
{80 cm long by 2.5 cm diameter} was used. Where
access was more difficult, such as in bag stacks of
gunny {jute) bags, a short probe (27 cm by 1.5 cm
diameler) was employed. A total of 73 samplcs was
collected in June 1997, 68 in Qctober and 13 in
January 1998. Farmwrs were paid for their grain at the
current markel rate, Care was taken not to mention to
farmers that a further sample would be taken at a later
stage. This was done to ensurc that their subsequent
behaviour would not he influenced by the opportunity’
to sell grain to the researchers.

General grain quality assessment

On retumm o the laboratory the grain was fumigated
with phosphine to kill all infesting insects. Each 5 kg
sample was then separated nsing @ Boemner divider
into three 1 kg portions for general nuality analysis,
mould and mycoloxin analysis. The remaining 2 kg,
plus about 1 kg remaining alier general analysis, was
recombined and stored in a cool, dry place pending any
further requirement for analysis.

One of the 1 kg samples was subdivided to give a
sub-sample of 600 g From this, three 30 g sub-
samples were taken lo delernine moisture content
(MCY using a ventilated oven (3 h at 130°C) and
200 g sample taken 1o estimale mscct numbers. The
remainder of the sample was weighed and then
carefully sorted lo give the following quality refrac-
tions by weight: % discoloured grain, % shrivelled
grain, % mould damaged grain, % insect damaged
grain, % forcign matter and % sound grain.

To provide a convenienl means of comparing
samples a quality index (Q1) was developed. The QI
was calculated as the sum of the percentage value of
each of those quality characteristics listed above
(except % sound grain) and weighted for the more
important characicristics by  multiplying  inscet
damaged by two and mould damaged by three (as
shown in Lquation 1). The reciprocal of this value was
taken so thata fall in grain quality would be registered
by a fall in QL.

. 1
] - 5 . %1
% discolourcd + % shrivelled + % forcign matter

+ (% insect damage x 2)+(% mould damage x 3)
{h

Weight lost as a result of msect infestatjon was
estimaled for 10 samples of rabl grain (varicty
‘Maldandi’), using the coum and “weigh method
{Adams and Schutten 1978) on two 50 g sub-samples.
These data were used to prepare a calibration so that an
estimale of weight loss could be made of all samples
tor which an estimate had been made of the % nscet
damage. Since there was lintle difference in grain size
between crops and varicties, it was assumed that this
rough estimate would be applicable to all the samples
taken during the current Suudy,

Table 2. Mecan percentage (%) + smndard deviation {3.d.) of sampled farmers in various wealth Categories
comparcd with the village communities from which the samples were drawn,

Socioeconomc profile of sample

Rich Medium Poor Very Poor
“Farmer sample 40+ 19 46 = 16 14413 0
Village sample 16 &8 REEY 37+ 14 vi9
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Mycotoxin analysis

Mycotoxin analysis was undertaken for the June and
October smnples. The | kg samples (rom each ol these
Lwo occasions were combined by village. Flour was
prepared from these bulk samples using a hand-mnill.
This flour was thoronghly mixed and a | kg sub-
samplc scooped from s mixture, placed in s plastic
bag and air-freighted to the United Kingdom (UK) for
mycotoxin analysis. In the UK, 500 g portions of the
June & October mycotoxin samples were combined
according to their similarities, giving a total of 7
samples i1 June and 13 samples in October. Iach
sample was checked for Afiernaria toxius, T-2 toxin
and deoxynivalenol, furmonisin By and a number of
aflatoxins—B,, B3,, G,, and Gy. As all mycotoxir con-
centrations appeared to be very tow it was decided that
analysis ol grain from individual stores was unnec-
-essary. The analytical methods used are described in
Hodges et al. (1999).

Data-analysis

Data were subjccted to Pearson’s correlation
analysis, linear regression or analysis of variunce.
Where necessary, duta were transformed to In{count +
13 or to aresine prior 1o analysts in order to meet the
assumptions underlying analysis of variance.

Results

Farmers® perceptions on grain variety
and store type

While lanners clearly differentinted belween the
storage characteristics of ribi versus kharif grain (rabi.
better and kharif worse) and between varietics (hybrid
varietics noticeably worse), these characteristics were
101 necessarily used in selection of varieties or store
type. The choice of rabi versus kharif was generally
predetermined by climatic conditions and prevailing
soil types in a specific location. In the case of kharif
variclies, despite the clear dissatisiaction of larmers
conceming both storage and caling characteristics ol
hybrid varicties, these still dominated in most ol the
kharil-producing arcas. Yield outsveighed all of these
factors. which partly reflects the fact that kharif
varielies are produced (or sale as well as home con-
sumption, indeed in one district kharifi grain was
produced exclusively for saie. However, during crop
dccision-making exercises with fanmers, it Wils
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oticeable that sorghum scored highly for its value as
a source ol food (less so as a source of cash), but
storage and postharvest characleristics were not con-
sidered ol sufficient importunce to be mentioned by
farners.

Fariners™ discussions concerning choice of store
type indicated that a range of issues was tmportant.
These included cost of the storage structure, easc of
use, amount of grain 1o be stored and the availability of
appropriate store construction skills, Production
season also played a role in the choice of store type
since, compared to rabi, kharif yiclds are higher, so
larger storage siruclures are requircd. The use of
underground pits—which had once been prevalent in
both rabi and klmil arcas—had been largelv aban-
doned. Underground water seepage had become a
problem, althougl it was not clear why it had arisen. In
such pits, checking the grain for insect atiack is
difficult and time consuming and the smaller quan-
tities of grain produced by individual farmers caused
them to seek smaller, more convenient above-ground
structures, usually in the home. In the kharil areas, tra-
ditional mudded baskets (kangis) were preferred aver
Bunny {juie) bags. Although they were more expensive
lo construct, these structures were perceived to lust
longer—up to twenly years, whereas a gunny bag may
only last 5-6 months il it sulfers rat damage. However,
housgholds from the poor wealth category, with little
to store, often relied on gunny bags becuuse of the low
initial investment,

It was apparent from discussion with fanners that
both underground stores and mudded woven baskets
(despite their advantages) were declining i use, due to
the difficulty of finding skilled artisans for their con-
struction. Increasingly, metal bins were being used
because of their low cost, availability and durability.

Direct observation of store types and
grain varieties

lo June 1997, 73 grain sumples were 1aken, com-
prising 33 samples of kharif grain harvested in
October—November 1996 and 40 samples of rabi grain
harvested in  February-March 1997, Generally.
villages liad cilher a rabi or a kharif crop, but in one
casc, grain from both harvests was in store in June,
though only the rubi crop remained in October (village
No. 6 in Table 4). In a few cases, some rabi grain was
in underground pits in June but none was sampled us
the grain being consumed at that time was in gunny
bags and the pits were not due 1o be opened for several
weeks. The grain in these pits. which would subse-
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quently be transferred o gunny bags, was sanipled as
a matter of ecurse in October. In October, samples
were obtained from 30 of 40 fanners who had con-
tributed rabi grain samples in June 1997 and 23 of the
33 farmers who had contributed kharif samples. At the
time of sampling, most farmers still had some grain in
store, although stocks were lower than we  had
expected from farmers* June estimates for time to
stock exhaustion. OFf the 40 onginal farmers storing
rabi grain, 6 (15%) no longer held any grain and a
further 9 {26%) had less than 0% of the grain
observed in June. Only 10 of the sampled farmeis
(29%) thoughi that they still hud enough rabi serghum
to last until the next harvest, although 13 still actually
had rabi sorghum in January 1998

Store type

Rabi

Mudded baskels 8%
Metal bins 3%

Polypropylene
bags 5%

Gunny bags 84%

Varieties

Rabi

'Dagri' 3%
‘Maldand)/
G 'Dagn’ 5%

'‘Maldandi'

92%

Mudded
baskels 31%

‘Mico-51' 16%

Local
{'Pacha’) 19%

From the frequencies of store types and grain
varicties observed in June, 1t is clear that the rabi
farmers have a strong convergence of practice
(Figure 1). Nearly all werc growing the improved
variety, ‘Maldand:’, and stering it in gunny bags. In
contrast, farmers harvesting sorghum in the kharif
season grew a wider range of varieties and uscd a more
diverse selection of storage structures; gunny bags,
polypropylene bags and nmdded baskets were about
equally commen (Figure 1). The vaneues grown and
the store types used by the sampled fanmers are con-
sistent with the prevailing practices of farmers as
indicated in the participatory rural appraisal survey.

Khatit

Other 8%

Gunny
bags 32%

Polypropylene bags 25%

Kharif

Kv-22 6%
. 5PH-486 6%

Figure 1. Store 1ypes and grain varieties of the rabi and kiarif sorghwn harvests (June 1997).
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Postharvest handling practices

Farmers indicated thit the postharvest handling
practices for rabi and kharf grain are sumilar. After
threshing and drying, at the home ar other convenieni
place, the grain is placed in the chosen storage con-
tainer. Neem leaves and ash may be admixed and
Gaimmexane (benzene hexachlonde or lindane)
powder sprinkled on store surfaces, particularly on
gunny bags. Insect infestation is noticed after 4-5
months in khanf grain and 6=7 nonths in rabi grain.
Frequent sun-drying and cleaning by picking and
winnowing (every 2-3 months) is used 1o control
insect infestation, Farmers said that, by using this
methad, rabi sorghum could be stored safely for up 1o
one year after harvest.

Women were responsible for the management of
houschold graim stores in all the case-study villages.
The usual period of storage is determined mainly by
farmers’ wealth category and by whether the grain is
of the kharil or rabt harvest. Discussions with farmers
suggest that only those fromn the rich wealth category
werc able lo store from onc harvest Lo the next. House-
holds from the medium and particularly the poor
wealth calegory often had insulficient land resources
(both quantity and soil types) to produce enough grain
for household consumption throughout the year. The
usual slorage period was 2—6 months depending on the
land available for individual farmers. Il was apparent
that for most of the poorcr households the length of
grain storage was such that insect infestation and
mould damage was rarely a problem {grain blackening
being the exception as discussed below),

Grain quality analysis

The June rabi sample, wiich had been stored for 3-
4 months, had a significantly higher QU than the kharif
grain which by June had been in store 89 nonths
(Table 3) (Fij 72y=101.2, p <0.0001). The difference
seemed Lo be due to the Khanif crop having signifi-
cantly more mouldy grains (F1,72)= 8.6, <0.0001),
as no insect damage was apparcnl as at this time.

The grain sumples from bath harvests were equally
dry, the highest MC was only 10.7% and the average
8.9%, and therc was no cvidence of any significant dif-
ference between the imoisture values for the two crops.
Thus with neither harvest was there any obvious cor-
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relation between MC and mould damage at the time of
sampling. It theretore seems likely that the conditions
promoting mould growth on the kharif grain oceurred
preharvest and/or early in the storage season. Farniers®
responses lead us to belicve that this damage was the
‘grain bluckening” that occurs on kharif sorghum,
especially hybrids, dampened by unseasonal rain in
the field. The degree of blackening varies from year to
yeat and occurs to a significanl extent at least once in
every three years, depending on the amount of rainlail,
Despite the blackening, much of this grain is used for
home consumption; farmers from the medium and
poer wealth categories indicated that they have litile
choice but to eat it. For this purpose it is washed and
sun-dried. Despite this, farmiers did suggest that the
blackencd grain is associated with health problems.
Blackened grain has a low market price and the worst
affected is used for animal feed {both on farm and by
those purchasing it in the market).

Grain sumpled in Ociober had been stored through
the monsoon period and, as expected, this had resulted
in a nse in grain MC. Both crops exceeded 11%
(Table 3) and the small difference between them, anly
0.3%, was significant (£ g3y =4.48, p<0.038). This
suggests that the kharif crops were grown in areas
whetre the monsoon is more prolonged. The difference
in (31 betwecn crops was large and stalistically signif-
icant {F(q g5) = 85.7, p < 0.0001). For both crops there
was a large Oclober fall in QI, bath because insect
damage was apparent for the lirst time (Table 3) and
because there was an inerease in % mouldy grain. For
the crops combined, there was a strong significant cor-
rclation between the incidence of mould damage and
inscct damage (¢ = 0.539, p < 0.01), suggesting that
either mould attack facilitates inseet attack or the same
factor(s) may predisposc the grain to bath 1ypes of
damage. The overall differences belween the two
crops are reflected in the average values for mould
damage and insect damage observed in the villages
(Tuble 4). There was no evidence of significant differ-
ences between store types in the ineidence of mould,
insect dumage or for values of the QI (Table 5),
however, the small numbers of observations on most
of the store types prechudes any firm conclusions on
this matter.
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Table 3. Mecan quality parameters for the 1996 kharifand 1997 rahi harvests of sorghum grain for samples taken in
June and October 1997.

Moisture  Discoloured  Mould Insect Foreign Shrivelled Sound | Quakty
content grain damage damage matter grains grain index
Percentage
June )
Khanf 8.90 .74 9.6l 0.00 4.64 2.13 8075 2.67
Rabi %.93 1:08 1.10 000 1.58 0.78 95.15 1420
Qctober
Khanf{ 11.49 8.25 15.1 8.62 1.60 0.65 62.98 1.36
Rabi 11.16 1.83 1.44 2.86 1.22 0.51 92.30: 7:30

Table 4. Village averages for the incidence (%) {+ standard deviation) of insect #nd mould damage to grain inthe
rabi and kharif harvests sampled in October 1997.

Village Rabi Village Khan{
M0 Inscct damuge Mould damape  Quality index 1o Insect damage  Mould damage  Quality index
(%) (%) (%) (%)
| 4027 03+03 109+ 5.1 6 Kharif crop ull consumed
2 4243 14+1.0 16.0+7.7 7 1LY+ 12.6 223+ 168 23+£1.0
¥ 20+£1.0 0.6+0.5 9+ 28 8 45+28 13238 35223
4 3025 1.7 0.9 15.3+2.0 9 11.5+5.) 146 £8.9 33617
. 28x1.1 50447 2492145 10 §4+34 154 3.4 53+57
6 32423 0706 122+74 11 FT6ax56 §.2+57 3715

12 54458 0.6 + 0.4 6.9+4.9

Table 5. Storc type averages for the incidence (%) (& standard deviation) of insect and mould damage to grain n
the rabi and kharif harvests sampled in October 1997.

Crop Store No. in sampte  Insect damage (%) Mould damage (%) Quality index

Rahi Gunny bag 34 29+24 1.45+23 10.5+6.7
Metal bin 1 20 0.9 7.1

Kharif Gunny bay 8 69+3.8 160£12.6 1.6+0.7
Metal bin I 6.6 17.4 1.4
Polypropylenc bag 5 4735 1.7£56 26+1.0
Mudded basket 4 9.7+£60 17.8 £ 103 1.4+£0.6
Box storc” k 337 208 0.7
Comer of house 2 9.6+ 11.8 124+19 g7+ 1.

2 Brickwork box built in house
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Insect infestation and associated grain
weight loss

The primary pests Rivzopertha dominica (Fabr-
icius} and Sitophilus oryzae (1.) were the most
mimerous insects and the most likely 0 cause
damage and weight toss in the rabi and kharil grain
sumples taken in October 1997 (Tablc 6). The pee-
centages of rabi and kharil samples infested by
R. dominica were very similar (about 84%) but the
numbers ol this species were about three limes
greater on kharif grain. In contrast, S. orvzae clearty
preferred rabi grain, since about 20% more rabi
samples were infested and numbers of this speeies
were abaut six times greater than an kharii grain. The
secondary pest Crapnolestes ferrugineus (Stephens)
was considerably more muncrous on kharif samples
while the two harvests were similar in the extent of
infestation by  Triboliun  castancun  (Herbst)
(Table 6). Sorghum grain weight losses due to insect
damage were determined for [0 samples of
‘Muldandi” grain taken in October 1997. The
regression of thesc weight losses with their corre-
sponding pereentages of inscct damaged grain was

statistically significant 2 = 0.79, df =8, p <0.001).
The regression cquation from this relationship was
uscd lo estimate what the likely weight losses were
for other grain samples for which only estimates of %
grain damage had been made. The mean values of
these estumates were weight losses of 0.88 + 0.30%
for the rabi crop and 1.71 + 1.17% for the kharif.

Quality decline in rabi sorghum through
to January 1998

Only 13 of the rabi stocks first sampled in June 1997
were still available for sampling in January 1998. The
quality assessment of thesc samples showed evidence
of continued quality decline (Table 7). In the 3 months
between June und October 1997, through the
monsoon, the QI fell by about 63% and in the
following 3 months 1o Janwary 1998 it fell again by
15% ofits June value. Although the major reduction in
quality oceurred during the period of the monsoon,
thereafier there were increases in mould and insect
damage and a noticeable increase in the proportion of
discoloured grain (Table 7).

Table 6. Percentage of rabi and kharif sarghum samples infested by inscets and mean numbers of live and dead
insecls/kg (£ standard deviation), from samples raken in Ociober 1997,

Harvest Rivzopertha dominica  Sitophilus orvzue Tribofivm costanenm Cryptolestes ferrugineus
Rabi % samples inlested
83 70 36 3
Mean no.fkg
135 + 245 170 + 300 10 +20 0.5 440
Kharit’ % samples infested
o 84 50 31 13
Mean no./kg
365 £470 30+45 15+£25 30+ 85

Table 7. Mcan values lor quality factors of rabi scason grain from the same 13 stores sampled on 3 occasions

during a storage period of about 11 months.

Quality factor lune 1997

October 1997 January 1998

% discoloured 1.0
Yo mouldy 09
% inscet damage 0

% loteign matter 1.5
% shrivelled 0.4
Quality index 20.6

1.9 2.8
1.1 1.7
3.1 4.9
1.4 2.7
0.6 b3
9.6 5.7
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There was also an increase in forcign matter by
January 1998, possibly due o contamination with
stones, soil etc. as famners re-dried their sorghum
stocks after the monsoon. Insect damage increased 10
the extent that the stocks remaining in January had
probably suffered a weight loss of about 1.25%, an
increase of 42% on the mean loss estimated for all the
rabi samples (30) taken in October 1997.

Mycotoxin-¢ontamination

Myeotoxin contamination in June and October
{Table 8) was low and certainly below the levels that
would be expected to constitute a health risk. There
was no evidence of any increase in contamination rates
as a result of the monsoon penod, i.e. no increase
between June and Qctober. Low levels of aflatoxin
contamination were typical of both the rabi and kharif
harvests and although four toxins were tested for, only
aflatoxin By was evident. Contamination with
Fumonisin B, was almost exclusive to the kharif crop;
of the 11 rabi bulk samples only 1 showed any signs of
fumonisin B, whereus all 8 kbanl bulk samples were
contaminated. Aflatoxin and Alternaria toxin contam-
ination was very low and difTered littic berween the
two harvests.

Farmers’ perceptions of grain losscs

In the context of wider concerns in the farming and
food systewns, farmers did not generally perceive
losses of grain quantity or quality during storage ta be
of major importance. The cxception o this was the
issue of grain blackening. Although a preharvest
problem, mould formation appers to continue during
storage (Table 3). This is not to say that farmers did

not recognise that grain and quality losses oceur
during storage. Insect damage illustrates this point.
Farmers kunew when 1t began to occur and had adopted
sun-drying and neem and ash admixture as a means of
combating it, Estimates of the extent of losses varied
widely. bt 3-5% for rabi grain and 5-10% for khanf,
over a year in storage, were lhe commonly perceived
levels.

Kharif-producing farmers did, however, indicile
that losses could be as high as 20% in ycars of severe
grain blackening. It was also indicated that poor
houscholds took extra cave of the little stored grain that
they had. As a rusult, aclual losses during the few
months in wlich this group stored grain is probably’
even tower than the figure of 5-10% they quoted.

Farmers did not specifically mention mould damage
{except in the context of grain blackening discussed
above). However, they did discuss changes that took
place to the grain over time in storage. They indicated
that the *lustre’ of grain was lost during storage. OF
most significance were the changes in the cooking and
eating qualities. It was indicated that the stickiness of
dongh made from grain was lost over time. This
change took place after about 6 months and was more
pronounced in kharit grain, particularly hybrid vari-
etics. This was also associaled with a loss of taste. The
relative importance of these issues needs to judged in
the light of the fact that these changes are taking place
after 6 months. Sinee this is the limit of slorage for
most households, most will only rarely cxpericnce
such problems. This suggests that while these
problems are undoubtedly impacting on consumers of
sorghuin (particularly for kharif consumers), they are
not responsible for changes in the relative proportion
of sorgluin in cropping patterns.

Table 8. Maximum obscrved mycotoxin contamination (parts per billion—ppb) in sorghum samples taken from the
rabi and kharif harvests in southern India in June and October 1997. Numbers given in brackets = number
of store sumples contributing to the bulk sumple anulysed for mycotoxins.

Total number of  Aflatoxin B,

Alternaria toxins Fusariin loxins

e AUOL AlOMe AMenuene  Fumonisin B,
June
Kharif 27 2.7(12) 23(1%) 33(15) 36(15) 87(12)
Rubi 45 1.5(17) 11 (16) Yy (16) 0(16) 25(16)
October
Khanf 27 0.5 (4) 33 (4) 40 (4) 55 (6) 177 (2)
Rabi 35 0.6 (5) 12 (5) 6 (5) 3(5) 0(35)

Note: health risk—aflawxin 5 ppb, Alernaria toxins >1.000 ppb, famenisin By 1,000 ppb
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Conclusions

It is clear that rabi sorghum enters storage with better
quality characteristics than its kharif counlerpan,
whicl may suffer same moulding prior to slorage. The
monsoon period is associated with a major decline in
quality for both crops, in particular a rise in mould
damage and the start of insect attack. Both these
fiuctors were somewhat greater for kharit sorghum,
presumably due 10 the rather lower quality of kharif
grain at the onset of the monsoon. However, an intrin-
sically greater susceptibility of kharif varieties to
mould and insect attack cannot be ruled out. Both
grain types are of rather poor quality by the end ol the
storage scason, whether it be Qctober in the case of the
kharif crop o January in the case of the rabi.

Although farmers of kharif sorghum appeared to use
a wider range of storage methods, this appeared not to
be a factor affecting the grain quality, since QI valucs
for kharif grain in gunny bags, the storage technigue of
most rabi fammers, dificred littlc from the grain stored
by other methods. It appears (hat choice of slorage
mcihod is dependent on a wider set of factors than
storage cfficiency alone. Differences between rabi and
kharil" can be explained 1o some cxtent by the amount
of gram to be stored, particularly the larger kharifcrop.
Ease of use, availability of appropriate urtisanal skills
and costs are among the jssues mentioned by farmers.
Regional preferences also undoubiedly play a role.

Inthe period under study, grain weight losses due to
msect attack were relatively low and in October, al the
end of the kharif slorage season, amounted to an
average of only 1.7%, while at the same ttme the rabi
crop appeared 10 have lost only 0.9%. The losses in the
kharif crop due to insect damage were low considering
that the estimate was made on grain that was close to
the end of the storage period. It might be considered
that the technique used to estimate the grain weight
loss, the count and weigh method, could have resulted
in an underestimate of loss. This tends to hiappen if
grains are removed completely from the slore, e.g.
when they are reduced to dust, as may be the case with
some of'the kharifor rabi grain. However, applying the
end-of-scuson loss figure to the whole stock is likely 1o
give an overestimate of loss since much of the grain is
sold or consumed long before the monsoon, 1.¢. before
the time when insect attack becomes prevalent. Thus
the weight losses of the entire stock were probably
somewhat smaller than our estimate.

The two crops differed with respect to the predoni:
nant insect pests, with R dominica and S, oryzae
equally common on rabi but 8. dominica predominant
ou the kharif. Although the two species differ in their
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abilities io tolerate dry conditions (Haiies 1991 ). with
S. orypzae being seriously limited on grain with MC
below 11%, it secms that this is not a major consider-
ation in this case as §. orpzae was more comumon on the
drier crop. The predominance of R. dominica on the
kharif crop is presumably a reflection of the suscepli-
bility of the ditierent grain varieties to the fwo species.
In connection with this, it is interesting to note that
Reddy and Nusrath (1988}, siudying insect infestation
and mycotoxin production in kharif sorghum varicties,
list R. dominice as a major pest of this grain and make
no mention ol auy Siephilus spp. Furthermore,
Kishore et al. (1977) noted that in high-yielding kharif
varieties  the percentage damage caused by
R. dontinica was many times greater than that caused
by S. sryzae.

Mycotoxin contamination generally  remained
below levels that wounld represent a human health
hazard. Similar low contamination rates were reported
from earlier surveys in southem India (Bhat and
Rukmini 1978: Sashidhar et al. 1992). In the current
study, there was no notable increase in prevalence of
mycoloxins afler the monsoon season cven though
mould aitack rose significantly during this period.
Fumonisin B, was almost exclusively restricted to the
kharif crop where it was found in all samples, even
prior to the monsoon. It sccms likely that this
mycoloxin is associated with preharvest mouid
damage. The piclure given here, of relutively slight
mycotoxin contamination, should not be taken to
imply that there are no potential problems with myco-
toxicosis, as other researchers have reported
significant aflatoxin (Mall er al. 1980), Aternaria
toxin (Anasari and Shrivastava 1990} and fumonisin
(Bhat ct al. 1997) contamination in khanf crops in
India. In the case of fumonisin, a disease outbreak was
reported in a few villages on the Deccan Plain in
households where rin-damaged mouldy grain was
being consmned (Bhat et al. 1997). In the storage
system we investigated, mycotoxin contamination
rates may sometimes be higher in those years where
weather conditions are less Tavourable or otherwise
due 1o poor storage by individual farmers, Preharvest
grain blackening, therefore, remains an issue of
concern both for reasons of health and for the
murketing of kharif grain. Research on ‘hard’ varicties
of sorghum with « high degree of resistance 1o fungal
attack, particularly 10 Fusurinm mounififorme, show
that specific anti-fungal proteins are involved (Kumari
and Chandrashekar 1994). The possibility of trans-
ferring this characteristic to sorghum varieties, that
otherwise atready have good agronomic character-
istics, presents one possible approach to the problem



of grain blackening. This may be particularly sue-

cessful when transferred  to variclics  whosce
momhology does not favour mould growth, e.g. those
with panicles that hang downwards which are less

prone 1o moisture accunwilation.

Overall, the grain storage practices of farmers in
southcrn Tndia do not appear to be 4 constraint to the
production and consumption of sorghum. Mycotoxin
contamination and grain losses due to insect attack
appear to remain low, although towurds the end of
their respective storage scasons the kharif and rabi
crops have suffcred a considerabte decline in quality.
This appears not to be a significant problem as this
decline was limited to only a small portion of the
remaining stock. However, if finners wish to retan
stocks between scisons, to marke! grain strategically,
then their current practices arc likely to be inappro-
pniate. By all accounts the major issue facing sorghum
grain would appear to be the preharvest inould damage
sustained by kharif vanclies.

Farmers’ pereeptions of the nature and cxtent of
grain weight and quality losses are entirely consistent
with the findings of the techmical study. Fanners are
cerfainly aware that quantitative and qualiative
changes take place. They have developed practices to
keep these changes within acceptablc limits and what
changes do occur apparcntly do not influence farmers’
choice of erop or variety. This rcflects to a certain
extent the faet that, for many houscholds, the abiliry to
store grain for periods of more than 6 months is con-
strained by production resources rather (han
posthiurvest practice. To be more specific, those
farmers who might be signiticantly affected by serious
grain quality deterioration towards the end of the
harvest are those without grain at this time, There are
undoubtediy characteristies of hybrid sorghum grain
whicl cause it to store poorly apd its qualitics to
deeline, although this is clearly not an nmportant issiic
in the current scenario of farm practice. This does not
mean that these traits are not impacting on the wider
sorghum economy (and therefore on farmers), but only
that they are not impacting on the components of the
sorghum production and wtilisation system examined.
Storage by wholcsale traders and industrial users
shows a different picture—this has been highlighted
by other parts of this study (Kleih et al. 1998). So while
the cument study las certainly laid to rest many
concems relating o farm storage, it is clear that com-
ponents of the utilisation chain need more detailed
study.
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