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ABSTRACT: Astudy was undertaken to develop a simple,
using water absorbing desiccants for rice and black gram un

i i f freshly h :
Puducherry (UT) during the year 2013. One kilogram o ok I : N
bll:ac;mgrarr:\y cv. ADT 3 wg/ere dried to moisture content of below 10% and stored in different containers wi

or without desiccants. In all the desiccant treatments, a seed: desiccant ratio of.1:0.350 Wa(s fc;Ho'w;ai;
Observations on seed moisture content (%), seed germination percentage, to.tal Sf:edhng length (cm), vig

index, seed infection (%), insect infestation (%) and number of dead and live insects vtrere u1_1dertaken at
monthly intervals. The results revealed that a significant reduction or desorption' of moisture in seeds. was
noticed during storage. Among the desiccants, seeds stored with “Zeolite” drying -bfeads ‘had lost higher
moisture content followed by silica gel and rice husk. The desiccants didn’t have a significant influence on the
vigour and viability of seeds under ambient storage over a period of four months in rice. However, a
significant reduction in germination was observed in black gram. Irrespective of the crops, a significant
increase in seed infection was noticed during storage. Further, the level of infection in black gram was twice
that of rice after four months of storage. Among the desiccants, drying beads and silica gel were found to be
superior desiccants by registering the lowest seed infection in both the crops. Similarly, the desiccants had
significant control over the multiplication of live insects in rice. Among the desiccants, silica gel, drying beads

and rice husk were found to be the superior by registering significantly lesser number of live insects than
other desiccants. The effect of desiccants on dead insects was also similar to live insects. Since, the effect of rice
husk and charcoal on seed infection and infestation are comparable with drying beads
may be used with periodic regeneration for safe storage of high volume crop seeds.
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Rice (Oryza sativa L.) is the staple food crop of the
69% of world’s population. It is the second most
widely consumed cerea] in the world next to

wheat. In India, rice is 8TOWn in 43.86 mha, the
Production level is 104.80 million tons and, the

90 kg/ha [1]. Pulses, also
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opt ceds are kept in storage. for at least one
Janting season and the remaining 15-20 percent
P* .ed over for subsequent sowing due to various
easonS [4]. However,.se.ed storage can be a major
Joblem in India as it is located in tropical and
-ubtropical regions, where the combination of high
temperature and high relative humidity, causes
rapid deterioration of seed quality. In general, a
seed’s Jongevity is reduced by approximately half
for every 1 per cent increase in seed moisture
content (water content as a per cent of fresh
weight) or 5°C increase in temperature, and the

effects are additive [5].

Traditionally, crop seeds are sun-dried and
stored under ambient conditions in porous bags.
Such seeds lose viability rapidly in warm, humid
climates primarily due to the high seed moisture
content increase. It is not possible to reduce seed
moisture contents to safe storage levels with
ambient or even heated-air drying under high
humidity conditions. In addition, even if seeds are
dried by heated air driers, they will regain moisture
from the air when stored in porous bags. They are
also susceptible to moulds and insects when stored
at high moisture content. Based on latest
development in the area of seed storage, these
problems can be overcome by drying seeds to low
moisture contents using inexpensive hermetic
containers and Zeolite drying beads. Using drying
beads, seeds can be quickly and efficiently dried
to safe storage moisture contents, and storing seeds
in hermetic containers not only maintains low
moisture contents, it also prevents losses due to
rodents, insects and moulds. Seed desiccant drying
beads are a simple, inexpensive and reusable for
seed drying in humid climates [6].

A major advantage of bead drying is that it is
not dependent upon the sun or other direct sources
of energy and it is independent of the ambient
humidity. It does require the use of moisture-proof
containers in which the beads and seeds can be
enclosed. Since, only few works have been carried
out on the use of drying beads for safe storage
that too in horticultural crops, it is necessary to
study the process of drying with beads for safe
storage of high volume crops like paddy and black
gram, which are the major crops, grown in this
Tegion. Hence, the present investigation was
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undertaken to develop a simple, cost effective and
seed storage technique using water absorbing
desiccants so as to ensure proper maintenance of
seed moisture during storage and to determine the
effect of drying beads on seed quality during
storage under high humid coastal region of
Karaikal district of Puducherry Union Territory.

MATERIALS AND METHODS

Each one kilogram of freshly harvested seeds in
both rice cv. ADT (R) 45 and black gram cv. ADT
3 were dried to moisture content of less than 10
per cent by sun drying followed by forced air
drying using seed dryer (OSWA) and stored in
different containers with or without desiccants @
1:0.350 ratio (seed : desiccant) in two replications
as detailed below:

T,. Seeds stored in 400 gauge polythene bags,
T,: Seeds stored in rigid plastic containers, T,
Seeds stored in rigid plastic containers with silica
gel T,: Seeds stored in rigid plastic containers with
Zeolite drying beads, Ts Seeds stored in rigid
plastic containers with rice husk, T, Seeds stored
in rigid plastic containers with charcoal and T,
Seeds stored in rigid plastic containers with CaCl,.

The rice husk, charcoal and CaCl, are
comparatively cost effective and cheaper desiccants
and hence they were included in the study for
comparison. The following seed quality parameters
were recorded at monthly intervals:

Seed moisture content (%): The moisture content
was estimated by hot air oven method [7]. The
samples were ground to powder using mortar and
pestle, weighed in a moisture bottle and placed in
a hot air oven maintaining 130+2°C for 2 h. Seed
samples were then taken out from the oven and -
cooled in a desiccator for 30 min. The moisture
content was estimated using the following formula
and expressed in percentage.

M ( = e x 100
oisture content (%)
. E % Mz - Ml

Where, M, = Weight of empty bottle with lid
M, = Weight of bottle + seed before drying
M, = Weight of bottle + seed after drying
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Germination (%): Four replicates of 100 sv(“d.«;
each taken at random were placed for gvrr.rﬂnéhnn
in roll towel in the germination room maintained
at a temperature of 25+ 1°C and 95+ 3 per cvr:':
relative humidity (RH) and evaluated on the 14
day for rice and 7™ day for black gram [5]. All the
normal seedlings were counted and expressed as

germination per cent.

Total seedling length (cm): At final count, ten
normal seedlings in each replication were taken at
random and the total seedling length was
measured from tip of the primary leaf to tip of the
primary root and the mean values were expressed
in cm.

Vigour index: The vigour index of the seedling
was computed using the following formula
suggested by Abdul-Baki and Anderson [8] and
expressed in whole number.

Vigour index = Mean Germination (%) x Mean
of total seedling length (cm)

Seed infection (%): The seed infection was
recorded in four replicates of 15 seeds for rice and
10 seeds for black gram in each treatments using
Blotter method and expressed in percentage.

Insect infestation (%): The insect infestation was
observed based on kernel damage in 400 seeds of
each replication in all the treatments and expressed
in percentage.

Presence | absence of live and dead insects: The
presence of live and dead seeds in one kilogram

seeds of each replication in all the treatments was
recorded.

Data  Analysis: The data from various
experiments were analysed by the F-test for

significance following the methods described by
Panse and Sukhatme [9],

RESULTS AND DISCUSSION

The high initial viability is a pre-requisite for
improving seed longevity in storage. Many authors
have shown that the moisture content at which
seeds were stored had a significant e
longevity [10,11]. All seeds are
including those with impermeable se
the physical barrier has been br

ffect on seed
hygroscc)pic,
ed coats, once
eached, seeds

ts on seed moisture content (%) and seed germination (%) during storage in rice cv. ADT (R) 45 and black gram cv. ADT 3

Table 1. Effect of desiccan
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automatically absorb or desorb moisture by
diffusion along a water potential gradient between
the seed and the surrounding air. In the present
investigation, significant reduction or desorption
of moisture in seeds was noticed during storage
(Table 1). Among the desiccants, seeds stored along
with “Zeolite” drying beads had lost more moisture
content to the tune of 25.13 and 34.20 per cent
followed by silica gel (18.36 and 22.55 %) and
charcoal (15.03 and 12.30%), in rice and black
gram, respectively. However, the rate of reduction
was very high during 2" month and then a decline
in rate of reduction was noticed in all the
desiccants except “Zeolite” drying beads, indicated
that beads will continue to absorb water until all
of their pores are filled, up to 20 to 25% of their
initial weight [12]. The weather data also indicated
that during second month of storage (January-
February, 2013) the RH was increased to 94 per
cent and temperature fell down to 29.8 to 30.9 C
as against 89 per cent RH and 32.7 to 36.0°C
temperatures during March-April, 2013 (Table 2).
Further, the pores in the “Zeolite” drying beads
are only large enough to accommodate water
molecules, preventing other compounds from
entering and eventually blocking water absorption.
In addition, “Zeolite” drying beads will absorb
their full capacity across all RHs, while silica gel
is much less effective at low RH levels that are
best for storing seeds [6]. Sadik and White [13]
observed that silica gel and toasted rice were the
most efficient desiccants and toasted grains of
wheat, maize and soya bean were also used
successfully as desiccants, but proved to have less
drying capacity than rice.

The results of desiccants on seed vigour and
viability viz., seed germination, seedling length and

vigour index revealed that in both the crops the
desiccants didn’t have a significant influence on
the vigour and viability after four months of storage
(Table 1 & 3). However, a significant reduction in
germination was observed due to period of storage
in black gram to the tune of 10 per cent as against
two per cent in rice, indicated that inherently
pulses are poor storers than cereals. The results
on seedling length didn’t show significant
reduction in both the crops since the period of
storage was only four months. However, a
reduction in seed vigour in terms of vigour index
was observed in black gram due to reduced
germination over period of storage.

Interesting results were obtained on seed health
status of rice and black gram seeds stored with
desiccants. Though, the crop seeds were free from
seed infection initially, a significant increase in
infection w as noticed in both the crops during
storage and the level of infection in black gram
was twice that of rice after four months of storage
(Table 4). The probable reason could be the
internally seed borne microflora might have
proliferated during the later periods of storage
utilizing the carbohydrate content of the seeds
irrespective of containers. Among the desiccants,
drying beads on par with silica gel was found to
be superior desiccants by registering the least seed
infection in both the crops. The other desiccants
viz., calcium chloride and rice husk were effective
only in rice and black gram, respectively. The
results are in line with the findings of Asbrouck
and Taridno [14] in Cucumis sativum (L.).

Similarly, a significant increase in infestation
was noticed at the end of 2™ month itself in rice,
while the black gram seeds were totally free from

Table 2. The weather parameters prevailed during the period of experimentation at PAJANCOA & RI, Karaikal

Month & Year

Temperature (°C)

Relative humidity (%)

Max Min Max Min
December, 2012 29.4 22.5 92 71
January, 2013 29.8 20.8 94 65
February, 2013 30.9 21.7 94 60
March, 2013 32.7 22.8 94 61
April, 2013 36.0 26.1 89 60

(Source: Agromet Observatory, PAJANCOA & RI, Karaikal)
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infestation even after four months of storage, ,,53 T 28888 %RK
irrespective of treatments (Table 4). However, after S|o S0 oo =
four months after storage in rice, seeds stored with o R
desiccants viz.; silica gel, drying beads and rice 5 S|lmeoeoe oo +h X o
husk had nil infestation and emphasized the & ‘5" = =
importance of continuous reduction in moisture ;o ) o -
during storage in order to minimize the risk of & g - 0 0 0 -~ oo f;' “w =
insect infestation. Similar finding was observed by N
Keshavulu et al. [12] in green gram. Among the §° - = T
insect-pests, bruchids are well known to inflict 3 :‘5 coeoees gk
postharvest loss to stored legumes, primarily o Z -
through. consumption of t.he' resource, a.nd E 2 g sS85 388% g
secondarily through the qualitative deterioration 5|8 § o N = o = N3
of the commodity or reduced seed stock viability E =
[15]. In the present investigation, observation on & T ) LY o @3 = QA
live insects during storage revealed that the <A g © T = @ F 8
desiccants had significant control over the 2 kst
multiplication of live insects in rice. Among the g & § . 8 - P4
desiccants, silica gel, drying beads and rice husk 9 < o e
were proved to be the best for having significantly ) —
lesser number of live insects than other desiccants. = :f_,:" BN S e
Keshavulu et al. [12] also opined that seeds stored % S = @
with Zeolite or silica gel were protected from 2 .
bruchids infestation and damage by restricting their ] SR 88888%
multiplication.  Rhizopertha  dominica  and ;‘ ST e e e e ow
Angoumois grain moth (Sitotroga cerealella (Olivier)) -§'o %) o 0 o
were the major insect pests found in rice seeds g é g 2 S oo oo it X g
and Callosobruchus spp. in black gram. ‘;;;o bl

A rapid multiplication of live insects was E E § T e e o o
noticed in CaCl, desiccant after four months of % RIS e e
storage indicated that the desiccation property of < | —
such desiccant might have lost and needs to be > g Eloococooood B
regenerated (Table 5). Similarly, the higher number 2 g = = ©
of live insects in seeds stored in plastic container g |< p” o ~
without desiccants than polythene bags was also & |4 g S [c\> % SRR :
indicated that moisture content in such container E % 2|¥w8 eSS -
was conducive for rapid multiplication of insects ~ | o %)) - ~ -
and emphasised the importance of desiccant 8 5 g N i~ § o g S
drying of seeds during storage. In black gram, only E 3T & -
two treatments viz.; seeds stored in polythene g 2|9 B -
container (T,) and plastic container with CaCl, 8 § NB~ooa? o » &
(T,) had live insects and rest of the treatments § « = So
were absolutely free from live insects. With respect § 8 o o | B
to number of dead insects, nearly 10 fold increase .. FImS Faawo g ol :
was observed in rice seed storage as against three b a %
fold in black gram during storage. However, the tg 8 o2
effect of desiccants was similar to live insects as m g g §
d‘ijscussed elsewhere in this Chapter. With the 2 § o :é* E
advancement in dryi i i & 3

ying technology using drying E & B e e e e § 8 g
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beads with -rt‘g.cnm‘ability" thfs hlh{l::\‘]ll‘l: tv:::;:nt:
practically feasible especially tor ¢ ) {“" -
high value low volume crops, hybrids :\.m‘ Nl ‘
banks, considering the cost of beads. hl‘m‘v. }n
effect of rice husk and charcoal on seed infection
and infestation are comparable with drying beads,
such low cost desiccants may be used wl\th
periodical regeneration at bimonthly intervals for
safe storage of low value high volume crop sceds.

CONCLUSION

It could be concluded that seeds can be rapidly
dried to low moisture contents by mixing with
Drying Beads and sealing them in a suitable air-
tight bag or box. The final moisture content reached
will depend on the initial capacity of the beads for
water, the initial moisture content of the seeds and
bead-to-seed ratio. Alternatively, rice husk and
charcoal can be used as low cost desiccants with
periodical regeneration. Further work is required
to determine a protocol for calculating optimum
bead-to-seed ratio to reliably dry seeds to target
moisture contents.
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