Control of
rice thrips: Or-
ganophosphates
such as Dimathoate
and Malathion are
highly effective.
Both emulsions and
powders can be
used and the
effects are better
with systenic
insecticides,

The insecticides
should be applied
to the seedling
at the initial
stage of rice
thrip danage.
Exulsions should
be diluted 1,000~
fold and powders
applied in con-
centrations of 2
- 3 kg/ha.
Another method

is to renove the
damaged stecks
and burn thea.

6-2-3. Group C

{1) Army

worms

There are
cany species of
aroy worns in
the tropics but
three cause
- considerable
damage to rice:
the rice aray
wOorm 0¥ ear cat-
ting worn,
Pseudaletia
separata Walker;
the rice cut
wOYmE,

Spodoptera
litura Fabricus;
and the rice
swarning cater-
pillar,
Spodoptera
mavrita. All of

Fable 6-8 Percenlage fu’quemis of adulr colour 1ypes of Nezara viridals

in the world (Kiritani  1972)
i No. :,T
Locatity G o F R {specitnens
jEx3End
Japan, Honshy, Wakayama s.s.o; 7.3; 5.1 1O 6.5
Shikotu 8.0, 12.3 6.5 32 2.6
Kyushu 0.7 8.7 i 3.5 b.20g
Awmami Is. 61.0 16.0 16.0 1.0 %
Okinawa 6.9 Y 8.7 13.0 £
Formosa i?.S-': 22._2; o 0 | 3
Philippine Is. ""'31 2.7 o 0 3
Ceylon 100.0 ¢ 0 ; 0 ]
Iadia 0.0 0.0 0 - ) 2
Bornco 8|.0; &0 1.0 1.0 7
New Guinea lc::!.ol 0 Q 9 18
Australia 1.0 0 0 yes 7
New Zealand yes

Marizna Is. m% 0 0.8, o E3)
New Hebrides 100.0 ¢ ¢ | 0 ?
Hawaii 199.0; o 0 | 0 165
Samoa lCﬂ.O{_ 0. 0 ¢ 12
Society Te. 190.0 o .9 0 ¥
Solomon Is, 100.9 0 0 0 5
¥.S_ A, Southern pant 193.0 (1] 0 9 &}
Homduras 100.0 (4] L1 3 0 2
Costa Rica 100-6 0 o ! 0 3
Wet Indics 100-0: [} 0 ; o TH
Iraq S X [ o ¢ 3

liracl E e :

Ethiop:a 5 5 yes : ]
Spain X S X 0 0 5

Takle £-9 Some thrips pot of 7ice (Pathak  1970)

Name

Hoaplotkrizs ocu’ea s Ny cormmon
Fabricuis :

Thrip eryzce
Williams

Vary comnon

Araghotkeins oheinres Less elmman
Muller

Chircthsips rmanirafus Liss common

Haliday :
Froeklixiella inlsza "Less common
Trybom i
Froxklixiella ;Lr:ss commnn
texaicornrs Uizel ;

Arololbrips fosciarss  Lrss common

Linn. :
1

! Abundance %

Elcst plant
1 Poly phagous 1 grawes,
jcereals and on many
Elinds of Rowers

i Java, Ta

i {Japan
{Primarily tice and Hitid
:;mr;ize_ Al othar H
lgraminacoous coops i

Ear»d weods

fL‘sually a pest of to- .
Licco. Infots the kaves
of rice and ether grami-ﬁ_
nxceous plants i

Polyphazous {Japarn

b
Flowners of graminu:ﬁyusz_Tai“an,
and other plants %]apnn
Flowees of gramin:\ccous; J2ron
plants
Polyphagous. Colleited :
from rice cecp at all ]
tage ’i

| Xutribution

Undia, Thailand

twan

E Phitippines, and

Furcpe, Japan

Eutope




these are nocturnal
insects belonging
to the genus
Noctuidae. Table
6-10 shows the
distribution and
host plants for
a¥ry worms,

Ecology and
Life history of
army wores: The
life span of adult
rice armny worns
(Phote 23) is three
to seven days., The
eggs hatch after
seven to nine days
and one female lays
232 eggs (Photo 24)

between the leaf sheaths.
on the soft parts of the leaves.
25) feed on the leaves.

but in the sixth instar,

entire larva stage.

Name

Fseudaletia
2parala

Stodstera

litura

Spoditerg

meurilia

Table £-10 Iraporiant army worm pests of rice

I Comeon name i

L
Rice army worm

PP

Rice cut worm

— e

iRiu: SWorming
'}(aic(pillar

Host plants

Rice, wheat,
millet, maize,
sugar cane,
geaminegus forage
aop

Rice, sweet potato,
suzar beet, crucifes,
spinach, datheen,
leguinineous

forage grasses

Rice,

i
b
!
¥

7

Distribution

Throvght Asia,
Pacific Idands, Fast
Austrabia, Fiji, New
Zsaland

Austrabia, India,
Indonesia, Malaysia,
Phitippine, Thailand

Africa, Austratia,
Ceylon, India, Indone-
sta, Malaysia, Pakivan,
Philippines, Thailand,
Usa

The thivd to

The first instar larva is 1.8 en

sixth instar

long and feeds
larvae (Photo

Fron the third instar, the larvae forn groups

rerain in the sof}! and change remarkably in 7 to 30 days.
nocturnal and remain inside the leaf sheath during the day.

Rice cut worn females each lay 200 to 300 eggs in the leaves.
€ggs are laid in masses and ave all wrapped in hair.

they separate and ove individually.
eaten by the sixth instar accounts for more than 80z

The amgunt

consured during the
The larva stage lasts a total of 28 days.

The pupae

The larvae are

The

The eggs hatch

after three to four days and the first instar larvae (Photo 27} live in
groups although subsequent instars gradually becoze wore independent.

The larva stage lasts 20 days and the body lengiths reach 4 - 5 c¢n.

ihe

pupae form a chavber 6 ca below the soil surface for their cetanorphosis.
The pupa period lasts 6 - 7 days.

5. maurita lays rather long and narcow egg masses on the leaves and

these egg masses are covered by hair.

which hatch after 5 - 9 days.

feed on part of the leaves.

OCne ferale lays 200 - 350 eges

The first instar larvae form groups and

As the instars progress, the larvae eat more

of the lecaves and rapidly eat all of the rice in one paddy after which
The larva stage lasts for 21 - 28 days and

they cove on to the next one.
the matured larvae spend the pupa stage under the ground.

is 10 - 14 days and one generation covers

different weeds.

Occurrence and danage of armny worms!

large numbers but the process is still not
the large outbreaks of arny worps appear in wet rice after floods.

clear.

The pupa stage
37 days with each generation in

Arny worns suddenly appear in
It has been reported

Rice

aray worns appear rainly in Aran rice (first crop) and the young instar
larvae are scatteved about the leaves on which they feed.
older larvae tend te congregate in groups and cut through therice ears so
that théy cavse the wost danage and make harvesting impossible,

However,

the



The worms damage not only rice but alse other important
crops and there are cases when they cut the secedlings near the ground
level,

S. mauritia also causes the greatest anount of damage to seedlings,
When the larvae get larger, they form groups and move from plant to plant.
In the tropics, they occur from June to August. There have also been
reports in some places of the insects occurring in April or October. The
larva damage the rice until just before the appearance of the ears.

Control of army worms: Measures to control avmy worms must be
taken while the larva are young. Insecticides are not effective once the
laxvae have passed the fourth fastar stage. Recently, tests have been
perforeed concerning the control of army worns by viruses. Since it is
also gradually becoming clear how the coccurrence of arny worms is suppres-
sed with respect to the behavior of their insect natural enenies, integrat-
ed control of army worns combining insecticides and natural eanemies should
soon be established, 7The most effective insecticides are DDYP, Sevin
and Methoxychlor. Emulsions should be diluted 600 - 800 fold and powders
applied in concentrations of 30 - 40 kg/ha, '

(2) Rice leaf folders (Cnaphalocrosis redinalis)

Theseé species previeusly caused slight darage but recently they
have become a major problen in Southeast Asia, Taiwan, Japan and other
regions. The rice case worm, Nymphula depunctalis, is also a major pest.

The distribution and host plants of these two species are shown in Table
6-11.

Life histoxry
of pyralids: The

eggs of rvice leaf Name | Common name | Host plants I Distribution
folders are laid T

Table 6-11 Imporiant pryratid posts of gice

Grap2a'ocrasis Rice teaf rolter | Rice, suzar tane Japan, Kerea,
in pairs or indi- redinzlis
vidually on young

I
j
g Paki:tan, India,
leaves. These !
i

1
i
3 MaTaytia, Thkai,
i Indonesia
]

eges are yellow Nyraphisla Rice care worm Rice Austratia,
and flat oval in depurctclis Southeasy Avda

shape. The hatch

in four days. The larvae (Phote 28) wrap thenmselves vertically in the
leaves and feed on the leaves fron the inside. The larva stage lasts 15
to 25 days and the pupae are formed wrapped in the Ieaf and the stage
lasts six to eight days. One generation covers 25 to 35 days.

The eggs of rice case worws are laid individwally on the leaves and
hatch after three days. The larvae are semi-aquatic and make their nests
from several leaves in the form of cylinders. As the larvae become larger,
the size of these cylinders changes. The inside of the cylinders are
filled with water and the larva have gills in the form of long thin fibers
on both sides of their bodies. Since oxygen is continuously transmitted
in to the bodies via the gills, it is necessary that fresh water be
supplied inside the cylinders. The larva stage continues for 15 to 30
days and the pupae rerain in cylinders neat the base of the plant stalks.

The pupa period is four to seven days and one gencration lasts for 20 Lo
40 days.



both 5%3223§¥£%$§gf92‘PX{E}!Q%EE§£§: Rice leaf folders firmly close

nest fn the X e leaves of comparatively young rice plants and the larvae
(Photos 20 zaves wh?lc fecding from the inside of the rolled leaves
fnddeare tan 30). ihe damaged leaves have white blotches which

b 2t the larvae feed wostly on chlorophll. The daraged leaves
ecome dry and when the damage is extensive, the entire plant becones

shrivelled. There have been cases vhere up to 60% of 311 the rice
stocks were danaged.

The larvae of the rice case worms forn their nesting cylinders by
cutting through the rice leaves. The sizes of the cylinders change to
gatch the size of the larva bodies. The chlorxophyll disappears from the

dmaged leaves and they become white. The leaves are eaten near the

stalk parfs and the damage is especially great in young rice, the growth
of which is often stunted.

Ez{gl}ﬂ_gg§£_ggg££gl: The leaves and host plants damaged by rice
Lleaf folders can be recoved but this is not effective. Rice case worms
can be controlled by draining the damaged paddies for three or four days.
The application of 600 — 800 fold dilutions of emulations or 30 - 40
kg/ha of powders of insecticides such as ralathion is also effective. In
noreal years, there are also vany cases where these pests are controlled
effectively by insect natural enenies.

(3) Rice skippers

) This group consists of three species: Parpara qultata, Pelopidas
rathias and Telicota augias. Table 6-17 shows the distribution and host
plants of rice skippers.

d ——AWEC?]'——g!———Jﬁoi y_and Table 6-12 Important rice shippess of rice
at-,age oL rice
5!(12' pers: The Name Common name I Haost planis 1¥stribution
eggs are laid on Porxzra guitera ; Rice skipper , Rice i Jap2n, Himalayas,
the surface of : : 1 Indonests, Celebes,
the leaves and = f . China, India
hatch after i : | Thailard
three days. Pelopidss ; Rice skippr ! Rice ! Indis, Iedonesia,
They are light prathias i i China, Thailand,
yellow and the E ,i Africa, New Guiinea,
larvae are light E i { Mahgacy

i H -y - =
green {Photo 31). Telicota eugiss ¢ Rice shipper Rice : Philippines, Indonesia,
The larvae-fced i . l Ausiralia

on the leaves
from the outer
edge to the center so that only the mid-rib remains (Photo 33). The larvae
nake their nests by biading leaves together. Damage is especially great

in young leaves after trausplanting. The larvae continue feeding uatil

the ears appear and when there is a high level of damage, the rice plants
cannot recover in many cases. The pupa stage {Photo 32) is passed in the
leaf tube and lasts for § - 10 days. Small outbreaks of rice skippers

are cotezon.

Control of rvice skippers: Control of skippers is based on the same
nethods as used for arey worss and rice leaf folderxs.




(4) Leaf beetles

The leaf beetles include one important pest, the rice hispa,
picladispa armigera. This specles 1s distributed throughout Southeast
Asia (Thailand, India, Burma, Indonesia and Pakistan), Nepal and the

southern part of mainland China. Host plants include rice, Leersia
hexandra and wild rice.

Ecology and damage of leaf beetles: An adult ferale lays an average
of 55 eggs in the epidernmis near the lower edge of the leaf. A black
excretion is left in the area where the eggs are laid. The eggs hatch
after five days and the larvae feed on the leaves. Damage is confined
mainly to the young rice plants due to the feeding of the adults and
larvae. Patches of the larvae are in the form of vertical white lines.
These white patches run from the tip of the lecaves to the base (Photo 34%)
and the damaged leaves die. The larva stage lasts 7 to 12 days and the
pupa stage five days. The pupa stage is spent in the patches of the
larva. In India, there are six generations a year and in the southern
part of Pakistan, these beetles cause ipportant damage to Aus rice. Rice

yields are decreased by 10 to 65% and 150,000 - 200,000 acres of paddy
fields are affected annually.

Control of leaf beetles: lasecticides such as Diaziron, Sumithion,
Sevin and Dimecron are effective if applied in },000 - 2,000 fold dilutiens
for emulsions and 30 -~ 40 kg/ha for powders.

Because of lack of space, consideration of leaf scales, grasshoppers,
plant weevils, roor worms, crane flies and mole crickets have been Oﬁltted

6-3. Literature Cited









CHAPTER SEVEN
ROBENT DAMAGE TO RICE PLANTS

Masaru Seki

- The severit

y of rodent damage to agricultural crops needs no particu-
lar description.

The tropical area in Asia is no exception. The rodent damage to
agricultural crops increases in parallel with the expansion of farm-lands.
Although rats are considered omnivorous, rost of their food is plants and
wvhat is worse, except for toxic plants, there is no vegetable unfit for

their diet. 7This is why alwost all agricultural crops suffer rodent
darmage,

In the consoon zone of Asia, where the seasons are divided into dry
and wet, floods deprive rats of their food and nests during the wet season.
This destruction of their living envirorment acts as a natural selection
to cause a considerable reduction of their population. Kevertheless, why
isn’t there any sign of decline in either their population or the darage
they inflict? It is probable that rapid restoration of their population
is due to the ample supply of food in the tropical area and their vigorous
reproductive potential. With regard to high rodent reproduction, the
figures, 20, 155, 392, reprent the accunmulated inbreeding population
after three years, based on the following assuwptions: annual frequency
of parturition, 3; litter size, 10, with equal nurbers of males and
ferales; and survival rate, 100Z. One can imagine how terrible the result
would be if 22 rats inhabited a hectare of farm-land, each eating 30 - 50g
of rice a day. In view of the current mounting concern about the world-
wide food crisis, greater effort is urged for eradication of the rats.

7-1 RODENT CONTROL

Rodent control on a large-size farm is 2 most difficult and
paiastaking operatioa. The operation should be effectively and economical-
ly carried out by an appropriate strategy mapped out on the basis of a
knowledge of rodent habits and ecology and the quickest possible predict-
jon of their migration. Soze technical information, such as the facts
uneationed below, are indispensable to putting a rodent control plan into
effective and econonmical operation.

7-1-1 Peternining Rat Species

In carrying out the control eperation, the rat species toward which
the operation is directed must be known, otherwise the program itself can
hardly be established. Identification of a rat species is the first step
in vodent control. A rough identfificatien is possible from worphology;
however, various features rust be accurately wemorized because misidentifi-
cation often results from the possibility that infant rats, and subadults
as well, differ from adults in the coler of body hair. A method of



measuring external features, a basis of identiffication by morphological
forms, measures a rat in the supine position, with the body stretched
naturally, as {llustrated in Fig. 7-1. 1he measurement will be casy if
drafting dividers are used.

Figure 7-1

A-Length of body: From tip of nose to anus.

8- Length of tail: From anus to tip of tail
exclusing hair on tip.

Cc-Length of hind foot: From heel to tip of
longest toe excluding nail.

D-Length of ear: Maximum length from entrace
of ecar hole to edge excluding hair

(Lorzer in the »ale thin the femak) on edge.

The values thus obtained are important data for classification. Body
colors and tail should also be recorded aftevr careful observation.
Nearly all species of rats can be e¢lassified by the above-mentioned informa-
tion. However, when it is felt that morphological forms alone are not
enough for classification, the rat rmust be classified by observing the
features of its skull and molar teeth. In taking out the skull, the head
is first skinned, then boiled in hot water, and then the wmuscle of the skull
is stripped off. This must be done carefully as the skull is easily broken.

The sex of the rat must be known when the measurement of the external
features are taken. The identification must be founded on anatony in order
to secure accuracy. .The abdomiral region is cut open to separate the re-
productive organs using a scalpel without injuring the other intermal organs.
ihe pale can be identified by the testes and the female by the ovary or the
uterus. During a season of reproduction, adults can be readily identified
from external features because the testes are enlarged and protruding in
the male, the vagina is open in the [emale and the papillas are clearly
visible if the vat is pregrant or suckling (Fig. 7-2). The nurber of papi-
1las sowetices varies with species, another feature for classification.
During a season other than that of repreduction or when the rat is in in-
fancy, the testes are not visible from outside as they ave inside thé abdo-
wen. The female is difficoult to distinguish as the vagina shuts coepletely
and the penis and the clitoris look alike. Judgewent is, however, usually
correct if it is based on the fact that, in rats belonging to the sare.

species, the penis and the anus are separated in males but the clitoris and
the anus are close in females.

Figure 7-2 z
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7-1-2 Understanding Rat Ecology

. A knowledge of habitats, the wa
production of each species

Of the various ways of stud
is explained here, This 1z
structure of rodents, 1In
every day for 5 to 10 days
say, 10, 15 or 20m from on
captured rat is given a se
of the reproductive organs

y of living and the condition of re-
is indispensable to efficient extermination,
ying rat ecology, the “Mark and Release Method"
ethod seems quite good for studying the social
this method, a trapping operation is conducted

s with traps set in the area at a certain spacing,
€ to another, in a checkered pattern., Every
parate mark with which to record sex, the growth
o i » suckling, weight, etc. The vecords on

¢ condition of the reproductive organs include the growth of the testes
in males and the state of the opening and closing of the vagina in ferales.
As for the mark, one wight think of using a pigrent to mark the body of a
rat, but this is not useful fer a long-term survey because the change in
hair will eliminate the pigtent. A better way is to cut off toes of a rat
and use this for varking. The writer has adopted the method shown in

Fig. 7-3. 1In short, toes are cut off one after

another, begimning with the outercost toe of the

left fore foot, with the rat in the supine posi- A I S

- o 33 s;gzo
tion. Note that the 9th wmark is produced by 11 5#55” wes VL2
cutting the outside of the left and the right . =
fore foot. The hind feet are handled in a

similar ranner to have the toes represent the

10th, 20th, 30th, 40th . ¢+ « - }0Oth mark,

beginning with the Ist outerrost toe of the left fore legs- Hind legs
hind foot.

ITE T s

For example, Ko. 59 is produced by cutting off the outervost toe of

both the left and the right fore foot and the 5th cutercost toe of the left
hind feot.

No. 145 is warked by the amputation of the innercost toe of the right
fore feot, the fourth outercost toe of the left hind foot and the innercost
toe of the right hind foot.

In cutting toes, care should be taken not to allow the rat to escape.
The amputation can be perforred by seizing the scruff of the neck when the
rat is as sxzall as a rouse, but if it is a Ratius or a Padicota, an anes-
thetic should be administered to the rat prior to the amputation for safety
because of the danger of being bitten. 7The writer has been using ether for
anesthetic. The rat is put in a large, heavy-duty, transparent vyail bag in
which ether-scaked absorbent cotton has been placed. In this bag, the
progress of the anesthetic effect can be observed. Fxtended anesthesia is
fatal. 7oes are ready for acputation when the rat is found incapable of
standing after being turned over on its back outside of the vinyl bag.
Khen there is severe bleeding after the cutting, it should be stopped dy
covering the cut with the fingers. Application of disinfectant is also
good for prevention of suppuration.

The rats marked by this nethod are released to the area where they
were caught. It is desirable to conduct the several-days trapping opera-
tion once every ronth so that the change in population, and the condition
of reproductien in the investigating area, can be knowa.



As for bait to be used for the trapping operation, any vodent's
favorite food in the respective areas will do. The writer used sweet
potato in Talwan for a rat investigatioen In sugar cane fields, but used
rud snails in Cambodia for a similar operation in paddy fields. Both
achieved good results.

In examining rodent reproduction ecology and population size, “snap-
traps"” are employed to catch and kill rats so that they cam be dissected
for observation of the growth of reproductive organs. This method is
siaple but good enough for checking rat migration in an area if it 1is
applied 4 tives a year for about 5 days each. Naturally, locally developed
traps can be used fnstead of the snaptvap., It is advisable to establish
a fixed rate between the size of investigation area and the number of traps.

(1) #ome Range

A series of investigations using the "Mark and Release Method" will
prove that every iudividual rat has its own range. This is called the
home range, a donain of rats for maintaining their 1ife, reproduction,
breeding, acquisition of food, etc. The hore range céntains areas, called
territories, which are off-limits to other rats. Unlike the home ranges,
the territories will not overlap with one another. Thée avea of a home
range varies with species, sex and age; it is wider in 220-inge than
Microtinae, rale than female, and subadult than adult. It also changes
with the seasons and habitats, probably because of dietary conditions.
Even when the hoze vange is linited, if it offers the rats easy access to
food a2nd a good envirornment, or if the season provides the same conditfons,
enough for iiving, the inhabitant population will fncrease. On the other
hand, an unfavorable situation will widen the home range, reducing the
1nhabitant populatien. The area of a home range is estimated with respect
to a rvat with a record of capture wore than 3 times. The nethod is; plot
the spots of capture on a piece of section paper, draw squares with the
spots at the center and esticate the total area by neans of combining the
squares. In practice there are two nethods; large enclosure or small en-
closure of the area by weans of combining the squares with a 1ine.

Figure 7-4 shows experimental results in sugar cane fields in Taiwvan,
using the large enclosure. (See next page.)

Figure 7-4.
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Figure 7-4

Basdicota Femarivaga

Apsderas agrarivs

o 210002

(2) Reproduction

The rat is so vigorous in reproductive powers that the early-maturing
type of mob Pattus worvegicus will be sexually mature and possessed of
reproductive powers in 25 days the late-maturing type in 60 days, averaging
35-40 days after birth. The fexale is in estrus in 50 days on the average,
35 days at the earliest and 90-120 days at the latest. However, 8 to 9
months elapsed before child-birth, said a report en a rearing test in
Taiwan, Such being the case, it seems rhat the existing conditions have
a great bearing on this question. 7he fermale is in estrus and capable of
another coneéption soon after delivery. ‘The ferale of R. norvegiocus ray
have eight litters yearly, but that of Barndicota nzroyivaga expericentally
reproduced 3 to 4 tices annually, four in each litter on the average,
according to the rearing test in Taiwan. There is a case in which a
Bandicota indica of Cacbodian origin was found to have a litter of 13 vhen
dissected. The life of rats is estimated at one year or less in nature

although survivals of from one to three years have been recorded in labo-
ratory animasls.

{3) Eating Habits

A koowledge of rodent foods in the fields wiil help in deciding what
caterials should be used for poison bait in rodent control. The rats eat
aloost all kinds of vegetation although they are omnivorous. Naturally,
food intake varies with dietary preference, but their dietary preference
is uninportant when there is a shortage of food due to a poor harvest
caused by cliratic factors, or due to the increase in their population.
¥n such conditions, huge damage will undoubtedly be done to agricultural
cYops.

The eating habits of rats are learned from an examination of their
gastric content through dissection. However, a visual check seems in-:
effective in identifying the foods by varieties since the contents have
been well pasticated. Observation under a microscope is necessary to
identify the varieties and this is done by mixing the gastric conteants
with fodine potassium iodide solution, separating a section displaying the
so-called iodic veaction, then for identification observing the starch
grains contained there under the microscope. Most of the starch grains
contained in cells can be fdentified since those of cereals and potatoes
vary in shape with species. Being Indigestible, s0lid protein and chitin
leave some part to distinguish then from eating insects. The rethods of
examining a rodent's eating habits froa its pastric contents, though



accurate, seem to be unfit for general application. One will be able to
know a rodent's eating habits to a certain extent not from the gastric
contents but dy continulug caveful observation in the fields, namely,
through evidence of what they have devoured, A 1lfttle experfence will
give evidence even of thelr specles. To dig up thefr burrows and examine
food in storage 1s an another zethod. '

As previously mentioned, rats demonstrate their dietary preference
at a low population density. But even at a high population density, the
damage they do to crops begins with the crops they prefer.. At times it
happens that their preference is dfrected to certain species among several
in the same crop. This is not only due to their dietary preference but
alse to a possible rodent concentration on such specles becauvse these

species, susceptible to wind and rain, tend to Yodge and develop many leaves
beconing rodent shelters,

7-2 Rodent Control Technique

How effectively the knowledge iIn the preceding paragraphs c¢an be put
iato operation is control technique. In practice there are four metheds
of control; chemical control using chenical rodenticides, ecological con-
trol utilizing a knowledge of rodent ecology, biological contvol making

use of patural enenies and cechanical control using imstruments such as
traps, etc.

7-2-1 Chemical Control

This is an effective, low-cost, labor-saving wethod. On the other
hand, because the chemicals used have some effect on man and other animals,

a full understanding of the characteristics of the chemicals is required
if accidents are to be avoided.

{1) Kinds of Rodenticide

Na-zonofluor acetate CH.,FCODNa

2
This is the 1080th chemical compound developed in Amerfca during
World War II, and for this reason it is designated 1080 (ten-eighty).
This is a vater-soluble white powder and so toxic that even an extremely
szall dose will kill animals. The rat poisoned with this first develops
paralysis of the motor nerves, then stops roving and dies of the poisoning.
. Since the time from intake to paralysis is so short that one can spot the
carcass easily, this chenmical is advantageous in view of the convenience
of carcass disposal. On the other hand, strict contrel nmust be exercised
because the poison is lethal even to carnivorous birds and animals which
are the natural enemies of rats, not to mention its terrible toxicity to
man, Its lethal dosages to wan and various anirals are as follows:

LD 50 {(mg{kg dw)

Rat 0.3 - 4 Chicken 6 - 7
Dog 0.1 - 0,2 Goat 0.7

Man *350g (at a body weight of 70kg)



*Note: The above figure for ran is an e

b stinate based on actval cases
CCause experimental results ave

not available,
Thallium
The use of thallium for rodenticide b

egatin in Gerrany in 1920, Thal~
léumhapetate and thallium sulfate are the avaflable compounds, but the use
g i Silatte: is Core corsmon although both are equally toxic. Some

ambodian orlgin fatfus ratiys were experimental ] ' -

batt containing thatlie perimentally killed by biscuit-form

m sulfate at dosages of 19.4 - 195.7ng/kg in 24-48
hours. A lethal dose for Patius rorvegicus is 15.8 + 0.9ogfkg.

Thalliuam could cause loss of hair even if it fails to kill the rat,
and because the chemical will not reutralize itself in the carcass, care

should be taken to prevent secondary accidents to other aniwals which
might eat the carcass.

Red-squill

The toxic ingredient of this cheaical is the scilliroside contained
in the bulb of Urigireq raritirg, a Liliaceae plant growing wild on the
coast of the Mediterranean Sea. Although there are two varieties; white
(native to Malta) and red {(native to Algeria), only the latter is used for
the redeaticide. Lethal dosages for the Norway rat are as follows:

Norway rat Male 133 10mafkg
Fecale 276 29npg/kg

A limited toxicity to wan and anirals is a characteristic of this
poisonous agent. Acerbity which ray cauvse vopiting in the event of
erroneous intake is also one of its characteristics.

Strychnine

This alkaloid, together with brucin and vomicine are contained in
Strychnos roxvorica and Skrgehios igratii which grow wild in India, Sri
Lanka, Indo-Chira, Australiaz and so on. The lethal dose for rats is 1 to
10eglkg. It is also strongly poisorous to man ard animals. The lethal

dose for pan is estirated to be 0.1g. There was, however, a death from a
dose of 0.03g.

Zine-phosphite

_ This is a dark-gray powder insoluble in water. It will decompose in
acid, producing PH, gas of a peculiar odor. When taken by a rat, it dis-
solves in the acid of the gastric juices and turns into PH, gas} it passes
out of the body leaving ro toxicity. 1his is why secondaty damage will
not occur even when natural eremies to rats eat the carcass. This is
anothexr feature of the rodenticide. The lethal dose for rats: 40-75 uglkg
{LD=50%).

Courzarin

Once cattle were found dying one after another from hezorthage of
vnknown cause when they were continuouvsly fed with bad sweetk clover. A
study aiwed at deternining the cause finally discovered a chemical sub~
stance which was later nared Dicusarol. This led to the discovery of
another substance called Walfaria which is 20 to 30 tiwes stronger than
Dicumarol, The cheaical nace of this substance s 3-(o-acetonyl benzyl)-



4-hydvoxycoumarin. This toxic agent will cause chronie toxfcosis. The
rat will experxience hemorrhaging in the body 2 to 3 days after begluning
the intake of this agent, becormes inactive and loses energy, {t will be
dead in 5 to 6 days. This toxic agent is fneffective unless the rat eats
it every day. The rate of intake of this chemical by rats seems unchanged
because other rats do not exercise precautions against those killed by
the chemical as death seems to be natural. This chemical is practically
harmless to man and other animals.

Since each toxic agent including those mentioned above has rerits
and demerits and no rodenticide which is safe under every condition has
been developed yet, there is no alternative but to go ahead with the
preparation and study the application of poisoned bait by putting the
characteristics of rthe existing agents to best use.

{2) Preparation of Poisoned Bait

In preparing poisoned bait, paterials preferred by rats must be
found. The food habits and dietary preferences of rats vary to some extent
with species and habitats. 1he dietary preference of the rats to which a
control operation is directed zust be ascertained prior to the preparation
of poisoned bait. This is a basic priaciple of chemical control.

(3) Material and Form of Poisoned Bait

Yhen two kinds of bait, one unhulled vice and the other dumplings
cade of rice flour, are sirvltaneously fed to rats, they eat the foramer
at once without taking precautidns but a littie tice is needed before they
settle down to start eating the latter. Strongly cautious anireals like
the rat do not react to ratural forms like unhulled rice but they will
show what zoopsycholopy calls the reaction to foreign matter to the dump-
lings, It is, however, experizentally evident that when filling materials
preferred by rats _are added to the durplings, their intake of the dumplings
will excead that of unhulled rice, once they get used to the bait.

¥hether a toxic agent is soluble or insoluble in water will not
atter to the preparation of dumpling-form polsoned bait, hut to c¢oat
ordinary rice with a pon-water-soluble toxic agent s very difficule.
Cheaicals rust be carefully selected for anm area where large, mediuvm and
szall rats such as Bandicota, Eatius and Mus live together. Suppose the
concentration of the toxic ageat has been prepared to eeet the weight of

large rats, the contrel operation ray end in failure because the other
rats will avoid taking such bait.

{4) Scattering of Poisoned Bait

In the zonsoon zone of Asia, in ry experience, it {s advisable to
scatter poisoned bait three times a year, before and after the rainy sea-

son and sonetice in January or February in the dry season if rodent control
is conducted periodically every year. )

As rethod of scattering bait in narural form, it is advisable to set
up bait statlons ia ovder Lo prevent erronecus intake by other birds and

anjmals. Tt is even desirable that baft fn dunpling form be kept in baft
boxes.,



7-2-2 feological Control

ihis nethod aics at rodent contr
habitats and food through
Southeast Asfa, picking of
fron near the root seens po

o) by depriving the rats of their
destruction of theiv living environment. In
the panicle instead of cutting the plant down

vular in harvesting rice plants. 7The author
canrol help thinking that this rethod favors rodent reproduction. The

harvesting of rice plants begins sonetine during the dry season, unfor-
tunately when rats reach their breeding period. A high rate of shattering
car be observed when the ranicles are picked. A suxvey in Carbodia re-
corded shattering as high as 150kg/ha. The rice plant whose panicle has
been picked is lefe beconing an ideal habitat for rats. When they have
food and habitats, tke rats will, presucably, enhance their vigorous
reproductive poteatial. Needless to say, this kind of environment wust

be destroyed. 1f this is not possible, efforts should be rade to reduce

the size of the rodent population by different means including the scat-
tering of poisoned bait.

7-2-3 Biological Control

One should conduct rodent control while protecting carnivorous
aniuwals. Most rapacious birds catch and eat small animals. In Cavbodia
1 had an cpportunity to dissect five havks. To ny suviprise, the craw of
every bird was full of rodent hair and bones.

7-2-4 Hechanical Control

This rethod rcakes use of traps. Since there are cany kinds, one
ray be puzzled about which to select. Hand-miade traps designed in various
areas are in use. 1 should say that their value should rot be ypder-
estirated. They ray be superior to rass-produced traps. People should be
encouraged to catch as many rats as possible using hand pade traps.

Conclusion

The four cethods of rat control will deconstrate their effectiveness
only when they are used in contbivation. Effort and perseverance are
basic for rodent contvol.






CHAPYER EICGHT
DRYING AND STORAGE OF PABDDY

Shinjiro Takeo

8-1. DRYING OF PADDY IN TROPICAL AREAS

?he moistur? content of paddy in the harvesting season in tropical
arcas is 16 to 28%. However, paddy with roisture content of rore than

14% is unfit for storage from the viewpoint of minimizing quality dete-
rioration and loss. This demands use of drying

to rerove such an
extra moisture.

Sun drying is popular in tropical areas. This rethod is sieple
but effective vhen carried out properly and when there is good weather
during the drying period. Control is a difficulty in effective sun
drying. Paddy dries in a few hours in hot and dry weather but in two
days or so uader cloudy skies in a humid elimate. Rainfall at the last

stage of drying where the moisture content is about 16% can cause
cracked andbroken rice.

1t is ieportant im sun drying not to overdry a large volume of
paddy, and to avoid hasty drying. Yhen the coisture content of the
greater part of the paddy is less thar 20%, sun drying rust be avoided
because cerent yards in tropical areas are extrerely hot in the after-
noon. Tesperatures above 40°C are dangerous to the quality of paddy.
It is however, impossible te avoid such tecperatures in hot afterncons.

A study of sun drying has pointed out that successive one-process
drying is harmful to paddy as it will increase the occurrent of broken
rice in the pilled vice. In paddy with a high coisture content it is
advisable to dry it until its colsture content is reduced to 16 to 20%,
gather and store it ia the drying yard, leave it covered for 3 te 4
hours and supply tempering overaight if needed, then spread it aad dry
it agaio until 12 to 13% roisture content is reached. .

Weather conditions during tarvesting in the rainy season are not
always favorable For sun drying. There is a danger that a large quantity
of paddy will be lost when there is a shortage of sunshine and continuous
ratnfall. Artificial drying is the only solution to this problem. Even
in tropical areas, when a modern barvesting technique such as the use of
harvesting combines is adopted in future, a large voluze of paddy will
have to be artificially dried because the rachines do cot permit field
drying after reaping.

8-2. PRINCIPLES OF DRYIXG



Prying, the removal of the moisture content of paddy, can be
carried out in basically two ways; sun drying and artificial drying.
Sun drying is a method of evaporating the moisture content of paddy by
the heat of the sun, and natural wind. In sun drying, the drying
capacity will increase in relation to an increase in temperature; in air
dryness and in wind. A combination of these factors makes fast drying
possible. Thus, it is important to control such conditions of the air
as temperature, humidity and the rate of air flow properly for drying.
These factors can be adjusted by machine, but they are difficult to
control when natural drying Is used. Heat is a prérequisite to remove
poisture from paddy. The moisture in paddy is evaporated by hot air.
Air flow will continuously carry away the evaporating moisture, thus
drying the paddy. Heat and wind play a najor role in paddy dryfng.

8-2-1, Relation betweéen Drying and Heat

Total evaporation of lkg of water will usually require 580 to
590kcal at a normal temperature, as shown in Fig. 8-1. The same
principle can be generally applied to the removal ¢f lkg of moisture
content from paddy, and roughly 600kcal is

required for ordinary drying. But 600kcal z sm—l::f::ft::i::ﬁ“‘v
is insufficient for actual artificial dry- g~ IR *55\‘***ﬂf4‘““*_-—-
ing because of various losses, and 1,000 to; 23 59 i e Rt B
2,600kcal and sometimes even 4,000kcal, are ?g ::_Auf'"’E\QQ"
needed. This additional heat is affected o I N O U N )
by atmospheric conditions. 1t may be less 23 \\1
than 600kcal when the weathexr is fiwe and £5 U

the outdoor temperature is high, but as ¢ ®» h H B W
high as 3,000 to 4,000kcal when the - Tezpntue(¥)

Fiz. 5-1 Rehtion between Tempe-
rature ard Heated Value for

weather is bad and the outdoor tempera-
ture is low. :

Fvaporation
8-2-2. Relation between Drying and Wind

The rate of air fiow is represented by u3fsec. per 100kg of paddy
before drying. The greater the rate for two lots of paddy of air flow,
the shorter the drying time. This was proved by meaning the time to
reach a specified woisture content with two lots uader the sane air
tenperature and humidity conditions but with different air flow rates.
In short, a greater rate of air flow will quicken deying. However,
an icprudent increase in the rvate of air flow is practically useless
because it does not always induce a proportional increase in drying
speed, and the increase in the rate of air flow will cdonsune more fuel
and require high horse-power for veatilation. The rate of air flow of
dryers in the nmarket i$ normally 0.02 to 0.2a3f/sec per 100kg of paddy,
but in some it is as large 0.6m3/sec.

8-3. XIKDS OF DRYERS

8-3-1. Flat Bed Type Dryer

This is a dryer for farcers' use, sipple in structure and cheap
for what it can do (Fig. 8-2). A small codel of the dryer is capable



of accepting approximately 100kg of Pagets

Graiy
paddy at a time, and a large model Ferre F .:,;:f:TZ?
about 1,500kg. In operation, atten- ‘l' Ju 2 [1.ﬂuﬁ5““,
tion must be paid to air temperature. *“jéﬁiL}: 7"-ﬁJ-j;r|
it is inadvisable to raise the tempera- 'j - ///f ]
ture too high in view of a pOSSible Thieeomsler

incrgase of uneven drying and cracking, Fiz 82 AnFaampl of FlztBed Type Dryec
although the temperature of the heated air differs with the moisture

content at_she time of loading. It is advisable to raise the temperature
to 5 to 10°C above atmospheric temperature.

In drying paddy with a high coisture content, the temperature of
heated air is set lower than for paddy with low moisture conteant. But
to reduce the uneven drying without dropping the drying speed too much,

the thickiess of the pile should be reduced. (For example, reduce the
thickness to one half if it is 45ca.)

8-3-2. Upright Type Forced Air Dryer

The upright type dryer whose heater and fan are, in many cases,
the sare as those of the flat type is shown in Fig. 8-3. The merits of
this model compared to the flat type are: (1}
capability of autopatic throwiog aad discharg- Thegnes Tep of gras
ing of paddy, (2) small installation area in \&

3 Metal sogeez

comparison with its capacity. However, the
nechanization does not necessarily result in
faster discharging. Dischargiog ray not be
easy when the materials coantain a lot of
straw dust.

In the upright type, the position of
the paddy cust be changed by taking it out
from the bottoa and putting it bacz of the
top once or several tises while it is being
dried siuce the paddy ray not be equally ) ] .
exposed to the air flow. Precautions should hiz. 83 A“E‘“Rp*fq Upright
be takea with paddy of high moisture conteat. Type Yorved Nir Dryee
The temperature of heated air applied to the
flat type is applicable to this type.

Sqrex teiezil

8-3-3. Circulation Dryer

This machine is desigaed for drying paddy through constant civ-
culation, {Fig. 5-4). Characteristicsof this type are; decrease inuneven
drylngﬁonvenieutGperationthankstozunonalicthrovinganddischargingof
paddy, and snall installation area in comparison with its capacity.
However, there is the possibility that adnixture of a lot of.straw"?ust
may cause poor circulation and worsen uaneven drying and gquality. In?[e
are certain varieties in this type rapnging fron a farmer's model ?itn
the holding capacity of about 300kg at a tice to one with a_capac1ty_
of about 1 to 2tons for public facilities. With regard to its capacity,
the moisture of the paddy bdeing held can be reduced only 1 Eo 1.?2
every hour. In this type of dryer, paddy is dried while being circu-
lated and the so-called tespering condition is recached, because at the



time of a low rate of air flow the paddy near the air inlet is ex-
posed o high tempervature, while thatunear the outlet Is exposed to
low. This type will produce higher teuwperature of heated air than
that by the bed type dryer.

8-3~4. Continuous Flow Dryer

This type dries the paddy by heated air while the paddy is fall-
ing from top to bottom by gravity. The dryer consists of a drying
chacber, a fan and a heater. Anm air planum is connected and a conveyor
is provided for throwiang and discharging paddy in and out of the dryer.
The drxyer can be classified into the following thr¢e major types
according to the structure of the drying chamber. (Fig. 8-5)

{1) Screen Type

In this simple type paddy is thrown between two perforated boards
while heated air is supplied to one board and then to the other, with
a few places for catching straw dust while circulatiag the air, thus
reducing the clogging problen. However, there ray be only one drying
when paddy is falling, because the paddy at the inside of the perforat-
ed board is hardly circulated at all toward the outside of the board.
This might cause uneven drying on both sides of the air inlet and at
the outlet of the heated air, but usuvally this is not a serious problen.

{2) Screen Baffle

The sides of the air inlet in this type in baffle, and generally
the outside is perforated sheet iron and the inside is an imbricate-
construction door. The reason why the outside is made of perforated
sheet iron is that there is the possibility that the admixtures in the
paddy way fly cut with an increase in the speed of aiv flow.

This type is characterized by less uneven drying which can be
attricuted to stirring by the baffle when paddy is falling, But there
cay be catching of admixtures, disturbance of scooth flow of the paddy
and difficulty in cleaning if the baffle is not properly shaped.

(3) Inverted Troughs Type

This type is nased after its shape. The heated air and exhaust
pipes are alternatively installed, and the tops of the pipes usually
have an inverted shape. Many inverted pipes will alter the path of
the paddy when it is falling. Then the paddy is stirred while passing
through the dryexr. Uneven drying is slight in spite of a rather
limited rate of air flow, because of the alternative placerent of
heated air and exhaust pipes.

The drying rethod in a3 country elevator is a multi-pass drying
systen composed of a continuous conveyor type dryer and a tank for
tecpering. In the nulti-pass drying systen, paddy passes through the
continuous conveyor type dryer several tises to reduce its moisture
content little by little, and tempering is applied in the middle of
the passage. An example is shown in Table 8-1.



Backel eferates o
Serizs Tipe

[x]
5
”
-

\
)5

Cral / Deet
1 L S
Chzlsy

o
6

NN
E
b

- Heated .
Fas wik : g -

°r e
furpece !;:'4}/“:-/

NN

|
SN

Getta
disctarger % L4

1Y
NN
NAAW
¢

Serew coratyer

e

Tisrkargss Iertargrr

Fig. §-¢ An Example of

o tati - -
Circulation Dryer Fiz. 8-3 Continuous How Dioyers



3-4. CRACKING

Fable 8-1. Frapls of Combination in Mueli-pass iying Systim

Afethod

Cracking is
caused by quick
drying and rapid

A
absorption of
humidity. Usual- =
1y the rice B

kernel has aluost

ne moisture

gradient. But if

a gradient exists, ©

paddy in dryer
Shoit

U2-~15 min}
Middle

(about 32 miin.)

Leng

(3 hours, twice,
when start from
2454 moisture

Holding time of | Tempecature of
heated air

15izh
{about 55C)

Loy
{about {5C)

Comparatively
high

{there are diffe-
rences according
the flow situati-

T large

Rate &f air flow !
i

0.3~0. ta%/sex
per 10D kgs of
pddyy
Farge

0.2~0.3 n/see

per 10D bgs of
paddy)

Small

(0. | p¥/sex
poc 169 ks of
paddy}

Drying specd
Aboue 2 €57
12~ 135 min,

Slowee than A
Yaster than €

Sowest
$~ 5% 3 houss

the kernel quickly contenL) on of paddy)
dries and rapidly : -
absorbs humidity, Nete. (1) Temperatures of heated air and other Bures 2t 6ot aluways opli-

and cracking of mura for all caws,
the kersel will occur 7y Tempering times are 3~4 boursor more than § kours,

Cracking due to absorption of hunidity will develop under the
following conditions; before harvesting, while paddy is being dried
in the field, and after drying. Before haxvesting, cracking may occur
when a sudden rainfall or dew with dried paddy. It happends that paddy
is generally dried in the field when harvesting is late and if com-
paratively fine weather continues. Even well-dried paddy in field
drying will develop cracking due to showers and dew. And even after
drying, the paddy will develop considerable cracking when it absorbs
humidity in the air.

Factors related to cracking which occur during drying are:

(1)
(2)
3)
(%)
(5}
{6)
N

Initial woisture conteat of paddy,

Final moisture content,

Temperature and hunidity of forced air,
Stirring condition of paddy while drying,
Rate of air flow per unit of paddy,
Continuous or intermittent flow, and

Variety and danage.

Io many cases, cracking occurs in parallel with an increase in
initial toisture content, also due to continued drying. The rate of
cracking occurence will increase with a rise in tenperature and
drying speed. The following steps are therefore advisable for drying
paddy with a high coisture contnet; not to dry to the noisture required
for finishing through continuous ventilation, but to stop drying hali-
way and continue drying after waiting until the woisture gradient in
the rice kernel is eliminated. This process is the previously rentien-

ed teampering. Continuous alteranative drying and tempering help decrcase
cracking.

A spall rate of air flow per unit of paddy may develop large
uneven drying on both sides of the air flow and also at the alr outlet,
Therefore, in order to aveid cracking as rmch as possible it is advis-



able that dryfng of paddy should be done with the air flow at a low
temperature, but in this case drying time is facyitably prolonged. A
technique for rapid drying of paddy is to dyy it by stirring, keeping
in mind that frequeat and equal stirring will reduce cracking.

8-5, STORAGE OF RICE IN TROPICAL REGIONS

The major points of emphasis in regard to storing rice in Japan
are the insuring of viability of rice, and eaintaining svitable condi-
tions of the noisture content of the rice as well as environmental
factors such as temperature and humidity, to prevent the deterioration
of rice quality and of variously-caused loss of volume. In regions such
as Japan where new rice is thought to be highly palatable the relatien
between the freshness of rice and assuring its viability is move import-
ant than in tropical regions where parboiled rice is prefexred. In the
latter greater attention is paid to the prevention of loss of volume and
darage in face of the high temperatures throughout the years and extrece-
Ly high hunidity during the ronsoon season.

In general, alrost all sterage is in the form of paddy and
at central markets near centers of consumption the ratio of milled rice
is bhigh. Although there is sowe variation fron country to country, aside
from rice kept for use on the farm, the storage period is relatively
short for rice {paddy) which is sold by farcers to rice jobbers and
particularly arong smallholders the storage period is short because of
econonic reasons. Therefore in many instances the storage of paddy and
nilled rice must be done in the warehouses of brokers and millers;
examples of the duvration of such storage are given in Table 8-2.

Regarding the Talle -2, Duration of Sworsge
ranner of storage, {25
?addy :.S ‘S)t(;‘l'ed Og : Fare Jevel i Central markes
arms in bulk, an Popatian 1o o e e s e e e e — -
o Phili- Viein- Thai- | .y Phili-  (Vietn- {Fhai-
pilled rice is . [ ppioes 2y h“4‘3tpﬂl pphc% sy land Nepal
stored at centra DL LTI N ——
markets is stored “"M“;thg 13 & 5] 2 1S @ S
in bags, while at R , ,
- . mns H -7 {r %3 “'__ S‘é
local markets about !-Smembs i & 10 » i 2
x i
half of the rice 6~12 ; .
stored is bulk months of ; 5 5

paddy and half is roze than 7
bagged milled rice. --— —- - -

Tozal i FELY)  Ju] 100 -~ 183 189 1 -
Storage Nese: ' Facept Mekong apa.
facilities used on Roune : ARG ra, Propxt Neo SYP. VIO (1915)

farms vexry often

consists of sheds

of woveu barboo or sozetires of wood. At ceatral markels a trend toward
an increase in the use of corrugated cetal sheets may be seen although
the situvation varies from country to countyy. Nevertheless, this latter
rcethod is not suitable for the storage of rice. In Nepal, considerable
use s pade of concrete, including sore use of the concrete lower portion
of roads. All harbor warchouses in Thailand are of concrete ox brick.

In the Philippines 70% of storage facilities are aluninun bias, 207 are



wood, 5% are of stone and 5% are silos.

The f£loor on which rice is tored on favms in often of plants or
logs, and central market and harbor warehouse floors are often of concrete.
Roofs of farm storehouses are often of corrugated metal shects, and thatch
roofs are rare. Walls are usually of boards, metal sheets or bamboo on
farams, and concrete, brick and portar are common in central markets.
Virtually no use is made of ventilation equipment.

Investigations have been conducted in many countries in recent years
of bulk storage of paddy in silos, and beginnings have been made in the
use of this method, while tests are still being conducted elsewhere; atten-
tion must be given Lo meteorological conditions, which vary from country
to country. Effective use has been made in the United States of acration
of rice stored in bulk but care is required in adopting aeration because
of the need to comply with requirements iwposed by local meteorological
conditions lest the efforts result in failure. For exarmple, in some
regions aeration may not function at all during certain seasons.

8-6. Fundamental Factors in Rice Storage

Grains in storage undeéer natural conditions suffer deterioration from
inside the graips themselves, plus biological damages from outside by
insects and microorganismas. The following can be mentioned as the princi-
pal factors involved in deterioration and damage during storage.

Physical Factors Temperature, hunidity

Chenical Factors Moisture conteab, cnzynpatic
reaction, oxidation

Physiclogical Factors  Respiraiton, heating

Biological Factors Insects, micvroorganisa, rodeots

The storage of rice is qguite coamplicated vwhere these factors cor-
relate with one another. The consequence is the occurrence of qualitative
damage wiich causes a substantial change in the rice and quantitative
dacage nostly resulting in weight loss. Insects and nicreoorganisss also
have a part in both kinds of damage. Among the above factors, correct
rmoisture content and temperature are the rost fundamental faciors in rice
storage, nob te mention the importance of the soundness of grains themselves.

8-6-1. Moisture Conteant

Yoisture content of rice is the first of various factors to be con-
sidered. When moisture content is low, rice withstands fairly poor
storage conditions. Humidity during the wet season in tropical areas is
the other factor that should not be overlooked. Humidity can be regarded

as honogeneous with moisture content, according to the equilibrium wention-
ed below.

Absorption and desorption of humidity constantly take place between
grains in storage and the surrounding atmosphere so that moisture conteant



is exchanged. Through this exchange, moisture content of the grains

and humidity of the atmosphere try to reach an cquilibriun at all times,
Moisture content at this particular time is called equilibrium moisture.

Hos Tab]ie 8-3 Table §-3. Pecuantage of Moisture of Various Fractions from Artificially
ir‘i’:; 'S)Z‘t’wez‘:““i" Dricd ard Naturally Dried Paddy in Equilibrivea with Atraos-
moisture contént pheces of Different Ralative Humidities, (23°C)
of paddy or of Pescription Relative humidity of atomosphere, 3¢
varfous fractions of Esmple o T T e T w10 8 9
of grain and S o o e e e ~ e e —
hunidity, while Paddy® £4 65 7.9 9.1 10.4 318 132 148 1.6
Fig. 8-6 shows a Paddy® 6 66 §0 93 106 3.6 326 13.8 1.0
developrent Faddy? - 7.6 9.0 102 113 126 138 153 181
through which Polished ricet £2 7.6 9.2 105 120 134 148 161 1838
paddy reaches Undermilled® {6 7.0 26 100 1.4 1228 142 154 153
equilibriun Bran® 56 64 80 90 10.¢ 1.0 124 158 1890
noisture at dif- Bran® 16 53 66 7.4 &3 9.2 126 Mody —
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Price arrives at an equilibriun coisture by absorption or desorp-
tion of humidity at a given lewperature following the S-shape cuxves
shown in Fig. 8-7. There is no coincidence of figure between absorption
and desorption. The phenorenon by which desorption and absorption take
different developrents like this is called hysterisis, which, it is said,



indicates a coherence of moisture content of rice with chemical factors.

Safety of storage depends on moisture content and wmany other
factors. To set a single safety limit to moisture content fs difficult
because of the differences in the equilibrium moisture of rice. MHowever,
it is desirable for rolsture content to be less than 14%, to protect the

rice from development of uicroorganisms, a problem deimanding utmost
attention.

8-6-2. Temperature

Fundamentally, temperature is as important as pmolsture centent and
humidity. A relative hunidity in equilibrium with the moisture content of
rice vavies with temperatdre. Low lempeératures are more suvitable for
storage of rice than high temperaturées. Weather conditions in tropical
areas are disadvantageous on this point because the higher the temperature,
the faster the speed of chemical reaction of vice grains becores, thus
activating the respivation and fermentation of the grains themsélves or
of parasitic micro-or¥ganisms. The increase in temperature of rice is
chiefly caused by a rise in atmospheric temperature and partly by the
" respiration and heat generation of rlce itself,

¥hen the temperature of rice exceeds 20°C, noxious insects and
micro-organisms begin to propagate, the rice activates its respiration and
darage occurs. The temperature of rice is closely related to ifs moisture
content. Although low temperature is favorable to storage, the temperature
of rice need not be too low when the poisture content of rice is snall.
After all, it is also important for the tropical area to reduce the
moisture content of rice as far as possible.

8-7. PROIECTION AGAINST BIOLOGICAL DAMAGE

In tropical areas, losses during storage are the highest at the farm
level, lowest in central markets and intercediate in local markets.
Darage from rodents is high as shown in Table 8-4. Darages from birds
and insects are comparable with each other. Losses caused by roisture
content and heat are high in sore countries.

Parboiled Table 8-4.
rice has long been 874}
prepared in India, 1 -

Pereenizgze Didnbution of Pamazes during Sterage by cause

RRTT T P Vidnam Thailand | R
Burma, etc. as a Philippines -,,&a‘.““kﬂ) (Farm denely | frdia
precaution against B o - -=-- T
dapage from insects. R?kﬂu 13 # 59 12
There is a prini- Birds 1 2 13 17
tive method in Trsoces iz 19 3 K3
which the paddy ?°?‘ 3 )
is soaked in water, ;:““““ 17 3
heated in a pot, S‘:: 7 18 | ”
exposed to sun- piltage 2 3 8
shine for drying Teral l 15 (109 o )
“and then nilled.
Even an indust— Note : Sam docs net come of 199 P‘n:('l! bc(auv: of rounding.

Source : APO dara, Piopat No. SYP: V50 (19703



rialized type of this method where stean fs used for steaming paddy

still makes use of the process of soaking, steaning, drying and milling.
This treatnent is advantageous since it not only gelatinizes rice grains
to ﬁarden them and prevent insect attacks but also helps produce a vitamin
B-rich, highly nutritional willed rice by the transfer of vitamin B which

exists in the gern and the bran layer to the endosperwm, not torention the
advantage of less broken rice at the tire of milling.

The use of grain protectants, fumigants and rodenticides varies from
country to country. They are widely used in some countries but little
applied in others. Typical chemicals being used in Japan are described
below for reference. PGP {phyrenor grain protectatnt) and DDVP (dimethyl-
clichloro vinylphosphate) are serving as grain protectants. PGP is the
coppound of pyrethrin, an ingredient of the pyrethrin flower, and puper-
rounyl butoxide, a stabilizer. It is effective for protection against
fnsects when sprayed on packages of husked rice. A 0.2% mixture of it in
husked rice is the other usage. However, the spraying should be done two

or three tires a year because of the short life of the compound. DDVP
is soaked in plastic strips. W%When left hanging in a storehouse, these
strips will gradually generate a gas which kills noxious insects. A

sheet of the strip is vsed for every 100n3 of the internal capacity of
the storehouse.

Methyl bromide and phosphine are used as fuamigants. With a low
boiling point (4.5°C), the former evaporates. It is also characterized
by econony and absence of erosive action because of its seall pas absorp-
tion. Phosphine is a tablet whose main ingredient is alunminua phosphide.
On absorbing atcospheric moisture, it begins to decompose to generate
hydrogen phosphide gas gradually and will dissolve in 72 hours, leaving
harnless aluninuw hydroxide. This is switable for fumigation of the
silo. Cozpounds of ethylene oxide and rethyl bromide have also begun
to be used recently.

Rodenticides and vepellents are for rodent contrel. Slow-acting
coumarine-based rodenticides and fast-acting monoflouoracetate roden-
ticides are popular. Counarine-based rodenticides soluble in water arve
suitable for dry storehouses where rats tend to take water-soluble
ageats. Cyclohexinide, an antibiotic produced from actimonyces, is
known for its effectivenss as a rodent repellant. Its solution has an
anti-rodent effect when applied to packing materials and the-inside of
storchouses. A suzmary of the main control chenmicals now in use is
given in Table 8-5.



Rodenticides

Rae repellent

: DDVP smwoke gencrator

Table 8-5, Main Control Chenicals in Japan,

Chamical Applicarios time

linnadiately afwr
LAy 10 wWoarchouse
DDV funigant

K

r

Meibyl bromide

Farly summer
~mid summer

phoipine -
Coumarine-based . .
rodenticides  Roquired
Scdivm
mmonoflucroacetate Great damaged
Cycloherimide

Ikrage

158/3.3 "
one plate/ 1005
DDVP 25¢/1000"

10.5g/ 1

0.5tableis o0

© 0.22% waler solution

Tevalnom

2~3 Umes in a year

413 hours

-

72 houss
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