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I n t r o d u c t i o n 

T h i s is the t e n t h S e m i a n n u a l P r o g r e s s R e p o r t on a g r i c u l t u r a l m e c h a ­

nization r e s e a r c h b e i n g c o n d u c t e d u n d e r U S A I D / I R R I C o n t r a c t N o . A I D / c s d - 8 3 4 

and C o n t r a c t N o . A I D / c s d - 2 5 4 1 . The l a t t e r c o n t r a c t , e n t i t l e d " A g r i c u l t u r a l 

E q u i p m e n t D e v e l o p m e n t R e s e a r c h f o r T r o p i c a l Rice C u l t i v a t i o n , " is p r i m a r i l y 

o r i e n t e d t o w a r d s the d e v e l o p m e n t of p o w e r d r i v e n e q u i p m e n t for the p r o d u c ­

tion and p r o c e s s i n g o f p a d d y in the t r o p i c a l c o u n t r i e s . 

The s h o r t a g e of s u i t a b l e a g r i c u l t u r a l e q u i p m e n t f o r m e d i u m - s i z e d 

far-foldings (2 to 10 h a ) h a s b e e n a m a j o r b o t t l e n e c k in t h e m e c h a n i z a t i o n 

o f t r o p i c a l a g r i c u l t u r e . T h e d e v e l o p m e n t o f simple p o w e r driven e q u i p m e n t 

for i n d i g e n o u s p r o d u c t i o n in the d e v e l o p i n g c o u n t r i e s w o u l d c o n s i d e r a b l y e x ­

p e d i t e the a g r i c u l t u r a l m e c h a n i z a t i o n p r o c e s s . 

Summary 

T h i s p r o g r a m o f e q u i p m e n t d e v e l o p m e n t g a i n e d m o m e n t u m b y the r e l e a s e 

for c o m m e r c i a l p r o d u c t i o n o f its first m a c h i n e — t h e drum t h r e s h e r — in 

the P h i l i p p i n e s . F o u r a d d i t i o n a l m a c h i n e s h a v e b e e n r e c e n t l y r e l e a s e d t o 

m a n u f a c t u r e r s : 

( a ) P o w e r w e e d e r — Th i s p o r t a b l e , m o t o r i z e d w e e d e r h a s three w e e d -

ing r o t o r s . It uses a l i g h t w e i g h t , t w o - s t r o k e , a i r c o o l e d e n g i n e to drive 

the t h r e e w e e d i n g r o t o r s t h r o u g h a s h a f t and a w o r m g e a r t r a n s m i s s i o n . T h e 

e n t i r e m a c h i n e w e i g h s 19 kg,i W h e n u s e d , t h e o p e r a t o r s u p p o r t s o n l y h a l f o f 

t h e m a c h i n e w e i g h t . At t h e e n d o f the r o w s , t h e m a c h i n e can b e l i f t e d o f f 

t h e g r o u n d t o a v o i d d a m a g i n g t h e paddy p l a n t s d u r i n g t u r n i n g . The p o w e r 

w e e d e r r e q u i r e s 17 m a n - h o u r s t o w e e d a h e c t a r e a s c o m p a r e d w i t h 70 m a n - h o u r s 

for a p u s h - t y p e m a n u a l w e e d e r and 120 m a n - h o u r s for h a n d w e e d i n g . The m a c h ­

ine o f f e r s p o s s i b i l i t i e s a l s o for l a n d p r e p a r a t i o n in s w a m p y c o n d i t i o n s 

w h i c h cannot n o r m a l l y s u p p o r t t h e l i g h t e r t w o - w h e e l e d t r a c t o r s . M e s s r s . O h -

take N o u k i S e i s a k u s h o C o . , L t d . , N a k a j i m a , O h h a r u - m u r a , A m a g u n , A i c h i , J a ­

p a n , h a s i n i t i a t e d p r o d u c t i o n o f a w e e d e r b a s e d on t h i s d e s i g n . T h e i r m a c h ­

ine i n c o r p o r a t e s a s k i d w h i c h p r o v i d e s c o m p l e t e g r o u n d s u p p o r t d u r i n g o p e r a ­

t i o n . W e i g h i n g 14 k g , it can b e e l e v a t e d at t h e e n d o f the rows f o r easy 

t u r n i n g . S e v e r a l o t h e r m a n u f a c t u r e r s h a v e s h o w n i n t e r e s t in t h i s w e e d e r . 

Drawings and o t h e r i n f o r m a t i o n have b e e n f o r w a r d e d to the i n t e r e s t e d p a r t i e s , 

( b ) Row s e e d e r — The m a c h i n e h a s b e e n d e s i g n e d as a l o w - c o s t s e e d e r 

for p r e - g e r m i n a t e d p a d d y * It h a s a t w o - s t e p s e e d m e t e r i n g device w h i c h does 

not damage the r o o t s . One m a n can seed 1 h a in 5 h o u r s w i t h this s e e d e r 

w h i c h is 20 t o 25 t i m e s f a s t e r than t r a n s p l a n t i n g . N o s i g n i f i c a n t y i e l d 

iifferences h a v e b e e n f o u n d b e t w e e n t r a n s p l a n t i n g a n d the direct s e e d i n g of 

o r e - g e r m i n a t e d p a d d y in r o w s . T h r e e firms are m a n u f a c t u r i n g this s e e d e r in 

the P h i l i p p i n e s . T w o v e r s i o n s o f t h i s s e e d e r , a s i x - r o w a n d an e i g h t - r o w , 

are b e i n g m a r k e t e d at a r e t a i l price o f a b o u t U S $ 5 0 . The f a v o r a b l e r e s p o n s e 

r e c e i v e d from m a n y Asian c o u n t r i e s i n d i c a t e s a w i d e s p r e a d n e e d for such a 

s e e d e r . 
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( c ) T a b l e t h r e s h e r ~ T h e use o f a n o v e l flat t h r e s h i n g s u r f a c e h a s 

p e r m i t t e d a l i g h t w e i g h t , s i m p l e , l o w - c o s t d e s i g n w i t h f a i r l y h i g h t h r e s h i n g 

c a p a c i t y . T h e t h r e s h e r h a s an o u t p u t o f 350 t o 400 k g / h r o f rough rice w i t h 

f o u r m e n f e e d i n g i t . It is l i g h t enough t o b e m a n u a l l y c a r r i e d t o t h e p a d d y 

fields with n o access r o a d s . T h e m a c h i n e can t h r e s h w e t o r h i g h - m o i s t u r e 

p a d d y w i t h o u t c l o g g i n g . T h r e e m a n u f a c t u r e r s a r e about t o m a r k e t t h i s t h r e s h ­

er in t h e P h i l i p p i n e s , T h e s e l l i n g p r i c e , c o m p l e t e w i t h the e n g i n e , is e x ­

p e c t e d t o be b e t w e e n £ 2 4 0 0 t o £2700 ( a p p r o x i m a t e l y US$400 t o $ 4 6 0 ) in the 

P h i l i p p i n e s . A c o m p a n y in A u s t r a l i a is e x p l o r i n g t h e p o s s i b i l i t y o f m a n u f a c ­

t u r i n g it f o r e x p o r t t o S o u t h e a s t A s i a n c o u n t r i e s . 

( d ) Rotary s c r e e n g r a i n c l e a n e r — The g r a i n c l e a n e r combines the 

o p e r a t i o n s o f m e c h a n i c a l and p n e u m a t i c s e p a r a t i o n in a d o u b l e - w a l l r o t a r y 

s c r e e n c y l i n d e r . T h e m a c h i n e h a s a c l e a n i n g o u t p u t o f o v e r 3 t o n s / h r . F i e l d 

d e m o n s t r a t i o n s h a v e i n d i c a t e d a f a v o r a b l e r e s p o n s e from m i l l e r s , drier o p e r ­

a t o r s , and large farm o w n e r s . T w o m a n u f a c t u r e r s h a v e b e g u n f a b r i c a t i o n o f 

this m a c h i n e in t h e P h i l i p p i n e s , A l e a d i n g m a n u f a c t u r e r of g r a i n c l e a n e r s in 

the U n i t e d S t a t e s a n d a d r i e r m a n u f a c t u r e r from J a p a n are e x p l o r i n g the p o s ­

s i b i l i t i e s o f its m a n u f a c t u r e f o r t h e i r h o m e m a r k e t s . 

In a d d i t i o n t o t h e a b o v e m a c h i n e s , d e v e l o p m e n t of a n u m b e r o f o t h e r 

m a c h i n e s f o r a l m o s t a l l the o p e r a t i o n s of rice p r o d u c t i o n and p r o c e s s i n g i s 

u n d e r w a y . The o v e r a l l r e s e a r c h a n d d e v e l o p m e n t p r o g r a m is b r o a d l y d i v i d e d 

i n t o t h r e e a r e a s : 

( 1 ) F i e l d M a c h i n e r y D e v e l o p m e n t i n v o l v e s t h e complete d e v e l o p m e n t o f 

r e l a t i v e l y s i m p l e f i e l d m a c h i n e s t o s u i t the r e q u i r e m e n t s o f t h e 2- to 10-ha 

farm h o l d i n g s a n d t h e m a n u f a c t u r i n g c a p a b i l i t i e s in t h e t r o p i c a l a r e a s ; 

( 2 ) Drying a n d P r o c e s s i n g Research i n v o l v e s t h e d e v e l o p m e n t o f e c o ­

n o m i c a l r i c e d r y i n g and p r o c e s s i n g e q u i p m e n t f o r v i l l a g e and farm l e v e l o p e r ­

a t i o n s in t h e t r o p i c s , a n d 

(3) A p p l i e d M a c h i n e r y a n d E c o n o m i c R e s e a r c h i n v o l v e s p r o v i d i n g a s ­

s i s t a n c e to e s t a b l i s h e d m a c h i n e r y m a n u f a c t u r e r s in t h e d e v e l o p m e n t o f rice 

c u l t i v a t i o n e q u i p m e n t for t h e t r o p i c s . The e v a l u a t i o n o f n e w m a c h i n e r y c o n ­

cepts a n d t h e a s s i s t a n c e in f i e l d t e s t i n g a n d e c o n o m i c e v a l u a t i o n o f e x p e r i ­

m e n t a l m a c h i n e s are e s s e n t i a l c o m p o n e n t s o f t h i s a c t i v i t y . 

A p a p e r e n t i t l e d " M e c h a n i z a t i o n R e s e a r c h for T r o p i c a l A g r i c u l t u r e " 

w h i c h s u m m a r i z e d t h e a c t i v i t i e s o f t h i s p r o g r a m w a s p r e s e n t e d at t h e a n n u a l 

m e e t i n g o f t h e A m e r i c a n S o c i e t y o f A g r i c u l t u r a l E n g i n e e r s o n July 8 , 1970 in 

M i n n e a p o l i s , M i n n e s o t a , 
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8 . T r a c t o r P T O - d r i v e n t h r e s h e r A . U . K h a n 

D r y i n g and P r o c e s s i n g R e s e a r c h 

1. C o n s u m e r p r e f e r e n c e t e s t s o f 

h e a t e d - s a n d a n d f l a m e - d r i e d 

r i c e 

2 . H e a t e d - s a n d d r i e r 

3 . A c c e l e r a t e d drying o f s o r g h u m 

4 . D r y i n g c h e m i c a l l y t r e a t e d 

p a d d y t o b r e a k s e e d d o r m a n c y 

5 . Rice h u l l furnace 

A p p l i e d M a c h i n e r y a n d E c o n o m i c R e s e a r c h 

1 . E c o n o m i c a s p e c t s o f h a n d 

t r a c t o r o w n e r s h i p 

2 . E c o n o m i c s o f the row s e e d e r 

A . A m i l h u s s i n and A , M a n a l o 

A . U . Khan 

A . A m i l h u s s i n a n d A . U . K h a n 

A . M a n a l o and A , 

A . M a n a l o 

A m i l h u s s i n 

N , 

N , 

O r c i n o 

O r c i n o 
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F i e l d M a c h i n e r y R e s e a r c h 

ROTARY P O W E R W E E D E R 

The d e v e l o p m e n t o f a t h r e e - r o w a n d f i v e - r o w r o t a r y p o w e r w e e d e r w a s 

i n c l u d e d in an e a r l i e r r e p o r t . The m a c h i n e u t i l i z e s a l i g h t w e i g h t , a i r c o o l e d 

e n g i n e t o drive t h r e e o r five w e e d i n g r o t o r s t h r o u g h a shaft a n d w o r m g e a r 

t r a n s m i s s i o n . The w e e d i n g r o t o r a s s e m b l y c o n s i s t s o f t h r e e o r five specially 

d e s i g n e d h i g h - f l o t a t i o n r o t o r s w h i c h u p r o o t and b u r y the w e e d s b e t w e e n the 

p a d d y r o w s . T h e w e e d e r w e i g h s 19 k g f o r the t h r e e - r o w and 27 kg f o r t h e five 

row m a c h i n e . T h e w e e d i n g rotors can b e l i f t e d off the g r o u n d to p e r m i t t u r n ­

ing at the e n d of the rows w i t h o u t d i s t u r b i n g the r i c e p l a n t s . 

A m a c h i n e b a s e d o n this c o n c e p t is b e i n g p r o d u c e d b y M e s s r s , O h t a k e 

N o u k i S e i s a k u s h o C o . , N a k a j i m a , O h h a r u - m u r a , A m a g u n , A i c h i , J a p a n ( F i g , 1 ) , 

T h e i r m a c h i n e w e i g h s 14 k g and is e q u i p p e d w i t h a s l e d f o r g r o u n d s u p p o r t . 

Using the s l e d , it is p o s s i b l e f o r the o p e r a t o r to w e e d w i t h o u t s u p p o r t i n g 

a n y p a r t o f t h e m a c h i n e , The w e e d e r is o f f e r e d in t w o - and t h r e e - r o w v e r ­

s i o n s . The r o t o r s can b e a d j u s t e d f o r d i f f e r e n t row w i d t h s . The p r i c e o f 

m a c h i n e is a b o u t US$140 in J a p a n , Some m o d i f i c a t i o n s h a v e b e e n s u g g e s t e d t o 

t h e m a n u f a c t u r e r t o i m p r o v e t h e i r r o t o r design and r e d u c e p o w e r r e q u i r e m e n t s . 

This w o u l d p e r m i t them t o o f f e r a f i v e - r o w m a c h i n e w i t h the same e n g i n e . C o n ­

s i d e r a b l e i n t e r e s t h a s b e e n g e n e r a t e d in t h i s t y p e o f w e e d e r in J a p a n , n o t 

only f o r w e e d i n g b u t a l s o for l a n d p r e p a r a t i o n u n d e r s w a m p y s o i l c o n d i t i o n s , 

ROW S E E D E R FOR P R E - G E R M I N A T E D P A D D Y 

The d e v e l o p m e n t o f a r o w s e e d e r f o r l o w l a n d rice h a s b e e n r e p o r t e d 

e a r l i e r . In t h e last r e p o r t , r e f e r e n c e w a s m a d e t o a f i e l d e x p e r i m e n t c o n ­

d u c t e d at t h e I n s t i t u t e t o c o m p a r e the p e r f o r m a n c e o f t h e s e e d e r w i t h t r a n s ­

p l a n t i n g m e t h o d s . In t h e s e e x p e r i m e n t s , 3 o n e - f o u r t h h e c t a r e p l o t s w e r e p u d ­

d l e d a n d f e r t i l i z e d w i t h 60 k g N b y m i x i n g a m m o n i u m s u l f a t e w i t h t h e s o i l 

during the f i n a l l e v e l i n g o p e r a t i o n a n d a p p l y i n g 20 k g N at p a n i c l e i n i t i a ­

t i o n . Each p l o t w a s s p l i t : o n e - h a l f w a s p l a n t e d w i t h 2 1 - d a y - o l d IR8 s e e d ­

lings 25 cm a p a r t at t h e rate o f 2 to 3 s e e d l i n g s p e r h i l l a n d the o t h e r h a l f 

w a s s e e d e d w i t h t h e e i g h t - r o w s e e d e r . S t a n d a r d w a t e r m a n a g e m e n t and o p t i m u m 

p e s t a n d d i s e a s e c o n t r o l m e a s u r e s w e r e f o l l o w e d . The a m o u n t o f s e e d u s e d , 

l a b o r r e q u i r e m e n t s , n u m b e r a n d w e i g h t of t i l l e r , a n d the y i e l d d a t a a r e l i s t ­

e d in T a b l e 1, 

The d a t a t a k e n f r o m the a v e r a g e s o f 3 o n e - e i g h t h h e c t a r e p l o t s i n d i ­

c a t e d that 5 m a n - h r are n e e d e d t o s e e d a h e c t a r e w i t h the e i g h t - r o w s e e d e r 

as c o m p a r e d t o 199 m a n - h r f o r t r a n s p l a n t i n g . T h e w e i g h t a n d n u m b e r o f t i l l ­

e r s p e r square m e t e r in t h e t r a n s p l a n t e d p l o t s w e r e s i g n i f i c a n t l y l o w e r than 

the s e e d e d p l o t s . T h e y i e l d s o f t h e s e e d e d p l o t s did n o t d i f f e r s i g n i f i c a n t ­

ly from t h o s e o f t h e t r a n s p l a n t e d p l o t s . 

F i e l d tests and d e m o n s t r a t i o n s o f the e i g h t - r o w s e e d e r w e r e h e l d in 

t w o l o c a l i t i e s in L a g u n a p r o v i n c e , C o m m e n t s from f a r m e r s i n d i c a t e d t h a t i m ­

p r o v e d p e r f o r m a n c e c o u l d b e a t t a i n e d b y r e d u c i n g the w e i g h t o f t h e m a c h i n e , 



- 5 -

T h e s e e d e r h a s b e e n s u b s e q u e n t l y r e d e s i g n e d t o r e d u c e its w e i g h t and to p e r ­

m i t p a c k a g i n g in a c o m p a c t b o x . A n e w s i x - r o w s e e d e r w e i g h i n g 19 k g ( c o m ­

p a r e d to 23 k g f o r t h e e i g h t - r o w m a c h i n e ) h a s also b e e n d e v e l o p e d . T h e r e ­

d u c t i o n in t h e n u m b e r o f s e e d t u b e s h a s l o w e r e d t h e h e i g h t o f t h e h o p p e r t o 

45 i n . (12 i n . l o w e r than t h e e i g h t - r o w u n i t ) . T h e l o w e r c e n t e r o f g r a v i t y 

o f the s i x - r o w u n i t h a s i m p r o v e d h a n d l i n g c h a r a c t e r i s t i c s and h a s r e d u c e d 

d r a f t r e q u i r e m e n t s ( F i g . 2 ) . 

A n i n s t r u c t i o n m a n u a l is b e i n g p r e p a r e d t o f a c i l i t a t e p r o p e r use o f 

the six- and e i g h t - r o w m a c h i n e s , and to d e s c r i b e t h e m e t h o d f o r g e r m i n a t i n g 

s e e d s . 

The d e s i g n s o f the s i x - and e i g h t - r o w m a c h i n e s h a v e b e e n r e l e a s e d t o 

the f o l l o w i n g m a n u f a c t u r e r s in t h e P h i l i p p i n e s : 

1. K a l a y a a n E n g i n e e r i n g C o . , I n c . , E m i l i a S t r e e t , M a k a t i , R i z a l 

2 . T r a n s - P a c i f i c S t e e l I n d u s t r i e s , I n c . , D o n g a l o , P a r a h a q u e , R i z a l 

3. F a r E a s t I n d u s t r i a l £ S u p p l y C o . , I n c . , Del M o n t e Ave.*, Q u e z o n 

City 

S a t i s f a c t o r y p r o g r e s s h a s been m a d e in the m a n u f a c t u r e o f the e i g h t -

r o w s e e d e r b y M e s s r s , K a l a y a a n E n g i n e e r i n g C o . T h i s c o m p a n y m a n u f a c t u r e s 

a i r c o n d i t i o n i n g c o m p o n e n t s b u t is i n t e r e s t e d in d i v e r s i f y i n g i n t o the a g r i ­

c u l t u r a l m a c h i n e r y f i e l d . It is w e l l v e r s e d in m a n u f a c t u r i n g t e c h n i q u e s a n d 

is capable o f p r o d u c i n g q u a l i t y p r e c i s i o n p r o d u c t s . They h a v e r e c e n t l y m a r ­

k e t e d a few s e e d e r s t o l o c a l farmers and h a v e s u p p l i e d a n u m b e r o f m a c h i n e s 

t o the I n s t i t u t e w h i c h are b e i n g s h i p p e d t o s e v e r a l c o u n t r i e s in A s i a for 

e v a l u a t i o n . 

M e s s r s . T r a n s - P a c i f i c S t e e l I n d u s t r i e s , a c u s t o m f a b r i c a t o r and c o n ­

s t r u c t i o n e q u i p m e n t m a n u f a c t u r e r , is i n t e r e s t e d in m a n u f a c t u r i n g a g r i c u l t u r a l 

m a c h i n e s . T h e c o m p a n y has s u p p l i e d a few s i x - r o w s e e d e r s w h i c h are b e i n g 

e v a l u a t e d at t h e I n s t i t u t e . 

T h e r e t a i l p r i c e o f the s e e d e r in the P h i l i p p i n e s is F300 ( a p p r o x i ­

m a t e l y U S $ 4 8 ) f o r t h e s i x - r o w u n i t and P350 ( a p p r o x i m a t e l y U S $ 5 6 ) f o r t h e 

e i g h t - r o w u n i t . 

In r e s p o n s e t o r e q u e s t s , m a n u f a c t u r i n g d r a w i n g s o f the s e e d e r h a v e 

b e e n f o r w a r d e d to t h e f o l l o w i n g c o m p a n i e s : 

C e r v a n t e s S t e e l , I n c . , South S u p e r H i g h w a y , P a r a n a q u e , R i z a l , P h i l . 

K a r k h a n a A l a t - a - Z a r i , B a h a w a l p u r , W . P a k i s t a n 

E s c o r t s L i m i t e d , F a r i d a b a d ( H a r y a n a ) , New D e l h i , India 

H y g r o d y n P r i v a t e L t d . , M o u n t R o a d , M a d r a s , India 

Y a m a m o t o M f g . C o . , T c n d o - c i t y , Y a m a g a t a , J a p a n 

A r r a n g e m e n t s are b e i n g m a d e to s h i p o n e s e e d e r to e a c h o f the f o l l o w ­

ing o r g a n i z a t i o n s f o r t e s t and e v a l u a t i o n p u r p o s e s : 
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Rice D e p a r t m e n t , M i n i s t r y o f A g r i c u l t u r e , G o v e r n m e n t o f T h a i l a n d , 

B a n g k o k , T h a i l a n d 

M i n d a n a o I n s t i t u t e o f T e c h n o l o g y , K a b a c a n , C o t a b a t o , P h i l i p p i n e s 

A g r i c u l t u r a l E n g i n e e r i n g D e p a r t m e n t , U n i v e r s i t y o f the P h i l i p p i n e s , 

C o l l e g e o f A g r i c u l t u r e , C o l l e g e , L a g u n a , P h i l i p p i n e s 

I n t e r n a t i o n a l I n s t i t u t e o f R u r a l R e c o n s t r u c t i o n , S i l a n g , C a v i t e , 

P h i l i p p i n e s 

I n t e r n a t i o n a l I n s t i t u t e o f T r o p i c a l A g r i c u l t u r e , I b a d a n , N i g e r i a 

A g r i c u l t u r a l E n g i n e e r i n g D e p a r t m e n t , C e n t r a l L u z o n State U n i v e r s i t y , 

Muffoz, N u e v a E c i j a , P h i l i p p i n e s 

M u l t i p l e C r o p p i n g M a n a g e m e n t P r o j e c t , T h a i G o v e r n m e n t - F o r d F o u n d a ­

t i o n , F a c u l t y o f A g r i c u l t u r e , C h i e n g m a i U n i v e r s i t y , C h i e n g m a i , 

T h a i l a n d 

N o r t h C a r o l i n a M i s s i o n , U . S . A g e n c y f o r I n t e r n a t i o n a l D e v e l o p m e n t , 

L i m a , P e r u 

Farm R e s e a r c h C e n t e r , San M a t e o , I s a b e l a , P h i l i p p i n e s 

F o o d a n d A g r i c u l t u r e D i v i s i o n , U . S . A g e n c y f o r I n t e r n a t i o n a l D e v e l ­

o p m e n t , K a t h m a n d u , N e p a l 

E a s t P a k i s t a n A c c e l e r a t e d Rice R e s e a r c h I n s t i t u t e , D a c c a , E , P a k i s t a n 

The F o r d F o u n d a t i o n , D j a k a r t a , I n d o n e s i a 

Dry Z o n e R e s e a r c h S t a t i o n , M a h a I l l u p p a l l a m a , Ceylon 

A r e c e n t i s s u e o f T h e IRRI R e p o r t e r , M a r c h - A p r i l 1 9 7 0 , V o l . 6 , N o . 2 , 

and t h e n e w s p a p e r H i n d u , from M a d r a s , I n d i a , f e a t u r e d an a r t i c l e on this 

s e e d e r . M a n y e n q u i r i e s h a v e b e e n r e c e i v e d f r o m f a r m e r s a n d m a n u f a c t u r e r s 

i n A s i a n c o u n t r i e s on t h i s s e e d e r . 

TABLE T H R E S H E R 

The design o f a fourth p r o t o t y p e t a b l e t h r e s h e r has b e e n r e p o r t e d 

e a r l i e r . Some p r o b l e m s on grain s e p a r a t i o n a n d straw d e l i v e r y w e r e e n c o u n ­

t e r e d w i t h this u n i t . C o n s i d e r a b l e e f f o r t w a s e x p e n d e d in m o d i f y i n g the 

m a c h i n e to i m p r o v e its p e r f o r m a n c e . 

S p i r a l b a f f l e s w e r e m o u n t e d on t h e u n d e r s i d e o f t h e c o v e r , just above 

t h e s c r e e n , to a s s i s t in the r a d i a l m o v e m e n t o f s t r a w . T h e t o p c o v e r design 

and t h e a i r intake w e r e s u b s t a n t i a l l y m o d i f i e d t o p e r m i t m o r e c o m p a c t p a c k a g ­

i n g , The t h r e s h e r ( F i g . 3 ) , c o m p l e t e w i t h the e n g i n e , can b e p a c k e d in a 

crate o f about 45 eu f t . It is felt t h a t compact p a c k a g i n g w o u l d e n c o u r a g e 

e x p o r t . The m a c h i n e h a s a t o t a l w e i g h t of 174 k g a n d is e q u i p p e d w i t h f o u r 

h a n d l e s f o r c a r r y i n g it into t h e p a d d y f i e l d s , Two d i f f e r e n t w h e e l a t t a c h ­

m e n t o p t i o n s are b e i n g d e v e l o p e d w h i c h w i l l f a c i l i t a t e m o v e m e n t o f the m a c h ­

ine on r o a d s a n d l e v e e s . 

Tests c o n d u c t e d at the I n s t i t u t e ' s farm i n d i c a t e d a t h r e s h i n g o u t p u t 

o f 350 t o 400 kg o f r o u g h rice p e r h o u r w h e n o p e r a t e d b y 4 m e n . The m a c h i n e 

w a s r e l e a s e d t o the f o l l o w i n g t h r e e m a n u f a c t u r e r s in t h e P h i l i p p i n e s : 

O b e r l y 6 C o . , I n c . , M a y o n S t . , S t a , M e s a H e i g h t s , Q u e z o n City 
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G . A . M a c h i n e r i e s , I n c . , V a l e n z u e l a , B u l a c a n 

T r a n s - P a c i f i c S t e e l I n d u s t r i e s , I n c . , D i m a t i m b a n g a n , D o n g a l o , 

P a r a n a q u e s R i z a l 

T h e first p r o t o t y p e m a c h i n e from M e s s r s . O b e r l y £ C o . has b e e n r e ­

ceived at t h e I n s t i t u t e and is u n d e r g o i n g tests a n d m o d i f i c a t i o n s , The o t h e r 

two m a n u f a c t u r e r s are c u r r e n t l y f a b r i c a t i n g t h e i r first u n i t s . 

I n t e r e s t in t h e m a n u f a c t u r e o f this t h r e s h e r w a s r e c e i v e d from some 

m a n u f a c t u r e r s l o c a t e d in t h e d e v e l o p e d c o u n t r i e s . An A u s t r a l i a n m a n u f a c t u r ­

e r , M e s s r s , N a t i o n a l S p r i n g s P t y . L t d , , h a s a p p r o a c h e d t h e I n s t i t u t e for e x ­

clusive r i g h t s t o m a n u f a c t u r e this m a c h i n e f o r e x p o r t t o the A s i a n c o u n t r i e s . 

T h e i r r e q u e s t is u n d e r c o n s i d e r a t i o n b y U S A I D / W a s h i n g t o n . W h i l e it m a y b e 

d i f f i c u l t to p e r m i t e x c l u s i v e r i g h t s f o r t h e m a n u f a c t u r e o f any m a c h i n e d e ­

s i g n e d u n d e r this c o n t r a c t , t h e A u s t r a l i a n company h a s b e e n i n f o r m e d t h a t 

they can p r o c e e d w i t h t h e m a n u f a c t u r e o f the t a b l e t h r e s h e r on a n o n - e x c l u ­

sive b a s i s . T h e company is currently e v a l u a t i n g the e c o n o m i c s o f m a n u f a c t u r ­

i n g the m a c h i n e for e x p o r t . 

A d d i t i o n a l o r g a n i z a t i o n s h a v e s e n t r e q u e s t s f o r t h e e n g i n e e r i n g d r a w ­

ings o f this t h r e s h e r . In r e s p o n s e t o t h e i r r e q u e s t s , i n f o r m a t i o n and e n g i ­

n e e r i n g d r a w i n g s w e r e f o r w a r d e d t o the f o l l o w i n g : 

A g r i c u l t u r a l M a c h i n e r y D i v i s i o n , I n s t i t u t e o f A g r i c u l t u r a l E n g i n e e r ­

ing £ U t i l i z a t i o n , Office o f R u r a l . D e v e l o p m e n t , S u w o n , K o r e a 

D e p a r t m e n t o f A g r i c u l t u r e , Maha I l l u p p a l l a m a , Ceylon 

I n t e r n a t i o n a l D e p a r t m e n t , S h i n - N o r i n s h a C o . , L t d . , Kanda N i s h i k i c h o , 

C h i y o d a k u , T o k y o , J a p a n 

O h t a k e N o u k i S e i s a k u s h o C o . , L t d . , N a k a z i m a , O h h a r u - m u r a , A m a g u n , A 

A i c h i , J a p a n 

New M a h a r a s h t r a E n g i n e e r i n g , H a d a p s a r I n d u s t r i a l E s t a t e , P o o n a , India 

U n i v e r s i t y o f M i s s o u r i - U S A I D , O r i s s a , I n d i a 

C e n t r o I n t e r n a c i o n a l de A g r i c u l t u r a T r o p i c a l , C a l i , C o l o m b i a 

Y a m a m o t o M a n u f a c t u r i n g C o . , L t d . , T e n d o - c i t y , Y a m a g a t a , J a p a n 

Far E a s t I n d u s t r i a l £ Supply C o . , Del M o n t e A v e , , Q u e z o n C i t y , P h i l ­

i p p i n e s 

Crops D i v i s i o n , U„ S . A g e n c y f o r I n t e r n a t i o n a l D e v e l o p m e n t , S a i g o n , 

South V i e t n a m 

T h e M a y - J u n e 1 9 7 0 , V o l . 6 N o , 3 i s s u e o f T h e IRRI R e p o r t e r f e a t u r e d 

an a r t i c l e on this t h r e s h e r . 

ROTARY SCREEN GRAIN C L E A N E R 

T h e design o f a r o t a r y s c r e e n g r a i n c l e a n e r u t i l i z i n g a n o v e l a r r a n g e ­

m e n t for s c r e e n i n g a n d w i n n o w i n g o f t h e g r a i n h a s b e e n d e s c r i b e d in p r e v i o u s 

r e p o r t s . The d e v e l o p m e n t o f the first p r o t o t y p e a n d i t s p r o b l e m s w e r e i n c l u d ­

e d in r e p o r t N o . 3 . 



- 8 -

A s e c o n d p r o t o t y p e m a c h i n e w a s d e s i g n e d w i t h a s e p a r a t e c e n t r i f u g a l 

b l o w e r and a g r a i n h o p p e r . In the first p r o t o t y p e t h e h o p p e r a n d the fan 

h o u s i n g w e r e c o m b i n e d in o n e unit w h i c h w a s d i f f i c u l t t o f a b r i c a t e . The 

m a c h i n e w a s t e s t e d at t h e Institute and a t rice m i l l s in L a g u n a p r o v i n c e . An 

o u t p u t o f up t o 3 t o n s / h r o f c l e a n e d g r a i n w a s a t t a i n e d in the t e s t s . F i g ­

ure 4 is the s c h e m a t i c d r a w i n g o f the c l e a n e r . The s e c o n d p r o t o t y p e m a c h i n e 

is i l l u s t r a t e d in F i g . 5 . 

S i g n i f i c a n t i n t e r e s t in t h e m a n u f a c t u r e o f t h i s g r a i n c l e a n e r h a s 

b e e n g e n e r a t e d . T h e design h a s b e e n r e l e a s e d t o two m a n u f a c t u r e r s in t h e 

P h i l i p p i n e s : 

G . A . M a c h i n e r i e s , I n c . , V a l e n z u e l a , B u l a c a n 

O b e r l y 6 C o . , I n c . , M a y o n S t . , S t a . M e s a H e i g h t s , Q u e z o n City 

G . A . M a c h i n e r i e s h a s m a d e s u b s t a n t i a l p r o g r e s s in t h e c o m p l e t i o n o f 

t h e i r first p r o t o t y p e c l e a n e r . In a d d i t i o n t o m a r k e t i n g t h e c l e a n e r as a 

s t a n d a r d a n d t r a i l e r - m o u n t e d m a c h i n e , t h e c o m p a n y is p l a n n i n g to i n t e g r a t e 

this r o t a r y c l e a n e r w i t h t h e i r c o n t i n u o u s - f l o w p a d d y d r i e r . R e s p o n s e on the 

use o f the c l e a n e r from t h e v a r i o u s r i c e m i l l o w n e r s , d r i e r o p e r a t o r s , and 

l a r g e r farm o w n e r s h a s b e e n very e n c o u r a g i n g . 

R e q u e s t s f o r m a n u f a c t u r i n g d r a w i n g s h a v e a l s o b e e n r e c e i v e d from t h e 

following c o m p a n i e s in the P h i l i p p i n e s s 

O r d o v e z a £ S o n s , I n c . , B a y , L a g u n a 

T r a n s - P a c i f i c S t e e l I n d u s t r i e s , I n c . , D o n g a l o , P a r a n a q u e , R i z a l 

Far E a s t I n d u s t r i a l £ Supply C o . , I n c . , D e l M o n t e A v e . , Q u e z o n City 

S u b s t a n t i a l i n t e r e s t h a s b e e n g e n e r a t e d in this c l e a n e r in s o m e o f 

the d e v e l o p e d c o u n t r i e s . M e s s r s . A . T , F e r r e l l £ C o . o f S a g i n a w , M i c h i g a n , 

U . S . A . , m a k e r s o f t h e C l i p p e r line o f g r a i n c l e a n i n g e q u i p m e n t , are e x p l o r ­

ing t h e p o s s i b i l i t i e s f o r its m a n u f a c t u r e as a g e n e r a l - p u r p o s e farm c l e a n e r 

f o r t h e U n i t e d States m a r k e t , M e s s r s . Y a m a m o t o M a n u f a c t u r i n g C o . , L t d . , a 

w e l l k n o w n m a n u f a c t u r e r o f g r a i n drying e q u i p m e n t in J a p a n , is l o o k i n g i n t o 

t h e p o s s i b i l i t y o f its m a n u f a c t u r e f o r the J a p a n e s e m a r k e t . 

F u r t h e r d e v e l o p m e n t and certain m o d i f i c a t i o n s are b e i n g e x p l o r e d 

w h i c h m a y s u b s t a n t i a l l y i n c r e a s e the c l e a n i n g c a p a c i t y o f t h i s m a c h i n e . 

S T R I P P E R - H A R V E S T E R COMBINE 

The d e s i g n d e t a i l s o f a s t r i p p e r p a d d y h a r v e s t e r h a v e b e e n r e p o r t e d 

e a r l i e r . F i e l d t r i a l s w e r e c o n d u c t e d a n d c e r t a i n m o d i f i c a t i o n s w e r e c a r r i e d 

out t o r e d u c e the s c a t t e r i n g g r a i n l o s s . A f l e x i b l e b a f f l e w a s m o u n t e d i n ­

side the g a t h e r i n g m e c h a n i s m t o catch any g r a i n w h i c h w a s t h r o w n o u t o f the 

m a c h i n e . F u r t h e r w o r k is n e e d e d t o r e d u c e g r a i n s c a t t e r . Due t o the h e a v y 

s c h e d u l e o f o t h e r p r o j e c t s in the m a c h i n e s h o p , w o r k o n the s t r i p p e r h a s 

b e e n t e m p o r a r i l y h e l d u p . M o r e a t t e n t i o n is n o w b e i n g d i r e c t e d t o t h i s 

p r o j e c t . 
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D I F F E R E N T I A L CAGE W H E E L SLIP FOR W E T L A N D P R E P A R A T I O N 

An e x p e r i m e n t a l m a c h i n e utilizing d i f f e r e n t i a l w h e e l slip f o r land 

p r e p a r a t i o n w a s d e s c r i b e d in r e p o r t N o . 9 . B r i e f l y , it is a f o u r - w h e e l r i d ­

ing m a c h i n e w e i g h i n g 290 k g w i t h i n d e p e n d e n t l y driven front and r e a r w h e e l s . 

U n d e r s o f t field c o n d i t i o n s , o p e r a t i n g t h e front w h e e l s f a s t e r t h a n the r e a r 

o r vice v e r s a r e s u l t s in a d i f f e r e n t i a l s l i p w h i c h a c c o m p l i s h e s t i l l a g e . In 

e a r l i e r e x p e r i m e n t s , i m p r o v e d m o b i l i t y w a s a c h i e v e d w i t h t h i s m a c h i n e in 

soft p a d d y f i e l d s . 

S u b s e q u e n t t e s t s w e r e c o n d u c t e d t o d e t e r m i n e t h e p e r f o r m a n c e o f s p e ­

cially d e s i g n e d cage w h e e l s (tilling w h e e l s ) f o r this m a c h i n e . T h e d e s i g n 

o f the t i l l i n g w h e e l w a s b a s e d on the f o l l o w i n g f a c t o r s : 

( 1 ) T h e t o t a l w e i g h t of t h e m a c h i n e w a s n o t t o e x c e e d 290 kg with 

a b o u t 150 k g on t h e r e a r w h e e l s . This l i m i t e d t h e w e i g h t o f the t i l l i n g 

w h e e l s t o about 55 k g . 

( 2 ) T h e w h e e l m u s t be able t o s i m u l t a n e o u s l y p r o v i d e g o o d m o b i l i t y 

a n d s o i l t i l l a g e . 

Since t h e s p e c i a l t i l l e r w h e e l s t e n d e d t o o v e r d r i v e the front u n i t , 

t h e front e n g i n e a n d d r i v e t r a i n of t h e o r i g i n a l m a c h i n e w a s r e p l a c e d b y a 

l a r g e r h a n d t r a c t o r w i t h a h i g h e r g e a r r a t i o . A l a r g e r cage w h e e l w a s f i t ­

t e d t o t h e front unit f o r i m p r o v e d m o b i l i t y ( F i g . 6 ) . In this e x p e r i m e n t , 

t h e r e a r w h e e l s w e r e o p e r a t e d f a s t e r than the front t o e l i m i n a t e any r e a r 

w h e e l tracks on t h e t i l l e d g r o u n d . 

Figure 7 shows a t i l l e r w h e e l w i t h a d j u s t a b l e n u m b e r and angle o f 

b l a d e s . It w a s h o p e d t h a t b y v a r y i n g the n u m b e r o f b l a d e s and t h e b l a d e a n ­

g l e , a b a l a n c e b e t w e e n p u s h i n g force w h e e l , s l i p a n d t i l l i n g p e r f o r m a n c e 

c o u l d b e a t t a i n e d . T h e toe o f t h e b l a d e s w a s d e s i g n e d w i t h s u f f i c i e n t b e a r ­

i n g a r e a f o r s u p p o r t on h a r d e r g r o u n d . T e s t s i n d i c a t e d t h a t t i l l a g e c o u l d 

b e a c h i e v e d w i t h t h i s t i l l e r w h e e l w h i l e d e v e l o p i n g c o n s i d e r a b l e p u s h i n g 

f o r c e . S a t i s f a c t o r y t i l l a g e was a c c o m p l i s h e d b y u s i n g 12 b l a d e s p e r row a n d 

a r a d i a l b l a d e a n g l e . H o w e v e r , depth o f t i l l a g e c o u l d n o t b e c o n t r o l l e d 

s a t i s f a c t o r i l y as t h e t i l l e r r e a d i l y r e a c h e d t h e h a r d p a n . D i f f i c u l t i e s w e r e 

a l s o e n c o u n t e r e d in s o f t soils b e c a u s e o f c l o g g i n g o f the t i l l e r w h e e l w i t h 

m u d . 

T o o v e r c o m e t h e above d e f e c t s , a n e w h o l l o w drum t i l l e r design ( F i g . 

8) was f a b r i c a t e d . T h e size o f the drum is s u c h t h a t in s t a t i c t e s t s it 

s i n k s t o a b o u t 16.25 cm in a w e l l p u d d l e d s o i l w h e n l o a d e d w i t h 150 kg b a l ­

l a s t . The h o l l o w d r u m serves t o limit t h e t i l l i n g d e p t h . B l a d e s w e r e w e l d ­

e d on the drum f o r t i l l i n g and m o b i l i t y . T e s t s h a v e s h o w n e n c o u r a g i n g r e ­

s u l t s f o r m o b i l i t y a n d t i l l a g e o p e r a t i o n s . O p t i m u m t i l l a g e w a s a c h i e v e d at 

t i l l e r w h e e l s p e e d o f 40 t o 50 r p m when t h e g r o u n d t r a v e l s p e e d o f the 

m a c h i n e w a s 0.6 t o 0.9 m / s e c . 
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A l t h o u g h g o o d t i l l a g e w a s a c h i e v e d w i t h t h i s t i l l e r w h e e l , it h a d a 

t e n d e n c y t o m o v e t h e s o i l t o w a r d s t h e s i d e s , t h u s c r e a t i n g a s m a l l e m b a n k ­

m e n t at t h e edge o f the t i l l e d p a t h . When the m a c h i n e f o l l o w e d a p r e v i o u s l y 

t i l l e d p a t h , d i f f i c u l t y w a s e n c o u n t e r e d in g e t t i n g out o f the p a t h . S o m e 

design i m p r o v e m e n t w a s t h e r e f o r e m a d e in this d i r e c t i o n . The a n g l e o f the 

b l a d e s w i t h t h e t r a v e l d i r e c t i o n w a s r e a r r a n g e d t o r e d u c e the l a t e r a l d i s ­

p l a c e m e n t o f t h e s o i l ( F i g . 8 ) . A d d i t i o n a l e x p e r i m e n t s w i l l b e c o n d u c t e d 

with four w h e e l s o f the s a m e b a s i c d e s i g n . 

T R A C T O R M O B I L I T Y S T U D I E S 

In r e p o r t N o . 9 , the r o l l i n g r e s i s t a n c e o f a s t a n d a r d 55-hp t r a c t o r 

w a s d e t e r m i n e d u n d e r t h r e e d i f f e r e n t f i e l d s . T h e d a t a s e e m e d t o i n d i c a t e a 

r e l a t i o n s h i p b e t w e e n t h e t r a c t o r r o l l i n g r e s i s t a n c e a n d t h e area u n d e r t h e 

p e n e t r o m e t e r curve (pressure vs d e p t h ) . 

An e x p e r i m e n t w a s c o n d u c t e d t o d e t e r m i n e a c o r r e l a t i o n b e t w e e n the 

r e a r w h e e l s i n k a g e o f a 55-hp t r a c t o r a n d the a r e a u n d e r the p e n e t r o m e t e r 

curve from 0 t o 9 i n . d e p t h s . It w a s felt t h a t an e q u a t i o n c o u l d b e e s t a b ­

l i s h e d t o p e r m i t the use o f t h e p e n e t r o m e t e r f o r p r e d i c t i n g t r a c t o r w h e e l 

s i n k a g e . An a d d i t i o n a l o b j e c t i v e w a s t o d e t e r m i n e the c o r r e l a t i o n b e t w e e n 

t r a c t o r w h e e l s i n k a g e a n d r o l l i n g r e s i s t a n c e . The 55-hp t r a c t o r w i t h a l o a d 

c e l l a n d s t r a i n g a g e r e c o r d e r u s e d in t h e e a r l i e r r o l l i n g r e s i s t a n c e s t u d i e s 

w a s u s e d . S p e c i f i c a t i o n s o f the t r a c t o r a r e l i s t e d in T a b l e 2 . 

Since a c c u r a t e f i e l d m e a s u r e m e n t o f t r a c t o r w h e e l s i n k a g e is v e r y 

d i f f i c u l t , a s i m p l e m e t h o d of m e a s u r i n g r e a r w h e e l s i n k a g e w a s d e v e l o p e d . 

T h i s m e t h o d is b a s e d on a c o m p a r i s o n b e t w e e n the v e r t i c a l d i s p l a c e m e n t o f 

t h e r e a r a x l e as t h e t r a c t o r is t o w e d on a c o n c r e t e f l o o r a n d o v e r the f i e l d . 

By a t t a c h i n g e x t e n s i o n s on t h e t r a c t o r r e a r axles a n d p l a c i n g a b e a m w i t h a 

series o f d e f l e c t a b l e p o i n t e r s o n t h e g r o u n d , as s h o w n in F i g . 9 , it w a s p o s ­

s i b l e t o a c c u r a t e l y r e c o r d t h e v e r t i c a l m o v e m e n t o f t h e t r a c t o r a x l e . Nine 

p o i n t e r s w e r e p i v o t a l l y b o l t e d t o a s t r a i g h t b e a m and t i g h t e n e d s u f f i c i e n t l y 

s o as t o r e t a i n the d e f l e c t e d p o s i t i o n . T h e s e b e a m s w e r e p o s i t i o n e d , one o n 

e a c h s i d e o f t h e t r a c t o r , p a r a l l e l t o t h e t r a v e l p a t h so t h a t t h e axle e x t e n ­

s i o n s c o n t a c t e d t h e p o i n t e r s as the t r a c t o r w a s t o w e d ( F i g . 9 ) . The h e i g h t 

o f t h e axle from t h e s o i l s u r f a c e w a s c a l c u l a t e d b y a d d i n g t h e a v e r a g e h e i g h t 

o f the d e f l e c t e d p o i n t e r s from t h e w a t e r s u r f a c e and the a v e r a g e w a t e r d e p t h . 

T o o b t a i n axle h e i g h t at zero s i n k a g e , a s i m i l a r e x p e r i m e n t w a s done on a 

c o n c r e t e f l o o r , T h e s i n k a g e , z , was c o m p u t e d as f o l l o w s : 

z = a v e r a g e axle h e i g h t from c o n c r e t e f l o o r - (average axle 

h e i g h t from w a t e r s u r f a c e + a v e r a g e d e p t h o f w a t e r ) 

F o u r f l o o d e d fields w i t h d i f f e r e n t c o n d i t i o n s w e r e used t o o b t a i n a 

wide range o f w h e e l s i n k a g e . Fields F-3 a n d F-10 w e r e t h i c k l y c o v e r e d w i t h 

v e g e t a t i o n as b o t h h a d r e m a i n e d u n p l a n t e d f o r o v e r a y e a r . F-l w a s the s o f t ­

est as it w a s o f t e n u s e d f o r t e s t i n g t i l l a g e i m p l e m e n t s . F-ll h a d r e c e n t l y 

b e e n h a r v e s t e d and r i c e s t u b b l e s w e r e s t i l l p r e s e n t in the f i e l d . 
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Figure 10 s h o w s a t y p i c a l curve drawn b e t w e e n p e n e t r o m e t e r r e a d i n g s , 

p , a n d the depth o f p e n e t r a t i o n , x . Each p o i n t is an a v e r a g e o f 10 r e a d ­

i n g s , i / T h e curve c r o s s e s t h e x axis at the a v e r a g e s o i l s u r f a c e , x c . F r o m 

this i n t e r c e p t , 9 i n . w a s m e a s u r e d to the r i g h t . T h e a r e a , 

r x 0 + 9 

A = J p d x 

w a s i n t e g r a t e d b y p l a n i m e t e r . 

F i g u r e 11 shows regression lines b e t w e e n area A and s i n k a g e z (data 

sheet in Table 3 ) . Dot s u b s c r i p t s indicate t h e f i e l d s w h e r e o b s e r v a t i o n s 

w e r e m a d e . It was t h o u g h t that a single line c o u l d be drawn f o r the f o u r 

f i e l d s . The p l o t t i n g o f t h e data i n d i c a t e d , h o w e v e r , two d i s t i n c t g r o u p i n g s , 

w h i c h are r e p r e s e n t e d by t h e t w o l i n e s . O n e l i n e w a s drawn for fields F-l 

and F-ll a n d a n o t h e r f o r F-3 and F - 1 0 . The p r e s e n c e o f c o n s i d e r a b l e v e g e t a ­

t i o n on F-3 a n d F-10 s e e m e d to s h i f t t h e line d o w n w a r d . The v e g e t a t i o n c o v ­

e r f o r m e d a r e i n f o r c i n g m a t on t h e s o i l s u r f a c e w h i c h h a d a s i g n i f i c a n t e f ­

fect in s u p p o r t i n g the t r a c t o r . This f a c t o r w a s n o t a c c o u n t e d f o r in t h e 

p e n e t r o m e t e r r e a d i n g s as t h e s m a l l size o f t h e cone p e r m i t t e d it t o p e n e t r a t e 

b e t w e e n the r o o t s . 

T h e r e g r e s s i o n c o e f f i c i e n t f o r fields F-l a n d F-10 is r = 0 . 9 4 5 ; f o r 

F-3 a n d F - 1 0 , r = 0 . 7 4 5 . T e s t s f o r s i g n i f i c a n c e o f the s l o p e o f b o t h r e g r e s ­

sions are h i g h l y s i g n i f i c a n t at the 1 p e r c e n t l e v e l . There is a s t r o n g i n ­

d i c a t i o n o f a l i n e a r c o r r e l a t i o n b e t w e e n the a r e a A as d e s c r i b e d a b o v e and 

the s i n k a g e z . N i n e t y - f i v e p e r c e n t c o n f i d e n c e b a n d s w e r e drawn f o r i n d i v i d ­

u a l v a l u e s o f z t o i l l u s t r a t e t h e p o s s i b i l i t y o f u s i n g the p e n e t r o m e t e r as a 

q u a n t i t a t i v e i n s t r u m e n t for t h e p r e d i c t i o n o f t r a c t o r w h e e l s i n k a g e . 

Figure 12 shows the r e g r e s s i o n b e t w e e n s i n k a g e z a n d r o l l i n g r e s i s ­

t a n c e o f t h e same t r a c t o r . T h e c o e f f i c i e n t o f l i n e a r r e g r e s s i o n is 0.88 a n d 

t h e t e s t f o r s i g n i f i c a n c e o f the s l o p e shows t h a t it is h i g h l y s i g n i f i c a n t 

at the 1 p e r c e n t l e v e l . It w a s s u r m i s e d in r e p o r t N o . 9 t h a t a r o l l i n g r e ­

s i s t a n c e o f a b o u t 500 k g (1100 l b ) is t h e c r i t i c a l r e s i s t a n c e at w h i c h t h e 

t r a c t o r can p r o p e l i t s e l f . At t h e r o l l i n g r e s i s t a n c e o f 1100 l b , t h e s i n k a g e 

z , by u s i n g F i g . 1 2 , is only about 2.7 i n . T h i s s i n k a g e a c t u a l l y is t h e 

s i n k a g e r e l a t i v e t o the u n d i s t u r b e d s o i l s u r f a c e . H o w e v e r , m u d is b u l l d o z e d 

in front o f t h e w h e e l s o t h a t in e f f e c t , a t h i c k e r l a y e r o f s o i l is r e s i s t i n g 

the m o v e m e n t of t h e w h e e l . 

T R A C T O R P T O - D R I V E N T H R E S H E R 

T h e design o f a t r a c t o r P T O - d r i v e n t h r e s h e r ( F i g . 1 3 ) h a s b e e n r e ­

p o r t e d e a r l i e r . T h e f a b r i c a t i o n o f t h e first p r o t o t y p e w a s s t a r t e d d u r i n g 

the p e r i o d o f t h e r e p o r t . Problems w e r e e n c o u n t e r e d w i t h t h e a x i a l m o v e m e n t 

of t h e t h r e s h e d m a t e r i a l t h r o u g h the c y l i n d e r a n d t h e m o v e m e n t o f the w e t 

_ ' T e n r e a d i n g s p u t a 90 p e r c e n t c o n f i d e n c e on t h e true m e a n . 



- 12 -

g r a i n by t h e a u g e r l o c a t e d u n d e r the c o n c a v e , T h e a x i a l m o v e m e n t o f t h e 

t h r e s h e d m a t e r i a l h a s b e e n i m p r o v e d b y c h a n g e s in the design o f the s p i r a l 

b a f f l e s in t h e c o v e r . T h e m o v e m e n t o f w e t g r a i n t h r o u g h t h e a u g e r m a y r e ­

q u i r e the i n s t a l l a t i o n o f a b e l t c o n v e y o r . Some p r o b l e m s h a v e a l s o b e e n e n ­

c o u n t e r e d w i t h t h e m o v e m e n t o f s t r a w t h r o u g h t h e r o t a r y s c r e e n c l e a n e r . W o r k 

is u n d e r w a y t o . i n c r e a s e t h e flow o f s t r a w t h r o u g h t h e r o t a r y s c r e e n c l e a n e r . 

P r e l i m i n a r y t r i a l s are b e i n g c o n d u c t e d d u r i n g t h e w e t s e a s o n . T h e 

p e r f o r m a n c e u s i n g w e t g r a i n looks v e r y e n c o u r a g i n g and it is f e l t t h a t a 

m a c h i n e f o r p r o d u c t i o n c o u l d b e d e v e l o p e d w i t h i n the coming y e a r . 

I n t e r e s t in a h i g h - c a p a c i t y m u l t i - c r o p t h r e s h e r is q u i t e s u b s t a n t i a l 

in m o s t o f t h e d e v e l o p i n g c o u n t r i e s . M a n y A s i a n v i s i t o r s w h o h a v e seen t h e 

first p r o t o t y p e t h r e s h e r h a v e c o m m e n t e d a b o u t t h e u r g e n c y b o t h o f c o m p l e t i n g 

t h i s p r o j e c t a n d t h e n e e d for a m a c h i n e o f t h i s t y p e . E f f o r t s are b e i n g 

m a d e t o c o m p l e t e t h i s p r o j e c t at the e a r l i e s t s t a g e . 

This t h r e s h e r h a s b e e n o r i e n t e d p r i n c i p a l l y t o w a r d s t h e n e e d s o f 

f a r m e r s w i t h large h o l d i n g s a n d custom t h r e s h i n g o p e r a t i o n s . T h e m a c h i n e is 

i n t e n d e d to r e p l a c e t h e l a r g e , b u l k y t h r e s h e r s w h i c h are u s e d f o r c u s t o m 

t h r e s h i n g and w e r e o r i g i n a l l y d e v e l o p e d fifty y e a r s e a r l i e r . 

Custom t h r e s h i n g o f r i c e is p o p u l a r in Ceylon b y t r e a d i n g u n d e r t r a c ­

t o r t i r e s . A h i g h - c a p a c i t y , P T O - d r i v e n t h r e s h e r c o u l d b e m o r e e f f i c i e n t f o r 

such o p e r a t i o n s . S u b s t a n t i a l d e m a n d is f o r e s e e n f o r t h r e s h i n g b o t h w h e a t 

and rice in I n d i a and P a k i s t a n f o r t h i s t y p e o f m a c h i n e . 

Drying and P r o c e s s i n g R e s e a r c h 

C O N S U M E R P R E F E R E N C E T E S T S OF H E A T E D - S A N D A N D F L A M E - D R I E D P A D D Y 

A c c e l e r a t e d d r y i n g e x p e r i m e n t s o f h i g h - m o i s t u r e p a d d y b y h e a t e d - s a n d 

or f l a m e - e x p o s u r e m e t h o d s h a v e b e e n r e p o r t e d . T h e s t a r c h g r a n u l e in paddy 

d r i e d by t h e s e two m e t h o d s is g e l a t i n i z e d . T h e p a d d y w i l l , h e n c e f o r t h , b e 

r e f e r r e d to as c o n v e r t e d r i c e in t h i s r e p o r t . T a s t e p r e f e r e n c e tests£/ w e r e 

c o n d u c t e d t o f i n d the e f f e c t o f a c c e l e r a t e d d r y i n g m e t h o d s on the e a t i n g 

q u a l i t y o f IR22 r i c e . 

T h r e e rice s a m p l e s o f 2 k g each w e r e d r i e d b y (1) the h e a t e d - s a n d 

m e t h o d , (2) f l a m e - e x p o s u r e m e t h o d , a n d ( 3 ) a i r - d r y i n g m e t h o d ( c o n t r o l ) , T h e s e 

s a m p l e s w e r e c o o k e d and t e s t e d at the F o o d Research L a b o r a t o r y , Home T e c h n o ­

logy D e p a r t m e n t , U . P . College o f A g r i c u l t u r e . T h e c o n t r o l s a m p l e w a s d r i e d 

in an a i r c o n d i t i o n e d room and w a s a r t i f i c i a l l y a g e d in a s e a l e d jar at 120°C 

±/lhe a u t h o r s a c k n o w l e d g e the h e l p o f D r . L u z U . O n a t e and t h e s t a f f 

o f t h e food r e s e a r c h l a b o r a t o r y o f t h e D e p a r t m e n t o f H o m e T e c h n o l o g y , U n i v e r ­

s i t y o f t h e P h i l i p p i n e s , C o l l e g e o f A g r i c u l t u r e , C o l l e g e , L a g u n a w h o c o n d u c t ­

e d t h e s e t e s t s . 
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f o r 2 h o u r s . C o o k e d r i c e s a m p l e s w e r e s e r v e d t o t h e t a s t e r s f i r s t , w h e n the 

rice w a s freshly c o o k e d a n d s t i l l h o t , a n d s e c o n d , w h e n it h a d c o o l e d to 

r o o m t e m p e r a t u r e . 

T h e t e s t s w e r e c o n d u c t e d w i t h t w o s e p a r a t e t a s t e p a n e l s : t h e c o n s u m ­

e r p r e f e r e n c e p a n e l and t h e l a b o r a t o r y t a s t e panel.JL' T h e c o n s u m e r p r e f e r ­

ence p a n e l w a s c o m p o s e d o f 50 p e r s o n s from IRRI A g r i c u l t u r a l E n g i n e e r i n g and 

some o t h e r d e p a r t m e n t s o f the U . P . C o l l e g e o f A g r i c u l t u r e , T h e s e p e r s o n s 

w e r e a s k e d t o r a n k t h e c o o k e d rice s a m p l e s a c c o r d i n g t o t h e i r p r e f e r e n c e . 

F r i e d m a n ' s t w o - o r a w a y n o n - p a r a m e t r i c a n a l y s i s o f v a r i a n c e w a s u s e d to d e t e r ­

m i n e p r e f e r e n c e r a n k i n g . 

A l a b o r a t o r y taste p a n e l o f s i x judges w a s u s e d t o s t u d y t h e d i f f e r ­

e n c e s in o n e o r m o r e a t t r i b u t e s such as o d o r , f l a v o r , t e n d e r n e s s , a n d c o h e -

s i v e n e s s o f the s a m p l e s . T h e judges on t h e t a s t e p a n e l w e r e s e l e c t e d f o r 

t h e i r e x p e r i e n c e in r e c o g n i z i n g d i f f e r e n c e s a m o n g s a m p l e s . An F-test w a s 

used t o t e s t f o r s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s a m o n g s a m p l e s . 

The c o n s u m e r p r e f e r e n c e p a n e l f a i l e d t o detect any d i f f e r e n c e s in 

t a s t e a m o n g t h e h e a t e d - s a n d , t h e f l a m e - e x p o s e d , a n d t h e c o n t r o l for e i t h e r 

t h e h o t a n d t h e cold s a m p l e s (Table 4 a a n d 4 ( b ) . T h e l a b o r a t o r y taste p a n e l , 

h o w e v e r , d e t e c t e d d i f f e r e n c e s in aroma and c o l o r w h e n t h e r i c e samples w e r e 

s e r v e d h o t (Table 5 ) . T h e c o n v e r t e d r i c e w a s f o u n d t o b e s t r o n g e r in a r o m a 

than t h e c o n t r o l . T h e c o n v e r t e d rice w a s c r e a m y w h i l e t h e c o n t r o l w a s w h i t e . 

With t h e h o t s a m p l e s , h o w e v e r , n o s i g n i f i c a n t d i f f e r e n c e s w e r e d e t e c t ­

e d w i t h r e g a r d to o f f - a r o m a , f l a v o r , t e n d e r n e s s , c o h e s i v e n e s s , a n d g l o s s . The 

judges w e r e able to detect d i f f e r e n c e s in c o h e s i v e n e s s and g l o s s in a d d i t i o n 

t o a r o m a a n d c o l o r in t h e c o l d s a m p l e s . T h e c o n v e r t e d rice on c o o l i n g w a s 

less s t i c k y a n d m o r e g l o s s y than the c o n t r o l s a m p l e . 

H E A T E D - S A N D D R I E R 

Drying o f p a d d y i n the w e t t r o p i c s at v i l l a g e o r farm l e v e l w i l l r e ­

q u i r e a s i m p l e , c o n t i n u o u s - f l o w , a d e q u a t e - c a p a c i t y d r i e r . T o b e w e l l a c c e p t ­

e d , t h e d r i e r s h o u l d b e c a p a b l e o f r e d u c i n g t h e m o i s t u r e c o n t e n t o f f r e s h l y 

h a r v e s t e d w e t p a d d y in a s h o r t p e r i o d to a s a f e l e v e l in a s i n g l e p a s s . D r y ­

i n g w i t h a c o n v e n t i o n a l h e a t e d - a i r d r i e r is l i m i t e d to a r e l a t i v e l y slow 

r a t e o f drying b e c a u s e o f diverse e f f e c t s on m i l l i n g r e c o v e r y o r h e a d rice 

y i e l d s . 

P r e v i o u s e x p e r i m e n t s h a v e i n d i c a t e d the p o s s i b i l i t y o f drying rice in 

a few s e c o n d s b y u s i n g a h e a t e d - s a n d p r o c e s s . T h i s m e t h o d imparts a g e l a t i ­

n i z i n g e f f e c t on t h e s t a r c h g r a n u l e in the p a d d y w h i c h i m p r o v e s m i l l i n g r e ­

c o v e r y a n d h e a d r i c e y i e l d s . The e f f e c t is s i m i l a r t o p a r b o i l i n g w h i c h is 

j!/0nate, L . U . and A . M . d e l M u n d o , 1 9 6 6 . C o n s u m e r and l a b o r a t o r y 

p a n e l e v a l u a t i o n o f s e e d b o a r d r i c e v a r i e t i e s . P h i l . A g r . 5 0 : 3 0 1 - 3 0 9 . 
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k n o w n t o i m p r o v e s t o r a g e q u a l i t y and r e t e n t i o n o f n a t u r a l v i t a m i n s . A p r o j ­

ect w a s s t a r t e d on t h e design o f a c o n t i n u o u s - f l o w d r i e r u t i l i z i n g t h e h e a t ­

e d s a n d p r o c e s s ; The design c o n c e p t s for two h e a t e d - s a n d driers h a v e h a v e 

b e e n c o m p l e t e d , one f o r v i l l a g e - l e v e l use and t h e o t h e r for f a r m - l e v e l o p e r ­

a t i o n . T h e l a r g e r d r i e r h a s a p r e - c l e a n e r and a p o s t - c l e a n e r to p e r m i t the 

c l e a n i n g and drying o p e r a t i o n s in a s i n g l e p a s s . 

F a b r i c a t i o n o f t h e s m a l l e r f a r m - l e v e l d r i e r is u n d e r w a y . It h a s 

b e e n d e s i g n e d f o r f a b r i c a t i o n b y s m a l l m a c h i n e s h o p s in t h e d e v e l o p i n g c o u n ­

t r i e s . T h e m a c h i n e is e s s e n t i a l l y a s m a l l , h a n d - c r a n k e d d r i e r c o n s i s t i n g o f 

a h o r i z o n t a l l y r o t a t i n g c y l i n d e r p l a c e d in a s e m i - c y l i n d r i c a l p a n f o r s a n d . 

The s a n d is h e a t e d w i t h a h e a t source p l a c e d u n d e r t h e p a n . T h e r o t a r y drum 

is f i t t e d w i t h t w o s e t s o f s c o o p s and an i n t e r n a l s p i r a l . T h e scoops t r a n s ­

fer the h e a t e d s a n d and t h e g r a i n from a s e c o n d p a n into the d r u m . A s the 

drum r o t a t e s , the s a n d - g r a i n m i x t u r e is m o v e d in an a x i a l d i r e c t i o n b y t h e 

s p i r a l . A f t e r t h e d e s i r e d duration o f e x p o s u r e , s a n d is s e p a r a t e d f r o m the 

g r a i n b y a rotary s c r e e n w h i c h is p a r t of t h e c y l i n d e r , The sand is r e h e a t e d 

and r e c y c l e d i n t o t h e d r u m . T h e first p r o t o t y p e unit is b e i n g f a b r i c a t e d 

and is e x p e c t e d t o b e c o m p l e t e d in t h e n e a r f u t u r e , 

A C C E L E R A T E D D R Y I N G O F SORGHUM 

A c o n d u c t i o n d r y i n g p r o c e s s u s i n g h e a t e d s a n d f o r drying h i g h - m o i s ­

t u r e p a d d y w a s d e s c r i b e d in the last p r o g r e s s r e p o r t . Since p r o d u c t i o n o f 

s o r g h u m is g a i n i n g p o p u l a r i t y in t h e t r o p i c a l c o u n t r i e s , e x p e r i m e n t s w e r e 

c o n d u c t e d t o e v a l u a t e the h e a t e d - s a n d p r o c e s s f o r drying s o r g h u m . 

S o r g h u m is u s u a l l y h a r v e s t e d at 35 t o 42 p e r c e n t ( d . b . ) m o i s t u r e l e v ­

e l in t h e t r o p i c a l c o u n t r i e s a n d needs to be r i e d t o 14 p e r c e n t m . c , f o r 

safe s t o r a g e . C o n v e n t i o n a l h e a t e d - a i r driers r e q u i r i n g l a r g e i n v e s t m e n t s 

are n o t e c o n o m i c a l for s m a l l - s c a l e drying o p e r a t i o n s . The h e a t e d - s a n d a p ­

p r o a c h seems t o o f f e r p o s s i b i l i t i e s f o r q u i c k , l o w - c o s t drying o f s o r g h u m . 

E x p e r i m e n t s on a c c e l e r a t e d d r y i n g o f s o r g h u m w e r e c o n d u c t e d b y m i x i n g 

s o r g h u m w i t h h e a t e d s a n d f o r p e r i o d o f 1 5 , 3 0 , a n d 45 s e c o n d s , T h e m o i s t u r e 

r e m o v e d d u r i n g the s o r g h u m - s a n d e x p o s u r e w a s m e a s u r e d . S a n d w a s h e a t e d in 

an oven t o t e m p e r a t u r e s o f 1 8 0 ° , 2 0 0 ° , 2 2 0 ° , a n d 240°C. A s o r g h u m - s a n d r a ­

t i o o f 1:20 b y w e i g h t w a s u s e d d u r i n g t h e e n t i r e s t u d y . 

T w o v a r i e t i e s o f f r e s h l y h a r v e s t e d s o r g h u m s a m p l e s w e r e c a r e f u l l y 

c l e a n e d and t h e i n i t i a l m o i s t u r e contents d e t e r m i n e d by t h e o v e n m e t h o d . T h e 

d r y i n g tests w e r e c o n d u c t e d b y s i m u l t a n e o u s l y p o u r i n g 200 g r a m s o f s o r g h u m 

and 4000 g r a m s o f h e a t e d s a n d in a f l a s k . The r e c o r d i n g o f time f o r s o r g h u m -

s a n d e x p o s u r e w a s s t a r t e d a f t e r h a l f o f t h e s o r g h u m h a d b e e n p o u r e d i n t o the 

f l a s k . T h e flask w a s s h a k e n v i g o r o u s l y to e v e n l y m i x t h e s o r g h u m and the 

s a n d . A g l a s s t h e r m o m e t e r w a s i n s e r t e d into t h e flask t o m e a s u r e the t e m p e r ­

ature o f the s o r g h u m - s a n d m i x t u r e . 

T a b l e 6 and F i g , 14 indicate t h a t w i t h 15 s e c o n d s e x p o s u r e , t h e r e is 

n o s i g n i f i c a n t d i f f e r e n c e in m o i s t u r e r e m o v a l at s a n d t e m p e r a t u r e s r a n g i n g 
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from 180°to 240°C. Some p o p p i n g o f s o r g h u m w a s o b s e r v e d at t e m p e r a t u r e s 

a b o v e 200°C. W i t h t h e 30 s e c o n d s e x p o s u r e , t h e r e w a s a s i g n i f i c a n t i n c r e a s e 

in m o i s t u r e r e m o v a l w i t h i n c r e a s e s in s a n d t e m p e r a t u r e s . A b o v e 200°C s a n d 

t e m p e r a t u r e s , i n c r e a s e d p o p p i n g o f g r a i n w a s o b s e r v e d . E x p o s u r e o f 30 s e c ­

o n d s s e e m s s a t i s f a c t o r y p r o v i d e d s a n d t e m p e r a t u r e o f 200°C is n o t e x c e e d e d . 

A l t h o u g h the h e a t e d - s a n d m e t h o d o f d r y i n g can be u s e d w i t h s o r g h u m , 

r e s u l t s o f t h e e x p e r i m e n t i n d i c a t e d t h a t a l e s s e r degree o f m o i s t u r e r e m o v a l 

is p o s s i b l e w i t h s o r g h u m t h a n w i t h p a d d y w h e n u s i n g t h e h e a t e d - s a n d p r o c e s s . 

D R Y I N G C H E M I C A L L Y T R E A T E D P A D D Y TO B R E A K S E E D D O R M A N C Y 

T h e b r e a k i n g o f s e e d d o r m a n c y in l a r g e q u a n t i t i e s is a s e r i o u s p r o ­

b l e m . P r e v i o u s r e s e a r c h i n d i c a t e s t w o p o s s i b l e s o l u t i o n s : (a) h e a t t r e a t ­

m e n t (holding dry p a d d y s e e d in an oven for 4 to 5 days at 50°C)1/ a n d (b) 

c h e m i c a l t r e a t m e n t (soaking a i r - d r i e d p a d d y s e e d in d i l u t e n i t r i c a c i d s o l u ­

t i o n [ 0 . 1 N 1 f o r 16 t o 24 h o u r s f o l l o w e d b y s u n - d r y i n g for 3 t o 7 days);!.'. 

Some doubts w e r e e n c o u n t e r e d as t o the a p p l i c a b i l i t y o f t h e s e m e t h o d s t o 

l a r g e - s c a l e o p e r a t i o n s i n c e they h a d b e e n t r i e d o n l y f o r s m a l l s a m p l e s . A l ­

t h o u g h a b i g oven c o u l d b e d e s i g n e d , the u n i f o r m i t y o f b r e a k i n g t h e do r m a n c y 

w h e n t h e s e e d s a r e p l a c e d in sacks is q u e s t i o n a b l e . F o r the c h e m i c a l t r e a t ­

m e n t , large q u a n t i t y s u n - d r y i n g m a y n o t be v e r y p r a c t i c a l in the p r o c e s s . 

The e f f e c t s o f h e a t e d - a i r d r y i n g on t h e a c i d - t r e a t e d s e e d are n o t w e l l k n o w n . 

T h e s o a k i n g of f r e s h l y h a r v e s t e d m o i s t p a d d y s e e d in n i t r i c a c i d s o ­

l u t i o n f o l l o w e d b y h e a t e d - a i r drying w o u l d : ( a ) e l i m i n a t e t h e first d r y i n g 

o p e r a t i o n common w i t h t h e t w o m e t h o d s , ( b ) s h o r t e n t h e d u r a t i o n o f b r e a k i n g 

d o r m a n c y b y s e v e r a l days b y u t i l i z i n g c o n v e n t i o n a l h e a t e d - a i r d r i e r s , a n d 

(c) m a k e t h e p r o c e s s i n d e p e n d e n t of w e a t h e r c o n d i t i o n s . 

A s t u d y w a s u n d e r t a k e n to e v a l u a t e the e f f e c t s o f v a r i o u s d r y i n g 

t r e a t m e n t s o n f r e s h l y h a r v e s t e d IR22 s e e d w h i c h h a d b e e n p r e - s o a k e d in a n i ­

t r i c a c i d s o l u t i o n . 

C o n c l u s i o n 

(a) T h e d o r m a n c y o f IR22 was a r t i f i c i a l l y b r o k e n w i t h i n 4 days a f t e r 

h a r v e s t (2 days a f t e r d r y i n g ) b y s o a k i n g f r e s h l y h a r v e s t e d s e e d in 0.2N n i ­

t r i c a c i d s o l u t i o n f o r 24 h o u r s f o l l o w e d b y h e a t e d - a i r drying (43 t o 46°C) in 

a b a t c h d r i e r w i t h 30 t o 40 cu ft p e r m i n u t e o f a i r for 6 h o u r s , 

( b ) The d o r m a n c y w a s a l s o b r o k e n by s o a k i n g f r e s h l y h a r v e s t e d s e e d in 

0.1N t o 0.2N n i t r i c acid s o l u t i o n f o r 24 h o u r s f o l l o w e d by s u n - d r y i n g for 6 

h o u r s . 

It/P. R« J e n n i n g s a n d J . de J e s u s J r . , E f f e c t of h e a t on b r e a k i n g s e e d 

d o r m a n c y o n r i c e , Crop S c i e n c e , V o l . 4 , N o , 5 , p p . 5 3 0 - 5 3 3 ( 1 9 6 4 ) , 

i/The IRRI R e p o r t e r , V o l . 4 , N o . 2 ( M a r c h - A p r i l 1 9 6 8 ) , 
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(c) U n h e a t e d - a i r d r y i n g (ambient a i r t e m p e r a t u r e , 29°C) f o r 48 h o u r s 

f o l l o w i n g s o a k i n g in n i t r i c a c i d s o l u t i o n f a i l e d t o b r e a k d o r m a n c y w h e n t e s t ­

e d 2 days a f t e r d r y i n g . T h i s i n d i c a t e s t h e i m p o r t a n c e o f h e a t in t h e p r o c e s s . 

( d ) T h e drying a i r t e m p e r a t u r e f o r a f l a t - b e d b a t c h t y p e d r i e r s h o u l d 

not e x c e e d 46°C (115°F) to m a i n t a i n the v i a b i l i t y o f the s e e d . 

A b o u t 50 k g o f freshly h a r v e s t e d IR22 s e e d s w i t h an i n i t i a l g e r m i n a ­

t i o n o f 6 to 8 p e r c e n t w a s s o a k e d in t w o c o n c e n t r a t i o n s o f n i t r i c acid s o l u ­

t i o n s : 25 k g in 0.1N (or 240 m l o f c o n c e n t r a t e d a c i d in 10 g a l o f w a t e r ) 

and 25 Kg in 0.2N (or 480 m l o f c o n c e n t r a t e d a c i d in 10 g a l o f w a t e r ) . F o r 

b o t h a c i d c o n c e n t r a t i o n s , t h e 25 k g s e e d s a m p l e w a s f u r t h e r s u b d i v i d e d into 

t h r e e p a r t s c o r r e s p o n d i n g t o s o a k i n g d u r a t i o n s o f 1 2 , 18 a n d 24 h o u r s . F o u r 

drying m e t h o d s w e r e u s e d f o r e a c h s o a k i n g d u r a t i o n : s u n - d r y i n g , d r y i n g in 

the s h a d e , u n h e a t e d - a i r drying (29°C), and h e a t e d - a i r d r y i n g (43 to 46°C). 

For s u n - d r y i n g t h e p a d d y w a s s p r e a d 1-in. thick o n a c o n c r e t e f l o o r , s t i r r e d 

e v e r y h o u r , a n d d r i e d for 6 t o 8 h o u r s u n t i l m o i s t u r e c o n t e n t d e c r e a s e d to 

14 p e r c e n t . T h e s a m e w a s t r u e for drying in t h e s h a d e , e x c e p t the p a d d y w a s 

p l a c e d in t h e s h a d e f o r 48 h o u r s . F o r t h e a i r - d r y i n g m e t h o d s , a s m a l l f l a t ­

b e d d r i e r w i t h t w o c o m p a r t m e n t s a n d a b l o w e r w a s u s e d . O n e c o m p a r t m e n t was 

f o r u n h e a t e d - a i r drying ( o r a m b i e n t a i r t e m p r a t u r e o f about 29°C); the o t h e r 

w a s h e a t e d b y an e l e c t r i c c o i l w i t h a v a r i a b l e t r a n s f o r m e r t o c o n t r o l air 

t e m p e r a t u r e b e t w e e n 43 to 46°C. 

T o d e t e r m i n e the e f f e c t o f h i g h e r d r y i n g - a i r t e m p e r a t u r e s o n t h e v i a ­

b i l i t y o f t h e s e e d s , a s e c o n d e x p e r i m e n t w a s c o n d u c t e d u s i n g the s a m e p r o c e ­

dure as t h e first e x c e p t t h a t t h r e e drying m e t h o d s w e r e u s e d : (a) h e a t e d -

a i r drying at 49°C, h e a t e d - a i r drying at 60°C, a n d ( c ) s u n - d r y i n g . 

An a n a l y s i s o f the first e x p e r i m e n t i n d i c a t e d t h a t a n y t r e a t m e n t c o m ­

b i n a t i o n g i v i n g m e a n p e r c e n t g e r m i n a t i o n h i g h e r t h a n 85,8 is s i g n i f i c a n t l y 

d i f f e r e n t from the 80 p e r c e n t at w h i c h l e v e l t h e d o r m a n c y is n o r m a l l y c o n s i d ­

e r e d b r o k e n . A t o t a l o f 16 t r e a t m e n t c o m b i n a t i o n s g a v e m e a n p e r c e n t g e r m i n a ­

t i o n s i g n i f i c a n t l y h i g h e r than 80 p e r c e n t as i n d i c a t e d b y the u n d e r l i n e d 

m e a n s in T a b l e 7; e . g . t h e d o r m a n c y w a s b r o k e n a t two days a f t e r drying w i t h 

seeds s o a k e d in 0.1N a n d 0.2N n i t r i c a c i d f o r 24 h o u r s f o l l o w e d b y s u n - d r y ­

i n g , a n d w i t h s e e d s s o a k e d in 0.2N for 24 h o u r s f o l l o w e d b y h e a t e d - a i r d r y ­

i n g (43 t o 46°C), T h e d o r m a n c y w a s n o t b r o k e n , h o w e v e r , w i t h t h o s e d r i e d in 

the s h a d e , a n d w i t h u n h e a t e d a i r . 

H i g h e r p e r c e n t a g e g e r m i n a t i o n w a s o b s e r v e d a t t w o w e e k s a f t e r d r y i n g 

as c o m p a r e d to 2 days a f t e r d r y i n g . T h e d o r m a n c y w a s b r o k e n at the e n d o f 

t w o w e e k s a f t e r d r y i n g f o r t h e f o l l o w i n g t r e a t m e n t s : (a) a l l t h e s u n - d r i e d 

t r e a t m e n t s , (b) all h e a t e d - a i r t r e a t m e n t s e x c e p t t h a t s o a k e d 12 h o u r s in 

0 . 1 N , ( c ) u n h e a t e d - a i r t r e a t m e n t s s o a k e d 18 t o 24 h o u r s in 0 . 2 N . Dormancy 

w a s n o t b r o k e n f o r t h o s e d r i e d in the s h a d e . 

F o r t h e s e c o n d e x p e r i m e n t (Table 8) any t r e a t m e n t c o m b i n a t i o n g i v i n g 

m e a n p e r c e n t a g e o f g e r m i n a t i o n h i g h e r than 83.4 p e r c e n t is s i g n i f i c a n t l y d i f ­

ferent from the 80 p e r c e n t l e v e l . O f a l l t h e seeds t e s t e d for g e r m i n a t i o n 
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on the t h i r d day a f t e r d r y i n g , only t h e s u n - d r i e d t r e a t m e n t w h i c h h a d b e e n 

s o a k e d 18 h o u r s in 0.2N s h o w e d b r o k e n d o r m a n c y . H i g h e r p e r c e n t a g e o f g e r m i ­

n a t i o n w a s o b s e r v e d 10 days a f t e r drying as c o m p a r e d t o 3 days a f t e r d r y i n g . 

Ten days a f t e r d r y i n g , the d o r m a n c y w a s f o u n d b r o k e n w i t h a l l t h e s u n - d r i e d 

t r e a t m e n t s , w i t h the 49°C d r y i n g - a i r t r e a t m e n t s s o a k e d for e i t h e r 12 h o u r s 

in 0.1N and 0.2N o r s o a k e d 18 h o u r s in 0.2N s o l u t i o n , a n d with 60°C dr y i n g 

a i r s o a k e d 18 h o u r s in 0.2N s o l u t i o n . 

H e a t e d - a i r d r y i n g at 49°C and 60°C s h o w e d a r e d u c t i o n in s e e d v i a b i l ­

ity at the 2 4 - h o u r s s o a k i n g p e r i o d w h e n t e s t e d a f t e r 10 days s t o r a g e . T h i s 

i n d i c a t e s t h a t t h e d r y i n g - a i r t e m p e r a t u r e s h o u l d b e m a i n t a i n e d b e l o w 49°C t o 

m a i n t a i n v i a b i l i t y o f s e e d . 

RICE HULL F U R N A C E 

The c o n s t r u c t i o n o f a furnace u t i l i z i n g rice h u l l as f u e l w a s s t a r t ­

e d . The furnace uses t w o e m p t y 5 5 - g a l o i l drums w h i c h are c o n n e c t e d t o g e t h ­

e r b y an a i r d u c t . Rice h u l l is fed i n t o a n d b u r n e d on a s l o p i n g fire g r a t e 

in t h e first d r u m . T h e s e c o n d drum s e r v e s as a t r a p t o a r r e s t ash a n d o t h e r 

c o m b u s t i o n p r o d u c t s . A c e n t r i f u g a l b l o w e r is h o o k e d t o the f u r n a c e such t h a t 

it can p a r t i a l l y draw the h e a t o f c o m b u s t i o n from t h e f u r n a c e a n d b l o w it i n ­

t o t h e g r a i n . 

P r e l i m i n a r y t e s t o f the furnace w i t h a s m a l l b l o w e r g a v e a h e a t rate 

o f 500 t o 2000 B T U / m i n . A v e r a g e h e a t i n g value o f rice h u l l o b t a i n e d w a s 5000 

B T U / l b . B a s e d on t h e s e v a l u e s t h e furnace can h e a t 3000 cu ft/min o f a m b i ­

ent a i r t o 120°F. T h i s a m o u n t o f h e a t e d a i r can dry 1.5 t o 2.0 tons o f w e t 

p a d d y ( 2 5 % m . c . ) w i t h i n 6 h o u r s w h e n p l a c e d 1 foot deep in a b a t c h d r i e r and 

w o u l d r e q u i r e 50 kg o f rice h u l l p e r h o u r . The tests a l s o i n d i c a t e d t h a t 

w i t h t h e h e l p o f an a s p i r a t o r , complete c o m b u s t i o n can b e a c h i e v e d , t h e r e b y 

e l i m i n a t i n g the n e e d f o r a h e a t e x c h a n g e r . W o r k on t h i s p r o j e c t is b e i n g 

c o n t i n u e d . 

A p p l i e d M a c h i n e r y a n d E c o n o m i c Research 

E C O N O M I C A S P E C T S OF H A N D T R A C T O R O W N E R S H I P 

During t h e last few y e a r s , a s u b s t a n t i a l i n c r e a s e h a s o c c u r r e d in 

the n u m b e r o f h a n d t r a c t o r s on l o w l a n d rice f a r m s . s T h e c o n t i n u e d a d o p t i o n o f 

t h e s e m a c h i n e s h a s m e a n t i n c r e a s e s in c a p i t a l i n v e s t m e n t s and o p e r a t i n g c o s t s . 

T h e p r i m a r y p u r p o s e o f t h i s s t u d y w a s t o a n a l y z e i n p u t - o u t p u t d a t a on the 

various t y p e s o f h a n d t r a c t o r s a n d to define the r e l a t i o n s h i p b e t w e e n t r a c ­

t o r use and" costs b y t h e use o f average cost c u r v e s . 

I n f o r m a t i o n on h a n d t r a c t o r s w a s g a t h e r e d from t h e v a r i o u s d i s t r i b u ­

t o r s / d e a l e r s o f a g r i c u l t u r a l m a c h i n e r y on the n u m b e r , t y p e , and o w n e r s of 

h a n d t r a c t o r s in L a g u n a p r o v i n c e . B a s e d on this i n f o r m a t i o n , a sample o f 140 

t r a c t o r o w n e r s w h i c h i n c l u d e d 47 s i n g l e - a x l e t i l l e r s (Type I ) , 6 8 g e n e r a l 

t i l l e r s (Type I I ) , a n d 25 d o u b l e - a x l e p o w e r t i l l e r s (Type I I I ) , w a s s e l e c t e d 

f o r p e r s o n a l i n t e r v i e w s . 
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The t h r e e t y p e s o f h a n d t r a c t o r a r e i l l u s t r a t e d in F i g . 15 and are 

b r i e f l y d e s c r i b e d as f o l l o w s : 

(1) S i n g l e - a x l e t i l l e r s (Type I) are l i g h t w e i g h t , u s u a l l y w i t h 4 t o 

6 h p g a s o l i n e e n g i n e s . F o r t i l l a g e o p e r a t i o n , r o t a r y t i l l e r b l a d e s are d i r ­

ectly m o u n t e d on the m a i n a x l e . N o s e p a r a t e r o t a r y t i l l e r a t t a c h m e n t is a v ­

a i l a b l e with. t h i s , t r a c t o r . T h e s e t r a c t o r s can be e q u i p p e d w i t h r u b b e r t i r e s 

for d r y l a n d w o r k o r h a u l a g e . T h e r e is n o d i f f e r e n t i a l in t h e axle a n d n o 

s t e e r i n g c l u t c h e s . 

(2) G e n e r a l t i l l e r s (Type I I ) are u s u a l l y e q u i p p e d w i t h a i r c o o l e d 

g a s o l i n e e n g i n e s o f u p t o 8 h p . T h e s e are e q u i p p e d w i t h w h e e l s and p e r f o r m 

s e v e r a l farm o p e r a t i o n s b y fitting d r a f t - d e p e n d e n t farm i m p l e m e n t s such as 

p l o w s , h a r r o w s , c u l t i v a t o r s , e t c . T r a c t o r s o f t h i s type h a v e p r o v i s i o n s f o r 

r e v e r s e drives and h a v e m u l t i - s p e e d s h i f t i n g t r a n s m i s s i o n s . The m a c h i n e s 

a r e o f f e r e d w i t h a d e t a c h a b l e r o t a r y t i l l e r a t t a c h m e n t . 

( 3 ) D o u b l e - a x l e p o w e r tillers (Type I I I ) h a v e t w o drive w h e e l s and a 

s e p a r a t e r o t a r y t i l l i n g m e c h a n i s m w h i c h c o n s i s t s o f a s e r i e s o f k n i v e s a t ­

t a c h e d to a r o t a t i n g s h a f t m o u n t e d at t h e r e a r o f t h e r e g u l a r w h e e l a x l e . 

A l t h o u g h these t i l l e r s are not as v e r s a t i l e as t h e o t h e r t w o t y p e s , t h e y are 

b e t t e r s u i t e d f o r t i l l i n g in c l a y e y p a d d y fields due t o t h e i r s t u r d i e r c o n ­

s t r u c t i o n a n d l a r g e r - s i z e d e n g i n e s . G e n e r a l l y , t h e s e t r a c t o r s are e q u i p p e d 

w i t h d i e s e l e n g i n e s w i t h r a t i n g s o f 8 t o 14 h p . T h e s p e c i f i c a t i o n s o f these 

types o f t r a c t o r s a r e s h o w n in Table 9 , 

H a n d T r a c t o r A d o p t i o n 

A m a j o r i t y ( 9 2 % ) o f t h e t r a c t o r s w e r e f o u n d on i r r i g a t e d 2-crop 

f a r m s , and 66 p e r c e n t o f t h e f a r m e r s i n d i c a t e d t h a t t h e n u i s a n c e a t t e n d a n t 

to t h e care a n d m a i n t e n a n c e o f t h e c a r a b a o w a s the m a j o r r e a s o n f o r b u y i n g a 

h a n d t r a c t o r , A s o m e w h a t s m a l l e r p e r c e n t a g e o f t h e farmers gave a d i r e c t 

e c o n o m i c r e a s o n — fast e r l a n d p r e p a r a t i o n (Tables 10 a n d 1 1 ) . S i m p l i c i t y 

and l i g h t n e s s are the m a j o r factors b e h i n d t h e s e l e c t i o n o f T y p e I t r a c t o r s . 

Types II a n d III t r a c t o r s , on t h e o t h e r h a n d , are p r e f e r r e d on the b a s i s o f 

p o w e r (Table 1 2 ) . P r o c u r e m e n t and the h i g h cost o f s p a r e p a r t s are t h e m a j ­

o r p r o b l e m s c o n f r o n t i n g t h e f a r m e r s (Table 1 3 ) . 

E s t a b l i s h i n g H a n d T r a c t o r Costs 

P e r f o r m a n c e r a t e s . R e l i a n c e w a s p l a c e d on f a r m e r e s t i m a t e s o f t h e 

p e r f o r m a n c e c a p a c i t y o f t h e m a c h i n e s , as s h o w n in T a b l e 1 4 . This is a l i m i ­

t a t i o n o f the study s i n c e the o p e r a t i o n a l c o n d i t i o n s vary from one farm t o 

a n o t h e r and t h e d a t a w e r e b a s e d on the f a r m e r ' s m e m o r y . 

C o s t i n g of h a n d t r a c t o r s . Table 15 p r e s e n t s t h e f i x e d and v a r i a b l e 

costs o f using t h e t h r e e types o f h a n d t r a c t o r s . T r a c t o r c o n t r a c t costs 

vary from £25 to £35 p e r 8-hour d a y . The l a t t e r is t y p i c a l o f rates in w h i c h 

m e a l s o f two m e n w h o j o i n t l y o p e r a t e the t r a c t o r are n o t i n c l u d e d . 
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U n d e r t h e s e c o s t s , t h e b r e a k - e v e n p o i n t in t e r m s of a n n u a l use is 

230 h o u r s for s i n g l e - a x l e t i l l e r s . a n d g e n e r a l t i l l e r s , and 4 9 1 h o u r s f o r 

d o u b l e - a x l e t i l l e r s ( F i g . 1 6 ) . A p p l y i n g this w o r k l o a d t o the a v e r a g e a n n u ­

al use f o r a l l t y p e s r e v e a l s t h a t m o r e t h a n 50 p e r c e n t o f the t r a c t o r s are 

used e c o n o m i c a l l y . 

E x c e p t for T y p e III t r a c t o r s s c a l e e c o n o m i e s (of u s e ) a l m o s t d i s a p ­

p e a r at 800 h o u r s o f u s e . A f t e r t h i s , t h e r e are only m a r g i n a l cost r e d u c ­

t i o n s r e s u l t i n g from the s p r e a d i n g o f o v e r h e a d costs o v e r m o r e h o u r s . A p ­

p a r e n t l y , T y p e III h a n d . t r a c t o r s are u n e c o n o m i c a l as c o m p a r e d t o the o t h e r 

t w o t r a c t o r types for o p e r a t i o n s of less than 50 h a p e r y e a r . 

G a s o l i n e vs d i e s e l h a n d t r a c t o r s . W h e n t h e g a s o l i n e and d i e s e l h a n d 

t r a c t o r s are c o m p a r e d in r e l a t i o n t o d i f f e r e n t w a g e r a t e s , F i g . 17 is o b ­

t a i n e d . Any c o m b i n a t i o n o f l a b o r cost and a n n u a l use t o the right and above 

the line favors the use o f d i e s e l t r a c t o r . C o n v e r s e l y , g a s o l i n e t r a c t o r s a r e 

t h e less costly a l t e r n a t i v e for a l l c o m b i n a t i o n s b e l o w t h e l i n e . 

R e l a t i v e i m p o r t a n c e o f i n d i v i d u a l cost f a c t o r s . T h i s p o r t i o n o f t h e 

study e x p l o r e d the r e l a t i v e s i g n i f i c a n c e o f t h e f o l l o w i n g cost i t e m s : (a) c u s ­

t o m r a t e ( p e s o s / d a y ) ; ( b ) w a g e rate ( p e s o s / d a y ) ; (c) p r i c e of f u e l ( p e s o s / 

l i t e r ) ; ( d ) p r i c e o f o i l ( p e s o s / l i t e r ) ; (e) i n t e r e s t rate ( p e r c e n t / y e a r ) . 

T h e m e t h o d u s e d is t o c o m p u t e a ratio o f the o v e r h e a d costs p e r y e a r t o t h e 

v a r i a b l e p r o f i t p e r h o u r o f o p e r a t i o n . 

R e s u l t s w e r e o b t a i n e d b y v a r y i n g each f a c t o r above a n d b e l o w its 

b a s e l i n e value w h i l e h o l d i n g a l l others constant at t h e i r r e s p e c t i v e a v e r ­

age o r b a s e l i n e l e v e l s . T h e n e t o f such c h a n g e s a r e shown in F i g . 18 and 1 9 . 

The h o r i z o n t a l d a s h e d l i n e s r e p r e s e n t t h e b a s e l i n e l e v e l s of the f a c t o r s 

c o n s i d e r e d . R e s u l t s are r e a d as the n e t e f f e c t o f v a r y i n g one f a c t o r , h o l d ­

ing o t h e r s c o n s t a n t , on t h e h o u r s of a n n u a l use n e e d e d t o b r e a k e v e n . A 5-

p e s o i n c r e a s e in the c u s t o m r a t e , for e x a m p l e , r e d u c e s t h e b r e a k - e v e n b y 43 

h o u r s for T y p e I t r a c t o r s a n d 103 h o u r s f o r Type III t r a c t o r s . 

H a n d T r a c t o r R e p a y m e n t s 

A s u b s t a n t i a l n u m b e r o f the farmers i n t e r v i e w e d i n d i c a t e d t h a t p u r ­

chase o f t h e i r h a n d t r a c t o r s w a s f i n a n c e d from loans e x t e n d e d b y R u r a l B a n k s 

under the C B : I B R D Farm M e c h a n i z a t i o n P r o g r a m .ji/ 

£ / T h e C e n t r a l B a n k o f the P h i l i p p i n e s e n t e r e d into a g r e e m e n t w i t h 

the W o r l d Bank ( I B R D ) on N o v e m b e r 2 , 1965 t o o b t a i n a credit line o f US$5 

m i l l i o n t o f i n a n c e m e d i u m and l o n g term loans for the a c q u i s i t i o n o f farm 

m a c h i n e r y and e q u i p m e n t and s m a l l p r i v a t e i r r i g a t i o n p u m p s and e q u i p m e n t . 

T h e l o a n s are e x t e n d e d t h r o u g h the r u r a l b a n k s . M o s t o f the c a p i t a l , h o w ­

e v e r , w a s u s e d t o f i n a n c e t r a c t o r p u r c h a s e s due t o the delay a n d d i f f i c u l t y 

in e s t a b l i s h i n g w a t e r r i g h t s f o r i r r i g a t i o n p u m p s . 
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A "rule o f t h u m b " d e v e l o D e d b y some p r o d u c t p l a n n e r s s t a t e s t h a t t h e 

g r o s s value o f t h e cron p r o c e s s e d p e r y e a r s h o u l d b e a b o u t three times the 

v a l u e o f the m a c h i n e . Using this as a r o u g h g u i d e , b u d g e t s were e s t a b l i s h e d 

(Tables 16 t h r o u g h 1 8 ) using five d i f f e r e n t y i d l d l e v e l s . The t a b l e s show 

the w o r k l o a d r e q u i r e d o f each t r a c t o r type t o a c h i e v e a g r o s s income e q u a l 

to t h r e e t i m e s t h e i r r e s p e c t i v e v a l u e s . 

The a n a l y s i s i n d i c a t e s that d o u b l e - c r o p i r r i g a t e d farms o f l a r g e r -

t h a n - a v e r a g e s i z e r e p r e s e n t the g r e a t e s t p o t e n t i a l for h a n d t r a c t o r s a l e s . 

E C O N O M I C S OF T H E ROW S E E D E R 

T h r e e firms i n the P h i l i p p i n e s are m a r k e t i n g t h e s e e d e r for p r e - g e r ­

m i n a t e d p a d d y at a s e l l i n g p r i c e o f about £ 3 5 0 . The e c o n o m i c s o f o w n i n g 

this s e e d e r are a n a l y z e d in this s t u d y . It is e s t i m a t e d t h a t the m a c h i n e 

can r e n d e r u s e f u l s e r v i c e f o r 4 y e a r s . During this p e r i o d the r e p l a c e m e n t 

costs for p a r t s are e s t i m a t e d to b e : ( a ) f l u t e d r o l l e r , £5 a y e a r ; (b) b r u s h 

£ 4 . 5 0 a y e a r ; ( c ) p a i n t , £5 a y e a r ; a n d ( d ) s k i d , £80 b e f o r e the fourth y e a r 

T a b l e 19 s h o w s the cost o f u s i n g t h e s e e d e r on the b a s i s o f the a b o v e e s t i m ­

ates . 

D e p r e c i a t i o n w a s c o m p u t e d b y d i v i d i n g the p u r c h a s e p r i c e b y the e s ­

t i m a t e d s e r v i c e life o f the m a c h i n e . I n t e r e s t on t h e i n v e s t m e n t w a s c a l c u ­

l a t e d at 12 p e r c e n t o f t h e a v e r a g e v a l u e o f the m a c h i n e during its l i f e . T h e 

o p e r a t o r ' s l a b o r w a s e s t i m a t e d t o b e w o r t h £ 0 . 5 0 / h r . 

T a b l e 20 i n d i c a t e s the a v e r a g e t o t a l cost p e r h e c t a r e a t varying 

l e v e l s o f u s e . T a b l e 20 i n d i c a t e s that costs d e c l i n e a s a n n u a l use is i n ­

c r e a s e d . This can b e a c h i e v e d b y e i t h e r h i r i n g t h e m a c h i n e o r doing c o n ­

t r a c t s e e d i n g . 

The i n f o r m a t i o n c o n t a i n e d in T a b l e 20 is p l o t t e d in F i g . 2 0 . S u p e r ­

i m p o s e d on t h e g r a p h is the c o n t r a c t cost o f t r a n s p l a n t i n g Z / o b t a i n e d from 

f a r m e r s ' i n t e r v i e w s in L a g u n a a n d C e n t r a l L u z o n . The p o i n t x i n d i c a t e s t h e 

h e c t a r a g e a t w h i c h t h e cost p e r h e c t a r e b y e i t h e r t r a n s p l a n t i n g o r row s e e d ­

ing is e q u a l . The figure i n d i c a t e s t h a t a b o v e 2.5 h a o f a n n u a l u s e , i t is 

m o r e e c o n o m i c a l t o use the s e e d e r . It w o u l d p a y a f a r m e r , t h e r e f o r e , w i t h 

e v e n as s m a l l a farm as 1.5 h a , c r o p p e d t w i c e a y e a r , t o i n v e s t in t h i s 

m a c h i n e . 

JJWhile t w o d i f f e r e n t o p e r a t i o n s are b e i n g c o m p a r e d , t h e s e e d e r has 

b e e n d e v e l o p e d for p r e - g e r m i n a t e d p a d d y and is i n t e n d e d to b e u s e d as a r e ­

p l a c e m e n t f o r t r a n s p l a n t i n g m e t h o d s . 
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Work P l a n 

T A B L E T H R E S H E R T E S T S 

T h e m a c h i n e is b e i n g f a b r i c a t e d in the P h i l i p p i n e s b y t h r e e m a n u f a c ­

t u r e r s . A s s i s t a n c e w i l l b e p r o v i d e d t o t h e s e m a n u f a c t u r e r s b y f i e l d t e s t i n g 

t h e i r i n i t i a l p r o d u c t i o n m a c h i n e s and a s s i s t i n g in f u r t h e r d e v e l o p m e n t of 

t h e i r m a c h i n e s , 

ROW S E E D E R FOR UPLAND CROPS 

T h e l o w l a n d row s e e d e r w i l l b e a d a p t e d t o u p l a n d o p e r a t i o n b y r e ­

p l a c i n g the s k i d w i t h a comb h a r r o w . R e s p o n s e from farmers h a v e i n d i c a t e d a 

n e e d f o r such a m a c h i n e . T h i s s e e d e r w i l l be d e s i g n e d a s an a n i m a l - d r a w n 

u n i t . I f t h e r e s u l t s are f a v o r a b l e , a l a r g e t r a c t o r - d r a w n s e e d e r w i l l b e 

d e v e l o p e d . 

M E C H A N I Z A T I O N FOR M U L T I P L E C R O P P I N G 

M u l t i p l e c r o p p i n g is b e i n g i n t r o d u c e d in m a n y c o u n t r i e s . E x p e r i ­

m e n t s on m e c h a n i z i n g t h e various o p e r a t i o n s b y d e v e l o p m e n t o f a s i m p l e d r i v e -

w h e e l a t t a c h m e n t t o a w a l k i n g t r a c t o r w i t h a v a r i e t y o f n e w a t t a c h m e n t s w i l l 

b e u n d e r t a k e n . If s u c c e s s f u l , t h e e x p e r i m e n t s w i l l b e f o l l o w e d b y t h e d e v e l ­

o p m e n t o f a m u l t i - p u r p o s e m a c h i n e with a t t a c h m e n t s f o r a l l the m a j o r r e q u i r e ­

m e n t s o f m u l t i p l e c r o p p i n g . 

R O T A R Y G R A I N C L E A N E R D E V E L O P M E N T 

C o m m e r c i a l p r o d u c t i o n o f the r o t a r y s c r e e n g r a i n c l e a n e r is u n d e r w a y . 

A d e t a i l e d study o f its c l e a n i n g p e r f o r m a n c e w i l l b e u n d e r t a k e n . O p t i m u m 

p o i n t s w i l l b e d e t e r m i n e d f o r a i r flow a n d g r a i n f e e d , t o a t t a i n m a x i m u m e f ­

ficiency a n d c l e a n i n g q u a l i t y . A t t e m p t s w i l l b e m a d e t o f u r t h e r increase 

the c l e a n i n g c a p a c i t y a n d q u a l i t y by t h e i n t r o d u c t i o n of an a d d i t i o n a l c o n ­

c e n t r i c s h e e t m e t a l c y l i n d e r w h i c h w i l l s u b s t a n t i a l l y i n c r e a s e the s c r e e n i n g 

a r e a a n d l e n g t h o f g r a i n t r a v e l through t h e a i r s t r e a m . 

S T R I P P E R - H A R V E S T E R D E V E L O P M E N T : 

Work on the e x p e r i m e n t a l s t r i p p e r h a r v e s t e r w i l l b e c o n t i n u e d . D i f ­

ferent i m p r o v e m e n t s for r e d u c i n g g r a i n l o s s on the g r o u n d w i l l b e t r i e d . 

S t u d i e s w i l l b e c a r r i e d o u t t o e v a l u a t e t h e s e losses a f t e r t h e i n c o r p o r a t i o n 

o f t h e i m p r o v e m e n t s . If t h e s e r e s u l t s are e n c o u r a g i n g , a f o u r - f o o t w i d e 

s t r i p p e r a t t a c h m e n t w i l l be d e s i g n e d f o r a t o o l c a r r i e r w h i c h w i l l b e d e v e l ­

o p e d f o r t h e t r o p i c a l rice f a r m e r . 

D I F F E R E N T I A L CAGE WHfeEL S L I P F O R W E T L A N D P R E P A R A T I O N 

A s e c o n d s e t o f cage w h e e l s w i l l b e a t t a c h e d t o t h e axle o f a 7.5-hp 

h a n d t r a c t o r t h r o u g h a f i x e d ratio d r i v e a s s e m b l y to convert it i n t o a r i d ­

ing m a c h i n e . T h i s f i x e d s p e e d r a t i o , b e t w e e n the front a n d r e a r w h e e l s , w i l l 
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e l i m i n a t e the o v e r - d r i v i n g t e n d e n c y f o u n d w i t h t h e p r e s e n t d u a l t r a c t o r u n i t . 

The m a c h i n e w i l l b e s k i d - s t e e r e d t h r o u g h t h e t r a c t o r s t e e r i n g clutches and 

an e v a l u a t i o n o f this m e t h o d o f s t e e r i n g in s o f t w e t l a n d w i l l b e m a d e . 

M U L T I - P U R P O S E T O O L C A R R I E R 

Design of a m u l t i - p u r p o s e b a s i c t o o l c a r r i e r for p a d d y c u l t i v a t i o n 

h a s b e e n i n i t i a t e d . The design is b a s e d on t h e A l l - T e r r a i n V e h i c l e c o n c e p t 

and h a s s i x l o w - p r e s s u r e t i r e s . T h i s g e n e r a l - p u r p o s e m a c h i n e is b e i n g d e v ­

e l o p e d to m e e t t h r e e b a s i c n e e d s o f the t r o p i c a l f a r m e r : t r a n s p o r t a t i o n , 

land p r e p a r a t i o n , and h a r v e s t i n g . It is b e i n g d e s i g n e d as a l i g h t w e i g h t , 

o f f - t h e - r o a d , h i g h - m o b i l i t y m a c h i n e for t r a n s p o r t w o r k on rough c o u n t r y roads 

or p a d d y f i e l d s . A r o t a r y t i l l e r a t t a c h m e n t and a s t r i p p e r - h a r v e s t e r w i l l 

be d e v e l o p e d for the b a s i c u n i t . I f t h e c o n c e p t p r o v e s u s e f u l , a d d i t i o n a l 

a t t a c h m e n t s for o t h e r a g r i c u l t u r a l o p e r a t i o n s w i l l be d e v e l o p e d . 

C O M P A R I S O N B E T W E E N CAGE W H E E L S , STRAKE W H E E L S , A N D H A L F - T R A C K S 

V a r i e d claims h a v e b e e n r e c e i v e d b y t h e D e p a r t m e n t as t o the b e s t 

t r a c t o r a c c e s s o r y f o r i m p r o v i n g w e t l a n d t r a c t o r m o b i l i t y . A s t u d y w i l l b e 

i n i t i a t e d t o d e t e r m i n e the r e l a t i v e p e r f o r m a n c e o f cage w h e e l s , s t r a k e w h e e l s , 

h a l f t r a c k s , a n d e c c e n t r i c w h e e l d r i v e s . T h e c o m p a r i s o n s h a l l b e e v a l u a t e d 

in t e r m s o f d r a w b a r p u l l and r o l l i n g r e s i s t a n c e . T h e p e r f o r m a n c e o f e a c h o f 

these t r a c t i o n aids w i l l a l s o b e o b s e r v e d u n d e r t h e d i f f i c u l t c o n d i t i o n s o f ­

ten e n c o u n t e r e d in w e t l a n d o p e r a t i o n . 

P E R F O R M A N C E T E S T S O F A SOFT P A D D Y T I L L E R 

P u d d l i n g m a c h i n e s u t i l i z i n g a s l e d a n d a p a d d y r o t o r h a v e b e e n used 

in T h a i l a n d a n d M a l a y s i a f o r very s o f t f i e l d s . M o s t o f t h e s e are m a c h i n e s 

w h i c h h a v e b e e n d e v e l o p e d b y l o c a l b l a c k s m i t h s * a n d s h o p ^ o w p e r s , A p u d d l i n g 

m a c h i n e w i t h t h e f l o a t i n g c o n c e p t w i l l b e f a b r i c a t e d . Its p e r f o r m a n c e w i l l 

also be m a d e to d e v e l o p a l i g h t w e i g h t s l e d a t t a c h m e n t f o r s t a n d a r d w a l k i n g 

t r a c t o r s t o p r o v i d e e x t r a f l o t a t i o n in s o f t f i e l d s . 

D E V E L O P M E N T O F A H E A T E D - S A N D D R I E R 

Plans f o r a m a n u a l l y o p e r a t e d p a d d y d r i e r using the h e a t e d - s a n d p r o ­

cess h a v e b e e n c o m p l e t e d . T h e f i r s t p r o t o t y p e u n i t is b e i n g f a b r i c a t e d . T h e 

design o f this d r i e r is b a s e d on the time t e m p e r a t u r e r e l a t i o n s h i p o f s a n d -

g r a i n e x p o s u r e e s t a b l i s h e d in an e a r l i e r l a b o r a t o r y study d e s c r i b e d in r e p o r t 

N o . 9 . T h e first u n i t is b e i n g d e v e l o p e d as a s i m p l e farm d r i e r for the t r o p ­

i c a l f a r m e r , A design c o n c e p t o f a l a r g e r v i l l a g e - l e v e l d r i e r h a s b e e n f i ­

n a l i z e d . D e t a i l design o f the l a r g e r unit w i l l be s t a r t e d a f t e r some e x p e r ­

ience h a s b e e n g a i n e d w i t h the s m a l l farm d r i e r . 

RICE H U L L FURNACE 

T e s t and e v a l u a t i o n o f t h e rice h u l l furnace a n d b l o w e r w i l l b e m a d e 

b y c o n n e c t i n g it to a f l a t - b e d b a t c h - t y p e d r i e r . Drying a i r and g r a i n tern-
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p e r a t u r e s w i l l be m e a s u r e d t o e v a l u a t e the p e r f o r m a n c e o f the h u l l f u r n a c e . 

H e a t i n g c a p a c i t y w i l l b e v a r i e d b y c o n t r o l l i n g the f e e d r a t e o f rice h u l l 

and the a m o u n t o f a i r s u c t i o n t h r o u g h the f u r n a c e . A t t e m p t s w i l l b e m a d e t o 

d e v e l o p a h u l l furnace w i t h an a u t o m a t i c h u l l f e e d e r t o e l i m i n a t e the p r o ­

b l e m a s s o c i a t e d w i t h m a n u a l feeding in the p r e s e n t d e s i g n . 

D I R E C T - F L A M E DRIER 

R e c e n t c o n s u m e r p r e f e r e n c e tests on c o n v e r t e d f l a m e - d r i e d rice h a v e 

i n d i c a t e d a f a v o r a b l e r e s p o n s e . A s i m p l e l a b o r a t o r y device w h i c h w i l l p e r ­

m i t c o n t i n u o u s f l a m e - e x p o s u r e drying w i l l b e f a b r i c a t e d . Design data w i l l 

be o b t a i n e d from t h i s l a b o r a t o r y m o d e l . If the r e s u l t s are f o u n d t o b e f a ­

v o r a b l e , a l a r g e r - c a p a c i t y d i r e c t - f l a m e d r i e r w i l l b e d e v e l o p e d . 

TEST A N D E V A L U A T I O N O F T H E C O N V E C T I O N A L D R I E R 

T w o b a s i c types o f J a p a n e s e driers are b e i n g i n t r o d u c e d in the A s i a n 

c o u n t r i e s : ' b a t c h - t y p e and d o n t i n u o u s - f l o w cycle d r i e r s . P e r f o r m a n c e tests 

a n d e c o n o m i c f e a s i b i l i t y s t u d i e s w i l l b e c o n d u c t e d on t h e s e t y p e s o f d r i e r s , 

D E V E L O P M E N T OF A M A N U A L L Y O P E R A T E D G R A I N C L E A N E R 

T h e r o t a r y s c r e e n concept for a l a r g e r - c a p a c i t y g r a i n c l e a n e r h a s 

b e e n q u i t e s u c c e s s f u l in terms o f cleaning c a p a c i t y . A s o m e w h a t s i m i l a r r o ­

t a r y concept is b e i n g e x p l o r e d for t h e d e v e l o p m e n t of a s m a l l , m a n u a l l y o p ­

e r a t e d farm c l e a n e r . T h e m a c h i n e w o u l d h a v e a n a x i a l l y m o u n t e d fan a n d a 

r o t a r y drum w i t h a s e r i e s o f p o c k e t s to pick the g r a i n a n d tumble it t h r o u g h 

the a i r s t r e a m . It is a n t i c i p a t e d t h a t such a m a c h i n e c o u l d b e q u i t e p o p u ­

l a r w i t h the s m a l l f a r m e r s o f A s i a . This c o n c e p t w o u l d o f f e r a h i g h e r c a p a ­

city and b e t t e r q u a l i t y c l e a n i n g t h a n the s i m p l e w i n n o w e r s w i d e l y u s e d b y 

t h e A s i a n f a r m e r s . 

D E V E L O P M E N T O F A T H R E S H E R F O R T A I W A N 

R e q u e s t h a s b e e n r e c e i v e d from T a i w a n f o r the d e v e l o p m e n t o f a t h r e s h 

e r for w e t p a d d y . T h e r e is a n e e d for a t h r e s h e r for freshly h a r v e s t e d p a d ­

dy in T a i w a n w h i c h w o u l d b e e q u i p p e d w i t h p o w e r - d r i v e n w h e e l s for e a s y m o v e ­

m e n t in t h e f i e l d . The design o f a m a c h i n e u t i l i z i n g a w i r e - l o o p type thresh 

ing drum a n d a r o t a r y s c r e e n c l e a n e r h a s b e e n s t a r t e d . T h e r o t a r y s c r e e n 

o f f e r s p o s s i b i l i t i e s for i m n r o v e d cleaning o f w e t p a d d y . The T a i w a n e s e f a r m ­

ers thresh p a d d y at very h i g h m o i s t u r e levels on h a r v e s t i n g . The t h r e s h e r 

is b e i n g d e s i g n e d t o u t i l i z e the same e n g i n e f o r - e i t h e r d r i v i n g the t h r e s h i n g 

m e c h a n i s m o r the drive w h e e l s f o r m o v i n g t h e t h r e s h e r in t h e f i e l d s . 

ROW S E E D E R F O R P R E - G E R M I N A T E D P A D D Y 

T h e r e s p o n s e r e c e i v e d from m a n y c o u n t r i e s in A s i a on the recently 

d e v e l o p e d row s e e d e r h a s b e e n v e r y e n c o u r a g i n g . Some of the comments r e ­

ceived on t h i s s e e d e r i n d i c a t e that a m a c h i n e w h i c h c o u l d drop seeds in h i l l s 

i n s t e a d o f rows w o u l d b e d e s i r a b l e f o r c e r t a i n l o c a l i t i e s . H i l l drop is p o s -
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sible i f t h e m e t e r i n g unit is close to t h e g r o u n d . A l i g h t w e i g h t s e e d e r for 

s o w i n g p r e - g e r m i n a t e d p a d d y o n p u d d l e d soils h a s b e e n s t a r t e d . The m a c h i n e 

w i l l h a v e s e p a r a t e p r e - g e r m i n a t e d p a d d y m e t e r i n g device f o r i n d i v i d u a l r o w s . 

The drive f o r t h e i n d i v i d u a l s e e d m e t e r i n g units w o u l d b e t a k e n from a p a d ­

dle w h e e l m o u n t e d d i r e c t l y o n the same s h a f t as the m e t e r i n g u n i t s . It is 

felt t h a t such a design m a y b e e a s y to f a b r i c a t e . S i n c e there w i l l b e i d e n ­

t i c a l m e t e r i n g d e v i c e s for each r o w , m a s s p r o d u c t i o n m e t h o d s c o u l d b e e a s i l y 

a p p l i e d in its m a n u f a c t u r e . 

T R A N S P L A N T E R E V A L U A T I O N 

C o n s i d e r a b l e i n t e r e s t is b e i n g g e n e r a t e d in t h e use o f t r a n s p l a n t e r s 

in A s i a n c o u n t r i e s . A n u m b e r of c o m p a n i e s in J a p a n a r e m a n u f a c t u r i n g a v a r i ­

ety o f t r a n s p l a n t e r s . These m a c h i n e s are q u i t e p o p u l a r in J a p a n ( b u t h a v e 

n o t p r o v e d s u c c e s s f u l in the A s i a n c o u n t r i e s . A p r o j e c t w i l l b e s t a r t e d t o 

e v a l u a t e t h e s e m a c h i n e s a n d t o s t u d y t h e i r e c o n o m i c a n d t e c h n i c a l c h a r a c t e r ­

i s t i c s u n d e r t r o p i c a l c o n d i t i o n s . This p r o j e c t w i l l p r o v i d e some e x p e r i e n c e 

in the use o f t r a n s p l a n t e r s a n d w o u l d a s s i s t in a p r o p o s e d t r a n s p l a n t e r d e v ­

e l o p m e n t p r o j e c t . A n e w t r a n s p l a n t e r concept is b e i n g e x p l o r e d w h i c h w o u l d 

u t i l i z e a h i g h - s p e e d c e n t r i f u g a l device f o r i n j e c t i n g s e e d l i n g s i n t o p u d d l e d 

s o i l s . 
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P e r s o n n e l a n d t h e i r r e s p e c t i v e m a n - m o n t h s e n g a g e d in t h e p r o j e c t f o r 

t h e p a s t s i x m o n t h s , J a n u a r y 1 t o June 3 0 , 1 9 7 0 , a r e p r e s e n t e d b e l o w : 

From J a n u a r y 1/70 

P o s i t i o n N a m e T o June 

D e v e l o p m e n t E n g i n e e r £ 

U . K h a n i / P r o j e c t L e a d e r A . U . K h a n i / 4.5 

E v a l u a t i o n e n g i n e e r Open U 

A g r i c u l t u r a l E c o n o m i s t Open 0 

A s s i s t a n t Design E n g i n e e r E . 0 . Casern D 

A s s i s t a n t Design E n g i n e e r P . Cab an os 
c O 

A s s i s t a n t Design E n g i n e e r A . M a n a l o b 

A s s i s t a n t lest E n g i n e e r O p e n 

A s s i s t a n t T e s t E n g i n e e r Open 0 

R e s e a r c h A s s i s t a n t , 

A g r i c u l t u r a l E c o n o m i c s N . Orcino 0 

R e s e a r c h A s s i s t a n t , 

E n g i n e e r i n g N . N a v a s e r o 6 

R e s e a r c h A s s i s t a n t , 

E n g i n e e r i n g A . A m i l h u s s i n 6 

R e s e a r c h A s s i s t a n t , 

E n g i n e e r i n g E . d e l R o s a r i o A AC 
0»Z9 

D r a f t s m a n F , J a l o t j o t b 

D r a f t s m a n F . Cabrales b 

S e c r e t a r y C . J i z m u n d o 6 

Secretary V . M a r a a n 4 

S e c r e t a r y F . Tobias 1 

Shop Foreman S . G u t i e r r e z 6 

M a c h i n i s t Z . B o r j a 6 

M a c h i n i s t A . Dizon 6 

T i n s m i t h E . Dungo 6 

T i n s m i t h R . Santos 6 

W e l d e r A . B a r o t 6 

M e c h a n i c - O p e r a t o r J . Silos J r . 6 

Shop M e c h a n i c R . D i g n a d i c e 6 

S h o p M e c h a n i c M . M a c a t a n g a y 6 

Shop M e c h a n i c P . de M e s a 6 

Shop M e c h a n i c F . Flores 0.5 

L a b o r e r (Shop h e l p e r ) M . C a s t r o 6 

L a b o r e r (Shop h e l p e r ) L , V i l l e g a s 6 

L a b o r e r (Shop h e l p e r ) M . F a b e l l a r 6 

L a b o r e r (Student a s s i s t a n t ) B . Ramos 6 

UPart-time. 
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A n t i c i p a t e d p e r s o n n e l n e e d s f o r t h e n e x t s i x m o n t h s , J u l y 1 to D e c e m ­

b e r 1 9 7 0 , are p r e s e n t e d b e l o w : 

From July 1 / 7 0 

P o s i t i o n To D e c e m b e r 31/70 

D e v e l o p m e n t E n g i n e e r S 

P r o j e c t L e a d e r 6 

E v a l u a t i o n E n g i n e e r 6 

A g r i c u l t u r a l E c o n o m i s t 6 

A s s i s t a n t Design E n g i n e e r 6 

A s s i s t a n t Design E n g i n e e r 6 

A s s i s t a n t Design E n g i n e e r 6 

A s s i s t a n t T e s t E n g i n e e r 6 

A s s i s t a n t T e s t E n g i n e e r 6 

A s s i s t a n t T e s t E n g i n e e r 6 

R e s e a r c h A s s i s t a n t , E c o n o m i c s 6 

R e s e a r c h A s s i s t a n t , E n g i n e e r i n g 6 

R e s e a r c h A s s i s t a n t , E n g i n e e r i n g 6 

R e s e a r c h A s s i s t a n t , E n g i n e e r i n g 6 

D r a f t s m a n 6 

D r a f t s m a n 6 

S e c r e t a r y 6 

S e c r e t a r y 6 

Shop F o r e m a n 6 

M a c h i n i s t 6 

M a c h i n i s t 6 

T i n s m i t h 6 

T i n s m i t h 6 

W e l d e r 6 

M e c h a n i c - O p e r a t o r 6 

Shop M e c h a n i c 6 

Shop M e c h a n i c 6 

Shop M e c h a n i c 6 

Shop M e c h a n i c 6 

L a b o r e r (Shop h e l p e r ) 6 

L a b o r e r (Shop h e l p e r ) 6 

L a b o r e r (Shop h e l p e r ) 6 

L a b o r e r (Student a s s i s t a n t ) 6 
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T A B L E 1. C o m p a r i s o n b e t w e e n m a n u a l l y t r a n s p l a n t e d a n d m e c h a n i c a l l y s e e d e d 

p l o t s u s i n g the e i g h t - r o w s e e d e r , w e t s e a s o n j 1969 ,BJ. 

M e t h o d 

S e e d L a b o r N o . o f T i l l e r 

u s e d ( m a n - h r / t i l l e r s / w e i g h t Y i e l d 

( k g / h a ) h e c t a r e ) sqm ( m e a n ) (g/sq m ) ( m e a n ) 

T r a n s p l a n t e d in r o w s £ / 

(with p l a n t i n g g u i d e s ) 

S e e d e d (with e i g h t - r o w 

s e e d e r ) 

45 199 

52 4 . 8 9 - / 

249 

4 6 0 * 

4 4 8 5 0 9 8 

6 3 0 * * 5434 

iL' Data b a s e d o n q u a r t e r - h e c t a r e p l o t s . S o i l c o n d i t i o n : M a a h a s clay 

l o a m , s h a l l o w h a r d p a n w i t h an a v e r a g e depth o f 5 i n . 

k / W o r k done b y 8 w o m e n : 2 on the p l a n t i n g g u i d e and 6 d o i n g the 

t r a n s p l a n t i n g . Does n o t i n c l u d e time in p r e p a r i n g s e e d l i n g n u r s e r y . 

£ / L a b o r r e q u i r e d in o p e r a t i n g t h e s e e d e r i n c l u d e s p l a c i n g o f string 

1 m away from the l e v e e as g u i d e for s t r a i g h t s e e d i n g ; a l s o i n c l u d e s r e f i l l ­

i n g o f s e e d h o p p e r w i t h p r e - g e r m i n a t e d s e e d s . Does n o t i n c l u d e time spent in 

g e r m i n a t i n g and i n c u b a t i n g s e e d . 

* S i g n i f i c a n t . 

** Highly s i g n i f i c a n t . 
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TABLE 2. T r a c t o r s p e c i f i c a t i o n s . 

Weight d i s t r i b u t i o n ( d r i v e r and 

L e f t f r o n t wheel 

Right f r o n t wheel 

L e f t r e a r wheel 

T i r e p r e s s u r e : 

Front wheels 

Rear wheels 

Wheel base 

Front and r e a r wheel t r e a d 

Front t i r e s 

Rear t i r e s 

dynograph operator i n c l u d e d ) 

475 kg 

480 kg 

715 kg 

24 p s i 

18 p s i 

85 i n . 

53 i n . 

6:00 x 16 

13.6/12 x 38 



T A B L E 3 . Tractor r o l l i n g r e s i s t a n c e . 

Depths/ 

of 

water 

(inch) 

"Penetrometer reading!-/, p~ (psi) 

a t depths of P l o t 

F- 1 

F-

.n>£/ 

F-ll 

Trial 

N o . 

Sing-

a g e - ' 

z 

(inch) 3" 9" 1 2 " 1 5 " 1 8 " 2 1 " 

A r e a , A 

/ i n - l b \ 

\sq in/ 

R o l l i n g 

r e s i s t a n c e 

(lb) 

1 3 . 5 5 . 1 0 u 1 'J 
13 

1 0 
is 

A /. OH i / 1 i m I/O 1 A O 1H9 0 7 7 IS I 1 7 C\C 0 
l/oe.-

I 3 . 1 5 5 . 2H c 
. D I t ) 0/. AH 9 /• / H 19 7 HI 1 1 9 

1 J A 
1 3 1 SO ft 

A AO 
1 6 19 7 

3 2 . 3 6 4 . b 4 0 26 Jo 1HH 1 t) U i op 170 1 i n LIU 7 1 1 J ij 1 o n / 7 1 o y 0 . . J 
4 1,7/ 6 0 3 1 

A. 
1 6 
A. v> 

29 1 1 0 1 6 5 1 5 4 1 7 0 2 0 2 1 7 0 8 . 9 

5 2 . 7 6 4 . 2 5 5.5 23 5 6 1 5 8 1 8 0 1 9 2 1 8 0 4 2 4 1 9 5 1 . 4 

6 2 . 7 6 4 . 8 5 8 23 3 6 1 2 5 1 8 5 1 4 8 1 4 6 3 0 3 2 0 1 7 . 5 

1 
I 

1.7/ 1 KQ o 
o 

9ft A O 3(3 1 UL 

1HH 
1 6i7 1 9 8 1 9 0 5 0 9 

Jul 
1 3 4 5 0 

9 1 17 1 
1 

1 ft 1 u 9Q 
£ 7 

11 n 
1 1V3 

1 6 5 1 5 4 1 7 0 5 4 5 6 8 3 . 5 

1 
~> 1 Q 7 q 

7 
23 56 1 6 8 1 8 0 1 9 2 1 8 2 6 0 0 9 2 n . 1 

4 1.59 0 . 3 2 7 23 3 6 1 2 5 1 8 5 1 4 8 1 4 6 7 2 5 4 6 5 . 1 

5 2 . 3 6 0 . 17 3 1 7 2 1 1 3 1 3 0 1 4 0 1 2 0 1 6 2 7 9 5 4 8 5 . 1 

1 2 . 7 6 1.97 10 2 5 6 0 1 4 0 1 7 6 1 4 8 1 4 4 4 3 7 4 4 1 . C 

2 2 . 7 6 1 . 39 27 3 3 6 3 1 6 4 1 7 5 1 8 7 2 0 0 5 3 6 3 6 3 . 8 

3 3 . 7 8 0 . 2 7 24 3 7 6 5 1 3 2 1 8 1 1 7 4 1 8 4 6 0 8 3 4 3 . 6 

4 3 . 5 5 0 . 5 9 4 6 4 6 9 1 1 2 0 1 5 2 1 5 8 1 4 0 6 9 0 4 6 3 . 0 5 

5 3 . 2 5 1 . 0 0 26 3 9 7 8 1 7 8 1 9 4 1 6 7 1 8 0 4 4 0 4 4 1 . 0 

o 2 . 7 6 1 . 0 0 23 3 5 6 7 1 5 0 1 3 6 1 4 6 1 5 9 5 2 3 3 6 3 . 8 

1 3 . 9 4 3 . 1 6 4 1 8 8 2 1 5 2 1 6 0 1 7 4 2 3 3 6 7 8 1 4 8 8 . 4 

2 3 . 3 0 3 . 8 8 4 2 0 6 0 1 4 7 1 7 3 1 9 9 2 2 0 4 9 0 1 3 8 9 . 1 

3 3 . 8 6 2 . 9 4 5 15 6 1 1 5 4 1 6 5 1 7 7 2 2 2 5 7 3 1 4 1 1 . 

4 3 . 5 4 2 . 7 6 5 13 12 1 5 3 1 5 8 1 4 8 1 5 5 5 7 3 1 3 4 5 . 0 

5 3 . 5 4 3 . 5 6 2 2 0 7 0 1 5 1 1 7 0 1 8 7 1 8 6 5 8 1 1 4 8 8 . 3 

—/Average of 6 r e a d i n g s . 

—/Average of 9 r e a d i n g s , 

c / 
—'Average of 1 0 r e a d i n g s 

. ^ F l o o d e d , r o t a v a t e d and 

h a r r o w e d 4 m o n t h s before 

t e s t . 

- / F l o o d e d , idle for 1 y r . , 

thick v e g e t a t i o n . 

JLlSame condition as in F-3 

^ / F l o o d e d , newly h a r v e s t e d 

f i e l d , stubbles p r e s e n t . 
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T A B L E 4 ( a ) . P r e f e r e n c e s c o r e s o f t h e h e a t e d - s a n d a n d t h e d i r e c t - f l a m e d r i e d 

r i c e , s e r v e d h o t . * / 

T a s t e r 
R a n k 

T a s t e r 
k a n k 

T a s t e r 
Sand F l a m e C o n t r o l 

T a s t e r 
S a n d Flame C o n t r o l 

A X A 
X 

7 
0 

7 
A 

9 7 
A / 

7 0 9 
A 

A X 

O A 7 
0 

A X 9 
A 

9R 
A O 

X 7 O 9 
A 7 0 9 

A 
1 X 7 O 9Q 

A 3 
9 
X 

7 O 1 

4 1 3 2 30 2 3 1 
C 
o 

9 A 1 
X 

7 0 91 1 9 
X 

3 
R O 7 O 9 1 O X 3 1 2 

7 7 o 2 1 33 3 2 1 

ft o o 
X 

7 
O 

34 3 2 1 

q o A 7 
O 

X 3 5 2 1 7 
w 

1 (7 
xu 

-1 X 7 0 O 9fi 2 q I X 

11 1 2 3 37 2 
A 

1 3 
1 7 X A o 

A 
7 
o 

1 
X 

9ft 3 9 
A 

1 
X 

A O 
13 

7 A X 7 0 7Q O o 1 7 
A 

7 
0 

14 1 2 3 40 3 1 2 

15 1 3 2 4 1 2 3 1 

16 3 1 2 42 3 . 1 

17 1 2 3 4 3 * 
CN

 2 ? 5 b / 1 

18 1 2 3 44 2 3 1 

19 3 2 1 45 2 1 3 

20 2 3 1 46 2 3 1 

21 1 2 3 47 2 1 3 

22 2 3 1 48 1 3 2 

23 2 1 3 49 3 fc 2 . 1 

24 2 3 1 50 2.5b/ 2.5b/ 1 

25 2 3 1 

26 2.5b/ 2.5b/ 1 R j * 1 0 1.50 102.50 96 

f/Rank 1 i n d i c a t e s m a x i m u m p r e f e r e n c e . 

£ / S a m p l e o b t a i n e d e q u a l s c o r e . 

R j * — Su m m a t i o n of r a n k i n g . 
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T A B L E 4 ( b ) . P r e f e r e n c e s c o r e s o f the h e a t e d - s a n d and t h e d i r e c t - f l a m e d r i e d 

r i c e s e r v e d cold.3./ 

T a s t e r 
p -j r» V l \ a 11 A 

T a s t e r 
P a -n V A Q U A 

T a s t e r T a s t e r 

S a n d Flame C o n t r o l S a n d Flame C o n t r o l 

1 

CN 2.5jy 1 24 1 3 2 

2 3 1 2 25 2 1 3 

3 3 2 1 26 3 2 1 

4 1 3 2 27 1 3 2 

5 3 2 1 28 2 1 3 

6 2 3 1 29 1 3 2 

7 3 2 1 30 3 1 2 

8 1 2 3 31 3 1 2 

9 1 3 2 32 2 1 3 

10 2 1 3 33 3 2 1 

11 1 3 2 34 2 1 3 

12 1 3 2 35 1 2 3 

13 

14 

2 

3 
3 

1.5*/ 
Y-t 

36 

37 

2 

3 
1 

2 

3 

1 

15 1 2 3 38 3 2 1 

16 3 2 1 39 1 2 3 

17 

18 NO
 

. 
NO

 
cn
 in 

CM 
3 

1 
40 

4 1 

3 

3 

2 

1 
1 

2 

19 1 3 2 42 1 2 3 

20 2 1 3 43 1 2 3 

21 2 1 3 44 2 3 1 

22 1 2 3 

23 to
 

cn
 CM 1 R j * 88.5 89 86.5 

Rank 1 i n d i c a t e s m a x i m u m p r e f e r e n c e . 

b / s a m p i e s o b t a i n e d e q u a l s c o r e s . 

Rjft S u m m a t i o n o f r a n k i n g . 



TABLE 5. Eating quality m e a n s c o r e for the h e a t e d - s a n d and the d i r e c t - f l a m e dried rice as e v a l u a t e d by a 

laboratory taste p a n e l . 

C h a r a c t e r -
. . a/ 
I S t l C S -

Sample served hot S t a t i s t i c a l 
b/ 

d i f f e r e n c e 

Sample served cold S t a t i s t i c a l 

d i f f e r e n c e 

C h a r a c t e r -
. . a/ 
I S t l C S - Sand F l a m e C o n t r o l 

S t a t i s t i c a l 
b/ 

d i f f e r e n c e Sand F l a m e C o n t r o l 

S t a t i s t i c a l 

d i f f e r e n c e 

A r o m a 7.0 7.0 6.0 ** 6.0 6.0 5.8 * 

O f f a r o m a 1.0 1.0 1.0 ns 1.0 1.0 1.0 ns 

F l a v o r 1.0 1.0 1.0 ns 1.0 1.0 1.0 ns 

T e n d e r n e s s 3.3 3.3 3.5 ns 3.3 3.5 4.3 ns 

C o h e s i v e n e s s 2.3 1.7 2.4 ns 2.7 2.2 3.3 ** 
C o l o r 2.7 2.5 1.3 * 2.7 2.6 1.0 ** 
G l o s s 3.3 3.3 3.0 ns 3.1 3.1 2.7 ** 

Q u a l i t y rating s c a l e : 

I II III I V V VI V I I V I I I 

A R O M A OFF A R O M A F L A V O R OFF F L A V O R T E N D E R N E S S C O H E S I V E ­ C O L O R GLOSS 

NESS 

9 V e r y 9 Very 9 Very 9 Very 9 Very 9 Pasty 9 B r o w n 9 Very 

strong strong full strong tender g l o s s y 

7 Strong 7 Strong 7 F u l l 7 Strong 7 T e n d e r 7 Very 7 L i g h t 7 G l o s s y 

sticky b r o w n 

5 M o d e r a t e ­ 5 M o d e r a t e ­ 5 M o d e r a t e ­ 5 M o d e r a t e ­ 5 M o d e r a t e ­ 5 M o d e r a t e ­ 5 Gray- 5 M o d e r a t e ­

ly strong ly strong ly full ly strong ly tender ly sticky y e l l o w ly g l o s s y 

3 W e a k 3 P e r c e p ­ 3 P e r c e p ­ 3 P e r c e p ­ 3 P a r t i a l l y 3 P a r t i a l l y 3 C r e a m 3 Dull 

tible tible tible tough sticky 

1 Very 1 None 1 V e r y 1 N o n e 1 V e r y 1 W e l l 1 W h i t e 1 Very 

w e a k w e a k tough s e p a r a t e d dull 

— ns - not s i g n i f i c a n t 

* - significant 

* * - highly s i g n i f i c a n t 
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T A B L E 6 . A c c e l e r a t e d d r y i n g o f s o r g h u m and its e f f e c t s . 

M o i s t u r e H e a t e d s a n d G r a i n t e m ­ T i m e 

T e s t c o n t e n t t e m p e r a t u r e p e r a t u r e o f 

n o . V a r i e t y (%, d .b.) (° C) just a f t e r d r y i n g R e m a r k s 

B e f o r e A f t e r Before A f t e r d r y i n g ( s e c ) 

d rying drying (°C) 

1 NKX 3009 39.40 30.70 240 210 QQ A C 

lb 
G r a i n 

p o p p e d 

2 NKX 3009 39.40 2 6 . 7 7 240 214 92 30 ti 

3 N K X oOUy 39.40 30.60 220 178 O / 10 ii 

4 
\ T 1 / . f A \ f \ ft ft 

N K X 3009 39.40 2 8 . 5 7 220 180 87 ft ft 
30 

ii 

5 N K X 3009 39.40 31.51 200 173 82 15 N o 

p o p p i n g 

6 NKX 3009 39.40 30.70 200 180 82 30 

7 NKX 3009 39.40 28.90 200 169 87 45 it 

8 Pay M a s t e r 

R109 

41.60 30.62 220 80 15 G r a i n 

p o p p e d 

9 PM R109 41.60 2 6 . 2 8 220 90 30 ti 

10 PM RIG9 41.60 33.40 200 75 15 N o 

p o p p i n g 

11 PM R109 41.60 28.20 200 87 30 ti 

12 PM R109 4 1 . 6 0 27.30 200 77 45 I I 

13 PM R109 41.60 32.40 180 73 30 it 

14 PM R109 41.60 30.43 180 74 45 II 
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T A B L E 7 . M e a n p e r c e n t a g e o f g e r m i n a t i o n o f IR22 seeds s o a k e d in n i t r i c a c i d 

s o l u t i o n f o l l o w e d b y d i f f e r e n t drying m e t h o d s . 

Drying 

m e t h o d s 

C o n c e n ­

t r a t i o n 

o f s o l u ­

t i o n , N 

2 days after drying 

S o a k i n g d u r a t i o n , h r 

12 18 24 

2 w e e k s a f t e r d r y i n g 

S o a k i n g d u r a t i o n , h r 
12 18 24 

Sun 

d r y i n g 

0.1 

0.2 

61.0 

73.0 

75.0 

85.0 

86.0 

91.0 

88.0 

93.0 

9 1 . 0 

95.0 

94.5 

95.0 

H e a t e d - a i r 

d r y i n g , 

43-46°C 

0.1 

0.2 

39.0 
55.5 

64.0 

76.5 

78.5 

87.5 

77.0 

86.5 

•87. 5 

9 2 . 0 

91.5 

96.5 

U n h e a t e d - a i r 

d r y i n g , 0.1 15.5 34.5 43.0 

29°C 0.2 22.0 63.5 62.0 

59.5 

71.5 

73.0 

88.0 

74.5 

88.5 

S h a d e 

d r y i n g 

0.1 

0.2 

26.5 

29.5 

35.0 

41.0 

45.5 

64.0 

63.5 

75.5 

67.5 

78.5 

79.0 

84.0 

N o t e : ( a ) The u n d e r l i n e d m e a n s a r e s i g n i f i c a n t l y h i g h e r than 8 0 % . 

( b ) P e r c e n t a g e o f g e r m i n a t i o n a f t e r s o a k i n g — w i t h o u t drying 

t r e a t m e n t : 

S o a k i n g d u r a t i o n , h r 

N 12 18 24 

0.1 17 23 54 

0.2 25 51 78 
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T A B L E 8 . M e a n p e r c e n t a g e o f g e r m i n a t i o n o f IR22 s e e d s s o a k e d in n i t r i c a c i d 

s o l u t i o n f o l l o w e d b y h e a t e d - a i r and s u n - d r y i n g m e t h o d s . 

Drying 

m e t h o d s 

C o n c e n t r a ­

t i o n o f 

s o l u t i o n , N 

3 days a f t e r drying 

Soaking d u r a t i o n , h r 

12 18 24 

10 days after drying 

S o a k i n g d u r a t i o n , h r 

12 18 24 

H e a t e d - a i r 

d r y i n g at 0.1 65.0 58.0 74.0 86.0 80.5 79.0 

49°C (120°F) 0.2 72.5 72.0 78.0 88.0 87.5 79.0 

H e a t e d - a i r 

d r y i n g at 

60°C (140°F) 

0.1 

0.2 

62.5 

75.0 

62.5 

70.5 

67.0 

63.0 

73.0 

83.0 

82.5 

85.5 

73.5 

6 0 . 0 

Sun 

drying 

0.1 

0.2 

78.5 

81.0 

68.0 

85.0 

83.0 

81.5 

93.5 

90.5 

90.5 

3 7 7 5 

90.0 

88.5 

N o t e : (a) T h e u n d e r l i n e d m e a n s a r e s i g n i f i c a n t l y h i g h e r t h a n 8 0 % . 

( b ) P e r c e n t a g e o f g e r m i n a t i o n a f t e r s o a k i n g — w i t h o u t d r y i n g 

t r e a t m e n t : 

S o a k i n g d u r a t i o n , h r 

N 12 18 24 

0.1 39 34 46 

0.2 35 51 56 
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T A B L E 9 . G e n e r a l s p e c i f i c a t i o n s o f h a n d t r a c t o r s . 

Item T y p e I T y p e II T y p e III 

R a t e d h p 6 7.5 14 

E n g i n e g a s o l i n e ; g a s o l i n e ; d i e s e l 

a i r c o o l e d a i r c o o l e d 

W e i g h t a v e r a g e ( k g ) 80 135 300 

T i l l i n g a t t a c h m e n t ( t i l l e r on a x l e ) m o l d b o a r d p l o w r o t a r y t i l l e r 

m o l d b o a r d p l o w comb h a r r o w 

comb h a r r o w 

S t e e r i n g clutch n o n e h a s h a s 

S p e e d c o n t r o l b e l t - p u l l e y change g e a r s h i f t £ g e a r s h i f t £ 

£ t h r o t t l i n g t h r o t t l i n g t h r o t t l i n g 

R e v e r s e drive n o n e has has 

T A B L E 1 0 . H a n d t r a c t o r o w n e r s ' p r o f i l e , L a g u n a , P h i l i p p i n e s , 1 9 6 9 . 

H a n d t r a c t o r typ e A l l 

Item 
II Ill 

Item 
I II Ill types 

N o . o f o b s e r v a t i o n s 47 68 25 140 

T e n u r e : s h a r e t e n a n t 27 ( 5 7 ) * 35 (51) 5 (20) 67 ( 4 8 ) 

lessee 14 ( 3 0 ) 21 ( 3 1 ) 3 (12) 38 ( 2 7 ) 

p a r t - o w n e r 2 ( 4 ) 6 ( 9 ) 1 ( 4 ) 9 (6) 

o w n e r - o p e r a t o r 4 ( 9 ) 6 ( 9 ) 16 (64) 26 ( 1 9 ) 

Farm t y p e : r a i n f e d 2 ( 3 ) 1 (4) 3 ( 2 ) 

i r r i g a t e d 1-•crop 1 ( 2 ) 4 ( 6 ) 3 ( 1 2 ) 8 ( 6 ) 

i r r i g a t e d 2-crop 46 ( 9 8 ) 62 ( 9 1 ) 21 ( 8 4 ) 129 ( 9 2 ) 

A v e r a g e farm s i z e ( h a ) 4.04 4.35 4 .82 4.33 

* N u m b e r s in p a r e n t h e s e s are p e r c e n t a g e s . 
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T A B L E i i a R e a s o n s f o r b u y i n g a h a n d t r a c t o r , 140 f a r m e r s , L a g u n a , P h i l i p ­

p i n e s , 1 9 6 9 . 

Reason 
N u m b e r 

N u m b e r 

r e p o r t i n g 

P e r c e n t 

R a m p a n t c a r a b a o r u s t l i n g 80 57 

F a s t e r land p r e p a r a t i o n 91 65 

E a s i e r t o m a i n t a i n than c a r a b a o 92 66 

Deep m u d 19 14 

B e t t e r p u d d l i n g 6 4 

To k e e p p a c e w i t h o t h e r f a r m e r s 7 5 

Income from c u s t o m w o r k 4 3 

Custom s e r v i c e n o t a v a i l a b l e w h e n n e e d e d 4 ' 3 

T o t a l 302 216 

T A B L E 1 2 . C r i t e r i a for choice o f h a n d t r a c t o r t y p e . 

Item Type I T y p e II T y p e III 

N o . o f r e s p o n d e n t s 47 68 25 

N u m b e r r e p o r t i n g 

I n i t i a l cost 4 ( 9 ) 12 ( 1 8 ) 

W e i g h t 31 ( 6 6 ) 12 ( 1 8 ) 2 ( 8 ) 

S i m p l i c i t y 25 ( 5 3 ) 

Durability 10 ( 2 1 ) 11 ( 1 6 ) 8 (32) 

P o p u l a r i t y 9 (19) 10 ( 1 5 ) 

P o w e r 20 ( 2 9 ) 15 (60) 

D e m o n s t r a t i o n 3 (6) 11 (16) 

F u e l type 7 ( 2 8 ) 

E x p e r i e n c e w i t h t y p e 13 (19) 

O t h e r f a r m e r s ' a d v i c e 3 (6) 13 (19) 5 ( 2 0 ) 

A l l items 85 ( 1 8 0 ) 102 ( 1 5 0 ) 37 ( 1 4 8 ) 

N o t e : N u m b e r s in p a r e n t h e s e s are p e r c e n t a g e s . 
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T A B L E 1 3 , P r o b l e m s of o w n e r s h i p and m a i n t e n a n c e o f h a n d t r a c t o r , L a g u n a , 

P h i l i p p i n e s , 1 9 6 9 . 

H a n d t r a c t o r t y p e A l l 
Item 

I II III types 

N u m b e r r e p o r t i n g 

High i n i t i a l cost 13 ( 2 8 ) * 26 ( 3 8 ) 6 ( 2 4 ) 45 ( 3 2 ) 

Spare p a r t s p r o c u r e m e n t 28 ( 6 0 ) 36 ( 5 3 ) 5 (20) 69 (49) 

Costly s p a r e p a r t s 13 ( 2 8 ) 16 ( 2 4 ) 3 (12) 32 (23) 

Frequent b r e a k d o w n 1 (2) 5 ( 7 ) 4 (16) 10 ( 7 ) 

Weak axle 12 ( 1 8 ) 2 (8) 14 (10) 

N o r e a d y cash w i t h w h i c h 

t o b u y s p a r e s 1 ( 2 ) 5 (7) 6 (4) 

No p r o b l e m 21 ( 4 5 ) 19 ( 2 8 ) 1 3 (52) 53 ( 3 8 ) 

T o t a l 77 (165) 119 ( 1 7 5 ) 33 ( 1 3 2 ) 229 ( 1 6 3 ) 

* N u m b e r s in p a r e n t h e s e s are p e r c e n t a g e s . 

T A B L E 1 4 . L a b o r r e q u i r e m e n t s and m a c h i n e p e r f o r m a n c e (plowing + h a r r o w i n g * ) . 

Item 
H a n d t r a c t o r t y p e 

I II I I I * / 

A l l 

t y p e s 

N o . o f o b s e r v a t i o n s 47 68 25 140 

N o . o f o p e r a t o r s 2 2 2 2 

T o t a l m a n - h r / h a 88.20 88.38 63.10 83.80 

M a c h i n e - h r / h a 44.10 44.19 31.55 41.90 

A v e r a g e t r a c t o r h p 5.34 5.53 7.46 5.81 

R h p - h r / h a 235.49 244.37 2 3 5 . 3 6 2 4 3 . 4 4 

F u e l c o n s u m p t i o n ( l i t / h r ) 1.18 1.18 1.06 1.16 

L u b r i c a n t s ( l i t / h r ) 0.06 0.07 0.07 0.07 

* E a c h h a r r o w i n g r e q u i r e s 2 p a s s e s o f 

^/Two p a s s e s o f the r o t a v a t o r o n l y . 

t h e comb h a r r o w . 
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T A B L E 1 5 . A v e r a g e costs o f o w n e r s h i p a n d o p e r a t i o n , L a g u n a , P h i l i p p i n e s 

1 9 6 9 . 

Item 
H a n d 

I 

t r a c t o r 

II III 

A l l 

types 

E s t i m a t e d s e r v i c e life (yr) 8 8 10 8 

A v e r a g e a n n u a l use ( h r ) 486 4 4 2 6 4 1 492 

N o . o f o b s e r v a t i o n s 4 7 6 8 25 140 

P e s o s* 

A v e r a g e p u r c h a s e p r i c e 3367.35 3419.54 7318.80 4 0 9 8 . 3 2 

O v e r h e a d s : D e p r e c i a t i o n ^ / 3 7 8 . 8 3 384.70 658.69 461.06 

9 9 9 on 
X X X * x H 

x / J * Oz3 U p q n i l 9 7 0 llQ 
X / U o "-# 

T o t a l 601.07 610.39 1 1 4 1 . 7 3 7 3 L 5 5 

V a r i a b l e c o s t s / h r : F u e l 0.32 0.32 0.18 0,29 

L u b r i c a n t s 0.09 0.11 0.11 0.10 

R e p a i r s 0.35 0.29 0.76 0.39 

L a b o r 1.00 1.00 1.00 1.00 

T o t a l 1.76 1.72 2.05 1,78 

* U S $ 1 = £3.90 

^ / s t r a i g h t - l i n e ; s a l v a g e value = 10% o f p u r c h a s e p r i c e . 

b / l 2 % p e r a n n u m . 
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T A B L E 1 6 , A l t e r n a t i v e means o f a c h i e v i n g income c a p a c i t y n e e d e d t o m a i n t a i n 

a Type I t r a c t o r v a l u e d at £ 3 4 0 0 on a 4-hectare d o u b l e - c r o p p e d 

f a r m . £ / 

Item 
Y i e l d p e r h e c t a r e p e r y e a r ( t o n s ) 

Item 
4.4 5.3 6.2 7.0 7.9 

E f f e c t i v e crop area 8 8 8 8 8 

Y i e l d (kg) 4,400 5,280 6,160 7,040 7,920 

C u s t o m h e c t a r e 1 9 . 7 1 3 . 1 6.4 0 0 

T o t a l h e c t a r e ^ / 2 7 . 7 21.1 14.4 8 8 

H ours/1 r a c t or£/ 1,221.5 9 3 0 . 5 635.0 352.8 352.8 

G r o s s farm i n c o m e ^ / 6,400 7,680 8,960 10,240 1 1 , 5 2 0 

Gross custom incomefi/ 3,800 2,520 1,240 0 0 

T o t a l g r o s s i n c o m e £ / 10,200 10,200 1 0 , 2 0 0 1 0 , 2 0 0 1 0 , 2 0 0 

£./Based on the "rule o f t h u m b " t h a t g r o s s i n c o m e s h o u l d b e t h r e e 

t i m e s the value o f the t r a c t o r . 

— H e c t a r e s p l o w e d a n d h a r r o w e d f o r w e t and dry s e a s o n s . 

£ / 4 4 . 1 0 h r s / h a . 

^ / B a s e d on t h e p r i c e o f p a d d y o f £ 0 . 3 6 / k g . 

£ / B a s e d on £ 3 5 / d a y . 

£/uS$l = £ 3 . 9 0 
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TABLE 17c A l t e r n a t i v e m e a n s o f a c h i e v i n g income c a p a c i t y n e e d e d t o m a i n t a i n 

a Type II t r a c t o r v a l u e d at £3420 on a 4 . 3 5 - h e c t a r e d o u b l e - c r o p p e d 

f a r m . ! / 

Item 
Y i e l d p e r h e c t a r e p e r y e a r ( t o n s ) 

4.4 5.3 6.2 7,0 7,9 

E f f e c t i v e crop area 8.7 8.7 8.7 8.7 8.7 

Y i e l d (kg) 4,400 5,280 6,160 7,040 7,920 

Custom h e c t a r e 1 7 . 1 9.9 2.7 0 0 

T o t a l h e c t a r e - / 25.8 18.6 11.4 8.7 8.7 

H o u r s / t r a c t o r £ / 1,140.1 821.9 503.8 384.4 384.4 

Gross farm i n c o m e ! / 6,960 8,352 9,744 11,136 1 2 , 5 2 8 

G r o s s custom income®/ 3,300 1,908 516 0 0 

T o t a l gross i n c o m e ! / 10,260 10,260 10,260 10,260 10,260 

— B a s e d o n the "rule o f t h u m b " t h a t g r o s s income s h o u l d b e t h r e e 

t i m e s the value of t h e t r a c t o r . 

b / H e ctares p l o w e d and h a r r o w e d for w e t a n d dry s e a s o n s . 

£ / 4 4 . 1 9 h r / h a , 

! / B a s e d on t h e p r i c e o f p a d d y o f £ 0 . 3 6 / k g . 

£ / B a s e d on £ 3 5 / d a y . 

£/uS$l = £ 3 . 9 0 . 
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TABLE 1 8 . A l t e r n a t i v e m e a n s o f a c h i e v i n g income c a p a c i t y n e e d e d t o m a i n t a i n 

a Type III t r a c t o r v a l u e d at £7300 on a 4 , 8 - h e c t a r e d o u b l e - c r o p p e d 

farm.*/ 

Y i e l d p e r h e c t a r e p e r y e a r ( t o n s ) 
Item 

':. 4.4 5.3 6.2 7.0 7.9 

E f f e c t i v e crop a r e a 9.6 9.6 9.6 9.6 9.6 

Y i e l d (kg) 4,400 5,280 6,160 7,040 7,920 

Custom h e c t a r e 1 0 1 . 9 91.0 80.0 69.0 58.1 

T o t a l h e c t a r e ! / 111.5 100.6 89.6 78.6 6 7 . 7 

H o u r s / t r a c t o r ! / 3,214.9 2,871.0 2,524.0 2,177.0 1,833.0 

G r o s s farm income!./ 7,680 9,216 1 0 , 7 5 2 1 2 , 2 8 8 1 3 , 8 2 4 

G r o s s custom income 14,276 12,740 11,204 9,668 8,132 

T o t a l g r o s s income 21,956 21,956 21,956 2 1 , 9 5 6 21,956 

£ / B a s e d o n t h e " r u l e o f t h u m b " t h a t g r o s s i n c o m e s h o u l d b e three 

times t h e v a l u e o f the t r a c t o r . 

b / H e ctares r o t a v a t e d for wet a n d dry s e a s o n s . 

£ / 3 1 . 5 5 h r / h a . 

! / B a s e d on t h e p r i c e o f p a d d y o f £ 0 . 3 6 / k g . 

£ / B a s e d on £ 3 5 / d a y . 

!/uS$l = £ 3 . 9 0 . 
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T A B L E 1 9 . A n n u a l cost;; o f t h e eight-row s e e d e r . 

Item Cost (Peso: ) : 

r u r c n a s e p r i c e 

E s t i m a t e d s e r v i c e life (yr) 

O v e r h e a d s : D e p r e c i a t i o n 

I n t e r e s t 

T o t a l 
V a r i a b l e c o s t s : 

R e p a i r s / r e p l a c e m e n t s 

L a b o r (per h o u r ) 

» 0 1 ; A r\ • 

87.50 
21.00 

108.50 

3 0 . 8 8 

*US$1 = P 6 . 1 0 ( a p p r o x . ) 

.'ABLE 2 0 , A v e r a g e t o t a l cost p e r h e c t a r e , 8-rev: s e e d e r 

A n n u a l use (ha) C o s t / h a ( P e s o s ) ' 

£ 1 4 3 . 3 8 

5C.'!( 

31.88 

*US$1 = £6.10 ( a n c r o x . ) 
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m u l t i - c r o p t h r e s h e r . 
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F i g . 14 R e d u c t i o n in m o i s t u r e c o n t e n t at 

d i f f e r e n t i n i t i a l sand t e m p e r a t u r e s . 
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F i g . 15 Three types of hand t r a c t o r . 

Hours of Annual Use 

F i g . 16 R e l a t i o n s h i p between annual use and 
c o s t . 
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F i g . 17 Zones of c o s t a d v a n t a g e : g a s o l i n e vs 
d i e s e l hand t r a c t o r s . 
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F i g . 18 R e l a t i v e i m p o r t a n c e of cost f a c t o r s , 

T y p e I t r a c t o r s . 
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F i g . 19 R e l a t i v e importance of c o s t f a c t o r s , 
Type I I I t r a c t o r s . 
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F i g . 20 Average t o t a l c o s t per h e c t a r e of 
the eight-row seeder. 


