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PREFACE 

This  r e p o r t  is a reproduct ion  of a Master's Thes is  w r i t t e n  by Eduardo Antonio 
Arce-Diaz i n  f u l f i l l m e n t  of t h e  requirements  f o r  a Master of Science degree i n  
t h e  Delaartment of Agr i cu l tu ra l  Engineer ing a t  Kansas S t a t e  Univers i ty ,  under 
t h e  d i l - ec t i on  of h i s  major professor ,  Do Sup Chung. 

The r e sea rch  contained i n  t h i s  t h e s i s  r e p o r t  focuses  on t h e  q u e s t i o n  of  post- 
h a r v e s t  g r a i n  l o s se s .  The r e p o r t  i s  being reproduced i n  i t s  e n t i r e t y  i n  o rde r  
t o  allow t h e  research  nethodology and r e s u l t s  t o  be d i s t r i b u t e d  i n  a t imely  
manner t o  developing-country r e sea rche r s  who work i n  t h e  a r e a  of pos tharves t  
g r a i n  systems. I n  t h i s  way, t h e s e  r e sea rche r s  can become aware of  t h e  meth- 
ods, rc?su l t s ,  and conc lus ions  i n  t h i s  work, and t h i s  in format ion  can become a 
va luab le  t o o l  f o r  gu id ing  f u t u r e  research  i n  t h i s  area.  
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SECTION I 

INTRODUCTION 

The o p p o r t u n i t y  t o  d e v e l o p  t h i s  p r o j e c t  must be c o n s i d e r e d  unique because of  
t h e  o p l ~ o r t u n i t y  t o  d i r e c t l y  a s s e s s  p o s t h a r v e s t  g r a i n  l o s s e s  of w h i t e  c o r n  ( d r y  
s e a s o n  c rop ,  1987) i n  l a r g e - s c a l e  e l e v a t o r s  i n  C o s t a  Rica. There i s  no e v i -  
dence t h a t  a  similar s t u d y  has  e v e r  been done i n  a d e v e l o p i n g  coun t ry .  

The 1975 R e s o l u t i o n  o f  t h e  V I I t h  S p e c i a l  S e s s i o n  of  t h e  Uni ted  N a t i o n s  Genera l  
Assemb1.y committed t h e  member s t a t e s  t o  r e d u c i n g  p o s t h a r v e s t  food l o s s e s  by 5 0  
p e r c e n t  by 1985. The r e a s o n  was simple.  For  many y e a r s ,  e f f o r t s  t o  i n c r e a s e  
t h e  w o r l d ' s  food supp ly  were c o n c e n t r a t e d  i n  t h e  a r e a  of  p r o d u c t i o n  only.  
Some s u c c e s s  was a t t a i n e d  w i t h  t h e  so -ca l l ed  "Green Revo lu t ionn  which brought  
s u b s t a n t i a l  improvements i n  seeds ,  f e r t i l i z e r s ,  and c r o p  y i e l d s ,  among o t h e r s .  
Howevel-, t h e  n e g l e c t e d  dimension i n  t h e  w o r l d ' s  a t t e m p t  t o  i n c r e a s e  t h e  food 
supp ly  was a lways  t h e  p o s s i b l e  r e d u c t i o n  of  food l o s s e s  t h a t  occur  between 
h a r v e s t  and consumption, which a r e  cons ide red  t o  be q u i t e  h igh  ( f o r  p l a n n i n g  
purposes ,  t h e  f i g u r e s  used a r e  10 p e r c e n t  f o r  c e r e a l  g r a i n s  and g r a i n  legumes 
and 70 p e r c e n t  o r  h i g h e r  f o r  nongra in  s t a p l e s  and o t h e r  p e r i s h a b l e s ,  i n c l u d i n g  
f i s h  ,. If we c o n s i d e r  t h e  f a c t  t h a t  i n  some p a r t s  of t h e  world ,  t h e  g r a i n  
produc1;ion r a t e  has  n o t  been p r o p o r t i o n a l  t o  t h e  r a t e  of p o p u l a t i o n  growth,  
t h e  problem of food l o s s  p r e v e n t i o n  becomes even more i n p o r t a n t .  The fol low- 
i n g  f i g u r e s  can  h e l p  u s  t o  unders tand  t h e  i m p l i c a t i o n s  o f  t h i s  l a s t  s t a t e m e n t .  
I n  1984. t h e  w o r l d ' s  p o p u l a t y n  was 4.5 b i l l i o n  peop le  and t h e  t o t a l  g r a i n  
p r o d u c t i o n  was 1.8 b i l l i o n  1fT . Assuming t h a t  a p e r s o n  f e d  o n l y  w i t h  g r a i n  
would r e q u i r e  220 k g  p e r  y e a r ,  t h e  t h e o r e t i c a l  wor ld  need would be 1  b i l l i o n  
MT, a f i g u r e  s m a l l e r  t h a n  t h e  a c t u a l  t o t a l  g r a i n  p roduc t ion .  I n  r e a l i t y ,  
howeve:?, t h e  s i t u a t i o n  i s  d i f f e r e n t  f o r  f o u r  main reasons :  a n  uneven g r a i n  
d i s t r i b u t i o n ,  t h e  u s e  of  p a r t  of  t h e  g r a i n  f o r  animal  f e e d ,  t h e  u s e  of p a r t  o f  
t h e  g r a i n  f o r  i n d u s t r i a l  purposes ,  and t h e  o c c u r r e n c e  of  g r a i n  l o s s e s  ( i n  
we igh t  and q u a l i t y ) .  If we assume t h a t  t h e  g r a i n  l o s s e s  i n  1984 were  10 
p e r c e n t ,  t h e  n e t  l o s s  would be 180 m i l l i o n  MT (enough t o  f e e d  818 m i l l i o n  
peop le  f o r  1  y e a r )  w i t h  a n  approximate  v a l u e  of  $18 b i l l i o n  (assuming 
$100/MT). There fo re ,  t h e  main b e n e f i t s  t o  be d e r i v e d  from improving post -  
h a r v e s t  g r a i n  sys tems i n  o r d e r  t o  r educe  l o s s e s  and m a i n t a i n  q u a l i t y  a r e :  

1. 1:ncrease t h e  a v a i l a b i l i t y  of  p a i n  supply .  

2. 1 :ncrease  t h e  income of  f a r m e r s  and t h e i r  economical  s t a t u s .  

3.  S l ~ p p l y  good q u a l i t y  g r a i n  t o  consumers. 

4.  Use c u r r e n c y  f o r  o t h e r  development programs. 

5. C r e a t e  j o b s  - p o t e n t i a l  f o r  a g r o i n d u s t r i a l  e n t e r p r i s e s .  

Na t iona l  Academy of  S c i e n c e s ,  1978. 

1984 FA0 Produc t ion  Yearbook, 1986. 



With in  t h i s  framework, i t  is  e a s i e r  t o  unders tand  why t h e  C o s t a  Rican govern- 
ment, sough t  f i n a n c i a l  s u p p o r t  from t h e  Uni ted  S t a t e s  Agency f o r  I n t e r  n a t i o n a l  
Development (USAID) t o  s ta r t  a s t u d y  on p o s t h a r v e s t  g r a i n  l o s s e s  a t  a l l  l ev -  
e l s ,  w i t h  t e c h n i c a l  s u p p o r t  from e x p e r t s  of  t h e  Food and Feed G r a i n s  I n s t i t u t e  
(FFCiI) a t  Kansas S t a t e  U n i v e r s i t y  (KSU). The s t u d y  was t o  be conducted by t h e  
Cenl;ro p a r a  I n v e s t i g a c i o n e s  e n  Granos  y  S e m i l l a s  (CIGRAS). The Consejo  Na- 
c i o n a l  de  Producci6n (CNP), a government agency i n  charge  of  t h e  l a r g e - s c a l e  
post;harves t hand1 i n g  and s t o r a g e  of  corn ,  beans ,  and i n p o r t e d  wheat,  was 
i n c l u d e d  i n  t h e  s t u d y  because  of  i t s  c r u c i a l  r o l e  i n  t h e  p o s t h a r v e s t  cha in .  
Wor~lal  o p e r a t i o n s  of  CNP a r e ,  among o t h e r s :  

1. Buy t h e  g r a i n  from f a r m e r s  a t  l o c a l  purchas ing  agenc ies .  

2. T r a n s p o r t  t h e  g r a i n  from purchas ing  a g e n c i e s  t o  r e g i o n a l  e l e v a t o r s .  

3.  Clean,  d r y ,  and s t o r e  g r a i n  a t  t h e  e l e v a t o r s .  

4. Keep g r a i n  i n  good c o n d i t i o n  d u r i n g  s t o r a g e  u n t i l  it is s o l d .  

Foocl l o s s e s  a r e  r e l a t e d  as much t o  s o c i a l  phenmena  as t o  p h y s i c a l  and 
biol .ogica1 f a c t o r s .  C u l t u r a l  a t t i t u d e s  and p r a c t i c e s  form t h e  c r i t i c a l  i n e  - 3 c a p a b l e  backdrop f o r  p o s t h a r v e s t  o p e r a t i o n s  and l o s s  r e d u c t i o n  a c t i v i t i e s  . 
T h i s  r e a l i t y  was w e l l  unders tood by D r .  Do Sup Chung, P r o f e s s o r ,  Food and Feed 
Graiins I n s t i t u t e ,  Kansas State  U n i v e r s i t y ,  and d i r e c t o r  of t h i s  p r o j e c t ,  who 
chose  a C o s t a  Rican e n g i n e e r  from CNP t o  c a r r y  o n  t h e  r e s e a r c h  as a p a r t  of  
h i s  M a s t e r ' s  program i n  a g r i c u l t u r a l  eng inee r ing .  

' ~ a t i o n a l  Academy of S c i e n c e s ,  1978. 



SECTION I1 

OBJECTIVES 

The o b j e c t i v e s  of t h i s  s tudy  were  t h e  fol lowing:  

1 .  Review known g r a i n  l o s s  assessment  methodologies.  

2. S e l e c t  g r a i n  l o s s  assessment  methods t o  be used. 

3 .  Eva.luate g r a i n  l o s s e s  (weight  and q u a l i t y  changes)  d u r i n g  normal g r a i n  
hand l ing ,  d r y i n g ,  and s t o r a g e  o p e r a t i o n s  a t  a few s e l e c t e d  CNP f a c i l -  
i t i e s .  

4. Analyze g r a i n  c l e a n i n g  and d r y i n g  o p e r a t i o n s  w i t h  r e s p e c t  t o  g r a i n  qual-  
i t y  ( c l e a n  and unc lean  g r a i n ) ,  thermal  e f f i c i e n c y ,  and c o s t s  i n  Cos ta  
Rita and Clay Cente r ,  Kansas. 

5. Analyze t h e  r e s u l t s .  

6 .  Develop g r a i n  l o s s  r e d u c t i o n  s t r a t e g i e s .  



SECTION I11 

LITERATURE REVIEW 

G r a i n  L o s s  Assessment 

During t h e  l a s t  12 y e a r s ,  t h e r e  has  been a  s t r o n g  worldwide i n i t i a t i v e  t o  
d e v e l o p  and improve p o s t h a r v e s t  l o s s  p r e v e n t i o n  nethods .  However, t h e r e  i s  
sti l l  a  l a c k  o f  i n f o r m a t i o n  i n  many a r e a s ,  and a n  a c c u r a t e  e s t i m a t i o n  o f  g r a i n  
l o s s e s  is v e r y  seldom found. H a r r i s  and L indb lad  (1978)  s t a t e d  t h a t  determ- 
i n a t i o n  o f  l o s s e s  t o  food c r o p s  r e q u i r e s  c a r e f u l  b l e n d i n g  o f  t h e  c o n c e p t s  and 
p rocedures  o f  s e v e r a l  s c i e n c e s ,  w i t h  each g i v e n  i ts  n e c e s s a r i l y  d e t a i l e d  
a t t e n t i o n .  I n  t h i s  s e n s e ,  t h e  Na t iona l  Academy o f  S c i e n c e s  (1978)  e s t a b l i s h e d  
t h a t  it is  very  d i f f i c u l t  t o  e s t i m a t e  p o s t h a r v e s t  food l o s s e s  w i t h  p r e c i s i o n ,  
p a r t l y  because  o f  t h e i r  i n h e r e n t  v a r i a b i l i t y ,  b u t  a l s o  due t o  t h e  many cu l -  
t u r a l  and econan ic  f a c t o r s  t h a t  f r u s t r a t e  t h e  smooth, e f f i c i e n t  f low o f  food 
th rough  t h e  p o s t h a r v e s t  sys tem from producer  t o  consumer. 

Assessnent ,  Measurement, and E s t i m a t i o n  

These terms a r e  used i n  t h e  l i t e r a t u r e  t o  d e s c r i b e  d i f f e r e n t  k i n d s  o f  pro- 
c e s s e s  t h a t  de te rmine  l o s s e s  w i t h  v a r y i n g  d e g r e e s  o f  conf idence .  

Assessment i s  used t o  d e n o t e  t h e  rough q u a n t i t a t i v e  approx imat ion  o f  food l o s s  -- 
o r  t o  c h a r a c t e r i z e  t h e  r e l a t i v e  importance  o f  d i f f e r e n t  p o i n t s  o f  l o s s  i n  a 
p a r t i c u l a r  food chain .  I m p l i c i t  i n  t h e  use  o f  t h i s  term i s  s u b j e c t i v e  judg- 
ment r e q u i r e d  because  o f  i n s u f f i c i e n t  in fo rmat ion .  

Measurement is a  more p r e c i s e  and o b j e c t i v e  p r o c e s s  by which q u a n t i t a t i v e  -- 
f a c t s  abou t  a  l o s s  s i t u a t i o n  a r e  c a l c u l a t e d .  I m p l i c i t  i n  t h i s  p r o c e s s  i s  t h e  
b e l i e f  t h a t  t h e  same procedure  a p p l i e d  by any obsemrer  under  t h e  same circum- 
s t a n c e s  w i l l  y i e l d  t h e  sane r e s u l t s .  T h i s  does  n o t  mean t h a t  t h e  accuracy  of 
t h e  r e s u l t  i s  n e c e s s a r i l y  h i g h e r  t h a n  t h a t  of  a n  a s s e s s ~ e n t  - t h e  accuracy  o f  
t h e  nleasurement w i l l  deperd on  t h e  method of  measurement i t se l f ,  w h i l e  t h e  
accuracy  o f  a n  assessment  c a n  o n l y  be borne  o u t  by subsequen t  measurement. 

E s t i m a t i o n  is used t o  d e s c r i b e  t h e  p r o c e s s  of  i n t e r p r e t a t i o n  o f  a number o f  -- 
s c i e n t i f i c  measurements, and t h u s  r e q u i r e s  t h a t  e x p e r i e n c e  and judgpent  be 
brougyht t o  b e a r  o n  t h e  f a c t u a l  i n f o r m a t i o n  under  c o n s i d e r a t i o n .  

Waste and wastage a r e  t e r m  inc luded  h e r e  because  t h e y  a r e  commonly used i n  
o t h e r  r e p o r t s .  However, t h e y  c a n n o t  be p r e c i s e l y  d e f i n e d  s i n c e  t h e y  i ~ v o l v e  
s u b j e z t i v e  and e v e n  moral v a l u e  judgments and depend o n  t h e  c o n t e x t  i n  which 
t h e y  a r e  used. They should  n o t  be used a s  synonyIcous w i t h  l o s s  and a r e  prob- 
a b l y  b e t t e r  avoided.  

Methodologies  f o r  L o s s  Assessment 

P o s t h a r v e s t  g r a i n  l o s s  a s sessment  methods should  y i e l d  s t a n d a r d i z e d  and repro-  
ducib:Le r e s u l t s  s o  t h a t  e f f e c t i v e  g r a i n  l o s s  r e d u c t i o n  e f f o r t s  can  be under- 
t a k e n  i n  deve lop ing  c o u n t r i e s  ( H a r r i s  and L indb lad ,  1978) .  The assessment  
i n f o r m t i o n  may p rov ide  e s s e n t i a l  j u s t i f i c a t i o n  and m o t i v a t i o n  f o r  i n t r o d u c i n g  
measures des igned  t o  reduce g r a i n  l o s s e s .  The enormous v a r i a b i l i t y  of l o c a l -  
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i z e d  p o s t h a r v e s t  s i t u a t i o n s  i n d i c a t e s  t h a t  no complete  o r  d e f i n i t e  l o s s  as-  
sessment  methodology f o r  all s i t u a t i o n s  is  now p o s s i b l e .  

Raboud, Narvaez, and S i e b e r  (1984)  d e s c r i b e d  a n  e v a l u a t i o n  method of  t h e  
pos t -p roduc t ion  l o s s e s  o f  b a s i c  g r a i n s  i n  Honduras (maize ,  beans ,  and sorghum) 
t h a t  i n c l u d e s  and d i s t i n g u i s h e s  between damages ( p h y s i c a l  a l t e r a t i o n  of t h e  
g r a i n )  and l o s s e s  ( t o t a l  g r a i n  damage minus t h e  g r a i n  t h a t  i s  sa lvaged f o r  
consumption) .  T h i s  method u s e s  sampl ing a s  a  means t o  show f i e l d  l o s s e s ,  and 
monthly sampl ing t o  c a l c u l a t e  t h e  l o s s e s  i n  s t o r a g e .  The sample a n a l y s i s  
a l l o w s  t h e  d e t e r m i n a t i o n  o f  t h e  l e v e l  and c a u s e s  of damages and l o s s e s  based 
o n  t h e  r e l a t i o n  between t h e  r e a l  and p o t e n t i a l  we igh t  of  t h e  s h e l l e d  and 
u n s h e l l e d  sample. The i n f o r m a t i o n  o b t a i n e d  from t h e  samples  ( i n t a k e  and 
a n a l y s i s  1 is  complemented th rough  o b s e r v a t i o n  and i n f o r m a t i o n  c o l l e c t e d  
th rough  a  q u e s t i o n n a i r e .  The method can  a l s o  s e r v e  a s  a n  i n s t r u m e n t  i n  tech-  
nicisl  r e s e a r c h  and methods of  r e d u c i n g  pos t -p roduc t ion  l o s s e s .  

C a n t i s  (1985 and 1986) d i r e c t e d  a n  FA0 s t u d y  t h a t  a t t e m p t e d  a n  e v a l u a t i o n  o f  
g r a i n  l o s s e s  a t  e l e v a t o r s  of  CNP ( t h e  major g r a i n  h a n d l i n g  agency i n  Cos ta  
Ricis) and of  t h e  g e n e r a l  p r o f i l e  o f  t h e  t e c h n i c a l  l e v e l  o f  o p e r a t i o n s .  Lack 
o f  d a t a  and methodological  d e f i c i e n c i e s  d i d  n o t  a l low t h e  g a t h e r i n g  of  quan- 
t i t a t i v e  d a t a  o n  g r a i n  l o s s e s .  However, t h e  q u a l i t a t i v e  i n f o r m a t i o n  g i v e n  and 
t h e  FA0 e x p e r t ' s  p o i n t s  of  view make it c l e a r  t h a t  CNP needs  t o  improve i ts 
o p e r a t i o n a l  and t e c h n i c a l  l e v e l ,  and a l s o  t h a t  CNP r e q u i r e s  e f f o r t s  i n  pre- 
v e n t i n g  g r a i n  l o s s e s  d u r i n g  h a n d l i n g  and s t o r a g e  pe r iods .  

Reed (1986)  d i s c u s s e d  t h e  p r i n c i p a l  methods of  e s t i m a t i n g  d r y  weight  l o s s  i n  
s t o r e d  g r a i n  and focused  o n  what is known abou t  t h e  p r e c i s i o n ,  accuracy ,  and 
l i m i t a t i o n s  o f  t h e s e  methods. The inf 'ormation i s  o f f e r e d  a s  a n  a i d  t o  f i e l d  
r e s e a r c h e r s ,  and it i s  hoped they  w i l l  f i n d  i t  h e l p f u l  i n  d e s i g n i n g  l o s s  
s u r v e y s ,  e s t a b l i s h i n g  exper in ient  s t a n d a r d s  ( e s p e c i a l l y  r e l a t e d  t o  sample 
h a n d l i n g  and p r e p a r a t i o n ) ,  s e l e c t i n g  l o s s  e s t i m a t i o n  methods, and i n t e r p r e t i n g  
t h e  r e s u l t i n g  d a t a .  The fol lowing:  a r e  t h e  methods t o  e s t i m a t e  l o s s e s  i n  
s t o r e d  g r a i n  a s  d e s c r i b e d  i n  t h e  r e p o r t .  

"Weigh-in, weigh-out nethod.  T h i s  s imple  t e c h n i q u e  h a s  been used i n  l a b o r -  
aGry s t u d i e s  of  i n s e c t  a c t i v i t y  and g r a i n  we igh t  l o s s  s i n c e  t h e  first exper-  
i m e n t s  of  t h i s  type .  It is  t h e  s t a n d a r d  a g a i n s t  which o t h e r  l o s s  e s t i m a t i o n  
t e c h n i q u e s  a r e  compared. Weight l o s s e s  determined by t h i s  method a r e  o f t e n  
c a l l e d  'observed '  l o s s e s .  

E i t h e r  i n  t h e  l a b o r a t o r y  o r  i n  t h e  f i e l d ,  t h e  m o i s t u r e  c o n t e n t  o f  t h e  g r a i n  is  
t a k e n  whenever g r a i n  is  weighed i n t o  o r  o u t  o f  t h e  e x p e r i m e n t a l  s t o r a g e  con- 
t a i n e r .  T h i s  is  done s o  t h a t  t h e  t o t a l  we igh t  of  d r y  m a t t e r  p laced under  
e x p e r i m e n t a l  c o r d i t i o n s  c a n  be compared w i t h  t h e  t o t a l  d r y  we igh t  of  m a t e r i a l  
removed. The d r y  we igh t  l o s t  d u r i n g  t h e  exper iment  is t h e n  u s u a l l y  expressed  
a s  a  pe rcen tage  of  t h e  beg inn ing  d r y  weight .  

Mean k e r n e l  we igh t  ( thousand g r a i n  mass) method. Mean k e r n e l  we igh t  has  been - 
used f o r  many y e a r s  by wheat  m i l l e r s  a s  a n  i n d i c a t o r  o f  p o t e n t i a l  f l o u r  y i e l d .  
The deve lopnkn t  o f  e l e c t r o n i c  seed  c o u n t e r s  i n  t h e  e a r l y  1960s f a c i l i t a t e d  i t s  
u s e  i n  m i l l i n g  ( Johnson  and H a r t s i n g ,  1963) .  Baker and Golumbic (1970) found 
t h a t  m a n  we igh t  ( o f t e n  c a l l e d  thousand k e r n e l  w e i g h t )  was a  good i n d i c a t i o n  
of m i l l i n g  y i e l d  i n  some c l a s s e s  of  wheat ,  b u t  n o t  i n  o t h e r s .  



P r o c t o r  and Rowley (1983)  proposed a  method o f  weight  l o s s  e s t i m a t i o n ,  which 
they  c a l l e d  t h e  thousand g r a i n  mass (TGM) method, based o n  changes i n  t h e  mean 
k e r n e l  weight  o v e r  time. To use  t h i s  method, one de te rmines  t h e  TGM o f  a 
c l e a n  s'smple by weighing and coun t ing  t h e  k e r n e l s  i n  a  randomly s e l e c t e d  
p o r t i o n  ( o r  d u p l i c a t e  p o r t i o n s )  o f  a  g r a i n  sample. The mois tu re  con ten t  of 
t h e  gra:in is  determined s o  t h a t  t h e  mean d r y  weight  p e r  k e r n e l  can  be c a l -  
c u l a t e d .  The d i f f e r e n c e  between t h i s  v a l u e ,  expressed  a s  t h e  d r y  weight of  
1000 k e r n e l s ,  a t  t ime A and t ime B is used t o  c a l c u l a t e  t h e  p e r c e n t  TGM l o s t .  
A one-to-one r e l a t i o n s h i p  is assumed between t h e  l o s s  of TGM and t h e  l o s s  of 
t o t a l  drly weight .  

Count and weigh method. Another l o s s  e s t i m a t i o n  method which u t i l i z e s  a  
measure of t h e  mean k e r n e l  weight  i s  c a l l e d  t h e  count  and weigh ( C & W )  method. 
The p r  i ~ ~ c i p l e  was proposed 30 y e a r s  ago by P a r k i n  ( 1956 1. 

Noting t h a t  many a u t h o r s  of  a r t i c l e s  on g r a i n  damage o n l y  r e p o r t e d  t h e  per- 
c e n t a g e  o f  a t t a c k e d  k e r n e l s ,  he  urged I t h a t  a n  a t t e m p t  should always be made 
t o  estimate t h e  c o r r e c t e d  weight  l o s s .  For example, t h e  pe rcen tage  of  holed 
beans  may be t h e  d e s i r a b l e  c r i t e r i o n  i n  a n  exper iment  bu t  samples o f ,  say,  100 
sourd and 100 holed beans,  cou ld  be weighed, t h u s  a l l o w i n g  convers ion  t o  
u n c o r r e c t e d  weight  l o s s .  The 100 damaged beans  could  t h e n  be opened, c leaned  
o f  i n t e r n a l  i n s e c t s  and d u s t ,  and reweighed t o  g i v e  t h e  c o r r e c t e d  weight l o s s ,  
assuming no change i n  m o i s t u r e  c o n t e n t 1 .  

The l o s s  e s t i m a t i o n  methodology based o n  t h i s  p r i n c i p l e  was d e s c r i b e d  by t h e  
French Commission f o r  E v a l u a t i o n  of Losses  (Anon, 1969).  Rather  than  com- 
p a r i n g  t h e  mean weight of a  m i x t u r e  of  damaged and sound k e r n e l s  i n  samples 
t a k e n  a t  d i f f e r e n t  t i m e s  a s  t h e  TGM method does ,  t h e  C&W ffiethod compares t h e  
mean weight  of damaged and undamaged k e r n e l s  from w i t h i n  t h e  same sample. 

Using C'&W, samples a r e  first c leaned  o v e r  a s i e v e  t o  remove i n s e c t s  and o t h e r  
f i n e  m a t e r i a l .  Some i n s e c t  f r a s s  may a l s o  be removed d u r i n g  t h e  c lean ing .  A 
small  :por t ion  is t h e n  randomly removed from t h e  c leaned  sample. Adans and 
S c h u l t  e n  ( 1978) recommerded t h a t  t h i s  p o r t i o n  c o n t a i n  100-1000 k e r n e l s .  Each 
k e r n e l  is  observed and damaged k e r n e l s  s e p a r a t e d  from sound k e r n e l s .  The 
 kernel:^ i n  each f r a c t i o n  a r e  t h e n  counted and weighed t o  a l low t h e  c a l c u l a t i o n  
o f  t h e  mean k e r n e l  weight  of each f r a c t i o n  and t h e  p r o p o r t i o n  of damaged 
k e r n e l s .  

P e r c e n t  damaged X f a c t o r  nethod. T h i s  rcethod a l s o  r e l i e s  on t h e  d i f f e r e n c e  
between t h e  mean weight  of  damaged k e r n e l s  and t h e  mean weight  o f  undamaged 
kernel:;. To u s e  t h i s  method, one  s imply c a l c u l a t e s  t h e  pe rcen tage  of  damaged 
k e r n e l s  i n  a  g r a i n  sample and m u l t i p l i e s  t h i s  by a f a c t o r  r e p r e s e n t i n g  t h e  
presumed p e r c e n t  weight l o s t  p e r  damaged k e r n e l .  Adam and S c h u l t e n  ( 1978) 
recomnxnded t h a t  p o r t i o n s  c o n t a i n i n g  from 100-1000 k e r n e l s  be used t o  de- 
t e r m i n e  t h e  p e r c e n t  damaged, and t h a t  p o r t i o n s  of 100-10CO k e r n e l s ,  of  which 
a t  l eas t  10  p e r c e n t  are damaged, be s u b j e c t e d  t o  C&W procedures  t o  de te rmine  
t h e  c c n v e r s i o n  f a c t o r  ( c a l l e d  s p e c i f i c  l o s s  by P o i n t e l  and Coquard, 1979).  
For  p r e l i m i n a r y  surveys ,  c o n v e r s i o n  f a c t o r s  a v a i l a b l e  from t h e  l i t e r a t u r e  may 
be used (Adams and Schul ten ,  19781, bu t  DeLima (1978)  found t h e  development 
tind f r e q u e n t  r e v i s i o n  of I f a m i l i e s l  of f a c t o r s  s p e c i f i c  t o  l o c a l  c o n d i t i o n s  
(e .g .  g r a i n  t y p e s  and v a r i e t i e s ,  i n s e c t s  p r e s e n t ,  agronomic and s t o r a g e  con- 
d i t i o n s )  a p p r o p r i a t e  f o r  d e t a i l e d  l o s s  e s t i m a t i o n  r e s e a r c h .  



Bull.: d e n s i t y  ( s t a n d a r d  volume w e i g h t )  method. Bulk d e n s i t y  ( t h e  mass o f  a - 
material f o r  e a c h  u n i t  o f  volume it o c c u p i e s )  o f  g r a i n  h a s  been  used  by much 
o f  t h e  g r a i n  i n d u s t r y  f o r  w e l l  o v e r  a c e n t u r y  as a n  i n d i c a t o r  o f  p r o c e s s i n g  
yie1.d. It r e m a i n s  a f a c t o r  i n  s t a n d a r d i z e d  methods  o f  q u a l i t y  measurement 
( i n c l u d i n g  some o f f i c i a l  U.S. g r a i n  g r a d e s )  f o r  most  g r a i n s  and o i l s e e d s  e v e n  
though it h a s  proved a f a i r l y  u n r e l i a b l e  p r e d i c t o r  of p r o c e s s i n g  y i e l d  (Bake r  
and Golumbic,  1970) .  I n  wheat ,  f o r  example,  b u l k  d e n s i t y  ( a l s o  c a l l e d  t e s t  
w e i g h t  o r  v o l u m e t r i c  w e i g h t )  and f l o u r  y i e l d  are r e a s o n a b l y  well c o r r e l a t e d  
t h r o u g h  t h e  52-57 l b / b u  (66.9-73.4 k g / h l )  r a n g e ,  b u t  p o o r l y  c o r r e l a t e d  i n  
h e a v i e r  whea t  l o t s  (Mangels  and Sande r son ,  1925;  Ze leny ,  1978 1. 

The u s e  o f  changes  i n  b u l k  d e n s i t y  o f  g r a i n  as a n  i n d i c a t o r  o f  w e i g h t  l o s s  was 
pro]?osed by Combs (1963) .  The methodology f o r  i t s  u s e  i n  r e s e a r c h  was des-  
c r i b e d  by Adam and Harman (1977)  and is  known as t h e  s t a n d a r d  volume w e i g h t  
(SVIJ) ~ e t h o d .  

Because  b u l k  d e n s i t y  o f  g r a i n  v a r i e s  w i t h  m o i s t u r e  c o n t e n t ,  t h e  d r y  w e i g h t  p e r  
s t a n d a r d  volume o f  sound g r a i n  must  be d e t e r m i n e d  o v e r  a r a n g e  o f  m o i s t u r e  
cond;ents  b e f o r e  t h i s  method c a n  be used .  Then s a m p l e s  o f  t h e  same g r a i n  are 
t a k e n  a f t e r  damage i s  presumed t o  have  o c c u r r e d .  The b u l k  d e n s i t y  ( e x p r e s s e d  
a s  d r y  w e i g h t )  o f  t h e  damaged sample  is compared t o  t h e  d r y  b u l k  d e n s i t y  o f  
t h e  sound g r a i n  a t  t h e  same m o i s t u r e  c o n t e n t .  The d i f f e r e n c e  is  d i v i d e d  by 
t h e  d r y  b u l k  d e n s i t y  o f  t h e  sound g r a i n  and t h e  r e s u l t  i s  m u l t i p l i e d  by 100 t o  
calculate t h e  p e r c e n t  r e d u c t i o n .  A one-to-one r e l a t i o n s h i p  be tween l o s s  o f  
b u l k  d e n s i t y  and l o s s  o f  d r y  w e i g h t  i s  assumed." 

Gra: in C o n d i t i o n i n g  and S t o r a g e  - 
Most o f  t h e  material reviewed h e r e  was t a k e n  f rom C h r i s t e n s e n  (1969 and 19741,  
Hall ( 19701,  and P e d e r s e n  ( 1986 1, u n l e s s  a n o t h e r  a u t h o r  is  s p e c i f i e d .  

G r a i n  m o i s t u r e  c o n t e n t .  Y o i s t u r e  is p r o b a b l y  t h e  most  i m p o r t a n t  f a c t o r  i n  
g r a . i n  s t o r a g e  because  i t  h a s  a monetary  impac t  and a l s o  b e c a u s e  it h a s  a c l o s e  
r e l a t i o n s h i p  w i t h  f a c t o r s  o f  g r a i n  d e t e r i o r a t i o n  (molds ,  i n s e c t s ,  r e s p i r a t i o n ,  
phy ; s i ca l  c h a n g e s  i n  i n d i v i d u a l  k e r n e l s  and g r a i n  masses, and chemica l  changes  
and r e a c t i o n s ) .  M o i s t u r e  i s  c l o s e l y  i n t e r r e l a t e d  w i t h  t e m p e r a t u r e  and when i t  
i s  p r e s e n t  i n  s i g n i f i c a n t  q u a n t i t y  f o r  d e t e r i o r a t i o n  t o  o c c u r ,  t e m p e r a t u r e  may 
be t h e  l i m i t i n g  f a c t o r .  The p a i n  m o i s t u r e  c o n t e n t  c a n  be  e x p r e s s e d  o n  a w e t  
w e i g h t  b a s i s  ( t h e  most  common method used  i n  g r a i n  t r a d e  f o r  g r a i n  m a r k e t i n g )  - 
o r  on a d r y  w e i g h t  b a s i s  ( u s e d  by e n g i n e e r s  and s c i e n t i s t s ) .  

G r a i n  - c l e a n i n g .  T h i s  is  t h e  first mandatory s t e p  i n  t h e  p r o c e s s  o f  g r a i n  
c o n l i t i o n i n g  because  f o r e i g n  materials i n  t h e  g r a i n  is  t h e  s o u r c e  o f  many 
h a n d l i n g  ( p l u g s  i n  conveyor s  and b u c k e t  e l e v a t o r s ) ,  d r y i n g  ( e n e r g y  waste) and 
s t o r a g e  ( o b s t a c l e  f o r  a e r a t i o n ,  food f o r  i n s e c t s  and molds)  problems.  The 
c l e a n i n g  p r o c e s s  can a l s o  n e g a t i v e l y  a f f e c t  t h e  q u a l i t y  o f  t h e  g a i n  i f  t h e  
mac.hines are n o t  a d j u s t e d  c o r r e c t l y  f o r  t h e  t y p e  of g r a i n  b e i n g  t r e a t e d .  

G r a i n  - d r y i n g .  The ma jo r  o b j e c t i v e  o f  g r a i n  d r y i n g  i s  t o  r e d u c e  m o i s t u r e  
c o n t e n t  s o  s p o i l a g e  d o e s  n o t  o c c u r  b e f o r e  use .  The a d v a n t a g e s  o f  a r t i f i c i a l  
g r a i n  d r y i n g  are: 

1. E a r l y  o r  planned h a r v e s t  b e c a u s e  l e s s  damage o c c u r s  when g r a i n  is har-  
v e s t e d  m e c h a n i c a l l y  a t  h i g h e r  m o i s t u r e  c o n t e n t s  



2. Long-term s t o r a g e  w i t h o u t  d e t e r i o r a t i o n  

3 .  Higher  p r i c e s  a f t e r  h a r v e s t  

S i n c e  g r a i n  i s  hygroscop ic ,  it t e n d s  t o  ho ld  a n  a p p r e c i a b l e  amount o f  m o i s t u r e  
e v e n  af ter  d r y i n g .  For  each  t y p e  o f  g r a i n  t h e r e  is  a d e f i n i t e  e q u i l i b r i u m  
r e l a t i o n s h i p  be tween g r a i n  m o i s t u r e  c o n t e n t  and r e l a t i v e  humid i ty  of t h e  a i r  
t o  which t h e  g r a i n  i s  exposed.  According t o  C h r i s t e n s e n  (19741,  t h e  e q u i l i b -  
r ium m o i s t u r e  c o n t e n t  f o r  a g i v e n  re1 a t i v e  humid i ty  changes  s l i g h t l y  w i t h  
changes  i n  a i r  t empera tu re .  The g r a i n  and a i r  are  i n  e q u i l i b r i u m  when t h e  
v a p o r  p r e s s u r e  o f  t h e  m o i s t u r e  i n  t h e  g r a i n  is e q u a l  t o  t h a t  i n  t h e  a i r ;  t h e  
n e t  f lcw o f  m o i s t u r e  t o  o r  from t h e  g r a i n  is  z e r o ,  and i ts  m o i s t u r e  c o n t e n t  
r e m a i n s  t h e  same. 

The f a c t o r s  a f f e c t i n g  t h e  rate  a t  which g r a i n  w i l l  come t o  m o i s t u r e  e q u i l i b -  
r ium are t e m p e r a t u r e  ( t h e  h i g h e r  t h e  t e m p e r a t u r e  t h e  faster  t h e  r a t e ) ,  - mois- 
t u r e  c o n t e n t  ( t h e  h i g h e r  t h e  m o i s t u r e  c o n t e n t  t h e  faster  t h e  rate  o f  e q u i l i b -  
r ium)  and t h e  t y p e  o f  g r a i n  ( n a t u r e ,  s i z e ,  and shape  o f  k e r n e l s ) .  The rate  o f  
d r y i n g  w i l l  be faster  i f  t h e  i n i t i a l  m o i s t u r e  c o n t e n t  and t e m p e r a t u r e  are 
h igh ,  i f  t h e  humidi ty  is  low, and i f  t h e  a i r  movement th rough  o r  p a s t  t h e  
g r a i n  j.s i n c r e a s e d .  However, t h e  r a t e  of d r y i n g  is  n o t  p r o p o r t i o n a l  i n  a l l  
c a s e s  t;o t h e  amount of m o i s t u r e  r ema in ing  t o  be removed. Another i m p o r t a n t  
o b s e r v a t i o n  i s  t h a t  e v a p o r a t i o n  c o o l s  g r a i n  d u r i n g  d r y i n g  s o  t h a t  g r a i n  ke r -  
n e l s  do  n o t  r e a c h  t h e  a i r  t e m p e r a t u r e  u n t i l  t h e  e q u i l i b r i u m  m o i s t u r e  c o n t e n t  
is  reached .  G r a i n  t e m p e r a t u r e  may come v e r y  c l o s e  t o  t h a t  o f  t h e  a i r  as t h e  
d e c r e a z e  i n  m o i s t u r e  c o n t e n t  becomes v e r y  slow ( low d r y i n g  ra te) .  

The g r a i n  d o e s  n o t  need t o  be d r i e d  c o m p l e t e l y  because  changes  i n  s t a r c h  and 
p r o t e i r l s  c a n  take p lace .  A l l  p r o c e s s i n g  methods are f o r  n a t u r a l l y  d r i e d  g r a i n  
o r  e q u i v a l e n t ,  and t h e i r  s u c c e s s  would be i m p o s s i b l e  w i t h o u t  p r o p e r  d r y i n g .  
U s u a l l y  10 t o  14 p e r c e n t  m o i s t u r e  c o n t e n t  (wet b a s i s )  i s  t h e  l i m i t  f o r  d r y i n g  
because  molds may d e v e l o p  a t  m o i s t u r e s  above 14 p e r c e n t  and i n s e c t  development 
is  c o n s i d e r a b l y  reduced below 12 p e r c e n t  m o i s t u r e  c o n t e n t .  

The so- .ca l led  h igh- t empera tu re  d r y i n g  o f  g r a i n  o c c u r s  when t h e  a i r  t e m p e r a t u r e  
i s  s o  h i g h  t h a t  s e v e r e  ove r -d ry ing  would happen i f  g r a i n  s t a y e d  i n  c o n t a c t  
w i t h  i; u n t i l  t h e  m o i s t u r e  c o n t e n t  r eached  t h e  e q u i l i b r i u m .  T h e r e f o r e ,  t h e  
d r y i n g  p r o c e s s  i s  con t inued  o n l y  u n t i l  t h e  r e q u i r e d  m o i s t u r e  c o n t e n t  is  
reachecl, t h e n  t h e  g r a i n  is  coo led  b e f o r e  b e i n g  t r a n s f e r r e d  t o  s t o r a g e .  There  
are t h r e e  t y p e s  of h igh- t empera tu re  d r y i n g  o f  g r a i n .  

Batch  d r y i n g  i n v o l v e s  t h e  d r y i n g  o f  a s t a t i c  b a t c h  o f  g r a i n ,  a f t e r  which it is 
c o o l e d .  The a d v a n t a g e s  are  a h igh  the rma l  e f f i c i e n c y  i f  g r a i n  i s  s e v e r a l  
u n i t s  deep and a r e l a t i v e l y  small s i z e  of  t h e  l o t s  o f  grain, The d isadvan-  
tages are a non-uniform f i n a l  m o i s t u r e  c o n t e n t  u n l e s s  t h e  g r a i n  is t u r n e d ,  
s w e a t i n g  which c a n  occur  i n  t h e  b a t c h ,  and p o s s i b l e  development  o f  molds. 

D r y e r a t i o n  - o c c u r s  when a b a t c h  of g r a i n  i s  d r i e d  and moved t o  a t emper ing  b i n  
w i t h o u t  c o o l i n g ,  and a e r a t i o n  is used t o  remove t h e  f i n a l  2 p e r c e n t  o f  n o i s -  
t u r e  c ~ n t e n t .  The a d v a n t a g e s  a r e  a n  i n c r e a s e  i n  t h e  d r y e r  c a p a c i t y  and f u e l  
and d r y i n g  e f f i c i e n c i e s ,  and a l s o  a  r e d u c t i o n  i n  g r a i n  c r a c k i n g .  The d i s a d -  
v a n t a g e  is  t h e  r e q u i r e m e n t  o f  two b i n s  and t r a n s f e r  equipment.  



Cont inuous  f low d r y i n &  o c c u r s  when t h e  g r a i n  t o  be d r i e d  f l o w s  through t h e  - 
d r y e r  a t  a c o n t r o l l e d  r a t e  w h i l e  hea ted  a i r  i s  passed through t h e  g a i n .  The 
f low is  commonly c o n t r o l l e d  by t h e  r a t e  of d i s c h a r g e  and t h e  f low may be 
v e r t i c a l  (by  g r a v i t y )  o r  h o r i z o n t a l  (by  b e l t  o r  f l u i d i z e d  bed) .  The the rmal  
e f f i c i e n c y  depends on  t h e  d e s i g n  of t h e  d r y e r .  Some u n i t s  t h a t  f u n c t i o n  
a l m o s t  l i k e  b a t c h  o r  stage d r y e r s  have a  f a i r l y  h igh  thermal  e f f i c i e n c y ,  b u t  
some u n i t s  t h a t  p a s s  hea ted  a i r  through r a t h e r  t h i n  l a y e r s  o f  g r a i n  show a  
f a i l - l y  low thermal  e f f i c i e n c y .  Cont inuous  f low d r y e r s  u s u a l l y  have a  c o o l i n g  
s e c t i o n  a t  t h e  bottom o r  t a i l  elld o f  t h e  d r y e r .  The a d v a n t a g e s  o f  t h i s  k ind 
o f  d r y e r  a r e  a  more uniform f i n a l  m o i s t u r e  c o n t e n t ,  less management r e q u i r e d  
(a l lnos t  comple te ly  a u t o m a t i c ) ,  and e f f i c i e n t  h a n d l i n g  o f  l a r g e  g r a i n  quan- 
tit:Les. The d i sadvaf i t ages  a r e  t h e  requ i rement  o f  f a i r l y  l a r g e  q u a n t i t i e s  o f  
g r a i n ,  a  h i g h  i n i t i a l  inves tment  c o s t ,  and no d u a l  u s e  a s  d r y e r  and s t o r a g e .  

E f f e c t s  o f  d ry ing .  The t e m p e r a t u r e  reached  by t h e  g r a i n  i t se l f  i s  impor tan t ,  - 
n o t  t h e  t e m p e r a t u r e  of  t h e  d r y i n g  a i r .  The o v e r h e a t i n g  o f  t h e  g r a i n  d u r i n g  
dry:ing c a n  k i l l  t h e  germ, change t h e  n a t u r e  o f  t h e  chemical  c o n s t i t u e n t s  
(enzyme systems,  p r o t e i n ,  o i l ,  s t a r c h ) ,  c r a c k  t h e  endosperm, " b l i s t e r n  t h e  
g r a i n ,  brown, s c o r c h  o r  c h a r  t h e  g r a i n ,  and r u i n  t h e  g r a i n  f o r  many uses .  

"Sa:TeV t e m p e r a t u r e s  f o r  d r y i n g  depend o n  t h e  t e m p e r a t u r e  o f  t h e  g r a i n  i tself .  
If s h o r t  p a s s e s  a r e  made through t h e  d r y e r ,  t h e  a i r  c a n  be much h o t t e r  t h a n  
t h e  " s a f e n  t empera tu re ,  e s p e c i a l l y  i f  t h e  g r a i n  i s  n o t  much above 14 p e r c e n t  
m o i s t u r e  c o n t e n t  when e n t e r i n g  t h e  d r y e r .  A t  20  p e r c e n t  m o i s t u r e  c o n t e n t  and 
higlner, i f  t h e  t e m p e r a t u r e  is much above t h a t  i n d i c a t e d  a s  " s a f e w  t h e  g r a i n  
may be cooked and t h u s  ru ined .  The f o l l o w i n g  a r e  recommended " s a f e n  temper- 
a tu : res  f o r  c o r n  under  d i f f e r e n t  c o n d i t i o n s :  

1. Seed - 1 0 0 ~ ~  ( 3 8 ' ~ )  u p  t o  1 2 0 ' ~  (4g0c) i f  m o i s t u r e  c o n t e n t  i s  below 25 
pe r c e  n t  

2. Dry m i l l i n g  - 120' ( 4 9 ' ~ )  

3. Wet m i l l i n g  - 130 - 1 4 0 ' ~  (54  t o  6 0 ~ ~ 1  

4. D i s t i l l i n g -  1 4 0 ~ ~  ( 6 0 ~ ~ 1  

5. Feed ing  purposes  - u p  t o  2 8 0 ' ~  ( 1 4 0 ~ ~ )  w i t h  no n u t r i t i o n a l  l o s s  - 
For  g r a i n  sorghum t h e  recommended " s a f e n  t e m p e r a t u r e  i s  140 - 150°F ( 6 0  - 
6 6 ' ~ ) .  

Drying t h e r n a l  e f f i c i e n c y .  The formula  used by Chang (1977)  was a p p l i e d  i n  - 
t h i s  r e s e a r c h .  The a p p l i c a t i o n  of  t h e  fo rmula  w i t h  t h e  r e q u i r e d  d e t a i l s  a r e  
shown i n  Appendix IV. 

Temperature  and Mois tu re  Changes i n  S t o r a g e  ( f rom Hall, 1970) - 
S p o i l a g e  can occur  e v e n  though p r e c a u t i o n s  have been t a k e n  t o  put  o n l y  d r y  
g r a i n  i n t o  s t o r a g e .  Such s p o i l a g e  r e s u l t s  from t h e  e x i s t e n c e  o f  t e m p e r a t u r e  
g r a d i e n t s  w i t h i n  a  s t a c k  o f  bagged g r a i n  o r  a  s i l o  of  bu lk  g r a i n .  D i f f e r e n c e s  
between t h e  t e m p e r a t u r e  o f  t h e  g r a i n  and t h e  o u t s i d e  a i r  t e m p e r a t u r e  ( F i g u r e  
1 )  c a n  be communicated t o  t h e  g r a i n  through t h e  w a l l s  of  t h e  s t o r e  o r  s i l o ,  
p a r t i c u l a r l y  i f  they  a r e  c o n s t r u c t e d  o f  meta l .  Due t o  t h e  low thermal  con- 
d u c t i v i t y  o f  g r a i n ,  t h e s e  t e m p e r a t u r e  e f f e c t s  o n  t h e  o u t s i d e  o f  t h e  g r a i n  mass 



a r e  0d .y  v e r y  s lowly  t r a n s m i t t e d  t o  t h e  c e n t e r .  The t e m p e r a t u r e  o f  t h e  g r a i n  
a t  t h e  c e n t e r  of  t h e  bulk  may r i s e  due t o  t h e  p resence  o f  i c s e c t s  ( F i g u r e  2) 
and t h i s  t e m p e r a t u r e  r i s e  w i l l  o n l y  be communicated v e r y  s l o w l y  t o  t h e  o u t s i d e  
o f  t h e  g r a i n .  T h i s  shows how a  t e m p e r a t u r e  g r a d i e n t  c a n  occur .  

These ' temperature g r a d i e n t s  cause  convec t ion  c u r r e n t s  i n  t h e  g r a i n ,  accompan- 
i e d  by a movement of  m o i s t u r e  from h igh  t e m p e r a t u r e  t o  low t e ~ p e r a t u r e  a r e a s .  
A s  t h e  a i r  is  cooled i t s  r e l a t i v e  humidity r i s e s  and may r e a c h  t h e  s a t u r a t i o n  
p o i n t  when e x c e s s  water w i l l  be d e p o s i t e d  on  t h e  s u r f a c e  o f  t h e  c o o l e r  g r a i n  
( J o f  f e l .  1958). Loca l i zed  i n c r e a s e s  of m o i s t u r e  c o n t e n t  c a n  t h e r e f o r e  occur  
g i v i n g  c o n d i t i o n s  f a v o r a b l e  t o  t h e  development of  f u n g i ,  r e s u l t i n g  i n  f u r t h e r  
s p o i l a g e  o f  t h e  g r a i n .  

If t h e  e x t e r n a l  a i r  becomes c o n s i s t e n t l y  c o l d e r  t h a n  t h e  s t o r e d  g r a i n  and 
remains  s o  f o r  many weeks, t h e  a i r  w i t h i n  t h e  mass d e v e l o p s  a slow but  per- 
s i s t e n t  movement p a t t e r n ,  a s  i l l u s t r a t e d  by t h e  a r rows  i n  F i g u r e  1. The a i r  
i n  t h e  s i l o  a d j a c e n t  t o  t h e  o u t e r  w a l l s  i s  coo led ,  i t s  r e l a t i v e  humidi ty  r i s e s  
and as a  result t h e r e  is  a s l i g h t  i n c r e a s e  i n  t h e  l o c a l  m o i s t u r e  c o n t e n t  o f  
t h e  g r a i n .  The r i s e  i n  t h e  r e l a t i v e  humidi ty  of  t h e  a i r  may b r i n g  t h e  a i r  t o  
s a t u r a t i o n  p o i n t  when any f u r t h e r  i n c r e a s e  i n  m o i s t u r e  c o n t e n t  o f  t h e  a i r  o r  
f u r t h e r  r e d u c t i o n  i n  t e m p e r a t u r e  w i l l  l e a d  t o  l i q u i d  w a t e r  be ing  d e p o s i t e d  
o n t o  t.he ,pain .  I n  due course ,  t h e  m o i s t u r e  c o n t e n t  of  t h e  g r a i n  a t  t h e  
bottom of  t h e  s t o r a g e  c o n t a i n e r  w i l l  r i s e  s u f f i c i e n t l y  f o r  d e t e r i o r a t i o n  t o  
o c c u r ,  as shown by t h e  c ross -ha tched  a r e a s  i n  F i g u r e  1. The d r y  a i r  r i s i n g  
t h r o u g h  t h e  warm c e n t r a l  s e c t i o n  t a k e s  u p  m o i s t u r e  from t h e  g r a i n .  When t h i s  
warm, mois tu re - l aden  a i r  comes i n t o  c o n t a c t  w i t h  t h e  c o o l  upper  s u r f a c e  o f  t h e  
g r a i n ,  m o i s t u r e  is d e p o s i t e d  and a n o t h e r  p o t e n t i a l  area of d e t e r i o r a t i o n  
develops .  

F i g u r e  1 shows a n  a i r  movement p a t t e r n  which o c c u r s  when t h e  e x t e r n a l  a i r  
t e m p e r a t u r e  is c o n s i s t e n t l y  above t h e  g r a i n  t empera tu re .  High m o i s t u r e  con- 
t e n t  c o n d i t i o n s  may d e v e l o p  n e a r  t h e  f l o o r  i f  t h e r e  is  no u n d e r f l o o r  v e n t i l a -  
t i o n .  The l a t t e r  c o r d i t i o n  i s  t h e  l e s s  common of t h e  two s i n c e  g r a i n  i s  
normal ly  h a r v e s t e d  i n  h igh t e m p e r a t u r e  coradi t ions  and t h e r e a f t e r  t h e  temper- 
a t u r e  o f  t h e  o u t s i d e  a i r  nay be expec ted  t o  f a l l .  

The lower  t h e  m o i s t u r e  c o n t e n t  of produce on e n t r y  t o  t h e  s t o r e  t h e  l e s s  t h e  
r i s k  t h a t  i t s  t e m p e r a t u r e  w i l l  f a l l  t o  below t h e  dewpoint  temperature .  T h i s  
i s  t h e  t e m p e r a t u r e  a t  which a  g i v e n  sample of  a i r  becomes s a t u r a t e d ,  and below 
which w a t e r  s t a r t s  t o  condense ou t .  If t h e  t e m p e r a t u r e  o f  a  s u r f a c e  i s  below 
t h e  dewpoint  of  t h e  su r round ing  a i r ,  w a t e r  w i l l  condense o n t o  it. 

Conderlsat ion problems, e s p e c i a l l y  i n  metal  s i l o s ,  o c c u r  i n  t h e  t r o p i c s  par- 
t i c u l a r l y  i n  a r e a s  where t h e  sky i s  c l e a r  d u r i n g  bo th  day and n igh t .  C l e a r  
s k i e s  r e s u l t  i n  h igh d a y t i r e  t e ~ p e r a t u r e s  i n  t h e  w a l l  which, by h e a t i n g  t h e  
i n s i d e  of  t h e  s t o r e ,  c a u s e s  a  movement of m o i s t u r e  from t h e  produce t o  t h e  
su r round ing  a i r  space.  A t  n i g h t  r a d i a t i o n  from t h e  s t o r e  l e a d s  t o  a  v e r y  
r a p i d  d r o p  i n  t h e  t e m p e r a t u r e  o f  t h e  w a l l  and t h e  w a t e r  vapor  i n  t h e  a i r  space  
c o r d e ~ ~ s e s  o n t o  t h e  i n t e r n a l  s u r f a c e  of  t h e  s t o r e .  Condensat ion may n o t  be 
a p p a r e n t  o n  c u r s o r y  i n s p e c t i o n  s i n c e  t h e  l i q u i d  w a t e r  may be absorbed by g r a i n  
i n  c o n t a c t  w i t h  t h e  s i l o  walls. G r a i n  i t s e l f  can a c t  a s  a condensing s u r f a c e  
i f  i t s  t e m p e r a t u r e  is reduced t o  below t h e  dewpoint  t e m p e r a t u r e  of  t h e  air. 
The PI-esence of h igh m o i s t u r e  c o n t e n t  g r a i n  and a r e a s  of mold a t  t h e  s u r f a c e  
of produce i r d i c a t e  t h a t  c o n d e n s a t i o n  h a s  occurred.  



Metia s i l o s  should  be l i g h t  i n  c o l o r  t o  r e f l e c t  most o f  t h e  incoming r a d i a t i o n  
d u r i n g  t h e  day. The major t e m p e r a t u r e  changes  normal ly  r e q u i r e d  t o  cause  
corxiensat ion c a n  be avoided by p r o v i d i n g  a d e q u a t e  shade t o . p r e v e n t  l a r g e  g a i n s  
of  ene rgy  i n  t h e  g r a i n .  

If t h e  g r a i n  i s  un i fo rmly  d ry  when put i n t o  t h e  s t o r e  and is  k e p t  d r y  and a t  a  
c o n s t a n t  t empera tu re ,  damage due t o  c o n d e n s a t i o n  and t r a n s l o c a t i o n  o f  m o i s t u r e  
w i l l  be minimal. 

The n e g a t i v e  p r o c e s s e s  d e s c r i b e d  below w i l l  be a c c e l e r a t e d  when t h e  g r a i n  i s  
stoi-ed w i t h  poor p r e v i o u s  c l e a r ~ i ~ g ,  nonhonogeneous m o i s t u r e  c o n t e n t ,  and high 
tem]?era ture .  I n  t h a t  case ,  even  by a p p l y i n g  f u m i g a t i o n  and a e r a t i o n ,  t h e  
s t o ~ ? e d  g r a i n  w i l l  p robably  s u f f e r  m o i s t u r e  c o n c e n t r a t i o n ,  h e a t i n g ,  i n s e c t  
i n f e s t a t i o n  and mold problems, and t h e  f i n a l  e f f e c t  w i l l  be a  h igh  d e g r e e  o f  
g ra . in  s p o i l a g e .  How t h e s e  changes occur red  d u r i n g  t h e  s t o r a g e  pe r iod  i s  t h e  
nex t  s u b j e c t  i n  t h i s  l i t e r a t u r e  review. 

P h y s i c a l  and F u n c t i o n a l  Changes D u r i n ~  Storap;e 

Changes t a k e  p l a c e  no m a t t e r  how g r a i n  i s  s t o r e d .  Poor s t o r a g e  c o n d i t i o n s  
a c c e l e r a t e  changes  and good s t o r a g e  c o r d i t i o n s  retard them but  t h e  change can  
beg:Ln b e f o r e  g r a i n  i s  harves ted .  The primary o b j e c t i v e  o f  s t o r a g e  is  t o  
maiintain q u a l i t y  and minimize d e t e r i o r a t i v e  changes. The p h y s i c a l  f a c t o r s  
inf:Luencing d e t e r i o r a t i v e  changes  are: 

Moi:sture Conten t  ( t h e  most i m p o r t a n t ) .  D e t e r i o r a t i o n  i s  slow a t  low m o i s t u r e  
c o n t e n t s  and r a p i d  a t  high m o i s t u r e  c o n t e n t s .  Mois tu re  i s  c l o s e l y  i n t e r r e -  
l a t e d  w i t h  o t h e r  f a c t o r s  such as tempera tu re ,  mold, and i n s e c t  development. 

Tem3erature.  Wi th in  c e r t a i n  l i m i t s ,  chemical  and b i o l o g i c a l  p r o c e s s e s  proceed - 
a t  f a s t e r  r a t e s  a t  h i g h e r  t e m p e r a t u r e s  and s lower  a t  lower  t empera tu res .  
Lower t e m p e r a t u r e s  slcw i n s e c t  and mold development and high t e m p e r a t u r e s  may 
d e s  t r o y  enzymes and l i v i n g  organisms.  

Oxygen supply .  Oxygen is n e c e s s a r y  f o r  i n s e c t s ,  molds, and c e r t a i n  chemical  - 
r e a ~ t i o n s .  So oxygen-free  s t o r a g e  i s  used t o  p r e s e r v e  d r y  g r a i n .  However, 
d e t e r i o r a t i o n  can occur  i n  t h e  absence of  oxygen a t  h i g h  mois tu res .  

G r a i n  c o n d i t i o n  o r  Nsourdnessn .  Damaged k e r n e l s  (broken,  i n s e c t ,  mold) and - 
t h e  p resence  o f  f o r e i z n  m a t e r i a l s  (weed s e e d s ,  stems, o t h e r  p l a n t  m a t e r i a l s )  
inc : rease  t h e  p o t e n t i a l  f o r  d e t e r i o r a t i o n .  

An i m p o r t a n t  f a c t o r  d u r i n g  t h e  s t o r a g e  o f  g r a i n  is r e s p i r a t i o n .  It i n v o l v e s  
t h e  r e l e a s e  o f  energy through t h e  biochemical  o x i d a t i o n  o f  ca rbohydra tes  and 
o t h e r  o r g a n i c  n u t r i e n t s .  R e s p i r a t o r y  p r o c e s s e s  occur  i n  e v e r y  l i v i n g  c e l l  and 
f u r n i s h  t h e  energy r e q u i r e d  t o  c a r r y  on v i t a l  m e t a b o l i c  f u n c t i o n s .  T o t a l  
r e s p i r a t i o n  i n  a  g r a i n  mass may come from a  combinat ion of s o u r c e s  (molds,  
i n s e c t s ,  v i a b l e  g r a i n  k e r n e l s ) .  The energy s o u r c e  i s  t h e  seed which l o s e s  d ry  
m a t t e r  ( w e i g h t ) .  

F o i s t u r e  c o n t e n t  is  t h e  l i m i t i ~ g  f a c t o r  i c  r e s p i r a t i o n  t h a t  o c c u r s  i n  a  g r a i n  
mass ( g r a i n ,  m i c r o b i a l ,  and i n s e c t ) .  Ra tes  of r e s p i r a t i o n  a t  any g i v e n  mois- 
t u r e  t e r d  t o  remain r e l a t i v e l y  c o n s t a n t  i n  mold-free g r a i n .  R e s p i r a t i o n  r a t e s  
of g r a i n  invaded by f u n g i  remain r e l a t i v e l y  c o n s t a n t  a s  l o n g  a s  t h e  m o i s t u r e  
c o n t e n t  is  main ta ined  below t h a t  s a t i s f a c t o r y  f o r  mold growth. 



R e s p i r a t i o n ,  whe the r  of  s e e d s ,  microorganisms,  o r  i n s e c t s ,  depends  upon chem- 
i c a l  r e a c t i o n s  and is a c c e l e r a t e d  by i n c r e a s e s  i n  t e m p e r a t u r e  u n t i l  l i m i t e d  by 
t e m p e r a t u r e  o r  some o t h e r  f a c t o r  l i k e  e x h a u s t i o n  o f  oxygen o r  t h e  food source .  
The r e s p i r a t i o n  of molds and i n s e c t s  i s  reduced by low t e m p e r a t u r e s  because  
growth and repr .oduct ion a r e  l i m i t e d .  

Heat ing i n  g r a i n  is  a d i r e c t  result of r e s p i r a t o r y  a c t i v i t y  and o c c u r s  when 
t h e  h e a t  produced as a product  o f  r e s p i r a t i o n  exceeds  t h e  g r a i n ' s  a b i l i t y  t o  
d i s s i p a t e  t h e  hea t .  A t  low m o i s t u r e  l e v e l s  (below 13-14 p e r c e n t )  h e a t  pro- 
duced by r e s p i r a t i o n  of  g r a i n  i s  d i s s i p a t e d  and t h e  t e m p e r a t u r e  does  n o t  
i n c r e a s e .  A t  h i g h e r  l e v e l s  (above 13-14 p e r c e n t )  o r  i n  i n s e c t - i n f e s t e d  g r a i n ,  
h e a t  produced by r e s p i r a t i o n  o f  molds and/or  i n s e c t s  w i l l  cause  a t e m p e r a t u r e  
i n c r e a s e .  There  a r e  two s t a g e s  of  h e a t i n g  caused by microorganisms.  The 
f irst  one is  a t t r i b u t e d  t o  t h e  r e s p i r a t o r y  a c t i v i t y  of  molds ( e n d s  a t  about  
1 2 2 ° ~ - 1 3 1 0 ~  o r  50-55 '~) .  t h e  second one  is due t o  t h e  t h e r m o p h i l i c  b a c t e r i a  
( g o e s  u p  t o  a  maximum o f  1 5 8 ' ~  o r  7 0 ~ ~ 1 .  Continued h e a t i n g  above 1 5 8 ' ~  i s  due  
t o  chemical  o x i d a t i o n  The r e s p i r a t o r y  a c t i v i t y  o f  t h e  g r a i n  i teself s t o p s  a t  
t e m p e r a t u r e s  o f  1  1 3 ' ~  ( ~ 5 ~ ~ 1  and above. 

R e s p i r a t i o n  of  i n s e c t s  i n  a  g r a i n  mass can  be r e s p o n s i b l e  f o r  i n c r e a s e s  i n  
t e m p e r a t u r e  u p  t o  1 0 5 - 1 1 0 ~ ~  (40-45OC). Temperatures above 1 1 0 ~ ~  ( ~ 5 ~ ~ 1  f o r  
any l e n g t h  o f  t ime w i l l  k i l l  t h e  i n s e c t s  and t h e  t e r d e n c y  is  f o r  them t o  
m i g r a t e  away from t h e  h e a t  source .  The h e a t i n g  due t o  i n s e c t s  can  be s topped  
by c o n t r o l l i n g  t h e  i n s e c t  p o p u l a t i o n  bu t  t h e  h e a t i n g  due t o  m i c r o b i a l  r e s p i r -  
a t i o n  o c c u r r i n g  a s  a  result o f  i n s e c t  i n f e s t a t i o n  i s  n o t  prevented by k i l l i n g  
t h e  i n s e c t s .  

Indexes  of  D e t e r i o r a t i o n  o f  t h e  S t o r e d  G r a i n  

1. I n c r e a s e d  t e m p e r a t u r e  
2. G e n e r d  appearance 
3. Odor 
4. Damaged k e r n e l s  
5. Decreased g e r m i n a t i o n  
6. A c i d i t y  measurements 
7. G l u t a n i c  a c i d  deca rboxy lase  a c t i v i t y  

A e r a t i o n  o f  G r a i n  i n  Commercial S t o r a g e s  

The Uni ted  S t a t e s  Department o f  A g r i c u l t u r e  (1985) p r e s e n t e d  a ve ry  good 
b o o k l e t  about  g r a i n  a e r a t i o n  i n  commercisl s t o r a g e s  and i ts  summary is  in -  
c luded here .  

" I n  t h e  p a s t ,  g r a i n  s t o r a g e  o p e r a t o r s  p e r i o d i c a l l y  ' t u r n e d t  t h e i r  s t o r e d  g r a i n  
- noved it th rough  t h e  a i r  - t o  h e l p  m a i n t a i n  market  q u a l i t y .  A e r a t i o n  - t h e  
m o v i ~ g  o f  a i r  through s t o r e d  g r a i n  - h a s  become a  g e n e r a l l y  accep ted  p r a c t i c e  
f o r  m a i n t a i n i n g  market  q u a l i t y  of  s t o r e d  g r a i n  w i t h o u t  t u r n i n g  it. A e r a t i o n  
i s  a p p l i c a b l e  t o  all t y p e s  of  s t o r a g e s ,  b u t  i t  is e s p e c i a l l y  a p p l i c a b l e  t o  
f l a t  s ,corages where it is d i f f i c u l t  t o  move o r  t u r n  t h e  g r a i n .  I n  f a c t ,  
w i t h o u t  a e r a t i o n  l o n g t i n e  s t o r a g e  i n  f l a t  s t r u c t u r e s  is  i m p r a c t i c a l .  With 
a e r a t i o n ,  market  q u a l i t y  o f  g r a i n  is  mainta ined w i t h o u t  moving t h e  g a i n ,  and 
wear  ar:d t e a r  on bo th  t h e  g r a i n  and h a n d l i n g  machinery is  reduced.  A e r a t i o n  
sys tems a r e  a l s o  e f f e c t i v e  and e f f i c i e n t  i n  a p p l y i n g  fumigan t s  t o  g r a i n  i n  
s t o r a g e .  



An a d e q u a t e  d u c t  system d e s i g n  is  a s  i m p o r t a n t  a s  a  s u i t a b l e  f an .  I n  l a r g e  
f l a t  s t o r a g e s  w i t h  lpeakedl  l o a d i n g  t h e  d e s i g n  of  adequa te  d u c t  sys tems be- 
comes even  more impor tan t ,  and more compl icated.  It i s  always  a d v i s a b l e  t o  
have a  good e n g i n e e r i n g  a n a l y s i s  o f  a  proposed d u c t  system and p a r t i c u l a r l y  s o  
if t h e  sys tem i s  t o  be i n s t a l l e d  i n  a  peak-loaded f l a t  s t o r a g e .  

The s m a l l  amount of  a i r  used f o r  a e r a t i o n  is  n o t  c o s t l y  t o  provide .  The most 
commonly used a i r f l o w  r a t e s  range from 1/20 

3  
tq 1/10 c u b i c  f e e t  of  a i r  p e r  

minu te  (cfm) p e r  bushel  (0 .04 t o  0.08 m / m i d m  1. These r a t e s  a r e  g e n e r a l l y  
a d e q u a t e  f o r  r e d u c i n g  i n s e c t  and mold a c t i v i t y  and f o r  h o l d i n g  m o i s t u r e  migra- 
t i o n  and accumu a t i o n  i t h i n  a c c e p t a b l e  l i m i t s .  Ra tes  a s  h igh a s  1/11 cfm p e r  3 14 b u s h e l  (0.201 m /min/m ) a r e  sometimes used i n  f l a t  o r  sha l low s t o r a g e s  where  
n o r e  r a p y  c o o l y g  i s  d e s i r e d .  Air f low r a t e s  a s  low a s  1/100 cfm p e r  bushel  
(0.008 m /min/m ) were  s u c c e s s f u l  i n  p r e v e n t i n g  any a p p r e c i a b l e  m o i s t u r e  
m i g r a t i o n  and accumula t ion  i n  d r y  (12.2 p e r c e n t  m o i s t u r e )  s h e l l e d  c o r n  i n  t h e  
Northern  Corn B e l t .  Recommended a i r f l o w  r a t e s  f o r  each a r e a  should  be f o l -  
lowed f o r  b e s t  results. 

The i n s t a l l e d  c o s t  of  a e r a t i o ?  sys tems r a n g e s  from 1 t o  5  c e n t s  p e r  bushel  
c a p a c i t y  ( 3  t o  15  c e n t s  per m 1, depending on t h e  s i z e  o f  t h e  s t o r a g e ,  t h e  
t y p e  o f  system, e a s e  of  i n s t a l l a t i o n ,  and o t h e r  c o n t r i b u t i n g  f a c t o r s .  Normal 
o p e r a t i n g  (power and l a b o r )  5 o s t s  r ange  from 1/10 t o  1 /2  c e n t  p e r  bushel  p e r  
y e a r  (0 .3  t o  1.5 c e n t s  p e r  m p e r  y e a r ) .  Power and l a b o r  c o s t s  f o r  t u r n i n g  
g r a i n  4  t i m e s  a  y e a r  r ange  rom 1/2  t o  1  1 /2  c e n t s  p e r  bushe l  f o r  t h e  f o u r  5 t u r n s  (1 .5  t o  2.5 c e n t s  p e r  IE 1. 

A e r a t i o n  u s u a l l y  is  accomplished by p u l l i n g  o u t s i d e  a i r  downward through t h e  
g r a i n  and e x h a u s t i n g  i t  through t h e  fan .  For  summer c o o l i n g  i n  s o u t h e r n  
a r e a s ,  t h e r e  may be some advantage i n  f o r c i n g  t h e  a i r  u p ~ a r d  th rough  t h e  
g r a i n ;  t h e  h e a t  t r apped  under  t h e  s t o r a g e  r o o f  t h e n  is moved o u t  w i t h o u t  
p a s s i n g  th rough  t h e  g r a i n .  There  i s  l i t t l e  o r  no d i f f e r e n c e  i n  power r e q u i r e -  
~ e n t s  and o p e r a t i n g  c o s t s  f o r  p u l l i n g  o r  pushing a i r  through s t o r e d  g r a i n .  
Many f a n  a s s e m b l i e s  can be changed on t h e  a e r a t i o n  sys tem t o  e i t h e r  p u l l  o r  
push a i r  a s  t h e  o p e r a t o r  d e s i r e s .  

The f a n  horsepower r e q u i r e d  f o r  a e r a t i o n  v a r i e s  w i t h  t h e  k ind o f  g r a i n ,  i t s  
s t o r e d  dep th ,  and t h e  a i r f l o w  r a t e  e r  bushel .  One horsepower (0.736 RW) w i l l  

3  
9 a e r a t e  u p  t o  20,000 b u s h e l s  (705 m o f  s h e l l e d  c o r n  100 f e e t  (30  m )  deep a t  
3  1/20 cfm p e r  bushel  (0 .04 m / m i d m  1. The sane  horsepower w i l l  a e r a t e  o n l y  

3  abou t  5 ,000 b u s h e l s  (176 m o f  wheat  100 fee t  (30  m )  deep a t  t h e  same a i r f l o w  
r a t e .  

G e n e r a l l y ,  i t  is  d e s i r a b l e  t o  s t a r t  c o o l i n g  summer h a r v e s t e d  g r a i n  a s  soon 
a f t e r  s t o r i n g  a s  a i r  t e m p e r a t u r e s  w i l l  permit .  A e r a t i o n  t o  p r e v e n t  m o i s t u r e  
m i g r a t i o n  should  be s t a r t e d  e a r l y  i n  t h e  f a l l  t o  keep t h e  t e m p e r a t u r e  o f  t h e  
g r a i n  c l o s e  t o  t h e  average  t e m p e r a t u r e  $f t h e  a s r  th roughout  t h e  f a l l  season.  
A g r a i n  t e m p e r a t u r e  n o t  much below 4 5  t o  5 0  F (7' t o  lo°C) g e n e r a l l y  i s  
sugges ted  i f  t h e r e  is a  chance t h a t  g r a i n  w i l l  be moved d u r i n g  t h e  h o t  
wea the r ;  o t h e r w i s e ,  g r a i n  t e m p e r a t u r e s  of 35' t o  4 5 ' ~  (2' t o  7 ' ~ )  have been 
s a t i s f a c t o r y .  

The tire r e q u i r e d  t o  coo l  a  s p e c i f i c  l o t  o f  g r a i n  by a e r a t i o n  depends on t h e  
a i r f l o w  r a t e  used,  methods of  o p e r a t i o n ,  u n i f o r m i t y  o f  a i r f l o w  through t h e  
g r a i n ,  and amount of  e v a p o r a t i v e  c o o l i n g  and o t h e r  s i m i l a r  f a c t o r s .  G r a i n  



3 3 ae ra t ed  a t  an a i r f l ow  r a t e  of 1/10 cfm per bushel (0.08 n /min/m 1, and under 
f avo rab l e  condi t ions ,  can be cooled t o  near  t h e  e x i s t i n g  a i r  temperature  i n  
about 80 hours  i n  t h e  summer, 120 hours i n  t h e  f a l l ,  and 160 hours  i n  t h e  
win te r .  The t o t a l  e lapsed time, i n  days o r  weeks requi red ,  w i l l  depend on t h e  
d a i l y  hours of operat ion.  Total  a e r a t i o n  time per  yea r  f o r  a l o t  of s t o r e d  
g r a i n  depends on t h e  number of cool ing  s tages .  

It should not  be assumed t h a t  a e r a t i o n  i s  an  answer t o  a l l  g r a i n  s to rage  
problems. Aera t ion  may no t  completely e l i m i n a t e  all ' t u r n i n g t  of s t o r ed  g r a i n  
but  it should be considered i n  f u t u r e  g r a i n  s to rage  programs. It can be an 
imports.nt p r a c t i c e  i n  maintairdng t h e  market q u a l i t y  of s t o r e d  g r a i n  and i n  
minimizing handl ing cos t s .  

Use of Aera t ion  

Cooling; s t o r ed  g r a i n  t o  prevent  o r  minimize mold growth and i n s e c t  a c t i v i t y .  
Cooling s to red  g r a i n  t o  prevent mold growth and i n s e c t  a c t i v i t y  inc ludes  
removal of both na tu ra l  hea t  and hea t  from a r t i f i c i a l  drying. Aerat ion f o r  
t h e s e  purposes i s  widely used i n  t h e  a r e a s  of summer harves t .  I n  t h e  summer, 
g r a i n  o f t e n  goes i n t o  s to rage  a t  90°F ( 3 2 ' ~ )  o r  h igher  and should be cooled a s  
soon a s  atmospheric cond i t i ons  permit. Grain going i n t o  s to rage  dur ing  t h e  
f a l l  months a l s o  should be cooled. 

There :Ls no one optimum s to rage  temperature  f o r  grain.  The moisture  conten t  
of t h e  g ra in ,  i t s  probable use ( f o r  food, f eed ,  o i l ,  s e e d ) ,  and t h e  l eng th  of 
t h e  s to rage  period (weeks, months, o r  y e a r s )  a r e  f a c t o r s  t h a t  determine t h e  
d e s i r a b l e  s to rage  temperature.  

Most g r a i n  molds grow slowly o r  not  a t  a l l  below 7 0 ' ~  (21°c).  I n sec t  r e  
product;ion i s  stopped, o r  nea r ly  so, a t  temperatures  below 60°F ( 1 5 . 6 ~ ~ ) .  
Moreover, many i n s e c t s  d i e  from s t a r v a t i o n  when g r a i n  temperatures  drop t o  
4 0 ' ~  (llOc) f o r  any l eng th  of time. Most s p e ~ i e s , ~ e x c l u d i n g  moths, a r e  k i l l e d  
i n  2.5 monthst tire a t  a temperature  of 3 5 ' ~  ( 2  C ) .  (Although a e r a t i o n  is  
u s e f u l  i n  providing lower g r a i n  temperatures  t h a t  he lp  t o  prevent  s e r i o u s  
i n s e c t  i n f e s t a t i o n  and consequent g r a i n  l o s s ,  i t  w i l l  not  e n t i r e l y  r ep l ace  
fumigat ion and o t h e r  d i r e c t  means of i n s e c t  con t ro l .  ) 

Equal iz ing  s to red  g r a i n  temperatures  t o  prevent  mois ture  movement from warm t o  
c o o l e r  g ra in .  Temperatures of s t o r ed  g r a i n  a r e  equa l ized  t o  prevent moisture  
from moving from warm t o  coo le r  g ra in .  Th i s  moisture  movement i s  normal i n  
any s to rage  where apprec iab le  v a r i a t i o n s  i n  g r a i n  temperatures  e x i s t ,  but  it 
i s  mos'c pronounced i n  t h e  co lde r ,  nor thern  a r e a s  of t h e  United S t a t e s .  During 
t h e  f a l l  and w i n t e r  months, g r a i n  l oca t ed  near  exposed walls and upper sur-  
f a c e s  coo l s  more r a p i d l y  t han  t h a t  i n  t h e  c e n t e r  of t h e  bin. This  temperature  
d i f f e r e n c e  causes  slow convect ion c u r r e n t s  i n  t h e  b i n  w i t h  t h e  warm a i r ,  which 
r i s e s  through t h e  c e n t e r  of t h e  g r a i n  mass, c a r r y i o g  mois ture  from t h e  warmer 
g r a i n  t o  t h e  c o l d e r  sur face  gra in .  Moisture a c c m u l a t i o n  may be s e r i o u s  
enough t o  cause molding and c r u s t i n g  on t h e  g r a i n  su r f ace  and spoi lage  i n  
o t h e r  : ? a r t s  of t h e  bin. I n  s to red  g r a i n  having uniform temperatures ,  m o i ~ t u r e  
n i g r  at:ion does no t  t ake  place.  

Removing odors f r o n  s to red  a r a in .  The ' f r e s h t  g r a i n  smel l  i s  one of t h e  most 
s t r i k i r ~ ~  c h a r a c t e r i s t i c s  of ae ra t ed  gra in .  Molding and r a n c i d i t y  of g r a i n  
causes  common s to rage  odors. This  c o n d i t i o n  is minimized by coo le r  g r a i n  



temperatures  and a e r a t i o n  w i l l  e i t h e r  remove o r  reduce such odors. Some odors  
can be r a p i d l y  d i s s i p a t e d  w i t h  only a f e w  a i r  changes, while  o t h e r s  a r e  more 
p e r s i s t e n t  and r e q u i r e  longer  per iods  of ae ra t i on .  Some odors  a r e  removed 
on ly  temporar i ly  o r  reduced i n  i n t e n s i t y  by ae ra t i on .  Sour o r  fermented odors  
a r e  seldom removed e n t i r e l y  by e i t h e r  a e r a t i o n  o r  drying. Also, t h e  d i s s i -  
p a t i o n  of odors  from s t o r e d  g r a i n  does not  a s su re  freedom from molding and 
ranc:idity.  

Although l i t t l e  f a c t u a l  inforclat ion i s  a v a i l a b l e  i n  regard t o  t h e  ope ra t i ona l  
requirement  f o r  removing odors ,  f a n s  u s u a l l y  a r e  opera ted  from 30 minutes t o  1 
hourb, o r  longer ,  once every 2 t o  4 weeks, o r  whenever t h e  ope ra to r  t h i n k s  it 
des i r ab l e .  With a i r f l ow  r a t e s  recommended f o r  a e r a t i o n ,  from 5 t o  20 minutes 
a r e  r equ i r ed  f o r  one complete change of a i r  i n  t h e  s t o r e d  gra in .  

W . y i n g  fumigants  t o  s to red  gra in .  The i n t r o d u c t i o n  of fumigants  through an  
a e r a t i o n  system is a p r a c t i c a l  method of fumigat ing gra in .  The d i s t r i b u t i o n  of 
fumf~gants  is u s u a l l y  more uniform, and t h e  dosage r equ i r ed  less, than  f o r  
g r a v i t y  methods. The fumigants  may be purged from t h e  g r a i n  a f t e r  a pre- 
scr2bed exposure period by ope ra t i ng  t h e  f a n  f o r  a few hours.  

With uniform a i r f l ow  t h e  fumigant can be introduced i n t o  t h e  g r a i n  i n  about 
t h e  time r equ i r ed  f o r  one a i r  change. It is d e s i r a b l e  t o  allow from 10 t o  20 
minutes t o  meter t h e  fun igan t  i n t o  t h e  a i r s t r eam,  which r q u i r e s  an a i r f l ow  3 3 r a t e  of from 1/20 t o  1/10 cfm per  bushel (0.04 t o  0.08 m/min/m 1. Higher 
airi'low r a t e s  can be used i n  a c losed  system where t h e  f m i g a n t  can be r e c i r -  
c u l a t e d  through t h e  gra in .  

0pt:~mum g r a i n  temperatures  f o r  e f f e c t i v e  and economical a p p l i c a t i o n  of fumi- 
gan'cs d i f f e r  according t o  t h e  method of a p p l i c a t i o n .  When appl ied  wi th  no 
a e r a t i o n  t o  t h e  su r f ace  of t h e  s to red  g r a i n ,  t h e  g r a i n  temperatures  should be 
a t  l e a s t  6 5 ' ~  ( 1 8 ~ ~ 1 .  This  is  necessary f o r  g r a v i t y  p e n e t r a t i o n  of  fumigant 
t o  t h e  bottcm of t h e  g r a i n  bulk i n  k i l l i n g  concent ra t ions .  Grain temperatures  
a r e  l e s s  important  when fumigants a r e  appl ied  w i t h  ae ra t i on .  The fumigants  
can be e f f e c t i v e l y  d i s t r i b u t e d  t o  a l l  po r t i ons  of t h e  g r a i n  bulk under a 
fa i :? ly  wide range of g r a i n  temperatures.  

Holtling moist  g r a i n  i n  s to rage  f o r  b r i e f  per iods.  Aera t ion  reduces t h e  hazard 
of  spontaneous hea t ing  when it  is  necessary t o  hold moist  g r a i n  i n  s to rage  f o r  
b r i e f  per iods.  Continuous a e r a t i o n  removes h e a t  generated by mold growth, t h e  
p r i ~ n c i p a l  source of hea t ,  and a l s o  h e l p s  t o  slow down mold growth and o t h e r  
d e t e r i o r a t i o n  by reducing g r a i n  temperatures.  However, d e f i n i t e  upper l i m i t s  
of  moisture  en3 temperature have not  been e s t a b l i s h e d  f o r  moist  g r a i n  under 
ae ra t i on .  

Aera t ion  may be used dur ing  per iods  of heavy r e c e i p t s  of moist  g ra in .  By 
provid ing  s a f e  ho ld ing  condi t ions ,  t h e  load on t h e  d r i e r  can be spread out  and 
more g r a i n  handled dur ing  a g iven  ha rves t  period." 



FIGURE 1. Mois tu re  movement w i t h i n  bu lk  o f  g r a i n  due t o  d i f f e r e n c e s  
between t h e  t e m p e r a t u r e  of  o u r s i d e  a i r  and o f  s t o r e d  g r a i n .  
L e f t ,  o u t s i d e  a i r  t e m p e r a t u r e  below g r a i n  t e m p e r a t u r e ;  r i g h t ,  
o u t s i d e  a i r  t e m p e r a t u r e  above g r a i n  t empera tu re .  
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. I  r i s i n ~  - - -7 - I "hot spot"  Condensation I 
near  c o o l  s u r f a c e  

from warm moist  a i r  
from Grain . . 

. 
"Hot spot"  s 

'preiding .L+,by insec+,s: ; 

. . .  . - .  

FIGURE 2. S p o i l a g e  of g r a i n  due t o  t e m p e r a t u r e  g r a d i e n t s ,  movement o f  
m o i s t u r e ,  and l o c a l i z e d  development of  f u n g i  and i n s e c t s .  
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SECTION I V  

MATERIALS AND METHODS 

F a c i l i t i e s  

The two t y p e s  o f  f a c i l i t i e s  examiced i n  C o s t a  Rica  f o r  t h i s  p r o j e c t  were  
p u r c h a s i n g  a g e n c i e s  and g r a i n  hand1 i n g  and s t o r a g e  p l a n t s .  The purchas ing  
a g e n c i e s  i n c l u d e d  one f a c i l i t y  i n  t h e  La China a r e a  and two i n  t h e  Palmar 
N o r t e  a r e a .  O r i g i n a l l y  t h e  work p l a n  c a l l e d  f o r  two i n  La China and one i n  
Palmar Morte, bu t  t h i s  was changed due t o  t h e  a v a i l a b i l i t y  o f  g r a i n  i n  t h e s e  
two a r a a s .  The two g r a i n  p l a n t s  s e l e c t e d  were  La China and Terraba.  Gary 
G i l b e r t 1  s g r a i n  e l e v a t o r  i n  Clay C e n t e r  was a l s o  chosen i n  Kansas f o r  d r y i n g  
t e s t s .  

M a t e r i a l s  and Equipment 

The g r a i n  t o  be used f o r  t h e  s t u d i e s  i n  Cos ta  Rica  was w h i t e  co rn  and i n  
Kansas it was milo.  The equipment list o f  r e q u i r e d  items f o r  t h e  r e s e a r c h  is  
g i v e n  be1 ow : 

Motcmcc) m o i s t u r e  m e t e r  
Convect;ion d r y i n g  oven 
A n a l y t i c a l  ba lance  
D i g i t a l .  i n s t r u m e n t s  f o r  t e m p e r a t u r e  and r e l a t i v e  humidi ty  
S l i n g  psychrometers  
Temperature  probe 
Thermooieters 
A i r t i g h t  sample c o n t a i n e r s  
P l a s t i c  s a ~ p l  e bags  
Metal  c a n s  f o r  m o i s t u r e  and o t h e r  measurements 
S i e v e s  
T e s t  w e i g h t  t e s t e r  
True d e n s i t y  measurement ( t o l u e n e  and gradua t e d - c y l i n d e r )  
Sample p a n s  and t r a y s  
Vacuum sample r  
F l a s h 1  i g h t  
Tape me as ur e 
E l e c t r f i c a l  m e t e r  ( c u r r e n t ,  v o l t a g e ,  o r  watt)  
Fue l  m e t e r s  
lianane t e r  
A n t i d u s t  masks, gogg les ,  and g l o v e s  
G a s o l i n e  f o r  t r a n s p o r t a t i o n  
A i r  ve l .oc i ty  meter 
Two l , 6  00-MT b i n s  
G r a i n  d r y e r s  and c l e a n e r s  

Experirrle n t a l  Design 

The o r i g i n a l  work p l a n  c a l l e d  f o r  two g r a i n  h a n d l i n g  methods t o  be t e s t e d  i n  
C o s t a  I l ica a t  each  o f  t h e  g r a i n  h a n d l i n g  p l a n t s ,  one  f o r  d r y  g r a i n  and one f o r  
wet g r s i n .  However, due  t o  t h e  l a c k  o f  a v a i l a b i l i t y  of  d r y  g r a i n ,  o n l y  t h e  
wet  g r a i n  nethodology was a c t u a l l y  used i n  t h e  s t u d i e s .  The d r y  g r a i n  method 
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i s  d e s c r i b e d  f o r  i l l u s t r a t i v e  purposes.  I n  bo th  methodologies ,  f i v e  o r  n o r e  
samp:Les were  t o  be t a k e n  from each o p e r a t i o n a l  po in t .  

Method I. The methodology f o r  d r y  g r a i n  r e c e i v i n g  and s t o r a g e  o p e r a t i o n s  i s  -- 
d e s c r i b e d  a s  fo l lows .  

1. Record weight  of  g r a i n  r e c e i v e d .  

2. Obtain  g r a i n  samples f o r  e v a l u a t i o n  o f  i n i t i a l  c o n d i t i o n  o f  g r a i n .  

3. Record g r a i n  l e v e l s  i n s i d e  t h e  b i n  a t  t h e  end o f  g r a i n  r e c e i v i n g  oper- 
a t i o n .  

4.  Obta in  g r a i n  samples a t  v a r i o u s  l o c a t i o n s  i n  a  b i n  a f t e r  b i n  i s  f i l l e d .  

5. Obta in  samples a t  30 l o c a t i o n s  i n  a g r a i n  b i n  approx imate ly  once a month 
f o r  e v a l u a t i o n  of  g r a i n  c o n d i t i o n ,  and p e r i o d i c a l l y  check g r a i n  l e v e l  i n  
t h e  b i n  d u r i n g  a  4-nonth s t o r a g e  per iod.  

6. Record ambient a i r  c o n d i t i o n s  d u r i n g  h a n d l i n g  and s t o r a g e  o p e r a t i o n s  
(dry-bulb  and wet-bulb t empera tu res ,  r e l a t i v e  humidi ty ,  and baromet r ic  
p r e s s u r e ) .  

7. Monitor g r a i n  t e n p e r a t u r e ,  f u m i g a t i o n  ( t y p e ,  amount, and d a t e )  i f  a p  
p l i e d ,  and a e r a t i o n  ( d a t e ,  t ime,  f a n  o p e r a t i o n ,  d u r a t i o n ,  and s t a t i c  
p r e s s u r e s )  i f  a p p l i e d  d u r i n g  s t o r a g e  per iod .  

8. Record t h e  w e i g h t s  o f  ou tgo ing  g r a i n  a f t e r  s t o r a g e .  

9. Obtain  samples from ou tgo ing  g r a i n  l o t s  a f t e r  s t o r a g e .  

10. Analyze g r a i n  samples ob ta ined  t o  de te rmine  t h e  f o l l o w i n g  paramete rs  
(each  paramete r  w i l l  be measured t h r e e  t i m e s )  : 

a. Mois tu re  c o n t e n t  (Motomco and oven methods).  

b. G r a i n  t empera tu re  ( a t  t h e  tire of  sampl ing) .  

c.  T e s t  weight.  

d. True d e n s i t y  ( t o l u e n e m e t h o d ) .  

e.  P e r c e n t  of broken k e r n e l s  and i m p u r i t i e s  pe rcen tage  (12/6411 o r  4.8 
mm round s i e v e  f o r  c o r n ) .  

f .  I n s e c t  a c t i v i t y  by v i s u a l  i n s p e c t i o n  ( t y p e  and approximate  popula- 
t i o n ) .  

g. Mold a c t i v i t y  by v i s u a l  i n s p e c t i o n  ( t y p e  and a p p r o x i ~ ~ a t e  popula- 
t i o n ) .  

h. A f l a t o x i n  a c t i v i t y  (approximate  l e v e l ) .  T h i s  w i l l  be analyzed f o r  
o n l y  i n i t i a l  and f i n a l  samples and t h r e e  sets of  sanrples ob ta ined  
rconthly d u r i n g  s t o r a g e  per iod .  



11. C a l c u l a t e  t h e  f o l l o w i n g  pa ramete r s  f o r  g r a i n  l o s s  assessment :  

a .  Void f r a c t i o n  = 1 - bulk d e n s i t y  
t r u e  d e n s i t y  

b. Packing f a c t o r  = 1 - void  f r a c t i o n  

c ,  Initial d r y  m a t t e r  we igh t  = Initial we igh t  ( 1  - mo) 

d .  F i n a l  d r y  m a t t e r  we igh t  = f i n a l  we igh t  ( 1  - m f )  
where m = Init ial  m o i s t u r e  c o n t e n t ,  dec imal ,  wet  b a s i s  

0 
m - F i n a l  m o i s t u r e  c o n t e n t ,  decimal ,  wet b a s i s  f  - 

e .  F i n a l  we igh t  = ( i n i t i a l  w e i g h t )  (1-m ) 
V 

1 -mf 

where  m = I n i t i a l  m o i s t u r e  c o n t e n t ,  dec imal ,  d r y  b a s i s  
0 m f  = F i n a l  m o i s t u r e  c o n t e n t ,  dec imal ,  d r y  b a s i s  

Hethod 11. The methodology f o r  wet g r a i n  r e c e i v i n g ,  c l e a n i n g ,  d r y i n g ,  s t o r -  
age ,  a : n d u n l o a d i n g  o p e r a t i o n s  i s  d e s c r i b e d  as f o l l o w s :  

1. Record weight  of  wet  c o r n  rece ived .  

2. Obta in  g r a i n  samples f o r  e v a l u a t i o n  o f  i n i t i a l  c o n d i t i o n  of  g r a i n .  

3 .  Obtain  g r a i n  samples a f t e r  c l e a n i n g  o p e r a t i o n .  

4. Record t h e  t o t a l  an~ount  of g ra i r !  c leaned.  

5. Record t h e  amount of l i f t i n g  t a k e n  by a  c l e a n e r .  

6. Obta in  e l e c t r i c a l  energy used d u r i n g  c l e a n i n g  o p e r a t i o n .  

7. Corduct  d r y i n g  exper iments  ( i n  C o s t a  Rica and Clay Cen te r ,  Kansas) 

a ,  Two b a t c h e s  ( r e p l i c a t i o n s )  w i t h  u n c l e a n  g r a i n .  

b .  Two b a t c h e s  ( r e p l i c a t i o n s )  w i t h  c l e a n  g r a i n .  

c  , Two-hour d r y i n g  o p e r a t i o d b a t c h .  

8. Obta in  t h e  f o l l o w i n g  pa ramete r s  of wet  g r a i n  j u s t  b e f o r e  d r y i n g  opera- 
t:Lon: 

a,. I n i t i a l  wet g r a i n  we igh t ,  i f  p o s s i b l e .  

b .  If n o t ,  l e v e l  of g r a i n  i n  a  h o l d i n g  bin .  

c .  I n i t i a l  m o i s t u r e  c o n t e n t .  

d .  T e s t  weight .  

e .  True  d e n s i t y .  



f .  Broken k e r n e l s  and i m p u r i t i e s .  

g. Insect /mold damage. 

9. Obta in  t h e  f o l l o w i n g  pa ramete r s  d u r i n g  d r y i n g  o p e r a t i o n s :  

a. Ambient a i r  t e m p e r a t u r e s  and r e l a t i v e  humidi ty  

b. Plenum a i r  t empera tu re .  

c. G r a i n  temperature .  

d. Dryer  o u t l e t  a i r  t empera tu re .  

e. Inlet a i r f l o w  rate. 

f .  S t a t i c  p r e s s u r e  i n  plenum. 

g. Drying t ime ,  i n c l u d i n g  shutdowns and any o t h e r  problems. 

h. E l e c t r i c a l  power o f  any moving d e v i c e  invo lved  i n  d ry ing .  

10. Obtain  t h e  f o l l c w i n g  pa ramete r s  o f  g r a i n  samples  a f t e r  d r y i n g  o p e r a t i o n s :  

s. F i n a l  we igh t  o f  g r a i n ,  i f  p o s s i b l e .  

b. If n o t ,  l e v e l  of  g r a i n  i n  a  b i n  a f t e r  d r i e d  g r a i n  i s  t r a n s f e r r e d  t o  
a  bin.  

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

d. Fuel  meter r e a d i n g  ( t o t a l  f u e l  consumed). 

e. T e s t  weight .  

f .  True d e n s i t y .  

g. Broken k e r n e l s  and i m p u r i t i e s .  

h. I n s e c t  and mold damage, i f  a p p l i c a b l e .  

11. Record g r a i n  l e v e l  i n  b i n  af ter  b i n  i s  f i l l e d .  

12. Obta in  samples  a f t e r  b i n  f i l l i r r g .  

13. Cont inue from s t e p  5 i n  Method I. 

Purchas ing  Agencies 

The methodology used a t  t h e  purchas ing  a g e n c i e s  i s  d e s c r i b e d  a s  f o l l o w s :  

1. Record weight o f  g r a i n  rece ived .  

2. Obta in  t h e  samples  f o r  e v a l u a t i o n  of  i n i t i a l  g r a i n  c o n d i t i o n .  



3 .  Record t h e  we igh t  of ou tgo ing  g r a i n  l o t s .  

4. Obta in  t h e  samples f o r  e v a l u a t i o n  of f i n a l  g r a i n  c o n d i t i o n  a t  t h e  pur- 
c h a s i n g  agency. 

5. Anifiyze a l l  g r a i n  samples o b t a i n e d  as d e s c r i b e d  i n  Method I. 

6. Record s t o r a g e  p r a c t i c e s  a t  t h e  purchas ing  agency. 

F i e l d  E:xpe r i e  nce i n  Kansas 

I n  o r d e r  t o  become f a m i l i a r  w i t h  g r a i n  s t o r a g e ,  hand l ing ,  and d r y i n g  opera- 
t i o n s ,  Eduardo Arce Diaz accompanied D r .  Do Sup Chung and D r .  J o e  Harner  t o  
g r a i n  s t o r a g e  f a c i l i t i e s  l o c a t e d  i n  Morganvi l le  and Clay Cen te r ,  Kansas, f o r  
a  week. F i r s t ,  f a c i l i t i e s  and g r a i n  h a n d l i n g  and d r y i n g  o p e r a t i o n s  were  
obse rved  and examined. L a t e r ,  s e v e r a l  d r y i n g  t e s t s  were  a c t u a l l y  corduc ted  o n  
c l e a n e d  and uncleaned g r a i n  sorghum u s i n g  a  commercial d r y e r  ( a  B u t l e r  Kan- 
Su c o r ~ t i n u o u s  f low c r o p  d r y e r ,  model 10-25-215, g r a i n  h o l d i n g  c a p a c i t y  720 9 .  c u  1 at ,  t h e  Clay C e n t e r  f a c i l i t y .  The purpose  was t o  examine energy con- 
sumpt ion d i f f e r e n c e s  and d r y e r  thermal  e f f i c i e n c y  v a r i a t i o n s  between t h e  
c l e a n e d  and uncleaned g r a i n  sorghum. The f i e l d  e x p e r i e n c e  a t  t h e  above fa- 
c i l i t i e s  was b e n e f i c i a l  t o  t h e  planned r e s e a r c h  a c t i v i t i e s  a t  t h e  CNP fa- 
c i l i t i e s  i n  C o s t a  Rica. 

P lann ing  o f  F i e l d  T e s t s  i n  C o s t a  Rica ( J a n u a r y  t o  August 1987) 

The p l a n n i n g  of  f i e l d  t e s t s  was one of  t h e  most c a r e f u l l y  corduc ted  s t a g e s  i n  
t h e  p r o j e c t ,  and t h e  r e s e a r c h e r s  a t  all t i m e s  were open t o  s u g g e s t i o n s  from 
t h o s e  people invo lved  i n  t h e  p r o f e c t .  T h i s  p l a n n i n g  r e q u i r e d  t h e  a c t i v e  
p a r t i c l p a t i o n  of all l e v e l s  of  CNP o f f i c i a l s ,  from t o p  a d m i n i s t r a t i o n  o f f i -  
c i a l s ,  e x e c u t i v e  p r e s i d e n t ,  g e n e r a l  manager, r e g i o n a l  d i r e c t o r s ,  and heads  of  
d i v i s i c ' n s  and d e p a r t m e n t s  down t o  p l e n t  managers and t h e i r  worlters. 

With t h e  s p e c i a l  s u p p o r t  of  t h e  Q u a l i t y  C o n t r o l  Department of  CNP, mee t ings  
were  h e l d  w i t h  t h e  people  i n  charge  of t h e  management of t h e  r e g i o n s  invo lved  
i n  t h e  p r o j e c t ,  i n  o r d e r  t o  d e f i n e  d a t e s  and r e s o u r c e s  needed t o  s t a r t  t h e  
d a t a  c o l l e c t i o n .  A t  t h e  same t i n e ,  a s p e c t s  of  t h e  t e c h n i c a l  approach o f  t h e  
me thodology were  c a r e f u l l y  s e t  f o r t h .  The d a t a  c o l l e c t i o n  p e r i o d s ,  i n c l u d i n g  
monthly sampl ings ,  were  t e n t a t i v e l y  scheduled and many o t h e r  a c t i v i t i e s  were  
planned. 

D a t a  C o l l e c t i o n  i n  C o s t a  Rica 

The i n : - t i a l  d a t a  c o l l e c t i o n  pe r iod  a t  P l a n t a  La China r a n  from February  16-26, 
1987. F G ~  P l a n t a  Ter raba ,  t h e  d a t e s  were  March 5-1 2, 1987. The o b j e c t i v e  was 
t o  r ecord  t h e  i n i t i a l  c o n d i t i o n  of t h e  g r a i n  t h a t  would be s t u d i e d  f o r  a  
4-month pe r iod  i n s i d e  a  1,600-P!T biri which was e x c l u s i v e l y  devoted t o  t h e  
r e s e a r c h  ( o n e  b i n  a t  each p l a n t ) .  The pa ramete r s  measured were  p r e v i o u s l y  
d e s c r i b e d  i n  t h i s  s e c t i o n .  

A f t e r  t h i s  i n i t i a l  s t e p ,  s e v e r a l  s h o r t  d a t a  c o l l e c t i o n  p e r i o d s  were  d e v e l o ~ e d  
o n  a  monthly b a s i s  t o  g e t  i n f o r m a t i o n  on t h e  c o n d i t i o n  of  t h e  g r a i n  i n s i d e  t h e  
b i n s ,  u n t i l  t h e  g r a i n  was f i n a l l y  unloaded a t  t h e  end o f  t h e  4-month s t o r a g e  
p e r i o d .  The f i n a l  c o n d i t i o n  o f  t h e  g r a i n  was c a r e f u l l y  r ecorded .  



For  sample a n a l y s i s  work, t h e  t e m p e r a t u r e  of  t h e  samples  was measured o n  s i te .  
The m o i s t u r e  c o n t e n t ,  i m p u r i t i e s ,  broken k e r n e l s ,  damage by i n s e c t s  and molds, 
and d e n s i t i e s  were measured a t  t h e  l a b o r a t o r y  of  each  e l e v a t o r .  The more 
compl icated t e s t s  l i k e  t h e  a f l a t o x i n  test  and t h e  oven m o i s t u r e  c o n t e n t  test 
were  performed a t  CMP' s Qua1 i t y  Cont ro l  Laboratory .  The CIGRAS l a b o r a t o r y  d i d  
t h e  a f l a t o x i n  tests on t h e  samples t h a t  came from t h e  r e c e i v i n g  hoppers  and 
t h e  b i n  f i l l i n g  p o i n t s  o f  bo th  La China and Ter raba  P l a n t s .  I n  t h e  c a s e  o f  La 
China, a l l  t h e  a n a l y s i s  was done a t  CNP's Q u a l i t y  Cont ro l  Labora to ry  s i n c e  it 
is  i n  t h e  same l o c a t i o n  as t h e  e l e v a t o r .  

The a n a l y s i s  work was always performed immediate ly  a f t e r  t h e  samples were  
taken.  I n  t h e  c a s e  o f  Ter raba ,  t h o s e  samples  s e n t  by bus  t o  t h e  Q u a l i t y  
C o n t r o l  L a b o r a t o r y  i n  Hered ia  were analyzed a f t e r  3  days ,  b u t  p r e c a u t i o n s  were 
a lways  t a k e n  t o  p r e s e r v e  t h e  o r i g i n a l  c o r d i t i o n  of  t h e  sample. The samples  
ana lyzed  a t  t h e  CIGRAS l a b o r a t o r y  were r e f r i g e r a t e d  and analyzed o v e r  a l o n g e r  
perfiod o f  t i m e  ( 2  t o  3  months).  

The f low diagrams of  bo th  t h e  L a  China and Ter raba  P l a n t s  ( w i t h  t h e  sampl ing 
p o i l l t s  marked on t h e  d iagrams)  a r e  shown i n  Apperdix I. 

Nomenclature. The f o l l o w i n g  n o m e m l a t u r e  was used t o  d e f i n e  t h e  3 0  sampl ing  
p o i n t s  i n s i d e  each s t o r a g e  b i n ,  and a l s o  t o  c o ~ u c t  t h e  s t a t i s t i c a l  a n a l y s i s  
o f  t h e  i n - b i n  v a r i a t i o n s  o f  t e m p e r a t u r e s ,  Motmco m o i s t u r e  c o n t e n t ,  and damage 
by i n s e c t s .  The d e f i n i t i o n  o f  t h e  3 0  sampl ing p o i n t s  i n s i d e  t h e  b i n s  was made 
by :Levels o f  d e p t h  ( t h r e e  l e v e l s  r e p r e s e n t e d  by t h e  v e r t i c a l  d i s t a n c e  between 
e a c h  l e v e l  and t h e  p a i n  s u r f a c e ) .  Ten sampl ing p o i n t s  were d e f i n e d  i n  each 
levc?l ,  one  i n  theo g e m e t r i c  c e n t e r  arid t h e  o t h e r  n i n e  d i s t r i b u t e d  on t h r e e  
rad:.al l i n e s  (120 a p a r t )  i n  g roups  o f  t h r e e  p o i n t s  (2.1 m a p a r t )  o n  each 
rad:-us. The r a d i a l  l i n e s  were  i d e n t i f i e d  by t h e  o r i e n t a t i o n  they  had (west- 
eaa1;-north-south o r  t h e i r  combina t ions ) .  The h o r i z o n t a l  d i s t a n c e s  from t h e  
c e n t e r  o f  t h e  b i n  o n  each r a d i u s  r e p r e s e n t e d  each o f  t h e  t h r e e  sampl ing p o i n t s  
o n  t h e  r a d i a l  l i n e s .  T h i s  way every  s a n ~ p l i n g  p o i n t  was s p e c i f i e d  by t h r e e  
iterns ( e x c e p t  t h e  c e n t r a l  p o i n t s )  : a l e t t e r  o f  t h e  a l p h a b e t  t o  i n d i c a t e  t h e  
o r i e n t a t i o n  ( r a d i u s ) ,  a number t o  i n d i c a t e  t h e  d e p t h  i n  mete r s  ( l e v e l ) ,  and a 
numl~er t o  i n d i c a t e  t h e  h o r i z o n t a l  d i s t a n c e  i n  m e t e r s  on t h e  r a d i u s  ( d i s t a n c e ) .  
The f o l l o w i n g  a r e  t h e  l e t t e r s  and numbers used. 

C = c e n t r a l  p o i n t  2 =  2.1 m The numbers 2  th rough  7 
W = west r a d i u s  4  = 4.2 m were  ~ s e d  i n  t h e  s p e c i f i -  
E = east r a d i u s  c a t i o n  o f  t h e  samples  t o  
lW = nor thwes t  r a d i u s  5 = 4.6 m r e p r e s e n t  t h e  correspond-  
SW = sou thwes t  r a d i u s  i n g  v a l u e s  i n  m e t e r s  
SE = s o u t h e a s t  r a d i u s  6  6 .3  m ( r i g h t  hand s i d e  o f  t h e  
NE = n o r t h e a s t  r a d i u s  7  = 7.0  m e q u a l  symbol f o r  t h e  

d e p t h s  and d i s t a n c e s  i n -  
s i d e  t h e  bin.  

For  t h e  s t a t i s t i c a l  a n a l y s i s  t h e  f o l l o w i n g  symbols were  used. 

ENV = environment ,  1: La China P l a n t ,  2: Ter raba  P l a n t  

1 = 2.1 m e t e r s  
LEVEL = d e p t h  i n  t h e  b i n ,  2  = 4.6 m e t e r s  

3 = 7 .0  m e t e r s  



0 = c e n t e r  p o i n t  
1 = 2.1 m e t e r s  

DIST = d i s t a n c e  from c e n t e r  o f  b i n ,  2 = 4.2 meters 
3 6 .3  meters 

La China  T e r r a b a  

1 : West E a s t  
RAD = r a d i u s ,  2:  S o u t h e a s t  Southwest  

3 : N o r t h e a s t  Northwest  

LOC = l o c a t i o n  

LEVEL 1 LEVEL 2 

LOCATIONS I 
I 

LA CHINA I 

LEVEL 3 

I LOCATIONS - 

TERRABA 
1 = C-2 1 16 = SW-4-5 



SECTION V 

RESULTS AND DISCUSSION 

R e s u l t s  of  G r a i n  Loss  Assessment i n  CNP 

The r e s u l t s  p r e s e n t e d  h e r e  correspond t o  t h e  d a t a  c o l l e c t e d  a t  t h e  two CNP 
p l a n t s  and some of  t h e  su r round ing  purchas ing  agenc ies .  The e l e v a t o r s  chosen 
were  P l a n t a  La China i n  San J o a q u i n  d e  F l o r e s ,  Heredia ,  and P l a n t a  Ter raba ,  
Palmar Norte,  Puntarenas .  The purchas ing  agency i n  San I s i d r o  de E l  Genera l  
was used f o r  t h e  s tudy  of  g r a i n  go ing  t o  La China,  and t h e  purchas ing  a g e n c i e s  
o f  E l  Fioble and Rio B o n i t o  were  used f o r  t h e  s t u d y  of g r a i n  go ing  t o  P l a n t a  
Ter raba .  

I n  s t u d i e s  of  g r a i n  found a t  t h e  purchas ing  a g e n c i e s  and t h e  v a r i a t i o n  o f  t h e  
g r a i n  c lua l i ty  d u r i n g  t h e  i n - p l a n t  c o n d i t i o n i n g  and s t o r a g e  p rocesses ,  t h e  
emphasis  was focused  on  t h e  i n i t i a l ,  middle,  and f i n a l  c o n d i t i o n  of  t h e  g r a i n .  
The f o l l o w i n g  pa ramete r s  were measured a t  d i f f e r e n t  s t a g e s :  we igh t ,  m o i s t u r e  
c o n t e n t  (Motomco and oven) ,  t empera tu re ,  b u l k  and t r u e  d e n s i t i e s ,  p e r c e n t  of  
broken k e r n e l s ,  p e r c e n t  of i m p u r i t i e s ,  p e r c e n t  of g r a i n  damaged by molds and 
i n s e c t s ,  and a f ' l a tox in  l e v e l s .  Tab les  1  and 2  show t h i s  i n f o r m a t i o n  f o r  t h e  
g r a i n  : -o ts  analyzed a t  t h e  purchas ing  a g e n c i e s  a t  t h e  t ime of  a r r i v a l  and 
d e p a r t u r e  from t h e  agency, and t h e  t ime of  a r r i v a l  a t  t h e  cor respond ing  e l e -  
v a t o r .  T a b l e s  1-A11 th rough  20-A11 i n  Appendix I1 show t h e  d a t a  c o l l e c t e d  a t  
t h e  d i f ' f e r e n t  s t e p s  of t h e  g r a i n  c o n d i t i o n i n g  and s t o r a g e  p r o c e s s e s  f o r  each  
parameter  a t  both  e l e v a t o r s .  Samples were t a k e n  and ana lyzed  from t h e  time 
t h e  g r a i n  was r e c e i v e d  a t  t h e  hopper u n t i l  t h e  t ime t h e  g r a i n  was unloaded 
from t h e  s t o r a g e  bin .  Data  on  t h e  monthly v a r i a t i o n s  of t h e  g r a i n  c o n d i t i o n  
d u r i n g  t h e  s t o r a g e  pe r iod  were  a l s o  i n c l u d e d  i n  Appendix I11 ( T a b l e s  1-A111 
through. 24-A111 1. 

Purchas ing  Agencies. Table  1  d e s c r i b e s  d a t a  o n  t h e  t h r e e  l o t s  from t h e  pur- 
c h a s i n g  agency of  San I s i d r o  de E l  General  i n  t h e  La China P l a n t  a r e a .  The 
f i r s t  v a l u e  on  t h e  l e f t  f o r  each parameter  co r responds  t o  l o t  A ,  t h e  second 
v a l u e  c:orresponds t o  l o t  B, and t h e  t h i r d  v a l u e  cor responds  t o  l o t  C. The 
t h r e e  :Lots l e f t  t h e  purchas ing  agency s h o r t l y  af'ter t h e y  a r r i v e d  and g o t  t o  
t h e  La China P l a n t  t h e  next  day. The d a t a  on t h e  a r r i v a l  we igh t  a t  P l a n t a  La 
China oould o n l y  be o b t a i n e d  f o r  l o t  C due t o  t h e  d i f f i c u l t i e s  invo lved  i n  t h e  
normal o p e r a t i o n  o f  t h e  p l a n t .  

Tab le  2 d e s c r i b e s  d a t a  on t h e  two l o t s  from t h e  purchas ing  a g e n c i e s  o f  E; 
Roble ( l o t  A )  and Rio Boni to  ( l o t  B) i n  t h e  Ter raba  P l a n t  a rea .  The first 
v a l u e  on  t h e  l e f t  f o r  each parameter  co r responds  t o  l o t  A ( f rom El  Roble 
Agency) and t h e  second v a l u e  cor responds  t o  l o t  B (from Rio Boni to  Agency). 
Lo t  A s t a y e d  a t  t h e  agency f o r  3 days  and a r r i v e d  a t  t h e  p l a n t  on t h e  f o u r t h  
day. Lot B s t a y e d  a t  t h e  agency f o r  1  day and a r r i v e d  a t  t h e  p l a n t  t h e  same 
day. 

La China P l a n t .  T a b l e s  1-A11 through 10-A11 i n  Appendix I1 i l l u s t r a t e  t h e  
d a t a  c o l l e c t e d  a t  d i f f e r e n t  sampling p o i n t s  of t h e  g r a i n  c o n d i t i o n i n g  and 
s t o r a g e  p r o c e s s e s  a t  t h e  La China P l a n t .  The first f o u r  columns were gew 
e r a t e d  w i t h  t h e  d a t a  t a k e n  d u r i n g  t h e  g r a i n  r e c e i v i n g  pe r iod  ( 2  weeks).  The 
fol1ow:ing f i v e  columns show t h e  in fo rmat ion  about  t h e  g r a i n  c o n d i t i o n  d u r i n g  
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t h e  a t o r a g e  pe r iod  i n  t h e  b i n ,  and t h e  l a s t  two columns corresporid t o  t h e  d a t a  
acqufired d u r i n g  t h e  u n l o a d i n g  p r o c e s s  of  t h e  g r a i n  from t h e  bin.  

The f o l l o w i n g  p a r m e t e r s  were  noted a t  t h e  La China  p l a n t :  

1nte:ma.l b i n  d iamete r :  14.575 m ( 4 7 . 8 ' )  I n t e r n a l  b i n  h e i g h t :  14.175 m 
( 4 6 . 5 l )  

I n i t i a l  t o t a l  g r a i n  we igh t  8899646.5 k g  (1 ,961,  301 l b )  
Weight of  l i f t i n g  3,481.5 k g  (7 ,675  l b )  
1 n i t : i a l  g r a i n  we igh t  w i t h o u t  l i f t i n g  886,165.0 k g  (1 ,953,  626 l b )  
1ni t :Lal  g r a i n  l e v e l  i n s i d e  t h e  b i n  6.605 m (21.7 f e e t )  
F i n a l  g r a i n  we igh t  a f t e r  u n l o a d i n g  854,393.5 kg (1 ,883,  583 l b )  
F i n a l  g r a i n  l e v e l  i n s i d e  t h e  b i n  6 .55 m (21.5 f e e t )  

Ter raba  P l a n t .  T a b l e s  11-A11 th rough  20-A11 i n  Appendix I1 d e t a i l  t h e  d a t a  - 
c o l l e c t e d  a t  d i f f e r e n t  sampl ing p o i n t s  of  t h e  g r a i n  c o n d i t i o n i n g  and s t o r a g e  
p r o c e s s e s  a t  t h e  T e r r a b a  P l a n t .  The first f o u r  columns were  g e n e r a t e d  w i t h  
t h e  d a t a  t a k e n  d u r i n g  t h e  g r a i n  r e c e i v i n g  pe r iod .  The f o l l o w i n g  f i v e  columns 
show t h e  i n f o r m a t i o n  abou t  t h e  g r a i n  c o n d i t i o n  d u r i n g  t h e  s t o r a g e  pe r iod  i n  
t h e  b i n ,  and t h e  l a s t  two columns corresporid t o  t h e  d a t a  a c q u i r e d  d u r i n g  t h e  
u n l o a d i n g  p r o c e s s  of  t h e  g r a i n  from t h e  bin.  

The f o l l o w i n g  pa ramete r s  were  noted a t  t h e  T e r r a b a  p l a n t :  

I n t e r n a l  b i n  d i a m e t e r :  14.55 m ( 4 7 . 7 l )  I n t e r n a l  b i n  h e i g h t :  14.215 m 
( 4 6 . 6 l )  

I n i t i a l  t o t a l  g r a i n  we igh t  956,466 k g  (2 ,108 ,  611 l b )  
Weight of  l i f t i n g  3,409 k g  ( 7 , 5 1 5  l b )  
I n i t i a l  g r a i n  we igh t  w i t h o u t  l i f t i n g  953,057 kg  (2 ,101,  096 l b )  
I n i t i a l  g r a i n  l e v e l  i n s i d e  t h e  b i n  7.45 m (24.4  f e e t )  
F i n a l  g r a i n  we igh t  a f t e r  u n l o a d i n g  917,823 k g  (2 ,023,  419 l b )  
F i n a l  g r a i n  l e v e l  i n s i d e  t h e  b i n  7.465 rn (24.5 f e e t )  

D i s c u s s i o n  of  G r a i n  L o s s  Assessment i n  CNP - 
The f o l l o w i n g  d i s c u s s i o n  is s t r i c t l y  l i m i t e d  t o  t h e  r a n g e s  of d a t a  c o l l e c t e d  
w i t h i n  t h e  s p e c i f i c  s p a c e - t i m  c o d i t i o n s  of t h e  r e s e a r c h .  Due t o  t h e  s t a t i s -  
t i c a l  n a t u r e  of t h e  a n a l y s i s ,  e x t r a p o l a t i o n s  a r e  n o t  recommended. The sta- 
t i s t i c a l  and o t h e r  q u a n t i t a t i v e  a n a l y s e s  of  t h e  r e s u l t s  were  performed and 
t h e i r  r e s u l t s  a r e  p resen ted .  

Purchas ing  Agencies. The a ~ . o v n t  o f  d a t a  c o l l e c t e d  from t h e  t h r e e  l o t s  i n  t h e  - 
La China a r e a  and t h e  two l o t s  i n  t h e  Ter raba  a r e a  was n o t  s u f f i c i e n t  t o  
c o r d u c t  a  s t a t i s t i c a l l y  s i g n i f i c a n t  a n a l y s i s .  However, t h e  e x p e r i e n c e  con- 
f i r n e d  t h a t  by f o l l o w i n g  t h e  l o t s  of g r a i n  from p u r c h a s i n g  a g e n c i e s ,  v a l u a b l e  
i n f o r m a t i o n  can be ~ e ~ e r a t e d  w i t h  which t o  judge h a n d l i n g  p r a c t i c e s .  For 
f u t u r e  r e s e a r c h  o p p o r t u n i t i e s ,  c a r e f u l  p l a n n i n g  o f  t h i s  a s p e c t  should  be done 
t e c z u s e  t h e  c o l l e c t i o n  of  d a t a  i s  p a r t i c u l a r l y  d i f f i c u l t  i f  a  l a r g e  number of  
grain l o t s  a r e  fo l lowed.  

The g e n e r a l  i m p r e s s i o n  d e r i v e d  from t h e  o b s e r v a t i o n s  made o n  t h e  p u r c h a s i n g  
age11cy o p e r a t i o n s  i n d i c a t e s  t h a t  such a g e n c i e s  a r e  s u s c e p t i b l e  p l a c e s  f o r  mold 



and i n s e c t  development d u r i n g  t h e  time t h e  g r a i n  l o t s  remain t h e r e .  The 
r e a s o n  is s imple .  Very poor s t o r a g e  c o n d i t i o n s  c h a r a c t e r i z e  most o f  t h e  
agenc ies .  Very o l d  b u i l d i n g s  w i t h  r o o f s  and w a l l s  i n  poor c o n d i t i o n  and a 
c l e a r l y  i n s u f f i c i e n t  s t o r a g e  area make it necessa ry  sometimes t o  s t o r e  g r a i n  
direct:Ly o n  t h e  f l o o r  and/or  o u t s i d e  i n  t h e  agency su r round ings .  There  i s  
a l s o  a l a c k  of o r d e r  and c l e a n l i n e s s  i n  most of  t h e  p u r c h a s i n g  agenc ies .  

La China ar,d Ter raba  P l a n t s .  Table  3 shows t h e  average  v a l u e s  c a l c u l a t e d  from 
t h e  d a t a  c o l l e c t e d  a t  each s t a g e  of t h e  d i f f e r e n t  p r o c e s s e s  t h a t  t h e  g r a i n  
underwent a t  t h e  e l e v a t o r s .  The s t a n d a r d  d e v i a t i o n  v a l u e  is a l s o  inc luded .  
T a b l e s  I - A 1 1 1  through 24-A111 i n  Appendix I11 o n  t h e  g r a i n  t empera tu re ,  mois- 
t u r e  c o n t e n t ,  and damage by i n s e c t  v a r i a t i o n s  r e p r e s e n t  t h e  g e n e r a l  d a t a  by 
l o c a t i o n  and d a t e ,  and t h e  average  v a r i a t i o n s  by l e v e l ,  by r a d i u s ,  by d i s -  
t a n c e ,  and t h e  whole b i n  t o t a l  v a r i a t i o n s .  F i g u r e s  3 t o  20 show t h e  g raphs  of  
t h e  average  v a r i a t i o n s  mentioned above. 

Tab le  il p r e s e n t s  a summary o f  t h e  g r a i n  c o n d i t i o n s  b e f o r e  and a f t e r  t h e  s t o r -  
age  pe:riod f o r  both  e l e v a t o r s ,  La China and Terraba.  

Tab le  '5 is a summary t a b l e  o f  t h e  s t a t i s t i c a l  a n a l y s i s  performed o n  t h e  d a t a  
r e g a r d i n g  t h e  g r a i n  c o n d i t i o n i n g  and u n l o a d i n g  p rocesses .  The words YES and 
N O  r e p r e s e n t  t h e  e x i s t e n c e  (YES) o r  nonex i s t ence  ( N O )  o f  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  between t h e  i n i t i a l  and f i n a l  l e v e l s  o f  a c e r t a i n  pa- 
r a m e t e r  measured d u r i n g  t h e  experiroent. A (+) means t h a t  t h e  i n i t i a l  v a l u e  
was g r e a t e r  t h a n  t h e  f i n a l  one,  and a (-1 means t h a t  t h e  i n i t i a l  v a l u e  was 
smallel? t h a n  t h e  f i n a l  one. 

Tab le  6 shows t h e  d i f f e r e n t  f i g u r e s  used t o  c a l c u l a t e  t h e  d r y  m a t t e r  l o s s  a t  
each  e:-evator from t h e  d a t a  p r e s e n t e d  i n  t h e  r e s u l t s  s e c t i o n .  

La China P l a n t .  A d r y  m a t t e r  l o s s  o f  1.68 p e r c e n t  is  a n  a c c e p t a b l e  f i g u r e  f o r  
weight  l o s s ,  b u t  t h e  c a u s e s  of t h i s  l o s s  can be unders tood  from t h e  a n a l y s i s  
of t h e  q u a l i t a t i v e  changes  undergone by t h e  g r a i n  i n s i d e  t h e  bin.  Table  5 
shows t h a t  t h e  damage caused t o  t h e  g r a i n  by i n s e c t s  was s i g n i f i c a n t l y  h i g h e r  
a t  t h e  e r d  of  t h e  s t o r a g e  pe r iod  t h a n  it was a t  t h e  beg inn ing  ( t h i s  is  t h e  
meaning of t h e  e x p r e s s i o n  IT8 ( -1  i n  t h e  t a b l e ) .  The e f f e c t  o f  i n s e c t  a c t i v -  
i t y  i n s i d e  t h e  b i n  a t  La China was a l s o  confirmed by t h e  s i g n i f i c a n t  d e c r e a s e  
of t h e  g r a i n  bu lk  d e n s i t y  (YES (+I  d u r i n g  t h e  s t o r a g e  pe r iod .  The average  
p e r c e n t a g e  o f  g r a i n  damaged by i n s e c t s  a t  t h e  i n i t i a l  s t o r a g e  c o n d i t i o n  was 
0.12 p e r c e n t  and t h e  pe rcen tage  a t  t h e  f i n a l  s t o r a g e  c o n d i t i o n  was 0.69 per- 
c e n t .  The average  bu lk  d e n s i t y  v a l u e  d e c r e a s e d  from 75.79 kg /h l  o r  58.93 
l b / b u  : a t  t h e  i n i t i a l  s t o r a g e  c o n d i t i o n )  t o  74.24 k d h l  o r  57.73 l b / b u  ( a t  t h e  
f i n a l  :s torage c o r d i t i o n ) .  The average  pe rcen tage  o f  i m p u r i t i e s  i n c r e a s e d  from 
0.43 p e r c e n t  t o  1 .45 p e r c e n t  d u r i n g  t h e  s t o r a g e  pe r iod .  

The l e v e l  of  a f l a t o x i n  i n  p a r t s  p e r  b i l l i o n  (ppb)  d i d  n o t  i n c r e a s e  s i g n i f i -  
c a n t l y  between t h e  t i r e  t h e  g r a i n  a r r i v e d  a t  t h e  hopper and t h e  tire it was 
unloaded from t h e  b i n  a t  t h e  erd o f  t h e  s t o r a g e  pe r iod .  The i n i t i a l  ave rage  
l e v e l  laas 76 ppb and t h e  f i n a l  ave rage  l e v e l  was 91 ppb. However, t h e s e  a r e  
h i g h  and comple te ly  u n a c c e p t a b l e  a f l a t o x i n  l e v e l s  a c c o r d i n g  t o  h e a l t h  s t an -  
d a r d s  1:20 ppb i s  t h e  maximum f o r  human consumption i n  t h e  Uni ted  S t a t e s ) .  

The f i rst  c l e a n i n g  machine removed s i g n i f i c a n t  amounts o f  i m p u r i t i e s  because  
t h e  average  we igh t  of g r a i n  l i f t i n g  recorded  d a i l y  was 0.28 p e r c e n t  of  t h e  
w e i g h t  o f  g r a i n  r e c e i v e d  a t  t h e  hopper. 



Some d r y i n g  and c o o l i n g  of t h e  g r a i n  took p l a c e  d u r i n g  t h e  s t o r a g e  per iod.  
The w e r a g e  oven m o i s t u r e  c o n t e n t  decreased  from 13.08 p e r c e n t  t o  12.18 per- 
c e n i  and t h e  average g r a i n  t empera tu re  decreased  from 1 0 6 ' ~  (41°c) t o  7 8 ' ~  
(26 C 1. A t o t a l  of 101 hours  of a e r a t i o n  was a p p l i e d  t o  t h e  g r a i n  d u r i n g  t h e  
st o r  e.ge pe r iod . 
There  were  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  i n i t i a l  and f i n a l  l e v e l s  of 
t h e  z.verage p e r c e n t w e  of broken k e r n e l s  and t h e  average damage by molds. 

From F i g u r e s  3-11 and a l s o  Tab les  1-A111 through 12-A111 i n  Appendix 111, i t  
i s  p o s s i b l e  t o  d e s c r i b e  how t h e  changes i n  t empera tu re ,  m o i s t u r e  c o n t e n t  and 
damae;e by i n s e c t s  occur red  i n s i d e  t h e  b i n  d u r i n g  t h e  s t o r a g e  per iod i n  t h e  La 
China p l a n t .  

Temperature 

The d i f f e r e n t i a l s  , b e h e e n  g r a i n  t empera tu re  and a t n o s p h e r i c  terc e r a t u r e  were 8 g r e a t e r  thgn  1 0 ' ~  ( 5 . 5 ' ~ )  i n  all t h e  f i v r e s  f o r  February ( 1 0  F o r  5 . 5 O ~ ) .  
March ( 1 5  F o r  8 .3°s) ,  and A p r i l  (11  F o r  6 . 2 ' ~ ) ,  w i t h  t h e  s m a l l e s t  
d i f f e r e n t i a l  i n  May ( 2  Foor l.lOc$ - below t h e  a tmospher ic  t empera tu re )  and t h e  
l a r g e s t  one  i n  March ( 1 5  F o r  8 . 3  C ) .  

D i f f e r e n t i a l s  between l e v e l s ,  between r a d i i  i n  a  lexel, and between d i s t a n c e s  
i n  a l e v e l  were  u s u a l l y  - n o t  g r e a t e r  t h a n  lo°F (5.5 C )  f o r  any month ( f o r  t h e  
average  v a l u e s  F i g u r e s  3, 4 ,  and 5 ) .  

The average  t empera tu re  of l e v e l  1  ( n e a r e s t  l e v e l  t o  t h e  b i n ' s  r o o f )  tended t o  
be h i g h e r  than  t h o s e  o f  t h e  o t h e r  two l e v e l s  - e s p e c i a l l y  d u r i n g  t h e  months of 
February,  March$ and A8ri.l - but  t h e  d i f f e r e n t i a l  never  reached a  v a l u e  
g rea . t e r  t h a n  10  F o r  5.5 C ( F i g u r e  3 ) .  

Except f o r  l e v e l  3 ,  i n  a l l  t h e  l e v e l s  t h e  average t empera tu res  f o r  r a d i u s  one 
( r a d . i u s  i n  l i n e  w i t h  t h e  westerr ,  s i d e  of  t h e  b i n ' s  w a l l  exposed t o  s u n s h i n e )  
were  h i g h e r  t h a n  t h o s e  of  t h e  o t h e r  r a d i i  e s p e c i a l l y  f o r  t h e  months o f  March, 
Apr i lSoand  May - but  t h e  d i f f e r e n t i a l  never  reached a v a l u e  g r e a t e r  t h a n  lo°F 
o r  5.5 C (Tab le  3-AIII) .  

I n  ; a l l  t h e  l e v e l s ,  t h e  average t empera tu res  f o r  d i s t a n c e  1  ( t h e  c l o s e s t  dig- 
tame t o  t h e  b i n ' s  c e n t r a l  p o i n t  - 2.1 m e t e r s  a p a r t )  were  h i g h e r  t h a n  t h o s e  of 
t h e  o t h e r  two d i s t a n c e s  - e s p c i a l l y  f o r  t h e  months of February,  March, Agril, 
and May - but  t h a t  d i f f e r e n t i a l  never  reached a v a l u e  g r e a t e r  than  10 F o r  
5 . 5 " ~  (Tab le  4-A111 and F i g u r e  5  ) . 
I n  g e n e r a l ,  t h e  g r a i n  t empera tu re  followed t h e  i n c r e a s i n g - d e c r e a s i n g  t r e n d  o f  
t h e  a tmospher ic  t e m p e r a t ~ l r e  f o r  t h e  first 3 months of  s t o r a g e .  Then i n  Fay, 
g r a i n  t e m p e r a t u r e  was lower  t h a n  a ~ ~ b i e n t  t empera tu re ,  and i n  June,  g r a i n  
t empera tu re  i n c r e a s e d  aga in ,  w h i l e  atniospheric t e m p e r a t u r e  con t inued  decreas-  
i n g  ( F i g u r e  6 ) .  

Hotomco Moisture Content 

The whole b i n  average  d i f f e r e n t i a l s  had a  maximum o f  0.8% of  m o i s t u r e  c o n t e n t  
(wet  b a s i s ) .  The l o w e s t  v a l u e  was recorded  i n  March (12 .2%) .  and t h e  h i g h e s t  
one i n  J u n e  (13%)  ( F i g u r e  1 0 ) .  



The g r a i n  m o i s t u r e  c o n t e n t  fo l lowed t h e  tendency of t h e  i n c r e a s i n g  r e l a t i v e  
humidi ty  d u r i n g  t h e  s t o r a g e  pe r iod ,  e x c e p t  f o r  t h e  t ime from February  t o  
March, i n  which t h e  m o i s t u r e  c o n t e n t  d e c r e a s e d  from 12.4% t o  12.2% ( F i g u r e  
1 0 ) .  

Average v a l u e s  by l e v e l s  fo l lowed  t h e  i n c r e a s i n g  tendency of  t h e  r e l a t i v e  
humidity.  The d i f f e r e n t i a l s  be tween l e v e l s  reached t h e  maximm v a l u e  i n  J u n e ,  
between l e v e l  1  and l e v e l  3 (0 .7% o f  m o i s t u r e  c o n t e n t ) ,  and t h e  minimum v a l u e  
i n  Feb:?uary, between e i t h e r  l e v e l  1  o r  3 and l e v e l  2  (0.1% o f  m o i s t u r e  con- 
t e n t )  ( F i g u r e  7 ) .  

For  every  month of  s t o r a g e ,  t h e  average  m o i s t u r e  c o n t e n t  of l e v e l  1  tended t o  
be t h e  h i g h e s t  among t h e  t h r e e  l e v e l s  ( e x c e p t  i n  May, when l e v e l  2  had t h e  
h ighest ;  v a l u e ) .  Level  2  tended t o  have t h e  second h i g h e s t  v a l u e  f o r  a l l  t h e  
s t o r a g e  months e x c e p t  i n  Hay ( F i g u r e  7 ) .  

The average  v a l u e s  by r a d i u s  o v e r  t h e  t h r e e  d i f f e r e n t  l e v e l s  showed t h e  f o l -  
lowing  v a r i a t i o n s  (Tab le  8 -AI I I ) .  

Level  1  showed t h e  maximm d i f f e r e n t i a l  i n  February ,  between r a d i u s  2  and 
r a d i u s  3 (0.9% o f  m o i s t u r e  c o n t e n t ) .  The r a d i u s  w i t h  t h e  h i g h e s t  v a l u e s  was 
2. 

Level  2 showed t h e  maximum d i f f e r e n t i a l  i n  J u n e ,  between r a d i u s  1  and r a d i u s  3 
(0.8% o f  m o i s t u r e  c o n t e n t ) .  The r a d i u s  w i t h  t h e  h i g h e s t  v a l u e s  was 3 ,  e x c e p t  
f o r  February  and June ,  when r a d i u s  2  had t h e  h i g h e s t  v a l u e s .  

Level  2: showed t h e  maximum d i f f e r e n t i a l  i n  J u n e ,  between r a d i u s  1  and r a d i u s  3  
( 1.1 % o f  m o i s t u r e  c o n t e n t  1. The r a d i u s  w i t h  t h e  h i g h e s t  v a l u e s  was 3 ,  e x c e p t  
f o r  February  when 2  had t h e  h i g h e s t  v a l u e s .  

For  t h e  t h r e e  l e v e l s ,  r a d i u s  3  had a n  i n c r e a s i n g ,  a lmos t  l i n e a r  tendency.  

For  l e v e l  2  and 3 ,  r a i u s  1  had a  d e c r e a s i n g  tendency i n  March and June.  

Radius 2  fo l lowed  t h e  g e n e r a l  behav io r  of  t h e  whole b i n  v a r i a t i o n .  

The average v a l u e s  by d i s t a n c e  o v e r  t h e  t h r e e  d i f f e r e n t  l e v e l s  showed t h e  
fo l lowj .ng v a r i a t i o n s  (Tab le  9-AIII) . 

Level  1 showed t h e  maximm d i f f e r e n t i a l  i n  March, between d i s t a n c e  1  and 3 ,  i n  
May, between d i s t a n c e  1  and 2 ,  and i n  J u n e ,  between d i s t a n c e  1  and 2. I n  a l l  
t h e  c a s e s ,  t h e  v a l u e  was 0.5% o f  m o i s t u r e  c o n t e n t .  D i s t a n c e  2  had t h e  h i g h e s t  
v a l u e s  i n  A p r i l ,  May, and June .  

Level  ;! showed t h e  maximm d i f f e r e n t i a l  i n  March, May, and June ,  e x a c t l y  a s  i n  
l e v e l  1 .  D i s t ance  3  had t h e  h i g h e s t  v a l u e s  i n  March, A p r i l ,  and Fay, and 
d i s t a n c e  2  had them i n  February  and March. 

Level  :3 showed t h e  maximum d i f f e r e n t i a l  i n  March (0 .5% o f  m o i s t u r e  c o n t e n t )  
between d i s t a n c e  1  and 3. D i s t a n c e  3 had t h e  h i g h e s t  v a l u e s  i n  March, A p r i l ,  
May, and June.  



Damag:e by Insects 

Whole b i n  a v e r a g e s  showed a  d e c r e a s i n g  tendency from February t o  March, w i t h  a  
sharp  i n c r e a s e  from March t o  A p r i l  ( f rom 0.19% t o  0 .41%) .  t h i s  b e i n g  t h e  
l a r g e s t  d i f f e r e n t i a l .  The f i n a l  v a l u e  was 0.39% i n  June  ( F i g u r e  1 1 ) .  

T e r r ~ ~ b a  P l a n t .  The 0.32 p e r c e n t  dry  m a t t e r  l o s s  c a l c u l a t e d  i n  t h e  g r a i n  
s t o r e d  a t  t h e  Ter raba  p l a n t  is  v e r y  smal l ,  p r a c t i c a l l y  n e g l i g i b l e .  The anal-  
y s i s  of t h e  q u a l i t y  of t h i s  g r a i n  shows t h a t  v e r y  few s i g n i f i c a n t  changes took  
place: d u r i n g  t h e  s t o r a g e  per iod.  I n  t h i s  s e n s e ,  t h e  average percentage o f  
g r a i n  damaged by i n s e c t s  d i d  n o t  show any 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 a e s  when compared t o  any of  t h e  sampling p o i n t s  i n  t h e  c o n d i t i o n i n g  pro- 
c e s s .  I n  s u p p o r t  of t h i s  f a c t ,  i t  was l a t e r  found t h a t  no s i g n i f i c a n t  change 
occurSred d u r i n g  t h e  s t o r a g e  per iod i n  t h e  average  g r a i n  bulk  d e n s i t y  ( t h e  
i n i t i a l  v a l u e  was 75.2 kg/hl  o r  58.47 l b / b u  and t h e  f i n a l  v a l u e  was 75.45 
kg/hl. o r  58.67 lb /bu .  I n  a d d i t i o n ,  t h e  average percen tage  of i m p u r i t i e s  d i d  
n o t  i n c r e a s e  d u r i n g  t h e  s t o r a g e  per iod  (Tab le  5 ) .  

The l e v e l  of  a f l a t o x i n  i n  ppb d i d  no t  change s i g n i f i c a n t l y  between t h e  t ime 
t h e  g r a i n  a r r i v e d  a t  t h e  hopper and t h e  t ime it was unloaded from t h e  b i n  a t  
t h e  end o f  t h e  s t o r a g e  per iod.  The i n i t i a l  average l e v e l  was 69 ppb and t h e  
f i n a l  average l e v e l  was 31 ppb (Tab le  5 ) .  

The c l e a n i n g  machine i n  Ter raba  removed a  s t a t i s t i c a l l y  s i g n i f i c a n t  amount of 
impu:?i t ies  ( t h e  average v a l u e  changed from 0.77 p e r c e n t  t o  0.43 p e r c e n t )  
(Tab le  5  . 
Some c o o l i n g  and d r y i n g  of  t h e  g r a i n  took p l a c e  d u r i n g  t h e  s t o r a g e  per iod .  
The average g r a i n  t empera tu re  decreased from 1 3 0 . 6 ~ ~  (54.8OC) t o  9 4 . 2 ' ~  
(34.j°C) and t h e  average oven m o i s t u r e  c o n t e n t  decreased  from 12.31 percen t  t o  
1  1.38 p e r c e n t  ( t h e  change i n  mois tu re  c o n t e n t  was not  s t a t i s t i c a l l y  s i g n i f -  
i c a n t  1. A t o t a l  of 37 hours  of  a e r a t i o n  were a p p l i e d  t o  t h e  g r a i n  d u r i n g  t h e  
s t o r a g e  per iod  ( a l l  t h e  hours  were  a p p l i e d  i n  t h e  first s t o r a g e  month). 

There  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  i n i t i a l  and f i n a l  l e v e l s  of  
t h e  average percentage of broken k e r n e l s  and t h e  average  damage by molds 
(Tab le  5 ) .  

Frou. F i g u r e s  12  through 20 and a l s o  Tab les  13-A111 through 24-A111 i n  Appendix 
111, it is p o s s i b l e  t o  d e s c r i b e  how t h e  changes i n  t empera tu re ,  m o i s t u r e  
c o n t e n t ,  and damage by i n s e c t s  occurred d u r i n g  t h e  s t o r a g e  per iod i n  t h e  
Terrbaba p l a n t .  

Temperature 

D i f f e r e n t i a l s  be tween average g r a i n  t e m p e r a t u r e  and a tmospher ic  t empera tu re  
0 were g r e a t e r  t h a n  10 F (5 .5  $1 i n  a l l  f i g u r e s  f o r  t h e  months o f  J u n e  ( 1 3 ' ~  o r  

7 . 2 " ~ )  and J u l y  ( 1 5 ' ~  o r  8.3 C )  ( F i g u r e  1 5 ) .  

The s m a l l e s t  d i f p r e n t i a l  was i n  May ( l °F  o r  0 . 5 ~ ~ 1  and t h e  l a r g e s t  was i n  
J u l y  ( 1 5 ' ~  o r  8 .3  C )  ( F i g u r e  1 5 ) .  

Temperature d i f f e r e n t i a l s  between l e v e l s ,  between r a d i i  i n  a  l e v e %  and be- 
0 tween d i s t a n c e s  i n  a  l e v e l  were never  equa l  t o  o r  g r e a t e r  than  10 F  (5 .5  C) 

f o r  any month ( f o r  t h e  average v a l u e s )  ( F i g u r e s  12, 13, and 1 4 ) .  



P r a c t i c a l l y ,  t h e r e  was no d i f fe re f i ce  ( l°F o r  l e s s )  between t h e  average  temp 
e r a t u r e  of  t h e  t h r e e  l e v e l s  f o r  t h e  s t o r a g e  months ( F i g u r e  1 2 ) .  

Average t e m p e r a t u r e  f o r  r a d i u s  1  ( e a s t e r n  s i d e  of  t h e  b i n ' s  w a l l  exposed t o  
s u n l i g i l t )  i n  a l l  l e v e l s  tended t o  be h i g h e r  t h a n  t h o s e  f o r  t h e  o t h e r  r a d i i  f o r  
t h e  months o f  I4arch and A p r i l  ( F i g u r e  13) .  

From Hsy u n t i l  J u l y ,  t h e  average  t e m p e r a t u r e s  f o r  r a d i u s  3  ( n o r t h w e s t e r n  s i d e  
o f  t h e  b i n ' s  w a l l ,  exposed t o  s u n l i g h t ) ,  were  h i g h e r  a lmos t  all t h e  t i n e  t h a n  
t h o s e  :For t h e  o t h e r  two r a d i i .  However, t h e  d i f f e r e n t i a l s  were n e v e r  e q u a l  t o  
o r  g r e , s t e r  t h a n  1 0 ' ~  o r  5 . 5 ' ~  ( 4 ' ~  maximrn, F i g u r e  1 3 ) .  

I n  a l l  t h e  l e v e l s  f o r  a l l  t h e  s t o r a g e  months, t h e  average  t e m p e r a t u r e s  f o r  
d i s t a n c e  1  ( t h e  c l o s e s t  l o c a t i o n  t o  t h e  b i n ' s  c e n t r a l  p o i n t  - 2.1 m e t e r s  
a p a r t )  were  h i g h e r  t h a n  t h o s e  of t h e  o t h e r  two d i s t a n c e s .  Howeverb t h e  d i f f -  
e r e n t i a l  never  reached a  v a l u e  e q u a l  t o  o r  g r e a t e r  t h a n  1 0 ' ~  o r  5 .5  C ( 4 ' ~  was 
t h e  maximum, F i g u r e  1 4 ) .  

I n  g e n e r a l ,  t h e  d e c r e a s i n g  tendency o f  t h e  ambient  t e m p e r a t u r e  was fo l lowed  by 
t h e  g r a i n  t e m p e r a t u r e  from March t o  May bu t  a f t e r  t h a t ,  g r a i n  t e m p e r a t u r e  
i n c r e a s e d  s h a r p l y  i n  J u n e  and t h e n  i n  J u l y ,  w h i l e  ambient  t e m p e r a t u r e  con- 
t i n u e d  d e c r e a s i n g  ( F i g u r e  15) .  

Hotomco Hoisture Content 

The whole b i n  average  i n c r e a s e d  from t h e  l o w e s t  v a l u e  i n  March ( 1  1 .2%)  u p  t o  
t h e  h i ,ghes t  v a l u e  i n  J u n e  (1  1 .9%) t o  t h e n  d e c r e a s e  t o  a  f i n a l  v a l u e  i n  J u l y  
1 1 . 3 % .  So, t h e  l a r g e s t  d i f f e r e n t i a l  was 0.7% o f  m o i s t u r e  c o n t e n t ,  between 
t h e  months o f  Harch and J u n e  ( F i g u r e  1 9 ) .  

The g e n e r a l  v a r i a t i o n s  i n s i d e  t h e  b i n  fo l lowed t h e  i n c r e a s i n g  t e r d e n c y  o f  t h e  
a tmospher ic  r e l a t i v e  humidi ty  d u r i n g  March ( 8 3 % ) ,  A p r i l  (8681,  and May (90% 1. 
After t h i s ,  t h e  v a l u e s  of r e l a t i v e  humidi ty  d e c r e a s e d  t o  89% f o r  t h e  months o f  
J u n e  and J u l y  but  t h e  v a l u e s  of  m o i s t u r e  c o n t e n t  k e p t  i n c r e a s i n g  u n t i l  they  
reached  t h e  maximum v a l u e  i n  J u n e  ( F i g u r e  1 9 ) .  

The v a r i a t i o n s  by l e v e l  showed t h e  sane  p a t t e r n  a s  t h e  g e n e r a l  v a r i a t i o n s ,  
w i t h  t h e  v a l u e s  of l e v e l  1  ( t h e  c l o s e s t  t o  t h e  b i n ' s  r o o f )  b e i n g  t h e  h i g h e s t  
ones  most of  t h e  tiroe and t h e  v a l u e s  o f  l e v e l  3 b e i n g  t h e  l o w e s t  ones  ( F i g u r e  
16) .  

Howevel-, t h e  l a r g e s t  d i f f e r e n t i a l  between t h o s e  two l e v e l s  was 0.9% o f  mois- 
t u r e  c o n t e n t  i n  t h e  month of  May ( f rom 11.8% t o  10 .9%)  and t h e  s m a l l e s t  d i f f -  
e r e n t i a l  between t h e  same l e v e l s  was 0.4% o f  m o i s t u r e  c o n t e n t  i n  t h e  month o f  
A p r i l  ( f rom 11.4% t o  11.O%, F i g u r e  1 6 ) ) .  

The average  v a l u e s  by r a d i u s  o v e r  t h e  t h r e e  d i f f e r e n t  l e v e l s  showed t h e  f o l -  
lowing  v a r i a t i o n s  (Tab le  15-AIII) . 

Level  'I showed t h e  maximm d i f f e r e n t i a l  i n  Harch (1 .1% of  m o i s t u r e  c o n t e n t )  
between r a d i u s  1  (10.8% - e a s t e r n  s i d e  of t h e  b i n ' s  w a l l )  and radiuls  3  ( 1  1.9% 
- nor thwes te rn  s i d e  of  t h e  b i n ' s  w a l l ) .  Radius  3 had t h e  h i g h e s t  v a l u e s  a l l  
t h e  tine, e x c e p t  i n  J u n e  when 1  had t h e  h i g h e s t  one. 



Level. 2  showed t h e  maximm c i i f f e r e n t i a l  i n  March (0 .5% o f  m o i s t u r e  c o n t e n t )  
between r a d i u s  1  (1  1.2% and r a d i u s  3  1 1 . 7 % .  Radius  2  had t h e  h i g h e s t  
v a l u e s  i n  A p r i l ,  May, and J u l y .  Radius 3  had t h e  h i g h e s t  v a l u e  i n  March and 1  
d i d  :in June.  

Level. 3  showed t h e  maximm d i f f e r e n t i a l  (0.4% of m o i s t u r e  c o n t e n t )  i n  May, 
between r a d i u s  2  (1  1.1% ) and 3  (1  0 .7%).  Radius 2  had t h e  h i g h e s t  v a l u e s  i n  
May, J u n e ,  and J u l y .  Radius  3  had t h e  h i g h e s t  v a l u e  i n  March and 1  i n  A p r i l .  

For  all l e v e l s ,  r a d i u s  1  had a n  i n c r e a s e  - d e c r e a s e  - i n c r e a s e  - d e c r e a s e  
behav io r .  

For  i f l 1  l e v e l s ,  r a d i u s  2 and 3  had a d e c r e a s e  - i n c r e a s e  - d e c r e a s e  behavior .  

The average  v a l u e s  by d i s t a n c e  o v e r  t h e  t h r e e  l e v e l s  showed t h e  f o l l o w i n g  
v a r i a t i o n s  ( T a b l e  1  6-AIII) . 

F o r  Level 1 ,  t h e  h i g h e s t  v a l u e s  were  r e p o r t e d  i n  t h i s  o r d e r  from up t o  down: 
d i s t a n c e  3 ,  d i s t a n c e  1 ,  and d i s t a n c e  2. The l a r g e s t  d i f f e r e n t i a l  was i n  March 
(0.6,Z o f  m o i s t u r e  c o n t e n t )  between d i s t a n c e  3  ( 1  1 .7%) and d i s t a n c e  2. 

For  Level  2 ,  t h e  h i g h e s t  v a l u e s  were  r e p o r t e d  i n  t h e  f o l l o w i n g  o r d e r  from up 
t o  down: f o r  Ilay, June ,  and J u l y ,  d i s t a n c e  3 ,  d i s t a n c e  1 ,  and d i s t a n c e  2. I n  
March, t h e  orcier was 2 ,  3 ,  1 ,  and i n  A p r i l ,  i t  was 3 ,  2 ,  1. 

The l a r g e s t  d i f f e r e n t i a l  occur red  i n  J u l y  (0 .6% o f  m o i s t u r e  c o n t e n t  ) betweer? 
d i s t a n c e  2  (11 .1%)  and d i s t a n c e  3  (11.7%).  

For  Leve l  3 ,  t h e  h i g h e s t  v a l u e s  were  r e p o r t e d  i n  t h e  f o l l o w i n g  o r d e r  from up 
t o  down: d i s t a n c e  3 ,  d i s t a n c e  2 and d i s t a n c e  1 ,  e x c e p t  f o r  March when t h e  
o r d e r  was 1 ,  3 ,  2. 

The l a r g e s t  d i f f e r e n t i a l  occur red  i n  May (0 .8% of m o i s t u r e  c o n t e n t )  between 
d i s t a n c e  1  (10 .6%)  and d i s t a n c e  3  (11 .4%) .  

Damage by insects 

Whole b i n  a v e r a g e s  showed a  g r a d u a l l y  i n c r e a s i n g  tendency from a minimm i n  
Farch (0 .09% 1 u p  t o  a  maximm i n  J u l y  (0 .372) .  The l a r g e s t  d i f f e r e n t i a l  was 
between J u l y  and March (0.28% o f  damage by i n s e c t s ) ,  bu t  t h e r e  was a s h a r p  
i n c r e a s e  from March (0.09% t o  A p r i l  ( 0.22%, F i g u r e  2 0 ) .  

S t a t i s t i c a l  A n a l y s i s  - 
Two t y p e s  of s t a t i s t i c a l  a n a l y s e s  were a p p l i e d  u s i n g  t h e  SAS program ( S t a t i s -  
t i c a l  A n a l y s i s  System).  The first one  took i n t o  accoun t  t h e  v a r i a t i o n  of  t h e  
g r a i n  paranie ters  ( t e m p e r a t u r e ,  m o i s t u r e  c o n t e n t ,  d e n s i t y ,  i m p u r i t i e s ,  b roken  
k e r n e l s ,  damage by i n s e c t s ,  damage by molds, and a f l a t o x i n s  l e v e l )  a t  eve ry  
s t a g e  of  t h e  c o m l i t i o n i n g  and s t o r a g e  p r o c e s s e s  ( i n i t i a l  and f i n a l  c o n d i t i o n  
of , s to rage)  and i t  i n c l u d d  t h e  One-Way A n a l y s i s  of Var iance  ( A N O V A ) ,  t h e  
L e a s t  S i g n i f i c a n t  D i f f e r e n c e  Procedure  (LSD) , and t h e  LS means. The secoMll 
type  of  a n a l y s i s  inc luded  t h e  in -b in  v a r i a t i o n s  of t h e  pa ramete r s  d u r i n g  t h e  
4-mcnth s t o r a g e  pe r iod .  The a n a l y s i s  was based on  t h e  c a l c u l a t i o n  of t h e  
l i n e a r  (CL) and q u a d r a t i c  (CQ) components of t h e  o b s e r v a t i o n s  of  both  e l e -  



v a t o r s  f o r  La China (Environment 1 )  and T6rraba (Environment 2 )  f o r  t h r e e  o f  
t h e  parameters  measured f o r  t h e  g r a i n  d u r i n g  t h e  s t o r a g e  per iod ( t e m p e r a t u r e ,  
Motanco m o i s t u r e  c o n t e n t ,  and percentage o f  damage by i n s e c t s ) .  CL and CQ 
were c a l c u l a t e d  u s i n g  o r thogona l  polynomial c o e f f i c i e n t s  under  two d i f f e r e n t  
c o n d i t i o n s ,  w i t h  f i v e  c o e f f i c i e n t s ,  u s i n g  t h e  d a t a  cor responding  t o  t h e  i n i -  
tial c o n d i t i o n  of t h e  g r a i n  i n s i d e  t h e  b i n  and t o  each of t h e  4  months o f  
s t o r a g e ,  and w i t h  f o u r  c o e f f i c i e n t s ,  u s i n g  t h e  d a t a  correspor tding t o  each o f  
t h e  4  months o f  s t o r a g e ,  i g n o r i n g  t h e  i n i t i a l  c o n d i t i o n  which was t h e  one w i t h  
more m i s s i n g  va lues .  

The c o e f f i c i e n t s  were  t a k e n  from Table  A19, Snedecor and Cochran (1982) .  

S e v e r a l  models were t e s t e d  t o  f i n d  a  s u i t a b l e  one  a b l e  t o  e x p l a i n  t h e  v a r i -  
a t i o n s  i n  t h e  d a t a  w i t h  t h e  h e l p  o f  t h e  S t a t i s t i c a l  Ana lys i s  System (SAS) 
th rough  t h e  command GLM because t h e r e  were some m i s s i n g  v a l u e s  t h a t  caused t h e  
d a t a  t o  be unbalanced.  The s u b r o u t i n e  GLM was a p p l i e d  t o  t h e  whole set of  
o b s e r v a t i o n s  of t h e  two e l e v a t o r s  t o g e t h e r  (54  o b s e r v a t i o n s  f o r  t empera tu re  
and 60 o b s e r v a t i o n s  f o r  each o f  t h e  o t h e r  two paramete rs  mentioned above)  and 
a l s o  t o  each e l e v a t o r  s e p a r a t e l y .  The f i n a l  o b j e c t i v e  was t o  k n w  when t h e  
v a r i a t i o n s  o f  t h e  parameters  of t h e  g r a i n  ana lyzed  w i t h i n  t h e  b i n  showed 
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  ar.d whether  o r  n o t  t h e s e  d i f f e r e n c e s  
p resen ted  l i n e a r  o r  q u a d r a t i c  t r e n d s .  For o u r  purposes  *X = 0.10 was t h e  
t h r e s h o l d  o f  s i g n i f i c a n c e  (any v a l u e  above 0.10 w i l l  n o t  be s i g n i f i c a n t ) .  It 
was dec ided  t o  work w i t h  a  "mixedn t y p e  model i n  which t h e  environments  ( t h e  
g r a i n   levat tors) were  random ( i n  t h e  sense  o f  be ing  a sample of a  r e g i o n  o f  
C o s t a  E i c a )  and t h e  l e  e l s ,  r a d i i  and d i s t a n c e s ,  were  f i x e d .  For a f i x e d  3 model, t h e  v a r i a n c e  (6 1 i s  a p p r o p r i a t e  a s  a n  e r r o r  term and t h i s  i s  con- 
s i s t e n t  w i t h  t h e  assumption o f  t h e  GLW procedure.  The most r e l e v a n t  p a r t s  o f  
t h e  o u t p u t s  of t h i s  a n a l y s i s  a r e  enc losed  i n  Appendix V. The f o l l o w i n g  is  a 
summary o f  t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  f i n d i n g s  o f  t h e  a n a l y s i s  performed 
bu t  p l e a s e  see Appeldix V f i r s t .  

G r a i n  temperature .  A q u a d r a t i c  t r e n d  f o r  t h e  r a d i a l  v a r i a t i o n s  o f  g r a i n  
t empera tu re  w i t h i n  l e v e l s  w i t h i n  e n v i r ~ n m e n t s  f o r  t h e  5-month d a t a  set. Also 
a l i n e a r  trerd f o r  t h e  radia l .  v a r i a t i o n s  w i t h  a  weaker q u a d r a t i c  component f o r  
t h e  4-month d a t a  s e t  ( F i g u r e s  4  and 1 3 ) .  

Motanco F o i s t u r e  Content.  A l i n e a r  t r e x l  f o r  t h e  v a r i a t i o n s  o f  t h i s  parameter  
by d i s t a n c e  w i t h i n  l e v e l s  and by d i s t a n c e  w i t h i n  environments ,  f o r  both t y p e s  
o f  d a t a  s e t s  (4- and 5-month s e t s )  ( F i g u r e s  9  and 1 8 ) .  

Also a l e s s  s t r o n g  t e l d e n c y  f o r  l i n e a r  radia l .  v a r i a t i o n s  f o r  both t y p e s  o f  
d a t a  s e t s .  

Damage by i n s e c t s .  A q u a d r a t i c  t r e x l  f o r  t h e  v a r i a t i o n  o f  damage by i n s e c t ,  
t a k i n g  p l a c e  by d i s t a n c e  w i t h i n  environments  and by l e v e l s ,  f o r  t h e  4-month 
d a t a  s e t s .  Also a  weaker q u a d r a t i c  t e x l e n c y  f o r  t h e  5 - ~ o n t h  d a t a  s e t  by 
d i s t a n c e  and by r a d i u s  w i t h i n  env i ronrments  ( F i g u r e s  11 and 2 0 ) .  

D i s c u s s i o n  - 

The g e n e r a l  i n i t i a l  c o r d i t i o n  of g r a i n  observed a t  La China and Ter raba  was 
s i m i l a r  ( T a b l e  4 ) ,  excep t  f o r  t h e  h i g h e r  t empera tu re  a t  Ter raba  ( 1 3 0 . 6 ' ~  o r  
5 4 0 7 ~ ~  compared t o  1 0 6 ' ~  o r  41. 1°c f o r  La China)  and t h e  lower  oven m o i s t u r e  



c o n t e n t  a t  T e r r a b a  (12.31 p e r c e n t  compared t o  13.08 p e r c e n t  f o r  La China) .  It 
i s  :important t o  n o t e  t h a t  t h e  lower  s t a n d a r d  d e v i a t i o n  of t h e  oven m o i s t u r e  
c o n t e n t  v a l u e s  f o r  La China i n d i c a t e s  t h a t  t h e  m o i s t u r e  c o n t e n t  was more 
homogeneous f o r  t h e  p a i n  t h a t  e n t e r e d  t h e  b i n  a t  La China t h a n  f o r  t h e  g r a i n  
under  s t u d y  a t  Terraba.  However, t h e  h i g h e r  s t a n d a r d  d e v i a t i o n  of t h e  g r a i n  
t e m p e r a t u r e  v a l u e s  a t  La China (5 .4  compared t o  3 .7  a t  T e r r a b a )  i n d i c a t e  t h a t  
t e m p e r a t u r e  was more homogeneous a t  Ter raba  t h a n  a t  La China when t h e  g r a i n  
e n t e r e d  t h e  bin.  The t e m p e r a t u r e  d i f f e r e n t i a l s  a t  La China were  sometimes as 
h i g h  a s  20°F ( l l . l O ~ ) ,  which shows t h a t  t h e  g r a i n  l e f t  t h e  d r y i c g  p r o c e s s  
under  t e m p e r a t u r e  c o n d i t i o n s  t h a t  v a r i e d  c o n s i d e r a b l y .  

From Tab le  3 ,  t h e  v a l u e s  of  t h e  s t a n d a r d  d e v i a t i o n s  of  t h e  t e m p e r a t u r e s  and 
m o i s t u r e  c o n t e n t s  h e l p  t o  a n a l y z e  t h e  d i s t r i b u t i o n  o f  t h o s e  pa ramete r s  i n  t h e  
gral-n s t o r e d  i n s i d e  t h e  bin. Right  a f t e r  t h e  b i n  f i l l i n g  p r o c e s s ,  t h e  temp- 
e r a t u r e  v a l u e s  a t  La China showed a  h i g h e r  s t a n d a r d  d e v i a t i o n  ( 3 . 2  compared t o  
1.0 a t  T e r r a b a )  t h a t  i n d i c a t e s  a nonhomogeneous d i s t r i b u t i o n  of  g r a i n  temp- 
e r a t u r e s  w i t h  d i f f e r e n t i a l s  a s  h igh  as 10 ( 5 . 5 O ~ )  and 1 5 ' ~  ( 8 . 3 ' ~ ) ,  which a r e  
n o t  recomrllended a.t all. The Motmco m o i s t u r e  c o n t e n t  v a l u e s  i n  t h i s  c a s e  
showed a lower  s t ~ r d a r d  d e v i a t i o n  f o r  La China (0 .30 compared t o  0 .48 f o r  
Terl-aba) t h a t  i n d i c a t e s  a  l e s s  homogeneous m o i s t u r e  d i s t r i b u t i o n  a t  Ter raba ,  
b u t  w i t h  t h e  advantage of  lower  average  m o i s t u r e  c o n t e n t s  (11.25 p e r c e n t  a t  
Teri-aba and 12.38 p e r c e n t  a t  La China) .  

After t h e  first month of s t o r a g e ,  t h e  d i s t r i b u t i o n  of  t e m p e r a t u r e s  and mois- 
t u r e  c o n t e n t s  terrled t o  be f a i r l y  homogeneous a t  both  e l e v a t o r s  ( T a b l e  3 ) .  

The maximm s t a n d a r d  d e v i a t i o n  f o r  t h e  t e m p e r a t u r e  v a l u e s  d u r i n g  t h e  s t o r a g e  
pe r iod  a t  La China  was 2 .2  i n  t h e  t h i r d  month o f  s t o r a g e  (May), and a t  Ter raba  
i t  was 1.5 d u r i n g  t h e  second month ( A p r i l ) .  The maximm s t a n d a r d  d e v i a t i o n  
f o r  t h e  m o i s t u r e  c o n t e n t  v a l u e s  was 0 .63 a t  La China f o r  t h e  f o u r t h  month 
( J u n e ) ,  and 0.49 a t  Ter raba  d u r i n g  t h e  second and t h i r d  months ( A p r i l  and 
May :I . 
F o r  both  e l e v a t o r s ,  d i s t a r i c e  1  ( t h e  c l o s e s t  t o  t h e  c e n t e r  of  t h e  b i n )  showed 
t h e  h i g h e s t  t empera tu res ,  which i n d i c a t e s  a  p robab le  c o n c e n t r a t i o n  of f o r e i g n  
mat l r r i a l  a rourd  t h e  c e n t e r  of t h e  b i n  t h a t  p r e v e n t s  t h e  a e r a t i o n  a i r  from 
removing t h e  h e a t  i n  t h a t  a r e a .  T h i s  a l s o  shows a problem o f  d i s t r i b u t i o n  o f  
t h e  i m p u r i t i e s  i n s i d e  t h e  b i n  ( t h e  b i n  does  n o t  have a  g r a i n  s p r e a d e r )  and 
a l s o  a  l a c k  o f  e f f e c t i v e n e s s  i n  t h e  c l e a n i ~ g  machines,  e s p e c i a l l y  a t  La China. 

F o r  both  e l e v a t o r s ,  l e v e l  1  ( t h e  c l o s e s t  t o  t h e  b i n ' s  r o o f )  showed t h e  h i g h e s t  
t e m p e r a t u r e  and m o i s t u r e  v a l u e s  which s u g g e s t  a problem of c o n d e n s a t i o n  and 
s l i g h t  h e a t i n g  o n  t h e  t o p  s u r f a c e  of  t h e  g r a i n ,  mainly  due t o  c o n v e c t i o n  a i r  
c u r r e n t s  i n s i d e  t h e  b i n  caused by t h e  t e m p e r a t u r e  d i f f e r e n t i a l s  observed a t  
t h e  beg inn ing  o f  t h e  s t o r a g e  per iod.  

Another common o b s e r v a t i o n  f o r  both  e l e v a t o r s  was t h a t  r a d i u s  1  ( t h e  one i n  
l i n t ?  w i t h  t h e  s u n l i g h t ' s  s i d e  of  t h e  b i n ' s  w a l l )  a lways  showed a h i g h e r  temp- 
e r a t u r e  t h a n  t h e  o t h e r  two a s  a ccjnsequecce of  t h e  more d i r e c t  s o l a r  r a d i a t i o n  
r e c e i v e d .  

The a e r a t i o n  p r a c t i c e s  i n  t h e  two e l e v a t o r s  were  ve ry  d i f f e r e n t .  A t  t h e  La 
China p l a n t ,  t h e y  a e r a t e d  t h e  g r a i n  i n t e n s i v e l y  a f t e r  t h e  b i n  f i l l i n g  p r o c e s s  
( 4 8  h o u r s  d u r i n g  t h e  first month),  bu t  n o r e  t h a n  5 0  p e r c e n t  of  t h o s e  hours  



were a p p l i e d  a t  ambient t e m p e r a t u r e s  of  81,  82,  85  and 8 4 ' ~  (27.2 ,  27.8,  29.4, 
and 2 8 . 8 ° ~ ) ,  which might have had a n  e f f e c t  on  t h e  h e a t i n g  t h e  g r a i n  underwent 
from Fsbruary  t o  March ( F i g u r e  6 ) .  T h i s  a e r a t i o n  t ime under  t h o s e  r a t h e r  d ry  
condi t : ions  ( 5 5  p e r c e n t  ave rage  r e l a t i v e  humid i ty )  caused t h e  mois tu re  c o n t e n t  
t o  d e c r e a s e  from 12.38 t o  12.28 p e r c e n t  d u r i n g  t h e  month o f  March. A t  t h e  end 
o f  A p r i l ,  a f t e r  17 a e r a t i o n  hours  d u r i n g  t h a t  month, t h e  g r a i n  t empera tu re  
d e c r e a s e d  because t h e  a tmospher ic  t empera tu re  had a l s o  dec reased ,  and t h e  
h i g h e r  average  ambient r e l a t i v e  humidi ty  (59  p e r c e n t )  c o n t r i b u t e d  t o  t h e  r i s e  
i n  m o i s t u r e  c o n t e n t  a s  can be s e e n  i n  F i g u r e  10. I n  Maj, t h e  average  g r a i n  
t e m p e r a t u r e  showed a  s h a r p  d e c r e a s e  (down t o  70°F o r  21.1 C )  below t h e  average  
ambient t e m p e r a t u r e  ( 7 2 ' ~  o r  22 .2 '~ )  a f t e r  o n l y  1 3  a e r a t i o n  hours  a t  ave rage  
condi t : ions  of 7g°F ( 2 6 . 1 ~ ~ )  and 57.5 p e r c e n t  r e l a t i v e  humidi ty ,  which ob- 
vious1:g does  no t  j u s t i f y  t h e  s h a r p  d e c r e a s e  i n  t h e  g r a i n  t empera tu re .  Under 
t h e s e  ~ , i r cumstances ,  i t  i s  v e r y  l i k e l y  t h a t  g r a i n  t e m p e r a t u r e  measurements f o r  
t h e  month of  May were b iased  due t o  a  l a c k  of  c a l i b r a t i o n  of  t h e  thermometer. 
A decrssase i n  t h e  t e m p e r a t u r e  was expected f o r  May (because  t h e  ambient temp- 
e r a t u r e  con t inued  i t s  d e c r e a s i n g  tendency)  but  no t  t o  such a  h igh  degree.  A 
v e r y  s m a l l  i n c r e a s e  i n  m o i s t u r e  c o n t e n t  occur red  d u r i n g  t h i s  month. fin all^, 
a t  t h e  end of June ,  a f t e r  22 a e r a t i o n  hours  w i t h  average  c o n d i t i o n s  of  81 F  
(27.2'(:) and 6 0  p e r c e n t  r e l a t i v e  humidi ty ,  t h e  g r a i n  t e m p e r a t u r e  i n c r e a s e d  
a g a i n  .;o 7g°F ( 2 6 . 1 ' ~ )  and t h e  m o i s t u r e  c o n t e n t  i n c r e a s e d  t o  13.03 pe rcen t .  

The damage by i n s e c t s  ( F i g u r e  1 1 )  showed a  s h a r p  i n c r e a s e  from March t o  A p r i l  
a s  a  r e s u l t  of  i n s e c t  a c t i v i t y  c l o s e l y  r e l a t e d  t o  t h e  h e a t i n g  p r o c e s s  i n s i d e  
t h e  b i n  a t  t h e  end of  March. 

The a e r a t i o n  t i m e  a t  Terraba was c o n c e n t r a t e d  i n  t h e  first month o f  s t o r a g e ,  
e s p e c i a l l y  a f t e r  t h e  b i n  f i l l i n g  p r o c e s s  was over .  Th i r ty - seven  a e r a t i o n  
h o u r s  were  a p p l i e d  d u r i n g  t h e  month of  March, w i t h  average  c o n d i t i o n s  of 8 5 ' ~  
(29.4OC) and 75 p e r c e n t  r e l a t i v e  humidity.  The a e r a t i o n  p r o c e s s  was suc- 
cessful .  i n  c o o l i n g  t h e  g r a i n  t o  8 7 ' ~  ( 3 0 . 5 ~ ~ )  by t h e  end o f  A p r i l  ( F i g u r e  15)  
bu t  t h e  m o i s t u r e  c o n t e n t  i n c r e a s e d  s l i g h t l y  t o  11.25 p e r c e n t  ( F i g u r e  1 9 ) .  
With c.o a e r a t i o n  involved and a  d e c r e a s e  i n  ambient t empera tu re  ( 8 1 ' ~  o r  
27.2°~:1 ,  t h e  g r a i n  t e m p e r a t u r e  d e c r e a s e d  even  more t o  8 2 ' ~  ( 2 7 . 8 ' ~ )  a t  t h e  end 
of  May,. An i n c r e a s i n g  ambient r e l a t i v e  humidi ty  ( 9 0  p e r c e n t )  caused t h e  g r a i n  
moistul-e c o n t e n t  t o  i n c r e a s e  t o  11.41 pe rcen t .  Though t h e  average  ambient 
t e m p e r a t u r e  k e p t  d e c r e a s i n g  i n  June  ( 8 0 ' ~  o r  2 6 . 6 ' ~ )  and J u i y  (79.:'~ o r  
26.5°~:1 ,  t h e  a v e r a  e  a i n  t e m p e r a t u r e  i n c r e a s e d  s h a r p l y  t o  9 3  F  (33.8  C )  i n  Q gT J u n e  and 9 5 ' ~  (35 C )  I n  J u l y ,  a  behavior  which i s  c l o s e l y  r e l a t e d  t o  t h e  
i n c r e a s e  i n  i n s e c t  a c t i v i t y  denoted by t h e  i n c r e a s e  i n  damage by i n s e c t s  
0bservt.d i n  t h e  g r a i n  i n  June  and J u l y  ( F i g u r e  2 0 ) .  The average  m o i s t u r e  
c o n t e n t  i n c r e a s e d  i n  J u n e  t o  11.94 p e r c e n t  and t h e n  dec reased  t o  11.35 per- 
c e n t ,  c l o s e l y  f o l l o w i n g  t h e  t r e n d  of  t h e  ambient r e l a t i v e  humidi ty  ( F i g u r e  
1 9 ) .  

I n  g e n e r a l ,  a t  bo th  e l e v a t o r s ,  i t  is unders tood t h a t  g r a i n  s t o r e d  w h i l e  s t i l l  
h o t  needs i n t e n s i v e  a e r a t i o n ,  bu t  t h e n  i t  i s  a l s o  c l e a r  t h a t  t h e  c r i t e r i o n  f o r  
d e c i d i n g  on  a e r a t i o n  does  n o t  t a k e  i n t o  account  impor tan t  i n d i c a t o r s  such a s  
g r a i n  fempera tu re  ( t h e r e  a r e  no t empera tu re  s e n s o r s  i n s i d e  t h e  b i n s ) ,  ambient  
t empera tu re ,  ar,d r e l a t i v e  humidi ty .  A t  La China,  o n  s e v e r a l  o c c a s i o n s ,  t h e  
g r a i n  was hea ted  w i t h  a e r a t i o n ,  and a t  Ter raba ,  a e r a t i o n  was a b s e n t  when t h e  
g r a i n  was h e a t i n g  d u r i n g  J u n e  and J u l y  and u r g e n t l y  needed a e r a t i o n .  A t  L g  

3 
3  China t h e  a i r f l o w  r a t e  used was approxima e l y  I /$  c f d b u s h e l  (0 .4  m /min/m 

and a t  Ter raba  i t  was 1 / 3  cfm/bushel  (0 .2  m /min/m ) , which i s  r a t h e r  h igh f o r  



t h e  low m o i s t u r e  c o n t e n t s  o f  t h e  gr i n  invo lved  i n  t h e  e x p e r i m e n t s  (1 /10  t o  9 1/20 cfm/bushel  o r  0.04 t o  0.08 m / m i n , m 3  i s  t h e  recommendation from t h e  
Uni ted  S t a t e s  Department o f  A g r i c u l t u r e ,  1985) .  

Though it is c l e a r  t h a t  t h e  exper iments  were  comple te ly  independent  and t h a t  
c o r d i t i o n s  a t  La China were  v e r y  d i f f e r e n t  from t h o s e  a t  Ter raba ,  o b s e r v a t i o n s  
made a t  t h e  e l e v a t o r s  d u r i n g  t h e  4-month pe r iod  can  h e l p  e x p l a i n  t h e  d i f f -  
e r e n c e  i n  l o s s  from o n e  e l e v a t o r  t o  t h e  o t h e r .  

Two main d i f f e r e n c e s  r e g a r d i n g  g r a i n  c o n s e r v a t i o n  p r a c t i c e s  were  observed.  
F i r s t ,  a t  T e r r a b a  they  sprayed t h e  empty b i n  w i t h  a known m i x t u r e  of  DEDEVAP 
500 EC and ACTELLIC 5 0  b e f o r e  p u t t i n g  t h e  g r a i n  i n s i d e .  A t  La China,  t h e y  d i d  
not .  Second, a t  both  e l e v a t o r s ,  t h e  g r a i n  was a t t a c k e d  main ly  by two t y p e s  o f  
i n s e c t s  -- S i t o p h i l u s  and Tr ibol ium.  

A t  lmth p l a n t s ,  t h e y  fumigated t h e  g r a i n  twice  d u r i n g  t h e  4-month s t o r a g e  
peri .od,  bu t  a t  Ter raba  t h e  f u m i g a t i o n  was performed from t h e  s u r f a c e  o f  t h e  
gra i .n  by i n s e r t i n g  Phos tox in  t a b l e t s  o v e r  t h e  e n t i r e  a r e a  under  t h e  g r a i n  
s u r f a c e ,  and a l s o  through t h e  a e r a t i o n  f a n  a t  t h e  bottom o f  t h e  bin.  A t  La 
Chir.a, f u m i g a t i o n  was done o n l y  through t h e  fan .  A t  bo th  p l a n t s ,  S i t o p h i l u s  
was c o n t r o l l e d ,  bu t  a t  La China,  Tr ibol ium a lways  s u r v i v e d  t h e  fumiga t ion .  To 
a l l ? s s e r  degree ,  Tr ibol ium a l s o  su rv ived  t h e  f u m i g a t i o n s  a t  Terraba.  The 
h i g t . e r  a i r f l o w  r a t e  a t  La China (1 /2  CFWbushel compared t o  1 /3  CFWbushel a t  
Terruaba)  is  a l s o  a f a c t o r  t h a t  probably  made f u m i g a t i o n  l e s s  e f f e c t i v e  a t  La 
China. 

T h i s  conf i rms  t h a t  t h e  d i f f e r e n c e  i n  c o n s e r v a t i o n  p r a c t i c e s  seemed t o  be  t h e  
mairk r e a s o n  f o r  which t h e  g r a i n  a t  La China s u f f e r e d .  a h i g h e r  l o s s  i n  q u a n t i t y  
and q u a l i t y  t h a n  t h e  g r a i n  a t  Terraba.  

It :is  i m p o r t a n t  t o  ment ion a l s o  t h a t  t h e  s t a t i s t i c a l  a n a l y s i s  performed was 
t h e  b e s t  e f f o r t  p o s s i b l e  w i t h i n  t h e  l i m i t a t i o n s  i n h e r e n t  t o  t h e  r e s e a r c h ,  
which a l lowed no p o s s i b i l i t y  of  hav ing  r e p l i c a t i o n s  of  t h e  b i n s  under  s t u d y  a t  
each  e l e v a t o r .  T h i s  would have impl ied  t h e  d u p l i c a t i o n  of t h e  r e s o u r c e s  and 
work invo lved  i n  t h e  r e s e a r c h  and it would have made e v e r y t h i n g  t w i c e  as 
d i f f i c u l t  and p r a c t i c a l l y  imposs ib le .  

The t r e n d s  i d e n t i f i e d  by t h e  models t e s t e d  are more u s e f u l  when they are 
l i n e a r  ( c a s e  of  t h e  m o i s t u r e  c o n t e n t )  and less  p r a c t i c a l  when they  a r e  quad- 
rat::~ ( c a s e  of  t h e  t e m p e r a t u r e  and damage by i n s e c t s ) .  The s t a t i s t i c a l  models 
matoh t h e  a c t u a l  d a t a  t r e n d s  i n  a c l e a r  way. 

-1-ication of  t h e  Bin-Volumetric Method 

D i r e c t  g r a i n  l o s s  a s sessment  i s  very  expensive ,  compl ica ted ,  and i m p r a c t i c a l  
d u r i n g  t h e  normal o p e r a t i o n  of  a n  e l e v a t o r .  T h i s  s t u d y  t e s t e d  t h e  s w c a l l e d  
bin--volumetr ic  method ( c a l c u l a t i o n  o f  t h e  i n i t i a l  and f i n a l  g r a i n  we igh t  
thrr,ugh t h e  i n i t i a l  and f i n a l  volume and bu lk  d e n s i t y  i n s i d e  t h e  b i n )  a s  a 
pos , s ib le  p r a c t i c a l  method f o r  g r a i n  l o s s  a s sessment  d u r i n g  t h e  s t o r a g e  pe r iod .  
The v o l u m e t r i c  procedure  was a p p l i e d  i n  two d i f f e r e n t  ways. F i r s t ,  t h e  d i f f -  
e r e n c e  i n  w e t  g r a i n  v o l u m e t r i c  w e i g h t s  was c a l c u l a t e d  between t h e  i n i t i a l  and - 
f i n a l  c o n d i t i o n s ,  and second, t h e  d i f f e r e n c e  i n  d r y  ~ a t t e r  v o l u m e t r i c  w e i g h t s  
was c a l c u l a t e d  between t h e  i n i t i a l  and f i n a l  c o n d i t i o n .  The r e s u l t s  were  as 
f 01 Lows : 



La China 

D i r e c t  L o s s  Assessment 1.68% 
Wet G r a i n  Volumetr ic  He thod 1.38% 
Dry M a t t e r  Volumetr ic  Fethod 1.17% 

Ter raba  

D i r e c t  L o s s  Assessment 0.32% 
Wet G r a i n  Volumetr ic  Method 0.38% 
Dry M a t t e r  Volumetr ic  Method 0.58% 

A s  can be s e e n  from t h e  above f i g u r e s ,  t h e  we t  g r a i n  v o l u m e t r i c  method v a l u e  
was e s y ~ c i d l y  c l o s e  t o  t h e  d i r e c t  l o s s  a s sessment  v a l u e  i n  both  cases .  T h i s  
i s  a  v e r y  i m p o r t a n t  f i n d i n g  w i t h  immediate p r a c t i c a l  a p p l i c a t i o n  f o r  CNP and 
s i m i l a r  e n t i t i e s ,  provided t h e  g r a i n  s u r f a c e  i s  l e v e l e d  a f t e r  f i l l i n g  t h e  
s t o r a g e  b i n  and t h e  g r a i n  bulk  d e n s i t y  v a l u e s  a r e  measured. Developing coun- 
t r i e s  h.ave a n  i m p o r t a n t  a l t e r n a t i v e  t o  measure g r a i n  l o s s e s  i n  a  p r a c t i c a l  way 
through t h e  u s e  o f  t h e  b in-volumetr ic  nethod.  

The pa ramete r s  invo lved  i n  t h e  c a l c u l a t i o n  o f  t h e  v o l u m e t r i c  w e i g h t s  a r e  shown 
i n  t h e  r e s u l t s  s e c t i o n  (Tab le  3 )  and they  i n c l u d e  i n t e r n a l  b i n  d i a a e t e r  and 
h e i g h t ,  i n i t i a l  and f i n a l  g r a i n  s u r f a c e  l e v e l s ,  bulk  d e n s i t y ,  and oven no i s -  
t u r e  c o n t e n t  v a l u e s .  

Tab le  7 shows t h e  s t e p s  o f  t h e  c a l c u l a t i o n  p rocess .  

R e s u l t s  of  t h e  Drying and Clean ing  Ferformance T e s t s  

The r e s u l t s  p resen ted  h e r e  correspond t o  t h e  d a t a  c o l l e c t e d  a t  t h e  two above- 
mentiorled CNP p l a n t s  i n  C o s t a  Rica and Gary G i l b e r t ' s  g r a i n  e l e v a t o r  i n  Clay 
Cen te r ,  Kansas (December 19 86 1. 

The pur1pose of  t h e  t e s t s  was t o  examine t h e  d r y i c g  performance o f  t h r e e  g r a i n  
d r y e r s  based o n  t h e  c u r r e n t  p r a c t i c e s  found i n  t h e  d i f f e r e n t  g r a i n  e l e v a t o r s ,  
u s i n g  c l e a n  and unc lean  l o t s  of w h i t e  c o r n  ( i n  C o s t a  R ica )  and mi lo  ( i n  
Kansas) .  The pa ramete r s  measured d u r i n g  t h e  t e s t s  were  average  atroospheric 
t empera tu re ,  ave rage  r e l a t i v e  humidi ty ,  ave rage  plenum a i r  t empera tu re ,  aver-  
age  o u t l e t  a i r  t empera tu re ,  ave rage  g r a i n  t e m p e r a t u r e  range,  ave rage  g r a i n  
m o i s t u r e  c o n t e n t  range,  h e a t  i n p u t  t o  h e a t  t h e  d r y i n g  a i r ,  ave rage  e n e r  'F to  e v a p o r a t e  1  k g  o f  w a t e r ,  d r y i n g  t ime,  d r y i n g  r a t e ,  and thermal  e f f i c i e n c y  . 
The performance of  t h e  g r a i n  c l e a n e r  used a t  each e l e v a t o r  was a l s o  o f  i n t e r -  
est. The pa ramete r s  measured i n  t h i s  c a s e  were  c l e a n i ~ g  t ime,  c l e a n e r  d e s i g n  
c a p a c i t . ~ ,  c l e a n e r  working c a p a c i t y ,  c l e a n e r  e f f i c i e n c y ,  power i n p u t ,  c l e a n i n g  
r a t e ,  and g r a i n  m o i s t u r e  c o n t e n t .  

Tab le  8 d e s c r i b e s  t h e  d a t a  on t h e  performances o f  t h e  c l e a n e r s  f o r  t h e  t h r e e  
e l e v a t o r s  involved.  

T a b l e s  9 th rough  11 i l l u s t r a t e  t h e  d a t a  o n  t h e  d r y i n g  performance t e s t s  f o r  
e l e v a t o r s  a t  La China, Ter raba ,  and Clay Center .  



D i s c u s s i o n  of Drying and Clean ing  Performance T e s t s  - 
The purpose o f  t h e s e  t e s t s  was t o  examine t h e  d r y i n g  e f f i c i e n c y  o f  t h r e e  g r a i n  
d r y e r s  based o n  t h e  c u r r e n t  p r a c t i c e s  found i n  t h e  d i f f e r e n t  e l e v a t o r s ,  u s i n g  
c l e a n  and unc lean  l o t s  of  w h i t e  corn ( i n  Cos ta  R i c a )  and milo  ( i n  Kansas).  
T h i s  impl ied  t h a t  t h e  d r y i n g  s e t t i n g s  d u r i n g  t h e  exper iments  v a r i e d  consid- 
e r a b l y  and t h a t  t h e  o r i g i n a l  c o n d i t i o n s  f o r  g r a i n  m o i s t u r e  c o n t e n t ,  plenum a i r  
t empera tu re ,  a tmospher ic  pa ramete rs ,  and o t h e r s  were n o t  t h e  same i n  all t h e  
tests. However, t h e  r e s u l t s  o b t a i n e d  a r e  u s e f u l  because they  show i m p o r t a n t  
f a c t s  about  performance of  t h e  g r a i n  d r y e r s  and c l e a n e r s ,  no m a t t e r  t h e  loca-  
t i o n .  With c l e a n  g r a i n ,  two t e s t s  were performed a t  t h e  La China p l a n t  ( C o s t a  
R i c a ) ,  one a t  t h e  Ter raba  p l a n t  ( C o s t a  R i c a ) ,  and two a t  t h e  Clay C e n t e r  
e l e v z t o r  (Kansas) .  With unc lean  corn,  two t e s t s  were performed a t  t h e  La 
China p l a n t ,  one  a t  t h e  Terraba p l a n t ,  and one a t  t h e  Clay C e n t e r  e l e v a t o r .  

C lean ing  d a t a .  La China and Ter raba  p l a n t s  have t h e  same type  of  g r a i n  - 
c l e a n e r  ( S c a l p e r a t o r  C a r t e r  Day) w i t h  d i f f e r e n t  s c r e e n  s i z e s  (Tab le  8 1, de- 
s igned  f o r  a c a p a c i t y  of 89,813 kg /hr  (La China)  and 55,696 kg /hr  (TCrraba) .  
Tab le  8  shows t h a t  t h e  working c a p a c i t i e s  of t h e  c l e a n e r  a t  La China (28,195 
and 17,765 k g / h r )  r e p r e s e n t e d  o n l y  31 and 20  p e r c e n t ,  r e s p e c t i v e l y ,  o f  t h e  
d e s i g n  c a p a c i t y  ( 8 9 , 8  1 3  k g / h r ) .  I n  Tgrraba,  t h e  working c a p a c i t i e s  recorded  
(23,:372 and 23,094 kg /hr )  r e p r e s e n t e d  4 2  and 4  1  p e r c e n t ,  r e s p e c t i v e l y ,  o f  t h e  
d e s i g n  c a p a c i t y  (55,696 k g / h r ) .  The power i n p u t s  i n  La China ' s  c l e a n e r  ( 2 . 2  
and 2.1 KW) were 10 and 5 p e r c e n t  h i g h e r  t h a n  t h e  power i n p u t  i n  T C r r a b a l s  
c l e a n e r  (2 .0  KW). I n  a d d i t i o n ,  t h e  l i f t i n g  removal c a p a c i t y  o r  c l e a n i n g  r a t e  
i n  Ter raba  ( 7 3  kg /hr )  was 1.4 times h i g h e r  than  t h e  one  i n  La China (51  kg /hr )  
i n  t r i a l  No. 2. I n  both e l e v a t o r s  t h e  g r a i n  w i t h  lower  m o i s t u r e  c o n t e n t s  was 
c leaned  f a s t e r .  Though g e n e r a l i z a t i o n s  can  n o t  be made, t h e r e  i s  c l e a r  ev i -  
dence t o  conclude t h a t  t h e  two g r a i n  c l e a n e r s  ( b u t  e s p e c i a l l y  t h e  one a t  La 
China)  a r e  n o t  o p e r a t i n g  a d e q u a t e l y  and r e q u i r e  r e v i s i o n  of t h e  main c a p a c i t y  
v a r i a b l e s  which a r e  t h e  i n l e t  opening,  speed of  r o t a t i o n ,  d i a m e t e r  of t h e  
s c r e e n ' s  o r i f i c e s ,  s i z e  o f  t h e  s c r e e n ,  and c l e a n l i n e s s  o f  t h e  machine. 

The g r a i n  c l e a n e r  a t  Clay Cente r ,  Kansas, showed working c a p a c i t i e s  (53,971 
and 54,486 k g / h r )  which were  6.2 and 7.2 p e r c e n t  h i g h e r  t h a n  t h e  d e s i g n  capac- 
i t y  (50,817 k d h r ) .  The power i n p u t s  (11.1 and 11.2 K W )  were 5.4 t imes  h i g h e r  
than  t h e  average v a l u e  f o r  t h e  C o s t a  Rican p l a n t s  (2 .05 K W ) ,  bu t  w i t h  a  c lean-  
i n g  r a t e  8 t ims  h i g h e r  than  t h e  one a t  La China and seven  t imes  h i g h e r  t h a n  
t h e  one a t  TCrraba. The d a t a  i n d i c a t e d  i n  g e n e r a l  t h a t  t h e  g r a i n  c l e a n e r  i n  
Clay C e n t e r  worked under  a c c e p t a b l e  c o n d i t i o n s  d u r i n g  t h e  tests. 

D r y : i n ~  d a t a  - La China. Table  9  shows, f o r  t h e  c l e a n  g r a i n  tests, thermal  
e f f :Lc ienc ies  o f  24 p e r c e n t  ( T r i a l  1 )  and 61 p e r c e n t  ( T r i a l  2 )  ; d r y i n g  
r a t e s  of 127 k g  w a t e r / h r  ( T r i a l  1 )  and 544 k g  w a t e r / h r  ( T r i a l  2)  ; and energy 
consumptions of  8 ,115  KJ/kg w a t e r  ( T r i a l  1 )  and 3,814 KJ/kg w a t e r  ( T r i a l  2 ) .  
The l o w e s t  thermal  e f f i c i e n c y  among t h e  t r ia l s  ( 2 4  p e r c e n t  f o r  T r i a l  1 )  cor-  
responded t o  t h e  c a s e  w i t h  t h e  s m a l l e s t  m o i s t u r e  removal ( f rom 13.77 t o  12.88 
p e r c e n t ) .  The h i g h e s t  thermal e f f i c i e n c y  (61  p e r c e n t  f o r  T r i a l  2 )  c o r r e s -  
ponded t o  t h e  c a s e  w i t h  t h e  l a r g e s t  m o i s t u r e  removal (fron! 24.66 t o  15.42 
p e r c e n t ) .  The d i f f e r e n c e  i n  energy consumption p e r  kg of w a t e r  evapora ted  
between t h e  two t e s t s  d e s c r i b e d  ( T r i a l  1 r e q u i r e d  113 p e r c e n t  more energy than  
T r i a l  2)  i s  exp la ined  by t h e  f a c t  t h a t  t h e  m o i s t u r e  removal i n  T r i a l  1 was 
done a t  v e r y  low m o i s t u r e  c o n t e n t s  where t h e  w a t e r  l e f t  i n  t h e  k e r n e l s  i s  



s t r o n g l y  a t t a c h e d  (bound w a t e r ) .  T h i s  i s  t h e  r e a s o n  f o r  a much h i g h e r  e f f i -  
c i e n c y  i n  T r i a l  2 (61 p e r c e n t )  compared t o  T r i a l  1 (24 p e r c e n t ) .  

F i n a l  g r a i n  t empera tu res  were  3 8 . 6 ' ~  f o r  T r i a l  1 and 6 6 . 8 ' ~  f o r o T r i a l  2, and 
t h e  d i f f e r e n t i a l s  between ambient  and plenum tempera tu res  were  2 0  C i n  T r i a l  1 
and 3 7 . 2 ' ~  o r  more i n  T r i a l  2. 

Tab le  9 a l s o  shows thermal e f f i c i e n c i e s  f o r  t h e  unc lean  c o r n  of 15 p e r c e n t  
( T r i a l  1 )  and 4 2  p e r c e n t  ( T r i a l  21, d r y i n g  r a t e s  o f  99 kg w a t e r / h r  ( T r i a l  1 )  
and 366 kg  w a t e r / h r  ( T r i a l  21, and energy consumptions of 11,199 KJ/kg w a t e r  
( T r i a l  1 )  and 5 ,171 KJ/kg w a t e r  ( T r i a l  2 ) .  The lowes t  thermal  e f f i c i e n c y  
among t h e  trials ( 1 5  p e r c e n t  f o r  T r i a l  1 )  cor resporded  t o  t h e  c a s e  w i t h  t h e  
s m a l l e s t  m o i s t u r e  removal ( f rom 13.46 t o  12.73 p e r c e n t ) .  The h i g h e s t  thermal  
e f f i c i e n c y  ( 4 2  p e r c e n t  f o r  T r i a l  1 )  cor resporded  t o  t h e  c a s e  w i t h  t h e  l a r g e s t  
m o i s t u r e  removal ( f rom 20.85 t o  14.88 p e r c e n t ) .  The d i f f e r e n c e  i n  energy 
consumption p e r  kg of w a t e r  evaporated between t h e  two t e s t s  d e s c r i b e d  ( T r i a l  
1 r e q u i r e d  116 p e r c e n t  more energy t h a n  T r i a l  2 )  i s  exp la ined  by t h e  f a c t  t h a t  
t h e  m o i s t u r e  removal i n  T r i a l  1 was done a t  v e r y  low m o i s t u r e  c o n t e n t s  (13.46 
t o  12.73 p e r c e n t )  where t h e  w a t e r  l e f t  i n  t h e  k e r n e l s  i s  s t r o n g l y  a t t a c h e d  
(bourd w a t e r ) .  Th i s  is t h e  r e a s o n  f o r  a much h i g h e r  e f f i c i e n c y  i n  T r i a l  2 ( 4 2  
p e r c e n t )  compared t o  Fial 1 ( 1 5  p e r c e n t ) .  F i n a l  g r a i n  t empera tu res  were  
4 5 . 9 ' ~  ( T r i a l  1 )  and 5 8  C ( T r i a l  21, a t h e  d i f f e g e n t i a l s  between ambient and 
plenum tempera tu res  were  26.2 C ( T r i a l  1 )  and 38.4 C ( T r i a l  2). 

I n  a l l  t h e  c a s e s  - even w i t h  some d i f f e r e n c e s  i n  t h e  c o n d i t i o n s  o f  t h e  atmos- 
p h e r i c  and d r y i n g  a i r  - t h e  d r y i n g  p r o c e s s  was l e s s  e f f i c i e n t  w i t h  t h e  unc lean  
l o t s  of' g r a i n  ( o n  t h e  average,  unc lean  corn  r e q u i r e d  37 p e r c e n t  more energy 
p e r  kg of w a t e r  evaporated t h a n  t h e  c l e a n  c o r n ) .  I n  a d d i t i o n ,  t h e  i n - p l a n t  
h a n d l i n g  o f  t h e  unclean corn  caused f r e q u e n t  p e r i o d s  o f  down time due t o  g r a i n  
blockages  i n  t h e  conveyors and bucket  e l e v a t o r s .  For a l l  t h e  t e s t s ,  t h e  
highest ;  thermal  e f f i c i e n c i e s  cor respon led  t o  t h e  c a s e s  w i t h  t h e  l a r g e s t  mois- 
t u r e  removals. For  t h e  unc lean  g r a i n  t e s t s ,  t h e  h i g h e s t  thermal  e f f i c i e n c i e s  
corresponded t o  t h e  c a s e s  w i t h  t h e  l a r g e s t  m o i s t u r e  removals. For t h e  unc lean  
g r a i n  tests, t h e  s a v i n ~ s  i n  c l e a n i n g  power ( a n  average of 2.15 KW) were n e g l i -  
g i b l e  1:0.41 t o  0.69 p e r c e n t )  compared t o  t h e  p a r e r  consumed d u r i n g  t h e  d r y i n g  
p r o c e s s  (310 KW f o r  T r i a l  1 and 526 KW f o r  T r i a l  2 ) .  

The f i ~ n a l  g r a i n  t empera tu res  and t h e  d i f f e r e n t i a l s  between ambient and d r y i n g  
t e m p e r a t u r e s  showed a remarkable  v a r i a b i l i t y  n o t  recorpended a t  a l &  (from 3 8 ' ~  
t o  6 6 ' ) ~  f o r  t h e  g r a i n  temperature ,  and from 20 C u p  t o  38 C f o r  t h e  
temper 'a ture  d i f f e r e n t i a l s )  and t h a t  shows d i f f e r e n t  l e v e l s  of  working s k i l l s  
of  t h e  d r y e r  o p e r a t o r s .  

Dry ing  d a t a  - Terraba.  Table  10  shows a thermal  e f f i c i e n c y  f o r  t h e  c l e a n  
g r a i n  t e s t  of 41 p e r c e n t ,  a d r y i n g  r a t e  of 377 kg  w a t e r / h r ,  and an energy 
consumption of  5,139 KJ/kg wate r .  The n ~ o i s t u r e  removal i n t e r v a l  was from 
13.86 t o  12.33 p e r c e n t ,  and t h e  f i n a l  g r a i n  t e m p e r a t u r e  was 52.9 '~ .  The 
d i f f e r e n t i a l  between ambient and plenum a i r  t empera tu res  was 45.6 '~.  From t h e  
same t a b l e  mentioned above, t h e  thermal  e f f i c i e n c y  f o r  t h e  unc lean  corn  t e s t  
was 33 p e r c e n t ,  t h e  d r y i n g  r a t e  was 308 kg  w a t e r / h r ,  and t h e  eriergy consump- 
t i o n  was 6,053 KJ/kg of w a t e r  e v ~ p o r a t e d .  The m o i s t u r e  removal i n t e r v a l  was 
from 14.31 t o  12.88 p e r c e n t  and t h e  f i n a l  g r a i n  t empera tu re  was 49.4'~. The 
d i f f e r e n t i a l  between ambient and plenum a i r  t empera tu res  was 45.6 '~.  The 
comparison of t h e s e  two t e s t s  under s i m i l a r  ambient arid d r y i n g  c o n d i t i o n s  



( r a t h e r  f a v o r a b l e  t o  t h e  u n c l e a n  c o r n  t e s t  due  t o  t h e  h i g h e r  ambient temper- 
a t u r e ,  l o w e r  r e l a t i v e  humidi ty ,  and h i g h e r  m o i s t u r e  r a n g e )  shows t h a t  t h e  
d r y i n g  of t h e  unc lean  g r a i n  l o t  was less e f f i c i e n t  and r e q u i r e d  18 p e r c e n t  
more energy  p e r  k g  of  water evapora ted  t h a n  t h e  d r y i n g  of  t h e  c l e a n  c o r n  l o t .  
The i n - p l a n t  h a n d l i n g  of t h e  unc lean  g r a i n  a l s o  caused problems of  down t ime  
and p lugs  i n  t h e  system. The s a v i n g s  of c l e a n i n g  power f o r  t h e  unc lean  c o r n  
( a n  average  of  2.0 KW) were  n e g l i g i b l e  (0.39 p e r c e n t )  compared t o  t h e  pawer 
consumed d u r i n g  t h e  u n c l e a n  g r a i n  d r y i n g  test  (518 KW). 

=.ing d a t a  - Clay Center .  Tab le  11 shows thermal  e f f i c i e n c i e s  o f  64 p e r c e n t  
f o r  t h e  c l e a n  g r a i n  tests i n  both  trials, d r y i n g  r a t e s  o f  322 k g  w a t e r / h r  
( T r i a l  1 )  and 309 k g  w a t e r / h r  ( T r i a l  21, and energy consumptions  of  2 ,595 
KJ/lsg water ( T r i a l  1 )  and 2 ,532 KJ/kg water ( T r i a l  2 ) .  The d r y e r  was s l i g h t l y  
more e f f i c i e n t  i n  T r i a l  2 due t o  t h e  h i g h e r  range o f  m o i s t u r e  c o n t e n t s  in-  
vo lved  (16.06 t o  13.92 p e r c e n t ) .  Tha t  is why T r i a l  1 r e q u i r e d  2.48 p e r c e n t  
more energy p e r  poutd of w a t e r  evapora ted  t h a n  T r i a l  2. F i n a l  g r a i n  temper- 
a t u r e s  were  2 8 . 3 ' ~  ( T r i a l  1 )  and 2 9 . 4 ' ~  ( T r i a l  2 l v 0  and t h e  d i f f e r e n t i % s  
between ambient  and plenum a i r  t e m p e r a t u r e s  were 107 C ( T r i a l  1 )  and 106.2 C 
(Tr:Lal 2 ) .  

Tab:Le 11 a l s o  shows a thermal  e f f i c i e n c y  of 56 p e r c e n t  f o r  t h e  o n l y  t e s t  
c o n l u c t e d  w i t h  unc lean  milo ,  a d r y i n g  r a t e  of  271 k g  w a t e r / h r ,  and a n  energy  
con;sunpt ion o f  2,951 KJ/kg wa te r .  The m o i s t u r e  removal i n t e r v a l  was 15.66 t o  
13.!10 p e r c e n t ,  and t h e  f i n a l  g r a i n  t e m p e r a t u r e  was 27. 1°c. 

The d r y i n g  of t h e  unc lean  l o t  of  mi lo  was l e s s  e f f i c i e n t  and r e q u i r e d  15 
p e r c e n t  more energy pe r  kg o f  w a t e r  evapora ted  t h a n  t h e  average  v a l u e  f o r  t h e  
cleixn l o t s  o f  g r a i n  (2 ,563  KJ/kg water). The i n - p l a n t  h a n d l i n g  o f  t h e  unc lean  
g r a i n  a l s o  caused problems of  down t ime and p l u g s  i n  t h e  g r a i n  h a n d l i n g  sys- 
tem,. The s a v i n g s  of  c l e a n i n g  p a r e r  f o r  t h e  u n c l e a n  c o r n  ( a n  a v e r a g e  o f  1 1.15 
KW) were low ( 5  p e r c e n t )  compared t o  t h e  power consumed d u r i n g  t h e  unc lean  
gra:in d r y i n g  test. The f i n a l  g r a i n  t e m p e r a t u r e s  were a c c e p t a b l y  homo.geneous, 
b u t  a i r  plenum t e m p e r a t u r e s  were  h igh  (between 1 18 and 1 2 0 ' ~  1. 

Genera l  c o m w n t s  on t h e  d r y i n g  t e s t s .  The tests conducted showed t h a t  t h e  - 
dryfing o f  t h e  unc lean  l o t s  of  g r a i n  ( c o r n  and m i l o )  r e q u i r e d  more energy  p e r  
k g  of w a t e r  evapora ted  ( 3 7  p e r c e n t  i n  t h e  La China p l a n t ,  18 p e r c e n t  i n  t h e  
T6r raba  p l a n t ,  and 1 5  p e r c e n t  i n  Gary G i l b e r t ' s  e l e v a t o r )  t h a n  t h e  d r y i n g  of  
t h e  c l e a n  l o t s  of  g r a i n .  It is w e l l  known t h a t  c l e a n l i n e s s  of t h e  g r a i n  
durfing t h e  s t o r a g e  per iod i s  impor tan t  f o r  a v o i d i n g  i n s e c t  i n f e s t a t i o n  and 
mold con tamina t ion  problems. It is mandatory t o  n o t e  h e r e  t h e  importance  o f  
t h e  c l e a n l i n e s s  of t h e  g r a i n  i n  o r d e r  t o  have a n  e a s y ,  smooth, and p l u g - f r e e  
i n - p l a n t  h a n d l i n g  of  t h e  g r a i n ,  and t o  save  c o n s i d e r a b l e  amounts of energy 
d u r i n g  t h e  d r y i n g  process .  However, added t o  t h i s  is  t h e  p o s s i b i l i t y  ( a s  
p r i v a t e  e l e v a t o r  managers have been do ing  i n  Kansas) of  s e l l i n g  t h e  g r a i n  
l i f t i n g  ( s e p a r a t e d  by t h e  g r a i n  c l e a n e r s )  f o r  animal f eed ,  a t  p r i c e s  a s  h igh  
a s  '75 p e r c e n t  of  t h e  a c t u a l  g r a i n  market  p r i c e .  Lab a n a l y s i s  conducted on  
sevc:ral samples  of co rn  l i f t i n g  from Cos ta  Rica  shows raw f i b e r  a s  h igh  a s  27 
p e r c e n t ,  6 .12 p e r c e n t  a sh ,  3.06 p e r c e n t  p r o t e i n ,  1.88 p e r c e n t  f a t ,  0.29 per- 
cent; phosphorus,  and 0.20 p e r c e n t  ca lc ium (combining samples of t h e  t h r e e  
d i f f e r e n t  k i n d s  of l i f t i n g  t h e  S c a l p e r a t o r  Carter Day s e p a r a t e s ,  which a r e  
gro:$s, f i n e ,  and d u s t  from t h e  c y c l o n e ) .  The s p e c i f i c  a n a l y s i s  of  each kind 
of l i f t i n g  can be o b t a i ~ e d  from t h e  au thor .  Dur ing t h e  d r y i n g  tests, i t  was 
l e a ~ n e d  t h a t  t h e  energy invo lved  d u r i n g  t h e  c l e a n i n g  p r o c e s s  is p r a c t i c a l l y  



n e g l i g i b l e  compared w i t h  t h e  energy used i n  t h e  d r y i n g  p rocess .  So t h e  poss- 
i b i l i t y  o f  s e l l i r g  t h e  g r a i n  l i f t i n g  c a r r i e s  a  d i r e c t  economic b e n e f i t  t o  t h e  
g r a i n  e l e v a t o r s  because  it i m p l i e s  no c o s t  i f  t h e  buyers  come t o  t h e  e l e v a t o r  
t o  pux3chase t h e  g r a i n  l i f t i n g .  

Final l -y ,  i t  was observed d u r i n g  t h e  tes ts  t h a t  when d r y i n g  g r a i n  a t  v e r y  low 
m o i s t u r e  c o n t e n t s  ( u n d e r  15 p e r c e n t ) ,  t h e  thermal  e f f i c i e n c y  of t h e  p r o c e s s  is  
s o  laf t h a t  t h e  d r y i n g  o p e r a t i o n  bec mes a  w a s t e  o f  ene rgy  and t ime,  and o t h e ~  9 d r y i n g  a l t e r n a t i v e s  ( l i k e  d r y e r a t i o n  1 shou ld  be a p p l i e d .  



' .iq 
TABLE 1 

RESULTS ON QUALITY OF THE THREE LOTS OF G R A I N  ANALYZED AT THE PURCHASING AGENCY 
AROUND LA C H I N A  PLANT 

A R R I V A L  AT THE 
VALUE 

27.2-25.5-25.9 

13.92-13.92-14.64 

7 6  -75.9 -73.76 

1.33- 1.26- 1.29 

1.0 - 0.86- 1.62 

1.76- 4.56- 3.93 

0.16- 0.03- 0 

0.40- 0.03- 0 

----- 
7850 

AGENCY 
AVERAGE 

26.6 

14.37 

75.17 

1.28 

0.74 

2.82 

0.36 

0.27 

5 2 

8005 

A R R I V A L  AT PURCHASING PLANT 
AVERAGE 

26.2 

14.16 

75.22 

1.29 

1.16 

3.41 

0.06 

0.14 

---- 
---- 

G R A I N  PARAMETER 

Tempera tu re ,  OC 

Motomco M o i s t u r e  C o n t e n t ,  % 

Bulk  D e n s i t y ,  Kg/HL 

T r u e  D e n s i t y ,  Gr/cm 3 

I m p u r i t i e s ,  % 

Brokens ,  % 

Damage by I n s e c t ,  % 

Damage by Molds, % 

A f l a t o x i n s ,  PPB 

Weight  o f  L o t ,  Kg 

I VALUE 

26.6-26.6-26.6 

14.93-13.99-14.21 

75.3 -74.93-75.28 

1.28- 1.30- 1.28 

0.46- 0.96- 0.8 

1.7 - 3.6 - 3.18 

0.5 - 0.44- 0.16 

0.58- 0.12- 0.11 

12-130-13 

8023-8112-7881 



T A B L E  2 

R E S U L T S  ON Q U A L I T Y  O F  T H E  TWO L O T S  O F  G R A I N  ANALYZED A T  T H E  P U R C H A S I N G  A G E N C I E S  AROUND 
T E R R A B A  P L A N T  

I A R R I V A L  AT 
A R R I V A L  

VALUE 

25.5-27.9 

15.52-15.5 

76.56-79 

1.34-1.30 

1.06- 0.36 

0.36- 

0.8 - 0 

0.1 - 0.16 

--- 
12791-4370 

G R A I N  PARAMETER 
AT P L A N T  

AVERAGE 

26.6 

15.51 

77.78 

1.32 

0.71 

0.36 

0.4 

0.13 

- - 
8560 

D E P A R T U R E  
FROM 

VALUE 

26.6- 23.3 

16.84-15.22 

76.7 -78.8 

1.32- 1.35 

0.60- 0.33 

0.53- 1.33 

0 - 0  

0.56- 0.5 

25-1 00 

12821-4460 

P U R C H A S I N G  
VALUE 

AGENCY 
AVERAGE 

25 

16.03 

77.75 

1.33 

0.46 

0.93 

0 

0.53 

6 2 

8640 

AGENCY 
AVERAGE 

26.9 

16.19 

77.46 

1.29 

0.46 

1.06 

0.06 

0.66 

15 

8660.5 

T e m p e r a t u r e ,  OC 

M o t o m c o  M o i s t u r e  C o n t e n t ,  % 

B u l k  D e n s i t y ,  K g / H L  

T r u e  D e n s i t y ,  G r / c m  3 

I m p u r i t i e s ,  % 

B r o k e n s ,  % 

D a m a g e  by Insect ,  % 

D a m a g e  by M o l d s ,  % 

A f l a t o x i n s ,  P P B  

W e i g h t  of L o t ,  Kg 

26- 27.8 

17.39-15 

76.26-78.66 

1.27- 1.32 

0.56- 0.36 

0.80- 1.33 

0.13- 0 

0.90- 0.43 

15-1 5 

12791-4530 



TABLE 3 

AVERAGES AND STANDARD DEVIATIONS OF THE PARAMETERS MEASURED AT THE ELEVATORS LA C H I N A  
AND TERRABA DURING THE CONDITIONING STORAGE, AND UNLOADING PROCESSES 

LA C H I N A  

' ~ h e s e  neasurements  were t aken  s e v e r a l  days  a f t e r  t h e  b i n  was complete ly  f i l l e d  and a f t e r  t h e  
g r a i n  i n s i d e  t h e  b i n  had been a e r a t e d .  

AFTER AFTER 

S.D 

1.1 

-- 
0.97 

1.10 

- - 

0.24 

0.77 

0.1 

0.61 

- - 

HOPPER CLEANING D R Y I N G  
AV. 

46.6 

-- 
12.98 

75.58 

-- 

0.52 

1.11 

0.18 

0.49 

-- 

Temperature,  OC 

Oven Moist .  Cont. ,  % 

Mot. Moist .  Cont.,  % 

Bulk Dens i ty ,  Kg/HL 

True  D e n s i t y ,  gr/cm 3 

I m p u r i t i e s ,  % 

Brokens,  % 

Damage by I n s e c t s ,  % 

Damage by Molds, % 

A f l a t o x i n s ,  PPB 

S.b 

8.5 

-- 
0.73 

0.65 

- - 
0.19 

0.50 

0.14 

0.39 

- - 

BIN FILLING AFTER 
POINT 

AV . 
41.0 

13.08 

13.25 

75.79 

1.30 

0.43 

1.44 

0.12 

0.29 

105 

AV. 

25.1 

13.74 

14.18 

75.04 

1.27 

0.67 

1.24 

0.15 

0.46 

78 

FILLING- 
AV. 

27.3 

12.45 

12.38 

76.02 

1.3 

1.26 

2.24 

0.23 

0.31 

78 

S.D 

5.4 

0.33 

0.76 

0.59 

0.02 

0.09 

0.81 

0.10 

0.25 

96 

- 
S.D 

3.2 

0.08 

0.30 

0.65 

0.02 

1.21 

0.76 

0.14 

0.26 

73 

S.D 

2.2 

0.99 

1.21 

1.70 

0.02 

0.32 

1.06 

0 . 1  

0.63 

155 

AV. 

26.2 

-- 
14.48 

75.93 

-- 
0.61 

1.54 

0.07 

0.55 

-- 



TABLE 3 ( c o n t i n u e d )  

-LA C H I N A  

G R A I N  PARAMETER 

Temperature ,  OC 

Oven Moist .  Cont.,  % 

Mot. Moist .  Cont.,  % 

Bulk D e n s i t y ,  Kg/HL 

True  D e n s i t y ,  gr/cm 3 

I m p u r i t i e s ,  % 

Brokens,  % 

Damage by I n s e c t s ,  % 

Damage by Molds, % 

A f l a t o x i n s ,  PPB 

U N- 
LOADING 

POINT 
AV . 
25.5 

12.18 

12.34 

74.24 

1.29 

1.46 

1.3 

0.69 

0.1 

91 

TRUCK 
FIRST 

STORAGE 

S.D 

0.6 

0.43 

0.29 

0.34 

0.03 

0.65 

0.79 

0.28 

0.09 

118 

L 0 
AV. 

26.5 

12.24 

12.53 

74.49 

1.29 

0.88 

1.50 

0.74 

0.06 

-- 

MONTH 
AV. 

32.3 

12.50 

12.21 

75.96 

1.31 

1.59 

2.53 

0.19 

0.50 

83 

AD I N G  
S.D 

2.1 

0.26 

0.29 

0.46 

0.02 

0.88 

0.47 

0.43 

0.05 

-- 

S.D 

1.4 

0.11 

0.32 

0.78 

0.03 

1.33 

0.96 

0.19 

0.48 

84 

SECOND 
STORAGE 

NONTH 
AV. 

29.2 

12.26 

12.77 

76.01 

1.26 

1.48 

1.76 

0.4 

0.47 

82 

S.D 

1.8 

0.13 

0.32 

0.77 

0.01 

1.27 

0.54 

0.45 

0.51 

39 

THIRD 
STORAGE 

FOURTH 
STORAGE 

MONTH 
AV. 

21.4 

12.22 

12.85 

76.03 

1.28 

1.35 

1.61 

0.41 

0.83 

45 

MONTH 
AV. 

26.2 

12.26 

13.03 

75.6 

1.27 

0.86 

1.70 

0.40 

1.11 

78 

S.D 

2.2 

0.06 

0.35 

0.80 

0.01 

1.61 

0.59 

0.24 

0.57 

17 

S.D 

0.6 

0.32 

0.63 

0.76 

0.01 

1.03 

0.97 

0.25 

3.72 

43 



TABLE 3 ( c o n t i n u e d )  

TERRABA 

' ~ h e s e  n;easurements were taken  s e v e r a l  days  a f t e r  t h e  b i n  was complete ly  f i l l e d  and a f t e r  t h e  
g r a i n  i n s i d e  t h e  b i n  had been a e r a t e d .  

Temperature ,  OC 

Oven PSoist. Cont. ,  % 

Mot. Moist. Cont.,  % 

Bulk D e n s i t y ,  Kg/HL 

True Dens i ty ,  gr/cm 3 

I m p u r i t i e s ,  % 

Brokens,  % 

Damage by I n s e c t s ,  % 

Damage by Molds, % 

A f l a t o x i n s ,  PPB 

BIN FILLING AFTER 
POINT 

AV . 
54.7 

12.31 

13.24 

75.2 

1.30 

1.07 

2.06 

0.09 

0.62 

73  

HOPPER 
AV. 

29.4 

14.32 

15.67 

75.60 

1.29 

0.77 

1.77 

0.16 

0.82 

69 

AFTER 
CLEANING 
AV. 

29.6 

-- 
15.74 

76.64 

1.29 

0.43 

1.47 

0.25 

0.63 

- - 

I AFTER 

S.D 

3.7 

0.49 

0.80 

1.2 

0.03 

0.74 

0.83 

0.09 

0.42 

7 1  

S. D 

1.5 

1.74 

1.46 

0.83 

0.02 

0.42 

1.66 

0.18 

1.11 

93 

FILLING- 
AV. 

32.0 

11.46 

11.25 

76.92 

1.28 

1.72 

1.61 

0.09 

0.57 

33 

S.D 

0.8 

-- 
1.02 

0.79 

0.02 

0.09 

0.83 

0.30 

0.32 

-- 

D R Y I N G  
AV. 

56.2 

- - 

13.29 

76.11 

1.31 

0.57 

1.78 

0.23 

0.58 

-- 

S.D 

1.0 

0.27 

0.48 

0.46 

0.04 

1.34 

0.55 

0.11 

0.26 

15 

S.D 

3.1 

- - 
0.65 

1.29 

0.03 

0.23 

0.65 

0.37 

0.52 

- - 



TABLE 3 ( c o n t i n u e d )  

--.... . ..a 
I CHHHDH 

G R A I N  PARAMETER 

U N- 
LOADING 

FOURTH 
STORAGE 

SECOND I THIRD 

POINT 
AV . 
34.5 

11.38 

11.76 

75.45 

1.29 

0.63 

1.72 

0.10 

0.03 

3 1 

TRUCK 
MONTH 

AV. 

34.9 

11.63 

11.35 

76.02 

1.30 

1.85 

1.75 

0.37 

0.05 

42 

S.D 

1.0 

0.25 

0.25 

0.24 

0.001 

0.24 

0.36 

0.09 

0.06 

9 

LOADING 
AV. 

34.4 

11.46 

11.80 

75.79 

1.29 

0.59 

3.08 

0.22 

0.02 

- - 

S.D 

1.2 

0.26 

0.43 

0.40 

0.01 

1.49 

0.97 

0.18 

0.09 

10 

FIRST 
STORAGE 

S.D 

0.8 

0.19 

0.42 

0.87 

0.01 

0.37 

1.23 

0.16 

0.03 

-- 

STORAGE 
MONTH 

AV. 
MONTH 

AV. 

27.7 

11.41 

11.41 

76.67 

1.30 

1.07 

2.16 

0.23 

0.09 

58 

I STORAGE 

S.D 

1.0 

0.35 

0.38 

0.61 

0.02 

0.64 

0.64 

0.24 

0.37 

6 

0 Temperature* C 
I 
30.4 

S.D 

1.5 

0.28 

0.49 

0.47 

0.01 

0.83 

0.61 

0.17 

0.08 

49 

MONTH 
AV. 

33.7 

11.62 

11.94 

76.63 

1.28 

1.09 

1.66 

0.29 

0.52 

50 

Oven Mois t .  Cont. ,  % 

Mot. Moist .  Cont. % 

S.D 

1.4 

0.39 

0.49 

0.46 

0.03 

0.64 

0.60 

0.28 

0.33 

30 

11.36 

11.25 

Bulk D e n s i t y *  Kg/HL 176.72 

T r u e  D e n s i t y *  gr/cm 3 I 1.29 

I m p u r i t i e s ,  % 0.96 

Brokens* % 1.77 

Damage by I n s e c t s *  % 0.22 

Damage by Molds* % 0.42 

A f l a t o x i n s ,  PPB 37 



T A B L E  4 

SUMMARY O F  T H E  G R A I N  C O N D I T I O N S  B E F O R E  ( I N )  AND A F T E R  ( O U T )  T H E  S T O R A G E  P E R I O D  F O R  
E L E V A T O R S  L A  C H I N A  AND T E R R A B A  

I N  
( B I N  F I L L I N G  P O I N T )  

L A  C H I N A  T E R R A B A  

O U T  
( B I N  F I L L I N G  P O I N T )  

L A  C H I N A  T E R R A B A  
P A R A M E T E R S  , AVER. 

I 
T e m p e r a t u r e ,  OC 1 4 1 . 0  

AVER. 

25.5 

12.18 

12.34 

74.24 

1.29 

1.46 

1.34 

0.69 

0 14 

9 1 

O v e n  M o i s t u r e  C o n t e n t ,  % 

M o t o r n c o  M o i s t u r e  C o n t e n t ,  % 

B u l k  D e n s i t y ,  K g / H 1  

S . D  

3.7 

0.49 

0.80 

1.2 

0.03 

0.74 

0.83 

0.09 

0.42 

7 1  

AVER. 

34.5 

11.38 

11.76 

75.45 

1.29 

0.63 

1.72 

0.10 

0.03 

3 1 

S . D  

0.6 

0.43 

0.29 

0.34 

0.03 

0.65 

0.79 

0.28 

0.09 

118 

S . D  

5.4 

0.33 

0.76 

0.59 

0.02 

0.09 

0.81 

0.10 

0.25 

96 

13.08 

13.25 

75.79 

S . D  

1.0 

0.25 

0.25 

0.24 

0.001 

0.24 

0.36 

0.09 

0.06 

9 

AVER. 

54.7 

12.31 

13.24 

75.2 

1.30 

1.07 

2.06 

0.09 

0.62 

73  

T r u e  D e n s i t y ,  g r / c m  3 ' 1.30 

I m p u r i t i e s ,  % 0.43 

B r o k e n s ,  % 1.44 

D a m a g e  by Insect, % 0.12 

Damage by N o l d s ,  % 0.29 

A f l a t o x i n s ,  P P B  105 



TABLE 5 

ANALYSIS OF RESULTS ON QUALITATIVE G R A I N  LOSSES AT LA C H I N A  AND TERRABA PLANTS 

TERRABA 

N 0 

6 9 

N 0 

N 0 

NO 

NO 

N 0 

YES (+) 

-- 
YES(+) 

YES ( + I  

N 0  

STATISTICALLY SIGNIFICANT DIFFERENCES ON THE I N I T I A L  A I D  ) I 
I 

FINAL LEVEL OF . . . . . . . . . . . . . . . . . . . . . ! LA C H I N A  
I 

Aflatoxins a t  Storage 1 NO 

I n i t i a l  a f l a tox ins  level  1 76  

Broken Grains I NO 

Oven Moisture Content During Storage YES(+) 

Motomco Moisture Content During Storage I NO 

Damage by I n s e c t s  During Storage 

Bulk Density During Storage 

YES ( - 1  

YES ( + I  

Impuri t ies  During I 

Cleaning process - f i r s t  cleaning machine YES (+) 

Cleaning process - second cleaning machine YES (+) 
I 

Storage period 1 YES(-) 

Grain Temperature I YES (+) 
I 

Damage by Molds i N O  



TABLE 6 

ANALYSIS OF RESULTS ON QUANTITATIVE G R A I N  LOSSES AT 
LA C H I N A  AND TERRABA PLANTS 

I n i t i a l  Weight ( inc luding  l i f t i n g )  1 889,646.5 Kg 956,466 Kg 
! I I 
1 LA C H I N A  
I - ITEM VALUE 
I 

Weight of L i f t i n g  1 3,481.5 Kg 1 3*409 Kg I 

TERRABA 
VALUE 

I n i t i a l  Weight without L i f t i n g  1886,165.0Kg 953,057Kg I I I 
Weight of Samples Pulled Out From Hopper 1 841.21 Kg 

I and Cleaning Machine i 
I 

507.14 Kg 

I n i t i a l  Average Oven Moisture Content 13.741 
( a t  hopper) 

14.321 

Weight of I n i t i a l  Dry Matter 764,405.9 Kg 

Final  Weight of Grain 1854,393.5 Kg 917,823 Kg 
! I I 

816,579.2 Kg 

Weight of Dry Matter of Samples From 725.62 Kg 
Hopper and Cleaning Machine 

! 

Weight of Samples Pulled Out During 
Conditioning, Storage and Unload- 
ing  Process 

434.51 Kg 

Wei~;ht of F ina l  Dry Matter 1749,815.7 Kg 812,640.5 Kg 
I I 

Final  Average Oven Moisture Content I 12.24% 
( t r u c k  loading  point  I 

11.461 

Weight of t h e  Dry Matter of Storage 1 1,017 Kg 
I Samples i 

839 Kg 

Weight of F ina l  Dry Matter P lus  t h e  1 751,558 Kg 
I Samples of Dry Matter 
I 
! 

PERCENTAGE OF DRY MATTER LOSS I 

i 1.68% ( 0.32% 1 

813,914 Kg 

Difference Between I n i t i a l  and Fina l  1 12,848 Kg 
I Dry Matter i 
! 

2,665 Kg 



TABLE 7 

RESULTS OF THE G R A I N  LOSS CALCULATION PROCESS BY THE BIN-VOLUMETIC METHOD 

LA C H I N A  I TERRABA 1 
I 

ITEM VALUE 1 VALUE I 

I n i t i a l  Bulk Densi ty  ( a f t e r  f i l l i n g )  I 760.2 Kg/m 3 I 7 66.1 i[g/m3 I i I i 
I n i t i a l  Oven Moisture  Content ( a f t e r  I 

f i l l i r l g )  I 
I n i t i a l  Grain  Level ( a f t e r  f i l l i n g )  I 
I n i t i a l  Volume of Gra in  1 1,101.96 m3 I 1,238.71 m 3 I 

I 
! I i 

I n i t i a l  Wet Volume tr i c  Weight / 837,712.29 Kg 1948,975.73 Kg I 
I n i t i a l  Dry Mat te r  Weight I 733,417.11 Kg 840,233 Kg 

F i n a l  Bulk Densi ty  ( f o u r t h  sampling) 756 ~ g / m ~  761.6 Kg/m 3 

1 i i 

F i n a l  Gra in  Level ( f o u r t h  sampling)  I 6.55 m I 7.465 m I 

F i n a l  Oven Moisture  Content  ( f o u r t h  I 
I 12.26% sampl i ng i 
! 

11.63% 

F i n a l  Dry Mat te r  Weight 

Wet Weight D i f f e r ence  

PERCENTAGE OF WET LOSS 

F ina l  Volume of Grain  1 1,092.78 m 1 1,241.21 m 3 

I 

F i n a l  Wet Volumetric Weight / 826,141.68 Kg 945 306.43 Kg 

Dry Mat,ter Weight Di f fe rence  1 8,560.4 Kg 
I 

PERCENTAGE OF DRY MATTER LOSS I 1.17% 

4,856 Kg 

0.58% 



TABLE 8 

CLEANING PARAMETERS ON THE G R A I N  LOTS USED FOR THE D R Y I N G  
PERFORMANCE TESTS WITH CLEAN CORN AND CLEAN MILO 

Cleaning Time ( h r )  I 0.63 1 3.35 1 

I 1 
I LA C H I N A  L I 

CLEANER : SCAL PERATOR 
I CARTER DAY 1 WHITE CORN. FEB & JUNE 1987 

Theor. Capacity ( k g  g r a i n )  
h r  

PARAMETER ! TRIAL1 

Working Capaci ty  ( k g  g r a i n )  
h r  

TRIAL 2 

Cleaner  E f f i c i ency  ( $ 1  

I 

Power Input  (kw) 

Cleaning Rate  (kg  l i f t i n g )  
h r  

I Screen s i z e :  24 x 76 inches ;  o r i f i c e  s i z e :  1/2 x 3/4 inches ;  capac i ty :  
3,3CO bu/hr 



TABLE 8 ( c o n t i n u e d )  

I TERRARA ' I 

-- 

Theor. Capac i ty  ( k g  g r a i n )  

PARAMETER TRIAL 1 1 TRIAL 2 

Working C a p a c i t y  ( k g  g r a i n )  
h r 

I 
C l e a n i n a  Time ( h r )  1 1.8  

C l e a n e r  E f f i c i e n c y  ( 8 )  

2.2 

Power I n p u t  (kw) 

' s c r e e n  s i z e :  24  x 60 i n c h e s ;  o r i f i c e  s i z e :  1 /2  x 3/4 i n c h e s ;  c a p a c i t y :  
2 ,046 bu/hr  

C1eanin.g R a t e  ( k g  l i f t i n g )  7 3 7 3  
h r  

M o i s t u r e  Con ten t  ( %  w. b. 
i 

13.86 14.76 



TABLE 8 (cont inued)  

- 
I CLAY CENTER I 

CLEANER: R I C E  I 

CK-84 RH 
1 KANSAS MILO, DEC 1986 1 

- PARAMITER [ TRIAL 1 TRIAL 2 

0.49 

509 8 17 

54,486 

1 07 

11.2 

518 

16.06 

Cleaning Time ( h r )  1 0.44 

Theor. Capacity ( k g  g r a i n )  1 50.817 I h r  

Working Capacity ( k g  g r a i n )  
h r  

Cleaner E f f i c i ency  ( $ 1  

Power Input  (kw) 

Cleaning Rate ( k g  l i f t i n g )  
h r  

Moisture Content ( 5  w. b. - 

53,971 

106 

11.1 

5 14 

15.68 



TABLE 9 

D R Y I N G  PERFORMANCE TESTS - ELEVATOR LA C H I N A ,  DRYER: MATHEWS 900E, 
G R A I N :  WHITE CORN, FEBRUARY* JUNE, and J U L Y  1987 

i TRIAL 1 I 
PARAMETERS I 

I CLEAN 1 UNCLEAN 
I I I 

AV ~ t m  Temp ( O C )  

Av Re1 Humidity ( 5  ) 

Av Plenim Temp ( O C  ) 

Av O u t l e t  Temp ( O C I  

Av Grai:n Temp Range ( O C )  

Av G r a i n  Moist  Range ( %  w.b.1 

Drying  'rime ( H R )  i 1.53 1 1.71 1 
I 

T o t a l  Energy Consumption (KW 1 
( F u e l  & E l e c t r i c i t y )  

Energy t o  Evap Water ( KJ 1 
kg H20 

Drying Rate 

Thermal E f f i c i e n c y  ( % )  i 24 1 15 



TABLE 9 (cont inued)  

- 
1 I - TRIAL 2 

PARAMETERS ! CLEAN UNCLEAN 1 
I 1 i 

Av A t m  Temp ( O C  1 
25*3  i 

I 

i 26.9 i 
Av Re1 Humidity ( $ 1  

Av Plenum Temp ( O C )  

Av Clu t 1 e t Temp ( O C )  

Av Grain Temp Range ( O C )  

Av Grain Moist Range ( 5  w.b.1 

Drying T i m e  ( H R )  

Tota l  Energy Consumption (KW) 
(Fuel  & E l e c t r i c i t y )  

Energy t o  Evap Water ( K J  1 
kg H20 

Drying Rate 
( kg H2° ) 

H R  

Thermal E f f i c i ency  - ( $ 1  I 61 1 42 1 
'wrong temperature  reading,  lower than  the  f i n a l  g r a i n  temperature.  



TABLE 10 

D R Y I N G  PERFORMANCE TESTS - ELEVATOR TERRABA, DRYER: BERICO 940E, 
G R A I N  : WHITE CORN, MARCH 1987 

I 
I TRIAL 1 

PARAMETERS I CLEAN 1 UNCLEAN 
I 

Av A t m  Temp ( O C )  

Av Re1 Humidity ( $ 1  

Av P1en.m Temp ( O C )  

Av Ou t l e t  Temp ( O C  ) 

Av Grain Temp Range ( O C )  

Av Gra in  Moist Range ( %  w.b.  ) 

Drying Time ( H R )  

Total  E:nergy Consumption (KW ) 
(Fuel  8: E l e c t r i c i t y )  

6,053 

3 08 

33 

I 

Energy t o  Evap Water ( KJ 
kg H20 

kg H20 
Drying Rate ( 

H R 

5,139 

377 

Thermal E f f i c i ency  ( $ 1  1 4 1 



TABLE 11  

D R Y I N G  PERFORllANCE TESTS - GARY GILBERT'S ELEVATOR, 
DRYER: BUTLER KAN SUN, G R A I N :  

KANSAS MILO, DECEMBER 1986 

- I - TRIAL 1 
I 1 - PARAMETERS CLEAN UNCLEAN 
I 

Av A t m  Temp ( O C  1 I 
! l 2  1 

Av Re1 Humidity ( $ 1  I 46 1 59.5 1 
Av Flenum Temp ( O C  

Av O u t l e t  Temp ( O C )  

Av G r a i n  Temp Range ( O C  ) 

Av G.rain Moist Range ( %  w.b. ) ) 15.68 t o  13.33 

Drying Time ( H R )  I 
I 

2.0 

T o t a l  Energy Consumption ( K W )  
(Fue l  & E l e c t r i c i t y )  

Energy t o  Evap Water ( K J  1 
kg H20 

Drying Rate  
( k g  H2°) 

H R 

Thermal - E f f i c i e n c y  ( % )  I 64 



TABLE 1  1  ( c o n t i n u e d )  

I TRIAL 2  
PARAMETERS CLEAN ! UNCLEAN I 

I I 
Av A t m  Temp ( O C )  I 

I 
14.2 / 

Av Re:l Humidity ( $ 1  
1 

34.1 1 
Av Plenum Temp ( O C  ) 

Av O u t l e t  Temp ( O C )  

Av G r a i n  Temp Range ( O C )  

Av G r a i n  Moist  Range ( %  w.b.  1 

Drying T i m  ( H R )  

T o t a l  Energy Consumption (KW 

2.0 

435 
(Fue l  & E l e c t r i c i t y )  

Energy t o  Evap Water ( KJ 1 
i 

2,532 
kg H20 

k g  H20 
Drying Rate  ( 1 3  09 

H R  

Thermal E f f i c i e n c y  ( $ 1  6 4  



FEBRUARY MARCH APRIL 

STORAGE PERIOD 

MAY JUNE 

FIGURE 3. Gra in  Temperature (Monthly Averages) a t  D i f f e r en t  Leve ls  I n s i d e  
t h e  Bin During S torage  a t  "La China" F a c i l i t y  
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FEBRUARY MARCH APRIL 

STORAGE PERIOD 

MAY JUNE 

FIGURE 4 .  Grain Temperature (Monthly Averages)  a t  D i f f e r e n t  Radi i  I n s i d e  
t h e  B in  During Storage a t  "La Chinan F a c i l i t y  
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FEBRUARY MARCH APRIL 

STORAGE PERIOD 

MAY 

FIGURE 5. G r a i n  Temperature (Monthly Averages) a t  D i f f e r e n t  D i s t a n c e s  
I n s i d e  t h e  Bin  During S torage  a t  "La Chinan F a c i l i t y  
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FIGURE 6. 

FEBRUARY MARCH APRIL MAY JUNE 

STORAGE PERIOD 

G r a i n  Temperature  (Honth ly  Averages)  o f  t h e  Whole B in  Dur ing  
S t o r a g e  a t  "La Chinan F a c i l i t y  
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FIGURE 7. G r a i n  Motcmco Mois tu re  Con ten t  (Monthly Averages)  a t  D i f f e r e n t  
L e v e l s  I n s i d e  t h e  Bin  Dur ing S t o r a g e  a t  "La Chinan F a c i l i t y  



FEBRUARY MARCH APRIL 

STORAGE PERIOD 

MAY JUNE 

FIGURE 8. Gra in  Hotmco Hois ture  Content (Monthly Averages) a t  D i f f e r en t  
Rad i i  I n s ide  t h e  Bin During S torage  a t  "La Chinan F a c i l i t y  
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FEBRUARY MARCH APRIL MAY JUNE 

STORAGE PERIOD 

FIGURE 9.  Grain Mot~nco  Moisture Content (Monthly Averages) a t  D i f f e r e n t  
Dis tances  I n s i d e  t h e  Bin During S torage  a t  "La Chinan F a c i l i t y  

6 8 
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FIGURE 10. G r a i n  Motanco F o i s t u r e  Content  (Monthly Averages) of t h e  Whole 
E i n  During S t o r a g e  a t  "La ChinaN F a c i l i t y  



FIGURE 1 1. Gra in  Damage by In sec t  (Monthly Averages) of  t h e  Whole Bin 
During Storage a t  "La China" F a c i l i t y  
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FIGURE 13. Grain Temperature (Monthly Averages) at Different Radii Inside 
the Bin During Storage at "Terraban Facility 
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FIGURE 14. Grain Temperature (Monthly Averages) a t  Different Distances 
Inside the Bin During Storage at  "Terraban Facility 
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FIGURE 15. Grain Temperature (Monthly Averages) f o r  t h e  Whole B i n  During 
S torage  a t  "Terraban F a c i l i t y  
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MARCH APRIL MAY JUNE JULY 

STORAGE PERIOD 

FIGURE 16. Gra in  Hotanco F o i s t u r e  Content (Monthly Averages) a t  D i f f e r e n t  
Levels  In s ide  t h e  Bin During Storage a t  "Terraban F a c i l i t y  
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FIGURE 17. Gra in  Motanco Moisture  Content  (Monthly Averages) a t  D i f f e r e n t  
E a d i i  I n s i d e  t h e  Bin During S to r age  a t  "Terraban F a c i l i t y  
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JUNE 

FIGURE 18. Gra in  Motanco Moisture Content (Monthly Averages) a t  D i f f e r e n t  
Dis tances  I n s i d e  t h e  Bin During Storage a t  "TerrabaW F a c i l i t y  
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STORAGE PERIOD 
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FIGURE 19. Gra in  Notomco Ho i s tu re  Content (Monthly Averages) f o r  t h e  Whole 
Bin During S torage  a t  "Terraban F a c i l i t y  
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MARCH APRIL MAY JUNE JULY 

STORAGE PERIOD 

FIGURE 20. Grain Damage by I c s e c t  (Monthly Averages) of t h e  Whole Bin 
During Storage a t  "Terraban F a c i l i t y  



SECTION V I  

CONCLUSIONS 

The g r a i n  q u a l i t y  a t  both  t h e  La China and Ter raba  p l a n t s  changed d u r i n g  t h e  
e x p e r i m e n t a l  4-month s t o r a g e  per iod.  There  were 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 e c r e a s e s  i n  g r a i n  t e m p e r a t u r e  a t  bo th  p l a n t s  d u r i n g  t h e  s t o r a g e  per iod.  
There  was a 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 e c r e a s e  i n  oven m o i s t u r e  c o n t e n t  o n l y  
a t  La China. There  were no s t a t i s t i c a l l y  s i g n i f i c a n t  changes  i n  Motmco 
m o i s t u r e  c o n t e n t  a t  e i t h e r  e l e v a t o r .  There  was a 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 e c r e a s e  i n  bu lk  d e n s i t y  a t  La China only .  There  was a s t a t i s t i c a l l y  s i g n i f -  
i c a n t  i n c r e a s e  i n  i m p u r i t i e s  a t  La China, bu t  no i n c r e a s e  a t  Terraba.  There  
were no s t a t i s t i c a l l y  s i g n i f i c a n t  changes  i n  broken k e r n e l s  o r  mold damage a t  
e i t h e r  p l a n t .  There  were  no s t a t i s t i c a l l y  s i g n i f i c a n t  changes  i n  a f l a t o x i n  
l e v e l  a t  e i t h e r  p l a n t ,  but  t h e  average  a f l a t o x i n  l e v e l s  o f  t h e  g r a i n  r e c e i v e d  
a t  La China and Terraba f o r  t h e  exper iment  w e r e  v e r y  h igh  ( 7 6  ppb f o r  La China 
and 69 ppb f o r  T e r r a b a )  and n o t  a d v i s a b l e  f o r  human consumption. T h i s  f a c t  
s u g g e s t s  t h e  n e c e s s i t y  of  a d e e p e r  e x t e n s i o n  work o f  p r e v e n t i o n  a t  t h e  fa rm 
l e v e l  and q u a l i t y  c o n t r o l  i n  t h e  p u r c h a s i n g  a g e n c i e s .  

The d r y  m a t t e r  l o s s e s  c a l c u l a t e d  a f t e r  t h e  4-nonth s t o r a g e  pe r iod  were 1.68 
p e r c e n t  f o r  La China and 0.32 p e r c e n t  f o r  Terraba.  The l e v e l  o f  t h e s e  l o s s e s  
and t h e  change i n  q u a l i t y  pa ramete r s  a t  each  p l a n t  a r e  c l o s e l y  r e l a t e d  t o  t h e  
d i f f e r e n t  g r a i n  c o n s e r v a t i o n  p r a c t i c e s  a p p l i e d  a t  each p l a n t .  The l o s s  a t  La 
China was caused mainly  by a n  i n s e c t  i n f e s t a t i o n  (Tr ibo l ium and S i t o p h i l u s )  
which was n o t  well c o n t r o l l e d  w i t h  t h e  f u m i g a t i o n  p r a c t i c e s  b e i n g  used. 

The s t u d y  o f  t h e  in -b in  v a r i a t i o n s  of  g r a i n  t e m p e r a t u r e  and m o i s t u r e  c o n t e n t  
d u r i n g  t h e  s t o r a g e  pe r iod  showed i m p o r t a n t  t e m p e r a t u r e  d i f f e r e n t i a l s  a s  a 
result o f  t h e  l a c k  of  a ~001ir ig  p r o c e s s  f o r  t h e  g r a i n  after d r y i n g  i n  both  
p l a n t s .  Though average  d i f f e r e n t i a l s  between d i f f e r e n t  g r a i n  l o c a t i o n s  i n s i d e  
t h e  b i n  were n o t  h i g h e r  t h a n  5 . 6 ' ~  ( t h e  g r a i n  mass underwent t h e  t e m p e r a t u r e  
changes  as a whole ) ,  d u r i n g  2 t o  3 o f  t h e  s t o r a g e  months t h e  d o i f f e r e n t i a l s  
between t h e  ambient and g r a i n  t e m p e r a t u r e  were  h i g h e r  t h a n  5.6 C, which is 
c o n s i d e r e d  t h e  s a f e t y  t h r e s h o l d .  I n  both  e l e v a t o r s  i t  is  unders tood t h a t  
g r a i n  s t o r e d  w h i l e  st i l l  h o t  needs  i n t e n s i v e  a e r a t i o n  w i t h o u t  c o n s i d e r i n g  t h e  
ambient  c o r d i t i o n s ,  b u t  it was c l e a r  t h a t  t h e  c r i t e r i o n  f o r  d e c i d i n g  o n  ap- 
p l i c a t i o n  of  g r a i n  a e r a t i o n  d i d  no t  t a k e  i n t o  accoun t  i m p o r t a n t  i n d i c a t o r s  
such a s  g r a i n  t e m p e r a t u r e  ( t h e r e  a r e  no s e n s o r s  i n s i d e  t h e  b i n ) ,  ambient 
t e m p e r a t u r e  and r e l a t i v e  humidity.  I n  b o t h  e l e v a t o r s ,  t h e  h e a t i n g  p r o c e s s e s  
were a l s o  r e l a t e d  t o  i n s e c t  a c t i v i t y  which t h e  f u m i g a t i o n s  were  n o t  a b l e  t o  
c n t r o l .  The a i r f l o w  r a t e s  used f o r  a e r a t i o ?  were  approx imate ly  0.402 9 m /min/m3 ( 1 / 2  c f d b u s h e l )  a t  La China and 0.268 m /min/m3 ( 1 / 3  c f d b u s h e l )  a t  
Ter raba ,  which were  high f o r  t h e  low m o i s t u r e  c o n t e n t s  o f  t h e  g r a i n  i n v o l v e d  
i n  t h e  e x p e r i ~ n t s  (1 /10  t o  1/20 c f d b u s h e l  i s  t h e  recommendation o f  t h e  U.S. 
Department of  A g r i c u l t u r e ,  1985).  A s t a t i s t i c a l  a n a l y s i s  u s i n g  t h e  SAS pro- 
gram was a p p l i e d  t o  t h e  in -b in  v a r i a t i o n  d a t a  o n  t empera tu re ,  m o i s t u r e  con- 
t e n t ,  and i n s e c t  damage t o  i d e n t i f y  l i n e a r  o r  q u a d r a t i c  t r e n d s  i n  t h e  v a r i -  
a t i o n s  o f  t h e  pa ramete r s  mentioned. A q u a d r a t i c  t r e r d  was i d e n t i f i e d  f o r  t h e  
r a d i a l  v a r i a t i o n s  of g r a i n  t e m p e r a t u r e  w i t h i n  l e v e l s  w i t h i n  env i ronments  and 
f o r  t h e  damage by i n s e c t  by d i s t a n c e s  w i t h i n  environments .  A l i n e a r  t r e n d  by 
d i s t a n c e  w i t h i n  l e v e l s  and env i ronments  was observed f o r  t h e  g r a i n  m o i s t u r e  
c o n t e n t .  The i n h e r e n t  l i m i t a t i o n  o f  t h e  s t a t i s t i c a l  a n a l y s i s  was t h e  l a c k  o f  
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r e p l i c a t i o n s  of t h e  b i n s  under t h e  s tudy  due t o  t h e  p r a c t i c a l  i m p o s s i b i l i t y  of 
having them. 

The volumet r ic  method, a p r a c t i c a l  procedure t o  e s t i m a t e  g r a i n  l o s s e s  du r ing  
s to rage ,  gave e s t i m a t i o n s  which were very c l o s e  t o  t h e  d i r e c t  l o s s  assessment 
f i g u r e s .  Using t h e  wet g r a i n  op t ion ,  t h e  volumetr ic  weight l o s s e s  were 1.38 
pe rcen t  f o r  La China ( d i r e c t  l o s s  was 1.68 pe rcen t )  and 0.38 percent  f o r  
Terraba ( d i r e c t  l o s s  was 0.32 pe rcen t ) .  The volumet r ic  method of g r a i n  l o s s  
e s t i m a t i o n  d u r i n g  s to rage  t h a t  was introduced i n  t h i s  s tudy can  be e a s i l y  used 
a t  CNP du r ing  normal g r a i n  s to rage  opera t ions ,  provided t h e  g r a i n  su r f ace  is  
l e v e l e d  after f i l l i n g  t h e  b in  and t h e  g r a i n  h u l k  d e n s i t y  v a r i a t i o n s  a r e  ava i l -  
ab le .  Developing c o u n t r i e s  have i n  t h i s  method an  a t t r a c t i v e  a l t e r n a t i v e  t o  
e s t i m a t e  g r a i n  l o s s e s  du r ing  t h e  s to rage  period. 

The d ry ing  and c l ean ing  performance tests conducted showed t h a t  t h e  d ry ing  of  
t h e  unclean g r a i n  l o t s  (wh i t e  co rn  i n  Costa  Rica and milo i n  Kansas) requi red  
no re  energy per  pound of wa te r  evaporated (37 pe rcen t  i n  t h e  La China p l an t ,  
18 percent  i n  t h e  Terraba p l an t ,  and 15 percent  i n  Gary G i l b e r t ' s  e l e v a t o r )  
than  t h e  d ry ing  of t h e  c l ean  g r a i n  l o t s .  The tests a l s o  noted t h e  importance 
of p a i n  c l e a n l i n e s s  i n  o rde r  t o  have an easy,  smooth, and plug-free in -p lan t  
handl ing  of t h e  gra in ,  and t o  save cons iderab le  amounts of energy dur ing  t h e  
d ry ing  process  as well .  The p o s s i b i l i t y  of s e l l i n g  t h e  g r a i n  l i f t i n g  (sep- 
a r a t e d  by t h e  g r a i n  c l e a n e r s )  f o r  animal feed  was supported by a l a b o r a t o r y  
a n a l y s i s  of t h e  n u t r i t i v e  va lue  of t h r e e  d i f f e r e n t  t ypes  of Costa  Rican corn 
l i f t i n g  t h a t  showed important  percentages of raw f i b e r  (27 p e r c e n t ) ,  ash (6.12 
p e r c e n t ) ,  and p r o t e i n  (3.06 pe rcen t ) .  The c l ean ing  processes  du r ing  t h e  tests 
proved t o  be almost cost-free energy wise and t h e  b e n e f i t s  implied a r e  impor- 
t a n t .  F i n a l l y ,  i t  was observed t h a t  when d ry ing  g r a i n  a t  very low moisture  
c o n t e n t s  (under  15 pe rcen t ) ,  t h e  thermal e f f i c i e n c y  of t h e  process  i s  s o  low 
t h a t  t h e  d ry ing  ope ra t i on  becomes a was te  of energy and ti- and o t h e r  dry ing  
a l t e r n a t i v e s  ( l i k e  d r y e r a t i o n )  should be appl ied .  

Though t h e r e  were sane dry m a t t e r  l o s s e s ,  they were i n s i g n i f i c a n t  (much lower 
than. what was expected)  under normal g r a i n  handl ing ope ra t i ons ,  e s p e c i a l l y  
under  t r o p i c a l  condi t ions .  However, based on t h e  obse rva t ions  of t h i s  s tudy ,  
grai.n handl ing and s to rage  p r a c t i c e s  a t  CNP can be f u r t h e r  improved because 
grai.n q u a l i t y  is low and o f t e n  p o t e n t i a l l y  harmful f o r  human and animal con- 
sumption. It should be noted t h a t  t h e  l o s s  assessment s tudy  was based o n  t h e  
d r y  season crop. Thus, q u a l i t y  changes and g r a i n  l o s s e s  experienced should be 
considered a s  t h e  lower va lues  du r ing  t h e  o v e r a l l  year-round opera t ion .  
Therefore ,  u n l e s s  a s i m i l a r  type of s tudy wi th  t h e  wet season c rop  is  con- 
ducted i n  t h e  f u t u r e ,  t h e  o v e r a l l  s i t u a t i o n  on g r a i n  q u a l i t y  changes and g r a i n  
10s:; i n  CNP o p e r a t i o n s  can no t  be t r u l y  assessed.  



SECTION V I I  

RECOMMENDATIONS 

The f o l l o w i n g  recommendations were  made f o r  improving g r a i n  o p e r a t i o n s  a t  t h e  
two CNE' p l a n t s  s t u d i e d .  

1. Cool t h e  g r a i n  t o  a  uniform t e m p e r a t u r e  b e f o r e  s t o r i n g  i t  i n s i d e  t h e  bin. 

2. Check c l e a n i n g  machines, e s p e c i a l l y  a t  La China, t o  test whe the r  t h e y  a r e  
removing t h e  necessa ry  amount of  i m p u r i t i e s  and u n d e s i r a b l e  materials. 
Bad c l e a n i n g  i s  synonymous w i t h  i n f e s t a t i o n  problems d u r i n g  s t o r a g e  ( food  
f o r  i n s e c t s  and o b s t a c l e s  f o r  a e r a t i o n ) .  Dryers  should  a l s o  be checked 
r e g a r d i n g  t h e i r  o p e r a t i o n .  

3 .  Review g r a i n  p r e s e r v a t i o n  methods a t  each p l a n t  and t r y  t o  s t a n d a r d i z e  
t h e  b e s t  one, u s i n g  T e r r a b a t s  method as a r e f e r e n c e  ( s p r a y i n g  t h e  empty 
b i n ,  f u m i g a t i o n  p rocedures ,  and o t h e r s  1. 

4.  Level  t h e  g r a i n  s u r f a c e  af ter  f i l l i n g  e v e r y  b i n  because  t h i s  f a c i l i t a t e s  
t h e  g r a i n  t r e a t m e n t  d u r i n g  t h e  s t o r a g e  pe r iod  ( fumiga t ion ,  a e r a t i o n ,  
e ta.)  and a l s o  p e r m i t s  t h e  u s e  of  t h e  v o l u m e t r i c  g r a i n  l o s s  e s t i m t i o n  
method . 

5. Check t h e  u n i f o r m i t y  of  t h e  m o i s t u r e  c o n t e n t  of  t h e  g r a i n  l o t s  l e a v i n g  
t h e  d r y e r .  The more uniform, t h e  l e s s  m o i s t u r e  movement d u r i n g  t h e  
s t o r a g e  pe r iod .  

6. Re in fo rce  g r a i n  l o t  r e j e c t i o n  c r i t e r i a  when t h e  l o t s  a r r i v i n g  a t  t h e  
p u r c h a s i n g  a g e n c i e s  and t h e  p l a n t s  a r e  a l r e a d y  contaminated by molds o r  
i n f e s t e d  by i n s e c t s .  The a f f e c t e d  l o t s  should  n o t  be blelxled w i t h  t h e  
u r~con tamina ted  l o t s .  

7. E s t a b l i s h  t e c h n i c a l  procedures  a t  each p l a n t  f o r  g r a i n  a e r a t i o n  i n s i d e  
t h e  b i n s ,  t a k i n g  i n t o  accoun t  a tmospher ic  c o n d i t i o n s  ( t e m p e r a t u r e  and 
r e l a t i v e  h u m i d i t y ) ,  g r a i n  t empera tu re ,  m o i s t u r e  c o n t e n t ,  and a i r f l o w  r a t e  
(obse rved  r a t e s  were  t o o  h i g h ) .  

8. I n s t a l l  sys tems t o  moni tor  g r a i n  t e m p e r a t u r e  i n s i d e  t h e  bin.  Thermocou- 
p l e s  a r e  t h e  most common. 

9. Provide  equipment f o r  a f l a t o x i n  t e s t i n g  t o  all CNP p l a n t s .  A t  t h e  pres-  
e n t  time, t h e  La China p l a n t  is t h e  o n l y  one a b l e  t o  do t h i s .  The b l a c k  
l i . g h t  t e s t  is n o t  s u f f i c i e n t .  However, t h e  most i m p o r t a n t  p r e v e n t i v e  
s t e p  shou ld  be b e t t e r  mold and a f l a t o x i n  c o n t r o l  a t  t h e  farm l e v e l .  

10. T r a i n  t e c h n i c i a n s  o r  workers  invo lved  i n  m o i s t u r e  measurement w i t h  t h e  
Hotaaco m o i s t u r e  rceter  o n  t h e  importance  o f  t h e  a p p l i c a t i o n  o f  t h e  t e m p  
e r a t u r e  c o r r e c t i o n  t h a t  must be made w i t h  e v e r y  measurement. A t  t h e  
p r e s e n t  t ime,  most of  them do n o t  know how t o  do t h i s  and t h e y  do n o t  
e v e n  have a  thermometer f o r  t h e  measurement. 



11. Check CNPts fumigat ion personnel,  e s p e c i a l l y  those  c a l l e d  " a s s i s t a n t  
personneln,  on t h e i r  t e chn ica l  knowledge and s a f e t y  r u l e s  t o  s e e  whether 
they a r e  a b l e  t o  s u b s t i t u t e  f o r  t h e  main t echn ic i an  i f  necessary. 

12. Move t h e  g r a i n  a s  soon a s  pos s ib l e  from t h e  purchasing agencies  t o  t h e  
e l eva to r s .  

13. Determine t h e  u t i l i z a t i o n  of t h e  f a c i l i t y  capac i ty  of both t h e  La China 
and Terraba p lan ts .  During t h e  dry season, t h e  f a c i l i t i e s  were consid- 
e r a b l y  undercu t i l i zed .  Therefore,  i t  is recommended t h a t  CNP provide 
s e r v i c e s  t o  t h e  p r i v a t e  s e c t o r  (producers  and p r i v a t e  g r a i n  hand le r s )  
du r ing  t h i s  t i m e .  

14. Review and improve t h e  purchasing agenc ies t  phys ica l  f a c i l i t i e s .  

15. Encourage CIJP a u t h o r i t i e s  t o  se l l  g r a i n  l i f t i n g  a s  animal feed. 

16. Study p o s t h a b e s t  g r a i n  l o s s e s  a t  CNP dur ing  t h e  wet s e a s o n t s  crop, 
i n s i s t i n g ,  t h i s  time, on  fo l lowing  s u f f i c i e n t  g r a i n  l o t s  from t h e  pur- 
chas ing  agencies .  



SECTION VIII 

RECOMMENDATIONS FOR F'UTURE RESEARCH 

Fu tu re  r e sea rch  e f f o r t s  on t h i s  t h e s i s '  t o p i c  should t ake  i n t o  account t h e  
fo l lowing  suggest ions.  

1 .  Dedicate  enough t i m e  t o  a s s u r e  t h e  necessary p o l i t i c a l  support  f o r  t h e  
r e sea rch ,  e s p e c i a l l y  regard ing  t h e  amount of g r a i n ,  t h e  requi red  s t o r a g e  
t ime, arid t h e  a v a i l a b i l i t y  of t h e  mu l t i p l e  resources  involved. An un- 
planned sho r t en ing  of t h e  s to rage  per iod,  f o r  example, can a f f e c t  t h e  
f i n a l  results considerably.  

2. Devote enough time t o  commnicate  t h e  o b j e c t i v e s  of t h e  p ro j ec t  t o  t h e  
t e c h n i c i a n s  and p ro fe s s iona l s  involved s o  t h a t  they can  h e l p  adequately 
i n  t h e  planning of t h e  f i e l d  tests. The s e n s i t i v i t y  of t h e  workers 
towards t h e  importance of t h e  p r e c i s i o n  o f  t h e  measurements of t h e  d i f f -  
e r e n t  parameters is sane th ing  t h a t  needs t o  be developed through t a l k s  
and d iscuss ions .  Check t h e  homogeneity of t e c h n i c a l  c r i t e r i a  of  t h e  l a b  
ana lys t s .  

3 .  Take s p e c i a l  c a r e  wi th  t h e  temperature  measurements of t h e  d ry ing  a i r  
(plenum temperature)  and t h e  o u t l e t  a i r  of t h e  g r a i n  d r y e r s  because they 
a r e  p a r t i c u l a r l y  d i f f i c u l t  t o  c a l i b r a t e .  

4.  Measure t h e  g r a i n  l e v e l  i n s i d e  t h e  b i n  i n  a t  l e a s t  t h r e e  p o i n t s  (one  over  
each r a d i u s ) .  

5. Lock s t o r a g e  b i n  g a t e s  and disconnect  unloading augers  i n  t h e  b i n s  under 
s tudy  t o  avoid any p o s s i b i l i t y  of a l t e r a t i o n  of  t h e  s t o r a g e  cond i t i ons  of 
t h . e  g ra in .  

6 .  Have a t  least one r e p l i c a t i o n  of  t h e  b i n s  under s tudy  a t  each l o c a t i o n  s o  
t h a t  t h e  s t a t i s t i c a l  a n a l y s i s  can be conlucted adequately.  Remember t h a t  
every r e p l i c a t i o n  w i l l  double t h e  resources  and work requi red  f o r  t h e  
research .  

7. Follow enough g r a i n  l o t s  a t  t h e  purchasing agenc ies  s o  t h a t  a s t a t i s t i c a l  
a n a l y s i s  can be conducted. The fo l lowing  of g r a i n  l o t s  i n  t h i s  par- 
t i c u l a r  case is d i f f i c u l t  because personnel and r e sou rces  must be mo- 
b i l i z e d  without  a r e g u l a r  schedule.  

8. Do not  r e l y  on t h i r d  persons ( o u t  of t h e  p r o j e c t )  t o  g e t  d a t a  on g r a i n  
weights  o r  o t h e r  important  p a r m e  t e r s .  
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DATA T A B L E S  ON V A R I O U S  PARAMETERS EXAMINED 



TABLE 1-MI. TEMPERATURE DATA A T  LA CHINA FACILrrY 

C = center; W = wcsq SE = southeast; NE = nonhcast; TL = total le\el; 2 = 2.lm; 4 = 4 . h ;  5 = 4.6rn; 6 = 6.3rn; 7 = 7.0m 

HOPPER 

94.2 80.0 

75.5 79.3 

80.0 76.0 

76.6 72.0 

71.0 85.3 

77.2 78.0 

78.0 775 

790 76.3 

735 n . 0  

74.0 805 

755 79.2 

n.s 740 

n . 6  76.7 

71.3 76.8 

74.7 7-75 

76.4 79 0 

70.7 80.0 

75.0 

755 

n .3  

P O S T - H A R W  WHITE CORN LOSSES IN SOME ACTIVITIES OF C.N.P., COSTA RICA 

BIN 
FILLING 
POINT 

122.7 

102.6 

105.8 

110.8 

96.7 

85.0 

107.9 

106.0 

106.8 

105.6 

116.0 

RAW DATA 

AFITR 
CLEWISG 

80.7 

80.8 

81.1 

79.3 

76.6 

76.8 

AFITR 
DRYING 

116.6 

117.1 

905 

106.3 

145.0 

121.9 

1125 

117.7 

TRUCK 
LOADING 

POINT 

86 

80 

77 

79 

77 

BIN 
UNLOADING 

POINT 

79 

78 

77 

ELEVATOR: LA CI1INA I PARAMETER: TEMPERATURE (OF) 

W P L E  A F E R  

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W-4-2 

W-4-S 

W 4 7  

W-6-2 

W-6-5 

w-6-7 

SE-2-2 

SE-2-5 

SE-2-7 

SEA2 

SE-IS 

% 

80 

78 

80 

78 

77 

80 

75 

77 

% 

86 

76 

79 

78 

GRALU SAMPLING 

1ST 
LOCATION 

SEA-7 

S W 2  

S W 5  

S W 7  

NE-2-2 

1-2-5 

NE-2-7 

NW-2 

NE4-5 

NE4-7 

NE-6-2 

N E ~ S  

NE-6-7 

TL-2 

TLS 

TL7  

FILLISG 

80 

87 

82 

80 

83 

80 

100 

95 

90 

87 

89 

88 

90 

90 

91 

88 

90 

INSIDE THE 

2hD 

BIN 

3RD 4TH 
MONTH 

91 

9 5 9 0 9 0  

89 

90 

90 

89 

90 

8 9 8 8  

89 

90 

92 

88 

80 

80 

84 

84 

84 

81 

' 

83 

9 1 9 0 8 8 8 6 7 5 6 7 8 0 8 0  

9 0 9 0 8 4 8 4 7 2 6 7 8 0 7 9  

8 7 7 7 7 0  

80 

73 

71 

71 

70 

n 
67 

68 

77 

80 

79 

80 

78 

80 

80 

79 

79 

79 

MO.WI  

84 

86 

85 

82 

7 8 8 8 9 0 8 2 8 0 6 8 7 0 8 0 8 0  

8 4 7 0  

82 

8 8 8 9 8 8 8 0 7 0 6 9 7 9 7 9  

MOhTH 

70 

70 

70 

8 2 6 8 7 0 7 7 8 0  

8 6 7 0 6 6 7 7 7 8  

68 

67 

67 

MONTH 

80 

7 8 8 0  

80 

80 

79 

79 

79 



TABLE 2-AII. OVEN MOISIZlRE CONTENT DATA AT LA CHINA FACILlTY 

POST-HARVEST WHITE CORN LOSSES IN SOME ACIWlTIES OF CN.P., COSTA RICA 
PARAMETER: OVEN MOISNRE CONTENT (% WET BASIS) RAW DATA ELEVATOR: LA CHINA 

HOPPER 

16.91 13.72 

13.61 1457 

12.70 13.43 

12.46 14.72 

12.08 15.16 

13.19 13.68 

14.31 14.66 

14.26 1356 

1551 12.84 

1359 13.69 

13.28 11.78 

13.77 13.75 

13.07 13.34 

14.00 

14.23 

13.02 

13.87 

13.32 

13.60 

BIN 
FILLING 
POINT 

13.03 

12.73 

13.11 

13.69 

12.85 

12.93 

13.14 

13.21 

13.M) 

13.12 

1256 

AFTER 
CLMMNG 

NO 

AFTER 
DRYING 

NO 

BIN 
UNLOADING 

POIlVr 

12.21 

1258 

1252 

12.13 

11.49 

SkUPLE 
TRUCK 

LOADING 
POINT 

12.17 

1259 

12.24 

1250 

12.32 

11.m 

12.13 

G 2  

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W 4 2  

W 4 5  

W 4 7  

W-6-2 

W-6-5 

W-6-7 

SE-2-2 

SB2-5 

SB2-7 

SE4-2 

SE-4-5 

AFTER 
LOCATION 

SE-4-7 

SE6-2 

SE6-5 

SE-6-7 

NE-2-2 

NE-2-5 

NE-2-7 

N E 4 2  

1hF-4-5 

NE4-7 

-2 

N E a S  

XE-6-7 

TL-2 

TL-S 

TL-7 

- 

GRAIN SAMPLING 

IST 
MONTH 

1253 

12.61 

12.38 

FILLING 

12.36 

12.47 

1252 

BIN 

3RD 
MONTH 

1228 

12s 

1224 

INSIDE THE 

2ND 
MONTH 

12.36 

12.32 

12.11 

L 

4TH 
MONTH 

12.62 

12.17 

12.00 



TABLE 3-AII. MOT0,MCO M O I W R E  CONTENT DATA AT IA CHINA FACILlTY 

C = center; W = w e s ~  SE = southeast; h'E = northeast; TL = total l e d ;  2 = 2lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

HOPPER 

17.79 13.70 

13.34 14.49 

12.34 13.70 

1 l . n  15.29 

12.W 1457 

14.14 13.70 

15.15 14.64 

14.93 13.13 

16.29 13.20 

13.70 13.63 

15.21 12.06 

15.14 13.35 

15.86 14.35 

14.06 

1457 

15.29 

13.92 

14.21 

13.78 

13.85 

POST-HARVEST WHITE CORN LOSSES IN SOME ACTIWITES OF CN.P., COSTA RICA 
RAW DATA 

A F E R  
CLE4hqNG 

15.22 

14.78 

15.86 

1 4 . ~  

1356 

13.42 

BASIS) 

TRUCK 
LOADING 

POIXT 

1256 

1270 

12.77 

12.85 

123.5 

11.99 

1249 

AFTER 
DRYISG 

11.77 

12.20 

13.20 

13.92 

1356 

13.49 

12.70 

12.W 

CONTENT (% WET 

BIN 
UNLOADING 

POINT 

12.42 

12.63 

1256 

12.20 

11.91 

BIN 
FILLISG 
POILNT 

12.41 

12.77 

13.92 

14.85 

13.42 

13.49 

12.34 

13.27 

13.85 

12.63 

12.84 

ELEVATOR: LA CHISA ( PARAMITER: MOTONCO MOISTURE 

4TH 

14.13 

12.13 

12.20 

12.84 

12.84 

12.27 

13.49 

12.77 

12.05 

12.70 

12.41 

11.91 

13.63 

12.99 

12.48 

13.85 

14.21 

MONIH 

13.34 

1327 

13.27 

13.06 

12.77 

12.7 

12.66 

133.5 

13-20 

12.99 

13.63 

13.90 

13.83 

12.77 

12.42 

12.34 

INSIDE TIIE 

2ND 

S U P L I N G  

1 s  SAMPLE 

BIN 

3 RD 

13.13 

1256 

12.13 

12.77 

12.24 

12.25 

13.13 

13.16 

12.35 

12.77 

12.92 

1259 

13.42 

12.95 

GRAIN 

A F E R  

11.70 

12.27 

12.05 

12.05 

11.98 

1155 

12.34 

12.41 

1151 

1256 

12.41 

12.20 

1234 

12.34 

11.84 

12.34 

12.06 

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W S 2  

W 4 5  

W 4 7  

W-6-2 

W-6-5 

W-6-7 

SE-2-2 

SEZ-s 

SE-2-7 

S E S 2  

SEI-5 

12.84 

12.34 

12.42 

12.80 

12.05 

12.13 

13.20 

13.20 

12.80 

13.06 

13.06 

12.41 

12.63 

12.84 

1256 

13.35 

13.13 

MONTH 

1259 

12.95 

12.87 

12.70 

12.80 

12.84 

12.63 

1259 

12.63 

1259 

12.94 

13.15 

13.20 

12.36 

12.32 

12.11 

1234 

11.98 

12.20 

12.49 

1256 

12.49 

12.27 

12.49 

12.49 

12.92 

1234 

12.70 

12.92 

12.84 

MONIM 

12.06 

1256 

12.48 

12.3 

12.05 

12.06 

11.98 

12.41 

1256 

11.98 

12.70 

12.84 

12.34 

11.92 

11.99 

11.70 

LOCATlON 

SE-4-7 

SE-6-2 

SE-6-5 

SE-6-7 

LW-2-2 

NE-2-5 

1-2-7 

NE-4-2 

N U 5  

N E 4 7  

NE&2 

NE-fSS 

-7 

-2 

TL-5 

TL-7 

MONW 

12.77 

13.06 

13.42 

12.77 

12.77 

13.88 

1256 

13.06 

13.20 

12.73 

12.70 

13.23 

13.20 

12.73 

12.87 

1251 

RLLISG 

12.63 

11.38 

12.13 

12.05 

12.13 

12.05 

12.06 

12.27 

11.98 

12.16 



TABLE 4411. BULK D ENSllT DATA AT IA CHINA FACILrrY 

C = center; W = wesc SE = southeas& NE = nonhcssc TL = total IcuI; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

POST-HARVEST WHITE CORN LOSSES IN SOME ACIlVlTIES OF CN.P., COSTA RICA 

AFTER 
DRYING 

75.80 

75.33 

76.16 

7456 

74.76 

76.26 

76.16 

75.63 

HOPPER 

73.70 75.90 

78.10 69.06 

n.43 74.63 

76.26 73.93 

73.00 75.93 

74.46 73.66 

7456 7550 

75.46 74.90 

73.73 76.00 

75.00 75.83 

7550 T1.90 

75.10 76.60 

75.83 74.40 

74.03 

74.73 

Z.10 

76.16 

75.40 

76.36 

75.40 

RAW DATA 

AFTER 
C L W I N G  

76.4 

74.8 

77.6 

74.7 

76.4 

75.7 

TRUCK 
LOADLYG 

POI- 

74.47 

7437 

75.07 

74.60 

75.03 

73.83 

74.10 

(Kg/HL) 

BIN 
UNLOADING 

POINT 

74.7 

74.20 

74.37 

73.97 

73.93 

BIN 
FILLING 
POINT 

76.66 

75.73 

74.86 

75.26 

75.16 

7653 

75.90 

75.76 

75.86 

7650 

7553 

ELEVATOR: LA CHINA I PARAMETER: BULK DENSrrY 

4TH 

74.30 

75.26 

76.30 

76.26 

76.70 

76.23 

76.30 

76.90 

75.60 

7550 

75.60 

75.36 

7456 

75.93 

7653 

76.13 

BIN 

3RD 
MONTH 

75.26 

7556 

74.20 

76.03 

74.86 

75.83 

7630 

7633 

75.03 

75.66 

75.46 

75.03 

7627 

76.07 

75.70 

74.10 

76.46 

7656 

76.00 

76.46 

7.93 

76.33 

7.20 

75.63 

76.03 

75.30 

76.23 

75.90 

76.23 

76.86 

76.73 

SAMPLE 
MONTH 

75.80 

76.03 

75.33 

7650 

76.16 

75.76 

76.93 

76.66 

75.43 

75.90 

75.93 

74.66 

76.10 

76.13 

75.73 

GRAIN 

AFTER 

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W-1-2 

W-1-5 

W-l-7 

W-6-2 

W4-5 

W-6-7 

SE-2-2 

SE-2-5 

SE-2-7 

SE-1-2 

SE-l-5 

SAMPLING 

1ST 

76.16 

7453 

75.23 

7633 

76.60 

76.40 

76.63 

7.16 

7656 

75.13 

75.70 

75.80 

75.93 

76.66 

INSIDE THE 

2ND 
LOCATION 

SE-4-7 

SE-6-2 

SE-6-5 

SE-6-7 

SE-2-2 

hZ-2-5 

NE-2-7 

SE-1-2 

S W - 5  

E W - 7  

NE-6-2 

NE45 

hE4-7 

T L Z  

TL-5 

TL-7 

74.23 

75.93 

76.16 

75.73 

76.66 

74.33 

76.60 

T1.46 

75.93 

7556 

76.13 

76.36 

76.00 

75.80 

76.23 

76.93 

FILLING 

75.76 

76.10 

7.00 

75.66 

75.83 

76.00 

75.30 

74.06 

7.20 

76.76 

76.06 

76.46 

75.86 

75.73 

7550 

76.63 

7650 

76.10 

76.73 

7.23 

M O W  

7550 

76.03 

74.86 

7.33 

7650 

75.73 

76.80 

76.33 

75.73 

76.36 

76.23 

74.76 

75.90 

75.80 

75.80 

M 0 . W l  

76.06 

74.8075.8674.6375.10745675.3373.8675.00 

76.00 

74.93 

76.90 

76.33 

76.06 

76.66 

76.23 

75.40 

75.80 

76.23 

75.30 

76.36 

76.16 

76.00 



TABLE 5-AII. TRUE DENSKY DATA AT LA CHINA F A C I L m  

C = center; W = west SE = southcasf NE = nonhcasc 12. = total Icxl; 2 = 2.1171; 4 = 4.2171; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

POST-HARVEST WHITE CORN LOSSES IN SOME ACI'MTIES OF C.N.P., COSTA RICA 

A F E R  
DRYING 

NO 

IiOPPER 

1.30 1.27 

1.30 1.26 

1.29 1.26 

1.30 1.28 

1.25 1.29 

1.27 1.30 

1.27 1.28 

1.28 1.27 

1.32 1.26 

1.32 1.28 

1.2s 1.30 

1.28 1.29 

1.26 1.29 

1.25 

1.25 

1.27 

1.26 

1.30 

1.27 

1.29 

RAW DATA 

AFTER 
CLEAhTSG 

KO 

TRUCK 
LOADING 

POINT 

1.26 

131 

130 

132 

127 

1 29 

1.28 

(gr/ml) 

BIN 
UNLOADING 

POINT 

132 

1.31 

1.24 

1.29 

1 29 

BIN 
HLLISG 
POIAT 

130 

1.28 

1.28 

1.30 

130 

1.28 

1.28 

1.34 

1.32 

1.32 

1.32 

ELEVATOR: LA CHINA 1 PARAMETER: TRUE DESSlTY 

4TH 
M o m  

127 

128 

1.27 

BIN 

3RD 

SAMPLING 

1ST 
M O W H  

1.28 

1.33 

1.31 

M o m  

INSIDE THE 

2ND 

128 

1.27 

128 

M O m  
M I P L E  

1.27 

1.26 

1.26 

GRAIN 

A F E R  

C-2 

GS 

C-7 

W-2-2 

W-2-5 

W-2-7 

W 4 2  

W-4-S 

W-4-7 

W4-2 

W4-S 

W4-7 

SE2-2 

SG2-S 

SE-2-7 

SEA-2 

SEA-S 

RLLISG 

1.30 

1.27 

1.30 

1.30 

1.31 

1.28 

1.34 

LOCATION 

SE1-7 

SE4-2 

SEAS 

SE4-7 

NE2-2 

NE2-S 

hE-2-7 

hT3-2 

N W S  

N W 7  

XE4-2 

EE4-S 

NE-6-7 

TL-2 

TL-S 

TL-7 

1.29 

1.28 

1.29 

1.30 



TABLE &All. IMPURmES DATA AT LA CHINA FACILITY 

C = center; W = west; SE = southeast; KE = nonheast; TL = total lettl; 2 = 2.1171; 4 = 4.2m: 5 = 4 . h ;  6 = 63-11; 7 = 7.0m 
12/64 xrren + large and small impurities 

P O S T - I M R \ W  WIlTJ2 CORN LOSSES IN SOME ACIIVITIE. OF C.N.P., COSTA RICA 

BEST AVAILABLE COPY 

PARAXtETER: I?,fPURmES' (% ON 503 GR SAMPLE) RAW DATA ELEVATOR: LA CI1ISA 

fIOPPER 

0.43 057 

0.40 051 

0.75 0521 

1.38 0.46 

15-1 056 

0.86 0 . a  

0.53 0.40 

1.46 1.10 

057 0.31 

054 0.39 

0.47 020 

0.64 

0.82 

0.72 

0.64 

0.27 

0.51 

0.66 

0.83 

0.48 

TRUCK 
LOADING 

P O I m  

1.74 

1.07 

0.83 

0.79 

0.79 

0.62 

0.38 

A F E R  
CI,E4h7SG 

058 

0.80 

054 

0.46 

0.31 

0.96 

BIN 
UMOADING 

P O I m  

0.89 

0.94 

2.24 

1.13 

2.09 

BIN 
FILLISG 
POIAT 

0.34 

0.32 

0.46 

050 

0.27 

0.43 

0.42 

0.45 

057 

0.33 

05-4 

A F E R  
DRYISG 

0.35 

057 

0.30 

0.70 

0.64 

0.27 

056 

0.78 

4TH 

150 

5.74 

1.12 

0.93 

1.40 

058 

0.29 

0.16 

0.20 

0.38 

0.20 

0.16 

0.95 

0.70 

051 

051 

0 . 3  

S.k\lPLE 
M O h T I  

0.65 

0.39 

050 

0.74 

1.15 

2.13 

1.12 

052 

056 

1.24 

0.27 

0.46 

0.47 

151 

1.48 

1.07 

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W-4-2 

W-1-5 

W-1-7 

W-6-2 

11-6-5 

W G 7  

SLZ-2 

SE-2-5 

SE-2-7 

SEA-2 

SEA-5 

INSIDE TIIH 

2ND 

BIN 

3RD 
LOGITION 

S W - 7  

SEX-2 

SE-6-5 

SE-6-7 

S G i - 2  

NE-2-5 

NE-2-7 

N M - 2  

NW-5  

hE4-7  

KW-2 

S M 5  

S E G ~  

Ti-? 

1 L 5  

T L 7  

GRAIN 

AITER 

6.35 

4.20 

1.34 

1.0: 

153 

155 

0.4 

0.27 

0.30 

2.93 

1.40 

1.31 

1.61 

0.03 

SIIMPI~ISG 

1bT 
510hTII 

5.44 

6.72 

5.15 

0.64 

1.11 

1.02 

0.28 

0.20 

0.30 

0.42 

0.20 

0.39 

1.91 

0.37 

0.92 

0.66 

056 

5.10 

2.23 

2.20 

053 

0 . 3  

0.32 

057 

0.26 

0.33 

0.64 

1.66 

1.68 

O . t 9  

0 . k  

M O S I 1 i  

1.06 

1.32 

056 

0.73 

1.84 

1.99 

1.60 

1.02 

1.16 

1.26 

0.88 

0.74 

0.83 

3.02 

2.12 

1.10 

3.65. 

6.03 

MOhTH 

0.86 

1.05 

0.46 

0.68 

158 

1.94 

2.47 

0.69 

0.84 

1.06 

056 

053 

0.7s 

2.16 

1.00 

0.08 

FILLIXG 

1.0) 

1.10 

0.95 

353 

0.62 

1.06 

1.02 

1.24 

0.86 

0.77 1.32 I 2.M 

1.36 

1.36 

0.46 

0.33 

057 

0.22 

0.34 

0.50 

3.30 

157 

1.74 

2.SO 

0.7) 

1.S4 

!.95 

4.10 

3.M 

1.03 

1.23 

1.72 

0.30 

053 

0.77 

153 

1.77 

1.!5 



TABLE 7-AII. BROKENS DATA AT LA CHINA FACILITY 

C = center; W = west; SE = southeast; NE = nonheast; TL = total Icrrl; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

POST-HARVEST WHITE CORN LOSSES IN SOME ACTMTIES OF CN.P., COSTA RICA 

GRAIN) 

TRUCK 
LOADING 

POINT 

1.06 

1.31 

1.92 

1.33 

0.90 

1.87 

2.14 

100 GR CLEAN 

BIN 
UNLOADING 

POINT 

0.86 

052 

0.W 

2.14 

2.23 

RAW DATA ELEVATOR. LA CHINA I PARAMITER: BROWNS (% OVER 
GRAIN SAMPLING INSIDE THE BIN 

BIN I 

A F E R  A F E R  FILLING SkMPLE AETER 1ST 2ND 3RD 
HOPPER CLEXi'ING DRYISG POI.- LOUTION FILLING MONIH M O m  M O W  

0.46 153 1.17 057 0.49 C-2 S W 7  3.16 1.93 3.20 2.81 2.95 2.14 2.63 251 

0.98 054 159 0.92 0.61 C-5 SEb-2 2.46 4.70 2.14 3.03 1.36 3.13 2.33 

1.07 050 2.60 0.71 159 C-7 S E a S  2.75 2.60 2.37 1.43 1.33 2.22 1.16 

0.40 1.26 0.92 2.00 2.98 W-2-2 SEb-7 1.94 1.86 2.09 1.76 156 155 1.66 

1.96 1.33 0.66 1.60 2.12 W-2-5 h'E-2-2 1.95 2.26 2.26 2.83 1.26 1.63 1.88 0.81 

1 55 2.01 2.28 0.68 0.33 W-2-7 h'E-2-5 1.63 1.13 2.09 1.43 1.44 1.80 1.46 1.54 

1.18 1.48 1.12 1.63 W-l-2 h'E-2-7 1.64 3.13 3.66 2 3  1.94 1.00 1.66 

1.14 0.73 1.31 1.18 W 4 5  hZ-4-2 1.03 2.63 5.06 2.29 1.43 0.83 1.07 

5.83 059 1.15 W-l-7 h ' S  2.06 1.46 1.46 2.43 1.49 1.78 1.05 

0.61 2.m 156 W&2 hT4-7 2.45 2.06 2.46 1.46 1.26 1.25 1.63 

0.25 0.15 2.22 W&S hZ&2 1.28 1.83 1.06 2.37 1.39 1.33 

0.14 2.13 W&7 hE&5 1.91 1.78 130 1.88 1.67 1.34 

0.85 253 SE-2-2 S E 6 7  3.20 353 1.84 2.49 1.95 2.10 0.74 

1.22 SE-2-5 TL-2 3.11 3.60 1.34 153 257 1.20 1.28 

1.81 SE-2-7 TL-5 3.63 4.26 0.92 2.68 1.88 1.41 0.74 

1.69 SEA-2 TL-7 2.39 1.88 2.07 1.75 1.80 2.32 1.05 

0.68 SE-l-5 1.03 153 1.18 1.19 

0.29 

053 

0.80 

I 

4TH 

2.42 

4.01 

2.93 

257 

2.15 

1.49 

0.40 

037 

0.95 

0.84 

0.46 

0.92 

359 

1.97 

2.13 

1.18 

0.94 

M O m  

1.25 

1.44 

1.37 

1.33 

3.67 

2.66 

2.12 

153 

1.43 

1.70 

0.99 

0.64 

150 

1.97 

2.27 

1.17 



TABLE 8411. DAMAGE BY INSECT DATA AT LA CHINA FACILITY 

C = center; W = wesq SE = southeast; NE = noflhcasc TL = total Icwl; 2 = 2.lrn; 4 = 4.2rn; 5 = 4.6rn; 6 = 6.3rn; 7 = 7.0m 

HOPPER 

0.00 0 . 0  

0.23 0.00 

0.00 0.06 

0.33 0.13 

0.00 0.29 

0.29 0.17 

0.06 0.05 

0.07 0.24 

0.06 0.2.5 

0.18 0.35 

0.00 0.10 

0.00 0.03 

0.00 0.25 

0.41 

0.06 

0.27 

0.24 

0.45 

0.M 

0.07 

POST-HARVEST WHITE CORN LOSSES IN SOME A(JTTVITIES OF CN.P.. COSTA RlCA 

BIN 
FILLING 

POI.NT 

0.06 

0.27 

0.21 

0.00 

0.00 

0.26 

0.10 

0.13 

0.07 

0.20 

0.00 

RAW DATA 

AFTER 
CLEANING 

0.15 

0.00 

0.00 

0.00 

0.20 

AFIER 
DRYING 

0.00 

0.25 

0.30 

0.31 

0.34 

0.00 

0.16 

0.10 

ELEVATOk LA CHINA 1 PARAhEIER: DAMAGE BY INSECT (% OVER 100 GR CLEAN 

BIN 
UNLOADING 

POINT 

0.23 

0.72 

0.91 

0.91 

0.70 

SAMPLE) 

TRUCK 
LOADING 

POINT 

1.07 

0.97 

050 

0.14 

0.27 

1.21 

1.06 

SAVPLE 

GRAIN 

A F E R  

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

~ 4 - 2  

W-l-5 

W4-7 

W-6-2 

W-6-5 

W-6-7 

SE-2-2 

SE-2-5 

SE-2-7 

SEA-2 

SEA-5 

0.00 

0.36 

0.14 

0.38 

0.20 

0.30 

0.15 

0.26 

0.46 

0.00 

0.26 

0.10 

0.13 

0.23 

L o c A n o N  

SE-4-7 

SE-6-2 

SE-6-5 

SE-6-7 

NE2-2 

NE2-5 

m 2 - 7  

NE-4-2 

NE-l-5 

NW-7 

iW-6-2 

NE-6-5 

NE-6-7 

TL-2 

TL-5 

TL-7 

SAMPLING 

1ST 
FILLING 

0.30 

0.20 

0.11 

0.33 

0 .S  

0.18 

053 

INSIDE n 4 E  

2ND 

BIN 

3RD 

0.20 

0.00 

0.26 

0.63 

0.28 

0.21 

0.00 

0.00 

0.00 

0.62 

0.15 

0.16 

0.00 

0.00 

0.06 

053 

0.00 

0.47 

0.72 

0.17 

0.76 

2.24 

1.15 

0.40 

0.16 

0.10 

0.79 

0.14 

0.43 

0.08 

0.21 

0.35 

0.65 

0.43 

0.29 

1.35 

0.42 

0.22 

051 

0.28 

0.20 

0.32 

0.40 

0.62 

053 

056 

0.20 

0.26 

4TH 
MONIN 

0.10 

0.11 

0.00 

0.22 

0.33 

0.00 

051 

0.20 

0.26 

0.23 

0.17 

0.29 

0.17 

0.23 

0.48 

0.20 

M O ~ {  

0.26 

0.13 

0.23 

0.13 

0.20 

0.10 

0.26 

0.16 

0.30 

0.06 

0.46 

0.36 

054 

0.23 

0.06 

0.46 

M O ~ T H  

0.36 

0.38 

0.08 

053 

0.28 

0.61 

054 

0.39 

0.18 

0.68 

0.17 

0.13 

0.43 

0.68 

0.78 

0 3  

057 

0.34 

0.22 

0.35 

1.05 

0.20 

0.16 

0.63 

0.46 

052 

0.27 

058 

0.38 

0.20 

0.26 

0.06 

0.65 

MONTH 

0.68 

0.38 

0.13 

0.78 

0.10 

0.17 

0.26 

0.18 

0.13 

033 

050 

0.79 

0.70 

0.M 

0.00 

0.17 



TABLE 9-A11. DAMAGE BY MOLDS DATA AT LA CHINA FACILKY 

C = center; W = west; SE = southeast; hE = northeasr; TL = total IexI; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

PO=-1IARVES WHITE CORN LOSSES IN SOME ACllVITIES OF CN.P., C O S A  RlCA 

AFTER 
DRYING 

0.83 

0.67 

0.98 

0.08 

0.08 

0.87 

0.15 

0.3-3 

1IOPPER 

3 . 3  0.27 

0.10 0.70 

0.06 0.47 

0.10 0.11 

0.25 0.07 

0.35 0.35 

0.20 0.31 

0.36 0 . 3  

051 0.44 

053 0.31 

0.25 0 . 3  

0.36 0.62 

0.60 

0.08 

0.33 

0.38 

0.00 

2.22 

0.40 

053 

0.13 

RAW DATA 

AFIER 
CLEeNNG 

1.60 

0.21 

0.21 

0.09 

0.99 

0.13 

BIN 
FILLING 
POINT 

0.81 

0.28 

0.05 

0.17 

0.08 

0.64 

0.13 

0.16 

055 

0.20 

0.15 

GRM CLEAN 

BIN 
LTNLOADISG 

P O I N  

0.09 

0.08 

0.29 

0.18 

0.07 

SAMPLE) 

TRUCK 
LOADING 

 POI^ 

0.00 

0.10 

0.00 

0.10 

0.08 

0.13 

0.03 

ELEVATOR: LA CIiINA 1 PARAMEIER: DAMAGE BY MOLDS (7% OVER 100 

- 

SAMPLE 

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W-l-2 

WA-5 

W-l-7 

W 4 2  

W 4 5  

W 4 7  

SE-2-2 

SE-2-5 

SC2-7 

SEA-2 

SEA-5 

BIN 

3 i D  4TH 
LOCATION 

S U - 7  

SE-6-2 

SE-6-5 

SE-6-7 

SE-2-2 

hE-2-5 

SE-2-7 

N U - 2  

N U S  

S E 4 7  

hE-6-2 

SE-6-5 

5735-7 

TL-2 

TL-5 

TL-7 

GRAIN 

AITER 

2.11 

154 

1.13 

0.22 

0.05 

0.92 

0.13 

0.00 

1.06 

1.31 

1.20 

1.47 

0.16 

0.28 

0.00 

1.48 

1.42 

20.64 

0.99 

152 

059 

1.43 

1.16 

0.14 

0.05 

0.17 

0.16 

0.00 

029 

0.84 

0.44 

0.00 

0.03 

0.28 

0.73 

0.23 

0 38 

0.71 

0.10 

0.06 

0.12 

0.40 

0.20 

0.30 

1.06 

0.13 

0.23 

0.43 

MOhTH 

0.49 

1.20 

1.39 

0.99 

050 

1.00 

156 

058 

0.38 

0.82 

0.81 

0.23 

0.41 

0.00 

0.43 

0.13 

MONTH 

0.00 

0.20 

1.21 

057  

0.44 

0.91 

1.05 

0.00 

0.00 

0.00 

0.06 

0.00 

0.10 

0.18 

0.00 

0.07 

FILLIBG 

053 

0.10 

0.20 

0.33 

0.03 

0.10 

0.10 

SAMPLING 

1ST 

0.66 

0.86 

0.73 

0.65 

0.29 

2.18 

0.12 

0.11 

0.70 

0.05 

0.23 

0.00 

0.78 

0.08 

0.33 

0.29 

0.04 

INSIDE THE 

2ND 
MONTH 

0.30 

1.00 

0.85 

0.87 

0.29 

156 

0.63 

0.06 

0.23 

0.30 

0.35 

0.39 

0.15 

0.26 

0.49 

0.49 

152 

1.11 

1.24 

0.71 

0.06 

050 

0.00 

0.26 

0.13 

1.00 

1.20 

1.43 

0.75 

1.17 

MONTH 

0.42 

0.00 

0.10 

0.13 

0.16 

0.00 

0.10 

0.00 

0.28 

0.00 

0.06 

0.10 

0.26 

0.30 

0.24 

0.15 



TABLE 10-AII. AFTATOXINS DATA A T  LA CHINA FACILlTY 

C = center; W = west: SE = southeas& A '  I. nonheast: TL = total level; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 63m; 7 = 7.0m 

AFTER 
DRYING 

NO 

IiOPPER 

625 65 

0 20 

29 0 

IS 20 

32 0 

22 56 

100 52 

34 220 

17 0 

66 0 

33 99 

0 40 

41 156 

0 5 

5 0 

20 121 

0 0 

0 1650 

750 0 

E.5 320 

IS 50 

PO=-HARVEST WHITE CORN LOSSES IN SOME ACTIVITIES OF CN.P., COSTA RICA 
RAW DATA 

AFTER 
CLE.ih'1NG 

NO 

BIN 
FILLING 
P O h T  

220 

60 

13 

150 

50 

320 

105 

140 

20 

45 

29 

ELEVATOR: LA CI1ISA 1 PARAMEIER: AFTATOXINS (PPB) 

BIN 
UNLOADING 

POINr 

Ma(-) 

w-1 
60(+) 

29(-1 

M(-1 

TRUCK 
LOADING 

POINr 

NO 

SAMPLE AFIER 
FILLING 

l a ( - )  

so(-) 

U(-) 

C-2 

C-5 

C-7 

W-2-2 

W-2-5 

W-2-7 

W 4 2  

W4-5 

W4-7 

Wb-2 

W-6-5 

W 4 7  

SE-2-2 

SE-2-5 

SE-2-7 

SEA-2 

SEA-5 

LOCATION 

S E 4 7  

S E d 2  

SE-6-5 

SE-6-7 

hT-2-2 

hT-2-5 

hT-2-7 

h E 4 2  

AT%!-5 

hE-l-7 

X-6-2 

hE-6-5 

hE-6-7 

TI.-2 

TL-5 

TL-7 

4TH 
MONIH 

125(+) 

70(-1 

4q-1 

GRAIN SA.UPLING 

1ST 
M 0 . W  

w-1 
IN(-1 

do(-) 

IXSIDE THE 

2ND 
MO.XIH 

so(-) 

1 w + )  

70( + 

BIN 

3RD 
M0YI-H 

w-1 
=(-1 

&(+I 



TABLE 11-AII. TEMPERATURE DATA AT TERRABA FACILrrY 

IjOPPER 

76.66 82.33 

83.33 87.00 

88.00 85.66 

85.00 81.00 

8S.00 86.66 

86.00 81.00 

88.00 8150 

85.00 82.00 

86.00 89.33 

81.00 8150 

84.83 88.00 

8550 8250 

86.66 82.00 

82.33 9150 

8150 

83.66 

87.00 

85.00 

85.00 

85.33 

POST-HARVW UIiITE CORN LOSSES IN SOLIE ACTIVITIES OF C.N.P.. COSTA RlCA 

BIN 
FILLING 
POINT 

134.25 

141.25 

13750 

128.81 

124.40 

125.13 

122.43 

131.06 

RAW DATA 

A F E R  
CLWh'SG 

83.46 

86.68 

87.66 

8650 

8550 

83.37 

85.43 

8156 

85.60 

AFTER 
DRYING 

138.31 

135.87 

142.25 

131.75 

129.15 

127.85 

128.30 

ELEVATOR TERRABA I PARAMETER GRAIN TEMPERATURE (T) 

BIN 
UNLOADING 

POlhT 

95.6 

945 

915 

95.0 

TRUCK 
LOADING 

P O I W  

955 

94.8 

93.8 

92.0 

SAMPLE 

C-2 

C-5 

C-7 

E-2-2 

E-2-5 

E-2-7 

E-4-2 

El-5 

W 7  

E-6-2 

E-6-5 

E-6-7 

SW-2-2 

SW-2-5 

SW-2-7 

SW-4-2 

SW-4-5 

LOCATION 

SW1-7 

SW-6-2 

SW-6-5 

SW-6-7 

h\V-2-2 

hTV-2-5 

hW-2-7 

hW-4-2 

NW-4-5 

hW-4-7 

hW-6-2 

W-6-5 

hW-6-7 

TI--2 

TL-5 

TL-7 

GRAIN 

AITER 

95 

92 

93 

90 

88 

88 

88 

90 

89 

90 

90 

90 

SAMPLISG 

1ST 
FILLING 

90 

85 

M 

90 

88 

90 

87 

88 

89 

90 

90 

91 

88 

86 

88 

87 

85 

86 

85 

86 

89 

88 

89 

87 

87 

MOhTH 

87 

87 

86 

84 

88 

86 

85 

84 

87 

85 

81 

84 

ISSIDE TIiE 

2ND 

85 

84 

85 

82 

81 

81 

80 

80 

82 

80 

80 

84 

82 

83 

82 

80 

MOSTH 

80 

80 

79 

78 

87 

89 

8 6 8 6 8 0 8 8 9 2 9 8 9 2 9 8  

82 

81 

82 

80 

80 

81 

BIN 

3 RD 

94 

% 

98 

92 

93 

92 

91 

90 

90 

90 

90 

94 

94 

% 

93 

92 

4TH 
M 0 . m  

91 

89 

90 

90 

% 

97 

94 

93 

94 

92 

91 

92 

98 

98 

% 

W 

W 

94 

93 

92 

92 

93 

W 

99 

97 

94 

95 

95 

MOXTH 

95 

92 

93 

95 

% 

100 

95 

95 

% 

92 

93 

93 



TABLE 12-All. OVEN MOISTURE CONTENT DATA ATTERRABA FACILlTY 

C = cenlcr; E = east; SW = soulhwcs~ S?v = nonhwesc TL = total level; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

HOPPER 

11.95 13.46 

13.59 12.61 

14.74 13.01 

13.72 12.72 

13.68 15.83 

13.23 13.37 

12.37 13.10 

12.80 13.80 

13.33 18.33 

16.46 13.87 

16.18 12.66 

17.35 14.15 

17.38 16.38 

12.93 13.15 

12.92 

12.97 

16.97 

15.34 

17.27 

1251 

POST-HARVEST WHITE C O W  LOSSES IN SOhiE ACIWITIES OF C.N.P., COSTA RICA 
RAW DATA 

AFTER 
CLEASIIVG 

KO 

BASIS) 

TRUCK 
LOADING 

POINT 

11.64 

11.40 

11.23 

11.60 

A F E R  
DRYIIVG 

NO 

(% WET 

BIN 
UNLOADING 

POINT 

11.64 

ll.M 

11.42 

11.42 

BIN 
RLLISG 
POIhT 

12.11 

11.80 

12.35 

13.27 

12.34 

12.37 

1 l . B  

ELEVATOR: TERRAE4 I PARAMEIER: OVEX XiOISTURE CONIENT 

BIN 

3RD 
MOhTlI 

11.89 

11.79 

11.17 

G I W N  SAhlPLISG INSIDETHE 

A F E R  IST 2ND 
FILLING hlOhTlI hiOhTkI 

11.U 

1154 

11.16 

SA.\.lPLE 4TH 
M O m  

11.84 

11.70 

11.34 

C-2 

C-5 

C-7 

E-2-2 

E-2-5 

E-2-7 

E4-2 

E4-5 

E4-7 

2 

Ed-5 

E-6-7 

SW-2-2 

SW-2-5 

SW-2-7 

SW4-2 

SW-l-5 

LOWTION 

SW4-7 

SW-6-2 

SW-6-5 

SW-6-7 

NW-2-2 

WV-2-5 

A?+'-2-7 

hW4-2 

hW4-5 

hW4-7 

hW-6-2 

hW-6-5 

b?V1-7 

TI.-2 

TL-5 

TL-7 



TABLE 13-,411. MOTOMCO MOISIURE CONTENT DATA AT TERRABA FACILITY 

C = center; E = east; SW = sou~hwest; h?V = nonhu~st; TL = total level; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

POST-HARVEST WlllTE CORN LOSSES IN SOME ACllVITIES OF C.N.P., COSTA RICA 
PARAMFXEk MOTOMCO MOISIURE CONIEhT (% WET BASIS) RAW DATA ELEVATOR: TERRABA 

AFTER 
DRYING 

12.11 

12.96 

12.99 

13.85 

13.92 

13.45 

13.78 

HOPPER 

16.22 17.36 

1657 14.35 

15.79 1457 

14.86 1758 

15.21 15.21 

14.78 17.43 

13.49 1457 

14.06 15.29 

14.64 13.92 

17.25 14.49 

16.3 13.49 

16.00 16.72 

15.3 15.00 

17.75 11.28 

17.29 15.00 

16.86 17.94 

19.94 15.36 

1457 15.13 

16.% 

14.05 

AFTER 
CLJ3h'ING 

15.29 

14.35 

15.24 

16.80 

16.87 

16.65 

1450 

16.72 

15.29 

BIN 
FILLING 
POINT 

12.10 

12.99 

12.70 

13.92 

1457 

13.85 

12.n 

13.06 

BIN 
UNLOADING 

POINT 

11.63 

11.48 

11.98 

11.98 

TRUCK 
LOADING 

POINT 

12.20 

11.48 

11.41 

12.13 

INSIDE THE 

2hD SMlPLE 

BIN 

3RD 

11.63 

11.70 

10.84 

11.48 

11.41 

10.48 

11.91 

11.48 

10.98 

11.70 

11.69 

11.48 

11.48 

11.63 

10.69 

1155 

11.31 

4TH 

C-2 

C-5 

C-7 

E-2-2 

62-5 

E-2-7 

13-2 

m-s 
U - 7  

- 6 -  

E-6-5 

C-6-7 

SW-2-2 

SW-2-5 

SW-2-7 

SW-l-2 

SW-l-5 

11.91 

11.69 

10.84 

12.20 

12.20 

11.84 

12.48 

12.3 

11.70 

12.63 

12.63 

11.98 

12.05 

12.06 

11.3 

11.98 

11.62 

MOMH 

11.12 

12.49 

11.98 

1155 

12.3 

11.34 

10.3 

11.41 

11.3 

1055 

11.77 

11.48 

11.20 

1159 

1155 

11.03 

1155 

10.98 

10.3 

11.41 

11.3 

10.98 

11.48 

10.91 

11.41 

11.84 

11.70 

1155 

1155 

11.27 

10.77 

11.70 

11.41 

LOCATION 

SW-17 

SW-6-2 

SW-6-5 

SW-6-7 

hW-2-2 

hW-2-5 

hw-2-7 

h w 4 - 2  

IVW-I-5 

bW1-7 

h1V&2 

rVW-6-5 

SW-6-7 

TL-2 

TL-S 

TI.-7 

GRAIN 

AFTER 
M O i W  

11.70 

12.27 

11.98 

11.62 

12.M 

1155 

10.84 

12.20 

11.69 

11.20 

12.27 

12.49 

11.91 

1256 

12.13 

11.77 

MOMH 

11.34 

11.98 

1155 

11.3 

12.13 

11.05 

10.3 

11.63 

11.05 

10.98 

11.84 

11.70 

11.3 

11-55 

10.77 

11.27 

10.48 

11.09 

10.26 

1 0 . ~  

11 55  

11.05 

11.41 

11.05 

11.62 

11.16 

11.12 

SAiMPLllUG 

1ST 
FILLING 

11.70 

1155 

10.76 

11.77 

11.84 

10.62 

12.05 

1155 

11.41 

11.31 

11.12 

10.76 

11.05 

10.91 

10.33 

1158 

1151 

11.01 

11.70 

11 5 8  

11.34 

11.70 

1155 

1155 

11.12 

11.19 

10.62 

11.05 

11.31 

MONTH 

10.77 

11.77 

1152 

11.12 

11.41 

11.05 

10.48 

11.34 

11.19 

11.05 

11.70 

11.70 

11.29 

11.34 

1165 

11.31 



TABLE 14-All. BULK DfiYSlTY DATA AT TERRABA FACILKY 

C = center; E = easc SW = sou~hu.cs~ h3V = nonhwcsr; TL = toul Is\vl; 2 = 2.111:; 4 = 1.Zm; 5 = 4.6111; 6 = 6.3m; 7 = 7.0m 

PW-HARVEST WHITE CORN LOSSES IN SOME A(JTTVTTIE3 OF C.N.P., COSTA IUCA 

A F E R  
DRYING 

76.40 

75.71 

71.30 

75.16 

77.63 

75.40 

77.m 

HOPPER 

76.60 76.20 

75.66 75.43 

74.% 76.60 

74.86 7650 

74.70 74.96 

75.86 76.23 

75.63 7556 

75.03 75.60 

76.40 75.00 

71.% 76.76 

7556 75.30 

71.90 71.10 

71.20 75.33 

75.66 76.00 

71.86 77.26 

7556 75.66 

71.50 77.60 

ELEVATOR: TERRAI3.9 RAW DATA 

A F E R  
CLE-ISlNG 

762% 

78.20 

7653 

76.46 

76.10 

75.26 

76.43 

76.% 

76.% 

PARAMETER. BULK DENSlTY (KG/HL) 

BIN 
FILLING 
POINT 

7556 

75.90 

7556 

75.00 

75.80 

Z.36 

75.33 

76.13 

BIN 
nLOADING 

POINr 

75.10 

7550 

75.60 

75.60 

TRUCK 
LOADING 

POINr 

76.81 

75% 

75.70 

74.70 

SAMPLE 

C-2 

C-5 

C-7 

8-2-2 

E-2-5 

E-2-7 

2 

54-5 

7 

132 

W 5  

-7 

SW-2-2 

SW-2-5 

SW-2-7 

SW-I-2 

SLV-I-S 

BIN 

3RD 
LOCATIOS 

SW4-7 

SW-6-2 

SW-6-5 

SVi"i'7 

h3br-2-2 

hlV-2-5 

XW-2-7 

bW-1-2 

hW4-5 

hw-1-7 

hlV-6-2 

hW-6-5 

hW-6-7 

TLZ 

1'L-5 

'11.-7 

77.60 

76.46 

77.03 

76.% 

76.90 

76.80 

76.76 

76.% 

76.13 

77.00 

76.63 

76.60 

76.60 

76.70 

76.60 

75.83 

76.30 

4TH 

GRAIN 

A r n R  
M O m  

76.20 

76.13 

76.16 

75.60 

76.46 

77.16 

77.46 

7653 

7720 

77.13 

76.43 

76.46 

76.13 

7656 

76.63 

76.60 

76.00 

75.96 

76.60 

76.13 

76.33 

75.80 

76.60 

76.63 

75.80 

76.33 

76.03 

75.63 

75.80 

75.83 

76.43 

7553 

76.03 

76.26 

76.46 

77.70 

77.90 

76.43 

76-50 

57.56 

76.36 

76.83 

TI.40 

76.46 

77.03 

SAMPLING 

1ST 
M O W  

75.60 

76.23 

75.46 

74.90 

76.13 

7620 

76.00 

75.63 

76.06 

76.26 

76.66 

7630 

75.63 

76.00 

76.26 

76.23 

FILLISG 

76.80 

76.63 

76.76 

76.93 

77.23 

77.w 

76.83 

7.00 

76.86 

76.65 

7653 

7664 

7750 

76.43 

77.30 

7750 

77.13 

77.06 

77.40 

77.16 

7653 

77.00 

76.13 

77.16 

75.30 

76.43 

76.33 

76.83 

INSIDE THE 

2ND 
M O m  

76.43 

77.00 

75.86 

75.13 

77.26 

77.06 

77.70 

76.43 

76.83 

7653 

76.73 

76.66 

76.60 

76.% 

76.83 

76.80 

7656 

76.36 

7656 

77.10 

76.90 

76.70 

77.36 

77.16 

76.30 

77.16 

7650 

77.26 

76.46 

76.83 

7656 

75.93 

7656 76.161 

MOiVlH 

76.10 

7650 

75.93 

75.90 

76.36 

76.73 

77.46 

76.10 

7653 

77.06 

76.% 

76.93 

76.70 

7656 

76.63 

7653 



TABLE 15-AII. TRUE DENSITY DATA AT TERRABA F A C I L m  

PO--HARVEST U'HITE CORN LOSSES IN SOME A C n V m E S  OF CN.P.. COSTA RlCA 
PARAhlEIER: TRUE DENSITY (GR/ML) RAW DATA ELEVATOR: TERRAIW 

HOPPER 

1.29 1.32 

1.27 1.28 

1.32 1.30 

1.301.28 

1.30 1.23 

1.321.28 

1.28 1.27 

1.271.30 

1.30 1.30 

1.32 1.28 

1.32 1.29 

1.28 1.29 

1.27 1.30 

1.32 1.28 

1.30 1.32 

1.29 1.32 

BIN 
FILLING 
POINT 

1.25 

1.30 

1.31 

1.28 

1.33 

1.29 

1.33 

1.23 

A F E R  
C L U h q S G  

1.32 

1.27 

1.28 

1 . 3  

1.29 

1.33 

1.23 

1.30 

BIN 
UNLOADING 

POINT 

1.30 

1.30 

1.29 

1.28 

AFTER 
DRYISG 

1.78 

1.34 

1.33 

1.28 

1.33 

1.28 

1.31 

TRUCK 
LOADING 

POINT 

130 

139 

130 

1.29 

4TH 
MONTH 

131 

1.30 

1.30 

BIX 

3RD 
MONTH 

1.31 

1.26 

1.27 

INSIDE THE 

2ND 
MONTH 

1.29 

1.30 

1.30 

SAMPLE 

C-2 

C-S 

C-7 

G2-2 

E-2-5 

E-2-7 

E-l-2 

E4-5 

E-17 

E-6-2 

E-6-S 

E-6-7 

SW-2-2 

SW-2-5 

SW-2-7 

SW-l-2 

Sn'4 -5 

SAMPLING 
I 

1- 
MOhTII 

1.30 

1.23 

1.27 

GRAIN 

AITER 
LOCX?lON 

SW-l-7 

SW-6-2 

SW-6-S 

SW-6-7 

hTV-2-2 

hTV-2-5 

NV-2-7 

SW-l-2 

hW4-S 

NW-17 

NW-6-2 

NW-6-S 

hTV-6-7 

T L 2  

TIrS 

TL-7 

1.29 

1 . 3  

1.23 

FILLISG 

1.24 

1.27 

1.32 



TABLE 16AII. IMPURITIES DATA AT TERRABA FACILlTY 

I-' 
I-' 
h, 

C = center; E = easr, SW = southwese h1V = nonhwcst: TL = to~al  Iebcl; 2 = 2.lm: 4 = 1 . 2 ~ ;  5 = 4 . 6 ~ ;  6 = 6.3m; 7 = 7.0m 

HOPPER 

0.71 0.92 

0.60 0.82 

0.86 0.37 

0.49 056 

1.09 0.75 

1.28 0.18 

0.67 2.39 

054 0.70 

0.67 1.44 

1.08 0.46 

0.82 0.88 

0.98 150 

0.72 0.47 

0.78 0.44 

0.80 0.25 

0.1s 

0.37 

050 

0.36 

P O S T - H A R W  W I K E  CORN LOSSES IN SOME A a V I T I E S  OF C.N.P., COSTA RlCA 
ELEVATOR: TERRAIU RAW DATA 

AFTER 
CLEXi'lNG 

0.38 

0.43 

0.33 

0.10 

0.16 

0.33 

' 0.17 

050 

0.60 

PARAMETER: IMPURITIES (% OVER 500 GR SAMPLE) 

A F E R  
DRYISG 

O.% 

0.60 

0.43 

0.33 

0.36 

0 56 

0.76 

BIN 
FILLING 
POINT 

0.87 

0.81 

0.75 

0.80 

054 

2.77 

1.46 

056 

BIN 
UNLOADING 

POINT 

0.91 

0.35 

0.72 

054 

TRUCK 
LOADING 

POINT 

0.37 

0.35 

050 

1.13 

4TH 

2.00 

3.72 

3-20 

1.90 

1.90 

2.22 

0.88 

1.18 

051 

0.65 

0.77 

0.73 

167 

246 

205 

1.70 

1.42 

BIN 

3RD SAhlPLE 
M O M  

151 

0.86 

0.78 

1.02 

555 

5.24 

5.98 

1.05 

1.00 

0.98 

0.72 

0.75 

0.79 

1.92 

1.25 

0.87 

0.89 

157 

1.47 

257 

0.97 

2.01 

0.92 

0.76 

1.12 

0.84 

0.68 

0.60 

1.27 

1.61 

1.44 

1.42 

0.47 

C-2 

C-5 

C-7 

E-2-2 

E-2-S 

E-2-7 

U - 2  

E l - S  

E l - 7  

E 4 2  

E ~ S  

E&7 

SW-2-2 

SW-2-5 

SW-2-7 

SW1-2 

SW1-S 

GRAIN 

AFl-ER 
MOLTH 

049 

0.48 

0.36 

0.86 

253 

2.20 

1.69 

1.00 

0.72 

0.36 

0.47 

0.40 

0.49 

1 . S  

0.95 

0.84 

LOGITION 

SW1-7 

~w-6-2 

SW-6-5 

SW-6-7 

hTV-2-2 

AW-2-5 

hW-2-7 

hW1-2 

hW1-5 

hW1-7 

~w-6-2 

hW-6-5 

h1V-6-7 

TL-2 

TL-S 

T L 7  

6.14 

0.69 

350 

2.10 

1.02 

2.13 

0.60 

1.19 

0.60 

3.26 

1.32 

1.89 

FILLISG 

1.14 

0.71 

051 

258 

1.68 

1.70 

0.89 

0.61 

1 . 3  

SAMPLING 

1FC 

2.28 

1 . n  

1.60 

1.32 

2.09 

1.18 

1.16 

0.47 

0.82 

052 

0 . n  

054 

2.60 

0.80 

058 

0.46 

0.80 

INSIDE THE 

2ND 
MONTH 

0.62 

0.92 

0.42 

0.71 

2.17 

0.92 

054 

0.49 

058 

0.28 

0.4 

0.39 

0.44 

1.80 

059 

059 

1.36 

051 

0.73 

0.93 

1.06 

1.66 

0.63 

0.79 

0.70 

0.44 

03 

050 

1 . 3  

1.73 

1.36 

1.13 

0.66 

MOhTH 

0.87 

0.41 

056 

0.96 

3.93 

3.40 

2.06 

1.20 

0.66 

0.33 

0.70 

030 

056 

0.30 

1.16 

0.46 



TABLE 17-AII. BROKENS DATA AT TERRABA FACILlTY 

C - ccntcr; E = east; SW = s~ulhwest; N\V = norlhwcst; TL lo1;ll le\cl: 2 = 2.1n1; 4 - 4.2ni; 5 = 4.6m; 6 - 6.3m; 7 - 7 . h  

HOPPER 

1.40 1.70 

0.96 0.30 

2.20 1.23 

150 1.73 

2.26 1.40 

4.90 6.76 

2.76 0.46 

0.77 6.20 

2.73 0.16 

0.60 0.73 

1.91 2.26 

150 0.70 

0.70 0.16 

4.93 2.13 

1.80 053 

1.39 0.13 

0 . S  

0.20 

POST-HARVEST WHITE CORY LOSSES IN SOME ACITVTTIES OF C.N.P., C O S A  RlCA 
ELEVATOR: TERRADA RAW DATA 

A F E R  
CLIXYING 

2.93 

2.20 

1.70 

0.70 

0.86 

0.40 

1.93 

1.70 

0.83 

PARAMEER: BROKENS (% OVER 100 GR CLEAN SAhlPLE) 

AFTER 
DRYING 

2.73 

1.23 

2.00 

2.10 

150 

2.10 

0.80 

BIN 
FILLISG 
POINT 

3.23 

2.40 

1.66 

3.26 

150 

1.1G 

1.30 

2.00 

BIN 
UNLOADING 

POINT 

2.22 

1.36 

1.60 

1.70 

TRUCK 
LOADING 

POINT 

1.96 

3.69 

2.15 

4 5 0  

SAMPLE 

SAiiIPLING 

1 S  

C-2 

C-5 

C-7 

E-2-2 

E-2-5 

E-2-7 

E4-2 

W - 5  

~ 4 - 7  

C 4 2  

C 4 5  

135-7 

SW-2-2 

SW-2-5 

SW-2-7 

SW4-2 

SW4-5 

GRAIN 

AFTER 

2.28 

3.05 

2.17 

1.44 

1.44 

2.05 

113 

1.22 

1 . n  

057 

1.16 

1.06 

2.33 

2.12 

1.24 

1.65 

1 .% 

4TH 

INSIDE THE 

2ND 

BIN 

3R.D 
LOG\TlOS 

SW4-7 

S W 4 2  

SW&S 

S W 4 7  

hTV-2-2 

hW-2-5 

hW-2-7 

hW4-2 

hw-15 

NW4-7 

NW42 

~ ~ 4 5  

N W 4 7  

T L 2  

'IL-5 

11-7  

258 

1.71 

2.08 

1.24 

1.16 

153 

0.68 

151 

1.45 

2.63 

1.W 

2-54 

MONTH 

1.48 

1 . 3  

1.02 

2.00 

256 

2.78 

3.18 

1.80 

2.41 

1.43 

1.35 

1.45 

1.10 

1.43 

1.60 

153 

1.74 

227 

4.19 

1.17 

125 

1.45 

1.23 

l.% 

1.98 

0.46 

129 

in 
435 

1.73 

1.82 

123 

137 

2.76 

2.71 

2.82 

2.15 

253 

2.06 

1.75 

1.92 

253 

1.10 

1.87 

1.26 

2.76 

2.93 

2.73 

1.16 

2.84 

1.81 

2.38 

2 . 7  

2.09 

131 

1.91 

1.15 

1.84 

1.71 

0.48 

1.26 

1.01 

1.71 

1.76 

1.42 

1.72 

230 

FILLISG 

055 

1.01 

1.83 

1.78 

1.76 

1.60 

1.05 

1.29 

156 

MONTH 

1.44 

150 

0.63 

0.84 

3.41 

256 

2.31 

2.61 

2.36 

1.86 

0.46 

0.90 

0.68 

134 

1.26 

0.72 

MOhTH 

2.03 

1.38 

2.60 

2.34 

2.71 

2.93 

250 

2.43 

2.23 

1.88 

1.36 

1.01 

153 

1.70 

1.86 

1.33 

NOXITI 

1.79 

0.69 

0.80 

1.26 

1.26 

2.78 

2.92 

1.92 

2.03 

1.20 

15s  

1.30 

154 

150 

2.63 

1.82 



TABLE 18-All. DAMAGE BY INSECT DATA A T  TERRABA PACILrIY 

C = center; E = cast; SW = southwcst; hlV = nonhwest; 1'L = tot31 Ic\rl; 2 = 2.1111; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

IIOPPER 

0.23 0.10 

0.26 0.00 

0.42 0.00 

0.36 0.00 

0.16 0.00 

0.43 0.10 

0.60 0.00 

0.63 0.26 

0.03 0.00 

0.13 0.06 

0.06 

0.00 

0.00 

0.20 

0.43 

0.00 

0.20 

0.10 

0.10 

0.00 

0.16 

0.10 

0.00 

POST-HARVEST WHITE CORN LOSSES IN SO.ME ACI-MTIES OF CN.P., COSTA RICA 
RAW DATA 

AFTER 
CLEAh'ING 

0.40 

0.33 

0.26 

0.00 

0.26 

0.93 

0.10 

0.00 

0.00 

SAMPLE) 

TRUCK 
LOADING 

POINT 

0.06 

0.30 

0.40 

0.13 

AFTER 
DRYlSG 

0.00 

1.00 

0.00 

0.33 

0.28 

0.00 

0.00 

100 GR CLEAN 

BIN 
UNLOADING 

POINT 

0.22 

0.06 

0.13 

0.00 

BIN 
FILLISG 
POIhT 

0.00 

0.06 

0.00 

0.13 

0.00 

0.20 

0.13 

0.20 

ELEVATOR: TERRAM I P A R k t l E I E R  DAMAGE BY INSECT (% OVER 

BIN 

3RD 

INSIDE THE 

2ND SrltiPLE 

0.47 

0.93 

0.40 

0.11 

0.00 

0.00 

0.13 

0.14 

0.10 

0.20 

0.61 

0.37 

0.70 

051 

0.43 

0.00 

0.00 

4TH 

0.33 

055 

0.13 

0.00 

0.15 

0.06 

0.06 

0.21 

0.00 

0.32 

0.32 

0.29 

0.30 

0.40 

0.06 

0.06 

0.00 

C-2 

C-5 

C-7 

E-2-2 

E-2-5 

82-7  

E4-2 

W - 5  

M - 7  

E-6-2 

E-6-5 

56-7 

SW-2-5 

SW-2-7 

SW1-2 

SW1-5 

MONTH 

0.15 

0.24 

1.14 

0.60 

0.00 

0.14 

0.07 

0.07 

0.14 

0.31 

0.Z 

0.17 

0.Z 

0.28 

0.35 

0.M 

0.47 

0.23 

0.10 

0.61 

0.04 

0.14 

0.38 

057 

0.43 

0.34 

0.22 

0.75 

0.38 

0.35 

0.32 

0.18 

0.26 

GRAIN '-- 
A F E R  

M O N n I  

050 

0.36 

0.38 

051 

0.00 

0.00 

0.07 

0.18 

0.23 

0.37 

0.Z 

0.46 

0.28 

0.26 

0.06 

0.16 

LOCATION 

S W 4 7  

SW-6-2 

SW-6-5 

SW-6-7 

NW-2-2 

NW-2-5 

NW-2-7 

NW-4-2 

NW-4-5 

NW-4-7 

NW-6-2 

NW-6-5 

SW-2-2.W-6-7 

T L 2  

TLS 

TL-7 

SAMPLING 

1ST 
MOANTH 

0.35 

0.20 

0.79 

0.44 

0.48 

0.28 

059 

0.27 

0.38 

0.26 

0.62 

0.39 

0.22 

0.20 

0.Z 

0.27 

0.00 

0.M 

0.11 

0.20 

0.12 

0.27 

0.12 

0.07 

0.00 

0.00 

0.13 

0 00 

0.00 

0.00 

0.00 

0.60 

0.26 

0.02 

0.14 

0.00 

0.00 

0.00 

0.00 

0.00 

0.22 

057 

0.44 

0.78 

0.04 

FILLISG 

0.20 

0.00 

0.06 

0.43 

0.00 

0.00 

0.00 

0.13 

0.06 

MOhTII 

0.30 

0.61 

0.13 

0.28 

0.29 

0.40 

0.04 

0.30 

0.00 

0.36 

0.05 

0.48 

0.10 

0.13 

0.13 

0.00 



TABLE 19-AII. DAMAGE BY MOLD DATA AT TERRABA FACILITY 

POS 

17 
HOPPER 

0.78 0.06 

1.33 0.40 

1.23 0.00 

0.43 0.13 

0.76 0.00 

0.90 0.00 

0.90 0.26 

1.46 0.43 

050 056 

0.00 056 

0.843 1.10 

0.74 053 

6.56 0.43 

050 1.26 

1.13 0.13 

0.80 0.93 

250 

050 

0.10 

AFTER 
CLE4NISG 

0.93 

0.90 

0.96 

0.60 

0.33 

0.76 

0.10 

0.16 

0.83 

AFTER 
DRYING 

0.00 

0.80 

0.66 

153 

0.10 

0.30 

0.73 

'-IIARVEST WIIE CORY LOSSES IN ! 
ELEVATOR: E R U B A  

GRtUNSi 

RLLING 

0.66 

053 1.39 

1.07 0.15 

053 

0.27 

0.38 0.54 

0.60 0.36 

0.41 055 

057 0.62 

058 0.32 

OME ACllVlTIES O F  CN.P., COSTA RlCA 
PARAMETf5R: DAMAGE BY MOLD (% OVER 100 GR CLEAN SAMPLE' 
MPLING INSIDE T H E  BIN 

I I I BIN TRUCK 
1- 2ND 3 RD ~ T H  UNLOADING LOADING 

C = center, E = east; SW = southwest; hlV = nonhwest; TL = torjl level; 2 = 2.1111; 4 = -1.1m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 



TABLE 20-AII. AFLATOXINS DATA AT TERRABA FACILITY 

C = center; E = east; SW = southwest; NW = nonhwesr; TL = toyal lc\cl; 2 = 2.lm; 4 = 4.2m; 5 = 4.6m; 6 = 6.3m; 7 = 7.0m 

HOPPER 

1'30 60 

230 95 

100 250 

0 0 

0 80 

12 120 

45 10s 

5 0 

50 

0 

160 

27 

3 1 

0 

1 65 

225 

5 

5 

370 

10 

POST-HARVEST W H m  CORN LOSSES IN SOME ACTIVITIES OF CN.P.. COSTA RlCA 
RAW DATA 

AFTER 
CLEANING 

NO 

AFTER 
DRYING 

NO 

BIN 
FILLING 
P O I m  

30(-) 

35(-) 

225(+) 

95(-) 

49(-) 

SO(-) 

26(-) 

(PPB) 

BIN 
UNLOADING 

POINT 

45(+)  

u(-) 
u(-1 
30(-) 

TRUCK 
LOADING 

POINT 

NO 

ELEVATOR TERRABA 1 PARAMETER. AFLATOXlSS 
BIN 

3RD 
MONTH 

85(+) 

W t )  

31(-) 

SAMPLE 

GRAIN 

AFTER 
FILLING 

so(+) 

24( + 

24(+) 

4TH 
MONTH 

so(-) 

45(-1 

30(-) 

C-2 

C-S 

C-7 

E2-2  

E-2-5 

E2-7  

E4-2  

W - 5  

w - 7  

Ed-2 

E a S  

E&7 

SW-2-2 

SW-2-5 

SW-2-7 

SW-I-2 

sw-i-5 

LOCATION 

SLV-i-7 

. SW4-2 

SW&S 

SW-6-7 

NW-2-2 

hW-2-5 

NW-2-7 

NW4-2 

NW4-5 

N W 4 7  

NW-6-2 

N W 4 5  

NW-6-7 

TL-2 

T L S  

TL-7 

SAMPLING 

1ST 
M0NII-l 

42(-) 

37(-) 

31(-) 

INSIDE THE 

2ND 
MONTH 

115(+) 

30(+) 

29(-) 



APPENDIX I11 

A N A L Y S I S  OF VARIOUS PARAMETERS EXAMINED 



TRBLE 1 - L I I I .  IN-BIN AVERAGE TEHP VARIATIONS I N  FARENHEIT DURING THE STORAGE PERIOD AT "LL CHINL" 

ELEVLTOR "LL CHINA" , SAN JOAQUIN DE FLORES , HEREDIL 

FEBRULRY HLRCH LPRIL HAY JUNE ENV LOC LEVEL DIST RAD 

( i n i t i a l  1st Ho 2nd flo 3rd Ho 4th flo 
cond. 1 ' 

96 100 90 83 77 
80 95 90 77 78 
80 87 68 77 

88 82 68 80 
9 6 88 88 70 79 
79 88 84 67 79 

90 86 67 80 
87 89 86 70 80 
03 89 86 66 78 

88 84 67 79 
80 9 1 88 75 80 
87 89 86 70 80 
75 89 70 77 

89 80 70 78 
86 90 84 70 73 
78 90 84 €8 79 

9 0 84 67 79 
82 90 85 70 80 
80 90 82 68 79 

89 82 67 79 
78 90 84 72 80 
77 90 88 73 79 
77 89 71 80 

90 80 7 1 80 
76 91 84 72 79 
80 9 1 84 70 80 

90 87 70 80 
80 9 0 82 70 80 
78 90 80 70 80 

89 60 €9 79 
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TIBLE 2 4 1 1 1 .  IN-BIN TEHP VIIRIITIONS I N  FIRENHEIT DURING THE STORIGE PERIOD I T  "IA CHINA" 

IVERIGE LEVEL 1 LEVEL 2 LEVEL 3 TOTIL 
IHBIENT IIVERIIGE 

TEHP 

FEBRUIRY 
HIRCH 
I P R I L  
H I Y  
JUNE 



l R b L E  3 - R I I I .  I N - B I N  OVERRGE TERP VRRIRTIONS I N  FGRENHEIT DURING 'THE STORRGE PERIOD RT "LA CHINO" 

HONTHLY RVERRGES BY LEVEL BY RRDIUS RT LR CHIHR 

LEVEL 1 LEVEL 3 LEVEL 2 

RRDIUS 1 RRDIUS 1 

1:EbRURRY 
MRRCH 
APRIL  
ilFlr 
JUNE 

FEBRUARY 8 1 
HRRCH 3 0  
RPRIL  85 
I R Y  7 1 
JUNE 7 3  

FEBRURRY 
MRRCH 
L P R I L  
i4RY 
JUNE 

LEVEL 1 LEVEL 2 LEVEL 3 

RRDIUS 2 RRDIUS 2 RRDIUS 2 

FEBRURRY 
BRRCH 
RPRIL  
I! f l y  
Jl iNE 

FEBRURRY 
IRRCH 
RPRIL  
HRY 
JUNE 

FEBRURRY 
nRRCH 
APRIL 

JUNE 

LEVEL 1 LEVEL 2 LEVEL 3 

RRDIUS 3 RRDIUS 3 RRDIUS 3 

FEERURRY 
!ARCH 
RPRIL  
n f l y  
JUNE 

FEBRUARY 
IRRCH 
RPRIL  
I R Y  
JUNE 

FEPRURRY 
IRRCH 
RPRIL 
I R Y  
JUNE 



TRBLE 4 - R I I I .  I N - B I N  RVERRGE TEHP VRRIRTIONS I H  FRREHHEIT DURING THE STORRGE PERIOD RT "LR CHINR" 

HONTHLY RVERRGES BY LEVELS BY DISTRNCES RT LR CHINR 

LEVEL 1 LEVEL 2 LEVEL 3 

DIST 1 DIST 1 D I S T  1 

FEBRURRY 
HRRCH 
RPRIL 
RRY 
JUNE 

FEBRURRY 
HRRCH 
RPRIL  
HRY 
JUNE 

8 5  FEBFiURRY 
9 0  i4ARCH 
8 5  RPRIL 
7 0  KAY 
ao JUNE 

LEVEL 1 LEVEL 2 LEVEL 3 

D I S T  2 DIST 2 DIST 2 

FEBRURRY 
t? ARCH 
RPRIL 
HRY 
JUNE 

7 8  FEBRUARY 
9 0  MARCH 
83 APRIL 
6 9  flAY 
7 8  JUHE 

FEBRURRY 
IRRCH 
RPRIL 
MRY 
JUNE 

LEVEL 1 LEVEL 2 LEVEL 3 

DIST 3 DIST 3 DIST 3 

FEbRURRY 
flRRCH 
RPRIL 
flRY 
JUHE 

FEBRUARY 
8 9  MARCH 
8 2  RPRIL 
6 8  FAY 
7 9  JUNE 

FEERURRY 
HRRCH 
RPRIL  
HRY 
JUNE 



TRBLE 54111. IN-BIN RVERRGE TERP VRRIRTIONS IN FRREHHEIT DURING THE STORRGE PERIOD RT "LR CHINR" 

TOTRL RVERRGES BY RRDIUS FOR THE WHOLE BIN TOTRL RVERRGES BY DISTRNCE FOR THE WHOLE BIN 

RRDIUS 1 RADIUS 2 RRDIUS 3 DIST 1 DIST 2 DIST 3 

FEBRURRY 
HRRCH 
RPRIL 
IRY 
JUNE 

81 83 8 2  FEBRUIIRY 33 77 
91 90 89 HRRCH 90 89 90 
8 5  85 83 RPRIL 86 83 83 
72 69 69 RFlY 7 1 69 68 
79 79 79 JUNE 79 79 79 



TRBLE 6 - R I I I .  I N - B I N  HOIS IURE VRRIRTIONS I N  PERCENTRGE DURING THE STORClGE PERIOD RT "LC1 CHINR" 

ELEVRTOR "LC1 CH:[NR" , SON JOR(IU1N DE FLOKES , HEREDIR 

FEBRURRY HRRCH R P R I L  Y JUNE ENV LOC LEVEL D I S T  RRD 

( i n i t i a l  
cond. 

12.34 
12.43 
12.27 

12.32 
12.32 

11.38 
12.13 

11.98 
12.56 
12.49 

12.34 
12.a4 

12.13 
12.05 

12.20 
12.49 
12.49 

12.70 
12.63 

12.05 
12.06 



TFlBLE 7 4 1 1 1 .  IN-BIN IlOISTURE VFlRIFlTIONS I H  PERCENTFlGE DURING THE STORFlGE PERIOD RT "LFl CHINfi" 

FlVERRGE LEVEL 1 LEVEL 2 LEVEL 3 TOTFlL 
FlHBIENT GVERAGE 
REL HUH 

FEBRUFlRY 
RFlRCH 
RPRIL 
FIFlY 
JUNE 



TCIBLE 8-CII I I .  I N - B I N  HOISTllRE VCIRIRTIONS I N  PERCEHTRGE DURING THE STORRGE PERIOD RT "LCI CHINCI" 

RONTHLY RVERRGES BY LEVEL BY RRDIUS CIT LCI CHINR 

LEVEL 1 LEVEL 2 LEVEL 3 

RRDIUS 1 RCIDIUS 1 FiCIDIUS 1 

FEBRLICIRY 12.37 FEBRUCIRY 12.34 FEBRURRY 12.33 
RRRCH 12.16 RRRCH 12.27 flRRCH 11.83 
CIPRIL 13.01 RPRIL  12.65 RPRIL 12.24 
~ C I Y  12.30 RCIY 12.66 ERY 12.44 
J'lINE 13.29 JllNE 12.54 JUNE 12.11 

LEVEL 1 LEVEL 2 LEVEL 3 

RCIDIUS 2 RCIDIUS 2 RRDIUS 2 

FEBRUCIRY 12. 92 FEBRURRY 12.59 FEBRURRY 12.67 
flRRCH 12.41 MARCH 12.23 XIKCH 2.08 
APRIL 13.05 RPRIL 12.31 APRIL 12.63 
HCIY 13.01 ERY 13.13 ilRY 12.70 
JUNE 13-58 JUIIE 13.49 JUNE 12.36 

LEVEL 1 LEVEL 2 LEVEL 3 

RRDIUS 3 RRDIUS 3 RRDIUS 3 

FEBRURRY 12.06 FEBRUCIRY 12.09 FEBRURRY 12.06 
RRRCH 12.33 HRRCH 12.49 IRRCH 12.10 
CIPRIL 12.78 FlPRIL 12.87 FlPRIL 12.Y1 
m y  12.84 IRY 13.17 MY 12.83 
JUNE 13.25 JUNE 13.29 JUYE 13. lt 



TRBLE 9 - R I I I .  I N - B I N  HOISTURE VRRIRTIONS I N  PERCENTRGE DURING THE STORRGE PERIOD RT "LR CHINA" 

HONTHLY RVERRGES BY LEVELS BY DISTRNCES RT LR CHINR 

LEVEL 1 LEVEL 3 LEVEL 2 

D I S T  1 DIST 1 DIST 1 

FEBRUARY 12.46 
FRRCH 12.15 
RPRIL  12.78 
PRY 12.73 
JUNE 13.08 

FEBRURRY 12.34 
HRRCH 12.13 
RPRIL  12.67 
MAY 12.66 
JUNE 12.87 

FEBRURRY 12.41 
MARCH 11.73 
RPRIL 12.49 
f l  AY 12.42 
JUNE 12.47 

LEVEL 1 LEVEL 2 LEVEL 3 

D I S T  2 DIST 2 DIST 2 

F'EBRURRY 
ARRCH 
FlPRIL 
HRY 
JUNE 

FEBRURRY 
HRRCH 
RPRIL 
M Y  
JUNE 

FEBRURRY 
YARCH 
APRIL 
flRY 
JUHE 

LEVEL 1 LEVEL 3 LEVEL 2 

D I S T  3 DIST 3 DIST 3 

FEBRUARY 
IRRCH 
RPRIL 
HRY 
J'UHE 

FEBRURRY 
ERRCH 
FiPRSL 
I RY 
JUHE 



TfiBLE 1 0 - f i I I I .  I N - B I N  MOISTURE UfiRIfiTICINS IN PEREENTfiGE DLIRING THE STORfiGE PERIOD GT "LR EHINfi" 

TOTRL AVERAGES BY RfiDIUS FOR THE WHKILE B I N  

RADIUS 1 RfiDIUS 2 RfiDTUS 3 

FEBRURRY 12.36 12.72 12.06 
flfiREH 12.08 12.26 12.32 
APRIL  12.63 12.06 12.81 
~ C I Y  12.63 12.95 12.95 
JUNE 12.64 13.34 13.23 

TOTfiL fiVERfiGES BY DISTANCE FOR THE WHOLE B I N  

DIST 1 I i I S T  2 D I S T  3 

FEBRURRY 12.40 12.43 
ERRCH 12.02 12.18 12.43 
GPRIL 12.64 12.30 12.34 
JAY 12.60 13.04 12.35 
JUHE 12.30 13.25 13.11 



TABLE 1 1 - R I I I .  IN-BIN DRHRGE BY INSECT VRRIRTIONS I N  PERCENTAGE DURING THE STORRGE PERIOD RT "LA CHINR" 

ELEVRTCIR "LR CHINR" , SRN JOROUIN DE FLORES , HEREDIR 

FEBRURRY HRRCH RPRIL HAY JUHE ENV LOC LEVEL DIST RRD 

( init ial  
cond. 

0.00 
0.38 
0.15 

0.00 
0.13 

0.20 
0.25 

0.36 
0.20 
0.26 

0.26 
0.23 

0.11 
0.18 

0.14 
0.30 
0.46 

0.10 
0.30 

0.33 
0.53 



TRBLE 12-0111. IN-BIN DRHRGE BY INSECT VRRIRTIONS I N  PERCENTRGE DURING THE STORRGE RT "LO CHINA" 

RUERRGE LEVEL 1 LEVEL 2 LEVEL 3 TOTRL 
RHBIENT llVERRGE 

TEHP 

FEBRURRY 
flRRCH 
RPRIL 
RRY 
JUNE 



TIIBLE 1 3 - f l I I I .  I N - B I N  IIVERIIGE TERP VIIRIflTIONS I N  FIIRENHEIT DURING THE STORIIGE PERIOD IIT "TERRflBII" 

ELEVIITOR "TERRIIBII", PflLRflR NORTE , PUNTIIRENIIS 

HflRCH I IPRIL  HRY JUNE JULY ENV LOC LEVEL D I S T  RflD 

( i n i t i a l  1st H o  2nd flo 3 r d  Ro 4 t h  Ho 
cond i t) 



TRBLE 14 R I I I .  IN-BIN TERP VGRIRTIUNS I N  FARENHEIT DURING THE STORAGE PERIOD AT "TERRRBR" 

RVERAGE LEVEL 1 LEVEL 2 LEVEL 3 TOTAL 
RHBIENT flVEHflGE 

T E I P  

[ARCH 
RPRIL 
HAY 
JUNE 
JULY 



TABLE 15dI I I .  I N - B I N  RVERAGE TENP Vf lRIATIONS I N  FARENHEIT DURING THE STORAGE PERIOD AT "TUZRRBR" 

HONTHLY AVERAGES BY LEVEL BY RRDIUS RT TERRRM 

LEVEL 1 LEVEL 3 LEVEL 2 

RADIUS .1 RADIUS 1 RADIUS 1 

ilRRCH 
APRIL  
i lAY 
JUHE 
JULY 

HARCH 
RPRIL  
HRY 
JUNE 
JULY 

HARCH 
APRIL  
HAY 
JUNE 
JULY 

LEVEL 1 LEVEL 2 

RADIUS 2 

RARCH 9 0  
APRIL  8 8  
P1AY 8 2  
J'LINE 92 
JULY 95 

HWRCH 
APRIL  
M Y  
JUNE 
JULY 

HRRCH 
APRIL  
ERY 
JUNE 
JULY 

LEVEL 1 

KRDIUS 3 

LEVEL 2 

RADIUS 3 

LEVEL 3 

RADIUS 3 

HARCH 
APRIL  
HAY 
JUNE 
JULY 

!ARCH 
FlPRIL 
flAY 
JUNE 
JULY 

PI ARCH 
APRIL  
f l  AY 
JUNE 
JULY 



TRBLE 1 6 - R I I I .  I N - B I N  RVERRGE TEflP URRIRTIONS I N  FRRENHEIT DURING THE STORRGE PERIOD AT "TERRRlrR" 

MONTHLY RUERRGES BY LEVELS BY DISTRNCES RT TERRRBR 

LEVEL 1 LEVEL 2 LEVEL 3 

D I S T  1 . DIST 1 DIST 1 

HRRCH 
RPRIL 
flRY 
JUNE 
JULY 

HRRCH 
APRIL 
HRY 
JUNE 
JULY 

flRRCH 
RPRIL 
HAY 
JUHE 
JULY 

9 0  flRRCH 
8 8  APRIL 
8 4  flRY 
9 4  JUNE 
9 6  JULY 

LEVEL 1 LEVEL 2 

D I S T  2 DIST 2 

9 0  HRRCH 
86 RPRIL 
8 1  PIRY 
9 3  JUNE 
9 4  JULY 

LEVEL 1 

D I S T  3 

8 8  RRRCH 
8 6  RPRIL 
8 1  flRY 
9 0  JUNE 
9 2  JULY 

LEVEL 2 

DIST 3 

9 0  flRRCH 
8 7  APRIL 
8 4  flRY 
95 JUNE 
9 7  JULY 

LEVEL 3 

DIST 2 

88 flRRCH 8 9  
8 6  APRIL 96 
8 0  NRY 8 1 
9 2  JUNE 9 2  
9 4  JULY 9 4  

LEVEL 3 

DIST 3 

8 9  HARCH 
8 5  APRIL 
8 0  RAY 
3 2  JUNE 
9 3  JULY 



TABLE 1 7 - f l I I I .  I N - B I N  AVERAGE TEHP VARIATIONS I N  FRRENHEIT DURING THE STORAGE PERIOD AT "TERRRBA" 

TOTAL AVERAGES BY RADIUS FOR THE WHOLE P I N  TOTAL RVERflGES BY DISTANCE FOR THE WHOLE B I N  

RfiDIUS 1 KRDIUS 2 RRDIUS 3 D I S T  1 D I S T  2 D I S T  3 

H ARCH 
APRIL 
HAY 
JUNE 
JULY 

3 0  9 0  b9 ilRRCH 
8 7  9 7  a 5  APRIL 
82 8 1 8 3  MAY 
3 2  7 2  3 2  JUNE 
94 9 5  3 5  JULY 



TRBLE 1 8 - R I I I .  IN-BIN MOISTURE VRRIRTIONS I N  PERCENTRGE DURING THE STORRGE PERIOD RT "TERRRBR" 

ELEVRTOR "TERRRBR", PRLHRR NDRTE , PUNTRRENRS 

RRRCH RPRIL #RY JUNE JULY ENV LOC LEVEL DIST RRD 

( i n i t i a l  1 s t  Ro 2nd Ro 3rd Mo 4th Ho 
c o n d i t )  



TBBLE 1 9 - B I I I .  IN-BIN IOISTURE VBRIITIONS I N  PERCENTBGE DURING THE STORBGE PERIOD BT "TERRBBR" 

RVERBGE LEVEL 1 LEVEL 2 LEVEL 3 TOTRL 
RNBIENT FIVERRGE 
REL HUH 

RBRCH 
BPRIL 
flRY 
JliNE 
JULY 



TABLE 2 0 - R I I I .  IN-BIN ROISTURE VRRIRTIONS I N  PERCENTAGE DURItiG THE STORAGE PERIOD AT "TERRCIBR" 

HONTHLY RVERCIGES BY LEVEL BY RRDIUS RT TERRRBR 

LEVEL 1 LEVEL 2 LEVEL 3 

RRDIUS 1 RRDIUS 1 RRDIUS 1 

HRRCH 
RPRIL  
ICIY 
JUNE 
JULY 

10.73 HRRCH 
11.51 RPRIL 
11.68 HRY 
12.31 JUNE 
11.57 JULY 

11.23 IRRCH 
11.39 RPRIL 
11.57 i4RY 
12.22 JUNE 
11.23 JULY 

LEVEL 1 LEVEL 2 LEVEL 3 

RADIUS 2 RADIUS 2 RRDIUS 2 

HRRCH 
RPRIL  
RRY 
JUNE 
JULY 

11.66 flRRCH 
11.31 APRIL  
11.84 flRY 
12.10 JUNE 
11.74 JULY 

11.41 RRRCH 
11.35 RPRlL  
11.65 ?MY 
11.83 JUNE 
11.41 JULY 

LEVEL 1 LEVEL 2 LEVEL 3 

RADIUS 3 RRDIUS 3 RRDIUS 3 

IRRCH 11.31 MARCH 
RPRIL  11.48 RPRIL 
HRY 11.94 I R Y  
JUNE 12.14 JUNE 
JULY 11.87 JULY 

11.70 RRRCH 
11.31 RPRIL 
11.33 JCIY 
11.91 JUNE 
11.27 JULY 



TFIBLE 21-FIIII. IN-BIN IOISTURE VFIRIFITIONS IN PERCENTFIGE DURIHG THE STORFIGE PERIOD FIT "TERRFIBFI" 

IONTHLY FIVERFIGES BY LEVELS BY DISTFINCES FIT TERRFIBFI 

LEVEL 1 LEVEL 2 LEVEL 3 

DIST 1 DIST 1 DIST 1 

NFIRCH 
FIPRIL 
NFIY 
JUNE 
JULY 

RFIRCH 
FIPRIL 
I F I Y  
JUHE 
JULY 

RFIHCH 
RPRIL 
I F I Y  
JUNE 
JULY 

LEVEL 1 

DIST 2 

LEVEL 1 

DIST 3 

11.62 HFIRCH 
11.37 FIPRIL 
11.77 NFIY 
12.36 JUNE 
11.70 JULY 

RFIRCH 
APRIL 
I R Y  
JUHE 
JULY 

HRRCH 
FIPRIL 
i'l FIY 
JUNE 
JULY 

LEVEL 2 

DIST 2 

LEVEL 2 

DIST 3 

11.26 RFIRCH 
11.25 GPRIL 
11.46 14AY 
11.34 JLNE 
11.22 JI.ILY 

11.70 ARRCH 
11.37 APRIL 
11.23 RRY 
11.88 JUNE 
11.12 JULY 

11.38 URRCH 
11.59 RPRIL 
11.72 flRY 
12.05 JUNE 
11.65 JULY 

LEVEL 3 

DIST 2 

LEVEL 3 

DIST 3 



TCIBLE 22-CI I I I .  I N - B I N  HOISTLIRE VCIRICITIIINS :IN PERCENTCIGE DURING THE STORClGE PERIOD CIT "'IERRCIBCI" 

TOTCIL CIVERCIGES BY RflDIUS FOR THE WHOLE B I N  

#flRCH 
CIPRIL 
ICIY 
JUHE 
JULY 

RCIDIUS 1 RClDIUS 2 RCIDIUS 3 

TOTCIL CIVERflGES BY DISTCINCE FUR THE UHOLE B I N  

MCIRCH 
RPRIL  
M Y  
JUNE 
JULY 

D i S T  1 DIST 2 DIST 3 



TflBLE 2 3 - f l I I I .  IN-BIN DflHflGE BY INSECT VflRIflTIONS I N  PERCENTflGE DURING THE STORflGE PERIOD flT "TERRflBfl" 

ELEVflTCIR "TERRflBfl", PflLHflR NORTE , PLlNTflRENflS 

HflRCH flPRIL HflY JUNE JULY ENV LOC LEVEL D I S T  RflD 

( i n i t i a l  1 s t  l o  2nd Ho 3rd Ho 4 t h  Ho 
c o n d i t )  



TABLE 2 4 4 1 1 1 .  IN-BIN DRHGGE BY INSECT VGRIRTIONS I H  PERCENTAGE DURING THE STORRGE GT "TERRGBR" 

QVERflGE LEVEL 1 LEVEL 2 LEVEL 3 TOTAL 
GHBIENT AVERGGE 

TEHP 

PIGRCH 
APRIL 
RQY 
JUNE 
JULY 



A P P E N D I X  IV 

THERMAL E F F I C I E N C Y  C A L C U L A T I O N S  



THERMAL EFFICIENCY CALCULATIONS 

The f o l l o w i n g  fo rmula  from Chang (1977)  was used f o r  t h e  the rmal  e f f i c i e n c y .  

TE = DM x DC x HVP x (GM1 - GM2) 
H + CONT x HP 

where 

TE = t he rmal  e f f i c i e n c y  ( d e c i m a l )  

DM = d r y  m a t t e r  c o n t e n t  ( l b / b u ) ,  c o r n  = 47.32 l b / b u ,  
m i l o  = 48.16 l b / b u  

DC = d r y e r  c a p a c i t y  ( b u / h r )  

HVP = h e a t  o f  v a p o r i z a t i o n  o f  w a t e r  from g r a i n  (BTU/lb) 

GM1, GM2 = i n i t i a l  and f i n a l  m o i s t u r e  c o n t e n t s  o f  g r a i n  ( d r y  b a s i s  
decimal  

H = energy  t o  h e a t  t h e  a i r  (BTU/hr) 

El = e f f i c i e n c y  o f  f u e l  consumption ( d e c i m a l )  

CONT = c o n s t a n t  of  c o n v e r s i o n  f a c t o r  (0.7457 x 3412.4) 

HP f a n  and m e t e r i n g  h o r s e  power (HP) 

E2 = o v e r a l l  e f f i c i e n c y  o f  f a n  and motor sys tem ( d e c i m a l )  

E3 = e f f i c i e n c y  of h e a t  exchange system ( d e c i m a l )  

Case o f  t h e  Mathews d r y e r ,  Model 900E. d r y i n g  w h i t e  c o r n  a t  t h e  La China p l a n t  
w i t h  d i e s e l  f u e l  ( t u b e  a x i a l  t y p e  f a n )  

TE = 47.32 DC HVP * (GM1 - GM2) 
H + (0.7458 x 3412.4) HP -- 
0.8 0.65 * 1 

Case o f  t h e  B e r i c o  d r y e r .  Model 940 E. d r y i n g  w h i t e  co rn  a t  t h e  T e r r a b a  p l a n t  
w i t h  d i e s e l  f u e l  ( forward curved c e n t r i f u g a l  f a n )  

TE = 17 .32  * DC * HVP (GM1 - GM2) 
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Case of t h e  Kan-Sun d rye r ,  model d ry ing  milo a t  t h e  Gary G i l b e r t  e l e v a t o r  i n  - 
C1z.y Center,  Kansas, wi th  na tu ra l  gas  (forward curved c e n t r i f u g a l  f a n )  - 
TE = 48.16 DC HVP (GM1 - GM2) 



APPENDIX V 

COMPUTER O U T P U T S  SUMMARY 



Data fr*om t h e  computer o u t p u t s  co r respond ing  t o  two of t h e  f i v e  models t e s t e d  
are i n c l u d e d  h e r e  i n  t a b l e  form. The i n t e n t i o n  o f  t h e  models was t o  i d e n t i f y  
l i n e a r  and/or  q u a d r a t i c  t r e n d s  i n  v a r i a t i o n s  of  t h e  g r a i n  pa ramete r s  ana lyzed  
d u r i n g  t h e  s t o r a g e  pe r iod  i n s i d e  t h e  bin.  Table  1-AV shows t h e  r e s u l t s  o f  
model  lumber 2 t h a t  r e f e r s  t o  t h e  e f f e c t s  of  t h e  environment ,  t h e  l e v e l ,  and 
t h e  d i s t a n c e  (and t h e i r  i n t e r a c t i o n s )  i n  t h e  t r e n d s  followed by t h e  d a t a  
c o l l e c t . e d ,  l e a v i n g  t h e  o b s e r v a t i o n s  over  t h e  r a d i i  as t h e  e r r o r  term due t o  
t h e  l a c k  of  r e p l i c a t i o n s  of  t h e  s t o r a g e  bins .  Tab le  2-AV d e s c r i b e s  t h e  re-  
sults  of  model number 3 which r e f e r s  t o  t h e  e f f e c t s  o f  t h e  environmentr  t h e  
l e v e l ,  and t h e  r a d i u s i  (and t h e i r  i n t e r a c t i o n s )  i n  t h e  t r e n d s  fo l lowed  by t h e  
d a t a  c o l l e c t e d ,  l e a v i n g  t h e  o b s e r v a t i o n s  o v e r  t h e  d i s t a n c e s  as t h e  e r r o r  term 
due t o  l a c k  of  r e p l i c a t i o n  of t h e  s t o r a g e  b ins .  With both  modelsr similar 
c o n c l u s i o n s  were e s t a b l i s h e d ,  such as t h e  c l e a r  e f f e c t  of  t h e  environment and 
t h e  r a d i u s  i n  t h e  t r e n d s  fo l lowed by t h e  g r a i n  t e m p e r a t u r e  and Motomco mois- 
t u r e  c o n t e n t  d a t a .  The summary of  t h e  c o n c l u s i o n s  d e r i v e d  from t h e  t a b l e s  
e n c l o s e d  i n  t h i s  Appendix i s  shown o n  pages  35 and 36 o f  t h i s  t h e s i s .  

I n  t h e  t a b l e s  t h a t  f o l l o w ,  t h i s  nomencla ture  was used: 

CL : l i n e a r  component LEV: l e v e l  
CQ : q u a d r a t i c  component MOIST: m o i s t u r e  
DF: d e g r e e s  of  freedom KOT: Motomco 
DIST: d i s t a n c e  RAD: r a d i u s  
ENV: environment VAR: v a r i a t i o n s  
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TABLE 1-AV 

MODEL NO. 2, ENVIRONFENT-LEVEL-DISTANCE 

I. Using d a t a  on 5 months ( i n i t i a l  cond i t ion  and 4 more months) 

I 
I ENVNLEV*DIST 

ENV 
LEV 
DIST 

ENVNLEV 
ENV *D I S T  
LEVNDIST 

ENVULEVRDIST 

f DF MODEL 

t DF ERROR 



TABLE 1-AV (Continued) 

MODEL NO. 2 ENVIRONMENT-LEVEL-DISTANCE 

11. Using d a t a  on 4 months ( i gno r ing  i n i t i a l  cond i t i on )  

ENV 

I 
LEV 
DIST 

ENV*LEV 
ENV*DIST 
LEVSDIST 

I 
ENV*LEV*DIST 

DF MODEL 
DF E R R O R  



T A B L E  2-AV 

MODEL NO. 3 E N V I R O N M E N T - L E V E L - R A D I U S  

I. U s i n g  d a t a  o n  5 months  ( i n i t i a l  c o n d i t i o n  and 4 more months)  

E N V S L E V i R A D  

ENV 
L E V  
R AD 

E N V  *LEV 
E N V S R A D  
L E V * R A D  

ENV*LEVQRAD 

D F  MODEL 
D F  E R R O R  



T A B L E  2-AV (Cont inued)  

MODEL NO. 3 ,  ENVIRONMENT-LEVEL-RADIUS 

11. Using d a t a  on 4 months ( i g n o r i n g  i n i t i a l  c o n d i t i o n )  

ENV*LEV*RAD 

ENV 
L E V  
R AD 

I E N V r L  EV 
E N V y R A D  

I 
L E V B R A D  

E N V S L E V R R  AD 

I D F  MODEL 
D F  E R R O R  




