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SHORT COMMUNICATION 

Effect of s t e a m i n g  on yield and nutrient  content  of 

t o m a t o e s  g r o w n  in three subs trates  and on physical  

propert ies  of the substrate  

Summary 
S t e a m  s te r i l i za t ion  increased  t h e  yield of t o m a t o e s  g rown  on  p e a t  over  3 

years .  The  inerease  becomes  more  p r o n o u n c e d  w i t h  t ime .  The  effeet  of s t e a m -  
ing  was g rea t e r  in  t h e  s u m m e r  e rop  wh ich  ha s  a d u r a t i o n  of 6 m o n t h s  t h a n  in 
t h e  a u t u m n  crop wh ich  has  a d u r a t i o n  of 4 m o n t h s .  S imi la r  y ie ld  p a t t e r n s  
were  e v i d e n t  in  t o m a t o e s  g rown in  s a n d  a n d  soil. Manganese  levels in  t h e  
g rowing  m e d i a  a n d  in t h e  fol iage rose as a resu l t  of s t e aming ,  b u t  tox ic  levels  
were  r eached  on ly  in p l a n t s  growing  on  s t e a m e d  soil wh ich  eaused  yie ld  re- 
duc t ion .  Leaf  n i t r o g e n  c o n t e n t  was  increased  as a r e su l t  of s t eaming .  S t e a m -  
ing over  t h r e e  years  d id  n o t  cause  a b r e a k d o w n  of t h e  s t r u c t u r e  of t h e  pea t .  

Introduction 

A n n u m  s tea ln  s t e r i l i za t ion  of g lasshouse  soll t o  reduce  t h e  inc idence  of 
p a t h o g e m c  o rgan i sms  is a c o m m o n  cu l tu ra l  p rac t i ce  r e su l t i ng  in increased  
yields.  P e a t  has  a l r e ady  been  s h o w n  to  be a su i t ab l e  g rowing  m e d i u m  of 
p l a n t s  14. However ,  i t  was  n o t  k n o w n  w h a t  bene f i t s  or o t h e r  eIfects  s t e a m  
s te r i l i za t ion  m i g h t  p roduce  in p e a t  espeeia l ly  ove r  a longer  per iod  of t ime.  

Materials and methods 

The  e x p e r i m e n t s  occupied  a n o r t h - s o u t h  100 x 30 I t  g lasshouse.  E a ¢ h  
p lo t  eons i s ted  of a t r o u g h  24 feet  long × 32 inches  wide l ined  w i t h  500 gauge  
po ly thene .  Af te r  t he  f i rs t  yea r  t he  sides were ra ised  to  increase  t h e  d e p t h  
of s u b s t r a t e  f rom 6 to  12 inches.  Two crops  were g rown  each  year .  Cu l tu ra l  
de ta i l s  h a v e  a l r eady  been  r e p o r t e d  1~. 

The  t r e a t m e n t s  were c o m b i n e d  in a 3 ( subs t ra te )  × 2 (s teaming)  r a n d o m  
fac to r i a l  des ign wi th  4 rep l ica t ions .  The re  were 32 p l a n t s  pe r  p lot .  The  sub-  
s t r a t e s  were s p h a g n u m  moss  pea t ,  f ine ca lcareous  sand,  a n d  a m e d i u m  loam.  
Before  each  crop ha l f  t he  p lo t s  were s ter i l i sed b y  i n t r o d u c i n g  s t e a m  t h r o u g h  
d r a i n a g e  ti les in  t h e  b o t t o m  of each  t rough .  The  t e m p e r a t u r e  in  eactl sub-  
s t r a t e  was ra i sed  to  100°C. 

Soil samples  were  t a k e n  in M a y  1968 a n d  S e p t e m b e r  1969 a n d  ana ly sed  for 
' ava i l ab l e '  m a n g a n e s e  us ing  a m m o n i u m  d i h y d r o g e n  p h o s p h a t e  as ex t r ac t an t~ .  



210 SHORT COMMUNICATION 

Leaf  samples  were t a k e n  in June  1968 and  June  1969 and ana lysed  for man g a -  
nese only  in t968 and  manganese  and  n i t rogen  in 1969 on d r y  m a t t e r  2. Un-  
d i s tu rbed  core samples  in cyl inders  (vol. = 800 cc) were t aken  in N o v e m b e r  
1969 a f te r  crop removal  and  pore  size d i s t r ibu t ion  was s tudied.  

Resul t s  

The r e suks  (Table 1) show t h a t  yield is increased by  s team-s ter i l iz ing  peat ,  
excep t  in a u t u m n  1968, and  t h a t  t he  increase becomes more  p ronounced  wi th  
t ime.  The effect  was  grea te r  in t he  summer  crop t h a n  in a u t u m n  and  was as 
h igh as 29 tons  over  u n s t e a m e d  in the  3rd year.  The effect  of s t eaming  on the  
yield of t om a toes  grown in sand  and  in soll was b r o a d l y  similar  to  t h a t  ob- 
t a ined  in peat .  The yield of t he  summer  crop growing in sand  rose sha rp ly  in 
1969. A severe decrease in yield in t he  s t eamed  t r e a t m e n t  on soil in 1969 re- 
duced  the  a p p a r e n t  ef fect iveness  of s teaming.  

Table 2 shows t h a t  t he  manganese  levels in t he  foliage rose as a resul t  of 
s t eaming  the  subs t ra te .  S teaming  led to a 6- to  9-fold increase in t he  case of 
p lan t s  growing in soil, while the re  was a 2- and  3-fold increase in pea t  and  sand 
respect ively .  Soil analysis  t a k e n  dur ing  the  a u t u m n  crop showed similar  t rends .  
Analysis  of the  foliage also showed increase of n i t rogen  as a resul t  of s teaming.  
In  view of the  fact  t h a t  t h e  s t e amed  plots  had  higher  f rui t  yields and corres- 
pond ing ly  bigger foliage, t he  effeet  of s t eaming  on N-up take  was p r o b a b l y  
grea te r  t h a n  is ev iden t  f rom the  d a t a  on N-eon ten t .  

There  was ha rd ly  any effect  on the  t o t a l  pore  space in peat ,  sand  and  soil as 
a resul t  of s t eaming  (Table 3). Pores grea te r  t h a n  22 ~z were s ignif ieant ly  
increased as a resul t  of s t eaming  pea t  and soff, bu t  in the  ease of sand  the re  
was no effect.  

Dzscuss ion 

The resul ts  show t h a t  a l though  fair ly high yietds are possible in u n s t e a m e d  
pea t  for 2 years  a ee r ta in  advan t age  m a y  be gained by  s t eaming  pea t  e r e n  
dur ing  th is  period.  In  t he  t b i rd  year  i t  is esseut ia l  to  s t e a m  p e a t  and  th is  

TABLE 1 

Effect of steaming on yield * (tons per acre) of tomatoes 

Substrate 1967 1968 1969 

Spring Autumn Spring Autumn Spring Autumn 

Peat 54.1 (109.7) 28.3 (102.9) 53.9 (114.2) 26.5 (93,0) 48.1 (169.8) 38.7 (140.9) 
Sand 39.3 (99.5) 29.8 (118.3) 34.1 (115.6) 23.6 (111.8) 51.4 (138.2) 23.0 (112.7) 
Soil 29.6 (101.1) 28.4 (111.8) 46.7 (160.5} 28.1 (101.4) 36.3 (121.4) 22.6 (113.6) 
F - test 
(steaming) NS ** *** NS *** *** 
S.E. 0.8 0.7 1.0 1.4 1.5 1.2 

* Figures in parenthesis give the yield of the steamed treatment as a percentage of the un- 
steamed treatrnent. 
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TABLE 2 

Effect of s t eaming  on manganese and nitrogen content  

211 

Substrate  Soil Foliage 

1968 1969 1968 1969 

Mn* Mn* Mn** Mn** Nt 

Peat  Unsteamed 
Steamed 

Sand Unsteamed 
Steamed 

Soil Unsteamed 
Steamed 

F -  test (steaming) 
S.E. 

F - test (substrate) 
S.E. 

F - test  (substrate × steaming) 
S.E. 

6 11 202 195 3.71 
10 14 202 195 3.71 

3 42 112 105 4.15 
6 4 5  390 280 4.68 

4 45 117 117 4.07 
31 100 640 922 4.16 

* * *  * * *  * * *  * * *  N . S .  

1.56 2.11 29.2 49.5 0.12 

*** *** N.S. *** N.S. 
1.91 2.58 35.7 60.6 0.15 

*** *** * ** N.S .  

2.70 3.65 50.6 85.8 0.21 

* ppm air dry soll ** ppm dry inat ter  t % dry mat te r  

TABLE 3 

Effect of s teaming on pore-size dis t r ibut ion 

Substrate  Total  pores Pores  > 22~ 
(%) (%) 

Soll Unsteamed 64.6 28.9 
Steamed 65.7 34.4 

Sand Unsteamed 58.6 41.5 
Unsteamed 56.5 40.0 

Peat  Unsteamed 93.6 52.1 
Steamed 94.5 58.7 

F - Test (steaming) NS ** 
S.E. 1.10 1.64 

a p p l i e d  evei1 fo r  t h e  s h o r t  s e a s o n  a u t u m l l  c rop .  T h e  i n c r e a s e  i n  y i e l d  in  t h e  

t h i r d  y e a r  i n  b o t h  s t e a m e d  a n d  u n s t e a m e d  t r e a t m e l l t  i n  s a n d  w a s  d u e  t o  t h e  

h i g b e r  a p p l i c a t i o l l  of o r g a n i c  m a r t e r  w i t h  c o n s e q u e n t  i m p r o v e m e n t  in  i t s  

p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s .  T h e  a d v a n t a g e  of  s t e a m i l l g  so l l  w a s  se l f  

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

p a t h o g e n s .  T h e r e  w a s  a m a r k e d  r e s p o n s e  i n  t h e  s e c o l l d  y e a r ,  h u t  a d e c r e a s e  
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in  yield of t he  s t e a m e d  t r e a t m e n t  p roduced  a lesser effect  in  t h e  t h i r d  year .  
This  decrease  was p r o b a b l y  caused  b y  m a n g a n e s e  tox ic i ty .  

S t e a m i n g  increases  t h e  ava i l ab i l i t y  of manganese .  This  inerease  oI ava i l ab i -  
l i t y  occurs  n o t  on ly  in t he  case of n a t i v e  m a n g a n e s e  as in  t h e  case of soil a n d  
sand,  b u t  also of t h e  m a n g a n e s e  s u l p h a t e  a d d e d  as fer t i l izer  lz. This  inerease  
of a v a i l a b i l i t y  of fer t i l izer  m a n g a n e s e  is n o t  on ly  due  to  t h e  r edue ing  a n d  
h e a t i n g  ac t ion  of s t eam,  b u t  also due  to  che l a t i ng  p roper t i e s  of easi ly  de- 
eomposab le  organic  m a t t e r  as a r e su l t  of s t e a m i n g  10. The  p e a t  a n d  s and  'a-  
va i l ab le '  m a n g a n e s e  levels and  t h e  Iol iage levels  a l t h o u g h  increas ing  do n o t  
a p p r o a e h  levels  wh ich  would  be  cons idered  toxic .  However ,  in  t h e  oase of soil 
t hese  read ings  a p p r o a c h  t h e  cr i t iea l  t h r e s h o l d  va lues  16. The  foliage levels  
r ecorded  in s t e a m e d  soil in  1969 (920) p p m  were m u c h  h ighe r  t h a n  those  re- 
corded  in 1968 (640 ppm)  and  ind ica t e  a c u m u l a t i v e  effect  of successive s t e a m -  
ing  on  m a n g a n e s e  ava i l ab i l i ty .  

The  increase  in t h e  n i t r ogen  c o n t e n t  of t h e  foliage n o t e d  on  all  s u b s t r a t e s  
is due to  t h e  l i be ra t i on  of m i n e r a l  n i t r ogen  as a r e su l t  of s t e a m i n g  13 7 
Mine ra l i s a t ion  can  lead to  an  increase  of n i t r o g e n  in t h e  fol iage 6, and  lead to  
a h ighe r  n i t r o g e n  u p t a k e  9. T he  p r e s en t  d a t a  do no t  p e r m i t  a d i f f e r en t i a t i on  
of va r ious  s u b s t r a t e s  on  t h e  bas is  of n i t r o g e n  c o n t e n t  of t h e  foliage. 

The  phys ica l  ana lys i s  d a t a  s h o w n  t h a t  s t e a m i n g  h a d  a f a v o u r a b l e  effect  on  
t h e  p e r m e a b i l i t y  of p e a t  a n d  soil and  c o n s e q u e n t l y  on dra inage ,  b u t  h a d  no  
effect  on  sand.  A n  i m p r o v e m e n t  in  d r a inage  a n d  a e r a t i o n  in t he  case of h e a v y  
soils as a resu l t  of s t e a m i n g  ha s  been  recorded  b y  B a k e r  a n d  R o i s t a c h  e r  1 
These  r e su l t s  are  however ,  in c o n t r a d i c t i o n  to  t h o s e  r e p o r t e d  b y  H e r z o g  5, 
wko found  a de le te r ious  effect  on  soil s t r u c t u r e  as a r e su l t  of s t eaming .  She 
w o r k e d  on  h e a v y  soils w i th  low h u m u s  con t en t ,  whi le  in  t h i s  case t h e  soil was  
l o a m y  w i t h  a h igh  h u m u s  con t en t .  I n  t h e  p r e sen t  e x p e r i m e n t  t h e  w a t e r  
ho ld ing  c a p a c i t y  of t h e  soil a n d  p e a t  ha s  been  reduced  b y  s t e a m i n g  a n d  th i s  
agrees w i t h  t h e  resu l t s  of P i c k e r i n g  11 and  M a l o w n a y  a n d  N e w t o n  s. The  
fear  t h a t  t he  s t r u c t u r e  of t h e  p e a t  m a y  b r e a k d o w n  as a r e su l t  of successive 
s t e a m i n g  has  been  s h o w n  to  be  groundless  over  t h r e e  years .  On t h e  o t h e r  h a n d  
t h e  a d v a n t a g e  r e su l t i ng  f rom increased  ae r a t i on  or t h e  d i s a d v a n t a g e  of lower 
w a t e r  ho ld ing  c a p a c i t y  would  n o t  be s ign i f ican t  since t h e  phys ica l  eond i t ions  
in  t he  s u b s t r a t e s  were nea r  o p t i m u m .  
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