
P l a n t  a n d  Soil 37, 441-444  (1972) Ms. 1818 

S H O R T  C O M M U N I C A T I O N  

E f f e c t  o f  s o i l  t e m p e r a t u r e  o n  seedling emergence in 
different crops 

S u m m a r y  

Seedl ing  emergence  in  d i f f e ren t  c rops  was  s tud ied  in t h e  soil t e m p e r a t u r e  
r a n g e  of 5~ to  45~ I n  peas  a n d  t u r n i p s  seedl ing  emergence  s t opped  a t  a soil 
t e m p e r a t u r e  of 35~ a n d  in  o t h e r  c rops  a t  45~ The  m i n i m u m  t e m p e r a t u r e  
for  seedl ing emergence  was  a b o v e  10~ in case of co t t on ,  so rghum,  rice, ma ize  
a n d  m u s k  me lon  a n d  a b o v e  15~ in  case of squash ,  b o t t l e  gourd  a n d  okra.  
W i n t e r  c rops  l ike w h e a t ,  g ram,  peas,  a n d  t u r n i p s  emerged  a t  5~ b u t  t h e  
p e r c e n t  emergence  was  low. T h e  o p t i m u m  r a n g e  for  seedl ing emergence  was  
n a r r o w e r  for v e g e t a b l e  c rops  as c o m p a r e d  w i t h  cereals.  

Introduct ion 

Ter res t r i a l  as well  as seasona l  d i s t r i b u t i o n  of m a n y  p l a n t s  is gove rned  b y  
t h e  fac t  t h a t  seeds will g e r m i n a t e  on ly  w h e n  t h e  p reva i l i ng  soil t e m p e r a t u r e  
is su i table .  D u b t e z  et al. 2 for example ,  r e p o r t e d  t h a t  maize  g e r m i n a t i o n  a t  
6~ was v e r y  low a n d  t h e  seedl ing was  de layed  un t i l  t h e  soil t e m p e r a t u r e  was 
13~ T h e y  found  no  di f ference b e t w e e n  t e m p e r a t u r e s  of 13 ~ a n d  18~ The  
o p t i m u m  t e m p e r a t u r e s  r e p o r t e d  b y  some o t h e r  worker s  1 7 r a n g e d  f rom 
26.5~ to  30~ A s imi la r  l ack  of a g r e e m e n t  is seen for t h e  o p t i m u m  t e m p e r a -  
t u r e  r e q u i r e m e n t s  for t h e  g r o w t h  of rice seedling.  W h e r e a s  o p t i m u m  t e m p e r a -  
t u r e  sugges ted  b y  M a t s u o  5 was  23~ H e r a t h  a n d  O r m r o d  4 a n d  M a y e r  
a n d  M a y b e r  6 r e p o r t e d  32~ to  be  t h e  m o s t  f a v o u r a b l e  t e m p e r a t u r e .  

The  p a u c i t y  of con t ro l l ed  s tud ies  to  e v a l u a t e  soil t e m p e r a t u r e  as a n  edaph ic  
fac tor ,  v a r i e t a l  differences,  p resowing  cond i t i on  of seeds a n d  t h e  use of differ- 
e n t  s t a n d a r d s  for g e r m i n a t i o n  a n d  emergence  c o u n t s  h a v e  re su l t ed  in  wide 
v a r i a t i o n s  in  o p t i m u m  soil t e m p e r a t u r e  r e p o r t e d  in t h e  l i t e ra tu re .  M a n y  
s tud ies  h a v e  e m p h a s i z e d  t h e  m a g n i t u d e  b u t  ignored  t h e  r a t e  of emergence .  
The  resu l t s  r e p o r t e d  in t h e  p r e s e n t  s t u d y  cons ider  b o t h  aspects .  

Mater ia l  and methods 

L u d h i a n a  s a n d y  l oam soil used  for these  r ep l i ca t ed  s tud ies  is a wel l -dra ined,  
sa l t - f ree  soil w i t h  a low organic  c a r b o n  con t en t .  Two kg of soil, passed  t h r o u g h  
a 2 - ram sieve a n d  s p r a y - m o i s t e n e d  to  ach ieve  a soil mo i s tu r e  t ens ion  of 0.5 
a t m o s p h e r e s  was  p a c k e d  in m e t a l  po t s  to  a u n i f o r m  b u l k  d e n s i t y  of 1.45 g /cm a. 
Po t s  were p laced  in t e m p e r a t u r e  con t ro l  w a t e r  b a t h s  a n d  soil t e m p e r a t u r e  
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was  r e g u l a t e d  w i th  a d r y  run .  Soil t e m p e r a t u r e s  were m a i n t a i n e d  f rom 5~ to  
45~ Seeds were  t h e n  p laced  on  t h e  soil e q u i d i s t a n t l y  a n d  covered  w i t h  
2.5 c m  t h i c k  soil of t h e  s a m e  b u l k  dens i ty .  T h e  m o i s t u r e  loss f r om t h e  po t s  was  
da i ly  m a d e  u p  b y  a d d i n g  w a t e r  of t h e  s a m e  t e m p e r a t u r e  as t h e  soil itself.  

Crops  a n d  the i r  va r i e t i e s  s t u d i e d  were c o t t o n  (Gossypium hirsutum, F-320) ; 
m a i ze  (Zea mays, Ganga-105) ;  rice (Oryza sativa, J-349);  g r a m  (Cicar arieti- 
num, local);  w h e a t  (Triticum aestivum, K-227) ;  s o r g h u m  (Sorghum vulgare, 
hybr id )  ; ok ra  (Hibiscus esculentus, Pusa)  ; bo t t l e  gou rd  (Cucurbita pepo, ear ly  
long) ; m u s k  m e l o n  (Cucumis melo, local) ; peas  (Pisum sativum, P-23) ; t u r n i p  
(Brassica rapa, Whi t e -4 ) ;  a n d  s q u a s h  (Cucurbita maxima, l igh t  green).  The  
f i rs t  e m e r g e n c e  c o u n t  was  t a k e n  24/48 h o u r s  a f t e r  sowing  b u t  t he  s u b s e q u e n t s  
c o u n t s  a t  12-hour  in te rva l s .  Since t h e  seeds  were 100 per  c e n t  viable,  a n y  

r e d u c t i o n  in emergence  was  cons ide red  to  be t h e  t r e a t m e n t  effect .  
I n  o rder  to  s t u d y  t h e  effect  of soil t e m p e r a t u r e  on  t h e  r a t e  of seedl ing  

emergence ,  p rob i t s  of t he  per  cen t  e m e r g e n c e  were p l o t t e d  a g a i n s t  t h e  t ime .  
As  o u t  l ined b y  G o u l d e n  8 a s m o o t h  regress ion  line of t h e  fo rm:  

Y = a + b T  

was  f i t t ed  to  t h e  d a t a  for each  t e m p e r a t u r e .  Y in t h e  a bove  e q u a t i o n  refers  to  
t h e  p rob i t  of pe r  cen t  emergence ,  a is a c o n s t a n t  a n d  T t he  t i m e  in h o u r s  a f t e r  
sowing.  T h e  slope of t he  line b was  t a k e n  as  a n  i nde x  of e me rge nc e  ra te .  T h e  
v a lu e  of T was  se lec ted  to  o b t a i n  nea r  m a x i m u m  e m e r g e n c e  a n d  a n y  d e v i a t i o n  

f r o m  th i s  m a x i m u m  was  cons ide red  a s lower r a t e  of emergence .  

Results and discussion 
T h e  resu l t s  in Tab le  1 show t h a t  no seedl ing  e m e r g e d  a t  a soil t e m p e r a t u r e  

of 45~ Th e  seedl ings  e m e r g e d  over  t h e  t e m p e r a t u r e  r a n g e  of 15 to  40~ in 
case  of co t ton ,  s o r g h u m ,  rice, a n d  ma ize  a n d  in b e t w e e n  5 -40~  in w h e a t  a n d  

TABLE 1 

Effect of soil temperature on final counts of seedling emergence 

Soil temperature ~ 

Crops 5 10 15 20 25 30 35 40 45 

Gram 35.0 97.5 100.0 100.0 100.0 100.0 100.0 55.0 0.0 
Wheat 40.0 97.5 97.5 I00.0 I00.0 97,5 85.0 17.5 0.0 
Peas 37.5 97.5 100.0 97.5 97.5 62.5 0.0 0.0 0.0 
Turnips 15.0 72.5 90.5 I00.0 87.5 47.5 0.0 0.0 0.0 
Cotton 0.0 0.0 17.5 92.5 95.0 97.5 97.5 42.5 0.0 
Sorghum 0.0 0.0 55.0 95.0 97.5 97.5 92.5 82.5 0.0 
Rice 0.0 0.0 85.0 97.5 97.5 I00.0 97.5 17.5 0.0 
Maize 0.0 0.0 92.5 I00.0 I00.0 95.7 85.0 60.0 0.0 
Musk melon 0.0 0.0 55.0 82.5 97.5 97.5 92.5 75.0 0.0 
Squash 0.0 0.0 0.0 35.0 75.0 97.5 90.0 62.5 0.0 
Bottle gourd 0.0 0.0 0.0 43.9 96.7 96.7 96.7 52.8 0.0 
Okra 0.0 0.0 0.0 72.5 I00.0 97.5 I00.0 85.0 0.0 
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T A B L E  2 

Effect of soil t empera ture  on probable percent  emergence of various crops at a given t ime 

Soil tempera ture  ~ 
Time 

Crop hours  10 15 20 25 30 35 40 

Whea t  150 -- 5.2 --  97.9 91.8 42.2 16.6 
Gram 100 0.5 2.9 13.2 89.4 95.3 94.6 26.3 
Peas 150 21.0 71.2 83.8 90.9 58.5 -- -- 
Turnips  150 36.9 67.4 93.9 82.9 56.2 -- -- 
Rice 150 -- 16.8 27.0 69.3 100.0 95.9 9.9 
Maize 100 -- -- 48.4 -- 92.0 88.3 62.3 
Cotton 100 - -  1 . 2  2 2 . 6  94.6 81.7 35.2 11.1 
Sorghum 100 -- 48.1 64.8 97.5 96.9 78.0 12.0 
Squash  150 -- -- 2.8 18.4 87.6 85.0 53.1 
Okra 100 -- -- 59.5 64.7 82.9 99.9 81.1 
Bottle gourd 150 -- -- 12.2 61.6 93.5 94.9 53.2 
Musk melon 100 -- 22.4 47.0 91.9 97.3 78.5 -- 

g r a m .  V e g e t a b l e  c rops ,  in  g e n e r a l ,  s h o w e d  a n a r r o w e r  r a n g e  o f  soi l  t e m p e r a -  
t u r e  for  s e e d l i n g  e m e r g e n c e .  O k r a ,  b o t t l e  g o u r d ,  a n d  s q u a s h ,  for  e x a m p l e ,  

e m e r g e d  in  t h e  t e m p e r a t u r e  r a n g e  of  20~  t o  40~  a n d  m u s k  m e l o n  b e t w e e n  
15~ t o  30~ I n  al l  c r o p s  i n i t i a t i o n  of  e m e r g e n c e  w a s  i n v a r i a b l y  d e l a y e d  a t  t h e  
c o o l e s t  e n d .  A t  t h e  w a r m e s t  e n d ,  e m e r g e n c e  g e n e r a l l y  s t a r t e d  a l o n g  w i t h  t h e  
o p t i m u m  t e m p e r a t u r e  b u t  i t s  r a t e  s h a r p l y  d e w i n d l e d  w i t h i n  48 h o u r s .  

T h e  t e m p e r a t u r e  e f f ec t s  w e r e  m o r e  r e m a r k a b l e  o n  t h e  r a t e  of  s e e d l i n g  
e m e r g e n c e  t h a n  o n  t h e  f i n a l  c o u n t .  F o r  e x a m p l e ,  in  g r a m ,  t h e  p e r c e n t  e m e r -  
g e n c e  w a s  e q u a l  in  t h e  t e m p e r a t u r e  r a n g e  of  1 0 ~ 1 7 6  b u t  a g r e a t  l a g  in  t h e  
t i m e  of  e m e r g e n c e  w a s  n o t i c e d  in  t h i s  r a n g e .  A t  25 ~ 30 ~ a n d  35~ t h e  s e e d l i n g  
e m e r g e n c e  s t a r t e d  b e t w e e n  72 t o  84 h o u r s  a f t e r  s o w i n g  a n d  c o m p l e t e d  w i t h i n  
108 h o u r s .  A t  l o w e r  soi l  t e m p e r a t u r e s  t h e  t i m e  l a g  i n c r e a s e d  f r o m  12 t o  24 
h o u r s  a t  20~ t o  400  h o u r s  a t  5~ S e e d l i n g  e m e r g e n c e  i n  w h e a t  c o m p a r e d  

c l o s e l y  w i t h  t h a t  in  g r a m .  I n  m a i z e ,  c o t t o n  a n d  s o r g h u m ,  t h e  t i m e  l a g  in  
e m e r g e n c e  w a s  n o t  a p p r e c i a b l e  b u t  a s i g n i f i c a n t  d e l a y  in  t i m e  of  e m e r g e n c e  
w a s  o b s e r v e d  a t  15~ T h e  v a r i a t i o n  in  p e r c e n t  e m e r g e n c e  w a s ,  h o w e v e r ,  
r e l a t i v e l y  s m a l l  in  c a s e  o f  v e g e t a b l e  c rops .  

T h e  r e s u l t s  i n d i c a t e  t h a t  fo r  m o s t  of  t h e s e  c rops ,  t h e  l ower  l i m i t  o f  f a v o u r -  
a b l e  t e m p e r a t u r e  r a n g e  l ies  b e t w e e n  1 5 ~ 1 7 6  a n d  t h e  h i g h e r  l i m i t  e x t e n d s  u p  
t o  35~ E m e r g e n c e  w a s  g r e a t l y  r e d u c e d  a t  40~ T h e  r e d u c t i o n  in  e m e r g e n c e  
c o u l d  be  d u e  t o  p o o r  g e r m i n a t i o n  c o m b i n e d  w i t h  i m p r o p e r  d e v e l o p m e n t  o f  
s e e d l i n g .  I n c r e a s e  in  t h e  r a t e  o f  r e s p i r a t i o n  8 a n d  m e t a b o l i c  f a i l u r e  o f  s e e d s  a t  
h i g h  t e m p e r a t u r e  a l so  r e s u l t  i n  r e d u c e d  e m e r g e n c e .  A t  m i n i m a l  t e m p e r a t u r e s  
s u b - o p t i m a l  m e t a b o l i c  a c t i v i t y  c o u l d  r e s u l t  in  p r o l o n g a t i o n  of  g e r m i n a t i o n  
p e r i o d  a n d  d e c r e a s e d  v i g o u r  o f  s e e d l i n g  r e s u l t i n g  in  l o w e r  e m e r g e n c e .  T h e  
o p t i m a l  t e m p e r a t u r e  m a y  t h u s  be  t h e  t e m p e r a t u r e  a t  w h i c h  t h e  h i g h e s t  
p e r c e n t  e m e r g e n c e  is o b t a i n e d  in  t h e  s h o r t e s t  t i m e  as  s h o w n  in  T a b l e  2. 
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I t  is seen t h a t  pe rcen t  ge rmina t ion  values  are low at  the  lower end  of t he  
t e m p e r a t u r e  scale, reach a cer ta in  m a x i m u m  and  t h e n  decline a t  h igher  
t empera tu re s .  The peak  values would  thus  give the  mos t  sui table  t empe ra tu r e .  
Below this  t e m p e r a t u r e  metabol ic  ac t iv i ty  could be slow and  above  th is  
t e m p e r a t u r e  metabol ic  failure migh t  resul t  in decreased emergence.  These 
d a t a  also show t h a t  the  ra te  of emergence  is h ighes t  in t e m p e r a t u r e  regimes 
where  final emergence  counts  were higher.  
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