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

A relat ionship between premature  sprout ing  on the cob 
and the m o l y b d e n u m  and nitrogen s tatus  of maize  grain 

Summary 
I n  g lasshouse  a n d  f ield expe r i m en t s ,  p r e m a t u r e  s p r o u t i n g  of maize  g ra in  

on  t h e  cob was s h o w n  to  be  con t ro l l ed  b y  t h e  m o l y b d e n u m  c o n c e n t r a t i o n  of 
t h e  g ra in  a n d  also to  be r e l a t ed  to  n i t r ogen  s ta tus .  W h e n  t he  c o n c e n t r a t i o n  of 
m o l y b d e n u m  fell be low 0,05 p p m  Mo s p r o u t i n g  occurred,  t h e  s eve r i t y  of 
w h i c h  was e n h a n c e d  b y  heavy ,  l a t e  s ide-dress ings  of n i t r ogenous  fert i l izer .  

Introduction 

The  p r e m a t u r e  s p r o u t i n g  of ma ize  g ra in  on  t he  cob ha s  been  recorded  in 
severa l  ma ize -g rowing  a reas4  5. P red i spos i t i on  to  p r e m a t u r e  s p r o u t i n g  ha s  
been  s h o w n  to  be  gene t i ca l ly  con t ro l l ed  4, a n d  also to  be  a f fec ted  b y  va r ious  
e n v i r o n m e n t a l  fac to rs  5 6. H e a v y ,  a n d  in p a r t i c u l a r  l a te  app l i ca t i ons  of 
n i t r o g e n  fer t i l izer  m a y  s t i m u l a t e  sp rou t ing ,  a n d  in a s u r v e y  u n d e r t a k e n  in 
F rance ,  p l a n t s  suscep t ib le  to  p r e m a t u r e  g e r m i n a t i o n  were f o u n d  to suffer  
f rom a decreased  ab i l i t y  to  r educe  n i t r a t e  5. A m i x t u r e  of t r a c e - e l e m e n t s  ha s  
been  f o u n d  to  a l l ev ia te  t h e  p r o b l e m  a n d  i t  h a s  been  p o s t u l a t e d  t h a t  s p r o u t i n g  
m a y  be  due  to  a n  F e / M n  i m b a l a n c e  a f fec t ing  d o r m a n c y  t h r o u g h  a n  ox ida t ion -  
r e d u c t i o n  m e c h a n i s m  6. 

This  no t e  r epo r t s  o b s e r v a t i o n s  on  t h e  s eve r i t y  of s p r o u t i n g  in f ive field 
e x p e r i m e n t s  a n d  t he  resu l t s  of two  g lasshouse  e x p e r i m e n t s  t e s t i n g  t he  effects  
of m o l y b d e n u m  a n d  n i t r o g e n  a p p l i c a t i o n  on  t he  s p r o u t i n g  of ma ize  g ra in  
on  t he  cob. 

Materials and methods 

1) F i e l d  t r i a l s .  I n  f ive field t r ia l s  on  acid c l ay - loam soils t h a t  were 
k n o w n  to  be  m o l y b d e n u m  def ic ien t  n u m b e r s  of cobs  w i t h  s p r o u t e d  g ra ins  
a n d  n u m b e r s  of n o r m a l  cobs  were  c o u n t e d  on  p lo t s  va r ious ly  t r e a t e d  w i t h  
m o l y b d e n u m .  A n y  cobs  in fec ted  w i t h  ro t s  were  exc luded  f rom the  count .  
M o l y b d e n u m  t r e a t m e n t s  app l i ed  in t he  t r ia l s  were :  

Mo 0: Ni l  ~ No m o l y b d e n u m  
Mo 1: Mo on maize  seed ~ 500 p p m  sod ium m o l y b d a t e  app l i ed  to  t h e  

maize  seed p r e - p l a n t i n g  
Mo 2: Mo on  seed + s p r a y  ~ fol iar  s p r a y  w i t h  0 ,1% s o d i u m  m o l y b d a t e  

app l ied  28 days  a f t e r  g e r m i n a t i o n  in a d d i t i o n  to  seed t r e a t m e n t .  
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Two differing,  b u t  genet ical ly  re la ted  maize hybr ids  were used. A ta l l  
long-season single hybr id  (SR 52) was  used at  all si tes and  in add i t ion  a smal l  
shor t - season  t h r e e - w a y  hyb r id  (R 200) was  used  a t  one si te and  also in the  
glasshouse tr ials.  Detai ls  of soil charac te r i s t ics  and  expe r imen ta l  m e t h o d s  
have  been  r epo r t ed  elsewhere 7. 

2) G l a s s h o u s e  e x p e r i m e n t s ,  An acid, ye l low-brown c lay- loam soil 
(pH 4.5 in 0.01 M CaCI~), k n o w n  to  be Mo-deficient ,  was  used. Po t s  con ta ined  
7 kg soil and  a basa l  fert i l izer appl ica t ion  of 10 g granular  fert i l izer (8% N; 
6,5% P;  6,6% K;  9% S) was  b a n d e d  below the  maize seed. 

The m o l y b d e n u m  t r e a t m e n t s  were  the  same as in t he  field t r ia ls  descr ibed  
above.  Two expe r imen t s  w i th  d i f fe rent  n i t rogen  t r e a t m e n t s  were done.  In  
t h e  f i rs t  e x p e r i m e n t  all t r e a t m e n t s  received 1,0 g N as NH4NO~ a t  55 days  
a f te r  germina t ion ,  Control  t r e a t m e n t s  (N 0) had  no addi t iona l  n i t rogen.  The 
r ema inde r  rece ived e i ther  1.0 g N (N 1) or 2.0 g N (N 2) a t  70 and  at  90 days  
a f te r  ge rmina t ion ,  g iving to t a l  appl ica t ions  of 1 g, 3 g and  5 g N. In  the  
second e x p e r i m e n t  t he  i m p o r t a n c e  of t ime  of appl ica t ion  of n i t rogen  was 
inves t iga ted .  Ni t rogen  was  appl ied  e i ther  a t  60 or a t  90 days  af ter  germina-  
t ion.  Ra te s  of N t e s t ed  were 2.0 or 4.0 g per  pot .  

One p l a n t  (cul t ivar  JR 200) per  po t  was  grown t h r o u g h  to  m a t u r i t y ;  cobs 
were  h a r v e s t e d  and  n u m b e r s  of no rma l  and  sp rou ted  grains  were recorded.  

3) A n a l y t i c a l .  M o l y b d e n u m  in grain  samples  ashed at  600~ was  de-  
t e r m i n e d  color imetr ica l ly  b y  a KCNS/SnC12 m e t h o d  wi th  concen t r a t ion  in 
i so-amyl  alc~)hol3. Soil p H  was  d e t e r m i n e d  by  glass e lec t rode  in a 1 : 5  
suspens ion  of soil in 0.01 M CaC12. 

TABLE 1 

Effect of molybdenum treatment on percentage of sprouted cobs and 
eoncentration ol maize grain 

on molybdenum 

Age (days) Mo on Mo on 
Site Soil pH at top- Sprouting Control seed seed + 

dressing* Mo in  grain spray 

Norton 4.34 30 % sprouted 0.0 0.0 0.0 
Mo, p p m  0.02 0.02 o.zr 

Enterprise 4.58 40 % sprouted 1.5 0.2 0.0 
Mo, p p m  0.03 N . D .  o,33 

Wedza 4.46 55 % sprouted 0.8 0.0 0.0 
Mo,  p p m  0.03 N . D .  o.07 

Salisbury 4.66 70 % sprouted 8.0 4.3 0.0 
Mo,  p p m  o.oz 0.02 o.o9 

Banket (SR 52) 4.68 85 % sprouted 20.0 5.8 -- 
Mo,  p p m  o.o2 0.0 3 -- 

Banket (R 200) 4.68 85 % sprouted 21.0 17.0 -- 
Mo,  p p m  0.02 o.o2 -- 

* No of days after germination to final top-dressing with 250-300 kg/ha atom. nitrate 
N.D. = Not determined 
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Resul ts  

1) F i e l d  t r i a l s .  T he  s eve r i t y  of s p r o u t i n g  on  p lo t s  wh ich  rece ived  no  
m o l y b d e n u m  va r i ed  g r e a t l y  b e t w e e n  si tes  (Table  1) b u t  was  a lways  r educed  
b y  m o l y b d e n u m  app l i ca t ion .  T he  effect  of s e e d - t r e a t m e n t  w i t h  m o l y b d a t e  
on  t h e  Mo c o n t e n t  of g r a in  p r o d u c e d  was small ,  b u t  neve r the l e s s  suf f ic ien t  
to  m a r k e d l y  decrease  s p r o u t i n g  of v a r i e t y  S R  52 a t  all  sites. H o w e v e r  seed 
t r e a t m e n t  was  inef fec t ive  on  R 200 (Table  1) a p p a r e n t l y  because  t he  R 200 
seeds were v e r y  smal l  a n d  t he  a m o u n t  of Mo t a k e n  u p  b y  t h e  c rop  was in-  
suff ic ient  to  increase  g ra in  Mo c o n c e n t r a t i o n .  W h e r e  fol iar  s p r a y s  of m o l y b -  
d a t e  were  appl ied ,  c o n c e n t r a t i o n s  of Mo in t h e  ma ize  g ra in  were g r e a t l y  
inc reased  a n d  s p r o u t i n g  e l imina ted .  

The  r i sk  of p r e m a t u r e  s p r o u t i n g  in t h e  field t r i a l s  was  g r ea t e s t  w h e n  t h e  
c o n c e n t r a t i o n  of m o l y b d e n u m  in t he  maize  g ra in  fell be low 0.03 p p m  (Fig. 1). 
A l imi t ed  a m o u n t  of s p r o u t i n g  occur red  where  gra in  Mo c o n c e n t r a t i o n  r a n g e d  
f rom 0.03 to 0.05 ppm,  b u t  t he  p r o b l e m  was fu l ly  con t ro l l ed  w h e n  c o n c e n t r a -  
t i ons  were  ra i sed  ove r  0.05 p p m  Mo. A l t h o u g h  t he  r i sk  of s p r o u t i n g  was  
r e l a t ed  to  m o l y b d e n u m  c o n c e n t r a t i o n ,  m a n y  crops  w i t h  v e r y  low m o l y b d e -  
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h u m  con t en t  were  no t  affected.  The sever i ty  of sp rou t ing  appea red  to  be 
re la ted  to  t he  t ime  of appl ica t ion  of n i t rogenous  top-dress ings  : l i t t le  sp rou t -  
ing occurred  w h e n  top-dress ing  wi th  a m m o n i u m  n i t r a t e  was done before 60 
days  af ter  ge rmina t ion ,  b u t  sp rou t ing  was mark ed  in two  expe r imen t s  where  
a m m o n i u m  n i t r a t e  was appl ied  a t  70 and  85 days  af ter  ge rmina t ion  (Table 1). 

2) G l a s s h o u s e  e x p e r i m e n t s ,  The concen t ra t ion  of m o l y b d e n u m  in 
the  maize  grain  was ex t r eme ly  low for p l an t s  g rown w i t h o u t  m o l y b d e n u m  
t r e a t m e n t .  S e e d - t r e a t m e n t  w i th  m o l y b d a t e  had  l i t t le  effect  b u t  t he  foliar 

TABLE 2 

Effect of molybdenum and nitrogen on sprouting and Mo concentration of maize grain 

Topdressing Sprouting (% of grain) Mo concentration (ppm) 

M o o  M o z  M 0 2  M o o  M o z  M 0 2  

1 g N/plant 2 0 0 0.02 0.04 0.68 
3 g N/plant 54 0 0 0.02 0.04 0.97 
5 g N]plant 33 20 0 0.02 0.03 0.77 

Meat1 30 7 0 0.02 0,04 0.81 

- - -  Mo 0 Mo 2 r- 
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Fig.  2. Ef fec t  of m o l y b d e n u m ,  n i t rogen  and  n u m b e r s  of gra ins  per  cob on 
pe rcen tage  sprout ing ,  
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TABLE 3 

Effect of nitrogen top-dressed at 60 or 90 days on sprouting of Mo- 
deficient and Mo-treated seed (Sprouted grains as percentage of total 

number) 

431  

Top-dressing Mo-de/icient Mo-treated 

60 days 90 days 60 days 90 days 

Nil 0 0 0 0 
2 g N/plant 0 9 3 11 
4 g N/plant 22 37 0 7 

s p r a y  re su l t ed  in large increases  in  gra in-Mo c o n c e n t r a t i o n  (Table  2). S p r o u t -  
ing of g ra in  on  t he  cob was neve r the l e s s  g r ea t l y  r educed  b y  t he  seed t r e a t m e n t  
a n d  it  was  c o m p l e t e l y  e l i m i n a t e d  b y  t he  fo l iar  s p r a y  in a d d i t i o n  to m o l y b d a t e  
seed dressing.  I n  t he  f i rs t  e x p e r i m e n t  t h e  a m o u n t  of s p r o u t i n g  of g ra in  of 
low m o l y b d e n u m  c o n t e n t  d e p e n d e d  on  n i t r o g e n  t r e a t m e n t s  a n d  was  in-  
c reased  b y  t op - d r e s s i ng  w i t h  a m m o n i u m  n i t r a t e  a t  70 a n d  90 days  ; g ra in  of 
h igh  m o l y b d e n u m  c o n t e n t  was no t  s imi la r ly  affected.  The  s eve r i t y  of sp rou t -  
ing was also i nve r se ly  r e l a t ed  to t h e  n u m b e r s  of gra ins  pe r  cob (Fig. 2), t h e  
p e r c e n t a g e  s p r o u t i n g  inc reas ing  as t h e  n u m b e r  of g ra ins  decreased.  The  
n u m b e r  of g ra ins  pe r  cob  in t he  Mo 0 • N 1 t r e a t m e n t  was fo r t u i t ous ly  low, 
because  of poor  po l l ina t ion ,  a n d  t h e  p e r c e n t a g e  of s p r o u t i n g  co r r e spond ing ly  
high.  

I n  t he  second  e x p e r i m e n t  s p r o u t i n g  of maize  g ra in  was closely assoc ia ted  
w i t h  la te  d ress ings  of a m m o n i u m  n i t r a t e ,  a n d  t he  effect  was  g r ea t e r  w h e n  
app l i c a t i on  was de layed  un t i l  90 days  as opposed  to 60 days  a f t e r  g e r m i n a t i o n  
(Table  3). 

Seed t r e a t m e n t  w i t h  sod ium m o l y b d a t e  decreased  t he  inc idence  of sp rou t -  
ing b u t  d id  no t  e l im ina t e  it. 

Discuss ion  

These  e x p e r i m e n t s  show t h a t  t h e  m o l y b d e n u m  c o n c e n t r a t i o n  of ma ize  
g ra in  is a con t ro l l i ng  f ac to r  in  t he  p r e m a t u r e  s p r o u t i n g  of g ra in  on  t he  cob, 
a n d  where  t h e  level  of m o l y b d e n u m  is marg ina l ,  s p r o u t i n g  is e n h a n c e d  b y  
la te  app l i c a t i ons  of n i t rogen .  

I t  is k n o w n  t h a t  m o l y b d e n u m  def ic iency  decreases  n i t r a t e  r educ t a se  ac t i -  
v i t y  in  p l a n t s  1 a n d  p l a n t s  w i t h  s p r o u t i n g  gra in  h a v e  a decreased  ab i l i t y  to  
r educe  n i t r a t e  5. I n o r g a n i c  n i t r ogenous  c o m p o u n d s  such  as p o t a s s i u m  n i t r a t e  
h a v e  b e e n  s h o w n  to  increase  t h e  g e r m i n a t i o n  of d o r m a n t  seeds 2. There fo re  
t he  effect  of m o l y b d e n u m  def ic iency  on  p r e m a t u r e  s p r o u t i n g  is l ike ly  to  
ope ra t e  t h r o u g h  i ts  l i m i t a t i o n  of n i t r a t e  r e d u c t a s e  a c t i v i t y  a n d  t he  c o n s e q u e n t  
a c c u m u l a t i o n  of ino rgan ic  n i t r a t e  w h i c h  p r o m o t e s  sp rou t ing .  Th i s  m e c h a n i s m  
would  exp la in  t h e  inc reased  s eve r i t y  w i t h  decrease  in n u m b e r s  of g ra ins  pe r  
cob (shown in Fig. 2) as i t  is poss ible  t h a t  t he  smal l e r  g ra in  ' s ink '  r esu l t s  in 
g r e a t e r  c o n c e n t r a t i o n s  of n i t r a t e s  w i t h i n  t he  r e m a i n i n g  grains .  
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Increas ing  the  ava i lab i l i ty  of m o l y b d e n u m  b y  any  t r e a t m e n t ,  including 
l iming,  should  decrease the  seve r i ty  of sprout ing .  

P. D. TANNER 

Soil Productivity Research Unit 
Chemistry and Soil Research Institute 
P. Bag 757, Marandcllas, Rhodesia 

Received 11 May 1977 

Relerences 
1 Evans ,  H. J., Soil Sci. 81, 199-208 (1956). 
2 H a s h i m o t o ,  T., Plant Cell and Physiol. 2, 463-469 (1961). 
3 J o h n s o n ,  C. M. and Ulr ich,  A., Calif. Agrie. Exp. Stn Bull. 766 (1959). 
4 Mange l sdor f ,  P. C., Genetics 1~;, 462-494 (1929). 
5 R o u t c h e n k o ,  W. and Soyer ,  J.-P., Ann. Agron. 22, 241-255 (1971). 
6 R o u t c h e n k o ,  W. and Soyer ,  J.-P., Ann. Agron. 23, 445-459 {1972). 
7 Tanner ,  P. D. and Gran t ,  P. M., Rhod. J. Agric. Res. 15, 143-149 (1977). 


