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MAGNESIUM DEFICIENCY INDUCED 
CHANGES IN YIELD AND 
METABOLISM OF MAIZE
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Maize (Zca m ays  L.) cv. K 280 plants were grown in refined sand 
at three levels of magnesium viz. 0.02 (acute deficiency), 0.2 
(sub-normal) and 2.0 mM (normal) supplied as magnesium 
chloride. Plants were maintained in nutrient culture medium till 
maturity (102 DAS) to obtain economic yield of maize. After 21 
D A S, the v is ib le  sym pto m s of m a g n e s iu m  d e f ic ien cy  as 
depression in growth and interveinal chlorosis on old teaves 
were observed at 0.02 m M Mg. Leaves turned severely chlorotic 
and formed chlorotic stripes, later the affected lower leaves 
developed interveinal necrotic areas at leaf margins, became 
dry and withered. M agnesium  defic iency effects were less 
pronounced at sub-normal level (0.2 mM) of magnesium. The 
deficiency of magnesium reduced biomass, concentration of 
chlorophylls (a and b), carotene and specific activities of catalase, 
acid phosphatase and ATPase and increased the activities of 
peroxidase and RNAse in leaves. The concentration of Mg, S 
and P increased in all parts of maize with an increase in Mg 
supply from 0.02 to 2 mM. In acute Mg deficiency (0.02 mM), the 
cobs of maize plants failed to produce any seed whereas compared 
to control the formation of cobs and seed was poor at sub-normal 
(0.2 mM) Mg supply. The results indicate that the adequate 
magnesium is required to obtain higher economic yield of maize.
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T h e  b e n e f ic ia l  e f fe c t  o f a d d in g  m in era l 
e le m e n ts  to soils  to im p ro v e  p la n t  grow th  and 
productivity has long been recognized in agriculture. 
In recent years, the importance of magnesium as a 
n u tr ien t  has in creased . E a r l ie r  m a g n e s iu m  was 
applied unwittingly as an impurity along with other 
fertilizers (Mengel and Kirkby,2001). Magnesium in 
plants is mainly related to its capacity to interact with 
strongly nucleophilic ligands (e.g. phosphoryl groups) 
through ionic bond ing , and to act as a brid ging  
elem ent or form com plexes of different stabilities 
(Marschner, 1995).
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The significance of magnesium as a secondary 
n u tr ie n t  is w ell e s ta b l is h e d  in h ig h e r  p la n ts .  
M ag n esiu m  fu n c t io n s  as a co n st itu e n t  of m any  
organic molecules (Langmeier et ah, 1995), enzyme 
activator (Wedding and Black, 1998) or as a charge 
carrier (Pei et a i ,  1999). Magnesium is indispensable 
for the formation of chlorophyll since it is the one 
and only m in era l co n stitu en t of the ch lorophyll 
molecule (Walker and Weinstein, 1991). It is intimately 
associated with the phosphorus metabolism and is 
particularly essential for the enzymes involved in the 
phosphate transfer reactions. It plays a vital role in 
s y n th e s is  o f A TP  from  A D P and in o rg a n ic  
p h o sp h o ru s  (M arschn er,  1995). M agn esiu m  also 
functions as a bridging element for the aggregation 
of r ibosom e subunits (C am m arano et al., 1972), a 
process that is necessary for protein synthesis.

Despite the higher concentration of M g2+ in 
soils, the uptake rate of Mg2+by root cells of the plants 
is m u ch  lo w er  (M en g el and K irkby , 2001). The 
deficiency of magnesium usually appears on the o ld /  
mature parts of the plant because of its high mobility 
in plants. D eficiency of m agnesium  enhances the 
formation of superoxide radicals ( 0 2) and hydrogen 
peroxide (H20 2), and in response increases the activity 
of anti o x id a n ts  and H , 0 2 scav en g in g  en zy m es  
(Marschner, 1995).

Despite the fact that essentiality of Mg as a 
secondary nutrient has been proved long back, the 
role of Mg in the metabolism and uptake of other 
m a c r o n u tr ie n ts  in c e re a ls  is s till  not c lea r ly  
understood. Therefore the present study has been
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made to find out the changes in growth, yield and 
metabolism of maize, 'an important cereal crop', due 
to deficiency of Mg when grown in refined sand.

M ATERIALS AND M ETHOD S

To induce Mg deficiency, maize (Zea mays L.) 
var. K 280 was raised in purified sand (Agarwala & 
C h a tte r je e ,  1996) a m e n d e d  w ith  three lev e ls  of 
m agnesium  viz., 0.02 (acute deficiency), 0.2 (sub
n o rm a l)  and 2.0 m M  (n o rm a l)  in  p o ly e th y le n e  
containers of 10 L capacity in a glass house at an 
am bient tem perature (25-30° C). The plants were 
grown till maturity (102 DAS) with three replicates 
for each treatment. The seedlings after emergence were 
supplied daily with the nutrient solution. Initially 
there were four plants, later periodically the number 
of plants were reduced to one plant in each pot. On 
week ends, pots were flushed with glass distilled water 
to remove accumulated salts from the surface of roots 
as well as that of sand in pots.

The composition of nutrient solution excluding 
magnesium was : 4 m M  KN O, ; 4 mM C a (N 0 3)2 ; 2 
mM N a2S 0 4 ; 1.5 mM N aH 2P 0 4 ; 100 iM Fe-EDTA ;
10 iM M n S 0 4 ; 30 iM  H 3B 0 3 ; 1 iM  C u SO , ; 1 iM 
Z n S 0 4 ; 0.2 iM N a2M o 0 4 ; 0.1 iM N i S 0 4 ; 0.1 iM 
C o S 0 4 and 0.1 mM NaCl. Magnesium was supplied 
as magnesium chloride.

The b iom ass and cob yield of maize' were 
d e te rm in e d  at 102 D A S. T h e  v is ib le  e f fe c ts  of 
magnesium  deficiency was noted periodically. The 
oven dried plant parts were digested with H N O , : 
H C 1 0 4 (10 : 1). In c lear  d ig est ,  co n ce n tra t io n  of 
m agnesium  (M ason, 1950), p h osp h orus (W allace, 
1951) and sulphur (Chesnin and Yien, 1951) were 
es t im a te d .  On 46 JH S  the c o n c e n tr a t io n  of 
chlororphylls (a and b), carotene and activities of 
peroxidase, catalase, RNAse, acid phosphatase and 
A T P ase  w ere m easu red  in fresh  a ffec ted  leaves 
described elsewhere (Mitra et a l ,  1998) at 46 DAS. 
All determinations were made in triplicate and data 
hc.ve been analyzed statistically and mean values are 
given in table and figures along with ±  SE.

RESULTS AND DISCUSSION

The symptoms of magnesium deficiency were 
observed on 21 DAS as growth retarding due to 
condensed internodes than the normal (2 mM Mg) 
p la n ts .  On 30 D A S , in te r v e in a l  ch lo ro s is  w as 
exhibited in the old leaves of these plants. Gradually 
the affected leaves turned severely chlorotic and 
formed chlorotic stripes. Leaves were stiff and brittle. 
P e r s is te n t  m a g n e s iu m  d e f ic ie n cy  sh o w ed  that 
chlorotic lower leaves developed interveinal necrotic 
areas at leaf margins which later spread to the base 
of lamina with age. These leaves becam e dry and 
withered. Sym ptom s of m agnesium  deficiency in 
maize appeared on older leaves as Mg2+ is phloem 
mobile in plant and easily translocated from older to 
younger leaves (Mengel and Kikrby, 2001). In lower 
levels (0.02 and 0.2 mM) a reduction in leaf number 
and area was observed. Cob formation and seed yield 
were also poor owing to Mg deficiency ( < 0.2 mM). 
At sub-norm al (0.2 m M ) level of m agnesium , the 
intensity of symptoms was comparatively mild. The 
observed sym ptom s app earing  in m aize w ere in 
accordance with the earlier observations on wheat, 
oat and rye (Bergmann, 1993 ; Fischer et a l ,  1998 ; 
Huguet and Coppenet, 1994).

In maize, at both low levels of Mg deficiency 
(0.02 and 0.2 m M ), the b io m a ss  was d ecreased  
significantly. The decreased biomass in response to 
Mg deficiency might be due to low photosynthesis as 
d efic ien cy  of M g h a m p ers  the activ ity  of R uB P 
carboxylase which mediates the C 0 2 incorporation 
in stroma of chloroplast (Pierce, 16), or might be an 
expression of enhanced rate of protein degradation, 
in c lu d in g  s tru c tu ra l  p ro te in s  of the th y la k o id s  
(Marschner, 1995). In acute deficiency of Mg (0.02 
m M ), cobs fa iled  to p ro d u ce  seeds w h ereas  the 
number and weight of seed were less at subnormal 
(0.2 mM) Mg compared to control. The results are in 
consonance with that on the cereals other than maize 
(Forster, 1980).

With increase in Mg supply from low (0.02 
m M ) to a d e q u a te  (2 .0  m M ) m a g n e s iu m , the 
concentration of Mg increased concomitantly in all 
parts of maize. The concentration of Mg was 0.07 to



0.10%  in acute d efic ien cy  (0.02 m M ) w h ereas  at 
adequate  supply  (2.0 m M ) the M g concentration  
ranges from 0.11 to 0.19% and is in consonance with 
the results observed by earlier workers (Marschner, 
1995 ; Mitra et al., 1998). Magnesium deficiency has 
co n sid erab le  im p act on the a cq u is it io n  of o ther 
mineral nutrients. There was a marked decrease in 
concentration of sulphur and phosphorus in all the 
parts of plant. The concentration of P and S was more 
in the roots than in the leaves.

In maize, owing to Mg deficiency, the concentration 
of both the chlorophyll spieces (a and b) (Fig.l) and 
carotene decreased significantly as the deficiency of 
magnesium affects the size, structure and function 
of chloroplast including electron transfer in PS II

F ig . 1 In f lu e n c e  o f  m a g n e s iu m  d e f ic ie n c y  on 
ch lorophyll c o n ce n tra t io n  an d  sp ecif ic  activities  
o f  c a t a l a s e ,  p e r o x id a s e ,  a c i d  p h o s p h a t a s e ,  
r ib o n u c le a s e  a n d  A T P a s e  in  le a v e s  o f  m a iz e .  
V e rt ica l  lines  in e a c h  b a r  r e p r e s e n ts  ± S E .  1 = 
0.02 ; 2 -  0.2; 3 =  2.0 mM Mg.
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(McSwaine et al., 1976). The decrease in chlorophyll 
content in magnesium deficiency might be due to its 
role in chlorophyll synthesis as magnesium is strongly 
bound to the chlorophyll molecules. The first step of 
chlorophyll synthesis requires the insertion of Mg into 
the porphyrin structure which is catalysed by the 
magnesium chelatase (Walker and Weinstein, 6).

The deficiency of Mg decreased the activities 
of ca ta la se ,  ac id  p h o s p h a ta s e  and A T P ase  and 
increased the activities of peroxidase and ribonuclease 
in maize leaves (F ig .l ) .  The decreased activity of 
catalase in Mg deficiency might be due to enhanced 
formation of H 20 2 creating oxidative stress enhancing 
the inactivation of catalase by preventing synthesis 
of the enzyme (Marschner, 1995). In Mg deficiency, 
the a c t iv ity  o f acid  p h o s p h a ta s e  d e cre a se d  
significantly and the low supply of Mg suppressed 
phosphorus metabolism by lowering the content of 
in o rg a n ic  p h o s p h o r u s  w h ic h  is im p o rta n t  for 
incorporation in inorganic and organic compounds 
(Beringer and Forster, 1981). This might suggest a 
p o s i t iv e  c o -r e la t io n  b e tw e e n  m a g n e s iu m  and 
phosphorus (Marschner, 1995).

Table 1 : In flu en ce  of m agn esiu m  d efic ien cy  on 
b io m a ss ,  e co n o m ic  y ie ld ,  ca ro te n e  co n te n t  and 
co n c e n tr a t io n  of m a g n e s iu m , s u lp h u r  and 
phosphorus in different parts of maize (± SE).

2
nM  Mg

1 2

mM  Mg

Parameters 0.02
mM Mg

0.2 2.0

Dry matter (g plant'1) 20.4±0.10 40.9±0.03 58.8±0.14
Cob weight (g plant'1) 5.52±0.78 13.6±0.88 22.6±1.12
Length of cob (cm) 7±0.00 I0±0.01 I4±0.05
Number o f seeds (number cob'1) - 1 1 ±0.002 41 ±0.05
Seed weight (g plant'1) 1.9±0.00l 13.6±0.06
100 seed weight (g plant'1) 14.4±0.03 25.4±0.05
Carotene (mg g 1 fresh weight) 0.261 ±0.001 0.664±0.001 0.679±0.003
Mg concentration (%  in dry matter)

Leaves 0.07±0.()() 1 0.12+0.005 0 .19±0.02
Stem 0.06±0.00 0.08±0.0I 0.15±0.01
Root 0.10+0.01 0.11 ±0.00 0 .17±0.01

S concentration (%  in dry matter)

Leaves 0.28±0.02 0.48±0.01 0.98+0.06
Stem 0 .12±0.00 0.22±0.00 0.37+0. (K)5
Root 0.57±0.08 0.96±0.02 1.50±0.02

P concentration (c/< in dry matter)

Leaves 0.66±0.00 ().66±0.00 0.69±0.005
Stem 0.95±0.005 0.97±0.005 1.03±0.005
Root 0.87±0.0I 0.91 ±0.03 0.99±0.02



The d ecrea sed  act iv ity  o f A T P a se  in Mg 
deficient m aize leaves m ight be the result of low 
concentration of Mg-ATP, the substrate for ATPases 
as well as inorganic phosphatases (Rea and Sanders, 
1987). I he Mg-ATP is utilized by the active sites of 
ATPases for the transfer of the energy rich phosphoryl 
group (Balke and Hodges, 1975).

C o n s e q u e n t  to M a g n e s iu m  d e f ic ie n c y ,  
increased activity of peroxidase was observed. This 
may be due to enhanced production of I I 20 ,  in the 
Mg deficient leaves as magnesium deficiency leads to 
leductive 0 2 activation favouring superoxide radicals 
which in turn enhance production  of H ,O n. The 
stimulated activity of RNAse might be an expression 
of low a v a ila b il i ty  of M g w h ich  re su lts  in low 
c o n c e n tr a t io n  of R N A  or a lso  the low  p ro te in  
formation in such conditions. As reported previously 
(Ahsen and No Her, 1995), inadequate supply of Mg2+ 
have detrimental impact on polypeptide synthesis and 
thus on protein formation.

M a g n e s iu m  b e in g  in v o lv e d  in v a r io u s  
m etabolic  processes, its d efic iency  d isturbed the 
grow th and d evelop m ent of plant. These results  
rev ea led  that a d e q u a te  M g is re q u ire d  for the 
development of seeds in maize leading to higher yield.
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