
132

Ginger (Zingiber officinale Rosc) is one of the 
most valuable and important spices in many tropical 
countries. It is widely used in food, beverage, 
confectionery and medicine while India is the largest 
producer, consumer and exporter of this crop. So, it is 
imperative to maximize the output of ginger besides 
quality. But, in spite of the best inputs, the output per 
unit area of ginger is not sufficiently large. This 
signals the deterioration of soil health due to 
imbalance of nutrients especially of those required in 
a very small amount known as micronutrients but 
vital for the optimum metabolic mechanisms of the 
crop. Micronutrients play an active role in plant 
metabolism, starting from cell wall development to 
respiration, photosynthesis, chlorophyll formation, 
enzyme activity, hormone synthesis, and nitrogen 
fixation in addition to so many other functions vital 
for plant life (Marschner, 2003., Millan et al., 2005., 
Yruela, 2009 and Jimenez et al., 2013) which in turn 
regulate yield and quality. Among the micronutrients, 
zinc, copper and molybdenum are very important for 
their role in bringing stability and sustainability in 
production system (Das, 2007). Zinc is the structural 
constituent of few enzymes including RNA 
polymerase (Marschner, 2003) and carbonic 
anhydrase (Hafeez et al., 2013) besides activating a 
large number of enzymes influencing metabolisms of 
carbohydrate, protein (Hafeez et al.,2013) and auxins. 
(Marschner, 2003, Carrette, 2013). On the other hand, 

copper enzymes are important in photosynthesis, 
respiration, detoxification of super oxide radicals and 
lignification (Pilon et al., 2006, Yruela, 2009). The 
function of molybdenum is, however, linked with 
electron transfer reactions in plants (Mendal and 
Kruse, 2012). As of now, very little research has been 
carried out with regard to the impact of micronutrient 
sprays on the economic output of ginger, more so, on 
the quality of rhizome. Therefore, an attempt was 
made in the present investigation, to study the 
influence of each micronutrient spray- zinc sulphate, 
copper sulphate and ammonium molybdate- on the 
yield of ginger. In addition, the impact of those 
micronutrient sprays on the level of micronutrients 
(zinc+ copper + molybdenum), starch, sugar, protein, 
fat, oleoresin and ascorbic acid in ginger rhizome 
was also taken into account.

MATERIALS AND METHODS

The experiment was carried out at the 
Horticultural Research Station, Mondouri, Nadia, 
during May, 2002 to February, 2003. The soil of the 
experimental site was Gangetic alluvium (Entisol) 
with sandy clay loam texture, having good water 
holding capacity, nearly neutral pH and of medium 
fertility status. The physicochemical properties soil at 
0-15 cm depth before the cultivation of ginger crop 
was as follow: taxonomy- Haplaquent, sand 38.4%, 
silt 24.3%, clay 35.3%, water holding capacity 

-154.6%, saturated hydraulic conductivity 0.14 cm hr , 
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foliar spray of micronutrients and the highest through 
the impact of zinc sulphate. The hike of zinc in 
leaves of grapes and citrus have well been 
documented by Sindhu et al. (2000) and Singh et al. 
(2002), respectively under the influence of zinc 
sulphate. Zinc is involved in carbohydrate 
metabolism especially for acceleration in the activity 
of the enzymes-fructose 1, 6- bisphosphatase and 
aldolase- involved in starch synthesis (Marschner, 
2003). Aldolase is the key enzyme for the reversible 
biochemical transformation of fructose 1,6- 
bisphosphate to dihydroxyacetone phosphate and 
glyceraldehydes-3 phosphate while fructose 1,6- 
bisphosphatase is linked with the reversible 
transformation of fructose 1,6- bisphosphate to 
fructose -6-phosphate (Cox and Nelson, 2011) which, 
in turn, is biochemically transformed to starch (Heldt, 
2004). In addition, fructose 1, 6- bisphosphatase is 
important in partitioning of C  sugars in the 6

chloroplasts and cytoplasm while aldolase regulates 
the transfer of C  photosynthates from chloroplasts 3

into the cytoplasm and within the cytoplasm the flow 
of metabolites via the glycolytic pathway. A gradual 
decrease in the level of sugar (Table 3) via a 
significant decrease from 180 to 240 DAP 
substantiates further the conversion of sugar to starch. 
However the spray of zinc sulphate effectuated the 
highest accumulation of total sugar, which 
corresponded to nearly 21.4% increase over control 
while there was no significant variation among other 
treatments. The highest accumulated sugar was due to 
the highest level of micronutrients especially zinc- an 
integral part of many zinc-dependant enzymes 
involved in carbohydrate metabolism besides its 
pivotal role in the carbonic anhydrase reaction 
(Marschner, 2003., Millan et al., 2005). Zinc is also a 
structural component of ribosomes (Mengel et al., 
2011) and hence important for protein synthesis 
(Hafeez et al., 2013). 

Table 1: Influence of micronutrient sprays on 
-1concentration of micronutrients (mg kg ) 

in ginger

Treatment Days of sampling

150 180 240 Mean

Zinc sulphate 25.13 22.14 21.02 22.76
Copper sulphate 13.18 6.73 4.66 8.19
Ammonium molybdate 13.0 11.42 7.67 10.69
Control 2.3 1.9 1.75 1.98

Mean 13.4 10.55 8.77 1.095

LSD (0.05) NS 0.948 NS

Table 2: Influence of micronutrient spray on the 
-1level of starch (g 100g ) in ginger 

rhizome

Treatment Days of sampling

150 180 240 Mean

Zinc sulphate 37.44 47.86 48.88 44.70
Copper sulphate 38.22 44.88 46.5 43.19
Ammonium molybdate 36.01 39.25 44.54 39.93
Control 35.87 38.03 41.38 38.42

Mean 36.88 42.50 45.31 2.189
LSD (0.05) NS 1.896 NS

Table 3: Influence of micronutrient spray on the 
-1level of total sugar (g 100g ) in ginger 

rhizome

Treatment Days of sampling

150 180 240 Mean

Zinc sulphate 7.75 7.17 6.02 6.98
Copper sulphate 7.33 6.51 5.63 6.49
Ammonium molybdate 7.11 6.28 5.32 6.23
Control 6.26 5.88 5.11 5.75

Mean 7.11 6.48 5.52 0.83
LSD (0.05) NS 0.72 NS

Table 4: Influence of micronutrient spray on the 
-1level of crude protein (g 100g ) in ginger 

rhizome

Treatment Days of sampling

150 180 240 Mean

Zinc sulphate 8.38 7.54 6.70 7.54
Copper sulphate 7.95 7.18 6.27 7.13
Ammonium molybdate 8.0 7.28 6.40 7.20
Control 7.48 6.93 6.18 6.86

Mean 7.95 7.23 6.38 7.18
LSD (0.05) NS 2.02 NS

Table 5: Influence of micronutrient spray on the 
-1level of soluble protein (g 100g ) in 

ginger rhizome

Treatment Days of sampling

150 180 240 Mean

Zinc sulphate 4.65 3.26 2.84 3.58
Copper sulphate 3.77 2.94 2.16 2.96
Ammonium molybdate 4.96 3.87 2.36 3.73
Control 3.12 2.66 1.85 2.54

Mean 4.13 3.08 2.30 0.666
LSD (0.05) NS 0.58 NS
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observed in plants sprayed with zinc followed by 
-1copper sulphate (24.52 t ha ) and ammonium 

-1molybdate (23.42 t ha ). The control recorded the 
-1lowest yield of 22.51 t ha . The increase in yield for 

zinc, copper and molybdenum over control was 

14.08%, 8.93% and 4.04% respectively. The increase 

in yield by zinc treated plots might be due to better 

synthesis of tryptophan being the precursor for auxin 

synthesis. The above results are similar to the 

observation of Roy et al. (1992) in ginger whereas 

the beneficial effects of molybdenum and copper 

were reported by Gaudi et al. (1988).The results, 

thus, revealed that the spray of micronutrients 

effectuates the upliftment in the output of ginger and 

improvement in the biochemical environment of 

rhizome. In this respect the zinc sulphate spray 

caused the best impact. 
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