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ABSTRACT

An investigation laid out in RBD design with five replications was carried out at Horticultural Research Station, Mondouri,
Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal during the year 2007-2008 to find out the effect of
micronutrients on some biochemical attributes vis-a-vis yield of ginger rhizome .The treatment consists of spray of zinc
sulphate (0.5%), copper sulphate (0.5%) and ammonium molybdate (0.1%) along with control on 60 and 90 days after
planting (DAP) and laid out in RBD with five replication. Rresults reveal that each of foliar micronutrient spray caused a
significant increment of micronutrients while those for each zinc and copper sulphate; there was a significant rise of starch
and ascorbic acid level over that of control in ginger rhizome. Whereas, spray of ammonium molybdate effectuated a
significant enhancement in the level of soluble protein over that of control which was also significant in addition to total
sugar and oleoresin for that of zinc sulphate. All in all, the foliar spray of zinc sulphate resulted in the highest generation
of micronutrients and the impact of them was reflected though not significant yet in the highest yield besides a better

biochemical environment in ginger rhizome.
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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,
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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
54.6%, saturated hydraulic conductivity 0.14 ¢m hr’,
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pH (1: 2.5) 6.8, electrical conductivity 0.29 dS m’,
bulk density 1.48 g cc', CEC 12.8 cmol (p) kg,
organic carbon 6.8g kg', total nitrogen 0.3g kg,
ammoniacal nitrogen 11.4 mg kg', nitrate nitrogen
5.84 mg kg', available phosphorus 2.46 mg kg,
available zinc 0.096 mg kg, available copper 0.075
mg kg', available molybdenum 0.06 mg kg,
microbial biomass carbon 38.12 mg g'. Dithane M-
45 (0.3%) treated rhizomes (25-30 g) of ginger cv.
Gurubathan were planted at 20 X 20 cm spacing in
3.0 X 1.0 m raised beds during the last week of May,
2007 and harvested during middle of February, 2008.
Crop was mulched immediately after planting with
paddy straw. The experiment was laid out in RBD
with five replications. The treatments comprised of
zinc sulphate [ZnSO4 7H,0 @ 0.5%], copper
sulphate [CuSO, 5H,0 @ 0.5%], ammoniun
molybdate [(NH,), Mo,0,, 4H,0 @0.1%] and control.
Foliar spray of micronutrients was executed on 60
and 90 days after planting (DAP).

Irrespective of treatments, recommended doses of
manures (FYM @ 25 tonnes ha™) and fertilizers (100
kg N, 60 kg Pand 60 kg K in the form of urea, single
super phosphate and muriate of potash, respectively)
were applied, of which whole of the phosphorus was
applied at the time of planting while half of both
nitrogen and potash were applied at 45 DAP and the
rest at 90 DAP. Earthing up and mulching were given
after each split application of fertilizers. Plant
samples (rhizomes) were collected from five
randomly selected plants on 150, 180 and 240 DAP
for the analysis of zinc, copper and molybdenum,
starch, sugar, protein, fat, oleoresin and ascorbic acid.
Zinc and copper were estimated through atomic
absorption spectro-photometer following wet
digestion of oven dried plant (rhizome) in the mixture
of acids- HNO,, H,SO, and HCIO, in the ratio of
10:1:4 (Jackson, 1973) while for molybdenum, oven
dried rhizomes were digested in AR grade acid
mixture (HNO,+ HCIO,) by following the procedure
outlined by Purvis and Peterson (1956) and estimated
colorimetrically by chlorostannous reduced
thiocyanate amber colour method as described by
Johnson and Arkley (1954). After estimation, the
level of zinc, copper and molybdenum were
compounded for the presentation of the impact of
ecach micronutrient spray. Starch and sugar were
determined in accordance with the procedure
described by Sadasivam and Manickam (1998) where
as the methods of Jackson (modified Kjeldahl, (1973)
and Lowry et al., 1951) was adopted for assessing
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crude and soluble protein, correspondingly. AOAC
method (1984) from chapter 31 and 45 was taken
into account for the measured fat and ascorbic acid,
respectively. Oleoresin was estimated as proposed by
Winterton and Richardson (1965).

RESULTS AND DISCUSSION

An insight of table- 1 reveals that irrespective of
treatment, there was a gradual and significant
decrease in the level of micronutrients (Zn + Cu +
Mo) from 150 DAPS to 240 DAPS in ginger
rhizome. The depletion in micronutrients of rhizomes
with the age of the crop was because of the
translocation (Tiffin, 1972) of micronutrients to
metabolic sinks in commensuration with the
progressive demand of crop for the betterment of
overall metabolism through enzymatic participation
including growth and efficiency of root system
besides the stimulation in and accentuation of
resistance to overcome adverse situation (Das, 2007).
However, there was a differential accumulation of
micronutrients in ginger rhizome. In this respect, the
influence of foliar zinc sulphate spray was the highest
in respect to the accumulation of micronutrients
followed by those of ammonium molybdate and
copper sulphate, respectively and the impact of
micronutrients was reflected through the yield. As a
consequence, foliar spray of zinc sulphate resulted
though not significant but in the highest yield of
ginger rhizome (Table 9), corresponding to nearly
14.1 per cent increase over control followed by those
of copper sulphate (8.9% increase over control) and
ammonium molybdate (4.0 % increase over control),
correspondingly. The results, thus, manifest the
favourable impact of micronutrient spray, in general,
and zinc sulphate spray in particular. Micronutrients
are important components of enzymes and hence vital
for growth and development of plants. Some of them
even regulate the metabolism of other nutrients in
plants. As an instance zinc is directly related to
phosphorus and calcium nutrition so also with the
availability of nitrogen (Shear, 1948). Consequently
vegetative and reproductive processes are accelerated
by zinc nutrition in plants (Potarzychi, 2009). Sharma
et al, (1974) found that good availability of zinc in
soil resulted in better growth and development of
plants and the virtues were probably translated
through the highest yield of ginger rhizome. As of
then, the level of starch (Table 2) in ginger rhizome
augmented significantly, on and on, irrespective of
treatment, up to the harvest of ginger rhizome. But
the level of increment differed in accordance with the
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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 ef 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
chloroplasts and cytoplasm while aldolase regulates
the transfer of C, photosynthates from chloroplasts
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 ef 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
concentration of micronutrients (mg kg")

Table 2: Influence of micronutrient spray on the
level 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 4488 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 4531 2.189
LSD (0.05) NS 1.896 NS

Table 3: Influence of micronutrient spray on the
level 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 733 6.51 5.63 6.49
Ammonium molybdate 7.11 6.28 5.32 6.23
Control 626 5.88 5.11 5.75
Mean 711 6.48 552 0.83
LSD (0.05) NS 072 NS

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

rhizome

Treatment Days of sampling

150 180 240 Mean
Zinc sulphate 838 7.54 6.70 7.54
Copper sulphate 795 7.8 627 7.13
Ammonium molybdate 8.0 728 640 7.20
Control 748 693 6.18 6.86
Mean 795 723 638 7.18
LSD (0.05) NS 202 NS

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

in ginger
ginger rhizome
Treatment Days of sampling
Treatment Days of sampling
150 180 240 Mean

X 150 180 240 Mean
Zinc sulphate 25.13 22.14 21.02 22.76 -
Copper sulphate 13.18 673 466 8.19 émc Sulphlat;’ t ;‘g; ;32 g-ff‘é‘ ;32

. opper sulphate . . . .

‘émrtno?lum molybdate 1;'2 11.4912 Zgz l(l)gz Ammonium molybdate 4.96 3.87 236 3.73

onTo : : : : Control 312 266 185 254
Mean 134 1055 8.77 1.095 Mean 413 3.08 230 0.666
LSD (0.05) NS 0.948 NS LSD (0.05) NS 058 NS
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Table 6: Influence of micronutrient spray on the
level of fat (per cent dry wt.) in ginger

rhizome

Treatment Days of sampling

150 180 240 Mean
Zinc sulphate 6.11 5.66 433 537
Copper sulphate 6.0 522 482 535
Ammonium molybdate 542 4.84 392 472
Control 533 458 3.14 434
Mean 572 5.07 4.05 5.69
LSD (0.05) NS 094 NS

Table 7: Influence of micronutrient spray on the
oleoresin (per cent dry wt/wt) content in

ginger

Treatment Days of sampling

150 180 240 Mean
Zinc sulphate 571 696 7.12 6.60
Copper sulphate 545 624 6.84 6.18
Ammonium molybdate 5.04 6.11 6.44 5.86
Control 493 578 6.23 5.65
Mean 528 6.27 6.65 0.84
LSD (0.05) NS 073 NS

Table 8: Influence of micronutrient spray on
ascorbic acid (mg g fresh wt) in ginger

rhizome

Treatment Days of sampling

150 180 240 Mean
Zinc sulphate 10.82 12.25 10.70 11.26
Copper sulphate 10.66 11.79 9.88 10.77
Ammonium molybdate 9.56 10.32 9.79 9.89
Control 9.02 10.12 9.27 9.47
Mean 10.01 11.12 991 1.20
LSD (0.05) NS 1.04 NS

Table 9: Influence of micronutrient spray on the
yield of ginger rhizome

Treatment Yield (q ha” fresh wt)
Zinc sulphate 25.68

Copper sulphate 24.52
Ammonium molybdate 23.42

Control 22.51

Mean 24.03

LSD (0.05) NS

Consequently there was a significant rise in level
of soluble protein (Table 5) over control in ginger
rhizome by the zinc sulphate spray. The impact of
ammonium molybdate spray was also positive and
significant over control as molybdenum is a cofactor
and has both structural and catalytic functions of
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many enzymes involved in nitrogen metabolism
(Mendal and Kruse, 2012; Mendal, 2013) and hence
protein synthesis (Agarwala et al., 1978). However,
the extent of increment in soluble protein was 46.9
per cent over control by the spray ammonium
molybdate while that by that of zinc sulphate; the
increase was 40.9 per cent over control, in spite of no
significant impact in between each of spray
containing zinc sulphate and ammonium molybdate.
As of then, the level of soluble and crude protein as
well fat in ginger rhizome depleted gradually from
150 to 240 DAP, irrespective of treatment schedule,
though not always, on and on, significant for crude
protein and fat yet revealing the transport after
metabolism of soluble and crude protein as well fat
to the growing parts in accordance with the metabolic
requirement of ginger crop. However, there was no
significant variation among the treatments for crude
protein and fat (Table 4). Oleoresin level in ginger
rhizome progressively increased from 150 to 240
DAP through a non significant progress from 180 to
240 DAP (Table 7). On the other hand, the level of
ascorbic acid decreased significantly from 180 to 240
DAP in spite of a non significant boost in the
ascorbic acid level from 150 to 180 DAP (Table 8).
Ascorbic acid repairs the oxidative damage in the
plant system and the significant diminution in its
level at last phase manifest degenerative changes in
metabolic activities (Asada, 1999). However, the
influence of the foliar spray of magnesium sulphate
was similar to that of copper sulphate while causing a
significant enhancement in the level of ascorbic acid
in ginger rhizome over that of control. Copper plays
a significant role in boosting the activities of
respiratory enzymes in addition to the regulation of
enzyme- ascorbate oxidase (Ayala and Sandmann,
1988; Yruela, 2009). Consequently, copper sulphate
spray effectuated the increment of 13.7% in the level
of ascorbic acid over control while that for
magnesium sulphate- 18.9 over control. The reason
for higher accumulation of ascorbic acid by
magnesium sulphate spray is ascribed to higher
generation of sugar (Table 8) for its biochemical
conversion through the secondary pathway from
glucose 1- phosphate to ascorbic acid via L- gulonate
(Cox and Nelson, 2011). As of then, zinc sulphate
spray brought about a significant rise in the level of
oleoresin corresponding to 16.8 per cent over control.
The yield data obtained from these treatments varied
one another but none was significant over the others.
However, the maximum yield (25.68 t ha') was
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observed in plants sprayed with zinc followed by
copper sulphate (24.52 t ha') and ammonium
molybdate (23.42 t ha'). The control recorded the
lowest 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 ef 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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