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ZINC BIOFORTIFICATION IN SIXTY GROUNDNUT CULTIVARS

THROUGH FOLIAR APPLICATION OF ZINC SULPHATE

A. L. Singh and V. Chaudhari

Directorate of Groundnut Research, Junagadh, India

� A field experiment with 60 groundnut cultivars, in a calcareous soil having 1.20 mg kg−1

available zinc (Zn), foliar application of 0.2% aqueous solution of zinc sulphate thrice at 40,
55 and 70 days at 500, 500 and 1000 L ha−1, respectively, increased the number of pods, pod
yield, shelling and 100 seed mass and seed zinc (Zn) content, significantly. The seeds Zn content in
groundnut cultivars ranged 38–70 mg kg−1 with an average of 48 mg kg−1 without Zn and 58 mg
kg−1 with Zn. Foliar Zn application increased 22% Zn in seed. This increase was more than 10%
in 48 out of 60 cultivars. The cultivars GG 7, GG 20, Tirupati 4, DH 8, JSP 19, TKG 19 A,
CSMG 884 and S 206 showed > 50 mg kg−1 Zn, > 10% increase in seed Zn with Zn application
and > 250 g m−2 pod yield.

Keywords: biofortification of Zn, groundnut, foliar Zn application, Zn responsive cul-
tivars, pod yield, 100-seed mass, seed Zn content

INTRODUCTION

The groundnut (Arachis hypogaea L.) is an important food legume crop
of the world grown on about 24 million hectare (ha) of land under different
agro-climatic regions in Asian (11.5 m ha), African (11.5 m ha) and North
and South American (1.1 m ha) countries and on large scale mainly in India,
China, Nigeria, USA, Myanmar, Indonesia, Sudan, Senegal, Argentina and
Vietnam. In India alone it is grown on about 6.5 m ha. Although the average
groundnut productivity of the world is around 1500 kg ha−1, it is less than
1000 kg ha−1 in more than 50% of the groundnut growing countries due to
vagaries of weather conditions and poor soil fertility. However, because of its
high-energy, protein and mineral contents at a comparatively low price, the
demand of groundnut, as food crop, is increasing worldwide (Singh, 2011).
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Zinc Biofortification in Groundnut 1735

Zinc (Zn) is an essential nutrient for plant and human health and its
deficiency affects billions of people, hampering growth, development, and
immune systems. About two billion people world-wide are at the risk of Zn de-
ficiency, which necessitate a food-based solution to combat Zn malnutrition
(WHO, 2002). Presently in India, the Zn deficiency occurs in 48% soils and
is expected to increase upto 63% by the year 2025 (Singh, 2009). As a result
the Zn content in edible parts is decreasing and may have a strong impact on
human health. Biofortification of crops by enriching micronutrient in seeds
is a better option for providing a sustainable solution to zinc deficiency in
food. The biofortification strategies for the crops are, mineral fertilization,
screening, breeding and transgenic approaches and intercropping systems
increasing zinc content in the seeds (Cakmak et al., 2010; Lal and Singh,
2007; Singh et al., 2011a, 2011b; Zuo and Zhan, 2009).

Groundnut is a good source of Zn (Singh, 2007; Singh et al., 2011a),
the seeds of which are eaten after roasting, frying, salting or boiling and
in many preparations and confectionery products (Singh, 2011). However,
in India, as the groundnut crop is mostly grown on marginal soil where its
productivity, shelling outturn and 100 seed mass as well Zn concentration in
seed is low, leading to less per-capita availability of groundnut and Zn (Singh,
2004, 2011; Singh and Basu, 2005; Singh et al., 2004). High Zn density
groundnuts may be a solution to ensure adequate level of Zn intake which
necessitate increasing of Zn concentration of seed through fortification and
selection of high Zn density genotypes (Lal and Singh, 2007; Singh et al.,
2011a, 2011b). Extensive research demonstrated the role of Zn fertilizers
in increasing the Zn density of grain in cereals, suggesting that wherever
fertilizers are available, making full use of Zn fertilizers can provide an
immediate and effective option to increase grain Zn concentration, and
productivity under soil conditions showing Zn deficiency (Cakmak et al.,
2010). However, such studies are lacking in groundnut. Thus an effort was
made to increase the seed Zn content in a number of groundnut cultivars
through foliar application of zinc sulfate. As India has a diverse climate and
a number of groundnut cultivars are grown, 60 high yielding cultivars were
taken, to study the influence of foliar spray of zinc sulfate on pod and haulm
yields, plant height, number of pods, shelling outturn, 100 seed mass and
oil contents along with their effect on seed Zn content.

MATERIALS AND METHODS

Field experiments were conducted, during two consecutive dry seasons of
the year 2010 and 2011 at the Directorate of Groundnut Research, Junagadh,
India in a medium black, calcareous [10% calcium carbonate (CaCO3)]
clayey soil with 7.9 pH, 1.31% organic carbon, 850 mg kg−1 total nitrogen
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1736 A. L. Singh and V. Chaudhari

(N), 10 mg kg−1 available phosphorus (Olsen P), 12 mg kg−1 heat soluble
sulfur (available S), 4.1, 32, 1.20 and 3.30 mg kg−1 diethylentriaminepen-
taacetic acid (DTPA) extractable iron (Fe), manganese (Mn), zinc (Zn), and
copper (Cu), respectively and 0.76 mg kg−1 water extractable boron (B). The
field was prepared and 10 cm deep furrows were opened at 45 cm spacing.
Sixty groundnut cultivars were grown under two treatments, control and fo-
liar application of Zn in two replicates. These cultivars, each in one row plots
of 5 m length, were sown at 10 cm spacing in two sets one for control and an-
other for foliar application of zinc in a factorial randomized block design. A
basal dose of 40 kg N and 33 kg P ha−1 as diammonium phosphate and urea,
50 kg potassium (K ha−1) as muriate of potash and 30 kg S ha−1 as elemental
sulphur were mixed in the soil before sowing and 500 kg ha−1 gypsum mixed
in the soil at flowering. The crop was grown under recommended package
of practices with proper plant protection during the cropping season. For
foliar Zn treatment, the aqueous solution of 0.2% zinc sulfate was applied
on the groundnut foliage, thrice at 40, 55 and 70 DAE (days after emer-
gence) at 500, 1000 and 1000 L ha−1, respectively. Thus a total of 5 kg ha−1

zinc sulfate containing 1.13 kg Zn was applied. The crop was harvested at
maturity, dried in Sun for a week and pod and haulm yields, shelling out
turn and 100-seed mass recorded. Five plants from each plot were uprooted
randomly at maturity and plant height and numbers of pods per plant were
recorded. From these plant samples the oven-dried leaf and seed tissues
were ground to a fine powder and analyzed for Zn contents using atomic
absorption spectrophotometer. All the data were analyzed statistically.

The groundnut cultivars, with and without Zn treatment, were arranged
for their Zn content in seed and categorized into high (above 50 mg kg−1 Zn)
and low (less than 50 mg kg−1 Zn) Zn density cultivars with high (>20%),
medium(10–20%), and low (<10%), response to Zn application.

RESULTS AND DISCUSSIONS

Plant Height, Number of Pods, and Pod and Haulm Yields

There was a large variation in plant height, number of pods and pod and
haulm yields among the 60 groundnut cultivars studied (Table 1). Foliar
application of Zn decreased the plant height and haulm yield, but increased
the number of pods significantly during both the years. The mean plant
height of 60 groundnut cultivars was 47 cm during the year 2010 and 50 cm
during 2011 in control plot, which with application of Zn decreased to 45
and 48 cm, respectively (Table 1). The plant height for control and Zn
treatment in different cultivars ranged 32–56 cm during 2010 and 37–68 cm
during 2011. Similarly, the haulm yield in groundnut cultivars ranged from
203–670 g m −2 during 2010 and 241–760 g m −2 during 2011. The haulm
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yield in control plot which was 402 and 475 g m−2, respectively during 2010
and 2011, decreased to 355 and 412 g m−2 causing 12 and 13% reductions,
respectively due to Zn applications. On the other hand the mean number
of pods plant−1 were 11 and 19 in control plots which with application of
Zn increased to 13 and 21 pods plant−1 during 2010 and 2011, respectively.
The number of pods plant−1 ranged from 8-17 during 2010 and 10-30 during
2011. There was no interaction of Zn treatment and cultivars on plant height,
pod numbers and haulm yield.

The pod yield of groundnut cultivars ranged from 150–557 g m−2 with
a mean value of 269 g m−2 during the year 2010 and ranged 192–531 g
m−2 with a mean of 344 g m−2 during 2011 (Table 2). Application of Zn
increased the pod yield of groundnut cultivars during both the years. The
mean pod yield of control plot was 258 g m−2 and 332 g m−2 which with
application of Zn increased to 280 g and 356 g m−2 during 2010 and 2011,
respectively. Thus there was an increase of 9% and 7% in pod yield during
those years. The pooled analysis of pod yield data for two years revealed
that the pod yield in groundnut cultivars ranged from 201–514 g m−2 with a
mean value of 306 g m−2. Overall there was 8% increase in pod yield due to
Zn application as the mean pod yield of groundnut cultivars in control plot
which was 295 g m−2 increased to 318 g m−2 with Zn. However, the Zn appli-
cation did not have any interaction effect with groundnut cultivars on pod
yields.

In India about 50% of the groundnut soils show Zn deficiency, a most
common in calcareous soils causing up to 20% yield-losses where Zn appli-
cation is essential for proper growth and development (Singh, 2004, 2007;
Singh et al., 2004; Singh and Basu, 2005). The iron-deficiency chlorosis is
also a problem of calcareous soil, where foliar application of a iron sulphate
is recommended (Singh and Dayal, 1992; Singh et al., 2004). Application of
Zn increases the chlorophyll, pod number, yield and fertilizer use efficiency
(Singh, 2007). In a Typic Chromustert soil at Parbhani, India, groundnut
cvs. M 13, JL 24, L 33 and K-4-11 the pod and haulm yields, 100-seed mass,
root weight, root volume and root density increased and were highest with
20 kg ha−1 zinc sulfate (ZnSO4) (Malewar et al., 1993). In a study at Juna-
gadh the Zn applied at 5 and 10 kg ha−1 in caster, increased available Zn
in soil and seed yield by 9.5 and 11.1% and stalk yield by 9.1 and 11.2%,
respectively (Mathukia and Khanpara, 2008). In the present study, the data
clearly indicated that foliar application of Zn did not allow excess growth
as a result both plant height and haulm were decreased, but increased the
mobilization as well translocation of photosynthates and hence both the
number of pods and pod yield increased due to Zn. The Zn applied through
foliar application is readily absorbed by the leaves and further translocated
to other parts, hence increased pod yield. Also Zn acted as a balancing nu-
trient and checked the excessive growth of the crop and reduced both plant
height and haulm yield.
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Shelling Outturn, 100 Seed Mass and Oil Content

There was a large genetic variation in the shelling outturn, 100 seed mass
and oil content among groundnut cultivars. With foliar application of Zn,
the shelling outturn and 100 seed mass in groundnut cultivars increased,
but the oil content decreased significantly (Table 3). The range of shelling
percentage in groundnut cultivars was 65–81% with a mean value of 73%
during the year 2010 and 63–79% with a mean value of 73% during 2011.
Similarly the range of the 100 seed mass in groundnut cultivars was 35–82 g
with a mean value of 47 g during 2010 and 34–96 g with a mean value of
50 g during 2011. The mean shelling percentage in control was 72% which
with Zn application increased to 74%. The mean 100 seed mass in control
plot was 46 g during 2010 and 49 g during 2011 which with application of
Zn increased to 48 and 51 g, respectively during those years. Thus there was
3% increase in shelling outturn and 2% increase in 100 seed mass due to
Zn application. There was no interaction of Zn application and groundnut
cultivars on these parameters. Our earlier study has demonstrated that in
calcareous soil, application of Zn is essential to enhance yield attributes in
groundnut (Singh, 2007; Singh et al., 2004). Here it was clearly demonstrated
that foliar application of Zn increased shelling out turn and 100-seed mass.

The oil content in groundnut cultivars ranged from 43–51% with a mean
of 48%. Application of Zn decreased the oil content in groundnut cultivars
by 2% as a result the mean oil content in groundnut cultivars which was 49%
in control plot decreased to 47% with Zn treatment (Table 3).

Zinc Concentrations in Seed

The Zn concentrations in groundnut seeds when analyzed, there was a
large variation observed among the groundnut cultivars. The Zn concen-
trations in seeds of 60 groundnut cultivars ranged from 32–63 mg kg−1 Zn
with a mean value of 50 mg kg−1 Zn during 2010, which with foliar applica-
tion of Zn increased to 41–70 and 58 mg kg−1, respectively indicating a very
good response of Zn application (Table 2). Similarly during 2011, the Zn
concentrations in seeds of groundnut cultivars ranged from 31–69 mg kg−1

Zn with a mean value of 45 mg kg−1 Zn, which with foliar application of Zn
increased to 39-91 and 58 mg kg−1, respectively again indicating a very good
response of Zn application. When the data of the control and Zn treatment
were combined, the range of Zn content among groundnut cultivars were
37–66 mg kg−1 with a mean value of 54 mg kg−1 during 2010 and 35–76 mg
kg−1 with a mean value of 53 mg kg−1 during 2011 (Table 2).

Application of zinc sulfate increased the Zn content in seed of most of
the groundnut cultivars significantly, though a few did not respond to Zn
application. The response of foliar application of Zn in increasing the seed
Zn content of groundnut cultivars ranged from -8% to 60% with a mean
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value of 17% increase during 2010 and -5% to 127% increase with a mean
value of 29% increase during 2011. The mean Zn content of groundnut
seeds were 50 and 45 mg kg−1 which with application of Zn increased to
58 and 58 mg kg−1 during 2010 and 2011, respectively. Thus overall there
was 17 and 29% increase in seed Zn content due to application of Zn in
groundnut over control during 2010 and 2011, respectively.

Under normal condition, without any Zn treatment, 29 cultivars showed
50 mg kg−1 and more Zn in their seed and 31 cultivars showed less than
50 mg kg−1 Zn in their seed during the year 2010, but with foliar application
of Zn the number of cultivars showing above 50 mg kg−1 Zn in their seed
increased to 51 and only 9 cultivars were left with less than 50 mg kg−1 Zn.
So much so with application of Zn, 30 cultivars showed 60 mg kg−1 and
above Zn in their seed, the number of which otherwise were only 10 without
Zn application during 2010. Similarly during 2011 under normal condition,
22 cultivars showed 50 mg kg−1 and more Zn and 38 cultivars showed less
than 50 mg kg−1 Zn in their seed and with foliar application of Zn the
number of cultivars showing above 50 mg kg−1 Zn in their seed increased
to 46 and only 14 cultivars were left with less than 50 mg kg−1 Zn. Also with
application of Zn, 26 cultivars showed 60 mg kg−1 and above Zn in their
seed during 2011, the number of which otherwise were only 4 without Zn
application.

When the data for the two years were combined on an average, there was
22% increase in seed Zn content in seed due to foliar application of Zn on
groundnut foliage. However, these responses varied with cultivars and there
was 1 to 60% increase in seed Zn content over control. The range of seed Zn
content varied from 38–70 mg kg−1 with a mean value of 53 mg kg−1. The
mean seed Zn content of groundnut seed in control plot was 48 mg kg−1

which with foliar application of Zn increased to 58 mg kg−1. There were 35
groundnut cultivars showing less than 50 mg kg−1 in control plots (without
Zn) which with application of Zn were reduced to only 7. Thus application
of Zn increased the Zn content in seed of groundnut cultivars and out of
60 groundnut cultivars, 53 cultivars showed more than 50 mg kg−1. This
clearly indicated that the groundnut cultivars with low seed Zn are more
responsive to foliar application of Zn than the cultivars with high seed Zn.
Some of the cultivars not responding to foliar Zn application in increasing
seed Zn indicated their genetic makeup. In a preliminary study with several
groundnut cultivars 16% increase in the seed Zn content was observed due to
foliar application of Zn, though responses varied with cultivars (Singh et al.,
2011a). The zinc contents in grains of soyabean cultivars ranged 72–79 mg
kg−1 (Varsha Rani et al., 2008).

As there was a large variation in seed Zn content of groundnut cultivars
and the response of foliar Zn application on groundnut cultivars, these were
categorized into various groups (Table 4). Accordingly, based on two years
data among the 25 groundnut cultivars having more than 50 mg kg−1 Zn in
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their seeds without any application of Zn, 8 groundnut cultivars GG 7, MH
1, Tirupati 4, GG 2, CO 1, CO 2, K 134 and S 206 showed more than 20%
increase in seed Zn content with foliar Zn application, 10 cultivars DH 8, JSP
19, JL 24, JL 220, GG 20, BAU 13, TKG 19 A, CSMG 884, Tirupati 3 and TAG
24 showed 10–20% response and 7 cultivars showed less than 10% response
in increasing the Zn content. On the other hand, from the remaining 35
groundnut cultivars having less than 50 mg kg−1 Zn in their seeds, 24 cultivars
showed more than 20% increase in seed Zn content, 6 cultivars showed
10–20% and only 5 cultivars showed less than 10% increase in seed Zn
content (Table 4). Thus in general the groundnut cultivars having less than
50 mg kg−1 Zn in their seeds showed more response to Zn application in
increasing the Zn content in seeds. In India, Zn deficiency a most common
in calcareous soils causing up to 20% yield-losses where foliar application of
Zn is essential to meet the Zn requirement and also to maintain proper Zn in
seed (Singh, 2007; Singh et al, 1993, 2004; Singh and Basu, 2005). In a field
study on several groundnut cultivars Singh et al. (2011b) found 17 high Zn
density groundnut cultivars having more than 63 mg kg−1 Zn in their seeds,
16 low in Zn density with < 51 mg kg−1 Zn and 70 cultivars were medium in
Zn density with 51–63 mg kg−1 Zn in their seeds.

In this study, foliar application of Zn as zinc sulphate increased the Zn
content of groundnut seed in most of the cultivars and out of 60 cultivars,
48 showed more than 10% increase in Zn content. Interestingly among the
groundnut cultivars with more than 50 mg kg−1 Zn in their seeds and showing
more than 10% increase in Zn content of seed due to foliar Zn application
the 8 cultivars GG 7, GG 20, Tirupati 4, DH 8, JSP 19, TKG 19 A, CSMG 884
and S 206 were high yielding one with more than 300 g m−2 pod yield and
6 cultivars CO 1, CO 2, BAU 13, GG 2, MH 1, JL 24 were high yielder with
more than 250 g m−2 pod yield.

In many micronutrient-deficient regions, wheat is the dominant staple
food making up >50% of the diet. Biofortification, or harnessing the pow-
ers of plant breeding to improve the nutritional quality of foods, is a new
approach being used to improve the nutrient content of a variety of staple
crops (Cakmak et al., 2010). Also nitrogen status of plants can have a pos-
itive impact on root uptake and the deposition of micronutrients in seed.
Several studies have demonstrated the role of Zn fertilizers in increasing the
Zn density of grain in cereals, but no studies on groundnut. The present
study has clearly demonstrated increase of pod yield and Zn content in seed
suggesting that wherever Zn fertilizers are available, making full use of Zn
fertilizers can provide an immediate and effective option to increase seed
Zn concentration, and productivity on marginal soils with mild to severe Zn
deficiencies. The nutrient-efficient species could prevent or mitigate iron
and zinc deficiency of plants (Zuo and Zhan, 2009). This study has identi-
fied several efficient groundnut cultivars with high Zn mining capacities and
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also with high performance of foliar application of Zn content resulting in
high Zn content in seed.

CONCLUSIONS

Foliar application of zinc sulfate is recommended to increase Zn content
of groundnut seed. Further, the groundnut growers are recommended to
cultivate Zn responsive, high Zn density and high yielding cultivars such as
GG 7, GG 20, Tirupati 4, DH 8, JSP 19, TKG 19 A, CSMG 884 for maximum
biofortification of Zn in groundnut seed.
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