Biofortification of potato tubers with zinc fertilizer through soil

Abstract

Zinc deficiency is a well-documented problem in food crops, causing decreased crop yield and nutritional quality.
Generally, the regions in the world with Zn-deficient soils are also characterized by widespread Zn deficiency in
humans. Nearly 25% of the world’s population is considered to be zinc (Zn)-deficient. An estimated 44.6% of
preschool-age children are at risk of Zn deficiency, while 57% of non-pregnant and non-lactating women is deficient
in Zn in Bangladesh. The key reasons for such deficiency are an intensification of cropping system and adoption of
high yielding cultivars of crops. Plant breeding approach (e.g., genetic biofortification) is a long-term process
requiring a substantial effort and resources. It is, therefore, essential to have a short-term approach to improve Zn
concentration in tubers. Application of Zn fertilizer (e.g., agronomic biofortification) offers a rapid solution to the
problem, and represents useful complementary approach to on-going breeding programs. Zinc plays a very
important role in increasing the production as well as the quality of potato tubers. Soil application of Zn resulted in a
significant increase of tuber Zn concentration with an increase of tuber yield of potato. Tuber yield 17-23% and
tuber Zn concentration 56-116% increased over control as influenced by added Zn in soil @ 8 kg ha! and this rate
also reached an average of 1.92-fold tuber Zn increase of the varieties. Therefore, agronomic biofortification
strategy appears to be essential in keeping sufficient amount of available Zn in soil solution and maintaining
adequate Zn transport to the seeds during reproductive growth stage. Enrichment of potatoes with high bio-available
Zn is suggested as a way to generate significant health benefits for a large number of susceptible people across the
world. Finally, agronomic biofortification would be a very attractive, quick and useful strategy in mitigating wide
spread Zn-driven malnutrition related health problems globally and effectively.
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1 Introduction

Micronutrient malnutrition known as hidden hunger, is the most widespread nutritional problem all over the world,
especially for women, infants, and children (Stein 2010). Nearly 25% of the world’s population is considered to be
zinc (Zn)-deficient (Allai et al. 2022, Poudel et al. 2023) and approximately 30% children in the world have stunted
growth mainly due to Zn deficiency (Brown, 2007). In Bangladesh, over 41% children aged below five years are
stunted while an estimated 44% children of the same age group are at risk of zinc deficiency (NIPORT, 2013;
Rahman et al., 2016). Over two billion people across the world suffer from micronutrient malnutrition (Praharaj et
al. 2021). Food insecurity, imbalanced diet, consumption of food grains with poor nutritional quality, lack of dietary
diversity, etc., negatively affect human health (Gundersen and Ziliak, 2015).

It is estimated that about one-third of the cultivated soils globally contain low amounts of available Zn, resulting in
impaired crop production and also the low nutritional quality of the harvested grains (Cakmak 2008); nearly 50% of
cereal growing areas in the world have been found deficient in Zn (Cakmak 2008); more than 50% of the Asian soils
are Zn deficient (Singh and Gupta, 2005). In humans, Zn deficiency can cause reduced immune and reproductive
function, impaired brain function, physical retardation, and stunted growth, which is now a significant health
concern in developing countries (Roohani et al., 2013) as well as in Bangladesh.

Biofortification aims to increase nutrient levels in crops during plant growth. The food's micronutrient level need to
rise for improved human and animal health. Preliminary studies indicate that Zn enrichment of potato tubers is
possible through Zn fertilization, and the magnitude depends on the crops and varieties (Mengist et al., 2021;
Haynes et al., 2012).

Potato (Solanum tuberosum L.) is most important and common vegetable in Bangladesh. Next to rice (Oryza sativa
L.) and wheat (Triticum aestivum L.), potato is the third major food crop in Bangladesh. It also ranks just behind the
cereals rice and wheat and achieved 3rd position among the food crops worldwide (Birch et al., 2012). More than a
billion people eat potatoes regularly (Kromann et al., 2017); hence, one of the main sources of Zn to humans
(Mengist et al., 2018a; Subramanian 2012; White et al., 2012, 2017).

Enrichment of potatoes with high bio-available Zn is suggested as a way to generate significant health benefits for a
large number of susceptible people, especially in Bangladesh as well as Zn deficient areas in the world. Agronomic
biofortification can be an economically sustainable and practically acceptable solution to solve Zn deficiency in
potatoes (Mahmud et al., 2021; Bhatt et al., 2020; Baghla et al., 2019; Sarkar et al., 2018). Zinc loading in potato
through soil-applied Zn resulted 56-116% tuber Zn concentrations increase over unfertilized control under study.
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2 Materials and Methods

2.1 Planting materials and variety

The seed tubers (grade A, i.e., 28-41 mm in diameter) were kept under diffused light conditions for sprouting. Well-
sprouted seed tubers were planted in the experimental field. A few seed tubers were cut longitudinally into 2-3
pieces; each piece had at least two eyes. The weight of each piece of tuber was about 15-16 g. The seed tubers were
treated with Autostin (soaked in @ 2 g L™ fresh water). The cuttings were exposed to the sunlight for few minutes.
The cut tubers were planted in the field just after removing the surface moisture. The experiment involved six
varieties: BARI Alu-7, BARI Alu-13, BARI Alu-25, BARI Alu-53, BARI Alu-73, BARI Alu-77. Among the
varieties, BARI Alu-53 and BARI Alu-77 have late maturity, dense foliar cover with high yield potential, and dense
root system, and BARI Alu-53 has the densest foliar cover among the varieties. The other four are the comparatively
somewhat early maturing varieties with medium yield potential and moderate foliar cover.

2.2 Experimental design and treatments

The experiment was set up in a medium high land at Horticulture Farm, Bangladesh Agricultural University (BAU),
Mymensingh (24°42'56.04"N and 90°25'31.01"E, altitude=14 m), Bangladesh. The soil in the experimental field was
a non-calcareous Dark Grey silt-loam.

In order to find out the effect of zinc on 6 potato genotypes a field experiment was conducted using a Randomized
Complete Block Design (RCBD) with four different treatments and three replications during 2019-20. Next year in
2020-21, the field experiment was repeated to validate the results.

There were three blocks representing three replications. Each block contained 24-unit plots to accommodate
treatment combinations (6 varieties x 4 treatments). Therefore, a total of 72 (24 x 3) unit plots were maintained in
the experiments. The size of each unit plot was 3.6 m? (1.5 m x 2.4 m). Potato seed tubers were planted maintaining
a row-to-row distance of 60 cm and 25 cm between plants in a row. Each unit plot had 4 rows, where 6 seeds were
planted in each row, resulting 24 plants in each unit plot.

The experiment included the following four fertilizer treatments involving Zn0 (no Zn fertilizer), Zn1=4 kg Zn ha?,
Zn2=8 kg Zn ha!, Zn3=12 kg Zn ha applied as zinc sulphate heptahydrate (ZnSO4, 7H,0) to soil at planting. The
experiment was designed to evaluate Zn applications in soil, on concentration of Zn in harvested tubers.

2.3 Determination of dry matter and mineral concentrations

Potato tubers (peeled) were washed in running water followed by distilled water, prepared, oven-dried at 70° C, dry
weight (dw) determined, ground to powder and analytical samples taken of 0.5 g with 5.0 ml Trace Element Grade
(TEG) concentrated nitric acid (HNO3) for pre-digestion overnight and digested with 3.0 ml of 30% (v/v) hydrogen
peroxide (H20,) at 140° C following an adaptation of the methods described by Subramanian et al. (2011); the
current standard method used by Agri varsity Humboldt Soil Testing Laboratory for Management of Soils and
Water, Department of Soil Science, BAU, Mymemsingh, Bangladesh. Finally, the acid digested plant samples were
analyzed in the Atomic Absorption Spectrophotometer (AAS) for Zn content (ug g*) in Soil Resources
Development Institute (SRDI)’s Laboratory for Management of Soils and Water in Dhaka, Bangladesh.

2.4 Statistical analysis

Plant parameters (yield and yield components) and tuber Zn concentration data were subjected to statistical analysis
through the statistical program Minitab 17 (Minitab Inc., State College, PA, USA) following the basic principles as
outlined by Gomez and Gomez (1984). When significant differences were found in ANOVA, means were compared
using Tukey's test at P <.05. Multiple treatment comparisons were made using orthogonal contrasts. The analysis of
variance (General Linear Model Procedure) and Tukey’s pairwise comparison test by Duncan’s Multiple Range Test
(DMRT) at 5% level of probability, according to Gomez and Gomez, (1984). Atypical data were treated as missing
values in the statistical analysis. Physical and chemical properties of soil of the experimental fields are presented in
Table 1.

Table 1. Physical and chemical properties of soil used for the study.

Soil properties

Soil texture Silt loam
Sand 22.89%



Silt 73.23%

Clay 3.65%
pH (1:2.5 soil -water) 6.37
Total Nitrogen (%) 0.11
Auvailable phosphorus (mg kg) (Olsen extract) 9.52
Exchangeable potassium (meq/100 g soil) 0.11
Auvailable sulphur (mg kg™ 6.87
Total Zn (mg kg™) 54.36
Auvailable Zn (mg kg?) (Olsen extract) 0.81
Organic matter (%) 1.39

3 Results

Biofortification is a biological process by which the nutritional quality of food crops is improved through
conventional plant breeding, modern biotechnology or agronomic management practices. The aim of this research
was to enhance Zn concentrations of potato tubers with increasing or without affecting crop yield by using 6
varieties accompanied by the application of respective fertilizers in soil. The current experiments showed a
statistically significant increase of tuber Zn concentration with an increase of tuber yield of potato but excessive
application reduced both tuber yield and tuber Zn concentration.

3.1 Genotypic effects

The yield of potato tuber varied with varieties which can be attributed to differences in genetic make-up. Genotypes
had significant effect on tuber yield of potato (data not shown). The tuber yield of trial average varied between 25.88
and 32.92 t ha' (Table 2) which illustrates a significant varietal effect. In Bangladesh potato cannot be planted year-
round; but in winter (November to February-March) when average temperature remains 18-22° C at the
experimental field area. Experiments were intensively managed with irrigation.

Table 2. Varietal effect on marketable yield (t ha') of potato tubers of Zn application in soil of trial 1, trial 2 and
trial average

Yield (t ha't)

Variety Trial 1 (2019-20) Trial 2 (2020-21) Trial average
V1 (BARI Alu-7) 27.60+£0.58 d 2497+0.50 c 26.29+0.53 ¢
V2 (BARI Alu-13) 26.48+0.67 e 25.28+0.34 ¢ 25.88+0.49 ¢
V3 (BARI Alu-25) 32.72+0.81 ¢ 29.01+0.69 b 30.86£0.75 b
V4 (BARI Alu-53) 33.81+0.74 ab 31.74+0.78 a 32.76x£0.74 a
V5 (BARI Alu-73) 33.04+0.77 bc 29.81+0.65 b 31.43+0.70 b
V6 (BARI Alu-77) 34.44+0.71 a 31.40+0.68 a 32.92+0.69 a
Max 34.44 31.74 32.92
Min 26.48 24.97 25.88
Mean 31.35 28.70 30.02
LSDo.0s 0.62* 0.68 * 0.61*
LSDo.o1 0.83 ** 0.90 ** 0.82 **

Level of significance

*%*

*%

*%*



P-value <0.001 <0.001 <0.001

** = Significant at 1% level of probability;

Values in the same column followed by same letter are not significantly different according to Tukey’s test (P<.05).

3.2 Agronomic Zn-biofortification of potato with soil applied Zn fertilizer

Application of Zn fertilizer in soil had significant effects on tuber yield of potato. Due to Zn application in soil, of
the tested genotypes, as observed the 2019-20 and 2020-21 trials (not shown) including trial average results, tuber
yield of potato increased in Zn level from 4 — 8 kg Zn ha* (Zn1 — Zn2 treatment) but decreased with the increase in
Zn level at 12 kg Zn ha* (Zn3 treatment) for six potato genotypes. The highest tuber yield was 35.73 t ha™* as noted
in BARI Alu-77 followed by 35.10 t ha* as found in BARI Alu-53 (Table 3 and Figure 1).

Table 3. Interaction effects of Zn application in soil on tuber yield (t hat) of six varieties of potato at Horticulture
Farm, BAU, Mymensingh, Bangladesh ((results are the average of two trials:2019-20 and 2020-21).

Variety Treatment

Zn0 Znl Zn2 Zn3
V1 (BARI Alu-7) 23.621i 27.29 gh 28.12 f-h 26.11h
V2 (BARI Alu-13) 23.35i 26.76 gh 27.40 f-h 26.01h
V3 (BARI Alu-25) 27.08 gh 32.36 cd 33.29 be 30.71 de
V4 (BARI Alu-53) 28.75 e-g 33.95a-c 35.10 ab 33.23hc
V5 (BARI Alu-73) 27.66 f-h 32.37 cd 33.40 a-c 32.28 cd
V6 (BARI Alu-77) 29.68 ef 33.64 a-c 35.73 a 32.62cd
Max 29.68 33.95 35.73 33.23
Min 23.35 26.76 27.40 26.01
Mean 26.69 31.06 32.17 30.16

Mean values with the same letters are not significantly different based on ANOVA followed by a Tukey’s test at P<
.05

[Zn0=no Zn fertilization, Zn1=@ 4 kg Zn ha?, Zn2=@ 8 kg Zn ha' and Zn3=@ 12 kg Zn ha* as applied in soil
before planting].
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Figure 1. Effects of Zn treatments in soil on tuber yield (t ha™*) of six varieties of potato at Horticulture Farm, BAU,
Mymensingh, Bangladesh ((results are the average of two trials: 2019-20 and 2020-21).

The individual ANOVAs of the effect of Zn fertilizer rates on tuber yield revealed a significant effect on soil Zn
application (P =.000). The Tukey ranking (P < .05) indicated a significant increase of the tuber yield between the
control and the lowest Zn rate of soil Zn rate of all the potato varieties (Table 3). Combined ANOVAs revealed no
significant effect on tuber yield (P=.116). Interestingly, no negative effects on yield of the high Zn applications
were seen with the edaphic conditions and fertilizer types of this study.
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A highly significant effect of Zn fertilizer treatments on tuber Zn concentration of peeled potato tubers was detected
in the average results (Table 4) of field trial 1 in 2019-20 & trial 2 in 2020-21 when Zn fertilizer was applied in soil.

Zn application in soil trial in 2019-20 which was repeated next year in 2020-21 for validation of results (data not
shown). The trial average result showed a gradual increase in tuber Zn concentrations with increased application
rates of Zn in soil (Table 4). The results also showed that the tuber Zn concentration increased with increasing Zn
dose up to 8 kg ha* (Zn2 treatment) followed by decrease in tuber Zn concentration at 12 kg Zn ha* (Zn3 treatment)
level for five varieties among six (Table 4 and Figure 2). 56-116% tuber Zn concentrations increased over control
due to added Zn in soil and the increment of tuber Zn concentration due to added Zn @ 8 kg ha* in soil was found
highest (31.55 pg g*) in BARI Alu-53 variety.

Table 4. Interaction effects of Zn treatments in soil on Zn concentration (g g?)) of tubers of six genotypes of

potato (results are the average of two trials: 2019-20 and 2020-21).

Variety Treatment

Zn0 Znl Zn2 Zn3
V1 (BARI Alu-7) 11.93g 15.96 ef 23.66 bc 22.34¢
V2 (BARI Alu-13) 12.12g 15.02 g 26.21 b 25.08 hc
V3 (BARI Alu-25) 1451 e-g 18.12 de 22.65 b 21.88 cd
V4 (BARI Alu-53) 15.96 ef 22.76 bc 3155a 33.02a
V5 (BARI Alu-73) 12.69 fg 16.38 de 25.15 b 24.18 be
V6 (BARI Alu-77) 12.12 g 15.00 e-g 23.07 be 21.74 cd
Max 15.96 22.76 31.55 33.02
Min 11.93 15.00 22.65 21.74
Mean 13.22 17.21 25.38 24.71
(P<.001)

Values in the same column followed by the same letter are not significantly different according to Tukey’s test (P<
.05).

A highly significant effect of Zn fertilizer rate was seen on tuber Zn concentration in the year average result
(ANOVA, P value < .005 for all comparisons). Soil applied Zn significantly increased tuber Zn concentrations in 6
potato cultivars (Table 4). The highest performer treatment (Zn2 treatment) increased the Zn concentration in tuber
flesh 1.98, 2.16, 1.56, 1.97, 1.98, 1.90-fold over control in BARI Alu-7, BARI Alu-13, BARI Alu-25, BARI Alu-53,
BARI Alu-73, BARI Alu-77 respectively (Table 4).
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Figure 2. Effects of Zn treatments in soil on Zn concentration (ug g*)) of tubers of six genotypes of potato (results
are the average of two trials: 2019-20 and 2020-21).
Table 5. Varietal effects on tuber zinc concentration (ug g*) of potato by applying Zn in soil of trial 1, trial 2 and

trial average.

Zn concentration (ug g-1)
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Variety

Trial 1 (2019-20)

Trial 2 (2020-21)

Trial average

V1 (BARI Alu-7) 17.71+1.40 b 19.24+1.59 b 18.47+1.46 bc
V2 (BARI Alu-13) 19.12+1.93 b 20.00+1.88 b 19.56+1.88 b
V3 (BARI Alu-25) 18.99+1.09 b 19.59+1.08 b 19.2941.03 bc
V4 (BARI Alu-53) 24.78+2.09 a 26.87+2.17 a 25.82+2.11 a
V5 (BARI Alu-73) 18.57+1.58 b 20.63+1.64 b 19.60+1.60 b
V6 (BARI Alu-77) 17.23+1.40b 18.74+1.45b 17.98+1.42 c
Max 24.78 26.87 25.82
Min 17.23 18.74 17.98
Mean 19.40 20.85 20.12
LSDo.os 1.30 ** 1.30 ** 0.99 **
LSDo.o1 1.74 ** 1.73** 1.32 **
Level of significance ** *x **
P-value 0.000 0.000 0.000

Means followed by same letter in a column do not differ significantly at 5% level of probability; ** = Significant at
1% level of probability.

The potato genotypes that showed high tuber Zn concentrations in the absence of Zn fertilization also showed in
Table 5 and even higher tuber Zn concentrations following Zn fertilization (Table 4).

A highly significant effect of Zn fertilizer treatments was found Zn uptake by tubers from soil Zn application trial
(ANOVA, P value < .005 for all comparisons). Zn uptake by tubers significantly increased with the progressive
increase in Zn application levels from 0 to 12 kg ha™* Zn application (Zn0 to Zn3 treatment) in two varieties of BARI
Alu-53 & BARI Alu-73 among six; on the other hand, Zn uptake by tubers significantly increased with the
progressive increase in Zn application levels from 0 to 8 kg ha* Zn application (Zn0 to Zn2 treatment) but decreased
with the increase in Zn level 12 kg ha™* Zn application (Zn3 treatment) in other four varieties of potato BARI Alu-7,
BARI Alu-13, BARI Alu-25, BARI Alu-77 (Table 6 and Figure 3).

Table 6. Interaction effects of Zn treatments in soil on Zn uptake (g ha)) by tubers of six genotypes of potato
(results are the average of two trials: 2019-20 and 2020-21).

Treatment
Variety
Zn0 Znl Zn2 Zn3

V1 (BARI Alu-7) 52.35k 72.20i-k 138.12 c-f 128.23 e-g
V2 (BARI Alu-13) 45.20 k 63.92 jk 129.99 d-f 122.86 f-h
V3 (BARI Alu-25) 75.77 i-k 98.73 g-i 144.90 b-f 138.31 cf
V4 (BARI Alu-53) 96.25 hi 142.89 b-f 238.40 a 244.97 a
V5 (BARI Alu-73) 64.62 jk 96.51 hi 160.33 b-d 172.10b
V6 (BARI Alu-77) 68.18 i-k 94.87 h-j 163.11 bc 157.23 b-e
Max 96.25 142.89 238.40 244.97
Min 45.20 63.92 129.99 122.86
Mean 67.06 94.85 162.48 160.62




Mean values with the same letters are not significantly different based on ANOVA followed by a Tukey’s test at P<
.05
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Figure 3. Interaction effects of Zn treatments in soil on Zn uptake (g ha)) by tubers of six genotypes of potato
(results are the average of two trials: 2019-20 and 2020-21).

Correlation analysis

A comparison of the mean Zn concentrations with the mean tuber yields in the field trials with Zn
fertilization in soil reveal that the micronutrient concentrations in tubers have a positive correlation with
tuber yield (Figure 4).
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Figure 4. Relationship between tuber yield and tuber Zn concentrations (ug g?) for Zn added effects over
control treatment in different varieties of potato.

Again, a comparison of the mean Zn uptake by tubers with the mean tuber yields in the field trials with
Zn application in soil show that the micronutrient uptake by tubers have a positive correlation with tuber
yield (Figure 5).
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Figure 5. Relationship between tuber yield and Zn uptake by tubers (g ha?) for Zn added effects over
control treatment in different varieties of potato.

Discussions

The field trials with Zn fertilizers showed a significant effect of the Zn fertilizer treatments on tuber Zn
concentrations (Table 4). Soil chemical factors such as low pH in the BAU soils, and potato genotypic factors, may
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be some of the reasons for the good effectiveness of the soil Zn treatments in these experiments. To elucidate the
efficacy and validation of soil applied Zn rates a repetition of field experiments were done. These experiments,
conducted at the same location of previous field experiments, resulted in a 1.93-fold and 1.87-fold (average value)
tuber Zn increase over control due to added zinc in soil @ 8 kg ha* & 12 kg ha™* respectively (Table 4).

The present results are comparable to many works in the past. Kromann et al. (2017) conducted a study to evaluate a
fertilizer approach's potential role in increasing Zn concentrations in Andean potato cultivars through a series of
investigations in Ecuador. The results confirmed that Andean potato cultivars could be agronomically Zn-
biofortified with soil applied Zn fertilizers. Zn rates @ 8 kg ha* applied in soil reached a 1.91-fold tuber Zn increase
in the field trials. The results conform with those of Phattarakul et al. 2012; Zou et al. (2012) reported that soil Zn
application is effective in Zn biofortification of food crops.

White et al., 2012 and Murmu et al., 2014 also reported from their study that Zn loading in potato through soil-
applied Zn, increases Zn concentration in potato tuber up to 3-4 times (30-40 mg Zn kg* of dry matter) which is
quite higher than most of the commonly known fruit crops. These findings are in agreement with Mahmud et al.
(2021) who reported from their study that soil application of Zn resulted in a significant increase of tuber yield with
an increase of Zn concentration in potato tuber.

Soil-applied Zn is, however, limited depending on soil properties and inherent Zn status in the upper soil layer
(Sawicka et al., 2016). The efficacy of soil-applied fertilizer largely depends on the soil environment (pH, moisture
content, soil organic matter, presence of antagonist nutrients etc.) and ability of plant to successfully absorb the
nutrients.

The potato varieties that showed high tuber Zn concentrations in the absence of Zn fertilization (Table 5) also
showed correspondingly higher tuber Zn concentration following soil applied Zn (Table 4). Nevertheless, Zn soil
uptake and translocation to haulms and tubers may vary significantly among varieties. Many andigenum type
cultivars have different root system architecture compared to tuberosum type cultivars (Wishart et al. 2013).

Zinc sulphate has been widely used to biofortify crops with Zn (White and Broadley 2011; Velu et al. 2014). The
various forms of Zn fertilizer and ways of applying to the potato crop may influence the efficiency of uptake and
translocation to tubers differently. In our trials we used zinc sulphate fertilizers because it is commonly used and
readily available in Bangladesh, with the objective to study fertilizer effects more likely to be taken up and
translocated to tubers. For practical recommendations on agronomic biofortification of potato with Zn additional
studies are needed to define economic optimal compounds, application methods and rates.

Considering the low soil Zn level in Bangladesh soils that appear to be a major factor causing low human Zn intake,
agronomic Zn biofortification of potato may prove to be an important approach to improve the critical human Zn
status in Bangladesh.

The tuber yields positively responded to Zn fertilization applied in soil over the six varieties of potato. The highest
tuber yield (35.73 t ha') was recorded from the Zn dose of 8 kg Zn ha* (Zn2 treatment) obtained by BARI Alu-77,
followed by BARI Alu-53 (35.10 t ha'?). Interestingly, the tuber yields further declined to some extent in next higher
Zn dose of 12 kg Zn ha' (Zn3 treatment).

The present results agree with Banerjee et al. (2016) who conducted a field experiment at Kakdwip, South 24-
Parganas, West Bengal, in India during 2013-14 and 2014-15 to assess the Zn requirements of potatoes on a new
alluvial soil (Entisol). They found an increase in tuber yield with increasing Zn dose up to 4.5 kg ha™ in soil. Sarkar
et al. (2018) observed that Zn fertilization produced higher tuber yield of potatoes and higher tuber Zn
concentration. Brahmachari et al. (2010) also recorded a 9.2% yield increment for using Zn-fortified seeds. Mahmud
et al. (2021) reported that soil application of Zn resulted in a significant increase in tuber yield with an increase in
Zn concentration in potatoes. The same result applies to a study where the potato tuber seeds collected from the Zn-
treated plots, gave better results regarding tuber yield and tuber Zn concentration. It is particularly important for Zn-
deficient soil (Cakmak, 2010).

Dwivedi and Dwivedi (1992) showed that 10 kg ZnSO4 ha! was adequate to increase potato tuber yield and starch
content. They concluded that starch content in potato tuber was affected not only by Zn-rate but also by the method
of Zn application. In their study, starch content of tuber was significantly affected by soil application (10 kg ZnSQO4
ha') as well as seed soaking with Zn (R?=0.602). Kumar et al. (2008a) opined that greater accumulation of starch
depends on the higher rate of photosynthesis, better translocation of photosynthates from leaves to tubers and



subsequent conversion to starch. Therefore, increased starch accumulation in tubers might be due to higher rate of
photosynthesis with zinc application.

The increase in tuber yield due to Zn fertilization might be because Zn played a vital role in the biosynthesis of the
IAA (Indole-3 Acetic Acid) and initiation of primordia for reproductive parts a result of the favorable effect of zinc
on the metabolic reactions within the plants. However, such an investigation was not done in the present study. The
increased tuber yield of potato might be attributed to the beneficial effect on tuberization as a result of Zn
application (Mondal et al., 2015) and Zn content in tubers (Singh et al., 2009; Singh et al., 2010). The reason is zinc
plays a key role in plant metabolism, particularly in auxin synthesis which is an essentially required for growth and
development of a crop (Sarkar et al., 2018).

Zinc activates glutamic dehydrogenase enzyme, synthesis of RNA and DNA enhancing gliadin and glutenin
contents which are the main protein components of gluten accumulated in the later stage of tuber forming. The
present study hints that the scope exists to enhance tuber Zn concentration by applying Zn fertilizer. Lone et al.
(2017) reported enhanced tuber Zn concentration due to increasing soil Zn supplied when sufficient Zn was
available to the plants. This suggests a proper combination of N and Zn applications.

Soil applied Zn significantly increased Zn uptake by tubers of 6 potato varieties (Table 6) which shows that on an
average, Zn uptake by tubers increased 2.46-fold and 2.42-fold over control (no Zn fertilizer) due to Zn application
in soil @ 8 kg ha! & 12 kg ha* respectively. Similar findings were described by Banerjee et al. (2016) that zinc
uptake by tubers, haulm and whole plant significantly increased with the progressive increase in Zn application
levels from 0 to 6 kg ha Zn application in soil.

The tuber Zn concentrations of commonly used potato varieties need to be improved to fulfill the Zn requirement for
the people in Bangladesh. Zinc concentration in potato tubers can be enriched by: i) biofortification with Zn
fertilizers (White et al., 2017; Kromann et al., 2017), ii) manipulating Zn transporters and ligands in potato plants
(Mengist et al., 2021; Ricachenevsky et al., 2013) and iii) efficient germplasm screening for higher bioavailable Zn
(Haynes et al., 2012). All these methods depend on fertilizer or the soil or both as the source of Zn to produce Zn
enriched tubers. Soil-supplied Zn is, however, limited depending on soil properties and inherent Zn status in the
upper soil layer (Sawicka et al., 2016). Zn concentration in any crop grown in Zn-sufficient soils also increases
significantly with increased Zn application (Zhang et al., 2012). Systematic survey and mapping of plant available
soil Zn concentrations across the Asian countries and other areas with apparent low soil Zn levels would aid the
identification of areas with high potential for impact from Zn biofortification.

Conclusion

Plants are the beginning of the food chain and make loads of nutrients for other organisms to eat. Since zinc
deficiency is highly prevalent in Bangladesh, and principally related to inadequate quality of diet, micronutrient
management (especially Zn) has received greater attention in potato cultivation system to combat wide spread Zn
deficiency. Potato responds well to the applied Zn fertilizer (4 - 8 kg Zn hat). Therefore, improving the Zn uptake
from soil and increasing its movement and bioavailability in the edible parts of the potato plant will benefit human
and animal nutrition. Zinc plays an important role for growth, productivity and post-harvest quality of potato.
Besides, Zn biofortification with potato tubers will be necessary in the future to fully understand the number of
nutrients in the soil plant ecosystem and holds great effects for malnutrition problems in human health and it can be
a potential option for mitigating wide spread Zn-driven malnutrition for the world population.

References

Allai FM, Gul K, Zahoor I, Ganaie TA, Nasir G, Azad ZAA. Malnutrition: impact of zinc on child development.
Microbial biofertilizers and micronutrient availability: The role of zinc in agriculture and human health.
2022; 83-100.

Baghla D, Kumar P, Shukla AK. Influence of Foliar Application of Different Zinc Sources on Yield Contributing
Characters and Quality of Potato (Solonum tuberosum cv. Kufri Jyoti). Biological Forum — An
International Journal. 2019;11(2):124-129.

Banerjee H, Sarkar S, Deb P, Dutta SK, Ray K, Rana L, Majumdar K. Impact of zinc fertilization on potato
(Solanum tuberosum L.) yield, zinc use efficiency, quality and economics in Entisol of West Bengal.

9



Journal of the Indian Society of Soil Science. 2016; 64(2):176—182.

Bhatt R, Hossain A, Sharma P. Zinc biofortification as an innovative technology to alleviate the zinc deficiency in
human health: a review. Open Agriculture. 2020; 5:176-187. https://doi.org/10.1515/0pag-2020-0018

Birch PRJ, Bryan G, Fenton B, Gilroy EM, Hein I, Jones JT, et al. Crops that feed the world 8: Potato: are the trends
of increased global production sustainable? Food Security. 2012; 4:477-508.

Brahmachari K, Kundu R, Roychoudhury S, Sounda G. Effects of different methods of application of zinc on
productivity and quality of potato under coastal saline soil of West Bengal. Indian Agriculturist. 2010; 54(3
& 4):143-146.

Brown KH. The public health importance of zinc nutrition and strategies for the control of zinc deficiency.
International Conferences on production of Zinc Crops. 2007: Improving Crop Production and Human
Health. 2007; Istambul, Turkey.

Cakmak I. Enrichment of cereal grains with zinc: agronomic or genetic biofortification? Plant Soil. 2008; 302:1-17.
DOI: 10.1007/s11104-007-9466-3.

Cakmak 1. Biofortification of cereals with zinc and iron through fertilization strategy. 19th World Congress of Soil
Science, Soil Solutions for a Changing World 1-6 August. 2010; Brisbane, Australia, Pp: 4-6.

Dwivedi GK, Dwivdi M. Efficacy of different modes of application of copper, zinc and boron to tomato. Am.
Agricultural Res., 1992;13(1): 1-6.

Gomez KA, Gomez AA. Statistical procedure for agricultural research. Second Edition. A Willey. International
Science Publication, John Wiley and Sons, New York. 1984; P. 680.

Gundersen C, Ziliak JP. Food Insecurity and Health Outcomes. Health Affairs. 2015; 34(11):1830-1839.

Haynes KG, Yencho GC, Clough ME, Henninger MR, Sterrett SB. Genetic Variation for Potato Tuber
Micronutrient Content and Implications for Biofortification of Potatoes to Reduce Micronutrient
Malnutrition. American Journal of Potato Research. 2012; 89:192-198. DOI 10.1007 / s12230-012-9242-7

Kromann P, Valverde F, Alvarado S, Velez R, Pisuna J, Potosi B, et al. Can Andean potatoes be agronomically
biofortified with iron and zinc fertilizers? Plant Soil. 2017; 411:121-138. https://doi.org/10.1007/ s11104-
016-3065-0

Kumar P, Pandey SK, Singh SV, Singh BP, Rawal S, Kumar D. Evaluation of nutrient management options for
potato processing cultivars. Potato Journal. 2008a; 35(1 & 2):46—52.

Lone AH, Najiur GR, Ganie MA. Biofortification in rice grain vis-a-vis zinc and nitrogen fertilization. International
Journal of Advance Science and Engineering Technology. 2017; 5(3):Spl. 1:18-21.

Mahmud NU, Ferdous Z, Ullah H, Ahmed NU, Molla SH, Anwar M. Effect of zinc on grading, quality and yield of
potato (Solanum tuberosum) in Bangladesh. International Journal of Agricultural Technology. 2021;
17(5):1821-1832.

Mengist MF, Milbourne D, Griffin D, McLaughlin MJ, Creedon J, Jones PW, Alves S. Zinc uptake and partitioning
in two potato cultivars: implications for biofortification. Plant Soil. 2021; 463:601-613.

Mengist MF, Alves S, Griffin D, Creedon J, McLaughlin MJ, Jones PW, Milbourne D. Genetic mapping of
quantitative trait loci for tuber-cadmium and zinc concentration in potato reveals associations with maturity
and both overlapping and independent components of genetic control. Theor, 612, Plant Soil. 2021;
463:601-613 Appl Genet 131:929-945. https: // doi.org / 10.1007 / s00122- 017-3048-4

Mondal SS, Patra BC, Banerjee H. Micronutrient management. In: Advances in potato Cultivation Technology.
Kalyani Publishers, New Delhi. 2015; pp 115—-121.

Murmu S, Saha S, Saha B, Hazra GC. Influences on Zn and B on the yield and nutrition of two widely grown potato
cultivars (Solanum tuberosum L.). Annals of Biology. 2014; 30(1) 37—-41.

National Institute of Population Research and Training (NIPORT), Mitra and Associates, and ICF International
(2013). Bangladesh Demographic and Health Survey 2011. Dhaka, Bangladesh and Calverton, MD:
NIPORT, Mitra and Associates, and ICF International.

Olsen SR, Sommers LE. Phosphorus. In: Methods of Soil Analysis, Part 2, 2" Edition. AL Page, RH Miller, DR
Keeney (Editors). American Society of Agronomy, Inc., Madison Wisconsin, USA. 1982; Pp. 403-430.

Phattarakul N, Rerkasem B, Li LJ, Wu LH, Zou CQ, Ram H, et al. Biofortification of rice grain with zinc through
zinc fertilization in different countries. Plant Soil. 2012; 361:131-141.

Poudel PD, Gioia F, Lambert ID, Connolly EL. Zinc biofortification through seed nutria-priming using alternative
zinc sources and concentration levels in pea and sunflower microgreens. Frontiers in Plant Science. 2023,;
14:1177844,

Praharaj S, Skalicky M, Maitra S, Bhadra P, Shankar T, Brestic M, et al. Zinc Biofortification in Food Crops Could
Alleviate the Zinc Malnutrition in Human Health. Molecules. 2021; 26, 3509:1-17.

10



Rahman S, Ahmed T, Rahman AS, Alam N, Ahmed AMS, Ireen S, et al. Status of zinc nutrition in Bangladesh: the
underlying associations. Journal of Nutritional Science. 2016; 5:1-9.
Ricachenevsky FK, Menguer PK, Sperotto RA, Williams LE. Fett JP. Roles of plant metal tolerance proteins (MTP)
in metal storage and potential use in biofortification strategies. Frontiers in Plant Science. 2013; 4(144):1-
16. https: // doi.org / 10.3389 / fpls.2013.00144
Roohani N, Hurrell R, Kelishadi R, Schulin R. Zinc and its importance for human health: An integrative review.
Journal of Research in Medical Sciences: the official journal of Isfahan University of Medical Sciences.
2013; 18(2):144-157.
Sarkar MMH, Moslehuddin AZM, Jahiruddin M, Islam MR. Effect of micronutrient application on different
attributes of potato in floodplain soils of Bangladesh. SAARC Journal of Agriculture. 2018; 16(2):97-108.
Sarkar S, Banerjee H, Sengupta K. Agronomic fortification of zinc in potato production in Indian context: A review.
Journal of Applied and Natural Science. 2018; 10(3):1037-1045.
Sawicka B, Noaema AH, Hameed TS, Skiba D. Genotype and environmental variability of chemical elements in
potato tubers. Acta Scientiarum Polonorum. 2016; 15(3):79-91..
Singh SK, Kumar D, Lal SS. Integrated use of crop residues and fertilizers for sustainability of potato (Solanum
tuberosum L.) based cropping systems in Bihar. International Journal of Agronomy. 2010; 55(3):203—-208.
Singh H, Singh SP, Singh MP. Effect of potassium and zinc on tuber yield, quality and nutrient uptake in potato.
Annals of Plant and Soil Research. 2009; 11(2):140—-142.
Singh SK, Gupta VK. Influence of farmyard manure, nitrogen and bio-fertilizer on growth, tuber yield of potato
under rain-fed condition in east Khasi hill district of Meghalaya; India. Agriculture Science Digest. 2005;
25(4):281-283.
Stein AJ. Global impacts of human mineral malnutrition. Plant Soil. 2010; 335:133-154
Subramanian N. Genetics of mineral accumulation in potato tubers. PhD Thesis, Nottingham University. 2012; UK
http: // eprints.nottingham.ac.uk / 28113 / 1/ 576148.pdf. Accessed 16 March 2021
Subramanian NK, White PJ, Broadley MR, Ramsay G. The three-dimensional distribution of minerals in potato
tubers. Annals of Botany. 2011; 107:681-691.
Velu G, Ortiz-Monasterio J, Cakmak I, Hao Y, Singh RP. Biofortification strategies to increase grain zinc and iron
concentrations in Wheat. Journal of Cereal Science. 2014; 59:365-372.
White PJ, Broadley MR. Biofortification of crops with seven mineral elements often lacking in human diets—iron,
zinc, copper, calcium, magnesium, selenium and iodine. New Phytol. 2009; 182:49-84.
White PJ, Broadley MR. Physiological limits to zinc biofortification of edible crops. Frontier in Plant Science. 2011;
2 doi: 10.3389/fpls.2011.00080.
White PJ, Broadley MR, Hammond JP, Ramsay G, Subramanian NK, Thompson J, Wright G. Bio-fortification of
potato tubers using foliar zinc-fertilizer. Journal of Horticultural Science and Biotechnology. 2012;
87(2):123-129. https: // doi.org / 10.1080 / 14620316.2012.11512842
White PJ, Thompson JA, Wright G, Rasmussen SK. Biofortifying Scottish potatoes with zinc. Plant Soil. 2017;
411:151-165. https: // doi.org / 10.1007 / s11104-016-2903-4
Wishart J, George TS, Brown LK, Ramsay G, Bradshaw JE, White PJ, Gregory PJ. Measuring variation in potato
roots in both field and glasshouse: the search for useful yield predictors and a simple screen for root traits.
Plant Soil. 2013; 368:231-249

Zhang YQ, Sun YX, Ye YL, Karim MR, Xue YF, Yan P, et al. Zinc biofortification of wheat through fertilizer
applications in different locations of China. Field Crops Research. 2012; 125 1-7.

Zou CQ, Zhang YQ, Rashid A, Ram H, Savasli E, Arisoy RZ, et al. Biofortification of wheat with zinc through zinc
fertilization in seven countries. Plant Soil. 2012; 361:119-130.

11


http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=FelipeRicachenevsky&UID=80957
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=PalomaMenguer&UID=84257
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=RaulSperotto&UID=62790
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=LorraineWilliams&UID=88673
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=JanetteFett&UID=75813
https://doi.org/10.1007/s11104-016-2903-4

