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Micronutrient Biofortification with Fe, Zn and Cu for
Enhanced Growth, Increased Yield and High
Profitability of Purple Yam

Anabella B. Tulin" and Ea Kristine Clarisse B. Tulin’

ABSTRACT

The importance of micronutrient biofortification in improving the growth and
yield of crops is needed nowadays due to the rapid decline in crop yield caused by
soil infertility and the prevalence of malnutrition among young children.
Micronutrients (Fe, Zn, and Cu) were added to NPK fertilizers to investigate their
effects on the growth and yield of purple yam tubers and assess the profitability of
their addition on yam production. The different treatments used in the study were: T,
.control; T,=150-50-150kg/ha (N-P,0,-K,0); T,=T,+8kg/haZn;T,=T,+ 8 kg/haFe;
and T,=T,+8kg/ha Cu. Theresults showed that the addition of micronutrients such
as Fe, Zn, and Cu to NPK fertilizers statistically increased the growth and yield of
purple yam. The addition of 8 kg/ha Fe and Cu to 150-50-150 kg/ha N-P,0.-K,0
increased the size of tubers and the intensity of purple coloration. These treatments
likewise produced high yields equivalent to 29.39 to 29.83 tons/ha. This was about
129 to 133 percent higher than the control group which yielded only 12.80 tons/ha.
Moreover, treatment T, which is a combination of 150-50-150 kg/ha N-P,0.-K,0 + 8
kg/ha Fe, has produced the highest net income of PhP1,420,704.00/ha. This was
155% higher than the net income obtained by the control group that only amounted
to PhP 557,790.00.
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INTRODUCTION

Today's rapid population growth has led to a greater demand for food for human
survival. Yet, even a sufficient food supply cannot guarantee the full nutrient content
that the body requires. This lead to the occurrence of malnutrition among different
groups of people in the world. Worldwide, over 2 billion people suffer from extreme
micronutrient deficiencies involving iron (Fe), zinc (Zn) and other multiple
micronutrient deficiencies. This problem is greatly aggravated in Africa especially
among the low and middle income families, where the estimated micronutrient
deficiencies is high (Joy et al., 2014). In Asia, for instance, malnutrition affects11%
of its population, particularly the rural poor who has limited access even to basic
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needs (FAO et al 2020). In the Philippines, the population has significantly increased
to over 100 million in 2015 (PSA 2018). This could affect a considerable number of
people, especially children, who will experience hunger and malnutrition. With the
application of developed technologies and strategies, current problems on
malnutrition could be alleviated.

One of these technologies is biofortification. Biofortification increases the
content and availability of essential vitamins and minerals in staple crops through
plant breeding or agronomic practices to improve their nutritional status (Finkelsen
et al 2017).Thus, is it essential to counter the problems of malnutrition or hidden
hunger, especially in developing countries (Garcia-Casal et al 2016; White and
Broadley 2005). Hidden hunger is a form of micronutrient deficiency that occurs
when the intake and absorption of essential nutrients such as zinc, iron, and iodine
are too low to sustain proper health and development. The deficiency of important
micronutrients such as iron and zinc are the major cause of extensive problems in
developing countries (Manwaring, Bligh and Yadav 2016). Although a higher
proportion of the burden of hidden hunger is prevalent in the developing world, iron
deficiency is also widespread in developed countries (FAOQ, IFAD, and WFD 2013).
The application of mineral micronutrient fertilizers to soils or plant leaves is crucial
to increase the micronutrient content in edible parts of crops. This can, potentially
fight hidden hunger. Agronomic biofortification can increase yields and the nutrient
content of staple crops. Aside from the beneficial effects of micronutrient
biofortification in improving the nutritional contents of crops, it was also reported to
enhance crop yields. Agronomic zinc biofortification increased grain yield in wheat,
wherein highest grain yield of 5.41 t/ha was obtained with the application of 5.00
kg/ha Zn (Akram et al 2020). Application of iron sulphate (FeSO,) and zinc sulphate
(ZnS0,) singly or in combination either through soil or as foliar sprays increased the
heights of plants, number of tillers, spike length, thousand grain yield, economic
yield, biological yield, and harvest index of wheat (Ramzan et al 2020). In addition
Malakouti (2008) reported that the addition of Zn and Fe increased the average
yield of canola by 29 % for Zn biofortication and 28% for Fe biofortification. Likewise,
the addition of Fe and Zn to NPK fertilizers increased the average yield of potato by
16% and sugar beet by 8%.

Micronutrient fertilization is most effective in combination with macronutrient
fertilizers containing nitrogen (N), phosphorus (P) and potassium (K), some organic
fertilizers, and high yielding crop varieties. Agronomic biofortification provides a
direct and effective route to improve micronutrient concentrations in root crops and
other edible crops. Root crops are among the most adaptable crops grown in the
Philippines because they can grow in a wide variety of soils. Root crops are primarily
grown for their edible underground parts or tubers which provide energy and
essential nutrients needed by the body. They are also good sources of dietary fibers,
vitamins, and minerals that the body needs to improve the immune system and
prevent various diseases. One of the nutritious root crops is purple yam. Itis rich in
carbohydrates and dietary fibers. Itis also a good source of vitamins B3 (niacin), B9
(folate), and the antioxidant purple pigment anthocyanin. Thus, this is a highly
nutritious crop that could be used for the production of healthy food products.

Purple yam is one of the most expensive and highly demanded tubers and
rootcrops in the food processing industry because of its purple color and medicinal
properties, being rich in anthocyanin and antioxidants (Tulin 2014). However,
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farmers' yield of yam is generally very low. Aside from this, the source of planting
materials is also the harvested tubers. This practice discourages most farmers to
venture into yam production. Thus, innovations that will boost yam production and
maintain its deep purple coloration are needed to make it more profitable and
sustainable (Tulin 2007, 2008, and 2009). One such innovation is the macro and
micronutrient biofortification of the soil.

However, in developing countries like the Philippines, the use of micronutrients
in rootcrops and field crops is not common. The adoption of this technology is slow
even though results show that this increases crop yield (Phillips 2002). This is
primarily due to the lack of awareness of the problem at the field level, high cost of
soils and plant tissue analyses, among others. Furthermore, there is a scarcity of
information on the use of micronutrients in yam in the country. This research
focused on the three most essential micronutrients: Fe, Zn, and Cu, and its effects
on the growth and yield of purple yam, as well as the profitability of their addition in
purple yam production.

MATERIALS AND METHODS
Experimental Layout

The field experiment was set-up using RCBD at the PhilRootcrops Experimental
Areas in Barangay Pangasugan, Baybay, Leyte, with five treatments replicated four
times for one cropping season from May 2017 to February 2018.The different
treatments were as follows:

T,.control

T,=150-50-150kg/ha (N-P,0,-K,0)
T,=T2+8kg/haZn
T,=T2+8kg/haFe
T.,=T2+8kg/haCu

Planting and Pre-treatments of tuber setts

The planting materials used were 100 grams of VSU-2 purple yam tuber setts,
characterized by their deep purple color. Before planting, these were coated with
ash and treated with Dithane fungicide to prevent the occurrence of anthracnose
diseaseinthetubers. The tuber setts were planted at 10cm deep in the soil.

Fertilizer Application

Two weeks after planting, yam tuber setts started to sprout. This is when
different levels of fertilizers were applied to represent varying levels of macro and
micronutrient fertilizers as specified in the treatments. The sources of fertilizers for
macronutrients included the following: complete fertilizer (14-14-14), muriate of
potash (60% K,0), and urea (45% N). Micronutrient sources for Fe, Zn, and Cu
included commercially available FeSO,, ZnSO,and CuSO,The fertilizers were
applied by boring four holes around the sprouted yam tuber setts.
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Care and maintenance of the yam plants

The recommended cultural management such as watering, weeding, and
pesticide application was applied when necessary during the growing period of yam
in the field. The yams were allowed to grow in the area for nine months before
harvesting. Purple yams were planted in May 2017 and harvested in February 2018
when all the leaves have already senesced.

Harvesting and Sorting of Purple Yam Tubers

All the plants were harvested nine months after planting. The tubers were dug
carefully from the soil using ayam tuber harvester. After that, they were cleaned and
weighed.

Data Gathered

The various yield data gathered at harvest included the number and weight of
yam tubers collected in a per hill and plot basis. Then tuber weight was expressed in
tons/havalues.

RESULTS AND DISCUSSION
Effects of micronutrient biofortification on the growth of purple yam

Figures 1 and 2 show the growth of purple yam in the field as affected by
micronutrient biofortification during the early growth of the plant in the area (Figure
1) and at five months after planting (Figure 2). Figure 2 shows the effects of the
addition of 8 kg/ha of Zn, Fe, and Cu to 150-50-150 kg/ha N- P,0, — K,O on the
growth of yam compared to the control and the application of NPK fertilizers only.
Treatments 4 and 5 added with 8 kg/ha Fe and Cu produced profuse vegetative
growth, while the control showed the least vegetative growth. This finding has
importantimplications in the translocation of photosynthates from the leaves to the
tubers. Normally, if rootcrops such as yam have profuse vegetative growth, these
are expected to produce more tubers compared to yams which have tiny leaves and
stunted vegetative growth.

As reported by Phillips (2002), micronutrients usually act as catalysts to many
biochemical reactions that facilitate plant growth and survival. Zn is necessary for
the production of the growth hormone auxin, which is vital for photosynthesis, and
Fe, is crucial in chlorophyll synthesis and formation.

Effects of micronutrient biofortification on the yield of purple yam

Figure 3 shows the effects of the addition of Zn, Cu, and Fe to macronutrient
fertilizers on the purple coloration and sizes of purple yam tubers. The pictures
show that the addition of micronutrients (T,, T,, and T,) resulted in darker purple
coloration and bigger tubers compared to the control and those applied with NPK
fertilizers only. From the results, it was evident that the addition of micronutrients
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enhanced the purple coloration of purple yam by increasing the anthocyanin
content usually associated with dark-colored pigments. As reported by Tulin
(2009),the darker the purple coloration in yam, the greater its demand in the market.
Pure purple yam also has high anthocyanin and micronutrient content, which
makes it a healthy food product. These results were further supported by the yield
data presentedin Table 1. Thetable shows the statistically higheryield produced in
the treatments added with macro and micronutrient fertilizers compared to the
control. Treatments 4 and 5 added with 8 kg/ha Cu and Fe, respectively, have
produced high yields equivalent to about 29.39 to 29.83 tons/ha, respectively. This
increase in tuber yield was about 129 to133%higher than the control group which
yielded only 12.80tons/ha.

Figure 1. Purple yam field experiment as affected by micronutrient biofortification

Legend: T, — control; T, - 150-50-150 N-P,0,K,0; T,-T,+ 8 kg Zn; T,- T,+ 8 kg Fe and T, - T, + 8 kg/ha Cu

Figure 2. Purple yam field experiment at five months after planting
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T5- T2+ Fe

Figure 3. Harvested purple yam tubers as affected by micronutrient
biofortification

These results further signify the vital contribution of micronutrient
biofortification to the yield of yam tubers. Micronutrients such as Cu, Mn, Zn, and B
are mainly involved in the reproductive phase of plant growth and development
(Kirkby and Roemheld 2004). Malakouti and Tehrani (2005) and Malakouti (2007)
reported that the addition of micronutrient fertilizers to micronutrient deficient soils
is associated with improved yield and crop quality for cereals, corn, beans, forages,
and oilseeds. Micronutrients also improve the efficiency of the use of
macronutrient fertilizers (Kirkby and Roemheld 2004). These findings will
significantly boost the production of purple yam to meet the demand for the crop
both as a significant source of food and raw material for processing yamin the food
industry. Aside from the increase in yield, Tulin (2009) reported that the addition of
micronutrient soil conditioner such as Biozome-200 to 150-50-150 kg/ha N- P,0O.-
K,0 increases the amounts of total N, total K, total P, Fe, Mn, Zn, and Cu in the plant
tissues, thus improving the nutrient content of purple yam.

Table 1. Number and weight of purple yam tubers as affected by different
treatments

Treatments No. of Tubers Tuber weight (g/plot) Tu(tiirn\/Nr?ght
. 1~ Control 61.2a 25600 b 12.80b
E(—)}ﬁg-soq S0kg N-P,05 - 64.2a 52125a 26.06 a
Ty - To+ 8kg Zn/ha 69.0a 54125a 27.06a
T4-T,+ 8kg Cu/ha 66.8 a 58788 a 29.39a
Ts - To+ 8kg Fe/ha 62.82 59650 a 29.83a

Means within a column with similar letters are not significantly different at a=0.05 of Tukey’s Honest Significant Difference  (n=4)
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Effects of micronutrient biofortification on the profitability of purple yam production

One of the crucial components of this study was the profitability of yam
production using micronutrient biofortification. This is to encourage farmers, not
only to grow this crop, but also to apply agronomic biofortification as well. The
profitability of micronutrient biofortification on yam production was determined
using cost and return analysis. The net income was computed after deducting the
total cost of production from the gross income. The gross income was calculated
based on the yield obtained in tons/ha multiplied by the prevailing purple yam
market price, which was PhP60.00/kilo at the time of the study. The total cost of
production included both variable and fixed costs. These included the cost of
fertilizers, planting materials, labor, bamboo poles, land rental, and depreciation of
tools and structures. Table 2 presents the results of the cost and return analysis.

Table2. Total tuber yield, gross income, the total cost of production, and net
income as affected by micronutrient biofortification

Treatments Total Yield Gross Total Costof  NetIncome
Income* Production
(tons/ha) (Pesos)/ha (Pesos)/ha
(Pesos)/ha
T,—control 12.80b 768,000.00 210,210.00 557,790.00
T,-150-50-150 kg N- P,05 —-K,0/ha 26.06a 1,563,600.00 231,786.00 1,331,814.00
T3—-To+ 8kg Zn/ha 27.06a 1,623,600.00 351,398.00 1,272,202.00
T4 T+ 8kgCu/ha 29.39a 1,763,400.00 357,088.00 1,406,312.00
Ts—To+ 8 kg Fe/ha 29.83a 1,789,800.00 369,096.00 1,420,704.00

*Computed using the prevailing purple yam price of PhP60.00/kilo

Table 2 shows that the highest netincome of PhP 1,420,704.00/ha was fromT,,
which was a combination of 150-50-150 kg/ha N-P,0.-K,0 + 8 kg/ha Fe. This
was155% higher than the net income obtained from the control, which only
amounted toPhP557,790.00. The second highest net income(PhP
1,406,312.00/ha) was fromT,, which was a combination of 150-50-150 kg/ha N-
P,0,-K,0 + 8 kg/ha Cu. This was 152% higher than the control group. Based on the
cost and return analysis, yam production with macro and micronutrient
biofortification was highly profitable. Tulin (2014), in her earlier studies on purple
yam, reported that in terms of profitability, the application of higher levels of
macronutrient and micronutrient fertilizers significantly improved the growth and
yield of purple yam, and enhanced its profitability, making it an excellent and viable
crop for agricultural production and development.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion

In terms of plant growth, T,(8kg/ha Fe added to 150-50-150 kg/ha N-P,0,-K,0)
and T,, (8 kg/ha Cu added to 150-50-150 kg/ha N- P,0,-K,0) produced profuse
vegetative growth and much bigger leaves. Treatment 5 produced the highest yield,
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which was equivalent to about 29.83 tons/ha. Treatment 4 produced the second
highest yield, which was equivalent to about 29. 39 tons/ha. These were 133 and
129 percent higher than the control, which yielded only 12.80 tons/ha.Moreover, T,
produced the highest net income of PhP1, 420,704.00/ha, which was about 155%
higher than the net income obtained from the control, which amounted to
PhP557,790.00/ha only. Treatment 4 (T,)generated the second-highest net income
of PhP1,406,312.00/ha,which was 152% higher than the control.

Recommendations

To further verify the technologies tested in this study, it is highly recommended
to replicate the study on-farm with farmers' participation and on a commercial-
scale in various yam-producing areas in the country such as Leyte, Bohol, Misamis
Oriental, and La Union. Likewise, other important properties of purple yam, such as
antioxidant properties, anthocyanin content, and its resistance to pest and diseases
as affected by macro and micronutrients biofortification, should be determined in
futureresearches.

ACKNOWLEDGMENT

The authors would like to acknowledge the financial support from Visayas State
University, especially the Office of the Vice-President for Research and Extension,
and PhilRootcrops. We would also like to acknowledge the assistance of the late
Rosario P. Canoy, who was our research assistant in this four-year project.

REFERENCES

Akram MA, Depar N, & Irfan M. 2020. Agronomic zinc biofortification of wheat to
improve accumulation, bioavailability, productivity and use efficiency.
Eurasian J. Soil Science 2020, 9 (1) 75-84.

FAOQ, IFAD & WFD. 2013. The State of Food Insecurity in the World 2013. The multiple
dimensions of food security. Rome. FAOQ.

FAQ, IFAD, UNICEF, WFP and WHO. 2020. The State of Food Security and Nutrition in
the World 2020. Transforming food systems for affordable healthy diets.
Rome, FAO.

Finkelstein JL, Haas JD & Mehta S. 2017. Iron-biofortified staple food crops for
improving iron status: a review of the current evidence. Current Opinion in
Biotechnology. 44:138-145.
http://dx.doi.org/10.1016/j.copbio.2017.01003./

Garcia-Casal MN, Pefia-Rosas JP, Pachon H, De-Regil LM, Centeno-Tablante E &
Flores-Urrutia MC. 2016. Staple crops biofortified with increased
micronutrient content: effects on vitamin and mineral status, as well as
health and cognitive function in the general population (Protocol). Cochran
Database of Systematic Reviews Issue 8. Art. No. CD012311.D0I:10.1002

Kirkby EA and Roemheld V. 2004. Micronutrients in Plant Physiology: Functions,
Uptake, and Mobility. Proceedings of the International Fertilizer Society. P O

28



Micronutrient Biofortification with Fe, Zn and Cu

Box 4, York YO32 5YS.UK.

Malakouti MJ. 2008. The effect of micronutrients in ensuring efficient use of
macronutrients. Turk. J. Agric. 32:215-220.

Malakouti MJ and Tehrani MM. 2005. Effects of micronutrients on the yield and
quality of agricultural products. Micronutrients with macro-effects. Tarbiat
Modares University Press, Tehran, Iran.

Malakouti MJ. 2007. Zinc is a neglected element in the life cycle of plants: a review.
The Middle East. Rus. J. Plant Sci. and Biotech. 1: 1-12.

Manwaring HR, Bligh HFJ and Rattan Y. 2016. The challenges and opportunities
associated with biofortification of pearl millet (Pennisetumglaucum) with
elevated levels of grain iron and zinc. Front. Plant Sci. &:1944.
D0i:10.3389/fpls.2016.01944.

Phillips M. 2002. The importance of micronutrients in the region and benefits of
including them in fertilizers. Paper presented during the 2002 IFA Regional
Conference for Asia and the Pacific held in Singapore on November 18-20,
2002.

Philippine Statistics Authority (PSA) and ICF. 2018. Philippines National
Demographic and Health Survey 2017: Key Indicators. Quezon City,
Philippines, and Rockville, Maryland, USA: PSA and ICF.

Ramzan Y, Haffez MB, Khan S, Nadeem M, Rahman S, Batool S & Ahmad J. 2020.
Biofortification with Zinc and Iron Improves the Grain Quality and Yield of
Wheat Crop. Int. J. Plant Prod. 14.501-510.
https://doi.org/10.1007/s42106-020-00100-w.

Tulin AB. 2008. Increasing the Yield, Nutrient Contents, and Color Development of
Purple Yam through Effective Fertilizer Management. Paper presented
during the 11" PSSST Annual Scientific Meeting held at Panglao, Bohol on
May 18-21,2008.

Tulin AB. 2009. Improvement of the growth, yield, and tuber quality of purple yam
through macro and micronutrient fertilization. Ann. Trop. Res., 31 (2), 95-
119.I1SSN0116-0710.

Tulin AB. 2014. Enhancing the Productivity, Profitability and Quality of Root Crops
and Vegetables through Macro and Micronutrient Fertilization.
SEARCA.N0.2014-2. 60pp. Retrieved at http://searca.org/
index.php/knowledge.

Tulin AB. 2007. Applications of Macro and Micronutrients to Purple Yam for
Increased Yield, Improved Tuber Quality and Higher Income. Paper
presented during the 19" R & D Symposium held at LSU Beach Resort, LSU,
Visca, Baybay, Leyte on May 25-27,2008.

Tulin AB, Dorah, CG, Eldridge S, Mercado Jr. A, Salvani J, Lapoot C, Justo V,Dunal,
Gonzaga N, Quifiones CM, Rallos R, Rafiises M, Bicamon R & Galambao M.
2019. Project Terminal Project Report: “Enhancing profitability of selected
vegetable value chains in the Southern Philippines and Australia” -
Component 1 - Integrated soil and crop nutrient management.
https://aciar.au.gov

White PJ and Broadley MR. 2005. Biofortifying crops with essential mineral
elements. Trends in Plant Sciences. 10(12), 586-583.
doi:10.1016/j.tplants.2005.10.001.

29



