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Abstract

The present study investigated the biofortification effect of FYM, Zinc and Iron on yield (grain and straw
g h'1), of wheat at harvest. Soil application of Zinc and Two foliar applications of Iron (one at heading
and the other at milking stage) along with 10 t FYM h-1 gave highest grain yield (53.95 and 56.95 g h™%)
and straw yield (71.86 and 75.18 g h-1) for two consecutive years while the highest protein content (12.50
and 12.63%). Yield (grain and straw) significantly increased over control as a result of the combination
of the method applied. The protein content increased non-significantly over the control. Superior yield of
wheat was achieved with the soil application of zinc and two foliar applications of 0.5% Ferrous sulphate
along with FYM as compared to sole application of zinc, iron and FYM.
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1. Introduction

Wheat (Triticum aestivum L.) is staple and second most important crop after rice in country
which contributes nearly one third of total production. The major challenge for the two to three
decades of 21% century is food and nutrition security for all specially the families living below
poverty line. Wheat contains more nutritive value than other cereals. It has a relatively high
content of niacin and thiamine, which is required for human being. The wheat (Triticum
aestivum L.) is grown all over India. The common bread occupies more than 90 percent of the
total wheat area along with 10 percent area under durum cultivation. Considering the
importance of wheat in providing people’s energy and protein requirements (about 50 percent),
it seems that quantitative and qualitative improvement of wheat protein is necessary to reduce
the negative effects of malnutrition arising from low protein intake especially among low
income and vulnerable segments of society.

Biofortification

Biofortification is the process of increasing the content and/or bioavailability of essential
nutrients in crops during plant growth through genetic and agronomic pathways. Genetic
biofortification involves either genetic engineering or classical breeding. Agronomic
biofortification is achieved through micronutrient fertilizer application to the soil and/or foliar
application directly to the leaves of the crop. Biofortification is mainly focused on starchy
staple crops (rice, wheat, maize, sorghum, millet, sweet potato and legumes), because they
dominate diets worldwide-especially among groups vulnerable to micronutrient deficiencies
and provide a feasible means of reaching malnourished populations with limited access to
diverse diets, supplements, and commercially fortified foods.

Hidden hunger

Hidden hunger or micronutrient deficiency retards the growth and development of both crops
and humans. Soil micronutrient deficiencies limit crop productivity and nutritional quality of
foods, which together affect nutrition and human health. Insufficient micronutrient availability
in soils in these regions not only causes low crop productivity, but also poor nutritional quality
of the crops and consequently contributes to malnutrition in the human population. Such diets
are poor in micronutrients (minerals and vitamins) and consequently micronutrient deficiencies
are widespread. The chronic lack of micronutrients can cause severe but often invisible health
problems, especially among women and young children: hence ‘hidden hunger’.
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Worldwide over 2 billion people suffer from iron (Fe), zinc
(Zn) and/or other (multiple) micronutrient deficiencies. The
problem is most severe in low and middle-income countries.

Zinc

Malnutrition arising from micronutrients deficiency such as
Zn is considered as one of the present problems of humane
societies especially in developing countries like India. Some
of the side effects of Zn deficiency in humane societies are
stunting in children, high susceptibility to infectious, impaired
mental, increased morbidity and mortality. It is estimated that
one third of the World’s population especially children are
suffering from Zn deficiency and annually, nearly 450
thousand children below 5 years old die due to the effect of
Zn deficiency. In Asia, wheat provides about 50 percent of
people’s daily energy requirements which reaches over 70
percent in rural areas (Cakmak vd. 2004) €1, Regretfully, this
plant naturally has little Zn content and it will be even less if
planted in Zn poor soils (Cakmak vd. 2004) 1. Improvement
of Zn content in wheat grain by biofortification is a proper
approach for providing Zn requirements of body and reducing
the malnutrition (Cakmak vd. 2010) "1, Biofortification can be
carried out by agronomic and genetic biofortification
methods. In agronomic method, the amount of plant’s Zn
requirement is provided Zn application such as soil or foliar
application. Providing Zn requirements of plant improves
metabolic  processes like protein  biosynthesis and
carbohydrates. For example, Ozturk vd. (2006) and Yang vd.
(2011) stated that Zn spraying at grain filling stage had the
most effect on increasing Zn content in grain. Furthermore,
due to the effect of Zn use in wheat and rice, increase of Zn
content in grain.

Nowadays, the role of Zn in protein biosynthesis has been
proved. In this regard, increase of free amino acids content in
Zn deficiency and decrease of protein biosynthesis content
has been reported by Cakmak vd. (1989). Increase of protein
due to Zn application has been reported by Bybordi and
Malakouti (2007) and Pourgholam vd. (2013). Zn acts as a
cofactor in the structure of RNA polymerase. Furthermore, Zn
is from the structural components of ribosome and in its
absence, their function and protein biosynthesis is decreased.
Besides the quantitative yield of protein, its quality or its
biological value is also important. Some of the factors
influencing biological value of wheat protein are amino acids
balance and essential amino acids content. Wheat protein has
limitation on the amount of Lysine and Threonine amino
acids. In order to improve the quality of cereal grain protein, a
lot of attempts have been made by reformers to improve the
quality of wheat protein and increase Lysine and Threonine
amino acids content such as discovering corn and barely with
high Lysine and introducing them as a specific genotype.
Unfortunately, along with these positive changes, negative
characteristics happen like yield reduction and/or sensitivity
to pests or disease. Zn foliar application was able to increase
essential amino acids content in wheat protein. Moreover,
Mishra and Abidi (2010) and Bharti vd. (2013) have reported
an increase in Methionine content due to the effect of Zn
application in agricultural plants.

Iron

For all living organism, Iron (Fe) is an essential element as it
catalyzes oxidation/reduction reactions. Fe deficiency is one
of the most widespread and most severe nutrient deficiencies
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intimidating human health and affecting approximately two
billion people in the world [De Benoist, B., McLean, E., Egli,
I. and Cogswell, M., 2008. Worldwide prevalence of anaemia
1993-2005. ISBN: 978 92 4 159665 7]. Fe deficiency causes
various physiological diseases, such as anaemia and
neurodegenerative disorders [Sheftela, A.D., Mason, A.B. and
Ponka, P.]. A recent report based on the WHO Database
described that nearly 1.6 billion people in the world are
effected by anemia in which pregnant women and pre-school
children are under a greater risk [McLeon E, Cogswell M,
Egli 1, Wojdyla D, de Benoist B.]. Major health concerns
regarding Fe deficiency are impairments of immune system,
cognitive function and work capacity as well as maternal
mortality and increase in infants [Hunt J R, Carter RC,
Jacobson JL, Burden MJ, Armony-Sivan R, Dodge NC,
Angelilli ML, Lozoff B, Jacobson S W.]. Countries where
people have low meat intake and mostly consume staple crops
are more likely to be affected by Fe deficiency diseases.
Population including young children, pregnant and
postpartum are observed to be more severely affected, as high
Fe is needed for infant growth and during pregnancy [De
Benoist, B., McLean, E., Egli, I. and Cogswell, M.,]. By
choosing well balanced diet with bioavailable and sufficient
Fe and by giving good attention to the composition of food,
human health problem related to Fe can be prevented.

Data relative to Zn biofortification provides conclusive
evidence in favor of the soil and foliar applications of Zn
fertilizers. These fertilizers play an effective role in
improvement of gain concentration of Zn [Peck AW,
McDonald GK, Graham RD,Yilmaz A, Ekiz H, Torun B,
Giiltekin I, Karanlik S, Bagci SA, Cakmak, Zhang Y, Shi R,
Md. Rezaul K, Zhang F, Zou C. Cakmak I, Kalayci M, Kaya
Y, Torun AA, Aydin N, Wang Y, Arisoy Z, Erdem H,
Gokmen O, Ozturk L, Horst W J.]. On the other hand, Fe
fertilizers are not exploited to examine their role for
improving Fe concentration in cereal gains. All attempts to
understand the soil and foliar application of Fe fertilizers are
aimed at restoration of Fe levels, improvement of the yield
and reversion of Fe deficiency chlorosis. [Tagliavini M,
Abadia J, Rombola AD, Abadia A, Tsipouridis C, Marangoni
B.]the increase in grain Fe concentration through foliar spray
of FeSO4 or Fe chelates has not been recorded to exceed 36%
[De Benoist, B., McLean, E., Egli, I. and Cogswell, M. ]
whilst the foliar application increases grain Zn concentration
to a recorded concentration of 2- or 3-fold depending on the
plant availability of Zn in soils [Cakmak I.].

Some independent studies have also showed that plants
exhibit a lack of response to Fe fertilization in terms of grain
Fe concentration. In more recent studies, it has been exhibited
that the N status of plant plays a significant role in enrichment
of ceral grains with Fe. This leads to the creation of a positive
correlation between grain Fe and N levels [Distelfeld A,
Cakmak I, Peleg Z, Ozturk L, Yazici AM, Budak H, Saranga
Y, Fahima T]. Studies employing the greenhouse and field
conditions prove that shoot and grain Fe concentrations can
be increased through increment in soil N application [Kutman
U B, Yildiz B, Ozturk L, Cakmak 1.]. Moreover, grain Fe may
also be enhanced through foliar sprat of urea [Kutman U B,
Yildiz B, Ozturk L, Cakmak L.].

Organic matter
Organic matter releases organic acids, which that serve as
chelators and increase the metal (Fe in this case) availability
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to plants by solubilizing of nutrients in soil solution. Poultry
manure has high nutrient composition and nitrogen contents,
high nitrogen improves Fe concentration in wheat plant by
increasing Fe activity and abundance of Fe transporter
proteins such as yellow stripe 1 (YS1) in root cell membrane.
Biochar (BC) affects soil fertility by changing soil physico-
chemical and biological properties leading to nutrient
mobilization. In redox mediated reaction, BC affects mineral
forms of Fe by acting as an electron shuttle. Biochar
solubilizes Fe by decreasing soil pH due to its redox catalytic
activity. In addition, soil properties change by BC application
may increase nutrient mobilization and uptake in the
rhizosphere through increase in the exploratory capacity of
the root system and modification of nutrient solubility.

2. Materials and Methods

2.1 Site and experimental description

A field experiment on “Biofortification of wheat (Triticum
aestivum L.) with zinc, iron and organic manure in relation to
productivity, quality and soil health in Central U.P.” was
conducted at student’s Instructional farm, Chandra Shekhar
Azad University of Agriculture and Technology, Kanpur
during Rabi season of the year 2020 and 2021. The soil of the
experimental field was sandy loam in texture and alkaline in
nature having initial values pH 8.10, E.C 0.36 dsm, low in
organic carbon 0.427%, available Nitrogen 192.15 kg ha,
medium in available phosphorus 12.28 kg ha and available
potassium 162.80 kg ha* and deficient in available zinc 0.530
ppm, available iron 3.96 ppm.

2.2 Experimental treatment and design

The experiment was laid out in factorial randomized block
design and replicated thrice. There are three factors
comprising different methods of application of nutrients. For
factor -1 two methods of application (No FYM and 10 tonnes
of FYM ha'l), for factor 2 four methods of application (No
Zn, soil application of 15 kg ha* Zinc, one foliar application
of 0.5% Zinc sulphate at heading stage and two foliar
applications of 0.5% Zinc sulphate at heading and milking
stage), factor 3 four methods of application ((No Fe, soil
application of 10 kg ha* Iron, one foliar application of 0.5%
Ferrous sulphate at heading stage and two foliar applications
of 0.5% Ferrous sulphate at heading and milking stage)
comprising 32 treatment combinations: MO Zn0 Fe0
(Control), Mg Zng Fe; (One foliar application of 0.5% Ferrous
Sulphate), Mo Zno Fe, (Two foliar applications of 0.5%
Ferrous Sulphate), Mo Zno Fes (Soil application of 20 kg Fe),
Mo Zn1 Feo (One foliar application of 0.5% Zn), Mg Zn; Fe;
(One foliar application of 0.5% Zn + One foliar application of
0.5% Ferrous Sulphate), Mo Zn; Fe; (One foliar application of
0.5% Zn + Two foliar applications of 0.5% Ferrous Sulphate),
Mo Zn: Fe; (One foliar application of 0.5% Zn + Soil
application of 20 kg Zn), Mo Zn, Feo (Two foliar applications
of 0.5% Zn ha'), Mo Zn; Fe; (Two foliar applications of 0.5%
Zn + One foliar application of 0.5% Ferrous Sulphate), Mo
Zn, Fe; (Two foliar applications of 0.5% Fe + Two foliar
applications of 0.5% Ferrous Sulphate), Mo Zn, Fes (Two
foliar applications of 0.5% Fe + Soil application of 20 kg Zn),
Mo Znz Feo (Soil application of 15 kg Zn ha?), Mo Zns Fe;
(Soil application of 15 kg Zn + One foliar application of 0.5%
Ferrous Sulphate), Mo Zns Fe; (Soil application of 15 kg Zn +
Two foliar applications of 0.5% Ferrous Sulphate), Mo Zn3
Fes (Soil application of 15 kg Zn + Soil application of 20 kg
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Zn), M1 Zng Fep (10 tonnes of FYM), M1 Zny Fe; (10 tonnes
of FYM + One foliar application of 0.5% Fe ha'), M1 Zng Fe;
(10 tonnes of FYM + Soil application of 20 kg Zn), M1 Zno
Fes (10 tonnes of FYM + Soil application of 20 kg Zn ha?),
M1 Zn; Fep (10 tonnes of FYM + One foliar application of
0.5% Zn), M1 Zn; Fei(10 tonnes of FYM + One foliar
application of 0.5% Zinc Sulphate + One foliar application of
0.5% Ferrous Sulphate), M1 Zn; Fe; (10 tonnes of FYM +
One foliar application of 0.5% Ferrous Sulphate + Two foliar
applications of 0.5% Ferrous Sulphate), M1 Zni Fes (10
tonnes of FYM + One foliar application of 0.5% Ferrous
Sulphate + Soil application of 20 kg Fe ha), M; Zn, Feo (10
tonnes of FYM + Two foliar applications of 0.5% Zn ha'),
M1 Zn; Fes (10 tonnes of FYM + Two foliar applications of
0.5% Zn + One foliar application of 0.5% Ferrous Sulphate),
M1 Zn, Fe, (10 tonnes of FYM + Two foliar applications of
0.5% Zinc sulphate + Two foliar applications of 0.5% Ferrous
Sulphate), M1 Zn; Fes (10 tonnes of FYM + Two foliar
applications of 0.5% Zn + Soil application of 20 kg Fe ha™?),
M1 Zns Fep (10 tonnes of FYM + Soil application of 15 kg Zn
ha), M; Zns Fe; (10 tonnes of FYM + Soil application of 15
kg Zn + One foliar application of 0.5% Ferrous Sulphate), M1
Znz Fe; (10 tonnes of FYM + Soil application of 15 kg Zn +
Two foliar applications of 0.5% Ferrous Sulphate), M1 Zns
Fes (10 tonnes of FYM + Soil application of 15 kg Zn + Soil
application of 20 kg Zn) in factorial RBD with 3 replications
on same location.

2.3 Crop husbandry

Field preparation was started after harvesting of the previous
crop with an object for optimum moisture condition. The
experimental field was ploughed once with soil turning
plough followed by two cross harrowing. After each
operation, planking was done to level the field and to obtain
the fine tilth. Finally, layout was done and plots were
demarcated with small sticks and rope with the help of
manual labour in each block. The recommended dose of
nutrient i.e. N, P, and K was applied @ 150: 75: 60 kg h-1
respectively. Half does of Nitrogen and full doses of
phosphorus, potash, zinc and Iron were applied as basal
dressing {Nitrogen is applied through Urea (contain 46% N),
phosphorus is applied through Di-ammonium phosphate
(contain 46% P,0s & 18% N), Potassium is applied through
Muriate of Potash (contain 60% K), zinc is applied through
zinc sulphate (contain 21% Zn and 14.5% sulphur) and iron is
applied through Ferrous sulphate (containing 19% Fe &
10.5% sulphur)}. Then 10 FYM halwas added in the field as
a source of organic manure on the plots which were supposed
to be treated with organic manure. Remaining dose of
nitrogen was applied through two split doses of top dressing
at stage. Gross plot size of treated plots is 3.0 metre x4.0
metre in both the years. Wheat variety was sown using HD-
2967 on 26th Nov 2020 during 1st year and 1st Dec 2021
during 2nd year of the studies. The crop was sown with a seed
rate using 100 kg h-1 with the planting distance of 20 cmx 10
cm (Row x Plant), seeds were sown about 5-6 cm depth. To
keep the weeds under check, two weeding were done at 25
and 45 days after sowing (DAS) with the help of khurpi
(manually). Five irrigations along with three seasonal rains
were provided to the crop.

2.4 Yield
With the help of the labours, the crop was harvested at
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maturity on 13 April 2021 and 18 April 2022 and bundles of
each pot were threshold and store separately. Harvested
materials of each pot were threshold and stored separately.
The procedure of each pot was collected and the yield of per
pot is converted into Q ha™.

2.5 Quality Parameters of Wheat

2.5.1 Protein content

In the wheat grain total nitrogen content was estimated by
Kjeldahl’s method and the value obtained for each sample
was multiplied with the factor 6.25 to obtain protein content.
Protein Content (%) =Nitrogen content (%) x 6.25

3. Results and Discussion

3.1 Biofortification effect of Zn, Fe and organic manure on
grain and straw yield of wheat

Biofortification effect of organic manure, zinc and iron on
grain and straw yield of wheat depicted in table 1 revealed
that addition of organic manure influenced grain and straw
yield significantly over no organic treatment. Highest grain
yield 49.11 g ha' and 51.26 g ha* and straw yield 66.23 and
68.62 g hawas recorded with the application of 10 tonnes of
FYM ha?' which was found 8.4% & 11.9% higher in grain
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and 6.8 & 10.2% higher in straw over no organic treatment
during 1% year and 2" year.

Table 1: Biofortification effect of organic manure, zinc and iron on
grain yield (q hat) of wheat

15t year 2" year
Zno | Zn1 | Znz | Zns [Mean| Zno | Zn1 | Zn2 | Zn3 [Mean
Feo |33.25(35.24(36.57| 36.4 |35.36(33.27|35.36|36.73| 36.4 |35.44
Fe1 |35.57|37.7 [39.12/38.94|37.83(35.62(37.89|39.67|39.31|38.14
Fe. |37.24{39.47/40.96/40.77|39.61(37.39(40.00[41.87| 41.5 |40.19
Fes | 36.9(39.11/40.59| 40.4 |39.25(37.06(39.65| 41.5 |41.13|39.83
Mean|35.74(37.88(39.31(39.12|38.01(35.83(38.22|39.94/39.58|38.39
Feo |35.24(38.06[40.18|39.83|38.32(35.42(38.96|41.44/41.08|39.22
Fe1 |38.77/41.87/44.19/43.81|42.16(39.31(43.24{45.99|45.59|43.53
Feo 141.59/44.92(47.41/46.99|45.22(42.5 |46.75|49.72| 49.3 |47.06
Fes |41.24/44.53/47.01| 46.6 |44.84(42.14/46.35| 49.3 |48.88|46.66
Mean|39.21/42.34(44.69| 44.3 |42.64(39.22(43.53|47.06|46.66|44.12

Mo

Mean ofthe | Zno | Zn1 | Znz | Zns | Zno | Zn1 | Zn2 | Zn3
mean Zn |43.72| 46.52 | 48.16 |50.46 |44.87|48.02 [50.06|51.22

Mean ofthe | Feo | Fer | Feo | Fes | Feo | Fe1 | Fe2 | Fes
mean Fe |44.74|46.98 [48.79(48.34| 45.46 | 48.20 |50.49/50.03

15t year 2"d year

Factors

SEm+| C.D at 5% |SEmz+| C.D at 5%

Organic manure (O.M) | 0.239

0.675 0.268 0.759

0.955 0.379 1.073

0.955 0.379 1.073

NS 0.537 NS

NS 0.537 NS

Zinc 0.338
Iron 0.338
(0.M) X Zinc 0.478
(0O.M) X Iron 0.478
Zinc X Iron 0.676

NS 0.759 NS

(0.M) X Zinc X Iron | 0.956

2.702 1.073 NS

Increase in grain and straw yield with the addition of organic
manure may be due to the fact that organic sources of
nutrients have the positive effect on yield attributes and
cumulative effect of yield attributes mainly responsible for
higher productivity with application of organic sources. The
increase in grain and straw yield of wheat due to application
of FYM might be attributed mainly due to higher content of
available nutrients in FYM presence of beneficial microflora
such as N-fixer, P-solubilizer, VAM, fungi and higher activity
of dehydrogenase enzyme in soil.

3.2 Biofortification effect of Zn on grain and straw yield of
wheat

The different methods of application of zinc also influenced
grain and straw yield of wheat significantly during both the
years. The maximum yield was recorded with soil application
of 15 kg ha! of Zinc, followed by two foliar applications of
0.5% Ferrous sulphate at heading and milking stage
significantly during both the years. Soil application of Zinc
ha! proved its superiority over other methods of application
of zinc by producing the highest grain yield 50.46 & 51.22 q
ha! and straw yield 67.80 and 68.29 q ha® which was found
15.4 & 14.1% higher in grain and 12.8% & 11.6% higher in
straw over no zinc application during 1% year and 2" year
respectively.

The favourable influence of applied zinc on yield may be due
to its catalytic or stimulatory effect on most of the
physiological and metabolic processes of plants which
ultimately led to recognition of higher production of
individual plants. The increased availability of zinc and
photosynthate might have enhanced yield of wheat.

3.3 Biofortification effect of Fe on grain and straw yield of
wheat

Likewise, zinc, effect of iron application was also observed
on grain and straw yield of wheat during both the years. Grain
and straw yield of wheat was influenced significantly with
application of distinct methods of application of iron during
both the years. It was also observed that the two foliar
applications of 0.5% Ferrous Sulphate produced grain yield
48.79 & 50.49 q ha! and straw yield 66.17 & 67.96 g ha*
which was 9.1% and 11.1% higher in grainand 8.6% &
10.5% higher in straw over control (Feg) during 1% year and
2" year, respectively.

Table 2: Biofortification effect of organic manure, zinc and iron on
straw yield (g ha') of wheat

1%t year 2" year
Zno | Zn1 | Znz2 | Znz [Mean| Zno | Zn1 | Zn2 | Zn3 [Mean
Feo |51.53|54.54|56.53]|56.12|54.68(51.57(54.74( 56.6 [55.94|54.71
Fe: |54.77|57.9160.01| 59.6 |58.07/54.66| 58 |60.65/59.83|58.28
Fe> | 56.6 /59.91/62.05| 61.6 |60.04[56.64(60.52(63.22|62.49|60.71
Fes |56.38/59.68/61.76|61.32|59.78(56.44| 60.3 [62.95(62.22|60.47
Mean|54.82| 58 |60.08/59.66|58.14/54.83|58.39|60.85|60.12|58.54
Feo |54.26/58.53|61.71| 61 |58.87|54.36/59.72/63.44/62.72|60.06
Fe: |59.31]63.89|67.34|66.63|64.29/59.94/65.76/69.85/69.11|66.16
Fe> |62.8167.73|72.07|70.53|68.28|63.96/70.26|74.29|73.75|70.56
Fes |62.6|67.5(71.35|70.27|67.93|63.75|70.03|72.58|73.46/69.95
Mean|59.7464.41/67.86| 67.1 |64.77| 60.5 |66.44/70.04/69.76|66.68

Mo

Zno [ Zni | Zn2 [ Zn3 | Zno | Zm | Zn2 | Zn3
60.08|63.47(65.20(67.80(61.20(65.04(67.27|68.29

Mean of the mean Zn
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Feo | Fer | Fez | Fes | Feo | Fe1 | Fez | Fes

Mean of the mean Fe

60.94/63.9066.17]65.64/61.46/65.06/67.96/67.43

15t year 2" year
Factors SEm+| C.D at 5% |SEmz| C.D at 5%
Organic manure (O.M) | 0.296 0.837 0.279 0.558
Zinc 0.419 1.184 0.395 0.789
Iron 0.419 1.184 0.395 0.789
(0.M) X Zinc 0.592 NS 0.558 1.116
(0.M) X Iron 0.592 1.675 0.558 1.116
Zinc X Iron 0.838 NS 0.789 NS
(O.M) X Zinc X Iron |1.185 NS 1.116 NS

Enhancement in grain and straw yield of wheat due to the
application of iron might be due to increased crop growth and
development which dry matter accumulation and yield
attributes of plant under better nutritional environment.

3.4 Combined effect of FYM, zinc and iron on yield of
wheat

Maximum yield 53.95 and 56.95 g ha* and 71.86 and 75.18 q
ha! of grain and straw was obtained with the addition of 10
tonnes of FYM + soil application of 15 kg zinc + two foliar
applications of 0.5% Ferrous Sulphate ha-1 which was found
as 25.39% and 28.71% higher in grain and 28.53% & 34.39%
straw vyield over control during 1% year and 2" year,
respectively.

Impact on grain and straw yield with the combined
application of organic manure, zinc and iron might be due to
the fact that the soil of the experimental field was deficient in
available zinc and iron and its application with FYM
improves its availability in soil. Which have enhanced the
growth and yield attributes and finally contributed to result in
elevated grain and straw yield of wheat.

3.5 Biofortification effect of organic manure on protein
content of wheat

Biofortification effect of organic manure, zinc and iron on
quality that is protein content in grain of wheat revealed that
quality parameter i.e. protein content increased significantly
in grain with the application of organic manure, zinc and iron
during experimentations in both the years. protein content in
grain influenced non-significantly with the application of
organic manure during both the years.

Highest protein content 11.93 and 12.05 per cent was
recorded with the application of 10 tonnes of FYM ha? and
minimum 11.67 and 11.84 per cent in control (no organic)
during 1% year and 2" year, respectively.

Addition of 10 tonnes of FYM ha'! showed higher influence
in protein content over control during both the years.

3.6 Biofortification effect of Zn, on protein content of
wheat

The different methods of application of zinc boost the protein
content in grain although the increase in grain protein content
with the different methods of application of zinc was found
non-significant during both the years. Maximum protein
content 12.17 and 12.30 per cent was noted with soil
application of 15 kg Zinc ha® and minimum 11.41 and 11.61
per cent at control (no zinc) during 1% year and 2" year,
respectively.
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Table 3: Biofortification effect of organic manure, zinc and iron on

protein content (%) in grain of wheat

1st year 2nd year
FeO | Fel | Fe2 | Fe3 [Mean| Fe0 | Fel | Fe2 | Fe3 [Mean
Zn0 [11.0011.25|11.50/11.38|11.28|11.13]12.0011.63|11.50|11.56
Znl |11.38/11.50/11.7511.63|11.56/11.5011.63|11.88]11.75|11.69
Zn2 [11.63]11.75/12.00/11.88|11.81(11.75[11.88|12.13|12.00|11.94
Zn3 [11.75/12.00|12.25[12.13|12.03(11.88[12.13|12.38]12.25|12.16
Mean|(11.44{11.63|11.88|11.75/11.67|11.56/11.91|12.00/11.88|11.84
Zn0 [11.25/11.50/11.75/11.63]|11.53|11.38|11.63|11.88]11.75|11.66
Znl |11.6311.75/12.0011.88]11.81(11.75[11.88|12.13]|12.00|11.94
Zn2 [11.8812.00|12.25[12.13|12.06/12.00/12.13|12.38]12.25|12.19
Zn3 [12.13]12.25|12.50[12.38|12.31[12.25[12.38|12.63|12.50|12.44
Mean|11.72]11.88|12.13|12.00/11.93]11.84|12.00/12.25/12.13|12.05

MO

M1

Zno | Zni | Zn2 | Zns | Zno | Zn1 | Zn2 | Zns
11.4111.69|11.94{12.17|11.6111.81|12.06|12.30

Mean of the mean Zn

Feo | Fe1 | Fe2 | Fes | Feo | Fe1 | Fe2 | Fes
11.58|11.75(12.00/11.88|11.70]11.95(12.13(12.00

Mean of the mean Fe

15t year 2" year

Factors SEmz+| C.D at 5% |SEm+| C.D at 5%
Organic manure (O.M) |0.421 NS 0.387 NS
Zinc 0.595 NS 0.547 NS
Iron 0.595 NS 0.547 NS
(0.M) X Zinc 0.841 NS 0.774 NS
(O.M) X Iron 0.841 NS 0.774 NS
Zinc X Iron 1.190 NS 1.094 NS
(0.M) X Zinc X Iron 1.682 NS 1.548 NS

3.7 Biofortification effect of Fe on protein content of wheat
A critical observation of the data given in table 4.35 and
figure 4.35 showed that likewise zinc protein content in wheat
was also accelerated non-significantly with the application of
different methods of iron during both the years. Maximum
increase in iron content was recorded with the two foliar
application of 0.5 per cent iron at heading and milking stage
was observed that is 12.00 and 12.13 per cent and minimum
11.58 and 11.70 per cent at its lowest at Feo during 1%t year
and 2" year, respectively.

3.8 Biofortification effect of interactions on protein
content (per cent) in wheat

Interaction sequel of organic, zinc and iron on protein content
in grain furnished in table 4.35 and figure 4.35 revealed
similar nonsignificant accelerating effects on protein content
to alone application of organic manure, methods of
application of zinc and methods of application of iron during
both the years. Maximum protein content 12.50 and 12.63 per
cent was recorded with the application of 10 tonnes of FYM +
soil application of 15 kg Zinc + two foliar applications of 0.5
per cent Fe ha at heading and milking stage and minimum
11.00 and 11.13 per cent at control (MoZnoFeo) during 1% year
and 2" year, respectively. Protein content in wheat grain was
recorded higher in all the combinations during 2™ year than
the 1% year.

4. Conclusion

Malnutrition among humans is due to micronutrients
deficiency due to insufficient zinc and iron dietary intake. The
problem is considered prominent especially in vegetarians
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since they have limited food supplements as compared to non-
vegetarian diet. Wheat plays a crucial role in vegetarian diet
supply across the world. The result of the present study
showed that the different methods of application of zinc and
iron with organic manure and 100% RDN produced higher
grain and straw yield of wheat in comparison to no organic
treatments during both the years. Maximum grain and straw
yield of wheat was recorded with the 10 tonnes of FYM + soil
application of 15 kg Zinc ha® + two foliar applications of
0.5% Ferrous Sulphate at heading and milking stage
application ha* along with 100% RDN and minimum at
control (MoZnoFeg) with 100% RDN during both the year.
Maximum improvement in quality parameter viz. protein was
identified with organic treatment in comparison to no organic
treatments. Highest improvement in quality parameters was
found with the addition of FYM (10 tonnes of ha') + zinc
(soil application of 15 kg Zinc ha?) + iron (two foliar
applications of 0.5% Ferrous Sulphate at heading and milking
stage). Thus, biofortification of wheat with the use of zinc and
iron may help to overcome the micronutrients malnutrition
and achieve sustainable yield.
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