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Borlaug and Dowswell (1994):

future -“We believe without doubt that the single
most important factor limiting crop yields in
developing nations worldwide - and especially

among resource poor farmers - 1s soil infertility.”
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Solanki, P. and Laura, J.S., 2018. Biofortification of crops using nanoparticles to alleviate plant and human

Zn deficiency: A review. Research Journal of life sciences, Bioinformatics Pharmaceutical and chemical
sciences, 4(5), pp.364-385
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Yield gap at various levels in relation to production
factors

100

2 sl ponditions
and otlier growth ia(;io,s
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Source: Fairhurst and Witt, 2002.
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*Proposal for a regulation of the European Parliament and of the Council laying down
rules on the making available on the market of CE marked fertilising products and
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Concentrations of Zn, Cd, N1, and Pb in Zn fertilizers applied to soil

Heavy metal concentration (mg/kg)

Zn fertilizer Total Zn % Cd Ni Pb

ZnS0, (reagent) 27.5 ] | |
ZnS0O,-1 34.0 2,165 92 60
Zn oxysulfate-1 35.1 590 158 44,000
Zn oxysulfate-2 41.5 1,970 19 400
Zn0 (reagent) 73.4 | ] ]
Zn0O by-product-1 58.3 243 8,950 1,900
Zn0O by-product-2 34.0 1,420 250 52,000

Westfall, D.G., Mortvedt, J.J., Peterson, G.A. and Gangloff, W.J., 2005. Efficient and

environmentally safe use of micronutrients in agriculture. Communications in soil science and plant
analysis, 36(1-3), pp.169-182. '
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Maximum allowable concentrations of heavy metals in phosphate and
micronutrient fertilizers suggested by the AAPFCO for state regulations in the United
States

mg /kg per mg kg per 1%
Metals 1% P->0s micronutrient

Arsenic (As) 13 112
Cadmium (Cd) 10 83
Cobalt (Co) 3,100 23,000

Lead (Pb) 61 463
Mercury (Hg) 1 6
Molybdenum (Mo) 42 300
Nickel (Ni) 250 1,900
Selenium (Se) 26 180
Zinc (Zn) 420 2,900




Average heavv metal concentrations in phosphate rock (PR) deposits and
estimated inputs to soil by phosphate fertilizers

Heavy metal concentration (mg /kg)

PR deposit As Cd Cr Pb Hg Ni vV
Russia (Kola) 1 0.1 13 3 0.01 2 100
United States 12 11 109 12 0.05 37 82
South Adrica &) 0.2 1 35 0.06 35 3
Morocco 11 30 225 7 0.04 20 87
North Africa 15 60 105 (& 0.05 33 300
Middle East &) O 129 4 0.05 29 122
Avg of 91% of PR 11 25 188 10 0.05 29 58
reserves
mg,/kg of P 71 165 1.226 66 0.29 189 578
g/ha/vyr applied 1 3.3 25 1 0.01 4 12
with 20kg P/ha
Tolerance limit 1n 2 100 1040 2 50 50 300

so1l (9)

Westfall, D.G., Mortvedt, J.J., Peterson, G.A. and Gangloff, W.J., 2005. Efficient and environmentally safe use o
micronutrients in agriculture. Communications in soil science and plant analysis, 36(1-3), pp.169-182.
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o Cumulative Annual
Ceiling : Monthly average
: pollutant loading : pollutant
concentration concentration :
Pollutant rate loading rate
mg/kg mg/kg
(dry weight) kg/ha (dry weight) kg/ha/365 day
75 41 41, 2
85 39 39 1.9
4300 1500 1500 75
840 300 300 15
57 17 17 0.85
Molybdenum 75 - - -

420 420 420 21
100 100 100 5
7500 2800 2800 140
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Endosperm

Cakmak, 1., Kalayci, M., Kaya, Y., Torun, A A., Aydin, N., Wang, Y., Arisoy, Z., Erdem,
H.A.M.1.D.E., Yazici, A., Gokmen, O. and Ozturk, L., 2010. Biofortification and localization |
of zinc in wheat grain. Journal of Agricultural and Food Chemistry, 58(16), pp.9092-9102. ‘
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Foliar Zn Spray at Stem
Elongation and Booting
Stages

0 02 04 06 08 10 12 14

254
U 20 I
216
E 10 Foliar Zn Spray at Milk
£ and Dough Stages

0 2 . J
0 02 04 06 08 10 12 14 186
Distance (mm)

Cakmak, 1., Kalayci, M., Kaya, Y., Torun, A.A., Aydin, N., Wang, Y., Arisoy, Z., Erdem, H.A.M.I.D.E., Yazici,
A., Gokmen, O. and Ozturk, L., 2010. Biofortification and localization of zinc in wheat grain. Journal of
Agricultural and Food Chemistry, 58(16), pp.9092-9102.
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Under natural or field Under contralled
conditions grawth conditions
: | SRR
GRAIMN GRAIMN
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High dependency of | st LEAVES | | STEM+LEAVES | Little role of leaf+stem
grain to Zn reserves — in grain Zn
in leaf+stem
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L ROOT ROOT
Limited Root Continued Root
Zn Uptake Zn Uptake
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