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Presenter
Presentation Notes
Ladies and gentlemen, I would like to thank Dr. Shafik Ashkar and the Arab Fertilizer Association for inviting me to speak. I’d like to talk to you today on the theme of fertilizing crops to improve human health. Much of this talk will show highlights from a recent publication on the topic, which was a joint effort between IFA and IPNI. I will also draw from other information from a recent symposium held in Cincinnati USA by the Soil Science Society of America.



Formed in 2007 
from the Potash 
& Phosphate 
Institute, the 
International 
Plant Nutrition 
Institute is 
supported by 
leading fertilizer 
manufacturers. 

Presenter
Presentation Notes
IPNI is supported by producers of plant nutrients, and many of its members are represented here today. Its mission is to promote scientific information on responsible management of plant nutrition. I represent IPNI as regional director for Eastern Canada and the Northeastern USA. My background is in crop and soil sciences, from the University of Guelph in Canada and Cornell university in the USA.



Fertilizing Crops to Improve Human Health: 
a scientific review, edited by IFA & IPNI 
Editorial Committee:  
• Patrick Heffer, IFA, France 
• Tom Bruulsema, IPNI, Canada 
• Kevin Moran, Yara, UK 
• Ismail Cakmak, Sabanci University, Turkey 
• Ross Welch, Cornell University, USA 

 

Presenter
Presentation Notes
As Charlotte Hebebrand demonstrated on Tuesday, a large proportion of humanity depends for its sustenance on the food production increases brought about through the application of fertilizers to crops. I am here to explain how fertilizer supports human health by contributing not only a greater quantity of food, but also by increasing its quality. Since 1948, the World Health Organization has defined human health as “a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity.” Complete physical, mental and social well-being is closely related to the goal of sustainability with its emphasis on economic, environmental and social pillars. The end goal of human health is thus attained through our industry’s 4R Nutrient Stewardship approach --applying the right source of plant nutrient at the right rate, time and place.A few years ago, IFA and IPNI decided there was need to summarize these contributions in a single publication. The five people listed here formed the editorial committee. The end result was this book, released last year and available for purchase from either IPNI or IFA.The linkage between human health and 4R Nutrient Stewardship is a FOOD SYSTEMS APPROACH.



Topics 
• Food security 
• Micronutrients 
• Vitamins 
• Functional foods 
• Proteins, oils and 

carbohydrates 
• Plant disease  
• Farming systems 
• Remediation of soil 

contaminated with 
radionuclides 

• 11 chapters 
 

Presenter
Presentation Notes
This book has 11 chapters covering topics of food security, micronutrients vitamins and trace elements, and many more components of foods related to human health. Each chapter was written by internationally recognized scientific authorities. The rest of this talk is largely an overview of these topics, with a focus on major conclusions and opportunities for further research. The book serves as a reference documenting the facts I will present.



More cereals per capita, less pulses 

Bouis, Boy-Gallego & Meenakshi 

Presenter
Presentation Notes
The increase in cereal production over the past four decades has been impressive. Production has increased by an average of 180 percent in developing nations, considerably more than the increase in developing nation population. While yields of pulse crops have also increased, the increase has been lower than that of cereals and of population growth. Thus prices have increased and consumption has declined. A smaller fraction of pulses in diets leads to lower levels of micronutrient consumption. Thus it is important that efforts be made to increase the yield, production and utilization of these crops rich in micronutrients. There is also considerable reason to ensure that the cereals consumed contain adequate levels of micronutrients like zinc, iron, selenium and vitamins – through biofortification. Biofortification can be either genetic or agronomic. Genetic approaches can be helpful and are the only mechanism to improve iron nutrition. 



Micronutrient Malnutrition (% prevalence) 
Bouis, Boy-Gallego & Meenakshi 
Region Zn Fe I Vitamin 

A 

North America 8-11 18-29 11 2-16 

Latin America 13-37 18-29 11 2-16 

Europe 6-16 19-25 52 12-20 

Sub-Saharan Africa 13-43 48-66 44 14-44 

Southeast Asia 27-39 46-66 30 17-50 

South Asia 18-36 

Global 10-32 30-47 32 15-33 

Presenter
Presentation Notes
Nutrition scientists Howarth Bouis and others point out that micronutrient malnutrition is most common for iron, iodine and zinc, most likely followed by selenium and copper. Solving the deficiencies can follow different paths, for different micronutrients. Fertilizing staple crops can solve zinc, iodine and selenium deficiencies, and it is straight forward for the fertilizer industry to play a role in such solutions. Plant genetics can also play a role – genetic biofortification includes enhancing the ability of staple crops to take up micronutrients and store them in bioavailable forms. In addition, the industry could play a role in ensuring that production of micronutrient-dense non-staple crops flourishes – through good support for production and crop nutrition recommendations. Nevertheless improving the productivity of a diverse set of non-staple food crops is a challenging goal, requiring a large investment.   We also need to recognize that fertilizer can play a role in enhancing vitamins in crops. Generally, carotenoids including provitamin A are enhanced by nitrogen fertilization. B vitamins, and of course, protein, can also enhanced by nitrogen.



Enhancing the Nutritional Quality of Food 
Crops with Trace Elements – Welch and Graham 

“…it is 
imperative that 
fertilizer 
technology be 
used to 
improve the 
nutritional 
quality of staple 
food crops that 
feed the world’s 
malnourished 
poor. ” 

Table 1. Proportion of agricultural soils deficient 
in mineral elements (based on a survey of 190 
soils worldwide – Sillanpaa, 1990). 

Element % 
N 85 
P 73 
K 55 
B 31 

Cu 14 
Mn 10 
Mo 15 
Zn 49 

Presenter
Presentation Notes
In Chapter 3, nutrition scientists Ross Welch and Robin Graham note that “Micronutrient malnutrition (which includes both trace element and vitamin deficiencies) is the result of dysfunctional food systems … that do not meet all human nutritional needs.” They conclude that “it is imperative …that fertilizer technology be used to improve the nutritional quality of staple food crops that feed the world’s malnourished poor. ” They noted that a worldwide survey of soils found large percentages to be deficient in N, P, K, B and Zn. Welch and Graham argue that fertilizer enhancement of the trace elements Zn, I, Fe, Co and Se and the deployment of provitamin A carotenoid-rich target crops together are just as important as yield enhancement and environmental sustainability.”



Presenter
Presentation Notes
Many soils of the world are deficient in zinc, and the overall extent of Zn deficiency in world soils matches the extent of Zn deficiency in the human population. Published maps for human deficiencies are remarkably similar to those for soils (Hotz and Brown, 2004; Alloway, 2008; Graham, 2008).  There is a close geographical overlap between the reported soil Zn deficiency and incidence of human Zn deficiency in different countries (Cakmak, 2008). Even in regions of the world where zinc deficiency is relatively rare, syndromes have been detected. A study from my home province in Canada published the American Journal of Clinical Nutrition in 1989 found an association in young boys between low Zn levels, and impaired taste acuity and growth response to zinc supplements. 



Urea coated with Zn increases yield and grain Zn 

Fertilizer Rice Wheat 
Grain yield, 

t/ha 
Grain Zn, 

mg/kg 
Grain yield, 

t/ha 
Grain Zn, 

mg/kg 

Prilled urea 3.99 30 3.72 40 

Urea + 1% ZnO 4.46 36 4.14 46 

Urea + 1% ZnSO4 4.67 39 4.25 49 

Urea + 2% ZnO 4.95 43 4.39 49 

Urea + 2% ZnSO4 5.15 48 4.53 51 

“urea fertilizers coated with ZnSO4 always produced better results than 
urea coated with ZnO” - Lyons and Cakmak, Chapter 4 

Presenter
Presentation Notes
Increasing zinc levels in rice and wheat can be as simple as adding zinc to macronutrient fertilizer. These data from India, cited by Graham Lyons and Ismail Cakmak in Chapter 4, show that both yield and grain zinc concentrations were increased with zinc-supplemented fertilizers, particularly when zinc sulfate was the fertilizer form used.



Selenium-Enhanced Foods in Cancer 
Prevention – Combs  
• Selenoproteins – Se essential to the antioxidant enzyme 

glutathione peroxidase (GPX) 
• In 1983, Finnish Ministry of Agriculture and Forestry 

directed that all agricultural fertilizers contain Se.   
• By 1990, the per-capita intake of Se in the Finnish diet more 

than quadrupled. 
• Average serum Se in Finnish adults increased from 70 to 

nearly 119 ng/ml 
• Epidemiological studies have found Se status to be inversely 

associated with cancer risk. While relatively few clinical 
trials have been conducted, all but one have shown cancer 
risk reduction due to Se. 

Presenter
Presentation Notes
Dr. Gerry Combs has shown that selenium-enhanced foods may have a role in cancer prevention, among people whose selenium intake is less than optimal. Selenium was found to be an essential constituent of the antioxidant enzyme glutathione peroxidase. Several epidemiological studies have found Se status to be inversely associated with cancer risk, and Se-intervention has been found to reduce cancer risk in studies with a wide variety of animal tumor models.  While relatively few clinical trials have been conducted to date, all but one have shown cancer risk reduction due to Se.  The use of Se-enriched foods may be an effective and sustainable means of increasing Se intakes to support good general health and reduce cancer risk. In 1983, the government of Finland directed that all agricultural fertilizers contain selenium. By 1990, the per-capita intake of Se in the Finnish diet was estimated to have more than quadrupled, increasing from 25 to 110-120 µg/day with 20% coming from cereals and 40% coming from meats and dairy products.  Within four years, Se concentration in the serum of Finnish adults increased from an average of 70 ng/ml to one of nearly 119 ng/ml – one of the highest levels in Europe and approaching levels found in North America.  Subsequent adjustments in fertilizer Se levels can be seen has having played through the Finnish food system, affecting crop Se levels and, ultimately, the Se status of the population.



Functional Quality of Fruits and Vegetables 
- Jifon, Lester, Stewart, Crosby & Leskovar 

• Foliar K with S enhanced 
sweetness, texture, color, 
vitamin C, beta-carotene 
and folic acid contents of 
muskmelons 

• In pink grapefruit, 
supplemental foliar K 
resulted in increased 
lycopene, beta-carotene, 
and vitamin C 
concentrations 
 

• Several studies have 
reported positive 
correlations between K 
nutrition and banana fruit 
quality parameters such as 
TSS, reducing sugars, non-
reducing sugars, total 
sugars and ascorbic acid, 
and negative correlations 
with fruit acidity 

Presenter
Presentation Notes
Plant nutrition scientist John Jifon and others point to many ways in which potassium can increase the health-functional quality of fruits and vegetables. In muskmelons, foliar-applied potassium enhanced sweetness, texture, color, vitamin C, and beta-carotene and folic acid. Several of the same components were also increased in pink grapefruit. They also noted that banana fruit quality improves in response to potassium nutrition. In addition, these foods also provide good sources of potassium for the human diet, important in reducing risk of cardiovascular disease. Potassium’s promotion of vitamin C stands in contrast to the role of nitrogen fertilization, which can tend to reduce it.  “Mozafar (1993) noted that the concentrations of carotenes and vitamin B1 tend to increase with N fertilization whereas the concentration of vitamin C decreases.   Recent studies have also confirmed these trends. For instance, lycopene and beta-carotene contents in peppers were increased by nearly 50% and 20% respectively in response to fertilization with NO3-N (Flores et al., 2004).  Barickman et al. (2009) have also reported positive correlations between N supply amount and concentrations of antioxidant carotenoids (beta-carotene, lutein, neoxanthin and zeaxanthin) in watercress (Nasturtium officinal R. Br.).  Similarly, Kopsell et al. (2007a) found linear increases in carotenoid concentrations (lutein, beta-carotene and chlorophyll pigments on a dry mass basis) in leaf tissues of kale in response to N fertilization. Lutein and beta-carotene are potent antioxidant pigments and play an important role in eye health. Together with vitamins A, C and E, they can help lower the risk of developing, or slow down the progression of age-related macular degeneration (AMD), which is one of the leading causes of blindness”“increasing the NO3:NH4 ratio in fertilizer solutions resulted in significant increases in both the dry and fresh mass concentrations of lutein and beta-carotene in kale leaves”“High N fertilization rates have also been associated with reductions in the concentrations of naringin and rutinoside in grapefruits (Patil and Alva, 1999; 2002), anthocyanin in apples (Awad and Jager, 2002), and polyphenolic compounds and antioxidant activity in basil (Nguyen and Niemeyer, 2008)”“Inverse associations between potassium intake and the incidence of cardiovascular diseases such as stroke and coronary heart disease have been reported (He and MacGregor, 2008)”“Foliar K treatments increased tissue K concentrations, fruit sugars and bioactive compounds (ascorbic acid and β-carotene) by 19%, 21% and 15%, respectively, even though soil K levels were high”“In pink grapefruit, supplemental foliar K resulted in increased lycopene, beta-carotene, and vitamin C concentrations (Patil, 2002), however, higher levels of soil-applied K resulted in lower fruit total ascorbic acid levels (Patil and Alva, 2002) ”



12 

Concentration of isoflavones in soybean 
seeds in response to applied K fertilizer 
(two sites, three years, 1998-2000). 

K2O application Genistein Daidzein Glycitein Total1

Spring banded 938 967 146 2,051
None 831 854 130 1,851
Increase due to K, % 13 13 12 13

1 Total isoflavone concentration expressed as aglycone; sum of three components; parts per million (ppm)

Vyn et al., 2002.  Journal of Agricultural and Food Chemistry, 50: 
3501-3506. 

Presenter
Presentation Notes
Another role for potassium has been demonstrated with respect to health-functional components of soybeans. Isoflavones, considered among the most effective of nutraceutical compounds, can be limited by potassium nutrition of soybeans. These data show an association between potassium levels in the seed of soybeans, and the isoflavone content of the same, in two different production years. A good number of these samples wer deficient in potassium; a critical level in seeds is over 2%. Compared soybeans fertilized and unfertilized with potassium, in soils deficient in the nutrient, the concentration of each of the three major kinds of isoflavones increased by about 13%. Other research in soils with adequate levels of potassium found no differences in isoflavone concentrations. Thus additional inputs of potassium are not necessary, but potassium deficiencies would inhibit one of these vital health-protecting components of soybean seeds for human consumption.



Protein, Oil, Carbohydrate 
Grant & Bruulsema 

Katepwa hard red spring wheat (Grant, unpublished) 
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Presenter
Presentation Notes
The major macronutrient nitrogen strongly influences the protein content of crops. In general, optimum protein concentrations and yields require higher rates of application than optimum grain yields, as shown in this example for Canadian hard red spring wheat. In maize and wheat, higher rates of N can reduce protein quality, because the low-lysine proteins zein and gluten can increase, but in the high-lysine maize cultivar opaque-2 or QPM this does not occur, and in rice lysine actually increases with N fertilizer rate. Figure 2:  Effect of nitrogen fertilization on yield and protein content of Katepwa hard red spring wheat (Grant, unpublished)“In rice, protein occupies the spaces between starch granules. application of N to increase protein content can reduce breakage.”“in a study with 31 cultivars of rice in Nanjing China, both the average total protein content and the protein quality, in terms of glutelin/total protein increased with increasing N level (Ning et al., 2009). Glutelin has a higher proportion of lysine than does prolamin. Nitrogen fertilizer also decreased the concentrations of phytic acid, an anti-nutritional factor that decreases the bioavailability of both protein and trace elements ”“Miao et al. (2007) found that the N rate to maximize corn grain protein concentration was 45 to 50 kg ha-1 higher than the optimal rate for yield., but VRN did not reduce variability in protein.”Increasing N increased the proportion of zein in corn protein, decreasing lysine and tryptophan, except in opaque-2 QPM – also reflected in biological value in rat feeding experiments.“Increases in [wheat] protein content due to N fertilization may not improve the nutritional value of the grain to the same extent because of the proportionally higher increase in the lysine-poor gluten proteins (Shewry, 2009).”



Sulphur and Wheat Bread-making Quality 

Presenter
Presentation Notes
Sulfur, too, can affect the quality of proteins related to bread-making quality in wheat. A reduced proportion of sulfur-rich proteins leads to tough, less extensible dough and lower bread volumes. Benefits to sulfur application for durum wheat have been shown even on sites not deficient in sulfur, by increasing the amounts of low-molecular-weight glutenins.Figure 5. Effect of different S fertilization rates on the baking quality of two wheat cultivars as measured by a microscale baking test using 10 g of wholemeal flour. (A) Images of micro bread slices of the cultivar Batis at a comparable scale. (B) Histograms of bread volumes; different letters represent significant differences of the mean values. Error bars represent(standard errors of five independent pot replicates. Statistical significance (p<0.05) is indicated by small letters for the S rates and capitals for the cultivars (Zörb et al., 2009).Sulphur deficiency leads to a change in the composition of protein in wheat.  Amounts of S-poor proteins such as ω-gliadins increase and S-rich proteins such as γ-gliadins and low molecular weight subunits of glutenin are reduced by S deficiency (Tea et al., 2007; Tea et al., 2004; Wieser et al., 2004).  The reduced proportion of S-rich compounds leads to tough, less extensible dough leading to a lower bread volume even with a similar protein content (Figure 5) (Reinbold et al., 2008; Thomason et al., 2007; Zörb et al., 2009).  Similarly, in durum wheat, on a site that was not S-deficient, S application increased the amount of LMWG at the expense of the HMWG  (Lerner et al., 2006) .



Potato starch and protein influenced by NPKS 
N-P-K-S Potato 

yield, 
g/pot 

Starch,  
% 

Crude 
protein, 

% 

Protein 
biological 
value, % 

2-3-3-3 124 70 8.3 89 

4-3-3-3 317 72 12.9 80 

6-3-3-3 266 69 15.9 75 

4-1-3-3 134 68 14.9 74 

4-4-3-3 454 74 10.3 81 

4-3-1-3 50 59 22.9 65 

4-3-4-3 332 68 11.5 82 

4-3-3-0 173 65 14.7 45 

Eppendorfer and Eggum, 1994 

Presenter
Presentation Notes
Potato growers are keenly aware of the critical role that fertilizers play in enhancing marketable qualities. These data from a pot experiment with varying combinations of N, P, K and S show that nutrient addition levelsproducing maximum yields generally resulted in high protein and starch levels as well. Applications of N strongly increased crude protein content of potato, but reduced its biological value. As crude protein increased, the proportion of asparagine increased while that of essential amino acids declined. Nevertheless, the reduction in biological value was smaller than the increase in crude protein, and thus the total production of bioavailable essential amino acids increased with N application, even beyond the rate of application required for maximum yield. Increasing levels of P and K reduced crude protein but increased its biological value. Sulphur deficiency strongly reduced biological value of protein as well, owing to reductions in methionine and cysteine. Starch content of potatoes was reduced by either deficiency or excess of nutrients. Deficiencies of P, K and S reduced the starch content in boiled potatoes, but levels of N, P, and S that maximized yield also provided the highest starch levels. When K input was increased to very high levels, small increases in yield were offset by small decreases in starch content.



Plant diseases, mycotoxins & food safety - Huber 

Crop Disease Toxin  Nutrient 
Cereals Ergot 

(Claviceps sp) 
Ergotamine 

(alkaloid) 
Cu 

Grain, peanuts Aspergillus aflatoxin Mn + ? 
Cereals Fusarium 

graminearum 
(Gibberella 

zeae) 

deoxynivalenol 
zearalenone 

trichothecene 

Mn + ?  

1. Managing nutrition influences diseases and their control 
2. Knowledge Gap: nutritional control of the plant diseases 

most relevant to food safety 

Presenter
Presentation Notes
The most well-known example of a plant disease controlled by a nutrient and causing health risks is the ergot disease. Copper deficiency predisposes cereals to ergot because of pollen sterility that causes the glumes to open so that stigmas are exposed to infection by Claviceps purpurea, the cause of ergot. Ergot can be controlled by copper applications. Several other mycotoxins are important to food safety. They include aflatoxin from Aspergillus and deoxynivalenol from Fusarium. While the degree of control by plant nutrition is less clear than with copper for ergot, manganese deficiencies are know to potentially increase these mycotoxins. There is a knowledge gap on the nutritional control of some of the plant diseases most relevant to food safety.



Plant Diseases – Huber 

• Strategies to reduce disease through nutrition: 
1. Nutrient-efficient cultivars – Mn uptake ability in cereals 
2. Balanced nutrition: optimum levels 
3. Form & Source: NH4 versus NO3, KCl versus K2SO4 

4. Timing:  apply N during conditions favoring plant growth 
5. Integration: tillage, crop rotation, soil microbes 

 
 

Presenter
Presentation Notes
Plant pathogens, notes Dr. Don Huber, can immobilize and compete with the plant for mineral nutrients, and thereby reduce mineral content, nutritional quality, and safety of food products made from plants. Managing plant nutrition influences plant diseases and their control. He lists several strategies to reduce plant disease through plant nutrition. First, nutrient efficient cultivars – most specifically, cereals with enhanced ability to take up manganese. Plants generally have far higher requirements for manganese than most fungi or bacteria. Therefore, higher manganese levels favor the plants in their competition against pathogens. Balanced nutrition is important – for example, stalk rot in maize is worse with either deficiency or excess levels of N, and lowest at optimum rates.Some diseases favor one form of nutrients over another. For example, potato stem canker caused by Rhizoctonia is reduced through nitrate nutrition, but common scab caused by Streptomyces is reduced by applying N in the form of ammonium. Wheat rust and corn stalk rot are both reduced  more with muriate than with sulfate of potash.Timing of N applications to avoid conditions favoring the disease and to support the most active growth phases can help minimize disease.An integrated approach to tillage, crop rotation and the needs of soil microbes can help ensure adequate plant nutrition with highest efficiency and lowest disease pressure.



Benefits to the industry 
1. Compilation of benefits for public 

awareness. 
2. Foundation to build on for further 

research. 
3. Builds relationships with research 

scientists. 
Continuing efforts: 
1. Encourage evaluation of impacts on 

human health in research supporting 4R 
Nutrient Stewardship. 

2. Include human health impacts in 
messaging related to food and nutrition 
security. 
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Presentation Notes
How has this effort benefited the fertilizer industry?Compilation of benefits for public awareness.Foundation to build on for further research.Builds relationships with research scientists.Where to from here? What should the industry do next?Encourage evaluation of quality impacts in research supporting 4R Nutrient Stewardship.Include quality impacts on messaging related to food and nutrition security.



Summary 
• Fertilizer contributes immensely to the health and well 

being of humanity. 
– Quantity & Quality 
– Protein, minerals, vitamins and nutraceuticals 

• Research supporting 4R Nutrient Stewardship has great 
potential to improve human health. 

Presenter
Presentation Notes
How has this effort benefited the fertilizer industry?Compilation of benefits for public awareness.Foundation to build on for further research.Builds relationships with research scientists.Where to from here? What should the industry do next?Encourage evaluation of quality impacts in research supporting 4R Nutrient Stewardship.Include quality impacts on messaging related to food and nutrition security.



Thank You 
 

www.ipni.net 
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