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SOIL5813

Soil-Plant Nutrient Cycling and Environmental Quality

First Hour Exam

February 25, 2004
Name: ______________

Miscellaneous:

T
F
The adverse effects of weather can be overcome by applying more N

T
F
Bias error is considered “accuracy” while Random error is more in tune with “precision”
T
F
NH4 is most likely to accumulate in semi-arid environments

T
F
Nitrogen use efficiency for worldwide cereal production averages 33%

T
F
Work by Francis et al (1993) reported that plant N losses accounted for 52 to 73% of the unaccounted-for N in 15N balance calculations

T
F
Denitrification in soils is controlled largely by the supply of water-soluble or readily decomposable organic matter

T
F
Denitrification losses are generally greater when N is applied in conventional till soils as compared to zero till soils.  

T
F
The vast majority of NOx is released as nitric oxide, NO, which converts to nitrogen dioxide, NO2, within minutes by reaction with ozone and peroxy radicals.  NO2 is recycled to NO by photolysis. 

1.  What is the current INSEY index used in winter wheat by OSU (formula), and what does INSEY stand for?  Define all components.  What does INSEY do?
INSEY = (NDVI  collected somewhere between Feekes 4-6/days from planting where GDD>0)

NDVI = (NIR-red)/(NIR+red)

GDD = (Tmin + Tmax)/2 – 4.4°C
INSEY is an index used to predict wheat grain yield from sensor measurements collected mid-season

STUDENT Questions

1.  Explain why nitrification can be considered a “good and evil” process in the nitrogen cycle.

Good: NO3- is the product of nitrification which is an available form of N taken up by plants.

Evil: NO3- is also a substrate in the denitrification process which converts it through a series of intermediates to nitrogen gas (unavailable form of nitrogen for plants use). 

NO3- is also the form of N that can be lost by leaching.

2. Why is nitrogen limiting despite the fact that it makes up 78% of atmosphere?

Nitrogen remains largely locked in the atmosphere and only small fraction of 

this resource exists in a form that can be absorbed by growing plants, animals 

and ultimately by humans.
3. What are the possible implications of long term inhibition of Nitrosomonas sp?

1. Obviously a lack of NO3:  Nitrosomonas is responsible for the first step of nitrification.  Without it NH4 could not be converted into N02 and ultimately N03
2. Possible decrease in plant yield due to lack of available N:  NH4 would be available but its lack of mobility in the soil would limit its availability to plants.

3. Possible increase in Ammonia Volatilization:  By removing the ability to nitrify NH4 we increase the potential for loss via ammonia volatilization.

4. Possible increase in soil pH.  In a natural soil environment the temporary increase in pH resulting from the conversion of NH3 to NH4 + OH- is offset by the decrease in pH resulting from the Nitrosomonas conversion of NH4 to 2NO2 + H2O + 4H+.  Without the first step of nitrification via Nitrosomonas, the initial increase may not be offset.  This overall increase in pH would probably lead to ammonia volatilization (mentioned above) among other problems associated with alkali conditions.  

4. The potential increase of Nitrogen Use Efficiency (NUE) can result in:

a. Increase of ammonia volatilization 

b. Increased rates of denitrification 

c. Increased nitrate (NO3-) leaching 

d. Increased fertilizer consumption

e. Human health risks
5. Much of the literature from class has discussed the seriousness of the overuse and(or) mismanagement of inorganic nitrogen fertilizer with respect to deleterious impacts on the environment.  Briefly discuss these impacts and the mechanisms from the N cycle involved.
1. Ammonia Volatilization:  Low pH buffering capacity coupled with alkaline soil conditions (pH > 7.3) give rise to the transformation of ammoniacal fertilizers to ammonia gas under the reaction NH4 + OH = NH4OH = NH3 + H2O.  This process could impact sensitive ecosystems through the deposition of excess N downwind. 

2. Nitrate Leaching:  Nitrification rates or application of fertilizer NO3-N in excess of what the soil plant system can effectively buffer from loss is subject to leaching on account of its mobility via soil solution.  Contamination of groundwater with excessive NO3 concentrations has been linked epidemiologically to some cancers as well as methemoglobinemia (Blue Baby Syndrome).

3. Eutrophication:  Nitrogen loss from agricultural runoff has been attributed to the enrichment of water bodies with a previously scarce nutrient.  As a result, algae and cyanobacteria populations explode with their subsequent decomposition contributing to a greater biological oxygen demand (BOD).  Ultimately, massive fish kills could potentially result from the anaerobic conditions created by the oxygen consuming heterotrophic microorganisms.              
4. Nitrous Oxide Emissions:  The use of NO3 and NO2 as terminal electron acceptors in oxidation/reduction reactions from the denitrification process contribute to atmospheric emissions of nitrous oxides.  Atmospheric NOx in the troposphere absorbs roughly 200 times more outgoing radiation than does a single molecule of CO2 creating a potential significant source of global warming.  Reactions of nitrous oxides with excited atmospheric oxygen contribute to the destruction of ozone in the stratosphere, while the production of photochemical smog by exposure of NOx to sunlight and other pollutants occurs at ground level.       
6. If you could speed up the nitrogen cycle what would you need to change or provide?

1.
Aerated environment (need for O2)

2.
Supply of ammonium

3.
Moisture

4.
Temperature (30-35C or 86-95F) <10C or 50F

5.
Soil pH

6.
Addition of low C:N ratio materials (low lignin)
7.  Using a series of chemical equations including any organic or inorganic catalysts, explain why hydrogen ion buffering capacity is important when using urea fertilizer as your source of nitrogen.

CO(NH2)2 + 2H+ + 2H2O urease/nickel→ 2 NH4+ + H2CO3 ……………….  (1)

HCO-3 + H+ → CO2↑ + H2O……………………………………………….. (2)

NH4+ + OH- ↔ NH4OH ↔ NH3↑ + H2O…………………………………. (3)

From equation 1, two H ions are consumed for every mole of urea hydrolyzed. This causes an increase in soil pH which results in volatilization of NH3 (Equation 3). Therefore, soil with good buffer capacity will resist the change in pH during hydrolysis preventing the loss of N.

8. Under what conditions is loss of nitrogen from the plant brought to a minimum or eliminated?

 

Loss of nitrogen from the plant can be brought to a minimum or eliminated when the plant is growing in idea condition (Sufficient water, nutrients, light, heat ……) where no stress is present to decrease possible biomass production. Optimized conditions allow the plant to use all nitrogen taken up for biomass production rather than releasing it to prevent toxic effects.

9.  A farmer applies excessive amounts of nitrogen for many years hoping to increase crop yield.  What are 5 nitrogen buffering mechanisms that will cause the excessive N to be lost before it leaches.  (list 5 of 7)

1. Increased plant N loss 



2. Increased volatilization loss 



3. Increased denitrification 



4. Increased organic C and organic N


5. Increased grain protein

6. Increased forage N

7. Increased straw N

10. What is the Nitrogen composition (% N) of the world’s three major grain crops? (Byron Sudbury)



Corn

1.26



Wheat

2.13



Rice

1.23

T
F
Worldwide, nitrogen use efficiency (NUE) for cereal production is 33% and just a 1% increase in NUE in the world would be worth ~$469,600,000.

T
F
Do you seldom find calcareous soils with high organic matter? 
T
F
Applied inorganic N and/or inorganic N coming from organic pools are subject to various fates that can diminish the likelihood of NO3-N leaching.

T
F
Tropical soils, rich in lignin, have low mineralization rate.
T
F
The C:N ratio 30:1 for immobilization can be applied in both temperate and tropical climates.
Miscellaneous (from lecture material)

1.  The application of excessive N rates in cereal production has been blamed for 

a. ‘dead zone’ or hypoxia in the Gulf of Mexico

b. eutrophication of lakes and streams

c. nitrate contamination of groundwater

d. global warming via increased production of nitrous oxide from denitrification

e. negative backlash of the green revolution

2. Provide a comprehensive Diagram of the Nitrogen Cycle, including all factors, variables, switches, etc., that you can possibly remember!  Everything.
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BONUS:(5 points)

Outline the countries of Greece, Kenya, Korea, Philippines, and France
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