SOIL M.S. and Ph.D Degree Proficiency EXAM
1.  Fertilizer labels usually include 3 numbers, e.g., 33-3-4.  What do they mean? If a soil test recommends 1 lb. N/1000 sq. ft., how many pounds of this material are needed for a lawn of 5000 sq. ft.?
The three numbers include the ratio of nitrogen, phosphorous and potassium in a fertilizer.
1000 sq ft2 ------------> 1 lbs N

5000 sq ft2 ------------>?

__________________________

 ? = (5000*1)/1000 = 5 lbs N
5 lb N/0.33 = 15 lb product needed for 1 lb N/1000 sq. ft. on 500 sq. ft.
2.  In cultivated soils within this region, what would be the common soil test values for the following:
Organic Carbon: 0.59  %
Organic Matter: 1%
NH4-N: 5 ppm or mg/kg

NO3-N: 10 ppm or mg/kg

Soil test P: 20-40 ppm or mg/kg
Soil test K: 200-600 ppm or mg/kg
Soil pH: 5.9
3. Pounds per acre (lb/A) is a popular unit for farmers and other ag. professionals. How to convert ppm to lb/A? List all assumptions and show calculation.

To convert ppm to lbs = multiply ppm X 2

Assumption:  
(1) Dept of soil used is 0-6 inch deep
(2) 1% = 10,000ppm
(3) Bulk density = 1.33 mg/m3
(4) Particle density = 2.65 g/cm3
4.  List all of the essential elements, their atomic weight and the form(s) taken up by plants

	Name
	Symbol 
	Atomic Weight
	Forms Taken up

	Nitrogen
	N
	7
	NO3-, NH4+, NO2

	Phosphorus
	P
	15
	HPO4-, H2PO4-, H3PO4

	Potassium
	K
	39
	K+

	Sulfur
	S
	16
	SO4-, SO2

	Calcium
	Ca
	20
	Ca2+

	Iron
	Fe
	26
	Fe2+, Fe3+

	Magnesium
	Mg
	12
	Mg2+

	Boron
	B
	5
	H3BO3

	Manganese
	Mn
	25
	Mn2+, Mn3+

	Chlorine
	Cl
	17
	Cl- 

	Copper
	Cu
	29
	Cu2+

	Zinc
	Zn
	30
	Zn2+

	Molybdenum
	Mo
	42
	MoO4-

	Sodium
	Na
	11
	Na+

	Hydrogen
	H
	1
	H2O

	Oxygen
	O
	16
	H2O, O2

	Carbon
	C
	12
	CO2


5. Fill in the blanks below


147N
157N


Stable or radioactive (S,R)
__S___
__S___


Mass
__14__
_15____


# of neutrons
__7___
__8____


# of protons
__7___
__7____


# of electrons
__7___
__7____


6.  Provide a comprehensive diagram of the Nitrogen Cycle
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7.  What is the Nitrogen and phosphorus composition (% N) of the world’s three major grain crops?
	Crops
	Nitrogen Composition
	Phosphorus Composition

	Wheat
	2.39 %
	0.38 %

	Rice
	1.23 %
	0.25 %

	Corn
	1.42 %
	0.27 %


8.  What does ICAP stand for? What is it used for?
ICAP stand for Inductively Coupled Argon Plasma. It is a type of mass spectrometry that is highly sensitive and capable of the determination of a range of metals and several non- metals at concentrations below one part in 1012. It is based on coupling together inductively coupled plasma as a method of producing ions (ionization) with a mass spectrometer as a method of separating and detecting the ions.
9.  What are the common analytical procedures and instruments used for determining the following elements in soils?

a. NH4+ and NO3-  Colorimetric Analysis Method
b. Organic C and Total N LECO (dry combustion)
c. Soil test P Mehlich III
d. Soil pH pH Electrolyte Meter
e. K ICP
10.  What is hypoxia?

Hypoxia is defined as inadequate oxygen supply to the cells and tissues of the body. Hypoxia means “low oxygen”. IN estuaries, lake and coastal water low oxygen usually means a concentration of less than 2 parts per million.
11.  What is eutrophication?

Eutrophication is a process whereby water bodies, such as lake, estuaries or slow –moving steams receive excess nutrients that stimulate excessive plant – growth (Algae, periphyton attached algae and nuisance plants weeds). 
12.  What is the basic relationship between organic C and organic matter in soils?

Organic Matter = 1.7 x Organic Carbon
Percent Organic Matter = 0.35 + 1.8 x Percent Organic Carbon
13.  What is the fertilizer analysis of the following products?

	Fertilizer
	N-P-K

	a. urea
	46-0-0

	b. ammonium nitrate
	33-0-0

	c. anhydrous ammonia
	82-0-0

	d. UAN
	28-0-0

	e. diammonium phosphate
	18-46-0

	f. triple superphosphate
	0-45-0

	g. potassium chloride
	0-0-60

	h. calcium sulfate (%S)
	22% calcium 17% Sulfur


14.  Perform the following calculations:

a. How much urea would need to be applied to a plot measuring 40 x 40 feet in order to deliver 80 lbs N/ac?
1 acre = 43560 ft2 


80/0.46 = 173.9 lbs Urea/ acre

Plots size = 1600 ft2


Urea (46-0-0)
43560 ft2 ----------> 173.9 lbs

1600 ft2   ----------> ?

____________________________

 ? = (1600ft2*173.9 lbs)/ 43560 ft2 = 6 lbs of Urea

b. If 18-46-0 (diammonium phosphate) had been used as the N source to apply 80 lbs of N/ac, how much carrier P205 (in lbs/ac) would have been applied?

80/0.18 = 444.44 lb product
444.44/.46 = 204.44 lb P2O5 applied
43560 ft2 ----------> 204.44 lbs

1600 ft2   ----------> ?

____________________________

 ? = (1600ft2*204.44 lbs)/ 43560 ft2 = 7.5 lbs of P2O5

c. Using atomic weights, derive the conversion factor for converting P2O5 to P
P2O5 *X = %P


61.94/141.89 = 0.436
2P = 2(30.97) = 61.94



5O= 5(15.99) = 79.95

Total    = 141.89
Hence P2O5 *0.436 = %P
d. Using atomic weights, derive the conversion factor for converting K2O to K

K= 2(39.09) = 78.18

78.18/94.17 = 0.830

O= 1 (15.99) = 15.99


Total   = 94.17

Hence K2O * 0.830 = %K
15.  What is CaCO3 used for? How is the amount determined?
CaCO3 is used for liming. Lime requirement is expressed in the term of ECCE (Effective calcium carbonate equivalent). ECCE is obtained by multiplying the purify factor and fineness factor. The aglime required is then calculated using the following formula ----


Aglime require = (ECCE lime required) / (%ECCE) *100
16.  What is ECCE? How is the ECCE of an Ag-lime determined?
ECCE is stand for Effectiveness Calcium Carbonate Equivalent. It is determined by calculating the equivalent weight of a liming material and comparing it to the equivalent weight of CaCO3. Eg. To compare effectiveness of dolomite lime (MgCO3) to that of CaCO3 the equivalent weight of each material is calculated. i.e. the molecular weight of MgCO3 is 100 and CaCO3 is 84. Equivalent weight are ½ their molecular weight, hence it require 50 g of MgCO3 to neutralize what will be neutralizer by 42 g of CaCO3.
17.  What is gypsum used for?

Gypsum is the most effective soil amendment for removing sodium from the soil particles.  It slowly reacts with the soil for a long period of time.     

18.  In acid soils, we can often find _Al, Mn__ toxicity, and _P, Ca, Mg_ deficiency

19. Using the difference method, compute the Nitrogen use efficiency for the following 2 plots.

a. Plot 1 (N Rate 80 lbs N/ac), Grain N uptake = 60 lbs N/ac

b. Plot 2 (N Rate 40 lbs N/ac), Grain N uptake = 50 lbs N/ac

Check plot (0-N applied), Grain N uptake = 40 lbs N/ac

SHOW ALL CALCULATIONS

NUE= (UF-UC) / FA x 100%
Plots 1: UF = 60 lbs N/ac

UC = 40 lbs N/ac
FA = 80 lbs N/ac

NUE = (60-40) / 80 x 100% = 25 %

Plots 2: UF = 50 lbs N/ac

UC = 40 lbs N/ac
FA = 40 lbs N/ac

NUE = (50-40) / 40 x 100% = 25 %
20.  Using the Global N Method discussed, what would be the cereal NUE using the following data.

a. Total N fertilizer applied in the world = 80,000,000 metric tons  A
b. 60% of the total N applied in the world used for cereals B
c. Grain N removal in all cereals =  30,000,000 metric tons  C
d. % of N removed in the grain coming from Rainfall and Organic Matter = 50% D
 SHOW ALL CALCULATIONS

NUE= (C-D)/B x 100%

= (30,000,000 – 15,000,000) / 48,000,000 x 100%

= 31.25 %

21.  Nutrient deficiencies for the following elements are visually characterized by 

N- Chlorosis at the tip thru the mid-rib towards base of the oldest leaf

P- poor root and seed development.  Purple discoloration of the oldest leaf

K- chlorosis at the tip thru leaf margins towards the base of the oldest leaf

S- Light green color of young leaves

Fe- chlorosis between veins of newest leaves

22.  What is Bray’s mobility concept, DEFINE all components.

Bray’s mobility concept was a combination of the Mitscherlich percent sufficiency concept and Liebig’s Law of the Minimum.  Bray showed that Liebig’s Law of the Minimum concept applied for mobile nutrients (NO3-…), and that Mitscherlich’s percent sufficiency concept worked for immobile nutrients (P, K….)    
Bray illustrated the difference in how plants extracted mobile and immobile nutrients from the soil by showing that mobile nutrients would be extracted from the root system sorption zone and immobile nutrients from the root surface sorption zone.  
23.  Explain why the sufficiency concept developed by Bray cannot be used for mobile nutrients.
Because the test is an indication of the total amount available within the profile.
24.  Define
NDVI (how is it calculated) = [(NIRref – Red ref)/ [(NIRref + Red ref)]

Red band= ~600-700nm

Infrared band= ~700-800nm

Green band= ~500-600nm

INSEY (how is it calculated) = (NDVI/ Days from planting to sensing)

Yield potential = the highest possible yield with ideal management, soil, and weather provided.
25. There 3 types of salt affected soils: saline, sodic, and saline-sodic soils. Label the following diagram (including units) and fill in the salt-affected soils in each quadrant.
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25. Define SAR and ESP. What is the relationship between the 2 parameters?
SAR is stand for Sodium Absorption Ration and ESP is stand for Exchangeable Sodium Percentage.
SAR = Na+ / Sq. root [(Ca2+ + Mg2+)/2]


SAR = cmol kg
Na+, Ca2+, Mg2+ = measure exchangeable Na+, Ca2+, Mg2+ cmol kg
ESP = (Na+ /CEC) x 100





ESP = %

Na+ = Measured exchangeable Na+, cmol kg

CEC = Cation exchangeable capacity, cmol kg

26.  How are yield goals determined for wheat and corn?  What major difference exists between the 2 when used for making preplant N recommendations?

Yield goal= average yield of the last 5 years + 30%
The major difference that exists between the wheat and corn are the %N content in the tissues. In corn once it is deficient in nutrient it lags behind and difficult to catch up ever whenever N applied.
26.  How much N, P, and K are removed from a corn crop that yielded 250 bu/ac?

(1) 0.6-0.7 lbs N/ bushel of corn ---- 250 *0.7 = 175 lbs N
  250 * 0.6 = 150 lbs N

N = 150-175 lbs N per 250 bu/ac

(2) 1 bushel of corn remove 0.4 lbs/ac P2O5 – therefore 250 bu/ac will remove 250*0.4 = 100 lbs/ac P2O5
(3) 1 bushel of corn removes 0.29 lbs/ac K2O – therefore 250 bu/ac remove 205*0.29 = 72.5 lbs/ac K2O

27.  How much N, P, and K are removed from a wheat crop that yielded 50 bu/ac?
(1)  1 bushel of wheat removes 1.65 lbs/ac total N= 50*1.65 = 82.5 lbs/ac
(2)  1 bushel of wheat removes 0.62 lbs/ac P2O5 = 50*0.62 = 31 lbs/ac P2O5
(3)  1 bushel of wheat removes 1.55 lbs/ac K2O = 50*1.55 = 77.5 lbs/ac K2O

28.  What is the equivalent weight of Ca and Na?  Millequivalent weight of Ca and Na?
Equivalent weight = gram atomic weight / oxidation number
Calcium = 40.08/2 = 20.04

Sodium = 23/1 = 23

Millequivalent weight of Ca and Na is obtained by dividing molecular of each ppm by each of their equivalent weight.

29. What happens when Na or Ca is added to a clayey soil?
When Na+ is added to clay the forces binding the clay particle together are disrupted and the clay particles expand causing swelling and soil dispersion. When Ca2+ is added is clay particle flocculate. 
30.  When an acid soil is submerged in water for prolonged time, it is likely that: 

a) The soil becomes anaerobic

 or aerobic



b) Redox potential increases

 or decreases


c) pH of the soil decreases

 or increases


d) Phosphorus is less

 or more 

available to plants

e) Fe3+ is reduced _______or oxidized______ to Fe2+ 
Fe3+ gains______ or loses________ an e-
f) NO3- is reduced________ or oxidized________ to NH4+
Leaching loss of N is increased_______ or reduced________
31.  When soil pH is low, aluminum and iron phosphates will predominate, while calcium  phosphates will predominate at high soil pH

a.  calcium, aluminum     b.  aluminum and iron,  calcium     c.  hydroxy apatite,   calcium


32.  For the Following events, fill in the blanks considering that a P fertilizer (calcium phosphate) was added to a soil with a pH of 4.5
  

	pH 4.5
	Event
	Precipitate Formed

	1. Add fertilizer
	Soluble P added
	-

	2. 1-2
	Soluble P decreased
	DCP

	3. 2-3
	DCP dissolves
	FA

	4. 3-4
	FA dissolves
	Variscite


BONUS:  At a soil pH of 8.0, the soluble P fertilizer form (monocalcium phosphate) reverts to the most insoluble Hydroxyapatite  

33.  At what concentration of NO3-N is it toxic to livestock (cattle consuming wheat or canola forage)?
When the level of NO3-N in forage is over 4,000ppm or more than 0.45% both on dry basis, it is recommended not to feed the forage to livestock.
34.  In general what ppm levels of NO3-N do you find in actively growing winter wheat (Feekes 5)?  What % N is this?

NO3- N = 2220pm ≈ 0.22% N
35.  Could ppm be used in place of ug/g?  mg/kg?   g/kg?  Which is true?

ppm can be used in place of mg/kg.
36.  Why do you think the Mehlich III extracting solution has a low pH?

This extracting solution is supposed to be used in acidic soil. Therefore, to extract phosphorus from acidic soil, it is recommenced to use acidic extractant like Mehlich III extracting solution.
Acetic acid (CH3COOH)
Ammonium nitrate (NH4NO3)

Nitric Acid (HNO3)
Ammonium fluoride (NH4F)

37.  List the soil orders currently accepted via the latest Soil Taxonomy approximation.
(1) Gelisol

(2) Histosol 

(3) Spodosal
(4) Andisol
(5) Oxisol 

(6) Vertisol 

(7) Aridisol 
(8) Ultisol 

(9) Mollisol

(10) Alfisol 
(11) Inceptisol 
(12) Entisol
38.  What is the difference between an Inceptisol and a Mollisol?

Inceptisol has weakly developed subsurface horizon but Mollisol is characterized by well developed thick and dark surface horizon.
39.  Andisols (new soil order) used to be classified as a great group in what soil order?  What was the name?  What is unique about Andisols?

(1) Volcanic ash soils were first included as the Andept suborder of Inceptisols in the Seventh Approximation (Soil Survery Staff, 1960) and this suborder was introduced into soil taxonomy (Soil Survey Staff, 1975). Smith (1978) proposed reclassification of Andepts and provided a rationale for new soil order, Andisols (http://www.airies.or.jp/publication/ger/pdf/06-2-10.pdf, visited Apr. 23, 2010). 

(2) The unique properties of Andisols include that it is formed from volcanic ash. Soil clods have low bulk density (usually less than 1 gm/cc) and easy to break into small pieces.  This low bulk density is associated with high porosity and contributes to more infiltration rate thus quick gravitational drainage of water in the soil.
40.  What is the formula for SED?  What does it mean?  How is it related to LSD mathematically?

(1) SED= square root (2*error mean square/number of observations)

(2) The Standard Error of the mean is used to determine whether or not the mean score achieved in a test which is administered to samples is reflective of the population from which it has been drawn. The lower the value of SED, the higher probability that the calculated mean is representing the population mean from which the samples were drawn. 

(3) LSD = t at df for error mean square *SED
41.  How is CV computed?  What is it used for?  Can CV’s exceed 100%?

(1) CV stand for coefficient of variation and given in %. It is the ratio of standard deviation (SD) to the mean multiplied by 100%.  i.e.  CV = (SD/Mean)*100%.

(2) CV helps to compare two or more experiments of the same objectives and treatment structure and design, and may be the experiments vary because data collected from different locations and/or years. It may also tell the variability of each treatment performance in the different replications for a given experiment. Generally, the higher the CV, the less reliable the experiment result is.

(3) CV can exceed 100% when SD is more than the mean. This can happen in some natural phenomena like counting of insects in a plant, counting of cars passing at different times, counting of number of weeds per plot. These kinds of counts may significantly vary resulting higher CV.
41.  What are requirements for using a covariate (analysis of variance)?  Why would you want to use a covariate?  What would it do?
A covariate is a variable that has an effect that is of no direct interest. Covariate is used because the analysis of the variable of interest is made more accurate by controlling for variation in the covariate. It helps to estimate the underline variability. The variability that we do not have control.
41b. What is the difference between RCBD and CRD designs?  When you would use one in place of the other?  What are the advantages of each?

In CRD a treatment has equal opportunity is place in any part of the experiment plots and has no blocking have in RCBD. If there is field variability that will need to be capture in order to minimize error RCBD will be used. Advantage of RCBD is it account for field variability and CRD is a strong design where they is no variability eg. in greenhouse experiment because with each replication accuracy of the research is reduced.
42.  In general, when will moisture stress be seen in wheat?  Please provide a measurable variable, units, and a reference.

Moisture stress in wheat will occur between planting and jointing leaching up to 33% yield reduction.
43.  If the water potential of the atmosphere were very negative, say -1000 bars, what would this be at the surface of the soil and what would it be beneath the surface?
At the soil surface of 1500kPa. Beneath the soil water potential will also be close 15-1500kpa because there is high rate of evaporation due negative potential in the atmosphere. 

44.  What is the role of phosphorus in plants?

Phosphorous is an essential nutrient both as a part of several key plant structure compounds and as a catalysis in the conversion of numerous key biochemical reactions in plants. Phosphorus is noted especially for its role in capturing and converting the sun energy into useful plant compounds. The role of phosphorus in plants is important component of phospholipids and nucleic acid (DNA and RNA).
45.  The “sufficiency” concept was developed by who?  What did he use it for?

The sufficiency concept was developed by Mitscherlich. He used this concept to explain that increasing yield proportionally will increase the difference between maximum yields obtained by adding the growth factor.
46.  Plants can lose N from the leaves as NH3.  How much N as NH3 can corn and wheat plants use over the course of a season?

21% N loss which equivalent to 10 to 80 kg/ha can be lost from plant leavesin form of NH3. Amount of N as NH3 used by corn and wheat will depend on the environment condition and yield.
47.  What percent N would you generally expect to find in a conventionally tilled soil with a C:N ratio of 10:1?  What would the percent organic matter be for a tilled soil in Oklahoma?  How much organic C would it have?  What would the percent N value you reported above be in ppm?  How much of the total N in this soil would you find as inorganic NH4-N and NO3-N?

Generally 5% N or 1% organic matter in tilled soils have 20,000 lbs/ac. In a soil, with 10: 1 C/N ratio there will be 2000 lbs/acre N. In tilled soil 1% -- 10,000ppm, so Oklahoma has 50,000ppm N. 

Organic Carbon 





Organic Matter = 1.724 * Organic Carbon

NO3-N= 2.0 mg/kg

Organic Carbon= 0.01/1.724 = 0.58%


NH4-N = 6.3 mg/kg
48.  Is acetic acid a strong or weak electrolyte?  Why?  What is acetic acid?

Acetic Acid is weak acid which is a weak electrolyte because it is partially dissociated.
CH3COOH

49.  What are examples of C3 and C4 plants?  What is the difference between the two?

C3 plants – wheat, barley, potatoes and sugar beet
C4 plants – flouring, salt bush, corn and many of summer annual plants

The difference is between enzymes which accept CO2 from the air. C3 plants use enzyme ribulosodiphosphatcarboxylase while C4 use phosphoenol pyruvatcarboxylase to accept CO2 from the air. C4 plants do not photo-respire due to bundle sheath cells. C4 plants capture CO2 in the mesophyll and then CO2 is moved to bundle sheath cells by PEP carboxylase. This process provides a CO2 rich environment for fixation by RuBisCO and avoids photorespiration.
50.  


51.  If a nuclear accident took place locally, and you expected to be contaminated with Sr90, what would you first do for you and your family?  What sources of radiation would you expect to be a problem from fallout?

If I suspected contamination of Sr90 I would have each of my family members submit an urine sample for testing by a bioassay for cancer. The sources of radiation I would expect to be a problem from fallout are radioactive wastes from nuclear reactors and nuclear fallout from nuclear tests.

52.  Describe the Haber Bosch process for NH3 production?

High temperature (1200°C)

High pressure (200-1000 atm)

Catalyst (magnetite, Fe3O4)

Reaction:

CH4 + 3O2 + 2N2 → 4NH3 +3CO2
53.  An FE deficiency is known to exist in corn.  How would you correct it in an economic way?

Approaching of ferrous sulfate (FeSO4•H2O) directly in the raws.
54.  How is gravimetric and volumetric moisture content determined?

Ɵv (volumetric) = Vw/Vs where Vw is the volume of water contained in the sample and Vs is the total volume of the soil sample. 

ƟG (gravimetric) = Mw/Ms where Mw is the mass of water in the sample and Ms is the total mass of the dry sample.
55.  How does the method for determining percent moisture in plant tissue differ from the above?

To determine the percentage moisture content in plant tissues, you consider the fresh and the dry weight of the plant tissues. The difference of the two is the moisture content. The volume occupied by moisture and air is not considered during the calculation.
56.  How is bulk density determined?

Bulk density (g/cm3) = [image: image3.png]oven dry weight of soil
volume of soil




57.  As a scientist you are trusted by society to deliver solutions to problems encountered in life.  Should you be trusted?  Why?

  **__ the answer for these questions are not confirmed. 
EC (micromhos/cm)





16000





12000





8000





4000





0





Saline Soil





Increase Salt Hazard





line Soil





ESP%





15





Sodic Soil





Suggested Value for Salt sensitive plants





30











VISIBLE Color Absorbed





Violet





Blue





Green





Yellow





Orange 





Red





Short wavelength





High frequency





High energy





Long wavelength





Low frequency





Low energy





0.01





10





380





450





495





570





590





620





750





1x10





6





1x10





11





wavelength, nm





Electronic





Vibrational





Rotational





transitions





transitions





transitions





Ultraviolet





X  Rays





Gamma Rays





Radio FM





TV








Infrared





Microwaves 


     & Short 


    Radio








