Logic for Using “Estimated N Removed in Cereals Coming from the Soil and that Deposited in the Rainfall as 50% of the Total” to compute World Estimate of Nitrogen Use Efficiency
From Page 632 (Keeney 1982).  “Also N recovery by agronomy crops is seldom more than 70% and the average value is probably nearer to 50% (Allison, 1955; Viets, 1965; Charp 15, L.T. Kurtz and R. A. Olson). 
From Page 613. “No net transfer of mineralization for soil organic N was included in Table 3, on the assumption that an equivalent amount of N is immobilized as is mineralized.
(From AJ, 91:357-363) N removed in cereals coming from the soil and that deposited in rainfall (50% of the total)

Discussion
Using the macro-statistics available from FAO, a world estimate of cereal NUE was sought.  In order to obtain this estimate of NUE, several assumptions were needed.  Considering the magnitude of errors embedded within this type of computation, was a world estimate of NUE even needed?  The Raun and Johnson (1999) manuscript suggests that yes it was needed and could be accurately estimated.    
Key to this computation was accepting work from Alexandratos (1995) who reported that 60% of the world fertilizer N applied, was used for cereal production in the world.  The world estimate for total fertilizer N consumption was available via FAO (1996), as such fertilizer N use in cereals (60% of the total) was computed.  An accurate estimate of total grain N removal for all cereals was then sought.    ((Total grain N removed – Indigenous N)/N applied)
The amount of grain protein in different cereals and other food products was established by (Thachuk and Ivine, 1969).  Their work documented the relationship between percent N in cereals, and various other food products, and that could be converted into protein using common factors.  
Cereal grain production statistics, for both the developing and developed world have been recorded for some time (FAO, 1996).  Using known grain N concentrations for wheat (2.13), corn (1.26), rice (1.23), barley (2.02), sorghum (1.92), millet (2.01), oats (1.93), and rye (2.21) (Tkachuk, 1977), grain N removal was computed by multiplying the production numbers reported by FAO (1996), by the respective concentrations.  These world grain N removal values, by cereal, were computed and reported accordingly in Table 1 from the Raun and Johnson (1999) manuscript.
In order to compute a realistic estimate of NUE for cereal production in the world, more was needed.  Further knowledge of N removed coming from indigenous sources (rainfall, soil N mineralization) was reported by Keeney (1982) and was estimated to be 50% of the total grain N removed.  This was in turn used to determine the macro-estimate of NUE reported by Raun and Johnson (1999).  This NUE estimate was determined as ((total cereal grain N removal – N removed in cereals coming from the soil and that deposited in the rainfall) / world estimate of fertilizer N applied to cereals).  These values from the 1999 paper are included in Table 1 below (taken from the 1999 AJ paper).

The Keeney (1982) estimate of N removed in cereals coming from the soil and that deposited in rainfall (50% of the total) was required in this work.  Was this estimate of 50% correct and should this have been lower or higher?  For our world estimate of NUE, the 50% value that Keeney reported is supported by published research.   Nonetheless, changing this value to 40 or 60 does not change the final world-NUE-estimate to such an extent as to be outside the range found for by-site, and by-location-NUE’s included in Table 2.   Table 2 should be expanded and that could be a source for an additional publication on NUE’s.
http://cropwatch.unl.edu/credit-soil-organic-matter-nitrogen
http://extension.psu.edu/plants/crops/grains/corn/nutrition/nitrogen-fertilization-of-corn
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Table 1.  World cereal consumption of N fertilizers, N removal in cereal grain and estimated nitrogen use efficiency for cereal grain production.
World consumption of fertilizer-N		82,906,340	mT
Cereal consumption of fertilizer-N (60% of total)			
0.60 * 82,906,340 = 49,743,804 MT in cereals		49,743,804	mT
World cereal production, MT				
Wheat			586,960,900	mT
Corn			590,417,900	mT
Rice			569,683,000	mT
Barley			156,148,100	mT
Sorghum			70,667,040	mT
Millet			28,857,320	mT
Oats			30,881,440	mT
Rye			23,022,100	mT
World cereal grain N removal (production * %N)	%N			
Wheat	2.13	 	12,502,267	mT
Corn	1.26		7,439,266	mT
Rice	1.23		7,007,101	mT
Barley	2.02		3,154,192	mT
Sorghum	1.92		1,356,807	mT
Millet	2.01		580,032	mT
Oats	1.93		596,012	mT
Rye	2.21		508,788	mT
Total N removed in cereals		33,144,465	mT
N removed in cereals coming from the soil (50% of total)	16,572,232	mT	
N removed in cereals coming from the fertilizer (50% of total)	16,572,232	mT		
Estimated NUE = cereal fertilizer N removed/total N applied 	0.33	

Table 2.  Reported nitrogen use efficiencies (NUE) in cereal crop production computed using the difference method and 15N isotopic discrimination.  
Source	Year	Crop	NUE, %	Method
Olson and Swallow	1983	Winter wheat	27-33	
Raun and Johnson	1999	All cereals	33	
Olson	1980	Corn	25	
Wienhold et al.	1995	Corn	35	15N
Karlen et al.	1996	Corn, Wheat, Cotton	20-34%		
___________________________________________________________________________________
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Miscellaneous
The percent N determined either from Kjeldahl methods or dry combustion could be multiplied by 5.7 for cereals to determine the estimated protein concentrations.  This is facilitated by each product having known amino acid compositions and in turn, known N values (Sosulski, and Imafidon, 1990).


Dr. Sharma,

Thank you for call and for the comprehensive nature of your thoughts/concerns relative to our work.  Included is the document that explains and delineates the use of the Keeney 1982 reference.  This estimate (N coming from the rainfall and/or soil) could be viewed as being specious, but then I would ask what other estimate do I have and that could be cited?  I would also ask what other estimate of fertilizer N used in cereals is there that could be cited (Alexandratos, 1995)?  And what about N concentrations in the cereals used to make the holistic estimate of NUE?  

Yes, this estimate of “World NUE” is totally different from the use of the “difference method” or “isotopic discrimination”, but don’t you find it interesting that it matches up with reports from many (maize and wheat) and that are in the literature (30 to 40%)?  Table 2 in the document really should be expanded.  Sulochana Dhital recently completed a survey paper that is now in-print, in Agronomy Journal, and that documents highly variable N demand in a country fixated on applying the same rate year after year.   We do indeed have a serious problem.

In this light, it would be beneficial to generate an NUE survey paper as well.  

Thanks for challenging our work and for thinking deeply about the N issues we face.

bill
[bookmark: _GoBack]
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‘Table 5—Inputs and major transfers of fixed N for the United States
excluding Alaska and Hawail) in 1975.1

Source or transfer Amount
Biological N fixation
Tilled land
Nonleguminous fixation 01 -
Leguminous fixation 44 -
Pasture and range 29
Forest and federal lands 38
Otherland 02
Total 120
Other inputs of fixed N
Fertilizers 94 a4
Other industrial fixation 31 31
Precipitation 54 27
Total 179 152
Totalinputs 209 192
‘Major internal transfers of N
Uptake by crops 168
‘Human wastes 13
Animal wastes - 53
NRC 1978).

ample is the U.S. N budget (NRC, 1978) given in Table $. It is important
that double-counting be avoided when an inventory such as Table § is being
compiled; if the actual transfer routes of N within the system are not
considered, overestimation of inputs may result. Crop residues and human
2nd animal wastes may be important local sources, but they represent in-
ternal N transfers previously accounted for. Many earlier summaries of
U.S. sources of N (Stanford et al., 1970; Viets & Hageman, 1971; Parr,
1973; Frere, 1976) have erred in treating wastes as sources rather than as
transfers. No net transfer of mineralization from soil organic N was in-
cluded in Table 3, on the assumption that an equivalent amount of N is im-
mobilized as is mineralized. About 19.5 x 10° tons of N (65% of the total)
originates for human activities with about 31% from fertilizer. Nearly 34%
of the anthropogenic fixed N reappears as wastes.

V. SOURCES OF N POLLUTION

The impacts of N on health or the environment can be on a local or
watershed (as is usually the case for ground- and surface-water pollution),
regional (acid rain) or global (O, depletion) scale. It is imperative to define
the extent of these impacts before control measures are adopted. For ex-
2mple, a theoretical consideration of N fertlizer impacts on ground water
= Illinois (Klepper, 1978) indicated that if controls on fertilizer use were de-
sired, they would be more effective regionally than statewide.
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However, maximum economic_efficiency of production usually requires
above-optimal inputs of N fertilizer (cf. Chapt. 20, E. R. Swanson). Alsog
N recovery by agronomic crops is seldom more than 70%, and the average
value is probably nearer to 50% (Alison, 1955; Viets, 1965; Chapt. 15, L.
T.Kurtzand R. A. Olson). In addition, the optimum rate of fertlizer appli-
cation is influenced by a multitude of site-specific conditions, and by the
weather

In general, information s inadequate to determine with precision the
optimal rates of fertlizer N input even on a single farm. One possible way
of minimizing such pollution is to restrict N fertilizer applications to rates
that are significantly below the economic optimum. It may also be possible
10 use other management practices which can increase the efficiency of crop
utilization of fertilizer N, or reduce losses of the unused portion o the en-
vironment. The impacts of many of these techniques on crop production
and on N-related environmental quality have yet to be evaluated in full-
scale field studies.

1. SOIL AND TISSUE TESTING

The efficiency of N fertilizer use can be further improved by even more
emphasis than at present on effective field testing and educational pro-
grams. Such programs have traditionally been conducted by agricultural ex-
tension personnel, oftentimes in conjunction with privately owned soil- and
tissue-testing laboratories.

“The inherent difficulties in use of soil tests for predicting the amount of
soil N available for a crop have been discussed previously (see Chapter. 15,
L. T. Kurtz and R. A. Olson). With annual crops such as corn, tissue tests.
for N also are difficult to interpret (Jones & Eck, 1973), and tissue analysis
has the added disadvantage that it is often 100 late in the growing scason to
correct a deficiency that might be revealed. Pierre et al. (1977, b) have
reported good success in predicting the N requirement of corn following
corn by use of the N content of corn grain, and considerable success has
been obtained in the use of tissue tests for prediction of N needs in com-
‘mercial fruit production (Emble et al., 1974). However, until more reliable
soil tests are developed, fertilizer N recommendations for annual crops
(especially long season crops such as corn) wil require considerable skilled
judgment on the part of the extension agronomist and the farmer.

Efforts should be made to provide farmers with as much information
as possible to avoid using more N fertilizer than required. Continued re-
search on soil and tissue testing for predicting crop needs of N is essential
Much of this research must of necessity be closely related to on-farm condi-
tions and be of long duration so that results can be meaningfully
interpreted

2. TIMING OF APPLICATIONS

The most logical approach to increasing N fertilizer efficiency and
hence lessening environmental impacts of N is to supply the N as it is needed




