
the Advanced Technology Program.) Sec- 
ond, the regional disparity highlighted in 
my Policy Forum did not relate to the con- 
centration of awardees. Rather, I empha- 
sized the very poor performance of 
awardees in regions without a vibrant 
high-technology community already. 

J d  
Harvard Business School, Boston, MA 02163, USA. 
E-malt jlarner@hbs.edu 

Carbon Cost of Applying 
Nitrogen Fertilizer 

When the addition of nitmgen 0 fertilizer 
leads to increased crop biomass, it alsc 

' 

augments carbon (C) inputs to the soil 
and, hence, often incrcrscs soil o@c 1 
matter. Consequently, the efficient use of 
fatilizer N to isrrua crop production 1 
has also been found valuable 
for sequestering atmo- - 

spheric carbon in soil. A \ 
WilliamH. Schl*, 
however, in his Policy 
Forum "Carbon se- ' 
questration in soils" 
(Science's Compass 
25 June 1999, p. 
2osnmahlns==lts 1 
fiom a 20-year experi- 
ment in Kentucky on 
conventional-till andno- . 
till com (I) and concludes 
'that "the 111 c a r h  cost of N 
f i d h r . .  .would effectively negate any net 
carbon sink as a result of the application of 
the fkdhr." These costs include the CO.& 
emitted during fertilizer manufacture, stor- 
age, transport, and application. The three car- 
bon cost fhctors (moles of CO& emitted per 
mole of N applied) documented by 
Schlesinger are 0.375 (stoichiometry of 
J3abcr-Bosch reaction), 0.58 (carbon cost of 
fertilizer manufacture) (2), and 1.436 (car- 
bon cost of fertilizer manufacture, storage, 
transport, and application) (3,4). 

We analyzed the same data and found 
that they do not support the conclusion 
that the carbon costs of N fertilizer negate 
the associated carbon sequestered in soil. 
Using the cost factor of 0.58 leads to 
ranges of C02-C released fiom fertilizer 
(as a proportion of sequestration) of 11 to 
27% under conventional-till practices and 
9 to 19% under no-till practices. The high- 
est factor (1.436) and the fertilizer rate 
with the highest carbon cost would make 
the proportional costs increase by a factor 

I of 2.48 to 66% under conventional tillage 
and 48% under no tillage-not the 100% 
required to negate any net carbon seques- 

f tration. Schlesinger bases his conclusion 

li on the use of an unrealistically high N a p  
plication rate of 336 kilograms per hectare 

per year (kg ha-' year1). Thus, even with 
the most comprehensive (conservative) 
cost factor and highest N rate, the carbon 
cost of fertilizer N to increase crop pro- 
duction is less than the carbon sequestered 
in soil at the Kentucky site. 

Farmers, however, add nutrients to 
soils to replenish those exported with har- 
vested products in a way that makes eco- 
nomic sense. For example, nonfertilized 
corn in the Kentucky experiment removed 
on average 65 kg N ha-l year1, whereas 

corn fertilized with 84 kg N 
A ha-' year' removed 97 kg N 

L ha-l year-I. How much 
more nitrogen will farm- 

\ ers add? The answer de- 

I 
pends on crop response 
to fertilizer, fertilizer 
price, and grain price. 
Using data from the 
Kentucky experiment 

, and setting marginal cost 
equal to marginal return, 

. with corn prices at $78 per 
megagram and 
fertilizer at $0.50 

&,t&d aft= 13 per kilogram, we 
years from soil receiv- calculate that the 
Ing no N (above) corn optimum rate of N 
p a d  wfth soil ncdv- application would 
bjl N at 50 kg ha-' be 133 kg N ha-I 
F-' (right). year1, regardless 
~~~~ of tillage method 

(5). Proper fertil- 
ization, in combination with reduced 
tillage, can produce net carbon sequestra- 
tion in soil and sustain productivity. 

We conclude that N fertilizers, when 
used to increase crop biomass under the 
conditions of the Kentucky data, result in 
positive net carbon sequestration. Carbon se- 
quesiratibn in soils has Limits, and it is sensi- 
tive to management, soil conditions, and cli- 
mate. However, the p d c e  o k  one way 
fbr society to reduce the potential for unde- 
sirable climatic change. Failure to recognize 
its value may lead not only to loss of fixture 
opportunities for soil carbon sequeshtion, 
but also to policies that inadvertently elimi- 
nate carbon sequestdon that accrues from 
progressive agricultuial practices. 

R CCyr luumlde 
Battolle/Pacific Northwest National Laboratory, 
901 D Street S.W., Washington, DC 20024, USA 

William B. McGIII 
Department of Renewable Resources, University 
of Alberta, Edmonton,Aberta T6C 2E3, Canada 

-J.- 
BattellelPacific Nwthwest National Laboratory 

RefemKwmdNotes 
I. I. kma tt  1 sorr sd. soc ~m J. 58,193 (I=). 

The Kentucb experiment accommodated four N 
rates (0 to 336 kg ha-l yew-') and re&ted sigdfi- 
cant changer in soil C content (wwwsdencemag. 
org/featuddata/lMU1sJM). 

"Everyone is - 

~etting Rich 
But Me!" 

Tbday more New Economy 
pdessiorrals are getting 
rich M e r  than ewer 
before-without having 
to change jolos every six 
months, or win the stock 
option lottery. 
This amazing new book 

shows you how you can secure 
life-changing wealth in the 
next few years from an exciting 
new-but little known- 
open-source investing network. 
This once private community 

has given investors 2.510% 
returns in just four short years- 
including a 430% monster gain 
in 1999! 

Change Wave Investing is 
I 

more than just a book, it's a 
1 movement. I invite you to join 

us in the adventure. i 
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2. 	Intergovernmental Panel on Climate Change, Revised 
1996 Guidelines for National Greenhouse Gas Inven- 
tories. Reference Manual (Organization for Economic 
Cooperation and Development, Washington, DC, 
1996). 

3. 	M. C.Bhat, B. B. English, A. F.Thurlow, H. 0.Nyangito, 
Tech. Rep. ORNL/Sub/90-9973Z/Z (Oak Ridge Na- 
tional Laboratory, Oak Ridge,TN 1994). 

4. R. C. lzaurralde et dl., in Management o f  Carbon Se- 
questration in Soil, R. Lal et  al., Eds. (CRC Press, Boca 
Raton, FL, 1998), pp. 433-446. 

5. 	The United States Department of Agriculture-Eco- 
nomic Research Service national average of N appli- 
cation on corn for the period 1982-1991 is 150 kg N 
ha-' year' . 

6. Work prepared under contract number DE-AC06-76RLO 
1830, U.S Department of EnergyDffice of Science. 

Response 
In the face of increasing environmental 
problems associated with excessive addi- 
tions of reactive nitrogen to the environment 
(I),one must be careful to evaluate all poli- 
cies that would further the use of inorganic 
N fertilizers in agriculture. It is noteworthy, 
for example, that the mean use of N fertiliz-
er on corn in the United States [I50 kg ha-' 
year-' (2 ) ] is already greater than the eco- 
nomic optimum level calculated by Izaur- 
ralde et al. for cornfields in Kentucky. Al- 
though the carbon costs of N fertilizer dis- 
count only 66% of the mean carbon seques- 
tration in the cornfields of Kentucky, other 
studies, edited for space from my original 

Policy Forum, have discounts greater than 
100% (3). In all cases, the marginal C 0 2  
cost of increasing N fertilizer use exceeds " 
the marginal gain of carbon sequestration in 
soils, especially those under no-till manage- 
ment. Thus, recommendations for a greater 
use of N fertilizer (4), above 1990 baseline 
activity, are unlikely to contribute signifi- 
cantly to Kyoto credits through enhanced 
carbon sequestration in agricultural soils and 
are very likely to contribute to excessive 
losses of N to surface- and groundw-aters (1). 

William H. Schlesinger 
Department of Botany, Duke University, Durham, 
NC 27708-0340, USA 
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CORREP: rbONS AND <-T&ARIFICA1"lON4 

Pathways of Discoveiy timeline: (1 1 Feb, p. 
997). In the timeline accompanying David 
Stevenson's Pathways of Discovery essay, 
the main charge leading to the burning of 
Giordano Bruno was his denial of the divini- 
t y  of Christ; his scientific views, however, 

didn't help.The timeline was prepared by the 
edi 

Report: "Rapid evolution of a geographic 
cline in size in an introduced fly" by R. B. 
Huey et al. (14 Jan., p. 308). An arithmetical 
error was made in the computation of the di- 
vergence rate of North American Drosophila. 
The rate given in darwins was correct; how- 
ever, the rate reported in haldanes was 
wrong. The correct values are 0.01 1 haldanes 
for females (penultimate paragraph of the 
text) and 0.004 haldanes for males (in refer- 
ence 24).This error does not affect any major 

News Focus: "Baedeker's guide, or just plain 
'trouble'?" by Michael Balter (7 Jan., p. 29). 
The caption accompanying the photo 
misidentified the actor in the role of King 
Solomon. The actor was Tyrone Power, not 
Yul Brynner. Power died during the shooting 
of the movie Solomon and Sheba in 1958 
and was replaced by Brynner. 

Editorial: "Avoiding an oil crunch" by Philip 
H. Abelson (1 Oct. 1999, p. 47). The refer- 
ence to Oil & Gas journal was incomplete. 
The reference should have been Oil Gas j. 
97,26 (21 June 1999). 


