
Answering the Call: 

Improved Nutrient Efficiency 
and Organic Matter Build-up 

By Will iam K . Griff ith and Harold F . Reetz, Jr . 

T H E American crop farmer, wherever 
possible, combines the use o f conserva
t ion ti l lage w i t h improved soil f e r t i l i t y 
management practices. The integrat ion 
o f these two best management practices 
( B M P s ) increases grain yields, crop res
idues, nutr ient use efficiency, and car
bon (C) assimilation. I t also improves 
the soi l med ium f o r sequestering C and 
the bui ld-up o f organic matter. 

• Crop residues to ta led 513 m i l l i o n 
tons i n 1992, 186 m i l l i o n tons more 
than i n 1973. 

• Crop residues contained 232 m i l l i o n 
tons o f C i n 1992 . . . 85 m i l l i o n tons 
more than i n 1973. 

• Commercial ferti l izer accounts for 35 
percent o f grain and crop residue 
yield, or 81 m i l l i o n tons o f the 232 
m i l l i o n tons o f C i n 1992 c rop 
residues. 

• N i t rogen ( N ) efficiency on corn (bu/ 
lb N applied) was 1.03 i n 1992, an 
increase f r o m 0.87 i n 1982. 

•Phosphorus (P) efficiency on corn 
was (bu/ lb P 2 0 5 appl ied) 2.80 i n 
1992, an increase f r o m 2.01 i n 1982. 

• The ratio (nutrient uptake/nutrients 
applied) on corn was 1.82 i n 1992. 
Tha t compares to a rat io o f 1.42 a 
decade earlier. 

• I n 1992 a to ta l o f 7.0 m i l l i o n tons o f 
p lant nu t r ien ts was expor ted o f f 
f a r m s t h r o u g h g r a i n sales. T h a t 
compares to 6.1 m i l l i o n tons i n 1982. 

Studies have shown that soil organic 
C content is a l inear f u n c t i o n o f the 
amount o f crop residue added to soils. 
Crop residue product ion is increasing 
on N o r t h A m e r i c a n farms as yields have 
increased, as shown i n Figure 1. 

513 

327 

147 

i i 

Residue 

Carbon 

k \ \ \ \ \ Yield 

224 

134 

91 
> \ \ \ \ \ < 
www 
i\WW* 
www 

\ \ \ \ \ 1 

131 

1973 1992 

All major crops 

\ \ \ \ \ \\ 
kxww 
www\ 
\w\w 
www] 

300 t 

200 

1973 1992 

Corn 

Figure 1. Crop residue and organic carbon production by all major crops and a comparison with 
corn (1973 versus 1992). 
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produc t ion and envi ronmenta l bene
f i t s associated w i t h these factors are 
a l l increasing. Comparisons o f corn 
yields, co rn residue and C p roduc t ion , 
and f e r t i l i z e r use ef f ic iency f o r 1982 
and 1992 are shown i n Table 1. 

I t is es t imated that crop y ie ld po ten
t i a l increases more t han 20 percent f o r 
each 1 percent increase i n soi l C con
tent . C o r n yields and residue produc
t i o n increased substantial ly d u r i n g the 
p e r i o d f r o m 1982 t o 1992. H i g h e r 
amounts and bet ter management o f 
crop residue improve the soi l m e d i u m 
f o r s e q u e s t e r i n g C a n d b u i l d i n g 
organic matter . A s a result , a soil's 
capacity to re ta in p lant nut r ien ts i n 
the roo t i ng zone is enhanced. 

T h e increased soi l nu t r i en t storage 
capacity is a p a r t i a l explanat ion f o r 
t he g r a d u a l increase i n c r o p y i e l d 
p o t e n t i a l , h ighe r n u t r i e n t use e f f i 
ciency, organic mat ter bu i ld -up , and 
r e d u c e d e n v i r o n m e n t a l p r o b l e m s 
associated w i t h higher crop yields. 

However, p lant nut r ien ts expor ted 
o f f the f a r m have also increased as 
g ra in yields increased. Th i s deple t ion , 
p a r t i c u l a r l y f o r P a n d K , un l e s s 
restored by p lant nu t r i en t sources out
side the system, w i l l reverse the posi
t ive s o i l / f e r t i l i z e r / y i e l d / e n v i r o n m e n t 
r e l a t i o n s h i p s n o w t a k i n g p lace o n 
N o r t h A m e r i c a n g ra in fa rms . • 

Table 1. A comparison of corn grain yield, residue and C production and their 
relationship to fertilizer use and efficiency in 1982 and 1992. 

D u r i n g the past 20 years, residues 
produced by the major crops i n the U.S. 
have increased more than 50 percent, 
f r o m 327 to 513 m i l l i o n tons. Corn resi
due accounts fo r approximately 44 per
cent o f the to ta l crop residue produced. 
Increased crop residue product ion par
allels the improvement i n grain yields. 
Corn yields, fo r example, increased 40 
b u / A i n this 20-year t ime span. Total 
crop acreage i n 1973 and 1992 was 
about the same . . . 236 and 242 m i l l i o n 
acres, respectively (not shown i n Figure 
1). Approximate ly 45 percent o f crop 
residue dry matter is C. I n 1992, crop 
residues contained approximately 232 
m i l l i o n tons o f C which was potent ial ly 
available fo r sequestering in to soils and 
organic matter bui ld-up. 

Several long- te rm experiments and 
fa rmer experiences have shown that the 
t h r e e m a n a g e m e n t p rac t i ce s m o s t 
closely associated w i t h the bui ld-up and 
maintenance o f organic matter are: 1) 
conservation t i l lage practices, 2) an 
adequate and balanced soi l f e r t i l i t y 
program, and 3) crop rotations. 

Commerc ia l f e r t i l i z e r use accounts 
fo r approximately 35 percent o f grain 
and crop residue yields annually, or 81 
m i l l i o n o f the 232 m i l l i o n tons o f C i n 
1992. Dr . Ron Follet t , U S D A / A R S said, 
" S o i l f e r t i l i t y is essential f o r plants 
t o g r o w a n d 
sequester carbon 
i n so i l s . C o n 
versely, the soi l 
c a r b o n level is 
o f t e n an indica
t o r o f a soi l ' s 
f e r t i l i ty . " 

T h r o u g h t h e 
cont inua l devel
opment o f better 
a g r o n o m i c a n d 
c o n s e r v a t i o n 
B M P s a n d the 
i m p l e m e n t a t i o n 
of new technology 
by crop farmers, 
soil nutrient stor
age c a p a c i t y , 
n u t r i e n t e f f i 
ciency, and the 

1982 1992 

Corn acreage, million 73.2 72.1 
Yield, bu/A 114 131 
Corn stover residue, million tons 197 224 
Carbon in corn residue, million tons 89 101 

Fertilizer use per acre: 
(USDA) N 131 128 

p2o5 
57 47 
72 57 

Fertilizer efficiency, bu/lb applied: 
N 0.87 1.03 
P 20 5 

2.01 2.80 
K*0 1.59 2.31 

Nutrients (NPK) removed in grain, million tons 6.1 7.0 
Nutrients (NPK) remaining in residue, million tons 7.4 8.3 
Total nutrient uptake, million tons 13.5 15.3 
Total nutrients applied, million tons 9.5 8.4 

Ratio nutrient uptake/nutrient applied 1.42 1.82 
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