
NUTRIENT balance is an important aspect of any
crop production system. It not only affects yield, but also
has an impact on crop quality, production efficiency,
environmental quality, and profitability of the system. Soil
and tissue testing are important tools in developing a
balanced crop nutrition program. When used over time,
these tools can reveal trends toward or away from balance.

Removal of nutrients from the soil through crop
harvest is an important consideration in developing a
long-term fertility plan. This is especially true with crops
that remove large quantities of nutrients in the harvest, such
as alfalfa and other types of hay. Put very simply… if
nutrient inputs to a crop production system are less than
removal, then soil test levels will eventually decline. The
effects of such “mining” can be dramatic. For example,
Figure 1 shows how neglecting potassium (K) fertilizer
applications in bermudagrass hay production affected K
levels in two sandy soils. After three years of production
where no K fertilizer was applied, the K level in both soils
was reduced to less than one third its original level. Even the
application of 300 lb K

2
O/A/year was not enough to main-

tain initial soil K levels.

Table 1 shows the amount of nitrogen (N), phosphorus
(P), and K removed per unit of harvested production for
selected field and forage crops. These amounts must be
replaced to maintain the long-term status quo. Both P and K
are presented in the oxide form (P

2
O

5
 and K

2
O) to facilitate

comparison between removal and fertilizer input. These
values are not meant to be fertilizer recommendations, but
merely quantities of nutrients removed in the harvested
product. It may be possible to farm some fertile soils that
have a high capacity to buffer changes in fertility for
years…even decades…before crop removal begins to
significantly diminish their ability to supply nutrients. Other
soils can show dramatic changes in fertility over just a few
years (Figure 1). Regardless of soil type, if inputs don’t keep
up with removal soil fertility level and yields will eventually
decline.

Table 1. Nutrients removed in the harvested portion of
the crop1.

 Unit of Crop removal
 yield N P2O5 K2O

 - - - - - - - - lb - - - - - - - -
Field crops
Corn (grain) bu 0.75 0.44 0.29
Cotton (lint) bale 32 14 19
Oats bu 0.80 0.25 0.20
Peanuts1 ton 70 11 17
Rice bu 0.57 0.30 0.16
Sorghum (grain) cwt 1.5 0.75 0.38
Soybeans bu 4.0 0.80 1.4
Sugarcane ton 2.0 1.3 3.5
Sunflower cwt 2.8 1.1 0.60
Wheat — 12%
    protein bu 1.3 0.50 0.35

Forage Crops
Alfalfa ton 56 15 60
Bermudagrass ton 46 12 50
Bromegrass ton 36 13 59
Clover-grass ton 50 15 60
Corn (silage,
    67% water) ton 8.3 3.6 8.3
Fescue ton 38 18 52
Orchardgrass ton 50 17 62
Sorghum-sudan ton 40 15 58
Vetch ton 56 15 46
Sorghum (silage,
    67% water) ton 8.3 3.6 8.3
1 Legumes obtain most of their N from the air.
1 Values are approximations, actual removal may vary 30% or

more.
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Figure 1. Effect of hybrid bermudagrass production
on soil K level after three years of hay
harvest (Nelson et al., 1983).
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An interesting aspect of crop nutrient removal data is
the ratio of N:P

2
O

5
:K

2
O. For the major grain crops

produced in the Great Plains Region (i.e., wheat, corn, grain
sorghum, and soybeans) the average ratio is 3.3: 1.4: 1.0. In
other words, for every pound K

2
O removed in the harvest of

these crops there is 3.3 lb N and 1.4 lb P
2
O

5 
removed. Grain

(seed) tends to be relatively low in K. On the other hand, the
average ratio for major forage crops (alfalfa, bermudagrass,
bromegrass, fescue, sorghum-sudan) is 0.8: 0.3: 1.0.
Removal of K

2
O by forage crops is relatively high. On

average, more K
2
O than N is removed in the harvest of these

crops. Hence, forage production can have a profound impact
on K fertility at the field level, regionally, and even nation-
ally.

A useful indicator of whether an area or region is
building or depleting soil P and K levels is the crop
removal/nutrient use ratio. Table 2 presents recent crop
removal/nutrient use data for states in the Great Plains
Region. Ratios in the table include crop removal/
(fertilizer+manure) use [R/(F+M)], and removal/fertilizer
use (R/F). Where the ratio is greater than one removal
exceeds input. Since the distribution of recoverable manure
tends to be geographically restricted, the R/F ratio probably
more accurately reflects what is happening over the majority
of acres.

Table 2. Crop removal/nutrient use ratios in the Great
Plains Region states (average 1998-2000).

  R/F1 R/F+M1

State P2O5 K2O P2O5 K2O

Colorado 1.9 13.6 1.1 3.0
Kansas 1.6 7.6 1.2 2.8
New Mexico 1.7 6.3 0.9 2.1
Oklahoma 1.2 5.6 0.8 2.5
Texas 0.9 2.8 0.6 1.3
Average 1.5 7.2 0.9 2.4
1R- Crop removal, F- Fertilizer use, M- Manure use
Source: Plant Nutrient Use in North American Agriculture (PPI,
2002)
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The R/F ratio for K
2
O (Table 2) ranges from about 14

(Colorado) to 3 (Texas). There is an average of over seven
times more K

2
O removed than applied as fertilizer in the five

state Great Plains Region. The R/F ratio for P
2
O

5
 ranges

from about 2 (Colorado) to near balance at 0.9 (Texas), with
an average of 1.5. This suggests that the region is in a net
depletion mode for P as well. When manure nutrients are
included the P budget for the five states come nearer a
balance (average R/(F+M)=0.9). However, serious K
imbalance persists, with an average of 2.4 times more K

2
O

removed than applied.

The current imbalance between removal and use of K,
and to a lesser degree P, in the Great Plains region is not
sustainable over the long run. If this imbalance continues, at
some time in the future reductions in average yields due to
depletion of soil reserves of these nutrients will likely be
observed. The amount of time will depend on the magnitude
of existing soil reserves. In some regions it is likely already
occurring while in others, for K, it may take decades before
yields will be reduced.

Now is a good time to evaluate yield and nutrient input
history of fields. If removal has traditionally exceeded inputs
of P and/or K and soil test levels are approaching critical
levels, then consider the long-term consequences and make
plans to move toward a more balanced fertility management
approach.  �

PKalc Checks Nutrient Balance

PPI recently introduced a new electronic tool called PKalc (v.1.12), a
simple nutrient balance calculator which helps users determine if P and
K nutrient additions are keeping up with removal by crops. It is an Excel
spreadsheet which enables development of a multi-year, multi-crop
nutrient budget. Users of PKalc input crops grown and yields, plus a list
of nutrients added (fertilizer and manure). The program then estimates
total crop removal and calculates total nutrient additions and the
resulting net balance of P and K. The estimated net P and K balances are
intended to get farmers and their consultants thinking about whether or
not fertilization programs are meeting goals. PKalc and other useful
programs can be accessed at: www.ppi-ppic.org/toolbox.


