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ABSTRACT
Philosophical differences exist in the interpretation and recom-

mendations made from soil test values acquired by different orga-
nizations that provide advice to farmers on fertilizer use, lt was the
objective of this study to er aluate the economic and agronomic impacts
of these varied philosophies with particular reference to concepls of
calion ratio, nutrienl maintenance, and nutrient sufficiency level,
Field experiments were conducted during l97J-1980 on four major
soils of Nebraska comparing lields of corn (Zea ma.;-s L.) gronn uith
fertilizer treatments as recommended by five soil testing laboratories
operating in the state. The 29 field comparisons rerealed no real vield
differences despite *'ide variation in number, rate, and cost of nu-
trients applied. Since soil test levels are increasing or al least holding
steady with the "nutrient sufficiency" approach to soil testing. we
find no economic or agronomic basis for the "balance" or "nrain-
tenance" concepts on these represeniative soils of the western Corn
8elt. Not to be overlooked are environmental implications nor the
waste of energy and resources from any approach responsible for
excessive fertilizer use. It is recognized that reserves of available
nutrients in the deep subsoils and underlying soil-forming materials
in this region have a substantial bearing on soil test calibration and
that different calibralions may exist with less favorable subsoil rooting
condi t ions.

Additional index words : Fertilizer efficienc_v, Nutrient maintenance,
Cation ratio. Soil test calibration. Nutrient sufficiencv.

QotI-  fert i l i ty research and associated laboratory
t )  studies over the past 30 years have establ ished
the efficacy of soil testing as a means for predicting
\e nutr ient needs of crops to be grown. The proce-
ure is general ly recognized as the best avai lable for

diagnosing soi l  nutr ient l imitat ions before a crop is
planted so that correct ion can be made in that year
by appropriate fert i l izat ion. Al though general ly ac-
cepted as a viable pract ice, real  phi losophical  di l fer-
ences exist  on interpret ing the tests.  This results in
radically different fertil izer recommendations being
given to farmers with attendant erosion in credibi l i ty
o f  so i l  tes t ing .

Three major concepts are in use by the var ious
organizat ions doing soi l  test ing, v iz. ,  maintenance,
cation saturation ratio, and sufficiency level. The
maintenance concept impl ies that whatever the soi l
test level,  a quant i ty of nutr ient should be added to
replace the amount expected to be removed by the
crop. This "conservat ion" of a soi l 's nutr ient sup-
plying capacity has strong appeal but discounts the
economic aspect to the farmer in those si tuat ions
where the soi l 's del ivery capacity of a given nutr ient
may be adequate for top yields for some years to
come. Focus is pr imari ly on NPK rather than the 13
soi l -der ived nutr ients,  al l  of  which should receive
equal consideration if the approach were truly to rep-
resent the maintenance concept.

The cation ratio concept probably originated from
New Jersey work that projected an ideal soil as one
with the fol lowing distr ibut ion of exchangeable cat-
ions: 65Vo Ca, l0% Mg, 5% K, and 20% H, therewith
' a : M g  o f  6 . 5 : 1 ,  C a : K  o f  1 3 : l  a n d  M g : K  o f  2 : l  ( 2 , 3 ) .
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These required proportions would be expected to be
quite different with soils of a different clay mineral
type, e.g.,  those from Missouri  with suggested opt i-
mum proportions of 75% Ca, l0% Mg and 2.5 to 57o
K (6). Many subsequent studies, however, have shown
l i t t le relat ionship between crop yields and the above
rat ios of soi l  exchangeable cat ions; instead wide var i-
ations in those ratios have had no atdverse effects on
yields or crop qual i ty (7,  8,  9).  The l i terature indicates
that f ie ld cal ibrat ion of any of the cat ion rat ios to yield
response is tenuous at best.

The suff ic iency level concept derives from studies
that reveal no yield response to an appl ied nutr ient
above a certain soi l  test level.  I t  has come from long-
term cal ibrat ion of soi l  tests with f ie ld yie ld response
data establ ishing ranges of "response assured," "re-
sponse l ikely,"  "response possible,"  and "response
unl ikely,"  otherwise expressed as very low, low,
med ium.  and h igh  nu t r ien t  leve l  ( l l .  l3 ) .  The su f f i -
c iency level concept is employcd by most universi ty
laboratories involved with testing farmers' soil sam-
ples, whereas a combinat ion of the cat ion rat io and
maintenance concepts are in use by the major i ty of
commercial  laborator ies. As a result ,  most universi ty
laboratories have come to be regarded as too con-
servat ive with their  fert i l izer recommendations.

There is added disagreement among soi l  test ing lab-
orator ies concerning depth of soi l  that needs to be
sampled for ef fect ive nutr ient prescr ipt ion purposes.
Tradit ional ly,  the t i l lage layer of soi l  has received
primary emphasis based on the predominance of roots
in and nutr ient uptake from that zone. The signi f icance
of subsoi l  nutr ient reserves, however,  is increasingly
being recognized in soi l  test cal ibrat ion research (10,
12, l5).  These reserves are part icular ly important with
the mobi le elements l ike N, somewhat less for im-
mobi le nutr ients such as P and Zn.

Ult imately,  soi l  test ing must serve not only eco-
nomic and agronomic requirements but those of en-
vironmental  scope as wel l .  Examples exist  around the
country and the world of detr imental  environmental
effects from excessive nutr ient appl icat ions, including
unacceptable levels of nutrients in surface and ground
waters and outright toxicity of certain elements in
frui ts and vegetables (4).  Rel iable soi l  test ing, espe-
cial ly as i t  measures the root ing prof i le and not just
surface soil levels, can be the most effective means
of keeping this problem in check. Accordingly,  the
basic objectives of this study were to determine how
wel l  the economic, agronomic, and environmental  in-
terests of agriculture were being served by soil testing
in Nebraska and to acquire further assurance of the
adequacy of university recommendations for satisfy-
ing those interests.

MATERIALS AND ]\{ETHODS

Four field locations were selected for conducting this
study during 1973-1980: the Mead Field Laboratory; the
South Central Station: the North Platte Station; and the
Northeast Station. Corn was grown continuously on the
plots, allowing fertil ity objectives of the various labs to be
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Table |. Description of experimental sites.

IMPACT OF SOIL TESTING PHILOSOPHIES

Shorpsburg s ic l
t ? !

6 ?

l o
roo

493

Cozod s i l
t 2 t

7 8
Yield goal Inigation Years

oil,*
9 9 H 6

Mead Lab Sharpsburg Sicl
North Platce Cozad Si I
South Central Hastings Si I

Northeast Moody Si l

ft
t '\.')-

)t /r"'/'* i i
f \
i  Al luvlun , l

Soil ty'pe

Yes 1973-80
Yes 1974-80
Yes 1974-75
Yes 1976-791
No 1974-80

tSoybeans grown in 19U0 without further treatment for evaluating
residual fertilizer ef fects.

ach ieved over  severa l  years '  t ime w i th  y ie ld  goa ls  as  spec-
if ied in Table l .  The Sharpsburg (Typic Argiudol l) ,  Hastings
(Ud ic  Arg ius to l l ) .  and N{oody  (Ud ic  Hap lus lo l l )  so i l s  a re
th ree  o f  the  most  ex tens ive  cu l t i va ted  so i l  ser ies  in  the  s ta te
u ,h i le  Cozad (F luvent ic  Hap lus to l l )  occup ies  a  la rge  area  o f
cent ra l  P la t te  Va l ley  bench lands .

A representative soi l  sample was col lected from the entire
experiment:r l  area of each local ion in the f irst year, \  ,as
thorough ly  mixed and then d iv ided in to  f i ve  subsamples .
One sample  was mai lcd  to  the  Un ivers i ty  So i l  Tes t ing  Lab-
oralorl i  (Lab E) and one lo each of four commercial labo-
ra lo r ies  (Labs  A.  B ,  C.  D)  p rov id ing  most  o f  the  so i l  tes t ing
service to Nebraska farmers. After the f irsl  year each lab-
oratory received a soi l  sample composiled from al l  the rep-
l i ca ted  p lo ts  to  wh ich  fe r t i l i ze r  had been app l ied  accord ing
to  tha t  labora tory 's  recommendat ions  in  the  pr io r  year (s ) .
In  most  cases  N recommendat ions  by  Lab E were  made
f rom pro f i le  samples  taken to  a  depth  o f  a t  leas t  60  cm wi th
a l l  labora lo r ies  hav ing  cor respond ing  oppor tun i ty .  The man-
ner  o f  hand l ing  and mai l ing  lhe  sample  was such tha t  no
labora tor r ' .  inc lud ing  the  Un ivers i ty ' s .  wou ld  knou,  tha t  th is
\ "as  no t  a  fa rmer 's  sample .  A l l  nu t r ien ts  suggested  by  a
laboratory were assumed to be needed and were broadcast
and incorpora ted  pr io r  to  p lan t ing .  A  h igh  y ie ld ing  corn
hybr id  adapted  to  thc  respec t ive  area  was p lan ted  near  the
accepted  r )p t imum p lan t ing  da te  in  76  cm rows u , i th  four
to  s ix  rep l i ca t ions  and cu l lu ra l  p rac t ices  o f  i r r iga t ion .  cu l -
t i va t ion .  and pes t  con t ro l  app l ied  as  requ i red  fo r  the  s i te .
Y ie ld  es t imates  were  der ived  by  hand harves t ing  ears  f rom
12 to  l -5  m o f  row a t  matur i t y .  she l l ing .  and cor rec t ing  to
l5 . i lZ  mo is tu re .  Fer t i l i ze r  cos ts  in  the  da ta  f igures  were  de-
rived from state*' ide average retai l  cosls fcrr nutr ients during
the  spr ing  peak  consumpl ion  per iod  fo r  the  years  invo lved.

Fo l lou ing  harves t  o f  the  1980 c rop ,  so i l  samples  l rom 0
to  l -5  cm.  l -5  to  30  cm.  and by  30  cm increments  th rough
180 cm were  taken o f  a l l  p lo ts  a (  each loca t ion .  Measure-
ments were made on these profi le samples of NO.-N by
s team d is t i l l a t ion .  o rgan ic  mat te r  by  Walk ley-B lack  wet
d iges t ion .  pH by  g lass  e lec t rode on  2 i : l  water :  so i l  sus-
pens ion ,  so i l  P  by  Bray  and Kur tz  no .  I  ex t rac t ion .  and
exchangeable K by f l lme photometry fol lowing NHoOAc
ext rac t ion .  Determina l ions  were  a lso  made on sur face  so i l
samples  o f  B  by  ho t  u 'a le r  e r t rac t ion :  CEC.  Ca and Mg bv
NHoOAc ex t rac t ion :  Mn.  Cu,  and Fe by  DTPA ex t rac t ion
and Zn by  0 .1  N HCI  ex t rac l ion ,  a l l  measured by  a tomic
absorption spectroscop)' ;  and SO.-S by Ca(H1PO.): extrac-
t ion  and tu rb id imet r ic  ana lys is .  The on ly  p ro f i le  da ta  p re-
sented are those for NOr-N in some of the f igures since
differences in stalus of other soi l  nutr ients among lab plots
were not signif icant below the 0 to 30 cm depth.

RESULTS AND DISCUSSION

Figure I depicts some of the more important chem-
ical characteristics for the 180 cm profile of the four
soi ls on which the study was conducted. The Sharps-
burg and Hast ings soi ls are sl ight ly acid to neutral  in
react ion throughout,  with P deplet ion of the B horizon
but with large avai lable P reserves in the deep subsoi l .
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Fig.  l .  Chenr ical  character is l ics of  the 180-cm prof i le of  lhe conlro l
soil al the four experimental sites afler lhe 1980 harvest.

The higher subsoil pH of Moody and Cozad from free
l ime presence is associated with much lower soi l  P
levels.  Organic matter contenls of around 3% in the
surface soi ls of Hast ings and Moody arc dist inct ly
higher than in the Sharpsburg (eroded) and Cozad.
whi lc exchangcable K is very high in al l  soi ls.  

- fhese

prof i le characler is l ics of scl i ls f rom the wcstern Corn
Belt  present an ent irely di f ferent soi l  fert i l i ty mc'dium
to a crop than exists in eastern soi l  regions with
strongly acid subsoi ls or those western soi ls thal  are
calcareous throughout thc prof i le.

Average annual fert i l izer appl icat ions as recom-
mended by the var ious laborator ies along with average
yields and fert i l izer costs for the years of the sludy
are  presented  in  F ig .  2 ,3 .  4 ,  and 5 .  Y ie ld  goa ls  were
general ly met throughout the course of the study at
al l  locat ions despite the vagaries of c l imate and pesl
impact.  No signi f icant di f ferences in yield occurred
from treatments advocated by the different labora-
tor ies for any locat ion except the South Central  Sta-
t ion where results for Lab C were less than those from
other laborator ies. There were. however.  wide di f-
ferences in the kinds and amounts of nutr ients rec-
ommended with result ing large dispari ty in cos{s for
the fert i l izer treatments. Accordingly,  f rom the eco-
nomic standpoint alone, there is no quest ion of the
superiority of the more conservative fertil izer rec-
ommendations provided by Lab E.

A modest reduct ion in soi l  pH has accompanied the
N appl ied to al l  lab plots with only smal l  di f ferences
attr ibutable to the var ied fert i l izer programs to date.
Lab E plots averaging about 0.2 pH unit  higher in the
surface soi l  than other lab plots (Table 2).  I t  is evident
from the data, however,  that long cont inued appl i -
cat ion of the larger amounts of N, P. and S advocated
by some of the aommercial  labs would accentuale the
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Table 2. Soil test valueg on the surface 15 cm after the lg80 crop season along with valuee for thitxperimental area at initiation of the
etudy.

Nutrient

Location & Laboratory
B&K'I

NO!-N P
O.T NHCI DTPA

SO,-S Zn Fe
DTPA DTPA
MN Cu

Hot H,O
B p H

Exctr"
K

6.2
6.3
6.2
6.4
6.8
7.0

ppm

I1 .8
a . t

10.4
6.7
6.8
o . l

6.0

7.6
12.3
13 .6
5 .2
6.9
3.9
4.5

l  l . 3
r0.3
29.4

t . o

4.9
3.5

7.0
6.0

r0.0
c . o

6.0
5.0
5.4

0.7
0.9
t . 2
0.9
0.9
,:

0.4
0.5
0.9
0.5
0.4

Y
1 .4
l . l
1 . 6
l . l
0.9
'-'

I . J

1 .3

l . J

t .2
l . l

l . l
1 . 5
0.7
1 .0
0.7
0.6
0.3

6.8

7.0
6.9
7 .1
7.6

6.5
o . o

7.0
6.7

6.8
6.3

6.2
0.5
0.8
0.6
0.5
'-.

0.9
0.6
0.8
0.9
0.7
0.6

26 l . t
26 23
27 23
27 24
22 2 l
,:

l l  l l
8 8
9 8

l l  9
9 8
o ,

16 37 349 t7
15 26 321 23
t7 2t 320 18
t2 28 332 15
20 20 331 l0
4 8 3 2 8 1 0

- r0 267

l8 62 490 15
L7 36 438 l5
15  30  415  26
20 77 438 l9
22 28 460 20
7 20 406 l8

-  2t  417

0.7 6.0
0.6 6.0
1 .0  5 .9
0.8 5.9
0.9 6.1
0.9 6.2
-  6 .1

4 l  1 6
39 17
28 l5
34 l9
22 l3
': t_u

41  36
39 34
4t 38
40 37
4 t  36
': ':

Mead
A
B
c
D
E
Control (1980)
Experimental area ( 1973)

North Platte
A
B
c
D
E
Control (1980)
Experimental arer ( 1974)

South Central Stationt
A
B
c
D
E
Control I 1980)
Experimental ara I 1974)

Northeast Station
A
B
c
D
E
Control (1980)
Experimental area ( 1974)

16
1 9
l 4
t 7
22
2 l
I J

70 495
34 493
55 495
59  431
33 431
28 445
2t 467

16 343
l5 280
t 2  3 1 6
16 353
l5 286
t2 325
r8 307

o
8
8
8
9

:

5
6
9

I t

l 0

6

1 0
4
3
J

1 Soil was limed differentially by lab recommendations in 19?6.

problem of soil acidity even in the three irrigated sit-
uations where appreciable amounts of Ca and Mg (60
to 75 ppm of the two) are supplied by the irrigation
water. Pertinent to S fertil izer recommendations is the
fact that irrigation water at the Mead, South Central,
and North Platte locations contains from 10 to 30 ppm
SO4-S, more than enough with nominal irrigation to
supply al l  possible crop S requirements.

Substantial differences in status of several soil nu-
trient elements have developed from the varied fer-
t i l izer treatments (Fig. 6,  7,  8,  and 9).  Note in Fig.
6 that surface soil P, Zn, and S levels have been more
than doubled by some of the laboratories' treatments
reaching concentrations far in excess of the Univer-
sity-recognized sufficiency levels expressed on the
figure. After the 8-year period all lab treatments have
left the Sharpsburg soil with sufficient residual NO3-N
for a near optimum yield without further N addition
for the 1981 crop (12). We can only conjecture as to
the future hazards in trace element nutrition from the
soil P and Zn levels developing with some of the lab-
oratories' recommended treatments.

The Cozad soil is also evidencing a substantial
buildup of soil P and Zn as well as Cu with some of
the programs (Fig. 7). There would appear to be no
logical basis for further P and Zn recommendations
when levels four to five times that of known suffi-
ciency have been reached, and again apprehension
must be expressed concerning eventual impact in this
case of excessive P. Zn. and Cu on Fe and other trace
element nutrition.

Levels of P, Zn, and Cu have been mult ipl ied by
some of the commercial programs on the Hastings soil
of  the South Central  Stat ion (Fig. 8).  During the 6-
year period represented, 36 kg/ha of Zn has been ap-
plied to the plots of Lab C raising soil Zn to an ex-
orbi tant ly high level.  Likewise, concern can be ex-
pressed about the increasing B concentration with
some of the plots considering that 1.5 ppm B or more
in the saturation extract of soil may be unsafe for the
product ion of most crops (16).  Precise levels where
Cu toxicity will be manifest are not predictable, but
disregarding the issue can bring on problems analo-
gous to those of "vine producing soils" in southern
France where Cu toxicity has been the No. I agro-
nomic problem, the result of long-term Bordeaux
mixture spraying for pest control.

The Moody soil of the Northeast Station has ac-
quired unnecessarily high levels of Zn, S, and NO3-N
from some of the commercial programs as reported
in Fig. 9. The question mark on the figure concerning
sufficiency level of S attributes to the need for more
than a surface soil value in predicting S fertilizer re-
quirement. The residual of 300 kg/ha of NO3-N in the
180-cm profile is enough for more than 2 years of the
projected annual yield of 5,700 kg/ha in the case of
Lab D, provided the NO3-N does not leach away to
the ground water with attendant environmental
implications.

As for the usefulness of cation saturation ratios in
predicting need for K and Mg, it will be noted that
K was recommended bv all commercial laboratories
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Fig. 2. Average annual grain yields, nulrients applied, and fertilizer costs for irrigated corn produced on Sharpsburg sicl. Mead Field Laboratory,

with fertilizer programs recommended bv labs A, B, C, D and E; 1973-E0.
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Fig. 4. Average annual grain vields, nutrients applied and fertilizer costs for irrigated corn produced on Hastings sil, with fertilizer programs

recommended by labs A, B. C, D and E, 197'1-79. (Yield goal of 10,700 kg/ha set for the first 2 years, raised to 12,500 kg during the last
4 years or average of 12,000 kg),

o
E,

CD
J

tt
.9-cr
CL

c
.9

l

z

300

250

200

r50

o

x
o

E

CD
J

at
;
;

r65

roo ii

r r <  O
t J J  

E

t+

1 0 5  ;
o

U

o
7s .!

o
r

4 5
o

l 5

Avr .  Nut r i rn t r  App l i rd  lYeor

k g / h o

A v o .  F o r t i l i r r r C o r t

lYeorAvo. Groin l icld /YeOf

O s O O O

ABCDE ABCDE AB CDE

Northeost  Stot ion
Moody s i l ,  1974 -  80

Y ie l d  soo l  - -  5700  ks l ho
r50

o
s

t2s -9
't

.9
roo E

7s .E
l

z
50 o;

ct

o
x
o

s

ct
J

T'

.9

9 o o
s

a

70 i
o(,,

so .!
:
o

30 u'

a;

r0

25

N
239
?
aa
x
a 5
M 9
a
5
2t
l a
3

Mn
I

C u
. 2
B
.6

N
2s0
?
2 2

M9
. o

s
5 6

Z a
7

M a
3

Cu
I

B
. e

N
225
P
2 7
x
2a
M9
t 3
s

36
Zn
2

Cu
. 2
E
. 6

N
200

P
a

l t

J

o
d,
F

z
o
IJ

N
r 2 5
?
t9

K
7

s
2

Za
, 7

Fr
I

I
. l

N
95

P
30

x
l l

s
t

Za
2

Cu
.2

N
t3

?
t0

K
t

s
3 7

2n
6

Mn
I

Cu
. l

t
. 5

N
E3
P
t 9
x
2 l
s
lo
Z n
2

N
l0
?
6

Zn
.3

Fig. 5. Average annual grain yields, nutrients applied and ferlilizer costs for corn produced on lVloody sil, with fertilizer programs recommended
by labs A, B, C, D and E, 197'l-E0.



OLSON ET AL.: IMPACT OF SOIL TESTING PHILOSOPHIES
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Fig. 6. Changes in nutrient status of Sharpsburg sicl surface soil and profile NO.-N effected by the varied fertilizer programs of labs A, B, C,
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Fig. 7, Changes in-nutrient status of Cozad sil surface soil elTected by the varied ferlilizer programs of labs A, B, C, D and E during the 7'

year studl' period (Cation capacity values obtained from control plots; B & K = Bra) &-Kultz; exl. = extractable).
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6-year period (Cation capacity values obtained from control plots; B & K = Bray & Kurtz; ext. = extractable).
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and Mg'by Labs A and B for the Sharpsburg soil
without influencing yields (Fig. 2). The CalK ratio of
the control  soi l  at  this si te was l3. l /1,  the CalMg rat io
3.1/1. and the Mg/K rar io 4.211, suggest ing the pos-
sibility of K shortage or Mg excess by the cation
saturation ratio concept (3, 6). Not presented in Fig.
3 is the additional fact that soil exchangeable K has
not changed perceptibly over the 8-year period despite
varied K treatments (Table 2). Labs A and B similarly
advocated appreciable K and Mg treatments for the
Cozad (Fig. 3) and Hast ings (Fig. 4) soi ls,  whether
for maintenance or cation balance purposes, without
influencing yield with soil Ca/K ratio of 8/1, CalMg
of 4.211, and Mg/K of l .9 l l  in the former soi l  and Ca/
K of 10.5/ l ,  CalMg of 4.8/ l ,  and Mg/K of 2.2/ l  in the
latter. Again, soil K was not perceptibly changed by
treatment throughout the period of study at the very
high K levels of the soi ls involved (Table 2).  No Mg
was recommended for the Moody soi l  (Fig. 5),  but K
was advocated by al l  but Lab E with Ca/K of 16l l ,
Ca/Mg of 2.611, and Mg/K of 6/l and with no signif-
icant effect on yields or change in soil test K after the
7-year period. It is apparent that cation ratio was of
l i t t le relevance in expressing need for the elements
K and Mg, although the presence of large quantities
of both throughout the entire 180 cm profile of all soils
may have been a conditioning factor. Earlier studies
have indicated that y ield response to K in this region
is quite unlikely u,hen soil exchangeable K levels are
high throughout the rooting profile (5). This high K
has been true even with quite sandy soi ls having i l l i te
as an important component of the clay and K feldspars
in the silt and clay fractions because of rapid K release
from nonexchangeable form in the clay lattice and
from primary mineral  weathering (1. l4).

Is there any indication that the sufficiency level
concept is causing a deplet ion in avai lable soi l  nu-
tr ients that wi l l  eventual ly be responsible for lowered
productivity? The summary of surface soil test data
from all locations and plots in Table 2 indicates oth-
erwise as comparison is made against values for Lab
E and control samples. There would seem to be no
cause for concern so long as cont inuous survei l lance
maintains test values above the suff ic iency level.

CONCLUSIONS

These Nebraska results make it quite clear that cat-
ion balance in soil is not an essential consideration
in estimating crop nutrient needs for the yields ob-
tained and soil conditions of this study. Neither is the
maintenance concept of fertil izer recommendations
economically valid with soils already containing more
than enough of the nutrient(s) under consideration for
optimum yields. The nutrient sufficiency approach to
soil testing, when adequately calibrated, promises the
surest method of achieving most economic yields
while conserving non-renewable resources and pre-
serving environmental integrity. The results addition-

ally evidence the need for subsoil nutrient measure-
ments in providing most reliable fertilizer prescriptions.

This paper may serve as response to lhe often-heard
complaints that universities are too conservative in
their fertil izer recommendations. The fact that they
are advocating use of only those materials needed for
most economic production, "conservative" would
seem the correct approach to conserving energy and
limited natural resources while preserving an accept-
able environment. The growth in inorganic fertil izer
use has contributed more than any other factor to the
vast increase in agricultural productivity of the USA
since World War I I .  I t  was by no means the intent
of this investigation to downgrade this all-important
requisite, but rather one of enhancing efficiency in
fertil izer use lo the benefil of farmer and country.
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