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SOIL/FERTILITY AY-314-W 

T h e P residedress S oil Nitrate T est
�
for Im prov ing N M anagem ent in C orn
�

S ylv ie M . B rou der, D epartm ent of A gronom y, P u rdu e U niv ersity 
D . B . M engel, D epartm ent of A gronom y, K ansas S tate U niv ersity 

Nitrogen fertilizer is essential for profitable corn yields, 
bu t it is also a m ajor produ ction cost and can contribu te 
to env ironm ental degradation. R ecent stu dies h av e dem -
onstrated th at soil nitrate testing cou ld im prov e th e agro-
nom ic efficiency of fertilizer N applications and redu ce th e 
potential for w ater q u ality problem s associated w ith N u se 
on cropland in th e E astern C orn B elt. T h e presidedress 
soil nitrate test (P S NT ) can predict th e am ou nt of organic 
N th at w ill be m ineralized to plant-av ailable form s of N 
(am m oniu m and nitrate) du ring th e grow ing season. R e-
search condu cted in h u m id regions of th e U .S . inclu ding 
Indiana, su ggests th at th e P S NT is effectiv e for predicting 
w h eth er corn w ill be responsiv e to N sidedressing. 

Background on Developing an Index for Season-
long Soil N Supply 

Nitrogen fertilizer recom m endations in th e h u m id re-
gion of th e U .S . C orn B elt h av e traditionally been based 
on yield potential and field m anagem ent h istory (prev iou s 
crop and m anu re application). H ow ev er, nu m erou s stu d-
ies h av e sh ow n th at th is approach to N recom m endations 
freq u ently ov erestim ates th e am ou nt of N needed to opti-
m ize yields, especially w h en m anu re is applied to a field 
or w h en corn follow s a legu m e w ith h igh N content su ch 
as a v igorou s stand of alfalfa. T h e P S NT w as designed 

by D r. F . M agdoff at th e U niv ersity of V erm ont to estim ate 
th e am ou nt of N av ailable in su ch situ ations. T h e test 
u ses th e am ou nt of soil nitrate av ailable in th e top foot of 
soil at sidedressing tim e as an index of th e am ou nt of N 
th at w ill be released du ring th e cou rse of th e grow ing 
season by organic sou rces su ch as soil organic m atter, 
m anu re, and crop residu es. 

R egional P erform ance of Soil N itrate T ests 

T o ev alu ate th e potential of soil nitrate tests, ex ten-
siv e research h as been condu cted in th e m ore h u m id 
regions of th e North C entral R egion of th e U nited S tates 
by state land-grant u niv ersities. C orn yields and soil ni-
trate data w ere collected ov er a fiv e-year period (1 98 8 -
1 992 ) from 3 0 1 sites in O h io, M ich igan, Illinois, W iscon-
sin, Iow a, M innesota, K ansas, Nebrask a, and North and 
S ou th D ak ota. A single research procedu re w as u sed, 
bu t sites inclu ded a v ariety of soil and clim atic conditions, 
prev iou s crop and m anagem ent h istories, and m anu re 
m anagem ent practices. T h e preplant soil nitrate test 
(P P NT ) and th e P S NT w ere both ex am ined for th e ability 
to identify sites responsiv e to N fertilizer. F or both th e 
P P NT and th e P S NT , soil sam pling depth s of 0 œ 1 and 0 
œ 2 feet w ere ev alu ated. 

Table 1. Critical soil nitrate values and success and failure rates for the PPNT and the PSNT. 

Soil Sampling 
Time Soil Depth Critical Soil 

Nitrate Level 
Test Success 

Rate 
Test Failure Rate 

Type A Type B Total 
ft ppm N % % 

PPNT 0 – 1 22 61 0 39 39 
0 – 2 17 63 1 36 37 

PSNT 0 – 1 24 67 1 32 33 
0 – 2 18 71 1 28 29 

Type A failure occurs when the test predicts that soil N supply is sufficient but subsequent yields are 
reduced by N deficiency. 
Type B failure occurs when the test predicts that soil N supply is insufficient but the subsequent crop 
does not respond to a fertilizer N application. 

West Lafayette, Indiana 47907 
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Figure 1. Success and failure rate of the PSNT and a 
breakdown for when the failure involved over-application 
of N versus crop yield loss. 

It is extremely unlikely that using the PSNT would cause 
a farmer to lose yield because the test indicated soil N 
supplies were adequate when, in fact, fertilizer was 
needed. The test does sometimes indicate that fertilizer 
N is needed when, in fact, the soil N supply is sufficient. 

A s sh ow n in T able 1 , both soil tests identified th e m a-
jority of responsiv e sites (sites w h ere yields w ith ou t N 
fertilizer w ere less th an 90 % of yields w ith fertilizer N). 
T h e critical P S NT nitrate lev el for response to sidedress 
N fou nd by m ost research ers h as been rem ark ably con-
sistent ov er a w ide geograph ical area. T h e critical lev el is 
generally betw een 2 0 and 2 5 ppm . 

T o identify th e risk s to th e produ cer associated w ith 
u sing eith er th e P P NT or th e P S NT , th e failu re of th e test 
w as div ided into tw o categories. T h e first type of failu re, 
T ype A , h appened w h en soil nitrate lev els w ere abov e 
th e critical soil test lev el bu t a response to N fertilizer w as 
still observ ed. T h e second type of failu re, T ype B , oc-
cu rred w h en soil test lev els w ere below th e critical lev el 
bu t yields did not respond to N fertilizer. A s sh ow n in 
T able 1 , T ype A failu res th at lead to yield redu ctions from 
insu fficient N su pply w ere v ery rare, occu rring on only 
one percent or less of th e test fields. In contrast, type B 
failu res w ere m ore com m on w ith th e P S NT incorrectly 
identifying th e need for m ore N from 3 0 % to 4 0 % of th e 
tim e. T h u s, from th e perspectiv e of a produ cer w eigh ing 
th e option of 1 ) applying a conserv ativ e (h igh ) rate based 
on yield potential alone or 2 ) m odifying th e sidedress rate 
based on a soil test th ere is alm ost no increased risk of 
econom ic loss w ith u se of th e test. 

P SN T C alib ration in Indiana 

F ield research condu cted from 1 991 to 1 995 in Indi-

ana h as fou nd th e P S NT w ith a one-foot sam ple depth to 
be m ost u sefu l. F or th e pu rpose of m ak ing P S NT -based 
sidedress recom m endations, th e critical soil nitrate lev el 
for Indiana is th e sam e as th at fou nd in th e earlier stu d-
ies, 2 5 ppm . T h is critical lev el m inim izes th e ch ance of 
th e soil test failing to identify a site th at req u ires a side-
dress application of N to attain m ax im u m yields. It sh ou ld 
be noted th at P S NT lev els from continu ou s or rotational 
cornfields w ith inorg a nic s oils a nd no m a nu re or b ios olid 
a p p lica tion h is tory are rem ark ably predictable. F ield re-
search on th e P S NT h as consistently sh ow n th at th ese 
fields req u ire th e am ou nt of N th at w ou ld be recom -
m ended on th e basis of crop rotation and yield potential 
alone. In oth er w ords, th e P S NT is not lik ely to im prov e 
nitrogen u se efficiency in th ese situ ations. 

In contrast, fields th at particu larly benefit from an an-
nu al P S NT testing program inclu de th ose w h ere m anu re 
or oth er organic fertilizers h av e been applied and th ose 
w ith organic soils, regardless of crop rotations. B u t, be-
cau se th e P S NT w ill not be v ery u sefu l for m ak ing side-
dress N recom m endations w h en nitrate lev els v ary 
greatly across a field, th e first step tow ards u sing th e test 
on fields w h ere biosolids are applied is to ensu re u niform 
application rates. T h e type of regu lar or predictable v ari-
ability introdu ced into a field w h en farm ers apply liv estock 
m anu re v ia su bsu rface banding can be accom m odated 
w ith an appropriate soil sam pling pattern. S tu dies con-
du cted on sam pling patterns betw een row s identified an 
ev enly spaced, th ree-core com posite approach as th e 
m ost su itable for ch aracterizing N av ailability to plants in 
banded situ ations (described below ). 

C ollecting Sam ples and Interpreting R esults for 
Indiana 

T o effectiv ely u se th is test, soil sam ples sh ou ld be 
collected w h en corn is in th e 4 to 6 leaf stage, or 6 to 1 2 
inch es tall (m easu red from th e grou nd su rface to th e cen-
ter of th e w h orl). 

H istory of Broadcast M aterials - W h ere fertilizer, 
m anu re or oth er biosolids h av e been broadcast, th e sam -
pling procedu re is as follow s: 

•	 Identify a sam pling area th at represents a su itable 
m anagem ent u nit. S oil sam ples sh ou ld be collected 
random ly from sev eral areas th at are 1 to 1 0 acres 
and relativ ely u niform w ith respect to soil ch aracter-
istics and m anagem ent h istories. 

•	 C ollect each core to a depth of 1 2 inch es. 

•	 M ak e a com posite of 1 5 to 2 5 cores from each sam -
ple area by th orou gh ly m ix ing all th e soil in a bu ck et 
before th e su bsam ple for analysis is rem ov ed. 
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T h e large nu m ber of cores is im portant du e to th e 
v ariability in N content of m anu res and non-u niform ity in 
spreading m anu res and oth er fertilizer sou rces. 

H istory of Banded M aterials - If m anu re or fertilizer 
h as been banded, sets of cores m u st be collected across 
th e bands as follow s: 

•	 C ollect one set of cores by sam pling in th ree loca-
tions betw een tw o corn row s (3 0 inch row s), w ith th e 
first core 3 inch es to th e righ t of th e corn row , th e 
second core 1 5 inch es from th e row (row m iddle for 
3 0 inch corn) and th e th ird core 3 inch es to th e left of 
th e nex t corn row (F igu re 2 ). 

•	 M ak e a com posite of 1 0 to 1 5 sets of cores from 
sam pling points random ly selected w ith in each sam -
ple area. 

A ir dry th e soil sam ples by spreading th em ou t in a 
th in layer on paper. A fan can be u sed to accelerate dry-
ing, or sam ples can be dried in an ov en prov ided th e 

tem peratu re does not ex ceed 2 5 0 oF . S end th e 
soils to a certified soil testing lab for nitrate nitro-
gen analysis. W h ile soil testing k its m ay be u sed 
as a prelim inary screening tool, th ey are not rec-
om m ended for q u antitativ e determ ination of soil N 
av ailability and fertilizer need. 

R esu lts of th e laboratory analysis are u su ally re-
ported in ppm nitrate N. T able 2 presents recom -
m ended sidedress rates for a giv en P S NT lev el 
and a specific corn yield potential. Note that the 
amount ofN giveninTable 2isforthe total 
amount applied,includinganyN appliedasa 
starter.To calculate the rate ofN to applyasa 
sidedress,subtract the amount appliedat 
planting. 

E x perience h as sh ow n th at w h en corn is grow n 
continu ou sly, th e soil nitrate lev els at th e tim e of 
sidedressing are typically in th e range of 5 to 9 

ppm . T h erefore, recom m endations for N rates w h en 
P S NT lev els are below 1 0 ppm are sim ilar to cu rrent 
state preplant recom m endations for continu ou s corn as 
pu blish ed in th e T ri-S tate F ertilizer R ecom m endations 
B u lletin. (S ee last paragraph for av ailability.) H ow ev er, a 
sidedress application is typically m ore efficient th an a 
preplant application, and th u s th e rate for a giv en yield 
goal h as been redu ced by 1 0 % (row 1 of T able 2 ). 

S oil nitrate lev els fou nd at sidedressing tim e in corn 
grow n in an annu al rotation w ith soybeans are typically in 
th e range of 1 1 -1 5 ppm . A P S NT v alu e in th is range indi-
cates th at a soil can su pply N at a lev el com parable to 
th at typically contribu ted to corn by decom posing residu e 
from a preceding soybean crop. T h u s, th e recom m enda-
tions for sidedress N rates w h en P S NT v alu es range from 
1 1 to 1 5 ppm are sim ilar to cu rrent state recom m enda-
tions for corn follow ing soybean bu t again adju sted dow n 
by 1 0 % to reflect th e increased efficiency of fertilizer ap-
plied at sidedressing w h en com pared to a preplant appli-

Table 2. Total N recommendations for corn based on a presidedress soil nitrate test and the 
field yield potential. To obtain the actual amount of N to apply as a sidedress, subtract the 
amount of N applied at planting as a “starter”. 

Soil NO3-N 
Corn Yield Potential in Bu/A 

80 100 120 140 160 180 

ppm Pounds additional fertilizer N to apply per acre 

0 – 10 75 100 125 145 170 200 

11 – 15 45 75 100 125 145 170 

16 – 20 30 55 80 110 125 150 

21 – 25 0 10 35 55 80 110 

> 25 0 0 0 0 0 0 
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cation  (row  2  of  T able  2 ).  P S NT  lev els  ranging  from  2 1  to  
2 5  ppm  can  be  v iew ed  as  alm ost  su fficient  and  th erefore  
on a par w ith  th e N su pplying pow er of a soil w h ere th e  
prev iou s  crop  w as  an  av erage  forage  legu m e  stand  of  3  
plants  per sq u are  foot  (row  4  of  T able  2 ).  PSNT levels  
greater than 25 ppm  indicate  that soil N  supplies are  
sufficient to  meet the  needs of the  crop and yields  
will not be  increased by sidedressing N.   

U sing  th e  P SN T  to  E valuate  F ertiliz er  N  L oss  
after  E xcessive  E arly -Season  R ainfall  

In  springs  w ith  h eav y  rainfall  th ere  is  often  a  great  
deal  of  interest  in  u sing  th e  P S NT  to  estim ate  th e  loss  of  
preplant  fertilizer N  applications.  T o  date,  m ost  stu dies  
on th e P S NT  h av e not tried to u se th is test to q u antify th e  
am ou nt  of  N  lost  to  denitrification  occu rring  in  flooded  
fields.  H ow ev er,  th e  test  does  h av e  th e  potential  to  pro-
v ide  som e  insigh t  into  th e  am ou nt  of  preplant  fertilizer N  
rem aining  at  sidedress  tim e.  A s  w ith  soil  testing  prior  to  a  
planned  sidedress  application  of  N,  a  soil  test  lev el  of  2 5  
ppm  nitrate  N  or greater follow ing  satu rated  soil  condi-
tions  indicates  su fficient  soil  N  statu s  for plant  grow th .  In  
th is  situ ation  th e  am ou nt  of  N  lost  to  denitrification  w as  
not  significant  and  a  su pplem ental  N  application  w ou ld  
not  be  needed.   

U nfortu nately,  for soil  test  v alu es  below  2 5  ppm  th e  
interpretation  is  less  straigh tforw ard  as  low  soil  nitrate  
v alu es  cou ld  reflect  eith er  a  loss  of  N  by  denitrification  or 
th e  m ov em ent  of  N  deeper into  th e  profile  below  th e  one-
foot  sam ple  depth .  C orn  roots  can  generally  access  N  
th at  h as  m ov ed  deeper in  th e  soil  profile.  T h erefore,  low  
P S NT  v alu es  need  to  be  assessed  in  th e  contex t  of  oth er 
crop  m anagem ent  and  field  inform ation.  Item s  to  con-
sider w h en  deciding  w h eth er m ore  N  sh ou ld  be  applied  
inclu de:  

1 . T h e form and tim ing of th e N application. 

2 . T h e soil type and drainage ch aracteristics. 

3 . T h e length of tim e soils w ere satu rated. 

4 . T h e negativ e im pact of flooding on th e yield potential 
of th e crop. 

Sum m ary 

T h e critical v alu e of 2 0 to 2 5 ppm nitrate N is rela-
tiv ely u niform ov er a w ide range of soil types, grow ing 
conditions, and geograph ical area. A bov e th is critical 
lev el, soil nitrate is ju dged to be adeq u ate for optim u m 
corn grow th and no sidedress N is recom m ended. E v en 
th ou gh nitrate m ov es readily in th e soil profile, increasing 
th e sam ple depth from one to tw o feet did not signifi-
cantly im prov e th e predictiv e pow er of th e P S NT , and th e 
difficu lty of collecting 2 -foot cores m ak es th is an im practi-
cal protocol. T h e 1 -foot P S NT is m ost u sefu l for fine-
tu ning N rates in fields w ith organic soils or fields w h ere 
m anu re or oth er organic fertilizers h av e been applied. 

F or m ore inform ation on dev eloping N recom m enda-
tions for corn, see th e "T ri-S tate F ertilizer R ecom m enda-
tions for C orn, S oybeans, W h eat and A lfalfa" E x tension 
B u lletin E -2 5 6 7 , R ep. A u gu st 1 996 , on th e W eb at 
h ttp://w w w .agcom .pu rdu e.edu /A gC om /P u bs/A Y /A Y -9-
3 2 .pdf (U R L v erified M arch 2 0 0 3 ). 

F or related inform ation on sidedress N, see pu blica-
tion A Y -3 1 7 -W , —D eterm ining Nitrogen F ertilizer S ide-
dress A pplication Needs in C orn U sing a C h loroph yll 
M eter,“ at h ttp://w w w .agry.pu rdu e.edu /ex t/pu bs/A Y -3 1 7 -
W .pdf (U R L v erified A pril 2 0 0 3 ) 

F or additional agronom ic inform ation, please v isit th e 
P u rdu e U niv ersity A gronom y E x tension W eb site at 
h ttp://w w w .agry.pu rdu e.edu /ex t/index .h tm l (U R L v erified 
A pril 2 0 0 3 ) 

T h e d ev elop m ent of th is p u b lica tion w a s s u p p orted b y 
th e N a tu ra l R es ou rce C ons erv a tion S erv ice. 
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