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SOIL/FERTILITY 

D etermining Nitrogen F ertilizer S idedres s A p p lication Needs in 
C orn U s ing a C hlorop hy ll M eter 

S y lv ie M . Brouder, D ep artment of A gronomy , P urdue U niv ers ity 
D . B. M engel, D ep artment of A gronomy , K ans as S tate U niv ers ity 

AY- 317- W 

Balancing the amount of nitrogen (N) fertilizer needed 
for op timum corn y ields w ith the p otential threats of s ur-
face and ground w ater contamination b y leaching of ex -
ces s iv e s oil nitrate lev els has b ecome a cons tant chal-
lenge for corn p roduction throughout the M idw es t. O ne 
s trategy for reducing the threat of nitrate leaching from 
agricultural lands is to ap p ly no more N than the crop can 
us e during the grow ing s eas on. A s a res ult, only minimal 
amounts of N w ill remain in the s oil after harv es t to b e los t 
b y leaching ov er the w inter. 

H ow ev er, reducing fertilizer N rates als o increas es the 
ris k that N los s during the early p art of the grow ing s eas on 
w ill lead to crop N deficiency and y ield los s . If low er N 
fertilizer ap p lication rates are to b e encouraged, farmers 
and/or their cons ultants need tools or p rocedures that 
rap idly and inex p ens iv ely determine the N s tatus of a 
grow ing crop , giv ing them the op p ortunity to ap p ly addi-
tional N fertilizer if initial ap p lications are ins ufficient. 

R es earch in a numb er of s tates , including Indiana, has 
s how n that chlorop hy ll meter readings can b e us ed to 
determine the N s tatus of corn late in the v egetativ e 
grow th p eriod. (F or this p ub lication, a M inolta1 S P A D 5 0 2 
w as us ed.) T he meter allow s for fas t, non-des tructiv e 
meas urements of the relativ e greennes s of the p lant. 
G reennes s is affected b y a numb er of factors , one of 
w hich is the N content of the leaf. D uring the latter p art of 

the v egetativ e
�
grow th p eriod, 
roughly the 
10 -leaf s tage 
(V 10 ) through 
p ollination, 
relativ e green-
nes s can b e 
us ed to as -
s es s N s uffi-
ciency . 

T he green-
nes s of a corn 
p lant can b e 
influenced b y 
a numb er of Figure 1. A chlorophyll meter in use 

factors other than the N content of the leaf. T hes e include 
hy b rid differences , leaf age, s tres s es related to other nu-
trient deficiencies or ex ces s es , leaf dis eas es , ins ect dam-
age, w eather and s o forth. S tudies in Indiana hav e s how n 
5 0 % to 7 0 % differences in greennes s b etw een commonly 
grow n commercial corn hy b rids . T ab le 1 s how s an ex am-
p le from a P urdue U niv ers ity ex p eriment. H y b rid C had 
11% low er S P A D readings w hen fully fertilized than H y -
b rid A at the V 8 grow th s tage b ut y ielded 11 b us hels more 
p er acre. 

Table 1. The degree of leaf greenness varies substantially among optimally fertilized com­
mercial hybrids. 

Commercial 
Hybrid N Rate lb./A Chlorophyll-meter Reading Yield bu/A 

V8 V10 

"A" 90 51 51 137 
180 55 54 156 

"B" 90 50 49 124 
180 51 51 165 

"C" 90 47 47 131 
180 49 50 167 

West Lafayette, Indiana 47907 
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Before You Start 

M onitoring the N s tatus of corn is b eneficial only if the 
farmer has the cap ab ility of ap p ly ing more fertilizer N 
w hen a deficiency is identified. F or Indiana grow ers , this 
us ually means hav ing acces s to high clearance ap p lica-
tion eq uip ment w hich can b e us ed to ap p ly N w ithout 
damaging the crop . Irrigation s y s tems eq uip p ed for ferti-
gation, highb oy s that can drib b le N s olutions on the s oil 
s urface or airp lanes to ap p ly granular urea or ammonium 
nitrate can all b e us ed for late s eas on N ap p lications . 

U s in g th e C h lorop h y ll M eter 

T here are tw o p rimary w ay s to utilize the chlorop hy ll 
meter in N management for corn. O ne is to mak e initial 
fertilizer ap p lications of 5 0 % to 7 0 % of the recommended 
N rate, then us e the chlorop hy ll meter readings to s ched-
ule additional ap p lications as needed. T his w ork s p articu-
larly w ell for irrigated s y s tems w here additional N is eas ily 
ap p lied through the irrigation s y s tem. 

A s econd ap p roach is to fertilize the corn w ith the rec-
ommended N rate and then us e the meter as a q uality 
as s urance tool to identify ins tances w hen additional N is 
needed due to unus ually high y ields or N los s from leach-
ing or denitrification. M os t Indiana farmers w ould ty p ically 
us e this ap p roach. Both methods req uire p rior p lanning to 
mak e the b es t us e of this tool. T his includes ens uring that 
the fertilizer ap p lication eq uip ment w ill b e av ailab le if 
needed and es tab lis hing w ell fertilized reference s trip s in 
the field for calib rating the chlorop hy ll meter. 

E s tab lis h in g R eferen c e Strip s 

Becaus e s o many factors can influence greennes s , the 
chlorop hy ll meter mus t b e calib rated in each field us ing 
reference s trip s . R eference s trip s are 6 to 12 row s trip s of 
w ell-fertilized corn w here N deficiency is not ex p ected to 
occur. T o ens ure N is non-limiting, w e s ugges t that the 
reference s trip receiv e 10 % to 2 5 % more N than the us ual 
recommended rate. T hree to fiv e s uch s trip s s hould b e 
es tab lis hed p er field. If hy b rids change w ithin a field, 
s ep arate reference s trip s need to b e es tab lis hed for each 
hy b rid. 

T ak in g th e C h lorop h y ll M eter R ead in g s 

W hen farmers p lan to mak e late s eas on N ap p lications 
b as ed on chlorop hy ll meter readings , w eek ly meter read-
ings s tarting at the 8 -leaf s tage and continuing through 
p ollination are recommended. In fields w here the meter is 
b eing us ed to monitor that N s up p ly is s ufficient, les s fre-
q uent readings are needed. F or s uch q uality as s urance 
p urp os es , readings at the 10 - to 12 -leaf s tage through 

p ollination are p rob ab ly adeq uate. R ememb er that chloro-
p hy ll meter readings need to b e tak en in reference areas 
as w ell as in the b ulk corn. A t each s amp ling location 
w ithin a field, indiv idual leaf meas urements s hould b e 
made on 3 0 different p lants and the av erage greennes s 
s core (as calculated b y the chlorop hy ll meter) s hould b e 
us ed as the S P A D v alue for that location. A s w ith other 
p lant analy s is techniq ues , care mus t b e tak en that the 
p lants that are s amp led rep res ent the area. P lants near 
s k ip s or doub les , unus ually large or s mall p lants , and ex -
ces s iv ely damaged p lants s hould b e av oided. 

T he s ame relativ e leaf s hould b e s amp led on each 
p lant. P rior to tas s eling, the up p ermos t leaf w ith a v is ib le 
leaf collar s hould b e s amp led. A fter tas s eling, the ear leaf 
s hould b e s amp led. T he readings s hould alw ay s b e tak en 
at the s ame relativ e p os ition on each leaf, halfw ay b e-
tw een the leaf tip and the collar and midw ay b etw een leaf 
midrib and margin. R eadings s hould not b e tak en w hen 
the leav es are w et. 

In terp retation of C h lorop h y ll M eter R ead in g s 

In order to conv ert chlorop hy ll meter readings into a 
crop N s tatus or fertilizer need as s es s ment, an N s uffi-
ciency index (S I) is calculated. T he S I is calculated as 
follow s : 

S I = [(A v erage reading from b ulk area) ’
�
(A v erage reading from reference s trip s )] x 10 0
�

S tudies b oth in Indiana and Neb ras k a hav e s how n that 
w hen the S I drop s b elow 95 % , the p rob ab ility of a re-
s p ons e to additional N is great. T hes e s tudies als o s how 
that monitoring the S I through the s eas on is v aluab le 
s ince natural changes in rooting dep th, mineralization of N 
from res idue or manure, and interactions of s oil N p roc-
es s es w ith w eather w ill create changes ov er time. By 
s tarting the readings at the 10 - to 12 -leaf s tage, the 
farmer can hav e greater confidence in the S I interp reta-
tion b ecaus e the trends in meter readings hav e b een fol-
low ed ov er time. 

F or ex amp le, F igure 2 s how s chlorop hy ll meter read-
ings (8 -leaf s tage) and relativ e y ields (y ields ex p res s ed as 
a p ercent of the highes t y ielding p lot) from a P urdue U ni-
v ers ity ex p eriment on fertilizer N rates . Both the meter 
readings and y ields increas e up to a rate of 13 5 lb s . N p er 
acre. T he highes t N rate, 2 2 5 lb s . N p er acre, is w ell ov er 
the recommended N rate of 18 0 lb s . N p er acre for this 
s oil and thus can b e us ed as the reference s trip . R eadings 
from the reference s trip av eraged 5 3 , w hile readings from 
the areas receiv ing no N fertilizer av eraged 4 5 . U s ing the 
formula ab ov e, 

S I = (4 5 ’ 5 3 ) X 10 0 = 8 6 % 
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Figure 2. Chlorophyll meter readings at the 8-leaf stage iden­
tify N rates that are too low to achieve maximum yields. 

M ak in g N R ec om m en d ation s from th e SI 

T he chlorop hy ll meter readings do a good job of iden-
tify ing N deficiencies , b ut do not tell us how much addi-
tional N s hould b e ap p lied if the crop is nitrogen deficient. 
In s ituations w here fertigation is av ailab le, an additional 
2 0 to 4 0 lb s . N p er acre s hould b e ap p lied w hen the N 
s ufficiency index is at or b elow 95 % (calculated from 
chlorop hy ll meter readings tak en at 8 - to 12 -leaf s tage). 
T he meter s hould then b e us ed w eek ly follow ing the ni-
trogen ap p lication to determine if the field is res p onding 
and if y et another N ap p lication is needed. 

U nder non-irrigated conditions , s idedres s nitrogen 
ap p lications can b e b oth cos tly and des tructiv e to tall 
corn, and multip le ap p lications are not a good op tion. 
Indiana res earch s ugges ts the follow ing recommenda-
tions b as ed on chlorop hy ll meter readings tak en at the 8 - 
to 12 -leaf s tage: 

•	 If S I v alues are 90 % to 95 % , then 3 0 to 4 0 lb s . N 
p er acre s hould b e ap p lied. 

•	 If S I v alues are b elow 90 % , then 4 0 to 6 0 lb s . N 
p er acre s hould b e ap p lied. 

T ab le 2 s how s the S I v alues for the ex p erimental re-
s ults s how n in the figure ab ov e. A n additional 4 0 lb s . N 
p er acre b as ed on an S I of 92 % w ould hav e b een s uffi-
cient to op timize y ields for the p lots that had already 
receiv ed 90 lb s . N p er acre. M ore N w ould hav e b een 
needed for the p lots that had receiv ed no or only a v ery 
low rate of N. 

R ememb er that if a corn p lant ex p eriences s ev ere N 
s tres s in its early grow th s tages , the s ize of the ear and 
the numb er of p otential k ernels may b e reduced and a 
full recov ery of y ield cannot b e achiev ed w ith a late s ea-
s on nitrogen ap p lication. T herefore, the amount of N 

recommended for res cue ap p lications late in the s eas on 
is cap p ed at 6 0 lb s . p er acre. A fter tas s eling, the 
chances of crop res p ons e to fertilizer are reduced and N 
ap p lications s hould p rob ab ly b e limited to 3 0 lb s . or 4 0 
lb s . p er acre regardles s of the S I v alue. F inally , ev en 
w here fertigation is av ailab le, corn is unlik ely to res p ond 
at all to an N ap p lication made more than 2 0 day s after 
s ilk ing. 

Sum m ary 

T he chlorop hy ll meter s hould b e cons idered a "fine-
tuning" tool, us ed to reduce the ris k of y ield los s from N 
deficiency . It is imp ortant to rememb er that this p articular 
tool is b es t us ed to manage the las t 4 0 p ounds of N, not 
the firs t. In Indiana, it may p rov e to b e a v ery us eful tool 
to help determine if N los s due to ex ces s iv e early s eas on 
rainfall w ill lead to an economic y ield reduction from N 
deficiency . H ow ev er, to us e this tool effectiv ely req uires 
s ome p rior p lanning, including the es tab lis hment of refer-
ence s trip s . 

Table 2. The calculated Sufficiency Index and the recommended amount of additional N fertilizer to apply 
for the experiment shown in Figure 2. 

N already applied 
lbs./A 

Chlorophyll-meter 
Reading 

Sufficiency Index 
(%) 

Additional N lbs./A 
to apply 

0 45 86 60 
45 46 88 60 
90 48 92 40 

135 52 98 0 
180 52 99 0 
225* 53 100 

* Reference strip receiving 25% more N than recommended for a preplant N application. 
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R eferen c es an d A c k n ow led g em en ts 

1 T he M inolta S P A D 5 0 2 meter may b e p urchas ed at 
S p ectrum T echnologies (on the W eb at 
http ://w w w .s p ecmeters .com or telep hone (8 0 0 ) 2 4 8 -8 8 7 3 . 
T he unit currently (M arch 2 0 0 3 ) lis ts for $ 13 95 . Mention 
of a b ra nd na m e d oes not im p ly end ors em ent b y P u rd u e 
U niv ers ity . 

T his document is b as ed in p art on "U s ing a C hloro-
p hy ll M eter to Imp rov e N M anagement" Neb G uide G 93 -
117 1-A , av ailab le on the W eb at 
http ://w w w .ianr.unl.edu/p ub s /s oil/g117 1.htm (U R L v erified 
M arch 2 0 0 3 ), U niv ers ity of Neb ras k a, L incoln, NE . 

F or more information on dev elop ing N recommenda-
tions for corn, s ee the "T ri-S tate F ertilizer R ecommenda-
tions for C orn, S oy b eans , W heat and A lfalfa" E x tens ion 
Bulletin E -2 5 6 7 , R ep . A ugus t 1996 , on the W eb at 

http ://w w w .agcom.p urdue.edu/A gC om/P ub s /A Y /A Y -9-
3 2 .p df (U R L v erified M arch 2 0 0 3 ). 

F or related information on s idedres s N, s ee p ub lica-
tion A Y -3 14 -W , —T he P res idedres s S oil Nitrate T es t for 
Imp rov ing N M anagement in C orn,“ at http :// 
w w w .agry .p urdue.edu/ex t/p ub s /A Y -3 14 -W .p df (U R L v eri-
fied A p ril 2 0 0 3 ). 

F or additional agronomic information, p leas e v is it the 
P urdue U niv ers ity A gronomy E x tens ion W eb s ite at 
http ://w w w .agry .p urdue.edu/ex t/index .html (U R L v erified 
A p ril 2 0 0 3 ). 

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