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Abstract 

The ob jec t ives  of t h i s  study were t o  confirm the  r e l a t i onsh ip  
between nitrate nitrogen (NO3-N) content of basal corn steras and grain 
yield i n  Iowa, to establish crltical l eve l s  of stem NO3-N content for  
dtaining various l e v e l s  of mximum yield, and to perform preliminary 
ca l ib ra t ion  of y i e l d  responses t o  sidedressed nitrogen (N) a t  various 
l eve l s  of st-Rm NO3-N content. 

S i x  s i tes  a c r o s s  Iowa with  a wide range of p h y s i c a l  and 
environmental conditions were selected.  N f e r t i l i z e r  was appl ied 
preplant, sidedressed, o r  as s p l i t  applications of 28 to 
45 Kg ha-' with maximum r a t e s  of 196 t o  225 Kg ha' s e  a range 
of stem NO3-N concentrations. Grain yield and stem N03;N content w e r e  
highly cor re la ted  with R values  from .80 t o  .93 a t  sltes t h a t  w e r e  
responsive t o  N f e r t i l i z e r .  C r i t i c a l  l e v e l s  of s t e m  NO3-N content  
required to a t ta in  various leve ls  of re la t ive  yield w e r e  established. 
S o i l  parent mater ia l  was found t o  s i g n i f i c a n t l y  e f f e c t  t he  critical 
l e v e l s  of stem NO -N content required t o  a t t a i n  various l e v e l s  of 
re la t ive  yield in &s study. The critical eve1 of stem NO3-N content 
f o r  maximum y i e l d  was 9.0 and 17.75 g N Kg-' dry matter f o r  l oe s s  and 
glacia l  till so i l s ,  respectively. Five ranges of stan NO3-N content 
were established and yield response t o  sidedressed N rate w a s  evaluated 
w i t h i n  ea& range. 

Materials and Methods 

Six sites across Iowa were chosen t o  provide a range i n  s o i l  type, 
envhnmental conditions, and m g e m e n t  system. Sites in Benton and 
Johnson Co.'s w e r e  on s o i l s  derived from l o e s s  parent mater ia l  and 
classif ied as F ines i l t y ,  mixed, mesic Typic Argiudolls. The other four 
sites were located on glacia l  till s o i l  parent material. The Boone Co. 
site w a s  on a Clarion s o i l  (Fine-loamy, mixed, mesic Typic Haplaudoll), 
Hancock Co. on a Nicollet (Fine-loamy, mixed, mesic Aquic Haplaudoll), 
and the Story Co. s i te on a c lar ion-Nicol le t  S o i l  Association. The 
Greene Co. site was on a Canisteo s o i l  (Fine-loamy, mixed (calcarecus) , 
mesic, Typic Haplaquoll). 

The ~ ~ t s  w e r e  designed as randdzed  complete block w i t h  3 o r  
4 replications. Nitrogen f e r t i l i z e r  treatments were applied by hard 
preplant ,  s idedress,  o r  s p l i t  appl icat ions  i n  45. 28, o r  34 Kg ha 9 
increments w i t h  t h e  maximum N r a t e s  being 225, 196, o r  202 Kg N ha-' 
respectively.  Urea o r  ammonium s u l f a t e  w e r e  t h e  N sources and w e r e  
incorporated inrmediately a f te r  application. The hybrid planted was that 
used by the f m  operators. 
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Five cm of stem immediately above the gKXlrd w e r e  collected from 10 
corn plants per p lo t  prior to sidedress N applications (V6 grawth stage) 
(Hanway, 1982; Iversen,  et.al. ,  1985a). The samples were placed i n  
coolers in the f i e l d  and kept cool during tmnsport to driers where they 
w e r e  dr ied a t  60° C f o r  48 hrs. Samples were ground through a Cyclone 
M i l l .  N i t ra te  was extracted from 0.4 g of sample with 40 m l  of 
deionized water, 40 m l  of buffer solution ( M i l h a m ,  ekal., 1970) and 0.5 
g washed, deactivated charcoal. N i t r a t e  concentration w a s  measured with 
an Orion EA940 select ive  ion meter and ni t ra te  electrde (Anon., 1981; 
Mills, 1980) . 

Due t o  t h e  va r i a t i on  i n  p l o t  s i ze ,  harves t  areas varied. A t  each 
site the  center  rows of t he  p l o t s  were hand harvested, mechanically 
shelled, weighed, and subampled. The subsamples w e r e  dried in forced 
a i r  driers a t  60° C to determine moisture content. Yields were adjusted 
and reported a t  15.5% moisture. 

Results and Discussion 

Incremental increases i n  preplant  N r a t e s  resu l ted  in a range of 
stem NO3-N contents a t  sites t h a t  were responsive t o  N f e r t i l i z e r .  
Positive linear relationships between stem NO3-N content and grain yield 
w e r e  observed a t  f i ve  of the s ix  sites, but a significant relationship 
was not observed a t  the Boone Co. s i te (Table 1.). The Boone Co. site 
was r e l a t i v e l y  unresponsive t o  N f e r t i l i z e r  and had stem NO 
concentrations that w e r e  re la t ively  high These factors irrlicate 
p l a n t  a v a i l a b l e  N was present i n  s u f f i c i e n t  amounts a t  t h i s  s i t e  t o  
maximize s t e m  NO3-N content a t  V 6  growth s tage  and grain  y i e l d  a t  
maturity with only small N f e r t i l i z e r  applications. 

The magnitude of g ra in  y i e ld s  var ied from s i t e - to - s i t e  Maximum 
y i e l d s  with no sidedressed N ranged from 9.4 t o  13.3 Mg ha-' a t  Benton 
and Hancock Co., respec t ive ly  (Table 1.). Data from a l l  s i t e s  were 
amibined t o  determine critical leve ls  of stem NO -N content for various 
l eve l s  of re la t ive  yield, whia was calculated by dividing individual 
p lo t  yield by the  maximum yield that occurred a t  an individual site. 

Table 1. Stem NO -N content-grain yield relationships at 6 
3 Iowa locations in 1986. 

NO3-N Yield -k 

Location Range Range Model r 2 

(County) g Mg ha-' 

Benton 0.5 - 6.2 3.7 - 9.4 Y=3.18+0.969(N03-N) .644 
Boone 8.5 - 20.0 8.0 - 12.7 Y - 8.14 + 0.183(N03-N) .I94 
Greene 3.3 - 15.5 6.2 - 12.3 Y - 5.32 + 0.394(N03-N) .664 
Hancock 3.0 - 17.7 4.4 - 13.5 Y - 2.07 + 0.609(N03-N) .871 
Johnson 1.2 - 13.8 5.4 - 12.5 Y = 6.62 + 0.459(NO -N) 

3 .713 
Story 2.2 - 14.8 3.7 - 11.1 Y - 2.47 + 0.564(N03-N) .813 

* - 1 
Regression models where -1 is grain Yield (Mg ha ) and (NO3-N) is 

stem NO -N content (g N Kg dry matter). 3 



The procedure used t o  estimate maximum y i e l d  was t o  determine the 
l a s t  increment of N f e r t i l i z e r  t h a t  produced a s ign i f ican t  y i e l d  
increase and average y i e l d s  from t h a t  treatment w i t h  y i e ld s  from a l l  
treabnenk receiving higher N applications (Pierre, et al .  1977). 

Stem NO3-N content a t  various l e v e l s  of r e l a t i v e  y i e l d  was 
determined for each site. Relative yields w e r e  regressed on stem NO3-N 
content. Once the regression model that best f i t  the data was  obtained, 
t he  s t e m  NO -N content corresponding t o  any l e v e l  of r e l a t i v e  y i e l d  
could be calculated (Table 2.) (Pierre, e t a l . ,  1975). 

S i t e - tos i t e  var iabi l i ty  in stem NO3-N content resulting in  the same 
r e l a t i v e  y i e l d  was lar  e (Table 2.). Stem NO3-N content ranged from -? 5.96 t o  18.48 g NO3-N KCJ dry matter a t  100% of mximm yield a t  Benton 
and Hancock Co.,s, respectively.  Data from Benton and Johnson Co.,s 
(loess parent material, f ine-silty t e x t u r e )  have been separated from the 
Boone, Greene, Hancock, and Story Co. data  (g l ac i a l  till parent  
material, fine-loamy t e x t u r e )  for analysis and amparison (Table 2. and 
Figure 1.). On t h e  oess s o i l s  i n  this study, stem NO3-N contents of 
8.4 and 6.7 g N Kg-' dry matter resu l ted  i n  1 0 0  and 90% of m a  imum 
yie ld ,  respect ively .  Stem NO3-N contents of 9.1  and 6.8 g N Kg-' dry 
matter resu l ted  in only 7 0  and 60% of maximum y ie ld ,  respect ively ,  on 
the g l a c i a l  ti1 1 s o i l s .  It appears t h a t  s o i l  parent  material  had an 
effect on the stem NO3-N content.grain yield relationship. 

Table  2 .  C a l c u l a t e d  stem NO -N c o n t e n t  o f  b a s a l  c o r n  stems a t  v a r i o u s  3  
l e v e l s  o f  r e l a t i v e  y i e l d .  

. . . . . . . . . . . . . . . . . . . . . . . .  G l a c i a l  T i l l  S o i l s  . . . . . . . . . . . . . . . . . . . . . . .  
Max Yld ************* R e l a t i v e  Yie lds  (%)  ************* 

S i t e  Mg/ha 100 90 80 70 60 50 

Boone 1 1 . 4  18.17 11.88 N A N A NA N A 
Greene 1 1 . 4  15.36 12.47 9 .59 6 . 7 1  3 . 8 3  NA 
Hancock 1 3 . 3  18 .48  16.29 14 .10  1 1 . 9 1  9 .72 7 . 5 3  
S t o r y  1 0 . 4  1 4 . 1 2  12.27 10.42 8 .57  6.73 4 .88  
Averages 1 1 . 6  1 6 . 5 3  13.23 11.37 9 .06  6.76 6.20 
S t d .  E r r  1 . 2 1  2 .13  2.05 2 .40 2 . 6 3  2.94 1 .87  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Loess S o i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Max Yld a************ R e l a t i v e  Y i e l d s  ($)  ************* 

S i t e  Mg/ha 100 9 0  80 70 6  0  5  0  

Johnson 11 .6  10 .79  8 .27  5 .74  3 . 2 1  NA NA 
Benton 8 .95  5 . 9 6  5.04 4 .12  3.19 2.27 1 . 3 4  
Averages 10 .28  8 .38  6.65 4 .93  3 .20  2.27 1 . 3 4  
S t d .  E r r  1 . 8 7  3 .42 2.28 1 . 1 5  0 . 0 1  N A NA 

Note: Values r e p l a c e d  with NA a r e  Not Appl icab le  due t o  e x t r a p o l a t i o n  
beyond t h e  range  o f  observed d a t a .  



A Glac~al 0 Loess A Glac~al Loess 
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Nitrate N Content (g N ~ g - '  dry rnaiter) 

Figure 1. Stem NO -N content-relative yield relationships. Regression 
lines, ?alues from individual sites, and site averages for 
loess and glacial till soils. 

Relat ive y i e lds  and s t e m  NO3-N contents obtained from the  d i r e c t  
regression procedure (Table 2) were used i n  a separate regression 
analysis  t o  obtain equations t h a t  could be used t o  predict  r e l a t i v e  
yields from the stem NO3-N content of samples taken f m  any field. The 
quadratic equations describing the stem NO3-N content-relative yield 
relationship (pmsented graphically in Figure 1.) are: 

where: YRG is the  r e l a t i v e  y i e ld  f o r  g l a c i a l  till s o i l s ;  Y is t h e  
re la t ive yield for loess soi ls ;  ard (N03-N) is the stem NO3-N content. 

To calibrate re la t ive  yield respnse to  sidedressed N fe r t i l i zer  a t  
various l e v e l s  of s t e m  NO3-N content, t he  e n t i r e  data sets from each 
si te i n  t h i s  study were used. Relat ive y i e l d  l e v e l s  of 100, 90, 75, 
and 60% were a r b i t r a r i l y  chosen t o  d iv ide  the  data  in to  f i v e  subsets. 
The subsets are defined as: exceeding 100% of maximum yield, or "High": 



90-100% of maximum yield.  or  I1Adequate"; 75-90% of maximum, o r  
ttMediumtt; 60-75% of maximum yield ,  o r  tlLow"; and below 60% of maximum 
yie ld ,  o r  ttVery Lapt. Using equations 1 and 2, the s t e m  NO3 -N content  
associated w i t h  each l eve l  of re la t ive  yield were calculated. For loess 
so i l s ,  re la t ive  yields of 100, 90, 75, and 60% correspond t o  stem NO 
contents of 9.0, 6.0, 3,7, and 2.15 g N dry matter. respect ive  
For g l a c i a l  till s o i l s ,  r e l a t i v e  y i e l d s  of 100, 90, 75, and 60 
correspond t o  stem NO -N contents of 17.75, 14.2. 9.75. and 5.9 g N Kg- i 
dry matter, respectively. 

Sldedressed N Rate (Kg ha-' ) 

Figure 2. Relative yield response to sidedressed N fertilizer with 
medium, low and very low levels of stem NO,-N content. 

Data sets f m  each s i t e  were divided into h t s  b;;sed on these 
s t e m  NO3-N content values. No s i n g l e  s i te  had observations i n  a l l  
subsets and &senrations f m  single sites, w i t h i n  a given subset, often 
fai led to cover the entire range of sidedress N rates applied. W i t h i n  
each subset, for  each site, re la t ive  yield was regressed on sidedressed 
N ra te .  When more than one s i t e  had observations i n  a subset  t h e  
response surfaces w e r e  not significantly different between sites, w i t h i n  
subsets. Since differences in yield responses to sidedressed N w e r e  not 
&served between sites (within the same stem NO3-N content subset), data 
fmn a l l  sites w e r e  ccanbined, 

W i t h i n  each subset re la t ive  yield was regressed on sidedressed N 
rate. There w a s  a s ign i f ican t  quadratic response t o  sidedressed N i n  
plots  with L m  and Very L a w  stem NO3-N contents (equations 4 and 5). A 
linear relationship was observed between r e l a t i ve  yield and stem NO3+ 
content i n  p l o t s  with Medium stem NO -N contents (equation 3). P l o t s  
with stem NOJ-N contents i n  the Ad-%e and High -es did not respond 
to sidedressed N. 



is Relative Yield, ~ d u m  stem NO3-N content m e ;  re la t ive  
dl l a w  stem NO3-N content m e ;  YRVL is yield, very lm stem 

NO3-N content; and {NO -N) is stem NO3-N content. These equations 
axe presented g-ra@ca~ly i n  Figure 2. 

Conclusions 

When N is limiting grain production, N deficiencies can be detect& 
from the NO3-N content of 5 cm segments of basal corn sten-s a t  V6 
stage. 

S i t e t o - s i t e  variations in stem NO3-N content can be large even a t  
identical l eve l s  of re la t ive  yields. Sources of this variation need to 
be iden t i f i ed  and accounted f o r  i f  r a t e  recommendations over w i d e  
geographic a reas  a r e  t o  be possible. S o i l  parent  material  was a 
s ign i f ican t  source of va r i a t i on  i n  t h i s  study. Corn grown on l o e s s  
soils required lower stem NO -N content than corn grawn on glacial  till 
soils to achieve the same re?ative y i e l d  

The need e x i s t s  f o r  an index of p l a n t  a v a i l a b l e  N e a r l y  enough i n  
t h e  development of t h e  crop t o  a l low N app l ica t ions  t o  cor rec t  
deficiencies. The stem NO -N content of basal corn sterrrs a t  V6 growth 
stage has the p t e n t i a l  02 beiq this irdex. More data are reqh-ed to 
identify saurces of stem NO3-N content variation ard for d e v e l m t  of 
mre accurate critical stem NO3+ content mx~es. 
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