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Wheat producers have recent ly  shown a g rea t  dea l  of i n t e r e s t  i n  
grain protein levels. 'Ikis interest has developed p r k i l y  because of 
the re la t ively  l q e  protein premium avai lable  the last several years 
(Table 1). Nitrogen is a primary component of prote in  and needs t o  be 
added for most soils to produce high yielding, high protein wheat. The 
objectives of this study w e r e  to detennhe the effects of soil n i t ra te  
nitrogen and f e r t i l i z e r  nitrogen on wheat g ra in  y i e l d s  and prote in  
levels. 

Th i r t een  f i e l d  experiments w e r e  conducted on B o r o l l s  i n  
Northeastern South Dakota on hard red spr ing wheat in 1985. S o i l  
textures across sites included sardy loam (I), loam (2), s i l t y  clay loam 
(4), s i l t y  clay (I) and clay loam (5). The range and average across the 
sites for selected soil tests are found in  Table 2. 

Past crop varied across sites and included wheat ,  f lax, oats, corn, 
bar ley and sunflower. The most common t i l l a g e  used was ch i se l  and 
chisel-disc. planting date was generaIly early to mid-April. Cultivars 
of hard red spring wheat used a m  sites are listed in  Table 3 along 
w i t h  t he  r e l a t i v e  prote in  ranking of each var ie ty .  P lo t  s i z e  was 
genera l ly  10 f e e t  by 20 feet .  Row spacing was 6 o r  7 inches. Various 
herbicides w e r e  used f o r  weed control  a s  deemed necessary by t h e  
cooperator. Phosphorus was dr i  1 1 app 1 ied by t h e  cooperator on those  
sites t h a t  t e s t ed  low o r  medium i n  s o i l  test phosphorus. Nitrogen 
treatments consisted of 0, 25, 50, 75, 100 and 125 lb/A N t h a t  was 
broadcast on the s o i l  surface as t w o  weeks a f t e r  p lo t  seeding. 

Experiments wereonducted in  a randomized complete block design 
w i t h  four replications. Soi ls  were sampled w i t h i n  two weeks of seeding 
by one foot hcmmnts to  four feet. G r a i n  yields w e r e  determined with 
a small p lo t  carbine. Grain nitrogen w a s  determined by macro-Kjeldahl 
and protein estimated by a factor of 5.7 x grain N. 

Results 

The q i n g  conditions were almost ideal for  small grains for m o s t  
of the study sites. Two sites west  of the James River did have drought 
stress. One Hamlin county site was not used in the analysis because 
of p lo t  variabil  ity. 
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The average grain yield for each treatment across sites is sham in 
Table 4. The sites are g m u p d  accordhg to yield response f m  add& 
nitrogen The excel l en t  yields are a reflection of the timely r a i n f a l l s  
received. The sites t h a t  responded t o  added nitrogen had an average 
nitrate-nitrogen soil test of 44 lb/A; whereas, those sites that  didn't 
respond had an average soil nitrate test of 106 lb/A. 

This  data  indicates  t h a t  t h e  s o i l  test is of va lue  i n  predic t ing 
response to fe r t i l i z e r  nitrogen. The mean yields of the high f e r t i l i t y  
sites and l a w  f e r t i l i t y  sites are plotted in Figure 1. It can be seen 
from t h i s  graph t h a t  an average of approximately 75 pounds of 
f e r t i l i z e r  nitrogen was needed to achieve highest yields for the  lw 
f e r t i l i t y  sites. 

The mean grain protein leve ls  for  each trea-t across a l l  sites 
are shown i n  Table 5. The s i t e s  a r e  grouped a s  i n  Table 4. The low 
f e r t i l i t y  on t h e  check treatments of t he  high f e r t i l i t y  sites. This 
ccanparison points out the importance of residual soil nitrogen i n  wheat 
protein l e v e l s .  This point  is a l s o  expressed i n  Figure 2. The g r a i n  
protein frm each treatn-ent that  received no added nitrogen w a s  plotted 
against the residual nitrate-nitrogen from that site. The grain protein 
ter& to increase as residual soil nitrogen increases. 

The mean prote in  va lue  fo r  each treatment of the high and low 
f e r t i l i t y  groups is p lo t t ed  in  Figure 3. Added nitrogen increased 
grain  protein l e v e l s  f o r  both groups. However, added N increased 
protein l e v e l s  a t  a g rea te r  r a t e  on t h e  low f e r t i l i t y  f i e ld s .  It 
appears t h a t  with higher r a t e s  of appl ied N t h e  two groups would 
eventua l ly  meet. A higher r a t e  of f e r t i l i z e r  nitrogen is needed t o  
md.1 maximum protein l eve l s  than mxhnum yield l eve l s  (Figure 1, Figure 
3). Ihis is often noted with nitrogen response t r i a l s .  

This point  brings up t h e  question I1Do w e  f e r t i l i z e  fo r  y i e l d  o r  
protein?I1. To answer t h i s  question, t h e  economics of ni trogen 
application for wheat has to  be addressed. 

Approximately 75 lb/A of N maximized average y i e ld s  f o r  the low 
f e r t i l i t y  group (Figure 1) and the 75 lb/AN r a t e  maximized g ra in  
protein content for  the high f e r t i l i t y  group (Figure 3) .  I f  the 75 lb /A  
N r a t e  is used f o r  both t he  low and high f e r t i l i t y  groups f o r  
ca l cu l a t i ng  economics, Table 6 is genera l ly  with t he  assumptions as 
listed. The return over f e r t i l i z e r  custs for the  lw f e r t i l i t y  sites 
was $48.62 while the return on the high f e r t i l i t y  sites was only $-.18. 
Much more p r o f i t  can be rea l ized  per  ac re  by f e r t i l i z i n g  t h e  low 
f e r t i l i t y  fields. 

?he question needs to be asked that i f  additional f e r t i l i z e r  N is 
amlied to the law f e r t i l i t y  sites (beyond maximum yield) and pratein is 
increased, w i l l  the  added protein value pay for the added N. If the same 
ca lcu la t ions  a s  above a r e  made with t h e  low f e r t i l i t y  sites only,  
assmbg: 



1) an addi t ional  50 lb/A N is needed t o  reach a maximum g r a i n  
pratein lwel of 15.7%; 

2) that no im=rease i n  yield is realized over the original 75 lb/A 
N ra te ;  and 

3) other assunpltions as  per Table 6, then the  return is calculated 
as  $49.84, a very mll increase over the $48.62 value that w a s  
previously calculated (Table 6). 

FWhenmre, i f  the s a ~  calculations are made only  asfllming a protein 
premium of $0.10 per percent, t he  re turn  is reduced t o  $36.00/A. 
Therefore, fe r t i l i z ing  for maximm protein over ard above mximum yield  
o f f e r s  l i t t l e  increased return i f  prote in  premiums are high and a 
substantial demease i n  return i f  protein premiums are low. 

Yield increases from added N t o  wheat was dependent on res idua l  
s o i l  nitrogen. On the average, a s  s o i l  n i t r a t e  l e v e l s  increased, 
response to added N decreased. !lke data a l so  indicated that  wheat grain 
protein increased with added nitrogen regard less  of res idual  s o i l  
nitrogen Haever, the  rate of protein hcrease w a s  nu31 greater on the  
l m  f e r t i l i t y  sites. In addition, higher f e r t i l i z e r  nitrogen l e v e l s  
were needed to pr-cduce maximum grain protein over and above the arnount 
nedded for maximum yield. However, present e c o d c s  favor applying 
recommended N r a t e s  f o r  an opt imis t ic  y i e l d  goal  and not applying 
additional nitmgm to im=rease protein amtent. 

Table 1. Protein premiums paid for hard red spring wheat wer 
the past 6 years. 

motein a n t e n t  Price Price per 
Year* 11% 17% Spread 1% m rote in 

-price paid $- -$- -cents- 

* ~aken in NW- o r  December fm ~ p l i s .  

Table 2. Summary of spring soil tests, N-wheat sites. 

0-6" 0-24" 0-48" P K O.M. I3-l - - &/A % 

Range 10-48 27-236 60-473 16-20Ot 290-1900 1.4-5.1 6.2-7.6 

Average 23 9 1 170 56 689 3.6 6.8 



Table 3. Varieties used in wheat - N experiments. 

Relative Pmtein No. of 
V a r  ietv Sites 

Len 
Butte 
Erik 
Guard 
Wheaton 
Apex 
Oslo 

Table 4. Mean wheat yields for N-wheat studies. 

Rate of N 
S i t e  NO,-N 0 25 50 75 100 125 F C.V. 

lb7A-2 I yield, bu/A % 

N Rsporzsive* Sites 
Deuel 38 22 29 37 43 48 58 .0001 10.8 
Grant 2 53 46 49 51 49 47 52 . O 1  4.3 
Raberts 53 50 54 57 60 57 56 .04 7.0 
Marshdl1 1** 27 26 34 38 43 45 42 .0001 9.7 
Marshall 2 40 54 59 63 65 63 59 ,002 4.8 
Brtxm 51  42 43 47 49 47 45 .06 6.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean 44 40 45 48 51  51  52 - - 

No N Respansc 
Brookings 105 61  65 62 59 63 60 .12 5.1 
Grant 1 84 9 1  86 85 84 8 1  78 .04 5.7 
Codington 107 66 69 65 63 65 60 .30 8.2 
McPherson*** 43 20 21  19 18 18 22 .38 15.6 
mink 236 49 49 48 48 49 48 0.99 6.9 
Haml in 62 56 52 52 64 58 59 0.11 10.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r+ka.rl 106 57 57 55 56 56 55 - - 

* If  treatment F t e s t  for yieldwasbelow 0.10. 
** Slightly draught stress&. 
*** Severely dmught stressed. 



Table 5. Mean grain pratein content for N-whea t  studies. 

Rate of N 
Site 0 25 50 75 100 12 5 F C.V. 

% Prokin % 

N Responsive Sites* 
Deuel 10.0 9.4 9.8 10.8 11.5 12.6 .0001 3.2 
Grant 2 13.7 15.6 16.0 16.0 17.1 17.3 .001 6.0 
Roberts 14.5 14.2 15.2 16.3 16.5 17.5 .0001 4.0 
Marshall 1 13.3 13.5 13.7 14.2 14.3 14.5 .01 3.2 
Marshall2 12.4 .12.5 13.5 14.0 14.7 15.3 .0001 5.1 
Brown 14.3 14.9 15.6 16.4 16.9 17.2 -0001 5.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean 13.0 13.4 14.0 14.6 15.2 15.7 - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No N Response** 
Brookings 15.0 15.7 15.9 16.6 16.0 16.7 .006 3.4 
Grant 1 14.6 14.7 14.9 15.3 15.7 15.9 .21 5.7 
Codington 13.8 13.8 14.0 14.6 14.5 14.5 .15 3.8 
McPherson 15.7 16.8 18.5 18.5 18.7 18.2 -007 4.7 
S P i -  16.8 17.1 17.5 17.4 17.6 17.6 .001 1.3 
Hamlin 13.3 13.6 14.3 14.9 15.1 15.5 .0001 2.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean 14.9 15.3 15.9 16.2 16.3 16.4 - - 
* N responsive for yield. 
** No N response for yield. 

Table 6. Ecodcs frm nitrogen addition to wheat*. 

Gross Return Fram Fert. Return Over 
N Rate Yield Protein Yield Protein TMal Cost Fert. Costs 

Law Fertility Sites 
0 40 13.0 - - -- - 

High Fertility Sites 
0 57 14.9 - _I_ -- - 

*Assuming: $0.20/lb N 
$4.30/bu wheat (program participation) 
$0.20/% protein premium (13.0% base) 
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Fig. 3. Influence of added ti on wheot groln protein. 




