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‘INTRODUCTION

The soils of eastern South Dakota have lost much of their original
productivity through cropping, erosion and cultivation. It has been esti-
mated that 25 to 40 percent of the original nitrogen content and 40 to 50
percent of the original organic matter has been lost. From 10 to 15 percent
of the nitrogen which is annually utilized by crops is replaced through
the current soil management practices.

The use of fertilizer has become an essential part of good soil
management, Most South Dakota soils have the capacity to supply all of
the essential elements required for crop production except nitrogen and
phosphorus. These two elements are required in large amounts by most crops
and maximm crop yields can not be expected unless these two elements ex-
ist in available form in large quantities in the soil.

About 50 percent of the cropland in eastern South Dakota is plantad
to small grains each year. Much of the small grain crop follows corn in
the crop rotation, especially in the counties nsar the eastern border of
the state. ESince corn requires large amounts of nitrogen, the supply of
nitrates in the soil following corn is generally low. The soil nitrogen
problam is further aggravatad by the return of highly carbonaceous corn-
stalk residuas which immobilize nitrogen in the process of humification.
Nitrification under small grain is also less than under corn. Current
estimates are that nitrification under small gr.ain in South Dakota i=
about one percent of the total soil nitrogen per ysar while nitrification

under corn is about two percent per year. The process of nitrification

is also slow in the early growing season, because of low soil temperatures.



Por these reasons, many small grain fields show nitrogen deficiency symp-
toms in May and June.

The level of soil moisture at the time of small grain planting is
very often lowv and many farmers are hesitant to invest in fertilizer for
small grain. In May, when the moisture outlook generally improves and
when nitrogen deficiency symptoms have appeared in the small grain, farmers
are interested in knowing if the application of fertilizer will still
give a profitable respomse.

The main objective of this study was to determine the effect of
the time of application of fertilizer on the yield of small grain and
also on the quality as measured by the protein content. A supplementary
objective was to compare the effect of two rates of nitrogen, applied with
and without phosphorus, to the grain at three different times. Another
supplementary objective was the comparative effect of two carriers of ni-

trogen applied on the small grain at various dates.



REVIEW OF LITERATURE
Status of Soil Fertility in Easterm South Dakota

The soils of eastern South Dakota, for the most part, lie in the
Chernozen Great 8oil group. These soils developed in an enviromment of
limited rainfall and are characterized by a horizon of calcium carbonate
accumulation in the soil profile. In the virgin condition, these soils
wera very fertile. Through intensive cultivation, crop removal, erosionm,
and other causes, the loss of soil nutrients has been great enough to
cause nitrogen and phosphorus deficiencies to appear in many soils in 60
to 80 years of cultivation.

In studies on the effects of cultivation on soils, Puhr and Olson
(22) found that an average of 29 percent of the nitrogen and 42 percent
of the organic matter originally contained in the virgin soil had been
lost since it was brought under cultivation. They concluded that the crop
rotations commonly practiced did not generally include legumes to restore
the nitrogen and organic matter lost through cultivation. Puhr and Wor-
zella (23) reported that eastern 8South Dakota soils have lost an average
of 35 percent of the total nitrogen and 40 percent of the total orgaunic
matter in 65 years of farming.

Pubr and Worzella (23) found that the total phosphorus content in
most South Dakota soils was high, but the phosphorus removal by crops was
greater than the rate of replenishment of available phosphorus from the
total supply. Consequently, the available ph?;pborul content has dimin-

ished to the point where tha growing crop can not receive enough phosphorus



from the soil. Puhr and Olson (22) found that the total phosphorus con-
tent has decreased 13.1 percent since the land was brought under cultiva-
tion.

The soils of eastern South Dakota have the capacity, at the present
time, to supply sufficient available potassium for general crop production,
Plants require large amounts of potassium, but wuch of this is returned

to the soil in the form of crop residues and manure,

Effect of Fertilizer on the Yield and

Protein Content of Small Grainsg

The rate of release of available nitrog_,en from the total nitrogen
supply in the soil is less for small grain th;n for corn, Corm is usu-
ally planted later in the growing season when the soil is warmer and ni-
trification makes more nitrogen available to plants. The process of
cultivation aerates the soil which in turn accelerates nitrification.

Soil management practices such as growing lagumes or applying manura or.
comnercial fertilizer are usually pointed towards giving the greatest
benefit towards the corn crop., Small grains are planted earlier in the
spring when little nitrification is occurring and nitrogen deficiency
symptoms are prevalent in many small grain fields every spring.

On most soils the application of nitroge-n increases the yield of
small grain. Brieba (3), Carson (5), Melson et al. (16), Olson and Dreier
(18), Pritchett (21), and Puhr et al. (24) reported that the yield of oats
was increased due to the addition of nitrogen,in almost every experiment.

Davidson (7) and Gericke (9) reported that the yield of wheat also increased



with the application of nitrogen.

Many experiments have been conducted concerning the rates of ni-
trogen to be applied to small grain. Bartholomew (2) in Arkansas, Carson
(5), Walson &t al. (17) and Pendleton (19) in Iowa, Puhr et al. (24) in
South Dakota, and Robertson et al. (25) in Michigan reported that the
first 20 pounds of applied nitrogen caused the largest per pound increase
in yield. Omne bushel of oats contains about one pound of nitrogen. Hal-
son et al., (16) found that the yleld of oats was increased about 10 bush-
els per acre when 20 pounds of nitrogen was applied per acre. More nitrogen
wvas raquired per bushel increase with higher rates of application. Macy
(15) stated "The sufficiency of a nutrient is.a function of its pExrcentage
content in the plants." In an expariment witix oats, he defined luxury
consumption as the point where there was more available nitrogen than was
needed for the amount of grain produced, so the nitrogen not utilizmed for
grain production was used to increase the nitrogen content of the plant.

The previous cropping history greatly influences the crop response
to nitrogen. Helson et al. (17) found that those crops two or more yesrs
from a legume produced twice the increase in yield from applied nitrogen
compared to those separated by only one year from a legume. The effi-
clency of nitragen recovery was increased when the oats followad two or

wore years of corm.

If the amount of available phosphorus ox potassium is inadequate,
the efficiency of nitrogen is also reduced. Pingree (20) found that if
phosphorus and potassium were the limiting numrients, more nitrogen would
be taken up per pound of dry matter, but the total amount of dry matter as

well as the yileld would also be smaller than when a complete fertilizer



was used. Kraybill (16) found that if phosphorus and/or potassimm are
deficient in tha soil, the inclusion of these elsments with the applied
nitrogen increased the amount of carbonaceous material produced mora than
did the application of only nitrogen. The yield of grain was also greater
than that produced by nitrogen alona.

Nitrogen generally increases the protein content of small grains.
In a greenhouse experiment with wheat, Gericke (9) was able to show that
variations in the protein content of grain are not always dus to genetic
factore but can be the response of the plant to its snvironmeat. Davidson
(7) stated that the mmount of increase depands upon the amount of nitro-
gen availeble to tha plant at heading time., Gericke (11) concluded in
part, "that supply of nitrogen available for the quantity of grain that
any state of vegiétative development may induce, deteérmines the protein
content of any sample of wheat,"

Thatchér and Arny (26) found that previous cropping histery in-
fluenced the percent proté#in, Those grains growm in oats, wheat, and
corn rotations were low in protein and those grownm in a longar rotation
including a leguma had a higher protein content. This increase was prob-
ably due to the éxtra nitrogeam which had been fixed in tha soil by the
legumes. In an gxperiment conducted on the abovi rotations, when potas-
sium was added to manure which was applied to the #oil, the protein con-
tent of the grain wis lower than whére no manurs was applied. When
phosphorus was included with menure, the protiéin content was the mama as
the check. Thers were no yields given for the grain in the experiment so

it is possibla that the plots which were treated with manure, réinforced



with phosphorus or potassium, produced a higher yield than those which
received no manure. If this was true, the nitrogen in the manure was
utilized in the increased yield and thers probably was not enough to in-
crease the protein content, Kraybill (14) also reasoned that the protein
content of grains was decreased when phosphorus and potassium were added
because the increase in vegetative growth left less nitrogen available

for the development of the grain kernel.

Effect of Time of Application on

Yield and Protein Content

The time of the application of the nitrogen may affect the yield
of small grain. Kraybill (14) and Davidson (7) found that the application
of nitrogen in the early phases of the plant's growth cycle will tend to
increase the degree of vegetative development, This will offer increased
opportunity for the synthesis of carbohydrates and may produce a larger
number of heads due to tillering and may result in conditions favoring a
greater yield of vheat. This reasoning would hold true for all of the
suagll grains. Pendleton (19) reported that in both greenhouse and field
experiments, the early application was more effective in producing an in-
creagse in yield than were the late applications. The late applications
wera seven and nine weeks after the oats was planted. Burd (4), in a
study on the absorption of soil constituents by barley, found that this
absorption was divided into three distinct phasea. The first phase was
a period of progressively increasing rate of ahsorption ending at head-
ing. At this stage the nitrogen and phosphorus content were the same as

they were at maturity, and the potassium content was actually greater



than at maturity. In the second phase, there was an actual loss of nu-
trients to the surrounding medium and migration into the kernmel. In
the third phase, at ripening, the absorption ceases. Hoagland (12), work-
ing with barley in sand cultures, found that the addition of plant nu-
trients did not affect the yield after the first eight to ten weeks,
Gericke (10) placed sodium nitrate on oats at the rate of 82 pounds per
dcre at zeven diffargnt intervals in a pot experiment using Oakley sand
which is very deficient in nitrogen. He reported a progressive yield in-
crease until 90 days after planting and then a marked declins in yield
occurred. He also compared sodium nitrate with ammonium sulfate on oats,
rye, spring wheat and winter whzat and notad cgnsistent differences in
the magnitude of responae to theé two carriern.d Those pots which were
treated with ammonium zulfate at the sarlier dates produced a higher yield
than did thoss treated with sodium nitrate. The reason given for this
difference was that some time was required for the nitrogen in thas am-
monium sulfate to nitrify and become available as nitrate. An applica-
tion of nitrogen as mmmonium sulfats at planting should, therefore, be
expectad to produce a larger yield than an &gual application of nitrogen
in the form of sodium nitrats because the nitrogen in the ammonium sul-
fate bacomea available at a later stage of growth when the plant can
utilize the# nitrogen more sfficiently.

Appleton and Heluws (1) checked the ratesf nitrate absorption by
plants and found that the rate of absorptiomn was more rapid when the ni-
trogen was appliad at comparatively late stages of growth. They con-

cluded that at first the stage of plant development limited the rate of



nitrogen sbsorption. As the root system was developed, the growth of

the plant was limited by the supply of available nitrogen. They obtained
similar results with cotton and oats. Vhen the nitrogen was applied 14
days after planting, it took 48 days to absorb all of the applied nitro-
gen &nd wheén the nitrogen was applied 92 days after planting, it took
only 10 days to absorlk all of the nitrogen. The rate of absorption and
the rate of growth were closely correlated.

Robertson et al. (25), conversely, reported a greater yield in-
crease on oats by top dressing six weeks after planting than when the
fertilizer was plowed down. Scme of the nitrogen which was plowed dowm
was probably immobilized by the decaying organic matter and therefere
was not immediately available, whereas that wﬁlch was topdressed was
available to the plant as smon as it reached the root zone. Bartholomew
(2) applied nitrogen to oats at-various stages of plant growth from
planting until the grain was six inches tall and found no difference due
to dates, Brieba (3) applimd 80 pounda of nitrogen per acre to oats at .
five dates and found the greatest yield resulted when the nitrogen was
applied one week after emergence and then & progressive decline occurred
until the application seven wseks after emergence, when a sharp decline
rasultad. Davidson and LeClerc (8) mttempted to determine if the effec-
Eiveness of nitrogen on the yield disappears ah;rply or gradually by de-
laying application when the plant was still in s£he vegatative stage.
They found that by delayimg application of nitrogen on rad winter wheat
from tha resumption of growth in the spring upwil just before heading,

the yleld gradually decraasiid.
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Davideon and LeClerc (8) also found that the protein content of
the grain gradually increased as the time of application was delayed.
They applied nitrate of soda at the rate of 320 pounds per acre when the
plants were two inches in height, at heading, and when the plants were
in the "milk" stage. They found that the application of nitrogen at the
earliest stage of growth produced the highest yields and application at
the time of heading produced the highest protein content. When the ni-
trogen was applied at the "milk" stage, bowever, it had no effect on the
yield or protein content. Kraybill (14) stated that "applications of
nitrogen close to the heading time should increase the amount of ni-
trogenous materials in proportion to the available carbohydrates and .
result in higher protein wheats." Davidson (3). Macy (15), and Pendleton
(19) also noted an increase in the protein content of the grain as the
application of nitrogen was delayed. In a greenhouse experiwment, Gericke
(9) found that the protein content of oats increased from 7.5 percent to
17.2 perceant when the application of nitrogen was delayed from planting

to 108 days after planting.
Other Effects of Fertilization of Small Grain

The maturity of small grain may also be affected by applying fert-
ilizer. In a greenhouse experiment, Gericke (9) noted that the maturity
of oats was delayed from 197 to 219 days when mitrogen was applied 108
days after planting. Brieba (3), however, found that the time of applica-
tion of nitrogen had no effect on maturity undess high rates of nitrogen

were used. The key to the effect of optimmm amounts of added nitrogen
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on maturity probably lies in the amount of phosphorus available to the
plant. If there is an adequate amount of available phosphorus, then the
addition of moderate amounts of nitrogen will not delay maturity.
Pendleton (19) stated that 200 pounds of sodium nitrate delayed maturity,
but phosphorus may have been the limiting factor in the experiment. A
late growth of straw occurred which may have induced a deficiency of one
or more nutrients that resulted in delaying the maturity of oats. Burd
(4) stated that late applications of nitrogen may delay maturity because
large concentrations of nitrogen may bring about an unfavorable relation-
ship in the plant at the later stages of growth which may slow the mat-
uration process.

The effect of nitrogen on lodging of small grain has also been
investigated. Robertson et al. (25) found no lodging occurring when rates
of nitrogen up to 80 pounds per acre were used. Nelson et al. (16) stated
that with high rates of nitrogen, lodging depends largely upon the variety.
At the 20 pound rate, there was no lodging, even in varieties not out-
standing for lodging resistance.

Casserly (6) used culm diameter, root type, and plant height to
measure lodging resistance in oats. He found that when phosphorus is
applied alone or in combination with nitrogen or nitrogen and potassium,
the lodging resistance was increased. When nitrogen was applied alone,
it gave a decrease in lodging resistance as cogpared with the check plants.
If a soil {s low in phosphorus, an application of nitrogen may ther&fore
increase lodging if a high rate was used and the variety was not too re-

sistant to lodging.
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METHODS AND PROCEDURE
Field Experiments

Twelve field experiments were conductad on private farms located
in the two eastern tiers of counties in South Dakota in 1958 and again
in 1959. The general locations of all the experiments are shown on the
accompanying map, Figure 1.

Composite soil samples were taken from #ach experimental site.
These samples were analyzed for available phosphorus and potassium and
also total nitrogen. This was done to better estimate the relative abil-
ity of the soil to supply these nutrients to the crop.

The experimental design used in the 1958 experiments was a ran-
domized split plot with four replications. The dimensions of each in-
dividual plot were 12 feet by 20 faet. The reason for selecting this type
of design was to gain more precision in measuring any differences due to
the tima of application and therefore less emphasis was placed upon the
rates of nitrogen.

The treatments used were chack, Ni» H'lP, Hp, and NoP; where y and
Nz were 20 and 40 pounds of nitrogen per acre and P was 30 pounds of P,0g
per acre. The phoaphorus was applied in the form of monommmonium phos-
phate because of its complete water solubility, and urea was added to give
the correct amount of nitrogen per plot. All killage and planting opera-
tions were completed by the farmer as a part of his régular field work.
All of the experiments followed corn except at.the Deuezl county site, in
which the crop followed barley. The experimental site was then selected

in a uniform soil area and the fertilizer for the first date (at planting)
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was applied. The fertilizer was spread on tha individual plots by hand.
The two later applications were at three and six weeks after planting.
One experiment differed in that fertilizer was applied before rillage
operations in addition to the other three times,

The small grain was harvested by hand and four square yard samples
of grain were taken from each plot and composited for yield determinations.
The samples of grain were then dried and threshed with a nursery thresh-
ing machine, The yields were calculated and recorded in terms of bushels
per acre. The mean of the four replications was used to report the re-
sults,

The grain from three of the oat experiment# and three of the bar-
ley experiments was saved for nitrogen analysis. The grain was analyzed
by the Kjeldahl-Gunning method as given in the A.0.A.C. The nitrogen con-
tent as obtained from this analysis was multiplied by the factor 6.25 to
obtain tha protein content of the grain.

In 1959, the experimental design used in three of the four types
of experiments was a randomized split plot with four réplications. The
dimensions of each individual plot were 16 feet by 20 feet. The 40 pound
per acre rate of nitrogen was used to insure a detactable response in the
small grain. The greater precision was again placed upon time of applica-
tion in all of the experiments with the treatments in type A being check,
¥, and MP; where 1 was 40 pounds of nitrogen per ucé& and P was 30 pounds
of PZOS per acre, and the time of application was tha same as in the 1958
experiments, The treatments in type B were check, ﬁl, and Ny; where N
and Hy were 40 pounds of nitrogen applied per acra using urea and ammon-

ium nitrate as carriers, respectively. A blanket application of phosphorus,
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as treble superphosphate, was spread on each plot ac tha rate of 80 pounds
of Py05 per acre to assure an adequate level of that element., The nitro-
gen was applied at planting, and two, four, and six weeks after planting.

The treatmeénts in tha type C experiments were check, HE, and HF,
where N representad 40 pounds of nitrogen per acre im the form of ammonium
nitrate. P, represented those plots where the phosphorus was applied at
the same time as the nitrogen, and P, represented those plots where the
phosphorus was all applied at planting. The rate ofi phosphorus was 40
pounds of Pp0g per acre, applied as treble suparpliosphate. The time of
application of nitrogen was before tillage operations, at planting, and
three and eix weaks after planting.

The experimental design in the type D expe;imcnu was a randoamized
block type consistimg of four replications and seven treatments par rep-
lication. The trsatments used were check, NP, NpP, NqgP, NP, NgP, and
NgP; where the rate of phosphorus was 30 pounds of Py05 per acre in the
form of monoammonium phosphate with enough ammonium nitrate added to ap-
ply 40 pounds of nitrogéen per acre. NP was applied at planting and the
rest of the fertilizer was applied at two week intexwvals until 10 weeks
after planting.

The grain was harvested with a power harvester, taking samples of
7.48 square yards par individual plot. The samples ;ur- handled in the
same manner &s the 1958 axpariments. Grain samples £rom four experi-
ments were kept amd tha protein content was determined. Flant samples
were also taken from thase experiments. The grain yms removiad and the

remiinder of the plant was analyzed for total nitrogen.



Climatological Information

The growing season in 1958 was cheracterized by below normal rain-
fall and below normal temperatures. At the beginning of the season the
amount of subsoil moisture was good in most sreas. Very little rainfsll
occurred in most areas until late May. Hormel rainfall in June, plus cool
temperatures throughout the season, made 1958 an excellent small grain
year, A low incidence of disease was also noted, Local drought in areas
vhere some of the experiments were located limited the yields of the small
grain in five of the experiments.

In 1959, the growing season bagan with a very low supply of sub-
soil moisture, An early spring, characterized by 3 lack of rainfall, en-
abled the small grain to be planted earlier than normal. In May there
was asbove averagt precipitation and temperaturss were normal. A cold
wave occurred about the middle of May and frost damaged the small grain
aa far south as Lake county. An infestation of greem aphids also @ccurred
in late May, but no insect damage to any of the experiments was noted,

Tha first three weeks in June were characteriszed by above mirmal temper-
atures, little or no precipitation, and strong winds which severely dam~-
aged the grain in some experiments, Three experiments were abamdoned
bacauvse of contimuad dry weather in July, and 11::1-' response to thes
fertilizer was noted in five more emperiments. Weather conditions at
the four ramaining experimental sites wers favorabl# for a response of

the small grain ta tha fartilizer treatments.
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RESULTS AND DISCUSSION

Tables I and II contain information on the location, variety of
oats or barley, soil type, and fertility data of the surface layer of
goil. Where there were two experiments in one county in the same season,
sach location was given a mumber. Any references in the text to these
particular experiments will refer to the county where the experiment was

located and the number as designated in Tables I and II.
Rffect of Fertilizer on Yield of Cats and Barley

The results of the experiments with oats &nd barley and fertilizer
treatments are recorded in Tables III, IV and V. .All yield data were
analyzed statistically and the least significant differences were recorded
where significance wae obtained.

Ei{ght oats experiments were placed in various counties along the
sastern border in South Dakota in 1958. The oats in five of these exper-
iments gave a yield response to fertilizer which was significant at the
one parcent level. The other three experiments were in local drouth
areas, and the yields of all individual plots in an experiment weTe es-
sentially the same.

In the experiments where the yield increases due to fertilizer
treatments ware significant, the soil test revealed low levels of avail-
abla phospborus. Nitrogen alone caused increasas ov-er the check in thre=a
of the five experiments whereas a combination of nitrogen and phosphorus

caused yield increases in all five of these experiments., The increase

in yield of oats dus to the combination of nitrogen and phosphorus over



TABLE I.

LOCATION, CROP VARIETY, SOIL TYPE, AND FERTILITY DATA OF THE EXPERIMENTAL SITES, 1958

Fertility data of the 0-7 inch

- layer of soil

Pounds of Pounds of
County Variety Soil type available available % total
onsllcre * Kzolucte* nitrogen
Oats
Brookings Garry Vienna loam 8.1 328 «36
Clay Cherokee Treat silt loam 15.7 692 .23
Codington Garry Vienna silt loam 13.9 501 .26
(Location No. 1)
Codington Waubay Eranzburg loam 12.6 336 22
(Location No. 2)
Grant Ransom Barnes locam 19.7 680 «21
Lincoln Ajax Trent silt loam 18.9 657 .26
(Location No. 1)
Lincoln Waubay Kranzburg silt loam 54.6 782 «26
(Location No. 2)
Minnehaha Bond Moody silt loam 10.8 485 .18
Barley
Brookings Kindred Kranzburg silt loam 58.1 430 .27
(Location No. 1)
Brookings Trail Vienna loam 10.8 446 «36
(Location No. 2)
Clay Kindred Trent silt loam 19.7 785 «20
Deuel Kindred Kranzburg silt loam 7.1 289 .31

* Analyzed by the Soil Testing Laboratory, South Dakota State College, Brookings, South Dakota.
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TABLE I1I.

LOCATION, CROP VARIETY, SOIL TYPE, AND FERTILITY DATA OF THE EXPERIMENTAL SITES, 1959

Fertility data of the 0-7 inch

layer of sofl

Pounds of Pounds of
County Variety Soil type available available % total
P,0g/acre¥ E_zglactet nitrogen
Oats
Brookings Burnett Kranzburg silt loam 13.9 190 «25
(Location No. 1)
Brookings Garry Vienna loam 12,6 176 .36
(Location No. 2)
Codington Rodney Vienna sandy clay loam 13.2 341 .20
Deuel Garry Kranzburg silt loam 12.6 176 29
Grant Minhafer Barnes loam 37.8 &40 .18
Ringsbury Waubay Poinsett silt loam 17.5 394 .19
Lake Waubay Poinsett silty clay loam 9.4 238 .19
Lincoln Cherokee Trent silt loam_ 25.5 203 .22
Cook Sauk Glacial till siit loem 24,4 384 .20
ﬁoda Waubay Trent silt loam 14.3 256 .29
Turner Ransom Glacial till loam 21.7 224 .20
Barley
Brookings Kindred Kranzburg silt loam 88.2 251 .22

* Analyzed by the Soil Testing Laboratory, South Dakota State College, Brookings, Soswth Dakota.
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TABLE IIX. AVERAGE EFFECT OF FERTILIZER APFLICATION (ALL DATES) ON YIELD OF GATS, 1958

Treatment  Brookings Clay Codington Codington Grant Lincoln Lincoln Mimmehaha

County  County County County  County County  County County
Mo. 1 No. 2 No. 1  No. 2

0-0-0L/ 25.5%/ 51.3 66.5 43.3 3.4  48.8 42.0 31.4
20-0-0 25.3 48.8 64.0 41.3 46.6  48.5 41.3 38.9
40-0-0 25.6 47.8 63.5 43.9 55.9  53.5 42.1 43.0
20-30-0 32.5 53.6 78.4 48.4 49.7  61.1 4.6 40.3
40-30-0 34.0 57.1 76.5 48.5 58.0. 62.9 43.7 46.9
¥ value 7.79%% 0.52 5,74k 0.83 20.24%¢ 9,21%% 0,41 18.27#+
L.8.0.Y 6.8 8.4 1.1 10.1 7.1

W
1/ Pounds of nitrogen, Py05 and K0 per acre, respectively.
2/ Yield in bushels per acre.

3/ Least significant difference (5 percemnt level).

** Significant at 1 percent level.

0z



TABLE IV. AVERAGE EFFECT OF FERTILIZER APPLICATION (ALL DATES) ON YIELD OF OATS, 1959

Type of experiment and location

Treatment Type A Type B Type € Type D

Lake Turmer Ringabu Ancoln Brooking Deuel McCook Moody

Co. Co. Co. No. 1 Co. Co. Co. No. 2 Co.. Co. Co.

0-0-0Y/ 20.22/ 29.6 41,2 24.3 39.1 26.4 313  21.0  30.3
40-0-0 19.8  28.6
40-30-0 20.0 29.8 40.5 29.1 30.5
40-40-0 24.7
0-80-0 43.6 23.2 53.6
40-80-0 s4.3 26.4 53.0
P valu .01 .04 6.49% 1.84 4,28 0,26 25,00 3.04* 1.08
L.S.D.3/ 8.9 4.9 7.4

1/ Pounds of nitrogen, P,0. and K,0 per acre, respectively.
2vs

2/ Yield in bushels per acze.
3/ Least significant different (5 percent level).
*# Significant at 5 percent level.

#* Significant at 1 percent level.

12



TABLE V. AVERAGE EFFECT OF FERTILIZER APPLICATION (ALL DATES)
ON YIELD OF BABLEY, 1958

22

Treatment Brookings Brookings Clay Deuel
County No. 1 County No. 2 County County

0-0-0L/ 54, 52/ 26.9 41.3 29.9

20-0-0 49.4 29.6 38.3 34.0

40-0-0 51.7 29.6 44.4 34.9

20-30-0 52.8 41.2 43.6 40.0

40-30-0 54,2 41.4 47.2 43.1

¥ value 0.98 12,72%*» 2.88 11,29%%

L.s.p./ 11.1 8.5
— = ST T s

1/ Pounds of nitrogen, P,05 and K,0 per acre, respectively.

2/ Yield in bushels per acre.

3/ Least significant different (5 percent level).

** Significant at 1 percent level,

that produced by nitrogen alone varied from three to 14 bushels per acre.

In the Codington County No. 1 experiment, th& yield of oats was not in-

creased by the addition of nitrogen but was increased 11 bushels per acre

where nitrogen and phosphorus were applied.

In the Brookings and Lincoln

County No. 1 experiments where drouth affected the yields to some extent,

there was little or no response to either rate of nitrogen, but a seven

to 14 bushel increase resulted where a combination of nitrogen and phos-

phorus was applied.

The Grant and Minnehsha County experiments, con-

versely, evidenced increases of seven to 21 bushels per acre due to the

nitrogen; and the combination of nitrogen and phosphorus caused about
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threa more bushels per acre than the nitrogen alone. Evidently nitrogen
was more of a limiting factor than was phosphorus in these two experi-
ments.

The effect of rates of nitrogen on the yield of oats was varied.
In the Minnehaha, Grant and Lincoln County No. 1 experiments the yield
was higher in those plots with the 40 pound rate than with the 20 pound
rate of nitrogen, both with and without phosphorus. In the other two ex-
periments where there was a significant response to the fertilizer, there
was little or no variation between the 20 and 40 pound rates of nitrogen,
whether applied alone or in combination with phosphorus.

Eleven oats experiments were placed in 10 counties in 1959. Two
of these experiments, those located in Cedington and Grant Counties, were
abandoned because extreme drought conditions and high temperatures caused
almost a complete crop failure in those counties.

8ix experiments gave results which showed no significant responsa
to the fertilizer treatments. High temperatures and low soil moistura
levales precluded a response at five of these locations. The response of
oats to the fertilizer treatments in the Lincoln County expiriment was
also not significant. The object of this experiment was to compare the
effect of two nitrogen carriers on tha yield of oats. Phosphorus at a
rate of 80 pounds of P90g per acre was applied to all plots in the ex-
periment., A yield sample from outside the_ experimental plot area was
taken to detarmine the response due to pho:phorus alone. As shown in
Table IV, the application of phosphorus alone increased the yield from

39.1 to 53.4 per acre. The response due to the nitrogen and phosphorus

wvags essentially the same as that due to phosphorus only.
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Thres experiments, those located in Brookings, Deuel and McCook
Counties, produced yield results which showed significant responses due
to the fertilizer. Although these experiments were also subject to
above normal temperatures in early June, they were located in areas which
received above average amounts of rainfall for that particular year. Pre-
cipitation measurements which were recorded for the Brookings and Deuel
. County experiments showed that 9.1 and 11.5 inches of precipitation fell
on those experimental sites, respectively. From these results, it was
noted that vhile the high temperatures in June undoubtedly decreased the
emall grain yields in 1959, those small grains in areas which received
aviirage amounts of rainfall responded to the fertilizer treatment, while
those grains in areas of less rainfall did not.

Four barley experiments were placed in three counties in 1958.
The fertilizer caused significant yield increases in two of these experi-
ments. The soil test of the Brookings County No. 1 experiment showed a
high level of available phosphorus. The soil wmanagement of this experi-
mental site was above average. Soil moisture relations and temperatures
were also favorable at that location and the yields of all individual
plots were essentially the same. Dry weather and high temperatures in
July precluded any significant response to the fertilizer in the Clay
County experiment,

In the Brookings County No. 2 and the Deuel County experiments,
the soil tests disclosed low levels of avazlablw phosphorus. There was
no significant response due to the application of nitrogen alone. The
increase in yield due to the application of both nitrogen and phosphorus

vas six to 12 bushals more than the increase due to nitrogen alone. This
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agraes with tha results which were cbtained in those sats experiments in
which there were low levels of available soil phosphorus. Barley responds

well to phosphorus applications, and these results substantiate this fact,
The 40 pound per acre rate of nitrogen did not increase the yield of bar-

ley more than d1d the 20 pound per acre rats, The 30 pound per acre rate
of phosphorus may not hawve provided sufficient phosphorus for maximm yield
and thus limitad the response to nitrogmm. Climatic conditions may also
have been a factor in limiting the response to nitrogen at the higher rate.

Only one barley experiment was conducted in 1959, That experi-
ment was located in Brookings County and wms sbandoned. The combination
of frost, drouth, and high temperatures resulted in a very thin stand

and the farwer plowad it up in late Juné.

EBffect of Time of Fertilizer Application on
Yisld of Oats and Barley

The effect of ths tima of fertilizer applicition on the yield of
oats and barley in 1958 ia shown in Table VI and Figures 2 and 3, The
yield results from the application of the &0 pound rate of nitrogen with
phosphorus vere used in Figures 2 and 3. 1In all of the seven experiments
in which there was 2 significant response to tha fertiliser treatments,
there was not enough wvariation in yield due to the time of application
to be statistically significent.

The first application in six of t:ho experimants was top dressed
right after the farmer had planted the grain and the soil was not worked
after the fertilizer had been applied, 'The second application was top

dressed three weeks after planting, whem the grain averaged two inches



TABLE VI. EFFECT OF TIME OF FERTILIZER APPLICATION ON YIELD
OF OATS AND BARLEY, 1958
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Time of
Location fertilizer Treatment ) 4
applicationt/ 0-0-0%/ 20-0-0 40-0-0 20-30-0 40-30-0 value
Dats
Brookings 1 28.2 32.4 31.9 30.0
County 2 25,53/ 24,2 21.1  34.8 34.8  0.43
3 26.0 24.3  30.8 32.4
Codington 1 63.8 62.2 77.3 77.7
County Mo, 1 2 66.5 61.2 66.0 78.2 77.5 0.14
3 67.1  62.3  79.7 73.3
Grant 1 44,9 54,0  51.9 55.9
County 2 3.4 51.5 61.0  46.9 64.2  3.23
3 43.9  52.7 50.3 53.9
Lincoln 1 46.9 ° 49.4  61.3 60.5
County No. 1 2 48.8 49.9° 51.4  63.6 61.4 1.86
3 47.8  49.6 58.4 55.8
Minnehaha 1 38.3  42.9  41.0 47.7
€County— 2 31.4 40.6 42.7  37.7 47.8 0.4l
3 37.9  43.5 44,5 44,0
Barley
Brookings 1 31.1 32.4 43.7 41.5
County No. 2 2 26.9 27.1  27.8 38.1 42.2 1.56
3 30.8 24.8 42,9 41.8
Deuel 1 35.2 34.5 44,1 45.4
2 29.9 33.2  35.2 39.1 44.8 0.62
3 33.6  34.9 36.8 42.0

1/ 0, 1, 2, 3 denotes fertilizer applied before tillage operations, at
planting, 3 weeks after planting and § weeks after planting respec-

tively.

2/ Pounds of nitrogen, P05 and K;0 applied per acre, respectively.

3/ Bushels per acre.
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in height, The third application was top dressed six weeks after plant-
ing, when the grain averaged five inches in height. This third applica-
tion was from one to two Weeks before the grain was in the boot stage,
or @bout three weeks before heading.

Rainfall after the last application may have brought the watar
soluble fertilizer into the region of root absorption. According to
Burd (4), nutrients are absorbed by the plants at a progressively in-
creasing rate until heading. 1If the fertilizer applied at the later dates
was in the region of root absorption before heading, enough of the applied
nutrients could have been absorbed by the plants to produce the sama
yields as those plots which received the fertilizer at planting.

These results agree with those reperted by Hoaglend (12) who found
that the presence of adequate plant nutrients in the first eight to 10
weeks of the growth cycle of barley affected the yield but suitable con-
centrations of these nutrient elements after this period had no effect
on the yield even though they were absorbed by the plant.

An additional application was included in the Brookings COun;:y
oats experiment. This application was broadcast before all plenting op-
grations began, #o the fertilizer was incorporated with the soil. 1In the
statistical analysis of this experiment, the time of application and
treatment interaction was found to be significant, even though the time
of application was not. This indicated that the time of application pro-
duced significant differsnces with some of the traatments.

khere nitrogen at tha 40 pound rate was incorporated before plant~
ing, the yisld was 24.4 bushels per acre and where it was top dressed

after planting, the yield was 32.4 bushels per acre. The yields on plots
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vher® the applications were made three and six weeks after planting were
21.1 and 24.3 bushels per acre, respectively. When the 20 pound rate of
nitrogen was incorporated with the soil, the yield was 23.1 bushels per
acre; vhen it was top dressed after planting the yleld was 28.2 bushels
peEY acre. These rasults tend to agree with Robertson et al. (25), who
found that the nitrogen which was top dressed produced higher yields than
did the nitrogen which was plowed down. Their opinion was that the nitxo-
gen which was incorporated into the soil was immobilized in the decay
processes of the cornstalk residue. This reasoning may also account for
the higher yields which occurred when nitrogen was surface applied after
planting in the Brookings County experiment.

An application of nitrogen at the rite of 40 pounds per acre, with
adequate phosphorus included, caused a yimld of 38.6 bushels per acre
when the fertilizer was incorporated into the soil. When this same ferti-
lizer treatment was broadcast on the surface right after planting, the
yield was 31.3 bushels per acre. The soil on this experimental site was
very low in available phosphorus. The soil moisture level was also very
low at the beginning of the experiment., Little or no rainfall occurred
to leach the applied mono-ammonium phosphate into the region of root ab-
sorption until the firet week in June; and it may have been too late in
the growth cycle of the plants for the applied phosphorus to be of benmefit.
Congequently the yield of oats was greater where the phosphorus was mixed
with the ggil than where it was surface applied. ESince phosphorus moves
very slowly in the soil, the imcorporation of any fertilizer which con-
tains phosphorus into the soil is probably better than top dressing,

especially in a year with little rainfall during the first half of the
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growing seafon. The results of this experiment appear to substantiate
this theory.

In 1959, four types of experiments were designed to measurg the
affect of time of fertilizer application on the yield of ocats and bar-
ley. The results of the effect of time of fertilizer application on thyg
yield of oats in three experiments are given in Table VII and Figures 4
and 5. There was no significant variation in yield due to the fertilizer
treatment or to the time of fertilizer application in the other experi-
momts.

In the Deuel County experiment, a significant increase in yield
resulted from the application of fartilizer at planting and at two and
four weeks after planting, where the yield increases were 16.4, 10.6,
and 11.8 bushels per acre, respectively, The application of fertilizer
at six, eight and 10 weeks after planting did not significantly increase
the yield.

The effect of the time of fertilizer application on the yield of
oats in McCook County largely agreed with the Deuel County experiment.

In this expsriment howevar, the application six weeks after planting
caused a significant increase in yield while the application two wieeks
earlier did not. Thers was a thin stand of grain in two of the four plots
where fertilizer had been epplied four wesks after planting which probably
decreased the average yield of the four replications enmough to make this
responsa not statistically significant. The high temperatures in June
associated with a lower level of soil moisture reduced tha amount of
rasponse in this experiment. In the Deuel County experiment, where cli-

matic conditions were more favorable, the degree of response was greater.
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TABLE VII. EFFECT OF TIME OF FERTILIZER APPLICATION
ON YIELD OF OATS, 1959

Time of fertilizer Deuel Co. Mccoi‘:c::z. 2 Brookings Co.
application Ammonium Urea
nitrate

No fertilizer 3.3/ 21.0 43.6 43.6

Applied at planting 47.7 29.4 50.2 53.6

2 weeks after planting 41.9 33.7 52.9 51.4

4 veeks after planting 43.1 26.6 54.9 51.5

6 weeks after planting 32.9 29.1 62.2 57.1

8 weeks after planting 33.7 28.2

10 weeks after planting 34:0 27.9

¥ value 25.00%% 3.04% 4. 58% &, 58%

1.8.0.2/ 4.9 7.4 6.6 6.6

1/ Yield in bushals per acre.
2/ lLeast significant difference (5 percent level).
% @ignificant at 5 percent level.

##% BSignificant at 1 parcent level.

The results of the affect of two carriaers of nitrogem top dressed
on oats at various dates in the Brookimgs Coumty No. 1 experiment ar®
found in Table VII. Thiz teble shows that both carriers of nitrogen fer-
tilizer applied six weeks after planting caused higher yields than did
any other application. The yield of oats whece ammonium nitrate was ap-

plied was 62.2 bughels per acre and where urea was applied, the yield was



32

(0 No fertilizer
80 Planting time
H weeks
§ ] 4 weeks
o 64¢ 0
< 6 weeks
) ] 8 weeks
: 484 Bl 10 weeks
5 32t
: -
16 ¢ X '.f ,A |
y 4
CEEEE B b :
0 b (S « 2l _ ) S~ . ke =
Deuel Co. McCook Co.

Figure 4. Effect of Time of Fertilizer Application on Yield of Oats, 1959

(0 No fertilizer
EA Planting time
80 B 2 weeks
O & weeks
g 64 B 6 weeks
)T;E -
o i
] o3 i<t
m 48 | &
" i i
a gl ]
ik &
SaE
- g
16 - i3
ok i *
52
o lgm RS =
o ) Urea

Ammonium Nitrate

Figure 5, Effect of Time of Application of Two Carriers of Nitrogen on
) Yield of Oats in Brookings County, 1959



33

57.1 bushels per acre, These yields were 12.0 and 3.5 bushels per acre,
respectively, higher than when the same carrier was applied at planting.
Although it appears from these results that ammonium nitrate is a better
carrier of nitrogen to use when delaying the application, the author is
of the opinion that thers was not enough ewvidence to warrant this con-
clusion.

In combining the data for both years, there is good indication
that the application of fertilizer at various times up to six weeks after
planting caused increases in yield which were not significantly different.
The growing conditions during the two seasons were radically different.
Both oats and barley responded to fertilizer treatments in most locations
with favorable growing conditions in 1958, but there was no significant
variation in yield due to the time of application. In 1959, the same
relative response from applications ranging from planting to six weeks
after planting occurred with growing conditions which were not as favor-

able; although a smaller pércent of experiments showed this response.

It is interesting to nota, however, that the results of most of
the experiments in 1958 show a trend towards a smaller yield increase from
the fertilizer application six weeks after planting than from the earlier
applications. This trend is wall illustrated by the Deuel County experi-
ment in 1959, whera there was a marked declime in the yield increase whin
the fertilizer was applied later than four weeks after planting. It ap-
pears that at soms time in the period four to eight weeks after planting,
the markad decline in yield increase occurs. This varies especially
with the rainfall distribution pattern. If a rain occurred right after

a fertilizer application made six weeks after planting, the fertilizer
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may reach the zone of root abserption in time to cause s yield increase
as large as one produced by a fertilizer application at planting. In
the event the rainfall did not occur immediately after the late applica-
tion however, the fertilizer may not reach the som& of root abserption
in time to produce a significant yield incresse, The stage of plant
growth and climatic conditioms, especially the amount and distribution
of rainfall and temperature, will affect the relative crop respomse to
the various dates of fertiliser application.

Effect of Time of Fertilimer Application oa Protein

Content of Oats and Barley

The effect of the time of fertilizer-application on the protain
contant of oats and barley in 1958 is shown in Table VIII and Figures 6
and 7. The veriation in protein contemt as shown in Pigures 6 and 7 re-
sulted from the effect of the application of the 40 pound rate of nitro-
gen with phosphorus included. The application of nitrogen alone increased
the protein content of the grain in every instance except in the 20 pound
rate of the Grant County oats éxperiment, In this experiment, the ap-
plication of this fertilizer treatment increased the yield of oats an
average of 12.2 bushels per acre. Ewidently there was not enough avail-
shle nitrogen with the 20 pound rate to inctease the protein content in
adéition to the yield. Tha 40 pound rate of ;nitroxon increased the yield
an average of 9.3 bushels per acre ower the 20 pound rate in this experi-
ment, With this trestment, however, tha gprotein content also increased.
Table IX shows the effect of time of application of the various treatments

on the total protein produced per acre. The protein production was
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TABLE VIII, EFFECT OF TIME OF FERTILIZER APPLICATION ON PROTEIN
CONTENT OF OATS AND EARLEY, 1958

Tima of
Location fertilizer . Treatment
applicationd/ 0-0-0£7 20-0-0 40-0-0 20-30-0 40-30-0
gats
0 12.66¥  13.32  13.91  12.42  13.04
Brookings 1 12.70 14,43  12.98 13.23
County 2 13.20  14.68  13.23 13.44
3 13.39 14,40  12.45 13,07
Grant 1 13,70  15.05  14.23 15.50
County 2 14.28 14,22 14,81 14,22 15.05
3 13,72  14.56  13.86 15.52
Minnehaha 1 12,26 14,91 11,99 12,08
County 2 10.93 12,02  13.88 11,52 11.84
3 12,18  13.39  11.43 12.64
Barley
Brookings 1 13.04 14,19 13.51 13,10 13.71
County No. 1 2 13.66  13.51 13,60 13.75
3 14,00 13.10  13.13 13.50
Brookings 1 12,67 12,79 11,55 12.54
County No. 2 2 12.14 12.87 13.04 11,65 12,33
3 12,92  13.32 12,20 12,58
Deuel 1 10. 04 11.21  11.65 11,03 10.94
County 2 11.03 11.43  10.94 10.81
3 11.14 12.58 10,53 11.91

et e S —

1/ 0, 1, 2, 3 denotes fertilizer applied before tillage operations, at
planting, 3 weeks after planting, and 6 wesks after planting, respec-
tively,

2/ Pounds of nitrogen, P05 and Kp0 per acre, respectively.

3/ Percemt protein.
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TABLE IX, EFFECT OF TIME OF FERTILIZER APPLICATION ON TOTAL PROTEIN
PRODUCED PER ACRE WITH OATS AND BARLEY, 1958

e T R S T R R e L ] SR ey T S e ey e

Time of
Location fertilizer Treatment
applicationt! 0-0-02/  20-0-0 40-0-0 20-30-0 40-30-0

Sasa 0 108 116 139 181
Brookings 1 1103/ 125 159 139 145
County 2 111 105 157 164

3 118 119 134 148
Crant 1 177 215 284 266 312
County 2 264 316 227 138
3 205 261 244 284
Minnehaha 1 159 214 170 193
County 2 120 166 199 148 187
3 155 192 172 178
Batley
Brookings 1 327 327 327 314 333
County No. 1 2 302 308 362 225
3 321 115 100 355
Brookings 1 154 185 191 23 245
County No, 2 2 164 167 209 242
3 187 152 246 247
Deusl 1 138 182 185 219 224
County 2 168 183 192 218
3 172 202 178 225

Y 0,1, 2, 3 denotes fertilizer applied before tillage operatioms, at
plenting, 3 wesks after planting, and 6 weeks after planting, respec-
‘-l“l’o

2/ FPounds of nitrogenm, Pp0g and Ky0 per acre, r¢spectively.
d/ Founds of protein per acre.
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determined by multiplying the grain yield by the protein content of each
treatment, This table shows that the total protein production was in-
creased by all fertilizer treatments in all of the experiments except the
Brookings County Ho. 1 experiment where the soil management was above
average and there was no response to the fertilizer treatment.

In comparing the effect of the two rates of nitrogen, those plots
on which the 40 pound rate of nitrogen was applied produced an average
of 34 pounds more protein per acre and also increased the protein content
of oats an average of 1.34 percent more than where the 20 pound rate was
applied. On barley, however, the same comparison showed an average in-
crease of 0.49 percent protein and a gain of five pounds of protein per
acre on two of the experiments. In the Brooking$ County No. 1 experiment
the 20 pound rate increased the protein content an average of 0.50 per-
cent more than did the 40 pound rate and there was no difference in the
average amount of total protein produced. As statad before, the grain
at this location showed no response to fertilizer,

The protein content of the grain produced from plots where both
nitrogen and phosphorus wére applied was lower than where nitrogen was
applied alone. Those plots where phosphorus was included in the ferti-
lizer treatment produced greater yield increases, however. More nitro-
gen would be riquired to maintain the protein congent of the increased
yield of grain. If the réguired nitrogen was not available, the protein
content would then decrease. This decrease in pr‘otein content occurriad
in most instances when phosphorus was applied with the nitrogen. In
comparing the increass in total protein producedk’;.n the barley experiments,

more protein was produced per acre with phosphorus added than with



39

nitrogen alone. Barley responds well to phosphorus application, and the
increase in yield more tham offset the decrsase in protein content. In
oats, nitrogen alone incresased the total protein production to & greater
extent im some instanceés and the combination of nitrogen and phosphorus
increased the total protein production in other instances. The 40 pound
rate of nitrogen was effective in producing more pounds of protein per
acre and a higher protein content than was the 20 pound rate both when
applied alone or in combination with phosphorus.

The protein content of the grain gemerally did not increase with
the delay in fertilizer application, as was reported in the literature.
The protein content of the grain from plots where the fertilizer was not
applied until after heading was reported to be hligher than when the ferti-
lizer was applied early in the growth cycle of the plant. In the experi-
ments cmpmducted in 1958, the latest fertilizer applications were applied
six weeks after planting, or about three weeks before heading. The
fartilizer from these applications was evidently in the root zone early
enough to cause increases in the yield rathar than the protein content.

The effect of time of fertilizer application on the protein content
of oats in 1959 is recorded in Table X and Pigures 8 and 9. PFertilizer
increasiad the protéin contemt in ewery inatanca. These results agree with
thosa in 1958, whers the 40 pound rate of nitrogén also increased the
protein content. i

The effect of tha time of fertilizer application on the protein

content of oats varied betwsen experiments. In the Deuel County experi-
e

ment, the protein content of the oats decreased with the delay of fer-

tilizer application. In the McCook County experiment, where the yield
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TABLE X, EFFECT OF TIME OF FERTILIZER APPLICATIOH ON THE PROTEIN
CONTENT OF OATS AND TOTAL PROTEIN PRODUCTION PER ACRE, 1959

==

Time of fertilizer application
Location Hone at 2 6 8 10

plant- weeks weeks weeks weeks weeks
ing after after after after after

=

8
Deual protein 10,59 12,25 12,79 11.19 11.90 11.03 10.87
County total
proteinl/ 106.1 185.4 171.4 154.3 125.3 118.9 118.2
%
McCook protein 12,09 13.98 12.57 13.69 12.89 14.17 13.94
County total

protain 81.2 131.5 135.6 116.5 120.0 127.9 124.4

Brookings %

County He., 1 protein 11.67 12,22 12,79 11.77 11,77
(ammonium total F
nitrate)2/  protein  188.3 227.0 250.3 232.6 278.6

Brookings %
.County_No. 1 protein 11.67 12,18 11.61 13.11 12.70
(uraa total

protein 188.3 248.1 220.8 243.1 264.7

Turner %
County protein 12,70 13.46 14.71
(40-0-0)3/ total

protein 120.3 137.0 124.3
Turner %
County protein 12.70 13.88 14,52
(40-30-0)3/  total

protein 120.3 135.5 134.7

1/ Pounds of protein produced per acre with oats.
2/ Denotes the carrier of nitrogen used.

&

3/ Pounds of applied nitrogen, P205 and K,0, respectively.
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Figure 8. Effect of Time of Fertilizer Application on the Protein
Content of Oats, 1959
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Figure 9. Effect of Time of Application of Two Carriers of Nitrogen on
the Protein Content of Oats in Brookings County, 1959
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of grain did mnt vary as much, the protein contemt of oats varied from
12.57 percent with tha application two weeks after planting to 14.17
percent with the application eight weeks after planting. In the Turner
County axperiment, where there was littla or no redponse to fertilizer
and no variation in yield due to time of fertilizer application, the
protein content increased with the delay in application.

The affect of time of application on the total protein produced
is probably a better comparison than the protein content because a plant
must integrate all factars in its environment. If more tillers were pro-
duced and the yields were increased, for instance, the protein content
of the grain produced would be lower than that of a plot where the yield
was smaller, if the same amount of nitrogen were available to both plots.

On this basis, the total protein produced per acre decreased
steadily with the time of application in the Deuvel County experiment,
and the sam& trend was observed in the MiCook and Turmer Counties experi-
ments. In the Brookimgs County No. 1 experiment, the total protein pro-
duction was highest in thos# plotas where the& faertilizer was applied six
weeks after planting. This fertilizer application caused a significant
increase in yield with no appreciable decrease in protein content.

From these results, it appears that the protein production by oats
&nd barley decresases when the application of fertiiizer is delayed. The
freatest amount of total protein results when the fettiliser is applied
at planting. The decrease is gradual until the fertilizer application
dat® is four to six weeks after planting, or llter: when a markad decline
occurs. The length of time between planting and fertilizer application

before the occurrence of this marked decline depends mainly upon the
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rainfall distribution and stage of plant growth.

Effect of Time of Fertilizer Application on the

Recovery by Oats of Appliad Nitrogen

Another measure of the effect of the time of fertilizer application
is the amount of recovery by the crop of the applied nitrogen. Table XI
shows the effect of delaying the fertilizer application on the percent
recovery by oats of the applied nitrogen. The grain and the straw pro-
duced from the various fertilizer treatments were analyzed for total
nitrogen. From the nitrogen content and the amount of grain and straw
produced by the various fertilizer treatments, it was possible to de-
termine the increase in the amount of total nitragen taken up by the
plants. The percent recovery of the application of 40 pounds of nitro-
gen was then determined. Table XI shows that the percent recovery of ap-
plied nitrogen was highest when the fertilizer was applied at planting
and it generally decreased with the delay in application of the ferti-
lizer. A sharp decline in the percent recovery of applied nitrogen may
occur when the nitrogen is applied later than six weeks after planting.
The results of these experiments are in agreement with the logical as-
sumption that more nitrogen would be recovered by the plants when the

nitrogen is applied early in the growth cycle.



TABLE XI. EFFECT OF TIME OF FERTILIZER APPLICATION ON THE RECOVERY BY
OATS OF APPLIED NITROGEN, 1959

—_— e e =

Time of Total Nitrogen Total Nitrogen Recovery
fertilizer weight of content weight content of
spplication grain of grain of straw of straw applied

(pounds per (%) (pounds (%) nitrogen
acre) per acra) (%)
Deuel County
No fertilizer 1002 1.694 1134 0.440
Applied at planting 1526 1.944 1719 0.461 39.1
2 weeks after planting 1341 2,046 1590 0.461 32.0
&4 waeks after planting 1379 1.790 1580 0.471 25.4
6 waeks after planting 1024 1,904 1196 0.486 9,7
8 weeks after planting 1078 1.765 1220 0.578 10.3
10 weeks after planting 1088 1,740 1228 0.629 11.7
McCook County
No fertilizer 672 1.919 103% 0.512
Applied at planting 941 2,237 1881 0.553 32.9
2 weeks after planting 1078 2,011 1864 0.507 32.2
4 weeks after planting 851 2.190 1588 0.645 26.5
6 weeks after planting 931 2,062 1708 0.635 29.4
8 weeks after planting 902 -2.267 1347 0.619 26.3
10 weeks after planting 893 2.230 1378 0.619 25.1
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SUMMARY AND CONCLUSIONS

Fertilizer experiments were conducted in various parts of easterm
South Dakota in 1958 and 1959 to determine the effect of the time of
fertilizer application on the yield of oats and barley and also the qual-
ity as measured by the protein content. Fertilizer was applied at var-
ious times ranging from planting to as late as 10 weeks after planting.
The effect of the fertilizer treatments on the yield and protein content
of the grain was datermined.

The following conclusions were derived from the experimental re-
sults.

1. Nitrogen fertilizer applied at planting generally cauged
larger yield increases and more total protein pcrfacro than if it wvas
dpplied later in the growing season.

2. Nitrogen top dressed on oats and barley as late as four to
six weeks after planting, when the grain was about six inches tall, caused
increases in the yield of grain which were nearly as great as those pro-
duced by applying the fertiliszer at planting.

3. The yiald of oats and barley was not significantly increased
by fertilizer applied from four to six weeks after planting if there
was not enough rainfall to leach the fertilizer into the root zone in
time to benefit the crop. |

4. 1In general, fertilizer containing phosphibrus caused larger
yield incréases if it was incorporatéd into the soil before planting rather
than top dressed after planting. g

5. The percent recovery of applied nitrogen by the plants decreased
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with the delay in fertilizer application.

6. The 20 pound per acre rate of nitrogen caused a larger increase
in yield per pound of added nitrogen than did the 40 pound per acre rate.

7. The experimental evidence regarding the comparison of ammonium
nitrate and urea as nitrogen carriers was insufficient to justify any
conclusion.

8. Nitrogen fertilizer generally caused increases in the protein
content of oats and barley. The protein content of grain where fertilizer
was applied in the first balf of the growing season was generally the
same as vhen the fertilizer was applied at planting time.

9. Tha total protein production per acre gradually decreased
with the dalay of fertilizer application. A markid decline in protein pro-
duction per acre occurred when nitrogen fertilizer was applied later than

8ix weeks after planting.
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