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EFFECT OF DIFFERE'lfll NITROGEN 
FERTILIZER TREATMENTS ON MALTING 

QUALITY OF HANNCHEN BARIEY 

INTRODUCTIOll 

The use of fertilizers has become a common farm 

practice and it is probable that much of the malting 

barley received some nitrogen fertilizer, either directly, 

or aa a residual effect fro• fertilizer applied to a 

previous crop. 

It is well known that Hannob.en barley grown in the 

Willamette valley is not as desirable to malstera aa that 

grown in certain other western areas. This is shown by a 

price differential that re.sulta in a lower price being 

offered for the Willame.tte valley barley. The principal 

reason tor the lack of desirability is that the Willamette 

Valley b~ley varies considerably in protein content. 

Th1a, i .n turn, causes it to vary in other malting quality 

tactora such as malt nitrogen and extract. Because or 

tbia, the maltatex- is confronted with many problems in 

regulating the malting procedure. 

Kaltaters seem to preter Willamette Valley Hannchen 

barley that has a protein content of about 1~. Hill 

(7, p.93) (6, p.48), in two different studies, round that 

the protein content of Hannchen grown in the Willamette 

Valley varied trom 8.55% to 12.• 20% and that the protein 

content was variable even Vlhen the barley was grown under 
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e1m1lar oondit1ona. 

Although cons1derablo data are available on the etfeot 

ot nitrogen on the agronomic characteristics or barley, 

very little experimental work has been reported on the 

effect of n1troaen fertilizer on malting quality. Th1a 

inf'ormation would be useful in formulating fe:-tilizer 

recommendations tor malting barley. 

Nitrogen fertilizers are no~ally applied to barley 

in a dry form either before the ground is plowed, at time 

ot seedi.ng,. or as a top dressing men the grain is still 

amall enough to withstand passage of the fertilizer 

spreader without injury to th.e grain. 

Experiments with wlleat (2, p.727) (6, p.l33) 

(14, p.70l) bave shown that nitrogen b.ad a greater effect 

on protein content if it was applied at or near the time 

the plant was depositing nitrogen within the maturing 

kernel. This suggests that delayed application of nitrogen 

might be effective in controlling the protein content or 
barley, making it mol'e acceptable to the malting trade. 

The raintall pattern .in the Wlllamette Valley gen

erally provides a wet spring, but an extremely dry summer. 

Since it is doubtful if dry nitrogen, broadcast on dry 

soil, will ever reaeb the plant. it may be more desirable 

to apply n1trogen in the form of a spray at or nea:r head• 

1ng time th.an to apply n1 trogen in a dry form either at 

beading or earlier in the season. 

http:seedi.ng
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The value of urea as a tertilizer spray when applied 

to apple trees has aroused considerable interest in the 

possibility of using it on other crops where a liquid 

nitrogen might be advantageous. It m1ght also be practical 

to combine the fertilizer applications with spraying tor 

weed control. 

The objectives of this research were to stady. under 

field conditions, the eftect different sources of nitrogen 

at different rates and times of application would have on 

the agronomic and quality character1st1ce of Hannchen 

barley. 
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REVIEW OF LITERATURE 

• 
Production 

Appr~tmately one·t~d or the barley produced in the 

united States is used in the making of malt. Moat of this 

barley ia produced in the North ·Central states where con

ditions are tavorab~e tor the production or the malting 

types. However, during the last two decades the production 

ot malting barley of the two-row type has become an impor

tant enterprise in oregon. 

Malting barley production 1n Oregon 1a largely con

fined to the Klamath Falls area, where it is grown under 

irrigation, and the Willamette Valley area_ where it is 

grown without irrigation. Bannohen, a two-rowed barley, 

is the predominant variety grown ·in this area for · malting 

purposes. 

The Production and Marketing Administration -(13, p~l) 

~eporta that the percentage or the b~ley orop being used 

in the production of malt has increased steadily since the 

repeal of prohibition. During this time there has been a 

steady increase in demand for malting barley grown in the 

west and a decline in demand for midwestern malting barley. · 

A summary of the supply and demand situation tor 

barley for the malting industry from 1930 to 1950 is shown 

in Table 1. 



5 

#' 

Table 1 

SUPPLY AND DEMAND OF BARIBY FOR THE :MA.DriNG 
INDUSTRY AS REPORTED BY THE 

U.S.D.A. PRODUCTION AND MARKETING ADMINISTRATION 

crop 
Year 

Total u.s. 
Production 

Production 
6 N-.Oentral 

statea 
%ot 
Total 

Production 
Ore., wn., 

Idaho 
'f, ot 
Total 

)(11.-Bu. Hil.•Bu. OrO! Mil.•Bu. Oro~ 

1950 264(Est.) SS(Eat .• ) 33. S6(Eat.) 13. 

1949 238 75 31. 23 10. 

1948 317 1M 42. 29 9. 

194'1 281 115 40. 26 9. 

1946 262 102 39. 22 a. 
1945 266 102 sa. 23 a. 
1940 311 155 50. 18 6. 

1935 288 18'1 65. 9 3. 

1930 301 185 61. 9 3. 

1914-18 
Avg. 215 1.28 60. 1s.·a a. 

During and following the war years, the use or com

mercial tertilisera increased tremendously. It is sate to 

aasume that malting barley crops have reoeived some of thia 

tert111zer, both by direct application and by reaidual 

etteot from applications to other oropa. 

Considerable yield data are available upon which to 

base tert111zer recommendations for many oropa. In the 

cereal cropa, data are available on tlle relationship ot 
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soil fertilizers to strength of straw, date of maturity, 

and other agronomic characteristics, including yield, but 

the effect ot fertilizer treatment on malt quality factors 

of barley has recei~ed very little attention. 

Factors Effecting JLalt1ng Qualitr 

Hill (11, p.6) states that good malting barley is 

produced when the proper variety is grown under favorable 

environmental conditions. In oregon the Hannchen variety 

has so tar surp.assed all others as a malting barley that 

it is the only one recommended. In general, conditions 

which are favorable tor a good crop of grain are also 

favorable for production of good malting quality because 

malting barley represents the best of the barley crop. 

However, the factors that constitute good malting 

barley .should be more closely examined. Jlalting quality 

is not easy to define. It depends on the malting method 

to be used, the brewing process in use, and the type ot 

beer to be made. These conditions differ so widely that 

no apec1t1c definition has been formulated. Definitions 

that do exist are either minutely qualified or in very 

broad general terms. 

Be~ore a barley is judged satiataotory for brewing, it 

must possess satisfactory agronomic, chemical, and quality 

characteristics. The agronomic cha.t'aoteristica include 

yield, date or maturity, stiffness of etraw, bushel weight, 
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kernel weight~ and kernel size. All ot these~ except ker

n•l weight and size~ are of moat importance to the barley 

gX-ower because they atfect. h1ln economically. Kernel size 

and weight are of importance to the maltater because they 

determine performance of the barley during the malting 

process. Other cb.aracteriatica. the maltater ia intereated 

in are protein content~ malt nitrogen, malt exVraot, eon

version time, acrosp1re growth, wort color, soluble wort 

nitrogen, and di&~tatic power. 

It is diff'icult to gi-v-e accurate values for all of the 

factor• used in barley and malt evaluation. There are many 

sources of variation in these factors. The variety or 

selection, the environment 1n which grown, and tb.e malting 

procedure all bave an effect. Also, there are interrela

tions between the certain factors which atfeot the inter

pretations. As an example, environmental conditions pro

ducing a high protein in barley are conducive to the 

production of low extract and high enzymatic actiVity. 

Analytical values tor these malting factors have not 

been too well formulated for Hanncben barley grown under 

western conditions. 

Burkhart and Dickson (1, pp.3·1~) have reported 

analytical values that can be applied to six-rowed barley 

grown in the midwest. The tollo•ing summary is an attempt 

to interpret the malting quality factors discussed by them 

aa they can be applied to two-row barley types. 
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Kernel Size~.................. _ 
Large plump kernels of unitorm size are desirable. 

Large kernels are dea1rable because they contain a higher 

proportion or starch and othe~ ext~actable compounds than 

smaller, thinner kernels. However. large kernels take 

longer to modity than amall k$rnel• • eo 1t is important 

that a given lot ·or barley be composed or kernels of 

uniform lise. 

In experimental work on midwest barley, s1a1ng ia done 

only to take out kernels that pass through a 4./64-inch 

sieve. However, u. s. Grading Standards (12, p.31) specify 

that not more than 10)( or the kernels ot malting two-rowed 

western barley may paaa through a 5t/64-inch sieve. 

In experimental work, dete1~inationa of 1000 kernel 

weights and the percentages of large and small kernels is 

often made to determine kernel sise and uniformity. 

EXtraot 

As high a value tor extract a~ possible is desirable, 

consistent with sufficient enzymatic activity, to convert 

the starch in the malt and in the adjunct used in brewing 

and sufficient soluble nitrogen to insure normal fermenta

tion. In moat malting plants, barleys are sized before 

malting and the extract Yaluea are obtained on the 

different sizes. 
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Well tilled Hanncb.en should have an extract value or 

SO% o.r above. 

D1utat1c Powe:r

Diastat1c power ia tb.e conventional method tor meaatl7

1ng the amylase act!vity of a malt. It is important in 

determining whether a malt will process normally in brewing 

and whether certain modifications in processing sb.ould be 

introduced. Diastatie power is primarily a measure of 

beta-amylase since the alpha-amylase has a r ,elat1vely lo• 

aaccar!fying activity. A range of 60 to soot or 240 to 320 

maltose equivalent units is eons14ered desirable tor 

Hannohen barley. 

Conversion !!!!!, 

Conversion time is a rough measure of the time re

quired for a malt to convert starch to dextrine. The 

shorter the time the better the m$.l.t. Any time less than 

7 minutes could be considered aat1ataotory tor six-rowed 

barley. Since Hannchen has larger kernels, 1t could have 

a longer time Without injuring the malt. 

Total Malt Nitrogen ~ Protein 

In gen&ral, the higher the malt nitrogen the higher 

the enzymatic activity of the resulting malt. Also, the 

higher the nitrogen the lower the starch content of the 

http:Hanncb.en
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barley and, in turn 1 the lower the extract content of the 

malt. Values of 1.35 to 1.eo~ of total malt nitrogen, or 

approximately 10% protein, are oonsidered most satisfactory 

for Rannchen barley. 

12£! ...c...,o_l.-or-. 

wort 1s tbe filtrate trom the maab.. Its color is 1m• 

portant because it affects the color of the resulting beer. 

A color of 1.3 to 1.5 is generally considered aatiatactory 

for commercial malts. ProbablJ colors of 2.0 obtained in 

the laboratory would not be too high. 

Soluble ~ Nitrogen 

Soluble wort nitrogen 1s usually expressed aa percent

age of total malt nitrogen. This value g1ves at least a 

rough indication of the proteolytic activity of a malt. 

The absolute amount of soluble nitrogen and the various 

types of compounds are of importance 1n yeast nutrition 

during fermentation. Values between 30 and 35~ are desir

able. It is still uncertain whether values higher than 35 

are objectionable. 

Formol ~ Nitrogen 

. A measure o.f' the amino aoids, dipeptidea, and other 

protein degradation products of lower molecular weight 1s 

obtained by t'ormol titration. In general, this value is 
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not obtained in experiments because a high correlation 

e:x.iat$ between formol wort nitrogen and total wort. 

Acroap1re Growth 

In tne production of barle7 malt, the kernels are 

germinated under controlled conditions of moisture and 

temperature. The germination .is stopped when the barley 

sprout or acrosp1re is from three-fourths the length to 

the length of the kernel. Hill et al. (9- p.26} draws 

attention to the importance of aorospire growth as a tactor 

of malting quality. 

Etfeete g! Fertilizers .2i Malting Qual1tz 

A problem currently facing the malting industry ia 

whether the application of nitrogen fertilizer to the 

barley orop will prove beneficial or harmful to malting 

quality. It will not be benefiei·al to increase yields b7 

application of nitrogen fertilizers if, in the process, the 

quality of tne barley produced 1a lowered to tb.e point of 

el'iminating the crop from the malting barley market. 

In area$ like the Willamette Valley, 1t would be de• 

sirable to increaae the protein content to a given point by 

the application of fertilizer, but it would be detrimental 

1f protein content was increased beyond this point. 

Davidson and Bueb.anan {2, p.727) Gericke {6, p.l33) and 

erry (14, p.70l) found that the protein content of wheat 
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increased gradually as the nitrogen treatment neared the 

time of beading regardless of whether there was a response 

1n yield. These findings suggest tb.at 1t may be possible 

to regulate the protein oontent by controlling the time 

and rate or nitrogen fertilizer applications. 

Very few studies of the effect of nitrogen fertilizer 

on malting quality have been published. Most studies that 

have been made on this problem have been conducted 1n the 

midwest on six•rowed barleys under eondit1ons far differ

ent than those found 1n the west. Consequently, they are 

of little value when applied to western conditions. 

Hunt t-eports (lG. p.9) that fertilizer trials in 

Michigan 1n 1949, 1949, end 1950, using combinations ot 

nitrogen end phosphorus, gave varying results when eval

uated for malting quality. Treatments consisted or 
unspecified rates or 0-ls-o, 0·16-16, 4•16-8, and 4·16-16 

fertilizera.. Tb.e different. treatm.&nts produced no sig

nificant differences in barley quality in 1948. In 1949 

protein of all aamples waa higher than 1948. In this 

trial, the 0-16•0, 0-16•16, and 4·16•8 treatments produced 

more desirable protein content than the 4-16-16. The 

latter treatment and the check treatment produced barley 

with too high a protein content, ahowing that fertilizer 

treatments can effect protein eontent. In 1950, each 

fertiliser treatment produced larger and mare plump kernels 

than the unfertilized cheek plots. Th1s, in turn, slightly 
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increased malt extract, showing that fertilizer ean effe¢t 

malting qualit7. 

Hunt concluded from his findings on trials in 

Michigan, Illinois, and Iowa that nitrogen in oombination 

with phosphorus and potash showed a beneficial effect on 

yield e.nd plumpness of kernel. In most cases the nitrogen 

fertilizer combinations did n~t produce high protein but, 

in years when protein was naturall high, the nitrogen 

fertilizer made protein content objectionably high. 

Application of nitrogen to eerea.ls as a foliar spray 

has :received very little attention, 9lld only limited data 

on its use is available. 

Finney (4, p.l} 1n exp&riments with wheat in Kansas 

found that application of urea as a spray increased yield 

if applied before flowering, but decreased yield 11' applied 

during the truiting period. Test weight was not affected. 

Protein conte~t was increased most by application of urea 

at flowering and was decreased when applied as the kernel 

was developing. Increases of 0.8, 2.5, and 4.4% protein 

were obtained by application of 25, 75, and 125 pounds of 

nitrogen at flowering. No effect in protein was found in 

samples sprayed during tb.e lut l2 days before r1.pen1ng. 

Use of nitrogen fertilizer on barley was 11m1ted 1n 

the western a~ates until the need for high production dur• 

ing world war II encouraged its use. Therefore, very 

little experimental work has been carried on to find 

http:eerea.ls
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effects of nitrogen on malting quality. rhe only triala 

extending over a period of years have been conducted at the 

Proaser Experiment Station, P~oaaer, washington. Jackobe 

reported (31 p.6) on trials conducted 1n 1948, 1949, and 

1950 ~ using application rate·s. ot 60, 120, and 180 pounds ot 

nitrogen per acre applied to Altaa, Hannchen, Rutfl1n and 

White Winter barley varieties. Throughout the growing 

season, b.igb. and low soil moiature conditions were main

tained on different portions or the plots. At b.igb. soil 

moisture levela, total barley nitrogen increased pxaogrea-· 

.aive1y with increased application of n1 trogen to the .soil. 

Barley kernel weight increased with increased nitrogen 

application. Malting qual1 ty factors followed the level 

of nitrogen application nth decreased malt extract and 

higher amylase activity as nitrogen application increas•d· 

Under low soil moisture oond1t1ona, total barley .nitrogen 

increased with increased application of n1 trogen to the 

soil. Kernel weight increased al1gb.tly up to the 120 

pounds per acre rate and then decreased rapidly aa more 

nitrogen was applied. Malt $Xtract decreased and amylase 

activity increased with increased application of nitrogen 

to tb.e ao11. 

DiCkson et al. (3 1 p.7) reported on an experim&nt 

using nitrogen and phosphorus on Atlas 46 barley conducted 

in .Merced County, California, in 1950. The results showed 

tb.at, when no nitrogen waa used, increased phosphorua 
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resulted in decreased barley nitrogen but this had no 

great effect on kernel weight. Malt extract and amylase 

activity followed nitrogen application very closely with 

low barley nit:t-ogen and amylase and high extract w1 th low 

application of nitrogen to the soil. Nitrogen at 45 pounds 

per acre without any phosphate gave the highest barley 

nitrogen and amylase values. When over 15 pounds nitrogen 

were applied per acre, barley kernel weights decreased. 

Diastatic power increased moderately as barley nitrogen 

increaled. 

These limited data suggest that increased barley 

nitrogen may be obtained by application of nitrogen fer

tilizer to the soil. An increase in diastatic power and 

decrease 1n malt extract and kernel weight may be 

expected when there is an increase in barley nitrogen. 

In 1950, Foote (5, p.92) conducted trials very 

similar to those r6ported in tb.ls a tu.dy. NuGreen as a 

spray and ammonium sulfate as e. dry fertilizer were 

applied at rates of 20, 40, and 60 pounds of nitrogen 

per acre at time of seeding, when the grain was 6 and 12 

inches high, and at early heading stage. several of the 

treatments differed significantly from the untreated 

check but no significant trends were noted. In general, 

the NuGreen slightly increased the protein content. Tb.e 

ammonium sulphate had no apparent effect on yield or 

protein content. Kernel weights were not changed 
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appraeiably. These trials may have been effected by the 

extremely dry growing season which caused low yields and 

b.igh barley nitrogen in all treatments. 
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METHODS AND MATERIALS 

The experimental plots were located on W1llamette 

aeriea soil on the Hyalop Agronomy Farm approximately aix 

milea north of Corvallis, oregon. Sudan grass had bee.n 

grown on the ground the year before the teats and had been 

plowed under in tb.e tall and the land was uncultivated 

during the winter. The plots were not irrigated. The 

fertilizer materials consisted of ammonium nitrate con

taining 33.5% available nitrogen and NuGreen, a material 

having urea as a source of nitrogen, containing 42% avail

able nitrogen. 

Ammonium nitrate was used as the source of dry 

fertilizer because it contains no other fertilizing 

element. Any effects caused by the treatment can be 

attributed to the nitrogen since there is no possibility 

that the effects were caused by other elements in the 

fertilizer. 

NuGreen is a synthetic UPea fertilizer that baa been 

on the market only a t'ew years. It is completely soluble 

in water and has been commercially applied as a spray to 

apple trees as a nitrogen fertilizer. 

The ammonium nitrate was applied at rates of 25, 50, 

75, and 100 pounds or available nitrogen per acre before 

the ground was plowed; at time of seeding, and when the 

barley was 6 inches tall. The fertilizer was applied by 
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broadcasting and the treatments .at seeding time were 

harrowed into the ground by passing over it once with a 

tractor-drawn sp1ketooth harrow. The treatments when the 

barle7 waa 6 inches tall were applied as a top dressing 

and was allowed to lie on top .of the ground until leaohed 

in by rain. 

The NuGreen treatments wet-e applied as a spray at the 

rates of 25, 50, and 100 pounds of available nitrogen in 

100 gallons of water per acre. Application was made with a 

3 gallon knapsack spra7er when the grain was 6 and 12 

inches tall and at the early heading stage. 

The fertilizer treatments are shown in Table 2. 

Table 2 

SUMMARY OF FERTILIZER TREATMENTS APPLIED TO 
HANNCHEN BARIEY ON THE HYSLOP AGRONOMY FARM~ 195~. 

POUR REPLICATIONS IN A RANDOMIZED BLOCK DESIGN 

Pounda Of 
Nitrogen
Per Acre 

Before 
Plowing 

At 
seedins 

Barley
6 inchea 

Tall 

Barl.ey
12 inches 

Tall 
Early

Heading 

Ammonium Nitrate 

25 X X :& 
50 X s X 
75 X X X 

100 X X X 

NuGreen 

26 X X X 
50 X X X 

100 X X X 

No Treatment 
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The plots were planted in a randomized block type ot 

experimental deaign with 4 replications. Each plot was 

8 teet wide end 30 teet long and surrounded by a 3 foot 

~lleyway that was kept cleared of all vegetation. 

Seeding was done with a regular tarm type 8 foot grain 

drill set to seed 96 pounds per acre. The ground had been 

plowed 1n the fall to turn under the Sudan grass, plowed 

again in' the spring and diaced prior to the eata.bl1sbment 

of the experiment. 

Two random 25 square foot samples were harvested from 

each plot and compos1ted into one for yield and other 

determinations. 

The grain was cut as close to the ground as possible 

and the untbreshed sample was weighed to determ1n.e straw 

weights. Threshing was done one week after b.&l'veat with a 

nursery thresher. After threshing, the remaining awns were 

broken off by rubbing the grain in a cloth sack. The 

samples were recleaned by passing them through an aapirato~ 

before the weights were taken. 

In grading for kernel size, one 200 gram sample from 

each plot was passed over a series of sieves. The sieve 

sizes wer• 7/64 x 3/4, 6/64 x 3/4, and Si/64 x 3/4 inches. 

The grain that would not pass through each different sieve 

and that passing through all sieves was weighed and the 

percentage for each size was calculated. The kernels too 

large to pass through the 7/64 x 3/4 inch sieve were 
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classed as extra large and those passing through the 

5i/G4 x 3/4 inch sieve were classed as undersized kernels. 

One thousand kernel weights were determined by count

ing and weighing 3 one-hundred kernel samples from each 

plot. The three weights were averaged and multiplied by 

ten to arrive at the weight or one thousand kernels. 

All of the harvested grain from the four plots in 

each treatment was thoroughly mixed together end one 

2-pound sample was taken from each treatment for the malt

ing testa. 

The malting tests were conducted by the Great western 

Malting Company, Inc. in their laboratory at Vancouver, 

washington. 

The samples were malted in tb.e same manner and follow

ing the same procedure used by the company for its evalua

tion of commercial barley lota. Determinations of barley 

protein, malt nitrogen, ext~aot, diaatat1c power, wort 

nitrogen, soluble wort nitrogen, conversion time, wort 

color, clarity of wort, aerosp1re growth, and malt texture 

were made in the laboratory. 
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EXPERIMENTAL RESU!ll'S 

Barley yields in the Willamotte Valley were somewhat 

below normal this yee:r becs.use of a seve:r-e drouth during 

the spring end summer months. The barley orop received 

only 2.29 inches of ra1ntall dw.ing the entire growing 

season . The precipitation at corvallis, Oregon, during 

the 1951 crop season and the 40 yeSJ:~ average for the same 

months are shown in Table 3. 

Table 3 

MONTHLY PRECIPITATION AT CORVA~S, OREGON 

Year Ap~il vaz JUne July ABSUSt Total 

1951 o.e5 1.40 o.o2 0.11 o.oa 2.29 
1890-1950 2.56 1.aa 1.14 o.2a 0.43 e.29 

Although growing conditions were not conducive to the 

beat use of fertilizer by plants, the barley crop responded 

well to applications of n1t~ogen. During the growing 

season this response was shown by differences in height and 

color of the barley. The plots receiving the heaviest 

applications of:' nitrogen were the tallest and had the 

darkest green color. 

Determinations made atter the grain was harvested have 

shown that the response to nit~ogen fertilizer was carried 
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over into the agx-onomic characteristics and malting quality 

ot the barley. The results of the observations on yield 

per acre, plant height, straw weight, bushel weight, kernel 

size, and kernel weig ht are sunnnarized in Table 4. The 

determinations of malting quality factors obtained from the 

laboratory tests are summarized in Tables 5 and 6. These 

resul ta indicate that the bB.l'ley r ·esponded to different 

sources of nitrogen as well as to different rates and dates 

of application. 

The yields and kernel weights were analyzed by means 

of tb.e analysis of variance, the summaries of which are 

presented 1n Tables 7 and 8. The analyses show that there 

were significant treatment differences for both yield and 

kernel weights. Considering yields alone, it is further 

ev:ident that the rates of nitrogen application were sig

nificantly different while dates of application .were 

significant for the NuGreen treatments only. There was 

also a significant difference between ammonium nitrate and 

NuGreen as a source ot nitrogen. 

All of the ammonium nitrate treatments were sign1t1· 

cantly higher 1n yield than the cb.eok treatment, but there 

were no consistent increases above the 50 pound rate· ot 

application. The highest rate of NuGreen applied when 

the barley was aix inches tall was the only treatment of 

this group that increased yield aign1f1cantly over the 

check treatment. 



Table 4 

StJJ4MARY OF THE EFFECT OF DIFFERENT FERTILIZER TREATMENTS ON 'rHE AGRONOMIC 
CHARACTERISTICS OF HANNCHEN BARlEY GROWN ON THE HYSLOP AGRONOJlY FARM 1951. 

AVERAGE BASED ON FOUR REPLICATIONS F OR EACH TREATMENT 

Kernel Size 
Grain Straw He~ht Bu.wt. 1.000 K. ~over %over !' Over !' Under 

Treatments Bu./A lbs/A 1nc ·ea lba. grama 7/64 6/64 Si/64 5i/64 

No t:reatment 38.t 994 25 51.6 37.8 22.2 62.8 9.3 11.7 

AMMONIUM NITRATE 

25 lba. betore plowing 48.5 
50 1t " • 55.0 
75 It It " 51.6 

100 " " ft 55.8 
25 rt at seeding 50.9 
50 tt n tt 56.8 
75 tl " n 61.4 

100 " " " 55.6 
25 " at 6 inches 51.6 
50 Q ft tt 52.9 
'15 ft ft tt 56.5 

100 " " u 59.~ 

1507 
1572 
15l5 
1749 
1535 
1727 
1837 
1926 
1312 
1426 
1392 
1522 

29 
30 
29 
30 
29 
29 
30 
30 
28 
28 
28 
29 

51.3 
50.8 
50.3 
49.8 
50.9 
51.3 
49.8 
49.5 
51.0 
50.5 
50.6 
50.2 

37.8 
37.8 
36.0 
35.5 
37.5 
36.7 
55.6 
34.5 
38.• 5 
37 •. 4 
3V.6 
37.1 

13.1 
11.6 
7.5 
6.8 

11.3 
8.8 
6.8 
6.5 

14.0 
12.3 
11.7 

9 .. 7 

64.7 
6'1.0 
61.8 
59.8 
69.7 
68.2 
61.2 
57.7 
70.7 
66.8 
64.0 
65.7 

12.1 
12.7 
18.3 
20.0 
11.3 
13.6 
19.3 
21.1 
10.1 
12.3 
1.3.1 
15.0 

7.5 
7.3 

12.2 
12.0 
7.5 
7.7 

12.5 
14.6 
5.3 
7.-1 
7.2 
9.6 

I' 

t\') 
(Jt 
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~able· 4 (Concluded} 

. . 
SUM:MARY OF THE EFFECT OF DIFFERENT FERTILIZER TREATMENTS ON THE AGRONOMIC 
CHARACTERISTICS OF IIANNCHEN BARLEY GROWN ON THE HYSLOP ~GRONOMY FARM 1951. 

AVERAGE BASED ON FOUR REPLICATIONS FOR EACH TREATMENT 

Kernel s1se 
GI-ain straw Height Bu.wt • .1000 K. %over %over ~ over ~ under 

Treatments Bu./A lba/A Inches lba. grama 7/64t , 6/64 5t/64 Si/64 

NUGREBN 

25 lba. 
50 • 

at 6 1nohea 
It It 

40.5 
43.4, 

1056 
1210 

25 
26 

51.5 
51..1 

38.7 
37.'7 

18•2 
16.• 2 

66.5 
67.6 

9.8 
10.2 

10.7 
11.7 

100 lt " It 52.2 1275 26 51..1 37.3 12.'1 69.5 11.6 12.2 
25 " at 12 inches 43.8 1059 26 52.3 38.5 19.'1 65.6 a.a 5.5 
50 " " " 41.4 991 25 51.6 39.1 22.2 61.7 9.6 5.2 

100 tt u " 42.1 1044 26 51.5 37.9 17.0 62.8 10.5 5.'1 
25 
50 

100 

It ., 
rt' 

at heading 
u • 
ft • 

39.0 
37.6 
42.4 

981 
901 
953 

26 
25 
26 

52.4 
52.6 
52.6 

38.8 
38.9 
40.3 

23.2 
21.8 
31.1 

62.8 
62.1 
59.0 

9.1 
a.a 
6.3 

4.'7 
5.8 
3.5 

L. s. D1tf. (5~) - 5.6 bu. 1.3 gm. 

t'O.. 



Table 5 

SUM:MARY OF THE EFFECT OF DIFFERENT FERTILIZER TREATMENTS ON TBE MAUl'ING 
QUALITY OF HANNOHEN BARLEY GROWN ON THE HYSLOP AGRONOMY PARM 1951. 

BASED ON ONE SAMPlE COMPOSITED FROM FOUR REPLICATIONS FOR EACH TREATMENT 

l
Bar·ley Malt Extrac~ Wort Sol. Diaatatic Oon- Wort Clarity 

Protein N. % (Dl'T 1 N. ~ ort Power veran. Color 0~ 
Tre-atment f, Dry Dry Basis) B. f, oL. Kaltose Time (Lov. Wort 

Baa1a Basis Equiv. (min) 52) 

lio TPeat•nt a,.74 1.399 
la1.2 (I o.a.~a 46.36 '76 300 7 1.35 Br11. 

ADONilJJl NITRATE r . 
25 lba. before plowg. 9.16 
50 tt " " 10.10 -

75 " " • 12.78 . 
100 .. Q H 13..13 

1.466 
1.615 
2.045 
2.101 

79.1 ) 0.527 
79.3 0.683 
77.4 0.844 
76 ..0 \0.808 

42.77 
42.28 
41.27 
38.47 

65 
71 
90 
81 

260 
284 
350 
324 

7 
7 
9 
9 

1.35 
l.-35 
1.35 
1.35 

Bri1. 
Bril. 
Bril. 
Bril. 

25 
50 
75 

100 
25 

" " 
It 

" " 

at seeding 
It It 

It " " • 
at 6 inches 

8.82 
10.45· 
11.92 . 
12.25 
8.59 

1.412 
1.672 
1.907 
1 •. 960 
1.375 

79.5 
78.4: 
77.1 
76.9
80.8 

0.647 
p.65l
0.717 

~~·799
0.629 

45.84 
38.94 
37.61 
40.74 
45.73 

68 
67 
80 
78 
66 

272 
268 
320 
312 
264 

7 
8 
8 
9 
8 

1.35 
1.35 
1.35 
1.35 
1.35 

Br11. 
Br11. 
Br11 .. 
Br11. 
Bril. 

50 
75 

100 

n 
a 
tt 

" 
" " 

n 

" tt 

9.50 
9.63 

10.58 

1.521 
1.540 
1.693 

78.6 
79.4 
78.7 

11().618 
, 0.633 
0.705 

40.65 
41.11 
41.63 

62 
64 
77 

248 
256 
308 

8 
9 
7 

1.35 
1.35 
1.35 

Br11. 
Br11. 
Br11. 

-~) 
Ot 
1\:) 

r 



Table 5 (c-oncluded) 

S'O'MMARY OF THE EFFECT OF DIFFERENT FERTILIZER T·REATM:EmS ON THE MALTING 
"UALITY OF BANNOBP BARmY GROWN ON THE HYSLOP AGRONOMY FARM 1951. 

BASED ON ONE SA14PIB COMPOSITED FROM FOUR REPLICATIONS FOR EACH TREATHEm.' 

Barley Malt Extract Wort Sol. Di.astatle Con- Wor't Clarity 
Protein B. % (D17' N. % wort Power veran. Color ot 

Treatment ~ Dt'7 Dr7 Basla) N. % o~·Malt.oae T1me ( Lov. wort 
Baals Bu1a Equ1v. (mill) 52) 

NUGREEN 
-

2$ lbs. At 6 inches s.so 1.360 80.1 o.sss 43.00 71 284 9 l.S5 ~11. 
50 

100 
25, 

" tt 
Jt 

" n 8.67 
(t .. 9.].8 
at 12 1ncnes a.75 

1.387 
1.469 
1.4.00 

80.2 
79.'1 
80.'1 

0.5'78
o.sa7 
0.638 

41.66 
39.97 
45.53 

59 
60 
69 

23$ 
240 
276 

9 
10 

9 

1.35 
1.35 
1.36 

Sheen 
Sheen 
Br11. 

50 " lt " 8.64r 1.382 80.4 0.632 45."10 68 2'12 9 1.35 Br11. 
100 tt tt n a.ao 1.3'16 79.9· 0.602 43."15 69 276 9 1.35 Brll. 
25 
50 

100 

u 

" n 

at heading 

" •.. .. 
8.93 
9.25 

10.06. 

1.429 
1.479 
1.610 

so.a 
80.1 
79.1 

0.654 
0.650 
0.668 

45.78 
43.24 
41.49 

68 
58 
81 

272 
232 
324 

9 
9 
9 

1.35 
1.35 
1.35 

Br11. 
Olear 
Bril. 

to 
~ 



Table 6 

SUDARY OF TliE EFFECT OF DIFFERENT FERTILIZER TREATMENTS 
ON AOROSPIRE GROWTH AND TEXTURE OF HANNCHEN BARIBY . 

GROWN ON 'l'HE HYSLOP AGRONOMY FARM 1951 

Acros~ire Growth TutUPe 
.(in len15 h o? kernel) Halt 

Treatment O•l/4 '}-/4-1/2 1/2-3/4 3/4-1 over Kealy Glaaay Glaaay Gritt7 

No Treatment 1 3 2 94 0 99 1 0 

ADOlii~ BITBATB 

25 lba. betore plowing 0 0 0 91 9 99 1 0 
50 " • n 0 0 1 94 6 100 0 0 
75 ft tt .. 0 0 0 89 11 93 7 0 Gritty 

tt tt fJ100 0 3 5 89 3 95 4 1 Gritty 
ft25 at seedJ.ng ~ 0 4 95 0 100 0 0 

.. It50 It 1 0 0 83 16 99 1 0 

" tt It75 1 0 1 96 2 99 1 0 
100 tt n 0 0 0 98 2 96 4 0 Sl..ar .." n25 at 6 inches 0 1 2 95 2 99 l 0 

n50 ",. " 0 0 0 86 14 100 0 0 
ft tt'75 1 1 6 91 1 100 0 0 

It tt .It 100 0 1 0 86 13 98 2 0 

to 
~ 

http:seedJ.ng


Table 6 (Concluded) 

SUMMARY OF TBE EFFECT OF DIFFERENT FERTILIZER TREATMENTS 
ON ACROSPIRE GROWTH AND TEXTURE. OF HANNCHEN BARmY 

GROWN ON THE HYSLOP AGRONO:MY FARM 1951 

Acrospire Growth Texture 
(in length ot kernel} Halt 

Treatment 0-1/4 1/4-l/2 1/2-3/4 3/4-1 OVer Mealy Glassy Glassy Gritty 

NUGREEN 

25 lba. 
50 .. 

100 n 

at 6 1ncllea .. •.. " 
0 
0 
2 

0 
l 
1 

l 
6 

11 

94 
93 
84: 

5 
0 
2 

100 
100 

99 

0 
0 
l 

0 
0 
0 

25 
50 

It 

" 
at 12 inchea 
" • 

0 
1 

0 
1 

2 
0 

94 
74 

4 
24 

99 
99 

1 
0 

0 
1 

100 tt It " 0 l 1 81 17 100 0 0 
25 
50 

It .. at beading 
It It 

l 
1 

0 
0 

6 
2 

89 
89 

4 
8 

100 
99 

0 
0 

0 
1 

100 a a " 0 0 0 93 7 100 0 0 

to 
(l) 
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Kernel weights were effected by date of application of 

• both ammonium nitrate and NuGreen, but the rates of NUGreen 

did not have significant ettect. Here, aa with yield, a 

difference was shown between the two sources of nitrogen. 

The ammonium nitrate generally resulted in decreased 

kernel weights while NuGreen treatmenta produced slight 

increases in kernel we1gbt• 

T~oughout the growing season, visual differences 1n 

plant growth between plots were apparent. The measurements 

ot the plant heights and straw weights at maturity 

indicated that these differences could be attributed to 

the fertilizer treatments. These data were not analysed 

atatiatically, howe~r, it 1a evident that the amount and 

source ot nitrogen had considerable effect on these two 

plant characters. 

BU.ahel. weights apparently were slightly decreased by 

the appl1eat1ona or ammonium nitrate, while the weights 

f'rom the luGreen plots showed no consistent trend. Bushel 

weights tended to decrease as yield was increased by the 

fertilizer treatments. 

The data f'rom the kernel size determinations are 

difficult to interpret. In the barley trade, kernels ot 

the &6Uile eize are deaired tor proper malting behavior. 

Barley having over 10% of kernels grading under si/64 inch 

in diameter 1a not acceptable. In these trials, the light 

ammonium nitrate treatments produced the moat favorable 
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Table 7 

ANALYSIS OF VARIANCE OF THE EFFECT OF DIFFERENT 
SOURCES OF NITROGEN, APPLIED AT DIFFERENT TIMES AND 

RATES ON THE YIELD IN BUSHELS PER ACRE OF HANNCHEN BARLEI 

Su:ma Mean 
Source or Variation ot Square• Square 

Rep11eat1ona 3 ,6.9345 15.64:48 

Treatmenta 21 44:71.3785 212.9227 13.64:** 

Ammon. Nitrate 
Ratea 
Datea 
Ratea x Datea 

11 
3 
2 
6 

325.8380 
97.4120 

178.9650 

108.6127 
48.7060 
29.8275 

6.96** 
z.12 
1.91 

NUGreen 
Ratea 
Datea 
Ratea x Datea 

8 
2 
2 

' 
142.4872 
142.8156 
190.8978 

71.2,36 
71.4:078 
4:7.724:4 

4:.56* 
••57* 
3.06* 

A. Nitrate va. 
NuGreen 

Fertilizer v•· 
No Fertilizer 

1 

1 

2920.6049 

472.3580 

2920.6049 

472.3580 

187.11** 

30.26H 

Repa. x Treatment 63 983.3820 15.6092 

TOTAL 8'1 5501.6950 

* Exceeds the 5% level of 
** Exceeds the 1% level or 

a1gn1f1cance 
a1gn1.t'1oance 
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Table 8 

ANALYSIS OF VARIANCE OF THE EFFECT 
DIFFEREUI' SOURCES· OF, NITROGEN APPLIED AT 

DIFFERENT TIMES AND RATES ON THE WEIGHT 
IN GRAltS CB 1000 KERNELS OF HANNCBEN BARIB1 

suma Mean 
Source or Variation ot Squares Square 

Replication 3 20.1621 6.7207 7.92H 

Treatments 21 148.•8065 7.0860 8 ..35-H 

Ammon . Nitrate ll 
Ratea 3 S4.477.f: 11.4925 13.58** 
Dates 2 19.5934 9.7967 .11.58*6 
Rates x Dates 6 5.4551 0.9092 1.0'7 

NUGreen a 
Rate a 2 0.0862 0.0431 -Date a 2 12.9516 6.4758 7.65** 
Rates x Dates 4 12.6161 3.1540 3o73H 

A. Nitrate va. 
NUGreen 1 63.o4566 63.4566 76.00Ho 

Fertilizer va. .....No Fe~tiliser 1 .171 .1710 

Reps. x Treatments 63 53.4815 0.8489 

TO'l'AL 8'7 222.4501 

* Exoeeda the 5~ level or aignif1cance** Exceeda tbe 1% level of' s1gn1f1cance 

j 
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k~rnel sizes because they seemed to decrease the percentage 

of extra large and undersized kernels, resulting in a more 

uniform sample. In analyzing the ke rnal size determina

tions, no clear cut pattern or size distribution could be 

tound. 

From the data shown in ~ablee 5 and 6, it is apparent 

that the applica.t1on of nitrogen fertilizers had consider

able effect on the malting quality factors that were eval

uated in the labol'atory, although no statistical evaluation 

of these data were made. 

The results or the experimental malting testa indi

cated that tb.e· nitrogen applied as fertilizer caused 

important increase in protein content, malt nitrogen, 

total wort nitrogen, and a oorl'e&pondlng decrease in 

/ , 
soluble wort nitrogen and malt extract. There is an 

) indication the.t these changes were influenced by source ot

l nitrogen as well as rate and ttme of application. 

In Table 5, evidence is shown that the heavy applica

tions of ammonium nitrate before plowing and at seeding 

time increased the protein content to an un:lesirable level. 

As tne protein content was increased to 10.5% or above, the 

percentage of malt nitrogen also increased to an undea1r
[ 
) able point and, at tb.e same time, extract was reduced. 

The lighter applications or ammonium nitrate had a more 

desirable effect on these factors. Nitrogen applied aa 

NuGreen apparently had. little· etfect on these charactera. 



l ' 
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There were indications that d1astat1e power was in

creased to a more desirable level by the heavy applications 

before plowing and at seeding • All othex- treatments caused 

a slight decrease in diastat1c power. 

conversion time was ~engtb.ened by :many of the treat

ments. None of the treatment.& materially shortened the 

tim$ of conversion when compared with the check pl ots. 

Color of wort was unaffected and the fertilizer had 

no marked effect on clarity of wort, although there were 

slight discoloration$ of two of' the NuGr een treatments. 

Th~re was some 1nd1oa.t1on that kernel texture was 

changed by the heavy ammonium nitrate treatments before 

plowing and at seeding. This 1s indicated by the increaae 

in the percentage of glassy and gritty kernels and corres

ponding decreases in the percentage of mealy kernel s . 

Acrospire growth in relation to the length of the 

kernel was determined for each treatment. In the manu

facture of b~ley ma.lt1 acrosp1re growth of from three• 

fourths the length to the length of the kernel 1s de.sired . 

Although there were some varied ertects shown in these 

trials, no apparent trends were noted . 
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DISCUSSION 

It waa found that nitrogen fertilizer bad various 

effects on the agronomic characteristics and malting 

quality of Hanncb.en barle:r. This study shows that these 

effects were influenced by tb.e source of nitrogen aa well 

as the rate and time of application. 

Although the yield of the untertilized plots was high 

when compared with average yields in the Willamette Valley 

thiS year 1 the application of nitrogen ~aUS8d increaseS in 

yield regardless of the manner of application. However, 

it should be noted that source of nitrogen and rate and 

time of application each had an influence on results. 

Although all ammonium nitrate treatments resulted in a1g

nif1cant increases 1n yield, the greatest amount of 

increase was from the lighter applications of nitrogen. · 

The yields or the 75 and 100 pound nitrogen treatments were 

not significantly higher than those of the 50 pound appli

cations. The yields of the NuGreen treatments had a 

tendency to be higher than the unfertilized plots, but they 

were significantly higher in only one instance. 

It was found that, aa the yield increased, the bushel 

weight, kernel size, end kernel weight decreased. Th1a 

effect was so pronounced 1n the heavy applications ot 

ammonium nitrate that the barley would have been excluded 

from the malting trade regardless of the fact that other 

http:Hanncb.en
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malting quality factors were acceptable. 

Hannchen barley has a high extract value and maltstera 

often uae it to blend with other malts to increase tne 

amount of extract. In this stud,- it was t ound that the 

unfertilized treatment gave a desirable extract value, but 

protein content and malt nitrogen were objectionably low. 

The light rates of ammonium nitrate 1ncreaae4 protein and 

malt nitrogen without effecting extract. However. the 

higher rates or ammonium nitrate increased protein and 

malt nitrogen and correspondingly decreased extract to an 

unfavorable level. 

Ammonium nitrate and NuGreen had similar effects on 

the grain, but in nearly every case the ammonium nitrate 

oauaed tbe greateat changes. This suggests that the 

changes were brought about by the nitrogen in the fer

tilizer and not by tbe form in which it waa applied. Thet-e 

may be several reasons wh7 the n1 trogen applied to the ao11 

had more effect on malting quality. It is possible that 

enough nitrogen was supplied to the soil by the ammonium 

nitrate to furnish a plentiful supply during the entire 

life of the plant. 

Davidson and Buchanan (21 P•724) maintain that 

nitrogen not used tor making growth 1n wheat was used tor 

making protein. If this ia the case, it would be expected 

tnat the barley plant would use this available nitrogen to 

increase the protein in tbe kernel. 'rh1s explanation is 
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supported by observations made during the course ot this 

experiment. Throughout the growing season, the plots fer

tilized with ammonium nitrate had a darker green color and 

were somewhat taller than the plots treated with NuGreen 

or the check plots. These ditterenoes were first noted in 

the plots fertilized betor~ plowing and at seeding. 

However, the plots treated with ammonium nitrate when 6 

inches tall became darker in color within a week or ten 

days after treatment and they soon became taller than the 

NuGreen treatments or the check plots. 

It should be noted that increased rates ot ammonium 

nitrate caused increases in protein content, but increased 

rates did not materially effect height or the grain at 

maturity. However, all ammonium nitrate treatments were 

considerably taller at maturity than the NuOreen treatments 

or the check plota. This suggests that there was enough 

nitrogen present in the soil to support maximum tollage 

growth even at the lowest rate of application. 

The dit.ferencea in effectiYeneas of the ammonium 

nitrate treatments applied before plowing or at seeding 

compared to those applied when the grain was 6 inches tall 

may b.ave been caused by the latter treatments being placed 

where they were leas available to the plant. Anothet

explanation is that the planta receiving the later treat

menta may have been retarded somewhat by a lack of nitrogen 

during the seedling stage. 
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Another reason the ammonium nitrate treatments were 

more effective tb.an the NuGreen applications could be that 

the ammonium nitrate was placed in a position where the 

plant could utilize it, while the NuGreen may not have 

became available to the plant in large enough quantities to 

satisfy the needs of both growth and protein. Gerieke 

(6, p.l34) maintains that, when the nitrogen supply is 

l~ted, the wheat plant tends to divide the available 

nitrogen between growth and .formation of protein. 

Observations during the experiment indicated that the 

NUGreen eaused only alight changes in color in the plants 

and the rate or growth was not increased by application or 

NuGreen. This suggests that the barley was unable to 

assimilate the nitrogen from tbia source in great enough 

quantities to satisfy its needs. 

The reaults of the late applications in this experi

ment do not agree with the results reported by Davidson 

and Buchanan (2, p.727) Gericke (6. p.l33} and Wherry 

(4, p.70l). However, these investigators applied nitrogen 

to the soil during the later stages of plant growth 'While 

in this expertment the nitrogen was applied as a foliar 

spray. The ammonium nitrate treatments, when the grain 

waa 6 inehea tall, probably were applied too early to com

pare with the treatments reported. by these investigators. 

When the results or the uuoreen applications are com

pared with the results obtained by Finney (3, p.l) on 
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wheat, it is found that he apparently obtained much greater 

increaaee in Jield and protein content than were obtained 

in tbia experiment. However~ the grain had a tendenc,- to 

react in the same way in both experiments. The reason for 

the difference in resulta could be caused by differences 1n 

soil moisture content or humidity, or a combination or the 

two. Soil moiatlU"e and hum1d1ty normally are higher in 

Kansas dUl'ing the growing seaeon than they are in the 

W1llamette Valle,-. 

It is possible that NuGreen would be as satiafactorr 

and effective as ammonium nitrate as a source or nitrogen 

if it was applied to the ao11. It may also be possible to 

modify it for uae aa a foliar apra~ by the ad.di tion ot 

eonditioners auch a.a a spreader or sticker. 

This study baa pointed out that there are many vari• 

able factors effecting the use of nitrogen tertil1zera tor 

ma~ng barley cropa. In many instances. results were ao 

inconclusive that proper interpretations were difficult to 

make. This waa the ease w1 th kernel size and acroapire 

growth. In other cases, such as kernel texture and clarity 

of wort, results were very similar for moat treatments, but 

enough differences were noted to show that tb.ere was a 

possibility that the fertilizer had an effect. 

In aome oaaea the variation in results obtained 

emphasize the precaution necessary in drawing eonclua1onl 

trom a one ye~ tert111zer study, particularly where one 
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is dealing witn quality facto~• tnat are not easily 

det'ined., The pi*oblema arising ·from the. application ot· 

fertilize~ to malting barley al'e 'tVy important to the 

industry ·and shoulc:1 reoeive add1t1on.al attention .. 
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SUMMARY AND CONCLUSIONS 

Ammonium nitrate and NuGreen wex-e used a.s sources of 

nitrogen to atudy the effects of nitrogen fertiliser on 

malting quality of Hannchen barley. 

The ammoni.um n1trate waa applied at ratea that would 

supply 25, 50, 75, and 100 pounc:ls or nitl"ogen. Applica

tions were made before. plowing, at seeding, and as a top 

dreaaing when the barley waa 6 1nohea tall. 

NuGreen was applied as a foliar spray at ratea that 

would supply 25, 50, and 100 pounds of nitrogen. It was 

applied when the grain was 6 and 12 inches tall and at the 

early heading stage, 

The results indicate that nitrogen fertilizer had def

inite etrecta upon agronomic oharacteriatioa and malting 

quality ot the barley. These effects are influenced by 

source of nitrogen, rate of application, and time ot 

application, 

The ammonium nitrate had much greater effects on ag

ronomic cbaracteristica and malting quality factors than 

the NuGreen. 

Yield, protein content, malt nitrogen, conversion 

time, and d1aatatic power were increased as amount of 

ammonium nitrate was increased. 

Bushel weight, kernel weight, kernel size, and malt 

extract were decreased as amount ot &liD:I1on1um nitrate waa 

http:ammoni.um
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increased. 

Results from applications of ammonium nit~ate before 

plowing end at seeding were similar, but applications when 

the grain was e inches tall had slightly less effecta. 

Application of NuGreen as a foliar epray did not 

appear to be beneficial to malting quality. 

Inasmuch aa this study was conducted for only one 

growing season, the results obtained are only indicative. 

The reatilta indicate that malting quality may be 

effected by nitrogen fertilizer applications and that 

further exper.1mentation would be beneficial to the malting 

barley industry. 
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Appendix Table 1 

SUMMARY OF UELDS IN BUSHELS PER ACRE 
STRAW WEIGR'l', PIANT WEIGHTS, BUSHEL WEIGHTS, 

AND 1000 KERNEL WEIGHTS BY REPLICATION 

Yield (Bu./Acrel 

Rep. Rep. Rep. Rep.
Treatment 1 _g_ 3 4: Average 

No Treatment. :59.5 .2.4: 34.9 37.0 38.4 

AMMONIUM NITRA~B 

25 lba. before plowing 53.2 50.1 40.3 50.6 48.5 
50 ft " u 54:.1 64.7 59.6 51.7 55.0 
75 " " " 59.8 51.8 46.4 48.4 51.6 

100 ft n 60.2 50.8 59.8 52.7 55.8" 25 at seeding 54.6 49.5 4:5.9 53.4 50.8" 50 " " ft 60.5 5'7.3 58.7 50.6 56.7 
75 66.9 60.3 5'7.6 60.9 61.4" " " 100 n " " 56.3 5~.3 59.2 53".8 55.6 
25 at 6 inches 51.5 50.4: 51.9 52.9 51.6 
50 " n " 58.1 51.4 42.8 59.5 52.9" tt ft75 "' 50.8 57.9 60.4 56.9 56.5 

100 tt " 65.0 54.6 63.2 54.3 59.2" 
lfOGREEN 

25 lba. at 6 inchea 38.3 41.9 41.4 40.2 40.4 
50 " " 41.1 44.4 42.3 45.8 45.4" " " tt100 49.4 55.6 51.5 52.2 52.1 
25 ft at 12 inches 48.3 43.6 40.6 42.8 43.8 

tt It50 40.4 43,6 39.1 42.5 41.4" 100 ft " 41.7 44.6 37.6 44.7 42.1" 25 tf at heading 37.0 37.7 39.1 42.1 38.9 
50 tl 

I 
37.0 36.0 45.1 42.5 40.1" " 100 " tt u 41.5 44.3 43.5 40.1 42.3 
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Appendix Table 1 (Continued) 

SUMMARY OF YIELDS I BUSHELS PER ACRE 
STRAW WEIGm' 1 PLANT WEIGHTS, BUSHEL WEIGHTS, 

AND 1000 KERNEL WEI GH'l' S BY REPLIOAt.PIO!i 

Plant Height in Inches 

Treatment Rep. Rep. Rep. Rep.
1 2 3 ....L Average 

No Treatment 26 26 23 25 26.5 

:MMONIUM NITRATE 

25 lba. before plowing 31 29 27 30 29.2 
50 " n " 32 31 30 29 30.5 
75 31 30 28 2'7 29.0" " " t1 ff100 " 31 29 32 29 30.2 
25 1t at seeding 28 30 28 31 29.2 

It' a ..50 30 30 29 28 29.2 
75 " " tf 32 31 29 29 30.2 
100 ft " " 30 30 30 31 30.2 
25 It at 6 inches 28 29 26 30 28.2 
50 u ft 27 28 27 28 27.5" 75 27 29 28 28 28.0" " " 100 tt 29 28 29 29 28.7"' " 

NUGREEN 

25 lba. at 6 1nob.ee 26 27 25 25 25.5 
50 It 24 27 27 26 26.0" " 
100 " tt 25 30 24 27 26.5" 25 at 12 incb.•a 26 27 27 26 26.5" n50 25 27 25 24 25.2" " n100 "' 24 27 26 26 25.7 

f( " 25 at heading 25 25 26 27 25.7 
u50 " tt 26 24 25 26 25.2 

100 " " " 27 28 25 25 26.2 
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Appendix Table, 1 (Continued) 

SUMMARY OF nELDS IN BUSHELS PER ACRE 
STRAW WEIGHT 1 PIANT VIEIGHTS1 BUSHEL VIEIGH'rS, 

AND 1000 KERNEL WEIGHTS BY REPLICATION 

Straw Weight, Pounds Per Ac~e 

Rep.- Rep. Rep. Rep.
Treatment ....!.. 2 3 4 Average 

Check 1805 2317 1806 1705 1908 

AMMONIUM NITRATE 

25 lba. before plowing 2889 3039 2636 3014 2894 
50 tt " " 3283 3035 3016 2741 3018 

n tt ..75 3006 2954 2776 2903 2909 
11 It n100 3423 3438 3659 2914 3358 

25 at seeding 2822 3068 2805 3096 2947" n It tl50 3628 3344 3060 3231 3315 
It It75 " 3753 3417 3333 3609 3528 

100 It " 4047 3538 3473 3734 3698" 
25 tt at 6 inches 2509 2588 2515 2467 2519 

tt It60 3091 2755 2519 2588 2738" 75 " It " 2348 2442 2977 2926 2673 
a n It100 3194 3037 2845 2616 2923 

NUGREEN 

25 lbs. at 6 inches 1864 2332 1931 1987 2028 
It tt50 1944 2217 2759 2373 2323 

100 tt t1 "tt 2202 2774 2098 2720 2448 
25 at 12 inches 2254 2480 1751 1649 2033 
50 " tt 1762 1827 1921 2098 1902" " tt tt100 " 1916 2213 1896 1991 2004 

n25 at heading 1706 1668 1825 2332 1882 
50 It n " 1704 1317 1799 2098 1'729 

100 " " 1t 1923 1574 1831 1994 1830 
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Appendix Table 1 (Continued) 

SUDARY OF YIELDS IN BUSHELS PER ACRE 
STRAW WEIGRr, PLAN'.J! WEIGHTS, BUSHEL WEIGHTS, 

AND 1000 KERNEL WEIGHTS BY REPLICATION 

Bushel We1ghta 

Rep. Rep. Rep. Rep.
Treatment l 2 3 4 Average- - - · 

No Treatment 51.9 51.2 51.6 51.7 51.6 

AMMONIUM NITRATE 

25 lbs. betore plowing 51.• 0 51.7 50.9 51.5 51.3 
" lt tt50 50.8 50.2 50.3 52.0 50.8 

75 " tt " 51.3 51.0 48.8 50.2 50.3 
n u u100 49.4 50.3 49.4 51.1 49.8 

25 at seeding 51.3 50.8 52.7 49.2 50.9" n50 n . 50.8 51.9 51.6 50.9 51.3" 75 " tt Q 49.4 50.9 49.4 49.4 49.8 
100 " It tt 49.9 49.4 49.6 49.1 49.5 

26 n at 6 1ncbea 52.2 50.8 50.8 51.3 51.0 
n n ll50 49.5 51.5 50.1 5o.a 50.5 

75 n n 50.6 51.6 50.8 50.3 50.6 
100 a n " It 49 ..4 5o.a so.a 49.9 50.2 

NUGREEN 

25 lba. at 6 1nchea 51.5 50.2 51.9 52.4 51.5 
50 51.5 51.2 51.0 50.8 51.1" " " 

100 tt " " 50.5 51.9 51.2 50.9 51.1 
25 n at 12 1nchea 52.6 52.3 51.6 52.6 52.3 
50 n fJ 51.6 51.9 51.5 51.6 51.6" 

100 n n 52.2 51.0 51.0 51.6 51.5" 
25 at beading 51.0 53.4 53.0 52.2 52.4" 
50 52.0 53.4 51.7 53.4 52.6" " .." 100 n It 53.4 52.2 53.4 51.7 52.6 
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Appendix Table 1 (Oonoluded) 

SUMMARY OF YIELDS IN BUSHELS PER ACHE 
STRAW WEIGHT, PIANT WEIGHTS, BUSHEL WEIGHTS, 

AND 1000 KERNEL WEIGHTS BY REPLICATION 

1000 Kerne l Weight, Grema 

Rep. Rep, Rep. Rep. 
Treatment l 2 3 _.!_ Averag$ 

Oheck 38.36 39.75 35.50 37.48 37.77 

AMMONIUM NITRATE 

25 lbs. before plo ing 38.50 38.51 36.51 37.78 37.82 
tt50 " " 36.61 37.70 36.75 39.00 37.76 
It II75 37.35 36.22 34.27 36.23 36.01 

100 tt tt " " 35.33 36.61 34.56 35.53 35.51 
25 at seeding 37.45 37.21 36.91 38.30 37.47" It 1150 36.36 36.75 36.83 36.93 36.72" 
75 n tt 36.2~ 37.05 33.01 36.10 35.59" 

100 tt " 35.83 !4.26 33.13 34.86 34.52" 25 at 6 1nob.es 39.11 38.01 38.95 38.06 38.53" 50 h n 39.46 37.51 34.31 38.48 37.44 
75 "ft u 37.63 37.16 37.20 37.88 37.47 

100 " rt n 37.65 35.98 37.70 37.03 37.09" 
WGREEN 

25 lbs. at 6 inches 38.36 39.01 38.68 38.56 38.65 
50 36.98 37.61 38.41 37.60 37.65" " 100 37.26 36.68 38.00 37.26 37.30" ft " " 25 u at 12 inches 38.29 38.35 38.45 38.91 38.50 
50 II 40.01 39.08 37.78 39.36 39.06" " tt tt100 38.55 58.03 36.20 38.93 37.92" 25 at heading 39.85 38.21 38.81 38.13 38.75" tt It tt50 39.11 39.55 37.01 39.93 38.90 

100 rt It " 41.23 40.55 39.50 40.10 40.34 




