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CHAPTER I 

INTRODUCTION 

Suppleinental stmmer forages arm in great demand by many Tennessee 

farmers. !Ihe8e forages help maintain a high level of production during 

the summer months eh^n unfavorable climatic conditions often brir^ 

about a decnrease in pasture and hay inroduction and quality. Summer 

annuals are also valuable in that 'Uisy ean fit into a cropping systtos 

involving winter annuals. Little information is available to these 

farmers^ however^ to aid them in making the management decisions that 

need be made in order to obtain both high dry matter yields and high 

nitrogen content of the harvested forage. 

Sudangrass, Soi^hum sudanense (Piper) Stapf., and Pearlraillet, 

Pennisetum glauc\M» (L.), are two of the most inportant grasses utilized 

for supplomental suBmmr forage in Teimessee. i; Specific information is 

lacking as to how much nitrogen fertilizer must be applied and at what 

stage of growth these grasses should be cut or grazed in oirder to obtain 

high yields of niti^en and dry matter and to stmitain this production 

over the suiaaer period. 

tftitil data are available on sxich problems, definite managenmait 

recosmendations on suiplemental stumaer forages caimot be made with 

assurance. Ihis investigation was conducted in an attempt to obtain 

information that covild be applied toward the eolution of these problenw. 

The stuc(jr reported here was designed to determine the combined 

effects of three nitrogen fertilization levels and four cutting 

intensities on the forage yields and nitn^en content of four summer 
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Azmuftl grasses. The grasses used in this study veret Sweet Sudangrass* 

a variety developed through hybridizing Leoti sorghxm and oamaan Sudan-

grassj Piper Sudangrass* a variety devtdoped frtM a double-cross of Tift 

Sudangrass and lines obtained from the Texas Agricultuxal Experiment Station 

and ̂ uisas Agricxiltural E:Q)eriment Station} German millet» Setaria italics 

(L.) Beauv. var. strandneofructa Bailey} and Georgia hybrid If an 

expeirinental variety of Fearlmillet^ produced fraa four inbred lines at 

the Georgia Coastal Plain Experiment Station^ Tifton* by G* W* Burton* 

Principal Qezwtieist* U. S. Departaant of Agriculture. 
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CHAPTER II 

REVIEW OF LITERATURE 

The literature relating to nitrogen fertilisation and cutting 

nanagement of different grass species is extensive. However» literatinre 

directly x^lated to the nitrogen fertilization and cutting nanageaent 

of Sudangrass and millets is limited. 

Effects of Nitrogen Fertilization 

The effect of nitrogen fertilization upon the growth and chemical 

composition of glasses has been studied by many Investigators. Mzxy 

workers have shown that applying nitrogen fertilizer to pure stands of 

grass has increased yields of grasses on most soils. Generally, these 

increased yields have been accompanied by inci^eases in percent protein 

in the herbage. Occasionally, when the nitrogen fertilization rates 

have been low, little or no increase in protein percentages has been 

obtained. 

Anderson et. al. (1)found in Kansas that the seed and forage 

yields of bromegrass, Bromua Inermls L^s«, wers increased with increasing 

amounts of nitrogen up to approximately one hundred pounds per acre. 

IShen nitrogen was applied at rates of one hundred pounds or less per acre, 

the protein percentage in the fairly mature forage sampled was not 

increased appreciably. As heavier rates of nitrogen were applied, 

protein percentages were increased so that yield of protein per acre 

continued to iiKrease, The nitrogen content of bromegrass as reported 

iT Ifl ri Ttr't -Ij II- I 
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\xj Car«7 et, {9)hm Increaved by additions of fertiliser front sero 

to ons hundred and tmo hundred pounds of nitrogen per aore as asmonium 

nitrate. Applications of three hundred pounds produced little additional 

Increase over the teo hundred pound application. 

In stwlies of nitrogen fertilisation on Bemadagrass^ (^odon 

daetylon (1.) Pers.y Bxirton et. al. (8) concluded that nitrogen applica 

tions significantly increased protein and fiber contents* Both protein 

and yields were iiun^eased as nitrogen was increased fron zero nitirogen 

to foiir htmdred pounds per acre. 

Lewis and long (23) found that highly significant increases in 

forage yields of eight grasses grown in the high-altitude oeadows of 

Wyoming were obtained from nitr<^en applications* ratrogen applications 

increased the crude protein percentage and yield of the eight grasses 

studied. Brown (7) reports that there was no Increase in protein of 

pasture species grown in the Northeast region when low rates of nitrogen 

fertilizer were applied. 

Effects of Cutting Intensities 

The hydrocyanic acid contained in Sudangrass compels farmerw to 

allow the Sudangrass to reach a certain stage of growth before it is safe 

V,t' to pasture. Boyd at. ($)found that Sudangrass first or second growth 

of two feet ox* noire in height was low in hydrocyanic acid and was relatively 

safe to graze. They felt that Sudangrass> short or tall, which is of a 

pale or yellowish-green color, is low in hydrocyanic «;id and is relatively 

safe to graze. They concluded that Sudangrass should usually not be 

pastured until it has reached a nrinlTnum height of eighteen inches. 



 

Die ehoaical eompositloa of Sudangrass hay aa raported hy Damon 

et. (lU) is closely coxrelatedf In general, with the siaturity of the 

plants at the tlae of cutting and, to a certain extent, with the number 

of days of growth when cut. As the nu^^er of days of growth increased, 

the pirotein percentage decreased. Crude fiber showed a slight tendency 

to increase as the number of days of growth increased. Ihe average crude 

protein content of the hay decreased with advances in maturity, and the 

highest yield of crude protein ma obtained when the Sudangrass was cut 

every thirty days. Crowder et. al. (13), experimenting with Sudangrass 

and millet selections for grazing and hay in QeoxTgia, foxond that the 

protein content varied with fertiliser treatments, particularly nitrogen. 

A gradual decrease occioTed in the protein content as the plants advanced 

in maturity. 

Gbveland and ifoCloitd, (19, 20) in extensive field experiments at 

Oainesville, Florida, studied the effects of row spacing, height of 

plants bef(»re cutting and height of the stubble remaining after cutting, 

on the growth of PearLnillet. Ihey concluded that rows spaced eighteen 

to twenty inches apart produced the higher yields. Thjder a pasture 

managemnt, they recosmttended that Starr Pearlmillet be thirty inches tall 

before graaing began and be grazed down to a stubble height of ten to 

eighteen inches. Fbr silage or green feed, they found that Starr Pearl-

millet should be cut irtien it is four to five feet tall. Highest total 

yield was produced when the plants were cut when fifty-four inches 

and cut down to fotir inches; however, at "Uiis cutting the plants were 

lowest in protein content, Ihe lowest diy matter yields were obtained 

• A' 
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n^ea the plants were twelve inches tall and were cut dowi to four laches, 

bat this treataant resulted in the highest protein contents in harvested 

forage. In South Carolina, it ims reported by Cathcart (10) that 

Pearlaillet produced 1^2.9 percent sore nutzrients per acre when grased 

than -rtien harvested for silage, Pearlsdllet yielded 7l*0 pounds of total 

digesbibla nutrients per acre and produced 68,2 cow-days of grazing per 

acre. The average yield per acre expressed in terms of alfalfa hay 

equivalent was l,h72 pounds zdien grazed and 1,030 pounds irtten ensiled. 

Baker et. al. (3) concluded that the crude protein content of 

prairie hay in Nebraska decreased as cuttings were made later in the 

growing season. In general, as the saturity of the grasses IVaa which 
V 

the hay was made increased, the amount consumed by livestock decreased. 

The average daily gains decreased as the maturity of the hay increaetd, 

Briggs (6) obtained similar results in Cklahoma. Ghristinson (11) 

concluded in 1932 that the digestibility of the nutrients in prairie 

grass declined as the season advanced, 

&ilow and Coleman (17) found a much higher protein content in 

pasture grasses mowed frequently than in grasses cut only at the mtd of 

the season. This held true on both fertilized and unfertilized areas, 

Kohler (21) reported that young grasses have a higher protein content than 

older grasses. The percent protein content of the seed and tiller culms 

decreased as the nxarfaer of days after planting increased. The protein 

showed maxiBBim concentrations at or just prior to jointing. In a sttidy 

with Kentucky bluegrass, Poa pratenais (L,), it was concluded by Mortiner 

and Ahlgren (2$) that the percentage nitrogen content decreased as the 
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plant approached maturity. BLlett and Carrier (16) obtained similar 

results with blu^rasa. Th<qr repojrted the total yield of dry matter 

varied inversely with the number of cuttings during the season. Ihe 

decrease in percent protein of the forage harvested from grasses that 

were allowi^ to mature was sufficient to more than counterbalance the 

increase in dry matter yields. laughlin (22), as well as Russell et. al. 

(28), found that the crude protein yields of bromegrass were noticeably 

increased by the addition of nitrogen fertiliser. The crude protein 

content was higher during the early growth and declined as the grass 

approached maturity. Bird (k) compared several grasses at six different 

stages of growth and concluded that the total seasonal yield increased with 

each successive stage from the early stage to the early blocsa stage. The 

percentages of crude protein decreased with each successive stage of 

cutting. In 1953> Plgden (27) reported a steady decline in protein content 

of several grasses throughout the season. Hiillips et. id. (26) stated 

that several grasses, during the process of raat\iration, urxierwent 

continuous decreases In protein percentage. In Eastern Oregon, it was 

concluded by Cooper (12) that the crnide protein content of hay decreased 

with advancing maturity and increased with increasing cutting heights. 

The protein percentages of the forage harvested from the portion of the 

plants above six inches of growth contained one percent more crude 

protein percent than the portion occurring between two and four inches. 

Tfctkins and Severen (31) roported that the content of some forages in El 

Salvador did not vary with the height of cutting but did vary with the 

intervals between cuttings. Sas^les harvested every month instead of 
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ersry two or three nonths eere higher In protein end disiiniehed in 

protein with a decreaae in freqtiency of harvest, McCreery and Stelly 

(2ii), eoq^erimenting with cutting intervals of one* two, three and four 

weeks on Bernudagrass and crabgrass, Digltarla spp,, found the shorter 

clipping intezvals resxilted in a higher protein content. 
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CHAPTER III 

MATERIALS AND METHODS 

Location and Field Hot Design 

Ttlis sttdy ims conducted to determine the combined effecta of 

nitrogen fertilization levele and cutting intensities <m the forage 

yield and nitrogen content of two Sudangrass varieties and two millet 

species. The investigation was carried out on a Huntington soil located 

along the Tennessee River in Sequoyah Hills, on land leased the 

Tennessee Agricultoiral Experiment Station txxm the Tennessee Valley 
Authority. 

Each experimental plot consisted of three twenty-foot rows, three 

feet apart. Ihe middle eighteen feet of the center row was harvested for 

yield} the two outside rows served as guard rows. Treatments were 

replicated four times and arranged in a split-split plot design. The 
main plots were nitrogen levels, grasses were the split plots and cutting 
intensities the split—split plots. Two of the four replications were 

on Huntington loan, one on Huntington sandy loam, and the fourtli was 

partly on tinside silt loan atul partly on Ifeam sHt I'-yw. 

The combination of the three nitirogen levels, the four grasses, 
and the four cutting intensities made a total of forty-eight treatments. 

The Sudangrass varieties \ised were Sweet Sudangrass and Piper 
Sudangrass. Sweet Sudangrass is a variety developed in Texas in 1932 
through hybridizing I«oti sorghiua and common Sudangrass. It is charac 

terized by sweet and juicy stems and has some resistance to foliage 
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dieeues and chinch bugs. Plpsr Sudangrass Is the resxilt of a douil^e^ 

cross Bade in Wisconsin In 19U2 from Tift Sudangrass and lines obtained 

from the Texas and Kansas Experiment Stations. Piper is characterised 

by a lower level of hydrocyanic acid potential and is more resistant to 

leaf blight» Helminthoeporium turoicum Pass.* than Sweet Stidangrass. 

!Ihe two millets iised were Oen&an millet and Georgia hybrid No. 1 

PearlmiUet. German millet is a species that first became important in 

the Uhited States in the Central Basin of Tennessee. Georgia P(ybrld No. 1 

is an experimental variety of Pearlmillet» developed by G. W. Burton at 

nfton, Georgia, It is characteriBed by good seedling vigor, high total 

yields and good recovery after cutting or grasing. Four inbred lines 

were involved in the production of this l^brid. 

Each grass was grown at three levels of nitrogen fertilisation, 

sero, sixty, and one hundred and twenty pounds of nitrogen per acre, 

applied as SBBonium nitrate at the time of seeding. 

At each nitrogen level, the four grasses were cut according to 

four different intensities} (1) when the growth reached a height of 

thirty inches, it was cut back to a six-inch stubble} (2) when the growth 

reached a height of thiirby inches, it was cut back to a ten-inch stubble} 

(3) when the growth reached a height of twenty inches, it was cut back 

to a six-inch stubble} and (U) idien the growth reached a height of fifty-

four inches or early bloom, whichever oame first, it was cut back to a 

four-inch stubble. 



 

XI 

(3«nerttl Agronomie Information 

P%>ior to aaadlngf a uniform application of 0-20-20 at the rate 

of 350 i)ounds per acre was drilled over the area. 

On June 1> 1957« the experiment was seeded at the rate of eight 

pounds of seed per acsre. A "Planet Junior" wus used to seed Uie Sudan* 

grass varieties and the Qerman millet. Because of the limited amount 

of Oeorgia P[yforid No. 1 seed availa1:^e« and in order to avoid loss of 

seed in toe planting operation, this variety mas seeded by hand. The 

seeds mere placed in a small open furroir and covered with a lamn rake, 

to June 3> 1957> approximately 1.75 inches of mater mas applied by 

overhead sprinkler irrigation to aid in stand establishment. 

Cultivation mas started mhen toe grasses more three inches 

and continued as needed until the tallest gromth reached toe height of 

approximately thirty-five inches. The experiment mas hoed once after 

the aecoM cultivation to eliminate any meeds left in the roms. 

Yield Measuremsnts 

The forage yields mere taken mhen the gresees reached the deeiimd 

heights, as determined mith a yardstick* The yield rome of the threeHroir 

plots mere trimmed on each end, so the harvested length maa eighteen 

feet. Thus, toe area harvested measitred eighteen feet by three feet, 

or .0012U acre. 

The plots mere cut mith a hand sickle. In order to insure that 

each plot mas cut to the correct height, appropriate guide boards mere 

used for each of the stubble heights. 
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The harvested forage from each plot vas placed In a cloth bag 

for oven-diying. However, the first cutting of the fifty-four inch or 

early bloom treatment gave such high yields that green weights were 

taken for each plot and a sample for dry matter determination, weighing 

approximately five potmds, was collected. 

The green forage was oven-dried in a forced-air oven at sixty to 

seventy degrees centigrade and then weighed to the nearest hundreth of a 

pound. 

Chemical Analysis 

The whole-dried samples were ground in a Wiley mill, mixed 

thoroughly, sub-Baag>led, and atored In bottles for chemioal determination. 

From each of these, a one-gram sub-sas^le was analysed for total nitrog^ 

content. The Kjeldahl-Ouzming Method (2) was used. A detailed description 

of the procedure used is presented in Appendix A. 

Bresentation of Data and Statistical Analysis 

Dry natter yields of harvested forage are presented in tenaa of 

oven-dry yields in pounds per acre. Hitr<^en percentage was determined 

on the fozvige harvested from each plot and at each cutting date. Yields 

of nitrogen in pounds per acre were eosgmted from the two ofore-mentioned 

measureasnts. The treatment mean dry matter yields for each cutting date 

are presented in Appendix B. In the text, the dry matter yields and 

nitrogen yields are reported as the mean of the replications for each 

treatment. 
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1h« dxy matter and nitrogen yields and nitrogen percentages» 

plotted over time) were analysed graphically* 

In an attempt to determine the relationship between dry matter 

yields and percent nitrogen in the hanrested forage> a simple regression 

analysis for these characters was carried out. 

For the purpose of differentiating between tx^atment meanst the 

multi£d.e range test developed by Duncan (15) was utilized. 

In the discussion of results# idierever the word "different" is 

used# it will be taken to mean "significantly different at the *05 level 

of probability"# unless otherwise qualified* 

Symbols iised in the text# when referring to treatments# are 

presented in Ihble I. 

.i . 
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Symbols 

S 
P 

M 
H 

20-6 
30-10 
30-6 
EB-lt 

TABLE 1 

LEGEND FOH TREATMENT SYMBOLS 

Description 

Grasses 

Sweet Sitdangrass 
Piper Sudangrass 
Qeznnan millet 
Oeoz^ia hybrid iio. 1 

Cutting Intensities 
20" cut down to 6" 
30" cut down to 10" 
30" cut down to 6" 
Early bloom cut down to It" 

Nitrogen Levels 
No nitrogen applied 
60 pounds of nitrogen applied per acre 
120 pounds of nitrogen applied per acre 

J 



CHAPTER IV 

RESULTS AND DISCUSSION 

The resiilta reported are from three of the four replications in 

the e3q>eriment. These three rej^J-cations eere located on Huntington 

soil, Tidiich is a well-drained bottom soil. A relatively low coefficient 

of variation of 12.UO percent was obtained from the dry matter yield 

data of these three replications. The fourto replicatitm occupied the 

lower portion of the esperimental area. The soils of this area were 

Linside silt loam and Rgam silt loaa» which are aodeirately well-drained 

bottom soils. Since the experiment was irrigated on June 3 with 1,75 

inches and a heavy rain of I.I4I inches followed on June 5 (Appendix E), 

excessive water conditions occurred on these soils. As a result» toe 

grass stand obtained on the fourth replication, as opposed to the otoer 

three, was poor. Since a low coefficient of variation was obtained with 

the dry matter yield data of three replications only, and since the 

inclusion of the fo\irth replication would have increased the total 

variation to a much greater extent without contributing any additional 

information, this foxu-th replication was disregarded. 

Besxilts are discussed by individual characteristics studied. 

These groupings reflect the combined influences of nitrogen fertilization 

and cutting intensities and their interaction cm (1) the yield of dxy 

matter, (2) the percent nitrogen in the dry matter harvested, and (3) 

the yield of xiitrogen of the four grasses studied. 
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Dry Ifttter Yields 

the suiaaaty of the results of the axudysis of variance of dry 

matter yields is presented in Table 2, Considering the effects of 

nitrogen fertilisation on all grasses at all cutting intensities, the 

yields of dry matter produced by each of the three levels of nitrc^en 

fertilizer application wew different. KLtrogen fertilizer applied at 

sixty pounds per acre produced higher yields of dry matter per acre 

than s«po nitrc^en fertilizer. The difference in the yield produced 

by sixty pouzKhi of nitrogen and that obtained with one htuidxwd 

twenty poui^ of nitrogaa p«r acre was not significant at the ,0$ 

probability level, but it was significant at the .10 probability level, 

as indicated by the least significant difference in Table 3. 

The four grasses produced different dry matter yields, regardless 

of nitrogen fertilization level or cutting intensity. The dry matter 

yields produced by Georgia hybrid No. 1 were larger than the yields 

produced by any other grass at the .01 probability level. Piper Sudan-

grass inroduced larger dry matter yields than Sweet Sudangrass or German 

millet. 

The four cutting Intensities, iregardlsss of grass or nitz*ogen 

level, yielded different aaounts of dry natter. The EB-U cutting 

produced dry natter yields which were larger than those obtained from 

the other cutting intensities. The 30-10 cutting produced numerically 

larger yields of dry natter than the 30-6 cutting, but the difference 

was not significant. Cutting intensity 20-6 produced lower yields than 

treatment 30-10, but not significantly less than treatment 30-^ (Table 3). 
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MALISIS OF VARIANCE OF THE DEI MATTER YIELDS 

Source Estimate of 
of Variation d.f. Variance P 

Total 113 

Nitrogen 2 19,625,31*6 15.12* 
Replications 2 222,330 .17 
Error (a) h 1,298,332 

Grasses 3 57,61*9,727 137.79«* 
Grasses x NLtrogea 6 697,255 1.67 
Error (b) 18 1*18,1*00 

Cuttings 3 9,1*91*, 718 11.00** 
Cuttings X Nitrogen 6 21*3,1*1*8 1.35 
Cuttings X Grasses 9 862,750 1*.80** 
Cuttings X Nitrogen x (brasses 18 172,571* .95
Error (c) 72 181,1*75 

Pooled Error 90 179,695 

C. V. «• 12.UO percent. 

«Signiflcant at the .05 level of probability. 

♦•Significant at the ,01 level of probability. 
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DKT MATTER TIEID COMPARISC»IS WITHIN NITROGEN APPLICATIONS, 
GRASSES AND GDTTING INTENSITIES 

KOLTIPLE RANGE TESTS^ 

Nitrogen Applications 

Huniber of %ark8 2 3 
S. S. Range' .05 61+6 660 
Nitrogen Applications % Ml 
Mean lields Pounds/A 2761+ 3500 

L. S. D. .10 between nitrogen levels 1+96 
Nq Ngh 

2761+ 3500 1+038 
Grasses 

Nimiber of Means 2 3 1+ 
S. S. Range .05 320 336 3I16 
Grasses M S p 0HasorMean Yields Pounds/A 3006 5158CO2150 3ia9 

S. S. Range .01 U39 I160 1+72 
Ifaan Yields Pounds/A 2150 3006 51583U.9 

(iutiing Intenaitl^ 

Nuzober of Means 2 3 
S. S. Range .05 U03 ii23 1^35 
Cutting Intensities 20-6 30-6 30-IO EB-ii 
Mean Yields Pounds/A 3000 3133 3l4t5 1+152 

1 
Axjy two means underscored the same line are 

not significantly different at the indicated level of 
probability. 

2 
'Shortest significant range. 

•; ^ (^ 

''A' 

.1:.. - : 
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Ihe four grasses produced dry matter yields that mere different 

due to cutting intensities. Qeox^ia hybrid NO* 1* at each cutting 

intensity, produced the highest dry matter yields. Each cutting 

intensity of Genaan millet produced the lonest dry matter yields. 

The dry natter yields produced by the Sudangrass varieties at the four 

cutting Intansities mere ranked betveen the tmo nillet species. The 

order of {ooductlon of dry matter yields and the treataant differences 

are presented in Table li. 

Nitrogen Percentages 

A graphic analysis of the dry matter yields, nitrogen percentages 

and nitrogen yields is presented in Figuzms 1 through 12. The means for 

three replications by cutting dates of the percent nitrogen, dry matter 

and nitrogen yields are presented in Appendix B. The graphic analysis 

points out the relationship of these three factors as they are affected 

hy each treatment. The changes in percent nitrogen, as the yield of 

dry matter varies irith the different cuttings throughout the growing 

season, can be observed readily on these graphs. 

As the dry matter yields of each treatment increase, the percent 

nitrogen decreases. For example, the laxgest dzy matter yield was 

obtained with the EB-li cuttingi at this cutting intensity, the percent 

nitrogen in the harvested forage was the lomreet of any of the cutting 

intensities sttidied. The harvested forage from the 20-6 cutting yielded 

the lowest dry matter yield and this cutting produced the highest average 
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TABLE h 

BITERACnOKS BETWEEN QRASSES AND 

Grasses 

Qenaan liLXlet 

Sweet Sudangrass 

Piper Sxuiangrass 

« 

■ 

Seeet Sudangrass 

Piper Sudaifigrass 

Georgia I^ybrid No» 1 

» 

e 

N 

Cutting 
Intensities 

20-6 

30-10 

30-6 

EB^ 

20-6 

30-6 

30-10 

20-6 

30-6 

30-10 

EB-ii 

EB-li 

30-6 

20-6 

30-10 

EB-li 

- • ■• 'i. ?>>(.. •■, V ^ ■ ■. 
> i._. I 

CUTTING INTSiSITIES 

Dry liatter Yields 
Pounds liultiplG 

Per Acre Sar^e Groupings 

1830 

1988 

2313 

2U67 

26lit 

2770 

2868 

2951 

30i»8 

3383 

3783 

U29U 

hhzi 

U607 

551t2 

606U 
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p«roiint nltrog«n. Vexy llttl* difference can be obser\red In the percent 

nitrogen of the forage harvested from the 30-10 and the 30-6 cuttings. 

It is evident from the graphic analysis of the data that* as the 

dry matter yields of a given treatment increase, the percent nitrogen 

of the forage from that treatment decreases. The cutting intensities 

that produced the lazier dry matter yields produced the lower nitrogen 

percentages. The cutting intensities that produced the smaller dry 

matter yields produced the higher nitrogen percentages. As nitrogen 

fertilizer was Increased from zero to one hundred and twenty pounds per 

acre, the percent nitrogen in the harvested forage was increased. As 

cutting intensities decreased, and the height of the grasses increased, 

there was a general decrease in percent nitrogen of the harvested 

forage. 

Belationship Between Dry Matter lields 

and Nitrogen Percentages 

To discover the relationship between nitrogen percentages and dry 

matter yields, the data were plotted in different ways. It was observwl 

that the relationship between these two variables did not follow a 

straight line, but appeared to be logarithmic in nature. Ihis observation 

was supported by the low correlation coefficients obtained idien a linear 

regression analysis of percent nitrogen against dry matter yields was 

calcijlated for each of the three nitrogen fertilizer levels. 

It was found that a log log transformation made it possible to 

account more fully for the variation In nitrogen percentages. As a 



 

� 

^ 3li 
resiilt, the logarithm of the arerage nitrogen percentage for each harveat 

of each grass and cutting intensity was plotted against the corresponding 

mean dry matter yield. Three functioi» were calcrilated, oim for each 

nitrogen fertiHsation level (Figure 13), 

The equations calculated were of the type 

log T"log a ♦ b logX or, 

I•a 

adiere T•nitrogwi percentage of harvested forage and X dry matter 

yield. The equations for estimating the relationship between the 

nitrogen percentages and the dry matter yields werei 

No nltrogent y•13.698x~*^^®^ 

60 pounds nitrogen» T•8.870X"*218^ 

120 pounds nltrogent ——.Y « 5,6U8X"*^^® 

These equations explained 59.1 percent, 22.0 percent and 9.3 pwreent of 

the total variations for each of "Uie nitrogen levels, respectively. 

The regjression analysis clearly indicates that as the dry matter 

yields Increase the percwat nitrogen in the harvested forage decreases. 

Nitrogen Yields 

A staaaary of the analysis of variance of the nitrogen yields is 

presented in Table 5* The coefficient of variation for nitrogen yield 

was 1.22 percent. The analysia of variance indicated differences in the 

nitrogen yields arising from nitrogen fertilization. There was an 

incrsase in the yield of nitrogen as the nitrogen fertilizer applications 

were Increased from zero to sixty and to one hundred and twenty pounds 
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4.0 0 LBS.OF NITROGEN 
PER ACRE 

r'=.59l^ df.=65 

3.0 

T 3185 
2.0 -Y- 13.698 X 

1.0 

iij 0 _L 
o 60 LBS. OF NITROGEN<4.0 ^ 
q: PER ACRE r«..2205!"<lf..70 
o 

4 
on 
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t|0 

120 LBS. OF NITROGEN4.0 
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r*..09281° d.t.7l 

30 ...; t». ,-.1238
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^0 X A 

1000 2000 3000 4000 
YIELD DRY MATTER POUNDS PER ACRE 

Figure 13. Relationship between drj'- matter yields and 
percent nitrogen in harvested forage. 
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TABLE $ 

AMLTSIS OF VARIANCE OF THE YIEUDS OP NITROGEN 
IN HARVESTED FORAGE 

Estimate of 
Source of Variation d.f. Variance f 

Total 11*3 

Nitrogan 2 31,822 $2,12-^ 
Replications 2 51 .08 
Error (a) h 607 

Grasses 3 18,381i 8U.33*»
Grasses x Nitrogen 6 1,105 6.1i9** 
Error (b) 18 218 

Cuttings 
Cuttings X Nitrogen 
Cuttings X Grasses 
Cuttings X Nitrogen x Grasses 
Error (c) 

3 2liO 
6 51* 
$ 235 
13 86 
72 75 

1.02 
.70 
3.05** 
1.15 

Pooled Error 90 77 

C* V* 1.22 Percent. 

-NSignificant at the ,0$ level of probability. 

♦••Significant at the ,01 level of probability. 

i \ I"" .> 
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per acre (Table 6}. Xa general^ ae the dry matter yield of a treatment 

increased the yield of nitrogen Increased but not In the aaaw proportion. 

The nitrogen yield did not Increase at the same rate as did the dry 

matter yields since the percent nitrogen of the harvested forage 

decreased as the dry matter yield increased. 

The nitrogen yields produced by ihe four grasses sere different 

(Table 6). These differences are similar to those occurring betseen 

grasses for dry matter yields. The grass idilch produced the largest dry 

matter yield also produced the largest nitrogen yield. Georgia hybrid 

No, 1 produced ylelde ehlch were larger than the yields of the other 

three graaees. The nitrogen yielda produced by Genaan millet were 

lover than those produced by the other grasses In this study. Piper 

Sudangrass produced numerically larger nitrogen yields than Sweet 

Sudangrass but this Increase In yield was m)t significant. 

The nitrogen yields produced by the four grasses were different 

at the three levels of nitrogen fertlllaatlon. The meana are conqpared 

by the multiple range test In Table ?• As the nitrogen application was 

increased from aero nitrogen to one hundred and twenty pounds of nitrogen 

fertilizer per acrSf there was an Increase In the nitrogen yield In the 

harveeted forage. It le worthy of note that the Sudangrasses fertlHaed 

with one hiuidred and twenty pounds of nitrogen per acre did not yield 

more nitrogen than Georgia hybrid No, 1 receiving half ae much nitrogen 

fertilizer. 

The means of the nitrogen yield produced by the four grasses at 

the four cutting Intensities are compared by the multiple range test In 

Table 8, All cutting Intensities of Georgia l^brld No, 1 produced 
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NITfiOOEN YIELD CC8IPARIS01S WITHIN NITROGEN APPLICATIONS 

Nu!sS>er of ISMxa 
S. S. Range ,0$ 
Rates of Nitrogen 
Mean Yield Fo\inds/A 

Itoaber of Means 
S. S. Sai^e .05 
Grasses 
Mean Yield Ponnds/A 

AND GRASSES 

MULTIPLE RANGE TESTS 

Nitrogen Applications 

»o 
U5.U 

2 

10,0 

brasses 

N,1 
71.0 

3 
10,2 

Hg 
97.0 

M 

Wi.9 

2 

7.U 
S 

68.3 

3 
7.8 

P 

71.2 

6.0 
H 

100.1 

- A....-t 
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TABLE 7 

INTEIiACTIOHS BET»fEEN OBASSES AJ© NITROGEN FERTILIZER APPLICATIOBS 

MULTIPLE HANOE TESTS 

Mean Yields of Nitrogen 
Nitrogen Fertiliser PoTindB l&iltiple 

Orasses Applied ft>\inds/A Per Acre Range Groups 

Qeman Millet 0 23.8 

Hper Sudangrass 0 h3.3 

Smet Sndangrasa 0 U7.2 

Qeroan l£Lllet 60 

Qertaan Millet 120 $9,6 

Qeorgia I^ytrid Ifo, 1 0 63.5 

iSieet Sudangrass 60 68.2 
e 

Piper Sudai^rass so 7k»h 
% 

Sweet Sudangrass 120 - 89.5 

Georgia Rybrid No.. 1 60 9U.0 

Piper Sudangrass 120 96.0 

Georgia Rjrbrid So# 1 120 llt2.8 
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TABLE 8 

IKTEMCTIONS BETWEEN QR&SSSS AND CUTTING INTENSITISS 

MULTIPLE KAHGE TESTS 

Mean Yields of Nitrogen 
Cutting Pounds Multiple 

Grasses Intensities Per Acre Range Groups 

German Ulllet 20-^ 39.$ 

« 30-10 U2.1 

9 EB-U 1*7.5 

m 30-6 50.8 

Sweet Sudangrasa EB-li 65.1* 

Piper Sxidangiraea BB-U 66.3 

Sweet Sudangrasa 20-6 67.7 

M 30-10 69.2 

PLper Sudangrasa 30-6 69.6 

Sweet Sudangrasa 30-6 70.9 

Piper Sudangrasa 20-6 73.5 

N 30-10 75.5 

Georgia Bjrbrld No* 1 EB-li 91.1* 

R 30-6 95.1* 

R 20-6 X0l*.2 

R 30-10 109.8 

'■ f f • . . 
•V ' 

P 

3 
" ■ v' f, *■ 

^ i_. J 
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larger yields of nitrogen than those of any of the other grasses, Ihe 

nitrogen yields produced by Oornjan nallet, regardless of the cutting 

intensity, were the lowest of the grasses studied. The nitrogen yields 

produced by the Sudangrasses, as did the dry matter yields at each of 

the four cutting intensities, occupied the multiple range groups between 

the millet species. 

The nitrogen yields produced at the four cutting Intensitiee, 

regaidlesa of grass or nitrogen level, did not produce yields that were 

significantly different. However, the order in which the yields rank 

themselves seems important. The laean yield of nitrogen produced by 

the four cutting intensities werei 7h»Z pounds of nitrogen for the 30-10 

cutting intensity, 71,7 pounds far the 30-6 cutting intensity, 71.6 

pounds for the 20hS cutting intensity, and 67,6 pouiwls for the EB-U 

cutting intei»ity, Ihen these nitrogen yields are compared to the dry 

matter yields, it is noted that the cutting intensities were ranked 

differently in the case of the nitrogen yields. The dry matter yields 

for each cutting intensity werei Ul$2 pourds for the EB-i* cutting, 

pounds tor the 30-10 cutting, 3138 pounds for the 30-6 cutting and 

3000 pounds for the 20-6 cutting. 

Qeneral Disoiuision 

Bsoomraendations based upon the results of this e3q>erlment must 

necessarily be considered tentative for several reasons. The eKperiment 

was conducted for one season only on one soil series. The data werw 

obtained from Sudangraaaea and millets which wwre grown in roww three 
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feet apart, uhereas they are more eften grown broadcast or in closely 

drilled roes in general farm practice. The nitrogen fertilizer eat 

applied at time of seeding, rather than in several applications 

throughout the growing season. Georgia hybrid Ifo, 1 is an experimental 

variety not yet released to the public. 

In general, as the nitrogen fertilizer applications were increased 

from zero to sixty pounds per acre, there was a corresponding increase 

in dry matter yields at the four cutting intensities. Exceptions to 

this relationship occurred, notably in the case of the 30-6 and 30-10 

cutting Intensities of Georgia l^rid No. 1 (Appendix C). In these two 

cases, although a large yield response to one hundred and twenty pounds 

of nitrogen per acre was obtained, the application of sixty pounds of 

nitrogen per acre did not result in a dry matter yield appreciably 

larger than where no nitrogen fertilizer was applied. Reasons for 

these apparent discrepancies are obscxrre. 

Regardless of the limitations of this experiment, there are 

several recommendations that can be made with respect to the growing 

of Sudangrass and millet for pastuire, hay or silage. 

The cutting intensities of 30-10 and 30-6 gave the better 

combination for high dry matter yields and nitrogen content of the 

harvested forage. It is fslt, therefore, that Sudangrass and millet 

which are to be used for pasture be allowed to reach a height of thirty 

inches before they are grazed down to a height of six to ten inches. 

Sudangrass at this height should not offer any danger of hydrocyanic 

acid poisoning to oatl^e (5). 
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Vhen the gx^aeses are to be iieed for silage or hay> they ahotild 

be out at a stage of grovth not earlier than soowehere between thirty 

izichea in height and late boot or early blocm doim to no less than a 

six-inch stubble, if recovery growth is desired. 

In this study, increasing nitrogen feirtiliser applications from 

sero to one hundred and twenty pouzKis per acre increased both dry 

matter and nitrogen yields of the harvested forage, in most cases. 

Georgia hybrid Nb. 1 was the highest-producing grass in this 

study and was considersd the best for hay, silage or pasture. Qermsn 

millet was by far the lowest producer* The sudangraases were not 

significantly different| however, Piper Sudangzass appeared to be the 

better of the two studied, for it produced numerically higher yields 

and £rom observations made in the field it was noted that Piper 

Svdangrass was affected less by leaf blight than was Sweet Sudangrass* 

Both Sudangrass varieties were affected by rust, Ramullspora sorghi 

(Ell. and Ev.) Olive and Lefebvre. The millet species were not 

noticeably damaged by any plant disease. German millet was a shallow* 

rooted species, as indicated by the way the plants would frequently 

be pulled up during the process of cutting. 
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SmaiAKf AND CONCLDSIONS 

An investigation of toe combined effects of nitrog«i fertilisation 

and cutting intensities on two varieties of Stidangrass and teo species 

of millet eas conducted at toe University of Tennessee Agricultural 

EKperiaent Station, Setjuoyah Hills, during toe euagser of 1957. The 

objective of the study eas to determine idiat effects these factors 

produced on the yield of dry matter and toe nitrogen content of toe 

grasses studied. 

The effects of these treatments mere measured in tenns of dry 
matter yield, percent nitrogen, and nitrogen yields of the different 

grasses. From this study, the following conclusions may be drawni 

1. Oeorgia hybrid No. 1 produced more total dry matter and 

nitrogen than any of the other grasses studied, and was followed hy 

Piper Sudaagrass, Sweet Sudangrass and Oernan millet, in that order. 

2. The EB-U cutting intensity produced toe largest yields of dry 
matter, and was followed by 30-10, 30-6, and 20-6, in that order. 

3. The deceasing order of total nitrogen production by toe four 

cutting intensities wast 30-10, 30-6, 20-6 uui EB-U. 

li. As the yields of dry matter of any individual treatment 

increased, the percent nitrogen of that treatiaent decreased. This 

relationship followed a straight line relationship when toe logarithm of 
both variables was used or an exponential function when original data 
were utilised. 



5* As cutting intensities deoreas^f and the height of tlui 

grasses increased* there eas a general decrease in perotmt nitrogen of 

the harrested forage* 

6* Mth Increases in nitrogen fertiliser applications from sero 

nitrogen to one hundred and twenty pounds per acre* there was a 

corresponding increase in dry matter yields* nitrogen yields and 

nitrogen percentages of the harvested forage. 

In summary* Georgia hybrid lio. 1 was the grass irtiich produced 

the highest amounts of both dry matter and nitrogen and was the best 

grass for pasture* hay or siXags among those studied. ELper Sudangrass 

was the better variety of Sudangrass in this study* but it was not 

greatly superior to Sweat Sudangrass. Bie higher coaibination of both 

yields and percent niti:*ogen in the forage harvested were obtained when 

the forage was allowed to grow up to 30 inches and was cut down to a 

stubble height of preferably t«i* and scmetimes six inches. 

Yields of dry matter and yields of nitrogen were increased with 

applications of nitrogen fezi^llizer up to one hundred and twenty poondys 

of nitrogen per acre. 
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APPEHDIX A 

Procedure for Determining the Nitrogen Content 
of Sudangrftse and Uillet 

1. Place 1,0 gm, sample of oven-dry forage in Kjeldahl flask. 

2. Add 10 ga, catalyst (K2S0i^ and OuSCj^ .5 H2O in ratio of 100j3,2) 
and 35 al* of concentrated s\ilfiiric acid. 

3. Heat below boiling tintil brothing ceases« then raise temperature to 

the boiling point, and continue for thirty ainutea after digestion 

is conq)lete. 

U* Cool) add 250 ml. of tap water. 

5» Place 500 ml, Erlenmeyer flask containing 100 ml, of 2 percent 
boric acid containing modified methyl blue indicator beneath the 

delivery tube of the condenser. 

6. Add k to $ pieces of mossy sine and enough h$ percent sodium 

hydroxide to the digested material to make strongly alkaline. 

7. Connect Kjeldahl flask to the condenser immediately after addition 

of sodium hydroxide. 

8. Distill over approximately 3OO ml. into boric acid. 

9» Titrate the distillate using standard hydrochloric acid. 

10, Calculate percentage nitrogen. 
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APPEHDIX B 

Dry Eatter and Nitrogen Yields in Poiinds Per Acre and Percent 
Nitrogen of Harrested Forage^ 

No N 

Cutting D.M. Yd. i).E. Yd. t).M. Yd.-' 
Inten- Cutting Yd. of N Yd. of N Yd. of H 

date Lb/A % N Ii>/A Ii)/A % N Lb/A Lb/A % N Lb/A 
Seeet Sudangrass 

20-6 July 1 it06 3.55 llt.lt lt60 3.66 16.8 
k 261 2.90 7.6 
17 130 2.29 9.7 62lt 2.67 16.7 721 2.99 21.9 
31 368 2.52 9.3 U30 2.91 12.5 

At]^. 1 653 3.02 19.8 
22 ltlt3 2.33 10.3 358 2.56 9.1 lt76 2.81t 13.5 

Sept 19 315 2.39 7.5 
25 239 2.1t7 6.0 366 2.89 lo.li 

Oct. 9 355 1.39 lt.8 557 1.62 9.0 382 1.75 6.7 

30-6 July k lt36 3.61 15.7 597 3.77 22.0 
10 930 1.89 17.8 
19 66U 3.26 21.6 
22 909 2.56 23.3 
31 lj51t 2.22 10.1 

Aug. 1 522 3.25 16.7 
lit 610 2.ltl llt.7 
29 672 2.35 19.2 

Sept It lt89 2.16 10.2 

19 379 2.ia 9.2 
Oct. 9 52lt 1.77 9.0 500 1.70 8.5 626 2.32 1U.6 

30-10 July 5 5llt 3.1t2 17.6 583 3.5U 20.2 
10 530 2.21 11.7 
19 656 3.12 20.lt 
22 979 2.1t6 2lt.l 
2lt lt30 2.28 9.8 

Aug. 1 lt89 3.02 llt.8 
lit 570 2.35 13.3 
22 535 2.18 11.3 
29 680 2.62 17.9 

Sept 18 306 2.33 7.1 
19 293 2.52 7.1 

Oct. 9 511 l.lt6 7.1t 63lt 1.3lt 8.6 895 1.86 16.6 

E.B.-U July 22 2167 1.7lt 37.5 2608 1.89 lt8.5 
2lt 2221 1.16 26.2 

Sept It 667 1.85 12.lt 871 1.73 15.1 1315 2.07 27.2 
Oct. 9 lt62 1.82 8.2 519 1.76 9.1 519 2.28 11.8 
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APPENDIX B (continued) 

Dry Better and Nitrogen Yields in Pounds Per Acre and Percent 
Nitrogen of lUurrested Foragol 

60 JJae/A N 120 Ifca/A N 
Cutting wt Kiu oi;; wr 
Inten- Cutting Yd. of H Yd. of N Yd. of K 
slty date 11>/A % 

Piper Sudangrass 
20-6 July 1 iSl 3. 15.3 500 3.1;2 16.8 

h 331 2.Oil 6,8 
17 392 2.73 15.6 710 2.90 20.5 
31 U79 1.96 9.3 15.9 

A\;^. 1 732 2.89 21.2 
22 ia7 2.18 9.1 12.5 868 2.18 21.3 

Sept 18 3lt7 2.52 8.7 
19 382 2.58 9.9 
25 331 2.33 7.8 

Oct. 9 363 1.30 U.6 5U3 1.71 8.9 266 2.25 5.9 

30-6 July U 15.5 508 3.52 17.1; 
10 721 1.76 12.6 
19 659 3.01 19.5 
22 866 2.U0 20.8 
31 li76 1.83 8.7 

Aug. 1 659 2.92 19.2 
111 567 2.U1 13.8 
22 933 2.1;3 22.3 
29 578 1,83 10.6 

Sept 18 678 1.86 12.U 
19 Ii22 2.1i5 10.3 

Oct. 9 519 1.82 9.1 637 1.32 8.3 Iil7 2.05 8.1; 

30-10 July $ 223 2,$6 5.8 17.7 750 3.00 22.2 
19 659 2.99 19.6 
22 720 1.53 11.2 809 2.51 20.1 
31 221 2.75 6.0 

Aug. 1 691; 2.77 19.0 
m 315 2.07 6.8 366 2.1ilt 8.5 
22 761; 2.I4I; 13,6 

Sept ii 306 2.08 6.3 li27 2,10 9.0 
19 157 2.61 11.9 

Oct. 9 16.U 763 1.83 13.8 

E.B.-li July 22 liO.l 2869 1.69 1;8.0 
2U 1987 1.09 21.U 

Sept U 758 1.53 11.6 21.2 11;92 1.81; 27.1; 
Oct. 9 U98 1.52 7.1i 10.8 1;62 2.a 10.9 
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APPENDIX B (conilnu«d) 

Dzy Ifiitter and mtrogen Yields in Bsunds Per Acre and Percent 
Nitrogen of Harvested Forage^ 

No N 

Cutting D.M. Yd. b.k. Yd. b.lt. Yd. 
Inten Cutting Yd. of N Yd. of N Yd. of N 
sity date Va/k % N Lb/A Lb/A % N Dj/A Ib/A % N Lb/A 

Georgia Ifybrid No. 1 
20—6 July 1 77U 3.35 25.5 777 1*,12 32.0 

h 371 2.61* 9.8 
17 519 1.56 8.1 1127 2.06 23.6 1280 2.9l* 37.3 
31 551* 1.58 8.7 890 1.98 17.7 

Atig. 1 111*8 2.1*2 27.7 
22 699 1.6S 11.5 828 1.78 lli.7 761* 2.18 16.1* 

Sept 18 758 1.71* 13.2 731* 2.01 11*.8 796 2.11 16.5 
Oct. 9 772 1.70 13.3 1*03 2.22 9.0 626 2.11 12.9 

30-6 July k 963 3.06 29.1* 1100 3.60 39.6 
10 1059 1.71* 18.1* 
17 565 1.92 12.7 lol*l* 2.95 30.9 
31 817 1.39 11.0 675 1.73 11.6 

At;^. 1 121*0 2.30 27.7 
29 1059 1.1*5 15.3 973 1.1*3 13.9 992 1.93 19.1 

Sept 23 519 2.06 10.7 1*1*1 2.01 8.9 928 2.25 21.1 
Oct. 9 339 1.77 5.9 298 1.95 5.0 250 1.99 1*.9 

30-10 July $ 963 2.35 22.8 81*2 3.83 31.6 
10 653 1.93 12.7 
17 626 2.72 22.5 1127 2.79 31.0 
2I4 1191* 1.1*5 17.2 
31 777 1.77 13.7 

Aug. 1 U67 2.16 2l*.8 
11* 1113 1.63 17.6 
22 635 1.75 10.9 777 1.97 15.U 

Sept 18 llUO 1.62 18.3 809 2.01* 16.6 850 2.17 18.7 
Oct. 9 1089 1.21* 13.0 1193 1.1*9 17.3 11*73 1.62 21*.0 

B.B.-ii July 2)* 3735 1.36 50,6 1*065 2.13 8l*.7 
Aug. 11* 1*020 0.82 32.9 
Sept 10 1*35 2.05 9.0 2081 1.36 28.2 2670 1.61* 1*7.2 
Oct. 9 31*9 2.06 7.2 325 2,03 6.6 312 2.1*2 7.6 
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iPPESDIX B (oonUniKd) 

Dry Matter and Nitrogen Yields in Rsunds Per Acre and Percent 
Nitrogen of liarveeted Forage-

Ub"¥ 60 Lbs/A U 120 ihs/A
Cutting D.k. Yd. D.M» Yd. b.M. Yd. 
Inten Cutting Id. of N Yd. of M Yd. of H 
sity date Lb/A $ N Lb/A Lb/A ^ N Lb/A Lb/A ^ N Tb/A 

German ?a.llet 
20-6 July ii 565 2.87 16.1 627 3,31* 20.6 

10 533 1.97 11,7 
31 li5U 1.75 8.1 1178 1.71 20.1 

Aug.1 27.31390 2,00 
22 183 2.22 It.O 188 2.27 li.O 323 2,33 6.5 

30-6 July 10 1299 2.35 30.U 11*30 2.51* 36.lt 
17 1119 1.76 19.6 
31 352 2.12 6.9 578 2.33 13.3 

Aug. 1 766 2.38 17,8 
22 lt09 1.92 7.5 583 2.06 11.0 1*03 2.1*0 9.3 

30-10 July 10 699 2.7li 19.2 817 2.83 23.1 
17 6h2 1.85 15.3 
31 328 1.9li 5.5 1175 1.79 20.8 

Aitg0 1 10U9 2,m 22.1* 
22 331 1.96 5,7 330 2.09 6.2 395 2.17 7.9 

E*B*—^ July 19 976 1.55 15.2 1858 1.83 3li.5 2103 2.16 1*5.9 
Aug. 22 678 1.70 ll.U 756 1.91 lii.li 1030 2.01* 20.9 

^Mean of three STeplications. 

, ••• <•* 
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k?mmix c 

Seasonal Dry ISatter and Nitx^^gen Yields in Founds Per Acre 
and Average Percent Nitrogen of liarvested Forage 

No N 60 Ii>a/A :3 120 Lbs/A N 
Cutting Td.l D.M. Yd. D.M. Yd, 
Inten Yd. of N Yd. of N Yd. of M 
sity Lb/A % n2 Lb/A tb/A % N lb/A Lb/A % N Lb/A 

Sweet Sudanerass 

20-6 2096 2.28 U7.7 2690 2.57 69.2 3058 2.91 89.1 
30-6 2397 1.96 U7.1 2831* 2.53 71.14 3031 3.05 9I4.I 
30-10 2299 2.06 U7.3 3003 2.35 70.7 3303 2.72 89.9 
EB-lt 3350 I.I4O li6.8 3557 1.73 61.7 l(llll2 2.00 87.5 

IFlper Swiangrass 

20-6 2313 2.09 U8.3 3081i 2.U5 76.9 3li58 2,76 95.6 
30-6 229U 1.79 Ul.O 3251i 2.18 70.8 3598 2.70 97.1 
30-10 2321 1.72 13.5 3539 2.20 77.7 I4O87 2,57 105.1 
EB-U 32ii3 1.2i^ liO.U U816 1.50 72.1 I4823 1.80 86.3 

Georgia 
20-6 3673 1.76 6it.6 l756 2.21 105.3 5391 2.65 11;2.8 
30—6 3793 1.62 61.3 3915 2.08 81.5 555U 2.58 II43.3 
30-10 5109 1.52 73.8 5203 2.00 103.8 6236 2.33 II45.5 
EB-U liiioii 1.02 i;9.1 6iia 1.39 85.1i 72147 1,92 239.5 

German Mtllet 

20-6 1220 1.95 23.8 1931 2.08 U0.2 23I4O 2,32 5I4.I4 
30-6 1G30 1.81 3U.0 2h60 2.22 5U.7 2599 2,l4l4 63.5 
30-10 1501 1.76 26.5 220I4 2.10 16.2 2261 2.36 53.14 
EB-I4 16514 1.61 26.6 26lii 1,87 I48.9 3133 2.13 66.8 

'''Mean of three replioations. 
2*-Obtaiited by divieion of eeaeonal mean ni-trogen yield by seasonal 

mean dry natter yield. 



APPENDIX D 

Dally Temperature in Degrees Jkhrenheit Beported at the 
University of Tennessee, 

Agricultiiral Experiment Station, Knoxville 

Moatti 

June July Aug Sept Oct 
Day Lttn-Max iCLn-Max Min-iats Min-I2ax MLn-Ijax 

1 6U 86 68 88 72 96 70 98 63 82 
2 66 86 68 8U 72 96 72 9I4 60 76 
3 70 87 68 90 72 98 72 88 6U 68 
h 70 ei4 70 88 76 87 72 90 58 63 
5 6U 78 7k 90 68 86 70 89 52 86 
6 66 80 614 87 6U 85 6U 92 56 70 
7 66 85 66 92 60 88 6I4 90 I46 7k 
8 66 90 68 93 614 90 66 78 50 76 
9 70 80 72 91 62 93 68 80 50 78 
10 68 80 70 88 66 9k 68 88 50 78 
n 68 80 65 90 68 9S 70 83 56 66 
12 70 90 6U 9I4 72 96 63 88 58 6I4 
13 70 90 68 9I4 70 98 70 80 50 72 
lU 71 87 714 92 73 91; 63 89 I46 73 
15 70 92 72 Bk 7I4 90 63 90 I46 7I4 
16 72 96 70 9k 72 97 68 69 58 72 
17 70 9l4 72 93 72 86 68 76 62 70 
18 714 91 70 90 72 02 66 7k 50 65 
19 714 89 71 92 69 08 68 78 I42 6I4 
20 62 88 72 93 66 36 70 80 142 62 
21 6U 92 71 9I4 63 80 72 86 38 63 
22 72 83 714 9I4 6U 86 7I4 86 l4i4 78 
23 72 88 714 92 61 86 66 7I4 60 7I4 
2i; 72 60 72 36 614 90 5I4 80 58 70 
25 68 8U 70 90 63 78 53 81i U8 50 
26 614 87 70 88 6I4 06 58 78 I4O 142 
2? 68 81; 72 88 62 90 61 82 33 I4O 
28 72 80 73 90 61i 9I4 62 58 30 58 
29 70 67 72 92 68 9I4 52 6U 30 6I4 
30 7U 82 72 90 70 96 56 78 I43 56 
31 «W<* 70 92 70 98 mmm 52 65 
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appesdh 1 

Daily Rrecipitation Reported in Inches at the University of 
Tennessee Agricxiltiire Sicperinient Station, Khoxville 

^&3nth 
D&y J^e July Ang. Sept. 

1 *03 
2 .02 
3 .53 .21 .50 
h .60 1,60 
5 l.U ,02 
6 .22 
7 
8 

9 »0$ ,li8 
10 ,28 

U .02 1.55 
12 .31 .Ut 
13 1.98 
1^ .03 .3ii 
15 ,2U .U3 
16 .26 1,80 
17 .21 1.72 .09 .6^ 
18 1,18 
19 
20 

11 .3522 ,31 
23 .38 .58 .50 
2h 1.66 
25 ,37 
26 .17 
27 
28 .27 .56 
29 ,29 
30 .09 .03 
31 

Tot^ 5.1i3 2.38 3.61 8.I47 3.1tU 
Long Term 
Meanl U,12 5.38 3.99 2.8U 2,k9 

^Period 1920-1956. 


