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FPREFACE

In 1750 Cerman chemists started investigations with suger beets.
At that time this plant contained only five per cent sugar content. To.
day thie plant has & sugar content of fifteen to twenty per cent, as a
result of continuous selection snd improvorment. The sare thing may be
pointed out in the case of sugar cene. It is not unusual to see in a
Sugar Journal or sugar cane bullstin some variety that is outstanding in
sugar content. The largest per cent of these varieties 'mve Leen de-
veloped by selection.

It 1s a well established fact that this improverent is possible be-
ceuse of wariations within a population,

It wes with these facts in mind that the writer became interested
in the saceharine content of sorghums. ‘hile thie work was conducted at
the Oklahome A, and 3, Experiment Station with sorghums, such variations
as in height, diameter, color of leaves, and numerous other characteris.
ties were cbserved. It wes only logieal to mm that there would be
found & variation in chemical composition whieh would cause varistion in
saeeharire gontent. The value or importance of such a variation is easy
to realize if one keeps in mind that sorghums became one of the leading
forage plants in arecs of ingufficient reinfall for com.

Before any erop can be noted as an importent forage for livestock,
it must eontain sufficient food meterial and be palatable, and both of
these factors are particularly dependent upon the sugars in that plant.

In the problem, variation in the seccharine content of some fifty
varieties of sorghuns was investigated slong =ith tests for saccharine
content at various stages of development of the plant, differences, if
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any, in the saccharine content at the base, middle, and top of the plant;
and variations within a variety and whether a strain with a higher ssce.
charine content then its parent could be obtained. The fifty varieties
studied were composed of thirty varieties of the grein sorghum types, ten
varieties of the seccharine sorgo types, and ten varieties of the broom
eorn types of sorghums,

To obtain the per eent saccharire to total weight of a plant by
chemieal enalysis would have recuired & chemieal laboratory, chemieals,
and an experienced organiec chemist. Having none of these available, &
Carl Zeiss Jena Refractometer which gives the per cent saceharine to
juice was used. This hand refrectometer is easy to operate, efficient,
and offers a very rapid method of eomparison.

It is & pleasure to acknowledge Dr. W, E. Gernert, Associste Profes-
sor of Agronomy, Oklahome A, and ¥, College, for his suggestions, eriti.
cisms, and guidance on how to conduet the work as reported in this thesis.
The writer would like also to acknowledge Professor C. B. Godbey, Pro-
fessor of Ceneties, Texas A. and ¥, College, for his suggestions in ana-
lyzing the data which have been collected.
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INTRODUCTION

The equipment necessary to conduet this problem consisted of a re-
fractometer; heavy wire pliers to asgueeze juice; clean, soft cloth to
keep the refractometer cleen; sharp Imife; elipboard; paper; and peneil.
The study was confined to the sorghums on the Oklahome State Experiment
Station at Perkins, Oklahoma,

It was found to be less confusing to keep the data on the three
types of sorghum; namely, grain sorghum, sorgo, and broom corn, sepereic.
ly ard also to snalyze eagh year seperately. For the stages of develop-
ment, blooming, soft dough, and hard dough steges were used. To study
the different loestions on a plant, the second internode above ground level
mmduthehu.,themmt.mucrthop]mtmnuﬂtam_
sent the middle, and the internode below the inflorescence was used to
represent the top of the plant,

The investigation was sterted July 27, 1937, vhen the sorghums were
in the blooming stege of development. Threo stelks were selected at ren-
dom within a variety that were in as near the same stage of blooming as
possible. The plants were cut down &t the purface of the ground and the
bledes stripped off, The next internode from the base wes cut into, and
with the pliers, two or three drops of juice were squeezed on the re.
fractometer. Figure 1 shows this process. The refractometer was then
closed and the per cent saccharine in the juice was read directly from
the seale in the refractometer as illustrated in figure 2, The reading
was recorded as the base reading on plant nurmber one of that variety.
The juice on the refrectometer was wiped off with a soft cloth and the
same process wes carried out at the middle and top of the plant and so
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REVIEY OF LITERATURE

In a review of literature, no reports were aveilable on the sac-
charine content of sorghums by the refractometer method; however, it
was interesting to Cind that the hand refractometer hes been used in
saccharine snalysis of meny different plants for a number of years.

H, C. Lythgoe, in an srtiele which he wrote in 1912, stated "A re
Tfractometer can be used advantageously to run ssecharine analysis on
foods, eondiments, drugs, beversges, and pure chemicals.™

Also in 1912, B, E, Remington of North Dukote used a refractomster
on & muber of samples of cormereisl vineger and steted that his results
“were satistactory.®

W, £, Cross of louisiana State, in his investigation on methods of
analysis of ceme produets, found the refrectometer useful in sugar house
work determining juieces, syrups, molagses, mossecutes, and sugar. [e
concluded, "the refractometer insures higher accuracy snd greeter sim.
plicity.">

Sidnoy ¥, Sherwood, Associste Biochemist, Buresu of Plemt Industry,
used a refractometer in an extensive study of sugar beets.*

lmmo. He C., Uses of the Befractoreter, Journal of Agriculture Re.
search, Vol. 28.612, Washington, L. C.
w, R, E., Use of Refractometer on Commereisl Vinegar, Journal
s Of Agriculture Research, Vol. 27-.112
Cross, V. Z., Investigation on Methods of /nmlysis of Cane Products,
4 Journal of Agriculiure FResearch, Vol. 28.814
Sherwood, Sidney F., A Study of the Saccharine of Sugar Beete, Journael
of Agriculture Research, Vol. 50



RESULTS
Srein Sowghum

All date were recorded in tsbuler form as shown in figure 3 and in
the appendix., From the data in these tables, bar graphs were made =0
that the variations mny be easily compered.

Figure 4 is & bar graph based on the three stages of development
studied in 1987, The per cent saccharine at each stage of developmsnt
is taken from an average of three plants within = variety. The average
per cent saccharine when blooming was 10.5 per cent., The lowest was
7.5 per cent, found in Shallu and the highest wes 14,5 per ecent, found
in Feterita.

When the grain sorghume had resched the soft doush stage, the aver-
age por cent seecharine inereased to 11,8 per cent. The lowest reading
wes 8,5 per cent, found in Shallu and ¥heatlend ¥ilo, and the highest
reading was 14,5 per cent, found in White Darso and Farr's Atlss X Atlas,

At the hard dough stage of development, the average per cent sae-
charine had dropped one tenth of one per cent to 11,7 per cent. The low.
est reading wes 7 per cent, found in Farge ¥ilo, and the highest was 15
per cert, found in "hite Derso, Schrock, and Texss Blackhull,

An interesting observetion wes that by the time Sudan Crass reeched
the hard dough stage, enough juice to take a reasding could not be ex-
tracted. This might indicate that it hed passed its most desireble stage
ag a forage €rop.

Figure 5 is a bar graph pointing out the relationship of the three
places on the plant being considered in this problem.
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The average reading for all varieties at the base of the plant was
8.7 per cent, The lowest reading was 8,5 per cent on Ajax, and the
highest reading at the base was 14 per cent on “hite Darso,

The average per cont saccherine at the middle of the plant wes ll.4
per cent, The lowest re=ding wss 9.5 per cent, found on Pearl Kafir and
Fargo Hilo., 'The highest reading was 15.5 per cemt, found on Feterita and
mu_nmn. ummwtmmammunmtmummr
cent saccherine was 10.8 per cent. The lowest reeding was 8,0 per cent,
foma;:nnm; and the highest reading was 14,0 per cent, found on
White Darsc. The graph indicates clearly thet if a wariety is low in
saccharine content at one place on the plant, it mey be expected to be
low &t the other two places; and the same rule applies for those thet are
high in saecharine content, This does not mean that there is no varis.
tion from one plaece to another, but the veristion is small compared to
the variation of one wariety to another,

In 1939 the average per cent was higher for plaece on plant than in
1937, However, the figures for 1939 were based on only the blooming
stage of developnent.

Figure € shows the relationship of place on plant to variety for
1938, The average for all varieties at the base of the plent was 10.9.
The lowest resding was 8.5 per cent on Chiltex, and the highest reading
was 15,5 per eent on Red X, At the middle of the plant, the average per
cent saecharine was 13.1. The lowest reading wes 6.0 per cent on White
¥lo X Kafirita, and the highest reeding was 16.5 on Red Eafir, At the
top of the plarte an averege of 11,8 per cent wes found for all verieties.
The lowest reading was 6.5 per cemt, found on Shallu, and the highest
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When the plants were in the blooming stege the distridbution of saec.
charine was not as uniform as in later steges of development. In some
varieties, such as Chiltex, the saccharine content was low at the base
and high at the top of the plant, while the opprosite was found in Shallu,

It is slso interesting to mote the wide variation in the )}ilo varie-
ties. Yor instanee, Fargo Vilo had the lowest everage per cent saccharine
of all the grain sorghum verietios; and et the same stege of development,
Dwarf Yellow Milo was one of the highest in saccharine content.

The bar graphs on grain sorghums for the yeers 1937 end 1939 show
that there was a certain smount of variation between varieties, stages of
plant development, and places on the sare plant,

In any experiment or ﬁild test there is always varisbility that is
uneontrollable, This variability has been assigned the name of "experi.
mental error.™ It inecludes such factors as weather, diseases, insects,
sampling variability, and any other varistion thet camnot be gecounted
for by the experimenter. Because of these factors, one eannot call his
variation significant until there is a larger difference between the fact-
ors in considerntion than the difference that can be expectod to occur
due to ehance, By uee of "analysis of variance" found in Snedecor's
book on statistical methods™ it is possidle to isolate the essential
features of a body of data end test to ses if the variebility is signif-
icant or iz only varisbility thet one would expeet to occur by chance,
Figure 7 is a summary of the caleculations in testing the significance of
variability between varieties, stages of maturity, and place on the
plant. The "F" value in Figure 7 is 2 ratic of variance snd by use of

lanedecor, George W., Stetistieal Vethods, Pp. 179-208.

= il L Bty



Degrees

Souree of of Sums of Hean

Variability Freodom Squares Sguares F Value
Total 269 4y417.57

Variety 29 1,298.64 44,78 7.86
Stege Hoturity 2 268,15 120,07 22.60%
Place on Plent 2 185,48 82.73 16,.24*
Place X Stege S 470.32 uv.s8

Variety X Stage 58 1,321,71 22,78

Veriety X Place 58 221.25 J.82
Yaruty“:e:i’nu X Stege 116 662,04 5.71

*Highly significent variebility

Figure 7. Analysis of variance of variety, stege of meturity, and
plage on plent in grain sorghum, 1937,



an F table, it is poesible to look up the varience thet is due to chance
using the same degrees of freedom. In the ease of the wvariability be-
tween varieties, cn F value of only 1,85 would be required to be highly
significant. That is, If {e woriance ratio excoeds 1.85, the variebil.
ity between warieties is rcel and not due to chance, To be a significant
difference bVetween stages of meturity would reguire an F value of 4,79,
therefore, the ¥ value of 22.60 shows that there is & highly significent
variation between stages of maturity. To be signifiecant, variations be-
tween places on the plant would also require an F wvalue of 4.78. There.
fore, since the F value wes 16,24, a highly significant verisbility is
indicated.

Figure B givos s swmmry of the celeulations of analysis of variance
for varisbility between varieties and place 'on planta in grain sorghums
for the year 1939, In order theat the variability between verieties be
significant, an ¥ value of 2,03 is recuired; therefore, the F value of
8,11 indieates that the variability between varieties is highly signifi.
cant. For the variability between places on plante to be significant,
an ¥ value of 4.98 is required; so sgain the value of 19,0 indicates
that the variability between plages on the same _p]mt is highly signifi.

cant .



N i
Source of Varisbility Freedom
Totel 89
Variety 29
FPlace on Flant 2
Variety X Place 58
(error)

*Highly significant verisbility

of

2,974,089
2,100,57
355,71
517.81

Squares
33.41

177,65
8493

¥ VYalue

8.11*
19.0%

Fipure 8, Ainalysis of variance of variety and place on plant in grain

sorghum, 1939,
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Sorgos

The field datz on esch variety of sorgos were taken and recorded in
tabular form the same ag the grain sorghums were recorded, and from
these tsbles, bar grephs have been made to display the essentisl fectures
in a more readily understardable form,

Figure 9 is a bar graph pointing out variebility in the three stages
of developrent within varieties, The aversge per cent seccharine for
all ten verieties when blooming wes 10.5 por cent, The lowest reading
was 9.0 per cent, found in Leoti Red and Hed X, The highest reading at
the blooming stage of development was 14,0 per cent, found in Coossneck,

When the varieties roached the soft dough stage, the average per
cent seccharine increased to 12,2 per cent. The lowest reading was 10.0
per cont, found in Orange Seleetion No. 2.

At the hard dough stage of development, tmaiangopa- cent sac-
charine had agein ineressed to 13,1 per cent. The lowest reading was
9.0 per cent, found in Sugar Urip, and the highest per cent was 16,5 per
mt; found in Red X,

The grephs point out elearly thet there is a variation at different
stages of development. The variety Fed X is the best example of this.

At the blooming and soft dough stagss, it hsd the least per eent sae-
charine of any of the varieties, and when it reached the hard doush stege,
it had the highest per eert saccharine of any of the warieties.

In surming up the data for place on plant in sorgos for 1937, as
shown in Figure 10, it was found that the average per cent saccharine st
the base of the plants was 12.1 per cent. The lowest resding was 10,0
per cent, found in Leoti Red, and the highest per cent was 14.5 per cent,
found in CGooseneck.
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At the top of the plants, the average for all varietics was 10,9 per
cent, The lowest roading wes 10,0 per cent, found in Fed X, snd the high-
est reading wee 12.5 per cent, found in Leoti Red.

The variety Bed X contained & high per cont ssccharine at the bese
and wag the lowest at the top of the plant, which shows that in some
varieties there is a very large mniim at{ different places on the
plant.

In the data for 19039 on sorgos, Atlas, Farr's Atlas, end Ferr's
Atlas X itles ere ineluded. These varieties are often used as both
grain snd sweet sorsos, so they were included in both comparisons.

The bar greph in Figure 11 shows the per cent ssecharine at the
three plesges on the plants. The average per cent saccharine at the base
of the plant was 10,8, The lowest reading was 8.5 per cent, found in
Early Amber, and the highest per cent was 16,5, foumd in Farr's itlas.

At the middle of the plents, the average per cent saccharine was
12,5, The lowest reading wes 4.5 per cent, found in Harly Asber, and the
‘highan por eent was 17,0, found in Fhite Afriean,

The aversge per cent mhnrino et the top of the wvaristies was 10.8.
The lowest reeding was 5.0 per cent, found in Farly Avber, end the highest
reading was 16.5 per cent, found in Farr's Atlas.

The most outstanding thing in Figure 11 is the low readings found in
- Early Amber. The aversge per cent saccharine at all three places in 1939
was only 5,0 per cent, while in 1937, this seme variety had an average for
the three places of 11,0 per cent.

Figare 12 zives the results of the calouletions to determine whether
or not there is & simnificant amount of variability between varieties, be.
tween steges of mu;.-!ty. and between the three plsces on the plants,
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Legrees Sums
of of Moan
Souree of Variability FPreedom Squares Square F Value
Total 89 1,602.22
Variety 9 308.8 3443 13.4*
Stage Maturity 2 304,89 152,34 59.5%
Flace on Plant 2 179.5¢ 89,77 35.0*
Plage X Stage L 54,86
Variety X Stege 13 577,00
Variety X Place 18 84,96
Variety X Place X Stege 36 92.38 256
(error)

*Highly significant varisbility

Figure 12, Analysis of variance of variety, stage of maturity and place
on Plant in Sorgos, 1937.



For the variability between verictics to be significant, an ¥ value of
2.,15 is required. Therefore, the ¥ walue of 13.4 for varieties indi-
eates that there i2 a highly significent veriation between varieties.
Tor the variebility between the threoe stages of maturity to be signifi.
cant, an ¥ value of 5,20 is required; so the value of 9.5 shows that the
variability between stages of maturity is highly significent. In order
that there be a significant amount of variability between plaeces on a
plant, an ¥ value of 5,25 is also required. 5o agein, the F value of
3540 indicates a highly sigmificant variability between places on the
plant.



Eroom Corn

The field data for broom corn were gollected and placed in tabular
form in the seme way that grein sorghums end sorgos were recorded., Again
bar graphs were mede to display the facts in the tables made,

Figure 13 gives the relationship of stage of maturity to variety.
When all varieties of broom com were in ihe blooming stage, the average
per cent mmm-na.s; The lowest reading was 3,0 per cent, found
in Austrian, and the highest per cent wes 5,0 found in Whisp. At the
soft dough stage of maturity, the aversge per cent saccharine wes 5.5.
The lowest reading wes 3,5 per cent, found in ’ustrien, end the highest
resding was 8,5, found in Black Spanish.

The averasge pur cent saccharine in the hard dough stage of maturity
was 4.9, The lowest reeding wes 4,0 per cent, found in VWhisp, Evergreen
Dwarf, and Miller Bvergreen, and the highest reading was 9.0 per cent,
found in ¥hite Italien.

Figare 13 shows that all broom cormn varieties are much lower in sac-
charine content than the other two types of sorghums studied.

The relationship of place on plant to variety is shown in Figure 14,
The average per cent saccharine at the base of the plant was 5,7 per cent.
The lowest roading was 5.5, found in Whisp and Miller Hvergreen, and the
highost reading was 8.0 per eent, found in #hite Italian. At the middle
of the plants, the average per cent saccharine was 6.7 per cent. The
lowest reading wes 4.0 per cent, found in Whisp, and the highest was 7.5
per eont, found in Black Spanish. The average per cent saccharine at the
top of the plante was 7.6. The lowest reading was 4.5 per cent, found in
Evergreen Dsarf, and the highest wes 8.0 per cent, found in Black Spanish.
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The surmary of the ealeulations to determine whether or not the
varisbility between varieties, between steges of maturity, and between
places on the plant is shown in Figure 15, In each eomparision the F
value is larger then the Pequired F value for the wariability to be sige
nificart, Therefore, it is permicsible to state that there is a highly
significart variability between werieties, stages of maturity, and places
on the plant in broom corne

'In swming the results in broom corn, it appears that the two oute
standing factors arg; first, the ssocharine content is very low, and,
second, all readings were di_trieﬁlt tc make due to a very small amount
of juice.

From Figure 16 it is noted that the highest per ceut saccharine was
found in grain sorghum and broom corn while the plants wers in the soft
© dough stage of maturity, and that the highest per cent saecharine in
sorgos was in the hard dough stege.

C. F. Walton, Jr., Chemist, Carbohydrate Ressarch Division, found
in his chemieal analysis of sorghum sirup made from various parts of the
plant that the sugar content was highest from sirup coming from the mid.
dle of the plent whem in the milk to dough steges.’ He also diseovered
that tmmmmtuémuimmmmmhtamor
development than in the earlier stages. 4 glanece at Figures 16 and 17
will show that the highest por cent saecharine in sorgos agrees with his
Wtimmrm;tmnmntmmwmwtmﬂmtm
during the same stages of meturity.

Yalton, C. F., Jr., Ventre, E, K., ind Biall, S., Fam Production of
Sorgo Sirup, Farmers Bulletin Mo, 1791, Pp. 2 = 6.



Degrees Sums F Value Re.
of of Mean v guired to be

Source of Variasbility Freoedom Squares Sguares Values Significant
Total 89 971.45
Variety ] 219.48 24,38 7.17 2,92
Stage of Maturity 2 100,57 50.28 14,63 5.85
Place on Plant 2 108.2¢  54.12 15.91 5.25
Place X Stage 4 91,56  22.88
Variety X Flace 18 88,02 377
Variety X Stage 18 261,13 14,50
Variety X Place X Stage 36 122.45 340

Figure 15. #nalysis of variance of variety, stage of msturity, and place
on plant in broom corn, 1937,



Per Cent Saccharine Content

Steges of Maturity Crain Sorghums Sorgos Broom Corn
Elooming 10.5 10,86 : 8.8
Soft Tough 11.8 \ 12.2 55 .
Hayd Dough 11.7 : 15.1 4,9

Figure 16. Summary of per cent ssccharine at three stages of maturity
in the three types of sorghums,



Pey Cent Saccharine Content

Place on Flant Grain Sorghums Sorgos Broom Corn
Base a7 12,1 5.7
¥iddle 11.4 12,9 87
Top 10.8 10.9 7.6

Figure 17. Sumery of saecherine content at the three places on the
plant in the three types being studied.



ATLAS SORCO SELECTIONS

In 1988 thirty-four Atlas Sorgo selectiong were made, These se-
lections eould not be made until the plants wore mature so that seecd
eould be saved. The average saccherine content in these plsntis had a
range of 7.0 per cent to 16.6 per cent. The heads frum each plant were
saved in order to plant them in 1939 by the head to row method and tims
determine if the of'fspring would have as high or as low saccharine cone
tont asz its parent.

In 1939 a heavy chineh bug infestation killed out several of the
selections, and no results could be obtained on twenty-two of the orig-
inal selections made in 1838,

Figure 18 shows the per cent saccharine of the selections made in
1928 and beside each one is the por cont saccharine obtained in 1939
from the offepring. From these data it is apparent that in some of
the selections the offaspring was either much higher or much lower then
the parent. It is hoped that by further selections end isolations, or
by hybridization, a strain with a mueh higher saccherine content een be
obtained,
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CONCLUSIONS

There is a significant veriability in saseccharine content between
varieties of sorghumeg in the grein, sorgo, and broom corn types.
There is e significant variability in saecharine content between
bloonming, soft dough, and hard dough stages of maturity in the three
types of sorgiums mentioned above,

There is a significant variability in saccharine content between the
base, middle, and top of the plant in the three types of sorghums
studied.

Sorgos have a higher averege saccharine content than grein sorghums,
and broom corn is the lowest of the three types studied in saccharine
conternt,

Grain sorghums are highest in saccharine when in the soft dough stage
of mwaturity, and the middle of the plant is highest in saccharine con-
tent.

Sorgos are highest in saccharine content in the hard lnmgh. stae of
maturity and the middle of the plant contains the most saecharine,
Broom corn is highest in saccharine content in the soft dough stage
of maturity, and the top of t"e plant contains the highest per cent
saccharine,

No atterpt was made to draw any conclusions on Atlas Sorgo selections
the data were not complete. The resulis were as observed, and this

study is yet being carried on by Dr. W, B, Gernert at the Oklahoma A, end K,
Experiment Stetion.
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APPENDIX 0CT 24 s )
' <4 1940
Field Date Ho
Grain Sorghums
Plant First FPlant Seeond Plant Third Flaent

Development B _OBE. e M : B W T

Blooming = 948 1044 9.8 10,2 10,2 9,2 7.4 846 9,0
Soft dough 10,0 11.8 14,9 11.4 12,6 15,8 9,9 13,2 14,7
Hard Dough Oef 12,2 8.2 448 6,7 4.7 4ol 7.5 6.8

2.7 11.4 10,9 8.7 9.8 9.9 7.1 9.8 10.2

Blooming 10,8 11.0 9.5 7.0 9.6 9,2 9.0 9.8 10.6
Soft Dough 10,4 12,0 11,5 9.2 10,6 10,4 12,3 14,3 12,2
Hard Dough 11,0 11,8 7.0 11,3 12.7 11,3 8.2 10,0 4,6

10,7 11,6 9.2 9.2 10.9 10.3 9,8 11.4 9.1

Blooming 11,0 11.8 11.6 8.6 8.2 9.4 6.6 11,2 10,2
Soft Dough 12,95 11.8 14,7 9.2 6.6 12.4 10.2 9.7 1ll.6
Hard Dough 10,8 12,0 10,5 10.0 9.8 6.0 16,4 15,7 10,4

11,4 11,8 12,3 9,3 8,2 9.3 11.1 12,2 10,7

844 12,0 10.4 10.4 12,6 12,0 11,0 10.0 9.8

Farr's itlas X itlas Sof% Dough 12.4 12,3 15,5 14,6 12,9 15.4 14,2 14.7 16.2
Farr's Atlas X Atlas Hard Dough 15.4 14,5 7,0 15,0 12,3 12,2 13,5 13,7 8.6

Averege

Bishop

Bishop

Bishop
Ayerage

Chiltex

Chiltex

Chiltex
Lyernge

Clud

Club

Club
Averege

Darso
Darso
Darso

Average

Fhite Darso
White Darso
¥hite Darso

Averege

12,1 12,9 10,3 13,3 12,6 12,5 12,9 12,8 11,5

Bloomdnz 10,8 9,6 8.0 10.2 9.2 9.2 10,0 8.4 8.6
&u M ?oﬂ 8.2 M M 18;0 M 3.8.0 15.7 M
Hard Dough 9,0 9.4 8.5 9,8 12,8 12,5 14.4 13.4 12,7

9.0 9,1 8.6 2.9 11.1 11.6 12,1 11.8 11.6

Blooming 74 11.2 944 12,2 14,6 10.8 10,8 114 9.6
Soft Dough 14,6 14,0 12,2 11,0 14,6 11.2 11,1 11.4 12,4
Hard Dough 7.8 0.5 7.0 4.3 14,3 12.4 11,2 9.0 8.3

0.9 10,6 9,5 9.2 14,5 11,5 11,0 10,6 10,1

Blooming 2.2 11,5 11,4 10,0 13,2 13,8 12,0 11,7 11.4
Soft Dough 13.2 12,0 12,6 14,4 15,3 14,0 12,9 14,2 14,8
Hard Dough 7.5 10.8 7.4 11.6 14,2 9.7 11.9 15.0 9.1

10,2 13,1 10,7 10,0 12,9 10.9 10,7 12.2 10,3

Blooming 049 1444 12,0 2.8 11,3 9,2 10.2 11,3 11,0
Soft Dough 13,3 14,4 12,8 8,0 13.4 14,0 9,9 12.2 10.8
Hard Dough 7.5 10.8 7.4 11,6 14,2 9,7 11,9 15,0 9,1

1042 13,1 10,7 10,0 12,9 10,9 10,7 12.2 10.3

Blooming 14,0 16.0 15.9 11,1 11,3 11,8 12,0 13,1 14.4
Soft Dough 12,3 15,0 15,0 13,0 11,4 10,7 14,6 18,8 17.4
Hard Dough 19.3 18,5 12,4 15,3 16,8 9,7 14.5 18,3 9.6

15.2 16,5 14.6 135.1 13,2 10,7 15,7 18,7 13,8

Average

.4
12.7
7.1
0.7

.6
11.4
S.6
10.2

9.8
10.9
10.1
10.8

10,7
114.1
12.4
12.4
Dol
10.9
11.3
10.5

10.8
12.5

940
10.8

11,7
13,7
10.8
1l.2

11.0
12,1
10.6
1l.2

13,3
14.3
15.0
4.2



Kafirita
Kafirita
Kafirita

Average

Pink Kafir
Pink Eafir
Pink Kafir

Average

Pearl Kafir

Peayl Kafir

Pearl Kafir
Average

Fargo Milo
Fargo Vilo
Fargo ¥ilo

Ayerage

Wheetland Milo

Wheatland Vilo

Wheatlend Milo
Average

ii

Plent First Plant GSeeond Flant  Third Plant
Development B ¥ T B M T B N T
Blooming 10,7 11.5 12.6 13.4 16.4 16,3 12,8 14.2 14,3
Soft Dough 1140 11.0 10,6 14.0 14,0 13,3 15,2 15,3 13,7
Hard Dough 12,2 14,7 11.5 12.8 14,9 6.4 14,3 16,0 11.2

11,3 12,4 11.6 13.2 15.1 12,0 15.4 15,2 13,1
Blooming  13.3 17.2 13,1 15,3 20.4 16,0 10.4 13,3 11,6
Soft Dough 12.6 12,5 13.8 16.4 18,3 14,4 10.8 13,3 12,8
Hard Dough 20.2 2144 22.8 15,4 16.0 10,8 10.6 7.2 9.6

1544 16,9 1644 14,1 17.6 13,7 10.6 11,3 11,3

Blooming Oed 11,7 10,4 12.4 10,8 10,7 11.2 12.4 11.8
Soft Dough 134 10.9 10.9 11.5 12.0 12,6 15,6 15,1 13.2
12,6 15,4 10.6 9.6 9,9 10,1 13,3 12,4 12,1

Soft Dough 1446 10,0 10,8 10,3 9.9 11,0 8,2 7.8 7.2
Hard Dough 9.1 6.0 4.3 10,4 14.4 10,1 11.6 6.8 4.0
11,5 9.5 944 9.9 11,9 11,2 9,9 8,8 7.8

Bloominz 106 12.9 12.0 9.5 9.2 10.4 11,1 11,0 11.2
Soft Dough 11,2 13.3 15,8 10,2 11,3 12,0 14.4 11,8 15.9
Hard Doush 17,5 18,0 13.5 10,8 11,8 9.9 5.2 6.8 4.8

13,1 14,7 15,8 10,2 10.8 10,8 10,2 9.9 9.9

Blooming 92 10,3 10,28 8.3 846 840 10,2 11.6 10.2
Soft Dough 11,7 14.5 12,8 13,9 14,0 13,7 15,1 13,1 13.5
Hard Dough 12.6 9.2 6.9 10.2 8.2 3.8 12,0 14,2 9,9

11.2 11.3 9,9 10.8 10,5 8,5 11,8 15,3 11.1

Blooming 11,2 10.2 9.6 10.1 11.4 8.8 10,0 9,7 5,8
Soft Dough 13,2 13,0 15,1 8.2 11.0 13,3 10.2 10,5 12.0
10.8 11,1 10.3 10.4 11.8 10,3 12,0 12.1 10.4

Blooming 8,8 10,0 10,8 8.1 9.7 9.2 9.1 10,7 9.0
Soft Dough 11,9 10.4 12,5 8.4 10,0 11,5 11.2 9,7 12,0
Hard Dough 10,4 15,0 9.8 8,4 8.5 9.3 5.0 5.8 5.4

10,3 11.1 11,0 8,3 9.4 10,0 8.4 8,7 8.8

Blooming 10,6 10.1 11,8 11.2 10.3 10.2 10,6 8,9 12.0

Soft Dough 8,7 9.2 11,1 12,0 11,3 * 9.7 12,1 *

Hard Dough 9.5 8.7 4.3 7.0 7.6 5.3 9.4 10,0 5.0
9.6 9,8 9.1 10,1 9,7 7.7 9.7 10.3 8,8

9.8 12,0 13,5 14.2
9.8 5.5 9.0 9.2
8.2 17.0 17.0 10.1
9.3 11.5 13,1 11.2

Blooming 10.8 11.0 8.6 10,0 10.4
Soft Dough 4.3 8.2 10.5 11.0 12.4
Hard Dough 16.0 9.6 0.2 12.4 13.3

10,4 9.6 9.4 11.1 12,0

Aversge

13.8
13.0
12.6

14,8
13.4
14.7
14,1

12,6
10.7
11.5

9.9
10.8

10.9
11l.4

9.6
13.8
9.7
10,9

10.0

11.0

99.6
10.8
8.6
D6

10.6
7.4
245

11.1

8.’
144
11.5
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Plant First Plant Second Plant Third Plant
Development B u - B M - B M T

Blooming 13,0 12.4 10.3 11,0 12.2 10,3 14,1 19.8 17.6
Soft Dough 9.8 13,9 11,8 9,5 13,9 12,0 12,9 14,0 15,8
Hard Dough 18,0 17,9 11.7 12.0 12.4 11,2 9,0 9.6 11.5

1346 14,8 11,3 10.8 15,2 11.2 12,0 14,5 14,9

Blooming 7.8 9.8 8,0 8,9 9,3 10.8 11,3 10.8 10,8
Soft Dough 9.9 11,8 12,0 8.8 10,5 9.8 8.4 10.0 124
Hard Dough 15,2 15,9 10,86 9.9 12,0 8,9 15,7 16.4 9.4

10.8 12,5 10.8 8.9 10.4 9.3 10,9 12,5 10,9

Blooming Oed 12,2 9.8 12,0 14,0 11,4 10,3 11,6 9.8
Soft Dough 10.3 144 14.6 8.0 10.3 14.4 8,5 11.8 13,8
Hard m Bo’ 19.3 609 9.3 u.' 308 18.9 18.0 8,2

9.5 12.4 10.4 9.7 12,7 11,5 10.6 13,1 10,6

Blooming 64,6 9.4 8.8 7.3 9,0 10.8 7.0 10.2 7.6
Soft Dough 9.2 ©,0 13,4 10,7 14,1 14.2 9.8 13,7 14.6
Hard Dough 14.2 14.2 9.6 14,0 13,1 14,2 14,2 13.3 9,0

10,0 10,9 10.6 10.8 12,1 13.1 10.3 12.4 10.4

Blooming 80 8,1 9.6 7.0 6.8 7.0 83 7.1 6.4
Soft Dough 10,0 11.0 * 9.8 6.3 7.2 8.5 6.5 7.2
Hard Dough 12,7 13,8 8.4 15,5 14,0 6.5 15.2 16.6 10,1

10.2 10,9 9.0 10,7 9,0 5.9 10.7 10,1 7.9

Blooming Se2 7.6 85,2 11,0 12,4 9,0 10,0 11.2 10,0
fard Dough 14,7 16,5 12,5 15.8 18,0 12,8 18,0 16,0 10,7
10,3 11.7 11.7 11,1 12,8 11,6 12.8 12,8 11.6

Blooming Se¢d 10,4 9,8 9.1 11,6 10,7 9.7 10,9 8,1
Soft Dough 10.8 11,4 14,4 15.7 11,8 14,9 12,7 17,3 17,5
Hard Dough 1643 1642 11,8 14,8 16.3 10,6 14,0 14,4 11.3

11.8 12,5 12,0 12,5 13,2 12,1 12,1 14,2 12,5

Blooming 12,0 14,0 * 8.4 7.8 9.4 9.8 11,0 10,0

Soft Dough 10.7 * g 9.2 10,5 * 8.0 9.1 *

Tard M L 2 & * A * * ® * *
11,3 14,0 * 8,8 9.1 9.4 8,9 10,1 10,0

Blooming 8.7 9,0 8,4 6,8 B,2 8,1 6.0 9,0 B.8
Soft Dough 6.3 9.5 15,0 7.9 11.0 14,1 11,9 14,8 15.2
Hard Dough 16.3 18,3 14,2 15,1 18,2 12,1 12,0 16.6 9.5

0.8 12,3 12,9 0.9 12,5 11.4 9.9 13.4 11,0

Blooming 9,9 10,0 8.0 11,6 10,0 8,0 8.8 9,0 8.4
Soft Dough 8.2 10,4 10,7 8,3 9,6 10.0 10.9 12,5 12,0
Hard Dough 12,1 15,6 14,5 11,3 11,7 11.8 12,9 15,8 15,0

10,3 12,0 11.0 10,4 10,4 9.9 10,9 11,7 11,1

Average

13.4
12.6
12,6
12,9

9.5
10.4
12.4
10.8

1.2
11.9
10.6
1.2

8.5
1z.1
12.9
11.2

7.6
84,3
12.5
Oed

9.4

11.2
14.8
11.8

948
12.8
14.0
12,5

10,3
0.5
=

8.0
11,7
14,7
11.5

@3
10.4
13.0
10.9
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Plant First Flant Second Flart Third Plant
Development D M T B M T B M

Blooming 11.2 10,4 11.2 10,0 11,0 10,0 8,8 9.2 12,0
Soft Dough 13,2 13.4 12.4 11,5 12,0 12,8 11,8 10,9 12,0
ilapd Dough 17.8 21.0 * 14.3 14.4 17.7 u‘. 13.4 10.9

14,1 14,9 11,8 11.9 12,5 13.5 10.7 11,2 11,6

*liot enough juiee for a reading.

SOTE0

Plant First Plant Second Plant Third Plant
Development B H " R M T B u T

Blooming 7.6 9.8 9.2 13.8 14.0 10,2 7,8 8.2 8.0
Soft Dough 6.2 9.8 11.0 11.4 11.6 9,0 15.0 13,0 9.8

Hard Dough 18,5 17,2 12.4 18,8 19.2 15,0 10,5 9.8 9.5

T Average

10.4
12.2

15.0
12.5

Average

945
10.5

10.8 12,3 10,9 14,7 14.° 11l.4 10.4 10,3 9,0 111.9

Blooming 14,4 15,8 10,8 12,0 14,2 11,8 15,0 18.5 15,0
Soft 17,2 15,0 14,4 7.2 11,6 11,0 14.6 13,0 11,0
Hard 13,0 17,5 15,8 5.0 9,7 8.8 17.7 17,4 11,5

14,9 15,7 15.6 8.1 11,8 20.5 15.8 16,3 11.6

Dough

bough
M 5,9 9,1 9,0 10,5 15,6 13.2 9.0 10,9 8,0
Soft Dough 10,0 13,2 11,6 11.4 11.8 12,8 21,0 17.8 17.0

Dough 10,5 12,9 6.4 5,0 10,8 10,4 10,3 11.2 10,6
8.8 11,7 9.0 10,0 12,7 12.1 13.4 15,3 11,9

11,3 10.2 9.4 9.9 9.2 8.4 9,0 10,3 7.0
Soft Dough 10.0 13.0 14.2 11.6 9.8 1l.2 12.6 11,0 13.1
Hard Dough 11,0 12,0 11,1 13,5 15,6 11,3 11.3 15.0 11.2
10,8 11.7 11,6 11.6 10.8 10.3 10,9 12,1 10.4

11,0 11,4 10,0 11,3 11,0 11,1 14,4 15,2 11,3
Soft Dough 13.2 15,6 13,8 16,0 17.6 12,8 15.4 16.2 14,0

Orange Seleetion II Fard Dough 12,2 14.5 10,2 13.2 17.1 10,3 14,3 18.2 15,0

Average

Orange Selection IIIX

12,1 15,8 12,3 13,5 15.8 11.4 14,4 15,9 15.4
11,7 13,4 10,5 9.4 10.3 9,2 10,0 13,0 10.8

Orange Seleetion IIL Soft Dough 15,0 15,0 13.6 135.5 13,1 12,0 14,6 15,0 13.0

Orange Selection III Fard

Average

Red
Red
Red

M

g

rags

17,8 19,3 14,0 12,3 12.8 10,7 11,8 17,0 12,2
14.8 15,9 12,7 11,7 12,7 10.6 12,1 15,0 12.0

Blooming 10,3 9,2 0.5 11.2 10,1 7.0 10.4 9.5 9.1
Soft Dough 13,0 9.8 8.0 15,0 7.5 7.0 11,6 9,0 9.2
Hard Dough 17.5 19,3 16.4 16,3 16,1 12,9 17,0 19,1 14,2

13.6 12.8 10.5 14,2 11.2 8,9 13.0 12,5 10,8

14.0
12.8
13.0
13.3

10.1
14,1
10.1
11.4

Dot
11.8
12.2
1.1

11,6
15.0
12,0
13.5

10.9
13.8
14.2
12,9

92
10.0
16.5
11,9
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Soft Dough
Fard Dough

Blooming
Soft Dough
Hard Dough
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Firat Plant Second Flent Third Plant
B M b B M . B M

10.6 9.6 8.4 11,5 12,2 8.4 10.5 9.4 9.8
13.2 13,8 11,9 10,6 7.8 8,6 9.8 12,2 11,6
16,4 18,2 11,0 16,3 20.0 12,5 13,0 14,4 10.0
13,4 13,9 10,4 12,7 13,5 0.8 11,1 12,0 10,5

10.4 10,0 8.5 10.4 9.8 8,7 8.8 9,9 9,0
14.9 14,3 12,8 12.2 13.2 11,6 10.9 10,0 11.8
12,5 12,2 14.0 15,8 135.2 12.3 14.2 14.1 15.4
12,6 12,2 11,8 12,1 12,1 10.9 11.5 11.3 12.1

10,9 10,9 9,2 10.8 11,3 8.5 11,0 10.0 9,0
10.2 11,6 11.2 13,2 11,0 12,2 9.6 8.9 10.0
8.8 11,6 6.0 8.2 8.4 4.6 9.8 8,2 5.5
2.9 11,4 6.8 10,7 15,6 8.4 10,1 9,0 8.2

Broom Comm

First Flant Second Flant Third Flant
B o T B N T B 4 T

S.1 * 4.1
8.5 * 4.9 11.0
4.6 5.0 4.6 4.6
5.4 5.0 4.7 6.6

4.2 * 5.0
4.4 8.0 4.4 5.1 12,0
8.0 4.3 44 9.0 6.9
4,9 6.1 4.6 B.B 9.4

4,0 *

Sed 1lel
ol 3.2
4.5 7.2

4.0
4.4
Se8
B9

4.0
4.1
6.1
‘.’

4.0 *
5e2
4.1
Lok

2,5 *

5.8 4.8
8,0 7.0
5.4 5.9

48 *
340 840

6.2 *

4.9 8,0
4.8 5.9
5.3 6.9
3.7 3.4 *
4.9
3.0
3.9

0.3
5.0
1.2
2.2

S.7
4.0
4.0
3.9

3.9
2.2

5.0
3.0

44 ¥

4.0 6.2
7.0 4.8 0,6 4,1 5.0 4.2
4o 4.l 4.5 4.0 4,5 5.2

'.si * # * % * * *

5.5 4.0 * 5.0 5.0 7.2 6.0 4.2 7.0
5.9 5.9 640 4.0 4,0 4.0 4.8 4.6 0.0
Te® 449 0.0 4.5 4.5 D46 Sedk 4ot 6.5

4.8 5,0 * 4.1 *
6.0 5,6 * Gl *
8.9 5.3 3.2 2.0 2.0
5.9 5.3 5.8 4,1 2.0

4.3 *
5.8 *
4.9 5.8
4.8 5.8

3.0
2.4
5.8
37

S *
3.9 *
4,7
3.9

2.2
4.0
246
2.9

2.5 *
5.1 ¢
3.0
Ze5

3.0
Se2
1.5
2.6

3.8
4.2
2.4
3.5

5.8 *
S.9 *
3..8 ‘.o
5.0 4.0

4.2
3.8
Sed
4.5

T Average

10.1
1.1
14.8
11.9

9.5
12.4
13.5
11,8

10.2
10.9
8.0
9.7

446
6.2

6.0
545
4.9

4.9

4.1
4,7

5.5
4.8
Jel

3.7
4.7
Lo
4.2

4.0
4.6
4.0
4,2



Flant FPirst Flant Second Plant  Third Fleant

Plent Development B 4 , S M T B M T Averam
White Italien Blooming S5 4.8 * 8.9 8.3 * 3.7 15 * 3.5
White Italian Soft Pough 5.5 4.9 6.8 5.8 7.1 7.8 5.0 5,3 7.0 58
White Itelian Hard Dough 10.1 11,1 9.4 7,1 10.2 5.0 9.9 12,4 8.1 Oe2

Average o7 049 8.1 544 6,9 6.1 6.2 6.4 7.5 6.2
Black Spanish Blooming Sel 4,0 4.8 4,28 4.0 4,9 2.6 2,6 3.7 347
Black Spenish Soft Dough 4.8 B.,0 10,6 8.0 7.6 10.0 9.1 9.8 12,0 8.7
Blaek Spanish Hard Dough 8,2 9,0 5.4 8,0 12,2 8l 9 7.2 8.7

Average S 7.0 7.3 6.1 8.2

9.6

8.2
Stan, Black Spanish Blooming 4.0 3.5 * 3.3 8,0 * 4.2 5.8 * 3.5
M.BMW MM *® 4.9 * MM"‘ 3.8 * * 5.0
‘Stan, Dlack Spenish Yard Dough 7.6 8.4 7.8 844 11.9 m 5.9 6.8 5.0 77
*
£
8.4
8.9

Average 53 5.6 7.8 5.7 6.6 446 5.3 5.0 Se4
Austiian Blooming 2.9 5,3 * 2,5 3.4 2.4 1.5 * 3.0
Auptrian Soft M 1,6 D.4 * 346 8.0 1.8 2,0 s 3.7
Austrien Hord Dough 5.0 6.8 4.2 7.2 12.6 4.4 3.1 5.0 6.1

Average Je2 D48 442 444 7.3
*Not enough julee for a reading








