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Technical Rulletin No. 845 +  June 1943

Sugar-Beet Seed Production in Southern
Utah, ‘with Special Reference to Factors
Affecting Yield and Reproductive De-
velopment’

By Biox TouMax,® ussaciole agronomisi, Divisien of Sugar Plant Investigaiions,
Burenww of Plant Industry, Seils, amd Agricallural Fengineering, Agricultural
Researeh sdministration
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INTRODUCTION

=)
=} Sugar-beet seed is produced in southern Utah by the methaod of
Spverwintering plunts in the tield (2).*  This method has been used In
=hil the commercial sugar-beet seed-production areas developed in the
B nited States in reeent years,
Results with the sugar-beet seed crop in various areas have indicated
thitt soils of more than average fertility are desirable. In addition
S0 the use of barnyard and green manures, commercial fertilizers gre
sdommonly used. In New Mexico, nitrogen fertilizers applied as side
Ztlressings in carly spring have given increased yields (3).  In western
regon botl nitrogen and sulfur are limiting factors in production,
Zund about 500 pounds of ammonium sulfate per acre are applied to the
—growing crop (9). In much of the Oregon sugar-beet seed-producing
1| Subtnitted for putdiention Qetober 1012,
t Pl stdios were condaeted i eosperatinn with the TUsb-ldabo Pur Co, Ackpowivdgmient is made
1o Q. H, Caons, prineipad pathologis, Enbanks Corsner, senior prabiodingist, amd F. V. Owen, peneticist,
of this Division, for Rolplu) supstest ions during the criese of the work and in e propstation of the menu-
wgli,zl:;iic numbers i pureniheses refer 10 Literature Clted, i 33,
08106 —48——1 1
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aren, Boron has also proved Lo be deficient (8}, nd remedial applica-
tions are necessary.

1n southern Utal, Loth phosplate and nitrogen were shown to be
iimiting factors in sugar-heet seed produetion.! Nitrogen has been
found to be a determining factor conditioning the utilization of ear-
bohydrate reserves stoved in the root of the beet.  An adequate supply
ol this fertilizer element during the entire fruiling peviod was necessary
to produce maximum yields (8).

Liv addition - to the ceonomic tmportance of maximum seed vields,
complete reproduction within u mass-seloctoed sugar-heet variety is of
vital coneern, since it has been shown that where same component
Lypes within a variely fail to enter into seed production objectionnbie
deterioration of the variety has vesulted (). Initiation of seedstalks
and flowering in biennial beets is brought about mainly by the cumula-
tive effeets of prolonged exposure to low temperature, followsd ov
accompanied by the offects of long photoperiods.  This process, inchul-
ing both thermal induction and photoperiodic induction, has been
rermed “plhotothernal induetion” (5),

1t has been shown that the range of temperature within which
thermal induction {nkes place is rather narrow (7, 7al.®* Beet-crown
temperatures above 16° (o 129 ' are unfavorable for thermal indue-
fion, and there may be reversal of the thermal-induetion process ot
femperatures of 15° to 18°, It has also been shown that thermal indue-
tien takes place only under conditions where physiological processes
ave possible, At U7 physiologieal processes ure so relarded that fittle,
if any, theemal induction oceurs (7, 7). in a scod-growing area, it
is impossible {0 control air temperatures during the overwintering
period, but it is possible to modity soil temperstures and, in a nmeasure,
to control the thermal envirorment of the beet crowns.

The tests reported in this bulletin are n continuation of the enrlicr
work in the southern Utah sugar-beet seed districts: they deal with
practices that aflect not only seed ¥ield but also the reproductive
development of the sugar heet,

ISTORY OF SUGAR-BEET SEED GROWING IN
SOUTIHERN TTAL

Irrigated districts avound the towns of St. George and Hurricane,
in southern Utah, were among the fiest to become established in the
production of domestic sugar-beet seed.  Several small [ull plantings
of sugar beets for seed were made in Washington County, in southern
Utaly, prior to 1930, by 1. A, Pack, of the Division of Sugur Plant
Investigations, Bureau eof Plint Industry, Soils, and Agricultural
Engineering.  These test plantings were continued in 1930 and subso-
quent years by F.AL Owen, of the snme Division,  Beginning in 1930,
mberest was stimulated i these plantings by the fact that a sugn -
heet vartety (U 8. 1) resistunt (o curly top had been developed hy
the Division of Sugar Plant [nvestigntions, nnd an nnmedinte need
arose for production of seed of this varicty on a commereinl seale.
In the f:ll{ of 1931, the Utah-ldaho Sugar Co. gave support to the
program and 5 acres of U, 8.1 (2) were planted. The following vear
TIII|1IIII|iH|Il‘Il Ak from 1ests pamlueted in 1933 aml 1934 by 1. 0O, Collwerlsoin, wssoehute geranateist, [vie
ston o Stanr Plang bivestigntinne, e of Mlant Bndustry Suils, sl Aprienltusal Boglnecring.,

* Also i unpthlistun ] datn fram ests eandueting Ly Myron Stont, assistunt IHhysiolozist, Division of Supar
LIt Investigations, Burean of it Endustey, Soils, and Aprivuliweml Eagineering.
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241 nacres of sced were produced, and 3 years later the plantings had
incrensed to more than 700 acres.  Since these early experiences with
U. 8. 1, severnl other varieties, improved with respect to curly top
resistance, have also been grown.  These, in the order of their release
for commercinl use, are U.'S. 33, U. 8. 34 (10), A-600, U. 8. 12 (4),
and U. 8. 22 (table 1).

TaBLE 1.—dAcreage and praduction of sugar-beel seed in the SI. George, Ulalk, district
Jor the years 1932-.42

Acrenes planted (o vucloty Noo— Bead produce:d

Year of harvest

ve |ws e s us \ . Per
. P 34 A=K .Ol.hl.r Total e

Number: o AAcres | sleres | dcrex [ Acrer | Aerex Pnl&m{ls Pouuds
30 5 ) o 5 404
. 1 e P
11 PR B3 T T T
447 LN 459 01, 714
460 HWa o T [ |, 500, 613
25 08 THL {1,308, 546
. 7a6 1 1, 531,42
GUY | 1,30, Gl
5011, 200, B3
10 1,288, 334
a8 938, 157

Total or ] : Il
RYOTHEE. ! 311,288 1,483 . L I T8 - 5 GO0 1L 372400 1 2 029
1 . ! ! 1

I Dotn nssemblnd by the Ctal-Ldabo Sugar Co.

During tl:e early vemrs of sugar-beet seed production near St.
CGicorge, Utaly, it beeame obvious that nuiritional deficiencies were
seriously checking plant growth and development. In nearly all
fields, the majority of plants turned yellow and were stunted in
growth, and the yield of sced was low.  However, around the entire
edge of the fields was a narrow fringe of plants that were much greener
in color and grew much more rapidly in both the fall and the subse-
quent spring and summer. This extreme border effect gave the
fields a “picture (rame” appearance. In the fail of 1933, in prepa-
ration for the 1934 seed ¢rop, a preliminary recommendation on nitro-
eoty and phosphate fertilization was worked out betwuen representa-
tives of the Utah-TIdaho Sugar Co. and the Division of Sugar Plant
Investigntions. This schedule has been medilied as more complete
information has become available.

SOLLS AND CLIMATIC CONDITIONS

In the Virgin River Valley (£8) the farm lands where beet seed is
grown are principally near the towns of Iwrricane and 8t George,
Utah.  Here the soils are alluvial in orvigin and, in generval, are deep,
feinlde, and fine in texture.  All enltivated erops must be grown under
irviga tion, and the irrigable lands occupy vhe comparatively level valley
areas. A general feature of the irmgated soils i this area is the
presence on the surface of a layer of silt deposited by the irrigation
water.,  This layer of silt is generally 12 to 18 inches deep, but, in
extermne cases, may be as deep as 3 to 4 feet. The silt is usually fine
it texture, varying in type from silty elay loam to heavy clay. ‘The
higher. steeper lands ave lighter in texture, and the upper end of many
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ficlds grades off into fine, sandy loams, The underlying subsoils arc
generally highly calearcous and of medium texture, Most of the
soils arc red or have a reddish tinge and are low in organie matter,
nitrogen, and available phosphorus (/7). The soils are generaily rich
in solubie salts of the alkaline earth group.  Caleium earbonute and
gypsum are very plentiful. - Sugar-beet seed is grown principally in
retation with grmin and alfalla and occupies some of the best agri-
cultural lnnds i the vallev. 16 s also grown (0 some extenl on now
Innds broken out of saligrass and vssocinted salt-tolerant shruhs, sush
ns ctriplex canescens James.  Although oo Ligh in soluble salts to
support growth of grains or legumes, some of this land produces Iniv
crops of sugar-beet seed.

All of the experimental plots were located on soil of the silted phase
of the Redficld silty clay loam series.  This series represents the better
agricultural lands of the Virgin River Valley (£8).

The climate in southern Utah is relatively dry. The avernge
annual precipitation at Bt. George is nbout 8.6 inches, and oven at
Leeds, nearver the I'ine Valley Mountains, the average rainfall is only
13 mches. The climabe is characlerized hy eather large daily varin-
tions in temperature. The sumnier period is loug and hot; the winters
are short and gencrally mild.  The average frost-free season is listed
by the Uniled States Wenther Bureau as 167 davs. However, the
stigar beet is relatively hardy amd makes some prowth even in the
coldest months,  The sugar-beet seed erop, which is normally planted
during the last week of August and the thst 15 days of September,
usually grows vapidly until the latter part of November and resumes
rapid growth again in the latter part of February, Consequently,

there s generally not more than a 3-month period during the winter
when growth is abmost completely stopped.  During this period, the
avernge monthly mean temperature ranges from about 38° to 42° T,

ACRONOMIC EXPERIMIENTS
Pran axp Procepure

Agronomic experiments with sugar beets grown for seed were con-
ducted during the years 1936, 1937, 1038, and 1939, These tests
follovred the same general pattern but varied as to amounts of nitrogen
and phosphate applied, Jdates of application, and related faclors
mleeting fertilizer response, stuch as planting date, plowing date, and
varviety.  In general, the experimental designs used consisted of a
split-plot avrangement (72), There were four veplications of all ferti-
lizer treatments. Appropriate errors were obtained for cach main-plot
and subplot comparison and for the interaction effects of the various
Lrentments,

All nitrogen upplications were made as side dressings to the growing
crop as were also the spring applieations of phosphate.  Phosphate
applied in the fall was broadeast and worked into the soil during the
final operations of seedbed preparation.  The source of the nitrogen
was ammonium sulfate (20 pereent N) and the phosphate was applied
as Treble Superphosphate (46 pereent 17,05,

The plots were planted between Angust 25 and September 22 each
fall.  Where planting date constituted a variable in an experiment, at.
least 2 woeks elapged between plaoting dates. The seed was usually
planted in comparatively dey soil and irigated up.  Irrigation Turrows
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wore nade either prior fo drilling or when the seed was planted. Water
was supplicd us needed throughout the growing scason.  The plots were
harvested during the Iast week of June or the fivst weck of July,
depending on the season. Buffer rows were discarded to avoid border
offeets.

ErrFects oF TREATMENTS ON VEGETATIVE Growrm, Reepnopuctive
DEVELOIMENT, aND SEED YIELDS

The sugar beet is o biennial, and both thermal induetion and photo-
periodie induction are necessary o bring about complete reproductive
development.  The amount of pholothermal induction required to
hring about complete reproductive development in a beet is controlled
by thoe genetic Factors that determine bolting tendeney. Beets of “easy
holting” tendeney are those whose photothermal reguirements are
casily satisfied.  1n contrast lo easy-bolting types, beets of “nonbolt-
ing’” tendeney rvequire prolonged exposure to conditions that induce
Nowering.  1n this sense, “nonbolting” is a relative term.

There is a direct relation between fall growth and the induction
process.  Beenuse the induclion process is an indispensable factor in
secd production, ne amount of care in the spring can compensate for
the inandeguate photothermal induction that may vesult Trom insufh-
cient fall growlh, Consequently, any factor that depresses fall growth
may be critical in seed production by the overwintering method. A
iknowledge of the factors that influence induction of the reproductive
process is, therefore, of importance.  Planting date, time and method
af seedbod preparalion, and phosphate and nitrogen fertilization
greatty alfected fall growth and subsequent reproductive development.
in all of the experimental plots, sugar-beet plants in the cheek plots
were noticeably different in both fall and spring growth from those of
plots receiving nitrogen and phosphorns.  Sugar beets in plots receiv-
ing nitrogen and phosphorus grew vigorously, as indicated by dark-
green, vigorous [olinge. i contrast to the yellow, dwarfed foliage of the
vheek plots. Examination in Iate fall showed that root development
was indicated rather accwrately by top development.  Plants of the
check plots often had roots less than one-quarler of an inch in diam-
eler, whereas In the plots receiving nitrogen and phosphate the roots
were Lhree-quarters to Uinch i dinmeter. Late planting or late seed-
Bed preparation also influenced the fall growth of plants; when cither
or both of these fretors accompanicd lack of fall fertilization. the
effects were additive and extreme depression of fall growth resulted.

When growth was resumed i the spring. the effects of nitrogen
amel phosphate deficiencies became even more pronounced.  Seed-
stalle development began in late March and early April. On some of
the eheck plots where growth had been extremely poor in the fall
beeause of late planting, late seedbed preparation, and phosphorus
deficieney, as high as 66 percont of the plants remained vegetative
and 90 pereent of the total plant population did not enler into sced
production {fig, 1)

During the flowering period, beginming about May 15, and unill
harvest time, rther svmiptoms of pliosphorus deficiencey beeame evi-
dent.  These svmploms were lirst noticeable ns a necrosis of portions
of the leal blade (fig. 2) and, as the deficiency imereased, most of the
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leaves dicd and  lurned
brown. During the latier

2

e .
Ly P.
Fiaeur 1.- Heproduelive development of sugar
beets as inflnenced by plunting date, tine of
secdbed preparation, and phosphate applicn-

tion. .1, Late planting, lnte seedbod prepara-
tion A00 poriids of Treble Superphosphate per
sere applied Febeoaey 24, 19300 result, 34
pereenit of plants with  seedstalks and 10
pervent seed produccrs. B, Faely plaoiing,
lute seedbed preparation, aud no phosphate
fertilizer applieation: result, 88 pereent of
plants with seedstaiks and 46 percent seed
producers. ¢, Late planting, early scedbed
preparation, 400 ponids of Treble Superphos-
phate por acre applicd Febeoary 24, 1939;
resit, U3 pereent of planks with seedsinlks nud
0 pereent seed producers,  (Phofographied
May 26, 19300

pare of June many of {he
roots beean to die and the
whole plant, ineluding the
maturing sced, took on a
rusty-red color. By har-
vest time, the blocks (hat
had not veceived phos-
phate were slritkingly evi-
dont {fig. 3).

1t was also evident that
nitrogen applications did
net inerease growth where
phosphate was «eficient.
In fnet, it often did more
Imrm than good and gen-
erally brought on the vis-
ibe sympfons of phos-
phorus deficieney at an
eartier date.  On the plots
where phosphate was ap-
piteel, the seed matured
evenly and the effect of
nilroget on vield was strik-
mgly evident {fig. 4). Fur-
ther details of the relation
of the various lactors af-
leeling  reproductive  de-
velopment and seced yield
are given o eonnection
with the data {rom each
of the experimental plots
conducted from 1936 to
1939.

TESTS HARYVESTED TN 1¢37

The experimental plots
planted in the [all of 1936
ncluded two dates of
planting, four wvarieties,
nid threee rates of nitrogen
applieationn. The  enlire
experimental plot received
Treble Buperphnsphate at
the rate of 290 pounds per
acre. The rate and time
of nitrogen  applicalions
are shewn in table 2. The
firs{ planting was made on
August 24 awmd the second
planting on September 12,
The four varieties, U, %,

12, A-600, S. L. C. 350,
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and U, 8. 14, included
in the Lest, ‘Witfered
widely in bolting tend-
ency. Preliminary

tests near Bt. Georee in.

103G had shown U
12 o be an easy- boltmrr

mui early-llowering va- |

viety. A-600 was “deli-
nitely slower in seed-
stalk development and
Iater in flowering, but
linally reproduetive de-
velopment  was  prac-
tically as complote in
A-600 as in UL 8, 12,
tu the same test, U 8,
14 and 8 L. C. 530
were not only definitely
slower than cither U, 8.
12 or A-600 in the de-
volopment of scedsialks
but there was also a
Iarger percentnge of
plants  that remsined
vegelative, U 8. 14
was not se uniform in
bolting tendeney as 8.
L. CU5300 It had a
rather wide range n
this  respeet and  in-
clunded some extremely
nonbolting tvpes.  lo-
clusion of Wese four va-
rieties at two plantling
dates provided planis
withh a wide mnge in
induction  requiremoent
and made possible an
evaluntion of the rela-
tion of time and rate of
nitrogen applicntion to
the mduction procoss,

A count of plunts de-
veloping seedsialks was
made on June 19, 1937,
by pulling 100 plants
from each plot and clas-
sifving  them in two
sroups, those with sed-
stalks and these that
had  remained  vegeta-

AN

Figrie 2.--Syvmptoms of phosphorus deficieney on

sugar beets prawn for sevd.  Leaves show brown-
ing cansed by neerosis of the Jeal Hlades: thiz
aymplom was generilly followed by root injoury
amd Killing of the entire plant before time (o
Barvest,  Hrawning of the leaves and stulks of
phosphiorus-delicient  plants rave n dark color
te the blueks to whichi o plosphate had been
applied.  {Sees b 3. Photographed June 2, 1938
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Frarre 0 -Cowthived phosplores and nitvagen delicioneies and theic eileels on
s e-beet seed produetion. The Lheee height stakes give o comparizon of the
results From applicadion of nitragen sone ey, phospliade alone (BY, andd nitrogen

ptos pliosphate ter, Phe cumplete treatients and yield of elean seed per acre
were ns follows: o, No pho=pleie, G000 pomnds of armonivin sulfaie per dere:
resnlt, were vield of elean sced, TR potascds; b 300 pourads of “Treble Super-
phosphate per aere, no aitrogen; resabt aeree sicld of eleanseed, 2,496 punnds. ¢,
300 pasands of Treble Snperpliosphate per aere, GO0 poutds of ammaoniom =ulfale
por acre: resalt, acre vichd of clean seal, 30581 ponnds. (Photographed doe 1,
TS

qorns Lo Norowen andd phiosphate eiteels on growth and vield of sagae-beet seed
autd ke aitvozen - phosplimie internetion relationshipe The three heighit
<tthe- mark tree dillerent witeogen treanments o one of the blocks that re-
coemvee] 100 ponteds af “Creble SBaperphio-plate peraere, Note thelack of contra-t
Vetweent the ivogen treatioetts, where (ese treatients ralt gerds- a2 Lo-
Phosplatte Dloek b the estrenwe Backeromel The nitrogen treatments aud
remsibt it y vkl of seed were ns follows: o, GO0 porsds of amusarinn ~uftate per
aere p e spring of TI30; reslt, avee s ield of elean seed, 2,818 pounds: bono-
titrogen ferihizers resnlt, gere vkl of elean seod, 1820 ponnadss e, G0 powls
of e b salfnte poer mere in the fall of 1988 vesull, acre yield of clean
seer], 057 ponwds, (Photographed July 2, 19390
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T aBLE 2~Schedule of the nitrogen lreatments on the experimental plots al St. George,
Utal, 1936-37

Dates of npndicntion on— I

Ammgning sulfute por sere ap-
pliedd o trestment No.—

A, 24 plantioe Sept, 12 planting i : b4

1588 Panwidy | Pouuds | Poanda
Aue, 2 L. Bon, 12 ' 50 FiH 50
Sein, 28 Qct. 8 . : 175 173

. W37

Marr! Ceeieo.. ., MMaord L E{t] 40 i
Alur, 45 PO £1% ] 170 175
A, 0 R .. A, 10 e emraetmm—ramaan

Tutal e e tmmasemmemema—am—eee- 470 L 5]

tive, ‘The group with scedstalks was then classified as sced pro-
dueers and nonseed producers.  The resull of this classification is
shown in lable 3. There was no significant difference between the
August 24 and September 12 plantings in the number of plants
developing seedstalks.  Flowever, there were significantly lewer plants
classed ns seed producers on the late planting.  Nitrogen treatment
alane did not significantly influence the number of plants developing
sceedstalks, but (he number of plants producing seed was significantly
loss on the low-nitrogen treatment.  The ellect of low nitrogen on
the pereentuge of plants producing sced was especially apparent on
Hie nonbolting variety UL 8. 14 Only 48 pereent of the plants of
1. 8. 14 produced seed on the low-nitrogen amd late-planted plots.
The diftevential response of varieties to nitrogen treatment is apparent
fram the faet that UL 8. 14 increased 23 percent in the number of
plants prodocing sced on the high-nitrogen (reatment, whereas the
other varieties increased ouly 5 to 8 percent.

Tannk 3.~ Infucnee of plenting dae, variely, and witrogen level on the phototheriial
Fnduction of sngar beeks grown for seed, ox fndicatod by the number of beets developing
secdstaths and alse by the wumber of bects entering indo seed production

{CTossifienl e s Joeee 19, 19657]

Plants endering o sl

" - ¥ s clorns ine soecks - -
Anung- s developing seessealks production

HTTHH . t

Variply Tosiinie e - ! w——-- bl ]
nppbied

FHT AR

Aug. v Sepr, 10 i
e 3 pl:mh’m:ii

Aug, 21 Sept. 12

H ! +
planting @ placiing Mean

Mean ?

Pownds  Pepcent - Prereemt Peecenrl Pereend Percent Pereeut
i i b b e, e b3 N
| I ST B3 [ Li%i N Hi
Al L0 L st
24 a7 iy g
A =R 4 SR 434 . - s -
AR {1t [ i
[} i My o
SN P b 1 0 Ly y
(R pL] i
10 w2 K5 g
[T i 1 2 .- kLl uy x Wi
H as 97 : W
I

* amst signifeant Biiferemee, S opereent, 1 gt signitleani diferenes, 1D pereent,
T Lk sfenitheant diTerenee, | jereent. + Lgms) signifieant Jifferenes, ¥ pwerecet.

SUNLEG o2
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The develepment and maintenance in the fall of an extensive growth
of leaves to shade the soil and theveby reduee soil temperabures has
proved {o be an important factor in the complete thermal induction
of nonbolting varietics and component types within varieties having
a wide rvange in bolling lendency., Increased nitrogen in the fall
evidently foreed greater fall growth, which resulted in"more complele
induclion.  Elfceets of this nature would be most apparent on a vaviety
such as U. 8. 14, which confained some extremely vegotative types,

Subsequent tests indicaled that September 12, the date of the secand
planting, is not to be classed as a late date for planting.  Plantings
mide by this date, if given good cultural care, make sufficient growth
to create favorable conditions for satisfactory induction of flowering
of varictics with an easy-bolting tendency. This test does indieste
thial complete reproduction of extreme nonbolting varvieties wonld
be diflicult in the St. George area, and that with nonbolling varictics
speeial eare should be taken to obtain a maximum of fall growth.

The yield data furnished striking confivmation of the visible growth
clfects and their relation to reproductive development.  Significant
differences in yield were oblained between nitrogen quantities and
also between varieties.  There was also a variety X nitrogen inler-
action relationship. Al vavieties increaswl in viekl as the rate of
nilrogen application was inerensed, hut U 8. 14 and U, 8. 12 increased
properiionately more than did the other two vacictios {table 4).

Tarur <L~ Jere yleld of clean seed in a replicated test fneluding 4 varietics and
3 tevels of witrogen, when all plots received @ uniform applicalion of 290 pounds
of Trebde Superphosphate per acre

-I Aere vield of sned i plot reeciving imdi-
booeated amwunt (paunds) of nounonium

Variety sullate pwer aere

10 450 G1d Alean

|

| Pewnds | Pagde | Ponads | Ponadz
VoS I2RISY. L — S i dlh ENA s
AN AR .. e ] 1,70 :
I P G | 1,426
U8, L s l

Mean

S 1Reoenee for sdeaifiennes bepween 14 sphpilot colmparises, 230 pogeeds, D Terenee for sfenilitanee
Fetwrrn 4 varfetal means, 1Y ponnds. Diferenes for signitleance betworn 3 dipagenstreat e Hvins,
[T (ronznels.

fncrensing the ammonium sulfate application from 120 to 645
pomnds per aere gave an average inerease of a litle less than 800
ponds ol seed per acre. It s also evident that the 645-ponnd
application of ammenium sulfale gave significant inerease in viekd
over (e 470-pound application,  Further work was therefore necos-
sary Lo delermine the most cconomieal rate of nttrogen applieation,

During the 1937 season. some tests were made also in the Moapa.
Valley in southern Nevada., Theso tests inehuded three levels of both
nitrogen and phosphiate in all the possible eombinations.  Neither
nitrogen nor phosphaic had a marked fluence on seed vield. There
was, however, striking evidence of the effeet of phosphate on seed
maturity. especinlly at the high-nitrogen level.  On the plots where
1,000 ponnds of anmmonium sulfate was applied por acre in the abseneo
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of a phosphafe treatment, much of the sced was immature aml the
planta continued to send out new growth after the first seed had
started to ripen.  However, when 300 pounds of Treble Superphos-
phate was applied in addition (o the 1,0t0-pound applieation of am-
moniwmn sulfate, the seed matured normally (fig. 5).  This velationship
was Lborne out by the mereased clean-out of small. undersized seed

Frovie 5, Biect of o unbataueed relationship hetween niteogen and phasphaie
o plant srovth el maturiy: J1 High nitrogen and low phesphate; 13, a
proper bafanee of nitrogen and phiosphate,

when seed from the no-phospliate plots was rum over @ 3-man, sloteed
sereen,

THESTS HARY ESTED IN 1058

In the 193738 Lests, three relationships were theught to he of noat
pmpertanee: 0 Determination of the maximum economic applici-
tion of nitrogen, (21 the relation of phosphate to mitrogen utilization,
and 03 the relation of both these factors (o the reproduetion af
varietica dilfering widely in bolting tendeney. Consequently, the 1038
eaperiments again inelnded U0 S0 120 as representative of the enxyv-
Dolting types, and UL S, L oas representative of those that are comn-
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paratively nonbolting.  Three levels of nitrogen were cmployed:
None, 600 pounds, and 1,000 pounds of ammoniuvm sulfate per acre.
Results of the previous tests had shown that yield increases with
applications of 600 pounds of ammonium sulfate per acre were such
as to warrant this quantity. The 1,000-pound application was con-
sidered adequate to oxplore possible advantages from additional
nitrogen and also to determine the conditioning effcets of phosphate
when combined with heavy nitrogen treatments. In these tests, the
phosphate applications were at three levels; None, 300 pounds, and
800 pownuds of Treble Superphosphate per acre. Treatments in which
either nitrogen or phosphate was used alone were included, so that
there would be some measure of the individual responses to these
clements.

The phosphate was broadceast during scedbed preparation on blocks
42 feet wide and 200 feet long.  These blocks were of sufficient width
to accommodate three nitrogen plots each eight rows wide, and each
eight-row nitrogen plot was made up of four rows of each of the two
varieties used in the test. The complete nitrogen fertilizer sehedule,
with rate aud time of application, is shown in table 5, and the combi-
nations of nitrogen and phosphate treatments ave shown in table 6.

Tanne 5.—~Srchedule of the nitregen lrectinenis {n. the experimental plots at Si, Ceorge,
{tak, 1937-38

Aupmenium snlinte e nere
applivd in treatinent o, —

Dute of gpplicatjon—

! : 2 3

Powads | Poumils 1' Pounds
200 -

Qet. 1, BT . . .. .o Nowie 2
Afar. A, 105, . . “nne pu i1 -1
Anr 5, 1S . . AP . ; Nang | ] di¥:

Togal e . R . .. .\'li!'ll'I [l 1, Oy

Tanuw §—Tnfluence of variely and of nitrogenand phosphate levels on the photothermal
tnduction of flowering in sugar beels, as shown by the percentage of planis developing
seedslalks awd entering {nlo seed production t

. Pintts developing secustolks in . Plants olossed as soed progueers
Mg - POl reeiving  dndieated o pis reeviving indiented
“oinm ¢ mmount (pomxdsy of Tretde © amoonl (pounds) of Treble
suifate superphasplutie jwr aere i Supurplhinsphate (1 oere
suifs ; |
; JuroBerg

i i Noms 300 } 0G5 | Afean | .'onei 00 I e ]-.\Ioan

Varlety

franads Percent | Perceat | Percent | Perceat { Percont ' Percent | Perceat | Fercent

Noue ¢ e} ] ] i IR -1 = 52

LR IS R Hng i £ &5

1, Gu} ; T ;i 55

o Mune 0 52 g 63

UL 800 i e LTV i 3
1,003

Combdapsd  varital  re- | Nuonp @

Sponsy e ) L1

1,000

Mean, .._....A._.‘.l I
b

! 1¥itferenoe for sienifieasioe of all subplol comparisons: Secdstalk percenteses, 5 pereent; sood produccrs,
8 pwereent,  DXorence for sienifesnee of nitrogen-dreni ment mpans: Seedstalk poroentnees, § percent; seed
frodtieers, 7 opwereeni, Ditference for sigpilicasee of phosphbate-trentment mesus: Seedstalk pereentages,
4 peresnts sved  producsrs, 10 percent,
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Counts {o determine percentages of plants producing scodstalks
and of those producing seed were made just prior to barvest. These
percentages are shown in table 6. It is evident that the percentage
of plamts producing seedstalks, as well as the percenlage entering
inte seed productlion, was influenced by vaviely und also by nilrogen
aud phosphate level.  Varietal response was conditioned by applica-
tions of both nitrogen and phosphate.  Tor example, the mean differ-
ence in the percentage of sced-producing plants heltween U, 8. 12
amd . 3. 14 on the no-nitrogen and no-phosphate plots was 22 percent,
wherens the mean difference between these Lwo varictios in the
pereentage of seed-producing plants on plols receiving both nitro-
gen and phosphate 'was only 3 percent. The nitrogen effect was
also much greater in the prosence of phosphate. The application
of 1,000 pounds per acre of ammonium sulfute alone caused an in-
erease of 140 the pereentage of plants entering into sced production.
The application of 600 pounds per acre of Treble Superphosphate
alone incressed the pereentage of seed producers by 16. The com-
bined effect of these two substances at these rates inereased the per-
centage of seed-producing plants by 25.  The absence of vither nitro-
gen or phosphate retarded fall growth, as reflected in both lop and root
development, aud thereby reduced the effeetiveness of induction
duving the fell, winter, and spring months.

The wmagnitude of yield diflerences was mueh grealer on the plots
harvested in 1938 than on those of the previous year, The importance
of phosphale stood ouf above all other factors ir the (est. Nitrogen
applications also increased the vield of seed. There was, hiowever,
n high interaction relationship between nitrogen and phosphate {fgs.
3, 5). Without phosphate, the 1,000-pounds-per-nere application
of ammoniuvm sulfate gave an incrense in yield of only 235 pounds of
seedd per acre, When 300 pounds of Treble Superphosphiate per sere
was added with this amount of nitrogen, the inerease in vield was
1,226 pounds of sced per acve (fable 7). It was alse evident that use
of phosphate alone would be & more economieal practice than the use
of nitrogen alone, This facl wns especially ovident on some of the
plots where phosphorus deficiency was most pronounced. On these
plots, the application of nitrogen served to increase the phosphorus-
deficiency effects; mortality of plants was greatest in the rlots with
the highest nitrogen level,

Tanue T.—dere yield of cdean seed in a replicated test thai freluded 3 levels af
nitragen and 3 levels of phospharus emplayed in the § possible combinations !

Acre wivld af seed fopdot peeeivine B ieated
grsunt (ponds) af Trebie Ruperpiios.

Anmoninn saltebe applivd [pods per scre) phate per nert

LLH ! ANerage

Pounly . Powmis | Powunds Pousila
Noue e e i LA, 2ms ! ann

i) e e . Cmee eeeoe 1,08% ¢ 2,625 2,700
5,000 . 2, (57 2,875

Averagr e emeicmae . 2 20057 2,672
Lot signifieant ditference botween the § sybplot o parisans, 208 poumis; lenst shenriliennt diferepee

lng\\-m'n llho § phosphate means, 257 jwands; jeast signiflennt differeuce between the 3 nitrogen mweans,
178 noumnils,
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There wss an increase of 1,194 pounds in acre yleld of seed over the
checks {rom the plots receiving 600 pounds of ammonium sulfate and
300 pounds of Treble Superphosphate per acre. The fact that an
additional 400 pounds of ammonium sulfate per acre caused an average
inerease of only 32 pounds of seed per acre indicated that, for general
practice in commevcial sugar-beet seed production, applications of 600
pounds of ammonium sulfate per acre represent a more profitable
practice than the use of larger amounts. With 600 pounds of am-
monium sulfate per acre the addition of 300 pounds of Treble Super-
phosphate caused a further increase in yield of almost 1,000 pounds
of seed per acre. The average inerease in yield from the plots receiving
the 600-pound application of phosphate fertilizer over those receiving
the 300-pound application was 215 pounds of clean sced per acre.
Adjoining tests, which included an application of Treble Superphos-
phate at the rate of 400 pounds per acre, indicated that the 400-pound
application was as effective as was the 600-pound application. Tor
soils of the type on which these tests were located, the most profitable
application of Treble Superphosphate would be 300 to 400 pounds
per acre.

TESTS HARVESTED IN 1939

From experimental data of previous seasons and from observations
in numerous commercial fields, the epplieation of (00 pounds of
amimonium sulfate plus 300 to 400 pounds of Treble Superphosphate
per acre seemed adequate to meet the nitrogen and phosphate demands
of the sugar-beet seed crop in the southern Utah sugar-beet districts.
From the previous work, 1t was known that planting date, as well as
nitrogen and phosphate, alfecied the amount of fall arowth. Inasmuch
as practically all of the sugar-beet seed acrenge follows alfalfa in the
rotation, it also seemed desirable to have information regarding the
effect of time and method of seedbed preparation on fertilizer require-
ments. Consequently, the following factors were included in the
1038-39 tests: Two dates of planting, two dates of plowing, four
pliosphate treatinents, and four nitrogen treatments. These various
{actors were introduced into the experiment by utilizing a split-plot
acrangement,

The relntionship of the various factors in the test is evident from
figcure 6 and table 8.

TanLe S.—Schedule of treatwents lesiing witrogen as fall, spring, and divided
applications, tn contrast lo no-nilragen, in combination with 4 vhosphate treai-
ments of simtlar {ype

"T'reble Snperpiusiplnte per sere wnd
sensun of appifention

1

Ammnninm sulfnte per nere and sesson of applicatinn ) Pya (200

P P (400 . I3 (400 | pounds,
(lll!:'ll pounds. | pounds, | Wll, 420

" |l ] spring peunds,

: ! apring)

Ne(nonet . - e e P Ng Py | NePr | NoPa N I'ra
Ny a0 poands, W e e e e e o XNele | Ny Pr | NpIs Nr Pra

Na (600 poriuds, SUFNEY e e L) XNs By | NaPp | MelDs Ng Ira
Nea (00 purnns, fll, 4400 pounds, spring) o L Neg Po | Nez Pe | Nes Pg Nis t'ra
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The early-plowing date was May 28 and the late-plowing date was
August 4, 1938. ‘These two plowing dales represent the range most
commonly used by commercinl seed growers. At cach plowing date
alfalfa was plowed under when it was about 12 inches high, and the
soil moisture in each case was such as to permit a good job of plowing
and to hasten decomposition of the green manure,

There were check plots of both nitrogen and phosphate, and the
other nitroegen and phosphorus treatments were varviations in date of
application valher than m amount of fertilizers applied.

The efieet of treatments on fall growilh was more striking than had

PLANTED SEFT. ! PLANTED SEPT. 22 : PLANTED SEPT. !
- I~ -

N

o 2,

mpww&o MAY 28, 1538 E PLOWED AUGUST 4, 1938

Fioyre 6.—FPlan of the 193839 experimental plot: Two dates of planting (Sep-
tewber § and September 22), two dafes of plowing {(May 28 and August 4),
four phosphate trentments (Po, Py, Py, Ppg), and 4 nitrogen treatments (Na,
Ny, No, Npg). Subseript zero and letters indicate noue, fall, spring, and
applications divided between full and spring, respeetively.  The four nitrogen
trentinents, as illuslrated at the left, were located at random in each of the
remaining 15 scetions.

been observed in any previous experiment. At least two factors were
respousible for this dilference in response. The Iate planting was
made on September 22, which was at least a week later than the
planting date on previous plots.  The effect of the resulling sharter
season f6: fall growth was especinlly apparent on the plots that did not
receive either nitrogen or phospliate fertilizer in the fall.  The second
factor responsible for the contrast between plots was plowing date.
Growth was exceplionally good on the early-piowed plots aund, in
contrast, it was extremely poor on the late-plowed plots.  Some of the
elfects of late plowing on fall growth were no doubt direet effects,
while others may have been fndireet and as yet not completely under-
steod.  Ameong the direet effects must be considered the fact that an
additional crop of alfalfa {upproximately 2 lons) was removed from
the land on which the late-plowed plots were located. This further
reduced the available phosphorus content of the soil.  The signilicance
of this was suggesied by the fact that the growth of beets on plots
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plowed late but given fall applications of phosphate was equal to the
growth on plols plowed early but to which no phosphate was applied
i the fall.  On the carlv-plowed plots all of the crowns and rools, as
well as the green-manure crop, were completely decomposed by plant-
ing time. In contrast to this, the undecomposed roots and erowns
were still much in evidence on the Inte- plowed plots. No attempt is
made to analyze »ll the indirect efficets on growth of contrasting seod-
bed conditions of this nature. It has, however, been noted many
times that the addition of a small amount of organic matter to the
soil in many cases greatly inereases the utifization of inorganie food
matcrinls.

On plots where [ate planting, late and improper seed prepavation,
and oo fall fertilization were combined the effect of cael factor on
growth was addilive and by December 1. 1938, beets on these plots
wore less than one-tenth {he size of those on plots where enrly planting,

early seedbed preparation, and fall fertilization were combined.
These extreme size differences in the beets during the fall, winter, snd
early spring made it possible to study the relation of both the size and
age of the planis to photothermal induction of flowering,  The results
from counts made on June 1, 1939, of plants with seedstalks and the
classilication of these with wspvul to the percentage of plants pro-
ducing sced are given in tables 9 and 100

Tanne O.— Influence of thme of planiing, time of plowing, and ime of applicaiion of
nitrogen and phesphate on phetothermal {nductien of flowering, as shown by the
peree u.‘(:ge af p:’u nls df'vr'lo ping seed.x!m’& $

Flants developing seedstalls in pint reeobving Indieattd treatinont

I
wrEdiE i X Early plantig ] Latie planting
Fuertilizer trenttoent . . Monn of | Megn of
{-:iriy late
Early Late - plowing | plowing
r owing | plowing Menn l n!nhmg plowing Afenn

Prercent f Elereent ’crren:] Pereent  Pereend | Percent | Peregtt | Percent
80

H i
1_ Farly Lagp 1
I
\
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Fasng 10— Influence of planting dote, plowing date, and time of upplicalion of nitre-
gen and phosphate on phetothermal induction of flowering, as indicated by percentage
of plants classed as seed producers

| Plants classed as seed prodducers in plot recelvime indiented érentmont
-1

Fertifizer trentment Early planting Late planting

Mean of | Mesn of
onriy la1e
plowing | lowing

Early Lt
C plowing | plowing

Early . Late

Afean plowig © plowing Mesn

Percent | Percent | Percent | Fereend t Pereent | Percent | Percent | Percent
5 S0 65 35 I7 ki) a3 E1]

4 b

.- L b 10 i 4
! 7 45 G- 34 o w2
: HO 41 5 + 93 p

3
T

Aoun

Avemge

It is evident from the data in the tables that any lactor that de-
pressed the [all development of the beets alse depressed bolting and
merensed the number of non-seed-producing plants.  None of the
comtbinations of spring {ertilizer {reatments overeame the effects of
depressed fall growth (figs. 1 and 7). Tt is also evident that plant
size was much more important to the process of photothermal mdue-
tion than was plant age. "Phere is possibly a direct relation between
plant size nmd photoperiodic induction, inasmuch as plant size direetly
affects the leaf nrea exposed to hight.  The principal effeet of plant
size on thermal induction may not, however, be the amount of lissue
exposed to thermal effects. Tt may rather be the influence of size of
top on soil temperature and, consequently, the temperature 1o which
the crown of the beet is exposed.  Specinl studies on crown tempera-
ture in relation to thermal induetion showed the importance of
this relationship.

The yield of elean seed per acre followed rather closely the pereent-
age of plants entering into sced produetion. This was {o be cxpected
where the difference i the number of seed-producing plants on the
various plots wus as great as it was in this test,

Where early secdbed preparation or early planting, cither separately
or in combination, stimulated fall growth sufficiently for satisfactory
reproductive development to be initiated in the spring, the plants
seemed to make good use of the spring application of both phosphate
and nitrogen. However, where fall growth was not sufficient and

SORIRG - 43 -3
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urdietion was eonmplete, the jprive applivations of aitroven or
phesphate, eaher aloge or i combinaion, had Hulde elleer on seed
yeehl althoneh they del ~tmalare rauh vegetative aronw il Ve T
There were hiehly <izaificant interaction effects hetw oen planting dae
aind plowing date, planting date amd tine of phosphate application.
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eleavhopaeent. The fooe Leaaba ~tahes mack Tone dilforent brentniena,
eootentnec b et bhe taae B bt atabhe o e Forvaronnid were g
Pelvses e ke gl b e plonanag 100 petind= o phiosptette feetilizer prer
RYRTIE S IS IV I ETHAN B paabat e e plawang, 1060 poids of phospliage
oo g e bebegaen 200 TWS00 e dwer trenthents in thee Baebeeoti
wrte s dod Sobste poar e es el plosars, 0D pomnde o phosphage

Fort e v Eherobor i FSN ity nin e v ey plowine, 0 ponnids g
e N N L LT T L R LI Rt TRl P R R Y V8 e pertiesital plol,
e ey M g EBORin

i vacld ol secd i b or of early seedbed prepaetion was L poaneds
poeraere . When phosphete s addosd i ifoe war s sprine, the dilference
wits DO poriteds s aeres However, when pho-phaste waos adiid i
the el the deiferenee Tietwecn carly and Inte <oed sl Prepsra bion wis
Podkbacett To S E% povid of ~ecsh peer aepe,

L i s oer the dhferenec berseen Tall and -pring applieation
e phosphaie wies arcathy aifeered by other Geetars tint mdlaenesd ol
2rowtl O che ey plantaie, U inerense i seed vield of ghe plol-
teceny i phosphiate i the Galb ov ee the plors i did oot have plios-
phate Caproe was 310 pownds per aeres On the late planting
whone taped Dli ceow e was aore vitally anporiear, this diilerenee
ectenserd G s poreids ol seed per oeres The e melation was
evabent hetwoer rane of phiosphutte applicaton and tme of seedbed
Hepurnt it Whers the seedboed was [repated l‘:l!'|.\ .;ﬂu\\t'll May



http:J;:!r.I1
http:lt�;!.!.ht
http:nllllllll~.dl
http:IllI.U.Il

SUGAKR-BEET 3EED PRODUCTION IN S0OUTHERN UTAH 19

28), the difference in sced yield between the application of phosphate
in the fall and in the spring was 369 pounds per scre. When the
scedbed was prepared late (plowed August 4), the difference in yield
due to time of phesphaie applicalion was 1,078 rounds of seed per
acre.

Tannn Fl— Yield of clean seed per acre from a replicated lest, fncluding 2 dales
of pluniing, 2 dates of plowing, § nitrogen treatments, and 4 phosphate treatments

Avre yield afseedd froan plot reeelving Unlicnted Lrentment

Early planting Lute planting AL

e i nf 3 Mesn of
. Eorl | Lo ] i:nri_)' llntp

arly te plowing | plowing

plowing § plowing l Mean

Furtilizer treaitoneal

Farly i Lot

plywiig | plowhg Mean

Pt l Poindds | Pouttds E Founds ! Pounds | Powwids | Pounds | Pounds
11,745 PRE2 . 21340 \ AT i 170 , 168 1875
. ; 1,445 2,890 Lo g i =]
1,422 2, ik hir B8
1, %306 Lt e /54
sS40 8%

bl ool - 34,547
2,05 A - 2028
3,646 3,085
2845 B &, 23 2,348

! .
[N ]

Nud's ..o . t
g s - 2,551 e

Mean . .. LA 5,843 4

3, o) R A A : 32,051
3, 203 I T A T 1 5 2
. : 293 ) 243 2 , 23 2,677
bog T8 T 2 4% % 792 ; 7858

Munn

Mean - 11,088 | S5 g L oenad o8 s, g2

LA 13 i ,l“r'.}i_ i, TN LERE T TR

i Loast shenitieunt difervoee bedween 64 Goedilier 2 plwime doawe 0 plsating daee sabpld eompurismis=
350 pornnds of elents seed. .

! !L\-nsl. slgnificant ditfvrenes hetween 32 fertilizer X plowing date went comparisens =28 pounds of elein
seeid,

1 Least signifionnt diference tetween 32 fereilizer X ?inming date means=245 pounds of viean segd.

v Lemst Sienifentit differotis between $ thue of phospliste X phating date ieans=301 poands of clean
Susel.

3 il,unst signifiennt ditference hepween § tiwe of phosphinte X plowing dete means=300 pomuds of clean
sl

¢ Leust signifitunt differenee bhetwoen 4 planting date X plowing date mepns= 230 pounds of clean seed.

7 Lenst significant differenee between 2 planting dute means=209 pounds af vlenn seed.

 Lenst sinndfesnt dilferetve butween ? plowing diete prenus =300 pownds of clopn séed.

In view of the importance of proper fall growth, it svems cssential
that sufficient nitrogen and phosphate fertilizer be applied to the crop
in the fall to insure oplimum fall growing conditions. [t also scems
evident that, inasmuch as beets generally lollow alfaifa, eare should
be exercised Lo see that the alfalla is plowed under far enough in ad-
vance of the planting date to allow complete decomposition to take
place. The data in table 12 indieate that, even when all of the nitro-
gen and phosphate fertilizer was applied tn the fall, the plants utilized
it and very little was gained by dividing the application between fall
and spring.
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Tanre 12~ Effcet of time of nitrogen application, with and without sariation in
phosphale irealment, on production of clean seed per acre

Evalues are sversyes of 4 replieated plots)

Clean seed gor sere when plots recebved Prehle Snperphosphile o rutes
Planting dinte, pobmis  ame SR
aanitih sulfwie per aere, and |- - P R
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+ N significnni differeters antong nitrogen freplmenis.
T Dutn given ns avennges of the two planting dntes.

SPECIAL STUDLES ON THE RELATION OF TOP GROWTH
TO  CROWN  TEMPERATUERES AND  INDUCTHON  OF
FLOWERING

Special studies were starfed in the fall of 1937 on (he relation of
top growth to crown temperalures and induction of flowering.  Dur-
g these studies, the following factors influencing the shading effect
of lop growth were considered: {1) Bize of plants—Ilarge as compared
with small beets; (2) removal of tops hy clipping—tops removed as
compared wilth those nol removed; (3) spacing—-1 plant per foot as
compared with 12 planis per fool; and @) shading—soil and beef
crowns shaded with horizontal shades as compared with those not
shaded.  The use of artificial shades was sugwested by fiold experi-
ments stavted by Carsner at Riverside, Calif,, in the fall of 1936 (5).

Facrous Srumep
PLANT SIZE

Large beets were ebained by early planting and ample fall appli-
cations of phesphate. The top growth of lmrue beets completely
shaded the crowns and surrounding soil by December i, During the
winler, the tops froze down and became more or loss straw-colored ;
however, they conlinued as an effective source of shade.  Small beets
were the result of cither late planting or lack of phosphate on beets
pianted carly or moderately carly (fig. 8). Size comparisons were
made between beets of the same age but of diflerent rates of growth
and between beets of the same rate of growth bul of «ifferent ages.
The tops of small beets generally remained dark green during the
entive winter but furnished very little shade for the surrounding soil,
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amd teniperaare of the beet crow s trisded 10 [odfow vhe rise e =ne-
ronptnlitie, sotletirfaee temperntere dovmg e sarct pact uf the day,

T RO AL

Vielipped beets had the Denetic el the =haddite effeet of o erow th
aecordine o the mnonnt of top wrowth present. The =hading effect
of top wrow th was Targely dependent on plant size atul tie proximity
of wdjneent bects neithe row, Remmosal of the tops by elipplig, from
ithier ree or ~ins ] beers, Teft the ~ol bare and anshaded, and cronn
vemperntnres luetinied asrapidly e Jdud surrounding soll-surfaee
vemperatuees, P vrenimen perseibly tntradnesd unhnown phy<io

IETRE RN b ettt pebLioh Do epos netnpaeraares b adaetion of ow erine,
DUFES T vopie e ovbtiraet Byoeee peodime plasaing dine and phto--
patte o poghe BN eapertient: L1 Suear beels planwed Seprewber
30100 juve de of Trebe Saperploo b per aere added e thee Gl By planted
meptethdeer G,ono phie - €, planted Seprember 22,100 pangsds of
Frodoe = perpe asplabe o aere a-ddud s the Talis {4, pianted Sepresaber 22,

Pare st G The savmtien i sz e 10 possable ~tanly Titls
PR RO R A TR Y H I HELER SR LR foadnartion provees

bocvea ] eflvret=, nedinding ~neh factors as a differenee e pho preriodie
nihetion Between tlee clipped sond unelipped beets,

=1k NG

Spavine was aeeomplished Ty doening ihe heot< 1o the desired
Jistares 1 the ron when they weee about o weeks old, Spacing
chaneed the babit of wop srowth, esnng the tops 1o ~prestd hori-
soniaily and having the cronwns more divertly evposed o the sunlivht,
This wis e=pretathy e with amall beers, Spacing also eliminnted
the ~hadig ctiect ul :I|1j:1t'l‘r11 hisiets,

TR IA YT AT ~HEAD S

Ahddine e ~oil and beet crow s widh horizontal aluminumt-painted
Dptcdhom, 10 eobueten with the other fetors studied nde 1t g =thle
o wepatate temperattee elfeets froim other puossible physiolocical
respotiee. Foroexamples the horizonial ~hades reflected the Tietd
died lpent wway from breeis where the taps had heen removed by
clipp e and kept bothe ol and croswn tenperatires at abtnost the
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same lovel as the seil and crown temiperatures of the large, unelipped,
unshaded beets. Thus & direet comparison could be made belween
temperature effects and other physiological responses sccompanying
top removal,

The greatest contrast between different combinations of Lreatments
was that belween (1} large, unthinned beels with maximun top growth
plus horizontal shades belween the rows and (2} small, spaced, un-
shaded beets with the tops removed. The former combination of
trentments furnished 2 maximum of shade Lo soil and beet erowns and
helped greatly Lo maintain faverabie Lemperatures for thermal indue-
tion.  The latter combination of treatments left the soil and beet
crowns completely exposed to sunlight, and during the warm part of
the day the beets were subjected to temperatures that are known io
be unfavorable for thermal induetion (7).

Muritons

Tests were planted in the [all of 1937, 1938, and 1939. Varicties
differing widely i bolting temdeney were used i cach test.  All
vaviely plols were 4 rows wide and 130 feet long.  These plots were
of sullicicnt size to accommudate a complete set of assoeiated tront
ments.  ach top-removal and spacing plot was of suflicient size to
melude at least 100 plants. The shading plots were 21 foet long and
tneluded at least 100 plants, except where shades were used in com-
binationwith plantsspaced 12 inchesapart.  Therewere four replicated
plots of each treatment in cach test. Al temperature measurenients
were tade by inserting the bulb of o wereury thermometer in a small
hole made fin the erown of the beet with a nail of a ppropriate size. At
cach date and time of temperature measurenment, four temperstiry
readings were taken on each plot. There was seldom a greater
difference than 0.5° C. between the four temperature readdings on any
one plot. Prior to havvest, the plants on all plots were elassified s 1o
the pereentage developing seedstalks wud the percentage entering into
seed produetion.

LExeemimenran Rusuirs

The object of the first test was (o determine the oxtent of the shading
cffect of top growth on crown temperatures and 1o determine [urther
whether the merease in crown temperature that was most certain Lo
follow top removal would siguiticantly alfceet seedstalk development
atel the pereentage of plants producing seed.  The test was planted
on Septenber 13, 1937, and lops were removed on two rows of each
four-row plot on December 4, 1937, and again on Mareh 15, 1938
(fi. 9). Temperature measurements made during Mareh and April
1938 showed that the ranoval of tops did inerease erown temperatures
atl that during the warm part of the day there was a difference of as
much as 12.5° €. between the crown temperatures of clipped and
unchipped beets. Counts showed that this temperature increase
intertered with induction and was responsible for an inerease in
vegelative plants and a decrease in plants entering into seed procuice-
Lion (table 13). The reduetion of secd-producing plants, due to
inerensed erown lomperatures, was much greater i the noubolling
variety UL 5015 than in the casy-bolting variety U, 8. 12.
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The main objeet of the second feslwas o separate more completely
temperalure effects Trom other pos-ible  physiological  responses
aceompinying  top  reawoval, Consequenthy,  top-rewioval  stidies
wore continned 1o the sceond set ol tests, planted September 22, 1938,
To ~epirate true temperture ellects Prom other responses, alumnsn-
painted horizontal shades weee used hotween the rows (o shade the
coil and the beel crowis, These shades were supposed 1o compensdate
far the Toss in <hading elfeet of the removed top growth and ot the
came time net intecfere seetously with top crowtdi on the unelipped
plots . 105 bo addition 1o the us=e of <hades in connection with

o AR A

a Vap eemoval el <iuaee beets inoroelanon o <ol temperanre it o
remperalaes Pops were elippad Deeeneber B TS minl fTe reeranth wis
cipped Maeeh 1h0 BHRN, Chotograpled Dlevember 13, T35

top removal, <hades were almu i on birge atd small boets o equal-
P the shading effeet of laree aud sl tops. The zize dilerenee was
Juie 1o an inereased e of growtd on the hall of the expesiental
wren Lhat reeeised o fall applieation of phosphate. Consequentdy,
eate of growth eather than age of plant was responsible for the dil-
ference i size between the large and the small heets. (e =paeing
treatment was inelnded o test tie <lading elleet ol adjzreent beets
where beets were contionus in the row.

Temperatire eeadings wade al intervals during the fall, wter,
aaed springe mooths ndicated horizontal shades were offective
mininmizing erown-tempeeature dilferenees bhetween elipped and un-
clipped beets and beiseens beets with Tarce awd with small tops,

CThe deta b ahle 1 dieate thit where horizontal =hades were not
nsed erown temperatures of hoth elipped beets and small beets in-
ereased during the waem part ol the day. Pneeeased erown lempera-
{ures were a<sociated with an inceease in vegelative beets and o
deeroase e the pereentage of plants producing seed.




Tanue 13.- -Relation of top removal to beet-rrown, lemperatures and induction of flowering, as
stalks pnd the percentage entering into

Treptments in ascending. order of their
elfect On crown: temperatures and sub-
sequent seed-prodacing plants

Temperature reading at date (1938) and time of

seed production

(1985 experiment, planted Sept. 13, 1937; averages of 4 replicated plots]

shown by the percentage of plants

developing seed-

measurement shown

Seed producers

Plants developing scedstalks

Mar. 15 Mur. 16

! i
CApr.1g

10a,in,

5:30
a.m.,

‘ 12:30 ;

L., ;3 . m.‘:
£

]
B3p.m.{3pom,

;
u.s. |

14 Mearn

I

. 8.
12

732

U. 8.

15

Large unclipped tops..
Tops clipped only in fall, Dee, 4,037, ..
Tops elipped both fall and spring, Dece. 4,

1037, and Mar. 14, 1938

! Least, significant. difference, 7 percent.
? Least significant. ditTerence, 5 peregnt.

o¢s,
130
18,0

24,5

°C.
14.5
20.5

27,0

j

; O
Percent} Percent. Percenl Percent Percent
191 V87 188 178 28

49

ogl 75’

Pcrc.enl"

309

97

Percent
3195

82

NS

Percent
9

Percent
387

66

Percent
195

81

3 Least significant difference, 4 peréent.
¢ Least significant difference, 3 percent.
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Tanve M.—Relation of plant size, top removal, spacing, and shading to bect-crown temperatures and induction of Sflowering, as shown by the
pereentage of plants devloping seedstatks and the pereentage entering inlo sced production: 1139 experiments, planted Sept. 22, 1938

[Averages of 4 replicated plots]

lemperature reading at date and time of measure-
; ment shown

! i N Sced producers Plants developing seedstalks
‘re: s areamaed § or i s o tem- | N0V, ) : Mar.
Preatments areanged in ofder of their-effect on crown tem= % a6 FDec. 1, 1938 {Tan. 18, 1630 | Mar. 9, 1636

|
i
|
peratire and subsequent seed-producing plants 1038 129%’9 ;

10:30 1 0 8§ § 3 830 i 1:330 T, . 3. i
Aaom. ! a. m.;pA m, 2! = Mean

U]'ZS' “1Mean

o
o

DN OTO

Large beets, unthinned, unelipped, horizontal shades  __..__
swall heets, unthinned, unelipped, horizontal shades .
Large beets, unthinned, unelipped, not shaded 3.

Large beets, thinned, unclipped, not shaded s. ..

Large heets, unthinned, elipped, horizontal shades.

Small beets, unthinned, unelipped, not shaded 8

Smnll beets, thinned, unelipped, not shaded 6.

Targe beets, unthinned, elipped, not shaded

[ ec, A . . Pet, } Pet.
i

PONNEODNN

—

=15

! Least significant difference, § pereent. 4 Least significant difference, 3 percent. i
2 Least signifieant difference, 6 percent. ¢ Conditions equivalent to those frequently found in farmers’ fields. :
3 Lenst significant difference, 5 porcent, ¢ Conditions cquivalent to portions of many ficlds where stands are irregular.
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In the third set of tests, special emphasis was placed on the relation
of plant size to the ellect of spacing and shading on crown tempera-
tures. In the previeus cxperiment, spacing, especially on small
beets, increased crown temperatures and decreased seedstalk develop-
ment.  In this est, spacing was used in combination with horizontal
shades, so that other possible size cffects could be separated from the
efteet of size of tops on crown temperatures. Differences in size of
heets were obtained by making plantings on August 23, Seplember
1¢, and Octeber 3, 1939, IFrom previous results with horizontal
shades, it was thought unuccessary to include shading treatments
on the extremely large boeets vesulling from the August 23 planting.
Conseguently, only spacing comparisons were made on this planting
date.  The treatments on the other Lwo dates of planting consisted
of thinned and unthinned and shaded and unshaded beets, both alone
and in combination. Temperature measurements indicated thob
both plant size and spacing, especially on small beels, were {actors
influencing the shading effect of top growth.

Crown temperatures were definitely hicher on the small beets than
they were on the large, and they were alse higher on the spaced beets
than they were on the unthinmed.  The greatest inerease in crown
temperature ocewrved on small, thinned beets. Counts made on May
28, 1040, showed that thermal induction was seriously interfered with
at the higher erown temperatures and that (his vesulted in » large
percentage of non-secd-producing plants {table 15 andfig. 11).

TanLe 15.-—Relation of plant size, spacing, umd shading to beel-crown lemperatures
and fnduction of flowering, as shown by the percentage of planis developing seed-
sfatks and entering “nio secd production, 1840 evperiments

[A vemees of 4 replicated plots]

- ‘Temperature }
o oreniding Foh. ] Seed producers !’-‘h-",j ts, (}lmell?p-
%5, 1910, ot oot sepdstniks

Beet fize rs fudicatel by planting date and the spacing
atud shadinge trentments stprtell Dee, 4, 1530

Aean

B EEE NN TTLE N P C.s.
pon. pomaipom] 227 0o

son o ele o pa el Pot | Pe
Planted Aug, 23, 1830: y :

: i
Appoosiinately 12 beets por {oot, to shades T SOOILD 15,00 TN 200G
Thbnaed Lo L icet per fuat, no slindes » 30 10 0 N

Prated Sopt, 16, 10934 6 ;
Appeoaxietely 12 beets por fool, no shadest ;o EN A
Approxingtely 12 beets per foot, borizeninl shiades . ) 4. 5,00 46
Thinned Lo b oot por Fosd, oo shades_ .. i A i
‘Fhinned to ! beet per oo, hovizontal shades ...

Pinted Ogt. 3, 143t ¢
Approxinmiely 12 beets per fgt, ng shades ! t
Approximately 12 boets per foot, liarizoutal shades. |
Thinned to I beet per ook, no shades | - :

Thinued o 1 beet per foot, horizontal shades

1 Coanlitlons sguivalent 1o these frequently wund n (mrmers” feids,

# Least siznifieant dilesetice, 10 poreent.

1 Lenst sizpifcant dilferetce, 7 percent.

+ Least signifioant Jiflecenee, 8 poreent,

1 Least sienifleant ditfevence, 6 pereent,

8 Tt e toxg, compariss belween tie Sopt, 18 and Oct, d planting sre glven as coniparisons hetween large
aod small beets innsiuclt as size is the relotionship helue diseusas],
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IntERACTION RELATIONS OF THE Factonrs StupiED
TOP REMOVAL AND SHADING EFFECTS

In both the 1938 and 1939 experiments, removal of the tops by
clipping caused & temperature difference during the hot part of the
day of as much as 10° C. between the crown temperature of beets on
clipped and unclipped plots. Subsequently, when plants were counted
to determine percentages with scedstalks, there were significantly
lower percentages for the clipped plots and also a smaller number of
plants entering into sced production than for the unclipped plots.
The four variecties dilfering in bolting tendeney reacted differentially
to the clipping treatment.  This differential variety response is con-
sidered o fair indication of the effeet of top removal on the induction
process.  The casy-bolting variety U, 8. 12 had only 2 percent fewer
seed producers on the clipped than on the unclipped plots.  Under
the sume conditions, 1. 8. 15, the nonbolting varety, decreased by
29 in the percentage of sced-producing plants.  In the 1938 test, the
beets were planted Jater and were smmiler.  In this test, UL 8. 12 had
4 percent fewer sced producers on the elipped than on ihe unclipped
plots and U. 8. 15 had 3L percent less.  The use of horizontal shades
tnrzely overenme the effeet of top removal.  The shades reduced the
temperature differences between beet crowns on clipped and unclipped
plots to 3%, The use of shades on clipped plots reduced the difference
in percentage of seed producers between clipped and unclipped plots
in UL 8. 15 from 31 in the unshaded Lo 8 in the shaded plots.

T the 1939 treatiments invelving top removal, the lowest pereeniage
of sced-producing plants was found in U 8. 15 on clipped, unshaded
plots. Table 14 shows thal this treatment hiad the greatest daily
range in tempersture.  During the middle of the day, these temper-
alures were nol [avorable for thermal induelion.  The highest number
of seed-producing plants in U, 8. 15 was found on plots with maximum
top growth plus horizontal shades. These plots had the smallest
daily change in tempernture.

Tt should be noted that shading did not completely overcome the
eficet of top removal. Top removal may have interfered with
induction by light, which is also necessary for induction of flowering
in beets.

PLANT SIZE AND SHADING EFFECTS

In both the 1939 and 1940 experiments there was a very marked
dilference between large and small beels (in favor of the Jarge Leets)
in the percentage of plants developing scedsialks and also in the
percentage classed as sced producers.  In the 1939 test, this difference
in vaviety 732 was 16 in the pereentage of plants developing seedstalks
and 13 in the pereentage of plants producing sced. In 1940 the
difference was 18 in the pereentage of plants developing scedstalks
and 34 in the percentage of plants producing sced.  The larger differ-
ence in the 1940 test was due to a greater size contrast belween the
Targe and small beets.  Where horizontal shades were used to furnish
supplementary shade to the soil and to the beet crowns, the difference
in the percentages of seed-producing plants between large and small
Beots of variely 732 was 4 in 1939 and 18 in 1940, These results
indicate that the size effeets are more important than age relationship.
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and that age is chiefly important only to the extent that it influences
size of the top growth, Onlarge beels in the 1939 test, the diflerence
i the percentage of seed producers on the shaded and unshaded plots
wasonly 1Tin UL 8. 12 and 9in U 8. 15, On small beets in the same
test, the use of shades increased the percentage of sced producers by
2in UL 8. 12 and 17 in the nonbolling variety U, 8. 15.

SPACING AND SHAINNC EFFECTS

Spacing plants 12 inches apart in the row increased crown temper-
atures. This inerease was much greater on small than on Iaree
beets. The diffevence in temperature relationships hetween thinned
and unthinned beets was suflicient to decrease Loth seedstallc initia-
tinpr and the number of plants entering into seed prodluction. In the
1039 experiments where smaill beets were involved, thinned plots of
UL 8. 18 decreased by 13 in the pereentage of plants producing seed as
compared with the unthinned plots,  In the same test, large thinned
beetz of U 8. 15 decreased by 6 in the percentage of seed-producing
plants as compared with the large unthinned beets.

The interaction effect of size and spacing gave further evidence of
the effect of increased temperature.  Temperature readings taken at
1 pomeoon Mareh 20, 1838, showed 2 difference in crown temperature
of 2.5°% ' botween large and small unthinned beets. At the same time,
the difference in crown temperatures between large and small thinned
beets was 6.5° Counts made May 24, 1939, showed that the dif-
ference in percentage of seed producers between large and small
unthinned beets in UL 8. 15 was 14 and that where the plants were
spaced 12 inches apart this difference was increased to 21,

The 1940 tests fuenished Turther evidence that the difference in the
percentage of sced-producing plants between large and small beets
was largely due to temperature effects. By using hovizontal shades
between the rows, the temperature differences due to size were greatly
reduced.  Temperature readings taken at 1 p. m. on February 28
showed that there was a difference of 7° . between the erown tem-
peratures of spaced small beets and spaced laree beets.  This difference
was redueced to 2.5% when horizontal shades wore used in eombination
with the spacing treatment. "The significance of the above temperature
differences is shown by the pereentage of plants classed as seed pro-
ducers on each of these plots. The difference in percentage of seed-
producing plants in variety 732 between large and small spaced
beets was 31, In the presence of the horizontal shades, this difference
was retluced to 19,

Spacing beets 12 inches apart in the row on the early planting made
August 23, 1939, did not afleet seedstalk initiation and did not de-
crease significantly the percentage of plants entering into seed produe-
tion. Temperature measurements indicated that beets of this size
were not dependent on adjacent beets to furnish adequate shade to
maintain soil and erown temperatures at a favorable level for the
induction process.

GENERAL APPLIcATION

FACTORS AFFEUTING YIELD OF SEED

These studies indicale that temperatures for induction of flowering
in southern Utah, although adequate for easy-bolting or moderately
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noubolting varielies, are not adequate for the complele reproduction of
nonbolting varietics such as U. 8. 15, even under the most favorable
conditions of growth. During much of the overwintering period,
maximum daily air temperatures are higher than the temperature
most favorable for thermal induction. Ender these condifions, top
growlh is an important facter in furnishing sufficient shade for the
soil and beet crowns to prevent crown temperatures from rising so
high that thermal induction is interfered with. Plant size and spacing
are the Ltwo Tactors most frequently lound affecting tho erown tempera-
ture of beets in commereind fields.  Within any seed-growing area there
is wide variation in plant size, duce to such factors us planiing date,
fertilizer practice, and time and method of scedbed preparation.
Erequently stands are irvegalar amd approach the condition of plants
spaced by thinning,  Oceasionally tops are aceidently or even pur-
posely pastured ofl by livestock, producing » condition very similar
to that resulting from the removal of tops by clipping.  All of these
factors that decrease shading effects and allow large daily inereases in
crown temperatures crento condilions unfavorable to complete tnduc-
tion of liowering and decrease the number of plants producing seed.
Under these condilions, not only are vields of seed less but also comn-
plete varietal reproduction does not take place.  All of these relation-
ships become doubly important as varieties with increased nenbolting
charncteristies are grown.

FACTORS AFFECTING QUALITY OF SEED

Seed quality is reflected in sced size and germination percentage.
Ainimum size of aceeptable seed is slipulated by contract for ecach
area, and Lhe sced must have 2 germination percentage of 75 or betler
if full eontract price is to be paid.  In view of this fact, any practice
that definitely influences seed guality is of umportance.  The influ-
cnee of planting date and fertilization on the pereentage of small seed
has been rather consistent. Seed {rom late plantings tends to mature
unevenly and, as a consequence, there has been a consistently larger
clean-out of small seed from the late plantings.  When nitrogen was
applied alone, even in comparatively small guantities, the pereentage
of small seed was inereased.  However, when the nilrogen was bal-
anced with phosphale applications the maturily was normal and
there was ne increase in clean-out of small seed even when as much as
1000 pounds of ammonium sulfate per acre was applied (fig. 3).

The effeet of such factors as planling date and nitrogen or phos-
phate application on seed germination has not been so_consistent.
Beed germination scems to be determined largely by other factors,
such as presence or absence of Injurious inseets or the occurrence or
nonoceurrence of high Lamperatures or hot drying winds during the
period of early seed set.’  lu scasons when conditions were favorable
to the production of seed of high germinalion percentage, seed from
plots receiving nitrogen was generally higher m germinations than

2 of inseets atfecling sugar bests grown for seed ape condueted by the Bureno of Entomualoey
stui Plant Qur b, Heferoto 13 guudi o the ollowing publications, whose fmibwes are alse applicable
to Uiy eoaredipions:

[htrs, e A prd ROMNEY, VAY B, A FROGEESS KEPORT OX INVESTIGATIONS OF INSECTS AFFECTING
SUGAE REETS LROWN FOR SEEDIN ARIZON L AXDNEW MEXICH. Hurau of Eatomedoay pid Plant Quurantioe
Alimeezrapheed Cireadur K- gL Tns. Ogieher 44,

RiaaNey, VAN F. THE REFT LEAYIGHEL AND 75 COXTROE. (Y REETS GROWN Pl SEEDR [Hn g L ALY

AXRNEW MENKCO, Dyt of Eusieingy wied Maut Quacentine Mimsozraphied Clrealar £-507. 8 po., s,
May 1992,
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wits 2eed Trom the vheek plotss Tlowes ers in vears when the Hvoraee
geennation of sewd Trom the area tended (o be low, the higher uppli-
cation ol nitrogen depressed the ermination percentages,

Factors such as heavy appheations of nitrogen, late planting,
and slow-maturing of varieties cause an inerease i plant succnlenee.
This condition of the plants is noc unly more atieaclive 1o certain
mseets hut also lengthens (he ertical period when damage from both
useets and nnfavorable tamperatire can take place. Applications
af phosphate proved to be elfectve in liastening maturity. thus helping
o imninize: the daage resultfog from the aforesaid relationships.

DHSCL S5310N

Planding dave, fectilizer practee, time and method of seedhied [Hreg-
avabien, and the holune tendeney of the variety helnge wrown are all

o M0 o e Better tesla of sigagebaet —eed it soatliern Utab Upti-
arath ealiaral pracives g beressars o prsduce mare than 3,000 poand= of
vicat seed per geres SonerTadlow el biand, enrly plantiig, and the appli-
vt ol SHO poepads of snnorim <alinte ple 1060 ol of Teehle HErper-
oosplinte e oaere were afl faetore i prodaviee e exeeblent crop ~howrn
Aokt I tceraphad i o 1036,

Baetars that atfeci the peorcentage ol plans developing seclstatk<, the
rae o deselopment ol the seeastalhs. the pereentase of plants enter-
s it seed produetion. and the vield amd qeadity of the seed pro-
duivced. These fartors may aet separately or in combination. and te
combined elieet of any two faetors may be additive or one may altee
the elleet of the other, For oxample, fack of phosphate and nitrogen
may be aceentuated by fmproper seeched preparation. or the benetit
alcarly plantine oy be bost a<a resalt of poor enloueal eaee or Failure
o ~npply needed Teetilizer, 1o southern Utal sone of the factors,
stichuas plantae dave or phosphate application, are so eritieal that they
alone ay determine whether the seed crop will be o suecess or il
Leis only thromeds the integration of all faretors at the aptinnum level
that masimum yiehls of the hichest guality seed enn be produced
S TL L
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Fall growth has at least two unportant aspects in sugar-beet seed
production by the overwintering method., The firsl of these is {he
aceumulation of carbolivdrate reserves during the period of vegetative
growth (8). The second and # very important sspeet is the relation-
ship of fall growth to the phvsiological process of photothermal indue-
tion of flowering, which takes place during the fndl, winter, and spring.
There 15 a definile point below which fall growlh cannot be depressed
without sericusty affecting reproductive development. This relalion
of plant size to thermal induetion involves not only the aceumulation
of substances prerequisite or essentind to a reproductive response but
also the tndireet relolion of the shading effect of the fops o crown
temperatures.  Ficld experiments wilh artificial shades showed that
shading the soll lowered the mean temperature of the beet crown and
wade thermal induction mwre effective, as shown by an inerease in
the perceniuge of plants developing seedstalks.  Carsner reported
similar results with shading experiments near Riverside, Calif. (5).

The swgnificance of the shading effect of an extensive growth of
icaves was Turther demonsteated in gpacing and top-removal studies.
Any tueatment that redueed the effectiveness of top growth in helping
to maintain the most effeetive temperature range for thermal induction
caused an increase in the pereentage of vegelative beets. The
relation of size of top growth to induetion by ll"’hl niay also be unpor-
tnt, but the evidence indieates that during the fall and winter months
the light relationship is not so important as those affecting thermal
mduction,  Factorssuch as plunting date, time and method of secdbed
preparation, and fertilizer practice affeet fall growth, and it s threugh
this relationship that they are intimately connected with reproductive
development,  On some plots where fall growth was especiaily de-
pressed beenuse of late plauting, late seedbed preparation, and the
absence of lall applications of phosphate, induetion of flowering was so
incomplete that 90 percent of the total plant population did not enter
into seed production,  No amount or kind of spring cure was sdequate
to alter this result. Under comditions of this nature Lhere is no chance
for the utilization of stored carbohydente veserves, but on the contrary
the beels continue o grow vewetatively, aud large supplies of food
reserves are acetmulated in the roots.

Varietal differences in bolting tendeney, as this character is reflected
in normal seedstalk formation, and ireegularity with respect to this
tendeney within varielies make the relntionslups described above of
even grealer signifieance.  When nduetion of flowering in all the
component tyvpes within a variety does not take place, reproduction
of the variety in its entirety is impossible, and undesivable changes in
varietal charcteristics oceur (). Conditions of fall growth that
fucilitate the process of induction arve therefore of more than usual
tmportance if nonbolting varietics or varieties with o wide range in
bolting tendeney are to be satisfactorily reproduced.

Some of the factors that affeet {all growth are mueh more casily
controlled than others. Tune and method of seedbed preparation
ean be casily governed. Mueh of the acreage planted to sugar-beet
seed is broken out of alfalfa.  Land preparation should start carly
enough and be handied in such o nmmaner that green manure or plant
crowns nid rools will have 2 chanee to decompose complately prior to
planting timwe. The Innd can also be rid of the most troubtesome weeds
during this period.  Planting date is not so flexible and can be ad-
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justed only within certain rather narrow fimits, from about August
25 {0 September 20, Planting later than Suplembez 20 is too late for
snflivient fall growth, vfr‘ndi{‘qs of other optimum growing comlitions,
unless the fall growing season is extended bvvond the vsual length,
Planting earlier than tho last week of August is hazardous from “the
st:mdpomt of winter injury,  Beels have an oplimum size for greatest
havdiness.  Counis made on the 1936-37 plots of sugar beets planted
on August 23 showed that as many a3 16 pereent of the plants had been
killed and an additional 35 pereent had received winter injury in the
erown tissue, whereas no winleranjured plants were found in the
Seplember 12 planting.  Ferlilizing practice, the thivd factor affecting
full growth, can be casily controlled.  [n ol cases, enough phosphate
should be applied in the fall to insure that laek of it will not become a
limiling fuctor in plant growth,  Fall fertiliznGon is donbly intportant
if other lactors, such as planting date and Lime and method of seedbed
preparation, ave nol oplimum.

Beginning with the period of seedstallc imtintion hirge quantities
of nitrogen ave necessary,  Pultz (6) showed that one of the important
functions of fertilizing with nitrogen s to make the carbohydrate
reserves stored in the rool available for seed production. 1t is there-
fore timportant that an adeqguaie supply of nitrogen be available during
Lhe entire fruiting period,  There was no signifiennt differenee botween
the dates of appl\'uw nilrogen so long as the nitrogen was applied by
Mureh 1. This is in accord with previously reported results (6). Time
of phosphate application was much more important.  In all cases
where applieation of phosphate was dolayed until spring there was a
deerease iy sewd viekd in comparison with plots where phosphate was
applied cither in the fall or in an application split between [all and
spring. Much greater response in plant growth and in seed yiekds was
ohtaned from phmph ite alone than from nitrogen alone.  Phosphate
had o marked inlluence on nitrogen utibization.  In many soils phos-
phate was so deficient that # seemed impossible for plants to utilize
the nitrogen that was natorlly present in the soil.  If this is Lrue,
the marked response in plant growth and seed yield lollowing phos-
phate applications was due net only to the utilization by the plants
of the applicd phosphate but also fo 8 more efficient utilization of soil
nitrogen,  Phosplimte suust, therefore, be available throushout the
entive period of plant growih.

SUNMARY

Tests comducted during the seasons of 1936-37, 1937-38, and
1938348 have th\n that phoesphatic amd mllcwuioua h'ltihn-lq are
important fuclors o sugar-heet soed production in southern Ulal.
Applications of 300 to 400 pounds of Treble Superphosphate per acre,
cither in the fall or split between fall and sprng, gave consistent
increases of about 1060 pounds of clean seed per acre over the cheek
plois, .\pplua(mm of 800 pounds of anumonium sullale per acre
wave additionnl inerenses of 500 (o 700 pounds in vick! of seed per
avee.  Time of nitrogen apphication was relatively voimportant in all
the tests as lone as iU was applied by earty March,  Time of applica-
tian of phosplinie wag muel more eritieal, inasmuech a2 10 proved (o
Be n more limiting Tactor i plast growth, A teast half of the phos-
phate to he applied should go on eardy in fall.
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There was a relation between fall growth and the physiological
process of photothermal induetion of flowering that fakes place during
the fall, winter, and spring.  Planting date, time and method of sepd-
bed preparation, and feclilizing practice all affeet fall growth, The
development and maintenance of an extensive growth of leaves o
shade the soil and lelp create the most effeetive temperature range
for thermal induction proved to be beneficial.  Root reserves stored
during the il vegetative period are an iportant factor in seed
production only after there has been suflicient induction to bring
about complete reproduetive development.

Maximum yields of the highest quality seed can be obtained onky
through the integration of all faciors that affect growth and repro-
Juetive development,
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