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S INTRODUCTION

Variedpdates of planting affect differcntially the yielding ability of
varitties many species of plants. In soybeans differcntial responses
arggerhibded particularly by varicties that vary appreciably in date of
mbfuritiPerformance of varieties differing in earliness is important, not
only forgnaking recommendations to growers as to choice of variety
but also ifl comparing and interpreting experimental data from plantings
at several dates,

In view of the increase in aecuracy of phenotypie determinations
afforded by refinement of experimental plot techniques sinece 1935, and
because of the increasing emphasis on composition of soybean seed, a
comprehensive experiment was conducted to measure the effect of varied
dates of planting on agronomic and seed compositional characters of soy-
bean varieties that differ in carliness.

! Submitted for publication April 25, 1950.

¥ This work was performed under an allotment from the Special Research Fund
authorized by Title 1 of the Bankhead-Jones Aet of June 29, 1935

3The experiments were eonducted by the United States Regional Soybean Labora-
tory, Urbana, [il., end the agronomy departments of the cooperating agricultursl
experimeny, stations. Test 1 was conducled a8 project 659 of the Towa Agricultural
Experiment Station, and this publieation constitules journal paper No. J-1605 from
that station, The authors wish 1o cxpress their appreciation to J, L. Cartler for his
advice during the course of these invesligations and to W. G. Cochran and Oscar
Kempthorne for guidance in the stafistical unalyses and interpretation of resulls,




2 TECHNICAL BULLETIN 1617, U, 8. DEPT. OF AGRICULTURRE

PREVIOUS INVESTIGATIONS

Varied dates of planting werce recoghized curly by Gurner and others
(64 as 1 means of altering conditions under which plants mature, thereby
perantiing a study of the letors affecting secd size and oil content of oil-
bearing seed crops. Four varieties of sovheans that differed widely in
carliness were planted in Wost Virginia throughout & 2-month period at
intervals of 15 davs. In general, the faker the seed was planted the greafoer
was the reduction in oil content in the beans harvestod, The authors
. State this trend was not confiemed ju othor tests. No definite relationsghip
between secd size and dafe of planting was cstablished. In additional
studies the authors found no correlation between seed size and off content
of beans takon from the same plants. Thev coneluded that “heredity is
a very important fuctor, nol only with respeet 1o the size and oil confon
of the sced but also as regards the extent to which these eharaelers respond
te ehange in eavironment.”

The period from gomnination to binssoming of feur varietics of B0OY-
beans, grown under summer daylight conditions at Washington, D. (',
by Garner and Allard (5), ranged from 27 {0 1035 dayvs. When the dayiyrhi
was shortened to 12 hours, bowever, the vavieties all beeame oariy-
maturing and blossomed 21 o 28 days alter germination. The Hossoming
time of the cartiest variely was reduced ouly slightly by the shortened
day length, whereas that of the later varieby, Biloxi, was rudieally reduced.

Composition of beans of the Haherlandt variety planted sc fowr diTes-
ent dates in one year and at six differeni dates Lie next year in South
Africa was reported by Viljoen (18). Oil content deereased and proicin
content inereased progressively as the planting dare was delaved, Ash
content decreased slightly with delayed planting, "

Chewmical composition of seed of L0 varietios of sovbeans grown in 5

States for 5 suecessive years was studicd by Carlter and Hopper (1}
Varlunce contributed In varietics was appreeiably greaderthan -that
attributed to locations or years in seed size, protein percentage, oif por-
centage, and iodine number of oil. In eaeh of the - characters varietics
interacted with years lo o greater extent than with localions. -

Yields and maturity dates of several varielies of sovbeans Planted
different times In Mississippi were repurted by Henson and Carr (7).
Yiclds of beans from plois planed ai several dutes prior {o early June
did not differ signifieantly, whereas the yield from plantings in lule June
was appreeiably redueed. Variehies matured differentiadly in relation
various planting dates. When planting was delgsed Trom Aprid 13 0o June
4, the maburily of the earfiest variety woz retarded 26 davs, whereas olf
plantings of o later variciy matured wiihin 2 dayvs. A slight deerease in
oil eontent of the heans Mrom Iater plantings wus obeerved,

Perforimance of five sovbean varieties planted 2t 20-das intervals in
southeastern Missouri was reported by Feaster (4). When planted April
20, the carliest and latest varietios jn v experiment differed 52 davs in
date of maturity, whereas the difference in maiurity dafe of the same
varictics planted on July 10 was only 14 dayvs, Varieties reacted difforen-
tially at the several dales of planting in vield, protein, oil confoent, and
dine number of oil in the beans, Maximam yields were obiained Trom
late-maturing varietios when planted carly, und somewhat Jater planting

Ttatic wmbers in parentbuses refer 1o Laterature Clited, p. 39,
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dates gave maximum yields for the carlv-maturing varieties, Qil eontent,
of beans for each varicty was highest af the date of planting giving maxi-
mum yields. In general, a slight decrease in oil content oceurred at the
latest dates of planting. Protein content tended to vary inversely with oil
content, the lowest protein content occurring at the planting dates giving
maximum yickds. Iodine number of the oil inereased with lateness of
planting.

The effeet of enviconment on the composition of flaxseed has heen
studied extensively. Only studics pertaining o varintions induced by
delayed planting will be reviewed. In an experiment by Johnsan (8) o1
conten{ of seed of five varietios of flax was found to deerease slightly
with delayed planting in onc scason, wherens in 1 seeond scason no con-
sistend. differences were obfained. Lidine munber of oil from one varichy
i a single scason decreased slightly with delayed planting: no significant
change resulted in a second variety, The stndy soggested differences in
varicial response to delayved planiing,

MATERIALS AND METHODS

The dun reported were eollected an iwo separnte seis of field plant-
ings, which will e designated ag (ost 1 and test 20 Experimental results
from the fwo fests will be prosentoed simultanconsly, as they invelve
eerinin degree of dupiiention,

Test 1 consisted of five varietive—Richland, Mukden, Mandell, Hiini,
and Dunfield, Each variety wos planted May 1, May 12, May 23, June
3, nand June 14,

The 25 combinations of 5 varivtics and 3 dales of plinting were rranged
in 4 3 hy 5 latuiee squire design with 3 replieations. Five rates of planfing
were superimposed on this design inoa split-plot arvangement, a subplot
consicting of a single row 16 Teei Jane and gpaced 32 inches from the
adjneent subplots. Datn reporvied, however, periain anly fo the moedian
rate of planting (approximaiely 1A bushels pee aered, the athor 4 subplofs
being congidered horder rows, Al spronaomic mes=urentonts were made
an individual ploe, and ol compositional determinations were nde on
representative portions of seed Drom single plois,

Trest 2 vonsisted of variedy X dare-of-planting tosts condneted uni-
frly durving TR0, 19T, and 1942w Anies, Towa, Uvbana, 11, and La
Fayetie, Ind. OF the 5 vavieties selected for tesl 2, 3 were the same as
those used in test J— Rickland. Muokden, and Danfield | ovarieiy was
appreciably earlier in malneiny - Movlarin-- and 1 Tager in maturity=
Boone, The dates of planting were ax nearls identieal with those of tes(
as chimade condifions allowed, Single plots ronststed of 3 rows. 16 foet
fong and 24 to 32 Tuehes beiween rows, Pty wore eollected on the conter
row only. Ruale of planting was approximately 1 viable bean per linear
incly ol row. Ineaeh fest the 25 rrentment enmhinations were arranged in
a3 ne S daltiee squere design with 3 replicntions,

As teel 2 was condeeted o wihlely seatlered locatons, o summary of
pertinent climurologice b daita at each loeation is presentod (10, 74, 12).
Geographical Ineafion and lateness of season, presented ag first killing
frost, far the theee loeations mie given in wble 1, and (he monihly aver-
ages of mean dolly (emperatures for May through Oetober are shown in
table 2.
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TABLE 1.—Geographical location and lateness of season as indicated by dale
of killing frost for 3 locations, 1940-42

Appraximate g hicni P .
P nlocnfi;?fmp men Firsi kiliing froat in sutemn

X ' Averpge
Longitml: Talitude [§e2183 H 1M1 1042 date!

Ames, Towao L1 93°30° WL 42908° X. | Nov, 7 | OQet. 28 | Bept. 2 et 6

Erbana, Bl 7 88914 W | 30°05" N, i_.,sio. __E___rio___ Fepl. 28 | Oct. 23

La Favelte, Ind.._| 83°31° W, : 40%28' N, | Qet, 16 i Oct, 2% |_._do_..} Ort. 12
i I

I Means for 62, 37, and 50 vears for lowa, illingis, and Todiang, respectively.

TasLe 2—Monthly averages of mean daily temperalures for 3 locations,
May lo October, 194042

Monthly saverage temperiues jor -
I'hee et your

i

ipe July f.\uqu:‘L Sepermber | Ocrober

Ames, fowa: . o X T cp

' : i 62N . 650
7.2 63 o
7ld

[l i
[p=F=

LTI T T

Ll el
=R

M
Average (652 .\'mr::] ! 130.5

T R R

Urlyana, Hl:
16400 R, M0
I"‘II__._ e e AN
147 1 . B34

Mveraoe {Hveaea hl 3

{.o Fayette, hulbe
Wl .. B
. 2
T

Avernge (52 year IR

~\H agronomic data were mik\otmi ay the three forations in a manner
as nearly identieal ag posgible. Seed size, oil pereentage, protein pereent-
age, and iodine number of il were dotermined by the United States
Regional Bovbean Industrial Produets Labeoratery® after all samples had
been stored in a eonditioning chamber {70° F. and I8 perecent relative
humidity) long enough to attain unifarm maisture,

3 Now known as the United Jlates Regional favhean Labaratory. Ferderal agencies
eooperating in the iormer Inboratary were the Bureau of Plam Industry and the Burean
of Agricuineal Chenustry and Enginecring, The research phases conducied by the
Iatter Bureau were Inter transferred to the Northern Reginnal Research Laboraiory.
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Data were collected for each of the following: Maturity date, plant
height, lodging score, seed yield, seed size, protein and oil percentages of
seed, and indine number of the oil. The methods used in collecting the
data were as follows:

Maturity Date. —Number of days after August 1 when 90 to 100 percent
of the pods had ripened, as evidenced by their dry appearance.

Height ~—Distance in inches from the ground level to the highest point
of the mature plants.

Leodging score.—Determined at tnaturity by assignment to each plot
as follows:

1. All plants nearly erect.

2. All plants leaning slightly or a few plants lodged badly.

3. All plants leaning moderately or approximately 23 percent
ludged badly.

4. All plants leaning more than 43° from vertical or more than
50 pereent lodged badly.

3. All plants nearly prostrate.

Seed yield —Air-dried, threshed plot weights converted to bushels per
acre.

Seed size. —Weight of 100 seeds, in grams.

Chemical analyses—Methods of chemical analysis employed by the
United States Regional Soybean Industrial Products Laborators were
deseribed by Cartter and Hopper (7). Oil content of the seed was deter-
mined as pereentage of total lipids on a moisture-free basis. Protein
content was determined by multiplying percentage of nitrogen by 6.25
and 18 reporied en a meisture-free basis ag pereentage of crude protein.
lodine number of oil was calculated frony the refractive index of the oil
aceording to the equation developed by Majors and Milner ().

Siatistical treatment of data consisted of conducting an analysis of
variance for each attribute of each experiment with and without recovery
of interblock information. When a gain in precision accompanied removal
of row and column effects, the analysis with recovery of interbloek infor-
mation was used. However, when no gain in precision resulted from re-
moval of these c¢ffects, the randomized block analysis was used. The
combined analysis for an atiribute was made on treatment totals, which
lacked adjustment in those experiments analyvzed as randomized blocks
but which were adjusted in those experiments in which interblock infor-
mation was recoverad. The correlation between variety-date means
introduced by the lattice square mmethod of estimation is sufficiently small
to justify the analysis of these totals by ordinary methods. The estimate
of expernmental error was obtained by determining the mean error mean
square of the individual experiments. Tn experiments in which interblock
information was recovered, however, error mean squares were first
weighted according o the efficiency factor of the particular experiment.
Error degrees of freedom for the eombined analyses were obtained by
adding those of the geparate experiments, an approximatirn which is
deemed reasonable,

As an aid in interpretation of the analyses of variance, estimates of
varignee components were tajeulated aceording to the method described
hy Crump (3). In this procecure, the attribute is regarded as made up of
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TaBLE 3.—Mean number of days to maturity after August 1 of 5 varieties of soybeans planted on 5 dates for 2 years (1939-40)
at 1 location (lest 1); und of 5 varieties planted on 5 dates Jor 3years (1940-42) at 3 locations (test 2); and analyses of variance
Jor locations

Meax Nvssex or Days 1o MATURITY

Numniber of days to maturity (after Aug. 1) for variety planted—

Loration. year, and varjery
May 12 May 23 June 3 June 14

Aunes, Towa (test 1, 1930-40);
Richland o o o 46.2 48.7
Mukden. ... ‘ 49.3 52.6
Mandell B . o 50.4 56.7
Mini_ __. e . 53.5 56.6
Dunfield . . .| - : 53.3 57.2

50.5

e S
KESS
NN

G oy
SIEBRLB
[-- 300 e Q0

e
”
b
g
C-]
&

Mean .

Ames, lowa (test 2,71040 42):
Mandarin
Richland.
Mukden.
Dunfield .
Boone . ..

aBSh L
B W Qo D
[+ F=>] o

<

Wy =y o
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Mecean. .

Urbana, 1. (test 2, 1940-42):
Mandarin_._. .
Richland. .
Mukden .. . .
Dunfield . . .
Boone... ..

GELE
SEE38
WDt

Ol kS
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We

o
9
N
o

Mean ... . ...




La Fayette, Ind. (test 2, l‘N()«l") !
andarin .. PR S 31.: 34.5 40.2
Richland . I B X s 60.0
Mukden . .. . . . . X 62.1
Dunfield ..... .. . et . . 68.9
Boone_........ . . e S : . $6.3

Mean, ... . . .. ... L : » R ; . 63.5

ANALYSES OF VARIANCE FOR LOCATIONS
e e RN
Test. 2
Teat 1 Fow e —e . N
Sounres of variation fown Hlinois : Endiagy
g e Degrees of el it R S : e e

Degrevanl . Menn Varinnee . frévidom Mean Varianes M ! Varianee ‘Mean Variance
freedim ‘i shuare compoticni square . (oulpnnn*nl squnre roniponent HQUATe | Component
! ' !

U N — P . . hE e D NN TP [P RO el L e i o b s o e

Varieties ..o . o 4 24298 717 41 900836 | 19046 i 765483 | 16735 | 1028245 1 22524
Dates....... ... . 41 63184 41 206211 4161 1727.82 3490 1 L76LA4 T 3545

Years.,...... e 3, J:4 48 397 : 40118 =250 1 16317 . - —1.04 793.84
Varieties X dades..... . . ... . ) .52 Rh 1 3104 33 25.84 1.62 122,37 4

Varicties X yeurs... . . 25, A3 1 Sy 434560 27000 10948 6.55 63.71
Dates X years. . . .. . 2 . 186.56 RYSRIN £ P 876 N3.40

Varieties X dates X vears. ... 82 32 28.08 7.01 | 1125 4 3.10 39.59
BTOT . e i P i K.y 1.8¢ 7. 4.36 4. 1.96 1.96 4,96 ¢

SNYVAHGAOS NI SUALDVEVHD adds ANV DINONO¥OHY

Coefficient. of variasion (peréent). ... 2, e 3.4 s 2,

1120 degrees of frecdom for Towa.
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eontributions from variety, loeation, year, snd so on, and the varianee of
cach contribution is estimated. The method depends on the assumption
that variety, loeation, and year, for example, are randomly chosen moem-
bers of populations. Without such an assumption general conclusions
eannot be drawn. The components of varinner measure the refative inpor-
tance of cach possgible eontribution.

AGRONOMIC RESPONSES
Macowity Dare

Vipweties in test | did not differ greatly in date of maturity. As many
characters appear to be associated with carliness of soybean varjetics,
the varieties in fest 2 were chosen to vepresent the nmximwn range m
genctic maturity that could be wtilized commercially in Tows, Hiinois,
or Indinna, To facilitate eotsiparisons as Lo carliness of the \arwtwa in
the two tests, mean maturity dates atb five dates of planting for tests
1 and 2 at Awmes in 1940 are presenfed. Maturity dates of the two tests
are reasonably comparable for the tesis, though eonducted separately.
The varieties were grown in adjacent areas and planted on the same dates.

TIRT Tt 2
Mutwriry dute Maturity idatr
Varietyr - Mran for J;lhnmﬂm} Voniety: Mean for 3 plantings:

Richlund Hept, 24 o Manduein ¥opt. 15

Mukdun. Sept, 25 o Riehbasel Sept, 24

Mundell sopi, M) Mukden Bupl. 3

Tlissi__ .. (e, | Drgnficld. Fop:t, 40

Dunfteld . Fept, 30 Boone ikt 15

Varicties are listed in order of carliness, with {he exception of llini
and Dunfield in test 1. Although Hlint matured 1 day later than Dunficld
in 194, mean date of smaturity of Dunficld for 3 years was shightly later
than that of Hini. In tost 1 ihe range of ifurity dates of the varieties
was 8 days; m test 2 0 was 30 days,

Mean number of days to maturity after Awgust 1 for each location of
tests 1 and 2 and analyses of varidnee for localions appear in tahle 3.
Mean numbrr of days to maturity after August 1 for all vears and loen-
tions of test 2 and analyeis of variance appear in {abie 4

Delayed dates of planting resalted in progressively Tater dates of
maturity. The mesn delay in maiurity of the varietics in test 2 at the
three locations was consistient: a tolsl delay of 44 days in pl.mtin;,
resiHied in retarding maturity approximalely 16 days u r-.u h location.
Magnitude of delay in vipening varied in different years. A delay of 44
diys in planting retarded aturity 9.3 days in 1940, 18.5 days in 1941,
and 19.6 d: w8 in 1942, These observaiions are confissned in the u:mbmod
analysis of variance (table 4), as variance attributable to dates X years
15 of appreciable magnitude, whereas that varianee contribuied by dates
X locations is negligible. Furtheninore, at all loeations {fuble 3) com-
poncnts of varianee altribuiable to dates X vears interactions were
appreciable,
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TasLE 4.—Mean number of days lo maturity after August ! and analysis
of variance of 5 varielies of soybeans planted on 7 dales at 3 locations for
8 years (1940-42) (fest 2)

Mreax Nvsmses oF Davs 1o Mavrnrey

. Numher of days to maturity (after Aug, 1) for varicty plasted—
Varwiy Mang,

Moy | ‘ May 12 Alay 23 ’ Jine 3 June 18

Mandarin ... _i 2057 1 B0 37.37 ¢ . 32,61
Riehlaml .. _ . . 18,60 | MLTO M4t 39, §3.52
Multden | . IR I - S N A7.10 . 66,47
Dunfeld o : anaG | Gt (LY I iR 70.24
Hoone, o T0.85 : T4.68 TREL . B195 8677

Mean . - YRR SEER AT t43.37 1 G792

Axanyas oF Vaaxce

sunres of Sariai i+ Dogrees of Mean i Vuriange
i freedom EL Y I Cotpanenl

Varicties. ... . 4 2,006,538 145.68
Pates. .. . . 4! 3,516,585 - 34,01
Years : .. 2 14568 -85
Tocations__... _. 9,573,206 413,44
Varieties X drtes. . 16 120 .25 g

Varieties X veurs... i 16,40 42
Varieties X locations. . ) i 5 139,55 —131
Dates X years . - v : 234,30 115
Dates X locations. . ... . _ i ;| 1741 o
Years X locations_, .. . . . ' 606,20 i

Varicties X dates X vears_ . . . . . 42 97 47 )
Varietiea X dates X location~ : 335 11
Varieties X vears X lveations . 3 10567 1153
Dates X vears X locations .. __ ... . _ 80.71

Varietios X dates X vears X locations . o5 5y

Error_.. . . - 26 376

In test 2, varietics responded differentially to dates of planting with
respect to time of ripening. Although the varictal differential response
wag eonsistent amonyg years and ainong loeations, ns indicated by low
varianee components attributable to varicties X dates X years and
varieties X dates X locations (table 1), ¥ was of low magnitude when
compared with varianee contributed by diﬁ‘c.‘-rf-{aceﬁ among varicties. De-
layed date of planting tended to retard maturity of the earliest variety
more than that of the latest variety. Means for all locations and all vears
(table 4) reveal that a delay of 44 days in planting cansed the maturity
of Mandarin, the earliest varieiy, to be retarded 23 dayvs: tnafurity of
Dunficld and Boone, the latest varietios, was retarded 12 and 16 days,
regpectively. Frost hastened ripening of Boone planted ai the fate date
at certain locations, but Dunfield, in general, matured normally,
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TaBLE 5.—Mean lodging scores! for 5 varieties of soybeans planted on 5 dates for 2 years (1939-40) at 1 location (test 1) and
5 varieties planted on 5 dates for 3 years (1940-42) at 3 locations (test 2), und analyses of variance jor locations

Mean Lobcine Scores

Lodging seore Tor variety planted-—~ :
Loratinn, vear, and variety ] — Mean

May 23 June 3 June 14

Ames, lowa (test 1, 1939-40):
Richland_.. ..o wo o .
Mukden.. ... ... .
Mandell . .

Wini_._ .. ... .
Dunfield

Scui~me
N W~

L0 NLLATING IVOINHOWL

£ | g da 40 =

w
W | e

I

Mean ...l

E

Ames, lowa (test 2, 1940-42)¢
Mandarin, . ... L
Richland . . .
Mukden ...

Dunfield ._ ..
Boone_. ...

FIN =1e
NS WD

B =i
LT s =)
(2B S O]
QCSH Q6 00 WY

[
<
2]
[$4
-I
134
<@

Mean. . ... ...

Urbana, 111, Ztest 2, 1940-42):
Mandarin.__..___....... ... ..
Richland.. ... ... ... ... . ...
Mukden, .. ... .. ... . ... ... ...
Dunfield ... ...t i
Boone... ............ ... ...

W=
e i O

{kiss

o
b
v

Q'Hl'l.LflI'lf)l‘},l'f)\’ O LdAd S

bl Bt et v
PO CENE Y O

Mean.. . ... _.
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La Fayette, Ind. (test 2, 194()—12)
N andarm‘“_.
Richland.. .. ... _ ... ..
Mukden..... .. . . .
Dunfield ... . ...
Boone_...._ ..

cwowes

! 1S RS b e
o RN
] NN e e

I
©

Mean_ . . ..

ANALYSES OF VARIANCE FOR LocaTiONs

Test-1-~fowa Test 2

. Towa Tiiinois
Source of variation

Degrees of Mean Variance |Degreesofl - i K
freedom square component | freedom Mean | Varianee Mean Variance
sruare } component square 4

26.02 0.799 3210 0697 | 3153 0.585
2.06 020 165  —.040] 103 | —.004

5 957 | .08 2] 123 0 —o020| 3027 329
Varieties X dates_ .. . ____.___._ 5 .41 026 ) 79 004 .64 .020

Varieties X years ' 1.88 108 71 i —.003 5.03 - .305
Dates X yeais 1.31 .070 3 3.43 | 178 1.04 .039

Varieties X dates X years_______ .253 .018 3 .756 .180 459 063
3 p .199 .19¢ 21s 217 P .270

SNVHE108 NI SHEILOVHVHD QAAS ANV QINONOHOY

Coeflicient of variation (percent) __ 14.5 16.3 23.0

! Lodging scores from 1 (erect) to 5 (prostrate); sce p. 12.
2 96 degrees of freedom. for lowa.

IT
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Lobgixe

Mean Jodging scores for each location of tests | and 2 and analyses
of variance for loeations appear in table 5. Mean lodging seores for all
locations and years of test 2 and analysis of varianee appear in table 6.
A considerable range in lodging was exhibited by the varieties grown in
both tests. In general, lodging inereased with genetic lateness of variety.
Association of lateness with degree of lodging mnong soybean genetypus
was noted by Weiss and coworkers (14). Among 248 F; and 127 ¥y lines
derived from 17 crosses and fested in different years, correlations of date
of maturity with degree of lodging were +0.68 and 4-0.63, respeetively.
In the prescnt study an cxception io this association was found in the
varictics Mandarin and Richland of test 2. Although Mandarin matured
earlier than Richland, it exhibited a higher degree of lodging in most
tests. The cxceptional lodging resistanee of Richiand has, however, bean
demonstrated over a period of vears in many varietal fests.

Tasue 6.—Mean lodging scores and anelysis of variance of 7 varieties of
soybenns planted on 3 dates at 3 locations for 3 years (1940-42) {test 2)

Meax Lonoinag Scones

Larigtoz =eaee for vactery plantemd
Vapu by b e e e e Mean

Aas |1 Moy 1 alay 23 dune 3 Qo 11

=)

AMuandarin,
Hichland.,
Mukden
Dunhcld
Hoano .

i e
-

RIS
LELI PG — —

o]

FEE

Mean,

12
[
15

Avanvss e Vagaxce
. Phegrows of Mean Varkamee
Spuree all variniion Trovdinn Mpaee WO PO TE

Varieties. . . . . 76.24 0.535
Dates__ .. . o . . 4 1.6 —-.011
Years. ... . o A 17.87 —.003
Tocations_ ... ) 30,25 6o
Varieties X dates. . . ) o - 007

Varieties X yewrs. .. . : 3 4 0T
Vareties X locations. . . . . : TG 2
Drates X years. ... . _ s I 050
Dates X locations. . . s oy i
Years X locations_. .. .. . . 13.Th ")ax

Varicties X dates X f'e';.rs._. . a3 T AR
Varieties X dates X loeabions, . . 3% Bl Uin
Varictics X venrs X loeations. 143 AN
Dates » vears X loeations_ . ... ... ... . : R pro
Varicties 3 dates ) yeary X lseations. 4rd 14

burror. ... e mm e e ea 336 Rt )
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Date of planting had no appreciable effect on the degree of lodging of
any of the varieties in any of the tests.
1odging was affected to a greater degree by seasonal variation than by
the widely scattered locations in test 2. However, lodging at the locations
was not consistent ameng years, as indicated by the appreeiable variance
component attributable te years X locations in table 4. The mcans
constituting this interaetion were as follows:
Lucation: 1940 1941 1848
Tows. . e, 28 2.7 3.0
Minois 2.0 3.0 1y
Endiana. o . .. _... 14 2.3 2.1

Ladging in Iowa was consistently severe; at the other two Jocations the
season of 1941 was conducive to heavier lodging than the seasons of 1940
and 1942, The consistently higher degtee of lodging at the Iowa location
has been substantiated by other tests grown uniformly in the three States.

Hetcur

Mean plant heights for cach loeation of tests 1 and 2 and analyscs of
varianee for loeations appear in table 7. Mean heights for all locations and
years of test 2 and analysis of variance appear in table 8.

Moderate ‘liffercnces in height resulied from varied dates of planting.
Although the variance attributable to dates was not large, definite trends
were established. Maximum height was attained at the second date of
planting (May 12) and diminished successively at later dates. This trend
was fairly consistent throughout the locations and years of these tests.
Interaction of varieties with dates of planting was appreciable only in
test 2 in Iowa. At this location, Mandarin, the carliest varicty, cxhibited
linear increase in height with latencss in planting. In ne trinl was the
height of early varieties reduced as greatly as that of late varieties at the
later dates of planting.

Varieties of both tests varied in height. As previously mentioned,
varicties ure listed in order of earhiness in tables 7 and 8, and, with excep-
tion of the variety Dunfield in beth tesis, height varied dircetly with
lateness of varietics. Correlations obtained by Weiss and coworkers (14)
between maturity date and height in 248 F; and 127 F, lines of soybrans
were +0.55 and +0.58, respeetively,

Seep YieLp

Mean secd yields for each loeation of tests 1 and 2 and analyses of
varianee for locations appear in tablc 9. Mean yields for all locations
and years of test 2 and analysis of variance appear in table 10.

A study of trends of seed yield ean possibly best be initiated in table
10. Variety means in test 2 for three locations and 3 yeers indieated that for
all dates of planting, the earliest variety, Mandarin, and the latest, Boone,
wete lower in yield than the varietics intermediate in earliness. Varieties
that utilized the major part of the growing season but did not incur frost
damage tended to give maximum yields. Mean yiclds for all varietios at
the firat three dates of planting did not vary greatly. Yields at the last
two dates were progressively lowcr. The performance of individual varie-
ties with respect to date of planting, however, was dissimilar, The yield
of Maandarin, the earliest variety, varied onty slightly at the various
dates of planting, whereas the yield of Boone, the Iatest variety, de-
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TABLE 7.—Mean heights of 5 varieties of soybeans planted on & dates for 2 years (1939-40) at 1 location (lest 1) and 5
varieties planted on & dates for 3 years (1940-42)} at 3 locations (test 2), and analyses of variance for locations

Meax Prant HElgHTs

‘Plant height for variety planted—
Mean

Lovdtion, year, and variety

May | May 12 May 23 June 3 June 14

Ames, Iowa (test 1, 1939-40): - TInches I'nches Inches Inches Inches
i i 31.6 32.5 31.0 31.2 30.2
37.3 38.6 36.6 379 34.2
8.6 39.1 38.6 36.4 35.0
ol 39.6 ¢ 39.9 40.5 38.2 :
Dunfield__ .. il .ol : 37.2 38.7 37.4 35.8

TLTOT NLLATING TVOINHOUL

Mean ' ' T : 36.8 35.9

ek

Ames, Towa (test 2, 1940-42):

]

29.2 30.4
33.7 31.9
40.6 39.1
40.0 38.1
41.4 40.4

-L-S'.&'-‘b.‘.lé
BSS&g
ENES RN RN |

g S0 by e

OOt

EON Nl
A0 LAAAd S

w
b
~t

MR - o oo g 3751 370 36.0

Urbana, 11l (test-2, 1940-41):
Mandarin____ ol
Richland ;

e 05 65 S0 B3
B RO O
| NNl

THALTADIDY

r
v

o
'




La F‘a
Richland: . .

etie; Ind. (test 2, 1940-42):

andarin____._. . ____ Dl . ... ... ... .

Mukden. __._.__ "D TT oo

Dunfield. ... _ .. _.__ .
Boone._ ... _ .. ... _._... ... .

Mean

ANALYSES OF VARIANGE FOR Locamions

Souree of vavintion

Test I-=lawn

lows
Degrees of

Hiinois

Iniiana

Degrees of
freedom

freedom )
Menn
square

Variance

, Mean
component

isquare

Variance
compouent,

Aean
squnre

Variance
fomponent

Menn
sojunre

Variance

Varicties. © . .. ...l ...
Dates_

Years_ . S
Varietics X d.ma-_, -

Varieties X years. . .. ... ..
Dates X yemrs_ ... ... ...

Varieties X dates X years. _.
Error_____. . __ ... _. ...l ..

Coefficient, of variation (pereent). .

255.52
55.11

526.40
3.20

8.14 4
1.66

6.85
.08

1,345.12
51.50

581.00
43.35
10.86
477

2,71
4,08

5.6

19.99
14.12

7.99
3.44

5.1

.54
14

—.46

28.66
.08

7.40
3.93
.80
41
1.52

747.38
92.58

1,555.26

6.46
0.41
6,71

12.78
197

4.2

24.81
3.07

20.69
~=1.05
-.22
—.40

3.60
1.97

| SR

!

1,886.95
162.58

2,216.61
15.08
20.06
28.35

16.60
217

4.2

' For Mlinois (test 2), 1940 and 1941 only.

41.32
3.02

29.01
=17

718

481
217

component,

.83
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TaBLE 8.—Mean heights and analysis of variance of & varieties of soybeans

planted on 5 dates at 3 lncations for 8 years (1940-42)! (test 2)

Varirty

MEeax Prast Heiguts

Plani height for voriety paniod—

Muy 12

June

Inches
278
32l
4.8
A8
44,3

E Moy 23
L]
L
t

Inches
294
319
49.2
382

43.0

6.8

Inehes
20.5
301
36,4
352

41.6 [

June 14

Aean

frehes
291
274

4.2

328
1049 .

43,0

Frches
28,7
307
374
34,6
+2.7

454

3030 346
1 . i

ANALYSIS OoF Vaklaxce

Suurew of variation

1 1
fl)ﬂ(rl:irs of Trmndornl Aloean sruaes
'

¥arieties__________ ... ...
Dates_ . ... ___. __. .. .

Years . .. ____..__
Locations

e . ; 4,812.11
’ 287,68

Yarieties X vears____.._ ...
Varieties X locations. .. o
Dates X vears_______.___ . ..
Dates X locations

Years X locations

Varietics X dales > yewrs_ ...

Varicties X dates 3 locations

Varieties X years X locaiions

Dates X years X loeations

Varieties X dafes X vears 3 Jorations_.____ .

[ 0 I iy I 20

Krror.._:

=
1<

1

¢ For IHinnis (test 2), 1940 and 1941 oniy.

creased appreciably with delayed planting. The sharp deerease in yield
of this late varicty when planted at the two iatest dates was partially
attributable to occasional frost damage. The magnitude of decrease in
yield with delayed planting for the varieties intermediate in earliness
was indirectly proportional to carliness of variefy.

Mean seed yields summarized by loeation in table 8 indieated similar
trends with respect to differential response of the varieties differing in
carliness. Among locations, the variance attributable to varicties X dates
relative to error variance was lowest in Illinois, the most southern loca-
tion, The low interaction in Illineis was undoubtedly influenced by the
relatively high vield of Boone at the latest planting dates. In test 1,
although the varictios did not differ so greatly in carliness, the vield of
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the carliest variety, Richland, was not reduced as greatly at the lasi
two dates of planting as was the vield of Illini or Dunfield, the latost
varieties.

A relatively large variance attributable to the internction of date of
planting effeets with yeurs in test 2 (table 10) is of interest. The means
for years contributing ta this interaction are shown in table 9, each value
consisting of the mean of five virieties replicated three times i
three locations.

In 1940, considering all varicties and all locutions, mean vields were
unaifeeted by date of planting. In 1941 decreases accompanicd lateness
in planting; in 1942 this trend was more pronouneed. Variation intro-
duced Iy soasonal variations of planting date offects was greater than
that contributed by over-sll differences in planting dates.

The high variance ativibutable to varictios X years X locutions inter-
action may be of intercst. Returning to the analyses of varinnee by lesen-
fion in {able 9, it may be scen that » constderable portion of this varianee
was contributed by the high varietios years interaction at ihe Towy
location (tabie 11).

The means by years indicated that the varietios responded much differ-
ently in the 1942 season than in the 2 previous years, In 142, menn vields
of early varicties, considering all dates of planting, cxeeeded those of the
2 previous years: on the contrary, the yield of Boone, the lawest Variety,
was the lowest of the 3 soasons. Seasonal interaction seemed logieal, in
that killing Trosts during the seasons of 1940 and 1 W1 oeenrred 32 and 22
days Ilater, respectively, than the long-tine average. Therefore, ih.ese
seasens were favorable for the development of redatively late vitrietics,
even b delayed plantings. Killing frost oceurred 12 days earlior ihan
the long-time average in 1942, thereby redueing vields of the relatively
Jate vanetics when planted of drlaved dutes, As eanseqguence, whon ull
dates of planting were panled for 1942, the varvieties vickied mope nearly
in order of earliness

SEED Sz

Mean seed sizes, expressed in grims per 100 sveds, fur each loeitfion
of tests 1 and 2 and analyses of varianee for locations appear in table 12
Mean sced sizes for all loeations ane years of test, 2 and analvsis of vapi
ance appear in tahle 13,

Varictics differed in seed size in hoth tests, However, varietal differ-
enees were nob consistend, for locations (fest 2) or vears, The interaction
of varietios with locations wuas lurgely attributable to refalively larger
mean seed sizes of enrly variciies and smaller mean seed sives of Lute
varieties when grown at the Towa loention, As consequence, when
grown in Iowu, carliness of varieties seemed correlated with large gped
size. This association was not evident, however, at ¢ither of the ather twa
tocalions. Varianee attributable to varictios X years was also of appro-
cible magnitude, but ne consistent. trend was established by differentinl
seed size of the varietics in different vears. Furthermore, in test 2 the
differential response of varieties to years wis nob congistent at the three
lnentions, as evideneed by the magnitude of the varianee attributabie ty
varictics X vears X locations,
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TABLE 9.~—Mean seed yields per.acre
and 3 varieties plunted.on 3 duates

b S i SR s et e e e

Loeation, year, and sariety

Ames, Towa (fest ),
Richland _
Mukden .
Mandell.
Mini_ ... - ..
Dunfield . ...

19539 40Y;

Meéan..

Ames, lowa (test 2, 1940-42):
Mandarin ... . ...
Richland... . .
Mukden. .. - _
Dunfield _ ...

Boone._. .

Mean.

Urbana, 1E (Qest 2, 19407 42);
. Mandarin :
Richland
Mukden. .
Dunfield. .

Boone. . .

Meéan

of & rarieties of soybeans planted on 6 dates for 2 years (1939-40) at 1 location (lest 1)

for 3 years (1940-42) at 3 locations (test 2),

MEaxn Seep YIELDS

and analyses of variance for locations

Yield for vuriety planied-— :
Mean

May 1

Bushels
23.1

Muy 12

Bushels
25.8
25.8
26.2
28.9
274

26.8

May 23

June 3 June 1t

Bushels
23.
21,

Bushels

Bushels
27 247

242
24.5
249
24.6

24.7

1]
25.1
26.8
25.2
28.3

26.6

PRI SRY -

v
1
i

i
i
}

24.6
0.6
324
817

214
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La Fayette, Ind. {(tesi 2, 1940-42);
andarin
Richland.
Mukden .
Dunfield
Boone- .. .

Mean. . ., . -

Means for vears (fest 23
1940
1941
1942

<

=IO o
SNO

Wt

\Nu YRES 0P \ ARIANCE FOR Lr;c" TIONS

Pest £
: : “Fest 1 lowa v i i e i e s e o i ey et e e i
Sonree ol variation Cr H ] : | illinois ladiana
Degrees of 1 R R
Vofreidon N :
“. sgreen of - Mean. Vananee ¢ Mean Varinnce Mean Variance Mean Varignce
! froedom l suate . tomponent § square D eamponent | square . | comiponent square componeai

} { !

S st st RN T S S s st g i

N T w———

Varictivs 4 826 5 ~114 4 G39.85 230.66 0 429 483.08 8.22
Dates. : : 4 13585 0 4.26 60045 ) 86.37 ©  ~.79 125,75 28

Variefies X d::ii‘s.. 6 | 20,84 2,50 1! H8.31 38.32 1.88 47.79 2.30

;
D3 41L98 | 45.03 2057960 0 L },1,592.3.1,‘1 1972 1,927.80 23.47
{

Varieties X years. ; 9741 A1 boaeoar ]l 25020 9953 54 9245 5.02
Dates X years.. .. . . L 12a ~ Tse0n 73, 10515 558 ) U237 5.03

SNVIFX0S NI SHALOVHUVH)) qA7IS ANV DINONOULHY

1,01

Varicties X dates 3 3o , 161 82l A5 321511 324 | 140 P goee 1
022 922, 5.0 3.07

Krrov oo .00 , 72 5.37 537 - i 540 | 540,

Coetficient of variation (pereontd T ' 04 . 8. L 0.3

L 72 degrees of freedom for fndiana,

61
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TapLe 10.—Mean seed yields per acre and analysis of variance of 5 varieties
of soybeans planted on 5 dates at 3 locations for 3 years (1940—42) (fest )

MEeax SEEp Yielbs

Yiehd fur variety planked—
Variely ' Sonn

' t
Muy ! P Moy i ; May 24 l June June 14

! Bushels | Bushels | Hushels l Bushels ;| Bushels | Bushels
Mandurin . 25.5 28,6 26.2 26.5 26.1 26.2
Richland . . _....._. 32.2 31.5 3243 l J0.5 2001 BN}

Mukden 341 R HO 3t 28,2 ° o
Dunfeld_ . ... ___ 336 5. 32.6 | 29.8 27.6 3.3
BOORr. .o menannd 30.3 ! 25.0 6.8 22 187 252

v
*

a2t 0.6 30.0 28 259 . 28.1

Menn__. ...

ANALTSS 0o VARIARCE

. .o [ Jegrees of Menn Vurinnee
N v of ¥ qot
Howres of varintim frecdom spnare eomnpunent

Yaticties . .. . . . 1,368.30
Dates_o..... . . . o : 4 627.36
Years. oo ...ac - - . 2. 3,726.49
Locations__. .. ... . : 2 2 580.55
Varietien X daies . - . , i 89.87

Varieties X years. .. . 3 22508
Varieties X loeations. . B . v 147.14
Dntes X YeA™S_ .. ....- i 22618
Dates X loeations ... o 3 92,60
Years X locations_ E 186.65

Varietivs X dates X venrs . . R 21.39
Varieties X dules X jeeations L . 42 2347
Varieties X vears X loeations . ... 16 143.66
Dutes X years X loewtions. .. . . .. 6 28.77
Varietios X dates X yenrs X loenbions .. . [3) 16,12 ¢

Feror. ... _ - o | 264 .57

fn general, delayed planting resuited i deerensed sced size in test 1.
in tesi 2, time of planting had little effect on seed gize. However,
test 1 and at all eations of test, 2 seed size of varieties was affected
differentially by time of planting. The differentinl performanee of varieties
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was largely attributable to the failure of early varicties to' be affected a4
mueh by delayed planting as the later varieties. In test 1, scasonal effects
on the seed size of the variety Richland were pronounced (table 14).
Delaved planting caused progressive decreases in seed size in 1939; it
caused progressive inercases in 1940. No explanation is proposed for this
inconsisteney. In test 2, seed-size variation attribuiable to locations and
vears was slight.

TaBLg 11 —3Mean seed yields per acre of 5 varieties of soybeans planted on
5 dates with 8 replications at Ames, lowa, 1940-42

Yenr
Viariery

140 : 1AL

. ) _

Hushely: Bushels; Rushelsj Hughels
Mandurin. R 18.9 1 19.5 34.2 ] 2.y
Richiand . . . 25.8 26,2 340 287
Mukden, . 25,3 29.8 NV L1
Dunfield . . HLO K3 s an.s 254
Boone . . . 2451 8.1 13,2 188

SEED COMPOSITIONAL RESPONSES

PuoTely CONTENT

Mean protein eonient for each location of tests 1 and 2 and analyses
of variance for loeations appear in table 13, Mean protein content for ail
locations and veurs of test 2 and analysis of varianee appear in table 16.

Varictios in both tests differed in protein content. Remarkably low
variances attributable to dates of planting and the varicties by dates
interaction in all tesis indieated a virtually complete absence of cffecet
on protein conient of single varicties or groups of varieties by date af
planting. Protein content varied with years and with locations.

{he. CoONTENT

Mean oil content for each loeation of tests | and 2 and analyses of
varianece for locations appear in table 17. Mean oil content for all loea-
tions ane years of test 2 and analysis of varianee appear in fable 1R




TABLE 12.—Mean seed sizes per 100 seeds of 5 varieties of soybeans planted on 5 dates for ? years (1939-40) at I location
(test 1) and 5 varieties planted on 5 dates for 3 years (1940-42) at.3 locations (test 2), and andalyses of variance for locations

Meax Seep Suzes

Seed wize: fur varicty planted -

Fovention, year, aod vuriery

May 12 May 2 June 3

[
.

Ames, Towa. (lest 1, 1930401 ! ¢ G'rams Grams ' Crams Grams
Richland. . . . . R . e ] 16. 16.65 16.27 } 16.39 16.03
Mukden. . . 16. 37 14.99 13.88 12.91 .
Mandell. . o , . L B.06 .38 | 15.94 - 14.59 13.88

S ‘ o S 4.49 | 13.71 12.29 11.08

Dunfield . . - . s : X 15.7 14.79 ¢ 13.04 12.13 ¢

Mean. . , i 16.12 5.73 | 15.14 | 1404 | 13.20 -

Amnes, lowa (fest 2, 1040 423 : : ‘
Mandarin . 17.02 : 1547 | 16,29 16.66
Richland. . . . . - 5.13 « 15.90 ; 16.71 ¢ 16.29 .
Mukden. . . . . .61 - 15.18 © 14.82 13.99
Dunfield . . - B 16,12 15.61 14.27 13.56
Boone, ., . . . . 243 11.84 10.41 9.31

Mean, .. S o - 5.26 1 5. 14.80 13.96

Urbana, 1, {test. 2, 1940- 425 i
Mandarin_ ... . Ll 558 1 15.76 16.38
Richland... : e 532 16.21 : 17.66 -
Mukden... . o . L 522 15.38 : 16.34
Dunfield.. . - . . R o 3,26 16.90 i 15.63
Boone__, .. . e . oo T 13.82 3 ; 11.51

Mean. . .. .. : S 5.: | 15.61 - i 15.50 -

THALTADTHDY 40 L43d '8 "0 ‘2101 NLLATIAN 'IVOINHDAL ZZ
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La Fayette, Tnd. (fest 2, 1940-42):
andarin. . ... oo mevienmant
Richland._.. ... conicieanan
Mukden_ ... . ... u e
Dunfield; . ... . ..

Boone. .o v . ce wowinn

Meano ..

ANALYSES OF VARIANCE YOR LOCATIONS

Test 1-=Jown Test' 2

Source of variation ) Town Hlinois Indiann
’ . Digrees of
Degrees of Mean Varianes freedom

{reedom Aquard tomponernt

N

Mein g Varisnce Mesn . ! Variance Mean Viriance
gunre icmnpom:nb square i"componem square component

e e i E e e e e e 8 g - 1 £ v e S s o e e

Vaneties 0. . e 4 48.06 1.0 4 312 333 64.69 1.14 134.30 2.7
Dites. .o ] 43.81 - 1.2 4 2.80 L0 90.13 02 1.89 —.13

YeRrs._. L. . 1 104,33 1.23 » ; 22 2 20 $.93 02
Varietics X dates, ... .. .. o 16 z : | 63 67 a7 7.29

: : ; : | ) 1

Varieties X years. ..ol 4 .26 3 2557 1.63 6.30 37 7.18
Dates X vears.. ..o o on : L 35 LN 2.83 12 1. 03 : 2.40

i

Varieties X dates X years. .. ... 16 1.5 1 . ] 28 ko 16 % 1.87
ErrOr, o vimmin i b an e s ) iE 270 27 28

SNVALXOS NT SHALOVHVHD (TS ANV DINONOADY

Coefficient. of variaiion {percent) : e e e T T DA 34 i 3.4
i ;
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TABLE 13.—Mean seed sizes (in grams per 100 seeds) and analysis of
variance of 5 varieties of soybeans planted on 5 dates af 3 locationa for
3 years (1940-42) (test 2)

Meax Seep Sizes

Beocd wize (or varivty planted -
T e e e v e Mewn
May | . Alay 12 Muy 2% June 4 | June 14

Viarieiy

Mauandarin 16.26 . f.5! 4,02 16,48 15,06
Richland 13,44 ; i, (RIS 171

15,42 . 5,07 S04R ATh 15,49

16,44 boHi (K} [R{N 1468
Boone ___.________ _ . 3. 1R A 10.61

Mean 547 . 5.8 Rl At 14,80

ANALYAIR TP Vanriaxce

1 .
, ) Hhvgrees o, 3] I Virisuer
Saures of varinLon P frecdim H : b L oermiponent

BELRY)]
: 821
Yoears .., . . 3068
Loeations. . . :
Varivties X duies

Variclies % L
Varietics ¥ loeaiifons-
Datos X venrs.
Dites X loeations,
Yenrs X Jueatious

Varictios X daies 3 yenrs

Vareies X% dates % loeations
Varietics 3 yoars ¥ loentions

Dates X vewrs X loentions .
Varieties X dutes ¥ years 3 loeaticns

Ervor o .

Hy in oil eontent in test | and alt locations

Varieties differed significan
nf test 2. At individual lieaiions {ishle I71, varianees atfributable to




AGRONOAMIC AND SEED CHARACTERS IN SOYBEANS 25

varietal interaction with years were generally appreciable, but in com-
parisen variances eontribitied by varietal differences were not of excessive
magnitude.

Delayed planting usualiy had little effect on oil content. A slight tend-
ency for lower oil conlent to be assoeinted with delaved planting scemed
evident., Differential performance of the vavieties at varied dates of plant-
ing was notieeable. (i} content of relatively late varieties, particularly of
the Boone variety, tended to be deerensed more ‘5(‘\0!‘8“ by delayed
pianting than that of early varieties, cspecially in plantings made after

May 12,

Variances attribuiable {o yvenrs and loealions in test 2 were large, and
are pariienlariy signifieant in view of the small internetion of years X
locations. Moean oil conteniz at the illinois locnlion wore consistently
higher than ai the other 2 loentions, and menn il contenls in 1940 were
consistently lower than in the other I vears.

Tabre 14.—Mean seed size (in grams per 100 seeds) of Richland 1 lest !,
1839-40)

Mg <eeit wize Tor !{ulnl :n:! panled -

| Adoan

My 1 May 12 May 2t done d © dune 1t [
W a0 A WO
K12 11 R 6.1 16,4 2 1. h .

Moean, LT 1.5 ln
!

ToNE NevpeEr oF (e

Mean lodine wumbers of oil for each loeation of tests 1 and 2 and
anadyvses of varianee for loentions nppearin tabie 19, Mean iodine numbers
for o1l loeations dand yvearss of fest 2 and analysis of varianes appear in
tahle 20).

Todine mupnber of oil of the variciies differed significantiy in all tesis.
Variefal differences, however, were not econsistent nmong yoars at any
of tiw loeafions, as evideneed by consistently high varianees assoctaded
with varieties X years internetions
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Tanne 15.—~Mean protein: conlent of & varicties of soybeans planted on 5 dates for 2 years (1939-40) at 1 location. (test 1) and
2 varieties planted on 3 dates for 3 years (1940-42) al 3 locations (test 2), and analyses of variance for locations

Meax Proreix CoNtest

. Protein content for varicty planted—
Laeation, yeir, and vacieiy . Mean

May 23 June 3 June 14

Ames, lowa (test 1, 1939-40): ;
Richland. ... ___l_ . . o i . 42,46 42.78 43,79
Mukden. ..o i : 45.40 45.70 45.56
Mandell: .. . oo o o . . . Lot . 46.56 46.75 46.61
NMini - A 2. 43.20 42.86 43.53

Dunfield.____ . T L 42.30 42,77 12,80
Mean_ ... i e 43.98 4417 44.46

Ames, Towa (test 2, . 10-42): : :
Mandarin.._._____.__.____ .. i ..., . 46. 45.82 45.90 46.09
Richland._ .. . .. . .. . ... ..., .. 41.8 41.92 41.59 41.40
Mukden. ... . ... .o ..o o ieaio.l. 44.89 45.70 145.64
Dunfield ... ... . e X 40. 40.63 40.75 41,47
Boone . L 42.79 42.57 42.649

Mean. . . . B 3. 43.21 43.30 43.46

Urbana, Tll. (test 2, 1940-42):
Mandarin___ . _______ . __ .. .. ... ... | . . 43.32 42.57 42.99
Richland._.._ ... .. ... . .o . . ... . 41.44 40.42 41.32

i 42.20 42,34 42.72 |

39.73 38.58 39.80

40.66 40.61 41.05

41.47 40.90 41.58

FEALTIOINDY A0 "LdukC 'S 01 2107 NLLATING TVOINHOAL 9F
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La I‘Nie(te, Ind. (test 2, 1940-42):
andarin

46.74
41.50
46.37
41.39
42.13

45.49
41.67
45.44
40.88
41.28

44.43
42.03
45.62
41.70
40.94

43.63

42.95

42.95 l

ANALYSES OF VARIANCE FOR L:OCATIONS

Spuree of variation

Teat 1——lowa

Test 2

Degrees of
freedom

Mean
square

Variance
component

Degrecs of
om

Iowa

" Ilinois

Indiana

Variance
component

Variance
component

Mean

square

Variance
component

Varieties. ..l ...
Pates. . _ o iien

X earS . e
Varieties X dates_ oo . .

Varietics X years .. _ ... i __
Dates X years.____________-___.

Coeflicient of variation (pereent)._

oy

o
— e
Lo

T
N

e
Y i W
-0

,..
- A

S~

-1 -] =)

'~
—

3.62
—.53

1.72
-.05

.33
1.06

.28

5.59
—.12

1.70
—.02

45
27

.36

2.53
—.14

1.792

A7

5.27
01

2.01
02

59

172 degrees of freedom for lowa, 120 for Hlinois.

SNVAHL08 NI SHHLOVHVHD (dddS ANV DINONOUDYV
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Delayed dates-of planting resulted in a substantial increase in iodine
nuwinber at all locations of test 2;in test 1 no differences in iodine number .
were attributable to dates of planting. Varied dates of planting resulted

TaBLE 16.—Mean protein content and analysis of variance of 5 varielies of
soybeans planted on 5 dates at 3 locations for 8 years (1340-42) (test @)

MEean ProtElN CoNTENT

Varinty

Protein percentage for variety planted—

Mean

May 1 Muy 12

May 25

June 3

June 14

Mandarin_. ___ 45.89 45.52
Richland . ____ 41,15 41,34
4485 44,39
40,23 40.24
41.79 41,31

44,84
41.53
44,35
40.51
41.64

44,30
41.35
44.56
40.34
41.37

44.89
41.47
14,67
40.70
41,59

Menn_! 4278 42,56

42,57

42,38

42.66

ANALYSIS OF VARIANCE

Hauree nf varlation

Degreea af
frenelan

Moenn
E TH N

Varfanes
Cormpinet

Varioties _______ ... _ . .. .. _ ...
Dates. .o oo ..
Years L. ... .. .
Tecations...______. ... . .
Varieties X dades. ... ..

Varietics X yenrs_________ .. ..
Yaricties X Ineations .
Dates X years______._____ . . ..
Dades X Incal.inn-;

Varielies X years X locations
Dates X years X locations

Varietios X dntes X years_________.___
Varicties X dates X loeations_.__ ____ . _____

Years X locations . ________ .. ... _

590.35
2.92
346.00
255.69
2,87

12,00
17.77
8.53

3 9E

el

48.50

2.42
1.38
3.97
4.60
175

57

4,19
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in consistent differences in iodine number at the three locations of test 2.
Throughout years, however, variances due to date of planting were not
consistant in test 1 or at the Illinois loeation of test 2. This interaction is
thought to be attributable to differential mean temperatures oceurring
during the soybean developmental period throughout the years of the
tests af these locations.

Interaction of varieties with dates, in general, wus of low order mag-
nitude at cach of the locations of test 2. In test 1, howoever, varicties
interacted considerably with dates of planting. Tedine number of the
carivst variety, Richland, decreased with lateness of planting. Varieties
intermediate in maturity, Mukden and Mandell, showed little change
in odine number, whereas the Iatest varieties, Illini and Dunfield, exhib-
ited little change throughout the first four dates of planting and even
it small inerease at the latest date.

Among the lseations of test 2 relatively high jodine numbers were
obtained at the Towa location, and among vears higher iodine numbers
resulted in 1942 than in the two previous seasons. Deviations from these
trendds, however, are indieated by appreeinhle variance attributable to
the interaction ol vears with loeations.

ACCURACY OF LATTICE SQUARE DESIGNS RELATIVE TO
RANDOMIZED BLOCKS

Relative o randomized blocks, quasi-factorial types of experimental
designs have been shown by numerous workers te facilitate aceuracy in
compurison of treatment means when variation within replications due to
environmental factors is of appreciable magnitude, The higher degree of
neeuracy in quasi-factorial designs is usually accomplished by reducing
the size of the cxperimental units among which variance attributable
to environmental faetors may be eliminated. In lattice square designs, as
used in these experiments, an estimate of the varinnee among columns
and rows of the square or replieation is possible. The aceuracy of the
experiment relative to randomized blocks can be cstimated (2) by com-
paring the effcetive error mnean sguare per plot (with recovery of inter-
Llock information) with the error variance obtained when the design is
analyzed as a randomized block design; that is, the squares are freated
as randomized replications,




TABLE 17.—Mean oil conlents of 5 varieties of soybeans planted on 5 dates for 2 years (1939-40) at I location (test 1) and 5
varieties planted on 5 dates for 3 years (1940-42) at 3 locations (lest 2), and analyses of variance for locations

Meax O ConTeENTS

Dil content for variety planted—

Location, year, and variety

Ames, Iowa étest 1, 1939-40):

Mukden_____A e
Mandell_ .. .. ..
Mini_.___~__. .

Dunfield. .. .. ... .

Mean. . ___.

Ames, Towa (test 2,7 1940~42):

Richland_. ... . ..
Mukden. ..._ .. ...

Dunfield ... ...

Mean. .. ..

Boone.. ... .. _...

Urbana, T1. (test 2, 1940~42):

Mandarin__ .. .
Richland. ..
Mukden_. = -
Dunfield . ..
Boone.

Mean. .

19.58
19.38
18.46
19.62
20.39

May 12

AMay 23

19.68
19.14
15.40
19.33
20,38

19.74
18.94
18.26
19.21
20.14

June B

19.87 |

18.56
17.72
19.31
10.71

June 14

“Meun

19.49 |

19.39

19.26

19.03

- 19.34

20.19
19.10
21.22
20.98

18.57
20.28
19.09
21.09
20.76

1817
19.89
18.98
21.26
20.06

17.72
20.10
19.02
20.96
19.38

20.17

19.96

19.67

19.44

19.80
21.21
20.78
22.54
21.98

19.76
21.21
20.84
22.36
21.82

19.80
21.63
2117
2222

2170

19.82
21.38
21.08
22.39
20.88

21.26

21.20

21.30

21.11

AUALTAINAEDY 40 "LdAA 'S ') '2101 NLLATING TVOINHOAL




La Fayette, Ind. (test 2, 1940~42)
andarin_... ... .. e iy ] 18.66
Richland. = = _. R 20.58
Mukden . ... s " 18.94
Dunfiedd.. .. ... . . . .. .. .. . 20.86
Boome__. ... ... ... . e 20.91

Mean ', . . . .. oL ‘ 19.99

.\\u YSES OF VARIANCE FOR lol ATIONS

Test 1 lows . C el e L et o e S0 i i 2 e S5 R

Bouree of variation f lowa Hiinois O Indisng

:Degrees of Mean Variance Degrees of Mesi Varinnce Mean Vatinnce Meunn Varianée
i freedom square component | freedam Sipunre roinponent NOUATe component suare component

R T L o

. ¢
Varieties__ .. .. ... L. R 4 .38 0.35 5 49,56 1. 38.05 0.80 43.16 0.87
Dates_. e s 4 3.14 16 6.96 . 1.53 00 2.56 =05

Years .. . 1 2 —.05 2 47.19 A 79.97 1.04 60.75 .73
Varieties X dnlts L . 16 4.96 76 , b 1.80 . 1.18 11 1.63 1t

Varieties X years. . R 4 .2 05 | 2.85 . 1.25 .07 3.08 A7
Dates X years. . .. e 4 A9 2,72 . 75 04 3.66 .20

Varieties X dates x years .. 16 Y 0 32 o7 28 21 .03 .60 16
Error..... . i MR . a4 13 1 13 13 R Kt

¥

SNYHIHAON NI SHALDVHVHD dHAS ANV DIKONOHDY

Coefficient. of variation (percent) . ;,, i e e 1.8 . . 1.7 §... ,-% 1.7 .

1€
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Owing to the additional computations accompanying the reinement of
the quasi-factorial designs, it is eustomary to remove block effects in
only those attributes—yield, for example—that are critical and in which

Tapre 18-—Mean nil conlents und analysis of variance of § varieties nf
stybeans planted on i dates at 3 locations for 8 years (1940~42) (test 2)

MEeax O, Coxvests

Ol eontent for vasiety planted-—

Ay | ; May i3 Aay 4

]
mimm e e e il . E

Jurie 3 l Tuhe 14

1 1 .

Mancdarin . 1927 10.04 1881 18.67 18.43 1884
Hiehland 20066 M52 JikdiS 20855 20.63 20.66
Mukden . 161 19.77 19.76 9.81 ° 19,86 19.74
Prunfiek! . 2154 2154 21 44 2134 2020 21.41
Hoone . 21,29 2.6 20.72 1993 ! 19,23 20.46

Mean L a7 2045 . w098 w008 - 19.87 2093

ANALYSEIE 0F Vaniaxce

i 1
. . Jeprees of Mean Varianee
Souree of Lnrintiog " freedom AquURrE compsnent

— - S e e ——

4 .90
- N, K1

2. N1
Locations. .. . 2 63
Varieties X duates. | . G AR 2

Varieties X years .
Voricties X locations .

Dates X locations. . .
Years X locations. ...

Varieties X dales X vears__ .
Varietios X dates X loeations. .
Yarieties X years X loeations.

Dates X vears X locations___ . .
Varietica X dates X years X loeations_ .
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varinbility due to environmental factors is considered to be appreciable.
In other attributes, such as maturity date and lodging, variability condi-
tioned by fhe environment is considered of such low magnitude that fre-
quently measurcnments are made in only cwe replieation. In conmposition
analvses, determinations on bulked samples from the replieates are
Frequently considered to give sufficient accuracy. When individual plo
data have been eollecied for such attributes and it seems desirable to learn
the significance of differences among treatment means, quasi-factorial
designs are frequently snalyzed as randomized blocks.

As all data in the experinents reported were colleeted on individual
plots, comparison of the attributes as to preeision when analyzed as
laitice sgquares relative to randomized blocks was considered of interesi.
The aceuracies of the experitnents, when analyzed s lnttice squares reln-
tive fo when analyzed as randomized bloeks, appear in table 21,

1i is important to note thut the mean relative accuracies are consider-
ably lnwer than usually reported. In praetice, when accuracics of lattice
quare experinents by rundom chanee are lower than when analyzed as
randomized blocks, row and column effects are pooled with error vari-
ance. When such u svatem is practiced no experiment can have a relative
accuracy less than 100 percent. In order to indieate the true relative
acenracy of the lattive square designs, the “practical” mean accuraeies
are presented in the bottom line of table 21, In defermination of these
means all aceuracics less than that of randomized blocks were considered
in be 100 percent, An analysis of variance of the relative aceuracies is
shown in table 22,

As correlations have been established among certain of the atiributes,
use of analyvsis of varianee in an examination of the mean accuracies
might well he questioned. As the experiments X attributes interaction
would be biased downward by such correlations, however, it is of interest
tg nofe thai mean accurncies of altribuies did not tend to differ signifi-
cantly when compaved with this interaetion,

Of Turther interest i the appreciable relative aceuraey of vil and protein
contents, variables upon which environment iz considered €0 have litfle
effoci ax compared with that of yvield, a charvactor known to be materially
influcnced by enviremment, Analysis as lartiee squares relative to analysis
ng randomized bloeks coniribuied perecptibl (o the aceuracy of vertain
experiments in all aftribntes studied, Consigering all ateributes, relafive
aceurneies tended to vary more by vears than by loeations,




TaBLE 19.—Mean iodine numbers of oil of 5 varieties of soybeans planted on 5 dates Jor 2 years (1939-40) at 1 location (test 1)
and 5 varieties planted on 5 dates for 3 years (1940-42) at 3 locations (lest 2), and analyses of variance Jor locations

Meax lovive Numseks or Ori,

. Ltine number for variety plasiced -«
Logation, year, aid yareiety : e : .

May ) i May 12 May 23 3 June 3

B

"

Ames; Towa (test 1, 1930-40);
Richland s
Mukden .

Mandell,
Mini___.
Dunfield . .

123.6 1226 125.0
126.6 26.9 ! 127.0
130.4 1310 131.5
1312 32010 1312
1245 | A 1248
127.3 0 127.9

_
<
-
S

e 6o

N
IR
ki

=
=

P
— i i i i
LS LSt

e ey

7.
7.4
2.8
X
4

i i ks
él\‘:b-"\'ﬁ_llé'é
I S N BT

ejo-zxe

i
‘

VoW
o
®
—
—
[

Mean

Ames, Towa (test 2, 1940 -492)
Mandarin, . 133.8 344 132.4
Richland . 27 128.5 128.3
Mukden, 29} 131.0 31. 130.4
Dunfield : 27. ; 130.5 i 129.0
Boone.. - . 339 ] 134.8 5.5 1 134.3

Mean o k;... ; 7 131.7 o 24 130.9

Urbana, 1ll. (test 2, 1940 42): :
Mandarin. S ‘ 1284 . 130.9 32, 120.7
Richland. : } 125, i 249 ; 124.9 26.: 125.5
Mukden .. . . . . 125, 2720 127.2 5 126.9
Dunfield. .. __ 0 124.1 126.2 125.3

Boome_..... ... .. , V : 05 30.3 131.6 130.7

Mean .. A B % 2 AR B 1282 127.6

AHDLTIDIEOV 40 LM '8 2 “2101 NIIATIOE TYDINHOAL $E




La Fayette, Ind, (uwl 2, 1940-42): ! : ~
Mandarin.. .. . FULR . 26. 27.9 29, 1:30. 132.9
Richland. . A _ o 258 247 8 26.3 ¢ 127.7
Mukden . i . : 29,7 276 3.3 28.1 ¢ 12906
Dunfield .. . . . |2.’. : C125.6 258 ¢ 0 130.1
Boone.,, . .. . o . : T 32,1 33.9 . 135.7

Mean. . R I Coazmsl o INL 1294 131.2

\.\ ALYSES OF VARIANCE FOR Lon.\wn“

1

i

i
i Test le=lowt [ . . e i

¥ 4 .
Souree of varistion Loawn h Hinovis H {nidiana

'
@ s v S S St e - l Deégrees (nf] i
- N { Treedon E . . : TR
DPegrees of Menn Virinnee ! Mian i Varishee Menn f Varianee ! Meun Variance
H
| i

fresclom BT component v Sjunre lOlu])(lmrnL snuare tomponent, syuare compunent.

R ] . .,,,;_iw e OO D e E

Varieties . ‘ 31745 9.93 Py oem2e0 st 2| 344.15
Datex i : 6.50 1 —L04 4 4678 w6260 LI 114.93

oo
88

Yeurs. ; ) 308.70 S0 2 235.29 267 0 187.64 .SH 657.62
Varietics X dates i 7.88 RUL by 3.57 -.27 4.69 2 5.89

URS)

Varieties X yeurs. 7 4 4w 97 N 86.56 204, 3987 2, 73.04
Dnuw X ovears. . L3229 .99 . : 4.46 . 9.80 . 5.37

T
NE BX

Varieties X dates X vears 3 248 § 69 32 598 1.73 291 7 8.56
Firror . L . 48 Al : A 1320 .79 79 .59 . .59

. N
2% !
SNVAAIOS NI SHALOVEVHD a3d§ ANV DINONOUDY

Coeficient of variation (pereent) © . . At IR I .68 60 | .60

1O (h'grce\ of frwdmn fm Im\ A
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TaBLE 20.-—Mean todine numbers of oil und analysis of variance of &
varieties of soybeans planted on 7 dates at 3 locations for 3 years (1840-

42) {test 2)

Meax JomiNe Nusskrs

L Tidine manbier fur variety planted
Variety

Moy 23

il 4
126.2
128,7
126.1
132

.- e e =

May i May 12

June 3

129.¢
126.8
12749
126.0
tR3 X1}

1281

128.5
126.3
127.5
125.6
1314

1279

Mandarin
Richland .
Mukden
Dunfield

Hoons: .

Mean

128.7

AXALYSIE OF VaRlaser

Degrars of

freedom 1
L}

Founte of ynrman

Varietien.

Dates... . .
Years._ ..
Locations_.__ ..
Varieties X dates .

Varieties X vears. .
Varieties X loeations
Dates X venrs..
Dates X focniions.
Years X locations

Varieijes X daivs X veurs

Varieties X dates X loeative:
Varietics X vears ¢ lneations

Dates X vears X locations. o
Varieties X dates 34 vears X Ineunons.

Frror

Mean
MEACE

874,05 |
20821 §
397.32 i
i
i

June 14

1.1
127.6
129.7
129.4
i34.6

130.9

Varisnrn
Fomponoid

i
t
1.
i

6.58

613.99
10.40

4295
10.06 -
524
RO56
P 1 |

13,44
L7
G L
719
251!

653}




TaBLE 21.—Accuracies of experiments when analyzed as lattice square designs relative to randomized blocks

R

Experiment

‘ Test |
lows,

1*)40,“.,,___-MWj,.

Test 11
Town
1940 L o
V94 i,
1042 ...,

Hlinois

l‘)42_.,,“-.h.‘,‘.
Indiana

P40

AA1T N S AU

!

i

8 217 3N

Maan

t:’l’)

Practieal” mean?_ .. __.}
+

g e L 3o wo w sl

i

seore

1 mh,xm l
|
f

Pereend
93,2
LR ¢

02,2
1039
107.2

BT
127.7
805

lOui

] lc).O

Feight

Prreent

1ISS !

1362

105.6 ¢
LY
10605

4L

10:3.53

1120.6 1

247

LIRS

114.1

12416

129.6

Atcuraey of -

Maiurity
dute

T I

LPereent
1004
06,3

f

104.1
66.8

1179
105.1
106.9

96,7
104.1
99.8

Yigld

Percent
92.9

104.8 §

1292

134.7

93.1 3

100.%
90.5
109.0

110.9
116.9

117.9

Boed
8176

SO DS —

Percenl
90.8
124.3

99.4

1001

0Oil

pereentage

Protein

pereentags |

Percent
108:3
105.1

120.2

/7.6

104.4

!

111.2

Percent
IOI.& x
159.8 §

121.1 ¢

Todine
number

Percent
122.6
108.6

112.8

Percent

105.1
129.2

nupphed \\nh missing plot technique.
2Accurnrics less than 100 pereent considered to be 100 percent.

448 NV DINONOYOY

I
[
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TaBLr 22.—Analysis of variance of relative accurocies of erperiments when
analyzed as tattice square designs velative to randomized blarks

I ogpeps o
Fourec of Vit frevilom, Mean squere

NS438

Ardm
2,.5320.83

210.8-

Among oxpernents .
Test ¥ versus tos 3,
Briween rems, tesq
Amang locains, jost 2
Among vears, st 2
Toeatiing X vemrs, st 2

Among alinbotes |

Experimioents X afirthutes,

Rl I L ey

SUMMARY

Two experiments are reporied in a sindy of agronoihve and seed com-
positional characters of soybean varieties planted at different dates, The
first fest was made on the varieties Richland, Mukden, Mandell, Hiini,
and Dunficld, planted on May 1 and on four suceerding dates, T odays
apart, during 2 vears af Ames, Iown, The scennd test was made an
Mandarin, Richland, Mukden, Dranfield, and Boone planted on the same
dates as the first test at three laeations—Ames, Towa, Urbana, Hi., and
La Fuvette, Ind.—for 2 suceessive years, The following altribuies were
studied: Mafurity date, lodging, height, seed vicld, seed size, protein
pereentage, oil pereentage, and ndine number of oil.

Maturity date was reinrded appraximately 1 day for each 3 days’
delay in planting, but ihe degree of retardation fuctunted with venrs,
Maturity of genetically carly variciios was vetarded more than that of
late varicties,

Lodging was not appreciably afleeted by daie of panting, and thoere
was little differentind response of varietiog to dale of planting in {his
respeet.

Maximuim height was nttained ni the soeond date of planiing and
diminished with succossively Tater dates of planfing, Ieighi of late
varieties was deereased selniively more (b thai of on elv variefies af the
Inter planting daies,

Highest seed yields, eonsidering all dates of planting, were afinined
by the varietics that had the proper zenetic madurily io utilize the entire
growing season withnnl ineurring Must dumage. Considering all variefiee,
progressively lower vields woere obiained ar dates of planling subisequent
to May 1. However, varietios vesponded differentially to fime of planting
in that the yield of the earliest vaviely did not differ signifieantly at the
various planting dates, wherens vields of the latest va rieiy deereased
progressively with delayed planting. Roasonal differences also conditioned
the effect of planting dale an yvicki.

Protein content of the seed was nol affecicd by date of planting,
Although the varietios differed appreeiabiy in protein content, thev failed
to respond differentiaily to varicd daies of planting,

Oit content aof the seed, considering all va rieties, was deercased slightly
by dclayed planting, although such deerease was not consistent :NOng
varieties. Oif conient of relatively lafe varietics was deereased more
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severely by delayed planting than was that of the carlier varieties. Oil
enntent varied pereeptibly with vears snd with locations,

Todine number of the ail of all vurictios was warerially ingroased by
delayed planting, with ligtle difforencid response by the varivties,

The aecuracies of L.ities seftinre dosigns 25 1 3. relutive o randomized
blocks were examined with reapeet to the 3 agronomic and 3 composi-
tonal attributes studied, Litde difforence in relirive averacy was evident
among attribuies, mnalysis as Butioe sguue conirthuting appreciably to
the secwraey of vertahn exprerinents in alt avilmies stusdiod.
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