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CHAPTER 1
INTRODUCTION

Tropically adapted sorghums are reported to‘have poténtial for ex~
tensivé dse in thé next few years in sorghum breeding programs; Most
sorghums are- adapted in limited areas and prodﬁce their highest yield
in those areas. These sorghums have been selected for the area in
which they are growing and have limited genetic.diversity. In contrast
the tropically adapted grain sorghums have the gfnetic cépacity to ex-
tend their range of adaptation, but they are still temperate sorghums
because of their ability to remain felatively un;ffected by photo~
periods and temperature (33).

The temperate hybrids and lines mature faster in shorter latitudes,
but they do not develop and do not yield as well as in IOﬁger latitudes
- (33). The higher night-time temperature is thought to be responsible
for ingdeéuate assimilate availability to support dark respiration (1l1).
Severe yield reduction resulted when sorghums were subjected to.a night-
time temperature higher than optimal (13).

Precise, rapid determination of physiologic maturity is useful to
sorghum research workers and sorghum producers. The dark layer forma-
tion in the placental region near the point of kernel attachment was
considered as an indication of physiologic maturity in gr&in sorghum
(15, -41). Data available to date were obtained.only‘from a few hybrids

of grain gsorghum. In this experiment 16 hybrids and lines with different



~
.

adaptation and maturity were examined to provide better information

for this purpose.

The objectives of this study were:

]_‘

Study the perforﬁance of temperate and tropically adapted
grain sorghum in temperaté, sub-tropical and tropical |
climates.

Study dry matter accumulation per day in tropically

and ﬁemperate adapted hybrids ;nd lines for grain and
forage yield in grain sorghum.

Study af least two years to deterhine the climatic effect
on the pérformance of these hybrids and lines.

Study the black layer formation in relaFion to maximum
dfy'matter production:to determine the time of physio-
iogic maturity in grain sorghum.

Study the.maximum dry matter accumulation in relatiop to
moisture content of kernel during the black layer forma-

‘tion.



CHAPTER II
REVIEW OF LITERATURE
Tropically Adapted Grain Sorghum

Sorgﬁums were infroduced into the United States from tropicall
areas. . Farmers made selections from these introductions of the early
maturing and short types which can be grown and will mature in femperate
areas (43).

Quinby and Karper (44) pointed out that the'difference between
tropical and temperate varieties is based on maturity genes only.

Quinb& (38) reported that genes at only four loci contrqi maturity and
that a récessive at any one of the four loci results in temperate adap-
‘tation. He also suggésted that there may be several, or perhaps many,
alleles at each of the four known maturity loci. Combinations of these
loci aﬁd.ﬁheir multiple alleles along with photopériod and temperature
Aeffects caused extreme variation in sorghum maturity.

Quinby and karper (46) showed that heterosis in sorghum hybrids
could be the result of heterozygosity at a single maturity locus. They
produced hybrids which had greater yield than their parents byAusiﬁg
isogenic inbred ‘lines that differed by only one allele effec;ing ma-
turity. |

" Quinby and Karper (45) indicated th#t sensitivity to day length

was a completely dominant character. The Fy of a cross between



sensitive and insensitive lines was always sensitive, and hybrids which
were insensitive to short day always had two relétively insensitiver
parents. vMiller et al. k32) reported an experiment with known maturity
genotypeskof sorghum in temperate and tropical environments. They
pointed out that all sorghum lines recessive at.Ma1 bloomed in about 50
days'under short-day conditions and in about 60 days under long days.
Miller et al. (31)‘reported that the maturity genes of dominant Mal.and '
Ma2 showed a response to photoperiod in Puerto Rico. The lack of re-
sponse from Ma, and Ma, indicated that they had a critical photoperiod
greater than 13 hours in Puerto Rico.

A tropical variety can be converted into a temperate varie;y by
substituting a recessive maturity allele for a deinant'one (43). The
conversion program which makes tropical germplasm easily available to
plant breeders was described by several workers (39, 49, 53). Several
hundred tropical varieties have been converted to temperate adaptations
by the U.S. Department of Agricultﬁrevand Texas Agricultural Expefiment,
Station personnel and at least by one seed company (43).

Quinby (43) stated that the conversion of tropical varieties to
temperate varieties not oﬁly contributed some»obvious resistaﬁce to
disease and insects, but some of them may be used directly to make
agronomically suitable hybrids for temperate regions.. He also indi-
cated that because the'difference between ;empérate and tropical
adaptation is only oné of the maturity genes, tropical sorghum'cén be
made more useful to trobical plant bfeeders by using the conversion
‘program and selecting the short stature parental lines with tropical

maturity.



The tropleally adapted varieties which have been used in this
‘study came from the conversion program. They have tropical germplasm
é#cépt tﬂat they have temperate maturity genes and short statﬁre. Since
they came‘from tropical regions they seem to be particularly well
adapted in.South and Central Texas (Quinby, J.R. Personal Communica-
tion).

Miller and Thomas (34) indicated that the tropically adapted sqr?
ghums have extra‘wide adaptability and genetic capacity to extend their
range of.adaptation further than temperate sorghums. They reported
that the»tropically adapted grain spréhums which have been produced
and developed under the tropical growth conditions of Soufh and Central
Texas have the aﬁility to produce'a‘high stable yield under tfopical
growth éonditions. They also éointed out that these sorghums have high
levels of disease resistance, 1odging resistance, more vigorous roof
systems, and higher test weights.

The dividing line between regions where a tropical and temperate
environmeﬁt exists in Texas is about Dallas, Wichita Falls, and San
Angelo. North of this line is a temperate climate aﬁd south of this
line is a tropicél climate (Miller, F.R. Personal Communication).

The tropical environment may be defined as followé (33):

Short days (generally between 11 and 13 hours)

1 =

2 - High mean temperature

3 - Low diurnal ranges in temperature
4 ~ Relatively.high humidity

5 - Crops maturing with longer days

Miller and Thomas (33) indicated that the tropically adapted sor-

ghums have a lower base temperature than temperate adapted sorghums.



The baSe_tempetature is the average time required for the sorghum seed
'to germinate 50% of maximum when grown on a temperature plate ranging
from zero to 35°C. They reported that the tropically adapted grain
sorghums produce more leaves and consequently more leaf area which re-
mains green during the entire season. The tropically adapted grain
sorghum hybrids:ptodsce more grain yield in the South Texas area than
temperate hybtids. They pointed out that these two types of grain sor—
ghum become very similar to each other in tﬁe temperate zone. Thé
“snthesis of tropically adapted hybrids in the South Texas area is 2-3
days later than boorer yielding temperate adapted hybrids, but the
tropical hybrids reach harvesting at the same‘time or earliet'than the
temperately adapted types. The tropically adapth hybrids hsve a very
rapid rate of grain fill and eﬁsuing dry-down. |
They (33) also indicated that the high night temperatures and
short days which exist in South Texas and tropical areas have adverse
effects on temperately adapted grain sorghums. The higher night.
temperatures and shorter day lengths interact to increase night res-
piration snd alter the sink strength. Consequently yieids are reduced -
by creating photosynthesis limiting growth conditions.
The effsct of photoperiod and temperature on growth and develop-

ment of sorghum will be discussed in the next section.
Photoperiod and Temperature

Sorghums are reported to be short-day plants and it has been
shown that short days hasten maturity (21). Martin (29) reported that
long days in the summer in longer latitudes prevent tropical varieties

from maturing. In Florida the short days during the winter permitted



the tropical varieties to mature.

Quinby and Karper ‘(44) examined five pure lines of_milos, which
had different maturity genes, in l4-hour day-lengths and artificial
- 10-hour day-lengths. These varieties bloomed'at almost the same time

‘in 10-hour day-lengths but they differed greatly when they were sub-
_ jected to ld-hour day-lengths. They indicated that the number of
leaves and floral initiation also were controlled by photoperiéd,

Quinby and Karper (45) also showed that different types of sorghﬁm
responded differently to photoperiod. Lemon Yellow exhibited éomplete
.response to day-length and initiated its head 43 days later and bloomed
55 days later in long days than in short days. Dwarf broomcofn did not
‘respohd to photoperiods. Other varieties responged differently in.
their growth periods when they were subjected-té short- and long—day
periods.

Coleman and Belcher (5) reported that the five sorgo varieties
which were grown in Missiséippi in spring and in Southern Florida‘in
winter responded to day-length and flowered faster in the shprt days;
.but the temperature also had some effect on photoperiodism of sorgo
varieties.

Miller et al. (31) planted temperate and tropical sorghums and
‘,_different maturity genotype testers during each of the 12 consecutive
months in Puerto Rico. They indicated that U.S. sorghﬁms have differ-
ent critiéal photoperiods than tropical'sorghums. It was possiblé to
bring‘all tybes into fiower at about the same time in‘Pﬁerto Rico by
planting in mid-September through mid-November when day-iengths were

below the critical level-for varieties. They also indicated that



photoperiod thrésholds'varied for different sorghums and they separated
them into five general response classes. -

Miller et 51.'(32) planted eight maturity genotypes within the
milo group of varieties which have the same genetic background and F2
populations of crosses between several genotypes which were different
from each otﬁer‘at a single locus. “ghe materials were grown in Puerto
Riéo during the winter and in Texas‘during the summer. They repofted
that the_sorghﬁms flowered at abquﬁvthe same time in short days, but
not in long days. They also indicated that the maturity response of

sorghum in the tropics was due to short days and not to quantitative

inheritance.

Sen Gupta and Saha (50) demonstrated that [Sorghum Roxburghii var
hians stapf (Jowaf)]-was a short-day plant. Ingle and Rogers (23) re-

ported that Johnsongrass'[Sorghum halepense (L.) Pers. ], was a short-

day plant, and the amount and duration of vegetative growth was pro-
portioﬁal to day-length, and the photoperiod response of Jéhnsongrass
was greater ét higher temperature.

yane (28) showed that four milo genotypes required 35 to 70 déys
for floral initiation under l4-~hour days, but they required 19 days
_unde; 10-hour days. In long days floral development after initiation
was retarded. The critical photoperiods were 12 to 13 hours for these
genotypes. Hé also reported that thé>1ight wave léngth, light source,
and interruption of light wés very critical in photoperiodic responses
of plénts and different varieties showed different reactions to light
quality. |

Caddel and Weibel (2) planted three varieties, Early Hegari, 80-

day Milo, and Wheatland, in a controlled environment chamber and
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subjected gheﬁ to 27 ana 32% day temperature and 16 and 21°% night
- temperature with'10-, 12-, and lé4-hour photoperipds; They reported
that 104hour days hastened the floral initiation and anthesis of each
 variety iﬁ all teﬁperature combinations. Fourteen—ﬁour days usually,
but not always, delayed the maturity as compared to 10-hour days. Later
Caddel and Weibel (3) reported an experiment with Early Hegari, 80-d5y
Milo and Ryer Milo varieties of sorghum which were subjected at differ;
ent ages to different treatments of 10-hour and 17-hour days in
controlledfenvironment chambers. They indicated that‘photoperiodic
éensitiviﬁy was attained at about 15 days of age. Aftér sorghums
reached this age, they became sensitivé to short dayé.and initiated
floral tissue quickly following thé sﬁimulus. As the sorghum incfeased
; |
in age beyond 15 days, less time was required for floral initiation
following short-day photoperiod treatment.

Kebede and Hume (24) subjected the three early maturing grain sor-
ghum hybrids which had been developed for the Canadian climate to
differént”déy;and night temperature regimes and phbtoperiods unde;
controlled—eﬁvirqﬁment conditions. They reported that: all hybridg had
feﬁer leaVés, bloomed in fewer days, and had less total shoot dry
wéight when‘they were grown in 10-hour days as compared with 12-hour
'days. They indicated this type of response might be expeéted because
these hybfids have beén selected for eariiness in ﬁorthern latitudes
andvapparently exhibitedllonger critical photoperiod, as compared with
fropicalagenotypes. |

Vinall and Reed (55) indicated the optimum temperature for growth
in sorghum is 33.5°C and that they could not thrive in regions of low

temperatures. They reported that the best yields were obtained when
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the soil was warm during germination and emergence and the air tempera-
ture was moderate during flowering and grain filling periods. Martin
(29) indicated that the highest yields could be obtained with the mean
Juiy ﬁemperature above 24°C, and a period of 120 to 160 frost-free days.
‘StOffér and Van Riper (54) showed that as the soil temperature increased
from 9.5°Cnto 21% sorghum plants grew faster, increased in grain yield
and in carbohydrate content.

Quinby and Karper (46) indicated that all varieties of sorghum were
short-day plants and.those which were not hastened by short days had'
different thermal requirements. Therefore thermal requiremenﬁ must be
met before a variety can react to a given photoperiod. Quinby (40) re-
pOrted that a.difference of 2°¢ during the night'was sufficient to
.hasteh anthesis in some varieties but delayéd this period in other va-
rieties.

Pauli et al. (37) indicated that in general eérly planting delayed
floral initiation, lengthened the period from floral initiation to
anthesis, and reduced the period from anthesis to physiological ma-
'tufity.' Fryer et al. (20) studied six varieties of grain sorghum under
more than 100 different temperatures produced by 3 to 4 dates of plant-
ing at.8 locations in Kansas. They concluded that daytime temperatures
above 21°C auring the first 30 days.following planting, and temperatures
'above 27 to 32°C thereafter, hasten matufity. . Night-time temperatures
between 16 to 21°C retarded maturity but night-time temperatures ei;her
below 16°C_or above 21°C hastened maturity. | |

Caddel and Weibel_(Z) reported that floral initiation and aﬁthesis

under 12-hour photoperiods were highly dependent upon the day and night
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temperature. The‘warmef ﬁight and day teﬁperatures often ﬁastehed
sorghum development.
Downes (11) reportea Ehe results of'seVer;l experiments by plant-

'ing the sorghum in a controlled-environment glassh§use: _He indicated
the high day and ﬁight temperatures (33/2800) in the period between
germination and initiation had an adverse effect on ultimate grain
yield and total above ground dry matter as compared with day and night
tgmperatufes of 27/22°C. The high temperature before initiation did
not appear to.reduce the number of florets developed in the eérly
.stages of panicle growth. Although high temperature delayed initiation
while additional.leavés were produced, the rate of dgvelopment_of the
floral primordium was not retarded at 33/28°C. The rate'of.panicle de-
.volopment and rate of leaf appearance was higher at 33/28 and 27/22
- than af 21/16°C. A temperature regime of 32/28°C résulf?d iﬁ ﬁoré
branches being formed on the panicles than did one at 27/2100. After
15 leaves had appeared the panicle was much more sensitive to high
temperature damage and development of many florets was discontinued at

33/28%C. On the plants which grew at 33/28°C until initiation and then

" were subjected to 27/22°C the florets apparently reached maturity, but

'i“ many'ﬁiants no mature grain was p;oduced. He also feported that.
when the plants were subjected to various day and night.temferafures in
’post—initiétion phase of growth, the day temperature had little effect
.on grain.production; These.results were in agreement with Downes (10)
that rate of photbsynthesis in sorghum is not modified much by day |
temperatufes between 25 and 35°C. Grain yield wasvdepressed by in-
'créased night temperatures. He stated that the gdvefse effétt of high

night température on grain yield is likely to be associated with
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inadequate assimii;te_avaiiability to Support dark réspiration.

Eéétin‘etAai. (13)’reported an experiment with temperate,
intermediate and cool-tolerant varieties of sorghum which were grown in
a growth room. The plants were grown in normal temperatures (27/22°C)
up to the panicle initiation stage, and then they were subjected to
daj/night temperature combinations of 29/17, 29/22, 29/27 and 34/2200.
.They indicated that a yield reduction of about 1/4 to 1/3 can be ex—
pected when hybrids are subjected to a night temperature 5% higher
:thgn it; optimal night tgmperatdre. The highest yield of temperate
sorghum was obtained with 29/22°C while‘the cool—toleraﬁf sorghum
yiéldéd bést_neaf 29/17°C. The day-time température influenced yield,
but varied with different genotypes. They also pointed out that there
was 5 steady decline in grain filling period and production of dry
" matter per‘day with increasing night-time teﬁperature.

&orcio and Sullivan (36) measured the photosynthesis rate of sor-
ghum and corn‘at’40 and 43°C to deterﬁine the thermal stability of the
‘pﬁotosynthétic apparatus. At 43°C some sorghum entries sho&ed a nega-
tive rate or a pﬁoto-oxidation process (photo respiration). 'Thé so;_
ghum lines with more thermal stability were able.tb either maintain or
increaséytbéir photosynthetic rate as temperature increased. They
pointed out that the ability of the plants to photosynthesize ét a
highef rate when the& were subjected to high temperaturéé may be an
important characteristic when the plants are subjected to heat stress.
The sorghum lines with heat tolerance also photosynthesized at a'higher
rate at high temperature.

Kebede and Hume (24) reported that grain yields were. more reduced

- by increasing the day temperature (25 to 35°C) than increasing the
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night temperature (15 toIZOOC) in early morning sorghum hybrids with
Canadian adaptation, but the grain filling period was reduced as the

night-time temperature increased.
Physiologic Maturity

- Development of the sorghum crop has been divided into simple and
somewhat arbitrary categories (i2). These stages are: growth stage 1
(csi) or planting to panicle initiation, growth stage_Z (G52)4of panicle
initiation to blopm;_and gfowth stage 3 (GS3) or bloom to physiologicall.
' maturiﬁf.‘ |

The GS1 is a coﬁpletely vegetative period and the environmental
conditions in this stage could have an efféct on leaf area and thé_

. functional root system. The major event in GS2 is panicle initiation
-~ and expaﬁsion. This growth stage is critical since maximum potential
seed number is sef then and either expanded or partially aborted (12).
Quinby and Schertz (47) indicated that unfavorable condit;ons in GS2
- limit ﬁﬁe meristematic growth which eventualiy affects yield.

Eastin et al. (17) pointed out that ultimate yield is'a.fugction
of.both grain filling period and ﬁetabolic or synthetic efficiency dur-
ing that period if ei;hef seed number of potenfial size are not limit-
ing. Therefore the rapid determination of physiologié maturity is of
ihterest since it permits accurate méasurement of the grain filling
period or time factor of yield. Several methods have been used to de-

termine physiologic maturity in corn and sorghum.
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Corn

Aldrich (1) defined maturity as the point at which the maximum
grain development is'first‘attained. Shaw and Loomis (51) used the
term of pﬁysiologid}maturity for this stage:of.grain developmgnt.

| Shaw and Thom (52) indicated that the determinatidn of.physioldgic
maturity 5& méasuring dry matter accumulation in grain was difficult
,Because of variation between sample weights. Also this approach was
rather tedious and time-consuming.

Neal (35)7reported that corn was mature when the moisture content
of the kernels was apprpximately 30%, but Shaw and Thom (52) and
Hallauer and RusSéll (22) indicated that the level of moisture at
physioiogic.maturity varied in different varieties. So the moisture
_ cpﬁtcnt of kgrneis'is not a precise indication of physiologié maturity.

Kiesselbach and Walker (26) descfibéd the black 1a§er:formation in
cdrn.. They indicated that the tissue which grows in the placento-

_ chalazal region of the kernel eventually turné into a blaék élosiﬁg.
layer. Formation'of'thié tissue starts after fertilizatian and grows
éompletelf across the placento-chalazal region of the kernel approxi-
mately 20 days after pollination and remains active until about 2 weeks
before maturity. The black layer appears in cells several layers thick
which are formed between the basal endosperm of the kernel and . the
vascula? area’of the pedicel. At the physiologic maturity stage these
cells shrink, become dense, lose theip moisture, and»eQentually become
dark wﬁiqh‘can_bé-seén.by the naked eye when_splittiﬁg the kernel in
“half. -They poinﬁed out at this time the translocétion function to the

. kernel has ceased.
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DayﬁérdianA‘Danan (9) reported that the black layer formation in
corn was a gpod indication of physiologic‘maturity. They found that
initiai visual occurrence of black layer forma;ion was highly coi:e-
lated wiﬁh?predicted dates of maximum dry matter. -

Daynard (3) later feported that the moisture at blackllayer stage
varied from 8 to 42%. This indiéated that moisture is not a reliable
:meaSGfemenf of physiologic maturity in corn’which ag;eed‘with other
reports (22, 52).

Rench and Shaw (48) indicated that visual pattern of black layer
formation took place in five phases. At phase one, the milk line has
almost réached the tip of the kernel. From phase one to phase two,
the moist brown area dries and narrows into a brown layer. The visual
development of'bléck layer begins at phase 3. At phase 4 the brown
line forﬁsfcqmpletély acfoss the base of the kerﬁel.  At phase 5 the
bro@n iayér_has darkenéd.to black and shows a complete black layer de-
Qéiopmeﬁt.. They also feported that the maximum dry matter accumula-

. tion was c;incidenﬁ with initial occurrence of visUalyblack layer, the
’ phase 3. Moisture of tﬁe kernel continued to decrease during the black
layer formation. Their conclusion was that black layer formation could

be used to, determine physiologic maturity in corn.

Sorghum

Several methods also have been u;ed to measure or estimate physio-
1oé1c maturity in grain sorghum. Maximum dry weight has been used to
determine the physiologi? maturity in sorghum by repeated sampling dur-
ing,GS3. Pauli et al. (37) used this method to measure physiologic ma-

tufity in their expériﬁents. They tagged several heads within each
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plot and sambled grain at 2-day intervals from those ﬁeads. The date
on which the kernel reached maximum dry weight was recorded on physio-
logic maturity. Collier (6), Wilkner and Atkins (58), and Kersting

et ai. (25) also used the same method for determination of physiologic‘
maturity. This method was difficult and time-consﬁming as in corn and
practicayly impossible for plant breeders to determine the physiologic
maturity for thousands of entries in their sorghum breeding programs.

Paﬁli et al. (37) indicated that the number of days required by a
variety toiattain each of its stages of devélopment (Gsl, GS2, and GS3)
is almost identical. It is possible to estimate physioiogic maturity
by tﬁis method but it is necessary to determine floral initiation which
- is not a quick and easy method.

Moisture content as a measure_of‘maturity and time for harvest is
only useful to the producer. This method does'ﬂot give bhysiologic ma-
turity. Kersting et al. (25) reported that Combine Kafir-60 grain sor-
ghum reached maximum dry matter accumulation at 45 days after
pollination with 23% moisture in one year and at 33 days with 30%

' mdisﬁure‘in the pgxt year. Their data showed that moisture con#ent
cannot be used to determine the physiological matqrity;' The moisture
" in the grain and stem is affected by hﬁmidity and rainfall during the
grain filling period (30, 59).

Warnes t56) studied the relationship between percentage of grain
moisture in ripening grain sorghum hybrids and days from planting to
one-half bloom. He rebor;ed that climatic conditions had a major ef-
fect on the loss of grain and head-stem moisture. Grain moisture con-
tent and average‘days to one-half bloom were highly correlated, but

the correlations were lower at successive sampling dates as the crop
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approachedim#turtty. He suggested that hybrids.of singleAmaturity
‘groups: had different drying and filling rates. Dayé from planting to
one—half'bioom give é genefal indication of relative méturity of sor-
ghuﬁ hybrigs,'buﬁ ﬂifferential drying and filling rate of hybrids must
also be considered for accurately comparing the relative maturity at
hafve#t.

Because bloom date could be determined very easily and quickly
sorghum research Qorkers have used bloom date to obtain relative ma-
turity in grain sorghum (15).

Quinby (41) considered the use of black layer formation as‘a pos-
sible indi@aﬁor of physiologic maturity in sorghum. Easfin et al. (15)
'studied.the dark-closing'layer in the placenta ngioﬁ near the sorghum
kernel éoiﬁt of attachment in relation to cutoffvof éssimiiate trans-
location to the kernel. They indicgted that soréhum.pollinates from
the tip to the base of the head and consequently, matures in the same

direction. They fed C140 in the flag leaves when the upper portion of

2
the panicle branches in the middle of the head showed bla;k layer.

Twenty-four hours later eight samples were taken from tip to bottom of

'_the panicge and were tested for radioactivity. They reported that

there was little or no translocation of Cl4 into the kernel in which

. the biaék layer had aépeared, but the highgst amount of Cl4 was foﬁnd
in kernels which did not show black layer at tﬁe time of the experiﬁent.
They'pointed out that there was no interaction‘bétween sémpling (treat-
meﬁt) and.gendtype sblit can be safely used as an indicator of physio—

 1031¢ maturity. There_appeared to.be an excellent correlation between

an externil judgment on black layer appearance and the time transloca-

tion was cut off to the kernel.
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Weibel (57) used a group of hybrids and lines in.Puerto Rico to
study ﬁhe relationship of black layer .formation with maximum dry weight
and moisture conteﬁt. Black layef formation and maximum.dry weight oc-
" curred together or within two days in most cases. Moisture content of
the kernels at black layer formation, howevef, varied withlﬁybfids and
lines. | |

"The amount of gréin‘harvested from a field'depends on two general
factors if neither seed number nor potential seed size are limiting |
(15). The first is the length of the grain filling period and the
second is-the rate-of grain production or metabolic efficiencybof the
plant. Quinby (42) studied the length of grain filling period for 12
hybrids and their parents by measuring maximum dFy weight.of kernels
at physiolpgip'maturity. He réported that all entries reached maximum
kernel weight between 30 and 40 days after flowering. There were no
significant differences in length of grain»filiing period be;ween
~ parents and hybrids.

Eastih.ét al. (17) reported that hybrids héd a greater grain fill-
ing period than their pa?eﬁts. They used blackllayer_for determination
of physiologic maturity. They also indicated that hybrids are more ef—
ficient than their parents in grain production per unit of time. The?e— »
fore, it is of interest to express metabolic efficiency of thevgenotype
.for ;hat period by dividing grain yield by grain filling period.

Dalton (7) indicated that under favorable growing conditions,
there is a positive corrélation between yield and days to half bloom.
ﬁastin et al. (17) reported the correlation between yield and CSI,'GSZ,
‘GS3, aqd'the total season. The éorrelation betweén Yield_andvgrain

filling period was significant. They suggeétgd that two-thirds of.the
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variability in yield can be predicted by variability i; lehgth of grain
tilling pefiod.

Eastin et al. (14) conducted an experiment to determine the range
of days for grain filling period in adapted sorghum genetic matérial by
using the"lack layer for physiologic maturity. They have shown that
duration of the grain filling period was normally’distributed in a
‘,fandom mating populatién of grain sorghum. Duration of grain filliﬁg
period ranged from 31.to 53 days indicating that the potential for se-
blection for this characteristic was good.

Castleberry et al. (4) reported that the duration of the grain
fillihg pefiod waS not significantly affected by the plant population.
They pointed out the variation in population density should not be a
problem in selecting for duration of the filling period in random mat-
ing pdpulations. Eastin and Sullivan (16) showed the average length‘

of grain filling period for 15 sorghum hybrids on dryland was 19.5%

shortgr than irrigated land and the average grain yield on dryland was
23.5% beléw irrigated land. The suggested that despite the severe
drought during the:experiment the metabdlic efficiency in gfaihfsorghum
| auring grain filling period remained relatively high.

| Kumar (27) studied ﬁhe dr& matter accumulation in gfain sorghum.at
four différent locations in Oklahoma. The formation of black layer was
used to determine physiologic matﬁrity. He reported that on the dry-
1and locations the rate of dry matter production per day for periods
from planting io black layér, planting to mid-bloom, and mid-bloom to
black layer increased from'early to medium to late maturity groups.

The same'trend was found on the irrigated location for dry matter ac-
cumulated per day for the period of planting to mid-bloom. Dry matﬁer

3
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accumulation per day for the period from planting to black layer was
similar for the three maturity groups. A reverse situation appeared in
the case of dry matter accumulated per day for the period of mid-bloom

to black layer.



CHAPTER III
MATERIAL AND METHODS
Materials

- The varieties selected for the study are listed in Table I, and
the pedigree and S§urce of seeds is listed in Table XXVII of the Ap-
pendix.A Sixtéen and 20 different grain sorghum hybrids_éndbliﬁes were
selectéd»fof gtudy in 1977 and 1978, respectivély. These ént;ies were
selected onvthg basis of maturity and adaptation'to tropical or temper-
ate climatés.‘ Twékearly maturing hybrids with temperate adaptation
were selected. lNo early maturing hybrids with tropical adaptation
were available. In the medium maturing groups four hybrids ﬁith temper-
ate and thfee hybrids with tropical adaptation were selected. In the
late ﬁaturing category two temperate and four tropically adapted hybrids
or.liﬁes were choéén. In 1978 two late and two medium tropically

adapted hybrids or lines were added to the experiment.

Methods

Performance Test

The experiment was conducted at Perkins and Goodwell in Oklahoma
and at Isabela, Puerto Rico, in 1977. 1In 1978, it was grown at College

Station, Texas, in addition to the other three locations. Information

21



TABLE 1

SORGHUM ENTRIES USED FOR TEST

22

Entry Seed Color
Early Temperate :
NB 505 " Red
DeKalb B 35 Red
Medium Temperate
RS 610 A Red
A 399 x TAM 2567 Red
RS 671 Red
~ NB. 691 Red
Late Temperate1
TAM 6182 White
B Redlan2 Red
Medium Tropical1
TAM 670 White
TAM 680 Red
TX 618 x TAM 4303 White
Redlan x TAM 4303 Red
Funks® HW 1761
Late Tropicall
Funks4 G 722 DR Red
Funks% HW 1760 Red
TX 622 x TAM 430 White
TX 623 x TAM 4283 White
TX 6232,3 White
TAM 4282 White
TAM 4302 White

1 ' : :
Some entries varied from this maturity grouping from location to

location.
2Sorghum lines, remaining entries are hybrids.

3Not used for test in 1977.

4Personal communication from Dr. N. B. Wilson indicated one tropical

parent.



23

concerning the locations and the test conditions may be found in Table
IT.

The experiment was arfanged in a randomized completé block design
with fivé Feplications. Single rows constituted experimental‘units.

: To'reduce'the possibility of interplot competition due to maturity
and/or height differences, OK 612 (a medium maturing hybrid) was
planted in every other row. One exception occurred at- College Station -
in 1978 due to space limitations.

The climatological data for 1977 are listed in Tables XXVIII, XXIX,
5nd XXX for Perkins, Goodwell, Isabela locations, respectively, and for
1978 in Tables XXXI, XXXII, XXXIII, and XXXIV for Perkins, Goodwell,.
Isabela, and College Statiqn locations, respectiyely. The approximate
number of houfs per day with a light intensity of 5 ft.-C. was reported
by Francis (18). Since criticél intensities have not been reported fér
sorghum, the light ihtensity (5 ft.-C.) to which the photoperiod
_mechanism in corn k19) is sensitive was used to estimate the effective
day length.

.At Pérkins, Oklahoma, in 1978 rainfall during the summer was far
below normal and its distribution was such that the crop was in severe
stress during the period of‘normal heavy water usage. In sﬁch éoﬁ—
ditions some of the late entries did not exsert their panicles at all
and were’eliminated from the experiment.

At Goodwell, Oklahoma, in 1977 there was some hail injury and se-
vere infestation of crabgrass in part of the experimental plots. In
1978 there was herbicide injury in some experimental plots. At Isabela,

Puerto Rico, bird damage was negligible in 1977 because the experimental



TABLE II

LOCATION AND CONDITIONS

Lqéation

. . : Insecticide
and : Planting Harvesting Area Plant/ and
Latitudes Soil Type Year Irrigation Date Date Harvested ha Fertilizer Herbicide
’ ‘ ha Kg/ha
1977 53.3 cm 5/24/77 10/27/77 1/961 92250 285 N Active
Goodwell Richfield Propazine
Oklahoma Aridic 3.363 kg/ha
36.36°N Argistoll
1978 53.3 cm 6/12/78 10/23/78 1/9226 92250 225 N Cygon for
greenbug(2 areal app.)
Milogard
3.363 kg/ha
1977 Dryland 6/7/77 9/14-9/25 1/1709 71750 133-0-114 Milogard
Perkins Teller . : 1977 N-P205-K20 2.8 kg/ha
Oklahoma Udic _
35.59°N Argistoll °~ 1978 Dryland 6/10/78 10/6/78 1/1709 71750 133-0-114 Milogard
. : N-P205-K20 2.8 kg/ha
College Station Norwood 1978 35.6 cm 4/20/78 8/16/78 1/3700 96850 180-67-67 Sevimol for midge
Texas Typic ’ N-P205-K20 1.2 1i/ha (& app.)
30.35°N Ud1fluvent Milogard 1.4 kg/ha
Ramrod 4.8 kg/ha
Coto Soil 1977 Dryland 6/8/77 10/20/77 1/1250 65600 168-56-112 Lannate 1 1i/ha
Isabela Tropeptic : . ‘ : N-P205-K20
Puerto Rico Haplortox o
18.28°N 1978 Dryland 9/14/178 1/18/78 1/2500 65600 168-56-112 Lannate 2 1i/ha
v N-P205-K20 Furadan 1 1i/ha

e
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plots were covered with a net, but in 1978 the sorghum was sprayed with
mesurol® which did not prevent some bird damage.

Table III shows the categories of data which were collected. Some
of the information for a given year or location was missing because the
cooperator failed to collect it.‘

Data for black layer formation were obtained by visiting the field
every other day. A few grains wer;'removed from the central portion of
a panicle and examined visually for a darkening in the. placental area,
the point of attachment of the kernel. Time of black layer was de-
termined by examining threce or four randomly selected heads judged to
be typical of the row for each entry in each replication.

Data for forage dfy weight were collected only at the Perkins
station in 1977.  Stover fresh weight was measured by weighing the
leaf and stalk méss cut at 2.5 cm from the soil surface. Three plants
were selected at random from the sample and dried at 78°C for one week
to determine the moisture percentage. The stover dry weight was calcu-

lated by the following equation:

(100 — moisture %) Stover fresh weight
100

Stover day weight =

Analyses of variance were computed for each location separately,
ali locntioné combined for each year, and two years combined for common
locations. The analyses were used to determine the possible interac-
tions between location and varieties, location and year, and variety
and year.

Data were not available for all variables in both years. In ad-
dition to the variables listed in Table III analyses of variance were

conducted also for grain yield per day from planting to mid-bloom,

*Mesurol = Methiocarb[ 4-(Methylthio)-3,5-xylyl methyl carbomate



CHARACTERISTICS STUDIED IN 1977 & 1978 AT THE VARIOUS LOCATIONS

TABLE IIT

Character

Goodwell

Perkins

1977

1978

1977

1978

College Station

1977

Isabela

1977

1978

Days from Planting to
Mid-Bloom

Days from Planting to
Black Layer

Days from Mid-Bloom to
Black Layer

Plant Height Cm

Test Weight
kg/hecto-liter

Grain Weight kg/ha
Threshing Percent

Stover Dry Weight

Stover Moisture Percentage

Maximum Dry Weight
of Kernels

Moisture Percentage of
Kernels

5

3%

-

-

5%

bd

bXd

p

3N

5

3%

-

%

~ts
w

%

~te
Py

ot
P

%

5%

s
'y

*Data collected

9¢
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prain yicld per day from planting to black layer, and grain yield per
day from mid-bloom to black layer. At the Perkins location in 1977
analyses of variance were conducted for stover dry weight per day from
planting to mid-bloom, stover dry weight per day from planting to black
layer, stover dry weight per day from mid-bloom to black layer, and
grain yicld/stover dry weight ratio.

Correlation coefficients were calculated betwecen grain yield and

other variables at cach location and each year.

Physiologic Maturity

The study was conducted for two years at Perkins utilizing the 16
and 12 entries the first and second year of the study, respectively.
In each entry and each replication five heads were selected and tagged
when the grain in the tip of the panicle showed "brown layer,' the
slightly dark layer before black layer, at the éoint of attachment. At
this time about twenty grains were pinched out of the middle of each
panicle from cach selected plant and bulked for:each entry in each
replication.  Sampling was continued from the middle of the panicle in
the selected plants every day for ten days in 1977 and every other day
for nine days in 1978, Each sample was collected in a separate plastic
bag, and.it Qas threshed by hand in the laboratory to obtain only
kernels. Each sample was weighed on a Fisher Model 2000 electronic
balance, and then dried in the oven at 97°C for 6-8 hours. The mois-

turce percentage was calculated as follows:

X Fresh kerncl wt. — dry kernel wt. ;
x
Fresh kernel wt. e

Dry weight was calculated on the basis of 100 kernel weight.
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Tn this experiment the date on which the black layer appeared in
the middle of the panicle (at sample site) was called "O" and -4, -3,
02, and -1 were used to designate the days on which éollections weré
made beforg black layer, while 1, 2, 3, 4 and 5 were used to designate
the days on which collections were made after black layer formation.
In 1978 only -4, -2, 0, 2, and 4 days were used to designate the days
on which collections were made before and after black layer formation.

Analyses of variance were computed for each eﬁtry separately, fqr
all entries combined in each year, and for common entriés in both years

to determine the possible interaction between variety, days to black

layer, and years.



CHAPTER 1V
RESULTS AND DISCUSSION
Growth Periods

Table 1V shows the means of the different growth periods for each
entry at the Goodwell Iocation.\ There were significant differences
among some entries for number of days from planting to mid-bloom (MB),
from planting to black layer formation (BL), and from mid-bloom to
black layer. Tabie XXXV in the Appendix shows the analyses of variance
for these periods at the Goodwell location.

Numbér.of days from planting to flowering varied among ghese sor—
ghum entries from 61.2 to 75.8 and 61.8 to 79.0 days in 1977 and 1978,
respoctively. The physiologic méturity; the black layer stage, occurred
after 91.4 to 109.8 days in 1977 aﬁd after 97.2 to 120.6 days in 1978.
The flowering and black layer occurred much later in 1978 than in 1977.
" The sorgth hybrid A 399 X TAM 2567 which was a mediuﬁ maturity hybrid
in 1977 matured later than all other entries in 1978. The tropically
adapted hybrids flowered and matured later than temperate hybrids in
'1977. The difference between them was not significant for fléwering
dates in 1978. These two groups showed greater differences in 1977
“than .in 1978. The increa;e in number of days from planting to flower-
ing ﬁnﬁ maturity could have been affected by herbicide damage and/or

the application of Parathion for controlling the greenbug infestation. -
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TABLE IV

MEANS'FOR GROWTH PERIODS AT GOODWELL, OKLAHOMA, 1977 & 1978

Days to ' ' Days to ‘ : Days From

Mid-Bloom - Black Layer Mid-Bloom to Black Layer
Entry 1977 1978 1977 1978 . 1977 1978
NB 505 61.2 ' 61.8 j 91.8 f 97.2 j » 30.6 d 35.4 cdef
DeKalb B3S 64.6 d  62.2 j 91.4 f 101.4 ghij - 26.8 e 39.2 be
RS 6104 66.2 d  67.2 hi 92.4 fe 101.0 ghij 26.2 e 33.8 cdef
TAM 670 T 67.4d  66.2 i 98.6 d 99.0 ij 31.2 d 32.8 def
TX 622 X TAM 430 T 71.0 ¢ 67.4 hi 103.0 ¢ 105.2 efgh 32.0 cd 37.8 bcde
A 399 X TAM 2567 71.2 bc  75.2 abcd . 94.6 e  120.4 a 23.4 f 45.2 a
RS 671 71.8 bc  73.2 cdef 104.2 ¢ 104.6 fgh 32.4 bed 31.4 fg
TAM 680 T  72.0 bc  70.6 efgh  104.4 c 103.0 fghi . 32.4 bed 32.4 efg
Funks HW 1761 T  72.8 abc 73.6 bcdef 108.0 ab 112.0 bed 35.2 ab 38.4 bed
NB 691 72.8 abc  73.8 bcdef  105.0 c « 106.6 defg 32.0 cd 32.8 def
TAM 618 . 73.4 abc 78.2 a ©103.2 ¢ " 116.0 ab S 29.8 d 37.8 bede
Funks HW 1760 T 74.2 abc 76.8>abc 109.8 a . 110.4 bcde _ 35.6 a 33.6 cdef
TAM 428 T  74.2 abc 76.4 abc 104.6 c o 113.4b : '30.4d  37.0 cdef
Funks G 722 DR . T  74.8 ab  73.4 bedef  109.6 a 100.8 hij 34.8 abc 27.4 g
TAM 430 T 74.8 ab  77.6 ab 109.4 ab  120.6 a 34.6 abc  43.0 ab
B Redlan .~ 75.8a  79.0a  107.2b - 116.0 ab 3144 37.0 cdef

o¢



'TABLE IV (Continued)

Days to Days to Days From
Mid-Bloom Black Layer Mid-Bloom to Black Layer

Entry 1977 1978 1977 1978 1977 1978
TX 618 X TAM 430 T 69.0 ghi 107.2 cdef 38.2 bed
TX 623 X TAM 428 T 70.0 fghi 105.2 efgh 35.2 cdef
Redlan X TAM 430 T 72.0 defg 111.0 bed 39.0 bec
TX 623 T 74.8 abcde 112.4 be 37.6 bcde
Temperate Hybrid v

Means? 70.5 72.4 99.1 108.2 28.6 35.8
Tropically Adapted ]

Hybrid Means? 72.0% 71.0 105.6%% 106.8* 33.5%% 35.0

1Means»followed by the same letter in same column do not differ significantly at .05 level of probability

2On1y medium and late maturing hybrids were used

T = Tropically adapted grain sorghums

* and ** = significant from temperate hybrid means at .05 and .0l level of probability, respectively

1€
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It seemed that the temperate entries were more affected than the
tropically adapted hybrids in such a way that the temperate hybrids
flowered and matured later than the tropically adapted ones in 1978,
while in 1977 the temperate entries matured earlier than the tropical
ones; On the other hand, the mean minimum temperature (Tables XXQIII
and XXXI in the Appendix) during the growing season in 1978 was a little
cooler than in§1977, which in combiﬁation with the pesticides may have
caused some adverse effect on sorghum development.

The grain fi]ling periods, the length of time between mid-bioom
and the black layer stage, were significantly different among some en-—
tries and varied from 23.4 to 35.6 in 1977 and from 27.4 te 45,2 in
1978. This period was significantly 1onger for Frppically adapted hy-
‘brids than temperate hybrids in 1977, but not in 1978.

Table V shows the mean growth periods at the Perkins 1oeation for
all entries and the analyses of variance are shown in Table XXXVI. The
number of days from planting to mid-bloom varied from 48.0 to 66.4 and
from 51.0 to 72.4 in 1977 and 1978, respectively. The black layer ap-
pcared 76.0 to 99.0 days after planting in 1977. 1In 1978, this period
had a range of 77.8 to 98.2 days. All entries at this location flowered
and_matured much faster than at the other locations. The drought and
high temperatures during this peridd probably were responsible for
hastening the developmentai stages in.sorghum. In 1977, at this loca-
tion, the soréhum-plants developed fastef than in.1978. The reason for
this difference was not coﬁpletely known. It seemed‘that the higher
night temperatures during June and August (Tables XXIX and XXXIIvin the
Appendix) might be the main factor. Also, drought in the vegetative

stage sometimes delays maturity.



MEANS FOR GROWTH PERIODS AT PERKINS, OKLAHOMA, 1977 & 1978

TABLE

\

" Days to Days to Days From

Mid-Bloom __Black Layer Mid-Bloom to Black Layer
Entry 1977 1978 1977 1978 1977 1978
NB 505 48.0 51 51.0 1 76.0 g 77.8 28.0 d 26.6 bed
DeKalb B 35 50.2°i  53.4 h 77.4 i 81.4 27.2 de 28.0 abc
A 399 X TAM 2567 51.8 h  61.2 g 79.8 h 87.8 e 28.0 d 26.6 bed
NB 691 52.0 gh 69.2 b 81.0 g - 98.2 29.0 ¢ 29.0 a
RS 610 A 52.8 gf 60.8 g 80.0 h 86.6 f 27.2 de 25.8 de
TAM 680 T  53.2 ef 63.0 f 80.8 g 87.8 27.6 d 24.8 de
RS 671 53.8 de  63.4 ef 81.0 g 88.4 e 27.2 de 25.0 de
TAM 670 T 54.2d  63.8 def 81.2 fg 90.2 d 27.0 de 26.4 cd
B Redlan 55.8 ¢ 67.2 ¢ 85.0d 95.4 b 29.2 ¢ 28.2 abc
Funks HW 1761 T  56.2 ¢ 81.8 £ 25.6 £
Funks G 722 DR 58.2 b 82.8 e 24.6 g
TX 622 X TAM 430 58.4b  69.6 b 90.2 ¢ 198.2 31.8 ab 28.6 a
TAM 618 | 58.8 b 69.0 b 90.0 ¢ 198.0 31.2 b 29.0 a
Funks HW 1760 T 59.0b 85.4 d ' 26.4 ef '
TAM 428 T 66.0 a 93.0 b 27.0 de
TAM 430 T 66.4 a , 99.0 a 32.6 a
TX 618 X TAM 430 . T 65.2 de 1 93.6 ¢ 28.4 ab

4%



"TABLE V (Continued)

.

Days to Days to Days From

. ‘ . _Mid-Bloom Black Layer Mid-Bloom to Black Layer
_Entry -1977 1978 1977 1978 . 1977 1978
Redlan X TAM 430 T 65.4 d 93.2 ¢ 27.8 abc
TX 623 X TAM 428 T . 72.4 a 96.4 b 24.0 e
TX 623
Temperate Hybrid

Means? 52.6 63.7 80.5 90.3 27.9 26.6
Tropically Adapted -

Hybrid Means? 56.5%% 66.6%% 83.7%% 93 ,2%% 27.2%*%

26.7

1Means followed by the same letter in same column do not differ significantly at .05 level of probability

2Only medium and late maturing hybrids were used

T = Tropically adapted grain sorghums

oo

* and ** = significant from temperate hybrid means at .05 and .0l level of probability, respectively

he
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The tropically adapted hybrids reached mid-bloom and black layer
stage about three days later than temperate hybrids in both years. The
grain filling period was also shorter in this location than af the
other locations and varied from 24.6 to 32.6 in 1977 and from 24.0 to
29;O'ih 1978. This period was shorter for tropically adapted hybrids
than for temperate hybrids in 1977, but no differences were found for
this period in 1978.

Af the College Station location only the number of days from plant-—
ing to ﬁidibloom was received and the test was grown only oné year
(Table»VI). The flowering dates were between 63.0 to 79.0 days after
planting. Significant differences existed among some entries and be;
tween the two groups of tropically adapted and temperate hybrids (Table
XLIV in the Appendix). The temperate hybrids flowered an average of
1.4 days earlier than tropical énes. \

The gro&th periods at the Isabela location were sigﬁificantly difé
ferent among some varieties. Table XXXVII in thé Apéendix'shows tﬁe
analyses-of variance for growth periods at this location for both years;
Table'VII shows that the mean number of days from planting to mid—bldom
were between 52 to_71.4‘days in 1977 and between 57.6 to 75.é days in
1978. Black layer occurréd from 83.2 to 104.4 days in 1977, and from
93.6 to 111.6 in 1978 after planting. These two periods were much
shorter in 1977 than in 1978. The probable main reason was the differ-
'ent growth season in 1977 and 1978. The test was planted in Juhe'and
harvested in October in 1977, while in 1978 it was planted‘in-September
and harvested in January. In 1978 the day length was shorter during
the growing season than in 1977 which should hasten maturity but its

effect seemed to be reversed (Tables XXX and XXXIV in the Appendix).



TABLE VI

MEANS FOR DAYS TO MID-BLOOM AT COLLEGE
STATION, TEXAS, 1978

Entry Days to Mid-Bloom
.1
NB 505 63.0 i
DeKalb B 35 ' 63.4 i
RS 610 A 65.0 i
'TAM 680 T 66.0 gh
TAM 670 T 66.2 gh
NB 691 67.0 fg
TX 618 X TAM 430 T 67.2 efg
Redlan X TAM 430 T 67.4 efg
A 399 X TAM 2567 “67.4 efg
Funks HW 1761 T "~ 68.2 def
RS 671 o 68.2 def
TX 622 X TAM 430 T 68.6 cdef
TAM 618 68.8 cde
Funks HW 1760 T 69.2 cd
Funks G 722 DR T 70.0 e
B Redlan 70.2 ¢
TX 623 T 72.0 b
TAM 430 T 72.0 b
TX 623 X TAM 428 T 72.2 b
TAM 428 T 79.0 a
- Temperate Hybrid
Means? . 66.9
.Tropically Adapted
Hybrid Means?2 68.3%%

Means followed by the same letter do not
differ significantly at .05 level of
probability '

2Only medium and late maturing hybrids
were used

T = Tropically adapted grain sorghum

KN
ol

= Significant from temperate hybrid
means at .01 level of probability



TABLE VII

MEANS FOR GROWTH PERIODS AT ISABELA, PUERTO RICO, 1977 & 1978

efgh

bcde

Days to Days to Days From
Mid-Bloom Black Layer Mid-Bloom to Black Layer
Entry 1977 1978 1977 1978 1977 1978
NB 505 52.0 i'  57.6 k 83.2 £ 93.6 f 31.2 def 36.0 cde
A 399 X TAM 2567 53.0 hi 67.6 cde 85.8 ef 109.8 ab 32.8 bedef  42.2 ab
NB 691 54.6 ghi 60.2 ijk 190.2 cd 102.8 ed 35.6 ab 42.6 ab
DeKalb B 35 55.8 fgh 58.8 jk 87.6 cde 99.2 e 31.8 cdef 40.4 abcd
RS 610 A 56.6 efg 62.0 ghij 87.2 ed 103.4 cde 30.6 def 41.4 abe
B Redlan 57.2 defg 63.4 fghi 91.4 ¢ 102.4 de 34.2 £ 39.0 abcd
Funks HW 1761 T 58.0 def 62.4 ghij 87.6 cde 101.8 de 29.6 £ 39.4 abcd
RS 671 58.0 def 61.4 ghijk 88.2 cde 105.6 bed 30.2 ef 44.2 a
Funks HW 1760 T 59.2 cde 61.6 ghijk 95.0 b 99,0 e 36.0 ab " 37.4
Funks G 722 DR T 60.0 cd 62.2 ghij 96.2 b .99.8 e 36.2 ab 37.6 bcde
TAM 680 T 60.0 cd 60.8 hijk 90.8 cd 102.2 de 30.8 def 41.4 abc
TAM 670 T = 62.0 bc 65.6 efg 97.2 b 106.2 bed 35.2 abe 40.6 abcd
TX 622 X TAM 430 T  63.6b  67.2 def 101.4 a 109.8 ab 37.8-a 42.6 ab
TAM 618 64.4 b - 70.2 bed 96.2 b = 103.6 cde 31.8 cdef  33.4 e
TAM 430 69.0 a  71.4 abc 102.4 a 111.6 a '33.4 bede  40.2 abed
TAM 428" 7.4 a  75.2 a 104.4 a 107.6 abc 33.0 bedef  34.2 e
Redlan X TAM 430 64.8 109.2 ab ' tb.4 a

LE



TABLE VII (Continued)

Days to Days to ‘ Days From
Mid-Bloom Black Layer Mid-Bloom to Black Layer

Entry 1977 1978 1977 1978 1977 1978
TX 618 X TAM 430 65.6 efg 109.0 ab 43.4 a
TX 623 X TAM 428 72.8 ab 108.4 ab 35.6 de
TX 623 73.2 ab 110.4 ab 37.2 bcede
Temperate Hybrid o ,

Means2 55.6 62.8 87.9 105.4 32.3 42.6
Tropically Adapted :

Hybrid Means2 60.5%* 64.7% 94, 7%* 105.0 34.3%% 40.3%

1Means followed by the same letter in same column do not differ significantly at .05 level of probability

2Only medium and late maturing hybrids were used

T = Tropically adapted grain sorghums

- * and ** = significant from temperate hybrid means at .05 and .0l level of probability, respectively ~

8¢
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On the other hand, the temperatures were greater duriﬁg the last three
months of the growing season in 1977 than in 1978, which could be thé
reason for féster_development of the sorghum in 1977.

The temperate hybrids flowered and matured faster than tropically
adaﬁted hybrids. It seemed that the temperate hybrids were more af-
fected by higher temperature than tropical hybrids during‘the 1977 grow-
ing seéson..'

The grain filling duration was between 29.6 to 37.8 in 1977, and
between 33.4 to 44.4 days in 1978. The tropically adapted hybrids had
longer grain filling periods in 1977 and shorter periods in 1978 than
temperate hybrids, respectively. This indicated that the higher temper-
ature reduced the length of grain filling periods in temperate hybrids
more than tfopical ones. |

Table Li in the Appendix shows the analyses of variance for gtbwth
periods:for_all locations combinéd in 1977. Locaﬁions, varieties; and
the inter;gtion'of location versus variety were significant. This in-
dicated that the .dif ferent entries reacted differently at different
locations. 1In 1978 the Perkins location was gliminated from the calcu-
lations because some entries did not flower nor mature, and the'&iffer-
ent growth periods could not be recorded for those entries.l Thé Qariety
x location iqteraction was significant for planting to mi&—bloom (Table
LI in the Appendix).‘ The three locations, Goodwell, College Station‘
and Isabela, were used to calculate this interaction. Table LII in the
Appendix shows that the variety x location interactions were signifi-
cént when only two locations, Goodwell and Isabela, were used for cal-
cuiating the éeriod from planting to black layer and for the grain

filling period. Again this table showed that the interaction between
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location and variety was significant in 1978.

Tables LIV and LV in the Appendix show tha; there were significant
interactions for year x location, variety x location, year x variety,
and year x variety x location. These_anaiyses of variances indigated ‘
that the sorghum entries had different growth periods in the different
loéations and different years. Therefore, it was not possible to com-
bine locations and study averages.

In general, when comparing the growth periods in different loca-
tions, it is obvious that the plants flower and mature faster when they .
are moved from the temperate area (Goodwell) to the tropical areas
(College Station and Isabela). In contrast, the grain filling period

increased when the plants were moved from the temperate region to the

tropical areas.

Plant Height, Threshing Percent, and

Test Weight

Table XXXVIII in the Appendix shows the analyses of vériances for
plant height, threshing percent, and test weight at Goodwell. The dif—
ferences among some varieties for the above variables were significant
in both years. Table VIII shows that the plant height varied among the
varieties from 104.2 to 132.8 cm and from 104.4 to 137.6 cm in 1977 and
1978, respectively. The temperate hybrids were shorter than.the trop-
ically adapted hybrids and in general, the height of plants in both of
these groups was higher in 1978 than in 1977. Probably the longer
growth periods helped the plants become taller in 1978 than in 1977.

The threshing percent was recorded only in 1978 and had a range of



MEANS FOR PLANT HEIGHT, THRESHING PERCENT AND TEST
WEIGHT AT GOODWELL, OKLAHOMA, 1977 & 1978

TABLE VIII

Plant Height

Threshing Percent

Test Weight

Entry 1977 1978 1978 1977 1978

Cm Cm - Kg/hl Kg/hl
TX 622 X Tam 430 132.8 a'  137.6 a 74.0 ab 4.6 bed  73.2 de
TAM 670 131.6 ab . 130.8 bcd 61.0 bed 75.0 bed 71.8 e
NB 691 127.6 abc 134.2 abc 67.0 abcd 75.0 abcd 74.8 bede
Funks G 722 DR 126.6 abc 130.0 bcde 63.6 abcd 77.4 a 77.6 abc
TAM 680 122.4 abed 134.2 abc 75.0 a 75.0 bcd 77.6 abc
Funks HW 1760 118.8 bcde 129.0 cde 61.4 abcd 76.2 abc 79.2 a
A 339 X TAM 2567 116.8 cdef 114.6 gh 69.0 abc 73.6 d 73.0 de
RS 671 116.2 cdef 119.8 fg 60.6 bcd 74.0 cd 74.8 bcde
B Redlan 115.8 cdef 123.8 ef 71.0 abc 74.2 bed 78.8 ab
TAM 618 112.6 def 111;8 hi 54.2 d 75.2 abcd 75.2 abcde
Funks HW 1761 112.0 def _114.6:gh 71.8 abc 76.4 ab 76.6 abcd
RS 610 A 110.6 def 113.8 gh 59.6 cd: 73.4 d 73.4 cde
TAM 430 107.6 ef  106.8 ij 67.8 .abc 72.8 d 72.8 de
DeKalb B 35 106.6 ef 113.6 gh 71.0 abc 73.0 d 74.8 bcde
TAM 428 106.2 ef 104.4 j 65.6 abcd 73.4 d‘ 74.2 cde
NB 505 104.2 £ 115.4 gh 67.6 abc 73.2 d 75.4 abcde

U



TABLE VIII (Continued)

Plant Height

Threshing Percent ) Test Weight

Entry 1977 1978 - 1978 1977 1978
Cm Cm Kg/hl  Ka/hl

Redlan X TAM 430 136.2 ab 74,2 ab ~75.6 abcde
TX 623 X TAM 428 132.6 abcd 68.0 abc 74.6 bede
TX 623 | 126.4 de 62.2 abcd . 74.2 cde
Temperate Hybrid , ' '

Means? 117.8 120.6 64.1 74.1 74.0
Tropically Adapted | . |

Hybrid Means2 124.0% 67.9

130, 2%%

75.7%% 75.6%*

1Means followed by the same letter in same column do not differ

2Only medium and late maturing hybridsjwere used

Trop1cally adapted grain sorghums

significantly at .05 level of probability

* and ** = 31gn1f1cant from temperate hybrid means at .05 and .01 level of probability, respectively

(4]
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54.2 to 75.0 percent., There was no significant difference found be-
tween temperate and tropically adapted hybfids.

Test weight was greater in tropically adapted hybrids than temper-
ate hybrids in both years, and they varied from 72.8 to 77.4 kg/hl and
from 71.8 to 79.2 kg/hl in 1977, and 1978, respectively.

Table 1X shows the means of plant height, threshing percent and
test weight at Perkins for both years. The analyses of variance for
these variables can be found in Table XXXIX in the Appendix. The plant
height in this location was shorter than all other locations, and this
was expected because there was no‘irrigation at this location. The
tropically adapted hybrids were taller than tehperate hybrids in both
years. |

Because of drought in 1978, the kernels did not £ill very well
and resulted in the 1§wor threshing percent than in 1977. The
temperate and tropically adapted hybrids did not differ significantly
in threshing percent.

The test weight gor temperate hybrids was not affected by the en-
vironment as much as the tropically adapted hybrids. The temperate hy-
brids had a lower test weight than tropically adapted hybrids in 1977.
In 1978 no significant differences were found among entries nor between
the two adaptative groups.

Plant height, threshing percent and test weight varied.among the
sorghum cntries at College Stntioﬁ in 1978 (Table X, and Table XL in the
Appendix). The tropiéully adapted hybrids were taller and had a better
test weight than temperate hybrids, while there was no difference be-

tween them for the threshing percent.

Table XLI in the Appendix shows that the differences among the same

varieties for the above variations at Isabela were significant. The



TABLE IX

MEANS FOR PLANT HEIGHT, THRESHING PERCENT AND TEST
WEIGHT AT PERKINS, OKLAHOMA, 1977 & 1478

" Plant Height Threshing Percent v ' Test Weight

Entry 1977 1978 1977 1978 1977 1978

' Cm Cm - ‘ Kg/hl Kg/hl
TX 622 X TAM 430 T 103.0 al  88.0 a 80.6 ab . 63.4 bcd 71.2 be 66.4
NB 691 © 102.0 a 80.4 b 77.8 abcd 65.8 bc 71.8 ab 72.2
TAM 670 T 95.2 b 81.2 b 80.0 ab 65.4 bc 74.4 ab 70.4
TAM 680 T 91.2 ¢ 80.4 b 78.0 abcd 70.2 a 74.6 ab 72.8
Funks HW 1760 T 91.2 ¢ 82.6 ab 75.2 a
Funks G 722 DR T 89.8 ¢ 84.2 a , 70.6 bc
NB 505 1 88.8 cd  77.6 be 71.4 de 61.4 cd 72.8 ab 69.6
B Redlan 85.8 de 76.0 bed 80.8 ab 60.4 d -72.6 ab 72.2
TAM 430 T 84.6 e o 77.8 abed - 60.2 e
RS 671 83.8 ef  74.0 cd 78.6 abc ~ 65.6 bc 71.0 be 70.2
DeKalb B 35 83.4 efg 76.0 bcd 73.2 cde 62.8 cd 72.8 ab 72.6
Funks HW 1761 T  83.2 efg 79.8 abc | ' _ 74.6 ab
A 399 X TAM 2567  80.4 fg  76.8 bc 81.2 ab 67.8 ab 67.8 cd 71.8
RS 610 A _ 80.2 fg  76.6 bc 76.8 bed 62.8 cd 71.2 be 70.4
TAM 618 - 79.8g  70.4d 68.6 e 52.4e .  66.2 d 67.4
TAM 428 T 79.8 g  67.0 e | © 54.2 f

7%



TABLE IX (Continued)

~ Plant Height Threshing Percent o Test Weight
Entry ‘ " 1977 _ 1978 1977 1978 - 1977 : - 1978
Cm " Cm - Kg/hl Kg/hl
TX 623 X TAM 428 T 82.2 b ' 61.8 cd ' 71.4
TX 618 X TAM 430 T 78.0 be 64.6 bcd . 67.0
Redlan X TAM 430 T 78.0 bc 71.2 a 71.6
TX 623 T
Temperate Hybrid
Means? 86.6 77.0 78.6 ’ 65.5 70.5 71.2
Tropically Adapted :
Means2 92.3%* 81.3%* 80.9 66.1 73.4%% 69.9

1Means followed by the same letter in same column do not differ significantly at .05 level of probability

2Only medium and late maturing hybrids were used
T = Tropically adapted grain sorghums

* and ** = significant from temperate hybrid means at .05 and .0l level of probability, respectively

[N
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TABLE X

MEANS FOR PLANT HEIGHT, THRESHING PERCENT
AND TEST WEIGHT AT COLLEGE STATION, .
TEXAS, 1978

46

Test Weight

Entry - : Plant Height Threshing Percent
Cm _ Kg/hl

TX 622 X TAM 430 T 158.8 c1 68.2 ab 70.4 ed
NB 691 150.8 ab 65.2 abcd 72.2 cd
TX 623 X TAM 428 ‘T 150.8 ab : 66.6 abc .73.8 bc
Redlan X TAM 430 T 149.4 ab 64.4 abed . 72.8 bcd
TAM 670 T 149.2 ab 70.4 ab 74.2 abc
TAM 680 T 147.2 bce 70.4 ab 74.8 abc
Funks G 722 DR T 142.2 bed - 71.2 a 76.6 a
Funks HW 1760 T 140.8 bcd 70.6 a 75.4 ab
TX 6273 T 138.4 cde 58.2 cde 67.2 fg
DeKalb B 35 135.6 def " 64,2 abcd 72.4 cd
TAM 618 . 132.6 def 57.0 de 65.8 gh
B Redlan 132.6 def 61.4 bed 68.8 ef
RS 671 132.4 def 65.4 abcd 68.6 ef
TX 618 X TAM 430 T 132.2 def 68.4 ab 70.0 de
RS 610 A 130.6 ef 70.0 ab 70.4 de
A 399 X TAM 2567 127.6 £ 65.2 abcd 70.6 de
NB 505 ' 126.0 fg 63.6 abcd 73.4 be
Funks HW 1761 T 126.0 fg 70.8 a 73.6" bc
TAM 430 T 117.4 g 41.4 £ 62.0 i
TAM 428 T-. 105.6 h 51.8 e 63.6 hi
Temperate Hybrid

.Meansz 135.4 . 66.5 70.5
Tropically Adapted

Hybrid Means?2 144 1%% 69.0 73.5%%

1
Means followed by the same letter do not differ significantly at .05

level of probability
2Only medium and late maturing hybrids were used

T = Tropically adapted grain sorghum

ability

%% -: Significant from temperate hybrid means at .01 level of prob-
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tropically adapted hybrids were taller in 19i7 than the temperate hy-
brids. Both groups were shorter in 1978 and no differences were found
between LcmberﬂLe and tropically adapted hybrids (see Table XI). This
“dilference, between 1977 and 1978 may be a result of higher temperatﬁres
during the three months of the growing season in 1978,.or a shorter

photoperiod in 1978 (Table XXX and Table XXXIV in the Appendix).
The threshing percent was higher and the test weight was lower for
the temperate hybrids than for the tropically adapted hybrids at Isa-

bela in 1977.

Grain Yield

Tﬁhle XIL shows the mean grain yields for both years at Goodwell.
The differences among varieties were significantifor both years (Table
XL11 in the Appendix). The gréin yield varied from 3191 kg/ha for
DeKalb B35 to 6120 for Funks HW 1761 in 1977. 1In 1978 the grain yield
ranged from 4639 kg/ha for TAM 618 to 9018 kg/ha for Funks HW 1761.
The grain yield was lower in 1977 than in 1978, which was tﬁe result of
heavy'infestation of crabgrass during that year. No differences were
found between tropically adapted hybrids and temperate hyﬁrids in 1977.
In 1978 the tropically adapted hybrids, on the average, érﬁduced 723
kg/ha more than tempeyate hybrids. In this year some plants suffered
. from the application of herbicide and insectiéide, résulting‘in some
possible differential adverse effect on the temperate hybrids as com—-
.pared with tropically adapted grain sérghums. However, it was interf
esting to have such good performance of tropically adapted hybrids in
the temperate area.

Grain yields at Perkins for the different entries are listed in

Table XIII, and the differences among these entries were highly
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TABLE XTI -

MEANS FOR PLANT HEIGHT, THRESHING PERCENT AND
- TEST WEIGHT AT ISABELA, PUERTO RICO,

1977 & 1978
’ Threshing . Test
S ~~ Plant Height Percent » Weight

Entry ‘ 1977 1978 1977 1977

o ‘ Cm Cm Kg/hl
TX 622 X TAM 430 T  158.4 a 128.0 a  68.0 be 61.0 cd
B Redlan - 146.0 b 121.2 abc 74.2 ab 73.6 a
NB 691 © 145.0 b 118.2 abed 73.6 abc 65.8 abcd
TAM 680 T 138.6 bc 123.8 ab  72.0 abc 70.0 abc
Funks G 722 DR T 137.2 bec 110.2 bcde 70.2 abce 72.2 ab
TAM 670 - T 131.0 cd 118.6 abcd 59.8 e - 65.6-abed
RS 671 129.6 cde 105.0 def  73.0 abc = 66.0 abcd
Funks HW 1760. T 124.2 ed 106.6 cdef 69:2 abc . 69.4 abc
TAM 430 T 123.2 ed 102.2 ef 9.6 e 59.8 d
NB 505 | 122.8 ed 106.4 cdef 75.4 a  65.0 abed-
"Funks HW 1761 T 122.4 ed 102.2 ef 69.6 abc . 68.4 abcd
TAM 618 | 121.6 ed 101.6 ef 61.0 de : 62.2 cd
RS 610 A 121. ed 110.6 bcde 68.8 abc 61.0 cd
A 399 X TAM 2567 119.4 edf 121.0 abc  73.2 abe 62.2 cd’
DeKalb B 35 118.8 ef 105.4 def 69.2 abc 63.4 bed
TAM 428 T  109.4 f  92.4 f 66.8 cd '58.6 abcd
TX 623 T 118.6 abcd
Redlan X TAM 430 T 115.2 abcde
TX 623 X TAM 428 T 113.2 abcde
TX 618 X TAM 430 T 110.0 bede
Temperate Hybrid =~ ’ ‘ ' .

Means2 ( 128.8  113.7 S 7202 63.8

Tropically Adapted : :
Hybrid Means2 135.3%%  114.2 68,1%% 67.9%
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TABLE XI (Continued)

1Means followéd by the same letter in same column do not differ sig-
nificantly '

2Only medium and late maturing hybrids were used

T = Tropically adapted grain sorghums

* and ** = Significant from temperate hybrid means at .0l level of
probability



TABLE XII

50

MEANS FOR GRAIN YIELDS AT GOODWELL, OKLAHOMA

4410

1977 & 1978
. Grain Yield
Entry 1977 1978
Kg/ha Kg/ha
Funks HW 1761 T 6120 a1 9018 a
Funks G 722 DR T 5946 ab 7553 ab
RS 671 5091 abc 6768 bcde
NB 691 4716 bced 7363 abc
A 399 X TAM 2567 4690 bcde 6962 bcd
Funks HW 1760 T 4028 cdef 7468 ab
RS 610 A 3897 cdef 5527 def
TAM 618 3644 def 4639 £
TAM 670 T 3592 def 5635 cdef
B Redlan , 3504 def 6714 bede
NB 505 ‘ 3443 def 5043 ef
TAM 428 T 3417 def - 5508 def
TX 622 X TAM 430 T 3400 def 7529 ab
TAM 680 T 3374 def 7741 ab
~ TAM 430 T 3234 ef 6606 bcde
~ DeKalb B 35 3191 £ 6576 bcde
Redlan X TAM 430 T 7936 ab
CTX 623 X TAM 428 T 6975 bcd
TX 618 X TAM 430 T 6650 bcde
TX 623 T 6339 bcdef
Temperate Hybrid
Means?2 4599 6655
Tropically Adapted
Hybrid Means?2 7378%

lMeans followed by the same letter in same column do not differ sig-
nificantly at .05 level of probability

2Oﬁly medium and late maturing hybrids were used

T = Tropically adapted grain sorghum

S Signifiéant from temperate hybrid means at .05 level_of probability
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TABLE XIII

MEANS FOR GRAIN YIELDS AT PERKINS, OKLAHOMA,

1977 & 1978
Grain Yield
Entry - 1977 1978
Kg/ha Kg/ha
Funks HW 1760 T 5057 a'
Funks G 722 DR T 4442 b
NB 691 ) 4247 be 854 ed
Funks HW 1761 T 4023 bed
A 399 X TAM 2567 3862 cde . 1584 abc
RS 671 ' 3770 cde 1519 abc
TAM 670 T 3764 cde 1413 be
TX 622 X TAM 430 T 3725 cde : 724 def
TAM 680 T 3617 de 1966 a
RS 610 A ) 3582 de : 1536 abc
DeKalb B 35 3317 e 1782 ab
B Redlan 2634 f 541 ef
NB 505 2575 f 1454 be
TAM 430 T 1520 g
TAM 618 1002 h 363 £
TAM 428 T 714 h
Redlan X TAM 430 T \ 1949 a .
TX 618 X TAM 430 T 1138 cd
TX 623 X TAM 428 T 413 ef
Temperate Hybrid
Mcans?2 3865 , - 1373

Tropically Adapted

llybrid Means2 ' 4105% 1267

1Means followed by the same letter in same column do not differ sig—
nificantly '

2Only medium and late maturing hybrids were used
T = Tropically adapted grain sorghum

* = Significant from temperate hybrid means at .05 level of probability
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significant (Table XLIII in the Appendix). In 1977, the trépically
adapted hybrids produced significantly mofe yield thén the temperate
hybfids, but in 1978‘because of extreme drought both groups produced
much 1es§ grain yield in 1977. The temperate hybrids produced about
106 kg/ha more grain yieldbthan the tropically adapted hybrids (but
this difference was not significant). Some of the tropically adapted
hybrids which had the highest yield in 1977 did not produce any grain
yield at all in 1978.

At College Station, the grain yields varied from 1547 to 6983

kg/ha (Table XIV). The highest yielding entry had tropical adapta-
bility but some of the temperate hybridé iike NB 691 did not differ
significantly from it. Tropically adapted hybrids, on the average,
" produced about 1000-kg/ha more than temperate hygrids. Theltropically.
adapted hybrids were those which have specific adaptation fof south and
centrdl_Texas, and it was expected that they should give good yields in
this region.

Table XV shows the mean grain yield at Isabela for both years.

An analyses of variance showed that there were significant differences
among some of the entries (Table XLV in the Appendix). The highest
gfain yield in this location was 5893 and 4352 kg/ha from the same hy-
brids in 1977 aﬁd 1978, respectively. The grain yields in 1978 were
lower than in 1977 because of severe bird damage} At this location,
again the tropically adapted hybrids yielded more than temperate
adapted hybrids But the differences were not significant. The night-
‘time temperatures during the growing‘seasdn were higher than Goodweil,
Oklahoma, but lower than at College Station, Texas (Tables XXVIII, XXX,

XXX1, XXXIIT, and XXXIV), and the range of temperatures from maximum
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TABLE XTIV

MFANS FOR GRAIN YIELDS AND DRY MATTER
ACCUMULATIONS AT COLLEGE STATION,
TEXAS, 1978

: Grain Grain/Day
Entry Yield From PL to MB
Kg/ha Kg/ha
TX 622 X TAM 430 T 6983 a1 _ 102.8 a
© Funks HW 1760 T 6782 ab ’ 98.2 a
TX 618 X TAM 430 T 6523 ab .97.2 a
TAM 670 T 6355 abc 96.0 ab
Funks HW 1761 T 6288 abc ' 92.1 ab
Redlan X TAM 430 T 6211 abc - 92.2 ab
. TAM 680 T 6116 abcd : . 92.7 ab
.Funks G 722 DR T 6110 abcd 87.4. abc
NB 691 5841 abcd ~ 87.0 abc
A 399 X TAM 2567 5595 abcde . 83.2 abc
RS 610 A 5350 bcde ‘ 82.3 abcd
TX 623 X TAM 428 T 4966 cde ‘ 68.8 cde
DeKalb B 35 . ‘ 4711 def 74.4 bede
RS 671 4227 efg 62.1 def
NB 505 3457 fgh 54.9 efg
B Redlan 3201 gh 45.7 fgh
TX 623 - T 2999 gh 41.8 fgh
TAM 618 ' 2455 hi 35.8 ghi
TAM 430 ST 2155 hi 30.1 hi
TAM 428 T 1547 i 19.6 i
‘Temperate Hybrid
Means? 5253 - 78.7
Tropically Adapted :
Hybrid Means?2 6259%% ' 91,9%%

1Means followed by the same letter in same column do not differ sig-
nificantly

2Only medium and late maturing hybrids were used
T = Tropically adapted grain sorghum '

e
WA

= Significant from temperate hybrid means at .0l level of probability



" MFEANS IFOR GRATN YTELDS AT T1SABELA, PUERTO
1977 & 1978

RTCO,

TABLE XV
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Grain Yield

nificantly

2Only medium and late maturing hybrids were used

T = Tropically adapted grain sorghum

Entry 1977 1978
Kg/ha Kg/ha
TX 622 X TAM 430 T 5893 a1 "4352 a
Funks G 722 DR T 5447 ab 2878 bcde
NB 691 5249 ab 3060 bcde
“A 399 X TAM 2567 5241 ab 4050 ab
Funks HW 1760 T 5200 ab 3440 abcd
TAM 680 T 5075 abc 2679 cdef
Funks HW 1760 T 4749 bc 2684 cdef
. TAM 670 T 4537 bed 3298 abcde
RS 671 4522 bed 2324 cdef
DeKalb B 35 4509 bed 2177 ef
RS 610 A 4113 cde 2403 cdef
NB 505 4072 cde 1612 £
B Redlan 3587 def 2265 def
TAM 430 T 3453 ef 2852 bcde
TAM 428 T 3408 ef 2581 cdef
TAM 618 2808 f 1601 £
Redlan X TAM 430 T 3522 abc
TX 623 T 3521 abc
TX 623 X TAM 428 T 3351 .abcde
TX 618 X TAM 430 T 3309 abcde
Temperate lybrid
Means 4781 2959
Tropically Adagted
Hybrid Means 5158 . 3279
1Means followed by the same letter in same column do not differ sig-
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to minimum were less than in the temperate areas. These conditions
prébably were not severe for the temperate varieties and did not change
_ their performance.

Table XVI shows the mean grain yields averaged over Goodwell,
Perkins, and‘Isabela-in 1977, and for Goodwell, College Station, and
Isabela in 1978. The best entries in 1977 were Funks G 722 DR, Funks
HW 1761, and Funks HW 1760, which are tropically adapted and NB 691, a
temperate hybrid. 1In 1978 TX 622 X TAM 430, Funks HW 1761, Funks HW
1760, Redlaﬁ X TAM 430, TAM 680, TX 18 X TAM 430, and Funks G 722 DR
(all tropiéally adapted hybrids) and A 399 X TAM 2567 (a temperate
hybrid) had the highest yields.

There was no significant difference between temperate and tropic-

\

~ally adapted hybrids for grain yield in 1977. 1In 1978 this difference
was significant.h The probable reason was the adaition of College Sta-
tion té the experimeht in which the tropically adapted hybrids were
specifically adapted. |

Tables LI, LII, and L1II in the Appendix show that all inféractions

between variety x location in 1977 and in 1978 were significant. For
the two years combined, the year x location, variety x location, and
year x variety x location interaction were significant (Table LVI in
the Appendix). The common varieties in two years and three locations
were used té compute these interactions. These indicated that grain
yields of these common entries were affected differently by various
Iocations, and each location had a different effect on grain yield in
a different year. The year x variety inﬁeraction was not significant

which meant the environment in both years had the same effect on "both

good and poor varieties."



TABLIE XV

MEANS FOR GRAIN YIELDS, AVERAGE OVER

LOCATIONS

56

Grain Yield

Entry 1977 19781
Kg/ha ‘Kg/ha
‘Funks G 722 DR T 5278 a’ 5480 abc
Funks HW 1761 T 4980 ab 5997 ab
Funks HW 1760 T 4761 abc 5897 abc
NB 691 4738 abc 5421 be
A 399 X TAM 2567 4598 bc 5536 abc
RS 671 . 4461 bed 4440 de
TX 622 X TAM 430 T 4339 cde 6288 a
TAM 680 T 4022 def 5512 abc
TAM 670 T 3964 def 5096 cd
RS 610 A 3864 efg 4426 de
- DeKalb B 35 3672 fgh 4488 de
NB 505 3363 gh ' 3370 fgh
B Redlan 3422 hi 4060 ef
TAM 430 T 2736 ij 3871 efg
" TAM 428 T 2513 j 3212 gh
TAM 618 2485 j 2898 h
Redlan X TAM 430 T 5890 abc
TX 618 X TAM 430 T 5494 abc
TX 623 X TAM 428 T 5098 cd
TX 623 T 4286 de
~Temperate Hybrid
Means- 4415 4956
Tropically Adapted
Hybrid Means3 4557 5639%%

1Averagevover locations in 1978, except Perkins

2Means followed by the same letter in same column do not differ-sigé
nificantly at the .05 level of probability

3Only medium and late maturing hybrids were used

T = Tropically adapted grain sorghum

*% = Significant from temperate hybrid means at .0l level of prob-

ability
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The analyses of variance which are listed in Table LVII in the
Appendix for grain yield were calculated by using only two locations
(Goodwell and isaBela) and 16 common varieties for both years. Even
by eliminating the Perkins location which was not a good trial because
of drougﬁt in 1978, ail interactions were significant.

When the two irrigated 1ocations,vGoodwe11 and Collegg‘Station,
were cémpafed in 1978 (Tables XII and XIV) it became clear that both =~
temperate and tropically adapted hybrids lost their yielding'ability
when they were moved from the temperate to the‘tropical area, but the

former was affected more than the latter.
Dry Matter Accumulation

The dry matter accumulation is the measure of photosynthetic ef-
ficiency and it is possible to compare different‘sorghums by their rate
of dry matter accumulation during different growth ﬁeriods.

Table XVII shows dry matter accumulation per day for periods from
pranting'(PL) to mid-bloom (MB), from planting to black layer (BL), and
ffom mid~blooﬁ to black layer at Goodwell. The analyses of yafianée for
these variables are listed in Table XLII, and the differences between
varieties for dry matter accumulation per day for all growth periods

-were highly significant. There was no significant difference found be-

tween temperate and tropically adapted hybrids for grain yield per day

. from planting to mid-bloom, and grain yield per day from planting to

black layer in 1977, but in 1978 the tropically adapted hybrids produced
more grain yield per day than temperate hybrids for these growth
periods. The grain yield per day from mid-bloom to black_layer was

greatef in temperate hybrids than trqpically adapted hybrids in 1977,



TABLE XVII

MEANS FOR DRY MATTER ACCUMULATIONS PER DAY FOR DIFFERENT GROWTH

PERIODS AT GOODWELL, OKLAHOMA, 1977 & 1978
Grain/Day Grain/Day Grain/Day
From PL to MB From PL to BL From MB to BL
Entry 1977 1978 1977 - 1978 1977 1978
Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha
Funks HW 1761 84.0 a1 122.2 a 56.6 a 80.6 a 173.8 ab 241.2 ab
Funks G 722 DR 79.5 ab 101.5 abcd 54.3 ab 73.9 abc 171.6 abc 273.6 a
RS 671 71.0 abc 92.6 bcde 48.9 abcd 64.8 abcdef 157.0 abcd  215.4 bcd
A 399 X TAM 2567 66.3 abcd 92.9 bcde 49.6 abc  57.9 cdef 200.1 a 154.7 defg
NB 691 64.8 bcd 100.3 abed 45;0 abcde 69.1 abcd 146.8 bcde  225.7 abc
RS 610 A 58.5 cde 82.2 def 42.0 bedef 54.7 defg 153.3 abcde 164.0 defg
NB 505 56.4 cde 8l1.6 def 37.5 cdef 51.9 efg ©112.8 def 143.1 fg
Funks HW 1760 54.3 cde 97.2 abcde  36.7 cdef 67.7 abcde 113.0 def 228.4 abc
TAM 670 53.1 cde 85.1 cde 36.5 cdef 57.0 cdef 117.2 def 173.0 cdefg
TAM 618 . 49.7 de 59.7 £ 35.3 def 40.2 g 122.4 cdef 123.9 g
DeKalb B 35 49.1 de. 106.0 abcd 35.0 ef - 64.8 abcdef 124.0 cdef 167.8 cdefg.
TX 622 X TAM 430 - 47.8 de 112.3 ab 32.9 ef 71.6 abcd 106.0 def 198.5 bcdef
TAM 680 47.3 de 109.6 abc 32.4 ef 75.1 ab 103.3 ef 239.4 ab
B Redlan 46.8 de 84.9 cde 32.8 ef 57.9 cdef 110.8 def =~ 182.5 bcdefg
TAM 428 46.1 de 72.6 ef 32.7 ef 48.7 fg 112.6 def 149.5 efg

8¢




.TABLE XVII (Continued)

Grain/Day - Grain/Day » ~ Grain/Day

o ’ From PL to MB ‘From PL to BL "~ -~ From MB- to BL
Entry 1977 1978 _ 1977 1978 1977 1978
Kg/hl Kg/hl Kg/hl Kg/hl Kg/hl - Kg/hl

TAM 430_ T 43.1 e 85.3 cde .. 29.5 f 54.9 defg 94.2.f - 155.3 defg
Redlan X TAM 430 T 110.3 abc 71.5 abcd . © 207.6 bcde
TX 623 X TAM 428 T 99.9 abcd - 66.4 abcde _ 199.5 bcdef
TX 618 X TAM 430 T 96.3 bcde 61.8 becdef 175.0 cdefg
TX 623 T 85.3 cde 56.8 def 172.5 cdefg
T erate Hybrid v

“Means? . 65.1 92.0 46.4 61.6 164.3 189.8
Tropically Adapted f ’ .

Hybrid Means?2 61.0 103.8%* 41.6 69.5% 130.8%* 215.1%

1Means followed by the same letter in same column do not differ significantly at .05 level of probability

: 2Only-medium and late maturing hybrids were used _

T = Tropically adapted grain sorghums

* and ** = significant from temperate hybrid means at .05 and .01 level of probability, respectively

6S
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‘but in 1978 this situation was reversed; The total gréin yield was not
significantly diffefént in these two groups in 1977, but the grain fill—’
ing period was much shorter fof temperate hybrids than tropically
adapted ones. The teﬁperate hybrids were more efficienf during unfav-
orable cpnditions which éxisted in 1977 because of heavy infestation
with weeds, and they were less efficient during the more favorable
season.

Table XVIII shows the mean dry matter accumulations per day for
the different growth periods at Perkins. The differences among sorghum
entries were significant for dry matter accumulations per day for all
growth periods (Table XLIII in the‘Appendix). No differencestwere
fouﬁd between tropically adapted and temperate hybrids_for dry matter
accumulations per day during the'growth-periods.of planting to mid-
bloom and from planting to black layer in either 1977 or 1978. Dry
matter accuﬁﬁlation from mid-bloom to black layer in 1977 was greater
for tropically adaptéd hybrids than temperate hybrids. No difference
was found between these two groups in 1978. It seemed that when con-
ditions were Ffavorable for growth, tropically adapted hybrids were more
cefficient du;ingvthe grain filling period, but in adverse conditions
they were less efficient than temperate hybrids.

At College Station only grain yield per day from planting to mid-
bloom was recorded (Table X1V). The differences amdng the sorghum en-
tries for tﬁis variable were significant (Table XLIV in the Appendix),
and’ the tropicaLly adapted hybrids produced significantly more grain
yield per day than the temperate hybrids. Tropical hybrids wefe moré
efficient than temperate hybrids. This was expected because these hy-

brids are hest adapted in this area.



TABLE XVIII

MEANS FOR DRY MATTER ACCUMULATIONS PER DAY FOR DIFFERENT GROWTH
PERIODS AT PERKINS, OKLAHOMA, 1977 & 1978

Grain/Day Grain/Day ' Grain/Day
v From PL to MB From PL to BL From MB to BL
Entry 1977 1978 1977 1978 1977 1978
Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha

Funks HW 1760 T 85.8 a | ' 59.2 a , 191.6 a
NB 691 o 81.7 ab 12.4 ef 52.4 be 8.7 de 146.5 bc  29.4 de
Funks G 722 DR T  76.3 bc 53.6 ab 180.7 a
A 399 X TAM 2567 74.6 bed  24.9 abc 48.4 bcd  18.0 ab 137.9 ed 59.5 b
Funks HW 1761 T . 71.7 cde 49.2 bed , 157.0 b
RS 671 T 70.1 cde  24.0 bed 46.5 cde 17.2 ab 138.7 bcd  60.9 b

" TAM 670 T  69.4 cde  22.1 cd 46.3 cde 15.7 bc 139.5 bed  53.9 bc
TAM 680 T 68.0 cde 31.2 ab 44.8 de 22.4 a | 131.1 cde 79.2 a’
RS 610 A : 67.8 cde  25.4 bc 44,8 de  17.8 ab 131.8 cde 59.4 b
DeKalb B 35 © 66.1 de 33.5 a 42.9 de  21.9 a . 121.9 de  63.6 b
TX 622 X TAM 430 T  63.8 e 10.5 ef 41.3 e 7.4 de | 117.2 e 25.4 def
NB 505 53.6 f 28.4 abc 33.9 f 18.7 ab 92.0 f 54.8 bc
B Redlan 47.2 £ 8.1 f 31.0 £ 5.7 e | 90.1 £ 19.1 ef
TAM 430 T  22.9g 15.4 g . 46.6 g |
TAM 618 17.1 gh 5.3 f 11.1 gh 3.7 e : 32.1 gh  12.4 f

TAM 428 ' T 10.8 h 7.7 h - 26.3 h

19



TABLE

XVIII (Continued)

Grain/Day

Grain/Day Grain/Day
v From PL to MB From PL to BL From MB to BL
Entry 1977 1978 1977 1978 ‘ 1977 1978
Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha
Redlan X TAM 430 T 29.9 ‘abc 21.0 ab 69.9 ab
TX 618 X TAM 430 T 17.6 de 12.2 cd 39.5 cd
TX 623 X TAM 428 T 5.8 £ 4.3 e 16.7 ef
TX 623 T
Temperate Hybrid :
Means? 73.5 21.9 48.0 15.4 A 138.7 52.3
Tropically Adapted
Hybrid Means? 72.5 19.5 49.1 13.8 152 .9%% 47.4

1Means followed by the same letter in same column do not differ significantly at .05 level of probability

2Only, medium and late maturing hybrids were used

T = Tropically adapted grain sorghums

**% = gsignificant from temperate hybrid means at .01 level of probability

<9



63

Table XIX shows the means of dry matfer accumulation per day for
the different growth periods at Isabela. The differences among sor-
ghum eﬁtries were significant (Table XLV in the Appendix), but the only
significant difference between temperate and tropically adapted hybrids
for any of the growth periods was for grain yield per day from mid-
bloom to black layer in 1978. This result indicated that the two gfoups
of hybrids have the Same‘efficiency in a location such-as Isabela whére
the conditions. are favorable for‘sorghum productién and the nigﬁt-iime
témpefature i§ not as high as at College Siation; Tﬁe tropically
.adapted hybrids were more efficient for grain yield production per day
for the grain filling period in 1978. This might have been the result
-of a combination of shorter day lengths, lower tfmperatures; and more
precipitation during the growth season compared fo 1977.

These variables were averaged over locations for each entry and
for the two groups of temperate and tropically adapted hybrids, and
they are listed in Table XX. 1In 1977, the averages over three loca-
tions for éach entry'were significantly different. These variables
also were averaged for each entryvin 1978 from only two locations. 'The
Perkins location, because of drought, and the Collegé Station location,
because all data were not available, were eliﬁinated from coﬁputation.
In ;his year the differences among varieties were also significant.

The eﬁtries with the greater dry matter accumulations per day from
planting to mid-bloom in 1977 almost always had the greatest dry matter
accumulations per day from planting to black layer, too. In 1978, this
relation could also be observed. However, the relation between these
variables and dry matter accumulations per day from mid-bloom to black

layer did not always exist.



MEANS FOR DRY MATTER ACCUMULATIONS PER DAY FOR DIFFERENT GROWTH

TABLE XIX

PERIODS AT ISABELA, PUERTO RICO, 1977 & 1978

Grain/Day Grain/Day Grain/Day
From PL to MB From PL to BL From MB to BL
Entry 1977 1978 1977 1978 1977 1978
Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha
A 399 X TAM 2567 98.9 a'  60.4 ab 6l.la  37.1 ab 160.1 ab  97.0 ab .

NB 691 96.2 ab 50.9 abcde 58.2 ab 29.8 abcd 147.8 ab 72.7 bcdefg
TX 622 X TAM 430 T 93.4 ab 65.1 a 58.4 ab 39.7 a 156.2 ab 102.8 a
Funks G 722 DR T 90.8 abc 46.9 abcdef 56.7 ab 29.1 abcd 151.0 ab 77.0 abcdef
Funks HW 1760 T - 87.9 abc 56.3 abc 54.6 ab 35.0 abc 143.9 ab 94.6 abc
TAM 680 T 85.6 abc 44.2 bedef 56.2 ab 26.3 bcde 165.0 a 65.6 cdefg
Funks HW 1761 T 82.8 abc 43.7 bcdef 54.9 ab 26.6 bcde 163.0 ab 68.6 bcdefg
DeKalb B 35 '80.9 chd 37.1 cdefg 51.5 ab 22.0 de 141.9 ab 54.1 defg
NB 505 78.3 bed 28.1 fg 48.9 bc 17.2 e 130.8 bcd 44.5 g
RS 671 77.9 bed 38.0 cdefg " 51.4 ab 21,8 de 152.0 ab 51.7 efg

- . TAM 670 T 73.0 cd 50.2 abcde | 46.7Abc 31.0 abcd 130.6 bed 82.0 abcd
RS 610 A 72.8 ¢d  39.7 cdefg 47.2 be 23.3. de 134.6 abc 57.1 defg
B Redlan 62.9 de 35.8 defg - 39.3 cd- 22.2 de 105.1 cde . 58.2 defg
TAM 430 51.4 ef 39.8 cdefg 33.7 d 25.2 cde 100.6 de 68.6 bcdefg.
TAM 428 47,7 ef 34.3 efg 32.6 d 24.0 cde 103.5 cde 79.9 abcde
TAM 618 43.7 £ 22.8g 29.3 d 15.4 e 89.1 e 48.4 fg

%9




TABLE XIX (Continued)

Grain/Day Grain/Day Crain/Day
R From PL to MB From PL to BL From MB to BL
Entry : 1977 - 1978 . 1977 1978 1977 1978
" Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha
Redlan X TAM 430 T 54.9 abed 32.3 abcd 78.8 abcde
TX 618 X TAM 430 T 50.5 abcde 30.2 abced 76.0 abcdef
TX 623 T 48.6 abcde 31.9 abced 93.8 abc
TX 623 X TAM 428 T 46.3 abcdef 31.0 abcd 94.2 abc
Temperate Hybrid
Means?2 86.5 47.3 54.5 28.0 148.7 69.6
Tropically Adopted
Hybrid Means? 85.6 50.9 54.6 31.2 . 151.6 82.2%

1Means followed by the same letter in same column do not differ significantly at .05 level of probability

2Only medium and late maturing hybrids were used -

T = Tropically adapted grain sorghums
.

= Significant from temperate hyBrid means at .05 level of probability

“

S9



MEANS FOR DRY MATTER ACCUMULATIONS PER DAY FOR DIFFERENT GROWTH

TABLE XX

PERIODS, AVERAGE OVER LOCATIONS, 1977 & 1978

Grain/Day Grain/Day Craiﬁ/Day

From PL to MB From PL to BL From MB to BL
Entry 19771 19782 19771 19783_ 19771 19783

Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha Kg/ha
Funks G 722 DR 82.2 a 78.6 bcd 54.9 a 51.5 abc 167.8 a 175.2 a
NB 691 80.9 a 79.4 bced 51.9 a 49.5 abced 147.0 be 149.2 abcd
A 399 X TAM 2567 79.9 a 78.8 bcd 53.0 a 47.5 abcde 166.1 ab 125.6 cdefg
Funks HW 1761 79.5 a 86.0 ab 53.6 a 53.6 ab 164.6 ab 154.9 abc
Funks HW 1760 76.0 ab 83.9 abc 50.2 ab 51.4 abc 149.5 abc 161.5 ab
RS 671 73.0 abc 64.2 efg 48.9 abc 43.3 cdefg 149.2 abc 133.6 bcdef
TX 622 X TAMv430; 68.3 bcd 93.1 a 44.2 bed 55.7 .a 126.5 de 150.7 abcd
TAM 680 66.9 bc 82.2 abc 44.5 bed 50.7 aBC 133.2 be 152.5 abcd
TS 610 A 66.4 bc 68.1 def 44,7 bed . 39.0 efg 139.9 bc 110.5 fgh
DeKalb B 35 65.4 be 72.5 cde 43.1 be  43.4 bedefg 129.3 cde 111.0 fgh
TAM 670 " 65.2 ¢d 77.1 bced 43.2 dc 44.0 bcdefg. 129.1 cde ~127.5 cdef
NB 505 62.8 d 54.8 gh 40.1d  34.5 gh 111.9 ef 93.8 gh
B Redlan 52.3 e 55.5 gh 34.4 e 40.0 defg 102.0 f 120.3 defg
TAM 430 39.1 f  51.7 hi 26.2 £ 40.0 defg 80.4 g 111.9 fgh
TAM 618 36.8 f 39.4 j 25.2 f 27.8 h 81.2 g 86.2 h
TAM 428 34.9 £ 42.2 ij 24.3 f 36.3 fgh 80.8 g 114.7 efgh

99




TABLE XX (Continued)

Grain/Day Grain/Day Grain/Day

_ From PL to MB From PL to BL From MB to BL

Entry 19771 19782 19771 19782 19771 19782
_ - Kg/ha Kg/ha .Kg/ha ~ Kg/ha Kg/ha Kg/ha

Redlan X TAM 430 T ' 85.8 ab 51.9 abc 143.2 abcdef
TX 618 X TAM 430 T 81.3 abc 46.0 abcdef 125.5 cdefg
TX 623 X TAM 428 T 71.7 cde 48.7 abcde 146.8 abcde .
TX 623 T 58.7 fgh 44,3 bedefg 133.3 bcdef
Temperate Hybrid

Means 75.1 72.6 49.6 44.8 150.6 129.7
Tropically Adagted :

Hybrid Means 73.0 82.2%% 48.4 50.4%% 145.1 148.6%*
Mean of all locations in 1977

1
2Mean of all locations

Mean of only Goodwell

3
4Means followed by the
5

except Perkins in 1978
and Isabela in 1978

same letter in same column do not differ significantly at .05 level of probability

Only medium and late matﬁring hybrids

T = Tropically adapted grain sorghums

*% = Significant from témpéfate hybrid means at .0l level of probability

L9
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In 1978, the tropically adapted hybrids produced more grain yield
per day for all of the different growth periods than did the tcmperate
hybrids.

Tables L1, LII, LIII, LVI, and LVII in the Apﬁendix show that all
interactions between variety x location in 1977 and 1978, and between
year x location, variety x location, year x variety, and year x variety
x location were significant for dry matter accumulations per day for all
the different growth periods. These significant interactions suggested
that the different year and location had a completely different effect

on the different sorghum entries.
Forage Study

Table XXI shows the stover dry weight, stover moisture percentage
and grain/stover ratio. There were significant differences ambng the
varieties for the above variables (Table XLVIII in the Appendix). Be-
cause all of these entrieS‘were harvested about two weeks after black
layer, there was little variability among them for moisture percentage.
There was no significant difference found‘in moisture percentage between
temperate and tropically adapted hybrids.

Stover dry weights had great variability from one variéty to an-
other. The range of weights was from 2276 to 7847 kg/ha. The tropic-
ally adapted hybrids had much more stover than temperate hybrids be;
cause they were taller and had more leaves and larger leaves. This
resulted in a grain/stover ratio for the tropical hybrids of 0.85 as
compared with 1.00 for the temperate hybrids.

The stover dry weight qccumulations per day for the different

growth periods are listed in Table XXII. The differences among
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TABLE XXI

MEANS FOR STOVER DRY WEIGHTS, MOISTURE PERCENTAGE,
AND GRAIN/STOVER RATIOS AT PERKINS,
OKLAHOMA, 1977

Stover Stover Grain/Stover
Entry Dry Weight Moisture Ratio
Kg/ha %

TAM 430 T - 7847 a1 69.0 abc 0.20 g
TAM 428 T 7261 a 68.8 abc 0.10 g
TX 622 X TAM 430 T 6367 b 68.8 abc 0.60 f
TAM 618 6113 bc 70.7 ab 0.17 g
Funks NIIW 1760 T 5412 cd 68.5 abc 0.94 bed
Funks G 722 DR T 4977 de 68.4 abc 0.90 d
Funks HW 1761 T 4606 ef 65.8 ¢ 0.88 de
TAM 670 T 4449 efg 70.7 ab 0.86 de
RS 671 4384 efg 68.0 bc 0.87 de
TAM 680 T 4008 fg 70.4 ab " 0.92 cd
NB 691 3913 fg 68.6 abc 1.09 ab
DeKalb B 35 3854 fg 72.1 a 0.87 de
A 399 X TAM 2567 3709 g 69.6 ab 1.05 abc
B Redlan 3673 g 71.8 ab 0.72 ef
RS 610 A 3646 ¢ 68.1 bc 0.99 abcd
NB 505 2276 h 76.3 ab 1.13 a
Temperate Hybrid :

Means? 3913 68.6 1.00
Tropically Adapted

Hybrid Means2 4970%% 68.8 0.85%%

lMozlns followed by the same letter in same column do not differ sig-
nificantly at .05 level of probability

ZOnly medium and late maturing hybrids were used
T = Tropically adapted grain sorghum

*% = Significant from temperate hybrid means at .0l level of prob-
ability
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TABLE XXII

MEANS FOR STOVER DRY WEIGHT ACCUMULATION PER
DAY FOR DIFFERENT GROWTH PERIODS AT PERKINS,
OKLAHOMA, 1977 ’

Stover/Day Stover/Day Stover/Day
from from - from
Entry PL to MB PL to BL . MB to BL
Kg/ha Kg/ha Kg/ha.
"TAM 430 T 118.3 al . 719.3 a 240.6 ab
TAM 428. T 110.0 ab 78.1 ab 270.2 a
TX 622 X TAM 430 T 109.0 ab 70.5 bc 200.2 c
TAM 618 103.4 bc 67.9 cd 196.5 ¢
Funks HW 1760 T 91.8 cd 63.4 cde 205.3 ¢
Funks G 722 DR T 85.5 de 60.1 def T 202.2 ¢
TAM 670 : T 82.2 def 54.8 efgh 164.5 de . -
Funks HW 1761 T 82.0 def 56.3 efg : 179.9 cd
RS 671 ' 81.6 def 54,1 fgh 161.1 def
DeKalb B 35 , 76.8 efg 49.8 ghi 141.8 efg
TAM 680 T - 75.3 efg 49,6 ghi v 145.2 efg
NB 691 ' 75.2 efg 48.3 ghi 134.9 fg -
A 399 X TAM 2567 71.6 efg 46.5 hi 132.3 g
RS 610 A 69.1 fg : 45.6 hi 114.0 fg
B Redlan : ‘ 65.8 g - 43.2 4 _ 125.7 g
NB 505 47.4 h 29.9 j © 8l.3 h
Temperate Hybrid
Means2 74.4 48.6 ; 140.6 -
Tropically Adapted
Hybrid Means?Z 87.6%% 59, 1%% 182,9%*

1Means followed by the same letter in same column do not differ sig-
nificantly at .05 level of probability

2Only medium and late maturing hybrids were used
T = Tropically adapted grain sorghum

alasts
]

% - Significant from temperate hybrid means at .01 level of prob-
ability
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varictics were significant for all of these variables (Table XLIX in
the Apﬁcndix). Troplﬁul]y adapted hybrids produced mofe stover dry
weight per day than temperate hybrids from planting to mid-bloom,
plahting to black layer and from mid-bloom to black layer.

| Correlati?ns between grain yield and other variables at each lo-
cation are listed in Tables XLVI and XLVII in the Appendix for 1977 and‘
1978, respectively. Significant negative correlations existed between
grain yield and'days to mid-bloom at Isabela iﬁ 1977 and at Perkins,
'Collgge Stafion, and Isabela in }978. This indicated that the early
flowering hybrids.yielded more than late flowering hybrids. There
were no significaﬁt correlations between days to black layer and grain
yield, with one exception, which indicatea that Paturity was not neces-—
sarily related to grain yield. The one exception was at Perkins in
1978 where,'because of drought, the early maturi?y types had a better
éhance to survive and produce some grain yield.

Correlations between grain yield and days from mid-bloom to blgck
layer were not significant in 1977.  In 1978 thesevcorrelafions were
positi?e andVSignificant'at Perkins and Isabela. 1In both of these lo-
cations the grain yield in 1978 was lower than in 1977 because of en-
vironmental conditions, and hybrids with longer grain. filling
duratiohs'had a better chance to transfer photosynthate to the kernels.

The correlations between plant height and grain yield were p&sitive
and significant at Goodwell and at Isabela in 1977. There were positive
correlations betweén grain yield and threshing percent at most loca-
tjoné in 1977 and 1978. Significant positive correlations were obtained
at four of the six locations between grain yield and test weight. This

indicated that the better yielding hybrids usually have a better quality
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of grain, also. The correlations between grain yield and dry matter
accumulations per day for all the different growth periods were posi-
tive and significant, but these correlations are difficult to interpret.
No signification correlation existed between stover dry weight and
grain yield which means selecting hybrids for high grain yield will not

necessarily give high forage production.
Physiologic Maturity

Table LVIII and LIX in the Appendix show the analyses of variance
for kernel dry weight and moisture percentage in 1977 and 1978, re-
spectively., The effect of variety and day and the interaction between
variety x day were significant for kernel dry weight and kernel mois-
ture percentage. In order to reduce the effect of kernal size which is
known to be different among varieties, an analysis of variance was con-
ducted for the ratio of kernel dry weight to kernel dry weight at black
layer stégo (day 0) for each hybrid. Therefore, the data for kernel dry
weight which is presented in Tables XX111 and XXIV were computed on the
basis of this ratio and were multiplied by 100.

The analyses of variance for this ratio (Table LX in the Appendix)
indicated that the differences among the varieties were not significant
in 1977. 1In 1978 the differences among varieties were still significant
even by using the ratio instead of the actual dry weights. The variety
x day interaction was significant for both years which indicated that
the dry weight of kernels for each variety was different, relative to
the black layer stage. This suggested that the day on which the maximum

dry weight occurred was different among varieties.



TABLE XXIII

MEANS OF PERCENTAGES OF KERNEL DRY WEIGHT IN RESPECT TO DRY WEIGHT AT
BLACK LAYER STAGE, PERKINS, OKLAHOMA, 1978

Days Prom Black Layer

Entry . 4 3 =z 01 o 1 2 3 & 5

NB 505 86.6 g1  86.6fg  93.9 ef  98.5 de 100.0 cde  101.0 bcde  106.7 abcd  110.5 ab  115.5 a  109.0 abe
DeKalb B 35 86.2g  87.7 fg  93.1 ef  97.2 de 100.0 cd  104.5 be 109.8b  109.8b  117.0a 117.4a
RS 610 A 92.7d  97.5c  99.2bc 979 ¢ 100.0 bc - 103.0 ab = 104.7 a 106.5a  105.1a 105.7 a
A 399 X TAM 2567  87.4c  92.3b  9%.6b  95.0b 100.0 a 100.1 a 100.7 a 103.0a  101.3a 10l.2a
TAM 618 90.3 £  95.2de 9%.8e  97.1 cde  100.0 bc 99.3 bed  102.5 ab 106.7 a  102.7 ab  102.1 b
TAM 670 | 88.34  9.6c  97.2bc  97.1 be 100.0 abc  102.4 ab 106.6 a 105.0 a  100.3 abc 101.0 ab
TX 622 X TAM 430  92.9 ¢ 95.4 bc  99.3 ab  99.5 ab 100.0 ab  99.1ab  99.8 ab 103.0a  103.1a 103.0a
TAM 428 97.1b  99.4 ab 101.1a  102.8 a 100.0 ab  100.8 a 100.3 ab 100.0 ab  102.3a  101.7 a
TAM 430 93.8e  96.9d  95.9 de  98.3 cd 100.0 bc  102.6 ab 100.6 be 103.3a  104.0a 103.7a
RS 671 88.2c  93.9b  91.9 bc  93.3 be 100.0a  99.0a 103.6 a 104.0a  103.5a 102.5 a
NB 691 84.3d  89.2cd 93.2bc 9.3 b 100.0 b 100.2 b 108.6 a 108.5a  109.8a 112.0a
B Redlan 82.2d 87.5c  88.3c  96.8b 100.0 ab  ~100.7 ab 101.6 a 98.6 ab  99.6 ab 103.0 a
TAM 680 90.2d  9%.8cd 98.1 bc 100.3 ab 100.0 ab  102.8 ab - 100.6 ab 104.2a  101.3 ab  100.0 ab
Funks G 722 DR 85.1e 86.be B8.le  97.5d 100.0 cd  101.7 abe  100.6 bed  104.2 a  102.5 abc 103.8 ab
Funks HW 1760 77.1 € BlLAf  87.9e  9%.64d 100.0 cd  100.1 bed 102.2 be 105.1 abc  106.4 ab  109.5 a
Funks KW 1761 91.8d  9%.3cd 97.2cd  95.6 cd 100.0 bc  104.9 ab 106.6 ab 104.4 ab  108.5a  105.1 ab

1Meems with same letter in same row are not significantly different. Duncan's Multiple Range Test was computed from actual data.

tL
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TABLE XXIV

MEANS OF PERCENTAGE OF KERNEL DRY WEIGHT IN
RESPECT TO DRY WEIGHT AT BLACK LAYER
STAGE, 1978

Days From Black Layer

Bntry 4 -2 0 2 A

NB 505 85.0 d  91.5c¢ 100.0b 104.0a  105.1 a
DeKalb B 35 81.2 d 87.8 ¢ 100.0 b 105.5 a 107.5 a
RS 610 A 80.0 ¢ 93.9 b 100.0 a 102.8 a 103.2 a
A 399 X TAM 2567  80.4 d 95.5 ¢ 100.0 b 109.0 a 105.7 a
TAM 618 94.7 b  101.7a  100.0 a  98.5 ab 97.3 ab
TAM 670 90.6 b 98.6 a 100.0 a 101.0 a 101.3 a
TX 622 X TAM 430  86.7 b  100.1 a  100.0 a  101.5 a 101.1 a
RS 671. 84.9 ¢ 94.1 b  100.0 a 105.8 a  105.2 a
NB 691 75.1 ¢ 93.0b  100.0 a 103.0 a 101.9 a
B Redlan . - 95.6 c 99.9 bc  100.0 bc 104.5 ab  108.1 a
TAM 680 79.7 ¢ 88.2 b  100.0 a  99.3 a 102.6 a

‘Redlan X TAM 430 96.6 ¢ 104.3 ab 100.0 bc 107.0 ab 110.7 a

1 s s
Mcans with the same letter in same row are not significantly
different. Duncan's Multiple Range Test was computed from actual
data. '
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The day on which the maximum dry weight occurred was determined
when there was no significant increase in kernel dry weight observed,
compared to the preceding day or days for each variety. |

Tables XXIII and XXIV show that the maximum dry weight production
occurred between three days before to four days after black layer in
1977, and two days before to two days after black layer in 1978. Eight
of 16 varieties in 1977, and nine of 12 varieties in 1978, reached their
maximum dry weight accumulation at black layer stage or at one day
after. The variation among the varieties in 1978 was much less than in
1977, which was the result of severe drought that year.

It was obvious that black layer was a good indicatibn of physio-
logic maturity for most sorghums in this study. However, some very
early maturing hybrids reached their physiologic maturity 3 to 4 days
after black layer. |

The moisture percentages varied from 27.6 to 38.4 in 1977 and
from 26.8 to 38.7 in 1978 at black layer stage (Tables XXV and XXVI).
This suggested that the black layer formation was not completely re-
lated to moisture content of the kernel. Also by looking at the mois-
ture percentage on the day on which cach variety reached its maximum
dry weight, the variation of 26.6 to 34.5% in 1977 and 28.9 to 38.7%
in 1978 can be observed. This indicated that the moisture content of

the kernel is also not a good indication of maximum dry weight.



TABLE XXV

MEANS OF KERNEL MOISTURE PERCENTAGE BEFORE, DURING, AND AFTER
BLACK LAYER STAGE, PERKINS, OKLAHOMA, 1977

Days From Black Layer

Entry -4 -3 -2 -1 0 1 2 3 4. 5

NB 5C5 41.1 a 40.3 a 37.5 b 35.7 ¢ 3.2 d 32.5 e 30.0 £ 26.4 g 39.9 h 17.3 1
DeKalb B 35 46.5 a 45.7 a 42.6 b 41.3 e 38.4 d 34.6 e 33.4 e 30.8 f 26.6 g 21.6 h
RS 610 A 39.7 a - 36.4 b 34,0 c 30.2 4d 28.3 d 28.3 d 24.4 e 22.0 £ 18.7 g 14.7 h
A 399 X TAM 2567 36.3 a 35.2 a 32.4 b 28.5 ¢ 28.0 ¢ 27.0 c 22.6 d 21.6 d 18.5 e 14.6 £
TAM 618 40.2 a 36.7 b 35.1 be 33.6 cd 31.4 d 29.2 e 28.4 ec 27.6 ef 26.8 fg 25.3 g
TAM 670 37.8 a 3490 31.0 ¢ 29.1 a 28.4 d 28.2 d 25.7 e 24.2 e 21.7 £ 17.1 g
TX 622 X TAM 430 39.0 a 36.1 b 35.1b 31.9 ¢ 28.9 d 28.6 d 27.7 d 26.8 de 25.3 e 22.2 ¢
TAM 428 36.9 a 36.3 ab 34.5b 30.6 ¢ 29.4 ¢ 27.4 d 25.4 e 27.6 d 24.8 e 24.1 e
TAM 430 39.8 a 37.8 a 35.0b 31.6 ¢ 31.0 ¢ 29.8 cd 28.5 de 27.7 de 27.0 e 26.7 e
RS 671 41.5 a 39.1b 35.9 ¢ 32.7 d 31.1 de 30.2 e 26.7 £ 24.6 2l.1 g 15.8 h
NB 691 42.9 a 40.7 ab 39.6 b 36.8 ¢ 33.6 d 31.7 de 29.9 ef 29.2 £ 25.5 g 24.2 g
B Redlan 39.8 a 36.0 b 34.7 b 34.3 b 30.1 ¢ 28.6 cd 27.3 d 23.0 e 22.9 e 19.9 £
TAM 680 37.4 a 34.9b 32.9b 29.5 ¢ 27.6 cd 27.0d 23.0 e 20.1 f 18.9 £ 15.6 g
Funks G 722 DR 38.0 a 35.0 a 35.5 be 32.4 ¢ 28.5 d 27.5 d 24.7 e 21.8 £ 19.3 g 19.9 g
Funks HW 1760 39.7 a 38.3 a 35.5 b 33.4 ¢ 30.4 d 28.3 e 27.2 e 23.1 £ 209 g 20.9 g
Funks HW 1761 38.0 35.4 b 33.6 c 30.4 d 29.0 de 27.5 e 25.3 £ 22.4 g 20.5 h 15.7 1

LHeans with the same letter in same row are not

significantly different

9L



"TABLE XXVI’

MEANS OF KERNEL MOISTURE PERCENTAGES BEFORE,
DURING AND AFTER BLACK LAYER STAGE,
PERKINS, OKLAHOMA, 1978

Days From Black Layer

Entry -4 -2 0] -2 4
NB 505 41.9 al  40.0b  31.9¢ 28.94 25.1 e
" DeKalb B 35 45.7 a  44.2a  35.9b  31.9 ¢ 27.9
RS 610 A 47.4 a 41.4 b  37.2c  33.3d 29.0
A 399 X TAM 2567  44.2 a 49.4 b  35.5c  31.84d 27.1
TAM 618 38.0 a 35.1 b 31.1c¢ 27.64d 25.0
TAM 670 40.3 a 34.6 b 26.8 ¢  24.5d 23.1
TX 622 X TAM 430  41.3 a 36.1b  29.9c 27.2d 23.8.
RS 671 46.9 a  43.3b  38:7c  34.9d 25.6
NB 691 42.5 a 37.6'b 32.9 ¢! 28.9d 24.7
B Redlan 40.0 a 37.6 b 31.0 ¢ - 28.5d 24.3
TAM 680 45.2 a 40.8 b 36.0 c 31.4 d 23.5
Redlan X TAM 430  41.3 a 37.4b  30.7b  28.4 b 24.5 d

1 . .
Means with the same letter in the same row are not significantly
different



CHAPTER VI
SUMMARY AND CONCLUSIONS

Field studies were conducted to determine the performance of some
temperate and tropiéally adapted grain sorghum hybrids at temperate,
sub-tropical and tropical climates in two years. Sixteen and twenty
grain sorghum hybrids in three maturity classes were selected for study
in 1977 and 1978, recspectively.

The experiment was arranged in a randomized complete block design
with five replicatioﬁs. The experiment was conducted at Perkins and
Goodwell, Oklahoma, and at Isabela, Puerto Rico, in 1977. 1In 1978 the
experiment was grown at College Station, Texas, in.addition to the
other three locations.

With certain exceptions, data were collected fof date of mid-
bloom, date of black layer formation, plant height, head weight, grain
yield, and test weight. This made it possible to study days to mid-
bloom, days to black layer formation, days from mid-bloom to black
layer, threshing percent, grain yield per day from planting to mid-
bloom, grain yicid from planting to black layer, grain yield from mid-
bloom to black layer, and the other variables directly. 1In 1977 the
stover dry weight, stover moisture content, stover dry weight per day
for the different growth periods and grain/stover ratio were studied

in addition to the above data.

78
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In 1977 and 1978 at the Perkins location, a study was conducted to
determine physiologic maturity in relation to black layer formation by
utilizing the same entries which were used in the first and second year
of the study. Randomly selected plants were tagged 4 days before black
layer for notation and a sample of kernels was taken from the middle of
the panicle. Sampling was contiﬁued from the middle of the panicle of
the selected plants every day for ten days in 1977, and every other day
for nine days in 1978. The moisture percentage and dry weight of 100
kernels were determined for each sample.

The results showed that the length of the different growth periods
varied from onc location to another and from one year to the next year.
The temperqture, moisture, and day length affected ﬁhese periods. The
plants flowered and matured faster when they were moved from the tem-
perate area (Goodwell) to the tropical area (College Station and
Isabela). In contrast, the grain filling period increased when the hy-
brids were moved from the temperate to the tropical areas. At the
Perkins location, drought and high temperatures during these studies
caused the plants to flower and mature faster than at any other loca-
tion. In general, tropically adapted hybrids flowered and matured
later, and had longer grain filling periods than temperate hybrids.

Plant heights, threshing percent, and test weight varied in dif-
ferent locations and in different climates. In general, tropically
adapted hybrids were taller and had better test weight than temperate
hybrids, while the differences between threshing percent for these two
groups was not significant either year in most of the locations.

No difference was found for grain yield between temperate and

tropically adapted hybrids in 1977 at Goodwell. The highest yield was
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obtained by two tropically adapted hybrids and one temperate hybrid._

In 1978 the tropicaliy adapted hybrids produced more grain yield than
the temperate'ope.in this locétion. The higher grain yield was ob-
tained with tropically adapted hybrids at Perkins in 1977. 1In 1978,
because of severe dro;ght, both groups yielded much loweér than in 1977,
“and the-difference was not significant. At'College Statioﬁ, the tropic-~
ally adapted hybrids producéd much more grain yield than the temperéte
hybrids, which confirmed the\adéptability of these hybrids to this lo-
cation. No difference was found at Isabela between temperate and
tropically adaptea hybrids in either year.

In general, more differences were found among individual entries
in a test than when comparing groups of the sorghum hybrids. It was
suggested that in each location the high yielding individual entry must
be selected regafdless of its adaptability_to teﬁperate or tropical
climate.

The dry weight accumulations per day for the period ffom'planting
to mid-bloom was higher for tropically adapted hybrids than temperate
hybrids at Goodwell and College Station in 1978, but did not differ
significantly in other locations in 1977 and 1978. The differences be-
tween temperate and tropically adapted hybrids for dry matter accumula-
tions per day from planting to black layer were not significant except
at Goodwell in 1978. Trqpically adapted hybrids had higher dry weiéht
accﬁmulations per day from mid-bloom to black layer than teﬁperate hy-
brids at Goodwell and Isabela in 1978 and at Perkins in 1977. 1In 1977,
it was lower inAtropiéally adapted hybrids than temperate hybrids at
Goodwell. |

Stover dry weight, grain/stover ratio and dry stover weight per
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day from all different growth periods were higher in tropically
adapted hybrids than temperate hybrids. No difference was found be-
tween these two groups for stover moisture content.

The maximum dry weight production occurred between 3 days before
to 4 days after black layer formation in 1977, and 2 days before to 2
days aftér black layer formation in 1978. Black layer was a good and
almost precise indication of physiologic méturity. However, there were
some variations in each variety in different years, and in general, the
very early hybrids matured about 3 days after black layer formation.
The moisture content of the kernels at both maximum dry weight and
black layer stage in different entries was not constant and had varia-
tions of about 10 percent. Thus, moisture percentage was not a good

indication of physiologic maturity in these materials.
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TABLE XXVII

SOURCES OF SORGHUM SEEDS

Entry ‘ Pedigree 1977 1978

NB 505 - ' Martin xANB 3494 | Nebraska  Nebraska

DeKalb B 35 —_— Nebraska Nebraska

RS 610 A TX 618 x TX 422 . Texas 77-2281 x 2282

A 399 x TAM 2567 A 399 x TAM 2567 Texas - 77-2293 x 2294

RS 671 : Redlan x TX 415 - Nebraska  Nebraska

NB 691 Redlan x NB 9040 Nebraska  Nebraska

TAM 618 Kafir derivative Texas 77-2295

B Redlan Kafir derivative = 70-2082  75-2082

TAM 670 TX 618 x TAM 428 Texas 77-2279 x 2280
" TAM 680 '~ Redlan x TAM 428 Texas 77-2285 x 2286

Funks 1IW 1761 —~— Funks Funks

Funks G 722 DR —— Funks Funks

Funks HW 1760 — Funks Funks

TX 622 x TAM 430 TX 622 x TAM 430 Texas 78-2283 x 2284

TX 618 x TAM 430  TX 618 x TAM 430 77-2287 x 2288

Redlan x TAM 430  Redlan x TAM 430 . 77-2285 x 2284

TX 623 x TAM 428  TX 623 x TAM 428 77-2291 x 2292

TX 623 (TX 3197 x SC 0170-6-4=4) 77-2291

: -731321 R
TAM 428 ‘ SC 110-9 74-2291 77-2280

TAM 430 " (8C 175 x TX 2536) Texas 77-2284
: : derivative




CLIMATOLOGICAL DATA AT GOODWELL, OKLAHOMA, -

TABLE XXVIII

FOR 1977

1

Mean Monthly Temperature

Monthly Precipitation

Departure

12.0

V Mean Monthly , Departure

Month " Day Length? Maximum Minimum Average From Normal Total From Normal
hr °c °c °c °c cm cm
Jan. 10.3 2.9 -11.8 - 4.4 - 6.3 0.9 0.1
Feb. 11.0 13.9 - 4.9 4.5 0.4 0.1 -1.1
Mar. 12.0 17.1 - 2.1 7.5 0.6 1.1 ~0.6
Apr. 13.5 20.1 6.5 13.3 - 0.1 12.3 9.5
May 4.4 25.7 11.7 18.7 0.2 11.3 5.0
Jun.> 15.0 32.9 16.6 24.8 1.1 2.1 -5.1
Jul.d 15.0 34.6 19.0 26.8 0.6 5.3 -3.5
Aug.® 14.4 31.0 17.4 24.2 - 1.3 13.8 6.8
Sep.> 13.5 30.1 13.2 21.6 0.4 3.0 -0.9
oct.> 12.0 23.2 5.1 14.2 - 0.9 0.3 -3.5
Nov. - 11.0 16.1 - 2.1 7.0 - 0.3 1.63 0.3
Dec: 10.3 -~ 6.5 2.8 - 0.2 0.1 -9.0

'lclimatological Data, Oklahoma.
Service Publication Vol. 86,

2Effective day length estimated

3 . .
Months in growth season.

National Ocea
1977.

from Francis (18).

ainic and Atmospheric Administration, Environmental Data
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TABLE XXIX

CLIMATOLOGICAL DATA AT PERKINS, OKLAHOMA, FOR 1977

Mean Monthly

Mean Monthly Temperature

Monthly,Precipitation3

-Departure

Departure

bMonth Day Lengthl Maximum Minimum Average From Normal Total From Normal

hr °c °c °c °c cm cm
Jan. 10.3 4.2 - 9.0 - 2.4 -5.2 0.6 -3.3
Feb. 10.9 4.4 - 1.7 6.4 0.8 3.0 -0.8
Mar. 12.0 18.6 3.8 11.2 1.8 6.4 0.8
Apr. 13.4 234 10.0 16.7 0.6 5.7 -2.4
May 14.3 28.2 16.3 22.3 1.9 21.5 8.6
Jun. 14.9 32.8 20.4 26.6 1.6 4.8 -6.8
Jul.4 14.9 35.2 22.2 28.7 1.1 8.0 -0.8
Aug.4 14.3 32.9 21.5 27.2 - .2 7.3 -0.8
Sep.4 13.4 30.1 18.4 24,2 1.3 4.5 -5.2
Oct. 12.0 24,8 9.1 "16.9 -0.2 3.2 -5.0
Nov. 10.9 17.1 4.7 10.9 1.2 3.9 -0.9
Dec. 10.3 11.2 - 2.8 4.2 -0.1 1.0

_2.6

1Effective day length.

Estimated from Francis (18).

2Climatological Data, Oklahoma. :National Oceanic and Atmospheric Administration, Environmental Data
Service Publication Vol. 86, 1977.

3 .
“Data from Agricultural Experiment Station, Oklahoma State University.

4
Months in growth season.

. 06



TABLE XXX

CLiMATOLOGICAL DATA AT ISABELA, PUERTO RICO,leOR 1977

» . Mean Monthly Temperature . o Monthly Precipitation
Mean Monthly ' v Departure Departure
Month Day Length? Maximum Minimum Average From Normal  Total From Normal
hr oC °c oC °c cm . cm

Jan. 11.2 27.7 17.8 22.8 -0.3 144 | 5.2
Feb. 11.5 27.9 17.0 22.5 -0.6 1.4 -6.2
Mar. 12.0 28.5 17.7 23.1 -0.6 8.0 0.2
Apr. 13.0 28.1 18.5  23.3 : -1.0 5.1 -8.8
May 13.5 29.6 19.6 24.6 -0.5 16.2 -2.0
Jun.> 13.8 29.9 20.9 25.4 -0.3  10.5 -7.3
Jul.> 13.8 | 29.1 20.9 25.0 -1.2 11.7 -0.3
Aug.> 13.5 30.5 21.5 26.0 -0.2 13.5 1.9
Sep.> 13.0 30.1 20.8 25.5 ~0.5 8.5 -7.2
oct.> 12.0 o 29.7 20.9 - 25.3 -0.4 18.7 3.2
Nov. 1.5 29.3 19.9 26,6 -0.3 23.5 8.4
Dec. 11.2 ' 28.8 19.0 23.9 - 0.1 2.2 ~ -10.2

1Climatological Data, Puerto Rico. National Oceanic and Atmospheric Administration, Environmental
Data Service Publication Vol. 23, 1977.

2Effective day length estimated from Francis (18).

3 . :
Months in growth season.

16



TABLE XXXI

CLIMATOLOGICAL DATA AT GOODWELL, OKLAHOMA, FOR 1978

: » Mean Monthly Temperéture ' v Monthly Precipitation
Mean Monthly Departure Departure
Month Day Length? Maximum - Minimum- Average From Normal Total From Normal
hr , - % °c °c °c cm cm
Jan. 10.3 3.1 -10.8 - 3.9 -5.7 0.3 -0.5
Feb. 11.0 ' 1.8 -10.7 - 4.4 -8.6 ° 2.2 0.9
Mar. 12.0 15.1 - 1.1 7.0 0.1 0.6 -1.1
Apr. ©13.5 23.7 5.3 14.5 1.1 1.5 -1.37
May 14.4 22.8 9.0 15.9 -2.6 15.6 9.3
Jun.> 15.0 : 20.3 15.9 23.1 -0.6 6.7 ' -0.2
Jul.> 15.0 34.7 18.8 26.8 1.1 3.2 -5.6
Avg.> 164.4 | 32.5 16.3 2.4 1.1 0.1 - 27.0
Sep.> 13.5 29.2 13.3 212 0 3.8 0.1
oct.> 12.0 23.3. 5.4 14.4 0.7 1.1 —2.7
Nov. 11.0 S 12.3 0.4 6.4 -0.9 2.0 0.6

Dec. 10.3 : 7.4 -8.7 - 0.6 - =3.6 0.4 -0.7

1... . ' . . : .
Climatological Data, Oklahoma. National Oceanic and Atmospheric Administration, Environmental Data
Service Publication Vol. 87, 1978. S

2Effective day length estiﬁated from Francis (18).

3
~“Months in growth season.

6



CLIMATOLOGICAL DATA AT PERKINS, OKLAHOMA, FOR 1978

TABLE XXXII

Mean Monthly Temperature2

Monthlj Precipitation3

Mean Monthl{ ) Departure Departure

Month Day Length Maximum Minimum Average From Normal Total From Normal
hr °c %¢ °¢c °c cm © em
Jan. 10.3 1.2 - 9.6 - 4.2 7.0 2.3 1.6
Feb. 10.9 1.9 - 7. - 2.6 -8.1 6.7 3.0
Mar. 12.0 15.0 0.9 8.0 -1.3 3.7 -1.9
Apr. 13.4 24,2 10.2 17.2 1.1 4.7 -3.3
May 14.3 25.2 13.8 19.5 -0.8 18.5 5.6
- Jun.® 14.9 130.2 19.4 26.8 ~0.2 1.7 0.1
Jul.? 14.9 36.8 22.2 29.5 1.8 2.3 -6.5
Aug.? 14.3 34.3 20.2 27.3 0.1 1.4 -6.7
Sep.? 13.4 31.8 18.9 25.4 2.4 1.2 -8.5
Oct.. 12.0 25.1 7.1 16.1 -1.1 5.0 3.2
Nov. 10.9 16.1 A 10.3 0.6 9.4 4.6
Dec. - 10.3 9.9 - 4.3 2.8 ~-1.7. Traéei_~ -3.6

1Effective day length. Estimated_from Francis (18),

2Climatdlbgical Data, Oklahoma.
Service Publication Vol. 87, 1978.

National Oceanic and Atmospheric Adm

inistration, Environmental Data

3Data from Agricultural Experiment Station, Oklahoma State University, at Perkins Station.

Months in growth season.
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TABLE XXXIII

CLIMAIOLOGICAL DATA AT COLLEGE STATION, TEXAS,1 FOR 1978

Mean Monthly Temperature B : Monthly Precipitation

Mean Monthly : Departure Departure

Month Day Length2 Maximum Minimum Average ' From Normal Total From Normal
hr oC °C oC °c cm cm

Jan. 10.6 8.9 - 0.5 4.7 . =5.4 9.5 3.0
Feb. 11.1 o 12.1 2.4 7.3 -4.9 7.2 -0.8
Mar. 12.0 21.1 8.2 14.7 -0.6 6.5 -0.1
Apr.3 13.4 26.3 15.4 20.9 0.6 5.3 -5.3
May® 14.0 31.0 . 19.6 25.3 1.3 5.8 -5.3
Jun.> 14.4 33.8 22.5 28.2 0.7 6.4 -2.9
Jul.3 14.4 36.6 24.1 30.4 1.2 1.4 -5.2
Aug.> 14.0 ' 36.4 23.1 30.0 0.8 1.5 -5.2
Sep. 13.4 31.3 22.1 26.7 0.6 | 13.5 T 2.9
Oct. 12.0 . 27.8 14.3 21,1 -0.1 0.9 -6.8
Nov. 11.1 - 21.5 11.8 16.7 1.4 15.6 7.6
Dec. 10.6 15.2 4.2 9.7 -1.8 7.3 0.9

1Climatological Data, Texas. National Oceanic and Atmospheric Administration, Environmental Data
Service Publication Vol. 83, 1978. .

szffective day length. Estimated from Francis (18).

3
Months in growth season.
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TABLE XXXIV

CLIMATOLOGICAL DATA AT ISABELA, PUERTO RICO,! FOR 1978

. : . Mean Monthly Temperature ' Monthly Precipitation

» Mean Monthly : Departure Departure

Month Day Length2 Maximum Minimum Average From Normal Total From Normal
" hr °c % °c °c em cm
Jan.3 S 11.2 28.1 17.7 22.9 -0.1 7.6 - 1.5
Feb. 11.5 27.2 18.1 22.7 | -0.4 17.9 10.2
Mar. 12.0 27.8 18.4 23.1 ~0.6 ' 10.3 2.6
Apr. 13.0 28.6 19.6 24.1 -0.2 21.4 7.5
May 13.5 29.3 19.9 24.6 -0.5 20.8 2.6
Jun. 13.8 29.7 20.7 25.2 -0.5 21.4 3.6
Jul. 13.8 30.2 21.4 25.8 -0.4 13.7 1.7
Aug. 13.5 30.2 21.6 25.9 0.3 24.0 8.6
Sep.> 13.0 30.1 20.9 - 25.5 -0.6 18.2 2.5
oct.> 12.0 29.8 20.1 25.0° -0.8 13.0 - 2.5
Nov.> 11.5 28.8 20,1 24.5 -0.5 . 5.6 - 9.5
Dec.> O 11.2 28.3 18.7 23.5 0.3 8.1 - 4.3

1Climatological Data, Puerto Rico. National Oceanic and Atmospheric Administration,_Environhental Data
Service Publication Vol. 24, 1978. ' '

A_2Effective day length. Estimated from Francis (18).

3
Months in growth season.

S6



~ TABLE XXXV

ANALYSES OF VARIANCE FOR GROWTH PERIODS AT GOODWELL,
OKLAHOMA, 1977 & 1978

Days From
Days to Mid-Bloom _ Days to Black Layer MB to BL
Source Year d.f. MS "~ 0SL MS OSL MS OSL
1977 4 5.17 0.5032 1.73 0.6630 1.28  0.8797
Replication 4.4 4 5.54 0.6350 7.87 0.7208 8.15 0.6949
1977 15 86.34 0.0001 212.80 © 0.0001 57.53 0.0001
Variety 1978 19 126.64 0.0001 241.08 0.0001 82.48 0.0001
Temperate 1977 1 28.21 0.0360 509.60 0.0001 298.00 0.0001
VS. ) .
Tropical 1978 1 25.23 0.0916 65.33 0.0409 9.36 0.4265
1977 60 6.13 2.88 4.33
Error
1978 76 8.65 - 18.66 14.64

96



TABLE XXXVI

ANALYSES OF VARIANCE FOR GROWTH PERIODS AT PERKINS,
OKLAHOMA, 1977 & 1978

o - Days From
Days to Mid-Bloom Days to Black Layer i MB to BL

‘Source Year  d.f. MS oSL MS osL MS 0SL
1977 4 0.30 0.6619 0.40 0.2655 1.08 0.1253 .

Replication 1978 4 3.73 0.1200 2.07 0.0285 2.19 0.2972
1977 15  131.01 0.0001 188.98 0.0001 24.03 0.0001

Varilety 1978 13 178.15 0.0001 202.45 0.0001 13.68 0.0001

Temperate 1977 1 185.65 0.0001 126.75 0.0001 5.60 0.0028

vs. v : _ :
Tropical 1978 1 102.08 0.0001 106.80 0.0001 0.05 0.8617
| 1977 60 0.49 0.29 0.57
Error 1978 52 1.94 ‘ 0.70 1.74

L6



ANALYSES OF VARIANCE FOR GROWTH PERIODS ATvISABELA,
PUERTO RICO, '

TABLE XXXVII

1977 & 1978

. : Days From
‘ : Days to Mid-Bloom Days to Black Layer MB to BL
Source Year d.f. MS OSL MS OSL MS OSL
1977 36.48 0.0001 23.56 0.0264 4.11 0.6162
Replication 4.4 21.58 0.0485 95,59 0.0001 44,72 0.0214
1977 15 144.48 0.0001 202.83 0.0001 30.45 0.0001
Variety 1978 19 130.59 0.0001 113.77 0.0001 59.50 0.0001
Temperate 1977 1 . 290.08 0.0001 563.07 0.0001 46.41 0.0079
VSe.
Tropical 1978 1 54.16 0.0141 1.75 0.6875 75.38 0.0259
1977 60 4.81 7.99 6.14
Errox 76 8.59 10.73 14.59

1978

86



TABLE XXXVIII

ANALYSES OF VARIANCE FOR PLANT HEIGHT, THRESHING PERCENT AND TEST WEIGHT
AT GOODWELL, OKLAHOMA, 1977.& 1978

Source

Plant Height

Threshing Percent

Test Weight

Year d.f. MS OSL MS oSL MS 0SL
1977 135.11 0.2247 1.11 0.7870
" Replication 4.4 15.53 0.5588 102.57 . 0.2890 9.88 0.2925
1977 15 421.12 0.0001 8.93 0.0003
Variety , | .
. _ 1978 19 532.46 0.0001 - 154.64 0.0248 19.70 0.0024
Temperate 1977 1 466.25 0.0283 35.00 0.0006
VS. ’ .
Tropical 1978 1 1264.27  0.0001 - 206.42 0.1139 35.45 0.0030
1977 60 92.35 2.59
Exror 1978 76 120.60 80.72 7.83

66



TABLE XXXIX

ANALYSES OF VARIANCE FOR PLANT HEIGHT, THRESHING PERCENT AND TEST WEIGHT

- AT PERKINS, OKLAHOMA,

1977 & 1978

Plant Height

Threshing Percent

Test Weight

Source Year d.f. MS OSL MS oSL MS OSL
1977 4 24.73 0.0099 5.36 0.9081 5.50 0.5588

Replication ,49;5 4 54.84 0.0252 8.20 0.5328 11.29 0.5002
1977 15 275.47 0.0001 121.25 0.0001 163.30 0.0001

Variety 1978 13 86.07 0.0001 105.84 0.0001 22.58 0.0884

Temperate 1977 1 385.33 0.0001 61.65 0.0947 106.80 0.0003

VS ) .

Tropical 1978 1 227.07 ‘0.0008 4.32 0.5199 17.76 0.2527
1977 60 6.79 21.38" 7.29 -

Error 1978 52 18.06 10.29

13.28

001



TABLE XL

ANALYSES OF VARIANCE FOR PLANT HEIGHT, THRESHING PERCENT AND TEST WEIGHT
AT COLLEGE STATION, TEXAS, 1978

Plant Height

Threshing Percent

Test Weight

Source d.f. MS OSL MS osL MS OSL
Replication 4 242.99 0.0012 109.84 0.0206 4.02 0.3867
Variety 19 821.84 0.0001 278.04 0.0001 76.72 0.0001
Temperate vs. :

Tropical 1 1052.03  0.0001 90.03 0.1156 129.74 0.0001
Error’ 76 48.48 35.54 3.82

101



TABLE XLI

ANALYSES OF VARIANCE FOR PLANT HEIGHT, THRESHING PERCENT AND TEST WEIGHT
AT ISABELA, PUERTO RICO, 1977 & 1978

Threshing Percent

Plant Height Test Weight
Source Year d.f. MS OSL MS OSL MS OSL.
1977 277.68 0.0042 6.93 0.8760 18.11 0.7441
Replication 4.4 35.82 0.8402
_ 1977 15 803.20 0.0001 125.52 0.0001 86.48 0.0118
Variety 1978 19 405.31 0.0001 '
Temperate 1977 1 514.83 0.0067 193.60 . 0.0052 203.36 0.0225
VSQ ) .
Tropical 1978 1 3.46 0.8537
1977 60 65.20 22.99 37.07
Error 1978 76 101.06

¢o1



ANALYSES OF VARIANCE FOR GRAIN YIELD AND DRY MATTER ACCUMULATIONS
PER DAY FOR THE DIFFERENT GROWTH PERIODS AT GOODWELL,

TABLE XLII

OKLAHOMA, 1977 & 1978
Grain/Day Grain/Day Grain/Day
From From From
Grain Yield PL to MB PL to BL MB to BL
Source Year d.f. MS 0SL MS 0SL . . MS 0SL MS 0SL
e 1977 & 116608.43  0.9739 33.86 0.9473 9.61 0.9805 45.53  0.9972
Replication :
1978 4  2302620.21 0.1787  374.99 0.2938 204.69 0.1786 2439.32  0.2168
1977 15 4516216.02 0.0001  771.77 0.0001 359.36 0.0001 4703.16  0.0001
Variety 1978 19 = 5654606.04 0.0001 1099.73 0.0001 500.98 0.0001 7538.10  0.0001
Temperate 1977 1 428122.96 0.5051  205.42 -0.2986 277.80 0.0886 13462.83  0.0014
VSe . ) . .
Tropical 1978 1 7244350.26 0.0270 1941.70 0.0127 864.18 0.0108 8875.20  0.0230
1977 60 952108.20 186.87 92.70 1197.74
Error 1978 76  1424231.88 279.99 126.58 1649.01

01



TABLE XLITII

' ANALYSIS OF VARIANCE FOR GRAIN YIELDS AND DRY MATTER
ACCUMULATIONS PER DAY FOR DIFFERENT GROWTH PERIODS

AT PERKINS, OKLAHOMA, 1977 & 1978
Grain/Day Grain/Day - Grain/Dax
From From , From
Grain AYielrd PL to MB PL to BL MB to BL
Source Year d.f. MS OSL MS OSL MS OSL MS QSL
1977 5769269.44  0.0060 194.97 0.0052 83.80 0.0053 714.63  0.0072
Replication 1978 288632.38  0.0454 75.11 0.0564 36.82 427.41  0.0206
| 1977 15  7656351.02 = 0.0001  2647.68 0.0001 1200.00 0.0001 11892.61  0.0001
Variety 1978 13 1556703.85  0.0001 491.00 0.0001 227.54 0.0001 2370.65 0.0001
Temperate 1977 1 688323.00 0.0325 12.71 0.6064 13.22 0.4246 2395.84  0.0006
VS, _
Tropical 1978 1 134535.36 = 0.2743 68.98 0.1386 31.40 0.1382 '281.92  0.1534
1977 60 . 143714.91 47.39 20.45 184.08
Error 1978 52 110206.18 30.49 13.85 134.31
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TABLE XLIV

ANALYSES,OFjVARIANCE FOR DAYS TO MID-BLOOM, GRAIN YIELD AND
DRY MATTER ACCUMULATION PER DAY AT COLLEGE STATION,

TEXAS, 1978
Days to Grain/Day
. v Mid-Bloom Grain Yield From PL to MB

Source d.f. MS OSL MS OoSsL : MS ' OoSL
Replication 4 16.93 0.0001 1364517.69 0.249¢4 422.37 0.1272
Variety 19 63.34 0.0001 14375202.22 0.0001 3317.77 0.0001
Temperate vs.

Tropical 1 28.45 0.0001 14018068.80 0.0003 _ 2434,10 0.0016
Error 76 1.31 989903.65 227.76

601



ANALYSES OF VARIANCE FOR GRAIN YIELDS AND DRY MATTER ACCUMULATIONS PER
WIH PERIODS AT ISABELA, PUERTO RICO,

DAY FOR DIFFERENT GRO

TABLE XLV

1977 & 1978 -
Grain/Day Grain/Day Grain/Day
From From From
Grain Yield PL to MB PL . to MB MB to BL
Source Year  d.f. MS OSL MS 0OSL MS 0OSL MS  OsL
1977 &4 493929.05  0.4281 296.28 0.1258 76.43 0.2953 181.14 0.8310
Replication 1978 562213.42  0.4983 182.97 0.3922 94.86 0.1822 1082.08  0.0344
1977 15 3725419:17 0.0001  1469.79 0.0001  500.29 0.0001 2937.38  0.0001
Variety 1978 19  2657737.86 - 0.0001 559.21 0.0002  199.99 0.0001 1523.36  0.0001
Temperate 1977 1 1706302.08 0.0715 8.71 0.8150 0.08 0.9710 106.39  0.6440
Tropical 1978 1 1416763.28 0.1476 183.74 0.3100  144.59 0.1222 2171.59  0.0216
| 1977 60 506730.26 157.66 60.62 493.16
Error 76 661825.43 175.92 59.18 394.37

1978
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TABLE XLVI

ESTIMATED CORRELATION COEFFICIENTS BETWEEN v

GRAIN YIELD AND OTHER VARIABLES, 1977

107

’ Location »

Variables Goodwell Perkins Isabela
Days to Mid-Bloom 0.019 -0.103 =0.347%*
Days to Black Layer -0.056 0.005 -0.125
Days from MB to BL ' - -0.069 0.099 0.156
Plant Height 0.461%* 0.116 0.395%%*
Threshing Percent 0.193 0.627%%:
Test Weight O 0.443%% 0.365%* 0.465%%
Yield/Day from

PL to MB ‘ 0.990%* 0.995%%* 0.980%*
Yield/Day from

PL to BL - 0.995%* 0.996%* - 0,979%%
Yield/Day. from '

ME to BL 0.940%* 0.969%* 0.895%%*
Stover Dry Weight 0.138 |

*% = Significant at .0l level of probability



ESTIMATED CORRELATION COEFFICIENTS BETWEEN

TABLE XLVII

GRAIN YIELD AND OTHER VARIABLES, 1978
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College St.

Variables Goodwell Perkins Isabela
Days to Mid-Bloom -0.096 -0.595%% -0.309%* ~0.380%%
Days to Black Layer 0.015 -0.391%* 0.172
Dayé from MB to BL 0.089 0.380%** 0.439%%
Plant Height -0.203 0.205 0.223 0.201
Threshing Percent 0.648%%* 0.464%* 0.588%%*
Test Weight -0.205 0.182 0.318**
- Yield/Day from

PL .to MB 0.974%% 0.992%% 0.996%%* 0.985%*
Yield/Day from ' |

PL to BL 0.978%% 0.996%* 0.990%%*
Yield/Day from

MB to BL 0.819%%* 0.985%%* 0.916%%*

#*%* = Significant at

.01 level of

probability



TABL

E XLVIII

ANALYSES OF VARIANCE FOR STOVER DRY WEIGHT
AND STOVER MOISTURF PERCENTAGE AT PERKINS,

109

OKLAHOMA, 1977
Stover Stover
Dry Weight Moisture Percentage
Source d.f. MS OSL MS OSL
Replication 4 831268.93 0.0473 10.21 0.1717
Variety 15 10909768.93 0.0001 12.82 0.0235
Temperate
Vs,

Tropical 1 13400646.75 0.0001 0.45 0.7889
Error 60 324212.73 6.16




TABLE XLIX

ANALYSES OF VARIANCE FOR STOVER DRY WEIGHT PER DAY FOR DIFFERENT
' GROWTH PERIODS AT PERKINS, OKLAHOMA, 1977

Stover/Day Stover/Day Stover/Day
From From From

PL to MB PL to BL MB to BL
Source d.f. MS OSL MS OSL MS OSL
Replication 4 248.94 0.0432 116.60 0.0372 1118.54 0.0335
Variety 15 1730.14 0.0001 879.98 , 0.0001 11443.81 0.0001
Temperate vs.

Tropical 1 2108.92 0.0001 1324.17 0.0001 21464.38 0.0001

Error 60 94.79 ‘ 40.87 398.84

o1t



TABLE L

ANALYSES OF VARIANCE FOR GROWTH PERIODS, ALL LOCATIONS COMBINED,

1977
Days to Days to Days From
Mid-Bloom Black Layer MB to BL

Source d.f. MS OSL MS OSL MS OSL
Location 2 5024.56 0.0001 6701.55 0.0001 1516.16 0.0001
Error a 12 13.98 8.62 2.16

Variety 15 289.84 0.0001 467.72 0.0001 47.24 0.0001
Var x Loc 30 35.94 0.0001 68.44 0.0001 32.38 0.0001
Error b 180 3.81 3.72 3.69
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TABLE LI

ANALYSES OF VARIANCE FOR GRAIN YIELD, DAYS TO MID-BLOOM AND DRY MATTER

ACCUMULATIONS PER DAY, ALL LOCATIONS COMBINED, 19781

Grain/Day
From
‘Grain Yield _ Days to MB PL to MB
Source ‘ d.f. MS OSL MS OSL MS OSL
Location 2 - .365932566.11 . 0.0001 1128.97 0.0001 60823.23 0.0001
Error a 12 1409783.77 14.69 326.78
Variety 19 14830097.37 0.0001 233.53 0.0001 3532.37 0.0001
Var. x Loc. 38 ‘ 3928724.36 0.0001 43.52 0.0001 722.17 0.0001
6.18 233.89

Error b 228 . 1025320.32

1 . . .
Perkins locations not used for calculation

¢I1




TABLE LII

ANALYSES OF VARIANCE FOR GROWTH PERIODS AND DRY MATTER ACCUMULATIONS PER

DAY AT GOODWELL AND ISABELA, 197&
Days Grain/Day Grain/Day
Days to From From From
Black Layer MB. to BL PL to BL MB to BL
Source d.f. MS OSL MS OSL MS OSL MS 0SL
Location 1 578.00 0.0102 551.12 0.0018 60609.20 0.0001 675436.09 0.0001
Error a 8 51.73 26.43 149.77 176069.88
Variety 19 262.37 0.0001 76.03 0.0001 507.15 10.0001 5297.87 0.0001
Var. x Lloc. 19 92.48 0.0001 65.95 0.0001 193.82 0.0077 3763.58 0.0001
- Error b 152 12.20 14.62 _ 92.88 1021.69

€11



TABLE LIII

ANALYSES OF VARIANCE FOR GRAIN.YIELDS AND DRY MATTER
ACCUMULATIONS PER DAY, ALL LOCATIONS COMBINED

1977
Graih/Day Grain/Day Grain/Day
From From From

_ Grain Yield PL to MB PL to BL MB to BL
Source d.f. MS OSL MS OSL MS OSL MS OSL
Location 2 32651796;54 0.0001 8947.40 0.0001 2279.02 0.0001 7630.04 0.0001
Error a 12 39577.30 175.03 56.65 313.77
Variety 15 11554997.19 0.0001 3714.88 0.0001 1551.49 0.0001 13430.90 0.0001
Var. x Loc. 30 2171494.51  0.0001 587.18 0.0001 254.08 0.0001 3051.13  0.0001
Error b

180 - 534184.46 B 130.64 57.92

624.99

- 711



ANALYSES OF VARIANCE FOR GROWTH PERIODS AT THREE LOCATIONS
IN TWO YEARS COMBINED!

TABLE LIV

Days to Days to - Days From
Mid-Bloom Black Layer MB to BL

Source d.f. MS OSL MS - OSL MS OSL
Location 2 4361.19 0.0001 8207.65 0.0001 2165.21 0.0001
Year 1 2133.09 0.0001 6881.97 0.0001 1352.19 0.0001
Year x Loc. 2 517.59 0.0001 267.69 0.0001 624.39 0.0001
Error a 24 10.73 18.40 9.59

Variety 10 458.28 0.0001 639.14 0.0001 43.41 0.0001
Var. x Loc. 20 678.24 0.0001 91.69 0.0001 22.91 0.0001
Year x Loc. 10 43.97 0.0001 111.28 0.0001 47.58 0.0001
Year x Var. x Loc. 20 20.66 0.0001 68:90 0.0001 48.10 0.0001
Error b 240 4.71 4.06 5.30

1Only common variety in all locations and all years were used. College Station was not included.

GI1



TABLE LV

ANALYSES OF VARIANCE FOR GROWTH PERIODS AT GOODWELL AND ISABELA
IN TWO YEARS COMBINED!

Days‘to ‘ Days to Days From

» o Mid-Bloom Black Layer . MB to BL
Source d.f. MS 0SL MS OSL : MS 0SL
Locatién_ . 1 7430.51 0.0001 . 3836.45 0.0001 591.33 0.0001
Year | 1 594.05 0.0001 5445.00 0.0001 2436.53 0.0001
Year x Loc. 1 266.45 0.0009 - 540.80 0.0004 - 47.28 0.0573
Error a 16 16.17 26.95 . ’ 11.27
Variety 15 350.39 0.0001 453.96 0.0001 42,74 0.0001
Var. x Loc. 15 115.58  0.0001 ©140.31 0.0001 47.24 0.0001
~ Year x Var. 15 28.30 0.0001 167.85 o!ooox' ' ©89.09 0.0001
Year x Var. x Loc. 15 9.69 | 0.0001 56.74 0.0001. 63.58 0.0001
Error b - 240 7.10 | 8.22 _ 9.00

1Only common variety for 1977 was used
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TABLE LVI

ANALYSES OF VARIANCE FOR GRAIN YIELD AND DRY MATTER ACCUMULATIONS PER
DAY AT THREE LOCATIONS IN TWO YEARS COMBINED!

Grain/Day Grain/Day . Grain/Day
From From From

, Grain Yield PL to MB PL to BL MB to BL
Source d.f. MS OSL MS OSL MS OSL MS OSL
Location 2 227310508.83 0.0001 29198.44 0.0001 13789.81 0.0001 164176.69 0.0001
Year 1 15241352.73 0.0006 '15155.40 0.0001 7356.33 0.0001 76795.08 0.0001
Year x Loc. 2 182455672.43 0.0001 50943.79 0.0001 19839.46 0.0001 128835.18 0.0001
Error a 24 979609.64 231.34 ~ 103.70 1066 .48
Variety 10 11732561.04 0.0001 3321.53 0.0001 1312.60 0.0001 11055.38 0.0001
Var. x Loc. 20 1937181.84 0.0001 358.20 0.0005 150.37 0.0004 1674.92 0.0001
Year x Var. 10 961858.87  0.0854 397.50. 0.0026  160.07 0.0033 1956.46 ~ 0.0004
Year x Var. x Loc. 20 2155301.74  0.0001 604.18 0.0001 270.01 0.0001 3508.55  0.0001
Error b 240 571678.50 141.39 58.57 587.11

1 .. . . ,
Only common varieties in all locations in all years

were used. College Station was not included.

LT1



TABLE LVII

ANALYSES OF VARIANCE FOR GRAIN YIELDS AND DRY MATTER ACCUMULATIONS PER
DAY AT GOODWELL AND ISABELA IN TWO YEARS COMBINED!

Grain/Day Grain/Day Grain/Day

From From From
Grain Yield PL to MB PL to BL MB to BL

Source , d.f. MS OSL MS- OSL MS OSL MS OSL
Location 1 242143624.28 0.0001 18464.85 0.0001 13926.03 0.0001 269203.44 0.0001
Year 1 14469131.33 0.0043 108.44  0.5584 0.34. 0.9589 1450.71  0.2525
Year x Loc. 1 371076048.90 0.0001 94397.81 0.0001 39191.69 0.0001 302975{62 0.0001
Error a 16 1308045.95 303.62 125.15 1029.53 _
Variety ~15 11041200.66 0.0001 3721.30 0.0001 1005.54 0.0001 9270.53 0.0001
Var. x Loc. 15 3203206.26 0.0001 492,82 0.0019 179.56 0.0042 2544.73 0.0007
Year x Var. 15 1717658.45 0.0140 430.94  0.0072 168.59 0.0077 2832.41  0.0002
Year x Var. x Loc. 15 1747433.99 0.0121 502.51 0.0015 219.27 0.0005 3810.94 0.0001
Error b 240 844537.26 196.35 82.54 925.88

Only common varieties for 1977 were used

811
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TABLE LVIII

ANALYSES OF VARIANCE FOR KERNEL DRY WEIGHT
AND MOISTURE PERCENTAGE AT PERKINS,
OKLAHOMA, 1977

Kernel Kernel

Dry Weight Moisture Percentage
Source d.f. MS OSL MS OSL
Variety 15 9.1660 0.0001 332.30 0.0001
Error a 60 0.1761 23.91
Day 9 1.3285 0.0001 3347.62 0.0001
Var. x Day 135 0.0214 0.0001 13.50 0.0001
Error b

576 - 0.0079 2.26
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TABLE LIX

ANALYSES OF VARIANCE FOR KERNEL DRY WEIGHT
AND MOISTURE PERGENTAGE AT PERKINS,
OKLAHOMA, 1978

Kernel Kernel

Dry Weight Moisture Percentage
Source d.ft. MS OSL MS OSL
Variety 11 3.2378 0.0001 178.71 0.0001
Error a 44 0.0875 » 11.21
Day 4 1.4476 0.0001 2958.86 0.0001
Var. x Day 44 0.0433 0.0001 8.72 0.0001
Error b 192 0.0059 ' 1.97




ANALYSES OF VARIANCE FOR RATIO OF KERNEL DRY
WEIGHT TO KERNEL DRY WEIGHT AT BLACK LAYER

TABLE LX

STAGE AT PERKINS, OKLAHOMA,

121

1977 & 1978
Source Year d.f. MS OSL
1977 15 0.018086 0.3283
Variety 1978 11 0.023398 0.0003
1977 60 0.015616
Error a 1978 44 0.005571
1977 8 0.316885 0.0001
Day 1978 3 0.433155 0.0001
1977 120 0.006712 0.0001
Var. x Day ;4.8 33 0.009302 0.0001
1977 - 512 0.001625
Error b 239 0.001262

1978
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