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RESPONSE OF HEIGHT GENOTYPES OF SORGHUM
(SORGHUM BICOLOR (L) MOENCH) TO DIFFERENT
DAY LENGTHS'

Soleh Solahuddin and P.N.Drolsom 2

Abstract ;: The response of height genotype of sorghum to different day lengths was studied in the University of Wisconsin
Biotron.Two day length chambers were used to represent a tropical climate and a temperate climate, which had 12-hour day
length and 15-hour day length, respectively, Eight genotypes of sorghum were used in this study. The heights of sorghum genoty-
pes were significantly affected by photoperiod at 30 days after planting. There alsoc were differnces in plant height at the flo-
wering date due to the effect of genotypes and day length. The highly significant differefice in day length reponse of plant height
showed that with increased day length there was a corresponding increase in plant height, At the longer day (16 hours}, more
vegetative growtnﬁ occuredThe heights of 1 — dwarf, 2 — dwarf, and 3 — dwarf hybrid milos were taller than the average of their
parents in both day length chambers. There were differences in days to flower ascribed to genotypes and day lengths. There
was a corresponding increase in days to flower and in plant height with increased day length. At both day lengths all milo hybrids
(1—dwf, 2—dwf, 3—dwf) flowered earlier than their respective parents. In addition to the biotron study, the fieid trial was con-
ducted at the Arlington Experimental Farm using 24 sorghum genotypes. The field trial revealed that by using one parent of the
4--dwf class, the plant height can be reduced. The yield of 24 sorghum genotypes varied widely from 2 144 kg to0 5 672 kg per
hectare for C—43 y+ and NK 233, respectifely. All genotypes, except SM 100, grown in the controlled environment chamber
flowered in less time than those grown in the field. One - dwarf and 3 - dwarf milo hybrids took significantly longer to flower
than their respective parents, which was in contrast with that observed in the Biotron.

INTRODUCTION

_ Early photoperiod studies by Garner and Allard in
1923 indicated that sorghum (Sorghum bicolor (L.) Moench)
is a8 short day plant (5). Although sorghom is of tropical
origin, many present day sorghum varieties are vveil adapted
to temperate regions. ]

Photoperiod and temperature are among the factors
which strongly influence the pattern of development and
eventual crop vield. The modification of length of day
usually results in alteration of floral response and mor-
phology. Various experiments have been done to explain
adaptation of plants as influenced by photoperiod and
temperature., Many workers have evaluated plant height
with regard to crop yields of short / and tall plants.

Quinby and Karper (11) made the most comprehen-
sive study of the inheritance of height in sorghum, They
concluded that four inherited genes, plus a modifying com-
plex, influenced height, with the alleles for taliness being
partially dominant. The recessive alleles of each of the 4
genes had essentially the same effect in reducing height.
The genes were designated Dw1, Dwz, Dw3, and Dw &

Quinby and Karper (12) suggested the use of 1-dwarf,
2-dwerf, 3dwarf, and 4-dwarf to designate, respectively,
the genotypes that were recessive for 1 gene, 2 genes, 3
genes, and 4 genes.

The objectives of this experiment were to study :

(1) The effect of photoperiodic response on height genoty-
pes of sorghum;

{2} the effect of photoperiodic response on plant maturity
and

(3) the yield of different height genotypes of sorghum as
measured in a field experiment,

Two experiment were conducted, one in the Biotron
and the other at the Arlington Experimental Farm of the
University of Wisconsin.

MATERIALS AND METHODS

The response of height genotypes of sorghum to diffe-
rent day length was studied in the Biotron. Eight genoty-
pes of sorghum were used in this study and they are as
follows : CKA 4—dwf (female), SM100 milo, WSM100
milo, SA1170 milo, CKA 4—dwf x SM100 (3-—dwf milo)
CKA 4—dwf x WSM100 (2—dwf milo), CKA 4—dwf x
SA1170 (1—dwf milo) and P894 (commercial hybrid).
Those genotypes were obtained from J. Roy Quinby of
Pioneer Hi-Bred International, Inc.

Two day chambers were used to represent a tropical
climate and a temperate climate, which has 12-hours and
15-hours day lengths, respectively. The light intensity was
36,584 lux and consisted of flurescent and incandescent
fight. The temperature of both chambers varied from 24
to 30°C.

Plants were grown in pots containing vermiculite and
peat moss with Hoagland nutrient solution. The latter was
applied each day, with up to 2 520 mis added in one day.
The solution contained 2 100 mis of mineral nutrient and
420 mis of water. The genotypes were seeded at the rate
of six seeds to a pot, and after ssven days, each pot was
thinned to two plants per pot. There were 48 experimentsl
units and two plants per pot for each of the two day length
chambers.
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The experiment was conducted in a splitplot design
with day fength as the main plot and genotypes as the sub-
plot, with six replicates.

Observations concerning growth behaviour were made,
namely :

1) plant _height at 30 days and at the flowering date.
Height was measured from the surface of the soil t0 the
extrema tip of the least, fully deveioped leaf;

2) heading date;

3} flowering date, time of flowering was considered
to be the time when each head was 50% in bloom,

F Trial. .
The field trial was conducted in a randomized complete
block dasign with three replications.

Seeds of the following sorghum genotypes were ob-
tained from J. Roy Quinby of Pioneer Hi-Bred International,
inc.: 884, 8901, 84311, 64001, CKA 4dwf female, SM100
milo, WSM100 milo, SA1170, CKA 4dwf x SM100, CKA
4dwf x WSM100, CKA 4-dwf x $A1170, De Kalb hybrids
BR44, B35, C42a°, C42y", C43y", B39y, F69y, BRE4
and D80 were supplied by A. Bruce Maunder of DeKaib
AgRessarch, Inc. Psul Menge of Northrup, King & Co.
provided seeds of NK180, NK233, NK266, and NK Brand
1580. There wers a total of 24 genotypes. The seeds in this
experiment were hand planted at 10 cm within the row
and 75 em between the rows. Each row was 5 m long. Plant-
ing  depth approximated 5 cm in a fine seedbed. Fifteen
days sfter emergence, the plots were thinned to make a
final population of 133,000 plants per hectare. The plots
were hand weeded at 15 days, 30 days, 45 days, 80 days,
and 76 days after emergence.

The tield was irrigated five times due to severe drought
during the early part of the growing season.

Observations were made concerning :

(1) plant height at 30 days after planting snd at flowering
date;

{2) heading dats and flowering date;

{3) grain yield.

Genotypes were harvested by hand, according to time
of ripening.

RESULTS AND DISCUSSION

A Duncan’s new multiple range test was conducted
to compare the differences in plant height among genotypes
st 30 days after planting and at flowering for the two day

lengths, respactively (Tables 1 and 2); and a least significant.

difference (LSD) was used to compare the differance in
plant height batween the same genotype at 30 deys after
planting and st flowsring for the two day lengths, respecti-
vely (Tables 1 and 2}, These differsnces showed, that with in-
creased dey length, there was a corresponding increase
in plant height.

.

Two sorghum genotypes used in this experiment, ne-
mely, CKA 4dwf (female) and P894 (commaercial hybrid),
had not flowered when the experiment was terminated at
80 days. Those two genotypes were assumed to flower
after 80 days and were excluded in the analyses of variance,
Dunchn’s new muitiple range test, and the lesst significant
difference (LSD) calculstions.

Table 1 shows that under 12-hour day length, plant
height at 30 days sfter planting increased in the order of
P8984, CKA 4-dwf, CKA 4-dwt x SM100 (3-dwf), SM100,
WSM100, CKA 4dwf x WSM100 (2.def), SA1170, and
CKA 4dwf x SA1170 (1-dwf). SA1170 was not significantly
different from CKA 4dwf x SA1170, neither wes SM100
from CKA 4dwf x SM100. WSMI100 was sionmuntlv
different from CKA 4dwf x WSM100,

Tabie 1. Height of eight sorghum genotypes at 30
days after planting when grown at 12-hour
or 16-hour day lengths, and the significance
of their differences.

Ht (cm) day length V) 9

Genotype Height

12 hrs, 16 hos difference

CKA 4-dwf x SA1170 96 Sa 126.5e 288"

SA1170 8408 120.12 26.1°*

CKA 4dwf x WSM100 873b 102.1b 148**

WSM100 779¢ 98.8b 20.7**

SM100 718¢  788d 49ns

CKA 4-dwt x SM100 703cd | 87.2¢ 189"

CKA 4-dwf 68 8d 72.1de 8.5ns

P894 ‘ §88¢  688e 100*°

1} Values in a column followed by the ssme letter sre
not significantly different (.05 level) using Duncan'’s
new multiple renge test. sx = 2.177;df = 70,

2) LSD (05) =68.8;LSD (.01} = 84,

%% Significant at 01 level,

ns Not Significant,

All genotypes, except CKA 4<dwf x SM100, were signifi-
cantly different from CKA 4dfw (female). Under 15-hour
day length, the order of plant height was the same with
that under 12-hour day length, except that CKA ddwf x
SM100 grew significantly taller than SM100 (Table 1),
The dey length_interactions showed that both at 12-hour
and dey lengths, CKA 4dwf x SA1170 grow the tailest,
98.9 om snd 128.5 cm, respectively, while the shortes were
888 cm and 88.8 cm for P8B4 (Table 1), '



Table 2, Heights of six sorghum genotypes at flowering Table 3. Analysis of variance for days to flower for
when grown at 12-hour day lengths, and the six sorghum genotypes grown at two day
significance of their differences. lengths,

Ht (cm) at day lenght Ofljilight 2)
G
gnotype 12 hrs. 15 hrs. difference Sot.:rc'e of df Sum of Mean F”
variation Squares square

SA1170 2326a 247.2a 146°* - .

CKA 4dwfx SA1170 23078 2339 3.2ns g:;s"’"g"" (o) : 'gfg'gg ’ng'?g 69‘1"‘1’;

WSM100 2212b 226.8bc 5.6ns Error (a) 5 1374 275 -1ons

2 116" b .

CKA 4-dwf x WSM100  2120c  2236c¢ s Genotypes (G) 5  409.86 8197  4225%*

CKA 4-dwf x SM100 1222d 1906d 68.4 G e

SM100 1159d 138.1e 222%* Dx 5 999 1998 1030

Error {b) 50 97.01 1.94
1) Value in a column followed by the same letter are
not significantly different (.05 level) using Duncan’s Total 71 255845
new multiple range test. Sx = 3.099; df = 50. 1y i Indicates significance at the 1% probability
2)  LSD (.06) =9.73;LSD (01) = 1305 level. ‘ '
ns Indicates not significant.

e Significant at .01 level.
* Significant at .05 level.

ns Not Significant.

Table 2 shows that under 12-hour day length, plant
height at the flowering date increased in the order of SM100
milo,' CKA 4dfw x SM100 (3-dwf milo), CKA 4dwf x
WSM100 (2dwf milo), WSM100 milo, CKA 4 dwf x SA1170
(1-dwf milo), and SA1170 milo. Genotype SM100 was not

" significantly different from CKA 4-dwf x SMa00, neither
was CKA 4-dwf x SAT170 from SA1170, whereas the other
genotypes were significantly different.

Quinby. (9) found that grain hybrids are usually
taller than the average of their parents, as are forage hybrids
(Chavda and Drolsom, 2). Therefore, taliness has been
reported to be a manifestation of hybrid vigor. The results
of this experiment conformed with those findings. Plant
height consists of the number and length of the interenodes
that make up the stem, the length of the pedunclie and the
length of the head. The same trend of plant height among
genotypes also occured under the 15-hour day fength, except
that CKA 4-dwf x WSM100 was not significantly different
from WSM100, whereas the other genotypes were signi-
ficantly different (Table 2). With regard to height differences
between 12- and 15-hour day lengths, CKA 4-dwf x SM100
had the most, followed by SM100, SA1170, CKA 4-dwf
x SM100 had the most, followed by SM100, SA1170, CKA
4dwf x WSM100, WSM100, and CKA 4dwf x SA1170
(Table 2). :

Table 3 shows the analysis of variance for number
of days to flower. Differences among sorghum genotypes,
day lengths, and the genotype x day length interaction were
highly significant. Differences among replications were
differences in flowering date due to the effect of genotypes
and day lengths, and that genotypes did not respond simi-
larly to the two day lengths.

A Duncan’s new multiple range test was conducted to
compare the differences for days to flower at the same
day length and a least significant difference (LSD) was
used to compare the differences in number of days for
each genotype {Table 4) The highly significant differences
associated with day length, there was a corresponding
increase in flowering date and plant height (Tables 1, 2 and
4), The effect just discussed was in general agreement with
that observed by Qinby (9) that maturity genes aiso control
size, irrespective of gorwth rate, because the longer a plant
grows, the larger it becomes,

Table 4 indicates that under the 12-hour day length
all hybrid genotypes (1.dwf, 3-dwf) flowered in less time
their parents, This was true also under the 15-hour day length
(Table 4}, Under 12 and 15-hour day lengths, CKA 4.dwf x
SM100 (3-dwf milo) and CKA 4.dwf x WSM100 (2-dwf milo)
were significantly different in days to flower compared
with their parents, while the difference between CKA 4dwf
x SA1170 (1-dwf milo) and its parent was not significant.
Under the 15-hour day length, the difference between
3-dwf milo and 2dwf milo was significant, SM100 milo
took considerably longer to Flower under the 16.hour
day length (Table 4), The results of this experiment were
in agreement whith those observed by Quinby and Liang
(10), who reported that the hybrids flowered earlier than
their parents. They found out that the earlierness of sorghum
hybrids resulted from more rapid development of the meris-
tem prior to floral initiation and from more rapid develop-
ment of the penicle. The results of this experiment were
also in agreement with those reported by Doggett {4), and
Lane (6) that a photoperiod longer ~than 11-12 hours
stimulated vegetative growth but delayed flowering.



Table 4, Number of days to flower for six sorghum

genotypes grown in_ 12.hour or 15-hour day
lenghts, and the magnitude of the difference
between the number of days for a genotype.

Genotype Days to flower N . .
' 12 hrs. 15 hrs, Dif{gren-

WSM 100 548a. 645b 9.7**
SA1170 : 548a - 842b 9.4**
SM100 7 b4Sb - 698a 16.3**
CKA 4-dwf x SAt 170 "~ 65388 63.2b 94**
CKA 4-dwf x WSM100 651.2b 69.1d 79"
CKA 4dwf x SM100 504b  61.2¢ 1i08**

1) -~ Values in a column followed by the same letter are
not significantly different (.05 level) using Duncan'’s
new mu itiple range test. Sx = 0.568; df = 50,

2). . LSD (.05)=1.83;LSD (.01) = 5.45,

* %

 Significant at 01 level.

Field Trial.

The analysis of variance for plant height at 30 days
after planting showed a highly significant difference for
genotypei and blocks (data not shown). The difference in
the block: component could be due to uneven irrigation
in the early growing season when the plants suffered from
drought. The 24 sorghum genotypes tested in this strain
trial varied considerably in plant height (data not shown).
Commercial hybrids such ss P894, P8901, NK233, and
NK2688, were dwarf sorghums.

" With' regard 10~ plant height, the breder will continue:
to be uncertain as to the height of sorghum desired by the
. grower (7). For example, in siliages under optimum condi-
tions, the ‘2-dwarf typei of perhiaps 2 meters in height can
stand better under hight population levels than would a
1.dwarf of perhaps 3 meters. To the contrary, with drought
the tall type has a better chance for an average performance,
whereas the 2-dwarf will likely remain at the grain sorghum
or 3-dwarf height, with maturity obviously playing a big
part in this response. With grain sorghum, by using one
perent of the 4-dwarf class, the height could remain at or
below an average condition, which seems desirable with
certain forms of sprikler irrigation.

‘The deys to flower varied 600 to 960 days for
P8411 and F69y genotypes, respectively, because of dif-
ferent response of height and maturity ganes of each sor-

ghum genotype. Commercial hybrids such as P894, P8902,
NK1580, NK180, NK233, and NK266 had a relsively sariier
flowering. dste. Relative to flowering date, D-ao snd F89y
could*be classified as full season, BR-64 as medium late,
C-43y  as medium, 0-42y B-39y, C-42a BR44 as medium
early and B-36 as sarly (Tablo 8).

Table 5. Duncan’s new muitiple range test comparing
o means of days to fiower among 24 - sorghum
genotypes.
Genotypes Days to flowet R
P84311 : : . 600a
P894 : _ : 681.0ab
P54001 ) 620b
P8o01 ) ‘ 620b
SM100 ' ’ ' 680c
NK1580 . 68.0d
NK 180 68.7 de
CKA 4-dwf x SM100 68.7 de
CKA 4-dwf x WSM100 700 ef
NK233 70.0 ef
B-356 70.3 of
WSM100 - 1131y
NK266 730¢
BR-44 - 760h
c-a2s* 76.0 h
SA1170 76.3h
B-39y 773 hi
CKA 4-dwf x SA1170 79.0ij
C-42y 79.7 ik
C—43v 81.0ki
CKA 4-dwf 8231
BRB4 943 m
D60 95.0m
F-89y 950 m

1 Vvalues followed by the same letter are not significantly
different (.05 level). Sx = 06; df = 46.

Comparing flowering dates of sorghum genotypes
grown in a controlied environment chamber under 15-hour
day length with the strain trial in the field, it turned out
that sorghum grown in the controlied environment chamber
environment chamber _flowered sooner, except SM100.
It is obvious that the changing climatic factors, especially
temperature, moisture, and the light in the field, from

-planting to flowering contributed to a longer growth period.

Table 5 shows that leand 3-dwarf milo took signi-
ficantly. longer to flower then their respective parents.
These results were in contrast with that observed by Quinby
and Liang (10}, who reported that the hybrids flowered
earlier than their parents. These resuits were also incon-
sistent with those observed at the Biotron (Table 4). On the
other hand, Pauli et al. (8) checked the influence of planting
date on bloom and length of grain filling period for a number
of lines and two hybrids. They found that there was a slight
tendency for hybrids 10 use more days in expanding the
panicis thah the parents, which is contrary to the resuits
of Quinby and Liang (10).

Yields Vlrh.d+ widely from 2144 kg to 5872 kg per
hectare for . C-43y and NK233, respectively (Tabie 6).

- Commercisl hybrids and dwarf milo produced relatively

higher yields. Among the experimental hybrids from Pioneer,
P84311 produced significantly more dry matter than P54001



The results of this experiment showed that in general

the tall plants yielded better than the short types, which
agrees with findings of some other workers (1, 3, 13).

Table 6. Duncan’s new multiple range test compraring
means of dry matter yields of grain for 20
sorghum genotypes grown at Arlington in
1976.

Genotypes Kg/ha V)

c43yt 21448

SM100 . 2421ab

WSM100 2509ab

P54001 2859abc

CKA 4dwf 2872abcd

SA1170 3171bcde

B-35 3256¢def

ca2yt 3440defg

BR-44 3741efgh

c42a" 37652efgh

NK266 376befgh

P894 3813efgh

P84311 3816efgh

CKA 4-dwf x SM100 3987efgh

P8901 4064fgh

CKA 4;dwf x SA1170 4200ghi

NK 1580 4317hi

NK180 4539hi

CKA 4-dwf x WSM100 4968ij

NK233 5672j

1) Vslues followed by the same letter are not significantly
different (.06 level). Sx = 266.9; df = 38,
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