- ‘y

AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY
WASHINGTON, D. C, 20623

BIBLIOGRAPHIC INPUT SHEET

A, PRIMARY

. SUBJECT- Agriculture

CLASSI-

FICATION B, SECONDARY

Cereal Crops

., TITLE AND SUBTITLE

Physiologic Maturity in Grain Sorghum

. AUTHOR(S)

Eastin,Jerry D.;Hultquist,Joe H. and Sullivan,C.Y,

. DOCUMENT DATE 5, NUMBER OF PAGES 6. ARC NUMBER

April 1973 4p. e B3 . [P -E 734

. REFERENCE ORGANIZATION NAME AND ADDRESS

University of Nebraska
Department of Agronomy
Lincoln, Nebraska 68503

« SUPPLEMENTARY NOTES (Sponsoring Organization, Publishers, Availability)

Published in Crop Science, Vol.l1l3,April 1973

. ABSTRACT

External visualization of the apparent dark closing laver in the placental area

near the sorghum [Sorghum bicolor (L.) Moench] kernel attachment point coincides
closely with the cutoff of radioactive assimilate translocation to the kernel.

Dark layer determination permits identification of physiologic maturity or date of
maximum dry weight accumulation. This judgment is meaningful because yield is a
function of both time and metabolic efficiency. Genotypes can be characterized in
terms of grain filling-period duration by noting the dates of bloom and dark layer
formation. Yield data plus physiologic maturity data permit direct field quantitation
of the time and metabolic efficiency components of grain dry weight accumulation.

10, CONTROL NUMBER 11, PRICE OF DOCUMENT
PN-AAB- O 74
12, DESCRIPTORS 13, PROJECT NUMBER
931-17-130-575

Dark Closing Layer, Grain filling period, Physiologic
maturity, Translocation

14, CONTRACT NUMBER
AID/CM-ta-c~1068

15, TYPE OF DOCUMENT
Research Bulletin

AlD 800+ {4.74)



Reprinted from
CROP SCIENCE, Volume 13

March-April,

1973, p. 175-178

Physiologic Maturity in Grain Sorghum’

Jerry D. Eastin, Joe H. Hultquist, and C. Y. Sullivan?

ABSTRACT

External visualization of the apparent dark closing
layer in the placental area near the sorghum [Sorghum
bicolor (L.) Mocench] kernel attachment point coincides
closcly with the cutoff of radioactive assimilate transloca-
tion to the kernel. Dark layer determination permits
identification of physiologic maturity or date of maximum
dry weight accumulation.  This ludgmml is meaningful
because yield is a function of hoth time and metabolic
efficiency.  Genotypes can be characterized in ters of
grain filling-period duration by noting the dates of bloom
and dark layer formation. Yield data plus physiologic
maturity data permit direce ficld quantitation of the
time and metabolic efficiency components of grain dry
weight accumulation.

Additional key words: Dark closing layer, Grain-{illing
period, Physiologic maturity, Translocation,

GR AIN yirdd is essentially a function of both the
length of the grain-filling period and the meta-
bolic or synthetic clficiency during that period, pro-
vided that sink capacits is not a limiting factor. Pre
cise, rapid determination of physiologic maturity is of
interest because it permits an accurate measure of the
grain-filling period or time factor ol yield. The deter-
mination of ph\smlogu maturity in sorghum [ Sor-
ghum bicoley (1..) Mocench | .l])[).ll(nll\ has been done
largely on the bisis of measuring maximum dry weight
date determined by repeated snnplmu and drving
(Pauli, Stickler, and  Lawless, 1961 Collier, 1968
Clegg, Webster, and Grabouski, 1958 Wikner and At
kins, 1960; Kersting, Stickler, and Pauli, 196D, This
ﬂl)])"()'l(‘h is rather tedions and time-consuming and
is unsatisfactory lor routine breeder use. Consequent-
ly, the practice in the field has been to use bloom
dates as indices to physiologic maturity as reported
by Dalton (1967).

Daynard and Duncan (1969), rvellecting on carlier
work by Johann (1935) and Kiesselbach and Walker
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(1952), proposed using the formation of a dark clos
mq laver in the placental region of corn (Zea mays

L) kernels as an indicator of tanslocation cutolf and
hence physiologic matarity or time of maximum ker-
ucl dry weight, Davnard, Tanner, and Duncan (1971)
turther spuul.u((l that this mayv be i feasible .npln(m(h
tor judging length of grain hllmﬂ period and hoped
it would Correlate \\(ll with vie l(l. Rench and Shaw
(1971 have shown that inital dark closing laver
formation correlates well with maximum grain dry
weight in corn. Moisture varied considerably among
their genotvpes, however, at the time ot dark laver
lormation,

Maunder (1970) and Quinby (1971) considered use
of the dark Laver formation in sorghmn as an indication
of physiologic maturity. We abo collected dark layer
data on several genotypes at the same time. However,
the elfectiveness ot this approach remained to be quan-
tificd. The purpose of this research was to attempt
correlation of external visual dark Taver appearance
with cutolt ol assimilate tanslocation to the kernel
using MO Labelled assimilate as a marker.

MATERIALS AND METHODS

Sorghum test plants, habrid “RS 626" (a single cross), were
chosen in 1971 for the first experiment where external evidence
of the dvkened dosing laver was obvious in kernels removed
from the head tip. Al plants used in thic test were in field
stands at 200000 plants ha. Six plants were Yed 50 4Ci of *CO,
in a plexiglass leaf chamber ar 100 in the flag leav s and were
lef 21 hours hefore hinvest. The *CO, was penerated by adding
acid to NatI*'CO. (Aronoff, 1996, Panide branches from the
middle of the head were selected for analving 2'C ocontent of
the seed. Replication consiseed of 13 panicle branches chosen
from sixo idividual RS 626 heads

A second experiment was run where "CO; was fed to the flag
leaves of RS 626 and "Dekalb F 57 (a4 single aoss. Ten heads
of cach genotype were hanvested 24 hours Liter. Five randomly
chosen kernels from cach of two panicle branches located in the
tips. midsections, and basal portions of the heads were analyred
for "C. Kernels with o dink closing Liver were generally evident
in the tip poroon and generalls absent in borh the middle and
husal sections of the panicle. Howeser, tandomly selected hernels
were not checked for dak Livers The RS 626 heads were <highthy
more nutuye than the F57 heads since the datter is a longer
seson genofype.

Individual henely we sdized i Model 305 Packard ni-
cath sample ovidizer. L he COL was collected in ethanolamine,
Fhe sample was counted ina cocktail consisting of 4 ml of PrO
solution (15 g 25-Diphemdoxazole Toof toluene), 5 ml of
ctlunotamine, and 6 ol of wmethanol in a Unilux - Nuclear
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SEED FROM PANICLE BRANCH TIP TG BASE (T —> B)

Fig. 1. Dry wcights/1000 kernels /LSD = 2.2 g/1000) and “C labeled assimilate transported
to sceds located between the tip (1) and base (8) of a maturing RS 626 sorghum panicle

branch,

Chicago Scintillation Counter. Data were corrected for counting
efficiency by the channels ratio method. All data were converted
to disintegrations/min/mg dry weight (dpm/mg).

RESULTS AN1) DISCUSSION

Results from the first experiment follow. Kernels
analyzed from the 13 replications of RS 626 require
further description.  Four kernels chosen from the
tip toward the middle of the panicle branch had ex-
ternal visible evidence of the dark laver. Kernel num-
ber 1 had a pronounced dark laver and the point of
attachment was pinched from desiccation. Some desic-
cation was obvious in the second kernel chosen. The
third and the fourth kernels had litte evidence of
desiccation, Dark Faver was just apparent in the fourth
kernel. ‘The fifth through cighth kernels (progressing
from the middle to basal portions of the panicle
branch) had no apparent dark layer on the basis of
external visual judgment,

Since photographs of dark-layered kernels in 1971
experiments were not good, @ single plant of ‘Prairie
Valley 700" was led MCO, in 1972 and treated the
same as in 1971, Photographs taken again are illus-
trated in Fig. 2. T'he fourth kernel from the left shows
a faint darkening at the point of attachment and cor-
respond to kernel L in Fig. [. Ovne kernel of five tested
contained a small amount ol radio-carbon. Kernel 3
from the leto (Fig, 2) iHustrates the first clear evi-
dence of dehydration and represents about a l-day
time lapse after appearance of the faint dark fayer. Ap-
preciable water loss has occurred in the left kernel
(2149, moisture) compared to a relatively high water
content  (30.00; moistine) in kernel 4.

Dry weight and radiocarbon uptake in the 8 RS 626
kerncls, sclected within individual panicle branches
on the basis of external visual evidence of progressive
dark layer formation, are illustrated in Fig. 1. Sor-
ghum pollinates from the tip to the base of the head

and matures in the same directional fashion. A com-
plete cutoff of assimilate movement into kernels 1,
2, and § (pronounced dark layer) is clear. Only 2 of
the 13 kernels classificd as number 4 (faint dark lay-
er) contained radioisotope. A progressive trend toward
increasing transport of YC into the kernels is noted
between kernels 5 to 8 (no apparent dark laver). Ker-
nel 8 was presumably the most immature kernel being
situated at the base ol the panicle branch. Table 1
contains the analvsis of variarce for dpm mg dry tis-
suz weight and illustrates unequal variances for ker-
nels 1, 2,3, and 4 compared 1o 5, 6, 7, and 8. Ortho-
gonal comparisons were made within the treatment
category to compare seeds 1, 2,3, and 1 (dark layer
visible) vs 5, 6, 7, and 8 (dark layer not visible). Note

Fig. 2. Extcrnal visualization of the apparent dark layer in
Prairic Valley 700 sorghum. The fourth kernel from the left
has just reached the assimilate cutoff point.
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Table 1. Analysis of variance for “C content (dpm mg™? dry
wt) RS 626 sceds sclected within a panicle branch. Sceds 1
through 4 had a visible dark layer at the point of kernel
attachment. Sceds 5 through 8 had no visible dark layer.

Source df Mean square 3
Total im
R.ops (1) 12 11, 808,38
Treatments (1} ? 75, 446,71 21,85
L4, s, 5,0, 7,4 (Cp) ] i, 847, 87 17.49°
Among t,2,3 and § (Cy) 1 105,10 1,47
Among 5,0, 7 and § (Cy) i 15,154, 51 e
R-T LT 3, 158, 54
(SR} 12 12,717,97
Cy- R i 205, 59
Cy- R 16 3,623,071

¢ Stgnificant at 0,01 level,

the f value relating to the obvious difference in as-
similate transport. The comparison for testing varia-
tion among the kernels that had a dark layer was non-
signilicant. However, the significant  value for among
kernels 5, 6, 7 and 8 points to the variation in amount
of carbon uptake in those kernels. The most label
appeared in the most immatire kernels. These data
suggest quite clearly that visibility of the dark closing
layer in RS 626 coincides with the cutoff of assimilate
wanslocation to individual kerncls.

Dry weights of the sceds analyzed for MC are re-
ported in Fig. 1. Interestingly, dry weights of the im-
matre kernels (black layer absent in 3, 6, 7, and 8)
did not vary compared to sizable variation (Fig. I)
among the dark-layered kernels (1, 2, 8, and ). Weights
of the first-maturcd kernels and the most immature
kernels were 17.7 and 23.0, vespectively, for a range of
5.3 g,1000 kernels. The LSD tor dry weight is 2.2 g/
1000 seeds. Possibly the weight loss was due o post-
dark layer vespivation prior to kernel dry down. How:-
ever, this experiment was not designed to exclude the
possible confounding effect of a sced weight gradient
due to kernel position on the panicle branch, There-
fore, no firm statement regarding causes of the weight
differences can bhe made. A weight gradient may
normally exist for a varicty of reasons when all kernels
have dried in the licld to the point where respiratory
mechanisms no longer function. The velationship be-
tween post-dark Laver respiratory losses and the weight
differences immong kernels needs further investigating,

A second portion of the experiment was designed
to check the amount ol activity in general areas ol
the E 57 and RS 626 heads that had a dark layer com-
pared to those that did not. Kernels selected in a head
section were not checked individually for a dark layer,
Activities in the tip, middle, and bottom sections of
RS 626 and F 57 heads are illustrated in Fig, 3 and
4, respectively, Also, the percent of water is illus-
trate. While most kernels in the tip in both geno-
types had o dark Taver, note that @ small amount of
activity was found in cach head, suggesting that o few
kernels Tad no dark Lever and that the progression of
dark layer from tip to hase is not completely uniform.
While occasional nondark Livered radioactive kernels
were found, the cutolf appens quite shinp on the
average. Cutoff was determined quite precisely where
kernels were judged individually for dirk Laver as in
Fig. 1. "The middle portions were quite vadioactive.
The bases contained the most immature kernels and
were the most vadioactive. The RS 626 hybrid was
more mature than E 57 and the moisture content of
the tip kernels was the lowest (Fig. 8).
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Fig. 3 Assimilate ("C labeled) accumulation in RS 626 sorghum
grain where the black laver was formed in tip kernels only.
UCO, was fed to the flag leaf. 1971,
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Fig. 4. Assimilate (*C labeled) accumulation in E 57 sorghum
grain where the black laver was formed in tip kernels only.
HCO, was fed to the flag leaf. 1971,

The analysis of variance for asimilate transport
1o respective sections of heads in both - genotypes
showed that vreatments were significant, indicating
that rhe dark Jayer appenranee coincided with cessa-
tion of assimilate transport 1o kernels. Lack of sig-
nilicance in cither genotypes or teatments < peno-
tvpes suggests that dark Laver tunction is consistent he-
tween the three genotypes and probebly can be safely
used as an indicator of physiotogic maturity and the
realization of maximum dirv weight,
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