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TRANSLOCATION IN RELATION

l 5 PHOTOSYNTHESIS AND
® TO PLANT DEVELOPMENT

JERRY D. EASTIN
University of Nebraska

I. Introduction

The realization that crop production was dependent on key physiolo-
gical plant processes was clear well over a century ago (Liebig, 1840).
However, as recently as some 40 years ago an eminent scientist,
Professor F. G. Gregory, commented rather pointedly regarding the
limitations of our knowledge in relating key physiologic activitics to
understanding yield limitations in the field.  Permit me to share Professor
Gregory's thoughts with you as related by Asana and Mani (1950),

“During a discussion on the choice of developmental obser-
vations for forecasting yicld, Gregory (1929) pointed out that plant
physiologists were not in a position to state which physiological
activitics were in the direct line of yicld, and therefore such obser-
vations as were arbitrarily undertaken, and without appreciation of
their significance under a particular cnvironment, for the purpose

Published as paper No. 3324, Journal Serics, Nebraska Agricultural Experiraent
Station.
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of interpreting differcnces in yield may not serve much useful
purpose.”

No doubt Professor Gregory’s remarks provided a good assessment
of production rescarch when they ere made some 40 years ago. While
much progress has since been made in understanding plant function we
generally remain unable to state the rate-limiting order of essential
yicld-related physiologic processes or activities with satisfactory certainty.
This is true under cither near optimal or stress conditions in the field and
particularly so with thc sorghum crop. Concentrated physiologic
research effort on rice largely in Japan and at the International Rice
Rescarch Institute has proven very uscful to rice breeders. Hopefully,
such an approach will likewisc be productive regarding the sorghum
crop. Presumably our cfforts at this symposium arc directed toward
assessing the limited knowledge we have regarding sorghum and pointing
to where additional research effort is likely to be most productive.

My objective is to discuss physiologic activities in sorghum including
photosynthesis and translocation. Meaningful discussion of such physio-
Jogical activitics as they bear on yield can be no better than the
perspective within which they are viewed so far as plant developmental
pattern limitations. Thercfore, some time will be devoted to discussing
developmental characteristics in sorghum in general to be followed by a
consideration of photosynthesis, translocation, ctc. in the context of
yicld analyses when possible.

I shall preface the discussion to foilow with the generalization that
sorghum yield improvement achicved in the past, at least in temperate
climates, usually resulted more from an increase in seed number than in
sced size. An attempt wiil be made to interpret physiologic activities in
terms of how to exploit them for the purpose of increasing seed number
and/or sced size when possible. Unfortunately our sketchy knowlcdge
of sorghum will make this impossible more often than possible, Consec-
quently, refercnce to some of the available data will at best recognize
existing knowledge falling into Professor Gregory's categorization of
«arbitrarily undertaken” rescarch. Such research undertaken to elucidate
basic mechanisms undergirding essential physiologic processes showid not
carry a bad connotation in applied rescarch arcas. While it may not be
gencrally understood where some of the information fits for purposcs
of interpreting yield limitations, a portion of the data included will likely
be of practical value as they become complemented by additional data.
Within this general perspective, the first physiologic observations to be
considered arc developmental characteristics.
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II. Devclopmental Characteristics

A. CROWTH STAGES

Develepment of the sorghum crop couid be categorized in a number
of ways. A fairly simple and somewhat arbitrary categerization will be
used based on three growth stages (GS,;, GS,, GS,) described as follows:

GS,—Planting to panicle initiation (PI)
GS,—Panicle initiation to bloom
GS,—Bloom to physiological maturity

B. ViGeTATIVE STAGE

Growth stage 1 is strictly a vegetative period. Relatively little
information appears to be available concerning how this carly vegetative
period influences sorghum  yield. Bunting (1971) expertly focused
attention cn this carly vegetative phase in crops by posing questions
concerning its necessity in cereal production. Discussion of GS, will
be somewhat limited in view of the sparse literature on it. g necessity
is quickly recognized for generating sufficient leaf area and functional
root system to support maximum grain development under whatever
environmental limitations exist in any particular cropping situatjon,
Events in GS, warrant a good deal of scrutiny regarding how they
influcnce events in GS,, particularly differentiation of floret number.
Plant population influences on seed number differentiated appear to be
cxerted at least partially hefore and during PI (Goldsworthy, 1970a).
Quinby and Shertz (1970) point to limitations on yicld cffected by
unfavourable conditions limiting  meristematic growth.  Presumably
influencing meristematic growth prior te PI might be a factor as well as
after PI.

C. PANICLE INITIATION AND ExpANSiON

A major event in GS, is panicle initiation and subscquent expansion
prior to bloom.  This growth intcrval is critical since maximum potential
seed number is sct then and cither expanded or partially aborted. Higher
seed number has generally been the most important yicld component
associated with increasing yield in sorghum (Kamball and Webster,
1966; Stickler and Pauli, 1961; Blum, 1967 and 1970; Quinby, 1963;
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Doggett; 1967, Beil and Atkins, 1967). Malm (1968) reported cxcellent
yield improvement with R lines (in hivbrid combination) developed from
large-secded cxotic germ plasm.  Seced size and vyield of several hybrids
from four steriles were high compared to hybrids of the 7078 check R
line on the same respective male steriles.  Malm'’s data (1968) were not
reported in a manner that the influence of sced number could be analysed
completcly. However, large seed size appeared to be & substantial
contributing factor in increasing yicld. Voight ef al. (1966) interpreted
gene action for sced size to be mostly additive and concluded good
progress should be possible in breeding for the sced size component of
yield.

Since seed number has been an important factor in past yield impro-
vement, it is well to consider available information on the panicle
differentiation process.  Chen (1938) reported work regarding time from
germination to floral transition.  Paulson (1962) deseribed the first
evidence of panicle initintion as the visual appearance of pretruberances
(primary panicle branch primordia) at the basc of the apex. Steele's
proccdure for dating panicle initiation as used by Goldsworthy (1960a)
was unavailable for reporting herc.  Apparently PL was judged as
initiated when the growing point clongated to 0.3-0.5 mm. Paulson’s
(1962) studics were concerned more with caryopsis development than
with panicle expansion prior to anthesis. In the absence of a good
description of panicle expansion prior to bloom, pertinent investigations
were initiated at Nebraska by Lee ¢ al. (1970).

Figs. 15-1 through 15-14 illustrate the development of the panicle

from inception through floret initiation for the variety Redlan.
Fig. 15-1 shows the vegetative apex with a leaf primordium evident.
The vegetative apex in Fig. 15-2 has begun expanding just prior to the
appcarance of primary panicle branch primordia illustrated in Fig. 15-3.
Note that the acropctal development of primary branch primordia
(Figs. 15-4 and 15-5) is followed by a similar acropetal development of
secondary and higher order panicle branch orimordia (Figs. 15-6 and
5.7). About 3 to 4 days werc required to complete initiation of
primary branch primordia under conditions of this experiment. A
similar amount of time was required to initiate higher order branch
primordia.

Lee ef al. (1970) found that the acropetal developmen! of panicle
parts up to this point gives way to the basipetal developmeat of florets
which parallels tbs top to bottom of the head pollination process in
sorghum (Ayyangar and Rao, 1931; Stephens and Quinby, 1934),
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Fics. 15-1 to 15-14, (Sce facing page),
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Fia, 15-1. Leafl primordium (1p) and vegetative shoot apex (a) of sorghum.

. Fia. 15-2. Beginning of the clongatioa of the apical meristem before floral
development.

" Fio. 15-3, 4. Differentiation of the primary branch primordia (bp,) on the
floral apex (fa).

Fia. 15-5. “Stage 3" of floral development showing primary branch primordia
all Gver the apex.

Fio. 15-6. Initiation of sccondary branch primordiz (bp,) from the primary
brauch primordia.

Frc. 15-7. Eolargement of floral apex due to the presence of more branch
primordia of higher orders.

Fio. 15-8. Portion of a panicle branch, showing the division of the terminal
portion of branch primorida (arrow) into two spikelet primordia.

Fi6. 159, 10. DBcginning of spikelet differentiation  shown by the glune
primordia initiaticn (og = outer glume ; ig = inner glume).

Fig. 15-11. Differentiation of sterile spikelet (ss) and fertile spikelet (fs),
showing the appcarance of stamen primordia (sp), and gynoccium primor-
dia (GP).

Fio. 15-12. Young panicle branches from hasal (B), middle (M) and upper
(U) regions of the inflorescence showing their size differences. Spikelet
differentiation has not proceeded at this stage yet.

. Fic. 15-13. Panicle branches from the three regions with differrent degrecs
of floret differentiation., Stamen primordia (sp) appearcd in the upper panicle
branch (U), not in the middle panicle branch (M). The spikelet primordia at
the basal branch (B) are at the stage in which glumces are being initiated.

Flo.15-14, Low magnification of young infloresence showing basipetal differen-
tiation of spikelets, Note the glumes (g) have developed at the upper region
of the inflorescence.

219
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- Spikelet primordia appear in pairs at points on the panicle branches
illustrated in Fig. 15-8. Individual spikelets occur in pairs (Cowgill,
1926). Onc spikelet is sessile and fertile and one is pedicelled (Cowgill,
1926 and Doggett, 1970) and usually sterile. The fertile spikelet
normally contains two florets, one fertile and one sterile.

‘Fiy. 15-8 illustrates division of the ultimatc branch primordia into
two parts, the two paired spikelet primordia. Individual spikelet
differentiation becomes obvious with the appearance of the two ridges
giving risc to glumes (Fig. 15-9) encircling the floret primordium.
Floret parts appear as in Figs. 15-10 and 15-11 with the stamen primor-
dia arising around the pistil primordia which differentiates last.

‘Basipetal fleret development is clearly illustrated in Figs. 15-12 and
15-13.  Similar stages of development appear in Fig. 15-12. Stamen
primordia arc obvious in Fig. 15-13 in the upper panicle branch,
clongation has occurred in the mid-inflorescence panicle branch and
little change occurred in the basal branch. The period from setting
spikelet primordia to floret development required about 14 days in this
investigation. Pcduncle clongation occurs at about the time floret
differentiation is completed.  Sorghum appears particularly susceptible
to cnvironmental stress damage at this stage (Hultquist, 1971). Panicle
expansion and peduncie clongation proceed at a rapid pace up to bloom.
Experiments will be discussed later to get an idea of the relative com-
petition for assimilates between vegetative and florai parts between PI
and bloom. A significant obscrvaticn by Lee et al. (1970) was that
floret abortion under favourable field conditions from the time of
inception was less than 1% in Redlan and RS 671 cxcept in panicle
branches at the base of the rachis. Basal panicle branches frequently
abort florets (Fig. 15-14).  Also fertile floret abortion after bloom was
insignificant except at the inflorescence basc.

It is doubtful that the cxtremcly low incidence of floret abortion
before and after bloom obscerved under Nebraska conditions remains
the case as the southern U. S. and the tropical areas arc approached.
The times of floret loss should be documented in arcas of interest as a
part of any attempt to analyse physi .ogic yield limitations. In other
words both time and efficiency factors arc involved.

D. PuysioLoGic MATURITY

Ultimate yicld is obviously a function of both the length of the grain
filling period and metabolic or syntheiic efficiencv Guring that period if
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either- seed humber ¢r potential size are not limiting. Precise, rapid
determination of physiologic maturity is of interest since it permits
accurate measurement of the grwin flling period or time factor of yicld.
The determination of physiologic maturity in sorghum apparently has
been done largely on the basis of measuring maxirrm dry weight date
determined by repeatcd sampling and drying (Pauti et al., 1964 ; Collicr,
1963; Clegg er al., 1958; Wikner and Atkins, 1960; Kersteng et al.,
1961). This approach is rather tedious and time consuming. Consc-
quently the practice in the ficld has been to usc bloom dates as an index
to physiologic maturity as reported by Dalton (1967).

Daynard and Duucan (1969), reflecting on carlier work by Johsnn
(1935) and Kiesselbach and Walker (1952), proposed using the forma-
tion of a black closing layer in the placental rcgion of corn kerncls as
an indicator of assimilate translocation cutoff and hence physiologic
maturity. Daynard et al. (1971) further speculated that this may be
a feasible approach to judging leagth of grain filling period and hoped
it would correlate well with yicld. Rcnch and Shaw (1971) have shown
that initial dark closing layer formation correlates well with maximum
grain dry weight. However, moisture varied considerably among geno-
types at the tire of black layer formation.

Maunder (197%) and Quinby (1971) considered use of the black layer
formation in sorzhum as an indication of physiologic maturity. Eastin
er al. (1971) have also collected data bearing on this point. Sorghum
pollinates from the tip to the base of the head and consequently
matures in the same dircctional fachion. RS 626 test plants were
cliosen where external evidence of the dark closing layer was obvious
in kerncls from the head tip., Ten plants were fed 1CO; in the flag
leaves and left 24 hours before harvest. Panicle branches from the
middle of the head were analyzed for MC content.  Four kernels chosen
from the tip toward the middle of the panicle branch had external
visible cvidence of the dark layer. Very slight darkening at the fifth
kerncl tip was evident. The six through cighth kernels (progressing
from the middle to basal portions of the panicle branch) had no appa-
rent black layer on the basis of external visual judgment.

The quantity of 1C translocated into each kernel selected appears in
Fig. 15-15. Note that the four tip kernels (visual black layer) took up
essentially no radioactivity while 14C content of the lower four kernels
(no readily visible black layer) increased progressively toward the base
of the panicle branch. There appears to be an excellent correlation
between an external judgment on black layer appearance and the time
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Fie, 15-15. MC lahelled leaf assimilates transported to seeds located between
the tip (1) and base (8) of a maturing panicle branch.

translocates arc cut off to the kernel. This marks the time of maximum
kernel dry weight and can be designated physiological maturity for
most, if not all, purposes.

Additional data were obtained on the same heads by choosing
kernels from tip (black layer obvious), middle (no black layer) and basal
portions of the same RS 626 heads, Essentially no astivity was noted
in the tip kernels.  Sizable activity in the mid-head kernels was only
one-taird the activity in kernels at the base. Similar results were
obtained using Dekalb’s E57 hybrid.

Data available to date are not complete in description of events
associated with black layer formation but do suggest it will likely be a
rapid and uscful indicator of physiologic maturity and hence grain fill-
ing period for breeding purposes.  Yield, along with determination of
physiologic maturity, provides an accurate means of determining the
efficiency of grain dry matter accumulation on a ficld basis. Efficient
plants can be selected for breeding work and contrasting types (eflicient
and inefficient) can be field selected for detailed physiologic analyses
concerning reasons for their metabolic differences,
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E. COMPARATIVE DEVELOPMENT AMONG GENOTYPES

Sorghum literature does contain information regarding the three
developmental stages which we have designated as GS,, GS, and GS,.
However, often the information given is not particularly useful in
explaining yicld differences noted among genotypes, particularly
between hybrids and pure lines. Factors controlling panicle initiation
and subsequently flowering will be alluded to first and then differences
among genotypes for G3,, GS, and GS; considered as to their potential
association with field yields.

Doggett (1970) reviewed much of the literature regarding factors
influencing panicle initiation and flowering. Miller er al. (1968a) con-
ducted cxperiments on tropical photoperiod influence on sorghum
growth by planting every month of the year. Miller et al. (1968b)
tested the influence of known maturity genes on flowering under short
days in Puerto Rico. Comparisons on daylength cffects on maturity
between the tropics and temperate areas probably are confounded by
temperature cffccts.  Maturity differences amongst sorghum  varieties
are thought to be duc to differences in photoperiod and temperature
responses (Quinby, 1967). However, Doggett (1970) points out that
ncither classic photoperiodic respanses plus temperature responses or
interactions between the two satisfactorily explain fime of flowering
reactions (and hence related PI time) of some Nigerian sorghum
varieties.

These references point up the general state of our knowledge regard-
ing control of panicle initiation and flowering and suggest the nced for
added research in this complex arca. The desire to know more about
control of PI stems from the knowledge that altering planting date can
alter PI date and supposedly factors influencing maximum potential
floret differentiation. The sced number component of yield no doubt
relates closely to these differentiation factors in some environments.

The date of sowing spring cereals (wheat and barley) has been shown
to influence sced number and hence yield (Jessop and Ivins, 1970).
Temperature and daylength effects are known to influence seed number
in wheat during both before panicle initiatiow. and before bloom once
the panicle is initiated (Thorne et al., 1968). Much work is in order on
grain sorghum regarding how pre-panicle initiation cvents influence
sced number. With these background remarks some variations in the
time spent in various developmental stages will be considered.

Paulson (1962) found days to floral transition varied from 32 to 44
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days from a May 3I Iowa planting of 12 genotypes. He also checked
the influcnce of planting date on panide initiation as illustrated in
Table 151, The genotypes  used are quite photo-insensitive.
Later planting reduced days to Pl over 40 per cent. Junc 12 is a
relatively late planting date. However, a spread of about 10 days to
PI exists simply by adjusting the planting date between mid-May and
early Tuxe, the normal planting period for lowa conditions,

TabLz 15-1,  Dare of Floral Transition and Anthesis in relation to
Date of Planting

Days to Days to Days from
‘Planting Date Genotype Floral 0% Transition
Transition  Fuli Bloom To 50% Bloom -

May 1 RS 610 52 90 38
Kafir 60 52 92 40
May 15 RS 610 36 ) R 1357
Kafir 60 38 73 35
. May 28 RS 610 27 65 38,
Kafir 60 29 67 38
Tune 12 RS 610 28 59 31
Kafir 60 30 61 31

(Taken from 1. W. Paulson, 1962, Embryogeny and Seedling Development to
Floral Transition of Sorghum vulgare Pers.. Ph, D. Thesis, lowa State University),

Quinby and Liang (1969) determincd that panicle initiation occurred
an average 2.6 days carlier in CIC 60A X Tx 7078 and Redlan A > 7078
hybrids than in their parents.  Flowering also averaged 3.8 days earlicr
in the hybrids. The hybrids were judged carlier than their parents on
these bases.  Paulson’s (1962) data in Table 15-1 show RS 610 (CK
60A x 7078) to be about 2 days carlier than CK 60 (Kafir 60) on the
basis of both PI and bloom dates,

Pauli er al. (1964) checked the influence of planting date (tempera-
ture plus daylength effects) on bloom and iength of grain filling period .
for a number of lines and two hybrids, Maturity judguents were based
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on date of maximum dry weight. We studicd a serics of 5 hybrids and
their parents for PI, bloom and physiologic maturity in addition as
judged by the apparent coloring of the plucental arca (Kisselbach, 1939
and Rost and Lersten, 1970) 1o give the so-called black layer. In the
1970 data which follow (Tables 15-2 and 15-3) a maturity judgement
was made on the basis of black layer formation in the tip kerncls rather
than base of the head as in 1971, These comparative judgements
between years arc obviously in error since pollination may procced
down the heads at a different rate than the matnration proeess proceeds.
However, data between genotypes for each year are comparative.

The time required to reach PI (Table 15-2) or complete G5, was less
for hybrids than their respeciive parents and required from 26 to 36%

‘TasLe 15-2.  Days in Each Growth Stage for H ybrids and
Parents in 1970

Growth Stage in Days

Planting Days With ¢ of Total in Parenthesis
Genotype to to
Maturity Bioom GS, GS, GS,
RS 671* 110 70.7 34 (31) 36.7 (33) 39.3 (36)
Redlan 114 75.2 41 (36) 34.2 (30) 38.8 (34)
Tx 415 110 71.0 37 (34) 34.0 (31) 38.8 (35)
RS 626 107 64.0 28 (26) 36.0 (34y 42.6 (40)
- CK 60 108 68.2 333D 35.2 (3% 39.8 (37)
Tx 414 105 67.2 34 (32) 33.2 (32 37.8 (36)
RS 625 107 64.3 29 (27) 35.3(33) 42.7 (40)
Martin 105 66.8 32 (30) 34.8 (33) 38.2 (36)
Tx 414 105 67.2 34 (32) 33.2 (32) 37.8 (36)
RS 610 108 64.0 29 (27) 35.0 (32) 44.0 (41)
CK 60 108 68.2 33 3 35.2 (33) 39.8 (37)
7078 106 66.2 30 28) 36.2 (34) 39.8 (37)
TR 110 69.1 33 (30) 36.1 (33} 40.9 (37)
Redlan 114 75.2 41 (36) 34.2 (30) 38.8 (34)
Tx 414 105 67.2 34 (32) 33.2 (32) 37.8 (36)

*Genotypes in cach subset are hybrid, female, and male, respeclively.,
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of the life cycle. About onc-third of the life cycle was required to com-
plete panicle expansion (GS,). There was a slight tendency for hybrids
to use mors days in expanding the panicle than the parents which
is opposite to the results of Quinby and Liang (1969). Considerable
variation is noted in GS,. Hybrids RS 626, RS 625 and RS 610 had
appreciably longer grain filling periods than did their parents. Smaller
differences were noted between RS 671 and TR and their parents. Redlan
is a parent common to both hybrids. Maturities based on the black layer

TavLe 15-3.  Grain and Stover Data for Hybrids and Respective Parents

1970
Seasonal Produc- Grain Filling Period
tion Rate Production Rate
Germi- — -
nation  Yield % of vl of % of
Genotype to kg/ha kg/ha/ Hybrid Days Hybrid kpiha/ Hybrid
Maturity day  Over Over  day Over
Parent Parent Parent
RS 6710 108 74612 69.] 39.8 187.5
Redlan 112 67474 602  14.7 38.8 25 1739 7.8
Tx 415 108 5817 539 28.2 38.8 25 1499 250

RS 626 105 7816  74.4 42.6 183.5
CK 60 106 6277 592 256  39.8 7.0 1577 163
Tx 414 103 6184 600 240 378 12,6 1636 123

RS 625 105 8053*  76.7 42.7 188.6

Martin 103 7288%  70.8 8.3 382 1L7 1908 —1.6
Tx 414 103 5925  57.5 333 318 129 156.7  20.3
RS 610 106 £250°  77.8 44.0 187.5

CK 60 106 664 61.0 275 398  11.0 1624 54
7078 104 6521 62.7 240 398 110 1638 144
TR 108 6982  64.6 40.9 170.7

Redlan i12 6891 61.5 50 388 54 1776 —40
Tx 414 103 6280  ¢61.0 5.9 37.8 8.2  166.1 2.8

The first genotype of a st is the hybrid followed by the female and then polli-
nator parent,

*Significant difference between hybrid aid parent mean (P, 01).

Significant difference between parents (P. 01),

*Significant difference between parents (I, 05),
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judgment place hybrids at least as late as the earliest parent, sometimes
in between the parents and in one case later than the parents. More
traditional judgement bascd on bloom date has been that parcats are
earlier since they normally bleom carlier,

Table 15-3 contains 1970 yicld data which permit grain production
efficiency estimates.  Scasonal grain production rates for all the hybrids
except TR average on the order of 209 highev than the parent average.
The TR hybrid did not yicld significantly more than its parent mean
and had a scasoral production rate of only 5.5%, over the parent
average. A similar pattern occurs Yor production efficiency during grain
filing. Hybrid production rates exceed the parent average by about 9
to 16% during grain filling except in the case of TR, Interestingly, the
Martin varicty was as cilicicnt as any hybrid during grain filling.

The same hybrid-line comparison experiment was run in 1976
Hybrid maturitics generally were a little carlier or fell intermediate
between the parents.  Grain filling perivds for hybrids cither exceeded
those of the parent with the longest grain filling period or fell in between
the parents.  Hybrids tended to accumulate grain more cfliciently than
the parents except for the eflicient varicty Martin.

Dalton (1967) capably demonstrated the positive regression of yicld
on maturity in sorghum hybrids where growing conditions were favour-
able in the Texas panhandle.  He used days to half bloom as a maturity
index. The regression of yicld on days to hall bloom was negative
both years in our hybrid-parent line experiments (also non-significant
r values). However, the regressions of yicld on days in €5, (Figs. 15-16
and 15-17) were positive both years.,  The significant v values regarding
the association: between yicld and days in GSy were 0.80 and 0.62 for
1970 and 1971, respectively.  From about one-third to two-thirds of the
variability in yield related to variability in the grain filling period under
favourable conditions.  Significant correlation between days in GS, and
yicld does not hold under stress conditions. The b values given in
kg/ha/day (Figs. 15-16 and 15-17) indicate the importance of a few extra
grain filling days.

A number of years will be required yet to properly evaluate the utility
of GS, characterization. However, it appears black layer formation
determination will provide a fuirly rapid, routine plant breeding method
for evaluating and classifying genotypes regarding tume production
factors and efficiency production factors. 1f sv, this approach wight be
useful in making both crossing block sclections and genotype selections
for detailed metabolic efficicney studies as they relate to yield.
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If days in GS, is to be a uscful screening criterion for plant improve-
ment the question arises immediately as to how much variability exists
amongst available genotypes. A random mating population of 30 R
lines synthesised by P. T. Nordquist and C. O. Gardner was chosen as a
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test group for this character. An excess of 700 single plants checked
for grain filling period produccd a normal curve-type distribution
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DAYS IN GS,
Fie.. 15-18.  Grain filling period variability in @ random mating population of
30 sorghura R lines.  The population was in its third random mating.

The association between yield and cvents in G5, appears not too
close in U.S. hybrids at this point.  However, some data on yields of
isogenic height line hybrids are of interest in this respect. Eastin ef al.
(1970) tested the influence of height genes in hybrid combination (RS
626 in 2 =+ 3-, 3 .7 3-and 4 ¢ 3-dwarf versions) on yield. ‘The qucstion
of interest was how does reducing internode length and consequently
reducing the space between leaves affect performance,  Data are given
in Table 15-4.  Grain-stover ratio of the 2 3¢ 4-dwarf was lower duc to
its higher stover production.  Grain production rates in kg/ha/day did
not vary amonyst the 3 hieights. Total dry matter production in kg/ha/
day did differ with the 2 2-dwand exceeding the othiers by about 16
to 199,

Seed weight differences are most interesting. Note that the 2 % 3-
dwarl s about 29 or 307, larper sced (Table 15-4) than the others,
Since yickds of all genotypes were the same the 2 ¢ 3-dwarf has to have
about a 25 1o 307, lower sced number.  Obviously, the 2 :< 3-dwarfl was
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able to compensate for the lower seed number by increasing seed size
some 25 to 309, Sced size potential is not being utilized.

TanLE 15-4, Comparative Production Data Sor Tall (2-dwarf), Normal
(3-dwarf) and Short ( 4-dwarf) RS 626*

Grain  Dry Weight in kg/ha  Kg Dry Matter/Day % of
Height Stover % of o Y% of 2/1000 2 dw
Ratio** Grain  Total 2 4w Grain  Total 2 dw Sceds over
Others

2dw 0.7 774 17,940 100 73.3 169 100 29.3
3dw 114 7988 15,080 84 754 142 84 227 29

4dw 1.08 7528 1L501 8] 7.0 137 81 225 30

*Germination to nuturity was 106 days, Dry matter is adjusted to 147, moisture, -
**Ratio is higher than normal due to leaf loss in a heavy unscasonal snow before
final harvest,

The cause of the reduced seed number can prebably be deduced from
dry matter accumulation curves, Plant weights were not taken at PI on
June 24 but ne height differences could be detected then. Vegetative
cxpansion ccases before bloom cxeept for possibly a little peduncle
clongation. Therclore, the extra 16 to 197, vegetative dry matter accu-
mulation Ly the 23 3-dwarf occurred after PUand prior to bloom, Note
the b valucs in Table 15-5 indicating a more rapid dry matter accumula-
tion for the 2 2 ddwarf genotype.  Lower sced numbe- apparently
resulted duc to competition for assimilates between vegetative and floral
parts during this period.

Panicle initiation occurred on June 24, Since the genotypes are
isogenic height hybrids and since no height differences were apparcent at
PL it is reasonuble to assume the potentials for sccd numbes among
genotypes were the same at PL. Panicle branch primordia developed by
about July 1. Judging from the time sequence development of the inflore-
seence described carlicr by Lee ef ¢f. (1970), appearance of floral parts
primordia would have been completed by or before July 17, Expansion
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" TapLe 15-5.  Corrclation Cocfficients and Regression of Dry Matter.
Accumulation on Days from Planting (1970) for RS 626

‘ Hybridb Samples™® r b - CL.j in g/plzmt/day
2% 3 dwarf 18 0.980 1.523 4 0124
3x 3 dwarfl 18 0.945 1.267 - 0.0123

*Pplots were sampled every 4 days beginning 36 days after planting.

of floral parts continued until about July 30. It appears that the com-
petiticn between vegetative and floral parts between July 5 and July 30
resulted in cither the formation of fewer florets or else floret abortion
occurred during cxpansion of the panicle before bloom. This apparently
places the 2  3-dwarf at a disadvantage when yield levels appreciably
exceed the 8,000 kg/ha level under our conditions.

The tall late Nigerian sovghum (Farafara) which Goldsworthy (1970)
used produced about three times as much total dry matter per unit area
as did the American NK 300 short, carly sorghum. However, grain
yield in Farafara was about half the yicld of NK  300. Farafura con-
sistently produced a lower sced number at several populations than did
NK 300. The lower sced number of Farafara may be related to large
vegetative growth compared to NK 300, However, a vegetative produc-
tion comparison with NK 300 is difficult since Farafara grew over a
much longer time period.

Obviously sced number and sced size components remain cssential
factors in sorghum yicld analyses. Several authors werc cited carlicr
regarding the fact that increascs in sced number have bzen paramount
in increasing yiclds by improving genotypes. Environmental influences
within genotypes are also interesting as they relate to sced number. Clegg
(1970) collected data over three somewhat diverse ycars on three geno-
types concerning yicld and yield components (Table 15-6).

Sced number and sced size data were taken in 1969 and 1970. The
yield differences were closely paralleled by changes in sced number
within the same genotypes both years. By way of contrast only small
changes in secd weight occurred despite the great variation in yicld.
These kinds of data on genotype and environment yicld effects make it
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TaBLE 15-6. 1968, 1969 cnd 1970 Averages of Yield and Yield Related
Comiponents for Four Sorgluum Genotypes

1000 No. of Plant  Days ‘o
Yicld  Grain/Head Seced Wt. Seeds per  Height 50%

Ycar  (kg/ha) (§4)] () Head (cm) Flowering
1968 5766 21.6 — — 110 —
1969 9221 31.7 20.6 1532 130 71.5
1970 7038 23.1 214 1070 119 68.3

clear that sced number consideration. must be given careful thought in
both genetic and cultural approaches to sorghum improvement in the
future. However, seed size probably should reccive more consideration
than scems apparent currently.  The isogenic height line data discussed
carlicr (Eastin ¢f «of., 1970) suggest that 20 to 307, yield increases due to
increased sced size are casily possible. Experiments on manipulating
head size (Muhammad Tufail, 1971 ; Fischer and Wilson, 1971d) suggest
the same thing. Therefore, considerable cffort scems in order regarding
the mechanisms which cause sorghum to senesce and limit sced size by
terminating the grain filling period.  Malm’s (1968) success using large
sceded exotics is encouraging., The relative importances of seed number
and seed size in further advancing yield are difficult to quantitate.
However, it appears obvious that both merit a great deal of considera-
tion and essential physiologic process variation should be considered in
terms of how it influences seed number and size,

The major point in the entire discussion thus far is that sorghums
arc typically complex economic plants and can be expected to react
variably to differing environmental conditions.  Physiologic studies
regarding yield limitations in any particular environment are likely to be
most productive if attempts arc made to initially define yield component
limitations in terms of limiting developmental characteristics, In other
words, defining the time periods when sced number and sced size limita-
tions occur, under the environment of intcrest, necessarily precedes any
efficient cffort directed toward associating spcecific physiologic process
limitations (photosynthesis, translocation, ctc.) with sced size and number
limitaticns.  Keeping this generalization in mind we will consider some
limited aspects of translocation and photosynthesis in sorghum.
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111, Translocation

A. VASCULAR SYSTLM

The general morphology and anatomy of sorghum have been des-
cribed by Cowgill (1926) and Artschwager (1948). Unpublitiied data
‘(Hultquist, 1971; Lommasson and Lee, 1970) suggest that sorghum
translocation pathways arc similar to the dual system of corn as des-
cribed by Kumazawa (1961). Both peripheral and central systemns appear
to exist in sorghum as judged by “C movement. Translocates from
minor parailel leaf veins appear to move inte the peripheral system and
travel upward or downward rather quickly. Most assimilates labelled
with 1*C entering the stalk move primariiy to the central portion of the
entry node.  Assimilate travel (after bloom) then moves down sencrally
for 1 to 4 internodes before entering upward moving central system
streams.  Peripheral upward travel normally precedes central system
upward travel.  Assimilatc movement appears quite similar to both the
flag leat and leaf 3 from the top. Discussion of morphological and
anatomical peculiaritics of the translocation system will not be pursucd
since as yet we have no evidence regarding assimilate transport capacity
being a yicld-limiting physiologic function in sorghum.

B. CaArpoN ASSIMILATE DISTRIBUTION PATTERNS

Assimilate distribution will b: considered both before and after
bloom. Before bloom considerations arc of interest because they are
associated with panicle expansion and sced number.  We have fed MCO,
about every four days to leaves from PI up to bloom in order to partially
evaluate potential intraplant competition between simultancously expand-
ing vegetative and floral parts.

Plants were harvested 5 hours after feeding radioactive CO, to the
last fully ctpanded leaf. Plant parts were sectioned and lumped together
on the basis of expanding floral parts, expanding vegetative parts and
fully expanded vegetative parts. Average panicle weights over five pro-
gressive sampling periods were 3.4, 18, 66, 154, and 637 mg. Specific
activity in the panicle decrcased rapidly at the 154 mg stage compared
to the expanding vegetative parts reflecting a morc favourable flow of
assimilates to the expanding vegetative parts, The panicle was cxpand-
ing rapidly at that point when comparative assimilatc absorption to it
was diminished at the same time possibly setting up a fairly delicate
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balance between assimilate supply and panicle cxpansion potential.
Some limited information suggests the panicle is particularly susceptible
to stress damage in terms of floret loss about this time.

V"> have also conducted assimilate distribution studies on plants
havii._ all leaves fully expanded. A few of the distribution patterns in
terms of mean percent of translocated disintegrations per minute {(dpm)
in acrial parts are illustrated in Figs. 15-19, 15-20 and 15-21. Plants
were fed in leaves 1 (flag), 3 and 5, respectively.  Note first that about
the stime percentage of translocatable assimilates ended up in the panicle
from all the leaves fed. Tt appears that for a period prior to bloom
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Fio. 15-19. Mean percent of labelied translocated assimilates in indicated
plant parts four hours after fecding CO, to leaf 1 (varicty Redlan).

L=lIcaf blade ; S=lecaf sheath ; LS=blade+-sheath ;

Pan=panicle ; Ped =peduncle ; and In=intcrnode,
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Fio. 15-20. Mcan percent of labelled translocated assimilates in indicated
plant parts four hours after feeding *CO, to leaf 3 (varicty Redlan).

L=1eaf bladc ; S=lcaf sheath ; LS=Dblade-}-sheath;

Pan=panicle ; Ped==peduncle ; and In=internode.

several leaves feed the head about cqually well and, therefore, the nature
of light distribution within (he canopy is not particularly critical relating
to head development at this stage under good environmental conditions.
This supposition assumes that assimilatc movement to the root is not a
first order limiting factor. A great deal more work is in order regard-
ing translocation and root requirements particularly under stress.

The approach described in the two experiments just mentioned illus-
trates how a knowledge of assimilate distribution can be useful in asses-
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Fie. 15-21. Mcan percent of labelled translecated assimilates in indicated
plant parts four hours after feeding CO, to leaf § (varicty Redlan).
L=lcaf blade ; S == lcaf sheath ; LS = blade -+ sheath ;
Pan==panicle ; Ped == peduncle ; and In == internode.

sing shifts concerning intraplant competition for assimilates. Intraplant
competition can arise duc to a varicty of stresses including environ-
mental stresses, disease stresses and insect stresses. We have barely
begun to study the ctlects of these kinds of stresses on intra-plant com-
petition and how deleterious cflects can be minimized by alte ing plant
type or stand peometry.

Consideration will now be shifted from the GS, to GS, stage.
Goldsworthy (1970¢) concluded that most of the dry matter enlering the
grain was produccd after anthesis, Fischer and Wilson {1971a) deduced
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from radiotracer experiments that assimilates produced prior to anthcesis
constitute about 12% of the grain dry matter.

Fischer and Wilson (1971b) carried out more cxtensive work on
assimilate fate during grain filling. They cstimated contribution to grain
of the head and top 4 leaves to be about 18 to 207 cach. Data are
given in Table 15-7 along with leaf efficiencies per unit leafl arca. This
experiment was conducted in a glass house where conditions no doubt
diverge considerably from the ficld particularly with respecy to light

TasLe 15-7.  Contribution to Sorghum Grain Yield of the Head and Four
Leaves and the Efficiency per Unit Leaf Area (From Fischer and
Wilsou, 1971b)

Contribution To Efficienay per Unit Area
Source Grain Yield (cpm cm~?)
Flag Leaf 18.0 118
Leaf 2 17.4 70
Leaf 3 18.6 57
Leaf 4 20.8 68
Head 17.9

environment. However, Duthie ef al. (1971) at the same location re-
ported similar results from field experiments with populations of 50,000
and 250,000 plants/acre. They explained their results on the premise
that incident radiation was not much different amongst the top four
leaves except for the ag leaf which reccived more radiation,

Eastin (1968) presented data showing  differing contributions to the
head from the flag feaf and leaf three (Table 15-8) in ficld stands. The
data arc not directly comparable since the total pamicles were analyzed
as opposcd to grain only. Also the latter experiments arc short term
experiments.  Points of note in Tabie 15-8 are that the percent of total
activity in the heads from flag leaf fed plants is 2 to 3 times as high as
for leaf 3 fed plants during the pollination period.  Littic difference
exists during the dough stages. Leaf cfficiency expressed as percentage
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contributionfcm-~? is quite variable. The flag leal was from 3 to 10
times more cfficienit than leaf 3 as a contributor to the paricle. Leaf 3
was about 3 times the size of the flag lcaf. By virtue of leaf 3 size and

Tanvre 15-8,  Specific Activity (SA in dpmjmg), Percent of the Total
Plant Activity in Heals and Percentage Contribution to the Headjem=2 of
Leaf Area Four Hours after Feeding C1Q, in Leaf 3 (from Top)
and the Flag Leaf

Flag Leaf Leaf 3
9% cont, Growth Stage % cont,
SA % total [cm-2 SA 9% total jem-?
1965
Heads emerging from 4,446 26.3
boot
4,446 25.8 Poltination at tip 2,202 18.1
1,719 37.4 Pollination at base 710 12.0
1,433 76.8 Late soft dough 1,316  66.6
1966

Flag Icaf emerging 1,796 1.9
Heads at boot tip 3997 409

1,047 19.9 41 Pollination at tip 552 5.7 .04
515 17.3 35 Pollination at basc 103 6.7 .05
1,251 36.9 75  Milk stage 517 227 16
814 46.8 95  Hard dough 896  45.5 3l

location, it is rcasonable to suspect that differencss in photosynthetically
active raaintion received by the two respective leaves explains a good
portion «f the cfliciency differences.  Also the closer proximity of leaf
3 compared to leaf 1 to the root may be a factor.

1V. Photosynthesis
A, LFEAVES

Sorghum falls in the group of tropical grasses which have an efficient
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photosynthetic apparatus (El-Sharkaway and Hesketh, 1965) due in part
to little or no photorespiration. Tow photorespiration is associated
with the C-4 dicarboxylic acid pathway of CO, fixation (Hatch and
Slack, 1966). This pathway is known to exist in sorghum (Slack and
Hatcl, 1967; Hatch er al., 1967). Some work has been reported con-
cerning dark pathway intermediates in sorghum (Johnson and Hatch,
1969).  Additional refcrences could be cited regarding maolecular and
anatomical aspects relating to the photosynthetic apparatus of corghum,
Information in this arca lending itself to ficld application i¢ still some-
what fimited as will be our discussion of the topic. However, important
work is in progiess on molecular aspects of photosynthesis in sorghum
and should be expanded. The better the system is understood the better
will be our chances of manipulating it in terms of increasing yield under
both optimal and marginal conditions.

Sorghum, though apparcntly similar photosynthetically to corn (El-
Sharkaway and Hesketh, 1965), has not been characterized in terms of
a good light-CO, uptake curve. The corn curve is convex shaped
(Hesketh, 1963). A similar curve would be expected in sorghum. Mr.
R. M. Castleberry, in our group, is currently « ‘veloping data on this
point which are inconclusive so far, However, the plot of CO, uptake
#s. light intensity appears to be a little more lincar than expected.
Determining the shape of this curve is an important factor. If the shape
is convex then light is presumably used more efficiently per unit leaf
arca at moderate to lower light levels. The canopy then should be
structured to distribute the available photosynthetically active radiation
(PAR) over a larger portion of the total leaf area in deference to illumina-
ting fewer leaves at higher PAR levels.  Some field grain yield evideace
docs cxist (Fischer and Wilson, 1971c; Goldsworthy, 1970a; M. D.
Clegg, unpublished data) to support the suspicion that the tendencics
toward larger sorghum leal arcas illuminated at lower intensities is more
cflicient. These ficld experiments are, however, sometimes difficult to
interpret in terms of efficiency of photosynthesis when grain produciion
is the performance criterion.  This is so because sink  capacity (sceds]
unit ground area) is influenced as population is increased to increase
the leaf arca. Population extremes, both low and high, can result in
differentiation of an inadequate grain number to utilize the photosyn-
thetic capacity of the feaf area gencrated within the canopy in question.
The matter of measuring photosynthetic efliciency by grain yicld then
becomes confounded withv floret differentiation limitations which are
probably not adequatcly understood. Consequently, additional data are
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needed on CO, uptake as influenced by PAR intensity. Given this in-
formation a better evaluation of the potential of different leal angles
and various stand geometrics will be possible,

Some might consider that sink sizc is not a limitation in sorghum
producticn based on seed size observations.  Fastin's data (1970 pre-
sented cm ‘er on isogenic height lines suggested that sced size potential
is not being "y utilized in cxisting ficld genotypes. Data of Fischer
and Wilson (1971d) coming from florct removal sugpests the same thing
as does Tufail’s (1971) partial head removal data,  The supply of ussi-
milates to the head appears limiting. Fhis may well be due to a limita-
tion in photosynthesis but the possibility of inadequate polarization of
assimilate travel to the head cannot be ruled ont under certain condi-
tions. Tudeed the polarization of assimilates from leaves to the head is
quite variable at different stages of development (Table 15-8) ranging
from about 6°;, of the total at pollination to 75", of the total at the
dough stage. A good deal of attention is in order regarding factors
that polarize assimilates transport to the head when the Crop is prown
under both productive and marginal environments.

The photosynthetic capacity of sorghum Jeaves is of the order of
60 mg CO, dm-hr-! (El-Sharkaway and Tesketh, 1965).  Fuviron-
mental influences on CO, uptake were partially investipated by El-
Sharkaway and Hesketh (1961, Carbon dioxide uptalie increased from
about 53 to 68 mg CO, dm~"hr 1 as leaf temperature was increased from
30°C to about 44°C at a light intensity of 1.3 ly min-', At 50°C, car-
bon dioxide uptake dropped to 40 mg CO, uptake cm-2hr ' and reached
zero at 55°C. From a comparison of cotton and sorghum they con-
cluded that temperature optima are higher for plants having a high net
photosynthesis compared to low photosynthesis plants.  Also, they
showed that CO, uptake dropped off sharply at about 10 /4 water deficit
at which time leaves were visibly curled.  Stomatal width ha.! a definite
influence on CO, uptake.

Carlson (1969) checked CO, cxchange in growth chamber plants in
both light (about 1/5 full sun intensity) and dark as water potential dec-
reascd.  The entire acrial portion of plants were monitored. Table 15-9
gives CO, cxchange in the light. - Uptake was cut by up to about 50 A
in plants stressed to about 20 atmospheres,  Leat d*flusive resistance
increased some at this point.  Stress beyond 20 atmospheres essentiatly
reduced CO, exchange to compensation levels which coincided with a
large increasc in leaf diffusive resistance.

Dark CO, cvolution (Table 15-10) averaged a littde less than | mg
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Tanve 159, €O, Exchange at Law Light Level us Affected by
Woater Strexy?

Water Potential Water Poteatial Watct Potential
Nonstressed Moderate Stress Severe Stress
Uptake Uptake Uptake
mg/dm¥/hr 0 ¢ ave mz/dm i ¢ ooave.  mpdmihe o poave.
st.dev. dev, stodey. dov, wtdey. dev.
8.90* 128622 910 LRT*** 165608 043 04 201 §.1

6.20:0.18 13022420072 20318 045006 261315

9.62 144 ;1350 020 03 2% 28
9.20+0.63 <7 1150 069 15 3219
9.80 ! 0.27 13504 (0.3 00 35.7:00

28702 122:01

PThe figures [or mg CO, dm-® br™? of uptsbe wore averaged from readings
tak¢n overy /2 hour duning the first B howrs of aregutar 12 hour darh<1 hour
light cycle.

* Single reading,

** Due 6 equipment fadure, these water powential valusi were extimated from
ILCUSUFCI Y on siilar plants

¢ These figures were ohtained by averaging 12 hour reading over the first 4 hours
followiag darkness or hghtimGation

CO, dm~hr *oan turgid plants, This was increased ta about 1.3 mg
CO, dm ' at about 20 aumospheres. Carbon dioxade evolution in
more severcly stressed plants (< 20 atmospheres) was reduced less than
0.5 mg dovthy o This may be due to respitatory substiate hantations
arising us stress is proloueed,

Carlson (1969) alvo wsayed the activity ot phosphocnolpyruvate
carboxyliuse extracted from the siune plant sets. Activity of the enzyme
remaincd quite high cven under severe stiess. Apparently the enzyme
is relatively stables breharne and Cooper (196%) demonstrated phos-
phacnolpyruvate cartboxylane to gencrally have a bigh temperature
maximum.  Lformation  regarding  carboxylation  activity is being
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gathcred graduwdly o sorgbum, A preat deal of sescanch s needed
regarding the chatactenstios of sorghunds carbon Coonomy syslem as
it relates Lo the pant’s abahity to go “dormant” under strcss and 1esume
activity when atress i alleviated
One of the moy noved and potentidly producting approaches (o
date used in chatactenizaing CO, uptabe 1 vorghom canopicr v devised
by Fucher and Wibow They coddosed a potion of g canapy  and
recirculated MCO, Libelled e theoughout the canops., Canapy patts
were then divectod (Fable 1501 10 pet g CO taton proble e an
undirturbed Cattapy The mnaant o photosynthesn at the 500 cin
level s tugher than mught have bres capected  However, ot o diflicalt
U2 evaluate the gesults completely without knvwing which leaves werre in
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the different strata and what the light fevels were there.  Note that some
activity was picked vp in the head.

Tawee 1511 MO Acrivne, Photosyathesiv per Unit Land Surface and
{feaf Avia Indes of Canopy Layers

MO ACtvly Photosynthess
Height in m Luyer (mg CO,dm-Thre 1)
Canopy (vny) e Leal
Arca
Measured  Datimuted Tadex
oopom, letal by €O, from C
Uptiuhe  Activity
140~ 160 476 18 0.06  (Inflorescence)
120140 2047 10.0 : 144 0.2
100--120 8,734 RNV . 11.35 0.6
80100 ety 4.0 14.45 20
o KO L IR 4.54 1.4
0 () § - 0 0
0 loo 264069 00,0 3.0 4.2

o I~ oRbsCENO)

We have conducted some pescarch on CO, uptake i inflorescence,
A compartison was made between open and sinulated  semi-compact
inflorescences. burther an attempl was made  to comparce feaves with
Inflorescences by measuning the arcy <haded by the head a horizontal
planc at the ap leaf collar kevel, Data indicate that when the sun is
al o low angle the flag leal v moe cthicent than either head type.
At solar aoon the smulated compact head is more efhicient than either
the open head or the flayg deal,

These data were taken at a nme when head photosynthess compared
favourably with leaves.  Mowever, the head v ths active for only
perhiaps hall the bloom to matunty penod (Fastin and Sullivan, 1969).
Sinee the heads can ontereept from 25 1o 407, (Lastin, 1968) of the
Incosning PAR, niore sformation egarding thew COy uptake  and
retention s needed. Perhaps heads shiould, 1n view of ther short active
photosynthetic peniod, be shightly recessed within he canopy to permit
the most eilicient utilization of available solar cnergy.



U4 0000 o (JERRY D, EASTIN =

AR T ATTEE Vs Ottlook: Wl T 800

Tl RN IV e RV Fied wtisaergiy | e AR S LT S B TIE ST

Our understanding of" the Sorghum crop stiil’ remains quite imited.
The store ol information regarding the crop is steadily increasing.
However, lmci\’v!éc‘lz'c',ql' physiologic responses is inadequate yet 1o state
the order of. yield. limiting physiologic functions- with the degree of
certainty which scems desirable for cultural and' genetic ‘improvement
purposes. Our perspective is improving regarding limitations in the
various developmental stages,  Rapid, simple developmental stage evalu-
ations are permitting a more_ precise. field evaluation of both the time
production factors and metabolic - efficiency production factors in
sorghum.  Hopefully this is true to the extent that it will be useful in
plant breeder selection work, Progress in photosynthesis and assimilate
transport work is continuing as it relates to intrapiant competition,
Much work needs to be done on respiration, A potentially productive
procedure for evaluating photosynthesis in the canopy as a whole has been
devised and likely will be a useful tool for plant-type-field stand geometry
investigations in the near future, The need eéxists for developing
additional field screening. techniques. Also much work needs to be
done at the molecular level to advance our understanding of control
mechanisms regarding differentiation of floral parts and control of the
major physiologic processes. L0
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