combination inhibit diatom growth. This
complex contains at least one stimula-
tory and two inhibitory substances. (i)
Inhibitor 1 is peach-colored, has a mo-
lecular weight (/2) between 10,000 and
12,000, has a size between 30 and 50 A
(13), and is oily to the touch. (ii) En-
hancer 1 is vivid mid-yellow, has a mo-
lecular weight between 1,000 and 10,000,
has a size between 10 and 29 A, and is
possibly a steroid (/4); it is masked by
inhibitor 1 in full-strength filtrates but
not when filtrates are diluted. (iii) Inhib-
itor 2 is colorless, has a molecular weight
less than 500, and is less than 10 A in size
5).

The inhibitory substance is nonvolatile
and dialyzable. It retains its activity after
extraction with ether, dialysis, or separa-
tion by ultrafiltration. It is partially elimi-
nated by freezing. Twofold and fivefold
concentrations produce increased inhibi-
tion and rapid death, respectively; dilu-
tions to 0.5 times the natural concentra-
tion retain activity.

Although determination of the signifi-
cance of blue-green algal allelopathy to
bloom patterning in other lakes awaits
further investigation, a minimal basis for
generalization can be developed. Fil-
trates of Linsley blue-green algae were
bioassayed against non-Linsley diatoms,
and filtrates of axenic, non-Linsley Nos-
toc sp. were bioassayed against Linsley
diatoms. In both cases the pattern of in-
hibition was incomplete. This finding
contrasts sharply with the ubiquitous in-
hibition evidenced when only Linsley or-
ganisms were used (/6). It should serve
to caution investigators against using or-
ganisms isolated from different lakes be-
cause they are given the same taxonomic
label as organisms in situ or because they
are conveniently available from a culture
collection (/7). Such experiments, in-
tended to parallel and illuminate events
in situ, would produce results which
only partially reflect events in situ. The
degree of correlation of laboratory and
in situ results would logically depend
upon the degree of physiological, not
taxonomic, similarity between orga-
nisms.

Allelopathy offers an explanation for
the most offensive characteristic of ac-
celerated eutrophication, the rapid take-
over of the plankton by blue-green algae.
It could also explain the contrasting re-
sponses of freshwater and marine eco-
systems to excess nutrients. Finally, it
suggests an opportunity to ameliorate
the negative impact of heavy, prolonged,
blue-green algal dominance in eutrophic
lakes by intentionally eliminating winter
blue-green algal blooms. In this way lake

SCIENCE, VOL. 199, 3 MARCH 1978

waters would purge themselves naturally
of the allelopathic substances left behind
by blue-green algae, thus permitting the
return of diatoms to the spring bloom.
Ultimately, such manipulation of natural
populations can lead to biological control
of eutrophication.

KATHLEEN IRWIN KEATING
Department of Environmental Science,
Rutgers University—Cook Campus,
New Brunswick, New Jersey 08903
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Nitrogen Fixation and Delayed Leaf Senescence in Soybeans

Abstract. Delayed leaf senescence has been found in a soybean population which
maintains its chlorophyll and ribulosebisphosphate carboxylase activity in leaves
and nitrogen fixation (acetylene reduction) activity in root nodules throughout seed
maturation. Incorporation of delayed leaf senescence into an agronomically desir-
able genetic background may help to increase seed yield and symbiotic nitrogen

fixation during seed development.

Soybeans [Glycine max (L.) Merr.],
one of the three major cash crops in the
United States, must assimilate large
quantities of nitrogen (6.0 kg of N per
100 kg of seed) to produce protein-rich
seeds. A recent analysis suggests that
soybeans are ‘‘self-destructive’’ in the
sense that proteins required for photo-
synthesis are degraded in the leaf to sup-
ply amino acids to developing seeds (7).
The role of photosynthesis in maintain-
ing symbiotic nitrogen reduction by Rhi-
zobium bacteria in legume root nodules
has long been known (2). The enzyme
ribulosebisphosphate carboxylase com-
prises about 25 percent of the protein in
soybean leaves and is primarily respon-
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sible for photosynthetic carbon dioxide
fixation in soybean leaves. Loss of ribu-
losebisphosphate carboxylase activity
during senescence has been well docu-
mented in several plants (3). It has been
suggested that an increase in nitrogen
input during rapid seed development
may be achieved by extending the
exponential phase of nitrogen fixation
4) or by increasing the proportion of
photosynthate allocated to support nitro-
gen fixation (5). Another way to increase
nitrogen fixation would be to main-
tain photosynthetically active leaves
throughout reproductive growth. This
report provides data which demonstrate
that certain soybean genotypes have the
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Table 1. Physiological parameters of six F3 soybean plants produced from seed of an F, soybean
plant which exhibited green leaves and acetylene-reducing nodules in the field at a time when
pods were mature (10).

Ribulosebisphosphate

Acetylene
T Chloro- Leaf carboxylase reduction
otal Pod Pod hyll pro- — (wmole C,H
E, dry dry  dry (fn g’; tein Activity Pro- # o
plant  wt. wt.  matter o sﬁ’ (mg/g, (pmole CO, tein p : r:lm
©® @ (% € fresh perhour  (mglg, ~ P8
wt.) wt.) per gram fresh nodule,
fresh wt.) wt.) dry wt.)
1 74 .4 30.8 32.8 1.3 11.7 36.1 2.1 1.4
2 67.4 28.0 32.6 1.6 16.1 54.4 33 0.7
3 63.5 25.6 31.6 1.4 14.0 45.8 1.9 1.0
4 84.1 27.5 32.1 0.5 6.1 20.6 0.9 0.7
5 60.0 20.9 28.7 0.5 5.1 16.9 0.7 0.1
6 52.4 19.8 29.1 0.4 4.9 12.0 0.5 0.1

genetic potential to maintain active ribu-
losebisphosphate carboxylase activity in
the leaves and apparent nitrogen fixing
activity in root nodules throughout seed
development.

Soybeans in symbiotic association
with Rhizobium bacteria can obtain ni-
trogen from both the soil and the atmo-
sphere. It was reported that nitrate re-
ductase activity in soybeans, an in-
dicator of soil nitrate assimilation by the
plant, was maximum at full-bloom stage
and declined rapidly soon thereafter (6).
Reduction of atmospheric nitrogen by
Rhizobium within the root nodules, how-
ever, complemented nitrate utilization
by becoming most active during flower-
ing and early pod-filling and declining
during the later stages of seed develop-
ment. Assuming the existence of a ge-
netic mechanism which regulates enzy-
matic activity during vegetative and re-
productive growth in soybeans, one can
infer that alterations in the control of the
developmental sequence will occur occa-
sionally. Apparent uncoupling of vegeta-
tive and reproductive growth has been
reported in peas (7), and delayed leaf ab-
scission has been noted in soybeans (8).

The possibility that soybeans with de-
layed leaf senescence might be found
which continue to photosynthesize and

to reduce nitrogen throughout seed de-
velopment led us to examine several
thousand plants in the F, generation of
various soybean crosses in the field at
Davis, California, in October 1976. Five
plants were observed which had brown
mature pods at a time when the leaves

subtending those pods were completely”

green. The plant which showed the high-
est nitrogen fixation activity among the
five plants possessing green leaves was
selected for further study. At the time of
selection this F, plant, derived from a
cross between the soybean lines Lee 68
and L63-1097, had root nodules which
exhibited no detectable hydrogen evolu-
tion under ambient conditions and had
an acetylene-dependent ethylene pro-
duction rate of 1.5 umole/hour per gram
of dry nodule.

Seeds of the selected F, plant were
used to produce 14 F; plants under a con-
trolled environment (9). Nine plants
showed normal senescence and five
showed delayed senescence. Three
plants of each senescing group were as-
sayed; the results are reported in Table
1. A positive relationship was found be-
tween chlorophyll content, total leaf pro-
tein, ribulosebisphosphate carboxylase
protein, and ribulosebisphosphate car-
boxylase activity in the leaves and nitro-

Table 2. Physiological parameters of progeny of F; plants 1 and 5 (represented in Table 1) and

the original parents, Lee 68 and 1.63-1097 (/0).

Ribulosebisphosphate

Acetylene
carboxylase reduction
Chloro- Leaf protein . (umole C,H
phyll Activity ) or houzr 4
Plant (mg/g, 6 (mhg/g,t (umole CO, Protein per ram
fresh wt.) reshwt.) per hour (mgg, pno dgu]e
per gram, fresh wt.) d ¢ ’)
fresh wt.) ry wt.
Lee 68 2.5 27.6 19.2 10.2 6.4
1.63-1097 1.6 24.3 14.2 7.3 0.0
F; plant 1 3.0+0.2 32313 19.3 £ 0.6 8.9 = 0.4 1.0 £ 0.5
progeny
F; plant 5 1.3 0.2 207 1.2 63 +13 45+ 0.8 0.0 = 0.0
progeny
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genase activity in the root nodules, as
measured by acetylene reduction at the
yellow pod stage. The F, plants 1, 2, and
3, which showed delayed senescence,
had leaves with high ribulosebisphos-
phate carboxylase activities and acety-
lene reduction in the root nodules. Con-
versely, F; plants 5 and 6, which showed
normal senescence as it occurs in most
soybean cultivars, had low ribulosebis-
phosphate carboxylase activities in the
leaves and little nitrogenase activity in
the nodules. Plants showing delayed leaf
senescence flowered an average of 1
week earlier and maintained their green
leaves 3 weeks later than those showing
normal leaf senescence. Delay in leaf se-
nescence did not reduce total dry matter
or pod dry weight accumulation.

Seeds from F, plants 1 and 5, repre-
senting the delayed and normal senes-
cence traits, respectively, were selected
to produce F, plants. Seven plants of
each group were grown under controlled
conditions (9) until flowering, when a
random selection of three progeny from
each plant was made. Also, two plants of
each original parent, Lee 68 and L63-
1097, were grown concurrently. Al-
though the fourth-generation progeny
would not be expected to be genetically
homogeneous, they were not markedly
different and have been averaged togeth-
er in Table 2 for simplification. The re-
sults for the progeny of F, plants 1 and 5
(Table 2) were comparable to those for
the F; plants reported in Table 1.

Maintaining photosynthesis and nitro-
gen assimilation during a long reproduc-
tive period may be crucial for increasing
soybean yields. The data reported here
demonstrate that certain early-flowering
soybeans which possess green leaves
during seed maturation have a heritable
component which maintains carboxyla-
tion activity in the leaves and continued
nitrogen fixation throughout the repro-
ductive period of the plant. Incorpora-
tion of these characteristics into a favor-
able genetic background may help to in-
crease seed yield and symbiotic nitrogen
fixation during seed development.

SALAH S. ABU-SHAKRA*
DoNALD A. PHILLIPS
RAy C. HUFFAKER
Department of Agronomy and Range
Science, University of California,
Davis 95616
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Epidermal Patterns of the Lemma in Some Fossil and

Living Grasses and Their Phylogenetic Significance

Abstract. Morphological study of fossil grass anthoecia of Berriochloa and Nas-
sella collected from Miocene-Pliocene strata in Kansas has revealed well-preserved
epidermal structure. This seems to be the first micromorphological information
known from fossil grass floral bracts. The epidermal pattern on the lemma in the
fossils and their living counterparts are evidence in support of the view that the
North American species of Stipa of the section Hesperostipa Elias and species of
Piptochaetium have a common ancestry in Berriochloa, and that species of both taxa
have been distinct from species of the Nassella, Oryzopsis, and other Stipa since at

least the Miocene or Pliocene.

Some of the most extraordinary plant
fossils are the remains of fossil grass flo-
ral bracts (/) reported from the Late Ter-
tiary High Plains strata of central North
America (2, 3). Genera previously de-
scribed include Berriochloa (3-5), Nas-
sella, and Paleoeriocoma of the tribe
Stipeae (6), and Panicum and Setaria of
the tribe Paniceae (7). Elias was one of
the first to describe and compare the
High Plains fossils with their modern
counterparts (3). He developed pre-
liminary evolutionary schemes on the
basis of features of the floral bracts
observable at low magnification (from
x10 to x33) with a binocular micro-
scope, for example, shape, size, and
surface texture.

The classification of the grasses has
been revolutionized by the introduction
of microscopic characters from the inter-
nal and external anatomy and morpholo-
gy of both vegetative and reproductive
organs (8). The use of these character-
istics, along with some traditional ones
of gross morphology, has made it pos-
sible to produce a system of classifica-
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tion with high phylogenetic and predic-
tive value. Among the micromorphologi-
cal features utilized in the ‘‘new”
systematics have been the features of the
floral bracts of grasses (9). Collections of
fossil grass anthoecia in Kansas have
provided specimens that are well enough
preserved to allow detailed study of the
lemma epidermises. The epidermal fea-
tures of the lemma can be used in deter-
mining relationships between some fossil
and living grasses of the tribe Paniceae
(10). I now present evidence that the epi-
derraal patterns of the lemma, in several
fossil and modern grasses of the tribe
Stipeae, reflect systematic relationships
and evolutionary trends dating from at
least the Miocene or Pliocene epochs.
A diverse assemblage of three-dimen-
sional silicified grass anthoecia, as well
as borage nutlets, sedge achenes, and
hackberry nutlets, have been collected
from Tertiary strata in Ellis and Rooks
counties, Kansas (/7). The fossils were
found in sands and silts of the Ogallala
Formation. I studied the fossil-bearing
strata (5) and dated them as Miocene to

Pliocene on the basis of vertebrates asso-
ciated with the fossil grasses.

Fossils were picked by hand to free
them from their enclosing matrix. Speci-
mens of several described and unde-
scribed fossil species of the grass genera
Berriochloa and Nassella (Fig. 1, A to C)
were coated with carbon and gold and
examined with a scanning electron mi-
croscope (JEOL-35). A similar proce-
dure was unsuccessful with modern
counterparts of the fossils because the
thick cuticle obscured the epidermal pat-
terns and no entirely successful method
was discovered for removing it for an ex-
amination of the underlying epidermal
pattern. Lemmas of modern species of
Piptochaetium, Stipa, Oryzopsis, and
Nassella were cleared with 5 percent
NaOH, treated with chlorine bleach, and
stained with chlorozol black E. The pre-
pared lemmas were then studied with
light microscopy. Epidermal patterns of
modern taxa revealed by light micros-
copy are presented in the form of line
drawings rather than photographs so that
tissues underlying the lemmatal epider-
mises do not obscure the essentials of
the patterns (Fig. 2).

Among the fossil Stipeae examined
were 15 species of Berriochloa and 4 spe-
cies of Nassella. The basic lemma pat-
tern of Berriochloa is one of long cells
(I12) with strongly sinuous, well-devel-
oped lobes (Fig. 1, E to G). Short cells
are entirely absent. The observed lemma
pattern of fossil Nassella contrasts
sharply with that of Berriochloa. Short
cells (silica or suberin cells) are abundant
and the basic long cells have been re-
duced in length (Fig. 1D). Long cells
have sinuous walls but not to the extent
found in Berriochloa.

Included in the modern Stipeae exam-
ined were 21 species of Piptochaetium,
11 species of Nassella, 13 species of Ory-
zopsis, and 38 species of Stipa. Exami-
nation of the lemmas under a binocular
microscope reveals that many extant
species of Piptochaetium possess ridges
and grooves. Higher magnification re-
vealed that the lateral walls of the long
cells are strongly developed and project
above the central area of the cell (Fig.
2C). The exact mechanism for this modi-
fication is unknown. Modern species of
Nassella, like their fossil counterparts,
have an epidermal pattern consisting of
greatly reduced long cells and an abun-
dance of short cells (Fig. 2D). Species of
Stipa examined could be assigned to a
number of distinctive types. The most
significant to this discussion is the pat-
tern observed on S. comata Trin. and
Rupr., §. spartea Trin., and S. neo-
mexicana (Thurb.) Scribn., which com-
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