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ECOLOGICAL STUDIES ON PLANT INHIBITION BY SOLANUM ROSTRATUM .
- INTRODUCT ION

The action of plant inhibitors is frequently méni;
fested by growth repression or total absence of the sensitive
species in the presence of the inhibitor-producing plants
(Bonnér 1950, Garb 1961). These iﬁhibitors may be produced
by the roots as récent studies withlbrome grass (Benedict
1941), guayule (Bonner and Galston 1944, Bonner 1946); and
horseweed (Keever 1950) have shown. . The sunflower stem
(Curtis and Cott;m 1950), the’potéto tuber (Hemberg~l947,
1954), the cocklebur stem (Khudairi and Bonde 1954), and the
quackgrass rhizome'(Hamilton.and Buchh61t2j1955) are examplés”'
of stems which‘ﬁave exhibited the'productioﬁ of iﬁhibitofs.
An inhibitpf is prodﬁced by the leaves of Agpemisia and
"reéches‘the ground through leaching of the 1iviﬁg leavés by
rain (Bode 1939, Funke 1943). ' Similar areas of producfion
have beeﬁ noted_in Enéelié (Cray and Bonner 1948), Franseria
(Muller 1953), and cocklebur (Bonde and Khudairi 1954,
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Khudairi and Bonde 1954). 1In the former species the‘inhib-
itor remains in the leaves as they.are shed at the base of
thevplant and is 1eachéd into the soil_by seasonal rains.

Inhibitors are not confined to the vegetative organs
but also occur in the reproductive organs, such as the seeds
of beet (Funke 1941), wheat (Barton -and Solt 1948), cabbage,
lettuce, and sﬁnfloﬁer (Evenéri 1949). The fruits of oats
(Ruée 1939, Stout and Tolman 1941, and Elliott and Leopold
1955), cocklebur (Khudairi and Bonde 1954), and sugar beet
(Duym et al. 1947) also produce inhibitors affecting‘phe
germination énd growth of other species.

Amoné‘thelmanyvmethods.used to assay quantitatively
the growth substance§~produced'by plants is the coleoptile
- section test'(Bonner'1933, 1946, Bentiey and Hopsléy 1954).
In most studies the sections are floated on tﬁé test solu-
tions or immersed therein. Germination tests are.sometimés
used for a quantitatiVe assay of growthiinhibitoré.(Eveﬁérif
1949). The results are usuaily.expressed as average rooﬁ |
. iength per unit time or pércentage germination. |
",Thé extent to which inhibitoréidetgrmine ecqiogical
. phenomena, ?UCh as the composition of a plant COmmunity'op.-
the sequence of particular species in a successional pattern,

is of great importance. Studies with Encelia (Went 1942, -
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Gray and Bonner 1948) and with Artemisial(Funke 1943) sug-
gest that plant inhibitors may be important in determining
the floristic composition of areas‘surroundiﬁg these.plants.
Inhibiting effeéts of brome grass (Benedict 1941), sunflower
(Curtis and Cottam 1950), Horseweed (Keever 1950), and
desert plénts (Muller and Muller 1956) havé,been.suggestéd
as being'ecblogically important in intérspecies competition
. and successional trends.

The primary goals of the ﬁresent i&vestigation were
to defermine whether early invaders in abandoned fields in -
central Oklahoma prbduce substances which are inhibitory to
other seed plants, and to study the possible role of such“

inhibitors in succession.



METHODS AND MATERIALS

In preliminary tests tomato plants (Lycopersicum

esculentum var. "Marglobe'l) were used as the test species,
and were grown in water extracts of seven invader species;

wiregrass (Aristida oligantha), Japanese brome (Bromus

japonicus), sandbur (Cenchrus pauciflorus), lambs-quarters

(Chenopodium album), annual sunflower (Helianthus annuus),

foxtail grass (Setaria viridis),'and buffalo-bur (Solanum

rostratum). The method of growth employed was that of
Bonner and Galston (1944) with some modificationé: Using-
ten replications‘the results indiéatgd that the eitracts of
Japanese brome and buffalo-bur were most inhibitory with the
death of seven assay plants in the extract of the former
species and all the test'plants“in the latter species.
Interest was stimulated in further experimentation

with buffalo-bur, since it is rarely important in early

-lScientific nomenclature of the forbs follows that
of Fernald (1950); and of the grasses that of Hitchcock and
Chase (1950). _
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successional stages for more thaﬁ oné consecutive year in a
givén plot. More thorough s;udies were made subsequently
with buffalo-bur to determine; (1) the location of the inhib-
itor in thg plaﬁt, (2) the effect of tﬁe inhibitor on germi-
nation and growth of the test species (tomato) and on some
species which are competitors of buffalo-bur, (3) the amount
of the iﬁhibitor present using the Avena coleoptile section

test, and (4) the possible ecological implications of the
-inhibitor in soil and sand from the standpoint of germina-
tion, grbwth and development, competition, an& decomposition.

A reliable and convenient assay method proposed by

Bonner and Galston (1944) was uséd to determine the exact
location of the production of the inhibitor in buffalo-bur
and its subsequent effect Qn growth. Twelve-day old tomato
seedlings of uniform size grown in sénd'culture were éélected
~as the assay.plants. The seedlings were transplanted”to 35
ml vials éontaining the test solutions. Theée solutions
contained various proportions of Hoagland and Arnon's (1938)
No. 2 nutrient solution mixed with water extracts of buffalo-
buf plant ﬁaterial.. The'water extracts in the.preliminary
expefiment were preparéd by ﬁsing-lO g of plént material per
100 ml of distilled}waterlfmSinEé?all plants died in this

extract concentration, the inhibitory activity was reduced
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by cutting the total amount of plant material used in‘all
later studies. Thus, water extracts of six parts of the
buffalo-bur plénts:(l) roots,'(Z)'stems,'(3) immature leaves
(less than l-inch long), (4) mature leaves (over 2-inches
long), (5) seeds, and (6) fruit coats were prepared'by using-
5 g of plant material per 100 ml of distilled water. Fresh
weights were used for all vegetative organs, whereas the
weights of thé reproductive organs were based upon material
collected and stored about a year prior to usage. Extrac-
- tions were ﬁade by chopping the maferial in a Waring blender
for 5 miﬁﬁtes and filtering with a Buchner funnel. Three
series were tested each with different concentrations of the
extract as follows: (1) 30 ml of extract, (2) 15 ml of ex-
tract with 15 ml of7nutrient solution, (3) 5 ml of extract
with 25 ml of nutrient solution. The control series con-
- tained 30 ml of nutrient solution qﬁly..vFive assay plants
were tested in each concentration of extract and the control.
The vials were covered with alumiﬁum foil'to prevent decom-
position of the test solutions by light. A small hole in.
the foil served for introduction of the assay plants into
the test solutions and stabilization of the plants. The
| plants were grown under greenhouse conditions fofv7 days,

after which they were removed from the vials, and oven-dried
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at 95 C for 48 hours. The dry weights.of the plants were
recorded for statistical analyses. The inhibitory activity
of buffalo-bur on competitor ;pecies was determined by re-
peating the above test using 12:day old wiregrass; Japanese
brome, or buffalo-bur plants as the'assay species.’ |

Extracts were prepared from fresh and air-dried (90
days) whole plants of buffalo-bur as described above to test
the stability of the inhibitor. .These e#tracts wére boiled
for five minutes. The control extrécts received no heating.
Dilutions of the extraéts and assay of the activity of thé
inhibitor were repeated as set out above using tomato as the
assay species.

The effect of microbial activity on the extract or
on the aéséy species wés tested by filtering mature leaf ex-
tfact'pfepared as stated above thfoﬁéh a Morton bacteriblog-;
ical filter. The roots of two tomato and two buffalo-bur
plants (12-day bld)nwérensterilized‘in'élO.l% sélution of
mercuric chloride and the plants were insér:ed into sterile,
.aluminum-covered 35 ml vials containing the sterile test
solutions. Sterile cotton was used to cove? the position of
plant inégrtion through the foil. Assay of the inhibitor
was repeated as described previously.

Tests were also made to determine whether a reduction
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in water abssrptibn by the roots of the assay plants grown
in the most concentrated extracts might effect growth inhibi-
tion. Twelve-day old tomato plants were grown in‘dilutions
of 0.5 M calcium chloride stock solution (Machlis and Tdrrey
l956). The dilution which had an osmotic pressure high
enough to retard water absorption by the fomato roots was

'appiied to epidermal tissue of Rheo discolor. It was possi-

ble to ascertain if an osmotic effect was operative by com-

paring the percentage of cells plasmolyzed by this dilution

of calcium.chloride and the concentrated extracts of the six
plant parts of buffalo-bur.

The inhibitory activity of buffalo-bur on germina-
tion was tested by germina;ing the seeds of tomato iq.Petri
disheS'cn filter péper'moistened by the test solutions'(Stout
analTolman 1941). Extracts offthé six plant pértslwéfé4pfe-’
pared as previously described. The test solutions were pre-
pafed by dilution of the extracts with diséiile& water:

Three series were tested each with different cdncenﬁrations
of the extract as follows: (1) 10 ml of extract, (2) 5 ml of
éxtrad£ with 5 ml of distilled water, (3) 2 ml of extract
with 8‘mi of disﬁilledAwater._ The cdntrol series contained
10 ml of distilled water only. The series was‘duplicated

for each concentration of the extract and the control. The
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Petri dishes were covefed and placed in the dark.for 14 days.
They were then removed and the number of seeds germinated in
each dish and the 1eng£hs of the radicles (Konis 1947) of
the seedlings were recorded for statistical analysis. The
" above test was repeated'with‘wireérass, Japanese brome, and
buffalo;bqr as the assay species. However, the‘radicle
length was not'recofded for these three letter species. The
use of the buffalo-bur seeds in this test was impractical
‘because it was difficult to create conditions under which
the control seeds reached even'ho% to 50% germination. This
test was repeated in dﬁblieate for all species.

A quantitative assay of the inhiﬁitor was obtaihed
by means of the oat coleoptile section test. ‘Assay plants

(Avena sativa var. "Victory") were grown in quartz sand

eecording to the methods described by Larsen (1955). 'Coleoé-
tile eectiOnsjlolmm in length were cut by‘a specially con-
structed cutter Qith'double blades.. Ten sections were
transferred to each Petri dish.cohtaining 10 ml of the teet
solution. These solutlons were prepared by diluting the ex-
tracts of the six plant parts of buffalo- bur with a 10 mg

per liter solut;on of indoleacetic acid (IAA). Since growth
inhibition ﬁight be caused by supra-optimal concentrations

of auxin'(Larsen 1955), the growth-inducing activity of IAA
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on the oat sections was determined as a control. Four se-
ries were tested each with different concentrations of the
extract as follows: (1) 10 ml of extract, (2) 9.9 ml of ex-
tract with 0.1 ml of the IAA solution, (3) 5.0 ml of extract
with 5.0 ml of IAA, (4) 1.0 ml of extract with 9.0 ml of IAA.
The control series utilized 10 ml of.the IAA solution only.
Ten coleoptile sections were placed in each concentration of
the extract and thé control. A series was run also using
similar églutionslpf distilled water and the IAA solution.
The oat sections were allowéd to growgin'the &ilutions for
24 hours in the dark at 25 C. 1Images of the sections magni-
fied four times with a phptographic enlargef were then meas-
ured (Bentley and Housley 1954). This experiment was“re-.
peated three times and.the results were averaged..

The effect of decomposing buffalo-bur shoots and
roots upon the germination and gréwth of tomato plants was

tested in quartz sand and so0il. These cultures were pre-

—

pared by mixing 80 g of éir-dry shoots or roots of buffalo-
bur per 4,000 g of planting medium. Four-inch glazed crocks
were used as containers in the.qﬁértitsand.studies. One
series cbnsistea of four pots épntaining decomposing shoots
of buffalo-bur and a second series éonéisted of four pots

containing decomposing roots. Two control pots without
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decaying material were prepared also. ‘Twenty-five tomato
seeds were planted per crock for the germination tests. Two
other series of pots were prepared with the same number of
replications. Three, i2~day old tomato plants were trans-
planted into each crock of this group. The plants were
watered<périodica11y with nutrient solution. - Leachate was
'held‘fd'a'minimUm. ‘After gfowth under £hese conditions in
the greenhouse for 30 days, the plants were harvested. The
roots were séparated from the shoots, both parts were dried
at 95 C for 48 hours, and the oven-dry weights were recorded
for statistical analysis. This test was repeated three timés
using the séme planting medium for all three trials without
any furthgr addition of buffaIb-buf material. The entire
experiment was repeated three times in soil culture using
4-inch clay pots. The plants'wére irrigated periodically
with cistern water., The growth and germination of buffalo-
- bur itself was tested in sand and soil culture only with de-
composing buffalo-bur shoots.because little root material
Qas available. Germination df the seeds of this species was
so° poor that the resuitsvﬁere fot included in this study.
Only one triél was run for buffalo-bur as the assay species.

The interaction of living tomato and buffalo-bur

plahts was studied by transplanting 12-day old seedlings of
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the two species together in sand culture. Four series of
4-inch glazed crocks were prepared with 10 pots in eacﬁ
series: (1) two buffalo-bur plants, one toﬁato plant, (2)
three tomato plants, (?) two buffalo-bur plants, one témato
plant, and (4) three buffalo-bur plants. The crocks were
irrigated twice weekly with nutrient solution and at all
other times when necessary with distilled ﬁéter. Leachate
from the crocks was collected and returned to the pots'after
watering. The plants were grown under greenhouse conditions.
Flower bdhs were removed as formed from half of theruffélo-
bur plants.‘ All plants were then‘harvested, the roots were
wseparated from the shoots, both parts were dried at 95 C for
48 hours, and the oven-dry weights were recorded for statis-
tical analysis. A new series of-planté was then transplanted
into the same pots without changing the potting medium. The
study was repeated three times, but only the data for the
"last two trials were recorded. Visual differences in growfh-'
were so slight in the first trial between the test series
and the controls that.oveﬁ-dry weights of the plants were not
determined. The tbmétélﬁlanté:in the first trial were.tfans-
planted intOjthe-teSt crocksll week prior”to the buffalo-bur
seedlings. Because visual differences were negligible as

stated above, the buffalo-bur plants were transplanted into
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the test crocks 1 week prior to the tomato seedlings in the
second triai. It was hoped that this action might compensate
for the faster rate of groﬁth of the tomato plants. The
seedlings of both species were transplanted into the test

crocks at the same time in the third trial.



RESULTS

Of the vegetative organs the immature leaf extracts
caused the greatest inhibition of tomato plants (Table I).
The root extracts had the least effect on the growth of‘the
tomato seedlings. 1In the case of the reproductive organs,-
the frui; extracts had a greater inhibitory effect on tomato
seedlings than the seed extracts. The inhibition of the
tomato seedlings by leaf extfaqts was statistically signifi-
cant in all dilutions, but for the roots and‘stems only the
two most concentrated solutions of the extract significantly
affected the growth of tomato plants. The inhibition caused
by the vegetative organs cannot be compared with that caused
by. the repfoductive organs inasmuch as fresh weights were
used in calculating the concentrations of the extracts of
the vegetative organs and air-dry weights in.thé case of the
) reproducfive organs. fhe mean oven-dry weighté were nearly-
the same for seedlihgs;grown in the most concentfated‘splu-
tions:of the extracts of the seeds and fruits. The résults

indicated that with greater dilution of the extract the

14
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‘differences in wéights of plants grown in extracts of seeds
and fruits became greater. This phenomenon might be ex-
plained by the counteraction between inhibitors and auxins
produced in the seed. Because.the Seed and fruiﬁ extracts
showed inhibitory action for all dilutions, it appeared that
the auxing'produced by'the embryo were not sufficient to
completely offset the effects of the inhibitdfs.

All extracts of fresh and air-dry buffalb-bur showed
significant inhibition over. the controls (Table II). It was
also found that heating either ﬁhe freshvor air-dry material
had no significant effect on the inhibitdry action of the
extract on thé growth of tomato plants when the mean oven-dry
weights of the plants grown under these two conditions were
compared with one an;ther. When the mean oven-dry Weights
of the toﬁato plants -grown in heated extracts were éompafed
with those of plants grown in extracts withouf heating, it
was. found that a slight loss of inhibitory activity occurredl
due to heating.‘ Apparently some alteration of the inhibitor
occurred through heating but not énough to eliminate total
inhibitory activity.

Sterilized témato and'buffalo;bﬁr'seedlings grown in
mature leaf extract which had been passed through a bacteri-

ological filter were significantly inhibited in growth. This"
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appears to eliminate the possibility|that growth.inhibition
was due to microbial activity in the extract.

In experiments concerned with the possible role of
plasmolysis in the inhibitory action of the extract, it was
found that at least a O.lM solution of calcium chloride was
necessary to Caﬁse tomato plants to wilt. This solution
caused piasmolysis of 90% to 100% of the epidefmal'cells‘of

Rheo discolor. When the most concentrated extracts of the

various plant organs of buffalo-bur were tested on the epi-

dermal cells of Rheo discolor, no plasmolysis of the cells

occurred. Thus, it would appear that the osmotic pressure
of the extracts was not the cause of the inhibition of
grpwth of tomato seedlings.

Wiregraés éeedlings were definitely inhibited in
grqwth by:extracts of buffalo-bur and, of all vegetative
organs, the extracts of mature leaves were most inhibitory
(Table IIi). The root and stem extracts were least effec-
tive in inhibition. Retardation of growth of Wirégrass in
_extracts of mature and immature buffalo-bur leaves was
statistiéaily significanﬁ in all dilutions. The most coﬁ-
centrated root and stem extracts also effected significant

inhibition of growth of wiregrass. The fruit extracts were

slightly more inhibitory to wiregrass than the seed extracts.



17

Extracts of both reproductive organs caused statistically
significant inhibition of fhe assay species in all dilutions.

Japanese brome seedlings were inhibited in grpwth by
extracts of buffalo-bur and, of all vegetative organs, the
‘extracts of immature leaves were most inhibitory (Table IV).
The root extracts were least effective in growth inhibition
of this test species. Inhibitioq of growth of this species
was statistically significant in all dilutions of the vege-
tative organs, with the exception of the least concentrated
‘solutions of the immature and ﬁature leaves. It should be
noted that with greater dilution of the root extracts, more
inhibition of Japanese brome growth was found. Thé same
phenomenon occurred in the fruit extracts. The reason for
this increase in inhibitory activity with greaéer dilution
of the extract was not clear. The seed extracts caused a
greater inhibition of growth of the assay species than the
fruit éxtracts at higher concentrations. The Japanese brome
seedlings in the least coﬁcentréted solutions had a signifi- -
cant increase in growth compared with the controls. Seed-
lings'in the most concentrated solutions were significantly
inhibited in growth, however. The significant increase in
growth of Japanese bfome in the least'conceﬁtrated solutions

of the seed extracts méy have been due to a counteraction of
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the inhibitors in the seeds by auxins produced in the embryo.
Perhaps nétive auxins were also resPdnsible fér the increase
of growth of the test species in fruit extracts.

Extracts of buffalo-bur.were inhibitory to the
growth of seedlings of its own species. Of vegetative organs,
the stem extracfs caused the greatest inhibition of growth
of this test species. Inhibition of growth in the most con-
centrated extracts of the roots, stems, and mature leaves
was statistically significant. Growth of buffalo-bur seed-
lings was significantly inhibited in the extract solutions
of the intermediate. concentrations for immature leaves, but
no significant inhibition was found in the strongest concen-
trgtion of the extract. This may be explained by the fact
that growth“in this species was highly variable. The seed
extracts were mbre.effectiVe in growth inhibition of buffalo;
bur than the fruit extracts. The extracts of both reproduc-
tive organs caused'significant inhibition of growth except
for the weakest solution of the fruit extract."

Tests for inhibitory activity of buffalo-bur ex-
tracts on seeds -of tomato indicéted that,wof'the ex#racts~of'
vegetatiﬁe organs, the immature leaf extracts most effec-
‘tively retarded germination of the seeds (Table VI); In-

hibition of germination was statistically significant in the.
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weakest concentration of the immature leaf extfacts. Inhibi-
tion by extracts of seeds was greater than those of fruits.
The inhibition of germination in the most concentrated solu-
tion of seed extracts was statistically significant.

The 1ength:of the radicles of tomato seeds germi-
nated and grown in extracts of buffalo-bur demonstrated the
possible action of an inhibitor in the;e eitracts (Téble
VII). The roots in these solutions wére shriveled, t&isted,
and dark brown in color. The formation of secondary roots
was scant, but many adventitious roots were formed above the
.radicle. lThe inhibition of growth of the radicles was sta-
tistically significant in the two most concentrated solu-
tions of the extracts.

| ‘There was significant inhibition of germination of
wiregrass seeds compared with the controls in only the'tﬁo
most concentrated solutions of the fruit extracts (Table
'VIi). The possible reason for inadequate resulfs with this
species could have been the poor germination of the seeds 6n
‘,filter paper. Significant inhibition of germination of
Japanese brome was noted in the most concentrated solutions
of seed and fruit e;trééts (Table VII). Germination of
buffgidrbur seeds.oﬁ‘filter paper saturated with itS’bwn ex-

tracts was so poor that the results were not included.
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The immature leaf extraéts were most effective in
,inhibiting the growth of oat coleoptile sections (Table VIII
and Figure 1). The stem extracts, of all the vegetative
‘organs, seemed to haye thé least inhibitory activity. The
fruit extracts were more inhibitory than the seed extracts.
Reductiéns in growth in length of the oat c§1e0ptiles in all
extract dilutions for both vegetative and reproductive organs
were statistically éignificant. It was poséible from Figure"
1 to obtain an estimate of the amount of inhibitér contained
in each plant organ in terms of IAA units. By observing the
graph for distilled water and its poinfs of intersection with
the line graphs for the various extract solutions, the quan-,
tity of inhibitor sufficient to countéract the amount of IAA
in the extract at that point could be determined. It was
found that 1 g frésh weight of root material contained enough
inhibitor ;o counteract the effect of 38.8 18 of IAA; -Suffi-
cient inhibitor was located in 1 g fresh weight of stem mate-
rial to counteract the effect of 16.8 pg of IAA. The effect
of 82.7 Hg.of IAA was counteracted by the amount of iphibitor
contained in 1 g fresh Qeight of immature leaves. Sufficient
inhibitor was contained in 1 g freéh'weight of mature 1eave§
.to counteract the.efféct of 49.2 e of IAA. The effect of

8.9 pe of IAA was counteracted by the amount of inhibitor
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contained in 1 g of air-dry seed material. Sufficient in-
hibitor was found in 1 g of air-dry fruit material to coun-
teract the effect of 41.0 e of IAA.

There was no apparent statiSticaily significént
effect of decomposiﬁg parts of buffalo-bur plants on tomato
. .plants grown in sand (Table IX). The significant increase
in the dévelopment of shoots of tomato plants gréwn in de-
composing buffalo-bur shoots may be due to an abundance of
nutrients released by the deéomposition of organic material.
The loss of dry weights of the tomato plants in the gecond
and third trials in both decomposing shoots and rootsbmay be
due to an accumulation of nutrients because the pots were
ﬁot leached with distilled water at ahy'timé.

. A éignificant_inhibition in growth of the roots of
'tomato;plants 06curred'when grown in decompdsing3shoots and
roots of buffalo-bur plants in soil during the first trial
subsequent to the addition of the buffalo-bur ﬁaterial "
(Table X). No significant differences were noted in growth
of the tomato plants in decoﬁposing material in the segond
triai; goth thé?roots and shoots of tomato plénts gréwn iﬁ
decomposing shoots'and.roots of buffalo;bur showed a'éignif-
icant increase in growth over the controls iﬁ.the third

trial. Buffalo-bur material was added only before the first
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trial. Apparently an inhibitor was released from the
buffalo-bur in the early stages‘of decomposition, and it had
disappeared by the time the éecond crop of tomatoes was
planted. During the third trial -a stimulation of growth in
the test plants over the control plants might be indicative -
of an accumulation of available minerals in the soii as a
result of decomposition.

The roots and shoots of buffalb-bur grown in soil
wi;h decomposing shoots of its own species were significantly
inhibited in growth in éomparison with the control plants
(Tabie XI). No inhibition in growth of buffalo;bur was noted
in the sand cultures. |

The germination of tomato seeds was significantly
inhibited in sand containing decomposing shoqts of buffalo-
bur. " This inhibition was significant for all three trials.
No significant inhibition in-gérmination of tomato seeds was
noted in sand cultures containing'deéomposing root material.
These data do not agree with the findings concerning a lack
of inhibition of growth in tomato seedlipgs grown in decom-
posing materiai in sand.cultufe (Table Xi,'buf the inhibitor
may be'more critiéal'in its effect on the germinatioﬁ of

tomato seeds than on subsequent growth. Significant inhibi-

tion occurred in the germination of tomato seeds in soil
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containing either decomposing shoots or roots in thelfirst.
trial. No inhibition of germination was noted in successive
trials when no new buffalo-bur material was added. This
seemed to substantiate the findings recorded in Table X in
which the inhibigor was operative in the first trial but
apparently became inactivated prior to later trials.

When two buffalo-bur plaﬁts were grown in sand cul-
ture with one tomato plant no visual differences between the
tést plants and thé'éontrol planté of either species were
'notéd in the first trial (Tables XIiI and XIV). Therefore,
-the oven-dry weights of the plants were not recorded. In
the second trial (in the same pots énd sand without leaching)
a significant increase in growth of the shoots and roots of
bufféloﬁbur occurred when grown with one tomato plant (Table
XIII). No statistically significant differences in growth
of the buffalo-bur plants were found in the third trial in
comparison with the control plants. A marked decline in the
oven;dry weights and appearancé of all buffalo-bur ﬁlants 
. occurred from ‘the first to the third trials. This suggested
that they were prodﬁcingvsubétances which were quite‘inﬁibi-
tory to their own growth; 'Nbvsignifiéant;differences in
growth were notéd.by the removal of the reproductive buds

from half of the buffalo-bur plants.
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- In the second tfial a'statistically significant in-
hibition in growth of the tomato plants occurred when grown
with buffglo-bur plants (Table XIV). No significant inhibi-
tion was noted in the third trial. The oven-dry weights of
ﬁhe tomato plants grown with buffalo-bur increased fr;m the
second to the third trial even though the control tomato
plants showed a slight'decliné in growth from the first to
the third trial. This was probably because the buffalo-bur
plants grew very poorly in the third trial, thus competing

less with the tomato plants.



DISCUSSION

The question of whether or not buffalo-bur plants
producéd‘an inhibitory growth substance was clearly settled
in the studies wifh tomato plants and oat coleoptile sec-
tions. Experimentation with wiregrass, Japanese brome, and
buffalo-bur seedlings grown in extracts of various organs of
buffaloibur indicated that the inhibitor may be active on
buffalo-bur itself as well as on species with which it com-

- -petes under field conditions. Benedict (1941) and Keever
'(1950) reported ;hat-brome grass and horseweed respectively.~,.
were inhibitory to their own séecies. Bonnef (1946) re- '
ported inhibition of guayule éeedlings by the parent plants,
~Curtis and Cottam (1950) suggeéted<this same phenomenon on
field observations of prairie sunflower, and Went (1955)
stated a similar finding in studies with evergreen creosote
bush. On the other‘ﬁahd Gray éﬁd ﬁoﬁner (1948) stafedithat
no such inhibition of its-own species ocecurs in Encelia.

The studies also indicated that the sensitivities of
different species to the‘extracts'of variou; organs of

25
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buffalo-bur differed considerably. Garb (1961) reported a
high degree of selectivity of various inhibitors for the
sensitive species. - In this project, extracts pf the shoots
apparently‘éffected greater inhibition of all species tested
than did extracts of the roots. Ether extracts of unex;
panded 1eaves of cocklebur showed more inhibitory activity
than the fuil& éxpaﬁded leaves and the greatest inhibition
of any plant part when tested on tomato (Khudairi and Bonde
1954). This fact was noted in the pregent study for water
extracts of buffalo-bur tested upon tomato plants. Studies
on o;t coleoptiles grown in various organ extrécts'of
buffalo-bur indicated that the place of greatest production
of the.inhibitor was in the immature leaves with the least
amount occurring in the stems. On tﬁe other hand, the stem
.fextracts.of buffalo-bur were most‘inhibitory to the growth
of buffalo-bur plants. This may be an indication of differ-
- ences in sensitivity or it may result from the fact that the
period of the year for the tests and perhaps the test mater-
ials were not the same. Thus, the inhibitor may move from
6ne afea of the'plant té another or m;y.not be producedlin
equal quantities in a given area at all times.

The evidence gathered in this study indicatgd'that_'.

no appreciable inactivation of the inhibitor took place by'
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allowing the buffalo-bur plant matérial to air-dry. However,
boiling the various extracts significantly reduced the in-
hibiﬁory activity. Mergen (1959) found that in Ailanthus
leaves there wés a loss of'inhibitory activity after boiling
the extracts.

The extracts of buffalo-bur not only affected the
growth of various species, but also had someiinhibitory
effgcts on the germinétion of séeds of competitor species
‘and témato. No prolahgatién of the period of germinatibn was
note& due to the extrécts; Ovesnov and Shchekina (1960)
stated that‘extfacts of the subterranean parts of creeping
couch grass, thistle, and sow.thistlelpossessed‘substances
which reduced germinatién and prolonged the period of germi-
~nation. Nielsen et alz (1960) reported that alfalfg_extract
was very active ip inhibiting‘germination of six species
tested. The present study indicated that,vqf the vegetative
organs, e#trécts of the leaves most‘effectively'reduced the
percentage of germination for both tomato and Japanese brome.
Funke (}943) reported that extracts of fresh leaves of sage
reducéd the percentagé of germinétion of.seeds.of a.number 6f
' species. |
The inhibitor was shown to occur as a possible root

exudate in studies with buffalo-bur and tomato plants growing
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together in the same pots of sand. 1In the first trial when
the tomato plants were transplanted prior to those of |
buffalo-bur no inhibition of growth of the tomatotplants'
occurred. It may be that the tomato plants increased in
stature and competitive power considerably before the effect
of the inhibitor became promineht, or it may be that an in-
sufficient amount of fhé inhibitor was formed to retard
growth of the tomato plants. In the second trial (using the
same unleached sand) in which the buffalo-bur plants were
transplanted prior to the tomato plants there was an increase
in gfowth of the buffalo-bur plants in pots with one tomato
plant cbmpared with the controls with three buffalo-bur
plants. Bfenchley (1919) émphasized that the total weight
.Qf five plantg.in‘one pot is about the same as that of one
plént in a pbtﬂ Groﬁth seems to be proportional to the amount
of minerals in the soil. Thus, it seemed possible that the
decfeasé:in growth of the.thrée buffalo-bﬁr plants in the
same pot compared with growth in pots containing two buffalo-
bur plants and.one tométo'plant‘was due to a greater amount
of inhibitox being'present in thé sand and not.to compeéition.
Inhibition of the tomato plants' apparently occurred in the
‘:pbts with the buffalo-bur p1aﬁté fdr thesg piaﬁts.ﬁere smaller

" than the control tomato piants. Considering the general
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decline of ail plants from the first to the third trial, it
seemed possible that the inhibitor produced by the roots was
operative throughoutAthe three trials. It may be that in
sand -culture the microflora was inadequate to reduce or
eliminate the effect of the inhibitor. This evidence appar-
eptly confirmed the reéults of Went (1942) concerning‘the
produétion of a chemical inhibitor by living plants, but it
was contrary to the evidence found in the study of Keever
(1950) with horseweed in which only the decompdsition mater;
ial produced effective inhibitors. |
'The germination of tomato éeeds in decomposing
buffalo-bur material indicated no prolongation of the period
of germination. There was a decrease in percentage germina;
tion of tomato seeds in decomposing buffalo-bur material in
soil and sand. Hamilton and Buchholtz (1955) foﬁn& a delay
in the germination of weedy species in culﬁures containing
‘non-living quackgrass rhizomes. . Gray and Bonner (1948) re-
ported thaf rain ﬁay leach the inhibitory substance from
fallen leaves and result in inhibition of germination of
seéds arouﬁdltﬁe inhibitor-producing plant.
Production or the release of the inhibitor ﬁas found

to'oqcur as a result of the décomposition of buffalo-bur

material in soil but not'iﬁ sand. Keever (1950) found that
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a retardation in growth of horseweed occurred due'to the de-
composition of horseweed in the soil. The results of this
study seemed to substantiate this premisef The results also
.agreed with Keever's findings that plants grown in sand con-
taining decaying organic matter to which nutrient solution
had beén_added were not.inhibited in growth.

The ineffectiveness of the inhibitor in the decoméo—
sition material in soil after 30 days may have been due to
several factors. Bonner (1946) reported that the inhibitor
in guayule may have beeﬁ rapidly destroyed by the soil
microflora, and Gray and Bonner (1948) repbftéd a similar
situation for the inhibitor produced by Encelia. Bérner
(1960) demonstrated that micro-organisms decompose non-toxic
‘excretions which in turn release phyto-inhibitofs, “Muller
and Muller (1956) suggestéd that the inactivation of the in-
hibitors may be due to miérobial activify, adsorption on soil
colloids, or instability under xeric conditionms.

'The iﬁhibitor in the decomposing mate£131 seemed to
be most effective initially in the stunting of root growth.
This type of effect éould also have been brought about by |
root ekudates=acting on living piants. Perhaps decomposition
of dead buffalo-bur plants and the production of root exu-

.dates by living plants under field conditions creates an
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unfavorable environment which has an inhibitory effect on
the germination and growth of that species as well as asso-
ciated species_even though the soil has sﬁfficient’moisture
and nutrieﬁts for growth of most of the plants. It is
doubtful if any one factor is tﬁe primary cause of floristic
composition or successional trends. The complexity of the
plant community may be at least partialiy the resﬁlf of
toxins produced by some plants and toxin tolerance by other
plants (Muller and Muller 1956). The evidence was good.in
these studies that the inhibitor in buffalo-bur was operative
in bOth.SOil and sand. This may be ecologically.important
in that ohly a few species, including itself, are found grqw:
ing in close proximity to buffalo-bur plants, and this.
species is virtually replaced by its.competitors after the
 first year of growth. Thus, the production of an inhibitor
.by buffalo-bur plants could be one of the féctors detérmining
vegetational chénge.and the trend of'succeSSibnal stages in'

abandoned fields in central Uklahoma.



- SUMMARY

Substances were produced by buffalo-bur plants which
inhibited the germiﬁatioﬁ and growth of that species as weli
as plants of other species. Extracts of the buffalo-bur
leaves apparently caused the greatest inhibition of the vege-
tative organs. It was difficult to determine whether the ex-
tracts of seeds were more inhibitory than those of fruits.
Vériations in responses of vgrious test speéies to the ex-
tracts of buffalo-bur were encountered. The part of the
buffalo-bur plant effecting the greatest‘inﬂibition of the
susceptible‘plant.;ls; varied with the species tested.

Tﬁe inhibit;r could be extracted with water from
"fresh.br air-dry material. It could also be reduced in ac-
tivity by boiling the extracts.

A quantitative assay of the inhibitor by means of
fhe oat coleoptilé section test revealed tﬁatAl g ;f‘éiant
material contained sufficient inhibitor to.counteract the |
growth-stimulating effect.of_8.9 pg .to 82;7 Pg'qf indole-
acetic acid, the amount depending on the organ from which

32
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the eitract was,obtained. Extracts of immature leaves gave
the greatest inhibition of the assay species in this test.

Decomposition products of .buffalo-bur shoots and
roots in soil inhibited the growth of tomato and buffalo:bur
plants. The inhibitor was short-lived in soil and it is
possible that it was'destroyed quickly by tﬁe'microflora inl
the soil. No inhibition due t6 decomposition prodﬁcts wés‘
noted in sand. | |

Inhibitors from decomposition products were more
active in reducing the germinatipn of certain seeds tested
than on the subsequent growfh and development of the same
seedlings in sand and soil.

Growth-inhibiting‘substénces ﬁere apparen;ly re-
leased by living buffalo-bur plants as roét exudates and re-
tarded the growth;of tomato and buffalo-bur plants in sand
cultures. |

It appeafS‘probable that both living buffalo-bur
‘plants and the decompdsitioﬁ products of these plants could
direétly.affeqt the floristic composition or the tfénd of

succession in abandoned fields.
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M
COLEOPTILE LENGTH c%n.)

4.0— - : .
o 1+ 2 3 4 5 6 T 8 -9 |I0

ML. OF [AA SOLUTION PER 10 ML. EXTRACT

Fig. 1. Effect of water extracts of various plant organs
of Solanum rostratum diluted with 0.17% solution of IAA on the
growth in length of Avena coleoptile sections. The graph for
growth in length of sections in distilled water is also shown.
The symbol legend is as follows:

. — — —— Root Extract ¢c¢c®er* Seed Extract.

——t=—t=<¢— Stem Extract == --—--—-- Fruit Extract

S Immature Leaf Extract ——eeem Distilled Water

.'X-X-X-&' Mature Leaf Extract
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Mean oven-dry weights (with SE) of 12-day old .
tomato plants (g) grown in water extracts of Solanum
rostratum for 7 days.

Treatment (ml)

Type of -
Extract 30E/ON*% 15E/15N 5E/25N OE/30N
Roots 0.0086% 0.0174% B 0.0236%
14.9x10-8*%  466.1x10-8% 178.4x10°8
Stems 0.0072% . '0.0129% g% 0.0224%
125.6x10°8% 346.8x10" 412.7x10°8
Immature 0.0032% = 0.0044% . o0.0113%
Leaves  16.9x10°8%  132.8x10" 149.6x10”
Mature  0.0045% 0.0044% 0.0135%
Leaves  17.0x10°8%  78.6x10°%*  147.4x10°8%
Seeds 0.0027F 0.0047+ _  0.0091% -
1.3x10-8*  18.5x10°8 122.0x10"
Fruits  0.0029% 0.0033% 0.0062%
' 33.4%x10°%%  92.8x10°8%  97.9x10-8*
Control 0.0264F
80.7x10-8

*Difference between this value and co

1% level.

ntrol significant at

**Proportion of extract, E, to nutrient solution, N.



Table II. Mean oven-dry weights (with SE) of 12-day old tomato plants (g) grown
in water extracts of fresh and air-dry Solanum rostratum for 7 days.

Treatment (ml)

Type of Extract

30E/ON¥* 15E/15N - SE/25N OE/30N
Fresh Material 0.0066% _  0.0051% 0.0113% .
(No Heat) 7.5x1078 9.5x10-8% 125.5x10"8

Fresh Material 0.0048% _  0.0058% _  0.0105% .
(Boiled 5 min.) .  10.0x1078* 8.5x108 17.5x1078
Air-Dry Material - 0.0068% gx  0-0054% o 0.0116% o,

(No Heat) - 41.0x10 22.5x10 31.0x10
Air-Dry Material 0..0040% , 0.0051% . 0.0100% - gk
(Boiled 5 min.) ~ 10.0x10"8* 2.0x10"8 19.0x107°
Control _ - 0. 0122+

249.5x10°8

*Difference between this value and corresponding one for control plants
significant at 1% level. :

**Symbols same as Table I..

9%



.Table ITI.. Mean oven-dry weights (w1th SE) of 12- day old
Aristida oligantha plants (g) grown in water extracts of -
o Solanum rostratum for 7 days.

' Treatment (ml)
Type of

Extract 500w/ ¢ 15E/15N 5E/25N OE/30N
Roots 0.0051% 0.00467F 0.00807%
| 55.7x10°8%* 85.0x10-8** 128.5x10°8
.Stems 0.0050F 0.0068% 0.0065% 8
87.5x10-8%* 60.4x10"8  236.9x10"
Immature 0.00327% 0.0058% 0.0033% s
Leaves  4.3x10-8%  28.0x10-8** 28.2x10-8
Mature 0.0027% 0.0025% 0. 00297 -
Leaves  49.4x10-8% 7.7x10°8 12.4x10"
Seeds 0.0047% 0.0033% 0.0027F g%
. 49.4x1078%  2.1x1078*  3.4x10”
Fruits 0.0033* 0.0032% , 0.0026% 5
: 17.5x10-8%  14.4x10°8*  36.1x10°8
Control ' N 0.0094%
| » 118.6x10-8

*Difference between this value and correspondlng one for
control plants significant at 1% level. :

**Difference between this value and corresponding one for
control plants significant at 2% level.

£Symbols same as Table I.



Table 1V.
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Mean oven-dry weights (with SE) of 12- day‘old

Bromus Japonlcus plants (g) grown in water extracts. of
Solanum rostratum for 7 days.

Treatment (ml)

Type of
Extract
30E /ON%* 15E/15N 5E/25N OE/30N
Roots 0.0023% 0.0007% 0.0015%
10.6x10°8  0.3x10°%* 0.5x107%*
Stems 0.0010F 0.0013% . 0.00147 .
12.2x10-8%  0.6x10-8 3.1x10‘8
Immature 0.0005% 0.0007% 0.0019% 8
Leaves 4, 4X10-8 0.1x10-8* 72.7x10°° .
Mature 0.0007% 0.0011% . 0.0018%
Leaves  1.8x10°8%  2.5x10-8% 10.0x10-8
Seeds  0.0018% - 0.0020%  0.0065% .. -
10. 4x10‘8 7.1x10'8 15.2x10"
Fruits 0.0047% , 0.0034% 0.0039% 8
5.8x10°8 1. 6x10'8 6.5x10
Control 0.0029%
14.7x10~8

*Difference between this value and correspondlng one for

control plants significant at 1% level.

**Symbols same'as Table I.
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Table V.. Mean oven-dry weights (withbSE)‘of'IZ-day old Solanum
rostratum plants (g) grown in water extracts of Solanum «
-« rostratum for 7 days.

e
—————

"Treatment (ml)

Type of
Extract
| 30E/ON// 15E/15N 5E/25N OE/30N
Roots 0.0051% 0.0145% 0.0145%
71.8x10°8%  613.5x10"8  326.9x10°8
Stems 0.0047% - 0.00747% 0.0084%
46.6x10" 251.5x10°8  218.3x1078
Imnature 0.0072% 0.0073F . = 0.0099% ° o
Leaves 407.0x10° 15.8x10°°". .328.0x10
Mature ~ 0.0055% _  0.0090% 0.0092% 8
Leaves  16.9x1078 235.5210"8  43.5x10"
Seeds 0.0045% | 0.00467F 0.0066%
31.9x10°8%  19.6x10°8*% - 22.1x10° 87
Friits  0.0059% 0.0063% © ' 0.0092%
T 64.7x107% 13,7x1078%* "136.4x1078
Control 0.0099%

108.4x10-8

*Difference between this value
control plants significant at

' **Dilffere'nce between this value
control plants significant at

fDifference between this value
control plants significant at

##Symbols same as Table I.

and’ corresponding one for
17, level.

and corresponding one for
2% level. |

and corresponding one for
5% level.
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Table VI. Germination of various Seeds (Wifh SE) on filter
paper in 10 ml water extracts of Solanum rostratum...

Number of Seeds Germinated
per Species

Type of Extract

Tomato Aristida Bromus

10E/OD/4/ 9 to 3to 7 1

Roots 5E/5D - 8 1o 1o 8 1
2E/8D 8 To 4 1o 9 to
10E/OD 9 11 1t0 8 T2
Stems 5E/5D 8 to 2 t0 9 t1
2E/8D 8t o0 3+0 9 to

10E/0D 2t 3t 5+ 14
Immature Leaves 5E/5D 8 t1 11T1 6 1o
2E/8D 9t 1 510 9 fto0

10E/OD 9 to0 310 5 1 0/

Mature Leaves 5E/5D 9 +t0 2 +1 8§ +t1
2E/8D 9 0 4 t 2 8 to

10E/0D 4 T 04 1t0 0 T 0%

Seeds 5E/5D 8 t+to0 2 +0 -1t 1%
2E/8D 9ty 2 1o 6 T1

‘ _ 10E/0D 6 T4 0 + 0f -0 T o*

Fruits '~ 5E/5D 9t 2 t0 1+ 1%
2E/8D 9 +0 6 T 1 6 T 1
Controls ' OE/10D 9 t0 5+0 10 + 0

*Difference between this value
control plants significant at

**Difference between this value
control plants significant at

fDifference between this value
control plants significant at

and corresponding one for

1% level.

and corresponding one for

2% level.

and corresponding one for

5% level,

f#Proportion of extract, E, to distilled water, D.



Table VII. Growth of tomato seedlings (with SE) in water extracts of Solanum

rostratum plants for 7 days.

Treatment (ml)

10E/OD/ 5E/5D 9E/1D 9.9E/0.1D OE/10D

Length of 10.05% 11.42% 12.12% 12.387 13.57%
Seedlings 0.3527%* 0.2062%% 0.1887 . 0.0687 0.3947

(cm)

*Difference between this value and corresponding one for control plants
significant at 1% level.

*%*Difference between this value and corresponding one for control plants
significant at 2% level. '

#Symbols same as Table VI.

%



Table VIII. Measurements (with SE) of images of Avena coleoptile sections (1 cm)

grown in water extracts of Solanum rostratum for 24 hours.

by enlarger.

Images magnified x 4

Type of Extract

Treatment (ml)

10E/OIAA** 9.9E/0.1IAA  5E/5IAA  1E/9IAA OE/10TAA
Roots 4,82% 4.69F 5.32% -5.55% ’
0.0024% 0.0030% 0.0026% 0.0016%
Stems 4.68% 4. 74% 5.71% 5.91%
0.0013%* 0.0016% 0.0052% 0.0035
Immature Leaves 4.26% 4.45% 5.19% 5.68%
| 0.0013% 0.0019% 0.0017% 0.0018%
Mature Leaves 4.45% 4.57% 5.38% 5.73%
0.0023%  0.0043% 0.0085% 0.0039%
Seeds 4.65%  4.83% 5.61% 5.94%
0.0052% 0.0029% 0.0051% 0.0055
Fruits 4,64t o 4.77% 5.15% 5.72%
0.0010% 0.0016% 0.0015% . 0.0031%
Controls ' 6.13% -
0.0080

*Difference between this value.and corresponding one for control plants

"significant at 1% level.

**Proportion of extract, E, to indoleacetic acid, IAA.

Y



Table IX. Mean oven-dry weights (with SE) of tomato plants (g) grown in decompos-
ing material of Solanum rostratum in sand for 30 days.

Treatment
Trial Plant _ . .
Part . Decomposing Shoots Decomposing Roots Controls
Shoots 3.16 * 0.0299% 2.98 * 0.0440 2.64 T 0.0012
" Roots 1.87 t 0.2422 1.06 ¥ 0.0751 1.34 1 0.1640
Shoots. 3.05 + 0.0364 ©2.87 t 0.0137 3.10 + 0.0003
o Roots 1.38 * 0.1383 1.14 + 0.0673 1.14 + 0.0000
~ Shoots 2.27 *0.0217  1.67 £ 0.0271 1.72 + 0.0484
o Roots 0.86 T 0.0346 0.49 * 0.0058 0.79 ¥ 0

.0930

*Difference between this value and correspondihg one for control plants
significant at 5% level. :

**Grown in same pots as Trial 1 without any subsequent additions of Solanum
- rostratum. !

ey



Table X. Mean oven-dry weights (with SE) of tomato plants (g) grown in decompos-
ing material of Solanum rostratum in soil for 30 days.

Treatment
Trial Plant
Part . .
Decomposing Shoots Decomposing Roots Controls
Shoots 3.81 ¥ 0.2733 - 3.06 ¥ 0.0587 '3.46 ¥ 0.0182
1
Roots 1.99 T 0.1305% ©2.15 % 0.2570%% 3.99 T 0.0006
‘ Shoots 3.25 1 0.0737 2.52 1 0.0401 2.47 t 0.2862
24 o | |
- Roots 1.22 * 0.0275 1.02 ¥ 0.0120 - 0.81 t 0.0441
Shoots 1.90 + 0.0127% 0.98 T 0.0086%%* 0.56 * 0.0081
3/ _ _
Roots 0.76 ¥ 0.0158%* ©0.20 + 0.0002%%* 0.15 ¥ 0.0000

*Difference between this value and corresponding one for control plants
significant at 1% level. :

**Difference between this value and corresponding one for control plants
significant at 5% level. :

#Grown in same pots as Trial 1 without any subsequent additiéns of Solanum
rostratum.

7Y



‘Table XI. Mean oven-dry weights (with SE) of Solanum rostratum plants (g) grown
in decomposing shoots of Solanum rostratum in sand and soil for 30 days.

Treatment
Substrate Shoots Controls
Shdots Roots Shoots Roots
Sand 0.86 ¥ 0.0600 0.39 ¥ 0.0289 | 1.42 * 0.0498 0.75 ¥ 0.0751
- Soil 0.41 + 0.0030* 0.11 ¥ 0.0009%* 0.77 ¥ 0.0068 0.45 + 0.0102

*Difference between this value and corresponding one for control plants
significant at 5% level.

aY



Table XII. ' ' Mean number (with SE) of tomato plants germinating in decomposing
material of Solanum rostratum.

Treatment
Trial vDecomposing Shoots Decomposing Roots Controls
Sand Soil sand Soil Sand Soil
1 14 * 1.25% 19 ¥ 0.17% 20 +-0.25 17 * 0.92%% 22 + 1.00 22 * 0.50
2 15 T 1.83%% 18 t 2.25 ZO'f 0.58 17 +1.33 22 £+ 2.00 19 +4.00
3 12 ¥ 3.92% 19 ¥ 1.25 14 t 0.25/ 19 ¥ 3.08 22 1 0.00 21 % 1.00

*Difference between this value and corresponding one for
significant at 1% level. '

**Difference between this value and corresponding one for
significant at 5% level.

fEvidence is that this value is erroneous due to damping

control plants

control plants

off of seedlings.
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Table XIII. Mean oven-dry weights (with SE) of 2 Solanum
rostratum plants (g) grown in sand culture with 1 tomato

plant.
Treatment
Trialf Plant Part
: Flowers _ No Flowers

Shoots 8.02 T 0.1165% 7.86 1 0.1531%
? Roots 1.09 t 0.0043%% 1.22 + 0.0110%%

Shoots 0.73.% 0.0231 0.92 T 0.0364
3 Roots 0.08 T 0.0005 0.11 * 0.0012

Conﬁrols - Three Solanum rostratum plants

Shoots 3.98 +0.5387 5.03 + 0.0581
’ Roots 0.62 ¥ 0.0321 0.89 *0.0076

Shoots 0.87 * 0.0051 0.96 * 0.0163
’ Roots 0.12 * 0.0001 0.12 + 0.0003

*Difference between this value and corresponding one for
control plants significant at 17 level.

**Difference between this value and corresponding one for
control plants significant at 5% level.

{Data not recorded for Trial 1.



Table XIV. Mean oven-dry weights (with SE) of 1 tomato plant (g) grown in sand
culture with 2 Solanum rostratum plants.

Treatment
Trialf Plant Part : '
' Flowers¥** E No Flowers%¥ Control
Shoots 0.24 * 0.0143* 0.19 ¥ 0.0033% 1.75 ¥ 0.0041
2 : ,
Roots 0.10 + 0.0015% 0.09 T 0.0004% 0.49 * 0.0019
Shoots 0.8 *0.0942  0.70 * 0.0416 1.07 + 0.0016
3 \

Roots 0.16 * 0.0031 0.16 * 0.0019 0.19 + 0.0005"

*leference between this value and corresponding one for control plants
significant at 1% level.

**These are weights of tomato plants grown in cultures of Solanum rostratum
w1th or without flowers.

{Data not recorded for Trial 1.

8% ™
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