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AlmtractiHackberry was previously found to produce toxins that 
inhibit the growth of associated herbaceous species in a :grassland 
community. Nevertheless, it was hypothesized that bare areas under 
hackberry trees in a bottomland forest community rriay not be caused 
by allelopathy, since inhibitory compounds may be leached or meta- 
bolized faster than in a grassland community. Investigations indicated 
that the relatively bare areas under hackberry were not due to com- 
petition for minerals, light, or water, or to differences in texture or pH. 
The percent of soil moisture was always higher under hackberry trees 
than Under bur oak trees where herbaceous species wet 9 prominent. 
Decaying hackberry leaves, leaf leaehate, and soil collected from under 
hackberry trees significantly reduce seed germination and seedling 
growth of test species. Ferulic, caffeic, gentisie, and p-cournaric acids, 
and scopolin, and scopotetin were identified as phenolic phytotoxins 
produced in hackberry leaves. Thus it appears that the reduced growth 
of herbaceous vegetation associated with hackberry trees in both 
grassland and forest communities is due primarily to allelopathy, with 
the initial inhibition being accentuated by competition. 

Key Words---allelopathy, Celtis laevigata, forest community, phenolic, 
ferulic acid, caffeic acid, gentistic acid, p-coumaric acid, scopolin, 
scopoletin, phytotoxins. 

INTRODUCTION 

A prev ious  s tudy  o f  Celtis laevigata (hackber ry)  d e m o n s t r a t e d  tha t  i t  exer ted  
a l le lopa th ic  effects aga ins t  all  i m p o r t a n t  tal l  grass species in a g rass land  
research  p lo t  con ta in ing  h a c k b e r r y  trees (Lodhi  and  Rice,  1971). 

Because o f  the  poss ib le  ecologica l  significance o f  the  inh ib i to rs  o f  seed 
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germination and seedling growth (Lodhi and Rice, 1971), additional work 
was initiated with Celtis laevigata in a bottomland forest where these inhib- 
itors possibly can be leached and metabolized much faster and may lose 
their allelopathic activity. Bare areas frequently occur under and around 
hackberry, although several herbaceous species may grow profusely under 
adjacent tree species that cause shade that is just as dense. This paper reports 
on experiments designed to determine whether the relatively bare areas under 
the hackberry in a forest community are chiefly because of competition for 
minerals, water, or light; or because of chemicals produced by the hackberry. 
The nomenclature used here follows Waterfall (1966). 

LOCATION AND DESCRIPTION OF STUDY AREA 

A bottomland plot was established in Oliver Wildlife Preserve located 
on the University of Oklahoma campus in Norman (See. 7, T8NR2W in 
Cleveland County). The bottomland plot is on a level flood plain of the South 
Canadian River. The soil is a sandy clay loam. The vegetation consisted of a 
floodplain forest dominated by Fraxinus pennsylvanica (green ash), Quercus 
macrocarpa (bur oak), and hackberry, with several minor tree species. 

The growth of herbaceous species was observed to be considerably 
better under bur oak than hackbcrry. Light intensities were measured under 
several hackberry and bur oak trees. Readings were taken twice a month in 
June and July of 1969. Ten readings were taken with a Weston light meter 
under each species at each sampling time. An average range of 600-700 ft-c 
light intensity was obtained under both hackbcrry and oak trees. No differ- 
ences were obtained that could explain the differences in growth of herb- 
accous species under test and control trees. 

To describe quantitatively the zone of reduced growth associated with 
hackberry trees in the Oliver Preserve, 30 randomly located quadrats, 0.25 m z 
in area, were clipped under hackberry trees and 30 under bur oaks in July. 
Species were separated, oven-dried, and weighed. To obtain quantitative 
data for Bromus japonicus (bromc grass), 30 quadrats were clipped for this 
species in late May and June 1971, because this species is a winter annual. 
Oven-dry weights of all species sampled were significantly lower under 
hackberry trees than under bur oaks (Table I). 

EXPERIMENTATION AND RESULTS 

Physical and Chemical Analyses of Soil 

Soil moisture, pH, texture, and several selected mineral analyses were 
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TABLE 1. RESULTS OF FIELD CLIPPING OF SPECIES 
ASSOCIATED WITH HACKBERRY AND BOR OAK IN OLIVER 

PRESERVE 

Mean oven dry weights 
in  g/0.25 m ~ 

Spedes Hackherry Bur oak 

F_,iymus oirginieus 1.72_+0.34 3.654-0.49" 
Solidago gigantea 8.80_+ 0.66 14.144- 0.42" 
Ambrosia trifida 1.75__.0.23 3.764-0.55" 
Othea species 1.47 ~4.28 
Mean total weight 13.72 24.80 

Bromusjaponicus (May) 1.78-+0.20 3.684-0.31" 
Bromus]aponicus (June) 2.21 -+ 0.78 5,32-+ 0.45 a 

a Dry weight significantly different from that under hackberry 
at 0.05 level. 

made to see if the differences in the vegetation under the hackberry trees 
were due primarily to physical or chemical properties of  the soil. 

S o i l  moisture was determined during the summer of  1969, by taking 
soil samples at the 0-15-cm and 15-30-cm levels. T e n  samples were taken 
at each level under hackberry trees and ten at each level under bur oak trees 
at each sampling time. All samples were weighed, oven-dried for 48 hours at 
100~ and reweighed to determine the amount of  water l~resent. Soil 
moisture was calculated on the basis of  the oven-dry weight of  the soil. 
The percent of  soil moisture was always significantly higher under hackberry 
trees than under bur oak trees (Table 2). 

TABLE 2. COMPARISON OF SOIL MOISTURE UNDER HACK- 
: BERRY TREES AND UNDER BUR OAK TREES 

Time of soil Level of Under Under 
collection the soil ( cm)  hackberry bur oak 

June, 1969 0-15 22.70+0.75 19.80_+0.60" 
15-30  20.60_+0.44 16.90_+0.80 ~ 

July, 1969 0-15 22.62_+0.74 19.82+0.61" 
15-30 20.38-+0.44 16.57_+0.79 ~ 

August, 1969 0-15 22.20-+0.73 19.91 _+0.60" 
15-30 19.90-+0.45 16.24_0.77 ~ 

a Percent moisture significantly different from amount under 
hackl~rry at 0.05 level. 
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For physical and chemical soil analyses, 10 soil samples minus litter 
were collected at the 0-30-cm level under hackberry and 10 under bur oak 
trees. Visible pieces of organic matter were removed by hand, after which the 
soil was passed through a 2-ram sieve. The pH was determined by the glass 
electrode method of Piper (1942), and a mechanical analysis with a modified 
Bouyoucus hydrometer method (Bouyoucos, 1963; Piper, 1942). After the 
pH and texture were determined, the samples were ground in a soil mill to 
pass a 0.5-mm sieve. Total phosphorus was determined by the method of 
SheRon and Harper (1941), total carbon by the Walkey and Black method 
(Piper, 1942), and total nitrogen by the macro-Kjeldahl method of Bremner 
(1965). Iron, zinc, manganese, and copper were determined by using a Perkin- 
Elmer Model 303 atomic absorption spectrophotometcr after extraction 
according to the instructions in the analytical manual supplied with the 
instrument (Perkin-Elmer Corporation, 1968). All calculations were based on 
the oven-dry weight of the soil. No significant differences were found in the 
pH, texture, organic carbon, or amounts of any of the mineral elements under 
hackberry as compared with control s0il (data available upon request). 
These studies showed that the failure of the herbaceous species to grow well 
under hackberry was not due to any of the factors discussed above. 

Experiments were subsequently initiated to determine if hackbcrry 
trees produce chemicals inhibitory to select herbaceous species from the 
bottomland forest community. 

Effects of Decaying Hackberry Leaves on Germination and Seedling Growth 

Thirty seeds of brome grass were planted in each of ten 10-era glazed 
pots containing 1 g air-dried hackberry leaf powder per 454 g of a 3: 2 soil 
and sand mixture, and because of poor gemfination, a large number of Elymus 
virginicus seeds were planted in each of 10 pots containing a similar mixture. 
The hackberry leaves employed were harvested and air dried in October, 
1969. In the control pots, one gram of peat moss per 454 g of the soil-sand 
mixture was used, and 10 pots were planted as described above with each 
species. 

After two weeks, the plants were thinned to the four largest seedlings 
per pot. The plants were grown for two additional weeks, then harvested and 
oven-dried for 4g hr at 36~ Seedling growth of both test species was sig- 
nificantly reduced by decaying l e g  material, and seed germination of brome 
grass was inhibited slightly, indicating an allelopathic effect (Table 3). 

Effects of Leaf Leachate on Germination and Seedling Growth 

A fine mist of cistern water was spread over freshly collected leafy hack- 
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TABLE 3. EFFECTS OF DECAYING HACKBERRY LEAVES ON GERMINA| 
TION AND SEEDLING GROWTH 

I75 

Mean oven-dry weight of seedling (rag) 

Species and Germination 
experiment no. Control Test (~/, control) 

Elymus virginicus 
1 1574-7.23 100+7.76" 
2 127+7.64 100+8.59 ~ 

Bromus japonicus 
1 1314-9.30 101+6.70" 
2 141__.8.51 97+7.73 a 

8 8  
94 

Dry weight significantly different from control at 0.05 level. 

berry branches, and the leachate collected in this manner  was used to water 
10 pots o f  each test species in a 3:2 soil-sand mixture. Planting was done as 
described above. Ten control pots o f  each species were treated in the same 
manner,  except they were watered with equal amounts  of  cistern water that  
was not passed over hackberry branches. After two weeks the plants were 
thinned to the four  largest seedlings per pot. Seedlings Were allowed to grow 
for  two additional weeks, harvested, oven-dried for  48 hr and weighed. 

The oven-dried weight was reduced significantly in each species b y  the 
leaehate, and the germination of  brome grass seeds was reduced slightly in 
one experiment (Table 4). 

TABLE 4, EffECT oF LEAF LEACHA~ ON GERMINATION AND 
SEEDLING GROWTH 

Mean oven-dry weight of seedlings (mg) 

Species and Germination 
experiment no. Control Test ( ~  control) 

Elymus virginicus 
I 158_-4-7.94 103_ 7.00" 
2 131_.+7.53 100--1-_8.95" 

Bromus japonicus 
1 126 + 9.32 101 + 6.36" 
2 1414-8.09 98_+7.50" 

93 
99 

"Dry weight significantly different from control at 0.05 level. 
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TABLE 5. EFFECT OF FT~n Sore FROM UNDER I'{ACKBERKY TREES 
ON GERMINATION AND SEEDLING GROWTH 

Mean oven-dry weight of seedlings (rag) 

Species and date Germination 
soil taken Control Test (Yo control) 

Elymua virginieus 
July, 1969 128+6.32 1274_6.78 
Jan., 1970 1514_7.76 99+_7.56 a 

Bromus japonicus 
July, 1969 1444- 8.67 141 4- 8.32 
Jan., 1970 149+8.56 102+7.56 a 
June, 1971 1584- 6.39 121 4- 8.20 a 

m 

106 
54 
61 

"Dry weight significantly different from control at 0.05 level. 

Effects of  Field Soils on Germination and Seedling Growth 

To determine if the phytotoxins of hackberry are stable in the soil under 
field conditions, soil collections were made in July, 1969, January, 1970, and 
June, 1971 under hackberry (test) and oak trees (control) in the 0liver Pre- 
serve. Collections were made with a sharp-nose shovel, and the soil was 
transferred directly into the pots in order to disturb the profile as little as 
possible. Seeds of test species were placed in pots, as explained before. Ten 
test pots and ten control pots were planted with each species. After two weeks 
the plants were thinned to the four largest seedlings per pot. These were 
allowed to grow for two additional weeks, harvested, oven-dried for 48 hr 
and weighed. 

The July, 1969 soil did not significantly affect germination or seedling 
growth (Table 5). The January, 1970 soil, however, reduced germination of 
brome grass appreciably and significantly inhibited seedling growth of both 
test species (Table 5). Apparently the toxic compounds are more active in 
soil in late fall and winter after the accumulation of hackberry leaves and 
other plant parts, as reported by Lodhi and Rice (1971). The inhibitors were 
possibly either leached from the soil by the early summer rains of 1969, or 
were oxidized because of exceptionally hot weather in late July of 1969. To 
check these possibilities, a soil collection was made in June, 1971 and was 
treated in the same manner as the previous collections but with only one 
test species, brome grass. Interestingly, seed germination was lowered 
appreciably and seedling growth was significantly reduced (Table 5). There- 
fore, it appears that the phytotoxins of hackberry are stable in the soil under 
field conditions unless some exceptional weather conditions occur. 
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Identification of Phytotoxins from Hackberry Extracts 

The two procedures used to isolate the compounds from hackberry 
leaves were those of Rice (1965) and Guenzi and McCalla (1966). The 
identifications were based on the methods of Rice (1965), 

Ten percent aqueous extracts of hackberry leaves were acidified to 
pH 2.5 using 2 N HCI, and extracted with two half volumes of diethyl 
ether. Ether and water fractions were evaporated to dryness and were 
taken up in 5 ml 95~  ethanol and 10 ml distilled water, respectively. These 
fractions were chromatographed in two dimensions on Whatman 3 MM 
paper with n-butanol-acetic acid-water (63:10:27 v/v/v), BAW, followed 
by 6 ~  aqueous acetic acid, (6~. AA). The chromatograms were inspected 
with short (2537 A) and long (3360 A) ultraviolet light. Compounds were 
marked under UV light and subsequently eluted with 95yo ethanol. The 
eluates were reduced to dryness i n vacuo, taken up in 3 ml 95~  ethanol, and 
chromatographed in one dimension on Whatman No. 1 paper in three differ- 
ent solvent systems: BAW, 6 %  AA, and isopropanol-butanol-water 
(140:20:60 v/v/v) IBW. The R.rs in various solvent systems, colors in UV 
light, colors in various reagents (Rice, 1965), and maximum absorption 
peaks in 95~  ethanol before and immediately after the addition of 2 drops 
of 2 N NaOH per cuvette, indicated the presence of scopolin and scopoletin 
in the extracts (Tables 6 and 7). 

Following Guenzi and McCalla (1966), 10 g plant material were ground 
to pass a 10-mesh screen and hydrolyzed with 150 ml 2 N NaOH in an auto- 
clave for 45 minutes. The extract was filtered and acidified to pH 2.0 with 
HC1 and extracted with two half volumes of diethyl ether. The ether extract 
was shaken with two half-volumes of 5 ~  NaHCO3 and the ether portion was 
discarded. The alkaline portion was acidified again to pH 2.0 and reextracted 
with two half-volumes of ether. The ether fraction was evaporated to dryness 
and the residue was taken up in 5 ml 95~  ethanol. Acid hydrolysis was 
carried out on a similar amount of ground material by refluxing with 150 ml 
2 N HC1 for 30 minutes. Ether extractions were carried out as previously 
described. 

Ferulic, caffeic, and p-coumaric acids were identified from alkaline 
hydrolysis (Tables 6 and 7). Only one compound, gentisic acid, was identified 
from acid hydrolysis. 

The biological activity of all the compounds identified was determined. 
Ethanolie eluates of all the compounds identified and of a similar sized area 
from a blank chromatogram were evaporated to dryness and were taken up 
in 2 ml of phosphate buffer, pH 5.65. These buffer solutions were added to 
petri plates containing 50 seeds each of  Amaranthus palmeri or brome grass 
on filter paper. The amounts of the irthibitors applied were not known. The 
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TABLE 7. MAXIMUM ABSORPTION SPECTRA (IN 95% ETHANOL) Or INI-nBITORS FROM 
HACKBERRY LEAVES AND EFFECT OF INHIBITORS ON GERMINATION 

Germination 
Maximum (~0 control) 

Maximum absorption 
absorption with Amaranthus Brome 

Compound (rim) NaOH palmeri grass 

Scopolin 326 345 
Suspected seopolin 325 346 33 27 
Scopoletin 344 392 
Suspected scopoletin 344 390 26 31 
Ferulic acid 285 343 
Suspected ferulic acid 282 340 33 48 
p-Coumaric acid 283 330 
Suspected p-coumaric acid 285 332 49 39 
Caffeic acid 288 265 
Suspected caffeic acid 286 264 24 27 
Gentisic acid 330 295 
Suspected gentisic acid 328 293 47 37 

eluate from the blank paper was used as the control. Germination was 
determined after 5 days, and the results expressed as a percent of control 
germination (Table 7). 

Field soils from under hackberry trees were collected and extracted 
according to Wang et al. (1967), and then were treated for isolation and 
identifications following the procedure of Rice (1965). The papers were 
examined under UV light and the visible spots were eluted with 95% ethanol. 
These eluates were then tested for biological activity by the A. palmeri 
germination bioassay and were found to be very toxic to this species. How- 
ever, I was not able to identify any of these toxins and suspected that they 
consisted of phenolics bound to other compounds. Therefore, a hydrolytic 
method modified from Guenzi and McCalla (1966) was used to extract these 
compounds from the soil. Ferulic, caffeic, and p-coumaric acids were identi- 
fied from this method. All compounds: identified from the January soil 
collection were present in concentrations of 800-I 100/~g/g of soil. 

DISCUSSION 

The reduced growth of test species under hackberry trees was apparently 
not primarily because of physical factors, deficient soil moisture, or mineral 
deficiencies. Light intensity, pH, soil texture, organic carbon, and amounts 
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of mineral elements measured were not significantly different under hack- 
berry than under bur oak trees. Soil moisture was always significantly higher 
under hackberry trees than under control trees. Decaying hackberry leaves, 
leaf leachate, and soil from under hackberry trees were all found to inhibit 
seed germination and seedling growth of herbaceous species that grow 
considerably better when away from hackberry trees than when under them. 
Apparently the allelopathic effects of hackberry trees in a forest community 
are just as effective as in a grassland community (Lodhi and Rice, 1971). 
Thus, the original hypothesis that hackberry may not be allelopathic in a 
forest community because of a rapid removal of toxins was not supported. 

The phytotoxins identified from hackberry leaves were scopolin, 
scopoletin, and ferulic, caffeic, p-coumaric, and gentisic acids. Scopolin and 
scopolctin were found in aqueous extracts of leaves, whereas all others were 
found only after acid or alkaline hydrolysis. Lodhi (1975) reported that 
fcrulic, caffcic, and p-coumaric acids were identified from the soil under 
hackberry trees only after alkaline hydrolysis. Guenzi and McCalla (1966) 
found ferulic and p-coumaric acids in the residues of corn, oats, sorghum, 
and wheat and that p-coumaric acid can bc released in amounts sufficient to 
inhibit plant growth. Wang et aL (1967) sampled soil from several croplands 
and found p-coumaric acid and ferulic acid plus several other phenolic acids. 

The concentration of phenolic acids quantified in many soils was found 
to suppress the growth of several young crop plants when applied to plants 
growing in nutrient culture solution. Rasmussen and Rice (1971) isolated 
fernlic and p-coumaric acids from Sporobolus pyramidatus and found allelo- 
pathic effects on associated species resulting in either reduced growth or 
elimination from the stand. Langdale and Giddens (1967) reported that small 
quantities of ferulic and p-coumarie acids are effective in inhibiting IAA 
activity in Arena coleoptiles. Zenk and Muller (1963) found that p-coumaric 
and ferulic acids increase IAA decarboxylation, resulting in reduced growth. 
Olmsted and Rice (1970) found that p-coumaric acid was significantly inhib- 
itory to the growth of 12-day-old seedlings of Amaranthus retroflexus. 
Del Moral and Muller (1970) found that p-coumaric, ferulic, and caffeic 
acids from Eucalyptus camaldulensis" were toxic to the germination of test 
seeds. Hennequin and Juste (1967) found that caffeic, ferulie, and p-coumaric 
acids have phytotoxic effects on seed germination andseedling growth. Rice 
(1965) found that Ambrosia psilostachya produced a glucose ester of caffeic 
acid that is inhibitory to nitrogen-fixing and nitrifying bacteria, and Rice 
(1968, 1971) reported that A. psilostachya and its leaf leachate caused a 
significant reduction of nodulation in three legume species. Neill and Rice 
(1971) reported that the root exudate, leaf leachate, and decaying leaves of 
A. psilostachya inhibited many of the early invaders of abandoned fields. 

A1-Naib and Rice (1971) found that Platanus oeeidentalis inhibited seed 
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germination and seedling growth of many associated species, and: scopolin, 
scopoletin, and other phenolic compounds were isolated from P. occidentalis 
leaves and mature fruits. Einhellig et al. (1970) found that growth of tobacco, 
sunflower, and pigweed was inhibited by a 5x  10 -~ M scopoletin con- 
centration. Net photosynthesis in tobacco plants treated with a 10 -s  M 
concentration of sc0poletin was depressed to 34~  .of that of the controls. 
Lodhi and Nickell (1973) found that osmotically inactive water extracts of' 
hackberry significantly reduced the shoot growth and the rate of photosyn- 
thesis, but significantly increased the rate of dark respiration of Andro.pogon 
gerardi, A. scoparius, and brome grass (species associated with hackbcrry). 
Lodhi (1975), Rice (1971), A1-Naib and Rice (1971), and Wilsonand Rice 
(1968) suggested that the additive effect of a combination of inhibitors may 
be more detrimental than each compound separately. 

Thus, it appears that allelopathy expressed by hackberry in a grassland 
community (Lodhi, 1975; Lodh~ and Rice, 1971) or in a bottomland forest 
community may be important ecologically in helping determine the pattern- 
ing of herbaceous vegetation. 
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