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ABSTRACT 

Title of Thesis: Pueraria lobata Willd. (Ohwi), 

limitations to sexual reproduction 

Janet Naomi Abramovitz, Master of Science, 198 3 

kudzu: 

Thesis directed by: Alan H. Teramura, Associate Professor, 

Department of Botany 

The success of kudzu, Pueraria lobata Willd. (Ohwi), as 

a weedy invader in the southeastern United States is a 

result of its rapid growth rate, high leaf area index and 

ability to reproduce vegetatively. Populations at three 

sites near College Park, Maryland varied in their growth 

and reproduction, leaf area index, specific leaf weight, 

vine elongation rates, raceme density and seed production 

and di spersa l. Soil characteristics, air temperature, 

humidity and photosynthetically active radiation (PAR) were 

measured at each site. The site which had the greatest 

vegetative productivity received significantly higher levels 

of PAR. Virtually no flowers or seeds were produced at the 

other two sites. At the site which produced a large number 

of flowers, successful sexual reproduction was limited by 

insufficient pollinator service during some periods of the 

season and low germination and seedling survivorship. 

Measurements of specific leaf weight, leaf area index, 

biomass, raceme production a nd seed set s ugge s t that kudzu 



is a sun 

establishing 

irradiance, 

apparent in 

adapted plant. 

itself in 

Even 

habitats 

though it 

of low 

is 

or 

capable of 

moderate 

a greater ability for sexual reproduction wa s 

sun populations versus no sexual reproductive 

success in pop u lations occuring in shaded habitats. 

While 

successful 

its pri mary mode of reproduction is vegetative, 

sexual reproduction may occur despite several 

li miting factors. 
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INTRODUCTION 

Pueraria lobata (Willd.) Ohwi, was introduced Kudzu, 

into the United 

ornamental vine. 

States from Japan in 1876 as a leguminous 

Prior to 1950 it was planted extensively 

in the southern United States, both as forage and to 

increase 

fixation 

soil 

and 

stability and 

the addition 

fertility, through nitrogen 

of organic matter. Due to its 

rapid spread by the formation of crowns at the nodes of 

trailing stems, and its adverse affect on surrounding 

vegetation, it has since been considered a pest. Flowers 

are borne on axillary racemes which initiate anthesis in 

late July and continue until the first frost, generally 

mid-October in central Maryland. It partitions very little 

of its biomass into sexual reproduction (Wechsler, 1977) and 

has a very low seed production (Bailey, 1944; Dubadghao, 

1949; O'Brien and Skelton, 1946; Tabor, 1942a). 

Low seed set has been suggested as being due to 

insufficient pollinator service in some plants 

(Bierzychudek, 1981) and attributed to low raceme density in 

others (Platt, Hill, and Clark, 1974). Poor germination and 

seedling vigor has been positively correlated with low seed 

weight in many plants, including 9 tree species (Grime and 

Jeffrey, 

(Obendorf, 

1965), Lupinus texensis 

Ashworth, and Rytko, 

(Schaal, 1980) and soybean 

1980). Similar phenomenon 

with kudzu may explain why there have been no prior reports 
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of the establishment of new sites by natural seeding. 

Numerous studies have examined the variabilty in the 

allocation of resources into reproductive and vegetative 

tissues and the implications of these strategies in plants 

(Grime, 1979; Harper and Ogden, 1970; Tripathi and Harper, 

1973). 

The focus of this study has been on the factors 

affecting the differing vegetative and reproductive output 

between populations and the low germination and seedling 

survivorship observed in the field. The following questions 

have been addressed: (1) How do the study sites differ in 

terms of 

responsible 

reproduction? 

the 

for 

environmental variables which may be 

measurable differences in growth and 

(2) What prevents the vast majority of ovules 

successfully fertilized? (3) When ovules are from being 

fertilized are there environmental constraints which 

decrease the viability and vigor of the seeds? (4) What are 

optimum conditions for seed germination and survival? How do 

they correspond with field conditions? 
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MATERIALS AND METHODS 

Study Sites. Three field sites in College Park, Maryland 

were selected and observed for differences in several 

vegetative and reproductive growth characteri s tics over a 

two year period. The first and largest site, approximately 

a north-facing slope along Md Highway 320. 730 
2 

m is on 

As the solar zenith decreases later in the season the site 

receives less and less direct beam solar radiation due to 

shading by large trees ( Quercus spp. and Fagus grandifolia 

Ehrh.) located midway up the slope at the upper edge of the 

population. For the purposes of light mea s urements the site 

was divided into a "sun" and a "shade" area, each 

approximately one third of the site, while the remainder 

received intermediate levels of irradiance. The population 

is prevented from spreading at the bottom of the hill by the 

roadway. 

The second site was 

occupies approximately 275 

planted 

2 
m 

about 

of a 

15 years ago and 

west - facing slope 

bordered on three sides by Md Highway 650 and a driveway. 

It receives direct solar radiation for the majority of the 

day throughout the season due to the absence of surrounding 

trees. 

The third and smallest site, only 18 m 2 is on the edge 

of a wooded island which is encircled by a driveway and is 

separated from the west site by approximately 20m, with some 
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trees and the driveway between them 

Environmental variables. To elucidate microclimatic 

differences 

differences 

between sites which may contribute to observed 

in vegetative and reproductive growth, several 

environmental variables were measured. Daily temperatures 

were monitored at all three sites using a shaded Taylor 

Instruments 

canopy. 

maximum-minimum thermometer located within the 

Diurnal fluxes in photosynthetically active 

radiation (PAR, 400-700 nm), air temperature and humidity 

and 

times 

soil temperature 

during the 1982 

at a depth of l cm were measured at 

season using a LI-COR Model LI-185 

Quant um sensor, Psychro-Dyne PPlOO ventilated psychrometer 

and a YSI 42SC Tele-Thermometer, respectively. The 4 

sampling periods were: late May, mid July, late August and 

early 

growth, 

October, which corresponded to early vegetative 

peak vegetative growth, peak flowering and end of 

flowering-early senesence. Soil samples were collected from 

5 randomly selected locations within each site and pooled. 

Two replicate samples per site were analyzed for pH, 

texture, magnesium, phosphorus, potasium, and percent 

organic matter by the Soil Testing Lab of the Maryland 

Cooperative Extension Service. 

Vegetative growth measurements. Vine elongation rates (VER) 

were measured at all sites monthly during the 1982 season. 

Rates were calculated by measuring the distance from the 

youngest 

days. 

mature node to the shoot tip on two consecutive 
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Estimates of vegetative productivity were measured for 

each of the 3 sites by sampling twice during the 1981 season 

and 4 times during the 1982 season. In 1981 the sampling 

periods corresponded to the onset of peak vegetative growth 

and the 

the 

end of peak flowering. The 198 2 sampling periods 

were same as those used for the environmental 

measurements. 
2 

At each sampling date, five 0.Sm areas were 

randomly chosen within each site and all aboveground plant 

material was collected. Estimates of sexual reproductive 

effort (SRE) were made using all parts of the raceme 

including flowers, pods, seeds, and peduncles. Leaf area 

index (LAI), the ratio of leaf surface area to ground area, 

was determined by measuring the leaves with a LI- C0R 3100 

Area Meter. Leaves were dried to a constant weight at 60 C 

and weighed to determine specific leaf weight (SLW). All 

petioles and vines were also dried and weighed. Root 

material was not collected because of the disruption it 

would have caused to the sites. Estimates of leaf area 

ratio (LAR), the ratio of leaf area to total plant dry 

weight, and biomass determinations were therefore made using 

only aboveground tissue. There were 2 exceptions to the 

sampling scheme. 

additional leaf 

At the first 1982 sampling period (May 5), 

samples were collected at the north - and 

west-facing sites for SLW and LAI measurements because the 

sites were relatively bare as growth had just begun. The 

other exception was that no fresh material was collected at 

the east-facing site until the last sampling period 
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(October) in an effort to min i miz e di s tu r b a nc e to t h e s ma l l 

site. LAI was calculated at this site b y usi ng le af 

imprints of the attached leaves on photoreact ive Diazo n 

paper which was later fi x ed in ammonia vap o r. 

were then measured with the LI - COR Area Meter. 

The impr i nt s 

Pollination studies. 

the west-facing site 

Po llinator activity wa s o b s erved at 

in 19 82 during 3 period s : 1) wh e n 

density (1 9 - 2 1 August) and racemes 

an exposed hanging pos i tion; 2 ) 

there was a high raceme 

were only found in 

mid-season (2 7 September) when racemes were found both in 

the hanging and the ground canopy; and 3) late in the seas o n 

(2 3 - 24 September) when there was a low raceme density and 

most racemes were within the ground canopy. At each 

sampling period, 4 areas were chosen within the site 

containing at least 3 racemes within 1 m of each other. 

Within each area 3 racemes were observed and the number of 

pollinator visits counted over a 10 minute period 3 time s 

before and 4 times after solar noon. 

repeated on 3 consecutive clear days. 

These counts were 

During the second 

sampling period 

consecutive days, 

(mid-season) measurements were made over 6 

alternating between a day of observation 

of hanging racemes and a day of ground canopy raceme s . 

Observations were made on only 2 days during the th i rd 

period due to inclement weather. Mean air temperatures wer e 

recorded hourly during the observation period. Analyses 

were conducted to determine the effects of position and 

seasonality on the number of pollinator visits u s ing the 
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following statistical models. 

To compare pollinator vi sits between sampling periods the 

following model was used: 

+ Ak ( i j) + 

where: 

W. sampling per io d effects, i = l,2,3 . 
l 

Rl(ij k) + T + 
m 

random day effects nested within sampling 

period, j = l, 2,3 . 

random area effects nested wi t hin day, 

k=l,2,3,4. 

Rl(ijk) random raceme effects nested within area, 

l=l, 2 ,3. 

Tm time effects, m=l, ... ,8. 

WTim interaction of sample period and time. 

E .. 
11 

random error effects assumed to be normall y and 
lJ C m 

independently distributed. 

The following mod el was used to compare the effect s of 

raceme position within the canopy on pollinator visitation 

during the seco nd sa mpling period: 

= u + D. 
l 

where: 

Di random day effects, i=l,2,3. 

P. position effects, j =l,2. 
J 

DP. . random interaction of day and position. 
lJ 

random raceme effects nested within po sitio n 

and day, k=l, ... ,12. 
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T
1 

= time effects, 1=1, ... ,8. 

PTjl = interaction of position and time. 

Eijkl random error assumed to be normally and 

independently distributed. 

To test for floral abortion, hand pollinations were 

performed on all flowers which opened on a group of 10 

racemes over 7 days. Another 2 groups of 10 racemes had 

only 10 flowers per raceme pollinated. Pollination s were 

made with the attached anthers of flowers from other racemes 

selected just prior to being used for pollination. All 

racemes were covered with bridal veil to prevent insect 

pollination. In addition, one group of 10 raceme s was 

covered and left unpollinated to serve as a control. The 

term "abortion" as used in this paper may include numerous 

events between pollination and seed set which may ultimately 

limit seed set. 

Pollen viability was also examined. Pollen samples were 

collected from 10 flowers of 10 racemes at the west-facing 

site on 9 September 1982 and at the west and north-facing 

sites on 1 October 1982. Pollen was stained using a 

solution of cotton blue in lactophenol (Radford, Dicki son, 

Massey, and Bell, 1974). Dark staining pollen after several 

minutes was used as an indication of viability. Viability 

counts were analyzed among sites and times. 

As an additional indication of variations in seed 
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course of the 1982 

pollinated by bees. 

season and allowed to be naturally 

Numbers and positions with in the raceme 

of seeds and pods were recorded and analyzed at the end of 

the season to determine the effects of position and 

seasonality on seed set. 

Germination. Mature seeds were d i vided into the 

following classes based on pod location at the time of 

collection: l)pods which had fallen to the ground; 2)pods 

subjected 

collected 

A)large, 

to wetting 

from the 

and drying in the litter; and 3)pods 

vines. Each class was subdivided into 

round seeds and B)small, flat seeds. The weights 

of these classes were determined after drying at 35 C for 60 

h. 

Seeds from all classes were germinated in the Seed 

Testing Laboratory at the University of Maryland at 15, 20 , 

25 and 20/30 C and nearly 100 % humidity, following A0SA 

(1970) 

seeds 

weekly 

those 

At 20, 

recommendations. Normally and abnormally germ i n ate d 

and the number lost to fungal infection were rec or ded 

for eight weeks. Abnormally germinated seeds were 

in which the hypocotyl emerged but did n ot elongate. 

25 and 20/30 C 2 replicates of 25 seeds each were 

used for classes lA and lB, and 1 group of 25 seeds wa s us e d 

for the others. At 15 C, the temperature most clo sely 

approximating field soil temperatures throughout most of the 

season, 4 replicates were used for classes lA and lB, and 2 

replicates were used for all other classes. 

Field germination tests were begun on 20-24 June 19 82 , 
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using 450 large, round seeds from classes 1 and 3. The 

seeds were divided among 10 0. 2m 2 quadrats located at the 

edge of the west-facing site, at the east-facing site and on 

the bank between the 2 sites. Germination and seedling 

survivorship were recorded for 8 weeks. Numbers of 

naturally occuring seedlings and their survivorship were 

also recorded throughout the season. 

Pod and seed dispersal were estimated by spray painting 

all pods within a 
2 4m area, each m 2 a different color. 

The distance and direction travelled by each pod was 

recorded in lm intervals. 

All analysis were made using regression or analysis of 

variance (Statistical Analysis System, 1979). Significant 

differences were tested at the 95 % level unless otherwise 

noted. 
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RESULTS 

Environmental Measurements. For all of the environmental 

variables measured in 1982 there were significant 

differences between sites and dates and, for PAR, the 

interaction of site and date (Table 1). The mean maximum 

monthly air temperatures in 1982 were similar in both the 

west- and north-facing sites, and these were significantly 

greater than the east-facing site throughout most of the 

growing season (Table 2). There was little difference in 

the mean monthly minimum temperatures between the sites 

(Table 2). Soil temperatures were highest during the middle 

of the growing season and at the east-facing site (Table 3) 

and decreased as the season progressed as a result of 

increased canopy cover. Relative humidities were similar at 

the 3 sites at each sampling time except 30 May, 1982 (Fig. 

1). On this date the east-facing site had higher relative 

humidities as a result of the low levels of irradiance which 

it received due to shading by large trees surrounding the 

site. 

Figure 2 illustrates the representative radiation 

environment the sites received during the 1982 growing 

season. The west-facing site consistently received the 

highest PAR throughout the season, while the east-facing 

site consistently received the lowest levels. The "sunny" 

portion of the north-facing site is exposed to higher levels 
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early in the seas o n but by August the levels almost 

decreased to those of the "shad y " portion. 

The soils at all 3 sites were very similar as determined 

by the Soil Te s ting Laboratory of th e Maryland Cooperative 

Extension 

potassium 

Service. All are loam s with very high levels of 

low phosphor us levels. Levels of and very 

magnesium were rated as either high or very hi g h. The 

highest mean percent organic matter was found at the 

we s t-facing site (3.4 %), which had the den sest vegetative 

cover, while the site with the le ast cover, the east - facing, 

had the 

north-facing 

lowest percent o rganic matter ( 1. 8%). 

site had an intermediate level ( 2.8 %). 

The 

The 

soil pH for the north-, west- and east-facing sites, 5. 7, 

5.2 and 4. 7, respectively, are all within the normal range 

found in central Maryland. 

Vegetative growth measurements. Table 1 l ists the F - values 

by site, date, and the interaction of site and dat e for the 

characteristics analysed in 1982, and by site only in 1 981 . 

Where comparisons could be mad e , similar results were found 

i n growth characteristics between 1 98 1 (Table 4) and 198 2 

(Table 5). 

significant 

For vine elongation rates (VER) there were 

differences by site (P <. 00 1) and dat e (P <. 001 ) 

and the interaction of site and date (P <. 00 1) i n 19 82. 

During 1982 VER in the west and north - facing sites were 

similar until September 14 (Table 5). While VER continued 

to increase in the north-fac i ng site , rates at the 

west-facing site halved during the period of peak flower 
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during all sampling intervals. 

Total aboveground biomass differed significantly among 

sites (P <.001) and sampling dates (P < .001) in 198 2 . 

greatest in the Estimated 

west-facing 

aboveground biomass was 

site during all sampling periods (Table 5) and 

biomass increased as the season progressed at all sites. 

Leaf area index (LAI) differed significantly among sites 

(P < .001) and sampling dates (P <.001) and the interaction of 

site and date (P < .001). LAI at the west-facing site was 

significantly greater than in the north site or the 

east-facing site throughout the growing season (Table 5). 

LAI at the west -facing site began 6-fold greater than at 

the north-facing site early in the season, but these 

differences diminished over time. 

flowering period 

sites. 

(5 October), 

By the end of th 

LAI was similar in both 

Site, sampling date and the interaction of site and date 

were significant in contributing to variability in specific 

leaf weight (SLW) (P<.001, P <.001 and P <.01, respectively) 

and total leaf weight (P<.001). The west-facing site had the 

highest SLW on all sampling dates except during the early 

stages of vegetative growth. Similar results were obtained 

using a subsample of ten mature leaves per site and time. 

Leaf area ratio (LAR), the ratio of leaf area to total 

plant dry weight, mea sures the relative amount of resource 

allocation 

tissue. LAR 

to light collecting surface relative to support 

was significantly higher (P < .001) at the 
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east-facing site than at the other sites, which were not 

significantly different from each other. LAR was greatest 

during the period of peak vegetative growth. 

Flowering 

west-facing 

north-facing 

was initiated on 15 July, 1982 at the 

site, on approximately 5 August at the 

site and mid-August at the east-facing site. 

The west-facing site produced an average of 15.2 racemes 

m- 2 by 5 October 1982, while the north and east-facing sites 

produced only 0.4 per m
2 

each. At the latter two sites, 

only 1 raceme was found among the 5 quadrats which were 

sampled, although the north-facing site produced many more 

racemes overall. Only 2 racemes were produced at the 

east-facing site throughout the growing season. Sexual 

reproductive effort (SRE), the percent of standing biomass 

invested in sexual reproductive tissue, was 2.126, 0.021 

and 0.587% for the 

respectively. SRE, 

actual reproductive 

aboveground biomass 

west-, 

in this 

effort 

standing 

north-

study, 

because 

at the 

and east-facing sites, 

is an overestimate of 

it is based only upon 

time of collection and 

therefore does not account for the leaves which had been 

shed or biomass invested in the extensive root system. 

Pollination studies. There was a significant difference 

among sampling periods in the number of bee visits per 

raceme (Table 6). 

sampling within the 

Within a sampling period, day, area of 

site and raceme sampled within areas 

were not significantly different. In an analysis of the 

data for 2-9 September, when both hanging and ground racemes 
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were present, canopy position (p <. 0 5) and time o f day we re 

significant (P < .001) in contributing to variability in the 

number of bee visits (Table 7) with the highest visitation 

rates occ ur ing on the hanging racemes and at midday (Fig. 

3). There were no significant differences in v i sits to 

ground canopy racemes over the course of the day (Fig. 3 ). 

To determine if there were high levels of flor a l 

abortion, 2 groups of 10 racemes were compared. One group 

had a mean of 29.3 flowers per raceme hand pollinated, while 

the other had 10 flowers per raceme hand pollinated. The 

mean square root of the number of pods produced, 2 .6 and 2 .1 

for the 2 groups respectively, were not significantly 

differe nt. The control group, which was not hand pollinated, 

produced no pods. Square root transformations are used with 

small count values in order to make variances independent of 

the me ans (Sokal and Rohlf, 1981). 

There were 

viability among 

was 96 . 8 and 

respectively). 

the west-facing 

no significant 

no 

sites 

significant differences in pollen 

(mean percentage of viable pollen 

95.0 for the west- and north - facing s ite s , 

For the comparison of pollen collected from 

site on 9 September and 10 October, 1 982 , 

differences were found between dates (mean 

percentage of viable pollen was 99.0 and 96.8 for the two 

dates, respectively). 

The perc entage of ovules which produced seeds (S) was 

calculated as the product of the number of nodes per 

raceme(N)*the numb er of flowers per node(F)*the mean number 

J 
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, = , were F=3 and 
of ovules per flower(O) * 100 S N*F*O* 100 h 

0=11. The 

increased 

percentage of ovules which produced seeds 

to a maximum for hanging racemes in late August 

and for 
ground canopy racemes in early September (Fig. 4). 

earlier in the season tend to 
are produced 

have 

Racemes 

more nodes than those produced later in the s ea s on and 

th
erefore flower for a longer period of time (Fig. 5). 

which 

569 marked pods were retrieved beyond 1 m of their point 

91.6 % of all pods retrieved were found 
of 

Within 6 m of their point of origin, 1. 7% were found 10 -2 5 m 
origin. While 

The mean seed weights of all seed classes 
away (Fig. 6). 

~ Germination. (Table 8) 

were 
significantly different from each other 

large seeds of classes 1 and 3 (those which had 
except 
fallen to the ground which were not subjected to wetting and 

drying and those collected from pods which were 
st

ill on the 

the 

Seed class, temperature and time had a significant 
Vines). 

effect on germination. 
Highest germination percentages were 

Wh e n 
among the larger seeds at higher temperatures (Fig l). 

all seed classes were pooled, 
temperature treatments 30/20 and 25 C, or 

there was no significant 

ct· lfference 
ZO and IS c but the two groups were significantly different 

among 

There was no significant 

from each other 
(Table 9). 

ct· ifference 
in the percentage 

of abnormal germinations 

Among large seeds, 

between seed classes or temperatures. 
subjected to wetting and drying while in 

had the 1owest germination rates and the 
those 

the 

which 

litter 

were 

layer 
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highest losses to fungal infection. There was no 

significant difference in the percentage of seeds lost as a 

function of temperature (Table 9 ) • Most seeds lost to 

fungal infection were lost in the second week, there were no 

significant differences among the other weeks (Table 10). 

Field germination and naturally occurring seedlings. Of the 

450 seeds planted in 10 quadrats only 40, or 8.8 %, 

ger mi n ated . In 1982 245 naturally occuring seedlings were 

fo u nd and observed during the growing season. Of these, 109 

were located in gravel at the edge of the west-facing site, 

7 at the east-facing site and 129 on the bank that separates 

the two sites. All of the seedlings in the gravel and most 

of the other seedlings died within a few weeks of 

ger mi n ati n g. Seedlings which did survive showed almost no 

perceptible growth . Only one seedling was found which 

survived into the following spring. 
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DISCUSSION 

Kudzu is an aggressive competitor that is well suited 

for exploitation of above- and belowground resources by the 

rapid production of a dense canopy and large root surface 

area (Grime, 1979; Harper, 1977). It's dense canopy and 

viney growth habit allow it to capture a disproportionate 

amount of light resources (Wechsler, 1977) by growing up and 

over surrounding vegetation. Kudzu begins growth in May and 

may produce up to 12 m of new stem growth per season. Older 

vines often grow up into and hang from 25 m trees (Brender, 

1960). Another successful exotic weedy vine is Lonicera 

japonica (honeysuckle). Like kudzu it spreads vegetatively 

by the formation of roots at the nodes of trailing stems. 

Although it begins growth 2 months earlier, honeysuckle does 

not spread as fast or as high as kudzu, elongating only 1.5 

m per season under optimum conditions (Leatherman, 1955). 

While kudzu has an extensive rhizomatous root system, it's 

demand for photosynthate is only a small portion of that 

which is produced by the leaves (Wechsler, 1977). The 

limited investment in tissue for sexual reproduction, 

approximately 1 to 2%, also allows more resources to be 

channelled into vegetative growth. Kudzu's reproductive 

investment is low when compared not only to weedy monocarps 

such as Senecio vulgaris (Harper and Ogden, 1970) or 

polycarpic grasses such as Agropyron (Tripathi and Harper, 
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1973) but even when compared with honeysuckle which is a 

prolific seed producer (Brender, 1960; Leatherman, 1 9 55). 

Less than 10 % of all kudzu flowers produce fruit s, each of 

which contains an average of 2 seeds, while with honey s uckle 

57 % of all flowers produce fruits, each of wh i ch contains, 

on the average, 6 seeds (Leatherman, 1 95 5). It is kudzu's 

ability to outcompete other vegetation for light and space, 

rather than a high capacity for successful sexual 

reproduction, that is the basis for its successful dominance 

of communities which it inhabits. 

Photosynthetically active rad i ation (PAR) affe cts a 

number of plant characteristics, including the accumulation 

of aboveground b i omass, leaf area ratio (LAR) (Loach, 1 9 70 ) 

specific leaf weight (SLW) (Chabot and Chabot, 1977; Pearce 

and Lee, 1969) and sexual reproductive effort (SR E) (Gr i me, 

1 9 7 9 ) • 

2 to 

The west-facing site receives PAR levels which are 

9-fold greater than the north- and east-facing sites, 

respectively. The effect on photosynthate production is 

reflected in large site difference s in vegetative growth and 

productivity. The west-facing site has a rapid an d 

sustained production of total aboveground bioma ss and leaf 

area, in addition to having a higher reproductive effort. 

Vegetative productivity at the west - facing site was 

approximately 6.5- fold greater early in the season (May 5) 

and continued to be significantly higher through o ut the 

season. As indicated by the LAI, the canopies at the east 

and north-facing sites were less dense than at the 
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west-facing site, characteristic of sun adapted plant s in 

areas which receive less irradiance. An additional 

assessment of canopy structure is leaf area ratio (LAR). As 

a result of high levels of assimilate being channelled into 

light collecting 

irradiances tend 

surfaces, 

to have 

plants from habitats with lower 

higher LARs, i.e. , more leaf 

surface area relative to support tissue, than those at 

higher irradiances (Loach, 1970). In the present study the 

east-facing 

the highest 

irradiance 

site which received the lowest irradiance had 

LAR, while the site receiving the highest 

the west-facing site, has the lowest LAR. 

Although the mean LAR for the east-facing site was 

the 5 October sample only, when the sites 

this date alone the relationship is the 

calculated using 

are co mpared on 

same. 

Specific leaf weight (SLW) is also affected by 

irradiance, with sun leaves having higher SLWs (Chabot and 

Chabot, 1 9 7 7; Lichtenthaler, Bushman, Doll, Fietz, Bach, 

Kozel, Meier and Rahmsdorf, 1981). In kudzu the highest SLW 

occurred at the west-facing site which received the highest 

irradiance, and the lowest was at the east-facing site which 

received the lowest irradiance. 

Not only does the west-facing site invest relatively 

less for light collecting surfaces, i.e . LAR, and more on 

supportive tissue, it also expends more for sexual 

reproductive effort ( SRE), i.e. 

invested in reproductive tissue. 

the percent of biomass 

More profuse flowering and 
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seed production in habita ts receiving h igher irradiances has 

also been reported in honeysuckle (Leatherman, 1955). The 

more shaded north- and east-facing sites have sparse flower 

production and virtually no seed production . The 

east - facing site produced only 2 racemes during the entire 

season. No pods or seed were found at the north-facing 

site. One explaination for the differences observed ma y be 

that within the more shaded populations sexual reproduction 

is resource limited because only PAR,of the measured 

environmental variables, differed significantly between 

sites. While the cause of the sharp decrease in VER during 

the period of peak flowering at the west-facing site may be 

hypothesized to be a resource drain resulting from flower 

and seed production, it could also be due to water stress as 

indicated by the vertical orientation of the leaves during 

the day. These two hypotheses could be resolved by an 

examination of water relations and leaf temperatures between 

populations. 

Raceme density and seed production varied greatly 

between sites. One reason may be that low seed set is often 

correlated with limited pollinator activity (Bierzychud ek, 

1 9 8 1 ) . Higher seed production at higher floral density ha s 

been attributed to preferential visitation by pollinat ors to 

areas with higher raceme densities. (Platt, Hill and Clark, 

1974). The north-facing site had a very low raceme density 

and no observed seed set. Virtually no bees were observed 

at this site at any time of day during the season. The 
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west-facing site had a relat i ve l y h igh ra ce me d ensi t y and 

seed production and a high level of pollinat o r activity 

during 

probably 

some periods of the season. The east-facing site was 

pollinated because of it's proximity to the 

west-facing site. Bees were often seen moving between the 

two sites. Pollinators include Xylocopa virg i nica, Bo mbu s 

impatiens and Apis mellifera. Pollinator limitation may 

also be inferred if seed set among hand pollinated raceme s 

is higher than among open pollinated racemes (Bierzychudek, 

1981; Schall, 1980). Thi s was found in the pre s ent study 

with seed set for the hand pollinated racemes being 

approximately 14 % while that for the open pollinated racemes 

ranged between 0 %-3.3 %. Schaal (1980) hypothesized that i n 

Lupinus texensis the effects of pollinator limitation are 

minimized by producing a large number of flowers during a 

period which extends over many weeks, thus the chance s of 

pollination are greater. Therefore, while only 1.5 % of all 

L. texensis ovules develop into seeds the absolute number of 

seeds is increased as a result of the long flowering peri od. 

This hypothesis fits the floweing events observed in kud z u 

equally as well. 

Based on observations at the west-facing site, th e 

period of greatest seed set correlated with the highe s t 

pollinator visitation rates. These in turn correlated with 

the occurrence of high raceme densitie s . The second 

observation period (the peak of flowering) had the highest 

number of visits per raceme. During this period there wa s 
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also the highest recorded percentage of ovules producing 

seed. Conversely, the lowest seed set was found during the 

time corresponding with the lowest bee visitation (late 

season). This trend in visitation rates and seed set was 

als o seen during the peak flowering period, when hanging and 

ground racemes were compared the hanging racemes had 

significantly more bee visits. During this period the 

percentag e seed set in the hanging racemes was nearly twice 

that of the ground racemes. It may be implied that at high 

pollination levels abortion may limit high seed set based on 

the result s of 2 experiments. First, in the hand 

pollinati on experiment, there was no significant difference 

in the numb er of pods produced by racemes which had a 3-fold 

differe nce in the number of flowers pollinated. Second, 

between hanging and ground canopy racemes there was a 

greater ma g nitud e of difference in pollinator visits than in 

seed set. There are several reasons why pollinat ors 

preferentially visit and thereby facilitate higher seed set 

in hanging racemes. These racemes are in a position where 

they are exposed for the entire day unlike the racemes 

within the ground canopy which are generally exposed only i n 

the afternoon. In kudzu, a pulvinus vertically orients the 

leaves around midda y at sites where they are exposed to hig h 

ir radiance s and are water stressed. In addition, ground 

canopy racemes are generally evenly distributed, with 

relatively low raceme den sity, wh ile those on hangin g and 

cli mbing vines have a higher density and are more clumped. 
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High density on the hanging and climbing vines ha s been 

observed in kudzu by numerous investigators (Dabadghao, 

1949; McKee and Stephens, 1943; Tabor, 1942a) and has lead 

to the erroneous conclusion by some that kudzu produces 

flowers and seeds on these vines exclusively. 

Numerous factors, both endogenous and exogenous, provide 

obstacles between fertilization and successful seedling 

establishment. As previously mentioned, insufficient 

pollinator 

the number 

visitation and abortion may significantly limit 

and seeds which are produced. In of pods 

addition, the vast majority of pods are dispersed within the 

canopy. Seeds from these pods are not likely to germinate 

and become successfully established for several reasons. 

Pods tend to become trapped in the extremely thick litter 

layer, which often attains depths of 0.3 m or more, so that 

the seeds may not reach the soil surface. Seeds within 

these pods are also subjected to periods of wetting and 

drying which decrease viability and increase fungal 

infection as s u ggested in the laboratory germination tests. 

Should seeds reach the soil surface beneath the canopy and 

germinate, the 

mortality rate. 

seedlings are likely to have a high 

Vaartaja (1952) found damping-off to be 

very high in Pinus sylvestris seedlings under dense canopies 

where the light intensity is very low. Similarly, Wardle 

(1959) 

freely 

reported that even when Fraxinus seeds germinated 

under a 

encountered were 

dense 

far 

canopy the 

below their 

light intensities 

compensation point. 
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Angevine and Chabot (1979) discuss these difficulties 

encountered by seedlings in a dense population of mature 

plants and suggest that in such communities seeds which are 

produced 

disturbed 

are most likely to germinate successfully in 

areas where they do not have to compete for light 

and space with the mature plants. 

For those seeds in pods which are dispersed away from 

the thick 

guaranteed. 

decreasing 

litter layer, establishment is still not 

Edges of the populaton are often more exposed, 

the probability of damping-off and problems 

encountered with low irradiances. Soil temperatures may be 

higher and thus also more conducive to germination than 

those directly beneath the canopy. However, these areas are 

often inhospitable for long term growth. This is because of 

the nature of the habitat where kudzu typically occurs such 

as bare hillsides and road edges which are subject to 

erosion and much greater fluctuations in soil moisture. 

Leatherman (1955) reports that honeysuckle seedlings, which 

germinate in March and become rapidly established and 

partially woody by the end of the season, suffer 30 % 

mortality due to drought. Even higher mortality was 

observed in hand planted seeds and naturally occurring 

kudzu seedlings. 

Many weeds, both annuals and perennials, have relatively 

high germination rates. Leatherman (1955) reports a 

potential of 85% germination for honeysuckle, although 

actual germination under field conditions is 53-63 %. 
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Numerous annuals, such as Lupinus texensis and Torilis 

japonica, have germination of at least 90% (Schaal, 1980) 

and 63% (Baskin and Baskin, 1975), respectively. In 

contrast, kudzu has very low germination under both field 

and laboratory conditions. A large portion of kudzu seeds 

produced are of relativly low seed weight and even under 

optimum conditions have less than 10 % germination. Seeds of 

low weight have been shown to have low levels of germination 

and survivorship as a result of less endosperm (Grime and 

Jeffrey, 1965; Obendorf, ~ .§.1_., 1980; Schaal, 1980). Seeds 

planted in the field experiment, were taken from seed 

classes with the highest germination in the laboratory, yet 

had considerably lower germination than the same seeds under 

laboratory conditions. Even the 8.8% germination found in 

the field experiment may be an overestimate of naturally 

occurring germination since seeds in this experiment were 

chosen from the mo st vigorous classes and were carefully 

planted at an appropriate depth. Thus, as was observed in 

the naturally occurring seedlings, mortality in the field is 

extremely high. It appears, however, that some seedlings do 

survive. 

suggesting 

For instance, 

that 

there are 2 pieces of evidence 

seeds produced 

the east-facing site was established from 

at the west-facing site. First, while the 

west-facing 

years ago, 

site was intentionally planted approximately 15 

the east -faci ng site was not. Nor could it have 

been established vegetatively because of a driveway 

separating the two sites. Second, numerous pods and 
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seedlings were found at the east-facing site and in the area 

between the two sites. 

Based on the results of numerous estimates of vegetative 

and reproductive effort made in this study two general 

conclusions may be drawn. First, it appears that kudzu has 

the vegetative plasticity to exploit a wide range of 

irradiances, however, it maintains higher vegetative 

productivity and sexual reproductive effort in habitats with 

higher irradiances. Second, there are numerous potential 

barriers to 

irradiance, 

successful sexual reproduction in kudzu: low 

insufficient pollinator service and high 

abortion d u ring various parts of the season, short distance 

seed dispersal and, low germination and seedling 

survivorship. However, kudzu maximizes genetically low seed 

set by extending the flowering period so that at some sites 

despite periods of pollinator limitation the absolute number 

of seeds produced is increased so that the genetic material 

is provided for the establishment of new sites. 
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APPENDIX 

KUDZU, BACKGROUND INFORMATON 

Kudzu, Pueraria lobata Willd. (Ohwi), is a perennial 

leguminous vine which is best known for its rapid growth and 

invasive nature. It is characterized by long, twining 

pubescent vines, a typical leguminous trifoliate leaf, and 

reddish-purple flowers which hang in racemes below the leaf 

(Gleason and Cronquist, 1963). 

Kudzu was introduced into the United States by Japan at 

the 1876 Centennial Exhibition in Philadelphia as an 

ornamental vine for its lush foliage, fragrant flowers and 

the cool shade it provided (Stevens, 19 76). It remained 

strictly an ornamental until early in the 20th century when 

it was promoted as a forage crop by C.E. Pleas, a Florida 

farmer, and David Fairchild, a United States Department of 

Agriculture plant explorer. 

The Federal Government and the Agriculture Experiment 

Stations in the southern states took over the task of 

developing, 

use as a 

testing, 

forage, 

promoting and distributing kudzu for 

for erosion control, and for soil 

improvement. Methods of propagation and establishment were 

tested and published (Bennett, 1940; Johnston, 1945; McKe e 

and Stephens, 1943; Nixon, 1948; Pieters, 1932; Sturkie and 

Grimes, 1939). The most successful method of establishment 

required planting crowns. Seedlings and cuttings generally 
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produced poor results. The Soil Conservation Corps produced 

over 73 million seedlings by 1940 and distributed 85 million 

crowns between 1935 and 1942 (Dickens, 1974). Some of the 

actual planting was carried out by the Civilian Conservation 

Corps (Stevens, 1976). 

The effectiveness of kudzu in erosion control is due to 

its root system, its rapid growth rate, its dense foliage 

and its copious litter production. It has a massive central 

taproot, up to 2 m long (Brender, 1960), an extensive 

fibrous root system, and it forms adventitious roots at the 

nodes of trailing stems. Leaf and stem litter also act to 

protect the soil. Increases in soil organic matter and 

water holding capacity due to litter production (O'Brien and 

Skelton, 1946) combined with the extensive nitrogen fixing 

root system also improved the structure of depleted and 

abused 

on the 

soils in the south. Numerous reports were published 

increased yields of crops on fields which were 

previously planted with kudzu (Cope and Scarsbrook, 1964; 

Pieters, 1932; Miles and Gross, 1939). 

Although several insects and diseases have been reported 

on kudzu, none have had a major deleterious effect. Minor 

damage by the velvetbean caterpillar Anticarsia gemmatilis 

Hubner (Lyle,1944), for which kudzu acts as an alternate 

host 

(McKee 

(Buschman, Whitcomb, 

and Stephens, 

Neal and Mays, 1977), nematodes 

1943) and the spotted skipper 

Epargyreus claurus (personal observation) have been noted, 

but none are considered serious. Likewise, reports of 
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leaf spot caused b C 
y _erospora pureraricola Yamamato 

1948) and Halo spot caused by angular 

(Weimer 

Bact . - eriurn 
rnedicaginis var. phaseolicola Byrk (Higgins, 

and Luttrell, 1930) 

relatively 

and rust 

un· important. 

A shift 

indicate that these, too, are 

in agricultural practices has assisted kudzu's 
Dickens (1974) 

spread in the United 
States and Japan. 

as mo re land was taken out of row crops and 
that 

to 
forests and pastures the kudzu which had been 

asserted 

committed 

Planted to 
stabilize gullies in th• fields was free to 

th
e forests, since it was no longer mowed, plowed, 

or 

invade 

grazed. 

2,4,5-T 

control and 

These methods, as well as herbicides such as 2 ,4-D, 

and Picloran were frequentlY recommended for the 

erradication of kudzu (Bailey, 1939; McKee and 

Similarly, in Japan, kudzu's weedy effects 
Stephens , 1943). is no longer collected as cattle 

have 

feed 

increased 
or used as compost du• to th• wider use of cultivating 

since it 

mach. ines (Manabe,1976). 
competitive success apparentlY does not result 

Kudzu's Two independent 

from a high 
invest · lf (196 ) igators Wechsler (1977) and Wo 9 , measured 

osynthetic rates of kudzu and concluded that it doe s not 

photosynthetic capacitY• 

Phot 

have 
an unusually high rat• of photosynthesis for a plant 

(1977) 
calculated a maximum 

\vi th the c3 
Wechsler 

pathway. 

rate 
-2 -1 200 uE 

-2 - 1 between 20 

of 16 mg co 2 
dm hr at 

cm s 

to out co mpete other 

and 30 C. 

Ve getation for 

kudzu's 
abilitY 

It iS 
light and space that is the basi s for i t' s 
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dominance of the communities which it inhabits. 
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Table 1. F-values for environmental and growth parameters by si t e, 
date, and si t e by date interactions. 

Characteristic Site Date Site* Date 

Environment al parametcrs-1982 

Max. temp. 19.01*** a 18. 23*** 
Min. temp. 3.32* C 30.18*** 
PAR 91.87*** 37.33*** 

Growth Earamcters-1982 

VERe 30 .00* ** 12.46*** 
Total above ground biomass 58 . 59*** 39.45*** 
Total leaf weight 113.1 7*** 142.70*** 
LAI 86.11*** 98.58*** 
SL\v 53.48*** 33 . 44*** 
LAR ll.56* H 15.79*** 
SRE 3.56* 6 .11 ** 

Growth r:arameters-1981 

Total above ground biomass 3 _01 nsdt 

Total l eaf weight 12.99***at 
LAI 13.01 *** 
SLW 7.08*** 
LAR 0_44nst 

a***Significantly different at th e 99.9% l eve l. 
b** Significantly different at the 99% l eve l. 
c* Significantly different at the 95% l eve l . 
d11s No t significantly different at the 95% l evel . 

l. 23ns 
l.00 11

S 

9.42*** 

12.87*** 
0.92115 

12 .41 *** 
13 . 36*** 

7 .41 ** 
0. 71ns 
5.87** 

e VER F-value for date analyzed as a quadratic function. 
t Includes data for north and west-facing sites only. 

d 

b 



Table 2 . Mean daily ai r t emperatures (°C) at three Maryland kudzu sites in 1982. 

May June July Aug Sert Oct 

Site Max Min Max Min Max Min Max Min Max Min Max ~!in 

West 29.sa* 13 . sab 29 . 3a 15 . 6 a 31 . 2a 17 . 6a 29 . 2a 15.4a 25.8a 12. 6 a 21. Sa 8 . 2a 

North 29.7b 11. 7b 27.4a 16.7a 30.2a 18 .3a 26.8a 15 . 9a 23 .l a 12. Sa 19.3a 8 . 7a 

East 23.9b 14 . 4a 23.9b 16 .3a 27.3b 18 . 9a 26.2a 17.8a 

* 
Means wi thin each column with identical superscripts are not significant l y different at the 
95% level (Duncan ' s Multiple Range Test). 

w 
(X) 



Tabl e 3 . 

Site n 

Wes t 12 

North 12 

Eas t 12 

Mean (±S . E. ) s oil temper atures ( OC) at 
three Mar y l and kud zu si t es in 1982 . 

8 J une 22 July 29 Aug 23 Oct 

18 . 4±0 .1 20 . 6±0 . 3 17 .5±0 . 2 9 . 7±0 .1 

19 .1 ±1. 8 20 . 8±0 . 3 16 . 0±0 .1 8 . 2±0 . 4 

18 .5 ±0 . 3 23 . 8±0 . 4 18 . 6±0 . 2 10 . 3±0 . 2 

w 

'° 



Tabl e 4. Growth characteristics at three 
kudzu si t es in 1981. 

Characteristic 

Biomass 

LAI 

SLW _
2 

(g•m ) X 10 2 

LAR 

Site 

We s t 
North 

Wes t 
North 
East 

Wes t 
North 
Eas t 

Wes t 
North 

n 

9 
5 

10 
10 

5 

10 
6 
4 

9 
5 

June 

16 3 . 08at 
93 .0lb 

a 
2 .14b 
1.44 
0. 36c 

0. 299 5a 
0 . 2777~ 
0 . 232 1 

153. 07a 
144. 31a 

t Means with identical superscripts ar e not 
significantl y different at th e 95 % l eve l 
(Duncan ' s Multipl e Rang e Test) . 
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Table 5. Seasonal growth characteristics at three kudzu sites 

in 1982. 

Characteristic n Site Date 

* May June July Aug Sept Oct 

t 20 West 73. 968 79.708 94.64 8 b 78.80
8 35 .osb VER -l 

(rmn ·d ) 20 North 74.10~ 95.9:: 108.07: 87. 70: 119.14
8 

12 East 46.75 45 .80 77 .20 43.17 

tt 5 West 164.34~ 308.808 b 369. 96: Biomas~ 2 
(g·m ) 5 North 25.62 147. 17 c 277.1 6d 

5 East 42.83 

tt 5 West 0.68d 3.30
8 

3.11: 2.09b 
LAI 2 -2 

(m •m ) 5 North 0.lle 1.82c 2 .40 2. 16~ 
5 East 0.07e O. Slc o. 53 

SLWtt 5 West b 0.279lcd 0.373 2:d 0.3309b 
(g ·m-2)Xl02 5 North 0.3048 C 0.2 245e 0.2866d 

5 East 0 . 2614 

LARtt 5 West 51.43c 106.608 b SB.SB~ 
2 -1 5 North 49. l 9c 127.818 83.04 C (m •g ) 

5 East 139. 28
8 

t - Means within each date with identical superscripts are not 
significant ly differen t (Duncan's Multiple Range Test, P <. 05) 

tt - Means across site and date with identical superscripts are no t 
significantly different (Duncan's Multiple Range Test, P < .05) 

* - N • 10 in May for LAI. 



Tabl e 6. F-values from an ANOVA comparing 
pollinator visitation at th e west­
facing site among three sampling 
periods. 

Characteristic 

Sample Period 
Day within san1ple period 
Area 
Raceme within area 

F-value 

aSignificant at the 95% level. 

bNot significant at the 95 % level. 

4 2 



Tul le 7. F-values from an ANOVA comparing 
pollinator visitation rates at 
th e west site between hanging and 
ground racernes.t 

Characteristic 

Canopy Position 
Raceme (Day* Position) 
Time of Day 
Posi tion* Time 

F-value 

18.76*a 
1. 07* 3 

***b 6 . 50 b 
11.79*** 

t Bas ed on data collected during 2-7 Sept 
when racemes within both the hanging and 
ground canopy were observed . 

aSignificant at th e 95% level . 

bSignificant at t he 99.9% level. 
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Table 8. Weights and germination of six kudzu seed 
classes. 

Seed Weight (g) Germination -t- (%) 
Class n mean n total abnormal infected 

a* a 1. 36a b 
lA 25 93 . 76b 83 10.40ab 1. 44b 
3A 25 82 .56 16 7.04b 0.48a 3.52b 

25 C 4. 72 C 1.4411 2A 66.00d 17 5 . 68 
1B 25 43.60d 80 1.28c 0.48a 22. 72a 
3B 25 38.44 16 o . ooc o.ooa 25 .0 4a 
2B 25 26 . 88e 16 1. 28c 1. 04a 21. 04a 

-t- . . f Percent germination a ter 
0 25 or, 30/20 C. Resu lts 

eight weeks at 15, 20, 
at all temperatures com-

* 
bined . 

Means within each column with identical superscript$ 
are not significantly different at the 95% leve l 
(Duncan ' s Multiple Range Test) . 

44 



Table 9 . Germi nation of kudzu seeds 
at four temperatures . 

( oC) 
Germination'l· (%) 

Temp n t ota l abnormal infected 

30/20 32 9.28a* 1.52a 11. 20a 
25 32 a 0.48a 11. 20a 7. 52b 
20 34 3 . 76b 0 .48a 12. 00 a 
15 130 3 . 92 0.96a 13 .04a 

i· 
Percent germina t ion of six seed classes 

Results of a ll seed 

* 

after eight weeks . 
c l asses combined. 

Means within each column with identica l 
superscript s are not signi fi cantly dif­
ferent a t th e 95% l eve l (Duncan's Multipl e 
Range Tes t). 

45 
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Table 10. Fungal infection of kudzu seeds genninated for eight weeks. 

1 2 3 

Mean (%) t 0.89b* 10 . 07a 1.46b 

t n= 2 

* 

Week 

4 

0.11 b 

5 

0.04b 

6 7 

0.04b o.oob 

8 

o.oob 

Means within each column with identical superscripts are not significantly 
different at the 95% level (Duncan's Multiple Range Test). 

~ 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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