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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. 



25 

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) . 

40 



41 

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. 

43 



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 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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