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Abstract:
Seedling vigor of 4 varieties of birdsfoot trefoil was studied during the heterotrophic and autotrophic
stages of development at various temperatures.

In the heterotrophic stage the variety Leo had a greater germination, elongation and emergence speed
than the varieties Tana, Viking and Empire. This characteristic of Leo was not due to differences in
respiration rates nor was it due to a more rapid water absorption rate, Respiration rates were the same
for all varieties at each of 6 different ages. Respiration rates of all varieties increased significantly with
increasing temperature levels of 60, 70 and 80° F.

In the autotrophic stage Leo had a greater relative growth rate (RGR) than the other varieties at 70° F.
When compared to Viking and Tana the greater RGR of Leo was a result of Leo having a greater leaf
area to plant weight ratio (LAR). Net assimilation rates were similar for these three varieties. The
greater RGR of Leo as compared to Empire, however, was due to Leo having a greater net assimilation
rate (NAR). Differences which occurred in LAR were due to changes in the leaf area to leaf weight
ratio (LALW) since the ratio of leaf weight to plant weight (LWR) was similar for all varieties. At 80°
F. the RGR of Viking, Tana and Leo was similar but all were greater than Empire. RGR differences
between Empire and the other 3 varieties was not due to NAR but was due to differences in LAR.

The order of variety rank for germination, elongation and emergence speed in the heterotrophic stage of
development was the same order of variety rank for RGR and plant weight at 4 weeks of age in the
autotrophic stage of development. The physiological mechanisms responsible for the expression of
vigor in the heterotrophic and the autotrophic stages of growth may not be the same in both stages. 
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ABSTRACT

Seedling vigor of 4 varieties.of birdsfoot trefoil was studied during 
the heterotrophic and autotrophic- stages of development at various temper
atures.

In the heterotrophic stage the variety Leo had a greater germination, 
elongation and emergence speed than the varieties Tana, Viking and Empire. 
This characteristic of Leo was not due to differences in respiration rates 
nor was it due to a more rapid water absorption rate. Respiration rates 
were the same for all varieties at each of 6 different ages. Respiration 
rates of all varieties increased significantly with increasing temperature 
levels of 60, 70 and 80 F.

In the autotrophic stage Leo had a greater relative growth rate (RGR) 
than the other varieties at 70 F. When compared to Viking and Tana the 
greater RGR of Leo was a result of Leo having a greater leaf area to plant- 
weight ratio (LAR). Net assimilation rates were similar for these three 
varieties. The greater RGR of Leo as compared to Empire, however, was due 
to Leo having a greater net assimilation rate (NAR). Differences which 
occurred in LAR were due to changes in the leaf grea to leaf weight ratio 
(LALW) since the ratio of leaf weight to plant weight (LWR) was similar 
for all varieties. At 80 F. the RGR of Viking, Tana and Leo was similar 
but all were greater than Empire. RGR differences between Empire and the 
other 3 varieties was not due to NAR but was due to differences in LAR.

The order of variety rank for germination, elongation and emergence 
speed in the heterotrophic stage of development was the same order of 
variety rank for.RGR and plant weight at 4 weeks of age in the autotrophic 
stage of development. The physiological rpechanisms responsible ,for the 
expression of vigor in the heterotrophic; and the autotrophic stages of 
growth may not be the same in both stages.



INTRODUCTION

Birdsfoot trefoil (Lotus corniculatus L.) was first utilized as a for 

age crop in Europe and introduced to the United States in the late 1800's. 

Today, birdsfoot trefoil is a recommended forage legume for most of the 

northern U.S.A, Although birdsfoot trefoil has many desirable character

istics (17), its wide acceptance as a forage crop has been seriously sup

pressed by its poor seedling vigor.

Seedling vigor is difficult to define but in general when a plant has 

good seedling vigor it means that in the seedling stage of development the 

plant can successfully combat the immediate environmental forces and sur

vive. Likewise, poor seedling vigor would be described as the failure of 

a plant, in the seedling Stagezof development, to combat the immediate 

environmental forces and survive.

Research in this area is needed to determine what factor's account for 

the poor seedling vigor and which stages of growth are most critical in 

relation to the survival of the seedling. The purpose of this investiga-1 

tion was to examine some of the early vegetative growth characteristics 

of birdsfoot trefoil as they relate to seedling vigor.



REVIEW OF LITERATURE

. Birdsfoot trefoil has been characterized as to its advantages and 

weaknesses as a forage crop by Hughes _et _al. (17),

"Advantages: Deep-rooted perennial, heat and drought resistant
-- wide soil tolerance, both as to fertility and
acidity-- produces seed abundantly, reseeding even

. when closely grazed-- vigorous, with high acre
production when well established-- palatable and
with high feed velue— — able to maintain itself in 
competition with sod forming grasses, such as 
bluegrass— can surviye severe grazing abuses—  
winter-hardy-- no bloat".

"Weaknesses: Slow to establish-- seed cost high, owing to
difficulties in seed harvest— weak stems, it
lodges easily when grown alone-- starts rather
late in spring-- slow recovery after harvest".

The advantages show that birdsfoot trefoil has all of the character

istics ef a high value forage crop. Of the weaknesses, slow establishment 

is probably trefoil's worst problem which is the result of poor seedling 

vigor. Seedling vigor of various forage plants has received considerable, 

attention but only recently has seedling vigor of birdsfoot trefoil been 

studied.

Whalley _et jal. (30) have characterized seedling growth and develop

ment into three distinct stages: the heterotrophic, transition, and auto

trophic stages. The heterotrophic stage is the phase between imbibition 

of water by the seed and the emergence of ^he first leaves above the soil 

with the commencement of photosynthesis. The transition stage is the 

phase following commencement of photosynthesis but before the exhaustion 

of the seed food reserves. During this phase the seedling is obtaining 

organic compounds both from photosynthesis and from the remainder of the 

stored reserves. The autotrophic stage is the phase following the
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exhaustion of the stored reserves. In this phase the seedling obtains its 

organic compounds from the products of photosynthesis and is a true auto

troph. A developing seedling, therefore, must pass through each of the 

above stages to become established. Factors which affect vigor of a seed

ling can be studied in each of these three stages..

Heterotrophic Stage

The effect of seed age on seedling vigor of soybeans was studied by 

Ching and Abu-Shakra (7). Oxygen consumption was measured in relation 

to the amount of phosphorus fixed (P/0 ratio) in seedlings from three-year 

and three-month-old seeds. They found that O2 consumption was similar for 
both ages but that the young seeds fixed more phosphorps per unit of Og 

consumed than the old. Also the number .of mitochondria per seed decreased 

with age and those that remained were highly inefficient in their ability 

to fix phosphorus into adenosine triphosphate (ATP);

The effects of seed size on seedling vigor have been- studied: rather, 

extensively. Beveridge and Wilsie (2) reported results with alfalfa’ 
indicating that plants produced from larger seed show more vigorous growth. 

Henson and Tayman (15) found that differences in seed size significantly 

affected plant height, dry weight production and root weight of birdsfoot 

trefoil seedlings. He suggested that an increase in seed size would im

prove the vigor of birdsfoot trefoil considerably. The effect of seed 

size and planting depth on early growth of subterranean clover has been 

studied by Black (3). Decreasing seed size and increasing planting depth 

both reduced the weight of the cotyledons at emergence. Cotyledon area 

remained constant for a giyeri seed size regardless of planting depth. He



-p 4 -

stated that "the importance of embryo size is to be found not so much in 

the weight of the tissue, but in the area of the cotyledons contained 

therein, and that the weight of a plant at any one time during the early 

vegetative stage is a direct result of cotyledon area"- He also pointed 

out that once emergence had taken place, cotyledonary food reserves were 

of no further significance in the growth of the plant, even though the 

effects of seed size extended throughout the entire growing season. On 

the other hand, Smith (27) found that the effect of seed size had dimin

ished one month after planting alfalfa and red clover.

Williams (33) studied seedling growth of wpoly pod,vetch, a legume 

with hypogeal germination, in relation to seed weight. Increasing seed 

weight resulted in increased seedling dry weight and increased leaf area 

in the autotrophic stage but did not affect the ^relative growth rate. 

Varying the depth of planting did not affect seedling dry weight or leaf 

area. He concluded that the positioning of the, cotyledons in either the 

aerigl or the subterranean environment has no marked effect on the growth 

in dry weight or leaf area of forage legumes. The important role of 

cotyledon area on subsequent plant growth has also been observed by 

Aexeman (l). He removed 50 and 25% of the cotyledon area of cucumbers and 

soybeans at emergence and found a proportional reduction in dry weight of 

the seedlings at 30 to 40 days of age. Henry (14)? working with birdsfoot 

trefoil, found a linear relationship, between remaining cotyledon- and; plant 

dry weight six weeks after emergence.
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Elongation and germination speed in the non-photosynthetic stage in 

range grasses was studied by Whalley _et _al. (30). They stated that "ger

mination speed largely accounts for the good seedling vigor of- some grass 

species". Larger seed produced seedlings with a higher daily elongation 

rate than small seed of the same variety. They also stated that "not only 

did seed weight affect the growth rate but seedlings from large seeds kept 

growing longer than did seedlings from small seeds". In general, if a 

seedling had a rapid growth rate immediately following germination its 

growth rate usually declined sooner than that of a slower growing seedling 

over the same period of time.

Both elongation speed and germination speed are indices of rapid 

growth and should result in a more rapid emergence. Kittock and Patterson 

(19) as well as Kneebone and Cremer (20) have reported that seedling emer

gence is favored by larger seeds in grasses. Emergence force, defined as 

the amount of force a seedling can exert, was studied by Williams (32). 

Emergence force was measured by the ability of seedlings to lift weighted 

glass rods. Criteria were gathered by measuring the median emergence 

force which was defined as the force which 50% of the population was too 

weak to exert. He found a significant correlation between seed size and 

emergence force. He stated that "the major differences in emergence force 

between varieties lies in unidentified factors".

Seedling growth from germination ^o emergence of any species involves 

the mobilization and utilization of seed reserves. Differences in mobil

ization and utilization of reserves should show up as differences in
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respiration= Woodstock (34) measured growth and respiration rates in 

germinating corn seedlings. He found that respiration rates during the 

first 3 to 4 hours of germination were correlated at the 5% level of sig

nificance with root and shoot elongation at 2 to 3 days of age. The sig

nificance of this is that seedling vigor could be detected simply by meas

uring respiration rates of germinating seedlings.

Transition Stage

Lin (21) studied the growth and development of cotyledons of birds- 

foot trefoil up to 14 days after emergence. He found that the growth in 

area of cotyledons takes place at a rapid rate the first week after emer

gence but slows down after the appearance of the first leaves. He stated 

that "if cotyledon.area is independent of environmental effects such as 

planting depths, as mentioned by Black (3), the relationship between 

cotyledon area and seed size must be constant with time or stage". Lin's 

data show a decrease in seedling total dry weight during the first week 

after planting which corresponds to the rapid increase in cotyledon area. 

Small seed giving rise to small cotyledons which, in,.turn, are slow in 

expansion of area is thought to be the chief reason for the poor seedling 

vigor in birdsfoot trefoil.

If a seedling is to benefit from its cotyledon area it must be able 

to conduct photosynthesis at a substantial rate and utilize the remaining 

seed reserves efficiently. Shibles and MacDonald (26) in their work with 

birdsfoot trefoil have reported that no differences in maximum photo- 

synthetic rate exists between cotyledon? and leaves of equal area.



7

Autotrophic Stage

Black (3,4) has shown that differential strain growth of subterranean 

clover could be traced to differential seed size, i.e., at a common seed 

size all strains possessed similar cotyledon and leaf areas per plant at 

any given time and grew at the same rate. On the other hand, Whitney (31) 

has found that while pre-emergence growth in Viking and Empire birdsfoot 

trefoil was correlated with seed size, subsequent post emergence growth 

diverged so that at the end of a two-week period Viking showed consider

able superiority in dry weight per plant over Empire seedlings from seeds 

of the same size and weight. Therefore, differential varietal growth in 

birdsfoot trefoil, in contrast to subterranean clover, could not be ex

plained satisfactorily on the basis of seed size.

A thorough study of seedling growth using Empire and Viking birdsfoot 

trefoil has been reported by Shibles and MacDonald (26). They showed that 

at emergence, seeds of similar size produce seedlings with similar dry 

weights and cotyledon areas, independent of variety. After emergence, 

however, seedling dry weights diverged rapidly with Viking having a 

greater relative growth rate, resulting in more dry weight per seedling, 

than Empire. Both varieties were found to possess a similar net photo

synthetic rate per unit leaf area. They (26) have concluded that diver

gence in growth between the two varieties at a common seed size can be 

ascribed to differential rate of production of photosynthetic area.

-GontiFary to the findings of Shibles and MacDonald are the data of 

Lin (2l)o Lin, using seed's of similar size of Empire and Viking birdsfoot



trefoilj found that Viking had a greater relative growth rate than Empire 

at three light intensities. The net result is the same as that found in 

the Shibles and MacDonald study; that is, Viking produced more dry weight 

than Empire. Lin, however, found that net photosynthetic rates were dif

ferent between the two varieties. He concluded that the difference in 

dry matter production between Empire and Viking was due to differences in 

net assimilation rate rather than a differential dry matter partition to 

roots, stems or leaves.

Partitioning of dry matter by the plant is easily modified by ex

ternal conditions, especially by light. Rhykerd, Langston and Mott (25) 

found that an increase in light intensity decreased the leafihess of 

alfalfa and red clover but increased the leafiness of birdsfoot trefoil. 

McKee (23), also working with birdsfoot trefoil, reported a reduction in 

leaf area with increasing shading intensity.

Growth rates of alfalfa and birdsfoot trefoil under 51, 76, and 92% 

shade was studied by Cooper (8). He found that birdsfoot trefoil had a 

greater relative growth rate than alfalfa under all shading intensities. 

He concluded that birdsfoot trefoil is as tolerant to shading as alfalfa 

but, because of its poor seedling vigor and slow recovery following graz

ing, is more likely to become shaded than alfalfa.



MATERIALS AND METHODS

In the experiments to be reported, varieties of Tana, Viking, Empire 

and Leo birdsfoot trefoil were studied. Prior to initiation of the ex

periments every effort was made to obtain seed of uniform size, age and 

weight so that differences in seedling vigor obtained would not be a 

result of these factors. Steps taken to insure constancy of seed size, 

age and weight were as follows:

Age of Seed

Seeds of Tana, Viking, Empire and Leo birdsfoot trefoil, which were 

harvested in the fall of 1965, were obtained. Differences in the environ

mental conditions of the parent plants, however,, were not controlled. Leo 

was grown in Canada, Empire in Wisconsin, Viking in New York and Tana in 

Montana.

Seed Size And Weight

To insure uniform seed size and weight among the four test varieties 

the initial seed lots were first passed through a Dakota Blower. This 

operation separates seed by weight and volume.• The seeds used in these 

experiments were obtained by adjusting the blower to the same setting as 

each variety was passed through. Small seeds and extremely large seeds of 

each variety were discarded and this left a seed lot fairly uniform as to 

weight and volume. Seed lots were further sorted to a uniform size by 

screening. Seeds used for these tests were those which passed through a 

l/l8 inch sieve but failed to pass.through a l/20 inch sieve. To assume 

at this point that all seed lots were uniform in weight would be incorrect 

since seed density must be considered. The density of the seeds of all



10

four varieties was determined by the pycnometer method (ll). Differences 

in density among the four varieties were not significant at the 5% level 

of probability. Seed densities for Viking, Tana, Leo and Empire were 

1.3162, 1.3120, 1.2984 and 1.2922, respectively. Investigations to de

termine differences in seedling vigor between the four test varieties were 

conducted in the heterotrophic and autotrophic stages of growth.

Heterotrophic Stage

Speed of Germination

One hundred seeds of each variety were treated for seed diseases with 

Arasan and placed in 5 x 5 inch plastic germination dishes. Seeds were 

allowed to germinate at 60, 70 and 80 F. in the dark. Each day the germ

inated seedlings were counted and removed from the dish. Each variety 

was grown in four replications at each temperature. The test was term

inated in 7 days. Speed of germination was determined by the method of 

Maguire (22). The formula is given below:

No. Germinated No. Germinated
Germination Speed = Days to First Count Days to Final Count

Analysis of variance of germination speed was as follows:

Source Degrees of Freedom

Varieties (V) 3
Temperatures (T) 2

T x V  6
Error 36

Total 47'
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Imbibition Rate Tests

Four seed lots of each variety of approximately 300 seed per seed lot 

were weighed dry and placed in water for 12, 24 and 36 hours. At the end 

of this period seeds were removed from the water, blotted and weighed to 

the nearest 0.1 mg. Moisture content of the four varieties was determined 

for the three time intervals.

Speed of Elongation

■ Twelve seed lots of 13 seed of each variety were weighed to the 

nearest 0.1 mg. While the seed were being weighed large and small seed 

were removed by hand. Thus, each lot was adjusted to + or - 0,5 mg be

tween each variety. Seed were then placed in slanted germination dishes 

with the seed held in place by a strip of tissue paper. Seedlings were 

allowed to elongate in dark germination chambers at 60, 70 and 80 F. At 

daily intervals up to day 12, each dish was opened, the length of each 

seedling was recorded, the dish was re-covered and the seedlings wore 

allowed to continue growth. Speed of elongation was calculated by the 

method of Carleton and Cooper (6), which is a modification of Maguire's 

formula (22). The formula is given below.

Seedling Length . , Seedling Length
Elongation Speed =- . _ . . --- ' -n----------------TDays to First Count Days to Final Count

Analysis of variance of elongation speed was the same as for germ

ination speed.
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Respiration Tests

Twenty-four seed lots of 40 seeds of each variety were placed in ger

mination dishes in each of 3 germinators set at 60, 70 and 80 F. Twenty 

ml of water was added initially to blotters in each germination dish and 

extra water added to maintain the proper moisture throughout the growth 

period. Seed were treated with Arasan prior to placement in the dishes. 

Tests were conducted previously to determine the effect of Arasan on 

respiration and no affect was observed.

At two-day intervals for 12 days three lots of each variety were re

moved from the germinator. Oxygen consumption was measured on a Gilson 

Differential Respirometer at the same temperature at which the seeds were 

germinated. Standard manometric techniques were employed (29). Oxygen 

consumption was measured at 5 minute intervals for approximately I hour.

The tissue was then removed froiti the flasks, dried and weighed to the 

nearest 0,1 mg. Regression coefficients were then determined for each 

flask to obtain the best measure of Op consumption per unit of time. Data 

were then converted to ̂ l' 02/mg/hour. Analysis of variance of respiration 

data was as followss

Source Degrees of Freedom

Varieties (V) 
Temperatures (T) 
Ages (A)

V x T
V x A
T x A
V x T x A
Error 149

3
2
5
6 
15 
10 
25

Total 215
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Autotrophic Stage

Growth Analysis Study

Fifteen seeds of each variety were weighed on an electric balance to 

the nearest 0.1 mg„ Differences in weight among seed lots allowed for 

grouping into replications« For examples replication I was made up of 15 

of the heaviest seeds of each variety while replication 10 was made up of 

15 of the lightest seeds of each variety= Differences in seed lot weight 

among varieties within a replication did not exceed +o r  - 0=3 mg= Seeds 

of each variety were planted ■§• inch deep in 4 x 4 inch plastic pots filled 

with plaster grade vermiculite= Twenty pots of.each variety were placed 

in a growth chamber with a day length of 16 hours, a light intensity of 

2000 ft-c and a temperature of 70 F= Seedlings were watered throughout 

the experiment with Hoagland1s Nutrient Solution (15)= Stock solutions of 

I molar KHgPO^9 KNOg9 Ca(NOg)2  ̂ and MgSO^ were prepared in separate con

tainers and added to distilled water prior to watering= Micronutrients and 

iron were also contained separately in stock solutions and also added to 

the mixture of stock solution and distilled water prior to watering.

Plants were thinned to the five most uniform plants per pot one week 

after emergence. Pots were rotated within each block and blocks within 

the chamber daily. The experimental design employed was a randomized 

complete block with paired samples. At time I (16 days after planting) 

ten pots of each variety were removed from the growth chamber and the 

plants separated into, roots, stems and leaves. Leaf area was determined 

by. placing the leaves on an overhead projector that magnified the image
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25 times onto a piece of paper. The image was traced, cut out, and the 

area measured on an air flow planimeter (18). The actual leaf area was 

then determined by dividing the area measurement by 25. Cotyledon area 

was determined separately by the same method. All roots, stems, cotyledons 

and leaves were then oven dried and weighed to the nearest 0.1 mg. At 

time 2 (12 days later) the remaining plants were sampled in the same manner 

as at time I. The entire experiment was repeated at 80 F, All procedures 

were the same except only 8 replications were used and the number of days 

from time I to time 2 was 15 instead of 12.

From the data obtained relative growth rate (RGR), net assimilation 

rate (NAR), leaf area ratio (LAR), leaf area-leaf weight ratio (LALW) and 

leaf weight to plant weight ratio (LWR) were calculated.

RGR and LAR were computed from formulas devised by Thorne (28).

RGR = (Ioge W2 - Ioge W1)/ (t2 - t^

[(A2 - A1) (Ioge W2 - Iog0 W1)]
LAR =Kloge A2 - Ioge A1) (W3 - W 1)-J

where W1, A1, Wg, and Ag represent dry weights and leaf 

areas at times I and 2 (T1 and T3).

NAR was computed on a leaf basis following Gregory (11).

NAR = [W2 - W1Hloge A2 - Ioge A1)] / [ a2 - A1) (t2 - t ^

where W1 and A1 are the dry weights and leaf areas at time 

I, and Wg and Ag are the dry weights and leaf areas at time 2.
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LALW and LWR were computed from formulas following Cooper (7).

(Ag - A;) (IogeLWg-Ioge LWi)]
Iioge A2 - Ioge A1) (LW5 - LW1)]LALW

where LW2, A2 and LW1, A1 equal leaf weight and leaf area at 

times t2 and t1 (note, same equation as 3 , only leaf weights 

substituted for total plant weight).

(LW2 - LW1) (Ioge W2 - Ioge wj]
LWR = -1=--------- ------ — -------------—

Iloge LW2 - Ioge LW1) (W2 - W ^ J

when LW2 and LW1 equal leaf weights and W2 and W1 plant

weights at times t2 and t^

Values calculated were analyzed statistically by the analysis of 

variance. Sources of variance and degrees of freedom were as follows:

Source Degrees of Freedom

Replications within temper- 16
atures
Varieties (V) 3
Temperatures (T) I

T x V  3
Error 48

Total 71



RESULTS AND DISCUSSION

Heterotrophic Stage

Speed of Germination

Speed of germination of variety Leo was significantly greater than 

the other three varieties at all temperatures (Table I). The germination 

speed of all varieties was higher at 70 than at 60 F. At 80 F. only the 

germination speed of Leo responded significantly, the other varieties 

remained unaffected. Even though the germination speed of Empire, Viking 

and Tana was not statistically different a trend is evident; Leo is highest 

with Tana, Viking and Empire following in order. Species which can germ

inate quickly have a definite competitive advantage over species which 

cannot. The major advantage afforded a seedling with rapid germination is 

that of a more- rapid emergence which, in turn, places the seedling in a 

good competitive position with weeds and other crop plants near by. 

Imbibition Rates

The more rapid germination of Leo was not due to a more rapid, water 

absorption rate. Imbibition rates were the same for all varieties at 3 

different time intervals. The percentage of moisture absorbed within 12 

hours of soaking seed lots of Tana, Viking, Empire and Leo was 61.9, 57.1, 

61.1 and 60.0%, after 24 hours of soaking it was 68.3, 68.0, 70^3 and 69.8%, 

and after 36 hours of soaking it was 70.6, 71.3, 73,5 and 74.7% respec

tively.

Speed of Elongation and Emergence

Leo elongated at a faster rate than the other varieties at all tem

peratures (Table II). As temperatures increased, elongation rates for
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Table I. Speed of germination^/ of 4 birdsfoot trefoil varieties 
germinated at 3 temperatures.

Temperature Variety
In F. Empire Vikinq Tana Leo Average

60 32.1 *2/ 31.5 a 34.9 ab 37.4 b 34.0 a

70 43.7 C 42.8 c 43.0 c 53.9 d 45.9 b

80 43.1 C 46.4 c 47.4 c 59.8 e 49.2 c

Average 39.6 a 40.2 a 41.8 a 50.4 b

No. Germinateds e e sNo. Germinated 
i/ Speed of germination - QayS First Days to Final

Count Count

“l/ Averages for temperature or for varieties or for values in the main 
body of the table not followed by letters in common are significantly 
different at the 5% level of probability (10).
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Table II. Speed of elongation!/ of 4 birdsfoot trefoil varieties 
grown at 3 temperatures.

Temperature 
In F.

Variety
Empire Viking Tana Leo Average

60 18.0 19.5 20.6 21.2 19.8 a

70 25.5 26.0 27.4 28.2 26.7 b

80 31.2 30.8 28.9 32.3 30.8 c

Average 24.9 a ̂ 25.4 a 25.6 a 27.2 b

Seedling Length..+....+..Seedling Length 
I/ Speed of elongation = 6-ys ^  First Days'to FiSiF'

Measurement Measurement

2/ Averages for temperatures or for varieties not followed by letters in 
common are significantly different at the 5% level of probability (10).
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all varieties similarly increased. The trend for Leo to have the highest 

elongation rate with Tana, Viking and Empire following, in order of rank 

is the same order shown for germination speed. Both, or either, rapid 

germination and rapid elongation should allow a seedling a rapid emergence. 

In growth chambers at 80 F., Leo had a significantly higher emergence rate 

than the other varieties. Seedlings were considered emerged when their 

cotyledons broke through the soil surface. The percent of total emergence 

for Leo, Viking, Tana and Empire at 3 days of age was 51, 26, 22, and 10%, 

and at 4 days of age was 87, 69, 64, and 47% respectively. The same order 

of rank is evident in emergence speed as is found for germination and 

elongation speed.. In all of these characteristics Leo has demonstrated 

more vigor than the other varieties. Under field conditions it could be 

expected that Leo would survive under competition in the non-photosyn

thetic stage better than the other varieties.

Both speed of germination and speed of elongation are indices of rate 

of growth. As the numerical values of these measurements increase, rate 

of growth increases. Figures I, 2, and 3 show the average daily growth 

of Leo as compared to the other 3 varieties in the non-photosynthetic 

stage of growth. At all 3 temperatures, Leo exhibits a more rapid early 

growth and a slower late growth than the other varieties. A possible 

explanation for the differences in daily growth between Leo and the other 

varieties might be that Leo is utilizing more of its seed food reserves to 

obtain the rapid burst of energy previously described as germination, 

elongation and emergence speed. The slower late growth of Leo appears to
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be due to the exhaustion or depletion of the seed food reserves resulting 

from the early burst of energy. Whalley _et _al. (30) have also shown that 

grass species with a rapid early growth have a slower late growth in the 

heterotrophic stage.

Respiration and Growth

The more rapid germination and elongation of seedlings should be 

related to a faster mobilization and utilization of reserve materials. A 

significant correlation between early respiration rates of germinating 

corn seed and root and shoot elongation was found by Woodstock (34). In 

the respiration data with birdsfood trefoil, however, this relationship 

was not readily apparent. Within a given temperature or age group differ

ences in respiration rates between varieties were not significant, nor 

were significant differences obtained when varieties were averaged across 

all temperatures and age groups.

Respiration rates when averaged across all varieties varied with 

temperature and with age (Table III and Figure 4). Maximum respiration at 

60 F. occurred from 4 to 8 days of age, and at 70 and 80 F. at 4 days of 

age. These data are in close agreement with those shown by Halvorson (13) 

for flax seed germinated at similar temperatures over an 8-day period.

The effects of temperature on respiration rate as shown in Figure 4 are 

similar to the effects of temperature on rates of elongation (Figure 5). 

These data help point out the importance of temperature during germination 

on seedling vigor. The optimum temperature for growth of bridsfoot 

trefoil in the seedling stage is not clear from these data, but
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Figure I. Average daily growth of Leo as compared to the average
daily growth of Tana, Viking and Empire at 60 F.
(Values at 3 days of age represent growth from
beginning germination to day 3).
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Figure 3. Average daily growth of Leo as compared to the average
daily growth of Tana, Viking and Empire at 80 F.
(Values at 2 days of age represent growth from
beginning germination to day 2).
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Table III. Average respiration rates of 4 varieties of birdsfoot 
trefoil at 6 ages and grown at 3 temperatures 
/jl Og/mg/hr.

Temper
ature
in F. Variety 4 6 8 10 12

60 F. Empire 1.45 2.08 1.90 2.45 1.96 1.55

Viking 1.42 2.02 2.27 2.33 1.70 1.55

Tana 1.16 1.80 2.16 2.22 1.74 1.68

Leo 1.08 2.45 2.22 2.40 1.75 1.53

Average ar—I 2.09 ab 2.14 a 2.35 a 1.79 be 1.58

70 F. Empire 2.85 3.11 3.12 2.44 2.40 1.89

Viking 3.13 3.41 2.52 2.14 2.65 2.10

Tana 2.50 3.43 2.72 2.40 2.58 1.85

Leo 3.23 3.43 2.86 2.26 2.09 1.91

Average 2.93 b 3.35 a 2.81 b 2.31 C 2.43 C 1.94

80 F. Empire 3.81 5.28 3.68 3.08 2.13 3.26

Viking 5.39 5.32 3.29 2.64 1.94 3.04

Tana 4.02 4.98 3.52 3.35 2.10 3.56

Leo 4.42 5.24 3.42 2.56 3.13 3.39

Average 4.41 b 5.21 a 3.48 c 2.91 d 2.33 C 3.31

cd

d

c

Average

1.90 a 

1.88 a 

1.79 a

1.91 a

2.64 a 

2.66 a

2.58 a 

2.63 a

3.54 a 

3.60 a

3.59 a 

3.69 a

\J Averages within a given temperature not followed by letters in common 
are significantly different at the 5% level of probability (10).
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Figure 4. Average respiration rates of 4 varieties of birdsfoot 
trefoil at 60, 70 and 80 F.
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Figure 5. Average elongation rates of 4 varieties of birdsfoot 
at 60, 70 and 80 F.
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it is believed to be between 70 and 80 F„ At all temperature levels the 

most rapid respiration coincides with the fastest elongation. This simi

larity is reasonable because building blocks for growth are a direct result 

of respiration of seed reserves.

Relationship Between Seedling Growth. Weight Loss and Po Uptake

Figures 6, 7 and 8 show the relationships between seedling weight 

loss, seedling length and 02 consumption with age at 60, 70 and 80 F. of 

seedlings■grown in the dark. At each temperature the relationship between 

the 3 components is similar with a proportional change resulting from 

changes in temperature. At all 3 temperatures the weight loss, Og con

sumption and length per seedling parallel each other at the early ages. As 

age progresses, however, seedling weight loss levels off to a point where 

essentially ho loss of weight is evident yet Og consumption and seedling 

growth continue on a normal course. .Butt and Beevers (5), reporting on the 

findings of Murlin (24), explain that carbohydrate is the first of the seed 

food reserves to be utilized in most seeds and that rapid weight loss is 

the result of COg being lost as a normal function of the Kreb's Cycle.- The 

fact that weight loss tapers off but Og consumption continues may be ex

plained by the findings of Desvaux and Kogane-Charles (9), also reported 

by Butt and Beevers (5)= They explain that as stored carbohydrate is 

depleted the seedling begins mobilizing fats and converting them to carbo

hydrate. Carbohydrate is then utilized by the growing seedling. In the 

change of stored fats to carbohydrates, oxygen must be added which results 

in an addition of weight. The weight gained by oxygen addition may be
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Figure 6. Relationship between seedling length, cumulative Og
uptake and weight loss per seedling at 60 F. with the 4 
birdsfoot trefoil test varieties averaged.

\J Cumulative Og uptake was determined by measuring the rate of Og uptake
per hour at 2, 4, 6, 8, 10 and 12 days of age. This measurement was
then integrated with time. The assumption was made that the rate one
day before and one day after the measurement was constant.
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Figure 7. Relationship between seedling length, cumulative Og 
uptake and weight loss per seedling at 70 F. with 
the 4 birdsfoot trefoil test varieties averaged.

\J Cumulative O^ uptake was determined by measuring the rate of O9 uptake
per hour at 2, 4, 6, 8, 10 and 12 days of age. This measurement was
then integrated with time. The assumption was made that the rate one
day before and one day after the measurement was constant.
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Figure 8. Relationship between seedling length, cumulative Og 
uptake and weight loss per seedling at 80 F. with 
the 4 birdsfoot trefoil varieties averaged.

l/ Cumulative Og uptake was determined by measuring the rate of Og uptake
per hour at 2, 4, 6, 8, 10 and 12 days of age. This measurement was
then integrated with time. The assumption was made that the rate one
day before and one day after the measurement was constant.
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equal to or greater than the loss of weight from COg evolution,■thus a 
seedling may show a rapid Og uptake without a corresponding loss in weight 

The heterotrophic stage of plant development is affected by the 

physiology of the plant and its environment. How a seedling reacts during 

this stage of growth plays an important role in determining its successful 

survival.

z



AUTOTROPHIC STAGE

Growth Analysis

Although a seedling may express vigor by means of rapid germination, 

elongation and emergence, its chances for survival'are still hampered if 

in the autotrophic stage it cannot grow at a rate equal to that of weeds, 

or other seedlings, in its immediate environment„ Relative growth rates 

of Tana, Viking, Empire and Leo in the autotrophic stage of 70 F0 are 

shown in Table IV, At 70. F,, Leo had a higher relative growth rate (RGR) 

than the other 3 varieties. The greater RGR of Leo, as compared to Viking 

and Tana, was due to a greater leaf area to plant weight ratio (LAR), The 

greater RGR of Leo as compared to Empire, however, was due to a greater 

net assimilation rate (NAR), Differences which occurred in LAR were due 

to changes in the leaf area to leaf weight ratio (LALW) since the ratio of 

leaf weight to plant weight (LWR) was similar for all varieties.

Values for LALW were in the same order of rank as for LAR„ These data 

for 70 F, agree with those of Lin (21), who found that the greater RGR of 

Viking over Empire, when grown at 72 F,, was due to a' greater NAR, LAR 

was the same for both varieties.

Growth.data for 80 F , is shown in Table V, At 80 F„ RGR1s of Viking, 

Tana and Leo were similar but all were greater than Empire, RGR differ

ences between Empire and the other 3 varieties were not due to NAR but 

appeared to be due to differences in LAR, The LAR of Empire was signif

icantly lower than that of all varieties but Tana, LWR was the same for 

all varieties. These data at 80 F , agree with the results of ShibLes and 

MacDonald (26) who found'that the greater RGR of Viking over Empire was



Table IV. Components of relative growth rate 
grown at 70 F.

of 4 varieties of birdsfoot trefoil

RGR NAR LAR LALW LWR

Variety mg/mg/day mg/mm2/day mm2/mg plant mm^/mg leaf mg leaf/mg plant

Empire .088 a I/ .0076 a 11.75 ab 23.05 ab .51 a

Viking .102 b .0093 b 11.03 a 21.13 a .52 a

Tana .100 b .0090 b 11.18 a 21.35 ab .52 a

Leo .120 c .0099 b 12.29 b 23.50 b .52 a

Average .103 .0090 11.56 22.26 .52

I/ Averages for each component not followed by letters in common are significantly different
at the 5% level of probability (10).



Table V. Components of relative 
grown at 80 F.

growth rate of 4 varieties of birdsfoot trefoil

RGR NAR LAR LALW LWR

Variety mq/mq/day mq/mnr /day mm^/mq plant mm^/mq leaf mq leaf/mq plant

Empire .089 a I/ .0096 a 9.42 a 22.30 a .42 a

Viking .099 b .0090 a 11.19 be 25.43 be .44 a

Tana .110 b .0107 a 10.40 ba 24.79 b .42 a

Leo .110 b .0091 a 12.21 c 27.50 c .45 a

Average .102 .0096 10.81 25.00 .43

I/ Averages for each component not followed by letters in common are significantly different
at the 5% level of probability (10).
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due to the greater LAR of Viking and not to differences in NAR1 Their 

study was conducted at 77 F. Since these data support the results of Lin 

at 70 Fo and Shibles and MacDonald at 80 F ., it would appear that the 

differences in their results is due to the differences in temperature 

under which their studies were conducted, Apparently temperature can 

affect various components of RGR- without affecting RGR itself .

In this study, average RGR values were the same at both 70 and 80 F. 

NAR's likewise were the same. LAR, however, was significantly greater 

at 70 than at 80 F. Since LAR is the product of LALW and LWR it is

obvious that the difference in LAR due to temperature was ’the result of

the much larger LWR, since LWR was larger at 70 F . Thus, with an increase

in temperature the area of leaf in relation to its weight increases, but

the weight of leaves in relation to the total plant weight decreases. 

Either of these changes can affect LAR and thereby affect RGR. These data 

stress the possible importance of having a temperature variable in studies 

of seedling vigor and growth of plants. Temperature, however, is not the 

only environmental factor that affects the components of LAR. Cooper (8) 

has shown that LALW is affected by shading whereas LWR is not and further 

that LWR changes with age but that LALW remains fairly constant with age 

under a given light intensity.

Interrelationships of Seedling Vigor Indices

The interrelationships of seedling vigor indices in the heterotrophic 

and autotrophic stages of growth at 70 and 80 F., plus the average of the 

two temperatures are shown in Tables VI, VII and VIII respectively.



Table VI. A comparison of growth indices of 4 varieties of birdsfoot trefoil
grown at 70 F.

HETEROTROPHIC INDICES_______________________ AUTOTROPHIC INDICES

% Emergence Average Plant dry wt

Variety
Germination

speed
Elongation

speed
at 3 days 
at 80 F.

respiration 
jal Op/mg/hr

RGR
g/g/day

at 4 weeks 
of age, mg

Empire 43.7 a ̂ 25.5 a 10 a 2.64 a .088 a 31.6 a

Viking 42.8 a 26.0 a 26 b 2.66 a .102 b 49.2 b

Tana 43.0 a 27.4 a 22 b 2.58 a .100 b 46.2 b

Leo 53.9 b 28.2 b 51 c 2.63 a .120 c 67.6 c O'

_l/ Average respiration rate is the sum of theyul Og/mg/hr for each variety at ages 2, 4, 6, 8, 
10 and 12 days totaled and divided by 6.

2/ Averages under each category not followed by letters in common are significantly different
at the 5% level of probability (10).



Table VII A comparison of growth indices of 4 varieties of birdsfoot trefoil
grown at 80 F.

HETEROTROPHIC INDICES_________________ , AUTOTROPHIC INDICES
Average -=/
respiration Plant dry wt

Variety
Germination

speed
Elongation

speed
% Emergence 
at 3 days

/j I Og/mg/hr RGR
q/q/day

at 4 weeks 
of aqe, mq

Empire 43.1 a -2/ 31.2 a 10 a 3.54 a .089 a 33.6 a

Viking 46.4 a 30.8 a 26 b 3.60 a .099 b 51.8 b

Tana 47.4 a 28.9 a 22 b 3.59 a .110 b 57.8 b 1
CO

Leo 59.8 b 32.3 b 51 c 3.69 a .110 b 62.5 c ,

\J Average respiration rate is the sum of the /il Og/mg/hr for each variety at ages 2, 4, 6, 8, 
10 and 12 days totaled and divided by 6.

2/ Averages under each category not followed by letters in common are significantly different
at the 5% level of probability (10).



Table VIII. A comparison of the average growth indices of 4 varieties of birdsfoot trefoil
grown at 70 and 80 F.

HETEROTROPHIC INDICES__________________ , AUTOTROPHIC INDICES

Variety
Germination

speed
Elongation

speed

% Emergence 
at 3 days 
at 80 F.

Average J/ 
respiration 
pi Og/mg/hr

Plant dry wt 
RGR at 4 weeks 

g/q/dav of aqe, mq

Empire 39.6 a 24.9 a 10 a 3.09 a .089 a 32.6 a

Viking 40.2 a 25.4 a 26 b 3.13 a .101 b 50.5 b

Tana 41.8 a 25.6 a 22 b 3.09 a .105 b 52.0 b
CO

Leo 50.4 b 27.2 b 51 c 3.16 a .115 c 65.1 c I

\J Average respiration rate is the sum of the pi Og/mg/hr for each variety at 70 and 80 F. at 
ages 2, 4, 6, 8, 10 and 12 days totaled and divided by 6.

2/ Averages under each category not followed by letters in common are significantly different at
the 5% level of probability (10).
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The order of variety rank was similar in both the heterotrophic and 

autotrophic stages of plant development at both temperatures. With the 

exception of the respiration data, it is believed that significant differ

ences among all varieties in germination, elongation and emergence speed . 

could have been observed if more replications' had been employed.

The significance of these results is that even though all varieties 

began with essentially the same seed size and weight, differences in 

growth among varieties resulted. Also, differences in vigor among va

rieties which occurred in the heterotrophic stage were similar to the 

differences in vigor among varieties which occurred in the autotrophic 

stage = Mechanisms which might account for differences in seedling vigor 

in the heterotrophic stage could not be explained on the basis of differ

ences in respiration rates or on the basis of differences in water 

absorption rates among the varieties. On the other hand, growth differ

ences (RGR) among varieties in the autotrophic stage wgs explained by 

differences in NAR and LAR which resulted in differences in total plant 

weight at 4 weeks of age = It would seem from these results that the 

genetic potential of a variety for vigor is expressed in both the heter

otrophic and autotrophic stage of development. The mechanisms involved, 

however, may not be the same in both stages.

The greater vigor of variety Leo, during the heterotrophic stage, 

seems to be due to a greater ability to germinate, elongate and emerge 

quickly. The mechanism responsible for this is not clear. The greater 

vigor of Leo during the autotrophic stage appears to be due to a greater
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leaf area efficiency or to the ability to partition more of the photosyn- 

thate formed into feaf area rather than into other plant structures. The 

expression of vigor in terms of NAR and LAR, however, is influenced by 

environmental effects such as temperature and light. ■



SUMMARY

Seedling vigor■of 4 varieties of birdsfoot trefoil, Empire, Tana, 

Viking and Leo, was studied during the heterotrophic and autotrophic 

stages of plant development at various temperatures.

Studies during the heterotrophic stage included germination, e- 

longation and emergence speed, and respiration rate$. Leo had a signifi

cantly higher germination, elongation and emergence speed than the other 

varieties. This characteristic of Leo was not due to differences in 

respiration rates nor was it due to a morp rapid water absorption rate.

The mechanism which allows Leo to be more vigorous in the heterotrophic 

stage is not clearly understood. In all heterotrophic phenomena except 

respiration rates, an order of variety rank prevailed which was: ■Leo 

significantly greatest with Tana, Viking and Empire following in declining 

order but' not significantly different from each other. Respiration rates 

were the same for all varieties at each of 6 different ages. Respiration 

rates increased significantly for all varieties with increasing temperature 

levels of 60, 70 and 80 F.

In the autotrophic stage, Leo had a greater relative growth rate 

(RGR) at 70 Fe than the other varieties. When compared to Viking and Tana 

the greater RGR of Leo was due to a greater leaf area to plant weight 

ratio (LAR). The greater RGR of Leo as compared to Empire,, however, was 

due to a greater net assimilation rate (NAR). Pifferences which occurred 

in LAR were due to changes in the leaf area to leaf weight ratio (LALW) 

since the ratio of leaf weight to plant weight (LWR) was similar, for all

varieties.
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At 80 F. a significant change in growth attributes resulted. The RGR 

of Viking, Tana and Leo was similar but all were greater than Empire.

RGR differences between Empire and the other 3 varieties were not due to 

NAR but appeared to be due to differences in LAR, LWR was the same for all 

varieties. Changes in LALW were responsible for the changes in LAR.

Average RGR values were the same at both 70 and 80 F., NAR likewise 
was the same. LARj however, was significantly greater at 80 than at 70 F., 
but the differences were not great enough to affect RGR. Differences in 

LAR were primarily due to differences in LWR. LALW- was significantly 
greater at 80 F. than at.70 F. Thus, with an increase in temperature the 

area of leaf in relation to its weight increases, but the weight of leaves 

in relation to the total plant weight decreases. Either of these changes 

can affect LAR and thereby affect RGR. These data stress the possible 

importance of having a temperature variable in studies of seedling vigor- 

and growth of plants.

Differences in RGR between the 4 varieties resulted in similar differ

ences in total plant dry weight at 4 weeks of age. The order of variety

rank in the autotrophic stage of development was the same as the order of\
variety rank in the heterotrophic stage. From these - results, it would 

seem that the genetic potential of a variety for vigor is expressed in 

both the heterotrophic and the autotrophic stage of development. The 

physiological mechanisms responsible for the expression of vigor may not 

be the same in both stages.
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