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Cotyledon and Leaf Development Associated
with Seedling Vigor of Six Forage Legumes

S. N. Hur and C. J. Nelson*
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1. INTRODUCTION

Many investigators have shown that larger seeds pro-
duce vigorous seedlings associated with greater reserve
carbohydrate storage in the large seeds (Beveridge and
Wilsie, 1959; Black, 1956). Black(1956), however, indi-
cated that the quantity of reserve carbohydrate available
upon emergence might have little or no influence on sub-
sequent plant growth and that the significance of seed
size lay in the fact that larger seeds produced seedlings
with larger cotyledon and leaf areas.

Photosynthesis by forage legume cotyledons is criti-
cally important for normal seedling development. Willi-
ams et al. (1968) and Machado et al. (1974) reported

that cotyledons of subclover (Trifolium subterraneum L.)
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were decisively important as photosynthetic organs.
Lovell and Moore (1970) also stressed the importance of
cotyledons of red clover (Trifolium pratense L.). Cooper
and Fransen (1974) reported that first leaf formation and
expansion of sainfoin (Onobrychis viciifolia Scop.) see-
dling depended on cotyledonary photosynthesis. Shibles
and MacDonald (1962) presented the importance of pho-
tosynthetic area of birdsfoot trefoil cotyledons for early
seedling growth, and that photosynthetic rate of co-
In this study,
sequential cotyledon size attached to the plant, initial

tyledons was equal to that of leaves.

leaf development, and photosynthetic ability of some im-
portant forage legumes were compared to know the see-

dling charactenistics of them.
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. MATERIALS AND METHODS

Seeds of alfalfa(Medicago sativa 1.), alsike clover
(Trifolium hybridum L.), red clover (Trifolium partense
L.), white clover(Trifolium repens L.), birdsfoot trefoil
(Lotus comiculatus L.), and lespedeza(Lespedeza stria-
ta) with 100-seed weight of 227, 80, 182, 71, 90, and
131 mg were used.

Seedlings germinated at 20°C were planted to plastic
pots, 10 cm wide by 15 cm deep, filled with a soil mix-
ture of Mexico silt loam, peat, and sand in a 2:1:1 ratio.
Two seedlings were planted per pot, and pots were plac-
ed at random distribution in a growth chamber with a 14
hour photoperiod at 207C. Relative humidity was main-
tained around 70% with light intensity of 500 gE - m™?
- 5! by cool-white flurorescent and incandescent bulbs.
Most seedlings were emerged in two days except those
of lespedeza which were emerged in three days. See-
dlings were watered during experiment period with 50
ml of Hoagland's complete nutrient solution weekly and
distilled water when needed.

Sequential development of cotyledon size attached to
the plant was measured with compass and read with ocu-
lar magnifier to nearest 0.1 mm from emergence to
senescence at 2 days interval with 10 replications of
each species. The ratio of cotyledon length to width was
almost constant within species and time. Cotyledon
width could be measured with relative accuracy and cal-
culated with the formula by Hur et al. (1995). Speed of
cotyledon expansion was measured by the area increase
per unit of area per unit of time (cm%cm%day) and leaf
development was measured by the method of Carlson
(1966). Every week seedlings were harvested to measure
net photosynthetic rate, cotyledon area, leaf area, and
seedling dry weight.

. RESULTS AND DISCUSSION

As shown in Fig. 1, most cotyledons expanded rapid-
ly during first one week, then expanded slightly until
maximum size were reached at near 3 weeks after emer-

gence. After 3 weeks their cotyledons entered senes-

cence and began to fall. Seedlings from large seeds pro-
duced a greater cotyledons except lespedeza. And there
were divergences in speed of cotyledon expansion
which were independent of initial cotyledon area. Maxi-
mum cotyledon area of red clover, alfalfa, alsike clover,
white clover, and birdsfoot trefoil were 9.5, 6.5, 6.4 6.3,
and 4.5 times larger compared to the area at emergence,
while cotyledon area of lespedeza expanded only 2.9
times more than the area at emergence. One mg of
lespedeza seed produced cotyledon area of 0.15 cm?, but
other species produced two or three times more co-
tyledon area than lespedeza. Amounts of epigeous co-
tyledon expansion varies among species (Marshall and
Kozlowski, 1977; Lovell and Moore, 1970), up to fifty-
fold in cucumber (Lovell and Moore, 1970). Hur et al.
(1995} also indicated that cotyledons of trefoil species
expanded rapidly during first one week, then the rate of
expansion declined and entered senescence 3 weeks aft-

€r emergence.
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Fig. 1. Cotyledon area expansion of six forage
legumes.

Table 1 shows that larger seeds produced greater co-
tyledon area and speed of cotyledon expansion was
closely related with seedling growth. Photosynthetic rate
of seedlings was also correlated with seedling vigor and
species with large leaf area were vigorous during see-
dling stage. Alfalfa seedlings produced first leaf earlier



and more leaves rapidly than the other species (Table 2).
Birdsfoot trefoil and lespedeza produced their first leaf
slowly. Although red clover produced fewer leaves than
birdsfoot trefoil, its leaf area per plant was more than 3
times wider than birdsfoot trefoil (Fig. 2).

The development of photosynthetic area followed a
similar relationship as that of seedling growth (Fig. 2,
and 3). Seed weight of lespedeza was much heavier than
alsike clover or white clover, however, its cotyledon and
leaf area development were very poor with less seedling
vigor. Birdsfoot trefoil expanded cotyledon area more
than alsike clover or white clover, but it produced first
leaf slowly and less leaf area showing poor seedling vi-

gor. Alfalfa and red clover produced photosynthetic area

earlier and more leaves with heavier seed weights than
the other species. Alsike and white clover had small co-
tyledons but they showed good seedling vigor with early
leaf development and good photosynthetic ability.

Consequently, the cotyledons with a high expansion
factor had high photosynthetic ability, whereas co-
tyledons with low cotyledon expansion rate were less
well adapted for photosynthesis as indicated by Lovell
and Moore (1970). Earlier onset of leaf production and
earlier leaf development contributed to the vigorous see-
dling growth, and photosynthetic area which was not at-
tributed to seed size was important factor for initial see-
dling growth.

Table 1. Correlation coefficients among seed weight, cotyledon area, leaf area, speed of cotyledon
expansion, photosynthetic rate, and seedling dry weight
Cotyledon Speed of Photosynthetic Seedling
Leaf area )
area cotyledon expansion rate dry weight
Seed weight 0.883** 0.465 0.825* 0.465 0.651
Cotyledon area 0.696 0.856* 0.733 0.859*
Leaf area 0.727 0.607 0.935**
Speed of cotyledon expansion 0.864* 0.919**
Photosynthetic rate 0.814*
** ** Statistically significant at 0.05 and 0.01 probability level, respectively.
Table 2. Initial leaf production of six forage legumes(number of leaves).
Days after emergence
Species
4 6 8 10 12 14 16 18 20
Alfalfa 05 1.0 1.2 1.7 23 33 38 4.4 52
Alsike clover 04 1.0 1.2 1.7 2.1 2.8 33 37 49
White clover 03 0.7 09 1.5 1.9 2.4 3.1 3.6 47
Red clover 00 0.6 1.0 1.2 1.5 1.9 22 25 30
Birdsfoot trefoil 00 0.2 0.8 1.2 1.9 2.3 33 37 44
Lespedeza 00 03 0.5 09 1.1 1.2 1.4 1.6 2.1
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Fig. 2. Logarithmic plot of photosynthetic area de-
velopment in six forage legumes.
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Fig. 3. Logarithmic plot of seedling dry weight accu-

mulation in six forage legumes.

V. SUMMARY

Cotyledon and leaf development of six important

forage legumes were compared to study their contribu-
tion to the seedling growth, Cotyledons of forage
legumes expanded their size rapidly during one week aft-
er emergence, then slightly expanded until maximum
size was reached and entered senescence. Larger seeds
produced greater cotyledon area, and speed of cotyledon
expansion was closely associated with seedling growth.
Earlier onset of leaf production and earlier leaf develop-
ment were mgor determinant factor for initial seedling
growth. Alfalfa and red clover which have larger seeds
were good in seedling vigor with larger photosynthetic
area. Alsike clover and white clover with small seeds
showed also good seedling vigor, as they developed
leaves early with relatively high photosynthetic rate. On
the other hand, though lespedeza has heavy seeds, its
seedling vigor was very poor with slow photosynthetic

area development and low photosynthetic rate.

V. LITERATURE CITED

1. Beveridge, J.L. and C.P. Wilsie. 1959. Influence of
depth of planting, seed size, and variety on emer-
gence and seedling vigor in alfalfa. Agron. J.
51:731-734.

2. Black, J.N. 1956. The influence of seed size and
depth of sowing on pre-emergence and early vegeta-
tive growth of subterranean clover (Trifolium subter-
raneam L.). Aust. J. Agric. Res. 7:98-109.

3. Carlson, G.E. 1966. Growth of clover leaves-de-

velopmental morphology and parameters at ten

stages. Crop Sci. 6:293-294.

Cooper, C.S. and S.C. Fransen. 1974. Contribution

of cotyledons to growth of the sainfoin seedlings.

Crop Sci. 14:732-735.

5. Hur, S.N., PR. Beuselinck and C.J. Nelson. 1995.
Cotyledon development and seedling growth of
Lotus corniculatus, Lotus tenuis and their reciprocal
hybrids. J. Korean Grassl. Sci. 15(1):13-18.

6. Lovell, PH. and K.G. Moore. 1970. A comparative
study of cotyledons as assimilatory organs. J. Exp.
Bot. 21:1017-1030.

7. Machado, A.D., W.A, Williams and C.L. Tucker.



1974. Dry matter contribution by cotyledons of lima 9. Shibles, RM. and H.A. MacDonald. 1962. Photosyn-

beans and other epigeal legumes. Crop Sci. 14:90- thetic area and rate in relation to seedling vigor of

93. birdsfoot trefoil (Lotus corniculatus L.). Crop Sci.
8. Marshall, PE. and T.T. Kozlowski. 1977. Changes 2:299-302.

in structure and function of epigeous cotyledons of 10. Williams, W.A., J.N. Black and CM. Donald. 1968.

woody angiosperms during early seedling growth. Effect of seed weight on the vegetative grwoth of

Can. J. Bot. 55:208-215. competing annual Trifoliums. Crop Sci. 8:660-663.



