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INTRODUCTION

Recently Ladino clover has become more widely grown and used in Japan with
the major purpose of providing an economical and highly nutritious feed for livestock.
Ladino clover under good management and wise use as pasture, silage or hay may reduce
significantly the cost of supplying protein often bought as concentrates. Furthermore,
from the standpoint of carotene content Ladino clover assumes very important role. It
is well known that carotene is a substance which changes into Vitamin A in the body.
As Vitamin A essentially serves as a stimulus for the formation of new cells, this
nutrient is necessary for the maintenance of good health of live stock.

However, commercial concentrates normally do not supply this essential vitamin
and are often very deficient in carotene. Therefore, for animals which do not graze nor
are allowed access to Ladino clover, special arrangement should be made to include
Vitamin A in their diet. When fresh Ladino clover is available, carotene is ingested in
amounts vastly exceeding the requirements for the formation of Vitamin A. In this
respect Ladino clover can be stressed, being by far the best source of carotene.

The most important part of Ladino clover associated with carotene content is the
leaf. Therefore, the proportion of leaf blades to leaf stalks serves as a good index of
carotene content. Leaf blade of Ladino clover contains most of carotene and the total
carotene content is determined largely by the percentage of leaves to stems.

With regard to the relation between carotene content and green color it is said that
the deeper the green color, the higher the carotene content. Chlorophylls are always
accompanied by yellow pigments, carotene and xanthophyll. This means that carotene
with other carotenoids and green pigments, chlorophylls, are related to photosynthesis.

It has recently been shown that in the absence of carotene and other carotenoid
pigments the photosynthetic apparatus is rapidly destroyed and it is suggested, therefore,
that the essential function of carotenoids including carotene in the grana of plant cells
is to prevent or minimize photooxidative damage by chlorophyll.

The objectives of this experiment were first to ascertain the effect of age on the
proportion of leaf blades to leaf stalks, second, to determine the effect of the percentage
of leaf blade to leaf stalk on the carotene content, and third to demonstrate whether a
direct relationship exists between green pigments, chlorophylls and carotene content of
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Ladino clover.

MATERIALS AND METHODS

These experiments were conducted under field conditions during the growing season
of 1963, 1964 and 1965 at the Forage Research Field of Kamo, Miyuki and Okinogami
of the Department of Fisheries and Animal Husbandry, Hiroshima University.

Ladino clover under favorable soil and climatic conditions often attains a height
of 35-40 cm or more. In these experiments the oldest leaves near the base of stolons
were at least 30 days older than the youngest ones that grew directly from the nodes
of the same stolons and its stalks height was 40 cm. The stalks of the youngest leaves
just developing on the top at the nodes of stolons were 7.5 cm in height. Every sample
was collected by removing them in the morning on different days. Approximately
10-15 fresh leaf blades with stalks were collected to study the effect of position on the
proportion of leaf blades to leaf stalks at the stolons and were used for the chemical
analysis. At the same time a study was attempted to determine the effects on the ca-
rotene content of flowers at various flowering stages and also of stolons.

Carotene analysis was performed according to the method of the Association of
Vitamin Chemists, Inc. U.S.A., while cholorophyll analysis was carried out according to
the established procedures of the official methods of analysis of A.O.A.C. (Association
of Official Agricultural Chemists)

RESULTS

Table 1 shows that the proportion of leaf blades to leaf stalks varies with advanc-
ing age or the position at the node of stolon. Young small new leaves at the height of
7.5 cm have a higher percentage of leaf blades by weight in comparison with its leaf
stalks than the large fully developed old leaves.

Although there were a few exceptions, the proportion of leaf blades generally
decreased with advance in age. When top young small leaves were harvested at the
height of 7.5 cm, leaf blades ranged from 34.60 to 40.06% by weight and leaf stalks
from 65.40 to 59.94%. When it grows to the height of 20 cm with advance in age (per-
haps older than 15 days) the leaf blades make up 31.33-33.71% and the stalks may
range from 68.67 to 66.29 % ; when it reaches 30 cm in height, the proportion of leaf
blades falls to 27.48-29.93%. In this experiment the fully developed old large leaves
near the base of the stolons were 40 cm high (about 30 days older). The percentage
of leaf blades at this age decreased to 25.52-26.25%. Thus, with advancing age leaves
on the stolon of Ladino clover decrease in the proportion with leaf blades and increase
in leaf stalks.

Table 2 presents (position on the stolon) the effect of age of leaves on the carotene
content of Ladino clover. And also analysis for carotene content in leaf blades and stalks
at various ages is given in Tabe 2. In this experiment young small leaves just developing



Table 1. Effect of Age (Position on Stolon) on the Proportion of Leaf Blades and Stalks of Ladino Clover

Stage of Growth 1963 (Kamo) 1964 (Miyuki) 1965 (O}(iﬁrlggﬁafl_l_i_)
(Age) Blades  Stalks Blades  Stalks Blades  Stalks
Percent Percent Percent Percent Percent Percent
7.5 cm high (about 3 days old) 37.80 — 62.20 34.60 — 65.40 40.06 — 59.94
20.0 cm high (about 13 days old) 33.71 — 66.29 31.33 — 68.67 33.01 — 66.99
30.0 cm high (about 20 days old) 28.08 — 71.92 27.48 — 72.52 29.93 — 70.07
40.0 cm high (about 30 days old) 26.06 — 73.94 26.25 — 73.75 25.52 — 74.48

Table 2. Carotene Content in Leaf Blades and Leaf Stalks at Various Stages of Ladino Clover

Stage of Growth 1963 (Kamo) 1964 (Miyuki) 1965 (Okinogami)
(Age) Entire Entire Entire
Blades Stalks leaves Blades Stalks leaves Blades Stalks leaves
mg % mg % mg %

7.5 cm high (about 3 days old) 1.447......0. 156...... 0. 648 1.104...... 0. 150...... 0.937 1.881...... 0.240...... 0. 837
20.0 cm high (about 13 days old) 2.263...... 0.319...... 0.975 3.718...... 0.388...... 1.370 3.997...... 0.334...... 1.482
30.0 cm high (about 20 days old) 4.721...... 0.478...... 1.521 7.416...... 0.710...... 2.811 5.641...... 0.616...... 2.120
40.0 cm high (about 30 days old) 5.578...... 0.578...... 1.883 9.536...... 0.750...... 3.050 6.288...... 0.633...... 2.320
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on the top of the stolons contained 1.474 mg% carotene on the average and its stalks
contained 0.184 mg %. The total carotene of entire leaves (blade and stalk) was 0.638
mg % (3-year average). As the age advanced and it reached the height of 20 cm, the
amount of carotene in its blades and stalks was greater than the younger small top leaves
taken from the same stolons. At this age entire leaves had an average of 1.297 mg %
carotene, leaf blades contained only 3.329 mg %, and stalks had 0.347 mg %. As the
leaves further aged, they gradually reached near the base of stolons. Though the pro-
portion of leaf blades was decreased in this stage carotone content of the entire leaves,
blades and stalks was increased.

When leaves were harvested at the height of 30 cm, blades contained about 5.690
mg% and the stalks 0.564 mg%. The entire leaves contained 2.084 mg% of carotene
on the 3-year average. Fully developed large leaves near the base of the same stolons
was40 cm high and the carotene content in the entire leaves was 4.148 mg% on the
average. Their blades only contained 8.046 mg% and the stalks 0.661 mg%.

These results demonstrate that young entire leaves (including blades and stalks)
contained less carotene than older leaves taken from the base of same stolons. Although
the carotene content was lower at younger age, it was especially small in amount from
the top young leaves to the height of 20 cm. In these younger stages leaf blades on
the stolons are usually not completely open and the leaf color is pale green or blue.

The results of these experiments also suggested that the leaf blade contained about
90% of the carotone of the entire leaf.

Table 3. (A) Carotene Content of Flowers

Carotene Content

Stage of Flowering

Flower heads  Flower stalks Total
Flower, in bud stage 1. 147mg " 0.237 me 0. 406mg%
Flower, in early bloom stage 0.976 0.361 0.584
Flower, in full bloom stage 1.114 0.574 0.778
Flower, in late bloom stage 0.531 0.760 0. 665

Table 3. (B) Carotene Content of Stolons

Length of Stolon Carotene Content
Stolon, 25 o 0.069 me
Stolon, 35 0.042
Stolon, 43 0.127
Stolon, 46 0.195

Some additional data on carotene content of the flowers at various flowering stages
and the stolons are given in Table 3, A and B. This study shows that the carotene
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content in the flowers varies with the stages of flowering and is relatively high at the
full bloom stage. However, the carotene content in flower is very small ranging from
0.4 to 0.8 mg%. Stolons of Ladino clover also contain a very small amount of
carotene and appear white in color. Thus, the carotene content is very low in the
stolons as compared with other parts of Ladino clover, but generally stolons are not
taken into account as nutrients of the entire plant and also practically they are not
harvested. This is one of the most important reasons why Ladino clover contains
relatively large amounts of carotene in comparison with other legumes. Leaves and
flowers are the only parts of the plant harvested and Ladino clover does not produce as
many flowers as white clover or other legumes.

Ladino clover is one of the most important sources of carotene because leaves are
large in size, only a small amount of flowers is produced and stolons are not harvested.

Table 4. Correlations between Carotene and Chlorophylls in Leaves
at Various Stages of Ladino Clover

Stage of Growth Chlorophylls Carotene
7.5cm high oo 8 121mgv/ .................. 0.837 me
20.0 cm high oo 11,917 o eeeeeeeenniaaanes 1.482
30.0 Cm high <o 2.120
40.0 cm high «oooeeieeeenn 12.967 - evvnmnaaeeinanenn 2.320

The relation between the carotene content and the green color, chlorophylls, is
shown in Table 4. It can be noted that the deeper the green color, the higher the
carotene content. The color of leaves was different at different stages of growth. These
analytical results show that leaves are not very green when they are young and these
contain less carotene. Old fully developed large leaves near the base of the same stolons
contain a larger quantity of chlorophylls and also carotene. Thus, the degree of greeness
of leaves is a good index of carotene content.

The leaves in the young stage just developed at the top of the stolons contained
about 8.121 mg% of chlorophylls and its carotene content was only 0.837 mg%., but
older leaves deep green in color contained 12.967 mg% of chlorophylls and 2.320
mg9% carotene.

It has been known that beside chlorophyll, all green parts of plants contain
carotenoids. Carotenoids are found together with chlorophylls in the chromatophores
and are present in either an amorphous or crystalline state.

The chlorophylls and carotenoids of Ladino clover are those pigments which absorb
most of the light spectrum except green and yellow. The absorption spectra of chlo-
rophylls and those of carotene of Ladino clover are shown in Fig. 1. HAXO and
BLINKS measured the effectiveness of photosynthesis using the same amount of light
but different wave lengths and obtained graph in Fig.2 which is very similar to the sum
of absorption spectra of both pigments.
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Fig. 1. Absorption spectra of the chlorophylls Fig. 2. Effectiveness of photosynthesis using
(A) and of carotene (B) (Ladino clover). same amounts of light but different wave
lengths.

This experiment shows that the total quantity of light absorbed during the process
is all engaged in photosynthesis. Furthermore, by comparing Fig. 1 with 2, one can see
that at wave lengths of 450-500 (mx), where the maximum absorption is caused by
carotene, photosynthetic reaction was stronger than would have been expected with
chlorophyll alone. This indicates that the “yellow companions” also play a definite
role. However, since no photosynthesis has ever been discovered in the absence of
chlorophyll, one is compelled to assume that the carotenoids, although they absorb light
energy, transfer it immediately to the chlorophyll.

SUMMARY

The age of leaves of Ladino clover had a significant effect on both the proportion
of leaf blades to leaf stalks and also its carotene content. Young small new leaves
harvested from the top of stolons of Ladino clover have a higher percentage of leaf
blades in comparison with its stalks than large fully developed old leaves of the same
stolons. Leaf blades at any growing stage in general contained almost 90 per cent of
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the total carotene in the entire leaves. Leaf stalks have only 10 per cent of the total
carotene in Ladino clover. Therefore, the most important part of Ladino clover is the
leaf blades which is the best source of Vitamin A for live-stock. If leaves are very
young just beginning to grow on the top of stolons, the carotene content is very low and
the color of such leaves is pale green. These pale green colored leaves were predominnt
among leaves under the height of 20 cm. At these stages most leaves are not yet
completely opened and are not very green.

A significant relationship exists between the carotene content and the green color,
chlorophylls of leaves. It is well known that the more green pigments the leaves possess,
the higher the carotene content. If leaves contain a large amount of carotene, they
usually have deep green color.

Therefore, the best indicator of carotene content is leaf color; if leaves contain a
large amount of carotene, they usually have a good green color. Ladino clover is one
of the best sources of carotene. This is to be expected because the leaf blades, leaf
stalks and relatively small amounts of flowers are the only parts of the entire plant
which are harvested. When the stems of any other legumes or grasses are harvested,
stolons of Ladino clover should not be included.

In conclusion, the results of this study indicate that Ladino clover should be
allowed to grow to the height of 25 cm after each pasturing and also should not be cut
or grazed to the height less than 5 to 7 cm.
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EXAPLNTATION OF PLATE

Fig. 1. The general appearance of Ladino clover spreads by mean of creeping stolons as shown
in Fig. 1.
Leaves and leaf stalks may form at the stolon nodes.

Fig. 2. Leaves and leaf stalks of Ladino clover. Young small new leaf just developing on the

top at the stolon, at left, and the older leaf near the base of same stolon, at right. Young
leaf is not very green color but as the leaf becomes older (at right) increase greatly its
green color as shown in this photograph. Thus, the degree of greeness of leaf is a good
index of carotene content.

Fig. 3. Young leaf blade and leaf stalk on the top of the stolon. As shown in this photograph,
young leaves are not yet opened and also are not deeply green colored.
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