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I. Introduction 

The genus Melilotus (sweetclover) is comprised of some twenty species 
(SCHULZ 1901, ISEL Y 1954). The chromosome number thus far examined is 
2n = 16 (DARLINGTON and JANAK I AM MAL 1945). Four species of Melilotus, 
M. alba, M. oificinalis, !vI. suaveolens, and M. indica, have been grown 
commercially, but most of the economic varieties are derivatives of two species, 

M. alba and AI. officinalis, which are widely grown in the United States and 
Canada for hay, pasture, and green manure crops. 

The low-coumarin strains of sweetclover were produced by the interspecific 
hybridization between M. alba and M. dentata, which was reared by grafting 
on common varieties because of its inability to grow F, plants due to chloro­
phyll deficiency (SMITH 1943). Since then, the exploration of basic data on 
interspecific relationships of the genus Melilotus has attracted the interest of 
many workers, in the utilization of desirable germ plasm from related species 
in sweetclover breeding programs. 

The studies on the relationships of interspecific cross compatibility has 
been conducted by several workers (STEVENSON and KIRK 1935, STEVENSON 
and WHITE 1940, JOHNSON 1942, SMITH 1954, WEBSTER 1950, GREENSHIELDS 
1954, JARANOWSKI 1962). Regarding interspecific crosses among the subgenus 
Eumelilotus species, SMITH reported that the affective chlorophyll deficiency 
barrier against the interspecific transfer of genes existed between pairs of species 
belonging the subgenus Eumelilotus (SMITH 1943; 1954). It was also noted 
that the development of embryo was interrupted at an early stages in some 
interspecific crosses and resulted in aborted ovules or aborted seeds (GREEN­
SHIELDS 1954). 

Cytological studies of interspecific hybrids have also been undertaken by 
several workers (WEBSTER 1950; BRINGHURST 1951; SHASTRY, SMITH and 
COOPER 1960; JARANOWSKI 1961; KITA 1962, 1964). From the studies of 
meiotic chromosome behaviors of the interspecific F, hybrids, it was indicated 
that structural differences of chromosomes were in a role of speciation of the 
genus Melilotus in part. 

In spite of the fact that a considerable amount of basic research on sweet­
clover has been accumulated, numerous points still largely remain to be clarified. 
For many years, the present author has been engaged in cytological studies on 
the genus Melilotus. These were mainly concentrated on the karyotype analysis 
of nineteen species, chromosome aberrations found in the course of meiosis of 
the interspecific hybrids, and the interspecific cross compatibility. Through 
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these studies, the author has attempted to present more detailed information 
on interspecific relationships of the genus Melilotus in relation to speciation of 
the genus. 

The present work was initiated in 1957 and continued till 1959, at the 
Department of Genetics, University of Wisconsin, U. S. A. Thereafter the 
work was continued at the Plant Breeding Institute, Department of Agronomy, 
Faculty of Agriculture, Hokkaido University, Japan, since 1959. 

Before going further, the author wishes to express his sincere gratitude 
to Dr. SEI]IN NAGAo, Professor of the Plant Breeding Institute, Department 
of Agronomy, Hokkaido University, Japan, for his guidance, suggestions and 
invaluable critisism in regard to the present work. Likewise, the author wishes 
to express his heartful gratitude to Dr. K. T AGUCHI, Professor of the Crop 
Science Institute, at the same University; and to Dr. S. HOSOKA W A, Professor 
of the Industrial Crops Laboratory of the same University, who gave guidance 
to the author during the course of this work. The author also wishes to express 
his thanks to Dr. M. TAKAHASHI, Associate Professor of the Plant Breeding 
Institute, at the same University, for his many helpful suggestions and encourage­
ment in making this work possible. 

The author must acknowledge the kindnesses of Dr. W. K. SMITH, Pro· 
fessor of Department of Genetics and Agronomy, University of Wisconsin, 
U. S. A., who not only directed the author during his stay in the United States 
of America but also, after his return to Japan supplied all species used and 
encouraged the author to carry out this work. 

Expense of the present work was partly defrayed with grants in aid 
for fundamental scientific research from the Ministry of Education and the 
Rockefeller Foundation. 

II. Observation of Morphological Characters 
of ltIelilotus Species 

The keys for identification of the species of Melilotus were provided by 
SCHULZ (1901). The most recent identification keys were reported by ISEL Y 

(1954). The author employed nineteen species including twenty-seven strains, 
which were introduced. General external morphology such as flower structure, 
flowering habits, leaves, pods and seeds were examined to determine whether 
or not the introduced species or strains are given the proper name of classi­
fication. In this chapter, the author also presents general descriptions of 
morphological appearance of species and geographical distributions of species 
as an introduction for the following studies. 



STUDIES ON THE GENUS MELILOTUS (SWEETCLOVER) 27 

1. Materials 

The species and strains used in this study are described in the experimental 
results. 

2. Experimental Results 

a. M. alba DESR. 

M. alba var. common and hubum, the former is biennial and the latter 
is annual, were examined. In both varieties, petals are entirely white and the 
standard is longer than the wing and keel, which are about the same in length 
(table 1). The number of flowers per raceme is about the same in both 

Fig. 1. M. alba var. common Fig. 2. M. alba var. hubum 

varieties, but the raceme is more dense m common because of shorter raceme 
of common than that of hubum. Raceme exceeds the subtending leaf at the 
beginning of flowering and mature stage (table 2). Leaflets are rather long 
and narrow in hubum than in common (table 3). Margin of leaflets is toothed 
(fig. 1 and 2). Pods are globrous and irregular by reticulate-nerves. Color of 
pods is blackish brown when matured. The size of pods is about the same 
in both varieties (table 5). Seeds are yellowish brown in color and small 
in size (table 6). Pod setting is very low without insect or artificial tripping 
(table 7). 

M. alba was originally distributed in considerably large areas of Eurasia; 
east to Tibet and China, south to Afghanistan and Arabia, but now is widely 
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grown III temperate agricultural areas throughout the world (ISEL Y 1954). 

TABLE 1. Flower color and comparison of petals in length 

flower 

species 
color 

I length of S. 

mean I s. d. 

I length of W'llength of K.I comparison 

I mean I s. d. mean I s. d. of S. W. K. 
I mm mm mm 

alba vaL common white 5.98 0.02 5.00 0.00 5.00 0.00 S>W=K 

" " hubum " 5.45 0.15 4.18 0.06 4.18 0.00 S>W=K 

altissima T 454 Ac 158 yellow 5.94 0.09 5.94 0.09 5.94 0.09 S=W=K 

" T 455 B 130 " 5.87 0.17 5.87 0.17 5.87 0.17 S=W=K 

dentata N 158 " 3.51 0.10 3.06 0.09 3.06 0.09 S>W=K 

" N 338 Ac 91 " 3.16 0.14 2.93 0.12 2.93 0.12 S>W=K 

hirsuta F 149 " 6.00 0.00 5.98 0.06 5.98 0.06 S=W=K 

o fficin a lis " 7.02 0.06 6.62 0.15 6.15 0.28 S>W>K 

polonica ] 135 Ac 141 " - - - - - - -

suaveolens N 348 " 4.06 0.09 4.06 0.09 4.06 0.09 S=W=K 

" NI71 " 3.74 0.15 3.74 0.15 3.74 0.15 S=W=K 

taurica PI 193951 white 7.00 0.00 6.87 0.17 6.02 0.06 S>W>K 

wolgica K 443 Ac 163 " 4.45 0.16 4.04 0.29 3.45 0.16 S>W>K 

elegans Ac337 yellow 4.20 0.09 4.02 0.04 4.02 0.04 S>W=K 

indica Ac 296 " 2.57 0.11 2.20 0.00 2.20 0.00 S>W=K 

" Fe 30341 " 2.58 0.04 2.50 0.00 2.50 0.00 S>W=K 

infcta Ae335 " 7.46 0.28 5.47 0.19 7.41 0.26 S>K>W 

italica V 285 " 8.04 0.09 8.04 0.09 7.04 0.09 S=W>K 

macrocarpa Ac336 " 8.10 0.21 5.95 0.50 7.49 0.10 S>K>W 

f)lessanensis C21 " 5.28 0.04 4.92 0.11 5.28 0.04 S=K>W 

neapolitana Ac 334 " 4.66 0.40 4.66 0.40 4.66 0.40 S=W=K 

segetalis N80 " 5.96 0.03 5.50 0.00 6.54 0.25 K>S>W 

speciosa V 287 white 7.80 0.07 7.80 0.07 7.80 0.07 S=W=K 

sulcata V 298 yellow 2.96 0.09 2.96 0.09 3.58 0.13 K>S=W 

" S379 " 3.08 0.11 2.88 0.09 3.80 0.00 K>S=W 

" N 118 " 3.70 0.14 2.98 0.11 3.70 0.14 K=S>W 

b. M. altissima THILL. 

This species is biennial. M. altissima T 454 Ac 158 and T 455 B 130 were 
used for observation. Petals are yellow in color and standard, wing, and keel 
are about the same in length (table 1). The number of flowers per raceme is 
rather small and the raceme exceeds the subtending leaf at the beginning of 
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flowering and mature stage (table 2). Leaflets are elliptic and margin is sharply 
toothed (fig. 3). Pod is compressed and has a short beak at tip. Pods are 
blackish brown in color when matured, and the size is rather large (table 5). 
Color of seeds is yellowish brown and size is somewhat larger than that of 
M. alba (table 6). Remarkable differenc is observed in pod setting without 
insect or artificial tripping, namely M. altissima T 454 Ac 158 is very low in 
pod seeting while 70.7% of setting is observed in M. altissima T 455 B 130 
(table 7). 

This species is native primarily in central and northern Europe (IsEL Y 1954). 

Fig. 3. M. altissima Fig. 4. M. dentata 

c. M. dentata (W. K.) PERS. 

Biennial and annual forms are reported in this species. Coumarin, which 
lowers palatability of sweetclover for forage, is low or almost free in this 
species, hence M. dentata is a promising source of germ plasm for transfering 
the low coumarin character to commercial varieties in sweetclover breeding 
programs. Two strains, M. dentata N 338 Ac 91 and N 158 are used in this 
experiment. 

Petals are yellow in color and small in size which is comparable to that 
of M. wolgica. Standard is remarkably longer than wing and keel (table 1). 
The raceme is dense and about equal to or longer than the subtending leaf 
at the beginning of flowering but exceeds it at mature stage (table 2). Leaflets 
are mostly of a elongated elliptical shape with very prominent thin veins, which 
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are strongly dentate from base to apex of the leaflet. Teeth are distinctly 
needle-shaped (fig. 4). Pods are blackish brown at mature stage. Pod setting 
is very high without insect and artificial tripping (table 7). 

This species is distributed in temperate Eurasia and east to Mongolia 
(IsEL Y 1954). 

TABLE 2. Number of florets per a raceme, and length of 
raceme and subtending leaf at the beginning 
of flowering and mature stage 

species 

alba var. comillon 

" var. hubum 

alz'issima T 454 Ac 158 

" T 455 B 130 

dentata N 158 

" N 338 Ac91 

hirsula F 149 

officinalis 

polonica ] 135 Ae 141 

suaveolens N348 

" Nl71 

taurica PI 193951 

wolgica K 443 Ae 163 

elegans Ac337 

indica Ae296 

" Fe 30341 

infesta Ae 335 

italica V 285 

mac roca rpa Ae 336 

lnessanensis C 21 

neapolitana Ae334 

segetalis N80 

speciosa V 287 

sulcata V 298 

" S379 

" N 118 

no. of floret 

mean I s. d. 
---

68.1 8.3 

68.7 7.8 

32.0 5.7 

32.7 4.1 

59.8 5.4 

52.0 7.5 

44.0 4.4 

54.1 2.6 

- -

34.1 4.2 

41.9 3.0 

64.6 4.0 

51.0 4.9 

41.4 2.2 

51.8 1.9 

41.1 3.1 

33.3 6.3 

30.2 2.9 

38.1 1.9 

10.8 1.5 

12.9 3.1 

39.3 2.9 

43.8 3.6 

22.9 4.0 

11.1 1.1 

17.4 2.6 

length at beginn­
ing of flowering 

raceme I leaf 

em em 
3.9 2.3 

4.8 4.4 

4.9 4.7 

2.5 2.8 

2.5 3.8 

3.6 4.2 

9.5 3.2 

7.9 3.0 

- -

4.8 2.5 

5.3 2.0 

10.6 4.1 

6.1 2.5 

4.4 3.8 

5.0 4.8 

2.2 2.7 

4.9 4.6 

3.8 3.6 

6.6 5.2 

1.8 6.5 

6.9 4.4 

8.3 4.9 

9.8 3.7 

2.2 2.8 

2.0 3.7 

2.5 4.3 

length at mature 
stage 

raceme I leaf 
---

em em 
7.2 2.7 

8.4 3.0 

8.0 4.1 

5.8 2.9 

9.3 4.8 

9.0 4.5 

13.4 4.6 

13.2 4.3 

- -

8.7 2.8 

19.4 2.7 

18.2 4.5 

15.1 3.5 

7.5 3.0 

11.5 3.5 

7.6 3.1 

12.3 4.5 

17.2 4.1 

13.0 5.2 

2.9 6.4 

12.7 4.3 

10.0 5.0 

19.1 5.3 

4.9 5.0 

4.9 4.1 

4.8 4.0 
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d. M. hirsuta LIPSKY. 

Only one strain, F 149, of M. hirsuta was used for observation. Plant 
of this species is biennial. 

Petals are yellow in color and standard is as long as wing and keel, which 
are about the same in length. The size of flowers is large as a whole (table 
1). The raceme is longer than the subtending leaf at the beginning of flowering 
and mature stage (table 2). The margin of leaflets is usually not sharply toothed 
(fig. 5). Pods are elliptic-oblong, and yellowish brown in color at mature stage 
(table 5). Seeds are longer than those of the other species in Eumelilotus and 
yellowish brown in color (table 6). Pod setting is low without insect and 
artificial tripping (table 7). 

This species is native in south western Russia (IsEL Y 1954). 

Fig. 5. ]\.[. hirsuta Fig. 6. AI. officinalis 

e. 11,,1. officinalis (L) DESR. 

Plants of this species is biennial and used for actual cultivation covering 
large acreages. 

Petals are yellow and size IS large, which is comparable to that of AI. 
hirsuta. Standard is longest, wing is intermediate, and keel is shortest in 
length (table 1). Raceme is longer than the subtending leaf at the beginning 
of flowering and mature stage (table 2). Leaflets are obovate and sharply toothed 
(fig. 6). Pods are glabrous and broad but rather small in size. Color of pods 
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are yellowish brown when matured (table 5). Seeds are small in SIze and 
yellowish brown in color (table 6). Pollen fertility is high but selfed seeds are 
seldom obtained even when insect or artificial tripping is applied (table 7). The 
high self incompatibility is the characteristic nature of this species. 

The native area is Europe and adjacent Asia, but this species is introduced 
in temperate agricultural regions throughout the world (IsEL Y 1954). 

f. M. polonica (L.) DESR. 

M. polonica J 135 Ac 141 was studied for morphological observation. A 
plant of this species is biennial. Petals are yellow and large in size. Standard 
is longer than wing and keel, which are comparable to each other in length 
(table 1). Flower is attached on a long stalk. Raceme is rather short and 
possesses very few flowers. Raceme exceeds the subtending leaf at the begin­
ning of flowering and mature stage (table 2). Leaflets are comparably small 
in size and cuneate. Margin of leaflets is toothed but not conspicuous (fig. 7). 
Pods are yellowish brown in color and elliptic-oblong as in M. hirsuta. Obser­
vations on seeds have not been made as yet, because the plants did not reach 
maturity in the introduced year. 

This species has a limited distribution area, Urals to south-eastern Russia 
and adjacent Turkestan (IsEL Y 1954). 

g. M. suaveolens LEDEB. 

Biennial and annual forms are known m this speCIes. M. suaveolens 

Fig. 7. M. polonica Fig. 8. M. suaveolens 
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distinguishable from the other species. The size of seeds is small (table 6). 
Pod setting is low without insect or artificial tripping (table 7). 

This species is native in the area from Siberia to Japan, especially common 
in temperate China (IsEL Y 1954). 

h. M. taurica (M. B.) SER. 

This species was introduced under the name of M. italica PI 193951, 
but identified with M. taurica based on ISEL Y'S identification keys. Plants 
of this species are biennial. 

Petals are white and large in size. Standard is longer than wing, which 
is longer than keel in length (table 1). Raceme is very long and exceeds the 
subtending leaf at the beginning of flowering and mature stage. Leaflets are 
small and characterized with clear transverse wrinkling in the shape of pro­
nounced deep grooves. Color of pods is yellowish brown at mature stage. 
Seeds are yellowish brown and rather large in size among Eumelilotus species 
(table 6). Pod setting is low without visiting of insects and artificial tripping 
(table 7). 

This species is called Crimean-sweetclover, an ancient endemic species in 
Crimea, which has a very limited distribution area which is largely confined to 
the southern sea board of the Crimea (SUVOROV 1950). Isely suggested that 
this species was distributed in the eastern half of the Black Sea, possibly south 
to Iraq (IsEL Y 1954). 

Fig. 9. 1\1f. tau rica Fig. 10. M. wolgica 
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1. M. wolgica POIR. 

This species is biennial. M. wolgica K 443 Ac 163 was used for this study. 
Petals are white in color and small in size. Standard is longer than wing 

and keel, which are about the same in length (table 1). Raceme has many 
flowers and exceeds the subtending leaf (table 2). Leaflet is obovate in shape 
with inconspicuous teeth (fig. 10). Pod stalk is very thin, threadlike, and long. 
Pods are elongated oval shape and somewhat flattened. Color of pods is 

TABLE 4. Number of teeth observed at margin of leaflets 

central leaflet side leaflet 
species 

mean s. d. mean s. d. 

alba var. common 19.2 2.3 16.4 1.3 

" var. hubulIl 22.8 1.7 21.2 1.4 

altissima T 454 Ac 158 30.7 3.1 24.9 3.7 

" T 455 B 130 21.5 1.6 19.5 0.8 

dentata N 158 79.5 7.7 73.6 10.7 

" N 338 Ac91 67.2 4.4 60.9 4.0 

hirsuta F 149 27.0 2.4 24.0 2.7 

o fficinalis 34.5 1.6 28.0 2.9 

polonica J 135 Ae 141 15.5 3.6 15.0 3.2 

suaveolens N 348 13.7 4.7 10.4 3.4 

" Nl71 20.7 2.8 16.2 2.7 

taurica PI 193951 19.7 1.6 17.2 1.8 

wolgica K 443 Ae 163 28.8 3.4 25.7 3.6 

elegans Ae337 18.4 3.2 19.8 2.7 

indica Ae296 18.4 2.7 19.8 2.0 

" Fe 30341 16.2 3.1 15.8 3.3 

in/esta Ac 335 46.6 2.8 40.2 2.5 

italica V 285 - - - -

macrocarpa Ae336 22.4 5.0 21.0 3.2 

messanensis C21 32.0 2.1 28.6 2.5 

neapolitana Ae334 10.1 1.1 9.3 0.8 

segetalis N 80 31.4 3.5 25.6 3.0 

speciosa V 287 20.2 3.0 16.0 2.7 

sulcata V 298 32.8 3.2 29.0 2.4 

" S 379 19.1 3.3 17.7 2.7 

" N118 23.0 2.3 19.9 4.1 
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yellowish brown (table 5). Seeds are yellowish brown and small (table 6). 
Self-pollination is decidedly predominant in this species, in other words high 
percentage of pod setting is observed without insect or artificial tripping (table 7). 

This species is distributed from southern Urals to south eastern Russia 
(IsEL Y 1954). 

J. M. elegans SULZl\!. 

This species is an annual. 
Petals are yellow in color. 

are almost equal in length (table 

Fig. 11. M. elegans 

k. M. indica (L.) ALL. 

M. elegans Ac 337 was used for this study. 
Standard is longer than wing and keel, which 
1). Raceme is longer than the subtending leaf 
at the beginning of flowering and mature stage 
(table 2). Leaflets are obovate-cuneate and 
toothed primarily on upper portion of margin 
(fig. 11). Pods are yellowish brown in color 
and broad. Pod setting is high without insect 
or artificial tripping (table 7). 

ISEL Y (1954) described that the plant 
height of M. elegans is very small, but the 
species used in this study is very high, about 
150-200 cm. Some question whether this 
species is M. elegans or not remains, but the 
author treated this species as 11.1. elegans. 
This is because aside from the plant height 
all the characteristics agree with ISEL Y'S identi­
fication key of Ai. elegans. 

Distribution of M. elegans is Mediter­
ranean Europe and Africa and Palest in (ISEL Y 

1954). 

This species is annual. The striking characteristic of AI. indica is very 
small flowers, which are smallest among all the species of Afelilotus. 

Petals are yellow in color. Standard is somewhat longer or equal to wing 
and keel, which are the same in length (table 1). Raceme is short and compact, 
and pedancle is short. Raceme is of equal length to the subtending leaf .at 
the beginning of flowering but exceeds it at mature stage (table 2). Leaflet is 
cuneate and toothed (fig. 12 and 13). Pods are very small and of spherical 
shape, seeds are also very small and spherical (table 5 and 6). Color of seeds 
is blackish brown as in M. suaveolens. Pod setting is very high without insect 
or artificial tripping (table 7). 
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Fig. 12. M. indica Ae 296 Fig. 13. M. indica Fe 30341 

The strain which was introduced under the name of .!vi. neapolitana Fc 30341 
(fig. 13) showed the same morphological characteristics with M. indica Ac 296 
(fig. 12) except for somewhat large size of pods and seeds (table 5 and 6). 
The author considered this strain should be included in M. indica. 

The primary distribution center of this 
species is India, from where it migrated west­
ward into the tropical and south tropical zones 
of the southern hemisphere (SUVOROV 1950). 

1. M. infesta Guss. 

Plants of this species are annual. The 
strain of M. infesta Ac 335 was used for this 
study. 

Petals are yellow and large in size. Standard 
and wing, which are about the same, are longer 
than keel in length (table 1). Raceme is equal 
to the subtending leaf at the beginning of 
flowering but exceeds it at mature stage (table 
2). Leaflet is obovate and toothed inconspicu­
ously (fig. 14). Pods are obtuse or inconspicu­
ously apiculate. Size of pods is large and Fig. 14. .'\1. infesta 
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coarse ribs are observed on the surface of pods (table 5). 
in color and large in size· (table 6). Pod setting is low 
artificial tripping. 

Seeds are brown 
without insect or 

This species is distributed In Mediterranean Europe and Africa, and Asia 
Minor (IsEL Y 1954). 

TABLE 5. Color, length, and width of pod 

species color 
I length width 

mean t s. d. mean t s. d. 

mm mm 

alba var. common blackish brown 3.8 0.4 2.3 0.2 

" var. hubum " 3.6 0.2 2.4 0.1 

altissima T 454 Ac 158 " 4.5 0.2 3.0 0.1 

" T 455 B 130 " 4.7 0.1 2.9 0.1 

dentata N158 " - - - -

" N 338 Ac91 " 3.4 0.2 2.4 0.1 

hirsuta F 149 yellowish brown 7.4 0.2 2.5 0.2 

o fficinalis " 3.8 0.2 2.2 0.1 

poLonica J 135 Ac 141 " - - - -
slIaveolens N 348 blackish brown 3.2 0.1 2.1 0.2 

" Nl71 " 3.3 0.1 2.1 0.1 

taurica PI 193951 yellowish brown 4.7 0.1 3.1 0.2 

wolgica K 443 Ac 163 " 5.6 0.2 2.7 0.1 

elegans Ac 337 " 4.0 0.3 2.7 0.3 

indica Ac296 " 2.0 0.1 1.5 0.1 

" Fe 30341 " 3.7 0.3 2.6 0.2 

infesta Ac335 " 5.0 0.6 3.6 0.1 

italica V 285 " 4.5 0.3 3.3 0.1 

macrocarpa Ae 336 " 5.0 0.1 3.4 0.2 

messanensis C21 " 5.7 0.3 3.1 0.2 

neapolitana Ae 334 " 3.4 0.2 2.5 0.2 

segetalis N 80 " 5.2 0.2 3.9 0.6 

speciosa V 287 " 6.3 0.2 3.8 0.1 

slIlcata V 298 " 3.3 0.1 2.3 0.1 

" S379 " 3.4 0.2 2.6 0.1 

" N 118 " 2.8 0.1 2.2 0.1 
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m. M. italica (L.) LAM. 

This species is annual. The strain, M. italica V 285, was used for 
observation. 

Petals are yellow and large in size. Standard and wing, which are the 
same, are longer than keel (table 1). Raceme is relatively short and has the 
same length with the subtending leaf at the beginning of flowering but exceeds 
it remarkably at mature stage (table 2). Leaflets are very large, by which this 
species is easily distinguishable from the other species. Leaflets are of orbicular 
shape with entire or more rarely indistinctly toothed margin (fig. 15). Pods are 
yellowish brown and large and broadly oval in shape (table 6). Pod setting 
IS very high without insect or artificial tripping (table 7). 

This species is native in Mediterranean Europe and Asia Minor. 

Fig. 15. M. italica Fig. 16. M. macrocarpa 

n. M. macrocarpa Goss and DUR. 

This species is annual. 1'11[. macrocarpa Ac 336 was used for this study. 
Petals are yellow and very large in size. Standard and keel, which are 

the same in length, are longer than keel (table 1). Raceme is longer than wing 
(table 1.) Raceme is longer than the subtending leaf at the beginning of flowering 
and mature stage (table 2). Leaflet is nearly entire or irregularly toothed at 
margin (fig. 16). Color of pods is yellowish brown. Seeds are large and 
spherical. The pod setting is rather low without insect or artificial tripping 
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(table 7). 
This species IS native III Algeria and Morocco. 

o. AI. messanensis (L.) ALL. 

This species is annual. The strain, M. messanensis C 21, was used for 
this study. 

Petals are yellow in color. Standard and keel, which are the same in 
length, are longer than wing (table 1). Raceme is very short, which is charac­
teristic of this species, and shorter than the subtending leaf at both the beginning 
of flowering and mature stage (table 2). Leaflets are cuneate and very small 
inconspicuous teeth are observed at margin (fig. 17). Pods are very sharply 
pointed at apex. Pods have distinctly concentric venation on surface. Seeds 
are large and brown in color (table 6). Pod setting is very high without insect 
or artificial tripping (table 6). 

The native area of this species is Mediterranean Europe and Africa, and 
Asia Minor (IsEL Y 1954). 

Fig. 17. AI. messanensis Fig. 18. AI. neapolitana 

p. At. neapolitana TDI.· 

Plants of this species are annual. AI. neapolitana Ac 334 was used for 
this study. 

Petals are yellow in color and medium size. 
and keel in length (table 1). Raceme is longer 

Standard is as long as wing 
than the subtending leaf at 
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the beginning of flowering and mature stage. The number of flowers per 
raceme is very few (table 2). Leaflets are obovate and usually conspicuously 
cuneate. The margin of leaflet is toothed primarily toward apex. Pods are 
globose and terminate in a sharp, straight beak. Seeds are round and yellowish 
brown in color. Pod setting is high without insect or artificial tripping (table 7). 

This species is distributed in southern Europe and adjacent north Africa, 
and south Asia (IsEL Y 1954). 

TABLE 6. Color, length, and width of seed 

color 
\ length width 

species 
mean I s. d. mean s. d. 

mm mm 
alba var. common yellowish brown 2.1 0.1 1.6 0.1 

" var. hubum " 2.2 0.1 1.7 0.1 

altissima T 454 Ac 158 " 2.3 0.1 1.8 0.1 

" T 455 B 130 " 2.4 0.1 1.8 0.1 

dentata N 158 " - - - -

" N 338 Ac 91 " 2.0 0.1 1.7 0.1 

hirsuta F 149 " 3.1 0.1 1.7 0.1 

o ffic in al is " 1.9 0.1 1.6 0.1 

poloniea J 135 Ac 141 " - - - -

slla'veolcns N 348 blackish brown 2,0 0.1 1,5 0.1 

" Nl71 " 2.0 0.1 1.5 0.1 

tau rica PI 193951 yellowish brown 2.8 0,1 2.0 0.1 

wolgiea K 443 Ac 163 " 2,9 0.1 1.7 0.1 

elcgans Ac337 " 2.2 0.0 1.8 0.1 

indiea Ac296 blackish brown 1.6 0,1 1.2 0.1 

" Fc 30341 " 2.3 0.2 1.5 0,0 

infcsta Ac335 yellowish brown 3.2 0.1 2,3 0.1 

italiea V 285 " 2.9 0.1 2.2 0.2 

lIlacrocarpa Ac 336 " 3.1 0,1 2.3 0.1 

mcssancnsis C 21 " 3.2 0.2 2,0 0.1 

neapolitana Ac 334 " 2.0 0.1 1.6 0.1 

segetalis N 80 " 3.6 0.1 2.2 0.1 

speciosa V 287 " 3,9 0,2 2,7 0,2 

sule'ata V 298 " 2.4 0.1 1.8 0.0 

" S379 " 2.4 0.1 1.8 0.1 

" N1l8 " 2.2 0.1 1.5 0,1 
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q. M. segetalis (BROT.) SER. 

A plant of this species is annual. M. segetalis N 80 is used for this 
observation. 

Petals are yellow and large in size. Keel is longer than standard, which 
is longer than wing in length (table 1). Raceme is longer than the subtending 
leaf at the beginning of flowering and mature stage (table 2). Leaflets are 
relatively large and obovate in shape. Fine and conspicuous teeth are observed 
at margin (fig. 19). Pods are large and round shaped with numerous thin and 
concentrically arranged veins. Seeds are large. Pod setting is low without 
insect and artificial tripping (table 7). 

This species is distributed along the northern and southern coast of the 
Mediterranean sea (IsEL Y 1954). 

Fig. 19. M. segetalis Fig. 20. M. speciosa 

r. M. speciosa DUR. 

This species is annual. M. speciosa V 287 is used for this study. 
Petals are white and very large in size. Standard is as long as wing and 

keel, which are the same in length (table 1). Raceme is long and exceeds 
largely the subtending leaf at the beginning of flowering and mature stage (table 
2). Leaflets are obovate and weakly toothed (fig. 20). Pods are broadly oval· 
and strongly flattened with a curved, sharp terminal beak. The surface of pods 
is reticurated with predominantly transverse veins. Seeds are large in size and 
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flattened (table 6). Pod setting is low without insect or artificial tripping 
(table 7). 

This species IS distributed m west Africa, Algeria, and Morocco (IsEL Y 

1654). 

s. M. sulcata DESF. 

Plants of this species are annual. Three strains; M. sulcata V 298, S 379, 

TABLE 7. Growth habit, pollen fertility, and pod setting 

without insect or artificial tripping 

species growth habit I pollen fertility pod setting 

% % 
alba var. common biennial 98.8 10.7 

" var. hubum annual 92.2 15.3 

altissima T 454 Ac 158 biennial 96.8 16.9 

T 445 B 130 99.4 70.7 

dentata N 158 99.4 95.2 

N 338 Ac 91 98.9 95.0 

hirsuta F 149 97.9 10.5 

o ffieinalis 96.3 0.0 

polonica J 135 Ac 141 

sua'veolens N 348 annual 99.2 40.4 

N171 99.5 52.7 

taU/·iea PI 193951 biennial' 98.1 38.6 

wolgiea K 443 Ac 163 99.9 99.0 

elegans Ac 337 annual 99.5 80.7 

indica Ac 296 99.1 95.5 

Fc 30341 99.2 100.0 

infesta Ac 335 98.5 15.9 

italica V 285 96.6 99.3 

macrocarpa Ac 336 96.8 30.8 

lIlessanensis C 21 99.4 96.3 

neapolitana Ac 334 99.8 95.8 

segetalis N 80 99.1 24.3 

speciosa V 287 99.0 5.7 

sulcata V 298 100.0 98.0 

S379 98.7 97.2 

N 118 100.0 99.0 
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Fig. 21. M. sulcata V 298 Fig. 22. M. sulcata S 379 

Fig. 23. M. sulcata N 118 
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and the strain which was introduced under the name of M. segetalis N 118; 
were used for this study. 

Petals are yellow and small in size. Keel is longer than wing and standard, 
which are comparable to that of M. segetalis N 80 (table 1). Raceme is shorter 
than the subtending leaf at the beginning of flowering but about the same or 
longer in length at mature stage (table 2). Leaflets are rather variable in shape 
but obovate as a rule. Sparse teeth are observed at margin of leaflets (fig. 21, 
22, and 23). Pods are rather small in size and round, somewhat flattened 
shape with numerous thin concentrically arranged veins on surface (table 5). 
Seeds are small and oval flattened shape (table 6). The strain which was 
introduced under the name of M. segetalis N 118 is smaller than the two other 
strains in size of pods and seeds, however, morphological appearance of the 
other characters are almost identical to the two other strains of M. sulcata 
and distinctly different from M. segetalis N 80. It should be, therefore, included 
in M. sulcata. Pod setting of three strains is very high without insect or 
artificial tripping (table 7). 

Distribution of this species is the entire Mediterranean region; west Africa, 
south east Asia, Spain, Italy, Sordima, and Greece (SUVOROV 1950, ISEL Y 1954). 

3. Discussion and Conclusion 

SCHULZ (1901) described twenty-two species in the genus Melilotus. ISEL Y 

(1954) pointed out that M. kotschyi and M. urbanii named by SCHULZ should 
be included within the limits of the M. alba complex because SCHULZ's demar­
cation was based on limited and incomplete materials. ISEL Y, then, considered 
that the genus Melilotus comprises twenty species, and presented identification 
keys for Mililotus species. SUVOROV (1950) described that M. kotschyi Schulz 
often occurred in the steppe regions of the Ukraine and northern Caucasus and 
synonymous with M. alba. He also pointed out that M. urbanii Schulz was 
a synonym of M. wolgica of which the wide range of variability was obviously 
not available to Schulz. Further more, according to SUVOROV'S classification 
it was pointed out that M. infesta and M. macrocarpa were synonyms of M. 
sulcata, and that M. elegans was synonymous with M. neapolitana. Regarding 
M. infesta, M. segetalis, and M. sulcata, ISEL Y (1954) noted that they appeared 
to form intergrading series, the very distinct M. sulcata and M. infesta consti­
tuting the extremes, and M. segetalis, a heterogenous series of intermediate. 
Then he suggested that for the present, the three principal units comprising 
this complex were maintained as separate species. 

From the author's observation, M. infesta A c335, M. macrocarpa Ac 336, 
M. segetalis N 80, and M. sulcata V 298 and S 379 are clearly different from 
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each other, consequently they should be considered as independent species. 
Namely the results of the author accept the taxonomic concepts of the genus 
Melilotus provided by ISEt Y (1954). And therefore, identification of species 
for this experiment was principaly based on ISELY'S identification keys. 

From observational study, it was shown that the strain introduced as M. 
neapolitana Fc 30341 is synonymous with M. indica, although some minor 
differences are observed in pod and seed size. It is also pointed out that the 
strain introduced as M. segetalis N 118 is similar to M. sulcata rather than 
to M. segetalis. As mentioned by ISEL Y, the strain M. segetalis N 118 may 
be considered as a variant type of M. segetalis, however, karyotype of this 
strain is different from that of M. segetalis in a pair of satellited chromosomes 
and is more likely M. sulcata. Consequently, it should be considered that the 
strain M. segetalis N 118 is a synonym of M. sulcata. 

Some questions remain in the species M. elegans Ac 337, namely plant 
height of this species is more than 150 em, while ISEL Y described that M. 
elegans was only 20-40 cm in plant height. However, this species is clearly 
distinguishable from other species of the genus and confirmed by Dr. G. STE­
VENSON, Experimental Farm, Brandon, Man, Canada, who is working on the 
taxonomy of the genus Melilotus, as M. elegans. Therefore the author used 
this species as M. elegalls for following studies. 

Ill. Interspecific Cross Compatibility in 
the Genus .l.llelilotus 

This experiment was made in order to explore the general pattern of inter­
specific cross compatibility between available species of Melilotus. Possible 
paired cross combinations were made among eighteen species, including a frac­
tion of cross combinations previously reported, and several new interspecific 
hybrids were obtained. 

1. Materials 

Eight species belonging to the subgenus Eumelilotus and ten species 
belonging to the subgenus Micromelilotus were used in this study. These are 
listed in table 8. 

2. Methods 

Cross pollinations were made in the green house from 1960 to 1964 at 
the Department of Agronomy, Faculty of Agriculture, Hokkaido University. 
In making each cross, the petals were removed from recently opened flowers 
and pollens were removed by suction using a small vacum pump. Pollen of 
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section 

Eumelilotus 

" 

" 

" 

• 
" I 

" 

" 

" 
" 

" 

" 

" 

" 
Micromelilolus 

" 
" 
" 
" 

" 
" 

" 

" 
" 

" 

" 

" 

TABLE 8. Species and strains used 

species strain form 

alba (a) common biennial 

" (b) evergreen " 
" (c) hubum annual 

altissima (a) T 453 Ac 165 biennial 

" (b) T 454 Ac 158 " 

" (c) T 455 B130 " 
dentata (a) N 338 Ac 91 " 

" (b) Nl58 " 
hirsuta F 149 " 
officinalis " 
suaveolens (a) N348 annual 

" (b) Nl71 " 
taurica PI 193951 biennial 

wolgica K 443 Ac 163 " 
elegans Ac337 annual 

indica (a) Fe 30341 " 
" (b) Ac296 " 

infesta Ac335 " 
italica V 285 " 
macrocarpa Ac336 " 
messanensis C 21 " 
neapolitana Ac334 " 
segetalis N 80 " 
speciosa V 287 " 
sulcata (a) V 298 " 

" (b) S 379 " 

" (c) N 118 " 

chromosome 
number 

(2n) 
16 

" 
" 
" 
" 

" 

" 
" 

" 
" 
" 

" 
" 

" 
" 
" 
" 

" 
" 

" 
" 

" 
" 
" 
" 

" 
" 
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the staminate parent was applied without delay to the stigma of the pistillate 
parent with a toothpic tip (SMITH 1654). 

In some species, in which the self pollination rate is high, emasculation 
was made one or two days before flower opening and pollens were applied 
twice one or two days after emasculation. 

-Seeds obtained were classified by size and plumpness and seed coats were 
scratched with a razor blade, and then germinated in petry dish under favarable 
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temperatures. Germinated seeds were planted in soil in a green house flat. 
Most of the interspecific hybrids were easily detected by chlorophyll deficiency 
in the seedling stage and/or morphological differences between parental specise. 

3. Experimental Results 

TABLE 9. Cross combination and number of flowers made cross­

pollinations between pairs of species of Eumelilotus 

alba (a) \\\ 1 1 11\166\ 39\189) 721 86\ 40\ 751 65
1 1191 17 

" (b) \ 1\\ \ 1 \ 1 \ \ 8\ 1 \ 1 \ 

,,(el I 1 1\1 1 1 \ 991 I I I 1 \ ! 

altissima (al \11\ \ 1\\ \ \ \ \ 8\ \ I 221 41 

" (b) 1141 I I 1\1 1 151 I 1 261 1141 221 

" (e) I 581 I I 1 \ \\ 49\ 11031 I \ 141 71 

denLaLa (a) I I 1 I 1 I 1\ I I \ I I I I 
" (b) I 1 I I 1 1 1 1\1 1 1 1 1 1 

hirsuLa I 551 131 81 I 14\ 10(123\ \\\ 501 1 I 981 14 

officinalis 115\ \ \ \ \ \ 1 \ 45\\\ \ 43\ 

suaveolens (al \161 1 \ \19\ 321 73\ 2811631 \\1 I 46\12 

" (b) I 421181141 I 35\ 59\ \ \ \ 38\ \\\ 541 

Laurica 1 441 \ \ \ \ 53\ \ \ 84
1 46\ \ \\\ 

wolgica \ \ \ \ I 1 1 1 1 1 1 \ \ 1 \ 
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a. Interspecific cross compatibility among the subgenus Eumelilotus. 

Cross pollinations were made between pairs of eight species beumging to 
the subgenus Eumelilotus. The number of flowers used for crosses, and the 
interspecific cross combinations are indicated in table 9. Among them the 
crosses which gave the F, hybrid seedlings are marked by* in the table. For 
the interspecific crosses which gave seeds, the seeds obtained from the crosses 
were classified as plump, shrunken, much shrunken, small, and brown aborted 
seeds. The number of selfed seedlings and hybrid seedlings derived from each 
class of seeds are presented in table lO and II. 

In crosses of M. alba >: M. altissima, M. alba var. common was used as 
pistillate parent and three strains of M. altissima T 453 Ac 165, T 454 Ac 158, 
and T 455 B 130 were used as pollen parents. In cross, M. alba var. common 
x M. altissima T 453 Ac 165, no seeds were obtained because of the small 

number of crossed flowers .. In the other two crosses, 26 seeds from the cross 
of M. alba var. common >: M. altissima T 454 Ac 158 and 8 seeds from the 
cross of M. alba var. common;, M. altissima T 455 B 130 were obtained. 
The seeds consisted of plump, shrunken, and small seeds in the former cross, 
and all plump seeds in the latter cross. From all classes of the above seeds 
hybrid seedlings were resulted (table 10). The hybrid seedlings showed a heavy 
chlorophyll deficiency but were slightly more pigmented than that of J\1. alba 
>< M. dentata (fig. 24-a). All the seedlings died when the first true leaves 

sprouted. 

In the reciprocal cross, M. altissima >< M. alba, 21 seeds were obtained 
from the cross of ]}1. altissima T 455 B 130 >:: M. alba var. common (table 11), 
although no hybrid seeds were obtained from crosses of M. altissima T 453 
Ac 165 >< M. alba var. common and M. altissima T 454 Ac 158 x M. alba var. 
common, which cross pollinations were made (table 9). Thirteen out of 21 
seeds were plump and gave only one hybrid seedling with chlorophyll deficiency 
and died soon after the first true leaves began to emerge (fig. 24-b). The 
remaining seeds consisted of shrunken, much shrunken, and aborted brown 
seeds, and they did not give hybrid seedlings. The degree of chlorophyll 
deficiency is comparable to that of M. alba x M. altissima hybrids. 

The F, hybrids of M. alba x M. dentata were obtained from all crosses, 
M. alba var. common x M. dentata Ac 91 N 338, M. alba var. common x 
1\11. denta N 158, and M. alba var. hubum x M. dentata Ac 91 N 338, which 
were examined in this test. As a whole, 67 seeds obtained consisted of plump, 
shrunken, much shrunken, small, and brown aborted seeds, from all classes of 
which, except brown aborted seeds, the F, hybrid seedlings were derived (table 
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30 cm in plant height at the time of this writing. 
From 6 seeds produced from cross, M. alba var. common x M. wolgica 

K 443 Ac 163, 2 hybrid seedlings were obtained. The seedlings showed a 
distinct chlorophyll deficiency which was comparable to that of the hybrid, 

TABLE 11. Plumpness of seeds and number of hybrid 

seedlings obtained from the crosses between 

pairs of species of Eumelilotus 

no. of seeds I seedlings 
no. of 

crosses 
seeds plump h k much II brown no. of no. of I I I I I I s run en shrunken I sma aborted selfs hybrids 

altissima (a) 
X 

hirsuta 

altissima (c) 
X 

alba (a) 

altissima (c) 
X 

• hirsuta 

hirsuta 
X 

alba (a) 

hirsuta 
X 

alba (c) 

hirsuta 
X 

altissima (c) 

hirsuta 
X 

dentata (a) 

hirsuta 
X 

taurica 

hirsuta 
X 

wolgica 

taurica 
X 

alba (a) 

taurica 
X 

hirsuta I 

10 

I 
3 

21 13 
4 

27 13 
6 

19 9 
2 

6 5 
1 

2 2 

43 17 
8 

19 6 
5 

10 4 

10 8 

30 

I 

19 

• 

2 
5 

I 1 
3 

8 

I I 8 

I 

I I 18 

8 

I 
2 

4 

I 
2 

I 

I 

1 
10 

1 
1 
0 

12 
4 
1 
0 

12 
1 
0 

o 
1 
o 

0 
1 

1 

15 
4 
0 

6 
2 
0 

2 
2 
0 

7 
0 

12 
1 
0 

I 

I 

2 
0 
0 

1 
0 
0 
0 

1 
5 
0 

9 
1 
o 

5 
0 

1 

2 
4 
0 

0 
3 
0 

1 
0 
0 

1 
0 

7 
0 
0 
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M. alba x M. dentata, and did not survive beyond the cotyledonal stage (table 
10, fig. 25-a). 

In the crosses, M. altissima x M. hirsuta, 2 hybrid seedlings were obtained 
from the cross of M. altissima T 453 Ac 165 x M. hirsuta F 149 and 6 hybrid 
seedlings resulted from the cross of M. altissima T 455 B 130 x M. hirsuta 
F 149 (table 11). The seeds produced from each cross consisted of plump, 
shrunken, much shrunken and brown aborted seeds. All seedlings showed 
distinct chlorophyll deficiency and were not able to grow beyond the cotyledonal 
stage (fig. 25-b). In the case of the cross, M. hirsuta x 111. altissima, only 
one hybrid seedling was obtained from the cross of M. hirsuta F 149 x M. 
altissima T 455 B 130, but showed distinct chlorophyll deficiency as seen in 
M. altissima x M. hirsuta hybrid and died soon after cotyledon completely 
opened (table 11). 

In crosses, M. hirsuta x M. dentata, 43 seeds which were consisted of 
plump, shrunken, and brown aborted seeds were produced from the cross of 
M. hirsuta F 149 x M. dentata N 338 Ac 91. Six hybrid seedlings resulted 
from plump and shrunken seeds but showed distinct chlorophyll deficiency and 
could not live beyond the cotyledonal stage (table 11, fig. 25-c). 

From the cross of M. hirsuta F 149 x M. taurica PI 193951, 19 seeds which 
consisted of plump, shrunken, and brown aborted seeds were produced. Three 
hybrid seedlings resulted from shrunken seeds (table 11). They showed distinct 
chlorophyll deficiency and did not develop beyond the cotyledonal stage (fig. 
25-d). 

The reciprocal cross, M. taurica PI 193951 x M. hirsuta F 149, was also 
attempted and 30 seeds which consisted of plump, much shrunken, and brown 
aborted seeds were obtained. Seven hybrid seedlings resulting from plump 
seeds also showed a distinct chlorophyll deficiency and died soon after cotyledon 
completely opened (table 11, fig. 25-e). 

Cross pollination was made between M. hirsuta F 149 and M. wolgica 
K 443 Ac 163 using M. hirsuta as pistillate parent. Ten seeds, which con­
sisted of plump and brown aborted seeds, were obtained. Only one hybrid 
seedling resulted from plump seeds (table 11). The seedlings showed distinct 
chlorophyll deficiency and did not live beyond the cotyledonal stage (fig. 25-f). 

Numerous cross pollinations were made between pairs of species besides 
the interspecific crosses which gave F, hybrid seedlings as described above, 
but no hybrid seedlings resulted from these crosses thus far examined. Among 
them, it should be mentioned that the crosses between 111. officinalis and each 
of the following species, M. alba, M. altissima, M. hirsuta, M. taurica, and 
M. suaveolens in using M. officinalis as pistillate parent or pollen parent did 
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Fig. 24. The F, hybrid seedlings showing chlorophyll deficiency 

a. A!. alba X AI. altissima 
b. M. altissima X AI. alba 
c. AI. alba X AI. dentata 
d. AI. albaxAl. hirsuta 
e. AI. alba X AI. taurica 
f. AI. tau rica X AI. alba 

not give any hybrid seedling (table 9). 11.1. ofjicinalis was the only species 
which did not give hybrids among crosses conducted in this test. 

M. suaveolens also showed low cross compatibility in this study, grvmg 
hybrid seedlings only from the cross of 11.1. alba x 11.1. suaveolens. 

b. Interspecific cross compatibility among 1I.ficromelilotus species. 

Cross pollinations were also made among 10 species belonging to the sub­
genus 1I.1icromelilotus. 11.1. indica was not used as pistillate parents in this 
subgenus, because the very small size of flowers made it difficult to emasculate· 
pollens of M. indica. Considerable large numbers of interspecific crosses were 
made. The number of flowers pollinated in each cross are given in table 12. 










































































































































