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Introduction

From October in 1971 to January in 1972, the writer was sent to India and Ceylon
(Sri Lanka). During this trip, 106 strains of pulses were collected.

Grain legumes form a major component of lowland and upland tropical cropping sys-
tems. Several species and strains are utilized throughout wet and dry tropics in mono-
culture and complex multiple cropping and bush-fallow practices. Morphological examina-
tions are requested in the world for agronomical usage.

In the present report, some records of morphological characters of grains, and some
considerations of species specificities and ecotypic differentiations have been mainly de-
scribed.

Materials and Methods

Thirty three strains, belonging to 7 genera and 10 species, were picked out from 106
strains collected in the Indian Sub-Continent, and used for morphological investiga-
tions of grains, among them the strains collected in Nepal and near Sikkim, India, were
collected by another member of this party. As No.31, a strain of Dolichos biflorus, was
ascertained to be mixed materials, it was divided into two sub-strains, i.e., No.31A (brown
color in grain) and No.31B (black color in grain). Then, the strains used are recorded as
34 in the total.

Distribution and locality of the strains used are listed up in Table 1. In this table,
strain number, collection number, date of collection, species name, English name and lo-
cality were described. Geographical positions, in which the materials were collected, are
shown in Fig. 1. A numerical in this figure shows the strain number used in Table 1.

Measurements were done in length, width and thickness of grains, and done at the most
eminent section of the respective character. Fifty grains were used for the measurement
of each strain, excepting No.12 (38 grains). The whole data referring to the six characters
were 1llustrated by the average values in the whole grains in the respective strain. Calcu-
lations, moreover, were done for the ratios of length to width, of length to thickness and
width to thickness. To make clear the relationships between these two characters, corre-
lation coefficient and linear regression of them were calculated.
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Table 1. Materials used in the present experiment, species name, English name and locality collected

Strain

Collection

No. No. Date Species name English name Locality

P-1 1-64 11-11* Phaseolus aureus green gram deypore, Koraput, Orissa, India

P2 191 11-20  Phaseolus aureus green gram Raipur, Raipur, M. P., India

P-3 1-11 11-11  Phaseolus mungo black gram Balrampur, U. P., India

P4 2-16 11-17  Phaseolus mungo black gram IARI, India

P-5 2-86 11-20  Phaseolus mungo black gram Raipur, Raipur, M. P., India

P-6 2-96 12-5 Phaseolus mungo black gram Samalkot, East Godavari, A. P.,
India

P-7 2-218 11-13  Phaseolus mungo black gram Mulkoat, Sun Xosi, No. 2 East,
Nepal

P-8 1-219 121 Phaseolus mungo black gram Kalimpong, W. B., India

P-9 1-221 121 Phaseolus mungo black gram Kalimpong, W. B., India

P-10 2-318 12-28 Phaseolus mungo black gram Nuwara Eliya, Sri Lanka

P-11 4-63 11-10  Phaseolus calcaratus rice bean Pappadahandi, Koraput, Orissa,
India

P-12 4-225 12-1 Phaseolus calcaratus  rice bean Kalimpong, W. B., India

P-13 4-227 11-7 Phaseolus calcaratus rice bean Pokhara, No. 3 West, Nepal

P-14 4-323 12-17 Phaseolus calcaratus rice bean Kumta, Mysore, India

P-15 22-92 11-20  Phaseolus aconitifolius moth bean Raipur, Raipur, M. P., India

P-16 5-7 11-17  Vigna sinensis cowpea TIARI, India

P-17 5-67 11-11  Vigna sinensis cowpea Jeypore, Koraput, Orissa, India

P-18 5-88 11-20  Vigna sinensis cowpea Raipur, Raipur, M. P., India

P-19 597 12-16  Vigna sinensis cowpea Tirukkalikundra, Chingleput,
Tamil Nadu, India

P-20 5-319 12-21 Vigna sinensis cowpea Mysore, Mysore, India

P-21 5-320 12-17 Vigna sinensis cowpea Kumta, Mysore, India

P-22 5-80 11-20  Vigna sesquipedalis longyard bean Raipur, Raipur, M. P., India

P-23 6-51 11-30  Cajanus cajan pigeon pea Dumka, Bihar, India

P-24 10-155 11-12 Clitoria ternatea butterfly pea Kongadon, Baster, M. P., India

P-25 14-58 11-6 Glycine max soybean Similiguda, Koraput, Orissa, India

P-26 14-216 11-11 Glycine max soybean Rosi Khola, No. 1 East, Nepal

P-27 14-224 121 Glycine max soybean Kalimpong, W. B., India

P-28 21-13 11-24  Dolichos biflorus horse gram Rajgir, Bihar, India

P-29 21-56 11-3 Dolichos biflorus horse gram Mandasa, Srikakulam, A. P., India

P-30 21-68-1 11-11  Dolichos biflorus horse gram Jeypore, Koraput, Orissa, India

P-31 21-68-2 11-11  Dolichos biflorus horse gram Jeypore, Koraput, Orissa, India

P-32 21-231 11-13  Dolichos biflorus horse gram Ghan Gholi, Sun Kosi, No. 2 East,
Nepal

P-33 21-317 12-28  Dolichos biflorus horse gram Nuwara Eliya, Sri Lanka

*: November 11, 1971

Results

1. Length
The results are given in Table 2. Length for the individual grain level ranged from

PART I. Respective character

10.85mm(No.17) to 3.90mm (No.1). In the strain level, the longest (9.67 mm) was obtained
in No.17, followed by No0.22(9.65 mm) and No.19(8.72 mm). The shortest (4.19 mm) was noted
in No.1, followed by No.9 (4.62 mm) and No.2(4.80 mm). It may be noted that the values were
peculiarly large in Nos.17 and 22. Mode was found within 5.21 to 5.60 mm. The differences
in length were confirmed to be very large throughout the respective strain. Average and
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Fig. 1. Location of collecting sites. Numbers used in the figure are corresponding to the strain
number which was used in Table 1.
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Table 2. Morphological characters of grains
Strain Length Width Thickness
No. (m) (mm) (mm) L/W L/T w/T
1 4.19 + 0.22 3.46 + 0.16 3.37 £ 0.15 1.21 + 0.07 1.25 + 0.08 1.03 + 0.03
2 4.80 +£ 0.19 3.87 + 0.15 3.78 + 0.15 1.24 + 0.05 1.27 + 0.05 1.02 + 0.03
3 4.87 + 0.21 3.77 + 0.20 3.21 + 0.17 1.29 + 0.07 1.51 + 0.09 1.18 + 0.06
4 5.35 + 0.22 4.18 + 0.18 3.65 + 0.23 1.28 + 0.07 1.47 + 0.09 1.15 + 0.05
5 5.55 + 0.19 4.30 + 0.16 3.72 + 0.18 1.29 + 0.06 1.49 + 0.08 1.16 + 0.05
6 5.04 + 0.17 4.01 + 0.23 3.51 + 0.22 1.26 + 0.08 1.44 + 0.10 1.14 + 0.06
7 5.22 + 0.26 4.01 + 0.24 3.23 + 0.22 1.31 + 0.09 1.62 + 0.15 1.24 + 0.12
8 5.06 + 0.19  3.88 + 0.19 3.31 + 0.22 1.31 + 0.07 1.563 + 0.11 1.17 + 0.06
9 4.62 + 0.15 3.59 + 0.16 3.01 + 0.25 1.29 + 0.06 1.55 + 0.12 1.20 + 0.10
10 5.35 + 0.23 4.31 + 0.22 3.68 + 0.11 1.25 + 0.09 1.46 + 0.07 1.17 + 0.06
11 5.78 + 0.35 3.95 + 0.26 2.96 + 0.18 1.47 + 0.11 1.95 + 0.16 1.33 + 0.08
12 5.82 + 0.55 3.53 + 0.34 2.84 + 0.24 1.65 + 0.14 2.02 + 0.21 1.25 + 0.08
13 713 + 030 441 +0.16 3.63 + 0.13 1.62 + 0.07 1.96 + 0.10 1.21 + 0.04
14 5.43 + 0.36 3.656 + 0.15 3.23 + 0.18 1.49 + 0.10 1.68 + 0.13 1.13 + 0.05
15 4.97 + 0.18 3.13 + 0.12 3.08 + 0.11 1.59 + 0.08 1.62 + 0.08 1.02 + 0.02
16 8.17 + 0.37 5.48 + 0.23 4.55 + 0.16 1.49 + 0.08 1.80 + 0.08 1.21 + 0.06
17 9.67 + 0.49 7.02 + 0.38 5.97 + 0.42 1.38 + 0.07 1.62 + 0.12 1.18 + 0.06
18 8.31 + 0.44 5.80 + 0.24 4.65 + 0.18 1.44 + 0.08 1.79 £+ 0.11 1.25 + 0.07
19 8.72 + 0.38 7.11 + 0.32 6.48 + 0.29 1.23 + 0.07 1.35 + 0.07 1.10 + 0.04
20 7.52 + 0.24 5.51 + 0.28 4.42 + 0.18 1.37 + 0.08 1.70 + 0.08 1.25 + 0.07
21 8.60 + 0.54 6.15 + 0.29 5.17 + 0.25 1.40 + 0.10 1.66 + 0.10 1.19 + 0.05
22 9.65 + 0.46 5.17 + 0.20 3.52 + 0.17 1.87 + 0.08 2.74 + 0.16 1.47 + 0.08
23 5.77 + 0.19 4.83 + 0.25 4.09 + 0.23 1.20 + 0.07 1.42 + 0.10 1.19 + 0.09
24 6.91 + 0.40 4.88 + 0.25 2.57 + 0.25 142 + 0.11 2.72 + 0.34 1.92 + 0.27
25 7.73 + 0.43 6.42 + 0.26 5.32 + 0.23 1.20 + 0.06 1.46 + 0.09 1.21 + 0.04
26 8.02 + 0.28 6.41 + 0.20 4.68 + 0.21 1.25 + 0.05 1.72 + 0.08 1.37 + 0.06
27 7.42 + 0.38 6.04 + 0.33 4.51 + 0.27 1.23 + 0.11 1.65 + 0.14 1.34 + 0.06
28 6.14 + 0.24 4.09 + 0.26 2.09 + 0.19 1.51 + 0.12 2.96 + 0.30 1.97 + 0.23
29 589 + 0.32 440 £ 0.23  2.38 + 0.16 1.34 + 0.06  2.48 + 0.20 1.85 £ 0.13
30 5.59 + 0.36 4.04 + 041 1.98 + 0.21 1.40 + 0.15 2.86 + 0.37 2.06 + 0.30
31A 6.63 + 0.26 4.45 + 0.22 2.52 + 0.15 1.49 + 0.10 2.64 + 0.25 1.77 + 0.14
31B 6.56 + 0.30 446 + 0.24  2.06 + 0.18 1.48 + 0.10 3.21 + 0.31 2.19 + 0.25
32 6.57 + 0.29 4.37 + 0.27 248 + 0.14 1.51 + 0.10 2.66 + 0.19 1.77 + 0.14
33 6.43 + 0.43 4.26 + 0.34 2.25 + 0.21 1.52 + 0.14 2.88 + 0.37 1.91 + 0.23

No. of grains used = 50 (38 only in No. 12).

its standard deviations in the whole strains were found to be 6.46 + 1.48.

Values of length in the genus Dolichos were clearly larger than those of other genera.
Values of length in the genus Phaseolus were noted in the following order; P. calcaratus >
P. aconitifolius > P. mungo > P. aureus.

2. Width

Width for the individual grain level ranged from 7.80 mm (No0.19) to 2.80mm (No.15).
In the strain level, the widest (7.11 mm) was obtained in No.19, followed by No.17 (7.02 mm)
and No.25 (6.42mm). The narrowest (3.13 mm) was noted in No.15, followed by No.1 (3.46 mm)
and No.12(3.53 mm). It may be noted that the values were peculiarly large in Nos.17 and
19. Mode was found within 4.01 to 4.40 mm. The differences in width were confirmed to be
large throughout the respective strain. Average and its standard deviations in the whole
strains were found to be 4.68 + 1.06.

Values of width in the genus Dolichos were clearly larger than those of other genera.
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Values of width in the genus Phaseolus were noted in the following order; P. mungo > P.
calcaratus > P. aureus > P. aconitifolius.

3. Thickness

Thickness for the individual grain level ranged from 7.20ram (No.19) to 1.55mm (No.
31B). In the strain level, the thickest (6.48 mm) was obtained in No.19, which was the same
as the width, followed by No0.17(5.97 mm) and No.25(5.32mm). The thinnest (1.98 mm) was
noted in No.30, followed by No0.31B (2.06 mm) and No.28 (2.09 mm). It may be noted that the
values were peculiarly large in Nos. 17 and 19, which were the same as width. Mode was
found within 8.51 to 3.80 mm. The differences in thickness were confirmed to be large through-
out the respective strain. Average and its standard deviations in the whole strains
were found to be 3.59 + 1.11.

Values of thickness in the genus Dolichos were clearly larger than those of other gen-
era. Values of thickness in the genus Phaseolus were noted to be riearly the same throughout
the whole species.

4. Ratio of length to width

Ratio of length to width (abbreviated as R-L/W) for the individual grain level ranged
from 2.08 (No0.22) to 1.04 (N0.23). In the strain level, the largest (1.87) was obtained in No.22,
followed by No.12 (1.65) and No.13 (1.62). The smallest (1.20) were noted in Nos.23 and 25,
followed by No.1 (1.21). It may be noted that the value was peculiarly large in No.22. Mode
was found within 1.21 to 1.25. The differences in R-L/W were confirmed to be large through-
out the respective strain. Average and its standard deviations in the whole strains were
found to be 1.39 + 0.15.

It does not necessarily follow that the values of R-L/W in the genus Dolichos were
larger than those of other genera. This finding was clearly different from the former 3
characters mentioned above. Values of R:L/W in the genus Phaseolus were noted in the
following order; P. calcaratus == P. aconitifolius > P. mungo > P. aureus.

5. Ratio of length to thickness

Ratio of length to thickness (abbreviated as R-L/T) for the individual grain level rang-
ed from 4.00 (No0.31B) to 1.08 (No.1). In the strain level, the largest (3.21) was obtained in
No.31B, followed by No.28 (2.96) and No.33 (2.88). The smallest (1.25) was noted in No.l
likewise in case of the length, followed by No.2 (1.27) and No.19 (1.35). It may be noted that
the value was peculiarly large in No.31B. Mode was found within 1.61 to 1.70. The differ-
ences in R-L/T were confirmed to be very large throughout the respective strain. Average
and its standard deviations in the whole strains were found to be 1.92 + 0.57.

Values of R-L/T in the genera Vigna, Cajanus, Clitoria, Glycine and Dolichos were
clearly larger than those of other genera, the gap being within 2.11 to 2.40. Values of R-L/T
in the genus Phaseolus were noted in the following order; P. calcaratus > P. aconitifolius
> P. mungo > P. aureus.

6. Ratio of width to thickness

Ratio of width to thickness (abbreviated as R-W/T) for the individual grain level
ranged from 2.90 (No.31B) to 1.00 (Nos.2 and 3), both of which were the same as in case of
R-L/T. In the strain level, the largest (2.19) was obtained in No.31B likewise in case of
R-L/T, followed by No0.30 (2.06) and No.28 (1.97). The smallest (1.02) were noted in Nos.2
and 15, followed by No.1 (1.03). Mode was found within 1.16 to 1.20. The differences in
R-W/T were found to be very large throughout the respective strain. Average and its
standard deviations in the whole strains were found to be 1.37 + 0.33.
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Values of R-W/T in the genera Vigna, Cajanus, Clitoria, Glycine and Dolichos were
clearly larger than those of other genera, the gap being within 1.51 to 1.75. Values of
R-W/T in the genus Phaseolus were noted in the following order; P. calcaratus = P.
mungo > P. aconitifolius = P. aureus.

PART II. Relations between the respective two characters

1. Length and width

Whole strains: Correlation coefficient of width on length in the whole strains was
+0.8520 to the degree of freedom of 82, which was significant at 0.1% level (Table 3). Gener-
ally speaking, the longer is the length, the wider is the width. Linear regression of length
on width was calculated as follows; Y = 0.594X — 0.112, where Y and X indicate length
and width, respectively. This formula indicates that the length becomes 0.594 mm longer,
by becoming 1 unit wider the width (0 points, 7.00 mm in length and 5.10 mm in width,
respectively).

Strain level: Correlation coefficient and linear regression of width on length in the
same strain were calculated and are shown in Table 4. Five, 3, 7 and 19 strains showed
significances at 0.1%, 1%, 5% levels and no significance even at 5%, level, respectively,
and the last of which was clearly large in comparison with those in the latter 4 relations.

Significant correlations in the genera Cajanus, Clitoria, Glycine and Dolichos were
clearly lesser than those in other genera. Those in the genus Phaseolus were lesser in
P. aconitifolius than those in other species.

2. Length and thickness

Whole strains: Correlation coefficient of thickness on length in the whole strains was
+0.5924 to the degree of freedom of 32, which was significant at 0.1% level. Generally
speaking, the thicker is the thickness, the longer is the length. Linear regression of length
on thickness was calculated as follows; Y = 0.599X — 0.630, where Y and X indicate
length and thickness, respectively. This formula indicates that the length becomes 0.599
mm longer, by becoming 1 unit thicker the thickness (0 points, 7.00 mm in length and 3.95
mm in thickness, respectively).

Strain level: Correlation coefficient and linear regression of thickness on length in the
same strain were calculated and are shown in Table 4. Eight, 5 and 21 strains showed
significances at 1%, 5% levels and no significance even at 5% level, respectively, and last
of which was clearly large in comparison with those of the latter 4 relations.

Species specificity was not recognized clearly.

3. Width and thickness

Whole strains: Correlation coefficient of thickness on width in the whole strains was
+0.7843 to the degree of freedom of 32, which was significant at 0.1% level. Generally
speaking, the thicker is the thickness, the wider is the width. Linear regression of width
on thickness was calculated as follows; Y = 1.1565X - 0.695, where Y and X indicate width
and thickness, respectively. This formula indicates that the width becomes 1.155 mm wider,
by becoming 1 unit thicker the thickness (0 points, 5.10 mm in width and 3.95 mm in thick-
ness, respectively).

Strain level: Correlation coefficient and linear regression of thickness on width in the
same strain were calculated and are shown in Tables 4 and 5. Seventeen, 3, 5 and 9 strains
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showed significances at 0.1%, 1%, 5% levels and no significance even at 5% level, respec-
tively. Significant correlations in the genera Vigna and Dolichos were lesser than those
in other genera.

4. Ratio of length to width and ratio of length to thickness

Whole strains: Correlation coefficient of R-L/T on R-L/W in the whole strains was
+0.6200 to the degree of freedom of 32, which was obviously significant at 0.1% level.
Generally speaking, the larger is the R-L/W, the larger is the R-L/T. Linear regression of
R-L/W on R-L/T was calculated as follows; Y = 0.338X —1.690, where Y and X indicate
R-L/W and R-L/T, respectively. This formula indicates that R-L/W becomes 0.338 larger,
by becoming 1 degree larger R-L/T (0 points, 1.53in R- L/W and 2.26 in R- L/T, respectively).

Strain level: Correlation coefficient and linear regression of R-L/T on R-L/W in the
same strain were calculated and are shown in Tables 6 and 7. Twenty three, 2, 2 and 7
strains showed significances at 0.19%, 1%, 5% levels and no significance even at 59, level,
respectively. Significant correlations in the genus Dolichos were lesser than those in
other genera.

5. Ratio of length to width and ratio of width to thickness

Whole strains: Correlation coefficient of R-W/T on R-L/W in the whole strains was
+0.3422 to the degree of freedom of 32, which was significant at 5% level. It was noticeable
that correlation coefficient in the whole strains was found in positive value, but those in
the respective strain were all found in negative values. Generally speaking, the larger is
R-L/W, the larger is R- W/T. Linear regression of R-L/W on R-W/T was calculated as fol-
lows; Y = 0.158X — 2.163, where Y and X indicate R-L/W and R-W/T, respectively. This
formula indicates that R-L/W becomes 0.158 larger, by becoming 1 degree larger R-W/T
(0 points, 1.53 in R-L/W and 1.58 in R- W/T, respectively).

Strain level: Correlation coefficient and linear regression of R-W/T on R-L/W in the
same strain were calculated and are shown in Table 6. Ten, 7, 7 and 10 strains showed signi-
ficances at 0.1%, 1%, 5% levels and no significance even at 5% level, respectively.

Table 5. Width (mm) of No.15 measured in relation to its thickness (mm)

Width Thickness (mm)
(mm) 3.25 3.20 315 310 3.06 3.00 295 290 2585 280 2.75 2.70 Total

3.45 1
3.40

3.35 1 2

3.30 2

3.25 1 1 1
3.20 2 3
3.15 8 1 2
3.10 6
3.05 1
3.00
2.95 1 1
2.90 1
2.85
2.80 1

Total 3 4 13 8 8 7 3 2 0 1 0 1

Figure used in the table shows the number of grains.
7 = +0.8340*** (d.f. = 48), significant at 0.1% level.

S
[VITN
p—
=
'—‘O’—‘NU’IUI)—‘HCHOONODOP—‘

N
(=]




39

Morphological Characters of Pulses Collected in Indian Sub-Continent

BI'T #9°'T 1T 0190 — X960 = &  xxxSP0L°0 - 8600~ 6681 — XV990 = X  #xxL3890 L1
8T'T ¥8T 09T LILG — XTIG0=A  xx861%°0 €60'T + X0080— = »x8LEQ'0—  GG90 + XVOV'0 = A xxL6VV0 91
SOT P91 091 — LL8T'0— 99%'¢ — X0990— = #x88LE°0— 0860 + X696°0 = X +£+9¥26°0 ST
GU'T 29T 8V'T GCLST + XILVO0 = A  £x+61€8°0 — 1860°0— TLE'T — X6¥6'0 = A »xx¥5€8°0 4!
¢l 86T 09T 168'C + X869°0 = A  «xx[18%°0 — 966T°0— 9220 — X889'0 = X xx+0C6L°0 el
- €6°'T 691 - 6092°0 — V680~  LGV'C — XBIL'0 = X £xxL089°0 gl
881 06T 09T 962°¢+ X986V'0=A  xI8TF0 ge0’L — X91¥'0— = *0V0€'0—  E0V'L — XLGB'O = A #xx8P59°0 11
02T 91T el — 9650°0 029y — X680°'T— = »xx[0IL°0~ O8Y'E€ — XV08'0 = A »+L199°0 01
98T 99T 08T 08¥g + XVIOT = XA ££+1€28°0 ¥99'0— XO081'0— = ¥G80€°0 - — 99L2°0 6
8T'T ¥¢'T ¥€1 0500+ X000T =X r&,mmmm.o — P10~ OVE'T — X86¥'0 = A xxxVLILO 8
ST P91 GET 19970 — XV080 = X xxxE8L9°0 969°0 — X0090— = »+20LEG0— — %921°0 L
9T'T 8¥1 O0€1 - £7€2°0 6L8'T — Xe¥v'0— = xG91E°0— €890 — X099°0 = & xx+0199°0 9
9T'T 8¥'T 0€T 0990 — XLVL'0 = A x+0609°0 — PLGZ0— BI9E'0 — X6EV'0 = X »+x6G69°0 g
02T 9%'T O0ET1 €60¢+ XLF6'0 =X +x56399°0 - 9LVE'0— 6801 — XE89'0 = X »xx5P99°0 14
02'T LVT 621 G081+ X98€0 =X *0F7E°0 160°0 — X8990 — = *xx8G6V'0— G390 — X090 = A #xx99€9°0 €
90T LT 92T TI¥8C + X80L'0 =KX  ++48%0¥0 — 91620~ 096’1 — X889°0 = X »xxITPLO 4
LOT ¥2T G8'1 VLLG+ X9090 =X  #xI30¥0 - 0610°0— 9¥9'0 — X808°0 = XA  +xx8688°0 T
I/ I/'T M1 uolssoxdod JUSIOPS0D uotssai3ad JUSIOYJS0d uotssax3ea JUSIOPY300
Jeaur| UOT)B[ALIO)) Ieaur] UOoT}B[aIIO) JI8aur] UOT}e[a1I0)) "ON
sjutod O L/M Pue L/T L/M Pue M/T L/T pue M/T ureng
sjuauod o

-Wod JIUWLIOY 9Y]} UO I3)je] Y3 JO sanyeA 9y} Aq possexdxs

!sjuauodwod 33I1Y) Y} JO UOISSOIF1 JeaUl] PUEB JUSIDYI0D UOTIB[AIIO]) g 9[qB]



*A[oA1300dsaa ‘S[AB] %G PUB % T ‘%T°0 38 JUBDYIUSIS iy ‘yy ‘xxx (3T 'ON Ul A[uo g¢) utex)s yoea ur gy = Jp

€6'T 983 6FV1 19970+ X8990 = A «xx6VGL0 66L°0 + X89€0— = X *L1GE°0— 0180 + XT1090 = & »x¥98€°0 €8
8L'T 8LC 691 888% — X880 =LA xxxl¥G9°0 9L8'C — X9V 0— = A «x8996°0— — £€692°0 (44
823 Lg'€ 09T ¥¥S0+ X00L'0 =KX »xx9018°0 €66'T — X890~ = K »xx0VS9°0— - 16%0°0 q1e
89T 19% ¥YT 0390 — XV8L'0 = K »xxVG19°0 OLT0 + X9PE'T— = A »xxPBLLO— - Ge100— Vig
€12 96'C GFT 1860 — X9eV0 = X  x»xx0LG9°0 PLE'T — XLEVO— = A xx0809°0— €660 + XE0V'0 = A ¥9662°0 0g
g8'T 89C ¥E'T B90C — X6IG0 =LA xxx0CLG0 LEE'0 + XVLEO— = A x86V€°0— LZ9T + X¥99°0 = K »xxLC99°0 63
€0c 88C ©¢91 989G + XEL6'0 = A  xxx¥¥PLO 6LT'T — X399'0— = A x£6VPV'0— - 6902°0 8%
5T 69T 8¢t - 0991°0 SPL'T — X309°0— = A x«0888°0— G280 — XE96'0 = A  »xxG8I80 L2
m 88T BLT 92T 9610 + XII60 = K  »xxG¥9P9°0 0¥6'0 — X867'0— = A x9982°0— 8GL'0 — XE€69'0 = X +xxVE99°0 92
m 02T %91 82T ¥#4F'y — X8990 = XA  »xx866V°0 - 0e70'0— G60°'T — X909'0 = X »+x90¥8°0 4
v.m.. €T €L% SFT  SOT'0 — XVoI'T = X x+1088°0 €100 — X6E¥'0— = A »«E1GV0— - £0ST°0 144
M €T 9¥'T 02T 9391 + XLGV'0 = K +xxBGE90 1998 — XE0V0— = A »xxL9670— 0890 + X986'0 = A x01¥€°0 €2
0T S8LT 06T LLOO+ X390 =LK xxxV6IL0 LOL'T — X086'0— = A x06L8°0— ¥88°0 — X689'0 = A  »»x6G87°0 %3
91'T 89T 9¥'1 - 19600 2GE'T — X¥88°0— = A #xx¥96¥°0— LOEG — X8L90 = A »xx0¥8L°0 12
92'T oL'T O¥1 0890 — XI0V0 = A »6LGE0 0G9'T — X9LL'0— = A »xx8P¥9°0— 900'T — X36V'0 = A  »+x5005°0 03
0T'T 981 921 — LLYE0 ILE'T — XI8E'0— = A xx66170— L96°0 — XOVL'0 = A xxxEVBL'O 61
281 981 ¥¥T  6LLG — X9T0 = A «xx999%0 8160 + X667'0— = A xx9988°0— IL9'T + XLVB'0 = K  %xx90GL°0 81
uolssaidal JULIOJ302 uorssaidox JUSIIPI0D uotrssaxdad JUSIOYS0D
UM LT M1 nwocﬁ uoryB[alIo) Teaury UOTJB[aLI0)) Ieoury UOI}e[aLI0) ‘ON
syutod O L/M pue L/T L/M pue M/T L/T pue M/ T ureng

(ponunuo)) ‘g o[qEL

40



41

Morphological Characters of Pulses Collected in Indian Sub-Continent

“[PA9] %T°0 € JuUedYIUSIS ‘(8% = 'J'P) xx9¥Z6'0+ = L ’'SUTBIS JO JOQUMU 3Y3J SMOYS S[qe} 9Y} Ul pasn 3Ly

]

1 1 4 1 1 (4 9 6 8 (4 € 4 4 (4 (4 1 1 1 0 1

1e0L,

N O N M © © N W 0~ > 0 -~ ¢ O = M~ o

<t
—

N N o o
—

Wi~gcrl
eVT ~ ¥l
SVl ~ o1
V1~ 8yl
6¥'1T ~ 09’1
16T ~ 891
€8°T ~ ¥9'1
GG'T ~ 99°1
LG'T ~ 891
69T ~ 091
19T ~ 29’1
€9'T ~ ¥9'1
G9'T ~ 99'1
L9'T ~ 891
69'T ~ OL'T
LT ~ 6Ll
ELT ~ pL1
oL ~ 9Ll
LL'T ~8L1

4

t

Tel0,

mw.ﬂ bv.ﬁmv.aHm.Hmm.H mw.ﬂ bm.ﬁmm.ﬂaw.ﬁmo.ﬂmw.ﬂ N\w: mw.ﬁ;.HmN..amh.H Em.ﬁ mw..m ﬂm.ﬁ mw~.H
? ¢ t t 2 ¢ 1 e 2 t l l t
9%'1 8%'T 09T 29T ¥S'T 99T 8S'T 09T 39T ¥9'T 99T 89T OL'T GL'T ¥L'T 9L'T 8L'T 08T 28T 18T

sseuyo1y3 03 yjdue] Jo oney

qIpts 03

ysuay
jo onyey

sseUOTY) 03 Y13ua[ JO O1JEI §)1 03 UOTIB[SI UI PaXY QT "ON JC YIpIm 03 Y3Sue[ Jo oy L d[qeL,



42 T. C. KATAYAMA

Significant correlations in the genus Dolichos were clearly more abundant than those
in other genera. On the other hand, significant correlations in the genus Phaseolus, espe-
cially in P. aureus, were clearly lesser than those in other species. This findings were clearly
different from 4 relationships mentioned above.

6. Ratio of length to thickness and ratio of width to thickness

Whole strains: Correlation coefficient of R-W/T on R-L/T in the whole strains was
+0.9438 to the degree of freedom of 32, which was obviously significant at 0.1%, level.
Generally speaking, the larger is the R-L/T, the larger is R-W/T. Linear regression of
R-L/T on R-W/T was calculated as follows; Y = 0.800 X — 0.011, where Y and X indicate
R-L/T and R-W/T, respectively. This formula indicates that R-L/T becomes 0.800 larger,
by becoming 1 degree larger R- W/T (0 points, 2.26in R-L/T and 1.58 in R- W/T, respectively).

Strain level: Correlation coefficient and linear regression of R-W/T on R-L/T in the
same strain were calculated and are shown in Table 6. Twenty one, 4, 2 and 7 strains showed
significances at 0.1%, 1%, 5% levels and no significance even at 59, level. Significant
correlations in the genus Dolichos were clearly more abundant than those in other genera.

PART III. Standard deviations

1. Practical values

In Table 2, the standard deviations, i.e., intra-strain’s variations, are given. Standard
deviations (abbreviated as S. D.) of length ranged from 0.55 to 0.15. The average and its
standard deviations in the whole strains were found to be 0.31 +0.11. Species specificity of
S. D. was not recognized clearly. S. D. of width ranged from 0.41 to 0.12. Mode was found
within 0.22 to 0.24. The average and its standard deviations in the whole strains were
found to be 0.24 +0.07. Species specificity of S. D. was not recognized clearly, either. S. D.
of thickness ranged from 0.42 to 0.11. Mode was found within 0.16 to 0.18. The average and
its standard deviations in the whole strains were found to be 0.20 +0.06. Species specificity
was not recognized clearly, either.

S. D. of R-L/W ranged from 0.15 to 0.05. Mode was found as 0.07. The average and its
standard deviations in the whole strains were found to be 0.09+0.03. Species specificity of
S. D. was not recognized clearly, either. S. D. of R-L/T ranged from 0.37 to 0.05. Mode was
found within 0.07 to 0.08. The average and its standard deviations in the whole strains
were found to be 0.15+0.09.S.D. of R-L/T found in the genus Dolichos were clearly larger
than those in other genera. This finding was clearly different from the 4 characters men-
tioned above. S. D. of R- W/T ranged from 0.30 to 0.02. Mode was found within 0.05 to 0.06.
The average and its standard deviations in the whole strains were found to be 0.10+0.07.
S. D. of R-W/T found in the genus Dolichos were clearly larger than those in other genera
likewise in case of S. D. of R-L/T.

2. Relations between the standard deviations on the respective two characters

Correlation coeflicient of S. D. of length on width in the whole strains was +0.6167 to
the degree of freedom of 32, which was obviously significant at 0.19%, level. Generally speak-
ing, the larger is the S. D. of length, the larger is the S. D. of width. Linear regression of
S. D. of length on width was calculated as follows; Y = 1.004X — 0.437, where Y and X in-
dicate the S. D. of length and width, respectively. This formula indicates that the S. D. of
length becomes 1.004 larger, by becoming 1 degree larger the S. D. of width (0 points, 0.33
in S. D. of length and 0.26 in S. D. of width, respectively).



Morphological Characters of Pulses Collected in Indian Sub-Continent 43

Correlation coefficient of S. D. of length on thickness in the whole strains was +0.4059
to the degree of freedom of 32, which was significant at 5%, level. Generally speaking, the
larger is the S. D. of length, the larger is the S. D. of thickness. Linear regression of the
S. D. of length on thickness was calculated as follows; Y = 0.772X +0.389, where Y and X
indicate the S. D. of length and thickness, respectively. This formula indicates that the
S. D. of length becomes 0.772 larger, by becoming 1 degree larger the S. D. of thickness
(0 points, 0.33in S. D. of length and 0.23 in S. D. of thickness, respectively).

Correlation coefficient of S. D. of width on thickness in the whole strains was +0.5861
to the degree of freedom of 32, which was obviously significant at 0.19, level. Generally
speaking, the larger is the S. D. of width, the larger is the S. D. of thickness. Linear regres-
sion of the S. D. of width on thickness was calculated as follows; Y =0.685X + 0.598, where
Y and X indicate the S. D. of width and thickness, respectively. This formula indicates that
the S. D. of width becomes 0.685 larger, by becoming 1 degree larger the S. D. of thickness
(0 points, 0.26 in S. D. of width and 0.23 in S. D. of thickness, respectively).

Correlation coefficient of S. D. of R-L/W on R-L/T in the same strains was +0.7669 to
the degree of freedom of 32, which was obviously significant at 0.19%, level. Generally speak-
ing, the larger is the S. D. of R-L/W, the larger is the S. D. of R-L/T. Linear regression of
the S. D. of R-L/W on R-L/T was calculated as follows; Y = (.429X — 0.167, where Y and
X indicate the S. D. of R-L/W and R-L/T, respectively. This formula indicates that the
S. D. of R-L/W becomes 0.429 larger, by becoming 1 degree larger the S. D. of R-L/T (0
points, 0.10in S. D. of R-L/W and 0.22 in S. D. of R-L/T, respectively).

Correlation coefficient of S. D. of R-L/W on R-W/T in the whole strains was +0.6341
to the degree of freedom of 32, which was obviously significant at 0.19, level. Generally

Table 8. Standard deviations of ratio of length to thickness found in the whole strains in relation
to standard deviations of their ratio of width to thickness

Standard Standard deviations of W/T

deviations 0.30 028 026 0.24 014 012 010 008 006 0.04 0.2
of L/T 4 4 4 4 . 1 4 4 1§ ¢ 4 e Total
0.29 027 025 0.23 013 011 009 007 005 003 001

0.37 ~ 0.36 1 1
0.35 ~ 0.34 1

0.33 ~ 0.32

0.31 ~ 0.30 1 1

DO =N

0.25 ~ 0.24 1

0.23 ~ 0.22

0.21 ~ 0.20 1 1
0.19 ~ 0.18 1

0.17 ~ 0.16 2
0.15 ~ 0.14 1

0.13 ~ 0.12 1

0.11 ~ 0.10 1 1
0.09 ~ 0.08 1
0.07 ~ 0.06

0.05 ~ 0.04

Total 1 1 1 2 . 3 1 2 5 12

Figure used in the table shows the number of strains.
7 = +0.9590*** (d.f. = 32), significant at 0.1 level.
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speaking, the larger is the S. D. of R-L/W, the larger is the S. D. of R- W/T. Linear regres-
sion of the S. D. of R-L/W on R- W/T was calculated as follows; Y = 0.428X — 0.069, where
Y and X indicate the S. D. of R-L/W and R-W/T, respectively. This formula indicates that
the S. D. of R-L/W becomes 0.428 larger, by becoming 1 degree larger the S. D. of R-W/T
(0 points, 0.10in S. D. of R-L/W and 0.16 in S. D. of R- W/T, respectively).

Correlation coefficient of S. D. of R-L/T on R- W/T in the whole strains was +0.9590 to
the degree of freedom of 32, which was obviously significant at 0.1% level (Table 8).
Generally speaking, the larger is the S. D. of R-L/T, the larger is the S. D. of R- W/T. Linear
regression of the S. D. of R-L/T on R-W/T was calculated as follows; Y = 1.136X +0.643,
where Y and X indicate the S. D. of R-L/T and R- W/T, respectively. This formula indicates
that the S.D. of R-L/T becomes 1.136 larger, by becoming 1 degree larger the S. D. of R- W/T
(0 points, 0.22in S. D. of R-L/T and 0.16 in S. D. of R- W/T, respectively).

3. Relations between the practical values and its standard deviations

Correlation coefficient of practical value on its S. D. among lengths in the whole
strains was +0.7273 to the degree of freedom of 32, which was obviously significant at 0.1%
level. Generally speaking, the longer is the practical value of length, the larger is the S. D.
of length. Linear regression of practical value on the S. D. was calculated as follows;
Y = 1.227X — 0.847, where Y and X indicate practical value and its S. D., respectively.
This formula indicates that the practical value becomes 1.227 mm longer, by becoming 1
degree larger the S. D. (0 points, 7.00 mm in the practical value and 0.33 in S. D.. respective-
1y).

Correlation coefficient of practical value on its S. D. among widthsin the whole strains
was +0.4208 to the degree of freedom of 32, which was significant at 5% level. Gener-
ally speaking, the wider is the practical value of width, the larger is the S. D. of width.
Linear regression of practical value on the S. D. was calculated as follows; Y = 0.929X
— 1.405, where Y and X indicate practical value and the S. D., respectively. This formula
indicates that the practical value becomes 0.929 mm wider, by becoming 1 degree larger
the S. D. (0 points, 5.10 mm in the practical value and 0.26 in S. D., respectively).

Correlation coefficient of practical value on its S. D. among thicknesses in the whole
strains was +0.4747 to the degree of freedom of 32, which was significant at 1% level.
Generally speaking, the thicker is the practical value of thickness, the larger is the S. D.
of thickness. Linear regression of practical value on the S. D. was calculated as follows;
Y = 0.937X — 0.214, where Y and X indicate practical value and the S. D., respectively.
This formula indicates that the practical value becomes 0.937 mm thicker, by becoming 1
degree larger the S. D. (0 points, 3.95 mm in the practical value and 0.23 in S. D., respective-
ly).

Correlation coefficient of practical value on its S. D. among R-L/W in the whole strains
was +0.4420 to the degree of freedom of 32, which was significant at 1% level. Generally
speaking, the larger is the practical value of R-L/W, the larger is the S. D.of R-L/W. Linear
regression of practical value on the S. D. was calculated as follows; Y = 0.543X — 2.089,
where Y and X indicate practical value and the S. D., respectively. This formula indicates
that the practical value becomes 0.543 larger, by becoming 1 degree larger the S. D. (0
points, 1.53 in the practical value and 0.10 in S. D., respectively).

Correlation coefficient of practical value on its S. D. among R-L/T in the whole strains
was + 0.8918 to the degree of freedom of 32, which was obviously significant at 0.19 level.
Generally speaking, the larger is the practical value of R-L/T, the larger is the S. D. of
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R-L/T. Linear regression of practical value on the S. D. was caluclated as follows; Y =
1.104X + 0.302, where Y and X indicate practical value and the S. D., respectively. This
formula indicates that the practical value becomes 1.104 larger, by becoming 1 degree
larger the S. D. (0 points, 2.26 in the practical value and 0.22 in S. D., respectively).
Correlation coefficient of practical value on its S. D. among R- W/T in the whole strains
was +0.9197 to the degree of freedom of 32, which was obviously significant at 0.1% level.
Generally speaking, the larger is the practical value of R-W/T, the larger is the S. D. of
R-W/T. Linear regression of practical value on the S. D. was calculated as follows; Y =
1.649X + 0.770, where Y and X indicate practical value and the S. D., respectively. This
formula indicates that the practical value becomes 1.649 larger, by becoming 1 degree
larger the S. D. (0 points, 1.58 in the practical value and 0.16 in S. D, respectively).

Discussion

1. Annual legumes did not appear as significant components of the vegetation of Asia
before the Neothermal, some 11,000 years B. P. Neolithic revolution depended on a climate-
induced physiological change in plants leading to the evolution of the primitive grain
legumes, with man showing a slow, step by step evolution parallel with the other compo-
nents of his ecosystem®. If one applies the climatic concept of operative factors in isoxero-
thermic zones to the problem of the origin of the grain legumes, there is nothing particu-
larly remarkable in the finding of material of these crops in archeological sites dated at
or shortly after the first reports of cereal grain!®. India together with the central Asiatic
center has been believed to be the home of some species of grain legumes. Hitherto the
oldest records of both Phaseolus mungo and P. aureus are from the Chalcolithic site, Nav-
datoli-Maheshwar dated to 1,660-1,440 B. C.”.

2. The total benifits from growing legumes are frequently ignored in commercial crop-
ping systems, but the positive aspects of growing tropical legumes have been emphasized for
some problems such as collection germplasm, for example, as drought or insect resistances®.
So, grain legumes are naturally to be put into consideration in the scheme of agricultural
improvement. In view of agricultural status, grain legumes have been widely cultivated
in the whole land of India’. On the other hand, grain legumes as materials of bean sprouts
are very important in Japan. Basing on the data obtained by Maeda®, the following 10
strains may be looked upon as promising legumes in view of soil improvement, food and/or
fodder crops, i.e., P. aureus (Nos.1 and 2), P. mungo (Nos. 3, 4, 5, 6 and 10), P. calcaratus
(No.13), C. cajan (No.23) and D. biflorus (No.32). Moreover, it was recognized that the
relatively large grains in soybean showed generally late growing habit and high-yield-
ing ability®. Hitherto no full studies have been performed on these problems, which were
left uninvestigated, and could not be solved only by an uncomplicated experiment.

3. It is to be expected that if the practical values and ranging variations are to be found
in the respective morphological character, together with the ascertainment of the natural
dispersals of the respective species, it might naturally throw a light on the species differen-
tiation or historical prospect of grain legumes. Through the whole characters, it was noted
that the number of strains showing values smaller than the respective average value was
clearly more abundant than those showing values larger than the average value.

4. In view of the standard deviations, i.e., intra-strain’s variations, the following facts
were ascertained. In the whole characters, it was ascertained that number of strains show-
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ing values smaller than the respective average value were clearly more abundant than
those showing values larger than the average value. In general aspect, the smaller is the
variation, the longer is the history of cultivation. Intra-strain’s variations of grains in
the most species and strains, in view of the morphological characters, have been looked
upon as relatively small (Table 2). So, it may be concluded that they have a long history
from introduced or migrated times here, and fit well to the natural conditions and/or
agricultural practices in the respective areas. Moreover, it was ascertained, as charac-
teristics of standard deviations, that the values were noted in the following order; length
> width > thickness and R-L/T > R-W/T > R-L/W. It may be concluded that the thick-
ness and R-L/W were almost stable characteristics through the whole characters measured
and they could not be affected by any environmental conditions. These findings propose a
quite interesting problem concerning the strain or variety-differentiations.

5. Yoshitomi studied the correlations among several characters of Glycine max and G.
soya and found the significant correlations in almost all the characters?®. In the present
study, correlation coefficients among the respective two characters in the whole strains, in-
cluding 7 genera, were calculated and found expectedly as positive significant through all
cases. Nearly the same fact was ascertained in the strain level. Generally speaking, the
larger is the practical value in one character, the larger is the practical value in another
character (Tables 3 to 7). It may be concluded that the six components, i.e., length,
width, thickness, R-L/W, R-L/T and R-W/T, are fundamentally exhibited independently
of the other components. In other words, it means that the whole components mentioned
above are relatively of stable characters. These findings were clearly different from the
data obtained in Vigna sp. collected in the Republic of Nauru®.

Correlation coefficient between R-L/W and R-W/T in the whole strains was found to
be positively significant at 5%, level. It in view of strain level were almost decided as
negatively significant (Table 6). Those in Vigna sp.#, unhusked and husked grains of
Sikkimese rice strains*® were shown all as negative relations. These discrepancies may
be partly due to the fact that in the present experiment mixed samples were used, seen in
view of the genus of species. This problem may be clarified by the detailed experiment us-
ing as many materials.

6. Correlation coefficients of intra-strain’s variations of the respective two characters
were also expectedly decided to be positively significant through all cases ( =6). Generally
speaking, the larger is the variation in one character, the larger is the variation in another
character. It may be affirmed that through almost all cases, negligible variations were
shown by the strains considered to be stable, and considerable variations by those con-
sidered to be unstable. This findings were nearly the same as in the data obtained in Vigna
sp. collected in the Republic of Nauru®.

7. Relations among the practical values of six characters were measured, and the respec-
tiveintra-strain’s variations were also calculated, and significances were shown in the whole
cases. Generally speaking, the larger is the practical value in one character, the larger is
the standard deviations in its character. In the conclusion, it was ascertained that the
whole characters measured here were of approximately stable characters. This is to say
that no environmental condition was capable of affecting them.

8. Six relationships among the respective characters were analyzed by the author,basing
on the correlation coefficient and linear regression calculated. One, 9, 10, 12 and 2 strains
showed significant correlations in 6, 5, 4, 3 and 2 relations between the two characters,



Morphological Characters of Pulses Collected in Indian Sub-Continent 47

respectively. It may be an exceptional phenomenon that No.3, P. mungo, showed signi-
ficant correlations through the whole cases.

Summary

During the trip made from October in 1971 to January in 1972 in the Indian Sub-Con-
tinent, 106 strains of legumes were collected. Thirty four strains, belonging to 10 species
and to 7 genera, were picked up and some morphological characters and ecotypic differ-
entiations of these materials were reported here. The results obtained were summarized
as follows:

Length, width and thickness of grains were found to be 6.46 mm, 4.68 mm and 3.59 mm
in average values, respectively. Correlation coefficients between length and width, length
and thickness, and width and thickness, were +0.8520, +0.5924 and +0.7843, respectively.
All of them showed significances at 0.1%, level. Ratios of length to width (R-L/W), of length
to thickness (R-L/T), and of width to thickness (R-W/T) were found to be 1.39, 1.92 and
1.37 in average values, respectively. Correlation coefficients of R- L/WonR-L/T, of R-L/W
on R-W/T, and of R-L/T on R-W/T, were +0.6200, +0.3422 and +0.9438, respectively. All
of them showed significances at 0.1%, 5% and 0.1%, levels, respectively.

Correlation coefficients among intra-strain’s variations in the respective character
were +0.6167, +0.4059, +0.5861, +0.7669, +0.6341 and +0.9590 in the same order men-
tioned above, respectively. These values showed significances among them at 0.19,, 5%,
0.1%, 0.1%, 0.1% and 0.1%, levels, respectively. Correlation coefficients among the practi-
cal values and its intra-strain’s variations were +0.7273, - 0.4208, +0.4747, +0.4420,
+0.8918 and +0.9197 in the same order, respectively. These values showed significances
among them at 0.1%, 5%, 1%, 1%, 0.1% and 0.1% levels, respectively.

Species’ specific and ecotypic differentiations were extensively discussed in view of
values found in six characters and mutual relations. It may be noticeable that the thick-
ness and ratio of length to width were almost stable characteristics in the whole characters
measured and they could not be affected by any environmental conditions.
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