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ABSTRACT

Thirty tetraploid mulberry genotypes were evaluated to select desirable donors for
breeding purpose. Morphological, anatomical and leaf yield characteristics were studied
for two years. Subsequent ranking analysis on the basis of leaf yield, leaf thickness,
spongy layer thickness, cystolith and stomatal frequencies, leaf moisture and moisture
retention capacities of harvested leaves revealed that tetraploids T36, T21, T13, T19
and T4 were superior for most of the traits. These genotypes can be used for directional
breeding programmes to evolve high yielding triploids.

Key words :  Evaluation, leaf yield, mulberry, tetraploid, tiploid breeding

Triploid mulberry varieties are known to be superior to other ploidy levels on
rooting [1], leaf yield [2, 3], chemical components [4] and silkworm rearing performance
[4, 5]. Triploids are, generally, developed through hybridization between tetraploids
and diploids. Most of the natural tetraploids were found to be unsuitable for breeding
due to higher leaf coarseness, lower rate of plant growth, poor rooting and inferior
feeding qualities present in the resultant triploids. Hence, tetraploids with desirable
characters were induced [6, 7]. However, most of the induced tetraploids were found
to be distinctly different from the parental diploids in many of the desirable traits
which necessitated a thorough assessment of the tetraploids before being used for
breeding. There are a few reports on assessment of tetraploids [6, 7] which remained
to comparative studies between the induced tetraploids and their putative diploids.
The present study was, thus, undertaken to evaluate the tetraploid mulberry germplasm
maintained at Central Sericultural Research and Training Institute, Berhampore, West
Bengal, so as to utilize them more effectively for the development of superior triploids
for tropical climatic conditions.
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MATERIALS AND METHODS

Thirty tetraploid mulberry genotypes comprising 28 induced and 2 natural viz.,
Morus laevigata Wall and M. nigra L., being maintained in the polyploid germplasm
under 150 x 150 cm spacing in high bush form, were utilized for the study. The
induced tetraploids were developed from hybrids of crosses between M. indica var.
X and M. alba var. S1, M. alba var. china white and M. indica var. 5799. Cultural
practices as recommended were followed [8]. Morphological data on days to sprout,
number of branches sprouted, length of the longest shoot and internodal distance
were recorded on 60th day after pruning. Leaf harvest was recorded 4 times during
the year for two years. Leaf moisture content and its retention in harvested leaves
were calculated [9]. Rooting ability of the variety was assessed by planting 150 stem
cuttings of each variety in randomized block design under 15 x 15 cm spacing and
the survival percentage was recorded after 90 days of planting.

Stomatal frequency and size were studied by decolourising leaf samples after
fixing in 1:3 aceticethanol for 12 hrs and in 95% ethanol overnight followed by
gradual transferring through alcohol grades in descending order. For staining of
stomata, 2% iodine-potassium iodide solution was used. Cystolith was observed by
staining with 1% methylene blue for 1 min. Leaf anatomy was studied from hand
sections. Broad sense heritability of different characters was estimated [10].

Ranking analysis [11] based on leaf yield and 6 other leaf quality parameters
viz., pallisade and spongy layer thickness, leaf blade thickness, stomatal and cystolith
frequencies and moisture content of the leaf, was done with the help of the selection
index programme developed by Barretto et al. [12]. Emphasis was given to each and
every parameter according to their importance following the guidelines given in the
above analysis.

RESULTS AND DISCUSSION

The analysis of variance for morphological and leaf anatomical characters
revealed significant variations among genotypes (Table 1 and 2). Days required for
sprouting after pruning varied from 5.00 to 11.33. Varieties with early sprouting
capacity are considered to be suitable for regions where shoot feeding followed by
ground pruning is in vogue. The broad sense heritability (0.92) showed that it was
a highly heritable character with less environmental influence.

Primary branches/plant varied among the varieties. Its positive correlation
coefficient (0.654) with leaf yield revealed the importance of this character in selection
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Table 1. Morphological characters and leaf yield of 30 tetraploids mulberry varieties

Rank Variety Days to No. of Length Internodal Leaf Leaf  Rooting
sprout primary of length twig yield ability
branches longest (cm) ratio (kg/plt (%)

shoot /yr)
_(em)
1 T36 7.67 96.33 107.33 3.26 0.50 3.85 26.67
2 T21 700 10133 127.67 315 0.54 5.70 67.78
2 T13 9.33 75.00 114.33 284 0.50 5.64 66.67
4 T19 8.00 39.33  118.67 3.18 0.46 1.72 65.56
5 T14 10.00 4233  138.00 291 0.53 241 66.67
6 M.laevigata 11.33 2933  119.67 6.56 0.58 1.85 0.00
7 T16 8.00 80.67  150.33 295 0.50 231 36.67
8 T23 7.67 68.67  107.67 271 0.48 4.68 20.00
9 T34 8.67 90.00 74.67 4.03 0.54 1.86 30.00
10 T3 5.00 3133 101.33 345 0.52 1.26 77.78
11 T20 10.00 20.67 90.67 3.18 0.50 0.51 56.67
12 T7 700 8167 149.33 3.80 0.52 3.83 25.56
13 T24 8.00 51.00 61.67 4.62 0.57 0.64 48.89
14 T30 7.00 90.00 92.33 2.98 0.54 257 3444
15 T33 8.00 14933 90.33 355 0.58 2.25 17.78
16 T17 8.00 117.33 13233 292 0.56 5.33 48.89
17 T31 8.00 26.33 79.00 3.37 0.53 0.89 25.56
18 T15 8.00 49.33 11233 329 0.56 1.38 54.49
19 M. nigra 8.00 11067 126.67 2.38 0.52 3.86 74.44
20 T2 8.00 1633  103.33 4.65 0.55 0.64 74.44
21 T18 8.00 5833  106.33 2.88 0.61 1.52 24.44
22 T22 8.00 45.67  105.67 3.75 057 0.93 31
23 T37 8.00 70.00 87.67 321 0.53 1.41 74.44
24 T27 8.00 96.33  109.33 3.25 0.41 4.31 48.89
25 T1 8.00 1633  103.33 457 045 0.53 57.78
26 T11 8.00 47.67  116.67 3.03 0.58 2.75 27.78
27 T12 8.00 56.67  134.33 275 0.58 247 45.56
28 T8 10.00 81.67 119.00 321 0.52 1.13 33.33
29 T35 7.00 69.00 35.00 3.93 0.52 0.46 14.44
30 . T5 8.00 48.67  120.30 3.90 0.53 1.21 48.89
Mean 8.12 6351 107.89 3.46 0.53 2.33 44.19
SEmt 0.13 3.74 2.86 0.09 0.01 0.18 2.39
PCV(%) 14.75 56.74 25.33 24.85 9.99 7522 52.16

Heritability 0.81 0.76 0.74 0.77 0.55 0.76 0.73
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Table 2. Leaf anatomical characters of 30 tetraploid mulberry varieties

Rank Variety Upper Plisade Spongy Lower Total Stoma- Stoma- Cysto- Mois- Mois-
epide- layer layer epider- leaf  tal tal lith  ture ture
mis (um) (um) mis thick- freque- size freque- (%) reten-

(um) (um) ness ncy/ (um?) ncy/ tion
(um) mm? cm? capaci-
ty (%)
1 T36 2660 4819 6786 11.57 15422 38651 42141 7.22 7528 80.30
2 T21 3239 37.78 57.06 13.11 14034 409.45 39490 14.46 7568 90.07
3 T13 3586 47.81 62.85 1195 15846 745.41 32657 1093 7519 88.40
4 T19 37.78 3740 67.09 11.57 15384 48290 431.82 1518 76.31 90.08
5 T14 3277 4010 69.01 1311 15499 776.90 257.58 23.38 7603 9042
6 Mlaevi 22.75 5051 9215 1427 179.67 356.96 64691 2574 7375 9221
gata
7 T16 2853 39.71 6323 1542 14690 535.43 350.58 2421 76.01 87.46
8 T23 2198 3470 6207 1195 130.70 776.90 280.59 24.72 7586 86.29
9 T34 2468 4511 6477 1234 14690 360.53 553.19 8.83 7507 81.73
10 T3 3586 4550 7287 1195 166.17 598.43 41834 25.85 7542 85.86
11 T20 2699 5475 5875 11.18 15152 30446 59237 9.13 78.05 87.04
12 T7 3624 37.01 7133 1581 160.39 461.94 430.50 24.10 72.62 8052
13 T24 31.62 3509 69.01 1234 14805 362.49 52849 1549 7593 78.58
14 T30 18.89 4550 5894 10.80 134.17 503.44 301.89 13.08 75.00 79.48
15 T33 2622 3788 6092 1388 13881 293.60 463.60 10.00 7423 7691
16 T17 20.82 35.09 52.05 9.64 11759 48294 33236 1263 76.02 86.68
17 T31 2892 4125 5860 11.95 14073 389.76 469.17 9.62 75.37 80.48
18 T15 4203 4742 7287 1696 17928 503.84 503.49 1590 7222 86.36
19 M. 2429 37.78 5282 1195 126.87 545.67 288.52 1859 7452 86.26
nigra
20 T2 3393 4935 47.42 1658 14725 52493 514.02 1436 76.76 78.53
21 T18 2727 3586 51.66 11.18 126.08 598.43 538.00 17.49 7487 85.07
22 T22 33.16 34.70 6824 16.19 15229 41995 50728 1467 7139 8353
23 T37 18.89 3856 52.05 9.64 119.14 295.57 372.86 10.00 74.07 76.99
24 T27 19.28 30.17 4125 1041 101.02 526.75 350.51 22.87 7571 86.32
25 T1 3354 47.81 47381 16.6 14613 493.44 41463 2544 7463 84.09
26 T11 2737 6092 6246 14:66 165.40 598.43 334.02 38.77 7157 8801
27 T12 16.96 .31.62 60.92 1157 121.06 47791 31341 3928 7384 8929
28 T8 32.77 3046 4126 1234 116.82 524.93 588.90 22.67 7504 83.49
29 T35 18.89 4048 4588 1195 11721 383.27 43538 1086 7444 68.09
30 T5 27.37 3663 56.68 8.10 128.78 755.91 273.72 1979 70.52 80.39
Mean 28.16 4116 6033 1271 14236 50351 421.12 19.10 7471 8398
SEm 070 079 114 0.26 203 1624 1467 088 025 062
PCV(%) 2296 1754 1771 1706 1335 2864 2454 4232 148 572

Heritability 092 090 095 077 094 085 08 030 021 0646
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programme (Table 3). Similar results were reported in diploid mulberry genotypes
(13, 14). The heritability estimated (0.76) indicated that environmental conditions
have some influence on this character. Hence, parental genotypes considered for
breeding for a particular ecozone have to be tested under the same set of environmental
conditions. Plant height is another important morphological character determining
the leaf yield capacity of a variety as was clear from the positive significant correlation
(0.416). Though tetraploids were known to be slow growers [2, 6], the average shoot
length of the tetraploids varied from 35.00 to 150.33 cm providing much scope for
selection. Heritability of this parameter indicated its susceptibility to environmental
vagaries. Internodal distance also showed distinct and significant variations among
the varieties. Since internodal distance has negative correlation with leaf yield, higher
internodal distance should be considered undesirable in mulberry.

The leaf yield/plant/year varied from 0.46 to 570 kg. Since leaf yield is a
complex quantitative character contributed by many characters [13], and is influenced
by many environmental factors, importance has to be given to the number of primary
branches, plant height, shorter internodal distance along with leaf yield, while selecting
tetraploid mulberry genotypes for its inclusion in breeding programmes.

Leaf anatomical characters have greater impact on the feeding qualities of the
leaf than the yield. Characters like cystolith frequency, hairiness, moisture content
are reported to be very important parameters deciding the palatability of the leaf
[15, 16]. Leaf thickness along with spongy-palisade thickness is reported to be typical
of each varieties [16]. The heritability values for these traits were 0.94, 0.90 and 0.95
respectively, which confirmed the stability of these characters. The leaf thickness in
the tetraploids varied form 101.02 to 179.25 pum. Similarly, the thickness of palisade
and spongy layers also showed significant variation among the genotypes. The
correlation coefficients between leaf yield and leaf anatomical characters were
insignificant for most of the characters, meaning due importance should be given
not only to leaf yield and yield parameters, but also to the anatomical parameters.
The stomatal frequency in tetraploid varied from 293.60 to 776.90/mm?. Das et al.
[6] reported that the stomatal frequency in tetraploid was less than that in diploid
and triploid. The negative correlation between leaf thickness and stomatal frequency
supported the earlier findings [17] that stomatal frequency was inversely correlated
with leaf thickness. Cystolith, the calcium carbonate deposit, was reported to be very
typical of varieties and has a very detrimental effect on the palatability [16]). The
cystolith frequency also varied significantly among varieties (7.22-39.28/cm?), indicating
the need for selection among genotypes. Leaf moisture content and its retention in
harvested leaf also showed significant variation among the genotypes, which were
directly influenced by the number and size of stomata in leaf [18].
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Tetraploids developed from the same parental combinations varied significantly
among themselves and also with other varieties. Similarly, the two natural tetraploids
differed distinctly from the induced ones. The induced tetraploids were found much
better than the natural tetraploids for most of the parameters studied, indicating the
necessity of inducing tetraploids from desirable diploids and characterizing them
before being utilized for breeding programmes. Since the leaf characters palatability
and quality of evolved triploid leaves greatly depend upon those of tetraploid parents,
tetraploids with smooth, succulent leaves with less cystolith frequency are to be
selected for evolving triploid mulberry varieties. In this present study genotypes T36,
T21, T13, T19 and T4 were found superior than other genotypes for most of the
characters. Hence, these can be exploited for developing superior triploids in mulberry.
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