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ABSTRACT

Soil acidity is one of the major problems in the sericulture which limits mulberry growth, leaf productivity and quality in many parts of the
hills and foothills. More lands are becoming unproductive every year due to accumulation of acidic salts in the regions where the silkworm
rearing is an age-old practice. The strategy for maintaining the sericulture production at the optimum level in the areas affected by soil
acidity could be the use of mulberry genotypes with comparatively higher soil acidity tolerance. Hot spot evaluation of nine improved
mulberry genotypes viz., Tr-4, Tr-8, Tr-10, Tr-12, Tr-20, Tr-23, C-1735, C-2028, S-146 along with BC,59 as ruling check was done in foot
hills at Matigara sericulture complex, Siliguri (pH 5.2) and in hills at RSRS, Kalimpong (pH 4.6) . The experiment was laid out in RBD with
three replications and data were recorded for three years on the following characters viz. leaf yield, physiological parameters like net
photosynthetic rate (NPR), transpiration rate, physiological water use efficiency (pWUE), stomatal conductance and biochemical
parameters like total chlorophyll, soluble sugar, nitrate reductase activity (NRA) and soluble protein. The variances were highly significant
against all the characters. Genotype Tr-23 showed superiority over the rest of genotypes for NPR (13.25 uymol m™ 5™), NRA (12.59 umol
NO; k' g fruit wt.), total chlorophyll content (1.82 mg g” fr. wt.), soluble sugar (31.50 mg g™ fv. wt.) and soluble protein content (25.44
mg g fruit wt.) It also has recorded higher leaf yield at both the locations, i.e. 24,558 and 14,429 kg/ha/year at Matigara and Kalimpong,
respectively as compared to ruling variety, BC;59 (15,738 kg ha''year” at Matigara and 8,130 kg ha'year”at Kalimpong). The genotype, Tr-
23, is included in All India Co-ordinated Experimental Trials for Mulberry (AICEM)- Phase-1l to ascertain its suitability over wider area.
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The soils of West Bengal have been grouped
into seven classes viz., Brown forest, Teesta and Tarai
alluvium, Gangetic alluvial, Vindhyan alluvial,
coastal alluvial, Red and laterite and Gravelly. The
soils in hilly regions of north come under the group
brown forest soil and mostly are sandy loam in
texture. However, sandy clay loam soils are also
found in some areas. These are porous, shallow in
depth with poor water holding capacity and strong to
moderately acidic in reaction (pH 4.2-5.8).

Soil acidity is one of the major problems in
the sericulture that hampers the normal growth and
development of mulberry plant and ultimately
quantity and quality of the leaf produced is
deteriorated. More lands are becoming progressively
unproductive due to accumulation of acidic salts in
the regions where the silkworm rearing is an age-old
practice. As the soil acidity in this region is a natural
phenomenon, so amelioration of soil through
application of dolomite / lime is a recurring
expenditure for the poor farmers. The long term and
cost effective strategy for maintaining the sericulture
production at the optimum level in such areas could
be the use of mulberry genotypes with comparatively
high soil acidity tolerance.

With this objective a project was undertaken
from 2004-08 to identify acidity tolerant superior
mulberry genotype with better leaf productivity and
quality over the ruling check, BC,59. Initially, in the
laboratory at the institute, screening of 22 improved
mulberry genotypes was conducted in the acidic
environment in the sand cultures with nutrient
medium (Knop’s solution) at pH levels ranging from
2.0 to 7.0 to short list promising mulberry genotypes
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for further evaluation in acidic soils in the hot spot.
Of these, some genotypes showed tolerance up to pH
4.0 without showing deterioration in the shoot length,
leaf area, root volume and fresh and dry weight of
root, shoot and leaf. On the basis of selection
indexing, nine promising acidic medium tolerant
mulberry genotypes were identified, viz., Tr-4, Tr-8,
Tr-10, Tr-12, Tr-20, Tr-23, C-1735, C-2028, S-146-
which were evaluated along with BC,59 as ruling'
check at two hot spot locations: Matigara Sericulture
Complex, Siliguri, Govt. of West Bengal (pH 5.2) and
Regional Sericultural Research Station, Central Silk
Board, Kalimpong, West Bengal (pH 4.6).

MATERIALS AND METHODS

Well-rooted 6-month old saplings of nine
improved mulberry genotypes developed at CSR&TI,
Berhampore (WB) viz., Tr-4, Tr-8, Tr-10, Tr-12, Tr-
20, Tr-23, C-1735, C-2028, S-146 along with BC,59
as ruling check were transplanted during July, 2004 at
both the locations in RBD with three replications at
the spacing of 60 x 60 ¢cm with a net plot size of 180
m’ at Matigara and at 90 x 90 c¢m at Kalimpong with
net plot size of 162 m” surrounded by a common
border. Recommended cultural package of practices
for cultivation under irrigated condition were applied
in foot hill at Matigara sericulture complex and that
for rain fed condition at RSRS, Kalimpong (Ray,
1973). After one year of establishment, data on plant
growth (days to sprout after pruning, number of
shoots / plant, longest shoot length, internodal
distance, total shoot length and leaf fall %) and leaf
yield were recorded for consecutive three years from
2005 to 2007 during April, July and September
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matching with the three silkworm rearing crop
seasons per year as per zonal silkworm rearing
schedule. Five plants were used for recording of
morphological data whereas all the plants were
considered for recording leaf yield. Prior to leaf
harvest, data on physiological and leaf quality
parameters were also recorded. Physiological
parameters [Net photosynthetic rate (NPR),
transpiration rate and physiological water use
efficiency (pWUE)] of the test genotypes were
recorded with the help of portable photosynthetic
system (LI-COR model 6200; Licor Instrument Inc,
USA). Biochemical parameters viz., soluble protein
(Lowry ef al., 1951), soluble sugar (Morris, 1948) and
chlorophyll (Armon, 1949) content were determined as
per standard procedures. To assess the over all leaf
quality, bioassay experiment (wt. of 10 mature larvae,
ERR of 10,000 larvae by number and weight., singie
cocoon weight, single shell weight and shell %) was
conducted during April, 2007 crop season by using
NB18xP5 at RSRS, Kalimpong and NxMI12W at
DOS, Matigara Farm. The pooled data were analyzed
statistically to estimate critical difference and CV%
(Gomez and Gomez, 1983).

RESULTS AND DISCUSSION

Study of growth and yield

All the genotypes sprouted within fortnight
at Matigara and within 15 days at Kalimpong. The
shortest sprouting duration was recorded in Tr-10
(11.78 days). Number of shoots plant'l, total shoot
length and annual leaf yield was recorded
significantly higher in Tr-23 as compared to check
variety BC,59 at both the locations (Table 1).
Physiological study

At Matigara the pooled data analysis
revealed significantly higher value with respect to
NPR (13.90 p mol m? s*), stomatal conductance
(5.68 cm s) and water use efficiency (1.41) in Tr-23
as compared to the check variety. The rate of
transpiration (12.94 mol m” s™) was maximum in C-
1735, which was at par with BC,59 (Table 3).

At Kalimpong NPR (13.25 p mol m?s!) and
stomatal conductance (5.47 cm s') was also
significantly higher in Tr-23 than the check variety
and other test genotypes. The rate of transpiration was
maximum in S-146 (9.28 mol m? s™) which was at
par with Tr-23 and C-1735. Water use efficiency was
found higher in Tr-10 (1.71) and it was at par with Tr-
12, Tr-8 and Tr-23 (Table 3).

Table 1: Leaf yield performance of different mulberry genotypes at Matigara sericulture complex and

RSRS, Kalimpong
Mulberry Matigara sericulture complex RSRS, Kalimpong
genotype Shoot  Shoot Leafyield Leafyield Shoot Shoot Leafyield  Leaf yield

plant”length (cm) (kg ha’year”) gain (%) plant’ length (cm) (kg ha” year") gain (%)

Tr-4 5.72 732.16 19580.07 24.41 6.05 516.64 6291.63 -22.61
Tr-8 5.50 684.23 17685.17 12.37 6.12 571.69 7953.64 -2.17
Tr-10 6.01 742.09 16850.91 7.07 6.72 575.47 5835.29 -28.23
Tr-12 5.72 642.89 13987.49 -11.13 6.26 576.72 6098.61 -24.99
Tr-20 6.38 698.79 18318.96 - 16.40 6.57 601.35 7501.46 -1.73
Tr-23 8.22 943.79 24558.77 56.04 9.38 897.75 14429.48 77.48
C-1735 533 606.48 16953.69 7.72 6.32 527.63 6113.55 -24.80
C-2028 5.76 637.15 13303.23 -15.47 7.07 522.47 7578.38 -7.28
S-146 5.58 575.36 16377.30 4.06 6.46 594.57 8620.90 5.69
BC,59 5.34 512.57 15738.41 - 5.86 538.73 8130.01 -
LSD (0.05) 0.32 16.69 798.24 - 0.47 23.43 1082.46 -
CV% 8.11 3.73 6.98 - 10.72 5.99 20.88 -
Biochemical study annual leaf yield were significantly higher in Tr-23 as

The genotypic variation in chlorophyll content,
soluble sugar, soluble protein and nitrate reductase
activity were found to be significant. The pooled data
analysis revealed that the genotype Tr-23 was superior in
respect of all the above parameters in both the locations
as compared to the check variety (Table 4).

Bioassay study

Bioassay results revealed that cocoon yield per
10,000 larvae, single cocoon weight, single shell weight
and shell % were highest in Tr-23 in both the locations
(Table 4). Results on different morphological characters
of ten improved mulberry genotypes revealed that at
Matigara number of shoots plant™, total shoot length and

compared to check variety BC,59 with the leaf yield gain
of 56% (Table 1). The same genotype maintained its
superiority at Kalimpong also in respect of above
parameters where the leaf yield gain was 77 % (Table 1).
The highest leaf yield in the genotype Tr-23 at both the
locations may be mainly due to their increased unit leaf
fresh weight, number of shoots per plant and total shoot
length. The leaf weight might have been influenced by
some other parameters like stem weight, leaf number
plant’, leaf size (Bari et al, 1989) and some
physiological parameters like NPR, pWUE, higher
stomatal conductance, etc. (Chattopadayay et al., 1996).
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Table 2: Net photosynthetic rate (NPRp mol m7s?), transpiration rate (mol m2s?, physiological water use
efficiency (pWUE) and stomatal conductance (cm s”) in ten mulberry genotypes at two locations

Mulberry NPR Transpiration pWUE Stomatal
genotype Conductance
K M K M K M K M

Tr-4 7.95 928 633 10.31 0.85 0.97 2.15 2.59
Tr-8 9.22 1090 643 11.04 1.01 1.34 2.54 3.87
Tr-10 9.48 812 582 9.76 1.05 0.82 2.78 2.35
Tr-12 7.88 956 537 11.52 0.80 1.09 2.04 2.75
Tr-20 9.69 950 785 11.59 1.14 1.10 2.89 2.64
Tr-23 13.25 1390 9.18 10.11 1.53 1.56 5.47 5.68
C-1735 9.08 1049  9.05 12.94 0.98 1.40 224 3.51
C-2028 10.02 10.77  8.55 11.37 1.35 1.43 3.17 3.68
S-146 9.98 10.68  9.28 11.77 0.89 1.45 2.28 3.66
BC259 8.26 10.79 841 12.87 1.27 1.39 3.04 3.57
LSD (0.05) 0.83 0.97 0.87 1.07 0.15 0.11 0.67 0.72
CV% 9.27 9.84 12.12 10.03 11.59 12.20 5.45 6.34

K=RSRS, Kalimpong;, M=Matigara sericulture complex

In situ gas exchange parameters differed
significantly among the test genotypes (Table 2).
Genotypes Tr-23, C-2028, C-1735, S-146 and BC,59
were found to have higher net photosynthetic rate.
Stomatal conductance was also found higher in these
genotypes. This observation is in accordance with
Chattopadhyay et al. (1996) where they found a
significant positive correlation between these two
parameters and attributed to the higher availability of
CO, for its fixation during photosynthesis. Irigoyen et
al. (1992) opined that low stomatal conductance

reduces the photosynthetic rate by restricting the
availability of CO, for its fixation. Physiological
water use efficiency also varied significantly among
the genotypes and the variation was associated with
the variations in photosynthetic capacity as well as
stomatal conductance, which was in accordance with
the results of Condon et al. (1990) in wheat. In the
present study a significant positive correlation (r =
0.98) was found between NPR and stomatal
conductance (Fig. 1) and NPR and pWUE (r = 0.91)
(Fig. 2).

Table 3: Nitrate reductase activity (NRA pumol NO, h™g™ fresh weight), soluble protein (mg g? fr. wt.),
soluble sugar (mg g'1 fr. wt.), total chlorophyll content (mg g'1 fr. wt.), and leaf moisture (%) in
ten mulberry genotypes at two test locations

Mulberry NRA Soluble protein Soluble sugar Total Leaf moisture
genotype chlorophyll (%)

K M K M K M K M K M
Tr-4 10.25 9.62 2236  21.88 25.14 26.12 1.17 1.26 7934 78.74
Tr-8 9.78 9.88 21.65 2195 26.91 2741 1.20 1.49 77.95 80.13
Tr-10 11.32 10.84 2346 2294 25.30 25.12 1.12 1.36 7994 7938
Tr-12 9.81 847 21.84  20.56 29.37 28.48 1.29 1.22 78.41 78.88
Tr-20 9.15 9.08 21.34 21.11 27.69 26.20 1.01 1.39 79.42  79.00
Tr-23 13.57 12.59 2544  24.80 31.50 31.42 1.55 1.82 79.50  79.87
C-1735 10.22 970 2227 21.86 27.39 26.16 1.14 1.31 79.87 7852
C-2028 11.76 10.14 2358  22.25 26.35 24.83 1.04 142 78.14  77.23
S-146 9.27 879 23.03 2235 28.99 2495 0.87 1.01 77.64 7741
BC259 11.13 10.10  21.29  20.86 28.16 25.49 1.10 1.36 78.14  77.65
LSD (0.05) 0.28 034 0.92 0.97 1.55 1.14 0.10 0.11 1.48 1.56
CY% 2.78 285 430 4.67 5.92 4.55 9.45 8.30 1.99 2.10

K=RSRS, Kalimpong, M=Matigara Sericulture Complex

Among the genotypes tested, Tr-23, Tr-10, Tr-
4, C-1735, S-146 and C-2028 exhibited high NR activity
and soluble protein content in leaves. NR activity was
found maximum in Tr-23 and minimum in Tr-20
whereas Tr-8, Tr-12 and BC,59 showed moderate NR
activity and protein content. Low NR activity and low
protein content were observed in Tr-20, which clearly

indicates that the level of NR activity is closely
associated with that of total protein content (Table 3). It
was reported that any factor (nutrient uptake) that affects
the leaf NR activity will directly affect its protein content
(Ghosh et al., 1994). As the enzyme (NR) is believed to
be rate limiting in overall assimilation of nitrate (Beevers
and Hageman, 1969), the varieties having more NR
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activity will be having more in-built nitrogen utilization
efficiency (Amaresh and Roy, 1955), which may
probably enhance the protein content (Paliwal and

Hangovan, 1990). In the present study a significant
positive correlation (r= 0.90) was observed between NR
activity and protein content (Fig. 4).

Table 4: Bioassay studies during April, 2007 crop season by using NB18xP5 at RSRS, Kalimpong and

NxM12W at DOS, Matigara Farm

Mulberry Wt. of 10 Yield / 10000  Yield / 10000 Single cocoon Single Shell Shell %
Genotype mature larvae  larvae (No.) larvae {wt.} wt. (g) wt. (g)
K M K M K M K M K M K M

Tr-4 4149 2895 8267 8300 1480 9.17 185 129 035 017 1895 1347
Tr-8 4124 30.14 8000 8200 15.07 950 196 129 037 0.17 1859 1344
Tr-10 47.11 2793 7867 7500 1480 947 198 129 037 0.18 1875 13.70
Tr-12 4532 3065 7467 7700 13.87 9.37 196 127 036 0.15 1858 12.07
Tr-20 4279 29.84 8133 7500 1320 930 199 128 038 0.17 1895 13.06
Tr-23 4948 3094 8800 8100 1653 9.93 200 130 039 019 1962 14.58
C-1735 4143 2873 7733 7900 14.00 9.07 197 128 036 0.16 1821 1227
C-2028 37.13 3026 8267 7800 13.60 937 199 127 038 0.16 1899 12.59
S-146 41.19 2641 7600 8000 1320 920 192 125 035 0.15 18.09 12.00
BC,59 43.08 2776 8000 8100 1520 950 199 128 038 0.17 1890 1331
LSD (0.05) 3.64 0.18 6123 40513 078 032 0407 001 001 001 072 106
CV% 4.93 0.37 4.45 299 317 198 198 0.60 080 4.64 225 472

K=Kalimpong, M=Matigara

Total chlorophyll, soluble sugar, soluble protein and
moisture content have shown distinct variation among the
genotypes (Table 3). S-146 had the lowest chlorophyll
content while Tr-23 got the highest. Those varieties
having higher chlorophyll content were found
photosynthetically more efficient. A significant positive
correlation (r = 0.58) was observed between NPR and
chlorophyll content (Fig. 4} and between NPR and leaf
yield plant' (r 0.59) (Fig. 5). This finding is
corroborated with that of Chattopadhyay er al. (1996)
where it was found that the chlorophyll content and
photosynthetic rate were significantly comrelated in five
Chinese mulberry varieties grown under tropical
conditions. Similarly, Das et al. (1997) found higher CO,
fixation in mulberry genotypes having higher chlorophyll
content. Zelitch (1982) reported a close relationship
among chlorophyll content, photosynthesis and crop
yield. All the genotypes have shown leaf moisture
content above 77%. According to Satyanarayana et al.
(1990) and Chaluvachari and Bongale (1995) leaf
moisture content is an important parameter for getting
better growth and development in silkworms. On the
basis of above results it can be concluded that
morphometric parameters were maximum in Tr-23 at
both the locations. The annual leaf vield of Tr-23 was
24.5 mt and 14.4 mt at Matigara and Kalimpong which
out yielded the check variety, BC,59 by a margin of 56%
and 77% at respective locations. In respect of bio-
chemical constituents also Tr-23 was found superior. The
bioassay performance for economic characters like single
cocoon weight, single shell weight and shell% was
superior in Tr-23 over the check variety BC,59. Thus,
from the overall investigation the mulberry genotype, Tr-
23 has been identified as significantly superior with
respect to growth, yield, leaf quality and bioassay
parameters at both the locations over the existing
recommended variety BC,59. Hence, the genotype Tr-23,

needs to be further evaluated under multilocational trial /
All India Co-ordinated Experimental Trials for Mulberry
(AICEM) followed by popularization/exploitation in the
problematic acidic soils in hills and foot hills of West
Bengal and other similar environments.

—-
wn
s

y=1.5414x+5.0925

[
w

119

Net Photosynthetic Rate (it mol s

2.30 3.80 4.80 5.80

Stomatal Conductance (cmas™)

Fig.1. Regression and correlation coefficients
between stomatal conductance and net
photosynthetic rate

155 { y=0.1441x-0.2617 « ¢
R =08267
135
o
S L1s
e
0.95 1
e
0.75 ; . :
750 9.50 1150 13.50
Net Photos ynthetic Rate( p mol mxzs‘l)

Fig.2. Regression and correlation -coefficients
between net photosynthetic rate and
pWUE



<

¢ 26 -

I y=09711x+12.364

- 2

= R =0.90

2

E

2

e

£ 22

-3

=

F-

=

@ 30 . ; .
8.00 10.00 1200 14.00

Nitrate Reductase Activity qamol NO” v ¢ fr. wt)

Fig.3. Regression and correlation coefficients
between nitrate reductase activity and
soluble protein

1254 y=4.1744x+4.6717

R =0.3423

Net Photosynthetic Rate(u mol n

0.80 1.00 1.20 140

\ Total Chlorophyll content (mg / g fr. wt.)

Fig.4. Regression and correlation coefficients
between net photosynthetic rate and
chlorophyll content
7 y=20986x-82651 *

R =0.3438

20

Leafyield (mt ha)
—
wm

10 +
¢ ¢ 0
L 4 *
5 h- . -
700 9.00 11.60 13.00

Net Photosynthetic Rate (u mol m-2s-1)

Fig.5. Regression and correlation coefficients
between net photosynthetic rate and leaf
yield plant !

REFERENCES

Amaresh, C. and Roy, A. K. 1995, Nitrate reductase
activity in diploid genotypes and induced
tetraploids of berseem. /ndian J. PL Physiol.,
38: 184-85.

Amon, D. 1 1949, Copper enzymes in isolated
chloroplasts. Polyphenol oxidase in Beta
vulgaris. Pl. Physiol., 24: 1-15.

Bari, M. A, Qaiyyum, M.A. and Ahmed, S.U. 1989.
Correlation studies in mulberry (Morus alba
L.} Indian J. Seri., 28: 11-17.

Beevers, L. and Hageman, R. H. 1969. Nitrate
reduction in higher plants. 4nnu. Rev. PL
Physiol., 20: 495-22.

M. K. Ghosh et al. 147

' Chaluvachari, C. and Bongale, U. D. 1995. Evaluation

of leaf quality of some germplasm genotypes of
mulberry through chemical analysis and
bicassay with silkworm Bombyx mori L.
Indian J. Seri., 34: 127-32.

Chattopadhyay, S., Das, C., Sengupta, T., Ghosh, J. K.,
Das, K, K. Sen, S.K. and Pavan Kuma, T.
(1996).  Evaluation of leaf gas exchange
parameters of five Chinese mulberry
germplasm in Indian Tropical conditions.
Serico., 36: 723-26.

Condon, A. G, Farquhar, G. D. and Richard, R. A..
1990. Genotypic variation in isotopic
discrimination and transpiration efficiency in
wheat leaf gas exchange and whole plant
studies. Aust. J. Pl Physiol., 19: 9-22.

Das, C,, Das, B. K., Sen, S. K, and Kumar, TP 1997.
Studies on photosynthetic '*CO, fixation:
Occurrence of the C4 photosynthetic syndrome
in mulberry (Morus spp.). Sericologia. 37: 87-
89,

Ghosh, M. K., Noamani, M. K. R, Babu, C. M, Das, P.
K. and Srivastava, R. C. 1994, Role of Mg,
Zn and Mo salts on in vive nitrate reductase
activity in leaves of Quercus serrta THUN,
Indian J. Seric. 33: 118-21.

Gomez, K. A. and Gomez, A. A. 1983. Statistical
Procedure for Agricultural Research. 2™ Edn.,
John Wiley and Sons, New York, pp. 680.

Hageman, R. H. and Hucklesby, D. P. 1971, Nitrate
reductase from higher plants. In: Methods in
Enzymology. (Ed. San Pietro, A.) Vol. 23A.
Academic Press, London, pp. 491-03.

Irigoyen, J. J., Emerich, D. W. and Sanchex-diaz, M.
1992, Alfalfa leaf senescence induced by
stress: Photosynthesis, hydrogen peroxide
metabolism, lipid peroxidation and ethylene
evolution. Physiol. PL, 84: 67-72.

Lowry, O. H., Rosenbrough, N. J,, Farr, A, L. and
Randall, R. J. 1951, Protein measurement with
Folin-phenol reagent. J. Biol. Chem., 193: 265-
75.

Morris, D. 1 1948. Quantitative determination of

carbohydrate with drey woods anthrone
reagent. Sci., 107: 254-55.
Paliwal, K. and [llangovan, M. 1990.  Factors

influencing in vivo determinations of nitrate
reductase (EC 1.6.6.1) activity in mulberry
(Morus alba 1..). Serico., 30: 369-79.

Ray, D., Mondal, L. N., Pain, A. K. and Mondal, S.K.
1973. Effect of NPK and farm yard manure on
the yield and nutritive value of mulberry leaf.
Indian J. Seric., 12: 7-12.

Zelitch, T. 1982. The close relationship between net
photosynthesis and crop yield. Biosci., 32: 796-
02.





