EFFECT OF SALINITY ON GERMINATION, GROWTH AND YIELD
OF RADISH (Raphanus sativus L.) VARIETIES

Khuina University LI% ry

Thisis Age. No:. \

tuthonsed & @’ ...........
A Thesis ﬁg_l\.@\

Submitted to e

AGROTECHNOLOGY DISCIPLINE
KHULNA UNIVERSITY
KHULNA-9208
BANGLADESH

By
Paromita Ghosh

Examination Roll: MS 100801

In Partial Fulfillment of the Requirements
for the Degree of

MASTER OF SCIENCE (M. S.)
IN
HORTICULTURE

Copyright by Author

Paromita Ghosh, 2013
KHULNA, BANGLADESH
AUGUST, 2013



KHULNA UNIVERSITY
AGROTECHNOLOGY DISCIPLINE
FINAL ORAL EXAMINATION OF THE M. S. THESIS

The undersigned certify that they have read and recommended to the Agrotechnology
Discipline for acceptance, an M. S. Thesis entitled:

“EFFECT OF SALINITY ON GERMINATION, GROWTH AND YIELD
OF RADISH (Raphanus sativus L.) VARIETIES”

By

Paromita Ghosh
Examination Roll: MS 100801

In Partial Fulfiliment of the Requirements for the Degree of
MASTER OF SCIENCE (M.S.) IN HORTICULTURE

N o

L=
Prof. Dr. Md. Abdul Mannan Prosanta Kamar Dash
Supervisor Co-Supervisor

7

Prof. Dr. Md. Monirul Islam
Chairman, Examination Committee
And Head, Agrotechnology Discipline

AUGUST, 2013






ACKNOWLEDGEMENT

First of all, the author is very much grateful to almighty, the supreme ruler of the
Universe, who always helps her for solving any difficult situation and has enabled her to
complete the thesis for the fulfillment of the degree of Master of Science (M. 8.) in

Horticulture from Agrotechnology Discipline, Khulna University, Khulna, Bangladesh.

The author is proud to express her deepest sense of respect and immense indebtedness to
her scholastic teacher and honorable supervisor Dr. Md. Abdul Mannan, Professor,
Agrotechnology Discipline, Khulna University, Khulna for his constant supervision,
valuable suggestions, scholastic guidance, continuous inspiration, constructive comments,
extending generous help and encouragement during her research work, guidance in the

preparation of the thesis.

The author sincerely expresses her heartiest respect, deepest sense of gratitude and
profound appreciation to her Co-Supervisor Prosante Kumar Das, Lecturer,
Agrotechnology Discipline, Khulna University, Khulna for his constant encouragement,
cordial suggestions, constructive criticisms and valuable advice during the research

period and to complete the thesis.

The author expresses her sincere respect to the Discipline Head, Prof. Dr. Md. Menirul
Islam and all the teachers of Agrotechnology Discipline, Khulna University, Khulna for
valuable teaching, providing the facilities to conduct the experiment and for their valuable

advice and sympathetic consideration in connection with the study.



The Author also wants to give special thanks to Kbd. Uttam Kumar Saha for his
encouragement, moral support and for helping to complete the thesis with patience. The
author takes the opportunity to express her sincere thanks to her friends, course mates and

well wishers for encouraging her during the period of the study.

The author wishes to express her cordial thanks to departmental and field staff of

Germplasm Centre for their active help during the experimental work.
Lastly, but by no means least she would like to convey heart-felt gratitude and deep love
to her parents for encouragement, blessing, moral support, prayer and sacrifices which

enable her to complete this thesis with patience and perseverance.

August, 2013 The Author

I



ABSTRACT

The laboratory and pot experiments were conducted at Molecular Horticulture Lab and
Germplasm Centre, Khulna University, Khulna during December 2012 to March 2013 to
assess the effect of salinity on germination parameters, growth and yield contributing
characters of three radish varieties viz. V; = Tasakisan Mula-1 (BARI Mula-1), V; =
Druti (BARI Mula-3) and V3= Red Bombay. Four salinity levels control (0.66 dS m™), 4,
8 and 12 dS m™ were used as treatment in the experiments. The experiments were laid out
in a factorial Completely Randomized Design (CRD) with three replications. Germination
test was done in the laboratory following pertidish method. Data were collected on
germination (%), germination energy, germination capacity, germination speed, average
root and shoot length and dry weight of root and shoot per seedling. There was wide
variation in germination parameters and growth parameters among the varieties due to
different level of salt applications. In all the germination and growth parameters
Tasakisan Mula-1 (BARI Mula-1) was found superior. Red Bombay was inferior
regarding germination and growth parameters. Number of leaf per plant, leaf fresh weight
(g), leaf length (cm), leaf width (cm), leaf dry weight (g), root fresh weight (g), root dry
weight (g), root length (cm), root diameter (cm) and yield (g/plant) progressively
decreased with the increasing salinity level as compared to control. Tasakisan Mula-1
(BARI Mula-1) showed better performance in the above mentioned morphological
parameters and yield attributes. Druti (BARI Mula-3) was found intermediate. Red
Bombay showed the lower value of those parameters. Among the varieties Tasakisan
Mula-1 (BARI Mula-1) was the best tolerant to salinity at 12 dS m™ followed by Druti
(BARI Mula-3) at final harvest. Considering all the parameters observed in the

experiment Tasakisan Mula-1 (BARI Mula-1) was found the best.
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CHAPTER1

INTRODUCTION

Radish (Raphanus sativus 1.) is a popular and important cruciferous vegetable crop in
Bangladesh (Rashid ef al., 1983). Radish is popular for its pungent aroma and taste. This
crop can withstand so diversified climate that the crop is grown in tropical, subtropical
and even in temperate countries. China and India are supposed to be its native (Katyal and
Chandha, 1985). Radish is grown for its young tender tuberous roots which is eaten raw
as salad and cooked as vegetables. The young leaves are also eaten as vegetables. It is a
good source of protein, carbohydrate, Ca, K, P and ascorbic acid (Larry, 1977). Tender
leaf is a good source of protein and vitamin C (Eguchi, 1979). The pungent flavor
characteristics of radish are due to the presence of volatile isothiocyanates {trans-4-
methyl-thiobutenyl isothiocyanate) (Srinivas and Naik, 1990). Pink skinned radish is
generally richer in vitamin C than the white skin one. Vitamin C content of radish roots is

greatly influenced by light condition (Jamil et al., 2005).

Radish contain 17 mg (Pink cultivar) vitamin C and 5.0 L.U. of vitamin A (Gopalan and
Balasubramanium, 1966). The radish root contains protein 0.7 g, fat 0.3 g, minerals 0.9 g,
carbohydrate 6.8 g, calcium 50 mg, phosphorus 22 mg, thiamine 0.06 mg, riboflavin 0.02
mg, nicotinic acid 0.5 mg and fiber 0.8 g per 100 g of edible portion. Further, it has some
medicinal values (Bose and Som, 1986). Radish preparations are useful in liver and gall
bladder troubles. In homoeopathy, they are used for neuralgic headaches; sleeplessness
and chronic diarrhea. Roots, leaves, flowers and pods are active against gram-positive
bacteria. The roots are said to be useful in urinary complaints and piles. A salt extracted

from roots, dried and burnt white ash is used in stomach troubles. The seeds are said to



be peptic, expectorant, diuretic and carminative (Kirtikar and Basu, 1935). The radish has
the cooling effect on human body and is thought suitable for patient suffering from liver
troubles and jaundice and juice of fresh leaves is used as diuretic and laxative (Katyal and
Chandha, 1985). Radish has also been tried successfully as a fodder crop in some
countries like the UK. and South Africa. In South Africa, the giant radish of Japan has
shown much promise as a fodder crop yielding more than 60 t/ha of roots and 12-25 t/ha

of leaves (Kolbe and Voss, 1952).

Now a days radish enjoys the popularity among all classes of people, rich or poor, urban
and rural. Some consumers always prefer medium sized or even small roots for their
small families but it is available in the market only for a limited period. Though radish is
a cold weather and quick growing vegetables yet its best flavor, texture and size are
developed at 10°15° C. If grown in hot weather small rooted varieties produces and
extremely pungent roots, so they should be harvested at till young and small rather than
allowed to reach the edible size (Sonneveld er al, 1995). Radish classified as a crop
which yield is moderately sensitive to salinity (Maas and Hoffman, 1977), but sometimes

it is a crop of low sensitivity (Sonneveld, 1988). Although salinity may reduce growth,

some vegetables including radish (Mizrahi and Pasternak, 1985).

Considering the area and production radish stands as one of the major vegetables crop of
Bangladesh (Anonymous, 1989) but the production is quite low as compared to the
national requirement. Although it is mainly a winter vegetable crop, it becomes available
in Bangladesh market as early as September and last as May. However, now a days it can

be grown any time of the year in Bangladesh (Rashid et al, 1983). Total vegetable
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production in Bangladesh is about 3.47 million tons per year of which 83.09% produced
in winter and 16.91% in summer season (Anonymous, 2010). The present per hectare
yield of radish is far below the levels attainable in the developed countries of the world

(Shahidullah ef af, 1991).

In Bangladesh, radish is cultivated in an area of 25.5 thousand hectares of land producing
85.42 thousands MTs of fleshy edible roots with per hectare yield of 8.60 MTs (BBS,
2010). Radish is a short duration root crop and it is well known as a cool season
vegetable. Although it is generally considered hardy in cold temperatures, its optimum
growth temperature is 15-20° C (Malcolm and Smith, 1971). Its yield can be increased in
different ways such as use of improve high yielding varieties, proper cultural

management, judicial application of fertilizer ete. (Sadu, 1986).

Salinity remains as one of the world oldest and most serious environmental problems in
crop production (William, 1986). Excess soluble salt content is the principal growth
limiting factor for the cultivated plants on the coastal saline soil. The nature and content
| of soluble salts, salt dynamic and water regimes during the growth season strongly
influence crop growth (Karim ez al, 1990). Salinity causes not only the yield reductions
but also it affects the germination in many glycophyte crop plants throughout the world.
Growth suppression may be a non-specific effect of salts, depending more on the total
concentration of soluble salts than on speciﬁc ions (Adams, 1991). In general, salinity
affects almost every aspect of the physiology and biochemistry of plants (Cuartero e? af,
2005). Salinity can induce water stress as it increases the osmotic pressure of the soil
solution. High salinity may also result in too high an internal ion concentration (ion

excess) and thus cause growth teduction. It is often difficult t assess the relative
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importance of ion excess and water stress as growth limiting factors (Greenway and
Munns, 1980). Germination and water stress induced by salinity: may- influence plant
growth by adverse effects on dry matter partitioning, cel! extension, cell division, leaf
photosynthesis and or transpiration (Maas and Hoffman, 1977). Effects on photosynthesis
may be attributed both to stomatal and nonstomatal responses due to excess salinity
(Cheeseman, 1988). The reduction of leaf photosynthesis at high salinity was the result of

reduced stomatal conductance (X er al., 1994).

In Bangladesh, more than 30% of the total cultivable area is in the coastal belt. Out of
2.85 million hectares of the coastal and off-shore areas, about 0.83 million hectares are
affected by different degrees of salinity (Karim et al., 1990). Moreover, the salt affected
area is increasing day by day. About 2.8 million hectares of land under saline area remain
fallow for about 4-7 months (middle of November-June) in each year ((Karim et al,
1982). So the presence of excess soluble salt in soil is one of the major factors that
reduces the growth and development of cultivated crop plant in coastal areas of
Bangladesh and the reasons for salinity in Bangladesh are: 1) intrusion of sea water due to
river drying in the winter, 2) cyclone and other natural disasters in the coastal area and 3)
influx of salts from the ground to the surface through capillary movement during dry
season. The salinity problem is severe in the winter though during summer the salt
concentration decreases (Karim ef al., 1990). The need to develop crops with higher salt
tolerance has increased greatly within the last decade due to increased salinity problems

throughout the world (Sivritepe ef al., 2003).



The yield of radish is much lower in saline soil compared to salt free soil. The production
technology of any vegetable as well as radish is a complex process and ih saline condition
it becomes more complex. So it is important to know the effect of varying degree of
sdlinity on radish seed germination with a view to ensure optimum plant population and
high yield. Therefore, the present research work was undertaken keeping in mind the

following objectives:

< To observe the effect of salinity on germination of radish seed

% To assess the effect of salinity on the growth and yield contributing characters of

radish



CHAPTER II

REVIEW OF LITERATURE

Radish is an important and popular winter vegetable in Bangladesh. A few information
have been obtained for the response of salinity on radish. The effect of salinity levels on
morphological characters, physiological attributes, yield and yield components of radish
and some other relevant crops are collected from the available literatures and some of the

findings are reviewed in this section.

2.1 Characteristics of saline soil

Akbar and Ponnamperuma (1982) reported that saline soils are those which contain
sufficient water soluble salts in the root zone to impair plant growth. They also reported
that since salt injury of plants usually depends on species, variety, growth stage and
environmental factors. They reported that saline soils vary widely in there chemical and
physical characteristics, salt dynamics and hydrology, the variables include salt source,
nature and content of salts, soil pH, nature and content of clay, organic matter content,
nutrient statas, water regime and temperature. Saline s0ils vary greatly in the composition

of salts present in them.

The U.S. Salinity Laboratory, Riverside California, defined and classified saline soils on

the basis of agricultural value (Richards, 1954). According to them saline soil is a non
alkali soil in which the soluble salt content is high ehough to inhibit growth of most
agricultural crops. ECs of such soil above 15 mmhosem™. pH is below 8.5 and
exchangeable sodium percentage (ESP) is below 15%. However, according to Stocker

(1933) the critical level of salinity for plants is 0.05% of the dry soil weight.



Samuel et al. (1995) reported that growth inhibition in salt-sensitive crops, even at low
salinify levels, is caused primarily by toxicity from Na™ and CY. The high osmotic
pressure in the soil solution causes correspondingly low soil water potential and when in
contact with a plant cell, the solute moves toward the soil solution and the cell collapses
(called plasmolysis). They also said that Na is particularly detrimental, both because of its
toxic effects on plants and its effect on soil structure. When a high percentage of the EC is
occupied by Na, the soil aggregates disperse. These soils become impermeable to watet,
develop hard surface crusts and may keep a water layer or ‘slic spot’ on the surface longer

than adjacent soils.

Biswas and Mukherjee (1995) reported that inland saline soils form due to faulty
irrigation water containing a high concentration of soluble salts, primarily of sodivin (Na)
leads to soil salinity if proper drainage is not provided to leach the salt beyond the root

Zone.

Carter ef gl. (2005) defined saline soil as those with (EC) which is more than 4
mmhosem™ at 25° C and with less than 15% exchangeable sodium. The pH ordinarily is
less than 8.5. The principal characteristics of saline soil are the presence of sufficient salt

that affect or impair the growth of plants.

Curtain et al. (1993) suggested that Chlorides (sodium chloride) are dominant in coastal
saline soils, where as chloride sulfates are prominent in inland area The texture of saline
soils vary from sandy to clayey while its clay composition from kaolinite to
montmorilonite. In mangrove area, the predominant texture is clayey, qrigipating from

rivers or the offshore sea (Moorrmann and Pons, 1974).



Ponnamperuma and Bandyopadhya (1980) said that in coastal areas salinity is either due
to direct inundation by salt water, or upward or lateral movement of saline water. In
general sodium chloride is the dominant salt, although sulfate may constitute a high
proportion of the electrélysis present in saline acid sulfate soils. The pH ranges from 2.5
for saline acid sulfate soils to about 8.5 in slightly alkaline soils. Organic matter content
of coastal saline soils may vary from 1 to 5 percent depending on the presence or absence
of peat. The soil may be eutric (fertile), dystric (ihfertile), calcareous, thionic (sulfide or

sulfatic), or histic (organic).

2.2 Salinity and germination

Khan et al. (2000) reported that seed germination takes the most important part in life
cycle of plants. In many plant type, germination and seedling growing phase is very
sensitive to salt stress. In general, the highest germination percentage occurs in non-salty

conditions and it decreases depending on the ascending salt concentrations.

Shannon and Grieve (1999) said that salinity slows the germination rate and higher levels
of salinity reduce the germination percentage. Low concentrations of salinity affect the

germination rate but not the total percentage of seeds germinated.

Coopland and McDonald (1995) reported that germination is a system in which the

rootlet’s coming out of the testa and it is greatly hampered in the saline condition.

Grieve and Suarez (1997) reported that high levels of soil salinity can inhibit seed

germination and seedling growth, due to the combined effects of high osmotic potential

and specific ion toxicity. Ascending salt concentrations not only prevent the germination



of the seeds but also extend the germination time by delaying the starting of germination

(Rahman et al., 2008).

Murillo-Amodor ef al. (2002) and Shokohhifard et al. (1989) observed that the decrease
in water intake of the seed in salty conditions, osmotically and by the ion toxicity with
accumulation of Na and Cl ions highly around the seed and prevents the seed

germination.

Begum et al. (1992) reported that salinity stress consistently decreased the rate of
germination of wheat. NaCl salinity increased accumulation of Na”™ and CI' while it

decreased K" accumulation in germination of seeds.

Othman (2005) reported that seed germination begins with water intake but it is decreased

by the salt and the reported data are dependent upon the time of observation as well as on

cause of reduce the germination.

Khan et al. (1997) subjected Chinese cabbage (Brassica chinensis) seeds to salinities of 0,
4, 8, 12 and 16 mmhos cm™ and temperature of 20, 25, 30 and 35° C. They found that

germination percentage declined as salinity or temperature increased. Seed germination

and seedlings growth were best at 4 mmhos cm™ and 25° C.
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2.3 Salinity and plant growth
Most plants suffer salt injury at EC values exceeding 4 mmhoscm™ at 25° C.
Ponnamperuma (1984) have indicated that tolerance of crops varies with salt

composition, if the solution consists at physiographically balanced salt as in sea water.

Roundy (1985) reported that successful seedling establishment depends on the frequency
and the amount of precipitation as well as on the ability of the seed species to germinate
and grow while soil moisture and osmotic potentials decrease. Salts taken up by plants
may not directly control their growth by affecting turgor pressure, photosynthesis or
enzyme activities rather than buildup of salt in old leaves may hasten leaf death (Munns,

1993).

Marcelis and Hooijdonk (1999) suggested that salinity reduced growth in radish
(Raphanus sativus L.) and high salinity level could be attributed to a reduction in leaf area

expansion and hence to a lower light interception.

Yoshida (1981) reported that salinity was most harmful to young plants and as they
become older, their tolerance to salinity increased, at 90 days the plants were hardly

affected by salt concentrations in the as high as 1.05%.

2.4 Growth

Panaullah and Ponnamperuma (1980) said that usually salinity affects the growth of
different types of vegetables as well as radish plant at all stage of life cycle. The effect
may vary depending on the stage of plant development. The growth stage of which radish

plant in most exposed to salt injure is still controversial.
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Borroton et al. (1997) conducted an experiment on the effect of salinity to potato, cassava
and onion. They reported that the degree of tolerance is higher in cassava cv. Holgoin,

sour oranges.

Levy et al. (1986) investigated the response of radish cultivars to 20.5, 34.2 and 51.3 mM
NaCl. They found that salinity increased tuber dry matter (DM) content and reduced tuber

yields.

Bilski et al. (1987) conducted a greenhouse study with the radish varieties and they were
watered with solution containing various rates of NaCl and Na,SOs. On a mole basis
Na,SO; was more toxic than NaCl to plant growth addition of CaSO4 reduced the

deleterious effect of NaCI and NaSO,.

Munns and Termaat (1986) reported that the growth of plants is ultimately reduced by
salinity stress although plant species differ in their tolerance to salinity. Sankov (1976)
shown that concentrated salt solution formed in soil disrupts the absorbing activities of
roots, which inhibits growth and decreased yield. It was also noted that the salinity
tolerance levels of radish types differed (Waisel and Breckle, 1987). It has been reported

that radish is a salt sensitive crop (Shannon and Grieve, 1999).

Liu et al. (1998) conducted a research with radish to study chlorophyll content under salt
stress. They reported that total chlorophyll content of the leaves decreased with increase
of salinity. They also found that salt stress leading to leaves yellowing and eventually to

decrease yield.
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Scialabba and Melati (1990) reported that salinity caused a lack of coordination between
cellular expansion and differentiation in radish seedlings; as salinity increased structural
and cellular modifications in the form of wall thickening and metabolic aggregates inside

parenchyma cells were evident.

Yugin et al. (2001) examined the salinity effect on radish varieties and exposed to NaCl
at 0, 85, 170, 255 and 340 mmol L™ for 6 days, and their functional leaves were used for
the analysis of various physiological indices. With increase of NaCl concentration in the

field condition, photosynthetic rate declined markedly.

Morpurgo and Silva (1986) conducted an experiment to test the responses to 0-9000 ppm
NaCl on hybrid radish seeds. Average germination percentage ranged from 22.59 to 98.3,

germination velocity index from 6.86 to 67.14 and root length after 7 days from 0.16 cm

t0 9.24 c¢m, at 9000 and O ppm NaCl, respectively.

Wang et al. (1999) conducted an experiment with six radish varieties of high starch
content where the effects of 3 types of saline soils were investigated. Varieties showed
significant difference in growth and yield. Salt sensitive varieties had poor emergence,

retarded growth and low yields.

Silva ef al. (2001) observed that effect of NaCl stress on radish varieties. Three varieties

of radish were subjected to 0, 25, 50, 75 and 100 mmolL™! NaCl. Growth and root

12



development were evaluated. Growth and root development were significantly affected
by salinity. The highest saline level (100 mmolL™’ NaCl) completely inhibited root

development in all varieties.

Ghosh et al. (2001) conducted a research with radish production to study salt stress by
NaCl. They applied NaCl at the rate of 0, 10, 20 and 30 g plot™ and the corresponding EC
values of 0.20, 0.71, 1.37 and 1.95dS m”, respectively. Growth and dry mater production
especially tubers were inhibited with increased salt level. The salt stress Iower downs the
total and marketable tuber yield by decreasing tuber size and average tuber weight. They
also found that NaCl content of leaves and tuber markedly increased with the increase of

the salt level.

Bilski et al. (1988) grown radish for 28 days in a greenhouse and were watered with 0-
120 mol NaCl/m® or 20-40 mol Na;;SO.;/m3 alone or in combination with 0-20 mol
CaSOy/m’, NaCl and Na,SO4. Watering with NaCl or Na,SO; also reduced the size of the

root of the plants.
2.5 Yield

Levy (1992) conducted three field trials in sandy loam soil in Israel to assess the response
of various radish cultivars to drip irrigation with water commonly used for irrigation (1.0-
1.4 dS m’™"), Saline water from 2 local well (6.1-6.9 dS m™) or a mixture of the two (3.8-
4.3 dS m™"). Salinity retarded seed germination, plant emergence and reduced the growth
of roots. Increasing the salinity progressively reduced the growth of root. Tncreasing the

salinity progressively reduced root yields. Application of the saline water 66 days after

13



planting was decreased tuber yields by 6-15% and 22-31% in the intermediate and the
high salinities, respectively. When irrigation with saline water was started soon after
planting, root yields were decreased by 0-17 and 21-79% in the intermediate and the high

salinities, respectively.

Efron et al. (1988) conducted an experiment on radish in Israel in 1987. They observed
that increasing salinity reduced root size, while root weight was less affected. Percentage

of dry matter (DM) of root increased slightly with increasing salinity.

Wongsamun et al. (1989) observed that radishes were suitable for sand or sandy loam
soils with negligible salinity. Farmer's procedures and cultural practices for growing plant
seeds for the following year's crop were studied. Radish needed little attention after

planting. Roots matured approximately within 3 months.

Caliandro et al. (2000) reported that salinity affects on soil fertility, plant physiology,
morphology, and yield and plant adaptability of radish in Italy. Result of experiment
catried out on the use of Brakish water on radish. Negative effects were observed due to
rising water salinity almost in each sifuation, both on morphological parameters (water

potential, photosynthesis, transpiration) and on yield.

Zhang et al. (2001) investigated possible carry over effects of moderate salt stress on the

production cycle. The yields of roots derived plants of two radish varieties, grown in both

14



non-saline and saline (NaCl) conditions. They were evaluated under non-saline and saline
irrigation (0 or 60 mM NaCl) in a green house trial. There was no effect on yield, no
apparent residual carry over effect of salt stress on plants. Irrigation with a 60 mM NaCl

solution depressed total root fresh weight in both varieties.

Yadav et al, (2001) grown radish in pots was treated with various levels of phosphorus (0,
30, 60 and 90 mg kg Soil) and five salinity levels 1.0 (control), 4, 6, 8 and 10 dSm™.
Result revealed that seeds germination was delayed by about 10 days at salinity level of
10 dS m™ EC compared to the control. The growth was delayed and yield was reduced

with increasing in salinity levels.
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CHAPTER 1I

MATERIALS AND METHOD

The study was undertaken during rabi season from December 2012 to March 2013 to
evaluate the effect of salinity on germination, growth, yield and yield attributing
characters of radish. Details of the materials and methods of the experiment are presented

in this chapter.

3.1 Experiment 1: Effect of different salinity levels on radish seed germination

3.1.1 Experimental site

The research work was conducted at the Molecular Horticulture Lab. Agrotechnology

Discipline, Khulna University, Khulna during December 2012 to March 2013.

3.1.2 Treatments

There are two factors-

Factor A: salinity levels- 4

So= Control (0.66 dS m™)
S;=4dSm”
S;=8dSm’
$;=12dSm™
Factor B: radish varieties- 3

V, = Tasakisan Mula-1 (BARI Mula-1)

16



V2= Druti (BARI Mula-3)
V3;=Red Bombay (Local variety)
3.1.3 Experimental design

The experiment was laid out in a factorial Completely Randomized Design (CRD) with

three replications.
Total number of petridishes = 3 (varieties) x 4 (salinity) x 3 (replication) = 36
3.1.4 Preparation of the solutions

Different concentrations of salt { 0.66 dS m™ 4 dS m", 8 dS m™ and 12 dS m™) were used
in the study. Required amount of common salt (NaCl) was estimated using the following

formula and added to distilled water to make the required solution of NaCL
Percent of salt = 0.064 x EC (dS m™)

To make 4 dS m™ salt solution 1.9 g sodium chioride (NaCl) was taken in a 1000 ml
volumetric flask and filled up to the mark with distilled water. Then 8 dS m™! and 12 dS

m™! salt solutions were prepared in the same way by taking 3.8 g L and 5.7 g L™ NaCl,

respectively.
3.1.5 Germination test

The germination test was conducted using petridish method. Two pieces of blotting
papers (soaked with distilled water and saline solutions) were used in each petridish as
substrate. Twenty five seeds for each variety were placed in each petridish at an equal

distance from one another. Each treatment was replicated three times. The solutions were
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used for germination of seeds and distilled water was used in control. The petridishes

were observed every day and respective solutions were supplied whenever required.
3.1.6 Data collection
3.1.6.1 Germination parameters

The petridishes were observed every day and the numbers of germinated seeds were
recorded. After one day of seed settings in petridishes, few of the seeds were germinated.
Within 7 days afier seed setting in petridishes maximum number of seeds were
germinated. A seed was considered to be germinated as seed coat ruptured, plumule and
radical came out. Germination count was expressed in percentage. The germination
percentage was calculated using the following formula-

Number of seeds germinated «
Total number of seeds placed in petridish

Germination (%) = 100

The rate/speed of germination was calculated using the following formula
(Krishnaswamy and Seshu, 1990).

Germination energy = Percentage of seeds germinated at 72 h (Bam et al., 2006).
Germination capacity = Percentage of seeds germinated at 168 h (Bam et al,, 2006).

Number of seeds germinated at 72 h .
Number of seeds germinated at 168 h

Speed of germination (%) = 100
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3.1.6.2 Root and shoot length measurement

Randomly selected five seedlings were taken from each peiridish to measure root and
shoot length. It was measured with a measuring scale and expressed in centimeters. Root

and shoot length of the seedlings were measured after 14 days of seed settings.

3.1.6.3 Dry weight of root and shoot measurement

After 14 days of seed settings the roots and shoots of the seedlings of each petridish were
wrapped with brown paper and dried in oven at 70° C for 48 hours. These were measured

by four digit balance and expressed in gram.
3.1.6.4 Statistical analysis

All the data collected were analyzed using analysis of variance (ANOVA) techniques
using F test. The differences between the treatment means were determined by using
Duncan’s New Multiple Range Test (DMRT). Functional relationships between salinity
level and germination percentage, salinity level and root and shoot length were developed

using simple linear regression analysis.

3.2 Experiment 2: Effect of different salinity levels on growth and yield contributing

characters of radish
3.2.1 Location

A pot experiment was conducted at the Germplasm Centre of Agrotechnology Discipline,
Khulna University, Khulna during the rabi season from December 2012 to March 2013.
Geographically the University as well as the experimental area is located in Ganges Tidal

Flood Plain Agro Ecological Zone (AEZ) 13 with 22° 47’ North latitude 89° 34’ East

longitude.
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3.2.2 Climate

The experimental site was under the subtropical humid climate and is characterized by
moderate high temperature and heavy rainfall during the kharif season (April-September)
and scanty rainfall with moderately low temperature during the Rabi season (October-
March). Records of weather conditions during the experimental period (December 2012

to March 2013) have been presented in (Appendix I).

3.2.3 Soil

The soil used in pots was collected from the garden of Germplasm Centre of
Agrotechnology Discipline, Khulna University, Khulna. The collected soil belongs to the
soil series Bazoa and Barisal. The average character of the soil was clay loam to clay. The
soil of this area contains low N and Zn, very low P, K and S were very high in soil. B, Ca,
‘Mg, Cu, Fe and Mn were present high in the soil (SRDI, 2008). After collecting the soil
it was sun dried and ground well. Then the soil debris was removed by sieving and the

soil was put into earthen pot after mixing with manure and fertilizer.

3.2.4 Preparation of pots

Earthen pots having 24.5 ¢m diameter at the top and 14 cm at the bottom were used. The
depths of the pot were 20.8 cm. Each earthen pot was filled-up with sun dried soil and
kept under natural light. Cowdung, Urea, TSP and MoP were uniformly incorporated to
the soil before pot filling. Cowdung (81.8 g}, N (500 mg), P (425 mg) and K (520 mg)
were applied in each pot. At the beginning of the pot preparation full dose of cowdung,
phosphorus, potassium and half dose of nitrogen were mixed with the soil. The rest half
dose of N was top dressed in two equal installments at 20 and 50 days after sowing

(DAS). The pots were pre-labeled for each variety and treatment.
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3.2.5 Planting materials

Three varieties of radish (Raphanus sativus. L) seeds were used as the planting material
in the experiment. They were Tasakisan Mula-1 (BARI Mula-1), Druti (BARI Mula-3)
and Red Bombay (Local variety) and denoted as V|, V, V3  respectively. Tasakisan
Mula-1 (BARI Mula-1) and Druti (BARI Mula-2) are developed and released by
Bangladesh Agricultural Research Institute (BARI) and Red Bombay is a Tocal variety.

The characteristics of three varieties of radish are given below:

Table 1: Morphological characteristics of three radish varieties

Variety Leaf margin Leaf hairiness | Leaf vain color Leaf end
Tasakisan Mula- | Not serrated Absent Light green Round
1 .
Druti serrated Present White Round
Red Bombay serrated Present Pink Intermediate
round
3.2.6 Collection of Seed

The experiment was conducted with seeds of radish cv. Tasakisan Mula-1 and Druti
which are BARI registered variety and the Red Bombay variety is originated from India.

Seeds of all the varieties were obtained from the Capital Seed House, Nirala, Khulna.

3.2.7. Soaking

Seeds were soaked in water for 24 hours and then wrapped with a piece of thin cloth prior
to planting. Then they were spreaded over polythene sheet for 2 hours to dry out surface

water. This treatrment was given to help quick germination of seeds.
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3.2.8 Seed sowing

Radish seeds of the tested varieties were sown in pots on 2 December 2012. Required
amounts of seeds were sown in each pot. After seed sowing, the pots were watered and
the soil of the pots was kept well moisture to ensure proper germination of the seeds.

Other cultural practices were done wheneven required i.e. timely weeding and water

supply.
3.2.9 Intercultural operations

Seedling emergence was completed within ten days after sowing seeds. Seedlings were
thinned out timely. Only three plants were kept in each pot and extra plants were uprooted
when the plants were established. Weeding was done when needed. Besides this,

irrigation was continued upto harvest at three days interval.

3.2.10 Preparation of salt solution

in the study. Required amount of common salt (NaCl) was estimated using the following

formula and added to distilled water to make the required solution of NaCl.
Percent of salt = 0.064 x EC (dS m™)

To make 4 dS m™ salt solution 1.9 g sodium chloride (NaCl) was taken in a 1000 ml
volumetric flask and filled up to the mark with distilled water. Then 8 dS m™ and 12 dS
m™' salt solutions were prepared in the same way by taking 3.8 g L™ and 5.7 g L NaCl,

respectively.
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3.2.11 Treatments

The experiment was designed to study the effect of growth, yield and yield attributes of

radish. Thus the experiment consisted of two factors.
Factor A: salt solutions-4

So= Control (0.66 dS m™)

Si=4dSm™

S;=8dSm”

$3=12dSm™

The required amount of salts was dissolved in each one liter of water and the solutions
were then poured uniformly into the pots to get homogenous distribution. Salinity

treatments were given in each pot regularly at 15 days interval.
Factor B: radish varieties-3

V| = Tasakisan Mula-1 (BARI Mula-1)

V2= Druti (BARI Mula-3)

V3= Red Bombay (Local variety)

3.2.12 Experimental design

The two factor experiment was laid out in a factorial Completely Randomized Design
(CRD) with three replications. Factor A consisted of four salt levels (0 dS m™ 4 dSm™ 8
dS m™ and 12 dSm™ of EC) while factor B consisted of three radish varieties Tasakisan
Mula-T (BART Mula-I}, Druti (BARI Mulfa-3) and Red Bombay (Local variety).

23



Number of pots = 3 (varieties) x 4 (salinity) x 3 (replication) = 36
Extra pots were kept for installment harvesting for each treatment.
3.2.13 Data collection

The data were collected from 36 randomly selected pot of plants tagged at the different
stage of growth. Data on the following parameters were collected from the sample plants
during the experimentations. For data collection at different growth stages, three (3)
plants were selected from each treatment. To ensure growth, one harvest was done at 90
DAS. At final harvest, the sampled plants were kept into paper bag and carried out to the
laboratory. The plant parts were separated into shoots, roots and leaves and their fresh and
dry weight were taken. The separated different parts were dried at 70° C for 48 hours
prior to recording the dry weight. The following data were collected by three plants from

gach treatment.
3.2.13.1 Number of leaves

The number of leaves per plant was counted after final harvesting. The leaves of each

plant were counted separately. Only the fully opened leaves were included in the count.

3.2.13.2 Weight of fresh leaves

Fresh leaves of the above mentioned selected plants were collected and the total leaf per

plant was recorded in gram (g).
3.2.13.3 Length of leaves

The length of leaf blade was recorded from the base to the tip with the help of a

centimeter scale.
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3.2.13.4 Width of the leaves
The width of the biggest leaf was measured in centimeter (cm) at the widest position.
3.2.13.5 Weight of dry leaves

After harvesting leaves were weighed and dried in an oven at 70° C for 48 hours. The dry

weight was then measured in gram (g).
3.2.13.6 Weight of fresh roots

Roots of the selected plants were detached by a knife and after cleaning soil and fibrous
roots fresh weight was taken by a balance in gram (g) and then the average value was

calculated.
3.2.13.7 Length of root

The average length of the roots was measured in centimeter (cm) with the help of a scale
from the proximal end of the root to the last point of the tapered end of the root (distal

end) in each treatment.
3.2.13.8 Diameter of root

To measure the diameter of the root a slide calipers was used. Average diameter of the
root was measured in centimeter (cm) at the time of harvest at the thickened portion of the

root.

3.2.13.9 Weight of dry roots

Roots were weighed and dried in sun and then dried in an oven at 70° C for 48 hours. The

dry weight was then measured by using electric balance.
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3.2.13.10 Yield

The weight of all roots from each treatment was recorded and the yield (g/plant) was

recorded.

3.2.14 Statistical analysis

All the data collected were analyzed using analysis of variance (ANOVA) techniques
using F test. The differences between the treatment means were determined by using
Duncan’s Multiple Range Test (DMRT) at 1% and 5% level of significance. Functional
relationships between salt concentration and yield, number of leaf per plant and yield,
root length and yield, leaf fresh weight and yield were developed using simple linear

regression analysis.
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CHAPTER IV
RESULTS AND DISCUSSION
4.1 Experiment 1: Effect of different salinity levels on radish seed germination
4.1.1 Germination parameters

All the studied germination parameters viz. germination percentage, germination energy
(%), germination capacity (%) and germination speed (%) are presented in tables and

figures in this section.
4.1.1.1 Germination percentage

The germination percentage was differed significantly among the varieties (Appendix II).
The range of germination percentage was 82.33 to 86.33 % (Table 2). The highest
germination percentage (86.33%) was observed in Tasakisan Mula-1 which was
statistically similar to Druti (85.00%). The improved variety Red Bombay was inferior to

Tasakisan Mula-1 and Druti whose germination percentage was 82.33% (Table 2).

There was significant variation in germination percentage from different salinity levels,
The highest germination percentage (95.55%) was found at control (0.66 dS m™) while 12

dS m™ treatment gave the lowest (72.88%) results (Table 3).

Seed germination percentage differed significantly due to interaction of different radish
varieties and different levels of salinity (Appendix II). Germination percentage ranged
between 70.66 to 97.33%. The highest germination percentage (97.33%) was found in
Tasakisan Mula-1 with distilled water and lowest germination percentage (70.66%) was

recorded in Red Bombay at 12 dS m™ level of salinity (Table 4).
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Jeannette et al. (2002) reported seed germination is not significantly affected up to 16.3
dS m”, but is severely inhibited when salinity increased to 22 dS m™. Demir and Arif
(2003) also demonstrated that the suppression of germination at high levels might be

mainly due to osmotic stress and salinity also decreased germination percentage.
4.1.1.2 Germination energy (%)

There was significant variation in germination energy among the three radish varieties
(Appendix II). The maximum germination energy (79.00%) was observed in Tasakisan
Mula-1 which was statistically similar to Druti (75.33%) and minimum (74.00%) was in

Red Bombay (Table 2).

Different salinity levels affected the germination energy of seeds significantly (Appendix
II). The highest germination energy (89.33%) was found at control treatment and the

lowest germination energy (62.22%) at 12 dS m! salinity level (Table 3).

The interaction effect of seeds of radish varieties and different salinity level on
germination energy was found significant (Appendix II). The highest germination energy
(92.00%) was observed in Tasakisan Mula-1 at control condition and the lowest (58.66%)
was recorded in Red Bombay at 12 dS m™ salinity level (Table 4). Marcelis (1999) also

reported variation in germinability across varieties in radish.
4.1.1.3 Germination capacity (%)

The germination capacity was differed significantly among the varieties (Appendix II).
The range of germination capacity was 82.33 to 86.33 % (Table 2). The highest
germination capacity (86.33%) was observed in Tasakisan Mula-1 which was statistically
similar to Druti (85.00%). The improved variety Red Bombay was infetior to Tasakisan

Mula-1 and Druti whose germination capacity was 82.33% (Table 2).

28



Table 2: Varietal differences on germination parameters among three radish varieties

Varieties Germination Germination Germination Germination
percentage energy (%) capacity (%) speed (%)
Tasakisan Mula- 86.33 a 79.00 a 86.33a 91.37a
1
Druti 85.00a 7533 a 85.00a 88.29b
Red Bombay 82.33 b 74.00 b 82.33b 89.59b
Level of 0.01 0.01 0.01 0.05
significance
CV (%) 335 3.50 3.35 439

The figures having different letter(s) in a column are significantly different at 1% or 5% level and
figures having same letter(s) in a column are not significantly different by DMRT.

Table 3: Effect of different levels of salinity on germination parameters of three radish

varieties
Salinity levels Germination Germination Germination Germination
(EC dS m™) percentage energy (%) capacity (%) speed (%)
0 (0.66) 95.55a 89.33a 95.55a 93.51a
4 87.11b 79.55b 87.11bH 9141 a
8 82.66 b 73.33¢ 82.66 b 88.82b
12 72.88 ¢ 62.22d 7288 ¢ 85.26b
Level of 0.01 0.01 0.01 0.01
significance
CV (%) 3.35 3.50 3.35 4.39

The figures having different letter(s) in a column are significantly different at 1.% or 5% level and
figures having same letter(s) in a column are not significantly different by DMRT.
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Table 4. Interaction effect of varieties and different salinity levels on germination

parameters of three radish varieties

Salinity levels Variety Germination | Germination | Germination | Germination
(EC dSm™) percentage energy (%) capacity (%) speed (%)
Tasakisan 9733 a 92.00a 9733 a 94.55
Mula-1
Druti 96.00 ab 89.33 be 96.00 ab 93.05
0 (0.66)
Red Bombay 9333 ab 86.66 be 93.33 ab 92.93
Tasakisan 89.33 cd 81.33 be 89.33 cd 91.10
Mula-1
Druti 88.00 cd 80.00 ¢ 88.00 cd 90.95
4
Red Bombay 84.00 cd 77.33 de 84.00 cd 92.19
Tasakisan 82.66 de 74.66 de 82.66 de 90.39
Mula-1
Druti 84.00 d 72.00 de 84.00d §5.84
8
Red Bombay 81.33e 73.33 de 81.33e 90.23
Tasakisan 76.00 ef 68.66 fg 76.00 ef 89.45
Mula-1
Druti 72.00 ef 60.00 g 72.00 ef 83.32
12
Red Bombay 70.66 £ 58.66 i 70.66 £ 83.00
Level of 0.01 0.05 0.01 NS
significance
CV (%) 3.35 3.50 3.35 439

The figures having different letter(s) in a column are significantly different at 1% or 5% level and
figures having same letter(s) in a column are not significantly different by DMRT.

NS = Non significant
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There was significant variation in germination capacity from different salinity levels
(Appendix IT). The highest germination capacity (95.55%) was found at control (0.66 dS

m™) while 12 dS m™ treatment gave the inferior (72.88%) results (Table 3).

Germination capacity differed significantly due to interaction of different radish varieties
and different levels of salinity (Appendix II). Germination capacity ranged between
70.66 to 97.33%. The highest germination capacity (97.33%) was found in Tasakisan
Mula-1 with distilled water and lowest germination capacity (70.66%) was recorded in

Red Bombay at 12 dS m™ level of salinity (Table 4).
4.1.1.4 Germination speed (%)

There was significant variation in germination speed among the three radish varieties
(Appendix II). The maximum germination speed (91.37%) was observed in Tasakisan

Mula-1 and minimum (88.29%) was in Druti (Table 2).

Different salinity levels affected the germination speed of seeds significantly (Appendix
IT). The highest germination speed (93.51%) was found at control treatment and the

lowest germination speed (85.26%) at 12 dS m™" salinity level (Table 3).

The interaction effect of seeds of radish varieties and different salinity level on
germination speed was not significant (Appendix IT). However, numerically the highest
germination speed (94.55%) was observed in Tasakisan Mula-1 at control condition and

lowest (83.00%) was recorded in Red Bombay at 12 dS m™ salinity level (Table 4).
4.1.2. Growth parameters

All the studied growth parameters viz. shoot length (cm) seedling'l, root length (cm)
seedling”, dry weight of shoot (g) seedling”, dry weight of root (g) seedling” are
presented in tables and figures in this section.
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4.1.2.1. Shoot length (cm) seedling

Radish varieties differ significantly (Appendix II) in shoot length and the range was from
6.61 cm to 6.27 cm (Table 5). The highest shoot length (6.61 cm) was found in Tasakisan

Mula-1. The lowest shoot length (6.27 cm) was recorded from Red Bombay.

Varietal differences in shoot length were reported by Zaman ef al. (1995) and they also

observed that plant height was decreased with increasing salinity.

Shoot length varied greatly across salinity levels. As the salt concentration increased,
shoot length reduced. Shoot length varied from 7.27 cm to 5.50 cm (Table 6). The highest
shoot length (7.27 cm) was recorded from control treatment. The lowest shoot length

(5.50 cm) was recorded at 12 dS m™ EC.

The interaction effect of shoots length of different radish varieties and different salinity
level was significant (Appendix II). Shoot length varied from 7.54 ¢m to 5.26 cm (Table
7). The highest shoot length (7.54 cm) was found in Tasakisan Mula-1 at control level.
The lowest shoot length (5.26 cm) was noticed from Red Bombay at 12 dS m™ level of

salinity.

The results of the present study was in agreement with Gupta et al., (1993) who reported

that shoot length generally decreased with increasing salinity levels.
4.1.2.2. Root length (cm) seedling™

There was significant variation in root length among the three radish varieties (Appendix
II). The maximum (6.29 cm) was observed in Tasakisan Mula-1 which was statistically

similar to Druti (6.08 cm) and minimum (5.96 cm) was in Red Bombay (Table 5).

32



Table 5. Varietal differences on length and dry weight of shoot and root among the three

radish varieties
Varieties Shoot length Root length Dry weight of | Dry weight of
(cm) seedling™ | (cm) seedling™ shoot (g) root (g)
seedling™ seedling™
Tasakisan Mula- 6.61 a 6.29a 0.028 a 0.024 a
1
Druti 6.42a 6.08 a 0.022 a 0.021 a
Red Bombay 6.27b 596 b 0.018b 0.018b
Level of 0.01 0.01 0.01 0.01
significance
CV (%) 2.13 4.82 23.20 11.72
The figures having different letter(s) in a column are significantly different at 1% or 5% leveland

Table 6. Effect of salinity levels on length and dry weight of shoots and roots

three radish varieties
Salinity levels Shoot length Root length Dry weight of | Dry weight of
(ECdSm™) | (cm)seedling” | (cm) seedling™ shoot (g) root (g)
seedling™ seedling
0 (0.66) 727 a 6.99a 0.036 a 0.032a
4 6.84Db 6.55a 0.025 a 0.025 ab
8 6.12¢c 586b 0.019b 0.017b
12 5.50d 5.04c 0.011b 0.009 ¢
Level of 0.01 0.01 0.01 0.01
significance
CV (%) 2,13 4.82 23.20 11.72

The figures having different letter(s) in a column are significantly different at 1% or 5% level and

figures having same letter(s) in a column are not significantly different by DMRT.
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Table 7. Interaction effect of varieties and salinity levels on length and dry weight of

shoots and roots among the three radish varieties

Salinity levels variety Shoot length | Root length | Dry weight of | Dry weight of
(EC dS m™) (cm) {cm) shoot (g) root (g)
seedling™ seedling” seedling™ seedling’
Tasakisan 7.54a 724 a 0.048a 0.037
Mula-1
0 (0.66) Druti 7.22 ab 6.96 ab 0.033 ab 0.032
Red Bombay 7.06 ab 6.76 ab 0.027b 0.027
Tasakisan 6.95 be 6.87 ab 0.030 ab 0.028
Mula-1
4 Druti 6.85cd 6.55 be 0.025 be 0.025
Red Bombay 6.72 cd 6.24 cd 0.021 ¢ 0.023
Tasakisan 6.21 de 584e 0.022 be 0.019
Mula-1
8 Druti 6.12de 5.87cd 0.018 c¢d 0.017
Red Bombay 6.03 e 5.86cd 0.016 cd 0.014
Tasakisan 573f 520 ef 0.013 cd 0.011
Mula-1
Druti 550f 493 ¢g 0.011 ef 0.009
12 Red Bombay 526f 5.00e 0.010 ef 0.006
Level of 0.05 0.01 0.05 NS
significance
CV (%) 2.13 4.82 23.20 11.72

The figures having different letter(s) in a column are significantly different at 1% or 5% level and

figures having same letter(s) in a column are not significantly different by DMRT.

NS = Non significant
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Salinity also influences the root length (Table 6). The maximum length of roots (6.99 cm)
was obtained from the control level and the minimum (5.04 cm) was recorded when seeds
were subjected to 12 dS m™ EC. Gupta ef al. (1993) observed increased root length at
moderate salinity levels (7.5 d$ m™) that do not support the result of the present study.
However, Zaman et al., (1995) showed a significant reduction in root length due to

salinity that is similar to the result of the present experiment.

Root length due to interaction effect of different radish varieties and different levels of
salinity was found significant (Appendix II). Root length of radish varieties of different
salinity level varied from 7.24 cm to 4.93 cm. The maximum rooti length was recorded in
Tasakisan Mula-1(7.24 cm) with contro] and the minimum was in Druti (4.93 cm) at 12

dS m™ level of EC (Table 7).

4.1.2.3. Dry weight of shoot (g) seedling™

Radish varieties show significant differences (Appendix II) in dry weight of shoots. Shoot
weight varied from 0.028 g to 0.018 g (Table 5). The highest shoot dry weight (0.028 g)
was found in Tasakisan Mula-1 which was statistically similar to Druti (0.022 g). The

lowest shoot dry weight (0.018 g) was found in Red Bombay (Table 5).

Different level of salinity had significant effect on dry weight of shoot (Table 6). The dry
weight of shoot was reduced with the increase in salt concentration. The highest dry
weight of shoots (0.036 g) was found in control and the lowest dry weight of shoots

(0.011 g) was recorded when seeds were subjected to 12 dS m™.

Interaction between salt levels and varieties had significant effect on dry weight of shoots

(Appendix II). The maximum weight of dried shoots (0.048 g) was found in Tasakisan
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Mula-1 at control. The lowest weight of dried shoots was found in Red Bombay (0.010 g)

at 12 dS m™ level of salinity (Table 7).
4.1.2.4. Dry weight of roots (g) seedling™

Radish varieties show significant differences (Appendix IT) in dry weight of roots. Roots
dry weight varied from 0.024 g to 0.018 g (Table 5). The highest roots dry weight was
found in Tasakisan Mula-1 (0.024 g) which was statistically similar to Druti (0.021 g).

The lowest roots dry weight was found in Red Bombay (0.018 g) (Table 5).

Different level of salinity had significant effect on dry weight of roots (Table 6). The
highest dry weight of roots (0.032 g) was found in control treatment and the lowest dry

weight of roots (0.009 g) was recorded from 12 dS m™ level of salinity (Table 7).

Interaction between salinity levels and varieties on dry weight of roots was not
statistically significant (Appendix II}. The weight of dried roots of radish varieties at
different salinity levels varied from 0.037g to 0.006 g (Table 7). The maximum roots
weight was recorded in Tasakisan Mula-1 (0.037 g) at control treatment while the

minimum was found in Red Bombay (0.006 g) at 12 dS m™.

In response of length and dry weight of shoots and roost all the varieties showed
reduction with the increase in salinity. The varieties showed well performances in control
level at all growth parameters but showed inferior performance with the increase of
salinity levels. The reasons for decreasing the length of plants may be due to the fact that
high concentration of soluble salts created high osmotic pressure, which disturbed the

uptake of water and other nutrients (Heenan et al. 1988).
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4.1.3 Functional relationship

The response of germination percentage in different salt solutions was compared using
simple linear regression analysis. Germination percentage decreasing with the increasing
of salinity level (Fig. 1). A linear but negative relationship existed between salinity level
and germination percentage of different radish seeds and expressed by the equation of
Y=-1.811x+95.41 (R’>=0.982), respectively, where R is highly significant. That means

98.2% germination variation was found due to salinity.

y=-1.811x + 9541
R2=0.982

Germination percentage (%)
Yol
o

0 2 4 6 8 10 12 14

Salinity level (dS m™)

Figure 1. Functional relationship between salinity level and germination percentage

It is obvious from Fig. 1 that is a steep linear reduction in germination (%) was evident as

the salt concentration increased.

Germination energy decreasing with the increasing of salinity level (Fig. 2). A linear but
negative relationship existed between salinity level and germination energy of radish
seeds and expressed by the equation Y=-2.188x+89.24 (R*=0.989), respectively, where R
is significant. That means 98.9% variation of germination energy was found due to

salinity.
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Figure 2. Functional relationship between salinity level and germination energy

It was found that the germination capacity decreasing with the increasing of salinity level
(Fig. 3). A linear but negative relationship existed between salinity level and germination
capacity of radish seeds and expressed by the equation Y=-1.811x+95.41 (R’=0.982),
respectively, where R is significant. That means 98.2% variation of germination capacity

was found due to salinity.

y=-1.81Ix+95.41
R2=0.982

Germination capacity (%)
8

88

86

84 . . - . =N
0 2 4 6 8 10 12 14

Salinity levet (dS m!)

Figure 3. Functional relationship between salinity level and germination capacity
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In (Fig. 4) it was found that a linear but negative relationship existed between salinity
level and germination speed and expressed by the equation Y=-0.683x+93.85 (R*=0.985),
respectively. The value (R?=0.985) suggest that over 98.5% of the variation in

germination speed could be explained by the variation in the salinity level.
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Figure 4. Functional relationship between salinity level and germination speed

In (Fig. 5) it was found that a linear but negative relationship existed between salinity
level and shoot length and expressed by the equation Y=-0.150x+7.337 (R?=0.990),
respectively. That means 99% variation of shoot length was found due to salinity.

y=-0.150x + 7.337
R?=0.990

Shoot length (cm)
QO = N W A Y~ m‘

V] 2 4 6 8 10 12 14
Salinity level (dS m)

Figure 5. Functional relationship between salinity level and shoot length in radish

varieties
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It was found that the root length decreasing with the increasing of salinity level (Fig. 6).
A linear but negative relationship existed between salinity level and root length of radish
seeds and expressed by the equation Y=-0.163x+7.091 (R’=0.983), respectively, where R
is significant. That means 98.3% variation in root length could be explained by the

variation in the salinity level.

! 87 y =-0.163x +7.091
| 7 4 R =0.983
5.
|
5
g2
1
B Jrensisny o
0 2 4 6 8 10 12 14
Salinity level (dS m!}

Figure 6. Functional relationship between salinity level and root length in radish varieties

The results are in agreement with those of Ahmad ez al/, (2000) who reported that salinity
significantly affected plant height, fresh weight as well as dry weight of root and shoot.

Although due to salinity both root and shoot length decreased but the rate of reduction in

root length was more than that of shoot length.
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Control x Tasakisan Mula-1

8 dS m’! x Tasakisan Mula-1 12 dS m™ x Tasakisan Mula-1

Plate 1. Seedlings of Tasakisan Mula-1 at 14 days after germination (DAG) at different salinity
level
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Control x Druti 4 dS m™! x Druti

A

8dSm’! x Druti 12dS m™ x Druti

Plate 2. Seedlings of Druti at 14 days after germination (DAG) at different salinity level

42




4.2 Experiment 2: Effect of different salinity levels on growth and yield contributing

characters of radish

The results of the experiment as influenced by the effect of different salinity levels,
varieties and their interaction on growth and yield contributing characters are presented in

tables and figures in this section.
4.2.1 Number of leaves per plant

Leaves per plant are one of the most important characters of radish. A significant
variation (Appendix III) was recorded among the radish varieties for producing the
number of leaves per plant (Table 8). The highest (13.05) number of leaves was produced
by Tasakisan Mula-1 and the lowest (12.58) was found in Red Bombay. It was observed
from the experiment that Tasakisan Mula-1 was the highest resistant variety for producing

number of leaves and which was in agreement with Druti (Table 8).

The highest number of leaves (14.33) was found in contro! treatment and the lowest
number of leaves was (11.44) in the highest salinity level at 12 dS m™. The number of
leaves significantly higher in control plant, which was gradually decreased with the

increase in salinity levels (Table 9).

Interaction between varieties and different salinity levels on number of leaves per plant
was found significant (Appendix IIT). The highest number of leaves (14.44) was recorded
from Tasakisan Mula-1, under contro! condition and the lowest (11.22) were found in
Druti at 12 dS m™ level of salinity. In all cases, the number of leaves per plant was
decreased with increased in the level of salinity (Table 10). Mangal et al, (1993)

reported that most plants had fewer leaves those were exposed to saline condition.
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4.2,2 Weight of fresh leaves

Fresh weight of leaves gives an identification of leaf age of the plant. The leafage
indicates the size of the photosynthetic system. The leaf fresh weight, among the varieties
was significantly (Appendix IIT) varied at final harvest. The highest amount of leaf fresh
weight (257.94 g) was observed in Tasakisan Mula-1 where Druti produced statistically
similar to Tasakisan Mula-1. The minimum leaf fresh weight (246.30 g) was recorded
from Red Bombay at final harvest (Table 8). Result of the present study showed that
Tasakisan Mula-1 was the highest resistant variety for producing leaf fresh weight and

which was followed by Druti.

A significant variation in leaf fresh weight was observed in different salinity levels (Table
9). The maximum leaf fresh weight (277.96 g) was obtained from control and the

minimum leaf fresh weight (216.29 g) was found in 12 dS m™ salinity level (Table 9). It
was found from the experiment that leaf fresh weight decreased gradually with the

increase of salinity levels.

The interaction effect among the varieties with different salinity levels on leaf fresh
weight was showed significant variation (Appendix III). The variety Tasakisan Mula-1
produced the highest amount of leaf fresh weight (281.99 g) at control and the lowest
(212.11 g) was obtained from 12 dS m™ salinity level for the variety Red Bombay (Table
10). Rashid er al.,, (1983) found the differences in weight of fresh leaves among four

radish cultivars which was significant at 1% level.
4.2.3 Length of leaves
There was a significant variation in length of leaves among the three radish verities

(Appendix IIT). The highest length of leaves (28.99 c¢m) was found in Tasakisan Mula-1
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and the lowest one (27.27 cm) was observed in Red Bombay (Table 8). It was found from

the experiment that Tasakisan Mula-1 was the resistant variety for producing highest leaf

length.

Different salinity levels affected length of leaves significantly. The highest leaf length
(31.77 cm) was found at control treatment and the lowest leaf length was (24.40 cm) at 12
dS m™ salinity level. Plants in control treatment had the highest length of leaves, which
was gradually decreased with the increase in salinity levels (Table 9). However, the
decrease was perceptible even at the level of salinity and it was significantly different at

the highest level of salinity.

The interaction effect of genotypes and different salinity levels on length of leaves was
not significant (Appendix IIT). However, numerically the highest leaf length (32.33 cm)

was observed in Tasakisan Mula-1 at control condition and the shortest (23.88 cm) was

recorded in Red Bombay at 12 dS m™ level of salinity (Table 10).
4.2.4 Width of leaves

Tasakisan Mula-1 was recorded superior in respect of leaf width (7.93 cm) which was
statistically similar to Druti. Lowest leaf width was obtained from Red Bombay (7.70 cm)

(Table 8).

Different salinity levels affected leaf width significantly (Appendix II). The highest leaf
width (9.20 cm) was recorded from the control treatment and the lowest leaf width (6.44
cm) was at 12 dS m™’ salinity level. Plants in control treatment had the highest leaf width,

which gradually decreased with the increase in salinity (Table 9).

The interaction effect of varieties and different salinity levels on leaf width was not

significant (Appendix III). However, numerically the highest leaf width (9.27 cm) was
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observed in Tasakisan Mula-1 with control condition and the shortest (6.16 cm) was
recorded in Red Bombay at 12 dS m™ level of salinity (Table 10}, Other combinations

showed the medium leaf width.
4.2.5 Leaf dry weight

Significant variation was found among the varieties in respect of dry weight of leaves
(Table 8). The maximum leaf dry weight (17.50 g) was observed in Tasakisan Mula-1
which was statistically identical to Druti and the minimum (16.90 g) leaf dry was
produced in Red Bombay (Table 8). It was found from the experiment that Tasakisan
Mula-1 and Druti were the higher resistant varieties for producing leaf dry weight and

Red Bombay was susceptible.

The maximum leaf dry weight (20.22 g) was found in the control treatment and the
minimum (14.00 g) was found in 12 dS m™ level of salinity (Table 9). It was found from
the experiment that leaf dry weight decreased gradually with the increase of salinity

levels.

The interaction effect of varieties with different salinity levels for leaf dry weight was not
significant (Table 10). However, numerically the maximum leaf dry weight (20.50 g) was
found in contral level with Druti and the minimum (13.41 g) was obtained in 12 dS m™
level of salinity with Red Bombay. Gardner ef al. (1984) mentioned that leaf dry weight

decreased gradually with the increase of salinity levels.

4.2.6 Root fresh weight

Significant variation was found among the varieties in respect of fresh weight of root
(Appendix III). Fresh weight of roots varied from 258.80 g to 281.23 g. The highest fresh

weight of roots was observed in Tasakisan Mula-1 (281.23 g) and the lowest (258.80 g)
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was observed in Red Bombay. But intermediate yield production was found in the variety
Druti (264.87 g). It was found from the experiment that Tasakisan Mula-1 was the highest

resistant variety for producing maximum root fresh weight.

Different salinity levels affected root fresh weight significantly. The highest root fresh
weight (313.66 g) was at control treatment and the lowest root fresh weight (190.57 g)
was at 12 dS m™ salinity level. Plants in control treatment had the highest root fresh

weight, which gradually decreased with the increase in salinity level (Table 9).

Significant variation was found among the varieties with different salinity levels on root
fresh weight (Appendix III). The variety Tasakisan Mula-1 produced the highest root
fresh weight (321.11 g) at control level and the lowest (186.32 g) was obtained from 12
dS m™ salinity level for the variety Red Bombay (Table 10). It was found from the
experiment that roots fresh weights were gradually decreased with increased salinity

levels.

This is in agreement with the results reported by Mack (1979); Fritz and Weighmann

(1979); and Salter et al. (1979).

4.2.7 Root dry weight (g)

(Table 8). The maximum root dry weight (29.80 g) was observed in Tasakisan Mula-1
and the minimum (27.39 g) in Red Bombay (Table 8). It was found from the experiment
that Tasakisan Mula-1 was the higher resistant variety for producing leaf dry weight and

Red Bombay was susceptible.

The maximum root dry weight (31.68 g) was found in the control treatment and the

minimum (23.55 g) was found in 12 dS m™ level of salinity (Table 9). It was found from
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the experiment that root dry weight decreased gradually with the increase of salinity

levels.

Significant variation was found in the interaction effect of varieties with different salinity
levels for root dry weight (Table 10). The maximum root dry weight (32.62 g) was found
in control with Tasakisan Mula-1 and the minimum (22.59 g) in 12 dS m™ level of

salinity with Red Bombay.
4.2.8 Root length (cm)

The mean length of root of three radish varieties ranged from 16.45 cm to 15.35 cm
(Table 8). The maximum length (16.45 cm) of root was found in Tasakisan Mula-1 and

the minimum root length (15.35 cm) was found in Red Bombay.

The length of root was significantly affected by the salinity levels (Table 9). The
maximum (18.25) root length was found in control treatment and that was the lowest

12.95 cm in 12 dS m™ level of salinity (Table 9).

Significant variation was found in the interaction effect of varieties with different salinity
levels for root length (Table 10). The maximum root length (18.55 cm) was recorded in
control with Tasakisan Mula-1 and the minimum (12.27 ¢m) in 12 dS m™ level of salinity

with Red Bombay (Table 10).

4.2.9. Root diameter (cm)

The mean values of root diameter varied markedly among the varieties under the study

(Table 8). The highest diameter (4.92 cm) was found in the variety of Tasakisan Mula-1

and that was minimum in Red Bombay (4.74 cm) (Table 8).
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The highest root diameter (5.19 cm) was found in control treatment and the lowest (4.40
cm) in the highest salinity level at 12 dS m™. The root diameter was significantly higher
in control plant, which was gradually decreased with the gradual increase in salinity

levels (Table 9).

Interaction between varieties with different salinity levels on root diameter was found
significant (Appendix III). The highest root diameter (5.24 cm) was recorded in Tasakisan
Mula-1 under control condition and the lowest (4.24 cm} were found in Red Bombay at12

dS m™ level of salinity (Table 10).

4.2.10 Yield (g/ plant)

Significant variation was found among the varieties in respect of the vield which indicates
the weight of fresh roots (Appendix III). Fresh weight of roots in three varieties varied
from 258.80 g to 281.23 g. The highest fresh weight of roots was observed in Tasakisan
Mula-1 (281.23 g). The lowest (258.80 g) root fresh weight was observed in Red
Bombay. But intermediate yield production was found in the variety Druti (264.87 g).
There was statistically significant variation was observed in different salinity levels
{Table 9). The highest root fresh weight (313.66 g) was at control treatment and the
lowest roat fresh weight was (190.57 g) at 12 dS m’! salinity level. Plants in control
treatment had the highest root fresh weight, which gradually decreased with the increase

in salinity levels (Table 9).

Significant variation was found in the interaction effect of varieties with different salinity
levels on root fresh weight (Table 10). The varieties Tasakisan Mula-1 produced the
highest root fresh weight (321.11 g) at control level and the lowest (186.32 g) was
obtained from 12 dS m™ salinity level for the variety Red Bombay (Table 10). Varieties

showed gradually decreased root fresh weight with increased salinity levels.
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4.2.11 Functional relationship

The yield decreasing with the increasing salinity level (Fig. 7). A linear but negative
relationship existed between salinity level and yield (g/plant) of radish varieties and
expressed by the equation y=-9.786x+327.0 (R*=0.8630), respectively, where R is highly

significant (Fig. 7). That means 86.30% vyield variation was found due to salinity.

aulk 3 y=-9.786x + 327.0
300 3 R?=0.863
. 250 -
g !
g 20 +
g, 150
3 100
> 50 1
0 2 4 6 8 10 12 14
. Salinity level (ds m")

Figure 7. Functional relationship between salinity level and yield

The yield increases with the increasing number of leaf per plant (fig. 8). A linear but
positive relationship existed between number of leaf per plant and yield (g/plant) of
radish varieties and expressed by the equation y=38.22x-219.5 (R2=0.780), respectively,
where R was significant (fig. 8). That means 78.00% yield increased due to increasing of

number of leaf per plant.

y=38.22x-219.5 y/&
R2=0.780

200 , ®
|
|

Yield g / plant

0 5 10 15 20
_ Noof leafperplant

Figure 8. Functional relationship between number of leaf per plant and yield
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It was found that yield increased with the increasing of root length (Fig. 9). A linear but

positive relationship existed between root length and yield (g/plant) and expressed by the

equation Y= 23.59x-103.8 (R>= 0.931), where the value of R referred that 93.10% yield

increased with increasing root length.

350 -
_ 300 -
g5 250 - y=23.59x-103.8
B 200 - R2=0.931
o 150 |
2 |
£ 100 4
50 |
0o | )
0 5 10 15 20
L Root length (cm)

Figure 9. Functional relationship between root length and yield

In (Fig. 10) it was found a positive linear relationship between leaf fresh weight and yield

(g/plant). The equation was Y=2.033x-244.0 (R*=0.979). The value of R referred that

97.90% yield variation were found due to variation of leaf fresh weight.

350 -

300

250 y=2.033x - 244.0
200 - R2=0.979

150 -
100 -
50

Yield g / plant

0 50 100 150 200 250 300

Leaf fresh weigth (g)

Figure 10. Functional relationship between leaf fresh weight and yield
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CHAPTER V

SUMMARY AND CONCLUSION

An experiment was conducted at the Molecular Horticulture Lab. Agrotechnology
Discipline, Khulna University, Khulna to observe the effect of different level of salinity
on germination parameters and growth parameters of three different radish varieties and a
pot experiment was conducted at the Germplasm Centre of Agrotechnology Discipline,
Khulna University, Khulna during the rabi season from December 2012 to March 2013
with three radish varieties to study the effect of salinity levels on growth, yield and yicld
contributing characters. The seeds of three radish varieties Tasakisan Mula-1 (BARI
Mula-1), Druti (BARI Mula-3), Red Bombay (Local variety) were used in the study. Four
different concentrations of NaCl along with distilled water were used as treatment

variables in the experiment.

To observe the effect of different level of salinity on above three radish varieties seeds of
the each variety were treated with salinity levels of 0 (0.66) dS m™, 4 dS m™, 8 dS m™!
and 12 dS m™. The experiments were laid out in a factorial Completely Randomized
Design (CRD) with three replications. Germination test was performed following the
petridish method. Germination was counted at an interval of 24 hour and continued for

seven days and was expressed in percentage.

There was wide variation in germination parameters, length and dry weight of shoot and
root among radish varieties due to different level of salinity. The highest germination
percentage (86.33%), germination energy (79.00%), germination capacity (86.33%) and

germination speed (91.37%) were observed in Tasakisan Mula-1, The lowest germination
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percentage (82.33%), germination energy (74.00%) and germination capacity (82.33%)
were in Red Bombay. The lowest germination speed (88.29%) was showed by variety

Druti. In all the germination parameters Tasakisan Mula-1 was found superior.

Germination parameters differed significantly at different level of salinity. In all
germination parameters controlled treatment (0.66 dS m™) gave the best results and 12 dS

! was the inferior.

o
Interaction of varieties and salinity levels was found significant variation in germination
percentage, germination energy and germination capacity but germination speed was not
significant. The highest germination percentage (97.33%), germination energy (92.00%),
germination capacity (97.33%) and germination speed (94.55%) were observed in
Tasakisan Mula-1 at control (0.66 dS m™) treatment which was followed by Druti and

Red Bombay. The lowest germination percentage (70.00%), germination energy

in Red Bombay at 12 dS m™ salinity level.

Radish varieties showed significant effect on shoot and root length.
length (6.61 cm) was found in Tasakisan Mula-1 and the lowest (6.27 cm) was in Red
Bombay. The highest root length (6.29 cm) was in Tasakisan Mula-1 while the lowest

(5.96 cm) was noticed from Red Bombay.

Length of shoot and root varied significantly across salinity levels. The highest shoot
length (7.27 ¢cm) and root length (6.99 cm) was recorded from the control. The lowest

shoot length (5.50 cm) and root length (5.04 cm) was found at 12 dS m™.
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Radish varieties differed significanily in dry weight of shoot and root. The maximum dry
weight of shoot (0.028 g) and dry weight of root (0.024 g) were found in Tasakisan Mula-
1. The lowest shoot dry weight (0.018 g) and lowest root dry weight (0.018 g) was found

in Red Bombay.

The different levels of salts affected dry weight of root and shoot. The maximum dry
weight of shoot (0.036 g) and dry weight of root (0.032 g) were due to the treatment of
distilled water. The lowest shoot dry weight (0.011 g) and root dry weight (0.009 g) were

found at 12 dS m™* level of salinity.

Interaction of varieties and salinity levels was found significant in shoot length (cm)
seedling”, root length (cm) seedling'I and dry weight of shoot (g) seedling™ but dry
weight of root (g) seedling’ was not significant. The highest shoot length (7.54 cm), root
length (7.24cm), dry weight of shoot (0.048 g) and dry weight of root (0.037g) were
observed in Tasakisan Mula-1 at control (0 dS m™) treatment. But the lowest shoot length
(5.26¢cm), dry weight of shoot (0.010 g) and dry weight of root (0.006 g) were observed in
Red Bombay and lowest root length was observed in Druti, respectively at 12 dS m™

salinity level.

In the pot experiment four salinity levels 0.66 dS m™, 4 dS m™, 8 dS m™ and 12 dS m™!
were imposed by adding NaCl solution to pot soils. There was noticeable variation among

the radish varieties in growth, yield and yield contributing characters.

In the present study the morphological parameters like number of leaf per plant, leaf fresh

weight (g), leaf length (cm), leaf width (cm), leaf dry weight (g), root fresh weight (g),
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root dry weight (g), root length (cm), root diameter (cm) and yield (g/plant) showed
significant variation. Among the varieties, the maximum number of leaf (13.05) was
produced by Tasakisan Mula-1 and minimum (12.58) was in Red Bombay at final
harvest. The maximum leaf fresh weight (257.94 g) was found in Tasakisan Mula-1
which was statistically similar to Druti and the minimum leaf fresh weight (246.30 g) was
found in Red Bombay. The highest leaf length (28.99 cm) and leaf width (7.93 cm) was
in Tasakisan Mula-1 where as the lowest leaf length (27.27 cm) and leaf width (7.70 c¢m)

was observed in Red Bombay.

The variety Tasakisan Mula-1 produced maximum leaf dry weight (17.50 g) and lowest
leaf dry weight (16.90 g) was produced by Red Bombay. The highest root fresh weight
(281.23 g) was found in Tasakisan Mula-1 and the lowest root fresh weight (258.80 g)
was in red Bombay. At final harvest the maximum root length (16.45 cm) and root

diameter (4.92 ¢m) was observed in Tasakisan Mula-1 where as the minimum root length
(15.35 ¢m) and root diameter (4.74 cm) was observed in Red Bombay. The highest yield
(281.23 g/plant) was found in Tasakisan Mula-1 and the lowest yield (258.80 g/plant) was

in Red Bombay.

Number of leaf per plant, leaf fresh weight , leaf length, leaf width and leaf dry weight
were maximum at control level and lowest at 12 dS m™ level of salinity. These
parameters were found intermediate at 4 dS m™ level. The values of the above parameters
were gradually decreased with the increased of the level of salinity. Number of leaf per
plant, leaf fresh weight, leaf length, leaf width and leaf dry weight were maximum in
Tasakisan Mula-1 at almost all the harvests. But Druti produced medium values on the

above parameters. Red Bombay produced the least values of the parameters.
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Other parameters viz. root fresh weight, root dry weight, root length, root diameter and
yield were drastically reduced by the highest salinity level 12 dS m™. These parameters
were maximum at control condition. The salinity level 4 dS m” was found lesser
detrimental than 8 dS m™. Among the varicties Tasakisan Mula-1 showed maximum
values on the above parameters. From the above results it may be stated that the salinity
level 12 dS m™ decreased growth, yield and yield contributing characters of radish
varieties. The highest salinity level (12 dS m™) was found much detrimental for the
varicties. However, among the varieties Tasakisan Mula-1 and Druti showed some

tolerance to salinity stress. But Red Bombay was found more susceptible to salinity.

Interaction of varieties and salinity levels was found significant variation in number of
leaf per plant, leaf fresh weight, root fresh weight, root dry weight, root length, root

diameter and yield. But the interaction of varieties and salinity levels was not significant

in leaf length, leaf width and leaf dry weight. The maximum number of leaf per plant
(14.44) was found in Tasakisan Mula-1 at control (0.66 dS m™) but the minimum number
of leaf per plant (11.22) was found in Druti at 12 dS m™ salinity. Leaf fresh weight
(281.99 g), leaf length (32.33 cm) and leaf width (9.27 cm) were significantly higher in
Tasakisan Mula-1 at control (0 dS m™) than other variety which was followed by Druti
and Red Bombay. But the lowest Leaf fresh weight (212.11 g), leaf length (23.88 cm) and
leaf width (6.16 cm) were found at 12 dS m™ salinity level in Red Bombay. Druti
produced the maximum leaf dry weight (20.50 g) in control followed by Tasakisan Mula-
1 and Red Bombay.

The maximum root fresh weight (321.11 g), root dry weight (32.62 g), root length (18.55
cm) and root diameter (5.25 cm) were found higher in Tasakisan Mula-1 at control (0.66

dS m™) than other variety which was followed by Druti and Red Bombay. Tasakisan
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Mula-1 produced the highest yield (321.11 g/plant) in control which was followed by
Druti. Minimum yield (186.32 g/plant) was observed in Red Bombay under 12 dS m"

salinity level.

From the findings of the present study it might be reasonably concluded that

» Germination parameters are negatively affected with the increasing salinity

» Tasakisan Mula-1 (BARI Mula-1), was superior to others considering germination
percentage, germination energy, germination capacity and germination speed

> The length and dry weight of shoot and root of seedlings of different radish
varieties decreased with increasing salinity levels except the Tasakisan Mula-1

» Increasing salinity levels decreased yield and yield contributing characters of
radish

» Among the varieties on an average Tasakisan Mula-1 gave highest yield followed
by Druti at 8 dS m™ salinity levels. The minimum performance was shown by
Red Bombay

The variety Tasakisan Mula-1 may be tested in the saline areas for final recommendation.

60



CHAPTER VI

REFERENCES

Abrol, I. P. 1985. Salt affected soils: their reclamation and management for crop
production. Advances in Soil Science, 11:223-288.

Ahmad, L, Igbal, M., Aslam, Z. and Rasul, E. 2000. Germination and seedling growth of
rice {(Oryza sativa L.) under saline conditions. Pakistan Journal of
Biological Science, 3: 350-351.

Adams, P, 1991. Effects of increasing the salinity of the nutrient solution with major
nutrients or sodium chloride on the yield, quality and composition of
tomatoes grown in rockwool. J. Hortic. Sci., 66: 201-207.

Akbar, M. and Ponnamperuma, F. N. 1982. Saline soils of south and Southeast Asia as a
potential jute lands, In Jute Research Strategies for the future. BJRI, Los
Banos, Laguna, Philipines. pp. 68-99.

Anonymous. 1989. Statistical Year Book of Bangladesh. Bangladesh Bureau of Statistics.
p.172.

Anonymous. 2010. Statistical Year Book of Bangladesh. Bangladesh Bureau of Statistics.
p.120.

BBS (Bangladesh Bureau of Statistics). 2010. Statistics Year Book of Bangladesh 2008.
Statistics Division, Ministry of Planning, Government of the People's
Republic of Bangladesh, Dhaka. P. 57.

Bam, R.K., Kumaga, F. K., Ofri, K. and Asiedu, E. A. 2006. Germination, vigour and
dehydrogenase activity of naturally aged rice (Oryza sativa L.) seeds
soaked in potassium and phosphorus salts. Astan Journal of plant Sciences,

5(6): 948-955.
61



Begum, F., Karmokar, J. L., Fattah, Q.A. and Maniruzzaman, A. F. M. 1992. The effect
of salinity on germination and its correlation with K, Na, Cl accumulation
in germinating seeds of Triticum aestivum L. cv. Akbar. Plant and Cell

Physiology, 7(33): 1009-1014.

Bernstein, L. 1975. Effects of salinity and sodicity on plant growth. Ann. Rev.

Phytopathol., 13: 295-312.

Bilski, J. J., Nelson, O. C. Maianu, A. and Conlon, R.L. 1987. Response of radish and

related vegetables cultivars to salinity. American Vegetables, 64(8): 431.

Bilski, J.J ., Nelson, O.C. and Conlon, R. L. 1988, The response of four radish varieties to

chloride salinity in pot experiment. American Vegetables, 65 (2): 85-90.

Bose, T. K. and Som, M. G. 1986. Vegetable crops in India. First Edition. Naya prakash

publications. Kalcuta, India. pp. 409-425.

Biswas, T. D. and Mukherjee, S. K. 1995. A textbook of soil science (second edotion).

Tata Mcgraw Hill Publishing Company Limited, New Delhi, p. 339.

Borroton, M., Borges, O., Gell, P., Saiz, J. and Mendez, A. 1997. Plant tolerant to salinity

in Cuba. Agrotechnical Cuba, 27(1): 62-68.

Caliandro. A., Cantore. V. and Musacchi, S. 2000. Application of brakish water for
orchard fruit growing in Italy. Rivista-di-Frutticoltura-c-di

Ortolforicoltura, 62 {7-8): 26-36.

Carter, C. T., Grieve, C. M. and Poss, J. P. 2005. Salinity effects on emergence, survival,

and ion accumulation of Limonium perezii. J. Plant Nutr., 28:1243-1257.

62



Cheeseman, J. M. 1988. Mechanisms of salinity tolerance in plants. Plant Physiol., 87:

547-550.

Coopland, O. L. and McDonald, M. B. 1995. Seed Science and Technology. 3rd edition,

Chapman and Hall., New York, p. 240.

Curtain, D., Steppuhn, H. and Selles, F. 1993. Plant responses to sulfate and chloride
salinity. Growth and ionic relations. Soi! Sci. Soc. J., 57:1304-1310.
Cuartero, J., Bolarin, M. C., Asins, M. J. and Moreno, V. 20035, Increasing salt tolerance

in the tomato. Journal of Experimental Botany, 57: 1045-1058.

Demir, M. and Arif, I. 2003, Effects of different soil salinity levels on germination and
seedling growth of safflower (Carthamus tinctoriusi). Turkish Journal of

Agriculture, 27, pp. 221-227.

Efron. H. and Levy, D. 1988. Response of radish to Brakish water. Water irrigation

review, 8(2): 4-6.

Eguchi, Y. 1979. Radish growing in Japan Uchihara International Agricultural Training

centre. JICA, 18(21). p. 321.

Fritz, D. and Weighmann, J. 1997. Storage behavior of radish in relation to salinity and

harvesting dates, Garienban wissens Chaff, 44(1); 4-9.

Gardner, F. P, Pearce, R. B. and Mithcell, R. L. 1984. Physiology of crop Plant. Lowa

Stat. Univ. Press armis, P. 377,

Ghosh, S.C., Asanuma. K., Kuautani, A. and Toyota. M. 2001. Effect of salt stress on
some chemical components and yield of radish. Soil sci. Plant Nutri.,

47(3): 467-475.
63



Gopalan, C. and Balasubramanium. 1966. Nutritive value of Indian Foods (6th revised

ed.) KMR, New Delhi, India. pp. 267-288.

Greenway, H. and Munns, R. 1980. Mechanisms of salt tolerance in nonhalophytes. Ann.

Rev. Plant Physiol. 31: 149-150.

Grieve, C. M., Suarez, D. L. 1997. Purslane (Portulaca oleracea L.). a halophytic crop
for drainage water reuse systems. Plant and Soil, 19(2): 277-283.

Gupta, S. 1993. Comparative studies of germination and seedling growth of some salt
tolerant selections at different salinity levels. International Rice Research
Notes, 18(3): 17.

Heenan, D. P., Lewin, L. G. and McCaffery, D. W. 1988. Salinity tolerance in rice
varieties at different growth stages. Australian Journal of Experimental
Agriculture, 28: 343-349.

Jamil, M., Lee, C. C., Rechman, S. U., Lee, D. B. and Ashraf, M. 2005. Salinity (NaCl)
tolerance of Brassica species at germination and early seedling growth.

Electron. J. Environ. Agric. Food Chem, 4: 970-976.

Jeannette, S. Craig, R. and Lynch, J. P. 2002. Salinity tolerance of phaseolus species
during germination and early seedling growth. Crop Science, 42, pp.1584-

1594.

Karim, Z., Shaheed, S. M., Salauddin, A. B. M., Alam, M. K. and Hoq, A. 1982. Coastal

saline soils and their management in Bangladesh. BARC (Bangladesh

Agricultural Research Council), Dhaka. Pub. 8. p.11-15.

64



Karim, Z., Hussain, S. G. and Ahmed, M. 1990. Salinity problems and crop
intensification in the coastal regions of Bangladesh. BARC (Bangladesh

Agricultural Research Council). Dhaka, P.1.

Katyal, S. L. K. and Chandha. 1985. Vegetables growing in India. (3rd edition) Oxford

and IBH publishing Co. Pvt. Ltd. New Delhi, India. pp. 53-55.

Khan, M. S. A,, Ungar, I. A. and Showalter, A. M. 2000. Effect of sodium chloride
treatments on growth and ion accumulation of the halophyte Haloxylon

recurvum. Commun. Soil. Sci. Plant Anal., 31(17-18): 2763-2774.

Khan, M. S. A., Hamid, A. and Karim, M, A. 1997. Effect of sodium chloride on
germination and seedling characters of different types of Chinese cabbage
(Brassica Chinensis). Journal of Agronomy and Crop Science, 179: 163-

169.
Kirtikar, K. R. and Basu, B. D. 1935. Indian Medicinal plants, published by Lalit Mohan

Basu, Allahabad, India.pp.145-150

Kolbe and Voss. 1952. Salt tolerance of turnip, lettuce, carrot and sweet pepper (Brassica

rapa L., Lactuca sativa L., Daucus carota L., Capsicum annuum L.).

Japan. J. Tropical Agr., 29: 208-212.
Krishnaswamy, V. and Seshu, D. V. 1990, Germination after accelerated aging and
associated characters in rice varieties. Seed Science and Technology, 18:

147-156.

65



Larry, K.H. 1977. Commercial Vegetables Crops Development of Horticuiture.
Washington State University, Pullmar, Washington, 99(2):164.
Levy. D. 1992. The response of radish to salinity. Plant growth and tuber yields in the

arid desert of Israel. Crop Hort. Sci, Israel, 120 (3): 547-555.

Levy. D., Fogelman, E. and Hzhak, Y. 1986. The effect of water salinity on radish
physiological indices and yielding capacity. Vegetables Res., 31 (4): 601-

610.

Liu, W,, Pan, T. G. and Kem, Y. 1998. Efffect of salt stress on nitrogen metabolism in the

leaf of radish. Fujian Agril. University. J., (27): 4. 190-194.

Mack, H. J. 1979. Effect of fertilizer, salinity, row spacing and harvest dates on table

radish. J. Amer. Soc. Hort. Sci., 4(5): 717-728.

Maas, E. V. and Hoffman, G. J. 1977. Crop salt tolerance - Current assessment. J. Irr.

Drain. Div., Proc. Am. Soc. Civ. Eng., 103(IR2), 115-134,

Maas, E. V. and Nieman, R. H. 1978. Physiology of plant tolerance to salinity. In Crop
tolerance to suboptimal land conditions. Ed. G A Jung. pp. 277-299. Am.
Soc. Agron., Madison.

Mangal, J. L., Yadav, A, C., Singh, R. K. and Singh, A. 1993. Evaluation of potato

cultivars for salinity tolerance. Indian J. Potato Asso., 20(2): 91-94.

Marcelis, L. F. M., Hooijdonk, J. V. 1999. Effect of salinity on growth, water use and
nutrient use in radish (Raphanus sativus L.). Plant and Soil science. Asian

journal of Plant Science, 215: 57-64.

66



Mizrahi, Y. and Pasternak, D. 1985. Effect of salinity on quality of various agricultural

crops. Plant and Soil Science. Asian journal of Plant Science, 89: 301-307.

Moormann, F. R. and Pons, L. J. 1974. Characteristics of mangrove soil in relation to
their agricultureal land use and potential. Proc. Int. Symp. On Biology and
management of Mangroves Hawaii. pp. 25-29.

Morpurgo. R., and Sliva, R. D. 1986. Response of radish seedlings to increasing levels of

salinity. African Journal of Biotechnology, 5(10): 855-861.

Murillo-Amador, Lopez—Aguilar, B. R., Kaya, C., Larrinaga—Mayoral, J., and Flores—
Hernandez, A. 2002. Comparative affect of NaCl and polyethylene glycol
on germination emergence and seedling growth of cowpea. J. Agronomy
and Crop Science, 188: 235-247.

Munns, R. and Termaat, A. 1986. Whole plant responses to salinity. Australian Journal of
Plant Physiology, 13: 143-160.

Muuns, R. 1993. Physiological processes limiting plant growth in saline soil: some
dogmas and hypothese. Plant Cell and Environment, 16: 15-24.

Othman, Y. 2005. Evaluation of Barley Cultivars Grown in Jordan for Salt Tolerance.
Ph.D Thesis, Jordan University of Science and Technology, Jordan. pp.
143-150.

Panullah, G. M. and F. N. Ponnamperuma, F. N. 1980. Effect on salt stress applied at
four development stages on the growth and yield of four rice plants. Proc.
11 annual scientific meeting of the Crop Science Society of Philippines

Baybay, Leyte, April. pp. 27-29.

67




Ponnamperuma, F. N. and Bandyopadhya, A. K. 1980. Soil salinity as a conatraints an
food production in the humid tropics. In Proc. Of Symp. Properties for
Alleviating Soil Related Constraints to Food Production in the tropics. Los
Banos, Laguna, Philipines, pp. 275-278.

Ponnamperuma, F. N. 1984. Role of cultivar tolerance in increasing production on saline
lands. In: Staples in Plant Strategies for Crop Improvement. Wiley, New
York. p. 257-260.

Rahman, M., Scomro, U. A., Zahoor-ul-Haq, M. and Gul, S. 2008. Effects of NaCl
salinity on wheat (Zriticum aestivum L.) cultivars. World Journal of
Agricultural Sciences, 4(3): 398—403.

Rashid, M. M., Ahmed, M. S., Tasaki, S. and Hossain, A. X. M. A. 1983. Studies on the
performance of four radish cultivars when harvested at different dates.
Bangladesh J. Hort., 12(1): 1-5.

Richards, L. A. 1954. Diagnosis and Improvement of Saline and Alkali Soils. USDA
Agriculture Handbook No. 60, U.S. Dept. Agric., Washington, D.C. p. 67.

Roundy, B. A. 1985. Root penetration and shoot elongation of tall wheatgrass and basin
wild rye in relation to salinity. Canadian Journal of Plant Science, 65: 335-
343.

Sadu, M. K. 1986. Root crops and Vegetables crops in India. T. K. Bose and M. G. Som
(editor), Naya Prokash, Calcutta 6, pp. 385-407.

Salter, P. J., Currah, I. E. and Fellow, J. R. 1979. The effect of salinity and time of

harvesting on yield and root size in carrots. J. Agric., Sci., 93(5): 431-440.

Samuel, L., Tisdale, L., Werner, Nelson, James, D., Beaton, John, L. and Havlin, 1995.

Soil fertility and fertilizers. Asian journal of Plant Science, 89: 301-307.

68



Sankov, N. Z. 1976. The early stage of salt uptake by plant roots. J. Agron. and Crop. Sci.
188:155-160

Scialabba, A. and Melati, M. R. 1990. The effect of NaCl on growth and xylem
differentiation of radish seedlings. Bot. Gaz., 151: 516- 521.

Shahidullah, M., Rahman, M. A., Karim, M. A., Nath, K. K., Jahangir, A. A., and Haque,
M. E. 1991. Effect of potassium on growth and yield of radish, Raphanus

sativus L. J. Asiat. Soc. Bangladesh Sci., J., 7(2): 129-J 36.

Shannon, M. C. and Grieve, C. M. 1999. Tolerance of vegetable crops to salinity. Scienta
Horticulturae, 78: 5-38.

Silva, J. A. B., Otoni, W. C., Martinez, C. A., Dias, L. M. and Silva, M. A. P. 2001.
Microtuberization of some radish species as affected by salinity. Scientia
Horticultureae, 89(2): 91-101.

Sivritepe, N., Sivritepe, H. O. and Eris, A. 2003. The effects of NaCl priming on salt
tolerance in melon seedlings grown under saline conditions. Scientia

Horticulturae, 97: 229-237.

Sonneveld, C. 1988. Salt tolerance of greenhouse crops. Netherlands Journal of
Agricultural. Science, 36: 63-73.

Sonneveld, C. and Van de Bos, A. L. 1995. Effects of nutrient levels on growth and
quality of radish (Raphanus sativus L.) grown on different substrates.
Australian Journal of Plant Nutrition, 18: 501-513.

SRDI (Soil Resource Development Institute). Bhomi o Mritika Sompod Bebohar
Nirdeshika, Batiaghata, khulna. 2008. Soil Resource Development

Institute, Ministry of Agriculture, Dhaka. 27-33.

69



Srinivas, K. and Naik, L. B. 1990. Growth and Yield of radish (Raphanus sativus L.) in
relation to nitrogen and potash fertilizer. Indian J. Hort., 47(1): 114-119.

Stocker, O. 1933. Effect of soil salinity on the concentration of Na', K* and CI” in the leaf
sap of the four Brassica species. Int. J. agril. And Biol., 4(3): 385-388.

Waisel, Y. and Breckle, S. W. 1987. Differences in responses of various radish roots to
salinity. Plant Soil, 104: 191-194.

William, M. J. R. 1986. The national and international drought and salinity effects on
agricultural production. Aust. J. Plant Physiol., 13: 1-3.

Wang, X., Xulongchen. T. Z., Wang. X.W., Xu. L.C. and Tian. Z.Y. 1999. Testing for
salinity tolerance of six radish varieties. China vegetables, 1: 25-18.

Wongsamun. C. and Ayuwatana. D. 1989. Indigenous agricultural technology:
horticultural crops growing techniques. International Journal of Vegetables

Science, 14: 380-392,

Xu, H. L., Gauthier, L. and Gosselin, A. 1994 Photosynthetic responses of greenhouse
tomato plants to high solution electrical conductivity and low soil water

content. J. Hortic. Sci, 69: 821-832.

Yadav. A.C., Sharma, S.K., Mangal. F.L., Ashok. K., Lal. S., Kapoor, A., Khurana.
S.M.P. and Panday. S.K. 2001. Effect of salinity on growth and yield of
some horticultural crops. National Symp. on Sustainability of some
horticultural crops in India. Shimla. India. 31 July 2001. Indian Hort.

Asso. 1., 28(1): 30-31.

Yoshida, S. 1981. Salinity. In Fundamentals of rice Production. IRRI, Philippines, pp.

175-176.

70



e SRS N
e R S e

Yugqin. K., Ting, G.P. and Pan, T. G. 2001. Effects of NaCl stress on photosynthetic rate

in some vegetables leaves. Plant Nutri. and fertilizer Sci., 7(3) : 337-342.

Zaman, S. K., Choudhury, D. A. M. and Bhuiyan, N. 1. 1995. Effect of salinity on
germination, growth, yield and mineral composition of rice. Bangladesh

Journal of Agricultural Science, 24: 103-109.

Zhang, Y., Abdulnour, J. F., Donnlly, D. J. and Barthakat, N. N. 2001. Norland tuber
yields are not affected by salinity treatment of some vegetables. Hort. Sci.,

36(4): 770-771.

71



Appendix I. Record of monthly average temperature (°C), total rainfall (mm) and
relative humidity during the study period.

Month Monthly AySTaEe Average
temperature (~ C) humidity
Maximum Minimum (%)
December,
2012 26.2 14.2 79
January,
2013 24.2 11.9 80
February,
2013 29.4 15.5 73
March,
2013 34.7 23.4 71

Source: Regional Inspection Centre, Bangladesh Meteorological Department,
Gallamary, Khulna. ' '
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