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ABSTRACT : The experiment was carried out to investigate the effects of gamma radiation on the early
growth performance and physiological traits of BT2 clone tea, the most promising cultivar released by Bang-
ladesh Tea Research Institute. The fresh shoot cuttings were irradiated with seven different levels of gamma
radiation such as 0, 10,20, 30, 40, 50 and 60 Gy from Cobalt 60Co source (Dept. of PlantBreeding, Bang-
ladesh Institute of Nuclear Agriculture). Thereafter, the irradiated shoot cuttings were planted in polythene
bags and kept under natural conditions. It was observed that callusing was initiated from 8th weeks after
placement of tea shoot cuttings in the polythene bags and completed by 12th weeks. The morphological gro-
wth of tea shoot cuttings were recorded under varying levels of gamma radiation and growth stages. It was
observed that the number of leaves, number of primary branches, base diameter, root length and total leaf
area per plant significantly increasedwith the progress of time and increasing levels of gamma radiation,
however, the plant height showed decreasing trend with the increasing levels of gamma radiation, which could
be due to the change in chromosomal structure and genetic makeup. After 56 weeks of planting, the plant
height, the number of leaves and primary branches per plant, base diameter, root length and total leaf area
per plant recorded were 65.70 cm, 30.67, 7.33, 1.48 cm, 23.50 cm, and 1250.67 cm2 per plant respectively
under the radiation level 60 Gy, whereas the corresponding figures of the above parameters at the control
treatment were 76.21 cm, 18.33, 3.67, 0.92 cm, 17.75 cm and 778.33 cm2 per plant, respectively. A significant
relationship was observed among the physiological growth parameters with the increasing levels of gamma
radiation. The total dry matter gain, leaf area index, absolute growth rate and relative growth rate were
significantly influenced with the rising levels of gamma radiation (up to 60 Gy), whereas the net assimilation
rate of individual tea plant non-significantly responded as compared to those of control treatment. Finally
after 56 weeks of planting, the maximum total dry weight gain, leaf area index, absolute growth rate, relative
growth rate and net assimilation rate recorded under 60 Gay radiation level were 40.25 g/plant/week, 4.25,
118 gfweek, 0.0621g/g/week and 17.07 g/m2/week respectively.
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INTRODUCTION

Tea (Camellia sinensis L) is a major cash crop and a
vital export item/commodity of Bangladesh. Botanically, tea
is a perennial shrub belonging to the family The aceae and
accounts for about 0.81% of the GDP. Tea is cultivated
mainly for leaf production. The tender leaves (upper two
young leaves with a bud) are generally harvested for cons-
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umption purposes, because of their higher caffeine and poly
phenol contents. Tea crop may be grown on a diverse ecol-
ogical zones. In Bangladesh, tea is mainly grown in the
hilly areas of greater Sylhet and Chittagong districts where
hardly any other agricultural field crops could be cultivated
successfully. In Bangladesh, the tea zones experience dry
season from November to April, while the rainy season
continues from May to October. It was observed that about
80% of the annual tea crop was harvested during June to
September, when adequate rainfall was recorded. The crop-
ping season of tea in Bangladesh is limited within nine
months of the year (March to November) due to the adve-
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rse climatic factors (Extreme variation in the day-night tem-
perature, drought, rainless period, sharp fall in the base
temperature), which encourages dormancy in tea shoots.
The average production of made tea in our country is
around 1151 kg/ha, which is very low as compared to
other tea growing countries of the world such as 1795
kg/ha in India, 1382 kg/ha in Sri Lanka, 2285 kg/ha in
Kenya and 1621 kg/ha in Japan'. The inferior indigenous
planting materials, adverse climatic conditions, highly weat-
hered and extremely acidic soils with poor nutrients status
may be responsible for such low yield in Bangladesh”.
There are some ways to develop better varieties of tea,
such as, clonal selection from the existing plant population
(mother bush), hybridization and the mutation breeding,
Bangladesh Tea Research Institute so far has released 13
vegetative clones through clonal selection, which is time
consuming and lengthy process”. As the plant population
of a single clone have the same genetic composition like
the mother bush, therefore, they are more selective to env-
ironmental and cultural conditions which influence the
adaptability and vyield potentialities of the clone. The mut-
ation breeding can play a vital role in developing an ideal
clone tea having high vield potential, better cup quality,
resistant agpinst diseases, insects and drought?. The indu-
ction of mutation in plant materials can be achieved either
through physical or chemical mutagens. In India, the mut-
ation breeding technique was initiated during 1967-68 at
Tocklai to increase the genetic variability for crop impro-
vement. It was found that the tea shoot cuttings irradiated
with 2 to 6 KR gamma radiation, appeared to be the upper
limit for survival as well as induction of mutation”. Game
ma radiation produces electromagnetic forces having short
wave length (less than 0.01A0) but high energy. Cobalt 60
and Caestum-137 are the main sources of gamma rays.
Ganma radiation may modify the tea plant architecture,
tolerance to biotic and abiotic stresses through creating
genetic variability in the available germ plasm of clonal tea,
which will contribute towards higher vield and desirable
improvement in quality. The effect may vary between two
varieties of the same species due to different genetic mak-
eup and growth behaviour”. In Bangladesh, there is no
specific research findings available for mutation breeding in
tea species. Therefore, the present study was undertaken to
assess the effects of gamma radiation on the morphological
growth behaviour of a specific clone tea BT2, the most
popular cultivar in Bangladesh Tea Industry.

MATERIALS and METHODS

The experiment was carried out at the Plant Breeding
Division, Bangladesh Institute of Nuclear Agriculture, Mym-
ensingh, during the period from 15th September 2003 to
November 2004. The experiment was conducted in poly

" thene bag, The soil used as a growth media in the poly

thene bag was taken from BIRI, Srimangal. The soil was
sandy loam type with pH 55. The sun-dried soil was
thoroughly mixed with well decomposed cow dung at the
ratio of 3:1. Thereafter, the poly thene bags (12 inch height
and 38 inch diameter) were filled uniformly with mixed
soils. Watering was done to settle the soil particles in poly
bags and kept under shade for a few days before putting
the shoot cuttings of BI2. The experiment was laid out in
a Randomized Complete Block Design (RCBD) where each
treatment was replicated three times. The shoot cuttings
were collected from BTRI and were treated with different
levels of gamma radiation such as Ti = control, T2 = 10
Gy, T3 =20 Gy, T4 =30 Gy, T5 = 40 Gy, Te = 30 Gy,
and T7 = 60 Gy from cobalt 60 (60Co) source, Bangladesh
Institute of Nuclear Agriculture (BINA) laboratory, Mymen
singh. Thereafter, the treated shoot cuttings were planted in
the poly thene bags and kept under normal ambient air
conditions. The poly bags were arranged in north south
rows for proper penetration of sunlight all over the sap-
lings. The destructive harvest methods were followed to
measure the dry weight of tea plant at different growth
stages. On the basis of morphological growth parameters
the first harvest was done on 15th April 2004, when the
saplings were 28 weeks old. The harvested saplings were
then separated into leaf, stem and root. The dry weight of
stem, leaf, and root of the sample plants were recorded
after oven drying at 80+ 20C for 72 hours. The final
harvest was done on 15th November, 2004, when the sapl-
ings were 56 weeks old In each harvest data on the
morphological characters such as plant height, leaf area,
number of leaves / plant, number of branches / plant,
base diameter and root length were recorded properly. The
leaf area of each tea sapling was measured with a leaf area
meter (LICOR, Model LI-3000, USA). As the roots of the
tea sapling were confined within the poly bag during the
experimental period, therefore, the area covered by each
sapling is equivalent to the area of poly bag. The formulae
used to measure the leaf area index, absolute growth rate,
relative growth rate and net assimilation rate of tea
saplings for the successive harvests were developed by
Roderick Hunt”.

STATISTICAL ANALYSIS
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Data collected on different parameters were compiled
and tabulated in proper form for statistical analysis. Ana-
lysis of variance were done following MSTAT-C package
programme and the mean differences among the treatments
were compared with Duncan’s New Multiple Range Test”.

RESULTS AND DISCUSSION

It was observed that the plant height of tea sapling was
gradually increased with the progress of time, however, the
plant height showed decreasing trend with the increasing
levels of gamma radiation (1060 Gy) as compared to that
of control treatment at all sampling dates (Table 1). The
highest plant height (76.21cm) was recorded after 56 weeks
of planting under control treatment, whereas the plant
height was decreased to 6570 cm under 60 Gy radiation
level. It is assumed that higher levels of gamma radiation
might have changed the chromosomal structure and genetic
makeup of the tea cultivar BT2, which caused dwarf
configuration. It was found that the seedling height of
Chickpea was decreased with the increasing levels of
gamma radiation”. Tt was also reported that plant height of
Phaseolus vulgaris L. was decreased due to the increased
level of gamma radiation'. Baluch et. al. found that the
plant height of Castor bean was decreased beyond the
radiation level 30 krads. The number of leaves and primary
branches per plant were gradually increased with the
increasing doses of gamma radiation as compared to those
of control treatment at all the sampling dates (Table 1).

After 56 weeks of planting, the highest number of lea-
ves (30.67/plant) and branches (7.33/plant) were found
under 60 GY radiation, whereas 18.33 leaves and 3.67 bra-
nches per plant were recorded at the control treatment.
Hossain et al. ®found that the number of compound leaf
in Ipildpil was significantly increased with the increasing
level of radiation (Up to 200 Gy radiation). Dutta et al,
Pfound that tea seedlings (Hybrid of TVI8 X BT3) pos-
sessed 9.20 primary branches per plant after 12 months of
sowing in bed. Bandana et al, also reported that Leuc-
aena leucocephala seeds treated with 10 to 100 Gy gamma
radiation resulted in maximum number of branches per
plant.

The base diameter of individual tea sapling was also
increased with the increasing levels of radiation and time
increment (Table 1). After 56 weeks of planting, the maxi-
mum base diameter (148 cm) was recorded under 60 Gy
radiation level, whereas the minimum base diameter (0.92
cm) was observed at control treatment. Dutta et al. Precor-
ded the base diameter 0.87 cm in the hybrid cultivar of
TV18 x BI3. Hossain et al. “found that Ipil-ipil seeds trea-
ted with 100 Gy gamma radiation resulted in increased
diameter of hypocotyl significantly. The root length of tea
sapling was also increased with the increasing levels of
gamma radiation upto 60 Gy. The maximum root length
(23.50 cm) was found under 60 Gy radiation level, whereas
1775 c¢m long root was observed at control treatment after
56 weeks of planting, Hossain et al.”reported that the root
length of Ipil Ipil was increased significantly under the rad-

Table 1. Morphological growth of tea saplings under different levels of gamma radiation

Plant height Number of primary Number of leaves Base diameter Total Leaf area Root Jength
Levels of Gamma {cm) branches per Plant per Plant cm/ Plant cn’/Plant cm/Plant
radiation 28 56 p:} 56 28 56 28 56 28 % 08 %
Gy) weeks  weeks  weeks  weeks  weeks weeks  weeks  weeks  weeks  weeks weeks weeks
Old Old Old Old Old Old Old Old Old Old Od od
0 29872  7621a  133b 3.67e 6.33¢ 18.33e 0.35g 092d 17883d 77833 745 1775
10 2750b  7460b  167ab  467d 7.33d 067d 0.40f 09%d 19%.67cd 93250d 7.60de 1920d
20 251% 7233 167ab 567 733d  2333«d  045e 115c  20517cd 995.17cd 810cd 2015
30 421c 7112d  20ab  633bc 833  2433«d 052d 120c 23317c 1050.0bc 865bc  2145b
40 2151d 70.80d 233ab  667ab  867bc 2533 055¢ 133b  27167b 10916bc 890b 2275
50 2003d  686le 233ab  667ab 9.33b 27.67b 0.60b 138b  30167ab 11483ab 925ab 23.10a
60 - 181e  6570f 267a 7.33a 1067a  30.67a 0.65a 148a  33517a 125067a 955a 23.50a
ISD 1 % 203 074 1.02 0.70 070 243 001 0.08 3837 11150 0.6Q 0.930

In a column, means having same letters are not significantly different at 1 % level of probability (DMRT)
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iation level 100 Gy. The leaf area of individual plant was
increased with the increasing levels of gamma radiation at
all the sampling dates. The maximum leaf area 1250.67 cn’
per plant was recorded under 60 Gy radiation level after
56 weeks of planting, whereas the leaf area 778.33 cm2 per
plant was observed at control treatment. Mika- utadze
Preported that tea seeds treated with 10-15 Gy radiation
resulted in the large leaves. Youssef et al. “also observed
that Maleuca armillaris treated with 10 GY radia- tion
resulted in increased leaf area, leaf length and leaf breadth.
It was observed from figure 1 that the total dry matter
production, leaf area index, absolute growth rate and
relative growth rate were significantly influenced with the
increasing levels of gamma radiation, however, the net
assimilation rate non-significantly responded with the
increasing levels of gamma radiation as compared to those
of control treatment (Fig. 1)

The total dry matter gain for individual tea plant was
increased with the increasing doses of gamma radiation
(Fig. 1.). After 56 weeks of planting the maximum total dry
matter gain was 4025 g per plant under 60 Gy treatment,
where as the minimum total dry weight 2025 g per plant
was recorded at control treatment. This could be due to the
result of higher effective leaf area, leaf area index and net
assimilation rate under 60 Gy radiation level as compared
to those of control treatment. You ssef et al.“found that
Maleuca armillaris treated with 20 Gy radiation resulted in
maximum shoot dry mass. Ali et al. “found that the dry
matter production in BI5 was 2865 g per plant at 56
weeks after planting. The absolute growth rate of BT2
sapling was gradually increased with the increasing levels
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Fig 1. Physiological growth parameters of tea sapling (56 we-
eks old) under different levels of gamma radiation

of gamma radiation. The maximum and minimum absolute
growth rate recorded were 11839 and 05392 g per week
under the radiation levels 60 Gy and control (0) treatments
respectively (Fig. 1). The gradual increase in total leaf area,
leaf area index and total dry matter gain for individual tea
plant under the increasing radiation levels (10-60 Gy) might
have contributed to the continuous rise in absolute growth
rate. The relative growth rate and net assimilation rate of
tea saplings were also influenced by radiation levels. The
relative growth rate was found maximum (0.0621 g/g/
week) under the radiation level 60 Gy, whereas the lowest
relative growth rate (0.0485 g/g/week) was recorded at
control treatment. It was also observed that the maximum
and minimum net assimilation rate recorded were 17.07
g/m’/week and 13.22 g/m’/week under 60 Gy and ‘0’ Gy
radiation levels respectively (Fig. 1). Ali et al. found the
relative growth rate within 0.0414 g/g/week to 0.0456 g/g
/week after 56 weeks of planting for different clones of

. Bangladesh tea. The lowest net assimilation rate (13.22 g/ '’

/week) was recorded at control treatment, which could be
due to the lowest leaf area, least leaf area index and least
number of branches as well as poor canopy architecture.
On the contrary, the highest number of leaves and branc-
hes, maximum leaf area and leaf area index resulted in the
peak net assimilation rate(17.07 g/m’/week) under 60 Gy
radiation level. Barua ®found that the net assimilation rate
for a typical assam type clone was 15.6 g/ni’/week, for
china type clone 11.0 g/m’/week and for intermediate type
clone 12.8 g/ '/ week.

CONCLUSION

The study revealed that the increasing levels of gamma
radiation (10 to 60 Gy) significantly influenced the morph-
ological and physiological growth parameters of BI2 tea
saplings as compared to those of control treatments, how-
ever, the plant height was in decreasing trend with the
increasing levels of gamma radiation. This might be the
result of changes in the structure and genetic makeup of
chromosome, which needs to investigate in future under a
wide range of gamma radiation.
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