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ABSTRACT: This deals with the origin of Potato, Solanum tuberosum Linn. - God’s gift to the 

mankind; its importance as support to people across diverse cultures during war and peace and 
also help in reducing the calamities of famine; important insect & mite pests damaging this 
ubiquitous crop ; a brief history of potato research in India; pre-requisites  for locating areas suitable 
for healthy seed production and healthy (virus free) seed production technologies for helping the 
farming community of northern plains so that they could grow their own seed potato crop and 
successfully curtail the cost of production by saving the cost up to 50% spent in the  purchase  and 
transportation of seed potatoes from distant places.  
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INTRODUCTION 
        The English word “Potato” comes from Spanish patata which is a compound word of 
Taino batata (sweet potato) and Peruvian papa (potato). Another common name is 
pomme de terre in French meaning ‘ground fruit’. In Persian, it is called seeb -i- zameen 
meaning ‘ground apple’. In Hindi, Nepali and other Indian languages the potato is called 
alu or aloo, while in Marathi and Gujrati, it is called bataka or batata.  
 

 The potato originated in Peru-Bolivian Region (South America) about 8,000 years 
ago, has come a long way to become the most favorite culinary item of the billions of 
peoples of the world.  It is believed that Spanish conquistadors first encountered the 
potato when they arrived in Peru in 1532 in search of gold. Spanish explorer and 
conqueror, Gonzalo Jiminez de Quesda (1495-1579) took the potato to Spain in lieu of 
the gold (Source: Linda Stradley, History of Potato, 2004). The Spanish conquerors took 
the potato from Peru to Europe during the latter half of 16th century. Soon the British, 
Portuguese, Spanish, French, Dutch and Belgian colonialists carried the potato to Asia, 
Africa and the South Pacific. 
 

            As regards its introduction in India, it is believed that although the Portuguese 
traders first brought it to India during the late 16th to early 17th century but it was the 
English who took the crop to the length and breadth of the country. The first written 
mention of potato in India occurs in Edwards Terry's account of a lavish banquet hosted 
by Abdul Hassan Asaf Khan (elder brother of Nur Jahan and father of Mumtaz Mahal) 
who was the Governor of Punjab under the Mughal Emperor Jahangir, in honor of the 
British Ambassador Sir Thomas Roe in 1615 at Ajmer  (MISRA, 2006).  
 
 Now potato has come up as world's third most important food crop after wheat 
and rice with 388 million tones fresh-weight produced in 2017 (FAO Stat.). It is being 
grown in more than 148  countries  in a  wide  variety of soils and climates.   It   produces  
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Healthy seed crop of potatoes being grown under vectors management umbrella 

 
Fig. 1: Potato plant with tubers 

(Potatoes) 

 
Fig. 2 : Healthy potatoes harvested from 

well managed fields 

Fig. 3: Aphid. Myzus persicae - 
apterous form 

 
Fig. 4: Aphid Myzus persicae - alate 

form 

 
Fig. 5: M. persicae colonies feeding 
on potato leaf              

 
 Fig. 6: Life Cycle of Myzus persicae 
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more nutritious food more quickly on less land and in harsher climates than most other 
crops. Besides, its adoptability to a wide variety of farming systems is also noteworthy. Its 
short, flexible cycle and high yields within 100 days means it fits well within rice or wheat 
in double cropping system and is suited for intercropping with crops like sugarcane, 
maize or soybeans. It is on the record that potato supported the people across diverse 
cultures during war and peace and also helped in reducing the calamities of famine 
(MISRA, 2006, 2018).  
        
Potato production & its nutritive value 
Gone are the days, when India was struggling for food in the fifties and early sixties and 
now the problem is of plenty. Compared to 1.66 million MT of potato production in 0.24 m 
ha in 1950-1951, India produced 24 million MT in 1.4 m ha in 2005-06 and 49.3 million 
MT potatoes from 2.3 m ha during 2017-18 (CPRI-AR, 2017-18; Food Innovation Online 
Crop, 2019). There has been a phenomenal increase in area, production and per capita 
availability of potato in India in the last 50 years. As a result, the per capita per year 
consumption of potato in the country has been estimated to increase from 3 kg to 17 kg 
during this period. As per projections for the year 2020, the area under potato farming is 
expected to rise up to 2 million ha and the production is likely to touch 50 million MT. It is, 
therefore, essential that potato consumption is increased to sustain this increase in 
production and to ensure remunerative price to the farmers. Potato crop duration in the 
plains is 90-100 days and a good crop can produce 30 t/ha. 
  

          About 20% of a potato tuber is dry matter and rest is water. Even with 20% dry 
matter, potato produces more dry matter per unit area and time than the staple cereals. 
The dry matter production in potato is 47.6 kg/ha/day, whereas in wheat and rice, it is 
18.1 and 12.4 kg/ha/day, respectively. Similarly, potato produces 3 kg of edible protein 
per ha per day as compared to 2.5 and 1.0 kg in wheat and rice, respectively.  
 

          Potato plays a pivotal role in global food and nutritional securities and is being 
projected as the food for future particularly in food insecure developing countries. It is a 
carbohydrate rich but low fat food possessing adequate amount of Vitamin C, B1, B2 
(Riboflavin), B3, B6, Folate, Pantothenic acid and minerals such as iron, potassium, 
phosphorus and magnesium, dietary antioxidants and fiber. Potato contains low level of 
sodium and does not absorb salt when cooked unpeeled. Therefore, it is good for 
patients having high blood pressure. Besides, potato fiber stimulates peristaltic 
movement and improves digestion (MISRA, 2006; EZEKIEL and PANDEY, 2008).  
 
 Recent studies have shown that a diet of potato and egg (300 g of potato + 30 g 
of whole egg) was good for patients with chronic renal failure. Even the peels of potatoes 
are medically useful. The work done at Wadia Hospital, Mumbai (Maharashtra) shown 
that when wounds /burns were covered with potato peels, healing was faster. The 
approximate contents rate of major tuber constituents are shown in following Table-1. 
  
Table -1: Major constituents of potato tuber 
 

Constituents Content (%) 

Water 75-80 

Carbohydrates 16-20 

Crude protein 2.5-3.0 

Fibre 0.6 

Fat 0.6 

Minerals 1.0 
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 Potato is so nutritive that a man in Scandinavia is reported to have lived healthy 
for 300 days on potatoes with a bit of margarine. We have our own people Mr. 
Satyanarayan Aggarwal, who lives in village Chandia of Madhya Pradesh. He is more 
than 90 years of age and has lived a healthy life by eating only potatoes since 1950. To 
quote McKay, "Nature has designed a few foods that are capable of nourishing the great 
population of the world. Of these, the white potato is one. Beneath its skin are liberal 
stores, not only of energy, but of high quality protein that will support health and growth." 
The day is not far when even in those countries where the potato is a vegetable, it will get 
its due place and importance as a stable food. Mankind will ever be grateful to God for 
this precious gift. 
 
Industrial value of potatoes 
It would not be surprising if potatoes become the source of alcohol, which will be used to 
run automobiles. Researchers have shown that potatoes produced on one acre of land 
can yield 5,455 liters of ethyl alcohol. Efforts are also being made to produce 
biodegradable plastic from potatoes. Besides, genetically transformed potatoes may also 
be used for production of biopharmaceuticals. Starch is another processed product from 
potatoes. Further, its use in food industry, potato starch is also used in paper, textile and 
pharmaceutical industries. It is also used to produce the products like adhesives and 
dyes. 
 
Myths/misconceptions about the potatoes  
Potato is a low energy food and 100 g of boiled potatoes provide only 69 Kcal but it has 
been blamed of being a calorie rich food causing obesity. The recommended dietary 
allowance (RDA) of energy for a moderately active adult with a body weight of 60 kg is 
2875 Kcal/day. As such, one has to eat more than 4.1 kg of potatoes per day to get 
obese which is not possible. 
 
 Another common misconception is that potatoes contain fat therefore, cause 
obesity. This too is wrong because fat content in potato is not more than 0.1%. However, 
they absorb considerable fat during frying. So the real culprit is not potato but the fat 
which it absorbs. Diseases like leprosy and rickets were also falsely attributed to potato 
consumption but later on people realized their mistake. Such another wrong notion is that 
potatoes can cause or worsen diabetes. On the contrary, research done in Europe has 
shown that potatoes are good for diabetics if eaten in right quantity as recommended by 
the Physicians. 
 
Varieties and establishment of potato research in India  
In the beginning, India was meeting its seed requirement partly through import and partly 
by its multiplication in the higher altitude till 1939. Import stopped in 1939 due to World 
War II. A potato seed supply system from hills to plains was, therefore, used to address 
potato seed supply. This plan also proved unsatisfactory because of the following 
reasons:  
 

 Non-availability of varieties adopted to both long days of hills and short days of 
plains,  

 Dormancy of hill seed which was fit for planting during spring and degenerated very 
fast due to high pressure of aphid vectors of viral diseases during spring and, 

 Limitation of land in the hills.  
 
 A need, therefore, was felt to have indigenous varieties and technologies suiting 
to sub-tropics to have a viable potato industry in India. Keeping these points in view, 
initiation of Indigenous Variety Development Programme started in 1935 with the 
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establishment of Potato Breeding Station at Shimla (Himachal Pradesh), Seed 
Cerification Station at Kufri (district Shimla, Himachal Pradesh) and Potato Multiplication 
Station at Bhowali (Uttar Pradesh now Uttarakhand). Later on, these stations were 
merged with Central Potato Research Institute. As a result, Central Potato Research 
Institute came in existence in 1949 at Patna (Bihar) and later on Headquarters shifted to 
Shimla (Himachal Pradesh) in 1956 in order to facilitate hybridization work and better 
management of seed health. 
 
             By 2017, CPRI had released above 50 indigenous varieties of different durations 
(short, medium & long duration varieties maturing in 70-90, 91-110 and 111-120 days, 
respectively). The suitable varieties suggested for North Indian plains, particularly for 
Uttar Pradesh include Kufri (K) Safed, K. Sindhuri, K. Bahar, K. Lalima, K. Sutlej, K. 
Ashoka, K. Pukhraj, K. Chipsona 1 to 3, K. Anand, K. Arun, K. Pushkar, K. Sadabahar, K. 
Chandramukhi, K. Gaurav, etc. 
 
Pests of potato 
This ubiquitous crop, being grown under a wide range of climatic conditions prevailing 
from sea shore to snow level in higher hills and round the year in one part of our country 
or the other is subject to depredation by several pests both in the field and the storage 
which in accordance with their food habit and habitat are grouped into - (i) soil pests 
(cutworms, white grubs, wireworms, termites, lunate fly, red ant, mole cricket, nematodes 
and field rats), (ii)  Foliage feeders or defoliators (various types of leaf-eating caterpillars, 
epilachna beetles, flea beetles, ash grey weevil and blister beetles), (iii) sucking pests or 
sap feeders (aphids, leaf hoppers, broad mite, green bug, whiteflies, thrips and bulb mite) 
and (iv) storage pests (potato tuber moth, mealy bugs and tuber mite).  
 
Aphids as vector of viral diseases  
Over 4500 species of aphids have been reported world over. Of these, about 700 species 
occur in India of them more than a dozen feed on potato crop itself. Both nymph and 
adult of aphids suck the sap from potato foliage. As a result of their feeding especially, 
when their population is quite high, the leaves of affected plants curl downward, turn 
yellow, become wrinkled and ultimately die. Such severe infestation with very high 
population of aphids, however seldom occurs in potato crop. Importance of aphids in 
potato cultivation is mainly due to the role they play as vector of viruses which contributes 
to the 'running out' of potato stocks (EASTOP, 1977). As stated above, more than a 
dozen species of aphids are damaging this crop. Of  these, green peach aphid Myzus 
(Myzodes/ Rhopalosiphum/ Nectarosiphon) persicae (Sulzer) - a native of Europe is of 
paramount importance causing not only direct damage but also in transmitting over 100 
viral diseases, the chief among them on potato crop are potato leaf roll virus (PLRV) and 
potato virus Y (PVY). In India, the losses in potato yield due to PLRV and PVY are 
estimated to be 20-50% and 40-85%, respectively (NAGAICH and AGRAWAL, 1969). 
These losses may go still higher if infested potato tubers are further used as seed for 
subsequent crops (MISRA, 2006).  
 
 Continuous use of virus-infested seed potatoes for many years leads to a stage 
where tuber yield becomes uneconomical and such a seed stock is called 
"degenerated". 
 

Besides, M. persicae, cotton aphid, Aphis gossypii Glover, has also been 
reported as a weak vector of viral diseases in potato crop. It has been reported that 
aphid, M. persicae developing on the primary host are free from potato viruses. Infections 
may be acquired from weed host or volunteer potatoes. Home gardens in which non-
certified seed potatoes are grown can be important source of potato viruses (BISHOP 
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and GUTHRIA, 1964). Findings reveal that the stylets of the first two instars did not 
penetrate beyond the leaf epidermis while those of all the later instars could reach 
mesophyll. Further, the efficiency of transmission increased with aphid maturity and with 
feeding periods. The fifth instar (pre-maternal adults) was significantly the most effective. 
Reproduction (asexual) is observed at its peak at temperatures between 20˚ & 25˚ C 
while lower and higher temperatures retarded its build-up. This aphid does not survive 
when the temperature in Indian plains exceeds 38˚C from May onwards. Under such 
conditions, it is believed that M. persicse migrates towards mid and higher hills where 
mild temperature and suitable host plants are available. However, it can withstand 
extreme cold and survives, though in minimum numbers, even when the foliage is 
covered with snow (MISRA, 2006, 2018). 
 
Life cycle of M. persicae 
Parthenogenetic reproduction of M. persicae may continue throughout the year on 
various weeds and crops in mild climates. Sexual reproduction is reported to occur in 
temperate regions. Verma et al. (1982) have also reported that in temperate countries, 
the life cycle M. persicae consists of formation of sexuals (male and female) in winter, 
which hatch out on spring. However, the data collected from Jalandhar (Punjab) and 
Delhi (India) revealed that sexuals are formed on peach (Prunus persica) during February 
and March. As they are formed in very small numbers and also because of their 
production at wrong time of year when the temperature starts rising, this holocyclic life-
cycle does not play any important role in their further multiplication (MISRA, 2018). 
 
 It is on the records that in winds 5km/hr and with turbulence or convection 
currents, aphids may be carried aloft and transported through great distances. On the 
contrary, in winds below 2.4km/hr, aphids are able to control their flight and may alight, in 
response to various stimuli including the time they have flown and visual cues. 
 
Population dynamics of M. persicae 
Population dynamics study indicates that M. persicae on autumn planted crop in Punjab 
starts appearing from middle of November and crosses the critical level of 20 aphids/100 
compound leaves (aphids counted from one upper, one middle and one lower compound 
leaves from 33 potato plants and one remaining i.e. lower leaf from 34

th
 potato plant) by 

the second/third week of December. However, in Haryana such situations come about 4-
7 days later when compared with Punjab. In the Western Uttar Pradesh, it starts 
appearing on potato crop by the end of November/ first week of December and crosses 
the critical level from middle to the end of December. Maximum population is seen in the 
end of February or early March after which population starts declining. In the Eastern 
plains of North India (Eastern Uttar Pradesh, Bihar, Jharkhand and West Bengal), M. 
persicae is seen between second week of December and early January, reaching the 
critical level by the second/ last week of January (MISRA, 2006, 2018).  
 

In plateau region of Maharashtra, M. persicae population remains quite high in 
both the potato crop seasons (Kharif & Rabi). On the other hand, it appears on potato 
crop in the second week of June and crosses the critical level by the end of July/ early 
August in Shimla, Kufri & Fagu of Himachal Pradesh. M. Persicae crosses the critical 
level in the first and third weeks of June at Pahalgam (Kashmir) and Jammu regions, 
respectively. The population in other areas of this state remains quite low throughout the 
potato crop season. In Southern hills (Nilgiri hills), there are three potato crop seasons 
viz; (i) Rainfed summer crop (main), (ii) Irrigated winter crop and (iii) Rainfed autumn 
crop. Here, M. persicae population remains quite high only on rainfed autumn crop. As 
such, first two crop seasons are suitable for growing seed potato for local use only. In 
Shillong (Meghalaya) this aphid crosses the critical level between second & third weeks 
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of May in the summer crop and by the end of October/ first week of November during 
autumn crop seasons (MISRA, 2006). Time of crossing the critical level on crop depends 
upon: 
 

 Availability of host crop in a given area. 

 First arrival of M. persicae on potato crop. 

 Prevalence of conductive climatic condition of the regions. 
 
Prerequisites for ideal locations of seed production 
Degeneration of seed stocks when grown during spring in the plains was established to 
be due to viruses mainly spread by aphid, Myzus persicae (Sulzer). A detailed survey of 
a number of locations in the plains during 1956-60 was, therefore, initiated for studying 
the population dynamics of M. persicae during the crop period with a view to locating the 
suitable areas for raising seed crop potatoes in the plains (PUSHKARNATH, 1967). It 
was found that the vector (M. persicae) population in the North Indian Plains (Indo-
Gangetic Plains) remained either absent or very low during October-December which 
was sufficiently a long period to grow healthy seed crops in the plains. This information 
formed the basis of seed production in the plains through the technique called "Seed Plot 
System of Seed Production". Initially, it comprised (i) planting of seed crops during 
September end to mid-October, (ii) planting at close spacing on not too rich a soil to 
ensure large percentage of seed size tubers, (iii) two inspections of the crop to remove 
off-types and virus-infested diseased plants, (iv) restriction of irrigation from mid-
December onwards and (v) Dehaulming the crop in the end of December or before 
reaching M. persicae population to critical level of 20 aphids/100 compound leaves 
(MISRA, 2006, 2018). 
 
 Areas suitable for seed production are limited to a few states in the north-west 
and northern Indo-Gangetic plains (Table-2) which meet the following requirements of 
certified seed production:  
 

 Availability of sufficiently long period of about 75-90 days virtually free from aphid 
vectors and suitable for crop growth and tuberization, this period is from 
September end to last week of January, 

 Freedom of soil from soil pests/soil-borne diseases like cyst nematodes, bacterial 
wilt, powdery scab, wart, ring rot and any other quarantined pests/diseases,  and  

 Good productivity of the crop. 
 
Integrated approach for managing aphids for production of quality seed potato in 
northern plains 
Because of the development of "Seed Plot Technique", the major centre of disease-free 
seed production shifted from the hills to plains. The seed produced in plains not only 
gave 30-40% higher yields but was also free from many soil and tuber-borne diseases 
and pests. As such, the farmers could produce healthy seed potatoes in plains and 
obtained higher yields by adopting refined "Seed Plot Technique" developed at CPRI 
(GARG, 2008, MISRA, 2018). This includes:  
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Table-2: Surveys of different regions with respect to suitability for seed production. 
  

State Zone Suitability for type 
of seed 

Reasons for suitability 

Himachal Pradesh 
 
 

Northern high 
hills 

All categories of 
seed  

Low vector pressure; 
No serious soil borne 
pest 

Lahaul Spiti 
Valley 

Foundation & 
certified 

Higher vector pressure; 
Some soil borne pests 

Jammu & Kashmir 
 
 

Northern high 
hills 

Foundation & 
certified 

Low vector pressure; 
Soil borne diseases 

Plains Foundation & 
certified 

Higher vector pressure 

Arunachal 
Pradesh, Sikkim, 
Meghalaya, 
Manipur, 
Nagaland, 
Mizoram, Tripura 

North-eastern 
high & mid 
hills 

Foundation, certified 
& quality seed (for 
regional use) 

Higher vector pressure 
Presence of brown rot & 
wart. 

Darjeeling Hills 
 

Quarantine 
area 

Quality seed for local 
use 

Wart disease 

Punjab, Haryana, 
UP, Western MP, 
Bihar 
 

Indo-gangetic 
plains 

All categories off 
seed 

Low vector pressure; 
No serious soil borne 
pest 

West Bengal, 
Orissa, eastern 
MP 
 

North eastern 
plains 

Foundation &certified 
seed (for local use) 

Higher vector pressure; 
Presence of brown rot 

Maharashtra, 
Karnataka, 
Andhra Pradesh 

Plains & 
plateau area 

Quality seed (for 
local use) 

Very High vector 
pressure; 
Soil borne brown rot 

Tamil Nadu Nilgiri Hills 
(Quarantine 
area) 

Quality seed (For 
local use) 

Presence of cyst 
nematode and 
Presence off brown rot 

(MISRA, 2018) 
 

 Use of hot weather cultivation and adaption of 2-3 years crop rotations to avoid 
build-up of soil-borne pathogens, 

 Procurement of good quality healthy (virus-free) seed potatoes of right 
physiological stage of variety recommended for the region from 
governmental/semi-governmental/ cooperative agencies,  

  Isolation of minimum 25 meters of seed crop from the ware potato crop. Aphids 
developing on the primary hosts are free of potato viruses. Infection may be 
acquired from weed hosts or volunteer potatoes. Home gardens in which non-
certified seed potatoes are grown can be important source of potato viruses,  

 Use of pre-sprouted large sized healthy tubers (40-80 g) with multiple sprouts to 
ensure a large proportion of seed-sized tuber. Pre-sprouting ensures quick and 
uniform emergence of crop, early tuberization and maturity,  

 Planting of seed crops by 15th October in Punjab, by 25th in Haryana, Rajasthan, 
Western Uttar Pradesh and 1st week of November in Eastern Uttar Pradesh and 
Bihar. 
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Initially  the use of systemic granular insecticides like phorate 10 G or carbofuran 
3G @ 1.5-2.0 kg a. i. (active ingredient)/ha at planting or in two equal split dosages  i.e. 
half at planting and remaining half at first earthling, in Northern plains of India where the 
irrigation facilities are available because a light irrigation of the field after granule 
application would be necessary for dissolving the toxicants in plant system and its 
translocation up to the foliage (LAL and MISRA, 1979; MISRA and CHANDLA, 1979 and 
MISRA and AGRAWAL, 1987, MISRA, 2006, 2018). One-two sprayings with any 
systemic foliar insecticides viz. oxydemeton-methyl, dimethoate, thiometon, 
monocrotophos etc. (0.03% concentration) may be given during the later part of the crop 
if vectors are seen in spite of granular insecticides application. Alternatively, two 
sprayings with imidacloprid (0.04 kg a i /ha/spray treatment), first after 30 days and 
second after 60 days of planting have also been found quite effective against aphids and 
other sucking pests/vectors. However in hilly areas where the crop is grown under rain-
fed conditions and irrigation facilities are not available, application of the granular 
insecticides would not be of much use because of the reasons:  
 
i. Lack of optimal soil moisture necessary for absorption and translocation of 

toxicants of granular systemic insecticides into plant system before the onset of 
monsoon, 

ii. Leaching off toxicants contained in granular systemic insecticides due to frequent 
and heavy rains during the monsoon and 

iii. A long gap of about 60-80 days between the granules application and arrival of 
aphids on the crop. 

 
Further, application of granular systemic insecticides in hilly regions will, un-necessarily 
go as futile and cause adverse side effects because:  
 
i. Such practices will increase the cost of potato cultivation unnecessarily, 
ii. Contaminate the potatoes produced in such granules treated soil with their 

residues & 
iii. Pollute the water of rivers, lakes, ponds and other water reservoirs, in plains, with 

toxicants contaminated water flowing during rainy season from treated field of hilly 
regions into them in plains. 

 
As such, under these conditions of hilly tracts only the spray treatments indicated above 
may be applied as soon as the aphids start appearing on the seed crops and be repeated 
at 10-15 days interval depending upon the need.  
 
Encouraging use of bio-control agents timely both in plains and hilly tracts  

 Full earthling at planting and use of herbicides for controlling weeds and preventing 
the spread of contagious viruses, 

 Inspection of seed crop three times at 50, 65 and 80 days after planting  during 
crop season to remove the off-types and diseased plants along with their tubers, 

 Protection of crops from late blight   to prevent seed-borne infection, 

 Protection of crop from vectors towards the maturity of crop, 

 Withhold irrigations in the third week of December i.e. 7-10 days before haulms 
(foliage)  killing in north-western plains and first week of January  in north-eastern 
plains,  

 Haulms killing with Grammaxone @ 2.5-3.0 litre/ ha or mechanically pulling them 
to kill. Re-growth in cut plants coming after haulms killing should also be checked 
periodically and be removed. 
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 Harvesting of crops 15-20 days after haulms killing when the fields are in workable 
condition and tuber skin is hardened, 

 Curing of produce by keeping the heaps in cool shady place for about 2-3 weeks, 

 Treatment of produce with commercial grade 3% boric acid to prevent surface-
borne diseases, and  

 Drying of treated seed potatoes in shade and then filling in the bags, sealing, 
labeling and cold-storing. 

 
A flow chart of the seed plot technique is presented in Fig. 6(c.f. GARG, 2008)  

 
Fig. 7:  Important components of seed plot technique 

 
 The systemic insecticides applied for managing the aphids - principal vectors of 
viral diseases will simultaneously take care of other vectors as well, such as cotton aphid, 
Aphis gossypii Glover, thrips, Thrips palmi (transmitting Tospovirus), white flies belonging 
to the genus Bemisia - vector of Gaminivirus and the leaf hoppers, Alebroides 
nigroscutulatus Dist. & Seriana equata Singh transmitting micoplasmal diseases viz. 
purple top roll (PTR) and marginal flavescence (MF), respectively. However, if needed  1-
2 additional spraying with any foliar systemic insecticide like oxydemeton-methyl (0.03% 
concentration) be given for managing these insect vectors (MISRA, 2006; 2018). 
 
 Recognition of the fact that seed potatoes could be produced in the subtropical 
plains on a sustainable basis by 1959 laid the foundation of what was called as "Seed-
Plot System of Seed Production" by 1967 (PUSHKARNATH,1959, 1967). Consequently, 
production of seed potatoes in plains started from 1970 onward and movement of seed 
from hills to plains declined sharply there itself. Subtropical plains have also become the 
source of seed to other parts of India such as West Bengal, Odisha, Maharashtra, 
Gujarat and Karnataka. Adoption of the seed plot technique has resulted in phenomenal 
increase in area under potato from about 0.5 in1970 to about 1.4 million hectares in 
2007. The corresponding production has gone up from about 3.9 to 24.9 million metric 
tonnes during the period (MISRA, 2018). 
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Whitefly, Bemisia tabaci (Gennadius) (Aleyrodidae: Hemiptera) as vector 
B. tabaci is a sap sucking pest, having more than 500 hosts worldwide including potato in 
India (DHAWAN et al., 2007). B. tabaci transmissible Gemini virus, Tomato leaf curl New 
Delhi virus-potato (ToLCNDV-potato) known to cause potato apical leaf curl disease 
which is posing a serious threat to both seed and ware potato production in northern 
India (BHATNAGER, 2008; 2013; BHATNAGAR et al., 2017). Most common 22 potato 
cultivars grown in India acquired ToLNDV-potato in due course of time, however some of 
potato cultivars like Kufri Anand, Kufri Chandramukhi, Kufri Chipsona 1, Kufri Chipsona 2, 
Kufri Chipsona 4, Kufri Gaurav, Kufri Himalini, Kufri Khyati, Kufri Pukhraj and Kufri Satlej 
acquired ToLNDV-potato very quickly and showed positive reaction in of October. For 
protection of potato cultivars, treatment of imidacloprid followed by thiamethoxam and 
imidacloprid insecticides, first spray on 20 days after planting followed by second and 
third sprays on 35 and 42 days after planting, respectively is suggested for suppression 
of whitefly population and effective management of apical leaf curl disease, especially 
crop grown for seed purpose (BHATNAGAR et al., 2017). 
 
Conclusion: The farming community will immensely be benefitted by adopting the above 
suggested economically effective, eco-friendly and sustainable potato seed production 
technology for managing the vectors effectively leading to bumper production of healthy 
(disease-free) seed potatoes. Once, the farmers start producing their own crop of seed 
potatoes in Northern plains, unnecessary  dependence on outside seed will be solved 
and almost 50% cost of cultivation i.e. the money spent on the purchase and 
transportation of seed potatoes from outside and distant places will automatically be 
curtailed. Besides, it will be a good source of income for the farming community as they 
can earn a lot of money by selling quality seed potato of excellent health standard. 
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ABSTRACT: Perionyx rahuliis a new species of earthworm collected from Jorpokhri, Darjeeling 

district (Latitude 27º 2' 9.6252" N and 88º 15' 45.6192" E) reported from the  state of West Bengal 
in India with features of elongated body. This species belongs to Family Megascolecidae (9 genus 
in India) and genus Perionyx has 43 species in India. Two pairs of midventral spermathecal pores 
near BC and spermathecal pores at 6-7 and 7-8 segment are present but penial setae are absent. 
Testes sacs are present. Male pores are found on 1/3 of body circumference. The total length of 
the body is 9.3cm and breadth 6.5 mm. and anal pore is 2.5 mm in diameter. Mouth is 9 mm in 
diameter. Colour is pinkish brown in living condition but colour fades up in preserved state.  Total 
number of body rings is 122. Male pores have one pair in a hole on ring 18. It is not found in any 
other species of the genus. Female pore one situated laterally, line shaped. Perichaetine setal 
arrangement on the ventral region of the body is seen. Dorsal pores started from 3-4 segments. 
Racemosal prostate gland is present.  

Key words: Perionyx rahuli sp. nov. Clitellata, Megascolecidae, Jorpokhri, Darjeeling 

 
INTRODUCTION 

Earthworms occur in diversified habitats from manure, compost, litter, humus, 
kitchen drainage, forest land, grassland, agricultural land, plant nursery, etc. They are 
omnivorous, but most of them derive nutrition from dead organic matter. The beneficial 
effect of earthworms in increasing soil fertility has been documented since the time of 
DARWIN (1881). Due to their abundance in the number of species available in India and 
also their economic value, understanding of the distribution, abundance and ecological 
condition of the species has become very important. This species belongs to Family 
Megascolecidae (9 genus in India) and genus Perionyx has 43 species in India (JULKA, 
1988). HALDER (1998), BANDYOPADHYAY et al. (2008) and BEDDARD (1893) worked 
on earthworms which are valuable for the future researchers of taxonomy. There are 
more than 6000 species of earthworms in the world, where as in India 561 (MANDAL et 
al., 2017). This study is due to know the distribution status of earthworms from 
Darjeeling, West Bengal 

MATERIAL AND METHODS 
After making the collection, earthworms were sorted out and cleaned. Then the 

cleaned earthworms were placed in a tray with a small quantity of water and were slowly 
killed by anaesthetizing with 70% alcohol by adding drop by drop at frequent intervals. 
Earthworms usually die in an extended condition by this process. Just after death, the 
earthworms were kept in 70% alcohol for permanent preservation. This new species of 
earthworm, Perionyx rahuli has been collected from West Bengal, Darjeeling district, 
India during faunistic survey. The new species is compared with the material of other 
species available in hand and information on other species is taken from literature.  
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Holotype: Z.S.I. Reg. No. An5725/1, 1 ex., Coll. Dr. R. Paliwal, 26.X.2009, Jorpokhri, 
Darjeeling district (Latitude 27º 2' 9.6252" N and 88º 15' 45.6192" E), West Bengal, India.  
 
Diagnostic character:  
Two pairs of midventral spermathecal pores (B/C).  
Spermathecal pores at 6-7 and 7-8 segment.  
Penial setae are absent. Testes sacs are present.  
Male pores 1/3 of body circumference.  
Body is medium and elongated,brownish in colour, ventral region pinkish in colour.  
The total length of the body is 9.3cm and breadth 6.5mm.  
Posterior part is not broader than anterior part. 
Anal pore is 2.5 mm. Total number of body rings is 122. 
Male pores have one pair in a hole on ring 18. 
Size of the earthworm is small to medium sized.  
Clitellar region is pinkish white. 
 

 
Lateral view of P. rahuli  

Perichaetine seta 
 

Protostomium 

 
Recemosal prostate gland 

 
Nephridia 

 
Male pore without seta 

 
Anal pore 

 
Dorsal pores 

Photo plate-1: Different morphological & anatomical characters of P. rahuli 
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Habit & Habitat: The species of earthworm lives under the bush, in the shadow place 
and beneath the half superficial layer of the soil. In the month of July-August due to rain it 
comes out from the soil in search of dry habitat, then collection becomes easy. Breeding 
season is July- August. It embraced to each other from opposite end at the time of 
breeding. Male pore is below the female pore which is opposite in leeches.  
 
Distribution: West Bengal, India. 
Etymology: The specific name is proposed according to the Earthworm specialist Dr. R. 
Paliwal collected the specimen from West Bengal. 
 
Remarks: The present described species Perionyx rahuliis somewhat similar to Perionyx 
excavatus in body shape.  It is distinguished from P. excavatus in its colour, number of 
rings in the body and structure of genital pores. Recently Perionyx shyamasreei 
(shyamasreetus) has been discovered for the first time in India from Odisha (GHOSH et 
al., 2018).  P rahuli differs from P. shyamasreei in its features of male pores. All the 
species of Megascolecidae family are different from the new species of the earthworm. 
 
Comparative material: 
Perionyx excavatus– An 5484/1, 1 ex., Gopiballavpur, Midnapur,West Bengal. 
Perionyx sansibaricus-An 5504/1, 20 ex. Mukkarviti, Madras. 
Perionyx horai -An 5486/1, 4 ex. Shyampur, Howrah. 
Perionyx simlaensis- An 5472/1, 2ex. Assam bridge side, Assam. 
Perionyx shyamasreei (shyamasreetus)- Reg. No. An 5724/1, 1 ex., Coll. Odisha, 
Bhubaneswar district (20.3119° N, 85.8606° E), India. 
 
Material examined:  
1 ex.Darjeeling district (Latitude 27º 2' 9.6252" N and 88º 15' 4 
 
Conclusion 
Perionyx rahuli is described as a new species from India reported for the first time and 
recorded from West Bengal bearing unique features as compared to other species of 
this genus. Two pairs of midventral spermathecal pores (B/C). Spermathecal pores at 6-7 
and 7-8 segment. Penial setae absent. Testes sacs present. Male pores 1/3 of body 
circumference. Male pores are in a deep hole closely paired. Identification is based on 
the state fauna of K.R.Halder, 1998. Annelida: Oligochaeta: Earthworms. Zool. Surv. 
India. State fauna series 3: Fauna of West Bengal, Part 10: 17-93.  
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ABSTRACT: Based on the length and weight data collected from Vembanad Lake, Kerala, length-
weight relationship for the ‘long whiskered catfish’ Mystus gulio has been estimated. Length-weight 

relationship was calculated using the equation W=aL
b
, for1241 fishes collected during July 2015 to 

June 2017.  The values of parameter b ranged 3.002 for male, 3.114 for female and 3.071 for 
sexes combined.  There are no significant differences between the sexes. 

Key words: Mystus gulio, catfish, length-weight relationship, Vembanad Lake 

 
INTRODUCTION 

Family Bagridae (catfishes) comprises about 245 species and forms significant seasonal 
fisheries along the estuarine and coastal waters of India.  Mystus gulio (Hamilton 1822) 
commonly known as long-whiskered catfish, is an endemic species inhabiting the 
estuarine waters of India. This species is designated as ‘least threatened’ (Lc) by IUCN.  
It is an important target species for artisanal fishers who use a variety of traditional fishing 
gears (HOSSAIN et al., 2015). This species contains high nutritional value in terms of 
protein, micronutrients, vitamins and minerals which are not usually found in other foods, 
making it a very favorable candidate for aquaculture in Southeast Asia (ROSS et al., 
2003). Owing to its high market value and delicious taste it has been emerging as an 
aquaculture species in some Asian countries (SIDDIQUI, 2007).  In the natural habitat its 
population is threatened from overfishing and pollution. 
 

The length-weight relationship is an important parameter, which helps to obtain 
the relationship between total length and body weight, and much essential for stabilizing 
the taxonomic characters of the species and is important to comprehend the growth rate, 
age and other factors influencing population dynamics (KOLHER et al., 1995).  It is very 
important for proper exploitation and management of fish species and also useful for 
comparing life history and morphological aspects of populations inhabiting different 
regions (STERGIOU and MOUTOPOULOS, 2001). The exact relationship between 
length and weight differs even among the individuals of the same species due to food 
availability and growth within weeks prior to sampling (ECOUTIN et al., 2005). The 
length-weight relationship in fishes can be affected by a number of factors including 
habitat, health, sex and gonad maturity and differences in the length ranges of the 
specimen caught. Length weight relationship of Arius caelatus, A. tenuispinis, A. 
thalassinus (SAWANT and RAJE, 2009; SAWANT et al., 2013), Horabagrus brachysoma 
(KUMAR et al. 1999; ALI et al., 2008) were reported from Indian waters.  Information 
related to the length weight relationship of this species was absent from the backwaters 
of Kerala. Therefore, we studied the length-weight relationship of M. gulio from 
Vembanad Lake. 
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MATERIALS AND METHODS 
A total of 1241 specimens of M. gulio, were randomly collected during July 2015  to June 
2017 from different collection centres of the Vembanad Lake, Kumarakom,  
Thanneermukkom and Vaikom (between 09°35´ & 09°45´N and 76°24´ & 76°26´E). Data 
on total length in mm and total weight in g were recorded and their sex was assessed by 
dissecting the fish.  The relationship between length and weight of fish was calculated 
separately for males, females, juveniles and the combined sample, and is usually 
expressed by the equation W= a L

b 
(LE CREN 1951), where W is body weight, L is total 

length, a is the intercept and b is an exponent. Monthly variations in the length weight 
parameters were also determined.  The degree of adjustment of the model studied was 
assessed by the coefficient of determination (r). Statistical parameters like range, mean, 
median, standard deviation and determination co-efficient (r) were estimated. In all cases 
a statistical significance of 5% was adopted.  Results were expressed as mean + 
standard deviation. The parameters a and b of the LWR were estimated by the least 
squares regression method using the statistical software SPSS version 20. The 95% 
confidence of the limits of b was assessed. 
 

RESULTS AND DISCUSSION 
 A total of 1241 specimens of M. gulio, comprising 355 male, 718 females and 168 
juveniles, were utilized for the study. The length and weight ranged between 4.3 and 
22.3cm and 1.04 and 162.6g.  Juveniles are observed in March, May-September and 
December months.  Their size varied between 4.3 and 7.3 cm. The size frequency 
distribution of different groups was plotted in figure 1 and the size distribution was given 
in table 1.  In the present study, the value of b was found to range between 3.002 to 
3.114 for males and females respectively (Table-2).  The juveniles contribute less in the 
collection with b value of 2.456.  The b may be varied for fishes collected from different 
localities or for immature and mature fishes. 
 
 

Fig.1: Length -frequency distribution of M. gulio (n=1241)  
collected during the study period 

 
The highest b value was arrived in females followed by total fishes combined and 

then males. Length-weight relationship of male, female and juveniles are plotted in figure 
2. In monthly collections also the b value of length-weight relationship ranged between 
2.833 and 3.261 (Table-3). HILE (1936) observed that the value of the b usually lied 
between 2.5 to 4.0 and for ideal fish maintain the shape b=3 and FROESE (2006) found 
that they were within 2.5-3.5 limit. The b values for male (3.002), female (3.114) and 
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combined sexes (3.071) in the present analysis are very much closed to 3.0 and 
therefore, M. gulio does follow the cube law. This growth pattern indicates that the 
environmental conditions of Vembanad are suitable for this species. The logarithmic form 
of length-weight relationship calculated as: 
 
Male: Log W = -1.943+3.002 log L, r

2
 = 0.969  

Female: Log W = -2.045+3.114 log L, r
2
 = 0.982  

Juveniles: Log W = -1.538+2.456 log L, r
2
 = 0.856 

Pooled: Log W = -2.004+3.071 log L, r
2
 = 0.985  

 
No significant differences were observed between the sexes (p<0.05). The 

coefficient of determination (r
2
) was ranged higher in all the cases which indicating a 

good fit between the two parameters. The estimated relationship showed positive 
allometry except those for juveniles. In the monthly analysis also all regressions were 
highly significant, r value ranging from 0.908 to 0.994. The most accurate model was 
shown in December (0.998) and the least accurate was that of January (0.908). AMBILY 
and NANDAN (2010) observed a b value between 2.622 and 3.09 for Arius subrostratus 
from the Champakkara backwaters of Kerala, indicating a faster weight gain for females 
than the males of the same lengths probably because of the difference in fatness and 
gonadal development. KUMAR et al. (1999) and ALI et al. (2008) reported higher b 
values for Horabagrus brachysoma from the rivers of Kerala.  Differences in the b value 
from same fish species is perhaps caused by a number of factors, including sex, gonad 
maturity, growth phase, season, stomach fullness, sampling size and a narrow length 
range (FROESE et al., 2011).  
 
Table-1:  Month-wise and sex-wise size variation of M.gulio from the riverine stretches of 

Vembanad lake (N=1241; n- total number examined) 
 

Month LT (cm) WT (g)  
n Range  Mean + SD Range Mean + SD 

July 4.3-16.5 8.54+3.093 1.02-63.38 10.7+12.539 191 

August 6.0-19.6 9.07+2.705 2.24-62.0 10.8+11.529 160 

September 6.5-21.8 15.72+3.411 3.2-121.68 49.4+23.980 127 

October 12.3-20.2 16.37+1.608 21.1-105.7 53.4+18.332 45 

November  12.3-26.5 17.28+1.545 21.9-119.6 65.7+18.80 60 

December 5.8-20.5 14.17+4.959 2.3-131.0 50.3+36.918 79 

January 12.1-22.3 18.82+1.397 49.6-158.5 90.6+24.043 76 

February 11.3-22.2 14.94+2.071 14.4-162.6 44.0+21.890 100 

March 4.3-20.4 11.68+5.129 1.0-101.9 32.1+26.429 140 

April 12.3-20.1 15.23+1.870 21.2-98.6 46.8+19.98 47 

May 4.8-15.2 8.74+3.184 1.2-38.8 10.6+9.959 138 

June 2.44-17.2 11.21+2.981 2.4-56.8 19.8+14.798 78 

Sex 

Male 6.65-19.6 13.0+3.400 3.13-93.38 30.74+21.086 355 

Female 5.2-22.3 13.58+4.537 1.9-162.6 41.79+33.425 718 

Juveniles 4.3-7.3 5.68+0.740 1.24-3.75 2.15+0.756 168 

Pooled 4.3-22.3 12.35+4.722 1.04-162.6 33.26+30.741 1241 

  
This study has a very significant practical value in the management of fisheries and 

will be helpful for assessing the growth pattern of this fish in Vembanad Lake. It also 
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helps in deriving weight estimates of these catfishes from their length, in order to limit 
their catches along the stretches of the lake.  
 
Table-2: Length-weight parameters in M. gulio (N= 1241) from Vembanad lake, Kerala 

(M: male, F: female, J: juveniles, P: pooled; SE: Standard Error; CL : Confidence 
Level; r : determination coefficient) 

 

Sex n a 
SE of 
a 

b 
SE of 
b 

CL
  
of b 

r
 

(P<0.05
)** 

Growth 

M 355 0.1436 0.032 3.00 0.029 
2.944-
3.057 

0.984 Isometric 

F 718 0.1294 0.018 
3.11

4 
0.016 

3.083-
3.145 

0.991 Allometric(+) 

J 168 0.2147 0.059 
2.45

6 
0.079 

2.301-
2.611 

0.925 Allometric(-) 

P 
124
1 

0.1348 0.011 
3.07

1 
0.011 

3.050-
3.092 

0.993 Allometric(+) 

** Significance at 5% level 
 
   

Fig.2: Length weight relationship of M. gulio in the catches from Vembanad Lake  
 
          HOSSAIN and ALAM (2015) pointed out that it was necessary to conduct 
assessment and population surveys of this species to establish the status of the wild 
stocks in terms of abundance and distribution, as well as ecological requirements for the 
successful proliferation of the species. Even though habitat destruction and pollution from 
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tourism industry are the serious threat in Vembanad Lake, the status of this species can 
be improved through public awareness and effective habitat restoration methods.  
 
Table-3: Month-wise variations in length-weight parameters of M. gulio (N= 1241) from 

Vembanad Lake (SE: Standard Error; CL: Confidence Level; r: determination 
coefficient) 

 

Month n a SE of a b SE of b CL
  
of b r(P<0.05)** 

July 191 0.1465 0.041 2.979 0.044 2.892-3.066 0.980 

August 160 0.1641 0.040 2.861 0.042 2.778-2.944 0.983 

September 127 0.1261 0.043 3.098 0.036 3.026-3.170 0.991 

October 45 0.1072 0.239 3.248 0.197 2.851-3.645 0.929 

November  60 0.1148 0.215 3.207 0.174 2.859-3.554 0.925 

December 79 0.1099 0.047 3.261 0.041 3.179-3.343 0.994 

January 76 0.1231 0.216 3.171 0.170 2.832-3.509 0.908 

February 100 0.1337 0.142 3.085 0.121 2.844-3.326 0.932 

March 140 0.1427 0.032 3.049 0.031 2.987-3.111 0.993 

April 47 0.1157 0.175 3.215 0..148 2.917-3.513 0.956 

May 138 0.1482 0.027 2.934 0.030 2.875-2.992 0.993 

June 78 0.1729 0.061 2.833 0.058 2.717-2.949 0.984 

** Significance at 5% level  
 
Acknowledgement: The authors are indebted to the Director, Regional Agricultural 
Research Station, Kumarakom of the Kerala Agricultural University, India for the facilities 
provided during the study. The first author is also grateful to the University Grants 
Commission for financial assistance under the Faculty Development Programme. 
 

REFERENCES 
ALI, A. P. H., PRASAD, G., BALASUBRAMANYAM, N. K., CHANDRAN, L. R., 

RAGHAVAN, R.P. 2008. Weight-length relation of an Asian catfish, Horabagrus 
brachysoma (Gunther, 1864), (Siluriformes: Horabagridae) from rivers of the 
Western Ghats, Kerala, India. Acta Ichthyol. Piscat. 38(1): 41-44. 

AMBILY, V. and NANDAN, S. B. 2010.  Length-weight relationship, relative condition 
factor (Kn) and morphometry of Arius subrostratus (Valenciennes, 1840) from a 
coastal wetland in Kerala.  Indian J. Fish., 57(4): 39-44.  

ECOUTIN J. M., ALBARET, J. J. and TRAPE, S. 2005. Length –weight relationship for 
fish population of a relatively undisturbed tropical estuary; the Gambia. Fish. 
Res., 72: 347-351. 

FROESE, R. 2006. Cube law, condition factor and weight–length relationships: history, 
meta-analysis and recommendations. J. Appl. Ichthyol., 22:241–253. 

FROESE, R., TSIKLIRAS, A. C. and STERGIOU, K.I. 2011.  Editorial notes on weight–
length relations of fishes. Acta Ichthyol Piscat., 41:261–263. 

HILE, R. 1936.  Age and growth of the Ciso, Leucichthys artedi (Le sucur) in the lakes of 
the north eastern highlands, Wisconsin.  U.S. Bur. Fish. Bull. 48: 211-317. 

HOSSAIN, M. Y. and ALAM, M. J. 2015. Threatened fishes of the world: Plotosus canius 
(Hamilton, 1822) (Siluriformes: Plotosidae). Croat. J  Fish., 73: 35-36 

HOSSAIN, M. Y., ISLAM, R., HOSSEN, M. A., RAHMAN, O., HOSSAIN, M. A., ISLAM, 
M. A. and ALAM, M. J. 2015. Threatened fishes of the world: Mystus gulio 
(Hamilton, 1822) (Siluriformes: Bagridae). Croat. J  Fish., 73: 43-45.  

KUMAR, G. S., MERCY T. V. A. and JOHN, K. C. 1999. Length weight relationship in the 
catfish Horabagrus brachysoma (Gunther). Indian J. Fish., 46: 191–193. 



22                                  JOURNAL OF APPLIED ZOOLOGICAL RESEARCHES 

KOHLER, N., CASEY, J. and TURNER, P.  1995.  Length weight relationships for 13 
species of sharks from the western North Atlantic.  Fish. Bull., 93: 412-418. 

LE CREN, E. D. 1951.  The length weight relationship and seasonal cycle in gonad 
weight and condition in the Perch (Perca fluviatilis). J Anim. Ecol., 20(2): 201-
219. 

ROSS, N., ISLAM, M. and THILSTED, S. H. 2003. Small indigenous fish species in 
Bangladesh: Contribution to vitamin A, calcium and iron intakes. Journal of 
Nutrition, 133: 4021- 4026. 

SAWANT, B. P. and RAJE, S. G. 2009.  Morphometry and length weight relationship of 
the catfishes Arius caelatus (Valenciennes, 1840) and Arius thalassinus (Ruppell, 
1837) off Mumbai, Veraval and Visakhapatanam coasts. Asian Fish. Sci., 22: 
215-228. 

SAWANT, B. T, CHAKRABORTY, S.K., JAISWAR, A.K., BHAGABATI, S.K., KUMAR, T. 
and SAWANT, B.P. 2013.  Comparative length- weight relationship of two 
species of catfishes Arius caelatus (Valenciennes, 1840) and Arius 
tenuispinis(Day,1877) from Mumbai waters. Indian J. Mar. Sci., 42(2): 266-269. 

SIDDIQUI, K.U.  2007. Encyclopedia of flora and fauna of Bangladesh fresh water fishes 
vol.23. Asiatic Society of Bangladesh. Kabir publication, Dhaka, Bangladesh. 
300p 

STERGIOU, K.I. and  MOUTOPOULOS, D. K. 2001. A review of length-weight 
relationships of fishes from Greek marine waters. Naga, ICLARM Q., 24: 23-39. 

  



JOURNAL OF APPLIED ZOOLOGICAL RESEARCHES 23  
 

 
 

J. Appl. Zool. Res. (2019) 30(1): 23-32 
ISSN 0970-9304 

 
 

STUDIES ON GROWTH AND REPRODUCTION OF THE EPIGEIC 
EARTHWORM, PERIONYX  EXCAVATUS  IN DIFFERENT ORGANIC 
WASTE FOODS 
 
SOUMYA R. PATIL, KARUNA S. GANIGER AND PULIKESHI M. BIRADAR

1
 

Department of Zoology, Karnatak University, Dharwad- 580003 (Karnataka), India 
E-mail: pulikeshi123@gmail.com Mobile: +919448038958 
 
Received: 24 December, 2018                                                        Accepted: 2 April, 2019 

ABSTRACT: The present study was undertaken to know the influence of different organic waste 

foods [Copper Pod Waste (CPW), Parthenium Waste (PW), Lawn Grass Waste (LGW) and Cattle 
Manure (CM) as control] on growth and reproduction of the epigeic earthworm, Perionyx excavatus 
for successful vermicomposting. One week aged five juveniles of P. excavatus were inoculated in 

primary decomposed all organic waste foods in triplicate. Weekly observations were made with 
respect to biomass, growth rate, attainment of sexual maturity and cocoon production for a period 
of 16 weeks. The biomass and growth rate increased slowly during initial weeks (up to 6

th
 week), 

then it drastically gone up from 7
th

 
to

 8
th

 weeks. The biomass trend was maintained up to the end of 
experiment where as growth rate declined soon after the maturity and commencement of cocoon 
production (from 9

th
 week onwards) up to the end of the experiment (16 weeks). The mean 

biomass (mg) and growth rate of worms were 543.62, 543, 548.25 & 554.37 and 8115.05, 8284.85, 
8259.96 & 8523.08 in CPW, PW, LGW and CM waste foods, respectively. Early sexual maturity 
was observed in CM (60%) followed by CPW (40%), LGW (40%) and PW (20%) on 6

th
 week. 100% 

worms get matured on 7
th
 week in CM and on 8

th
 week in all other organic waste foods .The 

cocoon production started soon after one week of sexual maturity, the trend of cocoon production 
was multimodal in nature throughout the experiment. The cumulative cocoon number / worm for 16 
weeks and mean cocoon rate / worm / week were 12.4, 18, 15.4 and 30.1 and 1.55, 2.25, 1.92 and 
3.76 in CPW, PW, LGW and CM, respectively. Based on the analysis of the results, it can be 
concluded that P. excavatus is efficient epigeic earthworm, voracious feeder and prolific breeder, 
suitable for processing of variety of non toxic organic wastes for the production of valuable 
vermicompost as biofertilizer for sustainable agriculture practice and worm biomass as 
supplementary protein feed for aquaculture and poultry industries. 

Key words: Growth, epigeic earthworm, Perionyx excavatus, organic waste foods. 

 
INTRODUCTION 

Many environmental problems of current concern are due to the high production and 
accumulation of various organic wastes in the nature. All these wastes are the source of 
creating foul smell, environmental pollution, unhygienic conditions and spreading of 
infectious diseases etc. All these problems can be avoided by recycling of these organic 
wastes through various physical, chemical and biological methods by using earthworms 
and microorganisms through vermicomposting process. Earthworms have been 
successfully used in the vermistabilization of urban, industrial and agricultural wastes in 
order to produce organic fertilizers (EDWARDS, 1988; BUTT, 1993; BENITEZ et al., 
2000; RANGANATHAN, 2006; MEHTA and KANIWAL, 2013) and to obtain protein 
(worm) biomass for animal feed (EDWARDS, 1985: KALE, 2004). Vermicomposting by 
epigeic earthworms has been undertaken by many researchers using different organic 
wastes such as agricultural wastes (MITCHELL et al., 1997; NEUHAUSER et al.,1998), 
pig manure (CHAN and GRIFFITHS,1988), farm yard work (NARDI et al., 1983), cotton 
industrial waste (ALBANELL et al.,1988), animal and vegetable waste (EDWARDS 1988) 
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etc. The effective use of earthworm species in organic waste management requires a 
detailed knowledge and understanding about the biology of each earthworm species 
(EDWARDS and BOHLEN, 1996). P. excavatus is one of the epigeic earthworm species 
found commonly over a large area of tropical Asia (GATES, 1972), which lives in partially 
degraded organic wastes with high moisture content, can process wide variety of organic 
wastes efficiently. Hence, we studied the influence of various organic wastes on the 
growth and reproduction of the epigeic earthworm, P. excavatus species and also to 
assess the potentiality of this worm in processing of variety of organic wastes.  
 

MATERIALS AND METHODS 
The P. excavatus earthworm species obtained from the University of Agricultural 
Sciences, Dharwad and was stock cultured in cattle manure in an uncontrolled laboratory 
conditions for their multiplication to conduct experiments. Based on the availability in 
large quantity, various organic wastes such as Copper Pod Waste (CPW), Parthenium 
Waste (PW) and Lawn Grass Waste (LGW) were collected and chopped into small 
pieces and allow them to dry under shade. All three individual organic wastes were mixed 
with cattle manure in 10:1 proportion (v/v) to maintain C/N ratio and sprinkled with tap 
water to maintain moisture content of about 70-80% and allowed to stabilize for primary 
degradation (microbial) for about 4-5 days. Cattle manure (CM) alone was used as 
control. 
 
Inoculation of earthworms 
Each stabilized organic waste was transferred to an earthen pot of size 7cm x 15 cm 
heights (in triplicate) in order to get accurate results for statistical authentication. To each 
experimental pot, one week aged five juveniles of P. excavates were inoculated after 
recording their weight. All experimental pots were kept in an uncontrolled laboratory 
conditions with moisture content of about 70-80% for a period of 16 weeks. Shortage of 
food was avoided by providing sufficient stabilized each organic waste food till the end of 
the experiment. Weekly observations were made with respect to increase in worm 
biomass, attainment of sexual maturity and cocoon production in each organic waste 
food till the end of the experiment (16 weeks).  
 
The growth rate of worms was calculated as per the following formula: 
 
                       

 
                                                        

                                    
      

 
Statistical analysis was carried out by using ANOVA test to see the significant difference 
in various life activities of this earthworm in different organic waste foods. 
 

RESULTS AND DISCUSSION 
The data of the results with respect to biomass, growth rate, attainment of sexual maturity 
and cocoon production were summarized in Table-1-6 and Graph1-4. 
 
Biomass and Growth rate 
Table-1 and Graph-1 represent the data and pattern of biomass increased in different 
organic waste foods from first week to 16 weeks. The average initial biomass of the 
individual juvenile at the time of inoculation was between 6 to 9 mg. The gradual increase 
in the biomass of all worms from initial week up to 16

th
 week in all organic waste foods 

were observed, but, there was sudden increase in the biomass of worms on 7 to 8 
weeks, then again it gradually increased up to the end of experiment. The mean biomass 
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of worms was 534.62mg, 543.00mg, 548.25mg and 554.37mg in Copper Pod Waste 
(CPW), Parthenium Waste (PW), Lawn Grass Waste (LGW) and Cattle Manure (Control), 
respectively. The maximum biomass was observed in all organic waste foods on 16

th
 

week of the experiment. There is as such no difference in biomass of all worms in various 
organic waste foods. Hence, no significant difference in biomass of worms was observed 
between & among different organic wastes at < 0.05 level (Table-5). 
 
Table-1: Biomass (mg) of the epigeic earthworm, P. excavates in different organic waste 

foods. 

Weeks Copper Pod 
Waste (CPW) 

Parthenium 
Waste (LGW) 

Lawn Grass 
Waste (LGW) 

Cattle Manure 
(CM)- Control 

1 9 7 8 6 

2 14 15 13 12 

3 25 23 24 27 

4 39 42 39 45 

5 82 76 80 85 

6 160 158 161 165 

7 294 292 296 302 

8 678 666 682 696 

9 754 748 760 782 

10 836 830 840 845 

11 891 883 894 902 

12 745 940 942 953 

13 993 990 995 998 

14 1003 1000 1005 1010 

15 1012 1007 1014 1019 

16 1019 1011 1019 1023 

Mean biomass 
(mg) 

534.62 543.00 548.25 554.37 

 
Table-2: Growth rate (mg/day/gm) of the epigeic earthworm, P.excavates in different 

organic waste foods.  

Weeks Copper Pod 
Waste (CPW) 

Parthenium 
Waste (PW) 

Lawn Grass 
Waste (LGW) 

Cattle  
Manure (CM) 
- Control 

1 0 0 0 0 

2 714.28 1142.85 714.28 857.14 

3 1142.85 1142.85 1142.85 1500.00 

4 1428.57 1666.66 1476.19 1857.14 

5 2607.14 2464.28 2571.42 2821.42 

6 4314.28 4314.28 4371.42 4542.85 

7 6785.71 6785.71 6857.14 7047.85 

8 13653.06 13448.97 13755.10 14081.63 

9 13303.50 13232.14 13428.57 13857.14 

Contd…Table-2 
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Table-2.Contd… 
Weeks Copper Pod 

Waste (CPW) 
Parthenium 
Waste (PW) 

Lawn Grass 
Waste (LGW) 

Cattle  
Manure (CM) 

- Control 

10 13126.98 13063.49 13206.34 13317.46 

11 12600.00 12514.28 12657.14 12800.00 

12 9558.44 12116.88 11119.04 12298.70 

13 11714.28 11702.38 11750.00 11809.52 

14 10923.07 10912.08 10956.04 11032.96 

15 10234.69 10204.08 10265.30 10336.73 

16 9619.04 9561.90 9628.57 9685.71 

Mean growth 
rate(mg/day/g
m) 

8115.05 8284.85 8259.96 8523.08 

 
Table-3: Per cent sexual maturity of the epigeic earthworm, P. excavates in different 

organic waste foods  

Weeks Copper Pod 
Waste (CPW) 

Parthenium 
Waste (PW) 

Lawn Grass 
Waste (LGW) 

Cattle Manure 
(CM) - Control 

1 0.00 0.00 0.00 0.00 

2 0.00 0.00 0.00 0.00 

3 0.00 0.00 0.00 0.00 

4 0.00 0.00 0.00 0.00 

5 0.00 0.00 0.00 0.00 

6 40% 20% 20% 40% 

7 80% 60% 80% 100.00% 

8 100.00% 100.00% 100.00% 100.00% 

9 100.00% 100.00% 100.00% 100.00% 

10 100.00% 100.00% 100.00% 100.00% 

11 100.00% 100.00% 100.00% 100.00% 

12 100.00% 100.00% 100.00% 100.00% 

13 100.00% 100.00% 100.00% 100.00% 

14 100.00% 100.00% 100.00% 100.00% 

15 100.00% 100.00% 100.00% 100.00% 

16 100.00% 100.00% 100.00% 100.00% 

 
Table-4:  Rate of cocoon production/worm/week by the epigeic earthworm, P. 

excavates in different organic waste foods. 

Weeks Copper Pod 
Waste (CPW) 

Parthenium 
Waste (PW) 

Lawn Grass 
Waste (LGW) 

Cattle 
Manure (CM) 
- Control 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

Contd…Table-4 
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Table-4. Contd… 
Weeks Copper Pod 

Waste (CPW) 
Parthenium 
Waste (PW) 

Lawn Grass 
Waste (LGW) 

Cattle 
Manure (CM) 

- Control 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 1 2.3 2 6 

10 3.3 1 3 4 

11 1.6 2.6 1.3 6.6 

12 1.3 2.3 3.6 5.3 

13 1 1.6 1.6 2.3 

14 0.6 3.3 1 2 

15 2.3 3.3 2.3 2.6 

16 1.3 1.6 0.6 1.3 

CCN/worm/16 
weeks 

12.40 18.00 15.40 30.10 

Mean cocoon  
prodn. / 
worm/week 

1.55 2.25 1.92 3.76 

 
         The growth rate of P. excavates in different organic waste for a period of 16 weeks 
is given in Table-2 and Graph-2. Growth rate was calculated based on the biomass and 
is represented in mg/day/gm. The growth rate was slow during initial weeks, then it 
steadily increased and reached its maximum during 8

th
 week in all organic waste foods, 

then it gradual declined till the end of the 16
th
 week. Comparatively the growth rate was 

maximum in CM (Control) and least in CPW. The mean growth rate was 8115.05, 
8284.85, 8259.96 and 8523.08 in Copper Pod Waste (CPW), Parthenium Waste (PW), 
Lawn Grass Waste (LGW) and Cattle Manure (Control), respectively, Here also there is 
no significant difference observed between and among different organic waste foods at < 
0.05 level (Table-5). 
 

Results revealed that there was a slight variation in biomass and growth rate of 
worms among different organic waste foods used in this experiment, this might be due to 
preferential feeding habit of particular earthworm species, quality of food, texture, particle 
size of food, chemical composition etc. (SEENAPPA et al.,1995; AMOJI et al., 1998). 
KALE and KRISHNAMOORTHY (1981) also reported that type of food influenced 
different life activities of earthworms. The biomass and growth rate pattern of this worm 
was almost similar up to the end of experiment regardless of nutritional status of  waste 
food, this clearly suggested that minimum dietary requirement of the worm was fulfilled by 
all organic wastes used in this experiment (BANO et al.,1987; BIRADAR et al.,1999). 
Increased biomass and growth rate during pre-clitellar stage in all organic waste foods 
might be due to the enhanced feeding activities during early weeks of their development. 
WILLIAM et al., (1995) have also reported more vermicompost production during pre-
clitellar stage of earthworm than that of post-clitellar stage. The sudden decline in growth 
rate after maturity and cocoon production may be assumed that more energy is diverted 
in formation and laying of cocoons after the maturity (LOEHR et al., 1998; EDWARDS, 
1998) 
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Table -5: The potentiality of the epigeic earthworm, P. excavates in various organic  
    waste foods and statistical analysis of the data (P<0.05 level). 
 

Organic 
waste foods 

Mean 
biomass 
mg/worm 

Mean 
growth rate 
mg/day/gm 

100 % 
sexual 
maturity 
 at 

Mean 
cocoon 
production 
worm/week 

Cumulative 
cocoon number/ 
worm/16 weeks   

Copper Pod 
Waste 
(CPW) 

534.62 8115.05 8
th
 week 1.55 12.40 

Parthenium 
Waste (PW) 

543.00 8284.85 8
th
 week 2.25 18.00 

Lawn Grass 
Waste 
(LGW) 

548.25 8259.96 8
th
 week 1.92 15.40 

Cattle 
Manure 
(CM) - 
control 

554.37 8523.08 7
th
 week 3.76 30.10 

F -Value 0.006 0.018 - 4.649 - 

P- Value 0.999 0.997 - 0.009 - 

 
Sexual maturity and Cocoon production 
Table-3 and Graph-3 represent the data of attainment of sexual maturity of P. excavatus 
in different organic waste foods. Early maturity was observed in CPW and CM (40%) 
followed by PW and LGW (20%) on 6

th
 week, then 100% sexual maturity of all worms 

was noticed on 8
th
 week in various organic waste foods and it continued up to the end of 

experiment i.e. up to 16 weeks (Table-3 & Graph3). No regression of clitellum was 
noticed in any of the waste food throughout the experiment. The detailed information of 
cocoon production by the earthworm, P. excavates in various organic wastes is 
represented in the Table-4 and Graph-4. The worms started producing cocoons a week 
after their maturity i.e. from 9

th
 week onwards in all organic waste foods. The pattern of 

cocoon production was multimodal in fashion in all the waste foods throughout the 
experimental period. 
 

The mean cumulative cocoon number (CCN)/ worm/ 16 weeks in each organic 
waste foods was 12.4, 18, 15.4 and 30.1 in CPW, PW, LGW and CM (Control), 
respectively. The maximum cocoon rate/worm /week was observed in Cattle manure 
(3.76) followed by PW (2.25) and it was least in LGW (1.92) and CPW (1.55). The cocoon 
production rate slowed down towards the end of experiment in all the organic waste 
foods. There is much difference in the cocoon production by the earthworm, P. excavatus 
in between different organic wastes. Hence, there is a significant difference (<0.05 Level) 
between and among different organic waste foods (Table-5). 
 

The attainment of sexual maturity by the worm’s slightly differs with different 
organic waste foods (6-8 weeks), Early and delay maturity in different organic waste 
foods may be again preferential food habit, nutritional status, palatability of particular 
waste food etc. Similar observations have also been witnessed by VENTER and 
REINECKE (1988). 
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Graph-1: Biomass (mg) trend of P. excavatus in different organic waste foods  
 
 

 
 
 
Graph-2: Growth rate (mg/day/gm) pattern of P. excavatus in different organic waste 

Foods. 
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Graph-3: Per cent sexual maturity of P. excavatus in different organic waste foods. 
 

 
 
Graph-4: Trend of cocoon production by the epigeic earthworm, P. excavatus in  different 

organic waste foods. 
 

 
 
          The time taken for maturity in all waste foods in our study (6-7 weeks) is in 
conformity with WILLIAMS et al., (1995), who reported 5-7 weeks for E. fetida at 25

0
C. 

Rate of cocoon production also varies with different organic waste foods and it was more 
in cattle manure (3.76/w/w) followed by PW (2.25), LGW (1.92) and least in CPW 
(1.55).This may be attributed to preferential food habit along with nutritional status, 
particle size of the waste food for easy consumption and intrinsic property of earthworm 
species. NOWAK (1975) and LEE (1985) have also reported variations in cocoon 
production by the earthworms with quality of food provided to them. The rate of cocoon 
production was comparatively less in all waste foods in our studies compared to others 
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may be due to controlled laboratory conditions in their studies (25
0
C) as we have 

conducted experiments in an uncontrolled laboratory conditions. 
 
CONCLUSION: Based on the observations and results with respect to worm biomass, 
growth rate, formation of clitellum (maturity) and cocoon production (Table-5) in various 
organic waste foods, it is concluded that P. excavatus is very efficient epigeic earthworm 
as it is voracious feeder and breeder and best suitable for the vermiculture and 
vermicomposting practice in any non-toxic organic waste foods for the production quality 
vermicompost and worm biomass that can be utilized as best fertilizer and supplementary 
feed for poultry and aquaculture industries, respectively. 
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ABSTRACT: The increasing demand of timber and timber products has resulted in diminishing 

availability of tropical hardwoods from natural forests. Therefore, there is renewed interest in 
plantation grown timbers. However, plantation wood has limitations like bio-degradability, and lower 
durability gives an inferior product compared to virgin forest timber product. Wood modification can 
help to overcome these constraints by increasing the durability of wood and also making it 
environment friendly. The most extensively studied chemical modification and impregnation 
modification are acetylation and furfurylation, respectively. Furfurylation caused considerable color 
changes in wood samples (Populus tomentosa Carr., Cunninghamia lanceolata, Eucalyptus 
robusta Smith., and Pinus massoniana)  rather than acetylation (DONG et al., 2016).

.
In the 

production scenario there has been a tremendous improvement in thermally modified wood from 
2001 to 2015 worldwide (International Thermowood Association, 2015). The industry can help in 
successful production and distribution of modified wood worldwide. Researchers focusing on 
standardization of the catalyst in modification processes for better wood performance. If these 
challenges are tackled then wood modification can add value to fast-grown plantation timber which 
will be comparable to tropical hardwoods in all the properties. 

Key words: Wood modification, furfurylated wood, thermowood 

 
INTRODUCTION 

Trees and their derivative products have been used by societies around the world for 
time immemorial. It still serves as an irreplaceable unique raw material in human society. 
Its immense contribution in to the economical, industrial and cultural development of the 
country cannot be compared with any other material. The increasing demand of timber 
and timber products has resulted in diminishing availability of tropical hardwoods from 
natural forests. Therefore, there is renewed interest in plantation grown timbers. 
However, plantation wood has limitations like biodegradability, and lower durability gives 
an inferior product compared to virgin forest timber product. Wood modification can help 
to overcome these constraints by increasing the durability of wood and also making it 
environment friendly. High density tropical hard woods and old temperate timbers are the 
traditional raw material for home building where the timber is exposed to external 
weathering conditions and other biological degradation.  
 

Studies have also shown that most fast grown wood species are very much 
susceptible to biological and physical influences. The most important biological factor is 
fungi which causes decay in wood. The major problem in wood species from temperate 
and boreal forests is insufficient durability that provides limitations for different 
applications. Most of the timbers are now obtained from managed plantation forests. Fast 
grown species have been adapted for various plantation programme, where yield is the 
primary consideration rather than timber quality. The major limitations in fast grown 
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plantation timber are more proportion of juvenile wood and inferior heartwood 
development. Fast-growing wood species are having many disadvantages viz. Lower 
density, reduced stability and less durability, thus resulting in limited application in end 
use (YAN et al., 2014). So the wood product manufactured from plantation wood resulted 
in inferior products compared with the product obtained from natural forests. So there is a 
need of upgrading the timber to achieve comparable properties. At this moment we have 
to think for a solution which can improve the durability of fast-grown wood in an 
environmentally friendly way. 
 
Emerging technology: Wood modification 
Wood modification is an emerging technology which involves application of knowledge for 
developing new product which has become increasingly important to face the unforgiving 
competitive environment. Recent restriction on use of CCA (Copper Chromated 
Arsenate) has been used as preservative made public and government to focus on wood 
protection arena. More generally wood modification development resulting in opening up 
new market along with opportunities for product diversification, or product substitution. So 
the definition of wood modification can be ‘Wood modification which involves a change in 
the macromolecular chemical composition of the wood cell wall (chemical modification or 
thermal) and can also include ‘impregnation modification’ where the cell wall is filled with 
an occluding substance (HILL, 2011). 
 
Types of modification 
Recently, many research and commercialization programmes have been taken place 
worldwide in wood modification aspects. Many wood modification technologies provide 
both protection in outdoor applications and improvement in dimensional stability. After 
modification, the fast-grown wood gives attractive desirable darker colours, similar to 
hardwoods. There are three types of modification that can be applied to fast grown 
plantation timbers to make it durable and stable like-Thermal modification, Chemical 
modification, Impregnation modification 
 
Thermal modification 
Thermal modification is a process where thermal treatment is given to wood at a 
temperatures of 170°C and above in the absence of oxygen for avoiding catching fire into 
the wood. There are various processes available, most differ according to the way they 
release air/oxygen from the system (NAVI and SANDBERG, 2012).  At present there are 
four groups of treatments, all of which are on the market viz. the Finnish thermowood, the 
Dutch platowood, the French ratification wood and the oil heat treatment wood 
(CHANRION and SCHREIBER, 2002).

 

 
There is another method of thermal modification described by MILITZ and 

TJEERDSMA (2001) in which wood is heated under wet conditions viz. under steam 
pressure. In this step it is believed that the aldehydes and phenols are released from the 
hemi-cellulose and the lignin. The second step is a drying process and the third step is 
the curing, carried out under dry conditions. The aldehydes and phenols react with each 
other during the curing phase and form new polymers around the existing structures in 
the cell wall. Temperatures in the first step is kept between 160 °C and 190°C. After 
curing it goes for conditioning for 3 to 4 days. The process called retification (retified 
wood) has been developed in France at the Ecole des Mines de Saint-Etienne. In the 
retification process pre-dried wood is slowly heated up to 210°C to 240°C, in a nitrogen 
atmosphere with less than 2% oxygen content to make the moisture content of wood 
around 12% (VERNOIS, 2001). 
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Chemical modification 
Chemical modification involves chemical reactions of wood with the modification agent. 
Chemical modification mainly focused on the reaction of the wood hydroxyl groups in 
wood cell wall (HILL, 2006). There are so many chemical modification processes 
available but the most extensively studied chemical modification is Acetylation. 
 
Acetylation 
The acetylation reaction has been studied on a wide range of wood and also in plant 
species. In acetylation process, the hydroxyl group of wood is replaced by acetyl group 
and the byproduct formed is acetic acid. As the active sites for forming hydrogen bond 
with water has removed, the uptake of water into the wood is reduced (Fig.1). 
 

Fig.1. Reaction of wood with acetic anhydride (HILL, 2006) 
 
Impregnation Method 
Furfurylation: Furfurylated wood is produced by impregnating the wood in furfuryl 
alcohol. Wood cells are soaked in liquid. Then it goes for curing and drying. After 
treatment wood cells become significantly thicker, stable and locked in furan polymer in 
the wood cell. Furfuryl alcohol can produced from a bio-based liquid. It can be found in 
processed natural foods including the oils chicory and roasted coffee (HADI et al., 2005). 
 
Case studies:  Effect of modification on wood properties 
NAVI and SANDBERG (2012) showed that 9 species viz., Pine (Pinus sylvestris L.; P. 
radiata D.Don); Spruce (Picea abies (L.) Karst); Birch (Betula pendula L.); Aspen 
(Populus tremula L.); Ash (Fraxinum excelsior L.); Larch (Larix sibirica Ledeb.); Alder 
(Alnus glutinosa (L.) Gaertn.) and Beech (Fagus silvativa) have been applied for thermo 
wood production. Thermowood could be discoloured by surface mould growth, but it was 
likely to be less susceptible to mould than unmodified wood. A study showed that thermal 
modification of E. saligna gave a attractive similar colours as tropical hardwood  
PINCELLI (2012). 
 
Colour change in modified wood 
DONG et al., 2016

[6]
 studied the colour change in poplar (Populus tomentosa Carr.), 

Chinese fir (Cunninghamia lanceolata), eucalyptus (Eucalyptus robusta Smith), and 
masson pine (Pinus massoniana) and found that after furfurylation, all of the samples 
showed dramatic change in colour (Fig-2). They have studied the change in colour 
through CIE lab colour system, in which L* refers to the measure of lightness, a* and b* 
represents chroma from green to red and chroma from blue to yellow, respectively 
(AYDEMIR et al., 2012). The total change in colour also studied by using the formula: 
 
Δ𝐸∗ = {(Δ𝐿∗)

2
+ (Δ𝑎∗)

2
+ (Δ𝑏∗)

2
}
1/2 

 
Where, ΔE* is the color difference, ΔL* is the lightness difference, and Δa* and Δb* are 
the chroma differences.
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           Primarily there was a decrease in L* found in acetylation but higher decrease was 
noticed in case of furfurylated wood in all the four species. It is due to the difference in 
concentration of furfuryl alcohol on which L* value was dependent after modification. The 
a* values were highly increased in all furfurylated samples compared to those of the 
untreated samples. Although except for the pine sample, they decreased as alcohol 
concentration increased. The b* values were variable among species. 

 

Fig.2: Change in colour (ΔE*) of four wood species before and after modification 
(DONG et al., 2016) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-3: Wood loss due to termite attack in Paraserianthes falcataria after one year  
 
Resistance of biological degradation of modified wood 
After acetylation, fungal enzymes are unable to found food source in wood (ROWELL et 
al., 2009)

. 
BRELID and WESTIN (2010) studied the marine borer attack on acetylated 

wood after 10 years exposure at Kristinberg Marine Research Station.The wood material 
used was sapwood of Scots pine (Pinus sylvestris L.) having dimension 25 x 75 x 200 
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mm (r x t x l) for the marine test. The acetylation was carried out in SP’s pilot plant, 
according to a simplified procedure described by to ROWELL et al. (1986). The stakes 
were divided into three groups depending on their acetyl content (14.5-18, 19.5-20.1, 
20.8-23.8(% m/m). The extent of decay was graded according to EN 252 using the rating 
system of 0 to 4, with 0 meaning no attack (sound) and 4 that the test stake was rejected 
(failed). By multiplying the average rating for each group of stakes with 25, the index of 
decay for each preservative and retention level was obtained. When all stakes in a group 
have failed (index of decay = l00), the average service life was calculated. 
 
         The use of untreated controls and CCA-treated wood samples also indicated the 
aggressiveness of the individual field. Results from this test showed that the resistance of 
acetylated wood with an acetyl content of about 20% was in the same range as that of 
wood treated to the high retention of the reference CCA preservatives. At acetylation 
levels above 20% with MMF showed very good result that the samples were rated 0 i.e. 
no attack. The decay index of untreated wood also found to be 100 which was totally a 
failure as shown in Table-1. 
 
Table-1: Conditions of pine sapwood samples after 10 years’ exposure at kristineberg 

Marine Research Station (Brelid and Westin, 2010) 

 
          HADI et al. (2005) conducted an experiment on termite field test in Bogor on scots 
pine, agathis pine and sengon. The result of all high furfurylated wood stakes found to be 
good. They have compared % weight loss due to termite attack among untreated, low 
level and high level furfuryl alcohol treated wood and found a huge loss in untreated 
wood due to termite attack. But there was no weight loss (%) due to termite attack found 
in high furfuryl alcohol treated wood in all the species except in scots pine which was 
slightly showing weight loss due to termite attack. All stakes remained unattacked after 
one year exposure in field (Fig.3). The test proved that all three wood species, including 
the fast-grown angiosperm, Sengon can be protected from termite attack by modifying 
the wood through furfurylation at an appropriate level.  
 
Physical-mechanical properties of modified wood 
Bombax ceiba has been treated with a new bio-based oil for improving strength and 
durability (SAHA et al., 2015). Soft lumbers of silk-cotton wood were modified with 
phenolic resin and neem oil. Addition of oil resulted in transesterification in which the 
hydroxyl groups of the wood surface were altered with the fatty acyl chains of the neem 
oil which increased water repellence of wood samples (B. ceiba) to 75% after resin - oil 
treatment (Table-2).  
 
 
 
 

Wood treated with 
chemical  

No. of 
samples 

Rating borer attack 
(0-4) 

Overall rating 

Acetic anhydride (Ac)  5 2.4 Moderate  

Ac + MMF (21+ 8 ) 5 1.4 Slight 

Ac + MMF (21+ 19) 5 0.0 sound 

CCA 6 1.7 Slight 

Untreated pine 6 4.0 failed 



38                                  JOURNAL OF APPLIED ZOOLOGICAL RESEARCHES 

Table-2: Physical characteristics of untreated, alkali treated, and resin-oil treated silk 
cotton wood (Saha et al., 2015) 

 

Wood type Water absorption (wt%) EMC (%) 

Untreated 74 ± 6.6 4.7 ± 0.3 

Alkali treated 52 ± 3.5 3.2 ± 0.2 

Resin-oil treated 18 ± 7.8 2.2 ± 1.3 

           
DONG et al. (2015) tried to study the synergetic effect of wood polymer 

nanocomposites were prepared through in situ polymerization of furfuryl alcohol (FA) 
using nano-SiO2 within fast-growing poplar wood. They observed that addition of nano-
SiO2 enhanced the penetration of FA into the wood (Table-3). It is reasonable to explain 
that the agglomeration occupies the wood vessels or cell walls or contributes to the 
polymerization of FA. FA occupies the void spaces inside the cell of wood and decreases 
the water absorbing capacity. When nanoparticles added to it they form a layer in the 
lumen of ray cells. Due to high roughness of the formed layer the free energy reduced to 
take up water inside the wood. Due to synergetic effect of FA and nanoparticles 
hydrophobicity increased to greater level but when the addition of nanoparticles was 
more, hydrophobicity decreased because nanoparticles were hydrophilic in nature. 
Polymer of furfuryl alcohol may not covere all the nanoparticles inside the cell wall, some 
may be exposed and induced the uptake of water. But when the hydrophobicity increased 
in modified wood, the ASE (Anti Swelling Efficiency) also increased which makes wood 
more stiffer. So the result showed an increase in MOE in modified wood. MOE is higher 
when nanoparticles addition was up to 2.0% compared to other sample. MOR has 
decreased after furfurylation as a result of thermal degradation of wood constituents due 
to acid catalyst hydrolysis at high temperature. But addition of nanoparticles redeemed 
the decreasing (DONG et al., 2015). 
 
Table-3: Physico-mechanical properties of the control and the FA treated poplar wood 

samples with different additions of nano-SiO2 

 

 

Sample ASE (%) MOE (GPa) MOR (MPa) 

Control - 4.87 (0.27) 75.35 (2.02) 

0 56.83 (3.75) 6.44 (0.39) 68.35 (9.68) 

0.5 58.34 (4.21) 6.82 (0.20) 69.04 (5.75) 

1.0 58.40 (2.81) 6.57 (0.34) 70.36 (4.75) 

1.5 60.95 (4.61) 6.94 (0.42) 70.13 (5.78) 

2.0 59.92 (3.66) 7.03 (0.23) 71.78 (6.84) 

 
Furfurylation helps in reducing the water uptake of wood which also enhances the 
dimensional stability and decay resistance. 
 
Flammability of modified wood 
In case of checking flammability the above study has shown that there was a similar 
change obtained for smoke production rate (SPR) and total smoke production (TSP) 
curves. TSPs of treated wood reduced to about 40 %. The reason they have explained 
that the volatile components are grafted with polymer of furfuryl alcohol which reduces 
the combustibility in modified wood. 
     
Emissibility of modified wood 
There are some case studies which analyzed the ecotoxicity of modified wood. Some of 
them are as follows: 
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            LANDE et al. (2004) studied chemicals released from the furfurylated wood and 
found lower values for all the emitted gasses (Table-4). All the emission rapidly 
decreased by passing of time. Such materials will not have any harmful impact on the 
environment or its users during service. During burning also furfurylated wood did not 
release more VOC or PAH than untreated wood. Here the furfurylated wood was loaded 
at 1.0m

2
 per m

3
 into a test chamber conditioned to 23

0
c and 45% relative humidity. The 

test chamber was ventilated with an air velocity of 0.1-0.3ms
-1

. Air samples are collected 
at 3, 10 and 28 days by pumping air through Tenax and Sep pack (C18 polymers coated 
with 2,4-dinitrophenylhydrazine) adsorption tubes. VOC (Volatile Organic Compound) 
and aldehyde sampling has also done. 
 
Table-4: Sampling of air containing furfuryl alcohol-treated wood after 3, 10 and 28 days 

from a climate chamber (LANDE et al., 2004).  

 
From the above we can conclude that furfural is the major emission after 3 and 

10 days at 214µg/m
3
 and 107µg/m

3
,
 
respectively. It is not at all harmful. Furfural is a 

natural hydrolysis product from wood hemicellulose and also occurs on untreated wood. 
After 28 days the result showed that FA conc. was the highest i.e. 60 µg/m

3
 compared to 

other compounds. The amount of each compound decreased rapidly with time.  
 
Ecotoxicology of modified wood 
LANDE et al. (2004) also did a test on leaching water from furfurylated wood. Leaching of 
untreated woods resulted in water leachates that were toxic to green algae and non-toxic 
to Daphnia magna. They calculated toxic unit (TU) for furfurylated wood to evaluate 
toxicity of leachates from wood. TU is the toxic response of diluted test samples. The 
result has indicated lowest value for these materials in case of furfurylated wood.  The 
reasons they have explained were very interesting. One reason could be that leachates 
from furfurylated wood were less as test was conducted in sap wood which contains very 
little extractives. Another reason could be the reaction between FA and extractives 
results in low toxicity. Reaction may immobilize some of the extractives, which inhibiting 
their leachability.  
 
          Apart from scientific case studies, Visor wood was awarded by the Ecolabel 
Foundation of Norway with the official Nordic environmental level- the Svane market 
within the category ‘Durable’. The criteria for using the labeling are- 

  Concentration in climate chamber (μg m
−3

) 

           Compound 3 days 10 days 28 days 

Furfural 214 107 47 

Furfuryl alcohol 50 ? 60 

Tetrahydrofuran– methanol                     44 25 13 

Toluene 30 16 9 

Furandiene 18 5 – 

Benzene/alcohol 15 4 2 

Benzaldehyde 8 3 1 

Hexanal 7 3 2 

Xylene/ethylbenzene 6 2 – 

α-Pinene 3 1 1 

Methylcyclohexane 3 1 – 

Butyl acetate 3 1 1 

MIBK/hexanone 1 1 1 
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 Heavy metal should not be added 

 Biocide should not be added 

 Product should be produced from sustainable forestry 

 Product should be durable 

 Should not create problems in the disposal phase 
 
A carbon foot print assessment was analyzed for Accoya wood by VERCO (2013) and 
reported that greenhouse gas emission per cubic meter of Acooya wood was very less 
compared to other metal like Aluminium, plastics. It was also UV resistance. 
 
Products from wood modification 
Acetylated wood: Accoya wood (ACCOYA WOOD, 2012) 
Furfurylated wood: Kebony and Visor wood 
  
Market situation of modified wood: 
Thermowood production (Fig-4) found to increase rapidly worldwide from 2001 to 2015 
(ITA, 2015)

. 
Thermal production of wood is relatively low-cost wood modification 

technologies as chemicals are not added. Easy and cheap processing needed for 
thermowood facilitating the production process in various countries. In 2003, thermowood 
production was 32% of the market area in Finland. There has been at least 18% sales 
growth per year within a span of 12 years from 2001 to 2013 (MAYES, 2014)

.
 

Fig.4: Thermowood production worldwide (ITA, 2015) 
 
A pilot project started in 2003 and in 2007 Kebony began to deliver wood products to 
different construction projects in Norway. In 2009, Kebony opened its industrially scaled 
plant based on the learnings from the pilot plant. Today Kebony offers the market-leading 
sustainable products to 22 countries including India. 
 
Conclusion 
Even though there is tremendous progress made in improving the fixation of 
preservatives but still it is not fully proved. So the alternative is wood modification which 
not only enhances the durability and resistance capacity of wood but also proves to be 
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eco-friendly. There has been an immense improvement in research and 
commercialization of wood modification operations in recent years. A combined 
knowledge of wood chemistry, wood biology, wood physics is needed for successful 
development of wood modification for different species. The most important area to study 
is constraints due to anatomical differences in woody species because source of wood 
and species are considered as most important factors in any modification process. 
 

Market demand of the modified wood plays an important role for determining the 
production and distribution of the modified wood. When a consumer buy a product he 
wants two things i.e. appearance and quality and from above studies we can conclude 
that modified wood like Kebony wood, Accoya wood can provide both beauty and 
performance. So the modification of wood can be used as an alternative of toxic 
preservatives as it provides so many benefits like environmental friendly, no emission 
during use, can be used as fire wood, long life time, good  machineability, less water 
socking and easy to use so that it will be great product in future. 
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ABSTRACT: Field efficacy of biopesticides alongwith farmers practice was evaluated against 

tomato fruit borer, Helicoverpa armigera under field conditions during rabi 2015. As for as efficacy 
and yield are concerned, it was found that all bio-pesticide treatments were significantly superior 
over untreated control. The farmer’s practices recorded the higher larval population as well as fruit 
infestation (12.24 %) but significantly better than untreated control (21.37 %). The highest 
incremental benefit cost ratio was obtained in Achook 0.15 EC @ 3.0 ml/Lit followed by Verticillum 
leccanii 1.15 WP @ 2.0 gm/Lit. of water (11.59:1), which in other treatments varied between 2.71: 1 

to 10.05:1. 

Key words: Biopesticides, Insecticides, Helicoverpa armigera, tomato. 

 
INTRODUCTION 

Tomato fruit borer, Helicoverpa armigera Hubner is a widely distributed, polyphagous 
pest, which has become a challenging threat to many crops including tomato (SACHAN, 
1990, SINGH and RAJU, 2011). Young larvae feed on tender leaves and later cause 
serious infestation in developing fruits as these bores in to the fruits. In severe cases of 
infestation, more than 80 per cent fruits get damaged (SINGH and RAJU, 2011). Today, 
there is a need to use biopesticides in order to minimize the load of synthetic pesticides 
in agriculture (PRAKASH, et al., 2014). Therefore, we evaluated a number biopesticides 
for the effective management of H. armigera on tomato, various biopesticides were 
evaluated in the present studies. 
 

MATERIALS AND METHODS 
The field trail was conducted at the farmer’s field in Gopalganj district of Bihar during rabi, 
2015 to evaluate the effectiveness of various biopesticides against tomato fruit borer, H. 
armigera. Ten treatments including untreated control were tried in Randomized Block 
Design with three replications having a plot size of 3m x 2m. Tomato cv. Arkavikas was 
planted during first week of October. Eight biopesticides and one synthetic insecticides 
(farmers practice) were tested as follow: 
 
T1 : Beauveria bassiana 1.15 WP @ 2.0gm/Lit of water at 15-days interval. 
T2 : Beauveria bassiana 1.15 WP @ 2.0gm/Lit of water followed by Nimbicidine 0.03 

EC @ 4.0 ml/Lit  of water at 15-days interval. 
T3 : Achook 0.15 EC @ 3.0 ml/Lit of water followed by Verticilliumlaccani 1.15 WP @ 

2.0 gm/Lit of water at 15-days interval. 
T4 : Verticillium leccanii 1.15 WP @ 2.0 gm/Lit of water at 15-days interval. 
T5 : Metarhizium anisopliae 1.15 WP @ 2.0 gm/Lit of water at 15-days interval. 
T6 : Metarhizium anisopliae 1.15 WP @ 2.0 gm/Lit of water followed by Multineem 

0.03 EC @ 4.0 ml/Lit of water at 15-days interval. 
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T7 : HaNPV @ 2.0 gm/Lit of water at 15-days interval. 
T8 : HaNPV @ 2.0 gm/Lit of water followed by Nimbicidine 0.03 EC @ 4.0 ml/Lit of 

water at 15-days interval. 
T9 : Monocrotophos 36 SL (Farmer’s practice) @ 1.50 ml/Lit of water at 15-day 

interval. 
T10 : Untreated control. 
 
          The treatments in the form of insecticidal sprays were applied at 30, 45 and 60 
days after transplanting. The untreated control plots were sprayed with same volume of 
water. Observations were made on the number of caterpillars and fruit infestation from 
twenty randomly selected fruits per plot after 5 and 10 days of spraying. The data on 
counts of caterpillars were converted to square root transformed values. Whereas, the 
data on percentage of fruit borer infestation was assessed by recording total number of 
healthy and infested fruits at each picking on weight basis. Finally data on per cent fruit 
damage was transferred to arc sin transformed values as well as marketable fruit yield 
data converted in to quintal per hectare. 
 

RESULTS AND DISCUSSION 
The results revealed that after 5 and 10 days of first spraying the pest population was 
significantly low in the biopesticidal treatments than the farmer’s practice and untreated 
control. Among the treatments, T3, T2 and T6 recorded significantly low larval population 
of 3.21, 3.68 and 4.13 per 20 fruits with 75.76, 72.20 and 68.80% reduction in the larval 
population in comparison over untreated control, respectively. The results obtained after 
5 and 10 days of second spraying showed the treatments T3, T8 and T1 were significantly 
effective less number of 2.00, 3.06 and 3.16 larvae per 20 fruits with 87.42, 77.64 and 
76.90% reduction of larval population. It was also observed that T3, T2 and T6 were 
significantly superior in comparison to the other treatments and providing 100, 97.72 and 
91.84% reduction in tomato fruit borer population after days of third spraying, 
respectively. The other treatments, viz., T1, T4, T5, T7 and T8 were also significantly 
superior to T9 (farmer’s practice), but these treatments were significantly different (Table 
1). The per cent reduction of the larval population per 20 fruits were also greater in T5, T1, 
T4, T7 and T8 having 81.16, 83.69, 82.46 and 91.84, respectively. 
 

The treatment T3 was recorded lowest (5.82 %) fruit damage and this treatment 
was also found at par with T2 (7.08 %) and T6 (8.31 %). Whereas, the treatment T9 
(farmer’s practice) found highest (12.24 %) fruit damage and it was followed by T7 (12.05 
%), T5 (11.69 %) and T1 (11.36 %). The present reduction of fruit damage over untreated 
was varied from 42.72 to 72.76 (Table-1).  

 
The present findings corroborate with the results of SNAP and PAWAR (1997); 

MAHADEVAN (1998); RAGHURAMAN et al. (2007; 2008) and VERMA and KUMAR 
(2010). The fruit yield was maximum (140.95 q/ha) in T3. The treatments T2 and T6 also 
provided higher yield of 135.16 q/ha and 132.47 q/ha as compared to the farmer’s 
practice (101.51 q/ha) and untreated control (85.76 q/ha). The benefit cost analysis 
revealed that T3 also provided the highest net profit of ` 5006.00/ha with benefit cost ratio 
of 11.59:1 and it was followed by T6, T2, T8 and T1 with benefit cost ratio of 10.05: 1, 
9.83:1, 8.50:1 and 7.80:1, respectively. While in T9 (farmer’s practice) benefit cost ratio of 
2.71:1 was recorded to be lowest. 
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Table-1: Efficacy of biopesticides against H. armigera on tomato. 
 

Treatments I spraying II spraying III spraying **Mean 
% fruit 

damage 

Reduction 
over 

control 
(%) 

*Mean 
larvae 
after 

(5 
days) 

Reduction 
over 

control 
(%) 

*Mean 
larvae 
after 
(10 

days) 

Reduction 
over 

control 
(%) 

*Mean 
larvae 
after 

(5 
days) 

Reduction 
over 

control  
(%) 

*Mean 
larvae 
after 
(10 

days) 

Reduction 
over 

control  
(%) 

*Mean 
larvae 
after 

(5 
days) 

Reduction 
over 

control 
(%) 

*Mean 
larvae 
after 
(10 

days) 

Reduction 
over 

control 
(%) 

 

T1 5.72 
(2.49) 

56.79 4.43 
(2.22) 

71.16 3.16 
(1.91) 

76.90 3.00 
(1.87) 

78.07 2.74 
(1.80) 

79.46 2.00 
(1.58) 

83.69 11.36 
(19.73) 

46.84 

T2 3.68 
(2.04) 

72.20 3.15 
(1.91) 

79.49 4.27 
(2.18) 

68.79 3.57 
(2.02) 

73.90 1.32 
(1.35) 

90.10 0.28 
(0.88) 

97.72 7.08 
(15.45) 

66.87 

T3 3.21 
(1.93) 

75.76 2.26 
(1.66) 

85.28 2.00 
(1.58) 

87.42 1.36 
(1.36) 

90.06 0.58 
(1.04) 

95.65 0.00 
(0.71) 

100.00 5.82 
(13.94) 

72.76 

T4 5.34 
(2.42) 

59.67 4.31 
(2.19) 

71.94 4.31 
(2.19) 

68.49 3.90 
(2.10) 

71.49 2.67 
(1.78) 

79.98 2.00 
(.158) 

83.69 10.27 
(18.72) 

51.94 

T5 6.05 
(2.56) 

54.31 5.42 
(2.43) 

64.71 4.83 
(2.24) 

64.70 4.37 
(2.21) 

68.05 3.15 
(1.91) 

76.39 2.31 
(1.68) 

81.16 11.69 
(20.00) 

45.29 

T6 4.13 
(2.15) 

68.80 3.67 
(2.04) 

76.10 3.18 
(1.92) 

76.75 2.00 
(1.58) 

85.38 1.47 
(1.40) 

88.98 0.67 
(1.08) 

94.54 8.31 
(16.74) 

61.12 

T7 6.42 
(2.63) 

51.52 5.70 
(2.49) 

62.89 4.62 
(2.26) 

66.23 4.41 
(2.22) 

67.76 3.28 
(1.94) 

75.41 2.15 
(1.63) 

82.46 12.05 
(20.36) 

43.61 

T8 4.68 
(2.28) 

64.65 3.81 
(2.08) 

75.20 3.06 
(1.89) 

77.64 2.87 
(1.84) 

79.02 1.56 
(1.44) 

88.30 1.00 
(1.22) 

91.84 9.28 
(17.76) 

56.57 

T9 7.00 
(2.74) 

47.13 5.94 
(2.54) 

61.33 5.81 
(2.51) 

57.53 5.17 
(2.38) 

62.21 4.75 
(2.29) 

64.39 3.18 
(1.92) 

74.06 12.24 
(20.44) 

42.72 

T10 13.24 
(3.71) 

- 15.36 
(3.98) 

- 13.68 
(3.77) 

- 13.68 
(3.77) 

- 13.34 
(3.72) 

- 12.26 
(3.57) 

- 21.37 
(27.56) 

- 

SEm+ 
CD(P=0.05) 

0.104 
0.313 

- 
- 

0.123 
0.364 

- 
- 

0.084 
0.254 

- 
- 

0.134 
0.402 

- 
- 

0.115 
0.343 

- 
- 

0.124 
0.372 

- 
- 

0.935 
2.796 

- 
- 

* Figures in parentheses are square root transformed values.** Figures in parentheses are arc sin transformed values. 
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Table-2: Economics of biopesticides against H. armigera on tomato 
 

Treatments  Yield  
(qt/ha) 

Percent yield 
increase over 

control 

Additional yield 
over control 

(qt/ha) 

Value of additional 
yield (Rs/ha) 

Cost of 
insecticidal 
treatments 

(Rs/ha) 

Profit due to 
treatments 

(Rs/ha) 

Benefit cost 
ratio 

T1 124.25 44.88 38.49 38490.00 4375.00 34115.00 7.80:1 

T2 135.16 57.60 49.40 49400.00 4560.00 44840.00 9.83:1 

T3 140.95 64.35 55.19 55190.00 4384.00 50006.00 11.59:1 

T4 122.34 42.65 36.58 36580.00 4240.00 32340.00 7.63:1 

T5 120.52 40.53 34.76 34760.00 4050.00 30710.00 7.58:1 

T6 132.47 54.47 46.71 46710.00 4225.00 42485.00 10.05:1 

T7 119.36 39.18 33.60 33600.00 4375.00 29225.00 6.68:1 

T8 130.24 51.86 44.48 44480.00 4680.00 39800.00 8.50:1 

T9 101.51 18.37 15.75 15750.00 4250.00 11500.00 2.71:1 

T10 85.76 - - - - - - 

SEm+ 
CD(P=0.05) 

3.175 
9.526 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

 
Market price of tomato fruit yield @ Rs. 1000=00/quintal. 
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ABSTRACT: The importance of the knowledge of food and feeding habits of a fish in understanding 

its biology has been well established. Analysis of stomach content can reveal the habitat where fish 
feed. The composition of the diet of O.tentacularis indicated that they feed mainly on diatoms, 

crustaceans, molluscs, filamentous algae, foraminiferans, blue green algae, ciliophores, 
polychaetes etc. The present investigation revealed that this species, O. tentacularis is demersal 
omnivorous, bottom feeders. Inspite of the seasonal changes in diet composition not much 
difference is seen sex wise except for the slight difference in percentages. The specimens of O. 
tentacularis were collected from Ashtamudi Lake using a modified gill net (“koozhalivala”), with the 
help of local fishermen, from February 2016 to January 2018. A total of 720 guts were examined. To 
estimate the dominant food items, results of occurrence and point method have been combined to 
yield the Index of Preponderance. The Index of Preponderance indicates that this goby is a 
generalist feeder and feeds mainly on detritus, followed by diatoms. The fullness indices determined 
are 10.83%, 15.55%, 16.25%, 19.3% , 12.5%, 11.52% and 14.02% for gorged, full, ¾ full, ½ full, ¼ 
full, trace and empty gut, respectively. O. tentacularis is well fed during the monsoon period 
compared to the other two seasons. The occurrence of empty stomach was found to be more 
during the peak breeding season. 

Key words: Food and feeding, feeding Intensity, Oxyuricthys tentacularis, Ashtamudi Lake, bottom 

feeder  

INTRODUCTION 
Fishes directly depend upon their surrounding environment for their food requirements, 
utilizing most of the readily available food. The importance of the knowledge of food and 
feeding habits of a fish in understanding its biology has been well established. The nature 
of food composition of a fish species will also throw light on its possible habitat.  In 
general, growth of a fish is influenced by the quality and quantity of food materials 
available and consumed. These variations could be known by qualitative as well as 
quantitative analysis of gut contents of a fish. The food habit of different fish varies from 
month to month. This variation is due to changes in the composition of food organisms 
occurring at different seasons of the year. Food and feeding ecology of fish species is an 
interesting subject for the researchers across the world. Some of the outstanding works in 
this field are those of HYNES (1950) and HYSLOP (1980). Studies on food and feeding 
habits of fish has done by several workers viz., ARTHI et al. (2011), PRIYADARSINI et al. 
(2012), MUSHAHIDA-AL-NOOR et al. (2013). Feeding intensity refers to the degree of 
feeding as indicated by the relative fullness of stomach. It varies along with the seasons, 
availability of preferred food items, maturity stage of the fish and spawning season of the 
species. The feeding intensity or the gastrosomatic index of the fish was also studied by 
many workers in different species of the fish. Ompok bimaculatus and O. malabaricus 
showed low feeding intensity during August and June may not be due to shortage of food 
items but due to the spawning season of the fish (ARTHI et al., 2011). 
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 Analysis of feeding habits and seasonal changes of food for fishes within the 
unique ecosystem will enhance the knowledge of fish ecology. There is no available 
information regarding feeding habits and seasonal changes of diet composition of 
Oxyurichthys tentacularis. A similar study based on the stomach contents in 
Glossogobius giuris in Chalakudy River revealed that, it is a carnivorous, predatory and 
bottom feeding fish showing cannibalism (ROSHNI et al, 2015). The present investigation 
aims to determine variation in diversity and abundance of food of O. tentacularis along 
with differences in the diet due to season. This study is also intended to show food 
preference and feeding habits of O. tentacularis which may reflect the availability of prey 
items in brackish waters of Ashtamudi Lake. The Oxyurichthys tentacularis (local name 
Koozhali), a member of family Gobiidae is commercially one of the most demanded fish of 
Ashtamudi Lake. Thus an attempt was made to study the food and feeding behaviour of 
O. tentacularis as such information is scanty.   
 

MATERIALS AND METHODS 
  The specimens of O. tentacularis were collected from Ashtamudi lake (8

o
 53'- 9

o
 02' 

N; 76
o
 31'- 76

o
 41' E) using a modified gill net, locally known as “koozhalivala”, cast net 

and dip net with the help of local fishermen, for a period of 2 years, from February 2016 to 
January 2018. A total of 720 guts (length range of fish 9cm to 17cm) were examined. The 
length, weight, sex, stomach fullness of fish, and length of alimentary canal were 
recorded before dissecting the stomach (PHILIP, 1994).The guts along with contents 
were removed and preserved in 5% formalin. The total length and fullness of the guts 
were recorded. For the frequency of occurrence, the number of stomachs containing food 
was quantified and expressed as a percentage of all non-empty stomachs. The preserved 
gut contents were subsequently analyzed both quantitatively and qualitatively. The 
methods of WINDELL and BOWMAN (1978), PILLAY (1952) and HYNES (1950) were 
deployed for the study.  
 

Food organisms were identified mostly up to the group level and they were in 
advanced stages of digestion which made specific identification impossible. The gut was 
exposed and quantitative analysis of the stomach contents was carried out by using both 
occurrence and point volumetric methods (HYNES, 1950 and PILLAY, 1952). Since the 
food organisms were smaller in size, their volume could be estimated only by allotment of 
points. From the food content, volumes obtained for individual fish by the above method, 
monthly averages and percentages were calculated. The volume index (percentage of 
volume of each food organism) was calculated from the total points of food organisms 
recorded over the entire period of study. The average intensity of feeding was evaluated 
by points method (PILLAI, 1952). Points were assigned as 10, 9, 7.5, 5.0, 2.5, 1.0 and 0 
for gorged, full, ¾ full, ½ full, ¼ full, trace and empty stomachs, respectively. Visual 
estimation of fullness (volumetric) of guts was recorded to note the intensity of feeding. 

 
RESULTS AND DISCUSSION 

Gut content analysis: Composition of gut contents was calculated following occurrence 
and point volumetric methods (HYNES, 1950 and PILLAY, 1952) and presented in Tables 
1&2, respectively. The food types which have been observed during the gut content 
analysis of O. tentacularis have been categorized into 10 broad categories viz., detritus, 
diatoms, crustaceans, molluscs, filamentous algae, foraminiferans, blue green algae, 
ciliophores, fish scale and eggs and polychaetes. Both polychaete worms and fish eggs 
and scales occurred in sparse quantity. The presence of benthic organisms, detritus, and 
mud in its digestive tract throughout the year confirms that the species feeds at the 
bottom of the water body. Similar results were obtained by ALI et al. (2010). SHEP et al. 
(2013) observed that such feeding on a wide range of food organisms that makes them 
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euryphagous feeding with a food base comprising both plants and animals. The presence 
of the above in the diet of O. tentacularis confirms that it is a benthic micro omnivore. 
 
 Detritus is the dead particulate organic material. Diatoms were represented by 
the gonera: Pleurosigma, Thlassiosira, Navicula, Nitzschia, Coscinodiscus, Fragillaria, 
Synedra, Cocconema, Rhizosolena, Amphipleura, Craticula, Cyclotella, Cymbella, 
Gomphonema, Melosira, Surirella, and Pinnularia. Among these Pleurosigma, 
Gyrosigma, Thlassiosira, Navicula, Nitzschia and Synedra constituted the bulk. Among 
crustaceans ostracods constituted the majority followed by calanoid and cyclopoid 
copepods and amphipods, which include mainly Phortis and Talorchestia species, 
followed by larval forms of both penaeid and palaemonids prawns. Filamentous Algae 
were represented by Spirogyra Cladophora, Oscillatoria followed by Lyngbia, Anabaena 
and Fragillaria. Merismopedia, Anabaena, Microcystis represented blue green algae. 
Ciliophores were represented mainly by Tintinnids. Among the least choices were the 
polychaetes which mainly include Neries. Fish scales and eggs were ingested 
accidentally. 
 
 Results of monthly analysis of gut content following percentage of occurrence 
method and points method have been represented in Tables 1 & 2, respectively. Detritus 
has been observed with an average of 38.36% according to the percentage of occurrence 
method and 34.97% according to points method. It has been found as the most abundant 
group and has been observed on regular basis in the gut contents throughout the study 
period. According to the above methods, the highest percentage of detritus has been 
observed during January and lowest percentage in September. Diatoms have been 
observed with an average of 26.91% according to the percentage of occurrence method. 
The highest percentage of them has been observed during January and lowest 
percentage in October. Diatoms have been found to be second most abundant group. 
Navicula, Nitzschia, Pleurosigma and Gyrosigma have been observed as the dominant 
genus among them. It has been observed with an average of 26.91% and 28.03% 
according to occurrence and points method respectively. The highest percentage has 
been observed in January and lowest percentage in February. 
 
 Crustaceans have been observed with an average of 11.73% according to the 
percentage of occurrence method. The highest percentage of crustaceans has been 
observed during September and lowest percentage in December. Crustaceans have been 
observed with an average of 13.50% according to points method. Crustaceans have been 
found to be the third most abundant group. Ostracods, calanoid copepods, amphipods 
have been observed as the dominant ones among them. The highest percentage of 
crustaceans observed during October and lowest percentage in December. Molluscs 
have been observed with an average of 9.21% according to the percentage of occurrence 
method. The highest percentage observed during August and lowest percentage in 
December. Molluscs have been observed with an average and 10.11% according to the 
points method. Molluscs have been found to be the fourth most abundant group. Bivalves 
have been observed as the dominant one and their highest percentage observed during 
October and lowest percentage in November. Foraminiferans have been observed with 
an average of 6.28% according to the percentage of occurrence method and 6.20% 
according to the points method. They have been found to be fifth most abundant group. 
Among foraminiferans, Elphidium and Textularia dominated during the whole period of 
study. The highest percentages of them were observed during November and lowest 
percentage in May according to percentage of occurrence method and it was September 
and June according to points method. Likewise filamentous algae and ciliophores have 
been observed with an average of 2.58% and 1.65%, respectively according to the 
percentage of occurrence method and 2.68% and 1.70% according to points method. The 
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highest and lowest percentages of filamentous algae were recorded during September 
and May and that of ciliophores were March and August, respectively according to 
occurrence method and according to points method, it was September and October for 
filamentous algae and November and August for ciliophores. Oscillatoria, Anabaena and 
Fragillaria have been observed as the dominant ones among filamentous algae and 
Tintinnids were the most dominant one among ciliophores. 
 

Blue green algae have been observed with an average of 1.24% according to the 
percentage of occurrence method and according to points method it was 0.92%. 
Merismopedia, Anabaena, Microcystis represented the dominant ones among blue green 
algae. Among the least choices were the polychaetes which mainly include Neries and 
fish scales and egg which were ingested accidentally. Fish scale and eggs and 
polychaetes have been observed with an average of 1.06% and 0.94%, respectively 
according to the percentage of occurrence method and 0.98% and 0.87% according to 
points method. Indices of preponderance determined for detritus, diatoms, crustaceans, 
molluscs, filamentous algae, foraminiferans, blue green algae, ciliophores, fish scale and 
eggs and polychaetes are 55.91%, 31.44%, 6.60%, 3.88%, 1.62%, 0.28%, 0.11%, 
0.047%, 0.043% and 0.034%, respectively. (Table-3) 
 
Seasonal variation in the food composition: The fish fed mainly on animal food 
(zooplankton) in all the season. However, the most preferred food of the fish in all the 
season was detritus followed by diatoms with a change in pattern over season. Detritus 
was found to be the highest in occurrence during the post monsoon compared to the 
premonsoon and monsoon season. Diatoms were found to be the highest in occurrence 
during the post monsoon and premonsoon season. Same trend was shown by 
crustaceans too.  The diet of the round goby Neogobius melanostomus also varied with 
season, feeding mainly on fish eggs in the spring and ostracods in the autumn in the 
Kingston Basin, Lake Ontario (BRUSH et al., 2012). Blue green algae, fish scale and 
eggs and polychaetes were higher in occurrence during pre monsoon period. While 
filamentous algae dominated during monsoon period, ciliophores dominated during pre 
monsoon period. A similar conclusion was drawn by SALGADO et al. (2004). Detritus, 
diatoms, crustaceans were consistently present in the stomach throughout the year while 
foraminiferans and molluscs were absent during the month of January. Preference of 
detritus was consistently high in almost all the months with its highest values recorded 
during January and lowest during September. In the case of diatoms it can be seen that 
the highest percentages were recorded during the end of post monsoon season i.e. in 
January and the lowest in October. Diatoms dominated during the pre monsoon season 
with its abundance decreasing towards monsoon season and again increasing during the 
post monsoon season.  
 
 Among crustaceans, ostracods dominated the most followed by the various larval 
forms of Penaeus. The highest and lowest percentages of it were recorded during 
October and December, respectively. Molluscs showed a decrease in percentage values 
during the beginning of monsoon period and also during the post monsoon period, with its 
highest values recorded during October and lowest during December. Among 
foraminiferans, Elphidium and Textularia dominated during the whole period of study with 
its peak values recorded during the September and November and the lowest during the 
monsoon period i.e. during month of June. Foraminiferans also showed a decrease in 
percentage values during the monsoon period and also towards the later part of post 
monsoon period. 
 
 Both filamentous algae and ciliophores were absent during the month of 
December, while its highest values were recorded during the months of September and 
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November, respectively. The percentages showed a decreasing trend during the post 
monsoon period in the case of filamentous algae and same trend was seen in ciliophores 
too. Complete absence of filamentous algae was recorded during February, November 
and December and trough values for ciliophores were noticed during the months of 
February, July, October, December and January. Complete absence of blue green algae 
was recorded during the beginning of monsoon period and also towards the later part of 
post monsoon period. The highest percentage was observed only during the pre 
monsoon season when compared to the other two seasons. Polychaete worms were 
seen sporadically which mainly included Neries. Fish scales and egg were least choice, 
and they ingested accidentally. While fish scale and eggs showed two peaks in its 
occurrence during the pre and post monsoon period, polychaetes were totally absent 
during the monsoon period with its peak values recorded during the post monsoon 
season. 
 
  Occurrence of variety of food items in different proportions during different 
months indicated that more than preference towards any food, seasonal availability of 
food item in the habitat is the deciding factor in the feed intake by O. tentacularis. In 
general the percentage composition values recorded during the period indicated that the 
species is opportunistic type in the feeding habit. The various components of the food 
spectrum indicate that these species mainly feed on benthic and sub-benthic organisms. 
It is apparent that O. tentacularis feeds mainly on ingested detritus, coinciding with a high 
proportion of this item in the environment. The high percentage of occurrence of the mud 
and sand particles in the guts of the species along with major food items confirm that they 
are bottom feeders. A similar conclusion was drawn by THOMAS (1969). A small 
percentage of Cyanophyta was found in the stomach O. tentacularis, suggesting that 
these prey items were randomly fed, which is supported by the low occurrence of these 
items in the environment. P. elongatus also feeds on detritus and Bacillariophyta (TRAN 
2008). O. tentacularis mainly fed on detritus and some Bacillariophyta (Navicula spp., 
Nitzschia spp. and Gyrosigma sp.), but rarely consumed Cyanophyta. The possible 
reason is that the Cyanophyta (Oscillatoria sp. & Spirulina sp.) are not easy to digest 
compared to other algae (VU and DUONG, 2013). Present study suggests O. tentacularis 
as demersal omnivorous fish & occurrence of different food items in their diet shows that 
they select food from bottom living organisms & their first preferable food as detritus & 
diatoms. 
 
Feeding intensity: Gut fullness has been categorized into seven viz.; empty, trace, ¼ 
full, ½ full, ¾ full, full and gorged. Fishes with gorged gut have been observed in almost 
every month except September with its highest percentage recorded during December 
and January. Fishes with full gut were observed in almost every month with highest 
percentages being observed from May to July and from December to January. Similar 
trend was shown by fishes with ¾ full guts also. Fishes with ½ full guts have been 
observed all through the season with highest percentages being observed during July. 
Fishes with ¼ full guts have been observed all through the season, the highest 
percentages being observed from August to November. Fishes with trace and empty gut 
have been observed in almost every month except December; highest percentages being 
observed in March and September, respectively (Table-4). The Fullness Indices 
determined are 10.83%, 15.55%, 16.25%, 19.3% , 12.5%, 11.52% and 14.02% for 
gorged, full, ¾ full, ½ full, ¼ full, trace and empty gut, respectively. 
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Table-1: Monthly variation in composition of food items following % occurrence method in gut content O. tentacularis  
 

Percentage of Occurrence 

Month Detritus Diatoms Crustacea Molluscs Forami-
niferans 

F.Algae Ciliophores BGA FSE Polychaetes 

February 37.73 29.16 13.49 11.02 4.27 0 0 2.30 1.17 0.85 

March 35.25 27.62 12.08 9.57 3.65 2.16 3.04 3.65 1.13 1.83 

April 31.35 33.61 11.43 8.19 3.09 3.24 2.87 4.77 0.76 0.67 

May 40.01 25.52 11.84 13.41 2.72 1.80 2.5 0 1.53 0.66 

June 44.8 25.63 12.32 8.67 1.84 3.67 2.91 0.14 0 0 

July 46.56 25.85 8.42 7.43 6.19 4.94 0 0 0 0.6 

August 32.57 23.44 9.86 16.31 12.11 2.64 1.52 0.84 0 0.69 

September 23.51 23.95 13.58 11.19 13.77 8.64 2.1 1.07 1.42 0.75 

October 32.1 19.83 17.4 16.53 7.96 2.22 0 1.61 2.28 0 

November 37.39 23.22 11.38 4.44 14.97 0 4.9 0.51 1.76 1.41 

December 49.29 31.25 6.75 3.76 4.82 0 0 0 1.65 2.46 

January 49.68 33.89 12.28 0 0 1.68 0 0 1.08 1.36 

Average 38.36 26.91 11.73 9.21 6.28 2.58 1.65 1.24 1.06 0.94 

          BGA= Blue green algae; FSE=Fish scale & eggs 
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Table-2: Monthly variation in composition of food items following % of points method in gut content of O. tentacularis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Percentage of Points Method 

Month Detritus Diatoms Crustacea Molluscs Foraminiferans F.Algae Ciliophores BGA FSE Polychaetes 

February 34.66 21.68 16.58 16.52 7.01 0 0 1.36 1.31 0.86 

March 30.07 28.13 13.43 10.34 4.91 4.46 3.06 2.93 1.16 1.5 

April 25.24 34.65 15.55 8.76 5.11 2.83 3.03 3.56 0.56 0.69 

May 36.19 26.33 13.52 14.63 2.79 2.8 2.25 0 0.77 0.71 

June 41.61 26.81 14.26 10.17 1.31 2.62 3.03 0.17 0 0 

July 44.1 27.03 11.31 7.71 6.56 2.86 0 0 0 0.42 

August 31.07 28.67 10.20 16.64 7.79 2.86 1.42 0.64 0 0.69 

September 21.93 24.5 13.34 12.09 14.26 8.69 2.35 0.82 1.25 0.75 

October 27.36 22.145 19.14 17.36 8.27 2.02 0 1.08 2.61 0 

November 35.64 27.32 14.89 2.54 10.86 0 5.29 0.51 1.46 1.46 

December 44.62 34.43 7.12 4.55 5.59 0 0 0 1.55 2.12 

January 47.20 34.65 12.63 0 0 3.08 0 0 1.11 1.31 

Average  34.97 28.03 13.50 10.11 6.20 2.68 1.70 0.92 0.98 0.87 
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Table 3: Index of Preponderance (IP) of food items in the gut content of Oxyurichthys tentacularis 

Food Class % of total 
points 

% of 
occurrence 

V x O IP Grade 

Detritus 34.97 38.36 1341.76 55.91 I 

Diatoms 28.03 26.91 754.53 31.44 II 

Crustacea 13.50 11.73 158.46 6.60 III 

Molluscs 10.11 9.21 93.12 3.88 IV 

Foraminiferans 6.20 6.28 39.00 1.62 V 

F.Algae 2.68 2.58 6.94 0.28 VI 

Ciliophores 1.70 1.65 2.81 0.11 VII 

Blue green algae 0.92 1.24 1.14 0.047 VIII 

Fish scale and eggs 0.98 1.06 1.04 0.043 IX 

Polychaetes 0.87 0.94 0.82 0.034 X 

 
Table-4: Monthly variation of percentage of different classes of gut fullness in Oxyurichthys tentacularis  

Month Poor Feeding 
 

Moderate  
Feeding 

Active 
Feeding 

  

Number of 
observations 

 
Empty Trace ¼ full ½ full 3/4full full gorged 

 FEB 16.66 20 11.66 16.66 13.33 5 5 60 

MAR 25 21.66 15 15 11.66 5 5 60 

APRL 15 30 11.66 11.66 8.33 10 13.33 60 

MAY 5 3.33 6.66 18.33 26.66 25 15 60 

JUN 3.33 1.66 1.66 15 23.33 35 20 60 

JUL 1.66 6.66 11.66 31.66 18.33 18.33 11.66 60 

AUG 30 18.33 20 16.66 6.66 6.66 1.66 60 

SEP 26.66 11.66 23.33 21.66 8.33 8.33 0 60 

OCT 25 11.66 13.33 23.33 20 3.33 3.33 60 

NOV 18.33 11.66 13.33 25 10 16.66 5 60 

DEC 0 0 1.66 20 25 30 23.33 60 

JAN 1.66 1.66 6.66 16.66 23.33 23.33 26.66 60 

Total 14.02 11.52 12.5 19.3 16.25 15.55 10.83 720 

 



JOURNAL OF APPLIED ZOOLOGICAL RESEARCHES 56  
 

 

 From the percentage occurrence of actively fed fishes, it can be seen that O. 
tentacularis actively fed during post monsoon period with a peak during December. 
Percentages of actively fed fishes were low during February to April and from August to 
September. Share of empty stomachs was more during March, September and October. 
The occurrence of empty stomachs is related with rapid rate of digestion. In general, 
62% of fishes were found in either actively fed or moderately fed state. The same results 
were reported by MATHIALAGAN and SIVAKUMAR (2012) and DUTTA et al. (2014). 
Thus from the furnished data it is clear that active or moderate feeding is low during the 
months of February to April and it is seen that after that active feeding increases as the 
percentage of guts gorged, full,3/4 and ½) increase from May onwards till July. After that 
again it is showing a decrease from August to November. An increase is noticed after 
that in December and January. It is a known fact that the feeding intensity of fish 
decreases during the peak-breeding season. The results correlates with the findings of  
REMYA et al. (2017), as two peak spawning periods were reported in this species i.e., 
during February-April and August- November. Conversely the percentage of low feeding 
was high during the breeding season depicting the low feeding during that season. This 
goby species actively fed during the pre- and post-spawning periods to gain the energy 
needed for gonad development and compensate energy loss due to spawning as 
reported by DINH et al. 2015. In general, O. tentacularis is well fed during monsoon 
period compared to other two seasons. 
 
Conclusion: O. tentacularis is found to be predominantly a bottom feeder as proved due 
to its gut content analysis. Composition of diet indicates that they feed on diatoms, 
crustaceans, molluscs, filamentous algae, foraminiferans, blue green algae, ciliophores, 
polychaetes etc. Even though in scarce quantity, fish scale and eggs also contributed to 
the diet. Thus, the present study revealed O. tentacularis as demersal omnivorous fish. 
Percentage of occurrence of different food items in the diet shows that these fishes are 
demersal omnivorous ones whose first preferable food item are detritus and diatoms. 
The feeding intensity of the fish was observed maximum during December & January 
when the availability of various food items was good while low feeding intensity was 
observed during February-April and from August-September which was the peak 
maturity period of gonads. 
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ABSTRACT: The teleost fresh water murrel, Channa striatus was exposed to sub lethal 

concentration (0.4 ppm) of organophosphate pesticide, chlorpyrifos for duration of 30 days. Several 
histopathological alterations were observed in the stomach of experimental fishes. Fishes showed 
severe histopathological changes like degeneration of columnar epithelial cells, degeneration 
of  mucosa, and prominent luminal mucus secretion, degenerative changes as the outer membrane 
of microvilli are broken, haemorrhage in the serosa region, cells swelling, necrosis and vacuoles 
are recorded. 

Key words: Chlorpyrifos, Channa striatus, degeneration of mucosa, necrosis 

 
                                                         INTRODUCTION 
Revolution in agriculture, science and technology joined with the population explosion 
and advanced urbanization is led to introduce numerous harmful chemicals in the 
environment. Synthetic chemicals, including ecological pollutants such as heavy metals, 
pesticides, persistent organic pollutants and food additives, are widely used for many 
industrial purposes and consumer-related applications, and there is every indication that 
such chemicals will become even more abundant in coming decades (CHOUDHURY et 
al., 2016). This suggests, through manufactured products, diet, and environment, a 
repeated and growing exposure of the general population to synthetic chemicals. These 
chemicals such as heavy metals and pesticides come in water resources through 
agriculture runoff, leaching and air. Among the various animal groups, fishes have been 
identified as very sensitive to these pollutants and have been the most popular test 
organism because they are presumed to be the best-understood organism in the aquatic 
environment. However, over exploitation, habitat degradation, water pollution, destruction 
of the breeding grounds are the major threats to the  
fishes in natural habitat (GUPTA, 2016).  
 
          Pesticides and other type pollutions through irrigation and rainfall flowed into the 
soil and eventually led to pollution of surface and underground water sources 
(ZIYAADINI et al., 2017). This led to the spread of contaminants in the food chain to 
humans and other consumers (NOROUZI et al., 2017; YALSUYI and VAJARGAH, 
2017a). Therefore, water pollution is one of the factors threatening the aquatic health and 
productions. Pesticides have different modes of action to aquatic inhabitants. As a result, 
release of pollutants from industrial areas, and agricultural runoff into the environment 
severely mix into water bodies (TYAGI, 2000). Histological changes not only give an 
early indication of pollution hazard, but also provide useful data on nature and degree of 
damage to cells and tissues (SHAIKH et al., 2010). Environmental pollution found to be 
an undesirable side effect of industrialization and an important aspect of environmental 
degradation (JOTHINARENDIRAN, 2012). Histological studies help in understanding and 
diagnosing the abnormalities or damages of the tissues exposed to toxic stress of 
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pollutants (MARYAM, et al., 2013). Toxic pollutants will enter the digestive tract of fish 
via the food and water that they consume, which alter the normal architecture of the gut 
(BURGER et al., 2002). Heavy metals and pesticides induce different types of toxicity in 
fish, alter the normal histological and histochemical architecture of the alimentary canal.  
 

The pesticide chlorpyrifos (O,O-diethyl-O (3,5,6 pyridinyl) phosphorothioate) is 
an organophosphate pesticide being widely used to control insects in agricultural crops 
(RUSYNIAK and NAGAS, 2004) and subterranean termites (RAO et al., 2005). It is the 
second highest selling organophosphate insecticide and is more toxic to fish than any 
other organochlorine compounds (TILAK et al., 2001). The present study includes a 
detailed account of sublethal effects of pesticide on the stomach of freshwater murrel, 
Channa striatus (Bloch), a commercially important fish, which is easily found in muddy 
shallow water, a good food (HOSSAIN et al., 2008) fish of high nutrition as well as 
medicinal value (MAT JAIS et al., 1994). Since the digestive tract is first organ to come 
into contact with food-borne contaminants, internal changes of stomach were chosen as 
criteria for the sub lethal action of chlorpyrifos. We investigated sub lethal effects 
of chlorpyrifos to C. striatus using mortality, and histopathological changes of stomach, 
as potential diagnostic tools in assessing the effects of chlorpyrifos to fish with a view of 
setting up standards for safe disposal of the wastes. 
 

MATERIALS AND METHODS 
          Live specimens of Channa striatus were collected from fresh water habitat 
of Kottayam (9.5916° N, 76.5222° E) district, Kerala. They were transported alive to the 
laboratory in plastic containers. The fishes were kept in fiber tank and acclimatized to the 
laboratory conditions for 20 days. They were fed daily with minced fish. The length and 
weight of the fish were determined with 1 mm division measuring scale 
and 0.1 mg accurate electronic balance, respectively. The size of the fish varied from 
15±3 cm in length and 42±3 gm in total weight. 
 
Sample preparation and histopathological analysis 
After the acclimatization, treatment was given by using chlorpyrifos at a sublethal dose 
of 0.45 mg/l for 30 days. A control set of the experiment was maintained side by side. 
Water was changed in every alternate day in a laboratory 
aquarium. Physicochemical quality of aquarium water was monitored regularly. Fishes 
were sacrificed for chronic toxicity test of heavy metals and pesticides (Fig.1). The “Y” 
shaped stomach (Fig.2) of the fish were removed from the sacrificed fish and prepared 
for the histological analysis. A dissected portion of the tissues were fixed in Buin’s fluid 
for 24 hrs, then washed with water. The tissues were dehydrated through graded ethyl 
alcohol and embedded in the paraffin wax. Tissues were sectioned by microtome 3-5μm 
thickness. Then tissues were stained with haematoxylin and eosin (H&E) to study 
the histological organization and histopathological variations of the different regions of 
the digestive tract.  

 
RESULTS AND DISCUSSION 

 
Histology of control stomach 
The transverse section of the stomach of Channa striatus indicates that it is composed of 
mucosa, submucosa, muscularis and serosa (Fig. 2).  
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Fig.1: Channa striatus digestive tract in-vivo in-vitro 

 

 
Fig.2: H-Heart, L-Liver, S-Stomach, I-Intestine, R-Rectum, PC- Pyloric ceacae 

Histology of control and treated stomach 
 

 

 
 
Fig.3. Photomicrograph of transverse 
section of the stomach of Channa striatus-
Control condition- CEC- Columnar epithelial 
cells, GG- Gastric gland, M- Muscularis, MS- 
Mucosa, SM- Submucosa, S- Serosa (4X) 

  
 
Fig.4. Photomicrograph of transverse 
section of the stomach of Channa 
striatus Treated condition. -DG- 
Degeneration of microvilli, DS- Distorted 
Serosa, N- Necrosis, V- Vacoulation (4X) 

 
The mucosa consists of very short villi and observed all region of the stomach. The 
mucosal layer is composed of columnar epithelial cells without any mucous cells. The 
Submucosa is formed of highly vascularised loose connective tissue which is contiguous 
to that of the lamina propria. Plenty of collagen fibres were observed in the lamina 
propria of the mucosa. Broad gastric mucosal folds subdivided into primary and 
secondary folds. The gastric mucosa is lacking goblet type cells but the surface layer 
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consists of columnar cells and a basal layer containing gastric gland that opens through 
gastric crypts. The muscularis is well developed and is built up of two layers of striated 
muscle fibres, an inner circular layer and an outer longitudinal one. The serosa is the 
outermost layer and it is surrounded by epithelium. The serosa is a thin layer that 
consists of simple squamous epithelium (Fig. 3). 
 
Histopathology of digestive tract treated with chlorpyrifos 
The fish stomach is primarily responsible for the digestion of ingested food materials and 
is a vital organ, which is affected by different chemical compounds. The alimentary canal 
of fish shows a remarkable diversity of morphological and functional characteristics 
(BANAN KHOJASTEH, 2012). In control, fish shows normal architecture. Similar 
observations were reported in the same fish, Channa striatus (MITA BORMAN et al., 
2015) and Mugil cephalus (KHAYYAMI et al., 2015). The present study revealed that 
fishes exposed to chlorpyrifos for 30 days showed diverse cytopathological changes in 
stomach under laboratory observations. In present findings, stomach showed distorted 
mucosal folds, damage in columnar epithelial cells and submucosa, vacuoles are formed 
in serosa and fusion of mucosal folds. Similar observations were reported in Channa 
punctatus exposed to sodium fluoride (HAQUE et al., 2012).  
 
          JAIN et al. (2018) reported C. punctatus exposed to chlorpyrifos showing loosely 
arranged of muscle layers and degeneration of serosa layer, high degeneration of 
columnar epithelium and goblet cells, damage of the mucosal epithelial layer which was 
detached at places from the basal layer were noticed. GHANBAHADUR and 
GHANBAHADUR (2012) also reported that vacuolization occurred in submucosa and 
shrinkage of mucosal folds was observed in the stomach of Rasbora daniconius when 
exposed to endosulfan. Histological alterations of the stomach are earlier reported in 
different fish species, Anabas testudineus (SAMANTA et al., 2016), Mystus tengara 
(ROMA KUMARI and MISHRA, 2015), and A. testudineus (SENAPATI et al., 2013). 
 
Conclusion: The cumulative amounts of pesticides entering aquatic environments can 
result in high accumulation levels of these contaminants in fish and their consumers, 
which pose a serious hazard to ecosystems and human health. In the last few decades, 
the fast development of industry and agriculture has resulted in increased heavy metals 
pollution, which is a significant environmental hazard for invertebrates, fishes and 
humans. 
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ABSTRACT: Glucosinolates contents were determined for their resistance against mustard aphid, 

Lipaphis erysimi (Kalt.) on mustard crop. Maximium glucosinolates content was recorded from the 
line NDR08-1 followed by NDR08-14-1 and MCN14-24, respectively. These lines showed lowest 
aphid infestation, whereas minimum glucosinolates content was recorded on the lines NDRS-9-2 
and NDRS2001-1 which was showed maximum aphid infestation. Present finding showed a 
negative correlation between glucosinolates content and aphid population in the test crop.  

Key words: Mustard crop, Lipaphis erysimi (Kalt.), evaluation, glucosinolate  
 

INTRODUCTION 
Rapeseed and mustard have occupied an important place among oilseed crops and act 
as a major source of edible oil, condiment and vegetable. In India, it is one of the three 
major oilseeds crops along with groundnut and soybean contributing around 24.2 per 
cent of the total oilseeds production. It is cultivated in 6.41 million hectare of area with 
total production of about 6.33 million tonnes with an average productivity of 1262 kg ha

-

1
 (SEA, 2017-18). On comparing average productivity at global level i.e.1850kg ha

-1
, the 

productivity is significantly lower in India (1262 kg ha
-1

) due to various biotic and abiotic 
stresses. Among the biotic constraints the insect pests have the most detrimental effect 
on the yield. Forty-five insect pests are known to be associated with different growth 
stages of rapeseed-mustard. Among them, the mustard aphid, Lipaphis erysimi 
(Kaltenbach) is the key pest throughout the mustard growing belts (BAKHETIA and 
SEKHON, 1989). Mustard aphid (nymphs and adults) suck cell sap from leaves, shoots, 
flower buds, flowers and pods and reported to cause up to 96% yield losses and 5-6% 
reduction in oil content (SHYLESHA et al., 2006). They may cause 66-99% loss in 
Brassica campestris L. and 27-28% in B. juncea (BAKHETIA, 1979) with losses in oil 
content of about 15% (VERMA and SINGH, 1987).   
 

Although the use of chemical insecticides has been found effective in controlling 
mustard aphids but their indiscriminate use is causing much harm to agro-ecosystem, 
pest resurgence and outbreak of secondary pests. The host plant resistance is striving 
hard to devise the ways for alternative eco-friendly management tool of the aphid. 
PAINTER (1951) classified the cause of host plant resistance to herbivores as non-
preference (renamed antixenosis by KOGAN and ORTMAN (1978), antibiosis and 
tolerance. In due course of co-evolution, plants have evolved certain secondary 
metabolites and bio-chemicals that are known to impart resistance to insect-pests. 
Moreover, plants contain hundreds of different chemicals compounds, some of these 
play significant roles in resistance against their herbivores. Glucosinolate compounds are 
part of the natural defence system against insect pests. Understanding of the 
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biochemical basis of resistance may help in development of insect resistant cultivars with 
the aid of modern biotechnology. Keeping these points in view, the present study was 
undertaken to establish the relation between the population of L. erysimi population and 
Glucosinolate contents, present in the mustard varieties /lines. 
 

MATERIALS AND METHODS 
Experiments were carried out on mustard plants during the flowering season, a time 
when aphids can be found in large number on the flowering stems. There is evidence 
that flowering stems have high levels of anti -herbivore protection, perhaps because 
damage to the reproductive parts of the plants may have fitness costs. Preference of L. 
erysimi to different varieties/lines of mustard was studied in the experimental field of 
Vegetable Research Farm, IARS, BHU, during 2015-16 and 2016-17. The seed of 
different mustard varieties/lines were sown late in plot size measured 3 x 4.8 m

2
 with a 

row to row and plant to plant spacing of 45 cm x15 cm. After germination all the cultural 
practices were performed throughout the growing season; however insecticides were not 
sprayed in and around the experimental area. The details of varieties/ lines are given 
here under. 
 
Table-1: List of varieties /lines in details 
 

Symbol of 
varieties/lines 

 Name of varieties / 
lines 

Symbol of 
varieties/lines 

Name of varieties 
/lines 

L1 MCN14-23 L12 NDRS2001-1 

L2 MCN14-24 L13 NDRS9-2 

L3 MCN14-25 L14 NDRS2010 

L4 MCN14-26 L15 NDR08-1 

L5 MCN14-27 L16 NDR08-14-1 

L6 MCN14-29 L17 NDR -07-2 

L7 MCN14-30 L18 NDR-7 

L8 MCN14-31 L19 NDYR-8 

L9 MCN14-32 L20 NDR-8501 

L10 MCN14-33 L21 NDR1-11 

V11 
DIVYA-33 (S 
check)* 

V22 
VARUNA (R check)* 
 

*S check: Susceptible check, *R check: Resistance check 
 
         Observations on aphid population were made at three intervals starting with 
invasion of aphids. Five plants from each plot, i.e. 15 plants of each varieties/lines were 
selected at random and tagged for aphid counts throughout the crop season. The 
population was estimated by counting aphids on a measured top 10 cm inflorescence of 
plant. Further, biochemical compounds were extracted from plants of varieties/lines at 70 
days after sowing. The top 10 cm inflorescence samples of competitive and complete 
randomly selected plants were collected from each replication of different varieties/lines 
and brought in the laboratory under separate cover of polythene sheets. These samples 
were dried in hot air oven at 70ºC for 3 days.  Later on, the samples were ground and 
kept in polythene bags for further quality analysis. Glucosinolates (μ mole/g) contents 
were estimated in top 10 cm inflorescence of mustard plant. 
 
          Glucosinolate content was determined using a colorimetric assay developed by 
MCGHEE et al. (1965). The glucosinolates (GSL) of sample are collected in water. It is 
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then treated with 0.1 narmal AgNO3 and 95% ethanol. The solution with ferric ammonium 
sulphate in acidic medium was titrated against Narmal/100 potassium thiocyanate. Ten 
gram of ground sample was added into 250 ml boiling water for enzyme deactivation for 
5 minutes. The enzyme deactivation step is normally not allowed to prolong 5 minutes to 
avoid the breakdown of glucosinolates. The contents were filtered on a Buchner funnel. 
The residue was washed with 50 ml hot water and filtered again, making the volume of 
filtrate to 500 ml. In a beaker, 25 ml aliquot was taken and added 10 with ml of 0.1 
normal AgNO3 solution and 25 ml ethanol (95%). The contents were refluxed on a water 
bath for 45 min. The solution was cooled at room temperature and made volume to 100 
ml with distilled water and filtered through ordinary filter paper. The 25 ml of supernatant 
was taken in a 125-ml flask containing 2 ml of 6 narmal NHO3 and 6 ml of 8% (w/v) ferric 
ammonium sulphate solution. This homogenous mixture was titrated against 0.01 narmal 
potassium thiocynate till a pale salmon colour was obtained. Run parallel blank with each 
determination was also done. Glucosinolate content is calculated using following formula: 
 

Glucosinolate content =   
(               )                                      

                            
 

Where, 
 Total volume = 500 ml 
 Mol. wt. of GSL = 411 
 
          Data are analyzed statistically and correlation coefficient is worked out using 
statistical software ‘OP STAT’ between glucosinolates (μ mole/g), contents and average 
number of aphids/plant of twenty two test varieties/lines. 
 

RESULTS AND DISCUSSION 
Glucosinolate contents tested against L. erysimi during 2015-16 and 2016-17  
The data on glucosinolate contents recorded in different varieties/lines presented in 
Table-2 revealed that among the varieties/lines screened on the basis of glucosinolate 
contents the maximium glucosinolate content (108.36 μ mole/g) was recorded from the 
line NDR08-1 followed by NDR08-14-1> MCN14-24> NDYR-8> MCN14-31> MCN14-
23> MCN14-33> MCN14-26> NDR1-11> NDR07-2> MCN14-27> VARUNA> MCN14-
32>  MCN14-25> MCN14-29> NDR-8501> NDR-7> MCN14-30>  DIVYA 
33>NDRS2010> NDRS2001-1>NDRS9-2 recording glucosinolate contents of 106.53, 
102.49, 101.23, 95.51, 91.22, 88.50, 86.28, 84.21, 79.44, 77.72, 76.97, 74.42, 73.61, 
73.10, 68.16, 65.06, 53.59, 48.7, 44.49,40.13 and 32.16 μ mole/g, respectively. It is also 
evident from Table -2 that the maximum amount of glucosinolate content was recorded in 
the line NDR08-1 with of 108 μ mole/g proved to be most effective line. However, line 
NDR08-1 was found statistically at par with NDR08-14-1, MCN14-24, NDYR-8, MCN14-
31 and MCN14-23 with respect to glucosinolates content. Similarly, there were no 
significant differences in glucosinolate contents recorded from the lines NDR08-14-1, 
MCN14-24, NDYR-8, MCN14-31, MCN14-23 and MCN14-33 whereas, the performance 
of NDR08-14-1 was found statistically higher glucosinolate over rest of the test 
varieties/lines.  
 
          The performance of MCN14-24, NDYR-8, MCN14-31, MCN14-23, MCN14-33, 
MCN14-26 and NDR1-11 were statistically at par. However, the lines MCN14-24 and 
NDYR-8  showed statistically more glucosinolate contents than rest of varieties/lines. 
Though, the glucosinolate contents recorded on MCN14-31, MCN14-23, MCN14-33, 
MCN14-26, NDR1-11, NDR07-2, MCN14-27 and VARUNA were statistically at par, yet 
the glucosinolate contents observed on MCN14-31 was significantly higher than rest of 
varieties/lines. There were no significant differences in the performance of MCN14-23, 
MCN14-33,   MCN14-26,   NDR1-11,   NDR07-2,   MCN14-27,   VARUNA,   MCN14-32,  
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Table-2: Glucosinolate contents in inflorescence part of various mustard varieties/lines 
and average aphid population during 2015-16 & 2016-17 

  

Varieties/Lines Different biochemical constituent with average aphid 
population 

Glucosinolates 
(μ mole/g) 

Average aphid population/top10 
cm inflorescence 

MCN14-23 91.22 37.02 (1.56) 

MCN14-24  102.49 29.39 (1.48) 

MCN14-25 73.61 55.29 (1.81) 

MCN14-26  86.28 48.64 (1.68) 

MCN14-27 77.72 41.70 (1.62) 

MCN14-29 73.10 57.72 (1.82) 

MCN14-30 53.59 111.09 (2.05) 

MCN14-31 95.51 26.57 (1.42) 

MCN14-32 74.42 51.68 (1.79) 

MCN14-33 88.50 25.48 (1.41) 

DIVYA-33(S Check) 48.7 111.01 (2.04) 

NDRS2001-1 40.13 152.80 (2.46) 

NDRS9-2 32.16 154.47 (2.52) 

NDRS2010 44.49 107.87 (1.99) 

NDR08-1 108.36 16.18 (1.13) 

NDR08-14-1 106.53 15.81 (0.97) 

NDR 07-2 79.44 48.84 (1.69) 

NDR-7 65.06 65.51 (1.81) 

NDYR-8 101.23 22.34 (1.30) 

NDR-8501 68.16 53.33 (1.74) 

NDR1-11 84.21 28.27 (1.46) 

VARUNA (R Check) 76.97 67.87 (1.83) 

C.D. (P < 0.05) 19.54 0.14 

S.E.M. + 6.51 0.04 

Correlation Coefficient  -0.94  

S Check- Susceptible Check, R Check- Resistance Check, Correlation is significant at 0.01 level 

 
MCN14-25 and MCN14-29 whereas, the performance of MCN14-23 and MCN14-33 had 
statistically superior over rest of varieties/lines. The variety/lines MCN14-26, NDR1-11, 
NDR07-2, MCN14-27, VARUNA, MCN14-32, MCN14-25, MCN14-29 and NDR8501 
were found statistically similar in harbouring the glucosinolate contents. The line MCN14-
26 was provided significantly better performance over rest of varieties/lines. The effect of 
NDR1-11, NDR07-2, MCN14-27, VARUNA, MCN14-32, MCN14-25, MCN14-29, 
NDR850 and NDR-7 were found statistically at par with each other. However, the 
variety/lines NDR1-11, NDR07-2, MCN14-27, VARUNA, MCN14-32 and MCN14-25 had 
statistically better performance over rest of varieties/lines. The performance of MCN14-
29, NDR850, NDR-7 and MCN14-30 were found statistically similar in harbouring the 
glucosinolate contents whereas, the line MCN14-29 was found significantly higher than 
rest of lines. Similarly, the differences in glucosinolate contents recorded from the 
varieties/lines NDR8501, NDR-7, MCN14-30 and DIVYA-33 were not found statistically 
significant whereas, the performance of NDR8501 and NDR-7 had significantly more 
glucosinolate contents than rest varieties/lines. The varieties/lines MCN14-30, DIVYA-33, 
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NDRS2010 and NDRS2001-1 showed statistically similar result. However, the line 
MCN14-30 was significantly superior over NDRS9-2 only. There were no significant 
differences in the performance of DIVYA-33, NDRS2010, NDRS2001-1 and NDRS9-2. 
The correlation coefficient between glucosinolate contents and aphid population was 
found negative and significant (Table-2).  
              
 Present results are in conformity with findings of KUMAR et al. (2017), who 
reported that in E. sativa var. T-27 followed by B. carinata var. DLSC-2 and BSH-1 
containing higher glucosinolate showed less aphid population/plant. In case of 
Brassicaceae, the defense mechanism is predominantly due to chemicals which includes 
glucosinolates (BJORKMAN et al., 2011); and that are negatively correlated with aphid 
population. Similarly the results of present findings agree with the report of GILL 
BAKHETIA (1985) who reported that there exist a negative correlation between aphid 
population and glucosinolate content however, they observed a significant difference in 
glucosinolate content of B. napus and B. campestris. The results of the present 
investigation are in conformity with the report of MALIK (1981) who observed a negative 
correlation between the total glucosinolate content and aphid population. 
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ABSTRACT: Field evaluation of twenty two varieties/lines of Indian mustard (Brassica juncea 
Linn.) for their resistance against mustard aphid, Lipaphis erysimi (Kalt.) was carried out at B.H.U. 

Varanasi on the basis of aphid population. Lines NDR08-14-1, NDR08-1 and MCN14-33 showed 
lowest aphid population and proved to be resistant. Whereas, the maximum aphid population was 
recorded in line NDRS2001-1 followed by NDRS9-2, MCN14-30. From the above lines 
NDRS2001-1 remained highly infested with the aphid in all the observations. The maximum yield 
was obtained from the line NDR08-14-1 (13.14 q/ha) whereas, minimum yield was recorded from 
the line NDRS2001-1 (6.71 q/ha). An insect resistant cultivar fits well in integrated pest 
management as it provides the farmers with ecologically sound, effective and economical option 
for pest management. 

Key words: Mustard varieties/ lines, Lipaphis erysimi, mustard aphid, field valuation  

 
INTRODUCTION 

Rapeseed and mustard is one of the most important oilseed crops in India, which 
occupies third place after soybean and palm in the world. In India, it occupies second 
position in edible oilseed production after groundnut contributing to about 27.8% of the 
Indian oilseed economy. It is cultivated in 6.41 million hectare of area with total 
production of about 6.33 million tones with an average productivity of 1262 kg ha

-1
 (SEA, 

2017-18). On comparing average productivity at global level i.e.1850kg ha
-1

, the 
productivity is significantly lower in India (1262 kg ha

-1
) due to various biotic and abiotic 

stresses. Among various constraints in rapeseed-mustard production, insect-pests are 
the most important biotic factors in reducing the crop yield. Many insect pests species 
are found infesting mustard crop, of which aphids (Lipaphis erysimi, Brevicoryne 
brassicae and Myzus persicae), saw fly (Athalia lugens proxima), leaf miner 
(Chromatomyia horticola), painted bug (Bagrada hilaris), flea beetle (Phyllotreta 
cruciferae), and leaf feeders like diamond back moth (Plutella xylostella), pod borer 
(Crocidolomia binotalis), hairy caterpillar (Spilosoma obliqua), cabbage butterfly (Pieris 
brassicae) are important and assumed to be of regional and sporadic importance 
(BAKHETIA et al., 2002).  

 
However, mustard aphid, Lipaphis erysimii Kalt. (Homoptera: Aphididae) is one 

of the major constraints of qualitative as well as quantitative production of rapeseed-
mustard in India. The mustard aphid, Lipaphis erysimi (Kaltenbach), is the key pest of 
rapeseed-mustard. Nymphs and adults suck cell sap from leaves, shoots, flower buds, 
flowers and pods and cause up to 96% yield losses and 5-6% reduction in oil content 
(SHYLESHA et al., 2006). They may cause 66 to 99% loss in Brassica campestris and 
27-28% in B. juncea (BAKHETIA, 1979) with losses in oil content of nearly 15% (VERMA 
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and SINGH, 1987). The avoidable yield losses due to aphids ranged 20-50% and in 
extreme conditions, the yield losses could be as high as 78% (PRASAD and PHADKE, 
1980). This pest is a prolific breeder and requires regular spraying of insecticides. 
Regular and indiscriminate use of insecticides to manage this pest has resulted into 
adverse effect on human beings and their environment. An insect resistant cultivar fits 
well in integrated pest management (IPM) modules as it provides the farmers with 
ecologically sound, effective and economical option for pest management. Even the 
varieties with moderate level of resistance can be integrated with other management 
options to reduce the pesticide application on a crop. The first step in the development of 
insect resistant cultivar is the precise knowledge of sources of resistance (STONER and 
SHELTON, 1988). A large number of attempts have been made in the past to identify 
sources of resistance in primary gene pool of crop Brassica species (BRAR and 
SANDHU, 1978; AMJAD and PETERS, 1992; BHADORIA et al., 1995; SAXENA et al., 
1995).  Therefore, the present investigations were conducted to find out the resistance 
varieties/lines against mustard aphid, Lipaphis erysimi (Kalt.) under natural conditions. 
 

MATERIALS AND METHODS 
Under present investigation, commonly grown  twenty two varieties/ lines  were raised  
under  plot  of  3x 4.8 m

2 
 size with row to row and plant to plant distance was kept 45x 

15 cm. This experiment was laid under Factorial Randomized Block Design with three 
replications during Rabi season 2015-16 and 2016-17 at Agricultural research farm, 
Institute of Agricultural Sciences, B.H.U. Varanasi. Each replication were divided into 22 
plots to accommodate twenty lines and two check varieties. The varieties/lines were 
procured from NDUA&T Kumarganj, Faizabad (U.P.) and ICAR-DRMR Bharatpur 
(Rajasthan). The details of varieties/lines are given here under. 
 
Table-1: List of varieties /lines treatment details 
 

Symbols of 
varieties/ lines 

Varieties / lines Symbol of 
varieties/lines 

Varieties /lines 

L1 MCN(E)14-23 L12 NDRS2001-1 

L2 MCN(E)14-24 L13 NDRS9-2 

L3 MCN(E)14-25 L14 NDRS2010 

L4 MCN(E)14-26, L15 NDR(E)08-1 

L5 MCN(E)14-27 L16 NDR(E)08-14-1 

L6 MCN(E)14-29 L17 NDR -07-2 

L7 MCN(E)14-30 L18 NDR-7 

L8 MCN(E)14-31 L19 NDYR-8 

L9 MCN(E)14-32 L20 NDR-8501 

L10 MCN(E)14-33 L21 NDR(E)1-11 

V11  
DIVYA-33 
(SCheck)* 

V22 VARUNA(RCheck)* 

*S check – Susceptible check, * R check – Resistance check 
 

The observations on aphid population were initiated with the occurrence of aphid 
population and continued till harvesting at an interval of three days. The aphid population 
was recorded from top 10 cm central shoot over five randomly selected plants from each 
plot. The top 10 cm central shoot of three randomly selected inflorescences of the 
selected plants were cut with sharp knife and brought to the laboratory in clear polythene 
bags separately for counting the number of aphid per plant. The aphids were removed 
from the infested plant parts with the help of a soft camel hair brush and placed on a 
piece of white paper. Then the number of aphids was counted with the help of a 
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magnifying glass and tally counter. The infested twigs and inflorescences were checked 
carefully, so that, single aphid could not escape at the time of counting. To determine the 
sources of resistance 22 varieties/lines were categorized on the basis of aphid 
population. 

 
The screening data of different varieties/lines gathered during both the years 

were subjected to statistical analysis separately and together on aphid population. The 
aphid population recorded from different varieties/lines was converted in log (X+1) 
(SINGH and RAI, 1993). 

 
RESULTS AND DISCUSSION 

Screening of mustard varieties/lines against L. erysimi population on pooled data 
basis during 2015-16 and 2016-17  
The data on aphid population recorded for the screening of different varieties/lines during 
Rabi season 2015-16 & 2016-17 were pooled and presented in Table-2. Among the 
varieties/lines evaluated on the basis of average mustard aphid population revealed that 
the minimum aphid population (15.81 per top 10 cm central shoot) was recorded from the 
line of NDR08-14-1 followed by NDR08-1>  NDYR-8> MCN14-33> MCN14-31> NDR1-
11> MCN14-24> MCN14-23> MCN14-27> MCN14-26> NDR07-2>NDR-8501> MCN14-
32> NDR-7> MCN14-25> MCN14-29> VARUNA> NDRS2010>DIVYA-33>MCN14-
30>NDRS2001-1>NDRS9-2 with average aphid population of 16.18, 22.34, 25.48, 26.57, 
28.27, 29.39, 37.02, 41.70, 48.64, 48.84, 53.33, 51.68, 65.51, 55.29, 57.72, 67.87, 
107.87, 111.01, 111.09, 152.80 and 154.47 per top 10 cm central shoot, respectively. It 
is also evident from Table -2 that the minimum aphid population was recorded on the line 
NDR08-14-1 with average aphid population of 15.81 per top 10 cm central shoot and 
proved least effective line NDR08-14-1 was found statistically superior over rest of 
varieties/ line.  
 

Similarly, the line NDR08-1 with average aphid population of 16.18 per top 10 
cm central shoot found second best line and differed significantly from rest of varieties/ 
lines. The performance of NDYR-8, MCN14-33 and MCN 14-31 with average aphid 
population of 22.34, 25.48 and 26.57 per top 10 cm central shoot were found statistically 
at par but, the performance of NDYR-8 statistically better over NDR1-11, MCN14-24, 
MCN14-23,MCN14-27, MCN14-26, NDR07-2,NDR-8501, MCN14-32, NDR-7, MCN14-
25, MCN14-29, VARUNA, NDRS2010, DIVYA-33, MCN14-30, NDRS2001-1 and 
NDRS9-2 with average aphid population of 28.27, 29.39, 37.02, 41.70, 48.64, 48.84, 
53.33, 51.68, 65.51, 55.29, 57.72, 67.87, 107.87, 111.01, 111.09, 152.80 and 154.47, 
respectively. Similarly, average aphid population observed from the lines MCN14-33, 
MCN14-31, NDR1-11 and MCN14-24 were found statistically at par but, the effect of 
MCN14-33 was provided significantly better performance over rest of varieties/ lines.       
There were no significant differences in aphid population observed from MCN14-31, 
NDR1-11, MCN14-24 and MCN14-23. However, lines MCN14-31 and NDR1-11 were 
provided statistically better over rest of varieties/ lines. Though, the aphid population 
recorded on MCN14-24, MCN14-23 and MCN14-27 were not significantly different yet 
the aphid population was recorded on MCN14-24 was less than rest of varieties/lines. 
There were no significant differences in the performance of MCN14-23, MCN14-27 and 
MCN14-26 whereas, the effect of MCN14-23 was provided statistically better 
performance over rest of varieties/ lines. The differences in average aphid population 
observed from the lines MCN14-27, MCN14-26, NDR07-2 and NDR8501 were found 
statistically at par with each other but, the performance of MCN14-27 was significantly 
superior over rest of varieties/ lines. The effect of MCN14-26, NDR07-2, 
NDR8501,MCN14-32, NDR-7, MCN14-25 and MCN14-29 were found statistically at par 
with each other. However, the MCN14-26 harboured statistically less number of aphids 
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than rest of varieties/ lines. No significant difference in the performance of NDR07-2, 
NDR8501,MCN14-32, NDR-7, MCN14-25, MCN14-29 and VARUNA, but, these variety/ 
lines were found statistically superior over NDRS2010, DIVYA-33, MCN14-30, 
NDRS2001-1 and NDRS9-2. Similar, results were obtained in the performance of 
NDRS2010, DIVYA-33, MCN14-30, NDRS2001-1 and NDRS9-2. However, NDRS2010, 
DIVYA-33, MCN14-30 were harboured significantly less aphid population than 
NDRS2001-1 and NDRS9-2 only. Whereas, the performances of NDRS2001-1 and 
NDRS9-2 were statistically at par in harbouring the aphid population. 
      

The overall performance of varieties/lines regarding their relative resistance and 
susceptibility (Table 2) depicted that lines NDR08-14-1 and NDR08-1 were resistant to L. 
erysimi (Kalt.) while lines NDRS9-2 and NDRS2001-1 were highly susceptible. The 
present findings also confirmed in other mustard varieties/germplasmm by ROHILLA et 
al.  (1996) who observed field resistance in 10 strains of B. juncea (RLC-1036, RLM-198, 
RLC 1037, PR-43, RW white Glossy, RW-29-6 Glossy, B-85, RW 15-6 Glossy and T-
6342) and five strains of B. napus (GS-47, GS-140, GS-825, GSL-1 and GSL-1501) 
against L. erysimi. BHADAURIA et al. (1995) also observed that mustard cultivars RW 
255676 B, RK 8501, RW 5453-B 2 and RJ-4 were less susceptible to the aphid. 
ASHWANI and SHARMA (1996) reported that entries of mustard germplasm RK-8802 
(30.24 aphids/plant) and RK-8602 (44.30 aphids/plant) were the least and most 
susceptible against L. erysimi (Kalt.). 

  
VEKARIA and PATEL (2000) found that among forty promising Brassica and 

allied genotypes tested, none was immune; however, five genotypes viz., GLS-1 (B. 
napus), PC-5 (B. carinata), T-27 (Eruca sativa), Local genotype (B. touresefortii) and T-
6342 were resistant against mustard aphid, L. erysimi. RANGREZ et al. (2002) recorded 
the maximum aphid population per plant (97.3) from yellow sarson cv. YSK-157 followed 
by BSH-1, BS-1, KS-103, BS-2, KS-102, DBS-5, KOS-1, KS-101 at post bloom stage. 
Minimum mean aphid per plant (30.6) was recorded on KS-104. TAKAR et al. (2003) 
found that based on aphid (L. erysimi) population, the varieties of B. juncea T-59 
(Varuna), BIO-902, PCR-7  (Rajat) and DLM-29 were highly resistant (below 70.45 
aphids/plant), varieties/entries Kranti, Pusa Bold, Rohini, VSL-5, BIO-772, DLM-58, 
Brani, RH-8113, Pusa Basant, DLM-80, and DLM-68 were moderately resistant (between 
70.45 to 116.51 aphid/plant) and varieties/entries DLM-75, M- 21, AG-5, DLRA-343 and 
P. Lord were least resistant, having more than 116.51 aphid/plant. 
 
Yield of test mustard varieties/ lines harvested (pooled data of 2015-16 & 2016-17) 
The impact of mustard yield under different varieties/lines were pooled together for better 
assessment of effect of different varieties/lines and presented in Table-3 for the year 
2015-16 and 2016-17. It is evident from the Table-3 that maximum yield was  obtained 
from  the line NDR08-14-1 (13.14 q/ha) followed by  NDR07-2> MCN14-32>MCN14-25  
NDR08-1 >MCN14-33> MCN14-24> MCN14-33 >NDR-8501> NDYR-8>MCN14-
23>MCN14-26> MCN14-30> NDR-7> MCN14-29> NDR1-11 >  MCN14-27> MCN14-31>  
NDRS2010> VARUNA> DIVYA-33> NDRS9-2 > NDRS2001-1 with yield of  12.78, 12.74, 
12.50, 12.11, 11.89 , 11.84, 11.62, 11.56, 10.57, 10.42, 10.28, 9.57, 9.54, 9.15, 9.12, 
8.71, 8.48, 8.29, 7.62,7.22 and 6.71 q/ha, respectively. It is also evident from Table -3 
that the line NDR08-14-1 proved best line with yield of 13.14 q/ha. However, the 
performance of NDR08-14-1 was found statistically at par with NDR07-2, MCN14-32, 
MCN14-25, NDR08-1, MCN14-33, MCN14-24, NDR-8501, NDYR-8 and MCN14-23.
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Table-2: Average* aphid population on different varieties/ lines at different during 2015-16 & 2016-17 (Pooled data) 
 
Varieties / 
Lines 

* Pooled population of aphid/ plant at different periods of observation 

Different observational periods Aver-
age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

MCN14-
23 

17.03 
(1.20) 

34.41 
(1.54) 

44.92 
(1.65) 

42.8 
(1.63) 

54.8 
(1.84) 

70.76 
(1.97) 

55.71 
(1.83) 

55.84 
(1.85) 

55.90 
(1.86) 

45.26 
(1.66) 

23.92 
(1.36) 

20.93 
(1.33) 

14.16 
(1.16) 

8.86 
(0.91) 

10 
(0.93) 

37.02 
(1.56) 

MCN14-
24 

24.82 
(1.38) 

16.16 
(1.22) 

22.13 
(1.34) 

61.10 
(1.79) 

46.36 
(1.68) 

65.2 
(1.82) 

33.6 
(1.55) 

36.85 
(1.56) 

35.33 
(1.52) 

44.39 
(1.64) 

24.62 
(1.41) 

11.03 
(1.06) 

8.43 
(0.95) 

8.53 
(0.96) 

2.33 
(0.48) 

29.39 
(1.48) 

MCN14-
25 

17.6 
(1.24) 

25.6 
(1.42) 

43.33 
(1.63) 

65.66 
(1.82) 

86.3 
(1.94) 

116.53 
(2.11) 

93.5 
(1.97) 

94.83 
(1.98) 

88.64 
(1.90) 

88.62 
(1.91) 

54.96 
(1.79) 

17.7 
(1.24) 

12.83 
(1.06) 

16.66 
(1.22) 

6.6 
(0.87) 

55.29 
(1.81) 

MCN14-
26 

17.93 
(1.25) 

29.03 
(1.45) 

61.73 
(1.77) 

73.23 
(1.87) 

79.13 
(1.89) 

96.10 
(1.96) 

82.86 
(1.92) 

81.6 
(1.85) 

63.06 
(1.82) 

57.19 
(1.77) 

55.43 
(1.76) 

16.69 
(1.25) 

8.46 
(0.91) 

4.4 
(0.57) 

2.86 
(0.50) 

48.64 
(1.68) 

MCN14-
27 

14.53 
(1.08) 

22.55 
(1.35) 

49.2 
(1.70) 

61.1 
(1.85) 

56.13 
(1.78) 

53.2 
(1.64) 

66.21 
(1.86) 

52.79 
(1.72) 

47.36 
(1.69) 

51.77 
(1.72) 

47.04 
(1.67) 

51.99 
(1.73) 

31.86 
(1.50) 

15.33 
(1..21) 

4.47 
(0.69) 

41.70 
(1.62) 

MCN14-
29 

17.8 
(1.26) 

26.86 
(1.44) 

43.66 
(1.63) 

72.2 
(1.84) 

94.33 
(1.97) 

115.33 
(2.05) 

100.33 
(1.98) 

86.96 
(1.93) 

117.06 
(2.07) 

67.03 
(1.83) 

50.49 
(1.71) 

45.18 
(1.66) 

11.86 
(1.07) 

13.26 
(1.15) 

3.47 
(0.66) 

57.72 
(1.82) 

MCN14-
30 

19.03 
(1.31) 

29.95 
(1.47) 

57.71 
(1.82) 

84.36 
(1.94) 

160.3 
(2.20) 

182.3 
(2.22) 

190.29 
(2.25) 

229.39 
(2.42) 

233.89 
(2.33) 

218.18 
(2.14) 

157.67 
(1.98) 

52.48 
(1.72) 

22.07 
(1.39) 

16.3 
(1.23) 

12.53 
(1.12) 

111.09 
(2.05) 

MCN14-
31 

20.24 
(1.33) 

31.56 
(1.51) 

38.67 
(1.59) 

41.8 
(1.62) 

35.43 
(1.54) 

35.8 
(1.53) 

40.03 
(1.60) 

28.81 
(1.46) 

41.36 
(1.61) 

41.7 
(1.62) 

18.36 
(1.28) 

11.06 
(1.08) 

8.19 
(0.960 

2.73 
(0.49 

2.8 
(0.48) 

26.57 
(1.42) 

MCN14-
32 

25.8 
(1.41) 

19.13 
(1.29) 

55.83 
(1.73) 

81.84 
(1.91) 

65.44 
(1.82) 

66.56 
(1.60) 

79.81 
(1.89) 

93.52 
(1.93) 

90.67 
(1.90) 

76.53 
(1.87) 

53.29 
(1.75) 

38.6 
(1.57) 

12.96 
(1.13) 

10.6 
(1.02) 

4.73 
(0.68) 

51.68 
(1.79) 

MCN14-
33 

13.56 
(1.12) 

15.94 
(1.21) 

28.6 
(1.45) 

29.93 
(1.46) 

40.86 
(1.49) 

29.86 
(1.46) 

45.46 
(1.63) 

30.13 
(1.48) 

40.06 
(1.50) 

38.63 
(1.58) 

28.96 
(1.44) 

21.03 
(1.34) 

10.19 
(1.04) 

4.73 
(0.67) 

4.34 
(0.66) 

25.48 
(1.41) 

DIVYA-33 
(S Check) 

19.99 
(1.29) 

36.4 
(1.56) 

53.76 
(1.72) 

80.56 
(1.89) 

161.85 
(2.17) 

183.9 
(2.23) 

166.24 
(2.14) 

228.34 
(2.32) 

255.39 
(2.36) 

237.27 
(2.29) 

143.71 
(2.15) 

47.14 
(1.51) 

24.67 
(1.41) 

14.3 
(1.08) 

11.53 
(0.98) 

111.01 
(2.04) 

NDRS200
1-1 

19.23 
(1.31) 

38.90 
(1.58) 

59.71 
(1.78) 

90.06 
(1.86) 

273.35 
(2.42) 

293.45 
(2.51) 

296.84 
(2.53) 

269.39 
(2.45) 

281.84 
(2.52) 

275.13 
(2.46) 

147.17 
(2.10) 

52.41 
(1.62) 

22.73 
(1.37) 

12.33 
(1.12) 

9.53 
(0.88) 

152.80 
(2.46) 

Contd…Table-2 
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Table-2. Contd… 
Varieties / 
Lines 

* Pooled population of aphid/ plant at different periods of observation 

Different observational periods Aver-
age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

NDRS9-2 
32.73 
(1.43) 

21.4 
(1.34) 

50.29 
(1.70) 

143.24 
(2.10) 

270.86 
(2.44) 

286.31 
(2.52) 

268.76 
(2.42) 

280.91 
(2.49) 

261.49 
(2.39) 

249.51 
(2.37) 

180.61 
(2.24) 

56.53 
(1.64) 

41.43 
(1.60) 

16.2 
(1.22) 

6.86 
(0.87) 

154.47 
(2.52) 

NDRS2010 
22.36 
(1.36) 

27.4 
(1.44) 

54.76 
(1.62) 

74.16 
(1.79) 

142.85 
(2.13) 

182.95 
(2.20) 

167.24 
(2.11) 

218.29 
(2.27) 

248.39 
(2.34) 

250.27 
(2.32) 

137.16 
(1.99) 

47.61 
(1.59) 

23.03 
(1.32) 

12.3 
(1.11) 

9.31 
(0.89) 

107.87 
(1.99) 

NDR08-1 
16.63 
(1.22) 

11.93 
(1.06) 

14.1 
(1.10) 

15 
(1.20) 

17.5 
(1.23) 

15.93 
(1.21) 

15.8 
(1.21) 

19.9 
(1.29) 

25.46 
(1.41) 

27.915 
(1.42) 

23.43 
(1.43) 

9.93 
(1.03) 

13 
(1.15) 

11.6 
(1.05) 

4.6 
(0.57) 

16.18 
(1.13) 

NDR08-
14-1 

25.625 
(1.39) 

29.36 
(1.47) 

21.7 
(1.33) 

11.67 
(1.09) 

10.26 
(1.03) 

17.93 
(1.26) 

21.26 
(1.32) 

17.69 
(1.27) 

18.26 
(1.29) 

17.93 
(1.27) 

10.39 
(1.02) 

11.19 
(1.07) 

9.06 
(0.94) 

8.93 
(0.89) 

5.93 
(0.65) 

15.81 
(0.97) 

NDR07-2 
12.06 
(1.12) 

24.16 
(1.40) 

39.56 
(1.46) 

65.06 
(1.81) 

81.7 
(1.85) 

88.56 
(1.89) 

47.2 
(1.54) 

65.71 
(1.79) 

80.4 
(1.82) 

76.45 
(1.79) 

75.97 
(1.77) 

39.49 
(1.47) 

16.83 
(1.20) 

15.73 
(1.18) 

3.73 
(0.62) 

48.84 
(1.69) 

NDR-7 
9.4 

(0.88) 
38.23 
(1.58) 

46.43 
(1.60) 

68.93 
(1.80) 

95.76 
(1.96) 

132.4 
(2.04) 

136.66 
(2.09) 

115.73 
(1.99) 

120.07 
(2.05) 

104.77 
(1.93) 

49.2 
(1.52) 

33.36 
(1.42) 

19.2 
(1.34) 

9.87 
(0.88) 

2.66 
(0.48) 

65.51 
(1.81) 

NDYR-8 
16.42 
(1.22) 

16.76 
(1.23) 

20.16 
(1.33) 

18.73 
(1.30) 

22.46 
(1.35) 

25.06 
(1.37) 

46.76 
(1.61) 

37.11 
(1.57) 

30.89 
(1.40) 

26.59 
(1.39) 

19.99 
(1.32) 

21.03 
(1.34) 

11.69 
(1.04) 

12.2 
(1.10) 

9.26 
(0.89) 

22.34 
(1.30) 

NDR-8501 
23.7 

(1.35) 
43.74 
(1.64) 

56.72 
(1.77) 

78.86 
(1.89) 

63.9 
(1.81) 

81.71 
(1.94) 

96.96 
(1.99) 

77.86 
(1.77) 

70.18 
(1.73) 

76.96 
(1.82) 

75.19 
(1.85) 

24.86 
(1.41) 

15.09 
(1.21) 

8.8 
(0.96) 

5.53 
(0.64) 

53.33 
(1.74) 

NDR1-11 
32.74 
(1.50) 

33.7 
(1.53) 

51.03 
(1.69) 

68.2 
(1.82) 

47.35 
(1.67) 

44.9 
(1.64) 

16.53 
(1.19) 

22.13 
(1.24) 

22.89 
(1.25) 

27.99 
(1.43) 

22.53 
(1.27) 

10.16 
(1.03) 

12.33 
(1.09) 

7.26 
(0.92) 

4.4 
(0.56) 

28.27 
(1.46) 

VARUNA (R 
Check) 

20.6 
(1.32) 

23.43 
(1.41) 

44.32 
(1.65) 

74.63 
(1.87) 

90.25 
(1.96) 

111.03 
(2.04) 

123.03 
(2.09) 

148.4 
(2.15) 

132.03 
(2.10) 

108.56 
(1.99) 

92.76 
(1.94) 

13.66 
(1.14) 

17.03 
(1.25) 

14.66 
(1.14) 

3.6 
(0.63) 

67.87 
(1.83) 

Average 
19.99 
(1.29) 

27.11 
(1.43) 

43.56 
(1.62) 

63.77 
(1.79) 

90.78 
(1.95) 

104.3 
(2.02) 

99.59 
(2.01) 

104.1 
(2.04) 

107.3 
(2.09) 

100.39 
(2.01) 

67.86 
(1.84) 

29.73 
(1.46) 

16.68 
(1.11) 

11.16 
(0.98) 

5.95 
(0.64)  

 
Source C.D. at 5% level; Varieties/ Lines 0.14;  Period  0.29; Varieties/Line X Period  NS 

 

S and R Check= Susceptible and Resistance Check,  
*=Average of three replications,  
Figures in parenthesis are ‘‘log (X+1)’’ transformed values
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Similarly, there were no significant differences in the yield harvested from NDR07-2, 
MCN14-32, MCN14-25, NDR08-1, MCN14-33, MCN14-24, NDR-8501, NDYR-8 and 
MCN14-23 whereas, the line NDR07-2 was provided statistically higher yield over rest of 
varieties/lines. The effect of MCN14-32, MCN14-25, NDR08-1, MCN14-33, MCN14-24, 
NDR-8501, NDYR-8 and MCN14-23 were found statistically similar yield. But, the line 
MCN14-32 showed statistically more yield than rest of the varieties/lines.  
 
Table-3:   Yield of different varieties /lines harvested on the basis of pooled 

data of   2015-16 and 2016-17 
 

                   Varieties/Lines Mean Yield q/ ha 

MCN14-23 10.57 

MCN14-24 11.84 

MCN14-25 12.50 

MCN14-26 10.42 

MCN14-27 9.12 

MCN14-29 9.54 

MCN14-30 10.28 

MCN14-31 8.71 

MCN14-32 12.74 

MCN14-33 11.89 

DIVYA-33 7.62 

NDRS2001-1 7.22 

NDRS9-2 6.71 

NDRS2010 8.48 

NDR08-1 12.11 

NDR08-14-1 13.14 

NDR -07-2 12.78 

NDR-7 9.57 

NDYR-8 11.56 

NDR-8501 11.62 

NDR1-11 9.15 

VARUNA 8.29 

C.D. (P < 0.05) 2.34 

S.E.M. + 0.82 

 
The performance of MCN14-25, NDR08-1, MCN14-33, MCN14-24, NDR-8501, 

NDYR-8, MCN14-23 and MCN14-30 found statistically not significant whereas, the 
MCN14-25 and NDR08-1 were provided statistically higher yield over rest of 
varieties/lines. No significant difference in the performance of MCN14-33, MCN14-24, 
NDR-8501, NDYR-8, MCN14-23, MCN14-26, MCN14-30 and NDR-7. However, the line 
MCN14-33 was statistically better than rest of varieties/lines. There were no significant 
differences in the performance of MCN14-24, NDR-8501, NDYR-8, MCN14-23, MCN14-
26, MCN14-30, NDR-7 and MCN14-29 but, the performance of MCN14-24, NDR-8501 
and NDYR-8 were provided statistically more yield over rest of varieties/lines. Though, 
the varieties/ lines MCN14-23, MCN14-26, MCN14-30, NDR-7, MCN14-29, NDR1-11, 
MCN14-27, MCN14-31, NDRS2010 and VARUNA were statistically at par yet the lines 
MCN14-23, MCN14-26 and MCN14-30 had significantly higher yield over DIVYA-33, 
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NDRS9-2 and NDRS2001-1. The performance of NDR-7, MCN14-29, NDR1-11, MCN14-
27, MCN14-31, NDRS2010, VARUNA and DIVYA-33 were obtained statistically similar in 
the yield of mustard. However, the line NDR-7 had showed significantly more yield than 
rest of NDRS9-2 and NDRS2001-1.  
 
           There were no significant differences in the performance of MCN14-29, NDR1-11, 
MCN14-27, MCN14-31, NDRS2010, VARUNA, DIVYA-33 and NDRS2001-1.Whereas, 
the MCN14-29 NDR1-11 and MCN14-27 had showed significantly better yield over 
NDRS9-2 only. Similarly, the varieties/lines MCN14-31, NDRS2010, VARUNA, DIVYA-
33, NDRS2001-1 and NDRS9-2 were statistically not significant. The result of present 
study strongly supported by KUMAR and SANGHA (2013) who reported on other set of 
mustard varieties BSH1 and YST151 i.e.  B. rapa group harboured quite high aphid 
population and suffered high yield losses. UPADHYAY et al. (1992) found that varieties 
EC 212661 and RLM-514 recorded the lowest mean number of aphids/plant (439 and 
491, respectively), JGM-873 and Pusa Bold had the lowest percentage shoot infestation 
(26% each) and MT-12 and Pusa Barani had the lowest loss in seed yield (22% & 33%, 
respectively). Genotype RK-8602 is recommended as suitable for a range of 
environments, having average resistance and the highest seed yield (1388 kg/ha). 
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ABSTRACT: Gopalpur creek is a seasonal tidal inlet receiving seawater from Bay of Bengal and 

freshwater through a narrow stream, developing estuarine habitat and providing various biota 
belonging to freshwater, estuarine water and marine water. In the present investigation varied 
parameters of water qualities were ascertained. Catch per unit effort (CPUE) of dominant fishes 
were calculated and two groups of fish species were distinguished through cluster analysis. Mystus 
seenghala, Etroplus suratensis, Scylla serrata and Mugil cephalus formed one group while 
Penaeus monodon and P. indicus constituted the 2

nd
 group with less similarity level. 

Key words: Fish assemblage, cluster analysis, water quality, Gopalpur creek 

 
INTRODUCTION 

Tidal creek is an economically important ecosystem for fisheries and provides 
habitats for numerous aquatic organisms. This ecosystem plays important roles as 
sheltering, feeding, and nursery grounds for finfish and shellfish.  A more complex 
scenario is presented on tropical Tidal creek, where spatial and temporal patterns in 
composition, abundance and distribution of fish assemblages have been related to a 
variety of biotic factors, such as salinity, turbidity and habitat. In India, the tidal creek 
fisheries is characterized by economically and biologically important resources which 
provide food and income to the coastal community. The production of fish in tropical tidal 
creek fisheries system of India is not recorded. The present tidal creek acts as the 
backbone of livelihood for the local coastal community having many species of fish and 
shellfish use Tidal creek also acts as nurseries and allows juveniles to grow. Tidal creek 
receives the final impact of human activities throughout the catchment.  

 
Though several attempts have been made to study abundance, diversity of 

fishes and other biota including hydrobiology of tidal creeks, estuaries etc in India and 
abroad (BLABER and BLABER, 1980; BLAY, 1997; CHOWDHURY et al., 2010; KHAN, 
2015; PARRISH, 1989; PAVINKUMAR et al., 2012; SUKUMARAN et al., 2014), the 
information on Gopalpur creek is limited (SAHU et. al., 2012; SAHU et al., 2013; 
SATAPATHY, 1990; BALIARSINGH et al., 2013).  The present paper deals with the 
water quality assessment and fish assemblages in Gopalpur creek with a view to explore 
the possibilities of adoption of capture based aquaculture practices in the creek.  

 
MATERIALS AND METHODS  

Gopalpur creek is a seasonal tidal inlet where ingress and exchange of seawater with 
freshwater takes place limiting to a period of 5 to 6 months in a year.  It is located at 
Latitude 19o 16’ 22” N- 19 o 15’ 39” N and Longitude between 84 o 54’ 0.6” E- 84o 55’ 
15” E. It extends nearly 10 km

2
 including catchment areas. It is a meeting place of 

saltwater from sea and freshwater from Nandia Nal creating a habitat comparable to 
tropical estuaries.  In monsoon, its water becomes less saline, almost fresh proving 
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habitat for less of freshwater species and more of brackish water species. But in post 
monsoon the creek water becomes saline and later on hyper saline owing to reduce or 
nil` influx of freshwater and sea water because of closure of tidal creek mouth and 
formation sand bar. Regular sampling at an interval of one month was attempted during 
July 2017 to June 2018 from four selected stations fixed at an equidistance of 500 m 
each. Water salinity, dissolved oxygen, pH, temperature, soil pH and transparency, were 
estimated following standard method (APHA, 2005).  The fish juveniles and sub adults 
were caught in cast nets employed by fishermen. The fishes including juveniles  collected 
from fishermen  for a period of 12 months were counted and its frequency of abundance 
were expressed in Catch Per Unit Effort (CPUE),  i.e.  Nos/hr/ Fishermen. The data were 
subjected to Bray cuties cluster analysis and using Biodiversity professional software. 
The ecological values of Shannon’s diversity of species (Shannon H' Log Base 10) and 
Simpsons Diversity of dominance (D) were also determined through Biodiversity 
professional software.  

RESULTS AND DISCUSSION 
In the present study water temperature recorded a fluctuation from 21

0
c to 33.6

0
c 

(27.8
0
c±3.2

0
c), water pH fluctuated from 8.1 to 8.5 (8.28 ± 0.08), salinity fluctuated 

from15.1 to 24.6 ppt. (17.3 ± 2.2) ppt., dissolved oxygen fluctuated from 4.7 to 7.0 ppm 
(5.3 ± 0.4), BOD fluctuated from 1.58 to 2.67(1.9 ± 0.2), nitrate fluctuated 1.54 to 
4.26(2.7 ± 0.4), nitrite fluctuated from 0.18 to 0.78 (0.3 ± 0.1) and ammonia fluctuated 
from 0.05 to 0.95(0.4 ± 0.3). The catch composition of juveniles and sub adults of fish 
and shell fish constituted maximum of 25% for mud crabs, 20% of Penaeues monodon, 
16% of catfish, 15% Etroplus sp., 13% P. indicus and 11% of Mugil spp. (Fig. 1). The 
abundance and distribution of six commercial important species (Mystus seenghala, 
Etroplus suratensis, Mugil cephalus, Scylla sereta, Penaeus monodon, Penaeus indicus), 
out of several fish species available in the creek recorded a fluctuation between 27 
numbers and 46 numbers of catch at an average of 37 nos per hour per fisherman 
(Fig.2). It recorded low abundance during pre monsoon and early monsoon and 
moderately high abundance during post monsoon months suggesting its breeding period 
monsoon months.  The Shannon diversity index fluctuated from 0.690 to 0.770 at an 
average of 0.741 indicating very low diversity.  

 
 

Fig.1: Catch composition of juveniles of fish & shell fish in Gopalpur Creek during 
2017-18 
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Fig.-2: Month-wise CPUE of fish catch in Gopalpur Creek during 2017-18 

 
Similarly Simpson’s diversity of dominance (D) varied between 0.155 and 0.199 

suggesting very poor index of dominance.  It could be due to incoming of less fish larvae 
owing to less influx of seawater restricted to 5 to 6 months in a year.  Bray-Curtis cluster 
analysis established high similarities (89.4%) of fishes available, however the month of 
February and June, January and March, September and November, August and October 
established single link at 93.01%, 92.7%, 93.0% and 93.8%, respectively through the 
cluster analysis. According the cluster analysis of six species of fish juveniles established 
similarity at 79.7% while cat fish and Etroplus sp. exhibited highest similarity (91.18%) 
between them. Two distinct groups of fish species were distinguished through cluster 
analysis. Mystus seenghala, Etroplus suratensis, Scylla serrata and Mugil cephalus 
formed one group while Penaeus monodon and P. indicus constituted the second group 
with less similarity level (Fig. 2).  The grouping of the months declined in the normal 
cluster analysis and reflected difference in the quantitative and qualitative occurrence of 
fish species during the period of observation in the creek.   The fish assemblages 
observed in the present study, both in composition and in structure were quite high to 
those observed in other water bodies. It could be due to the coincidence and closeness 
of breeding season, habitat preference coupled with food availability. The present creek 
under study represents a small and shallow water body exhibiting unfavorable 
temperature and less quantity of natural food. It might have caused for the escape or 
migration of fish juveniles remaining for a short period in the creek.    

 
OLIVEIRA NETO et al., (2010) reported an occurrence of 55 species belonging 

to 27 families. Fishes like Anchoa parva, Cetengraulis edentulus, and Harengula 
clupeola showed substantial seasonal variation in abundance, being most frequent 
during spring months with irregular abundance. Juveniles and as adults of Sciaenid 
species were most frequent in the spring and winter. They recorded high richness and 
diversity indices in the tidal creeks. HACKNEY et al., (1976) while reporting on Biological 
and Physical Dynamics of a Georgia Tidal Creek, recorded Dial fluctuations of dissolved 
oxygen, temperature and tidal-induced salinity oscillations in the creek. Small salinity 
oscillations promoted a high overall diversity of fishes at the head waters of the creek, 
even though few fish species maintained permanent populations there. Juvenile fishes 
were abundant in the summer and fall.  

 
Extreme temperature and low dissolved oxygen levels prompted a migration of 

fishes from these areas in late summer. Permanent fish populations were found at the 
mouth of the creek and in an adjacent tidal river. BALIARSINGH et al., (2012 & 2013) 
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and BIRAJA et al., (2013) recorded water temperature between 22.2 to 29.7, salinity 
between 21.3 to 33.6 ppt, water pH between 6.81 to 8.11, and dissolved oxygen 5.1 to 
8.1 during the year 2010. BRAHMA et al., (2010) reported fluctuation of water 
temperature from 31.0 to 32.6 (31.6±0.8), salinity fluctuated from 22.9 to 35.0 ppt with 
mean of 30.1±6.4), pH fluctuated from 8.15 to 8.23(8.19±0.04), DO fluctuated from 6.75 
to 7.34 ppm (7.13±0.33), BOD fluctuated from 1.16 to 3.35(1.9±1.25), nitrate fluctuated 
from 1.55 to 5.08 (2.77±2.0), nitrite fluctuated from 0.32 to 0.83(0.51±0.28) and ammonia 
fluctuated from 1.31 to 14.7(5.79±7.72) during 2006.  

 
SATAPATHY (1990) reported the water temperature 21 to 32.6, salinity 1.8 to 

39.2 ppt, dissolved oxygen 3.7 to 12.1 ppm. While comparing the data of previous 
authors, it was found that the result obtained in the present study are in agreement with 
minor fluctuation which could be due to the variation of ambient temperature, fresh water 
influx from adjacent area and sea water influx to the creek and the resident time period. 
BARLETTA et al., (2003) attempted cluster analysis for most dominant 24 fish species in 
the creek and distinguished 2 groups representing estuarine resident species and marine 
juveniles’ migrants. The biomass and density for these species were maximum during 
monsoon. SPACH et al., (2004) distinguished 2 large groups based on density of 23 
main taxa united at 68% and 71% similarity level. 
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ABSTRACT: Gopalpur creek is a tidal inlet representing a typical backwater biotope in the 

Gopalpur on sea, coastal area of southern coast of Odisha. In the present investigation a total of 
72 species of phytoplankton were recorded comprising 55 species of Diatoms, 10 species of 
Dinoflagellates, 4 species of Green Algae, 2 species of Cyanobacteria and only one species of  
Coccolithophore. Further, a total 16 groups of Zooplankton i.e. Anomuran Larvae, 
Appendicularians, Brachyuran, Chaetognaths, Cladocderans  and Ostracods, Copepods, 
Euphausids and Isopods, Fish eggs and larvae, Foraminifera, Gastropod larvae ,Lamellibranchiate 
larvae, Medusa, Megalopa  and Zoea ,Mysids , Polychaetes, Siphonophores and  Ctenophores 
were recorded with minor fluctuations in percentage composition. Water temperature in the creek 
recorded fluctuation between 21

o
C and 33.6 

o
C, water pH between 8.1 and 8.5, water salinity 

between 17.0 and 24.6 ppt. and dissolved oxygen from 4.7 and 7.0 ppm. The interrelationships of 
phytoplankton, zooplankton and water parameters are discussed in the paper. 

Key words: Plankton, Water qualities, Gopalpur creek 

 
INTRODUCTION 

Tidal creek is a channel through which seawater enters during flow tide and recedes 
during low tide.  The hydro biological parameters including water and soil parameters, 
plankton, nekton, and benthos are strongly characterized by physic chemical parameters 
like salinity, pH, dissolved oxygen, nutrients, and organic sediments etc. Tidal inlets are 
formed in a coastline that experience high wave activity adjacent to the beaches. High 
tidal flow maintains widening of inlet mouth and low tidal mudflow leads to closure of tidal 
creek mouth. However, sufficient literature is available on seasonal variation in 
physiochemical characteristics, abundance  and distribution of phytoplankton and 
zooplankton (VIJAY KUMAR et al., 2014; SRICHANDAN et al., 2014; DAS et al., 1997; 
GAUDA and PANIGRAHI, 1995; KARUPSAMY and PERUMAL, 2000; KUMAR and 
PERUMAL, 2011; MISRA and PANIGRAHI, 1996; QASIM, 2005; RAMAIAH 1997), the 
information on Gopalpur creek is limited (SAHU et. al., 2012; SAHU et al., 2013; 
SATAPATHY AND SAHU, 1998; BALIARSINGH et al., 2013).  
 

An attempt has been made to study the abundance and distribution of 
phytoplankton and zooplankton in the Gopalpur creek in relation to some water quality 
parameters to understand its ecology and to explore the possibilities of capture based 
aquaculture practices in Gopalpur creek.  

 
MATERIALS AND METHODS 

Gopalpur creek is a tidal inlet representing a typical backwater biotope in the 
Gopalpur on sea coastal area of southern coast of Odisha. It is located between the 
Latitude 19

o
 16’ 22” N -   19

o
15’ 39” N and Longitude between 84

o
 54’ 0.6” E- 84

o
 55’ 15” 
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E. It extends nearly 10 km
2
 including catchment areas too (Fig.1). It serves as a capture 

fishing ground for fisher community inhabiting near creek. It receives freshwater runoff in 
monsoon through a small channel (locally known as Nandia Nal). The tidal creek is 
mainly influenced by sewage discharge and agriculture run-off from the adjacent area. 
Regular sampling at an interval of one month was attempted during July 2016 to June 
2017 from four selected stations fixed at an equidistance of 500 m each. Water salinity, 
dissolved oxygen, pH, temperature, soil pH and transparency were estimated following 
standard method (APHA, 2005).  Plankton samples were collected using hand net made 
of bolting silk cloth. An aliquot of 1 ml was taken by using stemple pipette and observed 
under stereomicroscope for qualitative and quantitative analysis. The results were 
expressed in cells/ ml for phytoplankton and nos/lit for zooplankton. The relative 
abundance percentage composition etc were determined following standard method 
described by NEWELL and NEWELL (1977) 

 

Fig. 1: Gopalpur creek showing sampling stations 

RESULTS AND DISCUSSION 
BALIARSING et al., (2012) studied phytoplankton community of Gopalpur creek 

and   recorded 99 sp., among which Diatom constituted 77 species, Dinoflagellates 14 
species, Green algae 5 species and Coccolithophores 1 species. They recorded a 
distinct dissimilarity among the phytoplankton species.  Noctiluca sp., Thalasiothrios sp., 
Odontilla sp., Thalassionema sp., Casinodiscuss sp., Rizosolania sp. were dominant in 
the premonsoon, while Rizosolania spp, Pleurostigma spp, meleserra spp were 
dominated in monsoon. In post monsoon Noctilcua spp, Oscillatoria spp were dominant. 
Water temperature, salinity and pH recorded significant seasonal variation (P<0.05) 
within premonsoon, monsoon and post monsoon seasons. BALIARSING (2013) found 
significant variation (P< 0.01) of chlorophyll a and phytoplankton within seasons rather 
than stations. BIRAJA et al. (2013) recorded water temperature of the Goplapur creek 
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between 22.2
o
 C and 29.7

o
 C, salinity between 21. 3 ppt and 33.6 ppt, water pH between 

6.81 and 8.1 and dissolved oxygen from 5.1ppm to 8.1ppm during the year 2010.  
 
BRAHMA et al. (2010) reported fluctuation of water temperature in the Goplapur 

creek from 31.0
o 

C to 32.6
o 

C (31.6± 0.8), salinity fluctuated from 22.9 pot to 35.0 pot 
(30.1 ± 6.4), pH fluctuated from 8.15 to 8.23 (8.19 ± 0.04), dissolved oxygen fluctuated 
from 6.75 pap to 7.34 pap (7.13±0.33) during 2006. SWATI et al. (2012) attempted 
qualitative and quantitative distribution of phytoplankton in the coastal waters of Odisha 
sampled during summer season of 2008-09 and 2009-10.  A total 95 species of 
phytoplankton were recorded belonging to Bacillariophyceae, Dinophyceae, 
Cyanophyceae, Haptophyceae groups. Phytoplankton density ranged from 
approximately 8460- 50720 nos. / L and showed complete dominance of diatom genera 
(Bacillariophyceae) in both the year in all stations.  SAHU et al. (2013) studied the 
zooplankton abundance and composition in Gopalpur creek in premonsoon, monsoon 
and post monsoon season with some hydrographic parameters. Water temperature and 
salinity showed significant variation (p< 0.01) among seasons while pH showed 
significant variation (p< 0.01) within stations. Total of 45 zooplankton groups were 
recorded in which the copepods formed the dominant group in all seasons.  

 
The average biomass was high in premonsoon without significant variation 

within seasons and stations. Zooplankton biomass marked positive correlation with water 
temperature and salinity. Zooplankton composition exhibited a great deal of dissimilarity 
within seasons. However, in the present investigation a total of 72 species of 
phytoplankton recorded in the Gopalpur creek waters comprising 55 species under 
Diatoms, 10 species under Dinoflagellates, 4 species under green algae, 2 species 
under Cyanobacteria and only one species under  Coccolithophore groups. All the four 
station marked similar composition of 72 species with minor fluctuations. The percentage 
composition of Diatoms fluctuated from 71.1 % (October .2016) to 82.8% (November. 
2016) at a mean of 77.0%.  Similarly Dinoflagellates marked its fluctuation from 17.3% 
(April 2017) to 10.5% (February .2017) at mean of 14.0%. Green algae recorded a 
fluctuation from 7.2% in (February. 2017) at a mean of 5.0%. Cyanobacteria recorded 
fluctuation from 4.4% in (September 2016) to 0.9% (March &April 2017) at mean of 3% 
(Fig.2). 
 

Seasonal abundance of Coccolithophore recorded singular peak during 
Monsoon and a singular low in premonsoon. Cyanobacteria recorded a peak during 
October to December and low during May 2017 (Fig.3).  Diatoms recorded a low during 
Monsoon month and high during premonsoon. Dinoflagellates recorded a uniform 
fluctuation within four station showing two peaks in August 2016 and April 2017 and 
singular low peak in December 2016. Green algae recorded uniform pattern of 
distribution with four stations indicating a peak during monsoon and low in premonsoon.  

 
A total 16 groups of Zooplankton i.e. Anomuran larvae, Appendicularians, 

Brachyuran, Chaetognaths, Cladocderans,  Ostracods, Copepods, Euphausids and 
Isopods, Fish eggs and larvae, Foraminifera, Gastropod larvae, Lamellibranchia larvae, 
Medusa, Megalopa  and Zoea ,Mysids, Polychaetes, Siphonophores and  Ctenophores 
were recorded in four stations each with minor fluctuation in percentage composition in 
the Gopalpur creek. Zooplankton composition recorded all time high for all groups during 
pre monsoon followed by post monsoon and monsoon excepting Copepods, which 
recorded higher composition during monsoon, followed by premonsoon and post 
monsoon (Fig.4).  



86                                  JOURNAL OF APPLIED ZOOLOGICAL RESEARCHES 

 
 
Fig.2: Percentage composition of Phytoplankton in Gopalpur creek 
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Water temperature in the creek recorded fluctuation between 21

o
C and 33.6 

o
C 

at a mean of 27.7
o
C. Water temperature marked a decline from June to February and 

thereafter exhibited an increasing trend. It fluctuated from 21.0
o
C to 32.4

0
 C (27.4

0 
C ± 

3.65
0
C), 21.2

0
C to 33

0
C (27.6

0
C ± 3.6

0
C) and 21.3

0
C to 33.2

0
C (27.7

0 
C ± 3.7

0
C) and 

21.4
0
C to 33.6

0
C (27.8

0
C ± 3.7

0
C) in station I, II, III & IV, respectively.  The average 

water pH in the creek varied from 8.2 to 8.4 (8.2±0.08). It recorded a fluctuation from 8.2 
to 8.5 (8.4±0.1), 8.1 to 8.4 (8.3±0.1), 8.1 to 8.4 (8.2±0.1) and 8 to 8.2 (8.1±0.08) in station 
I, II, III and IV, respectively. Water salinity in the creek marked a fluctuation from 15.9 ppt 
to 24.6 ppt at an average of 18.5 ppt.  It varied from 17.0 ppt to 24.6 ppt (19.8±2.8) ppt, 
16.7 to 23.5 ppt (19.0±2.5) ppt, 15.9 to 22.8 ppt (18.1±2.4 ) ppt and 15.1 to 21.5 
(17.3±2.2) in station I,II, III and IV,  respectively.   
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Fig. 4: Percentage composition of Zooplankton during Premonson, Monsoon 
and Post Monsoons 
 

The dissolved oxygen of the creek exhibited a variation between 4.7 ppm and 
7.0 ppm at an average of 5.7 ppm. It fluctuated from 5.2 ppm to 7.0 ppm (6.3±0.6), 5.1 to 
6.7 ppm (6.0±0.5), 4.9 to 6.4 ppm (5.7±0.5), 4.7 to 5.9 ppm (5.3 ±0.4) ppm in station I, II, 
III and IV, respectively. The transparency of water in the creek marked a fluctuation from 
31.8 cm to 39.7cm at an average of 34.0 cm. It fluctuated between 31.8 cm to 33.0 cm 
(32.3±0.4), 32.4 cm to 33.8 cm (33.0±0.5), 33.5cm to 34.7 cm (34.2±0.4) and 33.7 cm to 
39.7 (35.5±2.0) cm in station I, II, III and IV, respectively. The soil pH of creek varied 
between 5.8 and 7.5 at an average of 6.6. It fluctuated from 5.8 to 7.5 (6.7±0.5), 5.9 to 
7.1 (6.5±0.40, 6 to 7.1(6.5±0.3) and 6.2 to 7.2(6.6±0.3) in station I, II, III and IV, 
respectively. It continued an increasing trend from July2016 to June 2017.  
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ANOVA test recorded a significant variation within months (p<0.05) and within 
stations. The correlation coefficient matrix indicated a negative correlation between 
Diatom and Zooplankton (r = 0.82), Cyanobacteria and zooplankton (r = -0.57) and 
between Coccolithophore and zooplankton (r = -0.8), indicating an inverse relationship 
between phytoplankton and Zooplankton.  While correlating water quality with the 
plankton population, it was interesting to note a negative correlation within temperature 
and Diatom (-0.69), Temperature and Dinoflagellate (-0.4), Temperature and Green 
Algae (-0.3) Temperature and Cyanobacteria (-0.6) and Temperature and 
Coccolithophore (-0.6) indicating negative/inverse correlation (Table-1). However, most 
of the phytoplankton groups recorded + ve correlation with salinity and dissolved oxygen.  
Thus, it is evident that over the period of one decade the reduction of 27.2% of phyto 
plankton spp and 64.0% of zooplankton spp., took place in the creek due to variation of 
water temperature, salinity, pH and nutrients levels.   
 
Table-1: Correlation matrix within water parameters and plankton 
 

  Diatom 

Dino-
flagell 
ates 

Green 
algae 

Cyano 
Bact-
eria 

Coccol
ithoph 
ore 

Temp-
erature pH Salinity DO TP 

Zoopla
nkton 

Diatom 1 
          Dino-

flagellates 0.85 1.00 
         Green algae 0.82 0.93 1.00 

        Cyanobacteria 0.59 0.08 0.14 1.00 
       Cocco- 

lithophore 0.90 0.64 0.70 0.74 1.00 
      Temperature -0.69 -0.43 -0.31 -0.66 -0.62 1.00 

     

pH -0.20 -0.12 0.03 -0.24 -0.02 0.29 
1.0
0 

    

Salinity 0.30 0.62 0.76 -0.37 0.15 0.16 
0.2
7 1.00 

   

Dissolved 
Oxygen 0.87 0.89 0.95 0.29 0.74 -0.51 

-
0.0
7 0.68 1.00 

  Transp- 
arency 0.19 -0.01 0.05 0.30 0.25 -0.09 

0.5
0 -0.06 0.00 1.00 

 Zoo- 
plankton -0.97 -0.83 -0.82 -0.57 -0.87 0.60 

0.3
2 -0.34 -0.86 -0.07 1.0 

DO = Dissolved ogygen, T.P.= Transparency  
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