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Abstract.- The diversity and proportions of termite species was studied in a wheat crop and garden trees from January to June, 2006 in District Bhakkar. Six species of termites i.e., Coptotermes heimi, Microcerotermes spp., Odontotermes obesus, Microtermes obesi, Microtermes mycophagus and Odontotermes guptai were recorded from wheat fields and garden trees. Termite species inhabited different portions of trees. The results also provided a comparison between the termite species diversity in wheat crop and garden trees. Diversity of termites recovered from soil cores revealed 35% diversity on the Simpson index and 84% on the Shannon scale. M. mycophagus was the dominant termite species in both garden trees as well as wheat crop. The six species variably inhabit different portions of garden trees. 
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INTRODUCTION


Termites cause tremendous losses to agricultural crops, forest trees and wood components in buildings. Out of 2500 described species throughout the world, about 300 species are considered as pests (Lee and Wood, 1971). 

Termites spoiled sugarcane in different parts of District Peshawar in 1985. The attack was so severe that 90% damage was recorded in “Mera village” of Nowshera District (Salihah et al., 1988). Sattar and Saliha (2001) recorded 10 species of termites, which caused up to 90% of the damage to sugarcane, 8-12% to wheat and 43% to maize. Many of the orchards in Peshawar valley were devastated by termites. 

District Bhakkar is situated in Mianwali, Punjab, Pakistan with its geographical coordinates of 31° 38' 0" North and 71° 4' 0" East. The overall cropping intensity of the District is 100% with guava, mung, sugarcane and cotton as major Kharif crops, and gram and wheat as Rabi crops. Area and yield per acre of these crops varies widely depending  upon  the  weather  conditions.  Wheat is
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the major crop which was grown on an area of 23.40 million acres in the year 2000. The crop was attacked by a number of insect pests including termites resulting in notable reduction in the crop yield. Based on the importance of termites as economic pests of agricultural crops and trees, the present study was aimed to investigate its diversity and proportion in wheat crop and garden trees.

MATERIALS AND METHODS

In 2006, six 60x60 m plots divided into three sub plots, measuring 60x40 m each from different sites of wheat fields of District Bhakkar were selected and from these plots, 225 soil core samples (30x30 cm each) were taken on a regular basis for six months. 


These soil cores were brought to the laboratory, termites were separated from soil and were counted Specimens were preserved in 80% alcohol. These were identified based on the head shape and mandibles (Akhtar, 1974). Soil temperature and humidity were recorded weekly. For garden trees, 335 trees were randomly selected from different sites in the District Bhakkar and termites were collected from trunk, bark and wood debris of all the infested trees with a camel hair brush and counted.   The  specimens were preserved 
Table I.-
Different termite species collected from soil cores and trees, and species collected from different portions of trees from January to June, 2006. 

	Species (Subfamily: Family)
	No. collected
	Trees
	Portion

	
	Soil cores
	Trees
	
	

	
	
	
	
	

	Coptotermes heimi 
(Coptotermitinae: Rhinotermitidae)
	50
	56
	
	

	Micocerotermes championi 

(Termitinae: Termitidae) 
	37
	10
	Dalbergia sissoo
	Dead portion of trunk

	Odontotermes obesus

(Macrotermitinae: Termitidae)
	30
	33
	Dalbergia sissoo, Populus alba
	Trunk, fallen twigs

	Microtermes obesi 
(Macrotermitinae: Termitidae)
	35
	40
	Dalbergia sissoo, Acacia nilotica
	Wood debris, Trunk of tree

	Microtermes mycophagus

(Macrotermitinae: Termitidae)
	130
	87
	Dalbergia sissoo
	Dead portion of bark, trunk portions

	Odontotermes guptai

(Macrotermitinae: Termitidae)
	20
	15
	Mangifera indica, Dalbergia sissoo
	Bark of tree, dead portion of trunk

	
	
	
	
	


Table II.-
Proportion of different termite species in soil cores of wheat crop from January to June, 2006.

	Month


	Total number soil cores
	Number of positive cores
	Total number of termites
	Termite species
	Number of individuals
	Frequency

	
	
	
	
	
	
	

	January 
	60
	06
	58
	M. mycophagus
	35
	60.34

	
	
	
	
	M. obesi
	23
	39.66

	February
	45
	05
	50
	M. obesi
	30
	60

	
	
	
	
	O. guptai
	20
	40

	March
	30
	05
	30
	M. mycophagus
	30
	100

	April
	30
	05
	60
	M. mycophagus
	35
	58.33

	
	
	
	
	Coptotermes heimi
	25
	41.67

	May
	20
	05
	62
	C. heimi
	25
	40.32

	
	
	
	
	M. championi
	37
	59.68

	June 
	40
	05
	55
	O. obesus
	25
	45.45

	
	
	
	
	M. mycophagus
	30
	54.55

	
	
	
	
	
	
	


in 80% alcohol and brought to the laboratory for identification.

Diversity of different termite species on the Simpson and Shannon indices was worked out according to Simpson (1949) and Shannon-Weiner function (Odum, 1975).
RESULTS

From the 225 soil cores samples, six species belonging to three subfamilies and two families were identified, Coptotermes heimi, Microcerotermes spp., Odontotermes obesus, Microtermes obesi, Microtermes mycophagus and Odontotermes guptai (Table I). M. mycophagus was most frequently found (130x), which was followed by C. heimi (50x), M. championi (37x), M. obesi (35x), O. obesus (30x). O. guptai was the least observed (20x).

From the samples collected from 335 trees the same species were recorded. M. mycophagus was  the  most  frequently  found  (87x),  which  was followed by C. heimi (56x), M. obesi (40x), O. obesus (33x) and O. guptai (15x). M. championi was the least observed (10x).

Termite collection from different parts of trees showed that C. heimi and M. mycophagus (dead portion) inhabited bark of trees of Dalbergia sissoo, while O. guptai (dead portion) occupied bark and trunk of M. indica, M. mycophagus, O. obesus, M. obesi and M. championi were recovered from the trunk  of  D.  sissoo.  C.  heimi  and  M.  obesi   were 
Table III.-
Diversity index of number of individuals of different termite species collected from 225 soil cores from January to June, 2006.

	Species
	No. of termites
	Percentage
	Pi
	Simpson’s index pi2(X
	Shannon’s index Pi(log pi)(S

	
	
	
	
	
	

	Microtermes mycophagus
	130
	40.62
	0.4062
	0.1649
	0.3655

	Microtermes obesi
	58
	18.12
	0.1812
	0.0328
	0.3094

	Odontotermes guptai
	20
	6.25
	0.062
	0.390
	0.2937

	Coptotermes heimi
	50
	15.62
	0.1562
	0.0243
	0.2889

	Amitermes spp.
	37
	11.56
	0.1156
	0.133
	0.2485

	Odontotermes obesus
	25
	7.83
	0.0788
	0.061
	0.1921

	
	320
	100
	1.0
	D=0.802, 1-D =0.198
	H=1.6981

	
	
	
	
	
	


E-H /Log S=1.6981/1.7917 =0.9477
collected from the wood debris of D. sissoo, while O. obesus from the fallen twigs.

In January, infestation of M. mycophagus was 60% and of O. guptai 40% in wheat (Table II). In February, M. mycophagus (60%) dominated O. guptai (40%). M. mycophagus was the only prevalent species in March with 100% infestation. M. mycophagus (58. %) dominated C. heimi (42%) in April. C. heimi and M. championi were the two species found in May with 40% and 60% infestation, respectively. In June, M. mycophagus (55%) dominated O. obesus (45%).

In January, M. mycophagus, M. obesi and C. heimi were the three species present with 92.10%, 37.82% and 49.34% occurence in trees, respectively (Table III). In February, O. obesi (95.89%) dominated O. guptai (41.09%). M. mycophagus was the only species present in March with 70.3% occurrence. In April, C. heimi (47.89%) dominated M. mychphagous (10.53%). C. heimi (86.26%) and Amitermes spp. (44.40%) were the two species present in May.  In June, C. heimi (44.19%), M. mycophagus (15.46%) and O. obesus (69.06%) were prevalent. 

Diversity of termites worked out on the basis of number of termites from 225 soil cores of wheat crop (Table III). Using Simpson’s (1949) equation of C (Index of dominance), a value 1.0 was obtained for the termite communities in the district. The Shannon’s Index value of 1.6981 was obtained. M. mycophagus with a value of 0.1649 (Simpson’s Index) and 0.3655 (Shannon’s Index) was the dominant species.

The overall termite diversity (1-D= 0.198) on the Simpson Scale was 35% and on Shannon Scale (H/Log S = 0.9477) is 94% (Table III). The data of termites collected from soil cores and trees was also combined to work out diversity on monthly basis. This method made it possible to compare evenness of individuals amongst the species. Maximum diversity on Simpson scale was 78% recorded in June and minimum of 8% in February, 2006. On the Shannon Wiener function, the highest value of diversity was recorded in June, 2006 (H =0.9051) (Table IV). Regarding the apportionment of individuals amongst the species, the maximum value of E was recorded in February, 2006 (0.5866) and minimum value in January, 2006 (0.0862).

DISCUSSION

Termites are of great economic importance as they cause extensive damage to woodwork in buildings and agricultural crops in many countries of the world (Akhtar and Shahid, 1989). Several earlier    researchers    have   conducted   studies   on termite infestations on different crops and trees in the agro-ecosystem of Pakistan. Akhtar (1987) reported that M. obesi was a serious pest in Manga Mandi of District Lahore. Akhtar and Shahid (1989) recorded four species of termites, i.e. M. mycophagus, M. obesi, M. unicolor and Eremotermes paradoxalis in cotton fields in Multan where the population (148.2/m2) was higher in October than the other months.


Akhtar and Sarwar (1997) reported four species of termites, i.e. M. mycophagus, M. obesi, O.  guptai  and E. hodotermitidae  from Bahawalpur 
Table IV.-
Diversity index showing diversity of number of individuals of different termite species collected from garden trees from January to June, 2006.

	2006
	Name of species
	%age
	Pi
	D = Pi2*S
	H  = PiLog(Pi)
	E = H/Log*S

	
	
	
	
	
	
	

	January
	Microtermes mycophagus
	44.10
	0.441
	0.3782
	0.0757
	E=0.0862

	
	Microtermes obesi
	21.82
	0.218
	0.1928
	0.3677
	

	
	Coptotermes heimi
	33.34
	0.334
	0.2838
	0.3486
	

	
	
	
	
	D=0.8548; 1-D =0.1452
	H=0.792
	

	
	
	
	
	
	
	

	February
	Microtermes obesi
	58.91
	0.589
	0.7177
	0.04110
	E=0.5866

	
	Odontotermes guptai
	41.09
	0.410
	0.1681
	0.3655
	

	
	
	
	
	D=0.8858; 1-D =0.1142
	H=0.4066
	

	
	
	
	
	
	
	

	March
	Microtermes mycophagus
	70.3
	0.703
	0.4942
	0.2477
	

	
	
	
	
	D=0.4942; 1-D =0.505
	H=0.2477
	

	
	
	
	
	
	
	

	April
	Microtermes mycophagus
	10.53
	0.105
	0.0110
	0.2366
	E=0.848

	
	Coptotermes heimi
	47.89
	0.478
	0.228
	0.352
	

	
	
	
	
	
	
	

	May
	Coptotermes heimi
	56.44
	0.564
	0.6430
	0.1280
	E=0.3353

	
	Amitermes spp.
	43.40
	0.434
	0.1971
	0.3604
	

	
	
	
	
	D=0.8401; 1-D=0.1599
	H=0.4884
	

	
	
	
	
	
	
	

	June
	Coptotermes heimi
	34.19
	0.341
	0.1944
	0.3610
	E=0.3577

	
	Microtermes mycophagus
	14.46
	0.144
	0.0237
	0.2881
	

	
	Odontotermes obesus
	50.65
	0.506
	
	0.2560
	

	
	
	
	
	D=0.218; 1-D = 0.7819
	H=0.9051
	

	
	
	
	
	
	
	


Table IV.-
Frequency of occurrence of different termite species in garden trees  from January to June, 2006.

	2006
	Total number of plants examined
	Number of positive plants
	Total number of termites
	Termite species
	No. of the individuals
	Pi

proportion

	
	
	
	
	
	
	

	January
	60
	15
	40
	M. mycophagus
	10
	0.25

	
	
	
	
	C. heimi
	30
	0.75

	February
	70
	10
	46
	M. obesi 
	20
	43.48

	
	
	
	
	O. obesus
	26
	56.52

	March
	60
	6
	32
	O. guptai 
	12
	37.5

	
	
	
	
	M. mycophagus  
	09
	28.12

	
	
	
	
	O. obesus
	11
	34.37

	April
	45
	10
	40
	C. heimi 
	10
	25

	
	
	
	
	M. mycophagus
	21
	52.5

	
	
	
	
	M. obesi
	09
	22.5

	May
	60
	10
	37
	C. heimi
	13
	35.13

	
	
	
	
	O. obesus
	10
	27.03

	
	
	
	
	M. mycophagus
	14
	37.84

	June
	40
	11
	40
	M. championi 
	10
	25

	
	
	
	
	C. heimi
	12
	30

	
	
	
	
	M. mycophagus
	18
	45

	
	
	
	
	
	
	


Division, foraging in wheat crop. The population density of termites during wheat growing season varied from 113.25/m2 to 3437/m2. Bodine (1973) used soil cores to estimate the density of Gnathamitermes tubiformans in the upper 30 cm of soil in semi-arid grassland in Texas. 
Table V.-
Termite abundance and diversity in District Bhakkar from January to June, 2006.

	Month


	Total no. of termites
	Total no. of species
	Species
	Frequency
	Species
	Frequency

	
	
	
	
	
	
	

	January
	98
	3
	M. obesi
	23 (23.47)
	C. heimi 
	30 (30.61)

	
	
	
	M. mycophagus
	45 (45.92)
	
	

	February
	96
	3
	M. obesi
	50 (52.08)
	M. mycophagus
	26 (27.08)

	
	
	
	O. guptai
	20 (20.83)
	
	

	March
	64
	3
	O. obesus
	11 (17.19)
	M. mycophagus 
	41 (64.07)

	
	
	
	O. guptai
	12 (18.75)
	
	

	April
	52
	4
	O. obesus
	10 (19.23)
	M. obesi
	09 (17.31)

	
	
	
	C. heimi
	13 (25)
	M. mycophagus
	20 (38.46)

	May
	56
	4
	M. mycophagus
	14 (25)
	M. obesus
	12 (21.43)

	
	
	
	C. heimi
	12 (21.43)
	M. obesi
	10 ((17.86)

	June
	95
	4
	O. obesus
	35 (36.84)
	M. champinoi
	10 (10.53)

	
	
	
	M. mycophagus
	44 (46.32)
	C. heimi
	11 (11.58)

	
	
	
	
	
	
	



Very little work has been done in the past on diversity indices regarding proportion of termites in Pakistan. The only study conducted was by Akhtar and Sarwar (1993) that termite diversity in wheat fields was 56% on the Simpson scale and 67% on the Shannon scale. Different species of termite species inhabited different portions of shisham, mango, poplar and acacia trees, their fallen leaves and debris. The present results also yielded comparison between termite species diversity in wheat crop and garden trees. It provided some useful information about biodiversity of termite in the Said district. On the basis of Simpson index, diversity was 35% and on Shannon scale was 94%. The equitability (E) was maximum in March (0.5866).
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