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Screening of onion genotypes against Thrips tabaci
Lind. in Central India
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Twenty-two (22) genotypes of onion (Allium cepa Lin.) was screened against Thrips tabaci Lind. in the
experimental field of Department of Horticulture Maharajpur, Jawaharlal Nehru Krishi Vishwa
Vidyalaya, Jabalpur, Madhya Pradesh, India during late wet season in the year 2010-11. The incidence
of T. tabaci was observed from 45" standard metrological week (SMW) to 3" SMw, that is, from
transplanting till harvesting, in all the 22 genotypes. The mean T. tabaci population varied from 0.45-
6.64 per plant during this period among the genotypes. Out of 22 genotypes of onion screened against
T. tabaci, BKHO 1018 had highest yield and was the most tolerant followed by BKHO 1006. Genotype
BKHO 1005 was most susceptible and had the lowest yield. T. tabaci appeared in the second week of
November, 2010, that is, 12" November (45th SMW) and active up to 3" week of January. The peak
activity of the pest was observed during 1% SMW (last week of December to first week of January). T.
tabaci population had significantly positively correlation with the maximum and minimum temperature
and sunshine hours; but, it was significantly negative correlated with morning relative humidity.

Key words: Genotypes, onion, Thrips tabaci, tolerant.

INTRODUCTION

Onion (Allium cepa) is widely cultivated in India for
domestic consumption as well as for export (Brewster,
1994). The productivity of onion in India is 13.05 metric
ton/ha in comparison with world productivity, 17.91 metric
ton/ha.

Maharashtra State is the largest onion producer in India
with a market share of 29%. Karnataka, Gujarat, Bihar
and Madhya Pradesh are onion producing states in India.
Madhya Pradesh produces 8.1 m ton onion from 0.053
mha. The major onion producing districts in Madhya
Pradesh are Khandwa, Burhanpur and Indore. The
productivity of onion varies widely in India due to biotic

and abiotic stress. Damping off, Stemphylium blight,
Purple blotch and Rot (diseases) as well as Thrips, Army
worm and Gram cutworm (insects) induce biotic stress
that lower the yield of onion (Lorbeer et al., 2002).

Among the insect pests of onion, Thrips tabaci Lind.
(Thysanoptera: Thripidae) is a potential pest of onion in
tropical areas (Rechter et al., 1999; Murai, 2000; Liu and
Sparks, 2003). T tabaci attack onion at all the stages of
crop growth, but their number increase from bulb initiation
(Ibrahim and Adesiyun, 2009). This sap feeder cause
direct damage (Koschier et al., 2002), causing curling
and twisting of leaves which turn to white blotches and

*Corresponding author. E-mail: moni_thomas@rediffmail.com.
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Table 1. Details of the onion genotypes.

Code of genotype

Source

NRCRO-1
NRCRO-2
NRCRO-3
NRCRO-4
NRCWO-1
NRCWO-2
NRCWO-3
NRCWO-4
Sel-397
Sel-157
NOL-103
NOL-115
VG-18
VG-19
Soyal-2009
COL-652
Bhima Super
RO-252
RO-282
Line-355
Pusa White Round
PKV White

DOGR
DOGR
DOGR
DOGR
DOGR
DOGR
DOGR
DOGR

IARI

Nirmal seeds
Nirmal seeds
IIHR

IIHR

IIHR

IIHR

Hisar
DOGR
Durgapur
Durgapur
NHRDF
IARI

PDKV Akola

DOGR- Directorate of Onion and Garlic Research; IARI-
Indian Agricultural Research Institute; IIHR- Indian Institute of

Horticultural Research;

NHRDF-

National Horticulture

Research and development Foundation; PDKV- Panjabrao

Deshmukh krishi Vidyapeeth.

silvery patches (Andaloro and Shelton, 1983; Childers,
1997; Jenser et al.,, 2003) reducing yield up to 50%
(Gupta, 1994; Fournier et al., 1995, Kumar et al., 2001).

Chemical pest management has become uneconomical
and environmentally hazardous. T. tabaci resistance to
pyrethroids and organophosphate insecticides in New
York is reported. Screening of onion genotypes against T.
tabaci therefore is an economical and environmental
friendly approach.

MATERIALS AND METHODS

Screening of 22 genotypes (Table 1) of A. cepa against T. tabaci
was carried out in randomized block design (Figure 1 and Table 2),
in the experimental field of Department of Horticulture, Maharajpur,
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya
Pradesh during the year 2010-11.

Geographically, Jabalpur is situated between 220 49’ and 240 8’
North latitude and 780 21’ and 800 58’ East longitude, 411.78 m
above mean sea level. Agro-climatically, it is in the Zone-IV Kymore
Plateau and Satpura Hills Zone and in rice-wheat crop zone of the
Central India. Jabalpur has a typical sub-tropical climate
experiencing hot dry summer and cool dry winter. Temperature
extremes vary between minimum temperatures of 20°C (in
December and January months) to maximum temperature of 45°C
(in May and June months). The mean annual rainfall ranges
between 1000 to 1500 mm which is mostly received between mid

June to first week of October, with occasional winter showers. The
relative humidity remains minimum 20 to 35% during summer and
medium (50 to 60%) during winter season, while it attains maximum
values of 80 to 95% during rainy season. The meteorological data
during the course of the study, that is, from August 2010 to January
2011 is mentioned in Table 3.

Method of observation

T. tabaci and its natural enemies were recorded from the
lower side of leaves of ten randomly selected plants in a plot,
once in a standard metrological week (SMW) from trans-
planting to the maturity of the crop. The data on pest
population and the percentage data were transformed to square
root (v x) and arc sine transformed values, respectively. Trans-
formed data was statistical analyzed for the significance of
different treatments, following the techniques of analysis of
variance (Panse and Sukhatme, 1967).

RESULTS AND DISCUSSION

The five growth stages of all the 22 onion genotypes were
categorized against the SMW during the crop stages.

i. Vegetative stage: 45-47 SMW
ii. Bulb initiation stage: 48-50 SMW
iii. Early bulb development stage: 51-52 SMW
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Table 2. Details of the experiment.

Particulars

Details

No. of genotypes
Design
Replication

Plot size

No. of rows/ plot
Row length

Spacing

Row to row

Plant to plant
Fertilizer dose

Date of sowing

Date of transplanting
Schedule of irrigation
Date of harvesting

22
RBD
3
3x2m
20
3.0m

15 cm
10 cm

100:50:75:50 kg NPK/ ha

11-08-2010
29-09-2010
15 days interval
29-01-2011

Table 3. Weekly meteorological observation (August 2010 - January 2011).

Temperature (°C)

. ) . Relative humidity (%) .
SMW Vo Min Sunshine (h) Rainfall (mm) Mo N Rainy days
45 315 16.3 91 48 0
46 29.7 19.4 4.7 1.4 92 48 0
a7 29.2 14.5 7.5 0 86 38 0
48 23.7 16.3 6.3 0 91 55 0
49 24.8 115 7.1 7.6 89 a7 1
50 24.2 8.9 7.6 0 91 32 0
51 24 4.9 9.1 0 89 24 0
52 27 8.7 8.8 0 81 36 0
1 21 3.1 8.5 0 95 35 0
2 23.8 35 9.2 0 87 25 0
3 24.6 6.1 9.4 0 87 25 0

*Standard meteorological week.

iv. Late bulb development stage: 1-2 SMW
v. Maturity stage: 3 SMW

The incidence of T. tabaci was observed from 45" SMW
to 3" SMW, that is, from transplanting till harvesting, in all
the 22 genotypes, but its population varied during this
period among the genotypes. During the five growth
stages of onion, there were four population peaks of T.
tabaci: 1% Peak- 47" SMW; 2™ Peak- 49" sSmw; 3"
Peak- 52" SMW; 4" Peak- 1% SMW.

Among the 4 peaks, the highest was during 1% SMW,
followed by that in 52", 47" and 49™ SMW. During each
peaks, four genotypes with high T. tabaci population and
2 genotypes with lowest population were noted (Table 4).

During the 1% peak, BKHO 1016 had the highest mean

of T. tabaci population (12.26) followed by BKHO 1015
(8.76), BKHO 1014 (8.2) and BKHO 1005 (7.8) while
BKHO 1006 had the lowest mean T. tabaci population
(2.73) followed by BKHO 1013 (3.33).
During the 2" peak, again BKHO 1016 had highest mean
T. tabaci population (7.13) followed by BKHO 1024
(6.66), BKHO 1008 (5.1) and BKHO 1014 (4.63) while the
BKHO 1006 and BKHO 1013 had the least mean
population (0.9 and 1.73 respectively).

During the 3™ peak, BKHO 1004 had the highest T.
tabaci population (13.3) followed by BKHO 1005 (11.36),
BKHO 1001 (9.96) and BKHO 1003 (8.56) while BKHO
1006 had the least mean T. tabaci population (3.87)
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Figure 1. Screening of different genotypes of onion against T. tabaci. V- Vegetative, BI- bulb initiation, EBI- early bulb initiation, LBI- late
bulb initiation, H- harvesting.

Table 4. Different peaks of T. tabaci on onion genotypes.

T. tabaci population in genotypes

Peak SMW Growth stage -
High Low
' BKHO 1016, BKHO 1015, BKHO BKHO 1006, BKHO
! 47" (58 DAT) Vegetative 1014, BKHO 1005 1013
2 49" (720AT)  Bulb initaton BKHO 1016, BKHO 1024, BKHO  BKHO 1006, BKHO
3 52 (93 DAT) Bulb development (early) BKHO 11%%‘; %lf(:% 11%%53 BKHO BKHO 11%3% BKHO
4 1% (100 DAT) Bulb development (late) BKHO 1005, BKHO 1019, BKHO BKHO 1018, BKHO

1011, BKHO 1010 1025

*DAT- Days after transplantation.

followed by BKHO 1002 (4.43).

During the 4™ peak, BKHO 1005 had the highest mean
T. tabaci population (16.56) followed by BKHO 1019
(14.56), BKHO 1011 (13.83) and BKHO 1010 (10.33)
where BKHO 1018 had the least mean T. tabaci

population (3.13) followed by BKHO 1022 (3.2). BKHO
1006 continuously has least population (2.73, 0.9 and
3.87 respectively) of T. tabaci in the first 3 peaks (Table
5).

In the process of screening, six genotypes (Table 6)
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Table 5. Mean population of T tabaci on different genotypes of A cepa

Population of T. tabaci per plant in a Standard meteorological weeks Mkt.
Genotype 45 26 47t 48 49 50t 5qth 5oth 15t ond 31 Mean yield
(q/ha)
BKHO1001 0.43(0.96) 0.4(0.95) 3.16(1.90) 2.43(1.71) 3.46(1.96) 4.13(2.15) 5.3(2.38) 9.96(3.22) 9(3.08) 2.66(1.77) 3.33(1.96) 4.02(2.13) 215.55
BKHO1002 0.3(0.89 0.47(0.98) 3.13(1.90) 2.63(1.77) 2.9(1.77) 3.9(2.08) 5.26(2.39) 4.43(2.22) 6.83(2.55) 4.43(2.21) 3.83(2.06) 3.46(1.99) 228.71
BKHO1003  0.23(0.85) 0.67(1.08) 3.5(1.99) 2.86(1.83) 1.86(1.51) 4.1(2.14) 4.73(2.27) 8.56(2.99) 5.93(2.51) 7.16(2.77) 5.36(2.42) 4.08(2.14) 210.77
BKHO1004  0.37(0.93) 0.27(0.88) 4.1(2.14) 2.73(1.80) 4.53(2.18)  2(1.57)  3.63(2.03) 13.3(3.70)  5.6(2.42) 54(2.41) 5.3(2.38) 4.29(2.19) 201.1
BKHO1005 0.5(1.0) 1.33(1.34) 7.8(2.86) 3.7(2.03) 4.1(2.14) 2.53(1.72) 4.43(2.21) 11.36(3.40) 16.56(3.81) 8.63(3.02) 6.86(2.71) 6.16(2.58) 176.95
BKHO1006  0.27(0.84) 0.2(0.84) 2.73(1.79) 2(1.58) 0.9 (1.18) 1(1.22) 2.0(1.58) 3.87(2.09) 4.36(2.18) 1.9(1.46) 1.86(1.54) 2.03(1.59) 276.1
BKHO1007 0.83(1.15) 2.26(1.66) 5.36(2.40) 3.1(1.90) 3.9(2.07) 2.4(1.69) 2.86(1.83) 4.76(2.29)  4.23(2.16) 3.3(1.94) 3.13(1.90) 3.28(1.94) 194.33
BKHO1008 0.8(1.14) 3.16(1.91) 5.93(2.52) 2.73(1.80) 5.1(2.36)  4.3(2.14) 2.96(1.86) 5.46(2.44) 7.46(2.81) 7.7(2.78) 2.76(1.79) 4.39(2.21) 193.88
BKHO1009  0.97(1.19) 4.43(2.22) 6.5(2.62) 3(1.87)  3.53(1.99) 1.3(1.33) 3.16(1.91) 5.86(2.51) 3.36(1.97) 2.33(1.68) 2.96(1.85) 3.4(1.97) 201.77
BKHO1010 0.5(0.99)  0.4(0.95) 3.66(2.04) 2.53(1.74) 0.93(1.15) 2.26(1.66) 3.4(1.97) 5.5(2.45)  10.33(3.29)  3(1.86) 2.9(1.84) 3.21(1.93) 195.66
BKHO1011  0.23(0.85) 0.23(0.85) 5.3(2.38) 3.03(1.88) 1.33(1.32) 1.53(1.41) 2.8(1.82) 5.43(2.43) 13.83(3.78) 7(2.73) 6.66(2.66) 4.30(2.19) 189.44
BKHO1012  0.26(0.88) 0.23(0.85) 5.9(2.51) 2.36(1.69) 2.86(1.72) 2.26(1.65) 3.03(1.88) 5.03(2.35)  4.9(2.32) 6.73(2.67) 4.4(2.17) 3.45(1.99) 241.55
BKHO 1013 0.3(0.89) 0.3(0.89) 3.33(1.96) 2.83(1.82) 1.73(1.49) 2.3(1.67) 2.8(1.82) 6.76(2.69) 5.1(2.36) 6.56(2.60) 4.93(2.29) 3.35(1.96) 244.22
BKHO 1014 0.4(0.95) 0.26(0.87) 8.2(2.93) 2.46(1.72) 4.63(2.22) 1.56(1.41) 3.2(1.91) 6.5(2.64) 4.73(2.27) 4.86(2.31) 3.26(1.93) 3.64(2.03) 223.19
BKHO 1015  0.43(0.96) 0.3(0.89) 8.76(3.03) 3.13(1.90) 2.66(1.47) 2.4(1.69) 4.93(2.32) 7.5(2.80) 496(2.32) 6.93(2.71) 4.16(2.15) 4.19(2.17) 201.48
BKHO 1016  0.43(0.96) 0.46(0.98) 12.2(3.56) 3.13(1.90) 7.13(2.75) 1.86(1.52) 3.36(1.96) 5.36(2.41) 5.93(2.53) 6.2(2.56) 4.43(2.19) 4.59(2.26) 198.45
BKHO 1017 0.3(0.89) 0.46(0.98) 7.3(2.78) 2.7(1.79) 1.46(1.39) 2.96(1.82) 3.66(2.04) 5.06(2.35) 3.9(2.08) 3.83(2.04) 4.46(2.22) 3.28(1.94) 219.22
BKHO 1018  0.43(0.96) 0.4(0.94) 4.06(2.13) 2.8(1.81) 2.8(1.77) 2.86(1.82) 3.66(2.04) 5.8(2.51) 3.13(1.91) 5.1(2.35) 4.3(2.18) 3.21(1.93) 279.44
BKHO 1019 0.6(1.05) 0.36(0.93) 5.13(2.37) 2.86(1.83) 3.03(1.85) 2.46(1.69) 4.8(2.29) 7.3(2.79) 14.56(3.87) 6.86(2.64) 3.2(1.92) 4.65(2.27) 183.44
BKHO 1022 0.5(0.99) 0.26(0.87) 3.36(1.96) 2.73(1.80) 1.1(1.21) 1.76(1.50) 3.8(2.06) 6.46(2.64) 5.4(2.42) 3.93(2.07) 3.16(1.91) 2.95(1.86) 184.93
BKHO 1024  0.57(1.03) 0.7(1.09) 4.06(2.13) 3.6(2.02) 6.66(2.65) 1.8(1.44) 2.4(1.70) 5.83(2.51) 4.43(2.19) 4.6(2.22) 3.03(1.87) 3.42(1.98) 201.96
BKHO 1025  0.47(0.98) 0.33(0.91) 2.9(1.84) 3.03(1.88) 1.73(1.47) 0.96(1.21) 2.53(1.74) 4.76(2.29) 3.2(1.89) 3.8(2.05) 3.6(2.02) 2.48(1.73) 249.6
Mean 0.45 0.812 5.39 2.83 31 2.39 3.57 6.64 6.71 5.13 3.99
CD 5% 0.179 0.16 0.469 0.206 0.608 0.499 0.327 0.459 0.898 0.678 0.465
SEm:+ 0.063 0.056 0.164 0.072 0.213 0.175 0.115 0.161 0.315 0.238 0.163

Figures in parenthesis are square root (\x+0.5) transformed values.

were identified which had lowest mean population
of T. tabaci during the 4 different peaks. Inciden-
tally, these six genotypes also had the highest
yield. Similarly, there was variation in the colour of
leaf and bulbs of their genotypes. BKHO 1006 had
light green leaves and white bulb, while BKHO
1025 had yellow green leaves and white bulb.

BKHO 1010, BKHO 1019, BKHO 1013 and BKHO
1005 though had blue green leaves but the bulbs
were dark red, red, white and light red coloured,
respectively.

Ten (10) genotypes (Table 7) which had highest
mean population of T. tabaci population during 4
peaks were the lowest yielder. These had varia-

tion in the colour of leaves and bulb. BKHO 1011
and BKHO 1014 had yellow coloured leaves and
light red colour of bulb. Genotypes BKHO 1005,
BKHO 1019, BKHO 1016, BKHO 1008, BKHO
1015, BKHO 1003, BKHO 1001 and BKHO 1014
though had blue green coloured leaves but the
bulbs were dark red, light red, white, bronze,
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Table 6. A cepa genotypes with lowest T. tabaci population.
Genotvpe Mean T. tabaci population/plant in SMW Yield Colour
P 45" 46" 47" ag™ 49" 50" 51° 52" 1 2" 3" g/ha Leaf Bulb
0.27 0.2 273 2 0.9 1 2 3.87 4.36 1.9 1.86 Light .
BKHO 1 276.1 Wh
© 1006 (0.84)  (0.84) (L79) (L58)  (1.18) (L22)  (L58) (2.09) (2.18)  (L.46)  (L54) © green fe
0.47 0.33 2.9 3.03 173 0.96 253 4.76 3.2 3.8 3.6 Yellow .
BKHO 102 249. Wh
© 1025 (0.98)  (0.91)  (1.84)  (1.88)  (L47) (L21) (L74) (229) (1.89) (2.05)  (2.02) 9.6 green fe
05 0.4 3.66 253 0.93 2.26 3.4 55 10.33 3 2.9
BKHO 101 195. BI Dark
© 1010 (0.99)  (0.95) (2.04) (L74) (L15) (L66)  (L97) (245 (3.29)  (L.86)  (L.84) 9566 Bluegreen  Darkred
0.43 0.4 4.06 28 2.8 2.86 3.66 5.8 3.13 5.1 43
BKHO 101 279.44 Bl R
© 1018 (0.96)  (0.94) (213) (L81) (L77) (182  (2.04) (251) (1L91) (235  (2.18) 9 ue green ed
03 03 3.33 2.83 173 23 2.8 6.76 5.1 6.56 4.93 _
BKHO 1013 (0.89)  (0.89)  (1.96)  (1.82)  (149)  (1.67) (182) (2.69) (2.36) (2.60) (2.20) 24422 Bluegreen  White
03 0.47 3.13 2.63 2.9 3.9 5.26 4.43 6.83 4.43 3.83 _
BKHO 1002 0.89) (0.98) (1.90) (L77) (177  (208) (239) (222) (255 (221) (206 22871 Bluegreen Lightred
Figures in parenthesis are square root (\x+0.5) transformed values.
Table 7. A cepa genotypes with highest T. tabaci population.
Genotvpe Mean T. tabaci population per plant in SMW Yield Colour
P 45" 46" 47" 48" 49" 50" 51° 52" 1 2" 3 g/ha Leaf Bulb
05 133 78 37 41 253 443 1136 1656  8.63 6.86
BKHO 1005 (1.0)  (1.34) (2.86) (203) (214) (172) (221) (340) (381) (3.02) (271 L7095 Bluegreen - Darkred
0.6 0.36 5.13 2.86 303 2.46 48 73 1456  6.86 3.2 .
BKHO 1019 (1.05) (0.93) (2.37) (183) (185 (L69) (229) (2.79) (3.87) (2.64) (192 [8344 Bluegreen  Lightred
043 046 1226  3.13 7.13 1.86 3.36 5.36 5.93 6.2 4.43 .
BKHO 1016 (0.96) (098 (356 (1.90) (275) (1.52) (1.96) (241) (253) (2.56) (2.19) L0845 Bluegreen White
023 023 53 3.03 133 153 28 543  13.83 7 6.66 Yellow .
BKHO 1011 (0.85) (0.85) (2.38) (1.88) (132) (141) (1.82) (2.43) (378 (273 (266) 1094 green Light red
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Table 7. Contd.

Genotype _ _ _ M:::an T. tabﬁci populatiion per pI:nt in SM\:\; _ _ _ Yield Colour

45 46 47 48 49 50 51 52 1 2 3 g/ha Leaf Bulb
BKHO 1008 (1?51) (i:sl;ls) (gﬁzg) é’.;ﬁ) (253.él<5) (24.f4) (igg) (i:ji) (;:gels) (27..778) (i:;g) 193.88  Bluegreen  Bronze
BKHO 1004 (8:32) (gég) (24. il4) (i.;z) (g:ig) (1.257) (32(33) (:1;37.2) (25.}?2) (25.211) (25.538) 2011 Efggr\gv Light red
BKHO 1015 (8:32) (0%3;) (2'.32) (iéé) (ii% (12.649) (121:22) (27.550) (::gg) (213% (::12) 201.48  Bluegreen  White
BKHO 1003 (8:22) (2'.32) (5559) (igg) (12(15) (;ilzt) (;-.S) (g:gg) (g'_gf) éﬁ% (2.22) 21077 Bluegreen  Lightred
BKHO 1001 (8:32) (09'945) (islag) (i.‘?li) (igg) (3:12) (25.-338) (:gg) (3.%8) (i:(;:) 513% 21585 Bluegreen  Light red
BKHO 1014 (09'945) ((c))'.ég) (;'923) (i.‘;g) (3123) (122(13) (5521) (26.654) (12123) (::2(13) (igg) 22319 Bluegreen  Lightred
BKHO 1024 (?g;) (10.679) (‘21'.(1)2) (237662) (2122) (11.:34) (12.%) (222?) (Lzljg) (;fzsz) (i:gi) 201.96  Bluegreen  Darkred

Figures in parenthesis are square root (\x+0.5) transformed values.

white, light red and dark red, respectively. T.
tabaci is the serious pest of onion (Mound,
1977; Rechter et al., 1999; Murai, 2000;
Schmutterer et al., 1969) and it causes yield
loss varying from 10-50% (Gupta, 1994;
Fournier et al., 1995; Kumar et al.,, 2001;
Montano, 2010). Thus, worldwide screening of
onion genotypes against T. tabaci have been
carried out by various workers (Brar et al.,
1993; Duchovskiene, 2006; Shakeel et al.,
2006; Alimousavi et al.,, 2007; Martin et al.,
2010). Peak population of T. tabaci in onion has
been reported during September (Liu, 2004),

November (Lorini et al., 1986), November to
March (lbrahim, 2010), December (Ibrahim and
Adesiyun, 2009), February to May (Ibrahim and
Adesiyun, 2009). Thus, population peak of T.
tabaci varied depending on the location and
genotype.

In the present finding, it was observed that
incidence of T. tabaci at critical crop stages
determined the yield of the crop. Incidence at
vegetative stage and bulb initiation stages do
not influence the yield, while high incidence at
early bulb development stage and late bulb
development stage is detrimental to the yield of

crop. On the basis of susceptible in our case,
BKHO 1005 had highest population peak during
early and late bulb development stages. This
genotype had lowest yield. Genotype BKHO
1006 had lowest population during the first
three consecutive population peaks. BKHO
1006 was second highest yield. The genotype
BKHO 1018 never had lowest population during
any growth stages, except in the late bulb
development stage where it had lowest
population. The highest yield was recorded in
BKHO 1018. It thus proves that incidence of T.
tabaci atgrowth stages decides the susceptibility



and tolerance level of onion. Colour of leaves and bulb
also has influence on the incidence of T. tabaci in
onion. The earlier findings are in accordance with our
findings. The light green coloured leaves and white
colour of bulb had lowest T. tabaci population, while
blue green leaves and dark red colour of bulb had
highest T. tabaci population. Earlier workers reported
resistance and susceptible on the basis of mean
population/plant (Lewis, 1997), leaf colour (Harvey,
1924), bulb colour (Verma, 1996; Lall and Singh,
1968), leaf surface and canopy of plant (Jones et al.,
1934), wax percentage (Alimousavi et al., 2007). Thus
onion plant architecture too plays an important role in
the level of tolerance to T. tabaci.
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Conflict over natural resources including wildlife, forest, land and water is common particularly in
developing countries. It is extremely difficult to sustainably manage a resource if it is under conflict.
This study aimed to assess the causes of resource use conflict in Bale Mountains National Park and
attitudes of local community towards the Park. Finally, to find measures to reduce resource use conflict.
This study was conducted in Dinsho Woreda of Bale Zone, southeast Ethiopia from December 11, 2012
to May 10, 2013. Both primary and secondary sources of data gathering tools such as key informant and
stakeholder’s interview, focus group discussion (FGD) and household survey techniques were used. The
result revealed that conflict of interest between Bale Mountains National Park (BMNP) and the
surrounding community could be traced back to the 1970s, the time of the park establishment. The
establishment of the park gradually restricted free movement of herds of those living particularly by
rearing animals. Gradual expansion of agriculture and the need for more land became additional cause
of conflict. Based on the household survey, causes of resource conflict were exclusion of resources
access from the park and illegal activity made either individually or in a group to access resources from
the park by residents living in and around the park. There was no significant difference among kebeles
and wealth classes, except lack of income (x° = 8.083, DF = 2, P = 0.018). However, majority (63.5%) of
the respondents had a positive attitude and the remaining (36.5%) had a negative attitude towards the
park conservation. To reduce this conflict, different options were suggested by stakeholders: local
community should be involved in the management of the park, compensation scheme should be made
for crop raiding and livestock predation by wild fauna, government and NGOs should take initiatives in
bringing developmental projects for local communities, and awareness creation of local community
should also be made.

Key words: Attitude, illegal activity, management options, protected areas, punishment and stakeholder.

INTRODUCTION
Protected areas (PAs) are the cornerstone of national in the tropics (Lele et al., 2010). Protected areas fall into
and international conservation strategies (Dudley, 2008). one of the six conservation categories ranging from areas

To date, more than 100,000 protected areas cover 12% that strictly limit human activity to those that allow for sus-
of the Earth’s land area, of which 28% (by area) are found tainable human use (Hayes, 2006). Meanwhile, protected



area management is challenged by conflict of interest
between stakeholders; economic or livelihood interest of
local people on one side and conservation needs by park
management on the other side (Andrew-Essien and Bisong,
2009). Lack of support and conflict between people
residing in and around PAs and conservation agencies
are other challenges of PA management (Schweithelm et
al., 2006).

In Ethiopia, PAs cover approximately 16.4% of the
country’s land area including 20 national parks, 2 wildlife
reserves, 3 wildlife sanctuaries and 17 controlled and 7
open hunting areas and 3 community conserved areas
(EWCA, 2014). These PAs are facing many challenges
due to growing populations, border conflicts and recurring
drought and livelihood dependency of people living in and
around PAs (Tessema et al., 2010).

Bale Mountains National Park is one of the PAs found
in Ethiopia. It was established by the Ethiopian Wildlife
Conservation Organization in 1971 with the primary object-
tive of conserving Afro-alpine habitat and population of
rare and endemic species of Mountain Nyala (Tragelaphus
buxtoni) and Ethiopian Wolf (Canis simensis) (Hillman,
1986; Alers et al., 2007; GMP, 2007). It is the largest and
most important protected area in Afromontane habitat in
Africa. Nevertheless, BMNP had been facing a threat due
to local people vested interest (Tessema et al., 2010,
2011). Historically, Bale Oromo known as a pastoralist,
locally called Godantu' was a key feature of people in
Bale Mountains. They move their livestock seasonally in
order to exploit areas away from their permanent settle-
ment site and moves from place to place in search for
grazing land and spring water for their livestock (Barbre,
2013). However, the establishment of BMNP restricted
free movements of livestock from place to place. Conse-
quently, in the past two-three decades, this practice had
been declined. During this time, barley cultivation became
more prominent. Gradually, competition between local
community for cultivation and grazing lands was intensified.
For those yet primarily pastoralists, it is becoming more
difficult to access sufficient grazing lands without pushing
into someone else’s grazing area or the national park.

The pressure posed on the park via local community
was increasing with population growth. Yet, the majority
of local community sees no benefits from the park rather
incurs costs from the damage of crops by wild animals
and restrictions on the use of natural resources from the
park (Mamo, 2007; Soromessa, 2007). On the other hand,
most community viewed protected areas and wildlife
favorably, lack of benefits limited local willingness to aid
conservation work (Tessema et al., 2007).

Various studies conducted in BMNP shows the biodi-
versity richness, endemism of the park and threat the
park has been facing (Alers et al., 2007; Sorromessa,
2007; Tessema et al., 2010; Vial, 2010). However, the
causes of conflict between local community and park

Godantu is name given to the pastoralist in the area and it implies moving
from place to place (Barbre, 2013).
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management and attitude of local community towards the
park were seldom studied (Mamo, 2007; Tessema et al.,
2010). For this reason, this study was conducted to assess
causes of resource use conflictin BMNP, to assess attitude
of local community towards the conservation existence of
the park and finally, to find options which will help to
reduce conflict and help sustainable management of the
park.

MATERIALS AND METHODS
Description of the study area

BMNP lies within five Woredas? of the Bale Zone: Dinsho in the
north, Adaba to the west, Goba to the northeast, Mena-Angetu to
the south and Barbare to the east (GMP, 2007; Mamo, 2007). For
this study, Dinshoworeda was selected. The administrative town of
the woreda is Dinsho, which is located 400 km far from Addis
Ababa; the capital city of Ethiopia. The Woreda is located in the
coordinates of 7°10' - 7°10'02" N Latitude and 39°55'- 39° 55' 02"E
Longitude. The rainfall distribution pattern of the woreda is charac-
terized by eight month rainy season from late March to October
(Solomon et al., 2008). In general, the area receives annually 600-
1000 mm rainfall in lower altitude areas and 1000-1400 mm in the
higher altitude areas (Williams, 2002). It has a mild sub-tropical
highland climate with annual mean minimum and maximum
temperature of 2 and 20°C, respectively (Solomon et al., 2008).

Historically, people living in Bale Mountain areas were pasto-
ralists (Barbre, 2013). The contemporary livelihood means of the
residents are mixed farming (Debele, 2007; Tadesse et al., 2011;
Barbre, 2013). The 2007 national census report shows the total
population of the woreda was 39,124 (CSA, 2008). For this study,
Dinshoworeda was selected purposively based on their proximity to
researchers and where BMNP head quarter is found. The woreda
has 9 kebeles, of these, 3 kebeles (Gojera, Dinsho 02 and Hora
soba kebele) were selected based on their proximity to the park and
accessibility for research. Gojerakebele is found inside the park
while Dinsho- 02 and Horasobakebele are located outside the park
boundary (Figure 1). To accomplish the intended objectives, mixed
research (qualitative and quantitative) methods were used.

Data collection methods and analysis

To achieve the intended objective of the study, both primary and
secondary data collection methods were used. Firstly, following
Pilot survey, nine (9) key informants were selected through
Snowball sampling methods. Secondly, in three purposively
selected kebeles, Households were selected randomly based on
the size of Household population in the three kebeles using formula
developed by Yamane (1967) as cited in Israel (2012).

1
n=-= - "
(14N(e)2]

n =the intended sample size, e = level of precision (8% level of preci-
sion), N = population size. Following random selection, respondents

%In Ethiopia the highest level of governmental organization is Federal. There
are 9 regions and 2 satellite cities, which make up Ethiopia. The regions are
divided into zones. The zones are divided into woredas. The woreda is an
important administrative level structure for bicultural diversity as they are
semi-autonomous in deciding on how the natural resources of their area should
be managed. The next level is kebele. Kebeles are a cluster of villages called
gots (Barbre, 2013).
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Figure 1. Location map of the study area.

were grouped into three wealth classes. Accordingly, 148 HHs were
selected for interview. Thirdly, semi-structured interview were con-
ducted to get detailed understanding of the major issues of the
study and to triangulate data obtained through questionnaire. This
helps to identify the stakeholders their vested interest (Thorsen et
al., 2009). Lastly, a focus group discussion (FGD) was conducted to
collect in-depth information from a group of people which represent
the population of interest. Totally, Five FGD was held with local
communities from three kebeles. FGD were held with the household
heads (two individuals from each wealth classes) and youth who do
not have a job (from the three kebeles). Three FGD were carried
out with household head in each kebele separately and one with
young member of the society, those found in the age of 18-28,
totally 8 individuals participated in the discussion (2 from Gojera
and 6 from the other kebeles). Finally, selected female household
head from all kebeles were grouped under one group.

The collected data were analyzed using SPSS version 16.0. To
understand underlying motives of conflict in relation socio-economic
condition, their home and the attitude of people towards BMNP
Pearson Chi-square test (two tailed) was used.

RESULTS AND DISCUSSION

Socio-economic characteristics of respondents

From the total of 148 respondents, the average ages of

household heads are 38 years, the minimum and maximum
ages of household head were 24 and 57, respectively.
This shows that all the respondents were in the produc-
tive age group. The average landholding size of the

N

BALEIONE ¢ .

Emaop
[ Study Kebeles'

630 6Km

household is 2.3 ha. The maximum land holding size was
5 ha while, the minimum was 1 ha. Though, they had
large tracts of land, unpleasant cold climate condition
made the area known unproductive unlike other highland
area of Ethiopia by crop production. As result, their priority
livelihood means are livestock rearing than crop produc-
tions which corroborate with Asmamawu and Verma,
(2013) and Barbre (2013). However, the land holding of
households is not statistically different between kebeles
(x* = 20.35, DF = 2, P = 0.62). Livestock mainly raised in
the area were cattle and sheep. The average size of
livestock owned by respondents was 13. Majority of the
respondents livestock size rangesin 1-15 (65.5%), followed
by 16-25 (27%) and lastly, greater than 26 (7.4%). Con-
cerning their occupations, all respondents have been
engaged in livestock rearing as their livelihood means
while, 95% of them were engaged in crop cultivation. In
addition, 7.4% of them were employed in the park and 5
respondents were employed in other government offices.
Based on information gathered from key informants,
households were grouped into three wealth classes for
this study which takes into consideration the landholding
and livestock size. Accordingly, rich household should
have greater than 4 ha of land and more than 15
livestock (more of cattles), while the medium had more
than 2 ha of land but less than 4 ha and less than 15
livestock and the poor classes had less size of livestock
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Table 1. Resource types, functions and /or uses and stakeholders of Bale Mountains National Park.

Resources in the park Function and/ or uses

Who uses, involved and

Interested from the Park Who affected

(i) Land
(i) Forest (trees)

(i) In direct : Ecosystem

(iii) Grasses (Grazing land)

(iv) Water
(v) Wild animals
(vi) Birds and other organisms

Maintenance, Climate regulation

(ii) Direct: Income Biodiversity,
conservation, Education, Fodder

(i) Park management
(i) Local community
(iii) Cooperatives

(iv) NGOs: FZS, EWCP

(i) Local community

(v) Local government: Woreda

administration, ARDO, CTO (i) The Park (Wild life)

Frankfurt Zoological Society (FZS), Ethiopian Wolf Conservation Project (EWCP), Agriculture and Rural Development office (ARDO) and Culture and
Tourism office (CTO). Source: Field observation and interview of park management (2012).

and land than the medium classes. Accordingly, majority
(55.4%) of the household were grouped into poor class
and followed by medium class which represent 33.16%
and the least part, which only takes 11 of them or 7.43%
of the respondents were considered as a rich.

Stakeholder identification and conflict of interest

Stakeholders of BMNP identified based on their level of
involvement, interest and impact orimpacted. Stakeholders
are those who are affected either negatively or positively,
or those who can affect the outcomes of a proposed
intervention (Karl, 2000). Identified local stakeholders of
BMNP were; local community, Park management, NGOs
such as Frankfurt Zoological Society (FZS) and Ethiopian
Wolf Conservation Project (EWCP), local government
administration, and sectors that is, Agriculture and Rural
Development office (ARDO) and Culture and Tourism
office (CTO), cooperatives and higher education (College
or University) (Table 1).

Accordingly, primary stakeholders are local community
and Park management. They have direct interest in the
resource; either because they depend on it for their
livelihoods or they are directly involved in its exploitation
(FAO, 1998; Karl, 2000). While, identified Secondary
stakeholders were local Government, cooperatives and
Higher Education Institution; they involved in the Park
management through financial, technical and logistic
support and interested in the protection of endemic and
biodiversity of the park. Local government administration
and sectors (ARDO and CTO) have been less involvement
but interested to conserve resources sustainably and
enhance livelihood of community, cooperatives engaged
in tour guide and provision of cultural handicraft and
finally, universities or higher institution interest for edu-
cation and research and participated in Fire breaking
considered as a Secondary stakeholders. Generally,
secondary stakeholders have indirect interest in manage-
ment and conservation of natural resources and/or
depend at least partially on wealth or business generated

by the resource and intermediaries in the process of
delivering aid to primary stakeholders (FAO, 1998; Karl,
2000).

Local community livingin and around BMNP had historical
interest of resource use from the park due to livelihood
dependency. Thus, BMNP have been facing major threat
because of growing strain of two contradicting interest of
stakeholders (local community and the park management).
Biodiversity conservation on one side and economic
needs on the other side. According to elder’s, interest
clash started earlier when the park established and local
community denied resource access from the park. The
community depends on livestock rearing and moves from
place to place in search of fodder for their cattles. Local
community had more agricultural land for cultivation as
compared to other places in Ethiopia. Unsuitable weather
condition limited crop cultivation except Barley, as a
result, local community still practice livestock rearing as
first priority.

As clearly described above, the primary interest of local
community was restricted via the establishment of the
park. Though it is illegal and punished by the park, local
community does not stopped resources access from the
park yet. Consequently, revenue collected through punish-
ment from 2006/07-2012/13 shows increasing trend
(Figure 2).

The main resources which local community need to
access are land, grass, forest product and water from the
park while, the park planned to conserve endemic and
other biodiversity of the park by excluding local community.
This interest clash of stakeholders is the manifestation of
conflict. lllegal activity (livestock grazing and cutting trees)
and higher punishment, crop raiding and domestic animal
damage and lack of compensation for losses, lack of
benefit from the park and low participation of local com-
munity in the park affairs created claims and lack of
sense of ownership were factors that exacerbated
conflict.

Local community directly affected by the establishment
of park than any other group. As it stands now, they could
not consider the park as a source of benefit rather incurs
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Figure 1. Money collected from local community fines (Source: BMNP, 2012).

cost. As a result, they are considered to be a primary
stakeholder. Park management who stands to guard the
wild life and have an authority to protect and manage the
park is a primary stakeholder, because they are the ones
who made decision concerning the park and took respon-
sibility to handle issues pertinent to them (Table 2).

The livelihood dependency and vested interest of local
community coupled with park management approach®
underlying causes of conflict. BMNP had been following
the so-called ‘Yellowstone Model ‘of parks as wilderness
areas, which is conventional and exclusionary. This
management approach does not give due consideration
to the interest of local community living in and around the
park. Such an outcome can undermine protection policies
through conflicts between park managers and local
communities (Andrade and Rhode, 2012).

Conflicts in PAs can be seen to be the result of com-
peting and diverse interests, goals and aspirations that
individuals or groups withinlegally established and secluded
environments have (FAO, 2000; Andrew-Essien and
Bisong, 2009). The same is true in the cases of BMNP on
which local community depends historically on the
resources for their livelihood and conservation interest of
the park management on the other side. This is similar to
study conducted in Senkele Sanctuary (Tewodros Kumssa
and Afework Bekele, 2013).

According to 88.6% of the respondents, causes of park-
people conflict were resource use exclusion by the park.
This corroborates study made by Asmamawu and Verma
(2013) in BMNP. Though, most of the respondents do not
heavily dependent on the resources of the park, about
31.1% of them need to access resources from the park to

®Strategies adopted by park management in integrating local residents in the
overall management framework (Ayivor et al., 2013)

sustain their lives. As a result, local community illegally
accessed resources in the park. Such illegal acts of local
community inevitable result in disharmonies relation
between local community and the park. Money collected
via punishment from 2005/07-2012/12 from local com-
munity was a good indicator of increasing illegally activity.
Increasing population and illegal activity to access
resources from the park were the main factor that insti-
gated conflict. Population living in the park was minimal
when the park was established but, currently the size of
population increased by 20 folds (GMP, 2007). Thus, put
heavy pressure on the management of the park. Studies
conducted in Digya National Park in Ghana and Royal
Chitwan National Park in Nepal's shows resources use
exclusion approach, the PA following and illegal activity
made individually and in group in PAs are the main
causes of park-people conflict (Nepal and Weber, 1995;
Ayivor et al., 2013).

The need of local community to access resources from
the park depends on their wealth and Kebele. The poor
household head and Kebele found in the park need to
have more land for agriculture than medium and rich
classes and kebeles outside the park boundary. House-
hold having less size of agricultural land are less likely to
be positive regarding conservation of the park (Ngabonziza,
2010). In addition, lack of benefit from the park was
underlying causes of park and people conflict. Study
conducted by Mamo (2007) in BMNP shows that” local
community currently does not see the park, as it stands
now, as source of substantial benefit”.

The other causes of conflict between the park and local
community in BMNP were crop raiding by wild fauna, that
is common with Warthog and Mountain Nyala (92.1%)
and associated lack of compensation for the damage was
the major claims local community raised (Asmamawu and
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Stakeholders

Interest

Involvement/role

Claims/ challenges

Local community

Park management

FZS

EWCP
(Ethiopian wolf Conservation Project )

Local government

ARDO

CTO

Cooperatives

Resources use and access.
Income (job and other off-farm activity).

Sustainable management of the park

Conservation of indigenous and other biodiversity of
the park.

Protection of rare Ethiopian wolf from extinction.

Sustainable  management and livelihood
improvement

Natural resource management

Enhancing ecotourism activity and income
generation

Income

Fire breaking
Exposing illegal activities
Protection of wild animals.

In all affairs of the park
Responsible and accountable

Providing technical , logistic and financial support

Creating awareness about the impact of domestic
dog on Ethiopian wolf

Less involvement

Increasing community awareness and cooperation

Tour guide (horse rent and provision of cultural
artifacts)

Resource use exclusion

Crop and domestic animal damage

Participation and benefit

Punishment

Pressure via Grazing, forest harvesting and settlement.
Lack of financial and technical support by government
Population pressure

Less support of local government

Anthropogenic activity(settlement, grazing, fire, agricultural
land expansion, Deforestation Disease transmission)

lllegal activities Local community Claims

Conflict

Decreasing trend in tourist

FZS (Frankfurt Zoological Society). Source: Data obtained from stakeholder’s interview (December, 2012 and May, 2013).

Verma, 2013). Thisphenomenoniscommoninmost
protected areas in the world, where communities
live in and around protected areas. Crop raiding is
the common causes of conflict between local
community and wildlife, that is, Koshi Tappu
Wildlife Reserve in Nepal and Akegera National
Park in Rwanda (Limbu and Kariki, 2003;

Ngabonziza, 2010). Study conducted in Uganda
also revealed that wild animals near protected
area destroyed 85% of the crop grown (Kagoro-
Rugunda, 2004). Likewise, a survey conducted in
Nepal showed that wild animals were responsible
for 32% of the crop loss (Limbu and Kariki, 2003).
Generally, resources access (park-people) conflict,

benefit sharing and human-wildlife conflict are the
conflict type between local community and the
park (Crawford, 2012).

Attitudes of local community towards BMNP

Majority (63.5%) of the respondents had a favorable
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or positive attitude towards BMNP existence and conser-
vation while, 36.5% of respondents had a negative attitude.
This is contrary to community living surrounding Ajai
Wildlife Reserve in Uganda (Richard, 2006). Positive
attitude of respondents linked with benefit is received via
involvement in the park and awareness of the role and
values of the park. The benefits were expressed in terms of
money gained from different temporary employment of
local people in the park. This is similar to study con-
ducted in Nepal and Myanmar (Allendrof, 2007; Macura
et al., 2011). Participation in the park and asso-ciated
economic benefit, awareness of the role and values of
the park were the underlying factors for positive attitude
of respondents, which is similar to study conducted in
Marsabit National Reserve in Kenya (Shiba, 2010). Com-
munities surrounding protected areas in most cases
could not support biodiversity conservation, because the
establishment of these protected areas leads to loss of
their traditional economic and subsistence opportunities
(Richard, 2006; Bosak, 2008; Andrade and Rhodes, 2012).
Though local community currently does not see the park
as a source of substantial benefit, most of the respon-
dents living in and around BMNP had positive attitude
towards the park.

On the other hand, negative attitude of respondents
associated with resource use exclusion, crop raiding and
domestic animal damage and lack of compensation for,
and higher punishment is posed on local community while
doing illegal action. This is similar to study conducted in
three upper Myanmar protected areas (Allendrof et al.,
2006). Statistically, no significant difference prevailed over
attitudes of local community via wealth status of house-
hold, respondents living in the park showed their negative
attitude than respondents living outside the park which is
related to fear of eviction for that matter, they support the
removal of the park and unlikely to support the conser-
vation. This result corroborate with study of Ngabonziza
(2010). In addition, the proximity of household to the conser-
vation area also brought an impact on the attitude,
because communities living closer or with the boundaries
of the park suffered from crop raiding and animal damage
by wild animals. Furthermore, communities settling in
nearby areas to the park had fear of eviction for that
matter, they support the removal of the park and unlikely
to support the conservation (Ngabonziza, 2010).

Institutional or policy options available to overcome
the problem

In order to reduce resource use conflict and improve the
relationship betweenlocal community and the park, different
options were forwarded by stakeholders. According to
respondents, 124 (83.8%) of the respondents supported
local community should be involved in different activities
of the park. Ashley (1995) stated that the success and
sustainability of a rural development project depends on

local people's participation in different phases of the project.
About 120(81%) respondents raised, more job opportunity
should be created and they should receive benefit from
the park. Active participation of local communities in deve-
lopmental projects plays a significant role in providing
them with financial benefits for enhancing their livelihoods
(Mehta and Kellert, 1998; King, 2007; Andrew-Essien and
Bisong, 2009).

The impact of participation clearly observed on the
attitudes of local community, where the protected are
managed by the state with little local community involve-
ment and community based conservation in which local
community took the lion share. Under the some risk, local
community supported community based conservation
than state based conservation (Andrew-Essien and Bisong,
2009; Lepp and Holland, 2011). Though, local community
living in and around BMNP was involved in different
conservation activities of the park, their partici-pation was
not genuine, only involved during emer-gencies rather
than actively participating in planning and management
decisions (Asmamawu and Verma, 2013). Furthermore,
household respondents need the park man-agers to follow
their deeds and damage they encounter via wild animals
and resource access during the long dry season. To
overcome the claims of local community, the park should
take measures in paying compensation for crop raiding
and domestic animal damage made by park fauna which
is supported by 117 (79%) of the respon-dents. Crop
raiding is a real problem faced by farmers around PAs
(Fungo, 2011). Study conducted in southern Kenya, regar-
ding predator-damage compensation, Maasai community
bears positive attitudes towards the conser-vation of wild
life, though they claim unfair and inequi-table compen-
sation scheme (Rodriguez, 2007).

According to key informants and informal interview made
with different stakes, punishment rate were decided by
community but, they had been complaining the increased
punishment per cattle. Local community, NGOs and park
management agreed that the current park—people rela-
tion is poor and to reverse the current trend, supported
idea of awareness should be created for local community.
Likewise, to create good relationship between local com-
munity and conservation agencies, creating awareness of
community was recommended as an essential measure
(Allendrof et al., 2006). In addition, focus group discus-
sants affirmed that the presence of the park should bring
development of infrastructural activity for the benefit of
the local community. The provision of institutional and
infrastructure development is the basic options to reduce
conflict between park and local people (Andrew-Essien
and Bisong, 2009). While strict enforcement of rules and
regulation, enhancing local community awareness about
values of the conservation and management of the park,
encouraging and allowing local community participation
and finally, government should pay attention and support
the park technically and financially was some of manage-
ment solution forwarded by park managers (EWCA, FZS



and EWCP).

Conclusion and recommendation

Historically, people living in BMNP area depends on rearing
livestock as their priority livelihood means and moves
from place to place in search of grazing lands. However,
park establishment restricted free movement of livestock
by endorsing strict rule enforcement and preventing
resources access. Concurrently, local people do not stop
access resource from the park though it is considered

Concurrently, majority of local community could not
receive benefit from the park rather they incur costs from
wild animal's damage on their crop and domestics
animals. Nevertheless, majority had favorable attitude
towards BMNP existence and conservation. Participation
and benefit received from the park, awareness of the
values and roles of the park in for the country is the
underlying factors for prevalence of positive attitude.

To reduce the resource use conflict between local
community and the park, different options were forwarded
by different stakeholders. Accordingly, benefit scheme
should be developed for residents, encouraging and
supporting participation, and awareness creation of local
community and following up their deeds and strict rule
enforcement for sustainable park management was some
of the essential measure forwarded by the stakes.

illegal and liable for punishment. That was the underlying
cause of resources use conflict between local community
and park management. The identified causes of conflict
were: Resources use exclusion approach the park have
been following and illegal activity made by local people
either individually or in a group to access resources from
the park, crop raiding and domestic animal damage by
common warthog and hyena, lack of income from the
park and dispute with park scouts. In addition to the fore
mentionedfactors, absence of local community involvement
in park affairs, unfulfilled promises of the park in inte-
grating local community in different affairs of the park,
higher punishment posed for illegal activity were the main
claims raised by local community. Consequently, the park
obliged to reduce the park area by 50 km* with the aim of
reducing pressure and better management.
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This study was conducted in an uneven aged deciduous natural forest of Hyrcanian zone to evaluate
the status of trees diversity at the edge of streams and forest road. Transects were established parallel
to road and perpendicular to stream and then all regenerations and trees were counted in circular plots
on each transect. Past software was used to apply Shannon biodiversity index, Margalef richness index
and Camargo evenness index. Results show that biodiversity index decreased with increasing distance
from road edge and stream. Shannon heterogeneity index at the edge of stream (2.06) was more than
that of road edge (2.03). Indeed trees species diversity tended to increase at the edge of forest roads

and streams of study area.

Key words: Trees diversity, forest road, stream, past software, Shast Kalateh.

INTRODUCTION

Forest roads affects plant composition and diversity by
creating gaps and altering environmental conditions such
as light, soil moisture and bulk density (Ferris et al., 2000;
Watkins et al., 2003; Hansen and Clevenger, 2005). Zhou
et al. (2010) showed that plant diversity and soil moisture
tended to increase in wide roads.

Moreover, streams are also efficient corridors for plant
species in forest (Calcada et al.,, 2013). Scalley et al.
(2009) in a study in Puerto Rico found that there is
greater variation in species composition closer to
streams, and less variation in species composition farther
from streams. Feng et al. (2011) reported that the were
significantly lower than those of the control, but the species

composition had no significant difference.

Li et al. (2010) showed that in Huzhong forest of China,
the effect distance reached up to 20-34 m. The plant
species diversity of shrub stratum and herb stratum within
the effect zone was greater than that in adjacent habitat,
and the Shannon-Weiner index increased by 21 and
60%, respectively. The construction and maintenance of
roads could increase the plant species diversities of
communities (Li et al., 2014). Species richness is defined
as the observed number of species in a mixed stand. In
coverage and density of shrubs at the edge of highway
contrast, species diversity considers the number and
frequency of the species present (Pretzsch, 2009).
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Figure 1. Sampling design in land units of study area.

Species evenness is defined as the number of individual
in each of the species (Yue-hui et al., 2010).

Forest roads and streams has important effects on
plant species composition and diversity across different
scales, and the estimation of its effect distance is a key
factor to integrate the road, stream and ecological
processes in forest region (Li et al., 2010). The main
objectives of this research were: (i) to evaluate the status
of trees regeneration biodiversity at the edge of streams
and forest road and (ii) to assess the effects of land units
on tree regeneration in mentioned areas.

MATERIALS AND METHODS

Study site

District one in Shast Kalateh forests with an area of 1713 hectares
is located in Golestan province and in watershed number of 85
(36°43°27" to 36°48'6" N and 54°21°26" to 54°24°57" E). The
bedrock of this forest is lime and sand stone with altitude ranging
from 100 to 1000 m above sea level. The forest is mixed deciduous
which has been established on brown forest soil with mostly
sandstone as bedrock Clay-loam-silty texture and worn stones are
spread around the region. The mean forest stock growth in the
study area was 247 m® ha'l. The climate of the region is
Mediterranean warm and moist. The mean annual precipitation is
562 mm with the lowest in July and August (Figure 1).

Sampling design and field survey

In this study the hydrograph map of Shast kalateh forest was
extracted from topographic map. Then, a natural stream was
randomly selected in each land units. Map of land units was
previously prepared by the researchers in Department of Forestry in
Faculty of Forest Sciences (Table 1). It attempted the stream
dimension, longitudinal slope of streams, roughness of the stream’s
bed and hillside gradient to be same. In the next stage, at each side
three transect were established parallel to road and perpendicular
to stream. Three circular plots with an area of 100 m? and distances
of 20 and 40 m were taken on each transect. All regenerations and
trees were counted in plots according to the scientific name of
species.

Biodiversity and statistical analysis

Vegetation diversity (Equation 1), richness (Equation 2) and
evenness (Equation 3) were calculated in Past software.

S
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Table 1. Features of land units in study area.
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H'is Shannon biodiversity index, P, is each of specimen's frequency
percentage ratios to total species in each of community, M is
Margalef richness index, s is number of species, D is number of
individuals, E is Camargo evenness index, P; is proportion of
species i in total sample, P;is proportion of species j in total sample,
and S is number of species in total sample. Data were statistically
analyzed using the GLM procedure in SAS software. Student
Newman Kolus test (SNK) at probability level of 0.05 was used to
compare means of biodiversity indices.

RESULTS AND DISCUSSION
Plant diversity at the edge of forest road

Results of this research showed that the Shannon
biodiversity index decreased with increasing distance
from road in all land units (Figure 2). This case was in
agreement with the findings of Zhou et al. (2010). They
proved that plant diversity and soil moisture tended to
increase at the road edge.

The frequency of Parrotia persica C.A.M. was more
than that of other species in all land units (Figure 3). The
mean of Shannon biodiversity index at distance of 10 m
from road was 2.03 and at distances of 30 and 70 m were
1.91 and 1.64, respectively (Table 2). Road provide an

corridor which can be affected by climatic, soil and
human disturbances, so the seed of exotic plant species
is distributed by wind and tourism. Therefore plant
diversity is increased.

Plant diversity at the edge of forest stream

Shannon biodiversity index at the edge of stream was
more than that of other distances from stream in different
land units except for land unit 3 (Figure 4). Scalley et al.
(2009) recorded the greater variation in species
composition closer to streams. The reason of inverse
trend of heterogeneity index in land unit 3 was unknown
and need more researches especially on soil. The
Margalef richness index in land unit 1 decreased with
increasing distance from stream.

In land unit 2 the trend of richness index was stationary
and in land unit 3 it increased by increasing distances
from stream. The reason of this issue is the appearance
of some species such as Crataegus spp. and Fagus
orientalis L. at the distances of 40 m. Laurocerasus
officinalis Roemex cannot be observed in land unit 1
because of the unit features (Figure 5). The mean of
Shannon biodiversity index at distance of 0 m from
stream was 2.06 and at distances of 20 and 40 m were
1.75 and 1.86, respectively (Table 3). It seems that depo-
siting different materials and nutrient due sedimentation
along stream lead to establishing different vegetation
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Figure 3. Frequency percentage of tree species at different distances from road.

Table 2. Mean of biodiversity indices at different distances from road.

Index Heterogeneity Evenness Richness
Distance Shannon Camargo Margalef
10 2.03% 0.63% 1.96%
30 1.91° 0.69° 1.97°
70 1.64° 0.67° 1.67

Columns with different superscripts show significant difference at p < 0.05 in SNK text.
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Table 3. Mean of biodiversity indices at different distances from
stream.

Index Heterogeneity Evenness Richness
distance Shannon Camargo Margalef
0 2.06° 0.67° 1.91°
20 1.75° 0.67° 1.74°
40 1.86° 0.66 1.95°

Columns with different superscripts show significant difference at p <
0.05 in SNK text.

species on these soil.

Several authors have observed that soil moisture,
organic matter content, bulk density, pH and light regime
change significantly within the narrow width of the road
and stream corridor, affecting plant community compo-
sition and the pattern of roadside plant communities
(Lausi and Nimis, 1985; Ullman et al., 1995; Olander et
al., 1998; Cilliers and Bredenkamp, 2000; Delgado et al.,
2007; Karim and Mallik, 2008).

Conclusions

It was concluded that biodiversity index decreases with
increasing distance from road edge and stream. Shannon
heterogeneity index at the edge of stream was more than
that of road edge. Indeed trees species diversity tended
to increase at the edge of forest roads and streams in our
study area. The frequency of P. persica C.A.M. was more
than that of other species in all land units. These results
provide important information for forest managers for
managing plant species composition and maintaining the
integrity of biological communities.
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The aim of the present study was to assess vegetation diversity and soil nutrients status in
submergence zone of hydroelectric project in Srinagar Garhwal Himalaya. The information on
submergence zone was taken from hydroelectric project (HEP), the height of the dam is 93 m and
subsequently submergence zone area will be developed. The submergence zone is presently under
open condition and soon after completion of project work, the area will be submerged. The analysis of
vegetation was done using quadrats method, and soil physico-chemical analysis was done using
standard methods. The results indicate that average moisture percent of the study area was 7.78 %,
water holding capacity 30.56% and bulk density 1.28 g m™. The soil pH was slightly basic (7.33). The soil
organic carbon (SOC) was 0.23%. The amount of phosphorus (P) and potassium (K) were reported to be
12.25 and 103.07 kg ha™, respectively. The species diversity (H) ranged from H = 0.39-3.26 (trees) H =
1.84-3.01 (shrubs), H=0.08-0.23 (herbs) and concentration of dominance (CD) ranged from CD=0.12-0.86
(trees), CD = 0.14 to 0.31 (shrubs), CD = 0.08-0.23 (herbs) however beta-diversity (B) ranged from B-2.72-
4.0 (trees), B-3.10-4.0 (shrubs), B-4.93-9.77 (herbs). In the submergence zone, villagers are directly
dependent on the resources traditionally for fuel, fodder, timber and many other things and have
cultural and emotional attachment. Soon after submergence, the resources pressure of villager will be
shifted to the adjacent forest (influenced zone). Therefore, special attention is needed through
awareness of the villagers to restore the vegetation of adjacent forest from further degradation.

Key words: Submergence, plant and soil resources, hydroelectric project, Garhwal Himalaya.

INTRODUCTION

Biodiversity is essential for human survival, economic brings innumerable benefits, and has other importance
well-being and for the ecosystem function and stability values although humans have had strong negative
(Singh, 2002). Biodiversity is essential to humankind, impacts on biodiversity. Various ecosystem functions and
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services may be negatively affected by the loss of
biodiversity (Schulze and Mooney, 1994). Habitat
destruction, over exploitation, pollution and species
introduction are the major causes of biodiversity loss
(UNEP, 2001). Depletion of biodiversity is today’s alarm-
ing problem all over the world. Extinction rate has been
enhanced by human intervention resulting into habitat
loss and climate change. Human have extensively altered
the global environment, changing global bio-geological
cycles, transforming land and enhancing the mobility of
biota. Many species have been eliminated from areas
dominated by human influences (Chapin Il et al., 2000).
The human influences on biodiversity and ecosystem are
rapid and large, leading to frequent changes in land and
resource use, increased frequency of biotic invasions,
reduction in species number, creation of stresses and the
potential for changes in the climate system (Kumar and
Ram, 2005). The loss of biodiversity actually hampers
and contrasts economic development (Kim and Weaver,
1994). The depletion of biodiversity is an alarming
problem of the world. The rate of extinction has been
enhanced by human-related habitat loss and climate
change (Singh and Kushwaha, 2008).

Major causes of habitat destruction in the river valleys
is construction of large hydroelectric projects, which have
several benefits such as power, irrigation, tourism and
industrial development, etc. But from biodiversity point of
view, such projects are unethical as they impede the
biological web of the environment, as a large hydro
project leads to a complete alteration of a terrestrial
habitat into an aquatic ecosystem (Gaur, 2007).
Modifications in normal flow of river systems result in
several complexities to people, forests, fauna, flora,
microorganisms and land use pattern (Sharma, 2006).
Gauthier et al. (2000) described that the vegetation
dynamics of forest systems are controlled by numerous
factors such as the available pool of species, the physical
characteristics of the land, soil fertility, climate and
disturbance regime characteristics.

Human and biological resources relations are closely
linked. Human beings are taking several resources from
the forests, but when the resources are exploited
ruthlessly, it degrades the resources and hamper its
further survival.

Keeping in view the importance of biodiversity and the
consequent losses caused due to human activities, like
road constructions, urbanization, dam constructions, etc.,
the present study was taken to assess the vegetation
diversity and soil nutrient status in submergence zone of
hydroelectric project in Srinagar valley, which may lost
after submergence and affect the need of local
inhabitants. Thus, the study was designed with the
objectives: i) Assessment of vegetation diversity of
proposed submergence zone of hydroelectric project on
Alaknanda river, i) soil nutrient status of the
submergence zone, iii) Documentation of uses value of
plants and iv) Possible recommendations for the conser-

vation measures of vegetation diversity and soil nutrient
status of the submergence zone.

METHODS
Study area

The study was conducted in the proposed submergence zone of
hydroelectric project (HEP) of River Alkananda in Srinagar Garhwal
Himalayas between the villages of Supana and Dhari Devi,
covering a distance of 12 km approximately (Figure 1). A total of
five sites, that is, site-l, I, Ill, IV and V were selected in the entire
zone of 12 km. Each site was selected at 2 km interval to cover the
complete zone with suitable representative samples of the study
area. The River Alaknanda originates in the glacial region (Alkapuri
glacier) of Himalaya in Chamoli district of Uttarakhand and enters
district Pauri and Tehri Garhwal in Srinagar. The study was carried
out in the right side of river flow from east to west direction which is
proposed submergence zone of HEP, the area is located between
30° 14.472" N latitude and 78° 49.953' E longitude at an elevation
ranging between 535-630 m from initial river flow. The identification
marks of the study area for the soil and vegetation analysis in
submergence zone was categorized with the help of GPS. The total
height of dam is expected to be 93 m which is marked from the
initial river flow at an elevation of 535 m above sea level marked in
winter season.

Climate and vegetation

The climate of the study area is of monsoon type and has three
different marked seasons in a year, viz., rainy, winter and summer.
The mean annual temperature ranges between 17 to 23°C and the
mean annual rainfall 960 mm. The forest was dominated by
Anogeissus latifolia in tree layer and associated with Acacia
catechu and Lannea coromandelica and in shrub species, Carissa
opaca was observed dominant. The surrounding peaks are covered
by Pinus roxburghii trees associated with A. latifolia in lower
transitional boundaries.

Soil sampling and analysis

The soil sampling in submergence zone was done by categorizing
total area into five sub-sites. The soil characteristic of each sub-site
was done by collecting three samples randomly from two different
depths, that is, 0-30, 30-60 cm. From each site, six samples were
collected (two depths and 3 replicates each). Thus, from entire
zone, 30 samples were collected for analysis. The collected soil
samples were placed in a clean dried polythene bags with suitable
description and identification marks. The collected soil samples
were screened for coarse concentrations, stones, pieces of roots,
leaves and other undecomposed or organic residues which were
later removed. The samples were mixed well individually before use
and were air dried at 20 to 25°C and 20 to 60% relative humidity
(Jackson, 1958).

The moisture (%) was calculated by samples placed in oven at
100+£2°C till their successive weights were constant. Water holding
capacity (WHC) and texture of soil was determined as the methods
described by Misra (1968). Soil bulk density (BD) was determined
by the known volume of soil without disturbing the natural soil
structure dried to remove moisture content. Soil pH was calculated
with the help of dynamic digital pH meter by making (1:2.5, soil:
water) solution. Soil organic carbon (SOC) was determined by
Walkley and Black’s rapid titration method (Walkley and Black,
1934). Exchangeable phosphorus (P) and available potassium
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Figure 1. Location map of the study area.

(K) was determined as methods described by Jackson (1958).

Vegetation sampling and analysis

The vegetation sampling and analysis was carried out by placing 10

guadrats in each site and the total number of quadrats for entire
submergence zone was fifty (50). The size of quadrate for trees
was 100 m? and 10 quadrats which were randomly placed, 25 m? for
shrubs and 1 m? for herbs was used in each site. The size and
number of quadrats were determined based on species area curve
(Misra, 1968) and the running means methods (Kershaw, 1973). In



832 Int. J. Biodivers. Conserv.

300 1 —o—site-|
T =li-site-|
250 - site-lll
< =>é=gsjte-|V
% 200 - )
c ==site-V
Q
=)
< 150 -
>
Q
(&)
§ 1100 -
o)
o
E 50 l
0

123456 7 8 9101112131415161718192021222324252627
Species sequence 1.....n

Figure 2. Dominance-diversity curve of trees on different sites.

each quadrate, the tree was considered having girth 230 cm (at
1.37 m from the ground). The quantitatively analysis of vegetation
was done according to Curtis and MclIntosh (1950). Importance
value index (IVI) was calculated as sum of the relative frequency +
relative density+ relative dominance (Curtis, 1959) for trees and
shrubs while for herbs importance value (IV) was calculated as sum
of relative frequency + relative density. Abundance to frequency
ratio (A/F ratio) was determined for different species as regular
(<0.025), random (0.025-0.05) and contagious (>0.05) following
Curtis and Cottam (1956). Diversity index (H) was calculated using
as the method described by Shannon and Wiener (1963), as: H=
=Y (Ni/N) logz (Ni/N), where ‘Ni’ is total number of species ‘i’ and ‘N’
is the number of individuals of all species in that site. Concentration
of dominance (CD) was also calculated as per Simpson (1949), as:
CD = ¥ (Ni/N)?, where ‘Ni" and N is the same as Shannon and
Wiener information index. The beta-diversity (B-diversity) was
calculated using following formula as: B-diversity = Sc/S, where Sc
= o-diversity (species richness, S = total number of species that
occurred in all sampling unit/total number of sampling unit.
Dominance-diversity (D-D) curve was plotted between importance
value index and species rank of trees (Figure 2) and shrubs (Figure
3). The curves indicate relationship among different species which
shows the importance value of the site. The flora of Chamoli
(Naithani, 1984) and Flora of western Himalayas (Gaur, 1999) were
consulted for the identification of species. The details of species,
their uses, parts used for different purposes by local inhabitant are
based on secondary data (Table 6).

Similarity index

The similarity index was calculated using method given by Sorenson

(1948) as followed: IS = 2C/A+B, where A = total number of species
in forest A, B = total number of species in forest B and C = number
of species common in A and B forests.

Social status of the inhabitants

The living standards of the people close to HEP were of all
categories but most of them are poor. Although through dam
compensation, for various purposes the living standard of people is
improved. The cropping pattern of the area is of both types, rain fed
and irrigated but most of the agriculture land is rain fed and has
been affected under dam developmental activities. Some of the
lands become unproductive due to dam construction work. Now the
land holding of surrounding villagers have changed into small land
holding and the agriculture productivity also affected, therefore
agriculture based dependency of animals is also affected and
utilizing forest resources for generating their income.

RESULTS
Soil properties

In the entire study area, the moisture content of the soils
was highest on site-l followed by sites of I, Ill, V and
lowest on IV, however, the water holding capacity was
highest on site-1ll and lowest on site-IV (Table 1). The
bulk density was reported highest on site 1V followed by
site-ll, V and lowest was on site-l. In texture (%), the
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Figure 3. Dominance-diversity curve of shrubs on different sites.

maximum proportion of soil particles was contributed by
sand particles on all the sites. The soil pH on all sites was
slightly basic in nature. The minimum and maximum
percentage of soil organic carbon was 0.16% and 0.28%
on site-l and site-V. The soil organic carbon on each site
reduced with increasing depth. Phosphorus (P) on each
site reduced with depth except on site-Il where, the
amount of phosphorus was higher on lower depth.
Among the site, the highest value of phosphorus was on
site-1l and lowest on site-l. Minimum and maximum
amount of potassium was reported on site-l and site-lll
respectively (Table 1).

Dominance and species compaosition
Trees

On site-l, only two species, that is, A. latifolia and
Leucena leucocephala were recorded of which the
highest density and total basal cover was recorded for A.
latifolia followed by L. leucocephala (Table 2). On site-ll,
a total of nine tree species were recorded where,
Holoptelia integrifolia was the most dominant and Cassia
fistula least dominant. The density was highest for H.

integrifolia and lowest for C. fistula. While total basal
cover was highest for Mangifera indica and lowest for C.
fistula. Other associated species on the site were A.
latifolia, Adina cordifolia, Mallotus phillippensis, Aegle
marmelos and Phoenix humilis. On site-lll, total thirteen
species were recorded. The most and least dominant
trees were A. latifolia and Emblica officinalis respectively.
The density and total basal cover reported highest for A.
latifolia and least total basal cover for E. officinalis and
Lannea coromandelica however, least density for H.
integrifolia, Ficus bengalensis and E. officinalis. Other
associated species were Acacia catechu, Mangifera
indica, Aegle marmelos, Toona ciliata, Grewia
oppositifolia, Ficus religiosa and Leucena leucocephala.
On site-IV, ten species were recorded. The highest
values of importance value index, density and total basal
cover were recorded for A. latifolia. The least total basal
cover and importance value index was for Toona ciliata.
The other species were Acacia catechu, Mallotus
philippensis, Aegle marmelos, Toona ciliata, Bauhinia
variegata, F. religiosa, Lannea coromandelica and
Leucena leucocephala. On site-V, a total of twelve
species were recorded where, the most and least
dominant trees reported A. latifolia and Bauhinia
variegata. The total basal cover, frequency and density
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Table 1. Soil characteristics in different sites of submergence zone of hydroelectric project.

. Moisture WHC BD Sand Silt Clay pH SOC Phosphorus Potassium
Site Depth (cm) 3 .
(%) (%) (gcm?) (%) (%) (%) (1:2.5 ratio) (%) (kg/ha) (kg/ha)
Site-1 0-30 10.57£1.39 34.40+3.65 1.11+0.08 61.51 +9.07 17.3£5.84 21.22+4.15 7.2+0.36 0.2+0.05 11.05+2.08 128.05+21.84
30-60 9.24+2.06  34.24+4.32 1.09+0.13 63.73£11.01 16.75%6.70 19.62+4.89 7.5+0.2 0.12+0.04 5.52+0.62 60.89+£17.56
Site-I] 0-30 9.76x2.15 34.16+1.03 1.2840.25 59.88+£16.93 23.02+12.12 17.1+4.98 7.1+0.06 0.3+0.02 13.62+1.94 145.97+19.15
30-60 6.86+x1.30 34.15+1.80 1.31+0.07 56.80+£17.70 23.72+13.34 19.47+4.52 7.6x0.17 0.15+0.04 21.90+0.74 65.57+£10.64
Site-1ll 0-30 9.76x4.13  28.78+1.84 1.08+0.02 65.69+£6.13 14.47+2.19 19.84+3.98 7.2+0.17 0.30+0.04 15.29+2.48 158.29+23.23
30-60 6.53+x2.05 26.34+0.96 1.34+0.05 62.97+£5.40 14.45+2.58 22.59+2.81 7.6x0.12 0.13+0.03 5.92+1.78 75.04+7.84
Site-IV 0-30 4.47+1.41 23.11+1.03 1.64+0.08 49.85+6.92 25.15+7.90 25.01+1.86 7.1+0.2 0.34+0.04 15.89+4.28 141.87+5.17
30-60 5.94+0.84 26.44+1.12 1.51+0.06 50.53+6.89 25.60+£8.27 23.87+4.13 7.7x0.17 0.15+0.03 6.71+4.20 60.48+2.96
Site-V 0-30 6.27+x1.05 30.66x2.44 1.24+0.22 67.37£12.82 16.45+4.28 16.18+8.57 6.8+0.21 0.4+0.06 18.75+0.90 142.24+13.44
30-60 8.41+4.83  33.34+1.88 1.24+0.19 62.78+12.87 17.72+8.68 19.50+4.36 7.5+0.25 0.16+0.06 7.89£3.33 52.27+9.53

values were also highest for A. latifolia. The
associated species on the site were Acacia
catechu, Mallotus philippensis, Aegle marmelos,
Toona ciliata, F. religiosa, F. bengalensis, Cassia
fistula, Ficus carica, Lannea coromandelica and L.
leucocephala (Table 2).

Shrubs

On site-l, four species of shrub were reported of
which Mimosa himalayana was the most dominant
and Eupatorium adenophorum least dominant.
The highest total basal cover was for M.
himalayana and least for E. adenophorum. The
highest density was for Carissa opaca.

On site-ll, a total of 9 species were reported.
The highest total basal cover, density and
importance value index was for Adhatoda vasica,
however lowest total basal cover of Lantana

camara and density and importance value index
for Randia tetrasperma. Other associated species
were Mimosa himalayana, Murraya koenigii,
Carissa opaca, Abrus precatorius, Sida cordifolia,
Euphorbia royleana (Table 3).

On site-lll, dominant shrub was Adhatoda
vasica while highest total basal cover and density
were reported for E. royleana and Adhatoda
vasica respectively. The other associated species
reported on this site were Woodfordia fruiticosa,
Ricinus communis, Plumbago zeylanica, Carissa
opaca, Mimosa himalayana and Abrus
precatorius.

On site-1V, a total 10 species were reported
where the most dominant and the least dominant
species were A. vasica and E. adenophorum
respectively. The highest total basal cover and
density on the site was for A. vasica. The
associated species were W. fruiticosa, R.
communis, C. opaca, M. himalayana, Euphorbia

royleana, Murraya koenigii, Lantana camara.

On site-V, Twelve species were reported with
dominant species Euphorbia royleana and least
dominant R. communis. The highest total basal
cover and density was of E. royleana and A.
vasica respectively. However, least total basal
cover and density was for R. communis. The
highest frequency was recorded for C. opaca and
M. koenigii. The associated species on the site
were Ziziphus mauritiana, Rhus parviflora,
Lantana camara, Colebrookia oppositifolia and
Sida cordifolia (Table 3).

Herbs

On site-l, ten species were reported with the
highest importance value of Peristrophe
bicalyculata and lowest for Achyranthes aspera.
The highest and lowest values of density were
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Table 2. Density (Ind. ha™), total basal cover (m? ha®), A/F ratio of trees on different sites in submergence zone of hydroelectric project.

Site-| Site-ll Site-lll Site-1V Site-V
Species Density TBC rgii'j) Density TBC Rél/tlizo Density TBC rgiiFo Density TBC Rpe\llt'i:o Density TBC rg‘ii'j)
Anogeissus latifolia 120 1.7 0.075 50 2.65 0.056 210 4.25 0.058 150 296 0.031 130 5.17 0.052
Leucena lecocephla 10 0.2 1.250 - - - 20 0.55 0.050 30 0.44  0.033 30 0.25 0.033
Acacia catechu - - - 180 4.69 0.037 120 1.54 0.033 50 0.91 0.056 70 1.12  0.044
Mengifera indica - - - 60 11.73 0.067 30 2.34 0.017 - - - - -
Adina cordifolia - - - 80 1.76 0.050 160 2.24 0.044 130 2,58 0.020 60 142 0.038
Mallotus philippensis - - - 90 1.71 0.100 - - - 40 0.88 0.044 110 1.20 0.123
Holoptelia integrifolia - - - 190 6.08 0.053 10 0.36 0.100 - - - - - -
Aegle marmelos - - - 80 2.83 0.050 50 0.97 0.125 20 0.24 0.200 30 0.31 0.075
Phonex humilis - - 20 1.02 0.050 - - - - - - - - -
Cassia fistula - - - 10 0.45 0.100 - - - - - - 60 0.64 0.067
T oona ciliata - - - - - - 40 2.44 0.100 10 0.11 0.100
Ficus bengalensis - - - - - - 10 0.64 0.100 10 0.37 0.100
Grewia oppositifolia - - - - - - 90 1.84 0.100 - - - - - -
Ficus religiosa - - - - - - 20 1.84 0.050 10 0.51 0.100 20 2.07 0.050
Emblica officinalis - - - - - - 10 0.32 0.100 - - - - - -
Lannea comandelica - - - - -- - 50 0.32 0.020 100 2.93 0.063 60 1.82 0.150
Bauhinia variegata - - - - - - - - - 20 0.38 0.050 10 0.13 0.100
Ficus carica - - - - - - - - - - - 60 0.32 0.150
reported for Solanum nigrum and Oxalis amplexicaule, Chenopodium album, Gnaphalium Achyranthes aspera, Peristrophe bicalyculata,

corniculata. The other associated species on the
site were Parthenium hysterophorus, Tridax

procumbens, Euphorbia hirta, Bidens pilosa,
Gnaphalium  luteo-alboum and Leptadenia
reticulata.

On site-ll, a total of 22 species were recorded.
The highest importance value was for Poa annua
and lowest for Sida acuta. The associated species
on the site observed were Achyranthes aspera,
Barleria strigosa, Nepeta hindostana, Sida
cordifolia, Borreria articularis, Abrus precatoricus,
Debregeasia longifolia, Solanum nigrum, Bidens
pilosa, Blepharis maderaspatensis, Lamium

lueto-album,  Adiantum incisum, Cynodon
dactylon, Euphorbia hirta, Brassica rugosa,
Parthenium hysterophorus, Cymbopogon martinii
and Thysanolaena maxima.

On site-lll, sixteen species were reported. The
highest and lowest values of importance value
and density were reported for Andropogon munroi
and Asparagus racemosus (Table 4). The
associated species were Phymbeyo zeylanica,
Cryptolapis buchananii, Parthenium
hysterophorus, Cissampelos pareira,
Chenopodium album, Cynodon dactylon, Solanum
nigrum, Poa annua, Gnaphalium luteo-album,

Barleria cristata and Lamium amplexicaule.

On site 1V, Out of eighteen species, the highest
importance value was reported for Parthenium
hysterophorus and lowest for Asclepias
curassavicca. The highest density was of
Andropogon munroi and lowest for Asclepias
curassavica. The other associated species were
Adiantum incisum, Reinwardtia indica, Coccinia
grandis, Ipomoea nil, Peristophe bicalyculata,
Barleria cristata, Cynodon dactylon, Asclepias
curassavica, Boehraria diffusia, Achyranthes
aspera, Evolvulus alsinoides, Oxalis corniculata,
Debregeasia longifolia, Poa corniculata, Euphor-
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Table 3. Density (ind. 25m?), total basal cover (cm? 25 m™) of shrubs on different sites in submergence zone of hydroelectric project.

Site-l Site-ll Site-lll Site-1V Site-V

Species Density  TBC A/_F Density TBC A/_F Density  TBC A/.F Density  TBC A/.F Density TBC A/.F

ratio ratio ratio ratio ratio
Adhatoda vasica 1.9 0.06 0.211 9 0.115 0.090 5.4 0.016 0.084 2.9 0.04  0.080 4.1 0.036 0.164
Mimosa himalayana 1.3 0.94 0.325 1.5 0.031 0.375 2.1 0.010 0.084 2.6 0.03  0.067 0.3 0.009 0.300
Murraya koenigii - - - 3.3 0.040 0.092 4.2 0.013 0.086 1.4 0.02 0.157 4.0 0.070 0.112
Carissa opaca 2.8 0.09 0.175 0.9 0.006  0.225 1.2 0.012 0.300 1.1 0.01 o0.123 2.9 0.025 0.081
Abrus precatorius - - - 0.9 0.009 0.225 0.4 0.005 0.400 - - - - - -
Lantana camara - - - 0.4 0.003  0.400 - - - 1.9 0.01 0.475 0.5 0.021 0.500
Sida cordifolia - - - 0.8 0.005 0.200 - - - - - - - - -
Randia tetrasperma - - - 0.3 0.004 0.300 - - - - - - - - -
Euphorbia royleana - - - 0.8 0.057  0.800 1.0 0.039 0.250 0.4 0.02 0.100 1.8 0.170 0.113
Eupatorium adenophorum 0.7 0.03 0.700 0.4 0.01 0.400 - - -
Woodfordia fruiticosa - - - - - - 0.4 0.008 0.400 0.4 0.03 0.400 - - -
Ricinus communis - - - - - - 0.6 0.009 0.067 0.9 0.01  0.058 0.1 0.002 0.100
Plumbago zeylanica - - - - - - 0.2 0.003 0.200 - - - - - -
Rhus parviflora - - - - - - - - - 0.6 0.01 0.150 0.3 0.069 0.300
Ziziphus mauritiana - - - - - - - - - - - - 0.4 0.008 0.400
Colebrookia oppositifolia - - - - - - - - - - - - 1.8 0.016  0.450
Sida cordifolia - - - - - - - - - - - - 11 0.015 0.123
Aerva sanguinolenta - - - - - - - - - - - - 0.9 0.007 0.225

Bia hirta and Tridax procumbens.

On site-V, a total of 17 species were reported,
where the highest importance value among
species was for Andropogon munroi and lowest of
A. racemosus. The highest density again was
reported for Andropogon munroi and lowest for A.
racemosus. The other associated species were
Ipomoea nil, Chenopodium album, Adiantum
incisum, Barleria strigosa, Boehraria diffusia,
Parthenium hysterophorus, Cynodon dactylon,
Cissampelos pareira, Achyranthes aspera, Poa
annua, Oxalis corniculata, Euphorbia hirta, Rubia
manijitha, Anisochilus carnosus and Tridax
procumbens (Table 4).

Species richness

In tree layer, among the sites, the maximum
species richness (13 species) was on site-lll and
minimum richness (2 species) on site-l. Among
the shrub, the richness was highest on site-V and
lowest on site-l. In herb layer, the maximum
species were on site-1l (22 species) and minimum
(10 species) on site-l (Table 5).

Distribution pattern (%)

In tree layer (Table 2), on site-l, the distribution
pattern of both species was contagious. On site-l,

the distribution pattern of all species was
contagious, and some of the species were
distributed randomly and none of the species
were reported regularly in distribution. On site-lll,
maximum species were distributed contagiously.
M. indica and L. coromandelica were distributed
regular and rests of the species were distributed
randomly. On site-1V, the distribution pattern of
most species was contagious except of Mallotus
philippensis, Anogeissus latifolia and L.
leucocephala which were distributed random and
Adina cordifolia regularly (site-IV). On site V,
among the species, majority of species were
distributed contagiously, few random and none of
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Table 4. Density (ind. m?), IV (importance Value) and A/F ratio of herbs on different sites in submergence zone of hydroelectric project.

Site-1 Site-1l Site-1ll Site-1IV Site-V
Species Density v r':‘lii'j) Density v rg{i'j) Density v rgiiFo Density \Y) rg'{iFo Density \Y) r':{iFo
Solanum nigrum 1.85 43.6 0.074 0.35 11.0 0.152 0.25 5.3 0.250 - - - - - -
Achyranthes aspera 0.2 4.5 0.8 0.25 5.1 0.250 0.15 2.8 0.600 0.15 3.4 0.150 0.35 8.0 0.088
Parthenium hysterophorus 0.8 20.5 0.128 1.4 16.1  0.363 2.4 30.3 0.150 4.25 36.2 0.118 2 245 0.099
Tridax procumbens 1.9 39.1 0.119 - - - - - - 0.5 51 0.500 0.7 9.9 0.175
Euphorbia hirta 0.25 7.5 0.25 0.25 3.4 0.200 - - - 0.35 43 0.350 1.55 20.6  0.097
Oxalis corniculata 0.15 6.5 0.15 - - - - - - 1.6 15.6 1.177 0.25 4.4 0.250
Bidens pilosa 0.65 11.5 0.65 0.25 3.4 1.000 - - - - - - - - -
Gnaphalium luteo-album 0.25 7.5 0.25 0.35 7.5 0.133 0.35 59 0.350 - - - - - -
Peristrophe bicalyculata 3.55 50.7 0.393 - - - 0.55 10.9 0.138 0.6 8.2 0.150 - - -
Leptadenia reticulata 0.35 8.5 0.35 - - - - - - - - - - - -
Andropogon munroi - - - 15 16.1  0.350 6.5 590.0 0.289 4.5 30.6 0.367 8.1 57.8  0.400
Barleria strigosa - - - 0.35 4.0 1.400 - - - - - - 0.15 2.3 0.600
Nepeta hindostana - - - 1.4 10.8  1.600 - - - - - - - - -
Cannabis sativa - - - 0.25 104 0.104 - - - - - - - - -
Borreria articularis - - - 0.35 4.0 0.800 - - - - - - - - -
Abrus precatorius - - - 1.4 16.1  0.200 0.2 4.9 0.200 - - - - - -
Debregeasia longifolia - - - 0.25 6.9 0.933 - - - 0.250 3.9 0.250 - - -
Blepharis maderaspatensis - - - 0.35 9.3 0.125 - - - - - - - - -
Lamium amplexicaule - - - 1.4 10.8  0.200 0.2 3.1 0.800 - - - - - -
Adiantum incisum - - - 1.4 12.6  0.350 - - - 2.45 19.6 0.233 0.8 104  0.200
Brassica rugosa - - - 0.35 4.0 2.200 - - - - - - - - -
Sida acuta - - - 0.25 3.3 0.600 - - - - - - - - -
Cymbopogon martinii - - - 0.35 5.8 0.350 - - - - - - - - -
Thysanolaena maxima - - - 1.4 12.6  0.400 - - - - - - - - -
Phymbeyo zeylanica - - - - - - 0.25 53 0.250 - - - - - -
Cryptolepis buchananii - - - - - - 0.35 59 0.350 - - - - - -
Asparagus racemosus - - - - - - 0.1 25 0.400 - - - 0.1 2.1 0.400
Cynodon dactylon - - - - - - 0.7 11.9 0.175 0.15 3.4 0.150 0.7 9.9 0.175
Chenopodium album - - - 0.25 5.1 0.150 1.35 19.8 0.150 3.9 35.9 0.092 2 20.0 0.222
Barleria cristata - - - - - - 0.2 49 0.200 0.5 7.8 0.125 - - -
Reinwardtia indica - - - - - - - - - 0.3 55 0.133 - - -
Coccinia grandis - - - - - - - - - 0.25 3.9 0.250 - - -
Ipomoea nil - - - - - - - - - 1 8.8 0.444 0.15 3.8 0.150

Asclepias curassavica - - - - - - - - - 0.1 1.8 0.400 - - -




838 Int. J. Biodivers. Conserv.

Table 4. Contd.

Site-l Site-ll Site-lll Site-IV Site-V

Species Density v r':‘lii'j) Density v rg{i'j) Density v rgiiFo Density \Y rg'{iFo Density \Y rg‘ii'j)
Evolvulus alsinoides - - - - - - - - - 0.25 3.9 0.250

Cissampelos pareira - - - - - - 1.2 20.6 0.098 - - - 0.15 3.8 0.150
Boehraria diffusia - - - - - - - - - - - - 0.25 4.4 0.250
Poa annua - - - 14 214 0.118 0.5 6.9 0.500 0.15 2.1 0.600 0.3 4.7 0.300
Rubia manijitha - - - - - - - - - - - - 0.65 9.6 0.163
Anisochilus carnosus - - - - - - - - - - - - 0.15 3.8 0.150

the species show regular distribution. In shrub between the submergence and influenced zone. ranged from 0.47 to 0.68%, phosphorus 9.67 to

layer (Table 3) and herb layer (Table 4), all the
species were distributed contagiously.

Diversity indices

In tree layer (Table 5) among the sites, maximum
diversity of tree was on site-V (H=3.26) and the
minimum diversity on site-l (H=0.39). In shrub
layer (Table 5), the maximum diversity was on
site-V (H=3.01) and minimum on site-| (H=1.84).
In herb layer (Table 5), the highest diversity was
on site-ll and lowest diversity on site-l. The
concentration of dominance ranged from
CD=0.12-0.86 (trees), CD=0.15-0.31 (shrubs) and
CD=0.08 to 0.23 (herbs) (Table 5). In tree layer,
the B-diversity ranged from B-2.72 (site-Il) to -4.0
(site-1), in shrub layer B-3.10 (site-Ill) to p-4.0
(site-1), in herb layer B-diversity from (3-4.93 (site-
IV) to 3-9.77 (site (lI).

Similarity index

The similarity index of species was calculated
between the zones of similar layers of vegetation.
In the tree layer, the index of similarity was 88%

However, the similarity in shrubs layer was 91%
and in herb layer was 58%.

DISCUSSION
Soil properties

In the physical properties of soil, moisture was
7.78%, WHC was 30.56, bulk density 1.28 g cm®.
The low amount of moisture and WHC in sub-
mergence zone could be because of regular
construction work where most of the trees were
affected. The canopy cover was too low which
enhanced evaporation in the soil. Lower canopy
cover reduced organic matter input in soil which
also reduced WHC. Among the soil particles,
higher proportion was reported for sand. Silt and
clay proportion was reported comparatively similar
(Table 1).

In the chemical properties of soil, the average
values of soil pH, SOC, P and K were reported to
be 7.33, 0.23, 14.92 kg ha™ and 103.07 kg ha™
respectively (Table 1). A study carried out by
Kumar et al. (2010a) on the Anogessius latifolia
forest of this same region, reported that SOC

10.56 kg ha™ and potassium 141.87 to 172.48 kg
ha™. The values of SOC and P of the present
study were lower than the study carried out by
Kumar et al. (2010a).

The reducing level of SOC and P in the present
study might be due to high biotic pressure on the
site and disturbances created on vegetation for
dam construction and other activities.

Dominance and species compaosition

Among the sites, the average tree density and
total basal cover was 584 plants ha™ and 16.24
m? ha™, respectively. However, in shrub layer, the
average density and total basal cover values were
14.18 plant 25 m? and 0.424 cm® 25 m?
respectively. A study carried out by Kumar et al.
(2004), in sub-tropical forests of the Garhwal
Himalaya, shows values of total density and total
basal cover ranging from 832 to 884 trees ha™
and 14.30 to 24.83 m”® ha, respectively. These
values of density were quite higher than the
present study, because of high biotic pressure on
the forest by villagers for various requirement
including dam development activities. Kumar et al.
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Table 5. Species richness, species diversity (H), concentration of dominance (CD) and beta diversity of trees, shrubs and herbs on different sites in submergence zone of hydroelectric

project.
. . Species diversity . . beta diversity
. Species richness Concentration of dominance (CD
Site P (H) (€0 (B)
Trees Shrubs Herbs Trees Shrubs Herbs Trees Shrubs Herbs Trees Shrubs Herbs
Site-1 2 4 10 0.39 1.84 2.63 0.86 0.31 0.21 4.0 4.0 6.66
Site-l 9 9 22 2.81 2.30 4.06 0.17 0.30 0.08 2.72 3.33 9.77
Site-ll 13 9 16 3.09 2.51 2.88 0.15 0.23 0.22 3.22 3.10 5.81
Site-1IV 10 10 18 2.80 2.98 3.23 0.16 0.14 0.14 3.22 3.33 4.93
Site-V 12 12 21 3.26 3.01 2.89 0.12 0.15 0.23 3.75 3.75 5.23
Table 6. Plant species and their ethno medicinal uses by surrounding inhabitants.
Tree species Family Status Life form Biodiversity value Part used Ailment
Acacia catechu (L.f.) Willd. Mimosaceae Fairly Common T Medicinal, timber Bark Diarrhoea, Dysentery, Bronchitis,
Menstrual disorders
. . Medicinal, Construction .
Adina cordifolia (Roxb.) Hook.f. Rubiaceae Common T Furnit Agricultural Bark Diabetes
ex Brandis rurniture, Agricultura Roots Dysentery
implements
Roots Seed Powder  Bone fracture Cough,
Abrus precatorius L. Fabaceae Common S Medicinal and Oboritifacient, Fever,
Paste Rheumatic Arthritis , Dysentery
. - Roots Malarial fever Drops
Achyranthes aspera L. Amaranthaceae Fairly common H Medicinal Beverage . Py
Leaf Bronchitis
Medicinal Roots Cough, Cold Pul infecti
Adhatoda vasica Nees Acanthaceae Fairly Common S Leaves ough, Cold Pulmonary infections
Vegetable Bronchitis & Fever
Flowers
Adiantum incisum Forsk Adiantaceae H - - -
Aegle marmelos (L.) Corr. Rutaceae - T Medicinal Fruit Pulp Digestive disorders
Aerva sanguinolenta (L.) Amaranthaceae Common S Medicinal - Diuretic &
Blume Demulcent
Andropogon munroi C.B Clarke Poaceae Not common H Fodder - -
Anisochilus carnosus (L.f.) . . - Cough
Wall. ex Benth Lamiaceae Fairly common H Medicinal Plant extract Cold

T: Tree, S: shrub, H: herb.
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Table 6. Contd.

Tree species Family Status Life form Biodiversity value Part used Ailment
A . latifolia. (Roxb Construction
Drcl:o)gelssus atifolia (Roxb. ex Combretaceae Common T Agricultural implements - -
' Tannin Black dye
. . . - R , Vomitin
Asclepias curassavica L. Asclepiadaceae Common H Medicinal oots Causes Vomiting
Latex Cuts and wounds
. . - Antiseptic and
Asparagus racemosus Willd. Liliaceae - H Medicinal Roots ) P
Refrigerant
L . - Roots Bronchitis Pneumonia
Barleria cristata L. Acanthaceae Fairly common H Medicinal, Beverage .
Leaves Wound Swelling
Barleria strigosa Willd. Acanthaceae Common H Medicinal, Apiculture Roots Cough
- . - Medicinal, Construction .
Bauhinia variegata L. Caesalpiniaceae = Common . . Dried Leaves Cough
Agricultural implements
. . - Cough Bronchitis
Bidens pilosa L. Asteraceae Common H Medicinal, Fodder Plant extract 9
Leucoderma
Eft%ha”s maderaspatensis (L) Acanthaceae Uncommon H - - -
Boerhavia diffusa L. Nyctaginaceae Common H Medicinal Leaf Eye complaints
qu_rerla articularis (L.f.) F.N Rubiaceae Common H Medicinal Seeds Diarrhoea, Pysentery
Williams Leaves Haemorrhoids
Brassica rugosa Prain Brassicaceae - H Medicinal, Vegetable Seed oil Body ache, Skin diseases , Cold
Carissa opaca Stapf ex Haines ~ Apocyanaceae Frequent S Edible - -
L . . Bark Antiseptic, Asthama,
Cassia fistula L. Caesalpiniaceae = Common T Medicinal . p S
Fruit pulp Bronchitis, Skin Diseases
Chenopodium album L. Chenopodiaceae  Common H Vegetable - -
. . . - Leaves Constipation Gastric troubles,
Cissampelos pareira L. Menispermaceae  Common H Medicinal Roots Psychotherapy Cough, Urinary troubles
- . . . - Leaves, Roots Diabetes, Antiseptic
Coccinia grandis (L.) Voigt Cucurbitaceae Common H Medicinal _V _’_ ! » AMTISEPH
Fruit, juice and Gonorrhoea
gr?]kietﬁrookla oppositifolia J.E. Lamiaceae Common S Medicinal Leaf Wounds
Cryptolepis buchananii Roem. . ) ) )
and Schult Asclepiadaceae Frequent H
Cymbopogon martinii (Roxb.) Poaceae Common } ) )
Wat.
Cynodon dactylon (L.) Pers. Poaceae Common Medicinal Roots Fever and Internal injury

T: Tree, S: shrub, H: herb.



Table 6. Contd.

Saleem and Kumar

841

Tree species Family Status Life form Biodiversity value Part used Ailment
Debregeasia longifolia . )
(Burm.f.) Wedd. Urticaceae Common H Fodder and Fibre
. L . Medicinal . N
Emblica officinalis Gaert. Euphorbiaceae - T Tannin Fruit Source of Vitamin C
Eupatorium adenophorum Asteraceae Common S Medicinal Leaves Wounds
Spreng.
o . - Bronchial infection
Euphorbia hirta L. Euphorbiaceae Common H Medicinal Plant extract
Asthama
Euphorbia royleana Boiss. Euphorbiaceae Fairly Common S Medicinal Latex Antiseptic and Germicidal
. . . Medicinal, Tent Poles - .
Ficus benghalensis L. Moraceae Fairly Common T Latex Antidiabetic
Cart Yokes, Boats
Ficus carica L. Moraceae Common T Good fodder, fruit Leaves, fruit Fruits used as digestive purposes
. . Medicinal, Charcoal and Bronchitis and
Ficus religiosa L. Moraceae Common T ) Bark L
Packing Cases Skin ailments
Gnaphalium luteo-album L. Asteraceae Common H - - -
Grewi itifolia. Buch.-H Medicinal and Edible
exr%/waDcc:rp]Jo& ofla Buch.-Ham. - riiaceae Common T Ropes, Nets, Sacs Fruit -
' Brushes and brooms
Holoptelea integrifolia (Roxb.) Medicinal, Charcoal . .
Ulmaceae Abundant T . Bark Rheumatic Pain
Planch. Construction and Fuel
Ipomoea nil (L.) Roth Convolvulaceae Common H Medicinal Decoction of seeds Fever Constipation
Lamium amplexicaule L. Lamiaceae Fairly common H - - -
L deli Houtt Medicinal, Tannin
Maer;?ea coromandelica (Houtt.) Anacardiaceae - T Fuel, Fodder and Bark Diarrhoea
' Agricultural Implements
. Insecticidal, Germicidal and
Lantana camara L. Verbenaceae Common S Medicinal and Fuel Leaves L
Skin Ailments
i i . . Leaves Roots and Skin ailments Antiseptic and
Le_ptadenla reticulata (Retz.) Asclepiadaceae Rare H Medicinal P .
Wight and Arn. Plant extract Useful to control abortion
Leucaena leucocephala (Lam.) . Planted for soil
. Mimosaceae Not uncommon T . - -
De Wit. conservation
. . Dye, Anthelmintic,
Mallotus philippensis (Lam. . .
us phiippensis (Lam.) g phorhiaceae - T Purgative, Fuel and Match - -

Muell.-Arg.

Boxes

T: Tree, S: shrub, H: herb.
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Table 6. Contd.

Tree species Family Status Life form Biodiversity value Part used Ailment
Medicinal Bark
M if indica L. A i A T . . ! . H h Diarrh
angifera indica nacardiaceae bundant Edible and Construction Seeds and Resin aemorrhage and Diarrhoea
. . . - Cough, Cold Bronchitis and
Mimosa himalayana Gamble Mimosaceae Common S Medicinal and Fodder Leaves . g .
Urinary Complaints
- Medicinal Bark, . _—
Murraya koenigii (L.) Spreng. Rutaceae Common S . Insecticide and Pisicide
Flavouring Leaves Roots
HZ%?: hindostana (Roth.) Lamiaceae Common Medicinal Plant extract Cardiac tonic Fever and Gonorrhoea
Oxalis corniculata L. Oxalidaceae Common H Vegetable - -
Parthenium hysterophorus L. Asteraceae Common H - - -
Zt;r;trophe bicalyculata (Retz.) Acanthaceae Common H Medicinal Plant paste Wounds
Phoenix humilis Royle ex Edible, Fibre
Arecaceae Common T - -
Becc. and Hook.f. Brooms and Hats
Plumbago zeylanica L. Plumbaginaceae - H Medicinal Roots Skin diseases, Wounds
Poa annua L. Poaceae Common H - - -
Ra_nd|a tetrasperma (Roxb.) Rubiaceae s i ) )
Poir.
. L . Apiculture and
Reinwardtia indica Dumort. Linaceae Common H Petals Mouth wash
Mouth wash
. . Medicinal
Rhus parviflora Roxb. Anacardiaceae Abundant S . Leaves Cholera
Edible and Fuel
Ricinus communis L. Euphorbiaceae - S Castor oil Seeds Purgative and Laxative
Rubia manijith Roxb. ex . - Roots, Stem Tonic, Astringent and
; Rubiaceae Common H Medicinal and Dye .
Fleming ub! 'c! y Flowers Bacillary dysentery

T: Tree, S: shrub, H: herb.
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Tree species Family Status Life form Biodiversity value Part used Ailment
. - . Leav Demulcent Diuretic an
Sida acuta Burm.f. Malvaceae Common H Medicinal and Fibre caves emulcent Diuretic and
Roots Stem Leucorrhoea
. - . . R Astringent, Diuretic,
Sida cordifolia L. Malvaceae Common H Medicinal and Fibre oots St. gent, Diuret C.
Seed powder Tonic and Dyspepsia
Eruit Liver, Piles Dysentery
Solanum nigrum L. Solanaceae Common H Medicinal and Edible Diarrhoea, Fever
Plant extract .
Eye ailments
Thysanolaena maxima (Roxb.) Poaceae Common H Fodder and Brooms - -
O. Kuntze
. . Construction
Toona ciliata M. Roem. Meliaceae Common T . - -
Furniture and Dye
Tridax procumbens L. Asteraceae Common H Medicinal and Vegetable Plant paste Wounds and Cuts
. . . Febrifuge, Tonic and
Woodfordia fruticosa (L.) Kurz Lythraceae Common S Medicinal and Dye Le_aves Bark and g .
Dried flowers Haemorrhoids
Edible, Construction,
Ziziphus mauritiana Lam. Rhamnaceae Fairly Common S Agricultural implements - -

,Apiculture

T: Tree, S: shrub, H: herb.

(2010a) also conducted a study on different
aspects of A. latifolia forest, the density for trees
ranged from 260 to 380 trees ha™ and for shrub
ranged from 970 to 1790 shrubs ha™. In this
study, the values of density were quite lower
because of higher pressure especially by the
villagers for their daily needs.

In the tree layer, the common species reported
were A. latifolia, Acacia catechu, Adina cordifolia,
Cassia fistula, E. officinalis Holoptelia integrifolia,
Lannea coromandelica, Mallotus philippensis. The

forest was dominated by A. latifolia. Carissa
opaca was dominant in shrub layer with
associated shrubs of Abrus precatorius, Adhatoda
vasica, Colebrookia  oppositifolia, Lantana
camara, Mimosa himalayana, Murraya koenigii,
Rhus parviflora, Woodfordia fruiticosa and Zizi-
phus mauritiana. In herb layer, the common

species noticed were Solanum  nigrum,
Achyranthes  aspera, Tridax procumbens,
Euphorbia hirta, Oxalis corniculata, Barleria

strigosa, Nepeta hindostana, Sida cordifolia,

Solanum nigrum, Poa annua, Bidens pilosa,
Blepharis maderaspatensis, Chenopodium album,
Adiantum incisum, Sida acuta, Asparagus
racemosus, Cynodon dactylon.

Among the sites, the trees density was highest
in site-1ll however; the TBC was reported higher
on site-1l, while the lowest values of density and
TBC of trees were reported on site-I (Table 2). In
shrub layer, the highest density was on site-Il and
TBC on site-V (Table 3). Herb layer density was
highest on site-V and lowest on site-I (Table 4).
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Species richness

The maximum richness of species in tree layer was on
site-1ll, because the site was located far from the
inhabitant’s area thus pressure on the forest was mild
which favoured species richness. The minimum number
of species was observed on site-I, because site-l was
close to dam development site. Therefore, most of the
species have been damaged by heavy machinery work
and dust pollution created by machine as well as human
activities such as movement of labour, rolling of stone,
damping materials, etc. A study carried out by Yadav and
Gupta (2005) in Rajasthan suggested that anthropogenic
disturbances have adverse impact on the woody
vegetation. They also suggested that species richness
was higher in undisturbed forest as compared to partially
disturbed forest. Kumar et al. (2010b) conduct a study in
the same site of the dam project for conservation
strategies of A. latifolia showing that various disturbance
agents such as grazing, browsing, over-exploitation and
major dam construction work in this valley affect the
growth of A. latifolia. The dominant forest cover of this
valley area is covered by A. latifolia which is main source
of fuel, fodder and minor timber and highly disturbing by
developing activities, that is, dam and road construction
work. Boring et al. (1981) emphasized the positive role of
mild disturbances in improving the regeneration of tree.
Levin (1976) also indicated sever disturbance has
deleterious effect on regeneration. Khan et al. (1986)
reported that erosion action of torrential rains on slopes
can also cause a decrease in the number of seedling
during the rainy season. The long history of human
interaction with plants, animals and environmental factors
in the mountain region has a significant impact on the
biological diversity at different levels. The topography,
sail, climate and geographical location also influenced the
vegetation diversity of the forest. In modern time,
Himalayan forest ecosystems have witnessed great
natural and biotic disturbances. Yadav and Gupta (2005)
reported that the number of shrubs reduced with
increasing level of anthropogenic disturbance on the
forest sites.

Distribution pattern (%)

Among the vegetation layers, the distribution pattern of
trees was contagious, random and regular. Although
contagious distribution pattern of the species was
common and in shrub layer, most of the species were
distributed contagiously. However in herbs layer all the
species on all sites were distributed contagiously. Odum
(1971) stated that contagious distribution is the
commonest pattern in nature and random distribution
found only in very uniform environment and the regular
distribution occurs where sever competition between the
individuals exist (Panchal and Pandey, 2004; Kumar et
al., 2010a). Regular and random distribution pattern of

the species reflect the high biotic pressure through
grazing and lopping.

Species diversity concentration  of

dominance (CD)

(H) and

The diversity values were 0.39-3.26 for tree layer, 1.84-
3.01 for shrub layer. Kumar et al. (2004) also reported
diversity value 2.76 for the sub-tropical forest of A.
latifolia of this region in Garhwal Himalaya. Kumar et al.
(2010a) carried a study on A. latifolia forest and reported
diversity values 0.846 to 1.710 for trees and 1.943 to
2.847 for shrubs which are within the range values of the
present study.

The concentration of dominance ranged from 0.12 to
0.86 (trees), 0.14 to 0.31 (shrubs). The values of CD
reported by Riser and Rice (1971) and Knight (1975)
ranged from 0.326 to 0.693 for trees and 0.185 to 0.719
for shrubs. These reported values of CD for trees are
within the range of present study but shrub values were
higher for the present study.

Similarity index

Similarity index is a comparison of the current vegetation
on site. A similarity index determines how closely the
plant community resembles. Similarity index is expressed
as percentage of the reference community that is
currently on an ecological site. The results suggest that
the similarity between the sites for shrubs layer was
higher followed by trees and shrubs. Thus it is indication
that where the similarity index is low the species are
diverse. Therefore diverse vegetation has diverse
resources which are used by the local inhabitant for their
need. In this comparison, the diverse species reported
from submergence zone were Phonex humilis, F. carica
(tree layer), Sida acuta (shrub layer) and Achranthes

aspera, Brassica rugosa, Cymbopogon maritinii,
Phymbeyo zeylanica, Asparagus racemosus, Barleria
cristat, Coccinia grandis, Asclepias curassavica,

Boehravia diffusa (herb layer) were only reported from
the submergence zone, although the species are
providing several needs to the local inhabitants.
Resource consumption by local inhabitant from
submergence zone. The resource consumption by local
people from submergence zone is given in Table 6. A
total of 71 species were recorded from the submergence
zone having 65 genera and 37 families in the study area
in which 18 species of trees having 17 genera and 12
families were recorded in the tree layer, and 15 species
with 15 genera in 14 families were observed for shrub
layer while in herb layer 38 species having 36 genera in
22 families were recorded (Table 7).

People use these resources, that is, fuelwood, fodder,
timber, edible wild fruits, medicinal plants daily for human
and animal uses and several other purposes from
submergence. It is evident from the studies carried out by



Table 7. Total species, genera and families of plants
in submergence zone of HEP.

Parameter Trees Shrubs Herbs Total
Species 18 15 38 71
Genera 17 15 36 65
Families 12 14 22 37

Table 8. Resource consumption by local inhabitant from submergence and influenced zones of HEP.
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Forest resource use

Zone Major Minor
Fuel Fodder Timber Grazing Browsing Agrlcultural Medicinal Ed'ple Religious Fiber
implements value fruit purpose
Submergence High High High Medium Medium Medium Low Low Low Low
Influenced High High High Medium Medium Medium Low Low Low Low

other workers (Ballabha, 2013; Tiwari, 2010) that
the species are used by the villager for several
purposes. Bahuguna et al. (2011) also carried out
a study in this region and also suggested local
villagers used different plant species for various
purposes such as food, religious uses, perfume,
medicinal, fodder, dye, household articles, agricul-
tural implements, beverage, fuel, ornamental,
narcotic, insecticide, etc. Although people are still
utilizing forest resources from the adjacent
influence zone (Table 8). Just after submergence
of the present study area, the demand of the
villagers/inhabitant will be directly shifted to the
influenced zone, which will be comparatively
double. This shifted pressure of inhabitant on
influenced zone will rapidly degrade the resources
and there will be rapid loss of biodiversity from the
influenced zone.

Although the hydroelectric project stimulate
economic growth, building of roads, schools,
hospitals cultural and recreation facilities under

their plans but it has some negative impacts on
biodiversity of the area.

Recommendations  for conservation of

biodiversity

The study on collected data revealed that the
submergence zone is rich particularly in plant
diversity as they are the source of different
villagers need, but the developmental activities,
the constructions of hydroelectric power projects
are causing a great loss of plant diversity under
the functioning of hydro project work and the most
loss will occur after submergence of the area. The
earlier studies are evident that hydroelectric
power projects create environmental issues origi-
nating from submergence of large area including
forest (Samant et al., 2007; Tiwari, 2010). The
degradation of biodiversity in the Himalayan
region has reached dangerously alarming state

(Gupta, 1960; Gaur, 1999). The catchment area of
rivers supports a large number of plant species of
human use and scientific interest, including highly
potential medicinal herbs; these require special
attention for conservation (Uniyal, 1968; Gaur et
al., 1993; Tiwari, 2010).

The sustainability and efficiency of forest
ecosystems being influenced by the hydroelectric
power projects in river valleys can be restored by
strengthening the knowledge on sustainable plant
utilization (Tiwari, 2010). These evidences
indicate that the submergence of hydroelectric
project areas have been losing both plant and
animals’ biodiversity in alarming rate. The con-
struction of HEP in the Himalayan and other
regions of India are major threats to the biodiver-
sity and are also losing habitat especially for those
species under threatened categories.

Thus, the following suggestions should be
adopted to conserve the valuable resources in the
surrounding of the dam construction areas.
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1. The area for dam construction should be selected
where biological diversity is low.

2. Dam construction should be done where minimum
area can be used.

3. Dam construction should be avoided where species
are under threatened categories

4. Dam height should be reduced to minimize the loss of
plant and animal diversity in submergence zone.

5. The heavy machinery work should be minimized to
conserve species diversity.

6. The heavy vehicle moment in dam construction areas
should be restricted except using few roads to minimize
disturbances to the biodiversity.

7. The dumping of construction material should not be
stored at plant diversity rich areas.

8. Blasting of dam construction work should be done
where there is minimum disturbance of animals and
birds.

9. Conservation techniques of plants through cultivation
should be used for further sustainable use of the species.

Conclusion

The soil pH was slightly basic in nature. The soil organic
carbon and potassium was lower, because of
disturbance. Moisture (%) and WHC was also reported to
be lower, because of various disturbances and
developmental activities, where most of the trees were
affected.

The people living close to the study area are dependent
on the forest which is importance for their livelihood
sustainability. The loss of vegetation diversity in
submergence zone will affect the biodiversity of
submergence zone as well as diverted pressure of
inhabitant on influenced zone will also rapidly degrade
the resources for the influenced/surrounding areas.
Therefore, proper awareness program need to be carried
out in the inhabitant area to restore vegetation through
plantation and self-sustaining of vegetation by the co-
operation of local inhabitant from further degradation of
forest. Thus, the future sustainability of the forest can be
maintained with the saving of traditional culture of the
local inhabitants.
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The present study was conducted in two different ecosystems, that is, Site | (village site) and Site Il
(protected site) in the lower part of Dachigam National Park (Jammu and Kashmir) in all seasons during
2010-2011. Site | is located towards the periphery of the National Park near habitations and is under
heavy grazing pressures while Site Il is located inside the National Park with mild interferences and is a
controlled site. The values of diversity (H=2.228) as well as richness index (R= 0.867) were higher for
Site Il while dominance index showed higher value at Site | (C = 0.113). The evenness index showed
more or less similar values for both sites (Site | = 0.497 and Site Il = 0.499). The frequently occurring
dominant shrub species during the study period based on importance value index (IVI) were
Plectranthus rugosa, Rosa webbiana, Indigofera heterantha, Cotoneaster nummilaria and Daphnae
oleoides at Site | and Indigofera heterantha, Clematis montana, Rosa macrophylla, Clematis grata and
Rosa brunoni at Site Il. The abundance to frequency ratio (A/F) indicated that most of the species

present contagious pattern of distribution.

Key words: Shrub, biodiversity, species, grazing, Dachigam.

INTRODUCTION

High biodiversity is seen as an insurance against the
decline in ecosystem services, and should therefore be
preserved (Yachi and Loreau, 1999). But, the current
decline in biodiversity largely through human activities
has given rise to global biodiversity crisis which is a
cause of concern at the prospect of a rapidly accelerating
loss of species, population, domesticated varieties, erratic
rainfall, drying up of water resources, land instability and
increased rates of erosion. More than half of the habi-

table surface of the planet has already been significantly
disturbed by the human activity (Hannah and Bowles, 1995)
which change overall community structure (Shaforth et
al., 2002) and in turn can ultimately affect community and
population dynamics. Conservation biologists warn that
25% of all species could become extinct during the next
20 to 30 years and we are on the verge of mass extinct-
tion of the species (Wilson, 1985). The cause for the loss
of species is numerous but the most important is the loss
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of natural habitats. Biological diversity implies the variety
of living organisms and includes diversity within species,
between species and of ecosystems and the ecological
processes of which they are a part (Gaston and Spicer,
2004). Spices diversity is considered to be one of the key
parameters characterizing ecosystems and a key com-
ponent of ecosystem functioning (Hutchinson, 1959).
Globally, biodiversity is changing at an unprecedented
rate as a complex response to several human-induced
changes (Vitousek, 1994). Such changes are a cause of
concern for ethical, economical, ecological and aesthetic
reasons, but they also have a strong potential to alter
ecosystem services such as the prevention of soil erosion
and maintenance of hydrological cycles, and ecosystem
goods, like tourism and recreation. In addition to these
services, biodiversity influences many ecosystems pro-
perties such as productivity, decomposition rates, nutrient
cycling resistance and resilience to perturbations (Loreau
et al., 2001). Forests are the primary source to rejuvenate
productivity of land through recycling of nutrients, which
make physic chemical conditions of the soils favourable
for plant growth (Bargali et al., 1998). The natural factors
both biotic and abiotic, deforestation, burning of ground
vegetation, fodder extraction, livestock grazing, etc, have
caused a considerable depletion of wild population of
flora and fauna of the forest areas responsible for exploit-
tation of forests (Bargali et al., 1998) and other severe
anthroprogenic activities on the ecosystem will lead to
removal of vegetation, soil erosion and could subse-
qguently lead to soil and habitat degradation. Thus, the
current decline in biodiversity largely through human
activities is a serious threat to our ecosystem. The study
of floristic features and various environmental factors e.g.
physiographic, climate, soil, etc., the community stability
and the factors correlation with the vegetation can be
reached, which is crucial in terms of forest communities
development and rehabilitation (Basiri, 2003). Grazing
areas have become less and less productive resulting
from over stocking of livestock. Conflicts over the use of
land have increased due to increased demand for land by
different sectors of the economy.

Kashmir Himalaya, due to its rich repository of vegetation
has attracted naturalists and botanists for more than two
centuries (Dar et al., 2001). The vegetation study of
Dachigam has been carried out by Kachroo and Singh
(1976) which recognized different vegetation types based
on habitat, form and density of dominant species. Although,
the vegetation patterns are controlled by such factors as
habitat, slope, exposure to sunlight and altitude, besides
biotic factors, anthropogenic stresses followed by
livestock browsing in shrub lands adversely affected the
composition of vegetation, it is therefore important to con-
serve the vegetation of the study area. Therefore, the
present study has been conducted to assess the seasonal
variations in phyto-diversity and distribution pattern of
shrubs in the studied sites.

Yagoob et al. 849

METHODOLOGY
Study area

Dachigam National park is located between 34°5-34° 10’ N lati-
tudes and 74°50’-75°10" E longitudes, covers an area of 141 km?
and is about 22 km away from Srinagar City in Kashmir Valley. The
area of Dachigam National Park was an exclusive hunting ground
and protected area of the Maharaja of Jammu and Kashmir. But
after independence, the area came under the control of forest
department and in 1951, it was declared as a Wildlife Sanctuary. In
1981, the area was declared as National Park. The different forest
types found in the area are: Temperate Moist Deodar forest,
Temperate mixed deciduous forest, Cypress, Alder and blue Pine
forest, Popular and Salix forest, Open Scrub forest, Sub open Birch
and fir forests, Sub open Scrub and pastures and moist open
Scrub. Besides, the area forms a very good habitat of wild birds
including Himalayan Monal, Chakur, Patridge, Himalayan griffon,
Vulture, Indian Sparrow, Hawk, Asiatic cuckoo, open scrub Swift,
Indian pied kingfisher, Golden oriole, Blue magpie, Black Bulbul,
Babbler, etc. and wild animals like Kashmir Stag, Leopord, Jackal,
Hill fox, Himalayan Black Bear, Snow Leopord, Human langur,
Musk deer, Leopord Cat, Himalayan Marmot, Flying Squirrel,
Himalayan mouse, etc. The study was carried out at lower
Dachigam on seasonal basis in two different ecosystems viz.; site- |
(vilage site falls towards the periphery but inside the official
boundary of the park) and site- Il (protected site located within the
heart of the park) (Map 1).

Vegetation analysis

Numerous field surveys were conducted to study the community
composition and other phytosociological characteristics at two
selected sites during spring (March-May), summer (June-August),
autumn (September-November) and winter (December-February) in
2010-2011. Phytosociological attributes of shrub species were studied
by randomly laying 6 quadrats of 5 x 5 m size at each site (Sharma
et al., 1983). Specimen of plant species encountered at each site
during the study period was collected in flowering/fruiting stages
and the specimens were identified at Centre of Plant Taxonomy
Department of Botany, University of Kashmir. The plant material
was processed using standard herbarium techniques (Rao and
Jain, 1977). The vegetation datarecorded quantitatively was analyzed
for density, frequency and abundance following Curtis and Mcintosh
(1950). The relative values of these indices were determined using
Phillips (1959). These values were summed up to get importance
value index (IVI) of individual species (Curtis, 1959). The ratio of
abundance to frequency (A/F) for different species was determined
by eliciting the distribution pattern (Curtis and Cotton, 1956). Species
diversity (H) was computed by using Shanon Wiener Information
Index (Shanon-Wiener, 1963). Concentration of dominance was
calculated according to Simpson (1949). The species richness or
the variety component (R) was determined using Margalef (1958)
while species evenness (E) and similarity index (S) both were
determined using Pielou (1966) and Sorenson (1948), respectively.

RESULTS

A total of 13 shrub species were reported from site |
(village site) and 22 shrub species from site Il (protected
site) (Tables 1 and 2). Same results were shown by
Alhassan et al. (2006). Among all the species, Plectranthus
rugosa showed highest values of density (35.23),
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Map 1. Map of Dachigam National Park, Kashmir India.

Table 1. Community features of shrubs at site | of Dachigam National Park during different periods of study.

S/IN  Species D RD A RA F RF AlF VI R.IVI
1 Berberis lycium 454 5.07 7.85 6.35 5471 816 0.143 19.59 6.53
2 Cotoneaster nummilaria 7.68 8.57 7.89 6.38 9785 1461 0.08 29.56 9.86
3 Daphnae oleoides 6.67 7.44 9.03 731 72,62 1084 0.124 2559 8.53
4 D. mucronata 191 213 5.75 4.65 33 492 0174 1172 3.91
5 Indigofera heterantha 1249 1394 13.85 11.21 89.37 13.34 0.154 38.49 12.83
6 Lonicera quinquelocularis 1.16 1.29 2.33 1.88 50 7.46 0.0466 10.63 3.54
7 Parrotiopsis jacquemontiana 0.16  0.17 1 0.81 16 238 0.0625 3.36 1.12
8 Plectranthus rugosa 3523 39.34 3562 2884 97.87 14.61 0.363 8279 27.59
9 Rosa macrophylla 15 1.67 9 7.28 16 238 0562 11.33 3.78
10 R. webbiana 158 17.64 1821 1474 87.25 13.02 0.208 454 15.13
11  Rhamnus purpureus 0.33 0.36 2 1.62 16 238 0125 436 1.45
12  Spirea canscens 0.33 0.36 2 1.62 16 238 0125 436 1.45
13 Ziziphus jujuba 174 194 8.95 7.24 2328 347 0384 1265 4.21
Total 89.54 100 123.48 100 669.95 100 2.5511 300 100

Where D=density; RD=relative density; F=frequency; RF=relative

IVI=importance value index; RIVI=relative importance value index.

frequency; A=Abundance;

RA=relative abundance;

abundance (35.62) and frequency (97.87%) at site | while
at site Il, Indigofera heterantha showed highest density
values (65.54) as well as frequency values (100%) and
Clematis montana showed highest abundance values
(19.91). Out of the total shrub species encountered at
both sites during different seasons, 16 species were highly
dominant based on importance value index (I\VI). Dominant
species based on IVI during all seasons at site | were P.
rugosa (82.79), Rosa webbiana (45.40), |. heterantha

(38.49), Cotoneaster nummilaria (29.56), Daphnae
oleoides (25.59), Berberis lyceum (19.59), Zyzephus jajuba
(12.65) whereas at site Il dominant species recorded
were |. heterantha (56.73), C.s montana (29.61), Rosa
macrophylla (23.69), Clematis grata (22.39), Rosa
brunoni (20.06), Jasminum officinale (14.63), B. lyceum
(13.97) and Rubus niveus (12.09). Different diversity
indices recorded at both sites are presented in Table 3.
The perusal of the data revealed that diversity index (H),
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Table 2. Community features of shrubs at site Il of Dachigam National Park during different periods of the study.
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SIN  Species D RD A RA F RF AlF VI R.IVI
1 Berberis lycium 5.55 3.38 8.09 4.98 63 5.61 0.128 13.97 4.65
2 Cotoneaster nummilaria 25 1.54 3.3 2.04 49.6 4.42 0.066 8 2.66
3 C. insignis 1.87 1.14 4.45 2.74 41.5 3.69 0.107 7.57 2.52
4 C. accuminatus 1.16 0.71 35 2.15 33 2.94 0.106 5.8 1.93
5 Clematis grata 11.05 6.79 1491 9.19 72 6.41 0.207 22.39 7.47
6 C. montana 18.59 11.42 19.91 12.27 66.5 5.92 0.299 29.61 9.87
7 Crataegus songerica 0.36 0.21 2 1.23 16 1.42 0.125 2.86 0.95
8 Indigofera heterantha 65.54 40.28 12.23 7.54 100 8.91 0.122 56.73 18.92
9 Jasminum humile 1.38 0.85 3.77 2.33 33 2.94 0.114 6.12 2.04
10  J. officinale 6.55 4.02 9.23 5.69 55.31 4.92 0.166 14.63 4.87
11 Lonicera quinquelocularis 3.12 1.91 4.74 2.93 58 5.16 0.081 10 3.33
12 L. aspersifolia 1.83 1.12 3.63 2.23 50 4.45 0.081 7.8 2.6

13 Rosa webbiana 8.59 5.27 10.52 6.48 69.8 6.22 0.15 17.97 5.99
14  R. macrophylla 12.05 7.41 15.2 9.37 77.64 6.91 0.195 23.69 7.89
15 R. brunoni 9.75 5.99 12.6 7.76 70.75 6.31 0.178 20.06 6.69
16 Rubus niveus 3.79 2.32 9.63 5.93 43.2 3.84 0.222 12.09 4.03
17 R. fruticosa 1.74 1.06 4.16 2.57 41.5 3.69 0.101 7.32 2.45
18 R. ellipticus 1.66 1.02 3.33 2.05 50 4.45 0.0666 7.52 251
19 R. ulmifolia 2.16 1.32 6.5 4.01 33 2.94 0.1969 8.27 2.76
20 Spirea canscens 0.83 0.52 2.5 1.54 33 2.94 0.075 5 1.66
21 Sorbaria tomentosa 0.33 0.21 1 0.61 33 2.94 0.0303 3.76 1.25
22 Spastiun junceum 2.33 1.43 7 4.32 33 2.94 0.212 8.69 2.89

Total 162.73 100 162.2 100 1122.8 100 3.0288 300 100

Where D=density; RD=relative density; F=frequency; RF=relative frequency; A=abundance; RA=relative abundance; IVI=importance

value index; RIVI=relative importance value index.

Table 3. Spatial variation in diversity, richness, evenness, dominance and similarity indices of shrubs at

different study sites.

M Diversity(H) Dominance (C) Richness (R) Evenness(E) Similarity index

I -1.4635553
Il -2.228731579

0.234732295
0.078809577

0.490918016
0.867850098

-0.44057404

0.499779292 375

evenness index and richness index maximum value were
obtained at site Il (H=2.228, E=0.499 and R=0.867) than
site | (H=1.463, E=0.440 and R=0.490). However, domi-
nance index revealed an inverse trend to that of Shannon
diversity with lowest values reported at site Il (C =0.078)
and highest at site | (C=0.234). Same were the findings of
Kharkwal et al. (2004). The abundance to frequency ratio
(A/F) indicated that most of the species at site | per-
formed contagious pattern of distribution except Lonicera
quinquelocularis showing random distribution while as at
site Il Sorbaria tomentosa showed slightly random
distribution and the rest of the species showed a con-
tagious type of distribution. The results are in con-
sonance with the findings of Shadangi and Nath (2005).

DISCUSSION

Species diversity is considered to be one of the key para-
meters characterizing ecosystem and a major component
of ecosystem functioning (Hutchenson, 1959). Species
diversity, considered to be an outcome of the evolution of
species in a biogeographic region is often a synthetic
measure of the structure, complexity and stability of the
ecosystem (Hubble and Foster, 1983). Species diversity
is also important for the stability and proper functioning of
ecosystems (Schlapfer et al., 1999), however, with
increasing disturbance in the vegetation, the plant species
diversity, richness and evenness are significantly reduced
(Dar and Kaul, 1987). Diversity is a combination of two
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factors: the number of species present, referred to as
species richness and the distribution of individuals among
species, referred to as species evenness or equability.
Species diversity therefore, refers to the variation that
exists among the different life forms. In the present study,
general structure of vegetation depicts that the species
number was greater at site Il (22) than at site | (13). The
reason for maximum number of species at site | could be
due to more availability of soil moisture and other environ-
mental factors present in this area due to more vege-
tation cover (Alhassan et al., 2006). Comparatively, results
of Shannon diversity at both sites fall within the range of
the study carried out by Kiss et al. (2004).The species
diversity was lower at site | (1.463) than site Il (2.228)
owing to adverse climatic conditions at this site (Shadangi
and Nath, 2005) or lower rate of evolution and diver-
sification of communities (Fischer, 1960). However, highest
species diversity at site Il might be due to the moderate
level of grazing or anthropogenic disturbances and invasion
of new species (Connell, 1978). Several studies mentioned
similar results pertaining to the present study emphasizing
moderate level of grazing promoted species diversity
(Rikhari et al., 1993). However, others like Lubchenco
(1978) considered it as a positive force that might
increase species diversity in the community by preventing
competitive exclusion by dominant species. The highest
values of dominance index at site | (0.234) and lowest
values (0.078) at site Il having inverse relationship with
diversity index (H) were also reported by Kharkwal et al.
(2004). The lower value of dominance at controlled forest
site showed that dominance of shrub layer is shared by
many species. The Pielou’s indices at both sites were
0.440 (site I) and 0.499 (site Il), indicating low dominance
and more or regular distribution of shrub species at both
sites. Lower richness values (0. 490) at site | could be
due to dry environmental conditions and also to slow
growth rate, and maximum value (0.867) at site Il could
be due to favourable climatic conditions (Abdullah et al,
2009).

Species grow together in a particular environment
because they have similar requirements for existence in
terms of environmental factors such as light, temperature,
water and soil nutrients and drainage etc. or they may
also share the ability to tolerate the activities of animals
and humans such as grazing, burning, cutting or tram-
pling (Wood et al., 1994). It is generally argued that each
individual species depends on some set of other species
for its continued existence and the species have co-
evolved in the ecosystem on which they depend (Paine,
1966). The loss of natural associations may be the
probable reason for supporting low number of species
(Walker, 1992). Ecological success, good power of regene-
ration and ecological amplitude of a species is governed
by high IVI. Highest value of density and 1VI by P. rugosa
and R. webbiana indicate their dominance due to environ-
mental suitability and ability of the species to survive

grazing may be due to non-palatability or prickly nature,
that is, adaption against herbivory or maximum utilization
of available resource by that species (Kukshal et al.,
2009). Difference in the species composition from site to
site is mostly due to microenvironmental changes (Mishra
et al., 1997). Abundance and frequency ratio (A/F) ratio
were in consonance with the study of Shadangi and Nath
(2005), Greig-Smith (1957) etc., which reveals that most
of the species were contagiously distributed whereas as
regular distribution was reported almost negligible during
present study. Dominance of contagious distribution may
be due to the fact that the majority of species reproduce
vegetatively in addition to their sexuality. Odum (1971)
described that in natural conditions, contagious distri-
bution is the most common type of distribution and is
performed due to small but significant variation in environ-
mental conditions while random distribution is found only
in very uniform environment. The Sorensen’s similarity
index shows that lower degree of similarity between sites
I and Il may be due to the different habitat conditions, non
adjacent location or varied biotic interference at these
sites.

Conclusion

The study concluded that with increasing disturbance in
the forest vegetation, the plant species diversity, richness
and evenness are significantly reduced and increase in
shrub diversity and evenness at protected site may be
due to less competition and availability of more space
and nutrients or due to less or controlled biotic stresses.
There is an urgent need to improve the vegetation cover
at site | which could be achieved through regular moni-
toring of livestock grazing and biotic interference in addi-
tion to providing alternate grazing sites for livestock that
will certainly tend to regenerate the vegetation of such
threatened areas. However, increasing human activities
like fuel fodder collection, harvesting of medicinal herbs,
burning of ground vegetation inside the national park
needs prime and immediate attention for sustainability.
It is further recommended that species with low VI need
to be restored on priority basis by providing protection
which ultimately help in regeneration process to maintain
diversity in the selected sites.
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Chlorophytum borivilianum (Family: Liliaceae), an important threatened medicinal herb is designated as
‘Rare’ in Red Data Book of Indian plants. In this study, random amplified polymorphic primer DNA
(RAPD) markers were used to assess the genetic diversity in six genotypes of C. borivilianum collected
from different geographical regions of Rajasthan, Madhya Pradesh and Jharkhand. Out of the 86 bands,
45 were found to be polymorphic and the level of polymorphism was 52.35% thus, revealing a high
degree of polymorphism. The maximum polymorphism was obtained using primer number 108 that was
90.90% and least with primer number 102 that was 12.5%. The Jaccard’s similarity coefficient ranged
from 0.70 + 0.186. The maximum similarity value was noticed between SM3 and SM5 genotypes
collected from KRD (M.P) and Maa Umaya farm (M.P.), respectively.

Key words: Chlorophytum borivilianum, genetic diversity, random amplified polymorphic primer DNA (RAPD),

genotypes.

INTRODUCTION

World Health Organization (WHO) has estimated that
more than 80% population of developing countries depends
on herbal medicines for their basic healthcare needs
(Canter et al., 2005). Chlorophytum borivilianum commonly
known as “Safed Musli”, a monocot belongs to liliaceae
family, is a member of a special class of Ayurvedic herbs
known as ‘Rasayana’ and falls into a group ‘Vajikarna’
that is Aphrodisiac (Marais and Reilly, 1978; Thakur and
Dixit, 2008).
Safed Musli commands an exorbitant price for its

processed products both in indigenous and global markets.
It is the latest sensation in the Indian herbal medicine,
gaining wide acceptance over the global neutraceutical
industries. It has been listed as an endangered species in
“Red data book of Indian plants” by the Botanical Survey
of India (Nayar and Shastry, 1998) and it is predicted that
if steps for its conservation are not taken, the Indian
forest will lose this valuable plant (Oudhia, 2001). National
medicinal plants board (NMPB) New Delhi, has recognized
Safed Musli as sixth important herb to be protected,
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Table 1. Chlorophytum borivilianum samples from different
locations of India.

S/N  Location Sample name

1 SM-1 (Udaipur, Wild) uw

2 SM-2 (Udaipur cultivated) uc

3  SM-3 (KRD farm, MP cultivated) KRD

4  SM-4 (MP wild) MW

5 SM-5 (MaaUmlya Farm, Jamli MU
MP,cultivated)

6  SM-6 (Jharkhand, wild) JK

promoted and preserved.

The genus includes more than 300 species, which are
distributed throughout the tropical and subtropical parts of
the world. Tropical and subtropical Africa is the probable
centre of origin of the genus, where about 85% of the
species are found in India. C. borivilianum is mainly
distributed in Southern Rajasthan, North Gujarat, Western
Madhya Pradesh and some part of Jharkhand and Bihar
(Maiti and Geetha, 2005). Among 300 species, 13 species
are reported in India and C. borivilianum is producing
highest yield of saponin among all species.

Germplasm conservation is the major prospective of
this rare medicinal herb along with other prospects. The
focus of this study was to achieve the molecular diversity
found in C. borivilianum for the selection of vigorous
germplasm which produces highest quantity of saponin
thatisits major bioactive compound. The study was focused
on major biodiversitical region producing Safed Musli
(wild and cultivated). The characterization of C. borivilianum
germplasm has been based mainly on phenotypic
characteristics. C. borivilianum shows wide morphological
and agronomic variations for roots (Geetha and Maiti,
2002). However, divergence studies made on the basis of
molecular markers provide precise information about
phylogenetic descriptive and hierarchical account of
individuals or groups of individuals.

The method of polymerase chain reaction with a set of
arbitrary primers (RAPD-PCR) was used to determine the
genetic variations and to estimate genetic diversity in
collected germplasm of C. borivilianum sant and frend.

RAPD markers have caught the fancy of many indivi-
duals in the field of applied plant breeding. RAPD due to
their low cost and high reproducibility have been used for
different purpose, such as assessment of genetic variability,
genetic relationship, identification of cultivars etc. in
number of crop plants. This molecular marker is based on
the PCR amplification of random locations in the genome
of the plant. The number of amplification products is
directly related to the number and orientation of the
sequences that are complementary to the primers in the
genome. RAPD was found to be simple and efficient
among the available DNA based techniques (Welsh and
McClelland, 1990; Williams et al., 1990) and furthermore
sequence information is not needed (Gepts, 1993; Karp
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et al.,, 1997). With the availability of this genetic tool,
genetic diversity and genetic analysis can also be
estimated (Chapco et al.,, 1992; Landry et al.,, 1993;
Demeke et al., 1996; Li et al., 2004) Furthermore, RAPD
techniques are advantageous because of their simple
requirement of a small quantity of DNA and their ability to
uncover a large number of polymorphisms (Cheng et al.,
1997; Carelli et al., 2006). In this study, C. borivilianum
accessions collected from the wild forests and organic
farms of Madhya Pradesh, Rajasthan and Jharkhand
were characterized using RAPD-random amplified poly-
morphic DNA markers, to study the molecular diversity
among the collected accessions.

MATERIALS AND METHODS
Plant material

Six accessions of C. borivilianum (Safed Musli) from three different
agro-climatic regions of India that is Madhya Pradesh (MP), Rajasthan
(Udaipur) and Jharkhand (three cultivated and three wild) were
used (Table 1).

DNA extraction

Plantlets grown from seeds on filter paper bridge were used for
DNA extraction: 3 g leaves obtained from each variety of plants
were homogenized in liquid nitrogen. DNA was isolated by Doyle
and Doyle (1990) method with some modifications. Pellets were
washed with 70% alcohol and dissolved in TE (Tris- CI-EDTA)
buffer after drying.

DNA quantification and dilution

The Quantification of DNA was carried out using Nano Drop ND
1000 spectrophotometer (NanoDrop Technologies, Wilmington,
USA). The DNA was again re-quantified by running it through
agarose gel (0.8%), 150 ml in 0.5 X TBE (Tris borate EDTA) buffer
containing 0.5 pg/ml of ethidium bromide. 5 ul of DNA sample was
loaded with a mixture of DNA loading dye, after electrophoresis gel
was viewed under UV. Presence of single compact band at the
corresponding position to A phase DNA (Control) indicated high
molecular weight of isolated DNA. The dilution was done with sterile
distilled water to ensure that all of the DNA samples have equal
concentration of 25 ng/pl.

RAPD polymerase chain reaction

For RAPD analysis, 50 primers from set # 1 obtained from the
University of British Columbia, Vancouver, Canada were screened.
Out of 50 primers, 15 primers were selected for the study and four
primers were removed because of their monomorphic nature and
poor reproducibility. PCR reactions were performed in final volume
of 25 pl containing 2.5 pl of 10 X Assay Buffer (“Puregene, Gband”);
0.5 units of Taq DNA polymerase (“Bangalore Genei”), 0.5 ul (200
uM) each of dNTPs (“Puregene, Gband”), 10 pmols/reaction of
random primers (British Columbia) and 1 pl (50 ng of template
DNA). The PCR was performed in ‘Biometra Thermo cycler’ using
the standard cycling parameters. Following the amplification, the
PCR products were loaded on 1.2% agarose gel (Himedia,
molecular grade), which was prepared in 1X TBE buffer containing
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Table 2. DNA yield based on absorbance (260nm) obtained from various Safed Musli samples.

Safed Musli samples

Ratio of A260/A280 Concentration of DNA (ng/ul)

SM-1 (Udaipur Wild,UW)

SM-2 (Udaipur cultivated, UC)

SM-3 (KRD farm, Indore)

SM-4 (MP wild, MW)

SM-5 (MaaUmiya Farm, Jamli MP, MU)
SM-6 (Jharkhand, JK)

1.97 2595.40
1.89 532.37
1.8 5043.08
1.8 805.30
1.86 707.16
2.1 671.62

0.5 pg/ml of the Ethidium Bromide. The amplified products were
electrophoresed for 3 - 3.5 h at 100 V with cooling. After separation,
the gel was viewed under UV trans-illuminator and photographed
by digital camera.

Gel analysis and scoring of RAPD product

In order to score and preserve banding pattern, photograph of the
gel was taken by a digital camera, under UV transilluminator. RAPD
bands were designated on the basis of their molecular sizes (length
of polynucleotide amplified). 200 bp ladders were loaded simul-
taneously with primer and product in the gel was used to estimate
the molecular sizes. The distance run by amplified fragments from
the well was translated to molecular sizes with reference to
molecular weight marker. The presence of each band was scored
as ‘1" and its absence as ‘0’. Faintly visible bands were not scored,
but a major band corresponding to faint bands was considered for
scoring.

Similarity matrix and cluster analysis

The statistical calculations were done using Free Tree programme
version, 0.9.1.50 (Pavlicek et al. 1999). Similarity matrices, was
constructed using the Jaccard’s similarity coefficient values (Rholf
et al., 2000) to find out genotypic relationship. The average distance
of a single variety from the rest of the genotypes was also cal-
culated. The 0/1 matrix data obtained from RAPD primers was
arranged to get separate similarity matrix which was subjected to
unweighted pair-group method with arithmetic averages (UPGMA)
analysis. This analysis generated dendrogram which was further
compared using the Mantel matrix correspondence test (MxComp
module of NTSyS).

RESULTS AND DISCUSSION

The present investigation included six accessions of C.
boriviianum (Safed Musli) from three different agro-
climatic regions of India that is Madhya Pradesh (MP),
Rajasthan (Udaipur) and Jharkhand. In this work, we
report on the results of genetic diversity in the collected
C. borivilianum genotypes (cultivated and wild), using
RAPD marker.

DNA isolation and RAPD analysis

A single sharp band corresponding to ADNA was

observed for all the samples of DNA on 0.8% agarose
gel. The quality of DNA was determined as the ratio
Azl Azgo Which ranged from 1.8 to 2.0, which is indicative
of good quality plant DNA and ration was almost con-
sistent, irrespective of the C. borivilianum samples. The
concentration of DNA preparation varied from 0.6 to 5.04
pg/ul for SM-3 and SM-6 respectively (Table 2). This is
because the stochastic nature of the band and banding
pattern of DNA amplification with RAPD, reproducibility of
the banding pattern has been found to change. Finally,
only those bands were considered as polymorphic, which
did not amplify in certain samples on repetition. The
banding pattern generated by each primer was primer
and species dependent and varied from 3-15 at 37°C
annealing temperature. A total of 86 amplicons were
obtained with 11 primers with an average of 7.8 bands
per primer (Table 3).

Out of 86 bands, 45 were found to be polymorphic and
the level of polymorphism was 52.35% (Table 3).The
most informative primers were 101 and 108 with maximum
polymorphic bands and least informative primer was 102
and 111 with 1 polymorphic band out of total 8 and 6
bands. The maximum polymorphism was obtained using
primer number 108 that was 90.90 % and least with
primer number 102 that was 12.5 %. None of the primer
produced all monomorphic bands (Table 4).

This probability was calculated by Simpson’s index as
described by Hunter and Gaston (1988). The discriminatory
power ranged from 0.35 to 1.0 for pattern generated by
various primers. The discriminatory index of value one
was obtained for the primers 129 and 160 which produced
unique banding pattern for all the varieties (Table 4).

Genetic relationship among the varieties/lines

The pair wise genetic similarity estimates (Jaccard’s
coefficient) based on RAPD banding pattern were used
for cluster analysis to present genetic relationship in the
form of dendrogram (Figure 1). The similarity coefficient
matrix was subjected to algorithm unweighted pair group
method for arithmetic average analysis (UPGMA) to
generate clusters. The Jaccard’s pair wise similarity coeffi-
cient value for six Safed musli samples are presented in
Table 5. The range of genetic similarity was found to
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Table 3. List of arbitrary primers with total polymorphic amplicons and polymorphism generated for six Safed Musli samples.

Total number of bands

Total number of polymorphic

Polymorphism (%)

Primers Sequence 5’-3’ @) band (b) b/a x 100
101 GCGGCTGGAG 8 7 87.5
102 GGTGGGGACT 8 1 12.5
105 CTCGGGTGGG 7 4 57.14
108 GTATTGCCCT 11 10 90.90
111 AGTAGACGGG 6 1 16.66
125 GCGGTTGAGG 6 3 50.00
127 ATCTGGCAGC 3 1 33.33
129 GCGGTATAGT 11 5 45.45
160 CGATTAAGAG 15 8 53.33
165 GAAGGCACTG 6 3 50.00
170 ATCTCTCCTG 5 2 40.00

86 45 52.35

Table 4. Primer

discriminative

power (D).

Primer D at 37°
101 0.54
102 0.60
105 0.88
108 0.74
111 0.35
125 0.88
127 0.74
129 1.00
160 1.00
165 0.88
170 0.61

Table 5. Jaccard’s similarity coefficient for six Safed Musli genotypes based on RAPD profiling

Parameter Uw ucC KRD MW MU JK
uw 1.00

uc 0.67 1.00

KRD 0.73 0.71 1.00

MW 0.74 0.68 0.71 1.00

MU 0.76 0.69 0.80 0.79 1.00

JK 0.68 0.68 0.64 0.71 0.67 1.00

be between 0.64 (KRD and JK) to 0.80 (KRD and MU).
The average genetic similarity coefficient observed was
0.70 + 0.186.

Dendrogram based on UPGMA analysis spitted into
three clusters, in which one cluster contains four Safed
musli genotypes while two other clusters contain single
genotype each. Cluster containing four genotypes were

UW, KRD, MU and MW while UC and JK clustered
themselves as a single entry. UC spitted as a distinct
entry at 0.68 Jaccard’s similarity coefficient while JK
spitted at 0.67 similarity coefficient. Sixteen genotype
specific allelic positions were generated through seven
primers out of 11 RAPD primers used. Maximum four
allelic positions were obtained using the primer no. 108
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KRD

MU

JK

050 0.63 0.75

0.88 1.00

Coefficient

Figure 1. Dendrogram generated for six Safed musli genotypes using UPGMA cluster analysis based on Jaccards’ similarity

coefficient for RAPD data.

and 160. All the obtained specific allelic positions can be
used for the variety identifications.

In this study, the extent of genetic diversity in cultivated
and wild variety of C. borivilianum, obtained from central,
western and eastern parts of India was determined using
RAPD markers (Figure 2). Several reports are available
to demonstrate the use of RAPD markers for determination
of genetic variation in plants. Genetic diversity assessment
of nine accessions of C. borivilianum from central India
was studied by PCR based Molecular marker RAPD
(Dwivediand Sharma, 2011). Identification and assessment
of genetic relationship in three Chlorophytum species of
and two high vyielding genotypes of C. borivilianum
through RAPD markers were done (Sanghamitra et al.,
2011). Tripathi et al. (2012) also observed genetic
similarity using RAPD markers among C. borivilianum
accessions collected from different places of Central
India. Our results are also in agreements with other
researchers. Shi et al. (2008) studied on the genetic
diversity among cultivated and wild variety of C. chinensis
using ISSR markers and found similar results as we
found in our results that there is very less diversity among
cultivated and wild variety of plant, although it can be said
that geographical and agro climatic factors plays

important role in the genetic diversity.

Conclusion

The level of RAPD variation in the population of C.
borivilianum has been investigated. RAPD variation was
found in accessions of different agro climatic regions of
India. It can be suggested that RAPD markers have the
potential to detect genetic variability among different
populations of C. boriviianum. RAPD marker will have
impact on vigorous germplasm selection and its presser-
vation. However, this study is not complete in terms of
sample size and area coverage; hence a more extensive
genetic diversity investigation including areas not covered
yet should be done representing a population by as many
collections as possible and awareness of the public about
the importance, value of conservation and sustainable
utilization of  this plant genetic diversity should be
promoted.
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Control SM1 SM2 SM3 SM4 SM5 SM6 Control SM1 SM2 SM3 SM4 SM5 SM6

Plate 1. RAPD PRIMER NO. 104 Plate 2. RAPD PRIMER NO. 105

Control SM1 SM2 SM3 SM4 SM5 SM6 Control SM1 SM2 SM3 SM4 SM5 SM6

Plate 3. RAPD PRIMER NO. 115 Plate 4. RAPD PRIMER NO. 121

Control SM1 SM2 SM3 SM4 SM5 SM6 Control SM1 SM2 SM3 SM4 SM5 SM6

iy~ ~ o

Plate 5. RAPD PRIMER NO. 106 Plate 6. RAPD PRIMER NO. 103

Figure 2. RAPD profiles of six C. borivilianum genotypes.
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Physico-chemical changes may have the tendency to accumulate in the various organs of estuarine
organisms, especially fish which may in turn enter into the human metabolism through consumption
causing serious hazards. Hence, the present study was carried out to determine the physic-chemical
characteristics of water and Ichthyofauna in Arasalar Estuary in Southeast coast of India for the period
of one year from September 2012 to August 2013. The environmental parameters such as, temperature,
pH, salinity, dissolved oxygen (DO), silicate, nitrate and phosphate were observed at the Department of
Zoology, Rajah Serfoji Government College, Thanjavur, Tamil Nadu, India. During the period of study, air
temperature varied from 28.8 to 35°C. The surface water temperature also varied from 25 to 31.5°C. The
monthly mean values of hydrogen ion concentration of water varied from 7.1 to 8.2. The salinity of water
varied from 5.5 to 34%. Dissolved oxygen in Arasalar estuary varied from 3.5 to 7.2 mg/l. The total
phosphorus varied from 0.29 to 2.15 pg/l. The nitrate varied from 0.47 to 3.75 ug/l. The silicate content
varied from 28.25 to 198.74 ug/l. Totally, 866 fishes were collected belonging to 4 orders and 5 families.

Mystusgulio was found to be the dominant species (25.40%) in the study area.

Key words: Arasalar estuary, physico-chemical parameters, ichthyofauna diversity.

INTRODUCTION

Estuaries have very high potential for fishery development
in the wild, therefore, are considered as the potential
source for feeding, spawning and nursery ground for
most of the finfishes and shellfishes. The faunal distri-
bution and productivity of estuary depend on various
physico-chemical factors such as temperature, pH,
salinity, DO and micro nutrients such as nitrate, phos-
phate and silicate. Several investigations have been

carried out on the physico-chemical features of southeast
Indian estuaries and Uppanar estuary (Nedumaran et al.,
2011). The fluctuation of physico-chemical characters in
estuarine environment has a profound influence on the
occurrence of the juveniles of fish stocks. The fish com-
munities of the Australian estuary have been investigated
(Loneragon et al., 1986; Blaber et al., 1989; Morton, 1989;
Moyle et al., 1986). The Arasalar Estuary is located on
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Figure 1. Study area map.

eastern side, 100 km away from Rajah Serfoji Government
College, Thanjavur, Tamil Nadu, India. It is assumed that
the combination of anthropogenic activities and the
discharge of domestic sewage into the estuary might
influence the biodiversity of the estuarine system. The
water quality and biological diversity of this estuarine
area are deteriorating, mainly due to rapid increase in
human settlement, industrialization and sanitation
(Ragothaman and Patil, 1995). Few work has been
published on the physico-chemical characteristics in
relation to ichthyofaunal diversity in Arasalar Estuary,
hence the present study was conducted to study the
physico-chemical parameters and distribution of
ichthyofauna in the Arasalar Estuary, southeast coast of
India.

MATERIALS AND METHODS
Study area

Arasalar Estuary is situated at Karaikal (Lat. 10° 55’; N and Long.79°
52'E) of the Bay of Bengal, southeast coast of India (Figure 1). In
the present investigation, monthly samplings were carried out from
September 2012 to August 2013.

Analysis of physico-chemical parameters

Water and air temperature was measured using a standard Celsius
thermometer with the accuracy of + 0.5°C. The pH of water was
recorded in the field by using Elico pH meter (model — LI-120). The
Mohr-Knudsen titration procedure and Winkler's method was
followed for salinity and dissolved oxygen quantification,

respectively (Strickland and Parsons, 1972). For analysis of nutrients,
surface water samples were collected in clean polyethylene bottles
and kept in an ice box and transported immediately to the laboratory.
The water samples were filtered using a Millipore filtering system
and analyzed for total phosphorus, nitrate and silicate by adopting
the standard methods described by Strickland and Parsons (1972).

Collection and identification of fin fishes from Arasalar Estuary

In order to estimate the fishery potential, a cast net measuring 2.5
m length, with a mesh size varying from 7 mm at the base and 15
mm at the apex was employed for the collection of fish throughout
the period of study. The net was hauled ten times during every
collection at each sampling site. The collected specimens were
identified up to species level. The fin fishes were identified by using
the description and key given by Day (1889a, b) and Nelson (1976).

RESULTS
Physico-chemical parameters

Monthly variation in meteorological and physico-chemical
parameters namely: the correlation coefficient (r) values
between the environmental parameters like air and surface
water temperature, pH, salinity, dissolved oxygen, phos-
phate; nitrate and silicate content in Arasalar estuarine
water were recorded for a period of one year from
September 2012 to August 2013 (Table 1). The north
east monsoon in Tamil Nadu brings very heavy rain
during the October, November and December months.
The pattern of rainfall facilitates the divisions of the year
into post monsoon (January - March) summer
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Table 1. Correlation coefficient (r) values between the environmental parameters.

Parameters  At.temp. W.temp. pH Salinity DO Silicate Phosphorous Nitrate
At. temp. 1
W. temp. 0.7618 1
pH 0.8244 0.7918 1
Salinity 0.8396 0.714 0.88582 1
DO -0.608 -0.721 -0.6831 -0.6439 1
Silicate -0.745 -0.639 -0.7843  -0.9036 0.8024 1
phosphorous -0.647 -0.781 -0.6643 -0.7924 0.765 0.8457 1
Nitrate -0.827 -0.786 -0.8295 -0.9144 0.8518 0.9042 0.8356368 1
40
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Figure 2. Monthly variations of Atmospheric temperature during September 2012 to August 2013.

| (April — June), pre monsoon (July — September) and
monsoon (October — December). During the study period,
air temperature varied from 28.8 to 35°C, the minimum
was recorded during monsoon season (December 2012)
| and maximum during the summer season (May 2013)
(Figure 2). The surface water temperature varied from 25
to 31.5°C. The minimum surface water temperature was
recorded during monsoon season (November 2012) and
maximum was recorded during the summer season (May
2013) (Figure 3). The monthly mean values of hydrogen
ion concentration of water varied from 7.1 to 8.2.
Maximum values of pH were observed in the summer
season (May 2013) and minimum values were recorded
in the monsoon seasons (December 2012) (Figure 4).
The salinity in Arasalar estuary varied from 5.5 to 34%.
Minimum salinity (5.5% was recorded during monsoon
(November 2012) and was slowly built up during post

monsoon, and attained maximum value (34%) during
summer seasons (May 2013) (Figure 5). Dissolved oxygen
in Arasalar estuary ranged from 3.5 to 7.2 ml/l, while the
minimum DO was recorded during the month of June,
2013, maximum value occurred in the month of November
(2012) (Figure 6). For dissolved phosphorus, the monthly
values recorded in Arasalar estuary ranged from 0.29 to
2.15 pg/l. The total phosphorus was minimum in the
month of June, 2012 and maximum during the month of
November, 2012 (Figure 7). The nitrate varied from 0.49
to 3.75 pg/l. Minimum was recorded during the month of
June, 2013 and the maximum during the month of
October, 2012 (Figure 8). The monthly variation of silicate
recorded in Arasalar estuary varied from 28.25 to 98.94
pa/l. Minimum silicate was recorded during the month of
May, 2013 and maximum during the month of November,
2012 (Figure 9).
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Figure 4. Monthly variations of pH during September 2012 to August 2013.

Ichthyofauna diversity of Arasalar Estuary

A total of 866 fishes were collected, they belong to 4
orders and 5 families in the study area (Figure 10). Mystus
gulio accounted for about 25.40% and Liza parsia was
the second dominating fish contributing 21.94% of the
total. Mugil cephalus occupied the third rank with 20.20%.
Sillago sihama with 17.89% Chanos with 6.69% and
Oreochromis mossambicus with 7.85% ranking fourth,
fifth and sixth species.

DISCUSSION

The monthly variations in meteorological and physico-
chemical parameters such as, rainfall, air and surface

water temperature, pH, salinity, dissolved oxygen, phos-
phate, nitrate and silicate contents in Arasalar estuarine
waters were recorded for a period of one year from
September 2012 to August 2013. The surface water tem-
perature largely depends on the intensity of solar radiation,
evaporation, freshwater influx, cooling and mixing due to
currents and tidal flow. Surface water temperature also
showed a similar trend of monthly variation as that of air
temperature and the high values were reported during the
summer season (May, 2013) and lower values during the
monsoon season (December, 2012). The gradual increase
in water temperature from monsoon to summer is directly
related to atmospheric conduction and radiation. Similar
findings were reported by Thangaraj (1984).During the
study period, air temperature varied from 28.8 to 35°C.
The minimum was recorded during monsoon season
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Figure 10. Diversity of Ichthyofauna in Arasalar Estuary during September 2012 to

August 2013.

(December, 2012) and maximum during the summer
season (May, 2013). Dissolved oxygen is one of the most
important parameters, which reflects the physical and
biological processes of water. The dissolved oxygen
content depends upon the photosynthetic activities,

monsoonal floods and the turbulence caused by winds
(Nedumaran et al.,, 2011). In the present study, the
dissolved oxygen concentration was low during summer
and high during monsoon period. During 2012, the dis-
solved oxygen concentration was low as compared to



2013, which may perhaps be due to low rainfall recorded
during that period. The trend noticed in the present study
is in accordance with the findings of hydrology and heavy
metals (Rajasegar, 2003). The seasonal variation of salinity
in Arasalar estuary is graphically represented in Figure 3.
A marked seasonal change in salinity was observed
throughout the study period. Minimum salinity was recorded
during monsoon (December, 2012) and increased slowly
during post monsoon, and attained maximum value
during summer seasons (May, 2013). Salinity acts as a
prime factor among the most important environmental
parametersinthe distributions of living organisms (Chandra
Mohan and Sreevanivas, 1998). The salinity variation in
the exchange of ions and nutrients is because of the tidal
flow and is low during the monsoon season in the
Arasalar estuary. The present study is in conformity with
the earlier reports from Vellar estuary (Palpandi, 2011;
Singbal, 1976) Uppanar backwaters (Murugan and
Ayyakannu, 1991; Soundarapandian et al., 2009). The
monthly mean values of hydrogen ion concentration of
water varied from 7.1 to 8.2. Maximum values of pH were
observed in the summer season (May, 2013) and
minimum values were recorded in the monsoon seasons
(December, 2012). The minimum values of pH during
monsoon in the study area may be controlled by the
influence of freshwater discharge, rainfall and the decom-
position of organic matter as stated by Ragothaman and
Patil (1995) and Upandhayay (1998). The photosynthetic
activity may cause high pH, because of bicarbonate
degradation by carbonic anhydrase associated with
photosynthesis (Rajkumar et al., 2009). In the present
study, the total phosphorus and nitrate were found to be
higher during monsoon periods and decreased slowly
from summer on wards. High concentration of total
phosphorus during monsoon season is due to heavy
rainfall, decomposition of particulate organic matter,
industrial effluents and from the agricultural discharges
from the adjacent lands there are serious omissions.
Such monsoonal maximum and summer minimum in the
total phosphorus concentration was also reported from
Vellar estuary (Chandran and Ramamoorthi, 1984).

The peak values of silicate observed during monsoon
may be attributed to the heavy fresh water influx and land
run off which carries silt and other silicon deposits from
upper to reach the river. Observations similar to the
present study were reported earlier (Qasim et al., 1969;
Ansari and Rajagopal, 1974) in Cochin back waters (Nair
et al., 1983), Ashtamudi estuary (Praba Devi, 1986) and
Coleroon estuary. The silicate concentration also showed
negative relationship (r=-0.9036) with salinity, which was
also noted earlier in Vellar estuary (Chandran and
Ramamoorthi, 1984; Thangaraj, 1984) and in Kerala
backwaters (Sarala Devi et al., 1983). The diversity is an
important tool to study a variety of species in a particular
area and to evaluate the abundance of individuals within
each species (Ramaiyan et al., 1986). In the present

Raju et al. 867

study, totally 866 fishes belonging to only five species
was observed in the study area which may be due to the
stable environmental condition at the study area. Similarly,
high diversities were observed by Morton (1989) in the
Cochin waters and in the Vellar estuary (Chandran, 1982),
and they attributed this is to the stable environmental
condition. The diversity values observed in the present
study were comparable to the results of Shanmugam
(1985) and Chandrasekaran (1986) in Vellar estuary. The
conclusion of the present study is that physico-chemical
parameters influence the Ichthyofaunal diversity and
Arasalar estuary are not extremely pollutant but at the
same time there is possibility of gradual addition of heavy
metals in due course. It reveals that the estuarine
environment is largely influenced by the annual cycle of
monsoon.
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Prunus africana is a globally threatened indigenous medicinal tree species, and food for many primates.
Its population has declined in Sub-Saharan Africa due to unsustainable harvest and poor protection. In
this study, we determined the population density, population structure and regeneration status of P.
africana in the former clear felled, selectively logged and primary forests of Kibale National Park, and
assessed the effects of dense cover of Acanthus pubescens on its regeneration. Trees were measured
from 180 randomly established plots. The densities of P. africana seedlings and saplings differed
significantly among the three forests while that of poles and mature trees did not. The density of
seedlings was significantly higher in the selectively logged than in primary forests. The density of
saplings was higher in clear felled than in selectively logged forests. Tree density was not negatively
affected by A. pubescens cover. Clear felled areas had a more stable population structure with better
regeneration, while selectively logged and primary forests had unstable population structures with poor
recruitment potential. Our results show that P. africana regenerates more in intensively disturbed forest
areas than less disturbed or primary forests, highlighting the importance of regenerating forests in the
conservation of P. africana.

Key words: Acanthus pubescens, density, disturbance, population dynamics, regeneration, restoration, size
class distributions, succession, tropical forest.

INTRODUCTION

African cherry (Prunus africana (Hook.f.) Kalkm.) is a Genetic Resources as a species with maximum action
globally vulnerable tropical tree species (IUCN, 2013), priority in Africa (Navarro-Cerrillo et al., 2008). The popula-
included as Appendix Il by CITES in 1995 (Cunningham tion of mature sized trees has declined in many Sub-
et al.,, 1997), and by FAO panel of Experts on Forest Saharan African forests due to subsistence and large
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scale bark harvests for medicinal trade (Stewart, 2009;
Jimu, 2011; Jimu etal., 2012). In Cameroon, Stewart (2009)
showed that the number of surviving trees reduced in all
size classes as a result of past harvesting. In Kibale
National Park (KNP), a mean density of only 0.4 trees per
ha has been reported (Chapman and Chapman, 1997).
Moreover, P. africana is a highly preferred food source
for many primates and frugivorous birds (Chapman and
Chapman, 2002; Fashing, 2004).

Despite its threatened status, few tropical studies have
examined its density, population structure, size class
distributions and regeneration status as recommended by
CITES, (2006) (but see, Fashing, 2004; Eilu and Obua,
2005; Kasenene, 2007a). Knowledge of tree population
structure and density is important for understanding the
status of regeneration of the species (Tesfaye et al.,
2010). Kasenene (2007a) found significantly higher den-
sities of P. africana saplings and poles in logged than in
the unlogged coniferous forest of KNP.

Furthermore, the reproduction process of P. africana is
not well documented. According to Farwig et al. (2006)
and Berens et al. (2013), many seeds fall under the tree
crown after heavy fruiting and are likely dispersed by
frugivorous birds and monkeys. Despite massive seed
production, its recruitmentinto the reproductive size classes
is limited (Hall et al., 2000). The regeneration of P.
africana is generally very low or sporadic (Stewart, 2003),
reproducing best in large gaps and forest margins
(Njunge, 1996; Ndam, 1996), probably due to lower
predation rates at gaps and forest margins.

Tree regeneration processes, like seedling establish-
ment, spatial distribution and population structure, might
also be influenced by past disturbances, logging methods,
colonizing vegetation, gap sizes, canopy cover, seed
reproduction and dispersal (Vieira and Scariot, 2006;
Bognounou et al., 2010). These factors can determine
seedling recruitment, which is a critical part in tree
development, because they can determine the rates of
regeneration, growth forms and composition of mature
populations. For example, in Kibale forest, the opportunistic
woody herb, Acanthus pubescens Engl. (Acanthaceae)
can colonize and dominate large canopy gaps created by
logging. The resulting dense herb cover might interfere
with the tree seedling establishment, growth and survival
(Chapman et al., 1999; Paul et al., 2004; Lawes and
Chapman, 2006), due to changes in light and nutrient
availability (Duclos et al., 2013).

In this paper, we assessed the population and regenera-
tion status of P. africana in the former clear felled coni-
ferous plantation, selectively logged and primary forests.
The specific objectives were to: 1) determine the population
densities of seedlings, saplings, poles and mature indivi-
duals of P. africana in the clear felled, selectively logged
and primary forests; 2) assess the size-class distributions
and regeneration status of P. africana in the different
forest areas; and 3) determine the effects of dense cover

of A. pubescens on the regeneration of P. africana. We
predicted that the recruitment rate of P. africana would be
higher in the former clear felled and selectively logged
areas than in the primary forest areas (Fashing, 2004).
We expected to find higher densities (individual/ha) within
the former clear felled and selectively logged than in the
primary forest areas. We also anticipated that the densities
of P. africana would negatively correlate with the cover of
A. pubescens (Chapman and Chapman, 2004).

MATERIALS AND METHODS
Study area

This study was conducted in the Kanyawara compartments of
Kibale National Park (KNP), located 20 km south-east of Fort
Portal, western Uganda (0'13'-0"41' N and 30"19'-30'32' E). The
park covers approximately 795 km?. Rainfall is highly variable, but
generally bimodal with peaks between March-May and
September—November (Struhsaker, 1997). Mean annual rainfall at
Kanyawara averages 1547 mm year™ and annual means for daily
minimum and maximum temperatures are 14.9 and 20.2°C (1990-
2001), respectively (Chapman et al., 2005).

The study sites were located in four regenerating aged forests of
the former clear felled coniferous plantation, hereafter referred to as
‘clear felled areas’, RAC9, RAC11, RAC14, RAC19, name indicating
the approximate years since clear felled (Table 1, Nyafwono et al.,
2014; Malinga et al., in press); three natural forest compartments
selectively logged at varied intensities between 1967 and 1969
(K13, K14 and K15); and two primary forest compartments (K30
and K31). Compartment K13 was heavily logged (50% basal area
reduction) during 1968-69 and treated with aboricide, Finopal (2:1
mixture of 2,4-D and 2, 4, 5-T). K15 was heavily logged from 1968
to 1969 (40% basal area reduction), whereas K14 was lightly
selectively harvested in 1969 with basal area reduction of 25-27%.
The primary forest compartment K30 had only two to three trees per
hectare felled by pit sawyers in 1970 with minimal impact, while K31
was not harvested (Struhsaker, 1997). Logging activities resulted
into large canopy gaps and forest tracts at various levels of
disturbances and degradation (Kasenene, 2007b).

Study species

P. africana (Hook. f.), also known as African cherry, belongs to the
subfamily Prunoideae in the Rosaceae family and genus Prunus. It
is an evergreen canopy tree species that can grow between 25 to
30 m in height (Hall et al., 2000). It is distributed primarily in
montane and middle-elevation forests of Sub-Saharan Africa (Hall
et al., 2000, Stewart, 2009). The leaves are simple, alternately
arranged, and elliptic to oblong or slightly ovate. The flowers are
small, creamy white, androgynous, wind pollinated and are distributed
in axillary racemes of 3.5-8 cm long (Lovett et al., 2006). The fruit is
a red or red-brown ellipsoid drupe, 0.7 cm long and 1.1 cm in
diameter (Hall et al., 2000; Lovett et al., 2006), and is dispersed by
birds and monkeys (Fashing, 2004).

Study design and tree measurement

The Kanyawara forest area in KNP was classified and mapped a
priori into nine differently aged successional forests by inspection of
Landsat images (Malinga et al., in press). In each of the nine aged



Owiny and Malinga 871
Table 1. Mean density (individuals ha™®) of P. africana in different size classes among the different forests areas.
Variable Mean density (individuals ha’l) Kruskal-Wallis test
Clear felled Selectively logged Primary forest )(2 df P
Seedlings 11.25+4.36 16.67 £5.40 0 6.53 2 0.04
Saplings 7.50 + 3.99 0 0 9.05 2 0.01
Poles 3.44+1.52 0.42+£0.41 0.63+0.63 4.41 2 0.13
Mature trees 2.81+1.37 6.25+ 2.65 0.31+0.31 2.46 2 0.29

successional forest, the location of 20 sampling plots was randomly
established using a relative grid system, based on the actual sizes
of RACs (RAC9-RAC19), and others (K13, K14, K15, K30 and K31)
approximately on the same sized areas as RACs. At each GPS
location, study plots were established with sides oriented to north
(40 m) and east (20 m) direction. If the plot extended into foot trails
or inaccessible points such as steep slopes, it was re-oriented
perpendicular from that direction.

In each plot, we counted the number of individuals and measured
for either stem diameter (saplings, poles and mature trees) or diameter
above the root collar for seedlings (Kent and Coker, 1992). The
species was identified by a trained botanist at the Makerere
University Biological Field Station (MUBFS) Mr. Richard Sabiti, and
voucher specimens have been deposited at MUBFS. The diameter
of saplings, poles and mature trees were measured at the 1.3 m
height, that is, diameter at breast height (DBH). Tree diameters of
mature trees (diameter class > 20 cm), poles (diameter class 10-20
cm), saplings (diameter class 5-10 cm) and seedlings (diameter
class 0-5 cm) were measured in nested plots of 40 x 20, 20 x 20,
20 x 10 and 10 x 10 m, respectively. At each plot, we visually
estimated the percentage cover of Acanthus pubescens as follows:
0, <1% = 1, <10% = 10, <20% = 20, <30% = 30, etc. Because of low
tree observations, in each aged successional forest, plots were
regrouped into three forest areas based on previous history of
disturbance, namely; clear felled (RAC9, RAC11, RAC14 and
RAC19, logged between 9 to 19 years ago (80 plots)); selectively
logged (K13, K14 and K15, logged 42-43 years ago (60 plots)); and
primary forests (K30 and K31 (40 plots)), respectively.

Data analysis

For each of the three forest areas, we assessed the densities
(individuals ha) of P. africana in each size class (seedlings,
saplings, poles and mature trees). A non-parametric Kruskal-Wallis
test was used to compare P. africana densities in each size class
among forests, since the data were not normally distributed.
Whenever differences were significant, Mann-Whitney U test as a
pair wise comparison was used. All analyses were conducted with
IBM SPSS Statistics, Version 19.

To examine the population structure (distribution of individuals in
the different size classes) and regeneration patterns of P. africana,
in each of the three forests, tree counts were converted into
densities (individuals ha) (Venter and Witkowski, 2010). Popu-
lation structure and regeneration status of P. africana was analyzed
by computing the slope of regression of size class distribution
(SCD) as proposed by Condit et al. (1998) and Lykke (1998). Tree
diameters were categorized into thirteen size classes: [0.1 to 5],
[5.1 to 10.0], [10.1 to 15.0], [15.1 to 20.0], [20.1 to 25.0], [25.1 to
30.0], [30.1 to 35.0], [35.1 to 40.0], [40.1 to 45.0], [45.1 to 50.0],
[50.1 to 55.0], [55.1 to 60.0] and [> 60.0 cm]. The linear regression
slope of SCD was calculated with the size-class distribution
midpoint (d) as the independent variable and the number of

individuals (N;) in each size class as the dependent variable. In
order to obtain straight line plots (Obiri et al., 2002), N; was
transformed by In(N; + 1) because some size classes were without
individuals. The regression was calculated between d; and In(N; + 1)
(Lykke, 1998; Obiri et al., 2002; Venter and Witkowski, 2010). SCD
slopes of regressions were used as indicators of recruitment and
population structure (Obiri et al., 2002; Mwavu and Witkowski,
2009; Tabuti, 2007; Venter and Witkowski, 2010). Negative slopes
indicate good recruitment, with proportionally more individuals in
smaller than in larger size-classes. A flat distribution with a slope of
zero indicate approximately equal numbers of individuals in smaller
and larger size-classes, while positive slopes indicate unstable or
poor recruitment with more trees found in larger than in smaller size
classes (Obiri et al., 2002). The steepness of the slope was further
used to describe the recruitment trends in the different forest areas.
Steep negative slopes indicate better recruitment than shallow
slopes (Lykke, 1998; Mwavu and Witkowski, 2009).

To test for the associations between A. pubescens cover at each
study plot, and its influence on P. africana tree density, spearman
rank correlation was calculated. We used Kruskal-Wallis test to
compare the distribution of A. pubescens cover between the clear
felled, selectively logged and primary forests, since the data was
not normally distributed.

RESULTS AND DISCUSSION

Population densities of P. africana in the different
forest areas

We recorded significant differences in the densities of P.
africana seedlings and saplings across the three forest
areas (Table 1). The densities of poles and mature trees
did not differ significantly across the three forest areas
(Table 1). According tothe pairwise tests, seedling densities
differed, and were significantly higher in the selectively
logged than in the primary forests (Mann-Whitney U test,
z=-2.552,P=0.011, Figure 1). Sapling density also differed,
and were significantly higher in the clear felled than in the
selectively logged forests (z = -2.342, P = 0.019), but no
significant difference was found for sapling density
between selectively logged and primary forests (P = 1.00,
Figure 1). The high density of P. africana seedlings and
saplings recorded in the selectively logged or clear felled
areas in comparison with the primary forests support
several previous studies indicating that P. africana can
regenerate well in the more disturbed or forest gaps than
in less disturbed forests (Kiama and Kiyrapi, 2001; Ndam,
1996; Fashing, 2004). This suggests that the tree is a
light demanding secondary forest species.
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Figure 1. Population density (individuals ha) of P. afficana in the clear felled,
selectively logged and primary forest areas in KNP.

Population structure and recruitment in different
forests

Our results indicated that P. africana population structure
in clear felled areas had a significant negative SCD slope
(Slope=-2.176,r*=0.77,P<0.001, Figure 2) and aninverse
J-shaped size classdistribution, with aconsiderably smooth
decline in the number of individuals from smaller to larger
size classes (Figure 2). Such a trend is an indication of a
healthy and stable population that are naturally replacing
themselves through good recruitment (Condit et al., 1998;
Mwima and McNeilage, 2003; Muoghalu, 2006; Tabuti,
2007). In contrast, the population structures of P. africana
in the selectively logged and primary forests had positive
slopes (Figure 2) which is indicative of an unstable popu-
lation with a poor recruitment potential, that is, there are
more individuals in the larger than in the smaller size
classes. Such recruitment bottlenecks can weaken the
population structure which might lead to local extinction
of species (Obiri, et al., 2002; Tabuti and Magula, 2007;
Gwali et al., 2009). The higher rates of recruitment of P.
africana in clear felled areas might partly be due to higher
rates of seed dispersal or seed banks in clear felled as
compared to the selectively logged or primary forests
(Farwig et al.,, 2006; Tesfaye et al., 2010). Previous
studies have shown that P. africana trees in disturbed
areas are visited more by dispersal agents, e.g., birds
and monkeys than those in the primary forest (Chapman
and Chapman, 2004; Farwig et al., 2006). The poor

regeneration recorded in the primary or selectively logged
forests could be attributed to insufficient light penetrating
the forest floor (Fashing, 2004; Jimu et al., 2012).

Influence of A. pubescens cover on the regeneration
of P. africana

At plot level, the cover of A. pubescens differed
significantly between the clear felled, selectively logged
and primary forests (Kruskal-Wallis test, x* = 12.75, df =
2, P = 0.002). Despite significant variations between
forests, the cover of A. pubescens was positively
associated with density of P. africana (Spearman
correlations; rho = 0.21, P = 0.004) suggesting that, the
increase in A. pubescens cover might not affect
regeneration of P. africana as we expected. In KNP,
dense A. pubescens cover occurs in logged sites and
canopy gaps. This herb cover limits forest regeneration
by slowing down tree seedling establishment, growth and
survival by altering the light and nutrients availability to
tree seedlings (Lawes and Chapman, 2006; Duclos et al.,
2013). The high tolerance of P. africana to A. pubescens
cover might be a result of its ability to grow relatively fast
or establish in shade (Kiama and Kiyrapi, 2001; Meunier
et al., 2010). Our result suggest that P. africana might be
an ideal species for forest restoration activities in logged
areas dominated by extensive A. pubescens cover like in
KNP.
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Conclusion

In this study, we showed that clear felled and selectively
logged areas support proportionally higher densities of P.
africana seedlings and saplings than primary forests
suggesting that itis a light demanding species. Additionally,
our results show that A. pubescens cover does not nega-
tively affect the regeneration of P. africana in KNP. Clear
felled areas had a stable population structure, with good
recruitment potential, whereas that in the selectively logged
and primary forests was unstable and had poor regenera-
tion. Thisindicates that P. africana requires relatively heavy
disturbances in order for it to regenerate, high-lighting the
importance of the studied regenerating forests in the
conservation of the tree species.
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