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ABSTRACT

Impact of climate and crop phenology on abundance of mango hopper was studied in mango cv. Alphonso under
field conditions from 1997 to 2007 at Agriculture Experimental Station, Navsari Agricultural University, Paria, Gujarat.
Overall average hopper population (irrespective of crop stages) was 1.31/twig or panicle. During peak activity year (2005-
2006), highest hopper population was 5.74 (peak 29.70 at 8" Standard week)/twig or panicle when maximum, minimum and
average temperatures were 31.19, 18.73 and 24.96 °C, respectively. Relative humidities during the same year were 89.16
(morning), 59.55 (evening) and 74.35 (average) per cent, respectively. Rainfall, rainfall days, sun shine and wind velocity
were 60.99 mm, 1.60, 7.55 hours and 3.72 km/hours, respectively. During this period, hopper population exhibited
significant positive correlation with maximum temperature ('r' = 0.3864) and sun shine ('r' = 0.4351). While, hopper
population indicated significant negative correlation with minimum and average temperature ('r' = - 0.4652 and — 0.3031),
evening and average relative humidity ('r'=-0.5102 and -0.4737) and rainfall days ('r'=-0.4181). Total contribution of all the
abiotic factors on fluctuation of hopper population during 2005-2006 was 35.71 per cent (R=0.6673 significantat 1 % level).
Hopper population during the peak activity year peaked on pea cum marble stage of the crop (25.99/panicle) followed by
13.76 hoppers at stone sized fruit stage of the crop. So, it may be concluded that most critical weather condition for peak
abundance of hopper population during peak activity year was 33.74 (maximum), 12.14 (minimum) and 22.94 °C (average)
temperature, 41.42 (evening) and 65.21 per cent (average) relative humidity and 9.80 hours of sun shine. Slight increase in
temperature (minimum and average) (0.06 and 0.29 °C), relative humidity (1.32-3.20 %) and rainfall (17.09 mm) and slight
decrease in rainfall days (0.06), sunshine (0.12 hours/day) and wind velocity (0.50 kms/hour) are conducive for sharp rise in

hopper population.
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INTRODUCTION

Mango (Mangifera indica L.) is one of the most
important fruit crops of the tropics and sub-tropics. In
India, it is cultivated in 23.12 lakh hectares with annual
production of 150.25 lakh metric tonnes. In Gujarat, it is
cultivated in 1.25 lakh hectares with 8.56 lakh tonnes of
fruit production. Mango cultivation is principally
distributed in South Gujarat as well as in pockets of
Junagadh; however, in recent years, its area and
distribution has spread to as far as Kutch in North Gujarat
and Dahod in Eastern part of the state. The popular
varieties grown in Gujarat are Alphonso, Kesar, Rajapuri
and Banarasi Langra. Though, there has been a tremendous
increase in area and distribution of mango at the national
level and in the state of Gujarat too, the level of
productivity has not reached the expected level of 10 t/ha.
There are many reasons attributed and one of the main
reasons is incidence of major pests and diseases. Among
major insect-pests, the abundance of sucking pests viz;
mango hopper in South Gujarat, in particular, is a threat to
the mango industry. In addition to direct damage, hoppers

excrete honey dew on the infested plant parts which
encourages growth of the fungal pathogen like Capnodium
species which forms sooty mould on the infested area
(Srivastava, 1998). The hopper complex (Amritodus
atkinsoni, Idioscopus clypealis, I. nitidulus and Amrasca
splendens) remain in the mango ecosystem of South
Gujarat almost throughout the year and damage every crop
stage (from emergence of new flush to fruiting stage).
Significant impact of major abiotic factors and appropriate
crop stages on their dominance as well as continuation of
their respective life cycles inflict severe damages resulting
into enormous crop losses. Due to these reasons, a study
was planned to establish relationship between major
abiotic factors and abundance of hopper on mango and to
workout relationship between appropriate crop stages and
pestabundance.

MATERIALS AND METHODS

Seasonal abundance of mango hopper was studied in
relation to weather factors and crop stages or crop
phenology in mango cv. Alphonso under field conditions



from July 1997 to June 2007 at Agriculture Experimental
Station, Gujarat Agricultural University (part of which is
now known as Navsari Agricultural University), Paria,
Valsad, Gujarat.

For recording hopper population, ten trees of mango
cv. Alphonso were selected randomly in 1 hectare plot in
“W” design representing every part of the orchard. The
trees were kept unsprayed during the period of
investigation (1997-2007). Hopper population was
recorded at standard week wise interval from 27" standard
week of 1997 to 26" standard week of 2007. Ten twigs from
lower canopy of each tree were selected for recording
hopper population during vegetative, emergence of new
flush, new twigs, fruiting, initiation of ripening, ripening
cum harvest and harvest stages of the crop. Similarly,
hoppers were also recorded on ten panicles per tree during
bud/bud burst stage, initiation of flowering, peak
flowering, pea/marble and stone sized fruit stages of the
crop. Hoppers were counted on each randomly selected
twig or panicle by visual count method without disturbing
the plant part. Weather parameters viz; temperature
(maximum, minimum and average), relative humidity
(morning, evening and average), rainfall, rainfall days, sun
shine and wind velocity of the preceding week (26"
standard week of 1997 to 25" standard week of 2007) was
observed at standard week wise interval. Relationship of
abundance of hopper in relation to major weather factors
was studied using correlation and regression method.
Similar studies were also carried out on abundance of
hopper in relation to crop stages.

RESULTS AND DISCUSSION

Impact of major abiotic factors as well as appropriate
crop stages on abundance of hopper complex has been
studied during ten years spread over 1997-2007 i.e. July
1997-June 2007. The whole period was divided into three
distinct crop stage regions viz; vegetative which on an
average spread over 21 standard weeks (27-47) followed
by bud burst cum flowering cum fruit set spread over 23
standard weeks (48-18) and fruiting cum harvest stage
spread over 8 standard weeks (19-26).

(I) Seasonal abundance of mango hopper (Ten years
impact)

(a) Seasonal abundance. Hopper population was
monitored from 27 standard week of 1997 to 26 SW of
2007 at standard week wise interval wherein it varied from
0.18 hoppers during 1999-2000 and 2001-2002 to 5.74
hoppers per twig or panicle during 2005-2006. The year
2005-2006 was considered as highest activity period of the
pest during the experimental period (1997-2007). Overall,
the average hopper population was 1.31 per twig or panicle
wherein it peaked (5.00 hoppers/panicle) on 9" SW (26
February — 4 March) followed by another period of higher
activity (4.88) on 8" standard week (Table 1).
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(b) Impact of weather factors. Average hopper
population (1.31/twig or panicle) was noticed during ten
years of experimental period wherein it peaked (5/panicle)
at 9" standard week. The average population was noticed
when the weather witnessed temperatures (maximum,
minimum and average) of 32.04, 18.67 and 24.67 °C,
relative humidity (morning, evening and average) of
87.84, 57.89 and 71.15 per cent, rainfall of 43.90 mm,
rainy days of 1.66, sunshine of 7.67 hours and wind
velocity of 4.07 kms/hr (Table 3). The overall average
hopper population indicated significant positive
correlation with sunshine ('r' = 0.2167) and significant
negative correlation with temperature (minimum and
average) ('r' = -0.3018 and -0.2664), relative humidity
(evening and average) ('r'=-0.2672 and — 0.1679), rainfall
('r" = -0.1488), rainfall days (r' = -0.2449) and wind
velocity ('r' =-0.1133) (Table 4). The total contribution of
all the abiotic factors was 11.18 per cent (Table 5).

Regression equation of overall hopper population was:
AN

Y = 3.3642 - 0.0361 (X,) -0.1534 (X,) -0.0349 (X,) +
0.0605 (X,) + 0.0008 (X,) -0.1246 (X;) +0.0654 (X,) -
0.0162 (X,,)

Where,

Y = Hoppers/twig or panicle

, = Minimum temperature

, =Average temperature

s = Evening Relative humidity

s =Average temperature

, = Rainfall

. = Rainfall days

X, = Sun shine

X,, = Wind velocity

During ten years of experimental period, the highest
hopper population was noticed during 2005-2006 which
was thus considered as period or year of highest activity.

(IT) Seasonal abundance of mango hopper (Peak
activity year)

(a) Seasonal abundance. Hopper population varied
from 0 to 29.70 hoppers per panicle (average
5.74/panicle) during peak year of activity. The highest
hoppers (29.70/panicle) were noticed on 8" standard
week followed by 29.00 and 26.11 during 9" and 10"
standard weeks, respectively (Table 2).

(b) Impact of weather factors. Overall hopper
population during peak year of activity (2005-2006) was
noticed when weather variables indicated temperature
(maximum, minimum and average) of 31.19, 18.73 and
24.96 °C, relative humidity (morning, evening and
average) of 89.16, 59.55 and 74.35 per cent, rainfall of
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Table 1. Overall abundance of mango hopper (1997-2007)

Av. No. of H / twi Panicle*
Standard  Standard V- 0. O Topper | Twig of emete

week Period 1997- 1998- 1999- 2000- 2001- 2002- 2003- 2004- 2005- 2006- Mean
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
27 July 2-8 0.00 0.1 000 000 000 000 000 0.00 0.00 000 001
28 9-15 0.00 0.09 000 000 000 000 000 0.00 000 000 0.0l
29 16-22 0.00 005 000 000 000 000 000 0.00 0.00 000 001
30 23-29 0.00 0.00 000 000 000 0.00 000 000 000 000  0.00
31 30-5 0.00 0.00 000 0.00 000 0.00 000 000 000 000  0.00
32 Aug 6-12 0.00 000 000 000 000 0.00 000 000 000 000  0.00
33 13-19 0.00 0.00 000 000 000 0.00 000 000 000 000  0.00
34 20-26 0.00 0.00 000 0.00 000 0.00 000 000 000 000  0.00
35 27-2 0.00 0.00 000 0.00 000 000 000 000 000 000  0.00
36 Sept 3-9 0.00 0.00 000 000 000 000 000 000 000 000  0.00
37 10-16 0.00 0.00 000 000 000 0.00 000 000 000 000  0.00
38 17-23 0.00 000 000 000 000 0.00 000 000 000 000  0.00
39 24-30 000 000 000 000 000 000 000 000 000 0.00 0.00
40 Oct 1-7 0.00 000 000 000 000 000 226 09 000 000 032
41 8-14 0.00 0.00 000 000 000 000 231 103 1.04 078 052
42 15-21 000 000 000 000 000 000 194 194 1.9 127  0.63
43 22-28 0.00 000 000 000 000 027 1.68 230 134 134  0.69
44 29-4 022 298 019 000 045 000 1.14 244 000 179 092
45 Nov 5-11 024 424 114 002 000 541 271 291 096 1.63 193
46 12-18 028 270 143 000 000 375 299 214 000 223 155
47 19-25 044 326 207 000 000 503 310 203 112 271 198
48* 26-2 097 240 0.00 000 000 1.80 350 274 141 297 158
49% Dec. 3-9 1.08 1.82 090 002 004 000 298 000 260 3.03 125
50% 10-16 130 3.16 110 0.2 030 000 174 000 329 400  1.50
51 17-23 209 002 000 017 000 0.00 062 000 416 447 115
52 24-31 290 025 004 011 000 000 040 0.00 596 433  1.40
01* Jan 1-7 371 184 008 079 040 015 127 000 599 492 192
02 8-14 367 144 015 086 050 0.63 922 001 601 513 276
03* 15-21 246 256 009 033 009 026 450 1.79 647 557 241
04 22-28 205 187 014 056 022 019 560 241 717 602 262
05* 29-4 471 010 008 023 030 123 590 3.04 817 727  3.10
06* Feb 5-11 493 024 008 027 0.2 134 480 341 807 947  3.27
07* 12-18 283 201 0.2 146 155 095 922 028 19.17 938 470
08* 19-25 220 199 016 036 128 051 450 001 2970 8.07 488
09* 26-4 1,71 254 012 127 026 1.17 658 003 29.00 733  5.00
10* Mar 5-11 069 064 011 1.6 235 0.9 550 023 2611 541 424
11* 12-18 098 073 014 028 007 011 410 000 23.17 3.03 326
12% 19-25 044 064 019 000 014 006 270 050 1916 2.13  2.60
13* 26-1 049 078 020 0.0 034 000 1.90 0.00 1813 2.17  2.40
14* Apr 2-8 032 002 036 000 000 015 071 005 11.10 2.05 148
15* 9-15 000 002 004 000 014 011 056 056 1017 171 133
16* 16-22 0.00 000 030 120 008 0.00 009 041 1094 131 143
17* 23-29 0.00 000 011 357 0.1 000 006 009 917 1.08 142
18* 30-6 0.00 000 014 3.8 002 000 003 003 830 098 133
19 May 7-13 0.00 000 000 1.88 000 0.00 003 003 417 064  0.68
20 14-20 0.00 000 000 1.14 033 000 000 000 399 057  0.60
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Av. No. of Hopper / twig or Panicle*

Standard ~ Standard
week Period 1997- 1998- 1999- 2000- 2001- 2002- 2003- 2004- 2005- 2006- Mean
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

21 21-27 0.00 0.00 0.00 0.58 0.38 0.00 0.00 0.00 413 049 0.56

22 28-3 0.00 0.00 0.00 0.64 0.00 0.00 0.00 0.00 2.67 0.22 0.35

23 June 4-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.17

24 11-17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.30  0.00 0.13

25 18-24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96 0.00 0.10

26 Jun 25-Jul 01  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.07
Average 0.78 0.74 0.18 040 0.18 045 1.82  0.60 5.74  2.22 1.31

* Observations on 10 panicles on 10 trees

Y,: Av. No. of Hopper / twig or Panicle (Dependent variable)

X,: Maximum Temperature ("C) Independent variables X, Average Relative Humidity (%) ( Independent variables

X,: Minimum Temperature (°C) X,: Rainfall (mm)

X,: Average Temperature (°C) X,: Rain Day

X, Morning Relative Humidity (%) X,: Sunshine Hour

X,: Evening Relative Humidity (%) X,,: Wind Velocity (km / hr)

Table 2. Abundance of mango hopper during peak year of activity in relation to major weather factors (2005-06)

Dependent .

Standard  Standard variable Independent variables

week - Period Y, X, X X X X X X X X X,

27 July 2-8 0.00 27.50 23.51 25,51 97.71 9271 9521 1137.00 7.00 5.81 7.78
28 9-15 0.00 28.05 25.11 26.58 92.85 89.57 91.21 34640 6.00 3.33 6.15
29 16-22 0.00 29.88 26.00 27.94 9442 81.14 87.78 11.20 3.00 3.31 4.36
30 23-29 0.00 30.71 25.00 27.86 9428 80.00 87.14 88.30 6.00 4.62 1.68
31 30-5 0.00 29.34 25.68 27.51 93.50 83.71 88.61 44.00 5.00 2.65 5.26
32 Aug 6-12 0.00 2691 2374 2533 97.71 9471 9621 324.00 7.00 0.48 3.49
33 13-19 0.00 28.14 2477 2646 95.00 89.00 92.00 77.00 7.00 1.80 8.81
34 20-26 0.00 28.85 24.62 26.74 96.14 85.00 90.57 47.00 7.00 435 4.32
35 27-2 0.00 27.85 2343 25.64 97.00 88.00 92.50 163.00 7.00 3.75 3.20
36 Sept 3-9 0.00 28.11 2331 2571 9471 79.00 86.86 9.00 2.00 5.28 1.40
37 10-16 0.00 30.83 2426 27.55 94.00 82.00 88.00 125.00 4.00 3.12 1.40
38 17-23 0.00 28.48 2420 26.34 97.00 8571 9136 197.50 7.00 3.17 3.94
39 24-30 0.00 2791 21.01 2446 96.14 9042 93.28 434.00 7.00 0.51 12.48
40 Oct 1-7 0.00 28.77 2271 25.74 9485 79.57 8721 1.00 1.00 2.07 3.30
41 8-14 1.04 3026 2246 2636 9257 76.00 8429 1.00 1.00 7.31 1.39
42 15-21 1.19 34.17 19.08 26.63 85.00 64.57 7479 0.00 0.00 10.00 1.41

43 22-28 1.34 3297 21.77 2737 90.85 6342 77.14 0.00 0.00 9.40 2.17
44 29-4 0.00 3337 17.14 2526 78.00 5328 6564 0.00 0.00 9.44 1.79
45 Nov 5-11 0.96 32.63 15.82 2423 89.00 57.85 73.43 0.00 0.00 9.50 1.65
46 12-18 0.00 32.34 12.05 2220 86.00 3528 60.64 0.00 0.00 9.80 1.79
47 19-25 1.12 32.25 12.08 22.17 91.71 33.14 6243 0.00 0.00 9.60 1.72
48* 26-2 1.41 33.02 1225 22.64 8242 3571 59.07 0.00 0.00 9.80 1.79
49% Dec. 3-9 2.60 31.60 15.00 23.30 8228 4257 6243 0.00 0.00 6.40 1.80
50%* 10-16 3.29 31.82 14.14 2298 87.57 4528 6643 0.00 0.00 9.20 2.28
S51%* 17-23 4.16 3091 1045 20.68 8542 4126 6334 0.00 0.00 9.10 1.88
52% 24-31 5.96 28.82  7.68 1825 90.57 39.42 6500 0.00 0.00 870 2.07
1* Jan 1-7 5.99 29.31 922 19.27 90.12 41.50 6581 0.00 0.00 880 2.63
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Dependent .

Standard  Standard variable Independent variables
weele eniad YoX X X X X X X X X X,
2% 8-14 6.01 2897 11.14 20.06 92.85 45.00 6893 0.00 0.00 7.92 230
3* 15-21 6.47 31.61 1130 2146 91.14 4185 6650 0.00 0.00 9.50 1.94
4% 22-28 7.17 31.63 12.85 2224 89.00 4380 6640 0.00 0.00 9.50 2.50
5% 29-4 8.17 28.80 840 18.60 88.28 36.71 6250 0.00 0.00 9.78 3.17
6* Feb 5-11 8.07 33.97 11.05 2251 90.00 4085 6543 0.00 0.00 9.60 1.92
7* 12-18 19.17 3340 1048 2194 91.71 4142 6657 0.00 0.00 9.65 2.39
8* 19-25 29.70 33.74 12.14 2294 89.00 41.42 6521 0.00 0.00 9.80 2.26
9%* 26-4 29.00 3420 14.72 2446 9142 4885 70.14 0.00 0.00 9.50 243
10* Mar 5-11 26.11 3345 1531 2438 86.57 4357 6507 0.00 0.00 9.00 3.13
11* 12-18 23.17 29.42 1494 22.18 89.00 58.14 73.57 3.00 1.00 8.08 2.64
12* 19-25 19.16 30.08 16.20 23.14 89.20 4842 6881 0.00 0.00 9.02 2.65
13* 26-1 18.13 3442 16.70 2556 8585 40.57 6321 0.00 0.00 9.70 2.95
14* Apr 2-8 11.10 3445 15.08 24.77 76.00 31.80 5390 0.00 0.00 9.78 3.48
15% 9-15 10.17 3422 18.40 2631 84.71 4257 63.64 0.00 0.00 992 3.67
16* 16-22 10.94 3297 1948 2623 8742 4642 6692 0.00 0.00 9.50 3.32
17* 23-29 9.17 34.00 20.88 27.44 84.85 5428 6957 0.00 0.00 10.20 3.70
18* 30-6 8.30 3245 2248 2747 84.00 60.14 72.07 0.00 0.00 10.50 3.70
19 May 7-13 4.17 33.65 23.02 2834 8500 6085 7293 0.00 0.00 10.84 5.60
20 14-20 3.99 3423 23.62 2893 8528 51.71 6850 0.00 0.00 10.70 6.98
21 21-27 4.13 33.48 25.28 2938 80.00 61.14 70.57 0.00 0.00 10.27 5.99
22 28-3 2.67 24.57 22.65 23.61 79.71 64.00 71.86 0.00 0.00 10.34 9.37
23 June 4-10 1.67 3220 2520 28.70 87.00 6871 77.86 160.00 3.00 4.40 7.73
24 11-17 1.30 31.28 25.97 28.63 89.00 67.00 78.00 0.00 0.00 9.62 7.05
25 18-24 0.96 3245 24.68 2857 8342 6385 73.64 0.00 0.00 994 6.34
26 Jun 25-Jul 01  0.67 3348 25.74 29.61 88.85 63.85 7635 3.00 2.00 442 431

Average 5.74 31.19 18.73 2496 89.16 5955 7435 6099 1.60 7.55 3.72
Table 3. Overall abundance of mango hopper during in relation to major weather factors (1997-2007)

Dependent .

Standard  Standard variable Independent variables
weele Period v, X X X X X X X X X X,
27 July 2-8 0.01 30.31 2476 2725 9190 80.87 83.92 29580 540 5.01 6.92
28 9-15 0.01 29.70 24.62 2693 9225 83.81 85.16 23920 5.40 3.07 6.16
29 16-22 0.01 29.42 2487 2690 92.00 82.80 84.07 152.10 5.50 3.14 9.20
30 23-29 0.00 30.13  24.69 27.18 92.83 8133 84.16 149.80 6.00 3.01 6.99
31 30-5 0.00 29.53 2440 26.71 93.16 83.67 85.73 144.10 6.00 3.07 7.24
32 Aug 6-12 0.00 29.14 24.23 2640 94.14 86.27 87.50 17420 5.50 230 7.13
33 13-19 0.00 28.42 24.11 26.08 9496 88.34 88.70 252.00 6.80 1.83 6.71
34 20-26 0.00 28.83 24.13 26.25 93.71 83.41 85.71 100.60 5.80 3.71 6.65
35 27-2 0.00 29.40 23.72 26.27 94.51 8227 8545 12390 6.10 3.49 491
36 Sept 3-9 0.00 29.50 23.75 2636 92.81 81.22 8399 69.80 430 4.53 487
37 10-16 0.00 29.80 23.25 2622 9395 78.84 8336 4790 4.00 4.72 2.83
38 17-23 0.00 29.55 23.04 25.89 93.63 80.31 84.18 5220 3.70 4.87 3.36
39 24-30 0.00 30.11  22.77 26.07 9329 7851 83.43 98.10 3.40 4.66 3.49
40 Oct 1-7 0.32 31.55 23.07 2683 9332 7344 8155 4280 3.10 6.40 2.04
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Dependent .

Standard  Standard variable Independent variables
week - Period Y, X, X X, X, X X X X X,
41 8-14 0.52 32.83 2247 2733 9134 6692 77.18 11.20 140 7.59 1.97
42 15-21 0.63 3330 21.94 27.19 90.02 6448 7460 1130 0.80 8.42 1.88
43 22-28 0.69 3392 1946 26.01 88.83 54.70 70.11 1.30 0.20 9.18 1.82
44 29-4 0.92 3430 1695 24.66 8622 49.70 66.03 0.00 0.00 9.60 1.90
45 Nov 5-11 1.93 3432 17.71 25.09 8576 50.35 66.61 0.00 0.00 881 2.12
46 12-18 1.55 3422 16.87 2459 8834 4526 6582 0.00 0.00 9.09 1.58
47 19-25 1.98 33.61 1548 2349 87.10 43.89 6433 0.00 0.00 9.33 145
48 26-2 1.58 32.03 13.82 21.85 8593 4053 6220 0.00 0.00 898 1.52
49 Dec. 3-9 1.25 31.89 13.59 21.71 83.87 4050 61.23 0.00 0.00 8.81 1.75
50 10-16 1.50 32.34 12.88 21.57 8530 3934 61.82 0.00 0.00 872 1.98
51 17-23 1.15 31.95 11.07 2043 8575 4634 6326 0.00 0.00 8.80 2.03
52 24-31 1.40 31.30  10.39 19.75 88.65 4244 6447 0.00 0.00 8.86 1.62
1 Jan 1-7 1.92 30.68 11.42 20.04 88.53 4721 6646 0.00 0.00 9.02 1.94
2 8-14 2.76 29.82 1092 19.32 88.34 42.11 63.56 0.00 0.00 877 2.09
3 15-21 241 30.68 10.74 19.69 8834 46.64 66.04 0.00 0.00 9.06 2.11
4 22-28 2.62 30.68 10.44 19.66 87.27 3992 6296 0.00 0.00 9.32 2.03
5 29-4 3.10 29.60 10.67 19.15 88.15 40.21 6339 000 0.00 9.25 2.57
6 Feb 5-11 3.27 30.32 10.84 19.49 85.14 4132 6199 0.00 0.00 9.12 2.53
7 12-18 4.70 3093 10.80 19.84 87.60 41.41 64.14 0.00 0.00 9.77 2.67
8 19-25 4.88 31.89 1197 2090 87.33 4324 6448 0.00 0.00 9.51 2.51
9 26-4 5.00 31.85 12.35 21.08 86.13 4381 64.12 0.50 0.10 9.78 2.67
10 Mar 5-11 4.24 3343 13.09 22.12 84.49 3948 61.14 0.00 0.00 9.83 3.13
11 12-18 3.26 32.50 1292 21.67 84.16 4138 61.51 030 0.10 9.31 2093
12 19-25 2.60 33.51 1399 2276 84.83 4042 61.74 050 020 932 3.22
13 26-1 2.40 3438 15.09 23.80 84.00 40.75 61.26 0.00 0.00 9.77 293
14 Apr 2-8 1.48 3535 16.15 2490 81.16 3892 59.14 0.00 0.00 9.48 3.05
15 9-15 1.33 35.59 18.24 2624 84.18 4472 6421 0.10 0.10 9.25 3.57
16 16-22 1.43 35.17 18.39 2589 82.03 4450 6293 0.00 0.00 10.06 3.64
17 23-29 1.42 3456 19.81 2641 83.65 49.44 6538 0.00 0.00 10.08 3.83
18 30-6 1.33 3494 21.75 2747 8424 5218 6721 0.00 0.00 10.30 5.61
19 May 7-13 0.68 34.88 22.10 27.70 84.17 56.48 68.62 0.00 0.00 10.55 5.70
20 14-20 0.60 35.03 23.02 28.52 83.51 5640 6858 320 040 10.12 5.45
21 21-27 0.56 33.70 2440 28.73 8237 60.57 69.89 6.00 0.80 9.87 7.04
22 28-3 0.35 3325 2442 2836 81.60 61.59 7028 590 0.60 10.34 7.90
23 June 4-10 0.17 34.09 24.84 29.08 8234 6231 7049 24.00 130 9.01 8.09
24 11-17 0.13 33.70 25.06 2894 84.51 6327 72.07 3220 130 8.56 6.45
25 18-24 0.10 33.03 2496 2853 86.68 68.01 7436 108.70 3.60 5.92 6.31
26 Jun 25-Jul 01  0.07 31.32  24.62 27.58 89.55 7429 79.41 136.60 4.60 424 6.21

Average 1.31 32.04 18.67 24.67 87.84 5789 71.15 439 1.66 7.67 4.07

60.99 mm, rainy days of 1.60, sunshine of 7.55 hours per
day and wind velocity of 3.72 kms/hour (Table 2). The
hopper population during peak year exhibited significant
positive correlation with maximum temperature ('r' =
0.3864) and sunshine (' = 0.4351) while, it was
significant and negative with temperature (minimum and
average) ('r' = -0.4652 and -0.3031), relative humidity

(evening and average) ('r' = -0.5102 and 0.4737) and
rainfall days (r' = -0.4181) (Table 4). The total
contribution of all the factors on fluctuation of hopper
population was 35.71 per cent (R= 0.6673 significant at
1 %) (Table 5).

Regression equation of hopper population during
peak activity year was:
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Y = -50.7822 + 584.8001 (X,) 583.5968 (X,) -1167.7489
(X,) -0.4131 (X)) + 0.6794 (X,) + 0.7244 (X,) + 1.0928

Xy)

(IIT) Overall assessment of hopper population v/s
peak year activity

It is evident from the above results that slight
increase in minimum temperature from 18.67 to 18.73
°C(0.06), average temperature from 24.67 to 24.96 °C
(0.29), morning relative humidity from 87.84 to 89.16
per cent (1.32), evening relative humidity from 57.89 to
59.55 per cent (1.66), average relative humidity from
71.15 to 74.35 per cent (3.20), rainfall from 43.90 to
60.99 mm (17.09) and with slight decrease in maximum
temperature from 32.04 to 31.19 °C (0.85), rainfall days
from 1.66 to 1.60 (0.06), sunshine from 7.67 to 7.55
hours (0.12) and wind velocity from 4.07 to 3.72 kms
per hour (0.50) indicated sharp rise in hopper population
from 1.31 to 5.74 i.e. a rise of 4.43 which is almost near
to the threshold value (5.00 hoppers) of the pest under
consideration.

Tandon et al. (1983) indicated peak of Idioscopus
clypealis during March-April. Similarly, Baro et al.
(1998) observed maximum population of Amritodus and
Idioscopus during March-April and minimum during
December-January. Likewise, Kudagamage et al. (2001)
noticed peak population of Idioscopus niveosparsus and
Amrasca brevistylus in March-April. Pehzman and
Radjabi (2002) reported maximum density of mango
hopper during March-April. Rehman and Singh (2004)
reported lowest hopper population during first week of
February; however, population gradually increased from
March and reached its peak during April, then later
decreased. Vijaya et al. (2010) reported peak incidence
of mango hopper during 8" and 9" standard weeks. The
results obtained by the above workers indicate peak
incidence of hopper during 8 and 9" standard weeks
which was also observed in the present findings (5.00
and 4.88 during respective weeks), thus conform the
present investigation.

It can be concluded that slight increase of
temperature (minimum and average) (0.06 and 0.29 °C),
relative humidity (1.32-3.20 %) and rainfall (17.09 mm),
which in turn increased dampness in the environmental
conditions were conducive for sharp rise in hopper
population. These results are also supplemented by
results based on decrease in rainfall days (0.06) and
sunshine (0.12 hours/day). If wind velocity decreased
even by 0.50 km per hour, settling of hopper on trees
increased leading to higher multiplication and its
oriented damage.

(IV) Abundance of hopper in relation to various crop
stages

Hopper population was noticed at various stages of
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crop growth viz; vegetative, emergence of new flush,
new twigs, bud/bud burst stage, initiation of flowering,
peak flowering, pea cum marble sized fruit, stone sized
fruit, fruiting, initiation of ripening, ripening cum harvest
and harvest stages of the crop. The hopper (average of 10
years) population varied from 0.003 to 4.70 hoppers per
panicle at various stages of crop growth wherein it
peaked (4.70/panicle) at pea cum marble sized fruit stage
of the crop. Highest hopper population (25.99/panicle)
was observed at pea cum marble sized fruit stage of the
crop during 2005-2006 followed by 13.76 at stone sized
crop stage.

Correlation of hopper in relation to various crop
stages was significant and positive (r' = 0.1056)
implying that population increased with the advancement
of crop growth. So, as the crop growth advanced from
new flush to new twig, the hopper oviposition and
multiplication increased, which might have led to
increased population and subsequently higher damage.
Similarly, from new twig to bud or bud burst stage, the
pest population increased further which ultimately
reached to its peak either during peak flowering or
marble sized fruit stage. As the annual crop cycle was
near to its completion i.e. from flowering to fruiting or
ripening, the pest population increased initially but later
on decreased to its minimum at harvest stage. This
clearly proves that succulent crop stages like new flush,
twigs, bud, flowering and marble sized fruit stage were
preferred most by the pest under consideration whereas,
hard crop stages like mature or ripened fruits were
preferred less by the pest.

Idioscopus niveosparsus has been found to breed
throughout the flowering season. Amritodus atkinsoni on
the other hand has been reported to be a shy breeder
found on vegetative shoots rarely on blossoms
(Anonymous, 1917) under North Indian conditions.
Similar trend of this pest species was reported in middle
Gujarat by Patel ef al. (1994). Verghese and Rao (1987)
reported population of this pest at post bloom stage.
Similarly, higher population build-up and rapid
multiplication of mango hoppers, 4. atkinsoni and
Idioscopus spp. have been reported during flower
initiation and full-bloom stage of the crop (Srivastava,
1998; Bharat Babu et al; 2001 and Sushil Kumar et al;
2002).

In the above reports higher hopper population has
been recorded during flower initiation or post bloom
stage. In the present investigation, highest incidence of
hopper has been observed at marble sized fruit stage
(25.99/panicle) which is nearly the same as reported
earlier, thus conform the ongoing discussion.

Talpur et al. (2002) reported that population density
of mango hopper had positive correlation with
inflorescence phenology in all the mango cultivars;



however population of hoppers had negative correlation
with fruit development. In the present investigation,
hopper population dipped from 4.70 at marble stage of
the crop to 0.09 hoppers at harvest stage. This trend is
almost similar to the above reports, thus conforms the
present investigation.
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