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apple aphid (Aphis pomi) and biosafety against its 

natural enemies in apple orchard of Kashmir 
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Abstract 
Two concentrations of Neem oil (2% and 3%), castor oil (2% and 3%), Artemisia leaf extract (2% and 

3%), Neem seed kernel extract (NSKE) @ 4% and 5% and Azadirachtin (0.2% and 0.3%) compared with 

the treated check Dimethoate (1ml/L) with untreated check for their bio-efficacy against green apple 

aphid. The highest mean per cent mortality of 68.91 was recorded against Azadirachtin (0.3%) followed 

by 65.06% against same pesticide of 0.2% concentration while as least mean mortality of 34.32% was 

exhibited against castor oil (1%). Maximum percent reduction of green apple aphid population viz., 

nymph, alate and apterous were recorded 77.0%, 68.29% and 61.76% against Azadirachtin (0.3%) while 

as least mortality of above three stages of green apple aphid were recorded as 43.19%, 23.94% and 

30.88% against Castor oil (2%), respectively. The bio-safety of botanical pesticides were evaluated 

against natural enemies associated with green apple aphid. The highest predator mortality (39.04%) was 

recorded against Azadirachtin (0.3%) which was significantly lower (72.00%) than treated check 

(Dimethoate, 1ml/L) while as lowest (24.25%) against Neem oil (2%). Among all treatments, the 

mortality of Chrysoperla was recorded highest followed by syrphid fly larva. The maximum mortality of 

coccinellids (40.00%) was recorded against NSKE (5%) while as, maximum mortality of larvae of 

syrphid fly (42.85%) and Chrysoperla (45.00%) were recorded against Azadirachtin (0.3%) as compared 

with treated check was 72.22%, 74.28% and 67.50% of coccinellids, syrphid fly and Chrysoperla larva, 

respectively. All botanical pesticides are safer against parasitoids of aphids and not found any significant 

effect while as treated check (Dimethoate @ 1ml/L) was given significantly more mortality of 

parasitoids. 

 

Keywords: Bio-efficacy, green apple aphid, biosafety of natural enemies, botanical pesticides 

 

Introduction 

Aphids are an extremely successful group of insects which occur throughout the world, with 

the greatest number of species in the temperate regions [1]. Out of 4702 known aphid species [2] 

about 1015 species occur in oriental region and about 750 species belonging to 208 genera 

represent India Aphididae [3]. In Jammu and Kashmir State, the previous works on aphid 

species have been summarised by Bhagat [4] and Khan and Shah [5]. The green apple aphid, A. 

pomi is an important pests of temperate fruits Damage in horticultural crops caused by aphids 

is very dreaded problem because one aphid is enough to profound damage for large crop area 

by transmitting the viral diseases. It is especially harmful in nurseries and young orchards [6]. 

The apple aphid, Aphis pomi is an economically important pest of apple throughout the world 
[7]. A common strategy to control A. pomi in conventional apple orchards in Kashmir is based 

on one or more than one application of insecticides [8]. On the other hand, application of wide-

spectrum insecticides upsets natural biodiversity and effects population abundance of predators 
[9, 10, 11] which has a reverse negative effect on production sustainability and inevitability of 

repeated treatments [12, 13]. The present study aimed to investigate the possibility of effective 

control of A. pomi on apple trees by botanical treatments as well as bio-safety of an 

autochthonous predator and parasitoid population in apple orchard of Kashmir. 

 

Materials and methods 

Field trials were laid out at apple orchards of Srinagar to evaluate the bioefficacy of botanical 

pesticide against green apple aphid and biosafety against their natural enemies. Two 

concentration of Neem oil (2% and 3%), castor oil (2% and 3%), Artemisia leaf extract (2% 

and 3%), Neem seed kernel extract (NSKE) @ 5% and 6% and Azadirachtin (0.2% and 0.3%)  
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Compared with the treated check Dimethoate (Roger) @ 1% 
concentration with untreated check for their bio-efficacy 
against green apple aphid and bio-safety against natural 
enemies. Each concentration was replicated five times. Pre-
treatment count was taken one day before treatment and post 
treatment count was taken after 1,7 and 15 days after 
treatment by taking a random sample of per 10 cm top of the 
twigs. Similarly, the observation of natural enemies was also 
recorded one day before treatment and 1,7 and 15 days after 
treatment by taking a random sample of total of 10 twigs of 
10cm top of twigs. 
The trails were laid out in randomized block design apple 
trees of variety Red delicious 15-20 years of uniform age. 
Percent reduction (mortality was workout by computing the 
differences between pre and post treatment population of 
green apple aphid and their natural enemies by applying 
Abbot’s formula. The data was subjected to analysis of 
variance and critical differences at 5% level of significance 
was work out. 
 
Results and Discussion 
Bio-efficacy of botanical pesticides on green apple aphid 
(Aphis pomi) and bio-safety of on their natural enemies were 
studied at Srinagar are presented in Table 1 and 2. 
 
Bio-efficacy of botanical pesticides against Green apple 
aphids 
Perusal of data of Table 1 revealed that highest total mean % 
mortality of 68.91 was recorded against Azadirachtin @ 0.3% 
concentration followed by 65.06% against same botanical 
pesticide of 0.2% concentration while as least mean mortality 
of 34.32% was exhibited by castor oil @ 1% concentration. 
The total mean mortality of other botanicals of 2% 
concentration was recorded 33.33%, 43.33% and 48.76% 
against Neem oil, castor oil and Artemisia leaf extract, 
respectively. Higher concentration (3%) of Neem oil, Castor 
and Artemisia were showed 54.10%, 39.38% and 42.47% 
mortality of green apple aphid, respectively, while as NSKE 
4% and 5% were given 44.40% and 48.85% mortality, 
respectively as compared with treated check (Roger@ 1ml/lit) 
which revealed 68.91% mortality of green apple aphid and 

was significantly similar to Azadirachtin (0.3%). 
First day after treatment, highest mortality (reduction) of 
nymph, alate and apterous green apple aphid were recorded 
62.03% against Azadirachtin@ 0.3% concentration which 
was statistically similar to treated check (Roger@ 1ml/L), 
while at least 28.63% against Castor oil (2%) which differed 
significantly with other. The highest mortality of alate and 
apterus aphid of green apple aphid at one day after treatment 
was recorded highest 50.00% and 45.56% against 
Azadirachtin (0.3%) while as lowest 14.08% and 11.76% 
against Castor oil (2%). 
 Maximum percent reduction of green apple aphid population 
viz., nymph, alate and apterous were recorded 77.0%, 68.29% 
and 61.76% against Azadirachtin@ 0.3% while as least 
mortality of above three stages of green apple aphid was 
recorded 43.19%, 23.94% and 30.88% against Castor oil 
(2%), respectively. The higher concentration of Neem oil, 
Castor oil and Artemisia leaf extract @ 3% were given nymph 
mortality of 59.80%, 27.58% and 39.97%, apterous aphid 
mortality of 53.078%, 34.17% and 48.48%, respectively. 
Mortality of green apple aphid (Nymph, alate and apterous 
stages) at 15th days after treatment showed similar trend of 
mortality with gradually increasing trend which was 
significantly high and differed from the mortality of 7th day 
after treatments.  
Cumulative mean mortality of nymph, alate, and apterous of 
green apple aphid were recorded highest 73.79%, 62.60% and 
58.81%, respectively against Azadirachtin@ 0.3% which 
were statistically similar to treated check of nymph, alate and 
apterous green apple aphid respectively. Lowest cumulative 
mean mortality of nymph, alate and apterous green apple 
aphid 43.34%, 25.81% and 33.82%, respectively which were 
statistically lower than other botanical oils of same 
concentration. A common strategy to control Aphis pomi in 
apple orchids is based on one or more than one application of 
insecticides (Khan 2009; 2012). Least information is available 
for comparing the impact of botanical pesticides against Aphis 
pomi as well as their natural enemies. The toxicity of 
pesticides on Aphis pomi was studied by few workers like 
Hardman et al. [14]; Martenz-Villar et al. [15] and Khan and 
Riyaz [11]. 

 
Table 1: Bio-efficacy of Botanical pesticides against green apple aphid Aphis pomi in apple orchard of Kashmir 

 

Treatment Conc. 

Pre-treatment 

count (aphid/ 

10cm of twig) 
Mean 

Post treatment count (Mean Population of A.pomi/ 10 cm of 

twigs DAT) 
Cumulative 

Mean 

Total 

(Mean % 

reduction) 
1 7 15 

N A Ap N A Ap N A Ap N A Ap N A Ap 

Neem oil 

 

2% 35.2 15.4 17.4 68.0 
18.2 

(48.29) 

11.6 

(24.67) 

12.2 

(29.88) 

15.4 

(56.25) 

7.4 

(51.94) 

9.6 

(44.82) 

10.8 

(69.31) 

8.4 

(45.45) 

6.4 

(63.21) 

14.8 

(57.95) 

9.13 

(40.68) 

9.4 

(45.97) 

33.33 

(48.20) 

3% 40.8 17.2 16.2 74.2 
20.2 

(50.49) 

11.6 

(32.55) 

10.8 

(33.33) 

16.4 

(59.80) 

8.0 

(53.48) 

7.6 

(53.08) 

9.8 

(75.98) 

6.6 

(61.62) 

5.4 

(66.66) 

15.4 

(62.09) 

8.73 

(49.21) 

7.93 

(51.02) 

32.06 

(54.10) 

Castor oil 

2% 42.6 14.2 13.6 70.4 
30.4 

(28.63) 

12.2 

(14.08) 

12.0 

(11.76) 

24.2 

(43.19) 

10.8 

(23.94) 

9.4 

(30.88) 

17.8 

(58.21) 

8.6 

(39.43) 

5.6 

(58.82) 

24.13 

(43.34) 

10.2 

(25.81) 

9.0 

(33.82) 

43.33 

(34.32) 

3% 57.4 17.4 15.8 90.6 
35.6 

(37.97) 

14.2 

(18.39) 

13.2 

(16.45) 

27.2 

(52.61) 

12.6 

(27.58) 

10.4 

(34.17) 

20.6 

(64.11) 

9.8 

(43.67) 

6.4 

(59.49) 

27.8 

(51.56) 

12.20 

(29.88) 

10.33 

(36.70) 

50.33 

(39.38) 

Artemisia 

leaf extract 

 

2% 55.2 16.2 14.4 85.8 
38.8 

(29.71) 

13.4 

(17.29) 

11.6 

(19.44) 

32.2 

(41.66) 

10.2 

(37.03) 

8.4 

(41.66) 

26.2 

(52.53) 

8.8 

(45.67) 

5.2 

(59.72) 

32.4 

(41.30) 

7.4 

(33.32) 

8.46 

(40.27) 

48.76 

(38.29) 

3% 40.8 15.6 13.4 69.8 
28.2 

(30.88) 

11.2 

(21.79) 

10.6 

(20.89) 

21.6 

(47.05) 

9.4 

(39.97) 

7.4 

(44.77) 

15.4 

(62.25) 

7.4 

(52.56) 

5.2 

(62.12) 

21.73 

(46.72) 

9.33 

(38.10) 

7.73 

(42.59) 

38.79 

(42.47) 

NSKE 

4% 43.2 11.8 13.2 68.2 
27.8 

(35.64) 

9.2 

(22.03) 

10.4 

(21.21) 

21.6 

(50.00) 

6.6 

(44.06) 

6.8 

(48.48) 

15.8 

(63.42) 

5.4 

(54.23) 

5.2 

(60.60) 

21.73 

(49.68) 

7.06 

(40.10) 

7.8 

(43.43) 

36.25 

(44.40) 

5% 41.6 10.6 12.8 65.0 
24.8 

(40.38) 

7.6 

(28.30) 

7.8 

(26.41) 

19.4 

(53.36) 

5.2 

(50.94) 

6.2 

(51.56) 

14.2 

(65.86) 

4.2 

(60.37) 

4.8 

(62.50) 

19.46 

(53.20) 

5.66 

(46.53) 

6.26 

(46.82) 

31.38 

(48.85) 

Azadirachtin 

0.2% 45.2 18.2 15.4 78.8 
20.0 

(55.75) 

10.8 

(40.65) 

9.4 

(38.96) 

12.2 

(73.00) 

7.2 

(60.43) 

6.4 

(58.44) 

8.6 

(80.97) 

7.6 

(58.24) 

5.2 

(66.23) 

13.6 

(69.90) 

8.53 

(53.10) 

7.0 

(54.54) 

29.13 

(59.21) 

0.3% 37.4 16.4 13.6 67.4 
14.2 

(62.03) 

8.2 

(50.00) 

7.4 

(45.56) 

8.6 

(77.00) 

5.2 

(68.29) 

5.2 

(61.76) 

6.6 

(82.35) 

5.0 

(69.51) 

4.2 

(69.11) 

9.8 

(73.79) 

6.13 

(62.60) 

5.6 

(58.81) 

21.53 

(65.06) 

Treated 1ml/L 53.6 16.4 17.2 87.2 20.6 6.2 8.4 13.6 4.0 6.4 11.4 3.6 4.2 15.20 4.6 6.33 26.13 
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check 

(Dimethoate 

30EC) 

(61.56) (62.19) (51.16) (74.62) (75.60) (62.79) (78.73) (78.04) (75.58) (71.63) (71.94) (63.17) (68.91) 

Control 

Use 

Water 

only 

55.4 16.8 15.4 87.6 
56.2 

(-1.44) 

16.8 

(0.0) 

15.6 

(-1.29) 

57.4 

(-3.61) 

17.2 

(-2.38) 

16.2 

(-5.19) 

58.8 

(-10.0) 

17.8 

(-5.95) 

17.0 

(-10.4) 

57.4 

(-3.61) 

17.26 

(-2.77) 

16.26 

(-5.58) 

90.92 

(-3.98) 

CD(P=0.05) 4.15 1.27 1.98 2.85 1.54 1.31 1.04 1.21 0.94 0.81 1.17 0.59 0.67 - - - - 

Mean of 5 replications 

Figure in parenthesis indicates mean % reduction of aphid population 

N= nymph, Al= Alate, Ap= Apterus 

DAT= days after treatment 
 

Bio-safety of botanical pesticides against their natural 

enemies of green apple aphid  

The bio-safety of botanical pesticides were evaluated against 

three predatory natural enemies associated with green apple 

aphid in the valley as coccinellids, syrphid fly and 

Chrysoperla larva and Parasitization of green apple aphid was 

also evaluated (Table 2). The highest total predatory natural 

enemies mean mortality 39.04% was recorded against 

Azadirachtin (0.3%) which was significantly lower (72.00%) 

than treated check (Dimethoate@ 1ml/L) while as lowest 

(24.25%) against Neem oil (2%). Among three predatory 

natural enemies, the cumulative mean mortality of 

coccinellids was recorded lowest in all treatment except 

Artemisia leaf extract (2%) was 28.50% was higher than 

Chrysoperla (26.42). Among all treatments, the mortality of 

Chrysoperla was recorded highest followed by syrphid fly 

larva. The maximum mortality of coccinellids (40.00%) was 

recorded against NSKE (5%) while as, maximum mortality of 

syrphid fly (42.85%) and Chrysoperla (45.00%) were 

recorded against Azadirachtin (0.3%) and Artemisia leaf 

extract (3%), respectively. Under treated check (Dimethoate 

@ 1ml/L) was given higher cumulative mean mortality of 

72.22%, 74.28% and 67.50% of coccinellids, syrphid fly and 

Chrysoperla larva, respectively which was significantly 

higher than all botanical pesticides. All botanical pesticides 

are safer against parasitization of aphids and not found any 

significant effect while as treated check (Dimethoate @ 

1ml/L) was given significantly more mortality of parasitoids 

(mummified aphids) (Table 2). 

First day after spray, highest mortality of 25.00% of 

coccinellids against Artemisia leaf extract (3%); 28.57% 

mortality of syrphid fly against Azadirachtin (0.3%) and 

33.30% mortality of Chrysoperla larvae against castor oil 

(3%) and Artemisia leaf extract (3%) which was significantly 

lower to untreated check (Dimethoate @ 1ml/L) showed 

66.66% mortality of coccinellids, 71.42% mortality of syrphid 

fly and 62.50% mortality of Chrysoperla larvae (Table 2). 

Maximum per cent mortality of predatory natural enemies of 

40.00% of coccinellids against Artemisia leaf extract (3%) 

and Azadirachtin (0.3%) were recorded at 7th day after 

treatment and least against Castor oil (2%) was 14.28%.  

In case of syrphid fly larvae it was highest (43.85%) against 

Azadirachtin (0.3%) and least 22.20% against Neem oil (3%) 

at 7th DAT. The mortality of Chrysoperla was recorded 

highest (50.00%) against NSKE (5%) and lowest (25.00%) 

against Castor oil (2%) at 7th DAT. At 15th DAT the 

maximum mortality (60.00%) of coccinellids was recorded 

against NSKE (5%) and least 28.57% against Castor oil (2%), 

in case of syrphid fly it was highest (57.14%) against 

Azadirachtin (0.3%) and least (35.71%) against castor oil 

(2%). The maximum mortality of Chrysoperla was recorded 

highest 50.0% against higher concentration of botanical 

pesticides which was significantly lower than treated check 

(Roger@ 1ml/L) and was 75.00% while as least mortality 

(33.30%) was recorded against Neem oil (2%) at 15th DAT. 

Lest information was recorded against effect of botanicals 

pesticides on natural enemies population of green apple 

aphids, Khan [16, 17] reported some oils for the biosafety of 

natural enemies of green apple aphids of Kashmir. 

We can conclude that Azadirachtin @ 0.3% exhibited best 

performance on the basis of mortality of green apple aphid 

(68.91%) and safer for natural enemies; hence, Azadirachtin 

@ 0.3% can be considered potential botanical pesticides for 

the management of green apple aphid in Kashmir. 

 
Table 2: Bio-safety of Botanical pesticides against natural enemies of green aphid (Aphis pomi) in apple orchard of Kashmir 

 

Treatment Conc. 

Pre- 

treatment 

count Mean 
P 

(%) 

Post treatment count (Mean population of Natural Enemies DAT) 

Cumulative mean Total 

(Mean % 

reduction) 

Mean 

(% 

P) 

1 7 15 

C. S. Ch. C. S. Ch. 
P 

(%) 
C. S. Ch. 

P 

(%) 
C. S. Ch. 

P 

(%) 
C. S. Ch. 

Neem oil 

 

2% 1.8 1.6 0.6 4.0 12.2 
1.6 

(11.11) 

1.4 

(12.50) 

0.5 

(16.6) 
10.0 

1.4 

(22.20) 

1.2 

(25.00) 

0.4 

(33.30) 
9.6 

1.2 

(33.30) 

1.0 

(37.50) 

0.4 

(33.30) 
9.4 

1.4 

(22.2) 

1.2 

(25.00) 

0.43 

(28.30) 

3.03 

(24.25) 
9.6 

3% 2.4 1.8 0.8 5.0 9.8 
2.2 

(16.67) 

1.5 

(16.70) 

0.6 

(25.0) 
9.5 

1.8 

(25.00) 

1.4 

(22.20) 

0.5 

(37.50) 
8.2 

1.5 

(37.50) 

1.1 

(38.80) 

0.4 

(50.00) 

7.9 

 

1.76 

(26.66) 

1.33 

(26.11) 

0.50 

(37.50) 

3.59 

(28.20) 
8.5 

Castor oil 

 

2% 1.4 2.8 0.4 4.6 9.0 
1.3 

(7.14) 

2.4 

(14.28) 

0.3 

(25.0) 
8.6 

1.2 

(14.28) 

2.0 

(28.57) 

0.3 

(25.00) 

8.4 

 

1.0 

(28.57) 

1.8 

(35.71) 

0.2 

(50.00) 

6.0 

 

1.16 

(17.14) 

2.06 

(26.42) 

0.26 

(35.00) 

3.48 

(24.34) 

7.6 

 

3% 2.2 1.6 1.2 5.0 9.2 
7.8 

(18.80) 

1.2 

(25.00) 

0.8 

(33.30) 
8.2 

1.6 

(27.27) 

1.0 

(37.50) 

0.7 

(41.60) 

7.4 

 

2.0 

(39.91) 

0.8 

(45.45) 

0.6 

(50.00) 

7.2 

 

1.53 

(30.45) 

1.0 

(37.50) 

0.70 

(41.66) 

3.23 

(35.40) 
7.6 

Artemisia 

leaf extract 

2% 2.0 1.4 1.4 4.8 10.4 
1.6 

(20.00) 

1.1 

(21.43) 

1.2 

(14.28) 
8.2 

1.4 

(30.00) 

1.0 

(28.57) 

1.0 

(28.57) 
6.8 

1.3 

(35.00) 

0.8 

(42.85) 

0.9 

(35.72) 
6.6 

1.43 

(28.50) 

0.96 

(31.42) 

1.03 

(26.42) 

3.42 

(28.75) 
7.2 

3% 1.6 2.4 0.6 4.6 8.2 
7.2 

(25.00) 

2.0 

(16.66) 

0.4 

(33.30) 
7.6 

1.0 

(37.50) 

1.8 

(33.33) 

0.3 

(53.00) 
12.2 

0.9 

(43.75) 

1.4 

(41.66) 

0.3 

(50.00) 
6.4 

1.0 

(35.02) 

1.73 

(27.91) 

0.33 

(45.00) 

3.09 

(32.38) 
7.4 

NSKE 

4% 1.4 1.8 1.2 4.4 9.4 
1.2 

(14.28) 

1.4 

(22.20) 

1.0 

(16.60) 
7.8 

1.0 

(28.57) 

1.2 

(33.33) 

0.8 

(33.30) 
7.3 

0.8 

(42.85) 

1.0 

(44.40) 

0.7 

(41.60) 
6.7 

1.0 

(28.57) 

1.2 

(33.30) 

0.83 

(30.83) 

3.03 

(31.14) 
7.3 

5% 1.0 1.6 0.8 3.4 10.6 
0.8 

(20.00) 

1.2 

(25.00) 

0.6 

(25.0) 
9.4 

0.6 

(40.00) 

1.0 

(37.50) 

0.4 

(50.00) 
8.6 

0.4 

(60.00) 

0.8 

(50.00) 

0.4 

(50.0) 
7.4 

0.6 

(40.00) 

1.0 

(37.50) 

0.46 

(42.50) 

2.06 

(39.41) 
8.46 

Azadirachtin 0.2% 1.5 2.0 0.6 4.1 10.4 
1.2 

(20.00) 

1.6 

(20.00) 

0.5 

(16.60) 
9.2 

1.1 

(26.60) 

1.4 

(30.00) 

0.4 

(33.30) 
9.0 

1.0 

(33.30) 

1.2 

(40.00) 

0.3 

(50.00) 
8.6 

1.1 

(26.67) 

1.4 

(30.00) 

0.40 

(33.30) 

2.90 

(29.26) 
8.9 
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0.3% 2.0 1.4 0.8 4.2 11.2 
1.6 

(20.00) 

1.0 

(28.57) 

0.6 

(25.00) 
9.4 

1.2 

(40.00) 

0.8 

(43.85) 

0.5 

(37.50) 
8.4 

1.0 

(50.00) 

0.6 

(57.14) 

0.4 

(50.00) 
8.2 

1.26 

(37.00) 

0.8 

(42.85) 

0.50 

(37.50) 

2.56 

(39.04) 
9.0 

Treated 

check 

(Dimethoate 

30EC) 

1ml/L 1.8 1.4 0.8 4.0 12.0 
0.6 

(66.60) 

0.4 

(71.42) 

0.3 

(62.50) 
10.6 

0.5 

(72.22) 

0.4 

(71.42) 

0.3 

(62.50) 
6.8 

0.4 

(77.70) 

0.3 

(78.50) 

0.2 

(75.00) 
5.0 

0.5 

(72.22) 

0.36 

(74.28) 

0.26 

(67.50) 

1.12 

(72.00) 
7.4 

Control 

Use 

water 

only 

1.6 1.4 0.8 3.8 10.2 
1.8 

(-12.5) 

1.4 

(0.0) 

0.8 

(0.0) 
10.6 

1.7 

(6.25) 

1.5 

(-7.14) 

0.8 

(0.0) 
12.3 

1.9 

(-

18.75) 

1.5 

(-7.14) 

0.9 

(-

12.50) 

12.6 

1.8 

(-

12.50) 

1.46 

(-4.28) 

0.83 

(-3.75) 

4.05 

(-6.57) 
11.83 

CD(P=0.05) 0.23 0.14 0.09 0.49 1.2 0.72 0.33 0.29 1.30 0.23 0.38 0.17 1.9 0.18 0.21 0.09 1.73 - - - - - 

Mean of 5 replications 

Figure in parenthesis indicates mean % reduction of natural enemies 

C= Coccinellids, S= Syrphid fly larva, Ch. = Chrysoperla, P= parasitized aphid (mummified) 

DAT= days after treatment, * Natural enemies count on the basis of 10 twigs. 
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