



FIELD EVALUATION OF SPIROTETRAMAT 150 G/L OD (MOVENTO) FOR CONTROL OF RUGOSE SPIRALING WHITEFLY (Aleurodicus rugioperculatus M.) (HEMIPTERA: ALEYRODIDAE) IN OIL PALM

ABSTRACT
The study assessed the bioefficacy and phytotoxicity of Spirotetramat 150 g/L OD (Movento) for controlling Rugose Spiraling Whitefly (RSW), Aleurodicus rugioperculatus, in oil palm (Elaeis guineensis Jacq.) plantations during the Kharif seasons of 2022 and 2023. Using a randomized block design (RBD), six treatments were tested for bioefficacy and three for phytotoxicity. Results indicated that Spirotetramat 150 g/L OD, applied at 15 and 11.25 g a.i./ha, significantly reduced RSW nymph populations, achieving an 81.99%  to 93.30%  reduction over control plots. These treatments also enhanced oil palm yield, increasing production by 52.86% to 70.41% compared to untreated controls. Importantly, Spirotetramat demonstrated no adverse effects on natural enemies like Encarsia spp., and no phytotoxicity symptoms were observed. The study concludes that Spirotetramat 150 g/L OD, particularly at 15 g a.i./ha, is highly effective for managing RSW in oil palm, with minimal environmental impact, making it a suitable component of integrated pest management strategies.
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INTRODUCTION
India’s vegetable oil economy ranks as the fourth largest in the world, following the USA, China, and Brazil, with oil palm (Elaeis guineensis Jacq.) playing a crucial role in this sector. Among the edible oil crops, oil palm stands out as the only perennial and environmentally friendly option, capable of delivering the highest oil yield. It provides farmers with a stable and assured income for up to 30 years. Due to its affordability, oil palm is widely consumed edible oil in Indian households, contributing to 70% of the country's total vegetable oil imports (Department of Horticulture, 2020). As a vital commercial crop, oil palm is a significant contributor to the economies of tropical regions, making it indispensable to the global and Indian vegetable oil markets.

Despite its importance, oil palm faces significant challenges, particularly from pests. One of the most a recent and severe threat is the rugose spiraling whitefly (RSW), Aleurodicus rugioperculatus Martin, (Hemiptera: Aleyrodidae). Since its initial detection in Florida, USA, in 2009, this invasive species has rapidly spread across tropical and subtropical regions, including parts of Asia (Stocks and Hodges, 2012a; McKenzie et al., 2014c). RSW primarily infests the undersides of oil palm leaves, where it feeds by sucking plant sap. This feeding behavior results in the secretion of honeydew, a sugary substance that facilitates the growth of sooty mold on the upper surfaces of the leaves. The presence of sooty mold can significantly hinder the plant's ability to photosynthesize, ultimately reducing the crop's yield and overall health (Stocks and Hodges, 2012b).

The rapid reproductive cycle and high fecundity of RSW make it particularly problematic in oil palm plantations. The pest’s ability to reproduce quickly, coupled with the absence of effective natural enemies in regions where it has been introduced, creates ideal conditions for large-scale infestations (Sundararaj and Selvaraj, 2017a). Additionally, favorable climatic conditions in tropical and subtropical areas further contribute to the pest’s proliferation, leading to outbreaks that can severely impact oil palm production (Sundararaj and Selvaraj, 2017c).
Historically, management strategies for RSW and other similar pests have relied on a combination of cultural practices and biological control agents. Cultural practices, such as the removal of infested plant material, and the introduction of biological control agents like parasitoids or predators, can help manage pest populations to some extent. However, when infestations occur on a larger scale, especially in the early stages of an outbreak, these methods often prove insufficient. In such cases, chemical control becomes a critical component of the management strategy. Chemical insecticides offer rapid suppression of pest populations, preventing further damage to the crop during the outbreak's initial stages.

Among the various insecticides available, spirotetramat 150 g/L OD (marketed as Movento), a tetramic acid derivative, has shown particular promise in controlling sap-sucking pests like RSW. Spirotetramat works by inhibiting lipid biosynthesis in target pests, leading to their eventual death. Its unique translaminar and systemic action allows it to be absorbed and transported throughout the plant, reaching both treated and untreated areas (McKenzie et al., 2014a). This characteristic makes it especially effective in managing pests like RSW, which feed on the undersides of leaves. Studies have demonstrated spirotetramat’s efficacy against other whitefly species and sap-feeding insects, positioning it as a strong candidate for inclusion in integrated pest management (IPM) programs for oil palm (Nauen et al., 2008b; Castle et al., 2009a; McKenzie et al., 2014b).

Given the growing threat posed by RSW to oil palm production and the limitations of traditional management strategies, this study seeks to evaluate the field efficacy of spirotetramat 150 g/L OD (Movento) in controlling A. rugioperculatus infestations. The goal is to determine whether this insecticide can be integrated into a broader IPM approach, offering a sustainable solution to mitigate the impact of RSW on oil palm plantations while maintaining productivity and economic viability.

MATERIAL AND METHODS
Experimental details: Treatments and design of layout

The experiment was conducted at Agricultural Research Station Gangavathi during the Kharif seasons of 2022 and 2023. A Randomized Block Design (RBD) was employed, with six treatments for bioefficacy and three for phytotoxicity studies (Table 1 and 2).  A minimum of two trees were selected per treatment, with a total of four replications. Oil palm variety Tenera was used, with plants aged 8-10 years, spaced at 9 m x 9 m. The treatments were applied four times over two years and observations were taken pre-treatment and 3, 7 and 10 days post-application. This carefully structured approach ensured reliable data collection and assessment of the treatments effectiveness and potential phytotoxicity.
TABLE 1: TREATMENT DETAILS FOR BIO-EFFICACY STUDIES
	S. No.
	Treatment
	Dosage/100 L of water

	
	
	g a. i.
	Formulation (ml / g)

	1
	Spirotetramat 150 g/L OD (Movento)
	7.5
	50

	2
	Spirotetramat 150 g/L OD (Movento)
	11.25
	75

	3
	Spirotetramat 150 g/L OD (Movento)
	15
	100

	4
	Imidacloprid 200 g/L SL
	2
	10

	5
	Neem seed kernel extract (NSKE) 5%
	-
	5000

	6
	Untreated Control
	-
	-


TABLE 2: TREATMENT DETAILS FOR PHYTOTOXICITY STUDIES

	S. No.
	Treatment
	Dosage/100 L of water

	
	
	g a. i.
	Formulation (ml / g)

	1
	Spirotetramat 150 g/L OD (Movento)
	15
	100

	2
	Spirotetramat 150 g/L OD (Movento)
	30
	200

	3
	Untreated Control
	-
	-


Observation Methodology:

Whitefly nymph counts were taken on two randomly selected leaves per tree at pre-treatment and after each application. The percent reduction over control was calculated, and data were statistically analyzed using square root transformation. The effects on natural enemies, including Encarsia spp., were also recorded and analyzed. Oil palm yield was recorded per tree and converted to a per-hectare basis. Phytotoxic effects were recorded at 1, 5, and 10 days post-treatment, observing for symptoms such as leaf injury, necrosis, and wilting by phytotoxic rating scale (Table 3).
RESULTS AND DISCUSSION

Rugose spiralling whitefly population during Kharif season 2022: 

The nymphs of Rugose spiralling whitefly populations did not differ statistically among all the treatments one day before treatment. The data revealed that all the treatments reduced the nymph population significantly. At 10 days after first spray, the plots treated with Spirotetramat 150 g/L OD @ 15 a. i. /ha registered significantly lower whitefly population (1.10) with maximum per cent reduction over control (89.05%) and it was on par Spirotetramat 150 g/L OD
@ 11.25 a. i. /ha (1.44) with 85.67% reduction over control and the next treatments were Spirotetramat 150 g/L OD @ 7.5 a. i. /ha (1.81), Imidacloprid 200 g/L SL @ 2 g a. i. /ha (2.75 thrips) and neem seed kernel extract (NSKE) 5% a.i./ha (3.75). 
TABLE 3: PHYTOTOXICITY RATING SCALE (PRS)
	% Injury 
	Scale

	0-10%
	1

	11-20%
	2

	21-30%
	3

	31-40%
	4

	41-50%
	5

	51-60%
	6

	61-70%
	7

	71-80%
	8

	81-90%
	9

	91-100%
	10


Similar trend was recorded at 10 days after second spray. The highest % ROC of 93.30
was recorded in Spirotetramat 150 g/L OD @ 15 a.i./ha, followed by Spirotetramat 150 g/L OD @ 11.25 a. i. /ha (91.67%), Spirotetramat 150 g/L OD @ 7.5 a. i. /ha (88.52%), Imidacloprid 200 g/L SL @ 2 g a. i. /ha (80.38%) and neem seed kernel extract (NSKE) 5% a.i./ha (73.68%) (Table 4).
TABLE.4: BIO-EFFICACY OF SPIROTETRAMAT 150 G/L OD ON RSW ON OIL PALM DURING KHARIF-2022-23
	Tr.

No
	Treatments
	Dose

(g a.i./ 100 L of water)
	Nymphs of Rugose spiralling whitefly at 2 leaves/tree

	
	
	
	Spray I
	Spray II

	
	
	
	PTC
	3

DAS
	% ROC
	7

DAS
	% ROC
	10

DAS
	% ROC
	PTC
	3

DAS
	% ROC
	7

DAS
	% ROC
	10

DAS
	% ROC

	T1
	Spirotetramat 150 g/L OD (Movento)
	7.5
	9.58

(3.10)
	5.55

(2.36)
	43.08
	3.85 

(1.96)
	60.99
	1.81

(1.35)
	81.99
	1.95

(1.40)
	1.73

(1.32)
	83.12
	1.50

(1.22)
	85.55
	1.20

(1.10)
	88.52

	T2
	Spirotetramat 150 g/L OD (Movento)
	11.25
	9.12

(3.02)
	5.37

(2.32)
	44.92
	3.70

(1.92)
	62.51
	1.44

(1.20)
	85.67
	1.65

(1.28)
	1.51

(1.23)
	85.27
	0.98

(0.99)
	90.56
	0.87

(0.93)
	91.67

	T3
	Spirotetramat 150 g/L OD (Movento)
	15
	9.30

(3.05)
	5.10

(2.26)
	47.69
	3.20

(1.79)
	67.58
	1.10

(1.05)
	89.05
	1.41

(1.19)
	1.23

(1.11)
	88.00
	0.90

(0.95)
	91.33
	0.70

(0.84)
	93.30

	T4
	Imidacloprid 200 g/L SL
	2
	9.45

(3.07)
	5.79

(2.41)
	40.62
	3.98

(1.99)
	59.68
	2.75

(1.66)
	72.64
	2.83

(1.68)
	2.70

(1.64)
	73.66
	2.48

(1.57)
	76.11
	2.05

(1.43)
	80.38

	T5
	Neem seed kernel extract (NSKE) 5%
	-
	9.00

(3.00)
	5.95

(2.44)
	38.97
	4.58

(2.14)
	53.60
	3.75

(1.94)
	62.69
	3.02

(1.74)
	2.91

(1.71)
	71.61
	2.82

(1.68)
	72.83
	2.75

(1.66)
	73.68

	T6
	Untreated Control
	-
	9.64

(3.10)
	9.75

(3.12)
	-
	9.87

(3.14)
	-
	10.05

(3.17)
	-
	10.12

(3.18)
	10.25

(3.20)
	-
	10.38

(3.22)
	-
	10.45

(3.23)
	-

	S.Em.±
	0.31
	0.21
	-
	0.23
	-
	0.13
	-
	0.12
	0.17
	-
	0.12
	-
	0.13
	-

	C.D. (p=0.05)
	NS
	0.75
	-
	0.71
	-
	0.39
	-
	0.38
	0.52
	-
	0.43
	-
	0.39
	-

	C.V. (%)
	10.83
	11.25
	-
	13.10
	-
	11.56
	-
	11.56
	13.92
	-
	13.37
	-
	11.56
	-

	Note: PTC-Pre Treatment Count; DAS-Days after spray; ROC: Reduction over Control; Figures in the parentheses are [image: image2.png]Vr+05



 transformations;


Rugose spiraling whitefly population during Kharif 2023: 
The study evaluated the effectiveness of various treatments in reducing the nymph population of Rugose spiralling whitefly over different time intervals following spray applications. Initially, there were no significant differences in the nymph populations across all treatments one day before the application. However, 10 days after the first spray, all treatments showed significant reductions in the nymph population.
Spirotetramat 150 g/L OD applied at 15 g a.i./ha achieved the lowest whitefly population, with 1.90 nymphs, corresponding to the highest reduction over control at 81.99%. This result was statistically similar to Spirotetramat at 11.25 g a.i./ha, which reduced the population to 2.04 nymphs, representing an 80.66% reduction. The next most effective treatment was Spirotetramat at 7.5 g a.i./ha, which lowered the population to 2.31 nymphs. Other treatments included Imidacloprid 200 g/L SL at 2 g a.i./ha, which resulted in 3.25 nymphs, and Neem Seed Kernel Extract (NSKE) 5%, which brought the population down to 4.35 nymphs.
This trend continued 10 days after the second spray. Spirotetramat 150 g/L OD at 15 g a.i./ha again showed the highest reduction in nymph population, with an 86.57% decrease. It was closely followed by Spirotetramat at 11.25 g a.i./ha (86.30%) and at 7.5 g a.i./ha (84.47%). In comparison, Imidacloprid 200 g/L SL and NSKE 5% were less effective, with reductions of 72.61% and 68.56%, respectively (Table 5).  

Yield of oil Palm and population on natural enemies during Kharif 2022
The data of Kharif 2022 shows that the test product Spirotetramat 150 g/L OD @ 15 a.i./ha harvested maximum yield of 9.02 tonnes/ha followed by  Spirotetramat 150 g/L OD @
TABLE.5: BIO-EFFICACY OF SPIROTETRAMAT 150 G/L OD ON RSW ON OIL PALM DURING KHARIF-2023-24
	Tr.

No
	Treatments
	Dose

(g a.i./ 100 L of water)
	Nymphs of Rugose spiralling whitefly at 2 leaves/tree

	
	
	
	Spray I
	Spray II

	
	
	
	PTC
	3

DAS
	% ROC
	7

DAS
	% ROC
	10

DAS
	% ROC
	PTC
	3

DAS
	% ROC
	7

DAS
	% ROC
	10

DAS
	% ROC

	T1
	Spirotetramat 150 g/L OD (Movento)
	7.5
	10.08
(3.25)
	6.05
(2.56)
	40.98
	4.35

(2.20)
	58.05
	2.31

(1.68)
	78.10
	2.45

(1.72)
	2.23

(1.65)
	79.26
	2.00

(1.58)
	81.61
	1.7

(1.48)
	84.47

	T2
	Spirotetramat 150 g/L OD (Movento)
	11.25
	9.72
(3.20)
	5.97
(2.54)
	41.76
	4.30

(2.19)
	58.53
	2.04

(1.59)
	80.66
	2.25

(1.66)
	2.11

(1.62)
	80.37
	1.58

(1.44)
	85.47
	1.5

(1.41)
	86.30

	T3
	Spirotetramat 150 g/L OD (Movento)
	15
	10.1
(3.26)
	5.90
(2.53)
	42.44
	4.00

(2.12)
	61.42
	1.9

(1.55)
	81.99
	2.21

(1.65)
	2.03

(1.59)
	81.12
	1.70

(1.48)
	84.37
	1.47

(1.40)
	86.57

	T4
	Imidacloprid 200 g/L SL
	2
	9.95
(3.23)
	6.29
(2.61)
	38.63
	4.48

(2.23)
	56.79
	3.25

(1.94)
	69.19
	3.33

(1.96)
	3.20

(1.92)
	70.23
	2.98

(1.87)
	72.61
	2.55

(1.75)
	76.71

	T5
	Neem seed kernel extract (NSKE) 5%
	-
	9.6
(3.18)
	6.55
(2.66)
	36.10
	5.18

(2.38)
	50.04
	4.35

(2.20)
	58.76
	3.62

(2.03)
	3.51

(2.00)
	67.35
	3.42

(1.98)
	68.56
	3.35

(1.96)
	69.40

	T6
	Untreated Control
	-
	10.14
(3.26)
	10.25
(3.28)
	-
	10.37

(3.30)
	-
	10.55

(3.32)
	-
	10.62

(3.33)
	10.75

(3.35)
	-
	10.88

(3.37)
	-
	10.95

(3.38)
	-

	S.Em.±
	0.26
	0.31
	-
	0.18
	-
	0.28
	-
	0.37
	0.13
	-
	0.13
	-
	0.14
	-

	C.D. (p=0.05)
	NS
	0.78
	-
	0.57
	-
	0.73
	-
	0.62
	0.43
	-
	0.41
	-
	0.33
	-

	C.V. (%)
	10.01
	13.80
	-
	11.52
	-
	12.83
	-
	13.31
	11.78
	-
	11.90
	-
	10.19
	-

	Note: PTC-Pre Treatment Count; DAS-Days after spray; ROC: Reduction over Control; Figures in the parentheses are [image: image4.png]Vr+05



 transformations;


11.25 a.i./ha (8.04 tonnes/ha) which were on par with each other followed by Spirotetramat 150 g/L OD @ 7.5 a.i./ha (7.15 tonnes/ha), Imidacloprid 200 g/L SL @ 2 g a. i. /ha (5.59 tonnes/ha) and neem seed kernel extract (NSKE) 5% a.i./ha (4.69 tonnes/ha). The untreated control harvested lower yield of 4.08 tonnes/ha (Table 6). 
The study also evaluated the impact of different treatments on Encarsia spp. populations. The population of natural enemies like Encarsia spp. ranged from 5.34 to 6.56. The population could not be affected much even after 10 days of application. For instance, the test compound Spirotetramat 150 g/L OD @ 15 g a.i./ha recorded 5.28 population of Encarsia spp. which was comparable with the lower dosage treatments. Meaningly, the test compound Spirotetramat 150 g/L OD was found to be relatively safe to natural enemies in the oil palm ecosystem (Table 6).
Yield of oil palm and population natural enemies during Kharif 2023
The study evaluated various treatments for oil palm yield during the Kharif season of 2022-23, measuring bunch yield per tree (kg/tree) and yield per hectare (t/ha), along with the per cent increase over the untreated control (UTC). Spirotetramat 150 g/L OD (Movento) showed significant results, with a dosage of 7.5 g a.i./ha yielding 62 kg/tree and 8.87 t/ha, a 52.86% increase over UTC. At a dosage of 11.25 g a.i./ha, the bunch yield was 63.25 kg/tree and 9.04 t/ha, representing a 55.94% increase. The highest dosage of 15 g a.i./ha produced the most substantial yield, with 69.12 kg/tree and 9.88 t/ha, a 70.41% increase over UTC. 
TABLE. 6: EFFECT OF SPIROTETRAMAT 150 G/L OD ON YIELD OF OIL PALM AND NATURAL ENEMIES DURING KHARIF-2022-23
	Tr. No
	Treatments
	Dose

(g a.i./ 100 L of water)
	Bunch  yield
	Encarsia spp. (No./tree)

	
	
	
	kg/tree
	t/ha
	% increase over UTC
	PTC
	7 DAS
	10 DAS

	T1
	Spirotetramat 150 g/L OD (Movento)
	7.5
	50.00
	7.15
	75.24
	6.56
(2.56)
	6.45
(2.54)
	6.21
(2.49)

	T2
	Spirotetramat 150 g/L OD (Movento)
	11.25
	56.25
	8.04
	97.05
	5.45
(2.33)
	5.30
(2.30)  
	5.12
(2.26)

	T3
	Spirotetramat 150 g/L OD (Movento)
	15
	63.12
	9.02
	121.07
	5.34

(2.31)
	5.28
(2.30)
	5.21
(2.28)

	T4
	Imidacloprid 200 g/L SL
	2
	39.12
	5.59
	37.00
	5.68
(2.38)
	5.37
(2.32)
	5.25
(2.29)

	T5
	Neem seed kernel extract (NSKE) 5%
	-
	32.86
	4.69
	14.95
	5.79
(2.41)
	5.65
(2.38)
	5.30

(2.30)

	T6
	Untreated Control
	-
	28.56
	4.08
	-
	5.83
(2.44)
	5.90
(2.40)
	5.98
(2.33)

	S. Em.±
	0.33
	0.36
	-
	0.14
	0.22
	0.25

	C.D. (p=0.05)
	1.09
	1.12
	-
	NS
	NS
	NS

	C.V. (%)
	8.21
	9.32
	-
	10.95
	12.05
	14.19

	Note: PTC-Pre Treatment Count; DAS-Days after spray; UTC: Untreated Control; Figures in the parentheses are [image: image6.png]Vr+05



 transformations;


Imidacloprid at 200 g/L SL resulted in a bunch yield of 51.12 kg/tree and 7.31 t/ha, showing a 26.04% increase over UTC, making it less effective compared to Spirotetramat 150 g/L OD (Movento). The 5% NSKE treatment yielded 44.86 kg/tree and 6.41 t/ha, with a 10.60% increase over UTC, indicating moderate effectiveness (Table 7).
The results showed that the population of Encarsia spp. ranged from 6.14 to 7.06 per tree. Despite the application of treatments, there was minimal impact on the population even after 10 days. In case of Spirotetramat 150 g/L OD at 15 g a.i./ha recorded a population of 6.01, which was comparable to that of lower dosage treatments. This suggests that Spirotetramat 150 g/L OD is relatively safe for natural enemies in the oil palm ecosystem, indicating limited adverse effects on Encarsia spp. (Table 7).
Phytotoxicity Assessment
The data revealed that Spirotetramat 150 g/L OD caused no phytotoxicity in oil palm crops. No symptoms of leaf injury, necrosis, or wilting were observed at 1, 5, or 10 days after application at both dosages (15 g a.i. and 30 g a.i. per 100 L of water), as shown in (Table 8). Similarly, no signs of epinasty, hyponasty, or vein clearing were observed at 3, 7, 10, 15, or 20 days after application (Table 9). The untreated control also exhibited no symptoms, confirming that Spirotetramat 150 g/L OD is safe for oil palm crops and poses no phytotoxic risk.
Discussion
The present study evaluated the efficacy of various insecticidal treatments against the rugose spiraling whitefly, particularly focusing on Spirotetramat and its impact on both the pest population and the yield of oil palm.  

TABLE 7: EFFECT OF SPIROTETRAMAT 150 G/L OD ON OIL PALM YIELD AND NATURAL ENEMIES DURING KHARIF-2023-24
	Tr. No
	Treatments
	Dose

(g a.i./ 100 L of water)
	Bunch  yield
	Encarsia spp. (No./tree)

	
	
	
	kg/tree
	t/ha
	% increase over UTC
	PTC
	7 DAS
	10 DAS

	T1
	Spirotetramat 150 g/L OD (Movento)
	7.5
	62
	8.87
	52.86
	7.06
(2.75)
	6.95
(2.73)
	6.71
(2.69)

	T2
	Spirotetramat 150 g/L OD (Movento)
	11.25
	63.25
	9.04
	55.94
	6.25
(2.60)
	6.1
(2.57)
	5.92
(2.53)

	T3
	Spirotetramat 150 g/L OD (Movento)
	15
	69.12
	9.88
	70.41
	6.14
(2.58)
	6.08
(2.57)
	6.01
(2.55)

	T4
	Imidacloprid 200 g/L SL
	2
	51.12
	7.31
	26.04
	6.28
(2.60)
	5.97
(2.54)
	5.85
(2.52)

	T5
	Neem seed kernel extract (NSKE) 5%
	-
	44.86
	6.41
	10.60
	6.39
(2.62)
	6.25
(2.60)
	5.9
(2.53)

	T6
	Untreated Control
	-
	40.56
	5.80
	-
	6.53
(2.65)
	6.6
(2.66)
	6.68
(2.68)

	S. Em.±
	0.98
	0.35
	-
	0.14
	0.16
	0.19

	C.D. (p=0.05)
	3.12
	1.13
	-
	NS
	NS
	NS

	C.V. (%)
	6.14
	7.80
	-
	10.40
	10.89
	11.05

	Note: DBS=Day before spray; DAT= Days after treatment; ROC-Reduction over Control; Figures in the parentheses are [image: image8.png]


 transformations.


TABLE 8: PHYTOTOXIC EFFECT DUE TO SPIROTETRAMAT 150 G/L OD ON OIL PALM CROP AT 1, 5 AND 10 DAYS AFTER APPLICATION
	Tr. No.
	Treatment
	Dosage/ 100 L of water
	Leaf injury on tips
	Necrosis
	Wilting

	
	
	g a.i.
	Formulation

(ml / g)
	1
	5
	10
	1
	5
	10
	1
	5
	10

	1
	Spirotetramat 150 g/L OD (Movento)
	15
	100
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	Spirotetramat 150 g/L OD (Movento)
	30
	200
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	Untreated Control
	-
	-
	0
	0
	0
	0
	0
	0
	0
	0
	0


TABLE 9 : PHYTOTOXIC EFFECT DUE TO SPIROTETRAMAT 150 G/L OD ON OIL PALM CROP AT 3, 7, 10, 15 AND 20 DAYS AFTER APPLICATION
	Tr. No.
	Treatment
	Dosage
	Epinasty
	Hyponasty
	Vein Clearing

	
	
	g a.i./ha
	Formulation

(kg/ha)
	1
	5
	10
	1
	5
	10
	1
	5
	10

	1
	Spirotetramat 150 g/L OD (Movento)
	15
	100
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	Spirotetramat 150 g/L OD (Movento)
	30
	200
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	Untreated Control
	-
	-
	0
	0
	0
	0
	0
	0
	0
	0
	0


The results demonstrate that Spirotetramat 150 g/L OD was highly effective in reducing the nymph population of the whitefly during both the Kharif seasons of 2022 and 2023, with significant reductions across all dosages.
Spirotetramat at 15 g a.i./ha consistently achieved the highest reduction in the whitefly population in both years, which is in line with previous studies highlighting its effectiveness as a systemic insecticide. Castle et al. (2009b) demonstrated that Spirotetramat significantly reduced sap-feeding insect populations, including whiteflies, by inhibiting their ability to reproduce. This was further supported by McKenzie et al. (2014b), who confirmed that  the compound’s systemic properties enabled its translocation within plant tissues, providing control over pests on untreated parts of the plant as well. Similarly, Sundararaj and Selvaraj (2017b) also observed rapid declines in whitefly populations following Spirotetramat application, reinforcing its utility in integrated pest management (IPM) strategies.
In comparison, Imidacloprid and Neem Seed Kernel Extract (NSKE) were less effective in reducing the whitefly population. The efficacy of Imidacloprid, though notable, was consistently lower than Spirotetramat, with reductions in whitefly populations ranging from 72.61% to 80.38% after treatment. Previous studies, such as those by Nauen et al. (2008a), have suggested that while Imidacloprid is effective against many sap-feeding pests, its potency may decline in the presence of resistance development or under specific environmental conditions. This reduced efficacy aligns with the findings of the present study, where Spirotetramat outperformed Imidacloprid in all trials.
The use of NSKE as a botanical pesticide also showed moderate reductions in the whitefly population, which is consistent with the findings of Koul et al. (2004), who reported that neem-based products exhibit insecticidal properties but are generally less potent than synthetic chemicals. NSKE has been widely used in organic and sustainable agricultural practices due to its minimal environmental impact, but its effectiveness varies based on application timing, dosage, and pest pressure.
Regarding yield, Spirotetramat-treated plots consistently recorded higher oil palm yields than those treated with Imidacloprid and NSKE. The highest yield was observed with Spirotetramat 150 g/L OD at 15 g a.i./ha during both seasons, resulting in 9.88 t/ha in Kharif 2023 and 9.02 t/ha in Kharif 2022. The significant yield increase associated with Spirotetramat treatments is supported by studies like those of Schönherr and Schreiber (2004), who found that systemic insecticides can improve plant vigor by effectively managing pest populations, thereby minimizing stress on the crop. Moreover, the yield benefits observed in the current study align with Sharma et al. (2018), who reported that effective whitefly management translates directly into higher crop yields, as sap-feeding insects severely affect photosynthesis and overall plant health.
The impact of treatments on natural enemies, particularly Encarsia spp., was also evaluated. The findings indicate that Spirotetramat had minimal adverse effects on the population of Encarsia spp., a key parasitoid of whiteflies, even at the highest dosage of 15 g a.i./ha. This aligns with the work of Stocks and Hodges (2012c), who noted the selective nature of Spirotetramat, which targets sap-feeding pests while leaving beneficial organisms largely unharmed. In contrast, insecticides like Imidacloprid have been shown to have a broader spectrum of activity, potentially affecting non-target organisms, as documented by Desneux et al. (2007). The present findings reinforce the importance of selecting insecticides that preserve natural enemies in an IPM framework, as beneficial insects play a critical role in suppressing pest populations over the long term.

Lastly, the absence of phytotoxic effects in oil palm plants treated with Spirotetramat was consistent with previous reports. Stocks and Hodges (2012c) similarly observed no phytotoxic symptoms when Spirotetramat was applied to various crops, highlighting its safety for use in sensitive agricultural systems. This further solidifies the suitability of Spirotetramat as a reliable and safe option for managing whitefly infestations in oil palm plantations.

In conclusion, Spirotetramat 150 g/L OD has proven to be highly effective against rugose spiraling whitefly in oil palm, outperforming other treatments in terms of pest reduction, yield improvement, and safety to natural enemies. Its use in IPM programs could significantly enhance pest control strategies while maintaining the ecological balance in the oil palm ecosystem. The findings from this study are in agreement with multiple past studies, underlining the potential of Spirotetramat as a critical tool in sustainable agriculture.
CONCLUSION
  Among all the tested chemicals, Spirotetramat 150 g/L OD at dosages of 15 and 11.25 g a.i./ha proved significantly superior in reducing Rugose spiralling whitefly populations. This treatment not only produced the highest oil palm yield compared to other treatments but also had a minimal impact on natural enemies, making it effective for managing oil palm pests in the field. Additionally, Spirotetramat 150 g/L OD did not cause any phytotoxicity to the oil palm crop, even at the highest dosage of 15 g a.i./ha. Therefore, Spirotetramat 150 g/L OD @ 15 g a.i./ ha can be recommended for the management of Rugose spiralling whitefly in Oil palm.  
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