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The effects of the application of aqueous extracts of a selection of five traditional plants (Murraya paniculata, Cassia tora, Amphineuron opulentum, Tithonia diversifolia, and Cassia alata) were compared with that of synthetic acaricide in reducing the population of red spider mite (Oligonychus coffeae), a major tea pest, alongside their impact on natural enemies and green leaf yield. Analysis of large-scale field trials showed that all the five plants extract treatments resulted in similar yield; this was analogous to the application of synthetic acaricide. A reduction in the pest population was observed to be on par with the synthetic acaricide, with a higher number of natural enemies treated using the pesticide-plant-treated plot in comparison to the synthetic acaricide-treated plot, which indicated pesticidal plants had a lower impact on natural enemies. A phytotoxicity study on tea leaves indicated that aqueous extracts of selected plants are non-phytotoxic and do not impart any taint to the prepared tea samples. Therefore, the present investigation outlines how plant extracts used as a botanical pesticide display toxicity against red spider mite on tea plants without harming the beneficial insects, increasing the yield and avoiding any lethal consequence for the tea plants or consumers.
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INTRODUCTION

Tea, Camellia sinensis (L.) O. Kuntze, is a perennial plantation crop and requires warm humid weather for ample growth and production. Such climate conditions also house a diverse range of insect pests and diseases that attack this crop, which turns them into a limiting factor for the production of tea (Hazarika et al., 2009; Majumder et al., 2012). The red spider mite, Oligonychus coffeae Nietner (Acarina: Tetranychidae), is among the foremost tea pests in India (Somchoudhury et al., 1995; Babu, 2010; Barua et al., 2016), and it causes the loss of up to 35–40% of the crop (Sundararaju and Sundara Babu, 1999; Hazarika et al., 2009). The tea plant's mature leaves are attacked by the veins and the mid-rib; finally, the whole leaf is affected. In cases of severe infestation, the tender foliage may also become damaged (Rau, 1965; Jeppson et al., 1975). The red spider mite feeds on the leaf epidermis by constantly puncturing it using their chelicerae (Jeppson et al., 1975; Babu, 2010). This pest remains active throughout the year, and unhindered infestation leads to 100% crop loss if appropriate management strategies are not suitably adopted. In tea-growing areas, planters use different synthetic acaricides to maintain this pest under the economic threshold level (ETL) of 4% (Gurusubramanian et al., 2008; Babu, 2010).

Continuous and non-judicial application of these chemical acaricides leads to certain undesirable issues, such as water pollution, degradation of valuable soil microbes, a decline in biological control agents, resurgence, development of resistance in pest, secondary pest outbreaks, and pesticide residues in manufactured tea (Cranham, 1966; Mobed et al., 1992; Roy et al., 2008, 2012; Hazarika et al., 2009; Babu, 2010). To overcome these problems, tea growers have attempted to find alternative forms of crop protection, which is essential to sustainable tea production. To develop ecologically safe pesticides, identification of toxins or antifeedants from plants is nowadays being highlighted as a prospective process (Wheller et al., 2001; Babu et al., 2004, 2008; Babu, 2010).

Botanicals play an important role in organic tea production and are considered substitute plant protection products, keeping the red spider mite population below the ETL between tea harvests (Babu et al., 2011). The continuous application of plant extracts of the same species for an extended period of time may decrease responses amongst herbivores (Liu et al., 2005). Alteration of plant species or mixing the different plant species used for plant extracts for pest control is therefore essential (Chen et al., 1995), as pest resistance is less likely to occur when using mixtures (Feng and Isman, 1995). If the plant materials are locally available, utilization of crude or raw plant extracts containing a blend of bioactive components is a simpler and more cost-effective approach. Aqueous extracts of different locally available plants in India (viz. Clerodendron infortunatum, Acorus calamus, Aegle marmelos, Xanthium strumarium, Terminalia chebula, Duranta repens, and neem kernel) have been evaluated against the red spider mite in tea, and these show varying degrees of control under field conditions (Babu et al., 2008; Roy et al., 2014, 2016). To ensure a broad choice of protectants, the selection of plants should not be a constrain to a limited choice of plants, and further exploration for other prospective plants is encouraged. It is much more important to conduct various types of bioassays during the screening of a botanical pesticides (Akhtar and Isman, 2004).

In this study, an investigation was undertaken to ascertain the bioefficacy of water extracts of a selected group of plants that commonly exist in the locality of tea-growing areas in northeast India against red spider mites. These plant species were selected because of their ample abundance around tea gardens, bushland, and roadsides, their familiarity to tea planters, and the substantial amount of accessible information that exists on their effectiveness and safety of use (Mollah and Islam, 2005, 2008; Roy et al., 2010; Deka et al., 2017; Green et al., 2017).

Analyses of the selected plant extracts and their effects on the eggs, oviposition deterrence, and adult mortality of red spider mites and Chrysoperla carnea, Oxyopes javanus, and Stethorus gilvifrons, the major predators of red spider mites (Das et al., 2010; Perumalsamy et al., 2010; Babu et al., 2011), were carried out under both laboratory and field conditions. This paper evaluates whether aqueous extracts of selected pesticidal plants have prospective use as biopesticides for the tea plant, and it also highlights the effects of using pesticidal plants.



MATERIALS AND METHODS


Insect Rearing

Different stages of red spider mites were collected from the Tea Research Association, North Bengal Regional Research and Development Centre (NBRRDC) experimental plot (88° 55′ 0′′ East, 26° 54′ 0′′ North longitude) West Bengal, India. Organic tea is cultivated without the application of synthetic pesticides, chemical fertilizers, and growth regulators. After field collection, these mites were transferred on to 1-year-old potted tea plants (clone TV 1) that were kept in a greenhouse at 26 ± 3°C, 78 ± 4% RH, and an 18L: 7D photoperiod, and they were used for raising the susceptible population without any type of exposure to pesticides. From this stock, red spider mite adults were transferred onto fresh tea leaves (6 cm2) placed on moistened cotton pads (ca. 1.5 cm thick) in plastic trays (42 × 30 × 6.5 cm), which served as rearing chambers. Rearing chambers were kept under controlled conditions (26 ± 3°C, 78 ± 4% RH, and an 18L: 7D photoperiod) in a humidity chamber (Biojenik). Withered and dried leaves were regularly replaced. By adopting this technique, more than 30 generations of susceptible mite populations were maintained and utilized for carrying out the bioassays (Figures 1A,B).
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FIGURE 1. Tea red spider mites (A: eggs, B: adults).




Preparation of Plant Extracts

Fresh and full-grown leaves of Murraya paniculata (L.) Jack (Sapindales: Rutaceae), Cassia tora (L.) (Fabales: Fabaceae), Amphineuron opulentum (Kaulf.) Holt., (Polypodiales: Thelypteridaceae) Tithonia diversifolia (Hemsl.) A. Gray (Asterales: Asteraceae), and Cassia alata (L.) (Fabales: Fabaceae) were collected (Figures 2A–E) locally from nearby areas of NBRRDC, West Bengal. The plant materials (leaves, flower, and succulent stems) were shopped into fine pieces and allowed to dry in the shade. The dried materials were ground using an electric dicer, and they were later passed through a 30 mesh sieve and finally reserved in a 2 kg capability airtight glass jar. The aqueous extract of each selected plant was prepared by following the method of Nagappan (2012). To prepare different concentrations, viz., 2, 4, 6, 8, and 10 gm/l, different quantities of the powder, viz., 20, 40, 60, 80, and 100 gm, were weighed individually into plastic containers containing 1 L of water and then kept for 24 h. The water extracts of each concentration were filtered using a muslin cloth, labeled, and organized for application. All of the spray fluids including control were mixed with 0.1% Teepol AG as an emulsifier.
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FIGURE 2. Pesticidal plants evaluated against tea red spider mite. (A) M. paniculata, (B) C. tora, (C) A. opulentum, (D) T. diversifolia, and (E) C. alata (source: North Bengal Regional R and D Centre, Tea Research Association, West Bengal, India).




Acaricidal Activity of Pesticidal Plant Extracts (Leaf Disc Experiment)

Tea leaves collected from the NBRRDC experimental plot were cut into discs 2 cm in diameter. The leaf discs were positioned on soaked cotton set aside in a petri dish, and throughout the study, the wetness in the cotton was prolonged by wetting it using water regularly. A total of 20 red spider mites that were 24 h old were consigned from the stock culture onto each leaf disc. Using a glass atomizer, the spray fluid of the prepared plant extract concentrations were sprayed onto each leaf disc. To ensure the fine droplets fell onto the leaf disc, the distance between the leaf disc and the atomizer was set as constant (1 ft). A control (distilled water mixed with teepol) and Fenpyroximate 5EC (Mitigate) (dose: 0.5 ml/L) were sprayed along with the different concentrations of extracts. The experiment was replicated 30 times. Following the treatments, observations were recorded after 24, 48, and 72 h, and the total numbers of live mites were recorded with a compound microscope at a specified 10X magnification. The percentage mortality of mites was analyzed statistically through analysis of variance to calculate the critical difference (CD at p = 0.05; Snedecor and Cochran, 1989). After significant effects were identified, differences between means were considered significant at a 95% confidence interval based on Tukey's post-hoc Honestly Significant Difference (HSD) test to separate the means.



Ovicidal Action of Pesticidal Plant Extracts

To evaluate the ovicidal action of the selected plant extracts, 15 adult female mites were introduced on a full-grown tea leaf (leaf number four or five from the apex of the tea bush) to lay eggs, and they were kept in a petri dish overnight. To maintain the moisture conditions in the leaves, water-soaked cotton was padded in around the leaves. After hatching the eggs, the mites were removed using a fine camel-hair brush. In each leaf, exactly 30 eggs were chosen for the bioassay; the remaining eggs were carefully detached using a fine needle. For the bioassay, we used 30 eggs per experiment where these were assessed with different concentrations of the pesticidal plant extracts, viz., 2, 4, 6, 8, and 10 gm/l (w/v) sprayed with a fabricated atomizer (made with glass, size: 100 ml and pressure: 30 psi). A control (distilled water mixed with teepol) and Fenpyroximate 5EC (dose: 0.5 ml/L) were sprayed along with the different concentrations of extracts. The experiment was repeated 30 times. After oviposition, the hatchability of the egg was recorded for both control and experimental batches for a period of 12 days. After 12 days, if the eggs did not hatch, the eggs were considered non-feasible (Sarmah et al., 1999). The egg mortality (%) was analyzed statistically through analysis of variance to calculate the critical difference (CD at P = 0.05; Snedecor and Cochran, 1989).



Ovipositional Deterrent and Repellent Activity of Pesticidal Plant Extracts

The ovipositional deterrent and repellent effects of each of the pesticidal plant extracts on adult mites were tested using the choice test method (Roy et al., 2016). The adaxial surface of each leaf disc (2 cm diameter) was positioned facing upward in a petri dish. Using a camel-hair brush, 50% of the leaf disc (either side from the midrib) was painted with each of the tested concentrations from each of the plant extracts (2, 4, 6, 8, and 10 gm/l) and another 50% of the leaf disc was painted with 0.1% soap water (considered as control) and allowed to dry. After drying, 20 gravid red spider mite females were positioned on the center of each leaf disc. After 24 h, the mites left on the treated area were considered as repelled, and the eggs laid on both halves of the leaf disc were recorded up to 4 days after treatment. The experiment was replicated 30 times. Using the following formula, the Discrimination Quotient (DQ) was calculated (Roobakkumar et al., 2010):
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[C: eggs (in number) laid on the control area, T: eggs (in number) laid on the treated area. DQ shows a range (0–1), which is an indication of a conclusion showing the consequence of any treatments on the insect's ovipositional behavior].



Large Scale Field Study of Pesticidal Plant Extracts

To evaluate the effectiveness of each selected plant extract against red spider mites in tea plants, this study was conducted at field sites for two consecutive seasons in tea gardens representing two different geographical locations, viz., Zone A: Mission Hill Tea Garden, Darjeeling (27.1° 94′ 5″ N, 87° 17′ 43″ E longitude) and Zone B: the experimental plot at the NBRRDC, Dooars (26.1° 55′ 0″ N, 88.1° 56′ 0″ E longitude) West Bengal, India. The Mission Hill Tea Garden location was at an elevation of 235 m above MSL with a mean maximum temperature of 300 and mean minimum temperature of 6°C, with a mean annual rainfall of 1,300 mm; in the North Bengal Regional R&D Centre experimental plot, the location was at an elevation of 214 m above MSL with a mean maximum temperature of 36° and mean minimum temperature of 10°C and a mean annual rainfall of 1,200 mm. The tea gardens where field trials took place were more than 50 years old. Sections of gardens were planted with mixed clones (mostly TV1, Teenali 17, S3A3, TV25, and TV26). Each experiment was conducted in a randomized block design (RBD) that was replicated for five blocks (Anderson and McLean, 1974). Including the untreated control, each treated plot consisted of 100 bushes that were separated by three buffer rows (8 m spacing). A preliminary study using different doses (viz., 2, 4, 6, 8, and 10 g/l w/v) of plant extract against red spider mite shows that 10 g/l showed better efficacy against this pest. Therefore, a dose of 10 g/l (40 kg/ha; 400 L of spray fluid is required to cover a one-hectare area of the tea plantation) was considered for further field study. In all the trials, the synthetic acaricide Fenpyroximate 5EC, which was applied as per the central insecticide board's (CIB) instructions (@ 200 ml/ha), was used as a positive control, and water was used as a negative control.

Observations of the red spider mite population were recorded from both surfaces (adaxial and abaxial) of randomly collected tea leaves from each treated and control plot (Babu et al., 2008). Before spraying, 100 leaves were randomly collected from each treatment, and the red spider mite population there was counted for pretreatment assessment. Using a hand-operated knapsack sprayer (droplet diameter: 1.6 mm, hollow cone NMD 60450 nozzle, discharge rate: 450 ml/min at 40 psi pressure, and droplet size: 140 mL), spraying was carried out, the bushes were drenched for better coverage and control. Prior to being re-filled with another formulation for application, the spraying machine was cleaned thoroughly with soap and water. Similar to the pre-treatment assessment, post-treatment assessments were also carried out at 7-day intervals up to the fourth week, and, accordingly, the decrease in mites (mean) during each treatment was analyzed with the following formula:

[image: image]

Here, X indicates the pre-treatment population count and Y the post-treatment population count.

All the data were angularly transformed prior to the statistical analysis. The differences among the population density of mites before and after each treatment were assessed through Tukey's post-hoc Honestly Significant Difference (HSD) test to separate the means at a 95% confidence interval, and the critical difference (CD, p = 0.05) was analyzed accordingly (Snedecor and Cochran, 1989).



Sampling for the Presence of Non-target Beneficial Insects

To find out the effects of pesticidal plant extracts on non-target beneficial insects, a direct spray test was conducted by following the methodology of Leatemia and Isman (2004). For the bioassay, the study was conducted for two consecutive seasons under field conditions in tea gardens representing two different geographical locations, viz., Zone A: Mission Hill Tea Garden, Darjeeling and Zone B: the experimental plot at the NBRRDC, Dooars West Bengal, India. Each of the plant extracts were sprayed (dose: 4 kg/ha) with Fenpyroximate 5EC (@ 200 ml/ha) and a control (distilled water mixed with teepol). The populations of non-target beneficial organisms like C. carnea, O. javanus, and S. gilvifrons were recorded on day 0 (pre-spray) and day 21 (post-spray; a total of two rounds of spraying was carried out; the first spray on day 0 and the second spray on day 7). Visual observations were made from 30 randomly selected bushes per replication to estimate the population of C. carnea nymphs and O. javanus adults. A total of 50 leaves were collected at random per replication, and these were observed under a binocular microscope to estimate the larval population of S. gilvifrons.



Phytotoxicity, Tainting, and Organoleptic Tests

To evaluate the phytotoxic effect of each plant extract (at X, 2X, and 4X concentrations) on tea leaves, a field experiment was carried out. Four treatments were used: (1) 10 gm/l, (2) 20 gm/l, (3) 40 gm/l of water, and (4) a control (water spray), and three replications were maintained at 84 square meters per replication. Similar to the experiment large scale field study, spraying was carried out, and observations were recorded on day 0 (pre-treatment) and days 3, 7, and 14 (post-treatment) on yellowing, stunting, necrosis, epinasty, hyponasty etc. The injury levels were graded with the following Phytotoxicity Rating Scale (PRS):

[image: Table5]
To find out whether the pesticidal plant extracts resulted in any taint (odor and foreign taste) to the black tea, on days 7 and 14 after spraying, tea shoots were harvested and processed in a mini CTC (crush, tear, curl) machine. The prepared samples of tea were assessed by a professional tea taster to check whether there was a taint or not. For the organoleptic test, liquor strength and leaf infusions were considered and scored (1–2: poor quality, 3–5: moderate quality, 6–8: good quality, and 10: very good quality; Roy et al., 2014).



Effect of Pesticidal Plant Extracts on Green Leaf Yield

In order to find out the effects of aqueous plant extracts on reducing the mite infestation, the yield (green leaf) was also recorded during the bioassay carried out in the field conditions by maintaining a standard plucking round of 7-day intervals, and the yield (green tea leaf) was recorded for the first six rounds of plucking. The average yield was expressed in kg/plot. The yield recorded at each plucking was converted into made tea for one hectare as described by Ponmurugan and Baby (2007) using the formula
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RESULTS


Acaricidal Activity of Pesticidal Plant Extracts (Leaf Disc Experiment)

Findings of the leaf disc experiment indicated that, amongst the five plant extracts, T. diversifolia and C. alata @ 10 gm/l concentrations were more effective than the other three plants even after 24 h of treatment, showing maximum mortality (Table 1). After 72 h, both plants offered more than 80% mortality at 10 g/l concentration, which was similar to the synthetic acaricide Fenpyroximate 5EC, while in the other three plants, 52–70% mortality of the red spider mite was recorded.


Table 1. Acaricidal activity of the pesticidal plant extracts (leaf disc experiment).
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Ovicidal Action of Pesticidal Plant Extracts

Ovicidal action of the extracts was reliant on concentrations, i.e., percent mortality increased with a rising concentration of each plant extract. In comparison to the control, the aqueous extract of all of the selected plants affected the hatchability of the eggs. The experimental findings showed that the highest mortality was recorded against T. diversifolia at the highest concentration (10 gm/l) among the tested concentrations of the selected plant extract to the level of 66.7%, followed by 58.4, 57.4, and 48.5% egg mortality, which was recorded in highest concentrations against C. alata, A. opulentum, and M. paniculata, respectively. This is comparable to the market sample Fenpyroximate 5EC, where around 70% egg mortality was recorded. The lowest mortality against the highest concentrations was recorded against C. tora (34.15%) (Table 2).


Table 2. Ovicidal action of pesticidal plant extracts on eggs of the tea red spider mite.

[image: Table 2]



Ovipositional Deterrent and Repellent Activity of Pesticidal Plant Extracts

The number of eggs laid was considerably lower on the treated side of the leaf disc where plant extracts (2, 4, 6, 8, and 10 gm/l) were sprayed than on the control side. Regarding the number of eggs laid, adult mites showed discrimination in terms of their egg laying when the leaves were treated with the pesticidal plant extracts. In this experiment, the DQ value was high (range 0.432–0.819) in all tested plants at superior concentrations, i.e., 10 g/extract. The DQ value was highest (0.819) in T. diversifolia, followed by C. alata, A. opulentum, M. paniculata, and C. tora, respectively (Table 3).


Table 3. The percentage of female red spider mites that remained on the leaves where introduced and the numbers of eggs oviposited on the control (untreated) or treated tea leaves with pesticidal plant extracts in choice tests.

[image: Table 3]



Large-Scale Field Study

The field evaluation results of each selected plant extract against red spider mite at Zone A (Mission Hill Tea Garden, Darjeeling) and Zone B (NBRRDC experimental plot, Dooars) during season I and season II are presented in Table 4.


Table 4. Efficacy of pesticidal plant extracts on red spider mite in field conditions and effect on yield.

[image: Table 4]

In Zone A, during season I, pre-treatment observation of the red spider mite population ranged from 23.72 to 25.02%. Results indicated that all the treatments were found to be significantly superior to untreated checks in minimizing the population of mites (Table 4). The mean percent reductions in the red spider mite population in the cases of A. opulentum (67.03%) and T. diversifolia (69.77%) at doses of 4 kg /ha were similar to Fenpyroximate 5EC (68.16%). The reduction in the mean red spider mite population was slightly inferior in plots treated with M. paniculata (50.85%), C. tora (59.40%), and C. alata (53.46%) compared to plots treated with Fenpyroximate 5EC.

During season II also, both A. opulentum (63.06%) and T. diversifolia (64.93%) minimized the mite population in a manner similar to the Fenpyroximate 5EC (62.84%), which were significantly superior when compared to M. paniculata (48.97%), C. tora (57.48%), and C. alata (51.17%; Table 4).

In Zone B, during season I, the incidence of red spider mite infestation was significantly reduced in plots treated with various insecticides as compared to untreated control (Table 4). Among all the tested pesticidal plants, T. diversifolia (71.66%) and A. opulentum (71.03%) significantly reduce the number of red spider mites followed by C. tora (62.10%), C. alata (54.74%), and M. paniculata (52.80%). However, there was no significant difference in mean percent control of red spider mite among C. tora, A. opulentum, T. diversifolia, and Fenpyroximate 5% EC after 21 days. Similar to season I, during season II, the plots treated with pesticidal plant extracts were found to be the most effective treatments for the management of red spider mites. While comparing the overall mean data recorded during the study period, the mean infestation incidence was significantly on par in plots treated T. diversifolia and A. opulentum at 4 kg/ha and Fenpyroximate 5% EC at 200 ml/ha (Table 4). Treatments using C. tora, C. alata, and M. paniculata extracts were found to be inferior to treatments using Fenpyroximate 5% EC at 200 ml/ha but superior to untreated checks in reducing the mean percent reduction of the red spider mite.



Effects on Non-target Beneficial Insects

The population level of non-target beneficial organisms was recorded on day 0 (pre-treatment) and day 21 after two rounds of spray (post-treatment). The most common insect predators in the tea plant ecosystem, viz., C. carnea, O. javanus, and S. gilvifrons, were recorded during the trial period. The present results indicate that the tested pesticidal plants did not have any adverse effect on these three non-target beneficial organisms (Figures 3A,B). The numbers of beneficial insects in tea plants treated with plants extracts were similar to that noticed in the control. In both the seasons, among all the treatments, the synthetic acaricide (Fenpyroximate 5EC) significantly reduced numbers of non-target beneficial insects compared to all other treatments (P < 0.05; Figures 3A,B).
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FIGURE 3. Effect of aqueous extracts of selected plants on non-target beneficial organisms before treatment (0 day) and after 21 days. (A) during season-I and (B) during season-II. *Values are significantly different between day 1 and 21 by t-test (p < 0.05).




Phytotoxic Effect, Tainting, and Organoleptic Test

The phytotoxicity study was carried out separately after the application of aqueous extracts of selected plants at 10, 20, and 40 gm/l water. Observations recorded on phytotoxicity symptoms indicate that none of the concentrations showed any type of phytotoxic effect on tea leaves. There was no visible injury on the tip or the surface of the tea leaves, nor was there wilting, necrosis, vein clearing, hyponasty, or epinasty. Likewise, after the application of pesticidal plant extracts, tea shoots (two leaves and a bud) were plucked on days 1, 3, 5, 7, 10, and 14, and manufactured samples were tested by professional tea tasters which revealed that the made tea did not show any taint and scored 6.5–7 in organoleptic test, which represented excellent color, liquor, quality, and potency.



Effect of Pesticidal Plant Extracts on Green Leaf Yield

The average yield recorded from the first six pluckings (at 7-day intervals) from both the experimental locations during the trial period is presented in Table 4. In spite of there being more insect pest populations on tea plants being treated with selected pesticides than with the synthetic pesticides, harvested yields acquired from the pesticidal plant treatments were shown to be as good as those from the synthetic pesticides. The yield (green leaf in kg/plot) was significantly low in the untreated control, confirming the better efficacy of the different tested plant extracts (Table 4). This is most prominent with the use of T. diversifolia and A. opulentum where the yields were statistically comparable in zone A (2,184 and 2,179 kg/ha, respectively) and zone B (2,106 and 2,102 kg/ha, respectively) with Fenpyroximate 5EC (2,195 kg/ha in zone A and 2,112 kg/ha in zone B) and was statistically higher when compared to the control (2,038 kg/ha in zone A and 1,951 kg/ha in zone B). The synthetic pesticides (Fenpyroximate 5EC) showed the highest increase in yield in both locations. In the case of other pesticidal plants, viz., M. paniculata, C. tora, and C. alata, the yields were slightly lower (not statistically significant) than with T. diversifolia, A. opulentum, and Fenpyroximate 5EC in both the locations. In comparison to the yields recorded in the control plot, the pesticidal plant treatments showed an ability to considerably enhance the percentage of the yield.




DISCUSSION

Earlier works on the pesticidal plant species that are being used to control different tea pests have reported bioactivities against insects, bacteria, fungi, and parasites (Sarmah et al., 1999; Singh, 2000; Weinzierl, 2000; Raja et al., 2003; Isman, 2006; Roy et al., 2010, 2011; Roy and Mukhopadhyay, 2012; Vasanthakumar et al., 2012; Deka et al., 2017). Conversely, none of these works have dealt with the studies on the impact on field crop performance or tri-trophic interactions.

The findings obtained from the leaf disc experiment show that all of the selected plant extracts showed acaricidal activity where 52–82% mortality of adult red spider mites were recorded with the highest dose (10 g/l) after 72 h (Table 1). Similar properties of indigenous plant extracts Linostoma decandrum, Ageratum houstonianum, A. haustonianum Bidens pilosa, Allamanda catharitica, B. pilosa, Crassocephalum crepidioides, Casuarina equisetifolia, Gliricidia sepium, Conyza bonariensis, Lantana camara, and Ocimum basilicum, which were recorded by Bora et al. (1998) and Radhakrishnan and Prabhakaran (2014). Pesticidal plants as insecticides (botanical insecticides) are gaining importance since numerous plants show insecticidal properties. Currently, botanical insecticides comprise only 1% of the world insecticide trade, however, its annual sales growth in near about 15% is utterly promising (Wink, 1993). In the house and backyard sector, the impact of botanical insecticides is most prominent (Isman, 1995). Plant products that have prospective use as insecticidal compounds have gained astonishing importance in recent years (Nattudurai et al., 2015). Therefore, based on the finding of our laboratory studies, large-scale field trials were carried out using the extracts of the same plants.

The aqueous extracts of different plants were sprayed on the eggs of red spider mite, and all the pesticidal plants influenced the hatchability of the eggs and showed the ovicidal activity of the extracts and at higher concentrations, all of which was an effect similar to that of synthetic acaricides. Chemical substances present in the host plants possibly block the micropyle region of the egg, preventing the gaseous exchanges that finally destroy the embryo in the egg. Raja et al. (2003) screened nine different plants using different solvent extracts against Spodoptera litura as ovicidal and ovipositional deterrents, and they noticed efficacy irrespective of the solvents and concentrations used for the extraction. The curtailed blastokinesis and anomalous rupture of additional embryonic membranes in the embryo, or irregular diffusion of extracts through the egg chorion to remarkable parts of eggs at unusual times of the perceptive time, could also be related to an explanation of the inconsistency of morphological possessions (Slama, 1974). Vasanthakumar et al. (2012) studied the acaricidal action of the leaf extracts of Gliricidia maculate, Vitex negundo, Wedelia chinensis, Pongamia glabra, and Morinda tinctoria on red spider mites and reported that the aqueous extracts of P. glabra and M. tinctoria showed utmost ovicidal activity, ovipositional anticipation, and 100% adult mortality. The current findings also showed similar results with reference to the ovicidal action of the selected pesticidal plant extracts against the red spider mites.

Along with the ovicidal and adulticidal properties, the aqueous extracts of five selected pesticidal plants also indicated a repellency action against adult red spider mites. This indicates the selected pesticidal plants have repellent effects that depress the feeding behavior and movement of the mites. Roy et al. (2016) and Handique et al. (2017) also reported similar activity when they sprayed leaf extracts of D. repens, Nyctanthes arbor-tristis, Phlogacanthus thyrsiformis, and Sapindus mukorossi against red spider mites. Similar to the red spider mites on tea, the repellent properties of different plant extracts were studied and established against different pests, viz., A. aegypti (Yang et al., 2004), Culex tritaeniorhynchus (Karunamoorthi et al., 2008), and whitefly, Bemisia tabaci (Al-mazra'awi and Ateyyat, 2009). The aqueous extracts of M. paniculata, C. tora, A. opulentum, T. diversifolia, and C. alata also exerted ovipositional deterrent effects by preventing the red spider mites from laying eggs on the treated leaves. The ovipositional deterrence property of ethanol extract of N. arbor-tristis was also evaluated and confirmed against Helicoverpa armigera (Chauhan et al., 2008). Our findings also agree with those of Roobakkumar et al. (2010) and Handique et al. (2017) in terms of the use of plant extracts against the red spider mites.

In lower-economic countries, synthetic pesticides are frequently used, which leads to several harmful impacts on the ecosystems as well as human health (Ecobichon, 2001). In these countries, the application of pesticidal plant extracts as biocontrol options has been argued for extensively as sustainable options suitable for smallholder farmers (Isman, 2006; Sola et al., 2014), and our experimental findings also confirmed this and indicated that application of extracts of pesticidal plant extract can control pests effectively. It has also been demonstrated that pesticidal plants can minimize the population of red spider mites and can support yield increase comparable to those where synthetic pesticides were used. The relatively regular application of pesticidal plant extracts highlights their use as synthetic pesticide substitutes; they are active compounds that break down rapidly and they show little persistence (Casida, 1980). This means that, during the preparations of the water extracts of these plants, the labor inputs might increase, however, for the commercialization of these products, integrating photostabilizers and sticking agents may perhaps lengthen their effectiveness on crops and hence reduce the frequency of application. This kind of substitution for synthetic pesticides is commonly accepted by the small tea growers due to the high cost of synthetic pesticides; the use of pesticidal plants minimally requires labor costs for harvesting and processing. A cost-effective analysis of the application of pesticidal plants shows that these of more cost-benefit than synthetic pesticides (Amoabeng et al., 2014; Mkenda et al., 2015). By contrast, the lower persistence of these plants indicates that the consumer's health is at a minimum risk because of the reduced exposure to the plant's bioactive compounds that decompose into harmless natural products, unlike with the synthetic pesticides, which stick to the plants for few days or remain in the soil for weeks or months or even years. It indicates that leaves can be harvested without the risk of leftover residue as exposure to UV light and microorganisms present in that environment helps to quicken the breakdown of naturally occurring compounds (Isman, 2000; Angioni et al., 2005; Caboni et al., 2006). The findings of this research indicated another important transaction when comparing pesticidal plant and synthetic plant protection and their impact on non-target beneficial organisms. Toxicity and the perseverance of synthetic pesticides as anticipated their effect on predators, parasitoids, and pollinators is generally extremely high (Potts et al., 2010; Stanley and Preetha, 2016). In fact, our findings indicated that synthetic pesticides regularly used in the tea ecosystem for the control of red spider mites resulted in the non-existence of predators/parasitoids observed over the cropping season. In general, it leads to the occurrence of pest resurgence after the application of synthetic pesticides enabling populations of pest species to spread out in the non-existence of beneficial insects (Roubos et al., 2014; Welch and Harwood, 2014). On the other hand, pesticidal plant extracts showed less of an impact on predators/parasitoids. A marginal difference was noticed (statistically not significant) amongst the pesticidal plant extracts and the control (water spray) in terms of non-target beneficial insects as compared to the reductions noticed in the synthetic treatment.

It is due to the lower persistence of the pesticidal plant extracts and the various modes of accomplishment where the pesticidal plant treatments may perhaps act against pests as anti-feedants and repellents through toxicity post-ingestion (Tembo et al., 2018). The lower toxic effect and the persistence of the pesticidal plant extracts are supported by their condensed effects on beneficial insects. Compared to the synthetic pesticide, pests are less affected by the pesticidal plants extracts; however, it would facilitate the natural pest directive. As a result, controlling pest populations is additionally effective as regulation of pests is more effective when the ratio between the pests and predators in numbers is less (Arditi and Ginzburg, 1989; Rusch et al., 2010). Even though all the selected plant extracts could reduce a similar or lower number of pests in comparison to the synthetic pesticide, crop yields were repeatedly comparable with that of the synthetic chemicals. This may be due to the increased decline in the pest population through natural enemies, and perhaps the bush can tolerate a definite amount of damage and can physiologically compensate to maintain overall yield (Rubia et al., 1996; Brown, 2005). We may see forms of crop protection via the direct control of fungal or bacterial pathogens or indirect physiological support by acting as a topical green fertilizer, foliar feed, biostimulants, or the phytotonic effects of the plant extracts (Jama et al., 2000; Shaaban, 2001; Soylu et al., 2010; Marei et al., 2012; Rasoul et al., 2012; Pretali et al., 2016).

Interpretation of the phytotoxicity on leaves of tea plants indicated that the selected plants are non-phytotoxic to tea, and the teas made from the leaves sprayed with these extracts when evaluated by professional tea tasters revealed that prepared tea had no taint. Thus, the present study suggests that plant extracts used as a pesticide showed toxicity against red spider mites on tea plants without harming the beneficial insects, increasing the yield without being accompanied by toxic consequences for the part of the tea plants and consumers.
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4gmi 744+ 161
6gm/l 10.13 £ 2.21
8gml 25.11 £ 4.11
10gmA 3415 +6.21

A. opulentum 2gm 133231
4gmi 2322+5.15
6gm/ 2632 + 6,62
8gml 5324.+7.24
10gmA 57.45+8.15

T. diversifolia 2gm 15.32 351
4gmi 25.41 +5.14
sgm/l 34.15 £ 6.21
8gm 4525 +6.15
10gmi 66.71£8.15

C. alata 2gm 14.11£8.22
4gml 22.18+3.26
8gm/ 34.15 +6.21
8gml 465+ 6.15
10gmA 584514

Fenpyroximate SEC 05 miL 7000 +3.33

Control (water + 0.1% soap) - 00000

CDat(P=0.05) 747

oV (%) 801

Al the spray fluids were mixed with Teepol (0.1%). "Values represent the mean of 30
observations + SE (30 eggs/observation).
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Treatments ~ Concentration

(gmiL)
M. paniculata 2
4
6
8
10
C. tora 2
4
6
8
10
A. opulentum 2
4
3
8
10
T. diversifolia 2
4
3
8
10
C. alata 2
4
3
8
10

% of adults moved on to leaves after 24 h

Control (mean + SD) Treated (mean  SD) p-value

51+3.12
61343
64 + 3.56
734355
83+4.26
49 +2.23
61+3.19
64+4.16
73+4.23
82511
52 +3.56
62+ 3.67
64 + 4.65
744478
84 +4.654
56+ 3.11
66 +3.20
70+ 3.45
78+4.18
90+ 5.12
544245
64 +3.21
68 + 4.56
76478
88+ 5.12

All the spray fiuids were mixed with Teepol (0.1%).
“Means are significantly different between treated and untreated (control) by t-test (mean + SD, p < 0.05).

#DQ, discrimination quotient.

49+ 3.11
39 £3.47
36 + 3.67
27+434
17x211
51423
39+3.45
36 +3.31
27211
18+2.18
48 +2.22
38x2.12
36 +3.11
26+245
16+ 1.12
44 £3.11
34+3.10
30+4.12
22£215
10+£1.13
46£2.12
36 +245
32+3.34
24£223
12+212

0.6416
<0.0001*
<0.0001*
<0.0001*
<0.0001"

0.7856
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.6534
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.0023
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

Avg. no of eggs/female after 72h

Treated (mean  SD) Control (mean  SD)

3.36+£0.56
2.98+£0.23
2.05+0.45
1.98+0.11
1.01£0.12
276+0.23
2.45+0.12
1.95£0.11
1.43£0.11
0.95£0.01
4.00 + 0.56
3.96 £0.43
3.01+£0.23
220£021
1.43£0.07
6.00 £ 0.67
5.58 + 0.56
5.02 £ 0.54
412+£034
3.41£032
5.01+0.45
448 £0.43
4.01+0.23
3.11£021
212+0.04

3.21+£087
3.98 £0.45
4.45 + 0.67
4984078
5.67 +£0.89
232 +0.34
256 +0.36
3.54 £0.56
3.78£0.45
4.56 + 0.68
4.34+0.34
474+ 045
621 +0.32
572 £057
6.07 + 0.67
6.32 + 0.45
6.47 +0.56
7.34 £ 0.67
789+0.78
8.98 +0.89
5234032
5.44 £0.54
6.32 + 0.67
6.56 £ 0.76
7.89+0.89

p-value

0.5684
<0.0001*
<0.0001*
<0.0001*
<0.0001"

0.5387
<0.0001*
<0.0001*
<0.0001*
<0.0001*

05138
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.5467
<0.0001*
<0.0001*
<0.0001*
<0.0001*

05678
<0.0001*
<0.0001*
<0.0001*
<0.0001*

DQ value#

0.082
0.106
0.201
0.401
0512
0.023
0.101
0.198
0.345
0.432
0.042
0.135
0.224
0427
0618
0.061
0336
0.423
0.628
0819
0.051
0.225
0.312
0512
0712
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Treatment Concentration Percent mortality after (mean  SE)*

2ah 48h 72h
M. paniculata 2gm/ 11.3 £ 1.10° 17.2 £2.32° 19.7 £3.11°
agmi 12.0 4 2,15 162+ 2.16° 22,6 +2.15°
6gm/l 2204223 27.4+325° 295+321°
8gmi 382:+3.14¢ 425+ 4.15° 49.0 + 4.15°
10 gm/ 47.4+5.14° 480 4.25° 67.0£5.15
C. tora 2gm/l 9.0 +1.12° 16.5 + 1.56° 19.0 +2.14°
4gm1 12.842.12° 17.8+2.14° 19.0 £3.14°
6l 236+321° 27.7 £325° 29.4 +3.26°
8gmi 325 +3.25¢ 36.8+3.249 39.5 & 3.36¢
10 gmA 44.7 £ 4.15° 483+ 4.15° 525+ 5.45'
A. opulentum 2gm/l 9241120 12.2 +2.15° 16.0 & 2.56°
agmi 1.4k 112 15.2£2.18° 19.4 & 3.15°
6gml 34.2:+£321¢ 42,0+ 456° 482 +5.15°
8gm/ 43.5:+5.14° 49.0 £551° 56,6 +6.15'
10gmi 48.0+6.15° 59.0 £ 6.15 70.0  7.459
T. diversifolia 2gml 424+ 4.96° 48.7 +5.24° 555+ 4.56
4gm 46.4 %+ 4.16° 525+ 4.56' 62.7 + 6.159
6gml 69.7 + 6.249 70.0 +7.459 726+ 7.18"
8gmi 726 £7.15" 750 £7.21" 79.6 + 8.84"
10 gmA 75.4.+8.15" 79.0 +8.45" 820:+878
C. alata 2gml 40.7 + 4.45% 454+ 4.16° 500+ 4.16
4gmi 45.5+6.18° 49.0 £ 4.15° 520+5.65
6gml 67.4:+7.459 69.0 +6.789 75.7 £ 6.54"
8gm/ 69.6 + 8529 726 +£8.15" 75.6 4 8.48"
10gm/ 755+ 9.15" 787 £9.18" 81.0+£853
Fenpyroximate SEC 05miL 78.4 £3.33" 816:£345 86,5 3.67
Control (water + 0.1% soap)- 0.0+ 0.00° 0.0 000 0.0 0.00°
Fvalue 84 95 102
ANOVA P-value <0.0001 <0.0001 <0.0001
CD (P=0.05) 827 834 9.23
CN% 10.12 10.14 10.83

All the spray fiuids were mixed with Teepol (0.1%).
“Values represent the mean of 30 observations = SE (20 mites/observation); Values in the same column with different superscript are significantly different from each other at p < 0.05
by Tukey's post-hoc Honestly Significant Difference (HSD) test.
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Treatment details Dose/ha

M. paniculata
C. tora

A. opulentum
T. diversifolia
C. alata

Fenpyroximate 5EC  200ml

Control
cD

4kg
4kg
4kg
4kg
4kg

Season |
Pre-spray Mean %
population  reduction of

(mites per leaf) mite

population

after week 4
23.79(28.85  50.85° (45.04)
24.34(29.21)  59.40° (50.06)
23.72(28.80)  67.03° (54.74)
25.02(29.66)  69.77° (56.46)
24.29(20.18)  53.46 (46.56)
24.73(2047)  68.16° (54.55)
24.42(2926) 0,009 (0.00)

NA 428

Al the spray fluids were mixed with Teepol (0.1%).
Figures in parenthesis are angular transformed values; Values in the same column with different superscripts are significantly different with each other at p < 0.05 by Tukey's post-hoc Honestly Significant Difference (HSD) test.
*Mean of 10 replications obtained from six rounds of leaf plucking.

Zone A
Season Il
Pre-spray Mean %
population  reduction of
mite
population
16.60(23.79)  48.97° (44.78)
16.84(23.98)  57.48° (47.74)
17.31(24.32)  63.06° (52.30)
17.00(24.58)  64.93° (53.45)
17.66(24.38)  51.17%¢ (44.06)
17.30(24.64)  62.84° (52.06)
17.74(25.05)  0.00% 0.00)
A 400

*Made tea
(kg/hatyear)

2,138° £ 7.11
2,159° +£6.23
2,179* £ 5.21
2,184% +8.22
2,174 £9.21
2,196% + 7.1
2,038° £ 6.12
0.23

Season |
Pre-spray Mean %
population  reduction of
mite
population
24.47(31.30  52.80° (46.18)
24.67(30.42)  62.10° (51.66)
2521(31.78)  71.03" (65.98)
24.18(31.95)  71.66° (57.68)
2547 (30.30)  54.74° (47.30)
24.71(32.46)  68.66% (55.63)
27.52(31.98)  0.00° (0.00)
NA 4.19

Zone B

Season Il
Pre-spray Mean %
population  reduction of
mite
population
18.18(24.92)  46.89° (42.72)
18.04(24.86)  57.04° (48.64)
17.18(24.20)  65.01° (53.54)
18.18(24.96)  66.77° (54.61)
1527 (22.76)  51.58% (44.27)
16.46 (23.68)  64.21% (52.90)
17.07 (24.11)  0.00(0.00)
N/A 477

*Made tea
(kg/hatyear)

2,065°+ 6.33
2,001°+ 531
2,102°+ 6.36
2,106°+ 7.23
2,046°+ 7.34
2,112+ 7.01
1,9519% 6.01
0.25
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