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Introduction

Cotton production in Tanzania is facing significant challenges due to insect pests that cause extensive damages to the crop. The most notable pests include the African bollworm (Heliothis armigera Hubner), Spiny bollworm (Earias biplaga Walker), Cotton stainers (Dysdercus sidae (Herrich-Schaeffer), Cotton Aphids (Aphis gossypii Glover), Thrips (Thrips tabaci Lindeman), Jassids (Amrasca biguttula, Bigutula), Leafhoppers (Cicadellidae jassidae), and Whiteflies (Bemisia tabaci Genn). If left uncontrolled, these pests can cause up to 60% damage to the crop. Despite the importance of cotton and the fact that most of these pests are endemic, there are scanty knowledge on the dynamics and distribution of cotton pests across the seasons of the year and crop’s phenological growth stages (germination, vegetative growth, flowering and boll formation) in areas under repeated cultivation of the crop in Tanzania. Here we report on the influence of seasons and cotton’s phenological stages on the abundance, diversity, distribution and richness of cotton insect pests.





Methods

The study was conducted in the Misungwi district for two cotton-growing seasons, using the UKM08 cotton variety. Stick traps and handpicking methods were deployed in catching the cotton insect pests.





Results

On average, a total of 8,500 insect specimen of diverse families and species were collected every season. The four dominant species among the collected were Aphis gossypii (17.37%), Amrasca biguttula (11.42%), Nezara viridura (10.7%), and Bemisia tabacci (10.68%). Both cotton phenological growth stages and seasons significantly (p<0.05) influenced the abundance, diversity, distribution and richness of cotton insect pests. In particular, the phenological growth stage 3 exhibited greater diversity of insect pests. The pests’ distribution patterns remained relatively uniform across the crop growth stages.





Discussion

Findings from the present study could contribute to developing sustainable pest management strategies in areas under repeated cotton production in Tanzania and elsewhere.
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1 Introduction

Cotton (Gossypium hirsutum L) production in Tanzania is severely constrained by insect pests that causes significant damage to the crop. Both Western and Eastern cotton-growing areas are equally affected (1). Mrosso et al. (2) indicated that the most harmful cotton insect pests in Tanzania includes, the African bollworm (Heliothis armigera Hubner), Spiny bollworm (Earias biplaga), Cotton stainers (Dysdercus cingulatus), Cotton Aphids (Aphis gossypii), Thrips (Thrips tabaci), Jassids (Amrasca biguttula), and Leafhoppers (Cicadellidae jassidae). If left unchecked, these pests can cause up to 60% damage to cotton crops (2, 3).

Cotton crops faces significant yield losses due to sucking and chewing insect pests, with record losses of up to 16.55 and 17.35 quintal ha−1, respectively (4). Of the total agricultural losses inflicted by insect pests, cotton alone accounts for 84%. For example, off all the insects, Jassid is known to cause hazardous effects up to 18.78% decline in cotton yield (5). Similarly, in Pakistan in 1993, the whitefly vector of CLCuV injured cotton by secreting honeydew and transmitting cotton leaf curl viral diseases causing up to 38.7% yield loss (6, 7).

Despite the critical importance of the cotton crop in Tanzania and the significant economic losses incurred due to insect pests (8) there is a lot of unknown regarding the pest dynamics. Studies exploring the influence of cotton phenological growth stages and seasons on insect pests infesting the crop are scarce particularly in areas under repeated cotton cultivation. Studies elsewhere have focused on the composition of insect pests in a cotton crop and their variation through the cotton phenological growth stages and cropping seasons. (3). Understanding the influence of these factors on the cotton pest dynamics is crucial for developing effective pest management strategies and safeguarding the productivity of the crop in Tanzania.

It is imperative to understand how insect pest composition varies across different growth stages (germination, vegetative growth, flowering and boll formation) and seasons in order to devise targeted and season-specific pest management strategies. The economic significance of the cotton crop, both nationally and globally, amplifies the importance of such research (9). Furthermore, the prevalence of factors such as high polyphagy, wide geographical range, mobility, migratory potential, facultative diapause, high fecundity, and resistance to insecticides that contribute to the pest status of these insects emphasizes on the need for nuanced and context-specific interventions.

Therefore, the objectives of this study were i) to determine the abundance and richness of cotton insect pests as influenced by the crop’s phenological developmental stages, ii) to establish the diversity and distribution of cotton pests as influenced by season dynamics. Here we report on the cotton pest dynamics in areas under repeated production of the crop in the Western Cotton Growing Areas of Tanzania. The study findings will contribute to development of sustainable and effective pest management strategies in the area for improved returns from investments in cotton.




2 Materials and methods



2.1 Study site

The study was conducted for two cotton-growing seasons, namely “Season I” (November 2021 to May 2022) and “Season II” (November 2022 to May 2023), at Misungwi district in Mwanza, Tanzania. The study site was located at S 02°43.1′ and E033°1.0′, approximately 30 km from Mwanza City at an altitude of 1198 m above sea level (10). The mean annual rainfall in the area was about 930 mm, and the average temperature was 28°C. The region experiences a bimodal rainfall pattern, with short rains falling from October to December and long rains from March to May. Following the rainy seasons, there is usually a dry spell from June to September each year (9). Misungwi district is located within the Western Cotton-Growing Areas in Tanzania.




2.2 Study materials

The materials used in the experiment were stick traps and cotton seeds. The cotton seeds variety UKM08 was obtained from the Tanzania Agricultural Research Institute (TARI-Ukiriguru). The UKM08 variety was chosen for its high yield and good cotton fibre characteristics. The variety is commercially cultivated throughout Tanzania in the Western and Eastern Cotton Growing Areas.




2.3 Experimental design

The experiment was set in a split plot in Randomized Complete Block Design (RCBD) with three replications. The main factors were seasons (Seasons 1 and 2), and the sub-factors were cotton phenological growth stages (germination, vegetative growth, and flowering and boll formation as stages 1, 2 and 3). The field experiments were carried out from November 2021 to May 2022 and then repeated from November 2022 to May 2023. The aim of the study was to determine the abundance, richness, distribution and diversity of insect pests in cotton fields under repeated cultivation of cotton. The experiments were conducted in three fields to make up three replications, each measuring 6,574m² (173m by 38m) established at least 50m apart from each other. Each field (replication) was divided into three subplots measuring 2,052m² (54m by 38m) each, separated by a 4m wide gap left between consecutive plots with a guard row measuring 1.5 wide on each field margin. Cotton seeds of the UKM08 variety were sown at a spacing of 0.6m by 0.3m then thinned to allow one plant per stand. The crops were maintained under rain-fed conditions and agronomic practices were implemented as per standard recommendations, including weed management and fertilizer application (manure) but no pesticide was applied.




2.4 Data collection of insect pests

Sampling of insect pests began 26 days after germination. For each subplot, twenty plants were randomly selected and marked with plastic tags. The sampling of insect pests was carried out on each tagged plant on a weekly basis for three consecutive weeks in each of the cotton growth stages: first square (between 27 and 56 days from germination), second square (between 57 and 82 days) and third square (between 83 and 145 days). This was done over two cotton growing seasons, from November 2021 to May 2022 as season one and from November 2022 to May 2023 as season two.

Two sampling methods were considered depending on the nature of feeding of respective pest groups that is, insects which suck and chew on the leaves and bolls of cotton whereby sticky traps (red, green and yellow) and hand-picking on three units measuring 9m × 54 m = 486m2 in each sub-plot were used. Considering a uniform area in each plot was meant to standardize the data collection method. Sticky traps were spaced 2m apart and placed 10cm above the plant canopy. Hand-picking of insects was done during early morning hours, from 7:30 am to 10:00 am. Insect pests collected were mainly the nymphs and adult stages which were inactive due to the morning cold and dew. At this time, cotton insect pests could not fly easily as observed by Bohmfalk et al. (11).

Insects trapped with sticky traps were removed using kerosene and sieved with fine mesh clothes. The specimens that were sieved and handpicked were preserved in vials containing 70% alcohol. Morphological identification of these specimens to the species level was carried out using published identification keys by Pedigo et al. (12) and Williams (13). Specimen examination was done using a compound microscope in the entomology laboratory at the Tanzania Research Institute (TARI) Ukiruguru, in Mwanza.




2.5 Data analysis

The data was organized in Microsoft Excel then subjected to different computations using the Vegan package in R-software. The computations included Shannon diversity, abundance, evenness, and richness indices. To calculate these indices, the Shannon-Weiner diversity index was used for diversity, the total pooled number of insects per week per growth stage was computed for abundance. The Marglef index was used for richness, and the index of Pielou was used for evenness. The formulas for each index were as follows:

 

 

 

 

In these formulae,

ni is the number of individuals.

I, is the individual species in the sample;

N, is the total number of individuals in the assemblage;

S, is the number of species in the assemblage;

ln, is the natural logarithm.

The computed data was first checked for normality using the Shapiro test. Since the data were not normally distributed, a generalized linear model was used to model abundance and richness using the Poisson distribution error, while diversity and evenness were modelled using binomial distribution error. The models were validated using diagnostic plots (Q-Q plots), and over-dispersion was checked using residual deviance and degree of freedom, following the procedures described by Touchon (14). The Analysis of variance (ANOVA) was derived using the Anova function from the Car package in R. All analyses were performed using R-statistical software. The Tukey’s test was conducted to establish the relationship between the observed and expected values.





3 Results



3.1 Composition of insets groups

On average, total of 8,585 cotton insect pests were collected for each season, belongs to six families and 12 different species between Nov.2021 and May 2023 (as listed in Table 1). Of these 12 species, Aphis gossypii was the most abundant, accounting for 17.37% of the total catches. The next three most abundant species were Amrasca biguttula (11.42%), Nezara viridura (10.7%), and Bemisia tabaci (10.68%). These five species collectively accounted for 50.17% of the total catches, while the remaining species accounted for the remaining 49.83% of the catches.


Table 1 | Number of cotton insect pests collected from established cotton plots.






3.2 Abundance and diversity of cotton insect pests

The collected data (Table 2) indicate the number and diversity of insect pests that infest cotton crops in different phenological growth stages and seasons. The results indicate that the season in which cotton crops are grown significantly (p<0.05) impacts on the number of insect pests that infests the crops. Specifically, cotton crops cultivated between November 2021 and May 2022 had a higher number of insect pests than those cultivated between November 2022 and May 2023 (Figure 1). Moreover, the cotton phenological growth stages significantly (p<0.05) affected the diversity of cotton insect pests. The third stage was found to have a higher diversity of cotton insect pests compared to stages one and two. Nevertheless, phenological stages one and two did not significantly differ in the diversity of cotton insect pests (Figure 2).


Table 2 | ANOVA on the effects of cotton phenological growth stages and seasons on abundance and diversity of insect pests during the 2021/2022 and 2022/2023 seasons.






Figure 1 | Effects of seasons on mean weekly number of cotton insect pests throughout the seasons across the study areas. The letters above each bar represent the mean separation value with reference to Tukey's Honest Significant Difference (HSD) test with a significance level of α=0.05.






Figure 2 | Effects of cotton phenological growth stages on Shannon diversity of cotton insect pest throughout the seasons across the study areas. The letters above each bar represent the mean separation value with reference to Tukey's Honest Significant Difference (HSD) test with a significance level of α=0.05.



Greater diversity in number of insect pest species and their distribution in cotton fields were recorded at different cotton phenological growth stages and seasons (Table 3). Suggestively, both growth stages and seasons significantly (p<0.05) impacted on the number of insect pest species infesting the cotton crops. Specifically, the growth stage three had higher insect pest richness than stages one and two (Figure 3A). Moreover, the insect pest richness was significantly greater during season II compared to season I (Figure 3B).


Table 3 | ANOVA on the effects of cotton phenological growth stages on richness and evenness of insect pests across seasons in the study areas.






Figure 3 | (A) Effects of cotton phenological growth stages on cotton insect pest richness throughout the seasons across the study areas. (B) Effects of cotton growing seasons on cotton insect pest richness throughout the seasons in the study areas. The letters above each bar represent the mean separation value with reference to Tukey's Honest Significant Difference (HSD) test with a significance level of α=0.05.






3.3 Distribution of cotton insect pests

The distribution of cotton insect pests was tested in terms of evenness as per phonological growth stages and seasons. Obtained results suggested that neither cotton crop phenological growth stages nor seasons had significant (p>0.05) influence on the evenness of insect pest distribution (Figures 4A, B). Thus, the pest distribution in the experimental fields was not affected by the crop’s growth stages as well as the production seasons.




Figure 4 | (A) Effects of cotton phonological growth stages on cotton insect pest evenness throughout the seasons in the study areas. (B) Effects of cotton growing seasons on evenness of cotton insect pests throughout the seasons in the study areas. The letters above each bar represent the mean separation value with reference to Tukey's Honest Significant Difference (HSD) test with a significance level of α=0.05.






3.4 Pests population increase with weather parameters’ trend

The number of pests was significantly (p<0.05) increased with weather changes. The more the rainfall and relative humidity increase the more pests were increased particularly from January to May every season (Figure 5). Off all the months, March and April had high (p<0.05) amount of rainfall compared to other months across seasons (Figure 5). However, there was no statistical variation between the mean temperatures across the seasons. Season 2 had few pest numbers varying significantly (p<0.05) from season 1 (Figure 5).




Figure 5 | Effects of weather on the population of pest in the study areas.







4 Discussion

The study delved into the relationship between the insect pest parameters and cotton phenological growth stages and cropping seasons shedding lights on the significance of interactions on insect pest abundance, richness, distribution and diversity. Over 8,500 insects from diverse families and species were collected, highlighting the complex ecological interactions within cotton ecosystems. The dominance of A. gossypii, a sap-sucking pest capable of transmitting viral diseases, as the most abundant species is noteworthy (15). The study identified the top four most abundant species to be A. gossypii, A. biguttula, N. viridula, and B. tabaci. These pests are a significant problem in agriculture, as they cause extensive yield losses in cotton crops. Other workers (16) reported on the prevalence of these pests in cotton crops, especially in the Western Cotton-Growing Areas of Tanzania.

Characteristics of the season during which cotton crop is grown were to significantly influence the abundance of cotton insect pests. The present study revealed that the cotton crops grown between November 2021 and May 2022 had a higher pest burden than those grown between November 2022 and May 2023. The great abundance of these insect pests in the November 2021 and May 2022 seasons could be attributed to favorable weather conditions particularly the moderate rainfall which favored survival and perpetuation of the insect pest unlike in the 2022/2023 season when excessive rainfall was recorded from February to May. Moderate rainfall, suitable temperatures and relative humidity are known to promote availability of sufficient food resources for insects to thrive while favoring successful reproduction and survival (17). Less rainfall oven associated with higher number of insect pests especially sucking pests (18). It is worth noting that the November 2021 to May 2022 cotton-growing season was characterized by less rainfall than the November 2022 to May 2023 season. The variation noted on pest abundance in season II (2022/2023) where the pest numbers were relatively low was attributed to high rainfall due to the fact that insect pests both sucking and chewing tend to be washed way during heavy rainfall. Similar observations have been reported (18, 19) that the intensity of weather parameters such as rainfall, temperature and relative humidity tends to increase or decrease insect pest abundance. As such, the activities of insect pests in pest endemic areas especially under repeated cultivation of cotton crop in Tanzania are greatly correlated to suitability pf prevailing weather conditions.

On the other hand, the cotton plants itself exhibits different growth stages, each with unique physiological changes. These stages are germination, vegetative growth, flowering and boll formation, which shapes the life cycle of cotton crops (17). Previous studies have shown that insect pest dynamics are not uniform throughout the plant’s life cycle (16, 20). The significance of these growth stages on insect pest diversity has been demonstrated in the present study. It was further established that cotton crops are variably vulnerable to insect pests at different developmental stages. The third growth stage of cotton crops had the highest insect pest abundance and diversity most likely due to increased resource availability and changes in plant physiology (21). These observations align with the report by Johnson et al. (22), who highlighted the complex relationship between plant developmental stages and insect pest diversity. The changes in cotton plant physiology including alterations in secondary metabolites and biochemical processes that occur during the third growth stage which affects the attractiveness of cotton plants to a diverse range of insect species possibly contributed to the observed increase in pest abundance and diversity of insect pests (23).

The impact of cotton growth stages and seasons on Cotton insect pest species richness and distribution in cotton fields was established to be imperative. Insect pest richness was significantly higher at cotton growth stage three compared to stages one and two, indicating a possible link between cotton plant developmental stages and insect diversity. Similar observations have been reported by other workers (24, 25) whereby specific growth stages have been found to be important in shaping insect communities in the agricultural environments. Several factors could explain the observed increase in insect species richness during growth stage three. The availability of resources, such as developing bolls and a profusion of floral resources, is likely to attract a wide range of insect species (26, 27). Changes in plant physiology, such as modifications in secondary metabolites and volatile organic compounds, may also make cotton plants more appealing to a broader range of insect pests during this critical developmental stage (27, 28).

The pest population increase may have been contributed by the abundance of habitats through the rapid emerging thicket forests at rain season in particular. In wet season several vegetation emerges which appear to be the common habitats for insect pests and water is easily accessible by the insects implying that the breeding environments for them is increasing as similarly reported by Brown and Smith (28). However, relative humidity might have led to atmospheric cooling as the mean temperature was less than 30°C across seasons.




5 Conclusion

This study provides valuable insights into the abundance, diversity, distribution and species richness of cotton insect pests in areas under repeated production of the crop. Cropping seasons and crop phenological developmental stages were found to significantly affect the abundance, diversity and distribution of cotton pests. These findings are crucial for developing sustainable pest management strategies at different crop growth stages particularly during an era of climate change that has brought about changes in seasons characteristics. The continuous threat these pests pose requires repeated research to uncover local nuances in their distribution dynamics. This will enable more precise and effective pest control strategies in cotton producing areas of Tanzanian and elsewhere with similar production circumstances.
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