Incidence, intensity and symptomatology of mid whorl yellowing disease of coconut in southern Kerala	Comment by Luz Adriana Pedraza Herrera: severity
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ABSTRACT 

	Mid whorl yellowing disease (MWYD) of coconut, a disease of an unknown etiology, has caused severe damage to coconut cultivation in southern tracts of Kerala. A periodic and purposive roving survey was conducted from 2021 to 2024, over four southern districts of AEU 9 (South central laterites), to assess the incidence and intensity of MWYD on the natural incidence. The average disease incidence and intensity of MWYD in southern Kerala was 1.05 and 0.51 respectively. The disease incidence and intensity of MWY showed a decreasing trend moving northward, from Thiruvananthapuram (1.33 % and 0.79 %) to Kottayam (0.29 % and 0.13 %). The MWYD showed symptoms like abnormal nut fall, inflorescence necrosis, yellowing of leaves, especially the middle whorls, and finally death of the palm (telephone pole-like) symptoms. The present study is one of the first comprehensive efforts to detail the symptomatology and assess the incidence and intensity of MWYD of coconut in Kerala.	Comment by Luz Adriana Pedraza Herrera: The etiology of this disease is not completely unknown, some works indicate some associated pathogenic fungi:
https://www.researchgate.net/publication/353767538_Foliar_fungal_pathogens_associated_with_middle_whorl_yellowing_symptoms_of_coconut_in_southern_Kerala	Comment by Luz Adriana Pedraza Herrera: It is important to define acronyms when they appear for the first time in the text, especially when it is in the abstract.	Comment by Luz Adriana Pedraza Herrera: review because the incidence is normally expressed in percentage
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1. INTRODUCTION 
Coconut (Cocos nucifera L.) is a major perennial plantation crop cultivated in Kerala, contributing significantly to the state's economy and livelihoods. The state is known as the "land of coconuts," and it accounts for a substantial share of India’s coconut production economy and provides livelihoods to lakhs of households [1]. However, the sector faces numerous constraints that threaten its sustainability and productivity. The incidence of pests and diseases has adversely affected the production and productivity of the state over the years [2]. Among the major diseases of coconuts, phytoplasma diseases have adversely affected the global production scenario [3]. Most phytoplasma diseases in coconut are lethal, like Yellowing-like Diseases (YLD). At the same time some are non-lethal and debilitating viz., Root-Wilt Disease (RWD) in Kerala, Tatipaka diseases in Andhra Pradesh and Weligama wilt disease in Sri Lanka [4,5]. The repercussions of such unruly phytoplasma diseases in coconuts can vanish the entire coconut plantations within a short period. YLD has been reported in Asian, American, and African continents with similar symptoms. However, these all are caused by different groups of phytoplasma viz., the 16SrIV group (Candidatus Phytoplasma palmae and Ca. P. pini), 16SrXXII-A (Ca. P. palmicola), 16SrXXXII-B (Ca. P. malaysianum), 16SrI (Ca. P. asteris), 16SrXI (Ca. P. oryzae), 16SrXIV (Ca. P. cynodontis) and Ca. P. noviguineense [6,7,8,9]. So far, three coconut phytoplasmas have been reported from India ie, Tatipaka disease in Andhra Pradesh [10], and Root-Wilt Disease (RWD) caused by Ca. P. oryzae [11,12] and the Lethal Wilt Disease (LWD) caused by Ca. P. asteris in Tamil Nadu [13]. Among these phytoplasma diseases, the LWD-affected palms die within 5 months of symptom development. The polyphagous herbivores act as the vectors of phytoplasma, which help these organisms infect a wide range of plant hosts, including woody plants and grasses [14]. Hence there is always a chance of emergence of a new group of phytoplasma or the widening of host range for an existing phytoplasma group in a particular region. This demands a consistent and vigilant assessment to identify the emergence of any such phytoplasma diseases in coconut plantations.
In recent years, the incidence of another disease called mid whorl yellowing disease (MWYD), characterised by rapid mid whorl yellowing, abnormal and near total shedding of nuts and flowers, drying of inflorescence and spadix, and intense leaf spots and blights were observed in major coconut growing tracts of Kerala, especially the southern district [15,16]. The affected palms often die within a short period. Deepa et al. (2011) [17] attempted to identify the etiology of the pathogen and found that the disease is different from root wilt phytoplasma. However, no elaborate studies have been taken to describe the symptomatology and the current status of MWYD in Kerala. Considering these, the current study was designed to elucidate the symptomatology of MWYD, disease progress pattern, and incidence status in Southern districts of Kerala.

2. material and methods 

A periodic purposive field survey on the natural incidence of MWYD was conducted during 2021-2024 in 15 locations across Kerala's major coconut-cultivating locations in AEU 9. At least ten locations were selected, and 100 palms were observed. The extent or degree of damage incited by the disease on individual palms has been estimated as disease severity based on a score chart (Table 1), where each score corresponds to a specific range of symptoms. As the MWYD has drastically distinct symptoms compared to other coconut diseases, a new disease scoring scale has been developed by comparing the symptom progression pattern.	Comment by Luz Adriana Pedraza Herrera: Where does this severity scale come from? Is it my own? It would be important to mention how it was obtained because according to the results there would not be enough sick plants to be able to do a scale.
2.1 Assessment of disease incidence and intensity

The disease intensity in the surveyed area is calculated as a combination of disease incidence and severity.	Comment by Luz Adriana Pedraza Herrera: It is suggested to review this because this would actually be the severity, not the intensity of the severity as proposed. This seems to be a descriptive scale where photos of the plants with different amounts of types of disease symptoms are presented, which are categorized with descriptions. Each score is a level, therefore, to determine the severity, the formula must be used, which includes a weighted average of the plants present at each level. However, the level cannot be confused with the severity, as this would be a mistake.

ni​ - Number of palms at each severity level i
si - Severity score for each severity level i
N -Total number of palms observed in the population
Smax - Maximum possible severity score on the scale
2.2 Assessment of symptomatology of MWYD
The diverse symptoms of mid whorl yellowing disease were recorded during the survey. The progression of symptoms was monitored regularly to study the variation in symptom expression.





Table 1. Disease score and description on extend of Mid whorl yellowing disease in coconut
	Score 
	Description 

	
	

	0
	Healthy palms, all leaf fronds are green, produce healthy inflorescences and nuts.

	1
	Healthy palms produce green leaves and healthy inflorescences, a sudden increase in nut production, and shedding of mature and immature nuts in low to moderate form, more than 75 per cent of expected nuts, tender coconut, and button remain in the palm.

	2
	Inverted ‘V’ shaped yellowing with distinct margins develops in the tip leaflets of mid whorl fronds (1-2), inner and outer whorls remain green, sudden nut fall of tender coconut and buttons in moderate form, 50-75 per cent of nuts and tender coconut remains in the palm.

	3
	Progression of yellowing towards the basal leaflets, Asymmetric yellowing on either side of leaf lamina, mid whorl fronds show partial yellowing, heavy fall of tender coconut, nuts and buttons, 25-50 per cent buttons and tender coconut remains, blackening of rachillae from tip and shredding of male flowers of the newly opened spadix, if the unopened spathe is cut opened, discolouration of male flowers can be seen.

	4
	Tips of leaflets turn orange-yellow, sectored yellowing with orangish spots can be seen in the lower surface of mid-whorl fronds. In some cases, the leaflet tips turn greyish and dry, up to 5 middle whorl fronds show yellowing symptoms, 50 to 75 per cent nuts and buttons shed, newly opened and unopened spathe show blackening of male flowers and rachis.

	5
	Yellowing of entire middle whorl fronds, and progress towards the inner whorl or outer whorls, inner leaves of inner and outer whorls also start to exhibit the yellowing symptoms, and only a few nuts and buttons (less than 10) remain in the palm, the inflorescence corresponding to lower and middle whorls are blackened, initial browning or blackening of female flowers can be seen.

	6
	The entire middle whorl turns yellow, the leaflet margin turns orange to brown colour, yellowing inner leaves of inner and outer whorls, complete inflorescence necrosis and complete shedding of nuts, and blackened buttons remain attached to the inflorescence. Drooping of most of the mid-whorl fronds, nut production ceases and complete dropping of nuts leaving the crown without any mature and tender / immature nuts   

	7
	Complete symmetric yellowing of the entire crown, inflorescence production ceases, outer and inner whorl yellowing is more common, drooping and shedding of most of the mid whorl and outer whorl fronds.

	8
	Yellowing of all the inner whorl fronds, drooping and shedding of most of the outer whorl and inner whorl fronds with barren crown 

	9
	The entire crown falls and the stem will be telephone pole-like without a crown.
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Fig 1. Score chart for assessing the severity of Mid whorl yellowing disease of coconut

3. results and discussion
3.1 Disease incidence and intensity of MWYD in southern central laterites

All the major coconut cultivating tracts in AEU 9 (Southern central laterites) showed the incidence of MWYD with varied disease intensity. The incidence of MWYD in the fields was assessed based on the number of plants infected and the total number of palms observed randomly in the field. Among the 1,047 palms surveyed, only 11 showed the characteristic symptoms of MWYD with an overall disease incidence of 1.05 per cent in southern parts of Kerala (Table 2). The district-wise disease incidence analysis showed that the Thiruvananthapuram district has the highest incidence (3.5 %) of MWYD, greater than the overall disease incidence in the state. The incidence of the disease showed a decreasing trend moving northward, with recorded rates of 2.5 % in Kollam, 0.91 % in Pathanamthitta and 0.29 % in Kottayam (Table 2 and 3). 
The status of MWYD in the surveyed areas was assessed in terms of disease intensity. The district-wise disease intensity also showed the same trend as of disease incidence viz., Thiruvananthapuram (0.79%), Kollam (0.52%), Pathanamthitta (0.40%) and Kottayam (0.16%). The reduced levels of disease incidence and intensity towards the northern regions indicate that southern districts like Thiruvananthapuram and Kollam are playing as the hotspot of the MWYD and are gradually spreading towards the northward directions through insect vectors. The present study failed to isolate culturable microbes like bacteria and fungi from the diseased palms.
Table 2. Mid whorl yellowing disease incidence and intensity in AEU 9
	Sl.no
	Location
	District
	Number of palms observed
	Number of palms infected
	Disease
incidence
	Disease intensity	Comment by Luz Adriana Pedraza Herrera: This is severity

	1
	Thiruvananthapuram
	Aruvikkara
	100
	3
	3
	1.33

	2
	Thiruvananthapuram
	Nedumangadu
	100
	4
	4
	2.44

	3
	Kollam
	Kottarakkara
	50
	2
	0	Comment by Luz Adriana Pedraza Herrera: review because according to the information provided the severity is 4%, if 50 plants were observed and 2 had symptoms
	0	Comment by Luz Adriana Pedraza Herrera: Severity cannot be 0 as there are diseased plants. Check!

	4
	Kollam
	Nilamel
	30
	0
	0.25	Comment by Luz Adriana Pedraza Herrera: If there are no diseased plants, the incidence and severity should be 0.
	0.83

	5
	Pathanamthitta
	Adoor
	50
	0
	0
	0

	6
	Pathanamthitta
	Kulanada
	40
	1
	4	Comment by Luz Adriana Pedraza Herrera: If there is one sick plant out of forty observed, the incidence is 2.5% (review)
	1.11

	7
	Pathanamthitta
	Pandalam
	20
	0
	0
	0

	8
	Kottayam
	Ettumanoor
	42
	0
	0
	0

	9
	Kottayam
	Kuravilangadu
	100
	0
	0
	0

	10
	Kottayam
	Pala
	100
	0
	0
	0

	11
	Kottayam
	Uzhavoor
	100
	0
	0
	0

	12
	Kottayam
	Monippally
	80
	1
	1.25
	0.56

	13
	Ernakulam
	Vazhakulam
	35
	0
	0
	0

	14
	Ernakulam
	Muvattupuzha
	100
	0
	0
	0

	15
	Ernakulam
	Piravam
	100
	0
	0
	0

	Total
	1047
	11
	1.05
	0.56


Table 3. Mid whorl yellowing disease incidence and intensity in southern districts of Kerala
	Sl.no
	District
	The number of palms observed
	Number of diseased palms
	Disease incidence
	Disease intensity	Comment by Luz Adriana Pedraza Herrera: Severity

	1
	Ernakulam
	135
	0
	0
	0

	2
	Kottayam
	342
	1
	0.29
	0.16

	4
	Pathanamthitta
	110
	1
	0.91
	0.40

	5
	Kollam
	80
	2
	2.5
	0.52

	6
	Thiruvananthapuram
	200
	7
	3.5
	0.79

	
	Total
	1,047
	11
	1.05
	0.56


This study represents one of the first comprehensive efforts to examine the status and details of the symptomatology of mid-whorl yellowing disease in Kerala. Even though the incidence of the MWYD is very low as compared to the prevalent diseases like bud rot, leaf rot, Mahali, and root-wilt (RWD) of coconut, the lethal nature of the MWYD and its alarming rate of spread from southern districts towards the northern direction demands the immediate attention on the status of the disease as well as the spreading nature of the disease in the state.	Comment by Luz Adriana Pedraza Herrera: Has it been proven that the causal agent of this disease is a phytoplasma? Or why is the discussion focused on phytoplasmas? Because if so, it should be clarified from the start that this symptomatology is part of a disease caused by a phytoplasma.
The state's southern coastal plains (AEU 1) are characterised by a high-water table and sandy soil texture, which makes ideal edaphic conditions for coconut cultivation. Hence in this region, coconut is grown as the dominant crop along with the lowland rice [18]. Astonishingly the incidence and intensity of MWYD in southern central laterites (AEU 9) was higher compared to the southern coastal plains, where the coconut is being cultivated as an intercrop with other crops like banana, tapioca and vegetable crops. The plausible explanation for this increased MWYD incidence in AEU 9 might be, the intercropping of alternate hosts of phytoplasma including areca nut and oil palm may act as an inoculum source for phytoplasma compared to the southern coastal plains. Similarly, the LWD disease in Tamil Nadu was observed to be predominant in the south eastern coastal plains of Tamil Nadu [13]. Recently a novel group of phytoplasma, Ca. P. noviguineense added to the YLD phytoplasma group, can infect coconut, areca nut and banana plants, causing banana wilt disease and areca nut, causing Arecanut yellow leaf in Papua New Guinea. It is believed that this particular phytoplasma has a complex life cycle involving at least three different crops (coconut, banana and areca nut palm), rather than ecologically separate life cycles in each of these host plant species [19].


3.2 Symptomatology of MWYD
The MWYD symptoms were observed in palms of all ages, in the case of bearing palms the disease initially appeared as premature nut fall (Figure 1a). The succeeding inflorescence showed necrotic symptoms progressing from the tip of the rachilla towards the base (Figure 1 b).  The newly emerging inflorescence with few or no female flowers showed necrosis of spikelets from the tip downwards either before or after opening (Figure 1 c). The foliar yellowing initially appears as a parallel yellow streak or yellow spotting on the middle whorl frond leaflets (Figure 1 d & e), which later on coalesces together and covers the entire leaf lets to produce the characteristic intense yellowing of middle whorl fronds which can be visible from a far distance (Figure 1 f & g). In severe cases, the entire crown turns yellow and finally, the death of the palm occurs (Figure 1 h). The MWYD-infected palms showed a significant reduction in the number of mature, tender, immature and buttons (more than 90 %). As the disease progresses the entire crown perishes and appears as a ‘telephone pole-like’. 

[image: ]
Fig 2. Symptoms of MWYD (a) abnormal nut fall, (b & c) inflorescence necrosis, (d) parallel yellow streak on the leaflet, (e) yellow spotting on the leaflet, (f & g) yellowing of fronds in a middle whorl, (h) yellowing of crown.

 Similar symptoms like abnormal nut fall, inflorescence necrosis and yellowing of leaves are observed in Yellowing-Like Diseases (YLD) of coconut [20,21,22]. The inability to detect the presence of culturable bacteria and the similarity in symptom patterns and progression to Yellowing Like Disease (YLD), strongly suggests that the etiology of MWYD is linked to phytoplasma. Although MWYD shows symptoms similar to YLD, the disease has some peculiar symptoms that make it different from YLD. Like the yellowing of middle whorls either partially or completely, while the YLD causes complete yellowing and sometimes wilting of the leaves [23,24]. Both disease infections will eventually lead to the death of the palm but in YLD-infected palms death will occur within 5-8 months whereas in MWYD infection palm, death of the affected palms happens very slowly. Root necrosis and reduced root respiration rates are reported in the YLD infection [25,26], meanwhile, the root system of MWYD-infected palms didn’t show any sign of root necrosis.	Comment by Luz Adriana Pedraza Herrera: However, it is not possible to say which is the causal agent without having detected it in the plant and being able to prove it using Koch's postulates. Therefore, we must be more cautious with this information.	Comment by Luz Adriana Pedraza Herrera: They are two remarkably different diseases
Similarly, RWD is non-lethal and debilitating and is characterised by flaccidity, yellowing, and ribbing of leaves, marginal necrosis, and root necrosis, which drastically differ from MWYD symptoms [27]. Moreover, the RWD phytoplasma is taxonomically and symptomatically different from the other YLD phytoplasma groups [13]. The preliminary observations of the present study confirmed that the phytoplasma might be consistently associated with MWYD-affected palms. To our knowledge, this is the first detailed study of this deadly emerging coconut disease in Kerala.	Comment by Luz Adriana Pedraza Herrera: This is not being confirmed because nowhere in the study is there evidence of histological analysis to look for phytoplasma or any molecular analysis that allows for its detection. Nor are plants being infected with a plant maceration that includes phytoplasma and that later shows similar symptoms and can be detected again in the infected plants. I do not believe that this is something that is derived from the present work and I consider that it is better to eliminate it.
The etiology of the disease should be scientifically proven rather than speculations. The slow rate of spread from the hotspots to nearby districts confirms the involvement of insect vectors associated with MWYD. In case, the etiology is confirmed as phytoplasma as the symptoms indicate, the chances of cross-transmission among the other plant hosts also have to be studied, because coconut is widely cultivated as a mixed crop in the state. In that case, the intercropped plant host may also act as host for the MWYD-associated pathogen. The rate of spread and susceptibility of all the cultivated varieties in the state have to be determined to develop strategies to prevent a sudden upsurge in disease incidence in the ensuing years. Uprooting the infected palms is the first step in a disease eradication strategy. Breeding tolerant coconut varieties is a viable option for pluralistic strategies and integrated farming systems to decrease the risk to farmers in the long run. 	Comment by Luz Adriana Pedraza Herrera: What are the insect vectors that were observed? Because this is not shown in this work either.	Comment by Luz Adriana Pedraza Herrera: It is suggested to mention the bibliographical references that support what is mentioned in this paragraph.
4. Conclusion

Mid-Whorl Yellowing Disease of coconut is an emerging coconut disease in southern Kerala regions. There are speculations about the etiology of the disease as phytoplasma, but these are not scientific evidence for the causal agents that have not yet been identified. This study would be an important initiative in developing a micro-level database on the symptomatology, incidence and intensity of Mid Whorl Yellowing Disease. The etiology must be elucidated and proper disease management practices should be adapted to eradicate the disease and its spread to other regions.	Comment by Luz Adriana Pedraza Herrera: These are not the conclusions of this work. The conclusions should be based on the results obtained.
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