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Abstract
	The cashew tree (Anacardium occidentale L.), introduced to Côte d'Ivoire in the 1960s, has led the country to become the world's leading producer, with 1.225 million tons in 2023. However, orchards are characterized by low yields, attributable to various constraints including foliar chlorosis. This chlorosis, which appears to affect tree productivity and fruit characteristics, remains poorly documented. This study aims to identify the physiological determinants of chlorosis and quantify their effects on floral phenology, productivity, and fruit quality in the three departments of Bagoué (Boundiali, Kouto, and Tengréla). A bi-monthly monitoring of 1080 twigs over 24 months on 20-25-year-old cashew trees allowed for the evaluation of chlorosis prevalence and severity, phenological parameters (number of flower buds, open flowers, dried flowers, hermaphrodite flowers), yield components (fruit set, fruit mass and dimensions), and yield. Statistical analyses (Student's t-test, ANOVA, Newman-Keuls, α=5%) indicated that chlorosis reached a prevalence of 88-89% between May and October, well before flowering, which occurred from November to February. The dominant nutritional deficiencies were linked to nitrogen (47.25%), phosphorus (18.99%), and potassium (18.24%), representing 84.48% of cases. During the 2024-2025 production cycle, results showed that regarding hermaphrodite flowers, trees distinguished by high chlorosis produced between 231.57 ± 299.83 flowers compared to 299.83 ± 377.39 for those with very high chlorosis. Zinc and iron deficiencies, although associated with abundant flowering, caused massive flower abortion. Nutritional chlorosis, dominated by nitrogen deficiency, limited production. Increased chlorosis severity reduced fruit number by 75% and decreased apple mass (111.74 g vs. 78.77 g). For nuts, only the mass revealed a significant difference in 2023-2024 (8.61 ± 0.69 g vs. 6.63 ± 2.48 g). Macronutrient deficiencies (Nitrogen, Phosphorus, Potassium) and Manganese deficiency were associated with significantly lower production levels. Potassium (K) and Phosphorus (P) induced low intermediate yields, varying from 50.32 to 77.76 kg/ha for the second cycle.	Comment by John Seyifunmi Balogun: INDICATE STANDARD VALUE AS SHOWN IN NUTS AND FLOWERS




Keywords: Cashew, chlorosis, productivity, Bagoué, Côte d'Ivoire.	Comment by John Seyifunmi Balogun: Begin the first letter with capital letter (Upper case)


1. INTRODUCTION 

Introduced to Côte d'Ivoire in the 1960s for ecological purposes, the cashew tree (Anacardium occidentale L.) has undergone a radical functional mutation, transitioning from a reforestation tool to a cash crop with high socio-economic value. This dynamic has propelled the country to the rank of the world's leading producer, with production increasing exponentially to reach 1.225 million tons in 2023. Now the third-largest national export product, cashew plays a structural role in the Ivorian economy, generating rapidly rising revenues (380 billion FCFA in 2018) that actively contribute to rural poverty reduction. The cashew sector now plays a central role in the rural economy due to the significant income generated for producers.	Comment by John Seyifunmi Balogun: If you claim exponential increase to 1.225 million tons in 2023, kindly provide the value of the previous years before 2023. or better still give us the current value of 2025	Comment by John Seyifunmi Balogun: Remove the bracket and write FCFA in full
However, cashew cultivation is practiced extensively. This does not translate into a proportional improvement in productive performance. Observed yields remain low compared to international standards, revealing structural constraints related to orchard management, mineral nutrition, and tree physiology. Furthermore, the competitiveness of the sector is also affected by nut characteristics. In this context, the frequent appearance of chlorosis in orchards in northern Côte d'Ivoire, particularly in the Bagoué region, constitutes a concerning signal. These symptoms appear to be associated with disturbances in the reproductive functions of the cashew tree. However, the impact of the severity and types of chlorosis on production remains poorly documented. Thus, this study specifically aims to contribute to the identification of the physiological determinants of chlorosis and their impacts on floral phenology, productivity, and nut characteristics in the Bagoué region.	Comment by John Seyifunmi Balogun: Kindly tell us the international standard and compare it with the current level of production performance with accurate references  	Comment by John Seyifunmi Balogun: Provide reference 	Comment by John Seyifunmi Balogun: You are not doing anything physiological. Physiology deals with the cells, tissues and organs of plant. You are only observing the morphological features 

Give strong background of the study backed up with accurate references with emphases on the keywords, state the statement of problem and significatant of the studing and conclude it with clear objective of the study.



2. material and methods 
PRovide the geographical location of this research stating the name of the farm and provide a gps coordinate of the farm

2.1 Plant Materials
The plant material consists of various organs of the cashew tree (leaves, apples, and cashew nuts).

2.2 Methods

2.2.1 Monitoring the Temporal Dynamics of Chlorosis During the Cashew Biological Cycle
The dynamics of chlorosis, flowering, and fruit set of the cashew tree were monitored at regular fifteen (15) day intervals over a period of twenty-four (24) months, covering two consecutive production cycles. At each observation date, the proportion of trees presenting chlorosis symptoms was determined by counting chlorotic individuals relative to the total number of trees observed in each plot. Concomitantly, the rate of flowering trees was evaluated based on the presence of inflorescences, while the rate of trees in the fruit set phase was estimated from the observation of young formed fruits. The collected data were expressed as percentages and recorded chronologically to characterize the temporal evolution of the studied phenomena. This approach allows for the analysis of potential interactions between the onset of chlorosis, flowering, and fruiting during production cycles.	Comment by John Seyifunmi Balogun: Provide a source of this method

2.2.2 Identification of Cchlorosis Ttypes
The identification of different types of foliar chlorosis was carried out according to the approach of Shamsudheen (2018). A tree is considered affected by chlorosis if at least one leaf on a twig presents symptoms thereof. Observations were conducted on all leaves borne by the selected twigs throughout their life cycle, from emergence to senescence.
Provide clear pictoral illustration of leaves with Chorosis and the one without chlorosis 

2.2.3 Evaluation of prevalence Prevalence and severitySeverity
The expression of chlorosis was evaluated on the yellow and conical apple morphotype, which is the most representative in the plantations. Three cashew orchards aged between 20 and 25 years (the predominant age class) were selected in each of the three departments (Boundiali, Kouto, and Tengréla) of the Bagoué region. Within each plot, on ten (10) retained trees, three twigs were chosen at random per cardinal direction, totaling 12 twigs per tree, 120 per orchard, 360 per department, and 1080 at the regional scale. Observations were made on these twigs for 24 months. The mean Mean prevalence Prevalence (PM) of chlorosis was calculated as the percentage of twigs showing at least one symptom of chlorosis relative to the total number of twigs observed, according to the following formula:



The severity of chlorosis was evaluated using a five-level scale (0 to 4), adapted from Masood et al. (2010), based on the estimated proportion of affected leaf area :
· Level 0: absence of symptoms (0%)
· Level 1: mild chlorosis (< 25%)
· Level 2: moderate chlorosis (25–49%)
· Level 3: high chlorosis (50–75%)
· Level 4: very high chlorosis (> 75%)

Based on this scale, the severity Severity index Index (SI) was calculated according to the method proposed by Galanihe et al. (2010), according to the following equation:



Where Xi represents the assigned severity class ; Ni the number of trees showing class Xi; N the total number of evaluated trees; and Z the maximum value of the severity scale (Z = 4).

2.2.4 Evaluation of the Level of Severity and Type of Chlorosis on Flowering and Fruiting
The impact of chlorosis on flowering and yield components was evaluated in the same plots, trees, and twigs as those selected previously. Flowering parameters include: the number of floral buds, number of open flowers, number of dried flowers, number of male flowers, and number of hermaphrodite flowers, determined by counting. Fruiting parameters concern the time to fruit set, number of fruits, fruit characteristics (basal and apical diameter, length, and mass of apples and nuts), and yield. The mass of fruits (apple and nut) was weighed using a precision electronic balance (± 0.01 g) at the level of monitored twigs and at the tree scale. Morphometric parameters of apples and nuts (length, apical and basal diameters) were measured using a digital caliper (± 0.01 mm).

2.3 Statistical analyses
Collected data were entered into a spreadsheet (Microsoft Excel) to perform descriptive statistics, including means, standard deviations, frequencies, and the construction of evolution curves. Inferential statistical analyses were performed using XLSTAT 2018 software. The normality of distributions and homogeneity of variances were verified by Shapiro-Wilk and Levene tests, respectively. Variables not meeting the normality assumption were transformed by logarithm or arcsine square root for proportions before statistical analysis. The factors studied concerned the severity level (Levels 0 to 4) and the type of chlorosis. The Student's t-test was used to study the effect of chlorosis severity on yield components due to the number of severity levels obtained (2 levels). Analysis of variance (ANOVA) was used for the effect of chlorosis types on yield components. In case of a statistically significant difference (p < 0.05), mean separation was performed using the Newman-Keuls post-hoc test.

3. results and discussion

3.1 Results
3.1.1 Temporal Dynamics of Chlorosis, Flowering, and Fruit Set
The analysis of physiological parameters of the cashew tree highlighted a marked antagonism between foliar health status and reproductive activity. Flowering and fruit set occur in a distinct temporal window from that of chlorosis. Chlorosis manifests during the period from May to October ; whereas flowering only begins in November, with a rapid progression from 44% in mid-November 2023 to nearly 100% between January and February. Inter-annual variability was observed. During the second cycle, flowering was earlier and more intense, reaching 78% in early November 2024, compared to 0% at the same time the previous year. Fruit set follows this dynamic with a time lag (December–February ). The chlorosis rate presents a recurring annual cycle, progressing from May to September, peaking at 89% in mid-August 2023 and 88% in August-September 2024. It then regresses rapidly from October to finally be null during the period from November to February.	Comment by John Seyifunmi Balogun: Morphological (external) Parameters and not physiological (internal) parameter	Comment by John Seyifunmi Balogun: Provide the Year	Comment by John Seyifunmi Balogun: Provide the Year
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Figure 1: Temporal dynamics of chlorosis, flowering, and fruit set

3.1.2 Prevalence of Identified Chlorosis Types
Typological analysis of foliar chlorosis at the regional scale revealed notable disparities. Results showed a clear predominance of nitrogen chlorosis, representing 47.25% of observed cases, constituting the modal category. Phosphorus (19.08%) and potassium (18.31%) chloroses follow in order of importance. In total, primary macronutrient deficiencies (N+P+K) account for 84.48% of cases. Conversely, deficiencies in secondary nutrients such as magnesium (4.67%) and trace elements like manganese (7.28%), iron (2.48%), and zinc (0.85%) represent only 15.28% (Table 1).






Table 1 : Tree frequencies in percentages (%) according to chlorosis types
.
	Fe 
	K
	Mg
	Mn
	N
	P
	Zn

	2,48 	Comment by John Seyifunmi Balogun: Put . Instead of ,  e.g. 2.48 not 2,48
	18,31 
	4,67 
	7,28
	47,25 
	19,08 
	0,85 



3.1.3 Effect of Chlorosis Severity Level on Flowering and Fruiting Parameters
Analysis of variance showed that during the 2023-2024 production cycle, there was no significant difference between severity levels regarding the studied variables, except for the number of dried flowers (NbFlSéch). Trees characterized by a high level of chlorosis produced an average of 2185.89 ± 1647.97 dried flowers compared to 856.78 ± 1171.59 for those with very high chlorosis. 
During the 2024-2025 production cycle, results showed no significant difference between severity levels regarding the studied variables, with the exception of the number of hermaphrodite flowers (NbFlHerm). Trees distinguished by high chlorosis produced between 231.57 ± 299.83 flowers compared to 299.83 ± 377.39 for those where chlorosis was very high (Table 3). 
The number of fruits (NbFr) constitutes the parameter presenting the most pronounced gap between the two severity levels. For the 2023-2024 campaign, high severity allowed for a production of 99.73 ± 40.97 fruits compared to only 37.59 ± 28.63 for very high severity. These results were confirmed in 2024-2025 with 137.68 ± 82.3 fruits for high severity, while very high severity only yielded 33.65 ± 40.47 fruits, representing a reduction of approximately 75% in fruit production.
Regarding apple characteristics, length (LgPom) stands out in 2023-2024 with 8.04 ± 0.43 cm for high chlorosis versus 6.43 ± 2.33 cm in trees with very high chlorosis; this difference became non-significant in 2024-2025. Apple mass (MPom) presents a similar pattern with 111.74 ± 7.3 g versus 78.77 ± 30.14 g in 2023-2024, and 116.76 ± 85.73 g versus 88.66 ± 12.28 g in 2024-2025, where differences remained significant. For nuts, only the mass (MNoix) revealed a significant difference in 2023-2024 (8.61 ± 0.69 g versus 6.63 ± 2.48 g); this difference faded during the following season. 
Regarding symptom severity, analysis of variance reveals a highly significant difference between the two classes studied for both successive agricultural campaigns. During the 2023-2024 cycle, trees presenting "High" severity recorded an average yield of 132.24 ± 10.5 kg/ha, statistically superior to that of trees affected by "Very High" severity, whose production fell to 38.38 ± 3.89 kg/ha. This trend was confirmed and amplified during the 2024-2025 campaign, with an even more marked gap: the yield of trees with "High" severity (173.86 ± 27.16 kg/ha) was approximately 4.6 times higher than that of trees with "Very High" severity (37.31 ± 3.44 kg/ha).

Table 2: Effect of Chlorosis Type on Floral Parameters

	
	2023-2024
	2024-2025

	Parameters
	High severity
	Very high severity
	High severity
	Very high severity

	NbBoutFlorx
	1280,06 ± 1292,92 a
	1287 ± 1421,21 a
	1450,23 ± 1481,78 a
	1343,7 ± 1455,88 b

	NbFlSéch
	2185,89 ± 1647,97 a
	856,78 ± 1171,59 b
	1769,23 ± 1448,64 a
	1221,59 ± 1339,42 b

	NbFlHerm
	299,83 ± 349,58 a
	231,57 ± 263,12 a
	251,31 ± 336,86 a
	299,83 ± 377,39 a

	NbFlMâles
	1539,11 ± 1781,67 a
	1477,18 ± 1263,46 a
	1252,79 ± 1568,36 b
	1610,47 ± 1354,86 a

	NbFlStér
	116,7 ± 52,23 a
	116,68 ± 90,49 a
	98,22 ± 55,05 b
	132,34 ± 105,5 b


For the same production cycle and the same parameter, values followed by the same letter are not significantly different (Student's test, 5%)

Table 3: Impact of chlorosis severity on fruiting parameters
	
	2023-2024
	2024-2025

	Parameters
	High severity
	Very high severity
	High severity
	Very high severity

	NbFr
	99,73 ± 40,97 a
	37,59 ± 28,63 b
	137,68 ± 82,3 a
	33,65 ± 40,47 b

	DBasPom
	3,8 ± 0,33 a
	3,65 ± 0,33 a
	3,55 ± 0,33 a
	3,58 ± 0,34 a

	DHautPom
	5,02 ± 0,25 a
	4,34 ± 1,54 a
	4,83 ± 0,48 a
	4,81 ± 0,29 a

	LgPom
	8,04 ± 0,43 a
	6,43 ± 2,33 b
	8,71 ± 1,04 a
	7,2 ± 0,72 a

	MPom
	111,74 ± 7,3 a
	78,77 ± 30,14 b
	116,76 ± 85,73 a
	88,66 ± 12,28 b

	DBasNoix
	2,06 ± 0,26 a
	1,77 ± 0,68 a
	2,05 ± 0,19 a
	2,07 ± 0,27 a

	DHautNoix 
	2,57 ± 0,3 a
	2,21 ± 0,83 a
	2,61 ± 0,16 a
	2,54 ± 0,27 a

	LgNoix
	3,45 ± 0,24 a
	3,09 ± 1,11 a
	3,75 ± 0,25 a
	3,61 ± 0,32 a

	MNoix
	8,61 ± 0,69 a
	6,63 ± 2,48 b
	8,2 ± 0,86 a
	7,2 ± 0,85 a

	Rdt (kg/ha)
	132,24 ± 10 ,5 a
	38,38 ± 3,89 b 
	173,86 ± 27 ,16 a
	37,31 ± 3 ,44 b


For the same production cycle and the same parameter, values followed by the same letter are not significantly different (Student's test, 5%)



3.1.4 Effect of chlorosis type on floral parameters
Zinc and iron deficiencies are distinguished by their particularly pronounced effect on the number of dried flowers (NbFlSéch). In 2023-2024, these two deficiencies generated the highest values, with 2891.89 ± 2086.86 for zinc and 2255.64 ± 1732.82 for iron. These values significantly exceed those observed for other types of chlorosis. Conversely, manganese deficiency produced the minimum number of dried flowers (760.96 ± 1090.47). This hierarchy was maintained during the 2024-2025 campaign, although absolute values were slightly lower.
The number of hermaphrodite flowers (NbFlHerm) also presents variable sensitivity according to the type of deficiency. During the 2024–2025 period, the maximum production of hermaphrodite flowers was observed in trees presenting a magnesium deficiency, with an average of 334.41 ± 476.63 flowers per tree. In contrast, zinc deficiency is associated with minimal production, reaching only 203.5 ± 319.48 hermaphrodite flowers (Table 4).

3.1.5 Effect of chlorosis type on yield components
The number of fruits produced (NbFr) reveals particularly marked disparities between chlorosis types. Zinc and iron deficiencies consistently distinguished themselves by the highest fruit productions over both campaigns. In 2023-2024, these deficiencies generated 103.25 ± 63.18 and 99.92 ± 39.26 fruits per tree, respectively. This trend amplified in 2024-2025, with productions reaching 168 ± 96.82 fruits for zinc deficiency and 154.93 ± 94.22 fruits for iron deficiency. Conversely, manganese and phosphorus deficiencies are associated with the lowest fruit productions. Depending on the production cycles, these deficiencies generated only 26.44 to 48.96 fruits per tree (p ≤ 0.004).
Dimensional parameters of apples and nuts present relative stability across chlorosis types. Basal and apical diameters of apples (DBasPom, DHautPom) as well as those of nuts (DBasNoix, DHautNoix) generally do not show significant differences according to the deficient element. Apple length (LgPom) and nut length (LgNoix) follow the same trend. Statistical significance values, ranging between p = 0.10 and p = 0.81, confirm the absence of a major differential effect of deficiency types on these dimensional parameters (Table 5).
Apple mass (MPom) constitutes a notable exception to this uniformity. This parameter shows significant variations depending on the type of chlorosis encountered. In 2023-2024, three deficiencies stand out for their association with the highest apple masses, namely iron (111.25 ± 7.88 g), magnesium (107.52 ± 17.76 g), and zinc (107.37 ± 3.15 g). These values contrast sharply with those observed for deficiencies in manganese (80.92 ± 32.3 g), potassium (90.23 ± 29.19 g), and phosphorus (85.56 ± 35.18 g). This hierarchy was reproduced during the 2024-2025 campaign, demonstrating the stability of these relationships.
For both production cycles, trees diagnosed with trace element deficiencies, specifically Zinc (Zn) and Iron (Fe), consistently presented the highest yields. In 2024-2025, yields associated with Zn and Fe deficiencies reached 213.96 ± 12.33 kg/ha and 195.17 ± 14.65 kg/ha, respectively. Conversely, macronutrient deficiencies (Nitrogen, Phosphorus, Potassium) and Manganese deficiency were associated with significantly lower production levels. Potassium (K) and Phosphorus (P) induced low intermediate yields, varying from 50.32 to 77.76 kg/ha for the second cycle. The lowest values were observed in trees presenting a Manganese (Mn) deficiency, with yields capping around 30 kg/ha (33.42 kg/ha in 2023-2024 and 29.48 kg/ha in 2024-2025).










Table 4: Impact of mineral element deficiency on floral parameters


	Campaigns
	Parameters
	Fe	Comment by John Seyifunmi Balogun: Include the units of the values
	K
	Mg
	Mn
	N
	P
	Zn
	P

	[bookmark: _Hlk219736508]2023 - 2024
	NbBoutFlorx
	1205,07 ± 1178,27 b
	1301,78 ± 1441,75 a
	1343,24 ± 1400,23 a
	1288,89 ± 1425,78 b
	1323,28 ± 1389,67 a
	1104,1 ± 1171,44 b
	1405,89 ± 1487,76 a
	0,001

	
	NbFlSéch
	2255,64 ± 1732,82 b
	1332,52 ± 1421,37 d
	1773,68 ± 1650,46 c
	760,96 ± 1090,47 e
	1588,06 ± 1633,06 c
	1109,76 ± 1228,83 d
	2891,89 ± 2086,86 a
	0,001

	
	NbFlHerm
	300,21 ± 352,76 a
	259,45 ± 309,38 b
	292,11 ± 361,16 a
	214,89 ± 221,89 b
	275,69 ± 316 a
	221,86 ± 272,22 b
	282,44 ± 331,17 a
	0,016

	
	NbFlMâles
	1470,11 ± 1687,48 b
	1527,08 ± 1531,44 b
	1508,18 ± 1673,66 b
	1533,48 ± 1323,25 b
	1496,94 ± 1571,48 b
	1437,84 ± 1240,72 b
	2274,56 ± 2483,06 a
	0,001

	
	NbFlStér
	113,54 ± 60 b
	114,09 ± 78,67 b
	114,71 ± 77,62 b
	119,78 ± 79,61 a
	120,46 ± 72,49 a
	106,18 ± 79,7 b
	126,44 ± 50,58 a
	0,004

	
2024 - 2025
	NbBoutFlorx
	1403,4 ± 1431,67 a
	1454,95 ± 1552,96 a
	1483,85 ± 1462,92 a
	1337,78 ± 1445,86 b
	1447,43 ± 1513,1 a
	1089,57 ± 1178,59 c
	1524,1 ± 1638,7 a
	0,007

	
	NbFlSéch
	1824,87 ± 1552,68 a
	1452,1 ± 1364,7 b
	1558,68 ± 1416,29 b
	1178,26 ± 1268,17 c
	1534,58 ± 1472,65 b
	1323,74 ± 1279,72 b
	1795,5 ± 1493,84 a
	0,003

	
	NbFlHerm
	258,93 ± 349,12 b
	284,85 ± 360,46 b
	334,41 ± 476,63 a
	285,93 ± 330,32 b
	275,19 ± 351,97 b
	245,05 ± 330,41 b
	203,5 ± 319,48 c
	0,020

	
	NbFlMâles
	1183,3 ± 1449,69 b
	1513,01 ± 1549,92 a
	1337,59 ± 1523,69 b
	1647,59 ± 1341,28 a
	1381,9 ± 1473,33 b
	1598,1 ± 1361,3 a
	1311,2 ± 2041,4 b
	0,016

	
	NbFlStér
	96,03 ± 56,85 b	Comment by John Seyifunmi Balogun: Replace the comma (,) with dot (.) in all the values 
	119,47 ± 100,85 a
	107,46 ± 81,66 b
	135,04 ± 89,31 a
	117,46 ± 84,74 a
	108,09 ± 81,23 b
	95,6 ± 61,45 b
	0,020




















Table 5: Influence of mineral element deficiency on fruit parameters

	Campaigns
	Parameters
	Fe	Comment by John Seyifunmi Balogun: Include the units of the values
	K
	Mg
	Mn
	N
	P
	Zn
	p

	2023 - 2024
	NbFr
	99,92 ± 39,26 a
	61,14 ± 48,28 c
	83,56 ± 48,68 a
	33,13 ± 21,95 d
	65,52 ± 43,96 c
	48,96 ± 43,43 d
	103,25 ± 63,18 a
	0,004

	
	DBasPom
	3,66 ± 0,36 a
	3,66 ± 0,36 a
	3,66 ± 0,34 a
	3,79 ± 0,31 a
	3,76 ± 0,34 a
	3,64 ± 0,32 a
	3,93 ± 0,04 a
	0,772

	
	DHautPom
	5 ± 0,22 a
	4,56 ± 1,31 a
	5,02 ± 0,37 a
	4,37 ± 1,65 a
	4,67 ± 1,11 a
	4,37 ± 1,62 a
	5,15 ± 0,14 a
	0,401

	
	LgPom
	8,16 ± 0,48 a
	7,06 ± 2,14 a
	7,81 ± 0,58 a
	6,42 ± 2,49 a
	7,18 ± 1,79 a
	6,64 ± 2,53 a
	7,65 ± 0,43 a
	0,207

	
	MPom
	111,25 ± 7,88 a
	90,23 ± 29,19 b
	107,52 ± 17,76 a
	80,92 ± 32,3 b
	93,92 ± 26,67 b
	85,56 ± 35,18 b
	107,37 ± 3,15 a
	0,024

	
	DBasNoix
	2,13 ± 0,28 a
	1,87 ± 0,6 a
	1,87 ± 0,34 a
	1,82 ± 0,73 a
	1,92 ± 0,51 a
	1,79 ± 0,72 a
	2,04 ± 0,56 a
	0,381

	
	DHautNoix
	2,5 ± 0,37 a
	2,24 ± 0,7 a
	2,5 ± 0,33 a
	2,21 ± 0,88 a
	2,42 ± 0,64 a
	2,27 ± 0,89 a
	2,48 ± 0,47 a
	0,573

	
	LgNoix
	3,42 ± 0,24 a
	3,27 ± 0,95 a
	3,54 ± 0,31 a
	3,2 ± 1,23 a
	3,26 ± 0,8 a
	3,01 ± 1,12 a
	3,38 ± 0,4 a
	0,474

	
	MNoix
	8,69 ± 0,83 a
	7,23 ± 2,22 a
	8,45 ± 1,14 a
	6,55 ± 2,6 b
	7,63 ± 2,03 a
	6,81 ± 2,65 b
	8,79 ± 0,48 a
	0,016

	
	Rds (kg/ha)
	133,72 ± 11 ,47 a
	68,07 ± 2 ,34 d
	108,74 ± 4 ,26 b
	33,42 ± 3 ,6 a
	76,99 ± 6 ,33 c
	51,35 ± 3,5 d
	139,77 ± 20,78 a
	0,001

	2024 - 2025
	NbFr
	154,93 ± 94,22 a
	68,14 ± 79,71 c
	109,65 ± 87,35 b
	26,44 ± 23,24 d
	82,41 ± 80,46 b
	43,34 ± 45,5 d
	168 ± 96,82 a
	0,001

	
	DBasPom
	3,6 ± 0,4 a
	3,65 ± 0,3 a
	3,54 ± 0,3 a
	3,62 ± 0,37 a
	3,55 ± 0,34 a
	3,52 ± 0,34 a
	3,42 ± 0,23 a
	0,241

	
	DHautPom
	4,64 ± 0,42 a
	4,9 ± 0,38 a
	4,93 ± 0,51 a
	4,79 ± 0,29 a
	4,82 ± 0,39 a
	4,78 ± 0,32 a
	4,58 ± 0,36 a
	0,332

	
	LgPom
	8,89 ± 0,96 a
	7,82 ± 1,11 a
	8,51 ± 1,17 a
	7,31 ± 0,65 a
	7,86 ± 1,18 a
	7,62 ± 1,06 a
	7,74 ± 0,99 a
	0,20

	
	MPom
	109,01 ± 12,49 a
	96,42 ± 14,4 b
	106,61 ± 21,27 a
	87,8 ± 11,39 b
	104,68 ± 82,14 a
	93,45 ± 15,73 b
	113,94 ± 6,65 a
	0,008

	
	DBasNoix
	2,05 ± 0,15 a
	2,07 ± 0,22 a
	2,08 ± 0,22 a
	2 ± 0,28 a
	2,06 ± 0,23 a
	2,04 ± 0,29 a
	2,19 ± 0,06 a
	0,10

	
	DHautNoix
	2,63 ± 0,18 a
	2,58 ± 0,23 a
	2,58 ± 0,17 a
	2,57 ± 0,29 a
	2,58 ± 0,23 a
	2,48 ± 0,25 a
	2,75 ± 0,09 a
	0,81

	
	LgNoix
	3,68 ± 0,29 a
	3,67 ± 0,31 a
	3,76 ± 0,23 a
	3,8 ± 0,37 a
	3,67 ± 0,3 a
	3,56 ± 0,23 a
	3,94 ± 0,21 a
	0,13

	
	MNoix
	8,18 ± 1,08 a
	7,41 ± 0,86 a
	7,77 ± 1,03 a
	7,24 ± 0,78 a
	7,72 ± 1,02 a
	7,54 ± 0,98 a
	8,27 ± 0,68 a
	0,164

	
	Rds (kg/ha)
	195,17 ± 14,65 a	Comment by John Seyifunmi Balogun: Replace the comma (,) with dot (.) in all the values
	77,76 ± 2,45 d
	131,20 ± 9,88 b
	29,48 ± 2,15 a
	97,98 ± 7,11 c
	50,32 ± 5,89 e
	213,96 ± 12,33 a
	0,001



3.2 Discussion 
The phenological analysis of the cashew tree, conducted over two annual cycles (2023-2025), highlights a strict temporal dichotomy between the vegetative phase, marked by intense chlorosis from May to October, and the reproductive phase, which extends from November to February. This temporal segregation suggests an adaptive strategy in the face of nutritional stress, aligning with the concept of phenological synchronization described by Theobald et al. (2022), where biological cycles adjust to environmental optimums. In this context, the desynchronization observed between chlorosis and flowering resembles a strategy of "phenological escape". By ensuring immediate foliar renewal before floral initiation, the tree mobilizes its reserves for reproduction before the critical expression of deficiencies, a mechanism modulating natural selection on flowering. On the edaphic level, the typological analysis in the Bagoué region reveals a massive predominance of nitrogen deficiency (47.25%), a direct consequence of sandy soils that are poor in organic matter and have low nitrogen retention, characteristic of the zone. Concurrently, the low incidence of ferric chlorosis (2.48%) contrasts with tropical standards (Marschner, 1995), suggesting either local pedological specificity or a potential bias in visual diagnosis, masked by other deficiencies. The impact of these physiological constraints on productivity illustrates the fundamental "source-sink" relationship. The aggravation of chlorosis severity (from high to very high) leads to a yield drop of 75%, confirming the inability of a degraded foliar apparatus to support a high fruit load. Specific nutrient analysis raises a physiological paradox: Zinc and Iron deficiencies, although associated with a numerical fruit production superior to that of macronutrients, generate a high rate of floral abortion. This phenomenon is explained by the role of Zinc in pollen viability and auxin biosynthesis (Ndibanya et al., 2025) ; its deficiency does not inhibit induction but causes massive abscission. Conversely, Phosphorus deficiency induces the lowest yields, validating its critical role in energy transfer and structural development (Kadyampakeni et al., 2019), with its deficiency limiting physiological processes well upstream of fruiting. Magnesium (Mg) deficiency, a central element of chlorophyll, favors the number of hermaphrodite flowers (NbFlHerm). This result suggests a role of Mg in hormonal or energetic balance influencing the sexual differentiation of flowers, meriting further investigation (Ruan et al., 2012). Finally, the relative stability of fruit morphometric parameters (lengths, diameters) in the face of different types of deficiencies contrasts with the high variability of floral parameters. This indicates that, once the fruit is initiated, its dimensional development is canalized and less sensitive to the specific nature of the deficiency than the delicate stages of flowering and fertilization. Results unequivocally demonstrated that chlorosis intensity is a major determinant of final yield, with the transition from "High" to "Very High" severity entailing a production collapse exceeding 75%. This yield drop is explained by the reduction of photosynthetically active leaf area. Chlorosis, characterized by chlorophyll degradation, limits the tree's capacity to fix carbon. During the fruiting phase (fruit set and nut filling), the demand for photo-assimilates is maximal ("source-sink relationship"). "Very High" chlorosis indicates a severely compromised vegetative apparatus, incapable of providing the carbohydrates necessary for nut filling, likely causing increased fruit abscission or a drastic reduction in unit nut weight. Low yields associated with N, P, and K deficiencies confirm their status as major elements limiting primary production. Nitrogen is essential for vegetative growth and fruit protein synthesis, while phosphorus plays a key role in energy transfer (ATP) necessary for flowering and fruiting. Our results corroborate the work of Marschner (2012), who established that macronutrient deficiencies (N, P, K) impact total biomass more severely than micronutrient deficiencies, except in cases of toxicity or lethal deficiency. Regarding the cashew tree specifically, Diomandé et al. (2021) had already reported in the same region that nutritional deficiencies disrupted reproductive functions. However, our study nuances these findings by showing that not all deficiencies are equal: production remains possible under Zn/Fe constraints, whereas it collapses under N/P/K/Mn constraints. These observations also align with FAO reports (2020) highlighting that soil fertility management, and particularly the N-P-K balance, remains the priority lever to close the "yield gap" in extensive West African farming systems. The particular vulnerability to Manganese observed here joins observations made on other perennial crops on acidic tropical soils, where Mn availability can rapidly become limiting or toxic depending on pH, severely disrupting plant physiology.	Comment by John Seyifunmi Balogun: What are tropical standards, kindly state them

4. Conclusion
This study demonstrates that in cashew orchards of the Bagoué region, nutritional constraint is a key factor limiting production, with a predominance of nitrogen deficiency. The expression of chlorosis follows an annual cycle antagonistic to reproductive phenology, suggesting a stress avoidance strategy. Chlorosis severity mainly impacts post-flowering phases, radically reducing the number and quality of fruits. Finally, different mineral elements distinctly affect reproduction components (floral viability, sex ratio, fruit initiation), highlighting the need for precise diagnosis and balanced fertilization, targeting not only nitrogen but also micro-elements like zinc and iron, whose deficiencies have subtle but potentially serious effects on fertility.
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