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Abstract

:

This study describes the structure and phenology of Sahelian rangelands during the rainy season. It was undertaken on a grazed plot and a fenced plot. Measurements were taken every 10 days over two rainy seasons between July and October 2018 and between August and October 2019. The measurements included the phenological stage, the vegetative and flowering height, the coverage, and the phytomass. The results showed that phytomass did not systematically differ between grazed and fenced plots. Flowering started as early as mid-July, but most of the plants flowered in early October. Flowering and fruiting occurred earlier (based on the number of days after the first rain) in the late rainy season (2019) than in the early one (2018). These stages reached their peak in October; senescence began in October. Vegetative height, reproductive height, and coverage were similar between the two years. Height peaks were similar, but they were reached earlier (based on the number of days after the first rain) in the late rainy season than in the early one. Coverage peaks were similar (59.8% in the early rainy season vs. 65.8% in the late one). Vegetative height (around 30 cm), reproductive height (around 36 cm), and coverage (around 60%) reached their maximum in October, but reproductive height was greater than vegetative height. These parameters were lower at the grazed site compared to the fenced site, and flowering started earlier at the grazed site. The pasture had a negative impact on coverage, height, and early flowering. Structure and phenology were more sensitive than to changes in rainfall between years. Phenology results will help determine the best time to harvest the phytomass (phytomass stock), as the nutritional quality of the forage is known to decrease after fruiting.
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1. Introduction


The Sahel is a bio-geographic entity defined primarily by its arid-to-semi-arid tropical climate, controlled by the Gulf of Guinea monsoon and the Saharan Harmattan [1]. Its average rainfall varies from 100 mm at the desert border to 600 mm at the southern limit of the Sahel in contact with the Sudanian zone [2]. It is probably the largest ecological zone in the world with the highest average annual temperature (28–30 °C), very close to that of the southern Sahara [1]. The minimum annual average is between 18 and 20 °C and the maximum average between 35 and 38 °C [3]. Pastures receiving between 200 and 450 mm of annual rainfall are traditionally exploited by transhumance [4]. Savannah, bush, and steppe formations are characteristic of regions influenced by Sahelian and Sudanian climates. These climates, characterized by their long dry seasons, lead to formations that have adapted to the severity of climatic conditions. The Sahel is the domain of thorny steppes. Sahelian vegetation is therefore characterized by a high degree of heterogeneity. On the one hand, the factors that determine this heterogeneity are essentially related to water and, on the other hand, to the factors linked to the action of herds (due to the importance of pastoral activities in this zone) [5]. The vegetation in the Sahel consists of a herbaceous stratum, mainly composed of annual plants and a sparse woody stratum dominated by thorny plants [6]. Sahelian vegetation diversifies according to observed topographic variations [7]. Sand dunes with a low retention capacity and slopes with significant runoff have open vegetation (presence of bare ground). The woody layer is less developed, while the herbaceous layer can be important on sand. Woody plants sometimes constitute dense stands in depressions. Perennial grasses are also found there.



In the Sahel region, the main economic activity is pastoral livestock farming, which is mainly based on using spontaneous vegetation in rangelands. The latter comprises a stratum of annual herbaceous plants, mainly grasses, and a stratum of scattered woody plants dominated by the genus Acacia [6]. In the Sahel, the quantity of grass produced is largely affected by interannual variability in rainfall [8,9,10,11,12]. Rainfall deficits induce biomass deficits and lead to pastoral crises [13]. It is therefore crucial to study the dynamics of the herbaceous stratum to adapt pastoral livestock farming to climatic constraints. Most studies on phytomass production in the herbaceous stratum have mainly focused on variations between years and between zones, and sampling often takes place at the end of the rainy season. However, few studies have looked at dynamics during the season, whereas herbaceous plants grow very quickly during the rainy season (from June or July to October). This growth is linked to the availability of soil resources [8], rainfall patterns, and the impact of grazing [14,15]. Most studies have focused solely on biomass. However, studying other vegetation parameters over the entire life cycle of plants can provide a great deal of useful information for understanding vegetation dynamics.



The goal of this study was to describe the structure and phenology of the herbaceous stratum over a season and to see whether grazing had any effect on the monitored parameters. Thus, coverage, vegetative height, reproductive height, and phenology were monitored over a ten-day time step during the rainy season for two years at a grazed site and a fenced site. This study is innovative in that it takes into account parameters that are not always measured (height of inflorescences) and that it is carried out at a much more regular frequency than usual.




2. Materials and Methods


2.1. The Study Area


The study was conducted at the Zootechnical Research Center (CRZ) of Dahra in the Sahelian part of Senegal named Ferlo. Dahra, which is located in the department of Linguère, Louga region, is a zone of predominantly pastoral activity in northern Senegal (Figure 1). The Ferlo, also known as the sylvopastoral zone, is the largest of Senegal’s six agroecological zones. In the north of the country, it is located between 15°21′ north and 15°28′ west. It covers an area of 54.380 km2 or 27.64% of the national territory [16]. The sylvopastoral zone is located immediately south of the river valley and occupies part of the Sahelian and Sahelo-Sudanian domains. It extends administratively over the regions of Saint-Louis, Louga, Tambacounda, and Matam. The ethnic composition of the population of Ferlo shows a majority of Fulani followed by Wolof. Other ethnic groups are beginning to take their place in the composition of this population. The population of the department of Linguère (home to the commune of Dahra), like the northern region of Senegal, is primarily made up of young people under the age of 20 [17].



In the Louga region, the annual temperature averages 27 °C with minimums of 23 °C in January and maximums of 30 °C between September and October [18]. The CRZ rainfall averages 371.67 mm over a 50-year period (1964–2013). This rainfall ranges from late June to early October with an average monthly accumulation of 35.95 mm [17]. The geographical position of the Dahra CRZ means that it has a Sahelian climate [19]. The physiognomy of the vegetation in Dahra has changed from a wooded savannah to a shrubby savannah in the 1960s to a thorny steppe today. The soils are sandy, lateritic, or lacustrine [20]. The carbon stock averaged 0.08 ± 0.03 and 0.06 ± 0.02 t·ha−1 for the 0–20 and 20–40 cm layers, respectively [21].



Compared to the rest of the area, the vegetation in the Dahra center is more stable [22] due to the partial protection (fences and supervision) of the center against overgrazing and uncontrolled exploitation in place since 1954. That stability is threatened today because only a very small part of the center remains fenced-off. Thus, in addition to its similarity to the rest of the area in terms of physiognomy and taxonomy, the herbaceous stratum is used in some places in the same way as in the rest of the area, and by animals not belonging to the center. This makes the Dahra center a place where the rangelands are similar, to some extent, to the rest of the Ferlo rangelands.




2.2. Experimental Design


Similar measurements were taken at a grazed site (g) and a fenced site (f) in the rainy season for two years (Figure 2) to see if there were any differences between the rainy seasons and whether grazing had any effect on the parameters monitored. The grazed site was a square of 750 m by 750 m divided into 9 square sub-plots of 250 m by 250 m, of which the middle plot housed the ecosystem functioning observatory composed of a meteorological station and a flow tower [23]. Within the central subplot, the sampling points were placed every 50 m along the diagonals, and in the outer subplots, they were placed every 120 m along the extension of the diagonals. This difference in site size was due to a lack of space. Two perpendicular transects of 1000 m were set up there. The fenced site was a square plot of land with two perpendicular transects of 300 m per side. Each transect had 14 collection points at both sites.




2.3. Data Collection


The measurements were carried out between July and October 2018 and between August and October 2019. Annual rainfall was 356 mm in 21 different events in 2018 and 336 mm in 20 different rainfall events in 2019. The 2018 rainy season was about 30 days earlier but was marked by long dry spells at the beginning of the season. Measurements started ten days after the first rainfall of at least 0.1 mm and were taken every ten days up to the end of the rainy season. Twenty-eight points were measured on each measurement date at each site. At each collection point, the following parameters were determined:




	
The herbaceous phytomass harvested at ground level on an area of 1 m2 was weighed fresh and placed in an oven at 65 °C until a constant weight was obtained before being weighed again to obtain the dry weight.



	
Coverage was visually estimated as a percentage on a 1 m2 quadrat scale.



	
The percentage of phenological stages: the leafing, flowering, fruiting, and senescence stages were considered. When a stage was present in the quadrat, the percentage of individuals carrying it was estimated visually.



	
Vegetative height was measured from the soil to the highest leaf, and reproductive height was measured from the soil to the highest flower (or fruit) on 10 randomly selected individuals, which were then averaged over the quadrat scale.









2.4. Statistical Analysis


Principal component analysis was performed to show the relationships between the variables. Student’s test was used to compare parameter values across sites on each measurement date and between monitoring years.





3. Results


3.1. Relationship between the Variables


Dime 1 and Dim 2 explain 73.81% of the starting information (Figure 3). These two dimensions are then used to display the variables. Leafing is opposed to senescence. When plants start to dry, the major part of them stops producing new leaves. Flowering and fruiting are closed. These two phenological stages are not really separated. The flowering often continues even though the fruiting starts.




3.2. Dynamics over the Year of Certain Parameters in the Herbaceous Stratum


3.2.1. Phytomass


In contrast to 2018, where there was little variation in production between the two sites, overall phytomass production was lower at the grazed site in 2019 (Figure 4). Production peaks were reached on the same date (early October), but the peak at the grazed site (1800 kg·ha−1) was below that of the fenced site (2357 kg·ha−1).




3.2.2. Vegetative Height


In 2018, vegetative height was equal at both sites at the beginning of the rainy season, i.e., 40 days after the first rainfall (up to early August) (Figure 5). For the rest of the rainy season (mid-August to the end of October), it remained lower at the grazed site. This height reached a maximum of 42 cm at the fenced site and 31.3 cm at the grazed site. However, the maximums were reached on the same date, i.e., in mid-October (the 110th day after the first rainfall). In 2019, vegetative height was lower at the grazed site during the rainy season. This height reached its maximum of 48.09 cm at the fenced site slightly earlier than at the grazed site (27.4 cm) in August. This maximum height was therefore lower at the grazed site.




3.2.3. Reproductive Height


In 2018, reproductive height appeared 30 days after the first rain (late July) at the fenced site and 20 days after the first rain (mid-July) at the grazed site (Figure 6). Up to 60 days after the first rain (late August), reproductive height was equal at both sites. It was then higher at the fenced site for the rest of the season from September to October (between the 70th day and the 120th day after the first rain). The highest values for reproductive height were 35.7 cm at the grazed site and 47.5 cm at the fenced site. These values were reached at both sites in October. In 2019, reproductive height remained lower at the grazed site throughout the rainy season. The maximum height was reached earlier at the grazed site compared to the fenced site in August. The maximum reproductive height was lower at the grazed site (34.7 cm) than at the fenced site (58.6 cm).




3.2.4. Phenology


In 2018, the difference in phenology between the fenced site and the grazed site concerned the date flowering first appeared (Figure 7). It occurred on the 20th day after the first rain (second ten days of July) at the grazed site and on the 30th day after the first rain (third ten days of July) at the fenced site. In 2019, flowering began 10 days after the first rain at the grazed site and 20 days after the first rain at the fenced site. In contrast, fruiting occurred earlier (40 days after the first rain) at the fenced site compared to the grazed site (50 days after the first rain). Senescence started at both sites on the same date, i.e., 80 days after the first rainfall (August). For the appearance of the phenological stages over the year, it was found that each stage appeared in the same month at both sites and in each year.




3.2.5. Coverage


In 2018, coverage was either equal or lower at the grazed site most of the time (Figure 8). On a few rare occasions early in the season, it was higher at the grazed site. Coverage appeared to be much better at the fenced site between September and the end of October. It reached a maximum of 79.3% on the fenced site and a maximum of 59.8% on the grazed site. The highest coverage occurred earlier at the grazed site, ten days before the peak was reached at the fenced site. In 2019, coverage was equal between the two sites at the beginning (August) and end of the season (October). However, overall, coverage was lower at the grazed site. Peak coverage was reached at the same time (early October), but it was lower at the grazed site (65.8%) than at the fenced site (79.6%). This was confirmed by the results of the statistical differences (Table 1).





3.3. Dynamics of Herbaceous Stratum Parameters between an Early and a Late Rainy Season


3.3.1. Phytomass, Height, and Coverage


It can be seen from Table 2 that, overall, the monitored parameters (phytomass, height, and coverage) often varied little between an early and a late rainy season year.




3.3.2. Phenology


Flowering occurred 20 days after the first rain in July 2018 and 10 days after the first rain in August 2019 (Figure 9). Fruiting started 90 days after the first rain in September 2018 and 50 days after the first rain in September 2019. Both stages peaked in October when the foliage percentage began to drop. Senescence began in October for both years at the same time as the foliage began to stop for the majority of individuals.






4. Discussion


The objective of this work was to describe the vegetation in the pastures of a Sahelian site, going beyond just the amount of phytomass produced, by monitoring the structure and the phenology of the herbaceous stratum in a grazed area and a fenced area during the rainy season.



In general, the amount of phytomass was lower at the grazed site than at the fenced site, though the differences in the amounts produced between the sites in 2018 were very subtle throughout the season. This result confirms that grazing decreases phytomass production similar to previous results in a steppe formation [24,25], even in a savanna [26]. Theanimal husbandry can cause overgrazing that is reflected in a reduction in productivity [7]. On the other hand, trials testing protection from cultivation, forest removal, fire, and grazing carried out in Niger (Sadoré reserve), Burkina Faso, and Senegal resulted in slightly lower herbaceous production than in the grazed control, mainly because of the greater relative importance of broadleaf weeds [1]. Depending on its intensity, the consumption of plant matter by animals induces either compensatory growth or plant exhaustion [27]. According to the same author, the production level of a grazed site also depends on the potentialities of the environment and grazing intensity. These arguments may explain why the difference in phytomass in 2018 was unclear between the grazed and fenced sites. Thus, the differences between the two management methods (deferred grazing and free grazing) are not necessarily significant every year. It is highlighted that in 2010–2011, grazing only significantly changed the dynamics of dry grass mass when it reached or exceeded 0.08 tropical livestock units per hectare [6]. This suggests that this threshold was not reached at the grazed site in our study. In addition, due to tillering and regrowth capacity, trampling and forage removal in the rainy season cannot reduce annual grass production beyond 50% [28]. On the other hand, they combine in the dry season to accelerate the passage into litter [1]. The effect of grazing seems to be secondary to that of rainfall distribution [29] and to the effects of climatic and cultivation events [1].



Flowering started in mid-July and the plants almost all bloomed in early October. Flowering and fruiting appeared earlier in a late rainy season year compared to an early rainy season year. These two stages reached their peak in October, while the foliage percentage started to drop. Seeding began in October for both years. The onset of flowering in mid-July may indicate the existence of early species at the site. This precocity of reproductive phases was noted on pastures in Burkina Faso [30]. The presence of short-cycle and long-cycle species in the Sahel was mentioned by the same author. The following classification [7] may help to explain this staggered flowering over almost the whole season. Authors classified Sahelian species as very young plants already sensitive to flowering induction by the length of the day: Zornia glochidiata and Alysicarpus ovalifolius (≤1 week); sensitive plants when they are a little older: Cenchrus biflorus, Dactyloctenium aegyptium, and Chloris prieurii; and sensitive plants when they are even older: Schoenefeldia gracilis and Pennisetum pedicellatum. All the species cited as examples are those sometimes found to be dominant in the rangelands studied here. However, the maximum flowering period remained at the beginning of October. The staggering of fruiting dates at intra- and interspecific levels was also reported [31].



While some parameters readjusted their maximum values depending on the lateness of the rainy season, the phenology reaction involved the period when flowering and fruiting occurred. This was even though flowering is more of a genetic factor and depends more on the photoperiod in the Sahelian zone. The reduction in the production cycle following a delay in the start of the rainy season induces an early occurrence of phenological stages [25,32]. This enables plants to ensure their reproduction for the coming rainy season.



In general, vegetative and reproductive heights were similar between the two years. The peaks were close, but those in a late rainy season year were reached earlier than those in an early rainy season year, or on the same date. The vegetative height dynamics were very similar to those for reproductive height. In a late rainy season year, the shortening of the establishment phase, or the overall production cycle, of the herbaceous plants [25,32] could justify this situation. As the rainy season started late (end of July 2019), the installation phase lasted only twenty days, i.e., up to the first fortnight in August. The growth phase then started at the end of August, which corresponds to the period of regular rainfall, avoiding the loss of the first germination waves. This rapid start of the growth period in 2019 allowed the herbaceous plants to reach their maximum height quickly, earlier, or at the same time, as in an earlier rainy season year.



One hypothesis would be that grazing has a greater effect than rainfall conditions. Despite a better rainfall situation in a late rainy season year (fewer long breaks, better distribution of rainfall, etc.), grazing might justify the fact that the vegetative and reproductive heights and their peaks were both equal between the two years. There probably may have been a difference in grazing intensity between 2018 and 2019 that was not considered in this study.



Peaks in vegetative height (31 cm) and reproductive height (36 cm) were reached in October, but the reproductive height was slightly higher than the vegetative height. These figures ranged from 0.5 to 1 m [22] for the height at maximum vegetation and from 40 to 60 cm [33] for the Ferlo area. These ranges confirm that the herbaceous stratum in the typical Sahel can reach 50 cm in height on sandy dunes [10]. It is explained [25] that even though some species continue a vegetative growth after flowering, the majority of grasses stop doing so. Grasses were the major family of the pastures studied, but most annual grasses, under the influence of the photoperiod, flower between the end of August and the beginning of September [25,34]. This means that almost all species reach their maximum size and stop growing at that time. The fact that the reproductive height was greater than the vegetative height can be explained by the position of the flowers. The majority of species, especially grasses, have terminal flowers, so the flowers or fruits are often at a height that exceeds the height of the highest leaf.



The coverage rate was generally equal between the two years, with relatively close peaks in coverage (59.8% in 2018 and 65.8% in 2019). This result was similar to that of 57% in 2013 in Dahra [17]. This confirms that coverage reaches 40% on dunes and 50% on sandy peneplains in typical Sahel [10], and that coverage that was, at most, equal to 50% in three vegetation groups at Niono’s ranch [7]. This led the latter authors to state that the percentage cover of the Sahelian herbaceous stratum is low and is thus typical of an open formation. This is explained by the very marked xerophytic nature of the grasses, namely narrow, rolled, or folded basal leaves. Coverage is the vegetation parameter least affected by interannual fluctuations in rainfall.



The coverage rate was lower at the grazed site compared to the fenced site. This corroborates the results of [25], who found coverage in a non-harvested area that was twice as high as in a harvested area, as well as the results of [24], who found a higher coverage at a deferred grazing site. According to the results of [7,11,35], a reduction in coverage is a consequence of overgrazing caused by livestock farming.



Vegetative and reproductive heights were lower at the grazed site. The choice made by the animal to graze the taller grasses (grasses in this case) [14] may explain the difference in height between the two sites. Apart from this explanation, the reproductive height would be higher at the fenced site because the plants are grazed before flowering, so they are shorter and produce flowers and fruits at a lower level. The small size of herbaceous plants is a consequence of grazing [36].



Flowering started earlier at the grazed site, suggesting a form of adaptation of the herbaceous stratum to pasture: avoidance. Beyond the fact that early flowering is genetic, this may suggest an adaptation strategy. Plants may flower earlier to extend the flowering period and ensure that seeds will mature at the end of the season.




5. Conclusions


This study highlighted the presence of early species in the area, which is evidence of the species adaptation to the Sahelian climatic conditions, in particular to the short duration of the rainy season. The dates of appearance of the phenological stages and the height of the herbaceous layer do not seem to depend on the date of the start of the rainy season. In order to not underestimate the height of the canopy in rangelands dominated by grasses, it would be preferable to take into account the height of reproduction during the measurements in the field, in case a choice is necessary. The low cover of the area and the height of the grass refer to steppe-type vegetation in the studied area. The coverage, vegetative height, reproductive height, and flowering of herbaceous plants were sensitive to grazing. By stopping plant growth, the photoperiod limits the production of phytomass.
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Figure 1. Geographic and administrative location of Dahra. 
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Figure 2. Data collection design. 
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Figure 3. Link between variables. 
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Figure 4. Phytomass yield of grazed (g, red) and fenced (f, black) sites in 2018 (A) and 2019 (B). 
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Figure 5. Vegetative height of grazed (g, red) and fenced (f, black) sites in 2018 (A) and 2019 (B). 
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Figure 6. Reproductive height of grazed (g, red) and fenced (f, black) sites in 2018 (A) and 2019 (B). 
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Figure 7. Phenology of grazed and fenced sites in 2018 and 2019. Red: leafing; blue: flowering; black: fruiting; brown: senescence. 
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Figure 8. Coverage of grazed (g, red) and fenced (f, black) sites in 2018 (A) and 2019 (B). 






Figure 8. Coverage of grazed (g, red) and fenced (f, black) sites in 2018 (A) and 2019 (B).



[image: Grasses 02 00009 g008]







[image: Grasses 02 00009 g009 550] 





Figure 9. Phenology dynamics at the grazed site in 2018 and 2019. Red: leafing; blue: flowering; black: fruiting; brown: senescence. 
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Table 1. Differences between the grazed sites (G) and fenced sites (F) based on the Wilcox test.
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Days after First Rain






	

	
10

	
20

	
30

	
40

	
50

	
60

	
70

	
80

	
90

	
100

	
110

	
120




	
Leafing

	
2018

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
G = F

p value = 0.26

	
G = F

p value = 0.28




	
2019

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
G > F

p value = 0.009

	
G > F

p value = 0.006

	
--

	
--

	
--




	
Flowering

	
2018

	
--

	
--

	
G = F

p value = 1

	
G = F

p value = 0.6

	
--

	
G = F

p value = 0.56

	
G = F

p value = 1

	
G = F

p value = 0.84

	
G = F

p value = 0.05

	
G = F

p value = 0.28

	
G > F

p value = 0.005

	
--




	
2019

	
--

	
--

	
G = F

p value = 1

	
G = F

p value = 0.06

	
G < F

p value = 0.007

	
G = F

p value = 0.81

	
G = F

p value = 1

	
G = F

p value = 0.12

	
--

	
--

	
--

	
--




	
Fruiting

	
2018

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
G < F

p value = 0.009

	
G = F

p value = 0.33

	
G = F

p value = 0.58

	
--




	
2019

	
--

	
--

	
--

	
--

	
G = F

p value = 1

	
G = F

p value = 0.87

	
G = F

p value = 0.10

	
G = F

p value = 0.27

	
--

	
--

	
--

	
--




	
Senescence

	
2018

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
G = F

p value = 1

	
G = F

p value = 0.08




	
2019

	
--

	
--

	
--

	
--

	
--

	
--

	
--

	
G < F

p value = 0.009

	
--

	
G < F

p value = 0.006

	
--

	
--
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Table 2. Inter-annual dynamics of parameters monitored at a grazed site.
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Monitored Parameters

	
Number of Days after the First Rain in 2018




	
40

	
50

	
60

	
70

	
80

	
90

	
100

	
110

	
120






	
Phytomass

	
E < L

	
E > L

	
E < L

	
E < L

	
E = L

	
E = L

	
E = L

	
E > L

	
E = L




	
Vegetative height

	
E > L

	
E > L

	
E = L

	
E < L

	
E < L

	
E = L

	
E = L

	
E > L

	
E > L




	
Reproductive height

	
E L

	
E L

	
E = L

	
E = L

	
E < L

	
E = L

	
E < L

	
E = L

	
E > L




	
Coverage

	
E > L

	
E > L

	
E = L

	
E = L

	
E = L

	
E = L

	
E = L

	
E = L

	
E < L








E = early rainy season; L = late rainy season.
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