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Abstract
Mali is among Africa’s three biggest cotton (Gossypium hirsutum L.)-producing

countries, and cotton growing is the principal driving force behind Mali’s agricul-

tural sector. Cotton production is rainfed on small-scale family farms as a commercial

crop alongside staple crops grown for subsistence. Cultivar choice, planting date, and

planting density are critical elements for seed cotton yield that should be optimized.

This study aimed to understand the interactions between planting dates and planting

densities for the optimal production of four cotton cultivars in Mali. Two trials were

set up in two seasons at the Finkolo and N’Tarla research stations. A split-plot design

with four replications was used, with planting dates (early and delayed by 3 weeks)

as the main plots and planting density (41,666; 83,333; and 166,666 plants/ha) and

cultivar (Malian NTA MS334, Togolese STAM 129A, Australian SIOKRA L23, and

Brazilian BRS 293) as the subplots. In 2021, seed cotton yield was 1263 kg/ha for

early planting versus 361 kg/ha for late planting. Medium and high planting densi-

ties produced the same yield level, higher than the low planting density. Regardless

of the planting density, early plantings’ average capsular weight and seed index were

higher than those of late plantings. The African cultivars (STAM 129A and Malian

cultivar NTA MS334) were the most productive. Due to significant interactions on

fiber percentage and to optimize cotton yields in Mali, planting should be early, with

planting densities higher than 41,666 plants/ha, and either of the African cultivars

tested should be used.

1 INTRODUCTION

Cotton (Gossypium hirsutum L.) fiber is the most widely used

natural raw material in the textile industry and plays a vital

role in the global economy (Qin & Zhu, 2011). In West Africa,

rainfed agriculture is a significant economic sector but the

most vulnerable to climate change (Roudier et al., 2011). Sub-

Abbreviations: %F, percentage of fiber in seed cotton; AWB, average seed

cotton weight per boll; SCY, seed cotton yield; SI, seed index.
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Saharan Africa has climatic, agronomic, and socioeconomic

limiting factors of cotton production (Traoré et al., 2021). For

example, an appropriate planting time is critical to optimize

cotton yield (Afzal et al., 2020), and the optimal planting win-

dow depends on the timing of the rainy season onset, which

is likely to be postponed by climate change in West Africa

(Gaetani et al., 2020).

Along with Benin and Burkina Faso, Mali is Africa’s

biggest cotton-producing country (FAO, 2024). In Mali,

Agronomy Journal. 2024;1–12. wileyonlinelibrary.com/journal/agj2 1

https://orcid.org/0000-0001-6562-658X
mailto:romain.loison@cirad.fr
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/agj2
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fagj2.21672&domain=pdf&date_stamp=2024-08-27


2 KASSAMBARA ET AL.

cotton is the main cash crop (Lambert et al., 2018; Sanogo

et al., 2010) and is rainfed and cultivated by small-scale fam-

ily farmers (Yattara, 2014). Cotton contributes significantly

to food security by boosting the yields of subsequent cereal

crops (Ripoche et al., 2015). However, water stress is one

of the most limiting environmental factors for agricultural

production (Montaud, 2019). An appropriate planting time

is critical to optimize cotton yield (Afzal et al., 2020).

However, cotton is often planted late in Mali, which reduces

seed cotton yields (SCYs) (Ali et al., 2011). Consequently,

farmers should use adapted cultivars and practice better crop

management (Amigues et al., 2006).

After the planting date, the second key crop management

is planting density for a profitable SCY in Mali (Ali et al.,

2011). For instance, in China, planting density has accounted

for 46% of observed yield variability, ahead even of climate

(Li et al., 2020), and increased density above 45,000 plants/ha

has been a critical step in improving yield (Feng et al., 2022).

A quantitative synthesis with normalized cotton lint yields has

identified a threshold of 35,000 plants/ha below which cotton

lint yield was affected (Adams et al., 2019). Optimal cotton

density depends on the environment; suitable density could be

as high as 300,000 plants/ha (Feng et al., 2022). However, it

could be low for the region with the lowest yields in southern

China (Feng et al., 2022), where SCY is lower than Mali’s.

In Mali, planting is generally carried out by hand or with

seed drills with 0.8 m between rows and 0.3 m between holes

and two plants per hole, leading to a stand of 83,333 plants/ha.

However, poor emergence, dry spells at the start of the sea-

son, and poor cultivation practices (weeding and ridging) can

lead to low densities. In addition, there have been interac-

tions in SCY between cotton cultivars and seeding rates (L.

Zhang et al., 2008). The impact of cultivars, planting dates,

and planting densities cannot, therefore, be decoupled, and the

best possible combinations in the African rainfed conditions

of Mali have yet to be discovered. African cotton cultivars

have already displayed improved performance compared to

American or Australian ones for SCY under early planting

conditions (Traoré et al., 2023) and to European ones for

the percentage of fiber content in the seed cotton (Tsaliki

et al., 2024). This study aims to understand the interaction

between planting date and planting density of African, Brazil-

ian, and Australian cultivars on SCY and fiber content under

rainfed conditions in Mali. The findings of this study can

inform cotton research and development in similar contexts

in sub-Saharan Africa.

2 MATERIALS AND METHODS

2.1 Location and rainfall patterns

The trials were set up in 2021 and 2022 at two experimen-

tal stations in Mali’s cotton-growing zone: Finkolo (11˚22′ N

Core Ideas
∙ Cotton cultivars from three continents were com-

pared in 24 cropping situations in two sites and 2

years.

∙ There was no interaction between cultivar, planting

date, and planting density on seed cotton yield.

∙ There was an interaction between planting date and

cultivar on fiber content (percentage of fiber in

seed cotton [%F]).

∙ The %F of African cultivars was high and was not

affected by late planting dates.

∙ African cultivars performed better than others

under early and late planting conditions.

and 5˚51′ W) and N’Tarla (12˚35′ N and 05˚42′ W). The total

rainfall was 1254 mm in Finkolo in 2021, 1236 mm in 2022,

978 mm in N’Tarla in 2021, and 1176 mm in 2022 (Figure 1).

In 2021, the cumulative rainfall available from planting to har-

vest was 969 mm in Finkolo for early planting and 887 mm

for late planting. In N’Tarla, it was 686 mm for early planting

and 609 mm for late planting. In 2022, it was 803 mm from

planting in Finkolo, while it was 824 mm in N’Tarla. In 2022,

the planting date factor could not be studied, as late planting

failed due to massive jassid (Amrasca biguttula) attacks on

seedlings.

2.2 Experimental setup and the factors
studied

In each location and for each year, the experimental design

was set up as a split-plot with three factors repeated four times.

The main plots were the planting dates, and the subplots were

the combination of planting densities and cultivars randomly

distributed in the large plots. Each small plot was 56 m2 and

corresponded to seven rows of 10 m with 0.8 m between two

successive rows.

Three factors were studied: planting period, planting den-

sity, and cultivar. First, the planting period factor had two

levels: early and late (about 3 weeks after early planting). In

2021, planting occurred in Finkolo on June 17 and July 10 and

in N’Tarla on June 23 and July 13. In 2022, planting occurred

on June 27 at Finkolo and June 29 at N’Tarla.

Second, the planting density factor had three levels. Plant-

ing was performed by hand. In order to be consistent with

standard practice in Mali, two cotton plants were kept in each

hole at the thinning time for all three levels, with a row spac-

ing of 0.80 m. Only the distance between two successive holes

on the same row varied between levels. Low density (D1) was

planted every 0.60 m, aiming for a plant density of around
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KASSAMBARA ET AL. 3

F I G U R E 1 Rainfall pattern in Finkolo and N’Tarla in 2021 and 2022.

T A B L E 1 Description of cultivars.

Cultivar Origin
Seed cotton yield
potential (kg/ha)

Cycle duration
(days) Traits

STAM 129A Togo 3000 120–150 Cultivated in rainfed conditions of West Africa

SIOKRA L23 Australia 3800 130–155 Drought-tolerant and okra-leaf

BRS 293 Brazil 4600 160–170 Sensitive to diseases

NTA MS334 Mali 5000 130–150 Cultivated in rainfed conditions of West Africa

41,666 plants/ha; recommended density (D2), every 0.30 m,

aiming for a plant density of around 83,333 plants/ha; and

high density (D3), every 0.15 cm, aiming for a plant density

of around 166,666 plants/ha.

Third, the cultivar factor had four levels. The four culti-

vars come from different geographical origins. NTA MS334

comes from Mali, STAM 129A from Togo, BRS 293 from

Brazil, and the okra cultivar SIOKRA L23 from Australia.

These cultivars were selected based on their morphology,

productivity, and specific technological fiber characteristics

(Table 1).

2.3 General crop management

Plowing was carried out at Finkolo with an animal-drawn

plow and at N’Tarla with a tractor. Plots were fertilized with

200 kg/ha of complex fertilizer 14 N-18 P2O5-18 K2O + 6S

+ 1B after the first weeding and 50 kg/ha of 46% N urea at the

time of ridging. The fertilization provided 51 kg N/ha, 36 kg

P/ha, 36 kg K/ha, 12 kg S/ha, and 2 kg B/ha. For the phytosan-

itary protection of cotton plants, the first two treatments were

carried out using alternative products to pyrethroids, and the

others using binary products against caterpillars and sucking

pests (Table 2).

2.4 Observations and measurements

Yield components and SCY were measured on the two cen-

tral rows of each plot. On the day of harvest, the number of

bolls was counted, and the harvested seed cotton was weighed

to calculate SCY and average seed cotton weight per boll

(AWB). After harvesting, the seed cotton was ginned with a

laboratory saw ginning machine to determine the percentage

of fiber in the seed cotton (percentage of fiber in seed cotton
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4 KASSAMBARA ET AL.

T A B L E 2 Insecticide applications in the experiment.

Year Product composition Rate (L/ha) Finkolo N’Tarla
2021 Spirotetramat 75 g/L + flubendiamide 100 g/L 0.20 July 25 Aug. 6

Spirotetramat 75 g/L + flubendiamide 100 g/L 0.20 Aug. 8 Aug. 16

Bifenthrin 120 g/L + acetamiprid 32 g/L 0.25 Aug. 22 Aug. 27

Bifenthrin 120 g/L + acetamiprid 32 g/L 0.25 Sept. 5 Sept. 13

Bifenthrin 120 g/L + acetamiprid 32 g/L 0.25 Sept. 19 Sept. 28

Bifenthrin 120 g/L + acetamiprid 32 g/L 0.25 Oct. 3 Oct. 11

Bifenthrin 120 g/L + acetamiprid 32 g/L 0.25 Oct. 17 Oct. 27

2022 Profenofos 500 g/L 1.00 July 21 Aug. 3

Profenofos 500 g/L 1.00 July 26 Aug. 12

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Aug. 11 Aug. 19

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Aug. 26 Aug. 27

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Aug. 30 Aug. 29

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Sept. 6 Aug. 31

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Sept. 10 Sept. 6

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Sept. 15 Sept. 9

Cypermethrin 120 g/L + profenofos 600 g/L 0.25 Sept. 20 Sept. 13

[%F]) and seed index (SI). The %F obtained corresponds to

the weight of lint over the weight of seed cotton. The SI is the

weight of 100 seeds, measured from a sample of 500 seeds.

2.5 Data analysis

All data were processed using analysis of variance with a

mixed linear model estimated using R software v4.3.1. The

Bonferroni test was used to separate means anytime an effect

was found to be significant.

Analyses were performed by year, as the planting date

factor was absent in 2022, and the dataset needed to be

more balanced to be analyzed globally. The R packages used

were RODBC (Ripley & Lapsley, 2023) for reading datasets

directly from an ACCESS database where it is located, tidy-

verse (Wickham et al., 2019), data.table (Barrett et al., 2024)

and plyr (Wickham, 2011) for data manipulation and graph-

ical representation of the results (with ggplot2), and, finally,

lmerTest (Kuznetsova et al., 2017), emmeans (Lenth, 2024),

and multcomp (Hothorn et al., 2008) for statistical analysis.

Graphical residual evaluations based on plots of residuals

versus fitted values, Quantile–Quantile plot, and histogram of

residuals in addition to skewness (0 is best) and kurtosis (3 is

best) values evaluation were carried out to select the type of

dependent variable transformation (square root, log, square, or

no transformation) to be performed to guarantee compliance

with the validity conditions of the analysis. The mixed mod-

els used are described in the following section. The random

effects to structure the error are italicized, and the fixed effects

are not. In the description of the models, the star (*) represents

all the main effects and the interaction between them, and the

column (:) represents the interaction only.

In 2021, with the planting date factor, we have:

Transformation_if necessary (dependent variable) ∼

planting date × planting density × cultivar × trial

+ (1|𝑡𝑟𝑖𝑎𝑙∶𝑏𝑙𝑜𝑐𝑘) + (1|𝑡𝑟𝑖𝑎𝑙∶𝑏𝑙𝑜𝑐𝑘∶𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔 𝑑𝑎𝑡𝑒)

In 2022, without the planting date factor, we have:

Transformation_if necessary (dependent variable) ∼

planting density × cultivar × trial + (1|𝑡𝑟𝑖𝑎𝑙∶𝑏𝑙𝑜𝑐𝑘)

3 RESULTS

3.1 Seed cotton yield

There was no significant interaction on SCY between the

factors studied in either year, and only main effects were

significant (Table 3).

Yield varied for all the factors studied in both years

(Table 4). In 2021, Finkolo’s yield was slightly more than

twice than that of N’Tarla, with a difference of 558 kg/ha,

while in 2022, the yield was greater at N’Tarla than at Finkolo,

764 kg/ha versus 271 kg/ha, that is, a difference of 493 kg/ha.

In 2021, yields under early planting conditions were

902 kg/ha higher than those obtained under late planting

conditions. Yield also varied with planting density. Yields
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KASSAMBARA ET AL. 5

T A B L E 3 Probability of fixed effects on dependent variables measured in 2021 and 2022.

p-values 2021 p-values 2022
Factor SCY AWB %F SI SCY AWB %F SI
Planting date 0.0001 0.0010 0.3451 0.0006
Cultivar 0.0000 0.0059 0.0000 0.0343 0.0116 0.0183 0.0002 0.4171

Planting density 0.0003 0.5576 0.0021 0.8403 0.0032 0.0810 0.0249 0.5668

Trial 0.0434 0.0021 0.0001 0.0862 0.0471 0.0193 0.3949 0.2117

Planting date:cultivar 0.9495 0.4882 0.0001 0.7140

Planting date:planting density 0.5516 0.4532 0.7654 0.9155

Cultivar:planting density 0.4318 0.7083 0.3207 0.4211 0.5548 0.4449 0.7996 0.2431

Planting date:trial 0.1689 0.9347 0.9606 0.2184

Cultivar:trial 0.2708 0.0113 0.0130 0.0010 0.2003 0.2815 0.6949 0.0005
Planting density:trial 0.1081 0.0000 0.4825 0.7372 0.3068 0.1671 0.9489 0.7768

Planting date:cultivar:planting density 0.6429 0.7551 0.4018 0.2355

Planting date:cultivar:trial 0.8496 0.6884 0.0510 0.7493

Planting date:planting density:trial 0.1690 0.0458 0.0909 0.5768

Cultivar:planting density:trial 0.5502 0.8316 0.0792 0.1432 0.5795 0.9190 0.2142 0.6992

Planting date:cultivar:planting density:trial 0.7870 0.0920 0.5742 0.6369

Coefficient of variation (%) 17.7 17.2 7.6 12.9 29.2 19.3 2.1 5.3

Note: Bold numbers indicate p < 0.05.

Abbreviations: %F, percentage of fiber in seed cotton yield; AWB, average seed cotton weight per boll; SCY, seed cotton yield; SI, seed index.

T A B L E 4 Seed cotton yield (SCY) in experiments of Finkolo and

N’Tarla in 2021 and 2022.

Factor level
SCY 2021
(kg/ha)

SCY 2022
(kg/ha)

Trial Finkolo 1047 (183)a 271 (104)b

N’Tarla 491 (125)b 764 (175)a

Planting date Early 1263 (156)a

Late 361 (83)b

Planting density D1: 41,666

plants/ha

639 (104)b 355 (92)b

D2: 83,333

plants/ha

777 (115)a 526 (111)a

D3: 166,666

plants/ha

820 (118)a 593 (118)a

Cultivar BRS 293 719 (112)a 388 (99)b

NTA MS334 833 (121)a 474 (110)ab

SIOKRA L23 578 (100)b 440 (106)ab

STAM 129A 860 (122)a 663 (130)a

Average 763 497

Coefficient of

variation (%)

17.7 29.2

Note: Numbers in parentheses are standard errors. Factor levels that do not share

a letter differ at the 5% threshold in comparison tests with Bonferroni correction.

Abbreviations: D1, low planting density of 41,666 plants/ha; D2, planting density

vulgarized of 83,333 plants/ha; D3, high planting density of 166,666 plants/ha.

at medium (D2: 83,333 plants/ha) and high (D3: 166,666

plants/ha) densities were at the same level and higher than

at low density (D1: 41,666 plants/ha). In 2021, SIOKRA L23

was the least productive cultivar, while the other three cul-

tivars were at the same level. In 2022, BRS 293 was less

productive than STAM 129A. The cultivar STAM 129A had

the highest yield in both years.

3.2 Average seed cotton weight per boll

The AWB was influenced by all single factors except planting

density (Table 3). In 2021, there were also cultivar × trial,

planting density × trial, and planting date × planting density

× trial interactions.

In 2021, AWB was higher at Finkolo than at N’Tarla, 3.4 g

versus 2.2 g, a difference of 1.2 g (Table 5). In 2021, AWB was

favored by early planting with 3.2 g versus 2.4 g for late plant-

ing. No difference in AWB was observed between the planting

densities. In 2021, the cultivars STAM 129A and NTA MS334

had the same AWB level at 2.9 g, while the AWB of the cul-

tivar SIOKRA L23 was low (2.6 g). In 2022, the AWB of

cultivar STAM 129A was higher than that of BRS 293.

In 2021, under late planting conditions at Finkolo, the AWB

under low density (41,666 plants/ha) was higher than that

under high density (166,666 plants/ha), while at N’Tarla, the

AWB of high density was higher than the AWB of other

two planting densities (Figure 2). Under early planting condi-

tions, the density did not influence AWB, irrespective of the

planting density.

In 2021, whatever the planting density and the experimental

site, the AWB of early plantings was always higher than that

of late plantings (Figure 3).
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T A B L E 5 Average seed cotton weight per boll (AWB) in

experiments of Finkolo and N’Tarla in 2021 and 2022.

Factor Level
AWB 2021
(g)

AWB 2022
(g)

Trial Finkolo 3.4 (0.2)a 2.1 (0.2)b

N’Tarla 2.2 (0.1)b 2.9 (0.2)a

Planting date Early 3.2 (0.2)a

Late 2.4 (0.1)b

Planting density D1: 41,666

plants/ha

2.7 (0.1) 2.3 (0.1)

D2: 83,333

plants/ha

2.7 (0.1) 2.6 (0.1)

D3: 166,666

plants/ha

2.8 (0.1) 2.5 (0.1)

Cultivar BRS 293 2.7 (0.1)ab 2.3 (0.1)b

NTA MS334 2.9 (0.1)a 2.4 (0.1)ab

SIOKRA L23 2.6 (0.1)b 2.5 (0.1)ab

STAM 129A 2.9 (0.1)a 2.7 (0.1)a

Average 2.8 2.5

Coefficient of

variation (%)

17.2 19.3

Note: Numbers in parentheses are standard errors. Factor levels that do not share

a letter differ at the 5% threshold in comparison tests with Bonferroni correction.

Abbreviations: D1, low planting density of 41,666 plants/ha; D2, planting density

vulgarized of 83,333 plants/ha; D3, high planting density of 166,666 plants/ha.

At N’Tarla, STAM 129A and NTA MS334 had higher

AWB than the other two cultivars (Table 6). No difference

in AWB was observed between cultivars at Finkolo.

3.3 Percentage of fiber at ginning

In 2021, the %F at ginning was influenced by planting density,

cultivar, and trial, and there were also planting date × cultivar

and trial × cultivar interactions (Table 3). In 2022, %F was

only influenced by cultivar and planting density.

In 2021, the %F was higher at Finkolo (44.7%) than at

N’Tarla (41.5 %). In contrast, in 2022, no difference was

observed between the trials (Table 7). The planting period

did not affect %F, while the low planting density reduced

it. NTA MS334 showed the highest %F in both years, and

SIOKRA L23 was the lowest. In 2021, STAM 129A and NTA

MS334 outperformed SIOKRA L23 at N’Tarla (Table 6),

while at Finkolo, all three cultivars outperformed SIOKRA

L23.

In 2021, at the early planting date, cultivars BRS 293 and

NTA MS334 had higher %F than SIOKRA L23 (Table 8).

At the late planting date, NTA MS334 maintained the high-

est %F, followed by STAM 129A, higher than BRS 293 and

SIOKRA L23. The planting period did not affect the %F

of cultivars NTA MS334, SIOKRA L23, and STAM 129A,

while it did for cultivar BRS 293, which had a lower %F under

late planting conditions.

3.4 Seed index

The SI had a different varietal response per trial for 2021 and

2022 (Table 3). In 2021, simple effects of planting date and

cultivar effects affected the SI. In 2022, no single effect was

detected. There was a significant cultivar-by-trial interaction

both in 2021 and 2022.

In both years, no difference in SI was observed between

trials and planting densities. Similarly, in 2022, there was no

difference in SI for cultivars (Table 9). Early planting favored

SI compared to late planting, with a difference of 0.6 g. In

2021, STAM 129A had the best SI in N’Tarla (Table 6).

4 DISCUSSION

The SCYs under early planting conditions (Table 4) were

similar to those observed under nonirrigated conditions in

sub-Saharan Africa at around 1000–1200 kg/ha (Ripoche

et al., 2015; Soumaré et al., 2020) but were very low under

late planting. The rainfall amount available for the cotton

crop (Figure 1) was considered insufficient in N’Tarla in

2021 (Traoré et al., 2023). In 2022, planting occurred at

the end of June, with around 800 mm available for N’Tarla

and Finkolo. Moreover, jassid attacks may have resulted in a

further reduction in yield in Finkolo in 2022.

Delayed planting dates led to reduced water availability

for the crop (Figure 1), induced lower SCY (Table 4), and

increased %F (Table 7). This is consistent with previous find-

ings (Iqbal & Khan, 2011; Zhao et al., 2018). Under reduced

water availability, an increase of %F was also observed in

Europe (Tsaliki et al., 2024). Similarly, it was found in the

United States (Texas) that late planting with a similar delay

in planting date of 20 days led to a significant decrease in

(lint) cotton yields, cutting down yields by more than twice

(Bilbro & Ray, 1973). As in Pakistan (Ali et al., 2011), the

best yields were obtained with early planting (Table 4). Early

planting favored SCY (Table 4), SI (Table 9), and AWB

(Table 5 and Figure 3), confirming results in Ghana (Adom-

billa et al., 2023). If a dry spell occurs shortly after planting,

early seedlings will die; fortunately, cotton seeds are not yet

too costly, and Malian farmers could be able to plant again. In

addition, if the planting occurs too early, the cotton bolls will

crack open before the end of the rainy season, risking the fiber

getting wet and rot. However, Malian cotton farmers harvest

twice, so this risk is not too significant either.

SCY also varied according to planting density (Table 4),

confirming the importance of planting density on yield (Li

et al., 2020). Medium and high density had similar yields and

had greater yields than low density, as previously observed
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KASSAMBARA ET AL. 7

F I G U R E 2 Average seed cotton weight in boll in Finkolo and N’Tarla in 2021 by planting density. Within a box, the planting densities that do

not share a letter differ at the 5% threshold in comparison tests with the Bonferroni correction. AWB, average seed cotton weight per boll; D1, low

planting density of 41,666 plants/ha; D2, planting density vulgarized of 83,333 plants/ha; D3, high planting density of 166,666 plants/ha.

(Zhi et al., 2016), where densities of 51,000 and 87,000

plants/ha increased yield compared with low density. A low

density of 41,333 plants/ha produced lower SCY (Table 4),

confirming that optimal planting densities in Malian con-

ditions are superior to 41,666 plants/ha with a minimum

45,000–67,500 plants/ha for regular cultivars (L.-Z. Zhang

et al., 2006). Similarly, previous studies identified that low

densities lead to lower SCY than higher densities (Jalilian

et al., 2023; L. Zhang et al., 2008). A quantitative synthesis

found a threshold of 35,000 plants/ha from which a decrease in

fiber yield can be observed (Adams et al., 2019). Other results

differed from these, most likely due to differences in cultivars,

crop management (lower row width, rainfed exclusively), and

weather conditions, which were quite different from our study.

In Adams et al. (2019), the lowest lint yield explored was at

least two times higher than those observed in our study. Our

study showed that low planting density produced a low %F

(Table 7), contrary to other studies where %F decreased with

density (Jalilian et al., 2023; Khan et al., 2017). In Jalilian

et al. (2023), the highest density corresponded to our lowest

density. In Khan et al. (2017), only one cultivar was stud-

ied, while we observed cultivar by planting date interaction

on %F (Table 8). The plant density explored did not con-

sistently impact AWB (Table 5 and Figure 2), unlike what

was observed on Asian cotton under higher planting densities

(Blaise et al., 2021). Our results are consistent with those of

Khan et al. (2017), where no effect was observed on AWB

under similar planting density. With similar AWB between

planting densities, the reduction in SCY we observed under

low planting density was most likely due to a reduction in

the density of cotton bolls similar to previously observed (Zhi

et al., 2016).
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8 KASSAMBARA ET AL.

F I G U R E 3 Average seed cotton weight in boll in Finkolo and N’Tarla in 2021 by planting date. Within a box, planting dates that do not share a

letter are different at the 5% threshold in comparison tests with the Bonferroni correction. AWB, average seed cotton weight per boll; D1, low

planting density of 41,666 plants/ha; D2, planting density vulgarized of 83,333 plants/ha; D3, high planting density of 166,666 plants/ha.

T A B L E 6 Average boll weight (AWB), the fiber content in seed

cotton (%F), and seed index (SI) by cultivar in 2021.

Trial Cultivar AWB (g) %F SI (g)
Finkolo BRS 293 3.4 (0.2) 45.0 (0.4)a 7.5 (0.1)

NTA MS334 3.5 (0.2) 45.2 (0.3)a 7.4 (0.1)

SIOKRA L23 3.4 (0.2) 43.5 (0.4)b 7.3 (0.1)

STAM 129A 3.4 (0.2) 45.2 (0.3)a 7.4 (0.1)

N’Tarla BRS 293 2.1 (0.1)b 41.1 (0.4)b 6.9 (0.1)b

NTA MS334 2.4 (0.2)a 43.3 (0.4)a 7.1 (0.1)b

SIOKRA L23 2.0 (0.1)b 39.4 (0.4)c 7.3 (0.1)ab

STAM 129A 2.5 (0.2)a 42.1 (0.4)ab 7.5 (0.1)a

Note: Numbers in parentheses are standard errors. Factor levels that do not share

a letter differ at the 5% threshold in comparison tests with Bonferroni correction.

The cultivar STAM 129A had better SCY compared to cul-

tivar SIOKRA L23 (Table 4) due to heavier seeds (SI, Table 6)

and bolls with more seed cotton (AWB, Table 4). This result

corroborates previous findings in Senegal under early planting

conditions (Traoré et al., 2023). The low yield of the okra-

leaved cultivar SIOKRA L23 (Table 4) can be explained by

the lower light interception afforded by its leaves (Chapepa

et al., 2020). The African cultivars had a high %F and high

fiber quality, which is observed as one of their critical fea-

tures in breeding programs (Loison et al., 2017), consistent

with previous studies in Greece (Tsaliki et al., 2024). The cul-

tivar NTA MS334 tends to have higher AWB than cultivar

BRS 293 (Table 6), similar to the pattern observed in Mali

(Sissoko et al., 2020). The difference in AWB between well-

irrigated and stressed conditions is a good indicator of the

stress tolerance index (STI) for cotton (Quevedo et al., 2022).

The difference in AWB and rainfall patterns in N’Tarla and

Finkolo in 2021 indicated that NTA MS334 and STAM 129A

may have better STI than the other two cultivars tested due

to higher values of AWB under lower water availability, yet

similar AWB under better conditions in Finkolo.

There was a significant cultivar effect and interaction

between cultivars and planting date effect on %F (Table 3),

consistent with Bilbro and Ray (1973). We found that a cul-

tivar reduced its %F (BRS 293) with a delayed planting date

(Table 8), similar to the findings of Bilbro and Ray (1973). We

found that delayed planting did not affect the %F of some cul-

tivars (Table 8), similar to the findings of Zhao et al. (2018).

There was no significant interaction between cultivar, plant-

ing date, and density on SCY (Table 3), similar to previous
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KASSAMBARA ET AL. 9

T A B L E 7 Percentage of fiber in seed cotton (%F) by main fixed

effect in 2021 and 2022.

Factor Level %F 2021 %F 2022
Location Finkolo 44.7 (0.2)a 45.4 (0.7)

N’Tarla 41.5 (0.2)b 46.3 (0.7)

Planting date Early 43.0 (0.2)

Late 43.3 (0.2)

Planting density D1: 41,666

plants/ha

42.6 (0.2)b 45.1 (0.5)b

D2: 83,333

plants/ha

43.2 (0.2)ab 46.5 (0.6)a

D3: 166,666

plants/ha

43.6 (0.2)a 45.9 (0.6)ab

Cultivar BRS 293 43.1 (0.3)b 45.2 (0.6)b

NTA MS334 44.2 (0.3)a 47.2 (0.6)a

SIOKRA L23 41.5 (0.3)c 44.7 (0.6)b

STAM 129A 43.6 (0.3)ab 46.3 (0.6)ab

Average 43.1 45.8

Coefficient of

variation (%)

7.6 2.1

Note: Numbers in parentheses are standard errors. Factor levels that do not share

a letter differ at the 5% threshold in comparison tests with Bonferroni correction.

Abbreviations: D1, low planting density of 41,666 plants/ha; D2, planting density

vulgarized of 83,333 plants/ha; D3, high planting density of 166,666 plants/ha.

T A B L E 8 Percentage of fiber in seed cotton (%F) by cultivar

under early or late planting date in 2021.

Planting date Cultivar %F
Early BRS 293 43.7 (0.4)a

NTA MS334 43.6 (0.4)a

SIOKRA L23 41.7 (0.4)b

STAM 129A 42.9 (0.4)ab

Late BRS 293 42.5 (0.4)b

NTA MS334 44.9 (0.3)a

SIOKRA L23 41.2 (0.4)b

STAM 129A 44.4 (0.3)a

Note: Numbers in parentheses are standard errors. Factor levels that do not share

a letter differ at the 5% threshold in comparison tests with Bonferroni correction.

findings (Galanopoulou-Sendouka et al., 1980). There was

also no significant interaction between cultivar and planting

density on SCY (Table 3). Similarly, no interaction was

observed between cultivar and planting geometry on lint

yield (Hall et al., 2024). In contrast, Zhang et al. (2008)

found some interaction between cultivar and planting density

on SCY, but they used hybrids. We expected a significant

interaction between cultivar and planting density on SCY, as

SIOKRA L23 should have had a solid response to increasing

density (Chapepa et al., 2020). However, this differed with

the range of planting densities studied (Table 3). There was

no significant interaction on SCY between planting dates and

T A B L E 9 Seed index (SI) by main fixed effect in 2021 and 2022.

Factor Level
SI in 2021
(g)

SI in 2022
(g)

Trial Finkolo 7.4 (0.1) 6.2 (0.2)

N’Tarla 7.2 (0.1) 5.7 (0.2)

Planting date Early 7.6 (0.1)a

Late 7.0 (0.1)b

Planting density D1: 41,666

plants/ha

7.3 (0.1) 6.0 (0.2)

D2: 83,333

plants/ha

7.3 (0.1) 6.0 (0.2)

D3: 166,666

plants/ha

7.3 (0.1) 5.8 (0.2)

Cultivar BRS 293 7.2 (0.1)b 5.8 (0.2)

NTA MS334 7.2 (0.1)ab 6.0 (0.2)

SIOKRA L23 7.3 (0.1)ab 5.9 (0.2)

STAM 129A 7.5 (0.1)a 6.1 (0.2)

Average 7.3 5.9

Coefficient of

variation (%)

12.9 5.3

Note: Numbers in parentheses are standard errors. Factor levels that do not share

a letter differ at the 5% threshold in comparison tests with Bonferroni correction.

Abbreviations: D1, low planting density of 41,666 plants/ha; D2, planting density

vulgarized of 83,333 plants/ha; D3, high planting density of 166,666 plants/ha.

planting density (Table 3). This contrasts with the findings

of Iqbal and Khan (2011), who used a much broader planting

period of 2 months, which probably led to reduced productive

flowering time under late planting with high density (Sekloka

et al., 2007).

The attacks of jassids hindered the experiment in 2022.

Therefore, the statistical analysis was conducted separately for

each year. Pests are a significant issue in cotton production;

hence, intercropping cotton with other crops could improve

pest resistance (Chi et al., 2021). For yield improvement and

economic benefit, increasing row spacing might not be a solu-

tion (Lawton et al., 2023). Conversely, decreasing row spacing

is a potential solution, as it has been shown to increase the

yield of Gossypium arboreum L. cotton (Blaise et al., 2021).

Increasing population density using double rows has also

increased seed cotton and lint yields (Pinnamaneno et al.,

2021). In Mali, the row spacing is 0.80 m, and its reduction

or double-row cultivation should be considered for seed–

cotton yield improvements, even if it requires a significant

modification of crop management.

5 CONCLUSION

To optimize SCY in Mali, an experiment combining 2 years

of studies at two sites evaluated four cultivars planted at

three densities and two planting periods. The best yields were
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10 KASSAMBARA ET AL.

obtained with early planting, at 83,333 or 166,666 plants/ha,

and the cultivar STAM 129A as compared to non-African

cultivars. Locally adapted African cultivars performed better

than foreign germplasms. Whatever the planting density, the

AWB of early plantings was higher than that of late plant-

ings. Early planting also favored SI over late planting. The

study revealed that to optimize SCY, the cultivar STAM 129A

should be preferred to the Malian and the others under early

planting at 83,333 or 166,666 plants/ha.

AU T H O R C O N T R I B U T I O N S
Elhadji Mamoudou Kassambara: Conceptualization; data

curation; methodology; writing—original draft; writing—

review and editing. Romain Loison: Conceptualization;

formal analysis; investigation; methodology; software; super-

vision; validation; visualization; writing—original draft;

writing—review and editing. Sory Sissoko: Conceptu-

alization; funding acquisition; investigation; supervision;

writing—original draft; writing—review and editing. Abdou
Traoré: Investigation; methodology; writing—review and

editing. Alhousseini Bretaudeau: Conceptualization; inves-

tigation; methodology; supervision; writing—original draft;

writing—review and editing.

A C K N O W L E D G M E N T S
The authors would like to thank the Government of Mali,

the members of AgrECo, and all those who contributed to

improving this manuscript. This research was carried out

with the financial support of the project “Appui à la Transi-

tion Agroécologique en zone Cotonnier du Mali” (AgrECo):

AgrECo CML1430 whose financing agreement has been

signed between AFD and the Government of Mali.

C O N F L I C T O F I N T E R E S T S T AT E M E N T
The authors declare no conflicts of interest.

O R C I D
Romain Loison https://orcid.org/0000-0001-6562-658X

R E F E R E N C E S
Adams, C., Thapa, S., & Kimura, E. (2019). Determination of a plant

population density threshold for optimizing cotton lint yield: A syn-

thesis. Field Crops Research, 230, 11–16. https://doi.org/10.1016/j.

fcr.2018.10.005

Adombilla, R., Chamba, E. B., Kangben, F. Y., & Sesay, M. J. (2023).

Optimum sowing dates for cotton varieties in the Guinea Savanna

Agroecological zone of Ghana. African Crop Science Journal, 31(2),

175–189. https://doi.org/10.4314/acsj.v31i2.4

Afzal, M. N., Tariq, M., Ahmed, M., Abbas, G., & Mehmood, Z. (2020).

Managing planting time for cotton production. In S. Ahmad & M.

Hasanuzzaman (Eds.), Cotton production and uses: Agronomy, crop
protection, and postharvest technologies (pp. 31–44). Springer.

Ali, H., Afzal, M., Ahmad, F., Ahmad, S., Akhtar, M., & Hameed, R. A.

(2011). Effect of sowing dates, plant spacing and nitrogen application

on growth and productivity on cotton crop. International Journal of
Scientific and Engineering Research, 2(9), 1–6.

Amigues, J.-P., Debaeke, P. P., Itier, B. B., Lemaire, G. G., Seguin, B.,

Tardieu, F., & Thomas, A. (2006). Sécheresse et agriculture. Réduire
la vulnérabilité de l’agriculture à un risque accru de manque d’eau.

Expertise Scientifique Collective.

Barrett, T., Dowle, M., Srinivasan, A., Gorecki, J., Chirico, M., Hocking,

T., Stetsenko, P., Short, T., Lianoglou, S., Antonyan, E., Bonsch, M.,

Parsonage, H., Ritchie, S., Ren, K., Tan, X., Saporta, R., Seiskari, O.,

Dong, X., Lang, M., . . . Czekanski, M. (2024). data.table: Extension
of ‘data.frame’ (R package version 1.15.99) [Computer software].

https://Rdatatable.gitlab.io/data.table, https://github.com/Rdatatable/

data.table, https://r-datatable.com

Bilbro, J. D., & Ray, L. L. (1973). Effect of planting date on

the yield and fiber properties of three cotton cultivars. Agron-
omy Journal, 65(4), 606–609. https://doi.org/10.2134/agronj1973.

00021962006500040023x

Blaise, D., Kranthi, K. R., Ravindran, C. D., & Thalal, K. (2021). High

plant density can improve the productivity of rainfed Asiatic cotton

(Gossypium arboreum L.). Archives of Agronomy and Soil Science,

67(5), 607–619. https://doi.org/10.1080/03650340.2020.1741553

Chapepa, B., Mudada, N., & Mapuranga, R. (2020). The impact of plant

density and spatial arrangement on light interception on cotton crop

and seed cotton yield: An overview. Journal of Cotton Research, 3(1),

Article 18. https://doi.org/10.1186/s42397-020-00059-z

Chi, B., Zhang, D., & Dong, H. (2021). Control of cotton pests and dis-

eases by intercropping: A review. Journal of Integrative Agriculture,

20(12), 3089–3100. https://doi.org/10.1016/S2095-3119(20)63318-4

FAO. (2024). Crops and livestock products. FAOSTAT. https://www.fao.

org/faostat/en/#data/QCL

Feng, L., Chi, B., & Dong, H. (2022). Cotton cultivation technology with

Chinese characteristics has driven the 70-year development of cotton

production in China. Journal of Integrative Agriculture, 21(3), 597–

609. https://doi.org/10.1016/S2095-3119(20)63457-8

Gaetani, M., Janicot, S., Vrac, M., Famien, A. M., & Sultan, B. (2020).

Robust assessment of the time of emergence of precipitation change

in West Africa. Scientific Reports, 10(1), Article 7670. https://doi.org/

10.1038/s41598-020-63782-2

Galanopoulou-Sendouka, S., Sficas, A. G., Fotiadis, N. A., Gagianas,

A. A., & Gerakis, P. A. (1980). Effect of population density, planting

date, and genotype on plant growth and development of cotton. Agron-
omy Journal, 72(2), 347–353. https://doi.org/10.2134/agronj1980.

00021962007200020022x

Hall, S., Dodds, D., Pieralisi, B., Raper, T. B., Sandlin, T., Crow, W.

D., Catchot, A., Irby, T., Krutz, L. J., Spencer, G. D., & Mills,

B. E. (2024). Agroeconomic differences among alternative cotton

row spacings and row patterns. Agronomy Journal, 116(2), 563–571.

https://doi.org/10.1002/agj2.21524

Hothorn, T., Bretz, F., & Westfall, P. (2008). Simultaneous inference

in general parametric models. Biometrical Journal, 50(3), 346–363.

https://doi.org/10.1002/bimj.200810425

Iqbal, M., & Khan, M. A. (2011). Response of cotton genotypes to plant-

ing date and plant spacing. Frontiers of Agriculture in China, 5(3),

262–267. https://doi.org/10.1007/s11703-011-1099-x

Jalilian, S., Madani, H., Vafaie-Tabar, M., & Sajedi, N. A. (2023). Plant

density influences yield, yield components, lint quality and seed oil

content of cotton genotypes. OCL, 30, Article 12. https://doi.org/10.

1051/ocl/2023013

 14350645, 0, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/agj2.21672 by R

om
ain L

oison - B
enin H

inari N
PL

 , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-6562-658X
https://orcid.org/0000-0001-6562-658X
https://doi.org/10.1016/j.fcr.2018.10.005
https://doi.org/10.1016/j.fcr.2018.10.005
https://doi.org/10.4314/acsj.v31i2.4
https://Rdatatable.gitlab.io/data.table
https://github.com/Rdatatable/data.table
https://github.com/Rdatatable/data.table
https://r-datatable.com
https://doi.org/10.2134/agronj1973.00021962006500040023x
https://doi.org/10.2134/agronj1973.00021962006500040023x
https://doi.org/10.1080/03650340.2020.1741553
https://doi.org/10.1186/s42397-020-00059-z
https://doi.org/10.1016/S2095-3119(20)63318-4
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.1016/S2095-3119(20)63457-8
https://doi.org/10.1038/s41598-020-63782-2
https://doi.org/10.1038/s41598-020-63782-2
https://doi.org/10.2134/agronj1980.00021962007200020022x
https://doi.org/10.2134/agronj1980.00021962007200020022x
https://doi.org/10.1002/agj2.21524
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1007/s11703-011-1099-x
https://doi.org/10.1051/ocl/2023013
https://doi.org/10.1051/ocl/2023013


KASSAMBARA ET AL. 11

Khan, A., Najeeb, U., Wang, L., Tan, D. K. Y., Yang, G., Munsif, F., Ali,

S., & Hafeez, A. (2017). Planting density and sowing date strongly

influence growth and lint yield of cotton crops. Field Crops Research,

209, 129–135. https://doi.org/10.1016/j.fcr.2017.04.019

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017).

lmerTest package: Tests in linear mixed effects models. Journal of
Statistical Software, 82(13), 1–26. https://doi.org/10.18637/jss.v082.

i13

Lambert, M.-J., Traoré, P. C. S., Blaes, X., Baret, P., & Defourny,

P. (2018). Estimating smallholder crops production at village level

from Sentinel-2 time series in Mali’s cotton belt. Remote Sensing
of Environment, 216, 647–657. https://doi.org/10.1016/j.rse.2018.06.

036

Lawton, C. B., Pokhrel, A., Lee, J. M., Chalise, D. P., Virk, G. K., Snider,

J. L., Roberts, P. M., Chee, P. W., & Hand, L. C. (2023). Evalu-

ating the impacts of wide row upland cotton (Gossypium hirsutum
L.) production in Georgia. Agronomy Journal, 115(6), 2867–2876.

https://doi.org/10.1002/agj2.21438

Lenth, R. V. (2024). emmeans: Estimated marginal means, aka least-
squares means (R package version 1.10.3) [Computer software].

CRAN.

Li, N., Lin, H., Wang, T., Li, Y., Liu, Y., Chen, X., & Hu, X. (2020).

Impact of climate change on cotton growth and yields in Xinjiang,

China. Field Crops Research, 247, 107590. https://doi.org/10.1016/j.

fcr.2019.107590

Loison, R., Audebert, A., Chopart, J., Debaeke, P., Dessauw, D., Gourlot,

J.-P., Gozé, E., Jean, J., & Gérardeaux, E. (2017). Sixty years of

breeding in Cameroon improved fibre but not seed cotton yield.

Experimental Agriculture, 53(2), 202–209. https://doi.org/10.1017/

S0014479716000302

Montaud, J.-M. (2019). Agricultural drought impacts on crops sector

and adaptation options in Mali: A macroeconomic computable gen-

eral equilibrium analysis. Environment and Development Economics,

24(5), 506–528. https://doi.org/10.1017/S1355770X19000160

Pinnamaneno, S. R., Anapalli, S. S., Sui, R., Bellaloui, N., & Reddy,

K. N. (2021). Effects of irrigation and planting geometry on cotton

(Gossypium hirsutum L.) fiber quality and seed composition. Journal
of Cotton Research, 4(1), Article 2. https://doi.org/10.1186/s42397-

020-00078-w

Qin, Y.-M., & Zhu, Y.-X. (2011). How cotton fibers elongate: A tale

of linear cell-growth mode. Current Opinion in Plant Biology, 14(1),

106–111. https://doi.org/10.1016/j.pbi.2010.09.010

Quevedo, Y. M., Moreno, L. P., & Barragán, E. (2022). Predictive models

of drought tolerance indices based on physiological, morphologi-

cal and biochemical markers for the selection of cotton (Gossypium
hirsutum L.) varieties. Journal of Integrative Agriculture, 21(5),

1310–1320. https://doi.org/10.1016/S2095-3119(20)63596-1

Ripley, B., & Lapsley, M. (2023). RODBC: ODBC database access.

R package version 1.3-23, https://CRAN.R-project.org/package=

RODBC

Ripoche, A., Crétenet, M., Corbeels, M., Affholder, F., Naudin, K.,

Sissoko, F., Douzet, J.-M., & Tittonell, P. (2015). Cotton as an entry

point for soil fertility maintenance and food crop productivity in

savannah agroecosystems—Evidence from a long-term experiment in

southern Mali. Field Crops Research, 177, 37–48. https://doi.org/10.

1016/j.fcr.2015.02.013

Roudier, P., Sultan, B., Quirion, P., & Berg, A. (2011). The impact

of future climate change on West African crop yields: What

does the recent literature say? Global Environmental Change,

21(3), 1073–1083. https://doi.org/10.1016/j.gloenvcha.2011.04.

007

Sanogo, O. M., de Ridder, N., & van Keulen, H. (2010). Diversité et

dynamique des exploitations agricoles mixtes agriculture-élevage au

sud du Mali. Cahiers Agricultures, 19(3), 185–193. https://doi.org/10.

1684/agr.2010.0401

Sekloka, E., Hau, B., Gozé, E., Lewicki, S., Thomas, G., & Lançon, J.

(2007). Effective flowering time variations in upland cotton (Gossyp-
ium hirsutum) at different planting dates and stand densities in Benin.

Experimental Agriculture, 43(2), 173–182. https://doi.org/10.1017/

S0014479706004558

Sissoko, F., Diarra, S., & Traore, M. (2020). Le semis direct sous

couverture végétale : Une opportunité de mise en place rapide du

cotonnier en culture pluviale au Mali. International Journal of Biolog-
ical and Chemical Sciences, 14(3), 722–738. https://doi.org/10.4314/

ijbcs.v14i3.7

Soumaré, M., Havard, M., & Bachelier, B. (2020). Le coton en Afrique

de l’Ouest et du Centre : De la révolution agricole à la transition agro-

écologique. Cahiers Agricultures, 29, Article 37. https://doi.org/10.

1051/cagri/2020037

Traoré, A., Gozé, E., Gérardeaux, E., Diouf, L., Ndour, A., Ndiaye, S.,

Oumarou, P., & Loison, R. (2023). Optimal choice of cotton cultivar

for rainfed conditions in Sahelo-Sudanian climate with late planting:

A case study in Senegal. The Journal of Agricultural Science, 161(4),

469–476. https://doi.org/10.1017/S0021859623000370

Traoré, A., Sarr, M., Loison, R., Diouf, L., & Saliou, N. (2021). Con-

traintes et perspectives de la culture du coton en Afrique de l’Ouest

dans un contexte de changement climatique : Cas du Sénégal Synthèse

bibliographique. Journal of Applied Biosciences, 166, 17168–17179.

https://doi.org/10.35759/JABs.166.2

Tsaliki, E., Loison, R., Kalivas, A., Panoras, I., Grigoriadis, I., Traore,

A., & Gourlot, J.-P. (2024). Cotton cultivation in Greece under sus-

tainable utilization of inputs. Sustainability, 16(1), 347. https://doi.

org/10.3390/su16010347

Wickham, H. (2011). The split-apply-combine strategy for data analysis.

Journal of Statistical Software, 40(1), 1–29. https://doi.org/10.18637/

jss.v040.i01

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D.,

François, R., Grolemund, G., Hayes, A., Henry, L., Hester, J., Kuhn,

M., Pedersen, T. L., Miller, E., Bache, S. M., Müller, K., Ooms, J.,

Robinson, D., Seidel, D. P., Spinu, V., . . . Yutani, H. (2019). Wel-

come to the Tidyverse. Journal of Open Source Software, 4(43), 1686.

https://doi.org/10.21105/joss.01686

Yattara, A. A. (2014). Mise au point de variétés (ordinaires et gland-
less) de cotonnier à rendement stable de coton graine, à qualité
technologique de fibre améliorée et à forte potentialité des graines.

IER.

Zhang, L., Werf, W. V. D., Cao, W., Li, B., & Pan, X., & Spiertz, J. H. J.

(2008). Development and validation of SUCROS-Cotton: A potential

crop growth simulation model for cotton. NJAS: Wageningen Jour-
nal of Life Sciences, 56(1–2), 59–83. https://doi.org/10.1016/S1573-

5214(08)80017-6

Zhang, L.-Z., Li, B.-G., Yan, G.-T., van der Werf, W., Spiertz, J. H. J., &

Zhang, S.-P. (2006). Genotype and planting density effects on rooting

traits and yield in cotton (Gossypium hirsutum L.). Journal of Inte-
grative Plant Biology, 48(11), 1287–1293. https://doi.org/10.1111/j.

1744-7909.2006.00367.x

Zhao, W., Wu, Y., Rizwan, Z., Wang, Y., Ma, Y., Chen, B., Meng, Y.,

& Zhou, Z. (2018). Effects of planting dates and shading on carbohy-

 14350645, 0, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/agj2.21672 by R

om
ain L

oison - B
enin H

inari N
PL

 , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.fcr.2017.04.019
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1016/j.rse.2018.06.036
https://doi.org/10.1016/j.rse.2018.06.036
https://doi.org/10.1002/agj2.21438
https://doi.org/10.1016/j.fcr.2019.107590
https://doi.org/10.1016/j.fcr.2019.107590
https://doi.org/10.1017/S0014479716000302
https://doi.org/10.1017/S0014479716000302
https://doi.org/10.1017/S1355770X19000160
https://doi.org/10.1186/s42397-020-00078-w
https://doi.org/10.1186/s42397-020-00078-w
https://doi.org/10.1016/j.pbi.2010.09.010
https://doi.org/10.1016/S2095-3119(20)63596-1
https://CRAN.R-project.org/package=RODBC
https://CRAN.R-project.org/package=RODBC
https://doi.org/10.1016/j.fcr.2015.02.013
https://doi.org/10.1016/j.fcr.2015.02.013
https://doi.org/10.1016/j.gloenvcha.2011.04.007
https://doi.org/10.1016/j.gloenvcha.2011.04.007
https://doi.org/10.1684/agr.2010.0401
https://doi.org/10.1684/agr.2010.0401
https://doi.org/10.1017/S0014479706004558
https://doi.org/10.1017/S0014479706004558
https://doi.org/10.4314/ijbcs.v14i3.7
https://doi.org/10.4314/ijbcs.v14i3.7
https://doi.org/10.1051/cagri/2020037
https://doi.org/10.1051/cagri/2020037
https://doi.org/10.1017/S0021859623000370
https://doi.org/10.35759/JABs.166.2
https://doi.org/10.3390/su16010347
https://doi.org/10.3390/su16010347
https://doi.org/10.18637/jss.v040.i01
https://doi.org/10.18637/jss.v040.i01
https://doi.org/10.21105/joss.01686
https://doi.org/10.1016/S1573-5214(08)80017-6
https://doi.org/10.1016/S1573-5214(08)80017-6
https://doi.org/10.1111/j.1744-7909.2006.00367.x
https://doi.org/10.1111/j.1744-7909.2006.00367.x


12 KASSAMBARA ET AL.

drate content, yield, and fiber quality in cotton with respect to fruiting

positions. Journal of Integrative Agriculture, 17(5), 1106–1119.

https://doi.org/10.1016/S2095-3119(17)61797-0

Zhi, X., Han, Y., Li, Y., Wang, G., Du, W., Li, X., Mao, S., & Feng,

L. (2016). Effects of plant density on cotton yield components and

quality. Journal of Integrative Agriculture, 15(7), 1469–1479. https://

doi.org/10.1016/S2095-3119(15)61174-1

How to cite this article: Kassambara, E. M., Loison,

R., Sissoko, S., Traoré, A., & Bretaudeau, A. (2024).

Effects of planting date and density on cotton cultivars

in sub-Saharan Africa rainfed conditions: A case

study in Mali. Agronomy Journal, 1–12.

https://doi.org/10.1002/agj2.21672

 14350645, 0, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/agj2.21672 by R

om
ain L

oison - B
enin H

inari N
PL

 , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/S2095-3119(17)61797-0
https://doi.org/10.1016/S2095-3119(15)61174-1
https://doi.org/10.1016/S2095-3119(15)61174-1
https://doi.org/10.1002/agj2.21672

	Effects of planting date and density on cotton cultivars in sub-Saharan Africa rainfed conditions: A case study in Mali
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Location and rainfall patterns
	2.2 | Experimental setup and the factors studied
	2.3 | General crop management
	2.4 | Observations and measurements
	2.5 | Data analysis

	3 | RESULTS
	3.1 | Seed cotton yield
	3.2 | Average seed cotton weight per boll
	3.3 | Percentage of fiber at ginning
	3.4 | Seed index

	4 | DISCUSSION
	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


