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To improve the productivity and sustainability of cotton and cereals based system, direct sowing under 
mulch was tested for its efficacy on cotton and maize yields on the research station of Farako-Bâ, in 
Western Burkina Faso. The experimental design was a complete randomized blocks of Fisher with four 
replications. Conventional tillage by annual moldboard plowing (T7) was compared with direct sowing 
under mulch-based cropping system (DMC) using maize association with cover crops defined as: maize 
without cover crop (T1), maize + Brachiaria ruziziensis (T2), maize + B. ruziziensis + Mucuna 
cochinchinensis (T3), maize + B. ruziziensis + Panicum maximum (T4), maize + B. ruziziensis + 
Stylosanthes hamata (T5), and maize + Crotalaria juncea (T6). Cover crops were planted 21 days after 
maize emergence between the rows of this main crop. The biomass produced by the cover crops and 
maize straws were evaluated as well as maize and cotton yields, during the first 6 years of the study, 
from 2010 to 2015. Results showed that among cover crops, the biomass production was significantly 
lower with C. juncea. The associations of cover crops with maize increased significantly the production 
of total dry matter compared to plots without cover crops, in the conventional tillage. Association with 
cover crops did not influence significantly nitrogen, phosphorus and potassium contents of maize and 
the maize’s yields even if the depressive effects were recorded. Compared to the conventional tillage, 
the DMC appeared also effective on seed cotton yields even without a significant improvement during 
the 6 first years of the study. These promising results, confirm the feasibility in tropical conditions of 
DMC which must be continued to better analyze its long-term effects on soil properties. 
 
Key words: Cover crops, mulch-based cropping system (DMC), conventional tillage, biomass, yield. 

 
 
INTRODUCTION 
 
Conservation agriculture and cropping systems using 
direct  sowing  in  crop  residues   mulch   are  agricultural 

management practices in full expansion in many regions 
of  the  world  (Lu  et  al.,   2000;   Naudin   et   al.,   2010;  
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Kulagowski et al., 2016; Nascimento et al., 2016). 
However, in African countries, these practices are 
unusual and the majority of cropping systems are 
characterized by a low productivity, accentuated by 
climatic variations (Barro et al., 2009; Nielsen and 
Reenberg, 2010). Conventional tillage, largely practiced, 
contributes to the degradation of cultivated soil fertility 
with inappropriate tillage techniques (Schneider et al., 
2010; Pedroso et al., 2016). Soil tillage modifies the 
distribution of crops residues, soil structure and affects 
consequently the micro-organisms of the soil and 
therefore, the mineralization of organic matter (Vian et al., 
2009; Fernandes de Sousa et al., 2015). Studies have 
shown that decomposition of organic matter is nearly five 
times faster under wet and hot conditions in the humid 
tropics than under temperate conditions (Corbeels et al., 
2006; Lal et al., 2007; Wilson, 2015). Soil tillage also 
affects its physical, chemical and biological properties. 
The tillage system is considered as the most important 
soil management system for the sustainability of 
agroecosystems (Van Eerd et al., 2014; Luoa et al., 
2017). 

The practice of no-tillage increases the concentration of 
nutrients in the upper layers of the soil and provide 
agronomic and environmental benefits (Ducamp et al., 
2012; Santos et al., 2014; Marcillo and Miguez, 2017). 
Luoa et al. (2017) reported that intensification of 
sustainable agricultural in cultivated lands is a key 
element of the global response to food security and 
environmental protection. Studies reported on the 
advantages of the use of no-tillage systems, particularly, 
direct sowing mulch-based cropping system (DMC) which 
is growing in all regions of Brazil, covering 25 million 
hectares (Nascente et al., 2015). In this system, it is 
important to assess the contributions of cover crops used 
in the management of soil fertility (Prabhakara et al., 
2015). Using cover crops in the no-tillage system could 
be an important alternative to increase the sustainability 
of agricultural systems, which may favor the increasing of 
soil fertility and restoring considerable amounts of 
nutrients to crops. The use of cover crops provided a 
significant increase in the level of nutrients, soil organic 
matter, cation exchange capacity, and base saturation in 
the soil (Fernandes de Sousa et al., 2015; Nascente et 
al., 2015). In addition to reducing nutrient runoff, cover 
crops, provide protection from raindrop impact and 
increase soil aggregate stability, decrease wind and 
water erosion (Zuazo and Pleguezuelo, 2008; Ducamp et 
al., 2012, Chowaniak et al., 2016; Morton and Abendroth, 
2017). 

In the Cotton-4 countries (C4), namely Benin, Burkina 
Faso,  Mali,  and  Chad,  soil   tillage   and   inappropriate  

 
 
 
 
management practices cause an accelerated degradation 
of soil fertility and a decrease of yields which can 
compromise the cotton production, however, very 
important in these countries. The rainfall irregularity 
which characterizes climate changes, involves 
unfavorable conditions for ploughing, with the 
consequences of sowing delays, and therefore, a 
decrease of crops yields (Ouattara et al., 2017). In this 
context, there is a need to explore DMC for a sustainable 
alternative of crop production in these countries. Scopel 
et al. (2005) reported that the amount of crop residues 
that is retained on the surface as a mulch depends on the 
residue availability, and hence on crop biomass 
production, and on the residues destinations. In the 
cotton growing zones of Burkina Faso, as well as many 
parts in the tropics, the low amount of crops residues in 
conventional systems are, in general, burned or removed 
from the fields for various domestic uses (Ogbodo, 2011; 
Autfray et al., 2012), while soil surface mulching provides 
many benefits in no tillage systems (Sombrero and 
Benito, 2010; Chowaniak et al., 2016). 

This study was initiated by the “C4 + Togo” project, in 
collaboration with Brazil and the C4 countries, to improve 
the sustainability of cotton sector in Africa. The objective 
is to quantify the biomass production of cover crops 
cultivated in association with maize to ensure the DMC. 
Moreover, the study determines the effects of the DMC 
technique on the crop’s yields, in a maize and cotton 
rotation system. It was hypothesized that the introduction 
of cover crops associated with maize could improve the 
amount of biomass which is necessary for direct sowing 
in mulch-based cropping system and increased crops 
yields. 
 
 
MATERIALS AND METHODS 
 
The experiment was conducted in Farako-Bâ Research Station (4° 
20 W Longitude, 11° 06 N Latitude, 405 m above sea level). The 
climate is of south-Sudanese type, with a rainy season ranging 
between May and October, and a dry season, from November to 
April. During the experiment carried out from 2010 to 2015, the 
mean annual rainfall was between 831 and 1289 mm, received on 
62 to 79 days (Table 1). The rainfall distribution was characterized 
by frequent dry spells of 10 days or longer in June and July, 
followed by water excess in August and September. 

The experiment was conducted on a tropical ferruginous soil 
(lixisol), after 4 years of natural fallow. Soil textures were sandy 
loam (0 to 20 and 20 to 40 cm depths) and clayey (40 to 60 cm), 
with important percentages of coarse elements unfavorable for 
moisture and nutrients retention on the surface layers. Soil 
chemical properties revealed low organic matter contents, total N, 
available P, and cation exchange capacity, while pH values (5.3 to 
5.6) showed high acidity level (Brady and Weil, 2008). The soil 
hydrological parameters (moisture, bulk  density)  revealed  a  good 
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Table 1. Sowing dates and rainfall at Farako-Bâ research station, 2010 to 2015. 
 

Parameter 
Years 

2010 2011 2012 2013 2014 2015 

Sowing dates of crops 
Maize Cotton Maize Cotton Maize Cotton 

17/07 08/07 17/07 09/07 26/06 4/07 

       

Sowing dates of cover crops  10/08 - 20/08 - 30/07 - 

Rainfall (mm) 1289.5 831.0 1089.0 1126.0 1142.9 1050.9 

Number of raining days 79 73 51 63 79 65 

 
 
 

Table 2. General soil properties at the experiment site, Farako-Bâ station, 2010. 
 

Characteristic 
Depths 

0-20 cm 20-40 cm 40-60 cm 

Clay (%) 14.25 ± 0.35 18.63 ± 0.18 28.38 ± 0.18 

Silt (%) 29.55 ± 2.02 28.69 ± 1.94 27.63 ± 4.74 

Sand (%) 56.45 ± 2.37 52.81 ± 2.11 44.12 ± 4.92 

Texture Sandy loam Sandy loam Clayey 

C (g kg
-1

) 5.60 ± 0.14 3.98 ± 0.07 3.61 ± 0.09 

N (g kg
-1

) 0.43 ± 0.04 0.32 ± 0.07 0.28 ± 0.05 

C/N 13.00 ± 0.70 12.50 ± 0.78 13.00 ± 1.43 

P total (mg kg
-1

) 104.93 ±1.40 123.94 ± 33.15 171.38 ± 5.63 

P available (mg kg
-1

) 6.95 ± 0.03 3.11 ± 0.06 0.67 ± 0.18 

K total (mg kg
-1

) 879.76 ± 83.06 1131.06 ± 53.97 1943.49 ± 55.21 

K available (mg kg
-1

) 133.87 ± 0.01 101.66 ± 0.00 90.52 ±1.75 

CEC (cmol
+
 kg

-1
) 3.22 ± 0.25 4.32 ± 0.17 7.88 ± 0.62 

pH water 5.31 ± 0.15 5.37 ± 0.41 4.94 ± 0.02 

Al
3+

 (cmol
+
 kg

-1
) 0.10 ± 0.03 0.26 ± 0.03 0.42 ± 0.03 

H
+
 (cmol

+
 kg

-1
) 0.04 ± 0.01 0.06 ± 0.02 0.04 ± 0.01 

Bulk density 1.55 ± 0.01 1.51 ± 0.01 1.49 ± 0.02 

Particles density  2.65 ± 0.01 2.68 ± 0.02 2.68 ± 0.02 

pF 2.5 15.23 ± 0.09 16.25 ± 0.30 21.29 ± 0.47 

pF 3 6.47 ± 0.30 7.82 ± 0.28 13.22 ± 0.12 

pF 4.2 3.72 ± 0.74 4.42 ± 0.01 8.73 ± 0.04 
 

Values after the sign ± represent standard deviation of means. 
 
 
 
water infiltration within the soil profile. The detailed characteristics 
of the soil are given in Table 2. 

Plant materials was maize (Zea mays L.) and cotton (Gossypium 
hirsutum L.) representing the two main crops in the cotton growing 
zones of Burkina Faso. Cotton variety used was FK37 with a cycle 
of 150 days and a potential yield of 3.5 t ha-1 of seed cotton. Maize 
variety SR 21 with 110 days cycle length, and 4.1 t ha-1 as potential 
yield, was also cultivated. In addition to these two crops, the five 
cover crops used were, Brachiaria ruziziensis, Mucuna 
cochinchinensis, Panicum maximum, Crotalaria juncea and 
Stylosanthes hamata. 

This study was conducted in a complete randomized block 
design, with seven treatments and four replications. The treatments 
consisted of cover crops associated with maize, followed the next 
year, by direct sowing of cotton, according to a biennial maize and 
cotton rotation (Table 3). The experimental unit of 160 m² was a 
plot consisting of ten 20 m length rows, spaced 0.80 m apart.  Each 

of the four replications was separated by an alley of 2 m, while the 
total surface of this experiment was 4480 m². In the first year of 
study carried out in 2010, soil was ploughed using a tractor at an 
average depth of 25 cm, and then harrowed. 

From the second year of study (2011), animal traction was used 
for ploughing (15 cm depth) only, in conventional tillage plots (T7). 
The direct sowing was adopted both for maize and cotton, in no-
tillage system for the other treatments (T1 to T6). Thus, from the 
third year of experimentation, direct sowing of maize was done 
without soil surface mulch after removing the cotton straws. In 
conventional tillage system, the moldboard plough was used to 
carry out ploughing in animal draw for soil preparation. Before the 
direct sowing of crops (maize and cotton), glyphosate (N-
phosphonomethyl glycine) non selective herbicides, was used for 
weeds control at the rate of 720 to 1080 g ha-1. Cotton was directly 
sown on the biomass produced by maize and the cover crops 
residues. Cotton and maize were sown in seed holes,  drawn  aside  
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Table 3. Treatments used. 
 

Treatment 
Years and crops 

2010, 2012 and 2014 2011, 2013 and 2015 

T1 Maize Cotton in DMC* 

T2 Maize + Brachiaria ruziziensis Cotton in DMC (maize + B. ruz) mulch 

T3 Maize + B. ruz + Mucuna cochinchinensis Cotton in DMC (maize + B. ruz + M. cochinchinensis) mulch 

T4 Maize + B. ruz + Panicum maximum. Cotton in DMC (maize + B. ruz + P. maximum) mulch 

T5 Maize + B. ruz + Stylosanthes hamata Cotton in DMC (maize + B. ruz + S. hamata) mulch 

T6 Maize + Crotalaria juncea Cotton in DMC (maize + C. juncea) mulch 

T7 Maize in conventional tillage (CT) Cotton in conventional tillage (CT) 
 

DMC*: Direct sowing under mulch-based cropping system. 

 
 
 
by 0.40 m, then thinned out 15 days after emergence, at two plants 
per hole, to obtain a theoretical density of 62,500 plants per 
hectare. Crops were sown between June 26th and July 17th, 
depending on years (Table 1). The cover crops B. ruziziensis, M. 
cochinchinensis, P. maximum, C. juncea and S. hamata were sown 
between two rows of maize 0.40 m apart from each other, 
approximately three weeks after the maize sowing. 

In the first year of the study (2010), 6 t ha-1 of compost was 
applied for soil amendment. The average composition of compost 
was 20.1, 2.2, 1.1, 1.7, 0.3, 2.14, and 0.19% for C, N, P, K, S, Ca, 
and Mg, respectively. Mineral fertilization of cotton and maize was 
done using 200 kg ha-1 of NPKSB (14-18-18-6S-1B) applied 15 
days after emergence and 50 kg ha-1 of urea (46% N), at 40 days. 
Cover crops were not fertilized. Weeds control on the two main 
crops was done using the herbicides applications (800 g ha-1 of 
diuron for cotton and 1250 g ha-1 of pendimethalin for maize) 
supplemented by mechanical weeding. Cotton protection was 
ensured by applying the insecticides indoxacarb (150 g ha-1) at 30 
and 44 days after emergence, the association of zeta-cypermethrin 
(12 g ha-1)  and profenofos (200 g ha-1) at 58 and 72th days, and 
cypermethrin (36 g ha-1) associated with acetamiprid (8 g ha-1) at 
the 86 and 100th days. After maize harvesting, maize straws and 
cover crops biomass were preserved as surface mulches for soil 
protection. Thus, in conventional tillage plots (T7), maize straws 
were completely exported out of the field, as well as the cotton 
straws removed from all treatments. 

In the first year of experimentation, leaf samples of maize were 
collected at 60 days after plants emergence to determine nitrogen, 
phosphorus and potassium contents. Cotton and maize yields, as 
well as the dry matter of these two crops, were evaluated on eight 
central lines (128 m²) of each plot. Determination of the biomass 
produced by the cover crops (combined with maize) was done from 
four 1 m² spots in each plot. 

Data were collected and subjected to an analysis of variance 
(ANOVA), using the GENSTAT 9.2 software. Student-Newman-
Keuls test was used for means comparison when the analysis of 
variance reveals significant differences between treatments at 5% 
significance level. 

 
 

RESULTS AND DISCUSSION 
 
Contribution of cover crops to biomass production in 
DMC 
 
The biomass production of cover crops associated with 
maize varied significantly (P < 0.05) according to the type 
of cover crops (Table  4).  Measurements  of  biomass  in  

2010, 2012 and 2014 showed that C. juncea associated 
with maize (T6) gave significantly lower biomasses 
productions. This result confirms that the production of 
biomass was very dependent on used cover crops 
reported by various studies (Fageria et al., 2005; Ducamp 
et al., 2012; Santos et al., 2014). The use of B. 
ruziziensis alone (T2) or associated with M. 
cochinchinensis (T3), P. maximum (T4), and S. hamata 
(T5) gave no significant difference in biomass 
productions (2010 and 2012). However, in 2014, this 
biomass decreased significantly (P < 0.05) with B. 
ruziziensis + Mucuna cochincinensis (T3) due to the 
growing conditions. Santos et al. (2014) reported the 
interest of covers crops, particularly, grasses with a deep 
root system and high biomass production, which are 
essential for nutrient supply in the long term, mainly in the 
soil surface layers. The lowest biomass productions 
obtained with C. juncea (T6) could be attributed to low 
densities and vegetative growth of this cover crop which 
suffer from the competition of maize. Planting two cover 
crops between main crop (maize) rows, did not improve 
the biomass amount compared to the use of B. 
ruziziensis alone (T2) which can produce more than 3917 
kg ha

-1
 of dry matter. The important biomass production 

of cover crops can also be affected by environmental 
conditions, soil fertility and crop management practices 
(Zuazo and Pleguezuelo, 2008; Basche et al., 2016) 

The lowest quantities of total dry matter were produced 
in the control (T1) and conventional tillage system (T7) 
plots, without using the cover crops (Table 5). The 
productions of total dry matter were significantly improved 
by the associations of cover crops with maize, except C. 
juncea (T6). Using the cover crops, total biomass 
increase was +13% with C. juncea and +63 to +89% with 
B. ruziziensis alone or combined with the other cover 
crops, which gave better soil covering and the protection 
from water erosion (Santos et al., 2014; Prabhakara et 
al., 2015; Alvarez et al., 2017). In addition to the soil 
protection, the increase in total biomass would induce an 
improvement of soil organic and biological status (Wilson, 
2015). The use of the leguminous M. cochinchinensis as 
cover  crop  in  this  study  could  contribute   to   nitrogen  
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Table 4. Productions of dry matter biomass by cover crops associated with maize during 3 years. 
 

Treatment 
2010 2012 2014 

kg ha
-1

 

T1. Maize  - - - 

T2. Maize + B. ruziziensis 3142
a 

± 770 3442
a 

± 863 3917
ab 

± 412 

T3. Maize + B. ruz + M. cochinchinensis 3421
a 

± 871 3653
a 

± 879 2500
bc 

± 610 

T4. Maize + B. ruz + P. maximum 3488
a 

± 709 3435
a 

± 1230 5317
a 

± 1831 

T5. Maize + B. ruz + S. hamata 2454
a 

± 860 2538
ab 

± 1118 4483
a 

± 1502 

T6. Maize + Crotalaria juncea 833
b 

± 789 1729
b 

± 698 1433
c 
± 402 

T7. Maize in conventional tillage (CT) - - - 

F 6.681 2.759 6.013 

Probability (0.05) < 0.0001 0.014 0.004 
 
Values followed with the same letter in each column did not differ statistically according to Student-Newman-Keuls test at 5% 
level of probability. Values after the sign ± represent standard deviation of means. 

 
 
 

Table 5. Total biomass production by maize straws and cover crops. 
 

Treatment 
2010 2012 2014 

kg ha
-1

 

T1. Maize  3932
b 

± 1142 2258
d 

± 664 5703
d 

± 167 

T2. Maize + B. ruziziensis 6698
a 

± 704 5981
a 

± 946 9229
ab 

± 1030 

T3. Maize + B. ruz + M. cochinchinensis 7314
a 

± 1121 5551
ab 

± 344 7786
bc 

± 575 

T4. Maize + B. ruz + P. maximum 7124
a 

± 732 6114
a 

± 518 9965
a 

± 723 

T5. Maize + B. ruz + S. hamata 6221
a 

± 1028 5124
ab 

± 1399 9314
ab 

± 2221 

T6. Maize + Crotalaria juncea 4373
b 

± 1542 4253
bc 

± 1019 6694
cd 

± 637 

T7. Maize in conventional tillage (CT) 3868
b 

± 655 3336
cd 

± 1175 6510
d 

± 1044 

F 8.838 9.607 9.085 

Probability (0.05) <0.0001 <0.0001 <0.0001 
 

Values followed with the same letter in the same column did not differ statistically according to Student-Newman-Keuls test at 5% level 
of probability. Values after the sign ± represent standard deviation of means. 

 
 
 
fixation (Lu et al., 2000; Santos et al., 2014) and can 
reduce the use of nitrogenous fertilizers of subsequent 
crops (Tabaldi et al., 2012). The increase of biomass 
quantities by cover cropping and maintenance of maize 
straws on the field were favorable to cotton growing in 
DMC, which main limiting factor in tropical zone, is small 
amounts of surface residue for soil mulching (Zuazo and 
Pleguezuelo, 2008; Tabaldi et al., 2012; Prabhakara et 
al., 2015). 
 
 
Nitrogen, phosphorus and potassium contents of 
maize associated with the cover crops 
 
In the first year of experimentation, the use of cover crops 
associated with maize did not have significant effects on 
N, P and K contents of maize (Table 5). Cover crops are 
generally included in cropping systems as nutrient 
management tools (Ruffo and Bollero, 2003; Busari et al., 
2015). According  to  Loué  (1984),  maize  nutrition   was 

correct for P and K with higher contents than their 
respective deficiency level of 0.25 and 1.75%. Thus, 
values of nitrogen were sometimes below the level 
considered to be adequate (2.75%) by Loué (1984), 
indicating a nitrogen deficiency on treatments associating 
maize with B. ruziziensis + P. maximum (T4) and B. 
ruziziensis + S. hamata (T5). Dinnes et al. (2002) and 
Luoa et al. (2017) reported that for the first several years 
after conversion to no-tillage, there is competition for 
nitrogen with soil productivity increases and more 
nitrogen is stored in the soil in the form of organic matter 
and humus. These results suggested that the use of 
cover crops, properly associated with maize may 
increase biomass production (Fageria et al., 2005) 
without affecting maize nutrition. 
 
 
Effects of cover crops association on maize yields 
 
Maize  grain  yields  were  not  statistically  influenced  by  
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Table 6. Nitrogen, phosphorus and potassium contents of maize in 2010. 
 

Treatment 
N P K 

% Dry matter 

T1. Maize  2.97 ± 0.39 0.49 ± 0.13 2.52 ± 0.30 

T2. Maize + B. ruziziensis 2.86 ± 0.64 0.38 ± 0.03 2.53 ± 0.01 

T3. Maize + B. ruz + M. cochinchinensis 2.79 ± 0.10 0.38 ±0.05 2.63 ± 0.15 

T4. Maize + B. ruz + P. maximum 2.74 ± 0.03 0.36 ± 0.02 2.73 ± 0.01 

T5. Maize + B. ruz + S. hamata 2.56 ± 0.21 0.34 ± 0.08 2.63 ± 0.45 

T6. Maize + Crotalaria juncea 3.17 ± 0.43 0.37 ± 0.01 2.84 ± 0.15 

T7. Maize in conventional tillage (CT) 2.86 ± 0.21 0.35 ± 0.01 2.63 ± 0.14 

F 0.442 1.215 0.500 

Probability (0.05) 0.830 0.398 0.792 
 

Values after the sign ± represent standard deviation of means. 

 
 
 

Table 7. Yields of maize associated or not with cover crops. 
 

Treatment 
2010 2012 2014 

kg ha
-1

 

T1. Maize  2973
a 

± 577 2338
ab 

± 469 3878
ab 

± 331 

T2. Maize + B. ruziziensis 2686
a 

± 887 2441
ab 

± 781 3782
ab 

± 572 

T3. Maize + B. ruz + M. cochinchinensis 2622
a 

± 624 1931
b 

± 1182 3795
ab 

± 405 

T4. Maize + B. ruz + P. maximum 2808
a 

± 497 2527
ab 

± 575 3362
b 

± 866 

T5. Maize + B. ruz + S. hamata 2619
a 

± 590 2406
ab 

± 109 3770
ab 

± 582 

T6. Maize + Crotalaria juncea 2696
a 

± 528 2462
ab 

± 658 4106
ab 

± 113 

T7. Maize in conventional tillage (CT) 3039
a 

± 787 3138
a 

± 761 4218
a 

± 702 

F 0.230 0.992 0.964 

Probability (0.05) 0.962 0.027 0.473 
 

Values followed with the same letter in the same column did not differ statistically according to Student-Newman-Keuls test at 5% 
level of probability. Values after the sign ± represent standard deviation of means. 

 
 
 
cover crops association in first year (2010), contrary to 
the third and fifth years (Tables 6 and 7). The best yields 
were obtained with maize cultivated without cover crops 
in conventional tillage (T7). Fageria et al. (2005) reported 
that planting cover crops between main crops can 
improve soil physical, chemical, and biological properties 
and consequently lead to improved soil health and yield 
of principal crops. During the first 6 years of this study, 
DMC did not show significant increase in maize yields 
reported by various studies (Scopel et al., 2005; Ducamp 
et al., 2012; Santos et al., 2014; Luoa et al., 2017). 
Results showed that cover crops associations led to 
depressive effects on maize yields mainly due to the 
competition for water and nutrients of cover crops with 
maize (Santos et al., 2014; Alvarez et al., 2017). The 
most significant decreases of maize yields were 13.8 and 
38.5%, respectively in 2010 and 2012, with insertion of B. 
ruziziensis + M. cochinchinensis (T3) between maize 
rows. In the experiment, the most severe competition was 
induced by M. cochinchinensis cover cropping invading 
completely the maize plants whose potentials of 

production were also reduced. In short term study, after 
three years experiment, Nkongoloa and Harunab (2015) 
reported that maize yield was not significantly affected by 
tillage or cover crop which may have an impact on 
soybean yield. These results suggested a better choice 
and management of cover crops in order to avoid 
adverse effects of cover cropping reported by Dinnes et 
al. (2002). 
 
 
Variations of seed cotton yields in DMC 
 
No tillage in DMC (Table 8) did not affect significantly 
seed cotton yields compared with conventional tillage 
(T7) using moldboard plough, which is difficult to be done 
under irregular and unstable climatic conditions (Nielsen 
and Reenberg, 2010). In 2011, 2013, and 2015, the direct 
sowing of cotton under maize stems and cover crops 
biomasses, were as effective on yield conventional tillage 
system (T7) with annual plough causing soil erosion, 
compaction, and nutrient depletion (Ouattara et al., 2006;  
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Table 8. Seed cotton yields variations in conventional tillage and direct sowing with maize as precedent crop. 
 

Treatment 
2011 2013 2015 

Kg ha
-1

 

T1. *DMC maize straws mulch 2214 ± 506 1248 ± 255 1082 ± 140 

T2. DMC (maize + B. ruziziensis) mulch 2155 ± 264 1195 ± 219 1166 ± 320 

T3. DMC (maize + B. ruz + Mucuna c.) mulch 2045 ± 413 1090 ± 242 1212 ± 234 

T4. DMC (maize + B. ruz + Panicum m) mulch 2202 ± 253 1142 ± 161 1188 ± 286 

T5. DMC (maize + Brach ruz + S. hamata) mulch 2059 ± 391 1204 ± 162 1173 ± 144 

T6. DMC (maize + C. juncea) mulch 2146 ± 310 1049 ± 140 1015 ± 180 

T7. Conventional tillage (CT) 2298 ± 177 1284 ± 334 1336 ± 380 

F 0.262 0.616 0.628 

Probability (0.05) 0.948 0.715 0.706 
 

*DMC: Direct sowing under mulch-based cropping system. Values after the sign ± represent standard deviation of means. 

 
 
 
Basche et al., 2016; Chowaniak et al., 2016; Morton and 
Abendroth, 2017). This result confirms the importance of 
DMC which can enhance profitability by lowering 
machinery and other costs and are more environmentally 
fit than the moldboard plough (Sombrero and Benito, 
2010; Tabaldi et al., 2012; Luoa et al., 2017). 
Furthermore, yield increases depend on management of 
cover crops as well as subsequent crops (Fageria et al., 
2005). During this study carried out from 2011 to 2015, 
probably due to climatic variations, the cover crops and 
no tillage in DMC did not gave the expected increase of 
crops yield reported by Oliveira et al. (2016). The higher 
seed cotton yields in 2011 could be attributed to the 
residual effects of 6 t ha

-1
 of compost previously applied 

for soil amendment at the beginning of the study in 2010. 
Long-term research reveals that seven to nine years of 
continuous no-till produces higher yields than 
conventionally tilled fields because it takes seven to nine 
years to improve soil health by getting the microbes and 
soil fauna back into balance and to start to restore the 
nutrients lost by tillage (Van Eerd et al., 2014; Kulagowski 
et al., 2016). The low effectiveness of DMC in 
improvement of cotton and maize yields, founded in this 
experiment, seems related to the insufficiency of soil 
mulching by the residues which are used for the animals 
feeding. But also, the number of years of experimentation 
seems insufficient to obtain positive effects of DMC. 
 
 
Conclusion 
 
This study pointed out the benefit of cover crops insertion 
between the main crops to improve biomass production 
which is necessary to undertake direct sowing under 
mulch-based cropping system. The association of various 
cover crops with maize did not influence maize plants 
nutrition in the first year of experimentation, but this 
practice could affect the maize yields compared to 
conventional tillage. Generally, even if the DMC did not 
produce improvements in cotton and maize yields, these 

practices appeared as effective as conventional tillage 
system which is more expensive for the requirement of 
soil plowing. These first results, suggested a better use of 
cover crops to avoid the risks of competition with the 
principal crop. Analyses of specific impact of each cover 
crop were needed to improve management of cover 
crops for appropriate recommendations to farmers 
regarding the diversification of agricultural productions. In 
addition, this study revealed a potential to be explored by 
direct sowing under mulch-based cropping system. 
Therefore, the DMC effects on soil properties, especially 
on soil hydrology and nutrients cycling, need to be 
determined for environmental sustainability of the 
production system in continuation of the study. 
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