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ABSTRACT. Considering the existence of arbuscular 
mycorrhizal inoculants applied at low quantities to cassava 
crop (Manihot esculenta Crantz) and the high mycorrhizal 
dependence as well as the significance of this crop in Angola, 
it is essential to evaluate the effectiveness of such products 
in this country, as a way to obtain an efficient mycorrhizal 
symbiosis and its benefits on cassava plantations. An 
experiment was conducted on a Rhodic Distric Ferralsol, 
in order to appraise the effect of Funneliformis mosseae 
strain INCAM-2 compared with a control treatment, in a 
randomized block design with four repetitions and 32 plants 
per plot. The trial was carried out in a Kibala producers’ 
farm, South Kwanza province, using Calohendo variety. 
The inoculant was applied at planting time by coating both 
propagule tips at the dose of 11,6 kg ha-1. The application 
of F. mosseae provided significant increases (P<0,001) in 
every variable tested, achieving more vigorous and taller 
plants, their height raising about 21 %, whereas edible root 
yields rose from 14,4 mg ha-1 in the control to 33,6 mg ha-1 
in the inoculated treatment and mycorrhizal spores improved 
eight times at harvest time, indicating the effectiveness of  
F. mosseae under these edaphic conditions. These results 
prove the potentiality of applying such mycorrhizal products 
to cassava crop in Angola.

Key words:  Angola, arbuscular mycorrhizae, cassava Palabras clave:  Angola, micorrizas arbusculares, yuca

RESUMEN. A partir de la existencia de inoculantes 
micorrízicos arbusculares que se aplican en bajas cantidades 
en el cultivo de yuca (Manihot esculenta Crantz), de la alta 
dependencia micorrízica y de la importancia del cultivo 
en Angola, resulta de primer orden evaluar la efectividad 
de estos productos en el país, como vía para obtener 
una simbiosis micorrízica eficiente y sus beneficios en 
las plantaciones del cultivo. Se ejecutó un ensayo en un 
suelo clasificado como Ferralsol dístrico ródico, para 
evaluar el efecto de la cepa INCAM-2 de la especie de 
hongo micorrízico arbuscular Funneliformis mosseae en 
comparación con un tratamiento testigo, en un diseño de 
bloques al azar con cuatro repeticiones y 32 plantas por 
parcela. El ensayo se realizó en una finca de productores 
en el municipio de Kibala, provincia de Kwanza Sur, con la 
variedad Calohendo. El inoculante se aplicó en el momento 
de la plantación a través del recubrimiento de ambas puntas 
de los propágulos, en dosis de 11,6 kg ha-1. La aplicación 
de F. mosseae originó incrementos significativos (P<0,001) 
en todas las variables evaluadas, obteniéndose plantas más 
vigorosas con mayor crecimiento e incrementos en altura de 
21 %, los rendimientos en raíces comestibles se elevaron de 
14,4 Mg ha-1 en el tratamiento testigo a 33,6 Mg ha-1 en el 
tratamiento inoculado y las esporas micorrízicas en cosecha 
se incrementaron ocho veces, indicando la efectividad de  
F. mosseae en estas condiciones edáficas. Los resultados 
dejan clara la potencialidad de la aplicación de estos 
productos micorrízicos en el cultivo de yuca en Angola. 
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Type of soil pH 
H2O

OM 
(%)

P
(mg kg-1)

     Na+             K+          Ca2+                Mg+ 
                       (cmolc kg-1)

Spore number        
50 g-1

Rhodic Distric Ferralsol 5,8 1,30 58,5 0,12 0,3  2,3 0,63     50
*Average values of six samples

Table I. Chemical soil characteristics at experimental initiation* and “resident” AMF spore number 
(0-20 cm deep)
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INTRODUCTION

Cassava (Manihot esculenta Crantz) is the 
fourth largest consumed basic food product after 
rice, wheat and corn, taking up an important 
agricultural place in tropical climatic regions, not only 
for its use as a human (1) and animal (2) foodA, but 
also for its wide application in industry (3). Angola 
is the sixth largest cassava producer (5,1 %) of the 
world, with an average yield of 14 mg ha-1, besides 
being an essential product of food security in this 
nationB.

Even though this crop is adapted to drought 
conditions and low soil fertility, it requires the 
application of 40 to 60 mg ha-1 fertilizers from 
market centers to achieve high yields (4); however, 
expensive fertilizers prevent farmers’ access to such 
resources, so production is low, since most growing 
areas are in farmers’ hands in AngolaB (5).

Cassava is mycotrophic par excellence (6) and 
although there are plenty positive experimental 
reports on arbuscular mycorrhizal fungal (AMF) 
strain inoculation (6, 7, 8), only a few results have 
been published of its applications at production 
scale (9), as effective inoculants applied in small 
quantities are unavailable (10).

In Cuba, efficient AMF strains are recommended 
according to soil environment (11), more specifically 
to soil reaction (12), and it has been found that 
an efficient strain applied under such conditions 
establishes an effective symbiosis with any 
mycorrhizal-depending crop (11).

In Angola, there are no previous reports on AMF 
effectiveness in this crop and taking into account 
its great mycorrhizal dependency as well as the 
potential benefits associated, its evaluation is of 
the first order.

MATERIALS AND METHODS

The experiment was conducted under field 
conditions at Almeida farm in Kibala municipality, South 
Kwanza province, on a Rhodic Distric Ferralsol (13). 
The soil had a slightly acid reaction with low contents 
of organic matter and exchangeable bases (Table I) as 
well as low fertility. The contents of resident mycorrhizal 
spores were also low.

Kibala municipality has a humid tropical climate 
characterized by alternating well-defined rainy and 
dry seasons, with annual rainfalls between 1000 and 
1400 mm, March and November being the wettest 
months, with annual mean temperature values from 
20 to 21 °C at an altitude of 1000-1500 m (14).

The experiment consisted of two treatments: 
one inoculated by INCAM-2 strain classified as 
Funneliformis mosseae, derived from the strain 
collection of the National Institute of Agricultural 
Sciences (INCA), and a non-inoculated one, in a 
randomized block design with four replicates within the 
period of February 2014 to February 2015.

Soil chemical analysis was performed according 
to the Analytical Techniques Manual for soil and leaf 
analysis, organic and chemical fertilizers (15), whereas 
AMF spores by a modified wet-decanting methodC.

None of the treatments received mineral fertilization 
or organic manure without irrigating. Planting frame 
was of 1 x 1 m and plots had 32 plants, 10 out of 
which were evaluated. Angolan Calohendo variety was 
used as planting material that is commonly employed 
in cassava flour production, an essential food diet in 
many regions of the country.

AMF strain was selected from soil characteristics 
(Table I), besides taking into account strain 
recommendations based on soil environment and 
reaction (12), as well as on the results of a previous 
comparison trial of AMF strains with Canavalia 
ensiformis under this soil condition.
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Height (cm) Yield Spore number
4 months 6 months 8 months 10 months 12 months mg ha-1 g-1 de suelo

F. mosseae 66,88   101,97 a   134,00 a  187,25 a 219,25 a 33,59 a 49,94 a
Control 67,57     84,47 b  112,16 b 137,97 b 181,07 b 14,39 b   6,12 b
F     0,121   44,544   93,862 131,920 20,288     261,086        333,10
P     0,740    0,001    0,000     0,000   0,004   0.000            0,000

Table II. Effect of applying F. mosseae on height, edible root yields and mycorrhizal spores of cassava 
plantation 
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The inoculant at a concentration of 30 spores g-1 
was applied by coating cassava propagule tips (10) at 
the dose of 11,6 kg ha-1.

Plant height was evaluated every two months 
whereas edible root yield (mg ha-1) of each plot 
was recorded after a year of being planted and at 
harvest time; in addition, composite rhizosphere 
soil samples (0-20 cm) were taken from calculation 
plants of each plot to determine mycorrhizal spores.

Treatment means were compared by Student 
T test (P<0,05) using SPSS Statistic program 
version 19 (16).

RESULTS AND DISCUSSION

Six months after crop cultivation, F. mosseae 
application always had significant effects on growth, 
yield and mycorrhizal spore production (Table II), its 
height increasing about 21 %, doubling its yield and 
raising mycorrhizal spore quantities approximately 
eight times, compared with the control. It should be 
noted that yields from the control treatment were 
similar to the average yields obtained in AngolaA, thus, 
supporting the experimental result.

Results indicated that F. mosseae behaved as an 
efficient strain under these soil conditions, validating 
Cuban recommendation of this strain to inoculate crops 
in soils with pH between 4,5 and 5,8 (12).

High values of spores of the inoculated treatment 
appear to be a consequence of F. mosseae effectiveness 
under these conditions, similar to what was found by 
other authors (17, 18) when inoculating the efficient 
AMF strain in various crops.

Therefore, it is necessary to optimize the 
amounts of fertilizers or organic manures along with 
the application of mycorrhizal inoculants, in order to 
ensure sustainability (8) and establish efficient strains 
for other soil conditions; these results indicate the 
benefits that can obtained by putting it into practice in 
Angolan agriculture.

CONCLUSIONS

♦♦ Results prove the feasibility and potentiality of using 
AMF inoculants in cassava crop in Angola.

♦♦ RECOMMENDATIONS
♦♦ To keep on investigating AMF inoculation in various 

crops and soils of Angola
♦♦ To extend relevant research results to production 

in Angola with this and other efficient AMF strains
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