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Abstract: The influence of Arbuscular Mycorrhizal Fungi (AMF) and disinfestation of soil with solar radiations
(Solar) were tested in the field on potato (Solanum tuberosum L.) production, the health of plants and harvested
tubers at Ngaoundéré in the Guinea-savannah zone of Cameroon. Experiments were carried out in a complete
randomized block design with four treatments in 2004 and eight in 2005. Non-AMF plants had poorest growth
in terms of size and nodes production, while AMF plants grown on solarized soils had the greatest overall
growth. The mycorrhizal inoculation ranged from 60 to 74 % in inoculated plants, indicating that Solanum
tuberosum was moderately to highly mycorrhizal dependent. Yield of potato expressed in t haG  was non-1

significantly increased by AMF the first year, but was significantly increased by solarization and AMF the
second year when compared to the control. Solarization and AMF showed their potential to reduce the diseased
plants and tubers. Solar disinfestation of soil for one month was enough to improve potato yield when
associated to AMF inoculation. These results suggest that combining soil solarization and AMF could be
considered as a remediation of agricultural soils from biopollutants for smallholder farmers wishing to save N
and P fertilizers to grow potato and earn cash.
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INTRODUCTION fertilizers with 100% for N, 100% for P [6]. Subsistance

In  the  Guinea-savannah  zone of   Cameroon, cereals fertilizers. Modern sustainable agriculture is increasingly
are considered as the basic food to human and other using reduced fertilizer inputs. Hence, there are excellent
animals. Although they provide important calories, they opportunities to incorporate Arbuscular Mycorrhizal
remain deficient in protein [1]. It is important to equilibrate Fungi (AMF) as biofertilizer and soil solarization as
this diet with tubers which are not only rich in disinfestation method to enhance the crop productivity
carbohydrates (18%), but also in vitamin C [2] and and reduce fertilizers and pesticides inputs. AMF are soil
potassium [3]. Tubers such as potatoes (Solanum fungi that colonize roots of the majority of crop plants,
tuberosum L.), are grown worldwide under a wider range forming a mutualistic symbiosis. The fungus takes up
of altitude, latitude and climatic conditions than any other fixed carbon as hexose from the apoplast of the root
major food crop. No other crop can match potato in its cortex, while the host plant mostly acquire immobile
production of food energy and value per unit area [4]. nutrients through the AMF structures [7]. AMF have
However, they are not a major crop to farmers in the been reported to improve nutrient uptake, particularly
Guinea Savannah zone of Cameroon, because of growing phosphorus [8], plant growth and yield [9, 10] and reduce
constraints that include: diseases attack, lack or high pathogen attacks [11]. AMF have also proven to alleviate
coast of fertilizers and low soil fertility [5]. The potato cultural  and  environmental  stresses and enhance
plant has one of the highest production demands for disease  resistance  and  plant   health  [12].  Similarly, soil

growers may not be able to afford this huge amount of
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solarization  is  a  natural  hydrothermal soil disinfection C Plots disinfested with solar heat for one month and
or  pasteurization  process  which is accomplished inoculated at sowing with AMF (Solar 1/AMF)
through  passive capture of solar radiation in most soil C Plots disinfested with solar heat for two months
[13, 14]. The basic procedure entails laying clear plastic (Solar 2)
over tilled moistened soil for approximately six to eight C Plots disinfested with solar heat for two months and
weeks to trap the sun’s heat, raising the soil temperature inoculated at sowing with AMF (Solar 2/AMF)
high enough to kill weeds and many damaging soil pests C Plots disinfested with solar heat for three months
at a depth of 10-20 cm [15]. Research reports have shown (Solar 3)
that  soil  solarization can improve plant growth and C Plots disinfested with solar heat for three months and
health [16], mobilize nutrients such as nitrogen [17], or inoculated at sowing with AMF (Solar 3/AMF).
serve as phytoprotectant against soilborne pathogens
[18].  Soil  solarization  is simple, safe and alternative to Each treatment was repeated three times. The first
the toxic and costly soil pesticides. It is expected that four treatments were achieved in 2004. Soil solarization
AMF  inoculation  and  soil  s olarization may reduce the was performed for various times in 2005, to determine the
coast of potato production, thus encourage farmers to most appropriate disinfestation time for improved yield
valorize this important crop in the region. (the four other treatments).

The objective of this research was therefore, to
evaluate  the influence  of  sun’s heat disinfestation of Mycorrhization: The mycorrhizal inoculum purchased
soil and AMF on potato production, while reducing the from the Soil Microbiology Laboratory, Biotechnology
diseased plants and infested harvested tubers. The Centre, University of Yaoundé I, Cameroon, was a mixture
effects of soil solarization and AMF on growth and yield of sterile sand, mycorrhizal hyphae and spores (25/g of
of plants are further discussed. soil) of the genus Gigaspora spp.  Inoculation consisted

MATERIALS AND METHODS planting hole at sowing. The degree of colonisation of

Properties of study site: The field trials were located at was assessed on 1-2 cm root segments from 15 plants per
Dang-Ngaoundéré in the Guinea Savannah zone of treatments, through clearing and staining of root samples
Cameroon (7° 24.61'N 13° 34.24'E, at 1155,8 m elevation). [19, 20]. Data were expressed as percentage of mycorrhizal
The soil was brown reddish developed on a basaltic rock, roots colonized per plot [21]. 
with pH 5.45, 0.16 g N. 100 g soilG , 0.04 g P.100g soilG ,1     1

2.9 g total C. 100 g soilG . Soil  solarization  process: Soil solarization was1

Potatoes   cultivar: The   potato   tubers   used  for all (2.5×4.5) m  clear  polyethylene plastic sheet for one
trials were the ”Cipira” cultivar with the following month in the first year (2004), one, two or three months in
characteristics: white flowers and tubers; viruses and the second year (2005). Trenches of approximately 5 cm
fungi susceptible. deep were dug around the perimeter of plots and were

Experimental set up: Experimental plots were cleared supposed to ensure that plastic is held in place and will
manually with cutlasses and ploughed with hoes. An prevent heat from escaping and allowing wind to set
experimental  unit  was a (4×2) m  plot consisting of 4 beneath. To increase the transmission of heat through the2

rows with 40 cm intervals. Potato tubers were sown in soil and make other resting structures more sensitive to
rows, 30 cm apart, thus 48 plants/8m . The experimental high temperature, soil was maintained smooth on the2

design was a complete randomized block with the surface and wetted prior to solarization. Figure 1 indicates
following treatments: a partial view of an experimental field distingishing

C Plots not disinfested with solar heat and not
inoculated with AMF (control) Growth and yield attributes: The morphological growth

C Plots not disinfested, but inoculated at sowing with characteristics  such  as the number of nodes per plant,
AMF (AMF) the  size  of  plant  and  the number of diseased plants

C Plots  disinfested  with solar heat for one month were evaluated  with  15  daily  intervals  at  30,  45  and  60
(Solar 1) Days  after  Planting  (DAP)  on 15 plants per treatments.

of putting a potato tuber on 10 g layer of inoculum in a

potato roots by Arbuscular Mycorrhizal Fungi (AMF)

performed in the field by covering each plot with a
2

used to bury the edges of the plastic [18]. This was

solarized from unsolarized plots.
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Fig. 1: Partial view of the experimental field showing uncovered plots and plots covered with polyethylene plastic sheets

Yield was assessed by counting the number of tubers concentrations  of  each  species  are  dependent  upon
harvested per plant and by evaluating the fresh weight of the  reducing nature of the soil physical properties and
tubers (t haG ). The number of diseased tubers per plant the presence of nitrifying micro-organisms such as1

was also assessed at harvest on 15 plants per treatments. Nitrobacter  and  Nitrosomonas  spp. [27]. Therefore,

Statistical  analysis: Data   were   statistically  analyzed in soils high in organic matter, during solarization may kill
by  ANOVA  using a Statgraphic Plus, version 5.0 much of the soil microbiota and produce micro-aerobic
(SIGMA PLUS) computer program. Means were compared conditions,  favouring  accumulation of NH . In addition
between treatments using the Turkey’s Honestly to nitrogen, other mineral nutrients in soil including
Significant Difference (HSD) procedure at 5% level. extractable phosphorus (P), potassium (K ) and calcium +

RESULTS AND DISCUSSION greater  concentration  after  solarization  [25]. On the

Influence of soil solarization and AMF on growth of attributed  to   increased   uptake of nutrients such as P,
potato plants: Disinfestation  of  soil  with  solar heat and N,  Mg and Fe [28, 29]. Phosphorus nutrition is
inoculation of potato tubers at sowing with AMF considered  to  be central  to  mycorrhizal  enhancement
contributed to increase the number of nodes per plant as of  plant growth and  its  subsequent  application to low
well as the size of plant at 30 and 45 DAP (Tables 1 & 2). inputs  sustainable  agricultural  systems  [30].  It has
However, the growth improvement was not more been  shown  that  mycorrhizae  assist  plants in the
consistent at  60 DAP. Disinfestation of soil for a long uptake  of nutrients, which are poorly mobile in the soil,
time (e.g. three months) did not seem to have major by  increasing  the  volume  of  soil  effectively explored
changes on the development of potato plants (Table 2). by plant roots [31-33]. Our study clearly indicates that

The maximum disinfestation time of soil for a suitable AMF and soil solarization enhanced growth of potato,
plant development was indicated to be one or two similar to previous findings [34, 35]. These results are also
months. The number of nodes per plant and the size of similar to growth improvement of soybean production
plant increased with time and tended to stabilize as the following soil solarization and rhizobial inoculation of
plants get mature (e.g. 60 DAP). seeds at sowing [36].

Controlling weeds and  damaging  soil  pests  with
soil solarization can  cause  increases  in  growth  and Mycorrhizal colonization: Roots of AMF inoculated
yield   beyond  expected  levels  [22].  Also,  improved plants were highly infested with AMF propagules
soil tilth and  the  increased  availability  of  essential (spores, hyphae) in both 2004 and 2005 trials (Fig. 2).
nutrients  such  as  nitrogen, calcium  and  magnesium Similarly,  solar  disinfestation  of soil for one month or
may account for   increased  in  plant  growth  following two  months further  increased the colonization of roots
solarization [23-25]. When soil is heated, much of the by AMF. The non-AMF infested plants were poorly
resident microbiota is killed and degraded, thus liberating colonized by indigenous AMF. Heating the soil with solar
the mineral nutrients. During solarization, increased radiation inactivates indigenous AMF, reducing the
amounts of  nitrogen, principally   ammonium   (NH ) competition  with  in  coming  strains, thus enhancing the4

and/or   itrate  NO )  sually  re  iberated  26]. The relative AMF  colonization  of  plant  roots.  Similar  to  this, AMF3

high  temperature and soil moisture content, particularly

4

+

magnesium (Ca  + Mg ) have sometimes been found in2+  2+

other hands,  AMF enhancement of growth may be
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Table 1: Effect of AMF and solar disinfestation of soil on the number of nodes per plant and the size of Solanum tuberosum in 2004

                    Treatments

-----------------------------------------------------------------------------------------------------------------------------------------------------

Parameters/DAP Control Solar 1 AMF Solar 1/AMF

Nodes 30 9.9±0.45a 11.46±0.40ab 10.93±0.40ab 12.36±0.46b

45 13.83±0.47a 16.23±0.32b 15.0±0.43ab 16.36±0.42b

60 17.9±0.51a 19.1±0.42ab 18.46±0.48ab 19.93±0.60ab 

Size 30 40.0±1.40a 46.46±2.33b 49.96±1.95bc 52.36±2.12c

45 54.76±1.76a 62.26±1.67ab 65.23±1.89b 70.3±1.96b

60 65.0±2.07a 73.03±1.83a 75.1±1.74a 80.3±2.75b

Values  with  different  letter  within  a  row  for  a  DAP  are  significantly  different at p<0.05, DAP: Days after Planting; Control: Unsolarized and non

AMF-inoculated  plot;  AMF:  Arbuscular  mycorrhizal  fungi;  Solar  1:  One  month  soil  solarization; Solar 1/AMF: Combining one month soil

solarization with AMF

Table 2: Effect of AMF and solar disinfestation of soil on the number of nodes per plant and the size of Solanum tuberosum in 2005

Nodes/plant Size of plants

------------------------------------------------------------------------- --------------------------------------------------------------------------

Treatments 30 DAP 45 DAP 60 DAP 30 DAP 45 DAP 60 DAP

Control 29.3±0.36bc 35.3±0.42b 39.0±0.40d 48.6±0.52b 68.7±0.43c 73.3±0.46b

AMF 30.0±0.33c 36.3±0.32c 39.4±0.39d 46.6±0.58b 68.6±0.32c 81.3±1.06c

Solar 1 32.8±0.47d 41.7±0.50e 41.6±0.56e 61.6±0.58d 81.2±0.53f 93.4±0.44e

Solar 2 31.3±0.57cd 37.3±0.62c 41.0±0.50de 53.7±0.54c 77.0±0.28e 87.3±0.32d

Solar 3 28.9±0.56b 37.0±0.54c 37.8±0.61c 48.8±0.63b 74.3±0.42d 79.7±0.51b

Solar1/AMF 28.3±0.55c 34.9±0.35b 37.3±0.57bc 48.2±0.61b 69.0±0.28c 73.0±0.72c

Solar2/AMF 27.8±0.50b 33.4±0.32b 35.5±0.62b 45.3±0.65b 64.2±0.54b 73.0±0.72b

Solar3/AMF 23.5±0.63a 28.3±0.54a 32.0±0.61a 39.1±0.70a 60.6±0.46a 66.5±0.39a

Values with different letter within a column are significantly different at p<0.05, DAP: Days after Planting; Control: Unsolarized and non AMF-inoculated

plot; AMF: Arbuscular mycorrhizal fungi; Solar 1: One month soil solarization; Solar 2: Two months soil solarization; Solar 3: Three months soil

solarization; Solar  1/AMF:  Combining  one  month  soil  solarization  with  AMF;  Solar 2/AMF: Combining two month soil solarization with AMF;

Solar 3/AMF: Combining three month soil solarization with AMF

colonization of 70% to 80% was reported from ‘Yungay and survival. Changes in the populations of other
potato’ in Peru [29]. soilborne micro-organisms occur during and after

Influence of soil solarization and AMF on potato health suppressiveness of soil and also the increased plant
and  yield:  The  combination   of   soil   disinfestation  and growth  response  associated  with solarized soils [13].
AMF  inoculation  more  efficiently  reduced the number The decrease in diseased tubers associated to AMF
of infested plant than any of the treatment alone agreed with significant reduction of disease severity
compared  to  the control at 45 and 60 DAP (Table 3). observed on micropropagated plantlets of potato
Solar disinfestation of soil for one, two or three month inoculated with Glomus etunicatum [39].
consistently decrease the diseased tubers per plant The number of potato tubers produced by non-
compared  to  non-disinfected  or AMF inoculated plots disinfested plots on which no AMF inoculation was
in  2004 (Fig. 3C) and 2005 (Table 3). In this experiment, achieved  was  significantly  lower  (p<0.009) than those
soil solarization and AMF showed their potential to of disinfected plots with solar heat, AMF inoculated
reduce the diseased plants and tubers, similar to other plants and  both AMF inoculated and solar disinfested
experiments done elsewhere [37]. During solarization of plots (Fig. 3A). The highest yield of potato (t haG ) was
soil, changes occur in the structure of soil, in soluble obtained from AMF inoculated plants (Fig. 3B). Potato
mineral substances available for plant and microbial tubers harvested from both inoculated and disinfested
growth and in the populations of soilborne micro- plots or disinfested plots alone were also heavier than
organisms [25, 38]. These changes affect the inoculum those of the control, although it was not significant
density of plant pathogens and also their aggressiveness (p>0.07).

solarization which may influence the disease

1
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Fig. 2: Degree of root colonization by AMF at 30 DAP in
2004 (a) and 2005 (b) as influenced by different
treatments,  
DAP: Days after Planting; Control: Unsolarized
and non AMF-inoculated plot; AMF: Arbuscular
mycorrhizal fungi; Solar 1: One month soil
solarization; Solar 2: Two months soil solarization;
Solar 3: Three months soil solarization; Solar
1/AMF: Combining one month soil solarization
with AMF; Solar 2/AMF: Combining two month
soil solarization with AMF; Solar 3/AMF:
Combining three month soil solarization with AMF

During the 2005 trial, AMF and solar disinfestation
of soil significantly enhanced the number of harvested Fig. 3: Potato yield indicating the number of tubers/plant
tubers per plant (Table 4). The yield improvement (A), the fresh weight of tubers (t haG ) (B) and
attributed to soil solarization and AMF was rather seen as diseased tubers/plant (C) as influenced by
an increment of number of tubers/plant rather than the different treatments in 2004
fresh weight of tubers/plant in 2004. However, both the Control: Unsolarized and non AMF-inoculated
number of tubers/plant and fresh weight of tubers (t haG ) plot; AMF: Arbuscular mycorrhizal fungi; Solar 1:1

were enhanced by soil solarization and AMF in 2005. One month soil solarization; Solar 1/AMF:
Disinfestation of soil for one, two or three months have Combining one month soil solarization with AMF
similar effects on potato production as far as the number
of tubers/plant is concerned. Solar disinfestation of soil plantlets, in agreement with recent results reported from
for one month was enough to improve potato yield when a field grown potato [39]. The enhanced potato yield by
associated to AMF inoculation. Data on tubers yield soil solarization, may mainly be due to a decreased weeds
showed that the mycorrhizal treatment out produced the and pathogens colonization [13, 41], improved soil status
control, and this agrees with enhanced productivity in and enhanced decomposition of soil during solarization
AMF-potato plants [34]. These results also correlate with period, similar to other findings [42]. From this study, it is
33-45% increased potato tuber yield as the result of soil suggested that potaoes can be grown on solarized soils
solarization [40]. Inoculated plant produced significantly inoculated with effective AMF without the need of P and
greater  tuber  fresh  weight  than  non-AMF  inoculated N fertilizers [43], since the outcome of these techniques is

1
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Table 3: Influence of solar disinfestation of soil and AMF inoculation on diseased plants at various developmental stages in 2004 and 2005

       Cropping season

------------------------------------------------------------------------------------------------------------------------------------------------------------------

2004 2005

------------------------------------------------------------------------ -------------------------------------------------------------------------

Treatments 30 DAP 45 DAP 60 DAP 30 DAP 45 DAP 60 DAP

Control 0.66±0.01bc 3.66±0.12b 6.67±0.21c 1.2±0.04ab 2.3±0.10c 4.2±0.20b

AMF 1.00±0.11c 3.00±0.02b 5.66±0.30bc 1.3±0.06ab 2.3±0.20c 3.2±0.02ab

Solar 1 0.00±0.00a 1.33±0.03a 4.00±0.05a 1.2±0.10ab 2.2±0.06c 4.2±0.12b

Solar1/AMF 0.33±0.02b 1.67±0.01a 3.66±0.03a 1.3±0.02ab 0.3±0.00a 2.2±0.03a

Solar 2 n/a n/a n/a 0.3±0.01a 1.3±0.03b 3.2±0.14ab

Solar 3 n/a n/a n/a 0.3±0.13a 1.2±0.11b 3.2±0.10ab

Solar2/AMF n/a n/a n/a 1.3±0.03ab 2.2±0.04c 2.2±0.05a

Solar3/AMF n/a n/a n/a 1.2±0.04ab 1.3±0.10b 2.2±0.06a

Values with different letter within a column are significantly different at p<0.05, n/a: not available, Control: Unsolarized and non AMF-inoculated plot; AMF:

Arbuscular mycorrhizal fungi; Solar 1: One month soil solarization; Solar 2: Two months soil solarization; Solar 3: Three months soil solarization; Solar

1/AMF: Combining one month soil solarization with AMF; Solar 2/AMF: Combining two month soil solarization with AMF; Solar 3/AMF: Combining

three month soil solarization with AMF

Table 4: Potato yield and diseased tubers as influenced by different treatments in 2005

Yield parameters

--------------------------------------------------------------------------------------------------------------------------------------------

Treatments Tubers/plant Fresh weight tubers (t haG ) Diseased tubers/plant1

Control 11.77±0.82a 1.02±0.17a 1.77±0.40a

AMF 15.66±0.81b 2.37±0.27d 0.66±0.28ab

Solar 1 15.44±0.78b 1.90±0.27c 0.22±0.14c

Solar 2 15.66±0.47b 1.75±0.20bc 0.22±0.22c

Solar 3 14.66±0.66b 1.39±0.17b 0.44±0.24b

Solar1/AMF 14.11±0.45ab 2.56±0.31d 0.33±0.23bc

Solar2/AMF 15.00±0.52b 1.47±0.22b 0.55±0.24b

Solar3/AMF 14.33±0.33ab 1.47±0.17b 0.55±0.17b

Values with different letter within a column are significantly different at p<0.05, Control: Unsolarized and non AMF-inoculated plot; AMF: Arbuscular

mycorrhizal fungi; Solar 1: One month soil solarization; Solar 2: Two months soil solarization; Solar 3: Three months soil solarization; Solar 1/AMF:

Combining one month soil solarization with AMF; Solar 2/AMF: Combining two month soil solarization with AMF; Solar 3/AMF: Combining three month

soil solarization with AMF

the improvement of the soil with N and P the nutrients in and P fertilizers to grow potato and earn cash. Further
particular. studies are needed to establish the effect of these two

CONCLUSIONS in harvested potato tubers. Soil solarization and AMF

This study shows the benefits of AMF as biofertilizer in that they are effective alternatives to the use of
and the effectiveness of solarization as soil disinfestation agricultural chemicals and provides a favourable base for
process  in  the  equatorial  region and at high elevation a natural system of crop production and biological control
on  growth, plant health, tubers yield and health of of plant diseases and pests.
potato. Potato cultures are susceptible to various
soilborne pathogens regarded as biopollutants. Therefore, ACKNOWLEDGEMENTS
combining soil solarization and AMF could be considered
as a remediation of agricultural soils from these The authors wish to thank the University of
biopollutants for smallholder farmers wishing to save N Ngaoundéré,   Cameroon,    for     providing   the   research

safe and  modern  techniques  on  nutrient accumulation

embody the major thrust of integrated pest management
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