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Introduction

Capsicum annum L pepper is one of the most wide-
spread cultivars in Almeria (Spain). In this region, three 
main pepper varieties are cultivated: Italian Sweet Pep-
per, Lamuyo and California. They cover a greenhouse 
area of 7000 ha in this region. For achieving a good 
fruit yield and quality, an exacting treatment with phy-
tosanitary treatments, good quality water, high nutrient 
concentrations and soils rich in organic matter (from 3 
to 4%) should be guaranteed. 

Products which optimize the water use efficiency and 
the plant nutrition and yield are increasingly used in cur-
rent intensive agriculture. These inoculants include the 
arbuscular mycorrhizal fungi (AMF) which establish a 
symbiotic relationship with 85% of plants (Smith and 
Read, 1997) and improve their influence depending on 
the soil where hey are grown (Wu and coll., 2007; Her-
rera and coll., 2011). AM fungi are important in agricul-
ture because of the benefits they provide such as the 
improvement of nutrient and water uptake and the in-
crease of the plant’s root system (Rivera and coll., 2005; 
Hamel and Plenchette, 2007).

Although mycorrhizal colonization provides a biopro-
tectional effect on plants, its commercialization is not 
yet a widespread practice in agriculture due to its in-
appropriate usage and the low resistance of the varie-
ties planted following an agricultural system based on a 
nutrition intense management (Gadkar and coll., 2001; 
Herrera and coll., 2011). 

The commercial mycorrhizal inoculant MycoUp, pro-
duced by Symborg S.L., should be applied by a drip ir-
rigation system. This product contains an arbuscular my-
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corrhizal fungus, Glomus iranicum var. tenuihypharum 
var. nova, isolated from a sodium-saline soil and high 
production of external mycelium, intense root coloni-
zation and resistance to high nutrient concentrations 
(Fernández and Juárez, 2012). 

The aim of this research is therefore to assess the in-
fluence of MycoUp in the nutrients of soils and plant 
yield and quality of a pepper cultivar.

Material and methods

Experimental conditions
The research was carried out at a greenhouse which 

covers an area of 1 ha located in El Ejido (Almería). The 
plant material of the experiment was a California pep-
per variety, Godzila. On July 23th 2011, pepper seedlings 
were sown following a 0.5 x 0.3 planting frame with 
rows separated at 1m (Picture 1). The irrigation consisted 
of a drip system with outlets of 2L H-1 discharge rate and 
spaced at 0.40 m. The water used has good quality and 
medium-low electrical conductivity (EC=1.5 dS/m). The 
sandy soil used for cultivation followed the cultural prac-
tices in Almeria. 

Treatments and dosage
The experimental design consisted of two treatments: 

a T0 control treatment without inoculant and a T1 treat-
ment with MycoUp applied at the first stages of the ex-
periment (at a week after sowing) with a 3Kg/ ha dosage. 



Picture 1: Pepper rows planted in greenhouse conditions

Mycorrhizal colonization measurements and leaf 
nutrient content

Samples of roots were collected at the beginning 
and the end of the experimental period (at 56 and 
281 days after sowing –DAS-). Samples were cleaned 
with deionised water and clarified with a 10% KOH 
solution during 10 minutes at 90ºC. After that, the 
samples were treated with HCI 2N during 10 minutes 
and stained with a 0.05 Lacto-glycerol solution, Trypan 
blue. The methodology followed in this investigation 
meant a change in the Phillips and Hayman (1970) 
guidelines. Root mycorrhizal colonization was evalu-
ated by using the Giovannetti and Mosse’s (1980) in-
tersect method.

Leaf samples were also evaluated at the beginning 
and the end of the research in order to analyze the 
bioelement (macro and micro nutrients) content and the 
crop’s nutritional status. 
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Plant water potential and gas exchange
Stem water potential (ψt) and gas exchange param-

eters (net photosynthesis Pn and leaf conductance gs) 
were measured in 10 plants per treatment by using the 
Scholander pressure chamber PMS 600 (Corwallis, Ore-
gon, USA) and the LI-6400 Portable Photosynthesis Sys-
tem (Lincoln, NE, USA). The measurements were taken 
at midday (12:00 GMT) selecting well developed leaves 
of the pepper plants during the first four months of the 
growing stage and every two months during the end of 
the cycle. The water use efficiency (WUE) was measured 
by using the Pn/gs quotient.

Crop quality measurements and final production
Measurements of the total production and the crop 

quality from each treatment were taken. During the five 
cuts made from December until the end of April, the 
following fruit characteristics were taken into account: 
weight per unit, peel thickness, soluble solids content 
(Atago refractrometer), firmness (PCR PTR-200 pene-
trometer) and fruit color (Konica Minolta Sensing CR-10 
colorimeter). 

Results and discussion

Fungal colonization and water status
From the early stages of the experimental period, the 

root colonization of inoculated plants was positively 
influenced by the arbuscular mycorrhizal fungi (AMF) 
ranging from 17.5 to 50% at the beginning and at the 
end of the research, respectively. AMF inoculant affect-



ed the root system during the whole growing cycle. In 
the T0 control treatment, plants hardly had root coloni-
zation due to the soil disinfection and the low levels of 
native AMF. The values obtained in each treatment are 
shown in Table 1. 

Table 1. Colonization values (%) in pepper plants of the 
T0 control treatment and T1 MycoUp treatment at 56 
and 281 days after seeding (DAS).

Date T0 T1

56 DAS 0.5a 17.5b

281 DAS 1.5a 50.0b

Colonization values followed by different letters show significant dif-
ferences according to the Duncan test (P=0.05). These values are the 
average obtained from six samples tested during both harvests.

Water status values were better in inoculated plants 
due to the higher colonization percentage they reached 
when compared to T0 control treatment’s pepper. The 
difference was higher at the end of the research (Table 
2). These results are in accordance with published inves-
tigations which confirm that the mycorrhizal inoculants 
had a positive influence in the plant’s water status (Ruiz 
Lozano and col., 2003; Augen, 2004; Sánchez-Blanco 
and coll., 2004; Aroca and coll., 2008). 
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Table 2. Stem Water Potential (ψt, MPa) in T0 control 
treatment and T1 MycoUp treatment pepper plants.

Date T0 T1

30 DAS -0.37±0.14a -0.21±0.10b

59 DAS -0.46±0.04a -0.41±0.04a

93 DAS -0.41±0.06a -0.29±0.04b

150 DAS -0.69±0.06a -0.55±0.07b

205 DAS -0.75±0.17a -0.59±0.12b

ψt values followed by different letters show significant differences 
according to the Duncan test (P=0.05). These values are the average 
obtained from six samples tested.

In the following pictures, fungal colonization of pep-
per plants treated with MycoUp and arbuscules viewed 
under a microscope can be observed. Pictures were tak-
en at 270 days after the inoculant treatment application 
(Pictures 2 and 3). 

Picture 2: Detail of external mycelium,spores and roots of mycorrhizal 
plants.



Picture 3: Arbuscule of mycorrhizal pepper plant’s root.

Nutrient content and leaf gas exchange
Leaf biolements values differed between treatments 

(Table 3). Samples taken at the beginning and at the end 
of the experimental period showed higher nitrogen and 
phosphorus (N and P) levels in inoculated plants, but no 
significant differences were found.

Table 3. Biolement content: macroelements (N, P, K, Ca 
and Mg, %) and microelements (Fe, Zn and Mn, ppm) in 
leaf dry matter of T0 control treatment and T1 MycoUp 
treatment plants.

Treatments N P K Ca Mg Fe Zn Mn

T0 4.2a 0.28a 4.0a 4.6a 1.0a 144a 104a 147a

T1 4.5a 0.30a 4.0a 4.5a 1.0a 175a 104a 134a

Values for the same type of bioelement and leaf followed by different 
letters are significantly different according to LSD 0.05 test.
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Micronutrients levels (Fe and Mn) rose in peppers 
treated with the inoculant reaching a significant in-
crease of Fe values. The rise of leaf nutrient content has 
been shown in previous literature (George, 1991; Or-
tas and Akpinar, 2006). It is important to mention that 
ion’s acquisition in mycorrhizal colonization depends on 
the experimental conditions, type of fungus, soil, pH, 
nutrients and soil temperature (Treeby, 1992; Clark and 
Zeto, 1996; Raju and coll., 1990). Effectiveness achieved 
in this research was closely related to the AMF species 
used. 

Gas exchange levels did not differ between treat-
ments throughout the investigation (Table 4). However, 
these levels were significantly different during two pe-
riods: at 2 months after sowing and at the end of the 
research. In the early stages, the photosynthesis levels 
(Pn) increased by 11.1% in inoculated plants causing a 
rise of the water use efficiency (WUE) values. In the later 
stages, differences between treatments increased sig-
nificantly reaching the highest levels of Pn and stomatal 
conductance (gs) in the inoculated peppers. The visual 
parameters of ageing during the coldest days in Febru-
ary had a higher influence on uninoculated plants than 
in plants treated with AMF due to a better defense sys-
tem which enhance the resistance to stress conditions 
such as low temperatures (Xian-Can and col., 2010).



Table 4. Gas exchange parameters: net photosynthe-
sis (Pn, µmol m-2 s-1), stomatal conductance (gs, mmol 
m-2 s-1) and water use efficiency (WUE, µmol CO2 mol-
1 H2O) in T0 control treatment and T1 MycoUp treat-
ment’s leaves.

Date Treatment Pn Gs WUE

30 DAS
T0 10.8a 450.4a 24.0a

T1 11.1a 449.9a 24.7a

59 DAS
T0 18.1a 575.9a 31.4a

T1 20.1b 547.8a 36.7b

93 DAS
T0 19.8a 445.0a 44.5a

T1 18.7a 479.8a 39.0a

142 DAS
T0 13.6a 276.1a 49.4a

T1 13.8a 270.3a 51.1a

205 DAS
T0 4.3a 164.9a 25.8a

T1 8.7b 282.7b 30.7a

Values of each column followed by different letters show significant dif-
ferences according to the multilevel Duncan test (P=0.05). These values 
are the average of 10 sample tests.

Crop yield: fruit quality and productivity
Cultural practices of the area consist of keeping the 

fruits on the plants until mid winter (February), when 
the product reaches the highest prices in the market 
(during the 2011 season, pepper’s price increased to 
1.5 €/kg). For this reason, although a cut of few kilos 
was made in mid-December, most of the peppers (64% 
of the total) were harvested in midwinter (from Febru-
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ary to mid-Mars). During the investigation period, 40 
plants per treatment were randomly selected and stud-
ied through two replications in different areas of the 
greenhouse.

Inoculation with MycoUp resulted in a gradual growth 
of plants throughout the experiment, reaching the 48% 
during the third harvest (Table 5) which meant an aver-
age growth of 15.29%. The final yield increased from 
7.39 kg/m2 in T0 control treatment to 8.52 Kg/m2 in 
MycoUp treatment. These results were in accordance 
with previous findings conducted into lettuce crops 
(Vicente-Sánchez, 2011), rice (Fernández and coll., 
2010), tomato, strawberry plants, aubergines, cucum-
ber, melon and other fruits (data not shown). Besides 
the conclusions achieved in this investigation, previous 
literature confirms the role played by inoculants in the 
increase of productivity when the symbiotic relationship 
is functional and efficient, moreover with low inputs 
and extensive farming (Terry and coll., 1998; Fernández 
and coll., 2005; Hamel and Plenchette, 2007; Herrera 
and coll., 2011). 

As for fruit quality, no significant differences between 
harvests were found. The firmness, soluble solids con-
tent, thickness and color parameters (HUE, Chroma and 
L*) were similar in both treatments. The weight per unit 
rose however 5.4% in inoculated pepper plants during 
the first and third cuts (data not shown). 
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Table 5. Average production values (kg/m2) and increase 
(%) during the different harvest periods in T0 control 
treatment and T1 MycoUp treatment. 

Date Treatment Production Increase

13th December 2011 (142 
DAS)

T0 0.64
10.9

T1 0.71

14Th February 2012 (205 DAS) 
T0 2.81

1.42
T1 2.85

7th Mars 2012 (227 DAS)
T0 1.19

21.8
T1 1.45

23rd Mars 2012 (243 DAS)
T0 0.75

48.0
T1 1.11

30th April 2012 (281 DAS)
T0 2.00

20.00
T1 2.40

Total
T0 7.39

15.29
T1 8.52

Conclusions

Arbuscular mycorrhizal Glomus iranicum var. tenuihy-
pharum contained in MycoUp influenced significantly 
the plant physiology (better water status and higher gas 
exchange levels) and the productivity of the pepper crop 
cultivated under greenhouse conditions and following 
the cultural practices of the area, El Elejido (Almería). 
Inoculant not only was efficient at early stages but 
throughout the whole experiment, enhancing the nutri-
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ent uptake and physiological characteristics and improv-
ing the plant’s defense system to stress conditions such 
as the low winter temperatures.
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