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Abstract       The biological material used was represented by commercial 
genotypes of lettuce (Lactuca sativa L.). In order to induce the mycorrhiza, we 
used the commercial inoculum named INOQ Top, and we determined the 
total chlorophyll content and the foliar surface. The chlorophyll content, and 
implicitly CCI (the chlorophyll content index) reacted similarly with AMF 
colonization, with higher values in the case of the variants mycorrhized with 
phosphorus 1; 0.5 as compared to the variants without phosphorus. The 
mycorrhized variants registered a bigger foliar surface when they were 
watered with a nutritional liquid with normal phosphorus content.   
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The mycorrhizae are symbiotic associations 

between plant roots and certain fungi in the soil. They 
play a key role in the cycle of nutrients in the 
ecosystem and they also protect plants against the 
environmental and cultural stress. Most major plant 
families are capable of forming mycorrhizae, 
arbuscular mycorrhizal associations being the most 
common mycorrhizal type found in agricultural 
systems [1]. Arbuscular mycorrhizae biotechnology is 
feasible for the crops with one transplant stage, such as 
the horticultural systems. Recent research and insights 
into the potential of arbuscular mycorrhizal symbiosis 
in horticultural practices are discussed [3]. Taking into 
consideration the effects of the inoculation with 
arbuscular mycorrhizae on the health and growth of 
plants, as biofertilizers and bioprotectors, it is a known 
fact that adequate management of this symbiosis would 
allow of a satisfactory reduction of chemical fertilizers 
and pesticides, which are essential aspects for 
sustainable production of horticultural plants [2]. 
 
Material and Method 
 

The biological material used was represented 
by commercial genotypes of lettuce (Lactuca sativa), 
with Hungary as the country of provenance. 

 Lactuca sativa is part of the family 
Compositae. It is an annual plant with a short period of 
vegetation, 45-50 days until consumption maturity and 
120 days until seed harvesting. In order to induce the 
mycorrhiza, we used the commercial inoculum INOQ 
Top from the firm INOQ GmbG, Germany. This 
contains the following species of fungi: 

-Glomus etunicatum (Becker & 
Gerdemann); 

-Glomus intraradices (Schenck & Smith); 
-Glomus claroideum (Schenck & Smith). 

      The inoculum consists of spores, on expanded 
clay balls.  
 The sublayer used for cultivating the plants 
(perlite) was sterilized at a temperature of 120oC in a 
drying chamber for four hours. After sterilization, the 
perlite was placed into 24 flower pots of 0.5l each, in 
the following way:  
            -12 pots perlite without fungi inoculum: 
-4 pots with phosphorus concentration 1X (1PN); 
-4 pots with phosphorus concentration 0,5X (0.5PN); 
-4 pots with phosphorus concentration 0X (0PN); 
 
            -12 pots perlite with mycorrhizal fungi 
inoculum: 
-4 pots with phosphorus concentration 1X (1PM); 
-4 pots with phosphorus concentration 0,5X (0.5PM); 
-4 pots with phosphorus concentration 0X (0PM). 
            Ten seeds were germinated in each pot, and 
after emergence, the plantlets were selected in such a 
way that only two remained in each pot.    
 The plants were cultivated in a controlled 
environment, at a temperature of 18 - 24ºC, having a 
photoperiod of 16 hours light, and 8 hours darkness.  
           Determining the chlorophyll content 

The chlorophyll content was determined by 
means of a portable chlorophyll meter (SPAD 502, 
Konika Minolta). With every evaluation, the 
chlorophyll content was measured 6 times, and then the 
arithmetic mean was calculated. 

The Chlorophyll Content Index (CCI) was 
determined with the following formula:  
CCI = 0.9640 + 0.1850 SPAD – 0.0020 SPAD2 + 
0.0002 SPAD3 

Determining the foliar surface 
               The foliar surface was determined with a 
portable scanner Leaf Area Meter AM 300-0002, ADC 
Bioscientific Ltd for the foliar surface. 
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Also, we found it necessary to determine the 
correction coefficient for the foliar surface for lettuce, 
as we found no results in the reference works on the 
subject. Thus, we determined the length and width of 
the leaves, and, with the help of a portable scanner, we 
determined the foliar surface for leaves of different 
sizes. This is how we obtained the following value for 
the correction coefficient of foliar surface: - 0.72. 
 

Results  
 

Results on determining the total chlorophyll content 
 
 Looking at the data obtained regarding the 
total chlorophyll content (Table 1), we can notice that 
there is a correlation between the plants inoculated 
with AM fungi and the total chlorophyll content 
expressed in SPAD units. 

 
Table 1 

Total chlorophyll content in the variants under research 
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(x±sx) 
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(x±sx) 

CCI 
(x±sx) 
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1PM 10.56±0.35 2.93±0.07 11.46±0.41 3.12±0.08 11.88±0.46 3.21±0.10 12.82±0.77 3.43±0.17 

1PN 10.36±0.38 2.88±0.08 11.41±0.57 3.11±0.12 11.11±1.08 3.05±0.22 12.55±0.35 3.36±0.08 

0,5PM 10.62±0.31 2.94±0.31 11.50±0.46 3.13±0.10 11.60±0.53 3.15±0.11 11.67±0.52 3.17±0.11 

0,5PN 10.56±0.27 2.93±0.05 11.36±0.38 3.10±0.08 11.50±0.51 3.13±0.11 11.28±0.24 3.08±0.05 

0PM 10.62±0.34 2.94±0.07 10.73±0.38 2.96±0.08 10.87±0.24 2.99±0.05 9.23±0.68 2.66±0.13 

0PN 10.72±0.24 2.96±0.05 11.02±0.38 3.02±0.08 10.05±0.47 2.82±0.09 8.80±0.45 2.57±0.08 

 
The chlorophyll content, and CCI implicitly (the 
chlorophyll content index) reacted similarly with AMF 
colonization; we noticed higher values in the case of 
the variants mycorrhized with phosphorus 
concentrations of 1 and 0.5 as compared to the variants 
without phosphorus. This can be explained by the 
influence of the mycorrhiza on taking nutrients and 
water from the soil; mycorrhizae act as stimulants of 
some processes that take place in vegetal organisms, 
such as photosynthesis, phosphorus nutrition, and 
nitrogen metabolism. The increase of the phosphorus 
concentration stimulates an increase in the tolerance to 
diseases and pests and in the chlorophyll biosynthesis. 

Results on the determination of the foliar 
surface 
 The foliar surface is an important 
physiological index for characterizing the intensity of 
some metabolic processes (growth, transpiration, 
photosynthesis, respiration, etc).   
 Many principles have been elaborated over 
time, based on which many determination methods 
have been developed. These methods may be 
destructive or non-destructive; they can serve for 
determining the entire foliar surface of the plant or the 
foliar surface of a single leaf. 

 
Table 2 

Experimental results on the determination of the foliar surface for the variants under research 
 

No. Variant 
 

Foliar surface (cm2) 
(x±sx) 

1 1PM 339.97±24.02 

2 1PN 303.76±40.93 

3 0.5PM 336.11±40.89 

4 0.5PN 221.80±41.09 
5 0PM 49.69±14.85 
6 0PN 53.85±16.15 

 
When analyzing the values obtained after the 
determination of the foliar surface per plant (Table 2), 

we observe the following: the mycorrhized variants 
registered bigger foliar surface (339.97±24.02 cm2) in 
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the case where they were watered with nutritional 
liquid with normal phosphorus content or with half the 
normal phosphorus content respectively, whereas in the 
case of those which were not fed phosphorus at all, the 
non–mycorrhized variant 0PN (53.85±16.15 cm2) had a 
larger foliar surface as compared to the mycorrhized 
one 0PM (49.69±14.85 cm2). 
  Not only do AM fungi help plants through 
better phosphorus absorption, they also help indirectly 
in an increased assimilation of macro- and 
microelements. 
 
Conclusions 
 

The data obtained on the total chlorophyll 
content show that there is a correlation between the 
plants inoculated with AM fungi and the total 
chlorophyll content expressed in SPAD units. The 
chlorophyll content, and CCI implicitly (the 
chlorophyll content index) reacted similarly with AMF 
colonization; we noticed higher values in the case of 
the variants mycorrhized with phosphorus 
concentrations of 1 and 0.5 as compared to the variants 
without phosphorus. This can be explained by the 
influence of the mycorrhiza, which facilitates taking 
nutrients and water from the soil.  

When analyzing the values obtained after the 
determination of the foliar surface per plant, we 
observe that the mycorrhized variants registered bigger 
foliar surface (339.97±24.02 cm2) when they were 
watered with nutritional liquid with normal phosphorus 
content, due to the fact that AM fungi help the plants in 
two ways: directly, through better phosphorus 
absorption, and also indirectly, in an increased 
assimilation of macro elements and microelements.    
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