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Abstract: The aim of the research was to assess the inffuehcalcium chloride and calcium lactate irrigatio
on the yield volume and dry matter content in tli@aropignon strainse Amycel 2200 and Italspawn F59. When
both strains were irrigated with calcium lactatesre was a significant decrease observed in the yiken the
concentration of the solution was 0.6%. On the oHand, when calcium chloride was applied to thtsjtawn
F59 strain, there was a significant decrease iryitfld when the concentration was as low as 0.4%ereas the
yield of the Amycel 2200 strain dropped when thaaamtration of calcium chloride was 0.6%. The atign
with calcium chloride and calcium lactate had ieflee on the content of dry matter in the champignon
carpophores. When the solutions under investigatiere applied at concentrations of 0.4 and 0.6%rethvas

a significant increase observed in the contentphuhtter in both strains.
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Introduction

Agaricus bisporus is the most popular edible mushroom in the woRdland is the
most important producer of this mushroom in the Edllpwed by the Netherlands. As far
as the conditions of cultivation are concernefbaricus bisporus has very high
requirements. Producers continue their searchdar methods, which should guarantee not
only high yield but also the highest quality produthe fact that champignons turn brown
after harvest is an important disadvantage to theality. The irrigation of champignons
with a chloride solution while growing is one ofettmethods preventing them from
browning. Some authors [1, 2] found that irrigatefgampignons with Cag@lvhile growing
reduced postharvest browning. They found a positweelation between the calcium
concentration and colour.
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The increased levels of calcium in mushrooms itedavith CaCl may have decreased
browning by increasing the vacuolar membrane iitieg€alcium chloride can also reduce
the sensitivity of fruit bodies to mechanical ings [3].

Researchers express different opinions about tfgeice of calcium chloride on the
yield. According to some authors, the improvementmushroom quality by calcium
chloride irrigation is usually achieved at the exge of yield [4]. On the other hand, other
authors reported that using calcium chloride duiimigation does not have significant
effect on the yield [5].

Calcium preparations are also widely used to impridw post-harvest and storage
quality of fruit and vegetables [6, 7]. Accordirggome authors [8], organic calcium salts,
such as calcium lactate, are an alternative soafcealcium. They prevent fruit from
browning when the surface is cut [9] and enhaneentlitritional value of foods [8]. There
are numerous reports on the influence of calciwtata on the yield of fruit and vegetables
[10], but there is no information about the apglma of calcium lactate in mushroom
production.

The aim of our study was to investigate the effefctalcium chloride and calcium
lactate on the yield and dry matter contemhgaricus bisporus.

Materials and methods

Two champignon strainsie Italspawn F59 and Amycel 2200 were used in the
experiment. Both strains belong to the intermedigpe (U2). Strains of this group form
small, convex carpophores with smooth skin. Theyuire substrate of high moisture, but
are susceptible to early irrigation. Carpophoreshef first flush are characterized by fast
growth but worse quality [11].

The cultivation experiment was conducted on a pliasabstrate from a composting
facility. The cultivation was located in an air-clitioned chamber, in cases sized
38 x 30 x 18 cm. The incubation was conductedtatrgerature of 25°C for 12 days, where
the relative humidity was 85-90%. The substratergneavn with mycelium was covered
with a layer of high peat neutralised with calcigarbonate to a pH of 7.5. The covering
layer was 5 cm thick. Carpophores were collected’faveeks and the yield was calculated
per 1 nj of the cultivated area.

The mushrooms were sprayed with calcium chloridé ealcium lactate three times
when the size of carpophores in each flush reaabedt 2 cm. 400 chrof the solution was
applied per 1 mof the substrate. Three concentrations of calcitaoricle and calcium
lactate were appliede 0.2; 0.4 and 0.6%.

The experiment was replicated four times, in twitization cycles.

Results and discussion

The influence of calcium chloride and calcium lacte
on the yield of two strains ofAgaricus bisporus

As the concentration of calcium chloride increastw, yield of both champignon
strains decreased (Tables 1 and 2). When Ga& applied to the Italspawn F59 strain,
there was a significant decrease in the yield wihenconcentration was as low as 0.4%,
whereas the yield of the Amycel 2200 strain droppéen the concentration of calcium
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chloride was 0.6%. When the highest concentratiboatcium chloride was appliede
0.6%, the yield of the Amycel 2200 strain dropped18.3%, whereas the yield of the
Italspawn F59 strain dropped by as much as 26.6%oimparison with the control.
Desrumaux et al [12] also confirmed that the yieldded to decrease as the concentration
of calcium chloride increased. According to Ulingi al [13], there was a significant
decrease in the yield only when calcium chloride wpplied at a concentration of 0.45%.

Table 1
Effect of calcium chloride on yielding of the Amy@®00 strain
Calcium chloride FIushYIeId [kg - ]
[96] I T m Total
0.0 10.3 7.9 3.6 21.8
0.2 115 6.8 3.0 21.3
0.4 12.5 5.8 2.1 20.4
0.6 9.6 6.3 1.9 17.8
Mean 11.0 6.7 2.7
LSDo.osfor yield - 2.1, LSB o5 for flush - 1.8, LS gsfor interaction yield x flush 3.6
Table 2
Effect of calcium chloride on yielding of the Itplwvn F59 strain
Calcium chloride Flusgleld [kg - ]
[%] | m m Total
0.0 11.2 6.8 4.2 22.2
0.2 10.8 5.3 4.6 20.7
0.4 9.3 7.9 2.6 19.8
0.6 8.1 5.4 2.8 16.3
Mean 9.9 6.4 3.6

LSDo.0s for yield - 1.9, LSI3 osfor flush - 1.5, LS g5 for interaction yield x flush - 3.8

According to Barden et al [14], a higher conceidra{0.5%) of CaGl decreased the
yield and increased the quality and shelf-life aAtoncentration of 0.5% the yield decreased
by 16%, but the solid content of harvested musheomreased by 16% and the shelf-life
increased by about 64%, mainly due to a decreagedf postharvest bacterial growth and
a concomitant reduction of surface browning.

Contrary to our results, Philippoussis et al [1ta}ed that the range of calcium chloride
concentrations from 0.15 to 1% did not significardiffect the total yield and the yield
produced during the third flush. According to th@sghors, calcium chloride concentrated
at 0.55% favoured mushroom productivity in thetfitash. In the second flush the lowest
yield was obtained when 1% calcium chloride waslugecording to Diamantopoulou et al
[16], the application of calcium chloride concergdh at 0.10 and 0.15% resulted
in an increase in the total yield, as compared tithcontrol. On the other hand, when the
concentrations of 0.20 and 0.25% were appliedyittld decreased.

Our research revealed significant differences & iushroom yield volume between
the flushes. The yield of the Amycel 2200 strairs\ia kg/min the first flush, whereas the
yield of the Italspawn F59 strain amounted to abidukg/nf. In the third flush the yield of
the Italspawn F59 strain was nearly three timegtowhereas the yield of the Amycel 2200
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strain dropped nearly four times. Decreased yieldsconsecutive flushes were also
confirmed by Beyer and Muthersbaugh [17], Koc €8], Ulinski et al [13].

When both champignon strains were irrigated witbhaicium lactate solution while
growing, there was a significant decrease in tledybbserved when the concentration
amounted to 0.6%. There was a similar decreasbedryield of both strainde 14% in
Amycel 2200 and 15.8% in Italspawn F59. The diffiere between the volume of the yield
in the first and in the third flush exceeded faumes for the Amycel 2200 strain, whereas
for the Italspawn F59 strain it exceeded 2.5 tiffebles 3 and 4).

Table 3
Effect of calcium lactate on yielding of the Amy@3100 strain
Calcium lactate Flusgleld [kg - ]
[%] | m m Total
0.0 115 8.3 3.7 23.5
0.2 12.4 8.0 25 22.9
0.4 11.8 9.3 2.0 23.1
0.6 10.6 7.2 2.4 20.2
Mean 11.6 8.2 2.7
LSDo.0s for yield - 2.3, LS[3 05 for flush - 1.8, LSIg 05 for interaction yield x flush - 3.7
Table 4
Effect of calcium lactate on yielding of the Itadsgn F59 strain
Calcium lactate FIushYIEId [kg - m]
[9%6] I m m Total
0.0 10.1 7.4 4.0 21.5
0.2 10.8 6.9 4.3 22.0
0.4 9.6 8.7 35 21.8
0.6 8.1 6.4 3.6 18.1
Mean 9.7 7.4 3.9

LSDo.os for yield - 1.9, LSI3 o5 for flush - 2.0, LSIg 05 for interaction yield x flush - 2.6

The influence of calcium chloride and calcium lactte
on the content of dry matter in two strains ofAgaricus bisporus

According to Van Loon et al [19], the dry mattemtant is an important indicator of
mushroom quality. According to those authors, thietent of dry matter in the champignon
carpophores increased as the concentration ofpibiéed calcium chloride increased. Those
findings are in agreement with our observationsgnetthe application of calcium chloride
and calcium lactate concentrated at 0.4 and 0.6tesl in an increase in the content of
dry matter in the carpophores of both strains ustety (Tables 5-8).

Ulinski et al [13] also observed that when the @mration of calcium chloride
increased, the content of dry matter in the changrigcarpophores was higher in the
second and third flush. However, the authors ditl alzserve significant influence of
calcium chloride on the content of dry matter i finst flush.

Our experiment revealed that both strains differethe content of dry matter between
the first and third flush when calcium lactate vegplied. When calcium chloride was
applied, the Amycel 2200 strain revealed a diffeeeim the content of dry matter between
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the first and third flush. When calcium chloride snapplied to the Italspawn F59 strain,
there was a significant difference in the contdrirg matter between all the flushes.

Table 5
Effect of calcium chloride on the dry matter coritehAmycel 2200 strain
0,
Calcium chloride Dry matter content [%]
Flush

%] i I i Mean
0.0 7.2 7.4 7.5 7.4
0.2 7.2 7.6 7.6 7.5
0.4 7.7 7.7 7.9 7.8
0.6 7.6 7.8 7.8 7.7

Mean 7.4 7.6 7.7

LSDy osfor concentration - 0.3, LSJ3s for flush - 0.3, LS[Qosfor interactionconcentration x flush - 0.5

Table 6
Effect of calcium chloride on the dry matter cortehltalspawn F59 strain
0,
Calcium chloride Dry matter content [%]
Flush
0%l | I i Mean
0.0 7.0 7.2 7.4 7.2
0.2 7.1 7.3 7.3 7.2
0.4 7.4 7.6 7.8 7.6
0.6 7.3 7.7 7.8 7.6
Mean 7.2 7.5 7.6

LSDy o5 for concentration - 0.4, LSf3sfor flush - 0.3, LS[os for interactiorconcentration x flush - 0.5

Table 7
Effect of calcium lactate on the dry matter contgirfimycel 2200 strain
Calcium lactate FlushYIEId [kg - m]
%] | I i Mean
0.0 7.3 7.5 7.6 7.5
0.2 7.4 7.3 7.5 7.2
0.4 7.6 7.8 7.9 7.4
0.6 7.6 7.9 7.8 7.8
Mean 7.5 7.6 7.7
LSDy osfor concentration - 0.3, LSJ3s for flush - 0.2, LSIg osfor interactionconcentration x flush - 0.4
Table 8
Effect of calcium lactate on the dry matter contnitalspawn F59 strain
Calcium lactate FlushYIEId [kg - m]
%] | I i Mean
0 7.1 7.1 7.3 7.2
0.2 7.3 7.3 7.5 7.4
0.4 7.4 7.6 7.6 7.5
0.6 7.5 7.4 7.6 7.5
Mean 7.3 7.4 7.5

LSDy osfor concentration - 0.3, LSJ3s for flush - 0.2, LSIQosfor interactionconcentration x flush - 0.5
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Conclusions

1.

2.

The yield of bothAgaricus strains decreased as the concentration of calchioride
and calcium lactate increased.

Significant decrease in yield of both strains whsesved when calcium chloride and
calcium lactate were applied at concentration d@%@. Additionally, significant
decrease of yield was obtained after applicatiooabdium chloride at concentration of
0.4% in the Italspawn F59 strain.

The application of calcium chloride at concentnatiof 0.6% resulted in a greater
reduction in the yield of both strains than irrigat with calcium lactate at the same
concentration.

The volume of the yield decreased in consecutivehiés both in the Amycel 2200 and
Italspawn F59 strains.

The content of dry matter increased in both strainen calcium chloride and calcium
lactate concentrated at 0.4 and 0.6% were apmid¢iaetchampignons.
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Abstrakt: Celem bada byta ocena wptywu podlewania uprawy chlorkiem wapnmleczanem wapnia na
wielko¢ plonu oraz zawarté suchej masy u dwéch odmian pieczarki, tj. Amyc2D@ i ltalspawn F59.
W przypadku podlewania obu odmian mleczanem wajphiderdzono istotny spadek plonu, gdyzehie
zastosowanego roztworu wynosito 0,6%. Natomiagitnigt spadek plonu przy zastosowaniu chlorku wapnia
u odmiany lItalspawn F59 naptt juz przy stzeniu 0,4%, a u odmiany Amycel 2200, gdy chlorek miap
zastosowano w gteniu 0,6%. Podlewanie chlorkiem i mleczanem wapmieto wptyw na zawartg suchej masy

w owocnikach pieczarki. Stwierdzono znacy wzrost zawart&i suchej masy u obu odmian, gdy badane
roztwory zastosowano wegeniu 0,4 i 0,6%.

Stowa kluczowe:chlorek wapnia, mleczan wapnia, pieczarka, planha masa



