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The impact of mycorrhizal inoculation on the growth
and yield of stake tomato under field cultivation

Whptyw szczepionki mikoryzowej na wzrost i plonowamiomidora palikowego
uprawianego w polu

Summary. Seven-week-old potted tomato transplants treatédl @@mmercial mycorrhizal inocu-
lum were planted on podzolic soil in the middleMdy and trained to one shoot plant at the stakes
till August 28". Mycorrhization did not affect the length and tiameter of tomato stem, infesta-
tion of tomato plants by tomato blight or the cantef nitrogen, phosphorus, potassium, calcium
and magnesium in the dry matter of tomato leavéso,At did not affect the course of tomato
fruiting, the quantity and the structure of theitfryield or the fresh weight and the diameter of
marketable fruits. However, the fruits harvestemhfrthe inoculated plants contained more total
sugars, monosaccharides and L-ascorbic acid aidattidity was higher; however, the content of
dry matter, total chlorophyll and carotenoids did differ in comparison to control plants.
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INTRODUCTION

Mycorrhiza is a natural phenomenon offering sevadslantages for the farmers and
therefore it can be useful in sustainable plantvijrg [Conversaet al. 2007, Candidet
al. 2015]. Commercial mycorrhizal preparations mostjfiently consist ablomus fungi
and especially ofs. mosseae, G. intraradices andG. viscosum [Colellaet al. 2013, Can-
dido et al. 2015, Pokluda 2015]. Mycorrhizal fungi provideetholonized plants with
improved mineral nutrition and, to some extent,hkigtolerance to biotic and abiotic
stresses [Azcén-Aguilar and Barea 1997, Glustelt. 2008, Fiorilliet al. 2011]. They
supply the plants especially with phosphorus atbgén [Harrison and Buuren 1995,
Hodgeet al. 2001, Smithet al. 2003, Conversat al. 2007, Xuet al. 2007] increasing
plant growth and altering foliar chemistry [Govermdeal. 2000]. Mycorrhiza can induce
better resistance against fungal pathogens [Hietill. 2011, Fritzet al. 2006]. Accord-
ing to Salvioliet al. [2009] ripening process, aroma formation and alsgar and amino-
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acid metabolism in tomato fruit seem to be moddldby mycorrhization. Effects of
mycorrhizal inoculation vary widely in dependencethie host plant and environmental
factors [Azcén-Aguilar and Barea 1997, Gluseekl. 2008]. Authors representing sev-
eral countries showed a beneficial influence of ongltization on growth and yield of
tomato. In field studies realized by Candi@l. [2015], inoculation of tomato seedlings
with commercial microbial formulation containinglomus mosseae, G. intraradices,

G. viscosum and several other microorganisms increased sigmifiy plant growth and
biomass and had beneficial effect on marketablig yreainly as a result of an increased
number and weight of fruits but it did not influenfruit quality parameters. Moreover,
mycorrhizal treatment improved crop earliness iasiieg first harvest yield [Candida

al. 2013]. Treatment of tomato seedlings with comma¢icoculum containingslomus
mossae, G. intraradices andG. viscosum resulted in a positive effect on crop yield and
did not show any impact on percentage of wastasfrériuit mean weight, soluble solids
content in fruits or on insect pest sampled indfiekperiment by Colellat al. [2013].
Conversaet al. [2007] stated favourable influence @f intraradices strains applied to
the soil on growth and on total and marketabledya@fl processing tomato as well as on
phosphorus assimilation by tomato plants. In greasb experiment carried out by
Dubovaet al. [2014], mycorrhizal preparation containifig mosseae added under seeds
during sowing did not affect the growth of tomatants, fruit weight and content of dry
matter in the fruits and its effect on fruit yieMhs dependent on tomato cultivar. In field
experiments conducted by Makus [2004], cumulativit fyield obtained at the second
and/or third harvest were significantly greaterhwi. intraradices — treated plants, but
final season yield, fruit number and average fruatght were usually similar to untreated
control. Smithet al. [2003] found that mycorrhizal fungi do not infume growth and
phosphorus nutrition of tomato while other planté@ps showed enhanced growth and
phosphorus uptake under comparable conditions. réleog to Gérka [2004], in good
growing conditions the effect of mycorrhization daminvisible or even unfavourable. In
experiment carried out by Muellet al. [2009], mycorrhizal fungu& mosseae mixed
into the pot substrate caused no detectable eftattslant growth and nutrient uptake
under greenhouse conditions. In field experimealized by Borowy and Matela [2012],
inoculation of transplants of two basd¢imum basilicum L.) cultivars with commercial
mycorrhizal preparation had negative effect on pigmowth and on stem height and
diameter, however this treatment did not affect ¢batent of dry matter, total sugars,
monosaccharides and several other compounds ih Ibages. Until now there is no
information about mycorrhization of tomatoes groimnnatural conditions of Poland.
The purpose of this experiment was to study thecefdf tomato transplants inoculation
with commercial mycorrhizal preparation on tomatovgh and yield under field cultiva-
tion in south-eastern part of Poland.

MATERIAL AND METHODS
The field studies were carried out in the Felin &xmental Farm belonging to the

University of Life Sciences in Lublin in 2009. Tleperiment was established on pod-
zolic soil developed from dusty medium loam coritajnl.7% of organic matter and
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with pH (in H0) of 6.5. Seeds of tomatd.ycopersicon esculentum L.) ‘Malinowy
Ozarowski’ (POLAN Seeds Co., Poland) were seede@edisg boxes in the greenhouse
on March 2% and two-week-old seedlings were transplanted &stjgl pots of 6 cm
diameter filled with peat substrate. On MdYytBe transplants were taken out of pots and
the whole root block was dipped for 30 seconds myaorrhizal inoculum containing
severalGlomus species appropriated for vegetable plants andygextiin a hydrogel
form by Mycoflor® Szalanski Wlodzimierz Co. in Rudiear Kaiskowola. About 20 ml
of inoculum was absorbed by one root block. Thenplants were put again into the pots
and stayed in the greenhouse till planting in talelf On May 18 experimental field was
fertilized with 20 kg N- ha® (ammonium nitrate), 150 kg,®s - ha* (superphosphate)
and 250 kg KO - ha™* (potassium salt) and then it was cultivated wittotiler. On May
19" eight 13.5 n? (3.5 x 3.75 m) plots were established and fouthefn were appropri-
ated for cultivation of control plants and the atf@ur plots were appropriated for culti-
vation of inoculated plants. Six tomato plants walented in two rows on each plot with
the 0.8 m distance between plants in the row af@drldistance between rows and one
plot was considered as one replication. The exm@rinvas established in randomized
blocks design with one experimental factor.

The transplants were watered immediately aftertipignOn June 7, soil samples were
taken and then the soil salinity and the contemtitodbgen, phosphorus, potassium, calcium
and magnesium in the soil were determined in thgidRal Chemical-Agricultural Station
in Lublin. Following results were obtained (in mgni>of soil): N — 86.7, P — 168.0, K —
320.0, Ca — 695.0, Mg — 80.0 and soil salinity53@ NaC} dn1>. On June 9§ 50 kg N- ha™
(ammonium nitrate) was applied as a top dressitgtan days later the stakes were in-
serted near the plants and tomato stems were i them. Then the tomatoes were
pruned leaving one main shoot which was topped ogust 18. Until this time the stem
length of all plants was measured every week. Maecahe diameter of stem base was
measured every week started from the beginningre# fill August 19.

On July 28, the samples of tomato leaves (first fully develbpeaf on shoot top)
were taken and then after drying the content @fl toitrogen (distillation method), phos-
phorus (colorimetric method), potassium (flame phattry), magnesium (atomic ab-
sorption spectrometry) and calcium (flame photog)etr the leaves was determined in
the Regional Chemical-Agricultural Station in LubliThe fruits were harvested five
times starting on July 39%and ending on August $8At harvest they were classified as
marketable (fruit diameter > 35 mm), nonmarketgbtsalthy fruits with diameter < 35 mm)
and infested by tomato blighPlfytophthora infestans) and then the diameter and the
fresh weight of each marketable fruit were measubedling last harvest the unripe fruits
were also harvested. Moreover, on August {témato full fruiting), the content of dry
matter (oven dry method), monosaccharides and sogérs (Luff-Schoorl’s method),
L-ascorbic acid (Tillmans’ method modified by Pigawski), total chlorophyll and caro-
tenoids (Mac Kinney's method) in marketable fruigs determined in the Laboratory of
Vegetable and Herbal Material Quality, Dept. of ¥&ble Crops and Medicinal Plants,
Univ. of Life Sciences in Lublin. During whole veagéon period the infestation of toma-
toes by tomato blight was monitored. No chemicahplprotection was applied in the
experiment with the aim to avoid its influence owcorrhizal fungi and their effects on
tomato plants health condition.
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Average monthly air temperatures and monthly sufwaiofalls noted in a meteoro-
logical station situated in the Felin Experimeritatm in 2009 and also many years aver-
ages are presented in table 1.

Table 1. Average monthly air temperatures and mgisiims of rainfalls noted in a meteorologi-
cal station in the Felin Experimental Farm in 2Q0951-2005 many years averages and sums)
Tabela 1Srednie miesiczne temperatury powietrza i migsine sumy opadéw zanotowane
w stacji meteorologicznej w Gospodarstwies@@dczalnym Felin w roku 2009
($rednie wieloletnie dla lat 1951-2005)

Temperature®C) Rainfalls (mm)
Temperatura Opady
Mon_th monthly many years monthly sums/ many years
Miesiac averages/ averages/ monthly sums/
, 4 , 4 sumy , S .
srednie srednie e srednie wieloletnie
o . . mieskczne o
mieskczne wieloletnie sumy miesjczne
May / Maj 13.5 13.0 71.3 57.7
June/ Czerwiec 16.4 16.2 125.5 65.7
July/ Lipiec 19.9 17.8 57.1 83.5
August/ Sierpié 19.0 17.1 54.7 68.6

Results obtained in the experiment were studiedralysis of variance and the sig-
nificance of differences was determined using Tisk#gst at 0.05 probability level.

RESULTS

After planting in the field, all tomato transplariteok roots well and grew fast till
end of July. In this time an average increase ofiato stem diameter and length
amounted to 1.4 mm and 98 mm per week on an aveeagectively. At the time of fruit
ripening the vegetative growth of tomato plants stasver. Mycorrhization did not af-
fect this process (tab. 2). Content of nitrogemgmiorus, potassium, magnesium and
calcium in tomato leaves measured in the middldubfvegetation made 3.96, 0.44,
4.41, 0.31 and 2.77% on an average respectivelyvasdndependent on mycorrhization
(tab. 3). Fruit ripening started in both treatmeaattthe same time in the last week of July
and continued till end of August (tab. 4). Mycomdtion did not influence the course of
fruit ripening or the quantity and quality of frujteld. An average yield of fruits har-
vested from one plant made about 2.93 kg and nigjofrthe fruits (67.9%) was infested
by tomato blight. First symptoms of this diseaspegped on the lowest, oldest leaves in
the first half of July and then they moved gradusdwards plant top. At the last harvest,
about 85% of leaves was infested by this diseadealy the youngest top leaves did not
show disease symptoms. In dependence on dateddhaan average weight of market-
able fruit ranged from 84.2 to 141.8 g and its agerdiameter ranged from 50.2 to
60.1 mm being independent on mycorrhizal inocuta{iab. 5). Marketable fruits har-
vested from inoculated plants contained total ssjgamonosaccharides and L-ascorbic
acid more and their acidity was higher, howeventeoinof dry matter, carotenoids and
total chlorophyll did not differ in comparison toase from control plants (tab. 6).
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Table 2. Effect of mycorrhizal inoculation on tomatem diameter and length in dependence
on time of measurement
Tabela 2. Wptyw inokulacji szczepiomkiikoryzowy nasrednic i dtugas¢ todygi pomidora
w zaleznosci od terminu pomiaru

Stem diameter (mm) Stem length (cm)
Srednica todygi Diugos¢ todygi
Date nonyg . cnonyg
of measurement inoculated/ . inoculated/| .
. . inoculated/ | mean/| inoculated/ | mean/|
Termin pomiaru rozsada - , . rozsada , .
. rozsada nieinokuisredniq . i rozsada |srednio
inoculowana inoculowang . .
lowana nieinokulowana
hid
May 28 6.1 6.5 6.3 15.9 17.4 167
28 maja
June 4 8.0 8.1 8.1 22.8 24.0 23.4
4 czerwca
June 1Y 9.9 9.8 9.9 28.8 29.9 29.4
11 czerwca
June 18 11.9 11.3 11.6 34.2 35.1 34l7
18 czerwca
June 28 13.2 12.9 13.1 455 45.9 457
26 czerwca
d
July Z 14.4 14.2 14.3 56.6 57.6 57/1
2 lipca
h
July 9 14.8 14.9 14.9 64.8 66.7 658
9 lipca
h
July 18 16.0 16.1 161 784 80.3 7904
15 lipca
d
July 22 17.8 17.6 177 876 93.3 905
22 lipca
h
July 29 18.7 183 185 1035 1060 | 104.8
29 lipca
h
August 5 18.9 18.5 18.7]  107.2 109.6 108.4
5 sierpnia
August 14 19.9 19.5 197 1128 1145 | 1137
14 sierpnia
August 19 19.7 19.6 197 1154 1161 | 1188
19 sierpnia
LSDy g5(for last measurement) n.s. n.s.
NIR os(dla ostatniego pomiaru) n.i. n.i.

Table 3. Effect of mycorrhizal inoculation on trentent of macronutrients leaves (in % of dry matter
Tabela 3. Wplyw inokulacji szczepiogknikoryzows na zawarté makroelementéw wdtiach
pomidora (w % suchej masy)

Macronutrient Inoculated plants | Non inoculated plants Mean LSD g5
Makroelement | Rasliny inokulowane| Rosliny nieinokulowane| Srednio NIR 0,05
Nitrogen (N) 3.94 3.98 3.96
Phosphorus (P) 0.43 0.44 0.44
Potassium (K) 4.42 4.40 441 | n.s./n.i
Magnesium (Mg) 0.30 0.32 0.31
Calcium (Ca) 2.78 2.76 2.77
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Table 5. Effect of mycorrhizal inoculation and daféharvest on tomato fruit diameter and weight
Tabela 5. Wptyw inokulacji szczepiomkiikoryzowy oraz terminu zbioru na massrednic
owocu handlowego pomidora

Fruit weight (g) Fruit diameter (mm)
Masa owocu Srednica owocu
Date non inocu-
of harvest | inoculated lated mean inoculated | non inoculated mean
Data zbioru rosliny rosliny . - rosliny rosliny , -
. e srednio | . - srednio
inokulowaneg nieinoku- inokulowane| nieinokulowane
lowane

h
July 29 79.8 88.5 84.2 485 51.9 50.2
29 lipca

h

August 5 134.6 133.3 134.0 59.3 58.3 58.8
5 sierpnia
August 18 145.0 138.6 1418 61.0 59.2 60.1
13 sierpnia
August 20 136.9 144.2 140.1 58.8 60.7 50.8
20 sierpnia
Mean 124.1 126.2 125.0 56.9 57.5 57.2
Srednio
LSDy g5(mean) . .
NIRy s (érednio) n.s./n.i. n.s./n.i.

Table 6. Effect of mycorrhizal inoculation in cont®f several components and acidity
of marketable tomato fruits

Tabela 6. Wplyw inokulacji szczepiogknikoryzows na zawarté& wybranych sktadnikéw
i kwasowa¢ handlowych owocéw pomidora

Components Inlé)gélljils;ed Noangécl)i(r:]l;/Iated 'Mean LSD ¢ 05
Sktadniki . . Srednio NIR ¢,05
inokulowane nieinokulowane :
Total sugars (% f.w.)
Cukry ogétem (Y%w.m.) 2.02 1.75 1.89 0.119
Monosaccharides (% f.w.)
Cukry proste (Y%6w.m.) 1.55 1.36 1.46 0.187
L-ascorbic acid (mg - 1007%f.w.)
Kwas L-askorbinowy 19.98 18.00 18.99 1.853
(mg - 100 g $w.m.)
Total chlorophyll (mg - 1004f.w.)
Chlorofil catkowity 0.0792 0.0789 0.0791 n.s./n.l.
(mg - 100 @ $w.m.)
Carotenoids (mg - 100*d.w.) .
Karotenoidy (mg - 100°5éw.m.) 5.10 5.22 5.18 n.s./n.i.
Dry matter (%) .
Sucha masa (%) 4.96 5.03 5.00 n.s./n.i.
Acidity (%)
Kwasowdé (%) 0.224 0.170 0.197 0.0296
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DISCUSSION

Many authors proved beneficial effects of mycoratian on growth and yield of
tomato [Conversat al. 2007, Candid@t al. 2013, 2015, Colellat al. 2013] but in this
experiment inoculation of transplants with Mycoffopreparation did not influence stem
length and diameter or fruiting of 'Malinowyz@rowski’ tomato under field cultivation.
These results confirm the data obtained by Mueti@t. [2009], Smithet al. [2003] and
partially also by Makus [2004]. Mycorrhization ditbt affect fruit mean weight and
diameter and this is in line with the results oftai by Candidaet al. [2013, 2015],
Colellaet al. [2013], Duboveet al. [2014] and Makus [2004]. In the experiment, toma-
toes were cultivated on a fertile soil and werepdied well with water and macronutri-
ents Moreover air temperature was also suitable for their groard according to Az-
coén-Aguilar and Barea [1997], Goérka [2004], Glusatkal. [2008] and Fiorilliet al.
[2007] mycorrhization is more effective under stresnditions. Differentiated effects of
mycorrhization on tomato plants can be explicatgdlifferences in environmental fac-
tors occurring during cultivation period [Azcon-Algur and Barea 1997, Gérka 2004,
Gluszeket al. 2008] and also by different tomato cultivars usethe studies [Dubovet
al. 2014]. In this experiment, main problem was aryesgppearance and rapid infesta-
tion of tomato plants with tomato blight what wasdured by rainy weather during first
months of cultivation. There was no effect of mybaration on this process and this is
in line with the results obtained by Cole#iaal. [2013]. However, in the literature there
are data showing beneficial influence of mycorrhizengi on plant resistance against
several fungal diseases [Fioridli al. 2011, Fritzet al. 2006]. According to Fiorilliet al.
[2011] the effect depends on the life style of pla¢hogen and on its interaction with the
host plant. Mycorrhization did not affect the camtef macronutrients in tomato leaves.
Similarly Mueller et al. [2009] stated no effect of this treatment onaggn and phos-
phorus uptake by tomato plants and Snaittal. [2003] stated no its effect on tomato
phosphorus nutrition. Mycorrhization had a positiméuence on the content of total
sugars, monosaccharides, L-ascorbic acid and alityaof marketable tomato fruits and
had no effect on other studied components andatirises partially with the results refer-
ring to basil obtained by Borowy and Matela [20iiRthe same natural conditions. My-
corrhization did not affect the content of dry reatin tomato fruits and this confirm the
results obtained by Candid# al. [2013 and 2015], Dubovet al. [2014] and Mueller
et al. [2009].

Data presented in this paper were obtained in eae-freld experiment and should
be confirmed in further studies.

CONCLUSIONS

1. Mycorrhizal inoculation did not affect the gréwtthe yield and the course of
fruiting of ‘Malinowy Ozarowski’ tomato.

2. Content of nitrogen, phosphorus, magnesium afwun in tomato leaves did not
depend on mycorrhizal inoculation.
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3. Tomato fruits harvested from inoculated plardstained total sugars, monosac-
charides and L-ascorbic acid more and their acigag higher, however content of dry
matter, total chlorophyll and carotenoids did niffed in comparison to control plants.

4. Mycorrhizal inoculation did not affect the infation of tomato plants by tomato blight.
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Streszczenie.Siedmiotygodniow doniczkowan i szczepion grzybami mikoryzowymi rozsad
pomidora sadzono na glebie ptowej w potowie magjeowadzono na jedere@ przy palikach do
28 sierpnia. Mikoryzacja nie miata wptywu na dtggo srednie; pedu ani na zawarté azotu,
fosforu, potasu, wapnia i magnezu w suchej masie piomidora. Nie miata rowniewptywu na
przebieg owocowania pomidora, pzeaie r@glin przez zarag ziemniaka, wielké¢ i struktug
plonu owocéw ani ndwieza mas i $rednig; owocu handlowego. Owoce zebrane dinoinoku-
lowanych zawieraty wicej cukréw ogétem, cukrow prostych i kwasu L-aslkoolvego, a ponadto
ich kwasowd¢ byta wigksza nk owocdw wytworzonych przez §liny nieinokulowane. Zawartg
suchej masy, chlorofilu catkowitego oraz karetodeichie r@&nita sk istotnie.

Stowa kluczowe:dtugaié i srednica todygi, makroelementy, sucha masa, zaiananzaka



