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Abstract: In order to evaluate the effect of Azospirillum brasilense and mycorrhizal fungi in the soil
on the nutrition of the yacon crop (Smallanthus sonchifolius [(Poeppig & Endlicher) H. Robinson]),
determinations of agronomic parameters and the health status of the plants were carried out, under
greenhouse conditions. The tests were carried out at the time of the implantation of the culture: the
propagules were inoculated with A. brasilense and with native mycorrhizal fungi, generating four
treatments, including the control and the co-inoculation of the consortium of the microorganisms
under study (TO0: control or control without inoculation; T1: inoculation with native A. brasilense; T2:
inoculation with native mycorrhizal fungi and T3: joint inoculation with A. brasilense and native
mycorrhizal fungi. The results indicate that co-inoculation with A. brasilense and native mycorrhizal
fungi increased plant growth in height, leaf area, biomass, dry matter and yields significantly in
greenhouse production. It was determined that the application of the selected microorganisms has
a plant growth promoting effect, increasing growth and productivity, greenhouse grown yacén.

Keywords: Interactions; co-inoculation; Smallanthus sonchifolius.

1. Introduction

The yacon (S. sonchifolius [(Poeppig & Endlicher) H. Robinson]) of the botanical fam-
ily Asteraceae is a tuber plant that originated in the Andes [1]. It was domesticated cen-
turies ago by pre-Inca cultures whose original habitat is the highlands of the Andes, from
southern Colombia to northern Argentina, in the provinces of Jujuy and Salta, between
800 and 2,800 meters above sea level, in temperate mountainous climates [2].

In contrast to other root crops, which store carbohydrates in the form of starch, yacén
accumulates carbohydrates such as inulin and fructooligosaccharides (FOS). FOS are fruc-
tose polymers, which cannot be hydrolyzed by the human body and pass through the
digestive tract without being metabolized, which is why it does not increase the level of
glucose in the blood, providing lower calories than sucrose, excellent for low-calorie diets
and diets for people with diabetes [1,3,4,5]. Its consumption is associated with other prop-
erties such as the reduction of cholesterol and triglycerides; improves calcium absorption,
strengthens the immune system, prevents and reduces the risk of colon cancer, prevents
constipation, and restores intestinal flora [2,6,7,8]. Therefore, as a nutraceutical food,
yacon is associated with the prevention of chronic diseases (dyslipidemia and insulin re-
sistance) and colon cancer, due to its antidiabetic, antioxidant and antimicrobial effects,
among other properties [9,10]

It is an ideal food for people with diabetes and for people who want to lose weight
since its consumption does not raise glucose concentration in the blood and provides very
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few calories to the diet. These properties are strongly associated with phenolic compounds
and fructooligosaccharides (FOS), and it is proven that these compounds have beneficial
effects on nutrition and health. The storage root of yacén has a pleasant sweet taste; it is
usually consumed after a period of drying in the sun. This procedure increases the sweet-
ness of the roots, and they are ready when the skin begins to wrinkle [2,6].

The importance of yacon (S. sonchifolius) lies in bioactive components present mainly
in the tuber and leaves of the plant, which has aroused great interest due to its content of
FOS and phenolic compounds with beneficial properties for health. It contains FOS (50—
70% of its dry weight). Therefore, prebiotic and recent studies have suggested that feeding
yacon prevents and controls diabetes by lowering blood glucose [11]. In addition, the con-
sumption of S. sonchifolius tubers is increasingly popular in the Japanese diet due to its
low caloric value and high fibre content.

In Pert, yacon is a traditional crop, it is part of the food, and medicinal biodiversity
and both the roots and the leaves are used there for their antioxidant, hypoglycemic and
antibacterial properties. Due to these characteristics, its use as a functional and nutraceu-
tical food is popular and promising [12]. It is marketed fresh and or in juices, syrups, cap-
sules and tea in boxes with filter envelopes.

For all those above, it is considered valuable to increase the production of yacén by
incorporating more productive and profitable cultivation technologies such as biofertiliz-
ers, which in turn allows to reduce production costs and reduce the use of agrochemicals.

Biofertilizers can contain one or more selected microorganisms, which can be applied
to the seed or to the soil to increase its density and its association with the plant's root
system to promote its nutrition. This improves the vegetative and productive develop-
ment of the plant. Among the most widely used microorganisms for their potential con-
tribution to plant, development is the rhizobacteria A. brasilense and the arbuscular my-
corrhizal fungus Glomus intraradices [13].

Therefore, the objective of this work was to evaluate the effect of A. brasilense and
mycorrhizal fungi native to the soil on the nutrition of the yacon crop (S. sonchifolius
[(Poeppig & Endlicher) H. Robinson]), by determining parameters agronomic and plant
health status.

2. Materials and Methods

The treatments carried out on yacén were:

e  TO0: Control or control (not inoculated).

e  TI1: Inoculation with A. brasilense.

e  T2: Inoculation with native mycorrhizal fungi.

e T3:Joint inoculation with A. brasilense and native mycorrhizal fungi.

The inoculated treatments consisted of applying the selected microorganisms to the
yacon propagules by immersing them in the inoculant just before implantation. At the
same time, the propagules of the control treatments were placed in sterile tap water. Yacon
(S. sonchifolius) propagules of about 30 grams were used.

The native strain Pi 8 of A. brasilense was used, isolated from the endorhizosphere of
paprika (Capsicum annum var. Elephant trunk) cultivated in the Province of Catamarca,
whose identification was carried out biochemically and molecularly [14,15,16]. The con-
centration of A. brasilense used for the inoculations was 5x107 azosp. mL! quantified in a
Neubauer chamber [17].

The inoculum of mycorrhizal fungi native to the province was constituted by roots
of Melilotus officinalis L., Avena sativa L., Hordeum vulgare L., Secale cereale L., Panicum max-
imun Jacq. and Cenchrus ciliaris L. colonized by these. The percentage of mycorrhizal col-
onization of the roots used as inoculum was 81.38%, estimated by the method of online
intersections and microscopic observation of roots of [18,19].

Two greenhouse experiments were carried out with unsterilized soil. 5-litre contain-
ers and soil from the agricultural area of the Central Valley of the Province of Catamarca
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were used (sand: 73.85; clay: 8%; silt: 18.2%; pH: 7.5; OM: 5, 72%). A drip irrigation system
was installed to irrigate the yacon crop.

Containers were filled with the same volume of sieved soil, watered with the same
amount of water, and after the implementation of the different treatments, it was labelled.
A layer of sterile perlite was added to avoid contamination and transfer of microbial in-
oculums between the plant’s pots. The containers were later moved to the greenhouse.

The experimental design was completely randomized with 15 repetitions per treat-
ment. At the end of the crop cycle, they recorded the following data: height of plants; the
number of stems; leaf area index (IAF) [20], fresh weight (PF), dry (PS) and percentage of
dry matter (% DM) of stems, leaves, roots, propagules, tubers and whole plant; the num-
ber of tubers per plant; average weight and yield of tubers. With the data of dry weight
(PS) and fresh weight (FP) the% of dry matter (% DM = PS x 100 / FP) was calculated, both
for stems, tubers, roots and other parts of the plant.

The results were statistically analyzed using analysis of variance (ANOVA), and the
means were compared using Fisher's LSD (Least Significant Difference) test at a signifi-
cance level of 0.05 using the statistical program Infostat [21].

3. Results

Two experiments were carried out, collected and evaluated seven months after im-
plantation.

Plant height: statistically significant differences were detected between the treat-
ments in the two experiments. The plants inoculated with A. brasilense and mycorrhizal
fungi (T3) presented higher height during the entire crop cycle (96 cm average) (Table 1).

Number of stems: In the inoculated treatments (T1, T2 and T3), the highest number
of aerial stems were observed (3 stems), only registering significant differences concerning
the control treatment (T0) (Table 1).

Percentage of dry matter of aerial stems: Significant statistical differences were ob-
tained between the treatments. The highest percentages of dry matter of stems were ob-
served with greater frequency in the treatments with inoculation of mycorrhizal fungi
only (T2) (62,79 % and 60,26 %) (Table 1). The highest values of fresh weight (FP) and dry
weight (PS) of stems were observed in the inoculated plants (T1, T2 and T3); however,
statistically significant differences were recorded concerning the control plants, in the in-
oculated plants with mycorrhizal fungi (T2) (66,2 g and 68,47 g of fresh weight; 40,91 g
and 40,68 of dry weight) (Table 1).

Table 1. Comparison of agronomic parameters of yacon (number, fresh weight, dry weight, dry
matter and height of stems) produced in a greenhouse with unsterilized soil.

Variable Treatments

Control Azospirillum Mycorrhizae Azosp.+Myco.

— Nro. 1,50+0,53 a 1,80+0,63 2 2,00+0,82 2 2,10+0,74 a

<~ §  Pr(y 58,34+5,33 a 75,16+5,17 66,20+6,83 b 95,46+7,46 4
S £ PS (g) 28,04+5,31 a 43,11+7,87 40,91+8,51 b 44,37+12,18 b
= S MS(%) 48,35+9,38 a 57,80+12,66 62,79+16,62 b 46,98+14,61 2
~ Altura (cm) 62,40+3,66 2 77,90+5,61 © 71,00+4,19 b 96,00+6,68 ¢

= Nro. 1,33+0,52 2 1,50+0,55 1,83+0,75 @ 2,33+0,82 b

< £  PF(g) 58,22+6,73 a 77,92+4,12 68,47+7,31 b 98,93+6,84 d
SE  PS( 26,88+5,90 a 41,08+3,99 b 40,68+9,64 b 42,27+8,37 b
= S MS(%) 46,39+9,30 a 52,83+5,39 a 60,26+17,60 b 43,10+10,36 2
N Altura (cm) 60,00+2,37 2 80,67+4,55 < 71,83+0,52 b 98,33+6,56 ¢

Uncommon letters in the same variable denote significant differences according to the LSD test
(Minimum significant difference) for P <0.05.
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Number of tubers per plant: The number of tubers per plant is higher in the inocu-
lated treatments; however, no significant statistical differences were recorded between the
treatments (Table 2). It was observed that the maximum number of tubers per plant grown
in pots are well below those obtained in field experiments. Due to the limitations of the
volume of soil in the pots, the plants have less availability of nutrients and would not
reach the size as if they were grown in the field.

Weight of tubers per plant: The highest weights of tubers per yacén plant were ob-
tained in the treatments with the inoculation of the A. brasilense consortium and mycor-
rhizal fungi (T3) (126,58 g and 141,82 g average), where statistically significant differences
were observed between the microbial co-inoculation treatments (T3) and control treat-
ments (TO) (Table 2).

Percentage of dry matter of the tubers: A higher percentage of dry matter was de-
termined in the tubers of the inoculated treatments, mainly with the co-inoculation of the
microbial consortium (T3) (22,9 % average), observing statistically significant differences
concerning the controls (T0) (Table 2).

Average weight of the tubers: The larger tubers, with the highest average weight,
were observed in the inoculated treatments (80,36 g and 91,83 g average), registering sig-
nificant statistical differences concerning the control treatment (T0) (Table 2).

Yield (t of tubers per ha'): The highest yields were achieved with the inoculation of
the microbial consortium made up of A. brasilense and mycorrhizal fungi (T3) (Table 2).
However, yields much lower than those obtained in field trials were achieved.

Table 2. Comparison of agronomic parameters of yacén (number, fresh weight, dry weight, dry
matter, average weight and tuber yield) produced in greenhouse with unsterilized soil.

Variable Treatments
Control Azospirillum Mycorhizae Azosp.+Myco.
Nro. 1,40+0,52 2 1,50+0,53 2 1,80+0,63 2 1,70+0,48 =

E PF () 32,01+8,83 a 73,17+25,17® 96,66+20,01° 126,58+52,83 ©
§ § PS (g) 6,66+1,84 2 16,32+5,61 21,46+4,44® 29,09+12,14 <
= S MS (%) 20,80+0,01 = 22,30+0,01 ¢ 22,20+0,043 » 22,98+0,029 d
5 PM (g) 25,50+9,75 2 52,09+17,13 ® 63,22+34,21b¢ 80,36+39,45 ¢
Rdto.(t.ha) 0,653+0,18 2 1,493+0,513 ® 1,973+0,408 © 2,583+1,078 <

Nro. 1,50+0,55 2 1,67+0,52 2 1,67+0,52 2 1,67+0,52 2
= PF (g) 32,48+11,342 83,47+26,98 b 101,77+25,22 be 141,82+64,58 «
§ § PS () 6,76+2,36 2 18,62+6,02 ® 22,60+5,60 bc 32,58+14,84 <

= § MS (%) 20,79+0,012 22,31+0,029 © 22,20+0,033 » 22,97+0,04 ¢
%) PM (g) 24,25+10,942 53,36+18,01 70,76+39,18 © 91,83+46,72®
Rdto.(t.ha) 0,663+0,2322 1,704+0,551 ® 2,077+0,515 be 2,895+1,318 ¢

Uncommon letters in the same variable denote significant differences according to the LSD test
(Minimum significant difference) for P <0.05.

Leaf Area Index (IAF): In yacon plants from the inoculated treatments, the highest
IAFs were determined (4706,50 cm? and 4845 cm? average), establishing statistically sig-
nificant differences in favor of the inoculated treatments compared to the controls (Table
3).

Fresh weight of leaves per plant: The highest production of foliar mass was observed
in the yacdn plants from the inoculated treatments (94,13 g and 96,8 g average), establish-
ing statistically significant differences in favor of the inoculated treatments compared to
the controls (Table 3).

Leaf dry matter percentage: The highest foliar dry matter values were observed in
the co-inoculation treatment with the microbial consortium (T3) (19 % average) (Table 3).
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Root dry matter percentage: The highest root biomasses were obtained in the inocu-
lated plants, registering significant statistical differences between the treatments in both
experiments. In addition, the highest values of dry matter of propagules and roots were
observed in the inoculation treatment with the microbial consortium (T3) (23,4 % average)
(Table 3). Results that show the root growth promoting activity of the microorganisms
under study.

Table 3. Comparison of agronomic parameters of yacén (leaf area index, fresh weight, dry weight
and dry matter of leaves, propagules and roots) produced in Greenhouse with unsterilized soil.

Variable Treatments
Control Azospirillum Mycorhizae Azosp.+Myco.
IAF(cm?) 2777,00+293,02 = 3463,50+284,04 ® 3299,00+291,89° 4706,50+362,94 «
~  PFnja(g) 55,54+5,86 2 69,27+5,68 b 65,98+5,84 b 94,13+7,26 <
= S PSwn (g) 9,61+1,01 2 12,88+1,06 b 12,21+1,08 ® 17,88+1,38 «
g § M Shoja (%) 17,30+0,0047 2 18,60+0,044 < 18,50+0,0034 © 18,99+0,018¢
> §~ PFrzvpr (g) 154,08+29,19 2 220,98+39,99 b 206,63+43,01 ® 219,62+60,28 b
= PS e ( 9) 29,58+5,61 2 47,94+8,68 ® 44,74+9,31 ® 51,39+14,11 "
MSrzp(%) 19,20+0,017 2 21,69+0,02 © 21,65+0,019 b 23,40+0,013 d
IAF(cm?) 2783,33+381,85 @ 3585,0+172,08 b 3369,17+344,77 ® 4845,0+325,67 «
=~  PFuja(g) 55,67+7,64 2 71,7+3,44 ® 67,38+6,90 b 96,90+6,31 ©
~ & PSwi(g) 9,63+1,32 2 13,34+0,64 © 12,47+1,27 ® 8,42+1,2 ¢
S § MSui(%) 17,30+0,01 = 18,600,044 ¢ 18,510,047 ® 19,00+0,03 ¢
= §. PFrzvpr (g) 147,67+32,43 2 209,60+20,33 b 205,47+48,68 » 209,25+41,44 ®
M PS e (g) 28,36+6,23 2 54,49+4,41 ° 44,49+10,54 ® 48,97+49,69 b
MSrzp(%) 19,20+0,019 2 21,70+0,001 ¢ 21,65+0,013 b 23,40+0,028 d
Uncommon letters in the same variable denote significant differences according to the LSD test
(Minimum significant difference) for P <0.05.

The evaluation of the complete plant showed a higher growth of the inoculated
plants, observing statistically significant differences concerning the control plants in the
variable’s percentage of dry matter, fresh and dry biomass (27 % of dry matter; 527,32 g
and 546,9 g of fresh biomass; 142 g of dry biomass average) (Table 3).

In summary, with the application of the microbial consortium to the cultivation of
yacon, better vegetative behavior and higher production of tubers were obtained under
greenhouse cultivation conditions.

Table 4. Comparison of agronomic parameters of yacon (fresh weight, dry weight and dry mass of
whole plants) produced in a greenhouse with unsterilized soil.
. Treatments
Variable Control Azospirillum Mycorhizae Azosp.+Myco.
o — PF (g) 299,97+39,36 & 430,16+56,06 ® 424,15+49,76 » 527,32+88,95 «
g &  PS(g) 73,89+12,44 = 120,05+17,11® 119,31+17,43 ® 142,72427,51 ¢
=M Ms (%) 24,55+1,20 = 27,95+2,27 b 28,15+2,91 b 27,08+2,73 b
s = PF (g) 294,03+49,39 2 430,32+56,33 ® 443,08+55,60 P 546,90+81,97 <
i & PS(g 71,61+14,71 2 118,51+11,55 ® 120,22+19,89 © 142,22423,73 ¢
=M s (%) 24,27+1,152 27,73+2,66 P 27,05+1,90 b 25,98+1,69 =

Uncommon letters in the same variable denote significant differences according to the LSD test
(Minimum significant difference) for P <0.05.
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4. Discussion

Although the results obtained are in many cases inferior to those achieved in other
parts of the world, many reasons can explain the differences. In yacdn, the plantation of
propagules of 50 grams gave an average yield of the tuberous root of 2 kg/plant or 26.6 t /
ha, 200 grams gave 5 kg/plant or 66.5 t / ha, and 500 grams produced 6 kg/plant or 79.8 t /
ha, showing that the weight of the propagules has a great effect on the yield of tuberous
yacon root [7]. In this work, the yacon plantations were started with propagules of 30g
average; this is one of the main reasons for the low productivity values obtained. It is
recommended that a 180-200 g piece of propagule be used to establish yacon cultures for
tuberous root production. This sowing weight increased the crowns in weight ten times
[7].

However, the results obtained showed an increase in the different variables of vege-
table production evaluated (plant height, number of tubers and propagules, fresh weight
and dry weight of stems, roots, propagules and tubers) in yacén plants. Due to the effect
of the inoculation with native microorganisms of A. brasilense and mycorrhizal fungi, they
are registering significant statistical differences concerning the control plants without in-
oculation. Therefore, the highest productivity of this culture is obtained by microbial in-
oculation of the propagules when implantation of the culture.

The microbial consortium used, made up of native, bacterial and fungal strains, gen-
erated the best results due to the greater intake of water and nutrients, and mainly nitro-
gen. This can be incorporated into the soil by biological nitrogen fixation since the bacte-
rium A. brasilense has this capacity and synthesizes auxins and other phytohormones [22].
The greater uptake of water and nutrients, especially those not very mobile such as phos-
phorus, facilitate their availability and assimilation by plants [23-26]. In addition, these
microorganisms locate and colonize sites in the rootlets, which could potentially be occu-
pied by phytopathogens [27].

The selection of effective microorganisms in promoting the growth of cultures is a
great challenge. The adaptation to the environment to which they are introduced and the
compatibility between the microorganisms that make up the microbial consortia and these
with the plants may be the factors that prevent their use in agricultural production.

This work contributes to making evident the potential of the selected microorganisms
as an alternative to improve the nutrition and productivity of the yacon culture. These
results could support the possible use of microbial inoculants in the production of this
crop, which would avoid or reduce chemical fertilizers. They also indicate a direct effect
of microbial inoculation on the growth and yields of the yacon culture. In addition, it is
important to note that these microbial interactions with yacén roots were achieved with
native microorganisms and that the cultures were carried out in lots with no previous
production history of these crops. Similarly, to the fact that they are non-traditional crops
in the province and produced almost exclusively by a single farmer in the Central Valley
area of Catamarca.

5. Conclusions

The inoculations of "seed" propagules at the time of implantation of the yacdn (5.
sonchifolius) culture with the selected microorganisms positively affected greenhouse cul-
ture conditions; they evaluated their development and productivity improvement due to
better and increased nutrition.

Significant differences were detected in the variables evaluated due to the treatments
applied to the yacon crop. The harvest of the crops in the phenological stage of “delivery”
and tuber maturity, together with the variables associated with the production of tubers
(quantity, fresh weight, dry weight, yield, etc.), are the most consistent.

The microbial consortium's application increased the potentiality of the culture, ob-
taining the best results due to the co-inoculation with the consortium of A. brasilense and
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(1]
(2]
(3]
(4]

(13]

(14]

mycorrhizal fungi (T3), achieving increases in yield of 300% average, widely exceeding
the controls.

The application of microorganisms in studies in the implantation of yacén culture in
greenhouse trials allowed the establishment of beneficial relationships, ensuring survival,
promoting the growth of plants in their first stages of growth fundamentally and increas-
ing the yield of crops.

The microbial inocula used in these experiments are native species, and due to their
origin, they have generated more adequate adaptation mechanisms to the environmental
conditions. It is estimated that this is one of the reasons for which promising results have
been presented for the growth of the yacén crop.

This study is a pioneer in the studied area, so it is considered very promising to ob-
tain a higher production and innovate with the cultivation of yacon, for its application
with multiple purposes.
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