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Abstract. Baby spinach (Spinacia oleracea L.) is grown for its nutritional benefits, edible leaves and
medicinal purpose. The use of crop amendments such as inoculation with plant growth-promoting bacteria
(PGPB) together with fertilizers for crop cultivation is more sustainable as it reduces the excessive use of
fertilizers and increases crop yield. The aim of this study was to evaluate the physiological and
phytochemical response of baby spinach cultivars to different levels of Nitrogen, Phosphorus, Potassium
and Sulphur (NPKS) nutrition, amended with Bacillus subtilis strain BD233 inoculation. A factorial field
experiment with treatments arranged in a randomized complete block design (RCBD) was carried out. The
results showed that NPKS fertilization significantly affected the total biomass of baby spinach but not
B. subtilis (BD233) inoculation and cultivar or their interaction. The level of chlorophyll varied between
cultivars ranging from 19.96+1.62° mg/m? and 24.79+1.98% mg/m?, however, no significant differences
occurred in stomatal conductance among the three cultivars. However, significant difference was observed
on compounds among cultivars with NPKS fertilizer application in most identified compounds such as
patuletin-3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside, spinacetin-3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside,
(S)-Malate and N-Acetyl-D-tryptophan. Therefore, the study recommends that fertilizer at
22N:22P:30K:5S kg/ha and 33N:33P:45K:7S kg/ha amended with B. subtilis inoculation be considered
when cultivating baby spinach.

Keywords: chlorophyll content, green leafy vegetables, multivariate analysis, Plant Growth Promoting
Bacteria (PGPB), stomatal conductance

Introduction

Baby spinach (Spinacia oleracea L.) is grown for its nutritional benefits, edible
leaves and medicinal purpose (Schrader and Mayberry, 2003; Kerr, 2014; Mudau et al.,
2015). It is extensively cultivated in Europe due to favorable conditions and high
demand (Kerr, 2014). In South Africa, baby spinach is available to consumers as a fresh,
salad mix and as a frozen and canned product (Zikalala et al., 2016). Its growing
popularity led to baby spinach being grown worldwide. However, essential nutrients
and phytochemical concentrations of baby spinach are affected by climatic conditions,
agronomic practices and postharvest factors such as stage of harvesting (Kalt, 2005;
Bergquist, 2006), cultivars (Masufi et al., 2019), storage temperature and time
(Bergquist, 2006).
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The production of plants requires an accurate supply of nutrients whilst a slight
variation in nutrient balance may have a negative effect on crop growth and nutrition
status (Sedibe and Allemann, 2012). The availability of nitrogen, phosphorus and
potassium in soils during production are essential to improve growth and vegetable
quality (King et al., 2008). However, sustainable and proper use of synthetic chemical
fertilizer is essential. Using improved production practices and technologies enhances
crop growth (Shine and Guruprasad, 2012) and these techniques mitigate the effect of
poor growing conditions including nutrient imbalance (Sedibe, 2012). The use of crop
amendments together with fertilizers is more sustainable as it reduces excessive use of
fertilizer (Diacono and Montemurro, 2010). These amendments respond differently
from that of fertilizers, in as much as it only influences plant vigour (Yakhin et al.,
2016).

The use of plant growth promoting bacteria (PGPB) in crop amendments is gaining
popularity (Diacono and Montemurro, 2010). Inoculation with Bacillus strains showed
increase in vegetative growth of crops (Pupathy and Radziah, 2015; Cakmakgi et al.,
2007), however, their effect on chemical composition has not been well documented.
Bacillus strains are among the most commonly used phosphate solubilizers and have
been reported to increase phosphorus uptake (Garcia-Lopez and Delgado, 2016) there
by improving plant growth and is less toxic to human and widely exists in soils (Wu et
al., 2016). The aim of this study was to evaluate the effect of combined Nitrogen,
Phosphorus, Potassium and Sulphur (NPKS) fertilization at different levels on
physiological and phytochemical composition of baby spinach cultivars amended with
Bacillus subtilis BD233.

Materials and Methods
Experimental site

The study was conducted at Agricultural Research Council - Vegetable and
Ornamental Plant Institute (ARC-VOPI) in Roodeplaat farm, situated in the sourish mix
of bushveld, 25 km north of central Pretoria, KwaMhlanga (R573) road; GPS
coordinates: 25,56S;28,35E (Gauteng province, South Africa). The area is a relatively
cool subtropical climate with summer rainfall and cold, dry winter.

Bacterial strain and preparation

Bacillus subtilis strain BD233 was obtained from the Agricultural Research Council-
Plant Protection Research Institute (ARC-PPRI) in Pretoria, South Africa. Bacillus
subtilis strain BD233 were cultured using a LB agar plates after incubation under dark
conditions at 28°C for 24 h. The bacterial cells were harvested from LB agar plates into
liquid LB media to yield 8.547x109 colony forming units (cfu) mL™ determined by
serial dilution with plate counts (Zhang et al., 2008). Baby spinach cv. Anna, Edna and
Ohio seeds were surface decontaminated by washing in 0.35% (v/v) sodium
hypochlorite and stirred for 5 min. The used sodium hypochlorite solution was
discarded, and decontaminated seeds were washed three times with distilled water.
Seeds were then left to dry under the laminar flow prior to planting in seedling trays
filled with compost growth medium on 9 January 2016. Germination took place 7 days
after planting and seedlings were transplanted after 3 weeks when the plants had 4
leaves each.
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Experimental design and layout

The experiment was a 5x2 factorial arranged in a randomized complete block design
(RCBD) with three replicates. Five NPKS fertilizer ratios consisted of 0 (0:0:0:0 kg/ha),
25% (11:11:15:2 kg/ha), 50% (22:22:30:5 kg/ha), 75% (33:33:45:7 kg/ha) and 100%
(45:45:60:10 kg/ha) of the recommended fertilizer application for baby spinach
(Nemadodzi et al., 2017) and Bacillus subtilis strain BD233 amendments (zero B. subtilis
(B-) and B. subtilis (B+) application) to three cultivars of baby spinach (Anna, Edna and
Ohio) were evaluated.

Experimental plot size (2.2x2.2 m?) used consisted of in-row and interrow spacing of
20 cm and 10 cm, respectively. Fertilizers were applied a week after transplanting
followed by inoculation with 100 ml of Bacillus subtilis strain BD233 LB per plant a
week after fertilizer application. Lime ammonium nitrate (28% N kg/ha) was applied as
the N fertiliser source, phosphorus was supplied in the form of superphosphate (83%
P kg/ha), potassium was supplied in the form of potassium chloride (50% K kg/ha) and
sulphur was applied in the form of gypsum (17% S kg/ha). Irrigation was based on the
soil moisture conditions for a period of 2.5 h per irrigation using sprinkler irrigation and
weeds were removed manually by hands.

Physiological parameters

Plants were harvested at 35 days after planting and washed with running water.
Chlorophyll content, upper-leaf stomatal and lower-leaf stomatal conductance and total
biomass (fresh mass and dry mass) were measured on three baby spinach cultivars
namely, Anna, Edna and Ohio. Chlorophyll content was measured using Spad 502
Chlorophyll Meter (Minolta Camera Co. Ltd., Japan) a non-destructive method on healthy
mature leaves with homogeneous green colour. Stomatal conductance was measured
between 11:00 to 13:00 using SC-1 Leaf Porometer instrument (Decagon Devices USA).
Leaf porometer determine stomatal conductance using the actual vapour flux from the
leaf through the stomata. At harvesting, freshly harvested material of baby spinach was
oven dried at 45°C for 24 h (Bashan et al., 2017). Both fress mass and dry mass were
weight to determine the total biomass.

Ultra High Performance Liquid Chromatography—Mass Spectrometer (UHPLC-MS)
solvent extraction and preparation

Mature leaves of baby spinach were harvested, and oven dried at 45°C for 24 h before
grounded into a fine powder using a pestle and mortar and stored in airtight tubes in an
80°C refrigerator. Thereafter, about 50 mg of ground leaves were weighed subsequent
extraction using 15 ml methanol-water. The mixture was sonicated for 20 min at room
temperature and centrifuged at 1300 rpm for 15 min. The mixture was filtered through
0.45 um syringe filters and the supernatant (1 ml) was transferred into 2 ml amber glass
vials for UHPLC-MS analysis (Mncwangi et al., 2014).

UHPLC-MS analysis

The method described by Mncwangi et al. (2014) was adopted with minor changes.
The UHPLC analysis was performed on a Waters Acquity Ultra-High-Performance
Liquid Chromatography system with PDA detector (Waters, Milford, MA, USA).
UHPLC separation was achieved on a UHPLC Ultra C18 column (100 mm X 2.1 mm,
i.d., 5-um particle size, Restek) maintained at 35°C. The mobile phase consisted of 0.1%
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formic acid in water (solvent A) and LC-MS grade methanol (solvent B) at a flow rate of
0.3 ml/min. The gradient elution was applied as follows: 85% A: 15% B to 65% A: 35%
B in 4 min, thereafter, changed to 50%: 50% in two min, to 20% A: 80% B in 1 min,
maintaining for 1 min and back to an initial ratio in 0.5 min. The analysis time was 9 min.
Samples were introduced into the mobile phase with an injection volume of 1.0 ul
(full-loop injection) for samples and 2.0 pl for reference standards. The UHPLC system
was interfaced with a Xevo G2QTof MS (Waters, USA). The following mass
spectrometry operating conditions were applied: source — ESI negative mode; capillary
voltage — 3 kW; cone voltage 30 V; calibration — sodium formate; lock spray — leucine
enkaphalin and scan mass range — at 200-1500m/z.

Statistical analysis

Analysis of variance (ANOVA) data of agronomic parameters was conducted using
Statistica version 10.0 and all-pairwise comparison tests were performed to detect
differences among means at a significance level of p<0.05. Significant means were
separated using the Duncan Multiple Range Test. UHPLC-MS data was processed by
XCMS version 3.5.1 (2016) and analysis of variance across metabolites treatment means
was performed using SAS statistical package version 20. The chemometric analysis was
performed using the MetaboAnalyst 3.0. (2017). Partial Least Squares - Discriminant
Analysis (PLS-DA) was performed to identify compounds responsible for differentiation
among cultivars and treatments. Compounds were identified using the Compass data
analysis 4.3 and annotated by MetFrag version 2.1. (2010).

Results and Discussion
Physiological parameters

This study evaluated the effect of different levels of NPKS fertilization, on some
physiological parameters (chlorophyll content, stomatal conductance and total biomass)
of three baby spinach cultivars amended with B. subtilis. The results showed significant
varietal differences in baby spinach’s response to the treatments. Among the three
cultivars, cv, Edna had the highest chlorophyll content (24+1.84 mg/m?) and stomatal
conductance (27.24+1.84 and 10.03+£0.96 m?/smol™" upper and lower, respectively)
compared to cv. Ohio with the lowest values (Table 1). The differences in baby spinach
could be attributed to the genotypic predisposition of the cultivars tested in this study.
The findings of the present study are consistent with the findings of Makus (2013) who
reported differences in chlorophyll content of spinach cultivars, Samish and Lazio, grown
under the same soil type treated with sulphur. Singh et al. (2014) also reported differences
in chlorophyll content among cultivars, Siberian kale and Japanese kale.

There was a significant difference observed in the upper and lower stomatal
conductance among the three cultivars, with cultivar Edna having the highest upper
stomatal conductance and lower stomatal conductance (Table 1). The findings of the
current study concured with the findings of Khan et al. (2009), who reported a high
significant decrease in stomatal conductance of mustard cv. SS2 than Pusa Jai Kisan with
increasing NaCl concentration. The results also indicated that cultivar type had no effect
on the total biomass of baby spinach, ranging from 0.31g to 0.40 g. The results correlated
with the findings by Masufi et al. (2019) who reported no significant difference on baby
spinach cultivar ohio, guitar F1, Lazio F1, monstrous, viroflay and dash.
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Table 1. Effect of NPKS nutrition and Bacillus subtilis strain BD233 inoculation on the
physiology of three baby spinach cultivars

Total biomass /olant Chlorophyll Stomatal Stomatal
Treatment P content conductance (Upper conductance
(©)
g (mg/m?) (m%smol™) (Lower) (m?/smol™)
Fertilization (NPKS)
0% (0:0:0:0) 0.10+0.01°¢ 7.85£1.17¢ 15.80+1.328 17.74£1.078
25% (11:11:15:2 kg/ha) 0.17+0.01¢ 18.67+1.49¢ 9.07+1.33P 7.93+0.62°
50% (22:22:30:5 kg/ha) 0.29+0.04° 26.55+1.94°¢ 5.52+0.75°¢ 4.92+0.61"
75% (33:33:45:7 kg/ha) 0.54+0.062 31.14+1.81° 4.53+0.64° 6.20+0.93
100% (45:45:60:10 kg/ha) 0.60+0.072 35.77+1.562 3.324+0.51°¢ 6.84+00.97¢
B. subtilis (B) inoculation
B- 0.32+0.032 23.91+1.552 7.22+0.712 8.18+0.722
B+ 0.36+0.04% 24.08+1.492 8.08+0.892 9.27+0.86%
Cultivar (C)
Anna 0.31+0.042 24.79+1.982 7.13+0.92P 8.38+0.88°
Edna 0.32+0.042 27.24+1.842 8.83+0.802 10.03+0.96?
Ohio 0.40+0.062 19.96+1.62° 6.99+0.91° 7.77+0.74°
Cultivar x B
Anna x B- 0.28+0.062 24.66+3.02% 7.60+1.45% 7.79+1.17°
Anna x B+ 0.33+0.05° 24.92+2.63%® 6.66+1.16% 8.96+1.35%
Edna x B- 0.35+0.062 26.06+2.582 9.04+1.16% 9.64+1.18%
Edna x B+ 0.28+0.06° 28.43+2.66° 8.62+1.752 10.42+1.552
Ohio x B- 0.44+0.092 21.04+2.42b¢ 5.01+0.89° 7.11+1.35b
Ohio x B+ 0.36+0.07% 18.89+2.16° 8.97+1.66% 8.43+1.60°
F-Statistics
NPKS 20.64™ 53.32™ 27.24™ 25.52"
B. subtilis (B) 0.70"M 0.02" 1.01" 1.65"
Cultivar (C) 1.88" 10.04™ 1.88™ 2.53"
CxB 0.90"M 1.93" 3.25" 1.03"
NPKS x B 1.32m 1.87m 0.88" 0.92"
NPKS x B x V 0.48" 0.86™ 1.05™ 9.96™

Values (M*S.E.) followed by similar letters in a column are significantly different at * p<0.05,
** p<0.001, ***p<0.0001 and ™ = not significant. B- =Zero inoculation with Bacillus subtilis strain
BD233, B+= inoculation with Bacillus subtilis strain BD233

In this study, different levels of NPKS fertilization significantly affected the measured
physiological parameters. Baby spinach treated with a higher dose of fertilizer had higher
chlorophyll content compared to control and in general, there was a steady increase in
chlorophyll content with increase in NPKS fertilization level (Table 1). Similar trend was
observed by Pramanik and Bera (2013), who reported gradual increase in total chlorophyll
content of hybrid rice with increasing nitrogen levels from zero to 200 kg ha™*. These results
confirm that nitrogen is important in the formation of chlorophyll molecules (Gairola et al.,
2009). However, in contrast, the increase in NPKS fertilization caused decreases in the
stomatal conductance. The stomatal conductance of the control plant (0.10+0.01 m%smol*
(upper) and 17.74+1.07 m?smol? (lower)) was the highest compared to the other
treatments (Table 1). In agreement with results of the study, Nemadodzi et al. (2017),
reported similar findings in chlorophyll content and stomatal conductance with the
application of NPK fertilization at a ratio of 45:45:60 on baby spinach. The NPKS
fertilization level significanly (p<0.001) affected the total biomass of baby spinach. In
general, plant dry biomas increased with increases in the level of fertilization. However, the
current study for plants fertilized with the highest NPKS level 45:45:60:10 kg/ha had the
highest total biomass (0.60 g) compared to control. The results are in agreement with the
findings of Nemadodzi et al. (2017) who reported that N and P fertilization significantly
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affected both the leaf fresh and dry weights in their study. The results contradicted by the
findings of Boroujerdnia and Ansari (2007) who reported an increase in dry weight of
romaine lettuce with an increase in N levels from 60 kg/ha to 180 kg/ha. Furthermore, Singh
et al. (2004) conducted a study on the effect of NPK fertilizers on the growth of basil where
it was found that fertilizer application at 75:40:40 kg/ha significantly increased the dry
weight over the control of basil. In okra, no significant difference was reported in dry weight
with increasing NPK fertilizers from 10 to 13 grams (Gloria et al. 2017).

From the results obtained in this study, it was evident that Bacillus subtilis (BD233)
amendments influenced the chlorophyll content of baby spinach. Bacillus subtilis (BD233)
had a significant (p< 0.05) effect on the chlorophyll content of baby spinach, however, there
was no significant differences in stomatal conductance (Table 1). These results concurred
with findings of Turan et al. (2014) who assessed the effect of B. subtilis on cabbage
seedling growth and observed an increase in chlorophyll content compared to the control.
Elsewhere, Ekinci et al. (2014) also found similar findings on cauliflower transplants grown
under greenhouse conditions. Anjum et al. (2007) reported that an increase in leaf
chlorophyll content stimulate plant growth. The stomatal conductance was not affected by
the application of Bacillus subtilis BD 233, these findings accorded well with those of
Porcel et al. (2014) who reported no effect on stomatal conductance when inoculation with
Bacillus strain on tomato plants. The results also showed that Bacillus subtilis (BD233)
exhibited no effect on the total biomass of baby spinach cultivars, the results concurred with
the findings of Canbolat et al. (2006) who observed none statistical difference between
bacterial inoculation and P fertilizer in terms of dry weight of barley seedling.

The interaction of cultivar and B. subtilis (BD233) was significant for the chlorophyll
content and stomatal conductance of baby spinach. In addition, cv. Edna amended with
Bacillus subtilis (BD233) had higher chlorophyll content (28.43+2.66 mg/m?) and stomatal
conductance (9.04+1.75 and 10.42+1.55 m?/smol™* for upper and lower, respectively)
compared to the other cultivars with or without amendment with the bacteria (Table 1).

Phytochemical response

There has been a lack of a considerable research report on metabolites response of baby
spinach to Bacillus subtilis BD 233 and different levels of NPKS using an untargeted
approach. Thus, MS/MS was carried out to identify compounds and their differences with
respect to the response of three selected baby spinach cultivars to the different treatments
employed in this study. The results of this study demonstrated a wide range of compounds
which included the patuletin-3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside (m/z 787, Rt. 5.39),
spinacetin-3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside (m/z 801, Rt. 5.94), spinacetin-3-(2¢¢-
feroylglucosyl)(1-6)[apiosyl(1-2)]-glucoside (m/z 977, Rt. 6.40), and (S)-Malate (m/z 133,
Rt. 0.86). Baby spinach metabolites showed significant differences in response to cultivar
and NPKS fertilization. Cultivar Ohio exhibited high concentration in most compound
which were slightly significant when compared to cv. Anna and Edna (Table 2a,b).
However, there were no significant differences in cultivar on compound suvorexant (m/z
449, Rt 6.20), 4-(beta-D-Glucopyranosyloxy)-2-hydroxy-6-pentadecylbenzoic acid (m/z
525, Rt 6.84) and (S)-malate (m/z 133, Rt 0.86). Among the compounds identified, B.
subtilis inoculation and the interaction of NPKS fertilization with B. subtilis only had a
slight significant difference (p<0.05) on compound 2-(1-hydroxyethyl thiamine
diphosphate (2-)) (m/z 465, Rt 5.20) (Table 2a,b). Similar compounds were previously
reported by Bergquist et al. (2005), who observed a relatively stable total flavonoid content
during normal retail storage conditions.
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Table 2a. Concentration mean of compounds identified from three selected baby spinach
cultivars with different levels of NPKS nutrition and Bacillus subtilis BD 233inoculation

Parameters
A B C D E F G
Mass(m/z) 272 191 465 787 245 801 449
RT (min) 0.61 1.06 5.20 5.39 5.55 5.94 6.20
Treatment
NPKS
0 735012 121762 311216 263265¢ 356533¢ 8414¢ 827720
25 784592 539022 5674832 8817802 7514952 141602 2382092
50 722902 440232 5418282 6790782 8091062 128962 2271192
75 62129 385562 4972872 5916370 1012062 119302 2752712
100 55789° 305162 4784472 514456 926952° 9424bc 2519442
Bacillus (B)
B- 670102 381932 4767032 6317912 8349542 116932 2309822
B+ 205702 419002 542397° 6546652 8542482 120852 2461322
Cultivar (C)
Anna 587972 20288°¢ 461177° 307612° 7357370 9669° 2014602
Edna 16491° 627542 4542000 305791°P 1062855P 2869° 2734922
Ohio 82351P 33700° 6033852 12597102 7165302 158982 2341152
NPKS x B
0B- 586782 105622 2737894 1011512 3943712 62322 788272
0B+ 1031492 154022 386071 5874942 2808572 127762 906622
25B- 268982 5314072 1331622 6094442 2190782 45602 547502
25B+ 178012 546652 2062162 6204002 2862492 26102 442512
50B- 176652 402682 8140920¢ 4461772 1545962 34472 385952
50B+ 255652 477792 8664320 5465292 9231482 32702 570342
75B- 172342 408332 7157830 494673% 10786292 44712 341302

75B+ 151952 362792 60887 462922 9454952 17882 355132

100B- 495012 277392 157851¢ 5450392 8747362 48672 862602

100B+ 620772 332932 136191b¢ 5556422 9791682 5835°? 418732

NPKS x C

0 Anna -58678% 10562 273789%¢ 473842 3943712 30622 788272
0 Edna - - - - - - -

0 Ohio 1031492 15402h 386071% 5874942 2808572 127762 906622
25 Anna 566852 23222fdh 576210%¢ 4623572 5319072 137482 2140352
25 Edna 662982 808182 432702¢de 4186152 9517072 112052 2662702
25 Ohio 9932972 39259¢d 6987722 15127132 6391192 172792 2198172
50 Anna 643822 25897¢fon 5398042bcd 3801422 6805692 109872 2007452
50 Edna 643442 698632 4777310 3710362 10173382 115562 2579922
50 Ohio 881422 36311¢de 6079512 12860542 7294102 161432 2226222
75 Anna 531142 194309 479974bcd 3273472 9672462 108972 2542322
75 Edna 578082 53379° 474858bcd 267365% 11965052 96032 2993102
75 Ohio 742928 3437 2cdef 538308abcd 11951952 8151202 156152 2610012
100 Anna 585912 187199 404631% 2461382 8898702 71082 2176272
100 Edna 50580 447864 431720¢de 1475492 10802442 61742 2657472
100 Ohio 58197¢fg 280434 5383082 11496802 8107432 149892 2724562
F-value

NPKS 0.05 0.0001 0.01 0.01 0.0001 0.01 0.0001

B 0.78 0.21 0.05 0.90 1.00 0.75 0.51

C 0.01 0.0001 0.0001 0.0001 0.0001 0.0001 0.05
NPKS x B 0.12 0.32 0.05 0.31 0.06 0.26 0.23
NPKS x C 0.46 0.008 0.31 0.93 0.91 0.72 0.91
BxC 0.37 0.37 0.87 0.33 0.26 0.64 0.50
NPKS x B x 0.46 0.42 0.22 0.94 0.90 0.85 0.24

A) 5-(Pentafluoro-lambda~6~-sulfanyl)-2H-benzimidazole-2-thione, B) (2S,3R)-2,3-Dihydroxy-5-
oxohexanedioate, C) 2-(1-hydroxyethyl thiamine diphosphate (2-), D) Patuletin-3-glucosyl-(1-6)
[apiosyl (1-2)]-glucoside, E) N-Acetyl-D-tryptophan, F) Spinacetin-3-glucosyl-(1-6) [apiosyl (1-2)]-
glucoside, G) Suvorexant
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Table 2b. Concentration mean of compounds identified from three selected baby spinach
cultivars with different levels of NPKS nutrition and Bacillus subtilis BD233 inoculation

Parameters
H I J K L M N
Mass(m/z) 977 525 133 429 675 96 837
RT (min) 6.40 6.84 0.86 7.40 7.40 0.70 7.02
Treatment
NPKS
0 767784% 45242072 52842 52140 49652 103742 1896P
25 8578382 3247222 46122 90082 2415 7370P 29782
50 702175° 4113972 38130 46320 2239° 30570 2080°P
75 6434530 4789012 2797¢ 6010° 21360 1244 2058°P
100 517751¢ 4498502 2877°¢ 4488P 20760 14564 1727°
Bacillus (B)
B- 6725962 4289482 3615? 52232 24452 59342 21982
B+ 6988192 4073222 36422 67802 23092 62272 21862
Cultivar (C)
Anna 51961 3714542 36822 2840P 25702 79212 1757b
Edna 528361° 4412682 31842 69652 21812 56120 23812
Ohio 9807332 4345032 40282 76302 24162 5008° 23662
NPKS x B
0B- 6406022 3831432 55912 27742 52712 103692 1710¢f
0B+ 10221482 5909752 46712 100922 43522 103832 2267
25B- 8608262 1955212 44672 89212 24292 57202 15332
25B+ 8548512 1075358b¢ 47572 90952 24012 90202 192020
50B- 7038462 2307872 40192 324432 22482 71092 217Qcde
50B+ 7005032 1440742 27472 50402 20342 64762 199(Qcdef
75B- 6715902 2452752 2973682 6715902 4418712 52852 2393bc
75B+ 6153162 1275892 28472 69812 22372 42322 17249%f
100B- 4647862 15104820 25702 45022 21272 41462 1533f
100B+ 5707162 822932 3183? 44752 20252 44892 192Qcdef
NPKS x C

0 Anna 640602% 3831432 55912 27742 52712 103692 1710d¢fe
0 Edna - - - - - - -

0 Ohio 10221482 5909752 46712 100922 43522 103832 2260cd
25 Anna 728881¢ 1268452 61522 76282 22992 121502 29552
25 Edna 6356469 2602222 34572 6683a 23522 82452 28392
25 Ohio 11316142 4683722 51502 118842 25242 45832 31262
50 Anna 542803¢f 3501762 3285% 6142 22452 99102 157519
50 Edna 5758294 4693232 33192 71542 212432 49682 26092b¢
50 Ohio 9878922 4146912 48362 61272 23492 55002 20560def
75 Anna 485793¢f 4890692 26052 33812 20512 48292 14029
75 Edna 526041%f 4890692 30562 83302 20652 49822 25571 2bc
75 Ohio 908462 3544182 26172 50842 22872 44262 1935defg
100 Anna 356676f 4209812 26962 22982 20692 49142 1629¢f
100 Edna 349687f 4756232 2866° 54232 21672 37502 13699
100 Ohio 846890 4529452 30692 57442 19922 42882 21820de
F-value

NPKS 0.0001 0.20 0.001 0.0001 0.05 0.0001 0.0001

B 0.68 0.65 0.90 0.47 0.90 0.47 0.82

C 0.02 0.43 0.93 0.01 0.93 0.01 0.002
NPKS x B 0.43 0.25 0.95 0.18 0.95 0.18 0.01
NPKS x C 0.00 0.16 1.00 0.09 1.01 0.09 0.05°
BxC 0.36 0.44 0.91 0.98 0.91 0.98 0.80
NPKS x B x 0.87 0.34 1.01 0.78 1.00 0.79 0.57

H) Spinacetin-3-(2¢¢-feroylglucosyl) (1-6) [apiosyl(1-2)]-glucoside, 1) 4-(beta-D-Glucopyranosyloxy)-
2-hydroxy-6-pentadecylbenzoic acid, J) S)-Malate, K) 4-[3-(Benzyloxy)-1-(beta-D-glucopyranosyloxy)
prosody] butanoic acid, L) Diethyl ({4-(6-ox0-7,11-diazatricyclo [7.3.1.0~2,7~] trideca-2,4-dien-11-yl)-
3-[(3,4,5-trimethoxybenzoyl) amino] benzoyl} amino) malonate, M) 3-$I* {1}-oxidanyl-4,5-
didehydroisothiazole,  N)  5-[(2-{[2-Acetamido-2-deoxy-3-O-(beta-D-galactopyranosyl)-alpha-D-
galactopyranosyl] oxy} ethyl) carbamoyl]-2-[6-(dimethylamino)-3-(dimethyliminio)-3H-xanthen-9-yl]
benzoa

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):2129-2140.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1802_21292140
© 2020, ALOKI Kft., Budapest, Hungary



Theka-Kutumela et al.: Physiological and phytochemical responses of baby spinach (Spinacia oleracea L.) cultivars to combined
NPKS nutrition and Bacillus subtilis BD233 inoculation using LC-MS
- 2137 -

N-Acetyl-D-tryptophan (m/z 245, Rt. 5.55) was reported by Okazaki et al. (2009) on
spinach leaves when treated by altering the ratio of NH4"/NQOg3™ in the culture solution.
However, 5-[(2-{[2-Acetamido-2-deoxy-3-O-(beta-D-galactopyranosyl)-alpha-D-
galactopyranosyl] oxy} ethyl) carbamoyl]-2-[6-(dimethylamino)-3-(dimethyliminio)-
3H-xanthen-9-yl] benzoate (m/z 837, Rt. 7.02), 5-(Pentafluoro-lambda~6~-sulfanyl)-2H-
benzimidazole-2-thione (m/z 272, Rt. 0.61), (2S,3R)-2,3-Dihydroxy-5-oxohexanedioate
(m/z 191, Rt. 1.06), 2-(1-hydroxyethyl)thiamine diphosphate(2-) (m/z 465, Rt. 5.20),
suvorexant (m/z 449, Rt. 6.20), 4-(beta-D-Glucopyranosyloxy)-2-hydroxy-6-
pentadecylbenzoic acid (m/z 525, Rt. 6.84), 1-(5"-Phosphoribosyl)-5-amino-4-
imidazolecarboxamide (m/z 337, Rt. 5.84), Diacetylacteoside (m/z 707, Rt. 6.98),5,7-
Dihydroxy-2-(4-hydroxy-3,5-dimethoxyphenyl)-4-oxo0-4H-chromen-3-yl-beta-D-
erythro-hexopyranosiduronic acid (m/z 521, Rt. 7.09), 2-(3,4-Dihydroxyphenyl)-5,7-
dihydroxy-6-methoxy-4-oxo-4H-chromen-3-yl 6-O-acetyl-beta-D-erythro-
hexopyranoside (m/z 535, Rt. 7.34), Narirutin (m/z 579, Rt. 5.60), 4-[3-(Benzyloxy)-1-
(beta-D-glucopyranosyloxy)propoxy]butanoic acid (m/z 429, Rt. 7.40), 4-
[(Nitrooxy)methyl]benzyl N-{(52)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-{(1E,3R)-3-
hydroxy-4-[3-(trifluoromethyl)phenoxy]-1-buten-1-yl}cyclopentyl]-5-
heptenoyl}glycinate (m/z 679, Rt. 6.71), were not identified in previous studies on baby
spinach.

PLS-DA score plot was used to assess the significance of class discrimination
(Fig. 1A,B). The supervised comparison of baby spinach treated with different levels of
fertilizers and Bacillus subtilis BD233 revealed distinct grouping among the control,
33N:33P:45K:7S kg/ha and 45N:45P:60K:10S kg/ha. The first component of the data was
effective in separating the control from samples treated with fertilizers. Most of the
fertilizer treated samples are on the left side of the plot and samples treated with fertilizers
and B. subtilis on the right side of the plot (Fig. 1A,B).
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® 0B

® 100%8
® 50
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Figure 1. Partial Least Squares - Discriminant Analysis (PLS-DA) 3D scores plot from LC-MS
for baby spinach treated with different rates of fertilizers and Bacillus subtilis BD233.
0%=0N:0P:0K:0S kg/ha, 25% =11N:11P:15K:2S kg/ha, 50% =22N:22P:30K:5S kg/ha, 75%
=33N:33P:45K:7S kg/ha, 100% =45N:45P:60K:10S kg/ha and B= Bacillus subtilis BD233
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Conclusion

The current study showed evidence of differences in the chlorophyll content of the
baby spinach cv. Anna, Edna and Ohio with the same treatments, however, no differences
observed in stomatal conductance and total biomass among the three cultivars.
Inoculation with B. subtilis also yielded the same results where no significant differences
were observed in chlorophyll content, stomatal conductance and total biomass. Fertilizer
application at 33N:33P:45K:7S kg/ha and 45N:45P:60K:10S kg/ha influenced the
physiological parameters when compared to the control of the study. The results
confirmed that plants treated with 11N:11P:15K:2S kg/ha and 22N:22P:30K:5S kg/ha
baby spinach cv. Ohio is rich in flavonoids such as patuletin-3-glucosyl-(1-6)[apiosyl(1-
2)]-glucoside (m/z 787, Rt. 5.39), spinacetin-3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside
(m/z 801, Rt. 5.94) and spinacetin-3-(2¢¢-feroylglucosyl)(1-6)[apiosyl(1-2)]-glucoside
(m/z 977, Rt. 6.40), which have the potential protective response against cancer and heart
diseases and also their antioxidative properties. Meanwhile, baby spinach cv. Anna, Edna
and Ohio were found to be highly concentrated with amino acids such as (S)-Malate (m/z
133, Rt. 0.86) when no treatment applied, 2-(1-hydroxyethyl)thiamine diphosphate(2-)
(m/z 465, Rt. 5.20) in all fertilizer application levels except the control, N-Acetyl-D-
tryptophan (m/z 245, Rt. 5.55) when treated with 11N:11P:15K:2S kg/ha and Diethyl ({4-
(6-oxo-7,11-diazatricyclo[7.3.1.0~2,7~]trideca-2,4-dien-11-yl)-3-[(3,4,5
trimethoxybenzoyl) amino] benzoyl} amino) malonate (m/z 675, Rt. 7.40) when no
treatment applied, which are essential for tissue growth and repair, as well to assist in
muscle building. There was a significant difference in the compounds among cultivars
and NPKS fertilization. The study recommends that fertilizer at 22N:22P:30K:5S kg/ha
and 33N:33P:45K:7S kg/ha amended with B. subtilis inoculation be considered when
cultivating baby spinach. However, the metabolite profiling of baby spinach needs further
investigation to determine the influence of B. subtilis application and levels of NPKS on
flavor characterization.
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