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Abstract: Humic-like substances (HLS) are among the most used biostimulants in agriculture as a 
means for improving plant growth, nutrient uptake, crop yield, and stress tolerance. HLS derived 
from municipal biowastes were applied as a substrate drench in order to evaluate their biostimu-
latory effect on the growth and ornamental quality of Orange Jasmine (Murraya paniculata [L.] Jacq.) 
potted plants. Two HLS, derived from the digestion of the organic humic fraction and from com-
posting of a mix of sewage sludge digestate and gardening residues, were compared with a com-
mercial leonardite-based product in the framework of a greenhouse experiment in soilless culture. 
The application of the two biowaste-derived HLS resulted in plants showing a 39.9%, 87.0%, 
111.6%, 35.4%, 37.9%, 35.3%, and 81.3% increase in plant height, number of flowers and fruits, leaf 
production, total dry biomass, root length, and water use efficiency, respectively, compared to 
those treated with the commercial product and the untreated (control) plants. The enhanced 
growth performance of HLS-treated plants was due to the higher chlorophyll relative content 
(+24.2% on average) and net photosynthesis (+114.7% on average) of their leaves. The positive 
results obtained from the application of non-commercial HLS suggest that biowaste recycling is a 
sustainable and environment-friendly source of biostimulants, as an alternative to agrochemicals 
and existing leonardite-based plant biostimulants. 

Keywords: plant biostimulants; humic acids; leonardite; urban biowastes; digestate; compost; 
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1. Introduction 
Scientific and technical innovation has advanced many agricultural products, with 

improvements in plant growth, yield, and quality, as well as in the interaction between 
plant and soil/growing substrates. All this has indirectly increased tolerance/resistance 
against environmental stressors [1,2]. Some of these products, often defined as biostim-
ulants, includes a wide range of organic substances able to increase biological processes 
at both the plant or rhizo-level [3,4]. Plant biostimulants are usually described as sub-
stances (e.g., humic substances, seaweed extracts, and protein hydrolysates) and/or mi-
cro-organisms (arbuscular mycorrhizal fungi and plant growth-promoting rhizobacteria) 
that, when applied to plants and/or to the rhizosphere, stimulate physiological and mo-
lecular mechanisms that boost quality attributes, root growth, nutrient uptake, tolerance 
to abiotic stresses, with positive effects on plant biomass, seed setting, flowers, and fruits 
production [5–9]. 
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Biostimulants are generally used for high-profit horticultural crops such as green-
house-grown vegetables and ornamental plants. These are often cultivated in soilless 
systems [1,7]. Humic-like substances (HLS) are among the most employed organic 
non-microbial plant biostimulants. HLSs can be extracted from natural fossil sources like 
peat and leonardite, and from decayed organic material like compost and digestate 
[4,10–12]. HLSs are condensate organic compounds or macromolecules with a complex 
molecular structure and high soil/substrate tenacity [13,14]. They show both a hydro-
philic and a hydrophobic fraction, with the latter containing humic acids and fulvic acids 
[15–17]. 

HLSs seem to be able to increase lateral root elongation, in addition to micro- and 
macronutrients uptake, according to the so-called “auxin-like effect” mechanism [18–20]. 
The higher absorption of some micronutrients by plant roots treated with HLSs is due to 
chelation but also to the permeability increase of the plasmatic membrane, which deter-
mines a higher root capacity to uptake nutrients from the soil solution [19,21]. Moreover, 
the alteration of substrate-plant-microbiota interactions affects the number of chemical 
compounds in plant cells such as those associated with C-N-P cycles and photosynthesis, 
thus determining important biochemical changes to primary and secondary metabolisms 
[22,23]. HLSs may significantly affect many plant physiological processes through the 
increase of cation exchange and water retention capacities, the modification of the ab-
sorption kinetics and ion transportation, and chlorophyll and nucleic acids biosynthesis 
[24–26]. Recently, an increasing interest of growers and industries towards HLSs have 
been recorded, because of their multiple positive outcomes on plant growth and quality. 

Besides peat and/or leonardite extraction, HLSs may be obtained from organic res-
idues like compost or digestate [14]. Digestates are the liquid/slurry by-product of the 
anaerobic digestion of organic matter and are rich in organic residues [4]. HLSs may be 
produced through aerobic composting of organic matter from bio-waste under thermo-
philic conditions. During this process, raw organic material is transformed by microor-
ganisms into more stable materials such as humic substances as a result of biological 
product heat [27–29]. For these reasons, digestate and compost are generally used for the 
extraction of valued soluble organic compounds such as HLSs and bio-based soluble 
substances (SBO), which may be successfully employed in horticulture [12,14,30–33]. 

Orange Jasmine (Murraya paniculata (L.) Jacq; Rutaceae family) is an evergreen, up to 
3–4 m high shrub, spread throughout Southeast Asia and Northeast Australia. This spe-
cies, also known as false citrus, is used for ornamental purposes (mainly as a hedge plant) 
for its glossy dark-green leaves and large clusters of white-orange blossom scented 
flowers, and small bright red berries [34,35]. Orange Jasmine is available at commercial 
nurseries throughout the world and some growing protocols have been recently defined 
for south Mediterranean areas characterized by water scarcity and soil salinization 
[30,36,37]. To our knowledge, information regarding the application of biostimulants on 
Murraya plants is not available. Therefore, to evaluate the effect of HLS as a plant bi-
ostimulant for ornamental species in soilless culture, Orange Jasmine potted plants were 
treated with two HLS obtained from municipal bio-waste (one deriving from the diges-
tion of organic humic fraction and the other from a compost mixture of sewage sludge, 
digestate, and gardening residues) along with a commercial leonardite-based product. 
The scope of the study was to determine the influence of different HLSs on Orange Jas-
mine’s growth, ornamental quality, plant biomass production and partitioning, water use 
efficiency, and eco-physiological activities. 

2. Materials and Methods 
2.1. Biowaste-Derived and Commercial Humic-like Substances 

The two non-commercial HLS were produced through the hydrolysis of different 
fermented urban biowaste materials [14]. The first non-commercial HLS was represented 
by the anaerobic digestate (Digest HLS) of the organic humid fraction of urban waste 
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coming from separate source collections. The second biowaste-derived HLS was the 
compost (Comp HLS) achieved from a mixture of sewage sludge, Digested HLS, and 
urban gardening residues (1:3.5:5.5 w/w/w) aged for 110 days under aerobic conditions. 
The commercial HLS was a leonardite-based product (Leonar HLS), officially named 
“Enersoil” and purchased from an Italian enterprise (Intrachem Bio, Bergamo, Italy). The 
main chemical characteristics of the three HLS are reported in Table 1: pH, C, and N 
content, C/N ratio as well as macro and micronutrients concentration. The latter of the 
non-commercial HLS were determined according to the analytical procedures reported 
in previous studies [12], whereas the nutrient content of commercial HLS is based on the 
package’s label reported by the vendor. 

Table 1. Chemical composition of commercial leonardite-based and biowaste-derived (digestate and compost) humic-like 
substances (HLS). 

 pH C N C/N P2O5 K Ca Mg Fe Na Cu Zn 
Leonar HLS 9.9 ± 0.2 29.8 a ± 0.5 0.22 ± 0.01 135.4 ± 2.0 0.52 b ± 0.02 4.89 ± 0.03 0.41 ± 0.04 0.39 ± 0.02 0.10 ± 0.01 3.10 ± 0.06 2.96 ± 0.05 2.50 ± 0.06 
Digest HLS 6.4 ± 0.3 45.1 ± 0.1 7.87 ± 0.1 5.73 ± 0.4 1.16 ± 0.01 9.15 ± 0.08 1.32 ± 0.06 0.18 ± 0.01 0.16 ± 0.02 0.39 ± 0.02 100 ± 1.3 185 ± 2.6 
Comp HLS 8.2 ± 0.5 35.1 ± 0.1 4.34 ± 0.2 8.10 ± 0.3 1.45 ± 0.02 5.49 ± 0.05 2.59 ± 0.05 0.49 ± 0.02 0.58 ± 0.02 0.15 ± 0.01 216 ± 2.3 353 ± 4.7 

a Values refer to dry matter: The means and standard deviations are calculated over triplicates. b P2O5, K, Ca, Mg, Fe, Na as % w/w. Cu and 
Zn as mg/kg. 

2.2. Tested Plant and Growing Conditions 
The study was accomplished during the 2017 growing season (from March to July) 

at a private nursery located in Marsala (37°73′ N, 12°54′ E, 10 m a.s.l.), near Trapani, NW 
Sicily. Five-month-old Orange Jasmine (Murraya paniculata (L.) Jacq cv.exotica) plants 
were transferred from plug-trays to 1.5 L volume-polyethylene pots (16 cm diameter, 1 
plant/pot) filled with a commercial substrate (Completo, Vigorplant Italia srl, Fombio, 
Italy) composed by a mixture of Irish and Baltic peats (0–20 mm) and volcanic pumice 
(3–8 mm) in 4:1 v/v ratio. Potted plants were grown for 4 months in an unheated (28 °C 
day/14 °C night) single-span greenhouse (200 m2). Irrigation was provided to the plants 
by means of an automated drip system (1 dripper per pot, 2 L h−1). The same nutrient 
solution, whose chemical composition has been already reported [11], was supplied to all 
Murraya plants while maintaining the pH at 6.0 and the electrical conductivity at 2.0 mS 
cm−1. Fertigation management was accomplished by electronic low-tension tensiometers 
(LT-Irrometer, Riverside, CA, USA). The leonardite-based product and the two 
non-commercial HLS were dissolved/diluted in water in order to have three solutions 
with the subsequent dry matter concentrations: 18.7, 31.0, and 45.5 g L−1, for Leonar HLS, 
Digest HLS, and Comp HLS, respectively. A 100 mL aliquot of each solution was applied 
to every single plant as substrate drench. Plant drenching treatments were carried out 
twice (15 and 60 days after planting) throughout the experiment (120 days). HLSs were 
supplied to the plants by drenching because a preliminary study on other ornamental 
species [11] evidenced that their application by foliar spraying resulted in dark-stained 
leaves with negative effects on photosynthesis and aesthetic values. Total supplied 
amounts of dry matter plant−1 were 2.0, 3.1 and 4.5 g plant−1 for Leonar HLS, Digest HLS, 
and Comp HLS, respectively. The study was completed four months after planting when 
potted Orange Jasmine reached the marketable size. 
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2.3. Plant Growth Measurement 
With the aim to assess the effect of the HLS typology on Murraya’s growth and 

quality, twelve plants per treatment were randomly collected every 40 days and split into 
stems, leaves, and roots for growth measurements. Biomass production was determined 
by freshly weighing each plant tissue/organ and successively drying it in a forced-air 
oven (at 90 °C for 72 h) until a constant weight was reached. The root-to-shoot (R/S) ratio 
was calculated as follows: root dry weight/(leaf + stem dry weight). Plant height was 
measured with a ruler as the distance from the substrate surface to the top of the plant. 
The number of stems, flowers, fruits, and leaves of each plant was assessed. Total leaf 
area (LA) was determined by means of a digital area meter (WinDIAS 2; DELTA-T DE-
VICES Ltd., Cambridge, UK). The maximum root length consisted of the measurement 
carried out between the end of the longest root and the base of the stem. Water Use Effi-
ciency (WUE) was assessed as the plant’s total dry weight/water supply [11,12]. 

2.4. Leaf SPAD Index, Color Coordinates,Gas Exchanges Measurement and Total Chlorophyll 
Content 

Relative chlorophyll content of the leaves, expressed as the SPAD index, was meas-
ured on ten randomly selected and fully expanded leaves per replicate using a portable 
chlorophyll meter SPAD-502 (Konica-Minolta corporation, Ltd., Osaka, Japan). On the 
same leaves, the color space coordinates: L* (lightness), a* (redness/greenness), b* (yel-
lowness/blueness), as well as the Chroma (saturation) and Hue angle were assessed 
through measurement in the middle of the lamina using a chromameter (Minolta CR-300, 
Konica Minolta, Osaka, Japan) which was previously calibrated with a standard white 
plate before sampling. Leaf gas exchanges [net photosynthesis (Pn) and stomatal con-
ductances (Gs)] were also measured on five fully-expanded leaves per replicate on a 
sunny day, between 11:00 and 14:00 h, by means of a portable photosynthesis system 
(LI-6200; LI-COR Inc., Lincoln, NE, USA) equipped with a stirred leaf chamber contain-
ing constant-area inserts and fitted with an adjustable intensity red source. The leaf con-
centration of total chlorophylls (“a + b”) was determined following the method reported 
by D’Angiolillo et al. (2018) [38]. Fresh leaf samples (200 mg), randomly harvested from 
plants subjected to the four treatments, were extracted overnight in pure methanol (5 mL) 
at 4 °C in the dark. Absorbance of the leaf extracts at 665, 652, and 470 nm were measured 
using a UV/Vis spectrophotometer (Beckman DU 530, Life Science, Ramsey, MN, USA). 

2.5. Experimental Design and Data Analysis 
A completely randomized block design was adopted for this experiment. The four 

treatments [the three HLS typologies and the control (untreated plants)] were replicated 
three times with 20 potted plant replicates−1 (60 plants per treatment). Data collected from 
the present experiment were subjected to a one-way analysis of variance (ANOVA). Sta-
tistical significance was determined at the p = 0.05 level using Tukey’s HSD test, through 
the use of the Statistica (Statsoft Inc., Tulsa, OK, USA) software package. The variability 
of the bio-morphological and eco-physiological data among HLS typologies was evalu-
ated by means of principal component analysis (PCA); this analysis was performed using 
the Paleontological Statistics (PAST, version 3.25, Oslo, Norway) software package. 

3. Results 
3.1. Chemical Characteristics of Leonardite-Based and Biowaste-Derived HLS 

Table 1 reports the composition of the commercial leonardite-based HLS (Leonar 
HLS) and the two non-commercial biowaste-derived Digest and Comp HLS. Both 
non-commercial HLS were characterized by higher C and N content than those measured 
in Leonar HLS and, consequently, by a lower C/N ratio (6.9 on average), with respect to 
that calculated for Leonar HLS (135.4). The different C/N ratios are not surprising. The 
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Digest HLS was obtained from the digestate of unsorted food wastes from a separate 
collection. The high nitrogen content derives from the high protein content in the pristine 
food waste. The Comp HLS was obtained from a pristine biowaste mix containing green 
residues with low N content. This explains the higher C/N ratio of Comp HLS, compared 
to Digest HLS. On the other hand, Leonar HLS derives from a fossil carbon material. 
Fossil carbon and oil have low or no N content, as a result of long-term degradation 
leading to the loss of organic N and O in the form of the most thermodynamically stable 
N2, O2, NH3, and CO2 gases. 

Also, the mineral elements’ content of the two non-commercial HLS was higher than 
that of Leonar HLS. Compost HLS had higher mineral elements’ content than Digest 
HLS, except for K and Na that were higher in the latter. 

The Leonar HLS dose favored by the vendor to be administrated to the plants 
ranged from 5 to 20 kg ha−1 for soilless cultivation use. As the commercial product and 
the two biowaste-derived HLS had different chemical compositions (Table 1), to compare 
the three products for their effects on plant performance different doses of products were 
applied according to two different criteria. The first criterion was commercial. Plant 
nurseries evaluate and compare products based on the product cost per unit weight and 
the obtained plant performance. Thus, Leonar HLS was applied at the dose suggested by 
the vendor, and Comp HLS was applied at the same weight dose. Considering the dif-
ferent physical forms of the two products, dense liquid for Leonar HLS and solid for 
Comp HLS, the applied doses per plant were 6 g for Leonar HLS and 5 g equivalent dry 
matter for Comp HLS. The second criterion was mainly scientific. The objective was to 
compare the effects of the two biowaste-derived HLS as a function of their chemical 
composition. Thus, the applied Digest HLS dose was 3.2 g plant−1. Considering the 5 g 
plant−1 Comp HLS applied dose, the N and C applied dose resulted in 0.20 and 0.25 N g 
plant−1 and 1.3 and 1.8 C g plant−1, respectively, contributed from the Digest and Comp 
HLS. This approach allowed comparing the two biowaste-derived HLS at a close N nu-
trient applied dose. 

3.2. Plant Growth, Quality Traits, Biomass Production and WUE 
HLS typology significantly affected the final height of the plants, as higher values 

were recorded in Murraya treated with Comp HLS and Digest HLS (50.5 and 47.2 cm, 
respectively), whereas lower heights were measured in those treated with Leonar HLS 
(38.4 cm), and especially in the control treatment (31.3 cm) (Table 2). Similarly, the 
number of stems produced by each plant was significantly influenced by HLS. The 
highest amount was recorded with Comp HLS (26.8 stems plant−1) and the lowest one 
was shown for the control plants (15.8 branches plant−1). The number of flowers pro-
duced by every plant was also affected by the HLS typology, with the highest amount 
recorded with Comp HLS and Digest HLS, whereas a lower number of flowers were 
produced by Leonar HLS treated and the control plants (37.2 and 34.5, respectively) with 
no significant difference between them. The application of Comp HLS on Orange Jasmine 
resulted in higher fruits production (102.5 fruits plant−1) than that recorded for the other 
plants, the lowest value exhibited by the control plants (30.0 fruits plant−1). Likewise, the 
application of the two biowaste-derived HLS resulted in higher leaves production (148.8 
and 132.6 leaves plant−1 for Comp HLS and Digest HLS, respectively) than that observed 
with the commercial HLS and the control (116.6 and 91.1 leaves plant−1, respectively). 
Leaf area was higher in plants treated with Comp HLS (1730.3 cm2) whereas a lower 
value was counted in the control plants (889.1 cm2). 
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Table 2. The effect of commercial leonardite-based and biowaste-derived (digestate and compost) HLS on plant 
height, number of stems, flowers, fruits and leaves, and leaf area of Orange Jasmine plants measured at 120 DAT. 

 Plant Height (cm) 
Stems 

(no. plant−1) 
Flowers (no. 

plant−1) 
Fruits 

(no. plant−1) 
Leaves 

(no. plant−1) 
Leaf Area (cm2 

plant−1) 
Control 31.3 c 15.8 c 34.5 b 30.0 c 91.1 c 889.1 c 

Leonar HLS 38.4 b 20.2 bc 37.2 b 53.4 bc 116.6 bc 1243.0 b 
Digest HLS 47.2 a 20.8 b 59.8 a 74.0 ab 132.6 ab 1387.6 b 
Comp HLS 50.5 a 26.8 a 74.4 a 102.5 a 148.8 a 1730.3 a 
Significance *** *** *** ** *** ** 

***, ** significant at p ≤ 0.001, and 0.01, respectively. Different letters within each column indicate significant differences according to 
Tukey’s HSD test (p = 0.05). 

In regards to biomass production (Table 3), applying Comp HLS to the plants re-
sulted in a higher stem, leaf, and root fresh weight (FW), reaching the highest total plant 
FW (129.9 g). Digest HLS ranked as the second one (105.9 g). The control plants ranked 
last (82.2 g). In the same way, the Murraya plants treated with Comp HLS showed higher 
stem and leaf dry weight (DW), reaching the highest total plant DW (53.6 g), followed by 
Digest HLS (43.1 g); lower DW, singular and total, was weighed in the control (32.0 g for 
whole plant DW). 

Table 3. The effect of commercial leonardite-based and biowaste-derived (digestate and compost) HLS on fresh and dry 
biomass production of Orange Jasmine plants measured at 120 DAT. 

 Fresh Weight (g) Dry Weight (g) 
 Stem Leaf Root Total Stem Leaf Root Total 

Control 10.2 b 37.3 b 34.7 c 82.2 c 3.6 b 14.9 b 13.6  32.0 c 
Leonar HLS 10.8 b 45.1 ab 38.2 bc 94.1 bc 4.3 b 18.6 ab 15.2  38.1 bc 
Digest HLS 13.9 ab 49.7 ab 42.3 b 105.9 b 5.4 ab 20.4 ab 17.2  43.1 b 
Comp HLS 17.9 a 57.4 a 54.6 a 129.9 a 7.4 a 23.7 a 22.4  53.6 a 
Significance *** * * *** ** * ns * 

***, **, * significant at p ≤ 0.001, 0.01, and 0.05, respectively. Different letters within each column indicate significant differences according 
to Tukey’s HSD test (p = 0.05). 

Data in Table 4 show that the root length was highest in plants treated with Comp 
HLS, compared to plants treated with Digest HLS (31.5 and 27.7 cm, respectively). Lower 
values were recorded by the Leonar HLS treated and control plants. Shoot dry matter 
was not affected by HLS typology, averaging a percentage of 59.0% irrespective of the 
treatments. Similarly, no significant differences were recorded on the root-to-shoot ratio 
(R/S), showing an average value of 0.78 regardless of the applied products. Water use ef-
ficiency was influenced by HLS typology. The highest value was observed for plants 
treated with Comp HLS, followed by the value with Digest HLS (8.9 and 6.2 g L−1, re-
spectively). Lower WUE were recorded for Leonar HLS and the control plants (4.8 and 
3.6 g L−1, respectively). 

Table 4. Effect of commercial leonardite-based and biowaste-derived (digestate and compost) HLS 
on root length, shoot dry matter (%), root-to-shoot ratio and biomass water use efficiency (WUE) of 
Orange Jasmine plants measured at 120 DAT. 

 Root Length (cm) Shoot Dry Matter (%) R/S WUE (g L−1) 
Control 20.5 d 57.6 a 0.77 3.6 c 

Leonar HLS 23.3 c 60.0 a 0.75 4.8 bc 
Digest HLS 27.7 b 60.1 a 0.88 6.2 b 
Comp HLS 31.5 a 58.1 a 0.73 8.9 a 
Significance *** ns ns *** 

***, ns significant at p ≤ 0.001 and not significant, respectively. Different letters within each column indicate 
significant differences according to Tukey’s HSD test (p = 0.05). 
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3.3. Leaf SPAD Index, Gas Exchanges, Total Chlorophyll Content and Color Coordinates 
Table 5 shows that the leaf relative chlorophyll content, i.e., SPAD index, was sig-

nificantly affected by HLS typology as a higher value was recorded in plants treated with 
Comp HLS (90.4) and secondarily with Digest HLS (81.5). A lower SPAD index was 
measured on leaves of Leonar HLS treated and control plants (75.2 and 63.2, respective-
ly). Net photosynthesis (Pn) was influenced by the applied biostimulant products. The 
highest values were measured on Murraya leaves treated with Comp HLS and Digest 
HLS (7.05 and 5.60 μmol CO2 m−2 s−1, respectively). Lower Pn was recorded in the control 
and Leonar HLS leaves (2.38 and 3.51 μmol CO2 m−2 s−1, respectively). Likewise, leaf 
stomatal conductance was higher in plants where the Comp HLS was applied (0.062 
mmol m−2 s−1), followed by Digest HLS (0.035 mmol m−2 s−1). The stomatal conductance 
(Gs) of leaves ranged from the highest value (0.062 mmol m−2 s−1) for Comp HLS treated 
to the lowest value (0.006 mmol m−2 s−1) for the control plants. Similarly to the SPAD in-
dex measurements, the leaf total chlorophylls (a + b) concentration was higher in plants 
treated with Comp HLS (159.9 μg cm−2) with the lowest values (85.1 μg cm−2) recorded in 
the leaves of the control plants (Table 5). 

Table 5. Effect of commercial leonardite-based and biowaste-derived (digestate and compost) HLS 
on leaf SPAD index, net photosynthesis (Pn), stomatal conductance (Gs) and total chlorophylls 
content of Orange Jasmine plants measured at 120 DAT. 

 SPAD Pn 
(μmol CO2 m−2 s−1) 

Gs 
(mmol m−2 s−1) 

Total Chlorophylls 
(μg cm−2) 

Control 63.2 c 2.38 b 0.006 c 85.1 c 
Leonar HLS 75.2 b 3.51 b 0.015 bc 116.3 b 
Digest HLS 81.5 a 5.60 a 0.035 b 134.7 ab 
Comp HLS 90.4 a 7.05 a 0.062 a 159.9 a 
Significance ** * * ** 

**, * significant at p ≤ 0.01, and 0.05, respectively. Different letters within each column indicate sig-
nificant differences according to Tukey’s HSD test (p = 0.05). 

Significant differences were also recorded on leaf color coordinates (Table 6): control 
plants showed higher lightness (58.0), while plants treated with Digest HLS and Comp 
HLS evidenced lower L value (37.6 on average). Orange Jasmine treated with Digest HLS 
and Leonar HLS showed higher b (yellowness/blueness) and Chroma (saturation) 
whereas the untreated plants evidenced lower values of both parameters. 

Table 6. Effects of commercial leonardite-based and biowaste-derived (digestate and compost) 
HLS on leaf CIELAB color coordinates of Orange Jasmine plants measured at 120 DAT. 

 
L* 

(Lightness) 
a* 

(Red/Green) 
b* 

(Yellow/Blue) 
Chroma 

(Saturation) 
Hue Angle 
(Degree°) 

Control 58.0 a −3.0 ab 15.0 b 16.8 c 161.6  
Leonar HLS 43.9 ab −6.4 b 27.2 a 37.9 a 243.2  
Digest HLS 37.7 b −0.2 a 26.1 a 33.6 a 295.6  
Comp HLS 37.6 b −11.9 c 21.3 ab 24.5 b 331.4  
Significance ** * * * ns 

**, * significant at p ≤ 0.01, and 0.05, respectively. Different letters within each column indicate sig-
nificant differences according to Tukey’s HSD test (p = 0.05). 
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3.4. Principal Component Analysis 
A principal component analysis (PCA) was accomplished in order to determine the 

interrelationship across the growth, ornamental quality, and eco-physiological parame-
ters of the Murraya plants under different HLS treatments. The first two principal com-
ponents explained 91.7% of the cumulative variance, with PC1 accounting for 82.3%, and 
PC2 for 9.4% (Figure 1). PC1 positively correlated with the majority of the morphological 
and physiological parameters (plant height, stems and flowers production, leaf number, 
and area, fresh and dry biomass, etc.) except for the root-to-shoot ratio, lightness (L*) and 
chroma component a* to which was negatively correlated. PC2 was positively correlated 
with the root-to-shoot ratio, L* and b* only, and negatively correlated with almost all the 
remaining characteristics (Figure 1). PCA from the present experiment was efficient in 
plotting HLS treatments and the corresponding Murraya’s response (Figure 1). The PCA 
score plot allowed the grouping of the best HLS products with regard to the different 
plants’ performance. Digest HLS, and especially Comp HLS treatments, were respec-
tively located on the upper and lower right quadrant and were characterized (especially 
Comp HLS) by higher values of most of the considered parameters; whereas Leonar HLS 
and the control were respectively placed on the higher and lower left quadrant, respec-
tively, and were distinguished by the lowest morphological, productive, and qualitative 
performance among treatments (Figure 1). 

 
Figure 1. Principal component loading plot and scores of the principal component analysis (PCA) of biometric parame-
ters (plant height, no. stems, flowers, fruits, leaves, leaf area: LA, stem, leaf, root total fresh weight (FW) and dry weight 
(DW), root length, shoot dry matter and root to shoot ratio: R/S), colorimetric parameters (L*, a* and b*), SPAD index, 
total chlorophyll, leaf gas exchange (Pn: net photosynthesis and gs: stomatal conductance), and water use efficiency in 
Orange Jasmine plants subjected to four biostimulant treatments: untreated control, leonardite-based and bio-
waste-derived (digestate and compost) HLS. 
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4. Discussion 
Generally, Comp HLS yielded better than or equal performance as Digest HLS. 

Both products showed better performance than Leonar HLS. Actually, after the 
application of biowaste-derived HLS, the enhancement of plant height, number of 
flowers and fruits, leaf production, leaf area, and biomass production was 39.9%, 87.0%, 
111.6%, 35.4%, 46.2%, and 37.9%, respectively, compared to the commercial product and 
to the untreated plants (Tables 2 and 3). These results have agronomical but also 
economic significance. HLS treatments resulted in plants with a higher aesthetic effect. 
This makes plants more appreciated by the consumers, consequently producing higher 
revenue for the nursery. The question is how well the experiment can be replicated. 
MBW composition is site-specific. Its variability can affect the Digest and Comp HLS 
composition and performance. 

Municipal biowastes (MBW) are the most sustainable biowaste materials to serve as 
a potential feedstock for the production of value-added chemical specialties for use in 
different sectors of agriculture and the chemical industry [14], in place of commercial 
products from fossil sources. This is for two main reasons. Firstly, they are readily 
available worldwide in every urban settlement. They are negative cost feedstock, as their 
collection costs are already paid off by citizens’ taxes. The solid Digest HLS and Comp 
HLS have been collected from the Acea MBW treatment plant located in Pinerolo, Italy. 
This plant is one of the most advanced installations operating on a large scale. It performs 
the anaerobic fermentation of MBW from separate source collection to yield biogas and 
the solid digestate. This product is mixed with urban green wastes and/or with the plant 
sewage sludge obtained from the microbial digestion of urban civil wastewaters and 
composted for 110 days. The fermented products present two further features supporting 
the sustainability of MWB as a potential feedstock. They contain much less water than the 
pristine MBW. Also, fermentation levels out differences in the chemical composition of 
the pristine biowaste. The results of the LIFE19 ENV/IT/000004 project [39] demonstrate 
that the mature anaerobic digestates and compost of MBW collected in different seasons 
and in three different locations in Italy, Greece, and Cyprus, do not present critical dif-
ferences in composition that can significantly affect the properties and performances of 
the Digest and Comp HLS hydrolysates. Significant differences are however evidenced 
between anaerobic digestates and composts, which are reflected in significant differences 
of performance depending on the type of application. This is an added value in as much 
as it allows obtaining different products with different properties and performances for 
use in different applications in agriculture and in the chemical industry [14]. 

The ranking order of the treatments applied in this work is certainly related to the 
different compositions of the applied materials. It is not related to the applied product 
gross weight dose but is more likely related to specific organic or organo-mineral com-
ponents. The applied products are a complex mixture of organic macromolecules bonded 
to mineral elements. This makes it rather difficult to isolate and identify the active prin-
ciples responsible for the observed effects. Several authors dealing with humic or hu-
mic-like substances claim the so-called “auxin-like effect” for these products. This effect 
is not necessarily related to their fertilizing power or nutrient content, but the capacity of 
the product to affect the plant metabolism [5,20,40]. The hormone-like action of the two 
non-commercial HLS seems to result, by the way, in a higher root length recorded with 
Comp HLS and Digest HLS (Table 4). Higher root elongation is usually associated with 
an improvement of water and nutrient uptake by the plants, which in turn may be re-
sponsible for the enhanced plant growth (height, number of stems, leaf area, biomass 
production, and WUE) (Tables 2, 3, and 4), ornamental traits (number of flowers and 
fruits, leaf production, and color) (Tables 2 and 6), and eco-physiological activities 
(chlorophyll biosynthesis, net photosynthesis, etc.) (Table 5). 

We may reasonably assume that Murraya plants treated with biowaste-derived HLS 
were also characterized by a higher nutrient uptake, because of their better nutritional 
status confirmed by the higher leaf SPAD index (+24.2%) and by the lower leaf lightness 
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(i.e., more green-colored leaves) of Comp HLS and Digest HLS-treated plants (Tables 5 
and 6). It is well known that leaf greenness is related to chlorophyll content, and the lat-
ter, involved in the photosynthetic process, is in turn associated with the presence in the 
leaves of adequate amounts of some important nutrients such as N, Mg and Fe [12]. Table 
1 shows that Comp HLS and Digest HLS are characterized by a higher N, Mg, and Fe 
content with respect to that of Leonar HLS. These ions have bonded to the acid functional 
groups of the HLS materials have been shown to have a positive effect on photosynthesis 
catalyzed by HLS [14,31,32]. For further confirmation of the beneficial action of 
non-commercial HLS, Table 5 shows that Comp HLS and Digest HLS are characterized 
by a higher total chlorophylls (a + b) concentration in the leaves compared to those from 
Leonar HLS and of untreated plants. 

Our hypothesis of “auxin-like effect” corresponding to biowaste-derived HLS, 
which is responsible for the enhanced plant growth and quality, might be 
eco-physiologically and biochemically evidenced with higher leaf photosynthetic activity 
and chlorophylls concentration, respectively, of Murraya treated with this kind of HLS 
(Table 5). Baglieri et al. [41] cultivated bean plants using a similar HLS obtained from the 
hydrolysis of exhausted tomato plants as fertilizers. They report that this product signif-
icantly enhanced nitrate reductase, glutamine synthetase, and glutamate synthase activi-
ties, and increased soluble proteins’ concentration in shoots and roots, compared to the 
control. Based on the lack of differences between the concentrations of mineral nitrogen 
in the control and treated cultivation substrate, as opposed to the significant differences 
observed for enzymatic activity and soluble proteins’ concentration in the plants, Baglieri 
et al. [41] concluded that the biopolymer acts as a plant biostimulant with a possible 
auxin-like effect, more than as soil fertilizer. 

The results obtained from the current study on Orange Jasmine plants confirm pre-
vious outcomes achieved using the same biostimulant products, commercial and not 
commercial, on two different ornamental species such as Euphorbia lomi [11] and two 
Lantana species [12]. These authors observed in both experiments that biowaste-derived 
HLS resulted in more efficient than commercial leonardite products in improving plant 
growth, flower production, aesthetic effect, photosynthesis, and optimizing WUE. 
Moreover, the same HLS (soluble hydrolysates of urban biowaste materials) were suc-
cessfully used on Hibiscus-containerized plants resulting in an enhancement of biomass 
accumulation, relative growth rate, net photosynthesis, and SPAD index compared to a 
commercial biostimulant product [31,32]. 

In addition, the positive effects of our HLS on Murraya, which belongs to the Ru-
taceae family, suggest promising applications of these biostimulants on other citrus spe-
cies used for fruits production (sweet orange, lemon, tangerine, etc.) and as rootstock 
(sour orange) for different cultivars. All these benefits deriving from the formerly ob-
tained outcomes suggest interesting perspectives for using biowaste as feedstock for the 
production of powerful eco-friendly biobased agro-chemicals, which may efficiently 
substitute the existing fossil-based commercial products. 

5. Conclusions 
In the present experiment, the biostimulant effects of two humic-like substances 

obtained from municipal biowastes on Orange Jasmine potted plants were compared 
with those provided by a commercial leonardite-based HLS. The application of the two 
biowaste-derived HLS resulted in higher plant growth and quality traits than those ob-
tained with the commercial HLS. The best growing and qualitative performance of plants 
treated with this HLS compost were due to a better nutritional status, confirmed by a 
higher leaf SPAD index, and total chlorophylls content, as well as by a higher photo-
synthetic activity of potted Orange Jasmine. Benefits provided by the application of 
Comp HLS, and secondly of Digest HLS, resulted in a faster growth and more rapid 
achievement of both the desired decorative effect and marketable size of potted Murraya 
as requested by the consumers; this quicker attainment often corresponds to a reduced 
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residence time of plants in the nurseries before they sell, so to reduce costs for the grow-
ers. These outcomes allow defining smart applications of biowaste-derived HLS as effec-
tive and sustainable alternatives to the leonardite-based commercial products for nursery 
activities. However, additional studies would be necessary to better understand the 
mechanisms underlying the Murraya responses to these biostimulants, and to assess the 
behavior of other ornamental Citrus species to these promising HLS. Intercellular enzy-
matic analysis, specifically dedicated to the investigated system, will allow confirmation 
of the results reported for bean plants cultivated similar HLS materials [41] and justify 
the positive role of N-rich biowaste-derived HLS observed in the present work. 
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