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ABSTRACT

The growth and yield of pechay affected by Turan Biostimulant under field conditions were studied
in Oogong, Sta. Cruz, Laguna Philippines to evaluate its effects and determine its best level for the
optimum growth and yield of pechay. Turan is a patented high-analysis formulation with plant
nutrients complexed by bioactive polyphenols that enhances nutrient availability to plants and
provides a biostimulant effect to improve plant vitality and activate natural bio-defenses to protect
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the plant from stresses. There is a need for a plant food supplement that can promote quick
nutrient absorption in the organic pechay production process, thus a randomized complete block
design with four replications experiment was conducted. Parameters such as total fresh yield,
marketable yield, non-marketable yield, plant height, number of leaves, leaf width, and root
length/biomass were gathered from a sample of 40 plants per treatment (10/rep) and analyzed
using statistical methods. The study showed that the test product was able to slightly enhance
pechay production in terms of total fresh yield, plant height, leaf length, leaf width, root length, and
root biomass with an estimated increase of more than 1.18%, 1.06%, 1.04%, 1.03%, 1.13%, and
1.12%, respectively, compared to inorganic fertilizer application alone. In general, pechay is very
responsive to granular fertilization and the application of Turan biostimulant. The findings also
showed that the addition of a biostimulant would further enhance the amount and quality of
harvested pechay. One and a half doses of Turan biostimulant, or even more, is strongly
recommended in terms of its viability in pechay cultivation to maximize profits.

Keywords: Pechay; turan biostimulant; foliar amendment: yield.

1. INTRODUCTION

One of the most popular leaf vegetables in the
Philippines is pechay (Brassica rapa L. subsp.
chinensis (L.) Hanelt), an erect, biennial herb that
is grown as an annual and grows to a vegetative
height of roughly 15 to 30 cm [1]. The ovate
leaves are spirally organized and extend out. As
they grow upright and enlarge, the petioles
create a subcylindrical bundle (Jimenez et al.,
2021). A raceme of light-yellow flowers makes up
the inflorescence. The seeds are reddish to
blackish brown in hue and have a diameter of 1
mm [2]. The leaves are less crisp than those of
other cabbages and are green with a mild flavor.
Because it is a crop with a limited lifespan, it
needs a supply of nutrients right away, and a
plant food supplement that can help with quick
nutrient absorption is required for the formation
of pechay.

A way to improve crop production is to use plant
supplements such as biostimulants, a diverse
class of compounds including substances or
microorganisms which have positive impacts on
plant growth, yield, and chemical composition as
well as boosting effects to biotic and abiotic
stress tolerance [3]. Hydrolysates of plant or
animal protein and other compounds that contain
nitrogen, humic substances, extracts of
seaweeds, biopolymers, compounds of microbial
origin, phosphite, and silicon, among others are
the major plant biostimulants.

Turan is a patented high-analysis formulation
with plant nutrients complexed by bioactive
polyphenols that enhances nutrient availability to
plants and provides a biostimulant effect to
improve plant vitality and activate natural bio-
defenses to protect the plant from stresses. It
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also contains copper, manganese, and zinc,
trace elements that are essential for various
stages of crop development. It is needed in
substantial amounts by all plants for the
formation of cell walls and cell membranes. A
continuous supply of calcium in the plant tissues
and soil must be available to the plant, due to
calcium’s immobility. Copper is an essential
micronutrient that is an integral part of certain
enzyme systems, the process of photosynthesis,
and plant respiration, and assists in plant
metabolism of carbohydrates and proteins.
Manganese sustains metabolic roles within the
plant cell compartments and is essential as a co-
factor for the oxygen-evolving complex of the
photosynthetic  process, the water-splitting
reaction in photosystem Il. On the other hand,
zinc helps the plant produce chlorophyll and
carbohydrates, conversion of starches to sugars
and its presence in plant tissue helps the plant
withstand cold temperatures. It is also needed to
form auxins that are integral for growth regulation
and stem elongation [4].

Copper, manganese, and zinc are also
components of superoxide dismutase (SOD)
enzyme that catalyze the dismutation of
superoxide radicals to oxygen and hydrogen
peroxide. This is a significant role in the defense
against toxic-induced oxygen species which are
generated as byproducts of plant reactions. SOD
has been also seen as important for plant stress
tolerance [4].

Polyphenols or Polyphenolic compounds as a
component of Turan are secondary plant
metabolites and are generally involved in abiotic
stress response. Such stress is extreme
temperatures, drought, flood, light, salt, and
heavy metals that largely influence plant
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development and crop productivity. Complexing
Polyphenols and Calcium results in a more
potent biostimulant to further improve plant
productivity regardless of the crop’s nutrition
status [4].

The trial was conducted to evaluate the bio-
efficacy of Turan Biostimulant on the growth and
yield of pechay in farmer's fields.

2. METHODOLOGY

The trial was conducted for one season at
Oogong, Sta. Cruz, Laguna Philippines from
November 2021 - January 2022. An open-
pollinated pechay cultivar, Pavito (East-West
Seeds, Sampaloc, San Rafael, Bulacan,
Philippines) was used as the test crop/cultivar.

2.1 Soil Analysis

Prior to making beds, surface (0-15 cm) soil
samples were randomly collected from five
different points on the experimental site for
physical and chemical analyses. Samples were
collected per plot at harvest for post-harvest soil
analysis. An accredited Soils Laboratory of the
Department of  Agriculture Region IV-A
Philippines performed a complete soil chemical
analysis. The levels of organic matter, nitrogen,
phosphorus, and potassium were determined,
while moisture and pH were also measured.

2.2 Land Preparation

The trial field was plowed and harrowed twice in
different directions. Bed preparation was done
manually. Plots measuring 2x5 m2 were made,
and a total of 20 plots were established.

2.3 Experimental Design and Treatment
Application

The experiment followed a randomized complete
block design with four treatments, including

control, with four replications (Table 1). The
inorganic fertilizer was applied basally at seed
sowing, while Turan was applied at 10 and 20
days after sowing (DAS).

2.4 Seed Sowing

Five rows per meter were line drilled covering the
5 meters stretch of the plot. The distance
between rows is 20 cm. Pechay seeds were
directly sown to the soil using drill method at 1
gram per 2m® The sown seeds were covered
with soil. The plots were dusted with carbaryl
(Bayer Philippines, McKinley Hill Cyberpark,
Pinagsama, Taguig City, Metro Manila,
Philippines) to prevent ant foraging.

2.5 Cultural Management

The  following  cultural were

implemented as needed:

practices

2.5.1 Irrigation

Watering was done every day depending on soil
moisture content and weather condition.

2.5.2 Weeding

Weeds were removed at weekly intervals to
avoid competition with the crop.

2.5.3 Cultivation

Tilling the soil was done to aerate the soil and to
control some weed pests.

2.5.4 Insect Pest Control
Insect infestation was managed by applying

insecticides appropriate to the insect pests of
pechay.

Table 1. Treatment combinations evaluated in the trial

Treatments Granular fertilization (Solid) Turan (Liquid
concentrate)

1 Inorganic Fertilizer alone (1RR)
@ 8.5 bags 14-14-14 & 4 bags urea/ha

2 Inorganic Fertilizer (1RR) 1rr Turan @ 20ml 500
@ 8.5 bags 14-14-14 & 4 bags urea/ha ml/ha

3 Inorganic Fertilizer (1RR) Yarr Turan @ 10ml 250
@ 8.5 bags 14-14-14 & 4 bags urea/ha ml/ha

4 Inorganic Fertilizer (1RR) 1%rr Turan @ 30ml 750
@ 8.5 bags 14-14-14 & 4 bags urea/ha ml/ha

5 Control (no fertilizer or biostimulant applied)
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2.6 Harvesting

The pechay plants were harvested ~28 days
after planting. The harvested plants were then
sorted into either marketable or non-marketable.
The non-marketable yield was classified based
on plants whose leaves had holes =2 1 cm in
diameter.

2.7 Data Gathering

The fresh weight yield of the above-ground
biomass plants was expressed in kg/ha and
recorded. In addition, the non-marketable yield
was also expressed in percent (%) of the total
(marketable + non-marketable) yield. Growth
parameters such as plant height, number of
leaves, leaf length, leaf width, root length, and
biomass were also gathered from a sample of 40
plants per treatment (10/rep). Data were
gathered as follows:

2.7.1 Fresh weight yield

Total yields were derived from matured plants
harvested per treatment per replication. The
plants for each plot were weighed using a
standard weighing scale.

2.7.2 Percent marketable and non-marketable
yield

These were computed after separating the
marketable from non-marketable plants. Non-
marketable plants are plants that are deformed,
small, and damaged by insects or other
organisms (= 1 cm holes).

2.7.3 Plant height

The distance between the base of the plant and
the longest/highest leaf was measured after
harvesting. Ten plant samples per replication
were measured.

2.7.4 Number of leaves

The number of mature leaves not smaller than
one-inch diameter was counted. A sample of 10
plants per replication was measured.

2.7.5 Leaf width

This was done by getting 10 sample plants per

replication and measuring the biggest leaf for
each plant.
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2.7.6 Root length and biomass

From 10 sample plants, the roots were measured
in centimeters (cm) from the tip of the root to the
tallest leaf, and biomass in grams (Q).

2.8 Data Analysis and Interpretation

The generated data were analyzed statistically
using Genstat 64-bit Release 21.1. Analysis of
variance and treatment mean comparison using
Tukey's Test was done at 5% probability level.
Two-way tables were prepared to show the
means and their corresponding alphabet
notations. Interpretations were done by
comparing each treatment, especially with the
control. Conclusions and recommendations were
formulated based on the results generated.

3. RESULTS AND DISCUSSION
3.1 Effect on Total Fresh Yield of Pechay

The total yield was derived from the 10 m? plot
area and converted to fresh yield per hectare.
The general appearance of the treated pechay
plants in the field is shown in Fig. 1a-e. The
highest fresh yield was obtained from the plants
treated with the 1.5 rr Turan biostimulant,
however, this is not significantly different with the
plants treated with inorganic fertilizer and Turan
biostimulant at any rate. On the other hand, the
lowest fresh yield was obtained from the control
plants and is significantly different from the plants
treated with Turan biostimulant and inorganic
fertilizer (Table 2).

The results revealed that pechay plants were
responsive to Turan biostimulant application,
which gave a yield increase of 7.67 and 34.43
tons per hectare over the granular inorganic
fertilization alone and the control, respectively.
On the other hand, at the recommended rate of
Turan biostimulant, a yield of 29.46 tons over the
control plants was obtained. This supported the
fact that Turan biostimulant is already effective at
250 ml/ha, but higher rates could possibly
provide better yields and additional trials should
be conducted to confirm this.

3.2 Effect on Number and Percent
Marketable Yield of Pechay

The marketable yield is equivalent to the total
yield since the pechay plants were all in good
condition with no visible damage, and the quality
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has passed the requirements of the consumers.
The leaves are free from any insect damage,
deformities, or disease signs and symptoms.
Preventive control measures against insect pests

were successful in preventing any economic
damage to the pechay plants, thus all
plants were considered acceptable to the

consumers.

Fig. la-e. Different treatment combinations of inorganic fertilizer (RR) and Turan biostimulant

(rr)
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Table 2. Total fresh yield of pechay treated with Turan biostimulant

Treatment Mean Yield (tons/ha) Mean
1 2 3 4
1 Inorganic Fertilizer alone (IF) 45.88 37.88 55.33 29.50 4214 b
2 IF+ 1rr Turan @ 20 ml 54.13 41.25 44.00 40.00 4484 b
3 IF +%rr Turan @ 10 ml 35.38 47.625 36.50 51.38 4272 b
4 IF + 1%irr Turan @ 30 ml 58.25 31.63 53.63 55.75 49.81b
5 Control 10.75 15.63 17.25 17.88 15.38 a
cv 7.6, p<.001 *Means with the same letter are not significantly different at a = 0.05

3.3 Effect on Plant Height of Pechay

The plant height was measured during
harvesting by measuring the length between the
base of the plant and the tallest leaf. The data
showed that the tallest plants were obtained from
the plants treated with 1.5rr Turan biostimulant
but were not significantly different from the
Turan-treated plants at any rate. On the other
hand, the shortest plants were obtained from the
control which were significantly different from the
plants treated with inorganic fertilizer and Turan
biostimulant at any rate. The inorganic fertilizer-
treated plants were significantly different from the
control and 1.5rr Turan-treated plants but were
comparable with the Yarr and 1rr treated pechay
plants. The data revealed that Turan biostimulant
has an enhancing effect on the growth of pechay
such that higher rates can initiate taller plants
(Table 3).

3.4 Effect on Leaf Length of Pechay

The leaf length was measured from the biggest
leaf of each plant sample (Table 4). The data
were like the plant height data in terms of the
relationship of treatments among each other. The
data revealed that the longest leaves were from
plants treated with 1.5rr Turan biostimulant but
were not significantly different from the rest of the
treatments except for the control plants. On the

other hand, the shortest leaves were obtained
from the control plants and were significantly
different from the rest of the treatments.

3.5 Effect on Leaf Width of Pechay

The leaf width was measured from the biggest
leaf of each plant sample (Table 5). The data
were like the plant height data in terms of the
relationship of treatments among each other. The
data revealed that the widest leaves were
obtained from the plants treated with 1.5rr Turan
biostimulant but were not significantly different
from the rest of the treatments, except for the
control plants. On the other hand, the narrowest
leaves were obtained from the control plants and
were significantly different from the rest of the
treatments.

3.6 Effect on the Number of Leaves of
Pechay

The number of leaves data was gathered by
counting all matured leaves bigger than one inch
in size. The highest number of leaves was
obtained in the plants treated with inorganic
fertilizer alone while the least number was
obtained from the control (Table 6). All plants
treated with either inorganic fertilizer alone or
with Turan biostimulant, at any rate, are
comparable with each other except the control
plants.

Table 3. Plant height of pechay treated with Turan biostimulant

Treatment Plant Height (cm) Mean
1 2 3 4
1 Inorganic Fertilizer alone (IF) 30.68 31.45 30.25 31.40 42.14 b
2 IF+1rr Turan @ 20 ml 32.90 30.95 30.90 32.55 44.84 b
3 IF +%rr Turan @ 10 ml 33.20 30.10 33.20 28.10 42.72 b
4 IF + 1%irr Turan @ 30 ml 33.90 31.40 33.85 32.20 4981 b
5 Control 24.80 26.75 25.80 25.30 15.38 a
cv 1.8, p<.001 *Means with the same letter are not significantly different at a = 0.05
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Table 4. Leaf length of pechay with Turan biostimulant at harvest

Treatment Leaf Length (cm) Mean

1 2 3 4
1 Inorganic Fertilizer alone (IF) 22.10 20.10 22.75 18.05 20.75b
2 IF+ 1rr Turan @ 20 ml 19.75 23.05 19.20 22.80 21.20b
3 IF + Yrr Turan @ 10 ml 22.50 21.10 20.55 20.35 21.13b
4  IF + 1%rr Turan @ 30 ml 23.70 19.70 21.65 21.75 21.70b
5 Control 14.55 16.25 15.05 14.40 15.06 a

cv 13.6, p<.001 *Means with the same letter are not significantly different at a = 0.05

Table 5. Leaf width of pechay with Turan biostimulant at harvest

Treatment Leaf Width (cm) Mean

1 2 3 4
1 Inorganic Fertilizer alone (IF) 18.85 17.85 18.05 15.25 1750 b
2 IF+1rr Turan @ 20 mi 18.65 14.95 18.15 19.20 17.74 b
3  IF +Yrr Turan @ 10 ml 16.25 19.30 15.80 19.20 17.64 b
4 |F + 1%irr Turan @ 30 ml 19.05 17.61 18.80 16.70 18.04 b
5 Control 10.05 12.55 10.80 10.50 10.98 a

cv 12.9, p<.001 *Means with the same letter are not significantly different at a = 0.05

Table 6. Number of leaves of pechay with Turan biostimulant at harvest

Treatment Number of Leaves Mean
1 2 3 4
1 Inorganic Fertilizer alone (IF) 8.9 8.2 8.5 8.5 8.53 b
2 IF+ 1rr Turan @ 20 ml 8.1 8.2 8.0 7.6 7.98b
3 IF + %rr Turan @ 10 ml 8.0 8.0 8.8 7.9 8.18 b
4 IF + 1%irr Turan @ 30 ml 9.1 7.7 8.4 7.7 8.23b
5 Control 6.6 7.9 6.8 7.7 7.25a
cv1.4 ,p<.001 *Means with the same letter are not significantly different at a = 0.05

3.7 Effect on Root Length of Pechay

The root length data were gathered by
measuring the roots of ten plant samples for
each plot. The data showed that the longest
roots were produced in the pechay plants
treated with 1.5rr Turan biostimulant which was

comparable to inorganic fertilization and Turan-
treated plants, at any rate. On the
other hand, the shortest roots were observed
in the control plots but were not significantly
different from the rest of the treatments,
except for the 1.5rr Turan-treated plants
(Table 7).

Table 7. Root length of pechay with Turan biostimulant at harvest

Treatment Root Length (cm) Mean
1 2 3 4
1 Inorganic Fertilizer alone (IF) 11.70 14.20 12.05 12.70 12.66 ab
2 IF + 1rr Turan @ 20 ml 16.00 13.90 11.80 12.40 13.52 ab
3 IF + Y%irr Turan @ 10 ml 14.40 13.00 14.40 11.75 13.39 ab
4 IF + 1%irr Turan @ 30 ml 14.32 13.55 14.50 14.75 14.28 b
5 Control 11.70 11.15 11.85 14.45 12.29 a
cv22 ,p=.03 *Means with the same letter are not significantly different at a = 0.05
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Table 8. Root biomass of pechay with Turan biostimulant at harvest

Treatment Root Biomass (Q) Mean
1 2 3 4
1 Inorganic Fertilizer alone (IF) 9.1 7.5 5.8 5.5 12.66 ab
2 IF+ 1rr Turan @ 20 ml 7.0 9.6 6.1 7.5 13.52 ab
3 IF +%irr Turan @ 10 ml 9.5 5.7 6.0 7.0 13.39 ab
4 IF + 1%irr Turan @ 30 ml 7.5 7.5 8.0 8.4 14.28 b
5 Control 4.0 3.6 3.9 6.1 12.29 a
cv 8.9 ,p<001 *Means with the same letter are not significantly different at a = 0.05

3.8 Effect on Root Biomass of Pechay

The root biomass was gathered by weighing the
roots of ten plant samples for each plot. The data
revealed that the heaviest roots were produced
in the pechay plants treated with 1.5rr Turan
biostimulant which was comparable to inorganic
fertilization and Turan-treated plants, at any rate.
On the other hand, the shortest roots were
observed in the control plots and were
significantly different from the rest of the
treatments (Table 8).

Fertilizers and pesticides play a crucial role in
agriculture, providing growers with a powerful
tool to increase yield and guarantee continuous
productivity throughout the seasons under both
optimal and suboptimal conditions. Several
technological innovations have been proposed to
enhance the sustainability of agricultural
production systems, by significantly reducing the
use of synthetic agrochemicals like pesticides
and fertilizers. Fertilizer supplements have been
evaluated to maximize the growth and yield of
various crops [1,5-9]. The wuse of plant
biostimulants, which are any substance or
microorganism applied to plants can enhance
nutrition efficiency, abiotic stress tolerance
and/or crop quality traits, regardless of its
nutrient content [10,11]. Biostimulants could be
seaweed extracts [12,13], humic and fulvic acids
[14,15], silicon [16], protein hydrolysates
[17,15,18], phosphates [19], soybean peptide
[20], chitosan [21], plant growth -promoting
rhizobacteria (Ruzzi and Aroca, 2015), and fungi
such as  Trichoderma [22] and arbuscular
mycorrhizal fungi [23].

According to Calvo et. al (2014), the stimulation
of germination, seedlings, and plant growth, as
well as crop productivity in response to plant
biostimulant application, has been usually
associated with the action of signaling bioactive
molecules in the primary and secondary
metabolisms, fostering plant growth and
development throughout the crop life cycle from
seed germination to plant maturity in a number of
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demonstrated ways, including but not limited to
improving the efficiency of the plant’s metabolism
to induce yield increases and enhanced crop
quality; facilitating nutrient assimilation,
translocation, and use; enhancing quality
attributes of produce, including color, fruit
seeding, sugar content, etc.; rendering more
efficient water use; enhancing certain
physicochemical properties of the soil and
fostering the development of complementary soil
micro-organisms; increasing plant tolerance to
and recovery from abiotic stresses. However,
biostimulants have no direct action against pests
and therefore do not fall within the regulatory
framework of pesticides [24]. Biofertilizers, as a
biostimulants sub-category, can increase nutrient
use efficiency and can open new routes of
nutrient acquisition by plants, while microbial
biostimulants including mycorrhizal and non-
mycorrhizal fungi, bacterial endosymbionts, e.g.
Rhizobium, and Plant  Growth-Promoting
Rhizobacteria (PGPR) that can have dual
function of biocontrol agent and biostimulant [25].

The global market for biostimulants was worth
around US$3.34 billion in 2022, projected to be
from US$3.69 billion in 2023 to US$7.97 billion
by 2023 [26-29]. But despite the growing use of
biostimulants in agriculture, many in the scientific
community consider biostimulants to be lacking
enough scientific evaluation (Calvo et. al., 2013).

4. CONCLUSION

The new product, Turan biostimulant performed
well in the trial by giving yield advantages over
the control and slightly to the conventional
inorganic fertilization. The study revealed that the
test product was able to slightly enhance pechay
production in terms of total fresh yield, plant
height, leaf length, leaf width, root length, and
root biomass with an estimated increase of more
than 1.18%, 1.06%, 1.04%, 1.03%, 1.13%, and
1.12%, respectively relative to inorganic fertilizer
application alone. Plants treated with 1.5rr Turan
biostimulant can significantly improve the yield
and quality of pechay. In addition, the bioefficacy
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data on total fresh yield, plant height, leaf height,
leaf width, root length, and root biomass showed
significant differences with the control. The
control plants are relatively inferior in quality in
terms of size and color, thus, Turan biostimulant
can be applied as a foliar amendment to
enhance pechay production.

In general, pechay is very responsive to granular
fertilization and the application of Turan
biostimulant. At a very conservative amount of
750 ml/hectare, it gave a yield advantage of
7,670.00 and 34,437.50 kgs/ha over the full dose
of inorganic fertiizer and the control,
respectively. This could be translated to an
additional income of PhP 191,718.75 (US$
3,834.38) to PhP 860,937.50 (US$ 17,218.75) at
Php 25/kg (US$ 0.5/kg) (as of December 2021
farm gate price) over the full dose of inorganic
fertilizer alone and the control, respectively.

The data also revealed that granular inorganic
fertilization generally dictates the growth and
performance of pechay, but the addition of a
biostimulant would further improve the quantity
and quality of pechay vyield. In terms of its
feasibility in pechay production, one and a half
doses of Turan biostimulant or higher is highly
recommended to obtain the highest possible
income.

The present study successfully validated the
benefits of applying biostimulants as an
enhancer of crop growth and yield.
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