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Abstract: In order to address the issue of nutrient deficiency in coconut coir-based nursery substrates, three
materials with nutrient supplementation effects, namely pig manure, composted rice husks, and agricultural
humic acid, were added in equal volumes to the coir-based substrate. The newly formulated substrates were
then tested for their seedling growth effects on cucumber and rice. Results indicate that the substrate
formulation consisting of "10% pig manure + 30% peat + 50% coconut coir + 10% vermiculite" was capable of
satisfying the growth requirements of both cucumber and rice seedlings, with the highest acceptance among

farmers.
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1. Introduction

The quality of seedlings has significant implications for the growth, yield, and quality of
crops[1,2]. To cultivate high-quality seedlings, besides environmental factors such as light,
temperature, and moisture, excellent germplasm resources and suitable substrates are equally
indispensable[3]. Among these factors, substrate selection is crucial for agricultural practitioners. In
the current substrate market, peat-based substrates still occupy a considerable proportion[4]. From
an environmental perspective, peat, as a non-renewable resource, suffers from excessive exploitation,
leading to severe ecological pressures and the release of carbon into the atmosphere[5]. From a
production standpoint, peat is generally priced at around 0.5 RMB/L, while substrate prices in the
market are approximately 0.7 RMB/L. The extensive use of peat in substrates undoubtedly increases
the production cost of substrates[6]. Therefore, finding a suitable alternative to peat for substrate
preparation has long been a focal point for many scholars[7].

Based on previous investigations into Chinese vegetable seedling substrate patents, we found
that the most frequently occurring ingredients in substrate formulations with the potential to replace
peat are livestock and poultry manure[8], straw[9], and coconut coir[10]. From the perspective of
production convenience, both livestock and poultry manure[11] and straw[5] need to undergo
composting to form corresponding organic fertilizers before they can participate in substrate
preparation. However, to meet substrate-related standards, organic fertilizers with relatively high
pH and electrical conductivity (EC) are difficult to apply in large quantities to substrate
preparation[12]. Coconut coir, after desalination treatment, can significantly reduce its EC value,
eliminating salt stress on crops[13]. Additionally, coconut coir's physical properties, such as bulk
density and porosity, are more suitable for the growth needs of crop seedlings compared to organic
fertilizers[14,15]. Therefore, in substrate-related research, coconut coir is increasingly seen as a
material with the potential to replace peat[16].

However, coconut coir also has its own drawbacks in the substrate preparation process. The
main issue lies in the fact that after desalination treatment, coconut coir's nutrient content is hardly
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sufficient to meet the normal growth requirements of crop seedlings. To address this issue, the
addition of exogenous nutrients is a relatively easy-to-implement approach. Based on previous
relevant studies, we hypothesize that composted rice husks, pig manure, and humic acid may have
the potential to address the problem of poor growth of crop seedlings in coconut coir substrates due
to insufficient nutrients. In order to comprehensively evaluate the suitability of coconut coir
substrates supplemented with nutrients from different sources for different crops and to align with
the practical application of substrates in agricultural production, this study selected cucumber and
rice as cultivation objects. The aim is to provide a comprehensive substrate that meets the growth
requirements of crop seedlings under different cultivation conditions, and to provide a more
comprehensive research direction and technical basis for further reducing the proportion of peat in
substrates.

2. Materials and Methods

2.1. Materials

The peat used in this study was purchased from Pindstrup, Denmark. The vermiculite was
obtained from Guangdong Chenxing Agricultural Co., Ltd. Coconut coir was sourced from Xiamen
Xiantu Horticultural Technology Co., Ltd. Organic fertilizer derived from pig manure was procured
from Hangzhou Xiaoshan Huirun Compound Organic Fertilizer Co., Ltd. Agricultural humic acid
was acquired from Dachen Nursery Cultivation Center, Han Gu Management Area, Tangshan City.
The composted rice husks were prepared in-house at the Organic Cycling Research Institute
(Suzhou), China Agricultural University. The cucumber variety tested was 'Shenqing 1', while the
rice variety examined was 'Nanjing 46'. The basic physicochemical properties of the materials are
detailed in Table 1.

Table 1. Physical and chemical properties of the test material.

Test material pH EC/(uS-em?) Alk.N/(g-kg?) Ava.P/(g-kg') Ava.K/(g-kg") Organic matter/%
Peat 5.62 490.56 0.59 0.13 0.41 71.32
Vermiculite 6.91 90.50 0.09 0.08 0.03 0.00
Coconut coir 5.56 505.37 0.09 0.05 0.02 64.37
Pig manure 7.21 849.56 3.83 2.53 7.51 49.96
Compostedrice 659.67 0.78 0.93 0.41 20.32
husks
Agricultural humic g 5o 756.47 2.02 0.99 120.98 50.64
acid
2.2. Methods

The experiment was conducted on October 9, 2023, at the Artificial Climate and Plant Cultivation
Center of the Institute of Organic Recycling, China Agricultural University (Suzhou), with all
necessary data collected by November 20, 2023. Referring to relevant studies on strawberry substrates
conducted by the Zhejiang Academy of Agricultural Sciences and considering economic costs, this
experiment focused on the formulation of "30% peat + 50% coconut coir + 10% vermiculite + 10%
nutrient source” as the research subject. Three treatments were designed based on different nutrient
sources, namely 10% pig manure organic fertilizer (T1), 10% decomposed rice husk (T2), and 10%
agricultural humic acid (T3). Simultaneously, two control treatments were established using "90%
peat + 10% vermiculite” and "30% peat + 60% coconut coir + 10% vermiculite," denoted as CK1 and
CK2, respectively. This study consisted of two experiments: cucumber seedling substrate experiment
and rice seedling substrate experiment.

2.2.1. Pre-Treatment of Test Material

Coconut husk was obtained and processed by soaking in water at a ratio of 6.67 L per kilogram
for 30 minutes to achieve a final moisture content of 86.96%. The husks were then air-dried naturally.
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Other raw materials were also air-dried and stored for subsequent use. Cucumber seeds were
disinfected using a 10% sodium hypochlorite solution for 5 minutes. Rice seeds were subjected to a
pre-germination treatment by soaking in water at 30°C for 24 hours followed by a 48-hour
germination period. The soaking solution for rice seeds was prepared at a concentration of 10 g/L of
Bacillus thuringiensis var. israelensis (Bti).

2.2.2. Determination of Seed Germination Effect

Following the methods prescribed in Chinese agricultural industry standard NY/T 525-2021and
incorporating the findings of Kong et al[17], radish seeds were employed to determine the
germination index (GI) of each treatment's seedling substrate. Ten milliliters of the extraction solution
from each treatment's seedling substrate were added to Petri dishes lined with 9 cm filter paper, with
distilled water used as the control (CKw). Ten seeds were placed in each Petri dish and incubated in
a constant temperature chamber at 25 °C in darkness for 48 hours. Post-incubation assessment criteria
included germination rate, total root length, and seedling root fresh weight. Germination index was
calculated using germination rate and total root length, with the calculation formula as follows:

germination rate of treatment group X Total root length of treatment group

GI X 100%

germination rate of CKy; X Total root length of CKyy

2.2.3. Cucumber Seedling Substrate Test

Following the methodology outlined by Liu et al.[18], the research was conducted using the tray-
seedling method. Each well in the tray contained one cucumber seed, with a total of 50 wells per tray.
The experiment was arranged in a randomized complete block design with three replicates per
treatment, each tray serving as one replicate. The trays were placed in a growth chamber with
controlled conditions set to 25°C and 80% humidity for a period of 15 days. During the experimental
period, each well was irrigated with 1.5 L of distilled water, and an additional 500 mL of water was
added every 48 hours to maintain consistent moisture levels.

2.2.4. Rice Seedling Substrate Test

In accordance with the methodology outlined by Ge et al.[19], the study was conducted using
rice-specific seedling trays. Rice seeds were sown at a depth of 0.2 cm from the surface of the
substrate, with 50 seeds sown per tray. Each treatment was replicated three times, with each tray
constituting one replicate. The seedling trays were placed in a growth chamber maintained at 30°C
and 80% humidity for 28 days. Each tray was uniformly watered with 1 L of water upon seeding,
followed by daily watering with an additional 1 L of water throughout the experimental period.

2.3. Measurement Indicators and Methods

2.3.1. Physicochemical Properties of Seedling Substrates

Following the methods prescribed in the agricultural industry standard NY/T 2118-2012, the
bulk density, water holding capacity, air-filled porosity, and total porosity of the seedling substrate
were determined using the ring knife method. Additionally, the air-water ratio was calculated based
on the ratio of air-filled porosity to water holding capacity. Specifically, the hydrolyzed nitrogen
content was measured using the alkali diffusion method, the available phosphorus content was
determined using the molybdenum antimony anti-spectrophotometric method, the readily available
potassium content was measured using flame photometry, and the organic matter content was
determined using the potassium dichromate volumetric method. pH and EC values were measured
using electrode methods.

2.3.2. Growth Indicators for Young Cucumber Seedlings

15 cucumber seedlings were taken from each hole tray 15 days after seeding and their height
was measured with a straightedge and stem thickness was assessed with a vernier caliper. The
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cucumber seedlings' leaf area was calculated using the length and width coefficient method; the
cucumber seedlings' completely expanded leaves were measured using a chlorophyll content meter,
and the chlorophyll content was reported as SPAD values. Using a brush, the seedling substrates
adhered to the 15 cucumber seedlings were removed and stored in a sealed container at 4°C for
testing. A root scanner (WinRHIZO) was used to measure the root length and root surface area of
cucumber seedlings. The above-ground and below-ground weights of cucumber seedlings were
measured using an electronic balance. Subsequently, they were killed at 90 °C and dried at 60 °C to a
constant weight. The strong seedling index was calculated using plant height, stem thickness and
plant weight, which provides a relatively comprehensive picture of the overall quality of cucumber
seedlings. The formula is shown below:

Strong seedling index
_ <Stem thickness belowground dry weight)

height + underground dry weight
X (belowground dry weight
+ underground dry weight)

2.3.3. Growth Indicators for Young Rice Seedlings

Rice seeds were germinated and cultivated under controlled conditions in a growth chamber.
After 5 days of cultivation, the number of emerged rice seedlings was recorded to calculate the
emergence rate. After 28 days of cultivation, 15 randomly selected rice seedlings from the non-
boundary areas of each treatment in the nursery trays were measured for various growth parameters,
including plant height, stem diameter, root length, and fresh/dry weight of aboveground (and
belowground) parts, following the methodology outlined in "Growth Indicators for Young Cucumber
Seedlings".

2.3.4. Seedling Effectiveness Evaluation Survey

Ten experienced agricultural technicians engaged in agricultural production were invited to
evaluate and score both substrate quality and seedling growth conditions. Evaluation criteria
comprised seedling appearance, root development, substrate texture, and willingness to use. Scoring
criteria were set as follows: 0 (poor), 1 (fair), 3 (good), and 5 (excellent). Participants were provided
with standardized evaluation forms detailing each criterion and corresponding scoring scale. Prior
to assessment, participants underwent training sessions to ensure consistency and accuracy in
scoring. The evaluation process involved individual assessments of substrate quality and seedling
growth conditions by each technician. Evaluations were conducted in a controlled environment to
minimize external influences. Following completion of evaluations, scores from all technicians were
aggregated and analyzed statistically using appropriate methods to determine overall ratings for
both substrate quality and seedling growth conditions.

2.3.5. Data Statistics and Analysis
Using DPS software[20], the trial's raw data were submitted to one-way ANOVA after being
tallied using Excel 2019.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Seed Germination

The results, as depicted in Table 2, illustrate a 100% germination rate across all treatments,
indicating the favorable effect of coconut coir substrate on seed germination promotion. Regarding
root length, all substrate treatments exhibited an increase compared to the control (CK). Specifically,
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while the difference in root length between T2 and T3 treatments was not significant, both were
significantly higher than the T1 treatment. In detail, compared to CKw, CK1 showed a 13.89%
increase in root length, CK2 showed a 13.24% increase, T1 showed an 18.49% increase, T2 showed a
29.03% increase, and T3 showed a 28.60% increase. Lastly, concerning the germination index,
treatments with different nutrient sources (T1, T2, T3) displayed a decrease relative to CK1 and CK2,
although the differences between T2, T3, and the control group were not significant.

Table 2. Seed growth in different treatments of seedling substrates.

Treatments Germination rate/% Root length/cm GI
CKw 100a 33.32¢c -
CK1 100a 45.20a 136.01%a
CK2 100a 45.05a 135.48%a
T1 100a 39.47b 118.87%Db
T2 100a 43.30ab 130.41%ab

Note: CKw stands for water, CK1 stands for 90% peat + 10% vermiculite, CK2 stands for 30% peat + 60% coconut
coir + 10% vermiculite, T1 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10% pig manure, T2 stands
for 30% peat + 50% coconut coir + 10% vermiculite + 10% composted rice husks and T3 stands for 30% peat + 50%
coconut coir + 10% vermiculite + 10% agricultural humic acid. Different lower case letters in the same column
represent significant differences (P < 0.05).

3.2. Physical Properties of Seedling Substrates

Table 3 illustrates the bulk density results, indicating significant increases in bulk density for
treatments T1, T2, and T3 compared to CK1 and CK2. Notably, treatment T3 exhibited the highest
bulk density, measuring 0.26g-cm=, which represents a 36.84% increase over CK1 (0.19 g-cm) and
an 18.18% increase over CK2 (0.22 g-cm™2). Regarding air-filled pore space, treatments T1, T2, and T3
showed significantly lower values compared to CK1 and CK2. Particularly, CK1 exhibited the highest
air-filled pore space at 43.45%, while treatment T3 had the lowest at 27.33%. Compared to CKI,
treatments T1, T2, and T3 decreased by 15.64%, 16.09%, and 16.16%, respectively. Concerning water-
holding pore space, treatments T1, T2, and T3 showed significant increases compared to CK1 but
were significantly lower than CK2. Compared to CK1, treatments T1, T2, and T3 increased by 16.78%,
18.48%, and 9.68%, respectively. In terms of total pore space, CK2 exhibited the highest value at
83.49%, while treatment T3 had a total pore space of 78.65%, significantly lower than the other
treatments. Compared to CK1, treatments T1, T2, and T3 increased by 7.00%, 9.09%, and 7.56%,
respectively.

Table 3. Physical properties of seedling substrates in different treatments.

Treatments Bulk density/(g-cm-) Aera.tlon Water-h.oldmg Total porosity/%
porosity/% porosity/%
CKw 0.19¢ 43.45a 37.13d 80.58b
CK1 0.22b 24.72¢ 58.76a 83.49a
CK2 0.25a 27.27b 54.53b 81.80ab
T1 0.21b 26.90b 56.06b 82.95a
12 0.26a 27.33b 51.32c 78.65¢

Note: CKw stands for water, CK1 stands for 90% peat + 10% vermiculite, CK2 stands for 30% peat + 60% coconut
coir + 10% vermiculite, T1 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10% pig manure, T2 stands
for 30% peat + 50% coconut coir + 10% vermiculite + 10% composted rice husks and T3 stands for 30% peat +50%
coconut coir + 10% vermiculite + 10% agricultural humic acid. Different lower case letters in the same column
represent significant differences (P < 0.05).
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3.3. Chemical Properties of Seedling Substrates

Table 4 presents the results of various soil parameters under different treatments. In terms of
pH, treatments T1, T2, and T3 exhibited significantly higher values compared to CK1 and CK2.
Particularly, treatment T2 demonstrated the highest pH value at 6.47, which was 15.79% higher than
that of CK1 (pH = 5.60) and 21.58% higher than that of CK2 (pH = 5.53). Regarding electrical
conductivity (EC), treatments T1, T2, and T3 showed significantly higher values than CK1. Notably,
treatments T2 and T3 displayed the highest EC values at 0.58 mS-cm, which were 7.41% higher than
CK1 (EC = 0.54 mS-cm™) and 3.57% higher than CK2 (EC = 0.56 mS-cm™). For alkali hydrolyzable
nitrogen, treatment T2 showed significantly higher values than CK1 and CK2, reaching the maximum
value among all treatments at 0.60 g-kg™. In terms of available phosphorus, there were no significant
differences between treatments T1, T2, T3, and CK2, while treatments T2 and T3 were significantly
lower than CK1. As for available potassium, treatments T2 and T3 showed significantly higher values
compared to CK1 and CK2. Particularly, treatment T3 exhibited the highest content of available
potassium at 10.43 g-kg'. Regarding organic matter, treatments T1, T2, and T3 displayed significantly
lower values compared to CK1 and CK2. Notably, treatment T1 exhibited the lowest organic matter
content at 55.66%.

Table 4. Chemical properties of seedling substrates in different treatments.

Treatments pH EC/ (mS-ecm? Alk. N/(mg-kg Ava.P/(mg-kg Ava.K/(mgkg  Organic

) 1) 1) 1) matter/%
CK1 5.60c 0.54c¢ 0.49b 0.63a 0.38¢ 64.07a
CK2 5.53¢ 0.56bc 0.25e 0.12b 0.31c 61.40b
T1 5.90b 0.59a 0.31d 0.36ab 0.32c¢ 55.66d
T2 6.47a 0.58ab 0.60a 0.18b 1.04b 57.92¢
T3 5.93b 0.58ab 0.43¢ 0.18b 10.43a 57.83¢

Note: CK1 stands for 90% peat + 10% vermiculite, CK2 stands for 30% peat + 60% coconut coir + 10% vermiculite,
T1 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10% pig manure, T2 stands for 30% peat + 50%
coconut coir + 10% vermiculite + 10% composted rice husks and T3 stands for 30% peat +50% coconut coir + 10%
vermiculite + 10% agricultural humic acid. Different lower case letters in the same column represent significant
differences (P < 0.05).

3.4. Cucumber Seedling Growth

The growth parameters of cucumber seedlings are presented in Figure 1. It can be observed that
different substrates did not significantly affect the emergence rate of cucumber seedlings (Figure 1a),
with all treatments exhibiting an emergence rate of over 98.00%. However, concerning plant height
(Figure 1b), stem diameter (Figure 1c), chlorophyll content (Figure 1d), and aboveground dry weight
(Figure 1h), all treatments, except for T1, showed significantly lower performance compared to the
CK1 treatment. In terms of the aforementioned parameters, T1 treatment exhibited a significant
increase of 16.99%, 30.06%, 18.13%, and 28.57%, respectively, compared to the CKI1 treatment.
Moreover, T1 treatment also demonstrated significantly higher performance in other growth
parameters compared to the other treatments. T2 and T3 treatments did not exhibit significant
differences compared to the CK2 treatment in terms of leaf area, chlorophyll content, aboveground
dry weight, and belowground biomass. However, in stem diameter, they showed a significant
decrease compared to the CK2 treatment, with T3 treatment exhibiting a significant increase of 5.78%
only in plant height compared to the CK2 treatment.
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Figure 1. Cucumber seedling growth indicators. Note: Different lowercase letters in the same column
represent significant differences (P<0.05). CKI stands for 90% peat + 10% vermiculite, CK2 stands
for 30% peat + 60% coconut coir + 10% vermiculite, T1 stands for 30% peat + 50% coconut coir + 10%
vermiculite + 10% pig manure, T2 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10%
composted rice husks and T3 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10%
agricultural humic acid.

3.5. Rice Seedling Growth

From the growth of rice seedlings (Figure 2), it can be observed that, similar to the emergence
rate of cucumber seedlings (Figure 2a), the different substrate treatments had no significant effect on
the emergence rate of rice seedlings, with all treatment groups achieving 100% emergence rate.
Treatments T1 and T3 exhibited the highest levels in rice seedling height (Figure 2b), total root length
(Figure 2c), aboveground dry weight (Figure 2d), and belowground dry weight (Figure 2e), reaching
statistically similar levels between the two, while CK2 treatment significantly lagged behind CK1
treatment in all the aforementioned parameters except for plant height. T1 and T3 treatments showed
respective increases of 10.00%, 15.79%, 14.49%, and 30.42% compared to CK1 treatment in the above-
mentioned parameters. Treatment T2, besides significantly surpassing CK2 treatment in
aboveground and belowground fresh weights, showed no significant differences from CK2 treatment
in the remaining parameters.
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Figure 2. Rice seedling growth indicators. Note: Different lowercase letters in the same column
represent significant differences (P<0.05). CKI stands for 90% peat + 10% vermiculite, CK2 stands
for 30% peat + 60% coconut coir + 10% vermiculite, T1 stands for 30% peat + 50% coconut coir + 10%
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vermiculite + 10% pig manure, T2 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10%
composted rice husks and T3 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10%
agricultural humic acid.

3.6. Seedling Strength Index

Table 5 presents the results of seedling vigor index for cucumber and rice. In terms of cucumber
seedling vigor index, the highest value was observed in the T1 treatment, reaching 1.01, representing
a significant increase of 36.49% compared to CK1 (0.74) and 86.32% compared to CK2 (0.53). For rice
seedling vigor index, both T1 and T3 treatments exhibited significant increases compared to CK1 and
CK2. Specifically, the T1 treatment showed the highest rice seedling vigor index at 23.84, indicating
a substantial improvement of 33.75% over CK1 (17.81) and 57.89% over CK2 (15.15). While the T1
treatment simultaneously achieved the maximum seedling vigor index for cucumber under
cucumber seedling substrate and rice under rice seedling substrate, the T3 treatment attained the
maximum value for rice seedling vigor index but did not significantly enhance the seedling vigor
index of cucumber compared to CK1.

Table 5. Strength index of cucumber and rice seedlings in different substrate.

Treatments Cucumber Rice
CK1 0.74b 17.81b
CK2 0.53c 15.15¢

T1 1.01a 23.84a
T2 0.68b 14.63¢
T3 0.66b 21.61a

Note: CK1 stands for 90% peat + 10% vermiculite, CK2 stands for 30% peat + 60% coconut coir + 10% vermiculite,
T1 stands for 30% peat + 50% coconut coir + 10% vermiculite + 10% pig manure, T2 stands for 30% peat + 50%
coconut coir + 10% vermiculite + 10% composted rice husks and T3 stands for 30% peat + 50% coconut coir + 10%
vermiculite + 10% agricultural humic acid. Different lower case letters in the same column represent significant
differences (P < 0.05).

3.7. Research and Evaluation of Substrate Effectiveness

Table 6 illustrates the substrate tactile perception, wherein CK1 and T1 treatments exhibited
higher average scores of 4.6, indicating their substrates possessed a moderate texture, facilitating ease
of handling and blending. Conversely, T2 and T3 treatments scored lower with average scores of 3.8
and 4.4, respectively. This disparity might be attributed to the inclusion of composted rice hulls and
agricultural humic acid, impacting the texture and blending efficiency of the substrates. Regarding
the external appearance of cucumber plants and root development, T1 treatment attained the highest
average scores of 4.6 and 4.8, signifying robust growth of cucumber plants, vibrant leaf coloration,
and well-developed roots. Following closely was the CK1 treatment with average scores of 4.2 and
4.4. T2 and T3 treatments exhibited lower average scores in this regard, with scores of 0.7 and 0.7, 2.3
and 2.4, respectively, indicating a certain restriction in cucumber plant growth. In terms of rice
external appearance and root development, T1 treatment secured the highest average scores of 4.6
and 4.6, followed by CKI1 treatment with average scores of 4.2 and 4.2. Conversely, T2 and T3
treatments demonstrated lower average scores of 0.7 and 0.7, 3.6 and 3.6, respectively, in this aspect.
Regarding the willingness to use, both CK1 and T1 treatments received perfect average scores of 5.00,
indicating a strong inclination among agricultural technicians to utilize these substrates for cacumber
or rice seedling cultivation. Notably, T3 treatment garnered the highest average score of 5.00 for rice
seedling substrate, yet obtained a lower average score of 0.50 for cucumber seedling substrate.
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Table 6. Evaluation of the effectiveness of substrate nurseries by agricultural technicians.
Cucumber Rice
Substrate o e
Treatments tactility External Root  Willingness External Root  Willingness
impression development touse impression development to use
CK1 4.6 42 4.4 5.00 42 42 5.00
CK2 4.8 0.6 2.0 0.60 3.4 3.4 4.20
T1 4.6 4.6 4.8 5.00 4.6 4.6 5.00
T2 3.8 0.7 2.3 0.30 3.6 3.6 3.60
T3 4.4 0.7 2.4 0.50 4.8 4.8 5.00

4. Discussion

Utilizing substrates for cultivating crop seedlings is an effective approach to enhancing crop
vigor and yield. The practical application value of substrates has also propelled the development of
related industries. The 2023 Central Document further emphasizes the need to accelerate the
development of intensive vegetable seedling sunstrate. Traditional crop substrates mainly rely on
peat, but with the continuous advancement of industry technology, numerous organic waste
materials have directly or indirectly participated in substrate preparation, with coconut coir being a
typical representative[21]. The suitability of coconut coir for substrate preparation primarily lies in
its excellent physical properties, which align well with the germination and seedling growth stages
of crops. However, coconut coir contains a large amount of salt, requiring leaching to remove the salt
content before substrate preparation. During the leaching process, although the physical properties
of coconut coir remain intact, the included readily available nutrients are essentially lost along with
the salt content. This results in poor growth conditions for crop seedlings when the proportion of
coconut coir in the substrate is too high, as notably observed in CK2 treatment in cucumber seedling
cultivation in this study. Therefore, it is essential to supplement external nutrients to coconut coir-
based substrates, while maintaining the suitability of the substrate for seed germination and seedling
growth.

Regarding the technical indicators for vegetable seedling substrates and rice seedling substrates,
the agricultural industry standards NY/T 2118-2012 and NY/T 3838-2021 provide clear requirements.
This study utilized pig manure organic fertilizer, decomposed rice husks, and agricultural humic acid
as nutrient supplements for coconut coir substrates. Through comparison with the two agricultural
industry standards, the substrate supplemented with pig manure organic fertilizer was closest to the
specified indicators in the standards. While its physicochemical properties as a rice seedling substrate
fully complied with the relevant requirements, as a cucumber seedling substrate, it only exceeded
the highest limit of effective phosphorus content in NY/T 2118-2012. Therefore, utilizing pig manure
organic fertilizer as a nutrient supplement for coconut coir substrates demonstrates considerable
feasibility in terms of physicochemical property indicators.

Furthermore, this study referenced the determination method of germination index in organic
fertilizer agricultural industry standard NY/T 525-2021 to measure the germination index of each
treatment substrate. For organic fertilizers, a germination index exceeding 70% (compared to water)
can be technically considered non-toxic to crop seeds[22,23]. However, for substrates, their purpose
is to promote seed germination and seedling growth; thus, only when the germination index exceeds
100% can it be demonstrated that the substrate may have a certain growth-promoting effect. The
results of this study showed that the germination index of all treatments exceeded 100%, with the
substrate supplemented with pig manure organic fertilizer having the lowest germination index at
118.87%. This is mainly due to the relatively low germination index of pig manure organic fertilizer,
which was previously validated in our research at 72.35%. Although it meets the germination index
standard for organic fertilizers, there is still a significant gap for the substrate's requirement of a
germination index exceeding 100%. For most organic waste composts, their own germination index
is one of the reasons limiting their application proportion in substrates due to their chemical
properties[24].
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The germination index reflects the relative suitability of the substrate for crops; however, its
assessment only requires 48 hours. The overall suitability of substrates for crop growth still needs to
be judged through subsequent seedling growth conditions. In this study, the same treatment
substrates were applied to cucumber seedling cultivation and rice seedling cultivation. This was
mainly done considering the situations that arise in actual agricultural production, where substrates
intended for vegetable seedlings might be used by agricultural practitioners for rice seedling
cultivation. To avoid potential economic losses due to improper use, this study evaluated and
compared the performance of the same substrate in the seedling growth stages of cucumber and rice.
The results showed that the substrate prepared with pig manure organic fertilizer could meet the
growth requirements of both crops, and its suitability for rice also aligned with the author's previous
relevant research. The substrate prepared with agricultural humic acid could satisfy the growth
requirements of rice seedlings but was not suitable for cucumber seedling cultivation. The probable
reason lies in the high content of readily available nutrients in agricultural humic acid, which
imposed certain stress on cucumber seedling growth. However, due to the unique characteristics of
rice seedling trays, the large amount of nutrients in agricultural humic acid may be leached out of the
substrate during irrigation, thus avoiding stress on rice seedlings.

In addition to the determination of seedling growth indicators by the experimenters, this study
also invited technical personnel engaged in practical agricultural production to evaluate the seedling
effects of the substrates. As frontline personnel in contact with and using substrates, the assessment
of substrate seedling effects by agricultural technicians is crucial. The results showed that the
assessment of substrate seedling effects by agricultural technicians was more consistent with the
determinations by the experimenters. Both groups considered the substrate prepared with 10%
volume of pig manure organic fertilizer to be the most suitable for seedling cultivation of cucumber
and rice. This provides crucial reference opinions for subsequent substrate-related research.

5. Conclusions

This study evaluated the ameliorative effects of three common nutrient sources in agricultural
production processes on seedling cultivation in coconut coir-based substrates. The results
demonstrate that a substrate formula consisting of "10% pig manure + 30% peat + 50% coconut coir +
10% vermiculite" can simultaneously meet the growth requirements of cucumber and rice seedlings.
It is recommended to further reduce the dosage of pig manure organic fertilizer based on this study,
ensuring optimal crop growth while aligning its physicochemical properties and economics more
closely with the practical needs of agricultural production.
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