New Countryside | Volume 05 | Issue 01 | January 2026

aw
é> @% New Countryside
% & https://ojs.bilpub.com/index.php/nc

Japan Bilingual Publishing Co.

ARTICLE

Techno-Economic Assessment of Rice Seedling-Raising Trays in North-
ern Iran

Alireza Allameh

Rice Research Institute of Iran (RRII), Agricultural Research, Education and Extension Organization (AREEO), Rasht
41996-13475, Iran

ABSTRACT

Mechanized rice transplanting has become an essential practice in modern rice cultivation due to its economic
advantages, reduced labor requirements, and shorter operation time compared with manual transplanting. However,
successful mechanized transplanting depends on the provision of high-quality mat-type seedlings, which are produced
in specially designed plastic trays. These trays play a critical role in seedling establishment and ultimately influence
crop performance. In this study, nine types of rice seedling-raising trays were evaluated—four made from high-
quality virgin materials and five from recycled plastics—to assess their effects on seedling mat quality, transplanting
efficiency, yield, and yield components. The experiment was conducted using a Randomized Complete Block Design
(RCBD) with three replications. Results showed that seedling mats raised in high-quality trays (P10, PK, P50, and RF)
exhibited significantly better performance (p < 0.05) compared to those raised in recycled trays. Seedlings grown in
quality trays had greater shoot cross-sectional area and higher strength, resulting in improved mechanical transplanting
efficiency. Key transplanting traits—including the number of hills per unit area, hill spacing uniformity, number of
seedlings per hill, and rates of missing, buried, or damaged seedlings—were all significantly superior in the quality tray

treatments. Similarly, grain yield and yield components were significantly higher for seedlings raised in quality trays,
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which also demonstrated greater resistance to lodging. In contrast, recycled trays exhibited substantial deformation

(bulging, twisting, and breakage) due to weak polymer bonding, leading to poor mat uniformity. The economic analysis

confirmed that, despite their higher purchase price, using quality trays was economically justified, with a production

cost of approximately 0.23 USD per kilogram of paddy, compared with 0.29 USD for recycled trays.

Keywords: Rice; Mechanized Transplanting; Seedling Trays; Seedling Vigor; Crop Yield; Techno-Economic Assessment

1. Introduction

Rice (Oryza sativa L.) is one of the most important
cereal crops worldwide, serving as a major source of cal-
ories and nutrients for more than half of the global pop-
ulation. It ranks second after wheat in total consumption
and production. Rice is cultivated mainly through two
methods: direct seeding and transplanting. Although direct
seeding has gained popularity in some regions, most rice
farmers continue to prefer transplanting due to its higher
yield potential and more effective weed control. How-
ever, traditional manual transplanting is labor-intensive,
time-consuming, and costly, often requiring significant
manpower and prolonged working hours ',

In recent decades, rice producers have increasingly
adopted mechanized transplanting systems, which re-
duce labor requirements, shorten the operational period,
and improve precision and management efficiency. This
mechanization trend reflects a broader shift in the agricul-
tural sector toward technologies that enhance productivity
and sustainability. Recent economic studies across South
Asia have reaffirmed the advantages of mechanized trans-
planting over traditional methods. For instance, research-
ers ! reported that mechanical rice transplanting reduced
total input costs by approximately 20% and increased
the benefit—cost ratio from 2.42 to 3.44 in spring paddy
production in Nepal, demonstrating substantial economic
gains. In a similar context, it was found that mechanical
transplanting improved productivity by 10-12% and en-
hanced the benefit—cost ratio from 1.28-1.33 to 1.40-1.44
for Basmati rice varieties in Pakistan, reaffirming its la-
bor-saving and profitability advantages . Furthermore,
scientists showed that mechanized transplanting achieved
an internal rate of return exceeding 45% and reduced the
investment payback period to only two years in Bangla-
desh, highlighting its potential for agro-entreprencurship
and rural development ). Nonetheless, successful mech-
anized transplanting depends on the compatibility and

performance of various components—including the seed-

ling-raising trays that serve as the foundation for healthy
seedling mats.

In Iran, rice seedlings are generally raised in plastic
trays designed for mat-type seedlings. These trays support
early growth and facilitate transplanting by machine once
seedlings reach an appropriate stage. The performance of
these trays affects seedling uniformity, mat strength, and
ultimately, the efficiency of field establishment. Uniform
and vigorous seedlings are crucial for achieving high grain
yield and reducing transplanting losses.

A wide range of studies has explored both manual
and mechanized transplanting methods, focusing on agro-
nomic parameters, machinery performance, and economic
feasibility . Recent research has introduced improved
nursery systems such as pot-type, bowl-type, and blan-
ket-type trays, each exhibiting distinct effects on plant
growth and field establishment ">'". Studies in Southeast
Asia and Africa have also demonstrated that tray design,
material composition, and seed density play key roles in

1213 Moreover,

seedling quality and transplanting success
according to the National Institute of Standards and Tech-
nology (NIST), recycling processes reduce polymer molec-
ular integrity, causing recycled plastics to lose stiffness and
structural stability when exposed to heat and moisture .
This degradation explains the frequent warping and crack-
ing observed in recycled seedling trays used under nursery
conditions.

In Iran, farmers increasingly adopt mechanized
transplanting due to its operational efficiency, but they
face challenges related to the quality of seedling trays.
High-quality trays, typically made of virgin polypropylene,
are durable but more expensive, whereas low-cost recy-
cled trays often deform or crack, compromising seedling
uniformity. Since seedling mats are critical to successful
mechanized transplanting, understanding the technical and
economic implications of tray quality is essential.

Therefore, this study aimed to evaluate the tech-
no-economic performance of different rice seed-

ling-raising trays, comparing high-quality and recycled
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types in terms of seedling vigor, transplanting efficiency,
yield components, and total operational cost. The results
provide practical insights for improving rice production
sustainability and guiding equipment selection for mecha-
nized transplanting systems.

2. Materials and Methods

2.1. Study Site and Plant Material

This study was conducted during the 2021-2022
cropping season at the Rice Research Institute of Iran
(RRII), located in Rasht (37°12'N, 49°38'E). The exper-
imental site represents a typical paddy field ecosystem in
the northern rice-growing zone of Iran. The local rice cul-

tivar Hashemi, which dominates the region due to its desir-

able grain quality and consumer preference, was selected
as the test variety. Certified seeds with a germination rate

of 98% were used for seedling raising.

2.2. Experimental Design and Tray Selection

Nine types of seedling trays were selected for evalu-
ation. Four trays were made from high-quality virgin plas-
tic materials, whereas the remaining trays were fabricated
using recycled plastics of varying compositions. Table 1
presents the technical specifications of each tray type. For
each treatment, 15 trays were used to raise seedling mats.
The physical condition and structural integrity of trays
were recorded both before and after use to assess deforma-

tion, cracking, and durability.

Table 1. Seedling trays characteristics.

Code Ingredients Company
P10 PP 90% + Additives 10% AS
PK PP 80% + PC 20% AS
P50 PP 50% + Granules + Additives AS
RF Refined recycled granular AS

A Recycled plastics BM
B Recycled plastics KL
C Recycled plastics TCR
D Recycled plastics M
E Recycled plastics PE

2.3.Seedling Raising in the Nursery

Seedling raising followed the technical guidelines
of the RRII ", Approximately 25 kg of intact seeds were
soaked and pre-germinated before sowing. Then, 180 g of
germinated seeds were evenly distributed on each tray us-
ing a mechanical seeder. The trays were pre-filled with a 2
cm layer of soft nursery soil, and seeds were covered with
an additional 0.5 cm soil layer. Moisture was maintained
through partial watering, and trays were incubated for two
days before being transferred to the open nursery.

Throughout the 25-day nursery period, temperature
and moisture were monitored, and pest and disease control
measures were implemented. Seedlings reached the ideal
transplanting stage (2-3 leaves, 15-20 cm height) under
these conditions, ensuring uniform growth for machine

transplanting.

2.4.Field Preparation and Transplanting Op-
erations

The transplanting field (4000 m?; 100 m x 40 m) was
prepared using a paddy tractor equipped with a moldboard
plough to a depth of 15 cm, followed by double puddling
and land leveling. The field was flooded to a water depth
of 2-3 cm and left for one week before transplanting. A
four-row walking-type transplanter (Daedong DP 480, Ko-
rea) was used. Machine settings were as follows: intra-row
spacing of 15 cm, 2-3 seedlings per hill, planting depth of
5 c¢m, and a fixed inter-row spacing of 30 cm.

Nutrient management included nitrogen (urea, 90 kg
ha™'), phosphorus (TSP, 120 kg ha™"), and potassium (K2SOs,
100 kg ha™). Weed control was achieved using the selective
herbicide Bispyribac-sodium (Clean Weed 40%), applied
at a rate of 100 mL per acre at the 23 leaf stage.
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2.5. Performance Evaluation and Data Collec-
tion

Experimental data were collected at three stages:

2.5.1. Nursery Stage

For each treatment, 10 seedlings were randomly se-
lected from each of the 15 trays (total n = 150 seedlings
per treatment) to measure key morphological traits, in-
cluding emergence rate, height, number of leaves, stem
thickness, and seedling strength. Seedling strength was
quantified as the shoot dry mass-to-length ratio (mg/mm),
calculated after harvesting a subsample of 10 seedlings per
tray. Shoot length was measured prior to drying, and sam-
ples were then oven-dried at 70°C for 48 hours to achieve
a constant dry weight. The resulting ratio was used as an
indicator of mechanical robustness, with higher values in-

dicating greater seedling strength "',

2.5.2. Transplanting Stage

Field performance indices were evaluated according
to ANTAM (Asian and Pacific Network for Testing of
Agricultural Machinery) standards "*'. Parameters includ-
ed hill density, hill spacing, number of seedlings per hill,
planting depth, missing hills, consecutive missing hills, bur-
ied seedlings, floating seedlings, and damaged seedlings.

2.5.3. Harvest Stage

Yield and yield components were measured from a

I m X 1 m quadrat per plot. Data included grain yield (kg
ha™), biological yield (kg ha™'), harvest index (%), lodging

index !

, number of tillers, panicles, kernels per panicle,
1000-grain weight, and plant height. The total planting
cost was calculated as the sum of tray purchase cost, nurs-

ery operations, and transplanting labor.

2.6. Statistical Analysis

The effect of tray type on seedling quality, trans-
planting performance, and yield components was analyzed
using a Randomized Complete Block Design (RCBD)
with three replications. Tray type served as the indepen-
dent factor (nine levels), while dependent variables includ-
ed seedling vigor, mechanized transplanting indices, and
yield traits. Data were processed in Microsoft Excel (2013)
and analyzed using Minitab 20.3 (Minitab LLC, 2021).

Statistical significance was determined at p < 0.05.

3. Results and Discussion
3.1. Nursery-Stage Seedling Characteristics

Statistical analysis revealed that the type of seed-
ling-raising tray had no significant effect on seedling
emergence per area or number of leaves, whereas other
morphological traits were significantly affected (Table 2).
Since an identical seeding rate and distribution were used
across all trays, this result indicates that uniform seed dis-
persal minimized variation in emergence. Similar observa-

tions were reported by Yao et al. and Islam !'*'7,

Table 2. Measured traits at the nursery stage.

Test Traits
Tray Seedling Emergence Plant Height (cm) No. of Leaves Shoot Cross- Sezctional Area Seedling Str_eingth
Per Area (mm”) (mg mm™)

P10 5.5° 18.16" 2.9° 1.28% 0.17°
PK 5.3 18.47* 2.8 1.37% 0.17°
P50 5.3° 19.08° 2.7 1.44° 0.18"
RF 5.4° 19.18° 2.9 131" 0.17"
A 4.8 16.19° 2.5 0.93° 0.13°
B 4.4 15.87° 2.4 0.96° 0.13°
C 4.6" 14.86™ 2.6° 0.94° 0.11°
D 4.6" 15.31° 2.3 0.89° 0.09°
E 4.9 16.13° 2.4 0.84° 0.09°

In each column, a common letter means no significant difference at the 5% level.
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Seedling height differed significantly among tray
types, particularly for trays P50, PK, P10, and RF, which
produced taller seedlings than those grown in other trays.
This indicates variability in microenvironmental condi-
tions within trays. Uneven seedling growth directly affects
the efficiency of mechanized transplanting, as non-uniform
seedlings tend to cause uneven mat thickness and picking
errors during transplanting """,

Although tray type did not influence the number of
leaves significantly, stem thickness and seedling strength
were both higher in trays P50, PK, P10, and RF. These
parameters are strong indicators of seedling vigor and me-
chanical resilience during transplanting. Factors such as
soil texture, seedling mat thickness, and temperature re-

19,20

gime are known to affect these attributes !'”*".. Because the

variety, soil, and environmental conditions were identical

across treatments, it can be inferred that tray design and
material quality influenced mat uniformity and shoot de-
velopment.

Post-nursery examination of trays (Table 3) showed
that floor bulging, twisting, and warping were common
in trays made from recycled materials. These structural
deformations caused uneven soil layers and variable mat
thickness, resulting in heterogeneous seedling growth and
weaker mats. Trays fabricated from virgin polypropylene
exhibited minimal deformation. The degradation of poly-
mer chains during recycling reduces molecular bonding
strength, making recycled trays more prone to deformation

[142122] conea

when exposed to water, heat, and pressure
quently, tray material quality proved critical for ensuring
uniform and robust seedling mats suitable for mechanized

transplanting.

Table 3. Structural changes of trays after the nursery.

Structural Features

Tray Floor Bulging (%)  Latitudinal Twist (%) Floor Crack (%) Breakage (%) Longitudinal Twist (%)
P10 0 333 0 0 0
PK 0 26.6 6.6 6.6 0
P50 0 6.6 0 0 0
RF 0 20 0 0 0
A 66.6 26.6 0 0 0
B 13.3 20 13.3 0 0
C 133 733 133 133 0
D 10.0 100 20 0 86.6
E 6.6 86.6 333 6.6 0

3.2. Field-Stage Transplanting Performance

As shown in Table 4, tray type significantly affected
most transplanting indices except planting depth. Given
that all treatments were raised under identical nursery con-
ditions, the differences observed at transplanting can be
attributed to tray-induced variations in seedling mat char-
acteristics. Previous studies have confirmed that mat uni-
formity, thickness, and seedling density directly influence
transplanting accuracy and field establishment "',

Trays exhibiting structural instability—such as bulg-
ing or twisting—resulted in uneven seedling density and
poor mat integrity. Consequently, these treatments showed
greater variation in hill spacing, higher numbers of missing

and damaged hills, and reduced transplanting efficiency.

In contrast, trays P50, PK, P10, and RF, which maintained
uniform mat thickness, produced seedlings that were easily
picked by the transplanter and properly established in the
soil.

Traits such as seedling height, stem thickness, and
leaf number play key roles in successful mechanical trans-
planting. Excessively tall or weak seedlings are more
susceptible to burial or damage by transplanter fingers,
whereas robust seedlings with moderate height and stem
strength exhibit greater survival and establishment rates
L7 The findings of this study corroborate those of previ-
ous researchers who highlighted the significance of seed-
ling vigor in minimizing missing hills and improving field

uniformity.
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Table 4. Traits tested at the machine transplanting stage.

Traits
Tray The No. of Hills Spacing The No. of Planting Missing Continuous Buried Floating Damaged
Hills Per Area (cm) Plants Per Hill Depth (cm) Hills Missing Hills Seedling Seedling Seedling
P10 18.0° 16.94¢ 3.20° 5.18° 1.2¢ 0.0° 0.0° 0.3 0.4°
Pk 18.2° 16.91¢ 3.16° 5.08" 0.4° 0.0° 0.0° 0.3 0.2°
P50 21.2° 16.12¢ 3.24° 5.08" 0.2¢ 0.0° 0.2¢ 0.2¢ 0.0°
RF 20.2® 17.98¢ 3.22° 5.03" 0.2° 0.0° 0.2° 0.2° 0.0°
A 15.4¢ 20.58™ 2.52° 495 22° 1.2% 1.6 1.0° 1.4°
B 15.0° 245" 2.76 5.04° 3.4 1.4® 1.6° 2.0" 1.6°
C 15.8¢ 21.7° 2.24° 5.00° 3.4° 2.2° 2.2° 1.8° 1.8°
D 14.6" 21.54° 2.02° 5.05" 4.0° 2.8° 2.6° 2.6 3.0°
E 15.4¢ 20.16" 2.14° 4.96° 2.8 1.6™ 1.8° 2.0° 1.6°

In each column, a common letter means no significant difference at the 5% level.

3.3.Yield and Yield Component Responses

At maturity, all yield components except 1000-grain
weight differed significantly among treatments (Table 5).
Seedlings raised in quality trays (P50, PK, P10, RF) exhib-
ited superior performance in plant height, number of tillers,
panicles, and kernels per panicle compared with recycled
trays. This suggests that high-quality trays provided better
root aeration and physical support during the nursery stage,
leading to improved growth and resource use efficiency af-
ter transplanting.

The 1000-grain weight remained statistically un-

changed, confirming that it is primarily a varietal trait with

(2324 However, the

limited environmental dependence
number of filled grains per panicle increased significantly
for seedlings raised in quality trays, consistent with earlier
studies linking seedling vigor to reproductive success .
Stronger seedlings produce more effective tillers and pani-
cles, ultimately leading to higher grain yield ***".

Trays with poor structural quality produced weak
seedlings that struggled during the transition from nursery
to field, resulting in fewer tillers and panicles per unit area.
In contrast, trays P50, PK, P10, and RF facilitated the de-
velopment of vigorous seedlings capable of rapid adapta-
tion to field conditions, thereby improving biological yield

and harvest index.

Table 5. Traits assessed at the harvest stage.

Test Traits

Tray  Grain Yield Biologic Yield Harvest Lodging Tillers Per Panicles Kernel Per 1000-Grain Plant Height
(kg ha™) (kg ha™) Index Index Area Per Area  Panicle  Weight (g) (cm)
P10 3948° 9148" 43.15° 141° 322° 311° 77° 24.4 134°
PK 4011° 9036" 44 46" 139 318° 314° 88" 24.4° 131°
P50 4133° 9226 44.78° 147° 326° 323° 92° 24.4° 133°
RF 4184° 9036" 46.31° 139° 325° 319° 82° 24.3° 129°
A 3137° 8261° 37.96° 130° 241° 258" 54° 24.2° 113°
B 3190° 8284° 38.5° 130° 230 229 62° 243 123°
C 3245 8208" 39.52° 134 241° 234 50° 24 4° 115°
D 3109° 8260 37.62° 128° 230 224 53° 24.2° 117°
E 3235° 8350° 38.7° 129 236" 234° 51° 24.3° 120°

In each column, a common letter means no significant difference at the 5% level.
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3.4.Lodging Resistance and Economic Perfor-

mance

Tray type also significantly influenced the lodging
index, which reflects the plant’s mechanical resistance to
bending or breaking. Lodging is affected by multiple factors
such as nutrient status, stem thickness, and root anchorage.
In this study, since all agronomic conditions were uniform,
the observed differences were attributed to the quality of
seedlings originating from different trays. Seedlings grown
in quality trays developed thicker, stronger stems and deeper

root systems, reducing lodging occurrence. Similar results
were reported by Aslam et al. and Awan et al. ***"),

The economic evaluation (Table 6) revealed that
while high-quality trays had greater initial purchase costs,
they produced significantly higher grain yields, resulting in
a more favorable cost—benefit ratio (Figure 1). Recycled
trays, though cheaper, led to reduced yield due to weaker
mats and greater replanting labor requirements caused by
missing hills. Therefore, from both a technical and eco-
nomic standpoint, the use of durable, high-quality trays is

justified.

Table 6. List of operations and their corresponding costs.

Type of Tray
Ttem P10 PK P50 RF A B C D E
Initial cost (US$) 7.5 8.4 6.9 5.4 6.3 5.22 6.0 5.76 6.18
Seed (US$) 2 2 2 2 2 2 2 2 2
Nursery (USS$) 18 18 18 18 18 18 18 18 18
Transplanting (USS$) 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2
Labor (US$) 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.12
Transfer (US$) 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12
Fertilizer (USS) 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75
Herbicide (US$) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Total (US$ plot") 48.14 49.04 47.54 46.04 46.94 45.86 46.64 46.40 46.82
Total (US$ ha") 962.8 980.8 950.8 920.8 938.8 917.2 932.8 928 936.4
0.35
A D
03 B c E
o P10 PK
a3
= 0.25 P50 RF
(%2}
)
o 02
©
% 0.15
C
[0}
<
2 01
(@)
0.05
0
Quality trays Recycled trays
Tray type

Figure 1. Cost-benefit ratio of different seedling-raising trays.
(CBR values represent system-level economic outcomes derived from plot-scale total inputs and outputs, and are therefore reported as point estimates without error bars.)
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The cost—benefit ratio (CBR) was calculated as the
total production cost per hectare (US$ ha™') divided by
grain yield per hectare (kg ha™), yielding a unit of US$ per
kilogram of paddy. Total production cost included all ex-
penses related to seedling raising and transplanting, such
as tray purchase, seed, nursery operations, transplanting la-
bor, fertilizer, and herbicide (Table 6). A lower CBR indi-
cates higher economic efficiency, as it reflects a lower cost

incurred to produce each kilogram of grain.

3.5.Sensitivity Analysis of Economic Perfor-
mance

To evaluate the robustness of the economic results,
a sensitivity analysis was performed by varying the major
cost parameters—labor cost and tray purchase price—by
+20% relative to their baseline values (Table 6). The anal-
ysis revealed that the cost-benefit ratio (CBR) was more
sensitive to fluctuations in tray purchase cost than to la-
bor cost.

When labor cost increased by 20%, the CBR of qual-
ity trays rose slightly from 0.23 to 0.25 USD per kilogram
of paddy, whereas that of recycled trays increased from
0.29 to 0.32 USD kg™'. Conversely, when the cost of trays
increased by 20%, the CBR for quality trays rose to 0.27
USD kg™, while a 20% reduction lowered it to 0.20 USD
kg™'. This pattern demonstrates that even under cost es-
calation scenarios, high-quality trays maintain a superior

profitability margin compared with recycled trays.

3.6. Comparison with Manual Transplanting

Several field studies indicate that mechanized trans-
planting substantially reduces labor requirements and can
lower per-hectare transplanting costs by approximately
25-50% compared with traditional manual transplanting,
depending on local wage rates, machine ownership/hire

[532.33

costs and scale of operation I Applying these ranges
to the cost-per-kg estimates obtained in the present study
(0.23 USD kg for quality trays and 0.29 USD kg for
recycled trays) yields an estimated cost of production un-
der manual transplanting in the order of ~0.31-0.46 USD
kg™ (against quality-tray mechanization) and ~0.39-0.58
USD kg! (against recycled-tray mechanization). These

back-of-envelope calculations suggest that mechanized

transplanting — particularly when coupled with high-qual-
ity, durable trays — remains economically advantageous
under a wide range of realistic scenarios, especially where

labor costs are high or labor availability is limited.

4. Conclusions

The present study demonstrated that the quality and
structural characteristics of rice seedling-raising trays ex-
ert significant effects on seedling vigor, transplanting per-
formance, and crop yield. Trays fabricated from recycled
plastics exhibited the highest degree of deformation, bulg-
ing, and structural failure during the nursery period, result-
ing in non-uniform seedling mats and lower transplanting
efficiency. Conversely, trays made from high-quality virgin
polypropylene (P50, PK, P10, RF) maintained their shape
integrity, produced vigorous seedlings, and ensured smooth
transplanting operations.

Seedlings raised in these high-quality trays devel-
oped thicker stems and greater mechanical strength, en-
abling better establishment and lodging resistance under
field conditions. Consequently, they achieved higher bio-
logical and grain yields as well as a superior harvest index.
Although the purchase price of these trays was higher,
their long-term durability and performance advantages jus-
tify the additional cost. Using inferior or unstable trays not
only reduces field uniformity and grain yield but also in-
creases production costs due to additional replanting labor

and transplanting inefficiencies.

4.1. Environmental Considerations

The long-term sustainability of rice mechanization
depends not only on economic efficiency but also on mate-
rial durability and environmental responsibility. As empha-
sized in the NIST life-cycle review ', plastic components
used in agricultural systems should be designed for mul-
tiple reuse cycles to minimize the cumulative carbon and
waste footprint. Promoting the use of high-quality, recycla-
ble materials for seedling trays can substantially reduce re-
source consumption over time. Since recycled trays in this
study showed significant deformation and were typically
discarded after a single use, their lower upfront cost may
be offset by higher long-term material consumption and

waste generation compared to durable, multi-season virgin
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trays. This highlights a critical trade-off often overlooked
in agricultural input selection: while recycled trays offer
lower initial purchase costs, their short functional life leads
to higher cumulative expenses and environmental burdens
over time. In contrast, high-quality trays—though more
expensive upfront—deliver superior economic returns and
reduce waste through multi-season reuse. Thus, the ap-
parent conflict between economic gain and environmental
stewardship is reconciled when durability and lifecycle

performance are prioritized.

4.2. Practical Implications

For rice farmers, particularly those adopting mecha-
nized transplanting, the use of durable, high-quality trays
provides measurable long-term benefits. Despite higher
initial investment, these trays reduce operational disrup-
tions, enhance machine efficiency, and increase yield sta-
bility. Extension services and policymakers could consider
offering subsidies or credit support for smallholders to
adopt quality trays. For small-scale rice farmers with lim-
ited capital, the higher upfront cost of quality trays may
pose a barrier. However, several practical strategies can

improve accessibility:

° Cooperative purchasing: Neighboring farmers can
pool resources to buy high-quality trays in bulk, re-
ducing individual costs.

) Shared tray pools: Communities or agricultural co-
operatives can establish collective tray inventories
that are rented out per season.

®  Prioritize semi-durable options: Among the tested
trays, RF (refined recycled granular) offers a favor-
able balance between cost and performance—mak-
ing it a suitable entry point for budget-constrained
farmers.

®  Tray maintenance: Even recycled trays can be used
more effectively if inspected before each use and
retired once deformation exceeds 10—15% (as ob-
served in Tables 3 and 4, severe deformation directly
increases missing hills and replanting labor).

®  In light of the demonstrated economic and technical
superiority of high-quality trays, the following con-
crete policy interventions are recommended:

®  Input subsidies: Provide targeted financial support

(e.g., 30-50% cost coverage) for the first-time pur-
chase of durable trays by smallholders.

®  Tray recycling programs: Establish local collection
and recycling centers for end-of-life trays to promote
circular economy practices and reduce plastic waste.

®  Quality certification: Introduce a national standard
for seedling trays (e.g., minimum reusability of 5
seasons, max. deformation <10%) and label compli-
ant products.

® Integration into extension packages: Include tray
quality as a mandatory component of govern-
ment-led mechanization programs and farmer train-

ing courses.

These measures would not only enhance the adop-
tion of quality inputs but also align rice mechanization
with national goals for agricultural sustainability, produc-
tivity, and environmental stewardship.

These approaches enable smallholders to bene-
fit from mechanization without compromising on seed-
ling quality or incurring excessive long-term costs. This
would enhance farm profitability and sustainability across
rice-growing regions in Iran and other similar environ-

ments.

4.3. Limitations and Future Work

This study was conducted during a single cropping
season (2021-2022) at one location—Rasht, northern
Iran—using a single rice cultivar (Hashemi) under uniform
agronomic management. While this controlled design en-
hanced internal validity and allowed precise comparison
of tray performance, it inherently restricts the generaliz-
ability of the findings across diverse agro-ecological and
socio-economic contexts. Regional variations in climate
(e.g., temperature, rainfall patterns), soil characteristics
(e.g., texture, organic matter content), availability and cost
of labor, access to machinery, and prevailing rice varieties
may all influence the technical suitability and economic vi-
ability of seedling trays. For instance, in regions with high-
er humidity or prolonged nursery periods, recycled trays
may degrade even faster; conversely, in areas with very
low labor costs, the economic advantage of durable trays
might be less pronounced. Therefore, while the superior-

ity of high-quality trays under the tested conditions is ro-
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bust, these results should be validated through multi-year,
multi-location trials encompassing a range of cultivars, soil
types, and climatic zones before broad policy or extension

recommendations are made.
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