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ABSTRACT

To enable automatic and precise flower transplanting, a soil pickup and separation device was designed for
substrate filling in greenhouse flower transplanting operations. The soil-conveying mechanism of the soil
pickup auger was analyzed through theoretical analysis and discrete element simulation. Taking the soil pickup
quantity and its coefficient of variation as the evaluation indices, the effects of auger rotational speed, soil
penetration depth, and pitch were investigated and optimized using Box-Behnken response surface
methodology. The simulation results showed that the optimal operating parameters were an auger rotational
speed of 115.7 rpm, a soil penetration depth of 39.28 mm, and a pitch of 149.26 mm. Based on the optimized
parameters, a prototype was fabricated and field tests were conducted. The measured soil pickup quantity
was 4.13 kg, and the corresponding coefficient of variation was 1.44%, with relative errors of 3.05% and 4.00%,
respectively, compared with the simulation results. The validation results demonstrated that the device
operated stably and could achieve accurate and efficient substrate filling.
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INTRODUCTION

The floral industry is a high-value sector of global agricultural trade. Driven by emerging markets and
consumption upgrades, global flower demand continues to grow—the market exceeded $51.16 billion in 2024.
As a major producer and consumer, China’s floral exports reached $516 million in 2024, a year-on-year
increase of 17.78% (Gu et al., 2025). Against this backdrop, the comprehensive mechanization of flower
production is not only crucial for enhancing the competitiveness of the flower industry and supporting its
sustainable development, but also a key step in promoting rural revitalization and achieving agricultural
modernization (Cheng et al., 2023).

Flower transplanting primarily involves two core steps: growing medium filling and seedling planting.
Growing medium filling is a prerequisite that directly affects operational efficiency and quality. However, it
remains largely manual in China, resulting in high labor intensity and inconsistent quality, and making it difficult
to meet the demands of large-scale production (Zhou et al., 2018). Although some studies have addressed
matrix filling mechanisms (Minglani et al., 2021, Xu et al., 2020, He et al.,2023) and transplanting apparatus
optimization (Zhao et al., 2020, Zhao et al., 2022, Tian et al., 2022, Tian et al.,2023, Ji et al., 2022, Tong et al.,
2024, Hu et al., 2022), most focus on single functional modules or theoretical simulation analyses. There is
still a lack of integrated soil pickup and separation devices specifically designed for automatic transplanting on
greenhouse ridges, as well as systematic experimental studies of their operating performance and parameter
effects.
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Moreover, existing soil pickup devices often perform poorly under variable field conditions, such as
uneven ridge surfaces and differences in soil properties, resulting in fluctuations in soil pickup quantity and
filling uniformity. To address these challenges, this study develops an integrated soil pickup and separation
device, optimizes its operating parameters using EDEM simulation and response surface methodology, and
validates its performance through field tests. The aim is to provide a reliable and precise soil-handling solution
for automatic flower transplanting and to support the development of more efficient, stable, and intelligent
transplanting equipment.

MATERIALS AND METHODS
Structure and Working Principle

Fig.1 - Schematic diagram of the automatic flower transplanter
1-Soil sampling device; 2-Flowerpot Conveyor System; 3-Soil pickup Device; 4-Frame and Traveling Mechanism;
5-PLC Control Unit; 6-Seedling Transplanting Device; 7-Soil Storage Device

The automatic flower transplanter, shown in Fig. 1, integrates pot separation, substrate filling, hole
punching, seedling transplanting, and ridge placement. It consists of a traveling mechanism, a PLC control
system, and soil-handling units, enabling the fully automatic transfer of plug seedlings into cultivation pots.

The automatic flower transplanter is equipped with a tracked chassis to provide mobility, with a high-
power DC motor serving as the drive unit. During operation, soil is collected and conveyed to the storage unit
for uniform filling of soft nursery pots. The operating process is as follows: vacuum suction cups remove pots
from stacked racks; the pots are conveyed individually for precise substrate filling; holes are vertically formed
in the filled pots; seedlings are transplanted into the holes to ensure close root-soil contact; and finally, the
pots are guided into the cultivation ridges through sequential guide plates, thereby achieving uniform
placement along the ridges.

DESIGN OF SOIL PICKUP AND SEPARATION DEVICE
Design of Soil pickup and Lifting Unit

The soil pickup and lifting unit consists of a soil lifting box measuring approximately 2100 mm in length
and 1800 mm in height after inclined installation, along with a housing, soil-lifting baffle, soil pickup auger,
height adjustment mechanism, and soil discharge chute opening as shown in Fig. 2. The chain is positioned
at a 40°angle to the ground, with four chain links between adjacent soil-lifting baffles at a pitch of 40 mm.
Rotating shaft of the soil pickup auger has a length of 1100 mm and a diameter of 40 mm, while the helical
blades feature an outer diameter of 150 mm and a thickness of 2 mm.

The soil pickup auger consists of a rotating shaft and helical blades (Bulgakov et al., 2023), while the
soil-lifting baffles are composed of steel plates and rigid PVC strips, as shown in Fig. 3. During transplanting
operations, the motor drives the auger to rotate and convey soil laterally beneath the baffles. The chain then
drives the baffles upward, lifting the soil to the discharge opening.

The soil pickup quantity can be adjusted by changing the engagement length between the externally
threaded rocker and the internally threaded square tube. Rotating the rocker outward moves the auger away
from the ridge surface, thereby reducing soil pickup, whereas rotating it inward moves the auger closer to the
ridge surface, thereby increasing soil pickup.
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Design of the Soil Storage and Separation Unit

The soil storage and separation unit (Li et al., 2019; Feng et al., 2022) consists of a soil storage box,
a conveyor-belt tensioning mechanism, a brushed DC motor, a soil separation quantity adjustment mechanism,
a soil separation baffle, a conveyor belt, and a soil separation auger, as shown in Fig. 4. Soil discharged from
the chute enters the storage box, is conveyed toward the separation baffle, and is then distributed uniformly
into the flowerpots. The soil separation quantity adjustment mechanism, consisting of an adjustment knob, a
gear set, and an adjustment plate, changes the gap between the adjustment plate and the conveyor belt by
varying the meshing position of the gears, thereby enabling precise soil filling for 10 flowerpots per cycle. The
conveyor-belt speed must also be properly adjusted: excessive speed may cause soil accumulation or clogging
at the belt-baffle gap, whereas insufficient speed may result in inadequate filling.

Because of structural constraints, the soil discharge chute can only be installed on one side, which may
cause soil accumulation near the discharge point. A soil separation auger is therefore used to improve soil
conveying and distribution. The auger shaft is supported by F206 bearings and is provided with mounting holes
at predetermined intervals, through which the blades are bolted. The shaft has a total length of 955 mm,
including an 830 mm conveying section. The mounting holes have a diameter of 15 mm, the blade spacing is
40 mm, and 16 blades are arranged symmetrically around the shaft.
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Fig. 2 - Schematic diagram of the soil pickup and Fig. 3 - Schematic diagram of the soil pickup auger
lifting unit and soil-lifting baffle
1-Soil lifting box; 2-Housing; 3-Soil-lifting baffle; 1-Chain; 2-Steel plate; 3-Rigid PVC strips;
4-Soil pickup auger; 5-Height adjustment mechanism; 4-Rotating shaft; 5-Helical blade

6-Soil discharge chute opening

Fig. 4 - Schematic diagram of the soil storage and separation unit
1-Soil storage box; 2-Conveyor belt tensioning mechanism; 3-Brushed DC motor;
4-Soil separation quantity adjustment mechanism; 5-Soil separation baffle; 6-Conveyor belt; 7-Soil separation auger

Analysis of Soil Particle Conveying Characteristics
Soil particles conveyed by the helical blades of the soil separation auger undergo combined axial

translation and circumferential rotation. To investigate this motion behavior in detail, the forces acting on
individual soil particles and their velocity components during conveying were analyzed using a single-particle
analysis method.
Dynamic Analysis

The resultant force F exerted by the helical blade on soil particle P can be decomposed into an axial
component F, along the auger axis and a tangential component Fi. At the same time, particle P is subjected
to a normal force F, from the helical surface and a tangential friction force fi, as shown in Fig. 5.
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Under the combined action of F; and fi, P tends to rotate around the auger axis. When F} is moderate,
this rotational tendency is restrained by the combined effects of gravity and the frictional force exerted by the
housing. When F; becomes excessively large, the tendency of particle P to roll increases, thereby reducing
the axial conveying efficiency. The force balance of particle P can be expressed by Eq. (1).

F. =Fcos(a+f)
F =Fsin(a+p) (1)

1, = WF, = F, tana
For soil particles to move axially along the auger shaft, the axial driving force must exceed the axial
resistance acting on the particles. This condition can be expressed by Eq. (2).

F cosf> fsinf

F cosf>F tanasin S (2)

a+ <90
where F'is the resultant force exerted by the helical surface on particle P, N; F; is the normal force exerted by
the helical surface N; fi is the tangential friction force along the helical surface N; F; is the axial component of
the resultant force along the auger shaft N; Fi is the circumferential component of the resultant force N; a is
the friction angle of particle P, °; 5 is the helix angle of the soil pickup auger ©°; u is the sliding friction coefficient
between particle P and the helical surface; s is the pitch of the soil pickup auger [mm]; and r is the radial
distance from particle P to the auger axis [mm].

Axi of soil auger P l r Axi of soil auger
v:
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Fig. 5 - Force analysis of a soil particle under the Fig. 6 - Velocity analysis of a soil particle during
action of the helical blade conveying by the helical blade

Kinematic Analysis

As shown in Fig. 6, the initial velocity of soil particle P is the circumferential velocity 'y associated with
the rotation of the helical blade. If the friction between the particle and the rotating blade is neglected, particle
P moves with an absolute velocity ¥, along the normal direction of the helical surface. In practice, however,
friction causes the actual velocity of particle P to deviate from this direction, resulting in a velocity Vx. This
velocity can be decomposed into an axial component V, along the auger shaft and a circumferential component
Vi. The velocity relationships of particle P are given in Egs. (3) and (4).
V,=V_sin(a + )
V.=V _cos(a+ f)
Z—ﬂnr __ns 3)
60 60tan S
V, _Vysinfi nscosp

_ n
I/x -
cosa cosa 60cosa

Vy=wr=

V.= %(cos2 [ —cos fBsin Btana)

V, = %(cosﬁ’sin S +cos’ ftana)

where:

Vx is the actual velocity of particle P considering friction with the rotating blade m/s; V; is the velocity of particle
P along the normal direction of the helical surface m/s; Vy is the circumferential velocity induced by auger
rotation m/s; V is the axial velocity component along the auger shaft m/s; V; is the circumferential velocity
component m/s; and z is the rotational speed of the soil pickup auger , rpm.
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PERFORMANCE SIMULATION AND OPTIMIZATION OF SOIL PICKUP DEVICE
Transplant Ridge Modeling

Soil samples of 200 g were collected from the ridge surface using the five-point sampling method. The
particle size distribution was determined by sieve analysis, showing that particles of 0~1 mm, 1~2 mm, and >2
mm accounted for 70.8%, 14.2%, and 15.0%, respectively. A soil trough of 120 mm (length) x 1250 mm (width)
x 200 mm (height) was established in EDEM to simulate the transplanting ridge. To balance simulation
efficiency and accuracy, the simulated particle size was set to three times the actual average particle size.
Spherical, columnar (three-sphere), and blocky (four-sphere) particles were constructed based on a single
sphere with a radius of 3 mm, and generated in the trough according to the measured mass proportions (Li et
al., 2023, He et al., 2024, Huan et al., 2025, Han et al., 2025).

Motion Settings for the Soil-Lifting Baffles

A simplified simulation model of the soil pickup and separation device was established in SolidWorks
2022 and imported into EDEM 2023, as shown in Fig. 7. The chain was omitted, and the soil storage unit was
simplified as an open box. To simulate the periodic motion of the baffles (Zhao et al., 2020), 21 baffles were
generated at equal time intervals. Their motion was divided into the following cycle: inclined downward
movement — rotation near the auger — inclined upward movement — rotation near the discharge opening —
return to the initial position.

Simulation Parameter Settings
The 25s simulation included particle generation and soil filling (0~5.0s), followed by auger rotation and
forward movement (5.0~25.0s) with sequential soil lifting. Motion parameters are in Table 1.

R ——

Fig. 7 - EDEM simulation model

Table 1
Motion parameters of the auger shaft and soil-lifting baffles
Auger shaft Soil lifting baffle
rotational angular velocity / rad.s™’ 13.8  duration of initial inclined descent/s 0.08
forward velocity / m.s™ 0.02  duration of rotation near the auger/s 0.23
duration of inclined ascent/s 1.56
duration of rotation near the discharge opening/s  0.23
duration of return inclined descent/s 1.48
ascent/descent velocity/m/s 1.2
rotational angular velocity/rad/s 13.8

Simulation Contact Model and Setting of Material Contact Parameters

Considering the moisture content and cohesiveness of the soil particles, the Hertz—Mindlin with JKR
contact model was selected because it can represent the adhesive behavior of moist, cohesive particles under
the actual operating conditions of the soil pickup and lifting device (Han et al., 2023). The basic physical
property parameters of various materials involved in the study are shown in Table 2, and the contact mechanical
property parameters between different materials are presented in Table 3.
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Table 2
Physical properties of the materials
Material Density (kg/m®) Elastic Modulus (Pa) Shear Modulus (Pa) Poisson's Ratio
Soil Particles 1526 2.808x10° 1.080%10° 0.30
Rigid PVC Sheet Strip 1282 1.056x107 4.000x10° 0.32
Q235 Carbon Steel 7830 7.270%10"° 1.963x10" 0.35
Table 3

Contact parameters between materials

. Coefficient of Coefficient of L. . N
Contact pair Restitution Static Friction Coefficient of Rolling Friction
Soil Particles-Soil Particles 0.45 0.89 0.43
Soil Particles-Q235 Carbon Steel 0.20 0.30 0.03
Soil Particles-Rigid PVC Sheet Strip 0.50 0.50 0.01

Parametric Optimization Simulation Test

To obtain the optimal soil pickup and lifting performance of the device, the operating parameters of the
soil pickup auger were optimized, including auger rotational speed, soil penetration depth, and pitch.
Optimization Test Design

To investigate the effects and interactions of the operating parameters of the soil pickup auger, a three-
factor, three-level Box-Behnken response surface simulation design was conducted. The coded levels of the
experimental factors are presented in Table 4.

Table 4
Coded levels of the experimental factors
Test Factor

Coded level Rotational Speed Soil Penetration Pitch Xs (mm)
X1 (r.min™) Depth Xz (mm)
-1 90 30 130
0 110 40 150
1 130 50 170

Evaluation Indexes of Optimization Test
The evaluation indices used in the optimization test were the soil lifting quantity, Yi, and the coefficient
of variation of the sail lifting quantity, ¥>. These indices were calculated using Eq. (5).

where x; is the mass of soil in the soil storage box at the i-th measurement kg; ¢ is the number of

measurements; o is the standard deviation of the soil mass in the soil storage box during the simulation; Y is
the soil lifting quantity kg; and Y is the coefficient of variation of the soil lifting quantity, %.

RESULTS
Results of Optimization Test

The simulation results of the optimization experiments are presented in Table 5, where X1 and Xx»
represent the coded values of the experimental factors. Multivariate regression fitting and analysis of variance
(ANOVA) were conducted on the simulation results of the optimization experiments using Design-Expert 12.0
software, with the results shown in Table 6. The P-values of all models were less than 0.05, indicating that the
models were significant and the ANOVA results had high reliability. In addition, the P-values of the lack-of-fit
terms were all greater than 0.05, meaning the lack-of-fit terms were not significant and the ANOVA results had
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a high degree of fitting. For the response surface model of soil lifting quantity, Y1, the terms X1, X2, X1.X2, X1.X3,
X2? and X32 had highly significant effects on the response, while X3 and x2Xx; had significant effects. For the
response surface model of the coefficient of variation of soil lifting quantity Y2, the terms X1, X2, X3, Xi.X2, X1.X3
and Xi? had highly significant effects, and x32 had a significant effect.

Table 5
Box-Behnken design and simulation results
Serial Test Factor Evaluation Index
Number X1 X2 X3 Y1/kg Y2/%
1 -1 -1 0 2.73 1.16%
2 1 -1 0 4.31 1.77%
3 -1 1 0 4.85 1.27%
4 1 1 0 5.51 1.42%
5 -1 0 -1 4.05 1.30%
6 1 0 -1 4.52 1.85%
7 -1 0 1 3.52 1.17%
8 1 0 1 4.93 1.44%
9 0 -1 -1 3.78 1.72%
10 0 1 -1 5.65 1.55%
11 0 -1 1 3.75 1.46%
12 0 1 1 517 1.44%
13 0 0 0 4.18 1.50%
14 0 0 0 4.28 1.52%
15 0 0 0 413 1.44%
16 0 0 0 4.19 1.50%
17 0 0 0 4.23 1.49%
Table 6
ANOVA for the response surface models
Soil Lifting Quantity Coefficient of Variation of Soil Lifting Quantity
Source of = =
Variance SS df P-Value SS df P-Value
Value Value
Model 8.49 9 137.48 <0.0001**  0.0231 1 20.29 0.0028**
X1 212 1 309.40 <0.0001**  0.1035 1 90.86 < 0.0001**
X2 5.46 1 796.39 <0.0001**  0.0529 1 46.43 0.0002**
X3 0.0496 1 7.23 0.0311* 0.0196 1 17.20 0.0043*
X1X2 0.2116 1 30.86 0.0009** 0.0056 1 4.94 0.0617
X1X3 0.2209 1 32.21 0.0008** 0.0370 1 32.48 0.0007**
X2X3 0.0506 1 7.38 0.0299* 0.0003 1 0.2830 0.6112
Xi? 0.0358 1 5.22 0.0562 0.0081 1 7.07 0.0325*
X2? 0.2430 1 35.44 0.0006** 0.0231 1 20.29 0.0028**
X3? 0.0888 1 12.95 0.0088** 0.1035 1 90.86 < 0.0001**
Residual 0.0480 7 0.0080 7
Lack of Fit  0.0353 3 3.7 0.1187 0.0044 3 1.62 0.3185
Pure error  0.0127 4 0.0036 4
Total 8.53 16 0.5683 16

Note: **: P<0.01 (indicates a highly significant effect); *: P<0.05 (indicates a significant effect); no symbol:
*P*>0.05 (indicates not significant).

With the model significance guaranteed and the lack-of-fit terms confirmed to be non-significant, the
non-significant terms for the response were eliminated, and the optimized regression equations for soil lifting
quantity Y1 and the coefficient of variation of soil lifting quantity Y> were obtained as follows:

Y, =7.70+0.5150x, + 0.8263 x, - 0.0788 x, - 0.2300 x,x, +

6
0.2350.x,x, = 0.1125 x,x, +0.2402 x2 +0.1453 x2 ©)

Y, =1.49+0.1975x, -0.0538 x, - 0.1138 x, - 0.1150 x,x, ~
0.0700 x,x; = 0.0937 x; +0.0437 x;
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The results of analysis of variance (ANOVA) indicated that the coefficients of determination
(R1?=0.9944, R»*=0.9860) and adjusted coefficients of determination (Ri%adj=0.9871, R»*adj=0.9679) of the
fitted models all approached 1.00, which demonstrated that the regression models possessed an extremely
high fitting accuracy and strong correlation.

Interaction Analysis of the Regression Models

To investigate the effects of the interaction between the experimental factors on the soil lifting quantity
Y1 and its coefficient of variation Y», response surface analysis was performed on the ANOVA results of the

optimization experiments via Design-Expert 12, as shown in Fig. 8.
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Fig. 8 - Effects of the experimental factors on soil lifting quantity and its coefficient of variation

As shown in Fig. 8(a), Y; increased gradually with increasing rotational speed and increased sharply
with increasing soil penetration depth, indicating that soil penetration depth had the greater effect. As shown
in Fig. 8(b), Y; increased continuously with increasing rotational speed, while changes in pitch had only a slight
effect, indicating that rotational speed was the more influential factor. As shown in Fig. 8(c), Y: increased
markedly with increasing soil penetration depth and changed only slightly with pitch, confirming that soil
penetration depth had the greater effect. As shown in Fig. 8(d), ¥> increased sharply with increasing rotational
speed but only gradually with increasing soil penetration depth, indicating that rotational speed had the

stronger effect. As shown in Fig. 8(e), Y- increased rapidly with increasing rotational speed and remained
nearly unchanged with changes in pitch, indicating that rotational speed was the dominant factor.
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As shown in Fig. 8(f), Y- decreased gradually with increasing soil penetration depth and also decreased
with increasing pitch, indicating that soil penetration depth had the greater influence. Overall, the response
surface analysis indicates that the interaction between rotational speed and soil penetration depth has an
important effect on soil lifting performance, which is consistent with the ANOVA results.

Optimal Parameter Combination

To ensure that the soil lifting quantity met the requirements of practical operation while maximizing the
stability of the soil lifting process, the operating parameters were optimized. The optimal parameter
combination was an auger rotational speed of 116 rpm, a soil penetration depth of 40 mm, and a pitch of 150
mm. Three repeated simulation validation tests were conducted, and the mean values were used to evaluate
the optimization results. The resulting soil lifting quantity, Yi, was 4.26 kg, and the coefficient of variation of
soil lifting quantity, Y>, was 1.50%. These values were in good agreement with the predicted optimization
results.

FIELD TRIALS
Test Conditions

The field trials were conducted at the experimental field of Rongliang Ecological Agriculture Co., Ltd.
in Heishan County. A laser tachometer was used to adjust the auger rotational speed, an electronic balance
was used to measure the soil lifting quantity, and a tape measure was used to evaluate ridge flatness. The
field test procedure is shown in Fig. 9(a).

: , .
(a) Soil Pickup Process (b) Selection of Measurement (c)Surface Levelness
Sections Measurement

Fig. 9 - Field test

Test Methods and Content

The experimental design methodology and measurement procedures were based on the preceding
simulation tests and relevant literature. To enhance the reliability of field trial data and comprehensively
evaluate the performance of the soil pickup device, which the surface levelness Y3z was measured. Manual
measurement methods were employed, with a tape measure used to select one measurement section every
3 meters along the transplanted ridges. The vertical distance from the surface of randomly sampled points,
which each measurement section to the reference plane was measured, it is shown in Figs. 9(b) and 9(c).

The primary evaluation metrics for the tests include soil lifting quantity, coefficient of variation for soil
lifting quantity, and surface levelness. Each test group was replicated three times, with calculations performed
according to Equations (8).

2
74 (akj-ax)

ng—1

where n; represents number of test points in the k-th measurement; ai; represents measure the vertical
distance from the ground surface to the horizontal reference line before and after the A-th measurement at the
Jj-th equidistant point, mm; a; represents vertical distance from the ground surface to the horizontal reference
line before and after the k-th soil pickup operation, mm; Y3 represents surface levelness, mm.

Experimental Results and Analysis

Three suboptimal parameter combinations closely resembling the optimal operating parameter
combination were selected from Table 5. Each combination underwent three replicate trials, with results
averaged. The field trial outcomes are presented in Table 7.
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Table 7
Field experiment results
Soil
Group Rotational penetrat Pitch Soil lifting Coefficient of variation Surface
Number speed ion quantity/ kg of soil lifting quantity/ %  levelness / mm
depth

1 130 30 150 4.35 1.82 110

2 90 50 150 5.03 1.55 90

3 130 40 130 4.66 1.61 100

4 116 40 150 4.13 1.44 100

The field test results showed that, under the optimal operating parameter combination determined from
the simulation, the soil lifting quantity, Y1, was 4.13 kg and the coefficient of variation of soil lifting quantity, >,
was 1.44%. Compared with the simulation results, the relative errors were only 3.05% and 4.00%, respectively.
Under the same parameter combination, the surface levelness, Y3, was approximately 100 mm. The close
agreement between the field test and simulation results verifies the accuracy and reliability of the numerical
simulation model.

CONCLUSIONS

A soil pickup and separation device for an automatic flower transplanter was designed in this study. The
structural parameters of the key components were determined, and the soil-conveying characteristics of the
helical blades of the soil pickup auger were analyzed.

Through parameter optimization based on simulation, the optimal operating parameters were determined as
follows: auger rotational speed of 116 rpm, soil penetration depth of 40 mm, and pitch of 150 mm. Under these
conditions, the simulated soil lifting quantity, Y1, was 4.26 kg, and the coefficient of variation of soil lifting quantity,
Y2, was 1.50%.

Field tests conducted under the optimal operating conditions yielded a soil lifting quantity of 4.13 kg and
a coefficient of variation of 1.44%. The relative errors compared with the simulation results were 3.05% and
4.00%, respectively. The measured surface levelness, 13, was approximately 100 mm. The close agreement
between the simulation and field test results indicates that the structural design and numerical model are
reliable. The device can meet the soil-handling requirements of automatic flower transplanting operations and
provides a basis for its further application in greenhouse production.
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