22-27 JUNE 2025

UNIVERSIDAD DE ALMERIA : 2 Ai?»

5

ALMERIA-SPAIN QIR

D ; J _/.!'_'O‘J 2410 14w




22-27 JUNE 2025
ceIn S y S 2 O 2 5 UNIVERSIDAD DE ALMERIA

International Symposium on Advanced Technologies and Management for Sustainable Greenhouse Systems ALMERIA-SPAIN




22-27 JUNE 2025
ceIn S y S 2 O 2 5 UNIVERSIDAD DE ALMERIA

International Symposium on Advanced Technologies and Management for Sustainable Greenhouse Systems ALMERIA-SPAIN




22-27 JUNE 2025
ceIn S y S 2 O 2 5 UNIVERSIDAD DE ALMERIA

International Symposium on Advanced Technologies and Management for Sustainable Greenhouse Systems ALMERIA-SPAIN




o 22-27 JUNE 2025
cen S y S 2 O 2 5 UNIVERSIDAD DE ALMERIA

International Symposium on Advanced Technologies and Management for Sustainable Greenhouse Systems ALMERIA-SPAIN

REsllilence to
CLIM
optirmization of ventilation (GRECLIM)




;. W%
ALMERIA-SPAIN UIVERSIND

22-27 JUNE 2025
cen S y S 2 O Z 5 | UNIVERSIDAD DE ALMERIA

International Symposium on Advanced Technologies and Management for Sustainable Greenhouse Systems

Target 7.2. — Increase use of renewable energy

. Target 12.2 — Sustainable use of natural resources
Target 12.5 — Reduce waste generation

Target 13.1 — Improve resilience to climate-change

Target 14.1 — Reduce marine pollution
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Target 7.2.
Increase global percentage of renewable energy
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TARGET Sl Target 12.5
Substantially reduce waste generation.

SUBSTANTIALLY
REDUCE WASTE
GENERATION

Marble extraction is the second economic pillar of the province of Almeria.
Almeria has over 6.6 X103 ha of marble quarries (Salinas et al., 2018).

In 2021, approximately 0.71 X108 t of marble was extracted in Almeria, with a
value of 12.1 X108 € (MTERD, 2023).
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Sustainable management and use of natural resources.
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SUSTAINABLE
MANAGEMENT AND
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RESOURCES
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Target 13.1.

Strengthen resilience and adaptive capacity to climate-change.

STRENGTHEN
RESILIENCE AND
ADAPTIVE CAPACITY
TOCLIMATE RELATED
DISASTERS

Figure 1. Projected changes in maximum daily maximum temperature at global warming levels of 1.5°C,

2°C, 3°C, and 4°C relative to 1850—-1900 (IPCC, 2023).
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Figure 5. Average daily solar radiation relative to the average daily temperature (a) and evolution around the

STRENGTHEN

RESLENEMD year of mean outside air temperature (b) corresponding to the cities of: Almeria in Spain (---@---) during the

ocviTERELTED || period 1934-2003 (Molina-Aiz, 2010), in 2021 (— © ), in 2022 (—A—) and in 2023 (---®--).
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TARGET ILRIM Target 14.1.
Prevent marine pollution from land-based activities.

REDUCE MARINE
POLLUTION
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We have compared three type of soil mulching with different reflection to the solar radiation.
White materials were installed in the East sectors and a black polypropylene was maintained in

the West sector.

Polypropylene Geotextile Black 11.3
Marble Gravel White 44.2
Polypropylene Geotextile Black 11.3
Marble Gravel White 44.2
Polypropylene Geotextile Black 1.3
LDPE (40 pm) Plastic film White 42.5

/ West U12
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2. Materials and methc

In the three greenhouses a tomato crop was developed in autumn-winter time
followed by a short cycle of pepper crop in spring-summer.

Number of Growing

Crop Transplant Firstyield Last yield yields o
Tomato Fleming’
(HM.Clause Iberica., Almeria, Spain). 02/09/2023 20/11/2023  23/2/2024 13 174
Pepper ‘Bemol RZ’
(Rijk Zwaan Iberica, S.A 08/03/2024 23/06/2024  2/7/2024... 1 116. ..
Pepper

crop
Tomato

/} crop
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b o o J = /7 \
Greennouse UY Tomato crop
8/2/2024

East sector: Black PP soil mulch

g

18/6/2024
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2. Materials and methods
— o = ~\ I \ - r -~ -
Greennouse U774 Tomato crop
8/2/2024

East sector: Black PP soil mulch

g

18/6/2024
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2. Materials and methods
.Y J Y. a4 &
GCreenhouse U412 Tomato crop
8/2/2024

East sector: Black PP soil mulch

D

/O 18/6/202
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PAR radiation

Outsice clirmmatic parameters

Bixdsl
Solar racdiation
T=-Rrl Wirie
Winel sozacd & diracilorn
‘ gl ¢
U11 -
East
O

Weather station at 9 m

/ Weather station at 5 m
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Parameter Sensor Company Measuring range Accuracy
Outdoor climate parameters measured at the weather station

RO - Global Outdoor Solar Radiation Kipp Solari - Meteostation |l +2000 W m2 +5% o ¥20 W m—2

Uo — Outside Wind Speed Anemometer - Meteostation Il (Maagd?igﬁfwl\?:tﬁé\r/l.an ds) 0-40ms™! 5%

0,, — Wind Direction Weather Vane - Meteostation Il 0 - 360° 15°

Te — Outdoor Air Temperature Pt1000 IEC 751 1/3 class B Vaisala Oyj -25-75°C +0.2°C

HRe - Outdoor Air Humidity HUMICAP HMT100 (Helsinki, Finland) 0 - 100% +2.5%

Indoor climate parameters measured by the climate control system sensors

Ti — Indoor Air Temperature Pt1000 Clase A — Ektron Il Eleltronik Ges. M.b.H. -10-60 °C 0.6 °C

HRi - Indoor Relative Humidity EE07-04 PFT6 — Ektron IlI (Engerwitzdorf, Austria) 0 - 100% +2% (0 - 90%)

Ci — Concentration of CO, in indoor air Sonda digital CO2 GMM222 Vaisala Oyj 0 - 2000 ppm +30 ppm + £2%

Centralized system for data collection MultiMa Series Il HortiMax B.V. Software Synopta

Indoor climate parameters measured by sensor chains placed in the vertical section of each sector
RSi — Global Indoor Solar Radiation 3 x SP1110 Pyranometers 350 — 1100 nm 5%
QSi - RPA Sensor 6 x SKP215 Quantum Sensor Campbell Scientific Spain 440 — 700 nm +5%
(Barcelona, Spain)

Ts — Soil temperature at 0.05 m 6 x Betatherm 100K6A Thermistors -5-95°C <#0.16 °C

gs — Heat flux in the soil (at 10 cm) 4 x HFPO1 HUK?SZT:{ Tr:‘zrm::hif;i%rj)av' +2000 W m-2 15 - 5%

Ti — Indoor Air Temperature iri —-40-70 °C +0.4°C (5-40°C
\ HRi - Indoor Relati\F:e Humidity 18 > ©S215 Sensirion SHT7S (Stai?g?gngﬁénd) 0-100% +2% (1( 0- 90%))

Photosynthesis measured in the leaves of plants
C,_ - CO, concentration in leaves TARGAS 1 Photosynthesis Analyzer PP Systems (Amesbury, USA) 0-2000 ppm 1 ppm
//
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White marble gravel mulching reduced -14% the net radiation inside the greenhouse as
consequence of soil reflection of solar radiation.

600 /
N'g 500
S—; 400 r
&
S 300
o
‘c:%' 200
S 100 f
2
I -100
1-6-24
\
\ Figure 7. Net radiation in the sector with white marble gravel mulch (—) and with black polypropylene

geotextile mulch (—) inside greenhouse U11. External (----) and inside solar radiation in U11W (- - -).
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150 400
End of tomato crop Start of pepper crop _
T P (23/2/2024) (8/3/2024) . v . €
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14-9-23 14-10-23 13-11-23 13-12-23 12-1-24 11-2-24 12-3-24 11-4-24 11-5-24 10-6-24
Date
\ ( Figure 8. Maximum values of net radiation in the sector with white marble gravel mulch (—) and with black

polypropylene geotextile mulch (—) inside greenhouse U11. External solar radiation (----).
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White marble gravel mulching reduced —-65% soil heat flux and with plastic —45% as
consequence of soil reflection of solar radiation.

600 ‘ 1200
:,E‘ s0 | G f‘%‘%_“ OUSe U J { 1000 ~ 600 | 1200
2 o T T O Greenhouse U12 /j 0w
S 300 ¢ 1600 @ 2 400 | A i { 800 ;
% 200 | 1 400 é = 300 | { 600 ;C,
E 100 | 2 200 ;‘.: _>=<" 200 | 1 400 g
§ 0 0 5 ‘gf 100 | 200 EG
100 00 & < o 0 ®
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Date “ 00 200 ©
1-6-24 2-6-24 3-6-24 4-6-24 @
\/ 600 1200 Date
T w0 Greenhouse U11 R R
N . 02 Figure 9. Soil heat flux in June 2024 in the sectors
| 2 zzz e with white marble gravel mulch U9W (—) and
= 400 o . . .
\ | 3 g U11W (—), white plastic U12W (—) and with black
g s polypropylene geotextile mulch (—). External (---)
3 and inside solar radiation in West sectors (- - -).
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White mulching increased +5-10% as consequence of double soil-cover reflection of PAR.

i:_: 2000 | 'g 2000 5

E wl ; , E 1500 | -
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o Green N Greenhouse U12
;: 500 |

\ ? G ree n h o use U 1 1 1-6-24 2-6-24 Date 3-6-24 4-6-24

Figure 10. PAR radiation in the sectors with white marble gravel mulch U9W (—) and U11W (—), white

plastic U12W (—) and with black polypropylene geotextile mulch (—). External PAR radiation (----).
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Figure 11. Maximum values of PAR radiation in the season 2023-24 in the West sectors with white marble gravel
mulch U9W (—) and U11W (—), white plastic U12W (—) and in the East sectors with black polypropylene geotextile
mulch (—). External (----) and inside solar radiation in West sectors (- - -).
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The soil marble mulching allows reduce maximum inside air temperature by — 0.5°C in hot period.

. 40
E: o | ~ 40
520 = <
* 10 Ea_
< | Greenhouse U9 £
2—6—24 2-6-24 3-6-24 4-6-24 Ei Greenhouse U12
Date 0
1-6-24 2-6-24 Date 3-6-24 4-6-24
O 40
1€ 5l Figure 12. Evolution of air temperature inside the
B West sectors with white marble gravel mulch
g 207 U9W (—) and U11W (—), white plastic U12W (—
\ é o | —) and in the East with black polypropylene
£ geotextile mulch (—) and outside at 5 m (----)
: Greenhouse U11 om0
1-6-24 2-6-24 Date 3-6-24 4-6-24
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In cold period the cooling effect of white marble mulching in the West sector is
counterbalanced by the climate controller opening the side vents of the East sector.
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Figure 13. Evolution of maximum air temperature along the
season 2023-24 inside the West sectors with white marble
gravel mulch U9W (—) and U11W (—), white plastic U12W
(—) and East sectors with black polypropylene geotextile
mulch (—) and outside at5m (----)and 9m (- - -).
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The white mulching reduced inside air humidity by — 5-10% in hot period.
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Figure 14. Evolution of absolute air humidity

x ” inside the West sectors with white marble gravel
S| i mulch USW (—) and U11W (—), white plastic
\ 2 U12W (—) and the East sectors with black
< Greenhouse U11 polypropylene geotextile mulch (—) and outside
0.0001—6—24 2-6-24 Date 3-6-24 4-6-24 atb5m ( i ) and 9m ( )
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The soil marble mulching reduced inside air humidity by — 2-10%, but not the white plastic.
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1-6-24 2-6-24 3-6-24 4-6-24 ‘E 20
Date 2 Greenhouse U12
100 1-6-24 2-6-24 Date 3-6-24 4-6-24
\/ g w0 |
g G s Figure 15. Evolution of relative air humidity
5§ ol inside the West sectors with white marble gravel
\ 2 | \ mulch U9W (—) and U11W (—), white plastic
43 Greenhouse U11 U12W (—) and the East sectors with black
® e o o o polypropylene geotextile mulch (—) and outside
/ Date atdSm(----)and 9m (- - -).
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Figure 13. Evolution of average air humidity along the season 2023-24 inside the sectors with white marble gravel mulch
U9W (—) and UMMW (—), white plastic U12W (—) and with black polypropylene geotextile mulch (—) and outside at 5
m(----)and5m (- - -).
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In hot periods, when the windows are fully opened in the sector East with the
black mulching, temperature increase, whereas in the West sector with gravel
marble mulch temperatures is lower with the side windows 50% opened in

both greenhouses U9 and U11.

19-06-2024 at 11:30 h 1,=23.3°C Greenhouse U9
Greenhouse U11

¢ Ssv9W=45°/o /\
- Ssv11W=500/° I

| / f I 7

T,w=25.2°C | | Tiow™23.9°C

/O
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Figure 17. Radiation and heat
flux in the greenhouse U11.




NS
UNIVERSIDAD
DE ALMERIA

- 22-27 JUNE 2025 & &
“ E Il S y S 2 O 2 5 | UNIVERSIDAD DE ALMERIA s
ISHS

ALMERIA-SPAIN

International Symposium on Advanced Technologies and Management for Sustainable Greenhouse Systems

The reflection produced by the marble mulch increased PAR radiation in
greenhouse U11 at plant leaves but not in the other two greenhouse.

a) b) Tomato c)

800

-1.4% +9.1%

04 0% o3

600 -

400 -

200

PAR radiation [umol m2 s'1]

U12W - White U12E - Black
plastic polypropylene

Figure 18. PAR radiation measured in leaves of tomato in greenhouses U9 (a), U11 (b) and U12 (c) in
the marble (m), white plastic (®) and propylene () mulched sectors of greenhouses.
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For the pepper crop PAR radiation increased in both greenhouses with the
gravel marble.

Pepper

a) b) c)
800 800 800
A +7.2% A +3.7% A —2%
g 600 565 527 2 600 | 591 570 & 600 | 555 568
E S S
! 5 5
= 400 | = 400 - = 400 |
S 5 S
=] =] =]
200 - S 200 - S 200 -
[~ [ (=<
= = =
0 0 0
\ U9W - White U9E - Black U11W - White U11E - Black U12W - White U12E - Black
(l marble polypropylene marble polypropylene plastic polypropylene
Figure 19. PAR radiation measured in leaves of pepper in greenhouses U9 (a), U11 (b) and U12 (c)
/ in the marble (m), white plastic (™) and propylene (') mulched sectors of greenhouses.
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In the tomato crop, the white mulching produced reduction of plant

temperature.
Tomato
a) b) c)
40 40
-0.6°C g -0.1°C 3 -0.6°C
?.:’ 30 | 27.4 28.0 ?5’ 30 27.4 28.0
% 20 é‘ 20
) 5 5
> >
§ 10 E 10 -
0 0
U12W - White U12E - Black U12W - White U12E - Black
\ Q plastic polypropylene plastic polypropylene
Figure 20. Temperature measured in leaves of tomato in greenhouses U9 (a), U11 (b) and U12 (c) in the
marble (M), white plastic (®) and propylene (") mulched sectors of greenhouses.
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In the pepper crop plant temperatures were similar inside the two sectors of
each greenhouse.

a) b) Pepper )

40 40 40

+0.3°C ,10.1°C "
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Leaves temperature [°C]
Leaves temperature [°C]
Leaves temperature [°C]
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/ 1

Figure 21. Temperature measured in leaves of pepper in greenhouses U9 (a), U11 (b) and U12 (c) in the

marble (M), white plastic (®) and propylene (") mulched sectors of greenhouses.
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The two types of white mulching produced an important increase of plant
transpiration.

a) b) Tomato c)

NN

+9.1% +5.3%

33 +6.5% i

w
I

Transpiration [mmol ,,) m?2 s7]
— N

o

U12W - White U12E - Black
\ Q plastic polypropylene

Figure 22. Plant transpiration measured in leaves of tomato in greenhouses U9 (a), U11 (b) and U12 (c) in

the marble (m), white plastic (®) and propylene (") mulched sectors of greenhouses.
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The increase in transpiration was greater in the spring-summer period with
the pepper crop.

Pepper

a) b) c)
- - 0 -
w O w O 45 +12.5% — w O
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£ 3 g 3 - g 3 |
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8 . a . '8,
2 ! Q1 31
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Figure 23. Plant transpiration measured in leaves of pepper in greenhouses U9 (a), U11 (b) and U12 (c)

in the marble (m), white plastic (®) and propylene (') mulched sectors of greenhouses.
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The soil marble mulching increased photosynthesis in the leaves of tomato
crop.

a) b) Tomato c)
12
+15.8% +7.3% z_ 1.2%
2 8.2 8.3
(- BN 8 |
S E
2 8
B °
V/ 8 &
- 5
0
U12W - White U12E - Black
Q plastic polypropylene

Figure 24. Photosynthetic activity measured in leaves of tomato in greenhouses U9 (a), U11 (b) and U12
(c) in the marble (m), white plastic (®) and propylene (") mulched sectors of greenhouses.
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Similar increases were observed in photosynthesis in the leaves of pepper

crop.
a) b) c)
12 10 70/ 16 12
103 +710.
B, ° B4 +4.9% B -1.2%
5 — 10 9.3 5 — 5 — 10
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Figure 25. Photosynthetic activity in leaves of pepper in greenhouses U9 (a), U11 (b) and U12 (c) in the
marble (m), white plastic (®) and propylene (") mulched sectors of greenhouses.
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The use of white mulching allowed to increase tomato production.

Tomato c)
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Figure 26. Marketable yield of tomato obtained in greenhouses U9 (a), U11 (b) and U12 (c) in the marble
(- -m), white plastic (m) and propylene () mulched sectors of greenhouses.
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The increases In production produced by the white mulching has been also
observed in the three first yields of the pepper crop (that has not finished).

a) b) Pepper c)
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Figure 27. Early marketable yield of pepper obtained in greenhouses U9 (a), U11 (b) and U12 (c) in the
marble (- -m), white plastic (®) and propylene (') mulched sectors of greenhouses.
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The use of soil marble mulching seem to increase resistance of crops to fungal diseases as
powdery mildew (Leveillula taurica (Lev.) Arnaud.) and pests as tomato russet mite (Aculops

lycopersici) and aphis [Myzus persicae (Sulzer), Aphis gossiipy (Glover), Macrosiphum
euphorbiae (Thomas) and Aulacothum solani (Kaltenbach)].

Tomato russet mite 25.6 16.0 17.1 7.5 18.8 21.9
Aphids 4.0 0.0 31.7 2.3 - -
Powdery mildew 18.8 0.0 2.1 10.9 - -
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This research has been developed as part of the project Improving solar
Greenhouses REsilience to CLIMate Change through digitization and
optimization of light and ventilation (GRECLIM) funded by the National
R+D+i Plan Project PID2023-1498860B-100 of the Ministry of Science,
Innovation and Universities of call Knowledge Generation Projects
2023.
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