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Razones para mejorar el manejo del N

= Reducir contaminacién de acuiferos con NO;" lixiviado desde los
invernaderos (legislacion autondmica, nacional y europea)

= Presion de la sociedad y de consumidores para reducir el
impacto ambiental de la agricultura

» Reducir costes econdmicos

M. Gallardo (Universidad de AIJmelfi'é)



¢Como podemos mejorar el manejo del N?

MANEJO DE N DE Reemplazar MANEJODEN
SEGURIDAD INCERTIDUMBRE por > MEJORADO
(basado en incertidumbre) INFORMACION (basado en informacion)

Analisis de N en suelo

Sistemas de ayuda a
la toma de decisiones (DSS)
y modelos de simulacion

Monitorizacion de N
en planta

M. Gallardo (Universidad de Almeria)



VEGSYST-DSS- herramienta de ayuda al manejo del N en fertirriego en cultivos de invernadero

Inputs == VegSyst-DSS mm) Outputs

Datos climaticos

* Temperaturay HR
invernadero
e Radiacion solar exterior

Datos de cultivo

* Necesidades de N
 Necesidades de riego

e Concentraciéon N solucion
(Valores diarios, semanales,
mensuales o estacionales)

* Especie
e Ciclo de cultivo
e Encalado

Datos de suelo
«  Profundidad sistema Especies: tomate, pimiento, pepino, calabacin,

radicular berenjena, melon y sandia

e Aplicaciones estiércol
* N mineral inicial

Recomendaciones de riego y N en fertirriego y riego por goteo adaptables
a variaciones en especie, medio de cultivo, clima, ciclo de cultivo,
invernadero, cubierta

M. Gallardo (Universidad de Almeria)



Componentes del VegSyst-DSS

Modelo VegSyst | + DSS

El modelo de simulacién calcula * Balance de N diario

valores diarios/estacionales de: ‘ e Volumen de riego

e Produccién de materia seca considerando la salinidad del
e Extraccion de N del cultivo agua y la uniformidad del

e Evapotranspiracion del cultivo (ETc) VegSyst-DSS sistema de riego

M. Gallardo (Universidad de Almeria)



Modelo VegSyst

e 4 ™
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N critico- contenido minimo
de N en planta para obtener maxima biomasa
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Modelo VegSyst

\-——————'

Fuentes N en suelo
1. N min inicial
2. N mineralizado desde estiércol

Factor de
_ _ Eficiencia
3. N mineralizado MO suelo

A l
|

(demanda)

N extraido por el cultivo

N disponible del suelo

CE agua
CuU

\4

Volumen de riego

!

Factor de
\ / Eficiencia
Necesidades de N

|

‘Concentracio’n de N en soluciéon (mmol L?) ‘
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Presentacion del software

VegSyst-DSS Application

Start  Main results Intermediate results Program database Aboutus Manual

Anadir informacion a la base de datos

Crear proyecto nuevo

Descargar proyecto (existente)

M. Gallardo (Universidad de Almeria)



Primer paso- Aiadir informacion a la base de datos

VegSyst-DSS Application

Start  Main results Intermediate results Program database About us

Estiércol

Sistema de riego

M. Gallardo (Universidad de Almeria)



Anadir archivo Excel con datos de clima
VegSyst-DSS Application

Start Main results Intermediate results Program database About us

Import Climate

Import excel file

M. Gallardo (Universidad de Almeria)



Archivo Excel con datos de clima- por defecto datos historicos de Cajamar

CAJAMAR-
Name HISTORICAL
degrees minutes N/S
Latitude 36 48N
SR outside (MJ

DOY Tmax Tmin RHmax RHmin m-2d-1) TR
1 19.6 7.5 90.4 60.3 8.24 0.65
2 19.6 7.4 91.6 57.4 8.98 0.65
3 19.7 6.9 92.2 59.6 8.98 0.65
4 20.0 6.9 92.1 58.4 9.31 0.65
5 20.2 7.3 92.1 58.8 9.30 0.65
6 18.9 6.7 93.4 56.2 8.60 0.65
7 18.9 6.2 93.1 60.2 8.89 0.65
8 18.8 6.3 92.0 59.6 8.65 0.65
9 19.2 6.2 92.6 57.7 9.74 0.65
10 18.8 6.7 91.9 57.7 8.11 0.65
11 20.2 6.9 90.7 62.8 9.06 0.65
12 19.8 6.9 93.9 61.1 9.63 0.65
13 19.8 6.5 91.6 60.1 10.27 0.65
14 19.5 7.3 91.8 61.3 9.02 0.65
15 20.2 7.0 92.3 60.6 9.13 0.65
16 19.3 6.8 91.9 61.0 9.17 0.65
17 21.1 7.1 91.4 58.9 10.21 0.65
18 20.3 6.9 91.4 59.3 9.88 0.65
19 20.5 7.5 91.3 57.4 9.89 0.65
20 21.0 6.9 89.5 57.4 10.10 0.65
21 21.1 7.0 91.5 60.4 10.64 0.65
22 20.5 7.3 93.2 62.3 9.48 0.65
23 21.1 7.0 92.5 59.3 9.77 0.65
24 21.0 7.0 90.2 58.3 10.18 0.65
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Creacion archivo de estiércol

I L Total N

i Add manure Tipo Descriptio |content
| estiércol n (%) Mineralization coefficients (%)

Year
1 Year 2 Year 3 Year 4

GIEE Almeria 2.2 39 22 7 4
hens fresh 4.5 9 10 5 5

Name of manure:
peme Estiércol Almeria

Total N content (%): Contenido N (%)

Total N content (%) 2. 2

; broilers
Dry matter: Materia seca and
Dry matter 0.64 turkeys,

Density (t/m3): Densidad fresh 3.8 75 5 5 5

Density (t/m3) o 7 broilers
! s ol . . . 7 and
Mineralization rate (%); Tasa mineralizacio turkeys,
Year 1 39 aged 3 60
Mineralization rate (%); Tasa mineralizacién 2.8 90 4 2
Year 2
7 - B Dairy fresh 3.5 50 15 5 5
Mineralization rate (%); Tasa mineralizacio et
Feard 7 Liquido en
Mineralization rate (%); Tasa mineralizacion-=:ks 3 2 12 6 4
Veiar i ' Vacuno-1 i) 3.5 75 15 10 5
dry 2.5 a0 25 6 3
dry 1.5 35 15 10 5

M. Gallardo (Universidad de Almeria)



- O X
Add irrigation layout Configuracién riego

Name:

Creacion archivo de riego
Enter name Simple-1.5 x 0.5
Dripper flow rate (L/h):

Enter value 3 CGUdaI gOterO (L/h)

© Single arippers ine [ jneas simples de goteros
Distance between lines (m):

Entervalue 1.5 Distancia entre lineas
Distance between drippers within lines (m):

= Distancia entre goteros
cnter vaiue 0.5

O Double drippers lines

0.5m

Lineas pareadas de goteros
Distance between pairs (m):

C i . . , . 0.8m .
Entervalue 1.2 Distancia entre lineas alejadas 1.2m
Distance within pairs (m):

Enter value (.8 Distancia entre lineas pareadas

Distance between drippers within lines (m)

Enter value (.5 Distancia entre goteros

M. Gallardo (Universidad de Almeria)



Creacion archivo de suelo

- OX

Add Soil
Nombre

MName: ‘Enter name

Enarenado

General soil characteritics:

Soil bulk densiy (vm3): Densidad aparente t/m3)

Enti |
mervae 1.4 * Default value 1.4 t/m3

" Hfective rooting deoth (M) Profundidad radicular (cm)-excluyendo arena

Enter val
nter value 0.2 * Normal range 0.1-0.3 m

Soil organic N and N mineralization:

Soil erganic N content (%): N orgdnico del suelo (%)

Enter value
0.08 * Default value 0.08
N mineralization rate per year (%) Tasa de mineralizacion anual (%)
Enter value 1
* Default value 1

* Excluding the sand layer (used in Almeria)

* Normal range 0.1-0.3 m

M. Gallardo (Universidad de Almeria)



Newpraect  Creacidn proyecto nuevo

= Fecha ultima aplicacion estiércol

Name of project: Date of most recent manure application: ETo Equation: Ecuacion de ETo
| ‘TOMATE OTONO  Nombre ‘ 05 August 2014 - ‘ © FAO56 Penman-Monteith (fixed ra)
Size of greenhouse (m2): T —E T A - ® Almeria radiation

‘10000 Superficie invernadero ‘ 50 Volumen de estiércol aplicado ' Whitening Manejo del Encalado

Select cropping media: ] No whitening Sin Encalado

Type of manure: Tipo de estiércol

® Soil  Medio cultivo Date of application
. Substrate - ) : .-j':-'-,. August 2015  Fecha de aplicacion v
* Climate: Clima Crop species: Cultivo P II —
R-HISTORIC/ v ATC -1 5 October 2015 Fecha de eliminacién |
! * Soil: Suelo Planting method: Siembra o trasplante Transmissivity values
Enarenac v | @ Transplanting 0.00 Transmisividad tras encalado
| * Irrigation layout: Sowing If not measured, select type of whitening:
_ | Configuracién riego - | 1ransplanting/sowing date: D Light - 045 ® Medium - 030 O Severe - 0.20
i ~ | 05 August 2015 Fecha trasplante v

Salinity: Salinidad Remove

End of crop Date of Date of .
s Transmissivity
A | 01 application removal '

24 February 2016 Fecha fin cultivo v

Consider uniformity coefficient: 05/08/2015 15/10/2015 0.3
Considera coeficiente uniformidad **Soil mineral N: (kg N/ha)
* Yes ‘0.95 ‘ Soil mineral N at planting: 1 Unknown
'100 N mineral en suelo inicial
2 No

| * Add new information to database on start windows
| ** |n the root zone (e.g. 0-30 cm soil depth)

IVI. OdIlidrao (uriversiada ae Almerid)



Manejo de la salinidad

B = [ 4
Salinity of irrigation water Salinidad del agua de riego

® Soil-grown crop:  Cultivo en suelo

* Yes
EC of irrigation water (dS/m): Conductividad eléctrica del agua

EC irrigation value
- No
O Substrate-grown crop:  Cultivo en sustrato

Drainage fraction:
Drainage fraction value Fraccion de drenaje

M. Gallardo (Universidad de Almeria)



Descargar un proyecto existente

Retrieve existing project
Name of pl‘OjECt Greenhouse name: TOMATO SCENARIO 1
i Size (m2): 10000
TOMATO SCENARIO 1
TOMATO SCENARIO 2
[OMATO SCENARIO 3

Climate: CAJAMAR-HISTORICAL

_ s Crop
PEPPER SCENERIO 4 Cropping cycle Whi'{E‘ﬁil‘lg Tra nst‘r‘nissivity
PEPPER SCENARIO 5 8/5/2011 - 2/24/2012 8/4/2011 - 10/10/2011 0.3
CUCUMBER SCENARIO 6 Cropping media
Soil: SOIL SCENARIO 1 Soil mineral N at planting: 100 (kg N/ha)

ZUCCHINI SCENARIO 7

Soil bulk density Denth of soil (m) Effective rooting Soil oraanic N (%) N mineralization
PEPPER SCENARIO UAL (t/m3) b ik iriohatal U depth (m) SO organic N %) rate per year (%)
TOMATO ALMERIA (WINTER) | 4 03 1 —— 1
Mi Test Irrigation layout: Singe line
Test Dripper flow rate (L/h) Distance between lines (m) Ii.hstatac? hetiveen Srippers v
- lines (m)
TOMATE ALMERIA (OTONO) 3 15 0.5

Joel-1 Manure

Date of application Volume(m3/ha)
SHEEP 6/1/2009 100

Salinity of water (dS/m): 2

Uniformity coefficient
irrigation system:

M. Gallardo (Universidad de Almeria)



- En Pantalla- Graficos y tabla
- Descarga de archivos (Excel)

Resultados globales

VegSyst-DSS Application

Start  Main results Intermediate results Program database About us

Export report to EXCEL Daily values during the crop Valores diarios durante el ciclo

25 — T
| | ;

:'6“ 2 F < 1. e Gross Irrigation
TR a - | e
Y RS 1 0.00 0.00 0.00
§ 05«( 2 0.6 g 38 0.00 0.00
06 50 100 150 200 3 0.69 10.29 0.12 1.27
"DAT Dias después Velumen Minutos  Fertilizante Concentracion N
— Nfertilizer trasp I-ante riego dqlf_i_ego N 0.21 en solucion
= N uptake P N Eq i 24 e -
= m— Soil N supply . oD [L¥ Nn ] 5] Sl Filh
o
8 7 ).75 11.18 ). A7 2 Q4
g i V. > . t
= ' | _T C _'E'h* { ‘:
3 79 7 0.62
“DAT v U - 12.27 0.74 5.5
. 13.0 0.9¢
12 w— [\ concentration e nan 13 43 4 B
= 10— - 0.9C 3.4: k|
:é ¢ I 9‘ | 2 -
E 5 P f_] . ) i
5 4 . s
= 9 g N6 : 1
" 16 1.1 7.81 00 A
0 50 100 150 200 € 2

BT *Day after transplanting
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= Libro1 - Excel ?
INSERTAR  DISENO DEPAGINA  FORMULAS  DATOS  REVISAR  VISTA  DESARROLLADOR  COMPLEMENTOS — ACROBAT Mari
T E B Bt 2oy
Fn ] F Izlt Dar f to Estilos d E" Eliminar ' Ord
5 - . . === e - . op 00 €2 00 ormate arformate Estilesde ., rdenar y
4 = e condicional = comotabla~ celda= B Formator & ga o
Portapapeles Fuente P} Alineacion ra Mdmero P Estilos Celdas Modifical
Option selection ' T Ji | vegsysoss
A B C D E F G H | J K L
' Short excel report
n rriation reauire 2 13/03/2016
—dl =R
O] N fertilizer s TOMATE ALMERIA (OTORO)
5
" Detailed excel rep ; project: TOMATE ALMERIA (OTORO) Climate: CAJAMAR-HISTORICAL
SE -7
| Irrlgatlon reqguire . ,
8 Latitude: 369 43'N
L1 N uptake 2
10 Suma
L1 N sources v
11 |Irrigation Volume {mm) 306.97
O Ferﬂlizer requirer 12 |Soil mineral N (ke/ha) 49.51
13 |Mineralized N (kg/ha) 30.98
14 |N crop uptake (kg/ha) 285.25
15 |N fertilizer requirement (ke/ha) 408.48
16 | Total amount of irrigation (m3) 306.97
17 | Total amount of N fertilizer (ke) 40.85
18 Irrigation Requirements N Fertilizer
Weekly Daily weekly Daily M
Cumulative  irrigation irrigation irrigation fertilizer concentratio
19 Date DAT Weeks Daily velume volume volume time time requirements n | 4 weeks)
20 mm/d mm mim,/w min min w-1 kg/ha d mmal NfL
— 21 1 05/08/2011 0 1
22 2 06/08,/2011 1 063 o 938 (1] 927
23 3 07/08/2011 2 0.69 063 10.29 012 927
24 4 08/08,/2011 3 0.69 131 10.28 018 927
25 5 09/08/2011 4 0.567 2 10.05 0.21 9.27
26 ] 10/08/2011 5 0.69 2.67 10.38 0.29 927
27 7 11/08/2011 6 2 075 3.36 41 11.18 41 0.41 927
28 1 12/08/2011 7 077 41 11.59 054 927
29 2 13/08/2011 3 079 4388 11.79 062 927
30 3 14/08/2011 9 082 566 1227 074 927
31 4 15/08/2011 10 087 548 13.08 096 927
32 5 16/08/2011 11 0.8 7.35 13.43 11 927
Hojal ) |

LISTO



Informe detallado- valores diarios

Necesidades hidricas

Extraccion N

ETo - Volumen riego
Kc - Tiempo de riego
ETc - Tiempo semanal

Yroject: TOMATO-SOIL

rrigation Yolurne [rnm)
Soil mineral N [kgtha)
vlineralized W [kaha)
| crop uptake [kaha)
| Fertilizer requirernent [katha)
Total amount of irrigation [m3)
Tatal armount of M fertilizer [ka)
Diate OaT ‘weeks ETa ke
[mmid)
1 05032012 0 1
2 060812015 1 218 0.2z
3 070812015 2 21 0.25
4 080812015 3 212 0.26
5 0910812015 4 193 0.26
B 1oi0a2015 5 198 0.27
T THos20s 51 2 208 0.28
1 121082015 7 213 0.23
z 131082015 g 20z 0.31
3 di0sz015 3 197 0.3z
4 151062015 10 204 0.34
5 16I0G2015 il 137 0.36
5] 1ri0G2015 1z 187 0.33
7 151062015 13 3 13 0.41
1 131062015 L) 13 0.44
et 200512015 s 187 0.45
3 2082015 1B 17 0.51
4 220512015 17 175 0.55
) 23052015 1B 163 053
51 24105812015 13 176 063

- Extraccidon N diaria

- Extraccion estacional

Climate:

Latitude:

ETe:
{mmid]

25714
99.02
266
28525
aaa3
25714
318

[(mmid)

1ROS2016

CAJAMAR-HISTORICAL

36243'N

IRRIGATION REQUIREMENTS

‘weekly

Cumulative  irrigation
Daily volume volums

{mm)

e
12,66
1375

volume
[mmiw]

343

5.24

Daily
irrigation
time
[mir)

792

4.62
49

Aportes N del suelo Necesidades de N

- N min suelo diay acumul. - Necesidades N (diarias

- N mineralizado N acuml. y semanales)

- Aporte total N - Concentracion N semanal
Y en periodos de 4 semanas

N UPTAKE N SOURCES FERTILIZER REQUIREMI
Doaily M Cumulative ‘wWeekly fer
weekly Cumulative Cumulative Mineralized fertilizer M ferilizer fertilizer ‘weekly M four
irrigation Daily crop M crop M Daily sail sail mineral Mineralized M Total Met M requirement requirement requirement concentrati N
time uptake uptake minerall M M (daily] [eumulative] supply =z = = an O
[miirfw] [kathaldl  (kgM] lkathald]l  (kgtha) [kathaldl  (kathal lkathaldl  (kathald]  (katha) (kathal [mmal ML) (mme
0.1z 012 0.45878 0.4878 0.1544 01544 0.321 1] 1}
0.28 0.4 0.4878 0.9756 0.1541 0.3084 0.5176 1] 1}
0.3 0.7z 0.4878 14634 0.1538 n.4gz22 0.3637 1] 1}
0.33 105 04878 19512 0.1535 06156 0.3282 0.0z 0.0z
0.38 142 0.4578 2433 0.1532 07688 0.3205 0.08 o1
5242 0.45 188 0.4878 29268 0.1523 0.9217 0.3203 0.13 0.28 0.2 058
0.53 z4 0.4878 34146 0.1526 10743 0.3202 0.3 0.58
0.58 2938 045878 3.9024 0.1523 12266 0.3z 0.37 0.35
0.65 3.64 0.45878 4.3902 0152 13786 0.3133 047 143
0.78 4.41 0.4575 4575 01517 15303 0.3135 0.66 2.08
0.86 5.28 04575 5.3653 0.1514 16517 0.3136 0.75 286
034 6.z22 04575 5.8537 01571 18328 0.3135 0.53 Ee )57
T5.64 11 T.32 04575 5.3415 0.1503 13837 0.3133 112 4.57 4.55 6.24
126 8.53 04575 6.5233 0.1506 21342 0.3132 135 6.z22
141 SlEE] 0.4575 73171 0.1503 2.2845 0.313 155 AT
1dd .43 04575 T.6043 015 24345 0.3153 161 3.37
167 131 04575 8.2327 0.1437 2.5843 0.3158 3] n3
173 14.59 04575 8.7805 0.1434 27337 0.3186 21 13.4
2 16.38 0.4573 3.2683 0.1432 2.8823 0.3185 2.4 15.73
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Resultados intermedios

VegSyst-DSS Application

Start  Main results Intermediate results Program database About us

Irrigation parameters N sources N fertilizer Crop Climate

|

-‘* . =5 :
aily irigation m Accumulated ETe

Crop evapotranspiration (ETc)

Leaching fraction :E "o / W
E 1 i
v
0
0 50 100 150 200
*DAT
. |
25.[] o
T 20
E 150
=100
50
0
0 50 100 150 200
“DAT

*Day after transplanting




’_______Q\

Ciclo: 15 agosto al 15 de enero
Blanqueo hasta el 15 de octubre
EC= 1.5 dS/m, UC=0.95
Goteros 1.5x0.5y3 L/h

f T P —————

ESCENARIO Ciclo N min suelo Estiércol Comentarios
(kg N ha) (m3 hal)
Tomate-1 Otono- 0 0 Suelo referencia
invierno (N solo desde
fertilizante)
Tomate 2 Otono- 200 0
invierno
Tomate 3 Otofio- 100 50 Estiércol (un afio
invierno antes de siembra)
Tomate 4 Primavera 100 50 Estiércol (un afio

antes de siembra)




Comparacion de escenarios (tomate otoio)

350

300

309

221

TOM-1

ONminy
Sin estiercol

L 45%

221

TOM-2

200 N min

M Extraccion N cultivo
m Aportes N suelo
™ N fertilizante

1409
221 222 4

186

TOM-3

100 Nmin
+ estiércol




Cultivo de tomate de otono-invierno

\

[N] mmol L1

14
12 LN .
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° o ®e_o%0
g * s 54
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200
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Comparacion cultivo de tomate de otono-invierno y de primavera
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M
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" ® TOM-3 " —TOM-3
- = =REF
12 oo TQ'U' _________ 1) meocoooooooooooo oo oo ===REF
o o TOM-4 TOM-4
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S 8 ° %o 5 8 —
€ ‘. “‘ OOO £
g © *° o %o, ) E
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o
2 2
0 '@@000 0
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100 kg N ha! min inicial y 50 m3 ha! de estiércol aplicado un afio antes; el cultivo

de primavera no se blanquea




VegSyt-DSS
El software se puede descargar en la pagina web del grupo:
http://www.ual.es/Gruposinv/nitrogeno/VegSyst-DSS.shtml

L. &

'i: Home * University = UAL Crop and Irrigation Lab

UAL Crop Nitrogen and lrrigation Lab

> Home

» Research

> Personnel

» Publications

» PhD theses

» Student projects

> Grants

» Editorial and scientific

responsibilities

> Recent invited

presentations

> VegSyst-DSS software

Esperamos vuestros comentarios-y.sugetenciasp
(mgallard@ual.es)

The VegSyst Decision Support System
(VegSyst-DSS) as a tool for management of
irrigation and N fertilization

The first version of the VegSyst-DSS software is currently available; the
software can be downloaded using the link on the right. There are also
links for the software manual and for the climate template Excel file. A
video with a demostration of the software will be available soon.

The WVegSyst Decision Support System (VegSyst-DSS) has been
developed to calculate daily M fertilizer and irrigation reguirements, and
the M concentration of the applied nutrient solution applied for fertigated
vegetable crops grown in greenhouses. It can be used for crops grown in
soil or substrate. N fertilizer requirements are based on daily crop N
uptake and consider soil mineral N at planting, and M mineralized from
manure and soil organic matter. Irrigation requirements are based on
estimated evapotranspiration (ETc) and consider irrigation application
efficiency and the salinity of irrigation water. ETc can be calculated using
the Penman-Monteith equation adapted to greenhouses or the Almeria
radiation equation.

VegSyst-DSS has very few inputs, all of which are readily available to

farmers and advisors. Data inputs are:

> the readily available climate parameters of daily maximum and minimum
air temperature and relative humidity (RH) in the the greenhouse, and
solar radiation outside the greenhouse

» the amount of soil mineral N in the roet zone at gantin .

> irrigation layout
> soil characteristics

For the climate data, an internal data base of long term average climate
data for Almeria can be used; there is no requirement to enter climatic
data. Recommendations based on long term average climate data are

Download

VegSyst-DSS software

ViegSyst-D5S

VegSyst-DSS manual

£

VegSyst-DSS climate
template

X—

WLSK

ra incorporarlos en la segunda version

allardo (Universidad de Almeria)
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