Cover crops vs. fallow: water, nitrogen and salinit
iIntegrated for a more sustainable irrigated systen
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. Introduction Aqigsters

Strategies for increasing N efficiency In irrigated syst:

A Adjust N fertilization to crop needs

A Linkbetween N and water management
Irrigation: excessive vs. adjusted
Fertigation

Z>Replacing fallows with cover crops

A Rotation: high N requirement/low N requirement crop
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. Introduction Aqigsters

Soll salinity and salt leaching

N
@
O

A{Q)\f. él-f)\)/)\l'jé F al ¢
May cause Yyield reduction
land degradation

Area affected in the world > 80 millions ha (FAOSTAT, 2012)

Al E0 tSFOKAY3I h RAFTFdza S
Yield reduction in irrigated land
Effect on aquatic fauna and vegetation

Industrial processes
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e Objective AgSisters

To study the effect ofeplacing fallow with winter cover
cropsin an intensive maize production systems.

LY OGKA& LINSecSyntheleffle@ghz 6SQ
-water balance anaditrate leaching

- salt leaching and salinity
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oFarminLa Chi meneadocation: Aranjuez, Vega
0

Climate: Dry Mediterranean, monoxeric (June-Septembre)
MMean temperature: 20.5 6C, maximum , and 6.5 6C minimum

Mean rainfall: 400 mm
ETo=753 mm
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Soilcharacteristics

Depth pH EC OrganicC CQ Texture
cm (1:2.5) dS/m g/kg g CQikg

Ocric Siltyclay
Ap: 0-23 cm 0-23 8.1 0.31 18.5 198 loam
Siltyclay

A2340cm 5340 | 81 045  17.0 201 loam

~ Cambic
¢ |B:4070cm 4070 | 8.0 090 12.7 159  Clayloam

1 calcic
Bk: 70120 cm 70-120 7.8 2.10 13.0 181 Loam
pH~8
Highto mediumorganicC and carbonates
Texture Siltyclayloam

Classification Lowsalinityin the upperlayers
_[ Typic calcixerept (Soil Survey Staff, 2003)

Calcisol haplico (FAO-UNESCO, 1988)



@_ CAMPUS

DE EXCELENCIA

POLITECNICA NTERNACIONAL

Ingeniamos el futura

Material and methods

% Experimental design
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-Sprinklerrigation (12x12 m)

*******
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- Main crop: maize
- N fertilizer application(NH,NO;):
V4: 140kg Nhat
V8: 70 kg N ha

cycle700

¢
(mm) 2007 2008 2009
ETc  643.7 624.9 716.1
Irrigation 575.7 533.7 656.4
. Rain  106.6 142.0 45.4
{7 ‘ Total water input ____682.3 675.7 701.8
7777777 @water INPUt/ETc 1.06 1.08 @
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%4 Experimental design

- Factorial: 4 factors x 4 reps

o [ A R R - Factors: 3 cover crops
o \ SO bare soll

NI DA U RN I A Covercrop Cultivar | Sowingrate

L e | A [ Barle Clarine | 180 kg ha
Vetch || -Fallow |I" Barley || “Vetch b y 9

[N Y O [ k Vetch Vereda | 140 kg hd

' Rapeseed Licapo 6 kg hat

) Ié\arley |l Rapeseed 4\//\e\t/oﬁf || - Fallow ||~ :
. ... Maize April > October
|Rapeseed|| Barley ~ || “Fallow||| “Vetch (|-~ Covercrops Octoberr > March

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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%4 Experimental procedure and measurements
2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010
Olct Ap @) Ap Oct Ap;

ct Ap Oct
Cover crops Maize Cover crops | Maize } Cover crops Maize Cover crops

SoiINMIN; , ; KClextractsin 0.20 mintervals(NH,*+NQ;)

Soilsaltaccumulation , - EC irsaturatedpasteextractsin 0.20 mintervals(S m?)
Cropparameters BiomassYield PlantN and Cconcentration

5N by massspectrometry plant and soil samplesrom microplots

Soilparameters Watercontentat saturationand fielcapacity saturatedhydraulic
conductivity bulk density

Cropparameters Leafareaindex Kc, activeoot depth
Soilwater content(SWG, ,): FDR in 0.20 mtervalsdownto 1.3 m

Sollsolutionin ceramiccups at 1.2 mdeterminationof [NO;] and EC
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Material and methods Aggystems

%4 Calculations

-Water balance: obtained by inverse calibration of the numerical model WAVE
(Vancloostert al. 1996) with soil water data collected daily with FDR sensors

Outputs: CromvapotranspirationET¢
Water percolation below root zone (= Drainage)

Runoff (negligible)
- Nitrate leaching
soilsolutionsamplingintervals  N-NGO; leached=Drainagex [N-NO;].iisolution1.3 m
Cumulativenitrate leaching=1 (nitrate leachingintervalg

- Saltleaching

soilsolutionsamplingntervals  Saltsleached= Drainagex [Salt3..i<otution1.3 m

Cumulativesaltleaching=1 (soilsolutionsamplingintervals
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Water balance
Crop parameters Soil parameters
Kg LAI, Roots depth o Koy 1y cc

Hydrological
Model Inverse | gojl water content
WAVE calibration Sensor readings

Calibration
Validation v

Water balance
ETc Drainage periods
Drainage from suction cups

l Nitrate and salt concentration in

soil solution from suction cups
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-crop productivity and N uptake by CC and maize
-water balance and nitrate leaching

- salt leaching and salinity
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Drainageoeriodssimulated~ Drainageperiodsbasedon suctioncups
sollsolutionpresent> 50%

— WAVE drainage

Drainage in more

than 50% of suction cups

A D % ) o) Q
O QO S N S S
S Q N Q N Q
s & s & " & " &
& NG & & NG g NG $
2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010
[ ]
Oct Ap Oct Ap Oct Ap Oct Ap

Cover crops Maize Cover crops Maize Cover crops Maize Cover crops
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; E CCCCCC Z.
R DE EXCELENCIA o
[Teliice o | INTERNACIONAL \
eniamos el futura” S |

“Ing

-Mean effect of CC on controlling nitrate leaching with
respect to the fallow. Metanalysis from 59 observations
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Agriculture Ecosystems & Environment (2013) 11401
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Soil mineral N accumulation

Depth in soil (cm)

M
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I5N recovered in the soil after CC treatment

Depth in soil (cm)
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European Journal of Agronomy (2011) 34:-133
AgricultureEcosystem& Environment(2012) 155:5661
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Saltdistribution in the soil profile

2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010

[
Oct Ap Oct Ap Oct Ap Oct Ap

Cover crops Maize Cover crops Maize Cover crops Maize Cover crops
05 25 45 65 05 25 45 65 05 25 45 65 05 25 45 6,5 05 25 45 65 05 25 45 6,5 05 25 45 65 05 25 45 6,5
0 0 0 0 0 0 0 0
prof EC(dS T EC(dSH) EC(dSTH EC(dS EC(dSTH EC(dS ) EC(dSth) EC(dST
20 20 20 20 20 20 20 20
-=-barley
40 —inital 40 falow || 40 4 40 40 40 0
conditions -o-vetch
60 60 60 60 60 60 60 60
80 80 80 80 80 80 80 80
100 100 100 100 100 100 100 100
October 200¢ April 2007 ctober 2007 April 2008 October 2006 April 2009 ctober 200¢ April 2010
120 120 120 120 120 120 120 120

-=-barley
-~ fallow
-eo-vetch

AgricultureEcosystem& Environment(2012) 158: 20207



Saltsin irrigated croppingsystems

AFertilizerapplication(organicor inorganio Salt output APlantN uptake exported
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AThe legume cover crop enhanced N retention and availability in the topsaoil,
reducing nitrate leaching with respect to the fallow and opening the option for
further reduction in N fertilizer application.

AThe barley was more efficient than the vetch at controlling the;N@ching,
but keep lower soil mineral N content and may enhancegrtive competition
with the subsequent cash crop.

ACover crops reduced salt leaching without increasing salt accumulation in the
soll, probably due to maintaining lower soil water content.

Journal of Irrigation and Drainage EngineeiXCE (2014) 140 (9): A401400:
AgricultureEcosystem& Environment(2012) 158: 20207 and 155:5®1
European Journal of Agronomy (2011) 34:-143
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3/ Calculations
- Saltleaching

soilsolutionsamplingntervals  Saltsleached= Drainagex [Salt Sl soiution1.3 m

Cumulativesaltleaching=1 (soilsolutionsamplingintervals)

7
o6 . ff”“’i
o -
& 9 . ¢,
w
':; 4 » * ‘~ ¢ *
g * * L
5 3 y=7.1941 EC
© * R*=085
- 2 — L
= _— n=62
=1
IE “/"‘

0

0 0.1 0.2 03 oA 05 0.6 0.7 08 09 1

Elediical condudivily (S m

TDS (gD =EC (S™WM*K
K = 5.89.0 (American Public Health Association, 1995)
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Twoapplications  V4: 140 kg N ha
V8 70 kg N ha -Year3

{[15Nplant] C [15Nnat. ab]}

Crop™N recovery(*>Ng) = N, pake ,
{[15Nfert] C [15Nnat. ab]} EW% 2

N fertilizer efficiency(NRF) = 100N,/ 15N,

N from other source(NOS) €ropN, i, G *°Ng

{[15Nsoia C [15Nnat. ab]}
{[15Nfert] C [15Nnat. ab]}

Soil*>N recovered=N

soil
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Directestimationof crop parameters K¢, LAleffectiverooting depth
Measurementof groundcover (GC) basen digital imagesanalysis

G C< KCFAOmethod (Allen et al., 1998)
LAlestimatedoyé wl YNNBT S
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Directestimationof crop parameters K¢, LAleffectiverooting depth
Effectiverooting depth
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Climaticdata atthe field experimentduringthe experimentalperiod

Temperature (°C)

Raintall and ETo (mm)
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Maize N content asaffected by covercrops
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European Journal of Agronomy (2011) 34:-133



@_ CAMPUS - /’
ResultsSaltleaching AgSiystems

Ing

NetsaltlossegMg hat)

Totalsaltinputs



