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Quinoé and Lentil growing together (Mi

Diversified Cropping System: Relay Intercropping of Lentil with Quinoa (Mopokko)

TOAOPXOW1OJ1T

A Diversified Cropping System (DCS) results in a more resilient and intensive cropping
system. In this case quinoa was introduced as an intercrop for lentil. The yield of lentil
is not reduced; hence the system becomes more productive, profitable and resilient
with the introduction of quinoa.

In the semi-arid regions of Morocco agricultural production is unstable, and yields are
declining as consequence of climate change. Climate change leads to more irregular rainfall
and more frequent extreme weather events. There is a need, where possible, to intensify
agricultural systems while improving food security - through increasing the resilience of the
overall system.

Cultivating lentils is common practice in rural Morocco. To intensify this cro#inng system,
taking into account the effects of climate change, the International Centre for Agricultural
Research Dry Areas (ICARDA) introduced quinoa into the common lentil production system.
Importantly, quinoa does not affect the yields of lentil because it does not significantly
compete for water and nutrients. With two crops harvested from the same piece of land,
overall farm profit increases. Furthermore, the cultivation of two crops creates a more
resilient overall system because the farmer is not dependent on one single crop. Additionally,
as quinoa is harvested later than lentil, the soil is covered for a longer period, consequently

rotecting it from degradation, hence soil quality is improved. In addition, lentils are
eguminous, fixing nitrogen in the soil, thus improving soil conditions for growth.

However the technology has some potential drawbacks. Firstly, in Morocco, the market for
quinoa is not well developed, hence achieving a good market price could be problematic if
planted at scale. Secondly, in years of extreme droughts, quinoa requires supplementary
irrigation, es;ﬁecially during crop establishment. This is often inaccessible, resulting in poor
crop establishment and low yield. Thirdly, if planted in small plots there may be risks of free
razing livestock as well as pest and insect infestations. This can be overcome by community
arming and pest control.

In 2020 and 2021, ICARDA tested this Diversified Cropping System on a trial field of half a
hectare, in an area with average annual precipitation of 400 mm. DCS is implemented in the
following order of activities. The field is prepared by ploughing. In December, lentils are
mechanically seeded. Two rows of lentils are planted 15 cm apart. The spacing between each
two-row pair is roughly 90 cm. Compound fertilizer is applied during the seeding. In January, a
herbicide is Sﬁrayed to control grassy weeds. The field is mechanically weeded twice, in mid-
January and then again in February.

The quinoa is then seeded at the end of February: also in paired lines (two rows at 20 cm
apart) and also with compound fertilizer. Each pair of quinoa lines is planted between pairs of
lentils. Because the quinoa is planted within an already growing crop of lentils, this form of
intercropping is termed "relay planting".

The quinoa is manually weeded in March. In April, the lentils are manually harvested and
mechanically threshed. A single spray of insecticide is applied in April-May. Finally, in June,
the quinoa is mechanically harvested.

This documentation illustrated an ICARDA innovation which is accessible since there are no
establishment events and costs. This Diversified Cropping System improves a traditional
system by introducing an additional crop, resulting in better farm income and more resilience.
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AYH WHXUAT33HA XaMparAcaH TeXHomorm
H3BTPYYJIC3H FraspblH TOO: H3r 6alipwimng

COHrocoH 6aiipLunyyAbliH rasapsyviH
xon6ont
e -6.69679, 33.56509

TexXHONOrniiH TapXxanT: rasap A33p XUra
TapxcaH (approx. < 0.1 kM2 (10 ra))

TycraiA xamraananTtTai rasap HyTarT?: Yryii

X3parKunTuiAH orHoo: 2020

HyTarwyynnbiH Tepen
la3ap awmrnaryabliH caHaadwuaraap
Ynamxnant cMcTeMuUinH xacar (> 50 xwin)

Typwwnnt/cysanraaHsl yp AyH

FazHbl Tecen/xeTenbepuiiH
A3MIISTINMP
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The germination of quinoa bordered each side by growing lentils

(Mina Devkota)

The early growth stage of paired rows of lentils (Mina Devkota)

TEXHO NH AHT

YHACH 30pUNnro lasap awwvrnant
YANABIPAINNIAT Calixpyynax

o - TapuanaHruiid Tan6ai
raspblH JOPOUTALIT Byypyynax, COpriinax, HEXeH CIPrasx

SKOCICT MU XaMFaanax /& e Har HacT yp Tapua: yp Tapyia - K1oa 3CB3/1 amMapaHT,
caB raspbir xamraanax (yCHbl 3x/ ro/iblH aAar) - 6ycag TeXHON0rUToM 6yypuarT ypraman - C3B3r 3apam
XOCAYyNax Xung ypraman yprax ynavpabiH Too: 1
= oo = & ) i
61ONOMNIiH Tepen 3yinuiir xamraanax / cavixpyynax CeemxneH Tapranant xMAraAsr yy? Tuiim

raMLriAH 3pCAaNIAr Byypyynax
YYP aMbCranblH eepunent/ akcTpum 6arigan 6010H TyyHUIA
Heneenens AacaH 30XMLOX
YYyp aMbCrasiblH 8epuienT, TYYHUI Yp Heneer 6aracrax
VP alwnrtam sa1nH 3acrniii Heneer 6uin 601rox
HUAMMZ, Y3YYN3X VP Heneer 61 601rox

YcaH xaHramx

BaviranuiiH ycanraatam
banranuiiH/ycanraataii apra XoCo/aCOH
6yp3H ycanraatanm

Fa3pbIH JOPOMTONTOM X01600TOM 30pUITO JlopotiTonbiH Tepen
raspbliH JOPOUTNI00C ypbAUMIaH COPruiiax d
[a3pblH JOPOUTALIT Byypyynax
XY4T3l JOPONTCOH ra3pbIr HOX6H CIPrasx/ camxpyynax

“476“43 Xxepc ycaap 3aBapax - Wt: XepcHuli ragaproiH yraaraan

raspblH JOPOWTONZ AaCaH 30XMLIOX £
X0Nn6oraonryi - ;@ Xepc canxmap 3BApax - Et: XepcHuii ragapreiH 3eergen
'T™M 6ynar 'TM apra xam»33

® Xepc/ ypramblH 6ypxaBu caibxpyynax % ArpoHOMUIAH apra Xama3 - Al: Ypraman/ xepceH 6ypxasy

Wﬁu}m YpramsbiH apra Xamkaa -

% MeHe>XMeHTUIAH apra Xampkaa - M2: AlimrnanTbiH
sf MeHEeXMEHT/3punmniAr eepunex, M4: Yiin axunnaraaHbl uar

XyralaaHs TOM eepunent opHo

TEXHUKUIH 3YPAT

TeXHVIKUIAH Y3YYI3NTYYA
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The technical drawing relates to the following quantification:
A: Spacing between a row of lentil and a row of quinoa = 35
centimetres

B: Spacing between two rows of lentil in the same pair =15
centimetres

C: Spacing between two rows of quinoa in the same pair = 20
centimetres

D: Spacing between two rows of lentil bordering a pair of quinoa = 90 -

95 centimetres

In a row, the plants are planted continuously.

BN BONITOX BA APYUAX: YA AXXUNIIATAA, MATEPVIATT BA 3APAIAT

3apAaang Heneenex XaMriH Yyxan Xy4uH 3yinc
TOAOPXOMIyi

MaTtepwan, 3apA/ibiH TOOL0O

e TOOLIOO/ICOH 3apA/yyA: TeXHONMOMUIH HIPK TyC BYp (XaMx33 6a

Tan6alH HaPk: 1 Hectare)

e 3apgan TooLoxoj alumrnacaH santot: Moroccan Dihram (MAD)
e BantoTbiH XxaHW (am.gon): 1 am.gon = 9.0 Moroccan Dihram (MAD)

e Har eApuiiH aXnnyHbl XeA6AMep XeNCHUN AyHAAX: 75
X3parKyyaK 3X13X34 WaapAnaratain yiin axuniaraa

n.a.

Apuwnnraa, ypcran yinn axunnaraa
. Field Ploughing (Xyrauaa / gaBtamx: Prior of Seeding)
. Lentil Seeding (Xyrauaa / gaBTamx: December)

. Herbicide Application (Lentil) (Xyrauaa / gaBtamx: January)

0N OU B~ WN =

. Quinoa Seeding (Xyrauaa / gaBtamx: End of February)

O

10. Lentil Harvesting (Xyrauaa / gaBtamx: April)
11. Manual Weeding (Quinoa) (Xyrauaa / gastamx: March)

. Fertilizer Application (Lentil) (Xyrauaa / gaBTamx: During Seeding)

. Mechanical Weeding (Lentil) (Xyrauaa / gastamx: Mid January)

. Second Mechanical Weeding (Lentil) (Xyrauaa / gastamx: Mid February)
. Fungicide Application (Lentil) (Xyrauaa / gaBtamx: February-March)

. Fertilizer Application (Quinoa) (Xyrauaa / gasTamx: During Seeding)

12. Insecticide Application (Quinoa) (Xyrauaa / gasTamx: April-May)

13. Harvesting Quinoa (Xyrauaa / gaBTamx: June)

Apuwniraa, ypcran yiin axuinaraaHg Laapjariax matepuan 6a 3apaan

Author: Joren Verbist

per 1 Hectare)

3apaan
H3mKWiAH yH3 |6ypuiiH HMAT | HWIAT gyHrasc
3apA/ibiH H3p, Tepen X3MDKUX HIMK Too xamka3 (Mt:)rit;‘crt;amn (Mor:E:aer: au.mrnarlt-ia:l‘;ﬁ
(MAD)) Dihram TenceH %
(MAD))
Xeaenwviep 3pxs3aT
Lentil Harvesting Person-Days 10.0 75.0 750.0 100.0
Weeding (lentil) Person-Days 10.0 75.0 750.0 100.0
Weeding (quinoa) Person-Days 20.0 75.0 1500.0 100.0
ToHor TexeepemMK
Lentil Thresher Machine-Hours 2.0 150.0 300.0 100.0
Quinoa Harvester Machine-Hours 1.0 500.0 500.0 100.0
Lentil Seeder Machine-Hours 1.0 150.0 150.0 100.0
Quinoa Seeder Machine-Hours 1.0 150.0 150.0 100.0
Sprayer Machine-Hours 3.0 60.0 180.0 100.0
Weeder Machine-Hours 2.0 100.0 200.0 100.0
TapumMan matepuan
Lentil Seeds Kilogram 45.0 8.0 360.0 100.0
Quinoa Seeds Kilogram 35 40.0 140.0 100.0
Boppoo 6a 6uouup,
NPK 10-20-20 (for Lentil) Kilogram 100.0 3.0 300.0 100.0
NPK 15-15-15 (for Quinoa) Kilogram 150.0 3.0 450.0 100.0
Herbicide (for Lentil) Liter 1.0 170.0 170.0 100.0
Insecticide (for Quinoa) Milliliter 50.0 1.5 75.0 100.0
Fungicide (for Lentil) Liter 0.5 150.0 75.0 100.0
TexHoMorniiH apuuaraa/ypcran yiin axxwuiaraaHg, Wwaapgaraax HUAT yH3 eprer 6'050.0
TexHoa0mv ap4wiax 6a ypcran axisibiH HUAT YH3 epTer, aMm.40/11ap 672.22

BANTANTMINH HeXLen

Diversi[] ed Cropping System: Blay Intercropping of Lentil with Quinoa

Wocat SLM Technologies

3/6



XunuiiH gyHaax xyp TyHAac

<250 mm

251-500 mm
501-750 mMm
751-1,000 mm
1,001-1,500 mm
1,501-2,000 mm
2,001-3,000 mm
3,001-4,000 mm
> 4,000 mm

Hanyy
xaBTran (0-2 %)

6ara 33par Hanyy (3-5 %)
AYHA 33par Hanyy (6-10 %)
x3Bru (11-15 %)
Hanyy (16-30 %)
nx Hanyy (31-60 %)
ary, Hanyy (>60 %)

XepcHuii 3y3aaH
MaLl HUMMH (0-20 cm)
HUMMH (21-50 cm)

AYHZ 33p3r 3y3aaH (51-80 cv)

3y3aaH (81-120 cm)
Mall 3y3aaH (>120 cm)

F'YHWIA yCHBI TYBLUWH
rajapraac
<5wm

5-50 m
>50m

3yAnuviiH onoH SH3 6angan
Mx
LAYHA, 33p3ar

bara

Arpo-yyp ambcranbiH 6yc
Yuimrnar
ynirnar

xarac xyypam
Xyypaw

FapapreiH xan63p
TrW eHAepAner/ tan
Hypyy
YYJIbIH 3HM3P
AOB TONTO/,
631
XOHAWM

XepcHuii 6yT3Ly, (6HreH xepc)

6YAYYH/ XOHIeH (31C3pXxar)
AYHAAX (3NC3HLRP,

LaBpaHuap)

HapWIH /XyHA (LWasapnar)

[agaprbiH YCHbI XYPT33MX
XaHranTTam
caiiH
AYHA 33p3r

XaHranTry/ 6anxryi

AMb/pax OpYHbl OJIOH AH3
6anpan

WX

AYHA 33p3ar
bara

Yyp aMbCranbiH Y3yyA3ATYYA

KnnniiH HMinN63p xyp TyHAac mm: 400.0

[JlanaiiH TyBLUHeeC A33LXN
eHAaep

0-100 4.1.4. M.
101-500 g.7.4. m.
501-1,000 4.7.4 M.
1,001-1,500 A.7.4 M.
1,501-2,000 4.7.4 M.
2,001-2,500 g.1.4. M.
2,501-3,000 4.7.4. M.
3,001-4,000 g.1.4 M.
> 4,000 4.7.4. M.

XepcHuin 6yTaL, (ragapraac
pooltu > 20 cm)

BYAYYH/ XOHIeH (31CapXar)
AYHAAX (3NC3HLRP,
LaspaHuap)

HapWAH /XyHA (LWaBapnar)

YcHbI yaHap
(6onoBcpyynaaryi)

CaliH YaHapblH YHAHbI YC
MYy YaHapblH YHAHbI yC
(L3B3pLLIYYNIX
LaapanaraTai)

36BX6H rasap TapvianaHrminH
3opuynantaap awmrnax
(ycanraa)

awmrnax 601oMxryi

YcHbI HaHap ra3Xx: raspblH 4JO0OpXU

yc

TexXHONOrWIAr HIBTPYYCIH

TYAr3p Hexuen
XOTrop Hexuen
XamMaapanrym

©OHreH XepcHUIA AN3MaruiiH

X9MXK33
nx (>3 %)

AyHA (1-3 % )
6ara (<1 %)

YCHbI AaBOKWUNTBIH
TYBLUVHWIAT OPYHBbI acyyaan
raxx roouaor yy?

Tuiim
Yryvi

YepuiiH gaBTam>
Tuniam
Yryn

TEXHO/IOTM H3BTPYY/IC3H FA3AP ALLUVTNATY/AbIH TOAOPXOWNONT

3ax 333/IUAH Unr xaHgnara
aMb 3yyX apra xan63puriH
(eepuiiree xaHrax)
XONIMOT (aMbXupraa 6a
XyAanjaans)
XyAanjaa HarimaaHbl/ 3ax
EEENVIIE

CyypVH 3CB31 HYYANVIAH

Cyypbluman
Xarac-HyyA3nuiH
HyyasnuiiH

©pXUIAH 30puynanTtaap
alumrnax raspbiH Tanbaim
<0.5ra
0.5-1ra
1-2ra
2-5ra
5-15ra
15-50 ra
50-100 ra
100-500 ra
500-1,000 ra
1,000-10,000 ra
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OpnorbIH 6ycaj 3X YycB3p
HwiAT opnoreiH 10 %-vac
aool
HuiAT opnoreiH 10-50 %

HuiAT opnorbiH 50 %-mac A33Lw

XyBb XYH 3CB3N 6YNryys
XyBb XYH / epx
6yN13r / ONOH HUATUIAH
XOpLLOO

AXUNTAH (KoMAaHW, 3acruiH

rasap)

Xam>33

6ara-xaMx3a3HUI

LYHA-X3MXK33HUM
TOM-X3MXX33HUIA

YumH33131 6aiaNbiH TYBLUUH

H3H s4yY
ARYY

AyHAAX
UMH33/137

MaLl YnMHIINIT

Xyiic

3M3IT3N
3parTan

la3ap emunen

N

TOPUIAH

KOMMaHW
HIrANNIAH/ TOCTOH
6ynar

XyBb XYH, ©MUNIiH
rPYUAMIIYH
XyBb XYH, ©MUNIiH
rPYUAMITIN

MexaH KXXyynanTbiH TYBLUUH
rap axwin
epAuiiH xecer

MeXaHVKXCcaH / MOTOPTOM

Hac
XYYX34
3anyyc

AYHJ, Hac
axmmar Hac

lasap awwmrnax apx
H33NTT3 XYPTIX (30XMOH
6anryynantryi)
HAMANNIAH X3N163P33p (30XMOH
barryynantramn)
TYP33CUIAH Xan63p33p

XyBb XyH

Yc awmrnax apx
H331TT3 XYPT3X (30XMOH
6ariryynantryiy)
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> 10,000 ra HAMANNIAH X3N163P33p (30XMOH
barryynantran)
TYP33CUIAH Xan63p33p
XyBb XyH

O34 6yT3L, YRNUNATIZHWIA XYPTIIMXK

3pYYA M3HA apyy ¥ caitH
60n0BCpON aayy 07 caiiH
TEeXHVIK 36B/16r66 aayy [0 1 caitn
X646/MeP 3PX/I3NT (KULL3 Hb, XAA- 7 .

aac eep) aayy canH
3ax 3331 aayy 7 caiiH
3PUNM XYUHUI XaHramx snyy £ caiin
3aM T33B3p aayy 7 caiiH
ycaH xaHramx 6a apuytran aayy ¥ caifH
CaHXYYTUAH YANYMAT3 apyy 7 caiiH

HBJ166

HwWiAiram-3 4niiH 3acruniiH yp Henee

Yp TapuaHsbl yprat, 6yypcaH /[ HAIM3rACaH
YP TapuaHbl YaHap 6yypcaH 4 H3M3rACoH
6YTI3MXK Byypax 3pcasn HamaracaH (4 ByypcaH
6YTI3r43XYYHUIA ONOH STH3 X3163p 6yypcaH 4 HAM3IACOH
6YTIIMXKUT Tanbar (awmrnant/
TapWAT XWNrgaX Tanbai) Byypean ! HOMBTACH
raspblH MEHEXMEHT caaj, yumpcaH (4 xanbapLucaH
XAA-H 3a paan HamaracsH 14 ByypcaH
TyxaliH ax axyriH opaoro 6yypcaH v HAM3IACOH
AXJ1bIH X3MX33 HamaracaH 4 ByypcaH
Hwiiram-coénbiH yp Henee
XYHCHWIA atoynryii 6aingan/ eepuiiH .
6yypcaH v caiixmpcaH
X3P3ry33r XxaHrax
[TM/ raspbiH AOPOWTIbIH M34131 6yypcaH 4 caiixupcan
DKONIOTNH YP Henee
X8PCHNIA YT 6yypcaH 4 H3M3rACIH
XOPCeH bypxaBY 6yypcaH L4 caiixupcaH
Xepc angargax HamaracsH 4 ByypcaH
LIMMT 60AUCBIH 3praAT/ CIPraAT 6yypcaH 4 H3M3rACoH

33pranga3s Tanbaiig nnpax Henee

©OPTOr BA ALUTMWH LUMHXWNTI3

Buii 6onrox 3apaantai xapbLyynaxaz 0/ICOH aLumr
BornHo xyrauaaHz 3praH Tenergex

Gaiinan Mall ceper Y Mmal 3epar
YpT XyrauaaHs 3praH Tenergex

o Malu ceper v Mall 3epar
6aligan

Ypcran 3apgantaii xapbLyynaxag 0JICOH awur
BOrvHO XyralaaHz 3praH Tesnergex

o MaLl ceper v MaLl 3ep3ar
6arigan P P
YpT Xyral@aHz 3praH Tenergex

< Mall ceper (4 Mall 3epar
6aligan

YYP AMbCIAJ/1bIH ©66PY/16/1T

Yyp ambcrasiblH aaXknum eepunenTt

XKUAWIAH AyHAaX TemnepaTyp ©cenTt MaL Myy v MaLL caiin
Yyp ambcranaac xamaapax aroy (ramLuimr)
Lap Taxan MaL myy v MaL caiiH
HYTATLLIYYJTAX BA JACAH 30XNLOX
TyxaliH HyTar A3BCrapT TeXHONOTUAT HIBTPYY/ICIH rasap TexHONOrWIAr HIBTPYYNCIH 6YX XYMYYCUIAH X34 Hb MaTepuannar
almrnarysibiH XyBb ypamLuyynan aBaarymrasap TeXHONIOTUIAT X3P3amKYYACaH 637
XULWS3/ TypLInAT 0-10%
1-10 % 11-50%
11-50% 51-90%
> 50% 91-100%
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TexHonorn Hb eepuneraex 6y Hexuen 6anaana facaH
30XMUOXbIH TY/1} 66pUNeraceH yy?
Tuiim
Yryii
fAIMap eepunenTeHs am3ar B3?
YYP aMbCrajiblH ©epynenT/ sKCTPUM Y33ra3a/

3aX 393/1UIAH eepynent
XKW XBL8IMeP 3PX3X 6ONOMXK (XK.Hb LLVIXKINX X846/1TeeHMIA

ynmMaac)
AYTHIIT, CYPTAMX
[laByy Tan: rasap awumrnarymiid 6ognoop Cyn Tan/ pytargan / 3pca3n: rasap awimraardymiiH
e Improved farm income and cropping intensity 6oan00pAaBaH Tyynax 60/10MXKyya
e Better utilization of available rainwater e Indrought year, especially late season drought, spring planted
e Reduces fallow period which help to improve soil quality quinoa needs supplementary irrigation Implementing

supplementary irrigation

e Spreading type of lentil variety makes difficult for quinoa seeding
and early crop growth Selecting suitable lentil varieties

e Poor market linkage for quinoa Conducting research in improving
the linkage between market and quinoa

[laByy Tan: sMx3Trary scBan 6ycag M333/13/1 6rCeH XYMYYCUIAH
6oanoop
e Improved resilience due to diversified crops

Cyn Tan/ pytargan / apcasn: aMx3Trary 3cean 6ycag M3433137

OerceH XyMYYcuiiH 6oa100pAaBaH Tyynax 60/10MXKyya

e Insect infestation may occur especially if a small area is planted,
as there is not much greenery in the surroundings at the end of
quinoa season Using adequate pest control, improved
biodiversity, and/or increased area under cultivation

CYYPb M3/A33J1271YY/]

SMX3Trary XsAiHaH Toxuonayynarymg, XAHary
Joren Verbist William Critchley
Rima Mekdaschi Studer

BapumTyKyyncaH orHoo: 01 7-p cap 2021 CYYynniH WwunH34mn: 13 10-p cap 2021

M3A33131 erceH xyH
Mina Devkota - Agronomist
Vinay Nangia - Research Team Leader - Soils, Waters and Agronomy

WOCAT M3433/111IAH CaH Jaxb 6YP3H TOA4OPXOANONT
https://qcat.wocat.net/mn/wocat/technologies/view/technologies_5967/

Xon6oraox N'TM mM3a33n3n
TOAOPXOWryr
BapuMT>XyynanTbIr 30X1OH 6aliryysncaH
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e International Center for Agricultural Research in the Dry Areas (ICARDA) - /luBaH
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