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Quando se deve adotar
consorcios com palma forrageira
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Limitac&o de terras (area agriculturavel); il

Limitacao hidrica (persistente ou
sazonal);

Reducao da aplicacio de fertilizantes;
Controle de pragas e doencas;
Melhoria das interacOes ecologicas;
Melhoria da saude do solo;

Aumento da diversidade alimentar;
Diminuicao da mao de obra (Agricultura
familiar);

Agregacao de receita na area;

Entre outros.




Definicao de “consorcios entre culturas”

“Consorcio entre culturas é caracterizado pela maximizacido de
espaco mediante o cultivo simultaneo, num mesmo local, de
duas ou mais espécies com diferentes caracteristicas quanto a
sua arquitetura vegetal, habitos de crescimento e fisiologia”
(Embrapa, 2023)

9 Sustainable development
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Yang et al. (2021)
https://journal.hep.com.cn/fase/EN/10.15302/J-FASE-2021398

Rhizosphere stimulation
(microbial abundance,
diversity and activity and -
enzymatic changes) ’ Comi:lementarlt\v for soil resources
acquisition of P, Fe, Zn).

’lncr:;;:: es N2

Chamkhi et al. (2022)
https://doi.org/10.1016/j.indcrop.2022.114958




Por que é preciso avancar em estudos de consorcios de
palma e outras plantas no Semiarido brasileiro ou em regioes
que eventualmente sofrem com seca?

v" Seguridades hidrica e alimentar dos rebanhos (fragilidade das cadeias
produtivas agropecuarias ao clima);

v Redugéo custos de produgio (70% com a dieta - quantidade e diversidade); §

v" Calendario agricola limitado (para a maioria das culturas importantes da '
dieta: milho, algodao, soja);

v" Irregularidade do periodo chuvoso (em quantidade — 1961-1990/1991-2020,
BDMEP INMET - distribuico das chuvas e mudangas climaticas);

v" Aporte forrageiro insuficiente da caatinga (em quantidade e em qualidade
— sistema de criacao extensivo — déficit forrageiro do Nordeste & em torno
de 60%);

v Necessidade de potencializar a producao de forragem (no periodo de
disponibilidade de agua e armazenar para os periodos secos);

v" Possibilidade de implantacao de pequenas unidades produtivas irrigadas
(~ 55.000 pogos -> potencial de 120.000 pogos com vazéo superior a
1 m3; 720 milhdes de L / dia, 20 a 30% com agua doce);

v' Redugio da sinistralidade a partir da adogdo de BOAS PRATICAS.




Vantagens dos “consorcios entre culturas”

The emission

(a) Increasing productivity and yield stability of NO, N,O

; " 7 Reducing carbon A ;
Sole maize 7lntercr0pp|ng maize emission Ammonia
volatilization

Chemical fertilizers
Water
. quality

(b) Decreasing chemical fertilizers inputs

Efficient
utilization of
resource

Yield variation

Monoculture Intercropping

ntercropping reduces (d) Increasing pest
pest, weeds and diseases  predators and pollinators

(g) Intercropping increases soil
macro-aggregates (> 2 mm)

AL ——
(e) Long-term intercropping
changes community
composition of fungi and
bacterial in the soil

() Intercropping greatly
increased protozoa abundance,
especially bacterivores

Fig. 1 Crop diversity and the coexistence of multiple species have been used as an example of improved agroecosystem functions. Compared to
monocultures, intercropping increased the productivity and yield stability, reduced agrochemical inputs and thus the environmental costs
(greenhouse gas emissions, water and soil pollution), and increasing insect diversity improved crop pollination and reduced plant diseases.

Yang et al. (2021)
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https://journal.hep.com.cn/fase/EN/10.15302/J-FASE-2021398

Vantagens dependem
do arranjo adotado!

Aumento da produtividade e da estabilidade da
producao;

Redugé&o da emisséo de CO,;

Melhoria da eficiéncia de utilizagao dos
recursos naturais (eficiéncia do uso da agua,
radiacao e nutrientes);

Diminui¢ao da entrada de fertilizantes quimicos
- NPK (reducéo da emiss&o N,O e volatilizagéo
da aménia, NH,);

Melhoria da qualidade da agua (menor
lixiviagao);

Redugao da ocorréncia de pragas, ervas
daninhas e doencas;

Aumento da ocorréncia de predadores de
pragas e polinizadores;

Incremento da macro porosidade do solo (> 2
mm) (maior densidade de raizes).



Vantagens dos “consorcios entre culturas”

v" Melhoria da distribuicdo do sistema radicular
(exsudatos radiculares — compostos organicos:
aminoacidos, acidos organicos e derivados de acidos
nucléicos);

Transferéncia de nitrogénio (distintas fontes);

FBN (em consorcios com leguminosas — exsudacgéo de
N a partir das raizes, decomposicao de raizes e
micorrizas);

Melhoria no aproveitamento da radiagcao solar
incidente;

Utilizag&o de nutrientes insoluveis no solo;
Diminui¢ao da evaporagao da agua do solo;

Melhoria da eficiéncia do uso da terra;

Intensifica os beneficios de praticas agricolas (plantio
direto, irrigagéo, adensamento de culturas)

Entre outros.
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Vantagens dependem
do arranjo adotado!
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Radiation

(f) Efficient use of soil resources (a) Different requirements for light

derived from different root

g (b) Biological
N nitrogen fixation

distribution

ts exudates

| Insoluble and
Q.:. mob:hlze soil
1 nufrients

(d) Maize exudates promote N,

() Nitrogen transfer

fixation in legumes

Fig. 3 Interspecific facilitation and niche differentiation increase resource use efficiency. (a) Differences in plant height and light requirement
increase light interception and use efficiency. (b) Biological nitrogen fixation (BNF) of legumes reduces the nitrogen fertilizer input. (c) Root
exudates of legumes increase the uptake of insoluble nutrients. (d) Root exudates from maize enhance faba bean nodulation and increase
dinitrogen fixation. (e) Nitrogen transfer through root exudation, root decomposition and mycorrhizal fungal networks. (f) Differences in root

distribution result in spatial complementarity.

Yang et al. (2021)
https://journal.hep.com.cn/fase/EN/10.15302/J-FASE-2021398




Modificagoes observadas nas culturas
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Fig. 2 The mechanisms of complementarity effects and selection effects driving overyielding in intercropping.

Yang et al. (2021)
https://journal.hep.com.cn/fase/EN/10.15302/J-FASE-2021398
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Mudancas nas taxas de crescimento das culturas;
Alteracdes na fenologia;

Microclima (interceptacao de radiagéo, temperatura e
umidade relativa do ar, velocidade do vento - rugosidade)
Consumo de agua (pode ser observado aumento, mas
depende do arranjo de cultivo e do manejo de irrigagéo
adotado: sem déficit, com déficit ou déficit variado);
Evaporacao de agua do solo (as taxas diarias sdo menores,
mas 0s valores acumulados ao longo do ciclo podem ser
maiores, por causa do prolongamento do estagio de
crescimento nos consorcios);

Produtividade e eficiéncia do uso da agua

(Contudo, deve-se observar dados técnicos como: as espécies,
densidade de plantas e o arranjo espacial, adubacao, irrigacao,
adocéo de praticas como plantio direto, e fatores ambientais).

Yin et al. (2020)
https://doi.org/10.1016/j.agwat.2020.106335




Onde ha estudos sobre consorcio de palma com outras culturas?

Bases de busca: Scopus, Web of Science e Google Académico
Palavras-chave: “intercropping” AND “cactus” Natureza dos estudos:

Sistemas agroflorestais (2)
Propriedades quimicas do solo (2)
Composicéo e qualidade da forragem (2)
Carbono Total Organico (1)
4 artigos na PB 1 artigo no RN Atividade microbiana (1)
Pg, [CO2], eficiéncia intrinseca do uso da agua (2)
Produtividade (20)
Clones de palma (4)
Indices hidricos (5)
Densidade de plantio (3)
Arranjo espacial (3)
Palma-sorgo (7), palma-algodéo (1), palma-
amendoin (2), palma-algaroba (1), palma-sabia (2),
15 artigos em 7 artigos em Outros  palma-feijéo (1), palma-melancia forrageira (1),
Serra Talhada, PE municipios, PE palma-bufell (1), palma-milheto (4), palma-gliricidia

] (3), palma-leucena (1) e palma-cunha (1)

29 artigos 27 artigos no Brasil 1 artigo no 1 artigo na india gggzgtrucrii :?rci)gr;adoe((;%r)]sormagao )
encontrados México

Viabilidade econémica (1)




Timeline das publicacoes de consorcios de palma

1989

Farias et al.

2015

Andrade et al.

1999 2000

Albuquerque; Rao T Jacobo (México) T Farias et al.
'
(% =)
2018 2019

Sarmento et al. Lima et al. Miranda et al.
Diniz et al. Lima et al.

Amorim et al.

Carvalho et al.

2013

* Silva et al.

L1l
>=2020

Jardim et al. Jardim et al.
Souza et al. Souza et al.
Camelo et al. Souza et al.
Saraiva et al.

Lira etal.

Alves et al. Silva et al.

Silva et al. Silva et al.
Souza et al. Palsaniya et al.




CentroRef:
UAST/UFRPE (2010)
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CentroRef: UAST/UFRPE

Palma-Sorgo

Palma-Milheto




Consorcio palma com feijao guandu em sistema rotativo com o sorgo,
variando: com e sem cobertura morta, seis clones (IPA, MIU, OEM, OEA, V19, F8) e 5
doses de nitrogénio (0, 75, 150, 300 e 450 kg ha").

O bom consorcio de palma com base técnica adequada garante uma
complementariedade fisiologica que potencializa a producao!!!!!

LABORATORIO DE HIDRAULICA =




Dados coletados e mensuragoes
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Como avaliar o consorcio entre culturas agricolas
Indicadores de eficiéncia biologica e habilidade competitiva

Eficiéncia bi0|6gica do consércio: Table. 1 Distribution and land equi\-lalent ratio (LER) of the mej_-lin intercropping systems of selected countries
Continent Country/Region Intercropping system LER Reference
Africa Ethiopia Wheat (Triticum aestivum)-faba bean (Vicia faba 1.03-1.17 [12]
v' Taxa equivalente da terra (LER) - W - E 1
- , . igeria ice (Oryza sativa)-cowpea S 321N

v" Raz&o de area equivalente no tempo (RAET) .. i o o )

v" Coeficiente equivalente de terra (CET) Wheat-maiz L14-133 Ll

r . o . Maize-soybean (Glycine max) 1.91-2.13 [17]

v Indice de produtividade do sistema (IPS) s Dot <

India Maize-soybean 1.1-1.6 [19]

Rice-peanut (Arachis hypogaea) 1.66 [20]

i . , . Iran Sunflower (Helianthus annus)-soybean 0.82-1.28 [21]

Habllldade com petltlva do consorcio. Europe England Maize-faba bean 1.02-1.23 [22]

France Wheat-clover (Trifolium) - [23]

 Coefcente de adensameniorelativo (CAR) . %, Mmoo ||

v" Coeficiente de agressividade (A), Pearcat (Avenis satve) L13-129 L]

v' Perda ou ganho atual de rendimento (PGAR) L nmm———— ) i

~ e s Oceania Australia Wheat-chickpea (Cicer arietinum) 0.97-1.10 [27]

\/ Razao de CompetItIVIdade (RC) South America Brazil Cowpea (Vigna unguiculata)-beet (Beta vulgaris) 1.05-1.11 [ ]
Yang et al. (2021) Quando LER > 1 existe vantagem produtiva do consdrcio em relagéo ao sistema exclusivo

Exemplo: LER = 1,50 significa que plantar 50% mais de area no sistema exclusivo para

https://journal.hep.com.cn/fase/EN/10.15302/J-FASE-2021398 igualar a produtividade do consércio.




Outra forma de avaliar o consorcio entre culturas agricolas
Eficiencia do uso da agua (WUE) = ET / (P+l)

Produtividade da agua da cultura (WPc) =Y / ET

Table 1
Definitions of terms related to water use efficiency (WUE), crop water productivity (WP) and economic water productivity (EWP) often used in the literature. The *
symbol means that the indicator is not recommended for evaluating the agricultural use of water (see Sections 2.1 for details and 3.3.1 for discussion).

Indicator Units Eq. No.  Definition and details
WUE, = £l m3ha~1 1 Crop WUE: Ratio between the actual crop evapotranspiration (ET.) and the total water applied by irrigation (I) and precipitation
I+p mha=1 (P). After Perry et al. (2009).
WUE; = AN pumol COz m—2 2 Intrinsic WUE: Ratio between the net CO, assimilation rate (Ay), or net photosynthesis, and the stomatal conductance (g,).
& mol HaOm Measurements are made at the leaf level (in a leaf or a group of leaves), for a short period of time (normally from seconds to
minutes). After Osmond et al. (1980).
*WUE, = biomass kg plant~! 3 Plant WUE: Ratio between total biomass produced by a plant along the growing season and the total amount of water transpired
Ep mplant™! by the plant in the same period (E,). After Viets (1962) and Flexas et al. (2010).
* WUE, = biomass kgha™1 4 Crop WUE: Ratio between total biomass produced by a crop along the growing season and the total amount of water consumed
ETe mha~1 by the crop, or crop evapotranspiration (ET.), in the same period. After Viets (1962) and Flexas et al. (2010).
WR. = yield kgha~! 5 Crop Water Productivity: Ratio between the marketable yield produced by a crop and the water consumed by the crop or crop
Bl m3ha—1 evapotranspiration (ET.). Some authors call it “Bio-physical Crop Water Productivity” or “Physical Crop Water Productivity”, to
differentiate from the Economic Water productivity. After Kijne et al. (2003)
WE, = yield kgha~! 6 Crop Water Productivity: Some authors propose the total amount of water involved in crop production (TWU) as denominator of
™U mha—! WP, (See Section 2.1 for details). After Rodrigues and Pereira (2009).
WPy = yield kgha=! 7 Irrigation Water Productivity: Ratio between the marketable yield produced by a crop along the growing season and the irrigation
wu m3ha~1 water applied (IWU) in the same period. After Rodrigues and Pereira (2009).
GEWP, = Gross Margin €ha~1 8 Gross Economic Irrigation Water Productivity: Ratio between the Gross Margin (revenue-variable costs) (in whatever currency;
wu m3ha~! euros are used in this case) related to a crop along the growing season and the irrigation water applied (IWU) in the same
period. See text for details on the Gross Margin.
NEWP; = Net Margin €ha~1 9 Net Economic Irrigation Water Productivity: Ratio between the Net Margin (revenue — variable and fix costs) (in whatever
wy m?ha~1 currency; euros are used in this case related to a crop along the growing season and the irrigation water applied (IWU) in the
same period
EWR. = Profit. €ha=1 10 Economic Crop Water Productivity: Ratio between the Profit (revenue-variable, fix and opportunity costs) (in whatever currency;
TWU mha~! euros are used in this case) produced by a crop along the growing season and the total amount of water involved in crop
production (TWU). See Section 2.1 for details on TWU.
EWP, = Profit €ha=1 11 Economic Irrigation Water Productivity: Ratio between the Profit (revenue-variable, fix and opportunity costs) (in whatever
Wy m3ha~1 currency; euros are used in this case) produced by a crop along the growing season and the irrigation water applied (IWU) in the

same period Fernandez et al. (2020)




ANERN ANERN

ANERN

Consorcio palma-sorgo irrigado (2° ciclo da palma)

Cultivares de sorgo: SF11, 467, 2502
Clones de palma forrageira: IPA Sertania, Miuda, Orelha de
Elefante Mexicana

1° ciclo da palma solteira (16 meses)
Corte da palma com manutencao dos cladédios de 12 ordem

9 combinagoes de consdrcios + 6 cultivos solteiros

50.000 plantas de palma por hectare (1 x 0,2 m)
200.000 plantas de sorgo por hectare (1 m)

Irrigagdo com base no kc da palma (120%.0,52)

Adubacao NPK, apenas controle de ervas, sem tratamento
fitossanitario

16 meses de consorcio: 4 ciclos de sorgo, 580 mmano™ e

. ~ iq-1
irrigacdes de 1,4 mm dia™. Jardim et al. (2021)

Melhores arranjos e particulariedades:
MVIMS: 221,73 e 47,04 Mg ha™’

Consorcio versus Monocul.: 47%MV/3,5xMS
OEM-'467’: 326,45 e 49,02 Mg ha"’

IPA-’467’: 250,19 € 62,75 Mg ha™’

MIU-"467’: 255,09 e 61,31 Mg ha™’

IPA e MIU irrigadas: T mortalidade

OEM: menor quebra de produtividade




Consorcio palma-sorgo irrigado (3° e 4° ciclos de palma)

v" Cultivares de sorgo: SF11, 467, P288
v" Clones de palma forrageira: IPA Sertania, Miuda, Orelha de
Elefante Mexicana

v 3°ciclo da palma (1° ciclo solteira, 2° ciclo consorcio)

v’ Corte da palma com manutencao dos cladodios de 1? ordem

v 9 combinacoes de consorcios

v" 6 cultivos solteiros

v" 50.000 plantas de palma por hectare (1 x 0,2 m) . _

v"200.000 plantas de sorgo por hectare (1 m) Consorcio vs Monocul.: 129%MVI/7,5xMS
OEM-’P288’: 301,8 e 44,2 Mg ha"

v’ Irrigagdo com base no kc da palma (120%.0,52) OEM-’467’: 293,8 e 37,6 Mg ha

. ) OEM-"SF11’: 269,4 e 34,7 Mg ha"

f,bi«gtjslzaa%aitoé rr\iIcI:’K, apenas controle de ervas, sem tratamento IPA-'467’: 1494 € 35,5 Mg ha!

IPA-’P288’: 173,8 e 37,4 Mg ha™’

v 18 meses de consorcio: 2 ciclos de palma, 4 ciclos de sorgo, MIU-'P288’: 162,4 e 35,3 Mg ha

1100 mm ano™ e irrigacdes de 1,3 mmdia™.  Awesetal. (2022) IPA e MIU irrigadas: T mortalidade



Consorcios palma-sorgo, palma-feijao guandu, palma girassol e palma-milheto em
sistema super adensado da palma forrageira (100.000 plantas por hectare)

Tabela. Produtividade de forragem da palma forrageira durante dois ciclos produtivos,

consorciada, irrigada com e sem cobertura morta em ambiente semiarido.

Primeiro ciclo

Sistemas 1° ciclo da palma (~13 meses):

v Palma Exclusiva (P);

v’ Palma+Feijao-guandu (P-G);
v Palma+Girassol (P-Gl);

v Palma+Sorgo (P-S).

Sistemas 2° ciclo da palma (~17 meses):

v Palma Exclusiva (P);
v Palma+Sorgo SF15 (P-SF15);
v Palma+Milheto (P-M);
v" Palma+Sorgo 1011 (P-1011).

Produtividade de massa fresca (Mg ha-') Produtividade de massa seca (Mg ha!)

Ciclos Ys Yrc Ya Yrexc Ys Yrc Yar Yrexc

1 27,10 a 7,26 0,71 a - 12,68 a 2,35 0,15a -

2 30,89 a - 1,08 a - 8,87b - 0,22 a -

3 33,19a - 1,13 a - 9,78 ab - 0,20 a -

4 9,22 b - - - 3,25¢ - - -
dc 100,40 a 7,26 b 2,92b - 34,58 a 2.35b 0,57b -
Yp 171.11a 15944 a 99,88 a 111.32 a 17,32 a 12,38 a 8,14 a 10,05 a
Ysis 271,52 a 166,71 ab 102,80 b 111,32 b 51,90 a 14,73 b 8,71b 10,05b

SeguiUtTeTT

Produtividade de massa fresca (Mg ha!) Produtividade de massa seca (Mg ha'!)

Ciclos Ys.io11 Ys.sFis Yum Yrexc Ys.1011 Ys.sFis Ym Yrexc
1 16,97 b 5842 a 7,45 be - 5,90 ab 12,53 a 2,53b -
2 61,22 a 41,09 ab 66,73 a - 15,02 a 13,36 a 2045 a -
3 24,49 b 18,90 b 21,80 b - 6,98 ab 5,35a 5,28b -
4 14,52 b - 1,28 ¢ - 2.91b - 0,26 b -
2c 117,20 a 118,41 a 96,90 a - 30,81 a 31,24 a 28,52 a

Yp —S00. 221 006 520 Z1D 6D ok TS0 S0 35,10a 61,93 a 53,39a 60,59 a
Ysis 61743 b 1024,93 a 809,52ab 759,50 a:-l 65,91 a 93,16 a 81,92 a 60,59 a

Para a o rendimento individual por ciclos do Ygs— sorgo, Ysris— sorgo ¢v. SF15, Y1011 — sorgo cv. SF15, Ym—
milheto, Yrg— feijdo-guandu e Ygr— girassol as médias com mesma letra na coluna néo se diferem entre si pelo
teste de Tukey a 5% de probabilidade. No entanto para o ) ¢ — Somatorio da produtividade por ciclos, Yp —
rendimento individual da palma em consorcio e Ypexc — palma exclusiva e Ysis — rendimento final dos sistemas,
as médias seguidas das mesmas letras na linha nio diferem-se estatisticamente entre si pelo teste de Tukey a
5% de probabilidade.




Consorcios palma-milho em sistema adensado da palma
forrageira (33.333 plantas por hectare)

Tabela 3. Produtividade da palma forrageira exclusiva e consorciada com milho.

. . .o T
+» Sistemas de cultivo: o - T
Contigho Produtividade de massa fresca (Mg ha!) Produtividade de massa seca (Mg ha'')
PECC 168,52 a 22,79a
: . PESC 167,45 16,66
v Palma exclusiva com cobertura; Lt s g
. ) PMSC 167,48 a 2092a
v’ Palma exclusiva sem cobertura; eTy——
H . Condiga Produtividade de massa fresca (Mg ha"! Produtividade de massa seca (Mg ha'')
/ Palma+MI|h0 Sem CObertura, onaste MCC MSC MCC l%/ISC
H . Exclusivo 32,57 a 20,66 a 9.18a 5,72a
v’ Palma+Milho com cobertura; Comonsiado_| 16375 2asa | amb
. ) T PSSR 5 STSTOMmAS
v M|Ih0 sem CObertU ra’ Condicho Produtividade de mas ca (Mg ha'!) Produtividade de massa seca (Mg ha'!)
H PECC 168,52 22,79 ab
v" Milho com cobertura. PESC 16745 l666a
PMCC 169,36 a 21,33 ab
PMSC 179,96 a 24,46 a
MECC 32,57b 9,18 be
MESC 20,66 b 5.2




Consorcio palma-milheto irrigado: efeitos na
produtividade e na LER

Table 2: Fresh matter (FM) yield, dry matter (DM) yield and dry matter content (DMC) in the forage
cactus (c), in millet (m) and total (t = cactus + millet) under different cropping systems, with and
without mulching

FM, FM, DM, DM, DMC. DMC,, DMC,
t half' tt!

Cropping systems
C 279.72 279.72 23.82 23.8° 0.092 - 0.09¢
M - 59.4° - 20.3° - 0.36° 0.342
CM 260.62 290.22 22.02 3212 0.092 0.30° 0.12°
Mulching
NM 273.92 208.42 22.0° 23.72 0.08° 0.332 0.182
WM 266.32 21718 23.82 27.12 0.092 0.332 0.182
CV (%) 16.2 30.2 205 221 7.2 6.3 57

CV: coefficient of variation. C: monocropped cactus. M: monocropped millet. CM: cactus-millet intercrop.
NM: without mulching. WM: with mulching. The same letters in a column do not differ statistically by
Tukey's test at 5% probability. For more details, see Supplementary Tables S1 and S2

Table 3: Fresh matter (FM) yield and dry matter (DM) yield in the millet under different cropping
systems, with and without mulching

FM (t ha™) DM (t ha)

Cropping systems Cropping systems
Mulching M CM Mulching M CM
NM 49.128 28.4bA NM 17.2%8 9.80A
WM 69.78A 3100 WM 23.434 10:3pA

M: monocropped millet. CM: cactus-millet intercrop. NM: without mulching. WM: with mulching.
The same uppercase letters in a column and lowercase letters in a row do not differ statistically by
Tukey's test at 5% probability. Coefficient of variation (CV) in FM = 8.4%. CV in DM = 9.6%. For more
details, see Supplementary Table S2.
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Table 4: Land equivalency ratio (LER), area time equivalent ratio
(ATER), land equivalent coefficient (LEC), system productivity
index (SPI) and monetary advantage index (MAI, BRL ha™) in the
cactus-millet intercrop (CM), with (WM) and without mulch (NM)

Treat. LER, LER, LER AJER LEC SPI MAI
CMNM 090 048 1.48 1p4 0.53 352 8967.50
CMWM 092 044 1.36 107 040 334 7840.31
SL ns s ns s ns ns ns

Treat: treatment. LE

of the millet. LER: tot

c: partial LER of the cactus. LERm: partial LER
=sigidficance level. ns: not significant

by F-test. For more details, see Supplementary Table S4.



Table 2

Chemical-bromatological parameters of the forage cactus clones (Opuntia and Nopalea) in a single cultivation system and intercropped with sorghum (Sorghum bicolor

(L.) Moench). / 7 . ~ v " . .
T g e e No consorcio nao ha efeitos sobre a maioria dos

OEM OEM OEM IPA IPA PA Miu Miu Miu QEM IPA Miu

arametros quimico-bromatoldgicos;

-
TDM 7.92 7.28 7.86 6.36 6.80 6.01 7.34 7.92 7.65 6.95 6.86 6.99 p q g b)
cpP 4.01 4.65 4.06 3.57 4.51 4.80 4.07 3.24 2.14 4.09 4.10 3.76 , .
TC 74.77 74.55 74.95 74.35 70.00 69.52 73.21 76.38 7321 70.95 70.39 65.46 /
i A A A S St R Ha vantagens para todos os arranjos de clones de
NDF 16.86 17.13 18.59 24.46 16.25 16.22 13.83 15.07 9.00 19.74 17.17 29.13
ADF 3.09 3.10 3.36 7.99 3.59 3.74 273 3.04 4.28 3.57 3.52 3.39 L]
MM 19.99 19.81 20.01 20.97 23.51 24.06 21.72 19.45 2312 23.21 24.66 28.17 alma e Cultlvares de Sor 0 LER>1 .
DIV 76.50 77.64 81.03 89.61 84.90 79.90 82.82 85.81 81.11 80.07 87.24 83.47 )
Variable (g kg ") “Sorghum cultivars intercropped with forage cactus clones “ single clones , , . . .
.

oM OEM  OEM  BA  PA  PA  Mu  Mu M Sogle  Soge Single v A palma € a especie mais agressiva,
TDM 28.13b 28.11b 41.91a 31.40b 28.99b 25.64c¢ 25.03c 28.16b

1 11 11 & Q. 1 " Ll ~ L] L] ~

A v Quem explica da variagao da fitomassa do sistema sao

EE 1.31 1.41 2.25 135 1.45 1.55 1.42 1.62 2.00 172 1.68 1.85
NDF 50.95 53.99 36.38 54.37 54.71 44.52 53.61 64.72 44.25 51.75 52.62 53.09 . ~ - .
ADF 29.20 26.36 16.26 21.67 27.48 20.31 27.10 32.66 20.05 26.58 27.15 24.84 I
MM 5.98 5.65 470 6.52 6.10 5.98 5.60 7.56 6.11 5.31 6.07 6.52 as Imensoes o c a o Io-
DIVpy 60.67 65.88 74.37 63.97 64.33 68.72 55.50 61.35 73.29 64.01 59.98 63.21

OEM - ‘Orelha de Elefante Mexicana'; IPA - ‘IPA Sertania’; Miu - ‘Mitda’. Sorghum cultivars - ‘467", ‘SF11" and ‘2502"; TDM - Total dry matter; CP - Crude protein; TC -
Total carbohydrates; EE - Ether extract; NDF - Neutral detergent fibre; ADF - Acid detergent fibre; MM - Mineral matter; DIVpy - In vitro dry matter digestibility.
“*Chemical and bromatological data relative to the final cycle of the sorghum crop. iChemical and bromatological data relative to the cycle two of the forage cactus.
Mean values followed by the same letters on a line do not differ statistically by Tukey's test at 0.05 probability level.

PCA1 - Sampling |

Table 3 5
Indices of biological efficiency in forage cactus clones (T a0 VoD e THrererer Pagfwith sorghum cultivars (Sorghum bicolor (L.) Moench). =
I Troatment IER E] IER_ . TER LEC gpr Mar
Treatment LER, LER, LER ouat TER LEC SPI Mal -
£ 0- Ao
OEM-2502" 0.81 0.42 ab 1.23 ab 14 0.34 14.53 ab ~30.05d - ¥ T,
OEM-'467" 1.01 0.50 ab 1.51 ab .41 0.50 17.57a 11,217.38b = % “\ CAl
OEM-'SF11° 0.66 0.36b 1.02b .95 0.24 12.57abc ~325.51d 1 l\&(\
IPA-2502' 0.64 1.00a 1.64 ab 42 0.42 7.23¢ 1652.53¢ 1 2 = rE N\ NCAl
IPA-467 0.47 0.98a 1.45 ab .24 0.41 6.25¢ 13,775.37b DMC KM MC \\ PH
IPA-'SF11° 0.99 0.94 ab 1.93a .73 0.81 8.29bc 26,518.44a DM -4 \
Miu-'2502 0.47 0.72 ab 1.19 ab .04 0.34 6.81c —303.85d 4 PW
Miu-'467" 0.69 0.91 ab 1.60 ab .41 0.57 8.90bc 15,168.34b i
Miu-SF11° 0.78 0.72 ab 1.50 ab 34 0.57 8.53bc 13,086.74b 25 00 25 5.0 5.0 25 00 25 5.0 -5.0 25 00 25 50
0, o, - 0,
OEM - ‘Orelha de Elefante Mexicana'; IPA - ‘IPA Sertania’ $Miu - ‘Mitida’. Sorghum cultivar@- ‘467", ‘SF11° and ‘2502"; LER, - Partial land equivalent ratio of the forage PC1 (48 %) PCI (44.2%) PCl (40'5 %)
cactus; LER, - Partial land equivalent ratio of the sorghunf - i fatio; ATER - Area time equivalent ratio; LEC - Land equivalent coefficient; D. E. Treatments
SPI - System productivity index (Mg DM ha~'); MAI - Monetary advantage index (BRL ha~'). Mean values followed by the same letters within the same index do not PCA4 - Sampling 4 PCAS - Sampling 5
differ statistically by Tukey's test at 0.05 probability level. ‘Data relative to the 2nd of forage cactus. ; T IPA Sole
PW + . i +TNC 15
CAl E’Wl [ IPA+2502
. \{\F 1\ 4 IPA+467
Table 4 - i W\ IPA+SF11
s s :
Indices of compefitive ability in forage cactusglones (Opuntia and Nopalea) intercropped with sorghum cultivars (Sorghum bicolor (L.) Moench). ﬁ ‘: 2 N\ T Miu Sole
i 2
‘Treatment Kes Ky K CR. CR, As Au ALGY, ALGY, ALGY S0 3 ca : nf“*‘ig‘;
0 £ = iut
OEM-2502" —28.61 0.20 —8.30 ab 8.54a 0.13 3.55 -3.55 407.06 51.81 ab 458.88 U 8 F¥ ¥ ff/ Miu+SF11
e = oot » s
OEM-*467 19.50 0.26 2.7 ab 821 ab 0.13 4.44 ~4.44 506.70 62.21 ab 568.91 3 ( LI’ OEM Sole
OEM-'SF11° 29.97 0.15 4.18 ab 7.45 ab 0.14 2.87 -2.87 331.82 44.63b 376.46 = 2 CW e
1PA-2502 ~0.34 0.62 ~0.58 ab 4.08 ab 7.36 1.96 ~1.96 32089 124.24a 445.14 | OEM+2502
IPA-467" 8.77 3.88 19.61a 2.20b 218 114 -1.14 236.12 121.93a 358.05 H 4 H OEM+467
IPASE11’ ~14.01 0.72 ~19.40b 494 ab 0.73 3.77 -3.77 494.96 117.33 ab 61220 25 00 25 50 S50 25 00 25 50 OEM+SF11
Miu-‘2502" 4.18 -0.49 ~0.59 ab 2.86 ab 0.41 149 -1.49 238.96 89.48 ab 328.44 0, 0,
Miu-'467" -1.50 0.28 0.96 ab 3.75 ab 0.43 231 -231 345.58 113.63 ab 459,22 PG %) FC1(30.8%)
Miu-SF11" 21.10 0.81 20.39% 4.33 ab 0.24 3.00 ~3.00 390.14 89.22 ab 479.35 OEM - Orelha de Elefante Mexicana; IPA - IPA Sertnia; Miu - Mitda; Sole - Sole cropping; PH - Plant height; PW - Plant width; TNC - Total number of cladodes; CL - Cladode length;
CW - Cladode width; CT - Cladode thick 3 CP - Cladod imeter; CA - Cladod. ; CAI - Cladod a index; FM - Fresh 5 DM - Dry s DMC - D ass ct
OEM - ‘Orelha de Ilefame Mexicana'; [PA - ‘TPl Sertania’; Miu - ‘Mitida’. Sorghum cultivars - ‘467", ‘SF11' and ‘2502'; K., - Coefficient of relative density of the cactus % Cladode i 2l (‘ R i i Cladode area. G Pladodeareindex g oL Ty rasEeohicn
over the sorghum; K. - Coefficient of relative density of the sorghum over the cactus; K - Coefficient of relative density; CR. - Competitiveness ratio of the cactus; CR; - Figure 2. PTlHClPﬂl component aﬂalyses between morphometnc and phytomaSS variables of forage cactus clones under sole

Competitiveness ratio of the sorghum; A, - Aggressiveness of the cactus over the sorghum; A, - Aggressiveness of the sorghum over the cactus; ALGY, - Actual loss or
gain in yield of the cactus; ALGY; - Actual loss or gain in yield of the sorghum; ALGY - Actual loss or gain in yield. Mean values followed by the same letters within the
same index do not differ statistically by Tukey's test at 0.05 probability level. ‘Data relative to the 2nd of forage cactus.

Jardim et al. (2021)

crop system and intercropping with sorghum cultivars (467, SF11 and 2502) at 126, 280, 317, 413, and 455 days after cutting

(Samplings 1, 2, 3, 4 and 5 refer to Figures 2A, B, C, D and E, respectively) .
Jardim et al. (2020)



Consorcio palma-milheto irrigado: crescimento e fenologia

v Os impactos do consércio na taxa de
crescimento e mudancas na fenologia da palma
sao remediados pelo o uso de cobertura morta!

—— lst order 0 Delimitation of Phase 1
— 2nd order B Delimitation of Phase 2
= 3rd order 70 Delimitation of Phase 3
—---= Cutting time —~—— AGR
>
_ 0018 0.030 3 0.012 — 0.05
2 (A) % (B):
o o025 = 00104
£ 0014 S ) 0.04
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g F0.015 < 0.006 1
Figure 1. Experimental images comrespondents to the cropping systerms: monocropped cactus with mulch (Al, monocropped z 0.008 a 0.02
cactus with no mudch (B}, intercropped cactus with no muich (O and intercropped cactus with muich (D). ‘E 0.006 L 0.010 E 0.004 1
Q =
3 0.004 2 00021 0.01
g 0002 - 4w & :
0.05 ‘ 0.007 " 0000 L E— = i 0000 A 000
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I
= 0.04 1 | \-\"-, - 0.006 - Accumulated degree-days (ADD, °Cday)
87 ' | % == MPNM P 0.035 T—r— 0.030 0.07 0.025
2 | \ : 0.005 ¥ & © 1
=0 =9 0.030 8 0.06
52 003 ! 0.004 3 5 i 0.020
-] Qo ® 4
'E”fo : s B 0.025 650 0.05
g5 0024 | RS 0.020 0.04 s
= % I = 5 0.015
S o 0.002 E
2 S oo - ! ke 0.015 voro 0.03 0.010
= 0.001 = 00107 | ol 0.02
0.00 - 0.000 0.005 1 ] 0.005 0.01 . 0.005
0 500 1000 1500 2000 2500 3000 3500 0.000 L= Lh—‘ 0.000 0.00 B> 0.000
Accumulated degree-days (ADD, °Cday) 0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Figure 3. Absolute growth rate (A) and relative growth rate (B) of the forage cactus grown in a monocrop system (MP) and Figure 5. Phenological phases and cutting time in monocropped cactus with no mulch -~ MPNM (A), monocropped cactus with
intercropped with millet (IP), with (WM) and without (NM) mulch, for accumulated degree-days. The vertical dashed line mulch - MPWM (B), intercropped cactus with no mulch — IPNM (C) and, intercropped cactus with mulch — IPWM (D) for
corresponds to the start of the treatments. accumulated degree-days.

Souza et al. (2022)



Consorcio modifica a Pg, [CO2]i e EUAI da palma

Melancia Buffel

8 8
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Monoculture  FC x FW FCxM FCx$§ FCxB Without With
Intercropping Soil muich

Figure 2. Photosynthesis rate (A) in forage cactus plants (Nopalea Cochenillifera Salm Dick) as a
function of different intercropping systems (A) and soil mulch (B).

FC = Forage cactus; FW = Forage watermelon; M = Millet; S = Sorghum; B = Buffelgrass. Columns
with the same letters do not differ from each regarding the type of intercropping by Tukey's test at
p <0.05 (A).
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Figure 4. Instantanecus carboxylation efficiency (iCE) as a function of the use of mulch (A) and
instantaneous water-use efficiency (WUE) in Nopalea forage cactus plants (Nopalea Cochenillifera
Salm Dick) as a function of different intercropping types (B) in the soil without and with mulch (C).
FC = Forage cactus; FW = Forage watermelon; M = Millet; S = Sorghum; B = Buffelgrass. Columns
with the same letters do not differ from each other regarding the type of intercropping by Tukey's
test at p < 0.05 (A).

v" O consdrcio da palma com culturas de porte mais baixos pode

compensar as perdas brutas de fotossintese, devido o efeito
da consorciagao na area fotossintetizante da palma!

v O uso da cobertura morta é estratégico para t EUAi e reduz a
disparidade entre os consércios (i.e., Milheto, Sorgo e Buffel).
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Figure 3. Infernal carbon concenfration ((-:‘) in forage
cactus plants (Nopalea Cochenillifera Salm Dick] as
a function of different types of intercropping in the soil
without and with mulch.

FC = Forage cactus; FW = Forage watermelon; M =
Millet; S = Sorghum; B = Buffelgrass. Columns with the
same lowercase lefters in the same intercropping type
do not differ regarding the mulch factor, and columns
with the same uppercase letter do not differ as for the

intercropping type by Tukey's test at p < 0.05.
Souza et al. (2020)



Consorcios com arboreas aumenta a captacao CO, e

Figure 2. Transpiratory rate of forage palm genotypes irrigated with reuse water, 24 months
after planting, depending on the intercropping approach used
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Means followed by the same lowercase letters between the intercropping type and
capital letters between the forage cactus varieties are equal to each other by Tukey's

test at 5% probability.

Source: Authors (2022).

Figure 3. COz uptake rate of forage palm genotypes irrigated with reuse water, 24 months after
planting, depending on the consortium used
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Means followed by the same lowercase letters between the intercropping type
and capital letters between the forage cactus varieties are equal to each other
by Tukey's test at 5% probability.

Source: Authors (2022).

EUAI da palma

Souza et al. (2023)

v" Independentemente do clone de palma, os consércios com
Algaroba, Gliricidia e Sabia sao beneficiados, por causa do
microclima criado, que permite a injecao de CO,, por meio
respiracdo das arboreas e, ou, atividades de decomposicao da
serapilheira por parte dos microrganismos.

Figure 4. Instantaneous water use efficiency of forage cactus genotypes irrigated with reuse
water, 24 months after planting, depending on the intercropping approach used
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Source: Authors (2022).



Mas a depender da consorciagao, arranjo do cultivo...

Monocropping

Intercropped with P. juliflora

salpiniifolia

Intercropped with M. cae.

0.75 m

6.5m

FIGURE 1 Representation of an experimental unit for the forage cactus genotypes in (a) monocropping, (b)
Juliflora, and (¢) intercropped with Mimosa caesalpiniifolia

intercropped with Prosopis

Genotipos de palma forrageira consorciados com
especies madeireiras apresentaram menor peso de
cladédio, producao de matéria seca e capacidade
de suporte do que genotipos de palma forrageira em
monocultivo em condigbes semiaridas e irrigadas com
efluente doméstico tratado.

O desempenho da palma forrageira foi semelhante
no consorcio com M. caesalpiniifolia e P. juliflora.

‘bHMMd
TECH
VI Congresso Brasileiro de Palma
e Qutras Forrageiras para o Semidrido

Lira et al. (2022)



A produtividade da palma é melhorada no Sistema
Agroflorestal com gliricidia adubada com esterco bovino

Destaques:
. . . A y =-1.4x2+8.94x+3
1 Produtividade individual da IPA Sertania g 2 P-0.0027 R2 = 95%
. a ’ . PP . ’ L
| A produtividade e acumulo de nutrientes dependem da distancia das arvores £7 8
A n 4 ~ o v
1 Carbono organico total ¢ melhorada na estagao chuvosa Bt 16
¥ g
g %O 14
Camelo et al. (2021) =
(&)
B Camelo et al. (2021)
Table 3. Productivity of forage cactus clone IPA Sertéania in different cropping systems and manure sources. +
10
Cattle Goat Broiler Litter Sheep 1 2 1
Cropping System * = : Distance (m)
Mg DM ha™! Year Figure 3. Forage production of the forage cactus IPA Sertania at different distances from the arboreal legumes.
Forage cactus + Leucena 20.2aA 16.6 aB 14.2bB 16.4 aB )
Forage cactus + Gliricidia 21.7aA 17.3 aB 17.4 abB 16.5 aB Saraiva et al. (2022)
Forage cactus 15.4bB 16.0 aB 19.4 aA 16.6 aB Bc+tdc-clc
CV (%) 12 = 0-0.10 m depth 35 0.10-0.20 m depth
(s 20 el
Aa
Different uppercase (row) and lowercase (column) letters indicate a significant difference (p < 0.05) by the PDIFF ﬁ30 30 Aa - Aa
adjusted for Tukey. CV, coefficient of variation. * Biennial production. L L:o 25
520 Az 120 Abp Ab
Camelo et al. (2021) J15 | Aaf9Ab  ,oaaab | padBar S5 | ABo
. 2 e}
10 ~ 10
5 5
Table 9. Nutrient concentrations (N, p, and K) of forage cactus at different distances from legume trees. 0 0
Distance (a0 Dry (2018)  Rainy start f§ Rainy end Dry (2018) § Rainy start Rainy end
Element (g kg~1) g z = 3 Equation r R2 (2019) (2019) (2019) (2019)
_ 2 Figure 4. Total organic carbon (TOC) in the soil of different cactus cropping systems at different sampling dates. C + L:
N gg; gzg 828 8?2 Y = —0.01X3 +0 D;{XE %062’;5)( 301;’9( -:10'%103 2 4 0.01x + 0.19 ;%882] ; cactus + leucaena; C + G: cactus + gliricidia; C: cactus in monoculture, Different capital letters indicate significant difference
E}é 2:06 1:82 1j55 1j36 S ' Y=o Uixz _o .’;Ox +2 55 e <'0_0001 1 (p < 0.10) within each period of the year; different small case letters indicate significant difference within each cropping

system (p < 0.10) by PDIFF adjusted to Tukey. Bars indicate the standard error of the mean.

>



Uso da agua no Consorcio palma-sorgo irrigado

v 1°ciclo: 13 meses de palma solteira com manutencdo dos
cladddios de 12 ordem

v 2°ciclo: +2,6xMS (Lima et al., 2018) e 3° ciclo OEM-
'SF15'(2 ciclos): +140%MV e +2,4xMS (Diniz et al., 2017)

Table 2. Individual productivity on fresh basis (FM) and on
A. dry basis (DM), and dry matter content (DMC) of 'Orelha

50 - de Elefante Mexicana' forage cactus (Opuntia stricta) and
'SF-15' sorghum (Sorghum bicolor), in single crop system
and intercropping system (forage cactus-sorghum), under

40 different irrigation water depths (saline water irrigation at

355, 563, 725, 867, and 1,012 mm per year, plus rainfall), in
the Brazilian Semiarid Region™.

w
=1
>

Water use efficiency based
on dry matter (kg DM ha’! mm'])

Crop Planting FM DM DMC
system (kg ha'') (kg ha!)
Single crop 44,009aB  4,627aB 0.11bC
20 + Forage cactus
Intercropping ~ 25.410b 3,573a 0.14a
B Single crop 62,013aA  14,073aA 0.22aA
Sorghum X
10 4 Intercropping 34,665b 8,557b 02la
Forage cactus- g0 crop 60,0754 12,1304 0.19B
sorghum
0 - - ("Means followed by equal lowercase letters, in the same crop, and
% 5 uppercase letters, between planting systems, do not differ by the Tukey’s
Monocroppmg Intercroppmg test, at 5% of probability
Cropping system

Columns followed by the same uppercase letters do not differ in the cropping systems. Columns followed by the same lowercase letters do not differ in the irrigation depths (LSD test, 0.05)
Figure 4. (A) Effects of forage cactus sorghum intercropping and (B) of its interaction with irrigation depths plus rainfall

of 393 mm year' on water use efficiency based on dry matter Lima et al (20183)
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Figure 3. Effect of irrigation water depths (WD, saline
water at 355, 563, 725, 867, and 1,012 mm per year, plus
rainfall) on productivity: A, on fresh basis (FM); B, on dry
basis (DM); and C, content of dry matter (DMC) of 'Orelha
de Elefante Mexicana' forage cactus (Opuntia stricta)-
'SF-15" sorghum (Serghum bicolor) intercropping, in the
Brazilian Semiarid Region.



Table 1. Effects of the interaction between irrigation depths (583, 655, 703, 759 and 809 mm year' plus rainfall of
393 mm year') and cropping system (forage cactus monocropping and forage cactus sorghum intercropping) on forage
cactus cladode growth

Fresh biomass of irt-order cladode (g)

Monocropping 656.0 Ab 581.9 Ab 858.0 Aa 572.7 Ab 622.6 Ab

Intercropping 669.3 Abc 679.4 Abc 509.8 Bc 559.7 Abc 725.7 Aab
Dry biomass of first-order cladode (g)

Monocropping 68.1 Abc 67.1 Bbc 80.0 Aa 65.5 Abc 69.9 Abc

Intercropping 67.5 Abc 74.6 Aa 66.2 Bc 66.4 Abc 70.7 Aabc

Means followed by the same uppercase letters in the column do not differ statistically within the same water depth, while means followed by the same lowercase letters in the row do not
differ statistically within the same cropping system, at 0.05 significance level by the LSD test
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[=}
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dry matter (kg DM ha " mm I)
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o Irrigation depth (mm)
Columns followed by the same uppercase letters do not differ in the cropping systems. Columns followed by the same lowercase letters do not differ in the irrigation depths (LSD test, 0.05)
Figure 4. (A) Effects of forage cactus sorghum intercropping and (B) of its interaction with irrigation depths plus rainfall
of 393 mm year' on water use efficiency based on dry matter p
Lima et al. (2018b)
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Figure 3. Effect of irrigation depths (mean of 583, 655, 703,

759 and 809 mm year' plus rainfall of 393 mm year') on

the ET/ET | ratio of forage cactus



Consorcio de palma pode ou nao

aumentar o consumo de agua do sistema

Kc da palma e do milheto em sistemas de producao de
consorcio, com e sem uso de cobertura morta

Arauijo Jr. (2022)
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Table 2
Heatmap of the effect of spacing between plants (0.10, 0.20, 0.30, 0.40 and 0.50 m) and rows (1.00, 1.25, 1.50 and 1.75 m), planting orientation (E-W: east-west; N-S:
north-south), nitrogen fertilisation (50, 150, 300 and 450 kg ha™ ) and intercropping with sorghum on forage cactus water indices.

Site T I T I T 1 m i i T T T ] I ™ v v %
) E-W  E-W E-W E—W E-W N—S N-$ N-§ N—§ N-S§ RS RS RS RS NL  NL NL NL
Variable Unit .
©n 01 03 O ©H @) 02 ©3) @4 @5 00 (123 050 @1 G0 150 @00 @s0)

446 ¥ s

DMYt-Sor kg m? 4.04 “ 4.16 ‘—a’q‘.ﬁ@_“ 413 39 418 468
DMYt kg m? 717 7.14 623 6.91 6.20 6.12 [ 741 6.89 6.48

5.35
377

WPcer kg m 575 531 5.31 4.62 “ 495 483
WPerwu kg m? “ 3.94 3.92 3.42 3.80 339 3.35

WPip kg m? 472 470 4.10 455 408 403
Note: the color assessment must be done within each of the variables.
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Fig. 6. Principal component analysis between water indicators (WUE, WPcgr, WPerwy, WPp), dry matter accumulation (DMY-Cac) and cladode area index (CAI) of forage
cactus, total dry matter accumulation (DMYt-Sor) of sorghum and mean leaf area index (LAI) of the four sorghum cycles, the average CAI/LAL total dry matter accumulation
(DMYt = DMY-Cac + DMYt-Sor), soil water balance components (ET - evapotranspiration, T - transpiration, E - evaporation, CR - capillary rise, DD - deep drainage, S - soil
water storage, AS - soil water storage variation) and different management practices adopted (plant spacing: 0.10, 0.20, 0.30, 0.40 and 0.50 m; row spacing (RS): 1.00, 1.25,
1.50 and 1.75 m; Orientation: north-south (N-8), east-west (E-W); N level (NL): 50, 150, 300 and 450 kg ha™ 1. The red symbols indicate the variables and management in

CP1, and the blue symbols belong to CP2. The leaked symbols belong to CP3 onwards.
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sazonais, 0 WUE depende
da orientacao de cultivo e
da AA, enquanto a WPCET
depende da Ysorgo e dos

niveis de N. Silva et al. (2023a)



A adocao do consorcio palma-sorgo irrigado paga os custos
de producao a partir do 2° ano

A.
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Figure 2. The total number of cladodes (TNC) of forage Years of simulation Years of simulation
cactus clone Orelha de Elefante Mexicana in the single GR - Gross revenue; NR - Net revenue; BCR - Benefit-cost ratio; MA - Monetary advantage; GM - Gross margin; PI - Profitability index
(forage cactus) and intercropping (forage cactus-sorghum) Figure 3. The profitability of forage cactus (O. stricta (Haw.)) and sorghum (8. bicolor (L.) Moench) under irrigated and rainfed
system (A), and the TNC in the single system as a function conditions in single and intercropping systems in the municipality of Serra Talhada, PE, Brazil

of irrigation depth (B) Silva et al- (2023b)



O efeito do adensamento no consorcio palma-sorgo
(espagamento entre cladodios)

- Clone: OEM

- Cultivar: ‘467’

- Espagamento entre fileiras: 1m

- Espagamento entre palma e sorgo: 0,25 m

- Irrigagao com base no 120%.ETc da palma;

- Entrada do consércio: 7 meses depois de planta a
palma foi cortada, mantendo-se cladodios de 12 ordem;

- Cortes: 13 meses de ciclo de palma e 4 ciclos de sorgo;
- Adubacao com base na exigéncia da palma (NPK).

VARIANDO O ESPACAMENTO ENTRE RAQUETES:

v"100.000 pl./ha (palma) + 200.000 pl./ha (sorgo) = 300.000 pl./ha (0,10 m): 587 Mg MV ha'!; <«—

v" 50.000 pl./ha (palma) + 200.000 pl./ha (sorgo) = 250.000 pl./ha (0,20 m): 496 Mg MV ha™!

v' 33.333 pl./ha (palma) + 200.000 pl./ha (sorgo) = 233.333 pl./ha (0,30 m): 443 Mg MV ha-!

v" 25.000 pl./ha (palma) + 200.000 pl./ha (sorgo) = 225.000 pl./ha (0,40 m): 373 Mg MV ha*’

v"20.000 pl./ha (palma) + 200.000 pl./ha (sorgo) = 220.000 pl./ha (0,50 m): 354 Mg MV ha™! Alves et al. (2022)



O efeito do adensamento no consorcmpalma-sorgo

(espacamento entre fileiras)

- Clone: OEM

- Cultivar: ‘467’

- Espagamento entre raquetes: 0,20 m

- Espacamento entre palma e sorgo: 0,25 m

- Irrigagcao com base no 120%.ETc da palma;

- Entrada do consércio: 7 meses depois de planta a
palma foi cortada, mantendo-se cladodios de 12 ordem;

- Cortes: 13 meses de ciclo de palma e 4 ciclos de sorgo;
- Adubagao com base na exigéncia da palma (NPK).

VARIANDO O ESPACAMENTO ENTRE FILEIRAS:
v" 50.000 pl./ha (palma) + 200.000 pl./ha (sorgo) = 250.000 pl./ha (1,00 m
v"40.000 pl./ha (palma) + 160.000 pl./ha (sorgo) = 200.000 pl./ha (1,25 m
v' 33.333 pl./ha (palma) + 153.333 pl./ha (sorgo) = 166.666 pl./ha (1,50 m
v’ 28.571 pl./ha (palma) + 114.285 pl./ha (sorgo) = 142.856 pl./ha (1,75 m

e L W

: 631 Mg MV ha;
: 463 Mg MV ha';
: 374 Mg MV ha;
282 Mg MV ha".

h

Alves et al. (2022)



Orientacao de cultivo do consorcio palma-sorgo irrigado

nao afetou a produtividade do sistema

Alves et al. (2022)

Dry matter yield (DM) and dry matter content in the OEM clone of the forage
cactus (Opuntia stricta (Haw.) Haw.) and sorghum (Sorghum bicolor (L.)

Moench) variety 467, with an east-west and north-south orientation.

Dry matter yield (Mg ha™!)

Ysoo
13.9
16.4
15.1
0.18
38.0

YSIE‘.Z
0.33

0.35
0.34

Row orientation Variable
Y
East-west 12.9
North-south 12.7
Mean 12.8
P-value 0.91
CV% 325
Dry matter content (g g—1)
Row orientation Variable
Yaox
East-west 0.34
North-south 0.29
Mean 0.31

8.3
8.1
8.2
0.87
43.1

YSC3
0.39

0.33
0.30

5.0
4.5
4.8
0.57
66.1

Yseq
0.31

0.31
0.31

g

40.0
41.4
40.7
0.63
221

Zo
0.34

0.32
0.33

21.7a
17.5b
19.0
0.01
25.2

Yre
0.06

0.00
0.00

Yro+s
61.7
58.9

60.3
0.33
15.1

YFC+S
0.13
0.13
0.13

Mean values followed by the same lowercase letter in a column do not differ sta-
tistically by Tukey's test at a 5% probability level. Y - Yield; SC1, SC2, SC3 and

SC4 — Sorghum Cyele 1, Cyele 2, Cycle 3 and Cycle 4, respectively; £S — Sum of
the yield of the sorghum cycles; FC — Forage Cactus; FC + S — Sum of the Cactus-
sorghum; and CV% — Coefficients of variation.

v Observacgao: No consorcio palma-sorgo nao verificou-se efeito significativo.



Consideracoes finais

v" A consorciacao de palma forrageira e outras culturas agricolas pode aumentar a
seguridade hidrica e alimentar dos rebanhos e da populacao frente as alteragdes do
clima e a variabilidade ano apo6s ano das condi¢cdes meteorologicas;

v A maior parte dos estudos de consorciacdo de palma esta no Brasil;

v O consorcio da palma com outras culturas aumenta a produtividade, a eficiéncia na
utilizacao dos recursos naturais e traz beneficios ambientais importantes para a
sustentabilidade do sistema de producao;

v Varias interven¢des de manejo devem ser consideradas para o melhorar
desempenho do consorcio;

v Muitas experiéncias de consorcios sob irrigacao foram comprovadas a partir de estudos
conduzidos no CentroRef do Grupo GAS, em Serra Talhada, PE.
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