N

N
N

HAL

open science

Species choice and spatial arrangement in soybean-based
intercropping: Levers that drive yield and weed control
Timothée Cheriere, Mathieu Lorin, Guénaélle Corre-Hellou

» To cite this version:

Timothée Cheriere, Mathieu Lorin, Guénaélle Corre-Hellou. Species choice and spatial arrangement
in soybean-based intercropping: Levers that drive yield and weed control. Field Crops Research, 2020,

256, pp.1-10. [10.1016/j.fcr.2020.107923L] [hal-032337280

HAL Id: hal-03233728
https://hal.inrae.fr/hal-03233728
Submitted on 22 Aug 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entifc research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépdt et a la difusion de documents
scientifques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche frangais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial] 4.0 International
License


https://hal.inrae.fr/hal-03233728
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0378429020312077
Manuscript_c6c960378556d35405af5a0ch5bb27a7

https://creativecommons.org/licenses/by-nc/4.0/

/ ! " # % ! & " O* +* - //  *0
3 2,, % 1+ !
7 " # % 4 95 6% " 13
2
. "1 "™ #8 190 sl #1900 M o# ! #8 #!
. 90 9 # #8 #! # mwr #1v "o 1 # %
. % 190 " #1 81 % 8 #0 1181
. 1 % 9 ! #1090 " #! 8 #I
/ . 8 # 1 % #0 1;8 LI
3
7 90 (. 8 # :1 1 #9 #< 0 9 = "l
2 P < 1 1 ™0 1 11 #9 > # 11 1 0
, #u r #r m1mr 1 #1v % 1 % " #1 #8 #!
( 8 9 # >" 81 + 1 190 81 "™ #8 01:;8
1 % #1 8 8 1" % 148 8 Pt h #
LI <1 w11 8 #1 #1900 " #1! 5
1 11 8 # % 1190 9 # I # ™ %8
/ 091 % #1 8 #: 90 1;8 0 1 =1 < #0999 5
3 111 # 810 #: 8 #! < % # 20 8 190 " #!
- 8 #! b= 1 # 1 # 1nr #1"11 % 81 # 190 9
© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license

1

8

"l

#

%

#

#

#


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0378429020312077
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0378429020312077

8 # 1 5 8 P % " o# 1 1 190 "o#l

8

" 1 %8 #! 1% #0 1;8 8 ! <1 % #::
190 5
+ 9 """ 1 8¢# 1 0 % 111 #1111 1 #1" %
1 % # 0 8 190 9 # #8 #! 5
(1 oy
" %191 1#< 1:)
90
( o % % 8 % : 8 1" 1 < 2 1% :1! "
91 1é= 9 2-2" 1% % 1 1% 1 "y o< 1 #1 < #
"0 1 Pt o1l 1 0 8 # 1! # 0" <
" #1 <9 #9 #1 0 9! " # 1 o M1 11 9 8 " 191 1¢&
5 o, ?* 1 #00 #A 1 , =9 1 Pout #0 M "1# L
! # 1 ;8 19 #< 0 9 # 8! " < 0 9
8 #l 098 8 ! ! ! 11 1 < 05 % 1
; 8 " "1l < "l P 1 # "< 21
191 11 0 9% 1 5 ,,7'0 1; 8 g!r " < 1
8 #l # % 9 #< 0 9 90 & &5 SRR N !
11 91 < # + 1 4%0 !/ .., , 11 %1 s 3 #< "
91 <1 % O 11 " 1% # 5o, 0 # i< 0
P o™ #1g" 1 "¢ , I 1 1 1" #1
< % 18 1 0 I < # 15 8< 190 10 1

81

%#l

% 1

8

"%

8 #

%



//

/3

/7

/2

3/

33

37

32

1 P 190 9 # 1110: "™ % 1 "1l #< 105
= " #:0 O ! ™% < 0 10811 11 #1
"™ %190 8 "ri11 < <" 1 1 <#
") < "< 11 # 1# 8 ! % % A I A
"ol mrir o # o# "0 & , —1D 5 ,3 , /%

% 9 : toor 1 > 8# % 1t o#1I"11 8 #
" o< 0 1 "1 hE: <1 :r " 190 #8 #1H 1 " 1
1 # "0 # 1 # 8% 9 # #8 #! 1 0 # 1"
#" OH D I " < 0 9 : 1y #1." < "o 1 #r "

% >4 : ! < mrar o ED "D " #1 "8 #lE

# 1 vV 1F D 1 % 1290 9 # #8 #! 0 #w( "< 11 #1
! % % 1 "1 # ! " % 0 8 8111811 9

8 # 1 oo 11: gt r 1l < %he 91 1# %1

" % 1 1 # 15
( ## P nr #1"tr1 LI < 11 : ! <
P # : > 1 #1 90 "o# #8 #1 5 "ol <
0 > 1< 91 ## 1V # Y % 911 : ! % % LI
< # 19 # <18 % &1 5 , D % 5 , =D 5 L, /" #
1 & 0 # <! 2277 G @ 5o, %1 # 1"
% 1 891 "1 >H % P "™ %g # 81 #H1 2-3'E

8 LI 9 < : ! 1# %! 8 : 1 90
11 #09 < 0 : ! 9: P % 11 0 %! "M
8 1 8 18 % 8 . 8 9 ! P 0 8 1"

# 10 9r " #( ## 11 11! 0 # 8 : < 0



7/

73

77

72

2/

23

27

22

[ T n 11 @8 8 # 8 I ™ % " #1<9 #8 #
! Lot #*1 , 7H 5, - 4o 275 <
#< 19 1" 1 1 1# 11 #18 % % 0 1 08
mr1og1 t 5 1 1% #< 19 :1 " 0 1" t 1
1 #1 9 oo th P 118 < 9 % <
P 5

OBl< : 18 ;81 1 #9190 % ™ #! 1Y #1 "9 # #8 #
! 0 # 190 01# ot 1o bo# 09 1ML o1 g

th # 10 horo# > 1 # 81 + ! 7
# o, 2

1

> 18 1 # L7 #,2 1 1 LT L =

C< o 14,,7 , - 8 133, > 1 #
" 81 5 " C# I # #

% > 1 1 8 +% 5( ,7 11 # 9 #4
8 " ! 9 # #8 1 " 5(, 2 9 # 94 8
! L7 # 0 94A " 18 0 8 f= 1 < > 1#
I 1 # 9% 8 I # 15(0 9 1409818 P
8 # #8 1# > 1 " 9 5(0 :# 1 81 1
2,1 # % "o, L0 #1# ,781 1 #9 8 --L19 75L
1 2L: 1 # # 235L! 11 # ool ! 815L # "
1 8 81-55( ,2 1 > 81 11 #9 8 3L!'9 L1 L

1 # # -53L! 11 # 81 2L 4% ! # " : 1 8 81
~525 %o ,2,1 1 9 0: 18 %817 ;% L7 #
2 % ,25(0 9 1GH # %8 ™1 1 8 < 10c¢< 19



»3 ! ## 1 #1 1 ; 1 15 "r# Kt 81 1" %0 9

60 - 30
2018

50

Daily rainfall (mm)
w IN
o o

N
o

Mean daily air temperature (°C)

10

60

50

Daily rainfall (mm)
w I
o o

N
o

Mean daily air temperature (°C)

10 4 \ 5
o - T 1 |.L_| I 0
1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct
$ b & " & (
) ¥ + $ om0 & 20341 150 1% ! 1" #
: 8 % 9 11 1" # % SIS 1 11
# 9 " : LA # % 9# 1 # # 9
" < 9 1" #: ol
.- , [ #8 8 , 50 @ # 1 #:00 < 1 "8118 A9
.7 : <1l : S N 1 9#1 9# ro: 1 = " 5

,2 "#



90 15 <9 9 1 < & 9% ",,,7 1! HH#: !
" # 1y # 1'"8 # % 8 0 811! 1 0 1 "™ #8
"5 : Pt r 18 101 #: # : 1: # 11
% #! " < 0 9%¢ -0 1" #14# % % 8 0" #
% > r=1rg # 0 # <1 " 5 o9 o "
LI ] 1 1190 811 B! o<y 1
1 "8 018 & L T & #5015
1 "% 1% & & 5 PS> W * #1 : 8 &
SIS D o1 1 "18 0 # 1M1t #1UOMING

< 1" 8 » 8 11 "l #1090 81 1 "™ #8 !

iy #r " 8 1" th U >#8 88 0 ! ™8 # 9
18 8 1 845§ 81 1t 08 " 18 8l' #
8 8 11 "0 %18 <9 85 1" %191 18

#1% #: 8 4 " "1t 8 /L : 1 19 ! "# 19 "1y
8 /,L: 1 111 #1 "# 10

1 # % 1 1 1 ™8 01# # 1 1 1 ##09 1 4!
11 5 1 v "1 #w# 1 18 37 37 /, #-5 01 #
190 01;8 1 % #1 :8 1" 1< 9% 190 1 #1 8
1 #8 i 2+ 1 7 (1 5 )GG 0 1

1 15P wootoLor o 1o COHL L #: 1 #9# 11
81 # ! 5 # " 1 181! : #: 190 # 5
1: 18% 1 : > D #1811 # 10" 9#1 9 1< 1" g
hWoo# : 98 #" 1 C#C 93 ,7 # 9/ ,2 <1 1™
o 1" # 0 1 8 18 # @#1 " 0 L;#1% 8
"1 1 19 5 0 1 L <# >19 1 1o 1

i 1 ## 8 % MO 1 N"™ 18 1 #I5 " 18 7,



% 09 § 8# 8 8118 31 " 1 8 81
4: 0 9 1 ! ™8 h#8 B 1: %I#1 11 141
oo I 1 8 #1 SIEE 1 # 1" 1 1 :8 #
1% 1 #5(% 81" <##: 1 1 8 g#01H <1

ol < 1 1o 91 90 #1 W%
2
90 11 #1 " #8 # 0<% #0 11 " 18 : < 9"
190 8 hix7+ # < 11 2--' #190 9 4*7" : 8 I
81 #: 81 < We  >.5- 'S( L, 7* U # A9 H#*T
mo# "0 25( ,2% 1 # A9T  H#*T "0 /5 1 "1
8 # # -,0: 7 10: 8% % 190 91 "1 " 18 1 #
1% 1 9 1 &9" /, 5511 9 + 1'0: #9 ¥ 190 %
1 " 18 % ##8 O & <1 ' % We< 1 2w< 0 1" #
NG < 1 NE+ 1! (# CO 1 o # 91 # w 1o
11" 9: ! 5
1 90 8 % 1 8 #l" 1 48 I ##01#
"#<l 111 0 #1685 1 1 " % 81 1 ##: :< # 9
Lot 1 o ttr1t ot s % 81 1 # 1 W1 #1 1
1 o1 o1 # %" " " "1 #" 18 # 0
1 %  #"0: 1 5
-5
190 1 #" ! 8111 #09 "9 % 190 % ol
09// 1 <1 1 11 #09 5% ,,7%
11 9118 ! #1 # 1 "9 # ! "0 11 :8 % #8 #0 111
8 % # <1 1% ># # 18 "% *1:8 @l 1§
, > ,25+ 19 1" 98 1# 8 % >#  # 4



3/

33

37

32

7/

73

8 Q1 1" R ! 1L #1 "1l #S o
1" o # RS 1y #1 "1m1 109 1" o
1 8! > #s B 1T # 0 I # 1 #T 1
1# ST # 11 # 0 #" # ! # 9
#1 0 # #,8 ; 8 < 1" 15
) 81" : # > ¥ # 1% 1 1 1o
# 1 5 # 8 8 1L w# " 1 9" (1 IF 181 1#:
)C & W o# L,
N I R | 1# 18 1 # 98 "
W#ELr9 w1 15= 1 " 18 1
1% 1> >" 14 81" 4l > # > 23 ( 1 18
MWH#EL119 # 9 1# 18 1>U > I
Hi; = 1 181 1#61 11 ™ 1 :  #2 1 181" # 8
D% PS
h 09 #1"1 1 #1v th S0l # 0 <1 111 1" 10
bt o# ! #8 #! < 1 1"08 190 9 # #8 #
0 111 1™ 1< 0 #! ™1 1 11g " 0<% #0 11 11 g1 v
> 1o 9< 018 1 # 1% 1" >SH# #5
¥ # 1 > 9< 0 81 >#" #  #11;81 #
nog o 1" 8 <1% # 8 > 9 11 1# % 1 #
Py 1 # 15 1" 1 < 01 8 1 # 8
1 # % 1 # 1# 18 " # 0 1u 9 #
MW#EL119 #1 0 5 b * #0011 % <
>' O #09 > #" # 8111 # 1% F # I 01l#
;%8 5, =% # 8 o1 % A8 11 1 #



Grain yield (t ha™)

1

77 r" % 2 #8 #! 0 #: P 1 0 #
72 1 190 P #1118 1 # 190 2 8 #!
2, # 1) #1 " # #1 15+ 8 ! # 1 A1 e, "
2 #118 11 # - h< 9 < U < 10 #:
2 0 ;15 1190 "o #>81 0 #O09#<# % < % #1090 9 #
2 % < I "09 < % 9 # :190 1 " 98 #! #>81
2 1] # 1 1 < B#E 0<% #8 #0 11 <1 %< P
2/ #<# # 09 < %#8 #0 1 <1 190 1 1" 11 #1 "
23 "o #>81: %< 111 #1 " 1 < B#9 # %< P
2- 1 < %#9 # ! 1" # %1 " 18 1: 1 "9 #1 8 #
27 ! % #11 0 1 5
22 26
8 - - O Associated crop
| 2018 | 2019 Bsoybean
6 - - l
: | )
. | [
i
3 - J
2 - .
| T |
LI ﬂ | | ﬁ alculs
— | T |
0 = I,
sc SC|AR|WR SC|AR|WR SC|AR|WR SC|AR|WR sc SC|AR|WR SC|AR|WR SC|AR|WR SC|AR|WR
Soy-[ Buckwheat Lentil Sorghum Sunflower Soy-| Buckwheat Lentil Sorghum Sunflower
bean bean
7 % t 8 t + % , 54
, 64 , 364 ( ! # 1 % 1 01 1
# ## < 5
79 2
, 190 1 1 ™90 ## 5 , # 5/3 , 2 &t% RN
, [ | 1 190 9 # W #: ,0 3 5, , [ #: 0,



[CSI N

,52/ , 26 P nwr o #r "1"mr11% :r 9 !l #1900 9 #

0O 9 1& 0 " 90 9 #81 1 8 0 9 1 # 818
018 , [ #1 : 8 , 2 " % 1 # ol 190 9 #
0 1 21 811% ! 9 , (& 0 % 8 P % 1 #190
9 #09 L!' " # 8 8 L , 15
90 9 ##! 1#8 11 1y #1 " 0< % ##9 1 #
190 8 héth " 1" ;5 %190 9 # mr #r "o 1
>'" # < ! , 7 , 28+% Bl 18 , I #1 : 8 , 2
# 11 "0 11é 0 " # # 9 # #1!1 51 91: 8 %
19 O 1181 =1 #090 1;8 % 8 8 8 P % , 74 0 5
0 9 1 "HL# 1 1 :0 1 190 8 b H##HIM 9O #

% 1190 9 #

9 Yt
% 1 1 <1 4 W X,5,7 W X,5, # W X,5,, 5 P 1 %1 1" 11 i
% 1 #1 1% 1 #:u 118 ;9 PEXL,5,/%
90 9 #¢& '
. ! , 2
"r11% 1! X0, WwWw 0, TW
190 57 .07
% 190 3832 0 ,93 0
8 190 5 0 ,0 0
1 1;8 190 ,08 1 .- 0
" % 1% 1 1 0, W 0 7
8 53 .-
= 8 5 0 7
( ! 1% =1 1 )0 ,0 =7
" ! 190 1 #81 % # 10 < % 528 5L , 7
# 8BEY 5L , 25) L - A 1 % #
1% 1! " 190 " ! b1V 1IF ! " "o#l 81

119 # 190 9 #



NN T W

+ % #1 # ##<
& 0 I; 1'< 1 #5 1 #1: 1 P 8 #=*:. 8 85
% 1 1 1 8 [ # ! 4)551 #1: 1% :1 R Z ,5,/%
0 1#1 % 1 18 1 1% :1 9#:: o4 0 ;% P o#IT
0 # 1# 91"1 18 1% :! #:: P11 g 9% ;L PYLY 1% ! no# 0
H 1, = 15
, 7
90 & 1w o#r g = #lg
90 52- 4,5 " S/2- 45
11:8 * 5,2 4,5 - 57/, 4,53 " R
190 =* 5 - g5 " 5/ 4,522 N N A
* 5/ 4,52 53 LT J537- 45
190 =* 52/ 4,5/ N7 W /3 s T
% * 57 4,52 53/ 4,53/ S
190 =* 5 8,5 57 8,5 3" ) I
. 8 * 5 8,5 - 53 - 4,52/ )5 12/ 4
190 =* 5/3, 4,5 " 5 8,5 7' YAV W
X,5,, X,5,, )55
)55 )55 )55
)5, )55 )55
, 2
90 522/ 65 5 §,522"
11;8 * =7 4,53 57-3 4,5 - )5 S, W
190 =* 5 2 §5, 573 §,522 g22 g5
* 532, 45/ P B B 5,3- 4,5 °
190 =* /7T 5T 5/,2 4,57 " 52,/ W
% * 53 8,5, 53 4,5 ¢ 5727 4,5 3
190 =*  53-7 &5, " 57 4,5 " ) 5,3 4,5 °
- 8 .Y 2 S T R 5-3-  §,5/3" S, A
190 =* S,3 0 6,5 5/, §,573" 57 8,5 "
)55 X,5,,
)55 )55
)55 )55 )5 5[



Soybean yield (tha ')
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Weed dry matter at crop maturity (tha ')
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Weed dry matter at crop maturity (tha™")
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