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Closing yield gaps through nutrient and water

management

Nathaniel D. Mueller!, James S. Gerber', Matt Johnston', Deepak K. Ray', Navin Ramankutty? & Jonathan A. Foley"

In the coming decades, a crucial challenge for humanity will be meet-
ing future food demands without undermining further the integrity
of the Earth’s environmental systems' . Agricultural systems are
already major forces of global environmental degradation®’, but
population growth and increasing consumption of calorie- and
meat-intensive diets are expected to roughly double human food
demand by 2050 (ref. 3). Responding to these pressures, there is
increasing focus on ‘sustainable intensification’ as a means to
increase yields on underperforming landscapes while simultaneously
decreasing the environmental impacts of agricultural systems® %",
However, it is unclear what such efforts might entail for the future of
global agricultural landscapes. Here we present a global-scale assess-
ment of intensification prospects from closing ‘yield gaps’ (differ-
ences between observed yields and those attainable in a given region),
the spatial patterns of agricultural management practices and yield

Assessing opportunities for more sustainable intensification

requires an understanding of the factors driving yield variation across
the world. Fundamentally, yield gaps are caused by deficiencies in the
biophysical crop growth environment that are not addressed by agri-
cultural management practices. Here we explicitly examined key bio-
physical drivers of crop yield by using global, crop-specific irrigation
data' and by developing a new global, crop-specific data set of nitro-
gen (N), phosphate (P,Os) and potash (K,O) fertilizer application
rates. We find extensive geographic variation in these management
practices, with high fertilizer application rates concentrated in
high-income and some rapidly developing countries (Fig. 3a and
Supplementary Fig. 1). Likewise, irrigated areas' are heavily concen-
trated in South Asia, East Asia and parts of the United States (Fig. 3b).

Using input-yield crop models, we found that the spatial patterns of

climate, fertilizer application and irrigated area explain 60% to 80% of
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Rotations culturelles et productidn
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Rotations culturelles et production

— Effet de rotation sur la fertilisation azoté

8
Tall fescue
Corn/vetch Corn/rye Alfalfa-corn - sver-corn
Y I |
Corn
Grain Bermudagrass+clover
Yield -com )
(Mg ha™)
Continuous corn
2 4L |
Comparaison avec la monoculture de Mais Rye Vesce Luzerne Bermuda Fétuque
Economies d’azote (kg ha™) 7 120 17 13 7
Effet de rotation (% d’augment. de prod.) 17 1 17 10 23

Graminée- et légumineuse-dans les rotations
culturelles sont vital pour le maintien de la
productivité avec des apports de fertilisation
azoté faible



Réponses environnemental

— Matiere organique du sol
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Grand Challenges
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Carbon content in deep soil horizon

ar bone or gani que du sol is heterogeneously distributed but not

— Distribution vertical du C organique du affected by land use history

~

sol Soil Organic Carbon (9'kg) Sequestration of SOC

00 5 10 15 20 25 (Mg halyr?) '
T T T T [ RS
, Kk f2 A
.| 053 .
. Pasture 1 * : .
Soil (24 + 11 years) " !
Depth _ 0.17 ** 5 4
(Cm) | ) . C content (mg gt i
-10 Conventional Jes-01 Ii C content (mg g
Tillage 91-99 i s 17-28
| CoPene gii;?‘ﬁ?s ool ] PR N
-lor 115-123 [ 5« «lre s alle” o* X S 43-49
O 05 ns [ ]123-132 |1 |l..* ———*—I‘——-—‘ B 4 TR =“~9'5v6
. B 132-140 fat-—ffeime - % ' = e
20 Survey of 29 farm locations in AL, GA, SC, NC, VA 0_20 cm =1;‘j§j1;‘:§ N ‘ . } S I 6075

Causarano et al. (2008) Soil Sci. Soc. Am. J. 0.74 **

2,0

C accumulation rate Mg hal yr?

Matrix: ,
C100 = 0,264 + (1,59 x Cag) C:2,7107 mg _1-~.,:
2 =087 e
-0,5 4 - - - . . - i
0,4 0.2 0.0 0.2 0.4 0.6 0.8 10

C accumulation rate Mg hat yr?




tal

V4

eponses environnemen

R

— Solution du sol




q Grassland . Grassland -— -
T || we e || e | Cay Mg, K, $O,2- dynamics at
T1 Crop rotation o N
T2 Grassland-crop 3yrs N 1 05 cm depth
T3 rotation 6 N+ )
“Small plot” T4 yrs - Cutting
Permanent
B A I *T1l T2 T3 T4 *T5
100 70 20
. Ca - 60 M g - 60
80 = —_
3 |t 5 2 15 0
> . - 50 @ o) - 50 5
E r T & £
§ % s 5 o J ' ~40 & g ~40 E
T TN . . 5 % 5
S ‘ 3 ..-."" F-l--!.' - L © S r T
e A . 0 g
3 ! s S g g b 3
‘ ‘ ‘ & 1 ‘ ; - 20 E @] ‘ | L |‘ L | 20 8
20 | M ‘ i A . ] H| | | “ 1+ I ‘ ] ’ |\ © | o
L 10 l - 10
0 | 3 §
P© q® St R ® o ® n® O W W T ST CERNY
W o \/6\0‘0 7}\0\/ o oo \/\\9 er\QQ’ oo 00‘\06 09\01 \:\\\9
10 70 50 2 70
- 60 * . SO - 60
2 | S50 g 2 |% . 503
c 6 : * | E c 30 ,L—L:_.; - | é
o . 40 E 5 E- oo s . 40 =
- . = [ : .
I ' w8 S d  ir g of 0%
c 4" T £20 = . + g
9 . s i | g_ e . . H ) a
AR ? S A )
O 2<yl A"I.T | i ‘. 1] e 010 - ‘| [ 1b, 1L, |‘ |I“|\| E
K3 l‘ ] | o - 10
M
o AL ' 0 0
6 ® gl @ ® @ O oW ® g ot @ R R
0 9 @0t WO G @O W Y @Y o NI S AU S A
0\/\0“/ @ @S 1\/\0“/ A QCb\()'L G ’LQ\QIL LRI M- RPN S M gt




Drainage and nitrate lixiviation under crop NO.-dynamics at 105 cm depth
and grassland treatments 3
Tl T2 T3 T4 *T5

. [oom % Arable crops ('Ll)W 5
L] —
= 2 F T : NO,~
8o 250m 3 < / 250 -+ 3 - 60
: (] = 4 *
[ = b= .
2 D %EI” 200 03
+5 2009 £ : E
= > 1 P40 &
2 9 Crop-Grassland S e i c
—_ . o o * =
o b 2 onversion (T2) = ¢ 30 @
) g ’ Y, 2
2 land (T5 c 10 ; S
o 1002 assland (T5) 5 ﬁ ) i.". A . ; 'ZOE
2 H R P T VR "
©
g 508 m
0 J N 0
>
(@) Qe s St ® ®© ® A0 AQ Ay (V2
A L R L e 0\/\0”\ Q%\Gg\ \/6\06\ ,L\/\Q\’\ ,51\09\ Qu\OQ’\ 09\07'\ \/1\\9\ 1&\06\ ,Lg\@’\
f3ssssssdsssssdsdscsscssasae 6
“TL *T2 T3 *T4 - T5
| . |I . ] . d 60
A larger nitrate lixiviation under DOC dynamics at 105 cm depth
E
crop than grassland... g > &
£ ; -4 ér
, _ £ 40 z
...but no major change in DOC < ‘ 2
: 530 1* 2
concentration between treatments =X 4 S
o L 28
. s 20 =
nor following 6 yrs grassland : S
o
10 -
O ;o o L A A D OO 7 0
NI S TN R S S S S\ SN i\
NS o&g Q&Q& QQ&Q&NQ& 0"@0&\/@ NEENRN




We know what we don’t know
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L’agriculture et émission de GES
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— Des incertitudes énormes

1) les variations sont lentes et faibles et donc souvent
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> L'effet du mode de gestion sur la composition microbienne et végétale
et le turnover des MOS stockées dans le compartiment sol et ainsi leur
potentiel a contribuer aux émissions des GES est peu connu.
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Verrous-questions scientifiques

» Quel est I'effet des differentes pratiques agricoles (fauche,
paturage, charge animal, fertilisation, retournement) sur la
gualité des MOS et l'activité microbienne?

» Peut-on quantifier a I'échelle de la parcelle et avec des
mesures de terrain et la modélisation, les effets des rotations
prairies-cultures sur le bilan net de GES de ces systemes ?

» Quel est I'impact de l'introduction d’'une rotation prairie-culture
dans les bilans nationaux de GES et peut-on en déduire des
recommandations pour une gestion des prairies favorables en
terme de bilan de GES ?
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» Quels sont les mécanismes, qui influencent 'émission des
GES sous differents modes de gestion de prairies ?

» Quel est le bilan net de GES (émissions de N,O et de CH, et
séquestration de C) des prairies sous différents modes de
gestion (paturage intensif et extensif, fauchage, retournement,
fertilisation N)

» Quel est le bilan net de GES (émissions de N,O et de CH, et
séquestration de C) des prairies sous différents modes de
gestion (paturage intensif et extensif, fauchage, retournement,
fertilisation N) ?
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