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Engineering resilient grazing systems to

. improve adaptation to climate change and
helplng to mltlgate its adverse effects
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The size of the world population over the last 12.000 years

®7.7 billion in 2019
7 billion @7 billion in 2011
B IO 96 billion in 1999
Lo 61110 T T e L S —SLL “,5 billion in 1987
4 billion ¢-4 billion in 1975
3 billion @3 billion in 1960
2 billion p -2 billion in 1928
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o The average growth rate from 10,000 BCE 190 million in the year 0 Mid 14th century: The Black Death
‘4 million in 10,000 BCE to 1700 was just 0.04%.per year pandemic in Europe kills 200 million people.
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istory [ 1se of the Global Environment (HYDE) and the United Nations. On OurWorldinData.org you can download the annual data

Based on estimates by the

ind research on how the world is changing censed under CC-BY-SA by the author Max Roser

UF IFAS

UNIVERSITY of FLORIDA

Py Challe nges 9.7 billion people by 2050
%1

| FORAGE TEAM |




480
460
440
400 |

380

360

340 . - . == = =
e For millennia, atmospheric carbon dioxide had never been above this line

e N P ) S P [ e S — " <« 1950

280 | level
= P

220 Y

o i o s A . i A

160

carbon dioxide level (parts per million)

800,000 700,000 600,000 500,000 400,000 300,000 200,000 100,000 0

years betore today (U =

climate.nasa.gov



GLOBAL AVERAGE SURFACE TEMPERATURE
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o IENELEYTREME WEATHER & CLIMATE CHANGE
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% of rainfall compared to historical average

Caruaru - PE, Brazil
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Defining resilience...

“The capacity to prepare for disruptions, recover from
shocks and stresses, and adapt and grow from a
disruptive experience or condition”

Resilience

Resilience:
Do you bend or break?




Low Resistance and Resilience Example High Resistance and Resilience Example
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Adaptation

Adapted livestock
Adapted plants
Diversification in
space and time

Diverse grazing
systems

Mitigation

SOC sequestration
BNF

Plant secondary
compounds
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The Challenge

Be relevant for local farmers and at the same
time help to solve global problems




* Livestock must be adapted to extreme environments

Adaptation

* Fitting the right animal to the right environment
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Adaptation

* Fitting the right plant to the
right environment

* Diversifying forage species
and functional groups is
Important



Spatial and temporal biodiversity is key to enhance efficiency of
nutrient utilization

Chicory
Red Clover Cocksfoot
Plantain

......

Different forage species and their relative roof depth and structure. Image by Integrity Soils.
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Temporal biodiversity

Perennial warm-season forages
Alfalfa/Clovers

| Annual warm-season forages
|

Cool-season forages

umulation

o
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Spatial and temporal biodiversity can improve productivity and
resilience of productive systems as long as...

* Species must have spatial and temporal
complementarity in resource utilization

* Species must present contrasting tolerances to
pests, diseases, and extreme weather events

B

~ * Species must have different functionalities (e.g.,
- BNF, soil P acquisition, deep root system) and
explore different soil layers
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Species richness and productivity
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Species richness and functional groups
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Forage & Grazinglands

Species richness and functional diversity enhance winter annual
forage productivity and nutritive value



Mitigation

* Reduce GHG emissions (e.g.,
feed additives, secondary
compounds, improved forage
quality reducing emission
intensity)

* Offseting GHG emissions

(e.g., SOC sequestration, BNF,
reduced C footprint)




== Palisadegrass monoculture

- Palisadegrass + A. pintoi
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Cow reproductive efficiency is key

. Calves weaned per cow per year

1 0.75 0.5
kg CO,e/weaned calf 9,970 12,355 16,473
C sequestration needed to offset 2,720 3,370 4,493
emissions (kg C/ha/yr)
Typical C sequestration (kg C/ha/yr) 750 750 750
Déficit (kg C/halyr) -1,970 -2,620 -3,743

1.  Assuming 1 cow with 450 kg BW weaning a 240-kg calf and a carbon footprint of 28.9 kg CO2e/kg carcass (Rotz et al., 2019) and 50% carcass yield we would have 9,970.5 kg
CO2e per cow-calf per year

2. Ifthe cow spend the year without weaning a calf, we would have 6,502.5 kg CO2e for the cow without calf and 9,970.5 for the cow-calf pair.



Tannin-rich legumes might reduce N,O emission
from excreta — the case of Lespedeza cuneata
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van Cleef et al. (2022)



Successful
Stories of
Resilient Grazing
Systems Around
the Globe
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Grazing System in North Florida — A Case Study

UFIFAS
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Grass+N

Cool-season

34 kg N ha‘1 / 78 kg N ha'

Fall gap

UF IFAS

UNIVERSITY of FLORIDA
_ Warm-season

| FORAGE TEAM I

34kgN ha'1

Fall gap

Grass+RP

N

Cool-season

Warm-season

K.R. Trumpp (2024)



Animal
performance

Cool + Warm Season Grazing System --
_ Grass+Clover Grass+N Grass+Clover+RP SEM

ADG, kg hd! d! 0.56 0.58 0.69 0. 07 .18
GPA, kg ha 563 618 667 103 .46

Stocking rate, steer ha™ 4.4 A 49 A 3.78B 0.35 .01

S—

Grass+N =224 kg N ha? yr? Jaramillo et al. (2021)

Grass+CL, Grass+CL+RP =34 kg N ha! yr?
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Reduction of GHG emissions

m Grass + N

m Grass + CL

@ Grass + CL + RP
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Garcia-Jimenez (2019)
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Carbon footprint of grass monoculture + N vs. grass-

legume mixtures

Treatment
Item Grass+N Grass+RP SE P
CO,, Enteric-CH, 4233.8 3148.6 433.2 0.11
Dung CH,-CO,, 0.173 0.085 0.022 0.12
Dung N,O-CO,, 0.52 0.14 0.087 0.12
Urine CH,-CO,, 0.037 -0.030 0.016 0.09
Urine N,O-CO,, 1.443 0.59b 0.245 0.04
Soil CH,-CO,, -1.14 -13.75 4.956 0.16
Soil N,O-CO,, 239.3 173.1 17.28 0.13
C Nfert,CO, D 869 132 - -
Total COp _ _ _ _ _ _ _ 53430 _ _ _3441° _ 4258 _ 0.04 _

K.R. Trumpp (2024)



N Cycling

Grass + N Grass + Legumes

iy 0.03 kg i
HNO; - \'\ N,

N-fertilizer N-fertilizer

AN N.
P N, N,

Litter ——> NH,/NH,* Litter—> NH3/NH,*

. W
NOZ-—_> NO3- Noz_ > NOS_ <
Root-Rhizome mass l Root-Rhizome mass l

N leaching 41 kg N leaching

65 kg

Inputs — Losses = 80 kg N ha-" Inputs — Losses

Inputs — Losses = -144 kg N ha! ENTUSTINSTENE  Inputs — Losses =17 kg N ha'!

References:

* Jaramillo DM, Dubeux JCB, Sollenberger L, et al. Litter mass, deposition rate, and decomposition in nitrogen-fertilized or grass-legume grazing systems. Crop Science. 2021;61:2176-2189. https://doi.org/10.1002/csc220475

* Garcia L, Dubeux JCB, Sollenberger LE, Vendramini JMB, DiLorenzo N, Santos ERS, Jaramillo DM, & Ruiz-Moreno M. Nutrient excretion from cattle grazing nitrogen-fertilized grass or grass—legume pastures. Agronomy Journal. 2021;113:1—14. https://doi.org/10.1002/agj2.20675

* Jaramillo D M, Dubeux J C B, Sollenberger L E, Vendramini J, Mackowiak C, DiLorenzo N, Garcia L, Dantas Queiroz L M, Santos E R S, Homem B G C, van Cleef F, & Ruiz-Moreno, M. Water footprint, herbage, and livestock responses for nitrogen-fertilized grass and grass—legume grazing systems. Crop Science.
(2021);61:3844-3858. https://doi.org/10.1002/csc2.20568

* Aniela C. Honig , Vivienne Inhuber, Hubert Spiekers, Wilhelm Windisch, Kay-Uwe Gotz, Manfred Schuster, Thomas Ettle. Body composition and composition of gain of growing beef bulls fed rations with varying energy concentrations. Meat Science. (2022);184:-9 https://doi.org/10.1016/j.meatsci.2021.108685



Grass + N Grass + Legumes

Cool and warm season Cool and warm season
Average daily gain, kg hd* d! 0.58 Average daily gain, kg hd* d! 0.69
Gain per area, kg ha? 620 Gain per area, kg ha? 669
Stocking rate, AU ha! 4.9a Stocking rate, AU ha! 3.7b
Grass in BC warm season, % 92 Grass in BC warm season, % 47
RPin BC, % - RPin BC, % 32
IGain per kg of N input 2.8 Gain per kg of N input 7.6 I

In summary, grass-legume
mixtures yielded 171% more
beef per unit of recycled N
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Marandu palisadegrass and A. pintoi cv.
Mandobi reduced methane emission
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Marandu palisadegrass and A. p/intoi cv. Mandobi
reduced nitrous oxide and ammonia emissions

12 a 1
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Palisadegrass + 150
kg N fertilizer per ha
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Silvopasture System from Northeast Brazil
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Average daily gain (kg/animal/d)
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Brachiaria decumbens (BD)

Silvopasture systems might be an option

a

BD + Gliricidia
mGMD (kg/anim./d) —GPA (kg/ha/ yr )
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Litter deposition by tree legumes is another pathway
to add N to the system

2,5 ——Silvopasture with tree legumes -=-Signalgrass
2
X 1,5
2
o
e
—

w/\g

0,5
P <0.0001, SE =0.08
0
o o o i i i i i i i i —i
£ g, S e O i T ek B Rt Cabral et al. (2013)
= an = £ “,

| UNIVERSITY D; |
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Herbaceous vegetation increases its N concentration
when mixed with tree legumes

2,5 ——Silvopasture with tree legumes -=-Signalgrass
2
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C sequestration and
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The Irish Story

* Perennial ryegrass + N fertilizer
(250 kg N/ha/yr) is the standard
in Ireland

* Multiple Species Sward (MSS)
receiving only 90 kg N/ha/yr has
shown greater delivery of
ecosystem services

Lo i
FIIFAS &

UNIVERSITY of FLORIDA 'i;




Multiple Species Swards produced more biomass with
less nitrogen fertilizer (28-d rotation)

- 20000 d
9 18000 b b I
= 16000
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=5 >, 14000 I
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2 E 8000
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Perennial ryegrass + 250 kg N/ha/yr Perennial ryegrass + white clover + 90 kg Multiple Species Sward + 90 kg N/ha/yr UF IFAS
N/ha/yr UNIVERSITY of FLORIDA

Multiple Species Sward = L. perenne, Phleum pratense, Trifolium repens, Trifolium pratense, Plantago lanceolata and Cichorium intybus :*

| FORAGE TEAM |

Adapted from Baker et al. (2023)



Treatment™

Item PRG PRGWC MULTI SEM
Dry matter intake (kg/d)
Total 17.06% 18.30° 20.14° 0.149
Forage 15.55" 16.82" 18.88° 0.160
BCS 2.96 2.99 3.06 0.053
Milk production (kg/d)
Milk yield 20.28° 20.19° 21.20° 0.437
Energy corrected milk (ECM) 23.95% 22.94" 24.80° 0.441
4% Fat corrected milk 21.637 20.78P 22.48° 0.438
Milk efficiency (ECM/DMI) 1.40° 1.19° 1.11° 0.054

McCarthy et al. (2023)

Multiple Species Sward increased DMI and Milk Yield compared with Perennial QEIAR

ryegrass and Perennial ryegrass-white clover mixture in a zero-grazing study &ﬁ

| FORAGE TEAM |




Multiple Species Sward reduced

N,O emissions

Curnulative Mo0O emissions (kg NaO-N ha™')

-
»

(250 kg N ha™" yr')

Lt
»

(90 kg M ha™" yr')

(0 kg Nha™ yr')

(45 kg N ha™" yr™')

|+|

L]
PAG

PRG + LW

Treatment

L]
FRG + HWLE

PAG + WE + P

Bracken et al. (2022)
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Take Home Messages

* Diverse swards enhance resilience,
iImproves adaptation, and help to mitigate
the negative effects of climate change

* Reducing off-farm inputs and maintaining
or increasing grassland productivity is a
key sustainable intensification for the
Anthropocene

* Multiple species swards provide more Sy | .
ecosystem services to the entire society, [ EAAEEEES o RGN UFIFAS |

and those must be valorized and F S\
recognized




| Thank you!
lheux@ufl.edu

L
gl e :..;

=

T3
-




	Engineering resilient grazing systems to improve adaptation to climate change and helping to mitigate its adverse effects
	Challenges
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Defining resilience...
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Adaptation
	Adaptation
	Adaptation	
	Diapositiva numero 14
	Temporal biodiversity
	Spatial and temporal biodiversity can improve productivity and resilience of productive systems as long as...
	Species richness and productivity
	Diapositiva numero 18
	Mitigation
	Diapositiva numero 20
	Cow reproductive efficiency is key
	Tannin-rich legumes might reduce N2O emission from excreta – the case of Lespedeza cuneata
	Successful Stories of Resilient Grazing Systems Around the Globe
	Grass-Legume Mixtures in North Florida
	Grazing System in North Florida – A Case Study
	Diapositiva numero 26
	Animal performance
	Reduction of GHG emissions
	Pollination
	Diapositiva numero 30
	Fecal δ13C
	Diapositiva numero 32
	Diapositiva numero 33
	Diapositiva numero 34
	Diapositiva numero 35
	Marandu palisadegrass and A. pintoi cv. Mandobi reduced methane emission
	Marandu palisadegrass and A. pintoi cv. Mandobi reduced nitrous oxide and ammonia emissions
	Diapositiva numero 38
	Diapositiva numero 39
	Diapositiva numero 40
	Litter deposition by tree legumes is another pathway to add N to the system
	Herbaceous vegetation increases its N concentration when mixed with tree legumes
	Diapositiva numero 43
	Multispecies Swards from Ireland
	The Irish Story
	Multiple Species Swards produced more biomass with less nitrogen fertilizer (28-d rotation)
	Multiple Species Sward increased DMI and Milk Yield compared with Perennial ryegrass and Perennial ryegrass-white clover mixture in a zero-grazing study
	Multiple Species Sward reduced N2O emissions
	Take Home Messages
	Thank you!�dubeux@ufl.edu 

