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An Important Factoid Regarding Grains

You eat the seeds.
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Why?
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Food Systems
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@ Nutrient sequestration
Soil formation
Soil retention
Pollination
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Is it possible?

Average Head Diameter

Positive | No correlation ! Negative
correlation Significant Significant correlation
at p=0.05 at p=0.05
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Is it possible?
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Is it possible?

Jun 15 — Jun 28
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Is it possible?
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Is it possible?

IM1F1 with one cycle of selection
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Perennial wheat Perennial maize Perennial sorghum
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The Game Plan

@ Using a model of natural selection. ..
e Reproduce what we see in nature

@ Using the same model under artificial selection. ..
e Show something new
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Physiologic System
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Physiologic Equations

Energy comes in

d
aseeds: Gs(t) - wi — st - Ms

%Ieaves: G(t) - wi—h- -W(t)—hL M,

%roots: G(t) i —n-W(t)—n-M,
d . merh Nr€rrt
. = Nw 7'Esun 7—'Erain
dtreserve Mw - min (max(K/, h + k) (t) max(Kr, n + r) (t)>
+ Il . Wl(t) . QI +n- Wr(t) . Qr
—w - (Gs(t)- G+ Gi(t)- G+ G (t)- C)
— 51 - Rs(t) — - R/(t) —n- R,(t)

—w - M,

(1)
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Physiologic Equations

Energy is derived from two sources, consider one

d
aseeds: Gs(t) - wi — st - Ms

%Ieaves: G(t) - wi—h- -W(t)—hL M,

%roots: G(t) i —n-W(t)—n-M,
d . merh Nr€rrt
. = Nw - /7 Esun S Y Erain
dtreserve M - min ( max(Ki, h + h) (t) max(Kr, rn + r2) (t))
+ Il . Wl(t) . QI +n- Wr(t) . Qr
—w - (Gs(t)- G+ Gi(t)- G+ G (t)- C)
— 51 - Rs(t) — - R/(t) —n- R,(t)

—w - M,

(1)
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Physiologic Equations

Energy/Inputs are combined to a useable form

d
aseeds: Gs(t) - w1 —s1- Ms

%Ieaves: G/(t) cwy — - VV/(t) —h-M

%roots: G(t) - wi—n - Wi(t)—nn-M,

d B €l rErl
75 eserve = nw { min <m - Esun(t), m : Erain(t))
+h-Wi(t) Q+rn-Wi(t) Q
—wi - (Gs(t)- G+ G(t)- G+ G (t)- C)
—s51-Rs(t) — h- R(t) — n - Re(t)
—w - M,
(1)
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Physiologic Equations

This can be viewed in terms of biomass

%seeds: Gs(t) - wr — 51+ Ms

%Ieaves: G(t) - wi—h -W(t)—h-M

%roots: G(t) wvi —n-W(t)—n-M,

d . 77/6//1 nrern
i = N+ _— . Equn t), ———— Erain t
dtreserve n min (maX(K/, /1 + l2) S ( ) max(Kr, "+ I’2) ( ))

+h-Wi(t) Q+n- Wi(t) Q

—wr - (Gs(t) - G+ Gi(t) - G+ G (t)- C)
—s1-R(t)—h-Ri(t)—n-R(t)

—wy - M,

(1)
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Physiologic Equations

Parts of the plant Grow

d
aseeds: Gs(t) - w51+ Ms

%Ieaves: G(t) - wi—h- -Wi(t)—hL- M,

%roots: G(t) min-W(t)—n-M,
d . merh Nr€rrt
- = TNw - 7, 7 Esun y T ., N Erain
dtreserve M - min (max(K/7 h+ k) (t) max(Kr, n + r) (t))
+ Il . Wl(t) . QI +n- Wr(t) . Qr
—w - (Gs(t)- G+ Gi(t)- G+ G (t)- C)
— 51 - Rs(t) — - R/(t) —n- R,(t)

—w - M,

(1)
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Physiologic Equations

Growth comes at the expense of the reserve

d
aseeds: Gs(t) - wi — st - Ms

%Ieaves: G(t) - wi—h- -W(t)—hL M,

%roots: G(t) i —n-W(t)—n-M,
d . nerh Nr€rrt
- = TNw - 7, 7 Esun y T ., N Erain
dtreserve M - min (max(K/7 h+ k) (t) max(Kr, n + r) (t))
+ Il . Wl(t) . QI +n- Wr(t) . Qr
— w1 (Gs(t) - G+ Gi(t) - G+ G(t) - C)
— 51 - Rs(t) — - R/(t) —n- R,(t)

—w - M,

(1)
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Physiologic Equations

Biomass Respires

d
aseeds: Gs(t) - wi — st - Ms

%Ieaves: G(t) - wi—h- -W(t)—hL M,

%roots: G(t) i —n-W(t)—n-M,
d . merh Nr€rrt
- = TNw - 7, 7 Esun y T ., N Erain
dtreserve M - min (max(K/7 h+ k) (t) max(Kr, n + r) (t))
+ Il . Wl(t) . QI +n- Wr(t) . Qr
—w - (Gs(t)- G+ Gi(t)- G+ G (t)- C)
— 51 - Rs(f) — - R/(t) —n - Rr(t)

—w - M,

(1)

Barnes et. al Perennial Grains



Physiologic Equations

Biomass has Mortality

d
aseeds: Gs(t)-w —s1- Ms

d
aleaves: G(t)-wi—h-W(tf, —h-M

%roots: G(t) i —n-W(t| —n-M,
! r€rh
%reserve =1y - min (ﬁ - Esun(t), m : Erain(t))
+h-W(t) Q+n-Wi(t) Q
—wi - (Gs(t)- G+ G(t)- G+ G(t)- C)
—s1-Rs(t) — - R(t) — n- Re(t)
—w - M,
(1)
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Physiologic Equations

Biomass can be Withdrawn

d
&seeds: Gs(t) - wr — 51+ Ms

%Ieaves: G(t)-w —h-Wi(t)—h-M,

%roots: G(t)w —n-W(t)r- M,

d . nerh Nrérn
— =Ny - 7'Esun t,—' rain
g reserve = nw - min <maX(K/,/1 ) (t) max(Ko, n + 12) Erain(t)

+h-Wi(t) Q+n- Wi(t) Q

—wr - (Gs(t) - G+ Gi(t) - G+ G (t)- C)
—s1-R(t)—h-Ri(t)—n-R(t)

—w - M,

(1)
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Physiologic Equations

Some Withdrawn biomass can be regained

d
aseeds: Gs(t) - wi — st - Ms

%Ieaves: G(t) - wi—h- -W(t)—hL M,

%roots: G(t) i —n-W(t)—n-M,
d . merh Nr€rrt
- = TNw - 7, 7 Esun y T ., N Erain
dtreserve M - min (max(K/7 h+ k) (t) max(Kr, n + r) (t))
aF /1 . VV/(t) . Ql +n - Wr(t) . Qr
—w - (Gs(t) - G+ Gi(t)- G+ G (t)- C)
— 51 - Rs(t) — - R/(t) —n- R,(t)

—w - M,

(1)

Barnes et. al Perennial Grains



Growth & Withdrawal Functions

Piecewise linear interpolations One point per month
Last year repeats
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Breeding: Genetics

T T AT T 1T (ITTTTITITTTT]

Crossover

T T ETT T T 1

Point Mutations
CITT T ITTTTT]
4 4+

Crossover points drawn from uniform distribution

°

@ Mutation points drawn from uniform distribution
@ Mutation degree drawn from normal distribution
°

Gene values always > 0

Barnes et. al Perennial Grains



Breeding: Population

50 variants placed in pairwise competition: 2500 plots
Competitions last 8 years
Death during a competition — Replanting

Representation in breeding pool proportional to harvest

e 6 6 o o

50 new variants generated
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Menagerie

Competition
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Menagerie

Root Perennial
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Menagerie

Root Perennial
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Menagerie

Reservoir Perennial

Grain A

LR RN R RN R R AR RN RNl RN NN RN RN IR RN RN E R RNy R R RRR RS TN
opts

aves

IV

PN JASCIND) PV | )] BV | ASCIND) Fiviaiv] | ASCIND)| FvIAM] | ASCIND) FIVIV] ] ASCIND) FviAM) | ASCIND) PV | ASCND

rd
I

orRNWEOO
T
jig
L
oRNMWROO

Grain B
3 T T T T T T T T ) 3
25 L Rogts —— | » 5
2 2
15 15
1k 1
05 - 0.5
0 i n L 0

JIRVAM]) | ASCIND)| Aviivl] | ASCND|| AV | ASCID)| Rviah] | ASCRD)| AVAM) | ASCRD)J| vl | ASOND)| RVIAMY | ASCRD)| RISV | ASCRD

Costs
4 T T R T T T T T R T T T T AT T T T TR T 4
35 - n =435
3 n =43
25 st 425
2 - =42
15 - —4 15
1 - =41
05 g 0.5
o Deidiy PSR, o SR h S0 NI d b SURRI A A W ARRn 4 Df el g

JAVAM) J ASCIMD) AV ] ASCRD) AVAM) | ASCRD) vl | ASCRD) AVAM) | ASCRD) FviEM) | ASCRD) AVIAVI] | ASCRD) RVaM] ] ASCRD

Barnes et. al Perennial Grains



Menagerie

Reservoir Perennial
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Menagerie

Annual
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Menagerie

Biennial
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