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CO, diffusion into leaves
is restricted by stomatal
resistance to diffusion.
Inverse of resistance is
Stomatal conductance, g,

At the level of the individual leaf

Microscopic
pores called
stomata,

allow CO, to

From Fick’s Law:
be gained by G
the leaf, but I Stomata g, (C, - Cj)=A
water vapour i
to be lost, ll.
Rate of CO, assimilation, A
Fig. 1 Fig. 2
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The Magical Mystery Tour from Physics and
Applied Mathematics to Plant Physiology
Graham Farquhar

It is a great honour to receive the Kyoto Prize for Basic Sciences for 2017 in the
field of Biological Sciences. I am very grateful to the Inamori Foundation for having
chosen me. I am also very happy to have this opportunity to present what we have been
doing over the past 47 years in environmental biophysics and plant physiology.

When plants started extensively colonising the land in the Devonian, 420 Ma
(million years ago), they gained access to light and nutrients, but exposed themselves to
the danger of desiccation. They evolved a waterproof outer cuticle with small openings,
called stomata, to allow, and control the rate of, the inward diffusion of atmospheric
carbon dioxide. Inevitably, water vapour escapes from the leaf through the stomata
when they are open (Figs. 1, 2). This introduces a fundamental dilemma for plants: how
to organise the stomatal opening in such a way that, somehow, carbon dioxide uptake is
maximal, but water loss is minimal. This dilemma, and the ways in which plants have
solved it, is fundamental to plant success, and is a basic feature determining ecosystem
organisation, and agricultural crop yield.

But first my own origins and evolution as a plant scientist.

I was born in 1947 in Hobart, the capital of Tasmania, the island state to the south
of Australia (Fig. 3)—and yes, that makes me the first Kyoto Prize winner born in
Oceania. My mother (Fig. 4) was a primary school teacher until I was born, and my

Betty Ella Farquhar,
(née Smith) 1946

Fig. 3 Fig. 4

father (Fig. 5) was studying agricultural science (Fig. 6). This involved us moving
between Hobart, Melbourne, and Horsham in western Victoria. After graduating (Fig. 7),
he became an agricultural extension agent in the Huon Valley, south of Hobart, taking
scientific developments to farmers, and presumably informing the scientists of
successful initiatives by the farmers.

Both my parents had grown up ‘on the land’, i.e. on farms. Mum'’s father was a
contractor doing chaff-cutting (Fig. 8), grain grading etc—he owned various machines
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Reginald Noel Farquhar

with Graham at 5 weeks

old. Jun 1948) Reg Farqubar (sccond from left). Agricultural College 1948
Fig. 5 Fig. 6
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New graduoate. Reg, with Betry & Graham (1950) Sydney Smith's chafl cutter 1941
Fig. 7 Fig. 8
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Steam traction engine

Museums Victoria Collections

hitps//eollectisns museumvictoriacom.an/items/ 406377
Accessed (5 October 2017 Reginald Noe! Farquhar (centre) and his brothers, 1946

Fig. 9 Fig. 10

The first Vauxhall
(Wyvern?),
Hobart

The second
Vauxhall, a Velox,
looked like this in
Burnic

and sometimes employed a number of people to help operate them. He owned a couple
of traction engines (steam-powered, Fig. 9) with a stone crushing plant and a harvester
and a chaffcutter. There was an oat drum and a wheat drum.

On Dad’s side, his father often had to leave home during the 1930s Depression, to
work in tin mines, or run a general store at a remote mining site, leaving my
grandmother and Dad and his three brothers (Fig. 10) to run the small farm. Dad left
school in seventh grade and it was only thanks to rehabilitation opportunities after the
War (WWII) that he was able to finish high school, and gain admission to university.

In about 1951 we moved from Hobart to Burnie on Tasmania’s northwest coast.
Dad was the District Agricultural Officer. We had a green Vauxhall Velox car (probably a
1948 model, Fig. 11) that was also used to visit the farmers in the region. Dad carried
bags of superphosphate and of molybdenum in the boot of the car, as molybdenum,
although a trace element, was a common soil deficiency at the time in the old Australian
soils. Sometimes he'd be given bags of ‘spuds’ (potatoes) by grateful farmers. My first
brother, David (Figs. 12, 13), was born in 1952. Some weekends or holidays we would




























































