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Breeding is accelerated evolution



Source: Detail from The Stone Age’ (1882-1885); painting by Viktor M. Vasnetsov.

Stone Age hunter-gatherers



Threshing wheat, ~1400 BCE, Egypt

Source: The Yorck Project Gesellschaft für Bildarchivierung GmbH
The Neolithic Revolution began ~10,000 years ago
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Early	human	domesticators	preserved	and	propagated	plants	that	had	favorable	traits	
à initially	unintentional	à led	to	genetic	changes

Crop	Domestication
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• Plant architecture

• Ear structure

• Seed structure

• Seed coloration

Source: maize.uga.edu

Eventually, domesticated crops looked, tasted, and behaved quite differently from their wild ancestors 
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Domestication of crops from their wild relatives changed the genetics of these species and 
ultimately gave rise to an interdependence of human and plant 
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1967: Indian farmer Nekkanti Subbarao – “Mr. IR8”
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multiple cropping systems. Even IR8 and sub-
sequent varieties, which matured in 130
days10, did not leave sufficient time in one
rainy season to grow another crop of rice.
Therefore, improved varieties were developed
that had even shorter growth duration by
incorporating ef (early flowering) genes for
early maturity. So, varieties with a duration of
110 days or even 105 days were developed.
However, yield is a primary consideration in
developing new varieties and, therefore, dur-
ing the selection process, only those short-
duration lines with yield potentials that
match those of medium-duration varieties
are saved. The key to the success of this pro-
gramme was the selection of plants with rapid
vegetative vigour at earlier growth stages11.
Because they have higher growth rates at early
stages, short-duration varieties are able to
produce about the same biomass in 110–115
days as the medium-duration varieties do in
130–135 days. Under most situations, the
yields of early- and medium-growth duration
varieties are similar. However, because the
short-duration varieties produce the same
amount of grain in fewer days than medium-
duration varieties, their per-day productivity
is much higher.

The growth duration of wheat varieties
was similarly reduced by incorporating the
Pdp1 and Pdp2 genes that cause photoperiod
insensitivity4. Short-duration varieties grow
rapidly during the VEGETATIVE PHASE and,
because they compete better with weeds,
weed-control costs are reduced and, as they
use less irrigation water, production costs fall.

Resistance to biotic stresses. The varietal com-
position and cultivation practices for rice and
wheat changed markedly with the introduc-
tion of high-yielding varieties. A relatively
small number of varieties replaced literally
thousands of traditional varieties, thereby
reducing the genetic diversity of these crops12.
Farmers started using improved cultivation
practices, such as applying higher doses of fer-
tilizers and establishing higher plant popula-
tions per unit area. The development of irri-
gation facilities and the availability of
short-duration, photoperiod-insensitive vari-
eties enabled the farmers in tropical Asia to
grow successive crops of rice throughout the
year — practices that led to an increase in dis-
ease incidence and insect numbers.

Because the chemical control of diseases
and insects for prolonged periods in tropical
climates is impractical, the use of host-plant
resistance to disease and insect control is the
logical approach to overcome these produc-
tion constraints. A major emphasis was
placed on developing GERMPLASM that can

Wide adaptation. Many of the traditional
varieties of rice were PHOTOPERIOD SENSITIVE and,
because they had been selected for adaptation
to specific environments, their cultivation was
restricted to one season. However, most of the
improved varieties have been made insensi-
tive to photoperiod by the introduction of the
se1 (photoperiod-insensitivity) gene, and can
be grown during any season and in most
tropical and subtropical countries provided
the temperatures are favourable. For example,
the IR8 variety of rice, which was released in
1966 by the IRRI, gave double the yield of
previous rice varieties when grown in irrigat-
ed conditions, as it was more responsive to
fertilizers. IR8 also had wide adaptation (fea-
tures that earned it the name of ‘Miracle
Rice’): it was grown in most of the rice-grow-
ing countries of Asia, Africa and Latin
America. Most of the subsequent releases
have similar wide adaptation. Wide adapta-
tion was also incorporated into improved
varieties of wheat by using the shuttle breed-
ing approach, as discussed in BOX 2.

Short growth duration. The availability of
short-duration varieties has led to large
increases in cropping intensity, greater on-
farm employment, increased food supplies
and higher food security in many countries.
Most traditional varieties of rice in tropical
and subtropical Asia matured in 160–170
days and many were photoperiod sensitive.
These were suitable for growing one crop of
rice a year during the rainy season but not for

Rht1 or Rht2 , for reduced height in wheat4,
from a Japanese variety Norin 10. Because
plants with these so-called ‘dwarfing’ genes
put less resources into straw production,
they put more into the developing grain, so
increasing the harvest index by over 60%.
The short-statured varieties of rice and
wheat also had a combination of other
desirable traits, such as high TILLERING, dark
green and erect leaves for better use of solar
energy, as well as sturdy stems. Short stature
and stem sturdiness resulted in higher
responsiveness to nitrogenous fertilizer. So,
with the application of fertilizer, the yield
potential doubled to about 9 tons ha−1, con-
stituting an important breakthrough in the
history of crop improvement. The gains in
yield obtained through genetic manipula-
tion in commercial hybrids of temperate
maize (in the United States and Canada)
were accompanied by large and consistent
improvements in resistance to root lodging,
stalk lodging, premature plant death and
barrenness (plants without cobs). The
increase in yield potential has mainly come
from the plants being able to withstand
increased planting densities, and not from
any marked reduction in plant height or
rise in harvest index9. In tropical maize,
however, harvest index was improved
through reduction in plant height2.
Reduction in height was based on selection
for polygenic variation as compared with
rice and wheat, in which major genes were
used to decrease height.

Figure 1 | Sketches of different plant types of rice. Left, tall conventional plant type. Centre, improved
high-yielding, high-tillering plant type. Right, new plant type (‘Super Rice’) with low tillering but sturdier
stems, and with a larger number of grains per panicle. (Reproduced with permission from REF. 36.)
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Submergence constrains rice production in flood-prone regions

source: Geology Dept., 
Aligarh Muslim University

Vergara and Mazaredo 1975; HilleRisLambers and Vergara 1982; Mohanty and Chaudhary 1986; 
Mackill et al. 1993; Mackill et al. 1996

Source: IRRI Flickr

Farmer re-transplanting rice field due to floods



Xu and Mackill 1996; Xu et al. 2006; Septiningsih et al., 2009; Bailey-Serres et al. 2010

Development of submergence-tolerant rice
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Source: Ismail et al. 2013
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Flood-affected rice fields (10d submergence) (UP, India). Photo taken 27 days after water receded

Source: Singh et al. 2013



Source: IRRI Source: IRRI RiceToday

with IR8 in 1967 with Swarna-Sub1 in 2009

Farmer Nekkanti Subbarao

By 2012, 4 million farmers across India, Bangladesh and Nepal 
adopted Sub1 varieties



Sub1 RevolutionNeolithic Rev.

Green Rev.19
60

s-
70

s

20
00

s-
10

s

10
,0

00
 B

C
E

You are here

Unconscious 
selection

Visual 
selection

Marker-assisted 
selection



1970 2015

Source: Data from Ministry of Agriculture, GOI

Trends in rice (paddy) area, production, and yield in India 1970-2015



Climate change will increase the urgency 
with which breeders make selection
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How can breeders make selection 
for new scenarios that may not 

already exist?
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Source: ICRISATSource: Jeremy Weate/Flickr

Nigerian rice farmers at harvest Indian rice farmer using a pest management mobile app


