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am
m

onium
 (Phosphinothricin)-tolerant transgenic

crops.
http://w

w
w.olis.oecd.org/olis/2002doc.nsf/

43bb6130e5e86e5fc12569fa005d004c/
c351fd9d795e54c1c1256bae0051a2a8/$FILE/
JT00125605.PD

F
2004. Agbios G

M
 D

atabase.
http://w

w
w.agbios.com

/database
C

arpenter, JE and LP G
ianessi. 2001. Agricultural

biotechnology: U
pdated benefits estim

ates. N
ational

C
enter for Food and Agricultural Policy.

C
arpenter, JE, A Felsot, T G

oode, M
 H

am
m

ig, D
O

nstad and S Sankula. 2002. C
om

parative
Environm

ental Im
pacts of Biotechnology-derived

and Traditional Soybean, C
orn, and C

rops. C
ouncil

for Agricultural Science and Technology, Am
es,

Iow
a. http://www.cast-science.org

D
ale, PJ, B C

larke, and EM
G

 Fontes. 2002. Potential
for the environm

ental im
pact of transgenic crops.

N
ature Biotechnology. 20. p-567-574.

Extension Toxicology N
etw

ork. 1996. Pesticide
inform

ation profile, G
lyphosate.

http://ace.ace.orst.edu/info/extoxnet/pips/
glyphosa.htm

Felsot, AS. 2000. H
erbicide tolerant genes: Part 1:

Squaring up R
oundup R

eady crops. Agri-chem
ical

and Environm
ental N

ew
s. 173:8-15.

Jam
es, C

. 2005. G
lobal Status of C

om
m

ercialized
B

iotech/G
M

 C
rops: 2005. ISAAA Briefs N

o. 34.
ISAAA: Ithaca, N

Y.

A
sk

 a
ny

 fa
rm

er
 a

nd
 h

e 
w

ill
 s

ur
el

y
te

ll 
yo

u 
th

at
 w

ee
ds

 a
re

 a
 c

on
st

an
t

pr
ob

le
m

. W
ee

ds
 n

ot
 o

nl
y

co
m

pe
te

 w
ith

 c
ro

ps
 fo

r 
w

at
er

, n
ut

rie
nt

s,
su

nl
ig

ht
, a

nd
 s

pa
ce

 b
ut

 a
ls

o 
ha

rb
or

in
se

ct
 a

nd
 d

is
ea

se
 p

es
ts

; c
lo

g 
irr

ig
at

io
n

an
d 

dr
ai

na
ge

 s
ys

te
m

s;
 u

nd
er

m
in

e 
cr

op
qu

al
ity

; a
nd

 d
ep

os
it 

w
ee

d 
se

ed
s 

in
to

cr
op

 h
ar

ve
st

s.
 If

 le
ft 

un
co

nt
ro

lle
d,

 w
ee

ds
ca

n 
re

du
ce

 c
ro

p 
yi

el
ds

 s
ig

ni
fic

an
tly

.

Fa
rm

er
s 

ca
n 

fig
ht

 w
ee

ds
 w

ith
 ti

lla
ge

,
ha

nd
 w

ee
di

ng
, h

er
bi

ci
de

s,
 o

r t
yp

ic
al

ly
 a

co
m

bi
na

tio
n 

of
 a

ll 
te

ch
ni

qu
es

. U
nf

or
tu

-
na

te
ly

, t
ill

ag
e 

le
av

es
 v

al
ua

bl
e 

to
ps

oi
l

ex
po

se
d 

to
 w

in
d 

an
d 

w
at

er
 e

ro
si

on
, a

se
rio

us
 lo

ng
-te

rm
 c

on
se

qu
en

ce
 fo

r 
th

e
en

vi
ro

nm
en

t. 
Fo

r t
hi

s 
re

as
on

, m
or

e 
an

d
m

or
e 

fa
rm

er
s 

pr
ef

er
 re

du
ce

d 
or

 n
o-

til
l

m
et

ho
ds

 o
f f

ar
m

in
g.

S
im

ila
rly

, m
an

y 
ha

ve
 a

rg
ue

d 
th

at
 th

e
he

av
y 

us
e 

of
 h

er
bi

ci
de

s 
ha

s 
le

d 
to

gr
ou

nd
w

at
er

 c
on

ta
m

in
at

io
ns

, t
he

 d
ea

th
of

 s
ev

er
al

 w
ild

lif
e 

sp
ec

ie
s 

an
d 

ha
s 

al
so

be
en

 a
ttr

ib
ut

ed
 to

 v
ar

io
us

 h
um

an
 a

nd
an

im
al

 il
ln

es
se

s.
  

D
e
v
e
lo

p
m

e
n

t 
o
f 

G
ly

p
h

o
sa

te
a
n

d
 G

lu
fo

si
n

a
te

 H
e
rb

ic
id

e
T
o
le

ra
n

t 
P
la

n
ts

H
er

bi
ci

de
-to

le
ra

nt
 (H

T)
 c

ro
ps

 o
ffe

r
fa

rm
er

s 
a 

vi
ta

l t
oo

l i
n 

fig
ht

in
g 

w
ee

ds
an

d 
ar

e 
co

m
pa

tib
le

 w
ith

 n
o-

til
l

m
et

ho
ds

, w
hi

ch
 h

el
p 

pr
es

er
ve

 to
ps

oi
l.

Th
ey

 g
iv

e 
fa

rm
er

s 
th

e 
fle

xi
bi

lit
y 

to
 a

pp
ly

he
rb

ic
id

es
 o

nl
y 

w
he

n 
ne

ed
ed

, t
o

co
nt

ro
l t

ot
al

 in
pu

t o
f h

er
bi

ci
de

s 
an

d 
to

us
e 

he
rb

ic
id

es
 w

ith
 p

re
fe

rr
ed

en
vi

ro
nm

en
ta

l c
ha

ra
ct

er
is

tic
s.

 

Th
e 

ta
nd

em
 te

ch
ni

qu
e 

of
 s

oi
l-t

ill
in

g
an

d 
he

rb
ic

id
e 

ap
pl

ic
at

io
n 

is
 a

n
ex

am
pl

e 
of

 h
ow

 fa
rm

er
s 

co
nt

ro
l

w
ee

ds
 in

 th
ei

r f
ar

m
s.

G
en

er
al

ly
, t

he
y 

til
l t

he
ir 

so
il 

be
fo

re
pl

an
tin

g 
to

 re
du

ce
 th

e 
nu

m
be

r o
f

w
ee

ds
 p

re
se

nt
 in

 th
e 

fie
ld

. T
he

n
th

ey
 a

pp
ly

 b
ro

ad
-s

pe
ct

ru
m

 o
r 

no
n-

se
le

ct
iv

e 
he

rb
ic

id
es

 (o
ne

 th
at

 c
an

W
e
e
d
 C

o
n

tr
o
l 
P
ra

c
ti

c
e
s

UNIVERSITY OF NEBRASKA PHOTO

USDA PHOTO

ki
ll 

al
l p

la
nt

s)
 to

 fu
rth

er
 re

du
ce

 w
ee

d
gr

ow
th

 ju
st

 b
ef

or
e 

th
ei

r c
ro

p
ge

rm
in

at
es

.  
Th

is
 is

 to
 p

re
ve

nt
 th

ei
r

cr
op

s 
fro

m
 b

ei
ng

 k
ill

ed
 to

ge
th

er
 w

ith
th

e 
w

ee
ds

.  
W

ee
ds

 th
at

 e
m

er
ge

du
rin

g 
th

e 
gr

ow
in

g 
se

as
on

 a
re

co
nt

ro
lle

d 
us

in
g 

na
rr

ow
-s

pe
ct

ru
m

 o
r

se
le

ct
iv

e 
he

rb
ic

id
es

. U
nf

or
tu

na
te

ly
,

w
ee

ds
 o

f d
iff

er
en

t t
yp

es
 e

m
er

ge
 in

th
e 

fie
ld

, a
nd

 th
er

ef
or

e,
 fa

rm
er

s 
ha

ve
to

 u
se

 s
ev

er
al

 ty
pe

s 
of

 n
ar

ro
w

-
sp

ec
tru

m
 h

er
bi

ci
de

s 
to

 c
on

tro
l t

he
m

.
Th

is
 w

ee
d 

co
nt

ro
l m

et
ho

d 
ca

n 
be

ve
ry

 c
os

tly
 a

nd
 c

an
 h

ar
m

 th
e

en
vi

ro
nm

en
t.

R
es

ea
rc

he
rs

 p
os

tu
la

te
d 

th
at

 w
ee

d
m

an
ag

em
en

t c
ou

ld
 b

e 
si

m
pl

ifi
ed

 b
y

sp
ra

yi
ng

 a
 s

in
gl

e 
br

oa
d-

sp
ec

tru
m

he
rb

ic
id

e 
ov

er
 th

e 
fie

ld
 a

ny
tim

e
du

rin
g 

th
e 

gr
ow

in
g 

se
as

on
. 



T
e
c
h

n
o
lo

g
y
 B

a
c
k
g
ro

u
n

d

H
o
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 th
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se

 h
e
rb

ic
id

e
s w

o
rk

?
These herbicides target key enzym

es in the
plant m

etabolic pathw
ay, w

hich disrupt
plant food production and eventually kill it.
S

o how
 do plants elicit tolerance to

herbicides? S
om

e m
ay have acquired the

trait through selection or m
utation; or m

ore
recently, plants m

ay be m
odified through

genetic engineering.

W
h

y
 d

e
v
e
lo

p
 H

T
 c

ro
p
s?

W
hat is new

 is the ability to create a degree
of tolerance to broad-spectrum

 herbicides -
in particular glyphosate and glufosinate -
w

hich w
ill control m

ost other green plants.
These tw

o herbicides are useful for w
eed

control and have m
inim

al direct im
pact on

anim
al life, and are not persistent. They are

highly effective and am
ong the safest of

agrochem
icals to use. U

nfortunately, they
are equally effective against crop plants.

H
o
w

 d
o
 G
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p
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o
sa

te
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n
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 G

lu
fo

sin
a
te

 H
T

c
ro

p
s w

o
rk

?
1.G

lyphosate-tolerant crops
G

lyphosate herbicide kills plants by
blocking the E

P
S

P
S

 enzym
e, an

enzym
e involved in the biosynthesis of

arom
atic am

ino acids, vitam
ins and

m
any secondary plant m

etabolites.
There are several w

ays by w
hich crops

can be m
odified to be glyphosate-

A
d
v
a
n

ta
g
e
s o

f H
e
rb

ic
id

e
 T

o
le

ra
n

t C
ro

p
s

•
E

xcellent w
eed control and hence higher crop yields;

•
Flexibility – possible to control w

eeds later
in the plant’s grow

th;
•

R
educed num

bers of sprays in a season;
•

R
educed fuel use (because of less

spraying);
•

R
educed soil com

paction (because of less
need to go on the land to spray);

•
U

se of low
 toxicity com

pounds w
hich do not

rem
ain active in the soil; and

•
The ability to use no-till or conservation-till
system

s, w
ith consequent benefits to soil

structure and organism
s (Felsot, 2000).

A study conducted by the A
m

erican S
oybean A

ssociation (A
S

A
) on tillage frequency on soybean

farm
s show

ed that significant num
bers of farm

ers adopted the “no-tillage” or “reduced tillage”
practice after planting herbicide-tolerant soybean varieties.  This sim

ple w
eed m

anagem
ent

approach saved over 234 m
illion gallons of fuel and left 247 m

illion tons of irreplaceable topsoil
undisturbed.  

T
o
x
ic

ity
 a

n
d
 A

lle
rg

e
n

ic
ity

G
overnm

ent regulatory agencies in several
countries have ruled that crops possessing
herbicide-tolerant conferring proteins do not
pose any other environm

ental and health
risks as com

pared to their non-G
M

counterparts.

Introduced proteins are assessed for
potential toxic and allergenic activity in
accordance w

ith guidelines developed by
relevant international organizations. They are
from

 sources w
ith no history of allergenicity

or toxicity; they do not resem
ble know

n
toxins or allergens; and they have functions,
w

hich are w
ell understood.

E
ffe

c
ts o

n
 th

e
 P

la
n

ts
The expression of these proteins does not
dam

age the plant’s grow
th nor result in

poorer agronom
ic perform

ance com
pared to

parental crops.  E
xcept for expression of an

additional enzym
e for herbicide tolerance or

S
a
fe

ty
 A

sp
e
c
ts o

f H
e
rb

ic
id

e
 T

o
le

ra
n

c
e
 T

e
c
h

n
o
lo

g
y

the alteration of an already existing enzym
e,

no other m
etabolic changes occur in the

plant.

P
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v
a
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e
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ss

o
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ro
p
s

A m
ajor environm

ental concern associated
w

ith herbicide-tolerant crops is their potential
to create new

 w
eeds through outcrossing

w
ith w

ild relatives or sim
ply by persisting in

the w
ild them

selves. This potential, how
ever,

is assessed prior to introduction and is also
m

onitored after the crop is planted. The
current scientific evidence indicates that, in
the absence of herbicide applications, G

M
herbicide-tolerant crops are no m

ore likely to
be invasive in agricultural fields or in natural
habitats than their non-G

M
 counterparts

(D
ale et al., 2002).

The herbicide-tolerant crops currently in the
m

arket show
 little evidence of enhanced

persistence or invasiveness.

In 2005, herbicide- tolerant crops occupied the largest planting area w
ith over 63.7 m

ha of the
90 m

ha total planted to G
M

 crops (Jam
es, 2005).  The m

ost com
m

on are the glyphosate and
glufosinate tolerant varieties.  The follow

ing table show
s countries that have approved m

ajor H
T

crops for food use.

C
u
rre

n
t S

ta
tu

s o
f H

e
rb

ic
id

e
 T

o
le

ra
n

c
e

A
rgentine C

anola
A

ustralia; C
anada; E

uropean U
nion (E

U
); Japan; P

hilippines; U
nited

States (U
S

)
C

otton
A

rgentina; A
ustralia; C

anada; Japan; P
hilippines; S

outh A
frica (S

A
);

U
S

M
aize

A
rgentina; A

ustralia; C
anada; E

U
; Japan; K

orea; P
hilippines; S

A
;

S
w

itzerland; U
nited K

ingdom
 (U

K
); U

S
R

ice
U

S
Soybean

A
rgentina; A

ustralia; B
razil; C

anada; C
zech R

epublic; Japan; K
orea;

M
exico; P

hilippines; R
ussia; S

A
; S

w
itzerland; U

K
; U

S
; U

ruguay

C
rop

C
ountries
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tolerant. O
ne strategy is to incorporate

a soil bacterium
 gene that produces a

glyphosate-tolerant form
 of E

P
S

P
S

.
A

nother w
ay is to incorporate a

different soil bacterium
 gene that

produces a glyphosate degrading
enzym

e.

2.G
lufosinate-tolerant crops

G
lufosinate herbicides contain the

active ingredient phosphinothricin,
w

hich kills plants by blocking the
enzym

e responsible for nitrogen
m

etabolism
 and for detoxifying

am
m

onia, a by-product of plant
m

etabolism
. C

rops m
odified to tolerate

glufosinate contain a bacterial gene
that produces an enzym

e that
detoxifies phosphonothricin and
prevents it from

 doing dam
age.

O
ther m

ethods by w
hich crops are

genetically m
odified to survive exposure

to herbicides including: 1) producing a
new

 protein that detoxifies the herbicide;
2) m

odifying the herbicide’s target protein
so that it w

ill not be affected by the
herbicide; or 3) producing physical or
physiological barriers preventing the entry
of the herbicide into the plant. The first
tw

o approaches are the m
ost com

m
on

w
ays scientists develop herbicide tolerant

crops.  

S
ource: A

gbios G
M

 D
atabase (2004) http://w

w
w

.agbios.com
/database


