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Chemical Control of Plant Growth

E. C. HUMPHRIES

That the form of plants, and the relative proponions of their different
piuts, can change greatly is evident from the differences between plants ol.
one. variety when grown in different environments. The sequence of
environmenlal changes that gives the greatest yield of either total dry
matter or the economically important parts of the plant can be discovered
experimentally, but the scope for increasing yield offield crops by changing
the environment is smalt. There is more scope in changing the rnorphol-og!
and development of the plant to suit the environmeni, ana the targii
potential yield of new than of old varieties of some crop plants reflect the
success ofthe plant breeder in doing this. However, plani breedins is a slow
process, and with the knowledge that the effects of the environ-ment are
mediared by the changes in the content and distribution of end.ogenous
growth substances (chemicals produced within the plant that affeclt such
processes as cell division and extension), there comes the possibility of
altering the,growth and morphology of existing yarieties in ways that will
increase yield.
{his p_aper discusses this possibility and describes how growth regulators

affect plant form; a growth regulator is defined as Jther a n-aturally
occurring or a synthetic chemical that, rvhen applied to plants in small
amounts, changes their form by altering the relative proponions of its
component parts (Humphries, 1967).

Hormone weedkillers are grolyth regulators, but I shall not consider
them though_ they represent by far the largest use yet ofgrowth regulators in
agriculture. I shall deal only with chemicals applied to change th;form and
growth of crop plants directly. Research on such chemicals was stimulated
by the discovery of gibberellic acid, gibberellin A3, first identified as a
metabolic -product of the fungus Fusariun moniliforrne. This greatly
increased the growth of some plants, especially of thiir stems, but-some-
times also of leaves, and increased total dry weight. Regrettabiy the early
promise that gibberellic acid could be used to increase irop yieid has not
been realiscd, although only few tests have been made on neld 

".op,because it is exlmsive. However, a claim that cheaper unrefiued prepara-
tions increase yields ofsugar cane (Tanimoto & Ni;keu, 1960 im;fies the
need for further tests.

The chemicals whose efects and interactions I shall consider are:

libbere0ic Acid, a naturally occurring growth regulator that increases
both crll division and cell gowth.

CCC(2-chloroethyl-trimethylammonium chloride), a synthetic chemical
that inhibits gibberellin synthesis, slows cell division, lessens apical
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dominance, causing more branches to develop, and strengthens stems of
cereals,

,89 (N-dimethylaminosuccinamic acid), a synthetic chemical that stunts
plant $owth, probably by interfering with auxin synthesis (e.g. Cooper
et al., 1968).

Morphtctins, which are synthetic derivatives of fluorene carboxylic acid,
and chemically related to the gibbereltins, but with Yery different
properties. The morphactins stunt plant growth at smaller concentrations
than CCC or 89.

Etfuel Q*hloroetbylphosphonic acid), a chemical that causes growth
changes by liberating ethylene in the plant.

Effects of growth regulctors on Intato€s

The yield ofpotatoes could be increased if a greater proportion ofthe total
dry weight could be made to pass into the tubers, or if the dry weight could
be increased by increasing the leaf area or by prolonging the life of the
haulm. Gibberellic acid usually increases stem extension, but not of potato
plants except when nitrogen is deficient (Humpbries & French, 1960) or
when potato seed pieces are soaked in concentrated solutions (Dyson &
Humpbries, 1966)- It increased the areas of some leaves and increased the
yield ofdry matter, (Humphries & French, 1960, t961, 1963) and sonetimes
tuber yield (Humpbries & French, 1963). Treated leaves had larger cells

and more cells per leaf (Humphries & French, 1963). Apparently gibberellic
acid affected only growing leaves or those that had reached a minimum size

in the apical primordium, but by enough to increase dry matter. It also
increased tuber number but made them smaller and shortened the dormant
period (Humphries, 1958; and Humphries & French, 1960). Gibberellic
acid increases the activity of hydrolysing enzymes and this may be why
treated potato leaves have less total nitrogen and protein per unit area than
untreated (Humphries & French, 196l). As gibberellic acid also makes the
root system smaller, the paler colour of the leaves could imply that the
roots were not absorbing enough nitrogen, but spraying the leaves of
treated plants with urea did not affect their appearance (Humphries &
French, 1963).

The ability of gibberellic acid to break tuber dormancy could be an
advantage if the precocious growth were subsequently checked by applying
inhibitors. Krug (1963) found a balanced combination ofthe inhibitor CCC
and gibberellic acid produced compact plants in the dim light ofwinter, but
Dyson (1965) found that applying CCC to soil containing seed piects
soaked in 50 mg/l gibberellic acid did not counteract the effect of GA.
Effects depend on the concentration of the growth substanc€s and when

theyareapplied. Forinstanc€, DysonandHumphries(1966)foundthatCCC
or B9 had diflerent effects on Majestic potato plants treated with gibberellic
acid when applied at different times. When growth oflower lateral branches

was retarded, upper laterals often grew more than in untreated plants.

However, Bruinsma and Swart (1966) controlled the growth ofpotato plants

from tuber buds by giving gibberellic acid and 89 simultaneously.
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The effects of applying gibberellic acid at different concentrations and
times and its interaction with growth inhibitors, are still far from fully
known, but none has yet proved to be useful. However, it might be better to
treat a plant with a gibberellin that oc.urs naturally in it. Gibberellic acid
itself is not a common constituent of most plants but Gibberellin As is;
Wheeler_and Humphries (1963) found when potatoplants were sprayed with
gibberellic acid it was convefted to another gibbe;ellin, possib'iy 45.
. Stimulating the growth of one plant part at the expense of anothi. may
lead to compensating effects later when the stimulation stops. This happens
with gibb€rellic acid and is one reason why it is not uselful. An effective
stimulator should ac.elerate the growth ofall plant parts equally, so that its
effects would resemble those of increasing temperiture on plant growth.
This could be achieved ifthe substance incieased cell divisionin all iarts of
the plant so that their relative growth rates were maintained. Thisieemed
possible with the discovery of the phyokinins, but although they stimulate
cell division and growth in isolated plant parts they havelittle effect when
applied to intact plants (e.g. Humphries, l95g), perhaps because they do not
penltr !e or move easily in the intact plant. Small amounts of some
herbicides (especially triazole compounds) seem to have the desired
properties of a growth stimulator and need further study.

. Increasing leaf growth, especially at first, increases yieid but when crops
b€come dense part of their leaf area is inefficient and uses dry matter that
rnight otherwise have been diverted to increase the economic part of the
plant (e.g. see Humphries & Wheeler, 1963). As already meniioned the
relative distribution ofdry matter in different parts ofa plant is determined
by the environment working through endogenous growth substances, but
the distribution is altered by applying $owth regulators. CCC and 89 slow
growth of stems and leayes and divert assimiiates to other parts. Such
diversion could be valuable in the potato. Humphries and Dyson (1967a)
showed that a potato crop can have more leaf irea than is necessary foi
maximum tuber yield; some leaves contribute little to useful dry matter
production, for Majestic porato plants sprayed. with 89 (5 g/l) ;t tuber
Inrtratron and two weeks later had 20 |o less leafarea than unsDrayed Dlants
at the time of maximum leaf area index. but yielded the same weight of
tubers- 89 speeded tub€r gro\eth and increased the number of tubers-. This
result suggests poteniial uses of growth regulators in potato culture, and in
p.relmlnary lests, Humph es, French and Williams (1967) found that
different potato varieties may respond differently ana tnat yietO increased
more in early than in main crop varieties. Whereas CCC increased tuber
yields of Arran Pilot by 37.1and 89 of Craigs Alliance by 28%,, neithet
9lemical increased the yield of Maris peerorpenttand Dell by moieitran 5)(
(Table l). Whether such effects can be obtained consistently remains to be
seen. Bodlaendg and Algra (1966) found that B9 also increised yield ofthe
varietyAlpha. Shibles and Weber (1966) concluded that converting aslittle as
8 % of the- top vegetative dry matter of the soybean plant to be-ans would
increase yields by about 15%.

CCC hastens tuber growth (Dyson, 1965) and this earlier development of
tubers increases sinks for carbohydrate and increases net photosyrithesis of
the leaves (Dyson & Humphries, 1966; Giflord & Moorby, iSAn. n e
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TABIT I
Efect of the growth regulators CCC and 89 on \ chonge in (a\ total fresh

weight of tubers, and (b) tuber numbet of some potalo varieties

(a) O)
Fr€sh8eighi Tubernumberccc 89 ccc 89

5-745
31 l2 -12 ll
5 28 I 15
4 3 6 l3
75-941

Ulsler Prirce
Arran Pilot
Craigs Alliance
Maris Peer
Pentland Dell

factors determining the number oftubers that a potato variety produces are

not fully understood but it is certain that the potential number is greater

than the actual number. For instance, Niisberger and Humphries (1965)

found that removing tubers caused more to form. In the variety Epicure, 98

tubers formed on a plant when they were continually cut off, but only 45

formed when they were undisturbed. This result suggests that tuber number

can be altered by appropriate treatments and this might have practical

benefits. For instance the potato-seed grower requires the maximum
number of tubers in the seed-size range, and the canner small evenly-

shaped tubers. These requirements are met, to some extent, by suitable

varieties or cultural practices, but growth regulators can also change tuber
size and number. Thus, 89 increased mean tuber number in Majestic by
nearly 307" (Humphries & Dyson, 1967b). In this experiment, seed tubers

of differeni sizes wire planted and, as expected, the smaller seed produced

plants with fewest tubers, but 89 also affected tuber number, so the number
of tubers per plant in this experiment ranged widely. 89 increased tuber

number in some other varieties but CCC did not, and sometimes decreased

the number. The effect of a growth regulator depends on whether it is

applied before or at the time of tub€r initiation.
- 
ireliminary results with potatoes grown in pots show that Morphactin

slows haulm growth, and this has beneficial effects on stolon and tuber
development. Sprays of I or l0 mg/l completely stopped growth of new

leaves ind stimulated growth ofaxillary shoots, especially at the base ofthe
main stem, and increased the leafy stolons i.e. branches originating
beneath the soil and emerging to bear leaves. In the field, with greater depth

ofsoil and more competition for light, these branches might have remained

in the soil and produc€d tubers. Increase in growth activity at the base was

also reflected by greater weight and length of stolons. Morphactin also

increased the number of small tubers (Humphries & Pethiyagoda, 1969).

Efrect of CCC on white mustord (Sinapis qlba)

CCC increases leafiness in some plants-for example length and dry
weightofthe main stemof white mustard decreases with increasing amounts

of CCC, lrhereas leaf weight may increase. The net effect of moderate

amounts of CCC is a greater total leaf area (Humphries, 1963a), a good

example of how a growth regular may be used to increase the us€ful part
of the plant (leaf) and decrease the less desirable part. CCC and 89 also
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delay the decrease with age in total-N and protein-N of bean leaves,
probably because the shoot grows more slowly and demands less nitrogen
(Humphries, 1968a).

Effect of CCC rnd gibberellic acid on sugu beet

CCC hastened leafproduction by sugar beet and gibberellic acid slowed it.
Both changed the shape of the crown of the plant, CCC flattening it and
gibberellic acid elongating it, and this change was associated with;he rate
leaves were produced (Humphries & French, 1965). More leaves on the
sugar-be€t plants did not affect the dry matter produced because they were
smaller; nor did the fewer leaves of plants treated \yith gibberellii acid,
because they were larger and persisted longer than on uitreated ptants.
The result_showed that dry weight can depend more on size and longevity
of leaves than on total number of leaves,

_Although CCC hastened leaf production of sugar beet, it had no such
effect on potatoes or cereals. When CCC wai applied. to sugar_beet
seedlings with only two leaves, its eflect persisted for ihe rest ofthe-season,
as do the effects of environment in which sugar-beet seedlings are raised,
(Humphries, 1966; French & Humphries, 1969; Humphrie-s & French,
1969a, 

.1969b). Suitable growth regulators might chinge the relative
proportions of plant parts in the same way as environmeni does. If thjs is
done at an early stage it may be possible to increase yield in other plants
with.organs that store carbohydrate (Humphries, 1969i. For example, CCC
applied to sweet potato (Ipomoea batatis) grown in pots incriased. the
w€ight of lubers. Possibly some growth subsiances may also increase net
photosynthesis in leaves, for there is evidence that the leives of susar beet
do not always photosynthesise to full capacity.

CCC and cereals

Up to now the growth regulator most studied on cereals is CCC. Soon after
it was described by Tolb€rt in 1960 it was used to prevent lodging of cereals
and many papers show its practical value (see Humphries, l96ib):Although
its main efect is to shorten and strengthen the stems, and so lessen losses
caused by lodging, it has other efects thal increase yield.

_ 
In the fust experiments with CCC on wheat on Rothamsted farm in 1964,

the untreated crops did not lodge, but CCC increased grain yield by
2 cwt/acre_mainly by increasing the numb€r of ears; a delrease in grain
size_by CCC-was oflset by more grains/ear (Humphries, Welbank & fitts,
19.65a). t-eaf area index of sprayed plants wai TC+BO% of unsprayed.
With less leaf mor€ light penetrated the canopy ofoops spiayea wiU CCC
than ofunsprayed crops, and at first rhis walihoughtio be tle reason why
more shoots survived, but later experiments did not support thii
explanation.

In the -following years, experiments were done mainly to see how CCC
affected lodging and-yield of crops given different amounts of nitrogen
fertiliser, spaced at diflerent row widths or irrigated. Some experiments also
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studied the effects of CCC on leaf area, the number of ear-bearing shoots,
grains per ear and grain size.

SDrcing experime s. In 1965, spring wheat, Opal, was sown in rows 4 in.
or 8in. apart at usual and twice usual seed rates, with 0'5 or l'ocwt
nitrogen/acre. Yield was slightly increased by CCC at 4 in. spacinS, but not
at 8 in.; however, the interaction was not significant (Humpkies & Bond,
1969a). Yield was less with the larger seed rate, although it increased leaf
area duration after anthesis.

Similar results were obtained in 1968, when CCC was tested on both
winter wheat (Cappelle) and spring wheat (Kolibri) grown at different
spacings. Nitrogen fertiliser was applied at 0'8, l'6 or 2'4 cwt N/acre' The

winter wheat did not lodge and mean yield of grain was 28'8 cwt/acre;
closer spacing increased it by 0'9 cwt/acre and spraying with CCC increased

it by l'9 cwt/icre, but there was no indication that CCC had a greater effect

with closer spacing.
The mean yield from Kolibri was 3l'8 cwt/acre and closer spacing

increased grain yield by l'3 cwt/acre, spraying with CCC increased it by
4'7 cwt/acie but, as before, there was no interaction between CCC and row
width. Thus, although the shortened shoots of CCC plants allow more

light to penetrate to the base of the plants (Humphries, Welbank.& Witts,

li65b), ihis seems to have little effect on yield (Humphries & Bond, 1969b).

Irrigation exlrcriments. In 1964 and t965, Ccc-treated plants pulled by
hand from tlie soil had more attached roots than untreated plants. Hanus
(1967) found that CCC usually increased the amount of wheat roots at all
;oil depths. Others have reported similarly and it can be accepted that CCC
usually makes root systems larger, especially of spring wheat, whose stems

are shortened more by CCC than are stems of winter varieties. The

enlarged root suggested that CCC may increase yield by enablingshoots to
avoid water stress during the period near ear emergence, so that more

survive to produce ears. CCC increases tillering of wheat growing in pots
(Humphries, 1963b, Tolbert, 1960);but in a field crop, where.comp€tition
causd many tillers to die before maturing, CCC presumably increases the

number of iertile tillers by allowing some tillers to survive that otherwise

would have died. Humphries, Welbank and Witts (1965b) showed that the
shoot number ofan untreated crop declined from about 700/mz in mid-May
to 450/m2 at the end of June. The survival of an additional 20 ears/mz

would increase grain yietded about 2 cwt/acre (Humphries, 1968c). The

dependence of yield on the number of ear-bearing shoots per acre is

illustrated by reiults obtained in 1966 from the Woburn Irrigation Experi-
ment (see Fig. l, wbich shows the partial regression of yield on shoot

number at coistant ear weight). Yields ranged from about 25 cwt/acre with
300 shoots/mz to about 50 cwt with more than 500 shoots/m2'

Soit moisture deficits at Rothamsted for the 3 weeks after ear emer-

gence, calculated by Penman's method, were more thatr 2 in. in 
-1964 

and

1966, *hen CCC increased yield, but less than I in. in 1965 when CCC

had no effect on yield of a normally spaced crop. The conclusion that
the enlarged root system of CCC plants is inlportant in drought was
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Shoots/m,

l9Frc. 
l. Paflial regesriotr of yield ofl shoot number. Wobum Irrigation Experiment,

further tested in 1966 on the Irrigation Experiment at Woburn Exper!
mental Farm by spraying half of each irrigited and unirrigated plot of
spring-wheal with 2] lb/acre CCC at 5Jeaf stage. The .*iiri..it ut.o
tested N at 0.4, 0.8, 1.2 or I .6 cwt/acre in all com-binarions *itn CCC ura
irrigation.

. Both irrigation and CCC increased gain yield, but CCC had no effect on
irrigated plots and the effect of inigalion *u, i.r, on plot. ipi"v.a *i,f,
CCC. On plots receiving 1.2 or 1.6 iwt N/acre, CCC inireasj gr'ain yielO
by 6 cwvacre, and irrigarion, by l0 cwtfacre,' mainly by in".iuring 

"u.number (Humphries, Welbank & Williams, 1967; Humpiries, 196g;). ln
an identical experiment in 1967, irrigation increased yield but Cbd Uio not,
possibly because_the dry spell in June and July was longer ttran ln fSOO.
Root sampling showed that CCC without irrigation inireased total root
weight by t4l, and, ir the subsoil (25-60 cm) u;v lz Z, uui u"rv iitif" *,tn
irrigation (Hurnphries & Bond, I969b). Thus,' CCC' increasJd-it 

" .oo,
system most in the subsoil, where water would not be lacking during a brief
dry spell but might during a longer one.

Interaction of CCC Tith nihogen supply. Several experiments were made to
test rhe possibiliry that shorrening the straw ofa whiat crop with CCC may
all9w.]1g_el N dressings to be given and the yield increasid. more withoui
rrsk ol'lodging (Humphries & Bond, 1969b). In 1966 at Rothamsted, Kloka

l4l

a
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wheat was given 0, 0'8, l'6 or 2'4 cwt N/acre. Plots without CCC did not
Iodge, even with 2'4 cwt N, but CCC increased grain yield by an average of
2 cwt/acre as in 1964. Tests on grain from this experiment (Evers & Kent,
1968) show that CCC did not affect protein content. In 1967, when both
winter (Cappetle) and spring rvheat (Kloka) were given the same amounts of
nitrogen as in 1966, CCC increased yield of Cappelle without N by
12 c*,llaqe but by only 0'6 cwt/acre when N was given. The increase in
yield with CCC came mostly from more ears and more grains 1xr ear,

offset to a small extent by smaller grains. More grains per ear is a usual

effect of CCC but the cause is still in doubt and requires further investiga-

tion. That the slower development of Ccc-treated plants allows more
grains to form seems the most probable explanation' CCC did not.affect

lrain yield of Kloka in 1967 and the maximum yield was obtained with
0'8 cwt N.

In 1968, more experiments were done with large N amounts, both on

Cappelle and the niw spring variety Kolibri; for the first time we could

asslis the benefts of CCC in conditions favouring lodging. Lodging
occurred on all untreated plots of Kolibri, in amounts that increased with
increasing N. Spraying with CCC increased the mean yield of grain by
4'7 cwt. Larly lodging on untreated plots caused slower development of
grains than on treited plots, so by delaying and decreasing lodging CCC

increased grain size. It makes grains smatler in unlodged crops. There were

also morc grains per ear on Ccc-treated plots, so more, larger grains

account for the increased yield. Cappelle did not lodge and CCC increased

yield only with l 6 cwt N, by increasing the number of ears.

TABI,E 2

Summary ol results o/ CCC experiments 196'149; Rothamsted and
lltoburn

Yield
cfi/acre

Nil ccc s.E.
sw 39.7 4r-9 l.2l

sw 32.5 31.1 0.89
sw 31.8 33.8 0.71sw 31.s 43.5 0.86sw 45.8 45.8 0.65ww 56.1 @.8 1.32
ww 54.9 59.0 1.00sw 4.7 44-9 0.84
sw 32.t 39.2 0.45ww 27.8 29-7 0.50ww 37'4 ,10'5 0'53

Year
t964 R

l%5 R
1966 R
1966 W
l7 R
t7 R
1967 R
t1 w
1968 R
1968 R
1968 R

variety
Phoebust

Opal'
Kloka*
Klokar
trOokai
Cappellei
Chanpleir'
Kloka'
Kolibril
Cappellet
C'hamDleint

Mean of
3 N amounts atrd
2 CCC amounts

I cwt N/acre
4 N amouots
2 N amounts
4 N amoutrts
4 N amouots
3 sprayhg dates
4 N amounts
3 N amounts
3 N amourts
2 N amounts and

autumn and spdng
spray of CCC

Mear 40'0 42'9

R : Rotharnsted

sw : Sprhg wheat
ww : winter Wheat

142

' trot lodged
t sliehtly lodsed
t severely lodged
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Table 2 summarises the results of experiments on wheat at Rothamsted
and Woburn between 1964 and 1968. In ten out of eleven experiments
CCC increased yields. In some experiments yield was increaied when
no lodging occurred on untreated plots, in othars the yield was increased
because lo_dging was delayed or prevented. The mean increase in yield by
CCC in.all experimenrs was 7oo. There was no evidence that yLtds in-
creased by giving more than the usual amount o[ nitrogen when CCC
was applied to prevent lodging- I have done no experiirents in which
CCC was. mixed and applied with herbicide spray,'but this has been
shown-to be_a practical procedure, and the extra iosi of CCC is ihen only
that of the chemical. The Rothamsted results suggest that the use of CCC
would have been profitable in most years.

Effect-otr shert diseases. In spite of modern sdff_strawed varieties, lodging
often limits grain yield. The likelihood of lodging is lncriaseO when ttre
eyespot fungus, Cercosporella herpotrichoides, iniades and weakens the
base of straws. CCC increases the-resistance of infected 

"rop. 
to ioOging,

but opinions differ on how it acts. Some claim it a""."ar.. tti in"iO"n"" of
the disease, others that it acts merely by strengthening tfr" .i.u*r, ,o
experiments were done at Rothamsted to tiy and rlsotve ti" 

"onni"i. 
fo 

"nexperiment with the susceptible variety Squirehead's Mast.i gror"oi. po"
(Slope & Humphries, 1966) CCC appiied to the soil lessen"J fi" 

"u*U", 
of

lesio_ns by the fungus but field experiments done in tt reelear" t ave not
confirmed this-eflect. In 1966, CCC did not alter ttre numGi oi eyespot
lesions on Rothwell perdix but it prevented lodging. In reOi Cir*irpGi"
winter wheat was sprayed with CC- at tne f_Ufitaie, tfre S_teaistuge ana
the Glaf srage. CCC had no eflect on severity ofleslom Uri uitr,oug"f, onrv4l of the unsprayeg crop lodged, it increaied Vieta UV + c"tiaci8. fven
when the crop of Champlein was treated wittr CCC'ln uuiunl".'runa,
eyespot is most likely to spread, there were as many lesions as on spring
I:i.{.?r unrreated.ptants._(Stope, Humphries & Eiheridge, t969). ihu;
CCC did not affect rhe jncidence ofeyespol or the severity-oi its leiions. It
lecreallldgine ofinfected crops as ofuninfected crops 6y.t 

"ii".i"g 
tn"

straw. CCC is said to increase the incidence of ear diseases iuch as Sertona
culmorum and, Fusarium in some climates, but this has roi U."n criitufty
studied.

Semidwarf wheats. Dwarfwheat varieties that are less likely than taller onesto lodge may make the use of CCC unnecessary. Ho*Jr.., CCC coulObenefit the yield of dwarf cereals by increasin! the -oi'wriem ana
i ncrea,sing grains per ear, just as it doeji, 

"rrr"nt 
ul.iiii"r.- rn u'triui'aon"

rn lyOO wrth several dwarf wheats grown in pots, CCC at a dilution ofI in 200lequivalent to 2lblacre) shortened the straws oiufiLut -"-of tf,"
vanetres and none as much as of Opal or Kloka (Table 3). However,
effects in field crops have yet to be tested.

Efr€ts on barley atrd oats. A treatment that shortens straw would be useful
:--,:! .b1il.I wtich is more. susceptible rhan *t.ut to Ioagio!, Uut -unyexpenments at Rothamsted and elsewhere show that CCC-ha; Iiftle etreit
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TABLE 3

Efect of CCC on stav lenglh ol some semi-dxarf vheat varieties (cm)

Sraw lenglh

CCC Untre.ted untreated

843-6 49 7 59 4 83

u3-7 47 4 50'4 94

Caino 43'4 46 5 93

Cfit"an tfSzf 3O'2 28 0 105

tr,iiiic" izo 24'6 28'o q!
Nsj iis 41'6 st'4 8!
ircii EEr 44'7 50 9 8!
irDr;x" 6t'2 64 0 2qo;;i 44'3 @'2 74

i6i. 44 6 s7 5 17

on barley. In tests with six varieties grown in pots, CCC shortened the

shoots oi the old long-strawed variety Plumage Arcber but not of-Proctor'

lni.ii. n"ag"., Euroia, Cambrinus or lmpala (Humphries, Welbank &
witts, 1965;). whethir the lack ofeffect is because CCC does not penetrate

into iire plant reaaily, is not translocated, or is metabolised once- inside the

itr.tt- *". not O"t"rmined. When dimethylsulphoxide, which aids penetra-

[ion of chemicats into plant and animal tissues, was added to CCC spray'

the mixture shortened 
-barley 

plants grown in pots in the glasshouse more

iii", CCC spray alone, suggesting tbat more CCC entered the. plant'

iio*"r"t, *hin the ears weie ripe, the plants treated with CCC alone or

ion"tt 
"i 

*itt, dimethylsulphoxide were nearly as tall as untreated plants'

iff;; result was obtained in the field; soon after spraying, plants were

.t oii"r U"t afterwards grew faster than untreated plants (Humptries &
wilii".;, 1968). The frduncle and highest intemode at maturity were

l;r;;; sprayed than unsprayed shooti, but the lower intern-odes' which

""r? "f."g'"titig 
when spriyei, were shorter (Humphries, 1968d)' Why

Uuitypfuitt t.Lt d with CiC eventually grew faster than untreated plants

i, oot'fnolrn, urrt the effect suggests thaiCCC may increase the gibberellin

""rt"ri "f 
barley. Apparently if enough CCC can be -maintained 

in the

U"A"y ptont tt 
" 

tlf,ortining acliieved is comparable with that in wheat' Thus'

i"ri"1'Gozi *ho tptuyld successively ai the 3-leaf, 5-leaf and flagJeaf

rtug"r .ipot["d that-stems were shortened by 251 and lodging was pre-

nlni"o. s'uo""in. sprayings are neither practical nor desirable-because of
if," iiit ofin"."u,ing traimful residues in the gain' Stoy 0968) shor ed that

t.tr"pfoia .y" ,"tpo-ndt to CCC much more than diploid sJrains' So geno-

iro. it o.ouuulv conctrned with response of cereals to CCC, but perhaps

i'fllt ii-oi,rv o pri of the problem beciuse I have shown that strains of wheat

iiiul ur" ,in.":rpo*lve ii the hot climates of Egypt and Kenya show the

exDected shortening when tested here'- ''f. 
t-t,..i., ou, ttiaw would be very valuable. for oats are very susc€ptible

,o ioalirg, but unfortunately CCC is not a general help because it afects

"ni, 
i-o.? nra"ti.s (Humphries, 1968b). When tested on the responsive

;;;idil;;a;"'t in lso'8, given 0'5, i'0 or l'5 cwt N/acre, the effect of
zi.,i3 tulu"r"bcc was to shorten strawsby ll\ or 'l5l resp€ctively; the

"frJ O*r."*O with increasing N supply. Slight lodging in July on plots
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given 0.5 cwt N/acre was decreased by spraying with CCC, but plots with
more N were severely lodged whether sprayed with CCC or not. On plots
with 0.5 cwt N/acre, spraying with CCC at 2+lb or 5lb/acre inueased
grain yields 2 cwt and 9 c*t/acre respectively, mainly by increasing grains
per panicle. With more N, CCC did not affect yield (Humphries & Bond,
1969a).

A_ new growth regulator 'Ethrel' (2-chloroethylphosphonic acid) was
tested on barley and oats in 1969. Plots of each crop spriyed with I lb or
2_lb/acre ofactive ingredient at 5-6 leafstage lodged iooneithan unsprayed
plants but yields were not affected.

Efr€ct of growth regulators on ffeld beans

The first growth regulator experiments on field crops at Rothamsted were
dore by 

-Moffatt 
and Hill (1960) between 1955 and 1957. They tested the

effect of 4-chloro-phenoxyacetic acid and c-(2,4,5-trichloiophenoxy)
propionic acid at 5 ppm on set ofpods of spring-sown tick bea;s (Zr.;
faba_var..m-inor). Two applications of the propionic acid decreased yield in
1955 and four applications of the phenoxy icid increased it in 1i56. In
1957, it increased flower set on dunged plots and decreased it on irrigated
plots.

In trials on field beans (McEwen, 1969), CCC did not shorten the stems
and lessened yield by 1.9 cwt; 89 greatly affected growth and shortened
stems by as much as 30 f, depending on time and arnount applied. A single
application in early June was most eflective. However, nl afected yielAs
inconsistently; without fertiliser nitrogen it increased yield by ibout
2.5 cwt in 1966 and 1968 but decreased it by 2.1 cwt in i967. Tf,e main
effects of 89 were to increase the number olstems and pods yrr acre and
Iessen 1000 bean weight. Plants given 89 in 196g produced. half a milion
more beans per acre than untreated plants.

Conclusion

Applying chemicals to crops to alter their character and make them better
able to withstand adverse conditions, or to alter their growth to produce
more ofthe useful parts, is a new departure in agricultura but the su-cless of
CCC on cereals shows promise of future practical benefits. The search for
gowth-regulating chemicals has been intensified and there are now several
prornising sqapognds that warrant thorough testing. Experien@ with CCC
and other growth regulators shows that when a chenical is selected for a
particular property, such as stem shortening, it is soon found to have other
apparently unrelated effects. For instance, CCC usually also increases the
number of grains, stem diameter and the root syst;m in wheat. Such
multiple eflects make it important that each growth-regulator be tested on
many species in different conditions.

- It would be an advantage if a regulator also controlled pests and. d.iseases,
but the claim that CCC lessened eyespot disease of wheat has not been
sustained, and it is now c€rtain that it decreases lodging because it
strengthens infected straws.
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There are other ways in which chemical regulators may aid crop produc-
tion in the future. We still know little about the causes of flowering. The
productivity of some crops, e.g. cereals, delrnds on time and amount of
flowering, and perhaps suitable chemicals will be found to hasten flowering
and seed set and shorten the crop cycle.

Little attention has yet been given to shortening the time a crop occupies
the ground. Chemical regulators may eventually enable us to grow more
crop in a shorter time. Yields of some crops in this country are limited by
the length of the growing season. Potato plants for instance are easily
frosted and a treatment to increase resistance to cold could increase yield
by allowing earlier sowing. Both CCC and 99 are said to increase frost
resistance of plants, including potatoes, but so far there is little reliable
evidence.
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