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BOTANY DEPARTMENT D. J. WATSON

The department ains to increase knowledge of how the growth and yield of
agricultural crops is determined, how it depends on external conditions and
how it can be controlled or changed in advantageous ways. In 1967, as pre-
viously, it was concerned with the physiology of growth and yield of field
crops, with endogenous growth substances and synthetic growth regulators,
and with weeds. Work continued on many of the topics discussed in the
1966 report, including the determinants of cereal grain feld, root growth
of field crops, effects of the growth regulator CCC (2-chloroethyltri-
methyl-ammonium chloride), the origin of auxin in leaves, the influenc€
of water deficit on leaf gowth and the biology of blackgrass (Alopecurus
myosuroides).In collaboration with the Nematology Department, the role
of auxin in gall formation by root-knot nematodes was investigated.
Work on sugar-beet physiology, resumed after a short interruption, dealt
with the causes of variation in sugar content of the root. A study of the
biology of couch $ass (Agropyron repens) was begun.

Physiology of crop gowth and yield

Ear size and grrh yield of wteat Grain yield of cereals s€sms to depend
both on the capacity of the ears to accept photosynthate and on the amount
produced by the geen parts of the plant. The effects of conditions after
anthesis on these two factors in Kloka spring wheat were studied in an
experiment similar to one described in last year's Report (p. 88), which was
unsatisfactory becaurc the treatments could not start until 2 weeks after
anthesis. Plants grown in pots outdoors were transferred at anthesis in
June 1967 to three growth rooms. In one of these the temperature during
the lGhour light period with 9.5 cal/drn /min visible radiation was 20'C,
and in another l5'. In the third room conditions were more favourable
for photosynthesis-visible radiation during the light period at 20" C was
increased to 15.4 cal/dm,/min, and the CO, concentration was increased
approxinately three-fold, to 1000 ppm. All three rooms had an 8-hour
dark period at 15' C.

Decrease in temp€rature from 20" to 15'C during the light period had
no effect on the apparent photosynthesis of the flag-leaf laminae measured
with an infra-red CO, analyser; it delayed senescence of the leaves, and
hence increased leaf-area duration after anthesis (D) by 3O%. Earc
weighed less at 15'than at 20" until 40 days after anthesis, when those
at 20" stopped gowing. At l5o ears increased in weight for a further
25 days, so that eventually grain dry weight was 18\ geaier lhan at 20".
Shoot and root dry weights increased until 25 days aft€r anthesis at 15"
and then decreased to approximately the same values as at anthesis. At
20" they increased slightly during the fust 14 days, but then decreased to
92
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less than the initial value. These changes in weight suggest that most of
the current assimilate moved to the $ain at 20", as usually occurs in tbe
field, but that the extra leaf area at 15" produced more photosynthate
than could be accommodated in the ears, and so some of it accumulated
in the stem and root. Hence leaves seemed less efficient in producing grain
at 15'than at 20'; the grain-leaf ratio (@ was decreased by l0l from
I8.6 g/m'/week at 20" to 16'8 at 15" C.

Extra light and CO, increased the rate of apparcnt photosynthesis of
flagJeaf laminae, increased dry weight of ear, shoot and root throughout
the grain filling period, and had no eflect on D. Grain dry weight was
28% ge^tet than wlth 9'5 cal/dm'/min and normal conclntration of CO",
so G was increased correspondingly to 24'4 glmzlweek Shoot and root
increased in weight until 25 days after anthesis and then decreased slightly,
as at 15" C with less light and COr, indicating that all the extra photG.
synthate produced by the faster photosynthesis with extra light and CO,
could not be accommodated in the ears.

The yield of grain from plants left outdoors after anthesis was inter-
mediate between those in the growth rooms at 15" C and at 20" C with
extra light and COr, and the dry weight of shoot and root was similar to
that in the growth room at 20' C without extra light or COr.

In the similar experiment in 1966 a 5'C decrease in temperature or
extra light and CO, also increased shoot and root dry weight, but did not
increase ear weight. The reason for this difference between experiments
may be either that D at 15'C or with extra light and CO, was smaller,
relative to D at 20' C with normal light and COr, in 1966 than 1967, or that
final grain size depended on the environment during the first 2 weeks of
grain filling, before the treatments began in 1966. (Thorne and Ford)

Grrin yield ofseridwrrfwterts. A preliminary trial in 1966 showed that
some short-strawed wheat varieties had grain yields similar to those of
taller British varieties, despite much less leafarea, so in 1967 the mechanism
of grain production in six spring wheat varieties descended from the
Japanese dwarf wheat Norin l0 was compared with that in Jufy I (J) and
Kloka (K) grown on small field plots protected by a bird-proof cage. The
semidwarf varieties were NBJ1 15 (N) and Mexico 120 (M), obtained from
the Agdcultural Research Institute, Wagga-Wagga, Australia, and Pen-
jamo 62 (P), Lerma Rojo 64A (L), Sonora 64 (S) and a recent cross (R)
that has given promising lines, obtained from the Rockefeller Foundation
in Mexico.

The British and Mexican varieties were slightly infected with yellow rust,
but N and M from Australia were so severely infected that their yields were
much less than those of other varieties: all the leaf laminae of N were
killed soon after anthesis, and it produced only 27 cwt/acre of grain.
Grain yields (l5f moisture content) of the other varieties were: J 54'6,
K 52'4, R 5l'4, P 50'2, L 47'0, S 44'l * l'68 cwt/acre. The di.fferences in
fleld, except that between J and K were correlated with differences in
numbers of ears per unit area, which in turn were correlated with dif-
ferences in plant number. Although the Mexican varieties produced thinner
plant populations than the British ones, they tillered no more, but more of
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their shoots survived to produce ears, Within the Mexican varieties a
thinner plant stand was not compensated either by more tillering or better
survival of shoots. These results suggest that the smaller-yielding varieties
night have yielded as well or better than Jufy I had they been planted more
densely. Differences between varieties in population occurred because there
were unintended differences in sowing rate and because some varieties
germinated poorly both in the field and in the laboratory.

The mean dry weight of shoots of the Mexican varieties was 57% of lbat
of the British varieties, so grain accounted for 49'% of the dry weight of the
tops for the Mexican varieties, but only 43\ for the British. The Mexican
varieties also had much less leaf area than the British. Their leaf-area
duration after anthesis averaged 62\ of that of the British varieties, but
was more efficient in producing grain; the grain: leaf ratio (6) of the
Mexican varieties was 35-56'% greater than of the British ones. I-eaf area
above the flag-leaf node accounted for more of the total leaf area in
Mexicau varieties than in J and K so that, when based on this area, G of
the Mexican varieties exceeded that of the British ones by only 2447%.
The Mexican varieties are awned, which may partly account for the aF
parently greater efficiency of their leaves, because any photosynthesis by
the awns was attributed to the leaves. Altematively, thek leaf arrangement
may intercept light more efficiently; light penetration was not measured
over a sufficient range of leaf-area index to test this. Near the time of anthe-
sis, J and K with leaf-area indices of about 8 absorbed over 90f of the
incident radiation, and the Mexican varieties with leaf-area indices of 5
or less absorbed 70-90 f.

The Mexican varieties had less leaf area per shoot than the British
because their laminae were smaller and because their stems were shorter;
their mean height was 6l-76 cm compared with 92 cm for Jufy I and 97 cm
for Kloka. M was only 43 cm high. Differences in height reflected dif-
ferences in length of the top four internodes-the only ones that exceeded
2 cm. The top intemode (flag-leaf sheath plus peduncle) was shortened
relatively less than the lower ones, so its contribution to total height ranged
from 44\ for I to 53\ for S. Short varieties did not have fewer inter-
nodes than tall ones. Diferences betwen varieties in the number of leaves
produced on the main shoot were not correlated with height.

There were only small diferences between varieties in the rate they
developed. AII initiated spikeles in early May, between 45 and 48 days after
sowing, but the Mexican and Australian varieties flowered and ripened
about a week earlier than the British ones. (Thome, Welbank and Black-
wood)

Rmt grortt of 6ell cnopo. The procedure for taking soil samples for
recovering roots, using a steel coring tube driven into the ground witb a
motor breaker (,Rothan sred Repo for 1966, p. 84), was improved in several
ways. Use of a thre$.legged gear puller to grip a ring brazed to the top of
the tube hastened extraction of the tube. A method of pulling the brass
liners out from the tube with the soil core encased in them was devised,
that made sampling of wet soil po*sible. In favourable conditions the time
for taking a core sample was shortened to 2| ninutes; four mea were
94
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required to do all the olrrations, including dividing up the sample and
bagging and labelling its parts.

In May we received from America a hollow soil auger designed by
Professor W. F. Buchele of Iowa State University. It is driven by a portable
motor, and excavates soil from an amular space, leaving a free-standing
core of undisturbed soil in the middle. The core is removed in a non-
rotating tube which passes down the middle of the aug9r. The auger
could not be tested until July, when the soil was dry and hard; in these

conditions it penetrated very slowly until it reached soft subsoil, from
which it was difrcult to extract. Contrary to expectation, the core in the
central tube was compressed more than cores cut by the coring tube and

breaker. The auger will be tested again in less difficult conditions, and with
modifications to improve its performance.

Samples were taken with the coring tube from an experiment at Woburn
to meisure the effects on root growth of barley of appllng nitrogen,
phosphorus and potassium, separately atrd in all comninations. Crop
samples and four soil cores from each plot, cut into sections at 15, 30 and
60 cm from the surface, were taken on eight occasions from 3 May to
2l August, but examination of the roots from the soil cores is not yet
complete. (Welbanlq Williams and Gibb)

S[grr coutent of sugu-beet roots. The wide variation between years in
sugir content of sugar-b€et roots is troublesome to the sugar factories, not
only because a smaller sugar content means less sugar is extracted 

-per 
ton

of ioots processed, but also because it decreases the crystallisable fraction
of the sugar in the extract, and increases the less-profitable fraction remain-
ing as molasses. For industrial purposes, sugar content is expressed as per
cent of fresh weight ofroots, and evidently part ofthe aonual variation in
this may be caused by differencts in water content; how much is the result
of diffeiences in sugar per cent of dry matter is uncertain, b€cause the dry-
matter content ofraotsis not determined routinely. The annual variation is
presumably caused by weather, acting directly on the crop orty changrng

ioil conditions, and by diseases and pests, the incidence of which also

depends on weather.
A study of the causes of variation in sugar content was started with an

experiment at Broom's Barn to measure the effects of shading, and of
applying additional nitrogen, at diferent stages ofgrowth- Both treatments
prJsumibly restrict the supply of sugar for storage, shading by decreasing
photosynthesis and extra N by increasing the requirements of photo-
iynthaie for gowth. The crop was sown on 4 April 1967, and received

6 cwtlacre K;init applied in the previous Octob€r, and 6 cwt/acre of
20-10-10 compound fertiliser in the s€ed-bed. The shades, which were

of Tygan fabric zupported on wooden frames, transmitted abo'ul 451
of diylight, and weie Plac€d on different plots for three lrriods each of
4 weeks ieparated by I week, starting on 13 June, 18 July and 22 August
respectively. On the same dates 0'6 cwt N/acrc as "NitroChalk" was

applied to Lalf the shaded plots and to comparable unshaded plots.Samples
oiibout rdco acre of crop (about ,lO plants) were taken in each period from
each shaded plot, and from comparable unshaded plots, with and without
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ertra N just before the shades were erected, after 2 weeks, and after 4 weeks
when the shades were removed, and from every plot at the final harvest on
25 October.

Shading in all three periods decreased the net assimilation rate by one-
third or more, and only slightly increased the leaf-area index, so that it
decreased the gains during the period in total plant dry weight and total
weight of sugar in the roots. It decreased sugar per cent of fresh weight
from 14.6 to 10.0f in period l, from 15.5 to 13.6% in period 2 and from
17.9 to l7.l% in period 3, but affected sugar per cent of dry matter only
at the end of period I, in mid-July, when it was decrease d from 76 to 69%.
Evidently, the change in sugar content per c€nt of fresh weight was mainly
or wholly the result of change in water content; shading increased the
water per cent of dry matter in the roots by decreasing the transpiration
rate of the plants and the water loss from the soil.

At the final harvest in October shading at any time had little or no efect
on sugar p€r cent of either fresh weight or dry weight, but the earlier effects
on total weight of sugar in the root persisted, though they were smaller
than at the end of the shading period, presumably because shading in-
creased leaf-area index slightly. Evidently when the supply of sugar to the
root was restricted by shading, the weights of sugar and of non-sugar dry
matter were decreased in similar proportions, implying that sugar stored in
the root is not simply what exceeds the requirements for growth.

Nitrogen applied at the beginning of each shading period had no signifi-
cant effects by the end of the period on the dry weight of any part of shaded
or unshaded plants, or on the weight of sugar in the roots, although it
increased the area and weight of leaf laminae slightly and decreased sugar
per cent of both fresh weight and dry weight in the root.

At the final harvest N applied at the beginning of period 2, but not at
other times, decreased root dry weight. Extra N in all periods increased the
final dry weight oftops and the leaf-area index, and consistently decreased
the sugar content ofthe roots from about 17 to 16l of fresh weight, and
from 76 to 75\ ot dry wetght Extra N applied in period 2 decreased the
yield of sugar, but the earlier and later applications had much smaller
efects. All N applications increased the water content per cent of dry
matter of all plant parts.

The carbohydrate required for the increased gowth induced by add!
tional N was provided mainly by more photosynthesis from the increased
leaf area, and little was diverted from sugar storage in the root; averaging
all times of N application, the weight of sugar in roots was decreased only
from75l toTA glm!. As the weight ofnon-sugar dry matter was scarcely
affected, the sugar content per cent of dry matter was slightly decreased.
Thus, the efects of both shading and N on sugar content per cent of fresh
weight of roots mainly reflected changes in water conteDt. The effect of N
depended on persistent internal changes affecting the hydration of the cells,
but that of shading was caused by temporary change in soil-\f,ater content
that disappeared by harvest, presumably because the soil-water contents
on previously shaded and unshaded areas had then been equalised by
recent heavy rain (6 in. in October). (Watson, Motomatsu, Loach and
Hole)
96
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Photocyrthesis by suger b€et tDd b{rt€y. Sugar-beet plants consistently
have much larger net assimilation rates (E) than barley plants of similar age
growing in similar conditions, but published results show no comparable
diferences between rates of apparent photosynthesis of sugar beet and
barley determined from the CO, exchange of whole tops or single leaves.
An attempt to ac.ount for this anomaly by measuring simultaneously E
and the rate of CO, exchange of whole sugar-beet and barley plants, grown
in solution culture to avoid the complication of respiration by soil organ-
isms, was made in 1966 (Rothamsted Repo fot 1966, p. 92), but failed
because the sugar beet grew badly, probably because the nutrient solutions
were not aerated. Both its rate of apparent photosynthesis and E were less

than those of barley, which grew well. The attempt was therefore repeated.
Sugar-beet and barley plants were grown in soil or in aerated nutrient

solutions in a growth room with a lGbour photoperiod, at 20'C in the
light and 15'C in the dark. Barley was sown a week after sugar beet, so
that the plants were of similar size and weight when the experiment started
17 days after the barley was sown. Some wheat and barley plants gowing
in nutrient solution were placcd in assimilation chambers through which
air from the growth room was circulated, and the CO, exchange was
measured with an infra-red COr analyser. The remaining plants were fully
exposed in the gro\r,th room, and their positions adjusted so that the light
intensity near the top of the plants was uniform with that in the assimila-
tion chambers (about 9 cal/dm!/min visible radiation). -E \Yas determined
from the differences in dry weight and leaf area ofplants sampled at the start
and 6 days later. The experiment was repeated after 2 weeks on older plants
ofthe same sowings, but only with those growing in nutrient solution.

Although the temperature in the assimilation chambers in the light was
5-7" C warmer than outside, it had little effect on growth; it increased leaf
area slightly. The mean values of E, in g/m2/week were:

Gro*tr in:
Expedlncnt I

Sus.r b.et
Barlcy

Experimctrt 2
Sugar bcet
Barley

Irl assimilatioo
Exposcd chambcrs

soil Solutioa solution s.E.

SugBr beet growing in soil or nutrient solution had nearly the same E,
but barley had slightly smaller Ewhen grown in nutrient solution. Enclos-
ing the plants in assimilation chambers decreased ,E of sugar beet, especially
in Experiment 2, but not .E of barley. As before, sugar beet consistently
had much larger E than barley, whether or not the plants were enclosed in
assimilation chambers.

The CO2 uptake of plants in the assimilation chambers was measured
during 4 hours near the middle of each daily light period. The mean rates
of apparent photosynthesis in mg COr/dm'/h were:

Expcrio.ot I Exp.riEEtrt 2
t3.4 to.l8'4 7.8

l0l
72

t02
66

9l
60

1-2
1.5

3.3
l.l

94
6E

6l

Sugar bcct
Barley
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As with the values of d the rates for barley were about J of those of sugar
beet.

Continuous measurement throughout several light periods showed that
CO" uptake changed with time, although conditions in the growth rooms
remained constant. With sugar beet the rate ilcreased to a maximum after
about 7 hours in the light, and then decreased to the initial value. With
barley it continued to increase for about ll hours and then remained
steady. This inplies that the difereDce in appfient photosynthesis between
sugar beet and barley measured in short p€riods will depend on how long
the plants have been illuminated.

Estimates of the increments in dry weight during the experimental
p€riod, calculated as carbohydrate from the measured rates of CO" uptake,
were very similar to those actually found for sugar beet, but for barley they
were smaller by about l5\. The mean values in cg/plant were:

Barl€y

Expcrimetrt I Erperim€ot 2
238 36 U5m3{,N
ll(}43

Evidently, differences in net rate of photosynthesis estimated as E from
dry weight increase, such as that between sugar beet and barley, can be
recoociled with estimates from CO, uptake, provided precautions are taken
to ensure that plants are in comparable conditions whe! the di.fferent
measurements are made. When discrepancies occur, they are likely to be
caused by defects in the more complicated procedures involved in measur-
ing gas exchange. (Ford)

Gmwth of Lale seedlings with slor trarspintion rrt6. The radiation-
cooled growth cabinet, in which transpiration by illuminated plants can be
nil, or negative, so that the soil-water content changes very slowly with
time (Rothamsted Report fot 1966, p. 93), was used to measure how soil-
water deficits affect the leaf $owth of kale seedlings transpiring at different
rates.

Slowing transpiration by increasing atmospheric humidity in the cabinet
had little effect on the soil-moisture content (MJ at which leaf growth
ceased, until the humidity was enough to promote guttation. The relative
leaf groMh rate in dry soil was then increased by as much as one-third of
the rate in wet soil, and consequently lr'o, estimated by ertrapolation, was
apparently decreased. Some or all of the faster growth in dry soil was
probably caused by guttation water falling on the soil and causing local wet
zones. The amounts of water involved were small, about 1% ofthe water
in the soil mass, but only slightly greater amounts applied by Whitehead's
method had a similar effect.

Plants gowing in moist soil and transpiring slowly often had a geatcr
initial leaf growth rate than plants traDspiring much faster in a conven-
tional growth chamber. As very slow transpiration did not inhibit leaf
growth, it s€emingly supplied enough mineral nutrients from the soil to the
roots. This is important, because drought is thought to inhibit the gowth
98
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E8

0.4
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of grass swards by preventing nutrient uptake. The potassium and calcium
contents of growing seedlings arc beitrg determined to measure directly
the effects of drought and slow transpiration on nutrient uptake.

Hitherto the water status of the soil has been measured as water per crnt
dry weight, and the sane standard soil has been used in all experiments. To
permit meaningful comparisons between different soils and other media
and plant tissues in diferent conditions, water status must be expressed as
water potential. An automatic apparatus for measuring water potential by
Spanner's method was developed and is being tested. It measures and
records water potentials of up to 50 samples at the rate of 30 per hour.
Determinations can be made rapidly, so ac.uracy can be enhanced by
averaging replicates. (Orchard)

PeBistent effects of raidng sugsr-beet seedlitrgs in different photoperiods, rnd
of CCC, on su@u€trt growth. Previous work (Rothamsted Report for
1965, p. 95) showed ttrat sugar-beet seedlings grown for 3 weeks after
germination with a lGhour daily photoperiod continued to produc€
leaves faster than seedlings with 8-hour photop€riod of the same light
intensity, when both were transferred to natural illumination in a glass-

house. This efect is not necessarily photoperiodic; it may depend on the
difference in total daily radiation, It was studied in two experiments. The
seedlings were raised in growth cabitrets at 20" C with fluorescent light.
In the first experiment seedlings had either 8-hour or l Ghour photoperiods,
and in the second either a lGhour photoperiod or continuous light. After
about 2 weeks, when they had two true leaves, they were transplanted
singly into pots and moved to an unheated glasshouse in May. Plants were
harvested on tiree occasions, the last after 20 weeks, and gro\a,th \Yas

neasured more often.
Throughout both experiments, plants exposed initially to the longer

photoperiod continued to produce leaves faster. They also increased in
leaf area faster, and consequently producrd more dry matter. The final dry
weight per plant was increased by about 10f by increase in the initial
photoperiod, either from 8 to 16 hours in the fust eryeriment, or from 16

to 24 hours in the second.
After the plans were moved to the glasshouse CCC solution was applied

to the soil three times at lveekly intervals in the fust experiment, and once
in the second; the leaves of other plants in the second experiment were
sprayed with CCC on 5 successive days. As in the 1965 experiment, CCC
increased the rate leaves were produced over a long period, so neated
plants had more leaves throughout the gtowth period, except that CCC
spray injured young leaves, which delayed the increase in leaf production.
However, CCC made the leaves smaller. CCC applied to the soil decreased
the final dry-matter yield in the first experiment, especially ofplants started
in an 8-hour photoperiod, but had ,ittle efect in the second experiment.
(French and Humphries)

Efrects of interrupring vemalisetion of winter wtert or winter bar{ey, with or
without CCC. The vemalisation of cereal grains was unatrected by CCC
(Rothamsted Report for 1966, p. 90), but interrupting vernalisation by
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immersing the grains in water at room temperaturc for 24 hours during the
period of cold treatment did affect their subsequent development. The
eflect was further studied.

Imbibed seeds of Cappelle-Desprez winter wheat and Dea winter barley
were put in an incubator at 5' C, and at 0, 2 or 4 weeks some were immersed
either in water or in CCC solution (100 or 1000 ppm) at room temperature
for 24 hours and then retumed to 5" C. After 5 wceks, on 19 April, the
seeds were planted in pots of soil in the glasshouse. Seeds kept at 5" C for
0, 2 or 4 weeks were also planted, to show the effects of different periods
of vernalisation.

As before, CCC did not afect the growth ofwheat or barley, except for
delaying ear production by wheat in July.

Wheat plants from seeds whose vemalisation was intemrpted after 4
weeks produced fewer vegetative shoots than after earlier interruption, but
developed ears sooner, so that by mid-July intemrption after 0, 2 and 4
weeks gave 9, 5 and 23 ears per pot of 4 plants respectively, but by mid-
August the differences were much smaller (23, 17 and 28 ears per pot).
Smaller effects on ear number of barley were found in June, but had dis-
appeared in July. Intemrpting vernalisation after 2 weeks gave fewer
fertile ears and grains per ear, and smaller grain yield of wheat, than inter-
ruption after 4 weeks, but it increased the number of grains per ear of
barley and so increased the grain yield.

Keeping barley grains at 5" C for 2 weeks gave more ears and larger
gain yield than keeping them for 4 weeks, but the reverse was true with
wheat. (French an6 ll"mfhries)

Grortt sbstrmes and growth regulators

Effects ofCCC on wintcr a lsp trg whe croln given various amomts of N.
CCC (2-chloroethyltrimethyl-ammonium chtoride) shortens the straw of
wheat, espocially spring varieties, so it may permit wheat to be grown with
larger dressings of N than usual without risk of lodging and thereby
increase yield, if current dressings are too small for maxirnum yield. This
applies especially to winter wheat, with which yield increases over a wider
range of N than with spring wheat. This possibility was tested in two
experiments, one with winter wheat, var. Cappelle Desprez, and one with
spring wheat, var. Kloka, in both of which N at 0, 08, 1.6 or 2'4 cwt/acre
and CCC at 0 or 2{ lb in 37 glllacre utere rpplied in a factorial design.

The winter wheat was combine-drilled on 27 October 1966 with 340 lb/
acre 0-20-20 fertiliser. The nitrogen was given as "Nitro-Chalk 21" on 18
April and the CCC sprayed on 2l March, when the plants were at the 5-G
leaf stage. Samples of the crop were taken on 22 June, when ears were
emerging, on 13 July and 3 August, and on 18 August \f,hen the crop was
ripe. The spring wheat was combine-drilled on 14 March with 3z10 lb/acre
0-20-20 fertiliser. The nitrogen was given on 28 March, and the CCC
sprayed on 3l May when the plants were at the Gleaf stage. Crop samples
were taken on 29 June, when ears were emerging and on 20 July, l0 August
and 23 August when the crop was ripe. Dry weights of shoots and ears,
100
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components ofgrain yield and leaf-area indices were estimated in the usual
way.

CCC shortened the winter wheat by only llfi, but on 26 June, after a
storm, less of the crop had lodged on plots given l'6 ot 2'4 cwt N/acre,
and sprayed with CCC, than on unsprayed plots given the same N.
However, the crop recovered from this lodging, and on 2l July it was lean-
ing only on parts of unsprayed plots. By 17 August all plots with l'6 or
2.4 cwt N/acre without CCC were partly or severely lodged, and some
sprayed with CCC were partly lodged. The winter rvheat was affected by
yellow rust, severely on most plots given N, and by take-all.

CCC shortened the spring wheat more than the winter wheat. On 29
June sprayed wheat was about 66% of the height of unsprayed wheat \\,ith-
out N, and 7l %, 771nd 76/"with|u^8, l'6 or 2'4 cwt N/acre rcspectively.
Like the winter wheat, it was partly lodged on 26 June after the storm, but
it recovered and did not lodge again. It was affected by rust and Mytcho'
sporiumb\t aot take-all; leaf diseases were less severe than in winter wheat,
and increased with increase of N.

The grain yield of winter wheat, estimated from the final samples, was
,18 cwt/acre without N,64 cwt/acre with 0'8 cwt N/age and 5l cwt/acre
with 2.4 cwt N/acre. CCC increased the leld without N to 60 cwt/acre,
and although it also increased yield with l'6 cwt N/acre, this was not
statistically significant, and the effect of CCC probably declined with
increasing nitrogen. These yields are abott 25\ larger than those obtained
by combine-harvesting, perhaps b€cause some grain was shed between the
two harvests, or lost in combine-harvesting. The increase in grain yield by
0.8 cwt N/acre came from more ears and slightly heavier grains' I:rger
dressings of nitrogen gave little further increase in number of ears, and
smaller grains. The increase in yield with CCC came mostly from more ears,

with a small contribution from more grains per ear not completely offset
by the smaller gains. The smaller yield with more N than 0'8 cwt/acre is
probably attributable to diseases, for at ear emergence, and 3 weeks later,
the estimated total weight of ears was not smaller with the larger N dress-

ings. Lodging occurred too late in the season to atrect yields greatly, and
the large dressings of N decreased leld on unlodged Ccc-treated plots as

much as on unsprayed plots which lodged. Straw yield was 45 cwllacre
without N and 6l cwt/acre with 2'4 cwt N/acre. CCC also increased

straw yield, exc€pt with 2'4 cwt N/acre, by increasing shoot numbers.
Spring wheat yielded 38 cwt/acre without N, 48 cwt/acre with 0'8 cwt

N/acre and 46 cwt/acre with 2'4 cwt N/acre. CCC had no significant effect

on grain yield. In contrast to the winter wheat, the yields estimated by
sampling agreed well with those from combine-harvesting, perhaps because

the spring wheat was combined earlier to avoid grain shedding. Nitrogen
increased the numbs of ears and number of grains per ear, but with ['6
and 2.4 cwt N/acre these eflects were ofset by smaller grain size. Whether
the smaller grains were caused by disease or by self-shading in the denser

crop is uncertain. CCC increased grains per ear and decreased weight per
gain slightly, but neither effect was statistically significant. Nitrogen in-
creasd straw yields, 0'8 ctvt N/acrs asmuchas 2'4 oxtlacre. CCC de-
creased the straw yield.

l0l
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The main object of th€ exp€riment, to get maximum yields from large
nitrogen dressings gy rreing CCC to prevent lodging, was frustrated by
pathogens. (Humphries, Welbank and Williams)

Efrects of CCC on bsrley. Most varieties of wheat are shortened by CCC ,
but the efects on barley varieties are variable and usually small. Three
explanations for this have been suggested, viz. that CCC is either not ab.
sorbed by barley, or is not translocated from the site of absorption, or is
rapidly metabolised. When dimethylsulphoxide, which aids penetration of
some compounds into plant and aninal tissues, was added to CCC spray
barley plants grown in pots in the glasshouse and sprayed with the mixturl
were shortened more than plants sprayed with CCC alone. However, this
result was not obtained in a field experiment; the final height of the barley
ffop was little affected either by CCC alone or mixed with dimethyl-
sulphoxide. Soon after the barley was sprayed at the tleaf stage the shoots
9l sprayed plants were shorter, but the difference from unsprayed ones
disappeared later. The peduncle and highest internode at miturity were
longer on sprayed than on unsprayed shoots. Evidently CCC shortened the
lower internodes that elongated soon after spraying, but increased the
growth of upper internodes. Grain leld was unaffected by CCC or
dimg16y15g1r6.xi6e. (Humphries and Willians)

CCC end irrigation. In 1966 spraying spring wheat at Woburn at the 5-
leaf stage with CCC increased the gain yield without irrigation, but not
witb (R.othansted Repor, for I 966, p. 88). This result, and those of experi-
ments in other years (5.8), suggested that CCC increases grain yield when
soil water is deficient near the time ears are emerging, probably by increas
ing the size of the root system and so enabling them 1o draw witer from
more soil.

CCC was again tested on the Woburn Irrigation Experiment in 1967, by
!p-r1]rrng lalf of each plot of Kloka spring wheat with 2| lb/acre CCC on
23 May. The experiment also compared four rates of N. A sample of the
crop from-discard areas ofeach plot subdivision was taken on 5 July, about
2 weeks after the ears emerged, when the root weight lvas expect;d to be
nearly maximal. Two soil cores were then taken from each simpled area,
divided into sections from O to 25 cm and from 25 to 60 cm depti, and thc
roots separated from them by washing away the soil on a sieve.

The total weight of roots separated from the soil cores was increased
about l4l by CCC without irrigation, bur very little by CCC with irriga_
tion. Tbe major eflect of CCC on unirrigated plots was to increase the
weight of roots in the subsoil between 25 and 60 cm df,Jo bv 37%,. On
irrigated plots it similarly increased the weight of roots beiwein Zj "and 

OO
c_m degth by 43'%, b\t this gain was oflset by a smaller weight of roots
above 25 cm depth. These effects ofCCC, though large, were no1 significant
zt the 5% level but to measure them with greater precision woild have
required more core samples than could be taken. Though indecisive, these
results are compatible with the concept that CCC increases root growth,
particularly in the subsoil.

Although June and July were much drier than in 1966, CCC did not
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increase the leld of unirrigated crops; perhaps the drought was too pro-
longed for the larger root system with CCC to be efective. CCC increased
yeld ooly with the smallest dressing of N, whereas in 1966 its effect in-
creased with increasing N supply. Thus, although there are many examples
of CCC increasing leld, the conditions in which it does so have yet to be
defined. (Humpbries, Welbank and Williams)

Conyersion of tryptophrn to suxin by phenolic €stctrs in dwarf French bear
leeves When bean leaves die, or young leaves are macerated and in-
cubated, their auxin and tryptophan contents increas€ (5.11). The possi-
bility that the auxitr derives from tryptophan was strengthened by showing
that macerated bean leaves produced more auxin when incubated with
added trr?tophan than without. The endogenous tryptophan is probably
produced by proteitr hydrolysis in dead leaves or in incubated young
leaves. Boiled or autoclaved leaves did not produce auxin unless incubated
with tryptophan, probably because protein was not hydrolysed in the
heated leaves.

The tryptophan produced in macerated bean leaves is probably con-
verted to auxin by phenols in the leaves. Three phenolic esters were sepa-
rated on chromatograms from ethyl ac€tate extracts of leaves. H. G. C.
King @edology Department) show€d that alkaline hydrolysis of the esters
yields thrce phenolic acids, caffeic, ferulic and pcoumaric acids, and a
hydroxy aliphatic acid.

The phenolic esters from bean leaves promoted the extension of wheat
coleoptile sections only in dilute alkaline solution containing tryptophan.
They also converted tryptophan to auxin in alkaline solutions. Cafeic
acid may be the constituent producing auxin from tryptophan because it
reacted b€tter than ferulic and pcoumaric acids with tryptophan. when
the surface of bean leaves was washed with phosphate buffer (PH 7'5) the
washings contained phenolic esters resembling those in leaf extracts, but
not auxin. These phenols also produced auxin when incubated with
tryptophan.

Thus the bound auxin or auxin precursor in bean leaves described in last
year's Report @.91) is probably a protein or polypeptide that hydrolyses
in dying leaves, or in incubated young leaves, to yield amino acids, in-
cluding tryptophan, which is then partially converted by phenolic esters to
auxin. (Wheeler)

Effecb of CCC and betaine on growth of dwarf French bean. CCC and
betaine are chemically related, but differ in their effects on $owth of
Frcnch bean plants and leaf discs. CCC has more efect than betaine on
the growth of whole bean plants, but less on the growth of beanJeaf discs

or wheat-coleoptile sections (Rothansted Report for 1964, p. lll). To
find the cause of this difference, the efects of CCC and betaine on endo'
genous growth substances in bean leaves were studied.

Dwarf French bean seedlings grown in sand in an artificially lit cabinet
at 25" C, received 5 nrl of 2 x l0-' M CCC, or betaine or both or neither,
aeily for 3 days, starting from the day the hypocotyls appeared above the
sand. Soon after treatment bepn, CCC and betaine were detected in

r03
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aqueous extracts of the primary leaves by treating chromatograms with
iodine vapour, but both had disappeared within 3 weeks.

CCC decreased growth of the primary leaves and of stem internodes
above the hypocotyl. B€taine did not. Neither CCC nor b€iaine afected
the amount of chlorophyll per primary leaf, but as CCC gave smallcr
primary leaves these contained more chlorophyll per unit area. Neither
CCC nor betaine affected the gibberellin content of primary leaves, but
CCC decreased the auxin content ofyoung leaves. CCC prolonged the life
of primary leaves, and so delayed the increase of auxin and amino acids
that occurs when leaves die. It slightly decreas€d the amounts of phenolic
esters in old primary leaves, and this may account for the smaller auxin
content of leaves, assuming that auxin derives from tryptophan by phenolic
esters (p. 103).

Thus, CCC retards growth of bean plants probably by decreasing auxin
production, but has no effect on the gowth of leaf discs, or coleoptile
sections, b€caus€ they are not sites of auxin production. Conversely, betaine
affected neither auxin metabolism nor growth of bean plants, so it probably
inhibits the growth ofleafdiscs and coleoptile sections directly. (Wheeter)

A[xir h roots of tomato idested witt mot-Lrot nemrtod€s. I-arvae of
Meloidogyne spp. induce galls on the roots of tomato plants, which other
workers have associated with increased auxin content of the roots. If
tbis is so, it suggests that thc larvae either secrete plant-growth substances
that directly cause crlls to proliferate or that their feeding changes the
endogenous growth substances of the root.

The body contents and secreted saliva of M. incognitalawae contained
too [ttle auxin and tryptophan to account for the extra occurring in infected
roots. Incubating macerated tomato roots at 37" C for 2 days increased the
amounts of extractable auxin and tryptophan, showing that the roots
contain bound auxin. Incubation produced more auxin and tryptophan
from roots with galls than from uninfested roots. phenolic esters in the
tomato roots were not increased by infestation. They increased extension of
wheat coleoptile sections only when assayed with tryptophan, presumably
by converting tryptophan to auxin.

These results suggest that the fe€ding larvae cause proteins to hydrolysc
to amino acids, including tryptophan, which then reacts with endogenous
phenolic esters to produc€ auxin, which in tum causes cells to proliferate
and form galls. (Wheeler with Setty, Nematology Department)

Weed studies

Witl ostg

Longetity ofseeds. Seedlings continued to appear in pans of moist soil
in the glasshouse 4 years after sowing s*d of Avma sterilis from Israel, and
of A. barbata, A. fatua and A. ludoviciana from Australia, and after 6 years
from seeds of A, sterilis and, types resembling I . ludoyiciana from Grexre
(Rothamsted Reporrs for 1961, p. 82 and 1964, p. ll?). Bitish A.fatua and
A. ludoviciano do not remain dormant so long in the glasshouse.
104
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Efects of kale seed-crops on wikloat infestatioas. Observations on a
farm in Sufolk suggested that land where kale had been grown for seed had
fewcr wild oats than after other crops, and that the difference persisted for
scveral years. To test whether the kale crops left toxic residues, seeds of
A. fatua were sown in samples of soil taken from four fields where kale
seed-crops had been grown for various periods, and from adjacent areas
in the same fields where kale had not been gro$m. Other soil samples were
kept without adding seeds, to determine how many wild oats grew from
seeds already present. A total of 38 seedlings appeared in three such
samples each of I kg of soil from no.kale areas, compared with only two
from kale areas. In the other fields the populations of wi.ld oat seeds were
too small to be compared accurately by such small samples. The numbers
of added seeds that germinated in soil from kale areas were not cotrsistently
fewer than in soil from no-kale areas.

Thus, there was no evidence that the kale-seed crops left residues toxic to
wild-oat seedlings. The wild-oat infestation was smaller after kale than
after other crops (mostly cereals), probably b€cause the later sowing and
denscr shade of the kale meant fewer wild-oat seedlings were established,
and thesc produced less seed than in the other crops.

Efect of salphwic ac l spray for killing pee hatlm on seed protltction of
,eiw osts. Pea crops arc often sprayed with sulphuric acid to kill the haulm
before combine-harvesting. To find whether such spraying affects the prG.
duction of viable seed by wild oats growing in the crop, earsof A. fatuawere
collected from two pea crops in Essex in Julyjust before they werc sprayed,
and again 4 or 8 days later, before the peas were combioed. All florets were
removed from random samples of sprayed and unsprayed ears, and the
germination of intact seeds, and of seeds with their distal ends cut ofr to
break dormancy, was tested.

On one field, spraying with the boom about 40 in. above the ground
killed two-thirds of the $eeds, but the dormancy of those surviving was
scarcely affected; 83f of viable seeds from unsprayed plants were dormant,
arLd 761from sprayed plants. Deoeasing viable wild-oat se€ds by two-
thirds is a valuable bonus from the spraying, but the efect on subsequent
infestation may be even greter than the killing of seeds indicates. Seeds of
wild oats stopped gowing immediately after the leaves were killed by spray;
they were smaller at the time of combining than those from unsprayed
plants, and so were probably less able to produce established seedlings in
c.mp€tition with the subsequent crop.

On the other field spraying with the boom only 30 in. above the ground
did not kill any seeds, but,l0% had their dormancy broken. The lower
boom probably b€nt the wild-oat ears as it passed, so that, when they
sprang upright, the spray was shaken off before it p€netrated to the
embryos, whereas the higher boom on the other field passed over most
ears, and the spray remained on them long enough to kill embryos ofthe
less-mature seeds.
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Blrclrgrass (,{/opecrrs myo sur oide s)

Energeace of secdlings lrom difercat depths iz roiL Efficient use of
herbicides applied to the soil requires knowledge of how emergence of weed
seedlings depends on the depth of the seeds in the soil. Blackgrass seeds
were sowr in March in pots of sterilis€d Rothamsted soil, either on the
surface or below the surface at depths increasing by f-in. intervals to 6 in.
Germination was poor, possibly because the time ofyear was unfavourable;
27\ of s*ds sown on the surface germinated, and seedlings emerged at
the surface from l8l of seeds sown at I in. depth,g\o fron2 in., ll from
3 in. and only I seedling out of 300 from 4 in. In France, Baralis (7
Colloque nr la Biologie des Mauvaises Herbes, Gignon, 1955) found a
similar decrease in emergence with greater depth of sowing, but some
seedlings appeared from seed at 12 cm depth.

P*iotlicity of germination in the fukl. The experiment on periodicity of
germination reported last year (Rothamsted Report for 1966, p. 95) was
repeated. After the seed-bed cultivations of Broadbalk were completed in
October 1966, seedlings of blackgrass were counted every week as they
appeared on small plots on an undrilled area beside the fallow strip. The
seedlings on all plots were removed by hand-pulling at monthly intervals.
After the seedlings were removed, one set of plots was undisturbed and the
other cultivated by hand to 4 in. depth. The peak periods of germination
for the two treatments coincided, but by September 1967, when the field
was ploughed, nearly twic€ as many seedlings were counted on the un-
disturbed plots as on the cultivated plots. The most probable explanation
is that the cultivation destroyed small unemerged seedtings; it seems un-
likely that cultivation prevented germination, induced dormancy or killed
s€€dlings by cooling or drying the soil.

More seeds germinated in autumn and fewer in spring than in the
unusual season 1965-66, but germination was later in autumn than
exp€cted from previous work on Broadbalk on the dependence of black-
grass infestations on the date of sowing the wheat crop (.Ro thamsled Repofi
for 1958, p. 85). Few blackgrass seedlings were seen before November.
The December peak of germination accounted for more than half of all
seedlings counted between November 1966 and Septemb€r 1967, and by the
end of February germination had reached 80-90f.

Developmcnt of plants germinating at diterunt ,r'rruJ. Other plots
resembling those used for the periodicity study were cleared of seedlings
only once, at monthly intervals on different plots, and the blackgrass
seedlings that appeared afterwards were left undisturbed, to find how their
grofih and development depended on the date of germination.

Tillering began 4 months after germination in the priod from November
to April, 1 month after germination in June and 2 months after germination
in July. Seeds that germinaied in January produced plants with most
shoots, 15 per plant; those that germinated in February or March averaged
13 shoots, and in November only 8 shoots. Similarly, plants from seeds
that germinated in November produced only 4 ears by June, increasing
105
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uniform material for experiments. Rhizomes from a selection of the plants
grown in pots were planted on small plots in October, together with three
clones from the Weed Research Organisation, including the standard
Headington clone, T1,pes compatible in their times of flowering were
planted on neighbouring plots, to provide a source of seed in addition to
rhizomes. Rhizomes of Agtostis gigoiea from diferent sources were also
planted.

Energence of shoots from ?hizome fragm.nts phnted al ,lifercnt .leplht.
Rhizome sepents I in. long with one node or 2| in. long with two nodes
were planted in soil in pots at I in., 3 in. and 4| in. depth. Shoots apPeared
above the soil surface within a week from most rhizome piec€s planted I
in. deep. After 4 weeks shoots had emerged from all 2+-iD. segments
planted 3 in. deep, but from only a quarter of the l-in. segments; none
emerged from 4| in. depth. (Willia'ns)

Weed surveys. Samples of blackgrass plants wcre collected by N.A.A.S.
Officers from all but one of the English counties omitted from the 1966

stsrvey (Rothamsted Report fu 1966, p. 95) and sent to us for study' As
before, most came from clay soils and from cereals, eslrcially winter-sown
crops, but blackgrass was also collected from spring cereals on chalt soils
in Wiltshire where none was reported in 1966. Only one of 4l samples

coltected was infected by ergot fungus (Claviceps purpurea), compared with
l4f ofsamples in 1967, but whether the difference reflects local or seasonal
variation is not known.

The usual annual surveys were made of the weeds on Broadbalk, and a
final set of soil samples was taken for the study, started in 1955, of efrects

on the weed-seed population of returning to continuous wheat after the
fallow cycle, and of the use of herbicides. Weeds on other fields of Rotham-
sted farm and Scout farm and at Woburn were surveyed to assess the
efficacy of control by herbicides and cultivations. Perennial grasses,

especially Agropyron repens and Agrostis giga lea, were prevalent except
after fallow; field horsetail (Equisetum arvense), field bindweed (Convol-

vulus olensis) a:nd annual meadow grass (Poa annw) were more abundant
than usual, probably because the preceding summer was wet and winter
mild. Onion cnsch (Arhenatheturn elatius) was found surviving a l-year
fallow on Scout farm. Cfhurston)

The Park Grass Plots

The effects of the new liming treatments ( Rothamsted Reporr for 1964, p.

226) ot acd plots previously unlimed became more conspicuous. As
before, the flowering of Holctts lanatus (Yorkshire fog) was delayed, and a
similar delay occured with Agrostis sp. aIf.d Anthomnthwn odoru,um
(sweet vernal). The treatments have also begun to affect the relative
abundance of species. Trifolium pratense (red clover) is now present on
three newly limed subplots previously free from lt, zr,d Festuca ovina
(sheep's fescue) has become more abundant on newly limed areas. On
the recently limed parts of plots I l-lc and l1-2c many more species than
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to 6 when grofih continued until July, whereas plants from seeds that
germinated later, in December-March, had 9-l I ears by July.

fnduced donnancy. Comparisons of the numbers of blackgrass seedlings
germinating in samples of soil taken in mid-september and early October
in 1965-66 and kept in pans in the glasshouse, and of those germinating
on field plots, showed that the percentage of dormant seeds in the field
changed with time, presumably because dormancy was aflected by
seasonal changes in soil and weather. Samples taken on 5 October pro-
dued 201fewer seedlings in autumn, but 5f more in spring, and l5f
more in late-summer and autumn, than samples taken 2 weeks earlier.
Germination in the field did not start until December, and was 60f less in
the period October-December, bli 35y" more in the following spring,
20f more in summer and 5f more in autumn than in samples transferred
to the glasshouse in September. Evidently conditions in the field in October
and November induced dormancy that was subsequently broken earlier in
the field than in the glasshouse. These results, obtained from tests made for
otherpurposes, suggest that the conditions affecting the onset and breaking
of induced dormancy need more critical study. (Thurston)

Cowl gte:rs (Agropyrot rcpens)

_Efects ofpreuious cropping. Plots ofanexperiment cropped with spring
wheat, kale or Iralian ryegrass in 1965 and with barley in i96A and lSAl
with various amounts of N fertiliser in all years, were scored for the
presence of couch grass, on a scale of increasing abundance from 0 to 5, in
August when the barley was ripe. The mean scores for plots with different
9r-evious cropping were: after wheat 2.5, after kale l.Z, after ryegrass
1.3 + 0.18. Increasing N in 1965 had no effect on the couch-grasi score
after ryegrass, slightly increased it after wheat and halved it ifter kale.
There was no consistent effect of N in other years. Evidently wheat
competed least effectively with couch grass, and ryegrass most, except that
kale given 2 cwt N/acre was as effective as ryegrass. It is noteworth] that
these €ffects of different cropping persisted in the couch-grass infestation
after 2 years of uniform cropping.

Sebcrton aad propagatiot ofexp.rimcntsl rzarezrar. Se€ds of Agropyron
rcpms collected at Rothamsted in August 1966 were germinatiO in
December and the plants gown in the glasshouse until bctober 1967.I!9 !oO!og. varied greatly in growth habit and flowering behaviour.
Tillering begaa in rn;d-February, and secondary shoots frJm upturned
rhizomes aplrared in April. The times when shoots elongated difered
greatly, and_ears began tocmerge on different plants from the beginning of
June to mid-July. Anthesis occurred about I month after ear emergencc.
The nrrmber ofears per plant ranged from 0 to 85, and of seeds pe. *i from
2 to- 38. The species is self-sterile, so seed production depen-ds on com-
paliple types flowering at the same time. Much variation in susceptibility to
mildew was found.

This variability wirhin the species makes it necessary to propagate
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usual were found, including some that formerly occurred very rarely or
never . Cerastium holosteoides (motse-ear chickweed) occuned on nearly all
the recently limed areas of previously unlimed plots, but not on the un-
limed areas. (Williams)

Staff and visiting workers

W. Bond, M. J. Gibb and K. Loach, whose work is supported by a grant
from the Sugar Beet Research and Education Committee, were appointed,
Anne L. Thompson was awarded the B.Sc. degree of the University of
London.

Mr. Teruhisa Motomatsu returned to Japan in September. Mr. G. C.
Blackwood and Mr. C. C. Hole, sandwich-course students of Bath Uni-
versity of Technology, worked in the department from April to September.
Other visiting workers were Mr. Hew Choy Kean, of the Oil Palm Research
Station, Selangor. Dr. V. eern!, of the Central Institute for Plant Produc-
tion, Prague, and Dr. J. Repka, of the College of Agriculture, Nitra,
Czechoslovakia.

E. C. Humphries contributed to the lst International Symposium on
Tropical Root Crops, at St. Augustine, Trinidad, and to the Cereal and
Physiology sections of the conference of Eucarpia at Wageningen. Gillian
N. Thorne went to Australia in October to work in the Phytotron at
Canberra, and to visit other research centres. D. J. Watson was Chairman
of a session of the 3fth Winter Congress of the International Institute for
Sugar Beet Research in Brussels.
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