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Inhoduction

Considerable eflort in the Botany Department has been devoted to studying the physi-
ology.of cereal crops and in particular of vr'heat. Contrary to opinions origiiatinj f;m
American workers, our measurements indicate that if the pr&ss or pnJtoresf-iraiion
99lh .E-:upgr.t."d, without any harmful consequences, in cereal crops grown in the
Urited Kingdom, the expected increase in growtli rate would be of ttL oiaer if iS-|".
This increase, which is lower than that which has been estimatEd previously, takes intl
account theactual growing conditions for field crops in this country. So far we have been
unsuccessful in finding a chemical which can be used under field conditionr to 

"r"ctiueiyinhibit_the process of photorespiration. Experiments with Maris Huntsman have indi-
cated that after higher applications of nitrogen fertiliser, photorespiration is increased.

,.llyli.r of the influence of polluta-nts in the atmosphere, and in particular of sutfnur
droxrde. sugge_st-that losses in yierd ofeconomic importance may be experienced in several
areas of the United Kingdom.

..The second arable crop studied in detail has been sugar beet-.Ihe work has been
directed towards analysing those factors which control thi potential of the root for the
storage of sucrose. In addition the factors which limit the istablishment of the crop at
lower temperatures have been investigated because of the proven importance of achieving
growth early in the season.

At the present time relatively little work is being undertaken on the potato crop, in
3l
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spite of the urgent need for further studies on the physiology of this crop' At the present

time we are unlble to transfer or appoint new staff to undertake this work'
Due to the moratorium on the appointment of new staff, which existed for part of last

year, the Botany Department is functioning with three out of 12 Assistant scientific

bffio. port. vaiant. This has resulted in some reduction in the work on weed biology

and at piesent work on blackgrass has been discontinued. In other subjects the programme

ofwori has been maintained and indeed the number and extent of pot experiments in the

glasshouse has been greater than usual; this has only been achieved through the special

eflorts of those in post, particularly those in support posts.

There has been tittte opportunity to instal new facilities. Plans and estimates have be€n

prepared for the replacemint of the older, wooden glasshouses, which are now in a poor

itate of repair, bufit has not been possible to make financial provision for the work'

Cereals

Photosyntbesis tnd photorespiration

Photosyntheis of t t4ize atd wheat at diterent tenryerutwes. Experiments were under-

taken toilucidate-the difference in growih response to low temperatures of wheat and

maize. Kleiber spring wheat and Anjou maize were eroln !1- -c91stant 
environment

rooms at day/night timperatures of 23/18"C, humidities -of 
85190\ an,d a 16 h day at

580 prE m-2 iec i of phoiosynthetically active radiation. After three weeks, the plants were

divided between foui rooms with daylength and light intensities as above but each at

different temperature regimes; 13/10, 18/14, 23118 ot 28122'C, with corresponding

humidities ofi5/90,80/90, 35/90 and 85/9o1. Measurements were made on wheat plants

when they taa ieacnea anthesis, i'e. at 54,49' 4O or 35 days in day- temperatures of-13,

18,23 ani 28'C respectiYely and on maize plants when the ninth leaf was fully expanded,

i.e. at 50,27,15 and l3 days. Plants were taken from the room in which they wer€ grown

to each ;f the other roomiand after 40 min in the new enyironment photosynthetic rates

were measured.
The flag leaf of wheat and leafnine of maize photosynthesised as fast or faster than other

leaves onlhe plants at the stages when the measurements were made- For measurements

made at 23 una Zg"C, net pholosynthesis by maize leaves from plants grown at 18,23 or
28.C was significantly faster than for wheat leaves grown at any of th€ four temperatures;

leaves from-maize grbwn at l3'C, which were yellow and not fully developed, photosyn-

thesised at insignifiiant rates (less than t'5 mg CO2 dm 2 h-1). . At all four temperatur€s,

net photosyntliesis by leaves from wheat grown at l8"C was significantly faster than by

leaves from wheat grown at 23 or 28"C and except when measured at l3"C the mean

rates for leaves groin at l8'C were faster than for leaves grown and measured at l3'C'
At all four tempiratures at which measurements were made, leaves from maize grown at

23"C photosynihesised faster than leaves from maize grown at 18 or l3'C and except

when measured at 28'C, faster than leaves from maize grown and measured at 28'C So the

day temperatures for golvth that produced leaves with fastest rates of net photosynthesis

.".L tS;C for wheatind 23"C for maize; the rates for maize were significantly faster

than for wheat when measured at the two hotter, but not at the two cooler, temperatures'

The optimum temperature for photosynthesis by wheat leaves was near l8'C; for
maize grown at l8 oi 23'C the opti-om *at near 23'C but for maize grown at 28'C it
was 28:C or above. Maize varietiis grown in hot climates have maximum rates of photo-

synthesis near 35"C. Breeding and selection have produced varieties b€tter adapted to
growth in temperate climatei; in further improvem€nts the aim-should be to obtain

ilaize with a temperature optimum for photosynthesis nearer l8'C and which develops

leayes with the fastest rates of photosynthesis when the growth temperature is l8'c or
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Iess. In the present experiment, maize grown at l8"C had leaves less effective for photo-
synthesis at 13 and l8'C than wheat grown at these lower temperatures. Grown at l3'C
maize did not produce effective leaves.

The above observations are consistent with field observations (Rothamsted Report for
1974,Part I,29) when photosynthesis pcr unit area of leaf was slower in maize than wheat
except at the highest light intensities. Maize in the field would have experienc€d tempera-
tures mostly below l8"C which are sub-optimal for development of the active photo-
synthetic tissue. (Bird, Cornelius and Keys)

Rapid metsuremeat of gross and mt plotosynthcis. An area of leaf I x l0 cm was
enclosed between the two halves of a cup-type leaf chamber mounted on tongs. The act
of closing the chamber admitted air containing laCOz from a light alloy cylinder so that
the air passed over both sides of the leaf; the total flow rate was controlled by a pressure-
reducing valve and a flow regulator (Platon 'Flostat'), at 500 cm3 min r. For 5 sec the gas
from the chamber was directed to waste through a sodalime tower; for the next 40 sec
it was directed into a plastic{overed aluminium foil bag. The concentration of carbon
dioxide in this sample of gas was subsequently measured with an infra-red gas analyser
(IRGA). The piece of leaf was frozen in liquid nitrogen immediately the gas sample
had been collected and the radioactivity present determined after combusting it in a
Packard sample oxidiser. The results were used to calculate net and gross photo-
synthesis.

Where gross and net photosynthesis were measured consecutively on the same piece
of leaf using different gas mixtures, as in the experiment in which maize and wheat were
compared in the constant environment room, there were two main sources of error. A
transient and variable decrease in photosynthetic rate occurred soon after the leaf was
clamped in the chamber and this led to an underestimate of the rate of gross photosyn-
thesis. Secondly, it was found that the amount of 1aC in the 0.5 cmz disks, punched from
the leaf, varied in a random way depending on the position in the I x l0 cm area of leaf
from which they were taken. The mean value for three leaf disks for each measurement
was used-

The method described above gave the same values for gross and net photosynthesis for
maize leaves as expected, but the rate of gross photosynthesis by wheat was greater ttran
that of net photosynthesis. The calculated rate of photorespiration for wheat was about
one-fifth to one-quarter that ofgross photosynthesis. This suggests that for wheat gro\rn
in a climate like that of the United Kingdom, the increase in growth rate which might be
obtained if photorespiration could be suppressed without any harmful consequences,
would be of the order of 25\. This would not necessarily result in the same percentage
increase in grain yield. (Bird, Cornelius and Keys)

Inhibitors of phonrespiratioa. Ethyl glycidate (Ethyl-2,3-epoxypropionate) (Zelitch,
Archives of Biochemistry ond Biophysics (1974),163,367), which has been claimed as an
effective inhibitor of photorespiration, was sprayed on to field plots of Kleiber spring
wheat and Cargill Primeur maize at one of two rates (0.27 and 0.77 kg ha-t) at one of
three dates (24 June, I I July or 29 July 1975 on wheat; I I July, 29 July or 7 August 1975
on maize). Treatments were replicated in tbree blocks for wheat but there was no replica-
tion for maize. The mean grain yield of wheat was 2.91 * 0'13 t ha-l at 85% dry matle\
for maize, the overall mean for three harvests in late August was 41.37 + 2.35 t ha-t
fresh shoot (19.7 % dry matter). Analysis of variance showed no significant treatment
effect on yield for either species.

In a pot experiment solutions of ethyl glycidate (2.32 gl-t1and two compounds from
the American Cynamid Company, 'AC 99850' (6.63 g l-t) and 'AC 23380' (3.62 g l-t;
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were applied eyery week from l0 June to 30 July to plants of Kleiber spring wheat. The
eight plants in each pot were sprayed .l ith a total of 4 ml of water containing spreader
only (control) or an inhibitor solution. Treatments were replicated in three blocks. The
procedure described above was used to measure gross and net photosynthesis. Two
measurements were made on each replicate on each offive oc.casions using air containing
325.5 vpm raCOe sp. act. 0.678 FCi pmol-r. The overall means for the experiment were:
net photosynthesis 26'4 mg CO2 d6-z h-r; goss photosynthesis 34.3 mg dm-z h-t and,
by difference, photorespiratory COz release 7.90 mg dm-z h-1, i.e- about one-quarter
that ofgross photosynthesis. The mean ligbt intensity was 1300 pE m-z sec-r. Analysis of
variance showed no significant effect of spray treatment on either COz exchange rate.

Two pots from each replicate treatment were used (l I August 1975) to measure total
fresh weight, number of ears and dry weights of straw, ears and grain. The mean total
dry weights per pot were 94.9, 94.4, 93.8 and 95.5 I 2.21 g for control, ethyl glycidate,
'AC 99850'and'AC 23380' treatments respectiyely; there were no sigaifi.cant effects of
treatment on any of the parameters of yield.

A day before and a day after a spray treatment one flag leaf from each replicate was
supplied with air containing 270 vpm raCO2 (13 pCi pmol-t) in the light for l0 sec
using a technique similar to that of Shimshi (lournal of Experime tsl Botany (1969),20,
381). After detaching the leaf chamber, leaves were left for 20 sec to assimilate
lzCOz from the ambient atmosphere, then a disk from the piece of leafexposed to raCOz

was cut and quickly frozen in liquid nitrogen. The products of photosynthesis were
subsequently extracted and separated by two-dimensional thin layer chromatography on
cellulose powder. No significant effect of the spray treatments was found on the relative
amounts of rac in photosynthetic products.

Eyidently, if the various chemicals were taken up by the plant in suficient amounts
they were not effective in reducing photorespiration. (Bird, Cornelius and Keys)

R€spome of thee varieties of winter wheat to large amoutrts of nitrogen

Growth. ln previous experiments with Kleiber spring whcat, increased amounts of
nitrogen increased leaf area and photosynthesis per unit area of ground relatively more
than grain yield (Rorhamsred Report for 1974, Part l, 25). This inefficiency of crops given
nitrogen was not caused by diversion of dry matter from the grain to stem and leaf
growth; probably it was caused partly by the larger respiratory loss of COz from the
larger stems containing much protein. This investigation was continued in 1975. The
response of three varieties of winter wheat to eight amounts of nitrogen (0-210 kg ha-l)
was inyestigated in a field experiment. The varieties used were the old low-yielding
Cappelle-Desprez(C), and the newer Maris Huntsman(H) and semi-dwarf Maris
Fundin(F).

With all three varieties, nitrogen increased leaf area relatively more than grain yield.
The responses to nitrogen were much larger than in previous spring crops perhaps
because the .r et winter and preceding oat crop had depleted soil nitrogen. Leaf area was
increased by nitrogen throughout the range tested, but grain yield and most other growth
attributes increased only with amounts up to 150 kg N ha-r. Yarieties differed little from
each other in dry weight or leaf area with 0 or 30 kg N ha-r but ]vith more nitrogen grain
yield of F and H was greater than that of C, and straw yield and shoot dry weight at all
times after anthesis was grcater for C and H than for F. Total leaf area was greatest for
H and least for F but leaf area above the flag leaf node, which produces most of the
carbohydrate in the grain, was similar for all three varieties. Mean grain yields with 0 or
210 kg N ha-t were C 3.6/6.5, H 3.417.0, F 3.116.9, + 0.24 t ha-1 (85% dry matter).
Equivalent straw yields were C 3.718.2, H 2,718.2, F 2.417.6, * 0.30 t ha-r dry matter,
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and equivalent values of leaf area index at anthesis were C 3.0/10.2, H 2.8111.6, F 2.71
8.3 ;f 0.47. Effects of nitrogen and variety on growth and yield were not consequences
of effects on development, which was altered little by treatment. Anthesis and complete
senescence of the leaves were delayed three days by the larger amounts of nitrogen and
anthesis of F was three days earlier than of C and H. Consequently the period of grain
growth ranged from 40 days (C and H) to 43 days (F)-unusually short because the hot
weather hastened leafsenescence. Nitrogen increased grain yield by increasing the number
of ears and number of fertile spikelets per ear, and hence the number of grains per ear.
Dry weight per grain of C and F was decreased by nitrogen throughout the range tested;
that of H increased with nitrogen up to 90 kg ha-r and then decreased slightly. F had
most and C least grains per spikelet and hence $ains per ear. F had smaller grains than
the other varieties.

Measurements of stems and leaves at intervals after anthesis showed that dry weight
of the shoot (excluding the ear) increased for about two vr'eeks after anthesis and then
decreased to values less than at anthesis. The decrease was greater with more nitrogen,
especially for F. So, as with spring wheat, nitrogen did not increase the retention of
assimilate in the stems, and may even have decreased it. (Pearman, Thomas and
Thorne)

Wotet ase. Neutron probe access tubes placed in the six plots receiviDg no nitrogen
and the six plots receiving 210 kg N ha 1 enabled evaporation to be measured between
30 April and maturity (8 August). Evaporation between 30 April and 26 June, close to
anthesis, was 35\ (52 mm) greater with 210 kg N ha-t than with no nitrogen. Between
anthesis and maturity evaporation was decreased by 13% (8 mm) by nitrogen, evident
as less loss ofwater from the soil down to a depth of90 cm which more than compensated
for a slightly increased depletion between 90 and 120 cm. Thus eyaporation was influenced
by the crop growth before plant cover was complete and thereafter was slightly decreased
by the drier soil of the high nitrogen plots. (Thorne)

Photosynthesis ottd photoresphation Gross photosynthesis per unit area both of the
flag leafand of the leafbelow the flag leaf(second leaf) decreased significantly throughout
the range of nitrogen tested. Nitrogen at 150 kg N ha-t and above decreased photosyn-
thesis offlag leaves of H measured eight days after anthesis slightly more than ofC and F,
but there were no varietal differences in second leaf photosynthesis, nor in photosynthesis
of flag and second leaves measured 22 days after anthesis. The mean rate for flag leaves
with 210 kg N ha-r was 70\ of that with no nitrogen, and the corresponding value for
second leaves was 351- These effects of nitrogen were more marked than in the spring
wheat crops in 1973 and 1974 (Rothamsted Report for 1973, Part l, 90 ar,d for 1974,
Part l, 26). The reduction can be explained partly in terms ofa reduction in light penetra-
tion into the denser crops, but at eight days after anthesis the reduction in photosynthesis
of flag and second leaves above 120 kg N ha-l was greater than that exp€cted from the
reduction in light penetration alone. Leaves developing in shady conditions may have
reduc€d photosynthetic capacity. The intensities of photosynthetically active radiation
(measured with a quantum sensor) io crops given 0 or 210 kg N ha t, expressed as a
perentage of the intensity above the crop, were 85/53 at the level of the flag leaf, 62/26
at the leaf below the flag leaf and 35/4 at the ground. The interception of light by the
canopies of crops of the three varieties given different amounts ofnitrogen was as expected
from their leafareas;i.e. there were no indications ofany differences in leafarrangements
b€tween treatments that affected light interception.

In spite of the reduction in photosynthesis per unit leaf area, the large increase in leaf
area with nitrogen resulted in an increase in total photosynthetic production per unit area
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of land. The gross photosynthetic production of the combined flag and second leaf
laminae with 210 kg N ha-r was about 2'5 times that with no nitrogen. Photorespiration
was determined in the field from simultaneous measurements of lacoz and r2COz uptake.
Measurements of rates in flag leaves of H were made on four occasions at the different
levels ofnitrogen. Up to 150 kg N ha-l, the COz loss was about 23 % ofthe rate of raCO2

fixation (with 30 kg N ha-r, 3.6 mg COz dm-zh-t lost). With l80kgNha-1 this loss
was significantly increased to 33% ofthe t{CO2 fixation, andto 46y"with 2lO kg N ha-t.
Thus the net photosynthetic production offlag leaves did not increase continually through
the range of nitrogen tested, but reached a maximum value with 180 kg N ha-r of 3.8
times the rate with 30 kg N ha-l and declined to 3.2 times with 210 kg N ha-l. The
efficiency in grain production of leaves from plants given large dressings of nitrogen
may be partly related to an increased loss of COz in photorespiration. (Pearman and
Thomas)

Dark respiration. Respiration rates of ears and shoots (leaves plus stems) were
measured between nine and 28 days after anthesis by taking plants growing in paper pots
sunk in the field plots into a dark growth room at l4'C. No effects of radiation or
temperature during the day immediately before respiration was measured were observed.

The mean respiration rate of ears was 0.62 mg COz g-l dry weiglrt h 1; it decreased
with later sampling (age), increased with nitrogen, and was less for F than C and H. The
varietal difference and about a third of the nitrogen effect could be due to differences in
physiological age because F and the low nitrogen plants reached anthesis earlier. The
mean respiration rate of shoots was 0.22 mgCQz g-l dry weight h-1 and unaffected by
sampling time, nitrogen or variety. The approximate loss in dry weight per unit ground
area caused by respiration of the shoot between anthesis and maturity, was slightly
greater for C and H than for F and increased about 2.5 times by the addition of2l0 kg N
ha r. This loss in dry weight due to respiration was considerably less than the observed
decrease in shoot dry weight, suggesting that carbohydrate formed before anthesjs may
have contributed to grain growth. This phenomenon, which was not observed in previous
experiments with spring wheat, needs connrmation. (Pearman and Thomas)

EAed of hte nitogen sprays. Urea sprays that do not scorch leaves, applied after
anthesis, increased grain yield, sometimes more than similar amounts ofnitrogen applied
to the soil in the spring (Rothamsted Report for 1974, Paft l, 27,80). A late nitrogen
application was tested again in 1975 by spraying 1.5 m2 of each plot four days after
anthesis with a 3 % solution of urea supplying 30 kg N ha-t. The spray did not delay the
unusually fast leaf senescence caused by the hot weather, as judged by eye. At maturity,
shoot dry weight and ear number were unaflected by the spray and grain yield was
increased by about 0.3 t ha-r, irrespective of variety or amount of nitrogen supplied
from the spring application. The spray increased grain yield by increasing the number of
grains per spikelet, whatever the previous nitrogen treatment, and also grain size except
with more than 150 kg N ha-t when grains were already small and somewhat shrivelled.
(thorne)

Conclusions. In grain yield the two modern varieties (H and F) responded slightly
better to nitrogen than did C, but ditrered little from each other. None of the three
varieties differed much from each other in rates of photosynthesis or respiration or in
leaf-area index of the top two leaves and stem above the flag-leaf node, although F had
Iess stem dry weight than C and H. H and F had more gmin than C with ample nitrogen
because their ears had more grains, due to more grains per spikelet, and possibly attracted
36
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more assimilate from the stem as a consequenoe. Whether or not this occurred should be
shown by data still awaiting analysis on the distribution of lac within plants. (Pearman,
Thomas and Thorne)

Carbon metabolism of wheet leaf segments. Potassium glycidate (20 mM) decreased the
rate of photosynthesis by wheat leaf segments at both 20 and 28'C and relatively less
glycine was made suggesting decreased metabolism by the glycollate pathway. Less
concentrated solutions of inhibitor had no effect on rate of photosynthesis but a 2 mM
solution did decrease glycine synthesis. Whereas Zelitch (Archives of Biochemistry and
Biophysics (1974), 163, 367), who kindly sent the sample of glycidate, had found that a
20 mM solution decreased photorespiration and stimulated photosynthesis 501 in sun-
flower leaf disks, we were unable to repeat his work with wheat leaf segments.

Both potassium glycidate (20 mM) and isonicotinyl hydrazide (INH) ( I 50 mu) inhibited
metabolism of [U-r4C] D-glyceric acid supplied to wheat leaf segments; INH caused
relatively more r4C to accumulate in glycine and serine and less in sucrose, while potas-
sium glycidate decreased laC incorporation into glycine and increased 1aC in phosphate
esters and serine. Another inhibitor, sodium L-2-hydroxy-3-butynoate, did not decrease
metabolism of [laC] glycerate; it caused accumulation of raC in glycollate but did not
affect sucrose synthesis.

After steady photosynthesis, in the absence of inhibitors in 150 vpm raCOc in air a
change to 1000 vpm r2CO2 caused a rapid decrease of 1aC in glycine, synthesis of laC

sucrose and serine, and evolution of raCOz. Initially the amount of racOz evolved
equalled one-quarter that of the raC lost from glycine but after 2 min in 1000 vpm rzCOz

more r4CO2 was evolved than could be accounted for simply by conversion of glycine to
serine. However, laC in serine began to decline after 2 min and the 1aC lost from glycine
and serine accounted for laC appearing almost equally in sucrose and COe. When [uQ1
serine was supplied to leaf segments in 1000 vpm rzCO2 glycollate and glycine became
labelled, suggesting recycling of some serine carbon through the glycollate pathway.
However, unlike [laC] serine made in leaf segments by photosynthesis, 70% of tbe r4C

was incorporated into sucrose and orly 5l into COz. Perhaps [t4C] serine supplied to
leaf segments through the cut base is metabolised at a site where sucrose synthesis pre-
dominates, whereas photorespiration takes place at sites near where serine is made during
photosynthesis.

The total amounts of glycine and serine in leaf segments were measured colorimetric-
ally. During steady photosynthesis in 150 vpm raCO2 in air, the glycine remained constant
at 5.2 and serine at l'0 pmol g-r fresh weight. No sigpificant changes were observed upon
change to 150 vpm rzCoz in air. A change to 1000 vpm lzCOg in air caused glycine to
decrease quickly for 2 min and then slowly to 2'7 p.mol g-r fresh weight; serine increased
to 2'25 pmol g 1 fresh weight in 2 min then remained constant. A change to COz-free air
and darkness caused a rapid decrease in glycine to 2'l pmol g-r fresh weight in 2 min
and a slower fall to 1.5 pmol. Over the same period serine increased to 2'3 pmol g-r 1t".5
weight. Comparing these various values with changes in rac labelling it was concluded
that not all the glycine and serine in leaves was in metabolically active pools and that the
active pools did not become fully saturated with r4C during 15 min photosynthesis in
1aCOz. From initial rates of decrease in glycine, following changes from steady-state
conditions, values for rates of carbon flow through the glycollate pathway were calculated
(Rothamsted Report for 1974,Paft l, 30). The rates were faster than those calculated from
changes in lrc labelling of glycine and this is consistent with active metabolic pools not
being fully saturated with 14C. The rates of metabolism of glycine rn vir? observed in this
manner, relative to the rate of photosynthesis, are consistent with rates of photorespira-
tion reported above for wheat. (Kumarasinghe)
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Rlbulose bispbospbate carboxylase/oxygenase. The enzyme ribulose 1,5-bis-phosphate
(RUBP) carboxylase not only has a role in COz fixation, but also has oxygenase actiyity
resulting, in the presence of oxygen, in the production of phosphoglycollate from RUBP
and ultimately loss of COz. The relative activities of the carboxylase and oxygenase may
determine photosynthetic efficiency and the enzyme may be one site at which the flow
of carbon into photorespiration could be regulated. Since wheat is photosynthetically
more emcient in cool temperatures (13-18"C) than in warm temperatures (25-35'C), the
relative activities of the carboxylase and oxygenase were determined in extracts of wheat
leaves grown at 28, 23, 18 or l3'C. Carboxylase activity extracted from flag leaves was
increased when the temperature of growth was lowered; for example, it rvas 8.1 ! 0.2
pmol CO2leaf-r min-1 at 23"C and ll.5 + 0.3 pmol CO2 leaf-t min-1 at l3'C. Oxygen-
ase actiyity did not increase as rapidly as tbe carboxylase, as the temperature of gowth
was lowered; l.zl0 { 0.07 pmol Oz leaf-1 min-l at 23'C, l.7l t 0.03 pmol Oz leaf-r
min-r at l3'C. In this investigation (as in others in the literature), the activity of RUBP
carboxylase extracted from leaves was more than adequate to support the rates of photo-
synthesis of the tissue (see zlso Rothamsted Report for 1974, Pafl l, 28); however, the
activity of RUBP oxygenase extracted could not account for measured rates ofglycollate
synthesis, and its role as the sole producer ol glycollate is being questioned. (Thomas
and Zima)

To determine whether there were changes in the relative activities ofRUBP carboxylase
and RUBP oxygenase during leaf development, extracts of leaves from young wheat
plants, and of flag leaves ofwheat grown in the field and in the glasshouses were assayed
throughout development. The activities of the two enzymes increased to a maximum
and then declined in parallel during development; there were no significant changes in
the ratio of the two activities. (Hall and Thomas)

Efrects of water stress on photosynth€sis and photorespintion of sEflower d mrize. The
exchange of carbon dioxide and water yapour of leaves attached to plants grown under
constant conditions with 400 prE m-z sec-r irradiance at 400-700 nm wavelength for sun-
flower and 600 pE m-2 sec-l for maize was measured after 4 to l0 h water stress produced
by exchanging a nutrient by polyethylene glycol solutions. An area of leaf (26.5 cmz
sunflower, l8 cmz maize) was enclosed in a leafchamber at 25"C, and the rates ofapparent
(net) photosynthesis (APS) and true (gross) photosynrhesis (TPS), estimated from the
uptake of r2CO2, measured with an IRGA and of raCOg measured with an ionisation
chamber; photorespiration was calculated by difference.

In sunflower, not suffering from water stress, the rate of photorespiration was 20i{
of the rate of APS and the specific activity of the COz evolved was high. As leaf water
potential decreased photorespiration also decreased but increased as a proportion of the
rate of photosynthesis. Water-stressed plants evolved CO2 in photorespiration of low
specific activity sugg€sting increased use of storage substances (principally carbohydrates)
as substrate for photorespiration. Under all conditions of water stress, maize produccd
negligible amounts of COz, even when photosynthesis was reduccd to zero, which
occurred at much greater water potentials than in sunflower. The rate of COz evolution
from dark respiration was less in maize than in sunflower.

Analysis was made of the products of photosynthesis of leaves fed radioactive COz. In
sunflower, as water stress increased, more radioactivity was incorporated into amino
acids and Iess into phosphoglyceric acid and sucrose. This suggests that stress, by decreas-
ing stomatal conductance, limits the supply of COz to the chloroplasts; consequently,
more carbon flows into the intermediates of the glycollate pathway, glycine and serine.
However, whereas the specific activity of phosphoglycrric acid approached that of the
supply gas after only I 5 min feeding the specific activity of glycine was only 60 od that of
38
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the fed gas whilst that of serine was even less. This is consistent with the formation of some
amino acids from unlabelled reserves. At most severe stress, little COz was evolved from
the photorespiratory system and metabolism was wholly associated with tricarboxylic
acid cycle respiration in mitochondria. The pattem of incorporation of radioactive
carbon into maize was similar to that in sunflower. Water stress increased the amount
of radioactivity in amino acids and decreased that in sucrose. However, compared to
sunflower the sp€cific activity of aspartate and alanine was greater than that of glycine
and serine in maize and ttreir activity decreased with increasing water stress. Both in
maize and in sunflower amino acids, and particularly proline, accumulated with the most
severe stress. (Lawlor, with Professor H. Fock, University of Kaiserslautern, West
Germany)

Environmental factom conEolling the water Imtential of leaYes of barley, maize and sun-
flower. Previous w ork (Rothamsted Report for 197 2, Part 1, 40, and for 1973, Part l, 99)
showed that the Ohm's law analogue of water movement from soil through the plant
does not apply in several crops because the leaf-water potential was independent of the
water flux over a wide range. This conclusion, which may be of importance in irrigation
practice and for selecting conditions for optimal crop growth, was tested further in
collaboration with M. J. Aston (Physics), using plants grown in nutrient solution. The
roots were plac€d in aerated nutrient solution in a sealed conlainer and the foliage in a
large chamber, thus enabling both the rates ofwater uptake and water loss to be measured
continuously. Water potential of leaves was estimated using the p-gauge technique and
with the pressure bomb. The leaf-water balance was calculated from the rates of water
uptake and loss.

The humidity of the air around the leaves and the illumination were varied to cause

large changes in transpiration. The leaf-water potential decreased by about 2 bar when
plants were illuminated after a period in the dark, but subsequently lowering the humidity
to increase transpiration did not cause any further significant fall in leaf-water Potential.
Cooling of roots or adding polyethylene glycol to the solution around the roots reduced
the mte of water absorption, resulting in a fall in leaf-water content and potential and
closure of stomata. These changes were reversible. Full analysis of the data has still to be

completed. (Lawlor)

Root gowtb. In an attempt to produce root systems of different size at a giYen stage of
crop growth, for studying relationships between size and activity of root systems, areas

within plots of barley were shaded for a few weeks shortly after seedling emergence and
other plots sown at a later date. In an earlier experiment shading for periods of one or
two weeks decreased the dry weights of both roots and shoots to a similar extent, but
more prolonged shading decreased root more than shoot weight (Rothamsted Report for
197j, Pe.tt 2, 38-42).

Barley, cv. Julia, was sown on 30 April and 16 May in plots 12 rows wide and divided
into 1'8 m long sub-plots for shading treatments. Shades covering an area 1'8 m (ten

rows) x l'8 m reducing daylight to about 48 % (Rothamsted Report for 1973, Part 2, 38)

were erected randomly on half the sub-plots of the early-sown crop from 22 May to
9 June. The late-sown crop was not shaded because of poor establishment and non-
uniformity. Fertiliser supplying 100 kg N ha I was applied to all the plots of both sowings
on 9 June when the shades were removed.

The early-sown crop, which had a mean density of 286 plants m-2, was sampled on
22 May, before shading, and all treatments were sampled on 9 June and at weekly
intervals thereafter until 23 July.

At the end ofthe shading period the total root dry weight on shaded plots was 19 g m-2
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compared with 24gm 2 on unshaded controls; the difference was less than half that
found in the earlier experiment. The difference, which persisted until at least 9 July, was
due to a greater weight of roots in the top 30 cm of soil on unshaded plots. The amount
of roots in layers below 30 cm on unshaded plots was unexpectedly less than on shaded
plots. Shading caused greater leaf expansion than occurred in full daylight, although the
number of leaves per plant remained the same: leaf area index (LAI) increased from 0.25
ot 22 May to O.9 on 9 June under shade or to 0.6 on unshaded plots. This advantage in
LAI was reflected in more rapid shoot growth of the shaded crop on return to full day-
light: shoot dry weights on 9 June for shaded and unshaded sub-plots rvere 39 and
37gm 2 respectively and these increased to 89 and 629m z by l8 June. Differences
between shading treatments in LAI and shoot dry weight generallv decreased at later
samplings.

The rate of root growth of the late-sorvn crop was roughly similar to that of the early-
sown crop so that at 2 July there was only half the amount of root. Shoot growth-rale
of the late-sown crop was slightly less than that of the early-sown crop until 16 July, but
was equal to it by 23 July.

Final grain yields were 3.7tha-1 for the shaded,3.3tha-t for the unshaded and
1.2 t ha-r for the late-sown crop.

The small efect of shading on shoot dry-weight growth was probably the result of the
appreciably increased leaf expansion that accompanied it, offsetting to a large extent the
decreased light intensity. This presumably is related to the unexpectedly small response
in total roots to shading. (Taylor and Welbank)

Growth substames in developing wheat graim. It was shown previously (Rothamsted
Report for 1970, Part l, 102 an'd for 1971, Paft l, I l0) that cytokinins, gibberellins and
auxins reach their maximum concentration at different stages of development of wheat
grains. Additional data concerning gibberellins and abscisic acid have now been obtained.
Field-grown wheat, cv. Kleiber, was harvested at weekly intervals and examined for
growth substance content. Total gibberellins reached maximum content (77 ng GAa
equivalent per 1000 grains), four weeks after anthesis, with a second peak at s€ven weeks
(maximum dry weight). Abscisic acid content was maximum (5 pg por 1000 grains) at six
weeks, when the water content of the grain began to decrease sharply. Auxin content was
high (200 to 270 pg indole-3-acetic acid (IAA) equivalent per 1000 grains) from four to
six weeks after anthesis.

Abscisic acid may accelerate ripening in wheat; it may also prevent premature germina-
tion of the embryos during the later stages of grain development. Intact grains did not
germinate until nearly ripe, whereas embryos isolated from immature grains germinated
readily; they could be prevented from doing so by the addition of abscisic acid.

When applied to wheat florets abscisic acid caused a marked increase in the proportion
of sugar found as reducing sugars. In the rachis this was mainly due to an increase in
reducing sugar concentration, while in the glumes there was a marked decrease in sucrose.
The effect on the sugar content ofthe grain was small, but reducing sugars were increased
ln some cases.

At least five gibberellins were found to be present in the grains and the distribution
of these differed in the various tissues. (Radley)

Wheat seeds (var. Koljbri and Kleiber) were surface-sterilised, germinated for two days
in moist boxes and then planted on to rafts of polythene granules floating on Hoagland's
solution and grown at 20'C in darkness. Gibberellin contents increased \yith time to give
a broad peak of activity (c. 400 pg per endosperm) between days 7 to I I then declined. The
acidic gibberellinJi-ke compounds were isolated from 5000 endosperms, harvested after
eight to nine days growth (shoot length 150 mm) and purified on columns ofPolyclar AT,
40
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silica gel thin-layers and silica-impregnated glass-fibre sheets. Biological actiyity was
associated with markers of GAr and GAa and the remainder of the exlract will be used
to attempt identification by combined gas chromatography-mass spectrometry. (Lenton)

D, r-arfin_C of-barleV by chlormequat chloride (CCC). Humphries (Rothamsted Report for
1969, Patt 2, 135-147) reported that chlormequat shortens stems of wheat bui noi of
barley plants. Lord (Rothamsted Report for 1972,paft l, t93-194) found that chlormequat
was taken up more slowly into barley than into wheat leaves and this may explain the
diflerences in-response. In glasshouse tests chlormequat was apptied to- barley (var.
Proctor) in different ways at several stag€s of growth, attempting to shorten barley stims.
The effects \rere compared with those on wheat (var. Kolib;i). -

Single or multiple doses ofchlormequat were applied to the soil ofported barley plants.
The main-stem growth o-f barley was diminished most when chlormequat waj applied
as the fifth main-stem leaf was emerging. The two lowest internodes and ihe top internode
(peduncle) of the main srem were shortened, but the height of the tall rillers wis the same
as the main stems and the tall tillers of untreated plants; thus giving the superficial
1prya:TT that chlormequat had no efect. The overall height of wheat plants was
diminished. After these tests, the effects of chlormequat remlining were aisessed by
growing wheat in the soil afler sieving out the roots of the previous irop. The height of
the main stems of wheat plants grown in soils previously trcated with 

"-hlo.rn"qru't 
*u,

shorter than those in untreated soil. However, the degree of shortening oftest plints was
not affected by the timing, the amount of chlormequit applied or the previous crop.

Preliminary tests of localised surface application of miasured doses of chlormequat
to-barley plants showed that plants were shortened more when the aqueous solutioni of
chlormequat contained a wetter (e.g. acetone or Tween-2o). In tests irom emergence of
the third to the seventh leaf of the main stem, the effects of chlormequat applie-rt to the
cavity-(lumen) within the youngest rolled-up leaf, decreased progressively wiih plant age;
with the youngest plaDts tested,0.5 mg chlormequat had no effect, 5 mg shortened ihe
main stems and 50 mg killed the plants. (Wheeler, with Lord, Chemical Liaison Unit)

Efrects of aerial pollutants on cererl growth. The Bedfordshire brickworks have not b€en
fully operational during the past year. Consequently pollution levels have been low with
only eight daily values over 150 pg m-3 sulphur dioxide recorded at either Woburn or
Elstow.

Winter barley, var. Maris Otter, was grown at Woburn Experimental Farm in three
closed plastic chambers with either flltered, ambient or sulphuidioxide-polluted air. The
mean sulphur dioxide levels werc '7.2 pgm 3, 37 prg m-s for the filtercd and ambient
chamberg respectively. In the field the mean value was 51.5 pg m-s. Temperature and
relative humidity in these closed houses differed from that outside. No visible damage
occurred on any of the plants grown in the filtered or ambient air. In the fumigatJd
chamber a high dose of sulphur dioxide was given for one week (19_25 April l-975),
producing a mean concentration of 951 pg m 3, at the fourleaf stage. It caused seveii
necrosis of-the leaves. The plants subsequently recovered and no furthir fumigations were
given. At final harvest these plants were not significantly lower in total dry-weight and
glain weight from the ambient plants. The dry matter yield of the plants grown irifiltered
air was higher than that of plants in ambient air.

rotal dry weisht ks m-2 
* -filoter - I',"t "ti6;t*

This was not reflected in the grain yierd where no signincant difference was recorded.
Analysis of the plant material for sulphur showed a tower level in the plants grown in
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filtered air compared with plants grown in unfiltered air, or in outside air, or in the
fumigated chamber. Fluoride analysis is not yet completed.

* filter
Mean S content ( f) 0'37

- fllter fumigated field material
0-47 0.5r 0.48

An alternative typ€ of chamber with an open top was tested at a site near Elstow.
Spring barley, var. Julia, was grown in four chambers and on two outside plots. Two ol
the open-top chambers were ventilated with ambient field air and two with clear air.
The temperature, relative humidity and soil moisture inside the chambers closely followed
the conditions outside. The sulphur dioxide levels were reduced by the f.ltration system

to a mean daily level of 36 pg m-3, with a maximum daily [evel of 80 pg m-3 compared
with a mean daily level of 7l pg m-3 with a maximum daily level of 224 pgm 3 outside.
There were no signs ofvisible injury on any of the plants and no significant difference in
dry weight or grain yield. There was some variation within a single treatment, but the
mean dry weight ofplants from the filtered chambers was always slightly higher than that
from the unfiltered chamber.

A winter barley experiment, var. Maris Otter, using both closed and open-top chamhrs
on the same site at woburn is now in progress. (Brough and Parry)

Measurements ofthe rate of photosynthesis per unit leaf area of barley flag leaYes were

made using IaCOs at Woburn on 17 June and I July and at Elstow on I I July 1975.

At Woburn on 17 June mean rates of photosynthesis in the filtered house were higher
by 13 %; in the fumigated house, in which the plants were recovering, the rate was higher
by I I % than those in the ambient house with unfiltered air. By I July mean rates of plant
photosynthesis had decreased appreciably. For the remaining green leaves in the filtered
house, rates were again higher by l39d and in the fumigated house by 4l I compared
with the ambient house.

In the open-top chambers at Elstow mean Photosynthetic rates for the filtered house

were higher by 137" arLd those for the outside plot higher by 3% than those for the
ambient house. Mean photosynthetic rate for the ambient house was l l 9 mg CO:
dm-2h-1. (Kendall)

In laboratory experiments using 16 varieties of spring barley the s€nsitivity to sulphur
dioxide on the basis of the change in photosynthesis rates varied from 60 "l iohibition to
12% stimulation cons€quent upon fumigation with a concentration of l60pgm 3

sulphur dioxide for 3 h.
Time concentration eflects were also investigated with a sensitiYe variety (Julia). Five

minutes exposure to 2500 pg m-3 produced an inhibition of 25-30 f in the rate ofphoto-
synthesis whereas 500 pg m-3 resulted in 25-30% iD-hibition after 30 min fumigation.
Measurements made over a range of concentrations and exposure times indicated the
interaction b€tween concentration and fumigation time. (Kendall)

Sugar Beet
GrolYth physiology

Efect of photoperio.l on plat t growth. A major limitation to yield under British
conditions is the slow establishment of leaf cover early in the season. At this stage

temperature, light intensity and daylength are likely to be the major environmental
limiting factors. Previous studies have established that temperature, but not light intensity,
greatly affect early leaf growth (Rothatnstecl Report for 1970, Paft l, 97 and for 1971,

Part l, 102). The efect of extending daylength from 12 to 16 h has now been examined
in $owth rooms comparing:

(a) A l2 h photoperiod with exowth-room liShting from fluorescent tuhs supplemented
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Tvith tungsten lamps (l4l of total wattage) giving a light intensity of 123 Wm-z
of yisible radiation, i.e. 530 J cm*z during the photoperiod.

(b) Treatment (a) extended with 4h incandescent light of low photosynthetic activity
(0.6 W m-21 at the red end of the spectrun from tungsten lamps only.

(c) l6 h of fluorescent and tungsten lighting but of reduced intensity so as to maintain
the same total radiation as in (a).

These treatments were given for six weeks starting at the two-leaf stage of plants
growing in temperatures of I5'C during the 16 h that included the photoperiod at I I "C
for 8 h.

Treatment (c) accelerated early plant growth compared with treatment (a). kaf area
was increased from 13 to 15 dmz because the sizE, but not the number, of leaves was
increased. Lamina dry weight increased from 14.2 g to 16.8 g, petiole dry weight from
3.5 g to 4.7 g and root dry weight from 7.3 gto 9.7 g. [,eaf thickness, specific leafarea and
average petiole length were unchanged. Treatment (b) increased leaf area even more
(to 19 dmz), also by increasing the size, but not the number, of leaves- Lamina dry weight
increased to 17.4 g, petiole dry weight to 6.2 g, and root dry weight to 9.2 g. The plants
grew more upright; the mean length of the petioles almost doubled-in proportion with
ghange in their dry weight-but laminae were thinner and specific leaf aiea greater than
in the other two treatments. Plants grew faster in treatment (c) than treatmenila; because
their net assimilation rate was greater indicating a change in either photosynthesis, or
respiration, or both; the partition of dry matter produced between leaf and the other
groMh was unchanged. By contrast, plants given red light at the end of the day grew
faster because they had a greater leafarea ratio resulting from a direct photomorphogenic
effect on leaf expansion.

A detailed examination of a single leaf (leaf 5) when fully expanded, showed that
treatment (c) increased only the number ofepidermal cells whereas treatment (b) increased
both their number and size. The rate of lacoz uptake per unit leaf area was slower in
treatment (b) and (c) thao in treatment (a). The rate was slower in treatment (c) because
the Iight intensity was less and slower in treatment (b) because the thinner leaves con-
tained less chlorophyll per unit area. The rate per mg chlorophyll was the same in
treatments (a) and (b). (Lenton and Milford)

Efect of leal seaescence in sugar beet. Part of the sugar accumulated in the sugar-beet
root Iate in the season may come from reserves mobilised from senescent leaves and not
from current photosynthesis. The contribution of senesc€nt leaves to root growth was
estimated by covering or removing leaves and petioles at the onset of senescence. plants of
sugar beet were grown in Kettering loam and peat mixture, with added NpK fertiliser.
Leaves were covered with aluminium foil. The onset of senescenc€ was taken to be when
two consecutive daily observations showed that leaves were flaccid in the moming before
water was given to the pots, adequate water having been given the previous evening. The
senescing leaves were rated for area before treatment and weighed either when removed
or when dead in the case of covered leaves. Axillary leaves were removed as soon as they
appeared and their weight added to total dry matter. Leaf area was estimated frequently
during the growing season. Half the plants were harvested in mid-July (13 weeks after
sowing) at the time of maximum leaf area and the remainder in September (21 weeks
after sowing).

By the first harvest from four to nine, with a mean of six, leaves per plant showed
signs of senescence. There was little efect of the treatments upon lamina and petiole
yields, exc€pt that removal or covering of lamina encouraged petiole growth. The total
dry matter produced by treated and control plants was similar, but the roots of plants
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whose leaves were covered yielded ll'8'Z less than those of the control plants, and
removing leaves yielded l6'3 % less, suggesting that 4'5 7; dry matter moved from covered
leaves into the roots. The differences in root yield were related to the respectiYe differences

in leaf-area duration and not to differences in efficiency ol the leaves. More leaves died
or were removed on treated plants than those which died naturalty on control plants,

indicating that the treatments encouraged senescence of leaves.

After the first harvest sugar-beet yellows virus and mildew spread through the plants,

so the second-harvest data is not considered here. Samples of roots were taken for sugar
determinations, but analyses of these are not completed. However, the results so far
suggest that in the earlier stages of growth senescing leaves conhibute significantly to
root yield. (French)

Wster relatiotrs. Experiments in controlled environments showed that leaf water
potentials (,y'r) of sugar beet were determined more by changes in soil moisture than by
ihanges in the transpiration rute (Rothamsted Report for 1973, Pan l, 98). In 1975 these

observations were extended to the field in an experiment at Broom's Barn. During the

dry growing season large soil moisture deficits (150 mm) developed under non-irrigated
plinis; irrigation was applied to maintain a deficit of 25 mm. On a sunny day transpira-
tion from plants of both grouPs was varied by leaving some plants unshaded to receive

solar radiaiion at an intensity of 677 Wm 2 for much of the time and shading others to
halve irradianct. At sunrise ry'l averaged - 6 bar in unshaded irrigated plants and - I I

bar in unshaded unirrigated ones but progressively decreased during the day in all
lreatments. Early in the afternoon, /r was 24 bar in the unshaded, unirrigated plants,

- 16 bar in unshaded, irrigated plants and - 14 bar and - 22 bar in shaded plants with
and without irrigation respectively. Thus, slowing transpiration by shading the plants

improved ,h by 2 bx irrespective of whether or not they were irrigated and irrigation
incieased /r by 8 bar irrespective of whether or not the plants were shaded. Thus the
relative effects of varying soil moisture and water flux through the plant were similar to
those observed with pot-grown plants in controlled enYironments.

Earlier work indicated that water applied as mist to the foliage of the crop on days of
high insolation would absorb a proportion of the incident radiation, reducing the
proportion to be dissipated as sensible heat. Its presence on the leaf surfac€ would also

increase the yapour pressure of the air immediately adjacent, and henc€ decrease trans-
p/ration (Rothamsted Report for 1974, Part I, 34). This was examined in the same field
ixperiment. Mist irrigation maintained ,h al - 12 bar throughout much of the day,
i.e. 2 bar better than the best we observed in the shading-irrigation treatments. A propor-
tion of the water applied reached the soil but the results suggest that part of the action
ofmist irrigation on ,y'1is by decreasing the rate of transpiration. (Milford, with Durrant
and Messem, Broom's Barn)

Endogetrorc gibbere[ins a l bolting of sugar beet. It was shown in the last report
(Rothamsted Report for 1974,Pzrt l, 35) that when sugar-kt plants bolted in the spring
after over-wintering out of doors the endogenous gibberellin concentration increased.

The experiment was repeated this year. In September plants of Sharpe's Klein Monobeet
were lifted from the field, trimmed of all leaves more than 8 cm long and packed in damp
peat in a room at 4'C. After four months they were potted up in 20 cm pots and placed
in a warm greenhouse with extra lighting giving 16 h days. Half the Plants rvere sprayed
with 200 pg ml-l chlormequat chloride (CCC) weekly. Apical buds were examined weekly
by low-power microscope and the surrounding tissue (stem and leaves up to 8 cm long)
was extracted for growth substancs det€rminations.

After one week the apices had changed from the flat vegetative form to a rais€d conical
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{ape. Th9 cllormequat-treated plants were less advanced than the untreated plants.
Flower initials were visible after two weeks, especially in the untreated plants, and stem
elongation was detected in both groups after three weeks. After flve weiks stem lengths
of the untreated plants varied from 9 to 22 cm, and the treated plants had stems of icm
or less. The gibberellin concentration increased sharply during the fust two weeks in both
groups ofplants, thus accompanying the earliest changes in the apex. When stem elonga-
tion was detectable the gibberellin decreased, but it increased again in the upper part of
the rapidly growing stem at the last harvest. The first increase was not iignificantly
different in the two groups. The delay in bud development caused by chlormiquat wai
not accompanied by an effect on the gibberellin content of the surrounding leives. The
effect olchlormequat on the bud maybe independent ofitseffecton gibberellin metabolism
or it may affect gibberellin synthesis in the bud more than in the leaves, or it may affect
the response to gibberellin rather than its synthesis.

The conc€ntration of an abscisic acid-like inhibitor increased when the vernalised
plants were transferred to warm conditions and long days but this was eliminated by
chlormequat. It is improbable that this inhibitor was affecting flower initiation, a conclu-
sion reached also by other workers studying spinach.

_ A_comparative approach was used in other experiments with a bolting .susceptible' line
G obtained from the Plant Breeding Institute at Cambridge and a bolting .resistant, line
selected from Sharpe's Klein AA by Dr. R. K. Scott at the University of Nottingham.
Line G is a colchicine-induced dihaploid of extreme uniformity which will flower eventu-
ally under long days, although the process is much hastened by a short period ofchilling.
Conversely, the resistant material AA requires a long period of chilling before floweririg
under long days.

Plants of line G were grown under controlled environment conditions to different
stages of reproductive development, examined under the dissecting microscope and the
gibberellin contents of apical tissue and expanding leaves (3-4 g fiesh weighi per shoot
apex) determined by bioassay. Gibberellin contents were large (c. 5000 pg GAr iquiv. g-r
fresh weight) in apices at transition from vegetative to reproductive state, but reducedto
750 pg GAg equiv. g-r fresh weight, as elongation commenced and the flowering stem
became visible.

Autumn-sown plants of susceptible and resistant material were over-wintered outside
in a glass-roofed cage and apical tissue (c. 150 mg per plant) haryested at intervals in the
spring. The gibberellin content of apices of the resistant material was 2-3 ng g-t ;."r1,
weight during March, whereas the susceptible line reached a peak of c. 20 ng g 1 fresh
weight early in the month which declined to 3 ng g-r fresh weight towards the end of the
month. This transient peak of gibberellin activity occurred in a relatively mild week
following a period of ground frosts and preceded any morphological change at the apex.
It is concluded that naturally-occurring gibberellins are involved in the expression of the
vernalisation stimulus. (Lenton, Pocock and Radley)

In another experiment Sharpe's Klein Monobeet seedlings sown in September in 25 cm
flower pots in a glass-roofed cage were treated with several glowth retardants, applied
six times during the following March and April. None ofthe retardants prevented balting,
whether or not they were inhibitors of gibberellin biosynthesis. Chlormequat chloride
(CCC) (200 mg in 100 ml, applied as a soil drench) delayed bolting, but by 16 June there
was no significant difference in stem length. Ethephon ('Ethrel'), (50 mg in 50 ml, applied
as a soil drench) had a similar but less marked effect and daminozide (20 mg in I0 ml
applied to leaves) had an even weaker eflect. 2-isopropyl-4-dimethylamino-5 methyl
phenyl-l piperidine carboxylate methyl chloride ('Amo-16t8'), chlorphonium chloride
('Phosfon D') and abscisic acid (all 20 pg in 0.02 ml) and Imperial Chemical Industries
Limited regulator'PP 528' (5 or 20 mg in l0 ml) had no effect. These concentrations are
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eflective on some other plant species but sugar beet appears to be less sensitive. Neverthe-
less roots of ethephon-treated plants did have a siguificantly higher dry weigtrt, in agree-
ment with the results described in the last report (Rothamsted Report for 1974, Pafi l,
35). (Radley)

Phenyhcetonitrile, r new pla {rowtt regulrtor. Phenylacetic acid (PAA) has been
known since 1935 as a synthetic auxin, but recently Wightman and Rautha[(Proceedings
of the \th International Conference on Plant Growth Substances, Tokyo (1974), p. 15)

described PAA as a naturally-occurring auxin. As indolyl-3-acetonitrile(IAl0 is as activ€
as indolyl-3-acetic acid (IAA) in some auxin bio-assays, so phenylacetonitrile (PAN)
could be as growth active as PAA.

Both PAA and PAN stimulated elongation of wheat-coleoptile sections at concentra-
tions of l-3 x l0-4M. l-10 x l0-4M PA,r{ increased elongation of pea-epicotyl sections
after 18 h but similar concentrations of PAN were only effective after 42 or 72 h incuba-
tion. Sections cut from young petioles of light-grown sugar-beet seedlings, or from
etiolated hypocotyls of germinating sugar beet, elongated when treated vr'ith 3 x l0-5 to
3 x lo-aru PAA but similar concentrations of PAN were ineffective. Both PAA and
PAN, 3 x l0-aM, stimulated rooting of hypocotyls of sugar-beet seedlings of which lhe
roots had previously been removed, but l0-3u PAA was toxic. 0'35 to 3'5 mg per plant
PAN applied in small amounts of ethanol to sugar-beet seedlings, stimulated gowth of
the axillary leaves and increased the total leaf area and leaf fresh and dry weights; PAA
usually did not initiate Fowth ofthe axillary leaves and 1'4 mg per plant was toxic.

Steam distillates of sugar-beet tissues were extracted with ethyl acetate and chromato-
grams of the extracts were assayed with $heat-coleoptile sections. Auxin activity was
detected at Rf 0'7-0.9 on chromatograms of the ethyl acetate fraction containing non-
acidic substances; the PAN marker spot ran at Rf 0'7-O'9 and IAN at Rf 0'9-l'0.
Ethanolic eluates of this growth active material from chromatogmms were examined in
a high-pressure liquid chromatogram by J. Tinkler (Chemical Liaison Unit). The reten-
tion times, on the column, of the UY absorbing substances in the eluates were all different
from that either for PAN or IAN. Thus, although PAN is active in several auxin bio-
assays, its presence in sugar beet has not been confrmed. (Wheeler)

Growtb regulrtor trials. Much of the work this year has been concentrated on the
development of screening procedures in pot trials to provide a cheaper and less time- and
labour-consuming method tian field trials for eyaluating the potential of chemical plant
regulators. The importanc€ ofunrestricted $owing conditions has previously been shown
(Rothamsted Report for 1974, Part l, 36) but to make better use of space and materials
without confounding the results we must know wh('n these limitations arise under
different conditions.

Plants were grown outside in a glass-roofed cage and three container sizes were used:
13 cm and 20 cm pots and 25 cm diameter flower pails (with capacities of approx.imately
1, 4 and 13 litres respectively), filled with a loam/peat mixture to which was added
fertiliser. The fertitiser level in one batch of pots of the fust experiment was maintained
up to the initial level as indicated by a conductivity-factor meter and plants were taken
every two to thre€ weeks throughout the season. The other batch had no additional
fertiliser. Optimum $owth throughout the season was only obtained with plants in
25 cm pails; growth rates in the smaller pots were reduced by the l2Jeaf stage.

One plant growth regulator trial was conducted this year using plants of Sharpe's
Klein Monobeet grown from seed sown in early April in a glass-roofed cage in large
buckets (25 cm in diameter). In mid-July a supplementary nutrient feed was given. Five
regulators were tested: gibberellic acid (GAa) as 150 ppm aqueous solution at 100 ml m-2;
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American Cyanamid regulators 'AC 99524' and 'AC 92803' as 0.4\ a.i. solution at
55 ml m--2 (equivalent to 2.2k9 a.i. ha-l as used by Broom's Barn in 1974 (Rothamsted
Report for 1974, Part l, 66); 'AC 23380'as 0.25% a.i. solution at 100 ml m-2; and SM3,
a compound under field test by the British Sugar Corporation, as 1.7 \ a.i. solution at
66 ml m-2. Each regulator was applied as a single foliar spray either in mid-June at the
eight-leafstage or later in the season (late July) at the 3G.leafstage, except GAs which was
applied only at the eightleaf stage. Those plants sprayed at the eight-leaf stage were
harvested after 21, 7 and 14 weeks; those sprayed in July were harvested once only after
seven weeks-

None of the chemicals had any lasting effect. GAg ar.d'AC 99524' increased both
petiole and root weight and GA3 increased leaf number 2] weeks after early treatment but
the effects were lost after seven weeks. 'AC 92803' and 'AC 23380' increased total leaf
number after seven weeks but again the effect was lost soon after. By mid-September root
fresh weights were significantly lower than controls in all treatments except GAa where
there was no difference. A late application of 'AC 92803'and SM3 significantly reduced
water percentage dry weight of the root by about 401 a;nd SM3 at both applications
increased water percentage dry weight of the shoot by 801. The only morphological
change was caused by 'AC 99524' which caused, as observed previously at Broom's
Barn, increased intemodes and very fibrous roots. In general the response to all these
regulators throughout the season was negligible. These beet were grown under optimum
conditions of soil-type, foliar regime, spacing and water supply and had mean root fresh
weights of 0.9-1.0 kg. (Pocock)

Potato€s

Bruised and unbruised tissue from several varieties of potato was studied with the trans-
mission electron microscope. Bruising appeared to result in the rupture, by physical shock,
of a membrane within the cell which in the intact tissue isolates the enzyme polyphenol
oxidase from its substrate tyrosine. The bruising potential of tubers from plants fertilised
with low levels of potassium was related to the concentration of a number of chemical
constituents, but for tubers grown with higher levels the susceptibility to bruising corre-
late at best with percentage dry matter. (Mcllroy)

Weed Biolirgy
Classical experiments

Broadbalk. The unusual weather throughout the year affected the we€d-flora. None
ofthe wheat muld be sprayed with terbutryne in the wet autumn of 1974 and blackgmss
was abundant on all wheat sections in 1975. Section six (after fallow) was almost as
severely afecied as section eight (unsprayed). Section two (after potatoes and beans) had
less blackgrass, though even there the density on most plots was at least I plant 6-2.
The mild winter allowed autumn-germinat€d wild oats (Avena fatua) to survive and this
species formed a higher proportion than usual of the wild oats (rredominantly A, ludo-
rrcr?za) hand-pulled in July. Spring-germinating dicotyledons were scarce due to water-
logged soil and cold dry air, followed by the summer heat-wave, and many plot-sections
had Iess than f.ve weed-seedlings on them. Red bartsia (Odontites verna) was scar@, the
few plants being in beans. In contrast, the perennials field bindweed (Cowohulus arvmsis)
and field horsetail (Equisetum arvense) flourished. Convolvulus flowered freely, which it
seldom does on Broadbalk.

Soil samples were taken from selected plots and sections for the second year ofa three-
year investigation of the weed-seed content of soil under different cropping regimes
(Rothamsted Repor, Ior 1974, Part l, 39)- The hard-baked soil slowed down sampling
but the resulting samples were easy to concentrate and no seeds germinated before the

47

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-132 pp 19

ROTHAMSTED REPORT FOR 1975, PART I

prepared samples were put into patrs. Phenomenauy high numbers of blackgrass seed-
lings have been removed from these pans already but final totals are not yet available.
(Thurston)

Park Grass. Botanical analyses were continued on samples of hay taken in 1974 from
the a (limed once every four years) and b (where the pH is being raised to six under the
new liming scheme) sub-plots of plots 42, 9, 10, I I I and I12. The object of these analyses
is to see what changes have occurred since the last analyses in 1948-49 on sub-plots with
unchanged treatment, to quantify changes brought about by the first phase of the new
liming scheme (Warren, Johnston & Cooke, Rotharnsted Report for 1964,226) afi to
provide a base for the study of future changes on those a sub-plots whose pH will be
raised to seven in the next phase of the same scheme.

The results showed that percentage of Meadow Foxtzil (Alopecurus pratensis) had
decreased geatly, and that, wilh the exc€ption of sub-plot 42a, percentage of False Oat-
Grass (Arrhenatherum elatius) had. increased markedly on sub-plots with unchanged
treatment. In I948-49 there was five times as much Alopecurus as Arrhenqtherum on these
plots but in 1974 twice as mtch Arrhenatherum as Alopecurus. Since 1948-49 there has
been a decrease in Cocksfoot (Dmtylis glomerato) and Smooth-Stalked Meadow Grass
(Poa pratensis) on plots receiving K (9, I l1 and I l2) but an increase it P. pratensis on

those without K (42 and l0). On plots receiving K, Cow Pasley (Anthriscus syltestris) and
Hogweed (Heracleum sphondylium) have increased slightly but they continue to be absent
on plots without K- Meadow yetchlilg (tathfrus pratensis) has increased on 9a as has
Yorkshire Fog (Ilalcus lanatus) ot lhis and on I lra and I l2a. Changes in species compo-
sition due to recent lime have been smaller than those due to natural succession. As
might be expected, they have been largest on those plots which have needed most lime,
i.e. on sub-plots I lrb, I lzb and 9b. On these sub-plots, recent lime has halved the contri-
bution of Alopecurus and increased that of Arrhenatherum, decreased the amount of
Ilolcrs and further increased Lathyrus on 9b. Rough-Stalked Meadow Grass ( Poa tritialis)
has increased on I l2b. In contrast, on sub-plots 42b and l0b, where only a small increase
in pH was needed, the only significant change has been an increase in the amount of
Hairy Oat-Grass (Avena pubescens) on 42b. (Williams)

Annual weeds

Efect of propionic acitl on viability of wikl oat (A.fatua azd A.ludoviciaaa seedr.)
Germination-tests on wild oats from grain-stocks treated with propionic acid for
storage had suggested that propionic acid decreased viability of the wild oats, but
untreated stocks were not then available for comparison (Rothansted Report for 1972,
Part l, 104). Samples of both species of wild oats removed from barley before treatment
in 1974 and one day and one year after treatment, were received from Drayton EHF.
Before treatment, 92.51 ol A. latua seeds were viable and 27-51 dormant, suggesting
that they may not have been completely ripe when lfleated, (Rothamsted Report for 1962,
236). First seeds of A. ludoviciana were 85 /" viable, l0l dormant and the smaller second
seeds 84 f viable, 73%dormant. All treated seeds were dead. Feed-stocks treated with
propionic acid at the manufacturers' recommended rate are therefore free from viable
wild oats. (Thurston)

Peremial weeds

Esuisetm ,rtere (Fiekl EorsetuA. The plot treated with chlorthiamid at Woburn
in 1972 (Rothamsted Report for 1972, Part l. 105) remained free of Equisetum but in 1975
the weed was sparse on adjacent untreated plots. At Rothamsted, chiorthiamid at 9.2 kg
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a.i. ha-r eradicated the weed in one block ofthe trial but not in another (wh€re reinfesta-
tion may have occurred from the adjac€nt hedgerow); 4'6 kg a.i. ha-l chlorthiamid or
rotavation every three weeks greatly decreased but did not eradicate the weed. Glyphos-
ate at 4 or 6 kg a.i. ha-l was ineffective. In another experiment, glyphosate was sprayed
at the same con@ntrations in August 1974 on to plants which had been established in pots
for six or 18 months. By mid-June 1975, sprayed younger plants had few new shoots and
the dry weight of living rhizome per pot was decreas€d from 24 to 1.5 g. The number of
variable tubers was decreased from 379 to 1.5. With older Equisetum the dry weight of
shoots was decreased by 801 and that of living rhizome and the number of viable tubers
were approximately halved. There was little differenc€ between the two rates of gly-
phosate. (williams)

Agropymn repens azd Agroctis gigantea (Tle Coach grassesl

Seed germirwtion anl bngevity. The experiments begun during autumn l97l
(Rothamsted Report for 1972, Part l, 106 andfor 1973, Part l, 102) were continued during
1974 afi 1975. From autumn 1973 all plots in the field experiment were given the same
treatment (Treatment 2) viz. rotary-cultivation during early autumn, ploughing in late
autumn and tine-cultivation in spring, except that in 1974 wet soil conditions prevented
rotavation and delayed ploughing until January.

Seedlings of both species continued to emerge during the third and fourth year after
sowing. lgroslrs seeds were more persi slent lhan Agropyror: during the second, third and
fourth years, 17, 8 and 5 seedlings appeared compared to 12, 4 and I m-2. The effects
of the earlier cultivation regimes p€rsisted. Agropyron seeds were most and, Agrostis least
persistent where they remained on the soil surface for six weeks before being ploughed in
during November l97l (Treatment l), whereas the reverse was true where the plots were
frequently cultivated in autumn l97l but not in the following spring (Treatment 3). Very
few seedlings appeared following spring cultivations in 1975 and this was probably in
part du6 to the dry soil conditions. Further germination of Agrostis after rainin September
confirmed this. In a glasshouse investigation of germination in Rothamsted and Woburn
soils cultivated with different frequencies, germination of Agrostis incorporated in the
soil at the outset was protracted and incomplete after four years; as in the field it was
slowest in the absence of spring cultivations.

In another field experiment weed seeds \yere sown on the soil surface in mid-September
I974 and then given one of three cultivation treatments:

( I) ploughing immediately alter sowing:
(2) ploughing about six weeks later; and
(3) rotary-cultivation immediately after sowing.

ln March 1975 all plots were power-harrowed to cereal seed-bed condition, rotary-
cultivated in early September and ploughed in late October. In treatment (l) where seeds
were deeply buried, no seedlings of either species appeared during the first year; in treat-
ment (2), 4O,9( ofthe Agrostis alad 5\of Agropyron seeds gave seedlings before ploughing
in 1974 and none since. In treatment (3), germination occurred throughout most of the
year with peaks following cultivation in autumn aod spring1'6%of the Agrostis and,lO/^
of tbe Agropyron seeds gave seedlings during the first year. The experiment is being
continued. (Williams)

Staff ard visiting worlers
Vivienne Frier and Saliya Kumarasinghe were awarded the Ph.D. Degree of London
University. Saliya Kumarasinghe has now returned to the Botany Department, Colombo
Campus, University of Sri Lanta.
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Dr. E. V. de sa Barreto Sampaio of Empresa Brasileira de Pesquisa Agropecuaria,
Recife Pe, Brasil, is spending eight months in the Department studying the etrects of
temperature on respiratory metabolism under the auspices of the British Council.
Professor Dr. A. E. Klar of Departamento de Engenharia Agricola, Faculdade de
Ciencias Medicas e Biologicas de Botucatu, 56o Paulo, Brasil, and supported by the
Research Foundation of the State of Sao Paulo, is working on the environmental factors
controlling water loss from and the water potentials of cereal leaves.

Sandwich course students who worked in the Department were: I. Bolt, Stella Roberts
and T. Warner. In addition N. Hall of Bradford University spent the fust six months of
his three-year period studying for the Ph.D. degree under the CASE award scheme.

C. P. Whittingham and T. O. Pocock attended the 38th Winter Congress of the
Institut International de Recherches Betteravieres in Brussels.

Drs. Lenton, Welbank and Whittingham attended the XIIth International Botanical
Congress in Leningrad.

Joan Thurston organised a session of the International Symposium of the Eurolran
Weed Research Society in Paris and has been elected to the Committee of the Society.
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