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Introduc{o
Crop physiology seeks to determine the factors (both internal and external) which
determine crop leld and to show how they may be influenced by changes in agronomic
practice or by breeding. Aa undcrstanding of the complex physiolory of the whole plant
is most likcly to be achieved tlrougt an integrated approach combining investigations
of the physiology and biochemistry of individual plant processes with studies of plant
growth. This approach is being most intensively pursued with the cereal crop. A similar
but smaller amount of work is undertaken with sugar beet and considerably less with
potato$.

In addition to crop physiolory, work in the Botany Department is also @ncerned
with the biology of wccds and in particular of weed spccies which are not easy to control
by selective herbicides.

Ccrcel crops

Reponse of spring rhc.i to lrlge rDomts of niEogen

@o*h ad pbtorynlusis. Thc cflects on Kleiber spring u,heat of nine amounts of
nitrogen (F200 kg N ha-r) were studicd in an experiment similar to those of 1972 and
1973 (Rothamsted Repo lot 1973, Part l, 89). The objective was to explain why large
amounts of nitrogen which incrcase vegetative growth fail to increase grain yield
proportionatcly.

Dry weight and lcaf arca at anthesis and the dry weight of straw plus chafr were 251
less than in 1973 bccausc of thc dry spring and carly summer, but the mean gra.il yield
of 5.3 t ha-l (451 g m-r dry matter) was only l0l less than ia 1973. The cool wet weather
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after anthesis delayed leaf senescence and fipening: thc crop was harvestcd 68 days after
anthesis.

Grain yield was incrcased negligibly by nitrogen, probably bccause infection with
Fusartum sPP. increased with nitrogen. The weight of healthy cars suggested that, in thc
abselllce of Fusarin, grain yield would have responded to nitrogpo througlout thc range
and b€en about 15% greater with 200 kg N ha-l than with no N. By contras! with
200 kg N ha-r, Ieaf area and dry weight of the rest of the plant were 40-50% gr€ater
than with no N-

Gross photosynthesis (estimated from the uptake of raCO2) 1xr unit arca of flag leaf
did not decrease with increasing dtrogen; photosynthesis of the leaf below the flag leaf
decreased slightly, as did light intensity at the leaf surface. This decrease was more than
comyxnsated by an increase in leaf area so that photosynthetic producion per unit
Iand area was increased considerably by nitrogen. Nitrogen did not increase stem growth
after anthesis. In all three years nitrogen increased dry weight of leaves and stems con-
siderably at both anthesis and maturity but did not affect the change y.ith time between
the two gowth stages. IJaves changpd little in dry weight with time after anthesis until
they died. Dry weight of the stems increased until 10-20 days after anthesis and then
decreased to the ea ier value but tlere was no infucnce of extra nitrogen.

Data obtained on the partition of r4C between ear and shoot, after supplying flag
leaves with laCOz, indicated that extra nitrogen sometimes decreased movement of
carbohydrate to the ear, but usually only temporarily. In 1972 nitrogen had no efrect at
maturity on the percentage of the laC recovered in thc whole shoot that occurred in the
ear : it was 87 % when flag leaves were treated six days after anthesis and 97 I when treated
at 19 days. In 1973 nitrogen decreased the percentage in the mature ear from 87f with
no N to 731with 200 kg N ha-l when the 14CO2 was supplied at 10 days afrcr anthesis,
but for treatment at 24 days nitrogen had only a temporary effect: the percentage in the
ear 24h after treatment was 70:z with no N and 6Ol with 200 kg N ha-r a,]d 9l%
for all treatments at maturity. The addition of 200 kg N ha-r also deqeased moyement
of laC from the leaf below the flag leaf to the mature ear when tr@ted at l0 days in
1973, from 78 to 7l %. These effects of nitrogpn on distribution of r4C are not necessarily
incompatible with thc absence of effects on stem dry weight. The accumulation in the
stems of carbon assimilated on a particular day may be compensated by increased
respiration of assimilated carbohydrate at anothcr time. @earman, Thomas and
Thorne)

Stta, cor,ent of spri4 whea. It has been suggested that the synthesis of starch in
the grain is related to the level of sucrose in the endosperm, and that, giyen an adequate
supply of carbohydrate to the ear, this level is limited by the capacity of the processes
transporting sugar into the grain (Jenncr & Rathjen, Arnals of Botay (1972),36,72G
741). Sugar might be expoclcd to accumulato in the car structures (glumes and rachis)
if grain yield were limitcd in this way with large nitrogen dressings. Plants were taken from
the field at the end of a sunny day in 1973, 31 days after anthesis when the grains were
growing rapidly, and total levels of susrose and reducing sugars measured. Nitrogen
fertiliser in the range 0-200 kg N ha-r had no effect on sugar concentrations in the grains,
ear structures, flag leaf or top inrcmodc, and the concentrations were much lower than
those r€ported to occur when tranqrcrt is limiting. The mean conccntrations of sucros€
plus reducing sugars, expressed as mg reducing sugar g-r fresh weight were: grain l7'1,
ear structures 35.6, flag leaf 34.8, top intemode 52.4. As the weights of the leaves and
stems were bigger in thc plants grown with large nitrogen dressings, the total amount of
sugar in these tissues was larger. (Ihomas)
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Etect of titrogca oa photo- ord tb*+csptabn of wbcr. Some Plants growing in
paper pots sunk in the ground in the ficld plots recciving difiercnt amounts of nitrogen
fertiliser were dug up and brought into a growth room with day/night temperatures of
l8/14'C, humidity of TOln% RH, 16 h day and 125 W m-2 visible radiation.

The COz compens€tion point and thc release of COz into COrfree air, mcasured on
the flag leaf during the day, wcr€ unaffected by nitrogen cxc€pt that at 11-16 days aftcr
anthesis the addition of 200 kg N ha-t decreased thc compensation point by 7 vpm.
Measurements were also made of the rclease of COz into COrfree air from flag leaves
of plants growing in the field. The average valucs, '=2'55 mg COz dm-r tr-r (i.e.
4.08 mg COz g:1 dry wt. h-l), were similar to those measured in the growth rooms and
no eflect of nitrogen was detectablc. Dark rcspiration rates of the stem plus leaves and
of the ear at Di8!t were unaffected by nitrogen and decrcased with age. Mean values at
l!16 days were: shoot 0'37, ear 0'84; at 27-30 days: shoot 0'30, ear 0'50 mg COz 5r tr-r.

The activity of phosphofructokinasc, an enzyme reported to regulate the glycolytic
pathway of respiration, was measured in extracts of the flag leaves and top internodes.
The activity remained constant when assayed at intervals from anthesis to 35 days later.
Mean values at 25'C were l9'1,23'2 and 24'9 pmol substrate rlfr. wt. h-l at 0, l0
and 200 kg N ha-r respectively. If all the substrate wcrc ultimately converted to COz
in respiration maximum rates of releas€ would be 14, 17 and 18 mg COs g-r dry vr1. tr-r-
values greatly in excess of those actually measured. (Pearman and Thomas)

Efect of late nitogen sprays on spring wheat. Nitrogen fcrtiliser applied to the leaves
after ear emergen@ delayed leaf senescence and increascd yield when tcsted 2l years ago
(fhome & Watson, Joumal of Agricukural Science (1955), 6, &9456\. When leaf-area
index is declining an increase in leaf area may increase grain yield even if without effect
at the beginning of the grain growth period (Roth4msted Repor, for 197j, Part l, 9r.
To test the effects of late applications of nitrogen on a modern, high-yielding crop, eight
amounts of nitrogen were applied as 'Nitro-Chalk' at sowing to Kleiber spring wheat and
compared with the same amounts of nitrogen applied half as 'Nitro.Chalk' at sowing and
half as a spray two days after anthesis. The sprays were various concentrations of urea
up to a maximum of 470 g lirs-t applied at 345 litrc ha-l (30 gal acre-l), or at 690 litre
ha-l when supplying 87'5 or 100 kg N ha-r. AI solutions supplying more than 50 kg N
ha-r scorched the crop.

At total rates excleding 150 kg N ha-t the split drcssiogs gave smaller grain yields
than the same amount of nitrogen applicd at sowing because the scorch decreased leaf
area and grain size. At 25 and 50 kg N ha-l the split drcssing gave about 0'3 t ha-r more
grain than the spring application. The split dressing delayed leaf senescence and incrcased
ear number, apparently by preventing the death of some ear-bcaring shoots that occurr€d
with the spring applications. @earman, Thomas and Thorne)

Efec* of light, COz ottd aifiogcn oa grah gowth oad cubohythae netabolitm d
vheat- To investigatc the efects of diffcrences in nitrogen content on gowth and
carbohydrate metabolism after anthcsis, Kotbri spring wheat grown in pots in controlled
environment rooms was given 0'5gN as NHINOs tcn days before anthesis and the
production of late tillers was preventcd. In addition, in order to alt€r the balance between
the supply of carbohydrate for gra.in filling and the capacity of the grains to absorb
carbohydrate, two light intensiti€s (56 and 112 W m-z visible radiation) and two atmos-
pheric COz conc€ntrations (425 and 970 vpm) werc combined factorially with the nitrogen
treatment starting six days after anthesis. Daylength was 16 h and day/night temperatures
and humidities werc l9ll4'C and 75|93[respectively.

Senescence of all leaves, including the flag leaf, was delayed by extra nitrogen and
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slightly hastened by extra light and COz. The rate of ear growth and final grain dry
weight were increased by extra nitrogen and light. Nitrogen incleased the number of
grains per ear and light increased grain size. Extra COa increased ear dry weight up to
33 days after anthesis similarly to extra light, but thereafter the difference disappeared
and CO2 did not affect grain leld. Dry weight ofthe rest ofthe shoot was unaffected by
nitrogen. It increased faster with extra light or COz until maximum weight was reached
at 14-24 days aftcr anthesis; thereafter the larger shoots decreased in weight faster than
the smaller ones so that there was no differ€nce at maturity. These changes in dry weight,
and the distribution of rac within the shoots 24h afTer it was supplied to flag leaves,
showed that at 14 days after anthesis the ear was an inadequate sink for carbohydrate
in conditions favouring photosynthesis or when there were few grains because of lack
of nitrogen. The percentage of the total raC in the shoot found in the ear was decreased
by increasing the light intensity or COz concentration and increased by increasing the
nitrogen supply; it ranged from 6l % with bright light, high COz concentration and low
nitrogen to 85% with dirn light, Iow CO2 concentration and high nitrogen. This in-
adequacy of the ear as a sink was only temporary. By maturity 951 of the raC in the
plants treated at l3 days was in the ear irrespective of treatment: most of that previously
accumulated in the stcm had moved to the ear and the rest had been lost by respiration.
Also, when flag leaves were given laCOz 32 days afrcr anthesis, neither the p€rcentage
recovercd in the car aft€r 24 h (77 %\ nq at maturity (961\ was affected by treatment.
@earman, Thomas and Thorne)

Crrtain enzyme assays were made on flag leaves on ten occasions from nine days before
anthesis to 39 days after. The activities of ribulose biphosphate carboxylase at anthesis
were 666 and l0l4 pmol COz fxed g-r fr. wt. h-r (i.e. 123 and 188 mg CO2 dm-z h-r) for
no extra nitrogen and extra nitrogen respectively, and at 32 days after anthesis were 214
and 5,16 pmol CO2 g-l fr. wt. h-r respcctively. The mrresponding figures for ribulose
biphosphate oxygenasc were 59.7 and 83.9 pmol 02 consumed fl fr. wt. h-l at anthesis
and l5'8 and 39'2 pmol 02 consumed gl fr. wt. h-l 32 days lat€r. There was no signifi-
cant difference in the ratio of the activities of the two enzymes with nitrogen treatment.
The activities at the two nitrogen levels declined in parallel throughout the period of the
experiment.

The activities of ribulose bisphosphate carboxylase were of a similar order to those
measured in a field-grown crop of spring wheat in 1973 (Rothamsted Report for 1973,
Part l, 9l). As in 1973 there was no evidence that the higher rates of carboxylase with
extra nitrogen led 1o higher rates of photosynthesis; all rates of photosynthesis were
far less than the maximum activity of the carboxylase.

The increase in enzyme activities with ertra nitrogen is correlated with higher levels of
protein in the leaves. The protein content ofthe flag leaves (measured with bovine serum
albumin as standard) was 44.0 mg protein g-r 6. *. before anthesis; it decreased until
anthesis and was then maiatained at a fairly c.nstant level for 32 days at 35.8 mg g-1 fr. wt.
in leaves from plants given exra nitrogen and 25.7 mg g-r fr. wt. in those elven no extra
nitrogen. The chlorophyll content of the flag leaves followed a sinilar pattern. Some of
the extra carbon fred in photosynthesis in plants grown with extra nitrogpn may be used
to maintain the higher concentrations of these compounds rather thatr to provide carbo-
hydrate for gra.in growth.

The only etrcct of light and CO2 on the activities of ribulose bisphosphate carboxylase
and oxygenase, and protein and chlorophyll contcnt was that the levels decreased less
rapidly, when the light intensity or CO2 concentration was less, consistent with the delay
in senescence observed.

Light intensity had no effect on the distribution of laC in early products of photo-
synthesis. Ertra nitrog€n at the lower CO2 concentration increased the incorporation
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into glycine from about 2 to 5% se,.tea days aftcr anthesis, with a fall in incorporation
into phosphoglyceric acid from 36 to 321. The only other consistent effect of nitrogen
was an increase in the incorporation into alanine (e.g. from I to 2% at s€ven days after
anthesis). Carbon may move into glycine more rapidly in plaats given extra nitrogen,
but confirmation of this requires more extensive analysis of the rate of movement of
radioactivity through individual compounds. The greater incorporation into glycine and
alanine may be the result of larger pools of nitrogen-containing compounds in the plants
given extra nitrogen. Increasing the conc€ntration of CO2 to 970 vpm decreased the
incorporation of laC into serine (from 3 to lfi) atd into glycine (to l\ in flag leaves
from plants at both levels of nitrogen). Incorporation into phosphoelyceric acid was
increased to 4l %. The results are consistent with a decr€ased flow of carbon through the
intermediates of photorespiration at high concentrations of COz which may contribute
to the increased growth observed. There was no evidence for a change in the relative
activities ofthe oxygenase and carboxylase at the higher concentration ofCOz. (Ihomas)

General conclusions. The main reason why grain production did not increase propor-
tionately to the increase in gross photosynthetic production caused by additional nitrogen
fertiliser is probably that the respiratory loss of carbon was greater due to a grcater dry
weight and concentration of proteins, For example, respiration of the larger shoots
produced in 1974 by the addition of 200 kg N ha-r represents the loss of about 74 g m-2
ofdry matter during the whole ofthe grain filling period, or about 161( ofthe observed
grain yield. Better methods of determining respiratory loss of carbon using raC are being
sought. (Thomas and Thorne)

Photorespintion rs r frctfi in crop growth; e comporison of mrlze sn(l whert Plots of
Kleiber spring wheat were sown on 4 April and 2 May, and Pioneer maize on 3 May, at
Rothamsted, to compare growth and photosynthetic rates. Measurements of photo-
synthetic rate using t4COz (Rothamsted Report lor 1973, Paft l, 89) for leaves at the top
of the canopies showed that except at light intensities above 1700 pE m-2 s-l (approx.
460 W m-s) of photoslnthetically active radiation or temperatues above 30'C wheat
had faster rates per unit leafarea than maize. At l5'C the mean photosynthetic rates found
were 29 and 20 mg COz dm-2 h-1 for wheat and maize respectively; at 25"C the corre-
sponding values were 34 and 28. Rates of rclease into CO2-free ak al25'C and fight
intensities of 1000 pE m-z s-l were estimated as 0'2 and 2'0 mg CO2 dm-2 h-r, for
maize leaves and flag leaves of wheat respectively. Rates of release into COz-free air are
related (but not simply) to rates of photorespiration. The reaction probably responsible
for COz evolution in photorespiration, the conversion of glycine to serine, was catalysed
more rapidly by extracts of wheat leaves (up to zl0 pmol serine formed g-1 fr. wt. h-1,
3.4 mg glycine C converted dm-2 h-1 or 3.1 mg COz released dm-z h-1) than by extracts
of maize leaves (up to 3 rrmol serine g-1 fr. wt. h-r). The activity in extracts of wheat
leaves was at a maximum at full expansion and declined as thc leaf senescedi for each
successive leaf the maximum rate was greater and persisted longer so that highest
activities were observed in the whole of July.

An attempt was made to measure rates of conversion of glycine to serine m livo by
measuring changes in amounts of glycile and serine present when leaves werc suddenly
darkened. Amounts in wheat before darkening varied from 7 to 15 pmol glycine g-1 dry
wt. and from 6 to l0 pmol serine gr dry wt. The amounts prcsent in maize leaves ranged
from 5'5 to 8'8 aad 5'5 to 8'6 pmol g:1 dry wt. ofglycine and serine respectively. In wheat,
glycine decreased initially at a rate of 13'2 mg glycine dm-z h-l in darkness; equivalent
to a rate of CO2 production double the measur€d rat€ of CO2 evolution into Corfree air.

In other experiments, raCOz in air was supplied to leaves of the wheat and maize for
29
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l0 seconds. Malate and aspartate became strongly radioactive in maize with little activity
in glycine and serine, consistcnt with a slow rate of photorespiration in maize. In wheat
leaves, much laC was incorporatcd into glycine atrd serine. These amino acids became
Iabelled rapidly but during subsequent photosynthesis in air this label was lost only
slowly; indicating a small active pool transferring to a larger, less active pool.

The data indicate that the rate of release of COz in photorespiration in maize is less
than one-tenth that in wheat. But at temperatures below 25oC wheat leaves still achieved
a greater net rate of photosynthesis per unit area. @ird, Cornelius and Keys)

Crbon metabolim iD rt€.t lerfsegEe s. Kolibri spring wheat was grown in a constant
environment room at 20"C with lGh days and 50 W m-z visible radiation. After two
weeks, 4 cm segments of the first leaves were excised. Samples of five leaf segtrrents were
selected and enclosed in leaf chambers (16 cms) so that the cut bases were immersed in
water or a 2l aqreors solution of isonicotinyl hydrazide GN[O. Air (430 cma min-t)
containing I 50 or 320 vpm CO2 was pasd through the leaf chambers while the leaf seg-
metrts were illuminated by tungsten lamps (light intensity 150 W m-2) at 20'C. When a
steady rate of photosynthesis had been rcached the gas mixture was changed to one
containing laCOa of known specific activity at the same concenfations as before.
Subsequently, the composition of gas mixtures was again changed to either 0, 150, 320
or 1000 vpm lzCOz in 2l ot 1l oxygen. Samples of leaf segments were killed and
extracted. INH decreased incorporation of rac into serine and sucrose. When the gas
mixture containing laCO2 was changed to one containing r2COz in the absence of INH,
laC decreased in glycioe and increased in sucrose and respired COz; in the presence of
INH the amount of raC in glycine, serine and sucrose remained almost constant, and
evolution of laCOz was neSligible. These results are consistent with our view that con-
version of glycine to serine is rcsponsible for COs evolution duriDg photorespiration and
suggest that much sucrose is made from glycine and serine.

Without INH, rates of incorporation of r4C during steady state photosynthesis into
glycine and serine, respectively, wer€ equivalent to l2'5 and 4'8 (150 vpm COz) and l8'2
and 4.2 (320 vpm CO2) pg C dm-z min-r. Total assimilation of 14C was equivalent to
33'5 (150 vpm COz) ar,d 63'2 (320 vpm COd pg C dm-z min-r (2'0 and 3'8 mg C dm-z
h-1). As both glycine and serine probably exist in two pools with different activities the
above rates of itrcorporation provide only minimum estimates of the flow of carbon.
Alter 15 min photosynthesis in laCOz the pools of glycine and serine were almost
saturated with laC. lnitial changes in the amount of laC in glycine and serine, when the
composition of the gBs mixtue was changed, were used to calculate rates of loss of
carbon. In COrfrep l% oxySen there was a decrcase in glycine (39 pg C dm-2 min-t)
and increase in serine but an insigdficant release of raCOz. Similar results for sunflower
leaves were considered by Atkins, Canvin and Fock (in: Photosynthesis add Photo-
respiration, Wiley Interscience, 1971, p, 497) to show that COc in photorespiration was
oot derived from glycine. But laCOe was evolved in 1 I oxygen with 1000 vpm r2COz

present; so that the results previously obtained in the absence of COz probably result
from photosynthetic refixation of any laCOe evolved. This conclusion was confirmed
by the rapid loss of laC from phosphate esters with 1000 vpm 12CO2 but persistence of
laC in phosphate esters when COz was absetrt. Refiratior of laCO: has a further eflect;
by supplying raC to the photosynthetic intermediates (phosphate esters) it allows synthesis
of [1{C] glycine to continue so the net rate of decrease of laC in €lycine in COrftec l%
oxygen is slower than with 1000 vpm rzCOz. The efrect is more marked h 2l\ oxygea
wherc glycollate synthesis is rapid ; calculatcd minimum rates of carbon flow from glycine
were 16, 23 and 75 pg C dm-z min-1 for 0, 320 and 1000 vpm rzCO2 following photo-
synthesis in 320 vpm raCOa. In 1000 vpm COs when glycollate synthesis is thought to
30
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be slower (Ire & Whittingham, Jgyrnal of Experimental Borany (1974), 25, 277_ZS7),
and refixation of photorespired uQO2 is prcvented, the initial ra-te of dCrease in raC in
glycin: (75 pg Cdm-z 61-t1 probablV closely represents the rate of carbon flow through
glycine during photosynthesis in 320 vpm CO2. It is to be noted that the rates of carb6n
flow out of glycine can exceed the total rate of C assimilation from 320 vpm CO2
(63.2 pgCdm-zmin-1; see above). Further experiments concerned changes in rrc in
glycine,and se-rin9 when 15 min photosynthesis in laCOz were followed by a period in
the dark. The further meBbolism of serine and refixation of COz are both light{ipendent
so that loss of laC from glycine was accompanied by a nearly stoichiometiic inciase in
se-rine and CO2 output; the calculated rates were 36, 29 and 9'7 pg C dm-z min-r (means
of.ten estimates) for decrease of glycine and increas€s of serine and COz r€spectively. In
ihis experiment the rate of assimilation of laCOz during the 15 min photosyntlesis
correspooded to 43'4 pg C dm-e min-l (equivalent to 9.5 mg CO2 dm-z h-r).- It was
concluded that nearly all of the carbon assimilated at 320 vpm COz may be metabolised
by the glycollate pathway and mos! if not all, of the COz evolved in p[otorespiration is
derived from convenion of glycine to serine. (Kumarasinghe and Wnittinghim;

Ihe rcle of the glycollite pathway ln sucroce synttesis The finat reactions of sucrose
sy-nthrcsis do lo-t q)clr to a significant extent in the chloroplast (Rothamstetl Report for1973'Parr 1'92). Either assimilation of co2 or addition ofa keto acid results in svnthisis
of [laC] sucrose and production of laCOz from [raC] serine added to leaf se'gments.
Hence suqose synthesis can occur via glycollate and serine under conditions oi active
synthesis. When glycollate synthesis is decreased by high CO, or low oxygen in the
atmosphere it is likely that much of thc sucrose is made directly from phosplate esters
originating in the chloroplast. We still wish to determine the amount of suirose made
directly from sugar phosphate intermediates of photosynthesis compared with that
made- from intermediates of the glycollate pathway; also to what exteoithe chloroplasts
may be involved in converting serine to sugar phospbates.

The intramolecular distribution of 1ac in the heiose units of sucrose following short
periods of photosynthesis by pea. leaves in uCOe at concentrations of 150 and 10fo vpm
was _investigated. The method for degrading the hexose (Rognstad & Woronsbeig,
lnat4ica Biochemistry (1968), 25, zl48-451) gave the sums oFaC in carbons 3 * i,
2 * 5 and I + 6. After 30 seconds in IO00 vpm uCOe when 1.5 g pea leaflets had assimi-
lated 2.5 pmol COz, the 3 * 4 carbons contained 73% of the t;al raC in sucrose; after
]0- secol{,in 150 vpm laCOz, when the same weight of pea leaflets had assimilated
0.5 pmol COz the 3 + 4 carbons contained oaly 44% of the total raC in sucrose. By
the time 2.5 pmol COz had treen assimilated at 150 vpm COz radioactivity in carbons
3 * 4 was Lbolt 50% of the total. In 1000 vpm COs less carbon should be metabolised
by way of glycollate than al 150 vpm- Glycollate, glycine and serine made during photo-
synthesis in lacoz have all their carbon atoms equally radioactive at the shortii times
that can be studied. Therefore, when much ofthe sucrose is made from carbon netabolised
!y thrc glycollate p-athway the carbons of sucrose should be equally labelled (i.e. with
33 % of the total r4C in carbons 3 + 4). When much of the sucrose is made from carbon
cooing d_irectly from photosynthesis it may be expected to be predominantly 3 + 4
labelled, The results of this preliminary investigation are consistent with more- sucrose
being made from intermediates of the glycollate pathway during photosynthesis in low
compared to high COs concentrations. (Bird, Cornelius, Keys and Whiitingham)

Root grorth of b.dey rt difiercnt s€ed retes rnd wtth dlffereot N rd p fertiliser. The
effects on root groJth of a wide range of seed rates and their interactions with nitrogen
and phosphorus fertiliser was investigated. Barlen var. Julia, was sown on 2 Aprilln
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the light, sandy silty loam overlying sand in Stackyard Field, Wobum, at cight seed

rates increasing in approximat€ly equal steps from 34 to 269 kg ha-1. Fertilisers supplying
100 kg P2O5 ha-r (worked into the s€edH) applied to half the plots and supplying
50 or 100 kg N ha-r (applied at sowing) were combined factorially with seed rate in a
single replicate. KzO (120 kg ha-l) and 6O kg MgO ha-l were worked in before sowing
to all plots. Plant numbers were counted on 29 April, and crop samples from approxima-
tely 0.5m2 were taken on 6 May, 28 May,24 June and 29 luly. Also six soil cores 7 cm
in diameter and up to I m deep were taken from random positions in each sample area

and separated into layers 15 or 25 cm deep for root estimation' Sub'samples of clean
roots were photographed for later length estimation on the Quantimet imagc analysing
computer and all roots dried and weighed. Grain and straw yield were taken from
approximately 2 m2 samples on 20 August. Soil samples were analysed at the beginning
and end of the experiment to measure any depletion of plant nutrients. Measurements of
soil moisture were made with a neutron moisture probe three days before and four days

after each root sampling on plots sown at 34, 135 and 235 kg ha-r.
The plant numbers estimated for each seed rate at scedling emergen@ were 7 I , 122, 192,

248,297,350,388 and 456 m-2; final gain and straw yields were not significantly affected
by s€ed rate, or by phosphorus fertiliser, averaging 4'0 t grain and 4'2 t straw ha-1 and
5.1 t grain and 5'2t straw ha-1 at the lower and higher N mtes (at 857o dry matter;
S.E. grain:0.09, straw:0.11 t ha-r).

When the barley had three expanded leaves (6 May), roots cxtended to 30-45 cm deep

and total root dry weight, like shoot dry weight and leaf-area index, increased linearly
from 15 g roots m-z to 85 g m-z from the lowest to the highest seed rate, indicating little
competition betlveen plants. Neither N nor P treatments sigofficantly afected shoot
or root dry weights, but the highsl y rals decrcased the proPonion of roots below 15 cm

deep. By 28 May the relationship between total root weigbt and seed rate was markedly
curved, with root weights increasing from 23 g m-2 at a seed rate of 34 kg ha-l to
50 g m-2 at 135 kg ha-l but with little increase above that s€ed rate. Increasing seed rate
also increased the proportions of total roots at depths belo$' 30 cm, while below 60 cm
the weight of roots, atthough small, continued to increase up to the highest seed rates.

Thus denser crops favoured development of rcot systems at greater depths. At this st88p

nitrogen had little effect on root weights, but phosphorus stimulated root growth at low
seed iates in the top 15 cm of soil, while depressing root gowth at high sced rates in soil
layers below 30 cm.

At the first sampling, although there werc from six to nine times as many roots in the

top layer, only three times as much water was depleted from the 0-15 cm soil layer as

from 15-30 cm with little loss from the 30-45 cm layer and none from below 45 cm.

Water loss increased with root density at higler se€d rates, but not ProPortionately. At
the second sampling water depletion at increasiDg deptbs of soil was in the proportions
l0 : 20 : 15 : l0 : 3, compared with roots in the proPortions 74 : 20 : 5 : I : (trace). No
loss occurred below 75 cm. Water uptake from the top layer r\'as evidently restricted by
the drying soil. Water loss increased at high seed rates only in the 60-75 cm layer. Further
data are still to be analysed. (taylor and Welbank)

Carbohydrate metrbolism of detacbed ears. Studies have continued on the efects of
growth substances on the accumulation of starch in developing wheat grains. As described
in previous reports growth substances were applied to the individual grains on wheat
ears which were subsequently detached and incubated with their stalks in raC-sucrose

solution. The previously descriH effects of chlormcquat chloride (CCC), GAs and the
GA precursor entkaurene on the amount of radioactivity accunulated in the starch of
the grains were found on several occasions, but in other expcriments thesc responses
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did not occur. It now seems unlikety that the substances tcsted are important regulators
of starch accumulation.

It is proposed to discontinue these exp€riments. In future *,ork the influence of certain
growth substances on grain ripening and the cessation of starch accumulation will be
investigated. (Radle,

Enlogenous gibberellim in developing wh€at grri$. Wheat grains at different stages of
development were examined for the prcsence of gibberellin-like compounds suitab]e for
isolation and identification by combined gas chromatogr4phy-mass spectrometry.

Wheat seeds (var. Kolibri) were planted at weekly intervals ind harvisted on a common
date (3O Auguso. The acidic gibbedlin-like substances were ertracted, purified by thin_
layer chromatography and assayed by the barley endosperm test.

The gibberellin content per grain reached a maximum four weeks after anthesis corre-
sponding to $e_period of highest grain frrsh weight but declined as the grain started to
ripen although dry matter was still a@umulating. Essentially similar results were obtained
with plants harvested (5. July) up to four weeks after anihesis. The experiments were
preliminary to investigations to det€rmine the influence of gibberellins o, graio gro*,th
anddevelopment. (Lenton)

Efr€cts of aerial p,ollutants on cereal growth. In addition to experiments at woburn
Experimental Farm, additional sites were obtained in 1974 at Manor Farm, Ampthill and
at Elstow, Bedfordshire. under normal conditions the site at Elstow suffers severe
pollution. Due to the closure of two brickworks and the introduction of short-time
working at others, pollution was severely restricted in 1974 and there was only oni
episodc at Elstow when average day levels of 200 pg m-s SO2 were exceeded.

.At Manor- Farm, spring barley, var. J'rtia, was grown in two plastic houses through
which was blown ambient field air or ambient air futered throogt a dust filter followld
by an active charcoal filter. Mean SO2 level in the filtered houdwas less than 3 pgm:i
against an ambient air value of 60 pg m-4. The crop showed no signs of visibli i-njury
in the polluted air and there was no evidence of yield loss; indeed piants gro*iog i;il"
filtered house gave a slightly smalrer yield than ihose in ue unfttircd nouse. s-oth the
temperature and the humidity in the houses exceeded that outside. Anarysis of the plant
material for sulphur and fluoride showed high levels of both elements in ptants rroir tte
non-filtered as compared to the firtered houie, but sulphur levels in ptanis from outside
the chambers were lower than those from inside the filtered touse. rhis oitrerence nay be
related to the_difference i! temper-ature and humidity. Fluoride levels or outsiae ptints
were greater than those of plants in the house.

_ 
In an attempt to overcome the difference in temperature and humidity inside the

chambers and.outside, a type of op€n top chamber wis developed and undirwent trials
at woburn. Therc was little difer€nce in relative humidity, temperature or soil moisture
between the inside of the chamber and outside. A significant reduition was obtained in the
level of pollutants within the chamber but in lretminary experiments a consistent
difference could not be maintained. Horvever, it w;s obsened agiin that bartey growfi
in the filtered chamber had a lower yield rhen io the 'nfirter€d 

"himber. 
rurthei d'evelof

'nlntal work. on the design of the open top chamber is being undertaken during the
winter and trials will be undertaken next summer on a polluted Jte. @rough, p-d *d
Whittingham)

_ Cofion metablism of pollated bates. The mechanism of inhibition of photosynthesis
by SOz is still uncertain but is unlikely to be due simply to an efect on siomatal move-
ment. An apparatus was constructed in which detached leaves or leaf sepents from
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cereals could be exposed to variable illumination and SO2 concentration. Temperature

and humidity of the gas strcam were constant and provision was made for supplying
14CO2 to th; leaf chaibers. Concentrations ofSOz up to 3250 pg m-3 were used' much

higher ro" those found in the field, but exposurc times yerg short. Barley, cv' Julia,
,.id ut th" twoJeaf stage showed reduced inhibition of photosynthesis after 5 min

exposure. The decreased- rate was accompanied by a fall in the perctntage- of laC

iniorporated into PGA (3-phosphogtyceric acid) and hexose phosphates with -mrre-
spon&ng small increases in sucrose, aspartate and malate and larger increases in alanine,

sirine aid glycine. At some concentrations of SO2 an initial stimulation o[ photosynth€sis

ocrurred, iocompanied by a sharp rise in the percentage 14C in sucrose and corresponding

falls in PGA ani hexose phosphatcs. nolonglog the fumigation or increasing the SO2

concentration caused inlibitio; of photosynthesis. This is consistent with an initial
stomatal opening induced by SOz.

The m*[od is-potentially'useful as a rapid scteening method to test barley varieties for
variations in susceptibility to SOe. (Kendall and Whittingham)

Sryrr beer

water reletions. Growth room erp€riments in which air and soil moisture were varied

under otherwise constant conditioni showed that sugar beet photosynthesised and grew

faster utrder conditions of high humidity (Rothamsteil Report for 1973, Part l, 98-99)'

ln 1974 a field expriment investigated whether application of water as a mist over a

crop would increa; the moisture contcnt of the air around its leaves sufficiently to in-

creise plant growth and feld. Watcr was applicd either as mist irrigation between

0g.00 t'ana 26.m n according to the evaporative denand measured by an electronic-leaf

sensor, or as trickle irrigation to maintain the soil water deficit within 12 mm of the

potential deficit calculated from meteorological data" or th€ same -amount 
of water as

ipplied to the mist plots given as trickle-irrigation to the soil. The three treatments were

upptieO fo. six weeks either to the young croP (starting 6 June) or to the mature crop
(starting 24 Auguso.' 

tsz4-was a uid y;ar for sugiarbeet. Dry weather early in the seasol delayed the getlmina-

tion and establishment of thJ crop. Therl was also high incidence of virus yellows disease.

Yirus infection was particularly severe on some of the misted plots in the young crop

rrsulting in yield loss. Weather was particularly dull and wet during the larc irrigtion
treatmeits to the mature crop. Overall, no bcneficial effect ofany irrigation treatment was

observed.
A secondary objective of the experinent was to obtain information on the development

and magnitude oi water stress€s itr field-grown sugar beet and to determine how these

affected the photosynthetic activity.
When there wai a hrge soil moisture deficit under the unirrigated crop (100 mm-)

and solar radiation was l6w (daily visible radiation : 377 ! cm-z),leaf water potentials

in the unirrigated crop decreased' from -8 bar at 06.00 h to - 15 bar during the after-

noon. Both-trickle irrigetion and mist irrigation kept leaf water potentials around

- 10 bar for most of th; day; consequently itomatal tesistances were lower (3 seconds

cm-l cf. l0 seconds cm-l during the afternoon) and photosyothetic rates higher
(15 mg u69, U--z tr-r 6. g 69 ir6Oz dm-z h-r during the afternoon) than in the

unirrigated plants.
On aays of nigS insolation (daily visible radiation : 945 I cm-z) when soil mrcisture

was pleniiful there werc no differences in bchaviour between the udrrigated and- $1kle
irrigiteO plants. I-eaf water potcntiats in both decreased from -5bar at 05.00 h to

- 15 bar itr the afternoon. lraf water potentials in mist-irrigated plants were similar in
the mordng but d€crcased to only -l0bar in the aftemoon. Stomatal resistances and
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photosynthetic rates werc the same in alt tl€atments during the morning (3 seconds cm-r
and 25 mg raCO2 dm-2 h-r) but stomatal resistances ftcreased to 16 seconds cm-l
during the 

"ll.-o9l_,^, yr.Ig"qd and trickle-irrigated plants and ptotosftlesis
dec_reTed to 12 mg tlCOz dm-2 h-l whereas stomatal resistances increas& only'slightly
and photosynthetic rates hardly changed in mist-irrigated plants.

At low hsolation the vapour pressure deficit olthe air under mist was 15.3 mbar
compared with l4'8 mbar without mist, equivalent to relative humidities of 90 and g6l
respectively. At high insolation the vapour pressure deficits werc l 5.5 mbar (6g I relattii
humidity). and 16.4- mbar (651 rclative humidity) respectively. Thus there was no
app-reciable effect o-f mist-irrigation on thc moisture con-tent of the air. On sunny days
Ieaf temperatures of unirrigated plants averaged 22.5oc, 0.4'c cooler than the surrouni-
ing air, vhereas leaf temperatures of mist-irrigated plants averaged 19.6"C, almost 4.0"C
cooler.than the surrounding air. on dull daya leaf-trmperatud of mist-irrigated plants
were similar and within 0.5'C of the air tempcrature.

.. 
These observations suggest that ryater applied as a mist to the leaves of sugar beet is

directly evaporated and, by reducing the iidiant energy load on the leai e-nables the
plant to maintain lower leaf temperaiures and greater rdf water potentials.-Thia ;hysio-logical effect of mist-irrigation was measurable onry on days of hiih insoration, so efrects
on overall gofih and leld of the crop depend on the number ;f such days occurring
during the growing season. In 1974 these wire particutarly few. (MilforO 

-

Application of growtt regdrton

. Glowth sabstances and bow, Cold .treatment of sugar-beet plants causes bolting
during subsequent gowth in warm conditions and long da!s. It is kiown that applicatioi
of gibberellic acid will cause stem elongation in the absence of cold treatment. In other
biennial-.rosette species elongation is iccompanied by an increase in the endogenous
gibberellin concentration. Therefore erperimenls are being carried out with the ob]ect of
(a) measuring t_he changes in endogenous gibberellins ani other growth substanLs, in
sugar beet during chilling and bohing to establish a correration- wirh morphorogical
:1".?g_.:, "19. 

C).:gnrrolling bolting with various gowth rctardants, especi-ally t-hose
,nmorung glbberelllu bloslmthesis.

Thrc endogenous gibberellin in the bud and young leaf tissue of large plants grown
outside through the winter was measured ty Lioasiay. The gibberelli-n concentiation
decreased sharply after mid-December and inireased at the begining or april as boltin!
colpencd,_ reaching a high concentration by late April. Theirc was-no evideace of an!q"dtative changes in the gibberellins.

_ _Young seedlings of Sharpe's Klein Monobeet in g-in. pots were placed outdoors on
7 J-anuary tbree days after receiving 100 mg in 100 ml chl6rmequat 

"lto.ia" tCCq ^ "soil drench. The treatment was repeated after six weeks. For-some weets ine triatea
plants lad dark leaves and short petioles, and the gibbereltin content on 15 february was
lower in_t_he treated plants rhan in the controls. Bts April the gibberellin conteot *L oo
longer different and by,8 May stems were severai cenimetres-long in half the pt-t, 

"iboth control and treated groups. Evcntually elmost all the planf bJlted. Hence treatment
with ccc applied.during vernalisation did not prevent bolting. The time of application
has now to be varied in relation to temperaturCand/or daybnlth changcs. ffadby)

'Etbel'. Earher eryreriments at Rothamsted showed liulc effect of spraying .Ethrel'
on sugar-beet plfits (Rothonsteil Reprt tor 1969, pan l, llg and 1970,pa[:t l, l(/)
but recent work (Freytag & Akeson, ptrznr physiolog (1973), Sl (suppl.), 30) promitcd i
re-investigation.

Seedlings growing in soil in 5-in. pots were tr€ated with a soil drench of .Ethref three
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times at two.week intervals and were harvested two to three weeks after the final treat-

ment. In the first experiment 20 ml of 1000 mg litre-l 'Ethrel' sigaificantly increased the

fr. wt., but trot the dry wt., of the roots where; lO0 and 5000 mg litre-1 had no effect; all
tbree concentrations gave a smaller dry wt. of the tops.

In a second expeJment in 8-in. pots, carried out later in tle season, there was a

stimulatory effect on root fr. wt. with aU tr€atments (50 ml of 200, 600, 1000 mg litre-1)
the effect 6eing greater with the higher concentrations. Root dry wt' was also affected,

but proportio;aIely less tban fr. wt., so that percentage water content was significantly
gr""i.. ut 1000 mg litre-r than in control plants. The tops were unaffected' Further
experiments are in progress. (Radley)

Gibbuellinc. Gibberellic acid (GAs) can promote root Srowth of sugar-be€t seedlin^gs

growing in sand cultue, especially wien applied to the roots, (.Ro,iam sted Report for
igZZ,iart l, 99) and when appliedas a microdroP to the base ofthe petioles of erpanded

leaves of clonal plants glowing in 'Eff' compost (Rothatnsted Report for 197 3, Part 1,

100). This y"ut GA" *as appti"O to seedlingi of Sharpe's Klein Monobeet growing in
soil to test the practical significance of the previous observations'

Plants were grown in i'in. pots in John innes compost No. 1 or ;n sand treated with
slow-release feiiliser. Half thi phnts in each batch wCre treated four times with 20 ml of
l0 mg litre-r Gfu applied as a soil drench at weekly intervals, commencing at the

l-+ ti"t ttug" unA nuwestea a week after the final treatment. The treatment caused a

.igoin*"tfigr*t"r increase in fresh and dry weight of all parts of the plants growing in
sand. lcontrol dry wt. roots l'27 g,leav€f 2'99 g.)

Theie was no effect of the treatient on the plants $own in soil, which grew to a larger

size at the same leaf number (dry wt. roots 3'45 g, leaves 7'35 g).- 
I" otn t exlrriments GAs'was applied as microdrops to leaves of plants grown in

different size pots. Plants grown in 8-in. pots of John Innes Potting Compost No' 1 were

treated onc€ *ith 
"ith"t 

ior 50 pg GAs at the lGleaf stage and harvested after two or

i;;;;k" There was an increasein root dry matter at the highest gibberellin level after

Go **tt <SO pg CA", 3'78 * 0'83 g) co.pa..d *ith th" *ottol (2'97 + 0'84 g) but this

,ru. oot.t"trtiitt, rii"inc"ot; furtliermoie no differences in root weights at the second

harvest were obsened Q0 pg GA3, 20'67 l4'58; control 20'87 + 4'85 g)'

A positive ,"spoote io abilied gibberellin was only obtained when plant growth was

restriAed by poor growing conditions or restricted pot size. The differential response to

uoJi"a giUui..Uli under- 'poor' and 'good' growing conditions may be reflected. in

aif{.*od. in endogeaous gibb.tetliot' p.eti.iou.y results show that the concentration

oi"oaog"oo* gibiere inJike substances is ten times higher (170 pg GA3 equiv' g,-1 fr'
o,t)io.f,oot" oiSn".p"'s Klein Monobeet plants grown in'Efi' compost compared with

freviousty reported ;esults for plants at a similar stage of development grown in sand

Zlt/|rlre litothamsted Report /or l973,Part l, l0l). (L€nton and Radley)

Etrilogerous grortt regulators

Gibfurellins. The acidic gibbcrellin-like compound Present in leaves of Sharpe's

Klein Monobeet seedlings wai shown to be less polar than GA1 when cfuonatographed

on silica gel-impregnatei glass fibre sheets using CHCIs: CHgCOOH: HzO (60 : 5 : z()'

by vol) ai solvjnt iystem ;d using the wide range partition columns of Seph"dgl !ry!
ri"""Uy a.t"tU"a by MacMillan- and Wels (Joumal of chromatogruph! (1973)' 87,

27F2iq. The search for other biologically active gibberellin-like compounds in sugar-

beet roob has proved unsuccessful. Tte second substance referred to'rnthe Rothamsted

Report for 19fu, Parr 1, 101, has not been detected in seedlings. A new thinJayer
chronaiography system has been developed which separates GAqT from abscisic acid
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$BA), _a 
krown inhibitor of gibberellin respo ies, but gibberelin-like activity simirxl 1q

GAa77 has only been detected once in an extract from vernalised seed. No further
gibberellins have been detected using the dwarf rice assay, which responds to a wider
range of gibberellins than the barley endosperm test. Acidic hydrolysis ind p-glucosidase
treatment of purified butanol fractions from sugar-beet roots did not release-any active
substances. Relatively large scale extracts of young se€dling roots, developing seeds and
phloem sap collected as aphid honeydew are in the process of purifica-tioi to obtain
sufrcient material for the isolation and identification by combined gas chromatography_
mass spectrometry of the major biologically active gibbercllins. (_enton)

Cytokittirr.t. Last year several compounds influencing cell division were found in a
basic and neutral ethyl acetate fraction from Ieaves and roots of young sugar-b€et plants
(Rothamsted Repott for 1973, Part l, l0l). A rytokinin was subsequently detected in a
butanol fraction from the roots. The active compound eluted between zeatin riboside and
zeatin_on reverse phase columns of Sephadex LH20 using 3 5l (vlv) etherrtol as develop
ing solv,ent. The compound brcaks down slowly on storage ai -ZO.C into a ooo-pol--
but biologically active compound, The level of butanol-soluble cltokinin in leavei was
much lower than that in roots and the activity was confined to compounds similar to
zeatin, zeatin riboside and a more polar compound. The butanol-soluble cytokinin present
in pbloem sap consists mainly of the more polar compound and smalleiamounti of the
compound with polarity similar to zeatin. (I*nton)

Bctuine. The oat-leaf chlorophyll retention assay for cytokinins was the one used to
assay beet extracts for betaine. It was found that glycine, methionine and urea were
ine{qtive in this assay at coDcentrations similar to those effective with betaine (10-z_
10-lM), but chlorophyll was retained also after treatment with choline chloride, ammon-
ium nitrate and CCC. Betaine was found to be inactive in several other clokinin assays,
i.e. anthocyanin production it Amarothus seedlings, enlargement of excised radish
cotyledons,-and soybe_an callus growth. Betaine stinulates enlargement of excised sugar_
b€€t cotyledons and also causes retention of chtorophyll in sugai-beet leaf discs.

Betaine was measured in a succession of leaves from sugai-beet plants harvested in
th€ autumn. Every fifth leaf was taken, and the laminae were extracted by maceration.
The concentration was about 9 mg fI fr. wt. in all leaves except the youngest, in which
it was 20 mg g_l fr. y/t.

, The_results suggest that betaine may be involved in leaf expansion and leaf senescence.
In, preliminary experiments betaine has been applied to young sugar-beet seedlings but
effects have only been observed with plants grown from washed Gds and not fro dry
seds. (Wheeler)

Auxin. The sequence of sugar-beet leaves tested for betaine were also examined for
auxins, using the- wheat coleoptile section assay. An auxin which was probably indole-3-
acetic acid (AA), increased in amount per leaf with increasing teaf age 1t-Zi ng). The
highest concentration (21 g kgr fr. wt.) occurred in the 2fth leaf. Anothei auxinl which
may be indole.acetonitrile (IAN), occurred in both acidic and non-acidic fractions. This
was variable in amount, but the highest concentrations (lGl7 g IAN kgr f1. q,t.1
occurred in the youngest leaves (30th and 35th).

An acidic inhibitor, which may be abscisic acid, was present in all leaves. The amount,
measured by the wheat coleoptile section assay, was greatest per leaf in the oldest leaves,
but in highest concentration in the 30th and 35th leaves.

IAA (10-7-10-4M) stimulates the elongation of segments cut from young sugar-beet
petioles, whereas IAN does not do so up to 19 h incubation. AftEr 43 h IAN has an
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effect possibly bccausc the IAN has bccn convertcd to IAA in the detached petiole

segDents. This possibility is being examincd. (VIheeler)

Pobtoe6

Investigations on the growth and mctabolism of potatoes have been undertaken by a
reseur"i graot and a itudentship supportcd by the Potato Marketing Board with th€

objective;f relating the process of iuber formation and growth to the photosynthetic
aciivity of thc plant. Acco;ding to one view, tuber formation is a direct consequence ofa
high carbohydiate level in the stolon and after the initiation of tubers the photosynthetic
aiiiuity of the flant increases in response to the increased demand for carbohydrate. AJI

alternative view is that the formation of tubers is controlled by the balance of growth

hormones. For example, tratment of leaves with gibberellins has been sho*m to inhibit
tuber initiation even-when plants ate grown under short days which normally induce

their formation.
The measurement of photosynthctic activity of two sets of plants of variable leaf area,

differing only in the presence or absence of tubers, produced little evidence that the rate

of photisynihesis was regulatcd by the presence of tubers. Some evidence was obtained

thai carbohydrates wcre itored in the stem and then remobilised for subsequent tuber
growth. Tuber initiation was related to factors which influenced photosynthetic activity
in the period prior to tuberisation and there was no marked change in hormone or enzyme

activity at thi period of tub€risation. The influence of day lenglh indicates control by a

hormone sysrcm but our results suggested tlat this operates by modifying the natural

change in pattern of metabolism which accompanies plant development.
Exlrimins have begun in the present year to investigate the metabolic changes which

resuli from the bruising of potato tubers. The oxidation of tyrosine and to a lesser extent

of adiphenols to forni thi brown black pigment melanin ('black spot') is-indicatiYe of
markei changes ir the overall metabolisrroithe tuber. Susceptibility to bruising depends

iD part on ti'e conditions under which the tubers are Srown' e'g. potasium-deficient

crops are more susceptible to bruising and in part to conditions under which mechauical

impact tates place, i.e. low tcmperaturts increase the amoynt 9f bruising' The work
being underta-ken is ,imed to deternine thosc characteristics of the tuber which are

importalt in mntrolling the degree of bruising and to consider possible means to prevent

th" b*irirg mechanisi developing following mcchanical impact. (Frier, Mcllroy and

Whittineham)
tYeed biology

Clrsic.l exp€rined
BrodMk. ln winlet wheat tctbuy'.ryae applied in autumn controlled autumn-

germinating blackgrass (Atopeams myosurotdei) and other species. Following a mild,
iamp *iotir the soiits becami severcly &pped in spring. Hanowing-failed to break up the

cap in hollows, and this aod the droughi discouraged spring-germinating spocies. 5no1-
giss (Polygonon aviatare) seedlings were stuntcd and black medick (Medicago

iuputin4 iia scarlet pimlrernel (Anasa is orlensis) emerged later than usual' Some

g&mination of blackgrass occurred in spring by which time the terbutryne was 
-no 

longer
Iffe"ti"", so sprayea plots contained some plants at harvest, but they were fewer and

la&r-flowering than otr the unsprayed s€ction.
The stubbli on continuous wheat plots sprayed with terbutryne in autuml and

dicamba/mecoprop/MCPA mixture in spring was again remarkably free ofdicotyledonous
annual weeds ind many rotation plots which were also sprayed had fewer than five weed

plants. Perennial weeds, especially field horsetail (Equhetwn arvezse), couch. grass

lAgropyron repens zrrd Agrostis gigotrea) and ficld bindweed (Contolvulus amensis) were
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prevalent on all sprayed sections despitc autumn spraying ofcontinuous wheat plots with
aminotriazole. Potatoes appeared in whcat plots whcrc thcy were planted last iwo years
ago.

_ On the ',rsprayed plots with higher rates of N, autumn-germinated blackgrass was so
dense that it almost suppressed other weeds. The current year's crop of blackgrass seeds
started to germinate on the surface of the unploughed stubble in i wet periJd betweenll and 15 September.

Wild oats (cfuefly Avena ludoviciana) vterc hand-pulled as usual. Although less abun-
dant than in the 19,(h, persistent and thorough hand-pulling has not eradicated them.
The worst infestations now are on the more fertile plots where a dense crop makes hand-
roguing difrcult.

lt spring beans, the spring cultivations prevented the soil capping noted in wheat, but
in May the small weed-seedlings were hidden among the clods. Black medick was more
abundant in beans than in wheat, and thcre were rn ny ground-keeping potatoes.
Knotgrass plants were numerous but small, prcsumably the continued ehect of spring
drought Scarlet pimpernel was more abundant in beans on plot l0 (N2 only) which ii
favourable to it, than itr wheat.

h potatoes, the plots \vere almost wecd-free in early May, even before spraying with
linuron/paraquat. By mid-September, although most annual weeds were still scarce,
horsetail was rampant on low-N plots, black bindweed (po lygonum convolvulus) on no-i-
plots where the potatoes were weak, and oeping thisfle (Cirsimr arvense) on plot 17
but not on plot I 8 now receiving identical treatment (N2 + + ratc pK, Na, Mg annually).

Weed-seed cortent of soil under difiercttt crogiq reginus oad with tlifereat fertilisers,
Duplicate, comlnsite soil-samples were taken from the wheat and bean stubLle before
ploughing on seven sections of scven plots, to see whether the introduction in 1969 of
rotations (wheat/potatoes/beans and wheat/wheatfiallow) had affected the weed-seed
content of the soil, compared to continuous wheat with and without herbicides. Samples
were concentrated by washing and the remaining soil containing all the weed-seeds kept
moist in earttrenware pans in a cool glasshouse. Weed seedlings will be removed, identified
and counted and the soil thoroughly cultivatcd at approximately six-week intervals for
three years.

_ 
Up to 14 November, by which time germination of nondormant blackgrass should be

almost finished, the mean number of blackgrass seedlings per pan in theiotation wheat
and bean sections was two, compar€d with seven for wheat in the fallow cycle, 5g for
continuous wheat with herbicides and 278 for almost continuous wheat (faliowed 1963
and 1972) without herbicides. Thus repeated spraying with tcrbutryne had decrcased
nondormant blackgrass seeds in the soilby 791and a three-course rotation with two
spring-planted crops by a further 20f.

The numbers of nondormant blackgrass seeds in soil were also greatly affected by
lg1i_lise_rs_grven !o the crop. In plots receiving PK, N0 had only eighiseedtings per pan,
Nl had 72 and N2 had 45, showiog a similar N rcspotrsc to ihaiof plant ary-*eignti
(Rothatnsted Report fot 1968, Put 2, mT. Blackgrass seedlings were most numerous
(S+ 1nl 2I per p n) in two plots receiving N2PK0, where wheat yields are deprcssed
by Kdeficiency. This agrees with the results ofpot experiments showing that unbalanced
fertilisers favour the gror*th of blackgrass in competition with wheat. In a pr€vious pot
experiment (Rothomsted Report lor 1971, Paft l, llQ blackgrass grown alone did not
respond to added K.

Eoosfuld. Wild oats (Avena fanm) were ooly occasional in the spring barley, from
which they are hand-rogued annualln but occurred in some of the bean plots in the
rotation section of the field.
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After six years of constant N levels on the same quarter-plots of continuous barley, it
was decidqd to rotarc them annually starting in 1974, N0 being followed by N3, to see if
crop competition would discourage weeds, especially horsetail. One of the four plots
previously iofesteO under N0 showed no change in the amount of horsetail under N3,
-and 

on the other three the density increased. A former Nl plot, receiving N0 this year,

now has a small patch of horsetail not previously recorded, and another shows increased

density. Apparently it is more difficult to suppress horsetail that is already present, than
to prevent it from entering a plot.

'ihe general weed scores in badey stubble, made up mainly of numerous annual species,

showed cbarly the patt€rn of this year's N application, with more weed-cover on N0
tban on plots given il, although the plots previously with N would have fewer weed-seeds

in the s6il th; those previously receiving none. Scentless ma1'weed (Tripleurospermwn

maritimwn sp. inodorun was one of the main weeds on N0 plots. Others were fluellen
(Kickxia elatine) and groundsel (Senecio wlgaris). Cfhurston)

Patk Grass. Visual surveys have showu that liming during 1965-68 has changed the
botanical composition of subplots that were Previously unlimed (Rothamsted Report fot
lg| 3, P*r 2,67-731 but uL.that changes have occurred in other plots with unchanged

fteatments since theiast hay analysis in 1949. To quantify some ofthese changes samples

of grass were taken io June from the c (recentlyJimed) and d (permanently unlimed)

subllots of plots given ammonium sulphate, i.e.2,42,9, 10, l11, 112and 18'

Srubplos 7 of plots I (48 kg N ha-r annually) and 18 (96kgN,225kgK' 15 kg-Na

ana lO kg Ug ni-l) continue-to be dominated by Agroslis tenuis.bttt Anthoxanthum

odoranainas nqgrsed, particularly on l8d, where it contributed 17% to the yield,of the

first cut in 1973. On lc, lime has decreased the percentage ofl. ,enrr-t from 84 to 20 and

inctlrrr*d Festuca ntbra ftom 3 to 49%i on l8c the corresponding changes have been from
83 to 521and from less than I to l4%. I-eguminosae (mainly Trifolium Pratense)
arrtibrtttL-2fl to the yield of lc, and other dicotyledons 17 

ol on lc, and 6l on l8r'
Major cbaagei have occurred on the untimed sections ofplots 42 (96 N and 35 P kg ha-l),
9 (i6 N, 35 P, 225 K, 15 Na and l0 Mg kg ha-t) and I0 (as 9 but- excluding K). More
thin 7O% ofihe herbagp on thesc subplots now consists of A. odoratum compared to
lTl oi lz and l0 anJ less thtr. ll on 9 in 1948-49. Recent lime has decreased l'
odoiot*r, on subplots c to llO\. Oto' 42c, A, odorarum has been replaced mainly by
F. rubra, on gc n*nly by Holcus ianatus, and on 10c, by both. Poa prutensis now contri-
bttttrs 7-16% to the yield of these subplots. hguminosae, Umbelliferae and Taraxacun

ogctnate oorltrA]Ur.s iO7 to tne yieta of 9c; they were previously- absent on this subplot
;d continue to be so on 9d. The nnhmed subplots of l11 and 1l'? (l'14 kg N ha-l and P,

K, Na and Mg as 9) are still dominated by H, lanatw. Recent lime has decreased 1L

lootus ftom il to Zl7 and rcplaced il with Arrhenatherum elatius Q9fi, P. pratensis

(12fi, Alopec-urus praiinsis (\fi, Dactytis Slomeran (67), Poa trivialis (5n and F. rubra
(3 p and dicotyledonous weeds (l-27C. (williams)

Biology rnd control of perennid weeds

Equisetum arrczse @dd Horseteil). Observations were continued at Woburn and

Rothamstcd on the trials started in 1972 and 1973 respoctively (Rothamsted Report for
1972,Paft l, 105-106; Report for 1973,Pafi l, 104-106). To test for residual effects of
chlorthiamid at both sites, halfdots were sown with winter wheat (cv' Cappelle-Desprez)
in autumn 1973 and with barley (cv. Julia) in spring 1974. At Woburn, the establishment
of whter wheat on the plots tr€ated with chlorthiamid io' May 1972 was only slightly
inferior to that on the rest of the site and later there was no visible difference because of
incrcased tillering in the thinner areas; spring barley established equally well on all plots,

4t)
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showing that the herbicide had disappeared completely by April 1974. At Rothamsted,
establishment of both winter and sp.ng barrey was siverely inhibited on plorc given a
lafge ,mount (9'2 kg a.i. ba-t) of chlorthiamid in March t973; and was iariable with
the snaller amount (4.6 kg ha-t).

The Equisetum infatation was much lighter at both sites than in the previous seasons,
partly. because of increased crop competition. At Woburn the plot traated with chlor:
thiamid remained free of the wecd for the thad successive season and at Rothamstcd the
plots treated with the larger amount of the herbicide also remained uninfested. The other
chemical treatments and rotary cultivation gave little control.

Soil cores were taken at Woburn at the end of the growing season. In 1974 the dry
weight of rhizomes were 42, 16, 2 and 3 g m-z in the 0-25, 2{fi, SO_75 and Z5_l0O cm
depth zones compared to 192,20, 15 and 6 in l9?3. In 1974 there were 522 tubers com_
par€d to 795 m-2 in 1973 with a reduction from 712 to 362 between 0 and 25 cm. Tuber
weights decreased from 76 to 35 g m-2.

- Tbts Equ*enmr can be controlled by lar€e amounts of chlorthiamid but a prolonged
fallow is requ-ired before crops can establish satisfactorily afterwards. ouring sucf; a
fallow most of the rhizomes and tubers are formed in the ilough layer so that ihen the
land is cropped with a competitive cer€al the infestation ir aJ.*r.o even without use
of herbicide.

- 
Th9 fowth of F4uisetum from tubers was studied in competition with wheat in the

glasshouse. Competition decreased th9 efowth of Eqviselum'whea. the wheat was ri;
With a smaller a-mouDt of nitrogen (54 against 162 ig ha-r) Equbetum dry weight ias
q*ry".d from 30 g to 6 and 3 g respectively at a loweiand highir crop deniity, aid with
th€ larger_ amount of nitrogen few E4uisetum plants sunivei. At thi loweidensity oi
wheat and with the smaller amount of nitrogen new tuber gowth contributed 46% t; the
total dry weight compared to 16l when the weed was growing alone. Under coniitions
of-competitive stress the species evidently partitions relitively iore of its assimilate into
tubers than into rhizomes.

otservations in pots indicated that the tubers formed during 1973 remained attached
to the rhizomes and dormant throughout the period March-July t974 but germinated
readily when detached. The mean weight of tubers remained constant from-the end of
March. until after the emergence of vegetative shoots in early May, so that shoot emer-
gence_ is_Dot at the expense of tuber reserves. In the field, tubersare most likely to be
detached from the rhizomes by cultivations in the uppermost 25 cm; tests made in pots
indicated that as many shoots were capable ofemerging from tuben from 25 cm as fiom
shallowerdepths. (Williams)

- lg-ro!y-? ,:ryy td Agrottis giganrcc. Further expeimetts (Rothamsted Report for
ry72,\tt 1,107-108 and/or 1973,Part 1, l03_l(X) wire done toevatuate ho* ptuotUg
lime, th9 type of ccreal, its seed rate and nitrogen supply (none v 45 kg ha-r) may inl
fluence.the development of infest tions by seedlings oflgropl, ron and A-grosris.

- 
In-winter wheat delaying planting of the weed seedlings until the spriig almost com-

pletcly prevented rhizome formation; in spring wheat and Uarley the ifects of delaying
plalting.b-y two weeks varied greatly; it decreased the rhizome weight of lgrosrr.r ii
barlcy withort litrogen ten-fold t,tt Agropyron in wheat given nitrogen on! two to
three-fold, Halving the sowing rate allowed the weed seefuings to form much more
rhizome (0.85 d. with 0.33 g m-r) in spring cereals and in winter wheat given nitrogen
(1.8 cf. l.Ogm-z) but had much less effect when nitrogen was not given (.: cf. with
l.l g m-z), Added nitrogen doubled thc rhizome weight of Agropyon b8 halved that of
,{grosrir at both seed rates in winter wheat, but in the spring cereals it usually markedly
decreascd rhizomc weight f,;cf,,fi. for Agopfon in thinly-sown wheat, which is greatly

BO 4t
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increased. Nitrogen often had a differential effect on shoot and rhizome $owth: for
eiampfe, atthouih it halved rhizome growth of lgrostir in I'inter wheat, and Agropyron

in Goi ort.utit greatly inoeased shoot growth in both instances' (Williams)

Blaclgrrss (,{ropecrnt t
Germination

Effect ol lertilbers apPlictt ro parcat platt. No -further -germination 
occurred in

p.nrTtii"ai.-o- the l97i pot expeimeri (Rothamsted Report for I97l,Part l, I l5-t 16)

so the results can now be summarized.- - 
s'e"ar-g".mioutlng before the end of l97l were classed as non-dormant- The rates and

"omUlouiions 
of N,-P and K given to the parent plants had no great efrect on Yiability or

a"i."r"V of the seeds prodriced. Viability in irrdividual treatments was 75-82 f of the

seeds sown. Treatment--means for viability were within 4l of eaclr other, and dormant

.""a. *.t" oofy l2-16f of those sown, Lut in individual treatments dormancy ranged

from 8/o in t i+pZro i6 Bl in N2WK2, showing no regular trends in response to

fertilisers.

Interuction of croP competition with fertilints given to tht Parunt Plaar' Scarcely any,

g".-l*tio" o"",itt"Oin t9?4 in pans of seeds from the 1972 pot exp€timel,t (Rothamsted

ff"jori jo, 1972,Part l, 104-ld5). The grcatest,total was. onlv 16l (blackgrass alone

*iif, iiNzf." t "ut 
.oiiiff"."n".s would not show up clearly' However, germination

*ur .iigt t( lest *n re P was given and when blackgrass competed with wheat rather than

other blackgrass plants.

Efect olfenilisers aadcrop competitionotpW gtow,L Th€ pot experiment described

h aoina siid aeport for 19i2,Pirt 1, 104-105, was repeated but with winter wheat var'

Cappelle-Desprez sown on 2 November 1973. The object was to see if autumn-sown

pta'nis which iepresent Probably two-thirds ofthe total population responded in-the same

iuav as sorine-iown to fertilisers and competition. Comparison with the results of the

rp.irg-t"i^ !*p"t imeat (Rothomsted Report lor l972,.Part l-, 105) shows that both

Li""f"gru* and'wheat are heavier at all 
-leveli 

of fertiliser and on both harvest dates

6/tEJ; ilutyl 
"tt 

. the longer glowing-period following autumn sowing, but this is

more obvious in April than later.
Responses to N and P follow the same pattern as before' (Thurston)

Stafr and visiting workers

T. O. Pocock joined the department to investigate the effect of- growth regulators in

Jaiion io tt 
" 

*gar-beet croi. He replaced Dr. J. F. Garrod, who,left to undertake work

in a commercial a-gricultural ihemicai res€arch laboratory. P. Hoskin left the department

io.loio noaS und'P. J. Dawson returned to university as a full-time student for a higher

Oetee. fne work on pollution is now being undertaken by M' A' Parry and Alison

Briugh. The work on the physiology of Potatoes supported by the Potato Marketing
nouri h^ b.er, r.duce6 foll,owing C. J. Tiylor's appointment to a post at the University

of the Witwatersrand, Johannesburg, and Vivienne Frier to a post at Imperial College'

London. D. W. Lawlor has spent one year at the University of Trier-Kaiserslautern,

Germany, studying some aspects of photorespiration in relalion to drought.
Sandwich students who worked in the department were Stephen Hall, Tony Keevan,

Stella Roberts, Malcolm Rodger and Christina Tyson.
Short-term visitors to the department included Mr M. Zimz, a British Council East

Europe Exchange Scholar from the Department of Plant Biology, University of Agri-
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culture, Nitra, Czechoslovakia, who is spending six months studying the photosynthesis
of crop plants.

_ C P. Whittingham attended the 37th Winter Congress of the Institut International de
Recherches Beueraviercs in Brussers and took the clbair at the physiology sy6;il.
Together with S. Kumarasinghe he also attended the 3rd Intern'ationii Corj,".* o,
Photosynthesis in Israel.

.t {. 
K:y: atrended the FAO/IAEA discussion meeting in Vienna concerning the useot tracer tecbniques in platrt breeding.

Joan Thurston was present at the l2th British weed control conference at Brighton
and organised an informal session of the Annual Grass weeds Group or tn" roffiu"
Weed Research Council.

R. w. Soffe at the invitation of the NFU attended the vienna International Horti-
cultural- Exhibition in April and assisted in arranging a display of fruit, flowers and
vegetables, for which the NFU received the Salzbur! a_-ward. 

' '
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