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BOTANY DEPARTMENT C. P. WHIT'TINGHAM

The-department is largely concerned with plant physiology, seeking to understand themachinery- responsible for plant growtt that ultimaiely dite.mines crop yields. Earliei
studies offield_crops att€mpted to correlate yields with ciimatic features, buipionee. *oit
here showed that, in addition to final weiglings, observations Ouiing tfr" golyth of th;crop are required.

. Growth analysis applied to many fierd crops here showed that the main differenc€
between varieties is not in net assimiiation ratelThe techniques useJ required the interval
betw€en observations to be of the order of weeks to altow'signincant ciurg", io g.o;th
conditions; further, the variability of our climate -uLe. ti"i" lt uog". io lu.g; ;u;unpredictable. With such information, only generalisation, eoll.p1..irg reLti'refy
large variations could be formulated. ro_ oUtii -o." p.""i* iJorrnitlor, ifr" gror"ti
ofplants needs to be studied in controlred environments, wtrict we no* have and use to
:,^:1Y^t_1T" .i:,ry_",: gf lh. gry_h of susar beet and ?otatoes. Aho, techniques are Gn!
oeveroped. usrng radroactive isotopes, to measure individual metabolic p.o"err"..u"i
as photosynthesis, respiration and.translocalion in field crops. The use of very small
lT,11!,1lryjTctivity still permits a precision greater than that achievaHe Ly con-ventlonat chemlcal aDalysis, even for short periods of measurement. Initial experiments
included studies with cereal and potato crops. The aim is to analyse further the con-
clusions r-eached by methods of growth analysis and to p.oulae ptant breeders with new
criteria of selection for plant performance.

. An altemative.approach attempts to modify the gro*th ofexisting varieties by chemical
treatments. Previous studies. with growth retardanis appried to cere-ars ana potitoes trave
grven promrslng but inconsistent results; more information is needed about their mode
of action and new substances with potential use on arable crops arc sought.

. Jh: department traditionally studies weed population of ihe classic-al experiments,
but recent research has concentrated more on the rife history or weed species iifficult tokill with herbicides, e.g. perennial grass weeds, and less on weed population.

Plant growth rtrd enyimnmentd facton
Effects of temperature and radiation at different stages of gmwth of sugar beet. This
g1ryriment was. described in Jast year,s report (p. 97), but rJsults were tien incomplete.
ln rt. sugar-beet plants growing outdoors were transferred for four weeks during April,
June or August to growth rooms set at dayand night temperatures corresponOlng to thi
expected mean temperature outdoors or 4'c warmir or coorer than this. Half thJpiants
at each temp€rature received 7eJ cm-z of visible radiation during a l6-hour jhoto-
period (a total radiation equivalent to a fine August day), and baif 370 J cm-2. After
treatment, the plants were returned outdoors to completeiheir growth. Grolth analyses
and sugar estimations were made on samples of plants taken a-t the beginning and;nd
of each treatment period and at intervars until thi plants were harvesti in Siptember.

Plant growth was not affected by halving the daily radiation during the four weeks in
April tecause the plants had barely emerged from the soil by the end of the treatment
period; but halving it during June or August, when the plants were g-12 and 20_24 weeks
old respectively, decreased net assimilation rates (E) by 251. However, in August, the
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decreased E in dim light was compensated by delayed leaf senescence, so that Plant
weights hardly differed at the end oi this period. Only plants given different light inten-

sitiels during June differed in weight at the end of treatment (45 g compared with 28 gdry
weight) buineitler the number nor area of the leaves was attered. The difference in plant

weilhi at the end of the treatment disappeared soon after the plants were returned out-

doo"rs. Thus, the control plants apparently increased -E compared with the treated

plants.
The eflect of temp€rature on groMh depended on the period of treatment' Plants at

the warmest temperiture in Aprii emerged soonest and grcw fastest, weighi g, at the end

of treatment, 6? mg compared with ti and 3 mg for plants grown at the normal and

cooler temperaturei. Treatment during June, when plants had ten leaves, 3'6 dmz of
leaf area aid weighed l'9 g dry, resulted at the end of treatment in plants weighing 57,

37 and 2l g for wirmer, no-rmil and cooler temp€ratures respectively. Warmth increased

the rate aiwhich leaYes were produced and expanded so tlat at the end of treatment,
plants from the warmer conditions had a mean leaf area of 38 dm'z (21 leaves), compared

with 22 dm2 (18 leaves) and l0 dm2 (15 leaves) from the normal and cooler conditions

rcspectively. Unfortunately the actual outdoor June temperatures exceeded those

e"pected and were in fact niarer to the 'warm' temperature conditions within the growth

rooms, not the 'normal' temperature as intended'
At harvest in September, plants grown in warmer, normal and cooler temperatures in

April weighed ?f,6, ZAI and 247 g respectively (roots 232,- 184- and 162 g) and those

triated during ltne, 276, 216 arld 162 g (roots 170, 129 and 101 g). Plants grown con-

tinuously outdoors weighed 285 g and the roots 181 g.

The difrerences in p-iant weiglrts in September were caused more by differencts in
growth after treatment than growth during treatment,,and more to changes in leaf area

iuration (D) than in .E Valuis of D for the period after treatment for plants grown in
*a.mer, noimat and cooler conditions in Apiil were 7'2,60 arrd 5'6 m'zweeks (*0'28)
resp€ctiyely and for E'13,78 and 80 g m-2 wk-l (+3'6).

ihe diffirences in D arose partly because warmth increased the rate at which leaves

were produced during the treaiment periods and this advant4-ge was retained throughout

later growth outdoois. But warmthlt these times also modified the morphogenesis of
develiping leaves so that sizes to which they eventually grew, some ,[-6 weeks later,

were,lofi greater than leaves produced under normal or cool temperatures'

Both w-aimth and smaller daily radiation during August decreased sugar per cent fresh

weight in the roots at the end oitreatment, mainly by increasing the water content of the

roois. However, at the September harYest the differenc€ had disappeared' (Milford
and Thorne)

Effect of lite season contlitiom on yiekl and sugar content. Cold nights followed by

bright days towards the end of growth are necessary and commonly thought to 'ripen'
thJcrop and increase the sugar content of the roots. This idea was not confirmed by the

experiment described above, or in a simitar experiment ([home, Ford and Watson,

Ainals of Botany (196D 3f, 7l-l0l), when mature plants were little affected by large

changes in temp€rature and radiation. The effect of late season conditions was re-ex-

aminid using an inbred line of beet grown in larger containers to ensure that gowth
was not limited by soil volume or nutrient supply. Plants were subjected to all com-
binations of day temperatures l2'5' and l8'5"C, night temperatures 8'0" and l4'0'C
and daily visible radiations of 320 J cm-z and 640 J cm-z per l2-hour day for the final
four weeks of $owth in September.

Outdoor conditions at this time of year approximate to a day temperature of 15 5'C'
night temtrrrature ll'0"C and daily visible radiation of 4751cm-2 per l2-hour day.
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Th9 plalts wele grown outdoors until September and when put into the growth rooms
weighed 96 g dry and had 34 leaves with an area of 34.5 dmz.

_The warmer day or night temperature produced quantitatively similar eflects on growth.
The number of leaves was increased from 38 to 43, Ieaf area was increased from 37 to
40 dmz and plant moisture content increased from 4.5 to 5.1 g water per g of dry matter,
but neither the dry weight of the whole plant, nor its parts, was afficteJ. Oouiting tne
amount of daily radiation increased final plant dry weight from 16g to l9l g m;inly
because it increased root weight from 80 to 97 g, but it decreased the moistureiontenti
of the tops and left leaf development unaltered. sugar concentrations within the roots
were_ unaffected by tbe daily radiation but were increased from 15.4 to 15.91 fresh
weight by cooler days and from 14.8 to 16.3% fresh weight by cooler nighd."These
changes were wholly attributable to changes in the water iontent of the riots, sugar
per cent dry matter increasing with l,arm?r day and night temperatures. The yield ofsular
was consequertly only marginally increased from 62 to 67 g by warmer day or night
temperatures but significantly increased from 58 to 7l g by doubling the dailyradiati6n.
A general conclusion from both experiments is thai the sugar ioncentration of the
root may be related to factors internal to lhe root as well as to the photosynthetic activity
of the leaves of the mature plant. (Milford and Thome)

Effect of seedling treatmqt on growth anrl yielrt of sugar beet. This experiment gave
inconclusive results in 1970 and was repeated.

Sugar-beet seeds, variety Klein E, were sown in Japanese paper-pots containing
sterilised potting compost on 13 April and placed in controlled invi.onment .ooo,. ai
either 20" or 25'C with l6-hour photoperiod, 430 J cm-2. They were transferred on
5 May to- an unheated glasshouse and transplanted into the field on l0/ll May. The
growth of the transplants was compared with that of seed drilled in the normal way on
2 April and thinned to the same spacing during the latter half of May.
. Plants raised at 25'c were larger initially than those raised at 20"i or directly drilled
in the field, but by the middle of June those raised at 20.C became the largest and
remained so subsequently. At the final harvest in October, the roots of plants iaised at
20'C were l7l larger infresh weight (51.2 tonnesiha) than the drilled planis (43.7 tonnes/
ha) and those raised at 25"C were ll[larger (47.7 tonnes/ha). A griater lial area, leai
area duration and net assimilation rate of the leaves of the transplants all contributed
to their greater root weight.

The experiment also tested the effect of 'Ethrel' (2-chloroethyl phosphonic acid) on
the go\+th ofsugar beet,lhe object being to slow top growth so thaia greater propoition
of photosynthate from the Ieaf might be transferrid to the root. U;fortunit"ly Uy u"
error, twice as much was applied as intended, and the effect in mid-July, whenihjleaf
canopy--covered the ground, was to hasten the senescence of leaves receiving the spray.
This etrect was greater on the drilled plants than transplants. By the beginning of
September there were 2L301more leaves on sprayed plants, and ihe new liaves iere
smaller and their net assimilation rate slightly greater than the others. The.Ethrel'
:pray decreased the root yield of transplants least; the decrease was for 20.C plants g l,
for 25"C9\ and for drilled plants 2l l. (Humphries)

pffec! of defoliation on tbe growth of sugar b€et. In an experiment in 1968 removing the
individual leaves ofsugar beet two weeks after each leafattained maximum area increased
newleafarea added and net assimilation rate, but decreased rootweight, suggestingthat the
respiratory loss from the later formed leaves etc€eds their photosynthetic contributions.

The experiment was repeated using Klein E plants raised in growth cabinets in 16-hour
photoperiod at 20'or 25'C. A further treatment in which leaves G20 were retained,
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all others being removed, was included because previous work suggested that these leaves

were the greatest contributors to the acrumulation of dry matter in the sugar-beet root.
Whereas removing all leaves after a period at maximum leaf area decreased root dry
weight by l3l, ritairing leaves G20 increased root dry weight by l5l compared to
conirols. A full analysis of the results is not yet completed. (Humphries)

Effect of temperrture on grsin growth in wheat. Warmth (i.e. 20' compared with l5"C)
during grain growth of wheat caused the ears to grow faster initially. Photosynthesis of
the fligleaf, ind so probably the total supply of carbohydrate, was unafrected. warmth
presumably increased the amount of carbohydrate that moved to the ear from the rest

of ttre plant. Warmth also hastened senescence of the leaves, ultimately decreasing the
carbohydrate supply so that the final ear weight was less at 20" than at l5'C (Rothamsted

Report'for 1%5, iirt 1, 92; for 1970, Part l, 94). The present experiment was designed

to test whether increased translocation to the ear was caused by the warmer temperature

ofthe developing grains or by an effect on the whole plant. lYheat plants, variety Kolibri,
were grown outdoors and seven days after anthesis were transferred to controlled en-

vironment rooms with visible radiation of 674J cm-z during a l6-hour day and a

temperature of either 15" or 20'C. In each room 18 pots had the ears uncovered or in
perspex boxes so that the temperatures around the ears and the rest of the plant could
Be controlled independently. The control treatment sho*ed that enclosing the ears in a
perspex box without change of temperature had no effect.^ Ai previously, when plints and ears were both at 20'C initially ears grew faster and

stems more slowly than when plants were at l5'C. Later the ears grew more slowly
because leaves diid sooner and the final ear weight was 15\ less- Net photosynthesis

of flag leaves was unaffected by temperature but warmth decreased the net uptake of
COz by the stems in the light and increased their respiration in the dark. Hence the

smallei stem weight in the warm was probably a consequenc€ of greater respiration
by the stems and of greater translocation to the ear. Warming the ear only, but not the
rest of the plant, had similar but smaller effects. After 14 days of treatment wafin ears

weighed abbut 2 g OO%) more than cool ones and their stems about 2 g less. COz

exchange of flag leaves and stems was unaffected by ear temperature indicating that
increasid translocation to warm ears accounted for the decrease in stem weight.

Later, warm ears lost their green colour sooner than cool ones and leaves on shoots
with warmed ears died sooner, so that warm ears had a smaller supply of carbohydrate
and hence 8 f less final dry weight.

Movement of carbohydrate to the developing grain was increased by warming ears;

it seemed to be increased still more by warming the whole plant but this n'as not proven.

Leaves died sooner when the whole shoot, rather than the ears alone, was warmed. This
effect of sink capacity on the longevity of leaves suppllng the sink has been observed
before, but the cause is uncertain. (fhorne)

Root growth of whe*t varieties. Previous exlrriments studied the effects of fertilisers
and of shading on the root growth of barley and compared root growth of winter wheat,
spring wheat and oats. This year's experiment was the second studying the root develop
ment ofsix winter wheat varieties, male in collaboration with Dr. F. G. H. Lupton ofthe
Plant Breeding Institute, Cambridge, who measured top Srowth and grain yield and Dr.
F. B. Ellis of the A.R.C- Letcombe Laboratory, who studied nutrient absorbing activity.

Three dwarf winter pheat selections bred by the Plant Breeding Institute, TL 363130,
TL 365a134, TL 365a/37 (all derived from Norin l0) and the varieties Cappelle Desprez,
Maris Ranger and Maris Nimrod were sown at 202 kgiha on 22 October 1970. The new
variety Maris Nimrod replaced TL365al25 grown last year which proved susceptible to

1U
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leaf diseases. B9fo1e sgwing, a0 kg1!a N, 87 kglha pzOs, 176 kglha KzO and 100 kg/ha
MgO were applied and 126 kg/ha N on 2 April 1971.

On 15 December 1970, 16 March 1971,28 April l97t and 15 June 197t, the tops were
cut at-ground level from sample areas 0'5 m wide across the middle six rows of each
plot, for.Dr. Lupton to make growth measurements. From within ttre same samjiln!
areas, soil cores approximately 7 cm diameter were taken, four within the rows and'foui
within the inter-row spaces to determine root length and dry weight by techniques
described earlie_r-(Rothamsted Report for 1966,84 and for |CAZ, eq. e,i te irrt .ulnpilng
the cores were 50 cm deep, at the second 75 cm and ai rater ones r00 cm. The cores werl
cut into layers at 15 cm then every l0 cm to 75 cm and at l0O cm, correcting for soil
compaction as describ*d, i, Rothamsted Report for 1970, part I, 96. Cores fromiows and
from-spaces were kept separate on l5 Decembei and 16 March, but were bulked togethe;
on 28 April and l5 June. The roots were washed and separated using techniques deiribed
previously.

Between 15 Deccmber and 16 March dry weight of both roots and shoots increased
and the mean root : shoot ratio d-oubled from 0157 to l.16 (Table l). On 2g ap.ii tfris
ratio was 0'69 and it decreased to 0.16 on l5 June (rable l). ihese results confirm those
of 1970 and show that, whereas during winter roots grow iaster than shoots, the reverse
is true later. Between 15 Decembe-r and 16 March both root dry weight-and lenltli
increased about eight times, but after 16 March the dry weight gro*tti.ut" increaled
whereas length growth rate did not.

Tlglneal shoot and root dry weights and mean root length of the dwarf varieties did
not differ significantly from the corresponding means for th-e conventional varieties until
15 June, when the mean root dry weight and length of roots of the commercial varieties
was l2_l (!6.2) glm2 and 16.4 (f 0.5e km/mz and of the dwarf varieties t3Z (+6.2) gl;,
and 16.3 (+0.56) km/m2.

On 16 March TL 365a137 had only 70ij of the root length and weight of most otber
varieties (except Maris Nimrod) in the top 25 cm soil layer.-This confirmed the indication
in.1970 that roots of TL 365a/37 developed more slowiy than the other varieties. Maris
Nimrod had a dry weight of roots similar to TL 365a131 on 16 March but a much greater
rootlength, so it apparently had thinner roots than other varieties; its large root lJngth :
\veight ratio persisted on 28 April. Although differences between varieties were'not
significant at later dates or lower depths, the root dry weight and length of TL 365a/37
were still among the smallest on 15 June.

TABIT T

Dry weights of roots and shoots, root : shoot ratio, and length of roots;
means of all varieties

Sampling date

D€pth, cm
0, 15

t5- 2s
25- 35
35- 45
45- 55
55- 65
65- 75
75_100

Toral
Shoot d.y weight g/m,
Root : shoot dry w€ight ratio
Total leDgth kE/m2

3.44
r.05
0.43

'l
oi
8.7
0.57
0.9

22.O
6.4
1.8
1.0
1.0

Y
32.9
28.3
I.t6
7.6

39.2
7.9
2.5

2.O
1.6
l.I
0.8

57.3

82.8
0.69

r0.9

l5 Junc

88.9
l3 .6
4.6
4.1
4.1
3.6
3.1
4.8

1.8
777.5

0.15
16.3

15 Decembq 15 March 2E April
Dry weighr, s/m8
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The average proportion of roots in the top soil layer changed Yery little between

sampling daies,lndicating that growth of roots in the top layer accompanied extension

of rootiinto the deeper ioil layers (Iable l). On 15 December 1970' 69% of the roots

were in the top 15 cm although some penetrated to 45 cm. By 16 March l97l the roots

had penetrated to 65 cm butlhe proportion in the top 15 cm w-as still 67 "1' Although
roots penetrated to 85 cm on 28 April and 100 cm by 15 June the proportions ofroots
in the top layer remained at 69% and 701 respectively. Root length was dis,tributed

between ihe different layers in the same proportioos as dry weight. On the first two

sampling occasions theri were fewer roots in the spaces than in the rows in the top

Z5 cm Jthough the differences were smaller on 16 March than 15 December' Below

25 cm there lias no significant difference between rows and spaces on either date'

Final grain yields (S5% dry matter content) were in tonnes/ha: Cappelle Desprez

5.91, Ma-ris Ringer 5:97, Maris Nimrod 5 62,363130 7'34,365a134 7 18' 365a131 6'35'

(Welbank)

GroMb and yielrt of cereals on rlifferent sites. These experiments on winter wheat and

barley each grown at Rothamsted and Broom's Barn are described in the Repoft of the

Chemistry department (p. 60). This account deals with the development of the crops

before harvest.
It was not usually possible to sample crops on both sites on the same day; dates of

sampling at both siieJ are given for each occasion, with the Rothamsted date ftrst'

Winter wheat. There was little difference between the top growth of wheat on the

two sites on 15/16 December 1970, but on 26125 March l97l the wheat at Rothamsted

had 43'7 g dry weight of tops/m2, 1494 shoots/m2 and a leaf area index of 0'92 and at

Broom's 
-Barn 2f i glmz,8i4 shoots/mz and 0'48. The crop was thus nearly twice as

vigorous at Rothamsted as at Broom's Barn and continued so until the end of May'
Nivertheless, ears were initiated 3t about the same time at both sites: double ridges were

found at Rothamsted on 3 April and at Broom's Barn on 6 April. When ears emerged on

24122 June wheat at Rothamsted had about 30/o more shoots and leaf area than

at Broom's Barn and aboul25l greater shoot dry weight. These advantages in shoot

number and leaf area persisted during the grain-filling period and were more than

enough to account for the greater yield at Rothamsted.
Niirogen fertiliser in April affected wheat little before 26128 May, nor did it affect

maximu-m shoot numbers.lt increased the proportion of shoots that survived to produce

ears and this effect was clear at Broom's Barn by 28 May and at Rothamsted by 24 June'

Shoot dry weights and leaf areas largely reflected the response in shoot number. The

..rpont"i to nitrogen of all these quantities were slightly greater at Broom's Barn than

at ilothamsted, e.g. increasing nitrogen from 31 to 186 kg/ha increased leaf area index

on 6 July from 4'5 io 7 5 at Broom's Barn and from 9'2 to I l'2 at Rothamsted, suggesting

that lack of nitrogen might haye limited glowth at Broom's Barn.
Irrigation was ipplied to both experiments when necessary between I I May and

7 JunJ. It had no effect on sample yields before 22 June, but later at Broom's Barn allowed

more shoots to survive (510, cf. 430 m-z) and increased dry weight and leaf area. This
effect persisted until the final harvest. Irrigation had no effect at Rothamsted. Thus lack
of soil moisture partly accounted for the smaller $owth and yield at Broom's Bam.
The nitrogen-response curves for shoot number and leaf area did not extend above their
resp€ctive maxima at Rothamsted; had they done so it might have become clear whether
shoot growth at Broom's Barn could equal that at Rothamsted, given irrigation and
enough nitrogen.
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Buley. Bzrley had a smaller shoot dry weight and leaf area at Broom's Barn than
at Rothamsted at the first sampling but the same number of shoots, so it is possible that
much of the difference between sites on this occasion may have been caused by earlier
sampling at Broom's Barn (13, cf. 17 May). On 7/9 June the leaf area was greater at
Rothamsted than at Broom's Bam only on unirrigated plots, but by I July/29 June
Rothamsted barley had more shoots surviving (950 m-2), greater shoot dry weight
(887 g m-21 and a larger leaf area index (9.3) than Broom's Barn (793 shoots m-2,
8OZ gm-z utd 7.2). The mean differences between sites were similar on 13 July, but there
was then less effect of irrigation.

Nitrogen fertiliser increased growth and leaf area of barley more than of wheat, and
at the fust sampling (17/13 May) more at Rothamsted tian at Broom's Barn. Later,
responses to nitrogen were similar at both sites, e.g. on 1 July/29 June increasing nitrogen
from 3l to 186 kg/ha increased leaf area index from 5.7 to 12.5 at Rothamsted and from
4.3 to 9.4 at Broom's Barn. Lack of nitrogen seemed not to be the factor causing smaller
yields of barley grown without irrigation at Broom's Barn.

Irigation had no consistent effect at Rothamsted, but at Broom's Barn it increased
the number of surviving shoots, their dry weight and leaf area. On 29 June it increased
mean shoot number from 730 to 860 per m2, dry weight from 760 to 8rl0 g m-2 and leaf
area index from 6.3 to 8.0. There were small yield diflerences between hrigated plots at
the two sites at the final harvest, but water was not applied after 8 June, so diferences
in moisture stress developing later than this may haye affected grain yields. (Welbank
with Widdowson, Chemistry Department)

Grorth atrll metabolism

Growth of short and tall spring wbert ysrieties. In 1967 and 1969 short spring wheat
derived from the Japanese variety Norin l0 yielded similarly to the taller European
variety Kloka. In 1967 the short varieties had less leaf area than Kloka suggesting that
their leaves were more efficient in producing grain. The relatively good performance of
the short variefies might have been related to the good weather of 1967 and 1969. In
l97l a further experiment included measurements of the distribution ofdry matter and
of grain yield, leaf area and light absorption. The short variety Penjamo 62 was compared
with the standard variety Kolibri, sown at two rates approximately 30 % above and below
the standard, and with 50, 125 or 200 kgfta nitrogen. Populations obtained for Kolibri
and for Penjamo 62 were 164 and 3&,ll8 and 277 plants per ha respectively.

In contrast with ttre two previous experiments, Penjamo 62 yielded less (2.72 t/ha of
dry grain) than Kolibri (3.86 tfta). Penjamo 62 had the same number of ears as Kolibri
but they weighed less because they had fewer spikelets. The varieties did not differ in
number of grains per spikelet, grain size or the proportion of spikelets containing grain.
In the earlier exlrriments the short varieties also had fewer spikelets but compensated
by having more grains per spikelet. The fewer spikelets of Penjamo 62 did not result
from faster development; ears were initiated by Penjamo within a few days of Kolibri
and flowering was five days earlier.

Nitrogen had no effect on grain yield but increased shoot dry weight and leaf area.
Doubling the plant population increased grain yield of Kolibri by l9l, bttt decreased
that of Penjamo 62, and increased ear number of Kolibri by 351 and Penjamo 62 by
28f (much more than in 1969). The decrease in gmin weight per ear was greater for
Penjamo 62 than for Kolibri, thus accounting for the differencr between the varieties in
response to sowing rate. Shoot dry weight and leaf area of both varieties were increased
by doubling the plant population. It is not clear why increasing maximum leaf area index
from 5 to 7 by denser sowing increased graia yield proponionately, whereas graiu leld

to7
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was unaffected by a similar increase in leaf area index caused by additional nitrogen.
Moreover, the large response in grain dry matter of Kolibri to increased sowing rate was
unusual. (Thorne)

Mersuremetrt of photosynthetic activity in the feld using rorlioactive carbon dioxide. In
the experiment described in the preceding paragraph, photosynthetic rates were measured
by exposing parts of leaves to radioactive carbon dioxide. The apparatus used was based
on that described by Austen and Longdei (Annals of Botony (1967) 31, 122). The flow of
normal air over the leaf was interrupted for a period of 15 seconds during which period
part ofthe leaf was enclosed in a chamber through which air containing laCOz v/as passed.

The total concentration of carbon dioxide in the air passing over the leaf.t as varied and
the light intensity falling on the chamber could be decreased by a set of optically neutral
filters. Immediately after the leaf was removed from the chamber, samples were taken and
placed in a vacuum flask containing solid carbon dioxide and returned to the laboratory
for analysis. Radioactivity was determined either in the dried leaf specimen or as carbon
dioxide produced during total combustion of the sample.

Photosynthesis in both wheat varieties was independent of radiation when total
radiation exceeded l,l0 W m-2; the light response curves rvere similar. When the con-
centration of carbon dioxide was increased in the chamber to three times that in the
sunounding air the rate of photosynthesis was increased but possibly more in Kolibri
than in Penjamo 62. The compounds that became radioactive were determined by extract-
ing the leaf with alcohol and separating the conc€ntratd extract using two-dimensional
thin layer chromatography. The proportion of radioactivity appeariog in sucrose was
increased by exposing leaves to conc€ntrations of carbon dioxide greater than normal.
In normal air much of the radioactivity was in serine and glycerate, with less in glycine,
so in the field these compounds are significant products of photosynthesis. There was no
evidence of significant differences in the distribution of radioactivity between different
compounds in the two varieties of wheat examined. These results are based on a single
season's observations and require confirmation. (Whittingham)

Metabolism of glycine, serine and glycerate in leaves. Leaves excised from wheat plants
were supplied with l4clabelled glycine, serine or glycerate. Synthesis of sucrose from
these compounds in the light was almost completely prevented by removing carbon
dioxide from the atmosphere surrounding the leaves, a conc€ntration of 200 ppm giving
maximum synthesis of sucrose. The absence of carbon dioxide from the atmosphere
permitted the conversion of glycine to serine but prevented the conversion of serine to
glycerate and of glycerate to sucrose. The rate of uptake of labelled substrates was not
greatly affected by carbon dioxide concentration in the atmosphere. In atmospheres
containing 300 ppm of carbon dioxide, the synthesis of sucrose from glycine or serine
was greater in 2l oxygen than in 2l\ oxygen; under anaerobic conditions, sucrose
synthesis was slowed to 301 of the rate rn 2l oxygen. Thus in leaves, sucrose synthesis
from intermediates of the glycollate pathway depends both on photosynthesis and on a
process occurring faster in 2l than in 0 or 2l )( oxyget (Waidyanatha)

Enzyme system respomible for photorespiretion. Conversion of two molecules of glycine
to one molecule each of carbon dioxide, ammonia and serine, is thought to be an im-
portant reaction in the metabolic pathway responsible for photorespiration. The reaction is
catalysed by an enzyme system that is firrnly bound to particles in leaves. Diferential and
isopycnic density gradient centrifugation were used to fractionate particles from tobacco
leaves. The cata$c activity was associated with fractions containing mitochondria.
Mitochondria from etiolated leaves or from plant tissues without chlorophyll were less
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active than thos€ from green leaves. The synthesis of serine from glycine catalysed by
these preparations was slow in the absence of oxygen but proceeded at a maximum rate
with 2l by volume of oxygen in the atmosphere. Approximately one atom of oxygen
was used for each molecule ofserine formed. The reaction was inhibited by Antimycin A,
o-phenanthroline and cyanide, knowa inhibitors of electron transport in mitochondria.
Furthermore the rate ofreaction was increased by adding ADP (adenosine diphosphate).
The added ADP was phosphorylated and phosphorylation was faster in the presence of
glycine than in its absence. Isonicotinyl hydrazide, semicarbazide and sodium arsenite
in.hibited phosphorylation associated vr'ith serine synthesis from glycine more than that
occurring in the absence of glycine. However, trans-aconilzte slowed phosphorylation
in the absence ofglycine but had little eflect on either serine synthesis or on the additional
phosphorylation resulting from adding glycine. Conversion of two molecules of glycine
to one of serine involves a large change in free energy (AGzga' : - 42 Kcal/mol) and
could result in synthesis of ATP (adenosine triphosphate) in mitochondria in the light.
The synthesis of ATP in the light, elsewhere than in the chloroplast, is a new observa-
tion suggesting a function for photorespiration. (Keys and Bird)

Influence of trater content otr phnt melrbolism. The influence of the water potential of
the medium in which a plant grows must be by an effect on the water potential of plant
tissues; this lnay change the rate and type of metabolism. Plants were grown either in
soil, which had been allowed to dry out, or in culture solutions, in which the available
water was artificially lessened by adding substanc€s of high molecular weight; e.g.
polyethylene glycol @EG). In the first t)?e of experiment sugar-beet plants ofan inbred
line provided by the Plant Breeding Institute, C.ambridge, were growr in 15 kg of
Geescroft soil containing 0, l'4 or 3'2 kg added sodium chloride per pot, equivalent to
soil sodium concentrations of 10, 50 and 100 ppm. The water content of the pots was
maintained by weighing either at 23% ot at 15l (equivalent to soil water potentials of
-0'2 and -2'0 bars). Samples of the plants were taken for gowth analysis and for
measurements of COz exchange and of the water and osmotic potential and relafive
water content of the leaves. Under the growth conditions used, most ofthe plants showed
symptoms of potassium deficiency. Nevertheless, a large effect of leaf water potential on
carbon dioxide uptake was observed, a rate of l0 mg dm-2 h-l at -8 bars falling to
2 mg dm-z h-l at -20 bars. Dark respiration \yas diminished also, from 2 to 3 mg dm-z
h-l at - l0 bars to I to 2 mg dm-z h-l at -20 bars. There was little evidence that the
amount of sodium affected the decrease in photosynthesis resulting from water stress.

In a further €xp€riment, plans (Sharpe's Klein E monobeet) v,/ere grown in nutrient
solutions with gr without added sodium and at osmotic potentials of -04, -3'0 and

-8'0 bars produced by adding PEG. Corresponding leaf water potentials measured
were -8, - 10 and - l2 bars and leaf osmotic potentials were -9, - I I and - 13 bars.
They were not afected by sodium. The small diference between the osmotic potential
and the water potential indicates that the turgor pressure is very small; this agrees with
field observation that sugar-beet plants readily show symptoms of wilting. The dry
weight of the plant atrd the rate of transpiration and of carbon dioxide uptake were all
decreased with geater water stress. A funher exp€riment is required to show whether
visible wilting in sugar-beet leaves is always accompanied by a sigoificant decrease in
photosyntlesis and in growth.

In a similar experiment with wheat, variety Kolibri, grow:r in solutions containing
PEG, the leaves of young and more mature plants grew fastest at -5 bars osmotic
potential, y',, but growth was halved at -7 bars and stopped at -12 bars {' Stem and

iar elongation decreased similarly but the ear grew better than the leaves at smaller

solution osmotic potentials. Older leaves died sooner with decreasing water potential
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and during ear emergence four days stress at -16 bars 
'y' 

almost halved the total dry
weight of the leaves. The combined efect of accumulated leaf death and slower leaf
expansion both decreased the total leaf area. The dry weight and size of the ears were
20f less after four days growth at -16 bars +. Stem weight decreased by over 30f in
four days at this water potential, suggesting that stored materials in the stem contributed
to ear growth when the total dry weight was not increasing.

Transpiration of mature plants per unit leaf area was slowed to abottTo'% ofthe con-
trol rate at -6.5 bars {' aad to l0'% at -16 bars, but carbon dioxide absorption (at
zl0 000 lux) decreased to 90)4 at -6.5 bars ,!t afi 251 at - 16 bars ,y'. Photosynthesis
of leaves of young plants did not change with decreasing water potential between -5
and -8 bars but decreased almost to zero at about - 14 bars 

'y' 
at all light intensities.

The generation of carbon dioxide by wheat Ieaves in the light (photorespiration)
was changed little by water stress up to -10 bars, the compensation point rising from
60 ppm at -6 bars ,y' to only 75 ppm at - l0 bars ,y'. After 15 minutes photosynthesis in
air, leaves at -6 bars ry' released carbon dioxide to carbon dioxide free air in the light
and this was little changed at -10 bars ,y'. (Lawlor)

Growth substances atrd grcwth regulotom

Growth subctames in the whest plant, In a previous section the gowth of the ear in
relation to that of the plant was discussed in terms of the movement of carbohydrate
from the rest of the plant to the ear. The movement of food substances between parts
of the plant may not be related simply to supply of and demand for sugars, but may be
controlled by plant growth substances present in small amounts. The gibberellin in the
wheat plants in the experiment in which the ears were maintained at temperatures diflerent
from the remainder of the plant was assayed two weeks and tbree weeks after the ears
had been placed at either 15" or 20'C, with the rest ofthe plant maintained independently
either at l5' or 20'C:

TAELE 2

Gibberellin content of wheat platts during growth

Planls al
Date harvested EaIs at

8 July (treatDeot commenced)
2l July
29 July

pg GAs equivaleDt per carl5'c 20"cl5"c mc r5'c m"c
249

469 1725
3614 7145

79t 39D7
447t 5s96

a

The amount of gibberellin per ear increased most in ears kept at 20'C on plants kept
at 15"C. No significant difference was observed with ears at the same temperature on
plants at different temperatures.

In a further extrrriment the biosynthetic ability of ears detached from wheat plants
was examined. Ears were detached from field grown plants, variety Kolibri, at various
dates after anthesis and the stems placed in 3 f sucrose for four days. Either 100 ppm
CCC (an inhibitor of gibberellin synthesis) or 1.0 ppm kinetin was added to the sucrose
solution. l0 pg (-)-Kaurene (an immediate precursor of gibberellin) in 801 ethanol was
applied to the top of the stems of some of the CCC-treated ears. Four days later the
ears were extracted with ethanol and purified extracts were assayed using the barley
endosperm test. Gibberellin was significantly less in ears after incubation at the fini
sample time, but increased greatly at the second sample time and the third sample so
much before incubation that the differences between treatments were not significant.
ll0
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TABLE 3

Formotion oJ gibberellitts in detached wheat ens

*ot#{mx**'

No incubation
Incubation in sucaose
Incubation itr sucrose + CCC
Incubatioo io sucros€ + CCC + kaurqe
Incubatioo in sucto6e + kioetiD

19 July 26 July
182 t626550 l5l8
2to 958

2094 N4
1626 2518

12 July
240
72
50
58
54

It is concluded that the ability to synthesise gibberellin develops in the wheat ear as the
grain fills.

Last year we measured auxins, gibberellins and cytokinins in the ear during the
development of the grain of Kloka spring wheat grown in the Slasshouse. This year,
plants were taken from the field. Cytokinins ocurred at anthesis but Iater diminished;
they u/ere also detected in the exudates collected from cut stems before anthesis but not
afterwards. Whereas the gibberellin and auxin contents ofthe grain progressively increase
until three and four weeks respectively after anthesis, cytokinins decrease during develop-
ment. The cytokinin content decreased less in ears of Kolibri wheat from which the
stamens were removed before the anthers opened, as also did the gibberellin content but
not the auxin.

The setting of grain by the upper florets of the wheat ear may be influenced by the
earlier development of grains from the first flowers to reach anthesis. Hence, ears were
divided into three equally long parts. At ear emergence, the upp€r third contained more
cytokinin than the lower. As the grain developed the cytokinin concentration decreased
most in the middle portion where grain development was most advanced. By contrast
the gibberellin and auxin concentrations showed no change with position along the ear.
(Radley and Wheeler)

Growth regulrtors applied in ffeld trials
Poratoes. la 1970, dipping seed potatoes in solutions containing 'Etfuel' before

planting both increased number and yield of tubers especially of the early variety Arran
Pilot; the yield was increased more in less fertile plots. The experiment was repeated.
Seed was soaked for I hour in water with 0 mg/l (E0), 60 mgil (Er) or 120 mg/l (Ez) of
'Ethrel' and planted in plots given three amounts of N, viz. 75, 150, 225 kglha N. Seven
weeks after planting, plants treated with'Ethrel' had a larger leaf area per plant, but four
weeks later a smaller one, than the untreated plants. At the final harvest the more dilute
'Ethrel' had little effect on yield and the more concentrated increased it by 5 %' There
was an interaction with nitrogen, and plants given more 'Ethrcl' and most nitrogen
produced 17 \ nore yield. This was in contrast to 1970 \i/here the infertile plots yielded

most with 'Ethrel' treatment.

Cereols. CCC shortens the straw and decreases lodging in wheat but in barley the
eflect persists only for a short period and is lost in the mature crop- A growth regulator
that shortens barley and lessens lodging would be of practical value'

In experiments with barley in pots 'Ethrel' showed promise. Late spraying of cereal

crops iinot practicable so the chemical was applied to the soil surface as dust, to see

whither it would persist. Barley in the field was treated with'Ethrel' either as a spray

(l.l kg/ha) or as i dust ('Ethrel' mixed with fine sand) at 3'3 kg/ha. The dusts were

lll
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applied when the plants had two leaves (17 April), four leaves (19 May) or six lcaves
(l June) and the sprays on 7 June and 16 June. Dusts applied to the soil had no effect on
plant height. Spraying shortened the stems by about 20/". Dusts did not affect yield but
spraying decreased it by 16%., producing smaller grains and fewer grains per ear.

'Ethef had no significant efect on the yield of either winter wheat or spring wheat.
In 1970, CCC had no effect on yield of the semi-dwarf winter wheat Gaines. This year

the variety Gaines at two seed rates (126 and 188 kg/ha) was compared with the yariety
Cappelle. Nitrogen was applied at 75, 150 or 300 kg/ha; CCC was sprayed at I'l or
2.2 kglha at the fiveJeaf stage. Lodging was slight and there was no effect of CCC on
grain yield. Increasing the supply of N decreased grain yield of both varieties, mainly
by making grains smaller.

The etrect of CCC on dwarf spring wheat was again studied with the varieties Benoist
257 (now named Charles Peguy), VR.6/57 and Inia. Also the standard variety Kolibri
was included. None of the varieties lodged. Treatment with CCC shortened Kolibri
and VR by 2001, Inia by l8l and Benoist by l2l- Yield of all varieties was increased
by CCC and by nitrogen because the number of ears per acre, the number of grains per
ear, and the weight of the grain per ear were all increased. The variety Inia suflered a
severe attack of mildew and the ears had an average of only nine grains 1xr ear.
(Humphries)

Weed studies

Broadbalk. Annual weeds in uinaer xheat were very well controlled by terbutryne pre-
emergence followed by a dicamba/mecoprop/MCPA mixture in May, but perennials
remained a problem. Horsetail (Equisetum arvense) and couch (Agropyron repens)
have now been joined by large patches of Agrostis gigantea. This grass was introduced to
Rothamsted in the 1950s and first seen on Broadbalk in 1966. Creepiug thistle (Cirsium
arvense) and coltsfoot (Tass ago farfara) are less abundant now that most of the wheat
is sprayed with herbicides.

On the unsprayed section 8, common yetch (Vicia sativa) was so abundant on plots
receiving little or no nitrogen that it controlled the other weed species.

The chief weed in sp ring beans, where herbicide was not applied and v/eed control was
by inter-row cultivation only, was knotgrass (Polygonum aviculare). This covered the
ground on most plots by harvest, even where the crop was dense and tall; on plot I I
where the crop was very poor, the knotgrass overtoplrd the beans.

The main weed problem it potatoes was again ho|I,etail (Equisetum awense) which
was unaffected by the pre+mergence spray v.ith linuron/paraquat, which controlled all
except very late-germinating annual weeds.

Volunteer potatoes are now among the common weeds (i.e. plants where they are not
wanted), not only in the beans tlat follow them in the rotation, but also in the wheat
after the beans. The spring herbicide applied to wheat defoliated the potatoes but they
grew again and were plentiful (1.2 per m2 approx.) in stubble on 22 plot-sections and
present in smaller amounts on many more.

Small toadffax (Chaenorhinum minus, fotuefly Linaria minor) reappeared, after many
years' absence, still on plot l0 where it was formerly, but in spring biins (unsprayed). 

-

Fluellen (now i(r'c*xia eldtine, formerly Linaria e/arize) usually iouna in spring Uaitey
on Hoosfield (but not, shown in records previously, on Broadbalk) occurred-on tne
unmanured plot 3 in beans on section 2 and in wheat after fallow on section 3.

Red Bartsia (now Odontites verna, formerly Bartsia odontires) occurred in beans on
section 2, and the plants were larger and more vigorous than those in wheat. This is
remarkable because on Broadbalk it has always been associated with wheat. (rhurston)
112
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Park Gnss. Visual surveys of the vegetation were made before the plots were cut in
June and September.

Whereas between 1965 and 1968 the number of species flowering on the recently
limed, previously acid plots, trebled in June and doubled in the autumn surveys, there
has been little subsequent change.

TABLE 4

Number of species seen fowering on section c of plots 1, 42, 9, 10, l11, l12
aad 18 during the June and August or September surveys

lc
4k
9c
l0c
llrc
l lrc
l8c
ToIal

1965

I
4
2
3
I
2
4

17

1966

4
4
4
4
t
2
5

24

1967 1968 1969 1970 te7
410889
657s6
35654
35434
1t322
24432
49799

23 39 39 35 36

1965 1966 1967 1968 t969 1910 t97t
66813t7t7t9
4 4113 13 15 133 6 7tt 14 ll t25 5 6 ll 8 9 92379879
147812910
55812t4t4t6

26 33 50 71 86 81 88

The changes in the botanical composition of these plots have been:

(l) The occurrence of Trifolium pratense on all these plots; it is now well established
on plot 9c, and to a lesser extent on plot lc.

(2) An increase in the amount of Feslrcd species on plots lc,4zc, lOc and lgc, i.e. on
plots given the two smaller amounts of nitrogen and incomplete minerals.

(3) The introduction, mainly since 1967, of Arrhenatherum elatius, Dactylis glomerata,
Alopecurus pratensis, Poa trivialis, Poa prutensis arld. Helictotrichon pubescens.
mainly into plots lllc and llzc, i.e. plots receiving most nitrogen and complete
minerals. The fust four species are now abundant on these two plots.

(4) The invasion of ltthyrus pratensri from the edge of plot lrH to lc.
(5) The occurrence of Taraxacwn offcinale on all these plots. It is most obvious on

plot 9c and is also plentiful on lc and I lzc.
(6) A general introduction of occasional plants of Achillea millefolium, Conopodium

mdjus, Hypochoeris rudicata, Leontodon hispidus, Plantago lanceolata arLd Ranun-
culus acris. Anthriscus sllvest b is now established on plots 9c, llrc and I l2c.

(7) A decrease in tie amount of Anthoxanthum odoratum on plots 42c,9c and lOc
and of Holcus lanatus on plots 1 I rc and I 1 2c.

The plots were cut later this summer than in the previous five years and during the wet
June the appearance of some re.cently Iimed plots changed geatly. In particular, plots
ll1c and I lzc, whose appearance during early June had in recent years become increasingly
like the permanently limed ends of these plots, later app€ared to be dominated by 1106;.
Changes in the recently limed plots, therefore, include not only the introduction and
increase from year to year of species previously absent, but also changes in the relative
proportion of the indigenous and introduced species at different times of the year.
(Williams)

r eed competition in crop plants

Wild o,ls (Aoena farra). In a previous experiment (norlrarrrr, ed Report for 1969, Pafi I ,
120) different wild oat populations were established by transplanting chitted seeds after
drilling but before emergencc of spring barley. Even 120 wild oat plants prer m2 produced

lt3

June survey August/September survey
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little effect on the subsequent growth of barley. To avoid the setback from transplanting,
whole plots were sown in early April wi th dry Avend fdtua seeds giving 0, 77, 17 | and 317

seedlings 1rr m2. Sub-plots were &illed on the same day \Yith sPring wheat var. Rothwell
Sprite or spring barley vars. Zrphyr and Deba Abed, or left uncropped.

Wild oat seedlings emerged just after the crops, and were dominated by them through-
out their growth. At the final harvest in July, just before the wild oat seeds shed and
therefore before the crops were fully ripe, the mean yields were measured of the three
crops with different wild oat infestations.

TABLE 5

Growth of sp ng cereals in competilion Y)ilh wild oals

wild oars/mz o 77 l1l 117
Dry weiaht tops per crop plant G) 2'82 2'92 2'80 2 87
Avi:ragp ears per crop piaflt l'67 l"l4 1'58 l'66

Although there was little effect of wild oat population on the growth of the crop, as

in the previous experiment, crop competition $eatly diminished growth of the \,/ild
oats.

Shoots per wild oat plant
Total dry weiEht shools + ears (g)

per \tild oat plant

TABLE 6

Growlh of wild oats in competilion wilh spring cereab

Nooe Debo Tahyr
3.51 l.@ 1.07

3'39 0'43 0,l.ll

Spring barley
Spring wheat

Rothwell Sprite
I .34

o.67

The wild oats also competed between themselves in the absence ofa crop. At 317 plants/
m2 this effect was measurable at the first harvest (17 May) and by July there were clear
differences in mean plant size between the different infestations.

TABLE 7

Growth of wild oals in the absence of a $op

Platrts/m2 77
Shoots per plant 5'12
Dry weight tops G) per plant 4'69

(Thurston)

Agtoplron rcpens

Ia cereals. A similar experiment to the one with wild oats was made with Agropyron,
although here the emphasis was on the effect ofthe croP on growth ofseedlings ofcouch.
Serds of Agropyron were so\ryn in rows of winter wheat (Joss Cambier), spring wheat
(Kolibri) or spring barley (Julia), soon after cropdrilling. The cereals, sown at usual
seed rate, were given either 75 kg/ha of nitrogen or none. The seedlings established poorly
in winter wheat and herbicide was not applied in spring to control broad-leaved weeds.
The few Agropyron seedlings that established were therefore competing with many
other \Yeeds.

In the spring c€reals, drilled on 26 February, Agropyron seedlings were ringed as they
emerged between early April and late May. Approximately 601 of lhe seeds sown
produced seedlings. Samples of crops and seedlings were taken on three occasions (end

t14

t1t 317
2.62 2.18

).11
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of May, June and August) during the growing season. Nitrogen increased the weight of
individual Agropyron seedlings from 3.8 to I1.4 (+0.96), 9.0 to 21.7 (*2.4) and 33 to
63 ne (t6.1), and the dry weight/mz of spring cereals from 167 to 324 (f8'0), 631 to
1015 (+64.7) and 869 to 1064 g at the three times of sampling. Cereals grew most
between the first two samples, b\t Agropjron bettveen the second and third samples, as
the cereals became less competitive after ear emergence. More growth was made by
Agroprron seedlings in spring wheat than in spring barley with, but not without, added
nitrogen. Without nitrogen, barley and wheat had a similar leaf area index, whereas with
nitrogen, barley had a much larger leaf area index than wheat, making it more competitive
to the seedlings' 

TABLE a

Dry weight (gg) ol Agropyron seedlings

+N
s.E.

Spring whe.t Spring ba.ley S.E. Spring whear Spring barley S.E.
10.3 7.7 I ^. 28 38 I ^i.i ft.i j2'4 fi io )873.4 10.8

Except for one seedling, which had rhizomes at the first samplillg, Agropyror seedlings
did not have rhizomes until after the second sampling, i.e. until the crop started ripening.
About 151 of the seedlings that established produced rhizomes and these were the ones
that emerged before mid-April. Errors were large for rhizome weights but there was
some evidence, as for shoot weights, that the response of seedlings to nitrogen was
greater in spring wheat than in spring barley.

In winter wheat, seedlings of both nitrogen treatments had produced only 13 mg dry
weight by early May and by harvest they had increased to 24 mg without nitrogen and
70 mg with. None of the seedlings in winter wheat produced rhizomes.

The final grain yields (85f dry matter content) were in tonnes/ha with and without
added nitrogen: spring wheat 4.1 and 5.3; spring barley 5.8 and 5.8 and urinter wheat
(severely damaged by birds) 2'6 and 4.3.

Spfug ba ay aad spriag beat$ not urdersown or undersown with rltegtass or clooer.
One hundred viable seeds of Agropyron were sown on I April in two 1 ft square areas in
plots of barley or beans drilled on 26 March with or without undersown ryegrass or
clover, sown one week later. Agropyron seedlings were removed from all plots shortly
before crop harvest (18 August for barley and 10 September for beans).

The mean number of seedlings recovered from the areas in barley were A and 27,
and nine when the crop was undersown with nothing, ryegrass, or clover respectively;
in beans, 67, 20 and 5 respectively. At harvest the dry weight of Agropyron shoots was
0.41 in barley not undersown, and 0.16 and 0.07 g when undersom with ryegrass or
clover. Rhizomes were not produced in barley. In the equivalent treatments in beans
15.9, 2.4 and 0.4 g shoot weight and 4'9, 0.9 and 0.04 g ofrhizome was produced and the
Iength of rhizome in these areas was 5.4, 1.1 and 0.1 m. In bean plots not undersown,
Agropyron seedlings had 2.6 tillers and about 1.6 in undersown ryegrass and clover.
(Williams)

Biologr of weed specics

Blrclgress (,{tropecwus myosuroides)

Efect of fertilisers. Previous observations on Broadbalk suggested that dry weight
of blackgrass increased more with PK, and less with the larger dressings of N, than the

115
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winter wheat in which it was growing. However, as reported last yeat (Rothsmsted
Report for 1970, Part l, 108) there was a linear response in final dry weight per plant of
blackgrass grown in pots without competing wheat over the range of N treatments
given, but little increase with added P and K by the end of the growing season. This
year, four blackgrass plants were grown p€r pot of 4'3 kg of Geescroft soil, with or
without additional P or K, at two amounts ofnitrogen; the most used in 1970 (N2) and
double that amount.

lK : 232 ppm; P : 232 ppm; N2 : 87 ppm; N4 : 174 ppml

Samples were taken: (l) in early April when well-established young plants were trans-
ferred from a cold glasshouse to a cage; (2) mid-June at maximum vegetative groMh,
when ear-emergence was just beginning and no lower leaves had died; (3) Iate August
when the straw was completely ripe.

In early gowth the biggest increase in dry weight of shoots was with added
P (-P : 0.17 g, +P : 0.52 g). There was little eflect of added nitrogen or potassium.

As plants reached maximurn vegetative growth, the effect of added N became obvious,
but plants without additional P receiving added N were retarded, as shown by time of
ear-emergence and by their remaining green after the leaves and stalks of plants with P
had begun to ripen and turn yellow. At the final harvest the biggest increase in dry weight
came from added N (mean straw weights for -N, * N2 and *N4 being 9, 2l and
27 g). Responses to added P (-P : 18 g, +P : 2l g) and K (-K : 20 g, f K : 19 g)
were small.

As in 1970, plants grown without added fertilisers were not the poorest; they produced
I I g dry weight of straw compared rvith only 8 g for K alone and 9 g for P alone. N2
alone nearly doubled the straw yield (to 19 g) and N4 alone inffeased it to 26 g. The
heaviest straw yield was from treatment +N4 + P - K (30 g).

The increased early gowth with added P would favour blackgrass in competition with
winter wheat, butthe diminishing returns from larger dressings ofN, especially with added
P and K, would allow the wheat to overtop the blackgrass, as on Broadbalk. (Ihunton)

Periodicity of germhttion
(a) Effect of fertilisers applicd to pare plczr. Ripe seeds were collected from each

pot in the experiment described in the preceding paragraph. Random samples of 100
seeds were sown in pans of sterilised Rothamsted soil so that their germination can be
examined during a two-year period. Germination in the fust month (mid-October to
mid-November 1971) was naximal (32.7 \) for seeds from plants with +N4 - P + K
and minimal (20.21) for seed from -N - P - K. Supplying N without K to the
parent plants increased germination of seeds by 5 %, but added P had no effect.

(b) Etect of site collcaion. In 1969 ten plants collected from each of six localities
were grown in pots and their ripe seeds collected (Rothamsted Report fot 1969, Pa l,
122). No attempt was made to control cross-pollination. Random samples of 100 seeds
from each plant were sown in pans of sterilised soil in a cool glasshouse in autumn
1969. Seedlings were removed and the soil cultivated onc€ a month. By November
1971, only 12 of the 60 pans had produced seedlings within the preceding year. These
were kept, and the others discarded.

Most of the seedlings had emerged during the fust 12 weeks, up to mid-February
1970, and there was then a pause ofa few weeks to a few months before the next seedlings
appeared. The number of seedlings emerging after week 12 was expressed as a perc€ntage
of the total seedlings recorded to week l0l (end of November l97l), providing an
approximate estimate of dormant seeds. The mean per ceDt dormant seeds per ten plants
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differed little betwe€n localities (Nottinghamshire 41, Wiltshire and Kent 51, Hrsn-
tingdonshire 61, Sussex 7f, Cambridgeshire 9l\ with approximately l0[ dormant
seeds for germination of blackgrass from Broadbalk soil. There was considerable varia-
tion between the different plants collected from the same site.

Dormant seeds are responsible for infestations after the use of control-measures. The
results suggest the possibility that the variation in proportion of dormant seeds in the
progeny of single plants may be genetic in origin. If so, intermittent use of herbicides
might select for strains of blackgrass with above average proportions of dormant seeds.
(Thurston)

Varirtion in the gmlvth of Agropyron rcpens

Clones deiued from Last year the grolvth of Agropyron seedlings from
seeds obtained in 1969 from diferent areas (selections) was compared.

Ten clones were established in autumn 1970 from two seedlings from five of the selec-
tions and their gowth and development compared during 1971. Enough plants were
established from l-node rhizome fragments to enable six replicates of each clone to be
sampled on three occasions (March, mid-May and end of August).

One month from planting there were significant differences in lhe number and length
of shoots produced by clones from diferent areas, confirming the observations in 1970,
and these differences persisted throughout the experiment. Later, differences occurred
in the total number of shoots produced by clones from seedlings from a given area. The
number of primary shoots (those arising from the main shoot) and secondary shoots
(those arising from upturned rhizomes) and tleir relative proportions also varied between
clones fron both within and between areas. Clones differed in both the amount of
shoot and rhizome growth made; in August dry weight of shoots ranged from 33 to
56 g (+1.7) per plant and that of rhizomes from 29 to 94 g (j4.0) for clones from
different areas. Clones from the area that produced the lightest shoot dry weight had the
heaviest rhizomes but the opposite was not true. Within areas there was an inverse
relation between shoot and rhizome weight; in each area the clone that had the lighter
shoots had the heavier rhizomes. The results suggest that the relative size of rhizomes
diflers between genotpes, is probably heritable and is not simply a physiological conse-
quence of a large growth of shoots. Spike number ranged between clones in l97l from
l7 to 65 ({2.5) and clones with least rhizomes tended to have most dry weight ofspikes.

Seedlings deriuedfrom a cross of two cloncs. To try to decrease some of the variation
from genetic differences, seeds from a cross of two clones of Agropyron were used in
previous experiments. Large diflerences remained between replicates. In l97l the amount
of variation occurring between seedlings from a cross of the same two clones was esti-
mated when seedlings from uniform-sized seeds were grown on an NIAE-type capillary
irrigation bench. Sixty-four seedlings were established on 24 February; half were sampled
on 5 May and the remainder on 9 June. By May the number of shoots per plant ranged
from 4 to 19 (mean ll'l), rhizomes from 0 to 6 (mean 2.1), shoot dry \ryeight from 0.3
to 0.8 g (mean 0'5) and rhizome weight from 0 to 0.086 g (mean 0.021). At this date
plants with fewest shoots had most rhizomes and those with most shoots, fewest
rhizomes. Seedlings of the two crosses did not differ at this date. By 9 June plants
from the two reciprocal crosses differed in the number and weight of shoots and
rhizomes per seedling and the cross that produced more and heavier rhizomes had
fewer, slightly lighter shoots. One ooss had a mean of l8 rhizomes and 2 9 g rhizome
per seedling and the other ten and 1.6 g; the variation within the first was from nine to
26 and 1.3 to 4.2 g and within the second from three to 24 and 0'2 to 2'9 g. Within each
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cross there was no obvious relationship between shoot and rhizome weight. The results
indicate a large amount of genetic variation within a cross of two clones. (Williams)

Staff rnrl visiting workers

Dr. J. A. Spence returned to the University of the West Indies, Trinidad and Dr. W.
Fischer joined the department for six months from the Agricultural Extension Service,
state of california, u.s.A.

C. J. Taylor was appointed in October l97l to study the physiology of the potato crop,
financed by a research grant from the Potato Marketing Board and Vivienae Frier
joined the Department as a Scholar of the Potato Marketing Board. W. Bond left and
A. C. Kendall arrived.

U. P. de S. Waidyanatha transferred from Imperial College, to continue his investiga-
tions on the physiology of the wheat leaf. Rosemary Cox left alter completing two years
of study for a Higher Degree of London University.

Sandwich students who worked in the department were D. Page, D. Banfield, B. Corless
and Marion Smith.

Joan M. Thurston attended a symposium at Ocbrid, organised by the Yugoslav
Academy of Science and Arts, and gave a paper on grass weeds.

E. C. Humphries contributed to a symposium on Growth and Morphogenesis at
Lidge University, Belgium.

C. P. Whittingham and A. J. Keys gave papers at the 2nd International Conference
on Photosynthesis at Stresa, Italy.
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