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BOTANY DEPARTMENT C. P. WHITTINCHAM

Inhoducfion
The.work of th€ Botany Departm€nt is mainly concemed with crop physiology and inparticular, the .factors limiting yield of cereals, sugar b€et -J [tuto"r. There is also
work on the biolos/ of weeds.

The long-term aim of crop physiolog is to explain how plants grow and to relat€
quantitatively performance in the field to environmintar factori. uttiriatety tne ou.ieJive
is to identify which plant reactions become rate-limiting under given conditions and topropose desirable changes either in ths gglslis compleLent or-in agronomic practice.
Comparative. studies of tropical aod te;perate grasses have irgg"rt"a thaf certain
tropical species may be more eftcient in ullising Jolar eaergy to fiin plant foodstuffs.
considerable attention has therefore been paid t-o possible dliferences in the mechanism
of photosynthesis b€tween these two-groups of plants with the intention of improving,
it-fil,i,: p:::ibJ.l. the productiviry of-temperate'species.. Uo*euii, it nu. ut."uiy U".7
establrshed that the high efficiency of some tropical plants is not retained when suchplants are grown under temperate conditions. The p.obl"- is therefore not Ik;tto be
simply agronomic but rather to be one of genetic'engineering; thus we need detailed
informationabout the enzyme systems conceied in pho-tosynthliis and related metaboric
processes, This long-term objective is being approac-hed thiough a number of individual
sludies which may contribute in the short-Ierm to increases inirop yields. Six aspects oi
the growth of cereals have been investigated in the past year:

.-,1..,ftf-,r.l3filr:hip. b€tween grolvrh, mineral nutrition and irrigation invesrigated
Jomuy with.the Chemistry_Department. The aim of these investigatio-ns is to explai-n the
drtlerences in growth and yield of wheat and barley at two-diferent sircs, namity
Rothamsted and Broom's Barn.,. A.study of growth and carbohydrate metatolism in spring wheat to determine whygrain yield fails to respond to large amounts of nitrogen ;hici'in;;ase leaf arca.J. Determrnatrons ofthe activity of c€rtain enzyme systems in field_grown wheat withparallel.laboratory studies of thc isolated enzymes rjating to it" fro".., of photo-
respiration.

4,. Investigations of the loss in yield of barley when exposed to moderate levels of airpol|uuon.
5. studies of the influence of temperature on growth differentiating between the effect

of temperattrre on grain and on the vegetative pirt of the ptant.
6. Investigations of the biochemistry of grains and the influence of growth regulating

compounds upon them in an attempt to analyse the factors controlling [rain -"ti-bolis.]
*I-ess 

extensive. investigations are being undertaken with sugar beet and with potatoes.rre pnmary obJect with both of these crops is to determine which factors control thedistribution of dry matter between the vegetative parts and the strage organ and to
determine how far this distribution is cont-rolled ti So*tn *grl"iing substances. Tbe
effect ofirrigation on grofih and yield is also Ueing i;vestigatef . 

---
In addition_ to continuing traditional studies on-the distibution of weeds in experi-

ments at Rothamsted and Woburn we_ are also studying the fundamental biology of
certain important weed species. In particular we have'reintly Gg"n to lrr"stigaiJ thi
88
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BOTA}.IY DEPARTMENT

biological characteristics of Equisetwt that are likely to influcnce the effectiveness of
control by selective herbicides.

C-ercel cmps

Response of spring rteat to lrrge emomb of nihogpn

Gro rtf,. Similar experiments were d orLe in 1972 (Rothamsted Report fot 1972' Pa;tt l'
sa;;-ii7it. ir;"rtigate the phvsiological factors limiting the yield of Kleiber spring

*{Ji" t".poot" to hrle amounts of nitrogen fertiliser' Extr-a nitrogen does not increase

;;-ftid ;a-;"- itifi-.tt"tt.d varieti-es, that do not lodge, -as 
much as exp€cted-

ilo- Jtuai"r v/ith older varieties. Although lt sti[ in"."u."" total dry weight and leaf

-*, "*"raa 
nitrogen lowers the efficiency of the leaves- in-gr- ain production' Treatments

*"J 
"ii "o.tir":tions 

of nine amounts of nitrog'n (0-200 kg N ha-1) and two plant

populations (approximately 222 a;nd 412 m-2).- 
i"tean vatoei ior most measurements of growth were 8-101 grealer in 1973 than in

1972.ln lg72 and l9?3 mean Srain yields iere respectively 5'7 and 6'0 t ha-l (467 and

507 e m-2 drv matter), mean dry weigb* of straw plus chaff were 706 and 785 g m-2' and

lr*i 
""r""t 

ir r*i*o ina"* it -tl"sis were 6'2 and 6'7' Both crops had grain g9$^n

;;;;t;i;bil;4 Jais; anthesis and maturitv were two weeks earlier in 1973 thaa 1972'
-il;iti;il;g". in ased the dry weight of grain bv 241from zlo6 g m-2 with no

Ni. ioz g -if*ittr tzs tg N na-i' fnJary wiight of^the rest of the top at ryaturity
incriil Tio.-ry *im nitr-ogen tfuoughout the range from a minimum of 543 g m-z

io.nr*irnt- of8l8 g m-2.-ConsequJndy harvest index (grain % of toral dry matter)

a""i"us"J f.o. +z /. with no N to 3? Z" with 200 kg N ha-r' whole plant dry weight and

aj;; index at 
-anthesis 

also inciJased with nitrogen throughout the range: their

*6iu. 
"uioit 

*ith 200 kg N ha-r were 65 and 85f greater than- with no N' Nitrogen

i#;;."d th; .r-ber of eai from zl02 m-2 with no N to 560 m-2 with 200 kg N ha-t

ilil;-*". ;;;panied by a decrease in weight per gain from 4l'5 to 35'2 mg; the

number of grains per ear was unaffected . h {9n nitrogen had- much smaller effects'

;;ceii-ritr"A; a;reased grain dry weight from 53f g m-2, with.amounts of N up to

?5 ks ha-r io +80 e m-z with 200 kg N-ha-r. Tbe dry weight of the rest of the top in-

"r""r""Jiir.r.fy*ltf, 
nit og"o ttttoogiout the range, by 8 % between 0 and 200 kg N ha-t'

6;;G;ily i;est indix decreaied with additionil nitrogen, as in 1972' from 4ll
*iti .6 Ni.i:-o Z r"ittt zo0 tg N t u-1. The addition of 200 kg ha-r increased dry weight

t v zt "z and leaf arca index by l6% at anthesis. Although nitrogen increased the number

;i #il i; M"y;;J rune'it aia not increase final eir number' The lo7" decrease in

srain vield with nitrogen above 76 kg ha-r was accompanied by a 7 
o/o decrease in ear

iridi -a .-ro 7. dt."^e in numLr of grains per spikelet' Nitrogen increased dry

weight per grain sliSbllY.";;i#t;;; 
a-io lo*iog rate affect dry weight-of grain or straw at maturitv' It

in".""."J *r'roaber and dicreased the numbei of grains per ear (fewer grains per

,pii."i"iil t.tii v"ars an<l also fewer spikelets per ear in 1972). Derser sowing increased

l.;-;;i;ii-;d- ieai area index until t^hree weeks before anthesis in 1972 and until two

weeks aiter anthesis in 1973. (Thome)

Measurenent of photosynthetic rctiYity in 6ell conditions Last year two diflerent types

;i;p-";;i;f"t;nnty'iog 'o69r,o 
' 

ves in the field were compared' The two methods

oroduced di.fferent rcsponse curies relating photosynthesis to varying light intensities

iir-ri"i,"i'i<liri iii tcizz, Part 1,s9). Further work showed that this was related to

i;r";ffi;;;;i;li#t air veiocitv in thj two tvPes of leaf chamber, although both were

supplied at the same Yolume flow rate.

Further improvements were made to the field apparatus' Light alloy cylinders' size
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5'5 litres, were filled in the laboratory with gas mixtures containing laCOz at pressures up
to_34.5 bar. The rylinders were fitted with standard pressure regulators and fine needG
valves. The leaf chambers were redesigned to give i higher light intensity at the leaf
surface. The apparatus is easier and cheaper to build and simpler to use than those
previously described and js now used extensively both in the ield and in controlled
environment conditions. (Kendall and Young)
_ Photosynthesis ofthe flag leaf and, in 1923, the leaf below the flag teaf, lvas estimated
by measuring the uptake of laCOz when the leaves, in their natural positions in the
canopy, were exposed for 15 seconds to 300 ppm CO2 containing 830 mci mol-1 1aCO2.
Forrr_leaves per plot were treated. Photosynthesis was not satuiated in bright sunshine
(980 W m-2 total radiation) so that photosynthesis and radiation were meaiured simul-
taneously and treatment effects calculated after doing an analysis of covariance of photo-
synthesis on the logarithm of radiation intensity.

lt 197_2 the ral€ of photosynthesis per unit area of flag leaves during the grain filling
period decreased with increase in nitrogen throughout tle range testeO. 1ihi rate witfi
200.lKg 

J.{ 
ha-1 w€s about 75%of that with no N,1ut nitrogen inoeased flag leaf photo-

synthesis per unit ground area because it caused a big increase in the leaf area index
contributed by flag leaves. The decrease in photosynthetic rate per unit of leaf area was
almost certainly-caused by the smaller light intensity in the leafier crops produced by
ample nitrogen fertiliser; total radiation at the level of the flag-leaf node was 55 f jf
that_above the crop with no N and 301with 200 kg N ha-t. In 1973 the rate of photo-
synthesis per unit leaf area was afected negligibly by nitrogen which also had no ietect-
able efcct on penetration of radiation into the crop canopy, presumably because efects
on leaf area index werc so small. Measurements made iix ind t9 days after anthesis
indicated that the intensity of total radiation at the level of the flag leaf was 62% of that
above the crop, at the level of the leaf below the flag leaf 35 f, anJ at ground I iiel l5l.
Photosynthetic rate per unit leaf area decreased as the leaves aged ant the rate for tlhi
leaf below-the flag leaf was less th.n one-half that of the flag leaf. Mean values, correctd
to an incident radiation of 560 W m-2, were for the flag leaf 18.4, 15.5 and 9i2 mg CO2

!m-a h^ 1 5, 20 a-nd_ 33 days respectively after anthesis. Values for the leaf below ti'e fla;
leaf at five and 20 days were respectively 8.2 and 6.5 mg COz dm-z h-r.

Water consmption The lack of rcsponse to large amounts of nitrogen may be caused
by a. shortage of water following greater transpiration by the leafier-crop produced by
ample nitrogen. To test this soil moisture lvas measured with a neutron proUl. Increasini
the sowing rate or applying 200 kg N ha-r caused the soil to be driei. In 1972 eflecti
were obvious at most depths down to 120 cm; that of sowing rate was pres€nt in early
May and persisted until September; that of nitrogen showed from mid-July onwarOs.
During the grain filling period the largest treatment efects were between 30 and 70 cm
below thesoil surface; the mean effect ofadditional nitrogen was to decrease the moisture
content of the soil from 23'6 to 18.8 f ({v) whereas doubling the sowing rate decrssed
i-t-.from 22.5 to l9.9l.ln 1973 nitrogen had a small effect on moisture co;tent of the top
15 cm of soil in early July, decreasing the mean water content from lg.6 to l5.4l. Tie
efect disappeared later as the soil dried further. Denser sowing decreased soil moiisturc
between depths of30 and 60 cm from the first observation in l=ate May onwards: mean
values during_July and August for the low and high sowing rates were 17.9 fid 21.6%
respectively. calibrations are not yet available to ihow whether these differences in soii
water conte[t represent diferences in water potential likely to afect plant growth.
However, a comparison between the relafive effects of sowing rate and nitrogen oi water
consumption with their effects on plant gowth suggests that Jhortage ofwatei is probably
not an important factor in rcstricting the response to nitrogen fertiliser. (fhome)
90
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Bioclemicat frctors. The activities of certain enzymes associated with photosynthesis,

"nJ 
tfr. initi"f products of photosynthesis were determined. in the flag leaves of wheat

c.own *ith different levels irf nit 6gen. The enzyme activities were measured in crude

3ii"ct .i n"g leaves, as far as poisible at optimum conditions to estimate maximum

;,t;lt). A; iirttiu,riion of carbon between different products of photosynthesis-was

aiL#in"a uft". tne application of raCOz- Labelled samples were immediately cut from

it i-i"""", "ra 
frozen'in liquid nitrogen. Compounds wer€ extracted as previously

a}.iGi tirrl-,, ted Repoit for t9i2, Part l, 100)' Measurements were made at

intervals from aothesis to senescence of the flag leaves'
- fi," 

""tititv "f 
ribulose l,5'diphosphate carboxylase, the carboxylation enzyme of

pt 
"totyrtfr"tit 

in wheat, was al*ays greater in the flag-leaves 
-from 

plants grown on

liots tieateO with 200 kg N ha-r than ihose grown with 100 kg N ha-1 or no nitrogen'

f;-i"g'r.rpi*i".i, OilS,3l.Z 
^"a 

47.8 mg COz dm, -2 h-r at anthesis. These activities fell

il;iftly 6 if'2,'13'3 and 6'8 mg Co, J.-' h-r by the end of the grain filling period'

6,rrini tbe oeriod of maximum grain filling, the activity of this enzyme was more-than

;G;&'fi;;rtihi rates of lnotosyntiesis observed in the 6eld. The greater ability

oiifr" riug i"""ii grown with -rih oitrog"o to carboxylate ribulose l,5-diphosphate did

not result in faster rates of photosynthesis.'*iil;;;;;totnesit 
oi serini from glvcine, probablv- I:sponsible for the loss of

cd; d;;s ph;io.espiration (nothamstid Repoit for 1972' Pan 1, l0l) was also-

."".ri"a. ifri* was Iittle difference in activityfrom leaves grown at different levels of

"ii-g"ii::'S, 
i9 O ana f r'Z pmot CO2 evolved h-lg-r fr. wt' at.200' 100 and 0 kgN ha-l

;;;-;Ai;;ir;*r*"d I I days after anthesis). This activitv rem-ained constant throughout

ih;;;illillt"t p"riod, falling to a lower tivel only at about 35 da.ys after anthesis. The

Iiififty 
-"iifr.'J.ry-" 

*". i-oiti"tty only abo..t l0% of the.activity of the cartoxylase

;h;;;.;;; t;a similar basis. As grain filling progressed it became more significant

t25% of the carboxvlase activity) particularly with little nitrogen'
'--ff[i" 

"", ."id"n"" ttat niirogen fertilisation affected the distribution of carbon

U"i*".n tn. ioiti"l products of piotosynthesis. Five tr*tments were investigated (G--

im tn N ha-l) and ihe trtnds wJre euident throughout the range Early in the period of

;;il;r;;f, ffi;itre iabel assimilated during- 15 seconds was.in phosphoglvceric acid

ind- Jvcdc'ac., decreasing steadily from 46f of the total rrc assimilated in leaves

fr"-rr"rirtt 
","a lifots to 397 with 200 kg N La-t' Incorporation into sucrose also

d""*"t"J r."rn it to lly". iicorporation i=nto malic and aspartic acids increased from

ii;; ra;i; ffine from o to 3% and into glvcine from-l.to 2/.' There was no change

r" in"'ii..,-p..,r., 
-ofr"Jr""ti"iii 

in serine- (aboIt 3.51) .and none was detected in

;iy;;il"i;. 'Td;** tn"."fo." a iendencv towards greatei.incorporation into some of
A; ;ii..g", containing compounds in leives grown at high nitrogen trcatments' At a

ili;;#il;g* ievEl, the aistribution of 1aC in products of photosvnthesis in flag'

middle and lower leaves was very similar.-"io*-J. 
tn. 

"oa 
of the gnin filling period ('10 days after anthesis) some changes in the

airkUution oi.nC *"re nit"d. The.Jwere nodiflerences in the p€rcentages incorporated

iii" 
'pftJtpn"Uy*.ic 

acid and glyceric acid (33 /.) and into sucrose (l0l) between leaves

froro'tt e Om"'.iot 
"itrogen 

treatments. Incorporation inlo malic and aspartic acids w.as

;;ll, ;;G;"r".*tioi into alanine increaied ftom 4l with no. nitrogen to 7% with

200 k; N 6u-r. 6lvcollate contained ll'51 of the total radioactivity with no nitrogen

i"i s7" "ri[ 
zm ti N t u]', 

"na 
m"osuremints made 32 days after anthesis showed that

;hi; ilJ;;;r#ed eartier in leaves grown on low nifiogen'. The radioactivity in-

"".p"i"t.a 
i.i. gLy"i"" and serine was iot greatly affected by- nitrogen treatment: the

i.ilJ.i i" gli.iJ"'@%\ hsd incrcased, whilsi that inserine (0'51) decreased compared

with ratues-oeterminei. during early grain growth' (Ihomas) 
9l
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Metabolisn of glycire, seriDe rnd€lyccrate in leeves To explore the possible significance
of two carbon_ compounds in wheat metabolism further eiperiments were done in the
Iaboratory with detached leaves. In COrfree air in the lighi 1aC serine acrumulated in
9:3:!{.*hi leaves when f_acl glycollate, glycine, seri-ne, glycerate or glucose were
suppreo 

-lD sorutlon througb the vascular system. The production of sucrose from the
above substrates 

-was 
always less in COz_free air than in air. More CO2 was produced inar tban in COz-free air from serine but less from glycerate and glucose; prlduction oiqorj.T [-laC] glycine and U-laC] glycollate $-d nearty tne saile in air'and Corireealr. Ihe dependence of sucrose s)rnthesis upon simultaneous COz assimilation couid b€partly relieved by adding an c-keto acid tothe solution of [raC] substrate. Whilst a-keto

acids promoted 
,sucrose synthesis from serine mort ,rh"n thi oxygen content of the

atmosphere was between 2 and l0 f, synthesis from serine in atmos;f,eres with 300 ppm
COz was fastest in the presence ol20l oxygen. It follows that some product of 

'Cbz
as-similation or altematively the added lieto icids can interact with serine in the leaf to
allow rts convemion to a substanc€, perhaps glycerate, that can be either a substrate for
sucrose s)mthesis or for photorespiration.

^ 
In the abseace of coz, the photorespiratory conversion of serine to sucrose and to

co2. can co-ntinue_ rapidry only if an a-keto acid is also added to the leaf. For every serine

!l*",*. fr:. glycojlate, two- glyoxylate molecules have to be converted to llycine,probably in-the peroxisome, so here there should be no shortage of d-keto acid. Th-eiefore
the eflect of added c-keto acids must be on serine metaboris; ai some other site in thecells. (Waidyanatha)

lte -gFcoktg 
pathway. Metabolism of products of photosynthesis, by way of theglycollate pathway, is responsible for much of the Coz rileased'by teavis in the-light uyphotorespiration. When intermediates of the pathway a." 

"ppiiJ 
in solution to illumi-

nated leaf discs or segmenls, they are converted mainiy to sucrose. No mixture of intact
cnroroptasts, peroxrsomes, mitochondria or soluble protein yet prepared has been able to
gatalys: +e complete sequence of reactions from glycollal to sucrose. Therefore the
mracelrurar drstnbution and properties of the en,rymes in leaves that catalys€ reaction
steps between serine and sucrose were reinvestigated.

_ 
Two enzymes are known which may_be resinnsible for sucrose synthesis in higherplants. O_ne catalyses the transfer of glucose irom UDfgucose to fructose to form

sucrose directly; the other transfers glucose from the same d;nor to fructose_epn*pfr"l"
to form sucrose phosphate which iJ subsequentty hyOrolyJio sucrose. The second of
these enz,,mes, probably the one 

-predominantly usea rz ,i- fo. .,r"ro." synthesis, isgenerally thought (on the basis of assays made on fractions separated from leaves in
non-aqueous media) to be present only in chloroplasts. Howevei very low activities ofthe enzyme were recovered and it hai been shown that chloro;lasts isolated in non-
aqueous media are contaminated. with cytoplasm (Rothamsted Rtrport for 1922, para l,
337). We have now studied the distribution-of UDpglucose_fructo'seplosptrate glucosyil
transferase between fractions of leaves separated ii aqueous rJution.. The fractions
were extracted and assaved bv the methods described by Hawker (Biochemical Journal
( r96D, r0s, 94T946) and Lyn-e and. ApRees enynit "i;oiiiii)1i,, rt, znr-znq unapea leaves proved more suitable than wheat. i,eaf fractions coniainirg mostly intact
:l^|"::tl1l (Cockburn-er at... ptant pby"r:p (!e6D,43, r+iii+ro; -containea 

onryrnsrg,,trqmt amounts of activity; most of the activity was in the solu6le fraction. ThL
enzyme could not be demonstrated in the chroroplasts even after treatment with dimethyr
sulphoxide @elmer & Albenheim, ptant physiology (lg7)), il,iti_ltq o, u Aetergeii(Triton xl00). However, the activity in the solubre iiaction #* .itLiotrffiii"nt to acciuntfor rates of sucrose synthesis commonly observed m ,;. a;;; improvement was
92
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achieved when the extraction medium was changed to 0'l M Tris buffer pH 6'8 containing

Olt % tonio" serum albumin. By decreasing the concentration of buffer, omitting both

soclirim fluoride and EDTA and including 10 nill magnesium chloride in the reaction

.irtur" tt" activity measured was increasad by a factor of four. The reaction measured

was the transfer of glucose from 1IDPG to fructose-Gphosphate and not the alternatiYe

reaction involving fiee fructose. Rates of sucrose synthesis measured from leaves of pea,

spinach, wheat aid bean were l7'9, 25'0,9'2 and 27'7 pmol h-l g-1 fr' wt' respectiYely'

Even if'all the carbon assimilated in photosynthesis was converted directly to sucrose

these rates would be more than adequate. UDPglucose pyrophosphorylase, another

enzvme essential for sucrose synthesis, was also mainly in the soluble fraction. It was

conhrmed that ribulose diphoipbate carboxylase which is known to b€ present only in
the chloroplasts, was retained in them after isolation by our techniques. It follows that
neither the erzlme UDPglucose pyrophosphorylase nor UDPglucose-fructosephosphate

slucosvltransferase are located in the chloroplasts.- 
The conversion ofserine to glycerate probably occurs in the peroxisomes, but glycerate

kinase, the enzyme thought tobe essential for the fust step between glycerate and sucrose

has been found only in ihe chloroplasts. Thus it appears that in the C2 pathway either

carbon has to re-enter the chloroplast as glycerate before conversion to sucrose or

there must be a route which does not involve any enzJ.me system in the chloroplasts but

depends on availability of carbon compounds and energy in the cltoplasm derived

inairectly from the chloroplasts. (Keys and Bird)

Effect of temperatEe on grain growth. Previous e4rriments showed that warming

complete planis of wheat or thelars alone increased early gain gowth but not flnal
srain vield largelv because warmed ears matured sooner than cool ones (Rothansled

h"pori 7o, 1g71,iart l.lM andfor 197 2, Part l, 93)' The air used to control ear tempera-

ture was warmed but not humidified, so that ttre vapour pressure deficit (YPD) was

9.3 mbar at 20"C and l8'5 mbar at 25'C comPared with 5'l mbar at l5"C' To discover

whether the earlier senescence was caused by the warmer temPerature or the dryness of
the air an experiment was done in which ears were treated with cool wef (5"C 60,l
nH : O'O miar VPD), hot wet (20'C, 7O% P.II:7'2 mbat YPD) or hot drv (20'C,

49% F.H: ll'9 mbar VPD) air from ten days after anttesis xntil maturity. The 5'C
diffJr"r"" in temperature was the largest obtainable while maintaining similar vapour

pressure deficits in the cool and hot wet treatments. The air round the rest of the plant

was similar to tlat of the cool treatment. otherwise the experiment was similar to that
done in 1972.

Th".a *u. no difference between the hot wet and hot dry treatments; both increased

ear growth and decreased growth of the rest of the shoot during the first 2l days of
treaiment, and caused the e;rs to mature faster than in the cool treatment, as previously'

Ear dry weight for the hot wet and hot dry treatments, expressed as f of that of .the
cool treatmlnt were 117 and llgy" after ten days of treatment and 86 and 89% at

maturity. so the efects observed in previous exlrriments can be attributed to the differ-

"r"" 
io i",,p".utur" rather than to ihe accompanying differences in moisture content of

the air. (Pearman and Thome)
In othei experiments determinations were made of the concentration of endogenous

growth substa;ces in wheat ears grown at diferent temperatures. In 1971 it was shown

Ihat the gibberellic acid (GA) content of the grain increased rnore rapidly with ears at

20' than 
-at 

15'C but the temperature of the rest of the plant was less importznt (Rothatn'

sted Report for 1971, Pafi l, 110). Plants from the 1972 experiment have now been

analysed, and confirm the earlier result. All the plants were growr at l5'C' In ea$
maintained at 25'C the GA concentration of the grain increased more rapidly than at

93
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2O'C; this may be correlated with the faster acrumulation of starch and quicker matura-
tion. The GA content of the flag leaves and the top internodes of the stems was not
aflected by ear temperature.

. The ears-of some plants were sprayed with 5OO0 ppm chlormequat-chloride (CCC) at
the start of the temperature treatme;t. This had littie etrect on the accumulation of 6A
in the ears, but the concentration of GA in the top intemode ofthe stems was higher than
in the untreated plants at all tbree temperaturei both at lZ and 24 days afte;nthesis.
The reason for this is not known. The aCC treatment had no efect onhnal dry weight.A clokinin found at Rr G4.4 on chromatograms run in isopropanol , .--on-i. :
water. (8:_l :-1, by vol.) was also present in the ears. The highest concentration was
tbund.at ihe frst_ sampliDg, seven days after anthesis, when thi temp€rature treatment
started. The clokinin content decreased with time in all treatments, but the decrease
w.as 

Jess_ ln ears kept at 20" than at 15" or 25"C. Flag leaf extracts and stem extracts
obtained by centrifugation contained two active substa'nces, one with .Rr 0-o.4 and the
other with rRr'0-i4.9, similar to zeatin. These also decreased with time but more was
retained in flag leaves and stems from plants with ears warmed to 20"C than in the other
treatments. (Radley and Wheeler)

cubohydrste metabolism of detrcted €s's. other experiments have continued to study
the eflects of growth substances on the accumulation oi starch in developing wheat gains
9f deJa:hjq ears. The technique described previously (Rothamsted Rep-oa for'1972,Parr 1, 97) has been modified with a shorter incubation time. Detached iars were incu-
bated for 2l hours with their stalks in rac-sucrose solution. The amount of radioactivity
ac€umulated in both the starch and the total sugars of the grain was less after apprication
to each individual grain ol I5 g.g CCC or of l0 pg GAs, ;ithough neither substance had
a significant effe.ct wben applied through the cut stalk. But as desiribed in the last Report,
the GA precursor (-)-Kaurene can cause significant increase in the radioactivity i; the
s]rgT a:d. {arch of the grain. These results suggest that it is only GA which is syn_
thesised withil the grain and not that applied eitirnalty which stimulates carbohydiate
formation. (Radley)

Gmwth and yield on differ€nt sites. Experiments to analyse the factors that result in
smaller yields of winter wheat and barley it Broom's Bam as compared with Rothamsted
were continued for a third year.

Similar experiments solvn with winter wheat (var- Cappelle-Desprez) and barley (var.
Julia).were set up at Rothamsted and Broom's Barn and tG etrects oii#gtion ru"6riuui
combined with six rates of nitrogen fertiliser (increasing by equal steps fiom 3l to lSg ki
ha-r) lnvestigated. winter wheat .'vas sown on 20 october at Rothamsted and l0 octobei
at Broo.m's_Bam with,25 kg N ha-r combine-drilled. Diflercntial N was applied on
13 April at Rothamsted and 12 April at Broom,s Bam. Barley was sown on 9 March at
Rothamsted and l2 March at Broom,s Barn and nitrogen tre;tments applied at sowin;.
All four experiments were fertilised with sufficient piosphorus and iotassium in th-e
s€edH. Irigation was applied to bring the soit to within S mm of fieid capacity at the
beginning of June and thereafter whenever the water deficit exceeded 2i mm until
mid-July.

. Samples ofshoots were cut at ground level at intervals throughout gowth to determine
total dry weight, shoot numb€rs and leaf area indices ; final fel-<ls of lain and straw were
determined both from similar sample areas and by combini-harvesing.

.Soil corc samples for estimating th€ size of root systems were ta[en from plots of
winter.wheat given 125 kg N halt following the sh;ot sampling in mid_Juni, using
methods described in Rothqnsted Report for i973, pafi Z, 28.
94
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The main growth data obtained and so far analysed arc summarised in the following
paragraphs. 

-Further information including grain yield is given in the reports of the
'ct"ii.iry Department (p. 49) and of Broom's Bartr Experimental Station (p' 278)'

lSampling datis are given with the Rothamsted date first.)

Winter vlcst. At the end of the winter (23122 Marcb) there was no significant

diflerence betw€en shoot numbers or dry matter yields on the two farms, although

Rothamsted whest had a smaller leaf area. From 29/30 May onwards unirrigated crops

at Broom's Bam generally produced less dry matter than at Rothamsted, although the

difference was noi always consistent at higher rates of N supply'
Th" gra"t"t dry matier Production at Rothamsted was associated with a markedly

greater-leaf area index (t) from the end of May onwards. With- the lowest N rate, f,
ieached a maximum of about 8'5 at ear emergence at Rothamsted compared with 7'4 at

Bioo*'. S"-. With 94 kg N ha-1 -L at Rothamsted was l0'2 at ear emergenc! and at

Broom's Bam 7'0, while *itn tSZ tg N ha-r it reached ll'4 at Rothamsted and 7 6 at

Broom's Barn. Yields of total dry mafter (and grain) of wheat at Broom's Barn were not

smaller in proportion to the smaller Z, perhaps because leaf area in excess of about

L : 7 did;ot significantly enhance the overall rate of dry matter Production' A value.

ofl in the range-6-8 is li-kely to be optimal for grain production (Thorne, Rothamsted

Reporr lor lg7-3, PNtt 2, gi1. More important, thlre,fole'- ryy be the difference in I
teioreen the two sit€s during the later stages when I had declined below about seven'

By mid-July with the lowesi rate of N .L had declined to 4'3 at Broom's Barn, whilst

rtitt t"ing 7'5 at Rothamsted and by the end of July was-0'l and l'5 respectively'

Throughiut this p€riod the greater leaf area of wheat at Rothamsted would have been

"oot 
i6'uting to u gre"ter graii yield. Although similar or greater differences in Z occu.ed

*itt gr."t"i otCof N, t-heir;ffects on grain yield were confused by the severe lodging

that ocrurred on all the better fertilised wheat plots.- 
The reasons for the smaller leaf areas at Broom's Bam are not yet clear. shoot density

was closely similar on both sites throughout most of the season.. Irrigation had little
cffect on Z'at Rothamsted, except perhapi at the end ofJuly when little leaf area remained,

but it greatly delayed leai senescence ai Broom's Bam and thus diminished the I ditrer-

cnce between Broom's Barn and Rotlamstcd later in the season.

Wheat on welt fertiliscd (125 kg N ha-r) Plots at Rothamsted had a total of l15 g m-z

dry weight of roots to a deph of I m in mid-June, compared with 124 g m-2 at Broom's

Birn. Iiowener, the extra ioots at Broom's Barn were confined to the top 50 cm of soil

and, between 56 and 100 cm deep, wheat at Broom's Barn had lcss roots than at Rotham-

;ted. In the deep€st layer examined, 87'5-100 cm, wheat at Broom's Barn had only 571
of the amount of roots at Rothamsted: 2'5 cf. 4'4 g m-t.

XorLy. Without irrigation and with the lowest rate of nitrogen fertiliscr (31 kg

N ha.-r), barley at Bro;'s Barn had t gr:.*rter L than 8t Rottramsted (exc€Pt at the

Zgii Irune sanpling) and a greater rate oi dry weight growth. With increasing rates of
niirogen both i ai'i rate o-f dry matter production b€came--grcater at Rothamst€d,

esSa[y after the end of June. 'i'he differences could not readily be ascribed to difer-
ences in shoot numbers, which werc similar at both sites.

Irrigation had little cffect on Z at Rothamsted, but increased the I of barley at Broom's

Barn it the 26 June and 9 July samplings. It appears to have decreased the number of
shoots that died, especialy wiih hither nitrogen ratcs. As a result, irriSated barley at

Broom's Barn with jsz oi t8s kg N ha-t had tr and rates of dry matter production as

great or greater than at Rothamsted. It therefore seems probable that any deficiency.in

iroduciity of well fertilised but unirrigated barley at Broom's Barn comparcd with
95

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 10

ROTHAMSTED REPORT FOR I97I, PART I

Rothamsted can be ascribed to shortage of soil moisture during the later stages ofgrowth. (Welbank, Taylor, P. J. and Widdowson, Chemistry Depirtment)
Soil moisture to a depth of 120 cm was estimated weekly iuring the growing season

on wheat plots receiving_!2s kg N ha-r and on barley plots receiving-94 kg'iV ha-r,
usrng € Deutron probe. The rates of N chosen were those expected to give maximum
growth and water us€. Plant moisture stress was also measurfo on thes; plots using a
pressure bomb on several occasions, between early July and when the crops ripened. iie
water potentials of ears of wheat and barley were less negative than the iiag liaves at all
samplings aud on bottr sites. The ear and leaf water fotentiars of wheal were more
negative at Broom's Barn than at Rothamsted on unirrigated plots (Table l). The values
for irigated plots at Rothamsted were not significant'iy difierent'from t6ose for un-
irrigated plots, but at Broom's Bam irrigation-decreased the water stress. The rate of
Ieaf senescence was also greater at Broom;s Bam than at Rothamsted, but was decreased
by irrigation.

TABIT T

Plo t water potentials (bar)
Rothamsted Broom's Barn

Datc Unirdeat€d Irri8at€d
Whcat

UnirriSaEd IrrisBtcd

ff July Ear
L€af

n Jnly Esr
t_aI

3 August E r
kaf

18 July Ear
l-.af

- 5.9
- 10-2

-4.7
-7.1
- 5.1

-12.5
Barley

-10.1 -8.8-1s.2 -11.6

-14-7 -I0.7>-m.2 -m.2

-6.0
- 6.8

-4.4
-8.0

-4.9
- ll.t

-1.9
-14.0

- 10.7
- 16.3

-1t.0
- 17.5

-6.5
-9.1

- lo.6
-16.0

-11.3
- 15.0

- 
The leaf water potentials of barley were more negative at Broom's Barn than at

Rothamsted 
_but were less negative on inigated than unirrigated plots. The ear water

potentials difered less between sites and weie little different Jn irrigated and unirrigated
plots. Only_ the lowest mean potential (unirrigated barley at Broom;s Bam) was refltted
in a reduction in grain yield. (Taylor, p. J.f

Effect_of cerial pollution on cercat gowth. During spring and summer 1973, Woburn
Extrrrimental Farm suffered no serious episode of poitution from the near_by Bedford_
shire brickfields. No visual damage was observed on barley or on certain set-ectea hoi
cator_ planls, exc€pt gladioli which are particularly sensitive to fluorides. Fortnightly
samples of hawthorn leaves taken at Wobum throughout 1972 and 1973 showed stiady
increase during the summer both in sulphur and fluoride content. During late Octobei
1972., all.d early August 1973, hawthom leaves collected at progressive diJtances from a
particular brickworks showed a decrease in leaf fluoride and suiphur with distance from
the works. Obvious leaf damage was only observed at distinces less than 0.2 km
(Iable 2).

. . Spring !lley-(v_q. Julia) was grown in three plastic greenhouses through which was
blown ambient field air, ambient air filtered through a dust filter, or ambiirt air filtered
through a dust filter followed by an activated charcoal and calcium carbonate filter.
Temperatures, relative humidity and light intensity were similar in the three houses, but
96
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TADI,E 2
Sulphur andfuoride content of washed otd dtied hcwthorn leaves (October 1972)

Distarce
fr:om works

(km)

0-l
l-2
2-3
34
4-5
5-1

Total
sulphur(y)

0.93
0.78
0.64
0.63
0.60
o.52

Fluoride
Gpm)
388
n6
148
135
l2A
81

temp€ratures averaged 6-7"C above those outside in the middle of hot days, and light
intensity was approximately 20\ less than outside. A plot of barley was also grown
outside.

Between April and August, the mean daily ambient sulphur dioxide level was 75 pg m-8,
with a highest daily figure of 216 and with 29 days over 100 (although half these days
occurred in April). The mean weekly ambient fluoride level was 0'59 pg m-B with a
highest weekly figure of 1.33 pg m-3 and with 12 weeks oyer 1.0 pg m-3. Levels of
sulphur dioxide and fluoride were satisfactorily reduced by the complete filtration system
to means of 13 pg m-B and 0'07 pg m-3 respectively. Sulphur dioxide was reduced by
20'% in both of the other houses, and fluorides by 391h the unfiltered and by 641 in
the dust-filtered house. Clearly, some sulphur dioxide and especially fluorine compounds
were absorbed by the damp plastic surfaces of the houses and the dust filter alone
removed a substantial amount of fluoride.

The growth and yield of barley was similar in all three houses. The outside plot was
approximately 20 days behind, but the pattern of growth was essentially the same, and
tle grain yield was similar to that from the houses. Some growth and yield measurements
are given in Table 3.

TABI,E 3

Growth and yiekl measuranants of barley
(per n )

MaximuE Maximum
Ieaf arca lcaf Shoot uo.
index number at harvBt
10.24 3At 672
10.00 36r.5 693
10.57 3198 ffi
9.26 3432 871

+ 1.18 +630 +t32

There was considerable uptake of sulphur by the barley plants in all tlree houses but
differences became apparent as the season progressed. By 2 August, the f total sulphur
in the washed leaf dry matter was O'70%, O'90% and l'l3l for the charcoal, dust and
unfiltered houses; plants from the outside plot had onJy 0'34% total sulphur. The levels
of sulphur in the stems, roots, ears and grain were similar for all four trcatments, and the
final sulphur content of the grain was O,l4\.

The fluoride concentration in washed leaves was highest for plants from outside or in
the unfiltered house, although hieh values (above 20 ppm) were only s€en late in July,
by which stage over 90f of the leaf was dead. On 2 August, leaf fluoride levels were 13,

15, 36 and 75 ppm for plants from the charcoal, dus! unfiltered and outside plot respec-
tively. The fluoride leyels in the strms, roots, ears and Srain werc similar for all trcatments,
and did not exceed l0 ppm.

Gladioli did not exhibit serious fluoride damage during the spring barley growing
oy

Complete filter
Dust filter
Unhltered
Outside plot

Ear
dry fi.

(o
509
528
504
518

+51

Gra.h 1000-
dry st. frah wt.G) G)

48 39.9
441 41.3
419 &.4
429 38.5+38 +2.2

Total
dry st.

G)
96t
98
983

1051
+ 109
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s€,ason (April-mid-Augus0, and tip burn only became noticeable during the third week
of August. By the end of August, total length of tip injury per plant was Z.l, 13.3, 29.4
and 46.8 cm for the charcoal, dust, unfiltcred and outside plot respectively. Analysis of
lGcm leaf tips harvested on 20 September t973 gave 6, l1; 15 ana 57 ppm fluoride for
the charcoal, dust, unflter€d and outside plot respectively.

To examine the eflect of a short episode of relatively serious pollution, a plot of barley
at tle milky grain stage was fumigated with sulphur dioxide foi five days ailevels similar
to_tlose !! a previous period of severe aA polution (i.e. August 1968). The mean daity
sulphur dioxide levels for the five-day period were 83 pg mjs for the unfumigated plot
and 451 pg m-3 for the fumigated plot. Immediately following fumigation, there was a
30f increase in the sulphur content of the gr€en parts of the fumigated barley. Short-
term measurements ofthe rate ofphotosynthesis, made during the last day offumigation,
showed an inhibition of 25/.. One week after fumigation ear weights were 24l1ower,
but the filal yield showed a smaller differencc, with a decrease of lTlin both ear and
$ain weights at harvest. (Hoskin and Dawson)

Slgar boet

Water relatiouships. Sug;ar beets often \vilt in the feld during periods of low rainfall
and high evapotranspiration. Little is known of the efect of this on the photosynthetic
activity of the leaves or on metabolism and growth of the plant. The flow of water
through a plant is related to the diference itr water potential at the root surface and in
ttre leaf, and the conductance of the connecting patlway. In a steady state this flow
gtlt eqgal the evaporatioD from the leaves which is a function of the water vapour
deficit of the air. The relative importance of air moisture in determining the growih of
sugar beet was examined by keeping pot-grown plants for two weeks in two controlled-
environment rooms, one maintained at a constant water vapoul deficit of 8.5 mbar
during the day and 6.6 mbar at night and the other at 2.5 mbar during the day and
1.9 mbar at night. Other conditions in the two roolls were sinilar (day temperature
15"C; night temperature ll"C; total visible radiation 550 J cm-2 during a l6-h photo
period). To examine the effect of soil moisture half the pots in each room were kept
at, or below, a water content of l3l (equivalent to a soil water potential of -2.5 bir
or less) and the rcst at pot capacity (251 soil water content, -0.2 bar) by twice-daily
weighing and watering. The treatments were applied to young plants early in June and
to mature plants toward the end of August.

There were no interactions between the effects of air moisture and soil moisture on
the growth of the plants so the effects of each factor are considered separately. When
put into gowth rooms the young plants weighed l0 g dry and had 13 leaves with an
area of l0 dm2. After two weeks the average dry weight ofthe plants gown in the humid
air was 8% more than those grown in dry air (48 gcf.44 g) and although the plants bore
more leaves (19 cf. 17) their leaf ar€as were almost similar (20 dmr). Dry weights of
plants grown in wet soil were 15 f heavier than those of plants grown in dry soil (50 g cf.
43 g) and although the plants borc the same number of leaves (18) these were larger and
the leaf area of the plant greater (22 dm2 cf. 1 8 dmz). The greater size of the young plants
grown in humid air and wet soil was only partly accounted for by the changes in leaf
area, because net assimilation rates were also increased, from 126 to 133 g m-2 wk-r by
increasing the humidity, and from 124 to 135 g m-2 wk-l by increasing the moisture
content of the soil-

When the mature plaDts were treated in August, they weighed 190 g dry, with 12? g
root, and had tl0 living leaves with an area of 52 dm?. Comparcd with plants grown in
dry air, plants grown for two weeks in the more humid conditions had greater dry weights
98
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(312 cf. 29O g) and larger storage roots (210 cf. 190 g). Plants grown in wetter soil also
had greater dry weights (316 cf. 287 g) and larger roots (208 cf. 193 g) than plants glown
in the drier soil. Humid air increased the number of living leaves (45 cf. 39) and produced
a greater leaf area (52 cf. 46 dm) than dry air but increasing the soil moisture did not
affect the number of leaves (42), only their area (46 cf. 4l dmz). Most of the changes in
teaf area and number of the mature plant were brought about by changes in the rat€s
of senescence of the older, larger, leaves. The change in leaf area accounts for only part
of the difference in growth; humid air also increased the net assimilation rate from 105 to
115 g m-z wk-l and wetter soil increased it from 106 to l13 g m-z wFl.

Young and mature plants transpired at similar rates in comparable conditions; in
humid air they transpired 1 2 g water dm-z of leaf surface d-r compared with I 7 g dm-z d-r
in dry air; in wet soil they transpired 16 g of water dm-z d-r compared with 14 g water
dm-2 d-l when soil water was restricted.

Iraf water potentials (fr) were little affected by varying the water vapour deficit of
the air; the potentials averaged -12 and -13 bar for plants in humid and dry air respec-
tively. ry'r of leaves of both young and mature plants averaged - I I bar when grown in
wet soil. Restricting the soil water decreased 

'y'I 
to -13'5 bar in young plants and to

- 16 bar in mature plants. Although increasing tle atmospheric humidity did not afest
*r it did increase tle stomatal conductance of the leaves, from 0'18 to 0'37 cm s-r in
young plants and from 0'30 to 0'42 cm s-l in mature plants. Increasing the soil water
content also increased the stomatal conductanc.e of the leaves from 0'19 to 0'36 cm s-1
in young plants and from 0'28 to 0'45 cm s-l in mature plants, but in this case, solely
because it increased ry'1. There were effects on the photosynthetic fixation of l{COz by
the leaves correlated with these differences in stomatal resistanc€.

Mature leaves wilt more readily than young leaves. It has been suggested that young
leaves, when water-stressed, close their stomata and consequently conserve their water
more than mature leaves but our data showed, to the contrary, that the stomata of young
leaves were less responsive to changes in leaf water potential than mature leaves. A mature
leaf wilted when 

'y'r 
approached -15 bar and closed its stomata whereas the stomata of

a young leaf on ttre same plant at the same ry'1 remained open, allowing more rapid
photosynthesis and transpirafion. The reasons for the difference in behaviour of young
and old leaves are being investigated.

To investigate a wider range of soil water potentials young and mature plants werc
allowed to dry out the soil. A comparison was made of the effects of plant age and air
humidity on the inter-relations between leaf and soil water potentials, on stomatal
behaviour, and on the flux of water ttrrough the plant and changes in plant rcsistance.
In wet soil /r in bortr young and old plants was similar (-5 to -8 bar) and decreased
to the same extent as the soil dried to -4 bar, whether they were in humid or in dry air.
The calculated stomatal conductance of the plant canopy was greater in young than in
mature plants and much greater in humid air than in dry air. These efects of humidity
on canopy conductance were much greater at high than at low ,y'1. Canopy conductances
were hardly affected as /r changed between -5 to -13 bar but decreased markedly at
potentials below this. There was evidence that the total resistance to the movement of
water from the soil to the leaf increased as the soil water poteotial decreased and as the
plant aged. (Milford and Lawlor)

The effects of short-term water stness on the laCOz fixation and metabolism of sugar
be€t was investigated in other experiments using plants grown in solution culture.

Plants were grown in a controlled env onment to the 12th leaf stagg (total fresh weight
65 g) in nutrient solution and the leaf water potential (,y'r) changed by addition of poly-
ethylene glycol solutions of -0.4 (control), -3O and -8'0 bar osmotic potential.
Previous work (Rothamsted Report fot 1972, Part l, 109) showed considerable growth
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inhibitio-n at these,osmotic potentials. laCOz was fed, for 15 seconds, to mature leaves,
six and 24 hours after application of the osmotic solutions. Leaf samples were frozen in
liquid nitrogen, extracted in ethanol and the products separated b, chromatogaphy.
/l was_measured bJ a pressure bomb and stom;tal resistance by gaj flow poronietry.'

As,y'1 decreased stomatal conductance decreased from aboui 0.15 cm s-l for'the
control plants (,y'r : -9.4 bar) to 0.01 cm s-r in stressed plants (/r : -t8 bar) but these
values_ showed- large variations. Photosynthesis decreased with itress from about 12 mg
dm-z h-l maxinum in the control plants to about 2 mg dm-z h-l at ry'r : -18 bar. -

Phosphoglyceric acid contained, afuer 15 seconds, 44 and 361of the radioactivity (in
th9 conlrol plants) at h: -9.4 bar and rlr : -18 bar respectively; sucrose 3.6-and
2.'l%, fteE hexoses 3.5 a;nd 1,51, aspartate 2.5 and 0.0/,, and malarc 5.0 and, 1.3\.
Abott 16l of the label in control plants \ as in a comlnund tentatively identified 

'as

UDPglucose but ooly 8% tt -18 bar. Radioactivity in an unidentihed group of
comlnunds, possibly also sugar nucleotides, remained unchanged at 7l by the siress
treatment.

In contrast to the decreased proportion of label in sugars, etc., there was an increase
in the 

-intermediates 
of the glycollate pathway. Glycine increased fuom 4.5 to 12.51,

serine from 3.2 to 6-5y"and glycr;rate hom 4.8 to 13.81 at {y : -9.4 and rfi: - l8 6ir
respectively. The small amount of laC in glycollate (ess than I ZJ was not appreciably
affected ; alanine increased with stress from 2.5 to 4 .Z% of the :36l ],€:trJl. 

- -

_ 
Comparison of sugar beet with wheat (Rothamsted Report for 1972, pan l, lW,

showed that a much smaller proportion of laC in sugar beet accumulated in sucrose, and
the effects of water stress werc less. However, sugar b€€t, like wheat, contained more
radioactivity in serine and glycine as a result of stress. This would be consistent with the
synthesis of sucrose at least in part from intermediates of the glycollate pathway (as
discussed in a previous section). (Lawlor and I-enton)

Gnowth regdrtoE. Tests to evaluate the activity of new plant growth regulating
chenicals which nay increase sugar yield in beet were made with iooted sugar-beei
leaves or on young whole plants grown in glasshouses and controlled environment
rooms. One of the substances tested, PRB-8 (a-cbloro-p-(3-chloro-o-tolyl)proprionitrile)
increased root size of whole plants by 25 f within five weeks of application. As a result
a field trial was set up in collaboration with the British Sugar Corporation in Norfolk.
At the beginning ofJune when plants had an average often leaves, pRB-8 at rates of 350,
700 and 2800 g a.i. ha-1 was sprayed on to the leaves. After two weeks all rates of applica-
tion had reduced growth but subsequent harvests suggested that application at 700 g ha-r
promoted shoot growth and to a lesser extent root growth. The concentration of sugar in
the root was also slightly increased in earlier harvests so that total sugar per root was
higher than in crntrol plants but the diference had disappeared by faal harvest.

Further expreriments on the effects of externally applied gro*th substances have been
Dade with young seedlings. The effect of benzyladenine(BA), gibberellic acid(GA3),
indol-lylacetic acid(IAA) and abscisic acid(ABA) on lateral shoot development of
young plants was examined in two experiments. Axillary buds were treated by application
of the growth substatces in70f alcohol to the base of petioles of fully expanded leaves.
BA released buds from apical dominance and after 3-4 weeks considerable growth of the
lateral buds had taken place. This effect was promoted by the addition of GAs but
reduced by IAA. ABA also promoted lateral shoot development once growth was
initiated by BA. GAs, IAA and ABA had no effect when applied alone or in combination.
BA treatment decreased root dry weight compared with untreated plants, presumably
because the developing lateral shoots were competing with the root for the supply of
photosynthetic assimilates. GAs alone promoted root grofih confirming previous
lm
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rcsults (.lRorrorrrred Report for 1972, Part l, 99). The combined treatment of BA and

GAs also decreased thi concentration of sugar in the storage root although separately

thcy had no ctrect.
In an experiment where GAs was applied in aqueous solution-to the root and shoot of

young plants the rate of leaf production was reduced *'ithout affecting the total-leaf ar€a

i.t p'iirt. A further exp€riment was designed to exalnine the interaction of GAs with
bA and aaA on leaf expansion. All factorial combinations of the tbree gowth substances

were applied in 70/, aicohol to the midrib of young unexpanded leaves' Alea and dry
weight'of the trearcd leaves, measured after three weeks, was increased by GAs and BA
but-not by ABA, which completely suppressed the stimulatory efect of GAs and partly
that of Bi. An additional and somewhat unexpected effect of ABA was an elongation

of petioles of the treated leaves and of the immediately older and younger leaves. GA8
proimoted petiole growth only in the treated leaf, and to a lesser extent than ABA. Thus

iSa a"ted in a similar manner to GAs in promoting petiole growth, while acting in
opposition to GAs in its effect on lamina expansion. (Garrod)

En logeneous growth $Hances The naturally occurring growth substances pres€nt in
beet were also analysed and their variation during plant development studied.

The ethyl acetate soluble gibberellin-like substances obtained from methanol extracts

of leaves ind roots of young Plants were padially purified as their sodium salts on

columns of Polyclar AT, and were then chromatographed on silica gel C using ethyl
acetate : chloroform: acetic acid (15 : 5 : l, by vol.) as developing solvent, and on

Kieselguhr G using benzene : acetic acid : water (8 : 3 : 5, by vol.). Bioassay with the
barley endosperm test suggests that there is a substance present in leaves with an .Rr

similar to GAl (17'4 PB GAs equiv g-1 fr. wt.), whereas roots contain a compound
having an Xr similar to GAs (87'l pg GAr equiv g l fr. wt.).

Tw; GAJike substances have been detected in root rylem exudate and agar diffusates

of shoot apices, which were examined as possible sites of GA synthesis in sugar beet'

Young iugar-beet seed clusters harvested two weeks after anthesis were fouod to
contain i GA/GA3-like compound (31'6 pg GAa equiv g-1 fr. wt.) together with smaller
quantities of a compound more polar than GAa.

The effect of temperature on GA concentration was studied by transferring two w€e*s

prior to harvest twb clonal lines of Sharpe's Klein Monobeet to-growth rooms giving

i2-hour days at four temperature regimes combining l8'5' or l2'5'C days with nights at
14.0" or 8'b'C. There were marked diflerences between the GA concentrations of the

two clones in their response to the four temperaturc regimes. In clone I the concentration
of the more polar GA in leaves was increased by warm days or nights compared-with
cooler conditions. The conc€ntration in the leaves of clone 2 and the roots ofboth clones

varied little witl temperature. The less polar GA was present in very low concentration
in clone 1, but clonel Goth tops and roots) contained much more when grown in cool

nights, regardless of day temperature. (Garrod, Lenton and Radley)
-fh" ."ii.ubitity of nolyclar AT and Sephadex LH20 column chromato$aphy for puri-

fication of sugar beet cytokinins is being investigated. A basic and neutral ethyl acetate

fraction of yo,-ung s,rgai-beet plants was purified on columns of Polyclar AT and eluted

with 0.1rf irhosphute buff". pH 8. Aliquots from these fractiogl were further purified

on silica geithin-layer plates using butan-l-ol : HzO : 20JY NHaOH (86 : 14 : 5, by v-ol.)

or water--saturated- CftCls : MeOH (5: l, v/v) as developing solvents. Soybean callus

assay has revealed the presence of several biologically active compounds in both roots

and leaves.
Several cytokinin-like substances were found in bleeding sap from root stumps of

sugar b€et ind in centrifuged extracts of petioles, using lhe Amaranriu and radish bio-
101
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:rssays._Extracts of leaves, purified on Amberlite IR-120(H) ion-exchange column, were
assayed by the oat leaf s€nescenc€ test and by a sinilar assay using sugai-beet leafdiscs.
Both assays indicated more biologically active material in extracts of mature sugar-beet
plT,l" than in extracts of seedlings. (Garrod, Lenton and Wtreeler)
, Glycine betaine is a well established constituent ofsugar beet; leavis contain Z-4 gkg-r
fresh weight. Glycine betaine (5 g litrs-r) caused chlorophyll retention in the oa't liaf
senescence assay. Therefore, some of the cytokinin-like activity found in sugar-beet
extracts may be attributed to glycine betaine. Glycine betaine was active in several
o1h9r groyth tests. At I g litre-r it diminished adventitious root formation on petioles
of detached leaves and hypocotyls of detached shoots of dwarf French bean. Thesi leaves
and shoots survived several weeks whereas, without root formation, ttrey died: this is
again rcminiscrnt of cytokinin activity. Unlike cytokinins, glycine betaine failed to
promote the elongation of coleoptiles excised from wheat seeds 2,t-30 hours after
germination.

Auxins, present in the acidic and non-acidic ethyl acetate-soluble fractions of plant
extracts, were s€parated on paper chromatograms developed with propan-2-ol : ION
ammooia (4 : 1, v/v) and assayed using the wheat coleoptile extension tist. Two active
substances were found. One in the acidic fraction had an Rp similar to IAA. The other
substance was found in both acidic and non-acidic fractions and had an -Rr similar to
indole-3-ylacetonitrile (IAI9; it was also found in root stump exudates and excised
petiole exudates. A sample was hydrolysed with liv NaOH at 100.C for I hour to yield
a compound with chromatographic properties and biological activity similar to IAA; it
was inactive in the pea epicotyl section test, consistent v/ith its identity as IAN. (Wheeler)

Potsto€s
Physiology of tte potrto in relation to tuber yield. The introduction of a night break
was shown to regulate tuber initiation il King Edward potatoes grown in constant
environments (.Rorrarrrrted Report fot l972,Part l, 94). Thus plants of comparable total
leaf area could be produced which differed only in the prcsence or absence of tubers;
even so, no differences in net assimilation rate or photosynthetic activity of the leaves
could be-detected between such plants. The absence of tubers produc€d a compensatory
increase in stem and root growth but the reduction in stem and root grofih after tube;
initiation was not great enough to account wholly for tuber growth. By feeding radio-
active carbon dioxide to the leaves it has been possible to examine thC distribution of
carbon compounds within the stem before and after tuber initiation. Whereas after
tuber initiation the majority of assimilate is translocated directly to ttre tubers, prior to
tuber formation a greater fraction is metaboUsed in the stEm. present experim;nts are
investigating the level of various metabolites in the stem, stolons and tubers and the
activity of certain hormones which probably influence the activity of r€levant enzymes.
(Frier and Taylor, C. J.)

Biology of perennial weeds

,lgropyon rc1nat ad Agmnis gigaaea

od pwfutence of seedt in ahivatal soil! The field experiment investi-
gating the gerrrination and longEvity of wds of Agropyron atd Agroitis in relation to
different cultivation regimes was continued (Rothamsted Report loi lg72, part 1, 106-
102: Plots werc given the same treatment as h l97l-:12 except that paraquat was not
applied and rotavation replaced chisel-ploughing.

In all treatments, most s€eds ttrat gErminated did so during the autumn of the first year
(1971) (fable 4). In treatment I many ungerminated but viable Agropyron seeds were
tu
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IADIE il

Percentage o/ Agropyron(,{i) ad AgrosndA@ seeds givhg emerged seedlings u'&t
diferent cultivation rcgimes

ReInaidder
6timated
fiom cort
sa6pl6

Cultivatioo
r€giE
ARl
ARI S
AGl
AGI S

In crop Itr clop
(1913)

0-20
0.18
0'05
o.07

<1912)1vnl12
l0'3
6.5

34.8
n.7

tmF3
0.59
0.55
0.19
0.17

AR2 14.9 0'26
AR2 S 8'3 0''14
AG2 5.2 0'13
AG2 S 5'9 0'18

o.12 5.2
o.l0 16.5
0.13 18.8
0'16 16'2

1l .3
4-3

u.2
25.6

0.46 0.35
o.47 0-32
0.64 0'41
0.49 0.14

0.23 0.21
0.13 0.12
1.09 0.88
0.90 0.65

AR3 26.8
AR3S I l.l
AG3 3.2
AG3S 3.1

5.43 2.6
4.A 3.5
1.08 44.4
1.42 2l-5

TrcatreDt (l) PlougM late autumn, tbeD sptitr!-tine cdtivatioD .simrJatiog. tro coDtrol pllccdiDS a

."ii,i'Ei} i'iZr'e.,-t o" orttivarioD 6GfiE spriog-titrc cultivatioD ai,ulstitrg so.€ coDtrol
i"lffir#iliri'rli i^]&t, rll-Gicnsiri aurumn cultivati;D' ;Dulatiry cotrtol-prccedhS.winter wieat'
'-S: eiraqirat apray in 1971. 'Io ctop' itrdicates the percentagc of s'eds gvltrg s€co[Egs qufln8 rD€

tioe a cerca.l croP would be 8rowitr8.-l Z - lb siiaiinp m - 2 loi Agropvron and 2o s€edlings m-2 for '|8'roslit'

buriedbyploughingandonlythreeseedlingsm.2appearedaftertinecultivationduring
tt" fi^t y;. itoulniog during the second autumn brought some of these near the soil

surface so tnat twii a.huny r""dli"gp would appear in the crop during the second year.

In contrast to Agropyron, Agrostis ger;r,ttnated more rtadily on the soil surface in the

first autumn and fewer seedlings emerged in the second year' In t€atment 2, as many

seeaungs or uoth species would-be expected to appear in &e crop in the second as in the

n^t y"L. In treatment 3, abott 150 Agroplroz seedlings m-2 would germinate in the-

"rop'i, 
artumn 1971; viry few seeds germinated during the ryo1d year brrt nost of

theie did so after the lasi autumn cuitivation. Because even shallow burial enforces

a-.*"o"y ot Agrostis, fer+er seeds of this species th?n o! Agropyton. germinated in
treatnenis Z an6i during the fust year. In treatment 3 the absence of spring cultivations

proionged ttre enfo.""-e-ot of dor-aocy so that more lgroJrr' persisted until the second

year in this than in the other two teatments.' Germination tests in the glasshouse of soil from cores taken from one block of the

exoeriment showed lhat 25/" of ttre Agrostis but or.ly 7 y" of tbe Agropyron seed remained

vi;ble in the soil after a year. During the second year 3 fi ofthe remaining viable Agostis
arrd 6l of the Agropyron seeds gave emerged seedlings. A parallel investigation in pans

of sha[tw soil in t[e Slasshousi showed that germination of Agropyron was complete

within a year with all cultivation regimes, lvhereas that of lSrosrts \ryas incomplete after

two years.
The results of these experiments suggest that se€ds of both species are not innately

dormant but that dormancy is more readily enforced on Agostis lhan on Agropyron'

They also indicate that as many weed seedlings may appear in a- second as in a first crop

beciuse dormancy may be enforced as a consequence of the cultivations.

Gmpttt of uedli,gs h vl*o nlad. Wintrr wheat (var. Cappelle) was drilled on

13 October 1972 and, to simulate diferent times of emergence, wdhngs of Agropyron
and Agrostis were transplanted at the one leaf stago about 22 cm apart into the ceral
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rows during early November when the wheat plants also had one leaf or during mid-
March_ when they had four to five reaves and th-ree to four tillers. Half the plots;ived
63 kg ha-l.of nitrogsn as 'Nitro-C-halk, on 26 April and the other half noie. Crop anJ
weed seedlings were sampled on 26 May,4 July and g August (when tle wheait was
ripe) and a-furtter sample of weeds from the stu6ble on 12 Slptember.

About.336 wheat plants established per squ-are metre and theLop grew quickly during
a.mild winter. Nitrogen slightry but nol significantly increaseo tne iuiuer ana vieight oi
shoots n-z before ear emergenc€ but not afterwards. There was no differencr in the giowth
gf ,l" *h":19r. qlots p_laDted earty or late with either species. Thi mean grain yield-ofthe
plots was 5.23 t ha-l (41.7 cwt ac-t).
. A simil*ar percentage of weed seedlings survived until the end of May in all treatments
but_during June about half the Agrus.iis seedlings and during July iat tn" .lgropyrii
seedlings.,planted late. itrto. plots given nitrolen died; iore'Agropyron "lxr'idltngp

oleo rn_ttus treatment during the next two months so that only about one-quartir
ultimately survived. I-ate planting of the weed seedlings reiulted in de&eased
growth. lhere was an interaction on the growth ofthe weed seedrings of the time of their
planting out and,the nitrogen treatment of the plots. Nitrogen increied the dry weight of
seedlings.planted early fron 0'97 to 1.38 and fiom l.62 b1.30 gm-z in earty iuty ilO ai
harvest time_respectively and decreased that of the late pranteA ones from-0.34 to 0.r9
and from 0.73 to 0'33 g m-2. The, decreases with nitrogen of the Iate planted seedin;
were due both to poorer survival and less growth pei survived seedling whereas tie
increases 

_of the early planted seedlings were due soiely to increases in t-he growth of
individrral seedlings..lg.rorrrr grew more rapidly than A'groplron tbro"ghout tie experi_
lnent;-by tte beginning of August the early sown seedlings oi Agrostis iere 7\\heiviet
thaa the Agropyron Also, the weight of lite planted lgr1srrs sidtings witho,ri oit og"n
increased in the stubble from 0.86 to 4.83 g compaied to an inciease from 0.60-to
1.'72 g m-2 _for Agropyron. Since many Agro*is bi few Agropyron seedlings died, the
differences in growth per survived seedling were even greut"i. "

Very little rhizome was formed by the weed seedlings before crop harvest,
producing only 8,cm weiglling 0.013 g arld Agrcstis 3i cm weighing 0.0g0 g m--2. in tne
stubble, despite dry weather, gro*th was rapid and maoy .hLomis were formed. The
inuuenc€ of planting time persisted (Table 5). (lviuiams)

The efect of planting ,i^" 
^a ^iuos* r'ffff l,r ber, tergth and dry weights of rhizomes

m-2 of Agropyrol ond Agrostis seedlings
lgropyron

Early hte
N-N

Nuob€r 41 33 3
Irtrgth (c0) l2l 131 4j 7
Dry c/€ight (s) 0.54 0.62 0.t6 o.o3

liy\gr9yc FlcA hoEetail). Work, begun in 1972 (Rothamsted Repofi for 1972,
Part I, l0!10O on the biology and control oi Equisenm continued in 1973. An experl-
mental area was sown wittr strips of spring barley, kale, potatoes, or beans with one itrip
left uncropped to test for residual efects of the herbicidis used.

The plot teated with chlorthiamid remained free of Equisetum in the following year
(1973) but suffcient residues persisted to severely inhibit the establishoent of alGops
tested. On the aminotriazole- and 1f-phosphonomethylglycine-treat"d plots 

"ropestablishment and growth was unafecrcd.
104

Early Iltc
N_N

28 1l
115 32

0.39 0.08

5 90383 258
t.70 1.07

Agrostls
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Another trial was started in spring 1973 on a lightly-infested site at Rothamst€d.
Treatments wer€ 4.6 or 9'2 kE a.i. ha-l of chlorthiamid applied to the soil surfacc and
lightly raked in on 27 March (before the F4uiseton emerged) or 4'0 or 6'0 kg a.i. ha-l
of rY-phosphonomethylglycine as a foliar spray on 3 JuIy or rotary cultivation ev€ry
three or six weela between mid-June and early September.

Plots treated with 9.2 a,i. kg ha-r of chlorthiamid remained fi* of Equisefimtthtough-
out the season but a few shoots app€ared during August on plots treated with 4'6 kg
a.i. ha-r. Shoot growth of Equisetm sprayed with .rY-phosphonomethylglycine was
severely checked about three weeks afterwards but not killed. New shoots of Equisetwr
appeared above ground within about ttrree weeks of rotavation. Regeneration was
almost entirely from buds on rhizomes beneath the disturbed soil and oot from the

rhizomes.
Soil core samples taken at Wobum in March 1973 indicated that living roots and

rhizomes did not penetrate deeper than 0.9 m alttroug! the distribution of dead roots and
rhizomes suggested that it had done so in previous seasons. Tubers also occurred more
shallowly in March 1973 than in 1972t in 1972 half of them occurred deeper than 50 cm.
This change in the depth distribution ofthe weed continued in the fallow strip throughout
I 973 so tlat by October 82 ){ of the living rhizome and 9O% of the tubers occurred in
the uppermost 25 cm. At Rothamsted, after a year's fallow, 82 f of the rhizomes occurred
in the uppermost 50 cm ofsoil with very little deeper than 75 cm; tubers occurred mostly
in the uppermost 25 cm (Table Q.

TABI,E 6

Percentage weight of rhizornes(R) od rutnber of tubers(I) ,/ Equisetum occurring at
diferent depths

Wobum Rothaostod

Sept. 1973

l-yea. fallow
after Dotatoes

RT

. Depth zorca arc 0-30, 3G60, @-$ and 90-l2O cm

Studies of the germination and growth of plants from tubers were made in the glass-
house. To study the periodicity of germination tubers collected in November 1972 fron
Woburn were planted in pots of Woburn soil and were buried either in soil outdoors or
in a frost-free or warm glasshouse (15"C). Some of the tubers in the frost-free glasshous€
were also treated yrith gibberellic acid(GA) at 100 ppm or with benzyladenine(BA) at
50 ppm. Germination was quickest in the warm glasshouse and was complete within a
month. In the cool glasshouse germination of untreated tubers oc.urred mostly at the
end of January but continued until April; germination of all the GA-treated tub€rs was
delayed until April and ttrat of BA-treated tubers almost completely inhibited. Outdoors,
germination started in early June and continued during June and July. Germitration tests
on tubers from the soil cores taken in 1973 showed that most tubers werc viable and that
the larger tubers germinated much sooner than the smaller ones.

The growth of Equisetum from tubers was investigated in two diferent soils with
diferent nutrient supply. Plants made more growth in Rothamsted than in Wobum soil,

105

Dat€:

Previous
qoP:
Depth
(qn)
o-25

2s-50
50-75

75-100

lan- 1972

Beaos

RT

Mar. 193.

l-ycar
fallow

RT

od. 1973

2-Far
fallow

RT
82 90
96
64
20

41 42
22 46
31 10o2

50 25
23 22
t5 39
12 13

59 8823 t2
150
20
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regardless of the amount of nitrogpn supplied; larger applications of nitrogen (216 kg
ha-r N as ammonium nitrate) checked the early growth of the species in both soils.
With lower amounts of nitrogen (54 or 135 kg ha-l) the species produced l00l more
shoot, 50 % mor€ tuber and 27 I more rbimme weight in Rothamsted than in Wobum
soil. Withjn each soil type extra nitrogen increased shoot weight but had little eflect on
rhizome weight. Twice as many tubers were formed in Rothamsted as in Wobum soil
(493 compared to 261 per plant) although individual tubers were 2ll lightar. Added
nitrogen did not af€ct the number of tubers produced. Plants grown in acid, neutral and
basic soil ofpH 4.5, 6.6 and 8.2 weigld 39,61 and 22 g dry respectively. In the neutral
soil shoots, rhizomes and tubers contibuted equally to the total weight but in the acid
and basic soils tubers cotrtributed only 17% ofthe total weight. Almost as much rhizome
was formed in the acid as in the neutral soil, although much lower shoot and tuber weights
werc recorded. Plants had 155, 385 and 106 tubers in the three soils. It therefore appean
that the weed does not pr€fer acid conditions per se but probably benefits from decreased
crop competition in such situations. (Williams)

rrYeeds on BroarlbalL Polygonunt aviculare was again prcvalent in all rotation-sections;
P. convolvulus was also abundant itr the no-K plots ll and 12, and also on the no-Na
plot 14. The most noticeable increase this year was in Conyolvulus arvezsrs in all crops,
following its vigorous growth in 1972 (Rorhamsted Repo for 197 2,Part 1,102). Aethusa
crnapium was more abundant than in recent yean, despite spraying, atrd E4uisetum
arvense artd Agtostis gigmtea rcmained serious problems.

In the fi-rst six years of the rotation, Equisetwn has b€en most abundant in beans and
slightly more so in the second round of the rotation than in the first. Amounts in wheat
and potato€s did not increase because hand-pulling in potatoes helped to control it.

Occasional plants of the semi-parasite Odontites yerna were seen in bean plots, always
close to the b€an rows. They were vigorous and dark green in late August and their pods
had not dehisced, $rbercas Odontites plants in wheat were smaller, with purplish leaves,
and their seeds were already shed. (Thurston)

Bblogy oI Abpecwu myosuoi&s @bckgrass). Two herbicides (terbutryne and chlor-
toluron) were compared for the control of Alopecurus in winter wheat. Terbutryne had
given inadequate control on this field in previous years although it had controlled autumn-
germinating Alopecurus on the adjac€nt Broadbalk. Chlortoluron can be applied later
and is slightly more persistent than terbutryne. To compare the effi.ciency ofthe herbicides
with the periodicity of germination of Alopecurus some plots were hand-weeded on the
day of application of chlortoluron only, or fortnightly until the end of December,
January, February, March or April, or right through to harvest and compared with
plots on which all Alopearus wdlings were allowed to develop in the crop.

Very few Alopecurus seeds germiDated in spring 1973 on Littte Knott I so weeding
until the end of March was sufrcient to keep the wheat free of them, and even the single
hand-weeding on 12 December 1972 when chlortoluron was applied removed most of
the seedlings.

Both herbicides effectively controlled Alopecurus, and at ear-emergence in early June
the wheat was notic€ably geener, with wider leaves, and possibly slightly taller, on plots
where Alopectrus was controlled by herbicides or hand-weeding. Unfortunately these
better areas ofwheat werg the first to lodge and were more flattened by harvest than thos€
where Alopecwus fonmed a dense stand. (Thuston)

Syrrrd ol Awm lalaa r A. brbticiona (Wild oats) in the West Mtllantls. Wild oat
samples from randomly-selected farms v/ith more than 8 ha of cereals in Cheshire,
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Sbropshire, Staffordshire, Herefordshire, Worcestershire and Warwickshire were
collected by staff of ADAS West Midland Region and sent to Rothamsted together with
notes on geographical location, soil type, pres€nt and previous cropping of each field.
The wild oat species present werc identified and their distribution compared with ttre
NAAs/Rothamsted wild oat otney (Rothotnsted Repo fot 1951,69).

As shown by comparing the maps for l95l and, 1972, A. ludoiciqa is still present in
South Worcestershire and South Warwickshire but has not spread. There were three
sarnples in 1972 from around Copston Magna where it was found in 1951, but none from
north of Coventry.

la coalrast A.fatua had spread to all districts of Cheshire, Statrordshire and Her€ford-
shire (which reported no wild oats in 1951), and it had probably increas€d in tie ar€as
where it was already present. rlalf of the A. fatua found in areas previously free of it was
in spring-sown cereals. Only two of these fields had been in cereals for less than half of
the years for which records were given (mostly five.year periods). The frequency of
barley in the prec€ding four years and the fact that half of the newly-infested aleas in
Staflordshire and all in Cheshire were on light soils, suggests that ipring cereals pre-
dominated there. This would explain why spring-germinating A, fatuaiad invaded them
but winter-germinatlng A. lutloticiou had not. Even in Herefordshire where soils were
heavier, neuly half of the crops mentioned werc barley, so there too spring sowing
may have kept out A. ludoviciaa. (Ihurston)

Staff and visiting workers

Susan M. Thomas joined the Department to study carbohydrate metabolism in cereals.
U. P. de S. Waidyanatha was awarded the Ph.D. degree of London University and has
trow retumed to the Rubber Research Institute in Sri Ianta. D. C. Mcllroy has com-
menced studies as a student of the Potato Marketing Board. Short-term visitors to the
Department included Mrs. Ceu Matos ofthe Centro de Estudos e Formentao do Fruti-
cultura, Alcobaca, Portugal, who spent three months studying the photosynthesis of
crop plants.

C. P. Whittingham attended the 36th Whter Congress of the Institut Intemational de
Recherches Betteravieres in Brussels and took the chair at a physiolory symposium held
in connection with the Congress.

Sandwich students who worked in the Department were Elizabeth Brinsden, Susan
Thomas and Colin Hill.
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