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Intodnction
In the past year work in the Botany Department has concentraied on further studies of
th.e, physiology. of cereal crops. 

_The unuiual weather was unfavourable for cereal yielOs
without irrigation and for studies of later applications of nitrogen fertiliser. Because of
the higher sum-mer temperatures photorespiration was higher th-an in previous years but
this year's work cotrfrms previous results that photorespiration under natural conditions
in cereal crops is of the order of one-quarier of the raie of real photosynthesis. unfor-
tunately there are still no promising chemicals which might be used to iegulate rates of
photorespiration. Studies of the gowth of barley in clean air at wobum were satisfac-
torily carried.through. to final yields and eyidence is now accumulating that gro;h i;
clean air significantly increases grain yield.

Studies on the growth physiology of sugar beet have continued but there is still no
growth-regulating chemical which can at present justify extended fleld trials.

The work on weed biology in the futurels to concentrate on studies relating to classical
experiments.

A decision is still awaited conceming the rebuilding ofthe old glasshouse block which
is being maintained in use by short-term repair work This, howeier, results in far from
satisfactory gowing conditions.

Cereal crops
Factors Umiting yiekl ofwinter whert. There is widespread interest in the maximum leld
that could be obtained if cereal crops were grown with the best husbandry and opiimal
control_ofall diseases, pests and weeds. Ideally, all the factors that are thought to enhance
yields should be Gsted in a multifactorial experiment, but such a large exlriment may
be unjustified and impractical.
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ROTHAMSTED REPORT FOR 1976, PART I

In a preliminary experiment, wheat, var' Huntsman, \{as sown on 23 October 1975

f.[";Jr;"t t";; at i.othamsied. Thiee sowing treatments were te-sted: normal drilling

ir-ri:7 "t?irl ,.*s at 120 and 200 kg ha-1 and hand planting at 6.3 cm (2.5 in) sqyare

.p."i, j*..tpirrAing to 120 kg ha-1. Ltdicarb was rotavated into the seed bed and the

;;;;";;;;"jy;e ;i-th fungiciies and insecticides. An additional set of plots tested

nor'mat Oritilng at ZOO kg ha:r without pest and disease control Alllhe above treatments

*"." i"rt O at"+0, tO ani 120 kg N ha-i and all plots received basal herbicide and chlor-

mequat chloride (CCC).--ii-irr" i""",, sidling establishment was better in the hand-sown than in the drilled

ptoir; u".rug" ituot o,rtb.r, *".. 233 m-2 with 200 kg seed ha-l-, 125 m-2 with 120 kg

[r:iil"t oiu"'0, and 205 m-2 hand-planted. The square-spaced plors rillered more rhan

in" a.iff"O pfott u"d by 4 May 1976 had 1700 shoots m-z compared to 1050 from 200

lg n"l;a.ifi.0, Urt mire of tirese tillers died before harvest' At final harvest they had

+io 
"u.. --' compared with an average of 420 from 200 kg ha-r and 350 from 120 kg

fr"liilffea Gabl; l). None of the yiild, .,oer" large because of the exceptionally dry

Niirogpn
,lO kg ha-1
80
tm
Mean

TABLE I
llinter wheat yields wilh each treatmen, combinalion

Graio, t ha-r at 85% dry matter

With pest and disease conttol

iland-otanted Driled at Drilled al
120 [g h1-t l20kgha ' 200kgha-'

6.3 5 9 6'l
1.6 5 9 6'3
6.4 6 0 6"1

Without

Driued at
20 kg hq-t

6-2
5.1

5'76.46.8 5.9

summer. The highest yield was from hand-planted wheat with 80 kg N ha-t but this may

t. io.toitou.. M"ildew was the only foliar disease observed but even so was only slight on

,.rpi"y.i pf"i.; aphids, which wire numerous, were well controlled by the insecticides'
p..i uJa ai.ur. 

"6ntroi 
increased the yield more with higher N application. It may be

".rarOaa 
that hand planting at square spacing permitted better yields from a smaller

amount of seed, but the evidence is not sufficient to say that square spacmg was supenor

io u rtitu. pt"ot poPulation drilled in rows. It is possible that a wetter summer might

i"* p".*itti,J ir*iial of more of the tillers on the hand-planted plots and this could

t"r. i.J to a still higher yield. (welbank and Taylor, with widdowson, Chemistry

Department and Jenkyn, Plant Pathology Department)

Growth and yield of winter whest rt RothaBstert anrl Wobrrn' In a series of experiments

i" tsli-ll t"he growth, nutrient uptake and yields of winter-wieat crops al Rotha-msted

"ri 
s-orn'. Biro weie compar ei (Rothamited Report for 1971, Part l, 6G{l and lO6-

TWfarA fo, 1g72,Part l, 48 and iV92; and for t973' Part l, 49-50 and 9't-96)' The

Oifir.o"" io .u*i-um yield between farms was no more than 20%, but it persisted even

with N fertiliser dressings as great as 155 kg ha I with irrigation until early Ju!f' Th9

*hiut ut Broo.'. Barn took uip less N from the soil than at Rothamsted and with small

N fertiliser dressings N uptake ceased earlier at Broom's Barn, suggesting that more N
was mineralised frJm the Rothamsted soil and the process continued later in the season.

Duplicate exp€riments in 1976 at Rothamsted and on the loamy sand ofthe old Irriga-
tion Experiment site in Butt close at woburn were expected to show larger contrasts

betweei sites than in the earlier series. They sought to investigate whether irrigation and

N fertiliser would eliminate differences to a greater or lesser extent than before and
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:1.,*::,I.^:rl^"r,I-tl l,..rp*!"!ry at wobum, could be enhanced by extendins its
1-plll:iu?i:,".1," lgnger period of time- Whear, var. Maris Huntsman, was sown foliow-rng Deans at both sites on 3l October 1975 with no autumn N fenifiser, but with a heawdressing of PK fertiliser combine drilled. Spring N d.;.ri"g; ;;;;;;"; il;;ilIlcreasing from 22 to 12 kgha-L at Rotlamstedana from ii ,o 

-i:+ 
tg t u- at woburaand-controls receiving no N were^included. The N was appti"J.itU.. 
". 

u rirgle dressingon 22 April at Rothamsted and 23 April at Wobum o. Oliia.a.o tn"t f,.,' ;;. gi;;;;;
the above date and further quarters approximately four weeks anJ eigtt weets lu;".. H;lfthe plots with each N treatment w€re irrigated. eftnorgU ,iigni[, *ore seed was sown at
YgblT tE" at Rothamsred, onJy 148 f,tants m 2 we"re *?rilj't, .luourry 

"o*puiJ,with l9l. The Woburn crop was never-.ble to overcomeini, ai*a"untug.. ay early April,Wobum wheat had an average of only 213 shoots m-2, uoJu ,t,oot drv weisht of 7.2 s
m-2, compared with 387 shoots m-: and a shoot dry weight of tS.2 g m _i at n'oiil;;;,;:
The numbers of prants and shoots in these experirient. 

-t 

"r" 
sirikingly fewer than in theFactors Limiting Yield study, where a similar- so*ing .ut. p.oJu".Ji:: plurt. -J-uJan average of 1050 shoots m-2 on.4 y1y, 01 ll ilay, jroot nr-U"., ln tf," p...""i

experiments on.plots with compa.able-N dressings to ihe F""t.r, U.iti"g iilJ;-il;(50-125 kg ha-t) averaged 513m-2 at Rothamste-d, while af Wobu_ tt"y naa u"tuutf!
decreased to r98 m 2. It is now suspect€d that this iooi early gro*it *", i""r"o tl i.s'-d.es of simazine appried to the preceding teun 

".irp. 
o, L-6ti- siies, wrricrr remained in

rne- sunace sott toltowtng an unusually dry summer and autumn.
At Rothamsted 43 mm of irrieatiotr waier was apptied uoO i-OArnrn ut Woburn belore

ears emerged about 20 June. A further 19 mm weie applied at Rothamsted unO Olrnmat Woburn between ear emergence and l0 Jr:ly, by whicn time tfr" f"*.r ro"r" ,ao..ffi
:rjrt :1. judged unwise to.apply more. The amounts ur ioii.,urn.t.a were far fromsumclenr ro make good the calculated deficit, but difficulties with equipment, weather anJwater supply preyented more adequate irrigation.

,--P^I.2, ]_Jrl:.ll: be:t.plors.1r woburn- 
-yiilded onty 392g shoot dry marrer m_2, with

:I]T^,1"r::9l:tg N ha{. They had 232 ears m-2 and a liafarea index (LAr) of2.5. At
rne_sam€ tlme the best crop dry weight a_t R_oth€msted was g94 g m_z wittr irrigation aoJ25 kg N ha-t, from 324 ears ma an{ a LAI of 4.7. Divided N iressiogs naa iittle etrJ
at- either site. I,igation almost doubred LAr and increased a.y *.i!r,t uy ou.. u tniiJ uiwoburn. Unirrigated plots at woburn suflered more stress a's sh-&n by .a".u."..ot
o.f plant water potential thatr at Rothamsted. Decreasing this stress uy irirgation oia noi
eliminate the difference between sites.Jtre mean rerativeirowtn ."i". 6r $,""u"rt ioig"t.Jwoburn plots tetween 7 April and 2l June were very si"mitar to iie uest at Rothamsted
and their-relative leaf growth rates were higher. This impries tnutiile ior".io. g.o;ih'of
irrigated Woburn crops up to ear emergence was probabiy u coorequ.o"e of thJir poorer
establishment and $owth during the preceding winter. 

-

__-By 19 July, shortly before the crop was combined, the best yield oftotal dry matter atWoburn was 581 g 6-2, with irigition and 75 kg N ha-r, ind ai Rothamited it wasll55g^m{ with no irrigation and 125- kg N ha-r.-Agaio, hor""u"r, tte rel.tive gro*in
rate_ of these crops between 2l June and li July was siightiy greatei ior Woburn tian for
Rothamsted. (the advantage perhaps attributable to liss lnTirpfurt competition in the
thinner crop).

. At harvest the best yields at Wobum we_re_ 5.0 t ha | (atg5% dry matter), with irriga-
tio_n_ and l00kgNha-l; at Rothamsted 5.5tha-l *iti, i.llitioo ana tisfgNtfi.
Without irrigation Woburn wheatyielded only 2.6 t ha-r with iilO kg N ha-r, so tiat as far
as yield was_concerned, water supply was the factor priocipally rlsponsibie for smaller
y-ields in addition to the poorer growth during the winter.'lTaylor'and Welbank, with
Widdowson, Chemistry DepartmeDt)
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Soll-woter ileficits, wrter [se r t growth of barley. Spring barley, var' Julia' was grown

;;;;li;il;;H;"Joo riil" roott 6otlamstedl under mobile rain shelters (see

Dav and l*se, Physics Department p.236). Trickle irrigation was applied weekly- to

;;. eld-,:h%;g-tori tl"'ero*iog i"asoo, o, applied io- otbers before' at' or after

;;th".i,;;; *itmJto 
"o-pt"I"ly. 

D;tailed measurements of water potential' photosyn-

thesis and plant gowth were made during the growing season'

;;;;;;;iA; 
"iop 

*ut uniform aiter sowlng on 3t tr{a1$ 1976' but very small

roif-."utit difi"it., *..ipooding to a water potential of -0'5 bar at the first harvest

[i0 Ni;;\r*], ;i;*eJei'o*tn oit.ures and dLcreased fresh and dry weight' Bv the time

;;;;- .pi'k"l"t ,u.'b". was establishetl, fresh wei84t waL a07t smaller than in the

i.ig"t A-*iit.tr, plant height 501 and leaf area 60f smaller, with deficits of 70 mnt

ffi;;;;di; lil; in conirols. Fiwer tillers were produced. and thev grew less well'

C-roi a-.v *"iefrt *as 4Of smaller and photosynthesii smaller in the stressed leaves. The

;li;;. .i";;i;-;i.;it pe.iiteo 
"r.n 

rthe crop was watered late-r' Earlv wateringfollowed

U, a.oreht Or.ins spikelet formation decreased growth in leaf area and dry weight' 
- -"';;-il.";-h ffipi.a-uv ""iii 

June and thereiiter further drought caused more rapid

Ootn oti"u"".. Stiess slowed development of the apex only sligtrtly and ears emerged at

"to* 
in",^." ti.e in all treatmenti. However, dry soil slowed stem elongation and, as

td;;;;a ;"p matured earlier, final crop height'was-less' Reduced gowth correlated

;tth;At La.'r.al". leaf-waier potential in the driest treatments compared to the

wettest."-At 
tanest 1Z eugust l97Q yield ofgrain and straw was.54/o, and grarn 501' smaller

inine continuously'stressed irop comp.-ared to the fully irrigated. Yield of intermediately

;;;t;I"t" 
";tependent 

on time 
'of 

irrigation_ and durarion and degree of stress-and

"". "i"rlil "ott"f"ted 
with total dry mattei production during the early growth of the

crop.-{oot 
density was 2'5 cm cm-g soil in the top l0 cm of the r ettest treatment at fnal

t"r""ii u"J r'1s 
"m 

cm-s in dry treatments. Below l0 cm the density was-less than 1 cm

"rn:iOo*o 
to a A"pth of 1 m in all treatments. More complete analysis ofthe water up-

t"L in ."t"tio" to *ater potential gradients will be made and compared with results from

*otiojf"a 
"""i.oo-ents. 

(Lawloriwith Day and kgg, Physics Department)

Watet flt throagh the soi! utd Ptants. Spring barley, var' Julia, was groun in Ketter-

i.gi."#."if i, p"is 30 cm diamiter and 6{5 cmdeep, to allow- adequate.root grolrth' Itr

*"oiroUiO conditions water flux from the crop was changed by altering atmospheric

humidity and irradiance.- 
Watei flux varied from $ y lQ a g 5-r a1-2 to 48 x l0-a g s-1m-2 at the start of the

"*r.ri."J "nO 
from I x t0-2 to lO a tQ-z g 5-r 6-z as the plants aged and grew

A;t*i;;; ; verv high rates of evaporation in ihe field)' Plant water potential was high

;,ie:;h;;;;d "JiJ:&dy 
witn increased water flux until soil-water matrix potential de-

".""r"J 
to' uUouf - I'bai throughout the rooting depth. Thereafter water potential fell,

ac"o.pa"i.O by stomata closuri and restricted photosynthesis' Density of rooting was

t"t**iifO 
"r,i 

2.5 cm cm-s depending on the horizon. It was concluded that water ffux

ifii."if, tn. i,f*iti not restricted wheiroot density is large and soil-water potential high

irJ ii.tn t it 
"t 

plant resistance is of minor importance',Only when root grolth a1d

density is restricted and evaporation large is contiol of leaf-water potential lost' (Lawlor

and Klar)

Response of ttree vrrieties of winter whert to nitrogen. observations made in 1975

rogi"tt"a that increased loss of carbon dioxide by respiration -might explain why the

lriin yiefa of winter lvheat responded to nitrogen less than did leaf area and vegetative
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growth. To examine this further and to investigate the etrects of nitrogen on grain size,
th€. three varieties cappelle-Desprez, Maris Hintsman and Maris rro'uuit *Jre groil
with eight amounts of nitrogen ranging from 0 to 210 kg ha-r.

.Growth aad yield. So little rain-fell after the nitrogen was applied on 6 May that the
nitrogen was not absorbed by the prants in time to preient the Jiith oftiners ioiut. r"ray.
Consequently, ear number was uoaffected by nitrogen and averaled onfy :SO ml, liljper plant), a number characteristic of a nitrogen-de-ficient site. Griain yi"tO. .,o"r" so,itt;
averaged over all varieties, nitrogen increased grain yield from 3.4 t ha-r witfr O ii
\!: l ," t9 j lu, 

r with lS0 kg N ha-r. Anotlier conr.qo.o"e of the late rpi"rc 
"?nrtrogen was that leaf area and vegetative groMh were increased by additional nitrogen

much less than in previous experiments; thJ maximum leaf-area indix was less than fo'ur.
Nitrogen did not decrease the emciency of the reaves in grain production and increased

!:y::liltlT" exceptionally_ hot dry weather caused u-nth"ri. to oc"u. early (t0 June)
and the teaves to senesce fast, thus restricting the grain gowth period to oniy-33 days.

The varieties differed from each other in mean y-ield u-na io ttre components of yieid-
Mean yields were: Hobbit 4.7, Huntsman 4.3, Cappelle 3.9 t ha-l lSeO : O. j. ftoUUit
had more grains per spikelet and smaller grains than the other varieties; Uuntsman nai
more grains 1rr spikelet than cappelle, bui ofthe same size. Nitrogen increased the num-
ber.of fertile _spikelets per ear in all varieties. In addition, it inireased the number of
grains per spikelet of Hobbit but decreased grain size. lTaylor and thorne)

. Factots dctemining grain size. 
. .To study- the importance of the supply of carbohydrate

during grain growth and of conditions before anihesis on final grain size, observations
1v.e;e 

made on developing grains of Hobbit atrd Huntsman gr5*, oo plols receiving
drflerent amounts of nitrogen. To improve conditions for eai growrh before anthesis]part of each plot was thinned 30 days before anthesis to approxi-mately ttO ear_Gtni
shoots m-2. This treatment had no effect, presumably becauie density oiears wu. 

"lr*a!low. on the thinned and unthinned part of each prot the top barvis of some .u.s *".L
removed 5 days after anthesis to increase the supply of photosynthate per grain. Re-
m-oving the upper halfofthe ear increased the fina-l dry wei'ght of lrains irthe iowa part
of ears of Hobbit but not of Huntsman. The maximum f,ui, uilu.., which occuiej
28 days after.anthesis and only 5 days before grain dry ieight *a, maximal, was also
rncreas€d by haru,g ears of Hobbit but not Huntsman. This suggests that events occur-
ring_before grains reach their maximum volume may determil"e their maximum dry
weight.

When Kleiber spring wheat was grown in pots with a more normal rate of grain de_
vel.op.mglt: drl wgight per glain at23 days after anthesis when volume was maxi-mal, was
only half the final value reached after a further 47 days of growth. Grains in halved ears
grew faster-in volume, fresh weight and dry weight thin coirparable grains in intact ears
during ttre 23 days until volume was maximal. Thereafter, thi grains in halved and intact
ears.increased in dry weight at the sam€ rate even though the iupply per gain of photo-
slnlhate -from the shoot was greater in the harved eui.. et t.uit iorn"-or th" ,u.pto,
carbohydrate accumulated in chaff and stems, increasing their final dry weight- (Mar-
tinez-Carrasco)

Distribution of plntosynthate. Measurements of changes in stem dry weight and of
respiration rate in Maris Huntsman and Maris Fundin-(.Rorrrarrst ed irepori for 197i,
Part l, 30 suggested that all the carbohydrate produced after anthesis movid to the
grain. Ofthe uC remaining in the plant at maturity after supplying laCOz to the flag leaf,9llwas in the grain when the raCOz was supplied at tO-days ifter anthesis and95*
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when supplied at 24 days. The percentage remairring in the stemvas 4 for the lGday treat-

m.J 
"n^O^ 

onty 0'5 for the 2'lday treatment. When the leaf below the flag leaf was sup'

pii"J *lin *iO, the percentage in the ear at maturity was 85 forthe lGday treatment ald
iOlo. rt" Z+a"y tr.uin,.ot. ]iitrog", fertiliser had negtigible €ffects on distribution. The

r"-i-a*u.f "Uity 
Maris Fundin fiad up to 3\ more raC in its ear at maturity than the

taller varieties.
Previous experiments had not examined the movement of pre-anthesis photosynthatc'

In 19?6 the top two leaves were supplied with lacoz 14 days_before anthesis, shortly after

the flag leaf was fully expanded. Atinthesis about 30f ofthe_lac recovered in the shoot

*us in'tte .ut, .rt iclevei leaf had been supplied. The remainder was equally divided.be-

t*een tne stem aUove and below the flag leai node when the flag leaf had been supplied;

it was mainly in the lower stem when the leaf below the flag leaf had been supplied' Less

itran S7 remainea in the leaf originally supplied with 1aCO2. At 
-maturity 

the r4C content

of the eir structures was the same as at anihesis; the content of the stem had decreased

io p.*ia" *r"'C in the grain which amounted to about 20'l of the total, irrespective

oi ine teaf supptiea. Nitro-gen fertiliser tended to increase the proportion of laC coming

from the leafGlow the flag leaf that reached the ear at anthesis and the ear structures at

maturity. The percentage of the 14c recovered in the ear at anthesis and in ear structures

uirnutririty r"ut grcateifor Hobbit and least for Cappelle; e.g' after supplying laCOz to

ifr. nul f.o:f tfr" pl.ontage in the ear at anthesis was 45 for Hobbit, 38 for Huntsman and

iq foitupp"U". fn re w-ere similar, but smaller, varietal differences in raC in the grain'

The large varietal diferences at antlesis suggest that diflerences in floret development

Ulor" iotfr".is were responsible for Hobbiihaving most and Cappelle least gains per

ioikelet. Similar observaiions in other seasons are necessary to show whether these con-

rid..uLf" .oot.iuutions of pre-anlhesis photosynthate to grain are general or a peculiarity

of u ,"u.on in which post-anthesis photosynthesis was severely restricted' (Makunga'

Pearman and Thorne)

Cafioa loss. Measurements made in 1975 of dark respiration rate of shoots and ears

"fin" 
tn.." varieties and of photorespiration by leaves of Maris Huntsman indicated

that the loss of COz m-2 ofland by both these processes was increased by nitrogen

fertiliser (Rorianrs ted Repott fot 1975, Part l, 35 and 36). In the same experiment an

attempt was made to estimati the total loss of carbon by respiratory processes,from-the-

differince i laC content of leaves harvested immediately after supplying l4COz and of
comparabte shoots left in the crop until maturity. Approximately 20% of tbe r4CO2-

iopjlied to fl"g t"ures l0 days afte; anthesis had been lost by maturity in the absence of
niiigen fertiti'ser, and about 40/" with 2l0kgNha{. This increase was only just

statiiticaUy significant because respiiation is estimated rather imprecisely by this method,

being a relatively small difference between two large and variable figures'

rn-tlz6 oart iespiration of ears and of the rest of the shoot was measured with an

infia-ied gas analyser (IRGA). Neither shoot nor ear respiration rate per unitdry weight

was affecieO ty nitrogin. Thi rate of ear resPiration of Hobbit was only 76% of that of
the other varieties although its ears grew fastest. There was no difference in development

between the varieties thaicould account for the slower respiration rate of the ears ofthe
semi-dwarf variety Maris Fundin in 1975. (Pearman, Thomas and Thome)

Environmental effects on respirstory loss anrl disfribution of laC-labelled Photosynthrte'
Respiration and distribution of photosynthate may be aflected by light intensity and by

the iime during the photoperiod when the photosynthate was formed' To investigate

these efects, tw:o expe-rimenis were done in growth rooms which provided light intensities

of 400 to 650 pE m:2 s-r at 20'C, 751 relative humidity. ra6g, was supplied to the flag
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leaf or the leaf below the flag leaf of the main stems during thc frst two hours or thc lasttwo hours of_ th! 16 h photoperiod. .som. t"au". *"ii h"u."J-.teJ to mrn after the 30 sexposure to tacoz to estimate the initiar content of rac oeaves rumpra .oon cootai,less laC because laCOz is lost from 
-the 

intercellular spad, OrJrg a.yirgl. Otte, .-n-ooi.were harvested one or three davs after supplying 1aC'O2 urJ tir" ioC'69i'i"ots of tlhe iJleaf. ear and rest of the shoot dltermined. ' ' -
. The percentage ofthe t{C absorbed by the flag leafthat was lost during the next thrcedays averaged 16 in the first experiment but o"nly e i. it" ."*ra. The absolute andpercentage loss of liCO2 was greater in bright than dim,light e*opi i, tfr" .e"ora iifii_ment for late supply, when the reverse oiurred. fne tifht_time'interacti"o *u. f,i-gnfisignificant statistically. In the first experiment most of thi loss from tm fat" suppfv,T.itnot from_ the early, occurred in the fiist day; in rhe se;;d ;;.ii"ot .o.t occurred inthe first dav with an treatments. Loss of raC absorbea ui it" i'."i'Lr"* th" flatili;;;c,.f::.-tl1l_:f]hr,"l}.glq.d by the flag teaf, especiauy ir urigniugnt.

I he percentage oF the raC content occurring in- the eai after sipplylng the flag leaf wassimilar in_the two experiments. It ranged frori St to gO after one'iay, increasing to 66 to90 after.three days. It was greater.in-dim tight ana greaiei *i.Jifi" Co, 
"*"rrppii"jlate. ooly 3ffi8 % of the raC suppried to thi leaf bei'ow tr," oug r.ur *u. in the ear afterthree days; tbe difference from rhi flag leaf w";;;;;;;;, 

"".ry 
tnuo for late sup_ply. Anything which increased theproportion ofrac in th""uiu.r"tiy a""."used the smallproportion remaining in the leaf that had absorbed the rngor, 

^-wlil ", 
tne proportionin the rest of the shoot.

Most of the these environmental_ effecls and interactions were highly significantstatistically although the physiological significance 
"i...".iifr", is not yet clear. Theresults show that care is needed in intefreting d"; .;1;a-iil;;ution and ;r;;especially in the variable environment of the fiefO. Gnomu, and'ilo_.i

PhoSorespintion. Estimates of photorespiration in flag leaves of Maris Huntsman wercmade in the field in 1976 from.imultane'ous;;;*;;;;;ir"r'cdz and rzCo2 uptake{.!3tha,yrtea neytlfol te7.5, part r, 33), and fro. til;;;i."1!6-59 of COz from a leafrnto a stream.of COz-free air passing over it. Nitrogen fertitiser traJno efect o, rne g-r.photosynthesis per unir leaf area (r4to, uprake), io, on in.-int roption of light t! ;bccanopy. The average value from all the miasuiemenrs at i;te;;[ from l, d;r #f*;anthesis to 20 days after was 24.0-* l.l mg dm-z h-r, unJit" iot"nsity of ph;i"ry;ih;_tically-active radiatio-n at flag leaf level 
"r! n 1*"t !. L}ti;;;;"" the crop was 77.

I**r^:::rf:.::I.:_.of phororespiration.at simirar tim;. ;;i;-;nd 6.e mg dm_z h_resumareo by the two tecbDioues respectively, i.e. about 30f ofthe gross phot-osynthesis.This percentage was higher rhan.tir. ,u..ig" ir-isis,-i.;Ulil-bicause of the highersummer temperatures. As in 1975 photorespiratioo u, a p.oportioo of gross pnoioffi
:11.1.^-:-1.1::lTTd 

tv ni.trogel application. Th. p-p"li;;f -piotosynthesis 
rost inpnororesplratron rncreased as the reaves senesced. By 2g days afiir aathesis when the

l.:.:"y::^,-lllgyeuow rapidty. raCOz uprake ui r"n* i" l.i + 3.3 ms dm_ 2 h_r,ano photoresprration was about 54% of that ualur- (2.9 + 1.7, 3.1 :E 1.3 m-g Op_z tr_imeasured by-lhe tw9 techniques resfictively). Nitrogen dilayeOl"o"ron*, so that incjop:.g-ven 30_ to 180 kg N ha-r the rates oi gro.s ilotoryrtt.ri. *... f.fi o, t.O m!d11l:1,1"!",h: 
"srimales 

of photorespiratioi*ere aboi'si iii-+sZof those values.

^ 
Acuvltres ot 

-nbutose 
bisphosphate (RuBp) carboxylase and oxygenase in extracts ofnag leaves ot Mans HuntsmaD were measured over th€ same period as photorespiration.

There w_ere 
-no 

consistent changes in the relative activities witf, nii-g.n G.. Rothamsted
Report for 1975,Pafi t,38). Cfhomas)
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RuBP €{Doxyhse Pmtein rfrning wteat flrg leaf selr€soenoe' Antibodies etcited in rabbit

--.i-ar ntrrine.l wh.^t nogp csruoliat" i.t ut"a to .ausurc RuBP carboxylase protein

;fiil;;;;.i *ii"i n"i leaies' There was a close corrclation during seoescence

Ifi";iiiiil""*r.-il;;ry;if;d ;rbon dioxide fixation and in RuBP carboxylase

activitv. However, th"." *", u g..utai decline in catalytic activity than in RuBP carboxy-

i;;';ilil';;;;; ,h"iif t;;"scent leaves a tonsiderable proportion of RuBP

carboxylase proiiin is cataly'tically inactive'--ir"uiro.nt', 
O"rigred to detay ,";;;;;"" such as painting fully expanded intact leaves

"f 
;;;;-.;;; ouri, ut *e"rtv iot.*"rt *itrt 1000 ipm chl'oqgcuat chloride (CCC) or

;ffiil;:i ffii. ei[ii',irt" u"io-una l0 ppm kinetin' did not significantlvaffecr

in"-J"rv"-,t.rii urika"uff""t.utr 
"iongution. 

ir,ere was little diflerence in the RUBP

Ir?t."iLr. ,-t"in, Rufe carboiylase ictirity, chloropbyll or soluble protein i-n leaves

;?ffiiff:il;il't;-"oot.o-piuott and senescence was not retarded' ( Hall)

Ptotosrrth€sis md Photor€sPintioD by whert rt 
'liffereot 

temFritu--es' Further studies

;;;;rd. i; deter}ine the effect oi phororespiration oD photosynthesis at 13, 18' 23

""0 
zi''-Ciirrir.t i"a n"port Io, ii) sl F"tt r, ia' wheat' 

'var.'. 
Kleiber was gtown in a

Lrt."u"o'"""ii.".ent witn lav/nighi i"tp"iotut"" of 18"/14' and in 16 h davs with

;0;;;;;-i;i-pnlto.vntt "ii*tiv'uciivi 
radiation' Measurements were made at

i#f."-**t 
"r 

ii' iii, zi'""a zt;c1t (u) net photosvnthesis in air containing 350 vpm

E fi;) il il;;'v#;'t' t" ; eui 'ii*'" or 350-vpm Coz in- 2% oxvgen; (c) true

^h^r^.wnth.sis estimated bv raC a"similation from air containing raCO2' and (d) COz

:""ft";#'ilTid;f; "r']v"r"tt "iox"r' 
(d) and (cHa)' weie used as estimates of

;;;;;;i;;,i"; iiabte 2). The thirJ vui'1" t'ggtstt thut ihe period of exposure to raCOz

iras too l,ong and did not give a good measure of true pbotosynthesrs'

TABLE 2

Photorcspiralion by wheat leaves estimated by three melhods: efect of lemperature

Method of eslimation -

Tcmperature
cc)

fl":ii61qf,l* em.rx-o1ce,. illilffiid:'Dhotosynahesis_ 
from raCO:

assimilationt *
photosy hesis into corfr€.

air
(:( of net photosynthesis)

la alr

l3
l8

28

32 38 l0
li536,ir s9 t2
il 6e t7

t Means of estimat6 before add aftcr alth€sis
t; fiom meaiuremens made when the flag leaves were begrunng to senes@'

Photor€spiration at 28"C was almost double that at 13"C' The results confirm that if

"h;;.-;-t;fi;;; ;odd be eliminateo tnis woda increase productivitv most in hot

Loaitioi.. (Keys. Sampaio, Comelius and Bird)

Enzynts ol pMuesPitE ory ,,atabolitm' Enzymes involved in glycollate mgtabol.is1

*"*lrtinei i.". wfieat leaves. I'he intention was to identify reactions which might

;irltil;.;.gy ;nservation and to examine the action of potential inhibitors of photo

resoiration on the Durified enzymes. Glycollate oxidase and Jerine-glyoxylate transaminase

;#il;;;iil;;;ilu7" prarj'ortutose column from dilute buffer at PH 8's aod

;; #i;".tly;p;.; , iio hva.o*vpv-uute reduchses were absorbed on the column

;-J-uiei6;;;'t,rly by iurerio soluii,ons of sodium chloride. The serine-glyoxylate
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T"g:."rio"T was not dependent -o! inorganic orthophosphate for its activity (Kiug
& Waygood, Camdian Journal of Botany-(lg1}), 46,'77;779), ammonium ions wcrE
inhibitory but there was no evidence of ttiir aireci pariicipauooio tt 

" 
,ea"tion oiin aoy

competing reaction.

- 
RuBP carboxylase was purified from wheat-leaves by several methods. The purity was

checked by. electrophoresis on polyacrylamide gels. iodoacetamide ana Z,:-'efoiypro_
pionic acid inlibited equally both the carboxy_lase and oxygenase activities oithl enalme
fr9m. wfe-at leaf_contrary to the report by Wildner and llenkel ( Biochemical and bio_
physical Research Communications (19i6), 69, 26g-Zi5) that these compounds inhibited
the_oxygenase.activity of_the spinach enzyme specifically. The specific activity of the
RUBP carboxylase from wheat leaves was 0.25 pmol min-i mg r piotein. This was much
lower than might be predicted from the carboxylase activityln crude extracts of wheat
leaves. Although stored at 0"c preparations ofthe 

"ory." 
*"r" not always activateJ uy

heating (Singh & Wildman, plant Cet! physiology (1i74), 15,373_379).'preincubatioi
with Mgz+ and carbonate were necessary Uut Nafifif was not an activator. I"r;J;;;i;;
of the low_specific activity of the enzyme is_ coltinuing; probably some of the enzjme is
inactivated during purmcation without producing a sifrificant ch'ange in the physical and
chemical properties ofthe protein. lCornelius,-samiaio and Keys]

. The role of the glycolla* pahway in sucrose syahesis. A further study was made to
determine whether sucrose is made from. intericdiates of tne ltlcoUate-pathway ,y ;
route not involving the chloroplast^(.R othamsted-Report for n7i, part f, :ft. Si_if",
consisting_of three segments of the frst leaves of wheat ilaotr thut were two weeks old
:,..r.. pJ::iUlTlr""d.for zl() min (t200 pE p-z 5-r of phoiosynthetically_active radiationJwlth thefr cut bases in water and with.air containing 145,326 or 994-vpm COz flowin!
over them. Without interrupting_ the air flow the bises oi the leaf segments were trans_
rerred to sorutions of [3-r{c] serine. After illumination for a further i0 min the leaf seg-
ments were droppet into boiling ethanol. Water soluble compounds were extracted and
the amount of [raC] serine taken up was estimated. Sucrose'was sepa.ated and glucose
obtaioed from the_ sucrose by hydrolysis was degraded to determini the distribuiion ofrqc among rts carbon atoms (Rothamsted Report for 1974, pa;1! l, 3l). The results are
shown in Table 3.

TABI.E 3
Efect of CO2 in 

-the atmosphere on the intramolecutar labe ing of rhe glucose moiery of
sucrose in wheat leaves npplied with l3Lee serine (o.9pmot; ciCi) lor i0 mrn in the iigit

Co_nc€ntratioo of CO2 in th€ atmosphe-re (rpm) 145 326 g4rac taken up by rhe leaf segmenrs 1pC1 ' - -' - i.C "'i.o 
3.6Iac in sucrose (%) 22 4i 46

rac in c atoms of8ru"o." rro. r..in" { I i I tl? ,i.3 ,i::LI'6 u.e 16.1 sio

. As before (Waidyanatha, Rothamsted Repo.rt fo_r 1971 ,part 1,10g atdfor l97J,puftl,g2)
il**:* COz in the atmosphere stimulatia rither than a"".Luiej ,uc.o." synrhesis, al-
though it decreased uprake of [314C] serine. As expected, the carbon atoms-from thl 3_
posrtron orsenne were mainly incorporated into the l and Gcarbon atoms ofthe glucose.
Randomisatiol leading to 14c in the 2 and S-carbons of glucose is more extensive than
into the 3 and rl-carbons. Increased COz in the atmosphJre decreased the extent of the
randomisation. The randomisation described cannot be readily explained by conversion
of the seritre to triose phosphate and rearrangement of the carbon'atoms during genera-
tion of RuBP; these reactions would not result in randomisation of carbon trini tne l-
carbon of the triose phosphates (Kandler & Gibbs, Zeitschrirt f r Ndturfurcchung (1959),
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1.1B, 8-13). It is more easily explained by the recycling_of carbon through the glycollate

putfi*ui. itt" urount of cirbon recycled through the glyco[ate. pathway is decreased by

io"r""tio cO, io tne atmosphere although still aignificant with 1000 vpm Coz lKumara-

iieh",- Rih;;tr"i Report-fio, 1975, P;rt l, 37). Some of.the serine supplied musr be

."f,uifir.a to triose piosphate whi-ch mixes with triose phosphates in the chloroplast;

this poof of triose ptrospnites provides carbon for glycollate synthesis and for sucrose

.ynt{".i". Itloi" 
"ftile 

serine carLon may be incorporaied into-sucrose without metabolism

iiiue chtoroplast in the presence of higher concentrations ofcarbon dioxide (Bird and

Cornelius)

Ca-photosyntt€sis in s cool tempcrrte Platrt. The salt marsh grass Spartina tovnsendii is

;;r';;ii;; a species dominani in cool temperate regions.because it has many charac-

ieiistics of the Ca-pathway of photosynthesis usually found in tropical species lt ProYides

an opportunity toitudy tire potentiai of Ca-photosrnthesis in a temperate climate (Long'

ir.oir'sr*;.dr"r* , Niture,-l,ondonll9l r:i57 ,62i424).lts rate of photosvnthesis at low

i".j.iut"t". (5-10;C) compares favouribly with C3-platrts -(such 
as wheat)' whereas

!.:pfantt o.uully hu"" lowir rates of phottsynthesis it such. temPeratures At higher

i";';;; i.'townsendii has higher rates of photosynthesis than Cs-grasses' As a

p..-fi.l"".v tt tU" .tudy ofits prodictivity, in colli-boration with.the University of Essex'

iir.t".yrii.,l" *tl"rL.t"udrc. of the ieaues of S- townsendii was studied' on a cool
'lti"V nio*ing (10"C, 1000 pE m-2 s-r photosynthetically-active. radiation) 14CO2 in air

*#.rppri"ai.i r""*is for 5 or l0 s, and the leives were allowed subsequently to remain

io ootinat air for periods up to j min. When the leaves were harvested immediately

;iter;il or l0s pulse of ra'COz, over 751of the radio-activity was found in malate or

;;;;;; ,"itt ntiot ll)( in fiosphoglvceric acid, 17..-ll tuqlt phosphates' 2% in

.Gor", unO very small iinoont iri otf,et compounds' When. the leaves were left in

no.nruf'ui., the ridioactivity moved slowly from ihe organic acids.into phosphoglyceric

u"ia, .ogo. ptotpnates and iucrose. After 5 min the percentages in these compounds were-

1i,-i, ii iia is respectively. Thus even at relatively low temperatures the pattern of

;lL;.ilth;;.d fixation is characteristic of the Ca-pathwav' (fhomas' with Dr

S. P. Long, University of Essex)

Effect of rerial potlutttrts on cereal grorth. Spring barley, var' Abacus' was grown in

fr-;;;t"fu;bers, two closed ihambers and on two outside plots' Two of the open

iopr 
"iJor"'oftn" 

closed chambers were Yentilated with clean air (i'e' air that has passed

thioush a carbon and absolute filter) and the remaioder witb ambient field air' The mean

;;;6i;;tdl;;;i of iulptru, dioxide was 6l pg m-s and was reduced bv 70'l" in thc

"ior"a, 
Att"teA alld l0ii"'in ttre open, filtered chamber' The lemPeratures and relativc

humidities within the cGmbers ,aried littte from those outside There were no signs of

SOr rB m-s 31 54
Graiir-vicld c m-' 316 166
Totd;htrt;tsm-'? 816 376
lom aain wr c 39 33
sulohir % - 028 031
nubriae'pim l? 5l

O + C ODen chambers with or witbout filtratioD.
Cl + C Cl'oscd chambers with or withoul filtration.

Out Outside control Plots.

TABLE 'l
Growth of barleY in cleot air

O+C O-C Out
6l

2t2
656
3l
0.31

46

cl-c cl+c
49 25
301 439
694 958
29 42
0.35 0.33
148
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visible injury but the plants in filtered air grew better than those in ambient air. By the
final harvest the total dry matter, ear weight, grain weight and l0O0 gain weight ofpiunt.
grown in clean air were higher than those grown in ambient field air (fable 4).

Analysis of plant material for sulphur showed the plants from the chambers supplied
with clean air to contain least. Higher fluoride contents were observed in plants grown
outside_and in the unfiltered, open-top chamber. The fluoride content of pdnts gr;wn in
open filtered was slightly higher than those in the closed, filtered chimbers. Clearlv
fluoride pollutants are entering the open but not the closed chambers, indicating i
pariiculate nature for much ofthe pollutant. (Brougl and parry)

Growth substances in deyelopitrg whert grains. The maximum volume of developing
wheat grains was reached before maximum dry weight, and was inversely related to ieml
perature so that at lower temperatures larger grain results capable ofstoring more starch.
The expansion stage was associated with a considerable increase in gibberellin content.
Abscisic acid content reached a peak shortly before the start of a sharp decrease in water
content, and this in turn occurred a few days before dry weight increase ceased.

In a constant temperature of l5'C the third grain of each spikelet increased in dry
weight and volume at the same rate as the lower grains, but startid later because of later
anthesis and ceased at almost the same time. Thus it had a smaller final dry weight than
the first two grains. At 25"C the rate ofincrease ofboth weight and volume was leis. Some
ears grown at l5'C had the first and second grains removed, and then the volume and
water content of the third grain increased much more rapidly than any grains in intact
ears, while the dry w€ight increased at the same rate as the third grainiof intact ean.
Hence the diflerence in volume cannot be due to a greater supply oi carbohydrates.

The amount of sucrose per grain remained constant for seviial weeks and was three
times as high at 15' as at 25"c. In intact ears the first two grains and the smaller third
grain of the spikelet contained similar amounts per grain. In grains from the partly de_
grained ears the sucrose content increased rvith time to a much higher value. -

-. Thechloroplasts ofthe inner pericarp may be one site of biosynthesis ofboth gibb€rel-
lin and abscisic acid. The increase in total grain gibberellin ceased at the time ihen the
ability to fix carbon dioxide began to decrease, but the gibberellin content of the outer
pericarp continued to increase slowly. The reverse was true of abscisic acid, which de_
creased sbarply in the outer pericarp as the chloroplasts degenerated, but continued to
increase in the whole grain. The content of d-amylase in the outer pericarp began to de-
crease as abscisic acid reached a maximum, but there was no comelition with lbberellin
conlent so that regulation ofthe enzyme appears to be different from that in germinating
grain.

Application ofabscisic acid to wheat ears by various techniques (microdrops containing
l0 pg applied to the glumes, l0 pg ml-t solution fed to flapa cut in the stems or to th;
stems of detached ears) reduced uptake of 3HzO to both griins and glumes. The amount
of [aC]-sucrose translocated to tlle grains in the xylem ofdetached ears was also reduced.
Radioactive photosynthate moving to the ears through the phloem was not reduced.
These effects were presumably due to closure ofthe glume stomata. The water content of
both glumes and grains was generally higher several days after treatment, especially in
detached ears, but it is uncertain whether this was entirely due to closure of-the glume
stomata. Treatment of older ears with abscisic acid decreased water content of glumis and
grains relative to controls and in some cases accelerated the yellowing ofsenescent glumes.
The cause of this reversal of response is unknown. Removal of glumes caused a loss of
grain water content and a reduction in amount of labelled photosynthate translocated to
the grains. (Radley)

4t
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Cytokinins and endoqrerm cell dlvislon. A comparison of primitive and modern wheat
varieties shows that the increase in $ain weight is possibly related to the increase in
number of endosperm cells (Dunstone & Evans, Australian Joumal of Plant Physiology
(1974),1,157-165), which in turn depends on the number and ploidy of the antipodal cells
present in the embryo sac. The antiPodal cells may function either by supplying the pro-
tein requirements of endosperm nuclear development during the coenocytic phase (Ben-

nett et al., Philosophical Transactions of the Royal Society. Series B (1975),272,199-227)
or by releasing growth-promoting substances during degeneration (Nutman, Annals of
Botany (1939'1,3, 731-758). The cytokinin content of developing wheat grains is known
to be high at the end of the first we€k after anthesis (Wheeler, Annals of Applied Biology
(1972),72,,327-334) a the present investigation attempted to relate changes in endo'
genous cytokinins during the first week after anthesis to antipodal and endosperm cell
development.

Changes in cytokinins in developing grains were examined in spring wheat, var.
I(leiber, grown outdoors. Samples of fifty ears were remoYed at daily intervals after
anthesis and the grains in the two basal florets were dissected from spikelets in the middle
third of an ear. The grains were extracted with methanol:water (4: I v/v) and the basic

(pH 8.0) butanol soluble compounds chromatographed on prewashed Whatman 3MM
papers using butan-2-ol:3'5N NHIOH (4: I v/v) as developing solYent. Two zones of
Liologicat aitivity, at Rf 0'l-O'3 and Rf 0'5-O'8, were detected using the soybean callus

and Cucumber cotyledon assays. QuantitatiYe estimates of the free base and riboside

cytokinins pres€nt at Rf 0'i{'8 were made using the soybean callus assay with zeatin

ai a standaid. The cytokinin content ofgrains increased from 1'5 ng per grain at anthesis

to l0 ng per graitr three days after anthesis and declined to 2'5 ng per grain four days after
anthesii.-These changes have yet to be related to antipodal and endosperm cell develop-

ment. The compound present at Rf 0'l-O'3 has not been identified or reliably estimated.
(I,enton)

SugrI be€t
Growtb physiologY

Etect ol light qaafiq atd &nation on grorrri. Sugar beet grown in controlled environ-
menis with similar daily amounts ofvisible radiation showed marked responses to changes

in daylength. When daylength was extended from 12 to 16 h with photosynthetically-
active radiation of three-quarters intensity, leafarea was increased by l8 % and plant dry
weight inqeased by 25% aftq six weeks resulting from an increase in net assimilation
rate (NAR). Extending the daylength from 12 to 16 h with low intensity red light (160

pW cm-2, 600 to 700 nm) increased growth to the same extent, again through an increase

in NAR.
By contrast, extending daylen8th for a similar period but with only low intensity in-

candescent light, rich in energy from the far-red wavelengths, resulted in increases in leaf
expansion (501) and petiole growth (75/) and increased plant dry weight (251) arising
from improved light interception. Differences in the response of laminae and petioles

were observed according to the time when the additional 4 h of incandescent light was

given during the 12 h of darkness. Leaf area increased morc when the additional light
was given immediately after the main photoperiod than in the middle of the night and
there was no response when it preceded the main light period. By contrast, petiole len8lh
increased irrespective of when the additional incandescent light was given during darkness
but the response was greatest from the treatment given in the middle of the ni8ht. A l5
min exposure to low-intemity far-red light (28 pW cm-2, 700 to 800 nm) at the end of a
12 h photoperiod increased $owth of p€tioles but decreased leaf expansion.

In many plants daylength responses are associated with changes in endogenous growth
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substances. The photomorphogenic reponses of leaves and petioles in sugar beet are
similar to those caused by applied gibberellins. Applied gibberellins partially substituted
for the photoperiodic stimulus to leaf expansion resulting from extending 8 h natural
daylight with 4 h of incandescent light. The concentration of naturally-occurring gib-
berellins was highest in young leaves at the unrolling stage (which preccdes the phase of
most rapid expansion) in both natural and extended daylengths and declined as the rate
of leaf expansion decreased. It was three times greater in young, faster expanding leaves
of plants grown in extended daylengths than in slower expanding leaves of plants grown
in 8 h days. These diferences in endogenous gibberetlins and the positive response to
apptied gibberellins suggest that gibberellins are involved in photoperiodically-induced
leaf expansion in sugar beet. (Lenton and Milford)

llater relotions. The effects of sodium chloride fertiliser on leaf-water status and
photosynthetic activity were different in field experiments in 1974 and 1975 indicating a
possible interaction between the effects of sodium and soil moisture stants (Rothamsted
Report for 1974, Part 1,62 ar.d for l97 S,Part l,67). This interaction was studied further by
examining the effects of sodium at a wide range of soil-water potentials under controlled
conditions in gowth rooms. Sodium chloride applied to the soil increased the level of
sodium in the laminae five-fold and increased the water capacity ofthe shoot and laminae
of the plants by 301 over the range of soil moisture content from 23 to 5\ (equivalent
to soil-water potentials ranging from -0.01 to -15.0 bar). Thus the large increase in
sodium in the leaves did not have the expected large effect on the osmotic potential be-
cause plants adjusted by increasing the water content of the leaves and the size of the
mesophyll cells so that leaf water, osmotic and turgor potentials remained the same as
those of plants without sodium. The change in size of the mesophyll cells in plants given
sodium produced larger, thicker and more succulent leaves. In the field this larger leaf
area results in greater interception ofradiation early in the season and greater yield. Also,
plants given sodium have a greater water capacity in the shoot because they are buffered
against the diumal and seasonal decreases in leaf-water potential and photosynthesis that
occur even in well-irrigated crops and which are substantial when transpiration is high
or soil moisture is depleted (Rothamsted Report for 1974, Part l,34). Hence their leaves
function more efrciently except at extreme water stress. (Milford, with Cormack,
Broom's Barn Experimental Station)

Anclmidol end t[e bolting of sgrl beet. A marked increase in endogenous gibberellins
at the transition from a vegetative to a flowering apex have been observed in sugar beet,
but high concentrations of known gibberellin antagonists proved unable to prevent
bolting in autumn-sown pbr.ts (Rothamsted Report for 1975, Part l, 44). Recent reports
suggest that ancymidol is an antagonist of gibberellin which is effective at low concentra-
tions in reducing internode elongation in omamental crops.

Preliminary experiments with an over-wintered commercial variety and an annual line
of sugar beet showed that ancymidol was effective when applied to the shoot apex, al-
though slight damage occurred, and was equally effective as a soil drench but at higher
conc€ntrations. Ancymidol reduced the rate ofstem elongation, the extent ofinflorescence
branching and the number of flowers produced.

The possible interaction between ancymidol and gibberellin was examined using a
uniform Iine known to bolt naturally under long days. Anqmidol (as 0'251 solution)
was applied as a soil drench at the six-leaf stage as two wetkly applications of 50 pg and
300 pg per plant. One week later gibberellic acid (0'25/. solution) at 50 pg and 200 pg
was applied to the shoot apex. Stem length was measured twice weekly and plants were
harvested eight weeks after the start of treatment.
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In the absenoe of gibberellin, ancymidol delayed the initiation of bolting, whereas
gibberellin in the absence of ancymidol hastened it. Moreover, gibberellin overcame the
delaying effects of ancymidol. The rate of stem elongation was reduced by the highest
rate of ancymidol in the absence of gibberellin, and conversely gibberellin in the absence
of ancymidol increased it. Furthermore, it appears that gibb€rellin can overcome the
inhibitory effects of the highest rate of ancymidol on stem elongation.

Grcrtt regdltor hiels. Four regulators were tested using the screening procedure
devised last ye3j (Rothamsted Report for 1975, Part l, 40. An early application of the
chemicals was made at the end of May at the eight-leaf stage. Plants were harvested aflcr
four and 12 weks (late June and late August). A late application (early luly) at the 3G
leaf stage was harvested seven weeks larcr (end August).

'AC 98203' (Arrr.titrn Cyatun l) was tested last year as a foliar spray but was re-
tested as soil-applied granules. Early application was at rates of 50 mg and 200 mg per
plant of the 5l formulation, equivalent to 0'5 and 2'0 kg a.i. ha-r. After four weeks the
lower rate reduced petiole weight 1 5 f and increased root dry weight by I 5 % though the
difference was not statistically significant. Conversely the higher rate gave a significant
increase in root dry weighr of 25y.. Sugar concentration as percentage fresh weight rose
from I l'4 to l2'4 rcsulting in a significant increase in sugar yield from l2'4 g to 17'6 g
per root. After 12 weeks the root dry weight was l0/o above the control though not
statistically si8oificant, and at this time both rates of application increased the number
of living leaves wittrout affecting total leaf production; the chemical had reduced leaf
senesccnce. The final sugar concentrations were not affected, being t6f fresh weight and
80% dry weight, although total sugar conteDt at the higher rate was increased by lof.

'AC 91i77 (Atturhaa Cycmn&l). This and the following two chemicals were applied
in solution as microdrops with one-sixth of the total a.i. at any one time applied to the
shoot apex and the remainder applied to the soil around the root. 'AC 94377'was applied
as 0.1/. a.i. solution at the rates of 0'3 mg and l'2 mg a.i. per plant at the early treat'
ment, and 1'5 mg and 6'0 mg a.i. per plant at the late treatment.

This chemical had by far the greatest effect and both rates produced similar responses.
Four weks after early application dry weight of laminae and petioles were reduced by
l0 and 20% respectively and leafarea was decreased by l3 % although there was no effect
on leafproduction or leafsenescence. Specific petiole lenglh (SPL) (cm g-t) was increased

by 30 I indicating thinner petioles. By 1 2 weeks the lower concentration increased lamina
dry weight by 5Ol, totzl leaf area by 301 (reversing the earlier trend) and mean area
leaf-l by 4lfi.'fhe higher concentrations did not affect lamina characteristics after 12

weeks, but reduced petiole dry weight and maintained the increase in SPL. After four
weeks the early application had increased root fresh weight by 45% and, although sugar
concentrations were reduced by I % (both as percentage fresh weight and percentage dry
weight) the sugar yield was up by,l0l. By 12 weeks root dry wei$t was 221above the
controls but the increase was not statistically significant. The water content of both
petiole and root was incrcased after 12 weeks. Sugar concentrations were not altered
significantly,

The late application ofthis chemical had, after seven weeks, increased total leaf number
by 2Al6 54 and had increased the proportion of living leaves to 80%, although total
leaf area was not affect d. Plant dry weight was not significantly affected (although the
higher rate tended to produce a larger plant, e.g. root dry weight up by l2l), whereas
fresh weights werc much higher than the control indicating higher water contents in all
parts of the plant. The crown of most plants was swollen and slightly elongated and the
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roots were usually very fibrous. The higher rate reduced sugar concentration to 13%
fresh weight and 74\ dry wei$t

PX.&8 (provisionally known as orthonil) was applied this year to mature plants to extend
the effects previously observed in young plants (Rothanuted Report fot 1973,Pa 1, IOO).
It was applied as a 0.051aj. aqueous solution either supplying 150 pg or 600 pg a.i.
at the early application and 750 pg or 3 mg a.i. at the late application. After four weeks
ofthe early application only the lower rate showed any response. Lamina dry weight was
down 10f and leaf area was reduced by l3l. By 12 weeks, however, both rates showed
similar responses. Petiole dry weight was increased and total plant dry weight was up by
15% wrrh, at the higher rate, a small redistribution of dry matter favouring the root.
Total leaf area was up by 20f because of larger leaves.

The late application increased total and living leaf number and, although the root dry
weight was up by only 81, the shoot dry weight was unchanged giving a much reduced
shoot: root ratio and indicating a change in the distribution of dry matter.

'LS 72 354' (Pepo) is an ethylene-releasing compound with a slow action and was
tested because ofthe possibilities of'Ethrel' (provisionally known as ethephon) indicated
eaJlier (Rothamsted Report for 1974,Part l, 35). Early treatment of 0.25f a.i. aqueous
solution supplying either 750 pg or 3 mg a.i. was phytotoxic. For the late application the
same amounts of active ingredient were applied as 0.051 solution.

The higher rate increased the proportion of living leaves and also increased root fresh
weight by l8l. However, water content was also increased so that root dry weight was
only 7 /" above the control. (Pocock)

Weed biology
Clesslcrl experiments

Broadbalk. Field surveys showed that terbutryne again controlled autumn-germinat-
ing blackgrass (Alopecurus myosuroides) and corn buttercup (Ranunculus arvensrs), but
the latter was not prevaleot on the unsprayed section, presumably because ofcompetition
from the dense blackgrass there. Scentless mayweed (Tripleurospermunr maritimum ssp.
inodoruml, poppies (Papaver spp.), Venus' looking-glass (kgousia hybndQ, wall speed-
well (Yeronica arvensis) ar,d parsley piert (Aphanes arvensis) are also controlled by ter-
butryne in autumn, as well as by herbicides aimed specifically at dicotyledonous weeds in
spring, and are declining. Red bartsia (Odontites verna) *as scarce in 1976, discouraged
by drought and night frosts during its germination period.

Field Horsetail (Equisetum arvense) was widespread but less dense than usual on
account of the summer drought. By late May i.e. soon after its emergence, the soil already
showed deep cracks especially on Sections I and 5, and Equisetum was late and sparse on
the most severely cracked plots. Knotgmss (Polygonum aviculare) and black bindweed
(Polygonum convolvulus) suffered from drought and herbicide in winter wheat which was
already established when they germinated, but were very vigorous in unsprayed spring-
sown beans. The beans failed on ac.ount of the drought and were cut early, leaving the
soil covered with a welter of Polygonum spp. interspersed with numerous ground-keeping
potatoes. As soon as the weeds had been surveyed and the soil samples taken for the
weed-seed content, the bean stubble was sprayed with diquat to prevent further produc-
tion of weed seeds.

The wheat was cut in the last week of July. Annual weeds were very scarce in stubble
on the sprayed plots but blackgrass was dense between the rows on unsprayed plots.
Papaver spp. flourished on unsprayed plots especially those receiving FYM, but field
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forget-me-nots lMyosotis arvensis) were few and small on account of the drought. Very
few of the current season's blackgrass seeds had germinated by 5-6 August when the
plots were surveyed.

Perennials were far more serious. Couch grass (Agropyron repens) and bent-couch
(Agrostis gigantea) formed extensive patches in continuous wheat with herbicides,
especially on Section 9, despite spraying with glyphosate in autumn 19'15. Equisetum \ as
prevalent on rotation sections, especially on plots where crop competition was weak and
particularly on plot 5 @KMg), suggesting that the Equisetum may benefit from these
fertilisers where Ndeficiency weakens the crop- Potatoes were the most abundant weeds
in rotation wheat. Field bindweed (Conrolt'ulus arvensis) again flourished and flowered
in large patches in all crops (Rothamsted Report for 1975,Part l, 47). Coltsfool (Tussilago

farfara) was *are.
Two insect-attacks were seen on weeds for the first time on Broadbalk. The moth

Agriphila straminella oviposited on the severe infestation of Agrostis on plot l0'9; after
the weed was checked by spraying with glyphosate in the stubble in 1975, the hatching
caterpillars attacked the wheat, causing severe crop loss in the area previously occupied
by Agrostis. Both wheat and ,4grosrrs showed some recovery by harvest. The other insect,
the ny Urophora cardui, caused stem galls on creeping thistles (Cirsium ammse) in beans
on plots 17 and 18. (Thurston)

Soil samples for weed seed content were taken from the stubble of seven plots of seven

sections in 1976 to complete the study begun in 1974 (Rothamsted Report for 1974,Part r,
39). The number of blackgrass seedlings removed to the end of Septemb€r suggests that
the total will probably be similar to that of autumn 1974 (after spraying with terbutryne
the previous year) and well below 1975 when spraying with terbutr)'ne was omitted on
account of the wet autumn of 1974. So far I I potato seedlings have been removed from
the soil samples taken from wheat stubble in the three-course rotation. These seeds must
have been formed in l97l or 1974, remained dormant until dormancy was broken by the
high summer temp€ratures in 1976 and germinated when the soil was moistened. Only
flve potato seedtings occurred in the soil from the bean stubble immediately following
potatoes on this section in 1975- Potato seedlings were more numerous than some weed

species here, and could add to the problem caused by sprouting tubers. On plot 9 (N4PK)
the potato seedling population was equivalent to l'0 x 100 ha-r. Field records do not
distinguish between shoots arising from tubers or true seeds.

Over 24 000 serdlings have been removed from the first set of 98 pans, betwe€n Sep-
tember 1974 and September 1976. This represents l0 558 seedlings m-2 on the field in the
course of two years, 43'5\ of them during the second year. Germination continues, so

this is an underestimate of the total, mainly due to species with long dormancy, e.g.
poppies. The ratio of first to second year germination approximates to the 2: I found by
Roberts at Wellesbourne. However, species differ greatly: the three major species, which
between them account for 85 % of the seedlings, are blackgrass (Alopecurus myosuroides),
poppies (Papaver rhoeas and P. argemone) and knotgrass (Polygontnn aviculare) with
4.5, 60.4 and 31'll of tbeir two-year germination in the second year. Black bindweed
(Polygonum convolvulus) bzd 7 5'4 %.

Both fertiliser and cropping affect the presence and abundance of species.
The differences in number ofseedlings ofthe main species in soil from different sections

agree well with feld observations on the relative abundance ofspecies. Knotgrass, .r hich
was never abundant in winter wheat on Broadbalk before the rotation was introduced, is
now the third most abundant species. It proliferates in spring-sown beans where the only
weed control is inter-row cultivation. On the sections in the three-course rotation, knot-
grass contributed z16 and 33 % of the total seedlings, compared with only I f in the con-
tinuous winter wheat. It is controlled by the linuron-paraquat mixture used in potatoes
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and by mixtures containing dicamba in winter wheat, so most of the seeds germinating in
soil after rotation-wheat must be the dormant residue of those shed in the previous year
in beans. Black bindweed, another spring-germinating species, also proliferates in beans.

Black grass, a predominantly autumn-germinating species, is the most abundant. Of all
seedlings to date in the 1974 pans it accoarts for 47-44% in continuous winter wheat,23
and 29 f in first and second wheat after fallow, but ooly 4 % in wheat in the thre€-course
rotation. Evidently, the cultural control by two spring-sown crops out of three is more
effectiye than terbutryne applied annually pre-emergence in winter wheat.

The results are subject to confirmation from the results ol the 1975 and 1976 pans.
(Thurston)

Park Grass. Botanical analyses of samples of herbage taken from the Park Grass
plots in 1973 and 1974 (Rothamsted Report for 1974,PLrt 1,40 and for 1975, Part l, 48)
showed, not only large changes in botanical composition of sub-plots which had received
lime for the first time or increased rates of lime under the new liming scheme, but also
much change since the previous analysis in 1948 and 1949 in sub-plots with unchanged
treatment. The analyses were, therefore, extended in 1975 to include plots not yet in the
new scheme; samples of herbage were taken from limed (L) and unlimed (tD haf-plots
of plots 3 (unmanured), 7 (PKNaMg) and 8 @NaMg) and from the plots receiving nitro-
gen as sodium nitrate-plots l7 (48 kgNha-t annually), 16 (as 17 plus PKNaMg) and
14 (96 kg N ha-t annually plus PKNaMg). In 1976, plots 3U, 3L,7U,7L, 14U and l4L
were again sampled and also sub-plots a, b and c of plot 9 (as 14 but N as ammonium
sulphate).

The results showed that, although there had been little change in the number of species
on the plots, their relative contribution had changed on most plots. On plot 3U, gasses
have tended to increase and legumes decrease; the increase in grasses has resulted mainly
from a doubling in percentage of red fescue (Fesruca rubra) whicb, now makes up a third
of the herbage. Salad burnet (Poterium sanguisorba), ibwort (Plantogo lanceolata) an;d,

rough hawkbit (Leontodon hispidus) remain the main dictoyledonous species on 3U. On
3L red fescue has trebled since 1948 and is now 13% of rhe herbage. Hairy oat-grass
(Helictotrichon pubescens) has decreased from 13 to 6f. Despite very different weather
conditions preceding the 1975 and 1976 harvests, the botanical compositions of the un-
manured plots were very similar. Thus the changes noted represent successional and not
s€asonal changes. One effect of the drier conditions preceding the t976 haryest was to
increase salad bumet, ribwort and rough hawkbit on 3L and to decrease gEsses; this did
not oc.ur on 3U, possibly because it is now too acid for any further increase in dicoty-
ledonous species.

On plot 7U, large increase in percentage of common bent-grass (Agrostis tenuis) and
red fescue has occurred. Common bent-grass now contributes 30\ arr.d red fescue 18 I
of the herbage compared to 4-5lfor both species during 1947 and 1948. Yorkshire fog
(Holcus lanatus) has increased from 2 to 6 % but cocksfoot (Dactylis glomerala) decreased
from l8 to 41. I*gtmes, mainly meadow vetcbhng (Lathyrus prarensis) have declined,
as also have other broad-leaved species from 30 to l4f, half ofwhich consists ofribwort.
On 7L meadow foxtzil (Alopecuris pratensis), cocksfoot and false oat-grass (Arrhena-
therum elatius) ytere equally abundant between the mid 20s and late 40s but by 1975 and
1976 false oat-grass had become the dominant grass slrcies; legumes (meadow vetchling
and red clover (Trdolium prale se) cnntinued to be plentiful contributing m% of the
leld in 1975 and almost 50% in 1976. The changes that have octurred in the grass com-
position of 8U and 8L have been similar; sweet-vernal gftss (Anthoxanthum odoratum)
and Yorkshire fog have increased but false oat-grass and cocksfoot have decreased. On
plot 17, cocksfoot has also declined but ribwort has increased on both unlimed and limed
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halves. On 16U and l6L false oat-grass has doubled to $%; on 16U meadow foxtail
remains co-dominant but on l6L it contributes only 4/". Meadow buttercup, absent in
1 949, now contributes 4% on both half-plots and hogweed (Heracleun sphondylium\ bas
increased from 1 to 181 on 16L. On plot 14, which receives the larger amount ofsodium
nitrate, the vegatation has remained relatively stable with false oat-grass and meadow
foxtail co-dominant (each abolut 37 %) on the unlimed half and false oat-grass dominant
on the limed half. Cocksfoot has, however, decreased from about 14to2lotbotbhzlf-
plots but cow parsley (Anthriscus sylvestris) and also meadow buttercup and dandelion
(Taraxacum oficinale) have increased, especially on the limed half. The 1976 samples
from plot t have not yet been analysed.

During early June 1976 cat's ear (Hypochaeris radicata) appeared more prominent
than usual on several plots and perennial ryegrass (Lolium perenne) and cocksfoot ap
peared to dominate the permanently-limed sub.plots of plot 18 (N2KNaMg). On sub-
plot 4rc a patch of restharrow (Oronri repezs) flowered in August; this appeared to con-
sist of a mass of seedlings over a wider area than the smaller number of bush plants
previously recorded. (Williams)

Perennial grass weeds

Seed germinaion and seedling growth o/ Agropyron repers czd Agrmtis gigtntes (rrle
couch grasses), The glasshouse experiment on the efect of different frequencics of soil
disturbance on the germination of ,4g ropyron and lgroslri seed in Rothamsted and Wo-
burn soils, started during autumn l97l (Rothamsted Report for 1972, Part l, 107) was
continued dtring 1975176. Agrostis, bvt rLot Agropyron, seeds continued to germinate
during the fifth year. Over all frequencies ofcultivation 4.5% Agrostis seeds Bave emerged
seedlings in Woburn soil but only l.5l in Rothamsted soil, indicating that seed longevity
may be affected by soil type. Total germination was however similar in the two soils
(Table 5). The long survival of ,4groslrs seed under enforced dormancy emphasises the

TABLE 5

Petcentage germination of Agtostis gigantea ,n Yl/oburn ond Rotharnsted soil (Mean of

wobulo
Rothamsted

3 caltivat ion frequencies\
Y€art234

4.2 4'8 7.1
63.1 7.3 8.8

5 Toial
2.6 4.s 8t.2
2.O 1.5 82.7

fact that once the seeds of this species are incorporated into soil its deplefion is likely to
be a protracted process. The field experiment, started in autumn 1974, also continued
during 1976. This investigated the effect of three different cultivation treatments during
the first autumn on the germination and longevity ofthe weed seeds (.Ratiamsted Report
for 1975, Part I,49'). During 1975/76 about 2.2% of the Agrostis atd. Agropyron *eds in
plots ploughed early in autumn gave emerged seedlings, but in late-ploughed plots fewer
than ll of the Agrosrrb seeds and fewer than 2/" of the Agropyron seeds gave emerged
seedlings. In plots rotavated in autumn 1974 only about 0.5fr Agropyron and 0.11
lgrosrrs seeds gave emerged seedlings during the second year. The experiment is being
continued.

Experiments in previous seasons had indicated ttrat the growth of weed seedlings in
cereal crops showed some interaction between nitrogen supply and the relative tim-e of
emergence of crop and weed. In 1975/76 weed seedlings wereistablished in winter wheat,
var..Cappelle-Desprez, at the one and at halfJeaf stage on 3 and 4 November; third plant_
ing intended for the spring was abandoned because of very dry soil. plots were given 0,
48

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-1-133 pp 20

BOTANY DEPARTMENT

30 or 80kgNha-r on l0 May. The wheat grew moderately vigorously until it was
harvestedon 29 July but it showed little response to nitrogen, probably because ofthe dry
season. The amolnt of growth made by the weeds in this experiment greatly exce€ded
that in_ anJ previous year from 1971 to 1975, because they grew for a longer'interval in
the stubble as a rcsult of early harvest ofthe crop and because ofmuch rainiall and warm
soil temperatures during September. By 22 September both early-planted I gropyron artd,
Agtostis had mean shoot weights of 47 g m-2; that of Agropyron was decriased to 34 g
m-2 a;ed Agrostis to 24 gm-z by delalng 'emergence'. Agropyron from the first ani
second planting had respectively 26 and 20 g rhizomes m-2 and Agrostis 4 and 2 g m-2.
Shoot weight of lgropyron was itcreased by more than 40 I from 3l to .14 and rhizomes
from I 8 to 25 g m-2 by the first increment of tritrogen, but there was little further response
to the second increment; lgrosrrs growth was not influenced by nitrogen.

The results show that where weed seedlings are allowed to grow undisturbed in cereal
stubbles, especially where conditions are conducive to rapid growth, seedlings are capable
of initiating new infestations or of prolonging older ones- (Williams)

Slrff and visiring worlers

S. A. W. French retired on the 3l December 1976 after a period of 4? years continuous
service at Rothamsted. Alison Brough left the Department after marrying and moving
away from the area. D. C. Mcllroy completed his studies for the ph.D. begiee ofLondoi
University and after being awarded the degree left the Department to take up an appoint_
ment with Domay Foods Limited at Kings Lynn. N. G. Hall (Bradford Universityj com-
pleted his studies at Rothamsted as part of a CASE Studentship.

Sandwich course students who worked in the Department were A. Davidson, Lisa
Gunn, G. Samuel and M. Snow.

_,Visitors to the Department included Mr O. H. D. Makunga of the University of Fort
Hare, Alice, South Africa, who spent six months working on the distribution of photo_
synthate in wheat and maize sponsored by the British Council- Dr. R. Martinez-Ca'rrasco
ofthe Research Center for Soil Science and Applied Biology, Salamanca, Spain, has spent
most of-the past yearrvorking in the Department studyintfactors determining grain^size
in cereals, sponsored by the World Bank tkough the Spanish Ministry of agicirlture.

C. P. Whittingham attended the'39th Winter Congress ofthe Institut International de
Recherches Betteravieres'in Brussels and also the '9th International conference on Growth
Substances' in Lausanne, Switzerland. In addition, C. p. Whittingham chaired a session
on Photorespiration at 'the Gordon Research Conference on Carbon Dioxide Fixation by
Green Plants' in New Hampton, New Hampshire, USA. Joan M. Thurston gave a joini
pa_pel aJ the C€ntenary Celebrations of the French Agriculturat College at 

-Grignon 
in

July 1976.
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