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Inhoduc'tion

l98l was for the Physics Department a year in which much eflort was devoted to dc-
veloping and testing mathematical models of various plant and soil processes. In plant
physics, several models were examined for their ability to describe detailed observations
of the photosynthesis of siogle leaves that were made during a 1979 experiment on the
effects of drought on spring baiey (Rothamsted RePo fot 1979, Pafi l, 159). The most
suitable v,,as a resistance-analogue model with four adjustable Parameters. After slight
adaptation, this model well fitted the 1979 data and gave good descriptions also for a
series of laboratory measurements on wheat leaves. Using the model, it has been possible
to quantify the effects of water stress and temperature on the four parameters, each of
which has a basis in the known physiology of photosynthesis. In the same 1979 experi-
ment the drought treatments had significant eflects on the areas of the three leaves that
appeared last on each main stem. Analysis by an appropriate growth model has shown
that the differences result from differences in rates, rather than in durations, of leaf
extension. In soil physics, a simulation model has been developed that improves precision
in determining soil-water diffusivities from measurements of rates of water outflow fron
horizontal soil colunns. And in new work, simulation models have been used also in
layered-soil models of the diffusion of gases, and preliminary experiments have been
undertaken to determine the representative minimum volume of a structured soil that can
be considered homogeneous in models for processes such as the movement of water and
trutrients to plant roots.

In soil research there was progress too in the improvement ofequipment and measuring
tecbnique. Improved factors have been derived for correctiog soil-water contetrt readings
made in the top 25 crn ofsoil by neutron moderatioo meters. To aid laboratory determi-
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nations of soil-water characteristics, a new design of 1.5 Mpa (15 bar) pressure plate
apparatus has been drawn up ; the d€sign, prepared in collaboration with ihe Enginiring
and Maintenance Section, meets ttre itringent conditions imposed by the tlellth ani
safety Act and will meet not only the Department's needs but also those ofresearchers in
umversrtres and other ARS institutes. For soil-water potential, analysis has demon-
strated how the time response of iz srtr measurements by tensiometers may be shortened,
and hence measurements made nore frequently, by lnaking a practica'ble ."d "d;modification to the tensiometer sensor. work is proceeding a-lso with development of 'a
null-point tensiometer-such a derice could find-applicatidn in studies of water uptake
by roots' For water potential in leaves, measuremints have shorvn that the measuring
pr99e_{ure most commonly used can give results systematically in error by as much ai
0.6 MPa; a new technique has been evolved to avoid the biis. Leaves' siomatal con-
{y"?o*_r for water vapour transfer were this year successfully measured and results
dlsplaye! using porometers equipped with the microcomputers iescribed h Rothamsteil
Report for 1980, Parr l, 168. The same Repor, (p. t66) refened to a larger computer
system that supports research in aerobiology: that system has now been programmed and
used to record windspeed and hence its tuibulence at rates of up to 3000 rieasurements
per second.

- 
The aerobiology research was undertaken, as in previous years, in partnership with the

Departments ofPlant Pathology and Insecticides ind Fungicidei and with the Chemical
Liaiso-n. Uni-t.- The technique for measuring hydraulic ionductivity on undisturbed
monoliths of field soil, described in Rothamsted Rcport for 19g0, part l, 172, has been
successfully tested on soils of the Evesham series in c;llaborative experiments at the
Letcombe Laboratory. Field studies oftbe influences ofdrill type and drilling speed on the
9m91gence and growth of cereal plants have been undertalien jointly witlh Farms; the
findings guided the September drilling ofwinter wheat plots upon whilh various drought
treatments will-be imposed in 1982. This latter experiment, pursued jointly with Ihe
Departments of Botany and Soils and plant Nutrition, has bein designed t; integrate
closely with the Station's multidisciplinary progamme on winter wheai and with a iour_
institute exercise to model gron th ofthat crop. In interdepartmental studies in lggl the
Department nade several series of plant and soil measuriments in experiments on the
growth of \vinter wheat and of the response of spring barley to deep cultivation and
fertilisation.

soit weter 
soil PhYsics

Eythatlic conductiyily arul soil-waret .lifusivity. yalues for hydraulic conductivity for
soils have long_been 

-sought 
and applied by agricultural land drainage designers. frore

recently, mod€llers of cJop growth have also found need of such conductivifo values.
For an application of this latter sort, measurements ofconductivity have been made on

the multidisciplinary winter wheat experiment at woburn (p. 25) using the instantaneous
profile method and the experimental techniques that were descritea it Rothamsted
Report for 1980,Part 1, 169. A soil plot, 2.3 m square, was hydraulically isolated from its
surrouds by a vertical sheet of polythene extending to 1.0 m depth ; riinfall and surface
runof water were excluded by a polythene tent. Tbe soil was wetied to saturation, and its
surface then sealed. As the soil drained, simultaneous measurements of soil-water content
and pressure were made at periodic intervals at various depths in the 0_50 cm soil layer.
Prelininary otservations are (i) that the soil at saturation could acc€pt a surface iifil-
tration rate ofbetween 12 and 17 nm h-1, and (ii) that even within a soil area so small as
2.3 m square, there was evidence ofhorizontal heterogeneity in soil structure large enough
to make difficult the interpretation of measured values of saturated hydraulii condulc-
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tivity. (Brown, North and Wilson, with Weir and Dimase, Soils and Plant Nutrition
Department)

The same instantaneous profile method was used at Rothamsted in a 1980 experiment
(Rorhamsted Report for 1980, Part l, 169) that aimed to quantify the effect on hydraulic
conductivity of a tillage treatment comprising a tine cultivation followed by a deep
harrowing. Compared to plots that had lain fallow and undisturbed for two years, Plots
subjected to the tillage treatment had a slower rate of drainage during the hours im-
mediately following saturation. Thus, at l'0 h after onset of drainage, soil-water flux at
25 cm depth on tilled and undisturbed plots was respectively - 2 2n6 - 5 mm h-1. At 24 h
after onset, drainage fluxes were similar on all plots, at -0'3 mm h-r, and 6 days later
were -0.05 mm h-l-at which time at 5 cm depth all pores having equivalent cylindrical
diameter greater than 75 pm had drained. Gradients of hydraulic potential were smaller
on tilled than on undisturbed plots, but were for all plots approximately constant through-
out the depth of measurement, and showed less variation wittr time than did the fluxes.
Hydraulic conductivity was much afected by the tillage treatment, and, notwithstanding
the preliminary finding reported in .Rothamsted Repor, for 1980, Part l, 169, was at some
water contents, and for comparisons at similar water contents, some ten times greater on
undisturbed than on tilled plots. This un€xpected effect, and efects on hydraulic con-
ductivity described in a later s€ction ofthis report, could result ifthe particular sequence
of tine and harrow cultivations led to a filling of the tinetreated large pores by the
many small crumbs produced by the harrowing. (Brown, North and Cuminetti)

In some calculations of soil-water movement there can be advantage in using as a
parameter the soil-water diffusivity, rather ttran the hydraulic conductivity; the two
parameters relate the flux density of the water flow respectively to the soil-water content
and to th6 soil-water potential. Both parameters are, in general, functions of water
content. Diffusivities are often determined, through an approximate analysis due to
Gtdner (Proceedings of Soil Scimce Society of America (1962),26, 4oq, from measure-
ments made on horizontal soil columns losing water from one end and sealed against loss
at the other. Unfortunately, results can be in error by a factor ofthree. Other researchers
have determined diffusivities through alternative analyses that have varying complexity
and accuracy but limited applicability. A new appraisal of Gardner's original method has
shown that results of higher accuracy can be obtained if the column measurements are
supported by a numerical simulation of the water-content changes in a hypothetical
column having the same dimensions as the real column. Thus, measurenents of the
changes with time of the water content of the real column are analysed by Gardner's
method to give an approximate diflusivity value that can be interpreted as a mean value
weighted ac.ording to the various water contents existing in the colurnn at a specific time.
This mean diffusivity can then be used both to determine a fust approximation for values
of diffusivity at various water contents- the diffusivity function-and to calculate
through diffusion theory a set of simulated water contents for various distances along
the hypothetical column. Gardner's analysis is then applied again, to these simulated
values, thus giving a more accurate mean diffusivity, which can in turn be used to simu-
late more accurately the diffusivity function and the hypothetical water contents. The
iteration is continued until simulated and measured n ater contents agree, whereat the
last-determined diffusivity function is accepted as the most accurate that the measure-
rnents allow.

The method has been validated, using computer modelling of tie exp€riments, for four
assumed functions of diffusivity v. water content: two linear and two exponential, in-
creasing and decreasing with water content. The procedure gave reliable results; more-
over, the ability to cope with ditrusivity functions tlat decrease with water content
constitutes an improvement over other recent methods of analysis. The new method thus
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brings improvements both in accuracy and in applicability, and will be found useful in
various studies of soil-water movement. (fowner)

Measarurn rl of soil-vater co crd oDd presswc. At soil depths less than 25 em,
measuremetrts by neutron moderation of soil-water content are subject to systematic
error because of the depth- and water-content-dependent loss of neutrons to the atmos-
phere. The magnitude of the errors and their corresponding corrections are sperific to
each particular design of neutron moderation meter. For the Deter that they designed and
used at Rothamsted, Long and French (lournal of Soil Scietce (1964, l& 149-166) re-
ported empirical corrections determined in the laboratory. Applications to the same
meter ofa fleld method for deriving the corrections was descibed in Rothamsted Report
for 1978, Part I, 202; measurements by that method, here reported, will be used in our
soil physics and platrt physics projects and will serve also to show how large the correc-
tions may ne€d to be for other designs of meter. Corrections were determined for frac-
tional volumetric water contents ranging from 0.14 to 0.48 aDd at depths ofO, 5, 10, 15,
20 and 25 cm on soil plots comprising part of the Department's tillage experiment site.
Correction factors, by which the uncorrected water content should be scaled to give the
true water content, were found to relate almost litrearly to water content at each of the
six depths of measurement. Values appropriate to tme water contents of 0.20, 0.30 and
0'45 are given for each depth of measurement in Table l. Correction ofa measured water

TABI.E I
Faclors, as a ffiction of soil depth and water content, that cotrect neutron scattering
measurements of soil-tater content Ior the efects of escape of neutrons to the atmospherc
(Uncorrected values of soil-water content a! measurcd by the IroS and FreDch desiSD of DeuEon scat.
tsring mositure meter sbould b ,ruhiplied by the tabulatcd factors to give the lru; volumetric water
conteDt)

o.20 0.30Depth/cm
o
5

l0
l5
m
25

0.45
lrl082-O 2'O r .9
1.27 1.26 t.xl.06 1.04 !.03r.o2 t.a t-o2l.0l t.ol t.ol

content may thus be made with precision adequate for most purposes through a two-stage
calculation: first, an approximate water content is determined by multiplying the un-
corrected content by the correction factor listed in Table I for the depth of measurement
and for a water content of 0.30 (representing an average water content); secondly, this
approximate water content is used, interpolating between the entries in Table I for the
measurement depth, to obtain a more specific corection factor by which the original
measurement may be scaled. At 20 and 25 cm depth the factors do not change with water
content, and only the first stage of calculation need be undertaken; below 25 cm the
factors are unity. (North)

For rn Jiru measurements by tensiometer of soil-water pressure, the soil itself can be a
major determinant of the time response of the soil/tensiometer system (refer parts I of
Rothamsted Report for 1979, p. 154, axLd for 1980, p. 172). Furthermore, although there
are for such measuremeDts distinct advantages in using as the pressure sensor an electrical
pressure transducer, as opposed to a mercury manometer, one advantage, that ofa rapid
time response, may be lost ifa single transducer is used to sense sequentially the suction in
178
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several tensiometer cups. Theoretical analyses have been undertaken to determine whether
thetime response of sequentially scanned tensiometers can be shortened by connecting to
each tensiometer cup a reservoir that deforms under pressure (as does the spiral of a
Bourdon pressure gauge or the capsule of an aneroid gauge) but with a seniitivity to
pressure that is less than that of an electrical transducer. Thus, during the major part of
a scanning cycle, when a particular tensiometer cup and its attached reservoir are no,
connected to the pressure transducer, the cup and reservoir come almost into equilibrium
with the pressure of the surrounding soil water. Consequently, the tensiometer and
reservoir, when next connected to the transducer, cause the water pressure in the latter to
move rapidly to a value close to the soil-water pressure, and hence to an acceptably
aclurate final reading, much more quickly than could be achieved without the resirvoii.
Calculations show that, using currently available hardware, the proposed method will
improve the monitoring of soil-water pressure. (Towner)

Soil str[ct[re

Mole drainage. The hydraulic role ofthe cracks that are produced in a clay soil by a
mole-plough blade are being investigated in association with the National Co[ege of
Agricultural Engineering (Rothanuted Report for 1979, Part l, 154). One effect of the
mole-plough operation is to loosen the soil, therby increasing its hydrautic conductivity.
The geometry of the zone of loosened soil depends on the type of mole-plough blade and
its setting relative to the soil surface. With the assumption that hydraulic conductivity for
the loosened soil is much greater than for the unloosened, potential theory has been
applied to calculate drain performance for diflerent geometries of disturbed zone.
Results sholv that the more nearly is the disturbed zone rectangular, the more effective is
the drain: a finding that gives scientific support for current trends in the design of mole-
plough blades. (Youngs and Dailey)

Tillage. In a preceding section on soil-water physics, report was made of a 1980
tillage experiment in which treatment plots were subjected to deep tining plus deep power
harrowing and control plots were left undisturbed for two years. Measurements from that
experiment of profiles of thermal conductivity (nori omsteil Report for 1980, pafi 1, 169)
have now been analysed, and show that thermal conductivity can, for the same watei
content, be smaller by some ll2o\ on tilled than on untilled plots: the difference
probably resulting from changes in the relative proportions of solids and air. Effects of
tillage on the pores available to soil water were such that at cessation of drainage tilled
plots stored about 18 % more water in the 0-25 cm layer than did undisturbed plots. For
that same layer, and for both tilled and undisturbed plots, curves relating the rz sitr
measurements of soil-water content and pressure were mathematically differentiated to
give pore-size frequency distributions. The distribution for the tilled soil, as compared
to that for the undisturbed soil, (i) showed a maximum shifted towards smaller diamiters,
and (ii) had, for pores larger than about 50 pm equivalent cylindrical diameter, a smaller
total pore volume. These latter findings are qualitatively consistent with the earlier-
reported effects on hydraulic conductivity. (North, Brown and Cuminetti)

Gaseous tlifwion: accurste coefrcients for difusion of gases in ari. Diffusivity, a
measure ofthe ability oftwo gases to interdiffuse within a porous medium, can be used to
characterise porous solids, such as soils. Such characterisations should be independent of
the gases used, and difrusivity is therefore usually expressed as a fraction of the diffusion
coefficient D6 for the same pair of gases in the absence of a solid phase. In studies of soil
aeration, the gas pairs of interest include air in combination with either carbon dioxide,

t79
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nitrous oxide, ethylene, or ethane. For these pails, values for Do more accurate than thosc

currently available have been determined using a new steady state method in which one
gas (e.g. carbon dioxide) was introduced at a constant rate into one end of a tube through
which it moved by mass flow and diffusion into a semi-infnite volume of air. Corrections
were made for the efects of mass flow using an improved method that allowed for
introduction of the test gas at concentrations less than 1001' This improvement confers

four advantages: errors in the total flow rate are relatively unimportant' density gradients

are small so that convection is inhibited, the gas analysis is more seusitive, and difusion
coefrcietrts are measured at the small cotrc€ntrations encountered in soils. The measured

diflusion coefficients, in air, at STP, were respectiYely 0'139, 0'143, 0'l37and 0'128 cmz s-r
for carbon dioxide, nitrous oxide, ethylene and ethane respectively. These values are

believed to be accurate to bettet thar. +2%. (Currie and Pritchard)

Plant physics

Besponse of cqeals to water str€ss

EAec$ o! deep cutrtvdiot: spring bdey. Measurements of soil-water content and of
leaf-water potAtial were made as part of a multidisciplinary study of the efects of
cultivations, carried out in spring 1980, that disturbed the subsoil and incorporated P and

K fertilisers to deplh. Leaf-water potentials showed no significaDt efects of treatments.

However, the crop, and the measurements, had such large within-treatment variability
that betwe€n-treatment effects could not be sought with any precision. Experience of this
crop and its variability was none tle less useful in guiding exp€riments on crop establish-

ment and on procedures for measuring leaf-water potential that are described later in this
report. (Leach, French, Shah and W. Day)

Leaf grovth: spfig ba ey. In a 1979 experiment that inYestigated the effects on a
spring birley crop of droughts of various iutensities at different growth stages, the drought
treatment imposed prior to anthesis caused significant differences in areas for each of the
last three leaves to appear on the mait stems (Rothomsted Report for 1980, Part l, 167)'

Further analysis of the growth of the leaves on 75 main stems has shown that for leaves

5-9 the maximum.lamina length was significantly affected by the treatments: as betwe€n

ptots fully irrigated and plots neither irrigated nor rainfed, mlxfmum lengths for leaf 7
were respectivily 12 5l !7) afi (192t7) mm, and for leaf 8 Q26 t7) and (163 t 7) mn;
leaves l-4 were not significatrtly aflected by drought. Moreover, these differences in
maximum length have been shown to result from differences in rates, rather than in
durations, of ixtension. Other measurements have shown that the rate at which leaves

appeared on the main stems was not affected by drought' Analysis of the Srowth of
le-aves on first and second tillers is now in progress-such tillers nake a major contribution
both to crop green leaf area and to harvestable grain. (trach and W. Day)

Pholosyrihesis: spitg barley. In the same 1979 experiment, measurements werc

made, throughout the growing season and on the different drought treatments, of the

responses to irradiance and to carbon dioxide concentration ofthe photosynthesis rates of
some 30O individual leaves and ears. Yarious mathematical models have been examined
for their suitability to describe these data and some similar data obtained in growth-
cabinet experiments. The field and cabinet studies included measurements of water vapour
exchange, the results ofwhich allowed calculation ofthe influenccs ofchanges in stomatal
aperture on the substomatal concentrations of carbon dioxide; knowing these concen-
trations it was possible to test models that deal with processes of photosynthesis

occurring between the substomatal cayities and the sites of fixation. Good descriptions

t80
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were achieved by two separate models: the physiologically based four-parameter re-
sistanc€-analogue model of Chartier and Pioul (Photosytthetica (197Q,10, 48-54, with
some adaptation, well fitted the data; a five-parameter nodel, due to Farquhar, von
Caemmerer and Berry (Pla a (1980),149, 78-90) and founded in ttre photoslnthetic
biochemistry, gave a less close but none the less acceptable fit,

Using the resistance-analogue model, tbe 300 individual leaf and ear responses havc
been analysed. For the leaves, fitting of the model gave precise values for the model's
four adjustable parameters, and hence of the efects on those parameteo sg 166 imFosed
water stress and also of the nonitored leaf temperature. The individual parameters relate
to quantum yield, mesophyll conductance for carbon dioxide transfer, and to rates of
photorespiration and basal respiration (from tron-photorespiratory processes occurring
in the light). Results showed that quantum yield d, at (0.051 10.003) mol Einstein-l,
was unaffected by water stress or leaf age or by leaf tempetature over the range l!20"C:
for temperatures between 20 and 30'C, c declined linearly by 0.003 mol Einstein-l K-r.
Mesphyll conductance grn did not change with temperature, and for all water stress
treatments was constant at (2'310.1) mm s-r until some days after maximum leaf
extension; on the most stressed treatment g,1| decreased by 0.10 mm s-r dafl from 5
days after maximum leafextension: on other treatments it remained at 2.3 mm s-r until I5
days after maximum extension, whereafter it declined by 0.05 nm s-l day-l. Photoresp!
ration, affected directly neither by water stress nor leaf age but only by temperature,
iocreased for a l0 K rise in temperature by a factor (the Q1o) of 1.2 t 0.1. Basal respiration
rate RD showed no direct effect of water stress, but did change with both leaf age and
temperature: at the time of maxinum leaf extension, average eRo at 20.C was
(0.93 t 0.04) pDol m-2 s-r, with a Qro of 1.7 !O.2, and, after maximum extension,
decreased by 0.009 pmol m-2 s-l day-l. Data for ears were not well fitted by the four-
parameter model: the measured responses to irradiance were more curved-in fact more
nearly rectangular hyperbolae-than the model allowed. For ears, therefore, a different
model was adopted, comprising essentially a rectangular h,?erbola function-with para-
melers relating to quantum yield c and to a combined mesophyll/carboxylation con-
ductance for carbon dioxide transfer-augmented by respiration parameters. The data
were well fitted by this model. Results showed that for ears, in contrast to the findings
for leaves, d was unaffected by temperature, but did decrease as water stress increased.
The conductance parameter was constant, independent of temperature, ear age or water
stress; photorespiration rate, as determined by this model for these data, was efectively
zero. As with leaves, basal respiration for ears showed no direct effect of water stress, but
did increase with temperature and decreased as ears aged.

Thus for those aspects of photosynthesis here analysed the only direct effects of water
stress were on mesophyll conductance in leaves and quantum yield in ears. Temperature
had more and larger influences-on quantum yield and photorespiration in leaves, and
on basal respiration in both leaves and ears. However, in the field a water-stressed crop
will be warmer and will mature and senesce earlier than a non-stressed one: water streis
does therefore have indirect as well as direct effects on photosynthesis, and both types of
effect must be accommodated in models for growth and yield of water-stre$sed crops.
(Parkinson, W. Day and Dawes)

Ligh irlerception: vintcr vhcat. Measuremetrts pertaining to photosynthesis wer€ a
major component also of the Department's contribution to the multidisciplinary study at
Woburn of factors limiting the yield of winter wheat (a full report of the experiment
appears on p. 25). Dry matter harvest yield ofa crop relates closely to the season's total
of photosynttretically active radiation actually intercepted by the crop's green foliage
(Moateilh, Philosophical Transactions of the Royal Society (1977),B2El, 277-294).Tli'ts
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in the multifactorial study any imposed treatm€trt likely to give a yield response would bc

likely to afect also the inierccpted irradiance. This predictiol was-confrmed by measure-

menis, made on all 32 of the experiment's factorial plots, that showed that interceptcd

irradiance (corrected for interc€ption by non-green foliage)- was indeed affected by

differenccs in sowing date and in rates and timings of nitrogen fertiliser, by application of
irrigation, and by interactions of these treatments. Moreover, for the 32 plots, grain

yieiis at iarvest correlated closely with the season's totals of green-foliage-intercepted

irradiaace. (W. Day and Shah, with Welbank' Botany Department, and others)

Measwemert o! bS'tosl lntentiu!. Field studies of crop responses to irrigation and

drought usually invoive meaiurements by pressure chamber of leaf-water potential. The

te"hnlqoe requires the excision of leaves prior to their place-ment in the chamber, and

exoeriments here and elsewhere have shown that unless water loss from the excised leafis
orlvented. resulb will be biasetl. For wheat and barley field-grown at Rothamsted,

ileasurements showed that the bias varies diurnally and with soil-water status, and can be

as large as 0'6 MPa (6 bar). Neither humidification of the chamber, nor storage of leaves

in foillined bags after excision, nullified the bias: storage in moist bags-a -common
fiactice-aid leisen it, though to a variable extent. A new technique has been developed

io redoce the water loss an-d hence the bias: prior to excision the leaf is wrapped in
plastic clingfilm, and remains so wrapped in the chamb€r throughout the measurement

process. thi tecirnique is effective and simple and convenient to use' (Leach, W' Day

and Woodhead)

Crcp e ablishmeat. A hig! uniformity of plant size and spacing is rcqulred in many

field experiments-particularly in experiments, such as-those under rain shelters, that are

*nst.nin"a to smail plots. Tiactor wheelings, especially, can be a-sourc€ of non-unifor-

miiy in plant emergence and early growth. Ao investigation-at Rothamsted has sought to

detirmine tnerefori whether the iype of seed drill. or of drill/cultivator combination, or

ihe drill speett, have significant effects on crop uniformity, and whether in particular the

effects of wheelings ca; be lessened by the use of a rotary cultivator between the tractor

und d.itt. Witn rping barley as test crop, three drills were compared: a disc-coulter drill, a
;iiona, aritt *itt sping-tine coulters, ind a .Fiona' drill with Suffolk coulters-the latter

uslJboth with andwith-out a'Roterra'rotarycultivator. The'Fiona' drills were usedat each

of three speeds. Performance in achieving uniforrnity of crop was assessed from counts

oi th" nr-b"., of 
"merged 

plants per l0 cm of row in 80 cm sections of each drilled row,

unO fro- measurem€ni ofmean depth of seed planted and, on selected plots, of plant

dry matter in rrid-June.--briti 
sfeeO naa no significant effect on plant numbers, but at the highest speed thedrill

*itf, ,p.l'ng-t6" coulteis planted the seeds less deeply. As between drills, final totals of
emergid plants showed few differencts; as to uniformity ofplant emergence, our measure

it-iiTnirjro, unitormity, the coefficient ofvariation ofplant numbers in l0 cm lengths of
iow, was Sf % fo. the siring-tine drill, 571 for the disc-coulter drill, and 62 ar'd 65lfor
it 

" 
iufott Jdutt". drili resiectively with and without the rotary cultivator. However, for

variability betveen ro\ts, coefficients of variation for plant numbers per 2'4 m lenglh-of

.or, ,n"r" t6 7 fo. the spring-tine drill, and l4 and 13l for the Suffolk coulter drill with

and without'ihe rotary culiivator; variability was not determined for the disc<oulter
drill, for which performance was Iess intensively monitored. The larger variability for the

spring-tine coulier drill resulted in part from one orlwo rows that had particularly poor

totals-of emerged plants. The mid-June plant samples, taker only from plots drilled at

the intermediaie speed (5 km h-1), gave coemcients of variation for dry matter pe1 50 cm

of row as 22f for the ipring- tine ind 30\ for the Suffolk coulter drill both with and
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without the 'Rotera'. (Measurements were not made for the disc-drilled plot.) Why the
Sutrolk coulter drill gave plants less uniform than did the spring-tine drill is not known:
that the former sowed seeds to a depth of 4.0 cm, and the latter to 6.5 cm, is perhaps
relevant. Tractor wheelings did not cause poor growth in this experiment, though they
did so in spring barley crops in other experiments in 1981. On the basis primarily of the
between-row variabilities, the choice was made that the Suffolk coulter drill with the
rotary cultivator would be used for a l98l-82 rain-shelter study of the effects of drought
on winter wheat. (!V. Day and Leach, with Moffit, Farms)

Agricultural meteorologr

Wind gusts and the llft-off from leaves of fimgal spores. A 1980 experiment (Rothamsted
Report for 1980, Patt l, 168) investigated the effect of wind speed on the lift-of from
leaves and aluminium plates of spores of Lycopodiaz (club moss). It was concluded that
for these simple spores in this particular idealised experiment the spores would not
become airborne unless wind speed exceeded for a time of -0.1 s a specific threshold
value. Experiments in l98l investigated the more complicated and more realistic case of
the lift-off of spores of barley mildew (Erysiphe graminis). Fast response anemometers
were used to measure wind speed at three heights within a spring barley crop: results
showed that gusts can have wind speeds as large as five times mean speed. Measurements
of the aerial concentrations of the mildew spores are now being processed, and results
will be analysed in conjunction with the wind speed data to determine whether there is
for this naturaf system, as for the Lycopoditmr. a threshold wind speed for spore lift-of.
(Mccartney, Croft, A. T. Day and Quayle, with Bainbridge and Creighton, plant
Pathology Department)

Staff and visiting workers

W. Day left at the end of December, after 8 productive years in the Department, to takc
up the post of Head of the Environmental Physiology Section at Long Ashton Research
Station. S. Wilson left in August to join the Post Office. R. p. Scammelljoined the Depart-
ment in December to work on models for crop growth, in a project funded by the Euro-
pean Economic Commission, and since January N. R. Shah has given assistance in the
Department's contributions to multidisciplinary studies. R. J. Gummerson of Broon's
Barn was attached to the soils and plant physics sections during February, and D. Connor
and C. H. Wells each spent some months in the Depratment as sandwich course students.

B. J. Legg, whose study period at the CSIRO Division of Environmental Mechanics,
Canberra, Australia, was extended for a second year, attended with W. Day the XIIIth
Intemational Botanical Congress in Sydney, Australia, Day speaking there and at
Brisbane, Canberra, and Griffith in Australia and at Christchurch in New Zealand.
E. G. Youngs gave a paper at the International Symposium on Rainfall: Runoff Model-
Iing at Mississippi State University, USA, and visited also the University of Wisconsin and
the Argonne Laboratory. Within Britain, several members of the Department presented
papers and gave courses of lectures at various colleges, universities and conferinces.
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