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In origin, and to some extent by tradition, the department wzrs concerned with the physics

of the soil. Today, in no small part due to the leadershiP of H' L. Penman, our interests

cover the whole plant environment' We have still tended, however, to report our work
either as Soil Physics, or Micrometeorology, for though we are well aware ofthe impor-
tance of the vital internal link between root and leaf, we have done little work on its
physics. This division has been accentuated by the stage of development of each subject.

Micrometeorology is universal, young and dependent largely on only weathrcr and crop-

Most of its aspects can be considered in terms of the interaction of a single Saseous
continuum on the discrete solid plant Phase. But because thc continuum is a gas' the
system is subject to rapid changes which are not only hard to follow, but greatly increase

tle number of measurements that must be taken and the problems of subsequent inter-
pretation. Further difficulties arise because we are frequently unable to specify clearly
ind accurately the boundaries between plant atrd air, and between crop and atmosphere.

Partly because of these uncertainties and partly because the system neither starts nor
stops at such boundaries, we have extended our interests more recently through the
stomatal cavity into the plant.

By contrast, soil physics is an older subject. Many of the physical generalities of the
soil are knowu and today we are more often concerned with the parochial problems,

trying to explain for example why one soil gives greater yields !!..n an6th.. t 6to ntr *-
catty-ttey seem the same, or conversely why two obviously different soils should yield

equally. Soil unlike the air above it is a three phase system with solids, water and air in
virying proportions. It is in this system that the roots and orgadsms must live and

ttrough it that they must move. This, however, is a gross oversimplifcation ofthe situa-

tion; we recognise this and then conveniently forget it. H€rein, perbaps, lies the reason
why the soil physicist, quite capable of making measurements that ought to be relevan!
has as yet failed to characterise adequately the soil as a root environment. The particulate
nature of soil, the particle properties, its history and its management all go to make
what we call structure. While structure determines the probable distribution of air and
water within the soil pore space (and hence the transport 'constants' for these commodi-
ties) it also determines whether the plant roots aic in air, in water, or more intimately

mt
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in contact with nutrients adsorbed on solid surfaces. The roots need all threc. In the
past we have been much pre-occupied with their availability expressing this as an appro-
priate quantity or as a potential: there is a limit to the progress that can be made this
way. Today we are morc aware ofthe importance ofaccessrDiftty. This suggests that there
are preferred paths along which these commodities must move or be sought. When we
can satisfactorily identify these paths, we can try to msNure more rclevant tra$port
constants and then with the appropriate potentials, solve a few more of the transport
equations that are an essential part of our work above and below ground. Soil structure
is, moreover, unstable and so that we can continue to be aware of the changes that this
can bring to the various transport systems, we retain an active interest in structural
stabitity.

Ite Deportmental work

The mobile shelter. This is, perhapg the most exciting innovation in the work of the
department. Increasingly we are using irrigation not so much as an end in its€lf but as an
additional variable in our environmental studies. With a mobile cover we have now the
facility to keep water off and thus extend the water regime to include controlled drought.
But this project has been fraught with difrculties that have meant experimental work
scheduled for this year had to be postponed. The civil engineering work on foundafions,
put out to contract in 1973 and scheduled to be completed that year, had to be demolished
because of discrepancies in level and alignment, and was re-built during the winter. The
resulting quagmire on the experimental area has been successfully reclained--another
tribute to the kindly nature of the Rothamsted soil. The year has not b€en completely
lost, however, as much of the auxilliary equipment for measurement and control, has
been brought to a greater state of readiness than otherwise.

There are two covers, arched in section, each 10.5 m wide, 20 m long and 3.5 m high.
Though essentially open ended structures, reinforced potythene curtains can be lowered
at each end to crop height. Each cover runs on rails 52 m long and eventually will be
mechanised to move into position over the crop when it rains. Two experiments are
planned for alternate years using the experimertal area in one year as the parking area
for the cover in the othcr. At one end, concrete tracks 27 m long have been provided to
support tractor and implements in a tillage experiment. At the other there will be an
irigation experiment with a wider range of treatments than has been possible hitherto
in the field. This will allow a detailed study of the physics of water movement through
stressed plants and of the influence of water stress on chemical composition and subse-
quent leld ofthe crop.

The intensity of experimental effort that will be requircd on both experiments, and the
bringing together of equipment on one site for both soil and atmospheric measurcments
provide unique stimuli for future work on the whole physical environment of the crop
in a single expcriment. (Brown, t*gg and W. Day)

Ihe stability of soil stuc,ture. As the first part of a programme to study the nature of
the bonds betweel soil particles it is necessary to develop a method to test their strength
more precl'sely. Ultrasonic irradiation seemed to bc a suitable tool for this purpose. It is
becoming an accepted method for dispening soil suspensions before particle size analysis
(see paper O but in this role quantitative information on the effective dispersive power
applied is lacking. The energy available for dispersion from an ultrasonic probe generator
was measurrd as the difference betwecn the heat output in water (total energy) and the
somewhat smaller heat output in an equivalent volume of soil suspension at the same
probe current with the prob€ immersed to the same depth. The increase in soil disper-
sion with increasing dispersive energy was then observed for several soils. Dispersion was
N2
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assessed either as the amount of <20 pm particlcs ia a piPette sample, or the amount
of <2 pm particles obtained using a Joyce l-oebl disc centrifuge and derived turbidity-
particle size curve. Both showed a sharp increase with initial increase in energy but then
became almost constant over a region where dispersion was probably complete but where
some particle disintegration continued to occur. The enerry level corresponding to the
edge of this plateau, i.e. complerc dispersion with minimum disintcgration, is a measure
of the binding energy or stability of the soil matrix at this semi-micro level. Defining a
spectfic stability index, o (J g-1) as the enerry required to disperse completely one gram
of soil, the indices for several soils may be compared Cfable l).

TA8I,E 1

Specific stabillty index for soil structure

Soil
Rofhamsted

Highfeld D€rEaD€trt
pastue Gudacc)
Highfield pemlarcot
pasturc (10-15 c-rtr)
Bamfield headland
Littb Knott (0-20 cn)
Litdc Kno$ (4G65 co)

Woburn
Ro6d Picce (()-7 co)
Road Pitc (2i48 cm)

Orgaoic carbon

2.6

Frsction <m/Im Iodcf, o

% (t s-r)

{630
2.r

0.5
1.5

5t

52
49
59

22
t4

N
6
9,

6
<l

1.4
0.3

These figures are consistent with known behaviour of the soils in the field. (North)

Simuttercoos Eoyem€Dt of weter s l saft: hylrodpanic dispersio. When water or
salts move independently through soil, it is sufrcient to measure a hydraulic conductivity
for one and effective diffusioa coefrcients for the other. When as is more usual they are
both moving the liquid moves as before, but progress of the salt is determined by hydro
dynamic dispersion in which the salt spreads relative to the mean velocity of water flow
with an accelerated diffusion coefrcient ,l(, called the dispersion coefficient. Examples
wherc hydrodynamic dispersion is important are the leaching of salts from soils, move-
ment ofnutrients towards the roo! and evaporation from saline soils. For a recent review
of some aspec{s of hydrodynamic dispcrsion see Rose (Jonrnal of Soil Science (1973) A,
2U-29r.

In the mathematics of this process, the concentration of tle salt C and the distance
along the soil column X are normalised to be in the range 0-l and the time lis normalised
as the number of pore volumes of liquid that have passed through the soil. At any time
five picces of information are important:

(i) tbe salt profile C (X, 7)
(ii) the salt concentration in the efluent G - CQ,f)
(iii) the distribution of rcsidence times of the salt within the soil

(iv) the amount of salt in the soil : [iCaX
(v) the amount of salt leached from the .ol : Jf C" O f.

The graph of efluent concentratiotr against time G(?) is referred to as the break-
through curve and, in the laboratory, is easily mcasued. Thc distributioa of residence

timcs is given by ?C/0 [ the slopc of thc breaktbrough curvc,
m3
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Thc mathematics of a number of problems have been examined and the computrr
used to fitrd tbe above five quantities.

In one problem hydrodynamic dispersion follows a steep change in concentration at
the soil surface as for example when one solution displaces another through a soil
column, or whar a uniformly saline soil is leacbed. Here the five quantities depend ody
on one dimensionless parameter .B (: ULIK) where U is the flow velocity in the soil and
I the lengttr of the column or profile. I may have values between the limits zero (diffusion
but no flow) and infinity (infinitely fast flow with little dispersion-piston flow). As ,
increases both the breakthrough curve and the salt profile become steeper. Ten sets of
boundary conditions were considered.

A more complicated problem occurs when a finite band of soluG e.g. pesticide or saline
crust on topsoil, is washed into the soil, for dispersion then occurs from both the leadiry
and trailing edges of the band. Alother dimensionless parameter S is needed, the ratio
of the initial volume of the dissolved band to the pore volume of the soil, and though the
mathematics are more bulky, the behaviour of the salt depends only on I and S. The
best analytical solution for different purposes can be sp€cified from the nine sets of
boundary conditions considered.

Three other problems, mor€ relevant to the laboratory thatr the field were tackled
similarly, the dispersion of a triangular pulse of solute, the dispersion of a solute whose
influent concentration varies sinusoidally, and dispersion at an air-water boundary
where evaporation occurs. (Rose and Hughes)

All mathematical anatyses carried out are general and require no knowledge of ,l(.
A leaching experiment has been started on the undisturbed soil of the Rothamsted drain
gauges from which it is ho@ to get an estimate of r(in the field. (Rose and A. Day)

The leaching of a thin band of salt by a single applicatioD of irrigation water was
studied in a sand, a loam, and a clay. The water infiltrated rapidly producing an almost
symmetric salt distribution. Subsequendy, as the wetting front moved down and the
water drained from the initially wet zurface, mlt built up just b€hind the wetting front
and difused upwards towards the soil surface producing a pear-shaped salt profilc
characteristic of the process. (Rose and Maurya)

Soil respiretion. In previous years maDy of the soil respirometers carried a summer
crop (dwarf beans) which caused an increase in soil respiration corresponding to the
vigour of the crop. In late October 1973 three tan.ks were planted with wallflowers
(Che anthut chati) lo measure the effect of a winter hardy 'crop' on soil respiratioa.
Betw€en October and May respiration trebled and, apart from pertubations caused by
unseasonal weather, increased steadily. By contrast the uncropped tanks followed the
usual pattern reachjng their annsnl nifimum during February. Aft4r flowering the plants
dcteriorated rapidly shedding most of their leaves and by June respiration had fallen
to the basal 'soil only' level.

One respirometer had rcmained sealed for over four years, had carried no crop,
received no additional water and lost only little by the limited evaporation possible in a
closed circulation system. An analysis of the weekly carbon dioxide output over this
period eliminated the effect of differeuces between annual temp€ratures and indicated
that the organic matter contributing most to soil respiration had a 'half life' of 3.14 years.
Results for 1974, the fifth year, suggest the half life of the remaining organic matter is
Sfqrter.

Thc effects of diurnal changes in soil temp€ratue with time and depth oD the apparent
respiration rate in a soil profile have been calctlated for several sets of boundary condi-
tions. Changes in respiration with a sinusoidally varying temperature (Irriod Zh)
have been measured in the laboratory; oxygetr uptake varies cyclicly but not quite
M
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sinusoidally conflrming field experience; carbon dioxide evolution varies similady' -but
Gr." "it". majo. 

-artefacts in the system for measuring carbon dioide in the field

i"-*i.o..t".r this f,ad not hitherto been demonstrated. The respiratory quotient over

in*,i'm" oio"l 
"ycle 

for which measurements of both oxygen and carbon dioxide were

taken was l'00 * 0'03. (Currie and Pritchard)

soil water. Three new neutron moisture meters have been constructed to replace older

"nit" 
ffoo" & Fretch, Journal of Soil Science (1967) 13, 149-160' Part of the circuitry

il"r-Ui"o E-a".ig.ed io take advantage of recent compooent mioiaturisation and inte
gr""J 

"-irrrii 
rcJnniques. The volumJof the unit has be€tr halved and the weight with

bafteries is now onlY 4 kg. (-ong)--F"i"i 
.*t 

".tloi 
tas'beea .ensutea under wheat, kale, potatoes and short grass'

usins the new meters. (Frencb and Croft)
;i;;;; i.;;iure tt e spatiat distribution of wheat roots (var Kolibri) bv following

th;';;A; oi waier *itnori'ral in pots using resislar:ce blocks were more successful

*f,"i tn" .oif was dried to the rang; -0'5 to - l'0 bar than at -0'05 to -0'2 bar'

(Maurya and Rose)

Irrigation: Rothamstert. wheat was sown in both autumn (1973) and spring, at normal

sediate in 7-in. drills orat quarter rate in lzl-in. driUs, with nitrogen at 45 or 90 kg N ha-r'

""J*iin 
fru itig"tion or none. The dry spring necessitated ?5 mm water in four appli-

;tt-;il;;arly May and nid-rune with a further 25 mm in the third week of
;;i;. ;.;; sowinis produced 6'G-7'4 t ha 1 gain compared with only 2'G5'1. t ha-r

i-i" ti".pri"g *heit,'but yields were little aflected by the other treatments: irrigatioa

;;;;#h;&" tt ttre yieli of grain + straw but depressed.grain from ?'0 to 6'3 t ha-1;

ou;"-r-re€d r# guu" less grain + straw but the same grain as ttre normal rate; both

;;;;il6;d;uced th'e same yields. Ttre other treatments produced more variation

;tht;4"-;;rc';owing: the lighter seed rat€ decreased the gain + straw from 8'2 to

;:il;a1 fift;" inJreased i"io + ,tt"* from 4'7 to 5'9 t ha-1 at the lishter seed

ti". *a f..r" z's to 8'9 t ha-l at the normal seed rate, but decreased grain from 3'I

il'i:s*_oii". s.t io +-t t n"-, respectively at the light and normal seed rates. Growth

analvses throughout the sesson suiport these resuls' The slower growth rate of the

;fi;;;;; ilfiilMay probablv caused the decreased flelds' lrrigation improved tbe

ili" if g..:*tf, .fihe siring crop du.ing May and June, but the cause of the depressed

srain vield is a mystery.- 
KalL grown on the remaining blocks required- only 25 mn

July. ThIs decreased yields from 82 to 76 t ha-r (fresh weight)'

Thurgood and Legg)

irrigation given in late
(French, Croft, Susan

Irrigption: Wobun. Our attempts to advise the Nematology department on irrigating

tfr"?otatoes in their eelworm experiment were frustrated by the theft of irrigation equip'

;;rI d;*; il"*G;ut 'uot"..'wl." 
tne frst l2'5 mm were applied in late June' much

"f 
tl" U.tJnit U" expected in a dry spring had been lost'-Nevertheless' irrigation in-

;;J;ie-f-. 28.8 to 31.5 t ha-ion thJplots with small nematode populations. but

;;;;"fu;;il-f;;- ro's to z:s t ha-l where populations were large' (t'egg' as adviser)

Plant water potentiet. Pressure bomb measurements were made on wheat and potato

"rJ.i. slth'th. *t and flag leaf of wheat had potentials $eater than -l bar at sunrise

:fii;;;;';;rJio "-#"i-o 
uu. in the eai and -li bar in the leaf at middav and

;;;;;;; i" -+ aid -z uar respectivelv bv 1900 h' on 7 Julv these potentials reached

J'"iil]? _ f l -a-_fO Uar. Cin Utf *j,s stomatal resistance was greatEr on the

2n5

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-1-131 pp 7

ROTHAMSTBD REPORT FOR 1974, PART I

unirrigated plots but no sudden increase with decreasing water potential was observed.
By_conirast minimum potentials in potato leaves on 7 Juie reachiJ only _Z to _g bars.
(Whitehead and W. Day)

. -Tw,o 
types of thermocouple psychrometers, one for leafand one for soil water potential

have been tested. Both are of the double thermocouple type using peltier cooling in onejunction to, give a 'wet bulb'temperaturc. At high *ut".lot"ntijs tnese requireit teasi
J h to equilibrate with the sample. (W. Day)

CarDon rlloxide uptake
Mesophyl rcsistatae. Measurements of the rate of carbon dioxide assimilation inp3l9]Tx: i" *:ponse to li€hr intensity and carbon d.ioxide concentration w"." ..po.t d

last year. rhe resistanc€ to coz transfer between leaf surface and the chloroptas-ts was

:P*Tg byllottinC photosynthesis against CO2 concentration and measurinj the slope
9l th" 

-t "9. 
By subtracting tbe stomatal resistance, the mesophyl resistance is obtained.

Y-.:I!tt .::..roo"" generally increased from 4.6 to O.O s id-i in a l2_week period
startrDg on 20 June, and tended to increase in both magnitude and variability wiih the
the age of the leaf. @arkinson and Caroline philpot)

__P-Pr"*^*Y* fr"*y. - le,light response curves for the same leaves gave aphotos,.nthetic 
,gfficiency of 12.6 pgCO2 J-r for liglt of wavelength IOO_7m nm

(equivalent to l6 f effciency).

Iicld enclosues. Two enclosurcs were available, but of necessity shared one set of
control and measuring equipment_so limiting the ouiput from each. ihe nnt was placed

::::31.*,* of potato crop(Pentland Crown) and from measurements on irrigated and
unmgatred, plots, 

_ 
comparative estimates of carbon dioxide uptake were made. water

y::,3plli"d, i,",.qly June (,() ml in twoapplications) and at thi end of Juty (25 mm, one
llluTr9ot. UDtil late July carbon dioxite uptake was greater on the irrigitiO ptots ana
on bot-b increased Mtb leaf area. After July there was little difference befreen ptots and
uptake fell. The trends were confumed' by growth a*tySs. 1-fea"n, French and
Whitehead)

-Carbon 
d^ioxide uptake increased with the input of solar radiation to reach a maximum

:14.9"g l1_h--r,lq:und area) at between 350 a;d 400 w m-;1*"uli".gtn. aoO_imO o_JAt_rtus potnt [ght saturation seemed to occur. Few measurements were made it>600 W m-2 because of a continual lack of bright sunsnine. 
------

Uptake also increas€d witl air temperature fTom 2.7 to 4.0 g CO2 nn_z [-r 5"6"oo
,t-6^.1,9^?li9 :flTdioc-to a Qrs or l's8. Above 24"c upta[e aecuned rapiaty anJ,nexplcably to 2'I g co2 m- 2 h-r at just over 25"c (all measurimens in the lighi lotinsity
range 310-340 W m-). (Leach)

_.T-:.ry:9 ::1"sure was plaied.over one of the soit respirometers providing an oppor-
runtry to study gaseous exchange above and below grouod simultaneously aoj'sepu-t"ly
:^,9-:.::.-._!tqls. Three respirometers were inv-otved in this study, one carrying the
etrcrosure, one with identical bean plants (phoseolus coccineur cv iiammond,s O-warf
Scarlet) for gr^owth. analysis and one with soit only to p.orla" un erti-ate of the .soil,
component of respiration. Measurements were made over successive hourly periods on
s€veral days unfortunately too often in overcast weather. lSAe witn f*acfr a'nO C".iO

sitgle leaf neoxrenents. Carbon dioxide uptake has also been measured on individ-
H l-rq in te potato crop-- Compressed air irom a cytinder was passed for 2 min at
Y_T yr-l thlguen :l small cup clipped onto the leaf. The outflow, co[ected in poly-propylene/arumiflum foil bags was then analysed in an Infra Red Gas enatysei 16r
26
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carbon dioxide. Uptake reached 3'5 g COz m-s h-r at noon on bright dayg and in well
watered plants values of 2'0 g COs m-2 h-l were maintained as long as liSht inteffity
was high. On 2l July with soil water deficits of9 aod 60 mm respectively on irrigated and

unirrii@d plots aslimilation rates were 3'0 and l'8 g COz m-! h;l the difference b€ing

attriUutea to stomatal rcsistances of 1'2 and 5'0 s cm-l. (Whitehead)

Oxlrgetr concenbrtion m plant gmvth. It had been reported @arkinsot et al', Joumal

of 
-olxpertnmta! 

nouny 11ll+1, x, 132-14A that Plant.gowth-was more rapid at 5l
inemi2i,% orygen and this was ascribed to an increase in net photosynthesis. kaf size

*as, howiver,-also affected and it vras felt that a change in leaf structure and hence in
mes-ophyl rcsistance might instead have been responsible. fn attempts to verify -this
possiiitity tomato plants failed to produce new leaves and tobacco became chlorotic at
! % o*ygh. fo.tle. efforts are being made using beans (Zicialbbc). (Caroline Philpot)

Micrometeorologr. The decision to fallow the macro-plots to control persistent w_eeds

has meant that iL have had much needed time to look at the mass of results accumulated

in previous years, to service and modify existing equipment, and to build new sensors'

Aaolyris of rcsults. The development of computer programs for analysing past (and

future)-recoids has been continued. Three main aspocts have been pursued simultaneously

anil hopefully will be brought together soon to good efect. The program for t9 *ory
balance has already run successfully on results for several complete days and with modi
fied output will now be used on a whole year. In the program for calculating evaporation

and heal flux by the aerodynamic method the first task has been to fit a satisfactory curve

to the wind profile. A log-iinear relationship is adequate (Wedderburn, Statistics Depart-

ment) but a" tttit cutt"oUy has three parameters oftEn fitting only five experimental

points a simplification is sought' This program is Eog 3" on the results of one year

io see if one ol the parameters can be eliminated. (kgg)
It is often difficuli to begin to interpret very large numbers of results and some time

has been spent exploring tf,e usc of the incremental plotter to.display them' The graphs

produced are certainly attractive and probably useful. .(*gg)..' A program for the de Wit model for light penetration within. a crop has been run

successfu-lly this year. This and the Monteith model will be used with radiation measure-

ments andresults from leaf chambers to give estimates of fleld photosynthesis for com-

parison with measured COs fluxes. (Irgg and Parkinsol)' Measurements on turbulence within wheat (teglg; Ph-D. Thesis, 1971) have been

re-ixamined and by discarding all those for periods in which ttre temperatur€ gradient

changptt si'n, a mian diffusion coefrcient has been calculated for one height interval

io.fi.a -iio a crop l'25 m tall. This diffirsion coefrcient depends only on wind speed';a a no;-dimensional stabili8 parameter analogous to the Richardson number'

(*gg and Long)

Moveop ud dcposition of sporcs. A computer program for calculating gaseous

diffusion in cereal ciops has been modified to simulate spore dispersal and deposition.

First results show ttrai a comparison of computed and measured spore concentrations

downwind from the point of origin are in reasonable agreement' (kgg, Evans with

Powell and Bainbridge, Plant PatholoSy)

Irsttsrreddiln A further eiSht Sheppard cup anemometers have been modified for
use with a Stogate data loggBr. The modifications also improve resolution but necessitate a

2UI
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complete rEcalibration. Two new int€rface units have been constructed to match thc
atremometers to the data logger.

.,I1.:?!_qg fr.rd tunnel for providing vector air flow has been completed and theulrHup ionzontal airflow anemometers and the miniature four-blade vertical airflow
units have been calibratcd. The vertical a.no* uo"mo-"te.r t .u" tt 

" 
ia*r 

"orin" 
."rp"*iin both up draft and down draft. The horizontal ,idio* uo.r*..t rs have similarcbaracleristics to the larger Sheppard type but have -u"t ,."ii.. momentum and alower starting speed of 3.5 cm s-i (i.f. t5-cm s-1).

.,.1.\<|O:L:^lt:l heat flux ptatei 
-have beeu constructed to an improved design. Thcmernoplles are wound on Jena glass microscope slides and sandwiched tet*in Ju_

rylir1_p_ht"-* They-have a theriat conctuctivit! oi to;W;;a-. aad a sensitivityof 15 pV W-r mr. 0 ong)

Staff and visiting rorten
H._L. Penman retired at the end of March. He came to Rothamsted in 1937 from theShfuley Institute for Cotton Researcb, trlancnester, anJ in fSsa,';h"o R. K. Schofieldmoved_to the Chemistry Department 

- 
he succeedea nim as H""O oi tn" fnyrio Olp-".t-ment. Penman is perhaps best known_for his work onlatural i"uloratioo, f.i..oUr.{u*twork on irrigation at Woburn and Rothamsted, uoa fo. nir-Ji" ioterest in hydrolory,

P5:t_I_r.L:"L.hip, Penmln at a! times 
"g*r*gJ irt"*.i ii tae physics of the

f:,:J:11:yl.nm.ent, not just of the soil 
,where the department had its origin. At tneum€ rrus report rs written, no successor has been appointed. Meanwhile J. Al Currie isacting Head.

W. Day joined the staf in January to work on water relationships within the plant.N. c. Evans, c. w. Hughes, caroline eutpot 
"na 

suruo it *g".J-#r" r,"." as sandwichcourse students. Dr. p. J. M. Sale returned to GrimtU, ao.t-"Ua i, eugust, and Dr p. R.Maurya to India at tle end of his Commonwealtn $l"i"iiUp-.'frfr. T. G. Takla, plan-
ning Manager, the Behara Land Co., elexanaria, speni Si*[[, i" tn" department.

- 
B. J. I-egg attended the 1974 rnErnational seminar'on ilai-iii riass transrer in the

[":i:_lp.,"l of veseration, at Dubrovnik, i" Arsr.t ;h;;;-#tu professor J. r.Moorclln, ne Aave aD invited DaDer.-D. A. Rose attended the loth Con$ess of the Inter-national Sociery of Soil Science Leld, in arg*t, i, iv1.sl;. '"'- 
*
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