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BOTANY DEPARTMENT
D. J. WarsoN

Dr. Winifred Brenchley, who was head of the department from
l9OO until she retired in 1948, died on 20th October, 1953. The
department is proud of her achievements in many branches of agri-
cultural botany, and especially of her pioneering work in the field of
trace-element nutrition. All those who worked with her remember
with gratitude the help that she gave with unlailing kindness and
cheerfulness,

D. J. Watson was invited to give two lectures in a course on
Photoslmthesis organized jointly by the Netherlands Association
Ior Agricultural Science, the Netherlands Institute of Agricultural
Engireers and the Agricultural University of Wageningen, and held
at Wageningen in September.

J. M. Thurston was asked to contribute a review of research on
urild oats to the First National Weed Control Conference, at Margate
in November.

PLANT NurRr[oN
Dependence of mangarcse, mallbdcnurt aril tanadi*m toxicity on iron

sufply (K. Warington)
The toxicity oI vanadium to flax, soybean and pea grown in solu-

tion culture has previously been Iound to depend on the concen-
tration of iron on the solution (1952 Report, p. 65); it was more
severe when the supply of iron was low, and could almost be elimin-
ated if suficient iron was given. Toxic effects of manganese and
molybdenum have now been shown to depend similarly on iron
supply (59).

Excess manganese (10 p.p.m.), molybdenum (40 p.p.m.) and
vanadium (2.5 p.p.m.) all caused cruorosis of the shoot in soybean
and flax, when the concentration of iron in the culture solution was
low (1-5 p.p.m. Fe, according to the crop). Manganese excess had
little efiect on the root system, but molybdenum induced slight, and
yanadium severe, root abnormalities. Ra.ising the iron supply to
20 or 30 p.p.m. counteracted both the chlorosis and the root sJ.mp-
toms. Frequent small doses of iron proved less efficient iu over-
coming molybdenum or vanadium toxicity, but not manganese
toxicity, than the same amount of iron given in larger quantities at
longer intervals. When the concentration of Mn, Mo or V was low,
iron had little efiect on groMh, but later experiments on flax and
peas showed that iron given at the higher rates may itself be harmful.- 

Spectrographic analyses of soybean shoots (by H. H. le Riche, oI
the Soil Survey) showed that where increased iron supply had
counteracted chlorosis caused by high Mn or V, the content of the
toxic element per cent of dry matter was also reduced, but the
content of Mo was not consistently changed by high iron supply.
Root material is being analysed to find out whether the reduced
content oI Mn and V in the shoot resulted from decreased absorp
tion or restricted translocation. The total iron content per cent of
dry matter of the shoot was scarcely afiected by variation in iron
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supply, but it *'as greatly reduced by the high concentrations of
Mn, Mo or Y.

Nulrient ut'tahe b1 ercised rools (E. C. Humphries)
The rates of uptake of nitrogen, phosphorus and potassium frcm

a nutrient solution by excised barley roots iocrease with increase in
the reducing sugar cdntent, but not-with the sucrose content, of tlre
roots (1952 Report, p. 66). Experiments have been made to find
out whether glucose and fructose both influence nutrient uptake.
Barley was germinated and grown in darkness for about nine days,
supplied only with water. The low-sugar, low-salt roots so produced
rve* cut ofi and placed in O'OIrIf-KCl solution to which 0'5 Per cent
glucose, fructosebr sucrose had been added- The uptake of potas-
iium in a 4-hour period, measured by the change in concentration
of the solution, was then compared with the uptake from a solution
without added sugar. Both glucose and fructose increased the rate
of K uptake by about l5 per cent. The efiect of sucrose was vari-
able; the reaion is not knom and needs further investigation.
Analyses of root samples, to measure the efiect of the external sugar
supply on the nature and amount of sugars present in the roots, are
not yet complete.

Nubient u?tahc florn leaf sptays (G. N. Thorne and D. J. lVatson)
Chemical analyses of material from sugar-beet plants, grown in

soil in pots with- factorial N, P and K fertilizer treatments, and
sprayed daily with water or with solutions supplying N, P or K
sCparatelv (1952 Report, p. 67) showed that uptakes of N, P and K
from spravs were increased by N fertilizer, and unaffected by P
fertilz6r;- K fertilizer reduced the uptake of K from spray. 

-In-

creased nutrient uptake brought about by sprafng was less ef{ective
in increasing dry matter yield than equivalent increase in nutrients
brought about by fertilizer application, presumably because supply
lromthe spray occurred later in the grolt/th period than supply from
fertilizers.

In this and earlier experiments the increased nutrient content of
spraved over unsprayed plants usually represented only about 50
ftr cent of the quantiiy of nutrients applied in the spray, as estimated
Irom the difierence bet$een the volume of spray lost from the spray
gun and the amount collected on blotting-paper placed round the
olants durine soraving. Andvses of the \tr'ater used to wash the
ieaves before"thi pialt-s were hirvested showed the presence of only
trivial amounts ofP and K, and no N, so the incomplete recovery of
nutrients from sprays cannot be attributed to nutrients accumulated
on the outside of the leaves and washed ofi before harvest.

Another possible explanation of the aPparent low recovery is that
absorption of a nutrient by leaves from spray may reduce uptake
of that nutrient bv the roots, so that the difference in nutrient
content between spiayed and unsprayed plants may not be a correct
measure of uptake from the spray. This was tested by using iso-
topes to label nutrients supplied either to the roots or the leaves,
so-that amounts entering the plant by each route could be deter-
mined. Sugar-beet plants $owing in soil were sprayed either with
u-ater or with ammonium nitrate solution labelled with r6N, and
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swedes grouring in a lrPlabelled nutrient solution were sprayd
with water or normal sodium phosphate solution. In neither
experiment was the nutrient uptake by the roots of the sprayed
plants significantly less tban that of controls sprayed with water,
and, as before, only about half of the estimated nitrogen or phos-
phorus supply from the spray was recovered in the ptants. It is
still not possible to account for all the nutrients supplied in leaf
sprays, and the fate of the fraction not recovered in the plant needs
further investigation.

Further experiments \rere made on the efiects of nutrient sprays
on field crops (1952 Report, p. 67). As before, ammonium nitrale
applied to winter wheat as a solution sprayed on the leaves during
May and June produced about the same incease in grain yield as an
equal quantity of ammonium nitrate applied to the soil at the same
times, or as an equivalent top-dressing ot " Nitro-Chalk " in April.
The recovery of nitrogen in the crop was similar for all three methods
oI application. The efiect of the spray treatment was no greater on
plants that had previously received a spring top-dressing ol nitrogen.

Earlier experiments had shown that ttre protein content oI sugar-
beet tops could be greatly increased by repeated spraying oI the
leaves with solutions of ammonium nitrate oiurea in late September,
without harmful efiects on the yield of sugar, and spraying *as more
efficient than soil applications. As repeated spraying with a high
volume of dilute spray would be impracticable on a commercial
scale, an experiment was made to see whether similar results could
be obtained from a single low-volume spraying with a nearly
saturated urea solution. Two rates of spraying, supplying 32 and
64 lb. N in 12.5 and 25 gal. per acre respectively, were tested and
compared with similar amounts of N given in four high-volume
sprayings with a dilute solution. The concentrated spray caused
some scorching of the leaves, especially at the higher rate of applica-
tion, but increased the nitrogen content of all parts of the plant to
about the same extent as the repeated spraying treatment did.
Spraying at the higher rate increased the nitrogen content of the
leaf lamina by 45 per cent, while equivalent applications of urea
to the soil produced no detectable increase; the recovery of nitrogen
from spray was much less than in previous experiments. The yiitd
of sugar was slightly reduced by spraying, especially with con-
centrated solution at the higher rate.

The potash content of lucerne tops ',r'as increased by 24 per cent
at the first cut and 35 per cent at the second cut by spraying with a
solution of potassium sulphate, although the yield was unafiected
(1952 Report, p. 68). The increases represent recoveries of 38
and 18 per cent of the potash applied. The increase in potash
content produced by equivalent applications to the soil were only
about one-third of those due to spraying.

Benehcia.l efiecls on plant growth {rom applications of phos-
phorus-containing insecticides, ihat could not be explained by con-
trol of insect damage, have been reported by several observers. It
was suggested that these effects might be due to absorption through
the leaves of the phosphorus contained in the spray, though the
amounts of phosphorus involved seem to be far too small to be
capable of producing measurable efiects on grorrth. Brussels
sprouts plants grown in pots, with or without phosphate added to
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the soil, were sprayed six times with water, or v/ith " Pestox III " or
" Svstox ", or with sodium phosphate solutions supplying the same
amounts of phosphate as the insecticides. Alt the plants were kept
free from insects by nicotine fumigation. None of the phosphorus-
conta.ining sprays had any detectable efiect on the appearance, dry
weight or phosphorus content of the plants, although large resPonses
to the phosphate applied to the soil showed that the plants were very
sensitive to change in phosphorus supply.

I\TEED STUDIES

Germinatiott and dormancy of uild oats seeds (J. M. Thurston)
In the field experiment testing the efiects of depth of sowing

and varied cultivation treatments on wild oats seeds sown in October
1950 (1952 Report, p- 69) fewer seedlings of both Awna fatua and.
A. l.u.d,oliciatta rppetred i; 1952-53 than in either of the two previous
seasons. Less ihan 4 per cent o{ the seeds of ,4. Jatua sown in
1950, and only O.l-O.i per cent o[ the seeds of A. ludooiciana,
produced seedlings in 1952-53. Germination in both species
appears already to be declining in the third year of the experiment,
although so far less than 20 per cent of the seeds sown have produced
seedlings that emerged above ground. Germination on plots
ploughed in autumn or spring was similar to that on undisturbed
plots, as in the previous year ; frequent harrowing again stightly re-
iluced the number oI seedlings; deep-sown plots produced more
seedlings than shallow-sown.

The wild oats infestation on the continuous spring-sown barley
plots of Hoosfield consists of A. .[atua, while that on the autumn-
iown wheat plots ot Broadbalk ii nearly all A. ludq'iciana with a.

lew A. fatua'. Since seeds ol A. lu.doaiciara germinate mainly in
autumn and winter, seedtings of this speciei are destroyed b1
cultivations for a spring-grown crop, and this presumably accounts
for the absence of T.ludooiciana on Hoosfreld. On the other hand,
it is not obvious why A. fatua, which germinates in spring, should
not become established in an autumn-sown crop. The rare occur-
rence of A. fatua in rye crops in Sweden has been attributed to the
production by rye roots of1 substance that inhibits germination of
A. Jalua seeds- A new field experiment was started on a heavily
inlisted site in Hoosfield to test +hether autumn or spring sowing is
the main factor affecting the establishment of A. fqtua in a cereal
crop, or whether difierent cereals have specific efiects. The germina-
tion and growth of A. Jalua was compared on plots left lallow, or
sourt with wheat, rye or barley in autumn, or with barley in sPring-
In April the number oI wild oats seedlings was inversely related to the
*'eight oI crop, the well-established autumn wheat and rye having
least, autumn barley rather more and spring barley more still.
All the cereal crops reduced the number of wild oats seedlings
compared with fatiow. This result indicates that the inhibitory
efiect of cereal crope depends on the size of the pla[ts at the time
when the wild oats are germinating, and does not suggest that rye
or wheat have specific inhibitory efiects. The crops were cut green,
before the wild oats produced visible seeds, to avoid re-infestation.
Just before cutting, the wild oats had fewer spikelets per plant and
seeds per spikelet on the ry'e and rvheat plots than on the barley
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plots, and many lewer than on the Iallow plots. Thus, autumn-
sown cereals tend to reduce re-infestation with new seeds of A. Jalua
by reducing both the population of wild oats plants and their seed
production.

In a pot culture experiment, plants of both wild oats species were
Brown outdoors or in a glasshouse, with and without shading, and
$'ith two rates of nitrogen application, to determine whether
temperature, light intensity and nitrogen supply afiect the onset
oI dormancy in the developing grain. SampleS of ears were taken at
intervals alter emergence. Glasshouse conditions and shading both
greatly increased the percentage of sterile spikelets. The 1xr-
centage of viable seeds of both species, and of dormant seeds of ?4.

latua, increxed. more rapidly in the glasshouse than out-of-doors,
but there was little dormancy in unripe seeds of ,{. ludoviciana.
In another set of pots the effect of removal of whole panicles or parts
oI panicles on the growttr, viability and dormancy of the remaining
seeds was studied; this is relevant to attempts to control wild oats
by cutting ofi the inflorescences above the cereal crop belore the
emergence of the cereal ears. The results of these experiments are
not yet complete.

Puysrotocrcer STUDTES o\ liRus I:iFECTroN
Dfect oJ a darh leiod on susceptiblity oJ leates ta inJection (E. C.

Humphries, in collaboration with B. Kassanis, Plant Pathotog)'
Department)
The number of necrotic local lesions produced by tomato aucuba

mosaic vims on tobacco leaves is increased if the plants are kept in
darkness before inoculation, and the efiect becomes progressively
greater with lengthening of the dark period up to nine days. When
plants are returned to daylight after a dark period before being
inoculated, the number of lesions decreases as the length of the light
period increases, The variation in lesion counts was shown to be
closely correlated with changes in the nitrate content of the leaf
Iamina (1952 Report, p. 7l); nitrate accumulates in leaves of dark-
ened plants and decreases again when the plants are restored to
daylight. Further experiments have consistently shown this
correlation, but variation in lesion counts on similarly treated
replicate leaves did not always reflect variation in nitrate content.
DrJr matter content decreases and the water content increases when
tobacco plants are held in darkness, and these changes are both
correlated with number of lesions. At present it seems possible
that lesion count per unit area of leaf may be independently related
to the nitrate, dry matter and water contents per unit leaf area,
but this needs further investigation. Variation in nitrate content
oI the leaves induced by nitrogenous fertilizer had no effect on lesion
numbers. Repeated spraying of the leaves with potassium nitrate
solution before inoculation reduced the number oI lesions, but this
was presumably an efiect oI the salt outside ttle leaves, for addition of
potassium nitrate to the inoculum also reduced the number of lesions.

Another way of increasing the susceptibility of tobacco plants to
aucuba mosaic virus is to keep them at 37" C. in the light for one or
hlio days; this treatment also has been shown to increase the
nitrate content of the leaves.
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Nitrate accumulates in discs of leal lamina floated on water and
held in darkness, and this sugBests that the nitrate accumulated
in leaves of darkened plants originates from proteolysis in the leaf,
and is not transported from other parts of the plant.

Efect of infection uith tobacco mosqic drus on the respiratiot of tabacco
leauas (P. C. Owen)
Further work has been done to find out the conditions in rvhich

infection with tobacco mosaic virus afiects rate of respiration of
tobacco leaves (1952 Report, p. 72). In winter experiments,
leaves rubbed with infected sap and immediately detached from the
plant had a higher respiration rate in the first twenty hours after
inoculation than comparable leaves rubbed with healthy sap, but
no consistent increase by infection was found in summer. Experi-
ments are in progress to find out whether this seasonal Iluctuation
can be related to variation in light intensity or day length.

Iraves taken Irom systemically infected plants three to four
weeks a{ter inoculation and showing mosaic s1'rnptoms usually had
a lower respiration rate than comparable healthy leaves.

Efect of drus infection on llans[itolioz (P. C. Owen)

Sugar-beet plants infected with beet yellows virus in the field
appear to wilt less readiiy than healthy ptants. The possibility that
this might be due to a reduction by infection in the rates of trans-
pfuation was tested on plants 6rown in pots by measuring the rate of
water loss from attached leaves to a stream of air drawn over them-
The rate of transpiration per unit area was lower for leaves of in-
fected plants that showed yellows sl.mptoms than for comparable
healthy leaves, but young infected leaves not yet showing symptoms
had a stightly higher transpiration rate than healthy controls.

Systemic infection with tobacco mosaic virus caused a small
increase in transpiration mte of attached tobacco leaves; infection
*'ith aucuba mosaic virus had a similar but larger effect.

Efect of infeclion uilh beet yellous drus on sugar 6eel (D. J. Watson
and P. C. Owen)

Much time was spent on an attempt to measure the diumal CO,
exchange of whole sugar-beet plants grown in pots, with the obiect
of determining the extent to which changes in the rates oI photo-
synthesis and respiration are responsible for the reduction in net
assimilation rate caused by infection (1952 Report, p. 73). No use-
{ul data were obta"ined, because the automatic gas-sampling unit
previously used {or respiration measurements with air-flow rates of
about 200 ml./minute, was found to be unreliable for the high flou'
rates (3-4 litres/minute) ne€essary for the photosSrnthesis measure-
ments. The unit has now been redesigned, and the investigation
will be continued in 1954.

Gnowrn Axervsrs
DePendence of ul assimilation rate on leal area indcr (D. J. Watson)

Previous work has shown that future improvements in crop yield
are more likely to be effected through increase in leaf area p€r unit
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area of land (leaf area index; LAI) than through improved photo-
sy'nthetic efficiency as measured by net assimilation rate (NAR) .

As LAI increases, NAR must eventually begin to decrease tfuough
reduction in mean light intensity at the lea, surface caused b1
mutual shading of leaves, and possibly because of a fall in the
atmospheric COr concentration in the crop caused by crowding
together photoslmthesizing leaves. Such an interdependence of
NAR and LAI presumably must set an upper limit to the rate of dry
matter production per unit area of land, and hence to yield.

The effect of increasing LAI and NAR tas measured in a Eeld
experiment on kale. Starting with a uniform population of closelv
spaced plants, LAI was varied by removing varying fractions of tbe
plant population on difierent plots, and NAR was determined lrom
the dry matter increments in a subsequent growth period. NAR
was found to be independent of increase in LAI up to about 2.5, but
decreased by about a quarter when LAI was incieased from 2.5 to
4. This result shows that increase in leaf area per unit land area
may lead to reduced photos5mthetic efficiency of t}le leaves, even
uithin the range of leaf area that can be acbieved by present cultural
methods, but the experiment needs to be repeated at difierent stages
of growth and on other crops.
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