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CHEMISTRY DEPARTMENT G. W. COOKE

Much of the Department's programme is concerned with crop nutrition and the use of
fertilisers. Recrnt changes in costs, and supplies, of crops and raw materials emphasise
the importanc€ of our work. Considerable increases in prices of foodstutrs, particularly
of cereals and protein for animal feeding, make fertilisers more profitable and increase
the need to grow as much as we can in Britain to save imports. Our present good yields
of arable crops, and the expansion of output from grassland, are totally dependent on
fertilisers, and particularly on nitrogen. Any shortage of fertil.isers, or high prices that
restrict their use will diminish production. The new mine opened in north Yorkshire
will supply the potassium fertilisers British farmers need. Most of our nitrogen fertilisers
are home produced too. However, t}te price of rock phosphate (all is imported) has
recently increased three times and phosphate fertilisers must become much more ex-
pensive. All fertiliser manufacture needs power, nitrogen production also needs hydrogen
that comes from refinery gases, natural gas, or by processing other fuels. Power and fuel
are becoming scarcer and more expensive. There is little we can do to make manufacturing
more efrcient, but we are working to find how to use fertilisers morc efficiently and we
test products that are cheaper or require less processing. In particular we are seeking
ways of lessening that fractio! of the nitrogen in fertilisers that is leached or which
volatilises, as this represents a serious loss to individual farmers and to the nation.

Potrto€s. Yields are increased by all three components of NPK fertilisers and correct
manuring is very important for a crop which is expensive to grow but which is rewarding
to those farmers who obtain large yields of good quality tubers. We have found that
applying more than our normal amount of compound fertiliser (1500 kg/ha of 13-13-20)
can increase yield by l0 t/ha at Rothamsted and Woburn provided the larye dressing is
thorougbly mixed with the soil. The extra fertiliser not only increased total yield, but
even more important, it increased the proportion of saleable tubers and did not impair
their cooking quality. We think that farmers who grow potatoes on land like ours at
Rothamsted and Wobum, but from which they obtain less yield than we do, should test
extra fertiliser worked deeply into the soil on part of each of their fields. Some experi-
ments have suggested that large dressings of nitrogen, particularly as nitrate, can delay
tuber formation. Results this year show that a fertiliser which provided nitrate slowly
(sulphur-coated urea) allowed tubers to form earlier than when ammonium nitrate was
used.

Cererls. We have continued work to improve yields of wheat grown contitruously at
Saxmundham. In the five years (196G70) of an earlier experiment average yields were
only 4.0 t/ha. A new erperiment on the same site over the three yean lg71--73 gaye a\
averuge of 5.5 t/ha with the best treatments yielding over 6 t/ha. This was even a little
larger than the average yield (4.8 t/ha) of the same variety (CappelleDesprez) grown
continuously on Broadbalk in the same three years. We will continue to exp€riment with
continuous wheat at 53p11dham as the crop suits this difficult soil. We tested irrigation
in 1972 and 1973 and found that extra water did not increase yields in these two years.

A thre+,year series ofexperiments on wheat and barley at Broom's Barn and Rotham-
sted was done to discover why wheat, in particular, oftan yields better at Rothamsted.
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We have tested nitrogen fertilisers and extra water in experiments on both farms. Al-
though wheat yielded well at Broom's Barn, Rothamsted wheat yielded more. Giving
more nitrogen and water to the Broom's Barn wheat diminished, but did not eliminate this
diference. Barley yields at Broom's Barn were large in l97l and 1972 but were larger
still at Rothamsted; in 1973 with extra water and nitrogen, the Broom's Barn barley
yielded as well as that at Rothamsted. Measurements on growth and chemical composition
now being examined may show why Rothamsted wheat usually lelds more.

Recent work gives some support for the idea that a good supply of nittogen from the
sorT is one factor rcsponsible for large cereal yields, and that a shortage of soil nitrogen
cannot be completcly comlrnsated by using more fertiliser in spring. Our tissue tests,
which measure nitrate concentrations in the growing crop, are valuable for showing
whether soils arc rich or poor in available nitrogen. The Rothamsted wheat has always
contained more nitmte than Broom's Barn wheat. This extra nitrogen from the soil plus
a larger capacity of our soil to hold water and, on average, a larger rainfall may explain
why Rothamsted wheat has always yielded better. The barley grown at Broom's Bam
in 1973 contained more nitrate than the Rothamsted crop and, when supplied with
irrigation to make up for the drier summer at Broom's Barn, yielded as well as Rothamsted
barley. Further indirect support comes from Saxrnundham where, in the last thre€ years,
we have applied 75 kg N/ha when sowing in autumn and yields have been larger than
previously. In relatively dry winters (such as we have had recendy) autumn-applied
nitrogen may be retained in a heary subsoil and used by wheat.

We have also continued our eforts to explain the symptoms called 'scorch' which occur
in wheat at Woburn during dry periods. In 1972 symptoms were similar to those of
copper deficiency but leaves and soil appeared to cont .in sufficient copper. In 1973
scorch did not aplrar on this field and a test of copper oxychloride spray did not affect
wheat yields. Other work in glasshouse and controlled environment cabinets gave no
evidence that copper deficiency was associated with scorch symptoms at Woburn.

Liquitl fertilisers offer savings in application costs to some farmers. We have tested a
liquid which provided N, P and K against equivalent solid fertiliser for barley. When
combine-drilled the liquid (which was rich in urea) damaged germination. It was safe
when drilled away from the seed but gave a little less yield than solid fertiliser. Therefore
there seems little purpose in designing expensive placement drills to avoid damage from
the urea or potassium salts in liquid NPK fertilisers because then the phosphate needed
by the young crops will be too far from the seed. Thus the best early growth and largest
yield was from combine-&illing a tiquid NPK starter containing little N.

Nitrogen in ammonia is cheaper to buy than nitrogen in solid fertilisers. Some of this
advantage is lost because exp€nsive equipment is needed to inject the anhydrous gas or
aqueous solution below the soil surface, but there are considerable economies when
large areas receive large amounts of N. Being the first product made in synthesising
nitrogen fertilisers, ammonia needs least power in the factory. However, more power is
needed in injecting it into soil than in broadcasting solid nitrogen fertiliser. We have
found that large single dressings of aqueous ammonia applied in late winter or early
spring promote ttre growth of grass throughout the summer. Laboratory work on soils
from these experiments showed that high local concentrations of ammonia in an injected
band delay nitrification so that much of the ammonia acts slowly. In fact aqueous
ammrcnia injected in rows 60 cm apart to supply 250 kg N/ha was a better slow-acting
fertiliser for grass than sulphur-coated urea. (fhe results we have obtained so far with
this latter material suggEst that the sulphur simply acts as a barrier to the urea dissolving,
and has no effect on subsequent hydrolysis and nitrification.)
M
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Gruslaad is still recciving too little nitrog€n fertiliser; average dressings to leys are
only one.third as much as can be justified; four or five times as much N could be applied
to permanent grass as is now used. However, in our experiments grass recovers only 5G-
7Ol of tbe nitrogeD applied; it is essential to try to improve the efficiency of nitrogen,
partly to help farmers get the maximum return from fertiliser, and pardy to minimise
the nitrate which leaches into streams and deep aquifers. Aqueous ammonia has con-
siderable promise as a slow-acting fertiliser for grassland when a large dressing is injectcd
in widely spaced rows in winter. These single dressings maintain growth of grass ttrrough
the summer and save the cost of repeated application nec€ssary with solid fertilisers if
they are to equal the yield given by am.nonia. We have yet to find whether the grass can
recover more nitrogen from amnonia than from solid fertiliser.

Iabour is saved when herbicides or plant protection chemicals, normally applied as
sprays, are combined with liquid fertiliser. Adding herbicide to liquid nitrogen fertiliser
was successful with permanent grass. The same practice was reasonably successful with
winter wheat. But when we tested mildew fungicide plus herbicide mixed v/ith a nitrog€D
solution the wheat was severely scorched and yield was diminished.

ptocptrta Over the last 14 seasons we have compared large single dressings of super-
phosphate against small annual dressings supplying the same total phosphate by the
end of the rotation. The large single dressings increased soluble phosphate in soils and
maintained yields of badey and swedes, grown in rotation, almost as effectively as
equivalent phosphate split into annual dressings. For these crops, applyiag fertilisers
cvery few years, rather than every year, szrves labour and eases spring work. Potatoes,
however, need fresh phosphate and b€nelited from superphosphate given iD the seedbed
even when the sodium bicarbonate-soluble P in Rothamsted soils exceeds 35 mg P/kg.
These results and others from Woburn and Saxmundham will be used to estimate (i) in-
caeases in crop lelds per unit of soluble phosphate in the soils and (ii) the amounts of
bicarbonate-soluble P above which crops no longer benefit from fresh phosphate.

Bomn in light so & Deficiencies of both magnesium and boron have occurred in
recent years on the light soils at Woburn. Most of the crops grown on sandy soil there
have boron concentrations close to the lower limit of the range regarded as 'normal'.
Only sugar beet has shown deficiency symptoms. A balance sheet shows more water-
soluble boron has been lost from the soils than the crops removed. Applying much boron
in organic manures hardly lessened these losses and we are now examining how this
micronutrient is removed from topsoils.

Etrtrophication. Work on surface water receiving plant nutrients from fertilisers, farm
efluents, or land drains shows how eutrophication leads to 'blooms' of micro-organisms.
Work on a lake at Woburn which receives some ofour land drainage showed phosphate
concentration to be the factor limiting growth of algae. A moderate bloom developed in
Spring 1973 and we found that ofthe total phosphorus itr the water only one-eighth was
soluble inorganic phosphate and so available for further growth; two-thirds of the total
phosphate present was in the organisms themselves.

Crop conpoeition, Potato haulm, usually destroyed before lifting, could be useful if it
was recovered. The haulm contains 2-3 t/ha of fibre wbich is usually retumed to the soil,
but destruction wastes from 600 (end of July) to 300 (end ofAugust) kg/ha of extractable
protein-as much as in a medium crop ofbeaos or hay. Surplus potatoes can be preserved
for stock-feed il dried or otherwise protected from decay. It is more economical to
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rcmove water mechanically than by evaporating it; we are trying to fnd ways of doing
this.

More work on the efects of deficiencies of plaat nutrients on the organic composition
of crops has shown large eEects of m,gnesium deficiency. Chlorophyll concentrations in
ryegrass were increased by 501 by applying magnesium to deficient plants; the fertilis€r
did not change concentrations of reducing sugars and sucrose but increas€d fructosan
conceotrations. Magnesium deficiency had very large effccts on nitrogen metabolism of
ryegrass. The deficient grass contained much larger concentmtions of most amino acids
prEsent i-n the free state than did grass receiving magnesium.

ExperiDe s m lDtstocs
Gains fton lerge drcssitrgs of fertiliser used on lrctstoes. Experiments on small plots at
Wob,um (Rothansled Report for l970,PNt l, 44-4, showed that a large amount of
fertiliser (500 kg N * 750 kg PzOs and 750 kg KzO/ha) worked deeply into the seedbed
was safe, and gave almost l0 t/ha more total tubers than half as much fertiliser (an
amount near to the retommended dressing). By contrast, when each was broadcast and
worked in shallowly, the double amount gave no more yield than the single; the single
amount of fertiliser plus farmyard manure (FYM) gave a larger yield than the double
amount of fertiliser worked in shallowly, but not larger than from the double amount
worked in deeply. These surprising results were verified in full scale field experiments at
Rothamsted and Wobum.

ID the fiIst experiments four amounts (1255-3137 kg/ha, i.e. 10-25 cwt/acrO of a
standard potato fertiliser (containing l3l N, l3'% PzOs, 20% KbO, abbreviated to
l3-l!20), were broadcast over the ploughing. The soil was rotavated twice to in-
corporate the fertiliser thoroughly. Then two varieties (King Edward and Pentland Crown
at Rothamsted; Record and Pentland Crown at Woburn) were planted either 30 cm
(12 in) or 45 cm (I8 in) apart in 71 cm (28 in) rows. Table I shows that both the total
yield and the yield of saleable tubers (larger than 4.4 cm) increased with increasing
amounts of fertiliser, though the increase from the final increment (251G-3137 kg/ha)
was small. On soils like those at Rothamsted and Woburn 2510 kglha (20 cwt/acre) of
13-l!20 broadcast and thoroughly worked into the soil is worthwhile. Pentland Crown
gave a larger yield of larger tubers than King Edward or Record did.

Joint exp€riments with the Farm and the Plant Patholory Department (Rolhamsted
Report for 1972, PLra l, 149-150) tested extra fertiliser as a factor itr plant population

TABLE I
The efects of large amowis of o, NPK fertiliser on the field of two varieties of maiacrop

potatocs at Rothqrnsted atd at Wobwn, 1971-72
Rothamsted

Fertilisg applied
ks/ha of l3-r3-20

Wobuxn

1255
1882
25tO
3137

29-3
33.8
,10.0
$-7

47.O
52.6
s7.r
58.4

3E.3
44.2
49-9
50.7

m.2
27. I
3t'5
33.6

lt.2
18.4
23.0
25.8

Petrdaod
Crown

32-2
38.0
43.0
47.4

x.2
3t.0
36.8
42.r

Maetr

35.7
41.2
46.4
i18.5

26.O
3l'8
37.4
39.8

King Peotlaod
Edward Crowtr Rccord

Yield of totd tube8 (tAa)
l2ss (163 ks N/ba) 43-4
I 882 (244 ks NAa) 47 - |
2510 (326 ks NAa) 54.1
3t37 (4O7 ks NAa) s4.6

Yield of tubers owr 4.4 cE riddlc (tAa)
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studies with 'healthier' King Edward potatoes. These produce a largpr yield, but with
morr small tubers, than mmmercial seed does. The mean yields for the two years, given

below, show that although total yield was smaller in the wider rows (from Nl fewet
plants) the salable leld (over 4'4 cm riddle) was not:

Meat yiekls of King Edwatd Potaroes
grown in l97l ortd 1972

kg/ha of 7l cm 9l cE
llt3-2o rows tPws

Total tubers (t/ha)

t500 45.9 4l'4
n9 49.8 45'4

Tubcrs oYer 4'4 cm dddle (t/ta)

The extra fertiliser increased both total yield and the yield of tubers larger than 4'4 cm

both years and similarly in normal (71 cm) and in wider (91 cm) rows, though it tended-

to increase the yield of saleable tubers more in the normal rows (by 4'8 instead of
3.S t/ha). This firtiliser was broadcast over the ploughing and then rotavated in once

onlyi ttris may partly explain the response being smaller than when the fertiliser was

worked in more thoroughly in the previous exPeriments.
New experiments begun in autumn 1971 examined alternative ways of applying large

amounts of N, P and k. All or half of the three amounts of P and K being tested (as

0-2G-20) were either broadcast and ploughed down in autumn, or broadcast and

rotavated-in in spring. Also, FYM was spread and ploughed-down in autumn to give the

same amounts of N (Uut not of P and K), as the double arnount of fertiliser. Table 2
shows that the P and K were less efective when applied in autumn than in spring. Early
growth was inferior with autumn dressings, perhaps because the solubility of the phos-

phate diminished too much during the winter; there is no reason for K applied in aut 'mn
io be less effective. Yields were always larger with FYM than without, suggesting that
it had some merit other than its content of N, P and K. However, if we assume that the
N and K in the FYM were only half as effective as in fertilisers (Rothamsted Repott for
l971,Part2,84), i.e. that the N in FYM was :188 kg N/ha, then yields from the single

amount of fertiliser plus FYM were similar to those fron the double amount of fertiliser'
Again, the potential for extra yield lroughly 9 t/ha) from giving extra nutrients as FYM

TABLE 2

The effect offertilisers and FYM upon yielil (tlha of total tubers) infour potalo exPeriments

mdde at Rotlumsted and Woburn in 1972-73

1500 30-2
27fi 35.0

30.4
34.2

AIl itr ] h autumn All io
autuo! l in spriDS spring

Without FYM
38.8 41.2 4o-9
44.3 47.8 &.1
47.8 47-5 49.0

With FYM

Amounts of fertiliser
applied, kglha

P .Dd K applied (as 0-2G-2O)

N PrOo KrO

188 282 242
377 565 555
565 U7 847

t88 XZ 242
377 565 565
565 U7 U7

4.O 4s.347.8 50.447.7 50.8

45.8
49'5
49.7

M€atr

ilo'3
46. I
4a-2

45.0
49.2
49-4
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and f€rtiliser was close to the l0 t/la obtained
Wobum and rclates closely to the extra leld
(Widdowson and Penny)

I

in the first small-plot experiments at
from doubling fertiliser in Table l.

NHrNOgl004om0
lulphur-coated u€a 0 60 m too

15 car

70 tN 2to 28A

30 Crn

70 lio 210 280

5.68
5.61

4.99
5.21
5.08

5'55 5.36 5'26
6.02 6.09 5.81
5.92 5-93 5.65

5.83 5.79 5.57

Deleys in lie Iormrdon of Intrto tuben caused by niEate. Because large drrssings of
nitrogen candeJay potato tuber formation, particutady when the N is apfted as niizte,
we compared the slow-acting sulphur-coated urea with ammonium nitrite in an experi-
ment in large pots; mixtures of the two fertilis€rs were also tested, When small amo-unts
of N were applied, there was no diference in the time tubers formed. With larger amounts
of- total N, the larger the proportion supplied by sulphur-coated urea thJ sooner the
tubers started to form. Restricting N sererely greitly delayed tuber formation:

ProeordoD of (
applied
(g/po0

I
2
0

Time before tubers forEed (dals)
4749M53
7t 5t 55 49

Experimats on cerelb
Improving tte yiell of c,ontinuous winter vhelt at Sammdhaq l97l-73. The site
used by Slope, Etheridge and Williams from 1966-70 for their crop sequence experiment
with Cappelle winter wheat (Rothamsted Repo fot 1912, part 2, 160-165) was used to
test four seed rates and two row-widths to see whether disappointing yields in 196G70
had been due to a lack ofear-bearing stems. Their N test was continued @ut v/ith smaller
lmounts) and for continuity their sequence 5 plots (first wheat in 1970) were sown at
the same seed rate as before and with the same Smythe drill (20 cm rows). To ensure
that P and K were not limi(iag, lffQ kg of 0-20-20 were broadcast and ploughed in
each autumn and 300 kg of 20-lG-10 were broadcast at driling to avoid eirly growth
being Iimited by N-deficiency. The nitrogetr (tested at 50, 100 or 150 kg/ha) was broadcast
late in April (16-21) rather than in the second half of March, as it has beeu before. In
l97l a.rd 1972100 kg N/ha (plus the residue from the autumn dressing of 60 kg Nfta)
was alnost enorgh, and in 1973 too much for maximum fleld. Giving 150 kg N/ha in
spring increased yields little further in 1971 and 1972 and significantly decreased them in
1973 by inducing severe lodging.

TIBLE 3
The efects of seed rate, row width otd nitrogen on the yield of Cappelle- Desprez winter

(20 cm)
Sccd rate (kg/ha) 180
N givco
(ks^a)

io spring
50 5.03t00 5.4150 5.52

Mcan 5.13

S.E. of a[ differcoces +4.3

YielG of grai-o (t/tra) at 85 % dry roa cr
5.20 5-26 5.3t 5.19
5.86 5.73 5-73 5.46
5.77 5.71 5.65 5.35

TI

(Cox and Addiscott)

wheat at Saxmurdhan, l97l-73
Row widtb

48

5.09 5.61 5.57 5.56 5.33 5.50

Mean
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Table 3 shows that the two largest mean yields were from soyeing either 1zl0 or 210 kg/ha
of wheat seed (1.12-1.67 cwt/acre) in rows 15 cm apart (6 in) with 300 kg/ha of20-10-10
and then giving it a topdressing of 100 kg N/ha (0'8 cwt/acre). Hence the conventional
s€€d rate (180 kg/ha or 1.4 cwt/acre) appears sufrcient on Saxmundham soil, providing
that it is sown in narrow rows. With wider rows, or morc seed, yields were smaller. Thus
the seed rate and sowing technique used in the preceding exp€riment were suitable, since
the differences in leld from sowing conventional amounts of seed at the three row
spacings were small and independent ofthe amount ofN given. It appeared unwise to sow
only 70 kg grain/ha in narrow rows (15 cm) for then yield was lost; surprisingly this did
not happen with the wider rows (30 cm) for with ttris spacing yields were as large with 70
as with 140 kg seed/ha. When seed is scarce or expensive it seems best to sow itr wide
rather than narrow rows. (Widdowson and Johnston)

The grorth strd yietd of wiDter wheat a l spring brlley ot RoltrDst€d and Broom's
Brm conprrcd

The work begun in 1971 was concluded in 1973. Winter wheat (Cappelle-Desprez)
followed spring beans, and spring barley (Julia) followed winter wheat, both at Rotham-
sted and at Broom's Bam. Six amounts of nitrogen (3G-180 kg N/ha) were applied to
both crops and water was given @y overhead sprinklers) during June and early July
whenever the soil moistue deficit exceeded 25 mm,

Nitrrte coEentrations in steEs' The wheat was sampled periodically from December
until harvest to measure growth (see Welbank and Taylor, Botany Department, p. 94)
and its N, P and K contents. The nitrate concentrations in stem extracts were measurcd
until the crop bcame too mature for further determinations (in mid-July). NOrN
concentrations increased from December to February at both farms (to a maximum of
450 ppm) and then decreased to near 50 ppm in mid-April, before the wheat was to1r
dressed with N. By 5 May NOrN had increased to a mean of 400 ppm at Rothamsted
(range 70 ppm with least fertiliser N to 650 ppm with most N) and 330 ppm at Broom's
Barn (range 30 ppm with least N to 550 ppm with most 1.[). By early July mean values
had decreased to 175 ppm at Rothamsted and 80 ppm at Broom's Bam. Hence the
Rothamsted soil always provided more N for the wheat than the Broom's Barn soil did.

The barley was also sampled periodically, though is N was applied in the seedbed.
Nitrate concentrations in the stems were measured from 14 May to 28 June. In mid-May
Rothamsted barley stems contained a mean of only 230 ppm NO3-N (range 5 ppm with
least to 420 ppm with most fertiliser N) whereas at Broom's Barn the barley stems
contained 350 ppm of NO8-N (range 35 ppm with least, to 600 ppm with most fertiliser
N). Thereaftrer the Broom's Barn barley always contained more nitrate, so that in late
June mean values were,16 ppm there and 17 ppm at Rothamsted. Evidently the Broom's
Barn soil was the richer itr N of the two used for barley. (Williams)

A calculated moisture deficit of 17 mm at Rothamsted on 2l May was mct by a severe
thunderstorm later that day; it did not rain at Broom's Bam. Subsequently dry weather
persisted at both Stations. Watering began at Broom's Barn oD 8 June and at Rothamsted
on 14 June. On 20 June severe storms at Rothamsted lodged both wheat and barley, but
again little fe[ at Broom's Barn. Iiter in June more rain fell at Rothamsted and so no
more water was giyen, but at Broom's Barn watering continued until 5 July, when rain
fell there also. At Rothamsted watering consistently decreased wheat gra.in yields, while
at first increasing (with little N) and then decreasing (with much N) straw yields. At
Broom's Barn watering increased wheat grain leld little, though it always increased
straw yields. At Rothamsted barley gain yields were at first increased (up to 60 kg N/Ia)
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and then decreased by watering, though straw yields were g€nerally increased, At Broom's
Bam watering consistently increased yields of grain and proportionately morc, of straw.

As in previous years, the largest yield of wheat grain at Rothamsted Q,47 tlha) was
larger than the best at Broom's Bam (6.03 t/ha) and was obtained with less N (30 kg/ha)
and without irrigation wat€r, whercas that at Broom's Barn needed more N (90 kg N/ha)
and rvatet too.

Though in 1971 ar,d 1972 barley yields at Rothamsted atrd Broom's Barn were more
alike than wheat yields were, Rothamsted's were the larger. In 1973, however, maxinum
gfain yields were similar at Rothamsted and at Broom's Barn, but the need for N was
greater at Rothamsted (supporting our nitrate tests). Unusually, Broom's Barn produced
the larger yield of straw, agqin suggesting that this was the richer soil (Iable 4).

TABII 4

The loryest yields of grain otd of straw (tlha at 85'/" dry matter) ord thc amont of N
required (kglha), \,ith ad without tyater, to giye these yields at Rothamsted a1d Btoom's

Barn in 1973
Rothaostrd

N kS,/ha

The experiments showed that although wheat yielded well at Broon's Barn, identically-
treated wheat at Rothamsrcd lelded even more. Giving more N and \yatEr to the Broom's
Barn wheat diminished, but did not eliminate this difference. Tissue tests showed that
the Rothamsted \vheat always contained more nitrate and this richness io soil N plus a
larger soil water holding capacity and summer rainfall, may explain the larger yields.
Again, the barley yields obtained each year at Broom's Barn were large, tlough they were
larger still at Rothamsted in l97l and 1972. ln 1973 however the yield of grain from
watered barley at Broom's Bam was similar to that from unwatered barley at Rotham-
sted. Henc€ water and dtrogen eliminated the diference between the Stations only in
1973. We conclude therefore from tbese results (Table 5) that the diflerence between
grain yields at the two Stations is real, and know from our measurements that differences
between the crops developed late, as the grain began to fill (see Welbank and Taylor,
Botany Department, p. 94). Chemical analyses and other tests may help to explain
why this happened. (Widdowson, with Welbank, Botany Department)

Grorth of winter wh€at on Bmodbrlk rehted to nitrste h soil rnl crop Cappell+
Desprez winter wheat is now grown continuously on Section I ofthe Broadbalk Experi-
ment. Crops on plots receiving FYM and tv,/o amounts of N fertiliser were sampled
from emergence until harvest. Nitrate conc€ntrations in leaves and stems were measured
50

Broom's Bam

Yield N lq/ha Yield
Wb€at grai!Water

rf,ithout
s,ilh

\\,ithout
with

witbout
$ith

m 7.47
30 6.88

Wheat straw
rm E.38 180q) 8.75 r80

90 5.47
90 6'03

without
with

7.2s
7'16

$ 4.9
90 6'18

@ 6.01
@ 6.10

150
180

180
180

Badey 8rsin
6.ll
6-07

Barley straw
5.10
5.28
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TABI,8 5

Overatl mea yietds ol grain and stow (tltua,85%&y matkr) at Roth'amsted @td Brcom's

Ban each far, 1971-73

Grain

Ycar Rotbamsted Broom'8 Bam
wint6 whcat (CappellDcsEtz)

5.99 7'12
6.m 7'85
5.63 8'O2
s.94 7-66

Sprirg bErL,Y (Julir)

RothaDlacd Broom's Bam

6-26

6.84
6.81

5.33 5.356.45 5.51
ii.13 *U
5.30 5-37

t97r 6.901972 7.@ln3 5.nM€an 6'92

tv 5.35 5'47
1972 6.50 5'56
1973 5.62 5'70
M€a! 6' 16 5'58

and records made of growth of the parts of the plants' Nitrate in the soil was

"fr, -i".*"a. We ho[O to relate chauges in nitrate concentratjons to growth and

il"ia "J t. "rprain 
tiny ptots treated iith FYM have reccntly yielded more than

fertilis€r-treated plots.
ipikelet numbers were counted from mid-April when the 

-FYM-treated 
crops had

50r;; thao *h"ut oo the other plots. By th" beginnirg of May all treatments had a

.irifi* ,r.u"i.f spikelets. Elongaion of the inflorescence was most rapid with wheat

;;rG FYM ;; n firtitlser, teingSO /. greater at the€nd of Mav-than in wheat receiving

.. xl rl" rirt'r-treated crop fieadida few days before the N-treated crops; wheat

Liri"g r" N n.aaed tast. Atnoug! the FYM-treated :rory -d:veloped 
more quickly

-J n"f, .ot" spikelets early in spring than plots receiving N fertiliser, there was no

ditr"r;;; at htir growth s'tages.- Nevertheleis the FYM-treated plots yielded more

*"io. and much mJre straw than plots treated with N fertiliser'
" eii".-J" a i"f"ie di.fferences in amount of N supplied and its source (fertiliser or

rirr,iiTS "i;t" in the plans and to apical meristem development, and thess to yield,

*"*-roi ,o*rrrrl, Larger yields from FyM than from fertilisers in both seasons on

iii""dL"rt .*t be due Io factors other than nitrogen supply. Greater yields,from thc

G""i N Ar"rri"g, and from FyM in l9?2 are likely to be related to the lodging that

occ-urred in 1973' (Williams and Rangeley)

solohE rtrd nicnmuEients in Bror|lbslk [t€8t The continuous wheat croP6 grown-in

iizi - s*ti- i *.ie analysed for sulphur, copper and zinc' Sulphur in the Srain dry

#tt". * .i.it". for au pl;ts (0'13 to 0'167 s); thererras 0'17 to 0'261S in tle straw;

*" Gti""" tn"r" concentr;tiona are sufrcient for maximum yield. Removal of sulph.r

;d;;"tt-;;t straw ranged from 6'3 tg;/ha for the unf. ertilised plot to 35'4 k8/ha fot
A"-FY-IvI?l;td""n extra 

-nitrogen. rhe gnin contained.4 P{Lg *pp"t 
"!9 

27 mglkg

oirio" o"'"r"tig", with no coniistent diferences from the fertilisers or FYM'
-'srrpn* a"nally occurred in wheat in glassholse and constant environment cabinet

"*G'.-t". Srfpf,',ir fertilisers increased fi-elds when the grarn contained 0'074'12% S

"r'Jtii.t "* 
O'tiz+'051S. Crops that did not resPond to sulphate had 0'18l S in the

grain and 0'191S in the straw. (Bolton)

Plrcemmt of liquirt ferdfbers for barley. The experiments begun in 1972 (Rothqnsted

n"rii fo, tgi. Parl l,4O were repeatea; three were on arable farms and one on a

4;i,- ifi. Att were sowtr ii ma-u-"n l, good seedteds. The liquid (rich il urea..and

;;6il; v%N, 6%Pzos,8 % Kzo) again checked the barlev when combine-&illed'
5l
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especially with the double amount (126 kg N/ha) which killed some plants; yields weresignifcantly decreased by it in thee oilriii"it".-pruoa- -ia-*"v berween rows ofbarley (15 

9m lpart) thi; fertiliser was completely .uf", tf,ough it gave slightly poorerearly growth than \yhen it was sprayed, oi *n,i, g""lrr"-t.E-zrro-to fertiliser wasbroadcast. Early gowrh was most rigoiou, oo pl.t-;;;; Jmbine-drilled .starter
dose'-of a 

-riquid with anarvsis +ro-io wnictriJjpiilf,"ri"r iie p ana K, but onryone-fifth of tbe N. The same fertiliser placra UetiJen tte i"*. 
"g"i, 

guu" poo..*l|growth.

_ We conclude that on soils deficient in N or p or both, a little of the N and all of the pshould be combine-drilted with the_ barley .*J (*;1;-;i;;;;nt); this should en-courage establisbmetrt and sDeed early growth without rist io !"._irailon. Th; ;;;
ILT 

ljll:,1:::ji-a_el-gtogine eineqriu" plu".m"rt oriri. sll"pivlo u"oia aamase fromr\rr\ rcrultsers nch tn urea (or notassiun salts), because then the pbosphate witi-be toofar away from the young barley roos.

,^,rl_,^?,rr^qljl-Ii.]9. y.n tittle targcr with 126 than with 63 kg N/ha (because ofroqgagr. uoDsequenuy there werlonly smal diferences between the leldi from thi
*If::: ::3*: l1-iiiyi,g, rhe conbine-dJreJ ;;; ;;;" orlro_io uqoiJ
i"^T1-u.T^..Cj-"-" .,,r. 

largest yreld with 63 kg N/ha; it had no advaDtage wirh 126 kg N/ha,
because then the lodging and not the.nutrients was_ limitiog yielj. Even *; ;f"eaiddamage to estabtisbment and toss of plant from ..-Uir*J.iiriie'izO tg NTni;uquiifertiliser with 14{-8 analvsis was sufficient to decrease yi"fOr 

--?Wiaao*son, 
peuny andFlint)

gnfphu-coated mer
Sulphur-coated urea has been developed as a slow-release fertiliser with the hope that it
:?_A?TT Py: of N by Jeaching or volatitisation. e n.itirn--"a" proauct was
:1=1T ]1 laborarory aod glasshouse experiments and is now being tested in fieiJexpenmeDts on grass, barley and potatoes.

--!^ll}*l:q experimenrs_ several nitrogen fertilisers were incubated with moistDarnnero sou. Ammonium N (added as ammooium sulphate) was completely niffiedafter 28 days. Urea and a laboratory mixture of ,*, ;;t;J,pil;; U"tir"o 
,rirriiarlil

**:::ll$":y:t completely aftei t4 aay, ara oit in.J urier'zliuy.. rn" p.r.nt g".or N reteas€d trom sulphur-coated urea after l, g, 14,2g and 42 days were rerpoti"ity5,27,42,50 and,6ll, Nter 14 days concentratioo, of NHo. o,e." ,iuU, inafuiinjln"initrification proceeded as fast as the urea wrs ."tear"i iroil m" gr"o.r*. The results so

H"-1r-Sl.:_ur:_.j-t_11 
,b..,ru1nny..cts as a physical barrier to?i urea aissorving andoas no enect oD subsequeDt hydrolysis and niffication.

. In- another 'incubation' experiment made in the glasshouse, analysing the soils duringthe first 2l weeks showed N bad been lost to the atiospbere ,uhere'urea nad been addedas sulphur-coated ganules. As waterlogging in the jars ** 
""oiai, 

*" p;;;-thi;
loss.was of ammonia although the sulpiir-ioated *;to,*;;;th the soil in sometreatments. (Cox)

Use of rmmonie as fertiliser
Rates ofnitrifcation. Jn soil conf,i4ing ammonia injectcd in February (under permanent
grass) nitrification became slower when /ocal conce-ntrations in ih; inject"d i;; ;;;
increased. 

-Whc_n 
250 kg N/ha was_injectld in rows 60, +O o, iO "- "p"rt 

(equivalent to
f, ]0 or_f. C.N{m), respectivety 23O,'t2O and 90 kg }i/ha remainJ as ammodum after
_ru oays. Nrt ).lng organisms did not occupy the ammonia band but multiplied aroundit' A. rough measure of the increased numLrs generated io so.mer uy ine rertnisci
drcssing was 30-40 millions per metre.
<,
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Nitrite N accumulated in the centre of the bands where pH washi8]0est aad Nitrobacter

.pp;; not to be established. Nitrate was not formed uniformly around the ammonia

U'.id, Uut in a neart-shaped area. This effect was not found when only 5 g/rn ofNHrN
*"r i".i*t a or with thi largest rates when the pH in the injected band fell below 7'

when ihe nitrite N also becime negligible. Maximum conceotrations of nitrite N and

nii.ut. N were found in the field in luty; ttrey were, respectively I kg/ha and 55 kg/ha

from 15 g N/m iniected in February'
Cr-oi'atiu" dry matter yields oi grass were sirnilar from injectqd aqueous solutions

of um-oniu and-arrmonium sulphaie' The third cut represented 27% of the !o!al yiery

a-m pbd supplied with 15 g I'iHrN/m whereas it contributed only 16l of the totll
when the amount aPPlied was 5 g/m.

i"*"rti of the grass, and thi nitriflcation studies, show that a single dressing of
uqr*r, -*ooiu l-nlecteo tate in winter to give high local conccntrations in the soil

*ii *nu"" ut u .tow--acting fertitiser and iacrcase grass yields through the whole growing

season. (Ashworth and Flint)

comoerisons of aqueous ammonia rtrd sotial fertiliseE In an experiment on permanent

gra*r'u-rrrooir- iulphate applied in a single broadcast dressing (250 kg N/ha) in spring

ind also in three equal split <iressings (one for each cut) was compared with commercial

sulphur-coated *"u uod- with aqueous ammonia injected at 60 cm spacing t9 supp-ly

iS ! Nl.. Largest yield was from the split ammonium sutphate and least was from the

u."ioutpt o. gtin"lls- The single dressings of ammooium sulphate and aqueous ammonia
gave similar iitermediate yields. The sulphur-coated urea appeared not to function as a

ienuinely slow-acting fertiliser; yield at the third cut (in September) was a little_gr-eater

irom thi single dresiing of ammonium sulphate and appreciably greater from injected

ammo"ia. Airmonia, iijected at high local concentrations, s€ems a better slow-acting

fertiliser than sulphur-coated urea. Residual effects will be measured next year to see

iithe uea-sulph; granules have a slow-acting value for grass that has not b€en revealed

in this year's work. (Ashworth and Flint)

Attsorption of rmmonia by dry soil. we have done more to try to discover how ammonia
gas is'sorbed by dry soils. After diffusion pumping at 22'C to cotrstant weight, soils

iontaining illitic and chtoritic minerals sorbed similar amounts of NH3 (approximately

linearly iated to the mass of water removed by pumping). and gave isotherms similar

io tnose ottainea previously with Rothamsted soil containing mainly inter-stratified

monimorillonite (iothamstia Report for 1971, Part 1, 57). Experiments with soils

saturated with several -ooo- aod di-valent cations suggest tlat exchangeable sodium

and potassium do not r€act with ammonia gas, but that calcium., magnesium and lithium
i"u"t^ to fo.. ammines, or through hydrolysis form ammonium ions plus the metal

hydroxide. By heating to 180'C mdre water ofhydration was removed than by pumping

ui ,oo- t"-p".uturi. Isotherms measured on these Pre-heated soils suggested that

ammination occurs on magnesium, but may not on other cations.

Experiments at very low relative pressure (p/p6) showed that heats of adsorption were

largei on Ca and Mg ioils than with Na and K soils (intermediate v'/ith LD; atp/po > 0'01

ihely were similar on-all soils. This is consistent with the formation ofup to three hydrogeu

Lorids to the soil surface, from each molecule of NHa sorbed at the higher pressure'
- -'ifr. 

p"*itiUty that acidic hydroxyl groups in disordered alumino-silicates (allophanes)

roJ-"i.ooi" ,r"t investigated using i Japanese soil containing roughly '10 /,- allophane'

fni, ,oii .o.*O over thri times aimuch ammonia as the other soils tested, but since

thesc inglish soils probably have less than 2l of allopha-ne, acidic hydroxyl groups. on

;;l-;;;"1" *" 
"oouoifot 

only a small pioportion of the total ammonia sorbed'

53

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 13

ROTHAMSTED REPORT FOR 1973, PART 1

S-shaped isotherms were obtained when homo.ionic montmorillonites were tre3ted
with N* Bas; their actual shape depended on the exchangeable cation present, and they
were diftcult to interpret. Sodium and potassiun montmorillonites showed itis effea
after preliminary pumping at 22'C, Ca-montmorillonite after treatment at 95.C bul
Li- and Mg-montmorillonites needed pumping at 150" and 250.C. These results are
consistent with published information on the contraction of montmorillonite lattices
dehydrated by heating; above a criticat pressure NHs can penetrate to sites that were
pryloysly inaccessible. Lithium, calcium and magnesium montmorillonites pumped at
22'C afterwards sorbed the most ammonia and gave one isotherm which was noi Ssnapea.
This is consistent with ammine formation by these ions. (Ashworth)

Mlxtues of llquirl ferdliser witt h€rbicide srd nildew fiDgicl(te
Helticile and liquid f€rtiliser combim(t. The experiment rvith p€rmanent gass, begun
on Ycr Meadow in 1972, was continued with treatments applied cumulativeiy. fhe fu1uitl
fertiliser (26% N) made from urea and ammonium nitraii, was sprayed to supply-3g,
75 and 113 kg N/ha per cut and compared with .Nitro-Chalk, (21% N) broadiast to
supply the same anounts of N. The herbicide, a mixture of dichlorprop and MCPA, was
sprayed at 2.8, 5.6 (recommended dose) and 8.4 litres/tra per cui 11.4, 2.8 and 4:2 kg
acid-eqrrivalent/ha per cut) either alone (on glass given .Nitro-Chalk) or mixed wit[
liquid N fertiliser. The nethods used to spray the liquid N and herbicide (and mildew
fungicide) mixtures were described in the Rothorcted Report for tg7|,patti,Sg.

TreatmeDts were applied on 10 April and 2 July and the grass cut on 6 June and
3 September. On l0 April it was s,'nny but cool (maximum air temperature, 10.4.C);
it rained that night and dri.zled during most ofnext day. Consequently none of the treit-
ments scorched the grass, the first time this has happened in our experiments. By contrast,
2 July was less sunny, but much warmer (maximum air temlriature 22.0"d); it was
then warm, dry and sunny until 5 July when the plots were viiually scored foi scorch.
Grass giyen 'Nitro-Chalk', without or with herbicide, was practically unscorched. Scorch
yas sligh: with liquid N alone, but increased as increasing amounts of liquid N and
herbicide were sp_rayed together; thus it was very bad with 75 kg N/ha plus 8.4litres/ba of
l.r9iq9" and with l13 kg N/ha plus either 5.6 (reco--ended dosef or 8.4 litres/ha of
herbicide.

Thrc grass responded to the fi$t hcrement of N (7i-38 kg/ha), whether as .NiEo-
Chalk' or liquid N, but the r€sponse to the second increment (l I }75 kglha) was irregular.
'Nitro-Chalk' gave larger lelds in ll of 12 comparisons (Iable e. Ir{ore importani, the
rep€ted spraying of herbicide killed almost all the weeds. At the s€cond Cug herbage
from each plot given 75 kg N/ha was separated into grass and weeds; weeds accorotJd

TABI,E 6
Comparisons of 'NitroClalk' otd, o sepuate habicide spray with a spruy conbinhg N

fertiliser and herbicide used on Wrrnfrpnt gruss

Hcrbicidc
litrqAa D.r cut

NoDa
2.8
5.6
8.4

Standard Grlorotl

38 75 ll3

'Nitrcchalk'
(N k&/ha p€r cut)

Liquid N f€rtiliser
(N keAa per cut)

38 15 113

8.43 t0.14 to.47
8.lr 10'61 l0.il8t.58 rc-n t0.5t9-26 9.98 10.74

Yields of Srasst t/ha of dry Eattlf (toial of two cuts)
9.93 ll.4t t0.679.85 ll.n 11.509. lr.t3 10.858.88 10.00 ll.ll

54
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for 22/" of the dry yield from plots given 'Nitro-Chalk' alone and 25% from plots
given liquid N alone, but less than I f from plots sprayed with herbicide.

Our work with permanent grass (197G-73) showed that liquid N fertiliser sprayed over
the leaves scorched the grass little, but that adding herbicide to it increased the intensity
of scorch; it was most severe with most N (l13 kg Nfta) and most herbicide (l'5 times
the recommended amount) in hot suDny weather. This scorch did not consistently afect
yields, however, for although 'Nitro-Chalk' was sulrrior to liquid N in 45 of 48 com-
parisons, spraying herbicide with the liquid N sometimes increased and sometimes
decreased the differenc€ b€tween the two fertilisers. Weed control differed little betwe€n
herbicide sprayed alone and in combination with the liquid N, but spraying for each cut
gave almost weed-free herbage. We conclude that if liquid N fertiliser is used on perma-
nent grass this type of herbicide may be added to it, provided that no more herbicide is
used than recommended.

Herbicide ond miklew fugicide combin€d rith liquid fertiliser. One experiment with Joss
Cambier winter wheat in 1972 and another with Cappelle-Desprez in 1973 tested all
combinations of 'Nitro-Chalk' v. liquid N (urea/ammonium nitrate), 56 v. ll2 kg N/h4
0 v. 5.6 litres/ha of herbicide (dichlorprop plus MCPA) and 0 v. 0'7 litres/ha of mildew
fungicide ('Calixin' (l|fiwlv of tctive ingredient tridemorph)). In both years treatments
were applied in warm weather during early May at growth stage +5. On plots topdressed
with 'Nitro-Chalk', the herbicide and the mildew fungicide were sprayed either alone or
together, but were added to the liquid N fertiliser where this was being tested.

In both years, wheat leaves sprayed with liquid N plus mildew fungicide showed
symptoms of scorch within 2 hours, whether or not herbicide was also added. One week
later wheat leayes sprayed with liquid N or with liquid N plus herbicide were slightly
scorched, whereas those sprayed with liquid N plus mildew fungicide were badly scorched,
and with liquid N plus herbicide and mildew fungicide severely scorched, especially with
the larger amount of N. Scorch symptoms became less severe with time, but persisted
for about three weeks. None of the wheat given 'Nitro-Chalk' was scorched by tle
sprays. Although the experimental sites were relatively free from weeds, control was a
little b€tter when the herbicide was sprayed with the liquid N than when sprayed
alone.

lt 1972 J. Jenkyn @lant Pathology Department) measured mildew and yellow rust
iofection on 11-12 Juty (growth stage 10.5.3 on the Feekes scalQ. The mean perc€ntage

of the area of the third leaf affected by mildew was more than doubled (from 6'8 to
14.2) by doubling the amount of N; it was less with herbicide than without (9'5 and 1l'6),
less with liquid N (9'l) than with 'Nitro-Chalk' (l l'9), but only slightly less with than
without mildew fungicide (10'2 and l0'9), perhaps because it was sprayed too early.
Yellow rust infection (average of 6'31 ot flag leaf area affected) also was doubled
by doubling the amount of N, was decreased slightly by herbicide and yery slightly by
mildew fungicide, but differed little with form of N.

Table 7 shows that, without mildew fungicide, yields in 1972 were similar with 'Nitro-
Chalk' and with liquid N. With mildew fungicide, however, 'Nitro-Chalk' gave 0'32 tfta
(2.6 cwtlzue) more grain, and with mildew fungicide and herbicide 0'39 t/ha (3'l cwt/
acre) more grain than liquid N did, presumably because of leaf scorch' The 1973 experi-
ment lvas spoiled by lodging. The larger crop grown with 'Nitro-Chalk' than with liquid
N lodgsd morc and yielded less grain, but the loss of straw from spraying l.iquid N and
mildew fungicide togetler was similar to that in 1972.

The b€st time for appllng N and herbicide to winter wheat is usually earlier than the
b€st time for sprafng mildew fungicide. Although the optimum times for applying N
topdressing, herbicide and mildew fungicide for spring barley may more closely coincide,

55
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yield rcduction from severe scorch may occut if all three are spraycd together, espocially
if much N is used. @enny and Freeman)

TABLE 7
Comparison of'Nitro-Chalk' with liquid N fot a'inter wheat in the absence otd presence of

herbicide ad miWew fuagicide
Yields of gah rld straw-(tAa) with 'Nitro-Chalk' z,rr,r yiclds with liquid N

(av6ages of treatEeots wirb 56 atrd I 12 kg N/h8)
1972 1913

Habicide
without
vith

without
with

Mildew
fungicide
q,ithout
without

Grain
(\s%

rioisur)
0'13

-0. tE

o.32
0.39

+0'r88

Straw
(f.6h)
0.07
0.04

041
0.82

+o-425

Graitr
(t5%

lnoisture
o'00

-0.11

-0.18
-0.84

+0.335

Slraw
(ftrsh)

-0'15
-0'56

0.64
l.il6

+o.44

with
with

Standard error of ditrerence

Redrlud end cmulative vrlrc of s|tperphcph.te h r lfuleolrse mtation
The experiments on Sawyers I and Great Field IV at Rothamsted (Rothan steil Repoft
for 1969, Part l, 53) werc re-designed in 1966 to compare the value of single dressings
of superphosphate supplyiry 165, 330 and 495 kg P/ha (given at the beginning of a sir-
year period) with cumulative annual dressings of superphosphate supplying one-sixth as
much P each year in spring. Triennial dressings supplying 82.5 and 165 kg P/ha were
conpared with one.third as much P givcn as superphosphate each year in spring. Table 8

TABLE t
Efects of superphosphate over 3 or 6 years in o rotation of potatoes, barley od swedes at

Rolhonsted

Total P applied
i! period, kglha t970-72 l 7-72

1959-45 1966-72 Potato6 Bartqa Ssrcd6l
Yicld without P 0.0 0'0 2i.l 4.47 7.1

IEcrca36 in vidd( 82.5 82-5 5'0 O.14 
- 

t4.8
Ar'uddr.sitrs {iH l!3 l3:l ?:33 r}'i

Ll65 49s t7-4 1.23 2..5

0.0 3.3 0.b 5.10.0 t-r 0.35 4.3

Potatoes Barlcy. Swcd€sl
21.t 4.17 10.5

IEras6 in vidd
3-7 0.82' 16.4
6.9 0.95 8.1t0.4 0.98 25.6t2.o l.t3 u.s
2.6 0.65 r4.5
6.0 0.85 19.9

5.6 0.60 m,t
7-6 t-17 25.3

10.8 0.88 1n,3

2.4 0.43 9.00.5 0.54 7,1

+0.68 +0.112 +1.06

P iE l96e 1965, 1959 f 82'5 82'S
a,,d ln2 1!55 165

4.9 0.59 15.3
8'4 0.82 l8'I

P in 1959 a!!d l%6

P in 1959 only
as superphosphatc
ss Gafse rock

phosphatc

Statrdard crror of incxrasc +1.13 +0.119 +1.50
. Sawytrs 6dd oDly, grain at 85 % dry mattlt
i Crop fsited in 1970

56

165 7.3 0.59 12.7330 8'4 0.y2 19.1
495 l3.r 0.95 21.3

rrc5
.{ 165

L ros

165
165

Meao yields (t/ha)
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gives yields of potatoes, badey and swedes between 197V72 and mean yields for two
rotations of each crop betwern 196l-:72.

Potstoe& Between 1967-69, potato yields were sligLtly smaller (-l'4 10'75 t/ha)
after single dressings of superphosphaG than after annual dressings rotavated into the
scedbcd before plantlng. net*een 1970_72, potz;to ields were always less from residues

of superphosphite than from cumulative annual dressingp Cf{! 8). During the two
rotatio; (1967-72), single dressings of superphosphate geve yields that were less than
those from cumulative dressings applied each year:

Srertes Yields of swedes between 1969-72 were much smaller than earlier (196G-65)

largely because summer rainfall was less than average. The crop failed on both fields in
197.0 due to drought. For swedes, unlike Potatoes, a single dressing of superphosphate
(33H95 kg P/ha) maintained yields over tv,ro rotations (1967-12) equivalent to those

from cumulative annual dressings of superphosphate when the two larger rates were

apptied. The small dressing was significantly better when split and applied annually:

Total P
applied
l96t-12

(ks P&a)
165
330
195

StaDdrrd error

Total P
applicd
l 7-12

(ks P/ta)
165
330
49s

Standard €f,ror

FroD a
siDgh

drEssiog
32.7
34.7
379

Froo a
siqle

dr€ssiog
30.6
35.8
36.E

From
qlmulative

annusl
d.essinSs

34.0
37.5
39.1

From
cumulalivc

annual
rtrrssin8s

33.6
36.1
35.0

Difr€reE
- 1.3

-2-8
-1.2
+0.68

Differcoc.

- 3.0
-0.3+1.8

+1.06

+0.48

+0.75

Brrley. Severat of the crops on Great Field IV were damaged by bkds; results below
aod ii Table 8 are from Sawyers Field. Maris Badger was grown between 1967-49 md
residues of superphosphate applied in 1959 and 1966 produced as much, or more, barley
as the smallei cumulitive dressings. However, results with Julia barley grown between

lg7F72 were diferent. Yields increased with the amounts applied annually and 82'5 kg
P/ha each year gave 0'49 + 0'119 t/ha more grain tlan l3'7 kg P/ha (0'25 cwt PzOs/acre)
(Iable 8).' 

Differences between yields from single dressings and yields from cumulative annual
dressingp varied with the total amounts of P applied. Betwer;n 1967-:12, mean grain

yields iere siglificantly smaller, and straw yields slightly 
-sm- 

allcr, from residues of 165 kg

i,7ta apptied in 1966 than from six annual dressings of 27'5 kg 
-Plha'- 

Both gain and

rio* yi"ld, *"." .lightly larger from residues of 330 kg P/ha applied in 1966 than from

ooorirth 
"r 

nucl iroidcasi each year. Mean grain lelds were signifcantly /ess, and

straw yields about the same, from risidues of495 kg P/ha applied in 1966 than from six

annual dressings of 82'5 kg Pfta: 
57

Meatr yields of porato tubers (tAa) in l!X7-72

Mean yiclds of swede roots (t/la) h 1967-72
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Mcao yiclds of barley, grais aod srraw (at 8Si4 &! n^d.t ,
rlh^ ln 1967-72

Tota.l P
applicd
tx1-12

(ks PAa)
t55
330
495

StaDdard crror

From a
siDSla drGsing

grain straw
4.Tt 3.755.34 4.135.05 4.12

+0.079 +0.099

From cumulative
annual drcssings Difr.rloce

grain stmw
5-12 3-945.15 4-0/.5.30 4.t0

graiD straw

-0.35 -0.19+0.19 +0.09
-0.25 +0.02

+0.079 +0.099 +0.112 +0.1,o

-The 
smaller_mean grain lelds between 1967-:12 from residues of the largest amount

of supe,rph_osphate applied in 1966 arise almost entirely from losses by lodlng in 1962
and,1968. In_ both years barley grew very rapidly in the weeks after sowing. iiJamounts
ofN applied (75 kg N/ha in 1967, after a fillow in 1966 and lm kg N/h-a in 1968) were
apparently- too large for barley grown on soils enriched with muth phosphate. (Grain
yields in 1967 and 1968 were 0.61 and 1.04 t/ha respectively smaller on-plor gi"eo +lS tg
P/ha in 1966 than on plots given 330 kg p/ha.) On this eyidence it seems uiwise to usi
large dressings of superphosphate for barley without dirninishing N dressings.

Chrnges in 0.5M NeHCOrsoluble P. Bicarbonate-soluble p in soils from these experi-
ments was only slightly less after single dressings of superphosphate thaD after equiv;lent
amounts of P applied in cumulative annual dressings:

Total P applicd,
k8 PAa

Aftc.Aftcr cumulativc
six-ycarly aaDual
drEssiDsr dressinss DiffeEocc

8815 l8 -324 26 _2
1t 37 -6

r 959-65 196-72
noDe nonc165 165165 330l6s 495

(Mauingly)

Soil reserrcL
Pkphate-arlsorbing srfrces h limestoncs rrd celclr€G soils. We showel (Rothan*ed
leplrt for. 1972,Part l, 50) that a two-surface Ijngmuir equation adequadly describos
P.adsorption ola wide range of soils. This equation was used to study 

-p 
adsorption by

24 soils containing from 0.8 to 24.2% C:.CO1 taken from field experimenti on thi
Sherbome soil series in south-west England, and described by R. D. f.ussell (lournal of
the Sgyce_ of-Food ord Agriculture (1963), 14,622). The'high-energy p adsorption
capacities (.r;1) ranged from 1110-346 mg p/kg soil and were maidf associated'with
dithionitesoluble Fe (rz : 0.81). Values of x7., were negatively-correlited with pH and
decreased by 85 mg P/kg soil between pH 7.5-8.0. TheJe resuis suggest that tlie hieh-
energy adsorption sites in these calcareous soils were mainly on suriices of amorphius
and crystalline hy&ous oxides. The mean areas ofthe hydrous oxide surfaces, *rr-ing
one PO4 group occupies 66 Ar, range from 34 to 53 m2ig FeO.OH.
_ .The low-enerry adsorption capacities (.r-,) were largei and ranged from z100_633 ng
P/kg soil. They were correlated, though not closely, with total orianic matter contenti
g? - 0.53) and total surface areas of CaCOg in the soils Vz: O.4q but not withI cacos' f dithionite-soluble Feor pH. Total surface areai of cacos in these soirs,
measured by exchange with ntCa before and after decalcifying, ranged from 4.0_7.2;ri;
soil and low-energy adsorption capacities (.r,,) agree closeiy ffth tie value (tm pg f/m{
58

NaHcOs-solublc P in 1972 (mgkg)
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we obtained for chemisorption of phosphate on samples of Jwassic limestones obtained
from quarries, Phosphate ions were, however, bonded much less strongly by the particles
of calcium carbonate found in soils than by limestones.

The low-energ5l adsorption of phosphate on carbonate surfaces in soils can most
reasonably be explained if some sites on the soil carbonate surfaces are occupied by
organic anions (and probably also by silicate ions) which reduce the bonding energy ofP
adsorbed on the same sites. The proportion of high-enerry sites always decreased, in
soils with similar total adsorption capacities (xn' * x-'), as tbe % organic matter in
them increased, which is consistent \dth this hypothesis. (Holford and Mattingly)

Potrsde€lcim excterye in *nstope soil. Potassium-<alcium exchange isotherms
were obtained on the <20 pM fraclion of Hanslope s€ries soil from the 'Reference Plots'
experiment at Boxworth Experimental Husbandry Farm. The clay fraction is mainly
montmorillonite with little kaolin or mica. Selective adsorption was not very pronounced
in any ofthe soils. Potassium was preferentially adsorbed only by soil which had received
no K fertiliser for 14 years. On plots treated annually with K the exchange complex con-
tained more potassium. Percentage saturation with K was 5'2 in soil treated with K
fertiliser, 4'2 in soil receiving FYM ; soil receiving no K at all had only I'4 I K-saturation.
In the K-treat€d soils, calcium was preferentially adsorbed. Preferenct for calcium
increased with increasing temperature and soil organic matter. Except for the efrect of
organic matter, these properties are unusual and suggest that much ofthe cation exchange
capacity of the soil is contributed by a calcium-selective adsorbent. @anther and
Talibudeen)

Soll sdinity ad ptart gmrth. Salinity damages crolx in many arid regions and where
sea-water floods occur. Tolerance to salt is defined by the electrical conductivity of a
saturation extract of soil, but the ions which contribute are not defined. When much
sodium is present, soil structure is damaged so that crops cannot grow. Because the
efrects of sodium concentrations in soil solutions on plant growth are not well undentood,
we made glasshouse experiments to study effects of increasing sodium concentrations on
germination, growth, yield and chemical composition of broad beans, sugar beet and
barley. (Broad beans are least and barley most tolerant of salinity.) Sodium chloride
was added to Rothamsted (Geescroft) soil to give conductivities of 2-8 mrnhos/cm
(0-1600 mg/kg Na in the saturation extract). The soil was diluted aith m% of quartz
gnt, contained 2/o of added calcium carbonate and was kept moist.

Gemhaioa of all three crops was delayed and seedlings were damaged to varying
amounts by added salt; barley was only slightly affected but sugar beet was checked
considerably. Early growth of broad beans was diminished and flowering was delayed
by the higher salt concentrations. Sugar beet plants grew better throughout witb small
con@ntrations of sodium; they were checked by larger concentrations in the eady stages

but later recovered and benefited appreciably from all the additions of salt. Sugar con-
centrations were 5Ol greater in plants receiving enough salt to give a conductivity of
6 mmhos/cm than in untreated plants. Smaller additions of salt increased growth of
barley and, as with sugar bee! maximum yield (of grain and straw) was obtained at
( mmhes/gm. Adding sodium chtoride increased sodium and chloride concentrations in
all the crops, increased potassium coocentratioos in beans, but had little effect on
potassium in b€€t. In bartey early uptake of K was dirninished by salt, later it was in-
i."r..d. Th. I".g".t inqease of salt increased I P in the crop, but diminishd I Ca and

I lltrg. (Htnid and Talibudeen)
59
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Wealtering and r,eacfivity of calcamous soils

Suface propertics of cubonates. There was an inverse and hyperbolic relationship
between specific surface area and percentage of carbonate in soil. Exchange exlrriments
with 45Ca showed nagnesium was specifically absorbed by soil carbonates, but sodium
in saline soils was not. The method for determining the areas of soil carbonate surfac€s
was modified to allow for surface-active Mg2+.

Wectherfug it a cateault scqrencc. The distribution of carbonates in a catenary
sequence of soils in Iran was examined. Carbonate concentrations in the soil increased
down all the profiles; they also increased down the catena, being teast in strongly-leached
hill soils and most in slightly-leached lowland soils. In the higbland soils residual car-
bonate was concentrated in the silt fraction, coaner fractions being broken down and the
finest transported. The very large surface areas (80 m2/g) of silt-sized carbonates suggest
that they have very small crystallites arranged in very porous and reactive granules.
Low-lying soils in the alluvial plain had more uniformly distributed carbonates in silt
and clay fractions and surface areas were small (5 m:/g). Free-draining soils in the low-
lands lose calcium carbonate from the surface too. Soils in this area with impeded drain-
age, and affected by periodic but moderate atkalinity, have much more carbonate in tbe
clay and silt fractions. This carbonate, with an intermediate surface area (fr m2lg),
appears to have boen recrystallised as less porous particles.

Plosphae stus, T'he distribution of labile phosphate on external and internal
surfaces of tle soils was examined. Silt-sized carbonates held most of the added P on
external surfaces; clay*ized fractions held P mainty on intemal surfaces. Recovery of
added P in the labile fraction was related directly and positively to the idtial soluble P
in the soil and inversely to the total surface area of the soil carbonate. In the soils oftbis
catena which were saline and alkaline, added P was uniformly distributed on both
surfaces and a larger proportion rcmained labile. Solubility relationships suggest that
octacalcium phosphate was mainly responsible in all the soils for governing the equili-
brium concentration of P in the soil solution. (Abedi and Talibudeen)

Release of from soil. Earlier experimens in field and glasshouse with
Yy'obum sandy loam failed to show that any non-exchangeable magnesium was rcleased.
A recent experiment on the same soil was cropped much morc intensively with ryegrass
cut nine times in ten months. Deficiency s).mptoms had appeared by the fourth cut
when leaves had less than 0.05f Mg in dry matter and Mg/Mg + Ca ratios in the soil
solution had declined from the original 0'042 to 0.005. These low values were maintained
to the end of the experiment. A balance sheet taking account of Mg removed in crops
(ignoring roots), added as fertiliser, and changes in exchangeable Mg, showed that the
grass had removed some non-exchangeable Mg from both limed and unlimed Woburn
soils. (Bolton)

Boron contetrt8 of crops lnd soils !t WobEtr. In previous ytork (Rothamsted Report lor
l970,Part 1, 5Q sugar beet grown on Stackyard Field in 1969 in the Woburn Organic
Manuring experiment (Rothamsted Report for 1973, Part 2, 98) showed symptoms of
heart-rot on some plots. The hot-water soluble boron in soils when thij experiment
started in 1964 ranged from 0.4 to 0.7 mg B/kg and values had decreased by aboui 0.15 mg
B/kg w.hen the first phase of the experiment finished in 1971. Boron-d'eficiency mighi
occur in some years in light soils containing thes€ amounts of soluble B. Ail cr;ps
grown in the exp€riment between 196G71 were analysed to measure boron in cereais,
60
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beans and potatoes to see if organic manures, some of which (peat, FYM) contsin
boron, increased the B content of crops. Organic matter scarcely affected the B con-
centration in any of the crops, except sugar beet and beans. Peat and FYM slightly
increased I B in sugar beet leaves and crowns and peat increased I B in grain and
straw of beans.

None of the crops grown between 1966-71, except sugar beet, showed symptoms of
boron deficiency. Few analyses are given in the literature for boron concentrations in
barley, wheat, beans or rye and it is questionable whether the levels below which boron
deficiency develops in these crops are known reliably. The B concentrations we measured
appear adequate for all crops except sugar b€et, but most are close to the lower limit
of the range usually regarded as 'normal'.

Table 9 summarises the amounts of boron added in organic manures (l8G-124O g
B/ha) and in a single dressing (4.8 tfta) of lime (10 g B/ha), the total amounts removed
by six fiable crops and the changes, in g B/ha, iD the hot water-soluble B in the surface
soils (0-23 cm). This balance sheet shows that the water-soluble B in soils decreased more
between 1964-71 than can be explained by the total amounts of boron (about 200 g/ha)
removed in crops. Adding large amounts of boron in peat and FYM hardly lessened
losses of water-soluble B from the surface soils and we are now following changes in
boron in the subsoils. (Chater and Mattingly)

TAEIT 9

Boron added to atd remoted from soils in the lloburn Orgaic Manuiag experimen,,
1964-71

D€crEase iD
Redovad in hot watcr-

all clops solubla B
growDt in soil

IDorSaDic maouring (PKMg) equivaleDt to
straw + supcrphosphatc

Without organiG
P.at (7 5 t/ha,/year)
Straw O.5 tAa/year)
Grceo manurcs

IDorganic maouring (PKMg) equivale.t to
famyard manu!

without orgaDi6
Famyard matrure (50 t[E/year)

' Excluding B in sugar beet tops which werc ploughed itr

Chemical compodtion of w.t€r relrtcd to dCaI gronlt

Plant nutrients added to water have the most noticeable effects on growth of algae and
other micro-organisms rrhen the water is stationary and shallow; solar radiation is then
most eflective and gases exchange easily between air and water, providing enough
carbon dioxide for the organisms. The rcsults of eutrophication in running water arc
usually less obvious as surface 'blooms' of micro-organisms cannot develop, though
rooted plants may grow vigorously. We investigated tbrce examples of eutrophication
ofstationary water last ye3r. One was a pool contaminated by fertiliser, the second water
received silage efluent, the third example was ofa lake at Woburn receiving field drainage'
Crncentrations of nutrients are in Table 10.

61

Added in
orgaoic

maour€s
aDd lime

lm
2@
190
2N

190
230

l0
1230
t90
t0

l0
12fi

480
,o0
7
5m

7&
550
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TABLE IO

Composition of suface waters afected by eutrophication in 1973

Na
K
Ca
Mg
NHrN
NOrN
FOrP
cl
SO+S

Prtla
borchole

$6tCr
7-3
0.9

ll5
2.1
o-92
6.6

<0.01
l5
3.1

ShaIIow pool
coDtaoinated
by fcrtilis.r

n
44,),
4lo
410
l6

352
417

Wobum (3 April)

I-end
drain Ilke
12.2 14.0
2.4 7.8

169 tm
9.4 t0

<0.05 0-5
23 <0.01
0.15 0.03
33 44.5
76 46

Difucd fuid fenilba from washing of field equipment drained into a shallow pool
exposed to sutrshine and a very dense population of Chlamyilomonas developed.

Sifuc efiteA aeideatly entered a reservoir at Rothamsted Farm which is flled with
good quality water from a deep bore into the Chalk. The large grofih of Euglena which
developed persisted for more than six months because much ammonium N was formed
by the decomposition of organic matter in the efruent. (Euglena depends on NH{-N for
nitrogen.) The groMh was so dense that it blocked the nozzles of irrigation spray lines.

Iaad &aiaage ,yder which enters the lake at Woburn Experimental Station contains
about 20 mgllitre of NOrN but so little POa-P (<0.1 mg/litre) that visible algal growth
is rarely seen on the surfac€. A moderate 'bloom' of Chlamydomozas appeared in April
1973. Fractionating the total P in the lake water (0.08 mg/litre) showed that 63lof the
total was in the organisms, 12l was as soluble inorganic P and 251 was soluble organic
P. The 'bloom' never became serious as growth of the organisms was limited by the small
amount of P in circulation in the system, and particularly by the very small concentra-
tion of inorganic phosphate. (Williams)

Adsorption of orgrnlc ctremicals by soil
Orgsnic matter is usually the most important adsorption site in soils for unionised
organic compounds. Despite the complexity of soil organic matler, as an adsorbing
medium it behaves much like a normal organic solvent and a relatiooship between e,
the organic matter/water partition coefrcient for a chemical, and its partition coeftcietrt
betwe€n a suitable organic solvent and water (P) of the form log g : a16rp I 6 

"be expected (a and D are constants). Octanol was chosen as the model solvent to test this
because it is widely used in correlations of biological activity and chernical structure.

The adsorption on four Rotlamsted clay loam sojls (differiDg in clay and organic
matter contents) of 30 organic chemicals (mainly pesticides) with a wide range of struc-
tures was found to be well correlated (rr:0.84) with their octanol/water partition
coefrcientf. 1gd fitted the equation lo9 Q: O.524logp + 0.618. This equation gave
good prediction of Q for compounds widely ditrerent in structure from those irithe
91Snal re8ression. For example, methiocarb 120 (calculated 138), captan 109 (calculatat
87) and aldicarb l0 (calculated ll).

The wider validity of this relationship was tested using published .Rr data from soil
62

Cotrccatmtion of nutrients (mg^itre)

Rothamsted

Silagp c6ueot
r€aching ,tservoir

(meaD of 8 samples)
l@

t6m
5m
100
780

6
130
8m
300

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 22

CHEMISTRY DEPARTMENT

rhin layer chromatography. It can be shosrn that, if movement on a soil tlc plat€ is
governed by adsorption on soil organic matter, then for a given soil

loe (l/.Rr - l) : log O + constant
and hence that

log (l/.Rp - l): alogP + constant.

Helling's Rp values for 25 pesticides on a soil from Maryland, USA, gave a good fit
(rs : 0.9O to the equation

log (l/.Rr - t) : 0'517logP - 0'951

and since the slopes of the two lines were similar (O524 and 0.517) it indicat€s that
octanol/water partition coefrcients can be used to predict soil adsorption and leaching
behaviour.

Helling and Tumer (Scriance (1968), 162, 562) divided pesticides into mobility classes
based on Rr values on soil tlc plates. Broad ranges of Ri were chosen that gave good
agrcement with laboratory and field observations of leaching in a yride range of soils.
The table below shows these classes and corresponding ranges of Iog P and Q calculated
from the two regression lines:

Class of pcsticidc
IrEEobile
Low
Intermcdiate
Mobile
Very Dobile

.Rr los P O
0-0.09 >3.78 >398

0.10-0.34 3.7v2.39 398-74
0.31{.64 2.39-1.36 74-D
0.65-0.89 t.36-O.08 D4.5
0.90-1.00 <0.08 <4-5

Yirtually all the published work on adsorption and leaching of unionised pesticides and
other chemicals in soil can be accommodated within this table which summarises the
relationship between mobility in soil, adsorption by soil and octanovwater distribution.
@riegs)

Research on crop composition

Mechadcd fractionation of fre potsto cmp. When potato haulm is killed by an acid
spray, or in other ways, the risk from bliglrt is diminished and tuber-lifting is facilitarcd
but the haulm is wasted and much of the fibre in it rcmains on the feld and may interfere
with mechanised tuber lifting later. The haulm can be putped and fracionated by the
mahods described in past years in the Reports of the Biochemistry Department contained
in the Rothamsted.Report. Yields of extractable protein diminished sharply as the crop
matured-from 620 kg/ha at the end of July to 300 kg/ha at the end of August. The yield
of fibre residue remained relatively constant at 2-3 tlha (dry matter) throughout the
period in which haulm would normally be destroyed. The product contained 1.5-2%N,
If, as is probable, the two products are, or can be made, sufrciently free from solanine,
haulm seems to be useful. Destruction is wasting as much protein concentrate and
ruminant fodder as is present in a medium bean or hay crop.

Surplus or damaged potato tubers catr be preserved for stock-fe€ding if completely
dried, or if partly dried and treated with a fungicide. It is more economical to remove
water by pulping and pressing than by freezing and pressing, or by evaporation. There
is so little fibre in tubers that material, pulped suffciently to allow a useful degree of
juice expression, has to be pressed circumspectly. Pressure is applied too abruptly by
tle equipment used with leaf pulp. Various methods for applying pressure are being
studied, and various types of grid to support the material b€ing pressed. I-arge-scale

cquipment is being modified in the light of these experiments. Starting with pulp
63
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coniqning m% dry nattet it is already possible to make a cake containing 36% aftet
pressing at 3-4 kg/cnz atd 65"/" by pressing harder. (Camrthers and Pirie)

Effects of Dagmsirmt on fie yiell and composition of ryegress. Italian ryegrass was
grown in pots with or without added magnesium Q0 ot 40 mg/kg of soil) in a Wobum
sandy loam containing only 13 mg/kg of exchangeable Mg. Nitrogen was given at two
rates (4O and 160 mg/kg of soil) as a.mmonium dtrate or as ammonium sulphate plus a
nitrification inhibitor ('N-Serve'). Each pot received basal P and K. Yield; of th; first
two cuts of grass were hardly afected by the magnesium treatments. At the third cut
magnesium increased the yield ofgrass given the higher rate of nitrogen and the increase
was larger with ammonium sulphate than with ammonium nitrate Cfable ll). At all
cuts, yields of gxass were larger from ammoniuo nitrate than from pm'nonium sulphate
plus tle inhibitor. Only the grass ofthe third cut given the higber rate ofN fertiliser, was
analysed for organic consdtuents.

TIBLE 1I

Efects of magnesiwt fertiliser oul form of N lertiliser on the yi.ld otd composition of a
third cut of ryegrass

Fotm of N fcrtiliser

ammoniuo litratc t
L

alaoooiun sulphslc f
+ inhititor 1
Standard €rror

Mg ChlorophyllFructqsan
0.05 0.59 3.6o.l2 0.75 9.8o.t1 0.79 l0.r

0.09 0.53 2.s
0.13 0.78 4.60.17 0.m 8.5

+0'018

MagD6iuE
added
mdks
of soil

0x
40

0x
4

Dry matter
yietd
8/pot
E.7t
9.97
9.15

5.19
6.77
7.4

+0.334

Chlotop$tU anentrations were increased by both rates of magnesium (Table I l).

fubtlc cobohy&aes. Magnesium trcatments had little efect on concentrations of
reducing sugars and sucrose but increased fructosan (fable I l).

Nitogen ftactions. Much more ammonium N was found in grass given ammonium
sulphate (+inhibitor) than in grass supplied with ammonium nitrate Cfable l2). With
both N fertilsers giving nagnesium decreased ammonium N. Much more nitrate N
was found in the grass given ammonium nitrate but this accumulatioo was decreased by
giving magaesium. Protein N, expressed as a percentage of total N, increased with
increasing magnesium in grass given ammonium sulphate. Wittr ammonium nitrate,
however, both rates of magnesium incrcased protein N to the same ext€nt. Irrespective
of magnes.ium treatments, protein N was higher with ammonium nitrate than with
ammonium sulphate.

Mg-deficient grass given ammonium sulphate contained much morc free amino acids
and amides than gass given ammonium nitrate (Table lZ). With both N fertilisers
magnesium greatly decreased the concentrations of individual amino acids. Dicarboxylic
acids. and their amides, proline, valine, isoleucine and basic amino acids, especially
arginine, were most affected, y-aminobutyric acid and ethanolamine the leasi. fni
methionine was not found in Mg-deficient grass. (Nowakowski, Bolton and L:zarus)
&

% in dry matter

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 24

CHEMISTRY DEPARTMENT

TABI.E 12

Efects of magnesiunfeailisers and form of N feniliser on free amino acids, o,ttmonitmr and
nitrute-N concentrationt h ltalian ryegrass

AmEonium sulphatc
+ iohibito.

Msgn6ium added Eg/ta 0 m ,O
of soil

,tg amioo acid p€r 1.0 g of dry grass

Alnmoniuo oitBte

40

Aspartic acid
Thrronire
Serinc
Glutamic ac.id
Prolio.
GlycinG
AladDe
Valine
q/stiDc
Mcthionitrc
IsoleuciDe
I,eucinc
Tyro6ine
Phe[ylala.oiDe
EthatrohmiD6
rAX
Lysirc
Histidi0e
Argiaioe

AspNHa
Glu-NHr

Ammooium-N
NitratcN

Prot€io N as % of total N

t4o1 637530 330903 5147@ 456807 324
It4 lo8

t028 8324s5 250Tr TrTr 1426 137
299 234
t49 t372s2 221
339 2301140 ts67
325 Dt2so 49252 144

1427 96566 413761 622336 29
623 359
t5l I

1433 l05l
4t4 315Tr Tr
39 32

m5 t52
23t 2b
183 t392y 239293 265

M2 l7s2
338 23A
225 t13
zfi t74

701
330
45E
467
u2

86
7A
235
Tr

53
t23
2t1
127
192

1559
m5

76
121

519
523

6
34

90.9

572
247

185
1670
900
Tr
Tr
399
383
208
344
320

2295
738
508

1033

16418
l4f2s

t2i2
2t6

3068
1064
1577

1186 4172235 608

121 88
1338 2A5

1192 38993s87 lE56

574 362
69 57

83.1 90.7 7t.3 U.2 87'8

Tr - Trace

Appmtus and terhhu€s
A mnlti-ctrannel rtomic rbsorptiotr flam€ photometer. A multi-channel atomic absorp
tiometer was designed and constructed using flexible u.v. fibrE-optic ducts. These ducts
convey light simultaneously from four hollow cathode sources to a solid quartz rod that
integrates the light by multiple intemal reflection. AftEr collimation to an almost parallel
beam, the light passes through the int€rconal absorption zone of a long-path flame to a
quartz prism monochromator. A plate with six exit slits is substituted for the single exit
slit ofthe monochromator. To this plate is attached a solid block with six flexible fibre-
optic tails which conduct light from the exit slits to photomultiplier tubes. The circular
cross-section ofeach is transformed within the block to a rectangular cross-section which
matches the exit slits. The signal from each photomultiplier tube is integrated over
l0 seconds, amplified and passed to a six-channel recorder. A'narrow band-pass'filter
over the photomultiplier tube window for Na prevents spectral interferencr from the
neon'filler gas'lines at 5852 A and 5882 A; argon gas cannot be used be€ause its line
spectrum interferes with that of K.

The instrument will be used to determine K, Na, Ca, Cu, Mg and Mn simultaneously
in routine analysis. Other elements may be substituted for the six elements sp€cified.
(Rawson)

G€ost8t progrrm for crlcdrting cation excftonge prremeters. A Fortran program for
calculating exchange selectivity coefficients (ln Kc) of a cation exchange reaction, and
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the fractional K saturation of soil cation exchange capacity (CEg, (tYr), in soils in
equilibrium with O02rY Cl-solutions of various K+ and Ca+ concentrations, was trang
lated into Genstat Mark 2 version. It was also extended to generate plots ofln rKc against
lYr from first and second degtee regressions, so eliminating previous ambiguities incurred
with freehand plots, and providing more accurate results in a more c.nvenient form.
These results are fed into a Fortran program (originally written to run on the IBM 360/50
at Edinbugh, via the Rothamsted link) for calculating the thermodynamic exchange
constant 0n rK) ofthe cation exchange reaction and the activity coefEcients of the adsorbed
cations. The Genstat program is being alter€d to make it acceptable to the Mark 3

version. @anther)

St ff,nd Yisiaitrg wo*€rg
We gr€atly regret the sudden death of R. A. G- Rawson in December. He had worked
in the Department since 196l and had done much to deYelop new equipment for surface

area measurements and for spectrophotometric analysis by atomic absorption techniques.
G. E. G. Mattingly was Acting Head of the D€partment until 3l March. S. C' R.

Freeman rctired aft€r 24 years work in the Department. G. T. Elsmere, P. H. IJ Mare
and A. V. Watkins atl left during the year. D. Cox was appointed to work on nitrogen
fertilisers and M. B. Page to investigate nitrogen and Potassium manuring of wheat'

The following visitors worked in the Department during the year: Dr. M' J. Abcdi

Qran), Dr. A. Hamid (Pakistan) and Mr. I. C. R. Holford (Australia)' J. R. Grifrths,
W. D. Hudson and Anne Rangeley were sandwich course students.

G. W. Cooke visited the Rubber Research Institute of Malaysia at the invitation of
the Institute, Malawi and TaDzania at the invitation of the Cotton Research Corporation
and attended a Colloquium on Potassium in Tropical Crops and Soils in Abidjan,
Ivory Coast, as a guest of the International Potash Institute. Cooke also visited Hunpry
for two weeks under the arangEments for exchange visits of scientists between the
Hungarian Academy of Sciences and the Royal Society. G. W. Cooke and O. Talibudecn
were-invited by the organisers to give papers at a Study Week on Soils and Fertilisers
held in Gembloux, Bclgum.

I. C. R. Holford and P. H. I-e Mare wcre awarded the Ph.D' degree of Irndon
University. The Fellowship of the Royal Agriculturat Society was conferred on F. Y.
Widdowson.

B. Benzian, S. C. R. Freeman and H. D. PattErson (now of the ARC Unit of Statistics
at Edinburgh) werc awarded the Silvicultural Prize in 1973 by the Institute of Forestcrs
of Great Britain, for thcir paper on long-term experiments with Sitka spruce. G. W.
Cooke was appointed Clive Behrens Memorial Lccturer in the University of L€eds for
1972-74 and also gave the Georgp Scott Robertson Memorial Lccture in Belfast.
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